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Abstract--Vinblast ine,  an anti-mitotic agent, was entrapped in liposomes prepared 
jrom phosphatidylcholine, cholesterol and stearylamine (mole ratio 7:2: 1), and such 
liposomes incubated with cultured rat embryo fibroblasts. The fibroblasts accumulated 
the liposomally encapsulated vinblastine in a markedly different manner to that observed 

Jbr the .fiee agent. In the .former case there was an initial high rate oJ drug uptake 
fidlowed by a linear accumulation, which ~, as parallel to that of a liposomal membrane 
marker and although the ratio of accumulated vinblastine to lipid was difJerent to that 
pertaining to the original preparation prior to incubation, the ratio did remain constant 
over the linear phase of accumulation. 

The effect upon the accumulation of incubation temperature and of release 
experiments indicated that the mechanism of uptake of a liposomally encapsulated drug 
by .fibroblasts was complex, possibly involving a combination of adsorption and 
endoc~tosis. 

I N T R O D U C T I O N  

THE DISCOVERY by Bangham et al. [1] that 
simple aqueous suspensions of phospholipids 
would form multilamellar 'onion skin' struc- 
tures led to the great popularity of these 
structures, termed liposomes [2], as models for 
biological membranes. It was soon realized 
that since liposomes could entrap drugs in 
either their aqueous or lipid phase, that they 
had considerable potential as non-toxic 
biodegradable carriers for therapeutic use [3]. 
Thus to date a large variety of drugs, enzymes 
etc. have been encapsulated in liposomes, 
their surface charge and membrane fluidity 
varied, and their in vivo distribution moni- 
tored. A comprehensive review of the field has 
recently been published by Tyrrell et al. [411. 
Recent reports that liposome encapsulation 
enhances the anti-tumor action of actinomycin 
D [5], cytosine arabinoside [6] and that 
methotrexate is protected against metabolic 
degradation [7], suggest that encapsulated 
drug formulations may have a role in cancer 
chemotherapy. 

A number of chemicals that have the abi- 
lity to arrest cells in metaphase apparently do 
so by combining with the microtubular pro- 
tein vital for the formation of the spindle 
npl)aratus. Two such colnpounds, vinblastine 
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and vincristine, are widely used in cancer 
chemotherapy. However, the therapeutic use 
of both, but especially vincristine, may be, 
according to Creasey [8], restricted by their 
neurological toxicity. For this reason we de- 
cided to study the potential for reducing their 
toxicity and hence increasing their utility by 
encapsulating vinblastine and vincristine in 
liposomes and firstly we investigated the up- 
take of encapsulated VBL by cultured fibrob- 
lasts, since the latter represent a good model 
for normal cells that has been well characte- 
rized [9]. 

MATERIALS AND M E T H O D S  

Phosphatidyl choline (grade VE) and chol- 
esterol (chromatography grade) were obtained 
from Sigma Chemical Co., St Louis, U.S.A. 
and stearylamine from Koch Light Labs Ltd, 
Colnbrook, U.K. Vinblastinc sulphate (VBL) 
was purchased from E. Lilly Benelux SA, 
Brussels, Belgium. 26-14C-Cholesterol (50 
mCi/mmol, spec. act.) and G-3H vinblastine 
sulphate (5 10 Ci/mmol, spec. act.), were 
purchased from the Radiochemical Centre, 
Amersham, U.K. The scintillation fluid, 
Aqualuma SB, was obtained f)om Lumac 
Systems AC, Basel, Switzerland. All other 
chemicals were reagent grade, and double 
distilled water from an all glass apparatus was 
used throughout. 

Cell cultures 
Primary cuhures of tibroblasts were ob- 
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tained from 18 20-day old embryos (Wislar 
strain rats) and cuhured at 3T~C in Leighton 
tubes (5 cm 2, 5 x 10 s cells in 2.5 ml) in Eagle 
I)ulbecco medium supplemented with 10'~ 0 
calf serum by the method of Tulkens el al. 19]. 

