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M. A% RARBFRIVIERSSES R, U2 T 1000 4845 E JEIARES (TPGS) NFaE 7% T il lr £ 49K 01
&7 (quercetin nanosuspensions, Q-NSps). A& NEEGHENIE KIS, i BEMEIILA, HPLC AN E L4 &Mk
IMIREE L, R T HR TR B RS I MAER RS S B MTT e 2 Rk BT 471,
HelLa. HepG2 44K MBIMER; LL 4TL fgd /N RBLALS L B R AR BUMR R . 455 HIl#%1 Q-NSps K/M&%],
EERA, SFRIAE 143.9 nm, PDI N 0.231, FEAI-22.6 mV; #HZGE (45.82+1.73) %, M 1%EFH NEPHIGETEE
JE PR K s Q-NSps 30 d M EFE, AL, FIENES: AIME RIGFHIZRAER, 144 h REREK 82.86%; X 4T1.
HelLa. HepG2 KM 4 22 & TS 25, ERAREFH, 45 mg/kg 1 Q-NSps 5 FH M 25 K2 BEE 47 (8 mg/kg) *
AR R IR R (56.78% vs 55.08%, P>0.05). £5if il &K Q-NSps Kifd /), FasEtkly, REEE 7Lk RiE A5t
PUMRIRR, A EBA—FPUNRE YA TR
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Preparation, characterization, and anti-4T1-tumor efficacy of quercetin
nanoparticles
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Abstract: Objective In order to solve the problem of poor water solubility of quercetin, quercetin nanosuspensions (Q-NSps) with
high drug loading and suitable for intravenous administration was prepared, and study its anti-tumor effect in vitro and in vivo.
Methods Quercetin was made into nanoparticles (Q-NSps) via the method of anti-solvent precipitation combined with high-pressure
homogenization using polyethylene glycol 1 000 vitamin E succinate (TPGS) as stabilizer. The particle size of the resultant
nanoparticles was measured by dynamic light scattering and the morphology was observed by scanning electron microscopy. The drug
loading and the in vitro drug release were measured using HPLC analysis. In the meantime, the lyoprotectants were screened, the
storage stability, hemolysis, and the suitability for intravenous injection were also studied; The in vitro anti-tumor activity of quercetin
and its nanoparticles were assessed in contrast using MTT assay and the in vivo anti-tumor therapeutic efficacy was investigated using
4T1 tumor bearing mice. Results Q-NSps had uniform size and spherical shape, the average particle size was 143.9 nm, the
polydispersity index (PDI) was 0.231, and the Zeta potential was —22.6 mV. The drug loading content was (45.82 +1.73) %. Using 1%
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maltose as lyoprotectant, Q-NSps could be lyophilized and then reconstituted into nanoparticles of the similar size. Q-NSps were stable
for 30 d at storage, showed no hemolysis, and were suitable to intravenous administration. The resultant nanosuspensions displayed a
good sustained in vitro release, and the cumulative release reaching 82.86% at 144 h. Q-NSps showed significantly higher growth
inhibition against 4T1, HelLa, and HepG2 cell lines. The in vivo study demonstrated that Q-NSps (45 mg/kg, iv) had the similar
antitumor therapeutic efficacy as paclitaxel injections (56.78% vs 55.08%, P > 0.05). Conclusion The obtained Q-NSps had small
particle size, good stability, and significantly improved anti-tumor effect of quercetin in vitro and in vivo, so Q-NSps are promising to

be a antitumor drug for application in clinic.

Key words: quercetin; nanosuspensions; cytotoxicity; antitumor; breast cancer

W R I A T BRI — Fh s R 2R A &
Y, REAFAET 5 WY ER 2K R, andk .
AR vRAEN, BRERM, MR RAA S
YIS, myisAEmE. sunERL JrRl. s
1o FHELRAEL P O, Bk RmEI 125 W
Bralel, G T AP S0 M RAMEEH & B
BHMIREIER, ERECE MR A, EFE PR
Jo £ L 1Y) 22 25 2 P R S e ME A AR R DG AR i g 3.
BT 22 AR, MR 25 BRI Aokt 52 2
CEPSES

ELHSE R 2 K T AR AR (1.66~7.70 ug/mL),
PSR 24, [RJESF 10 AR AE P ) AR A 14280, sk ot i ]
TR FR I — D AR PRI RN S R . R,
Wt 7 N A S 4l 3 1 77 F B poix — 1 . ARAR
DTN S 4 S D80 2% T A B R -FR T B I
BEY), 1EKPZY) IR & IA 34.23 mg/mL,
RIS HE W RN T, e IE S DIRG Z
ANk S RIS . ZE A B DR 4E R K30,
W 6000 FAHERE Jygi i,  FHIaR-1E 7R
A R E A BUA, 5 min A R ERIZE
156 fi%, X KRR AR AE A FH ST Lo SR 24 2H 4
w1 6L A, (R A Bk R RE IR 2, Toidigi ik
Hhte. BENIER TIEVRRSHERE S, A
HEEREHR (HA-QT), “FHkifzd 172.1 nm, #%Z
i 10.2%. KPIEAEEE BT L mg/mL, PEEH] (3.3
h) & T KV (0.47 h), AR e
3.9 &%,

