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Preparation of curcumin-loaded hyaluronic acid-ursolic acid-lipoic acid cross-
linked nanoparticles and their antitumor activity in vitro
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Abstract: Objective To prepare curcumin-loaded hyaluronic acid-ursolic acid-lipoic acid cross-linked nanoparticles (Cur/cLA-HU
NPs), and evaluate their antitumor activities in vitro. Methods  The preparation process of Cur/cLA-HU NPs was optimized by single-
factor method and verification by ultrasound, taking drug load and encapsulation rate as indicators. The particle size, Zeta potential,
morphology and in vitro drug release of Cur/cLA-HU NPs were evaluated. The uptake of Cur/cLA-HU NPs by HepG2 cells was
qualitatively analyzed by fluorescence inverted microscopy and the cytotoxicity of Cur/cLA-HU NPs to HepG2 cells was investigated
by MTT assay. Results The optimal preparation process is as following: methanol was used as the organic solvent of curcumin, the
drug mass ratio was 4 . 10, the number of times of ultrasonic treatment was 3 at 100 W, and each time was treated for 3 min. The
ultrasonic program was set to open for 2 s and stop for 4 s. The encapsulation efficiency of Cur/cLA-HU NPs was (87.91 £1.51)%,
drug loading was (16.64 +0.45)%, particle size was (172.3 £2.57) nm, PDI was (0.174 £0.021), dispersion was uniform, and Zeta
potential was (—35.3 +2.12) mV. Cur/cLA-HU NPs exhibit reduction responsiveness, and the speed of drug release was influenced by
the concentration of GSH. Cur/cLA-HU NPs target tumor cells and were rapidly up-taken by cells, and had a significant inhibitory
effect on the proliferation of HepG2 cells. Conclusion Cur/cLA-HU NPs have high drug load and encapsulation rate, and its anti-
tumor activity in vitro is slightly better than curcumin, with tumor targeting.
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WK 1. @5 3 WG MEL B REGES 2, 4
R, R EEA, A 3. 4 WEMPLiE B =
2 b, ATRER DN AR AR, B SIS
MG 255 KGR ER, #aEENAE
WL M 4 REEER B RS 3 IR/,
HZEFEAKR, FrLlRAEERE 3 IRVE NS g AE .
#1 TREBEREFTEEER DL 1 EE 898200 ( x+s, n=3)

Table 1 Effect of different ultrasonic times on DL and EE
of nanoparticles ( X =s, n = 3)

A RE WWUIRES DL/% EE/%
2 KEPE  17.77+£0.04  39.48+0.04
3 Byt 23.2040.07  58.3540.65
4 BT 20.30+0.01  51.3840.21

242 ZWEFINEL BE LA-HU BEDY 10
mg, ZERMBRLEY 3mg, 8 AR, oK
CBEA BRI 3R, T 100 W D2 xf
LA-HU WA T A AL, S5 R W3R 2. 1E 25
WA, WK B RS RR S, ORIk, —
L AR A A o A 25 WD R0, VTR DTTE 2D
YN GORIE REREE, A AL IR E N 25 R
VEFIRAEAT 3T R SES

R2 TEIZEEFIxtHAL DL 0 EE B ( x5, n=3)
Table 2 Effects of different drug solvents on DL and EE of

nanoparticles ( x s, n = 3)

ik /el RS DL/% EE/%
Gl BULUTIE 19.05+0.05  45.85+0.47
i KEJUE  1055+0.12 2541+0.11
Z TN BUTE 16.52+0.08  37.4640.62

243 ZiFiESE  [FEE LA-HU FIiEN 10
mg, ZERMEIE AN 3mg, PLFEEAER], IR
A2k (1:10. 2:10. 3:10. 4:10. 5:10)
X} Cur/cLA-HU NPs 474024 . 455 W3k 3. Z4itl
WnEIEIRF, R R M, (BRI s
Mo ZHFRELIEINF 2 0 10 B, AEREA, GH K

Rl (HAZAFRILIET] 5 D 10 I, AERLZ A
U, T RESE DR N 215 SR (R R AR B A 24 L
4010 CIEE WA, DIEEICEE A, BN
A BTLARFZIR L 4 & 10 F 4 A ET LU S258 .

