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Preparation, characterization and in vitro anti-tumor evaluation of curcumin-
loaded star-shaped polyester nanoparticles
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Abstract: Objective Curcumin loaded amphiphilic star-shaped polyester nanoparticles (Cur-NPs) were prepared to improve the
bioavailability of curcumin. Methods Amphiphilic star-shaped polymers (DPE-PCL-mPEG) were synthesized by ring-opening
polymerization and esterification and used as the polymer precursor of nanoscale drug carrier. The structures of polymers were
characterized by FT-IR spectroscopy and 'H-NMR. The molecular weights of polymers were determined via GPC. Cur-NPs were
prepared by solvent evaporation. The physicochemical properties such as particle size, zeta potential, drug loading, encapsulation
efficiency, stability, in vitro drug release behavior and cytotoxicity, anti-proliferation efficacy and cellular uptake of Cur-NPs were
studied. Results DPE-PCL-mPEG was successfully synthesized. The particle size, & potential, encapsulation efficiency and drug
loading of Cur-NPs was (86.00 £ 2.01) nm, & potential (=9.40 + 0.09) mV, (95.51 £ 1.23)% and (5.52 £ 0.54)%, respectively. In
addition, the nanoparticles exhibited good stability and sustained release ability. In vitro cytotoxicity demonstrated that blank
nanoparticles (blank-NPs) had favorable biosafety. Cur-NPs exhibited stronger anti-proliferation efficacy and better cellular uptake

ability against U251 cell. Conclusion Cur-NPs with ideal physicochemical properties were successfully prepared. This novel
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nanocarrier system can effectively improve the bioavailability of curcumin and have potential applications in drug delivery.

Key words: amphiphilic star-shaped polymers; nanoparticle; curcumin; in vitro release; U251 cell; anti-tumor; stability; ring-opening

polymerization; bioavailability; esterification; solvent evaporation; sustained release; cytotoxicity; cellular uptake; biosafety
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Fig. 1 Synthesis scheme of DPE-PCL-mPEG
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PCL =%,
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1.66 (d). 4.06 (c)o T PCL AR 3TV FY 2L 5 104
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Fig.2 FT-IR spectra of DPE-PCL and DPE-PCL-mPEG
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Fig. 3 'H-NMR spectra of DPE-PCL (A) and DPE-PCL-
mPEG (B)

(-CH2-OH), H 532 K iy 2 B Ry sz i) HoAk 22 A0 4 [
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DPE-PCL 1] FT-IR 455RAHIH, DPE-PCL-mPEG
F& T PCL v B o B Ie S A 7 R PR R AR I, 3
HIELT mPEG ks (-C-O-C-) HIFFMENE, 435
f7F 1140.0. 1061.7 cm™'. DPE-PCL-mPEG F 'H-
NMR S 45 R 3-B fiar, 63.65 (g). 3.39 ()
N mPEG "1-CH,-CHO-F1-OCH; HIRFEWE. 1M o
2.32 (a), 1.39 (b). 1.66 (d) 4.07 (¢) y DPE-PCL-
mPEG ' PCL J BeH 7 H S (R E I . BbAh, JEid
%1 DPE-PCL %1 DPE-PCL-mPEG B8t 5> F & E . PDI
S
Table 1 Molucular weights, PDI, and yield of DPE-PCL
and DPE-PCL-mPEG

i Mwm  PDI Mw FEER Y%
DPE-PCL 9443 1.08 9130 87.6+230
DPE-PCL-mPEG 16314 1.14 15369 78.4+1.94

Mo, 9 GPC il #3 f8 I%t 23 5 5T, PDI 4y GPC Hhillf3 %
SIBEEE M, 9 "H-NMR 1 iF 545 H B9 AR R 70 5 &

M,, is the number average molecular weight measured by GPC, PDI
is the polydispersion index measured by GPC, and My is the relative

molecular weight calculated by "H-NMR

£ 5 g Z I8 BT FAR o Lot AR 7 7 R &
LN 1. FT-IR Al 'H-NMR 45 580 © Tl
4 il DPE-PCL-mPEG.

