% o

=R TR RRI B & R3S 4 FARE AR R FI4E A

T&E, EFW, #41E, NE, AN, B1E RAERIAE 2%, SR AR EW AT 505, BRI AN 154007)

s 18

WE: BE F£AZ R T, H& =R R B RIS R 4 KB AR T x4 AR R e R AR R . iR R
T SACAR P i) B = B A=A B RS R Kok SRR MTT sk 55 = R AL = A B Ak s iy 2h Kok s 4 A B I8 2m 8L 69 4 b 37 46
YR, R Rk REA S A PEG- LA RSB kBN % 0.11 g, KEIPAEARM A% 0.18 g, 3 £/%% 131.540m, &
HE 73.46%, HBHEFHN 1.07%. FFIREZBAAP B RIR R A KA 3T 4 Abam o3y A k38 s04E A . 458 R A SLILAR
FEARH AN EIRIE R AR LA BIFHREN, BTohHE, FEHMNFER, LFHETF AL _FAE
ARG e R L A B A R %

KA. R A; BRI RAAE; LR E%; MTT; Mg ars 48R
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Preparation of Arsenic Trioxide Nanoparticles the Cytotoxicity against Four Tumor Cells

YU Lian, KUANG Yuming, YANG Jinru, LIU Yang, ZHOU Tong, YANG Jiarong(Key Laboratory of Bio-
pharmaceutical Preparations of Jiamusi University College of Pharmacy University of Heilongjiang, Jiamusi University, Jiamusi
154007, China)

ABSTRACT: OBJECTIVE To prepared arsenic trioxide solid liguid nanoparticles with central composite design and study
the inhibitory effect of arsenic trioxide solid liqid nanoparticles on four kinds of tumor cells. METHODS Arsenic trioxide
solid lipid nanoparticles were prepared by emulsion-ultrasonic dispersion method. And MTT experiment was used to investigate
the inhibition of four tumor cells. RESULTS The optimal formulation was screened as monostearin 0.11 g and soy lecithin
0.18 g. Average size of nanoparticles was 131.54 nm. Encapsulation efficiency was 73.46% and drug loading was 1.07%. The
proliferations of four cells were inhibited by different concentrations of arsenic trioxide. And nanoparticles further induced the
apoptosis of cells. CONCLUSION Arsenic trioxide solid lipid nanoparticles prepared by emulsion-ultrasonic dispersion
method owned well stability and uniformity of particle distribution which meets pharmaceutical requirement. The inhibitory
effect of arsenic trioxide solid lipid nanoparticles carrying cationic potential is the most notable.

KEY WORDS: arsenic trioxide; solid lipid nanoparticles; emulsion-ultrasonic dispersion; MTT; tumor inhibition
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U A R R BIL T BT Z AR R IR A R
Fl): UV-2550 ZAMAT W3 0 BEvh (I A By A
7]); TGL- L 66B & X B UL (L2 =R 2R
Hil32); DF-1018 4 H U i I Fukd o) 3 3 (UL L
W T R ITE A ) BB ORI = AL
SR KA SR B (P4 B A TR0 A BR A
F)s BERLOR T REHE B AL 8774 B A 7] ); PEG-
BRI IR H 9 1 R R BR AL 2 R R A
"l): DMAB(& @5 G seum BHH AR AW, 2l
99.86%)
1.2 40 Je bRk

FT9 40 i bk SMMC7721 (0 E A B A2 B L i
RE2ERE ST N B 95 0 s R 4 kR 7901004 H
R B B R AR 40 T PR D) s T
I A0 U R Tea8113( il A8l K% N 22 Ft); &
U A0 MUk Hela(8) 1 22 E R 0. ATO
EFI(10 mgmL™", Wy /R IEA IS 250 AT B A )
RPM 1640 55773 H Gibeo 23 7]); /N LG (T
LR RHE A R A A A AR (Sigma 2

