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ICs: 1.385 pmol/L vs. 0.768 pmol/L, P=0.012) , {HFAZ R IZEK-% 72 h, %k apatinib 29K B 5 (0 41
) %8 1t BA 4l apatinib ( 63.34% vs. 59.70%, P=0.005) . #k apatinib 44K 8 o 5 8.4 apatinib 4 fE
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Abstract Objective: To investigate the inhibitory effect of apatinib-loaded nanomicelles on human umbilical vein
endothelial cells (HUVECs) as well as its release pattern and safety.
Methods: The release rate and use safety of apatinib-loaded nanomicelles was determined by ultraviolet
spectrophotometry method and hemolytic assay, respectively. And then, the inhibitory effect of apatinib-loaded

nanomicelles on HUVECs was tested by CCK-8 assay, migration assay and tube formation assay, respectively.
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Results: The apatinib-loaded nanomicelles showed a transient immediate-release (2 h release rate reached 20.5%)
and then a slow release (72 h release rate was 62.9%), and the results of hemolytic assay were negative. The
proliferation of HUVECs was significantly inhibited by either apatinib-loaded nanomicelles or free apatinib in a
concentration- and time-dependent manner (all P<0.05); the inhibition rate of apatinib-loaded nanomicelles on
HUVECs was lower than those of free apatinib within 48 h (48 h IC,: 1.385 pmol/L vs. 0.768 pmol/L, P=0.012),
but it surpassed that of free apatinib with time up to 72 h (63.34% vs. 59.70%, P=0.005). The migration and tube
formation of HUVECs were significantly suppressed by both apatinib-loaded nanomicelles and free apatinib in a
concentration- and releasing time-dependent manner, and the inhibitory effects of apatinib-loaded nanomicelles
with 3-d release on migration and tube formation of HUVECs were significantly greater than those of free apatinib
(both P<0.05).

Conclusion: The apatinib-loaded nanomicelles have good safety and sustained release property.
Nanoencapsulation can enhance the inhibitory effect of apatinib on HUVECs and extend its action time window.

Antineoplastic Agents; Angiogenesis Inhibitors; Nanotechnology; Delayed-Action Preparations
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[ESciencell 2y Hl 5 41 B 4 i 48 A= K [H 7
(rhVEGF ,,) W H 5 Genscript/A Al ; B 2% i
¥ (PBS) M H FHycloneA Al | e LM
R4l (SDS) g [ T 25 4 A b 2= 3R A BRA A
CCK-8M H T HAF A ; HIEK (Matrigel )
WA TREBDA A T-258 370 . 96fLE5 F il .
Transwell/NEW H FCorning/A Hl ; apatinibl
VLR TE I 2 m) it TR & " RER R C
M 2 apatinib 40K IR H ( MPE G sp00—b—PC Lsgg—
apatinib ) & VE 507 A8 AR BT K 22 MR BE G
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1.2 XWHE

1.2.1 # apatinib 28 KRG HRSMEZ E B RHMG
A4 200~500 nm 94 apatinib 7E PBS H Y 550
W2k, 15 H apatinib A4FAE I ZE 347 nm,
FEAR G 5 ALAS [ e B X6 Ry %) W A B8 42 il — 2% s 1
M2k, 4 10 mL (9 %% apatinib B 3 h0 A 33 H7 48
(BT H: 3500), HENEHEHEER
A 50 mL i PBS ( % 0.2%SDS L)t /2 I 4 14 )
Zohmweh (pH=7.4) , BT 37 CHERIRGH T
235 (PN 100 r/min) 3 29T 1. 2. 4.
8. 16, 24, 36, 48, 72 h 2 [u] i A1 HH 22 it
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fif PBS ZZ #hiIR W (% 0.29%SDS ) . X FHCH A%
W, MK EAE 347 nm Ab A2 AN - BT UL G WO
B, RASRHEM SR Bk E, &3 58] 2L apatinib
9K e U B H ) apatinib B9 &

1.2.2 # apatinib 24 KR R 94k shim s 236 UK
BLIM 2 mL, 4 °C 2 000 r/min &> 5 min, )5
FHVK PBS YEIRJG BS .0 5 min, W23 WK, #E LT
W, A PBS, il % nl 8% 1B 1L ik B 04 41 400 o B
W Wit 4 AL, 430N A% apatinib 44
KA L (LA apatinib ¥ JE I ) 4 10.0,
5.0, 2.5, 1.25 pmol/L, it M4l %M A PBS
FT Trixon-100 LA 35 57 B P F0 FH 2 %5 B 41, ik A
37 CHiFE 30 min 5 4 °C 2 000 /min #5.0> 5 min.
B4 20 3 100 pL in A 96 fLAR, JF7E A sh il
ORI E 414 nm BYWEOERE