DPE-PCL Al DPE-PCL-mPEG [¥] GPC 73 #r45
WK 4 % 1 PR, 2 MUEEDT GPC #4352 3
U HEEARTFR, Z4r8da% (PDD 7354 1.08
1.14, HX 9 TRES M LEES . Ho GPC t
MBI 737 &5 TH-NMR 5 A 2 1)
IR, REBEEVEREERINA .

8000 1
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4 DPE-PCL #1 DPE-PCL-mPEG #J GPC #iE
Fig. 4 GPC of DPE-PCL and DPE-PCL-mPEG
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231 k& Bk M N Axxlaim® Polar
Advantage II-Cig £ (250 mmX 4.6 mm, 5 um); i
AN CE-0.6% LFE/KIEH (60 & 40); MARFRE
1.0 mL/min; AR 10 uLs AWK 420 nm; #
130 C.

232 OFFE VRV ARG PR T AN R
2.0 mg, HONEHEMIHFERZE 10 mL, FCH K2
FOUT IR i 8 VR

233 LEME BUERMEEEZMYLKA, 4
AR, TR R T E A KR
(blank-NPs). #HZGAKPLEH, 0.22 pm FIFLIENE
eI, & “23.17 WS FARERER . HPLC A3
M ERE A 5 frs, Z3RRER A 6.9 min, 1
TR, FEER GG BRF, BBl
T, JrETENLE, & T 9RR ) L 2
BRI E .

234 LMEXRRFEE HUEENESER, H3
ARARRE R IR E 4398 0.1. 0.5. 1.04 2.0. 4.0,
6.0+ 8.0 ug/mL [ R A5 HE LW, 0.22 um FfLIE
o, R R AR, DR RN EIREE AR
(X0, WERARBMERMNR (V) Sl brEth
4, ATEMEREIE, FF|EHTTE Y=1.566 9 X+
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Fig. 5 HPLC of curcumin (A), blank-NPs (B), and Cur-
NPs (C)

0.008 6, R2=0.999 8, ZEFKIHLHEKI 0.1~8.0
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M5E

235 FEEREALS ELRMEVEHEN, R EDOTE
i {80 0 | BC A BT R FE D 0.5 2.0 6.0 pg/mL
(R0 HE AR, HPLC Wl Jot & B2 It RSD 4
W9 0.10%. 0.20%-. 0.07%. RSD #1<2%, i%J7
R E R, J7VERAT.

23.6 IR SalBUREIREN 6.0 pg/mL
(22 8 20 IR VA 24 3. 4 mL BT 10 mL &3
o, B 0.5 mL 2 FYKRRETRIINFE S, TRshAf
SEAE, W ERES AN 1.2, 1.8, 2.4 ug/mL (1)
W, 022 pm FFLUE, 4% “2.3.17 Ttk ik
BEREATIN, RN IR B TATERAE 3 0k, THEENK
FK, FRIRGE R ER, 1.2. 1.8, 2.4 ug/mL )
ISR 5 98.56% 99.25% 99.12%, RSD 4
BN 1.79%. 1.21%. 0.98%, [BICRIYAE 95%~
105%, RSD ¥J<2%, fF&HikER,

2.4 Cur-NPs B8

2.4.1  HIKTTE AR RIS Cur-NPs TR &
W, KRR K 2 A DPE-PCL-mPEG, PR fiR
Ja AR M 4K A, 450 r/min B /345 #E 30 min.
40 CFEZTH 3 h, 4 CHFELEEL 10 min
(6000 r/min) PABREIFEZEHE R, 152 Cur-NPs.
2 EYKHRL (blank-NPs) FIHI &R AINZ Y, 4
S IRAR

242 BEFMERAGEFE L Cur-NPs ££ 15 000
r/min ()85 N B0 60 min, WA I TIRITIE,
KB LR, INNEEARE 2, WEZERSE,
MR 2 T GKRL ) 4 2 AL 2R

