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Abstract

The alginate derivative naonoparticles modified by galactose (HA-Gal) with various galactose (Gal)
substitution degrees were synthesized to evaluate their potential for hepatocellular carcinoma

(HCC) targeting. Their physicochemical characteristics were investigated. Doxorubicin hydrochlo-

ride (DOX) as a model antitumor drug was incorporated into the HA-Gal. The in vitro drug release

and antitumor capability of DOX loaded HA-Gal (DOX/HA-Gal) with different Gal substitution de-

grees were evaluated. Negatively charged DOX/HA-Gal appeared monodisperse and spherical in

shape with a size range of 180 - 250 nm, and their Zeta potentials were above 30 mV (absolute

value). The size, Zeta potentials, encapsulation efficiency and in vitro cytotoxicity of HA-Gal were

increased with the increment in Gal substitution degree.
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A SCBETH & PR R R S 9Koh - P05 (Gal) B e SR FR R (HA-Gal) 9Khi, DARTE R (DOX) AT
AL Z Y] 2 B 9K RL(DOX/HA-Gal), HFFRDOX/HA-GalfIEE 4L . B2 582 . RS0 f i
i, HEARFE GaldEr: xR B S . 45 R R HEDOX/HA-GalAK/MI—HKIERERLF, K
A3 /1R N180~250 nm, 76 HL(<-30 mV); BEGalE: LI K, DOX/HA-GalffhifZi¥4 K, Zeta
T, AHFEm, MEARIGRERES.

XA
FHEE, WBEERGURRL, FIUBE, 2k, DOX

1. 518

I o SR 22—, TR NS RE[ 1] H TR AR TR 77 R K 251 2 9 R a1k 24
Yy, EEEVEZE, FREUWERIR: tbAh, ZEBUMRE Y KIS, M DA ER A 3R R 2 1K iR 0
P IETT AR [2]. APKEIE R IR = AR N fe e MEAE B, SRR DAk, PRI ERRIE
F[3]e HFERRAEVIAZ .. AWM. TRZEEME, &&iEEREMEE, 5 TRibei, 2N
FF2300iik[4] [5]. RS I NKEEGE S J7 B sk M BRI S R R A, W] B 42
TE AN AKRL B EAEE 25, AF K 23 R 45 [6] . ARAE AN RSB 1) Mg 2 2VRF i, I 28
PR -HoAR R e AR ELAE A T SIOGH bR A R P SR R [ 7] [8]. e 20 AR T P 25 MV BB 2R 1 SZ A4 T
R PR P FUBE R 1[9] [10], WP FUBEAZ R (0 9 KL AT 32 20 1) PR 40 A

ARG DLHE R N KB 2R I NEENBUKAL S 2 FURE(Gal) AT 4 M o Tl & PR R A,
KA B AT KR4 1), L DOX NHEELZW), WEAANE Gal #24 H HA-Gal gRRi BT,
T 243 TR 9 400 M 2 K T A

2. {EE AN 5

Advance DMX 500 Y% 4R 151X (400 MHz, 1% [E Bruker A 7]); VEGA TS 5136MM B A 45 . %%
4 T B (e TESCAN A F]); TGA 1 B HH 43 # 4 (3 -+ Mettler Toledo A 7]); Zetasizer Nano ZS90
RSB A (P E Malvern A &]); Varioskan Flash 3001 FRE§FR1X (35 E Thermofisher /A 7]); Nexus 470
U N7 AR B 2T ARG R4 (35 [ Nicolet 23 ]); Scientz-11 D Y 75 5 40 MR BERL (T B0HT 2 AW RHE A &
PR/ F]); HP6890(PLUS) Y S % il (2 1E HP A F]).

