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Abstract—The uptake, metabolism and antitumor activity of 1-P-p-arabinofurano-
sylcytosine nucleotides encapsulated in liposomes were investigated in L1210 cells
sensitive and resistant to the drug. These studies were carried out in order to determine
whether encapsulation of the presumed active component of the drug, namely,
arabinofuranosyleytosine 5’ triphosphate will convert resistant cells to sensitive. The
results indicate that liposome entrapment of Ara-CMP and Ara-CTP did not result in
increased delivery of these metabolites into L1210 cells. The amount of nucleotide found
intracellularly following an in vitro incubation of encapsulated drugs with 11210 cells
did not exceed the level expected from a simple extracellular breakdown of Liposome
releasing their contents with subsequent uptake and phosphorylation of the released
nucleoside. Further evidence for lack of enhancement of drug uptake by liposome
encapsulation were obtained when the rate of incorporation of TdR into DNA of
L1210/Ara-C was not significantly affected by Ara-CTP encapsulation in liposome.
The data presented herein also demonstrated thal the in vivo sensitivity of 1.1210 cells
resistant to Ara-C could not be modified by encapsulation of Ara-CTP in liposomes.
The results strongly suggest that encapsulation of drugs unmodified or untargeted
liposomes will not be able to overcome drug resistance related to transport defect and/or

deletion of intracellular activating enzyme(s).

INTRODUCTION

ProspHOLIPID vesicles (liposomes) are, at pre-
sent, the subject of a considerable amount of
effort to determine their utility as a drug
delivery system [1-6]. There are, however,
only a few instances where liposome entrap-
ped drugs have been shown to have advan-
tages compared to the use of free drug at
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Abbreviations: PC,  phosphatidylcholine;  PS,
phosphatidylserine; CHOL, cholesterol; PCA, perchloric
acid; KOH, 'potassium hydroxide; Ara-C,

arabinofuranosylcytosine; Ara-CMP, Ara-CDP and Ara-
CTP, the 5 mono, 5 di-and 5-triphosphates of Ara-
C, respectively; Ara-UMP, arabinofuranosyluridine 5
monophosphate; L.1210/0, and L1210/Ara-C leukemia
L1210 cells sensitive and resistant to Ara-C, respectively;
HPLC, high pressure liquid chromatograph;
HEPES/MOPS, N-2-hydroxyethylpiperazine-/N'-2-
ethanesulfonic acid/morpholinopropane sulfonic acid;
REV, reverse evaporation phase vesicles; SUV,
sonicated unilamellar vesicles.
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equimolar doses [7-9] including data showing
the markedly altered activity of cytosine arab-
inoside (Ara-C) when trapped in liposomes
[7-11].

To provide further information concerning
the efficacy of Ara-C entrapped in liposomes
and to evaluate the potential utility of en-
trapped Ara-CTP for the purpose of overcom-
ing resistance to Ara-C, studies were carried
out in L1210 sensitive and resistant to Ara-C
using  liposomes  containing  entrapped
nucleotides.

MATERIALS AND METHODS
Lipids
Phosphatidylcholine (PC) [12] and phos-
phatidylserine (PS) [13] were prepared as
described previously and were repurified [11]
on a Waters high pressure liquid chromatog-
raph (HPLC) (LC-500) using a pre-pak-500

silica column with chloroform—methanol-water
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60:30:4 as solvent. Cholesterol (A. B.
Fluka, Switzerland) was recrystallized once
from methanol. All lipids wére greater than
999, pure as assayed by thin layer chremat-
ography and stored in chloroform under nit-
rogen at 50°C. '

Liposomes

Two basic types of liposomes were pre-
pared: sonicated unilamellar liposomes (SUV)
prepared by standard sonication methods [14]
and larger liposomes prepared by a reverse
phase evaporation procedure (REV) [15].

Ara-C or derivatives were dissolved in
0.15M phosphate buffered saline at a con-
centration of 3x1071—=5x107*M and the
pH adjusted, if necessary, to 7. A trace
amount of labeled drug was added (
~0.1 uCi/ml).

Lipid mixtures were prepared in different
ratios for the preparation of liposomes of
different compositions. The liposomes used in
the present studies had the following lipid
ratios (a) PS:PC, 1:4; (b) PS:PC:CHOL,
1:4:5.

