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SUMMARY

Phospholipid vesicles have been used as a canniervehicle
to enhance the cytotoxic activity of 1-f3-D-arabinofuranosyl
cytosine (ama-C)and 1-f3-D-arabinofumanosylcytosine 5'-tni
phosphate against several tumor cell lines. The activity of
both compounds in free solution on entrapped within phos
pholipid vesicles was compared against L1210 cells, Ehrlich
ascites cells, and SV4O-transformed 3T3 cells in vitro . In
addition, the activity of vesicle-entrapped ama-C against
L1210 cells was also studied in vivo. The results obtained in
vitro with ama-C indicated no difference in the concentration

needed to inhibit growth of cells by 50% between free ama-C
and vesicle-entrapped ama-C. In contrast, 1-@3-D-anabinofuna
nosylcytosine 5'-tniphosphate entrapped in phospholipid
vesicles was a more potent inhibitor of L1210 in culture
(ID50,2 x 10@ M) compared to the relatively inactive free 1-
f3-D-arabinofunanosylcytosine 5'-tniphosphate (ID50, >1 0@
M). Experiments carried out with L1210 cells in mice

showed that, after a single i.p. dose (10 mg/kg) of vesicle
entrapped ama-C,the average survival times of mice inocu
lated with 10@L1210 cells were increased by oven 90%. In
control experiments, free ama-Cor vesicles plus free ama-C
(10 mg/kg) did not prolong survival of mice.

INTRODUCTION

The pynimidine nucleoside analog ama-C2is used for the
treatment of neoplastic disease, especially acute myeloid
leukemia. It is thought that the biological activity of ama-C
results from its activation within the cell to ama-CTP,which
inhibits DNA synthesis (2). The activity of ama-Cdepends
among others on the balance between (a) intracellular
phosphonylation of the drug to the active moiety and (b)
deamination to the inactive compound 1-/3-D-anabinofura
nosylunacil by deoxycytidine deaminase, an enzyme found
in plasma and in target cells (3). It would therefore be of
considerable pharmacological importance if a delivery sys
tam could be devised that protects ama-C from extracellulan
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2 The abbreviations used are: ara-C, i-f3-D-arabinofuranosylcytosine; ara

CTP, 5'-triphosphate of ara-C; PS, phosphatidylserine; PC, phosphatidylcho
line; PBS, phosphate-buffered saline (containing NaCI, 137 mM; KCI, 2.6 mM,
Na2HPO4,6.4 mM; KH,PO4, 1.4 mM; MgCl,, 8 mM; CaCl2, 1.8 mM; where
stated, Ca'@and Mg2@were absent from the buffer); ID50,concentration of
drugs needed to inhibit the growth of cells by 50%.
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deamination and also facilitates the cellular uptake of the
phosphonylated intermediates.

Phospholipid vesicles (1, 16) have been used extensively
as models for biological membranes and, more recently,
have been shown to be incorporated by mammalian cul
tuned cells in lange quantities without cytotoxic effects (13,
17). Evidence from in vitro studies indicates that the pre
dominant pathway of uptake for negatively changed fluid
vesicles is by fusion with the plasma membrane of the
recipient cells (24). The entrapment of drugs within phos
pholipid vesicles has been proposed as a means of facilitat
ing drug uptake by target cells both in vivo and in vitro (5,
20, 26). Considerable evidenca has been obtained using
several specific systems that indicates that entrapment en
hances drug activity (11, 12, 20, 22, 25, 26). We report here
the results of initial.investigations into the biological activity
both in vivo and in vitro of ama-Cand also ara-CTP en
trapped in phospholipid vesicles.

MATERIALS AND METHODS

Chemicals. The various lipids used for the preparation of
vesicles were obtained as follows. PS from bovine brain and
PC from egg yolks were prepared in this laboratory as
before (18) and were chromatognaphically pure. Cholesterol
was obtained from Fluka AG (Buchs, Switzerland; Puniss,
USP crystal) and was recrystallized from hot methanol.
Steamylammne(cetylammne)was obtained from K and K Labo
natonies, Plainview, N. Y. All lipids were stored in chlono
form solutions (approximately 10 p.moles/ml) under nitno
gen at â€”50Â°.

ama-Cwas obtained from Upjohn Co. , Kalamazoo, Mich.;
ara-CTP was from Sigma Chemical Co. , St. Louis, Mo. ; [5-
3H]ara-C (specific activity, 10 to 16 Ci/mmole) was from
Schwanz/Mann, Orangebung, N. V.; [5-3H]dCTP tetnasodium
salt (specific activity, 15 to 30 Ci/mmole) was from New
England Nuclear, Boston, Mass. Sources for all other
chemicals and reagents were as before (20).

