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The pharmacokinetics of colistin was investigated using specific high-performance liquid chromatography
(HPLC) to measure the concentrations of colistin and colistin A and B in plasma and urine in five rats after
administration of an intravenous bolus of 1 mg of colistin sulfate/kg of body weight. There were differences in
the pharmacokinetic behaviors of unbound colistin A and B. This is the first report of the use of HPLC to study
the pharmacokinetics of colistin and its two major components.
Over the past several decades, Pseudomonas aeruginosa has
become the most frequently detected pathogen in infections of
the lower respiratory tract in patients with cystic fibrosis (11,
23). Given its notorious propensity for rapidly developing resistance against common antimicrobial agents (9, 20), P. aeruginosa is being recognized as a public health threat and presents
an increasing clinical problem (17, 24). More recently, there
has been an increasing awareness of the value of parenteral
colistin for treating infections caused by this organism (3).
Colistin (polymyxin E) is most notable for its activity against
the multidrug-resistant P. aeruginosa with slow development of
resistance. It is a cationic polypeptide antibiotic produced by
Bacillus polymyxa subsp. colistinus (13) and is bactericidal to
gram-negative bacteria, with a detergent-like mechanism (10).
Colistin (Fig. 1) is a complex mixture of at least 30 different
components (18, 19). The two major components, colistin A
and B, differ only in the fatty acid side chain (Fig. 1). Different
pharmaceutical preparations of colistin may differ in the ratios
of the major components (7). There are two forms of colistin
available for clinical use: colistin sulfate (for topical use) and
colistin methanesulfonate (for parenteral and aerosol therapy).
The use of colistin is limited by its potential nephrotoxicity,
neurotoxicity, and hypersensitivity (12, 25). While colistin has
been available clinically for decades, its use diminished following the availability of potentially less toxic aminoglycosides and
other antipseudomonal agents. However, recent reports of
critical life-threatening infections caused by multidrug-resistant P. aeruginosa have shown that it may be of value to revisit
this potentially useful antibiotic (4, 8, 14, 16).

There are only a few reports on the pharmacokinetics of
colistin. These have arisen from studies with intravenous administration of colistin sulfate in the calf (22, 26, 27) and
intramuscularly in the dog (2). All of these studies used microbiological methods to quantify colistin in plasma and urine.
Unfortunately, these methods lack the ability to distinguish the
two major components of colistin. To the best of our knowledge, the pharmacokinetics of colistin has not been studied
using high-performance liquid chromatography (HPLC). The
objective of this study was to investigate the pharmacokinetics
of colistin in rats, after administration of an intravenous bolus
of 1 mg of colistin sulfate/kg of body weight, with concentrations measured by a specific HPLC method developed previously in our laboratory (15). An improved understanding of the
pharmacokinetics of colistin should allow it to be used more
safely and efficaciously.
All experiments performed with rats were in accordance
with the Australian Code of Practice for the Care and Use of
Animals for Scientific Purposes (sixth edition, 1997). The animal protocols were approved by the Animal Ethics Committee
of the Institute of Medical and Veterinary Sciences (Adelaide,
South Australia, Australia). Five male Sprague-Dawley rats
(300 to 350 g) (Gilles Plains Animal House, Adelaide, Australia) were housed in an animal care facility and were acclimated
for a minimum of 5 days prior to experimentation. At least 2
days prior to the administration of colistin sulfate, the jugular
vein of the rat was cannulated with silicone rubber tubing. The
cannula (filled with heparinized saline [10 U/ml]) was exteriorized in the dorsal neck region. After recovery from anesthesia, each rat was housed individually in a rat metabolic cage
with free access to food and water.
On the day of the experiment, colistin sulfate (Sigma, St.
Louis, Mo.) (1 mg/kg in 300 l of sterile saline) was injected in
less than 20 s into the jugular vein and the cannula was flushed
with 1 ml of heparinized saline. There were no visual signs of
toxicity. Studies conducted in vitro indicated that less than
0.02% of the dose of colistin sulfate remained in the cannula
after the flush. Colistin used in the dosing solution was shown
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FIG. 1. Chemical structures of colistin A and B. Fatty acid: 6-methyloctanoic acid for colistin A and 6-methylheptanoic acid for colistin B. Thr,
threonine; Leu, leucine; Dab, ␣,␥-diaminobutyric acid. ␣ and ␥ indicate the respective ⫺NH2s involved in the peptide linkage.

