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LIST OF ABBREVIATIONS AND ACRONYMS 

 

DBS    Dried Blood Spots 

DMPD   Dried Matrix on Paper Disks 

LC     Liquid Chromatography 

TOFMS    Time of Flight Mass Spectrometer 

PK    Pharmacokinetics 

TDM    Therapeutic Drug Monitoring 

IS    Internal Standard 

HRMS   High Resolution Mass Spectrometry 

LLOQ    Lower Limit of Quantification 

LOD    Limit of Detection 

ACP    Acetaminophen 

ACP-4d   Acetaminophen - 4d 

Ka    Absorption Rate Constant 

K    Elimination Rate Constant 

Cp    Concentration in Plasma 

IV    Intra Venous 

Ht    Hematocrit   

RIC    Reconstructed Ion Chromatogram 
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1.  INTRODUCTION 

1.1 Acetaminophen  

Acetaminophen (N-acetyl-p-amino-phenol, ACP) (Fig. 1.) also known under the name of 

Paracetamol, is for more than 50 years one of the most widely used antipyretic and 

analgesic medication worldwide [1]. The drug is used for pain relief. Although, ACP is 

prescribed much, the mode of action of this drug is not yet completely understood, but it 

appears that the pharmacological action of ACP is related to the inhibition of a number of 

cyclooxygenase enzyme isoforms in the central nervous system [2]. Nevertheless ACP is 

generally accepted as a drug with an excellent pharmacological safety profile when used 

within the therapeutic range (10-20 μg/mL) [3].  

 

O

CH3NH

OH  

Figure 1. Structure of Acetaminophen 

The toxicity mechanism of ACP is well known and it results from the depletion of 

endogenous glutathione resulting in the shunting of the ACP metabolism from a basic non-

toxic into to toxic pathways [4]. Although, the use of ACP in adults and children is seen as 

relative safe, ACP can induce adverse effects. Adverse effects such as intoxication are 

observed in suicidal overdoses, but also in normal therapeutic doses where ACP can lead to 

acute renal failure and nephrotoxicity [5] and acute liver failure and hepatotoxicity [6]. 

Recently, a link between ACP use and allergic disorders in children [7] was discovered. 

Authors suggested that more pharmacological research is required to get a better overview 
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of metabolic changes during childhood to be able to predict confidently how certain drugs 

and drug doses will be dealt by children. Therefore it is necessary to continue studying this 

widely used drug in order to completely understand its mode of action and metabolic 

pathways. 

 

1.2 Pharmacokinetics 

Pharmacokinetics is defined as “the study of the time course of drug absorption, 

distribution, metabolism, and excretion, and clinical pharmacokinetics is the application of 

pharmacokinetics principles to the safe and effective therapeutic management of drugs in 

and individual patient” [8]. The objective of clinical pharmacokinetics is to enhance the 

efficiency and decrease the toxicity of drug therapy in patients. There are several 

pharmacokinetics models that describe the fate of the drug in biological systems as one, 

two or multi-compartment models[9]. The most used model in pharmacokinetics is the one 

compartment model (Fig. 2.); this model assumes that the drug achieves instantaneously 

distribution throughout the body and that the drug equilibrates instantaneously between 

tissues. 

 

Figure 2. One compartment model, ka = absorption rate constant. k = elimination rate constant [9] 

 

Thus the drug concentration vs. time profile shows a particular response characteristic of 

this model (Fig. 3). That does not indicate that the drug concentration in plasma (Cp) is 
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equal to the one in the tissues. However the change in Cp reflects in the concentration in 

tissues. When the log Cp versus time shows a linear relationship that represents a one 

compartment model. More complex models such as 2 and 3-compartment are based on the 

assumption that the drug does not achieve instantaneous distribution, within the body, but 

this only applies for specific drugs. 

 

 

Figure 3. (a) Cp vs. time in a one compartment model for an IV dose drug. (b) Time profile of one 

compartment model showing log Cp versus time for an IV drug dose [9] 

 

1.2.1 Pharmacokinetic parameters 

There are several important pharmacokinetic parameters some of them are presented below, 

such as: Elimination rate constant, Volume of distribution, Half-life time and Clearance. 

 

Elimination rate constant (k) 

If first-order elimination is assumed, the rate of elimination can be defined as: 

  

  
     

And integrating, 
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Where X= amount of drug, X0=dose and k=first order elimination rate constant. 

 

Volume of distribution (Vd) 

Volume of distribution has no physiological meaning, its defined as “that volume of plasma 

in which the total amount of drug in the body would be required to be dissolved in order to 

reflect the drug concentration attained in plasma”[9]. As we established previously the 

drug concentration in plasma it’s not necessarily equal to the one in the tissues, however the 

change in the Cp is proportional to the change in the tissue concentration. Then, 

       (      ) 

Where Vd is the constant of proportionality. If we rearrange previous equation we obtain, 

   
 

  
 

Vd can be used to convert drug amount into concentration using the elimination rate 

constant, as follows: 

 

  
 
   

   

  
 

       
      

 

Where Cpt is the concentration of drug in plasma at time point t. The curve can be 

converted into a linear curve as follows, 

          
     

 

At zero concentration   
  , the amount administered is the dose (D), so that  
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That means that if the drug has a large Vd the drug is highly distributed in tissues, but if Vd 

is similar to the total plasma volume it will suggest that the total amount of drug is poorly 

distributed in tissues and is mainly present in the plasma. 

 

Half-life time (t1/2) 

Half-life time is the time required to reduce the plasma drug concentration to one half of its 

initial value. If we replace    
  to    

    and solve it for t= t1/2. 

 

          
     

  (  
   )      

        

          
    (  

   ) 

     
   

 
 

     
     

 
 

 

Clearance (Cl) 

Is defined as “the volume of plasma in the vascular compartment cleared of drug per unit 

time by the processes of metabolism and excretion”[9].This value is a constant if the drug 

is eliminated by first-order kinetics. Clearances of drugs are additive: 
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Mathematically, Cl is the product of the first order elimination constant and the apparent 

volume of distribution (Vd) . 

Thus, 

             

     
        

  
 

 

I.e. a value of 2L/h indicates that 2 liters of the Vd is cleared of drug per hour. If the Cp is 

10 mg/mL, then 20mg of drug in cleared per hour. 

 

Oral dose 

The plasma concentration-time profile of oral dose drugs can be described by a one-

compartment model with first order absorption and elimination (Fig. 4.). The amount of 

drug (X) in the body is described by: 

 

  

  
         

 

Where ka=absorption rate constant; k=elimination rate constant; X=amount of drug in the 

body; and Xa=amount of drug at the absorption site. Integration we obtain, 

 

  
    [ 

         ]
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Figure 4. Single oral drug dose profile 

 

In clinical studies, pharmacokinetics (PK) of drugs are performed by analyzing drug 

concentration levels in post-dose plasma samples collected by venepuncture at different 

post-dose time points [10]. However, in special patients populations such as neonates and 

elderly, collection of blood by venepuncture may be sometimes difficult due to invasive 

properties and relative large volumes (1- 5 milliliters) of venous blood that are necessary to 

collect per sampling time point. In very few cases the amount of venous blood that has to 

be collected can cause conflicts with scientific ethical behavior and regulations as for 

example in neonates or in drug development studies  using animal experiments with small 

rodents such as mice [11].  The development but also applications of bioanalytical assays 

which are capable to perform the analysis of drugs by using smaller blood amount are per 

definition more ethical for humans and testing animals; a significant reduction of the 

number of animals can be achieved by this approach and will lead to more animal 

“friendly” research.  
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1.3 Microsampling techniques 

Blood microsampling techniques have gained last year’s attention as being an example of a 

potential alternative for venous blood sample collection in  special patient populations but 

also in “normal” patient groups and in drug development where small testing animals are 

used. Blood microsampling techniques have in contrast to conventional blood collection via 

venepuncture the advantage to collect peripheral blood after a relative minor invasive finger 

or heel prick. Other advantages are increased ease of blood collection, reduced sample 

volume and lower storage and transportation costs [12]. Moreover, in drug development a 

reduction of the number of testing animals of up to 70% of mice in toxicological studies 

[13] could be achieved by the application of microsampling techniques. Blood 

microsampling techniques like capillary microsampling (CMS) [14-16] and dried blood 

spots (DBS) are (becoming) today popular in drug development and pre-clinical studies 

[14,17,18] but also in research areas like therapeutic drug monitoring (TDM) [10,19,20], 

newborn and metabolic screening [21], biomarker research [22], toxicological studies [23], 

infectious disease management [24-28] and in the bioanalysis of biological active 

molecules such as antibodies [29,30] and proteins [22,31]. In particular, DBS [10,32,33] 

have become one of the most popular microsampling techniques in the field of bioanalysis, 

PK [34-36] and TDM [37,38]. The popularity of DBS greatly originates from its simplicity 

of blood collection; a finger or the heel is pricked with a safety lancet and few microliters 

of blood (or drops) are collected and/or spotted onto special DBS collection cards or DBS 

paper (Fig. 5). The collected DBS are then air dried at ambient temperature [33] and are 

ready for further sample preparation steps or direct analysis [39-41]. The DBS are punched 

with a punching tool and disks containing the blood sample are extracted with a solvent or 

solvent mixtures prior to analysis. 
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Figure 5. DBS collection cards 

In contrast to the high popularity of DBS at this moment, microsampling techniques have 

some disadvantages compared to conventional blood collection methods. Due to the 

collection of small blood volumes, implementation into bioanalytical assays demand high 

analytical instrumental sensitivity but also blood matrix effects originating from co-eluted 

blood matrix compounds often make analysis problematic and complicated [42], although 

the matrix effects can be limited or even eliminated by the use of internal standards [43].  

