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#HE  Aik 3| 3R JE (nasopharyngeal carcinoma, NPC)#) ¥ @) 1%.57 , 1% A 50 18 i B AL RS A B
AZAB LI A B &= BR (folic acid, FA)%--F ¥e&) 2 44(cisplatin, CDDP)# F 2-B- 2R ##4% (carboxymethyl-
B-cyclodextrin, CM-B-CD)#A & 244 (FA-CM-B-CD-CDDP), 5 i 4‘]3Xiﬂt(o—phenylenedlamine, OPDA)
P &k B A4 F CDDPA &, 45 KA NFAS 2, EHOENRLSWHE, A
B E G AR K. R BMBIIEENPC B L 4K (folate receptor, FR) A P4 HNE-1 %8 e 2 FR
A M CNE-2 48 i3 1B BEFITC 4 B 44 649 &% A OPDA L & 344 28 i, ) CDDP#9 R B, @i MTT
% BEHREE AKX @A N TS WATHANE- 18038 e A F AT %ok, MAERE
T, B4 F 1Bk 9 FAF2CDDPRE 4 5| 4340 pg/mLA=2 mg/mL, CDDP €31 % 1£20.00%, £ &%
AL 12 ¥4 B K A157.8 nm, HNE-140/2 R L% % FITC, 28/l ) CDDPIKJE % 6.24 ng/mL, f1CNE-2
40 8 WFITCAR Y, 40}, W CDDPIR A2 £92.01 ng/mL. HNE-14 K47 4| & £24 hef 8 & TR 40
(CM-B-CD-CDDP), H1Cs0(4.80 pg/mL)8A RAK T AT B £8(6.97 ng/mL), 125 P 2 69 CDDPL R B4 3|
16.00 ng/mLEF, #2830 4] % 3435 2|80% A L; E 148 h 4047 H| R LA R £ 7. f£24h, 55 6H
CDDP#KZ #1.00 pg/mLET, HNE-189 & 5% % 433.21%, ¥ AT AT RBLL(52.27%). 4 E. 464
#CDDP K #40.25 pg/mLA=1.00 ug/mLEF, HNE-189 8 T % 5 5] £ 12.65%#222.35%, A % & F
* BB 2H(6.91%A714.21%). HF7 4 R A, M HFA-CM-B-CD-CDDPA K 5444 fe. 4% ¥ 6 37
#|FRFE M 69NPC 40 038 78 0 it HL A .
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Abstract In order to achieve targeted chemotherapy for NPC, FA-CM-B-CD-CDDP nanocomposites
was prepared by amidation reaction and ligand coupling technology in this research. The concentration of CDDP,
concentration of FA, morphology and particle size of nanocomposites were detected by OPDA colourimetry, UV
spectroscopy, transmission electron microscopy and laser particle detector, respectively. The phagocytic effects
of NPC FR expressing positive HNE-1 cells and FR expressing negative CNE-2 cells on FA-CM-B-CD-CDDP
coupling with FITC were observed using fluorescence microscope and the concentration of CDDP in cells was
detected by OPDA colourimetry. The effects of nanocomposites on HNE-1 cells proliferation and apoptosis were
measured with MTT, colony forming experiment and flow cytometry. Results showed that concentration of FA and
CDDP coupled with nanocomposites were 340 ug/mL and 2 mg/mL, respectively, and the encapsulation efficiency
of CDDP was 20.00%. FA-CM-B-CD-CDDP nanocomposites was in uniform dispersion, and its average particle
size was 157.8 nm. More FITC was seen in HNE-1 cells, concentration of CDDP in cells was 6.24 ng/mL, but less
FITC was seen in CNE-2 cells, and concentration of CDDP in cells was only 2.01 ng/mL. The growth inhibiting ratio
of HNE-1 cells in FA-CM-B-CD-CDDP group was significantly increased compared to control group (CM-B-CD-
CDDP) after cells were treated for 24 h. ICs, (4.80 pg/mL) of CDDP in FA-CM-B-CD-CDDP group was significantly
decreased compared to control group (6.97 pg/mL). Cell growth inhibition rate of the two groups all were above
80% when the final concentration of CDDP of the two kinds of nanocomposites reached 16.00 pg/mL, and cell
growth inhibition rate of the two groups had no significant difference after 48 h. Colony forming rate (33.21%) of
HNE-1 cells in FA-CM-B-CD-CDDP group was significantly lower than that of control group (52.27%) when the
final concentration of CDDP in two groups were 1.00 pg/mL, and apoptosis rates of HNE-1 cells in FA-CM-3-CD-
CDDP group (12.65% and 22.35%, respectively) were significantly higher than that of control group (6.91% and
14.21%, respectively) when the final concentration of CDDP both were 0.25 pg/mL and 1.00 pg/mL respectively
after cells were treated for 24 h. The results showed that constructed FA-CM-B-CD-CDDP nanocomposites can