graphic peaks and their summed areas. Figure 2 shows the
mean (⫾standard deviation [SD]) concentrations of colistin
and colistin A and B (as the sulfate) in plasma for five rats as
a function of time. There was a short initial distribution phase
followed by a slower log-linear decline in the concentrations
over approximately 1 order of magnitude for colistin and colistin A and B. The concentrations of colistin in plasma were of
the same magnitude as those measured in calves by a microbiological assay (26). However, a third disposition phase (as
seen for calves) (26) was not observed in the present study with
rats.
Noncompartmental analysis of colistin and colistin A and B
(as the sulfate salts) in plasma was performed using WinNonlin
(Version 3.0; Pharsight Corp., Cary, N.C.). The terminal rate
constant (z) was calculated by linear least-squares regression
analysis using the last five log-transformed plasma concentration-versus-time points. The area under the concentration versus time curve to infinite time (AUC⬁
0 ) was calculated by the
linear trapezoidal rule to the last quantifiable plasma concentration (Clast), and the area extrapolated beyond this point was
calculated as Clast/z. The mean extrapolated AUC for the five
rats represented 10 ⫾ 4% of the AUC⬁
0 (n ⫽ 5). The other
pharmacokinetic parameters were calculated with the following equations:
AUMC⬁0 ⫽ AUMC0t ⫹

tlast 䡠 Clast Clast
⫹ 2
z
z

(1)

t1/2 ⫽ ln 2/z

(2)

CL ⫽ D/AUC⬁0

(3)

MRT ⫽ AUMC⬁0 /AUC⬁0

(4)

Vss ⫽ D 䡠 AUMC⬁0 /AUC⬁2
0 ⫽ CL 䡠 MRT

(5)

fe共0–12 h兲 ⫽

Ae共0–12 h兲
D

CLR ⫽ fe 䡠 CL

(6)
(7)

where Ae (0–12 h) is the amount of unchanged drug recovered
in urine in 12 h, AUMC⬁
0 is the area under the first moment
curve to infinite time, AUMC0t is the area under the first
moment curve to tlast, fe (0–12 h) is the fraction of the dose
recovered in unchanged form in urine in 12 h, t1/2 is the terminal half-life, CL is the total body clearance, CLR is the renal
clearance, D is the dose, MRT is the mean residence time, tlast
is the time of the last quantifiable concentration, and Vss is the
volume of distribution at steady state.
The pharmacokinetic parameters for colistin and colistin A
and B are presented in Table 1. There were no significant
differences in the CL (P ⬎ 0.25), Vss (P ⬎ 0.29), and t1/2 (P ⬎
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by HPLC analysis with UV detection (7) to comprise 86.5%
colistin A and B. Blood (400 l) was collected prior to administration of colistin and at 10, 20, 30, 60, 90, 120, 180, and 240
min thereafter. When collecting samples, the first 100 l of
blood was withdrawn and kept in the syringe. After collecting
the actual sample with another syringe, the 100 l of blood in
the first syringe was returned to the rat together with 400 l of
heparinized saline to ensure that the cannula was flushed and
a constant intravascular volume was maintained. Blood samples were placed into 1.5-ml centrifuge tubes containing 5 l of
heparin (1 U/l) and centrifuged (1,000 ⫻ g, 10 min) immediately, and the plasma was stored at ⫺20°C pending the assay.
Urine was collected from the metabolic cage prior to administration of colistin and over intervals of 0 to 4, 4 to 8, and 8 to
12 h thereafter. Urine samples were stored at ⫺20°C pending
the assay.
Concentrations of colistin sulfate in plasma and urine were
determined by HPLC (15), with minor modifications. These
included changes to the volume of plasma and urine samples
(200 l), the amount of internal standard (10 l of 2.5 mg of
netilmicin sulfate/liter), the solid-phase-extraction C18 cartridges (Sep-Pak, Waters, Mass.), the injection volume for
HPLC (30 l), and the mobile phase. The latter, consisting