Liposome preparalion 

Liposomes containing vinblastine were pre- 
pared according to methods described else- 
where [10]. Briefly, phosphatidylcholine. 
cholesterol and stearylaminc, in a molar ratio 
of 7:2:1, dissolved in chloroform, were eva- 
porated under vacuum onto the walls of a glass 
flask, Vinblastine, being predominantly lipo- 
philic (octanol water partition coefficient 
92.5 [11]), was dissolved in chloroform and 
mixed with the lipids prior to evaporation, the 
radioactive labels, 14C-cholesterol and 3H- 
VBL being similarly incorporated. Liposomes 
were formed by adding physiologically iso- 
osmotic phosphate butt'cred saline (PBS) 
(0.8[! 0 (w/v) NaC1, 27 mM KCI" 7.9 lnM 
Na2HPO 4. 2 H 2 0 ;  1.47 mM KH2PO4, pH 
7.3) to the dried fihn, the mixture was then 
dispersed by shaking and subsequent soul- 
cation. Sonic disruption was carried out 
using a Branson Sonifier (75 W, 20 kHz, 27.5 
mm probe) for 15 sec at 1 min intervals tbr a 
total sonication time of 2 min. The sonication 
was performed under a nitrogen atmosphere 
at 25°C. After sonication the suspension was 
kept under N 2 at 37'~C fi)r at least 2 hr to 
alh~w lipos~mes 1(~ tbrm and seal 1121. 

As discussed by Bangham [13], vesicles 
prepared by this method without sonication are 
large multilamellar structures (1 /zm) whilst 
extensive sonication produces small vesicles 
bounded by a single bilayer (25 ran) [14]. 
Whilst the liposomes prepared tbr this study 
ahnost certainly do not conlbrm to the latter 
category, light scattering measurements in- 
dicated a mean diameter of 80 nm suggesting 
that these liposomes were small vesicles boun- 
ded by a few bilaycrs. 

Liposomes containing encapsulated VBI~ 
were separated fi'om the ti~ee drug by l]ltration 
on a Sephadcx G25 column (40x3.5  cm) 
maintained at 20'~'C. The void volume fraction 
was tbund to contain all the lipid, as mea- 
sured by 14C-cholesterol plus incorporated 
3H-VBL whilst the retarded volume fractions 
contained only free drug (Fig. 1). The absence 
of 14C-cholesterol ti'om the latter fractions 
does not, of course, indicate the concomitant 
absence of phosphatidylcholine or stearyl- 
amine since these were originall.', present in 
unlat)clled form. The phospholipid content of 
a fraction was measured by the method of 
Van (Jellt and Roseleur [15], 2.0 ml of but- 
anol dimethylsulfoxide (1:1 v/v) being tbund 
necessary to stop the colorimetric reaction lot 
aqueous suspensions of lipids. Such an assay 
failed to show any phospholipid in the re- 
tarded volume fractions (Fig. 1), as neither 
did thin layer chromatography of lhe free 
drug peak fractions. Recoveries of some 9021) 
of lipid (by assay), cholesterol (IaC,)and VBL 
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(3H) were routinely obtained, both phospho- 
lipid and VBL being known to adsorb slightly 
to the gel. The efficiency of entrapment was 
defined as the percentage of the original 
amount of drug which remained associated 
with the liposomes after passage on G25, and 
usually was in the range 8-11~o, little or no 
variation being observed with increasing soni- 
cation time (up to 10 min) as might be 
expected for a predominantly lipophilic com- 
pound [ 11 ]. 

The liposomes thus prepared were sampled 
and examined for lipid oxidation by the me- 
thod of Klein [16], none was detected within 
the sensitivity limits (0.01°o) of this method. 
Further processing by pressure filtration 
(Amicon cell, X M  t00A and U M 2  mem- 
branes) followed by centrifugation at 10,000 
rev/min for 20 min, or by reapplication to 
G25 column, did not show any breakdown or 
material loss as indicated by any of the above 
evaluation techniques. 

