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Selective drug delivery directly into a target organ can significantly 
reduce side effects on other cells and organs and maximize the 
therapeutic effect of the drug.1,2 Cell surface receptors are good 
candidates for selective drug delivery. Therefore, the use of ligands 
that specifically bind to the receptors of target organ cells is a 
promising approach.3–5 It is well known that liver cells have a high 
level of lectin expression, and lectins are capable of binding the 
terminal residues of d-galactose. Such specific proteins are named 
asialoglycoprotein receptors and galectins.6,7 The modification 
of nanoparticle surfaces by oligosaccharides and their derivatives 
promotes their targeting.8–11

Lipid-based nanoparticles are the most effective and non
toxic drug delivery systems due to their good biocompatibility 
and biodegradability and a wide range of opportunities for the 
modification of specific properties.12–15 Liposomes based on 
OrnOrnGlu(C16)2 were chosen previously as the most effective 
nucleic acid delivery system.16 In this work, we modified lipo
somes by neutral carbohydrates Lac(C16)2 1 and (Lac)7Lac(C16)2 

2 with terminal lactose derivatives. A high binding efficiency 
with the galactose-binding lectin Ricinus communis (RCA1) was 
demonstrated for such glycoconjugates.17

Carbohydrate derivatives with 10 wt% of lipid composition 
were added during the formation of a thin lipid film. The transfec
tion efficacy was measured using a luciferase test16 on a model 
of the non-specific cell line HEK293T and the specific human 
liver cell line HepG2 (Table 1).

It was shown that glycoconjugates in liposomes led to an 
almost fourfold increase in the transfection efficiency on HepG2 
cell line as compared with that of unmodified liposomes based 
on lipopeptide, while there was a decrease in the transfection 
efficiency of plasmid pGL3 by liposomes with carbohydrate 
derivatives on the non-specific cell line HEK293T (data not 
shown). This fact is very important in anti-hepatitis C drug 
design.

In addition, it was found that a branched lactose derivative 
reduced the transfection efficacy of liposome in comparison with 
that of a mono-carbohydrate derivative. This effect is due to the 
shielding of a liposomal surface by carbohydrate residues from 
interaction with nucleic acid and reduction of its compaction. 
The branched lactose derivative is characterized by a cluster 
effect,18,19 while its absence can be explained by the fact that a 
carbohydrate component is directly bonded to the hydrophobic 
component in glycoconjugates, and the monosaccharide groups 
are at a level of the polar heads of amphiphiles in liposomes. 
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A drug delivery system based on liposomes has been modified 
by targeted vectors based on a glycoconjugate, and the vector 
structure has been optimized. The glycoconjugate in liposomes 
almost fourfold increases the transfection efficiency of the 
delivery system in specific human liver cell line (HepG2) in 
comparison with that of unmodified lipopeptide-based lipo
somes.
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Table  1  Luciferase gene expression in HepG2 cells transfected by lipoplexes 
with 0.2 mg of pGL3 plasmid coding luciferase gene (N = 5).

Liposome  
composition

Luciferase gene expression  
on a control basis (%)

HEK293T cells HepG2 cells

OrnOrnGlu(C16)2   100 100
OrnOrnGlu(C16)2 + Lac(C16)2   70 ± 30 410 ± 30
OrnOrnGlu(C16)2 + (Lac)7Lac(C16)2   50 ± 25 150 ± 20

pGL3   0.1 ± 1   0.1 ± 1
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This location leads to difficulties in the specific interaction 
between a lectin active center and a glycosyl determinant. Never
theless, glycoconjugates in a lipoplex increase the transfection 
efficiency on the specific human liver cells HepG2, adding a 
necessary targeting function to liposomes. The transfection 
activity of the delivery system with Lac(C16)2 increases fourfold 
in comparison with that of unmodified liposomes.

An MTT test was conducted to compare the toxicity of glyco
conjugate-modified and unmodified liposomes. Lactose deriva
tives in liposomes did not lead to an increase in the cytotoxicity 
(Table 2).

The obtained data evidence the prospects of the developed 
delivery system based on liposomes with the carbohydrate vector 
as a targeted carrier to specific human liver cells (HepG2). This 
fact is promising for the development of methodologies toward 
the design of anti-hepatitis C drugs.
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Table  2  IC50 on HE293T cells for different liposome compositions.

Liposome composition IC50 /mg ml–1

OrnOrnGlu(C16)2 347.6 ± 38.3
OrnOrnGlu(C16)2 + Lac(C16)2 351.6 ± 39.9
OrnOrnGlu(C16)2 + (Lac)7Lac(C16)2 353.2 ± 42.6


