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ABSTRACT 

In the last few years, several cathinone analogues have appeared on the illicit drug market and proposed as 

an alternative to already known stimulants in several recreational settings. The World Anti-Doping Agency 

classified the synthetic cathinones in the Prohibited List as specified stimulants, banned in sport 

competitions. We developed and validated an LC-MS/MS method for the analysis of methylone, ethylone, 

butylone, mephedrone, 4-methylethcathinone and 3,4-methylenedioxypyrovalerone in dried urine, plasma 

and oral fluid samples. Volumetric absorptive microsampling has been employed as a miniaturised sampling 

technique for collecting dried biological samples. Chromatographic analysis was carried out on a C18 reversed 

phase column with a mobile phase composed of formic acid in a water/acetonitrile mixture, by using a triple 

quadrupole mass analyzer. The main parameters of the volumetric absorptive microsampling procedure 

were investigated and the method was fully validated with satisfactory results in terms of linearity, precision, 

absolute recovery, matrix effects, selectivity and stability. The method was successfully applied to real VAMS 

samples collected from cathinones users. The biosampling strategy via volumetric absorptive microsampling 

for urine, plasma and oral fluid could provide reliable information, with a future perspective of 

implementation for forensic cases as well as for sport drug testing. 

 

Keywords: Cathinone analogues; Dried biological matrices; Volumetric absorptive microsampling; 

LC-MS/MS; Quantitative bioanalysis. 
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1. INTRODUCTION 

Over the past 10 years numerous cathinone analogues have emerged and supplied the illicit market, 

in addition to classical stimulant drugs, such as amphetamines or cocaine [1]. Cathinone (Fig. 1a), 

precursor of these substances, derives from Catha edulis leaves and has psychoactive properties 

similar to those of amphetamines. Cathinone analogues are typically sold as “bath salts” or 

“fertilizers” to bypass drug law enforcement, as the presence of psychoactive compounds is never 

stated and the label usually indicates products “not intended for human consumption” [2]. Since 

2010, several synthetic cathinones, including methylone (1- (1,3-benzodioxol-5-il2- (methylamine) 

methyl-1-one, Fig. 1b), ethylone ((RS) - 1- (1,3-benzodioxol-5-il2- (ethylamine) propan-1-one, Fig. 

1c), butylone (1- (1,3-benzodioxol-5-il2- (methylamine) butan-1-one, Fig. 1d), mephedrone ((RS) -2-

methylamino-1- (4-methylphenyl) propan-1-one, 4-MMC, Fig. 1e), 4-methylethcathinone ((RS) -2-

ethylamino-1- (4-methylphenyl) propan-1-one, 4-MEC, Fig. 1f) and 3,4-

methylenedioxypyrovalerone ((RS)-1-(benzo[d][1,3]dioxol-5-yl)-2-(pyrrolidin-1-yl) 

pentan-1-one , MDPV, Fig. 1g) have been added to the USA schedule of controlled substances [3]. 

The current knowledge regarding their toxicity is based largely on some case reports and derives 

from some poison centres and surveys of abusers; sympathomimetic effects (e.g. hypertension, 

tachycardia, increased incidence of acute myocardial infarction) as well as psychological ones (e.g. 

aggression, agitation, paranoid delusions) [4] are the most common adverse effects experienced by 

the abusers. Due to their stimulant properties, cathinone and its synthetic analogues are examples 

that reflect emerging patterns of drug use among athletes, thus been included in the prohibited list 

of the World Anti-Doping Agency (WADA) and classified as specified stimulants banned in sport 

competitions [5].  
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In recent times many efforts have been made by researchers to enhance and simplify drug testing, 

in order to provide high-throughput reliable results. However, crucial issues are still unsolved within 

sampling procedures and analysis, including the limitations inherent to biological fluids of choice, 

concerning forensic cases and doping control activities. The use of dried matrix spots, mainly dried 

blood spots (DBSs) has recently drew considerable attention within quantitative bioanalysis of 

psychoactive compounds [6], driven by its advantages over conventional “in-tube” sampling: 

reduced sample volumes, simplified collection, increased analyte stability, no requirement for 

frozen storage and refrigerated transport, cost savings [7-12]. In addition to these advantages, the 

volumetric absorptive microsampling (VAMS) approach represents an innovative attractive strategy 

able also to collect accurate volumes of blood: the VAMS device was in fact designed for blood 

collection [13], but it could also be suitable for other biological matrices such as urine, plasma and 

oral fluid across a wide range of sampling conditions.  

