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Effects of Cis-diamminedichloroplatinum (II) 
Loaded Liposomes on Mouse Ehrlich Tumor 
Cells* 
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BASSLEERt 

Department of Histology and Cytology, University of Liege, Rue de Pitteurs 20, B-4020 Liege, Belgium 

Abstraci-Cis-diamminedichloro/datinum II (cisplatin) heavib or lightly loaded @id, solid, 
negatively charged or neutral) liposomes were prepared. Cisplatin release from liposomes was 
observed only after long dialysis times or after liver lysosomal enzymatic disintegration in solution. 
Mouse Ehrlich tumor cells (ELT) cultured in vitro were treated with cisplatin, liposomes or 
cisplatin loaded liposomes, and the effects on the mitotic activi9, the DNA content and the 
ultrastructure were compared. Cisplatin (l-10 pg/ml) h a an antimitotic activip and modified d 
the DNA content in ELT cells. Ribosome aggregation, perichromatin or interchromatin granule 
accumulation, and chromatin condensation or some degree of dispersion could be observed. 

Negativeb chargedjuid liposomes had an antimitotic activity and modified the DNA content 
in ELT cells at lower concentrations (0.3 ~moleslml) than in the case of neutralfhcid liposomes 
(1.5 p,moles/ml). Negatively charged solid liposomes were not toxic at these concentrations. 
Ultrastructural analysis of ELT cells treated in vitro with negatively charged ,fhcid liposomes 
revealed their extracellular adsorption and their disintegration in phagolysosomes. A fusion between 
lijrosomes and the plasma membrane was not definitely demonstrated. Cisplatin loaded liposomes 
also had an antimitotic activity and modified the DNA content in ELT cells. These effects were 
similar to or more pronounced than those induced by free cisplatin. Ultrastructural analysis 
revealed some kind of electron dense material in phagolysosomes which was never observed after 
the treatment with free cisplatin or liposomes alone. Effects on nucleic acids were rarely observed. 

INTRODUCTION 
CISPLATIN is a potent anticancer agent, the use- 
fulness of which is limited by its toxicity [l-4]. 
This is why attempts have been made to incor- 
porate it in pharmacological vectors targeted at 
tumor cells, such as liposomes [!5-111. 

We present here results concerning cisplatin 
incorporation into different types of liposomes, and 
their effects on mouse Ehrlich tumor tetraploid 
cells (ELT) cultured in vitro. Mitotic activity, DNA 
content and, in the cast of negatively charged fluid 
liposomes, ultrastructure were analyzed. We also 
provide new evidences concerning the mechanisms 

MATERIALS AND METHODS 

Cisplatin 

Cisplatin was obtained from Polysciences. Two 
methods were used for measuring its con- 
centration: a calorimetric reaction with ortho- 
phenylenediammine (OPDA) in dime- 
thylformamide, as suggested for metallic platinum 
[ 121, but modified for cisplatin [7] and X-ray emis- 
sion induced by protons (P.I.X.E.; [13]). Stock 
solutions were prepared by dissolving cisplatin in 
distilled water (24 hr at room temperature with 
agitation in the dark). 

of cisplatin action on cells and DNA. 

Liposome preparation 
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Dipalmitoylglycerophosphocholine (DPPC); L- 

alpha phosphatidic acid (PA); L-alpha-phos- 
phatidylcholine or lecithin (PC), stearylamine (SA) 
and cholesterol (CHOL) were obtained from Sigma 
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Table 1. ljpe of liposomes used and molar ratios of constitutive lipids 

Molar ratios Solid liposomes Fluid liposomes 
Positive Negative Neutral Positive Negative Neutral 

(S’) 6-J 6”) (F+) (F-j (F’) 

7 DPPC PC 
2 CHOL CHOL 
1 SA PA CHOL SA PA CHOL 

(powders) or from Lipid Products (chlo- 
roform-methanol solutions). 

