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Enzymatic synthesis of three kinds of galactose-cholesterol ligands and their
structure-activity relationship with liver targeting

NIE Hua, QIU Bo, YANG Qi-xuan, ZHAO Ying, JIANG Xin-xin, ZHANG Sheng-yuan
Medical College of Jiaying University, Meizhou 514031, China

Abstract: Objective To construct three kinds of doxorubicin liposomes modified with cholesterol-galactose ligand by
lipase-catalyzed method and compare their characteristic of pharmacokinetics and tissue distribution in vivo. Methods Three types of
cholesterol-galactose ligands, CHS-C8-GalNAc, CHS-C8-GAL, and CHS-C8-LA were synthetized by lipase-catalyzed method in
nonaqueous phase. The structure characterizations of products were obtained by MS and NMR. Conventional liposomes (CL DOX)
and ligand-coupled liposomes (NGal-LP DOX, Gal-LP DOX, and LA-LP DOX) were prepared by thin film dispersion-ammonium
sulphate gradient method. Structure-activity relationship between asialoglycoprotein receptor (ASGPr) and the chemical structure of
the glycolipids was explored through the pharmacokinetics and tissue distribution parameters of ligand-coupled liposomes in vivo.
Results The desired compounds with a high yield of above 90% were confirmed by MS and NMR. The liposomes average size was
lower than 90 nm, polymer dispersity index was lower than 0.1, encapsulation efficiency was greater than 99%, leakage rat was lower
than 5% with 24 h, and zeta potential closed to zero. The affinity of the three ligand molecules to liver was the following order:
CHS-C8-GalNAc > CHS-C8-LA > CHS-C8-Gal. However, only the liposomes modified with CHS-C8-GalNAc could significantly be
inhibited by the preinjection of asialofetuin for hepatic uptake rate (P < 0.01), but the liposomes modified with CHS-C8-LA and
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CHS-C8-Gal could not be inhibited by the preinjection of asialofetuin for hepatic uptake rate (P > 0.05). Conclusion The ligand with

N-acetylgalactosamine residue showed high targeting efficiency for hepatocytes, while the ligand with D-galactose (Gal) or lactitol

residue could competitive bind with Gal particle receptor on kupfter cells.

Key words: galactosylated cholesterol; enzyme catalysis; asialoglycoprotein receptor; doxorubicin; liver targeting; anti-tumor drug;

pharmacokinetics
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Fig. 1 Structure of CHS-C8-GalNAc ligands and its distribution in liposomes
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a-CHS 1.3 mmol. 2$ R ZJ#ifi§ 11.6 mmol. CRL 200 mg. 5%t 50 mL, 35 ‘C, 250 t/min, 11.5h; b-GalNAc 0.4 mmol. CHS-SE 0.8 mmol.
Lipozyme TL IM 100 mg+ Pfiil 50 mL, 45 °C, 250 r/min, 24 h; ¢-Gal 0.4 mmol. CHS-SE 0.8 mmol. Novozym 435 100 mg. A 50 mL, 45 C,
250 r/mim, 24 h; d-D-FL¥EEE 0.4 mmol. CHS-SE 1.5 mmol. Novozym 435 228 mg. MEBE-AER (21 1) 21 mL, 55 C, 250 t/min, 31.1h
a-CHS 1.3 mmol, bis (ethenyl) decanedioate 11.6 mmol, CRL 200 mg, isooctane 50 mL, 35 ‘C, 250 r/min, 11.5 h; b-GalNAc 0.4 mmol, CHS-SE 0.8
mmol, Lipozyme TL IM 100 mg, acetone 50 mL, 45 ‘C, 250 r/min, 24 h; c-Gal 0.4 mmol, CHS-SE 0.8 mmol, Novozym 435 100 mg, acetone 50 mL,
45 °C, 250 r/mim, 24 h; d-lactitol 0.4 mmol, CHS-SE 1.5 mmol, Novozym 435 228 mg, pyridine- acetone (2 : 1) 21 mL, 55 C, 250 r/min, 31.1 h

2 ERfRA A FLAERC IR LR

Fig. 2 Enzymatic synthesis route of galactosylated cholesterol ligands
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Thermo TSQ Quantum ACESS = 55 UMK AT ¥ i
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RHEIEHRAC, B LA & 7oA ] RE-5299 fighk 25Kk
A B ZRAAGAXAR) s TGL-16MC ¥ 25 AL,
KDMBEOHAR AR TBX 001 i S5 HAL,
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FHEIEA, ARG ToHe e . B BhidrEds . v
BEIRATIRAR . 2475 FLR ZBKIO6RM S, 5 ER
WA F] s ZetasizerNano ZS90 Fif &l 24X, JEE
IR AR A F] ;s UV-1800 4 e it, H
A By EE ] s BS110s Y HL 73 #1 R °F, 42 [E Sartorius
YNGR
1.2 SERZm

