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Liposomes have been intensively studied in recent  yea r s  as a new therapeutic form and a tool for biologi- 
cal r e sea rch  [11]. The most hepeful prospects  are offered by the use of l iposomes for directional t ranspor t  of 
drugs [6]. The wide possibil i t ies for choice of size,  s t ructure ,  and membrane  composition of the ves ic les  p ro -  
vide ample scope for the search  for optimal solutions to this complex problem. 

One of the most important tasks  in directional  t ranspor t  of l iposomes is making thei r  uptake by nonphago- 
cytic cells more  effective. This can be done in various ways, using affinity pairs  on the contacting membranes  
as the model: an t igen-ant ibody [7], h o r m o n e - r e c e p t o r  [4], l ec t in -g lycol ip id  [13]. Manipulations of this kind 
are aimed p r imar i ly  at making more  effective contact between l iposomes and cells.  However, a simple in- 
c rease  in the binding of ves ic les  with the cell surface is insufficient to ensure intracel lular  placing of the drugs.  
This requi res  taking account of the mechanism of interaction between l iposomes and the cell. Among these 
mechanisms,  some of the most important are stable adsorption, diffusion of the internal contents of the ad- 
sorbed l iposomes,  endocytosis,  and fusion of the contacting membranes  [3]. 

The use of a fusion mechanism is the most promising method for  cells with weak endocytosis .  

One possible way of making more effective contact and subsequent fusion of l iposomes with target  cells 
may be by ensuring s imi lar i ty  of s t ructura l  charac te r i s t i c s  of the contacting membranes  [5]. Two arguments  
at least can be advanced in support of this view: f irst ,  general  ideas on part icipation of th ree-d imens iona l  
s t ruc tures  of carbohydrate  components of cell membrane  glycolipids in p rocesses  of in tercel lular  recognition 
and adhesion; second, information showing that s imi lar i ty  in the phase state of the lipid bi layer  of ves ic les  and 
cells  facil i tates fusion [10]. F r o m  our point of view, these demands are satisfied most completely by a mix- 
ture  of membrane  lipids of target  cells.  

To ver i fy  the effectiveness of this approach the wr i te rs  compared uptake by target  cells of l iposomes 
made f rom lipids of the same cells and f rom lipids of other cells.  Cells of asci tes  lymphatic leukemia NKLy/  
LL cells  and Ehr l i ch ' s  asci tes  ca rc inoma cells (EAC) were studied as models.  Uptake of l iposomes f rom ho- 
mologous lipids also was compared with incorporat ion of ves ic les  f rom egg phosphatidylcholine (PC). 
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EXPERIMENTAL METHOD 

Polar lipids from target cells were obtained after removal of neutral lipids with cold acetone as de- 
scribed in [2]. Egg PC from Kharkov Bacterial Preparations Combine was purified on alumina [14] and cho- 
lesterol from Leningrad Meat Combine was reerystallized three times from ethanol. The fractional composi- 
tion of the phospholipids and purity of PC were determined by three-layer chromatography on silica-gel in a 
system of chloroform - methanol - water (65 : 25 : 4). The phospholipid content was determined as lipid phos- 
phorus [15]. Cholesterol-14C-oleate with specific radioactivity of 21,5 mCi/mmole (Amersham Corporation, 
England) was used as the radioactive label. Unilamellar liposomes (ULL) were prepared by the ultrasonic 
method [12]. Liposome preparations had a specific radioactivity of about 0.i ~Ci/~mole phospholipids in the 
mixture used. 