+ TR IR AR RR SN (SDS) . HEEE RSN (sodium alginate, NaAlg). +75HE. 4-— HI RS FEmEIE (4-(N,N-
dimethylamino)pyridine, DMAP). — F ;% (dimethylformamide, DMF). 4-FF 2K fi# R (p-toluenesulfonic
acid, TSA) (HZ51k AR FIE B A F]); 5% 2 (doxorubicin hydrochloride, DOX-HCI) (#iiLiF IEZ5 )V 43 A
FRAFE]); 1-255-3-(3- R A 38 Bk — W i% 21 1R £ (N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hy-
drochloride, EDC-HCI). N-¥23LHE 518t I % (N-Hydroxysuccinimide, NHS) (5 5 AE MR A IR A )
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Figure 1. Synthetic route of HA-Gal copolymers and schematic representation depicting the formation of
DOX/HA-Gal nanoparticle
[ 1. DOX/HA-Gal 44Kk gohl & id iR E B

e 7 i 26 R £ (D-(+)-Galactosaminehydrochloride, Gal). &% (3-(4,5-Dimethyl-2-Thiazolyl)-2,5-Diphenyl
Tetrazolium Bromide, MTT) (3% [ Sigma A #): #EH4E(MWCO 3.5kDa, LR A REARAR).
QGY-7703 4Hfu( N amff, H ER =R Bl A e BT TR o

3. BEEER
3.1 FFMEERBREE(HARIHIE

HA (#1145 752 I8 SCHR[6]: FREX 0.5 g NaAlg A1 0.5 g TSA, SN2 35 ml DMF, 55°C#i$E 30 min, &
M 0.3 gEDC. 3.0g /5, 55C =M 30 h; A 4 fHAAF 2, =i+ 30 min, 8000 r/min 2.0
20 min 1S 2IPTIE, UK CRERR R =R, B, BE, &6 3d, HTAE~% HA. 152 25 NaAlg
AT HA f#4E 43 HT (Thermogravimetric Analysis, TGA) #f £k & .

HHEIT%1: NaAlg Fl HA BRI B R EidFE, 5 —B BN 50°C~180°C, 1X FE A5+ R fff
MG A KR ATE. NaAlg 28 BB BN 216 CH UG, FHERFSEE] 270°C, AR EMI R 2 CO, JAHAR
FREEMKIGE A FHEE NaAlg, HA KBTI, & i T Ead 2 I iR CO, AHAREREEINE 25K 737, [Fl
I 52 I SN 701 BN D) A 2 NaAlg .

3.2. F¥FPE(Gal)fgiFR HA (HA-Gal)l&

# 40 mg HA ¥ T 10 ml =B -17K, 20 BN 4.8 F1 16 mg K FUHE %, hni& £/ EDC Al NHS (n(EDC):
N(NHS):n(EFLFERZ) = 1.2:1.2:1), T =M 24 h, & A&ETE, 250648 HA-Gall. HA-Gal2 Al

®



2B,

el

110 9
100
90-
80-

70

Weight (%)

60 -

50-. /

40 +

NaAlg

30 4
i HA ==

20 4

1y A+——— 1
0 100 200 300 400 500 600 700 800 900

Temperature

Figure 2. The TG analysis curves of NaAlg and HA
2. wREIRIE R AR

HA-Gal3. £ 3 4 NaAlg. HA. HA-Gall. HA-Gal2 1 HA-Gal3 {# FLIH-45 #: 21 41 (Fourier Transform Infrared
Spectrometer, FT-IR) &3,

55 NaAlg iR HILL, HA L BT — S8 R liclg, 1686 cm ' il 1296 cm ™ Ab )/l Ay g ik
Hi[1) C=0 1 C-O H4E#ikahlE, Yl HA & . 5 HA #LL, T HA-Gal # N-H [ 454E 5, HA-Gal 3430
em AL BRI R A LIRS 1610 cm AR KRGy C=0 FIEEIE | M BN 4 R