Sterile conditions were maintained during all 
preparation steps. Appropriate lipid compounds 
(Table 1) were dissolved in chloroform, and evap- 
orated under nitrogen. The thin film of lipids for- 
med on the glass wall was then suspended in an 
aqueous buffer solution (5 ml of phosphate 6 mM, 
NaCl 1 mM, pH 7.2) by agitation (Vortex) at 
room temperature (for fluid liposomes) or at 60” C 
(for solid ones). 

After 1 hr incubation at room temperature, mul- 
tilamellar liposomes were sonicated for l-20 min 
in order to obtain homogeneous suspensions of 
either multilamellar liposomes (MLV; short son- 
ication times) or mostly unilamellar ones (SUV; 
long times of sonic dissociation). 

For preparing cisplatin loaded liposomes, 1000 
or 5000 p,g of cisplatin from stock solutions were 
incorporated into 5 ml of buffer solution before 
agitation, to lipid concentrations of 0.129 X 1O-4 
or 0.645 X 10e4 mol/5ml. Suspensions were 
maintained at room temperature from l-24 hr 
before chromatogr”aphy on a Sepharose 4 B column 
(30 X 1.5 cm). The solutions of cisplatin alone in 
buffer medium used as controls were kept under 
the same conditions. Fractions containing lipo- 
somes (quantitative estimation by turbidity 
measurements at 300 nm) and cisplatin (measure- 
ments by P.I.X.E. or QPDA method) were kept 
at 4” C and used within 1 day. 

Enzymatic degradation 
Cisplatin loaded liposomes were incubated with 

an extract of liver lysosomal hydrolases (furnished 
by Dr P.Tulkens, from Institute of Cellular Path- 
ology, Universite Catholique de Louvain, at 
WoluwC, Belgium), in a buffer solution: 0.05 M 
acetate (PH 7.4) with 9.10M4M MgCl,, in 
NaClO.1 M, at 25 or 37” C. Cisplatin release as 
a function of time was measured by OPDA assay. 

Ehrlich tumor cell cultures 
ELT cells (tetraploid line) were obtained from 

the peritoneal cavities of tumor bearing C 57 Black 
6 J mice. Cell suspensions were spread, after wash- 
ing, on glass slides in Petri dishes containing 2 ml 

of culture medium: NCTC 109 (45%), Hanks 
liquid (50%), foetal calf serum (5%) and 100 IU 
penicillin per ml. Culture dishes were incubated 
at 37” C in 95% air, 5% COP humidified atmos- 
phere. The culture medium was renewed every 
day. 

Experimental 
The ELT cells were treated for l-48 hr by 

adding to the culture medium one of the following 
agents: cisplatin alone (0.5, 5 or 10 pg/ml); cispla- 
tin incorporated into solid or fluid liposomes, either 
negatively charged or neutral (0.5, 1 or 2 pg and 
0.05, 0.01 or 0.02 X lop6 mol/ml); and lipo- 
somes alone (from 0.5 to 3 p,mol/ml). 

Optical microscopy 
Cells cultured on glass slides were fixed in a 

mixture acetone-absolute ethanol (1 : 1) for the 
Feulgen reaction or in formol-calcium 10% for 
lipid staining (Red Oil). 

The mitotic index was established on 3000 cells 
for each slide (two slides in each experiment); 
differences were evaluated statistically by the Stu- 
dent’s t-test. 

Nuclear DNA content was measured by a scan- 
ning and integrating (Vickers M 86) mic- 
rodensitometer at 540 nm. Fifty individual nuclei 
were measured on each slide (two slides in each 
experiment). The 2 C (diploid) base line was cal- 
culated from mouse leucocytes on the same slides. 
Comparison of frequency histograms composed of 
four classes (2 C, intermediate, 4 C and polyploid 
nuclei) was performed by Pearson’s corrected x2 
test. 

Electron microscopy 
A transmission electron microscope (Philips 

301) was used (at 80 kV) for the ultrastructural 
analysis of ELT cells cultured in vitro and liposome 
suspensions. 