Preparation of ara-C-containing Vesicles. For the prepa
nation of ama-C-containing vesicles (negatively changed),
120 @moIesof phospholipid (20% PS in PC) were mixed in
chloroform with 120 j.@moIesof cholesterol and approxi
mately 10 @Ciof [3H]ana-C,and the mixture was evaporated
to dryness in vacuum. The dry lipid ws then suspended in 5
ml of aqueous solution containing 4.5 ml of distilled water,
0.5 ml of PBS (free of Ca2@and Mg2@,and 144 mg of ama-C.
The mixture was suspended by vortex shaking for 10 mm at
37Â°and then sonically disrupted at 37Â°for 60 mm as before
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(14). The sonically disrupted suspension was then dialyzed
in narrow (0.7-cm) tubing against 500 ml of PBS changed
every 30 mm for 6 times. The amount of ama-Ccaptured
under these conditions was 3 to 8% of total. Such prepana
tion was used for some in vitro and all the in vivo expemi
ments. For other in vitro experiments, the method was
changed slightly using 10 to 20 @molesof phospholipid and
an equimolar amount for cholesterol suspended in 1 to 2 ml
of ama-C(30 to 60 mg) solution as above. The capture of ama
C in these preparations was approximately 2%. The dialysis
step for elimination of the nonincorporated ama-Cwas sub
stituted by passage through a Sephadex G-50 column as
before (14). Determination of the proportion of ama-Ccap
tuned by the vesicles was generally based on vesicle-associ
ated radioactivity. These measurements correlated well with
the values obtained by spectrophotometny at 254 nm.

The rationale for the addition of cholesterol into the phos
pholipid mixture used for making the vesicles is related to
its ability to reduce the permeability to ions (18, 19) espe
cially in the presence of various proteins that tend to in
crease the permeability of lipid vesicles (15).

Previous studies of similar vesicles both by gel filtration
and by freeze-fracture electron microscopy have indicated
that more than 95% of the lipid is in the form of small, less
than iooo-A diameter unilamellan spheroidal vesicles (19,
22). The small percentage of any larger multilamellar yes
ides (1) that escapes sonic disruption can be eliminated by
centnifugation of the suspension at 100,000 x g for 1 hr at
20Â°(21).

Preparation of ara-CTP-containing Vesicles. ana-CTP
containing vesicles (positively changed) were prepared as
follows. Four j@molesof PC were mixed with 1 @moleof
stearylamine and 3 @imolesof cholesterol in chloroform and
evaporated to dryness in vacuum. The dry lipid was then
suspended and treated sonically in 1 ml of PBS (free of Ca2@
and Mg2@)containing 0.3 mg ama-CTPand tracer [5-3H]dCTP
as described above for ana-C. The use of dCTP tracer was
necessitated by the nonavailability of labeled ana-CTP.
Studies in our laboratory have indicated that different
mono- and tniphosphate nucleosides were entrapped to a
similar degree inside lipid vesicles. The vesicle-entrapped
ana-CTPwas separated from nonentrapped material by pas
sage through a Sephadex G-50 column as above. Capture of
ana-CTP under these conditions was approximately 2% of
total. For more efficient capture required for some in vivo
experiments, 8 j.@moIesPC, 2 @moIesstearylamine, and 6

@molescholesterol were dispensed and sonically disrupted
in 0.5 ml PBS containing 5 mg ara-CTP. The amount cap
tuned under these conditionc was 20 to 30% of total. The
rationale for using stearylammnewas that it would increase
the capture of the negatively changed ana-CTPthrough elec
tmostatic interactions with the vesicle surface. This type of
vesicle had been used earlier by us for the entrapment of
cyclic 3',S'-AMP (20). Permeability studies with these vesi
des indicate that only 1% of the captured ama-CTPdiffuses
out of the vesicles during overnight incubation in PBS at 4Â°
and 6% diffuses out at 37Â°.These values increase to 1.2 and
8%, respectively, when the vesicles were incubated in the
presence of 10% serum in PBS.

