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Antimicrobials are the medicines most commonly prescribed to children, so the correct dose is 

of key importance to improve outcome and reduce toxicity [1]. This is particularly true for 

patients in intensive care, where effective antimicrobial therapy is absolutely crucial, and 

influences therapeutic outcomes in both children and adults [2]. One key factor in improving 

treatment outcomes is the optimization of antibiotic dosing [3,4,5,6]. On average, each child in 

Europe receives one course of antibiotics per year, but there is considerable variation in the 

rate of antimicrobial prescribing in different countries and also the doses used. Even for very 

common antibiotics, there remains a marked lack of information about the optimal dosing in 

the context of critical illness. Although antibiotics are extensively used for patients in intensive 

care (ICU), very few pharmacokinetic (PK) studies have been conducted in this patient 

population [7], despite numerous studies on toxicity. 

Penicillins are the important grop of antimicrobials widely used in children and adults for over 

50 years. Penicillins are β-lactam antimicrobials and therefore especially intolerant to the stress 

conditions since the degradation of penicillins occur in different ways in different conditions. 

The stability of penicillins have been evaluated in stress conditions previously [8]. The 

instability of penicillins is reported through the β-lactam ring opening (Fig 1) in acidic and 

basic conditions, enzymatic (hydrolysis and aminolysis) degradation, degradation by the 

presence of metal ions and by temperature changes.  
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Figure 1. β-lactam ring opening.  



 

The list of penicillins studied consisted ampicillin, amoxicillin, penicillin G, piperacillin and 

flucloxacillin as the most commonly used penicillins in the United Kingdom for children 

intensive care (Fig 2). 
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Figure 2. Chemical structures of penicillins. 

 

The UPLC-MS/MS method (using Waters Acquity UPLC coupled with TQ detector) was using 

protein precipitation with acetonitrile (penicillin G-D7 as internal standard (IS)) for sample 

preparation. For the separation of compounds, 0.1 % formic acid in water and methanol with 

gradient elution was used in reversed phase (analytical column: 50mm x 2.1mm; 1.7 µm 

Acquity UPLC BEH C18). Multiple reaction monitoring (MRM) mode was used for detection 

of penicillins. With 3Q detector transitions m/z 335  [M+1] -> m/z 160; 176 (for penicillin G);  

m/z 350  [M+1] -> m/z 106; 160 (for ampicillin); m/z 366  [M+1] -> m/z 114; 208 (for 

amoxicillin); m/z 518  [M+1] -> m/z 143; 160 (for piperacillin); m/z 454 [M+1] -> m/z 160; 
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295 (for flucloxacillin) and m/z 342  [M+1] -> m/z 160 (for penicillin G-D7, IS) were used for 

quantification and qualification.         

The aim of developing and validating the bioanalytical method for measuring penicillins in 

blood plasma was to use it for the measurement of ICU patients’ plasma samples, in order to 

use the data for the population PK modelling and dose optimization of the drugs.   

In the method validation step the stability of the analyte must be carefully examined. Through 

the validation of the bioanalytical method according EMA guideline [9], the stability of 

penicillins was carefully studied for freeze-thaw stability, long-term freezer stability, bench-

top stability, stock solution stability, processed sample stability in different conditions.  

The rapid degradation of ampicillin occurred for the samples kept in the cooled (+10 ˚C) 

autosampler for 24 h, only 35-57% of drugs original concentrations remained to the samples. 

However, all other penicillins maintained 85-99% of their original content. The freeze-thaw 

stability of ampicillin indicated also quicker degradation of the compound in plasma samples, 

since 82-99% of the original content remained to the plasma samples after 3 freeze-thaw cycles, 

while rest of the penicillins maintained approximately 98-100% of their original content in the 

plasma samples.  

Bench-top stability of the penicillins at the room temperature (23 ± 2˚C) for 24 h indicated the 

degradation of the flucloxacillin, piperacillin and penicillin G in the plasma samples, since only 

40-63%, 52-64% and 66-70%, respectively, of the drug was detectable after applying the room 

temperature as a stress condition. Ampicillin and amoxicillin however had a slightly better 

stability in the bench-top, 89-96% and 71-89%, respectively, of the drugs were detectable after 

24 h in the room temperature.   

The method was fully validated and matrix effects, accuracy, precision, linearity, limits of 

quantification, limit of detection and method’s uncertainty estimation was evaluated.  

The aim of the clinical study is to characterise the pharmacokinetic profiles of these penicillins 

in intensive care patients when used in hospital in the routine clinical context, in order to further 

understanding of the extent of interindividual pharmacokinetic variability within a critically ill 

patient population.  

 

 

 

  



References 

[1] Spyridis N, Sharland M. The European Union Antibiotic Awareness Day: the paediatric 

perspective. Arch Dis Child 2008; 93: 909–910.   

[2] Goncalves-Pereira J, Paiva JA. Dose modulation: A new concept of antibiotic therapy in 

the critically ill patient? J Crit Care. 2013; 28(4): 341-6. 

[3] Roberts JA, Norris R, Paterson DL, Martin JH: Therapeutic drug monitoringof 

antimicrobials. Br J Clin Pharmacol 2012; 73: 27–36. 

[4] van Lent-Evers NA, Mathot RA, Geus WP, van Hout BA, Vinks AA: Impact of goal-

oriented and model-based clinical pharmacokinetic dosing of aminoglycosides on clinical 

outcome: a cost-effectiveness analysis. Ther Drug Monit 1999, 21: 63–73.  

[5] Moise-Broder PA, Forrest A, Birmingham MC, Schentag JJ: Pharmacodynamics of 

vancomycin and other antimicrobials in patients with Staphylococcus aureus lower respiratory 

tract infections. Clin Pharmacokinet 2004, 43: 925–942. 

[6] Sime FB, Roberts M, Peake SL, Lipman J, Roberts JA, Does beta-lactam pharmacokinetic 

variability in critically ill patients justify therapeutic drug monitoring? A systematic review, 

Ann Inten Care 2012; 2: 1-11. 

[7] Scaglione F, Paraboni L. Pharmacokinetics/pharmacodynamics of antibacterials in the 

Intensive Care Unit: setting appropriate dosing regimens. Int J Antimicrob Agents. 2008; 32(4): 

294-301. 

[8] Deshpande AD, Baheti KG, Chatterjee NR, Degradation of β-lactam antibiotics. Current 

Science. 2004; 87(12): 1684-1695. 

[9] 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

=WC0b01ac058009a3dc. 

  