< 4 5y HA. HA-Gall. HA-Gal2 fl HA-Gal3 ] 'H-NMR i, 3.6~5.1 ppm AL 15 504 NaAlg i)
Al HA E3E b 1.6~2.0 ppm &2 HA Il F 3V H RS, 1.0~1.3 ppm AL HA DU8E F RS, TR
B HA G . HA-Gal i 3.0~4.0 ppm &by~ LB FRFAE U . Beh]— RAUbR R FE 1Y Gal H R,
T8 I SO BT E AN R BRI VR I T AR, SRS TG, 193] Gal brdE i Z(fligs: FID, &
M EIEFE: HP-INNOWAX, 30 m x 0.25 mm x 0.25mm. SAb =R 250°C, H2$iEE. 280°C, M
I A(99.99%) E NS . (SR 120°C, £+ 1 min, 285, LA 10°C/min [FHEE R T2 230°C,
LR¥E 3 min. AL 10:1, BEFEE: 1 ul). 43 BIAREL 10 mg HA-Gal #£ iy f#7E 1 mol/L () NaOH ¥+,
60°C Rtk 24 h SRIGIMNGE R 2K, e 68 1 h, 3000 rpm 4055, BELEZEHHAH, EE=0R, K
R WGEAT S R 3BT o ARYE SO (1% 45 2 R W TR AR U B H R R Gal (IR EE, B S TS B HA-Gall.
HA-Gal2 1 HA-Gal3 ] Gal 4% L5 71h 3.4%- 7.8%7F1 11.4% [11].

3.3. GKBIRYH & FIFRAE

HA-Gal 7K /] [ A 2E T 3 L /S BE N AK R O o W7 R A 2 LR A SR K AP SE I -5 45 Rl K
B KA DA R T 825, 43 H1E 2 ml (2 mg/ml) HA. HA-Gall. HA-Gal2 fl HA-Gal3 &, &
(120 W) 15 min, 549Kk 8%, 1A 80 ul (10 mg/ml) DOX ¥, #7 (120 W) 15 min, B[54k DOX
KRR, 2P0 8 DOX/HA. DOX/HA-Gall. DOX/HA-Gal2 1 DOX/HA-Gal3. 7Ly, UidkE b
i, METOLME, 5 DOX 13} % (encapsulation efficiency, EE) 1% 24 & (loading capacity, LC, fi&%
). BEGGKRIRIAE . Zeta HEF . EE A LC W& 1.
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Figure 3. FT-IR spectra of NaAlg, HA, HA-Gall, HA-Gal2 and HA-Gal3
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Figure 4. 'H NMR spectra of HA, HA-Gal1, HA-Gal2 and HA-Gal3
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Table 1. Particle size, Zeta potentials, EE and LC of DOX/HA, DOX/HA-Gall, DOX/HA-Gal2 and DOX/HA-Gal3 (X £ s,
n=3)
7% 1. DOX/HA. DOX/HA-Gall. DOX/HA-Gal2 1 DOX/HA-Gal3 BYEHkifR, Zeta EB# . EEFILC (X£s,n=3)

FEf HifE (nm) EE (%) LC (%)
Zeta HL#H(mV)
G =P S A 1.4 DOX
DOX/HA 172.4+1.7 183.4+1.8 ~53.7+0.5 79.4+0.7 13.7+0.1
DOX/HA-Gall 170.8+1.2 2112+49 -50.0 0.4 775+1.4 13.4+0.2
DOX/HA-Gal2 1827 +7.4 231.4£6.0 -37.1+0.8 782+0.6 135+0.1
DOX/HA-Gal3 236.1£6.3 2453+5.1 -29.8+0.8 80.1+0.3 13.8+0.1

R AT, B Gal #EA IR, GOKRiRARR K, X REH T Gal &M R o5 /K Z 3 5 [12];
[FI Zeta FLEASEIN, W7 HE T MR LU 25 R IERE Gal #Er Lb3g Kb . DLAH HEL 4 (scanning
electron microscope, SEM)M S, 1] W, DOX/HA-Gal2 xkE, K/NZ1A 200 nm (4] 5).