Wit R A PSR AS i, AR NI FE AN PR R P J8
BRI s 25 R S A IR B 5T
W R R A IGRRL . R AR L 28],
BRI HA-QT —Ff, #RAEHEK, Toikil e
RAFNBALMTE. AN, WERSEE 20
PGS, JCIH R IGIE R, FEOKEM R R
T J 18 3 A R SORR e R AR, 4 4R DA B R R
TE NI LA 3 AN 1) 5% 124

YRR R (NSps) 2K MV M e i 2 A
SE T ) B 1) £ T R K IS 2 kL, %K
iR LAk 90% LA b, A H & PEG B B 148 E 7l
R BELBRKAGIAE FES28, A el i 4 — Pk
2 & BRI S B R R GKIR BT (Q-NSps),
BT R A e, B e O 5 2 s R
25280, LR ZR TR I R S BT S AT AR
1 MR5EE
1.1 &5

Zetasizer Nano ZS 90 Bk B2/ HAA, HE[E
Malvern Instruments A ®]; AL204 73k, EHE
Mettker Toledo /A ]; Master D #4li/KA%, FiEAZE
FARER A ; Ultimate 3000 & ROBH itk , 2
Dionex A #; Tecan Infinite M1000 PRO 4 i K
ZIREREPRY, it Tecan A#]; Venusil Cig Plus
i (250 mmXx4.6 mm, 5 pm); JSM-IT500 $
T W EL, HARFER4+t; KM-200DE
A BILEERESARAR; PLPHR 2-4 LD Plus
RIEETHL, 78 Christ 77 FRAF]; IN-3000 i 4%
RS RN, TN R AR AR RYJ-12B
NIE RN, B EEA R A F; MCO-18AC
TAAARRESIRAE, HA Sanyo A ] IVIS Spectrum
CT /NI =4 6255 1 gAY, 35 B Caliper A
Witz &, B 98.0%, #itS 117-39-5, Jbanis
AR AT B8 1000 44 % E BEIARLHS
(TPGS), #t5 20121203, W RAEMERA
F]; PEG-PCL2000, WIZARMSEAEMERAR: GOk
g (SPC), MM T A RAF]; &I (P-188),
[ Sigma AF]; RYER (PVP), T HRBEBFEMLTA
"l; B1LALEE 80 (Tween-80, T80), M 41k ik
EHBRAT; R EEE (CMC), a4k,
FHXS 73 F i & 4 000, FigZRIHRHEA IR A A HEE .
DMSO 5 24 5256 2 il .
1.2 K LA

BN, MERER-E, fAFiE (20+2) g, b
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YEIB R R SLI SR G IR AF], SPF 2, &1
ilE'5 11400700215055, ¥ Al iE4 5 SCXK (5% )2016-
0011. Balb/c /MR, MfEPE, A& (20+2) g, b
HEBREGIVEAFRARF, SPF %, GHKIES
11401300078017, ¥ Al iiE4 5 SCXK (5)2014-004;
SUFLMRSE ATL 4Afobk . B30 HeLa 4Btk JHm
HepG2 Ziiffutk, JbItPhiE2=pednffir ;s RPMI
1640 #5772, DMEM ¥4k, A g, HH%
FW P, EH Gibco AF]; 96 LW E TR, % H
Corning A A,

2 FHES%R

2.1 Q-NSps HIHIZRAFITEM

K RIEANTTIE 4% Q-NSps. B Sa % A8 € 71|
BEATIRIE, MRS % FR & SPC. P188. PVP. T80.
TPGS #1 PEG2000-PCL2000 % 5 mg, 434l5 5 mg
Wit ZILE T 0.5 mL HIEEd, A TES] 5 mL %
Bkt (20 °C, 250 W), 37 Cl ekt 2 &k
F I, Malvern L A3/ d A7 A B 24 K VR B 751 )
RRF AL, AT 3 IR

FORAR AR EE A A il an2e 1 Fras, ml LB
TPGS NI 9 K IR B FIR 42 5/ (436.61+
29.73) nm, [FIHZ AR (PDD Jy 0122+
0.032, 7 (-17.8+2.1) mV EH, #LLEH
LA TPGS AyfasE il £ Q-NSps.

