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Introduction 

The 3,4-methylenedioxymethamphetamine, or MDMA, 
or ecstasy, is in the amphetamine group of narcotics 
that is ranked second as the most abused drug in 
Indonesia. The National Narcotics Agency, together 
with the Indonesian National Police, carried out supply 
and demand reduction to handle and prevent the rise 
of drug abuse cases. Supply reduction was carried out 
by arresting dealers and abusers, accompanied by 
seizing and examining evidence in the form of raw 
materials and biological samples. Demand reduction 
was carried out by early drug abuse detection using 
biological samples in various society groups (The 
National Narcotics Agency, 2023). 

Urine remains the primary biological sample used as 
evidence by the National Narcotics Agency and the 
Indonesian National Police because of the non-invasive 

sampling method. However, urine sampling cannot be 
supervised for privacy reasons, which raises doubts 
about the authenticity of the evidence (Harahap et al., 
2020). Another problem with urine sampling is the lack 
of public restrooms during raids. A biological sample 
that is unlikely to be altered is blood. Blood sampling is 
carried out under supervision. However, the 
conventional blood sampling method is invasive, 
requires a large sample quantity, and may cause 
discomfort and inconvenience during transportation 
because blood samples must be frozen before analysis 
in the laboratory (Maggadani et al., 2021). To overcome 
this problem, the dried blood spot (DBS) may be used 
as an alternative. DBS is a minimally invasive sampling 
method because the samples are taken through 
peripheral blood vessels, usually from the fingertips, 
and the amount of blood taken is relatively small 
(Denniff & Spooner, 2014; Maggadani et al., 2021). 
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Abstract 
Background: 3,4-Methylenedioxymethamphetamine (MDMA), or ecstasy, is one of the 
most abused narcotics in Indonesia. Biological samples can be used to analyse MDMA 
levels in the body. Urine sampling cannot be supervised for privacy reasons, and it raises 
doubts about the authenticity of the evidence compared with blood samples. Dried blood 
spot (DBS) is simpler and minimally invasive than conventional blood sampling.     
Objective: This study aimed to develop a validated MDMA analysis method in DBS using 
UPLC-QToF.    Method: ESI+ mode was used with Acquity® UPLC BEH C18 column (2.1 x 
100 mm; 1.7 μm); flow rate 0.10 ml/minute; mobile phase 5 mM NH4HCOO/0.1% HCOOH 
and methanol (70:30); column temperature 50°C, with an injection volume of 5 μL. 
Quantitation was carried out at m/z 163.0789 for MDMA and m/z 148.1153 for ephedrine 
HCl (IS).    Result: The LLOQ value obtained was 20 ng/ml for MDMA with a calibration 
curve range of 20 – 500 ng/ml.    Conclusion: The analytical method complied with the 
requirements set by the US FDA (2022) and was adopted from ICH M10 guidelines. 
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While liquid blood samples have a short shelf life and 
usually need to be tested immediately after collection, 
DBS samples, which are in the form of dried drops of 
blood on paper, have a relatively long shelf life ranging 
from weeks to years (Gerostamoulos & Schumann, 
2023). 

The narcotics analysis method with DBS has been 
widely developed using stable isotope-labelled (SIL) 
internal standards (Odoardi et al., 2014; Kyriakou et al., 
2016; Simões et al., 2018). However, these standards 
are relatively expensive and less applicable for routine 
examinations in developing countries such as 
Indonesia. Analogue compounds, such as ephedrine 
HCl for the amphetamine group, can be used as internal 
standards (Harahap et al., 2020). 

Due to the low concentration of analytes in dried blood 
spots (DBS), ultra-high-performance liquid 
chromatography coupled with quadrupole time-of-
flight mass spectrometry (UPLC-QToF) is beneficial 
because of its high accuracy and sensitivity in mass 
analysis. A QToF mass spectrometer produces high-
resolution mass spectra and offers excellent specificity, 
making it suitable for screening and identification 
(Pope et al., 2021). Additionally, QToF can also be 
employed for quantitative analysis. It allows 
simultaneous qualitative and quantitative assessments 
(Allen & McWhinney, 2019).  

