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Preparation of curcumin-loaded mPEG-PLA nanoparticles and its quality
evaluation
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Abstract: Objective To prepare curcumin-loaded methoxy polyethylene glycol-polylactic acid nanoparticles (Cur-mPEG-PLA-
NPs), to characterize their physicochemical properties, and to study the in vitro release behavior and antitumor activity on hepatoma
cells SMMC-7721. Methods The Cur-mPEG-PLA-NPs were prepared by emulsification-solvent evaporation method and the
formulation was optimized through orthogonal test. The transmission electron microscope was used to observe the particle
appearance, Zetasizer instrument was used to detect the diameter and Zeta potential, and ultracentrifugation was utilized to determine
entrapment rate and drug-loading rate. Dynamic dialysis method was used to study the in vitro release behavior of the NPs. The
antitumor activity on SMCC-7721 cells was determined by MTT method. Results The optimal NPs were round with the nanometric
size of (129.24 £ 1.45) nm, high entrapment rate of (82.15 + 1.07) %, and drug-loading rate of (4.03 + 0.11) %. The in vitro release
behavior showed the accordance with Weibull equation. Compared with free Cur, Cur-mPEG-PLA-NPs showed stronger cytotoxicity
and inhibition on hepatoma cells SMMC-7721 (P < 0.05). Conclusion The emulsification-solvent evaporation method could be used
to prepare Cur-mPEG-PLA-NPs, which could lay the foundation for the research on novel Cur preparations.
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mol/L PR S HI7KE I (60 © 40, BEIRIH pH fH %2
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1 Cur (A). Cur-mPEG-PLA-NPs (B) #1Z2H NPs (C) By HPLC
Fig. 1 HPLC of Cur (A), Cur-mPEG-PLA-NPs (B), and blank NPs (C)
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F I, MR 20, o ps B E A 100
ug/mL 1] Cur X S 23 0 DRE % B Cur X
Tl i A% VRIS B, 0 R IR R ST S A B 0 Tl
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UG ME (V) SRR (X0 BT %]
H, 5 Cur [FIH7RE Y=198.07 X+20.639, r=
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RIFLIER R,
2.2.4 FEEPERE  HUE. B, m (0.50 5.0, 50.0
ng/mL) 3 AN JE K Cur S IS $592.2.17
TR S FHERENE, 70T 1 d WIllE 5 K,
HELE 5 d, THEAFH WA H IR RS, RSD 41
4 1.06%- 0.66%- 1.07%F1 1.35%- 0.86%- 1.22%,
(EREWARIRE L >
225 HEEERE & -—H/EGH 1 Cur-mPEG-
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BT ER
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ZI1E, 2 0.22 pm PFLIEREIERE, IS pE %< 2.2.1”7
T B S FERE I 2, VH S8 Cur 05, 104E
Wy BB EUTHEY), ZRIRKUEE 3 Ik, BB
T A RS S FRE TR, 0 W SRS R Cur-
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v, HHEERBE R ZIE, BA, £0.22 pm fWALIE
g, BLERUEME “2.2.17 TR AR S AR
JE, WHACKRR SR D S &, 104E W, 1%
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24 EXREIHEAFIFIAFTIZ

M4 T g0 AL R 32 % 45 L, I X Cur-
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MHAFE: mPEG-PLA H3 (A). & Fe s IOl 1
R (B). MU S KAHPIARIEL (C) KAH
PVA i/ 4 (D) 1ERFERIE, R FRIER
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£1 L3 EXRBZIHEER (n=3)
Table 1 Design and results of Lg(3*) orthogonal test (n=3)

' A/mg B C D/%y/nmy,/% y
I 30() 4:1(1)1:2(1)2.0(1) 168.30 69.99 46.62
2 30(1) 3:1(2)1:3(2)25(2) 126.10 63.55 53.91
3030(1) 2:1(3)1:4(3)3.0(3) 15529 63.53 46.27
4 60(2) 4:1(1)1:3(2)3.0(3) 171.04 67.97 44.73
5 60(2) 3:1(2)1:4(3)2.0(1) 160.07 73.53 50.82
6 60(2) 2:1(3)1:2(1)25(2) 131.14 82.82 63.77
7 90(3) 4:1(1)1:4(3)25Q2) 19137 64.44 37.37
8 90(3) 3:1(2)1:2(1)3.0(3) 153.85 86.21 59.80
9 90(3) 2:1(3)1:3(2)20(1) 140.67 80.13 59.72
K, 146.80 128.72 170.19 157.16
K, 15932 164.53 158.36 155.05
K;  156.89 169.76 134.46 150.80