Stability oJ" the liposome-drug complexes 

The rate of leakage of the entrapped drug 
from the liposomes was determined by dialysis 
[17] at 37°C, both in the presence and ab- 
sence of 50~I/o serum. VBL is readily adsorbed 
onto glass etc. and was found to bind to 
dialysis and filtration membranes, fortunately 
this binding is rapid, relatively irreversible 
and hence can be corrected for. The leakage 
showed two distinct phases, a rapid loss of 25- 
30°0 during the first 8-10 hr, followed by a 
slow linear loss of less than l°';,/hr (Fig. 2). 
The initial loss probably represents desorption 

of weakly bound drug molecules. Dialysis at 
4°C also showed two phases, the initial larger 
loss being however extended over a longer 
time scale, but at the onset of the slow linear 
phase of leakage (after 30 hr), the total 
leakage was almost identical to that observed 
for dialysis at 37°C. 

Vinblastine is also known to bind to serum 
proteins [18], and it was necessary therefore 
to determine whether serum per se affected the 
leakage rate. From the comparison of leakage 
in the presence and absence of 50~:, serum 
(Fig. 2) it is evident that the leakage rates are 
very similar. By using simple equilibrium 
equations it was found that not only was the 
leakage of VBL from the liposomes unaffected 
by the presence of serum, but that of the free 
drug in the serum some 56°o of it would be 
bound to the proteins, which is in agreement 
with the results of Donnigan and Owellen 
[18]. 

Incubation of liposomes with fibroblasts 

Liposomes, to be used for incubation, were 
dialysed overnight at 20°C against PBS, this 
being sufficient time to reach the linear loss 
phase, concentrated by ultrafiltration, then 
resuspended. The fast large loss did not re- 
occur, only the slow leakage ( < 1 0 j h r )  
remained. 

Fibroblasts were incubated for varying 
times in the presence of liposomes of known 
lipid and VBL content, after incubation the 
cells were washed thrice with PBS, dried and 
finally frozen at - 1 8 ° C .  For protein and 
radioactivity measurements the cells were re- 
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Fig. 2. Leakage of VBL from liposomes as determined by dialysis. Lipo~ome,~ 
were prepared exactly as for Fig. 1, after separation 20.2 pmole  of VBL were 
initialh, entrapped by 49.3 #mole  of total lipid in 5 ml. The liposomes were 
diahsed at 37~C against 1.0 1 of PBS  i - - i ,  or 50% serum 0 -  - - 0 ,  the 

external medium ~'a~s changed after each measurement. 
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suspended in 1'I{, (w/v) deoxychola te  pH  11.3. 
Aliquots were added to 9 ml of Aqua luma  
and samples counted for 3H and 14C in a 
Packard Tr i ca rb  scintillation counter .  Protein 
de te rmina t ion  was by the method of  Lowry  el 

~/. [191. 

RESULTS 

Free VBL is rapidly taken up by tibroblasts, 
and incubat ion of  some 6 hr results in a 
saturation of this uptake (Fig. 3a). This re- 
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t"@ 3. 7he accumulali~m o/'j)ee I'I3L br cultured rat embryo 
,/ibroblast,r. (a) Sample,s o/5 x 10 -s ,fibrobla,st,s in 2 5 ml l)/ 
Eagles medium containing 3H-VBL al the concenlralions i*:- 
dicaled were incubaled at 3TOC jbr the limes .~hown: the eel/.~ 
were then ze ashed 3 limes with PBS, dried and resuspended in 
1'!i> (w/v) deorycholale pH 11.3, aliquots were taken ,fi:~ 
radioaetivih, and protein mea,~urement,s. (b ) Ten sample,s o / 5  
× 10 ~ ee//~ in 2.5 ml U 1.76 tiM 3H-VBL in Ea¢,le,s 

medium were incubaled jbr the times shown V ~ ,  qfier 6 hr 
the medium c!f 5 ~amples was exchanged jbr one flee ~1 I'tlL. 
,S)'ven ,~ample.s 0/5 x l0 s cells u,ere pre-incubated in 2.5 ml qf 
1.09() #M I'BL in k.?~/e.~ medium, lhe medium ~,a.s /hen e~- 
ehanged.fi)r 1.76 ,uM 3 It-VBL alzd the uptake o/" VBL m~a~ured 