 

Methods 

Reagents, standards, and chemicals 

A 1.0 mg/ml (±) 3,4-Methylene-
dioxymethamphetamine (MDMA) in methanol solvent 
(Cerilliant, Sigma-Aldrich, Germany); ephedrine HCl 
(Indonesian Food and Drug Authority, Indonesia); 
whole blood (Indonesian Red Cross, Jakarta, 
Indonesia); Whatman™ 903 Protein Saver Card (Cytiva, 
USA); methanol gradient grade for liquid 
chromatography, acetonitrile hyper grade for LC-MS, 
formic acid (HCOOH) 98 – 100% for HPLC (Merck 
Millipore, Germany); ammonium formate (NH4HCOO) 
for mass spectrometry (Sigma-Aldrich, USA); ultra-high 
purity argon (PT Aneka Gas Industri, Indonesia); and 
ultrapure water (Arium® Pro Ultrapure Water Systems, 
Sartorius, Germany). 

 

Preparation of solutions and standards 

To create working standard solutions with 
concentrations of 10,000 ng/ml, 1,000 ng/ml, and 100 
ng/ml, a stock solution of MDMA at 1.0 mg/ml was 
diluted with methanol. A blood sample was then used 
to dilute each concentration of the standard solution 

further, resulting in calibration solutions with blood 
MDMA concentrations of 20, 30, 50, 100, 200, 300, and 
500 ng/ml. Quality control samples were prepared by 
diluting the working standard solutions with blood to 
achieve MDMA concentrations of 60, 200, and 400 
ng/ml. 

An ephedrine HCl stock solution was also prepared by 
dissolving 25.0 mg of ephedrine HCl (BPFI) in methanol 
within a 25.0 ml volumetric flask. The solution was 
sonicated for ten minutes to ensure it was fully 
dissolved. 

 

UPLC-QToF procedure 

The UPLC-QToF system is a UPLC H-Class unit consisting 
of Sample Manager FTN Acquity®; Quaternary Solvent 
Manager Acquity®; Acquity® UPLC BEH C18 Column (2,1 
x 100mm; 1.7 μm); ESI Ion Source ZsprayTM; Mass 
Analyser Xevo G2-S QToF; data processed with 
MassLynx 4.1 Software (Waters, USA). 

The Xevo G2-S QToF was in sensitivity mode with 
positive electrospray ionisation (ESI+). Mass 
spectrometry data were collected in a m/z range of 40 
to 270 Da, using a capillary voltage of 3.00 kV and a 
cone voltage of 40 V. High-purity argon (99.999%) 
served as the collision gas, with a source temperature 
of 140°C and a desolvation temperature of 350°C, while 
the desolvation gas flow rate was 800 L/h. 

Mass calibrations were performed in the m/z range of 
40 to 280 using a 0.5 mM sodium formate solution in a 
90:10 mixture of 2-propanol and water, infused at 
20.00 µL/min with the collision energy off. The 
LockSpray setup used a lock mass solution of 1 ng/µL 
leucine enkephalin in a 50:50 acetonitrile-water 
mixture with 0.1% HCOOH, infused at 5.00 µL/min 
every 30 seconds. The monitored ion was the 
protonated fragment of leucine enkephalin at m/z 
120.0813 Da, with a collision energy of 45 V.  

Mass data was acquired in MS/MS mode (parallel 
reaction monitoring, PRM), with a mass range of 40 – 
270 m/z. A lock-spray solution was used to correct. 
QToF acquired data in two functions for MDMA and 
ephedrine (IS). Target enhancement was set in m/z of 
the parent ion of each compound: 194 m/z for MDMA 
(Odoardi et al., 2014) and 163 m/z for ephedrine (IS) 
(Lee et al., 2021). A collision energy of 15 V was applied 
in both functions with a 40 V cone voltage. 
Quantification was carried out on the base peaks of 
both compounds. 

 

Analytical condition optimisation 

Several factors, such as the eluent combination, flow 
rate, and column temperature, were optimised for 
analytical conditions. The assay was performed using 
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MDMA and ephedrine (IS) standard solutions at 
concentrations of 300 and 500 ng/ml, respectively. 
Exactly 5 μL was injected into UPLC-QToF. The elution 
was run with an isocratic program, and the variations 
used for the eluent combination were 5 mM 
NH4HCOO/0.1% HCOOH – acetonitrile (90:10); 5 mM 
NH4HCOO/0.1% HCOOH – acetonitrile (80:20); 5 mM 
NH4HCOO/0.1% HCOOH – methanol (80:20); and 5 mM 
NH4HCOO/0.1% HCOOH – methanol (70:30). The 
variations used for flow rate optimisation were 0.1; 0,2; 
0.3 ml/min. The variations used for column 
temperature were 30, 40, and 50°C. Retention time, 
area, and peak shape were used to compare the 
outcomes and evaluate the selected conditions. 

