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figure 1  Two-dimensional chemical structure of colistin a.

figure 2  Systematic search process and references included.
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introduction 
Colistin is an antibiotic used for the treatment of chronic infection with Gram-
negative bacteria such as Pseudomonas aeruginosa which is the most common 
pathogen in cystic fibrosis (cf) lung disease. Colistin use by inhalation is widely 
practised for maintenance treatment. Due to increasing resistance of P. aeruginosa 
against other antibiotics, intravenous colistin can be incorporated in the treatment 
of exacerbations of cf lung disease.1 Colistin is a multicomponent antibiotic, com-
posed mainly of colistin a and colistin b.2 For intravenous administration, colistin is 
marketed in the form of its inactive pro-drug colistin methanesulfonate (cms), which 
hydrolyses in vitro and in vivo to active colistin.3 Following intravenous administra-
tion of cms, only a fraction is hydrolysed to colistin; preclinical and clinical studies 
have estimated that between 7% and 30% of cms is converted to colistin.4-6 The high 
variability regarding the extent of conversion might depend on differences in physi-
ological processes and on factors related to storage conditions and administration of 
cms infusions. In-depth knowledge of these factors is of importance as colistin has 
the potential to be used as prolonged maintenance (home) treatment, and colistin is 
known to be more toxic and causes more bronchial irritation compared with cms.3 
A fatal complication with a cms inhalation solution led to discussion about safety of 
in-advance prepared solutions of cms.7 Because of this, uncertainty has arisen about 
the stability and duration of storage of cms solutions. Several studies have focused 
on the in vitro stability of colistin and cms under different conditions, but these do 
not provide complete results.8-11 Particularly, the stability of cms in infusion bags 
was only studied for a period of 48 hours, which is a practical limitation for colistin 
if to be used in home treatment. In addition, cms stability at room temperature and 
the influence of light have not been addressed. Therefore, extended in vitro stability 
testing of cms is warranted. We tested stability during 14 days to cover a proposed 
shelf life of 8 days with a margin of more than 50%. A cms concentration within 
the limits of 90%–110% at time of administration was used as the chemical stability 
specification. This paper reports stability data and the influence of temperature, con-
centration cms and light on the in vitro stability of a standard cms solution.

methods 
In the current in vitro study, the stability of cms was determined in infusion bags 
and elastomeric home infusion pumps at different concentrations and stored under 
different conditions, which were chosen to reflect clinically relevant conditions. 
Vials containing 1 mu cms powder for infusion, corresponding to 80 mg cms and 
33.3 mg colistin, were used (Tadim, Profile Pharma, Chester, uk). These vials were 
reconstituted with 0.9% saline according to the summary of product characteris-
tics. cms was further diluted in 0.9% saline in infusion bags (100 ml, Baxter Viaflo) 
or elastomeric home infusion pumps (Intermate SV 200, Baxter) to achieve final 
concentrations of 800–2400 mg/l cms. Infusions were stored at room temperature 

ABSTRACT
The stability of colistin methanesulfonate (CMS) was determined in quadruplicate 
in elastomeric home infusion pumps containing 1, 2 or 3 MU CMS and in infusion 
bags with 2 MU CMS all in 100 ml normal saline. Infusions were stored at room 
temperature (20°C–24°C) with or without exposure to natural light or refrigerated 
(4°C–8°C) and protected from light up to 2 weeks. In the initial solution of 2 MU 
CMS in 100 ml saline sampled immediately after reconstitution and dilution, 1.5% of 
CMS was hydrolysed to colistin. When stored at room temperature and exposed to 
natural light, colistin concentration in elastomeric infusion pumps increased to 2.6% 
in 8 days and to 2.1% when stored at 4°C. CMS stability increases at lower tempera-
tures and higher concentrations. Based on the current data, chemical stability of CMS 
infusion solution is sufficient for a shelf life of 7 days refrigerated plus 1 day at room 
temperature.
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lead to 2.6% hydrolisation of cms to colistin. Similar cms stability was observed for 
cms solutions kept in natural light and protected from light. cms was more stable at 
lower temperatures and at higher concentrations.13