D- --D.  

presents, calculated on the basis of an in- 
tracellular  volume of  4 5 /d /mg of  the cells, a 
60-70-fold intracellular  accumula t ion  over the 
initial extracel lular  concentrat ion.  The re  is no 
evidence that the uptake (or efllux) of VBL is 
by any pump  mechanism and hence the accu- 
mulat ion must proceed until  some equi l ibr ium 
is at taincd between the extraccllular  and the 
intraccllular  media  and the binding to cellular 

components .  Th e  equil ibrium level shows a 
linear dependence  on the initial concentra t ion 
(up to 5 #M), and may itself exhibit  sat- 
uration, however  reliable demonst ra t ion of such 
is dil t icuh because of the problem of  cell 
toxicity by concentrat ions of  VBL above 10 
#M. Such a saturation would, or" course, 
indicate complete occupancy of the intracel- 
lular binding sites. 

As can be seen from Fig. 3b, pre- incubat ion 
with unlabelled VBL has no effect on the 
uptake of 3H-VBL; this was to be cxpectcd 
since tile concentrat ions being used are well 
within tile linear range tbr uptake. T h a t  the 
intracellnlar  binding is reversible is also shown 
in Fig. 3t), rep lacement  of the external mc- 
dium, in ei ther ease (once saturat ion has 
been reached),  by one frec of any VBL, 
results in a re-equil ibrat ion to a new satu- 
rat ion level. It is not surprising that the new 
level is comparat ively  low, since on exchange 
of the medium the accunmlated  VBL has to 
be redistributed over a volume 2 x 103 timcs 
larger (the external  medium).  Assuming the 
intra- and extracellular  concentrat ions of fiee 
VBI~ to be identical at equil ibrium, a 60-tbld 
original accumulat ion,  and an intracellular  
volume of  4 5 f l l / m ~  protein 1201, one may 
calculate that the new equil ibr ium level, tbr 
such an exchange of medium,  will be at 
1/90th of the former lewq; a level of  1/17th of 
the original was observed. 

Th e  uptake of VBL loaded liposomes bv 
fibroblasts incubated at 37 '  and 4~C is shown 
in Fig. 4, also shown is the uptake of t?ec 
VBL at the same initial concentra t ion as is 
contained in tile liposome solution. Th e  VBL 
and lipid scales have bccn related such that 
they are in thc same ratio as was VBL to 
cholesterol in the original preparat ion.  The  
accumula t ion  of the liposome label {~4(;_ 
cholesterol) is l inear over the range of in- 
cubat ion times, and that of VBL (3H-VBL) 
bccomcs linear al~er the first hour. Even alicr 
incubat ion tbr 22 hr tile total accumulated  
VBL is still lmlow tile plateau level observed 
for ti'ee VBL. Th e  uptake of empty  liposomcs, 
at the same lipid concentra t ion,  was identi- 
cal, in terms of 14C-cholesterol, to tllat of  
loaded liposomes (not shown). \Vhils/ over the 
complete range oC incubat ion time 0.399 
pmole VBL/nmole  lipid were taken up as 
compared  with a ratio of 0.387 pmole /nmole  
in the original preparat iou,  it is evident fiom 
the inset of Fig. 4, that,  initially, there was a 
marked changc in rapport .  This change could 
represent a loss of 23 30', 0 of the originally 
en t rapped  VBL from the liposomes which is 
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Fig. 4. The accumulation of VBL entrapped in liposomes by fibroblasts. Liposomes, 
prepared as .for Fig. 1, were incubated with 5 x l0 s cells in 2.5 ml of medium, final 
concentration of VBL 174 nM (5 #Ci 3H-VBL), and of total lipid 454 #M (10 /~Ci 
14C-cholesterol). / ~ - - ~  uptake of 3H-VBL at 37°C; O--C) of 14C-cholesterol at 
37'(I; at- - -at ofaH-VBL at 4~'C; 0- - -O of 14C-cholesterol at 4°C. For.fibroblasts 
incubated with .free VBL 171 nM (7 /tCi 3H-VBL) ~ .  • .[~. The VBL and lipid 
uptake scales have been related on the basis of the original rapport as described in the text, 
the inset shows the uptake at 37°C on unrelated scales. Indicated values represent the mean 

and range o./'5 samples at each time point. 