BB =W sps/ W snesn

T =W sz Weur-nps
W s Cur-NPs T KIS, W nss AN EHE IR
H, Weunes ¥ Cur-NPs [ &
243 HRREFEE ERLEHEKS DPE-PCL-
mPEG i &L (Z54FHE, 11100 11150 1:20.
1125, 1:300. AVUFESKMEEIRLL (IEKL,
1:3.154, 1:5.1:6.1:7) REERNRE
W (1.5, 2.00 2.5, 3.0, 3.5mg/mL) iX 3 PMHZE
Xl 4 Cur-NPs [0, PLF#4ki4%. PDI. &
FHE L BTN, AL Cur-NPs 4L 77 .

N ERFRERNK 2, #£HE X5 DPE-PCL-
mPEG WM&, ZmAENEIRE . AYAHSEK
FHIIARFR EEXT GBI RN . 22 B 2R3
W, X%F PDI JLP&ARW. HihAEZERE
DPE-PCL-mPEG HIJfi st A 1220, AHUH 57K
FARRLE Y 105, LHERAFTEIKEAN 2.5 mg/mL
4445, Cur-NPs [ ki H4e, #HGEMa
PS5 =18
2.4.4 Box-Behnken UM HI AL Cur-NPs &b77  fif
HH#x A Design Expert 10 H1 1] Box-Behnken 2 [H] ,

F2 BRERIHER
Table 2 Results of single factor experiments

FSES P Riff/mm  PDI  #Z5E/% I/ %

2L 1:10 9688 0.195 2.74 73.28
1:15 9532 0211 486 90.27
1:20 9071 0.187 531 93.44
1:25 8847 0.165  3.98 92.58
1:30 8469 0.156  2.55 89.65
AR/ EE 1:3  102.74 0.141 3.04 82.78
1:4 9955 0218  3.56 92.65
1:5 9432 0.199  4.85 94.65
1:6 8725 0.179  4.02 91.33
1:7 85.11 0.195  2.98 85.12
HIREE 1.5 80.30 0.188  3.21 95.32
(mgmL™") 2.0 80.50 0.171  3.98 9321
2.5 88.70 0.168  5.34 94.78
3.0 92,60 0.159  4.95 92.87
3.5 100.70 0201  3.75 91.95
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WE KX X (EFH K 5 DPE-PCL-mPEG [ & Eb).
Xo CENUHS KM ARG 1 X (FEH RN TE
WEE), MM k4%, PDLL A KA 2
5. MR HE Hassan 572 K12 A1 PDI 25 R A 3 dinax
WP, AERMBAELERAAR donbH . )5
RIE AR HEBVPH—E (0D, ikl &AaTs.

dmax=(Yi— Ymin)/(Ymax — Ymin)

dmin=(Ymin— Yi)/(Ymax— Ymin)

OD=(d1d>***di)"*

HRAE B DR 2R 45 SR 2 X020 I X 3 ANRR N
VEES AN X 1 10~1:300 Xp 1:3~1:7 40
X31.5~3.5, BNMHREE 5 MK, ODEMTT %

TSR NER 3. 4, EEMEFEHFE: OD=
0.825 7—0.082 10 X;—0.017 85 X>+0.073 58 X3+
0.030 73 XiX2+0.059 43 X.X;—0.038 83 XoX3—
0.029 26 X12—0.223 50 X>>—0.563 40 X32. H =4kl
KKK 6. mAMERIRMMLT: Z¥ES DPE-
PCL-mPEG MIFELL AN 1:17.8, GHH SKHIK
AR 1 149, W ENITERE N 2.5 mg/mL.