R 12.52 41.04 3573  6.36

W 2243 B 45 3 BH 25 DR 32 0 R KRR A8 £,
R LR IACTE B P R AR IR B>C>
A>D; W ZESHT (F2) w40, HXFRZE D,
Kz B C, RIS S N E AR L AT HLAH
EjARAH IR, AR KRE (R AR A o 6 HAT Wk
FRM (P<0.05). ZEEMZENT RN TS 25 S0 AT ik o
AL TS K AB3CiDy, Bl mPEG-PLA 42 60
mg, —HAMLEENMEARL R 201, AHUHE
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Table 2 Analysis of variance / “-.,‘
TR BZEFAM Al FE BEMH I\".
A 29.385 2 4200 / "«,\
B 332.666 2 47551  P<0.05 ’ '
0.1 1 10 100 1000 10000
C 220.866 2 31570 P<0.05 W75 /am
D (%) 6.996 2
Foos(2,2)=19.00  Fo1(2, 2)=99.00 B
IKAHHARREE A 122, PVA R ECN 2.0%.
-200 ~100 0 100 200

25 KFRIE

i “2.47 T RYRRRAAL AL T T2, #l& T
3 it Cur-mPEG-PLA-NPs 7R A&, 40 il I w2 Hoki 42
% TR %L (polydispersity index, PDI). Zeta FEAV
R R, 45X WEK 3. kift. PDI. Zeta
HA AL R N2y oy il (129.2441.45) nm.
0.208+0.007. (—1.7720.20) mV. (82.15+£1.07) %.
(4.03£0.11) % (n=3).

F3 WIERELE
Table 3 Results of validation

kitz / PDI Zeta WAL / QEPR ) WE /

ki
nm mV % %
1 127.87 0.198 -1.85 83.21 4.15
2 131.25 0.210 -1.96 80.69 3.89
3 128.60 0.216 -1.49 82.55 4.04

26 MRS, NERESHH Zeta AAER
& Cur-mPEG-PLA-NPs JE&W, H 2.0%
WEES TR S G, B LT WS (TEMD WL %<
(X60000), Z59 UL 2. NPs E[RBERRAE, K
N AT AT, R AR IR E AR G .
VIS f NPs WA, Z8MKMkE, Nano—ZS MU
A HT G 52 T34 ki A% J Zeta FAL, &5 LI 3,

®_»
® o %

0.2 um

E 2 Cur-mPEG-PLA-NPs # TEM &
Fig. 2 TEM photograph of Cur-mPEG-PLA-NPs

Zeta HL{7 / mV
3 Cur-mPEG-PLA-NPs BJfi {25 # (A) #A Zeta AL
2% (B)
Fig. 3 Distribution of particle size (A) and Zeta potential
(B) of Cur-mPEG-PLA-NPs

2.7 RINBEFREM R

AR EFREL Cur JFORFZ5H KA Cur-mPEG-
PLA-NPs % i (525 1.5 mg), -] 2mL
B i CHD pH 5.8 PBS 2201, & 1%58 111841
80D, FEATHSC AL FRLF (P iEATAE, B35 E T 200 mL
B, T (37+0.5) CHEIE/KBIRY (75
r/min), 7 REFE 1 mL, FF4h 7 RIS R TR T
FEa A 0.22 pm TALUEME IR, HLELyEwdx “2.2.17
WU GG AN, TFE RBURISCE, 2k
Zyiigk, WP 4. ATSN, Cur JSURLZYAERE A o R
B, 75 4 h WILTE R, SRR
94.6%. 1fii Cur-mPEG-PLA-NPs 7f 8 h SRR
H 53.2%, 1E 24 h BRRTBCRIAR] 77.4%, HAWY]
CINERRE. RN TR — &3
227512, Higuchi 77 F2H! Weibull 75 F2%) Cur-mPEG-
PLA-NPs [/ESMRE 1A TG, 45 RILRE AT A 1T
4 Weibull 572, 24 Inln[1/(1—0)]=0.569 3 Int—
1.476 3, r=0.9959,
2.8 KNS AR