YRR L2 BRI G  (Candida rugosa lipase,
CRL, VII #, 3% 71=700 Umg). KRIEHEE 1
( collagenase type 1) . 2% ME ¥ B g Bk &8 A
(asialofetuin). Sephadex G-50, FH#%¥ 87 B %7 (I
D R AMRAR]; JHEEE (cholesterol, CHS),
[ >98.5%, AT A90719, H ARGtk
Xt &M KT #ENE (hydrogenated soya
phosphatide, HSPC), 1-F7 i -2 i P ik 59 1
JIG T 5340 >98.0%, A=k’ B40932, HA LG
PRo ph s 68 0 9 0% I 9t H i A (distearoyl
phosphatidylglycerole sodium salt, DSPG-Na), jE§f
&, Uh (Rl ERAREAR AR HER
% (doxorubicin, DOX), FiH44(>98.0%, Ki&
ECEDFEARAIRA A ; N-L088 Y ALHE  (GalNAc,
JRE S E0>98.0%) D--F.HE (D-galactosamine,
Gal, JFiE%>99.0%). D-FLHEEE (D-lactitol,
LA, FiE7%0>98.0%), HH _Bighlhr T AR
B ER/AF; Lipozyme TL IM JEIiHE (BHE
73>250 TUN/g). Novozym 435 [&l 2t fa il (i
% 71>10 000 PLU/g), M H P ELE(E; HIEE
O, T mL, B ARXT 75 & 100 000, 52 PALL

ANFE]; JBEATEE, B A4l & 10 000, Spectrum
Laboratories, Inc., CA, ZE[E; HAMRA|LI NTE
DAL
1.3 KGN

RN 200 A, AR (20+£2) g, HEME,
B AR BRI A O dt, sl VreTiiE
5 SCXK () 2013-0002.
2 FEEER
2.1 ERIRERATEEEECA R BEMEE
2.1.1 e A B (5-cholesten-yl)vinyl decanedioic
acid (CHS-SE)  CHS-SE FJ& i F A @ 41 i
AR s26 57k 00280, k% FR & CHS 1.3 mmol, 28—
2 — 245§ 11.6 mmol.CRL 200 mg- 5 %¢ 50 mL,
IINEIEHEE T, BT SSBREIKF 35 C, 250
r/min )N 11.5 he RVEERE, BUR R HHERR 2
iy, JEMETRETREMAEEFREE, 0 CHE 24h
Hehm, RIS AR A CHS-SE 3.57 g (1.2
mmol), JFENTHN 92.8%. &AL WK 2-a.
2.1.2 & M CHS-C8-GalNAc GalNAc 0.4
mmol, CHS-SE 0.8 mmol, Lipozyme TL IM fiii [lij i
100 mg, AR 50 mL NN\ HZEHEEIRH, BT TS
IR 45 °C, 250 r/min N 24 he RNV EEF G,
U LA DE R 0, DBV A IET fa I N &
FR MG, 0 CHrE 24 h ELEN, BIEAGRE A=)
CHS-C8-GalNAc 0.282 g (0.365 mmol), JFE /%L
N 91.1%. G L LK 2-b.
2.1.3 JEE4 AL CHS-C8-LA  D-FLFEEYE 0.4 mmol,
CHS-SE 1.5 mmol, Novozym 435 228 mg, MIE-75
B (2:1) 21 mL, IMABRZEHEHS, ETTX
WHER T 55 °C, 250 r/min [ 31.1 he N4
e, BURRNRATIERR 258, BRI A e 5 INGE
BRIV, 0 CHE 24 h EEY, A AGEER
¥ CHS-C8-LA 0.341 g (0.380 mmol), JEESE N
94.3%. A L LI 2-d.
2.1.4 FEAE & B CHS-C8-Gal Gal 0.4 mmol,
CHS-SE 0.8 mmol, Novozym 435 100 mg, i 50
mL, fIANBRZEHEIE S, BT 2SIBRIK+ 45 C,
250 t/mim JX M. 24 ho JMNEEH S, HUSN R 0 JE R
2l DU PBLEIIERR 20, B E ST EINA
EEEER L, 0 CHEE 24 h HELW, MEAGM
{&7*4¥) CHS-C8-Gal 0.271 g (0.37 mmol), [
BN 92.1%. A B4 WL 2-co
2.1.5 FEYIRILE % E CHS-SE. CHS-C8-GalNAc.
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CHS-C8-LA 1 CHS-C8-Gal #1455 #49 W& 2 fi7s,
Jo R B A% Rl ol 5 43 R