¥ Box-Behnken R[] A 45 21 11 &b 7 H#E 4T 56
iE, 8RRk 5 Por, LI RUX +s LR, K18
PR SERME S TME B, 3R Z[RNA 7 R g S 2
HE it L. Cur-NPs [ FEkiE N (86.00+
2.01) nm, 7] L@ EPR 20N 8EN R X 1019, 5

%3 Box-Behnken [N EH|ZHFLER

Table 3 Prescriptions and results of preparation of Box-Behnken response surface

A Tas Xi X X3/(mg'mL™) SFERI A /mm PDI  B#HK/%  HHAE/%  ODHE
1 1:20(0) 1:5(0) 2.5(0) 78.48 0.158 88.83 5.24 0.8257
2 1:15(1) 1:5 2.0(-1) 89.62 0.159 90.72 2.19 0.249 5
3 1:15 1:4(¢1 2.5 81.87 0.153 89.03 3.98 0.699 4
4 1:15 1:6(+1) 2.5 80.67 0.149 83.75 4.05 0.644 2
5 1:20 1:5 2.5 78.48 0.158 88.83 5.24 0.8257
6 1:20 1:4 3.0 (+1) 87.91 0.169 76.89 5.01 0.1553
7 1:25(+1) 1:6 2.5 79.26 0.190 86.97 4.92 0.507 9
8 1:20 1:5 2.5 78.48 0.158 88.83 5.24 0.8257
9 1:25 1:5 3.0 86.97 0.173 79.02 4.20 03355
10 1:25 1:5 2.0 91.56 0.181 83.74 2.98 0.000 0
11 1:20 1:6 2.0 82.71 0.198 92.01 2.84 0.000 0
12 1:20 1:5 2.5 78.48 0.158 88.83 5.24 0.8257
13 1:20 1:5 2.5 78.48 0.158 88.83 5.24 0.8257
14 1:20 1:4 2.0 85.74 0.184 97.92 2.03 0.000 0
15 1:25 1:4 2.5 83.70 0.186 85.46 4.03 0.4402
16 1:20 1:6 3.0 79.13 0.178 76.81 3.89 0.000 0
17 1:15 1:5 3.0 90.02 0.157 80.83 4.52 0.347 3
x4 ODEBENDH
Table 4 Analysis of variance of OD value
TERE  FIOM HHE ¥y FE PO |7ERE CPHM BHEE B Ffi P
R 1.750 9 0.190 88.37 <0.000 1| Xi? 3.605X1073 1 3.605X1073 1.64 02417
Xi 0.054 1 0.054 2446  0.001 7| X2? 0.210 1 0210 95.42 <<0.000 1
Xz 2.549X1073 1 2.549X1073 1.16  0.031 8| X32 1.340 1 1.340 606.19 <<0.000 1
X3 0.043 1 0.043 19.64  0.0030| %% 0.015 7 2204X107
XiXa  3.776 X107 1 3.776 X103 1.71  0.2319| KRB 0.015 3 5.144X107
XiX3  0.014 1 0.014 641 0.0392| 4z 0.000 4 0.000
X2X;  6.030X107° 1 6.030X 1073 2.74  0.142 1| &F0 1.770 16
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Fig. 6 3D surface map of three factors of effect value OD and Xi, X2, and X3
&S5 Cur-NPs (WHIBULERIE (X+s,n=3)
Table S Physicochemical characterization of Cur-NPs (X £s,n=3)

EEEAN Fife/mm PDI HLf7/mV BB/ % HAE/%

T e 79.43 0.152 - 87.02 5.04
SEPMA 86.00+2.01 0.142£0.034 -9.40£0.09 95.51+£1.23 5.52+0.54

4k Cur-NPs 1] PDI /T 0.2, FRIAGUEKRLRLE 5
R, ¥—M R,

2.5 Cur-NPs FURAE

2.5.1 YERRIFIFEIRIRE. & AL, AR R
& B Cur-NPs, 7£ 25 ‘CF, h/RCRIAZRSGNE
JOPIRLARAN & AL, ARG BT S A
“2427 Wi, FER WS, Cur-NPs R, A4
R 13 B 170 AT 3 T R R D OVRA o IR 7Y
RGP, B HAAR WA E EAIIEIAEE /15 Cur-
NPs HA R HEA A E R .