Al)o

2 H*E

2.1 FUALEB A LGS ATO B ARG g Kb
(ATO-SLN)

FRUUE 7 PEG-H 0 I 18 H 9 1 5 oK 7 91
W&, NV SRR, SE R8T A 4 A AT
LU AR [N S BUS ByAE v 188 A 20 ml
KGR 5 25 A TR W o Ar LA 0 A 0 i s T S R A
I T 60 CARUT MR 1 I H I i f
ATO HHIIATAE P IR R PR S . FRISRIKA
WG, RIS E BRSPS ATO iRA
V2 T T I 2 B i PEG-SAREE R H e 5ok =
N NE AR R IR ERE, B R W/O 2LH)
FUo PR 8 A 40 MK i LR P K R T i .
T G REAR RN K A A [ A6 5K A R 0.22
um ERE, 5% ATO-SLN, T 4 CUKAH (R4
#H
2.2 FLAGHEIESISHE T8 ATO 84405 il
KHFL(DMAB-ATO-SLN)

il £ &F ATO-SLN J&, fEARRFIIABH & 735
YLK DMAB 5 mg, VKR 60s, 10 C ik
B0 30 min, 7 DMAB-ATO-SLN, 4 ‘C KA £ 47
#H
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2.3 DMAB-ATO-SLN IEASIREG b e fE T &4 A%

R i B R 2% S 060 25 SRR PR FE I 0] 35
FE. BAIIR. EAET 4 ANRE, DaEEN
TebR, UHAT Lo IES IR HEAT T S0k i
THE 770 SR8 B 032, e A R ATO
(&, PR AR ATO WIE T 30,
5 000 rmin EEE L 5 min, 5505 W BE L
TR 2 & . EE%=(W,-W,)/W, X 100%(14
R ATO (&R W, BLLJEIFES K ATO 2

TN Wy, GPKRR ) W=W,-W,)

ATO (F55 FAS I I 32 e 3
2.4 DMAB-ATO-SLN 2 s vk RN Ak et
Ab 7 e b

P O AR T 2%, R4 = e A
AFRTHE R, LL PEG- #0582 H ol s in A\ & (g),
FLAL I K 501 % i 14 i N B () P AN T T A
Mo RS ZEIAKT, LIFRRAR(Y,), &iE
(Y2), BB N PEMIESR, I Hassan Jji%,
EPELEATRPR(Y)OD fH, KELRNRIRNLES
B RS FRARIEA T IH— A3, HEAT RS
2.5 DMAB-ATO-SLN Jii % ¢

R AR AL T B LE 2 3 HEI AR, AT
251 AWML  HUDMAB-ATO-SLN % id
INZEVR KR RE AR i T o0 7 o i B T e 0L
H 2% R YL (0, 7EiE S B TR HEES I
B H . [ & B DMAB-ATO-SLN ¥ G it
FH BT g LA
2,52 RifRJRiREor AT WA KORLZ> B 2 mL
MK R RE R 50 mL, X 2 mL RO AN O kL
FEACHIARE S, D R AR KN B o3 A
2.5.3 Zeta Hif7  WLH! DMAB-ATO-SLN % 2
mL 2K S 50 mL, M2 mL RSN
B 1T HELAL A3 BT ACRE St b, 2 Zeta HIA o
254 GHENE K% &I DMAB-ATO-SLN 2
mL, CEEHfE, HABA 1S min 5804, ERT
10 mL &3, 5 000 rmin~' 8.0 5 min, 7
WA 0.22 pm TUALIEE I8, RATF A EhiAAE 402
nm 2053 B E WG Ae SFATINE 3 Wk, HAREFR
HEM g R 2o .
255 R L2WARLELME A RE=H%
H G KR AR 2R 1) T /AR R B X 100%
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IR FEREI T2 6 HEFEM, DL
B ARFRLAE A % AR UEREAT H %2 .
2.6 DMAB-ATO-SLN X} 4 Fl I8 4 fg 4443
TER