FR, 2 R S8R E 15, 113,
1:1.3:1.5: 1 FESMIZY S Bk ki
R, [H_EikH] 4% Q-NSps, ¥ifz K Bl ing
2 ffin, AIOL 11 A1 5 1 ZGE bl KR &
FRLAREN, DL 10 1 kiR )y, MOERELLZG
BEE 10 1 A G KRBT o L 1145 0 g oK TR B
FHIRIAE (441.62+24.80) nm, PDI {4 0.135+
0.011, Hfif (-18.1+2.4) mV.

RJE, WERE 20 C, 7R Ih2 100, 150,
%1 FEFEEFT Q-NSps HIKi{2 % PDI (X+s,n=23)
Table 1 Particle size and PDI of Q-NSps prepared with
different stabilizers (X + s, n =23)

AR hifEmnm B AL/mV PDI
SPC 1028.22+37.25 —12.3+1.6 0.485+0.031
P188 3430.56+54.28 —8.940.9 0.523+0.127
PVP 720.36+33.25 —12.3+2.1 0.233+0.021
T80 850.22+61.84 —13.3+3.4 0.187+0.015

TPGS 436.61+£29.73 —17.8+2.1 0.122+0.032
PEG2000-PCL2000 3513.88+72.87 —11.3%+3.7 0.257+0.013

&2 AEZHHLMRIER PDI(X+s,n=23)
Table 2 Particle size and PDI of Q-NSps prepared using
different drug-TPGS ratios (X + s, n =3)

EERENER] hrfE/nm HAL/mV PDI
1:5 858.06+15.93 -14.4+26 0.289-+0.044
1:3 616.86+-13.42  —6.9+17 0.23740.025
1:1 441.62+2480 -18.1+24 0.135+0.011
3:1 501.46+16.26  —9.3+2.8 0.179+0.026
5:1 483.13+13.24  -7.8421 0.209-+0.040

200, 250 W 2& 1 T [A] Lik il 4 Q-NSps, /[l
DI T4 Q-NSps MRARIE ML 3 Fizs, 7]
WEEE D5, 9K FIRRARE/)N, PDI
BEAS, $27mm Dh 2 A A B T 9K IR &R kA 1) &)
oo CAEHIHI &, 1EFEAE 250 W BHT#E .

ek, 1EIRE 5. 20, 35. 50 C, #4% Q-NSps,
JREIREE 1 mg/mL, AN [FR B i £ oK TR =R
KGR 4 Frox, BEERET G, #&m
Q-NSps HIKIAZ A1 PDI &A1 K, 5 “CH 20 CH i
P HPBARAHZEA K, B2 8 B 45 iR, GEHL
fE 20 C T HEATHI % .

£ 2 000 bar (1 bar=0.1 MPa) HJ/E /1R, R
0. 5. 10. 15 ¥k, FHER GBI TR EHIFE .
e R 35 B A] A BB AN oK TR 2R kAR, AER 5 AT
H, e SR 5 R BRI RTSREAS B 9 SRR ) — 2
Bt 10 ¥k, KAt — BN 2] 150 nm, 488855
2 15 X, FAEAFHAHESCE, HokEm 10 K

x3 TEBEINERAIKIZER PDI(X+s,n=3)
Table 3 Impact of ultrasonic power on particle size and PDI
of resultant Q-NSps (X £ s, n =23)

B T AW iz inm HLAz/mv PDI
100 502.52+35.83 —15.34+2.1 0.233+0.043
150 470.74+42.76 —16.7+1.9 0.207+0.034
200 440.68+33.24 —165+2.2 0.154+0.023
250 438.66+27.56 —17.8+1.6 0.102+0.062

*4 TREIEEHIAKIZR PDI(X+s,n=3)
Table 4 Impact of temperature on size of resultant Q-NSps
(X£s,n=3)

il & B C HifZ/nm HLAZ/mV PDI
5 433.24+30.38 —18.3+1.6 0.131+0.089
20 436.36+29.73 —17.8+1.8 0.122+0.032
35 450.56+47.28 —16.9+2.2 0.158+0.092

50 470.57+50.28 —17.0+£2.1 0.205+0.087
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Feifill % Q-NSps.

)5, fE1000. 1500, 2000 bar f{JE /1~
i, 5K 6 fron, &R S0 BT Rk
R B R/, MGk 2 000 bar AR .

