Biochemical Pharmacology. Vol. 25, pp. 483 483. Pergamon Press. 1976, Printed in Great Britain.

ALTERATION OF CELL PERMEABILITY
BARRIERS BY AMPHOTERICIN B-DEOXYCHOLATE
(FUNGIZONE) IN VITRO*

DaviD KESSEL
Michigan Cancer Foundation and Wayne State University School of Medicine, Detroit, Mich. 48201, U.S.A.

(Received 18 April 1975; uccepted 24 June 1975)

Abstract— The anti-fungal preparation, Fungizone. a mixture of approximately equal weights of the
antibiotic amphotericin B and the ionic detergent sodium deoxycholate, was found to alter significantly
the cell membranes of two murine lcukemia cell lines. These alterations caused promotion of uptake
of actinomycin D and affected two-phase aqeuous polymer partitioning. These effects were mainly
caused by the deoxycholate component of Fungizone.

Preparations of the anti-fungal agent amphotericin B
(Fungizone) are reported to promote the antitumor
action of 1.3-bis  (2-chloroethyl)-1-nitrosourea
(BCNU) [1. 2] and several rifamycin derivatives [3].
Amphotericin B also enhances uptake of intact Es-
cherichia coli DNA by Hela cells, although only at
high drug levels {4]. The drug also promotes uptake
of 2-deoxyglucose by chick embryo fibroblasts [5]
and uptake of both nonelectrolytes and anions by er-
ythrocytes [6]. The drug potentiation studies were ap-
parently not related to the deoxycholate content of
Fungizone preparations [2.3]. although this deter-
gent did enhance dcoxyglucose uptake in one system
[5]. In this study, we have used two sensitive indices
of membrane alteration to investigate effects of am-
photericin B, deoxycholate and Fungizone on murine
leukemia cells.

METHODS

L5178Y cells were grown in Fisher’s medium sup-
plemented with 10% horse serum in sealed liter flasks
containing 300 ml of the cell suspensions. L1210 cells
were grown in nearly full sealed flasks using MEM-
Eagle’s medium (spinner) containing 10%, fetal calf
serum. For use, the cells were collected by centrifuga-
tion and suspended in fresh growth medium
(5 x 10°cells/ml). This medium was buffered at
pH 7-3 with N-2-hydroxyethylpiperazine-N'-2-ethane-
sulfonic acid (HEPES) replacing NaHCO; to permit
incubation of high cell density at constant pH. After
warming suspensions for 20 min at 37", the following
procedures were carried out:

1. Uptake of [*Hlactinomycin D was measured by
addition of a stock solution of the drug to 1-ml por-
tions of cell suspensions (final drug concentra-
tion = (-1 ug/ml, 0-05 £Ci/ml). At indicated intervals,
cells were collected by centrifugation. washed once
with cold 099, NaCl then dispersed in an appro-
priate solvent for liquid scintillation counting. Under
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standard  conditions, the medium contained
85.000 cpm/mi of *H-labeled drug.

2. To measure effects of surface-active agents on
actinomycin D uptake, these were added 10 min be-
fore labeled actinomycin D. and the incubation was
continued for 10 min before collection of cells.

3. Two-phase aqueous polymer studies were car-
ried out as described by Gersten and Bosmann [7, 8].
After incubations, cells were collected by centrifuga-
tion and suspended in 150mM NaCl. A 0-5-ml por-
tion of this suspension, containing 10° cells, was ad-
ded to a two-phase mixture so that final concent-
rations were 5% (w/v) Dextran T-500 (Pharmacia), 4%,
polyethylene glycol (Carbowax 6000, Union Carbide),
50mM NaCl and 100 mM potassium phosphate at
pH 7:0. The total volume was 10 ml. The suspension
was gently mixed, and a sample of 0-5ml was taken
and diluted 10-fold with diluent for determination of
cell pumber in a Coulter counter. The phases were
then allowed to separate at 4° for 1 hr and the top
phase was collected. Another 0-5-ml sample was simi-
larly diluted for counting. The ratio of cells in the
top phase to cells in the total system was calculated.

Growth medium was purchased from Grand Island
Biological Co.; labeled actinomycin D was provided
by Monsanto Chemical Co. (5 mCi/m-mole) and
stored in ethanol at —20°, Fungizone was purchased
from Grand Island and amphotericin B from Calbio-
chem Corp.