SUvV

In a standard preparation, 50-200 ymol of
the lipid mixture was evaporated to dryness
under nitrogen and reduced pressure. The
dried lipid was then suspended in the drug
containing solution (usually at 60 pmol li-
pid/ml) and vortexed at 37°C for 10-15min
under nitrogen. The suspension was then
sonicated in a closed tube under nitrogen in a
sonicator bath (Lab-Supplies, .Co., Model T-
80-80- IRS) at 37°C for 1hr. Llposomes pre-
pared in this way were checked by Freeze
Fracture electron microscopy and found essen-
tially  free- of multilamellar 11posomes
Sonication did not affect Ara-CG activities ei-
ther in the free or entrapped form.

REV

The lipid mixture was evaporated to dry-
ness as described for SUV but was then
redissolved in 6ml freshly distilled diethyl
ether (PS:PC liposomes) or ‘3ml chloroform
and 3 ml isopropyl ether (PS: PC:CHOL lipo-
somes). The drug solution - (usyally 2ml) was
added and the suspension sonicated for 5min
at room temperature. The chloroform and
ether were evaporated at -30-37°C and the
resulting liposome ‘suspensions were extruded
through 0.4 um polycarbamaté membranes.
After preparation, SUV and REV liposomes
were dialyzed four times against 250 ml PBS
for 1+ hr followed by overnight dlalys1s against
500m! PBS. The amount of entrapped drug

was determined from radioisotopic measure-
ments and the capture - (%, drug entrapped
from original solution) was 1-29, for SUV
and 20-359%, for REV. The liposomes were
used for experiments within 24 hr.

Liposome stability

Aliquots of liposome containing entrapped
*H-Ara-C were put in 1cm dialysis bags and
diluted to 1.0 umol lipid/ml with PBS, 109, or
809, heat inactivated fetal calf serum. The
bags were incubated at 37°C ir ,PBS with
changes of dialysate at 1, 2, 4, 6, 8, 24, 48
and 72hr. The radioactivity of the dialysates
was determined and from this data the rate of
leakage of Ara-C from liposomes were calcu-
lated and expressed as the time required for
509, of Ara-C to be lost from the liposomes
(t112) [11].
Chemicals and isotopes

Ara-C (bare) was obtained from Sigma
Chemical Co., St. Louis, MO. Ara-CTP (tet-
ralithium salt, trihydrate), 96-989, pure by
HPLC was purchased from Calbiochem, La
Jolla, Ca. [5-H]-Ara-CMP (50 ci/mmol),
999, pure by radioactivity, was obtained from
Moravek Biochem., City of Industry, CA. [5-
3H] Ara-C (22ci/mmol) and [methyl-*H]
TdR (2ci/mmole) were purchased from
Amersham/Searle, Arlington Heights, IL.

Tumor Cells

L1210/0 (wild type) and L1210/Ara-C (re-
sistant to Ara-C) were routinely transplanted
into DBA/2J mice and used on day 3 or 4
following an i.p. transplant of 1x10° cells.
The resistance of L1210 cells to Ara-C is
characterized by the lack of in vivo sensitivity
and by the limited uptake and activation of
Ara-C to the Ara-CTP level. Lewis lung
carcinoma cells were established in culture by
Dr. J. Bertram of this Institute (unpublished
results). B16-F10 melanoma cells were kindly
supplied by Dr. I. J. Fidler of the Frederick
Cancer Research Cenger, Frederick, MD.
Both LLC and B16-F10. melanoma were
maintained in culture and ‘checked frequently
for tumorigenicity in mice.