Cells were fixed for 30 min in glutaraldehyde 
2.5% solution buffered with sodium cacodylate 
0.2 M at pH 7 and thereafter with 0s04 and 
included in Epon 812. In some cases, thio- 
carbohydrazide postfixation [ 141 was performed 
and followed by uranyl acetate contrast and rapid 
inclusion in Epon [ 151. 
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For scanning electron microscopy, cultured cells 
were rinsed in Hanks fluid before fixation in glu- 
taraldehyde 2.5% and postfixation with 0~0~. 
Pieces were dehydrated using the CO, critical 
point technique and gold metallized before exam- 
ination under a Siemens Etec microscope, at 
20 kV. 

RESULTS 

Liposomes preparation 
Liposomes of different compositions (see Table 

1) were prepared. Positively charged liposomes 
were not used here, because they were very toxic 
for ELT cells cultured in vitro: cytotoxic effects 
were already noted after 4 hr of treatment with 
low lipid concentrations (0.5 p,mol/ml culture 
medium) and severe cellular vacuolization was 
observed for concentrations at which negatively 
charged or neutral liposomes were not cytotoxic. 

The method of platinum determination (by 
OPDA or by P.I.X.E.), the period of time sepa- 
rating the preparation of liposome suspensions and 
column chromatography, the duration of son- 
ication and also the lipid components used were 
factors determining the quantity of cisplatin incor- 
porated into liposomes (see Table 2). We observed 
that a high concentration of cisplatin in the buff- 
ered suspension before chromatography, a longer 
incubation time or a shorter sonication time were 
better for obtaining high cisplatin incorporation 
into the aqueous liposome phase. Solid liposomes 
incorporated more cisplatin than fluid liposomes 
did; negatively charged solid liposomes incor- 
pbrated more than neutral solid ones did. Fifty per 
cent of the initial quantity of cisplatin present 
in the buffered suspension before chromatography 
could be associated with neutral or negatively 
charged solid liposomes (even with long sonication 
time, 15 min). Only 10% could be incorporated 
into neutral or negatively charged fluid liposomes, 
and only if short sonication times were used (6 3 
min). 

Dialysis of multilamellar negatively charged 
fluid or solid liposomes for 24 hr at 25” C with a 
phosphate buffer or with physiological saline sol- 
ution (Tyrode glycosol solution) did not result in 
release of cisplatin for the first 48 hr. Four days 
later, about 9% of the incorporated cisplatin in 
buffered solutions and 24% in physiological sol- 
utions were released from solid liposomes, and 
about 17 and 30% from fluid liposomcs, respect- 
ively. 

An extract containing liver lysosomal hydrolases 
disintegrated negatively charged fluid liposomes, 
with about 10% release of cisplatin from liposomes, 
at 25°C or at 37°C. 

Multilamellar liposomes were analyzed under 
a transmission electron microscope without any 
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Table 2. Quantity of cisplatin (kg/ml) incorporated into lipo- 
somes as measured in fractions collected after chromatography on 

Sepharose 4 B columns 

I. 

II. 

Mixture of 100 l.~g of cisplatin and 3 pmol of lipids per 
ml of buffer solution; 15 min sonication before incubation 
at 25°C (in the dark) for diKerent lengths of time; detec- 
tion of cisplatin in liposomes after chromatography by 
O.P.D.A. reaction. 
Time at 25” C Cisplatin (kg/ml) 

F- s- 
I hr 0 2 

20 hr 10 20.4 

Mixtures of 3 (A) or 30 (B) kmoles of lipids and 100 or 
1000 p,g of cisplatin per ml of buffer solution; I5 min 
sonication before incubation at 25°C for 20 hr (or 40 
hr*); detection of cisplatin in liposomes after chro- 
matography by O.P.D.A. reaction. 

Cisplatin (pglml) 
Before chromatography After chromatograp~ 

F- s- F” SJ 
100 (A) IO 20 IO 20.4 

1000 (B) IO 100 10 60 
100 (*) 

III. Mixtures of 100 kg of cisplatin and 30 pmoles of lipids 
per ml buffer solution; 15 min sonication (or I min**), 20 hr 
at 25°C (or 40 hr*). 