ara-CTP in vesicle preparations was identified by chroma
tography, and the concentration was determined spectro

photometrically (at 254 nm) after extraction of the nucleo
tide in a chloroform-methanol-water 2-phase system (18).
This analysis gave values identical to those obtained on the
basis of extrapolation from the amount of labeled dCTP
entrapped, which was used routinely thereafter. It is as
sumed that the dCTP contained in the ara-CTP preparations
would not alter the biological activity of ana-CTP because of
the very low molar ratio of dCTP to ara-CTP which was
determined as 0.001.

ana-CTP can also be captured within negatively charged
vesicles similar to those used for ama-C. Under identical
conditions such vesicles (composed of PS, PC, and choles
tenol) capture one-half the amount of ana-CTP compared
with positively charged vesicles (composed of steanylamine,
PC, and cholesterol). This indicates that ara-CTP in posi
tively changed vesicles is partly adsorbed to the positively
changed (interior) surface and partly trapped passively
within the interior aqueous space. Addition of ama-CTPto
such preformed vesicles followed by incubation for 1 hr at
37Â°and passage through Sephadex G-50 column gives neg
ligible capture, which indicates that any drug molecules
initially adsorbed to the exterior surface of the vesicles are
removed under these conditions.

The addition of the tracer nucleotides to the lipid either
before evaporation of the solvent or after evaporation and
during the suspension in buffer gave similar results in terms
of total capture. Nonentrapped (free) ana-C on ama-CTPwas
obtained either from the 1st dialysate or from the effluent of
the same Sephadex column used to prepare the drug-con
taming vesicles. The free drug was then diluted to the same
concentration present in the vesicle suspension with PBS.
The concentration was also determined spectrophotomet
nically.

In Vitro Experiments. Stock cultures of L1210 cells and
Ehnlich-LettrÃ©ascites carcinoma cells (ELD) were grown in
suspension in Roswell Park Memorial Institute Media 1640
(L1210) or 1630 (ELD) supplemented with 10% (L1210) on 5%
(ELD) calf serum. SV4O-tnansformed Swiss 3T3 cells (3T3/
SV4O)were grown in monolayer culture in Dulbecco's mod i
fied Eagle's medium supplanted with 10% calf serum. For
cytotoxicity experiments, cells were seeded by dilution for
L1210 and ELD cells and from trypsinized 3T3/SV4O cells
into culture tubes, 1 on 2 mI/tube at 5000 cells/mI, and
rotated on a roller incubator as described previously (9).
Dilutions of vesicles or free drug were made with PBS or the
appropriate media.

Cell counts were made of the number of cells pentube 24
hr later; L1210 were counted after a suitable dilution. ELD
and 3T3/SV4O cells were counted after trypsinization from
the glass tube surface. Counts were made of 3 or 4 replicate
tubes. At this time additions were made of drug and/on
vesicles. Three days later tubes from culture were counted
(3 or 4 tubes for each cell type and drug combination pen
experiment).

Uptake of [3H]ara-C by cells was determined by incubat
ing known numbers of cells with the isotopically labeled
compound under the same conditions as for cell growth
experiments. After 15 mm the tubes were centrifuged (250 x
g for 1 mm) and the cells were washed 3 times in cold PBS;
the cells remaining in the tubes were lysed with water and
prepared for 3H determination in a scintillation counter.
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In VivoStudies.Tumor inhibitioninvivowas testedas
follows. Five- to 7-week-old, 16- to 22-g male DBA/2/Ha
mice obtained from the breeding colony of this institute
were each inoculated (Day 0) i.p. with 1 on 5 x 10@L1210
cells washed after aspiration from the penitoneal cavity of
mice beaming a 5-day-old tumor (passaged by weekly i.p.
injection of 1 x 10@cells). On the succeeding day, groups of
mice were given i.p. injections of drug alone, vesicles
alone, drug added to a vesicle suspension, on vesicle-en
trapped drug (maximum volume, 0.8 ml). Mice were
weighed on day of injection, doses of drugs were calculated
on a body weight basis, and the survival time was noted.
Experiments were terminated at 30 days.

RESULTS

Effects of ara-C in Vitro. Table 1 shows that, when ama-C
was entrapped in phospholipid vesicles, a significant (p <
0.01) increase of drug uptake by the cells was observed. No
significant increase of uptake was observed when the same
type of vesicles without entrapped ama-Cwere incubated
with the same external concentration of free ama-C.Thus,
the increased cellular uptake of ama-Cwas a result of its
entrapment within the phospholipid vesicles. The data for
cellular uptake presented here and throughout the paper
are based on measurements of total radioactive label found
in cells, which would include both ara-C and its metabo
lites. Calculations from the data of Table 1 indicate that the
intracellular concentration of the radioactively labeled ma
tenial was 3 to 4 orders of magnitude greaten than the
extnacellulamconcentration used. This is consistent with the
known rapid phosphorylation coupled with cellular uptake
of nucleosides (27) and suggests that most of the intracellu
Ian radioactivity represents phosphonylated forms of ana-C.

