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SUMMARY

Polymyxin B and the non-ionic surfactant polysorbate 8o acted synergistically
against Pseudomonas aeruginosa with respect to leakage, death and lysis. Poly-
sorbate 80 alone was non-toxic. The enhancement of polymyxin occurred through-
out the polysorbate concentration range (0-0001 to 0:2509%, v/v). No sudden
change in the pattern of enhancement occurred near the critical micelle concentra-
tion of polysorbate. The onset of action of polysorbate was prompt, implying a
direct physical effect on the bacteria. Exposure of bacteria to this surfactant did not
cause an increase in uptake of polymyxin. It is proposed that polysorbate 8o alters
the outer lipid structure of the envelope of P. aeruginosa allowing easier access of
polymyxin to the underlying membrane.

INTRODUCTION

Concentrations of about 0-029, of the non-ionic surface active agent polyoxyethylene
sorbitan mono-oleate (polysorbate 80) rendered Pseudomonas aeruginosa more sensitive to
chlorhexidine, benzalkonium and polymyxin B (Brown & Richards, 1964). Increase in
concentration of polysorbate 8o eliminated this effect with chlorhexidine and benzalkonium
but not with polymyxin B. The former compounds probably interacted with polysorbate
either by complex formation (Guttman & Higuchi, 1956) or by solubilization within the
micelles of the non-ionic agent (Goodhart & Martin, 1962). Brown & Winsley (1969) found
that polysorbate 8o had an immediate effect on the permeability barrier of the bacteria,
rendering them more sensitive to rapid changes in pH, temperature or tonicity. There was
direct evidence from dye penetration studies that polysorbate 8o altered the structure of the
envelope. The present paper reports further work on the enhancement of action of poly-
myxin B by polysorbate 80 against P. aeruginosa.

METHODS

Organism. Pseudomonas aeruginosa NCTC6750 was maintained on nutrient agar slopes
(Ox0id) at 4° and cultured in nutrient broth no. 1 (Oxoid) at 37°. In some experiments
the following defined medium was used for culture and maintenance: 0-001 M-(NH,),SO,;
0006 M-(NH,), HPO,; o0-004 M-NH,H,PO,; o-or M-NaCl; o-01 M-glucose (autoclaved
separately in concentrated solution); 4 x 106 M-Mg?+ (added as MgSO,.7H,0), dissolved in
distilled water and autoclaved at 15 1b/sq.in. for 10 min.; pH 7-4.

Polymyxin B sulphate (‘aerosporin’ — Burroughs Wellcome Ltd, Beckenham, Kent) was
dissolved in sterile CO,-free distilled water.

* Present address: Department of Pharmacy, The University of Aston in Birmingham, Birmingham 4.
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Polysorbate 8o (‘Crillet 4° — Croda Ltd, London W.C.1.) was dissolved in distilled water
and autoclaved at 15 1b/sq.in. for 10 min.

Exponential-phase cultures were produced and their growth followed by extinction mea-
surements at 420 nm. (E,,,) of samples of the culture as described by Brown & Richards
(1964).

Total cell counts were made, after ‘fixing’ the bacteria in 1 9, formaldehyde solution, using
haemocytometer slides of o-1 mm. depth (coefficient of variation of counting procedure
= 42 %)

Viable counts were made on triplicate nutrient agar spread plates at 37° for 48 h. Nutrient
broth at 18° was used as diluent (coefficient of variation of the counting procedure was
4'3 %). When polymyxin was present, broth containing 0-2 %, egg lecithin to inhibit residual
polymyxin was used.

Assay of polymyxin was by the method of Wintermere, Eisenberg & Kirshbaum (1957)
adapted as described in the following paragraphs. This depended on the inverse correlation
between polymyxin concentration and growth rate at 37° of Escherichia coli ATCC10536in a
special medium.

Uptake of polymyxin from its solutions in broth by Pseudomonas aeruginosa was deduced
by assaying the residual polymyxin after removing the bacteria by centrifugation. Poly-
sorbate 80 in solution interfered with the Escherichia assay of polymyxin. Therefore the
influence of polysorbate on cellular polymyxin uptake by P. aeruginosa was assessed by
first equilibrating the bacteria with polysorbate in solution and then washing away surplus
polysorbate before exposing the organisms to polymyxin solutions. Residual polymyxin was
then assayed.