%5 TRBBRRHEKER PDI(X+s,n=23)
Table 5 Particle size and PDI of Q-NSps before and after
homogenization (X+s,n=3)

)R Hif2/nm HAL/mV PDI
0 436.68+59.73 -17.8+3.4 0.12240.032
5 2194542530 -19.64+2.3 0.351+0.019
10 14396+ 3.90 -22.6+16 0.242+0.007
15 141.77+ 375 -224+15 0.231+0.023

#z6 ATEMIRENREZERPDI(Xts,n=23)
Table 6 Particle size and PDI of Q-NSps after different
homogenization pressures (X £s, n =3)

B E 71 /bar R /nm HLAz/mV PDI
1000 236.68+48.36 -14.94+1.4 0.2124+0.021
1500 153.744+ 587 -20.7+2.1 0.211+0.010
2000 14447+ 3.05 -19.5+1.1 0.221+0.031

gx b, B T E R RT3
R iEHI4% Q-NSps. LA TPGS AfasE s, Myt
T-HEF, fE 20 CAHI 250 W A1 $] 8~10 fi%
PRFRIIZK R, Y8 He Jie % 25 % Bk 2 HBE, 2 000 bar (200
MPa) 7555 10 K.

KHARM T EH &K 3 it Q-NSps HIkifE N
(137.024+5.92), (145.214+5.78), (143.94+3.90)
nm, PDI #{ N 0.342+0.042. 0.231+0.023.
0.293+0.012, HAIMKIRA (-20.8+1.4), (-22.6+
1.5). (=21.74+1.0) mV. 2 3 it Q-NSps KLz 4>
SR WA 1, B B GIE A, I
HEAEAFIN.

1 10 100 1000 10 000
RifEnm
1 ®RMFHIEITET Q-NSps HSLHME KKIZE 5
Fig. 1 Particle size distribution and image of Q-NSps
prepared under optimal condition

2.2 Q-NSps Fe7s

B 1 mg/mL f) Q-NSps Fif 100 15, ¥ T4k
JE A S R 2, BEEAEE A IR 30 mA %%
PETF®E4 6 min, J0JEZ 30 mV, f# 4 E B0
A, Wk 2 fis, Q-NSps HIRLELE 100~150
nm, JEARBEBRE, KNE—,

SU8020 3.0kV 3.0mm x80.0k SE(TUL)

2 Q-NSps AHHEEE
Fig. 2 Scanning electron microscope image of Q-NSps

23 HHERNE

23 [RSCHR T 2 POV T 2% v G AT b A
2k, FEEFREUA 250 L 10 mg T 100 mL AR (R
B, WG, ERZRZIE, %5, 583 100
ng/mL BER; A 6 H 0 0 B, 15 21 100.0.75.0.
50.0. 20.0. 10.0. 5.0. 1.0. 0.1 pg/mL FR¥| &k
JE RO IR SRR 0 S B 20 L Bz 200 HE B I T
BT S RGHEAR BT, Cr 260 IR BhAE N H E-0.4%
WEER /K IATR (50 0 500, Ky 360 nm, i
30 ‘C, AFUAE 1 mL/min, BEREE N 20 pL, LI
AL (YD) 0PA Rz 00 B VAR BIR B OO il
BN, IMEAREAREIZ N Y=1.739 6 X+
0.1875, R?*=0.999 8.

FE % B 5 mL #5271 Q-NSps, AIIAEAT LR
FEEGT, BEREHETRAE, WA fE
(W) 2R JE M 5 mL FFBEfS 58 4% #, 13 000 r/min
B0 10 min, B EiE 0.22 um KAHZERE, HPLC
I 5E e R R 25 IR IR, AR AR i 4R
THEAE TR R R (W) “PAT 34, 1R
ARTEHBAE (BAE=W/W) N (45.82+
1.73) %. SClFRZGERS/NT 50% M E L2 &,
AT BEAETE R UL AR = A T k.

24 BREMER

241 ZFERBEREMEEE Q-NSps EiKE, /£
0. 1. 3. 7. 15, 30d HUFEMILRIAR, &5 Rty
WA (143.72+3.51). (144.63+3.62). (147.13+
3.71). (152.21+3.76). (178.65+3.83). (203.36+
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3.98) nm (n=3), ZEi& NK&E 7dKFE%AHEE
1k, 15 d J5H8K 20 nm £ 4, 30 d B 4418 K 25 nm
feda, RN TCRR AT LA SR . VEMURITIE LA
PiH Q-NSps 7E =il FACE 1 FHBFE
2.4.2 AFEEK MR RRAARREME B Q-NSps
CFURIRIE 1 mg/mL) 53KEEN 1.8% S AN 1%
11 S0RRAE, B/ RILK L 41RE,
37 CAKMBEE, £ 0. 2. 4. 6. 8 h HUEEI Hoki4,
g5 KA B KPR RLAR 2 v (185.32£2.61)
(189.66+2.83). (190.214+3.48). (193.7542.95).
(199.26+3.01) nm (n=3), I3k BN
(188.92+3.41)., (189.424+2.88). (193.5243.01).
(195.91+3.34)., (198.43+2.95) nm (n=3). 7ENI
IMNAEFEEE K 5/ RILSEIT, RAZREA 40 nm £ 45
3ER; BEW AR EEK, RAEN: HEE
8 h, “FEIRIARIIRAE 200 nm LR . i8] M Kif2 A
SEMEFAE, Q-NSps 1T LA LLAE 35 7K A 2 B/ S gk 47
I 55
25 LIYAREIAIMMEE 5