Furthermore, blood hematocrit (Ht) is an important variable that can affect significantly the 

accuracy and precision of bioanalytical assays using for example DBS specimen [37,44]. Ht 

is the volumetric ratio between the erythrocyte and plasma fraction in blood (Fig. 6). The 

Ht-effect which is observed in DBS analysis is a result of a complex phenomenon. Varying 

Ht values between samples will cause different spreading of the blood onto DBS paper. In 

principle the Ht effect dependent on as well chemical as physical properties of the target 

analyte but also on the paper properties. In conclusion, one of the driving forces behind 

blood spreading on DBS substrate paper is the Ht-value of the blood. 
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Figure 6. Diagram of hematocrit in blood 

Image from: http://classconnection.s3.amazonaws.com/643/flashcards/1948643/png/blood_makeup1351798399300.png 

 

 

A relatively low Ht will result in a negatively biased (statistical error caused by systematic 

parameters) target analyte concentration (compared to 45% Ht and 0% bias); and a 

positively biased target analyte concentration for blood samples with a Ht >45% [37]. In 

order to understand this principle the Ht value versus the area of the dried spot is 

determined. If we spot 15 µL of whole blood the area of the resulting spot varies with 

varying the Ht as demonstrated in Fig 7. and because the punching tool has a fixed 

diameter, punched disks will contain less blood when the Ht is low and more blood when 

the Ht value is higher. (Fig. 8) 
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Figure 7. Area of dried blood spots spotting 15 µL of blood with different Ht value 

 

 

Figure 8. 15 µL blood spots with three different Ht values 

Furthermore, variations in blood-plasma distribution coefficients of drugs in combination 

with varying Ht can result in a variable Ht-effect for particular drug. Additionally the 

recovery rate of each drug can vary with varying Ht; high recovery at low Ht and low 

recovery at high Ht [45].  Cobb et al. [46] established using radiolabeled compounds, that 
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DBS spots are not always homogenous. DBS homogeneity depends on several factors such 

as hematocrit value, analyte and type of paper.  

 

 

 

 

 

 

 

 

 

 

Figure 9. Volcano effect from a DBS samples. Taken from Cobb et al[46]. 

The author tried different types of papers and realized that in many cases a volcano effect is 

observed within the spot (Fig. 9), that means that the DBS spot is not homogeneous and the 

concentration of the analyte depends on the position where the punch is collected.  

The Ht effect can be technically eliminated by using precutted DBS analysis [47,48]. 

Recently, the elimination of the Ht effect in DBS analysis was demonstrated by applying 

special developed paper disks cartridges called Dried Matrix on Paper Disks (DMPD) (Fig. 

10) [37]. DMPD microsampling is very similar to DBS, but it’s based on spotting the blood 

on pre-cutted paper disks preventing the blood to spread differently with varying Ht, and 

guarantying that all the samples will have the same spot area, because the blood can only 

spread in a defined space. 
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Figure 10. (a) DMPD cartridge. (b) Dissembled DMPD cartridge. (c)DMPD cartridge filled with 5-mm paper 

disks. (d) DMPD cartridge storage box. [37] 

This microsampling technique could eliminate the Ht effect in the range between 20% and 

80% hematocrit completely as demonstrated Meesters et al.[37](Fig. 11) and the 

bioanalytical method’s accuracy and precision were significantly improved in comparison 

with conventional DBS sampling.  
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Figure 11. Experimental biases for regular DBS samples and DMPD samples[37] 

This graph clearly shows that DBS samples give different values of bias when various Ht 

values are measured. On the other hand DMPD exhibit the same bias (mean 7%) for all Ht 

values what is the result of a systematic error present in the study. Summarizing, Fig. 11 

shows clearly the elimination of bias induced by the Ht effect when DMPD samples are 

used. 

 

1.4 Liquid Chromatography-High Resolution Mass Spectrometry (LC-HRMS) 

In the last ten years, mass spectrometry has changed dramatically due to the increase in the 

mass-resolving power[49].Nowadays mass spectrometers such as time of flight (TOF) are 

capable of measure “exact” molecular masses of the analytes; those exact masses are 

calculated from the combined atomic masses of the element composition. Every isotope of 

every chemical element has a different mass, thus, accurate mass measurement can 

uniquely identify elemental composition. However, mass differences between isotopes are 
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too small to measure in a low resolution mass spectrum and can only be measured by 

HRMS. Hence, the great applicability of this technique in bioanalytical studies that use 

different isotopes in target molecules to use them as internal standards [49,50]. The use of 

LC-HRMS in (regulated) bioanalysis is also gaining popularity, this due to following; (i) 

reduced method development time for small molecule drugs, (ii) simultaneous quantitative 

and qualitative analysis, (iii) the  advantage of assays of not being dependent on 

fragmentation efficiencies of analytes of interest like in SRM and MRM and (iv) the full 

utilization of a high resolving power during the complete analysis time which results in a 

high assay selectivity [51,52]. Moreover, LC-HRMS application also has some limitations; 

(i) when to narrow XIC´s (extracted ion chromatogram) of for example <0.001Da are used, 

high signal-to-noise ratios (S/N) can be achieved but the assay sensitivity will decrease, (ii) 

on the other hand, large XIC windows will increase assay sensitivity but the probability of 

inclusion of chemical noise will therefore accordingly increase [53] resulting in loss of 

mass spectrometric selectivity. Although to these limitations, LC-HRMS offers the ultimate 

analytical advantage of high mass accuracy of at least 0.001 Da, this in contrast to  the 

approx. 1 Da (0.7-1 Da) achieved in many conventional SRM and MRM methods using 

low resolution mass spectrometry (LRMS) such as triple quad (QqQ) and ion trap (iT) MS 

instruments. The analysis of (un)known analytes using LC-HR/MS is therefore based on 

the accurate mass of the analyte rather than on selected SRM fragmentation patterns [51] 

with low mass spectrometric resolution and accuracy. Mass resolution and accuracy are 

defined as follows: 
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(          )  (                 )

          
        

 

1.5 Statistics 

In analytical chemistry it is common to apply multiple analysis of sample, resulting in 

different results. To establish if those results are in fact different or not, a statistical test 

known as a significance test can be employed. As its name implies, “this approach tests 

whether the difference between the two results is significant, or whether it can be 

accounted for merely by random variations”[54].  

When making a significance test, it is tested if a stated hypothesis known as “null 

hypothesis” (H0), is false or true. Therefore it is necessary to have an alternative hypothesis 

known as “alternative hypothesis” (H1). To compare results from two or more methods, 

many significant test can be used, two of the most used ones are: 

 

Student’s t-test 

A t-test is any statistical hypothesis test in which the test statistic follows a Student's t 

distribution if the null hypothesis is supported. It is used to determine if two sets of data are 

significantly different from each other. Depending on the data, different t-tests can be 

applied, one for results with equal sample sizes and equal variances, one for different 

sample sizes but equal variances, other for different sample sizes and different variances 

and finally one for paired samples. Each test gives a calculated t value that must be 

compared with the critical value (Appendix 10.1) in order to accept or reject the H0 

hypothesis. 
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Analysis of Variance (ANOVA) 

ANOVA tests whether the difference between the sample means is too great to be 

explained by random errors. One-way ANOVA tests for a significant difference between 

means of data sets when there are more than two samples involved [54]. This test 

generalize the t-test to more than two groups, since doing multiple t-tests between two 

samples increase the change of committing type I error, rejecting the hypothesis by 

mistake. ANOVA is useful for comparing three or more means for statistical significance. 

In this model, an F-test is used to test the statistical difference. The critical value (Appendix 

10.2) is then compared to the calculated one in order to reject or accept the H0 hypothesis. 

I.e. if the calculated F is greater that the critical value, the means differ significantly. 

 

2. AIM OF THESIS 

ACP concentrations have been previously quantitatively analyzed by using a variety of 

assays applying different biological fluids such as blood, plasma, urine and saliva [55-57]. 

The PK of ACP is well studied in different biological matrices [56] however only a few 

limited papers report the application of blood microsampling techniques for ACP-PK 

studies. The most applied analytical technique for the quantitative measurement of ACP 

concentration levels in biological fluids is liquid chromatography (LC) in combination with 

different detectors such as ultraviolet (UV) [58,59], UV in combination with 

electrochemical detection (ED) [60], fluorescence detection (FD) [61] and MS detection 

[34,62] although also spectrophotometry can be applied [63]. In the last twenty years LC-

MS assays have outgrown the in the mainly applied LC-UV assays in drug analysis and 
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drug development, LC-MS became the “golden standard” in bioanalysis applying selected 

reaction monitoring (SRM) or multiple reaction monitoring (MRM) for quantitative drug 

analysis and PK profiling studies. But more recently, especially in regulated bioanalysis a 

shift from SRM or MRM technologies to high-resolution mass spectrometry (HRMS) 

applying MS instruments such as Q-TOF instruments is being observed [64]. The 

combination of LC-HRMS and microsampling techniques for biological samples could be 

an ideal alternative analytical approach in future drug development studies, in PK profiling 

and in quantitative analysis of drug concentrations. To evaluate the analytical possibilities 

and/or limitations of this combination a PK study was developed using ACP as model drug.  

 

3. OBJECTIVES 

3.1. General objective 

Demonstrate the applicability of blood microsampling techniques in combination with 

quantitative LC-HRMS to be applied in a pharmacokinetic study using Acetaminophen as a 

model drug. 

 

3.2. Specific objectives 

 Collect DMPD, DBS and plasma samples on various post-dose time points from 

volunteers that have taken one single oral dose of 500 mg of ACP. 

 Validate the developed analytical method for the extraction and quantitative 

analysis of ACP in DBS, DMPD and plasma samples. 

 Quantify the amount of ACP present in the biological samples using LC-HRMS.  
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 Determination and comparison of PK profiles and calculated PK parameters of a 

single oral dose of ACP applying three different blood microsampling 

techniques.  