2.5.2 Cur-NPs [FJJEZA B 1 %% blank-NPs B¢ Cur-
NPs B T4 (200 H) _E, 2% gL, €
PR BRI GO, R ER N T, EiE
ST B FUERGORRIES (] 7), blank-NPs
F1 Cur-NPs EEIEERIRIY, 2 HRSHRE, P
FiA2 2] 80 nm 5 HEOEKLEE A E 25 FAHFF -

i ’ ¢ "  .
® . .
» \ L
3 . o
R .

7 Blank-NPs (A) #1 Cur-NPs (B) B9iESf B E[E
Fig.7 TEM photograph of blank-NPs (A) and Cur-NPs (B)

2.6 Cur-NPs B E £

HY 2 mL Cur-NPs 437 iI\ 8 mL 0.01 mol/L f
FREL 22 V5T (PBS, pH 7.4) FIE 10%I(1i% (FBS)
f£) 0.01 mol/L PBS (pH 7.4), 37 C F¥: BIR-AF, 7F
0. 1. 4. 8. 12, 24 h BUFEIFIE P3R4 A0 &
HLA o

Cur-NPs 7E PBS (pH 7.4) #1 PBS+10% FBS
(pH 7.4) W fesE g LUl 8 Fizx. 24 h I Cur-
NPs 7£ PBS H-F-¥%i 42 M 86.5 nm 3 K% 88 nm,
WA W) {H7E PBS+10% FBS HRife M 86.5
nm 4K 93 nm, 1] {82 H T Mg & AT Cur-
NPs K/ RS FER A AR, 5 10 h 58
BEAFA A S 9B, R Cur-NPs 4 TR RAS .

1009 o
£ PBS+10% FBS
&
pa 90+ H 3 1
= 4 T
Ey PBS
g0+ : . .
_5_.
. B . PBS
£
= ~107
e PBS+10% FBS
d _15 T T T T T 1
0 5 10 15 20 25
t/h

[E 8 Cur-NPs 7£ PBS 71 PBS+10% FBS & 24 h {1
RI1R (A) F1EERAL (B) WIZSLERZE (n=3)

Fig. 8 Variation curve of Particle size (A) and & potential
(B) of Cur-NPs in PBS and PBS + 10% FBS for 24 h (n = 3)
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4k, Cur-NPs 7£ PBS £l PBS—+10% FBS H & Hifif
BAGIIAE 1 mV DL, A R S0E . 45 5K B Cur-
NPs f2E P R I .
2.7 X-H%478F (X-ray diffraction, XRD) F{E
HY 4 mL Cur-NPs 1 blank-NPs ¥4 T4, K
F-ff) Cur-NPs 1 blank-NPs, LA ZEERIAK,
XRD HHATRAE, WERHRMEMRE. ZHER,
Cur-NPs H1 blank-NPs #; 7K [{] XRD £5 R 4% 9 fior,
Horp, 233 HA W R ARHEIE; Cur-NPs 1 blank-
NPs P B LEARLL, 28 R PP AT & H
UL ATHIE B 2288 R B EAE GOk, TR B e gh
KRL R -

\ I ] 41
| ij'»-o“ﬂ""’J W ‘“"w“"“%“*wjfi
e Hraag
g R . Cur-NPs
L T
— et %‘M""‘Mw
i B blank-NPs
M""‘-‘M
T T iy !
10 20 30 40

200°)

&9 Z=FEZE. Cur-NPs # blank-NPs # K #J XRD
Fig. 9 XRD curve of curcumin, Cur-NPs, and blank-NPs

powder

2.8 RIMNERIAR

BEHEBW (Cur-DMSO, EWHEM 1%
DMSO KB SR ) A1 Cur-NPs 73 5 FH 4l Ak K ke
EEERFEIREN 60 ng/mL, B 1 mL EREE
M CERE AR XS 201 L& 14 000) 71, TN 200 mL
0.01 mol/L PBS (pH 7.4, & 0.5%%F 111Z4f 80) A
B, BT 37 C. 100 t/min [ITEIRZEHHAN,
R E RS A S B 5 mL BN, IR e Al R A
FRARDEEE AT, W H T 2 ) R,
H517 3 13-