CHS-SE: ESI-MS m/z: 619.51 [M+ Na]'.
BC-NMR (125 MHz, CDCl;) d: 173.6 (C-37), 171.2
(C-28), 141.5 (C-38), 140.0 (C-6), 122.9 (C-9), 97.8
(C-39), 74.0 (C-2), 57.0 (C-14), 56.4 (C-15), 50.3
(C-7), 42.6 (C-13), 40.0 (C-12), 39.8 (C-22), 38.5
(C-4), 373 (C-3), 36.9 (C-5), 36.5 (C-20), 36.1
(C-18), 35.0 (C-29), 34.2 (C-36), 32.2 (C-10), 32.2
(C-8), 29.3 (C-31), 29.3 (C-32, 33), 29.3 (C-34), 28.5
(C-16), 28.3 (C-23), 28.1 (C-1), 25.3 (C-30), 24.8
(C-35), 24.6 (C-17), 24.1 (C-21), 23.1 (C-25), 22.9
(C-24), 21.3 (C-11), 19.6 (C-27), 19.0 (C-19), 12.2
(C-26); 'H-NMR (500 MHz, CDCl3) §: 7.28 (1H, m,
H-38), 5.37 (1H, d, J= 4.5 Hz, H-9), 4.87 (1H, dd, J =
14.0, 1.5 Hz, H-39a), 4.61 (1H, m, H-2), 4.56 (1H, dd,
J=6.3, 1.5 Hz, H-39b), 2.38 (2H, t, J = 7.5 Hz, H-4),
2.31 (2H, d, J= 7.3 Hz, H-29), 2.26 (2H, t, J = 7.5 Hz,
H-36), 1.99 (2H, m, H-10), 1.78~1.04 (36H, m), 1.02
(3H, s, H-27), 0.91 (3H, d, J = 6.5 Hz, H-19), 0.86
(6H, dd, J = 2.3, 6.6 Hz, H-24, 25), 0.67 (3H, s,
H-26).

CHS-C8-GalNAc: ESI-MS m/z: 796.50 [M+
Na]". BC-NMR (100 MHz, pyridine-ds) J: 173.9
(C-37), 173.5 (C-28), 171.3 (C-7"), 140.4 (C-6), 123.2
(C-9), 93.3 (C-1"), 74.3 (C-2), 70.8 (C-4"), 69.9 (C-3"),
69.6 (C-5"), 65.7 (C-6"), 57.2 (C-14), 56.7 (C-15), 52.6
(C-2), 50.6 (C-7), 42.9 (C-21), 40.3 (C-12), 40.1
(C-22), 39.0 (C-4), 37.6 (C-3), 37.2 (C-5), 36.9
(C-20), 36.4 (C-18), 35.2 (C-29), 34.7 (C-36), 32.6
(C-10), 32.4 (C-8), 29.7 (C-32, 33), 29.7 (C-31, 34),
28.9 (C-16), 28.6 (C-23), 28.6 (C-1), 25.8 (C-30), 25.6
(C-35), 24.9 (C-17), 24.6 (C-21), 23.7 (C-8'), 23.4
(C-25), 23.1 (C-24), 21.7 (C-11), 19.8 (C-27), 19.4
(C-19), 12.4 (C-26); '"H-NMR (400 MHz, pyridine-ds)
9:5.99 (1H, d, J = 3.7 Hz, H-1'n), 5.43 (1H, d, J= 5.2
Hz, H-9), 5.33 (1H, m, H-1'B), 4.93 (1H, t, J = 4.9 Hz,
H-2), 491 (1H, d, J = 2.1 Hz, H-6'a), 4.90 (1H, s,
H-2"), 4.89 (1H, s, H-5'), 4.86 (1H, m, H-6'b), 4.64
(1H, d, J = 10.7 Hz, H-3'), 4.50 (1H, s, H-4"), 2.54
(2H, m, H-4), 2.41 (2H, t, J= 7.4 Hz, H-29), 2.33 (2H,
td, J = 1.6, 7.4, 7.3 Hz, H-36), 2.13 (3H, s, H-8'),
2.03~1.07 (38 H, m), 1.03 (3H, s, H-27), 0.99 (3H, d,

J=6.5Hz, H-19), 0.91 (6H, dd, J = 1.1, 6.6 Hz, H-24,
25),0.68 (3H, s, H-26).