So far, a few methods, mainly based on gas chromatography and liquid chromatography coupled to 

mass spectrometry (GC-MS or LC-MS), are present in the scientific literature for the analysis of one 

or more synthetic cathinones, in powder or seized samples [14-19], whole blood [20,21], plasma or 

serum [22,23], urine [20,24,25], oral fluid [26,27] and DBSs [28].  

As with most designer drugs, there is a lack of phamacokinetic controlled studies on humans thus, 

as concerns expected concentrations, the data available in the literature are limited and involve 

case reports about intoxications, driving under the influence (DUI) screenings and post-mortem 

analysis. Although such values cannot be considered as references, the concentrations of cathinone 

analogues ranged from 0.03 to 5.1 μg mL-1 in blood/plasma, from 0.03 to 68 μg mL-1 in urine, from 

20 to 470 ng mL-1 in oral fluid [22-32]. 
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The present study is the first one describing a new combined VAMS and LC-MS/MS methodology as 

a simple, feasible and reliable approach to determine the main synthetic cathinones in dried urine, 

plasma and oral fluid samples. VAMS process parameters, such as exposure time, drying time, 

temperature, humidity and light exposure, are investigated for biological matrices other than blood 

(urine, plasma and oral fluid), in order to develop effective and standardised protocols. Therefore, 

the novel miniaturised sampling approach by means of VAMS described in this paper represents a 

significant improvement in the field of drug quantitative bioanalysis, for the reliable assessment of 

these synthetic illicit drugs that are also prohibited substances in sport competitions. 
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Figure 1 - Chemical structures of (a) cathinone, (b) methylone, (c) ethylone (d) butylone, (e) 

mephedrone (4-MMC), (f) 4-methylethcathinone (4-MEC), and (g) 3,4-methylenedioxypyrovalerone 

(MDPV).  
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2. EXPERIMENTAL 

 

2.1 Chemicals, solutions and equipment  

Methylone, ethylone, butylone, 4-MMC, 4-MEC and MDPV stock methanolic solutions (1 mg mL-1) 

were purchased from Cerilliant Corporation (Round Rock, TX, USA).  Methylone-D3, ethylone-D5, 

butylone-D3, 4-MMC-D3 and MDPV-D8 (used as the Internal Standards, ISs) stock methanolic 

solutions (0.1 mg mL-1) were also from Cerilliant Corporation. HPLC-grade (> 99.8%) methanol, 

acetonitrile and 95% formic acid (FA) were purchased from Sigma-Aldrich (Milan, Italy). Ultrapure 

water (18.2 MΩ cm) was obtained by means of a MilliQ apparatus by Millipore (Milford, MA, USA). 

Analyte and ISs standard solutions were obtained by diluting stock solutions with a mixture of 0.1% 

FA in acetonitrile and 0.1% FA in water (50/50). All solutions were stored protected from light in 

amber glass vials from Waters (Milford, MA, USA). 

VAMS devices were purchased from Neoteryx (Torrance, CA, USA) under the brand name of Mitra®.  

 

2.2 Biological sample collection 

Blood, urine and oral fluid samples, used as “blank” matrices, were obtained from drug-free healthy 

volunteers, while real samples were from self-reported users and this use for forensic purposes was 

already authorised at the time of sampling. Blood was collected in glass tubes containing 

ethylenediaminetetraacetic acid as the anticoagulant and then centrifuged at 4000 rpm for 10 min 

at 4°C; the supernatant (plasma) was stored at - 80°C until the analysis. 

Urine was collected in glass tubes, subjected to centrifugation at 4000 rpm for 10 min at 4°C and 

the supernatant was stored at - 80°C. 
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Neat, unstimulated oral fluid was sampled by means of a disposable plastic pipette. It was put into 

glass tubes, centrifuged at 4000 rpm for 10 min at 4°C, and the clear supernatant was frozen at - 

80°C until the time of the analysis. 