HPLC system

Separation of Ara-{: metabohtes Ara-C
metabolites, namely Ara-CMP, Ara-UMP,
Ara-CDP and Ara-CTP,. were separated on a
Dupont Model 830 equipped with a dual cell
detector (254nm) and a U-shaped ABX col-
umn (1 x2m). Other conditions were identi-
cal to those previously described [16, 17].
Purity of Ara-CTP and *H-Ara-CMP were
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determined as follows: *H-Ara-CMP was elu-
ted from the column isocratically using
2.5mm potassium phosphate buffer, pH 3.0.
One-minute fractions were collected and
counted using a. Packard Tri-Carb Model 330
liquid Scintillation Spectrometer with 309
efficiency. This compound was found to be
999, pure. Ara-CTP was eluted with a phos-
phate buffer gradient 2.5mM pH 3.0, to
0.5M pH 4.4) using a concave gradient.
Under these conditions, Ara-CTP was eluted
as a single peak but separable from CTP and
dCTP. In all experiments the Ara-CTP was
96-989%, pure. The purity of encapsulated
materials was tested prior to each experiment.
Free liposomes and liposome entrapped drug
were extracted with chloroform—methanol
(3:1) and chromatographed on HPLC as de-
scribed above.

In vitro studies

Inhibition of [*H]-TdR incorporation into
DNA was determined as follows, L1210 tumor
cells (3-10 x 10%/2 ml) were incubated at 37°C
in RPMI 1640 containing 109, fetal calf
serum, 2%, HEPES/MOPS (complete me-
dium). Free and encapsulated Ara-CTP or
Ara-C at the appropriate concentrations were
added to the incubation medium and at 60 or
120 min thereafter cells were centrifuged and
washed three times with 0.99 NaCl. Cells
were then suspended in 4ml of complete
medium containing 5uCi [*H]-TdR and in-
cubated for an additional 15min. Cells were
then centrifuged, washed twice with 0.99,
NaCl, and the cell pellet was extracted three
times with 69, PCA. Cell pellets were then
taken up in 0.5ml of 69, PCA, and boiled at

95°C for 15min. Aliquots were then removed
for counting.

[*H]-Ara-CMP tetabolism

5x10° L1210/0 and L1210/Ara-C cells
were incubated at 37°C in 4ml of complete
medium containing 1.5mM of free or en-
capsulated Ara-CMP solution containing 5
x 10° cpm/ml [*H]-Ara-CMP. At 60 and
120 min, 2ml of cell suspension was removed,
washed three times with 0.99, NaCl and cell
pellets were extracted with PCA, centrifuged
and ‘the resulting supernatants were neutra-
lized with KOH. Acid-soluble fractions thus
prepared were then analyzed for Ara-C meta-
bolites using the HPLC system described
above. Incorporation of Ara-C into nucleic
acids were determined by washing the acid-
insoluble fractions three times with PCA. The
pellet was then taken up into counting vials
and counted twice each time for 10 min.

Antitumor activity

Female DBA/2] mice weighing 18-20g
were inoculated (day 0) ip. with 1x10°
L1210/0 or L1210/Ara-C and 24hr (day 1)
later i.p. treatment with free and encapsulated
drug was initiated. Control mice received
0.01 ml of 60 uM lipid per g body weight.

RESULTS

Metabolism of Ara-C by L1210/0 and
L1210/A4ra-C

Table 1 summarizes the intracellular acti-
vation of [*H]-Ara-C by L1210 sensitive and
resistant to Ara-C. The data indicate that
although Ara-C was activated up to the tri-

Table 1. TIn vitro metabolism of [*H]-Ara-C (20 Ci/mmole) by L1210/0 and
L1210/Ara-C cells
pmol/lO7 cells + S. D.
Cell line Ara-CMP Ara-UMP Ara-CDP Ara-CTP
L1210/0 121+ 24 22404 207+ 04 185.2+35.6
L1210/Ara-C* 1.8+0.6 0.3+0.6 1.740.5 36+1.5
L1210/0:L1210/Ara-C ratio 6.7 7.3 12.2 51.5

Cells (5.0x 107) were incubated at 37°C for 15min in 5ml of RPMI 1640 media
containing 109, fetal calf serum. 2% HEPES/MOPS, and 1pug/ml Ara-C and
20 uCi/ml[*H]-Ara-C. Cells were then washed three times with 0.99, NaCl, extracted
with PCA/KOH and acid-soluble fractions were analyzed by HPLC, for Ara-C
" metabolites. The values reported herein were the average of three separate experiments.
*CdR- Kinase activity in L1210/0 and L1210/Ara-C were 110 and 2.6 pmol/mg