EHE 4 PR A0 BT RSN S s T
4 file SMMC7721. B4 SCG7901. iy 4
o Tca8113. & £ 41 i Hela.
2.6.1 4iffusisE BRI BN S 10%)6
A= 135 1) RPMI 1640 35 F- 5L 58 35 ol (5 5 8 %
100 UmL™", %% 100 UmL™"), WAT 40>
Ab TR VFAR S FF A BB TR, PO E B
BT L B EIE AN ML, 37 °C, 5% CO, MR 5
ZAF N HATER R . AN EEAE K 24 h, EFI40
K B KA T AR AR
2.6.2 MTT HLERMEA I ICso 5 RHA MTT
bb ik, REFN 40 i SE 50 ¥ A D0 E1(ATO ),
e 30 20 KR S B 2 AN Al B B TSR Al (R 3
UR)s S BT I A B A K T A 4 P, R B e s
JRIRIE N 5 X 10% AN AN B 15 TR AR AR ALl
200 pL, BFPT 96 fLEFFRI, E T 37 'C, 5% CO,
BRI R TE 24 he FEEREIRW FHBTEERC K
BI¥) PBS Z2i st vk Jo 0 o 5 dAS Ak i
ATO ¥ 2.5, 5, 7.5, 10, 12.5 pymol'mL™', %
HZLINA RPMI 1640 5553, HfLAMNE 200 pL.
RLLRTFE 48 h, FHPEIGHEIE BB &
ARAY o F5 R IR FEFLINN 200 L 11 0.5 mg-mL ™"
MTT, 4k84%5% 4 h, FoF L8R, B
FHJEEAN 100 pL, {REFRRIATIRS, A AZ)
BEFR TP 492 nm MBS (E. B & AAA
2R P ARSI 5 A 2 K B A 5 -2 Ak B
KT 2500 : 1Cso HEZAHC S 1A 73 #r, LA
P<0.05 Wi 2= S HAT o275 o 4 2E K %
THRA A A 2(%)=(1- 0 245 41 48 fitd >
PAJ O FEE AL/ 0 HR A 48 PRS- B4R O FEEAED) X 100% 6
3 R
3.1 DMAB-ATO-SLN [EAZiR IR0 T 245 3

TG R 1. g R nla, SHEY
Wi 1) 32 I 2 B>C>A>D, % & b4l &
N ABCsDy, 8 %S T 2T B AR ] 5
min. WHHEEE 4 mL'min~'. @A 800 W,
FEIT [H) 8 min 1AL J5 75 1) ATO-SLN . Z4%
K, FasE Pl .
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£1 EXRBRFEELE
Tab 1 The result of orthogonal test

RN o) A B C D A 45 R
1 1 1 1 1 73.33
2 1 2 2 2 58.82
3 1 3 3 3 69.98
4 2 1 2 3 71.73
5 2 2 3 1 62.50
6 2 3 1 2 64.29
7 3 1 3 2 76.47
8 3 2 1 3 53.33
9 3 3 2 1 63.50
K, 67.377 73.843 63.65 66.443
K, 66.173 58.217 64.683 66.527
Ks 64.433 65.923 69.65 65.013
R 2.944 15.626 6 1.514

3.2 DMAB-ATO-SLN A 2% v 2w i b 77t Ak,
gh R

AL 5 W S0 g5 IR AR AR B T A — 1k
MBR, IR KEE 2, PO ILE 3.

Fz2 HEKTX

Tab 2 Factors and levels

K
-1 0 1
X1 K IRBENE (W I /g 0.03 0.14 0.25
X.PEG-fifi IG R H it B (1 I N\ /g 0.01 0.08 0.15

£3 PFRESRUTHERTHRE
Tab 3 Experimental arrangements and results of central
composite design

X, X Y Y, Ys
S Rn AT o e az on
A /g AR nm /% /%
1 6 0.03 0.01 289 087 5882 0
2 11 0.25 0010 139 092 6124  0.066
305 0.03 0.15 93 092 6444  0.12
4 10 0.25 0.15 228  1.06 67.61 0.13
5001 0.03 0.08 134 1.04 7133 033
6 2 0.25 0.08 11 1196 7647  0.84
7 3 0.14 0.01 148 0816 5333 0
8 9 0.14 0.15 76 1.012 6382 034
9 12 0.14 0.08 97 1.02 7333 042
10 4 014 0.08 97 1.02 7333 042
18 0.14 0.08 97 1.2 7333 042
12 13 0.14 0.08 97 1.2 7333 042
B 7 0.14 0.08 97 1.2 7333 042
Chin JMAP, 2013 July, Vol.30 No.7 - 703 .