 

2.3 LC-MS/MS system 

LC apparatus was a Waters Alliance e2695 system with autosampler. Chromatographic separation 

was performed on a Zorbax C18 (2.1 mm × 50 mm, 3.5 µm) reversed-phase column (Agilent 

Technologies; Palo Alto, CA, USA), maintained at room temperature (RT). As mobile phase 0.1% FA 

in acetonitrile (Solvent A) and 0.1% FA in water (Solvent B) were used at a flow rate of 0.3 mL min-

1. The two components of the mobile phase were filtered and degassed. The mobile phase gradient 

programme composition started with a 2/98 Solvent A/Solvent B ratio, linearly ramping up to 20% 

of Solvent A over 2 min; this ratio was maintained for 7 min, then ramped down linearly to 2% of 

Solvent A over 3 min. The gradient was then changed to the starting conditions over 3 min and kept 

constant for 3 min to re-equilibrate the system. The total run time was 15 min. The autosampler 

was kept at RT and the injection volume was 10 μL. 

The mass spectrometer was a Waters-Micromass Quattro Micro triple quadrupole, operating in ESI+ 

mode under the following optimised settings: capillary voltage 3.4 kV; ion source and desolvation 

gas (nitrogen) temperature 125°C and 350°C, respectively; desolvation gas (nitrogen) flow rate 900 

L/h; extractor potential 2 V; collision exit potential 1 V. Nitrogen was used as the desolvation gas 

and argon as the collision one. The precursor ion and the product ions, with dwell time, cone voltage 

and collision energy, were optimised by direct infusion of each analyte (1 μg mL-1 solution in a 
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mixture of 0.1% FA in acetonitrile and 0.1% FA in water, 50/50) at 10 μL min-1. Data were recorded 

in MRM mode, acquired and processed by using Waters MassLynx 4.1 software.  

 

2.4 Sampling tests on VAMS device 

Volume tests were carried out to perform matrix absorption experiments by means of a balance with a 

resolution of 0.01 mg. The control protocol for weight measurements was as follows: a 1mL aliquot of each 

matrix (urine, plasma and oral fluid) was placed in a vial, and to determine the weight (n=6) of an accurately 

pipetted volume of each sample, this initial weight was recorded; 10 μL of sample was then removed using a 

pipette; the vial was finally reweighed. The average density of each matrix was calculated using the formula 

below:  

matrix density (mg µL-1) = mean matrix weight in 10 µL aliquot (mg) / 10 

The VAMS protocol for measurements of volume absorbed by VAMS device was as follows: to determine the 

weight (n=6) of each matrix absorbed by the VAMS tip, the initial weight of a vial containing 1 mL of each 

matrix sample was recorded; a VAMS device was carefully dipped into the sample; after filling the tip was 

removed and the vial reweighed. The volume absorbed on the VAMS tip for each matrix was calculated using 

the formula below: 

mean matrix volume in VAMS tip (μL) = [mean matrix weight in VAMS tip (mg)/mean matrix weight in 10 µL 

aliquot (mg)] x 10 

Other sampling parameters were studied on VAMS device, such as exposure time, drying time, 

temperature, humidity and light exposure. 

 

2.5 Biological sample preparation 

https://cris.unibo.it/


 

This item was downloaded from IRIS Università di Bologna (https://cris.unibo.it/) 

When citing, please refer to the published version. 

 

2.5.1 VAMS procedure 

Calibrators and QC samples were prepared from pooled liquid urine, plasma and oral fluid from 

healthy volunteers by adding 10 µL of analyte and ISs working standard solutions to 90 µL of matrix. 

Dried biological samples were obtained by dipping the tips of VAMS devices into each sample, the 

tips took between 2 and 4 s to completely absorb the sample. The VAMS samples were dried for 1 

h at RT (25°C; 55% relative humidity; controlled but not monitored) and then were used immediately 

or packaged in plastic bags and stored at RT, in the dark and in sealable polyethylene bags containing 

desiccant packages. The dried VAMS samples were extracted with 500 µL of methanol after 

removing the tip from the device and mixed by means of ultrasound agitation for 15 min and vortex 

for 1 min. The extracts were dried under vacuum and then reconstituted with 100 µL of a mixture 

of 0.1% FA in acetonitrile and 0.1% FA in water (50/50), prior to LC-MS/MS analysis. 