then taken up in its free form by the fibro- 
blasts. After this initial change, the rapport 
between VBL and lipid remains constant, as 
shown by the uptake of both labels being 
parallel. The fact that the lines are not coin- 
cident in Fig. 4 reflects tile initial change in 
rapport. The uptake of liposomes by fibroblast 
incubated at 4°C shows the same form as at 
37°C but with much reduced rates, however, 
there was in this case an initial faster uptake 
of both VBL and cholesterol which was then 
followed by a slow parallel accumulation of 
both labels. Over the complete range of in- 
cubation time, 0.396 pmole of VBL were 
taken up per nmole of lipid, whereas the 
initial ratio was 0.387 pmole/nmole. Similarly, 
as at 37°C, there is an initial change in 
rapport resulting in an increased uptake of 
VBL, as indicated by the two lines being non- 
coincident. 

It is not, of course, possible from these 
results, to infer that VBL loaded liposomes are 
taken up into the interior of the fibroblasts in 
their intact form, but the consistency of the 
VBI, to cholesterol ratio, after the initial 
interaction, when the rapport is changed, does 
suggest that the interaction with, or incorpo- 
ration by, fibroblasts is with intact liposomes. 
Since the kinetics of tile accumulation process 
tbr tiec and encapsulated VBL are different 
(cf. Figs. 3 and 4), indicating that the routes 

are probably different, and that the uptake of 
free VBL exhibits saturation, it is pertinent to 
try to determine firstly whether the routes are 
independent and secondly whether the accu- 
mulation of VBL via liposomes shows a 
similar eventual equilibration. The latter is 
rather difficult to demonstrate since long in- 
cubation is required for the slow uptake of 
VBL delivered via liposomes to approach the 
level where free VBL shows equilibrium. 
111 Fig. 5, fibroblasts, with a somewhat lower 
accumulation of feee VBL (45-fold compared 
with the usual 60-70-tbld) may, after long 
incubation, be showing just such an equilib- 
rium of liposomally delivered VBL. Once 
again the accumulation of the liposome label 
{14C-cholesterol) is linear over the range of 
incubation time, the VBL label exhibits an 
initial faster uptake followed by a slow linear 
accumulation parallel to that of the liposome 
label, however the latter reaches a plateau 
whilst the former shows no such effect within 
the limits of tile incubation times being used. 
The fact that this equilibrium level is not 
identical to that observed tbr free VBL (at the 
same concentration) is to be expected since it 
merely reflects the differing equilibrium sit- 
uations. In the tbrmer case equilibrium must 
be reached with the extracellular drug which 
is in an encapsulated form {although 25-300{, 
of the originally entrapped drug could have 
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F@ 5. 7he aeeumulalimt (~/ VHL enlrapped i, h po,~ome.~ i, d~e pre.~euee q/./;ce 
177.L. Fibroblasls were incubated al 37C ./or the times indicated under lhe .~ame 
eonditiom a.~ in F@ 4, in the presence (?/./?ee VBL 44.9 nM 27" • [2]; qf 
eneap.~ulated VBL 46.6 nM in 228.3 /aM total lipid, A A 3H-[~L ,  0 © 
~4C-chole,steroh-and qfier preineubalion.fi, 1.5 hr a ith J?ee VBL 44.9 nM with the 
same eom'entralion o/ liposoma@ encapsulated VBL (46.6 nM VBL, 228.3 /aM 
lipid), • - - - •  3H-VBL, ~ - - - ~  14(]-eho/esh'rol. lndicaled value.~ represent /he 

mean and range of 5 ~amples al each time point. 