 Establish if the obtained PK values by the three different microsampling 

techniques are significantly different in comparison to literature reported values 

based on conventional venous blood (plasma) PK profiling. 

 

4. METHODOLOGY 

4.1 Chemicals and materials 

Acetaminophen (ACP), HPLC-grade methanol and acetonitrile were purchased from 

Sigma-Aldrich (St. Louis, USA) and acetaminophen-d4 (ACP-d4) used as internal standard 

was from Cerilliant (Round Rock, USA) (Fig. 12). Trifluoroacetic acid (TFA) was from 

Alfa–Aesar (Ward Hill, MA, USA) and ultrapure water (18.2MΩ.cm) used for LC was 

produced by a Direct-Q® 3UV Milli-Q apparatus (EMD Millipore, Billerica, MA, USA). 

Capillary blood samples from voluntary healthy subjects were collected by using 

Microvette® CB300 capillary blood collection tubes (Sarstedt, Germany) and Whatman 

FTA® DMPK cards (GE health, Fairfield, CT, USA) were used for the preparation of dried 

blood spots (DBS) and dried matrix on paper disks (DMPD). The DMPD cartridges applied 

were provided by RockTown Technology and Services (Libertyville, IL, USA). 
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Figure 12. Structure of Acetaminophen-d4 

4.2 Liquid chromatographic instrumentation and separation 

For LC an Agilent 1260 Infinity LC system consisting of a G1312B binary pump and 

G1367E auto sampler system were used. Samples were separated on a Waters Atlantis T3 

column (2.1 x 100mm x 5μm) kept isothermally at a temperature of 35°C. The separation 

gradient applied was as follows: mobile phase A (100% H2O) containing 0.1% formic acid 

(v/v) and mobile phase B was acetonitrile (100%). The applied separation gradient was: 2% 

B from 0 to 0.5 min, 2 to 30% B from 0.5 to 2.5 min, 30 to 95% B from 2.5 to 2.6min, held 

at 95% B for 1.4min and followed by 2% B until 6.0 minutes and thereafter a post time of 5 

minutes prior to next sample injection was used. Applied flow was 0.3 ml/min and sample 

injection volume was 20μL. 

 

4.3 High Resolution Mass Spectrometry (HRMS) 

An Agilent accurate mass Q-TOF 6520 mass spectrometer (MS) working in positive 

electrospray ionization (ESI) was employed for the detection and quantification of ACP and 

ACP-d4. Optimized mass spectrometer settings were as follows: gas temperature: 300°C 

(N2); nebulizer pressure: 48 psig; capillary voltage (Vcap): 3500 Volts; drying gas: 8 L/min; 

fragmentor voltage: 135 Volts; skimmer voltage: 60 Volts.  
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4.4 Preparation of matrix matched calibrators and quality control samples. 

From a primary ACP stock solution of 10 mg/mL prepared in ultrapure water a secondary 

stock solution of 500μg/mL ACP was prepared also in water by dilution. From this 

secondary stock solution blood and plasma matrix matched calibrators at concentrations of 

1.0, 2.5, 5.0, 12.5, 25.0, 50.0 and 100.0 μg/mL were prepared by serial dilution with drug 

free blood or plasma, respectively. Blood calibrators were thereafter applied for the 

preparation of DBS and DMPD specimen calibrators (n=3) by spotting 15µL and 8µL of 

the blood matched calibrator solutions for DBS and DMPD, respectively. Four quality 

control samples (QC, n=4) were prepared in an equal manner for DBS, DMPD and plasma 

matched matrices and used for the validation of the bioanalytical assays. QC sample 

concentrations used were 1.0, 15.0, 40.0 and 80.0 μg/mL of ACP, respectively.  

4.5 Plasma, DBS and DMPD matrix based calibration curves 

A plasma calibration curve was prepared by deproteinization of 30 μL of each separate 

plasma matrix matched calibrator with 21 μL of a 10% trifluoroacetic acid (TFA) in 

methanol solution containing ACP-d4 (5 ng/μL) followed by centrifugation for 15 minutes 

at 4°C at 13300 rpm to remove precipitated plasma proteins. After centrifugation, the 

supernatant was diluted 1:2 with ultrapure water and analyzed by LC-HRMS. From each 

DBS calibrator one disk was punched from the blood spot center by applying a 3-mm 

Harris UNICORE™ punching tool and the disk was extracted by 50 μL of pure methanol 

containing ACP-d4 (1ng/μL). Sonication was applied to improve the extraction efficiency 

and it was used for 15 minutes where after the extract obtained was shortly centrifuged for 

5 minutes to remove eventually cellulose fibers from the sample originating from the DBS 

paper.  For determination of the DMPD calibration curve, paper disks (diameter 5-mm) 

were removed from the DMPD cartridge and extracted by 100 μL of pure methanol 
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containing ACP-d4 (1ng/μL) in combination with sonication for 15 minutes followed by 

shortly by centrifugation for 5 minutes and analysis by LC-HRMS.   

 

4.6 Validation procedures 

The new developed DBS, DMPD and plasma assays were validated according guidelines 

adapted from the 2011 EMA guidelines [65]. Validation of the new bioanalytical assays 

were centered on following specific parameters: carry-over, linearity, lower limit of 

quantification (LLOQ), limit of detection (LOD), within day and between day accuracy and 

precision and stability of ACP. 

 

4.6.1 Carry-over 

Carry-over was assessed by triplicate measurement of a spiked sample in DBS, DMPD and 

plasma with a high concentration (80μg/mL) followed by triplicate measurement of a blank 

sample. Carry-over was considered acceptable if it was less than 20% of the LLOQ for 

ACP and 5% for ACP-d4. 

 

4.6.2 Linearity 

Linearity of the new developed bioanalytical assays was assessed by analysis of seven 

matrix matched blood and plasma calibrators ranging in the concentration range of (1 - 

100μg/mL) and containing a blank sample. Each matrix matched calibrator was measured 

in triplicate (n=3). Linearity between the signal (area) ratio of ACP and ACP-d4 was 

considered acceptable if the correlation coefficient (r) was >0.990 for each matrix matched 

calibration curve. 

 



31 
 

4.6.3 Lower limit of quantification and detection (LLOQ and LOD) 

LLOQ was determined for each developed bioanalytical assay by using the obtained matrix 

matched calibration curve (section 2.6.3). The LLOQ was defined as the lowest matrix 

matched calibrator of the calibration curve that was analyzed with acceptable accuracy and 

precision of <20% CV or %bias, according to the EMA validation guidelines. The limit of 

detection (LOD) was defined as three times the signal-to-noise ratio (S/N) of drug free 

blood or plasma.  

 

4.6.4 Within- and between day accuracy and precision 

Within-run and between run accuracy and precision were determined by application of QC 

samples at four different concentration levels of ACP (1.0, 15.0, 40.0 and 80.0 μg/mL 

ACP) prepared as DBS, DMPD and plasma matched QC samples. Each QC sample was 

analyzed in triplicate. Accuracy and precision were considered acceptable when the mean 

observed concentrations were within 15% CV or %bias of the nominal value, for the QC 

sample at the LLOQ (1.0 μg/mL) it was acceptable when CV or %bias were < 20%. 

Within-run accuracy and precision were determined by three consecutive measurements of 

the QC samples on one single day while between-run accuracy and precision were 

determined by analysis of the QC samples on 3 consecutive different days.  

 

4.6.5 ACP stability  

The stability of ACP in blood and plasma matrix was studied by analysis of three QC 

samples (15.0, 40.0 and 80.0 μg/mL) after storage of the QC samples for 1 week at -20°C, 2 

weeks at -20°C and 3 weeks at -20°C in triplicate (n=3) for peripheral plasma samples. 

DBS and DMPD specimen were stored in a desiccator room temperature. The stability of 
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ACP was considered acceptable if the observed nominal concentration of all four QC 

samples was ±15% CV or %bias of the nominal value. 

 

4.7 Pharmacokinetic study design and voluntary participants 

The PK study was designed to determine if the combination of LC-HRMS and blood 

microsampling by collection of DBS, DMPD and plasma could be a potential new 

analytical alternative to conventional blood sampling in future PK profiling and bioanalysis 

of drugs in general. Therefore, a single-dose, single-group, open-label trial using a fixed-

dose of ACP (500 mg, fasted for at least 8 hours) was selected and blood from voluntary 

healthy subjects was collected by microsampling of peripheral blood after a finger prick 

with a safety lancet (SurgiLance, St. Ingbert, Germany). The PK study (Appendix 10.4) 

was approved by the Ethical Committee for Scientific Research of the Universidad de los 

Andes at October 18, 2012 (Acta 192 de 2012). All participants provided written informed 

consent prior to participation to the PK study (Appendix 10.5). 

 

4.7.1 Measurement of hematocrit of participant´s blood 

The Ht of the blood collected from each voluntary healthy human subject was determined 

prior to the start of the study by collection of capillary blood by fingerpick into a 

Drummond Hemato-Clad Mylar wrapped hematocrit capillary tube (75 mm long) 

containing ammonium heparin as anticoagulant and on one side sealed with clay. The 

separation of the erythrocytes was done by centrifugation of the capillaries at 13300 rpm 

for 12 minutes at ambient temperature using an Ht rotor and Ht values were manually 

determined by using a micro-Ht reading graph. 
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4.7.2 Pharmacokinetic profiling 

For PK profiling a maximum volume of 300μL of peripheral blood from voluntary subjects 

were collected by carefully rubbing by the lancet pricked finger with the thumb for a gently 

flow and collection of capillary blood, at eight different time points: 0, 15, 30, 45, 90, 120 

and 150 minutes after a single oral dose of 500 mg ACP (La Sante®, Bogota, Colombia) in 

combination with 200 mL of water was administered. The capillary blood samples from 

each collection time point were collected in separate Microvette® CB300 peripheral blood 

collection tubes. Blood samples were homogenized directly after collection and stored on 

ice until further processing. The collected blood samples were kept as short as possible on 

ice (<30 min) and when possible directly processed. DBS and DMPD samples were 

prepared by spotting 15 or 8 μL of blood for DBS and DMPD, specimens respectively. 