 

2.5.2 Preparation of comparison wet samples 

Matrix-water samples were processed and analysed for comparison, in order to assess the 

adherence of the results obtained by means of conventional pre-treatment of wet matrices to those 

obtained using the novel biosampling approach for dry matrices proposed herein. The samples were 

prepared by mixing 100 µL of spiked blank urine, plasma or oral fluid with an equal volume of water. 

Protein precipitation was carried out with 500 µL of methanol by means of ultrasound agitation for 

15 min and vortexing for 1 min; then the supernatant was dried and reconstituted to the final 

volume of 1 mL with a mixture of 0.1% FA in acetonitrile and 0.1% FA in water (50/50), prior to 

analysis by LC-MS/MS. Comparison methods on wet samples were concurrently validated in terms 

of linearity, sensitivity, selectivity and precision at the same concentrations as described for VAMS. 
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2.6 Method validation 

According to the official guidelines [33,34] the following validation parameters were tested: limit of 

detection (LOD), limit of quantification (LOQ), linearity, precision, absolute recovery, matrix effect, 

accuracy, selectivity and stability under different conditions. 

 

2.6.1 Linearity 

Calibration samples were prepared by adding 10 µL of analyte and ISs working standard solutions 

to blank urine, plasma and oral fluid to obtain spiked concentrations of 10, 20, 50, 100, 250, 300, 

400 and 500 ng mL-1 for each compound (ISs at constant concentration of 100 ng mL-1). The resulting 

spiked blank samples were subjected to sample preparation procedure and injected into the LC-

MS/MS system. The procedure was carried out in triplicate for each concentration. The analyte/IS 

peak area ratios obtained were plotted against the related nominal concentrations and the 

calibration curves set up by the least-square method. Verification of the quality of fit to the 

calibration curves was evaluated by comparing back-calculated concentrations to the nominal ones. 

LOQs and LODs were determined by analysing at least six samples at different concentrations and 

defined as the lowest concentration which give rise to peaks whose heights are 10 and 3 times the 

baseline noise, respectively.  

 

2.6.2 Absolute recovery, precision and matrix effect  

Absolute recovery and precision were evaluated by adding known amounts of the analytes (at three 

different concentrations, corresponding to the lower limit, a middle point and a high value of each 
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calibration curve) and of ISs (at constant concentration) to blank urine, plasma and oral fluid, then 

subjecting the mixtures to sample preparation and LC-MS/MS analysis. The analyte and IS absolute 

peak areas were compared to those of injected standard solutions at the same concentrations and 

the absolute recovery was calculated.   

The assays described above were repeated six times within the same day to obtain intraday 

precision and six times over six different days to evaluate interday precision, in both cases expressed 

as percentage relative standard deviation (RSD%). 

IS-corrected matrix effect of dried urine, plasma and oral fluid sampled by VAMS was evaluated on 

blank sample extracts from 10 different sources, fortified post-extraction by adding known amounts 

of the analytes at three concentration levels (ISs at constant concentration). Mean analyte/IS peak 

area ratios of each extract were then compared with analyte/IS peak area ratio from analyte 

solution prepared in mobile phase and the resulting percentage ratios were calculated. 

 

2.6.3 Selectivity and stability 

Method selectivity was assessed by individually analysing blank urine, plasma and oral fluid samples 

from six different healthy volunteers and subjected to pretreatment procedure. The resulting 

chromatograms were checked for possible endogenous interference and the acceptance criterion 

was no peak whose signal exceeded 20% that of the LOQ for the analytes and 5% for the ISs. 