' protein/min.
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phosphate level and incorporated into nucleic
acids in both cell lines, the amount of Ara-
CTP formed by L1210/Ara-C was only 1-29,
of that found in the acid soluble fraction of
1.1210/0. This suggests that the flow of Ara-C
through the metabolic pathway is dramati-
cally reduced in this resistant cell line. For
example, while the Ara-CTP/Ara-ADP and
Ara-CDP/Ara-CMP in L1210/0 cells were
13.5 and 1.6, respectively, in L1210/Ara-C
these ratios were 2.4 and 0.9 respectively. The
Ara-CMP/Ara-UMP ratios in the two cell
lines, however, were identical. The data in
Table 1 also shows that the Ara-CTP pools in
1.1210/0 were about 52-fold greater than that
found in L1210/Ara-C.

In vitro stability of Ara-C entrapped in liposomes
Table 2 shows that PS/PC liposomes were
more leaky than PS/PC/chol liposomes in PBS
or in serum. The 109, serum data gives the
stability under similar conditions to those used
in the in vitro experiments. The use of 809,
serum was an attempt to mimic more closely
the normal high iz vive serum concentration.
These leakage data were obtained in a cell-
free system and it is not known whether in vivo
liposome interaction with cellular components
and membrane induces faster rates of leakage.

Uptake and activation by leukemic cells of free and
liposome encapsulated [*H]-Ara-CMP

The data in Table 3 compare the in vitro
ability of L1210 cells sensitive and resistant to

Table 2. In vitro stability of Ara-C encapsulated in
REV and SUV liposomes with different lipid composition

Incubation media

Liposome type Molar ty2*

and composition ratio  PBS 809, Serum
PS/PC-REV 1:4 25 hr 1.0hr
PS/PC/CHOL-REV 1:4:5 58hr 28 hr
PS/PC-SUV 1:4 15hr <1.0hr
PS/PC/CHOL-SUV 1:4:5 42hr 21 hr

Liposome entrapping Ara-C were incubated at 37°C with

either PBS or 809, fetal calf serum. The identity of Ara-

C in liposomes at various times of incubation were

identified by HPLC.

*Time required for 509, of entrapped Ara-C to leak out
of liposomes.

Ara-C to take up free and encapsulated Ara-
CMP. Although the data show that liposomal
[*H]-Ara-CMP was taken up by L1210/0, this
amount represented less than 19, of the
amount of label found intracellularly when
free Ara-C was used. Examination of the
stability of Ara-CMP in the incubation mix-
ture revealed only a 19, breakdown of free
Ara-CMP to Ara-C during the 2hr of in-
cubation. During the same period, the
amount of Ara-C released into the media
from encapsulated Ara-CMP was 0.1-3%,.
Encapsulation of Ara-CMP in liposomes did
not increase the uptake of Ara-CMP by

Table 3. Uptake of free and REV entrapped [*H]-Ara-CMP (5 Ci/mmol) by L1210/0
and 1.1210/Ara-C

“pmol/107 cells

L1210 L1210/Ara-C
Lipid
Conditions composition 60 min 120 min 60 min 120 min
Ara-C-freet PS/PC* 590.3+32.4 — 39412 —
Ara-CMP-free PS/PC* 26.0+3.1 67.9+18.7 1.264+0.56 0.87+0.5
REV-Ara-CMP PS/PC 2.21+0.19 5.67+2.0 0.3840.05 0.14+0.11
REV-Ara-CMP PS/PC/CHOL 1.7 £0.22 1.76+0.9 0.38+0.16 0.48+0.10

Leukemic cells (5 x 107 cells) were incubated at 37°C with the drug for 60 and 120 min in
RPMI 1640 containing 109, fetal calf serum and 29, HEPES/MOPS. At each time point
cells were washed, extracted with PCA/KOH and acid-soluble fractions were counted for

radioactivity.
*Free drug mixed with empty liposomes.

tAra-C-5[*H] (4 uM + 10 uCi) in presence of 5.0 x 107 cells, 1 hr incubation.
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L1210/0 or LI1210/Ara-C. The amount of
drug taken up by leukemic cells in the case of
free and encapsulated Ara-CMP could be
accounted for on the basis of leakage of Ara-
CMP from liposomes and the subsequent
breakdown to Ara-C.