1.2.3 HUVECs E# 2 & & EK K1 mL 4000
BB T-25 B g H, 4 mL g RN K
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P/S, Tl Fe Bk 500:25:0.5:0.5) @455 B 40 i 8%
FRALA 37 C. 5% CO, K46 ; fRaneRi Rk
£ 90%~95% #HATHLA K ECM B BR, M 1 mL
Wi B2 0.125% B9 G TH AL 3 min, JEAIA 1 mL
ECM £ 1341k, 800 r/min B> 4 min, 75 B
WIFMA 1 mL ECM #4788, 1054 4t A B i i
B 2B M B R R IR A CO, B3R FE R 9% . AR5
5 i AR A B AL AR A R T 7
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FHECM 35 550 HUVECs, 7 6 h 20 Ji U BE )5
FEJFECM, A BM K538 12 h s f5 0Lk R
iYLk e 05, 32 BM, A VEGF #5595 3
(VCM; % BM. FBS. rhVEGF,,. P/S, fi #l b
#1 500:5:0.5:0.5 ) #FFHEFE
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AL 100 pL 0 F 96 FLEF F2 M b, o 40 f 0 R
Ji, FEEBFECM A BM BEATULEE 12 ho UL
Mot )R, A VCM #£17 VEGF 315 3% . )5
BEALA B 1 pl AS[6] 4 BE A9 B 41 apatinib F1ZK
apatinib PRI, AR (LU apatinib FJ & &
B 910, 5. 2.5, 1.25 umol/L 5 625,
312.5, 156.25 nmol/L; W25 KKK ( Az
G AR R ) X IR AL 4% LR EE B (LU
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RN 4 h, )5 BIO-TEK [ 3l ¥ b 132 504 ) &
450 nm B WG EE (A) o R #FE 38 apatinib 44 K
Ji2 BROXF 1 B A A ) S B T A DG &R, BT o mol/L (A
apatinib MEEITE) M apatinib 20K i TR R
4fi apatinib, fTA$% 138 J5 vk 240 M4 AR I F YLK Ak 2
96 fLAR N, HELIEFE 3 d, aliit 12, 24,
36, 48, 60, 72 h 6 EFH &, FEFRGE AR SEIMA
10 uL CCK-8, 4 h J5 il oG g, 30 R4
AT, WHIE (%) = (A RAL A -
Y LA ) /2 H X AL AME x 100%. K
Bliss %115 1C500

1.2.6 HUVECs £ # % FH4F%EA M
B¢ Transwell /N3 B /NE AR 37 °CHE IR 48 4 5
F% 12 h ¥ Transwell /NZE (AL, BOGHE0A= K40 40
Jit ) B R BM EEE: . B R 2 x 107/mL A9 41 i &
W, LAEEAL 100 pL #280 T Transwell /NE /) A,
L L 4. AE Transwell T B 7IIA VCM 500 pL,
Jf#e I iR CCK-8 55 55 A B v (9 5 5 n A B 4
apatinib LA #K apatinib 40K SR 25 9 ik 5 (LA
apatinib iy & &1t ) K 10, 1.
VEGF 5 S FHPEX 4. TN H A VCM DO
ZLVECF S ML H,; &, FBSiERA A T
fE R VEM T Him A ECM LA %€ FBS i &
M B AXT A FEAMA BM, A
¥4 apatinib 40K I AR [ X6 3B B (52 ), 7
THRENMAEEHO, 1. 2, 3 dizEk apatinib 44
KR K L4l apatinib, {25 E (LA apatinib
M) &8I ) A 1 pmol/L, 4% Bk 57 VEGF i
SHPEX B, FE 37 C & 5%CO, tH A6 N 1 97
12~24 h J5, H 90% £ BEE & 30 min, 5% 55
FH&S M5 G4 £5 20 min. I PBS WUk 3 K, Bk
5 min. 15 7E Olympus W85 T LS4, /)
FIS AEF . PR = (VEGE i 5 XS
HEFL - LAl ) /VEGF i BHEXT EFL x 100%.
1.2.7 HUVECs ‘M E R A %% 50 pL Matrigel
I TV 1 96 FL AR PN i2F AT AL B OF AE 37 C R SR
Nt miAb B, N iy VEGE ARE A
S HUVECs 47 R 2 /NG 8 Y, W se 58 8 3 v
¥ VCM N FBS & 542+ 2 5%, W Sigm i .

