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Introduction: Therapeutic drug monitoring is a laboratory practice that measures drug serum/plasma levels for dose adjustment 
in order to maintain an effective and safe trough concentration in patients. Microsampling techniques, such as dried blood spot 
(DBS), can minimize sample volume needed, especially in newborns; however, DBS sampling has several technical limitations 
for quantitative analysis. Methods are developed and optimized using blood collected in anticoagulant-coated tubes, and 
concentrations from capillary blood of unknown samples may vary when calibration curves made with anticoagulant-treated 
blood are used for drug concentration extrapolation. Here, we systematically investigated the effects of various anticoagulants on 
a DBS sampling – liquid chromatography tandem mass spectrometry (LC-MS/MS) method for the simultaneous measurement 
of amoxicillin (AMX), ampicillin (AMP) and meropenem (MRP). 

Materials and methods: Fresh whole blood was obtained from healthy donors in vacutainer tubes with various anticoagulants: 
K2- and K3ethylenediaminetetraacetic acid (EDTA); lithium heparin (LH); and clot activator (CAT) tubes. A tube without 
additive (Plain) was used as control. Briefly, 20 μL of blood were spotted on DBS, air-dried for 1h at room temperature, cut 
and re-hydrated with 50 μL of internal standards (ISTD) at a concentration of 500 ng/mL. Then, samples were treated with 
200 μL of methanol 80%, sonicated for 10 min, and supernatants transferred to a new tube. After centrifugation, 100 μL of 
clear supernatant were transferred to appropriate vials for acquisition. LC–MS/MS was carried out on a Thermo Scientific TSQ 
Endura triple quadrupole mass spectrometer coupled to Dionex UltiMate 3000 UHPLC system equipped with a Phenomenex 
Luna Omega C18column (50 x 2.1mm; 1.6μm particle size). The mobile phase was a mixture of solution A (0.1% formic acid 
in water) and B (0.1% formic acid in acetonitrile). The composition changed from 5% to 90% of B at 2.5min. The column 
was rinsed with 90% of B and re-equilibrated to starting conditions for a total runtime of 4.5min. Antibiotics and ISTD were 
measured in multiple reaction monitoring and electrospray positive mode. The following precursor and products (m/z) were 
identified by direct infusion: AMX, 366.3à 114, 208.1; AMP, 350.2à 106.2, 191.9; MRP, 384à 141.4, 339.9.

Results: Antibiotic/ISTD ratios from various antibiotic concentrations (0.64and 3.2μg/mL) were compared between type of 
anticoagulants by 2-way analysis of variance (ANOVA). Significant differences were described between Plain and samples 
with anticoagulants at 3.2μg/mL (all P < 0.01). Calibration curves were prepared using blood with various anticoagulants by 
adding antibiotics at a final concentration of 0.25, 1, 2, 4, 8, and 16μg/mL. Curves showed linearity by plotting peak area/ISTD 
ratios or peak areas against expected concentrations. However, 1/slope values differed between calibration curves. Next, peak 
area/ISTD ratios of antibiotics in blood with various anticoagulants were interpolated to all calibration curves, and calculated 
concentrations were compared by 2-way ANOVA. Calibration curves made with Plain blood overestimated AMX and AMP at 
3.2μg/mL concentration in Plain or anticoagulant-added blood. For MRP, calibration curves made with EDTA K3or Plain blood 
overestimated antibiotic at 3.2μg/mL concentration.

Discussion and conclusions: We systematically analyzed the effect of EDTA K2or K3, LH and CAT on β-lactam levels from 
DBS samples. Plain blood was used as control because DBS are obtained by directly spotting peripheral blood on filter paper. 
Anticoagulants effects have already been described for anticancer drugs. Our preliminary data suggest that anticoagulants might 
variously influence β-lactam dosage from DBS samples, and calibration curves might over- or under-estimate concentrations if 
the wrong anticoagulant is chosen for blood collection or calibration curve preparation.