Leakage of 260 nm.-absorbing constituents from bacteria in solutions of polymyxin and
polysorbate in water or in defined medium was measured spectrophotometrically (Brown,
Farwell & Rosenbluth, 1969; Brown & Winsley, 1969). With solutions in defined medium,
5x 108 bacteria/ml. were suspended at 37° in the medium without added Mg?*, to avoid
competition between Mg2t and polymyxin for absorption by the cells (Newton, 1954).
Possible synergism (Garrett & Brown, 1963) between polymyxin and polysorbate on cell
leakage was tested by adding to 6 ml. samples of the cell suspension oI ml. amounts of
water or concentrated solutions of polymyxin or polysorbate. To further samples, both
compounds were added in graded amounts (as indicated on the axes of Fig. 6) using up to
0-125 %, polysorbate and 31-25 units polymyxin/ml. the concentrations causing separately
the maximum leakage rates (Winsley, 1968; Brown & Winsley, 1969).

RESULTS
Effect of polysorbate 80 and polymyxin B on viability and extinction

The effect on extinction produced by adding polymyxin to an exponential-phase culture
was sudden in onset (Fig. 1). Parallel increases in viable and total cell counts and in E,,,
occurred during exponential growth (Fig. 2). Within the range examined, this value was a
measure of bacterial concentration. Adding polymyxin after 200 min. incubation (Px,
Fig. 2) lowered the viable counts to a level below the abscissa (I x 10° viable bacteria/ml.
after 320 min.) while the total count and Ej,, value fell in parallel, indicating a true decrease
by lysis of the bacterial concentration and not merely a change in cellular morphology or
light-scattering properties (Bernheim, 1963; Rye & Wiseman, 1968). Polysorbate
(< 02509%) did not alter the exponential growth rate, but greatly and progressively en-
hanced the action of polvmyxin (added at Px, Fig. 3) on Ejy, and, therefore, on bacterial
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Fig. 1. Effect of polymyxin (3, 4 or 5 units/ml.) on exponential-phase Pseudomonas aeruginosa
in broth at 37°.

Fig. 2. Effect of polymyxin (5 units/ml.) on (i) extinction at 420 nm. and (ii) total and viable counts
of exponential-phase P. aeruginosa at 37° in broth +0.02% polysorbate. @, E;s v. time; W,
total count v. time; A, viable count v. time.
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Fig. 3. Effect of polysorbate concentration (o to 0-250%) in broth at 37° on the action of polymyxin
(5 units/ml., added at Px) on growth rate of P. aeruginosa.

Fig. 4. Effect of polysorbate concentration in culture broth at 37° on the gradient of the Eg v.
incubation time curves representing the action of polymyxin (3, 4 or 5 units/ml.) on bacterial concen-
tration (see Fig. 3).
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concentration. This experiment was repeated, using concentrations between o and 5 units
polymyxin/ml. together with o to 0-2509%, polysorbate. The magnitude of effect of each
combination was measured as the gradient of a tangent, passing through Px, to the curve re-
presenting the characteristic E,y, decrease caused by that combination, i.e. the greater the
effect, the steeper the decrease and the greater the negative value of the gradient. These
effects are summarized in Fig. 4. A smooth increase in enhancement of polymyxin occurred
with rising polysorbate concentration. No sudden change occurred at the critical micelle
concentration (C.M.C.) of polysorbate in aqueous solution, 0-001 %, (Vidal-Paruta & King
1964), although the most rapid increase in effect took place between o and 0-01 %, poly-
sorbate.

Fig. 5 illustrates the promptness of enhancement of polymyxin by polysorbate. The en-
hancement produced by simultaneous addition of the two agents (0 min.) is very similar to
that produced by adding polysorbate up to 160 min. prior to polymyxin (equal to several
generations of the organism).
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Fig. 5. Effect on bacterial concentration of length of time interval between the addition of polymyxin
(5 units/ml.) at Px, and of polysorbate (0 or 0.02% Psb) to exponential-phase broth culture at 37°.
Interval: v, o min.; [J, I min.; A, 5 min.; v, 30 min.; O, 60 min.

Effect of polysorbate 80 and polymyxin B on leakage

In defined medium, leakage increased with increasing concentration of both agents over the
range examined (Fig. 6). In aqueous solution, maximum leakage occurred in 0-125%
polysorbate or in 31-25 units polymyxin/ml. (Brown & Winsley, 1969). Adding to the cell
suspensions submaximum, leakage-inducing concentrations of both agents (‘observed
mixture’ curve) caused leakage substantially greater than that predicted by arithmetic
addition of the leakages caused by each compound acting alone (‘calculated mixture’ curve).
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In control mixtures containing solutions of either agent and bacterial cell contents no com-
binations caused an unpredictable E,g. The unpredictable increase in E,q, indicated syner-
gism between the two agents.