3.4. ESMNER

43 HIEEL 1 ml 1 mg/ml DOX/HA.DOX/HA-Gall.DOX/HA-Gal2 fil DOX/HA-Gal3 4K ki 2 i (1443.3”
TR 77 i), InEEHrASH (MWCO 3500 Da), & A 50 ml 0.2 mol/mL PBS (pH 7.4), 37°C. 100 r/min
WRHIRE . 79T 05, 1. 2. 4. 6. 8. 10. 12, 24 148 h Bk 1 ml, JEH IR . BRI G M
1 ml ¥rfif PBS. HARMEMIZETS DOX & &, JFilH R BlE(%). W% 6 Fias, DOX VB aH T 4Kk
SRR AT N2 A, RIELREYIIA SRR J5 M SR RE s AT HT I SRE mT B/ B ie 8 e AN KR 3R TR P
ff) DOX BREBE T E, DOX/HA. DOX/HA-Gall. DOX/HA-Gal2 1 DOX/HA-Gal3 ) DOX 48 h 2 il
i ik %) 80%. 82%. 88%A1 93%.

3.5. {ARAREN

1% 2.3 00N 572 455 DOX FIgKHL. LA 1 x 10° 4 /AL 25 FE R0 QGY-7703 4il iU % 24 FLAK, 37°C
5% CO, £57% 24 h; 4 3 fLA—4L, #%45FL 5 ug DOX JIAGKKL, 37°C . 5% CO, 73 7l 1577 0.5, 2 fl 4 h;
W FE LN A4, L 0.2 mol/L PBS (pH 7.4)Jt =X, I 0.5 ml 0.5% (w/v) SDS ##i(pH 8.0), 37°C. 100
r/min $z3% 15 7% 30 min AREANM;  BEAR OO0 E 40 RAR R DOX & &, Lowry VENIEEAM S &, &
B LA 1 mg 22 A& DOX & (ug) /R (ug/mg)

YRR PR 2 A0 M 3R T 5 B A I A, SREON A, 4 B sk 3 AR 24 4 08 R0 TR AH [ 13]

K 7 9 QGY-7703 4Lt g AL ) FE O e 45 5%, P WLAE QGY-7703 4ifiurh, PIKKLfE 0.5~4 h N H]
WY R, BIIURERE Gal S8 Lb g hnmi s b, HrTRENHE FIBECIA Gal &4 AN gk
[PURLAR . FESASE B I T L (R F R 45 R

3.6. MREEIRE

L 1 x 10* 40 B/ FL A0 25 FE Ry QGY-7703 4% 96 FLAR , 37°C .5% CO, 53 24 hy 5 g s 35 3L,
B 3 LA, NI E 53514 25, 50+ 250 Fil 500 pg/ml 125 (4K FL, LUINSE4A 0.2 mol/L PBS (pH
7.4 %1, 37°C. 5% CO, 597 48 hy MTT kil & 40 7735 2

< 8 4 QGY-7703 U5 AN A FE = 4K ki Hh 557 48 h A& 3, W ULFE 25~500 pg/ml 4 2 i [
PN R RORE NS 4 i 70 T 2 R (p > 0.05), T ff O SR A2 36 4 R R VR 7
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Figure 5. SEM images of DOX/HA-Gal2
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Figure 6. In vitro release of DOX/HA, DOX/HA-Gall, DOX/HA-Gal2 and DOX/HA-
Gal3 under neutral (pH 7.4) condition at 37°C (n = 3)
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Figure 7. Cellular uptake of DOX in QGY-7703 cells following incubation for 0.5, 2,
and 4 hat 37°C (n = 3)
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Figure 8. Viability of QGY-7703 cells after incubation with blank nanoparticles at vari-
ous concentrations for 48 h (n = 3)
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3.7. &5 empainE

% 2.6 WiT 574000, 6 fLN—4H, HIIMAEERE DOX. DOX/HA. DOX/HA-Gall.
DOX/HA-Gal2 Al DOX/HA-Gal3 gk, LA DOX ZK A4 0.1, 0.2, 0.5, 1, 2 H1 5 pg/ml,
LU 0.2 mol/L PBS (pH 7.4) 40 A BA X IE, 37°C. 5% CO, 1#55% 48 hy Fl MTT 3:il & & 98 4 AH
XTAMIAF G 2, TR AN H AR B (1Cs0)