targeted to inhibit FR expressing positive NPC cells proliferation and promote their apoptosis.
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A])o TGL-16G i 3 &5 0 WL B F g 22 52 R 22X
#5] )~ UVIKON923*4 4h—n] WOl 43 6 6 B v (3 1
BIO-TEK 2 ). 5 Xk 2 12 /0 HL(3E [ Beckman 2y
F]). BIORAD3S550 5K % 73 W i 1 (3% [ Bio-Rad 24
H]). FACSCaliburii U 41 i f% (& EBD A Hl). JEM-
100CX IT 2 3% 5 v -1 b 13 5% Fli Brookhaven ZetaPlus
WKL FSCR A (B R A )

1.2 A&

12.1 FA-CM-B-CD-CDDPA &##%&  (1)CM-
B-CDI¥I & i 4 — & LIRIE1HB-CDF 345 2 CM-B-
CD. 4% O BISCHR D IR, BRI — S £ 126.8 g, /D i
IKEEAR)E, TNAN30%KNaOH ¥ 15 mL, FHIAB-CD
11.35 gffi 2 JE ORI, fEHRHEFE T, 755 hIWInA
30% NaOH# 7.5 mLo JZ MW FFEE10~12 he K & W
WA IR PR T pH A 5~6, FRANAFIEE120 mL, /=4 K
BUUE, g, FHZEM/K30 mLE P Mg, 10
AN FEE200 mL, ¥ 7P vE, . AR #E
W 5 AT, 19 B B RIRCM-B-CD. 'H NMR
(300 MHz, D,0): 6 (ppm) 4.90 (s, 7H, OCH(CH)O),
4.20 (s, 8H, OCH,COOH), 3.95 (s, 7H, OCH(CH)
CH,OH), 3.60-3.80 (m, 14H, CHCH(CH)OH), 3.50
(m, 14H, CHCH,0), 2.85 (s, 7H, OCH(CH)CH). (2)
FA-CM-B-CDIJ e #51.2 g CM-B-CD¥fi# 115 mL
T A(DMSO), AR5 FEIAO0.88 g FA, £y
M E ATV . AR R TINN0.42 g IR Uk RR
fZ(DCC)A10.23 g N-F£ 55 H1 L JZ(NHS), 7F % il
Z5 A N CM-B-CD I ] B 2 5 55 8 4y FFA R 28 2
ATWRIEAR S N24 ho NG5 S BB = 4002 AT,
12 WK, JEMT3 A, i v B PTARIE0A VR T, jI
FA-CM-B-CDILEEY), K41 g FA-CM-B-CD510 mg
&% (0,92 6 B (FITC) L [F] il 1720 mL/K ¥ i, 3
Jt, 4 °CIR W12 hfe, BEGIENT3 do K3 B v R
T4, 73 BIFITCE 1M [JFA-CM-B-CD. (3)FA-CM-B-
CD-CDDPHE AWl % #0.1 g FA-CM-B-CD# i1
1 mL/KH, F I 10 mg CDDP, 76705 4) Ja i E T
PE YL R 24 h, Y37 °C, 85~90 r/min. ¥ &V
JE VT BB AL AGENTA8 WG VR TR AE . RNy
FA-CM-B-CD-CDDP#: )% fif 71 mLAK T4~ —
SR A