321 RARMBLAAS RH Design-Expert 8.0
BAF, fx IR REAT A . 4k F AR,
R 5 8 35 (P<0.05), R*=0.958 1, FH]iZ%[n|
IHB LSS O R A, fFa IS T2
JGIRNE 5 FEL A . kAR K G BB IR N &
PEG S H i I\ 2t (1 280w T P AL 1

Bl 1 gkAkiEson e
Fig 1 Nanoparticles particle size response surface

I ARIA TR Y1=90.14-6.33X,-29.83X,+
71.25%X,X,+49.52X,%+39.02X,”

Z oA Y1=131-6.33X,-29.83X,
322 #HWAEMBAPA KA Design-Expert
8.0 M, & IRl BTG . &0t F A%
R, RB TR 2 (P<0.05), R=0.9269, #
WIZ AR S T 00 R &, A5G I &
JFERZ e A T FE LA o B2 R K OE B T
N PEG HUH i\ &= 12308 i B LK 2.

A2 %

B2 AHxXRHEHEYNEE
Fig 2 Nanoparticle drug loading response surface
IIUA R Y,=1.0340.058X,+0.064 X+
0.022X;X,+0.064X,>-0.14X,”
Z LI FE: Y,=0.99+0.058X,+0.064X,
323 QHEMWBMASEG  KH Design-Expert
8.0 A, & —IHTIRHAT MG . £k T Fia
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By o, VBRI 5 FE B 2 (P<0.05), R*=0.968 4,
RPN LA 00 R G, £F& il
Sy \E IS g it S 2 RO N R 7
JE NN 5 PEG S H AR I A 2 1 5 1 1 AL P 3

B3 &N

Fig 3 Nanoparticle encapsulation efficiency response surface

TG TR Ya=T72.79+1.79X,+3. 75X+
0.19X,X, +2.44X,2~12.88X,% (R*=0.968 4)

Z G Y5=67.98+1.79X,+3.75X,
324 H—1H “OD” WHMAA KA Design-
Expert 8.0 %, & I =377 FEEAT LA

TR IS TR Y4=0.46+0.098X,+0.087X,—
0.014X,X,+0.041X,%~-0.37X,? (R*=0.908 6)

Z TR Y4=0.3+0.098X,+0.087X,(R*=
0.429 4)
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Fig4 Normalized value OD response surface
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A T 24145 1t DMAB-ATO-SLN JEZ& B3 A
BRIE, KNI, FIR s A L 5.

5 DMAB-ATO-SLN 434 i 4 &
Fig 5 Scanning electron microscopy of DMAB-ATO-SLN

3.3.2 kifeaAnilE #1751 DMAB-ATO-SLN
(K3 BRI 4% 4 (131.54+0.56)nm, SIE&SM i 45
RILE 6.
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Fig 6 The size distribution of DMAB-ATO-SLN

333 Zeta WELR  RINBAL TN Zeta
fH4(26.244+0.78)mV, JEH I EReih R, Hk
¥ 2yt N 2 K PE 258 ATO, A2 BRI
PEG-H. 1 i S R SL UM BRI E G a5k .

334 SHMELR & “3.47 TR SLE RN
fFFEa A T, 5K WK 4.

x4 HEREEINELSERDN=3)
Tab 4 Sample content determination(n=3)

B i A2 /g P g RSD/%
1 9.78
2 9.89 9.84 0.56
3 9.84

HT 45 S AT R P 25 ol 9.84 pgemg
335 WA HFRLELMEEELGR  HI% KR
WRZMAFE RN 25.86 go VIEBRIR BTN
26.38 g. W15 %= 25.86/26.38 X 100%=98.03%

IR FIREI L2 6 fIEFEM, DI
BB RORAE AN bR E AT 58 . AR IR 5,

B HI 24 2013 4 7 55 30 4555 7 1)

*5 HREZWNELERN=6)
Tab 5 Results of repeatability(n=6)

FE b BiFEmm RSD/% 3% /% RSD/%
FEdh 1 134 69.3
FEfh 2 136 73.3
FEo 3 136 72.4
1.01 1.08
FEoh 4 136 75.6
FEf S 135 74.6
FEfh 6 135 73.1