The extent of metabolic activation of free
and liposome encapsulated Ara-CMP in
L1210/0 and L1210/Ara-C was investigated
and the results are shown in Fig. 1. The data
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Fig. 1. Metabolism of free and liposome encapsulated Ara-
CMP by L1210/0 and L1210/Ara-C. Two hours following in
vitro incubation of cells with labeled drugs cells were
centrifuged, washed and cell pellets were extracted with PCA
and neutralized to pH 7.0 with KOH. Ten to 50 microliters of
the cell extract (acid-soluble fraction) was applied on fo an
HPLC column and eluted as described under Materials and
Methods. Fractions were collected every 1.5 min and counted for
radioactivity.

indicate that only in L1210/0 were free and
encapsulated Ara-CMP metabolized to the
level of Ara-CTP. The amount of Ara-CTP
formed seems to correlate with the rate of
leakage and breakdown of Ara-CMP and
Ara-CTP into Ara-C with its subsequent up-
take of and phosphorylation to the triphos-
phate level in L1210/0. In contrast, in
L.1210/Ara-C, where resistance is due to a
relatively lower level of deoxycytidine kinase
(see Table 1), there was no appreciable for-
mation of Ara-CTP. The relatively higher
level of Ara-CMP found when the drug was
encapsulated in liposomes (PS/PC) could be

due to residual association of liposome en-
trapped drug with the cell membrane.

Inhibition of [*H]-TdR incorporation into DNA by
Ara-CTP

The effects of free and liposome encapsu-
lated Ara-CTP on the incorporation of TdR
into DNA of L1210/0 and L1210/Ara-C were
investigated. The data which are outlined in
Table 4 indicate that in L1210/0 both free
Ara-C and Ara-CTP inhibited TdR incorpo-
ration by over 909,. The extent of inhibition
by free Ara-CTP was correlated with the
degree of Ara-CTP breakdown to Ara-C in
the incubation medium, and this was de-
termined to be 1-59, in a period of 120 min.
Encapsulation of Ara-CTP in liposomes did
not enhance the inhibition of TdR incorpo-
ration into DNA at lower doses. In fact, data
in Table 4 indicate that the inhibition which
occurred at 10-20 ug/ml of encapsulated Ara-
CTP can be accounted for by the leakage of
Ara-CTP from liposomes and the subsequent
breakdown to Ara-C in the medium, followed
by its activation to Ara-CTP in L1210/0 but
not in L1210/Ara-C. In L1210/Ara-C there
was no significant inhibition of TdR incorpo-
ration at any concentration used. Similarly,
the effects of Ara-CTP encapsulated in lipid
vesicles on the incorporation of TdR into
DNA was evaluated in two other cell lines
with marginal in vitro sensitivity to Ara-C,
namely Lewis Lung carcinoma (LLC) and
B16-F10 malignant melanoma cells. The data
which are outlined in Table 5 indicate that
encapsulated Ara-CTP did not inhibit the
incorporation of TdR into DNA in Lewis
Lung carcinoma. In B16-F10 cells inhibition
by free drug was greater than that found
when  Ara-CTP  was encapsulated in
liposomes.

The data on the inhibition of TdR in-
corporation into the DNA of L1210/0 and
L1210/Ara-C are summarized in Fig. 2. As
indicated in Tables 4 and 5, only in L1210/0
was there significant inhibition of TdR in-
corporation into DNA. In studies not reported
here, results indicated that incubation of
L1210/Ara-C cells with Ara-CTP encapsu-
lated in liposomes for up to 4hr did not
increase the extent of inhibition of TdR in-
corporation into DNA.

Antitumor activity of free and encapsulated Ara-
CTP

The activities of free Ara-C, free Ara-CTP
and Ara-CTP encapsulated in lipid vesicles
against mouse leukemia L1210/0 and
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Table 4. Inhibition of [methyl->H] TdR inéorpomtion into DNA by free and
liposome encapsulated Ara-C and Ara-CTP

