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A simple liquid chromatography tandem mass spectrometry (LC-MS/MS) assay for the determination of colistin A and colistin B
in human plasma was developed and validated. Plasma extraction was performed using Oasis HLB 1 ml cartridges, analysis was
performed using Arion® Polar C18 (250 x 4,6 mm; 5 mm) column at 35 °C. Mobile phases consisted of water containing 0,1% formic
acid and methanol containing 0,1% formic acid (40:60, v/v) delivered at a flow rate of 0,8 ml/minute. Eluent was detected in the
positive ion mode using electrospray ionization at the following transitions of mass to charge (m/z): colistin A 585,55 — 101,05;
colistin B578,5 — 101,15; and IS 602,4 — 101,1; 120,15; 86,15. Short-term stability tests of colistin and CMS were performed, at room
temperature and 37 °C, where the stability of both components decreases with increasing temperature. The presented paper is
part of the Pharmacokinetics of Colistin in Critically Ill Patients With Extracorporeal Membrane Oxygenation (COL-ECM02022)
study in which further results will be presented.

Key words: colistin, CMS, quantification methods, clinical samples, critically ill.

Stanoveni kolistinu A, B a kolistin-methanesulfonatu v lidské plazmé pomoci LC-MS/MS
a jejich kratkodoba stabilita v plazmé

Byla zavedena a validovana jednoducha metoda s pouzitim kapalinové chromatografie a tandemové hmotnostni spektrometrie
(LC-MS/MS) pro stanoveni kolistinu A a kolistinu B v plazmé. Extrakce proteint z plazmy byla provedena pomoci 1 ml kazet Oasis
HLB a chromatografickd separace byla provedena na koloné Arion® Polar C18 (250 x 4,6 mm; 5 mm) pfi 35 °C. Mobilni faze se skladala
z vody obsahujici 0,1 % kyseliny mravenci a methanolu obsahujiciho 0,1 % kyseliny mravenci v poméru 40:60 (v/v), pfi pritoku
0,8 ml/minutu. Eluent byl detekovan v reZimu pozitivnich iontll pomociionizace elektrosprejem s nasledujicimi iontovymi precho-
dy m/z: kolistin A 585,55 — 101,05; kolistin B 578,5 — 101,15; a IS 602,4 — 101,1; 120,15; 86,15. Byly provedeny testy kratkodobé
stability kolistinu a CMS, a to pfi pokojové teploté a 37 °C, kdy se stabilita obou sloZek se zvy3ujici se teplotou snizuje. PfedloZeny
pfispévek je soucasti studie Pharmacokinetics of Colistin in Critically lll Patients With Extracorporeal Membrane Oxygenation
(COL-ECM02022), v niz budou prezentovany dalsi vysledky.

Kli¢ova slova: kolistin, CMS, kvantifikacni metody, klinické vzorky, kriticky nemocni.

Introduction

Colistin (COL), also known as polymy-
xin E, is classified as a polypeptide antibio-
tic produced by Bacillus polymyxa. Colistin
is usually used as a last-resort antibiotic for

the treatment of multidrug-resistant gram-
-negative infections (mainly Pseudomonas
aeruginosa, Acinetobacter baumannii, Klebsiella
pneumoniae), especially where new antibiotics
(ceftazidime/avibactam, meropenem/vabor-

bactam, plasmomycin) are not available or are
not preferred (1, 2, 3, 4).

As a product of fermentation, colistin is
a mixture of more than thirty components
that are not in a constant ratio. Therefore, its
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molecular weight is not precisely determi-
ned. The main components of this mixture
are colistin A and colistin B, whose molecular
weights are 1169,5 and 1155,4, respectively
(5, 6). The base of the colistin molecule con-
sists of a decapeptide with seven amino acid
residues in a cyclic formation and a fatty acid
tail attached to the tripeptide end (4, 7). Due
to the toxic side effects, colistin is used as an
inactive prodrug, colistin methanesulphonate
(CMS).CMS is hydrolyzed spontaneously in an
aqueous solution in vivo and in vitro to a series
of partially methanesulfonated derivatives
and colistin (1, 8).

To find the most optimal conditions for
the determination of CMS and colistin, va-
rious methods have been published that
differ in sample preparation, analytical con-
ditions, and measured concentrations in
patients’ plasma samples (8, 9). The method
described below is based on already pub-
lished and established methods, which we
have adapted to our instrumental conditions
to follow up with a study focusing on the
pharmacokinetics of colistin used in critically
ill patients. Colistin plasma concentrations
in critically ill patients generally range from
0,6-13 mg/L (3).