After preparation of DBS and DMPD specimen the remaining blood was used for the 

preparation of plasma by centrifugation at 2000 rpm for 10 min at 4°C of the micro 

collection tube followed by separation of the supernatant and erythrocyte pellet. The 

collected capillary plasma was stored at a temperature of -20°C until analysis. Prior to 

extraction of ACP from the DBS and DMPD specimens the samples were dried at least for 

2 hours at ambient temperature and thereafter stored in a desiccator until analysis.  

 

4.7.3 In-vitro Pharmacokinetic profiling 

From a primary ACP stock solution of 500μg/mL in water, whole blood samples at 

concentrations of 6.0, 7.25, 6.0, 4.75, 4.5, 3.75 and 3.5 μg/mL were prepared by serial 

dilution with drug free whole blood. Thereafter DBS and DMPD specimen (n=3) were 

prepared by spotting 15µL and 8µL of the whole blood, respectively.  
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4.8 Pharmacokinetic data analysis 

MS data was processed using the Mass Hunter software (Agilent, B04.00). PK profiles and 

parameters area under curve (AUC), ACP clearance (Cl), apparent volume of distribution 

(Vd), time to occurrence of peak concentration (tmax), peak concentration (Cmax)and half-life 

time (t1/2) were determined using PkSolver® software [66]. PK parameters were calculated 

using the software applying a 1-compartment open model with first-order ACP absorption 

and elimination of ACP. 

 

5. RESULTS AND DISCUSSION 

5.1 Bioanalytical method development 

Applying the selected gradient elution resulted in a retention time of ACP and ACP-d4 of 

4.01 min. The elution of ACP from the column was fast but sufficient retention of the 

analytes was observed since the void time was 0.7 min. Due to this short analysis time 

using selected gradient elution with the total run time of 6.0 minutes combined with a 5.0 

minutes post-analysis time it was possible to analyze in total 5 samples in one hour. A 

representative reconstructed ion chromatogram (RIC) of ACP and ACP-d4 is presented in 

Fig. 13. 

 



35 
 

 

Figure 13. Reconstructed ion chromatogram (RIC) of (A) ACP and (B) ACP-4d; m/z= 152.07110 and 

m/z=156.09619 for ACP and ACP-d4, respectively. 

 

Applying ESI as ionization technique resulted in measurement of ACP and ACP-d4 

analytes both as protonated molecular ions (MH
+
). The measured mass-to-charge ratios 

(m/z) for ACP and ACP-d4 were m/z=152.07110 and m/z=156.09619, respectively. 

Calculation of the theoretical m/z of ACP and ACP-d4 using the Mass Hunter software 

gave theoretical m/z values of m/z= 152.07127 and m/z= 156.09638 for ACP and ACP-d4, 

respectively. The obtained mass accuracy for both analytes was -1.12 ppm and -1.22 ppm 

for ACP and ACP-d4. The observed mass accuracy for both analytes was sufficient and for 

further quantifications observed m/z= 152.07110 and m/z=156.09619 for ACP and ACP-

d4, were used. We observed an extraction rate for ACP of approx. 80% for blood and 

plasma. 

 

 

ACP 

ACP-4d 
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5.2 Validation of developed bioanalytical assays 

The bioanalytical assays described here were all validated according to recent EMEA 

guidelines for bioanalytical method development. Assay specific parameters which were 

validated were; linearity, LLOQ and LOD, carry-over, recovery rate, within- and between 

run accuracy and precision and stability of ACP in blood (DBS and DMPD) and plasma 

matrix. The obtained linear concentration range for all three bioanalytical assays ranged 

from 1.0 up to 100.0 μg/mL ACP. Calibration curves were constructed by plotting the ACP 

concentration (x) and ratio of areas of ACP and ACP-d4 (y) (Fig. 14).  

The linear regression analyses were determined by using a principle least squares 

regression calculation. The regression equation and regression coefficients for the DBS, 

DMPD and plasma bioanalytical assay are listed in Table 1.  

 

100806040200

70

60

50

40

30

20

10

0

Concentration (ug/mL)

R
a

ti
o

Regression

95% CI

 

Figure 14. Regression line for Plasma matrix with 95% CI (Made with Minitab ® v.16) 
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Table 1. Regression equation and parameters for DBS, DMPD and Plasma ranged from 1 up to 100 μg/mL 

Matrix Slope* Correlation 

coefficient (r) 

Regression 

coefficient (r
2
) 

Regression 

line 

DBS 0,1459±0.0079 0,9992 0,9972 y=0,1459x 

DMPD 0,4427±0.0147 0,9997 0,9973 y=0,4427x 

Plasma 0,5115±0.0149 0,9998 0,9989 y=0,5115x 

*Values for the slope with 95% confidence interval 

 

The values of the correlation coefficient (r) for all matrixes were close to one, meaning that 

all of them fit to a linear model. The regression coefficient (r
2
) values shows that the 

regression line fits well to all the experimental data sets. The validated linear concentration 

ranges (1-100 µg/mL) covered physiological ACP concentrations in blood and plasma 

samples and observed maximum ACP concentration levels were comparable with 

concentration levels previously reported in literature [58,59,62].  

The observed LLOQ of DBS, DMPD and plasma assays was for all three assays were 1 

μg/mL ACP while upper limit of quantification (ULOQ) defined according to the EMEA 

guidelines as the highest matrix-based calibrator used for determination of the calibration 

curve that could be measured with an acceptable accuracy and precision of ≤ 15% CV or 

%bias were 100μg/ml ACP for DBS, DMPD and plasma assay, respectively. The limit of 

detection was determined by calculation and was for all three assays approximately 0.3 

μg/mL ACP.  

The accuracy and precision of the DBS, DMPD and plasma assays were in good 

compliance with recent EMA guidelines (≤15/20 %bias and ≤15/20 %CV). Observed 

accuracy and precision applying 4 quality control samples at 4 different concentration 

levels are listed in Table 2. The within-and between-run accuracy and precision of the three 
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new developed bioanalytical assays were all in compliance with EMA validation guidelines 

for the validation and development of (new) bioanalytical assays. 

The stability of ACP in the dry blood matrices (DBS and DMPD) was higher (up to three 

weeks) than in frozen liquid plasma (one week). The nominal concentration of ACP in the 

frozen liquid plasma matrix changed significantly after 1 week of storage at -20°C and the 

observed changes in nominal concentrations were outside of maximum acceptance criteria 

described in EMEA guidelines. Concentration of ACP in plasma rises after one week; this 

could be explained because of the action of esterase enzyme [67,68] present in plasma, 

which set free ACP from the metabolites. 
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a
results summarize the mean of a threefold analysis per QC sample at each concentration level in one experiment. 

b
%bias = (mean observed ACP concentration-nominal ACP concentration)/(nominal ACP concentration)*100%  

 

 

 

  Within-run validation 

 DBS DMPD Plasma 

Nominal ACP concentration (μg/mL) 1.0 15.0 40.0 80.0 1.0 15.0 40.0 80.0 1.0 15.0 40.0 80.0 

Mean observed ACP concentration (μg/mL)
a
 0.89 13.02 40.0 88.0 0.99 12.8 38.3 80.6 0.92 13.7 42.4 87.7 

Precision (%CV) 19.2 1.6 4.8 0.9 16.5 7.6 4.7 0.9 7.3 3.4 4.1 2.1 

Accuracy (%bias)
b
 -10.6 -13.2 <0.1 10.0 -0.6 -14.9 -4.2 0.7 -7.8 -8.8 6.0 9.7 

 Between run validation 

 DBS DMPD Plasma 

Nominal ACP concentration ( μg/mL) 1.0 15.0 40.0 80.0 1.0 15.0 40.0 80.0 1.0 15.0 40.0 80.0 

Mean observed ACP concentration (μg/mL)
a
 0.87 13.4 42.9 93.0 0.82 12.9 37.1 78.8 0.87 13.1 36.6 72.2 

Precision (%CV) 5.1 5.9 3.4 2.3 9.3 3.3 6.2 2.7 7.7 6.5 0.9 5.7 

Accuracy (%bias)
b
 -12.8 -11.0 7.2 16.4 -18.1 -14.2 -7.2 -1.6 -13.1 -12.4 -8.6 -9.7 

Table 2. Within and between run accuracy and precision of ACP bioanalytical assays. 
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Table 3. Stability experiments of ACP in plasma and blood matrices 

  Storage/ time of storage 

 Plasma in freezer (-20°C)
a
 

 1 week 2 weeks 3 weeks 

Nominal ACP concentration (μg/mL) 15.0 40.0 80.0 15.0 40.0 80.0 15.0 40.0 80.0 

          

Mean observed ACP concentration (μg/mL) 11.2 35.2 88.8 22.6 58.7 101.2 19.6 55.6 101.7 

Precision (%CV) 2.8 2.2 3.1 3.1 2.6 7.5 6.0 8.3 6.7 

Accuracy (%bias)
b
 -25.4 -11.9 11.0 50.7 46.7 26.5 30.5 38.9 27.2 

 

 DBS in desiccator (20°C)
a
 

 1 week 2 weeks 3 weeks 

Nominal ACP concentration (μg/mL) 15.0 40.0 80.0 15.0 40.0 80.0 15.0 40.0 80.0 

          

Mean observed ACP concentration (μg/mL) 16.4 39.3 89.6 13.2 41.6 89.2 15.3 39.7 83.9 

Precision (%CV) 14.1 4.0 0.6 10.7 0.2 0.4 6.1 2.6 0.8 

Accuracy (%bias)
b
 9.4 -1.6 12.0 -12.0 3.9 11.5 2.0 -0.8 4.9 

 

 DMPD in desiccator (20°C)
a
 

 1 week 2 weeks 3 weeks 

Nominal ACP concentration (μg/mL) 15.0 40.0 80.0 15.0 40.0 80.0 15.0 40.0 80.0 

          

Mean observed ACP concentration (μg/mL) 13.1 41.8 81.3 12.8 40.9 84.9 13.3 40.9 84.7 

Precision (%CV) 3.6 2.1 4.2 2.3 0.6 0.4 1.0 4.8 0.4 

Accuracy (%bias)
b
 -12.6 4.5 1.6 -14.6 2.2 6.1 -11.2 2.3 5.9 

a
results summarize the mean of a threefold analysis per QC sample at each concentration level in one experiment, 

b
%bias = (mean observed ACP concentration-nominal ACP concentration)/(nominal ACP concentration)*100 
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Higher analyte stability for ACP in dry blood matrix was previously reported [34] as well 

for other drugs [38,69-71]. Good analyte stability can be an important issue in bioanalytical 

method development and validation especially in regulated environments. 