CHS-C8-LA: ESI-MS m/z: 919.50 [M+Na]".
BC-NMR (100 MHz, pyridine-ds) d: 174.0 (C-37),
173.4 (C-28), 140.4 (C-6), 123.1 (C-9), 106.8 (C-1"),
85.3 (C-4'), 77.4 (C-5"), 75.6 (C-3"), 74.2 (C-2), 73.3
(C=2), 733 (C-2"),72.0 (C-5'), 70.7 (C-3"), 70.2
(C-4"), 67.1 (C-6), 642 (C-1), 62.2 (C-6"), 57.1
(C-14), 56.1 (C-15), 50.6 (C-7), 42.8 (C-4), 40.3
(C-13), 40.1 (C-12), 389 (C-22), 37.6 (C-3), 37.2
(C-5), 36.8 (C-20), 36.4 (C-18), 35.1 (C-29), 34.7
(C-36), 32.5 (C-10), 32.4 (C-8), 29.7 (C-31, 34), 29.6
(C-32, 33), 28.8 (C-1), 28.6 (C-16), 28.5 (C-23), 25.7
(C-30), 25.5 (C-35), 24.8 (C-17), 24.5 (C-21), 23.3
(C-25), 23.0 (C-24), 21.6 (C-11), 19.7 (C-27), 19.3
(C-19), 12.3 (C-26); 'H-NMR (400 MHz, pyridine-ds)
6:5.42 (IH, d, J = 42 Hz, H-9), 5.15 (1H, d, J = 7.8
Hz, H-1"), 491~4.82 (2H, m), 4.81~4.62 (4H, m),
459 (1H, t, J = 5.4 Hz), 4.54~4.28 (7H, m), 4.10
(1H, dd, J=9.4, 3.3 Hz), 4.04 (1H, t, J = 6.2 Hz), 2.54
(2H, t, J = 9.7 Hz, H-4), 241 (2H, t, J = 7.4 Hz,
H-29), 2.33 (2H, t, J = 7.5 Hz, H-36), 2.03~1.04
(38H, m), 1.02 (3H, s, H-19), 0.98 (3H, d, /= 6.4 Hz,
H-27), 0.90 (6H, d, J = 6.6 Hz, H-24, 25), 0.68 (3H, s,
H-26).

CHS-C8-Gal: ESI-MS m/z: 755.50 [M+Na]".
BC-NMR (100 MHz, pyridine-ds) J: 174.0 (C-37),
173.4 (C-28), 140.4 (C-6), 123.2 (C-9), 99.9 (C-1'B),
94.9 (C-1'a), 75.6 (C-3'B) 74.5 (C-5'B), 74.2 (C-2),
74.1 (C-2'B), 71.7 (C-4w), 71.5 (C-3'a), 71.3 (C-2'a),
70.8 (C-4'B), 69.6 (C-5'a), 65.6 (C-6'a), 65.5 (C-6'B),
57.2 (C-14), 56.8 (C-15), 50.7 (C-7), 42.9 (C-4), 40.3
(C-13), 40.1 (C-12), 39.0 (C-22), 37.6 (C-3), 37.2
(C-5), 36.9 (C-20), 36.4 (C-18), 35.2 (C-29), 34.8
(C-36), 32.6 (C-10), 32.4 (C-8), 29.7 (C-31, 34), 29.7
(C-32, 33), 28.9 (C-1), 28.6 (C-16), 28.6 (C-23), 25.8
(C-30), 25.8 (C-30), 25.6 (C-35), 24.9 (C-17), 24.6
(C-21), 23.4 (C-25), 23.1 (C-24), 21.7 (C-11), 19.8
(C-27), 19.4 (C-19), 12.4 (C-26); "H-NMR (400 MHz,
pyridine-ds) o: 5.99 (1H, d, J = 2.4 Hz, H-1'a), 5.43
(1H, m, H-9), 5.26 (1H, d, J = 7.6 Hz, H-1'B), 4.96
(1H, m, H-6'a), 4.92 (1H, d, J = 3.4 Hz, H-5'a), 4.89
(1H, m, H-2), 485 (1H, m, H-6'b), 470 (1H, m,
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H-2'a)), 4.69 (1H, m, H-4'a), 4.56 (1H, m, H-5'B), 4.53
(1H, d, J= 1.2 Hz, H-3'a), 442 (1H, dd, J = 1.0, 3.4
Hz, H-4'B), 4.22 (1H, d, J = 3.5 Hz, H-2'B), 4.20 (1H,
d, J = 3.3 Hz, H-3'B), 2.54 (2H, m, H-4), 2.41 (2H, t,
J = 7.5 Hz, H-29), 2.33 (2H, m, H-36), 2.03~1.06
(38H, m), 1.05 (3H, s, H-19),1.00 (3H, d, J = 6.5 Hz,
H-27), 0.92 (6H, dd, J = 1.2, 6.6 Hz, H-24, 25), 0.70
(3H, s, H-26).

2.2 BERIARIHIE RFRIE

221 PUEERBTARIGIES BT8R FNE A%
K6 B 32451520, % HSPC. CHS. DSPG-Na #%
—EWHNRA, WTE0H, BT 55 CKhe
RN, T BN EE LY l— 2R T,
BHTTRBATEIH (120, RGN
W (300 mmol/L) 7KK, 55 CZgHitE, WaE 1
h, )5 A& ER T 0.1. 0.05. 0.03 um FKR

PEMEE - 10 ok, BIAS2 IR . SR 54 2 B I Ak
it Sephadex G-50 #:Fx 2 A WEFIRER:, &/aN
A DOX ¥, 65 CH#E 1 h RIf34 DOX i@ fig
Jfifk (CLDOX). KH LRI E, TENRFM B4
AN — 7€ LB i) CHS-C8-GalNAc. CHS-C8-Gal.
CHS-C8-LA, 73715 21| 5] 85 2= € [7) i3 )i 44 : NGal-LP
DOX. Gal-LP DOX. LA-LP DOX.