Several pitfalls can be encountered in the
determination of CMS and colistin. One pro-
blem is the adsorption of colistin to a range
of materials, including plastics and glass in
labware. If colistin adsorbs to materials used
in sample collection, processing, or storage,
its concentrations may be incorrectly evalua-
ted. Another problem is the stability of both
substances, CMS and colistin. The hydrolysis
of CMS to colistin and colistin stability itself
depends on concentration, time, temperatu-
re, and the matrix containing the substance
(7,9,10).

Experimental

Chemical and reagents

Colistin sulfate, Colistinmethate Sodium
and Polymyxin B sulfate (internal standard, IS)
were purchased from Sigma-Aldrich (St. Louis,
MO, USA). MS grade water, Formic acid =99 %,
and Sulphuric acid 96 % were purchased from
VWR (Radnor, PA, USA). MS grade Methanol
was purchased from J. T. Baker (Avantor,

Gliwice, Poland), and Sodium hydroxide was
obtained from Lach-Ner (Neratovice, Czech
Republic).

Chromatographic conditions

The liquid chromatography was perfor-
med using the Prominence LC-20A HPLC
system (Shimadzu, Kyoto, Japan), and an
analytical column Arion® Polar C18 co-
lumn (250x 4,6 mm; 5mm) purchased from
Chromservis (Prague, Czech Republic) and
tempered at 35°C. The detector was a triple
quadrupole mass spectrometer LCMS-8045
(Shimadzu, Kyoto, Japan) with electrospray
ionization (ESI). The mobile phases consis-
ted of water containing 0,1% formic acid and
methanol containing 0,1% formic acid (40:60,
v/v). The flow rate was 0,8 ml/minute. lons
were generated using electrospray ionization
and detected in the positive ion mode at the
following transitions of mass to charge (m/z):
colistin A 585,55 — 101,05; colistin B 578,5
— 101,15; and IS 602,4 — 101,1; 120,15; 86,15.
The total analysis time was 3 minutes and the
LabSolutions software (ver. 5,93; Shimadzu,
Kyoto, Japan) was used for instrument control,
data acquisition, and processing.

Sample preparation

Colistin

The volume of 140 ul of human plasma
was treated with 20l of a solution contai-
ning 0,1 mg/ml of IS. Further preparation of
all samples was performed with Oasis HLB
1 ml cartridges with 30 mg of sorbent (Waters,
Prague, Czech Republic). The SPE extraction
consisted of conditioning of cartridges with
1 mL of methanol, equilibration of cartridges
with 1 ml of water containing 0,1 % formic
acid, 160 pl of sample loading, washing away
of interferences with 1 ml of water containing
0,1% formic acid, and finally eluting of COL
and IS with 0,5ml of methanol containing
0,1% formic acid. An amount of 10 ul of the
sample obtained from the elution step was
injected into HPLC.

CMS

The volume of 140l of human blood
plasma was treated with 20 ul of a solution
containing 0,1 mg/ml of IS. Acid hydrolysis was

90 KLINICKA FARMAKOLOGIE A FARMACIE / Klin Farmakol Farm 2023;37(3):89-92 /

performed by adding 15 pl of 1 M sulfuric acid
to a plasma sample containing CMS. After 30
minutes, 30yl of TM sodium hydroxide was
added to stop hydrolysis. The subsequent
sample treatment was the same as for the

colistin samples.

Validation

Calibration curves for colistin and CMS we-
re constructed in the range of 0,15-30 mg/L,
where each calibration point of the curve was
measured at least six times. All points in the
calibration series were used to determine the
precision and accuracy of the inter-day (in-
traday) measurements. Samples at 2, 10, and
30mg/L were prepared for intraday (inter-day)
precision and accuracy measurements. Plasma
samples with colistin and CMS concentrations
0f 0,07;0,1;0,15; 0,5; 1; and 2 mg/L were prepa-
red for limit of quantification (LOQ) and limit
of detection (LOD) determination.

Stability of COL and CMS
samples testing

Studies for short-term, long-term, and
freeze-thaw stability were also performed
on the samples. The validation procedure was
derived from the European Medicines Agency
(EMA) recommendations. Control plasma sam-
ples from three female and three male donors
obtained from the Transfusion Department of
the Olomouc University Hospital were used
for calibration and validation.

Results and discussion

No pure colistin A and B reference stan-
dards were available. Therefore, the pharma-
ceutical secondary standard of colistin sulfate
was used for the method determination. The
purity of the standard was determined by the
manufacturer (11) to be 91 % by HPLC-UV ana-
lysis, which contained 30,46 % colistin A and
53,8% colistin B.