Stability was tested in stock solutions for each analyte by comparing the chromatographic peak area 

of a standard solution of 25 ng mL−1 diluted from the stock solution stored for 2 months at -80°C 

with those diluted from just purchased ones (n = 3). The stability of stored dried VAMS samples was 

assessed for each blank matrix spiked with the analytes at 250 ng mL-1 over 7 days at RT, in the dark 
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and in sealable polyethylene bags containing desiccant packages, to reflect normal laboratory 

storage conditions. After extraction the measured analyte concentrations were compared to those 

of the same samples extracted and immediately analysed after biosampling and drying. 
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3. RESULTS AND DISCUSSION  

 

3.1 VAMS parameter study  

3.1.1 Sampled volume test 

The VAMS sampler consists of an absorbent polymeric tip, designed to take up a fixed volume of blood ( 10 

μL). In this paper for the first time several experiments were carried out to establish the volume absorbed 

after VAMS tip exposure to biological matrices other than blood and whose density is higher (urine, plasma 

and oral fluid). Gravimetric analyses showed the calculated densities for urine, plasma and oral fluid in good 

agreement with those reported in literature (i.e. 1.025 mg µL-1 for plasma, 1.006 mg µL-1 for oral fluid, 1.020 

mg µL-1 for urine). The standard deviation (SD) values for mass gravimetric determinations on urine, plasma 

and oral fluid were between 0.13 and 0.30 mg and between 0.53 and 0.84 mg for pipetted and absorbed 

volumes, respectively. According to these data and as it can be seen in Table 1 and Fig. 2a, the collected 

volumes are statistically indistinguishable from those pipetted ( 10 µL), thus showing a good sampling 

accuracy by means of VAMS devices. 
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Table 1- Volume test on VAMS device 

 

a Each data point is the average of 6 determinations  SD 

 

 

3.1.2 Exposure time test 

Urine, plasma and oral fluid matrices were sampled until the VAMS tip was completely full ( 2 s), and then 

the tip was kept in contact with each matrix for additional 2, 6 and 10 s. As one can see from Fig. 2b, the 

microsampling was volumetrically accurate at  10 μL and there was no additional effect due to longer 

exposure times with each matrix, thus avoiding the risk of oversampling. 

 

3.1.3 Drying time, temperature, humidity and light exposure  

A gravimetric analysis on the time required to dry urine, plasma and oral fluid collected by VAMS devices 

revealed that under both complete ventilation at RT (25°C; 55% humidity) or packaged in a cartridge, the 

samples are dried within 0.75 and 1 h, respectively. As a final study on volumetric sampling characteristics, 

matrix collection was carried out under worst sampling conditions of temperature, humidity and light 

exposure (i.e. 30°C, > 65% humidity, full light exposure) and compared with sampling under best conditions 

(25°C, 55% humidity, without light exposure). The volumes collected by the VAMS devices under these two 

distinct sets of conditions were in good agreement (Fig. 2c).  

Matrix 
Weight 

by pipette 
(mg) a 

Density 
(mg µL-1) 

Weight 
by VAMS 

(mg) a 

Volume 
in VAMS 

(µL) a 

Urine 10.12  0.26 1.012 9.80  0.84 9.68  0.84 

Plasma 10.31  0.13 1.031 10.33  0.53 10.02  0.53 

Oral fluid 10.03  0.30 1.003 10.00  0.58 9.97  0.58 
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Figure 2 - (a) Comparison of pipetted and absorbed volume on VAMS devices for plasma, urine and oral fluid; 

(b) absorbed volumes on VAMS devices for plasma, urine and oral fluid after several exposure times and (c) 

combined effect of temperature, humidity and light exposure on volume absorbed by VAMS devices. 
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3.2 Extraction procedure from VAMS device 

The VAMS approach has been originally designed in order to simplify blood collection (regardless of 

volumetric hematocrit level) and processing/extraction workflows [13]. Herein the device was tested to 

sample biological matrices other than blood, i.e. urine, plasma and oral fluid. The use of dried VAMS samples 

as the biological matrices for synthetic cathinone analysis is the most important innovative aspect of this 

study.  

For this study, ISs have been added to liquid matrix prior to absorption onto the substrate to ensure they are 

fully associated with matrix components, thus being co-extracted with the analytes as part of the sample. 

This could provide more detailed information about the performances of the new VAMS sampling. 