N K L y / L L  and EAC cel ls  were  col lected on the 7th day af ter  t ransplanta t ion ,  washed with medium No. 199 
with centr i fugat ion at 500g (5 rain) to r e m o v e  asc i t e s  fluid, and incubated with l iposomes  at 37~ Incubation 
was stopped at different t i m e s  by addition of s amp le s  of cold physiological  sal ine,  and the cel ls  were  washed 
t h r ee  t i m e s  to  r emove  un incorpora ted  l iposomes  by centr i fugat ion at 1000g (10 rain). The ce l l s  were  i m -  
mobil ized on n i t roce l lu lose  f i l t e r s  (Synpor, Czechoslovakia)  with pore  d i ame te r  of 1.2-1.5~ and radioact iv i ty  
was counted in 10 ml of mul t ipurpose  sc in t i l l a tor  ( from Beckman) on an LKB Wallac 1210 counter .  Stat is t ical  
analys is  was ca r r i ed  out by Wilcoxon 's  pa i red  T tes t .  

EXPERIMENTAL RESULTS 

Plasma membranes of eukaryote cells are characterized by a definite ratio ofphospholipids and cholesterol, 

and this is reflected in their phase state. Guided by the general consideration of aiming at similarity between 
structural characteristics of contacting membranes, we studied uptake of liposomes made from homologous 
lipids of target cells with the addition of 30 moles % cholesterol to the mixture. This ratio is characteristic of 
both lymphoma [8] and EAC [9] cells. 

In two types  of expe r imen t s  speci f ic i ty  of l iposomal  uptake f r o m  homologous l ipids by t a rge t  cel ls  was 
found. In the f i r s t  case  incorpora t ion  of l iposomes  f r o m  lipids of both types  of cel ls  by EAC cells  was inves t i -  
gated (Fig. 1), in the second case ,  l i posomes  f r o m  lipids of N K L y / L L  cel ls  by two types  of cel ls  (Fig. 2). Up- 
take of l iposomes  f r o m  homologous lipids was found to be 1 .5-2 t i m e s  m o r e  effect ive than that of ve s i c l e s  f r o m  
a na tura l  mix ture  of l ipids of the other  t umor ,  and compar i son  with uptake of l i posomes  f r o m  egg PC showed 
even s h a r p e r  d i f fe rences .  The i r  uptake compared  with uptake of l iposomes  f r o m  homologous lipids (incubation 
of ve s i c l e s  for  3 h with cells)  was t h r ee  t i m e s  less  for  EAC cel ls  and eight t i m e s  l e s s  for  N K L y / L L  cel ls  (Figs. 
1 and 2). 

To study the causes  of the d i f fe rences  found in uptake of l iposomes  f r o m  homologous lipids and lipids f r o m  
egg PC, a t tempts  were  made to a s s e s s  the contribution of the va r ious  m e c h a n i s m s  of t he i r  in teract ion with cel ls  
to  the to ta l  uptake.  Molecular  exchange of cho les te ry l  oleate between ve s i c l e s  and cells,  incidentally, is neg-  
ligible [1], and the level  of i ts  t r a n s f e r  into the cel ls  evidently r e f l ec t s  adsorpt ion,  endocytosis ,  and fusion. In- 
cubation of cel ls  with t ryps in  or  EDTA is known to reduce  or  e l iminate  adsorpt ion of l iposomes  [1, 6]. We found 
a marked  dec rea se  in incorpora t ion  of l iposomes  f r o m  egg PC during this  kind of t r e a tmen t ,  but no effect  of 
adsorpt ion on incorpora t ion  of l iposomes  f r o m  homologous lipids by the cel ls  (Table 1). It is  a lso well  known 
that  endoeytosis  is  an energy-dependent  p r o c e s s ,  and for  that  r e a s o n  i ts  contribution can be es t imated  f r o m  the 
dec r ea se  in uptake of l iposomes  under the influence of g lycolys is  inhibi tors  or  of lowering the incubation t e m -  
p e r a t u r e  [1, 6J. Expe r imen t s  with 2 -deoxy-D-g lucose  and incubation of the cel ls  at 4~ showed that in both 
cases  t h e r e  was a quanti tat ively s i m i l a r  fal l  in the level  of uptake of l iposomes  f r o m  egg PC, whereas  incor -  
pora t ion  of l iposomes  f r o m  homologous lipids was inhibited only on cooling (Table 1). This  re la t ionship  to t e m -  
pe r a tu r e  in the absence  of the inhibi tory effect  of 2 -deoxy-D-g lucose  undoubtedly points to a metabol ica l ly  
independent p r o c e s s  of incorpora t ion  of l iposomes  f r o m  homologous l ipids.  The reduction in incorpora t ion  of 
l iposomes  f r o m  homologous lipids by a fall  of incubation t e m p e r a t u r e  was most  probably  connected with dif-  
ferent  kinds of change in the phase  s ta te  of the m e m b r a n e  of ve s i c l e s  and cel ls ,  and indicates  that  uptake of 
these  l iposomes  is rea l ized  by a fusion mechan i sm [1, 6]. Evidence that  a fusion mechan i sm is bas ic  in uptake 
of l i posomes  f r o m  homologous lipids also was given by the durat ion of the p r o c e s s  and the absence of sa tura t ion  
of incorpora t ion  of ve s i c l e s  at physiological  t e m p e r a t u r e s  (Figs. 1 and 2). 