1 9 2 QGY-7703 4 fitd 7373 57 25 DOX IF IR R FL 537 48 h 5 MAMIAZ IG5, v WANAFIS
KB T R P % . DOX/HA. DOX/HA-Gall. DOX/HA-Gal2 il DOX/HA-Gal3 41 {41 it i &
KT DOX 41, 3R B KRL mT 344 58 2447 (%) et 8 240 B 4 )/ o 25 DOX L DOX/HA. DOX/HA-Gall.
DOX/HA-Gal2 Al DOX/HA-Gal3 ] 1Cso 7354 1.12. 0.68. 0.64. 0.51 1 0.46 pg/ml, FWIASMTIEHEfE
73 Wi A A ) PO AR A L RS T 3 5, S5 A0 MRS A — 3, 4Kk A T DOX (1) i JRg 48 i FRE Uk 26,
CUEZZLY/UN IR IR IRy T
4. #1ig

P+ /N BT BEBR AT S M, RS R FTENE HA, “EIRREIE S HA R IEYE &0 B i,
#1745 HA-Gal, HA-Gal 7K H H L RAKRL, S %4 N REPUMIEZY) DOX, 33| BAG40K RN
DOX/HA-Gal. Z4KRIKA G RAZEZI N 200 nm, FAT R AP0, BE Gal B LIt hn, gkhi
KL ] AR 5 AR 25 G Re )3 0, B R RN RN TEH Eah e AN,  SEIgRRI) 3
B, [F Zeta HIEA LB FRAS, Sar R A A i R T riHE R ks, AR T4 R, B2
YIENTLA, A 4n g e . A, Gal 21 R S A KR 25 MR TR bR, AN LS, A 254K
FERR L, TA R T S22 DOX/HA-Gal3 EA5 5 5 fr) e 4 i 184 B4 h &k, HmT A
AT R AR [ BCAAB I . 4oKR B RiR . B AR 2R S B A MR R L FIE I 45 5, HA-Gal3 44
KA BE A SR SR P L [ e e e 24 7 i A4 T IRV 97 o
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Figure 9. Viability of QGY-7703 cells after incubation with drug loaded
nanoparticles at various concentrations for 48 h (n = 6)

9. QGY-7703 {4 RIF ALK LS FF 48 h RRVARRETETEZE(n = 6)

O,



AR,

=
M

J

-

< Rl
LA{”L

SE ik (References)

(1]

[2]

(3]
(4]
(5]
(6]
[7]
(8]
[9]

[10]

[11]

[12]

[13]

Ferlay, J., Shin, H.-R., Bray, F., Forman, D., Mathers, C. and Parkin, D.M. (2010) Estimates of Worldwide Burden of
Cancer in 2008: GLOBOCAN 2008. International Journal of Cancer, 127, 2893-2917.
http://dx.doi.org/10.1002/ijc.25516

Ma, S., Jiao, B., Liu, X., Yi, H., Kong, D., Gao, L., Zhao, G., Yang, Y. and Liu, X. (2010) Approach to Radiation

Therapy in Hepatocellular Carcinoma. Cancer Treatment Reviews, 36, 157-163.
http://dx.doi.org/10.1016/j.ctrv.2009.11.008

Ma, P. and Mumper, R.J. (2013) Anthracycline Nano-Delivery Systems to Overcome Multiple Drug Resistance: A
Comprehensive Review. Nano Today, 8, 313-331. http://dx.doi.org/10.1016/j.nantod.2013.04.006

Yang, J.-S., Xie, Y.-J. and He, W. (2011) Research Progress on Chemical Modification of Alginate: A Review. Car-
bohydrate Polymers, 84, 33-39. http://dx.doi.org/10.1016/j.carbpol.2010.11.048

Li, Q., Liu, C.-G. and Yu, Y. (2015) Separation of Monodisperse Alginate Nanoparticles and Effect of Particle Size on
Transport of Vitamin E. Carbohydrate Polymers, 124, 274-279. http://dx.doi.org/10.1016/j.carbpol.2015.02.007

