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Recently we reported that serum contains opsonins specific for hepatic and splenic phagocytic cells and that these 
opsonins have different properties and affinities for cholesterol-rich and cholesterol-free egg phosphatidylcholine 
liposomes (Moghimi, S.M. and Patel, H.M. (1988) FEllS Lett. 233,143-147). in the present report we investigate the 
affinity of these opsonins for #he Iiposomes prepared from sphingomyelin and saturated phospholipids, as measured by 
their effect on the uptake of these liposemes by hepatic and splenic phagocytic cells. Results presented here suggest that 
neither liver- nor spleen-specific opsonins have affinity for sphingomyelin or saturated phospholipid liposomes since 
serum fails to enhance their uptake in liver or splenic cells. On the contrary, these liposomes attract serum dysepsonins 
which inhibit their uptake by liver cells. Inclusion of cholesterol in these liposome preparations enhances their uptake in 
splenic cells but not in liver cells. It is suggested that fluidity and hydro~hobicity of liposomal membranes play an 
important role in attracting the right opsonins which determine their phagocytic fate. 

Liposomes containing cholesterol prepared from 
sphingo;,~yelin and saturated phosphohpids such as di- 
myristoyl/phosphat~dylcholine, dipalmitoyl/phospha- 
tidylcholine and distearoyl/phosphatidylcholine, when 
injected intravenously, have an extremely long half-life 
in the circulation [1-3]. These liposomes are less suscep- 
tible to destruction by serum components [3,4] and 
hence it is suggested that their stability in the circula- 
tion contributes to their long half-life. However, the 
clearance of liposomes from the blood by phagocytic 
cells of the organs of the reticuloendothelial system 
(RES) may be the major factor in determining their 
half-life [5,6] and hence it is important to investigate the 
reasons for the slow uptake of these liposomes by 
phagocytic cells. 

The clearance of liposomes from the circulation by 
the RES depends on several factors such as the physical 
and chemical properties of liposomes and serum com- 
ponents associated onto the surface of liposomes in the 
circulation. Various investigators [7-10] have examined 
the possible involvement of serum opsonins in phago- 
cytosis of liposomes by macrophages from the same 
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animal species, both in vitro and in vivo. Some of these 
studies [8-10] failed to demonstrate the opsonic effect 
of serum on uptake of liposomes by macrophages and 
yet these authors [8,10] speculated the possible role of 
opsonins in enhancing the uptake of liposomes by mac- 
rophages. Recently we have for the first time demon- 
strated [11,12] the presence of tissue-specific opsonins 
in serum which exhibit a different affinity for 
c~olesterol-poor and cholesterol-rich liposomes. This 
suggests that the failure of the earlier attempts [8-10] to 
demonstrate the opsonic effect of serum on phago- 
cytosis of liposomes by macrophages may possibly be 
attributed to the different affinity of these opsonins for 
liposomes prepared from various phospholipids used in 
these studies. Hence in this report we examine the role 
of serum opsonins on the uptake of liposomes prepared 
from saturated and unsaturated phospholipids by rat 
liver and spleen phagocytic cells. 

Negatively charged multilamellar vesicles (containing 
1251-labelled iodinated polyvinylpyrrolidone Q2SI-PVP) 
or inulin-[14C]carboxylic acid) were prepared as previ- 
ously described [5,11] from a mixture of various phos- 
pholipids, cholesterol and dicetyl phosphate (DCP) in a 
molar ratio of 7 : 0 : 1 for cholesterol-free, 7 : 2 : 1 for 
cholesterol-poor or 7 : 7 : 1 for cholesterol-rich lipo- 
seines. Hepatic non-parenchymal cells containing pre- 
dominantly endothelial and Kupffer cells and splenic 
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TABLE I 

Interaction of negatively charged saturated and unsaturated phosphohpid 
liposomes with liver non.parenchymal cells in the absence and presence of 
serum 

For experimental details see Ref. ll. A and U are separate experi- 
ments. 

