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The successfu l  use  of l iposomes  as conta iners  for  ta rge t ing  drugs  to affected organs  depends on the de -  
g r ee  of affinity of the  l iposomes  for  cel ls  of the t a r g e t  organ [2]. P r o g r e s s  in the d i rec t ion  of t r a n s p o r t  of 
l iposomes  has  been made through the incorpora t ion  of p ro te ins  p o s s e s s i n g  specif ic  affinity for  r e c e p t o r s  of t a r -  
get  cel ls  into the l iposomal  m e m b r a n e  [4]. In some  invest igat ions ,  in o rde r  to inc rease  the affinity of l iposomes ,  
ca rbohydra te -conta in ing  compounds a r e  incorpora ted  into that  m e m b r a n e  [3, 7]. 

Data on in te rac t ion  of l iposomes  composed of ovolecithin,  phospholipids,  and r a t  l iver  gangl iosides  and r a t  
hepatoeytes  in expe r imen t s  in v i t ro  a r e  descr ibed .  

E X P E R I M E N T A L  M E T H O D  

To obtain l iposomes  ovolecithin (from the Olaine Pha rmaceu t i c a l  Chemical  Fac tory) ,  choles te ro l  (from 
Sigma, USA), eho les te ry l - t4C-o lea te  (from A m e r s h a m  Corpora t ion ,  England), and total  phospholipid and gangl io-  
side f r ac t ions  of r a t  l iver ,  obtained by the method in [6], w e r e u s e d  to obtain l iposomes .  

L iposomes  were  p r e p a r e d  by the s tandard method [5], by making up solutions of phospholipids,  choles tero l ,  
and gangl ios ides  in the m o l a r  ra t io  of 7:3: 0.3. To introduce the rad ioac t ive  label  into the l iposomal  m e m b r a n e ,  
cho les te ry l - t4C-o lea te  was added to a mix ture  of l ipids (0.5 mg of l ipids in 1 ml  of buffer). 

To i so la te  r a t  hepatocytes  the method of two-s tage  per fus ion  of the l iver  with col lagenase  [8] was used. 
Cells  we re  seeded in medium RPMI-1640 containing 10% embryonic  calf  s e r u m ,  insulin (10 -6 M), hydrocor t i sone  
(10 .8 M), in wells  (S = 2 cm 2) of a p las t ic  cul ture  dish with a density of 1.25 �9 105 cm -2, and cul tured in an a t -  
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T A B L E  1. Uptake  of L i p o s o m e s  by H e p a t o -  

c y t e s  (amount  of  l a b e l  a s s o c i a t e d  wi th  c e l l s ,  
in  cpm;  M • m,  n = 4-6)  

Composition of liposomes Heparocytes 

Lecithin 
Lecithin + liver gangliosides 
Liver phospholipids 
Phospholipids +liver gangliosides 

673--+14 
705-+16 

1298• 
1514-+92 

TABLE 2. Effect of lodoacetamide on Uptake 
of Liposomes by Hepatoeytes {[(uptake 0 - 

uptakein_kib) / uptake 0] �9 100 % } 

Composition of liposomes Hepatocytes 

Lecithin 
Lecithin+ liver gangliosidea 
Liver phospholipids 
Phospholipids +liver gangliosides 

30,8 
51,8 
54,0 
75,7 

Legend. Uptake~ Uptake of liposomes by 
cells in absence of iodoacetamide, uptakeinhi b) 
uptake of liposomes by cells in response of 
iodoaeetamide, cells preineubated for 40 
rain at 37~ with iodoacetamide in concen-- 
tration of i00 pM. 

TABLE 3. Effect of Preincubation with 
Gangliosides on Uptake of Liposomes by 

Hepatocytes {[(uptake 0 - uptakeinhib). 
(uptake0)-i] �9 100%} 

Composition o f liposomes Hepatocytes 

Lecithin 
Lecithin + liver gangliosides 
Liver phospholipids 
Phospholipids + liver gangliosides 

22,2 
21,5 
39,7 
59,9 

Legend. Uptake 0) Uptake of liposomes by 
cells in absence of gangliosides, uptakeinhi b) 
uptake of liposomes by cells in presence of 
gangliosides; cells incubated with 25 ~g of 
gangliosides at 37~ for 40 rain. 

mosphere of 5% CO 2 + 95% air at 37~ Experiments were carried out on a cell monolayer after culture for 48 h. 
To each well, containing 0.5 ml of the above medium without serum, 20 #l (8 �9 104 cprn of cholestery!-i4C-oleate) 
of liposomes was added. After incubation at 37~ for 1 11 the unbound liposomes were removed by washing the 
cells three times with physiological saline. Cells with bound liposomes were transferred to scintillation flasks 
containing dioxan scintillator and counted on a Rack-Beta 1215 counter (LKB, Sweden). 