122 FA-CM-B-CD-CDDPA & &AL “RAMIHT
UKL B WIFA RSy R JE: T FAS T & i
JCHEI R IR K, £E363 nmAb A7 045 10 M 1) 5 % i

Vg, X AN s o] SR R A OB BT E S BT )
JUHFA RS N B, DU REAE A AR AR, FA
WP R P AARR, AR AN [R) R B TR FA R AR S Y. 1 45 41
WG FE bR AE th 2. AR ARy th 42, AR 101
Jii IIFA-CM-B-CD-CDDP & &) BT I 15 (1) W 6 i A
T FAKRE

G BT SR S A IR AR AN K T 4% IR FA-
CM-B-CD-CDDP ¥ H WUz /K B e 22 G e B 75
(200 W, 3 min)J i 2 % 2 B4R L, T
Ji S5 LEE S T A TSR I A

WGk AU s Hoki 42 K/ : K FA-CM-B-CD-
CDDP&: ¥ F X 7% /K Wi e i 75 4 3, R L OG kL B2
HR AN (2 35632 nm ) & 56 DG U, HICSH A 2R 9055 )il
JE KB 15 RiAR

K HI 4B 75 [l (OPDA) EE 8 32 s 52 45 ) P
CDDP & ¥4 FA-CM-B-CD-CDDP: 1 & ki fifi Bk 1,
VBRI RS . 5w 5 LA 2y 6o BE TR
703 nmP K K A9 T B CDDPR JE7, o5 4
R, AL EH%(%)=CDDP % #/CDDP i < 100%. 1
HEWURG B BICDDPYK FE 4100 pg/mL, AT F—5H)
RIS .
1.2.3 FA-CM-B-CD-DOC L&) R 5 FA ¥e 6] XL
R AP 75 SE: FRZEIA P HNE-141 /12
FIHYE I CNE-241 fi 7E TSFA RPMI-16404= 15 7= 5505
BeAE K24 hm, 5 TFA RPMI-1640% B (B BEFITC
[\JFA-CM-B-CD-CDDP & 4 #) 4£ 1% 772 h(CDDP %
WE2.00 pg/mL), PBSYEEJG 8500 W il 5i B M ¢
BN IFITC. 64LEF IR AR B AR bk 40 i FH K
PBSHEVE3 R, BEFLINA100 uL SDSAH IR, 37 °CH4
fif 21 B30 min, WAL MIBN T, W E10 min,
4 000 r/min{ .05 minfT, I EIE R HHOPDALL 4
T 52 40 L P A7 I CDDPR J
1.2.4 FA-CM-B-CD-CDDP & 4 #) *FHNE-1#4% /& 4}
Il FB SR MEMEEE LL A SIS (HTMT TR il
VE R AT 5 40 A 8 4 BE 7 K HNE-140 i ] 6 M- 2
RPMI-16404= 15 7R IEAE96F LA KT 5%, H597K %100 uL.
oy kAL R R AL AT B 7R L) FA-CM-B-
CD#. 525 % I 4 CM-B-CD-CDDP X 5 4 ZH FA-
CM-B-CD-CDDP, CDDP#) 2% ¥ J& ] 4 ¥k Hy: 0.25,
0.50, 1.00, 2.00, 4.00, 8.00, 16.00 ug/mL. 43 HI4EH]
24 hfil48 h. BEFLIIAMTT(S mg/mL) 20 uL4k&ERs
F%4 h, W21 IR MM ADMSO 150 pL, E% AT
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P AR A E 490 nmi K Ak (W J& (Daso) s THE S
A PIATHNE- 140 Jf A= A R o 2 400 ) e =Cnf I 4
A2 S5 D aoo— S 56 2 1H 2 5 Daoo )/ %o} W ZH 1 25 J5 Diago o