EL /N BB BREXM, T 5000 r/min 5.0 5 min,
WAL AT sE, AAFER KR BRI O, 25
O H 3 A 4 e, i AR EE B K E 1K 4%
JEAR VLT A2 . Kb R 35 J Q-NSps FH A= B 1
K EZS, FFRCHI R 0.25. 0.50. 1.00. 2.50 mg/mL
PRI, 10 1 S 4% a8 lii &,
37 C/KIBHEHE 4 h, 5000 r/min 2.0 5 min, B Lk
WP BEARACNETE 540 nm IO (A) 1. HUE
HFRERIKY A% 2140 Bl S AR AR A AR A I PE XS
M, WK 4% 240 B S5 A FUR S 1E S FH
PEXTE . 0.25. 0.5, 1. 2.5 mg/mL i & () Q-NSps
A K ERBURGE S XA . FAULTA
ATtEE IR [FNR=CERAH A E—TH4H A
B — P 6o R 2L A\ L)/ (B P o) B2 A — B P 0ot R
HAME)] WL KR, HEER N
YISz 56 5 B 2.5 mg/mL T, Q-NSps th AR FHLH!
R I, 456 2 BT AE AR 3R AR /ORI I 2R A f e
WIS R, ULEAI ST &1 Q-NSps & & ik
HHEY.
2.6 {RINAIRERY

FE PRI 2 mL Q-NSps B NEHTEE (U AR
4y & 8 000~10 000) P4, LA 50mL % 1% SDS
1) PBS (pH 7.4) NEEIAMEK, 7E 37 CHitt: T i&
fr (150 r/min), #EANFEMTAT 3 4. £E 0.25. 0.5,

1. 2. 4, 8, 12 h BUFE 1 mL 34 1 mL BIRAMNE,
7 24, 48, 72, 96. 120. 144 h BURE 1 mL -5 #e
BTN . BB 13 000 r/min &40» 10 min,

HPLC 5 259 R Bk, 15 BB BCR 22
Bethsk, 255Kl 3 Fiok, Q-NSps JG&fE 12 h
WA — AN BV I 2R (R BURE R 2R A 2
45.3%), SRJG e 12~T72 h WRAETE, BERBGA
F) 81%; TMEHNFEW], B, £ 144 h R
FHRE i 82.86%. XF Q-NSps MBS /1243170 &
AT, Q-NSps BT & — %8 1R 2 Q=

78.81 (1—e0072Y, R?2=0.962.
90 7

] 1
70 /

50 1

FPVRIRA %

30 1

10 1

th
B3 & 1% SDS #J PBS, 37 'CT Q-NSps B RFRFEH R
(X£s,n=3)
Fig. 3 Cumulative quercetin release from Q-NSps in PBS
containing 1% SDS at37 'C (Xxs,n=3)

2.7 FHFFRIPFIRFIL

YRR BAE K KICE LR, Sl
DR K. REE RIS SR, MM
Hgwrt, ®HEGETRESRSE, FHnAE
(19 3 B T EE BT 0 . BEAEAR GRIR B R T 5 I
NI B 57 R 2255 9] 380 SR IR S I B A AE AU
IRAR, 75 INGR T ORI A8 9 K VR B 7R R 5 5k
LR o ZANASIE], BT 75 MOUR T R4 770 R RN A
FEZWLEL 7 4> Q-NSps (£:4fr 2 mL, FigikE 1
mg/mL) TPEMMF, 2Rln AL . H
FElE. PVP. Z5EHE. BEHEAI BSA % 10 mg Nk
RI7] (5%), —80 CUKFH PR, FkfiikRlia
BT, BRRERE TR . 2 mL 4ikIREERE,
WERLAE, S5RWFR 7 Fn, 00T 8RR AT
T HE UG kAE (239.64+1.16) nm, FEf
HA7L (—20.6+1.4) mV.

Zk2HY 8 iy Q-NSps (F:4iy 2 mL, FisikfE 1
mg/mL), 43 B 0.1%. 0.3%. 0.5%. 0.7%- 1.0%.
1.5%. 2.0%. 2.5%MZZ %0, ikl b, MEkift,
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gk 8 s, RILTE 0.1%~2.5%, JIA 1%
FEFRA T UG RR &AL (175.20+4.32) nm.
R kLA 20 A (PD10.198+0.012) Al s il 2 T
HA7 (—20.2+1.7) mV.

