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SUMMARY

INTRODUCTION

A number of antibiotics alter the permeability of the
membranes of eukaryotic cells (1). Previously, we have
exploited this property of amphotericin B to increase the
uptake of 2nd drugs into fungi and animal cells, thereby
enhancing the effects of the 2nd agents (5â€”7). Recently our
studies have been confirmed by Kuwano et al. (4).
This report is an extension of our previous work and
represents a 1st attempt to screen membrane-active antibiotics
as well as inhibitors of macromolecular synthesis against a
number of different mammalian cells in tissue culture. In these
experiments, amphotericin B and polymyxin B were used to
enhance the effects of rifampicin, rifampicin analogs, and
tetracycline against mouse L-cells and human KB and HeLa
cells.
MATERIALS

AND

METHODS

Materials. Amphotericin B (Fungizone) was a gift of E. R.
Squibb & Sons, Inc., New Brunswick, N. J. Rifampicin and the
rifampicin analogs used were obtained from Dr. Fierro Sensi,
Gruppo Lepetit, Milan, Italy. Polymyxin B (Aerosporin) was
donated by Burroughs Wellcome Co., Research Triangle Park,
N. C. and tetracycline was donated by Lederle Laboratories,
Pearl River, N. Y.
Methods. Mouse L-cells were grown in spinner cultures with
a-MEM2 (Flow Laboratories, Rockville, Md.) or leucinedeficient MEM plus 5% fetal calf serum. HeLa cells were grown
in Joklik-modified MEM plus 5% horse serum or in leucine1Supported by USPHS Research Grants l ROI AI 10622, AI 06213,
and CA-125602-1 and by Training Grant AM 05611 and a grant from
the John A. Hartford Foundation, Inc.
2The abbreviation used is: MEM, minimum essential medium.
Received December 18, 1972; accepted February 19, 1973.
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were divided into separate cultures and incubated with the
antibiotics being tested and with leucine-3H, 0.5 Â¿/Ci/ml
(specific activity, 51 Ci/mM), or uridine-3H, 0.5 juCi/ml
(specific activity, 25 Ci/mM), for 3 hr. One-mi samples were
then removed in triplicate and centrifuged. The cell pellets
were precipitated with 2 ml of 5% trichloroacetic acid, and the
chilled precipitates were filtered onto glass filters and counted.
For viable cell counts after antibiotic treatment, the cells
were grown in spinner cultures as described above. They were
diluted to 1 to 2 X 10s cells/ml at the beginning of the
experiment and placed in Falcon Petri dishes (3.5 cm in
diameter) with the antibiotics being tested. After 18 hr, the
cells were scraped from the Petri dishes and counted under the
microscope. Cell viability was determined by trypan blue dye
exclusion.
Each point in the experiments measuring RNA and protein
synthesis and cell viability is the average of 3 replicate
determinations in each experiment, and each experiment was
repeated at least 3 times with similar results.
RESULTS

Chart 1 shows that amphotericin B, in combination with
rifampicin, had a marked effect on RNA synthesis in mouse
L-cells and human HeLa and KB cells, whereas the same
concentration of each agent tested alone against the cells had
no effect. Treatment with amphotericin B, at the concentra
tions used, did not alter the specificity of rifampicin because,
in our experiments, rifampicin preferentially inhibited RNA
synthesis without markedly affecting protein synthesis. Similar
results were obtained when several rifampicin analogs were
used in combination with amphotericin B (Table 1). The
potency of each of the analogs was different and conformed to
the general pattern described for them in the past (9).
The cultured cells were also tested for their response to
polymyxin B and rifampicin. Polymyxin B enhanced the effect
of rifampicin on RNA synthesis in L-cells with a sparing of
protein synthesis (Chart 2).
Chart 3 shows that cell viability data were consistent with
our results describing inhibitions of RNA and protein
synthesis. The viability of the cells exposed to amphotericin B
or polymyxin B and maximum concentrations of rifampicin
was 10 to 50% of the values obtained by exposing the cells to
no drug or to each drug alone at the concentrations shown.
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The membrane-active antibiotics amphotericin B and polymyxin B enhanced the action of rifampicin, rifampicin
analogs, and tetracycline against macromolecular synthesis and
growth of mouse L-cells, human HeLa cells, and KB cells in
tissue culture. The specificities of the second agents were
maintained in that rifampicin inhibited RNA synthesis and
tetracycline inhibited protein synthesis.