ARVETE S BG: WOAR A T4 20 A KU I HNE- 1
g, AT RE IR L, 40 M RE24 his, 4L b,
CM-B-CD-CDDP }; FA-CM-B-CD-CDDP [{] CDDP i
FE35791.00 pg/mL, 5574605 524 h, WA
JH0, SR 5 A 20 40 Pk AT ARORE BB B M B 6L AR R 1L
oo BSR40 MR E A T 2 R A 100
A, FA-CM-B-CD%1100/>, CM-B-CD-CDDP#1 FIFA-
CM-B-CD-CDDP41 %2004 . ‘& 41 il T 15 724 b 1%
I, 2T . T R TR R R, FH A
LY, RS WA T T2l 0K 1501 [ 4
WAL, SR A RV T 1R, SR TR T R (%) =(BE Tk
BT A 0 0% 100%

s e SRS 40 BB E T 4y 4 IH] -, CDDP#%
W2 9] 490.25 pg/mL. 1.00 pg/mL, 4 43 5 /E
H124 hJ5 A S EDTAR) R AL g, HIPBSUER:
40 Jf2; i A200 pL Binding Buffer(1x)%k 7% 40 fitd, 41
JHd %% B M (2~5)x10%/mL; Il A5 uL Annexin V-FITC
F195 pLgi f B h 1R 4, £ =3 T % 510 min;
JH200 uL Binding Buffer(1x)¥E 4% 41 i, i1 A 190 uL
Binding Buffer(1x)k % 4 Jfl; N A 10 uL Propidium
Todide(RlLfk P BE, 20 png/mL)IEAI4TFACS 24T 41 o i
T o
1.3 FItEDHR

K HISPSS 11558 v 80 Hdfs 43 #r, PHAAEA
BB R AT A A TG 56, 22 N RE A £
LU 35 K H BRI 25 7 22 43 HT(One-way ANOVA), KR
Hxts, P<0.054 2553 B3

2 H#R
2.1 FA-CM-B-CD-CDDPE &¥I8IFRIE

OAIESE D13 B FAME i 1)) CM-B-CD, AT TR
SRAM—AT WO X P REAT T ARAE, &5 R a1
T, RYEFAMEM (ICM-B-CDTE210~600 nmit K Ji
FEl A JCHRF E MR I Ve B M % 32 LFAJS, T3 FA-CM-
B-CD7E365. 280F1255 nmAib Hi B T FA [ 45 i W Wi
Ueg, vt BHFA T2 1% 2ICM-B-CD |

h 15 FFA-CM-B-CDHFA ) &5 1, F) K Ah—n]
DR e o FARME 2%, 762.5~100 pg/mLyt A
FAI& 2 5ODMA RIFIZIE X R, [FIIH A XY (FA

e E)=112.08X(D11)-0.3832(R*=0.999 6). 4 1t 73 =\,
WAFZAL S W FARIIRE 4340.00+0.08 pg/mL.

FA-CM-B-CD-CDDPK & 9 It Ri 42 45 i BE
LR YK ST kL BRI, 3 5851 (K12)

WO KL EE AN 52 HoRAR KN P38 7K 3l g 2k
£ 4157.8+8.9 nm([¥13).

i 'MOPDALL {472 Wl 52 CDDP% &#: CDDP%
RO FEA R IF 2tk 6 &R, [H1H 2 Y (CDDPK
J£)=0.112 9X(W ¢ J&£)-0.187 1; R?>=0.986 1. 1% It
Ty A s e o B B A W) T 8iCDDP
oM 2.00+0.52 mg/mL, & 454 CDDPAL 2%
20.00%+2.37%.