of acetonitrile-tetrahydrofuran-water (50:30:20 [vol/vol/vol]),
generated a shortened overall run time of 18 min with retention times for derivatized netilmicin, colistin B, and colistin A
of approximately 10, 12, and 14 min, respectively. For the
plasma assay, calibration curves were constructed with concentrations of colistin sulfate ranging from 0.1 to 4.0 mg/liter. The
intraday accuracy and reproducibility were 0.25 ⫾ 0.02 mg/liter
and 3.74 ⫾ 0.11 mg/liter (n ⫽ 6) for colistin sulfate at 0.25
mg/liter and 3.75 mg/liter, respectively, and the corresponding
interday accuracy and reproducibility were 0.26 ⫾ 0.02 mg/liter
and 3.74 ⫾ 0.12 mg/liter (n ⫽ 6). For urine, calibration curves
were constructed with concentrations of colistin sulfate ranging
from 0.1 to 0.8 mg/liter. The intraday accuracy and reproducibility were 0.20 ⫾ 0.01 mg/liter and 0.64 ⫾ 0.02 mg/liter (n ⫽
6) for colistin sulfate at 0.20 mg/liter and 0.60 mg/liter, respectively, while the respective interday accuracy and reproducibility were 0.21 ⫾ 0.01 mg/liter and 0.60 ⫾ 0.03 mg/liter (n ⫽ 6).
Colistin A and B were chosen as the quantitation markers of
colistin. Because all of the components of colistin have analogous structures (18, 19), it was assumed that they have similar
molecular UV absorbance. Therefore, the sum of colistin A
and B in the dose of colistin was evaluated by HPLC with UV
detection (7) and found to account for 86.5% of the total peak
areas (data not shown). Hence, given that the sample of colistin sulfate administered was also used as the reference standard for quantitation, the concentrations of colistin A and B
(as the sulfate salts) were calculated from the concentrations of
colistin and the ratios of the areas of the respective chromato-
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0.89) between colistin A and B. Overall, the coefficients of
variation for these parameters were less than 19% (Table 1).
During the first 12 h after dosing, 0.18 ⫾ 0.14% (n ⫽ 5) of the
dose was recovered in urine as unchanged colistin, the majority
(97.3%) of which was recovered during the first 4 h. There was
no colistin detected in urine collected in the 8 to 12 h interval.
The CLR of colistin was 0.010 ⫾ 0.008 ml/min/kg of body
weight. No significant difference (P ⬎ 0.13) was observed in the
12-h urinary recovery of colistin A (0.13 ⫾ 0.08%) and colistin
B (0.23 ⫾ 0.19%). The low urinary recovery of unchanged
colistin indicates a very low renal clearance (0.010 ⫾ 0.008
ml/min/kg). This value is far lower than the anticipated clearance of colistin by glomerular filtration (2.3 ml/min/kg), which
can be calculated as the product of the unbound fraction of
colistin (fu ⫽ 0.44) and a glomerular filtration rate of approximately 5.2 ml/min/kg in rats (6). There must, therefore, be
very extensive net reabsorption of colistin from tubular urine
back into blood. The lack of difference between colistin A and
B in urinary recovery is not surprising, given the variability
about the mean values. The cumulative urinary recovery was
very similar to the results reported for dogs at a dosage of 1.1
mg of colistin sulfate/kg of body weight, in which 0.13 ⫾ 0.09%
of the dose was recovered in urine in 12 h (2).
The total body clearance of colistin ranged from 4.5 to 6.1
ml/min/kg and, as discussed above, renal clearance (0.010 ⫾
0.008 ml/min/kg) was only a very small component. Therefore,
the majority of the total body clearance must be via nonrenal
pathways. Comparison of the magnitude of the nonrenal clearance (essentially the same as the total body clearance) and
normal hepatic blood flow in the rat (72 to 95 ml/min/kg [5])