#®7 FARETFRIPFIEAERE Q-NSps FkIfE (X+s,n=3)

Table 7 Particle size of Q-NSps reconstituted after

lyophilization using different lyoprotectants (X £ s, n = 3)

TR Ll Rift/nm PDI HLAZ/mV
FUHE 0.5 R
PVP 0.5 47045+ 7.980.748+0.138 -7.6+1.7
Hn 0.5 440.63+16.38 0.382+0.036 —17.6+2.2
HEVE 0.5 383.66+32.26 0.460+0.112 —18.4+2.3
BSA 0.5 301.22+ 5.82 0.254+0.054 —18.6+1.9
NEREY 0.5 298.46+ 3.400.326+0.018 —17.6+2.0
B 05 239.64+ 1.16 0.314+1.150 -20.6+1.4

=8 AREILLBHITEZFEE AR Q-NSps HIRifZ (X+s,n=23)

Table 8 Particle size of Q-NSps reconstituted after
lyophilization using different maltose ratios (X £ s, n = 3)
FIERELLBI%  RiRnm PDI HAZ/MV
0.1 306.27+3.42 0.218+0.046 -19.8+1.6
0.3 288.31+4.64 0.216+0.036 —20.6+2.1
0.5 230.53+6.52 0.180+0.056 -17.8+2.2
0.7 220.28+6.24 0.182+0.036 -19.2+1.3
1.0 175.20+4.32 0.198+0.012 -20.2+1.7
1.5 214.21+3.62 0.214+0.024 -18.4+15
2.0 210.89+2.34 0.206+0.022 -14.2+1.7
2.5 207.47+0.28 0.188+0.012 -17.2+2.3

2.8 IMRBEERAR

#%% Q-NSps Xf 4T1. HelLa. HepG2 40 A0
HI2R, ¥ Q-NSps A e 41 7= EM P 0.1, 0.5,
1.0, 2.5, 5.0, 10.0. 25.0. 100.0 pg/mL %, #il
B FERZH 50 pL — R E fR I A e g
FrFEMC ) RS A o Ak P A

EMMIEEFRAE (37 “C. 5% COy) W% 4T1,
Hela 1 HepG2 4Hfifl. 4T1 40 10%4 4 i
100 U/mL H-#%HZ 1 RPMI 1640 B3R 7%
HelLa. HepG2 4 10%fin 4 1M . 100 U/mL -
HHE RN DMEM Rraisiss, fraifd: & 24
W, PSR ISR A AR, NN 96 FLAR R (5
FLIX1044S), ZkEEREFR40M. 24 h 57 LB 3R,
RUIMAAR 72484983 ChiE41). 0.1, 0.5, 1.0,
2.5, 5.0. 10.0. 25.0. 100.0 pg/mL ) Q-NSps X i

I R AR, AN R B EE 6 N SE L, VU PBS
HH, #3720 BRI MTT ) 20 pL,
5 E 4 h, WERSLAW, A DMSO 200 uL, &
P£ 10 min, 7E£ 570 nm P FIE A 1.

Hit Rz 25 S gk B %) 4T1. Hela 1 HepG2
3 Fhan B R FNHIE L LR 4, AT LA R Q-NSps
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Bl 4 72 h 5 Q-NSps St EE4HRE 4T1 (A)s HelLa (B) #1
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Fig. 4 Proliferation inhibition of Q-NSps against tumor
cells 4T1 (A), HeLa (B), HepG2 (C) after 72 h of incubation
(X£s,n=3)
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Bymrami) 3 BB A A AE K, IR EK
Wik R BBRFTEIRE 0.1 pg/mL 24, 7EHAD
B i s B, AR IR TN 3 e 40 i i A
FOHIE 2 B AR B R TS 4. TR
I BEMHIR . (1Cs0) £id W2k 9, o iR AL e
AT1 ZHAEXF Q-NSps S UK, 1Cso v 11.42 pg/mL,
W J PRI A PN 245 0 S BR A 4T L A8 BREA T HIE A

#9 MWL EF Q-NSps ¥t 4T1. HeLa 1 HepG2 B ICso 1&
(X£s,n=3)

Table 9 ICso values of Q-NSps and quercetin solution
against 4T1, HeLa, and HepG2 cell lines (X £ s, n=3)

1Cs0/(ng'mL™2)

B i
4T1 HelLa HepG2
Wil iz V8 29.08+2.57  33.86+2.35 53.01+3.15
Q-NSps 11.424+153" 20.384+1.42" 29.994+2.07"