After sampling on VAMS device, the analytes were desorbed from the tip and several assays were carried out 

to identify a suitable solvent for this purpose. Pure methanol and acetonitrile, their water mixtures and ethyl 

acetate were tested; the best results, in terms of both analyte extraction efficiency and matrix effect 

suppression, were achieved using pure methanol (Fig. 3). Multi-matrix extraction efficiencies for cathinone 

analogues varied from 70 to 85% by means of ultrasound (15 min) combined with vortexing (1 min) agitation. 
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*mean values for the six cathinone analogues in dried urine, plasma and oral fluid samples 

 

Figure 3 - Solvent extraction efficiency for cathinone analogues from dried matrices on VAMS devices.  
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3.3 Method validation on dried VAMS samples 

3.3.1 LC-MS/MS analysis 

Optimised mass spectrometer conditions have been obtained by syringe infusion of analyte solutions directly 

into the ESI source, thus obtaining MS and MS/MS spectra. Quantification was based on the most prominent 

MRM transition, while a second transition was monitored for qualitative purposes. Table 2 reports 

quantitative and qualitative transitions, cone voltages, collision energies and retention times for each 

synthetic cathinone analogue. A suitable chromatographic setup was chosen for the simultaneous separation 

of the selected 6 cathinone analogues in less than 10 min and a total run time of 15 min. The use of a highly 

aqueous composition gradient allowed an effective separation of these rather similar compounds, while a 

satisfactory sample clean-up process has allowed to improve column lifetime. The best results in terms of 

peak shape and resolution were obtained by preparing injected solutions in a mixture of 0.1% FA in 

acetonitrile and 0.1% FA in water (50/50). 

Fig. 4a-c shows MRM chromatograms of the quantifier transitions for all the 6 analytes in dried blank samples 

fortified at 100 ng mL-1 after VAMS procedure, in particular Fig. 4a is referred to urine, Fig. 4b to plasma and 

Fig. 4c to oral fluid. 
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Table 2 - MRM transitions, retention time, cone voltage, collision energy and IS 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

a Quantifier ion 

b Qualifier ion 

  

Analyte 
Q1 

(amu) 
Q3 

(amu) 
tR 

(min) 
Cone voltage 

(V) 
Collision energy 

(eV) 
IS 

Methylone 208.16 
160.21 a 

4.65 
27 15 

Methylone-D3 
132.10 b 27 27 

Ethylone 222.15 
204.21 a 

5.29 
27 13 

Ethylone-D5 
174.31 b 27 19 

Butylone 222.28 
204.22 a 

5.43 
19 11 

Butylone-D3 
174.32 b 19 17 

4-MMC 178.19 
160.25 a 

5.82 
23 13 

4-MMC-D3 
145.17 b 23 19 

4-MEC 192.23 
174.30 a 

6.10 
13 13 

4-MMC-D3 
143.98 b 13 17 

MDPV 276.37 
135.15 a 

7.43 
29 23 

MDPV-D8 
126.21 b 29 25 
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Figure 4 - MRM chromatograms (quantifier transitions) of the six analytes in dried blank samples, fortified at 100 ng mL-1, in (a) urine, (b) plasma and (c) oral fluid 

sampled by VAMS devices.  
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3.3.2 Linearity and selectivity 

Calibration curves (analyte/IS peak area ratios versus nominal analyte concentrations) were plotted using 

VAMS calibrators over the range 10-500 ng mL-1 in blank urine, plasma and oral fluid. Linear regression 

correlation coefficient (R2) better than 0.9990 was obtained in all cases (Table 3). Back calculated 

concentrations of the calibration standards were within ±15% of the nominal value. The LOQ and the LOD 

values were 10 ng mL-1 and 3 ng mL-1 for all cathinone analogues in the three dried matrices, thus showing 

satisfactory method sensitivity. 

To assess method selectivity towards endogenous compounds blank samples for each biological matrix 

obtained from six different healthy volunteers were subjected to sample preparation and analysed. No 

unexpected interference (peak area > 20% of the LOQ response for the analytes and 5% for the ISs) were 

observed in the MS chromatogram channels, demonstrating a good selectivity of the pretreatment 

procedure. Moreover, analysis of pure solutions of each analyte and IS showed that all substances can be 

unequivocally identified simultaneously by their MRM transitions and retention time.  