%3 FEIZAREEXTAKKL DL #1 EE BOSA0E ( x s, n=3)
Table 3 Effects of different drug-to-carrier ratios on DL
and EE of nanoparticles ( X s, n = 3)

2t DL/% EE/%

1:10 2.6610.03 24.70+2.13
2:10 6.34+0.07 33.41+1.72
3:10 7.5140.05 37.60+1.23
4:10 11.72+0.28 38.82+1.47
5:10 13.25+0.16 26.70+1.51

244 FBAERATZ DLRRRBEIELE SR
W2 DR AZEEZAIIER, LAt
4110 HEATHERE, AT 100 W R IRECH 31K,
RALHE 3 min, HFEEFRENIT 2s. 15 45,
25 REEGRRAHIE

Ir) A AZ DA 25 90 KR P R I N & & 1)
TR AR IS pE I L Hp i S I 2 ) o ) & L g 1)
10%), fERSRY FRLBEFE, AKENTER, 2
O 15 min EUTHE, 1 0.45 um JEE RIS 5 B 3K
9Kk, gL DL AT EE. Z5 5 L% 4.
Cur/cLA-HU NPs [fjfidf %4 (87.914.51) %, #
2 (16.6420.45) %. FZGAZIRYIKH 124 &
I 2R S 5 T R AR AT BRI L

R4 TEEITHSHKI DL F0 EE SN0 ( X +s, n=2)

Table 4 Effect of cross-linking on DL and EE in nanoparticles
(X*s,n=2)

LRSS BN DL/% EE/%
TS 16.64+0.45 87.91+1.51
ATk 12.72+0.28 68.86+1.47

2.6 Cur/cLA-HU NPs B2, BAL. PDIE
1 FH3 S48 FEL A 82 Cur/cLA-HU NPs )7
Ao BRI 1E SRR L TR AV T
BE, T EIERT RS G BGOSR
PR S, BT, B BT EE Cur/cLA-
HU NPs MRS, W 1. 7 LLE HZgKoRigi
o bL A A B RE, BRI . 0 BOek R GE
ITRIAE . ML PDI HIESE, 4558 Cur/cLA-HU NPs
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Kkifeky (172.3+2.57) nm, PDI J}y (0.1744+0.021),
YL, Zeta WAL N (=35.3+£2.12) mV.

1 Cur/cLA-HU NPs B9 TEM
Fig.1 TEM image of Cur/cLA-HU NPs
2.7 Cur/cLA-HU NPs BY{RSMRRISCIE
K FH B 25 B2 B V5 A 48 B AE AN [R] 2620 R 1)
IR, WESE Cur/cLA-HU NPs 7 pH 7.4 i& J5 74
BIEEHIE (GSH) AFERE T Fak i RifE . B 5
mL Cur/cLA-HU NPs & £ F# s, RN
50 mL & RIS FEAE (10 pmol/L. 10 mmol/L)
GSH [ PBS ZzrhiaiH, 1€ 37 'C. 100 r/min (7K
WHPRY, TETUE PR EECGH 1 mL BRSO, b
FREERFRAN T, ME GKRLE DL A EE, THE RR
FRIRE, BRI 2,

75
pH 7.4, 10 mmol L GSH ;
60 | —t ¢t
- .
é
3 45|
ﬁ $
s pH 7.4, 10 pmol L™ GSH _
niq L .
‘3]‘\?(' %0 . ; —4 s S —1
151 X
2/
N S
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El2 Z£®HAE GSH FEIREEME TR ( x+s, n=2)
Fig. 2 Drug release of curcumin under different GSH
conditions ( X #s, n = 2)