Liposome composition % of initial :zSI-PVP 

control serum 

(A) Chol-free liposomes (i.e. O real% Chol) 
PC:DCP 13.4±0.7 10.3±0.1 
SM : DCP 0.6 ±0.1 0.3 _+0.1 
DMPC: DCP 1.2±0.2 0.2_+0.1 
DPPC : DCP 2.7±0.3 0.1 ±0.1 
DSPC: DCP 13.0±0.2 0.2±0.1 

(n) Chol-poor liposomes (i.e. 20 mol% Chol) 
PC: Chol: DCP 1.4 ± 0.3 4.1 _+ 1.0 
SM:ChoI: DCP 0.6±0.1 <0.1 
DMPC : Chol : DCP l.l ±0.3 < 0.1 

385 

TABLE II 

Interaction of negatively charged saturated and unsaturated phospholipid 
liposomes with .splenic phago¢Ttes in the absence and presence o[ serum 

Liposome composition % of initial t25 I-PVP 

(A) Chol-free liposomes (7 : l. mole ratio) 
PC: DCP 6.5 ±0.2 3.4_+0.1 
SM : DCP 1.7 ±0.6 1.4+0.3 
DPPC: DCP 0.9±0.1 1.0_+ 0.l 

(B) Chol-poor liposomes (7 : 2 : l, mole ratio) 
PC : Chol : DC P 2.0 ± 0.2 4.4 + 0.8 
SM : Chol : DCP 0.2 +, 0.1 0.6_+ 0.1 
DPPC : Chol : DCP 0.4 +, 0.1 0.9 +_ 0.1 

(C) Chol-rich liposomes ( 7 : 7 : 1. mole ratio) 
PC : Chol : DCP 1.5 ±0.2 I3A _+ 0.1 
SM : Chol : DCP 0.3 _+ 0.l 2.2 ± 0.2 
DPPC : Chol : DCP O.6 _+ 0.1 3.9 ± 0.1 

whi te  cells were p repared  f rom male  CFY rats and  
incubated  with l iposomes at  3 7 0 C  in the presence and  
absence  of  serum, as described earlier [ l l l .  For  the 
reasons  described elsewhere [12], each incubat ion was  
pe r fo rmed  in triplicate and  each exper iment  was  re- 
pea ted  three t imes and  the results of  a typical experi- 
m e n t  expressing the uptake  of  t25I-PVP or  [14C]inulin 
radioact ivi ty  are  presented as means  + S.E. The  a m o u n t  
o f  l iposomes adsorbed on the surface of  the cells was 
measured  at 4 o C  and  by trypsin±sat±on of  the cells 
incubated  a t  3 7 ° C  in the presence of  l iposomes and  
serum,  as described earl ier  [11]. 

The  results in Tab le  I show that  in the absence of  
se rum l iposomes prepared  f rom sphingomyefin (SM) 
interact  poor ly  with liver cells, while substi tution of  SM 
with egg phosphat idylchofine (PC) considerably in- 
creases  their  interact ion with these cells, at  3 7 ° C .  in the 
absence  o f  se rum the interact ion of  sa turated phospho-  
lipid l iposomes with fiver cells increases with an  in- 
crease in the  chain length of  phospbol ipid  used. The  
inclusion o f  25% serum in the incubat ion reduces the 

uptake  of  all prepara t ions  of  l iposomes by liver cells 
and this effect of  serum is much  more  pronounc?d  with 
the saturated than  unsa tura ted  phospholipid (Table  IA). 
Incorporat ion of  20 real% cholesterol in SM, D M P C  
and PC l iposomes does not m a k e  a significant dif- 
ference to the interact ion of  SM and  D M P C  l iposomes 
with liver cells in the absence of  serum (Table  IB), but  
serum reduces the up take  of  SM and D M P C  to less 
than 0.1%, whereas  it enhances  the uptake  of  PC lipo- 
somes  by 3-fold as compared  to that  in the presence of  
serum. 

Splenic phagocytic  cells respond differently to liver 
cells in handl ing SM and  DPPC l iposomes in the pres- 
ence of  serum (see Tab le  I!). For  example,  the uptake  of  
the en t rapped  1251-PVP f rom SM and D P P C  l iposomes 
is very  similar in the presence and  absence of  serum. 
Incorpora t ion  of  cholesterol into these l iposomes re- 
duces their uptake  in the absence of  serum. Serum 
enhances  the uptake  of  cholesterol-containing lipo- 
somes, part icularly that  of  cholesterol-rich liposomes, 
For  example,  inclusion of  20 real% cholesterol into SM, 
and  D P P C  liposomes enhances  their uptake  by 2- to 

TABLE lit 

Interaction of double-labelled saturated and unsaturated phospholipid liposomes with liver and spleen phagocytes in the absence and and presence of 