222 JEFURKIAR N Zeta HEALIIE 2 HIEL iR
HE ARV 100 uL, FEBAKFRESE 2 mL, BE
157, RO G HU RLAR I 3O FRLAR 73 A Zeta
AL AW #8250 (polymer dispersity index,
PDD #4770 #r. SLRHEIEIIR R A Ls, KH
SPSS 22.0 GEit-E A AT 8 A, &L IR RLAS |
PDI I Zeta FEALII B L BRI T 220007 . 4550
*1.

223 JEFAGHENNE DOX & & XM HPLC

=1 BERIRARIE. PDI. Zeta BiI. BHELERE (X £s,n=3)

Table 1 Particle size, PDI, Zeta potential, encapsulation efficiency, and leakage rate of liposomes (X *s, n = 3)

N B AR FLfEmm PDI Zeta HLAi/mV B R/% 24 h BIRFE%
CL DOX 76.2740.294 0.04940.036 —5.4241.53 >99.0 <5.0
NGal-LP DOX 80.0640.56° 0.05340.021 —4.994+1312 >99.0 <5.0
Gal-LP DOX 85.0740.69 0.07040.024 —3.7140.222 >99.0 <5.0
LA-LP DOX 83.0541.39 0.060%0.010 —4.81+1.16° >99.0 <5.0

FZIA /NG TR R AR R A 2 AR ZEER (P<0.05), FFIMHFATFEERRRFRLAEAZ ATLEEXER (P>0.05)

Different letters in same column indicate that differences are significant at 0.05 level among different groups, same letters in same column indicate

differences are not significant at 0.05 level among different groups

P ER, %4y XBridge Peptide BEH Cig (250
mmX4.6 mm, 5 pm, Waters A &); s NH
fis- 2 S5 -7K-UKBE R (30 220 & 50 © 0.25); AFRGE
1.0 mL/min; KRR 470 nm, KGHEKN
580 nm. DAL R AN, #HFEE 10 uL, Wl
WETAR, WARETHEARE S DOX I8 & .

AT 55 2% i o A . 3 20 N s SR FH BB BB VALY, P AT
IR AR 0.4 mL 3 4y, 4372 1 mL ##iE
BOE LR, BMANEOHLHLL 6 000 r/min B0 30
min, 43 50 i R AR VR R TR SO IR R 2 IR TR
H DOX BT EIREE, THE PR & 2 DOX
i & ([DOXJww ) K K 3 ) DOX i &
([DOXJsuspernatant)s % F A X+ H G AR L3 %
NIAIF IR I DOX BETS 58 40id i e T
AW, FREGE & DOX ¥ T 7K il 453 5 DOX
IR ([DOXrotal free)s )T IR B NG T AR TR 2R
i DOX JREWREN 1%. K ik DOX EWINA 3

JEE LA 6 000 r/min 250> 30 min, BURE IR E
DOX #E ([DOXJiransmissivity)» 14 A 1HH DOX %
b2 25 B R HEE B O XTTF S DOX #i i o<
5%, RSD AN 1.58% (n=3), iiHBUEVER]HTF
B 2 IR R R 5

135 2 = ([DOX Jrotal — [DOX Jsuspernatant)/ [ DOX Jrotal

1% 1L % =[DOX Juransmissivity/ [DOX Jeotal free

B H=[DOX 24 h i etz [DOX sssiomn s ass i

Bl 25 25 M oA 2 e 28R F E Ay e el S
TR URIR B 0.2 mL 3 4y, 2 BI2E NiBNTES R,
SR, N 100 mL SRR ZE MR (pH 7.4)
B, P37 CHARHHE 24 ho TERLE IR [H] 8]
R EBCRE I g i A i b DOX i f ik i

B BB R OB R B R RN 1,

23 NEREA DOX BEMENHEFER
231 FEAMACERTTEE  IIRAE AR ZH SR i Tk
J3 98 R F SCHRARIE 1 7 BB R s o, Bk
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N HL0.8 mL #HPR OB (0.3 mol/L HCL) A
0.1 mL ZRLAFRFEW (5 ug/mL) JIAF] 0.1 mL I
K, HEAERS, TR 4 ClE 30 min, AJ5
10 000 r/min &0 5 min, B E3ETRGE S SORA 1%
“2.2.37 Wi R HEIE DOX & . A4 ShPid
Wa, WFKy, MERERE, RHSRER 2
SR ER KA, B 0.1 mL 451 30044 -
A 03R4 AL FE T VAR B