deficient medium, and KB cells were grown in MEM plus 5%
horse serum or leucine-deficient medium. At the start of the
experiment, the cells were diluted to 1 to 2 X 10s cells/ml and
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Chart 1. Dose response to rifampicin of
uridine-3H or leucine-3H incorporation into
mouse L-cells (A), human HeLa cells (B), and
human KB cells (O incubated in the presence
or absence of amphotericin B. o, no amphotericin (uridine-3H or leucine-3H incorporation); a,
25 jug amphotericin B per ml (uridine-3H
incorporation); a, 25 Mgamphotericin B per ml
(leucine-3H incorporation).
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Table 1
Concentrations of rifampicin derivatives" which resulted in
50% inhibition ofRNA synthesis in mouse L-cells
Rifampicin
with
derivative0M/14AF/APSVAF/ABDPAF/013Concentration
amphotericin
(Mg/ml)25251551Concentration
B
alone(Mg/ml)100100502510

0 At each concentration, there was little or no inhibition of protein
synthesis.
b Symbols designated by Lepetit. See Ref. 8 for structure.

The results illustrated show the effects of the drugs on L-cells.
Similar results were obtained with HeLa and KB cells.
When tetracycline was used in combination with polymyxin
B, protein synthesis was preferentially inhibited, whereas net
RNA synthesis continued to be stable (Chart 4). Therefore, as
with the rifampicin potentiation,
the selective effect of
tetracycline on protein synthesis was maintained.
Both gramicidin and valinomycin are membrane-active
antibiotics (3). Neither was able to potentiate the effects of
the 2nd agents used in the experiments already described when
tested against mouse L-cells and human KB and HeLa cells.
DISCUSSION

Amphotericin B and polymyxin B both potentiate the
effects of 2nd agents against mammalian cells. As with yeast,
the argument that the amphotericin B and polymyxin B
enhance the effects of the 2nd agents rather than the reverse is
supported by the results which show that the specificity of the
2nd agent is maintained in the combination.
That is,
rifampicin selectively inhibited RNA synthesis, whereas tetra
cycline affected net protein synthesis. The effects of ampho
tericin B were not selective, because high concentrations
inhibited DNA, RNA, and protein synthesis concomitantly
with cell death (data not shown). Not only was the selectivity
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Rifampicin,
Chart 2. Dose response to rifampicin of uridine-3H or leucine-3H
incorporation into mouse L-cells incubated in the presence or absence
of polymyxin B. o, no polymyxin B (uridine-3H or leucine-3H
incorporation); a, 50 Mg polymyxin B per ml (uridine-3H incorpora
tion); A, 50 Mgpolymyxin B per ml (leucine-3H incorporation).
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Tetracycline, jjg/ml
Chart 4. Dose response to tetracycline of uridine-3H or leucine-3H
incorporation into mouse L-cells incubated in the presence or absence
of polymyxin B. o, no polymyxin B (uridine-3H or leucine-3H
incorporation); a, 50 Mg polymyxin B per ml (leucine-3H incorpora
tion); A, 50 Mgpolymyxin B per ml (uridine-3H incorporation).

The concept that cellular integrity can be altered by a
variety of drugs affecting the cell membrane is an important
one. Its clinical usefulness will depend on the degree of
selectivity that can be achieved so that only specified cell
populations will be affected (malignant cells). There is
evidence that malignant cells are more sensitive than normal
cells to the action of polyenes (8), and preliminary animal
experiments in our laboratory suggest that there is selectivity
of the polyenes for populations of malignant cells (unpub
lished results). If this is the case, the synergistic combinations
demonstrated in our in vitro experiments will prove to have
important therapeutic implications.

Rifampicin, jjg/ml
Chart 3. Dose response to rifampicin of the viable cell count of ACKNOWLEDGMENTS
mouse L-cells in the presence or absence of amphotericin B or
We acknowledge the excellent technical assistance of Mary Blum in
polymyxin B. o, no amphotericin B or polymyxin B; â€¢¿,
25 Mg
amphotericin B per ml; A, 25 Mgpolymyxin B per ml.
this work.
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of rifampicin for RNA synthesis maintained by the amphotericin B potentiation,
but the relative potency of the
rifampicin analogs in combination with amphotericin B was in
agreement with those data previously reported by Smith et al.
(9) when they screened the derivatives against human leukemic
cells. In our experiments, we measured the effects of the
rifampicin analogs on RNA rather than DNA synthesis so that
their potency could be compared with that of rifampicin. We
do not mean to imply by this that we think that the effect on
RNA synthesis may be the major mechanism of action of the
analogs.
In other experiments, we found that the different rifampi
cin derivatives also had the same relative degree of potency
against the fungus Histoplasma capsulatum as they had against
animal cells (2). Although mammalian cells were less sensitive
to the membrane effects of amphotericin B and polymyxin B,
the excellent agreement between our studies on fungi and
animal cells suggests that yeast may represent a usable model
for study of many features of animal cell biology.
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