0.1 pmol/L; & 7.
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il 75 LA VCM HE B . % o 2 x 107/ mL A9 5 & ik N
SR, 1E 4 B B Matrigel £ 8% A9 FL Y n A
100 pL 40 B B, JF A 2% apatinib 24 K it 0 &
L4l apatinib, HEZ5PHE (Lh apatinib & &#i])
910, 1 umol/L; % 52 VCM FHH: X B 4L: A
PBS #E47 40 HE VCM 2 A9 40 B BRI RS2 A
WA &FLIN A A 100 pL F H BM 5 & (1) 40 i &
WA M AAEM 2595 537 ECM X REAL: & fLIK
JA 100 pL A F ECM 5 B /Y 41 B 2 3801 A i A
TEAT 258 . HIRITHR apatinib 994 I TR ik i ] XoF
ANE RIS FE I, He IR T VA I VO H R 1 4
MEW, HTHELHIMA 1 pmol/L HL.4 apatinib [
BB 0. 1. 2. 3 dE apatinib PR A ; % I
WS VCM BHPEXT BR 4L, £ 37 °C 5%CO0, 55 ¢4
PEESR 6 h e, IR B AE 22 B U E AT ULE  da i,
RALAEE 5 A IEF . NVE BRI = (VOM FHPE
St HEFL — S2EFL ) /VCM FHPEXTHEFL x 100% .
1.3 GitF4bE

FrA SEge B E R 3R, Soit e B R LR +
FRifE2E (xxs) Fom, WAM ERHGER, £
A [R) LY AR B IR 2R 7 25 40 M, AL TRD PR R LE AR
FISNK, P<0.0SEREFAGITFE L. HH
SPSS 20.08 #4748 53 41, Al Graphpad 5
MImage JAR M EAT B 7 b 2E .

2 # R
2.1 # apatinib 29K RIEMAE SR AL
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Figure1 Release of apatinib-loaded nanomicelles in vitro
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PRAMNE M L5 W7, 5 Trixion-1007] DL5|
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Figure 2 Hemolysis tests of apatinib-loaded nanomicelles

2.3 # apatinib 49 K K R Xt HUVECs & 38 i #]

H1EA

CCK-845 R Wor, HFoeHh A it i 25 2 9h
KIEH A, HUVECsH{H REIEI5% LA I (1
P>0.05) . M 4iapatinib M #apatinib4i KK K
fapatinibZG PR E 10, 5, 2.5, 1.25 pmol/L5
625. 312.5. 156.25 nmol/L4r §I1E/H48 hZ )5,
XFHUVECs 38 58 0 300 il 22 Bl 25 9 vk B 1 T i 184 fin
(K3A) , M #apatinib@I KR XFHUVECS
B 0 B RS B AT R /N F B dliapatinib (1Cs,:
1.385 pmol/L vs. 0.768 umol/L, P=0.012) . {Hii
SU I 18 (S Nl 1 B i 7 N i 12 i B o € 297 3
&1 pmol/LF, HAR#Zapatinib 4} K i o 41 76 7F
FHIF U6 555 T 5 2 apatinib2H , {H Ffi %5 B 6] ZE 4
Fapatinib g K B AT 04 10 4 2 W ks i f 772 h
PET I B sliapatinib4] ( 63.34% vs. 59.70%,
P=0.005) ; HEZiapatinib 30 240 1 0
RIS AR =, S Bl A R AR A W T 28, T3
apatinib 24 K A R E e 8 m (E3B) .
2.4 #j apatinib 49 KX B R Xt HUVECs T # By #]

#1EA

g3 — 2B E B #apatinib A4 K R X HUVECs
AEIPE R, ABESR AT T Transwel liF #8525 ¢
TR LR S5 R B R, Bapatinib 4K o K s 4l
apatinib¥J o] IR HUVECs B3R , 0l 5E 771 Fifi
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PR IE EIFTTRN (194) 5 BE% Bapatinib® SIS (K5) , ELRKS dfapatinibdik
KRB A, JOHUVECSER BUdIBIE SO T A B J1 Kk F Milapatinib (P=0.005) .