Cisplatin (pgiml) 
Method F- s- F” S” 

O.P.D.A. 10 100 IO loo(*) 
lo(**) 

P.I.X.E. IO 190 IO 370(*) 
loo(**) loo(**) 

additional contrast when cisplatin was incor- 
porated (Fig. 1). 

Cytological, cytochemical and ultrastructural analysis of 
ELT cells cultured in vitro and treated with cisplatin 
alone 

When treated with cisplatin, ELT cells always 
showed mitotic inhibition (P < 0.001; Table 3) 
and very often alterations of the DNA content. The 
accumulation of nuclei either with 4 DNA, 8 DNA 
or highly polyploid cells, according to experimental 
conditions, is well documented [16]. Ultra- 
structural analysis of ELT cells treated with cispla- 

Table 3. Mitotic activity in ELT cells cultured in vitro and 
treatedfor 24 hr with cisplatin (1 kg/ml) alone or incorporated 

into different &kepes of liposomes 

Mitotic Index (u/wJ) 

Cisplatin 
Liposomes (~mol/ml) 

Inside 
sonication time Controls Free liposomes 
S- (S 10V5); 15 min 5 0 0 
F- (5 I); I5 min 9 0.5 0 
F- (5 0.05); 1 min 21 6 6 
F” (’ 0.4); IO min 14 5 4 
F” (I 0.4); 20 min 17 0.5 0 
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tin (1 pg/ml for 24 hr) showed chromatin con- 
densation, perichromatin and interchromatin 
granule accumulation, (Fig. 2a) and, in some cases, 
compact nucleoli. Ribosome aggregates in a heli- 
coidal disposition were frequently noted in the 
cytoplasm (Fig. 2b); but their number was quite 
variable. After treatment with 10 p,g cisplatin for 
1 hr, transparent vacuoles, lipid droplets and phag- 
olysosomes with electron-dense material could also 
be observed in the cytoplasm (Fig. 3b). In some 
nuclei, amorphous material which could be skeletal 
was seen in the nucleoplasm (Fig. 3a). 

Cytological, cytochemical and ultrastructural analysis of 
ELT cells cultured in vitro and treated with liposomes 
alone 

Negatively charged solid liposomes (15 min son- 
ication; 0.1 or 1 mM final concentration in culture 
medium) had little or no effects on ELT cells when 
treated for 24 hr, as far as mitotic activity, DNA 
content, and cellular degeneration were concerned. 

Negatively charged fluid liposomes (15 min son- 
ication; 1 mM final concentration in culture 
medium) significantly inhibited (P < 0.001) 
mitotic activity (4”/,, as opposed to 9”/,,, in controls) 
and significantly increased (P < 0.001) 4 DNA 
cell percentages (84 vs. 54% in controls), sug- 
gesting arrest in G 1 after a 24 hr treatment. 
Nuclei were frequently observed with a DNA con- 
tent lower than 4 DNA. 

Neutral fluid liposomes (15 min sonication; 
1.5 mM final concentration in culture medium) 
significantly inhibited (P < 0.001) mitotic activity 
(5”/,” vs. 1 Fl,, in controls) and significantly 
increased (P < 0.001) 4 DNA cell percentages (88 
vs. 58% in controls). Nuclei with less than 4 DNA 
were also observed following a 24 hr treatment. 

Ultrastructural analysis of ELT cells treated 
with negatively charged fluid liposomes (3 min 
sonication; 0.1 mM, during 24 hr) revealed 
adsorption of the liposomes on the cell surface (Fig. 
4). Their disintegration took place either inside 
vacuoles, whose number increased rapidly (Fig. 
5a) or, in some cases, externally. We observed few 
microvilli but numerous blebs which could perhaps 
be related to fusion of liposomes with the plasma 
membrane or to cytoplasmic expansions (Fig. 5b). 
Mitochondrial alterations were also observed (Fig. 
5c). 