Liposome composition % of initial radioactivity 
control serum 

{3Hlcholesterol [t4Clinufin [ 3 Hlcholesterol [t4 Clinulin 

(A) Liver cells (7: 2:1, mole ratio) 
PC: Chol : DCP 14.2 ± 0.7 
SM : Chol : DCP 0.7+0.4 
DMPC: Chol: DCP 2.7 ± 0.1 

(B) Spleen cells (7: 7:1, mole ratio) 
PC:ChoI: DCP 8.5±0.5 
DMPC: Chol: DCP 5.5 ± 0.1 

4.2±0.2 8.6±0.8 7.3±l.0 
~2±0.02 0.3±0.1 <O.l 
1.1±0.2 1.3+,0.1 1.3±0.1 

2.0±~2 13.6±0.41 11.7±0.3 
0.5±0.1 6.9±0.1 7.2±0.2 
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3-fold but 46.6 mol% cholesterol enhances their uptake 
by 6- to 7-fold as compared to their uptake in the 
absence of serum (see Table II). 

The possible mechanism of interaction of liposomes 
with liver and spleen cells was examined by using 
double-labelled liposomes with [3H]cholesterol as a 
membrane marker and [14C]inulin as an aqueous marker. 
The amount of the lipid marker [3H]cholesterol associ- 
ated with the cells in the absence of serum is greater 
than that of an aqueous marker [14C]inulin entrapped in 
DMPC and PC liposomes (Table 11I). This suggests that 
a few intact liposomes are absorbed on the surface of 
liposomes but a large amount of [3H]cholesterol is 
exchanged with plasma membrane [15], whereas in the 
presence of serum, the mechanism of interaction is 
different since the ratio of the two markers is close to 1, 
indicating that in the presence of serum, [3H]cholesterol 
exchanged is minimal and most of the intact liposo'nes 
are associated with the cells, with serum components 
making a bridge between liposomes and the cell. 

In vitro, in the absence of serum, liposomes may be 
taken up by hepatic and splenic phagocytic cells either 
by fusion or by endocytosis [13,15]. Both of these mech- 
anisms involve direct interaction of the liposomal mem- 
brane with the plasma membrane of the cells. However, 
in the presence of serum the mode of interaction of 
liposomes with the cells is different since their interac- 
tion will be mediated via serum components associated 
on the surface of liposomes (see Table III). The serum 
components may be opsonins which may stimulate or 
dysopsonins which will suppress phagocytosis of lipo- 
somes by liver and spleen macrophages. Binding of the 
opsonins onto the liposome surface may depend on the 
chemical and physical properties of liposomes and these 
properties can be manipulated by selecting the lipid 
composition and phospholipids of the vesicles [16]. For 
example the opsonin(s) specific for liver phagocytic cells 
have a poor affinity for cholesterol-rich liposomes, 
probably due to the rigidity of these liposomal mem- 
brane [11]. Sphingomyelin (SM) liposomes are less fluid 
than PC liposomes at the incubation temperature of 
37°C  [16], and this may explain the fact that no en- 
hancement in the uptake of SM liposomes is observed 
in the presence of serum, since the liver-specific opsonins 
may not associated with the less fluid SM liposomes. 
Perhaps other serum components which may act as 
dysopsonins may absorb on the surface of such lipo- 
somes and inhibit their uptake. Similarly, the liver- 
specific opsonins have no affinity for 'solid'  saturated 
phospholipid liposomes, DMPC, DPPC and DSPC, 
since no enhancement in their uptake by liver cells is 
observed in the presence of serum. However, the rigidity 
of DPPC and DSPC liposomes can be reduced by 
incorporation of cholesterol into the preparation [17,18], 
but there is no evidence of serum stimulating the uptake 
of DFPC vesicles containing 46.6 too!% cholesterol by 

liver cells. This probably suggests that the fluidity of the 
membrane may not be the only factor that regulates the 
binding of the liver-specific opsonin onto the liposomal 
surface. Properties such as hydrophobicity of the phos- 
pholipid may also play an important role in attracting 
the right serum protein or other components. 