In addition, there was slightly more colistin formation in elastomeric infu-
sion pumps than in infusion bags as shown in figure 3. Minor changes in pH were 
observed, with pH values ranging between 7.77 and 8.35. We cannot exclude some 
colistin formation during the analytical process, but this appears to be limited to a 
maximum conversion to colistin of 1.5%. Therefore, the current data are representa-
tive for the cms solution administered in the clinical setting.14

Wallace et al9 found <4% of colistin after 48 hours at 25°C and 0.3% at 4°C in a 
4000 mg/l solution of cms in glucose or normal saline. These results show a higher 
level of colistin formation at room temperature and a larger difference in colistin 
formation between room temperature and 4°C than our results. In comparison with 
our data, we must keep in mind the differences in concentration (800–2400 mg/l 
in our study) and in analytical technique. The hplc assay applied by Wallace was 
able to distinguish colistin from (partially) sulfated colistin, but in-between formed 
derivates could not be excluded. Our lcms assay only included colistin a and 
colistin b in unsulfonated form; other derivates were excluded due to separation on 
differences in molecular mass. Furthermore, the source of cms differed (Coly-Mycin 
M vs Tadim).

Abdulla et al13 found no cms degradation (<0.5%) after 3 days at 4°C and <5% 
after 7 days and concluded a cms solution of 800 mg/l can be stored up to 3 days at 
4°C.

Our data and the data of Wallace and Abdulla cannot explain colistin formation as 
possible cause of the unfortunate death of a patient after cms inhalation, which lead 
to an fda warning and a restraint against in advance preparation of cms solutions. 
In current practice, however, there is a need for safe, in-advance preparation of an 
intravenous medicine for home therapy, which can only be fulfilled when sufficient 
stability data are available.

While the spc of Tadim states a shelf life of 24 hours after reconstitution and 
dilution, and several dosing guidelines also indicate that cms infusion solutions 
should be used within 24 hours, based on the current data, chemical stability of cms 
infusion solution was sufficient for a shelf life of 7 days refrigerated plus 1 day at room 
temperature.4-6,15

These data support the administration of colistin using elastomeric home infusion 
pumps. The difference in colistin concentration immediately after preparation (1.5%) 
and after 8 days storage at room temperature (2.6%) was small, and the remaining 
cms concentration was well within the specification of 90%–110%.16 The formation 
of colistin was limited when compared with the reported in vivo conversion of 30%. 
Potential tolerability issues cannot be entirely excluded based on this in vitro study 
and should be monitored by pharmacovigilance in clinical practice.6

(20°C–24°C) and exposed to natural light and protected from light, or refrigerated 
(4°C–8°C) and protected from light up to 2 weeks. Aliquots of the solution were 
sampled into 2 ml polypropylene tubes to determine in quadruplicate in the pH and 
the concentration of formed colistin after 0, 3 and 6 hours and after 1, 3, 8 and 14 days. 
Samples were stored at −80°C until analysis. Quantification of colistin a and colistin 
b was performed with an lc-ms/ms assay using polymyxin b1 and polymyxin b2 as 
internal standards (is). Quantification was carried out after diluting all samples to 
16 mg/l of cms with 10% trichloroacetic acid at 4°C. The compounds were separated 
on a Zorbax EclipsePlus-C18 (2.1×50 mm, 1.8 μm) column, using a linear gradient 
with a binary mobile phase of 0.1% formic acid in highly purified water (a) and 0.1% 
formic acid in acetonitrile (b). A triple quadrupole mass spectrometer (Agilent 
Technologies 6460) was operating in the ESI positive mode, and the double charged 
molecular ion was used as the precursor ion. The transition ions were m/z 585.4/101.1 
for colistin a, m/z 578.4/101.1 for colistin b, m/z 602.4/101.1 for polymyxin b1 (is for 
colistin a) and m/z 595.4/101.1 for polymyxin b2 (is for colistin b). Good linearity 
was achieved (r2 ≥0.99) for colistin and intraday variation was 3.6%. Colistin a plus 
colistin b were expressed as colistin, and the amount hydrolysed was expressed as 
percentage of cms. Conversion into molar units was done by intermediate calcula-
tions using 1749.82, 1735.79, 1169.46 and 1155.43g/mol as the molecular masses of cms 
A, cms B, colistin a and colistin b (free bases), respectively.12