 

System suitability test 

A system suitability test was performed using a mixture 
of MDMA and ephedrine (IS) standard solution at 
concentrations of 300 and 500 ng/ml, respectively, 
injected 5 μL into UPLC-QToF under optimised 
conditions. The injection was done in five replicas. 
System suitability was evaluated by observing the 
coefficient of variation (%CV) of the peak area and the 
analyte and internal standard retention times. The %CV 
requirement was <2.0% (Epshtein, 2020). 

 

Sample preparation optimisation 

DBS sample preparation utilised the protein 
precipitation extraction method, optimising several 
conditions, including extraction solvent, blood spot 
volume, drying time, vortex time, sonication time, and 
centrifugation time. The optimisation included 
extraction solvents such as methanol, methanol with 
0.1% HCOOH, and a methanol-acetonitrile (3:1 v/v) 
mixture. Solvent volumes were varied at 500, 750, and 
1000 μL, while blood spot volumes were 10, 20, and 30 
μL. Drying times were set to two, three, and four hours; 
vortex times to 30, 45, and 60 seconds; sonication 
times to five, ten, and fifteen minutes; and 
centrifugation times to five, seven, and ten minutes. 
Retention time, peak area, and peak shape were 
analysed to determine the optimal conditions. 

 

Validation assay 

A full validation assay was conducted using samples 
from the DBS Whatman™ 903 Protein Saver Card, by 
the guidelines set by the US Food and Drug 
Administration (FDA, 2022), which are based on the 
International Council for Harmonisation’s (ICH) M10 
guidelines (FDA, 2022). The validation parameters 
tested included selectivity, the lower limit of 
quantification (LLOQ), calibration curve, accuracy, 

recovery, precision, carryover, matrix effect, dilution 
integrity, reinjection reproducibility, and stability. 

 

Results 

The obtained optimised analytical conditions were a 
flow rate of 0.10 ml/minute, mobile phase 5 mM 
NH4HCOO/0.1% HCOOH and methanol (70:30); column 
temperature 50°C, and an injection volume of 5 μL. The 
analysis was carried out with an Acquity UPLC® BEH C18 
Waters column with a dimension of 2.1 × 100 mm × 1.7 
μm. Quantitation was carried out at m/z 163.0789 for 
MDMA and m/z 148.1153 for ephedrine HCl (IS). The 
system suitability test was performed by injecting a 
mixture of 300 ng/ml MDMA and 500 ng/ml ephedrine 
(IS) standard solution five times. The repetitive 
injections resulted in <2% coefficients of variance (CVs). 
Hence, it met the requirement. DBS samples were 
prepared using optimised sampling preparation 
procedures.  

A 30 µL aliquot of the spiked blood sample was pipetted 
onto a dried blood spot (DBS) card and allowed to dry 
for three hours at room temperature. The dried spot 
was excised and transferred to a 1.5 ml polypropylene 
microcentrifuge tube. Exactly 500 µL of methanol with 
0.1% HCOOH and 30 µL of ephedrine hydrochloride 
(500 ng/ml) were added for extraction. The mixture 
was vortexed at 2000 rpm for 30 seconds, sonicated for 
10 minutes, and centrifuged at 10000 rpm for 10 
minutes. After evaporating 400 µL of the supernatant 
using nitrogen at 40°C for 30 minutes, the dried extract 
was reconstituted in 100 µL of 5 mM NH4HCOO with 
0.1% HCOOH. The clear supernatant was pipetted into 
an autosampler vial, from which 5 µL was injected into 
the UPLC-QToF system. The lower limit of 
quantification (LLOQ) was measured in five replicates. 
A LLOQ concentration of 20 ng/ml was obtained with a 
percentage difference of 8.69% to 18.71% and a CV of 
3.97%.   

The calibration curve consisted of blank samples 
(without analyte and internal standard), zero samples 
(without analyte but with internal standard), and non-
zero samples (with analyte and internal standard) of 20, 
30, 50, 100, 200, 300, and 500 ng/ml. The result was 
evaluated by observing the linearity, %diff ±20% for 
LLOQ, and %diff ±15% for non-LLOQ concentration. The 
calibration curve results met the requirements with 
%diff ranging between 1.18% and 12.94%. The 
calibration curve yields a linear regression equation y = 
0.0046x + 0.1168 with r = 0.9988, where x is the MDMA 
(ng/ml) concentration and y is the peak area ratio (PAR) 
between MDMA and ephedrine (IS). The calibration 
curve was made every day before analysis. This 
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prevented bias caused by measurement errors due to 
changes in UPLC-QToF conditions and response 

between days. The mass spectra of MDMA and 
ephedrine are shown in Figure 1.     