It can be concluded f r o m  these  data that  the low level  of incorpora t ion  of l iposomes  f r o m  egg PC is due to 
the fact  that they a re  taken up by a m e c h a n i s m  of endocytosis ,  which in the cel ls  studied is weakly r ep resen ted .  
Meanwhile the inc reased  incorpora t ion  of l iposomes  f r o m  homologous lipids compared  with incorpora t ion  of 
l i posomes  f r o m  egg PC was due to the fusion mechan i sm,  which is more  effective for  nonphagocytic cel ls .  
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Fig. 1. Uptake of l iposomes of different lipid composition by EAC ceils.  Ab- 
scissa ,  t ime (in rain); ordinate, uptake of l iposomal chotesterol-14C-oleate (in 
% of dose in incubation mixture).  Values given are  means for 3-5 exper i -  
ments.  Conditions of incubation: 106 cells were incubated with l iposomes 
(0.2 ~mole calculated as phospholipids) in 1 ml medium No. 199 at 37~ 
Curve 1) l iposomes f rom lipids of EAC ceils; 2) l iposomes f rom lipids of 
N K L y / L L  ceils; 3) l iposomes f rom egg PC without cholesterol .  P = 0 . 0 5 f o r  
all curves .  

Fig. 2. Uptake of l iposomes f rom lipids of N K L y / L L  cells by two types of 
tumor  cells.  Legend and conditions of incubation the same as Fig. 1. Curve 
1) N K L y / L L  cells; 2) EAC cells;  3) N K L y / L L  cells and l iposomes f rom egg 
PC without cholesterol .  P=0 .05  for  all curves .  

TABLE 1. Effect of Various Procedures  on 
Level of Liposomal Uptake by Ceils 

ULL 

From egg PC 
From Hpids of 

NKLy/LL cells 

Experimental conditions 
I2-d eoxv-I EDTA~ Trypsin, D-gluff 

0,02 ~ 0,25 % cose, 1M 

66,5 50,5 36,6 - 

9I ,4 t00,0 85,3 

4 ~  

48,9 

42,5 

Legend. Values show level of uptake of lipo- 
somes by NKLy/LL cells after incubation (30 
min) in % of uptake in control (I" 106cells, 0.3 
~mole lipids calculated as phospholipids, with 
30 moles % cholesterol in 1 ml medium 199 at 
37~ 2-Deoxy-D-glucose (0.i ml) added 15 
rain before addition of liposomes, trypsin (0.i 
ml) added before and after incubation of lipo- 
somes with cells for 20 min. Liposomes were 
added to cold samples  15 min after incubation 
of cells at 4~ and incubation continued the re -  
after  at the same tempera ture ,  