Cytological, cytochemical and ultrastructural analysis of 
ELT cells cultured in vitro and treated with cisplatin 
loaded liposomes 

Cisplatin heavily loaded negatively charged solid 
liposomes were obtained after 15 min sonication; 
1 ml of suspension stock contained about 
2 x 10e3 pmol lipid (estimation ,by turbidity 
measurements at 300 nm) and 100 pg cisplatin 

(P.I.X.E. measurements). ELT cells were treated 
in culture with 0.5 or 1 pg/ml cisplatin incor- 
porated into negatively charged solid liposomes. 
With either concentrations the effects obtained 
with free cisplatin and cisplatin loaded liposomes 
were identical for the same final concentration 
of cisplatin in the culture medium: i.e. mitotic 
inhibition (Table 3) and/or DNA content alter- 
ation. At these liposome concentrations, lipid tox- 
icity was negligible. 

Negatively charged fluid liposomes were found 
to be heavily cisplatin loaded after 1 min sonication 
or lightly cisplatin loaded after 15 min sonication. 
Mitotic inhibition by these liposomes was similar 
to that due to cisplatin alone in both cases. Similar 
results were obtained with neutral fluid liposomes 
highly loaded with cisplatin (Table 3). A dramatic 
increase in s 4 DNA cells was observed with 
lightly loaded liposomes (F- or F”; from 
62 * 10% in controls to 98 + 2% in treated ones). 

Ultrastructual analysis was performed on ELT 
cells treated with cisplatin heavily loaded nega- 
tively charged fluid liposomes. This type of lipo- 
somes is probably the only- one able to fuse with 
the plasma membrane in vitro [17] and would be 
able to deliver its content into the cytoplasm. 
Adsorption of cisplatin loaded F- liposomes on the 
surface of ELT cells was observed under scanning 
electron microscopy. Under transmission electron 
microscopy, dense material was detected inside 
small cytoplasmic vacuoles which were probably 
phagolysosomes loaded with degraded lipids 
and/or with cisplatin. Cisplatin alone or liposomes 
alone did not show similar dense material (Fig. 
6a). Ribosome aggregates in a helicoidal dis- 
position were not observed; but lipid droplets, 
cytoplasmic vacuolization and, in rare cases, peri- 
chromatin granule accumulation were noted in tre- 
ated cells. 

After post-fixation with thiocarbohydrazide as 
suggested by Raz et al. [14], another fact was 
observed but only in cells treated with cisplatin 
loaded liposomes. Elongated lamellar or round 
elements with homogeneous electron dense 
material were detected outside the cells, close to 
the plasma membrane (Fig. 6b). In some cases, 
similar dense material was present inside dilated 
microvilli (Fig. 6~). Degraded material either 
adhered to cell surfaces or was found inside cyto- 
plasmic vacuoles. 

DISCUSSION 

Preparation and characterization of cisplatin loaded lipo- 
somes 

Relatively high concentrations (50%) ofcisplatin 
could be incorporated into liposomes, when sus- 
pensions were maintained for 24 hr at room tem- 
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Fig. 1. Transmission electron microscope observation of neutraljluid liposomes loaded with cisplatin; 20 min sonication. Non- 
rontrasted preparation. Liposomes were multilamellar; their contrast was due to the presence of cisplatin. (X 85,000). 

Fig. 2. Transmissio- electron microscope examination of ELT cells treated in vitro with cisplatin (1 &ml) during 24 hr. 
(a). Condensed chromatin areas (+) were located close to the nuclear envelope. Interchromatin granules were also observed (j). 

(X 7600). (b) Some ribosome aggregates in helicoidal disposition were observed in the qtoplasm (+). In the nucleus (on the 
left side of the picture), Some perichromatin gram&r were visible (4). (X 14,800). 

Fig. 3. Transmission electron microscope observation of ELT cells treated in vitro with cisplatin (10 pglml) during 1 hr. 
(a) In the nucleus,Jilamentous material (apparently skeletal) was found. ( X 16,380). (h) Cytoplasmic vacuoles contained some 

dense material which could well be cisplatin accumulated inside phagolysosomes. ( X 16,835). 