[7 apatinib —&— apatinib
m apatinib YK —m— ] apatinib A R

B 3 # apatinib 4K Bz 3R 5 8 45 apatinib Xt HUVECs GBI EIIER A AN [A) Mk B A 2% apatinib 44 K Ji R K% 4
apatinib 1EFH 48 h %} HUVECs M45 R385 B: 1 wmol/L %% apatinib 2K M B4l apatinib /EFIA A A% HUVECs

S VUL N RS
Figure 3 Inhibitory effects of apatinib-loaded nanomicelles and free apatinib on proliferation of HUVECs A: Inhibition rates of
various concentrations of apatinib-loaded nanomicelles and free apatinib on HUVECs at 48 h; B: Inhibition rates of 1 umol/L apatinib-

loaded nanomicelles and free apatinib on HUVECs at different time points

e WURNE %¢ \1 & 45 SR BT e e
inib 443K B 5 B B 45 apatinib X HUVECs sE#893M&  A: BM &)
D: apatinib 10 pmol/L; E: apatinib 1 pmol/L; F: apatinib 0.1 pmol/L; G: % apatinib KB 10 pmol/L; H: %% apatinib
PRI 1 pumol/L; T: 3% apatinib AKNETR 0.1 pwmol/L
Figure 4 Inhibitory effects of various concentrations of apatinib-loaded nanomicelles and free apatinib on migration of HUVECs
A: BM control; B: ECM control; C:VCM control; D: 10 umol/L apatinib; E: 1 umol/L apatinib; F: 0.1 pmol/L apatinib; G: 10 ymol/L

apatinib-loaded nanomicelles; H: 1 pmol/L apatinib-loaded nanomicelles; I: 0.1 ymol/L apatinib-loaded nanomicelles
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B 5 1 umol/L B 4E apatinib & 1 pmol/L 7~ [E] % 7% Bt 18] B9 & apatinib 29K BE R 3T HUVECs TR BIHIHE A: VCM X HE;

B: apatinib 1 pmol/L; C: 1 pmol/L % apatinib DK B 0d; D: 1 pumol/L 7% apatinib DEKEHRB 1d; E: 1 ptmol/L
% apatinib KSR B 2d; F: 1 tmol/L 7, apatinib WK IR R 3 d

Figure S Inhibitory effects of 1 ymol/L free apatinib and 1 ymol/L apatinib-loaded nanomicelles with different releasing time on

migration of HUVECs

A: VCM control; B: 1 ymol apatinib L; C: 1 pmol/L 0-d releasing apatinib-loaded nanomicelles;

D:1 pmol/L 1-d releasing apatinib-loaded nanomicelles; E: 1 umol/L 2-d releasing apatinib-loaded nanomicelles; F: 1 ymol/L 3-d

releasing apatinib-loaded nanomicelles

2.5 #k apatinib #4K B R 3t HUVECSs B & # /1
HIHI 50 4E A
N AEA B apatini b2 K o X iR 2 1 Y
PHIVEH, APFSEHEAT THUVECS AU L5 . A
LELE R W R, Hdiapatinib X ZKapatinib 4 K K
FIXTHUVECs 5 BE 7 09 30 51 R Bt v J3 38 i i 3
s 2R EERA 210 pmol/LE}, Hifliapatinib Al

PMHUVECs B A8 J1 58 211 %, TMi#kapatinib 44
KRR BN IAFN 10 pmol/L, XHUVECs A fE /1
BP0 AR SR A AR 5 (K16) 5 {HBE# #Kapatinib
9 K e SRR R ZE K, #Rapatinib 48K B XF
HUVECs8E 68 71 i il <> 2 W hn, HoRE3 d
Y #%apatinib 44 K K 0 i 1T 7% g 7 23 o 4l
apatinib (P=0.042) (7).

El6 AERERZ; apatinib 495K B 3R & 245 apatinib 3t HUVECs B & 8E 1M HI1E R

A: VCMXFH; B: apatinib 10 p mol/I;

C: apatinib 1 pmol/LL; D: % apatinib AT 10 pmol/L; E: % apatinib YK 1 W mol/L
Figure 6 Inhibitory effects of various concentrations of apatinib-loaded nanomicelles and free apatinib on tube formation of HUVECs
A: VCM control; B: 10 pmol/L apatinib; C: 1 ymol/L apatinib; D: 10 ymol/L apatinib-loaded nanomicelles; E: 1 pmol/L

apatinib-loaded nanomicelles
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B 7 1 umol/L #4f apatinib & 1 umol/L 7~ EHE ARt iE B3 apatinib 4Kk XT HUVECs BLERENBIIME  A: VCM XTI,

