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Abstract—Lipopolysaccharides (LPS) from Gram-negative bacteria are potent pyrogens in mammals.
Polymyzin B (PB), a cationic polypeptide antibiotic, binds lipid A, the active moiety of LPS, with high
affinity and abrogates several biological responses to LPS. We studied the effect of PB on pyrogenicity
of purified LPS from E. coli 0111:B4 in rabbits. PB reduced the pyrogenic response to LPS in a dose-
dependent manner at mass ratios {(PB:LPS) from 5:1 to 100:1. Previous reports have suggested that PB
is effective only at much higher doses. In our hands, PB itself is pyrogenic, unless previously gamma-
irradiated. Our results confirm in vivo the anti-endotoxic action of PB,

Lipopolysaccharides (LPS), the endotoxins derived
from Gram-negative bacterial cell walls, are potent
pyrogens. They exert their effect by inducing the
release of an endogenous pyrogen (interleukin 1)
from mononuclear phagocytes [1]. The cationic poly-
peptide antibiotic, polymyxin B (PB), abolished
LP8-induced release of endogenous pyrogen from
rabbit monocytes in vivo [2]. The pyrogenicity of
LPS in rabbits is mediated by the lipid A moiety of
the molecule [3], and high-affinity binding of PB to
lipid A has been demonstrated [4]. We have there-
fore investigated the effect of PB on the pyrogenicity
of purified LPS in rabbits. Previous studies of this
effect have suffered from two shortcomings: the LPS
preparations were not highly purified, and large
amounts of PB relative to LPS were used, obscuring
any dose-response characteristics. We report here a
dose-dependent reduction of LPS pyrogenicity by
concentrations of PB from 5 to 100 times those of
LPS.

MATERIALS AND METHODS
Reagents

Phenol-extracted LPS from E. coli 0111:B4 was
obtained from Sigma Chemical Company (St. Louis,
MO). PB (8137 units mg~!) was from Calibiochem
{La Jolla, CA). Pronase and ribonuclease were sup-
plied by Boehringer (Mannheim, F.R.G.). All other
reagents were of analytical grade.

LPS purification

Crude LPS was dissolved at 10 mgm!™! in phos-
phate-buffered saline (0.15M NaCl, 0.01M phos-
phate buffer, pH7.0) and dialysed against several
changes of the same solution, until the diffusate
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showed no absorption above background at a wave-
length of 256 nm (A,ss). The dialysed LPS was incu-
bated with 25 ug ml™ ribonuclease and dialysed
against phosphate-buffered saline until the Ay of
the diffusate again was zero. Pronase (25 ygml 1)
was then added, and dialysis continued at room
temperature overnight [5]. The LPS was then dialy-
sed repeatedly against distilled water at 4°, lyophi-
lized and stored at 4° until used.

The protein content of the purified LPS was deter-
mined according to Lowry ef al. [6]. Colitose was
measured in crude and purified LPS by the thiobar-
bituric acid assay [7]. Finally, the purified LPS was
analysed on 12.5% polyacrylamide gels containing
0.1% sodium dodecy! sulphate {SDS) and 4 M urea.
Bands were detected by silver staining [8].

Animals

Conscious New Zealand white rabbits of both
sexes, weighing between 2.4 and 3.3kg, were
restrained in conventional wooden stocks.

Temper ature measurements

Temperatures were recorded by means of copper—
constantan thermocouples inserted about 100 mm
into the rectum. All thermocouples were calibrated
by water-immersion against a certified mercury
thermometer, Temperatures were monitored at 10-
min intervals on a data logger. Temperatures were
recorded for at least 60 min prior to injections. Ani-
mals exhibiting variations of basal temperature
greater than 0.4° and febrile animals were excluded
from the study.

Solutions and injections

Purified LPS was dissolved (1 mg ml™!) in sterile,
pyrogen-free saline. Dilutions to achieve the desired
final concentration were made just before injection.
PB was dissolved in sterile, pyrogen-free saline at
10 mg ml~!. In some experiments PB and LPS were
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incubated together for 30 min at room {emperature
prior to dilution and injection. Volumes of 1 to 2 m}
were injected into an ear marginal vein. Experiments
were performed at least 7 days apart to avoid the
possible development of tolerance to LPS
pyrogericity.