been l iberated dur ing  tile initial change in 
r appor t ) ;  whilst in the lat ter  case equi l ibr ium 
is s imply with the free extracel lular  VBL.  
Figure 5 also shows that  the initial l inear 
up take  of l iposomes is at the most only slightly 
affected by the presence of  frec VBL,  which is 
itself equi l ibra t ing  by its own pa thway .  As 
was shown in Fig. 3, the up take  of  free VBL 
by fibroblasts incuba ted  at 37"~'C proceeds 
until equi l ibr ium is reached,  this equi l ibr ium 
involves in t racel lu lar  b inding which is re- 
versible. In  Fig. 6, the accumula t ed  VBL,  
del ivered via liposomes, is examined  in the 
same way;  after 22 hr of  incubat ion  the 
external  m e d i u m  is replaced by one t>ec of 
any  VBL and the subsequent  redistr ibut ion 
examined .  T h e  l iposomes and  fibroblasts were 
incuba ted  at 37°C (Fig. 6a) and also at 4~C 
(Fig. 6b)  and  in both cases free VBL samples  
were moni to red  as controls. T h e  up take  of  
both  3H-VBL  and 14C-cholesterol werc l inear 
and  paral lel  be tween  6 hr and  22 hr of  
incubat ion .  T h e  level of  VBL from liposomcs 
decreased on exchange  of  m e d i u m  at a similar  
rate  for both  incuba t ion  tempera tures ,  but in 
nei ther  case was the decrease as large as was 
observed tbr the redistr i lmtion of fiec VBL. In  
the latter,  the new level is that  due to a s imple 
reequi l ibra t ion ovcr  a large extracel lular  vol- 
ume.  \Vhilst the decrease in VBI~ has a 
similar t ime course, at both  37 '  and 4 C, that  
{br the l iposomal m e m b r a n e  m arke r  (14C- 

cholesterol) is markcd ly  ditt~rent at the two 
tempera tures .  
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At 4~=C the decrease in 14C-cholesterol fol- 
lows a similar time course to that of VBL, but 
at 37°C a slow linear decrease is observed with 
the same rate constant as for the uptake. The 
possibility that incubation at 4°C causes struc- 
tural changes in either, or both, the liposomes 
and the fibroblasts can be discounted since 
changing the incubation temperature from 4 ° 
to 37°C, or vice versa, merely results in the 
uptake rate changing to that of the new 
temperature. This would support the view 
that the interaction of liposomes by fibroblasts 
is by a temperature dependent pathway. 

The uptake of free VBL at 4°C, as shown 
in Fig. 6B, is very much slower than at 37°C, 
subsequent redistribution on exchange of the 
external medium did not occur. In other 
experiments some redistribution was observed, 
but even in these cases the new equilibrium 
level was several times higher than that which 
would be observed for complete redistribution 
of the accumulated drug, as was observed for 
incubation at 37°C. This is of interest since it 
may imply that intracellular binding is not 
only preferred but is relatively irreversible at 
low temperature and in turn be directly re- 
lated to the state of polymerization of tubulin 
[21]. The effect of incubation at different 
temperatures between 4 ° and 37°C on accu- 
mulation is shown in Fig. 7; the uptake of 
both labels is very similar, between 4 ° and 
22°C there is a slow change with temperature, 
whereas between 22 ~ and 37°C a much grea- 
ter increase in uptake per degree rise in 
incubation temperature is observed. The accu- 

mulation of both labels shows a marked dis- 
continuity around 22°C. 

DISCUSSION 

The uptake of liposomally entrapped VBL 
is markedly different from that of the free 
form of VBL, is sensitive to the temperature of 
incubation (Figs. 3 and 4), and appears to 
proceed independently of that of free VBL. It 
has been shown that microtubule disruptive 
drugs such as VBL have little or no effect on 
uptake, nor on subsequent formation of 
phagolysosomes [22, 23], but do cause a re- 
duction of membrane associated transport 
processes after endocytosis [24]. 