RESULTS

Uptake of actinomycin D was a function of time
and temperature with both L1210 and L5178Y cells
(Fig. 1). With 5 mg of cells, a distribution
ratio of 10 (intracellular/extracellular drug concentra-
tion) = 5000 cpm of radioactivity in the cell pellet.
Addition of 200 ug/ml of Fungizone enhanced actino-
mycin D uptake by both cell lines; after 10 min, drug
accumulation was identical in both (dashed line, Fig.
1). When cells were treated for 10 min with 200 ug/ml
of Fungizone, then washed free from this agent, the
promotion of actinomycin D uptake was not reversed.

Enhancement of actinomycin D uptake could not
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Fig. 1. Uptake of actinomycin D by L1210 (@) and

L5178Y (O) cells in the absence (solid lines) and in the
presence {(dashed lines) of 250 ug/ml of fungizonc.

be obtained by the use of 200-500 ug/ml of amphoter-
icin B. but was found when 100 ug/mi of deoxycholate
was employed. The Fungizone-induced promotion of
actinomycin D uptake is therefore solely due to the
deoxycholate content of the preparation (Table 1).

Two-phase aqucous-polymer partition studies were
carried out at pH 7-0 using a standard procedure. Un-
der these conditions, the number of cells partitioning
into the top phase was markedly lowered by addition
of Fungizone levels which promote actinomycin D
uptake {Table 2). Amphotericin B had a slight effect
on the partition ratio. but deoxycholate had a more
pronounced effect thereon. There is evidence that the
amphotericin B-deoxycholate mixture produced an
additive lowering of the partition ratio.

DISCUSSION

The anti-fungal agent amphotericin B promotes the
antitumor effect of certain drugs via a process appar-
ently not related to the deoxycholate content of the
formulation of Fungizone [2. 3]. Deoxycholate is ad-
ded to enhance solubility of amphotericin B. Medoff
et al. [2] have suggested that the role of amphotericin
might involve stimulation of the immune response in
tumor-bearing animals. The present data show that
Fungizone, or deoxycholate, but not amphotericin B
causes an enhancement of actinomycin D uptake in
murine leukemia cells. This was most marked in the
L1210 cell line [9]. which is relatively insensitive to
actinomycin D. Selection for actinomycin D resist-

Table 1. Effects of amphotericin B and deoxycholate on
actinomycin D uptake by L1210 cells*

Distribution

Additions ratio

Controls 1240 + 06
Amphotericin B, 250 pgsml (260 My O+ 06
Dcoxycholate. 100 gg/ml (210 M) 140 + 07
Deoxychotate, 250 pg/ml (530 M) 253 £ 143
Fungizone. 250 ug/ml 215+ 140
Fungizone. 100 pg/ml 155+ 08

* Fungizone is a mixture containing 40%, by weight of
deoxycholate and 60, amphotericin  B.  Thercfore.
250 upg/ml of Fungizone = 210 uM deoxycholate + 155
#M amphotericin B. and 100 pg/ml of Fungizone = 85 uM
deoxycholate + 62 M amphotericin B.

Fungizone is a mixture containing 40°, by weight of deoxy-
cholate and 60, amphotericin B,

+ 85 uM deoxycholate + 62 uM amphotericin B.

1210 um deoxycholate + 155 uM amphotericin B.

ance in the drug-sensitive L3178Y cell line was also
found to be associated with a barricr to drug uptake
[10]. Presumably. an inherent barrier to actinomycin
D uptake in the L1210 cell is altered by deoxycholate.
The use of another detergent, Tween 80, also pro-
moted actinomycin D uptake by drug-resistant ham-
ster cells [11].

Although amphotericin alone failed to stimulate ac-
tinomycin D uptake, the drug did causc an alteration
in the behavior of cells in the two-phasc partition
system. The precise naturc of the phenomenon being
measured is unknown. but it is believed to involve
the net charge on and near the cell surface {7. K.
12, 13].

Amphotericin is known to interact with sterol com-
ponents of cell surfaces, thereby altering membrane
permeability [14]. An extensive depletion of choles-
terol was found to be necessary before permeability
of the erythrocyte membrane to several nonelectro-
lytes and anions changed [15]. This finding suggests
that relatively high amphotericin levels are necessary
to affect permeability of other mammalian cell types,
and this suggestion is consistent with data [4] show-
ing that promotion of DNA uptake by HeLa cells
was observed only at high (200 pgg/ml) levels of am-
photericin B. Furthermore. the description offered by
Kumar et al. [4] does not state whether amphotericin
B or Fungizonc was employed.

Although we could not detect an effect of ampho-
tericin B on membrane permeability barriers to ac-
tinomycin D, effects of this drug on partition behavior
do suggest that a cell surface alteration is associated
with exposure to amphotericin B. This alteration
might be responsible for increased immunogenicity of
amphotericin-treated cells. thereby providing an ex-
planation for the synergism between amphotericin B
and antitumor agents described previously [1 37.
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