One batch of PB was subjected to y-irradiation in
a %cobalt source {Atomic Energy of Canada 1td.)
A 1 mgml~! solution of PB was exposed to 1500 rads
of irradiation.

Quantitation of fever responses

Temperature responses were calculated as the rise
in rectal temperature {§7) above that prevailing at
the time of injection. The thermal response index
(TRI) was calculated for each treatment [9]; this
index is the time integral of 8T for a period of 3 hr
following injection and is reported as *hr. All data
are given as the mean = standard error of the mean
{S.E.M.) of responses in a minimum of three rabbits
for each treatment.

RESULTS

LPS purification

Commercially supplied LPS contained significant
amounts of protein, RNA and dialysable con-
taminants. LPS recovery during purification was
monitored by assaying for colitose, a constituent of
the O-polysaccharide of E. coli 0111:B4 LPS. More
than 90% of the colitose present in the crude LPs
was recovered in only 47% of the original mass. We
found phenol-extracted LPS from both Sigma and
Difco to be impure.

SDS-polyacrylamide gel electrophoresis of
purified LPS revealed a typical pattern of bands (Fig.
1). Incubation of the purified LPS with pronase or
ribonuclease prior to electro-phoresis did not alter
the pattern, so that none of the bands was likely to
have been protein or RNA. The purified LPS also
was free of protein as determined by the procedure
of Lowry et al. [6] and was shown to be free of RNA
by the lack of the characteristic absorbance peak at
250-260 nm (Fig. 2).

Pyrogenicity of purified LPS
The dose-response data for purified LPS are

shown in Fig. 3. The doses of 10 ng~1 ug correspond
to about 3.4-340 ng kg~! mass.

Dose-dependent reduction of LPS pyrogenicity by
PB

Figure 4 shows the thermal response index fol-
lowing injection of 1 ug LPS, either alone or with 5,
10, or 100 ug polymyxin B. The PB reduced the fever
below that evident following the LPS alone, but only
at the 5:1 PB:LPS ratio was the reduction statistically
significant (P < 0.01, unpaired rtest). As Fig. 4
shows, the failure of higher doses of PB to produce
significant reduction in LPS pyrogenicity resulted, at
least partly, from an inherent pyrogenicity of the PB
itself.

Since there have been no previous reports indi-
cating that PB might be pyrogenic in its own right,
we assume that the PB had become contaminated
with an extraneous pyrogen. Considering that PB is
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Fig. 1. SDS-polyacrylamide gel electrophoresis of purified

lipopolysaccharide from E. coli 0111:B4. LPS (10 ug) was

analysed on a 12.5% polyacrylamide gel and silver stained.

The results are in excellent agreement with those of Tsai
and Frasch [8].

derived from Bacillus polymyxa, and the fact that
the PB we used was not intended for human drug
use, this is not unlikely.

In an attempt to eliminate the pyrogen, we y-
irradiated a batch of PB and the consequences of
pre-incubating purified LPS with this PB are shown
in Figs 5 and 6. There was no significant fever fol-
lowing injection of 10 ug of irradiated PB alone, and
pre-incubation at 100:1 PB:LPS ratio reduced the
TRI resulting from 100 ng LPS t0 38% of the LPS
value.

DISCUSSION

‘We have shown that PB-treated LPS is significantly
less pyrogenic than LPS alone. The reduction of
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Fig. 2. Ultraviolet absorbance spectra of crude (@) and
purified (O) LPS. Spectra were determined in a Beckman 35
spectrophotometer on 0.4 mg mI~! LPS in distilled water.

pyrogenic response was dose-related over a range of
PB:LPS ratios from 5:1 to 100:1. Other biological
activities of LPS which are inhibited by PB include
lethality in mice [10] and in chick embryos [11, 12],
erythrocyte haemagglutination [13], inhibition of
macrophage migration [14], disseminated intra-
vascular coagulation [15], the Shwartzman reaction
[16] and mitogenicity in spleen cells [17]. PB was
effective in neutralizing the toxicity of E. coli
0111:B4 LPS in chick embryos at a PB:LPS ratio of
115:1 [11], while the corresponding ratio in mice was
300:1 [10]. Erythrocyte haemolysis mediated by E.
coli 0111:B4 LPS was inhibited at a PB:LPS ratio
4:1 [13].