% IIFA-CM-B-CD-CDDPE & W) 75 H i N
B, WAARTCE M, SN, S LI H R K
PR TIE o
2.2 FA-CM-B-CD-CDDPE & ¥ 1K SNFASE [a) 14
bU1E=3

HNE-14f Jfid F#ICNE-241 Jitd 73 5l 5 FA-CM-p-
CD-CDDPH 5 #)(CDDP# ¥ [$2.00 pg/mL)3t k%

Absorbance

FA-CM-B-CD

300 400 500 600
Wavelength (nm)

E1 FA-CM-B-CD£5MHILE
Fig.1 Ultraviolet spectrum graphics of FA-CM-f-CD

E2 FA-CM-B-CD-CDDPH4RE S4B IR
Fig.2 TEM of FA-CM-f-CD-CDDP nanocomposites
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722 hiG, Whlss N ALEE n) I, HNE-141 il N 145 %
FITC(H4AFK4B). iii CNE-241 Jifd A [ FITCAR 2D (P&
4CHIE4D).

OPDA L {6, 3 11 52 HNE-1 41 Jfl 4 45 6 ff)CDDP
W 46.24+1.10 ng/mL, Wi & T CNE-241 g ) 75
I (\) CDDP( FEE 42.0140.65 ng/mL)(P<0.05).

2.3 FA-CM-B-CD-CDDPE & ¥ 3HNE-14H i #Y
RSN HI K38
MTTSER 45 F IR, 240k M40, 80, 160, 320 pg/mL

100

80

60 -

Intensity

40

20

0
100 120 140 160 180 200
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El3 FA-CM-B-CD-CDDPH K & & ¥HiiE
Fig.3 Particle size of FA-CM-B-CD-CDDP nanocomposites

[{JFA-CM-B-CDZ# 14 5 HNE-141 1 /F F24 hjs, 4
Ji 3016 2 2 B R 0.16%+0.04%. 0.25%+0.02%-
0.32%%0.09%- 1.07%+0.03%. 1F 1148 hjm, 40 40
I 5 0 0.23%£0.32%. 0.49%0.13%. 1.66%=
0.04%- 3.03%=2.11%. S50 2 5 2% 3O AL A
B, 22T BEE(P>0.05) . AN 25K L IIFA-CM-
B-CD-CDDPX £+ 5 HNE-141 s JL 15 7724 h, 0514
R 558 FCM-B-CD-CDDPE &4, (4 &M
#CDDPZ U 1k $]16.00 pg/mLIK, W54 4015k 4 1)
K FIR0% LA b, oW 72 . Bl A L% IR I IR) S K
248 h, PR A IR A A 2R 2 3 A, (H A ) 22
FE4E /1N, FA-CM-B-CD-CDDP i3 /5 HI s = 7 CM-
B-CD-CDDP, 4il i #1 il JC W] . 72 53:(P>0.05) (% 1 Fil
K5).

FA-CM-B-CD-CDDP# 24 hff{J1Cs,(4.80:0.42) pg/mLAik
T CM-B-CD-CDDPA. ICsofH(6.97+0.59) pug/mL(P<0.05).
{H48 hy Z1CsofH #22 L[ 53 7 49(1.59+0.31) pg/mL,
(1.61£0.25) pg/mL)], % F LG vt 2% & X (P>0.05).

N B A V& T S 56 27, 25 %) B 41 FIFA-CM-
B-CD(320 pg/mL)#k 4 21 41l a4 75 B 1 2% 43 5l Ky

A: HNE- 141 0 't S A B 15 B: HNE-140 L0 B %€t (8 A 19 C: CNE-240 i 35 3 't (R B 141, D: CNE-240 xS I 5O 2 e 141 -
A: HNE-1 cells picture under ordinary optical microscope; B: HNE-1 cells corresponding picture under fluorescence microscope; C: CNE-2 cells

picture under ordinary optical microscope; D: CNE-2 cells corresponding picture under fluorescence microscope.
El4 {RIMAPEEER(200%)
Fig.4 Cell phagocytosis in vitro (200%)
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®1 S&YITHNE-140A8 A9 HI R
Table 1 Inhibition rate of compounds on HNE-1 cell growth

#HCDDPYKE (ng/mL) CM-[B-CD-CDDP (%) FA-CM-B-CD-CDDP (%)
Concentration of loading CDDP (p1g/mL) 24 h 48 h 24 h 48 h