 

 

Figure 1: Mass spectrum of MDMA (left) and ephedrine (right) 

 

Following the requirements, a minimum of three 
replicas of the calibration curve inter-day should be 
reported to evaluate the precision between curves 
based on the %CV value against the measured 
concentration obtained. The linear regression 
equations obtained from the three replicas were y = 
0.0049x + 0.1040 with r = 0.9994; y = 0.0047x + 0.0877 
with r = 0.9992; and y = 0.0049x + 0.0924 with r = 
0.9994, respectively. The %CV value for LLOQ 
concentration was 11.87%, while the non-LLOQ 
concentration ranged from 1.00% to 10.28%. The three 
replicas met the requirements, with %CV ±20% for 
LLOQ and ±15% for non-LLOQ.  

DBS samples of MDMA in LLOQ quantities and DBS 
blank samples from six different blood sources were 
used to assess selectivity. A selectivity test was 
conducted to determine whether blood extract 
interference was present. The %interference should be 
< 20% for LLOQ and ≤ 5% for IS. According to the results, 
the %interference for MDMA and ephedrine (IS) were 
18.90% to 19.62% and 0.37% to 0.77%, respectively. 
The outcomes satisfied the requirements. 

The LLOQ, LQC (Low-Quality Control), MQC (Middle-
Quality Control), and HQC (High-Quality Control) %diff 
and %CV on intra and inter-assays were compared to 
assess the accuracy and precision. Both assays were 
carried out with five repetitions. Inter-assays are 
carried out in three different runs for at least two days. 
The accuracy of intra and inter-assay was estimated by 
%diff value ranging from -15.53% to 17.68% for LLOQ 

and -5.43% to 14.78% for non-LLOQ. The precision of 
intra- and inter-assay was estimated by a %CV value of 
9.93% for LLOQ and a range of 4.18% to 6.73% for non-
LLOQ. The recovery was consistent with the average 
%recovery of 68.32% for MDMA and 7.02% for 
ephedrine (IS). The %CV values obtained were 2.09% 
for MDMA and 0.84% for ephedrine (IS). 

The DBS blank sample and MDMA at ULOQ 
concentration (500 ng/ml) were used for the carryover 
test. The objective of the test was to detect any 
interference or residual sample in the blank following 
the injection of a high concentration. The blank sample 
was injected after the ULOQ injection. The test was 
done in five replicates. The interference should be 
≤20% for MDMA and ≤5% for IS. Based on the result, 
the %interferences were 19.36% -19.70% for MDMA 
and 0.28% -0.35 % for ephedrine (IS). The results met 
the requirements. 

Dilution integrity was assessed to investigate whether 
dilutions affect accuracy and precision. The test was 
performed using 2 x HQC (800 ng/ml), HQC (400 ng/ml), 
and ½ HQC (200 ng/ml) with 5 replications. The %diff 
and %CV values must be ±15%. Based on the result, 
dilutions did not affect accuracy and precision, with 
%diff ranging from 4.17% to 14.65% and %CV ranging 
from 1.12% to 3.01%. 

The matrix effect must be assessed because mass 
spectrometry is used for analysis. The aim is to 
investigate whether different matrices affect accuracy 
and precision. The test used six matrices with LQC and 
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HQC concentrations and five replications. The %diff and 
%CV values must be ±15%. Based on the results, 
different matrices did not affect accuracy and 
precision, with %diff ranging from -11.45 % to 13.80% 
and %CV ranging from 0.55% to 6.60%. 

Reinjection reproducibility was examined to investigate 
whether reinjections affect accuracy and precision. The 
test was performed using LQC, MQC, and HQC 
concentrations with five replications. The %diff and 
%CV values must be ±15%. Based on the result, 
reinjections did not affect accuracy and precision, with 
%diff ranging from 7.30% to 14.34% and %CV ranging 
from 1.03% to 2.63%. 