A typical dose-response curve of ama-Ctoxicity to growth
of L1210 cells in vitro is shown in Chart 1. This chart shows
(a) the rapid growth of control L1210 cells during the course
of the experiment; (b) that phospholipid vesicles alone do
not inhibit L1210 growth; and (c) that the effects of free on

Table 1

In vitro uptake by L1210 cells of free ara-C and ara-C entrapped in
phospholipid vesicles

One x 10â€•L1210 cells were incubated at 37Â°in 1 ml of Roswell
Park Memorial Institute 1640 media supplemented with 10% fetal calf
serum and 106 M ama-C (free orentrapped in lipid vesicles). After 15
mm, the cells were centrifuged at 250 x g for 1 mm and washed 3
times in PBS, and the total radioactivity (ama-C and its metabolites)
was determined.

vesicle-entrapped ama-Con cell growth are approximately
the same. So that comparisons could be made between
different experiments and different cell types, the ama-CID50
from Day 1 to Day 4 was calculated (see Chart 1, dashed
lines). Mean ID50values from 3 experiments for each cell
lines used are shown in Table 2. These results indicate that,
while each of the cell types shows somewhat different sensi
tivities to ana-C, vesicle entrapment of ama-Cneither poten
hated nor inhibited the activity of the drug.

Effects of ara-C in Vivo. Notwithstanding this result it was
decided to determine whether vesicle entrapment of ama-C
affected the growth of L1210 cellsin vivo. Table 3 shows the
results of 3 experiments. It is clean from all 3 experiments
that vesicle-entrapped ama-C significantly prolonged the
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Chart 1. Effect of â€œfreeâ€•or â€œvesicle(â€œvesâ€•)-entrappedâ€•ara-C on growth
of L12i0 cells in vitro. Culture tubes were seeded with 1 x 10@Li210 cells at
Day 0; on Day 1 addition of buffer only (PBS), free ara-C, vesicle-entrapped
ara-C, or vesicles alone were made to give the concentrations indicated. The
lipid concentration at 106 M was approximately 0.1 to 0.2 @molephospho
lipid per tube. Cell counts were made on untreated tubes at Day 1 and on
tubes after incubation with vesicles on Day 4. Three or 4 tubes were counted
for each experimental point, and the mean cell count was determined.
Unlabeledcurve, growth of control cells (doublingtime of approximately8
hr). The lD@is the concentration of ara-C required to inhibit the growth of the
cells 50% between Days 1 and 4 (- - -

Table 2

Effect of â€œfreeâ€•or â€œvesicleâ€•ara-C on growth of cultured cells
ID@'s were determined as described in the legend to Chart 1 and

are the meansof 3 experimentsfor each cell type. Standarddevia
tions are approximately Â±20% of mean. ama-C and vesicle prepara
tions were madeas described in â€œMaterialsand Methods.â€•

0 1 4@ 025 10 25 10

Day

a Specific activity of [3HJara-C, 1 .89 x 10â€• cpm/@mole.

b Mean Â± S.D.

C Specific activity of [3H]ara-C, 1 .25 x 10â€• cpm/Mmole.
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Effect of â€œfreeâ€•or â€œvesicleâ€•ara-C on survival of DBA/2/Ha mice bearing L1210leukemiaFive-

to 7-week-old 16- to 22-g DBA/2/Ha male mice were inoculated i.p. with 5 x 10â€•(Experiment 1) or 1 X 10â€•
(Experiments 2 and 3) L1210 cells in a volume of 0.1 ml on Day 0. On Day 1 mice were given i.p. injections of PBS,
vesicles only, free ama-C, vesicles (without entrapped ama-C) plus free ama-C, or ama-C entrapped in vesicles. ama-C
concentrations wemedetermined from the specific activities and/or spectroscopically. Vesicles were prepared as
described in â€œMaterialsand Methods.â€• The total lipid dose was approximately 200 @moIes/kg. The time of survival
of the mice was noted, and experiments were terminated at 30 days.Survival