% Inhibition*

. L1210/0 L1210/Ara-C
Concentration o
Conditiont (ug/ml) 60min 120min 60min 120 min
Ara-C-free 0.1 92.0 88.2 N.D. 8.6
1.0 98.2 98.3 7.8 12.2
10.0 99.6 99.8 14.5 32.1
20.0 99.7 99.8 31.5 34.3
Ara-CTP-free 1.0 79.4 94.3 0 0
10.0 95.1 94.6 4.9 0
- 20.0 95.0 99.2 4.2 13.6
REV-Ara-CTP 1.0 44.5 49.1 0 12.9
10.0 79.6 82.6 0 12.1
20.0 61.9 77.6 3.6 10.9
SUV-Ara-CTP 1.0 80.3 N.D. 0 0
10.0 95.3 N.D. 0 0
20.0 91.1 95.1 4.8 2.2

L1210/0 and L1210/Ara-C (1.0 x 107cells/ml) were incubated with various con-
centrations of drug at 37°C for 60 and 120 min in presence of RPMI 1640 containing
109, fetal calf serum and 29, HEPES/MOPS. Ara-CTP was encapsulated in REV
and SUV with a lipid composition of PS/PC/CHOL in the ratio of 1:4:5. Free drug
was mixed with empty liposome just prior to initiation of experiment.
*Tdr incorporation in the 60min control samples were 53.6+15.8 and 19.2
+6.5 pmol/107 cell for L.1210/0 and L1210/Ara-C, respectively.
These values repxje'sent an average of two experiments.
1 The lipid concentration in each condition was 7.5 mM.

31121000
N 11210/Ara-C
1004 — -
Table 5. Inhibition of [*H]-TdR incorporation 9? [ ]
into the DNA of Lewis Lung Carcinoma (LLC), z ol ]
and F-10 melanoma cells by free. and liposome g ]
encapsulated Ara-C and Ara-CTP £ 5o
z
; -4
%, Inhibitionf 30]
Drug g
concentration . 10 H j H
Conditions (ug/ml) F-10 LLC. o
- ARA-C  ARA-C  ARA-CTP  REV™  SUV"
Ara-C-free 0.1 746  922.0 o1 20 20 (ARAZ-((,:TP) (ARA-CTP)
Ara-CTP-free 20.0 78.1  61.2 pa/ml
REV-Ara-CTP 1.0 2.6 0 Fig. 2. Inkibition of TdR incorporation into DNA of L1210/0
5.0 514 N.D. and L1210/4ra-C by free and Ara-C and Ara-CTP
10.0 42.7 N.D. encapsulated in liposome. Cells were incubated with the drug
20.0 534 0 (0.1-20 pug/ml) for 2hr and 15 min with labeled TdR (see

3.0x 10° tumor cells were each incubated with

free or encapsulated Ara-C or Ara-CTP at 37°C

for 120 min.* Other conditions are similar to those

outlined in Table 3.

*Average of 2
variation,

+TdR incorporation into DNA of cdntrol samples
(without drug) was 156.3+22.8 and 134.9
+18.8 pmol/107 for F10 and LLC, respectively.

experiments  with

15-20,

Materials and Methods), REV (PS/PC/CHOL) with a molar
ratio of 1:4:5. '

L1210/Ara-C were examined and the results
are summarized in Table 6. The data indicate
that while encapsulated Ara-CTP exhibited
antitumor activity against L1210/0, there was
no significant effect against L1210/Ara-C.
Furthermore, the data in Table 6 indicate
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" Table 6. Antitumor activity of free and REV-encapsulated Ara-CTP against DBA/2J mice

L1210/0 L1210/Ara-C
Dose Average survival 30-day Average survival 30-day
Treatment (mg/kg) time (days) survivors time (days) survivors
0.99, NaCl 7.3+0.5 0/20 7.54£0.6 0/20
Free Ara-C 10 8.1+1.5 0/10 7.840.5 0/10
Ara-C in REV 216+ 4.9 3/8 74405 0/8
REV + Ara-CTP-frée 5 78+1.2 0/5 8.1+0.9 0/5
Ara-CTP-free ’ 50 8.1+1.7 0/20 86+1.5 0/20
Ara-CTP in REV 50 157+ 3.7 0/10 9.3+0.38 0/7
: 25 12.2+ 5.8 1/6 72410 0/6
10 147+ 5.3 1/10 88+1.3 0/10

Treatments (i.p.) were initiated 24hr after an i.p. inoculation 'c}f '1%x10° tumor cells. REV
(PS/PC/CHOL) with a molar ratio of 1:4:5 was used and 7.5 umol/mouse was injected in each

treatment.

that while free Ara-C possessed no antitumor
activity against either cell line, Ara-C en-
capsulated in the lipid vesicle produced a
significant increase in life span; 3/8 mice 30
day survivors in L1210/0, but no significant
increase in life span was observed against

L1210/Ara-C.