S R "P<<0.05  “P<<0.01
"P<0.05 "P <0.01vs quercetin solution

29 FAMIAREANMAR

78 “2.87 Wi iERE % AT 4Hiff, FIEEFREAC
il 1X 107 AN/mL 4IRS, B N ERP{E Balb/c /N
AR~ (B X 0.2 mL), FERARLEE] 100 mm?
KA, BENLAY 7 4 CRRZH 8 D, 43 B PR
FRZH (FR Rk S AR 3 2R KD, BHMEXTHRA CEAZREE
S, 8 mglkg, iv), Q-NSps & 1. fKFI&E4L (70,
45, 20 mg/kg, iv), Q-NSps =7 & ig 41 (70 mg/kg,
ig), MR FERIZGA ORI 3R 70 BUE 5%
FEAAEF NIRRT, DR I 540, 70
mg/kg, i9). BRIKAEE 2 REAZ5 1K, ig ARFR%
75, B2 RIS SR AT . 8525 7 ¥
INERARSE, KR e R SR E R E . RS
NI H A A i ) 28 (AR 28 = 1 — SR ZH R
IR TR, 45 R WK 10 8] U AR,
THEH . RS OF . IR4EE=TH BT E/DN A%
gD, R WK 10,

R 10 AT A/ NREOFFRRIE R R B A HEERIER (X£s5,n=8)

Table 10 Liver and spleen indexes of various group of 4T1 tumor-bearing mice and in vivo antitumor inhibition rate of

Q-NSps, PTX Injection and quercetin-CMC in 4T1 tumor-bearing mice (X + s, n = 8)

Y0y FE/(mgkgt)  HEHR JHHR % a5 i Jg i =R/ g 96 1%

[ER iG] — iv 0.0461+0.046  0.032+0.004 3.54+0.35 —

PoE 2 sf 1R 8 iv 0.046+0.056  0.030+0.004 1.59+0.22"*vvv 55.08

R 2% SR 245 70 ig 0.048+0.004  0.028+0.005 2.884+0.19"## 18.64

Q-NSps (iv) 20 iv 0.046+0.002  0.028+0.003 2.55+0.16™"##v 27.97
45 iv 0.046+0.004  0.030+0.002 1.53+0.21vvv 56.78
70 iv 0.0444+0.003  0.028+0.004 1.98+0.10™#vvv 44.07

Q-NSps (ig) 70 ig 0.0474+0.002  0.029+0.003 2.480.22 v 29.94

HH s RAE: “P<0.01 *"P<0.001; SEHMEXR4IHE: *P<0.05 *P<0.001; S £ERZ4IHE: YP<0.05 YYVP<0.001
™P<0.01 ™P <0.001vs normal saline group; *P <0.05 *#P <0.001 vs PTX Injections YP <0.05 VYVVP <0.001 vs quercetin-CMC group

TE AT fur¥e BRI B4 PN o g 26 2t e
21/ BB AR AR Bl I [a) MG I  L I 5-A, R ik
FRAE K AR BN AR I i B 2= R 25 4. Q-NSps
{74 (Giv). Q-NSps 7l & ig 41 (ig). Q-NSps
mAlEA Gv). BEEERA Gv). Q-NSps H
FlEA Gv), HEAEFILKHMESRAME, £5
IR (P<<0.001).

JRELZGTE 70 mg/kg IR N ig 4524, RER N
H 18.64%, 1fii Q-NSps 7E 20 mg/kg FFI&E N iv 4324,
R R LUK R 27.97%, UiIML & ig A4
FIFH EE AR, X5 SRR i 25 SR — 20, Q-NSps
ms L R 3N v 442, HRlE 45 mglkg I
Jo 2 5t 1, 14 5] 56.78%, FHERAZ B S 55.08%

)

FHIE, $EIRIXANFITRLE 2511 Q-NSps, MPLR 234
S R BS T A,

=7l (45 mg/kg) 11 Q-NSps, R RE A
44.07%, X ] REAE T M RS PEL & I
P2 (1 R A R BR KR S R T2 R ) Bel A1
Bax MIfRIHEY,  FEARJE RS 5 Eit— PR .

¥/ BRI LA HOERE DIR 5 N\ 2
Kb (DIR-Mi & 10 40, FELL), FkH%
POKIREF], 193] DIR #r1cH Q-NSps. /g — X
YEERE, ThFIEAZ T DIR FRICHT Q-NSps, 24 h
JEALFEANER, IR, Oy BFL OB BAE,
N = HEIE R B AIAIE (A wrwx =748 nm;
Ao =180 nm; F4EIZER: 8; MEJEHIE]: 455 M
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. 14cm). £ DIR ZOGHREARICE, iv 257 &
N, 24 hJE & F BRI WK 5-C, &
FE A LK 5-D, w40 iv J§ Q-NSps 3= B3 A 7EAT
Ffdeg, FHOOAE R