O BUE K SMMC-7721 41 i Fi e 1 17
fhy PEIE . B0 E R L A A R (2.0 X 10°
AN/mL), HL 100 pL 00T 96 FLARH o R4l a7
B TR FE4 T 37 'C, 5% CO, % 24 h,
WA ST WA M AR, SRS A AN
Cur 3.125. 6.25. 12.50. 25.00. 50.00 pg/mL [f] Cur
YW Cur-mPEG-PLA-NPs Ji27, LA4% 11 NPs i
AALAEBITEXT . 29 BRI 48 h J5, Zedi i
R I 55 78, BEfLIIAN 5 mg/mL
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4 Cur 5 Cur-mPEG-PLA-NPs BRSMNEZI % (n=23)
Fig. 4 In vitro release curves of Cur and Cur-mPEG-
PLA-NPs (n=3)

) MTT 20 puL 4k£:859% 4 h, Wik, SLINMA
200 uL —FIEEEN, EREIRICESR Y 10 min, HIF
FRAT 490 nm AW HALBOGEE (4D fH, THEA
] Jo VA FE N A P e . R 3 IR, B
FrEk v 3 M EAL.

% =1—A41/Ac
Ar FIMNJFRF2 S KORL S 7E 490 nm 4k 4 1H, A A B HRT
MEZHAE 490 nm At 4 {8

HH &l 5 AT L, Cur AR BEAH I 48 h J5 , SMMC-7721
AT PG, IR IR O . [ — T
KT, Cur-mPEG-PLA-NPs #HX%} SMMC-7721
R d R B m T Cur 4. A 3.125~50.00
ug/mL, R FIFIHIRM 9.6% T 4 89.8%, JAH
(EIHERIR M 8.5% TR & 87.6%. b, JREMRE N
6.25. 12.50. 25.00 pg/mL I}, P92H R AFEAE 25 1 2
5t (P<0.05, t#5%:). W H GraphPad prism 5.0 %k
G HIESS Cur-mPEG-PLA-NPs 2 & Cur 4%
SMMC-7721 4 fa i) 1Cso {H 53k 896 11.30
pug/mL.
3 itig

ARSI K FH P FIE K0 £ T Cur-mPEG-
PLA-NPs. [FACIREGSAS K], M5 NEr
TR LA HUAH S5 7K AH AR LE S NPs (kAR A4
BRAGEE R L, ZHTPR SRR
I WbV AR Cur #1 mPEG-PLA, {H = #FH AR, —
HRLEAK TR RN, Bb SR, Sk, i
HYPOEDTF LY, (R, H2 () NPs ki
Pl KB, T 5K W, RS AE A U R
BRCI by NP TR NV RS (S o BN NG
e IR E, HA VAR AR Jod b, £
BIRRMEAC, S e R, U GFH S W

1007  Cur .
B8 Cur-mPEG-PLA-NPs -
30 L 2
*

X
—~ 604
i_'l: 404 *

204 |=| I

0 'ﬂ'l'i T T

T T
3.125 6.25 12.50 25.00 50.00

R E / (ugmL ™)
5 Cur 41LLE: "P<0.05
P <0.05 vs Cur group
5 Kb 48 h J5 Cur 5 Cur-mPEG-PLA-NPs 3t
SMMC-7721 BJHNHIZE (n=3)
Fig. 5 Inhibitory rates of Cur and Cur-mPEG-PLA-NPs
on SMMC-7721 cells after 48 h treatment (n=3)

(21D IREH, RS2 ICHIRAR A A 3.
S e A HUHAARR 2 mL, AKAHARRLUN 4 mL
B3| 8 mL I, NPs [PRiAR 2 NEss, H4E
AR 2 PR, LRI REAE, BEAG KA AR 3
K, AHARTEFLFIERS, B85 B A /ML
W, RN Cur 7E7KAH BB HAE IR K.