FBRBIE=(CVot+ ni CiV)m zux

i=1

Co BRI 8] 55 IR I o ) 25 2 R R R, v
SRR SRR, Vo NRRIUREFIRRL, m wns NIBHT
ISThEE R AR

PL PBS(pH 7.4 B4R A JEH A5, Cur-DMSO
HXFTHE, BFST Cur-NPs FR 2238 RIBERUT N, 455
Wik 10 Fizn . Cur-DMSO 7E 0~12 h 23 R PHE

1004 T
Cur-DMSO T ) Gl
e 1
804 }/ 1 T
.‘f

604

20

Cur-NPs

RBUBEEY%

t/h
10 Cur-DMSO F1 Cur-NPs 7£ PBS FAIFIMNERENL
(n=3)
Fig. 10 Release curve of Cur-DMSO and Cur-NPs in PBS
(n=3)

B, 7E 12 h RIS R 78%, HF-HREiiis
RLH 6.50%/M; 12 h JERHGE T P4, 48 hif X
KRR, RBINZILH] 94.44%. Cur-NPs [
BEOI RSy 3 AN EE: 728 1 B (0~4 h) 3K
FRIRABARE, WREMHT Cur-NPs R LEH X
i, 2T Cur-NPs P [ AN BOA BERRIL,
X—IRE XRD 4R AMAF 7E5 2 BrEe(5~48 h),
B4 Cur-NPs [A14M BUBTE T &, 20 5 PR
B RFVREIBCRE N 0.3%IE M E] 69.9%, PR HUE
FRNEEN 1.62%, KT Cur-DMSO BEBCGHE %,
ULEH Cur-NPs B RIFMIZERERETT; 25 3 BB (48
h J5), Cur-NPs FIREBOEZE T 148, 72 h i R
BETBCRILF] 80.88%
29 YHESMER

F MTT 3463 blank-NPs % U251 2 () 2 o
B, B AT XA K I U251 4 DAL 8 X 10°
ANEERIT 96 FLIR, T 37 C. 5% CO, B 5
H 24 ho ¥ blank-NPs F sz L 50~
800 pg/mL, 2= JEA MEEFREE, ML A 100
uL 7 blank-NPs [RIAS [F] 9 FE 35 % 56 R i 45 77 0k
(WHRZH, ANRAFIERN 100%), FATAT 5 4
AT A . 4k2:859% 24 h 5, I 10
uL MTT (5mg/mL). 37 C N4k&%5 4h J5, 7
FIAEEFEIE, NN 150 uL ) DMSO, FF7EREFRX
T 490 nm AAMEROGIE (4D, THEYHAE
HE.

IAFIE R = (A s — A 2c)/(A s A 411
A s TP A M, A IR BT A {E, A 2
IS 4 8
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Blank-NPs [174H1 g #5514 45 S 415 6 Fi7~ . Blank-
NPs X U251 4 1 A K 401 55 blank-NPs 3¢ B 5 1E
FHE, 24 blank-NPs Jii &K =ik 800 pg/mL Hf
U251 A AAE R AR AR FFLE 80% LA | o W] NPs
Rt R AT

% 6 Blank-NPs 7£ U251 AR MAETMY n=5)
Table 6 Cell cytotoxicity of blank-NPs in U251 cells (2 =5)

blank-NPs/  ZAMHIFEIG %/ | blank-NPs/  ZIf7EiG R/
(ngmL™) % (ng'mL™) %
50 99.99+5.25 400 86.55+2.83
100 93.90+3.49 600 83.20+1.71
200 91.58+2.15 800 82.48+2.09

2.10 ZHAEIRENSELG

B4 T X HAE K U251 g p LLAEEAL 1X 103
ANEMT 6 FLI, T 37 C. 5% CO K5 =M E
24 h. HEREFE, & Cur-DMSO. Cur-NPs HH&f
B BRI A 20 pg/mL J5, INE 6 FLBH, BFLIN
AN1mL. F 37 C. 5% COy B 3748 h i 5 55 9% 3 h
G, FEEGHRFEAE, PBS Mk 3 IR, TR ML
MELE U251 4L 298I . 2t B W ¢
U251 4HfE% Cur-DMSO F1 Cur-NPs 35 HU4E S an
11 fioR, fEAHRZPE FREFE 4h 5, T DA %3]
Cur-NPs ZH 40 i o () 4 € 9% 6 B B B3 T Cur-
DMSO #1; hitrl %1, A Cur-DMSO, Cur-NPs
AT B S R ] iR 41 12 22 B8 T
2.11 RSN AP 4H BRI TE SEIE