Recommendations from the European Bioanalysis Forum, an industry-related organization 

founded by 12 different pharmaceutical companies included the incurred sample reanalysis 

(ISR) as part of method validation in regulated bioanalysis. ISR can be used for assessment 

of matrix (patient) dependent influences in time and to determine analyte stability in 

particular in biological samples. So, ISR can be applied to determine the reproducibility of 

a bioanalytical assay in time by analyzing samples after storage under certain conditions 

[72].  

Carry-over effects of the new developed assays was relatively low (0.04%) and carry-over 

was only observed with the plasma assay, the whole blood assays DBS and DMPD showed 

no detectable carry-over effects for the ACP or ACP-d4 analytes. After the finalization of 

the validation procedures the new bioanalytical assays were used for the determination of 

ACP concentrations in collected peripheral blood (DBS and DMPD) and plasma samples 

collected from voluntary healthy participants during the PK study.  

 

5.3 Hematocrit Effect 

As discussed in the introduction, the Ht effect is one on the most common disadvantage 

when using DBS microsampling technique. This effect depends on several physical 

variables including the nature of the analyte; to demonstrate this effect on the ACP 

analysis, standard solutions in whole blood (n=3) with different Ht (20, 30, 40, 50, 60 and 

70%) were prepared at a nominal concentration of 25µg/mL for ACP, and DBS and DMPD 
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samples were prepared and analyzed. Fig. 15 shows the mean ACP concentration measured 

in DBS and DMPD with different Ht values. 

 

Figure 15. Concentration measured in DBS and DMPD samples with different Ht values and a nominal 

concentration of ACP of 25 µg/mL 

Fig. 15 demonstrates that when using DMPD microsampling technique the concentration 

measured of ACP in all samples with different Ht value has a much lower variance between 

the various Ht samples. On the other side DBS samples shows a clearly behavior, when the 

Ht value is lower the ACP concentration measured is lower and when the Ht value is 

higher, the ACP concentration measured becomes also higher. Although all the ACP 

concentrations measured are lower in most of cases that the nominal concentration 

(25µg/mL) the Ht influence is clearly observed. This effect becomes more evident when 

calculating the biases for each technique (Fig. 16). 
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Figure 16. Experimental  mean observed biases (n=3) for DBS samples and DMPD samples, and theoretical 

biases for DBS samples calculated from blood volumes of 3‑mm disks at different Ht levels (20–70%). 

 

With increasing Ht, the blood spot surface area of DBS samples decreased significantly due 

to an increase in viscosity of the blood. The decrease of the blood spot surface area was 

observed as being “linear” with the Ht of the spotted blood when and Whatman FTA® 

DMPK paper was used. Linear relationships between blood spot surface and Ht on different 

paper were previously observed by Denniff and Spooner [73]. Blood spot surface area of 

DBS samples and the blood volume punched by 3-mm disks at different Ht (20–70%) were 

calculated by taking into account the volume of blood used at each point (15 µL), and the 

area of the spot (Table 4)(calculated using a photograph of the DBS samples and using 

ImageJ® software http://rsbweb.nih.gov/ij/).  
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Table 4. Theoretical Biases with different Ht values 

Ht 

(%) 

Area DBS 

(cm
2
) 

Theoretical volume 

3mm punch (µL) 

Relative Volume  

to 45 % 

Theoretical 

Bias in DBS 

(%) 

20 0,431 2,46 89,7 -10,3 

30 0,406 2,61 95,2 -4,8 

40 0,401 2,64 96,4 -3,6 

45 0,386 2,74 100,0 0,0 

50 0,372 2,85 103,9 3,9 

60 0,358 2,96 108,0 8,0 

70 0,352 3,01 109,8 9,8 

The blood spot surface area of DBS samples showed a linear relationship between blood 

volumes of 3-mm disks (y) and Ht (x). The linear relationship was represented by the 

equation y = 0.0115x + 2.2371 (r=0.9843, r
2
 = 0.9689). Normalization of 3-mm blood 

volumes at 45% gives the theoretical biases. The theoretical biases graph show negative 

values for Ht under 45% and positive for Ht>45%, however experimentally most of DBS 

samples showed negatives biases as well of the DMPD samples (Table 5). 
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Table 5. Theoretical and observed bias in DBS and DMPD samples 

Ht  

(%) 

Theoretical Bias  

DBS (%) 

Observed Bias  

DBS (%) 

Observed Bias 

 DMPD  (%) 

0 -10,3 -25,1 -12,5 

30 -4,8 -13,4 -8,9 

40 -3,6 -15 -9,9 

45 0,0 N.A* N.A* 

50 3,9 -6,2 -14 

60 8,0 1,3 -7,8 

70 9,8 -0,4 -14,3 

*Not applicable 

This could be explained by the presence of a systematic error in the procedure, therefore it 

is necessary to do more experiments to prove and limit this systematic error. However, the 

experimental results showed clearly the Ht influence on the blood volume in 3‑mm 

punched disks at different Ht levels. When Ht was lower of 45% the biases were smaller 

and higher when the Ht of the blood samples was higher than 45%. Also DMPD samples 

showed negative biases for all Ht values but apparently the bias is the same for all samples. 

This means that the effect of the hematocrit in the DMPD samples has been “completely” 

eliminated but there is still the presence of a systematic error. 

 

5.4 Pharmacokinetic profiles and parameters 

In total 6 healthy human volunteers (all male) participated in the PK study, their  average 

weight and standard deviation (SD) was 71 kg (11 kg), height 177 cm (2 cm), BMI 21.8 

(3.4) and observed hematocrit of 0.50 (0.03) prior to the start of the study.  Collected DBS, 

DMPD specimen and plasma samples from the healthy volunteers were analyzed in 
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threefold (n=3) and mean observed ACP concentrations determined and applied for the 

determination of the PK profile and PK values was done by application of the PKSolver ® 

software. The DBS, DMPD and plasma concentration-time profiles were visual similar for 

all voluntary subjects, a representative PK profile of one healthy voluntary subject (subject 

#4) is presented in Fig. 17. 

 

. 

 

 

 

 

 

 

 

 

 

 

Figure 17. PK profiles obtained by application of different microsampling techniques. (A) plasma; (B) DBS 

and (C) DMPD. Presented are three different PK profiles from voluntary subject 4. Predicted ACP 

concentrations were determined by application of PKSolver® software using a 1-compartment open model 

with first order absorption and elimination of ACP. Illustrated ACP concentrations are observed 

concentrations from a threefold measurement.  

The PK profile of ACP could be described with the selected 1-compartment open model 

with first order absorption and elimination of the drug ACP. It was observed that for as well 

A

  A 

B 

C 
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the use of DBS, DMPD specimens as for plasma samples the observed PK profile 

correlated good with the by the software predicted PK profile for this healthy individual.  

The validation parameters used for evaluation of the accuracy of the fitted PK model were 

Akaike Information Criteria (AIC) and Schwarz Criterion (SC) [74]. Both validation 

parameters were automatically calculated by the PKSolver® software and were compared. 

Both model parameters were not significant different for all PK profiles from all healthy 

voluntary subjects. The AIC and SC parameter values from the PK profile from healthy 

subject number 4 (Fig. 17) were 20.34 and 21.25, 18.47 and 19.06, 14.72 and 14.59 for PK 

profiling using DBS, DMPD and plasma, respectively. So, it was concluded that the PK 

model selected for determination of PK parameters fitted good for calculation of the PK 

properties of ACP. Some calculated PK values applying three different microsampling 

techniques are presented in Table 6.  