The opsonin(s) for splenic phagocytic cells is differ- 
ent from that for Kupffer cells [11,12]. Our results show 
that spleen-specific opsonins like those of liver have no 
affinity to bind on the surface of SM or saturated 
phospholipid liposomes, perhaps due to the different 
properties of these phospholipids as compared to those 
of unsaturated PC liposomes, but  unlike its effect on 
liver cells, serum does not inhibit the uptake of these 
vesicles by the spleen cells. This suggest that serum 
components which may act as dysopsonins and inhibit 
the uptake of SM and saturated phospholipid vesicles 
by liver cells have no effect on the uptake of these 
liposomes by splenic cells. However, serum enhances 
the uptake of cholesterol-containing liposomes, particu- 
larly cholesterol-rich (i.e., 46.6 tool% cholesterol con- 
tent) liposomes, despite their phospholipid composition. 
This suggests that by increasing the hydrophobicity of 
the liposomal membrane by inclusion of cholesterol 
perhaps spleen-specific opsonin(s) can be attracted to 
these liposomes, resulting in enhancement in their up- 
take by spleen cells. 

In conclusion, our results explain why the early at- 
tempts to show the opsonic effect by serum on SM and 
saturated phospholipid liposomes were not ~uccessful 
[8-10]. It appears that liver- and spleen-specific opsonins 
do not have an affinity for these liposomes and hence 
they are not readily phagocytosed by liver and spleen 
cells in the presence of serum. On the contrary, these 
liposomes attract some serum components which act as 
dysopsonins and inhibit their phagocytosis by liver cells. 
However, these dysopsonins [5] have no effect on the 
uptake of liposomes by spleen cells. We have charac- 
terised some of the properties of liver and spleen specific 
opsonins [12] and experiments are in progress to purify 
these opsonins. 

References 

I Senior, J. and Gregoriadis, G. (1980) FEBS LeU. 118, 43-46. 
2 EIlens. H., Morselt, H. and Scherphof. G. (1981) Biochim. Bio- 

phys. Acta 674, 10-18. 
3 Senior, J. and Gregoriadis. G. (1982) Life Sci. 30, 2123-2136. 
4 Gregoriadis, G.. Kirby. C. and Senior, J. (1983) Biol. Cell 47, 

11-18. 
5 Patel. H.M., TuzeL N.S. and Ryman. B.E. (1983) Biochem. Bio- 

phys. Acta 761. 142-151. 
6 Dave, J. and Patel, H.M. (1986) Biochim. Biophys. Acta 888, 

184-190. 
7 Tyrrell, D.A., Richardson, V.J. and Ryman, B.E. (1977) Biochim. 

Biophys. Acta 497, 469-480. 
S Juliano, R.L. (1982) in Targeting of Drugs, Series A. Life Sciences, 

Vol. 47 (Gregoriadis. G., Senior, J. and Trouet, A.. eds), pp. 
285-3~cuJ~, Plenum Press, New York. 



9 Dijkstm, J.. Van Galen. W.J.M.. Hulstaest, C.E., KMicharan. D., 
Roerdink, F.H. and Seherphof, G.L. (1984) Exp. Cell Res. 150, 
161-176. 

10 Ellen, H., Mayhew, E. and Rustum, Y.M. (1982) Biochim. Bio- 
phys. Acta 714. 479-485. 

II  Moghimi, S.M. and Patel. H.M. (1988) FEBS Lett. 233, 143-147. 
12 Moghimi, S.M. and Patel, H.M, (1989) Biochim. Biophys. Acta 

984, 379-383. 
13 Pagano, R.E. and Takeichi, M. (1977) J C¢11. Biol. 74, 531-546. 
14 Kirby, C. and Gregodadis. G. (1981) Biochem. J. 14-4. 251-254. 

3 8 7  

15 Pagano, R.E.. Schroit, A.J. and Stark. D.K. (19811 in Liposomes. 
From Physical Structure to Therapeutic Application (Knight, (3., 
ed.L pp. 323-246. Elsevier/North-Holland Biomedical Press. 
Amsterdam. 

16 Szoka. F. and Papahadjopoulos. D. (19811 in Liposomes. From 
Physical Structure to Therapeutic Application (Knight. G.. ed). 
pp. 51-77. Elsevier/North-Holland Biomedical Press. Amsterdam. 

17 [noue. K. (1974) Biochim. Biophys. Acta 339. 390-402. 
18 Demel. R.A.. Jansen. J.W.C.M.. Van Dijck. P.W.M. and Van 

Deenen, LL.M. (19771 Biochim. Biophys. Acta 465. 1-10. 