As shown in Figure 1.3, the retention time
of colistin A and B and IS are 2,11; 2,09, and
2,1 minutes, respectively. Calibration curves
were constructed in the 0,15-30mg/L range.
Plotting the peak area versus concentration,
linear calibration curves were obtained with
a confidence value of R? = 0,9997 for colistin
A and R? = 0,9989 for colistin B. In the case of
hydrolysed CMS to COL, the confidence value
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Fig. 1. Representative chromatograms of calibration point 10mg/L (1.a) and patient sample (1.b)
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of R* = 0,9995 for colistin A and R* = 0,9982  Tab. 1. Summary information on the analysis parameters
for colistin B. The results of the inter-day and Chromatographic conditions
intraday measurements for method validation | HPLC: shimadzu, Prominence LC-20A
. H ® .
are accurate and precise, with an error not Column: Arion® Polar C18 (250 4,6 mm; 5 mm)
. - Mobile phase A: 0,1% formic acid in water (40:60, v/v)
exceeding 15% with the LOQ setat 0,15 mg/L. Mobile phase B: 0,19 formic acid in methanol o

The validation confirmed the reliability of the Flow rate: 0,8 ml/minute

LC-MS method for measuring concentrations Column temperature: 35°C

of colistin in human plasma. Summary infor- | The volume of injection: 10ul

mation on the analysis parameters is given Analysis time: 3 minutes
MS/MS detection

in Table 1.

The CMS concentration was measured in-
directly by acid hydrolysis, for which we found
it most useful to use 15 pl of 1 M sulfuric acid.
After 30 minutes, the hydrolysis was stopped
by adding 30 ul of 1M sodium hydroxide. As

L. . . Calibration curve range (mg/l) 0,15-30
this is an indirect method, it is necessary to — —
) Limit of quantification — LOQ (mg/l) 0,2
back-calculate the CMS concentrations from Limit of detection — LOD (ug/) 47
the difference: Recovery (%) 81

cMs=coL,,,-CoL

Shimadzu, LCMS-8045

ESI positive

Colistin A 585,55 — 101,05
Colistin B 578,5 — 101,15

IS 602,4 — 101,1; 120,15; 86,15

Mass spectrometer:

lonization mode:

lon transition monitored:

Validation parameters

Tab. 2. Stability of colistin A and B (%) at three concentration levels (2; 10; 20mg/L) in human plasma

before hydrolysis
X . Colistin A Colistin B
where COL_, is the concentration after hyd- =
. fota o Time 2mg/L 10mg/L 20mg/L 2mg/L 10mg/L 20mg/L
rolysis of CMS to colistin and COL ¢y pyaronss  |RT 05h 99,28 101,28 100,18 107,01 105,14 103,41
is the circulating concentration of colistin for- 1h 98,90 97.86 99,05 92,93 9728 104,80
med by endogenous transformation of the 2h 96,92 97,66 96,08 92,15 95,31 99,89
prod rug to its active form. 5h 93,28 92,16 95,64 92,22 94,15 96,57
Long-term stability studies of colistin 24h 2057 2,71 o137 20,15 323 9646
. . . 37°C 30 min 91,65 92,76 91,21 74,96 92,76 9217
showed no degradation in stock solutions
. RT - room temperature
and patient plasma samples stored at —70°C
for at least 90 days. Also, no degradationwas ~ Tab. 3. Stability of CMS (%) at 10mg/L concentration level in human plasma
observed in three freeze-thaw cycles (data 37°C RT°C
not shown). The short-term stability of colistin | Time COLA coLs COLA COLB
. . 05h 103,7 103,1 100,1 100,6
was measured for three concentration points
RT d37°C (Tab| Th 108,0 109,2 102,0 105,6
at room temperature (RT) and 37°C (Table 2). oh 14,0 16,3 1081 10,3
After 24 hours at RT, the degradation of the  [3, 117,6 119,9 m,7 113,8

samples reached almost 10%. However, the
degradation of colistin was more significant
at 37°C. Already after 30 minutes, degrada-
tion reaching up to 25% was observed, the
average degradation for all samples was 11 %.
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RT — room temperature

CMS stability in plasma samples at a selected  version of CMS to colistin is more significant at

concentration of 10mg/L was studied atroom  37°Cthan at RT. At elevated temperatures, we
temperature and 37°C. As expected, the con-  observe the conversion of CMS into its colistin
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components after 30 min. After 3 hours, the
average conversion of CMSis about 13% at RT
and 19% at 37 °C (Table 3). The stability of CMS
in a matrix other than plasma was not tested.
However, as there is evidence of lower stability
of CMS in aqueous solutions or infusion solu-
tions, this stability needs to be studied more
closely before further measurement (7, 12).
This analytical method for determining
both COL and CMS in plasma samples is
applied in the ongoing phase IV clinical trial
+Pharmacokinetics of Colistin in Critically
Il Patients With Extracorporeal Membrane
Oxygenation (COL-ECM02022)" (EudraCT
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