Yang, J.S., Zhou, Q.Q. and He, W. (2013) Amphipathicity and Self-Assembly Behavior of Amphiphilic Alginate Es-
ters. Carbohydrate Polymers, 92, 223-227. http://dx.doi.org/10.1016/j.carbpol.2012.08.100

Wang, M. and Thanou, M. (2010) Targeting Nanoparticles to Cancer. Pharmacological Research, 62, 90-99.
http://dx.doi.org/10.1016/j.phrs.2010.03.005

Byrne, J.D., Betancourt, T. and Brannon-Peppas, L. (2008) Active Targeting Schemes for Nanoparticle Systems in
Cancer Therapeutics. Advanced Drug Delivery Reviews, 60, 1615-1626. http://dx.doi.org/10.1016/j.addr.2008.08.005

D’Souza, A.A. and Devarajan, P.V. (2015) Asialoglycoprotein Receptor Mediated Hepatocyte Targeting—Strategies
and Applications. Journal of Controlled Release, 203, 126-139. http://dx.doi.org/10.1016/j.jconrel.2015.02.022

Zhang, X.Q., Wang, X.L., Zhang, P.C., Liu, Z.L., Zhuo, R.X., Mao, H.Q. and Leong, K.W. (2005) Galactosylated
Ternary DNA/Polyphosphoramidate Nanoparticles Mediate High Gene Transfection Efficiency in Hepatocytes. Jour-
nal of Controlled Release, 102, 749-763. http://dx.doi.org/10.1016/j.jconrel.2004.10.024

Yang, J.S. and He, W. (2012) Synthesis of Lauryl Grafted Sodium Alginate and Optimization of the Reaction Condi-
tions. International Journal of Biological Macromolecules, 50, 428-431.
http://dx.doi.org/10.1016/j.ijbiomac.2011.12.027

Lin, A., Liu, Y., Huang, Y., Sun, J., Wu, Z., Zhang, M. and Ping, Q. (2008) Glycyrrhizin Surface-Modified Chitosan
Nanoparticles for Hepatocyte-Targeted Delivery. International Journal of Pharmaceutics, 359, 247-253.
http://dx.doi.org/10.1016/j.ijpharm.2008.03.039

Huang, M., Fong, C.W., Khor, E. and Lim, L.Y. (2005) Transfection Efficiency of Chitosan Vectors: Effect of Poly-

mer Molecular Weight and Degree of Deacetylation. Journal of Controlled Release, 106, 391-406.
http://dx.doi.org/10.1016/j.jconrel.2005.05.004



http://dx.doi.org/10.1002/ijc.25516
http://dx.doi.org/10.1016/j.ctrv.2009.11.008
http://dx.doi.org/10.1016/j.nantod.2013.04.006
http://dx.doi.org/10.1016/j.carbpol.2010.11.048
http://dx.doi.org/10.1016/j.carbpol.2015.02.007
http://dx.doi.org/10.1016/j.carbpol.2012.08.100
http://dx.doi.org/10.1016/j.phrs.2010.03.005
http://dx.doi.org/10.1016/j.addr.2008.08.005
http://dx.doi.org/10.1016/j.jconrel.2015.02.022
http://dx.doi.org/10.1016/j.jconrel.2004.10.024
http://dx.doi.org/10.1016/j.ijbiomac.2011.12.027
http://dx.doi.org/10.1016/j.ijpharm.2008.03.039
http://dx.doi.org/10.1016/j.jconrel.2005.05.004

	Fabrication of Galactosylated Alginate Nanoparticles as Drug Delivery System for Hepatocellular Carcinoma
	Abstract
	Keywords
	半乳糖修饰的海藻酸纳米载体构建及其抗肿瘤功效
	摘  要
	关键词
	1. 引言
	2. 仪器和试剂
	3. 方法与结果
	3.1. 两亲性海藻酸酯(HA)的制备
	3.2. 半乳糖(Gal)修饰的HA (HA-Gal)制备
	3.3. 纳米粒的制备和表征
	3.4. 体外释放
	3.5. 细胞摄取
	3.6. 细胞毒性试验
	3.7. 体外细胞抑制

	4. 讨论
	参考文献 (References)