232 WETNEMLEEES kT e
LB 3, B3 AL, fELRIREIESAE T, DOX 5
NIRRABFERI T BERFE 20K, MRFMAL N
P B3 5 T

|

2 ERT SIS

‘ iﬁ%%
AT A \ \
N \ DOX |
| f
Fhmghts
| | DOX RILBH
| |
!
\ \
i ’t M
7—_7«;,‘} ‘\¥ ‘J‘J o
0 14 28 42 56T 70
t/min

B3 FFSReERMMEEERE HPLC B

Fig. 3 HPLC of liver homogenate sample and plasma
simple

Bz I, RN DOX X e &, ik
DOX FiEikEZ N 10, 8. 7. 5. 3. 1. 0.5 pg/mL
()L X B SRV, % “2.3.17 T IR i A 3
EERE, DL DOX 5 ARG I 2 AR (Ye),
3% DOX T S FE AR (XD, Ll it
25, BEIHGRE ¥3=0.001 7 X3—0.019 8, ~=
0.999 7. 45 KB, K+ DOX 7E 50~1 000 ng/mL
LMERRRLF

B EH A, %M DOX AR, Bid
fil% DOX FiEIKEA 104 8. 6+ 5. 3. 1 pg/mL
IS O BRI TR 4% “2.3.17 T 2R
WFREREAE, DL DOX 5 W FRIETTRA 2 HA AR FR
(Yo, HeHZH DOX i &Rk E R AL bR (X)), %4

HIbRAEMZE, 3R977FE Y.=0.001 7 X1.—0.045 4,
#=0.999 0. Z5HKH, AL+ DOX 7 100~
1 000 ng/mL 14K R R4f o
233 REEERLE 4 E “2327 TUR 104 5. 1
pg/mL 3 AN B IR BE A DOX L AN 50 2 800 1R
T % “2.3.17 TR J7 v & A S AT 4147
FESLIRIE DOX &, HEREE, 45 RSD
H<3% (n=6).
234 FEtEREE il “2.3.27 BR 10, 541
ng/mL 3 /N B R FE ) DOX L5 AN T 50 22 06 18 5y
T, i “2.3.17 TR 7 4 IR A4 41
FEd, 20 CORAF, ERTERENE, 45 RAEMTE
5d WEEEE (RSD<3%, n=5).
235 [EERE 4 “2.3.27 BUR 100 5.1
pg/mL 3 A5 B ) DOX L A0 50 S 000 1
T, T “2.3.17 TR 7k & IR A S AN 441
Fed, AN “23.37 BUNARAE RS &, 1HE
FCR SRR AR 3 R IR A [l iR A
99.3%~112.2% (RSD<2%, n=3), FFALkEH T
3 MREIRERECERTE 98.3%~110.0% (RSD<
2%, n=3)
24 DOX BERAENMREAAZEMAEL S
SMliy
2.4.1 SEIGERE HX 168 RU/NER, 452501 12 h 25
SEEOK, CKNRBENL N 4 4, R4 T (CL
DOX)- 2l 11(NGal-LP DOX)- £ 111 Gal-LP DOX).
4H IV(LA-LP DOXD. 5 A /N 4% 10 mg/kg 771 (LA
BRI B iv 4.

73 2R /N B o B — 2 T s T
25250 1 min 3 5F asialofetuin (50 mg/kg). B2 42
HUNBR 9 T4525)5 0.083. 0.25. 0.5, 0.75. 1.
1.5+ 2 h IR REEC 22 = AGHT EP &b, FEALSE,
s, BGO BF B . BSESSE . BUM 0.5 mL,
4000 r/min 50> 10 min, 2BUMKE, F-20 CHRAFE
Rl A RTZH 2O B AL BE e DOX 5 & I i 4%
“2.3.17 TN J7iAE
2.4.2 DOX [RFA23) 5% R 4 2355 A B 250k B -
WA phZE /MR JE iv CL DOX. NGal-LP DOX.
Gal-LP DOX /% LA-LP DOX Jii DOX ]34 .24k
JE-BF ] T 28 A0 DOX ~F- 347 JFF JUik 245 47k 58 - ik (1] it 2
DL 4. SEIOEPEIR RN X £5, KA SPSS 22.0
Gt A AT B AT, RS BCRA ¢ ke
5%, P<<0.05 FonEHEMHAIAKT. HLERET %,
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=X 80+ s 704 *%
| ——CL ??}; DOX 5 [] ® — asialofetuin
f; IJS?L_P b O)? fé 60 4 O+ asialofetuin
E 60, ——Gal-LP DOX B 50l
o = 40
= 40 e
l.% % 304
=
&) 201 &=
B 1o 10
o S
e RER

& 0
100
=+ CL DOX

o == NGal-LP DOX

3 LA-LP DOX
= 80

[hang

%

=

X 60

&

0

m\gﬂj

X 40

Bk

=

&=

o 20 :

i\\}?\ o

R »