UFR I 25 BRI, AL T2 Cur-
mPEG-PLA-NPs [ ZHILELF, ~F¥kife/h (130
nm /E47), WERERE (82%/4). s R
mPEG-PLA [¥] PEG 1k BLREAE NPs [ [ JE HiSE /K
PERIAKALE, P B e fE, Rl 45 3
FH: Zeta HIAL (A0 NG, A Sz )
%] Cur-mPEG-PLA-NPs Zeta HLA7 3201 T 0,

g4y ek ARaE ! M, ZE TR A BB T 1%
T R IR 30% L lE K 1% 1L AL 80 X Cur
IGHIER o 5RO, JEPIE XN Cur RIS RCR
B, (A& SRR 248 NPs 3L, Bk, A
SEH VRS 1% 1L 8L 80 1) PBS (pH 5.8) 14
BN . ARG 45 R KB, NPs REINZ A
B G 2RI B B AR AR A S 2
W DRI P A P I NPs 4 7 FLR i B A sy 1,
P UARE 258 52 1%

Cur 0T 40 B B A BGR I FIHIE A, P
Y PR AT 4N L SMMC-7721 %f Cur-mPEG-
PLA-NPs BEATARAMUIR/E BT S, 4 ik,
55BN 244 B, Cur-mPEG-PLA-NPs %} SMMC-7721
I M HA SR E R (P<<0.05), 3L 1Cso {HIK
INT 21%, H5FHERIEMK. HREW ST



¢ & # Chinese Traditional and Herbal Drugs 3£ 45% # 28] 201441 A

» 199 -

AL mPEG-PLA 5 41 J ¥ 25 AR 250 i, Tt P
2% (1) NPs 3 FLH R, r e 0 it B DR i 5%
ER T 45 SR (R A E

S 3H

(1]

(2]

[4]

VIR, £ M, & b, 45 ZERMAEENI
HERE [J]. "2, 2005, 36(11): 1737-1740.

Hatcher H, Planalp R, Cho J, et al. Curcumin: from
ancient medicine to current clinical trials [J]. Cell Mol
Life Sci, 2008, 65(11): 1631-1652.

Um Y, Cho S, Woo H, et al. Synthesis of curcumin
mimics with multidrug resistance reversal activities [J].
Bioorg Med Chem, 2008, 16(7): 3608-3615.

Anand P, Kunnumakkara A B, Newman R A, et al.
Bioavailability of curcumin: problems and promises [J].
Mol Pharm, 2007, 4(6): 807-818.

skt S, RTH, TRERZE. GUKREOR NI 26l
Wt g [J]. BURZII SRR, 2011, 26(3): 208-211.
Dong Y, Feng S. Methoxy poly (ethylene glycol)-poly
(lactide) nanoparticles for
anticancer drugs [J]. Biomaterials, 2004, 25: 2843-2849.
AU, BRER, B 0 E TR ARSI

controlled delivery of

(8]

(10]

(1]

[12]

YHACRL IR ] £ T LRSI RE 26T 5T [J]. T2y, 2013,
44(5): 541-546.

AUENE, AW, XESE, & 2R PLGA 99KH
RIALTT T 2ARA S ARAMRE 24T ST [J]. 25224,
2013, 48(5): 759-766.

Song Q, Wang X, Hu Q, et al. Cellular internalization
pathway and transcellular transport of pegylated polyester
nanoparticles in Caco-2 cells [J]. Int J Pharm, 2013,
445(1/2): 58-68.

Tsai Y, Chien C, Lin L, et al. Curcumin and its
nano-formulation: the kinetics of tissue distribution and
blood-brain barrier penetration [J]. Int J Pharm, 2011,
416(1): 331-338.

BB, PNBERE, BR 2, A5 B TIVER T EN £
R-WEIR AW e B ORARSME TR 1],
7y, 2012, 43(12): 2377-2385.

Musumeci T, Ventura C A, Giannone 1, et al. PLA/PLGA
nanoparticles for sustained release of docetaxel [J]. Int J
Pharm, 2006, 325(1): 172-179.

Sharma R A, Gescher A J, Steward W P. Curcumin: the
story so far [J]. Eur J Cancer, 2005, 41(13): 1955-1968.