Some light on the causes of the observed differences could be shed by knowledge of the composition of 
the phospholipids of the lipid mixtures  used. It will be recal led that the presence  of perceptible quantities of 
lysolecithin makes fusion more  effective [3, 6]. It was found that phospholipids of N K L y / L L  cells contain 2.5% 
of lysolecithin, whereas EAC cells  contain 0.44%. This lysolecithin level can partly explain differences in up- 
take of l iposomes f rom homologous lipids compared with ves ic les  f rom egg PC (Figs. 1 and 2), but it does not 
explain the predominant uptake of "homologous" l iposomes compared with l iposomes f rom lipids of the other 
tumor .  Most probably the increased effect iveness of fusion of these l iposomes with target  cells is connected 
with the unique charac te r  of s t ructure  of the lipid bi layer  of the contacting membranes .  This unique quality is 
determined by many pa ramete r s :  specificity of the c lass  composit ion of the individual mixture of lipids and 
specificity of its fa t ty-acid representat ion,  the mosaic  charac te r  of the lipid domains with different phase states 
of microreg ions  of contacting membranes ,  the mosaic  charac te r  of s t ructure  due to la tera l  spacing of the 

735 



l ipids in the membrane ,  the unique composi t ion of l ipids with r e cep to r  functions, and so on. The impor tance  of 
each of the above p a r a m e t e r s  for  ef fec t iveness  of fusion cal ls  for  fu r the r  invest igation.  

In conclusion, it should be emphas ized  that  despite  the lack of c la r i ty  in the causes  of the d i f ferences  
found, inc reased  uptake of l iposomes  f r o m  homologous l ipids by nonphagocytic cel ls  compared  with l iposomes  
of egg lecithin and se lec t ive  uptake of "homologous N i iposomes  in p re fe rence  to incorpora t ion  of ves ic les  f r o m  
a natura l  mixture  of l ipids of other  cel ls  can be used to make the se lec t ive  applicat ion of therapeut ic  subs tances  
to  t a rge t  t i s s u e s  more  effect ive.  
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Adminis t ra t ion  of thyroid  ho rmones  to an imals  is accompanied by the i r  rapid binding with l iver  mi to-  
chondria  [10], act ivat ion of endogenous phosphol ipase  of l i ve r  mi tochondr ia  [4], s t imulat ion of the p roces s  of 
Ca++/2H + exchange through the mi tochondr ia l  m e m b r a n e  [3], and acce le ra t ion  of lipid peroxidat ion (LPO) r e a c -  
t ions in these  organe l les  [6]. In e lec t ron  mic rog raphs  of the l ive r  of an imals  with hyper thyro id i sm the mi to-  
chondria  appear  m o r e  swollen than no rma l ly  [14]. Res i s tance  of the b a r r i e r  s y s t e m s  of mitochondria  isolated 
f r o m  animals  with different  thyroid  s ta tes  to Ca ++ is reduced in the o rde r  hypothyroidism > no rma l  > t h y ro -  
tox icos i s  [1, 2, 5]. These  data can be in te rp re ted  as  evidence of a connection between m e m b r a n e  stabi l i ty  and 
hormonal  s ta te .  The genera l  s tabi l i ty  of a m e m b r a n e  is  cha rac t e r i zed  by i ts  e l ec t r i ca l  s tabil i ty,  de te rmina t ion  
of which in the case  of a r t i f ic ia l  phospholipid m e m b r a n e s  has found widespread  applicat ion [6, 7]. 

The a im of th is  invest igat ion was to de te rmine  the e lec t r i ca l  s tabi l i ty  of mitochondria l  m e m b r a n e s  in 
an imals  in different  thyroid  s ta tes .  

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

Male Wis ta r  r a t s  were  used.  Thyro idec tomy as a model of hypothyroid ism was pe r fo rmed  on animals  
weighing 100-120 g. By the beginning of the exper iment  (2 months af ter  the operation) the an imals  weighed 140- 
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