(days)Treatment

Dose (Day 1) Experiment 1 Experiment 2 Experiment3Buffer

control 0.1 ml 8.1 Â±0.3Â° (0/12)b 10.1 Â±0.5 (0/5) 10.3 Â±0.5 (0/10)
Vesicles only C 9.8 Â±0.4 (0/10)
Freeama-C 10 mg/kg 8.8 Â±0.3 (0/12) 10.6 Â±0.4 (0/5) 11.2 Â±0.5 (0/10)
Vesicles+ fmeeama-C 10 mg/kg 11.1 Â±0.6 (0/10)
ama-C entrapped in vesicles 10 mg/kg 10.9 Â±0.5 (0/12) 20.2 Â±1.4 (1/5) 19.6 Â±1.6 (2/10)

Effect of â€œfreeâ€•or â€œvesicleâ€•ara-CTP on growth of culturedcellsThe
lD@'swere determined as described in the legend to Chart1and

are the means of 2 experiments for each cell type.Standarddeviations
are approximately Â±25% of mean. ara-CTP andvesicleswere

preparedas described in â€œMaterialsandMethods.â€•lD@1,

(M)Treatment

L1210 ELD3T3/SV4OFree

ara-CTP >10w >10@@>10@Vesicle
ama-CTP 2 x i0@ 5 x i0â€• 4 xi0â€•Vesicles

+ free ama-CTP >10@ >10@ >10@

Antitumor Activity of ara-C in Lipid Vesicles

Table 3

a Mean Â± S.D.

b Numbers in parentheses, number of mice surviving for 30 days/total number of mice per group.

C The amount of lipid injected was equal to that present in the vesicle ama-C combinations.

survival of mice compared with controls and free ama-Cat
the same concentration (p < 0.02). As expected, the antitu
momactivity in the 2 experiments with smaller inoculum (1 x
10â€•cells/mouse) was much higher than that obtained with
higher inoculum (5 x 10@cells/mouse). The dose of free
ara-C used was much lower than the one that inhibited
tumor growth in a single dose on Day 1 schedule (28). In 1
completed experiment, it can be seen that vesicles only or
vesicles injected with external free ama-Cwere also without
significant effect.

Effects of ara-CTP. In Vitro experiments using ana-CTP
were also performed. Chart 2 shows the results from a
single experiment against L1210 cells. It can be seen that
entrapment of ama-CTP within vesicles significantly de
creased the concentration of ana-CTPrequired to inhibit cell
growth compared with free ama-CTPon free ana-CTP and
vesicles added to the same culture. Table 4 shows the
results from 2 experiments made on each of the 3 cell lines.
It can be seen that, for all 3 cell types studied, entrapment of
ana-CTP in vesicles decreased considerably the concentra
tion necessary to inhibit the growth of the cells.

DISCUSSION

It has become apparent that phospholipid vesicles could
be useful as carriers of drugs and other biologically active
agents (12, 20, 22, 25, 26). Several systems have been
described where entrapment of drugs in vesicles has poten
tiated their biological activity. Some reports have been
made of attempts to use phospholipid vesicles as carriers of
antineoplastic agents (11, 12, 22, 25). Neenunjun and Gre
goniadis (12) and Rahman at a!. (25) have presented some
data suggesting that when actinomycin D is entrapped in
phospholipid vesicles the life-span of tumor-bearing ani
mals is prolonged compared with mice receiving the free
agent. Kimelbeng at a!. (10) have compared free and vesicle
entrapped methotmexate and have shown that when metho
trexate is injected i.v. into primates the mateof degradation
is significantly slower when the drug is entrapped in vesi
des. A recent report from Kobayashi at a!. (11) indicates
potentiation of ama-Cactivity against L1210 tumor cells in
mice in general agreement with the results presented here.

0 1@ 025 10 25 10
Day

ARAâ€”CTPconc. (lotM)

0

0
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Chart 2. Effect of free or vesicle-entrapped ara-CTP on the growth of
L1210 cells in vitro. Cell cultures were set up as described in the legend to
Chart 1, Additions of buffer only, free ara-CTP, vesicle-entrapped ara-CTP,
vesicles only, or vesicles (without entrapped ara-CTP) plus free ara-CTP were
made to give the concentrations indicated. Cell counts and lD@concentra
tions were determined as described in the legend to Chart 1.

Table 4
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In this study we have shown that a single injection of
entrapped ama-C,a clinically useful drug, can inhibit the
growth of L1210 leukemia in vivo at a much lower dose than
would be effective for the free drug. Further studies are
needed in order to establish optimization of dose-response
relationship of the antitumor activity and toxicity of free and
entrapped ama-C.