results 
In the initial solution of 2 mu cms in 100 ml saline sampled immediately after recon-
stitution and dilution, 1.5% of cms was hydrolysed to colistin. When stored at room 
temperature and exposed to natural light, colistin concentration in elastomeric infu-
sion pumps increased to 2.6% in 8 days and to 2.1% when stored at 4°C as depicted 
in figure 1. In infusion bags (2 mu cms in 100 ml saline) at day 8, 1.7% of colistin was 
formed when stored at 4°C and 2.1% when stored at room temperature and exposed 
to natural light, 3.7% of cms was hydrolysed in 8 days in a 1 mu cms in 100 ml solu-
tion, in a 2 mu in 100 ml solution this was 2.6% and in a 3 mu in 100 ml solution 
2.3% of cms was hydrolysed. The ratio of colistin a to colistin b was determined to 
be 3.7:1 and remained stable over time (figure 2). When stored at room temperature 
and exposed to natural light, the pH in elastomeric infusion pumps (2 mu in 100 ml) 
increased from 7.77 to 8.35 at day 1 and decreased to 7.87 at day 14.

discussion 
This in vitro study showed that cms was converted to 1.5% free colistin immediately 
after reconstitution and dilution. Eight days of storage in elastomeric infusion bags 
containing 2 mu cms in 100 ml infusion solution (0.9% saline) at room temperature 
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Figure 1  Time course of colistin formation in elastomeric infusion pumps containing 2 MU colistin 
methanesulfonate in 100 ml 0.9% saline when stored under different conditions.

Figure 2  Time course of ratio colistin A to colistin B in elastomeric infusion pumps containing colistin 
methanesulfonate in 100 ml 0.9% saline when stored under different conditions.

1	 Koerner-Rettberg C, Ballmann M. Colistimethate sodium 
for the treatment of chronic pulmonary infection in cystic 
fibrosis: an evidence-based review of its place in therapy. 
Core Evid 2014;9:99–112.

2	 Li J, Coulthard K, Milne R, et al. Steady-
state pharmacokinetics of intravenous colistin 
methanesulphonate in patients with cystic fibrosis.  
J Antimicrob Chemother 2003;52:987–92.

3	 Dijkmans AC, Wilms EB, Kamerling IM, et al. Colistin: 
revival of an old polymyxin antibiotic. Ther Drug Monit 
2015;37:419–27.

4	 Marchand S, Lamarche I, Gobin P, et al. Dose-ranging 
pharmacokinetics of colistin methanesulphonate (CMS) 
and colistin in rats following single intravenous CMS 
doses. J Antimicrob Chemother 2010;65:1753–8.

5	 Li J, Milne RW, Nation RL, et al. Pharmacokinetics of 
colistin methanesulphonate and colistin in rats following 
an intravenous dose of colistin methanesulphonate.  
J Antimicrob Chemother 2004;53:837–40.

6	 Couet W, Grégoire N, Gobin P, et al. Pharmacokinetics  
of colistin and colistimethate sodium after a single 80-mg 
intravenous dose of CMS in young healthy volunteers. 
Clin Pharmacol Ther 2011;89:875–9.