0.25 8.52+0.76 14.75+1.42 14.65+£1.34* 17.824£3.51
0.50 15.95+1.83 23.474+0.53 21.3440.73* 25.561+4.72
1.00 17.80+2.84 45.23+0.89 28.95+3.31* 47.07+£5.42
2.00 23.2610.85 53.394+3.26 36.28+2.40%* 55.18+1.45
4.00 36.68+4.62 67.57£4.23 49.8115.66% 68.10£1.59
8.00 58.83£4.56 78.60£4.00 69.48+4.58* 80.62+£5.03
16.00 82.72+0.90 93.5540.51 85.7242.44 92.41£1.27

#P<0.05, 524 h CM-B-CD-CDDP41 Lt 4%
*P<0.05 compared with CM-B-CD-CDDP group (24 h).

100 -
—4— CM-B-CD-CDDP 24 h

—#— CM-B-CD-CDDP 48 h
FA-CM-B-CD-CDDP 24 h
~—— FA-CM-B-CD-CDDP 48 h

®© O
oS O O O
T T T T

(=]
T

Inhibition rate (%)
W A W N
3 S
T T

0.25 0.50 1.00 2.00 4.00 8.00 16.00
Concentration of loading CDDP (um/mL)

E5 S5 THNE-148/4% K89 #n 51 4E f

Fig.5 Effects of compounds on HNE-1 cell growth

(70.38%+4.34%F1168.79%+5.01%), ¥4 £ JC & 3% 1 7% 5+
(P>0.05). 4#CDDPAK L 41.00 pg/mL, FA-CM-
B-CD-CDDPZH 41 i £5 V& T 1 % h33.21%+4.28%, %
T-CM-B-CD-CDDPZH(52.27%+6.01%)(P<0.05), P41
Y B AE VA T R G T 28 116 B 4 FIFA-CM-B-CD
3 P& 21 (P<0.05). FA-CM-B-CD-CDDP#] [f) 4 ¥ £
DESSUN(SIN

Tt x40 SRS W 45 R 7, A R R 4 FIFA-
CM-B-CDH AR A i T2 3 R A6 T2 %k W 3% Mk 22
(P>0.05). 4 #CDDPZ ¥ £ 73 1) 250.25 pg/mLA!
1.00 pg/mL, CM-B-CD-CDDPZ| FIFA-CM-B-CD-CDDP

Az 2P AL B: FA-CM-B-CD (320 pg/mL); C: CM-B-CD-CDDP (CDDP, 1.00 pg/mL); D: FA-CM-B-CD-CDDP (CDDP, 1.00 pg/mL).

A: control group; B: FA-CM-B-CD (320 pg/mL); C: CM-B-CD-CDDP (CDDP, 1.00 pg/mL); D: FA-CM-B-CD-CDDP (CDDP, 1.00 pg/mL).
Elo A%

Fig.6 Cell colony
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ST

SR TR R HE T 2 38 B 24 W94 5 19 Jn 1ty 384 n, FA-
CM-B-CD-CDDPZ # 17 % 43 5] J12.65%+1.43%F1
22.35%+2.52%, 11 AH M. FE ¥ CM-B-CD-CDDP#4]

T T #(6.91%+0.32%H114.21%+1.02%)(P<0.05), 7§
WP T- Y T2 A B4 FIFA-CM-B-CD#i 44 41
(P<0.05)(F 7).
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~ 107 ~ 10% a 107
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2 Ll SRR 5
100 4 100 { ok ‘
Sy o o3 E 01 03
913%_' — '_'0 247% 101 0.41% ey )
100 10" 102 10° 107" 10 10" 102 10° 100 100 102 10°
FL1 LOG FITC-FL1 FL1 LOG FITC-FL1 FL1 LOG FITC-FL1
D) ®) ®)
10° 175 02 10° 1761 02 10° 157 02
29.9% 4.619 19.3% 9.65Y 32.3% 16.8%
= 102 4 = 10%- = 10% 1
o) 3 o) o)
o) REK o) S
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