The short and long-term stability tests were performed 
on the stock solutions (1 µg/ml MDMA and 1 µg/ml 
ephedrine), DBS samples (LQC and HQC), and 
processed samples (LQC and HQC) inside the 
autosampler (temperature set at 15°C) with three 
replications each. Based on the results, the stock 
solutions of MDMA and ephedrine were stable for a 
minimum of 24 hours at 25°C and a minimum of 14 days 
at -20°C. The DBS samples were stable for a minimum 
of 24 hours at 25°C and a minimum of 14 days at -20°C. 
Lastly, the processed samples were stable for a 
minimum of 24 hours at 15°C in an autosampler. The 
chromatograms are shown in Figure 2. 

 

 

 

Figure 2: Chromatograms obtained: (A) ephedrine from blank blood extract; (B) MDMA from blank blood extract; 
(C) ephedrine from LLOQ sample extract; and (D) MDMA from LLOQ sample extract 

 

Discussion 

The ESI+ mode was chosen because the analyte and IS 
were basic compounds with pKa of 9.9 and 9.6, 
respectively (Moffat et al., 2011; National Centre for 
Biotechnology Information, 2023). In ESI+ mode, the 
analyte and IS molecules undergo protonation into 
precursor ions (M+H)⁺ and are fragmented into 
fragment ions (Kafeenah et al., 2019). The polar mobile 
phase used in this study was 5 mM NH4HCOO with 0.1% 
HCOOH at pH 3. With an acidic compound in the mobile 
phase, MDMA and ephedrine (IS) would be protonated 
with an H+ ion donor mechanism to the nitrogen atom 

in their molecules. Using NH4HCOO salt would create a 
buffer system in the mobile phase so that the pH of the 
mobile phase would be maintained at three. The 
environmental setting at pH 3 was intended to ensure 
that all MDMA and ephedrine were protonated by 
hydrogen ions from HCOOH. The slowest flow rate and 
the highest column temperature were used to 
minimise column back pressure (Li, 1999). 

Based on the optimisation results, the variations that 
resulted in the largest area were all chosen. Blood 
volume was proportional to the area; thus, a 30 µL 
blood volume was determined. Three hours of drying 
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time was optimum to ensure blood diffusion to the DBS 
card and prevent the risk of degradation during drying. 
Methanol in 0.1% HCOOH solvent resulted in the 
largest area because of the acid in it. The analyte and IS 
were protonated and changed the neutral molecular 
form into their salt form.  

MDMA is an amphetamine base that tends to be 
volatile but can be trapped in a small amount of acid in 
its salt, where this change can prevent the loss of 
analyte and internal standard during evaporation 
under nitrogen (Thessalonikeos et al., 2009). The vortex 
was intended to mix the solutions inside the tube; the 
longer the vortex time, the more droplets would be 
released from the tube during it. Therefore, the 
shortest vortex time was chosen. The longer the 
sonication time, the more protein was broken down in 
the extraction process. However, a longer sonication 
time would cause an increase in the temperature of the 
water medium, which puts the analyte at risk of 
degradation (Wenholz et al., 2016). Therefore, ten 
minutes of sonication time was chosen.  

Centrifugation time affects the precipitation process of 
proteins and impurities in the sample solution; the 
longer the centrifugation time is, the better the 
precipitation will be, thus minimising the presence of 
contaminants. Therefore, ten minutes of sonication 
time was chosen. 

In this study, the development of the MDMA analysis 
method in DBS was not intended for bioequivalence 
testing or pharmacokinetic studies but rather to 
identify and quantify the presence of MDMA 
compounds to prove drug abuse cases. Therefore, the 
determination of the LLOQ value was carried out to 
determine the lowest level of MDMA that could be 
detected. In a previous study by Pope et al. (2021), 
UPLC-QToF with PRM acquisition mode was used, and 
a limit of identification (LOI) value of 25 ng/ml was 
obtained. In this study, the LLOQ value obtained, 20 
ng/ml, is smaller than the LOI value obtained in the 
previous study, although the same instrument was 
used. Thus, the sensitivity of this method is better. 

 

Conclusion 

The MDMA analysis method in DBS using UPLC-QToF 
met all full validation requirements for selectivity, 
LLOQ, calibration curve, accuracy, recovery, precision, 
carryover, matrix effect, dilution integrity, reinjection 
reproducibility, and stability set by the US FDA (2022). 
It has demonstrated superiority over previous research 
with better sensitivity and a more efficient sample 
preparation method. It could also simplify the sampling 

method during police investigations of drug abuse and 
ensure the authenticity of the evidence. 
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