Fig. 4. Scanning electron microscope observation of ELT cells treated in vitro with negatively charged&d liposomes (0.1 
mM), 3 min sonication, during 24 hr. Numerous small liposomes were in contact with the ELT cell surface; one large iregular 
round structure (+) probably corresponded to some disintegrated liposomes outside the cell; the local portion of cell surface 
devoid of microvilli 0) could be due to ongoing fusion of ~2 liposome. (X 2940). 
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Fig. 5. Transmission electron microscope observation of ELT cells treated in vitro with negatively chargedjuid tiposomes (3 
min sonication). (a) 0.75 mM, during 1 hr, post-fixation with thiocarbohydrazide, according to Raz et al. [S]. Homogeneous 
(+) or lamellar 0) dense material wa$ observed inside cytoplasmic vacuoles (X 9600). (b) and (c) 0.1 mM during 24 hr; 
(b) blebs of cytoplasm expansions were frequently noted (+). (X 2.400). ( c mi oc on rra were swollen (*) in a multinucleate ) t h d 

giant cell (X 2400). 

Fig. 6. Transmission electron microscope observation of ELT cells treated in vitro with cisplatin loaded negatively charged 
fluid liposomes (1 min sonication). (a) 0.003 pmoles of lipid and 1 p,g of cisplatin/ml, during 24 hr. Denre material was 
present in numerous cytoptasmic vacuoles (+) (X 3.406). (b) and (c) 0.03 pm&s of lipid and 10 pg of cisplatidml 
during 1 hr. Thiocarbohydrazide post-Jxation. (b) Homogeneous very dense material was associated to lamellar (+) or round 
0) structures at the surface of the cell and could well be liposdmes (X 13.600). (c) M’ tcrovilli contained dense material which 

could originate from cisplatin loaded liposomes ( X 13.600). 
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perature. Yatvin et al. [lo] had also observed a 
better cisplatin incorporation into liposomes under 
similar conditions. However, only 4% cisplatin was 
detected in solid liposomes (radioactivity measure- 
ments with 195 Pt). Attention must be drawn to 
the methodology used for Pt detection. The OPDA 
method described by Golla and Ayres [ 121 did not 
seem to be adequate for Pt measurements, at least 
under our experiments. 

Dialysis experiments indicated that cisplatin was 
not released from liposomes during the first 48 hr 
at room temperature, but disintegration with an 
extract of liver lysosomal hydrolases showed a par- 
tial cisplatin release (about 10%) from the lipo- 
somes. Thus, in contrast to vectors for cisplatin 
transport such as DNA [6, 71, liposomes partially 
released cisplatin in a fret state both under lyso- 
somal extract disintegration, and under dialysis 
(though after a longer period of time). It could be 
postulated that cisplatin loaded liposomes pen- 
etrated by endocytosis into the cell, lysosomcs 
fused with phagosomes (containing the drug-vector 
complex) and probably induced a release of cispla- 
tin which could then leave the vacuole in a free 
state and reach the cytoplasm. 

Effects of cisplatin alone on ELT cells cultured in vitro 
Mitotic activity was always lowered, inde- 

pendently of its level observed in controls. 
Alterations of the DNA content in ELT cells 

cultured in vitro and treated with cisplatin alone 
were quite variable. This was probably due to the 
fact that G 1 cells were more sensitive to this agent 
than G 2 or S cells [18]. So, if the treatment 
started with populations in which G 1 cells were 
majoritary, the effects on DNA were more intense. 

At the ultrastructural level, nuclear and cyto- 
plasmic alterations were essentially due to the 
covalent fixation of cisplatin on the nucleic acids. 
Ribosome aggregates were similar to those 
observed in plant cells treated with cisplatin [19]; 
they were observed in sarcoma 180 cells [20]. 
Chromatin condensation, perichromatin and inter- 
chromatin granule accumulation observed in ELT 
cells treated with cisplatin have been described in 
normal liver or kidney cells from rats treated with 
cisplatin. They have been attributed to intra- or 
intercrosslinks of cisplatin with DNA in chromatin 
[21]. The complete dispersion of condensed 
chromatin was not observed in treated ELT cells 
as it was observed in plant cells after the treatment 
with cisplatin [ 191. Perhaps the quantity of cispla- 
tin fixed to the chromatin was different for animal 
and plant cells. Some dispersion of chromatin was 
however noted in treated ELT cells; this could be 
related to the observation. of “clear chromatin” in 
sarcoma 180 cells treated with cisplatin [20]. 