Clearance, Volume of distribution, half-life and tmax obtained PK values for all three 

microsampling techniques were statistically compared by analysis of their variances by 

using ANOVA (one-way and non-paired, P=0.05). PK parameters correlated well for all 

three different microsampling techniques and were not statistically significant different 

between each other’s. Although no statistically differences in variation between the three 

microsampling techniques were observed it is clear that some PK values from DBS 

specimen were in a different range than with DMPD and plasma. All PK values calculated 

using DBS specimen except clearance (Cl) and volume of distribution (Vd) were all 

observed to be higher compared to DMPD and plasma samples. 
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a
Cl: clearance; Vd: apparent volume of distribution; AUC: area under the curve: t1/2: half-life time and Cmax: maximum ACP concentration

 

 MICROSAMPLING TECHNIQUE 

Voluntary 

Subject 

DBS DMPD Plasma 

Cl
a
 Vd

a
 AUC

a
 t1/2

a
 Cmax

a
 Cl Vd AUC t1/2 Cmax Cl Vd AUC t1/2 Cmax 

 L/min L μg/ml.min min μg/mL L/min L μg/ml.min min μg/mL L/min L μg/ml.min min μg/mL 

                
1 0.10 42.6 5198.8 306.7 11.1 1.0 35.8 490.4 44.7 5.6 0.29 79.6 1703.2 188.3 6.2 

2 0.18 20.7 2787.1 81.1 23.4 0.40 50.6 1235.9 92.6 8.1 0.34 22.9 1462.8 85.2 8.8 

3 0.16 34.7 3034.6 146.8 13.9 0.75 33.4 666.6 57.1 6.0 1.4 75.6 357.6 81.6 2.5 

4 0.49 44.6 1022.2 74.5 7.7 0.41 66.8 1214.0 117.2 6.5 0.70 26.2 713.7 50.4 7.2 

5 0.58 47.3 859.1 107.6 4.1 0.67 51.3 745.5 102.1 3.8 0.76 58.2 660.2 100.5 3.4 

6 0.37 49.2 1348.2 82.5 11.0 0.45 61.1 1108.2 94.6 7.9 0.56 45.2 896.7 64.2 8.0 

                
Mean 0.31 39.9 2375.0 133.2 11.9 0.61 49.8 910.1 84.7 6.3 0.68 51.3 965.7 95.0 6.0 

SD 0.20 10.6 1659.0 89.1 6.6 0.24 13.3 316.3 27.9 1.6 0.40 24.1 514.3 48.9 2.5 

Table 6. PK parameters of ACP obtained by application of three different microsampling techniques 
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Since no significant difference in Ht between the voluntary participants of the PK study 

was observed it was unlikely that the differences were caused from a hematocrit effect. PK 

values observed with DMPD and plasma samples correlated very well and were in the same 

magnitude of order (Table 6). This variation could be inherent to the voluntaries 

metabolism or due to the technique, so it’s necessary to compare both methods in an in-

vitro experiment.  

Whole blood (Ht 45%) spiked with ACP at concentrations observed in the real PK study 

were prepared and DBS and DMPD samples were spotted and analyzed in threefold. The 

PK profile for both techniques is presented in Fig. 18. 

Both techniques, DBS and DMPD show the same pharmacokinetic profile in the in-vitro 

pharmacokinetic study. Table 7 shows the PK parameters for the comparison between DBS 

and DMPD. 
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Figure 18. PK profiles from in-vitro PK study. Predicted ACP concentrations were determined by application 

of PKSolver software using a 1-compartment open model with first order absorption and elimination of ACP. 

Illustrated ACP concentrations are observed concentrations from a threefold measurement. 

Table 7. PK parameters of ACP obtained in the in-vitro study implicating DBS and DMPD sampling 

technique 

Microsampling Technique 

 DBS DMPD 

Cl
a
 Vd

a
 AUC

a
 t1/2

a
 Cmax

a
 Cl

a
 Vd

a
 AUC

a
 t1/2

a
 Cmax

a
 

L/min L μg/ml.min min μg/mL L/min L μg/ml.min min μg/mL 

1 0.50 68.42 990.92 89.5 6.08 0.51 65.79 967.05 88.2 6.10 

2 0.47 65.77 1058.01 96.4 5.94 0.51 66.38 967.25 89.0 6.29 

3 0.46 67.68 1070.52 100.4 5.91 0.47 72.86 1042.04 105.2 5.86 

Mean 0.48 67.29 1039.81 95.4 5.97 0.49 68.34 992.11 94.1 6.08 

SD 0.01 1.36 42.80 5.5 0.09 0.02 3.92 43.23 9.5 0.21 

aCl: clearance; Vd: apparent volume of distribution; AUC: area under the curve: t1/2: half-life time and Cmax: maximum ACP concentration 
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PK parameters for DBS and DMPD samples in the in-vitro study where compared 

statistically with a paired t-test (95% confidence, two tailed) showing no statistically 

difference between DBS and DMPD (t-critical = 4.303; Appendix 10.1) (Table 8). 

Table 8. Paired t-test for calculated PK values of DBS and DMPD specimens in the in-vitro PK study 

PK-parameter DBS 

Mean
a
 (SD) 

DMPD 

Mean
a
 (SD) 

Student’s 

t-value 

Cl 0,48 (0,01) 0,49 (0,02) 2,00 

Vd 67,29 (1,36) 68,34 (3,92) 0,46 

AUC 1039,81 (42,8) 992,11 (43,23) 2,21 

t1/2 95,4 (5,5) 94,1 (9,5) 0,37 

Cmax 5,97 (0,09) 6,08 (0,21) 0,86 

a
Mean of triplicate analysis 

 

This means that the difference observed in the original PK study did not originate from the 

Ht effect. Although in this study the 3-mm punch from the DBS samples were taken from 

the center of the spot, it’s very difficult to guarantee that it was taken in the exact same 

place for all samples, and as established in the introduction, a volcano effect could be 

present and could lead to the difference in the PK values observed in the PK study and in 

higher standard deviations for the data. Table 9 contains the summary of PK parameters of 

DBS, DMPD, Plasma and values reported in literature [74]. 

 

 

 



52 
 

Table 9. Comparison between PK parameters of three microsampling techniques ant literature values 

 Cl
a  

(L/min) 

Vd
a 

 
(L) 

tmax  

(min) 

t ½  

(min) 

Mean SD Mean SD Mean SD Mean SD 

DBS 0.31 0.20 39.9 10.6 25 28.5 133.2 89.1 

DMPD 0.61 0.24 49.8 13.3 33.2 22.8 84.7 27.9 

Plasma 0.68 0.40 51.3 24.1 42.1 24.7 95.0 48.9 

Literature
[68]

 0.35 0.1 68 8 62 35 120 24 

aCl: clearance; Vd: apparent volume of distribution; tmax: time to reach maximum concentration and t1/2: half-life time  

 

 

Clearance, Volume of distribution, half-life and tmax obtained PK values for all three 

microsampling techniques were statistically compared by analysis of their variances by 

using ANOVA (one-way and non-paired, P=0.05). PK parameters were not statistically 

significant different compared to PK values of ACP reported in literature [74] based on 

conventional venous blood sampling by venepuncture (Cl; P=0.0656, Vd; P=0.1879, tmax; 

P=0.1377 and t1/2; P=0.2235).  

A paper by Mohammed et al. [75] of 2010 reported an arteriovenous difference in 

concentration in acetaminophen between capillary and venous blood based on differences 

between peripheral and venous blood concentrations during the distribution phase of 

acetaminophen. Since the study focused on the determination of PK using peripheral blood, 

the measurement of venous ACP blood concentrations was not an aim and therefore it was 

not possible to observe differences between the two different blood types. Due to the fact 

that in our PK study we did not observe statistical significant differences between PK 
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values of peripheral blood and the PK values reported in literature it was impossible to 

confirm or reject the observations as reported by Mohammed et al. However all three 

microsampling techniques are suitable for pharmacokinetic profiling. Newly, Timmerman 

et al.[76] published the latest recommendations of the European Bioanalysis Forum for the 

use of dried blood spots microsampling technique, they recommend to use an internal 

standard always when measuring this type of samples, and established that the best way to 

apply the IS is to do it in solution together with the extraction solvent, as we did in this 

study. However he recommends doing experiments to determine the spot homogeneity 

because it could lead to bad bioanalytical results. Finally they acknowledge that there are a 

lot of studies with respects to the stability of DBS cards for significant time (more than 1 

year) nevertheless this is exclusive for each analyte and it’s not common for all analysis. 

Experiments to set down the spot homogeneity with ACP and further stability tests could 

be used for a follow-up study as well as the use of drugs with other properties such as 

different plasma protein binding. 

 

6. CONCLUSIONS 

Three new methods for the determination of ACP in DBS, DMPD and Plasma with LC-

HRMS were developed and fully validated. The combination of LC-HRMS analysis and 

microsampling techniques such as DBS, DMPD and capillary plasma does not significantly 

influence the PK profiles of oral ACP admission in comparison with classical 

determination of PK values using venous blood and/or plasma by vena puncture. The 

statistical comparison of observed PK parameters such as clearance, apparent volume of 

distribution, tmax and half-life time (t1/2) of ACP using ANOVA showed no statistical 

significant differences for these parameters compared with reported PK values in literature 
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based on venous blood collection. Therefore, we concluded that the use of microsampling 

techniques such as DMPD performed equal for ACP as the in general PK practice use of 

venous plasma. 

Despite no significant difference was observed in the PK study some values from the DBS 

specimen were in different range from the DMPD and plasma. The in-vitro PK study 

showed no statistical difference (paired t-test, 95% confidence, two tailed) between all PK 

parameters from DBS and DMPD samples, concluding that the small difference observed 

in the DBS specimen did not originate from the Ht effect.  

In conclusion the application of different microsampling techniques in combination with 

LC-HRMS performed very satisfactory for ACP and obtained PK results demonstrated the 

potential promising applications in clinical research although more experiments and data 

will be necessary for confirmation of its applicability for PK studies. Furthermore, a better 

understanding of the correlation and/or relationship between blood and plasma 

concentrations could in the future promote the use of different microsampling technologies 

and improve bioanalysis, PK profiling and drug development in general. 