7	 Food and Drug Administration. “FDA Alert. Information 
for Healthcare Professionals: Colistimethate 
(marketed as Coly-Mycin M and Generic Products)”. 
2007. http:// www.fda.gov/Drugs/DrugSafety/
PostmarketDrugSafetyInformationforPatientsandPro 
viders/ucm124896.htm

8	 Li J, Milne RW, Nation RL, et al. Stability of colistin 
and colistin methanesulfonate in aqueous media and 
plasma as determined by high-performance liquid 
chromatography. Antimicrob Agents Chemother 
2003;47:1364–70.

9	 Wallace SJ, Li J, Rayner CR, et al. Stability of colistin 
methanesulfonate in pharmaceutical products and 
solutions for administration to patients. Antimicrob 
Agents Chemother 2008;52:3047–51.

10	 Wallace SJ, Li J, Nation RL, et al. Self-assembly behavior 
of colistin and its prodrug colistin methanesulfonate: 
implications for solution stability and solubilization.  
J Phys Chem B 2010;114:4836–40.

11	 Healan AM, Gray W, Fuchs EJ, et al. Stability of 
colistimethate sodium in aqueous solution. Antimicrob 
Agents Chemother 2012;56:6432–3.

12	 Chemical Entities of Biological Interest (ChEBI). 
Dictionary of molecular entities focused on ‘small’ 
chemical compounds. 2010. https://www.ebi.ac.uk/chebi/ 
advancedSearchFT.do?searchString=colistin&queryBe
an.stars=2

13	 Abdulla A, van Leeuwen RW, de Vries Schultink 
AH, et al. Stability of colistimethate sodium in a 
disposable elastomeric infusion device. Int J Pharm 
2015;486(1-2):367–9.

14	 Karvanen M, Odenholt I, Cars O, Acta Universitatis 
Upsaliensis; Describing and measuring effects of 
colistin and meropenem combination treatment ISBN 

978-91-554-8640-2. In: Karvanen M, ed. Optimization 
of colistin dosage in the treatment of multiresistant 
Gram-negative infections. Uppsala, 2013:pp 56. Digital 
Comprehensive Summaries of Uppsala Dissertations  
from the Faculty of Medicine 889.

15	 Dutch summery of product characteristics (SPC) of  
tadim. http://db.cbg-meb.nl/IB- teksten/h106362.pdf

16	 Dutch law of medicines. http://wetten.overheid.nl/
BWBR0021672/2007-07-01#Paragraaf2_Artikel3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

references

4

3

2

1

0

Fo
rm

ed
 co

lis
tin

 (%
)

 

0  5              10             15

  4°C + dark

20°C + dark

20°C + light

  Time (days)

 

0         3h        6h            24h       3d             8d           14d
Time

Colistin a 

Colistin b

4°C + dark
3

2

1

0

4°C + dark 20°C + dark 20°C + light
0-8 days

3

2

1

0

D
elt

a f
or

m
ed

 co
lis

tin
 (%

)

1 mu Elastomeric pump

2 mu Elastomeric pump

3 mu Elastomeric pump

2 mu Infusion bag

Fo
rm

ed
 co

lis
tin

 (%
)

4

3

2

1

0

Fo
rm

ed
 co

lis
tin

 (%
)

 

0  5              10             15

  4°C + dark

20°C + dark

20°C + light

  Time (days)

 

0         3h        6h            24h       3d             8d           14d
Time

Colistin a 

Colistin b

4°C + dark
3

2

1

0

4°C + dark 20°C + dark 20°C + light
0-8 days

3

2

1

0

D
elt

a f
or

m
ed

 co
lis

tin
 (%

)

1 mu Elastomeric pump

2 mu Elastomeric pump

3 mu Elastomeric pump

2 mu Infusion bag

Fo
rm

ed
 co

lis
tin

 (%
)



rational use of antibiotics
90

Figure 3  Colistin concentration 8 days after preparation (baseline delta) in elastomeric infusion pumps 
containing 1, 2 and 3 MU CMS in 100 ml 0.9% saline and in infusion bags containing 2 MU CMS in 100 ml 0.9% 
when stored under different conditions. CMS, colistin methanesulfonate.
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