2 T Al T A E R R .
34 PSR SR
341 MTT LU Ey2Aa ATO X AT 4N il SMMC7721
A2 S AR S G KR AS [R] ) 5 24 490 0 40 i
FHIR R IE 6. 45K BI8 ATO RE I LA HI T
FE AN SMMC7721 R 34%8 . ATO #4165 JH- i 4 i
YEF 24 h 5, [ BETF BHE 48 KR i %6 K
TN A7 BH 25 1035 00 KR R B 4, 5 g oK
FEFIRL A K T ATO £157(P<0.05), H
A RN B AR o AR i g v D)3y RS
ATO B30, M3 g Kokr 20 M BH 1 1) 4H (1) 1Cso
B> %4 3.92, 2.96, 1.22 pmol'mL™".
R 6 FRERE ATO 3 M7 A 3t SMMC7721 40 KL | %
(n=96)

Tab 6 Different formulations with different concentrations
of arsenic trioxide on SMMC 7721 cell inhibition rate(n=96)

2 /%

Q Ls!
i 25 5 75 0 125
pmol'mL™" pmol'mL™ umol'mL™ pmol'mL™ pmol-mL™

ATO #7141 34.68  62.84 7389 9468  98.89
HMAKR AT 43,11 6153 8337 9653 99.16

FAES THE M 7 49.16 7337 8732 97.84  99.42

342 MTT kN ATO X B 4 M
SCG7901 HIFIHIZE AN [) 7 BUAS [ 1) &= 25 %) 4
Mdm gt WK 7. 2R B8 ATO Rel A6
B AL SCGT7901 1345 . ATO £ 7 BL 41X i
HMMIAEH 24 h 5, TRl BE T #5717 BH 2 1 4 Kok
o8 238 DT AN B 29 7 1 5 g oK ks R R A

ST 4 KR 7 R A ) 2O TR ATO £
(P<0.05), HAFIEFFMANE . AR L [
JiREVHEH ATO 7], 3538 24 KR4 A B 25 15
) 20 ) 1Cso 1523 54 4, 2.44, 1.61 pmol'mL™',
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R7T AFWE ATO 3 57| A % SCG7901 4 L 37 % % (n=96)
Tab 7 Different formulations with different concentrations
of arsenic trioxide on SCG7901 cell inhibition rate(n=96)

1 #/%
an 25 5 75 10 125
pmol'mL™" umol'mL™" pmol'mL™" ymol'mL™" pmol-mL™
ATO %514 32.79 58.70 82.76 95.19 96.77

gk ki B 46.80 62.67 83.55 9545  97.30
PHES TR M AIRZ] 48.92  69.28 86.46 9598  99.10

3.4.3 MTT LA ATO X s & i e 40 i
Tca8113 [WHMHIZ AN [F) 7 2R AN [7) 571 6 25 P ) 4
o A g R WK 8. Zi IR ATO feH Al
AN Tea8113 U5 . ATO #7405 1
FEs AN HVE R 24 h G, [F—3JE T FH B 14K
I 2 KT AN 485 4 FH B 1) 3 38 g KR 7 B

W30 24 K RL ) 2L AL ) O T ATO £
(P<0.05), HA A AMAGNE . AR L B
T FEVEEH ATO S50, 538 44 Kk 20 5 B & 1
6 4118 1Cso {23 ) 4 8.34, 7.83, 6.74 pmol'mL™",

%8 R WKE ATO 3 F7 A xf PCAS113 40 i 41 ) % (n=96)
Tab 8 Different formulations with different concentrations
of arsenic trioxide on PCA8113 cell inhibition rate(n=96)

2 /%
4 25 5 75 10 125
pmol'mL™ pmol'mL™ pmol'mL™ pmol'mL™ pmol-mL™
ATO EF541 532 2890  50.17 57.48  78.74

Tk ki B 1495 0 3555 51.16  58.14  80.07
FHE A2l 22.92 120  56.81 63.46  89.04

3.4.4 MTT LEEEMN ATO X e 50w 40 il Hela
P AN [ AR AN [ ) S 24 0 ) 4 e 0 ) 2R &
BILE 9. GG ATO BE T3 H] E 20 41 iy
Hela 3458 . ATO #7124 Z16) 7 2008 41 M 4 H 24
h i, [l TR BH B - gl Kk R RO AR
BH 251~ 1 317 18 g KR B A, 5 4 KOk 7 2R 20
FHIZR KT8 ATO £ #(P<0.05), HA7FIHF
TR o AR A £ P (B 5 R 5 ATO 771,
e 30 20 KR 2H K B B 1 HE 1) AL 1K) ICso fH 433 A
8.65, 8.04, 7.06 pmol'mL™'.

