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Spironolactone  is  a  synthetic  steroidal  antimineralocorticoid  agent  with  a  structure

resembling  that  of  the  natural  adrenocorticoid  hormone,  aldosterone.  Spironolactone

competes with aldosterone on aldosterone sensitive Na+/K+ channels in the distal tubule of the

nephron, thereby increasing the secretion of water and sodium while decreasing the excretion

of potassium1. It is rapidly and extensively metabolized in liver to at least 17 metabolites,

with  canrenone,  7-alpha-methylthiospironolactone,  and  6-beta-hydroxy-7-alpha-

methylthiospironolactone as the main ones2. Spironolactone has been widely used for decades

and its side effects have been studied and documented. But despite being used on children for

decades  the  dosing  recommendations  are  based  on  clinical  trials  performed  in  adult

population and/or  expert  opinion and clinical  experience.  As such,  studies  evaluating  the

pharmacokinetic  (PK)  profile  of  spironolactone  in  pediatric  age-groups  contribute  to  the

refinement of evidence-based dosing recommendations in children.

Figure 1. Chemical structures of spironolactone (a), 7-alpha-thiomethyl spironolactone (b) 

and canrenone (c).

The aim of the present study was to develop and validate the HPLC-ESI-MS/MS method for

determination  of  spironolactone,  7-alpha-thiomethylspironolactone  and canrenone (Fig.  1)

from blood plasma samples of children up to two years of age with chronic heart failure,



ascites and/or oedema. The age and condition of the target population implied minute sample

volumes, suggesting a strategy of simultaneous detection of the analytes. This proved to be a

challenge because,  due  to the similar  structures of spironolactone and its metabolites, the

mass spectra of individual compounds were not particularly characteristic. Even in MS/MS

mode they were impossible to tell apart, necessitating a full chromatographic separation. But

while the similarity of molecular structures impeded the analysis in MS, similarities in other

molecular  properties  complicated  the  chromatographic  separation.  Comparable

hydrophobicity caused close retention and the lack of easily protonatable groups rendered the

separation  immune to pH adjustments.  Successful  separation  was eventually achieved by

using tetrahydrofuran as eluent modifier.

The anticipated small sample volume also forced us to investigate the sensitivity of the assay.

There is already a working knowledge in our laboratory about the beneficial influence of

hexafluoroisopropanol (HFIP) on ESI ionization3,4 and therefore it was incorporated into the

composition  of  the  mobile  phase  in  the  present  study.  Owing  to  its  prior  successful

application on similar compounds5,6 ammonium fluoride (NH4F) was also considered and its

positive influence on ionization was confirmed. Curiously though, while earlier applications

of  NH4F  have  all  been  conducted  in  negative  ionization  mode,  our  results  indicate  a

significant  ESI  ionization  amplifying  effect  in  positive  mode,  which  to  the  best  of  our

knowledge has  not  been reported  previously.  Optimal  concentration  of  NH4F in  aqueous

eluent component was found to be between 1 and 2 mM at which point the gain in signal

intensity was about 5 – 6.5 times, depending on the compound.

As a result, a method was developed, which is capable of measuring spironolactone and its

two metabolites from 50 µL of human blood plasma samples. Exemplary chromatographic

separation allows simultaneous determination of the compounds and the enhanced sensitivity

enables  the  analysis  to  be  conducted  without  derivatisation  on  less  than  cutting  edge

instrumentarium. The method was fully validated according to the EMA guideline7.



1 Volz EM, Felker GM. How to use diuretics in heart failure.Curr Treat Options Cardiovasc Med. 2009; 
11:426-32.

2 Nolan PE Jr Review Integrating traditional and emerging treatment options in heart failure. Am J Health 
Syst Pharm. 2004; 61 Suppl 2:S14-22.

3 Kipper K, Herodes K, Leito, I. Fluoroalcohols as novel buffer components for basic buffer solutions for 
liquid chromatography electrospray ionization mass spectrometry: Retention mechanisms. Journal of 
Chromatography A 2011, 1218, 8175-8180

4 Kipper K, Herodes K, Leito I, Nei L. Two fluoroalcohols as components of basic buffers for liquid 
chromatography electrospray ionization mass spectrometric determination of antibiotic residues. Analyst 
2011, 136, 4587-4594.

5 Yanes O, Tautenhahn R.; Patti G J,  Siuzdak G. Expanding Coverage of the Metabolome for Global 
Metabolite Profiling. Analytical Chemistry 2011, 83, 2152-2161.

6 Fiers T, Casetta B, Bernaert B, Vandersypt E, Debock M, Kaufman J-M. Development of a highly sensitive
method for the quantification of estrone and estradiol in serum by liquid chromatography tandem mass 
spectrometry without derivatization. Journal of Chromatography B 2012, 893–894, 57-62.

7 European Medicines Agency. 2011. Guideline on bioanalytical method validation.  
http://www.ema.europa.eu/ema/index.jsp?curl=pages/includes/document/document_detail.jsp?
webContentId=WC500109686&murl=menus/document_library/document_library.jsp&mid=WC0b01ac0580
09a3dc.


	Kalev Takkis1, Rudolf Aro1, Karin Kipper1, Heili Varendi2, Koit Herodes1

