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Lipid derivative of sarcolysin obtained by condensation of sarcolysin with dioleoylglycerol 
is well retained in the liposome membrane due to high hydrophobic activity exhibits a 
higher cytotoxic activity than sarcolysin in vitro (CaOv cells) and a much higher antitumor 
activity in vivo (P388 leukemia). Further increase in the efficacy of the lipid derivative in 
vivo is attained by incorporating a carbohydrate vector in the liposomal membrane.  
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The tissue distribution, pharmacokinetics, and mem- 
brane transport of  antitumor drugs can be modified 
by liposomes. This method is not widely applied in 
clinical practice [5,9]. Water-soluble compounds 
have been used for this purpose; they are encapsu- 
lated into liposomes, which requires special methods 
of preparation and hampers the use of such agents. 
Moreover, a considerable portion of the drug may 
be released in the extracellular space during fusion 
of the tiposome with the cell [5], thus abating the 
therapeutic effect. 

Introduction of antibodies to specific tumor anti- 
gens in liposomal membrane through a lipid anchor 
seems a promising way to improve the efficacy of 
targeted delivery of liposomes to tumor ceils [8]. The 
obvious shortcomings of this method are the need in 
antibodies, which are difficult and expensive to ob- 
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tain, and a high probability of immune response to 
the antibodies. 

Attempts to overcome these difficulties by trans- 
forming the cytostatics in lipid derivatives insoluble 
in aqueous media but capable of  integrating in the 
bilayer liposomal membrane have been made. When 
the liposomes fuse with cells, the cytostatic lipid 
derivative incorporates in the plasma membrane,  
enters the cell, and after cleavage by enzymes (este- 
rases or phosphatases --  according to the type of the 
derivative) releases the initial substance [3,4]. 

Recent studies showed that tumor cells express 
glycoprotein molecules on their surface. These glyco- 
proteins were named lectins; they specifically bind 
to certain mono- or oligosaccharides and are few or 
absent on the surface of normal cells [6]. Thus, it 
can be suggested that modification of liposomal mem- 
brane with carbohydrate vectors can increase their 
tropism to tumor. 

The aim of this study was to compare the cyto- 
toxic and antitumor activities of liposomes containing 
sarcolysin lipid derivative (SLD) and to assess the 
possibility of  increasing these activities with two 
simple vectors carrying CZ-L-fucose (Ct-L-Fuc) and N- 
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TABLE 1. Cytotoxic Activity of Sarcolysin-Containing Compounds 
for CaOv Cell Culture 

Compound 

Sarcotysin 

Liposomes (empty)* 

Liposomes with vector* 

Liposomes with SLD 

Liposomes with SLD 
and vector 

Sarcolysin 
concentration, 

M 

5x10 -s 

5x10 -8 

5x10 -7 

5x10 -s 

5x104 

5x10 -7 

5x10 -5 

5x10  ~ 

5x10 -7 

5x10 -s 

5x10 -6 

5x10 -7 

5x10 -s 

5x10  -~ 

5x10 -7 

Inhibition 
of 3H-thymidine 
incorporation in 
CaOv cells, % 

80±12 

26±4 

5±1 

13±2 

6±1 

0 

14±2 

7±1 

3±1 

90±14 

71±10 

24±4 

91±14 

66±9 

12±2 

Note. *The preparations were added to culture medium in the same 
concentration (by total lipids) as the SLD-containing liposomes. 

acetyl-13-D-galactosamine residues as ligands for tumor 
lectins. 

RESULTS 

Table 1 shows that incubation of CaOv cells in me- 
dium with 5x104 M sarcolysin resulted in 80% in- 
hibition of 3H-thymidine incorporation. In lower 
concentrations sarcolysin was inactive. 

Free liposomes and liposomes modified with ct- 
L-Fuc-containing vector were similarly inactive. Lipo- 
somes containing SLD showed relevant activity at 
sarcolysin concentrations lower by an order of mag- 
nitude. 

