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Preparation and inhibition effects on CNE-1 cells of folate-conjugated chitosan
nanoparticles loaded with berberine
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Abstract: Objective To prepare foliate-conjugated chitosan nanoparticles loaded with berberine hydrochloride (BH/FA-CTS-NPs)
and investigate the optimizing technology, physicochemical characterizations, and inhibitory effect on CNE-1. Methods
Folate-conjugated chitosan (FA-CTS) was prepared by amino reaction of folic acid active ester and chitosan molecules;
BH/FA-CTS-NPs were prepared using ion cross-linking technique with BH as a model drug. The morphology, particle size, and
physicochemical characteristics such as entrapment efficiency (EE), drug-loading, and release in vitro of nanoparticles were studied.
The effect of cell anti-migratory and anti-invasive actions of BH/FA-CTS-NPs was investigated using MTT assays, wound healing
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assays and Annexin-V-FITC single staining assays, respectively. Results The prepared BH/FA-CTS NPs were round, and the size
uniformity adhesion was not found. The results of mean particle size, EE, and drug-loading amount were (282.4 + 4.5) nm, (89.82 +
2.91)%, and (9.16 + 1.01)%, respectively. (80.32 + 3.24)% of BH in nanoparticles was released within 5 h and then released slowly, and
the accumulative release rate within 24 h was (90.92 + 5.21)%. These results by MTT assay and wound healing assay indicated that

BH/FA-CTS NPs not only inhibited the proliferation of CNE-1 cells in a concentration- and time-dependent manner, but can induced
apoptosis. Conclusion BH/FA-CTS NPs with the sustained release effect could be prepared successfully by the ionic crosslinking
method. Considering these properties, block proliferation and impair the migration of the CNE-1 cell line, BH/FA-CTS NPs could be an
important compound for consideration in the treatment of nasopharyngeal carcinoma.

Key words: folic acid; chitosan; berberine hydrochloride; nanoparticles; coupling; ionic crosslinking; MTT assay; wound healing

assay; Annexin-V-FITC single staining assay; antitumor; anti-invasion; apoptosis
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Fig. 1 Schematic formation of BH/FA-CTS-NPs
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o W, ¥ 25 mg DCC 1 12.5 mg NHS ¥ flAE
10 mL DMSO ', PR & E B HE st .
AN 05 mLIKLTR, R8N 4h (Br%Z4 DCC)
5, FRERE 0.5 h, HhuEIFRCEEIER TSR FA
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Fig. 2 IR spectra of FA-CTS, CTS, and FA
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Table 1 Design and results of orthogonal test
RS ALY BlgL™h ClgL™h “FH¥ittinm
1 05(1) 05(1)  05(1) 265.2
2 05(1) 102 1.0(2) 339.9
3 05(1) 15(3) 15(3) 475.2 % = : = =
4 102 05(1) 15(3) 315.2 Zeta Hifii/mv
5 102 102  05(1) 367.8 5 BH/FA-CTS-NPs By Zeta BB{ii[E (n = 6)
6 1.0 (2) 1.5 (3) 1.0 (2) 491.3 Fig.5 Zeta potential of BH/FA-CTS-NPs (n = 6)
7 15@Q)  05()  10@Q) 2829 T, KR S IO (U 200~800
8 15(3) 10 15(3) 4093 nm HEFFTR, AT K AE 421 nm 4.
9 153 1503 050 442.0 232 FrfEMERIZE] HZARREKECH] 0.5 g/L 1Y
K =~ 10833 8633 10750 BH AL A 25 1 3 RS B R I i #5941 0.2,
Ke o 1lras 11075 11141 0.6, 0.8. 1.0, 1.4, 1.8mL, A 50 mL & i
K 11347 14085 12002 2%, WIAFVR I 2.0, 6.0, 8.0, 10.0. 14.0. 18.0
R 910 545.2 125.2 mo/L FIARAER R AR . 7F 421 nm A A 53 5
%2 BESH SRR TR IE BH SRR IIBOLEE (A) i1, BhA
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. oosssr o eises peoos 233 BH BZIADKRIG@EE . EEMNE
c 0.002 73 > 3395 4164 ¥) BH/FA-CTS-NPs /K 43 H(#A &, 5000 r/min
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Fig. 3 TEM photogram of BH/FA-CTS-NPs
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Fig. 4 Mean particle size distribution of BH/FA-CTS-NPs
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Fig. 6 Release profile of BH/FA-CTS-NPs (PBS pH 7.4, n = 3)
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R BE 3 ANESL: LI 3, RTINS BH
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uL. FEFRM 50 pL, FEdlve 3 MR AL. [FFESAFES
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#il% 5 mg/mL MTT (3G 7R, dheldids 4h, 57 L
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IR EARGIRAT, ARAPEFLIAZE, BRI e 3Kl
490 nm I} A B, I T2 25 24 40 40 ) 491 11
o, G WK T,