Tentatively, we propose to assign the chromatin 
dispersion in cisplatin treated ELT cells to covalent 
bonds which open the secondary structure of DNA, 
i.e. bifunctional crosslinks of one cisplatin molecule 
on two N-7 of adjacent guanine residues; this 
opening was confirmed at low levels of cisplatin 
fixed on isolated chromatin or nucleosomes in sol- 
ution [22]. Such a covalent bond could allow some 
RNA synthesis to occur, as suggested by nucleolar 
and ribosomal ultrastructure, as well as some DNA 
synthesis, as shown by our DNA contents measure- 
ments. The chromatin condensation of cisplatin 
treated ELT cells could be tentatively related to 
aggregation phenomena observed in solutions of 
isolated chromatin or nucleosomes treated with 
high cisplatin level [22]. In this case, inter- 
molecular crosslinks essentially between guanine 
residues and DNA-protein crosslinks could be 
responsible for such an aggregation [22-241. Mol- 
ecular bonds of these latter types could inhibit 
RNA synthesis [25]. 

Effects of liposomes alone or loaded with cisplatin in ELT 
cells 

Some of our results agree with those that 
Behrens et al. [26] obtained on human cells or rat 
kidney cancer cells cultured in vitro. By measuring 
cell survival, the cytotoxicity of liposomes appeared 
to be modulated by the lipid concentration, the 
type of liposome and also the sonication time. 
Generally, positively charged liposomes were very 
toxic, negatively charged liposomes were more 
toxic than neutral liposomes, and fluid liposomes 
were more toxic than solid liposomes. Negatively 
charged fluid liposomes were the most toxic; this 
fact could be related to the liposome fusion with 
the plasma membrane, as postulated by other 
authors for cultured mammalian cells [27, 281. 
Adsorption and intracytoplasmic disintegration of 
liposomes by ELT cells cultured in vitro was 
observed in the case of negatively charged fluid 
liposomes. 

Increased cytotoxicity of cisplatin loaded lipo- 
somes could be achieved in vitro, for the same 
cisplatin concentration, only when the liposomes 
were not heavily loaded, probably because under 
these conditions, a lipid concentration toxic for the 
cells was added. In this respect, our results agree 
with others describing EMT 6 cell survival after 
treatments with liposomes loaded with metho- 
trexate, actinomycin D or cytosine 1-8-u-arabino- 
furanoside [29]. Ultrastructural analysis of ELT 
cells cultured in vitro and treated with cisplatin 
loaded negatively charged fluid liposomes showed 
that they were adsorbed on the cell surface or 
penetrated into cytoplasmic vacuoles, where they 
were progressively degraded. Their fusion with the 
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plasma membrane was also likely but we had no 
definitive evidence. We rarely observed ultra- 
structural modifications related to nucleic acids, 
as it was the case for ELT cells treated with free 
cisplatin in culture medium. 

These results suggest that cisplatin is not 
released from liposomes into the medium, at least, 
not in large quantities, as postulated for metho- 
trexate [29]. Interestingly, methotrexate is exclus- 
ively incorporated into the liposome aqueous 
phase, while cisplatin is distributed between aque- 
ous and lipid phases [lo]. 

Results obtained with another drug, auranofn, a 

gold non-polar compound, showed variations in 
the cellular toxicity after its incorporation into the 
liposome lipid phase. In cultured human synovial 
cells [30], the toxicity of liposome-bound auranofin 
was much lower than that of free auranofin. It has 
been demonstrated that this agent was inactive 
when present in lipid cell compartments [31]. 

An analogy may be made for our experiments. 
Perhaps, the lipid part of total cisplatin content is 
inactivated in a similar way. We cannot exclude 
that some variations in active cisplatin con- 
centrations resulted from the conditions of lipo- 
somes preparation. 
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