29RO SRR A, S/ BRI XA 5 R B
(AR AE L WL 5-B (/)N BRFH XA 5 8 = A S R
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W B R R A B B 2 At

g —— EHEK
—e— BRI (v, 8 mgkg™®
—a— il KR (g, 70 mgkg™
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A-ATL fafEd /N R AR 24 JE IR R84k (X s, n = 8), HARREKIIMEXS IRZE b R : ™ P<<0.001, 5 PTX yEGHEAIE: *P<<0.001 B-4T1 faff§

NG JE AR A BT (X +s5,n=8)

C-SEURZER 24 h 5, ATLFOR/NEES B IO A D-/NRAF S B OB EAERE (X +s5,n=5)

A-change of tumor volume of 4T1 tumor-bearing mice after administration (X =s, n = 8), ™"P < 0.001 vs normal saline group, *#P < 0.001 vs PTX Injections

B-body weight change of 4T1 tumor-bearing mice after administration (X s, n = 8) C-distribution of Q-NSps in major organs of 4T1 tumor-bearing mice

after end of the experiment of 24 h  D-column graph of luminous intensity for fluorescent probes measured from different organs in mice (X s, n =5)

Bl 5 #EEK Q-NSps Xt 4T1 farl /R A A AR S R
Fig. 5 Invivo antitumor efficacy of quercetin and Q-NSps in 4T1 tumor bearing mice

210 ZESR
i SPSS 21.0 #AFI BRI 2 22 0 Mok 5 4%
RIS, PRSI IR X £s TR, P<
0.05 #AN N E A Giitm L.
3 g

Wi e 223 A T iz T 2 P TR A4 P LA ) 28k
B, BB, FHEET ZHmERE, F3%
HOMRAEYFIHERMR, XEpRH 7 H 25008 %M
TEIGIR BRI . ARBFFRER TPGS NEfk, 1

20 ‘CHl1 250 W 7374, 2 000 bar /= &35 10 K,
il % 14 2] Q-NSps, H MW EEKIE, “FIkE
(143.90+3.90) nm, EMHEAL (-22.6+1.5) mV.
TPGS AU AT LME R IEMER], 380 A0 8
S EER  P-FE R L ik, H T SeIRIMIR i £
2y 251EB2, # L TPGS ke e 7l % Q-NSps,
A BT SIS R BB A R TT RO . ARSI ) % 1)
Q-NSps =i B E BAaE, FH @M 1%1 2 2F
PR, R 5 B AR AT AR A, Il FH Ak
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PRIBEN AT 3 BBRARLE 200 nm BAR, v 4424554
SPLL R 1 TR0 % P 00980 R R P 2 R e VA
Y, BB N5

e E R RIITRE A, LA SPC fil PVP iR
SEFI Q-NSps, KA X ELLL TPGS & sE 7 A
K, Wity TEATIHE— DA, WA TR
Q-NSps 1 ke . A [FIAE 7 4 40K TR
BAL RN REER . AWBEUT NEE
FRANIAL, AT A 2 3 BN K45 25 RGeSk T2 1)
it 8

7E MTT SEE6 1, Q-NSps il B #i 2 Z 1) 1Cso
{ELE BRI, L DR T B N Kok Rl ot e S 1
Bt SAnfAl BAEF, B0 T Bl A R AL 21,
RN ZRCFI T, FFERIRIE (70 mglkg) ig
Y575, Q-NSps HIHIEZR (29.94%) &= T HE
2] 1% CMC R 2K (18.64%, P<<0.05), ¥iBAgN
KIBEFI AR EE R E & T IRE ), XTTEe
LRI B = T 2 AR SCE D%, T
Q-NSps iv 7£ 45 mglkg HIFE T, R EEE
56.78%, itim T 70 mg/kg [ ig Z5 254011 29.94%,
Tt A B GRS 25 F A MR A
IREBR, 5 R 3 B B 3R AP SR L R A A
PR HE SR 1 2 D AR K LU A8 2 IR 2 il e i 1 1 il
ARG FTLL, Kt R 2= geKIR 27 iv 45
2y, WEAW, SRR, IR
AIAT B FIE

ST AOKIREF AL A5, AT RTE
2RO SRR 2% 5B, B3 2T AR FR e 3 Q-NSps
e 2y, SR HIICE B RINESS, kNS A AR
A E HEA - WE 2% ORI, Sk T M HAESH
IR AifE L. IXFEM I AL, HE A RNZ
RO FCAE Rl —HE AR R AT, SR1F I LU A B
P BT 25 B A G, RN R TE A s B 22 IR
YR 257097 5 Q-NSps 7Efr 8 B I ZH U A 15 1t

27 b, WETHI I Q-NSps ki b, FaE ks,
RERE T RN UM RO, AR —
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