In marked contrast to the in vivo effects of vesicle-en
trapped ana-C, the ID50for growth inhibition in vitro against
all 3 cell lines studied was similar with both free and en
trapped ara-C. The presence of lipid vesicles alone did not
affect the uptake of free ama-C. If it is assumed that the
cytotoxicity of ama-C is directly proportional to ara-CTP
formed, then the intracellular ana-CTP concentration must
be similar regardless of whether free or entrapped ana-C
was used. This suggests that the excess ama-Ctaken up by
the cells via lipid vesicles is not available for growth inhibi
tion possibly due to subsequent efflux and/or degradation
to , for instance , 1-f3-D-anabinofunanOsylunacil. Studies are
now in progress to evaluate the possibilities described
above by a direct analysis of relative concentrations of
unchanged ama-Cand its radioactive metabolites formed
within the cells after tneatmentwith free on entrapped ana-C
bothinvitroand invivo.

The results using the active moiety ama-CTPdirectly mdi
cate that it could be directed to the active site and that the
ID50was lower for entrapped ana-CTPthan for free ana-CTP.
Thus it appears that entrapment of ana-CTP in vesicles
potentiates its biological activity in vitro. This effect could
be the result of either enhanced uptake of the entrapped
nucleotide into cells (20) or, alternatively, protection
against inactivation by degradation enzymes. The some
what differential effects of ama-CTPon 3 different cell lines
may be explained by differential degradation of the ama-CTP
and/on a different final concentration requirement for ama
CTP at the active site. Studies on the effects of entrapped
ama-CTPon tumor growth in vivo are under way at present.
However, the present studies do indicate that vesicles could
be used to entrap and potentiate the effects of the active
(more easily degraded) moieties of clinically administered
drugs.

The mechanism by which entrapped ana-C is more active
than the free drug in vivo against L1210 leukemia when it is
not more active in vitro could involve several factors. Thus,
it is possible that vesicle-entrapped ama-C is protected from

the extmacellulanor intracellular deaminases. Another possi
bility is that the vesicle-entrapped ama-C acts as a â€œtime

release' â€s̃ystem over a period of time so that cells are
exposed to the drug as they enter DNA synthesis, inhibiting
their growth. Among other possibilities is one involving
altered drug distribution that may be responsible for in
creased selective toxicity. Comparative studies of the distmi
butionand effectsofama-Cinmice afteradministrationby
different routes are under way at present.

ama-Centrapped within multilamellan vesicles (liposomes)
has also been shown to be more effective in inhibiting the
growth of tumors in mice (11). The results described in this
paper with ama-Cwere obtained with small unilamellam vesi
des. Although we have not tested the relative efficacy of
different size vesicles in our system, it has been reported (7)

that small unilamellam vesicles similar to those used in this
study are cleared much more slowly from the circulation
compared to the larger multilamellar vesicles used by 5ev
emalother investigators (5, 12, 25, 26). This characteristic
would seem to be of considerable pharmacological impon
tance forthein vivo use of drug-containing lipid vesicles.

It has been established recently in this laboratory (24) that
the physical properties of lipid vesicles are of great impom
lance for the mechanism of their uptake by cells in vitro.
Thus, negatively charged â€œfluidâ€•vesicles are incorporated
primarily by fusion with the plasma membrane of the mecipi
ent cells, while neutral or negatively charged â€œsolidâ€•vesi
des are incorporated primarily by endocytosis (24). Uptake
by fusion would be pharmacologically more interesting
since drugs entrapped within the vesicles would be free to
diffuse within the cytoplasm following vesicle-cell fusion.
On the contrary, if the vesicles are endocytosed, the vesicle
contents will be localized within the lysosomal system
where they would be susceptible to degmadative enzymes
before they can diffuse through the lysosomal membranes
(4).

The results reported here and other studies previously
mentioned indicate that lipid vesicles can be used as an
effective cannier vehicle for introducing drugs into cells in
vitro and in vivo, under conditions in which cells would
ordinarily exclude the drug on fail to incorporate it in a
pharmacologically active form. It is clear, however, that the
effectiveness of lipid vesicles against tumor cells specifi
cally will demand â€œtargetingâ€•of the vesicles to these cells.
Some success has already been reported in this direction in
vitro through the use of immunoglobulmns (6) and lectins (8).
If similar targeting could be accomplished in vivo against
tumor cells, lipid vesicles would be a powerful tool for drug
delivery in cancer chemotherapy.
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