0 30 60 90 120
t/min

E 4 /NEE iv CL DOX. NGal-LP DOX. Gal-LP DOX &
LA-LP DOX Jg DOX BRI MmZaikE-rEghLk (A) FF
YIRFRR AR E -ATEl iz (B) (X £5,n=3)
Fig. 4 Time course of concentration in blood (A) and
accumulation in liver (B) of CL DOX, Gal-LP DOX,
NGal-LP DOX, and LA-LP DOX after iv injection in mice
(X £s,n=3)
FXFT CL DOX, 3 FEC A1 (4 IR o7 4c 1fn 24 94 5
£ 45 min PSR T B, Ul B IR B DR AL
B, HIHERER NN IRy CL DOX <Gal-LP
DOX<LA-LP DOX<NGal-LP DOX. 5 it [F] i £ Fic
PR R i S5 AAAE R b DROs B AR, U B 17 g ot
PRAE MR T R, R P B, LSRG
FR N 5 B B R KN IR A R, RO
NGal-LP DOX>LA-LP DOX> Gal-LP DOX>CL
DOX.

DN IGAIE P PR S EROC A A2 i 60 I o A 1
T ASGPr /03 N ESWAFE, Tdesa il /N s
2457 1 min y3: 4% asialofetuin, #R /542 30 min f5 /)
ST IE DOX M RBUKSE, 48Rl 5. H4sRe]
K11, asialofetuin & 2 #1i] T FTHEXS NGal-LP DOX [
$EH (P<<0.01), TS HAth IR BT 440 S5 2 ik ROR

CLDOX NGal-LP DOX LA-LP DOX Gal-LP DOX

TR EE R (P<0.0D)
" extremely significant difference (P < 0.01)
5 NRE iv 475/ 30 min fTBE DOX RFUKE K 1 min
;£ 57 asialofetuin 5/ R iv 4475/ 30 min fFBE DOX B
FURE (X £s,n=3)
Fig. 5 Liver DOX accumulation of rats iv injection and
preinjection of asialofetuin 1 min before injection of
liposomal DOX after 30 min (X *s, n =3)

ULEAFFIEST NGal-LP DOX FI3FHUZ BT FFs2 i 4i
MR T ASGPr /3 N N F R4
3 it

R EFFCUERA , JH [ B 5 22U R 7 kA (C1-)
EBCI PR PENR B 20+ o F TS MR mi Ak, R
2 1 M A4 A I ) 35 R R 101832331 R /A Sk
fRIE P FUPEEE C-6 A7 5 1M [ BRI 1) AR AE S
W [ 2 32 2L 4355 A (ORI Fe 880 o TEARHIF 9T,
Wt R HE R IEE AR KA & BT — RV
P - E [ T4 ) A48} CHS-C8-LA . CHS-C8-Gal.
CHS-C8-GalNAc, FFRFTFIEREA BRSBTS
s LA /N B P D EF A v e

PEIRAEAE N Z AV AR B R S, A1 7 2
X Ik B PERR A A Re A3 B s — A B AR =) . Xt
alifl J5 B PC-NMR #HAT45 M %58, RII
CHS-C8-Gal. CHS-C8-GalNAc. CHS-C8-LA 1p#
AN C-6E 5N, aalh 6 63.34,
63.26. 64.87 F£ % 6 65.65. 65.68. 67.08, TMHAHAL
(1) C-5"Wml =3 5h, 43 MM 6 72.59. 72.48. 73.46
2% § 69.63. 69.56. 72.05. i@, FEHTHHIRE
B OB S R R (a-C) {55 RIA L
% (6 +2~+4), ERIEMIEK (B-C) 155 ML
¥ (6 -2~-6), MFIEEAFEISRI734, FIF X
AN, 58 Ba A S 82 R R AR AEREBE R 3 1Y) C-6'fL

ARSI A R P SRR g AR, FLRE S AT
ZE R R T HE AR 2, TR RS 8 0 ) % R
FHRFAARAMNZESRKIX o 38 I b 3 AR 544 5 B
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MG A RIAR . Zeta FEA A IS4G 1 g I35 44
(FPRLAZ A b 388 T AR XA 35 K (P<<0.05), A
RESE B TR T MR AR R i s 2538 I 1 41258 K
XHELEE, {H Zeta AR ZE K (P>0.05), X
HTE B AR ST s R, A2
LA i SR A P R T EEL P o R o PR e o P R 2 vk T
SEHL DOX a3 T g Ak 7K AH, s DOX IR
JRARAE R >99%, 24 h BIRE<5%, B DOX
PEIENNR AR N KARSG, 5 SO& 4 & T AT E
IR i B TR AR S, AT S 300 v 0 3 2R A vy
FaE e, X—45 R SCidE — 0, FSRRIR A
B A FLBR — 298 150 nm, 285 /MR U i
ik (<100 nm) 74 R i 32 R B 0 52 5 41
Jf36) A S SR FH TS 23 B v R 5t 021 % R I
WRIARIEG KRS (<90 nm), H kife 5 A A
(PDI<<0.1), B2 5) 4 FF 2 o 4 P B B3 i . i FL T
[tk Zeta HAEFEE Y, FA RO % RES
(reticuloendothelial system) Fifks, SEKARNTER
i, PR TS R