Fig. 7 shows the characteristic effects of polymyxin + polysorbate on both viability and
leakage with bacteria in the defined medium without added Mg?*+, To measure leakage, the
bacteria were rapidly removed from the suspending medium by membrane filtration (Brown
et al. 1969). Leakage is plotted as the amount lost by leakage expressed as a percentage of the
total 260 nm.-absorbing bacterial contents extractable by disintegration by shaking with
Ballotini beads. Polysorbate alone had no significant effect on either parameter, but acted
synergistically with polymyxin. The extent of lethal effect appeared not to correlate with the
amount of 260 nm.-absorbing substance lost by the bacteria. These results do not exclude the
possibility of a relationship between the initial maximum rate of loss both of viability and of
260 nm.-absorbing material.
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Fig. 6. Increase in leakage of 260 nm.—absorbing cell constituents effected by the action of polysor-

bate and polymyxin, individually or in various combinations, on bacteria suspended at 37° in
defined medium with no added Mg?+.

Fig. 7. Effect on viability and leakage of 260 nm.-absorbing bacterial constituents with Pseudomonas
aeruginosa at 37° in defined medium without added Mg?* exposed to polymyxin (30 units/ml.)
+0'05% polysorbate. Solid line, percentage viability; broken line, 260 nm. loss.

Uptake of polymyxin B by bacteria

The residual polymyxin in solution after exposure to Pseudomonas aeruginosa decreased
with increasing bacterial concentration and, for a given bacterial concentration, with de-
creasing initial polymyxin concentration. Previous exposure to polysorbate had no measure-
able effect on the organism’s ability to take up polymyxin from solution.
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DISCUSSION

Polysorbate 80 enhances the action of several compounds on various bacteria (Kirby &
Dubos, 1947; Fisher, 1948; Bliss & Warth, 1950). Within the range we examined, poly-
sorbate (0-0001 to 0-250 %,) increased the lethal leakage-inducing and bacterial-lysing actions
of polymyxin (Fig. 3, 6, 7). Although there is no sudden change in the shape of the curve
near the C.M.C. of polysorbate, the greatest rate of increase of enhancement with concentra-
tion occurred at or below this concentration (Fig. 4).

The promptness of onset of polymyxin enhancement by polysorbate implies a direct
physical action of the latter on the bacteria, rather than one involving a gradual progressive
metabolic incorporation. In a previous study (Brown & Winsley, 1969) it was shown that
polysorbate did not significantly alter the pronounced optical effect at various NaCl con-
centrations. Nevertheless, dye (l-anilinonaphthylamine-8-sulphonic acid) uptake studies
showed the polysorbate concentration causing greatest leakage also caused greatest uptake
of dye which probably was at a site in the envelope. These results and the lack of effect on
growth rate suggest a subtle effect of polysorbate. In contrast, growth of polysorbate-
treated tubercle bacilli was stimulated, presumably resulting from the easier entry of nutrient
into the cells (Fletcher, Epstein & Jewell, 1953). An increased permeability of various
micro-organisms after polysorbate treatment has been reported (Dastugue, Bastide & Decros,
1959; Paunescu, Cialac-Negolscu & Pisica, 1964; Reese & Maguire, 1969).

The cell membrane is probably the main site of action of polymyxin (Newton, 1958). As
polysorbate and polymyxin act synergistically on viability and permeability, these agents
probably have different sites of action. Lacey (1958) suggested that synergism between
compounds indicated a difference in mode of action. Contact with polysorbate changed the
lipid characteristics of various bacteria (Bloch & Noll, 1953; Godson & Sinsheimer, 1967;
Lorain, 1967) and similar changes in the lipid containing envelope structure of Pseudomonas
aeruginosa could account for the phenomena reported in this paper. Pseudomonas aeruginosa
cell wall lipid (and cation) has been implicated in polymyxin resistance (Brown & Melling,
1969; Brown & Watkins, 1970). The synergism reported here does not exclude the possibility
of polysorbate and polymyxin B both acting in different ways on the cytoplasmic membrane.
It seems more likely that polysorbate altered the lipid structure of the envelope at sites rela-
tively external to the cytoplasmic membrane, allowing easier entry of polymyxin to the un-
derlying membrane, its main site of action.

The authors are very grateful to the Medical Research Council for a grant supporting this
work,
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