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Polymyxin B is increasingly used as a treatment of last resort for multidrug-resistant Gram-negative infections. Despite being
available as a mixture of several structurally related analogues, the properties are commonly reported as an aggregate of the indi-
vidual components. We compared the pharmacokinetics of individual polymyxin B components in an animal model and in hu-
mans. There were no considerable differences observed in the pharmacokinetics among major components of polymyxin B.
Combining different components for pharmacokinetic analysis appeared reasonable.

olymyxin B has emerged as the drug of last resort for multi-

drug-resistant (MDR) Gram-negative infections (1, 2). Poly-
myxin B is a cationic, polypeptide antibiotic, commercially avail-
able as a mixture of closely related cyclic structural analogues. The
major components of the mixture are polymyxin B1, B2, B3, and
isoleucine B1 (3). Although available as a mixture, the pharmaco-
logical/toxicological properties of polymyxin B are commonly re-
ported as an aggregate of the individual components (4, 5). Our
previous work reported that there was no significant difference in
in vitro potencies of various components against several clinical
isolates of MDR bacteria (6). Despite being used clinically for
decades, there is still a significant knowledge gap in the current
understanding of its pharmacokinetic properties. A fundamental
question remains as to whether these components have similar
pharmacokinetic characteristics (7). Therefore, in this study we
compared the pharmacokinetic profiles of different polymyxin B
components in an animal model as well as in human subjects.

Polymyxin B (USP) was purchased from Sigma-Aldrich (St.
Louis, MO) and X-GEN Pharmaceuticals, Inc. (Northport,
NY). Blank human and rat sera were obtained from Equitech-Bio,
Inc. (Kerrville, TX). Carbutamide was purchased from Aldrich
(Milwaukee, WI). Liquid chromatography-mass spectrometry
(LC-MS)-grade acetonitrile and water were obtained from
Mallinckrodt Baker (Philipsburg, NJ). LC-MS-grade formic acid
was purchased from Fluka Analytical (St. Louis, MO).

A total of 17 female Sprague-Dawley rats (225 to 250 g) (Har-
lan, Indianapolis, IN) were used. The animals received food and
water ad libitum. Jugular veins were cannulated to facilitate intra-
venous drug administration. All animals were cared for in accor-
dance with the highest humane and ethical standards, as approved
by the Institutional Animal Care and Use Committee (IACUC) of
the University of Houston. Prior to each experiment, polymyxin B
powder was dissolved in sterile water for injection and diluted to
the desired concentration. The animals were administered a single
dose of polymyxin B (3 mg/kg of body weight as a slow intrave-
nous bolus dose over 10 min). Blood samples were obtained via
jugular vein cannula or cardiac puncture (if it was a terminal sac-
rifice) at 1, 1.5, 3, 4.5, 6, and 7.5 h postdose and allowed to clot on
ice. Serum samples were obtained by centrifugation (6,000 X g for
15 min at 4°C) and stored at —80°C until drug analysis. The aver-
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age concentration at each time point was used for pharmacoki-
netic analysis.

Two patients with suspected/documented Gram-negative bac-
terial infections given polymyxin B were also examined. The first
patient was a 61-year-old male (body weight, 64 kg; estimated
creatinine clearance, 50 ml/min) given 1.5 mg/kg of polymyxin B
based on actual body weight. The second patient was a 73-year-old
male (112 kg; estimated creatinine clearance, 81 ml/min) given 2.2
mg/kg of polymyxin B. In both cases, polymyxin B was adminis-
tered as daily intravenous infusions over 3 h. After written in-
formed consent was obtained, four serum samples were obtained
from each patient at steady state over the fourth dosing interval
(prior to dosing, 2 h postdose, 8 to 12 h postdose, and before the
next dose) to determine the concentrations of major polymyxin B
components. The study was approved by the Institutional Review
Boards (IRBs) of the New York University Langone Medical Cen-
ter (New York, NY) and the University of Houston.

A validated ultraperformance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS) method was used to deter-
mine the concentrations of polymyxin B in rat and human sera
(8). The serum concentrations of each component were quanti-
fied individually and subsequently reported collectively as the to-
tal polymyxin B concentration. The pharmacokinetics of poly-
myxin B were derived using two different approaches. In the first
approach, we used the total polymyxin B concentrations in serum.
In contrast, the concentration-time profiles of each individual
polymyxin B component were used in the second approach. The
dose fractions of the individual components were based on their
relative abundance in the USP mixture (previously estimated to be
0.612, 0.254, 0.056, and 0.077 for polymyxins B1, B2, B3, and
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Pharmacokinetics of Polymyxin B Components
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FIG 1 Model fitting of total polymyxin B (PMB) and individual components. The data points represent the average serum concentrations at each time point;
error bars depict the standard deviations, and solid lines represent the best-fit lines.

isoleucine B1, respectively). In both scenarios, a one-compart-
ment linear model with a zero-order input was used to fit the
concentration-time profiles using ADAPT 5 (University of South-
ern California, Los Angeles, CA).