AJ I Cur/cLA-HU NPs 7£ pH 7.4, 10 mmol/L [7]
GSH ¥, 1E 12 h WETRILFIZ) 40%1) 2
BB, 1E 72 h NEHER RBBRINEIL 66%/ 17
IM7E 10 umol/L GSH ', Cur/cLA-HU NPs 7£ 12 h
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mmol/L GSH 251 T I R 2 . 45 R,
TERIRE GSH IR T, GSH 55 s,
Cur/cLA-HU NPs Z5FJBlidR, M BRs e s 2 38
7, MEMRIKREE GSH MR T, 9OKRRE 25

8, #7~ Cur/cLA-HU NPs ELA & JE I R, B
29I RAESZ 1) GSH IR 52
2.8 ZHBEIRENA LG

FH &7 28 % . Cur/LA-HU NPs Al Cur/cLA-HU
NPs [F18 i 355 77 3 A BRIV RE (1) HepG2 4l , 1 6 5L
MR AL R IR EIR SN 10 pg/mL, @it
18 B RN WL HepG2 4 M ()74 ' 3 FEE o K5 25 R
WZEER 1mg, BT 100mL BN, hngies;ss
FEZY, 198 10 pg/mL E 3 R R IRIEIE . FEE R
HY Cur/LA-HU NPs. Cur/cLA-HU NPs % 0.6 mg,
BT 10mL =N, I Rike s, HENER
JREREN 10 pg/mL B FRIEER . NEHKE
BUOERE, B DU e 8 B R il DL TIE
PR R ORI ZET R, TR I H At ekt
HATARL. W 3 B, 756 hi, FHELTZEHER
YW, Cur/LA-HU NPs. Cur/cLA-HU NPs E. 5 #58
(128t Ul BH R AORL R [ b Rg 4, LA 20 PR ik
TREL, MU GSH '3 it Wi, B2l E e,
BIRESRIDE ;T Cur/cLA-HU NPs f135 25 &
L% 5 T Cur/LA-HU NPs, Cur/cLA-HU NPs
£ HepG2 i A, HLAHBE 2 i 20 bl

TR
Cur/LA-HU NPs  Cur/cLA-HU NPs

- -
- —

B3 =E#EZE. Cur/LA-HU NPs 1 Cur/cLA-HU NPs #94H
R ER
Fig. 3 Cell uptake of curcumin, Cur/LA-HU NPs, and Cur/
cLA-HU NPs

29 ‘RSN

+# HepG2 ZHiff1 L 5X 103 cells/well F%5 FE 432
T 96 fLIRF, WELHR. FEERIEER, BB
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HUNPs, it 0.1, 0.2. 1.0+ 5.0. 10.0. 50.0 ug/mL
AW RERIRIZEE 2V (UAICUD) HR R T
IR 4514 0.10. 0.2, 1.0 5.0+ 10.0. 50.0 pg/mL,
X I A i SRR ot &k 2 43 il 9 0.060+ 0.12. 0.61+
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3.04. 6.08. 30.43 ug/mL. SZIRLH 5> HIIMAZE T R
T BESRPRVE TN BE SRR/ I R IFW . cLA-HU NPs
TR Cur/cLA-HU NPs ¥, X BRI N SR 447
FiFRi, ¥53% 24 h 5, AL 5 mg/mL MTT &
10 uL JE 3597 4h, ZabREsR, HFF MBI, &L
AN 150 pL —HEETEHR, &, FZIRES 10 min
J& T 570 nm ALBEARACIEOEEE (A {E, THEH
AR (AHIOAFTER =A wwlA ), R 4.

RARL && 4y

ZN | .
7 bl 1|1
80 o PR

S A AT 2E1%

0.1 02 10 50 00 500
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5 Cur/cLA-HU NPs EL#: “P<<0.05 “P<<0.01; 5 A8 gL/ 3
KIH: %P<0.05 &P<0.01
“P<0.05 **P<0.01vs Cur/cLA-HU NPs; &P < 0.05 &&P < (.01
vs ursolic acid or curcumin
4 BERER. ZEZE . UA/Cur, cLA-HU NPs #1 Cur/ cLA-
HU NPs 3t HepG2 #BBRAI£HBRE 14
Fig.4 Cytotoxicity of ursolic acid, curcumin, UA/Cur, cLA-
HU NP and Cur/cLA-HU NP to HepG2 cells
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