EXPERIMENTAL RESULTS 

To determine the effect of the phospholipid and ganglioside composition of the liposomal membranes on 
their interaction with the target cells binding of liposomes made from lecithin, lecithin with liver gangliosides 
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or liver phospholipids, and also from phospholipids and rat liver gangliosides with hepatocytes in a monolayer 
were investigated. Table 1 shows that liposomes whose phospholipid basis consisted of total liver phospholipids 
were bound significantly more than lecithin liposomes. Gangliosides have virtually no effect o11 uptake of lecithin 
liposomes by hepatocytes. Gangliosides added to liver phospholipid liposomes significantly increased affinity 
of the l iposomes  for  hepatocytes .  Di f ferences  in the effects  of gangl ios ides  on l iposomes  made f r o m  lecithin 
and l ive r  phospholipids were  evidently due to d i f fe rences  in the degree  of the i r  inser t ion  into the l iposomal  m e m -  
brane  and d i f fe rences  in exposure  of the ca rbohydra te  r e s idues  on the sur face  of these  l iposomes  [7]. 

The abili ty of l iposomes  to pene t ra te  inside cel ls  by endocytosis  has  been demons t ra ted  by seve ra l  in-  
ves t igat ions  [1, 9]. 

During in terac t ion  between l iposomes  and cells ,  bes ides  endocytosis ,  adsorpt ion of the l iposomes  on the 
cell  sur face ,  the i r  fusion with the cell  m e m b r a n e ,  and exchange of l ipids between l iposomes  and ce l l s  a lso  take 
place .  To study the contr ibution of act ive  endocytosis  to the total  uptake of l iposomes  by hepatoeytes ,  the effect  
of glyeolyt ic  inhibi tor  of endocytosis ,  iodoaeetamide,  on binding of l iposomes  with hepatocytes  was studied. 
Table  2 gives  values  ref lec t ing  the contribution of endocytosis  to total  uptake of l iposomes  by the cel ls .  Endo- 
cytos is  of I iposomes  was l eas t  marked  in the case  of lecithin l iposomes .  Addition of ga~ngliosides to lecithin 
l iposomes  inc reased  endocytosis  a l i t t le.  The g r e a t e s t  contr ibution of endocytosis  to uptake of l iposomes  by 
hepa tocytes  was found in the case  of l iposomes  f rom l iver  phospholipids and gangl ios ides .  Endocytosis  is known 
to be p receded  by "recogni t ion"  of l iposomes  on the cell su r face .  It  can be postulated that  gangl iosides  faci l i ta te  
this  ~recognit ion." This  p r o c e s s  can be seen  m o s t  c lea r ly  for  l iposomes  with lipid composi t ion s im i l a r  to that  
of the cel ls .  

To de t e rmine  the role  of gangl iosides  in in terac t ion  beWceen l iposomes  and cel ls  the effect  of p r e - i n c u b a -  
t ion of the ce l l s  with gangl ios ides  on binding of l iposomes  with hepatoeytes  was invest igated.  It  will be c lea r  
f r o m  Table 3 that  inhibition of uptake of l iposome~ by the ce l l s  was  g r e a t e s t  in the case  of in terac t ion  between 
l iposomes  f r o m  l iver  phospholipids and gangl ios ides  and hepatocytes .  The effect  of gangl ios ides  on in terac t ion  
of l iposomes  f r o m  l ive r  phosphol ipids  with hepa toey tes  was  r a t h e r  weaker .  In the remain ing  cases ,  gangl io-  
s ides  had a negl igible  effect.  The act ion of gangl ios ides  thus exhibited g r e a t e s t  specif ic i ty  during in terac t ion  
between liposomes and cells with similar lipid composition. 

These data show that binding of liposomes with cells is determined by the phospholipid and glycolipid com- 
position of the liposomes; affinity of liposomes for an organ, moreover, can be enhanced by creating liposomes 
with lipid composition similar to that of the target cells. 
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