  

https://cris.unibo.it/


 

This item was downloaded from IRIS Università di Bologna (https://cris.unibo.it/) 

When citing, please refer to the published version. 

 

Table 3 - Linearity  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a y = analyte peak area; x = analyte concentration, ng mL-1 

b The values to linearity parameters on dried urine (first row), plasma (second row) and oral fluid (third row) 

sampled by VAMS procedure 

 

 

 

Analyte 

Linearity 

range  

(ng mL-1) 

Equation 

coefficients,  

y = ax + b a R2 b LOQ  

(ng mL-1) 

LOD  

(ng mL-1) 

a b b b 

Methylone 10-500 

31.179 

30.998 

31.566 

-17.613 

-15.633 

-16.231 

0.9997 

0.9999 

0.9999 

10 3 

Ethylone 10-500 

38.658 

36.021 

37.133 

8.362 

6.122 

7.562 

0.9991 

0.9994 

0.9995 

10 3 

Butylone 10-500 

37.845 

35.542 

35.040 

-25.417 

-20.212 

-22.311 

0.9991 

0.9996 

0.9993 

10 3 

4-MMC 10-500 

39.612 

40.502 

39.111 

27.779 

25.009 

23.665 

0.9999 

0.9991 

0.9992 

10 3 

4-MEC 10-500 

29.917 

30.855 

28.965 

-11.509 

-10.219 

-12.146 

0.9996 

0.9995 

0.9991 

10 3 

MDPV 10-500 

22.590 

23.140 

22.255 

-0.0723 

-0.0569 

-0.0095 

0.9997 

0.9998 

0.9999 

10 3 
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3.3.3 Absolute recovery, precision and matrix effect  

Absolute recovery and precision were tested on dried blank urine, plasma and oral fluid, spiked with analyte 

concentrations at 10, 100 and 500 ng mL-1 for each compound (ISs at constant concentration of 100 ng mL-

1). The resulting data from extraction recovery assays were satisfactory, being always higher than 75% for 

both analytes and ISs. The methodology granted also good precision, with RSD values always lower than 

9.0%. Possible ion suppression or matrix effects were also investigated by injecting blank samples spiked after 

extraction and comparing the results with those of related standard solutions. The IS-corrected matrix effect 

results obtained were good, since sample/standard ratios ranged from 93.0% to 104.9%. All these detailed 

results are reported in Table 4. 
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Table 4 - Precision, absolute recovery and matrix effect 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a n = 6 
b IS-corrected matrix effect 

 

 

Analyte 
Concentration 

(ng mL-1) 

Intraday 
precision 
(RSD%) a 

Interday 
precision 
(RSD%) a 

Absolute 
recovery 

(%) a 

Matrix 
effect 
(%) a 

Methylone 

10 5.5 7.0 88.5 97.9 b 

250 5.2 7.7 87.8 98.9 b 

500 5.0 7.5 78.9 96.1 b 

Ethylone 

10 6.8 8.9 88.3 93.0 b 

250 6.5 8.2 85.1 102.7 b 

500 6.0 7.5 79.5 99.4 b 

Butylone 

10 6.1 8.7 86.3 99.0 b 

250 5.9 8.5 85.6 96.2 b 

500 5.5 8.0 80.9 99.3 b 

4-MMC 

10 4.9 6.0 80.5 104.9 b 

250 4.2 6.7 76.6 103.3 b 

500 4.0 6.5 75.8 102.3 b 

4-MEC 

10 6.8 8.0 75.5 103.9 b 

250 6.0 7.5 75.1 103.3 b 

500 5.4 7.0 76.3 99.4 b 

MDPV 

10 6.1 7.7 76.5 99.3 b 

250 5.9 7.1 77.4 99.7 b 

500 5.6 6.8 76.6 98.2 b 

ISs 100 5.4 5.7 88.1 90.5 
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3.4 Comparison with wet samples 

Additional calibration and QC samples, at the same concentrations as described for dry VAMSs, were 

prepared to assay wet matrix samples (fluid plasma, urine and saliva). Comparison methods on wet samples 

were also validated in terms of linearity, sensitivity, selectivity and precision with good overall results over 

the selected concentration range (data not shown). The bias values observed between dried VAMS and wet 

samples were -6.2, 5.8 and -5.4 % for urine, plasma and oral fluid, at three level of analyte concentrations. 