Poste and Papahadjopoulos [25] have 
shown that VBL has no effect on the uptake 
of any class of liposomes. The finding that the 
uptake of VBL loaded vesicles by fibroblasts is 
not aft~cted by the parallel uptake of free 
drug supports this and may in turn be a 
reflection on the different interaction me- 
chanisms for free and encapsulated VBL. 

The question as to whether the observations 
described here are the result of endocytosis or 
fusion, or alternatively merely due to surface 
adsorption is difficult to answer unequivocally. 

According to Hoff et al. [26] and 
Rabinovitch [27] endocytosis only proceeds if 
the incubation temperature exceeds some 
critical threshold (18 20°C), below that tem- 
perature there is very little uptake. Whereas 
Steinman et al. [28] describe much of the 
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uptake by fibroblasts as a fluid form of  en- 
docytosis which is l inearly dependen t  on in- 
cubat ion t empera tu re  between 2 ° and 38%~ 
with some uptake still occurr ing at 4"C. Th e  
da ta  of Fig. 4 and Fig. 7 which show firstly 
an uptake at 4°C and secondly a marked  
increase in uptake above 22°C indicates that  
an uptake linearly dependen t  on t empera tu re  
does not apply here, nei ther  does it fit to a 
simple tbrm of  endocytosis. The  data  could 
also be in general  agreement  with the concept  
of l iposome-fibroblast  fusion as proposed by 
Poste and Papahadjopoulos  [25]. Certainly 
from studies of the phase transition of lipid 
mixtures [29-31] we would conclude that  the 
liposomes used here would be in a fluid 
condit ion over the range of incubat ion tem- 
pera ture  and hence capable  of fusion with the 
fibroblast plasma membrane .  

The  release experiments  (Figs. 6 a a n d  6b), 
clarifi; the interact ion mechanism problem. At 
4°C (Fig. 6b), the exchange of  the medium 
results in a rapid and parallel  release of  both 
VBL and the liposomal m e m b r a n e  marker .  
This indicates that  the interact ion at this 
t empera tu re  is p redominant ly ,  if not entirely, 
one of  surface adsorpt ion and that  p robably  
this mechanism applies to incubat ion tem- 
peratures  up to about  22°C. 

When  the release exper iment  is per tormcd 
at 37°C (Fig. 6a), the situation is complex;  
the liposomal marker  shows similar kinetics of  
efflux to that  of uptake,  whereas a part ,  but  a 
par t  only, of VBL is released with similar 

efllux kinetics to that  of ti'ee VBL. It is 
probablc,  thereforc, that  part  of  the accumu-  
lated VBL is in a free tbrm, the origin of  
which could either bc ti'om lysosomally de- 
graded liposomes or equally from a fraction 
released dur ing the initial incubat ion which 
resulted in the disproport ional ly higher  uptake 
of VBL. Th e  efllux kinetics of the remainder  
of VBL which appears to follow that of  the 
liposomal m e m b r a n e  marker ,  are different to 
those a t t r ibuted to surface desorption at 4°C, 
and may be due to the slow degradat ion  of 
thc accumula t ion  liposomes with the concom- 
i tant  release of  the en t rapped  VBL. 

In conclusion, the ability of liposomes to 
entrap reasonable quantit ies of VBL, to retain 
it with only a small leakage even in the 
presence of  serum has been demonstra ted.  
T h e  uptake of  liposomally encapsulated VBL 
by tibroblasts is very difl>rent from that fbr 
the free drug. The re  is an immedia te  change 
in rappor t  (which may involve cell-liposome 
contact )  but thenceforth the rappor t  remains 
constant.  Th e  effects of  t empera ture  and of  
release indicate that  the mechanism of uptake 
at 37°C is complex and may involve a com- 
bination of  adsorption and endocytosis or 
fusion, ra ther  than a single proccss, but  the 
results presented here do not allow an un- 
ambiguous model to be proposed. 
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