0 0 4 BRELHV ) 2 = (b B 234 A — 4 25 21 F- 34 A/
X AL A

FHZE R, 24 BH HIFIEA R IR /EH T
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RO FR s ANH BH HIF0 4 o i 4 At 2 A
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LA-55 e 40 i 2 110 117 FA B2 U S PE 45 5 5 T BH
X CNE-1 4 i ()2 1m) 1 1717 5 32
2.6 BH/FA-CTS-NPs xf CNE-1 4T #8611 2200

PR Mk B 2 1} 107 ANmL, W% 1 mL 41
BT 6 FLA, i\ DMEM £53% 6 h, £F40i0
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SR ERIIR, BRI BRI 3 G KA BH
WIEh 20 pmol/L ¥ BH ¥« BH/CTS-NPs.
BH/FA-CTS-NPs % 0.05% DMSO (%) 4, 7%
KRALEA], RA e 3 AL, TN 37 C. 5% CO;,
BiFeAfh B85 24 hJm, BUREJF4R I, F Image-Pro
Plus 6.0 KAFNEXIRMEE R, THHPIAE S Prik
7o LL DMSO 41 i, AT ZH IR bLi . i )i
Bhe LT R LR, 4R MK 8.

AR 2 = (5T B 1 — B8 P35 ) e e e

SR e R WOR, KRB X4l & 20
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AERZALE O h i, RIJREEZKAAAHI . 24 h )5, Akb
P GEBZE 100%) S5xfH4l [T % (98.00+
1.4 %] XEEE S B85, WAL ZER LR
TR X (P>0.05). 1fii 4% 20 pmol/L [¥) BH #i|714b
T 2H K1Y H 29 1% 55 [ BH BH/CTS-NPs. BH/FA-CTS-
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Fig. 7 Inhibitory rates of BH/FA-CTS NPs on CNE-1 cells
at different time points by MTT (X £s,n=3)
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0.05). % BH HllFI4LIAH bR RIIR B 2 22 S th LA
giilsaE X (P<0.05),
2.7 BH/FA-CTS-NPs 3¢ CNE-1 £l Al =AY 520
Sy e BH WEEh 20 pmol/L 1) BH.
BH/CTS-NPs. BH/FA-CTS-NPs 1 /] 24 h ] CNE-1
40, FHERER AL, 1000 r/min 250 5 min, 4 ‘CTil
V1 PBS UE 2 ¥k, 1000 r/min B0 5 min, # ik
WAEEANHE . 5 BEARACFEZAN DMSO (D 4.
B 250 mL (¥) Binding Buffer Z5:&:41 il , BX 100
uL (40 B 1 5 mL FaUE T, I S uL Annexin
VIFITC 4] Ja =B BiF & 5 mine % LRl
WO T Fr,  mR b s b A M R 55 3 1
Ja, ToOGRME P, SR WE 9 iR, 4R
WoR, S mA AT % [BH. BH/CTS-NPs,
BH/FA-CTS-NPs 4 1-%4) 124 (10.36 £1.21) %.
(28.31+2.07) %. (62.41+2.11) %] L ARAFEL
[(0.13+0.01) %] FIxf 4l [(0.1640.01) %] B
W (P<0.05). {EEH 24 h, RALFHA 55X
HA MR T HER D, WML, ZRLSEIFE
X (P>0.05), i BH il 71 Ab B2 I 740 o 5

Rk i
8 BH/FA-CTS-NPs X CNE-1 4ifiT 7% 8¢ 1 B &2
Fig. 8 Effect of BH/FA-CTS-NPs on migration of CNE-1 cells

Ejxf I 4R DMSO 4LAH EL A 30, 2= 7384 4t
2R (P<0.05). % BH HIFZH 1A A L BCIH T 40
Ji i 2 et AT il L (P<<0.05). H 4l
FT RS MTT 4559580 UEW TS5y
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A S8 T o A BG4 BHIFA-CTS-NPs. HI4G
H# FA JEPEEE, 5 CTS Ay a 5L e v 15 51
FA-CTS, 2R )5 5 TPP il il & 122k il 4 FA-CTS-
NPs, 5 W B2 R s 299 BH 24T AL (18]

20 pmol-L* BH

20 pmol-L* BH/CTS-NPs 20 umol-L " BH/FA-CTS-NPs

Do You 25 B4 T FA B A R
YR RLIRAR N ARSI BRI, ARSEg A5
VIR L, DRk 2a AR LR, BT A B ARk
124E 200~400 nm, Fife5 2w IR AH LB H
By o A e AT AR BB 45 CTS-NPs I 2
L, AEMIR S PRI K/NBESS CTS (A 4> T
SRR RIMAR K, ARSI T 4> B SRH 3 AN 43
TR CTS (1.1X10° 9.0X10% 6.0X10°) i#EfT
il e, R IAEHA SIS AR R 5 L R, CTS #
XFor TN, BT AR R N, X
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Fig. 9 Apoptosis in CNE-1 cells induced by BH/FA-CTS-NPs
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