®9 AFKE ATO 3 F# 7| B 7 Hela 48 fg 41 ] % (n=96)
Tab 9 Different formulations with different concentrations
of arsenic trioxide on Hela inhibition rate (N=96)

A%
ao 25 5 75 10 125
pmol'mL™" pmol'mL™ pmol'mL™" pmol-mL™ pmol-mL™
ATO %7141 2.23 26.39 44.24 57.62 77.70

MK RFIELL 1041 3383 50.56 59.85  78.07
Bes FHE I FIBIZ0 16.73  40.52 5130 75.09 89.22
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4 itig

YKL 0 2% 51k o FLAG - P 43 Bk
GRS X (T B o 0 P € e 2 (19
JAG . B HRIE SR S EE, &AWy
WL I . 7EFLA-EE A kb, B R
ik A1 T i Al 1A 7L PR 7L 3 B AR 4 HOR Ok B
(VYR T A B /N FL 37 Z0 8 A4 & b i LA A
JITARE o WUAS SIZIG N FH AL ] 46 ATO-SLN. AN SE
B K ATO SRR gk bk &, JF
ERZE MBI PEG 1& B KGR, RIS
BNPHES 78Uk, ST 2R IE(ATO %)
HEAT LOAEE, 0] 9 4 B P 400 1) 2 B S v, AT X
AR ATO TE I AR FH o 5C FHum ROR 5 71070 54k
300 R 55 5 T I BR R A G U &

ATO-SLN UMWtk i . . = S s
PRI AE IR IR 10367 L e iaE! >, (B )
TEILHY B PR LN T ¥ 7 v 8 9 45 11 1% 28 1)
PR A% 7 TR A IR IE . A SZE i E DMAB-
ATO-SLN X} 4 Fjji 40 it 4T MTT SEE ] & H,
DMAB-ATO-SLN % 41 il (1) 400 il 5 2K AN 43 il Ay JHE
J& SMMC7721>% ¥ SCG7901>%fjw Tca8113>
B 80 Hela, UGG R4 SMMC7721 X}
DMAB-ATO-SLN 5 80U, KA 5 7267
7 T2 A R UF R R 52
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Determination of Spinosin and 6'"’-Feruloylspinosin in Rat Plasma after Oral Administration of Flavonoid
Extract from Ziziphi Spinosae Semen by SPE-HPLC-DAD

BAO Kangdel, ZHAO Jihongz, QI Lianwen3(1.lnstitute of Pharmacology, Zhejiang Kanglaite Pharma Co., Ltd.,
Hangzhou 310018, China; 2.Department of Quality Management, Zhejiang Kanglaite Xinsen Medicinal Material Co., Ltd.,
Hangzhou 310018, China; 3.State Key Laboratory of Natural Medicines, China Pharmaceutical University, Nanjing 210009,
China)

ABSTRACT: OBJECTIVE To develop a convenient and sensitive method for determination of flavonoid metabolites in rat
plasma after oral administration of Ziziphi Spinosae Semen extract. METHODS The rat blood samples were collected from
each rat by puncture of the retro-orbital sinus from 0 to 24 h after oral administration of flavonoid extract of jujube seeds, then
pretreated with a Waters OASIS™ SPE column using cartridges. The plasma samples were analyzed by HPLC-DAD method to
detect the main metabolites. RESULTS The original flavonoids were the major forms of flavonoid metabolites in rat plasma.
The calibration curves were linear over the range of 0.52-119.3 pg'mL™'(r>0.999 8) for spinosin and 0.38-91.7 pg'mL™
(r>0.999 7) for 6"'-feruloylspinosin with the mean extraction recoveries as 84.76% and 84.33%, respectively. The average
plasma drug concentration of them reached the top level at the 12th and 24th hour after oral administration, and disappeared
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