B: apatinib I pmol/L; C: 1 pmol/L % apatinib ZKALH B 0 d; D: 1 pmol/L # apatinib ZUKESH B 1 d; E: 1 pmol/L
#, apatinib PRI BL 2 d; F: 1 pmol/L #% apatinib 49 KA H B 3 d

Figure 7 Inhibitory effects of 1 pmol/L free apatinib and 1 ymol/L apatinib-loaded nanomicelles with different releasing time on

tube formation of HUVECs

A: VCM control; B: 1 umol/L apatinib; C: 1 pmol/L 0-d releasing apatinib-loaded nanomicelles;

D: 1 pymol/L 1-d releasing apatinib-loaded nanomicelles; E: 1 pmol/L 2-d releasing apatinib-loaded nanomicelles; F: 1 ymol/L 3-d

releasing apatinib-loaded nanomicelles

3 i i

e A R M B TS AR 22, P
AR 29 4R, g — KT TR, B
) B B 1k R R T LSE K 6 A A A B A AT
BEE, (R — LT P RAREMMEL T,
HBEHEFH s =PRIy R (27l 3% .
bR B B B SR A2 B 5 ), (HF 3 A AF B (R AE AR
W2 g A T AR A R Y R R KR R i R
hEAEEEM", MVEGF/VEGFR-2HE I &
oM A5 BT R R E A AR, Fk, VEGF/
VEGFR-238 % 0] LAAE A DA 30 ] i, 8 587 A= 1 ik 25t
g B s . HET, MR VEGE/
VEGFR-238 F 19 0 ) R 646325 . R R4S G40
T AT VEGE T34 BN 43— i 2 12 15 il 11
H7) (TKID) P'. apatinibfE Jy/No» T TKI, it
R4S B VEGFR2 52 1A (1 i 22 R Wl 2 o5, 0
il AR AL KN, AT A VEGF/VEGFR 215 5 1 i
FEA Y SR, B AL P R A G A i
B, FEAdiMoR g scR " BAET, apatinib7E i E
PEATTU AT I AR 50 5, B & UE W AT LA g 2%
U 3 o R A A [ Y, fEapatinib i
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NG AR N, apatinib B 58 2403 T 300 1 e AR
HAHEAAY, AR E B R RIE . X s
e SR I RO R 2T R 2T 5 S £
W AR T apatinib (K30 R 2190 1 rng—
TR I B . TR FH A0V EGFIR YT AT RE S K i
R . PG, #HE SR —FhaEREKapatinib i &l
YERIE ffapatinib REGE WA B Wi 2 HH A9 T7 3k o 7%
Frapatinib S EEIME & A K, FTREA WA
(1) apatinib FA Hr A L4 DCIRAE [y P, 3 D )
ANAASE A T g 9 A= DX, 3 VR R T R
BN X A . TR AR A, T2
TIFRAE; (2) apatinib (#8435 Ik AT DL 3E i 8 24
RSCHL, FTLLHEDN , 0 e AR AL A v B v B 1Y
apatinib ] BB B VIR LIE M A4 . I, H %
R AT LA AR S A8 AR 1) AL apatinib )k B
I HAfiapatinib HAT 2 B AY J5 1 .

GKRPLAR G BB EIAT Tz s X,
B ALY R JC B T TR ORHE D 4 oK G2 ) 3
e, © 2 W 25 1 F 9T Bl A R O
H T I R A0 A R 0 A W BE 7 LA B i R A5
B ASL T LA PA) B A L S e DR T I P B 4 i 1)
B, DRI 4 K e TR B 2 i g T A 8 57 (1 B
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HAE A iR S A AL AL £, [ AR i
SRR B IR 245 W A KT 2 ) A IR DY 1 A R
], wiE TR AR, SEE AWML, EK
TRt H, KRG ARG RLHGY R
BAEH A 2 F BT, BANEE (PCL) & —Fh
VoE RN B R R, AR e, BO
P B B A R R B R B LA R AR A A
P, HEWXEEM 5255 MR (FDA) it
PR B e AR, EPCL A T 45 b .
(i e L AN 7 = A VA i = v 4 il S
43 BR A T A Ay 07 R 40 3 % 1 T PR, R
TN H AT, R ER L (mPEG) T
AT IR S, [0 HE MR v vT DL 7R Rk
ZMF R SR IR Y A IR KR AR Ak,
mPEGEA R4 04 2 P K i 1 2 0 8 0% 28 ) A 25
P, AR A U AT DL e A B e, HL
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