An early attempt to reduce the pyrogenic effect of
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Fig. 3. Three-hour thermal response index (mean

+ S.E.M.) in four rabbits followingi.v. injection of purified

LPS. The doses are much lower than those of crude LPS
zequired to produce the same TRI [3].
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Fig. 4. Thermal responé index following i.v. injection of
1 pg purified LPS (approx. 340 ng kg™'), either alone or
after 30 min pre-incubation with 5, 10 or 100 ug polymyxin
B (unshaded bars). Shaded bars represent the TRI fol-
lowing i.v. injection of the same dose of PB alone.

LPS with PB was unsuccessful [18], but Van Miert
and Van Duin [19] reported a reduction of LPS-
induced fever by PB pre-treatment. Incubation of
0.4 ug LPS with PB at PB:LPS ratios of 2.5 x 10*:1
to 10%:1 produced TRIs ranging from 46 to 34% of
control values. The LPS used in these early studies
[19], was obtained from commercial sources, and
was extracted from an unspecified serotype of E.
coli. In contrast we have shown, using highly purified
LPS from E. coli 0111:B4, that the TRI was reduced
to 50% of control values by pre-treatment with only
five times the mass of PB.

Galanos et al. [20] have pointed out the intrinsic
variability in the physico-chemical properties and
biological activities of LPS extracted by various
methods from different bacterial sources. Commonly
used extraction methods yield preparations con-
taminated with other biologically active molecules,
such as protein and ribonucleic acids. It is not sur-
prising then, that variability in the pyrogenic potency
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Fig. 5. Rise in rectal temperature (mean + S.E.M.) fol-
lowing i.v. injection at time zero of 0.1 ug purified LPS,
(O, N =3), 0.1 ug LPS pre-incubated with 10 ug irradiated
PB (@, N = 3), or 10 g irradiated PB alone (A, N =4).
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Fig. 6. Thermal response index (mean + S.E.M.) following

i.v. injection of 0.1 ug purified LPS, alone or after pre-

incubation with 10 ug irradiated PB, or 10 ug irradiated PB

alone. The TRI following PB alone was not significantly
different from zero.

of different lots of commercially supplied LPS has
been reported [21

One explanation for the difference between our
results and those of Van Miert and Van Duin is that
the contaminants in crude LPS interfere with the
interaction between PB and LPS, or that they are
themselves pyrogenic.

Another explanation might be that some batches
of PB might be pyrogenic themselves; our batches
certainly seemed to be. Gamma irradiation of the
PB abolished its intrinsic pyrogenicity without
abolishing its ability to neutralize LPS. We presume
that the irradiation destroyed a pyrogenic con-
taminant of PB, but we do not know what the con-
taminant was. It may well have been LPS itself,
since the PB-LPS complex appears to retain some
pyrogenicity, at least at the ratios we used (Fig. 6).
Indeed, y-radiation is known to destroy the pyro-
genicity of LPS [22].

The pyrogenic action of LPS is mediated in the
host by endogenous pyrogen (interleukin 1). Duff
and Atkins [2] have reported the ability of PB to
reduce or abolish LPS-stimulated release of
endogenous pyrogen from rabbit monocytes. The
PB was effective at PB:LPS ratios from 5 x 10% to
5 x 10*1. Simultaneous injection of 0.5 ug LPS and
500 ug PB (10%1, PB:LPS) produced fevers of
latency greater than 1 hr, while LPS alone resulted
in fevers with latency of 20 min. These authors do
not report quantitative data on the in vivo pyro-
genicity of PB-treated LPS.

PB binds with high affinity to lipid A [4], and we
have previously shown that the lipid A moiety is
responsible for the pyrogenic response of rabbits to
LPS [3]. The data presented here further support the

—
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role of lipid A in the mediation of LPS-induced fever.
It is plausible that PB-LPS complexes are less potent
than LPS alone in releasing endogenous pyrogen
from mononuclear phagocytes. The mechanism by
which LPS stimulates endogenous pyrogen pro-
duction is unclear. Previous reports suggest that
binding of LPS to cell membranes involves the lipid
A moiety of the molecule [23], so that treatment
with PB may interfere with the ability of LPS to bind
to target cells, thus preventing endogenus pyrogen
release.

In conclusion, we have shown that pre-incubation
with polymyxin B, in ratios as low as 5:1, significantly
reduces the pyrogenicity in rabbits of highly purified
LPS, but does not abolish it entirely.
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