DOX ¥:# T HeFfA)5 (CL DOX), B
T DOX 7E/)N SRR AE R 13 87 B ], 2R
W, BRTAMERARALA N ER, BN
U AT T RE I, R R TE RS DOX BT
23R AR IRAR, 2 h IUE <20%HI48 257 A T
JERE . AH 4R BRI N — 52 Ll R R i ) )
DOX i JH M ML i B, IR B 2 e PR A2
CHS-C8-GalNAc &1 ) Jlg i 44, 45 min B L - A
T 5%H1255, 2 h &, R L&A 2] DOX,
MG EAEH DOX 43 Ak 2] 1 92%, Ui B VRS i
&N DOX K73 85 1 Bt X . Gal-LP DOX A1
LA-LP DOX 45%jJ5 2 h, FFlE DOX BF1Z5 &
AIEE]T 45%F1 66%, W3 =T CLDOX, {HEE
fi&F NGal-LP DOX, HHULHERT, 3 FhECAH ST 55 B
JIRE 25 A0 KM - CHS-C8-GalNAc > CHS-C8-
LA>CHS-C8-Gal.

SR 2 5% JFF R 1) Ao RS U0 P I T A A R 5%
IREEZHT ASGPr M S RAMBE I &
32, 2524570 1 min T3 4T asialofetuin SRIGAE .
Asialofetuin A& —Ff P JE I RS A, B RS A
PREEAS A JLA P FLE R, Rl IR 25 5 Bl 4 i 2=
[ ASGPr ATiR %A, FEANFFEE LM . Asialofetuin
AT gr RS ASGPr 114 - FUBERC A 4% 5 5
Y p A E 1820 I s m g, BFAEST NGal-LP

DOX FHHU L 56 2 4 ilyd: 59 1) asialofetuin Jfr41l
#] (P<<0.01), TfiX} Gal-LP DOX }¢ LA-LP DOX
2 2 AR RO

BT bRseIn g R, nrCUER: (D ASRE
FSCIRT 3 P CAAR 23 R 2 R v I O A LR SRR 1 2
i, RIS I HRALE IR R E C-6 fiI
(CHS-C8-Gal il CHS-C8-GalNAc) i # C-1 fi
[CHS-C8-LA, [Al LA [)&5%47y B-Gal (1—4) sorbitol,
Al LB TR LR C-1 B 1, xR I sE A 78
BFEHI . (2) L GalNAc 48k i BE Ao T )
FANREET Gal, X451 5 CERIRIE A
— g B, N 2 A TR T SR A AR
GalNAc HURALELE C-1 7, AT HEAR A E
1E C-6 fir, Xt MM BGE T EiRHERr (1) Friss
o (3) CHS-CS8-GalNAc Be A& 1 1 B A4 At = 2%
R T SE2 5 40 B B 1T ) ASGPr FIT IR 3 N &, 1X
5 Rensen ZE'HRIE 145 F—2, M LA Gal Fl lactitol
B S 7 BBCAAAE T I AR B oA ASGPr R,
Al AERE 1 5 — 24K GPr FIFR BT 45 & 3T KC
P 1371, 1t A S R 20 [ - e LSRR 45 K
Bl A& R ARt il 4 ASGPr 1R 591 i k20 A7 BT
SCTRARM . AR e ) S g SR B R IR, HERT e
LT ASGPr Ml GPr Pifh 32 (M 38 e 45 &
AR R DG, TR AR SR T L
IREER . LR O s E] HEFBS, R AR
AR /INUIB SR T Bty B ol D145 R R TS mT LA I
BRIV FUNEFE R AR RS2 AR s D7, (B
TR R R SEM, A BERE BRI
4 g

BT B RTPU IR 254 DOX A4 P TR ] 22 |
MLV MR, & RRIER R 8w, A0t
FUHI FH 52 o 4 6 3 T 2R 7 23 A ) ASGPr 938 A5
WA R IE I A BT 3 A [F R B 3L
BEIL-fH [ F¥ B 44 . CHS-C8-LA. CHS-C8-Gal. CHS-
C8-GalNAc; /NRAE A 23 5 AL 2R 03 A S e 45 2R
FeW . 3 FHECARIE ) DOX I J5i 74 241 AT 2 35 2 e
JEXT DOX MHEHCR ,, oA CHS-C8-GalNAc ¥ )
MR I TEST asialofetuin 1% ASGPr S
5%, JFMEA YT NGal-LP DOX f#5 Bk & 2 3],
Ut B NGal-LP DOX & i#id ASGPr /3 F 3N F
HZ B LRI . AT 7R BRI 15 A R I
] - UL -H [ BERC AR 7, B T2, =%
s SREIMREE A, A T ALRT 5.
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