For the rats, a median of 4 samples (range, 2 to 8) were ob-
tained at each time point. The overall model fit to the data was
satisfactory, as shown in Fig. 1. In addition, the best-fit pharma-
cokinetic parameters are shown in Table 1. Strictly speaking, the
pharmacokinetic parameters (e.g., clearance and volume of distri-
bution) of the individual components were not identical, but most
the differences were within a 2-fold range. As indicated in Table 1,
the half-life of each component was in close agreement since half-
life was attributed to the rate (ratio) of decline and not directly
dependent on the absolute dose values. On the contrary, the vol-
ume of distribution was more variable among the components,
which could be a manifestation of batch-to-batch variation in the
dose proportion of components. The weighted average pharma-
cokinetic parameters using individual components were in rea-
sonably close agreement with those derived directly from the total
polymyxin B concentrations. Moreover, for the rats, the area un-
der the concentration-time curve from 0 h to infinity (AUC,_..)
observed for total polymyxin B was 10.7 mg h liter !, which was
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comparable to that derived from adding the AUC,, _., of individual
polymyxin B components in the mixture (10.9 mg h liter '). A
similar trend was also observed in the patient samples, as shown in
Table 1. The areas under the concentration-time curve from 0 to
24 h at steady state (AUC,_,, ) for total polymyxin B for patient
1A and patient 1D observed were 48.2 and 64.5 mg h liter ',
respectively. These values were comparable to the summed
AUC,  ofindividual polymyxin B components in the USP mix-
ture (48.0 and 64.6 mg h liter ', respectively).

To our knowledge, this is the first study providing specific in-
sights into the comparative pharmacokinetic profiling of individ-
ual polymyxin B components. In addition to studying single-dose
pharmacokinetics in experimental animals, we have also provided
data from humans at steady state to strengthen our observations.
Furthermore, two different approaches to derive total AUC were
compared. Potential limitations of this study included a small
number of subjects examined and the potential batch-to-batch
variation among products from different manufacturers. Our re-
sults in rats and human subjects indicated the pharmacokinetics
of the individual components were not considerably different
from each other. Our laboratory has previously reported that
AUC/MIC ratio of polymyxin B was the pharmacokinetic/phar-
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TABLE 1 Comparison of the best-fit pharmacokinetic parameters for rats and patients 1A and 1D

Result for rats or patient”

AUC,_, for rats or AUC_,, , for

Parameter” CL for rats (liters/kg/h) or patient (liters/h)  V (liters/kg) t,,, (h) k, (h™') patient (mg h liter ") r

Rats
Total PMB 0.28 1.00 2.47 0.28 10.71 0.90
PMB1 0.30 0.95 2.21 0.31 6.17 0.91
PMB2 0.32 1.16 2.50 0.28 2.37 0.93
PMB3 0.15 0.75 3.59 0.19 1.16 0.63
Ile-PMBI1 0.19 1.02 3.76 0.18 1.23 0.71
Weighted avg 0.29 1.00 2.48 0.29
Sum of individual components 10.93

Patient 1A
Total PMB 1.97 33.01 11.61 0.06 48.22 0.96
PMBI1 1.90 31.35 11.46 0.06 30.66 0.95
PMB2 4.20 74.16 12.25 0.06 5.76 0.90
PMB3 0.90 15.87 12.16  0.06 5.91 0.99
Ile-PMB1 1.31 21.76 11.56 0.06 5.61 0.85
Weighted avg 2.38 40.62 11.70  0.06
Sum of individual components 47.95

Patient 1D
Total PMB 3.72 61.16 11.39  0.06 64.46 0.96
PMB1 3.55 58.93 11.51 0.06 41.37 0.96
PMB2 7.96 105.00 9.15 0.08 7.67 0.94
PMB3 1.81 32.55 12.44  0.06 7.45 1.00
Ile-PMB1 2.28 41.72 12.68 0.05 8.11 0.90
Weighted avg 4.47 67.82 11.05  0.06
Sum of individual components 64.61

“ PMB, polymyxin B. In each case, the weighted average is based on the relative abundance of different polymyxin B components.
b CL, clearance; V, volume of distribution; k> elimination rate constant; f, ,, elimination half-life; AUC, _.., area under the concentration-time curve from 0 h to infinity; AUC,_,, , area

under the concentration-time curve over 24 h at steady state.

macodynamic index most closely linked to bactericidal activity
(9). Taking various study/experimental variations (e.g., sampling,
interbatch relative abundance or assay variance) into consider-
ation, it appeared reasonable to use the summed concentrations of
individual components (i.e., total polymyxin B concentration) in
pharmacokinetic studies to estimate overall drug exposure of

polymyxin B.
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