 

7. RECOMMENDATIONS FOR FUTURE REASEARCH 

Future investigations should take into account other drugs with different values for the 

plasma protein binding as well to try to quantify the drug metabolites in time. It is 

important to teach all voluntary participants how to use the pricking device previously to 

the study, so all post-time dose blood samples will have enough volume to prepare all DBS, 

DMPD and plasma specimens. 
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10. APENDIXES 

 

10.1  Student´s t critical values table (two tailed) [77] 

 

P  0.20 0.10 0.05 0.02 0.01 0.005 0.002 0.001 

1 
 

3.078 6.314 12.706 31.820 63.657 127.321 318.309 636.619 

2 
 

1.886 2.920 4.303 6.965 9.925 14.089 22.327 31.599 

3 
 

1.638 2.353 3.182 4.541 5.841 7.453 10.215 12.924 

4 
 

1.533 2.132 2.776 3.747 4.604 5.598 7.173 8.610 

5 
 

1.476 2.015 2.571 3.365 4.032 4.773 5.893 6.869 

6 
 

1.440 1.943 2.447 3.143 3.707 4.317 5.208 5.959 

7 
 

1.415 1.895 2.365 2.998 3.499 4.029 4.785 5.408 

8 
 

1.397 1.860 2.306 2.897 3.355 3.833 4.501 5.041 

9 
 

1.383 1.833 2.262 2.821 3.250 3.690 4.297 4.781 

10 
 

1.372 1.812 2.228 2.764 3.169 3.581 4.144 4.587 

11 
 

1.363 1.796 2.201 2.718 3.106 3.497 4.025 4.437 

12 
 

1.356 1.782 2.179 2.681 3.055 3.428 3.930 4.318 

13 
 

1.350 1.771 2.160 2.650 3.012 3.372 3.852 4.221 

14 
 

1.345 1.761 2.145 2.625 2.977 3.326 3.787 4.140 

15 
 

1.341 1.753 2.131 2.602 2.947 3.286 3.733 4.073 

16 
 

1.337 1.746 2.120 2.584 2.921 3.252 3.686 4.015 

17 
 

1.333 1.740 2.110 2.567 2.898 3.222 3.646 3.965 

18 
 

1.330 1.734 2.101 2.552 2.878 3.197 3.610 3.922 

19 
 

1.328 1.729 2.093 2.539 2.861 3.174 3.579 3.883 

20 
 

1.325 1.725 2.086 2.528 2.845 3.153 3.552 3.850 

22 
 

1.321 1.717 2.074 2.508 2.819 3.119 3.505 3.792 

24 
 

1.318 1.711 2.064 2.492 2.797 3.090 3.467 3.745 

26 
 

1.315 1.706 2.056 2.479 2.779 3.067 3.435 3.707 

28 
 

1.313 1.701 2.048 2.467 2.763 3.047 3.408 3.674 

30 
 

1.310 1.697 2.042 2.457 2.750 3.030 3.385 3.646 

40  1.303 1.684 2.021 2.423 2.704 2.971 3.307 3.551 

50  1.299 1.676 2.009 2.403 2.678 2.937 3.261 3.496 

60  1.296 1.671 2.000 2.390 2.660 2.915 3.232 3.460 

70  1.294 1.667 1.994 2.381 2.648 2.899 3.211 3.435 

80  1.292 1.664 1.990 2.374 2.639 2.887 3.195 3.416 

90  1.291 1.662 1.987 2.369 2.632 2.878 3.183 3.402 

100  1.290 1.660 1.984 2.364 2.626 2.871 3.174 3.391 

200 
 

1.286 1.652 1.972 2.345 2.601 2.839 3.131 3.340 

300 
 

1.284 1.650 1.968 2.339 2.592 2.828 3.118 3.323 

500 
 

1.283 1.648 1.965 2.334 2.586 2.820 3.107 3.310 

 

 
1.282 1.645 1.960 2.326 2.576 2.807 3.090 3.291 
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10.2  F- Distribution critical values P=0.05 table [77] 

 

Denominator 

 
Numerator DF 

DF 1 2 3 4 5 7 10 15 20 30 60 120 500 1000 

1 161.45 199.50 215.71 224.58 230.16 236.77 241.88 245.95 248.01 250.10 252.20 253.25 254.06 254.19 

2 18.513 19.000 19.164 19.247 19.296 19.353 19.396 19.429 19.446 19.462 19.479 19.487 19.494 19.495 

3 10.128 9.5522 9.2766 9.1172 9.0135 8.8867 8.7855 8.7028 8.6602 8.6165 8.5720 8.5493 8.5320 8.5292 

4 7.7086 6.9443 6.5915 6.3882 6.2560 6.0942 5.9644 5.8579 5.8026 5.7458 5.6877 5.6580 5.6352 5.6317 

5 6.6078 5.7862 5.4095 5.1922 5.0504 4.8759 4.7351 4.6187 4.5582 4.4958 4.4314 4.3985 4.3731 4.3691 

7 5.5914 4.7375 4.3469 4.1202 3.9715 3.7871 3.6366 3.5108 3.4445 3.3758 3.3043 3.2675 3.2388 3.2344 

10 4.9645 4.1028 3.7082 3.4780 3.3259 3.1354 2.9782 2.8450 2.7741 2.6996 2.6210 2.5801 2.5482 2.5430 

15 4.5431 3.6823 3.2874 3.0556 2.9013 2.7066 2.5437 2.4035 2.3275 2.2467 2.1601 2.1141 2.0776 2.0718 

20 4.3512 3.4928 3.0983 2.8660 2.7109 2.5140 2.3479 2.2032 2.1241 2.0391 1.9463 1.8962 1.8563 1.8498 
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10.3  Poster presentation, HPLC2013 congress Amsterdam, the Netherlands, June 16-20, 

2013 
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10.4  Application for Ethical Approval 

 

Clinical and bioanalytical performance of different micro-sampling techniques 

using Acetaminophen as a model drug 
 
 
 

Principle investigator: 

Dr. Roland J.W. Meesters (C.E. 418683) 

Assistant Professor of Analytical Chemistry 

Department of Chemistry, Q-826 

rj.meesters@uniandes.edu.co 

Phone: 3394949 ext.1749 
 

 

Students: 

Juan Pablo Rincon Pabon (200612801) 

Mayra Alejandra Sandoval Parra (201011116) 
 

 

Source of funding: 

Department of Chemistry 
 

 

Participating institutions: 

Department of Chemistry 
 

 

Executive summary: 

High  quality  scientific  research  in  life  sciences  depends  much  on  the  availability  of biological 

samples for the study of biological and chemical processes. The collection of biological samples 

from living individuals is invasive and is sometimes in conflict with scientific ethical behavior 

and regulations. A better and easier compliance with valid scientific ethical regulations can be 

obtained by improvement of the simplicity of sample collection techniques, reduction of biological 

sample amount and a decrease in numbers of samples. Micro-sampling techniques comply with all 

these requirements; dried blood spot collection techniques and capillary sampling techniques 

applied for collection of biological samples have seen a significant increase in popularity in clinical, 

medical and bioanalytical research, lately. 

Present study will examine the application of some less invasive sample micro-sampling 

techniques used in a quasi-clinical setting with voluntary participants. For that purpose, voluntary 

participants will have a single oral dose of Acetaminophen, a freely available drug regular used 

as painkiller. After oral intake blood and saliva will be collected in time and collection of biological 

samples will be in compliance with ethical guidelines applying very limited invasive or non-

invasive sample collection techniques. Voluntary participants also have giving written consent for 

the study. 

mailto:rj.meesters@uniandes.edu.co
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The aim of the study is to evaluate the bioanalytical performance of the different sample 

collection techniques by determination of bioanalytical and pharmacokinetic parameters from 

different collected human biological samples.   Observed Acetaminophen data and assay 

performance will give the possibility to evaluate the quality of micro-sampling techniques in 

general and deliver opportunities for further bioanalytical and clinical studies where the collection 

of biological samples in micro amounts are aimed. 
 

 

Ethical considerations: 

The study will carried out with informed consent; consent is stipulated in Articles 14 and 

15 of Resolution 008 430 1993, from the Ministry of Health (1993). The study involves the 

collection of different human biological fluids of voluntary participants. 

From participants saliva and whole blood for preparation of DBS, DMPD and plasma are collected 

by application of non-invasive or less as possible invasive collection methods. Saliva and blood 

collection via finger prick will expose totally no potential harm to the voluntary participants due 

the very limited invasive character of the micro-sampling techniques. 

The collection of whole blood is done by a sterile and small finger pricking device, a device which is 

also used by diabetes patients for collection of whole blood for the blood glucose measurements. 

The finger prick instrument contains a small needle for puncture of the skin of the finger and 

the instrument is sterile and can be used only once and can be operated after instruction by 

everyone. All collected personal data from the participant from as well the questionnaire as from 

collected samples is coded in order to protect the participant’s privacy and identity. All participants 

are free to withdraw from the study at any moment and it is possible for the participant to receive 

after the study is finished, on their request a copy of the results of the study. 
 

 

Project description: 

Micro-sampling techniques in bioanalytical, clinical and pharmaceutical research have gained 

popularity in recent years because of their simplicity of collecting samples and handling of small 

sample volumes and improved scientifically ethical properties. Dried blood spots (DBS) has 

become in few years a very popular micro-sampling technique in pharmaceutical bioanalysis, 

pharmacokinetic studies [1-6], therapeutic drug monitoring (TDM) [7-11], viral disease 

management [12, 13], toxicology and in toxicokinetic studies [14, 15]. In comparison with regular 

classical blood collection via venipuncture, DBS have the advantage of needing small blood 

volumes, easy puncture, storage and transportation and improved chemical stability of analytes 

[11, 16-18]. Nevertheless, DBS micro-sampling has certain limitations that strongly influence the 

applicability and acceptance of DBS in regulated environments; especially the influence of 

hematocrit on the accuracy and precision of the bioanalytical analysis is still much debated. 
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Figure 1. 
 

Dried Matrix on Paper Disks (DMPD) microsampling format; (a) DMPD cartridge containing the paper disks enclosed 
into sample holder; (b) dissembled DMPD cartridge showing sample holder and slide (c) DMPD cartridge filled with 5-
mm paper disks (d) DMPD cartridge storage box for 8 individual DMPD cartridges. DMPD samples can be prepared by 
usage of precise pipettes or capillary tubes inserted for blood dispensing onto the 5-mm disks by the spare holes on the 
top of the cartridge. 