DISCUSSION

The rationale for the experiments using
Ara-CMP described in this report was as
follows: if liposomes containing Ara-CMP
were delivered to 1.1210/0 and L1210/Ara-C
cells intact and released their contents in-
tracellularly, Ara-CMP would then be meta-
bolized to Ara-CDP and Ara-CTP in both
cell types and inhibit DNA synthesis. If, on
the other hand, Ara-CMP was released from
liposomes extracellularly, the monophosphate
would be transported into both cell types
poorly compared to Ara-C [1], but that which
did enter could be phosphorylated as de-
scribed above. However, if the extracellular
Ara-CMP was hydrolyzed to Ara-C in the
extracellular environment, the drug would
then be taken up and phosphorylated by
L.1210/0 and not by L1210/Ara-C cells.

The results show clearly that entrapment of
Ara-CMP in liposomes resulted in decreased
uptake and incorporation in both L1210/0
and L1210/Ara-C cells compared to uptake of
free nucleoside. Liposomes composed of
PS/PC, a lipid composition thought most likely
to ‘fuse’ with membranes [18], did not
markedly - differ in their delivery capabilities
compared with PS/PC/chol liposomes even

though their stabilities in serum differed. Also
the results showed that both liposome en-
trapped Ara-CTP and ‘free’ Ara-CTP in-
hibited DNA ‘synthesis to the same extent, in
L1210/0 cells- but not in L1210/Ara-C cells.
Thus, the results indicate that liposome en-
trapment of Ara-CMP and Ara-CTP did not
result in increased delivery of the metabolites
into L1210 cells. These results are more con-
sistent with those reported by Kaye e al. [19]
and Kedar et al. [20] rather tHan Poste and
Papahadjopoulos [21] regarding the inability
of liposome-entrapped drugs to overcome drug
resistance in vivo or in vitro, respectively.

The data presented in the present report
can be taken as evidence further supporting
the idea that liposomes, where they show
chemotherapeutic activity, are probably act-
ing as a slow release system [6, 22] as pre-
viously suggested. The data shown in Table 6
demonstrated that encapsulation of the pre-
sumed active moiety of Ara-C, namely Ara-
CTP, did not lead to inhibition of growth of
the resistant cell line while free Ara-CTP did
not cause a significant increase in life span in
mice . bearing - sensitive 1.1210 cells.
Encapsulated drug produced a significant ef-
fect with long-term survivors, possibly result-
ing from slow release of Ara-CTP from the
liposomes either while still in the circulation
or from stably cell or tissue bound liposomes
[6, 23]. We propose that the slowly released
Ara-CTP would first be hydrolyzed to Ara-C
before being- taken up and activated by
L.1210/0 cells. If slow release of drug external
to the target cells appears to be the prevailing
mechanism in vivo, then encapsulation of anti-
metabolites ‘in presently available liposomes to
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overcome intracellular resistance (where re-
sistance is due to defect in transport and/or
intracellular activating enzyme(s)) may not be
useful in cancer chemotherapy. On the other
hand, if the cell membrane is the target site of
a drug, then encapsulation of drugs in lipo-
somes might be useful as a drug delivery
system. Hence, in order to make rational use
of drugs encapsulated in liposomes in therapy
of drug resistant cancers, mechanism(s) of
tumor resistance and drug action must be
clearly understood.

Whatever the mechanism of the inhibitory

Youcef M. Rustum, Eric Mayhew, Francis Szoka and Foel Campbell

L1210/0 tumor, the results support the sugges-
tion that liposomes may be of use as carriers
of potential drugs which are normally too
rapidly metabolized in the free state for
practical use [6, 22]. As it is relatively easy to
trap many types of substances with high ef-
ficiency in presently available liposomes this
type of carrier should be considered as a
method of screening potentially useful but
normally unstable drugs.
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