MTT ¥l 5%E Cur-DMSO F1 Cur-NPs %} U251 4ff
MR POIE SR, A RE IR 7 vkA “2.97 T, K

bright field dark field

Cur-DMSO

100pm

Cur-NPs

11 Cur-DMSO 1 Cur-NPs 7£ U251 ZBAfI YRR3R
£

P

Fig. 11 Cellular uptake in U251 cells of Cur-DMSO and
Cur-NPs

Cur-DMSO. Cur-NPs FH #5537 F B 2 259 i =
W N 2.5, 5.0, 10.0. 20.0. 40.0. 60.0 pg/mL,
I3RS U251 40 96 FLARH, &EFL 100 pL,
FWREEPAT 5 o SR EE IR 5 I (4
TEIEEN 100%), TCAIMIFLA T A4 5598 24 h )5,
FFERIREE, IINE 10% MTT (55953 100 pL.
GeLtiIt 4 h, FEIERTFRE, A 150 pL 1
DMSO, FEFRACIIE 490 nm Ak A . % “2.97 I
TARXHEAMAAAEZE, JFH SPSS A Cur-
DMSO F1 Cur-NPs [f13- MK E (ICs0) -
TEAESEGREAR R 1 AP ae e pE st 1, 3t
— 3BT Cur-DMSO 1 Cur-NPs X} 1983 2 ffd ) 47048
FEEE ), ZERUWEK 7 Fizn. Cur-DMSO FI Cur-NPs
XF U251 40 A0 58 R 71350 bl 4 24 0 55 1 v T
Tt &5 Cur-DMSO F1 Cur-NPs X U251 41l
[ ICs0 737924 20.92. 14.74 pg/mL, %W Cur-NPs
RSN e SR . FERTREIR N TEAHFIZ59)
JREIRFE N, Cur-NPs ] LLFE £l S5 EiE \ 41 g
HeSIU PRE RS, (A IR AN A P B TR 22
FEIREE, D EAA SR AP sE e

#*7 Cur-DMSO # Cur-NPs 7£ U251 £BAf1 )3 1458 006
(n=5)

Table 7 Anti-proliferation assay of Cur-DMSO and Cur-
NPs in U251 cells (n =5)

R L YHHEAFIE 1%
(ngmL™h) Cur-DMSO Cur-NPs
2.5 101.51+5.86 90.4543.07
5 86.8617.26 85.234+2.60
10 82.73+3.25 69.12+3.77
20 41.59+2.28 35.574+1.37
40 26.40£3.03 15.67+3.78
60 23.33x£1.77 13.01£0.49
3 g

A 26 38 1T R R A A AL S SR S A R T
DPE-PCL-mPEG, K I#% K&i%H % T Cur-NPs,
Z IR R 241 Box-Behnken &M AT 1% B & A1 4k
Ji, REBIRAAEN, S5, BALRREEAR N
KKLo RSN TONFRE M SRR, Cur-NPs A
ZZREfe 71, BLAE PBS Al PBS+10% FBS Hfaeth R
UF o PRAMT 751 SO0 IE S, blank-NPs HLA BT
AW Atk . TR B ER ORI A4 A ML R S5 R B
EIxt U251 4if, AL Cur-DMSO, Cur-NPs EA5
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568 B LR R 0 A AN MR . 2, DPE-PCL-
mPEG =2 FAE I EAAA KL, Cur-NPs BEA R &2
HERAMAHEE, ZBA KRR E R aKes 2
RYL: BAL, IR RN 2 R AT B R
Gt WANHIWTIT
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