 
 

 
Pre-cut  DBS  techniques  have  been  introduced  to  tackle  the  hematocrit  influence  on analysis 

and recently Dried Matrix on paper Disks (DMPD, Fig. 1) were introduced [19]. Ex- vivo results 

showed that the performance of DMPD was significantly improved over the regular DBS micro-

sampling [19]. Since DMPD applications have to be tested in a quasi- realistic   clinical   and   

pharmaceutical   environment,   present   study   will   perform   an experiment using a regular and 

frequently used painkiller drug by voluntary participants. Participants have to take one single oral 

dose of 500 mg of Acetaminophen (purchased at local pharmacy), because it is well known as 

model drug and has been used previously for determination of DBS performance in a 

pharmacokinetic study [1] and other bioanalytical performance studies [20-22] and it without a 

doctor´s recipe commercially available for consumers at each pharmacy and larger grocery stores 

in Colombia. 

Aim of present study is to examine the bioanalytical and clinical performance of regular 

DBS and DMPD micro-sampling by measurements of Acetaminophen concentrations in blood 

samples collected from voluntary participants. Regular DBS and DMPD specimens will be collected 

from the application of a finger prick using a lancet applicator with a small needle (1.8 mm). 

Furthermore, extra capillary blood (300 µL) will be collected for the preparation of plasma while 

simultaneous at each time point; saliva will be collected to study the difference in 

pharmacokinetics of Acetaminophen in the plasma and saliva compartment as well. Saliva was 

also selected because it has been proven to have a high potential diagnostic potential in scientific 

research [23, 24]. 

Observed Acetaminophen concentrations in all three different human biological fluids will 

be used for the performance validation of DBS, DMPD and plasma analysis and for calculation of 
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pharmacokinetic parameters. Acetaminophen concentrations in the biological fluids are 

determined by liquid chromatography with time-of-flight mass spectrometry (LC-TOFMS)[25]. 

Micro-sampling techniques can offer the possibility to combine ethical and scientific benefits by 

having the advantage of having drug exposure data in different biological fluids. 
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Objectives of the study: 

Research objectives of the study are: 

1. Determination of the bioanalytical performance of Dried Matrix on Paper Disks 

(DMPD) and regular DBS micro-sampling techniques by measurement of the 

Acetaminophen concentration in both DBS micro-sampling methods. 

2. Determination of Acetaminophen pharmacokinetic parameters of DMPD, DBS, 

plasma and saliva samples. Biological samples are collected on multiple time points after a 

single oral dose of 500 mg of Acetaminophen. Pharmacokinetic parameters will be 

calculated using the Monolix software (www.monolix.org) 
 

 
 

Recruitment of voluntary participants: 

Students involved in the project will randomly invite and select human subjects to voluntary 

participate into the study. Invited voluntary participants might be subjects from the University 

who are interested in participating. The study will not apply an inclusion or exclusion selection list 

for selection of the participants. There is one exception; prior to participation of a voluntary 

participant, obtaining information from the participants if he or she has a drug allergy for 

Acetaminophen is mandatory. 
 

Collection methodology for biological samples: 

A.         Saliva collection 

Saliva samples will be collected applying two different protocols. The use of two collection 

protocol  is  pure  from  analytical  interest,  it  is  used  to  compare  both  methods  and determine  

which  method obtains the best results and is the most convenient in the practical way, in 

short: 

http://www.monolix.org/
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Protocol 1 according to [26] 

1.  Voluntary participants will be informed about the collection time during the study. 

Participants will be asked to   refrain   from   eating,   drinking,   or   oral   hygiene 

procedures for at least 1 hour prior to the start of the study. 

3.  The participants will be given drinking water and ask that they rinse their mouth out 

well for 1 min and them swallow or expectorate the water. 

4.  Five minutes after oral rinse, the participants are asked to spit into a collection tube 

and the collection tube will be directly placed onto ice. 

5.     After collection the sample tubes will be stored at low temperature (-20°C) until 

analysis. 
 
 

Protocol 2 according to [27] 

1.         Voluntary participants will be informed about the collection time during the study. 

Participants  will  be  asked  to  refrain  from  eating,  drinking,  or  oral  hygiene 

procedures for at least 1 hour prior to collection. 

2. The participants will apply cotton dental rolls to collect own saliva by swabbing or 

chewing on the cotton roll for certain time. 

3. The cotton rolls are them collected and stored in a plastic container and saliva 

collected form the cotton rolls by centrifugation. 

4.         After collection of the saliva with this protocol the saliva samples will be stored at 

low temperature (-20°C) until analysis. 
 
 

B.         Whole blood collection (capillary blood) 
 

Blood samples from voluntary participants are collected by puncture of the finger using a finger 

pricking device with a short needle (1.8 mm) resulting in collection of capillary blood. Three 

types of capillary blood collections are applied. 
 

1. Collection  of  capillary  blood  using  a  capillary  blood  collection  tube  (300  µL) 

containing the anticoagulant di-Potassium-EDTA. An aliquot of the collected blood will  be  

used  to  prepare  anticoagulant  stabilized  capillary  plasma  and  another aliquot to 

prepare dried blood spots by pipetting and application of volumetric glass capillaries. 

2.  Spotting of capillary blood (approx. 20 µL) onto cellulose blood collection cards to 

prepare dried blood spots (DBS) and onto disks to prepare DMPD specimen. 

 3.         Collection of capillary blood by 20 µL glass capillaries followed by preparation of
 DMPD and DBS specimen. 

 

 

Practice for Capillary Blood Collection: 

1.         Wash hands and put on gloves. 

2.         The participant should be sitting or lying down. 

3.         Select appropriate puncture site. 

4.         Warm the puncture site. 
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5. Clean the puncture site with 70% isopropyl alcohol and allow to air dry. The site must 

be allowed to air dry in order to provide effective disinfection. 

6.         Puncture the skin with the disposable lancing/incision device. 

7. Wipe away the first drop of blood with a dry gauze pad (refer to each point-of-care device 

manufacturer's instructions). 

8. Collect  the  specimen  in  the  appropriate  container,  and  mix  according  to  the 

manufacturer's instructions. 

9.         Seal the specimen container. 

10. Apply direct pressure to the wound site with a clean gauze pad and slightly elevate the 

extremity. 

11. Label the specimen container in direct view of the patient or guardian to verify 

identification, and record time of collection. Label each container individually. 

12. Properly dispose of the lancet/incision device in a puncture-resistant disposal 

container. 

13.       Properly dispose of any other contaminated materials (gloves, gauze, etc.) in a 

container approved for their disposal. 

14.       After removing gloves, wash hands before proceeding to the next patient. 
 

 

Sample preparation: 

1.         Liquid biological samples 

1.1       Saliva samples 

Liquid saliva samples are diluted with water and an aliquot is injected into the LC- TOF-MS 

system and analyzed. The amount of saliva on the cotton rolls is determined by weighing 

the samples followed by centrifugation of the cotton rolls in a centrifuge tube to harvest 

the saliva. From the collected saliva an aliquot is analyzed by LC-TOF-MS. 

1.2       Plasma samples 

Plasma is deproteinized by acetonitrile and centrifuged and an aliquot from the 

supernatant is analyzed by LC-TOF-MS. 
 

 

2.         Dried blood spot samples 

2.1       Regular  DBS samples 

Regular DBS samples are punched and disks are extracted with organic solvent or solvent 

mixture and an aliquot of the extract is analyzed by LC-TOF-MS. 

2.2.      DMPD samples 

The disks from the DMPD cartridges are removed and extracted as regular DBS 
samples (section 2.1) 

 
 

Expected results: 

The study applying different micro-sampling technique will provide valuable information about its 

applicability in bioanalytical, pharmaceutical and clinical research.  When obtained results are 

scientific satisfying, publication of the results in an international scientific journal will be 

considered. 
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Blood and saliva collection: 

To be able to calculate pharmacokinetic parameters and study the bioanalytical performance, blood and saliva are samples in time applying 

the collection scheme presented in table 1. 
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10.5  Informed Consent From 

 

INFORMED CONSENT FORM 
 

“Clinical performance of different micro-sampling techniques 

using Acetaminophen as a model drug” 
 

 

Principle investigator: Dr. Roland J.W. Meesters (rj.meesters@uniandes.edu.co) 
 

The study you are about to participate in is part of a study on the performance of different less 

invasive micro-sampling techniques used in modern scientific research. You are asked to 

swallow one Acetaminophen tablet (500 mg) to be able to participate into the study. The 

Acetaminophen concentration will be measured on different time points in biological fluids like 

saliva, blood and plasma. Saliva is collected in two different ways; (1) by application of a cotton 

swap and (2) by spitting saliva into a plastic cup. Blood and plasma are collected by use of a 

finger prick followed by collection of capillary blood. The study employs standard laboratory 

tasks that have no potential harm to you as voluntary participants of the study. The study has 

been approved by the Ethical Committee of Universidad de los Andes. 
 

All data collected from you as participant of the project will be coded in order to protect your 

identity. Following the study there will be no possibility to connect your name with your data. 

Any additional information about the study results will be provided to you at its conclusion 

upon your request. 
 

You are free to withdraw from the study at any moment. Should you agree to participate, 

please sign your name below, indicating that you have read and understood the nature of the 

study, and that all your inquiries concerning the activities have been answered to your 

satisfaction and completeness. 
 

Complete the following information if you wish to receive a copy of the results of the study 
 

 
 
 

Signature, Name of participant/date                           Signature, Name of researcher/date 
 

 

Name:    

 

Address: 
 

   

 

Email: 
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