SLD-containing liposomes with sarcolysin con- 
centrations of 5x10 -6 M inhibited the incorporation 
of 3H-thymidine by CaOv cells by 71%, whereas the 
same concentration of free sarcoiysin was ineffective. 

It is noteworthy that further modification of 
liposomes with a-L-Fuc-containing vector did not 
alter their cytotoxic effect. 

An increase in cytotoxic activity of SLD in lipo- 
somes was confirmed in vivo. Table 2 shows that 
sarcolysin in a dose of 7.0 mg/kg injected twice at a 
72-h interval prolonged the mean life-span of mice 
with experimental leukemia by 113%. Free liposomes 
were ineffective. On the other hand, liposomes con- 
taining SLD in sarcolysin equimolar concentration 
were characterized by more pronounced antitumor 
activity. 

SLD in liposomes additionally modified with car- 
bohydrate vectors still more intensely inhibited the 
development of experimental leukemia. The mean life- 

MATERIALS AND METHODS 

SLD is a sarcolysin esterified with 1,2-dioleoyl- 
gtycerol residue. Lipophilic carbohydrate vectors are 
the conjugates of saccharides (15 mol/dl) and phos- 
phatidylethanolamine (15 mol/dl) with polyacryl- 
amide matrix (about 40 kD) [7] with C~-L-fucose 
(vector 1) and N-acetyl-p-D-galactosamine (vector 2). 

Liposomes consisting of egg phosphatidylcholine, 
phosphatidylglycerol, cholesterol, and c~-tocopherol 
in molar ratio of 97:8:37:1, to which 10 mol/dl of 
SLD was added, were prepared by ultrasonic treat- 
ment, followed by adding about 0.014 mol/dl the 
vector. The concentration of SLD in the final sus- 
pension was 0.44 mM. 

The cytotoxic activity of compounds was routinely 
tested in human ovarian carcinoma cell culture (CaOv 
strain) [ 1]. 

Antitumor activity was assessed from the pro- 
longation of the mean life-span of BDF1 mice with 
experimental P388 leukemia after intraperitoneal 
injection of the tested agents in doses of 7.0, 3.5, 
and 0.7 mg/kg 48 h after transplantation of leukemia 
ceils and repeatedly after 72 h [2]. 

TABLE 2. Effect of SLD-Containing Liposomes on the Life-Span of 
BDF1 Mice with Experimental P388 Leukemia 

Drug 

Sarcolysin 

Liposomes (empty) 

Liposomes with SLD 

Liposomes with SLD 
and vector t 

Liposomes with SLD 
and vector 2 

Treatment i Sarcolysin 
protocol, I dose, 
ml/72hX2 mg/kg 

1.0 7.0 

0.5 3.5 

0.1 O.7 

1.0 

0.5 

0.1 

1.0 7.0 

0 5  3,5 

0.1 0.7 

1.0 7.0 

Prolonga- 
tion of life- 

span, % 

113 

40 

20 

3 

23 

! 10 
[ 
[ 163 

l oo  

40 

213 

0,5 

0.1 

1.0 

0.5 

0.1 

3 5  133 

0.7 47 

7.0 243 

3-5 147 

0.7 I 30 
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span of animals injected SLD in liposomes additionally 
modified with N-acetyl-[3-D-galactosamine-containing 
vector was 243% longer than in the control. 

Our results indicate that SLD incorporated in 
liposomal membrane exhibits a much higher anti- 
tumor activity than that of  intact sarcolysin. Further 
modification of  SLD-containing liposomes with car- 
bohydrate vectors increases their activity. 

Fucose and gatactosamine derivatives were used 
for Iiposome modification as agents presumably affine 
for lectins of a wide spectrum of tumors. We used 
these carbohydrates to modify liposomal membranes 
but did not clear out the specificity of  tumor cell 
binding to membranes. At the same time, the speci- 
ficity of  the interaction appears to be as real as the 
relationship between the effect and the vector affinity 
to tumor cell plasma membrane. 

At present, we search for the optimal vector to 
attain the potentially possible tropism of liposomes 

to tumor cells and study the antitumor activity of  
new agents. 
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