indicates that colistin must have a very low hepatic extraction
ratio. Abe et al. (1) administered colistin methanesulfonate
intravenously to rabbits and used thin-layer chromatography
and a reference standard to tentatively identify a metabolite of
colistin, colistin-N-glucuronide, in the urine (1.7% of the dose)
and the bile (6.7% of the dose). However, there has not been
any report on biliary excretion following a dose of colistin
sulfate. Further studies will be needed to determine the routes
for the elimination and metabolism of colistin.
Protein binding of colistin was studied by equilibrium dialysis at concentrations spanning the range of values observed in
vivo in rat plasma. The perspex dialysis cell unit contained two
reservoirs (750-l volume in each) separated by a Spectra/
Por-2 membrane (Spectrum Laboratories, Inc., Rancho
Dominguez, Calif.). Fresh plasma pooled from four drug-free
rats was adjusted to pH 7.4 with 0.5 M hydrochloric acid and
spiked with colistin sulfate at concentrations of 4.0, 8.0, and
12.0 mg/liter. Two replicates at each concentration were incubated at 37°C for 30 min. A portion (600 l) of the plasma
(donor) was dialyzed against the same volume of isotonic phosphate buffer (pH 7.4, 0.067 M) (acceptor) at 37°C for 12 h.

TABLE 1. Mean pharmacokinetic parameters ⫾ SD for colistin
and colistin A and B in rats (n ⫽ 5)
Drug

CL (ml/min/kg)

Vss (ml/kg)

MRT (min)

t1/2 (min)

Colistin
Colistin A
Colistin B

5.2 ⫾ 0.4
5.1 ⫾ 0.5
5.3 ⫾ 0.5

496 ⫾ 60
498 ⫾ 70
509 ⫾ 64

94.9 ⫾ 12.3
98.1 ⫾ 15.9
96.1 ⫾ 17.2

74.6 ⫾ 13.2
77.1 ⫾ 12.8
77.4 ⫾ 14.8
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FIG. 2. Mean (⫾SD) plasma concentration versus time profiles for colistin and colistin A and B (all as the sulfate) in rats (n ⫽ 5).
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plasma, urine, and sputum were measured by HPLC after
derivatization with dansyl chloride. However, colistin methanesulfonate has the potential to hydrolyze to colistin in aqueous
medium. Results from our laboratory have shown that 31.2%
of colistin methanesulfonate in human plasma was hydrolyzed
to colistin in 4 h at 37°C in vitro (17a). The derivatizing method
used by Reed et al. (21) included heating of plasma samples at
54°C for 2 h, which is most likely to have increased the hydrolysis of colistin methanesulfonate. Therefore, the concentrations of colistin might have been elevated spuriously by hydrolysis of colistin methanesulfonate present in plasma at the time
of collection from the patients.
In conclusion, this is the first report using an HPLC method
specific for colistin (and colistin A and B) in plasma and urine
to examine the pharmacokinetics of colistin following intravenous administration of colistin sulfate. While the total body
clearance and volume of distribution with reference to total
drug in plasma were not significantly different between colistin
A and B, there were differences in these parameters calculated
with reference to unbound drug in plasma which may be attributable to a difference in hydrophobicity between the two
molecules. Only a very small fraction of the dose was recovered
in urine, and the value for renal clearance suggests extensive
tubular reabsorption of colistin by the kidney.
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Preliminary experiments showed that 12 h was sufficient to
achieve equilibrium of colistin between the two chambers.
Samples of plasma and buffer were removed from each reservoir and stored at ⫺20°C until analysis. The fraction of drug
unbound in plasma (fu) was calculated as follows: (acceptor
colistin concentration)/(donor colistin concentration). Values
of fu were 0.44, 0.45, and 0.43 at equilibrium concentrations of
1.5, 3.4, and 6.0 mg/liter, respectively. The fu values for colistin
A (0.35, 0.36, and 0.36 at equilibrium concentrations for colistin sulfate of 1.5, 3.4, and 6.0 mg/liter, respectively) were significantly (P ⬍ 0.006) less than those for colistin B (0.53, 0.52,
and 0.51, respectively).
Extensive nonspecific binding (⬎99% at 10 mg/liter) to a
commonly used membrane (Amicon regenerated cellulose
YM-10) precluded the use of ultrafiltration. For colistin, a
value of about 55 to 57% bound in rat plasma is similar to
values determined in plasma from dogs (2) and calves (27),
both by equilibrium dialysis at 4°C for 24 h (2) and 48 h (27).
The higher binding for colistin A is most likely the result of its
longer chain fatty acid (6-methyloctanoic acid) compared with
colistin B (6-methylheptanoic acid), since this is the only difference in the structures between the two molecules (Fig. 1).
While the substantial difference in the unbound fractions
between colistin A and B is interesting and somewhat surprising, it conceals other apparent differences in the pharmacokinetic parameters for these very closely related compounds. For
both total body clearance and volume of distribution, it is
possible to calculate the corresponding parameters with reference to the unbound drug in plasma by dividing each parameter by the respective fu value (0.36 for colistin A and 0.52 for
colistin B). Thus, while the total body clearance levels of colistin A and B were comparable (mean values of 5.1 and 5.3
ml/min/kg; Table 1), corresponding clearances with reference
to unbound concentration in plasma were approximately 14.2
and 10.2 ml/min/kg. The respective values for clearance of
unbound colistin A and B suggest marked differences in the
removal of the two unbound components from plasma by processes which presumably distinguish them on the basis of their
differences in the hydrophobicity of their fatty acids (Fig. 1).
Similarly, the volumes of distribution with reference to unbound drug in plasma were 1,383 and 979 ml/kg for colistin A
and B, respectively, although the corresponding values referenced to total concentration were very similar (498 and 509
ml/kg; Table 1). From the respective values for the volume of
distribution of unbound drug in plasma, it is evident that colistin A (containing the longer chain fatty acid) must be more
extensively bound in tissues than colistin B. It is interesting that
the modest difference in the structures of colistin A and B
(arising from the presence or absence of one CH2 in the fatty
acid) also leads to a substantial difference in retention time on
a reversed-phase HPLC column, as observed by us (data not
shown) and others (7, 18, 19); colistin A is more strongly
retained in such a chromatographic system. Clearly, the subtle
difference in the structures of these two molecules (molecular
weight difference of only 14 in a total of approximately 1,163)
leads to substantial differences in not only chromatographic
behavior but also disposition in the body.
Recently, a pharmacokinetic study was conducted in patients
with cystic fibrosis following the intravenous administration of
colistin methanesulfonate (21). Concentrations of drug in
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