Thus, the sampling/processing methods demonstrated a good equivalence between conventional wet 

samples and dried samples collected on VAMS devices. 

 

3.5 Stability 

The mean difference (± SD) in chromatographic peak areas between standard solutions of synthetic 

cathinones (25 ng mL−1) from stock solutions after controlled storage and standard solution from freshly 

purchased stock solutions was - 1.5% (± 0.5), indicating a good stability when stored at -80°C for at least 2 

months. 

Moreover, a stability study of the analytes in dried VAMSs (urine, plasma and oral fluid) was also performed 

on samples aged for up to 7 days at RT, in the dark and in sealable polyethylene bags containing desiccant 

packages, giving satisfactory results. The acceptance criterion of ± 15% assay bias was fulfilled for all analytes 

and ISs.  

Since cathinones are susceptible to degradation in wet samples, whereas the degradation process is reduced 

in DBSs at 4°C [28], VAMS sampling strategy could further improve sample stability at RT.  

 

3.6 Application to real samples and accuracy 
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Having thus validated the method, it was applied to the analysis of dried plasma, urine and oral fluid VAMS, 

as well of wet samples, collected from 5 subjects (self-reported users). ISs were added to pooled wet matrices 

prior to sampling, and all the samples were pretreated following the above described procedure. Concurrent 

collection of all tested matrices for each subject was not possible. However, the comparison of each dried 

VAMS sample with the relative wet one was carried out, and the results are summarised in the Table 5. As 

one can see, the analyte amounts found in VAMS are always in good agreement with those found in wet 

samples. Application of novel volumetric absorptive microsampling coupled to LC-MS/MS analysis has proven 

to be effective for the determination of cathinone derivatives in dried samples, thus confirming the obtained 

validation results. 

Moreover, accuracy was evaluated by means of recovery assays. Standard solutions of the analytes at three 

different concentrations and the ISs at constant concentration were added to already analysed pooled 

plasma, urine and oral fluid and then subjected to the pretreatment and LC-MS/MS analysis described above. 

The assays were repeated three times during the same day to calculate mean analyte recovery (%) and SD 

values. The results were always > 91% (±3.1 mean SD) for VAMS and >86% (±3.6 mean SD) for plasma. Thus, 

the method has demonstrated to possess a good accuracy. 
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Table 5 - Application to real samples 

N.A. = not available 
N.D. = < method LOQ 

 

 

  

 
Quali-quantitative results (ng mL-1) 

VAMS sampling Classical wet matrices  

Subject Urine Plasma Oral fluid Urine Plasma Oral fluid 

1 N.A. 
Mephedrone  

86 
Mephedrone 

40 
N.A. 

Mephedrone 
86 

Mephedrone 
38 

2 Mephedrone 
113 

N.A. 
Mephedrone 

18 
Mephedrone 

121 
N.A. 

Mephedrone 
15 

3 

4-MEC 
46 

MDPV 
148 

4-MEC 
75 

MDPV 
56 

N.A. 

4-MEC 
44 

MDPV 
145 

4-MEC 
81 

MDPV 
62 

N.A. 

4 MDPV  
114 

MDPV  
160 

N.A. 
MDPV  

115 
MDPV  

160 
N.A. 

5 4-MEC 
126 

4-MEC 
49 

4-MEC  
N.D. 

4-MEC 
125 

4-MEC  
53 

4-MEC  
N.D. 
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4. CONCLUSION 

The present manuscript describes the development and validation of the first VAMS-LC-MS/MS method for 

quantitative bioanalysis of the main cathinone analogues  

(methylone, ethylone, butylone, 4-MMC, 4-MEC and MDPV) in dried matrix samples obtained from 

urine, plasma and oral fluid. One of the rationales for adopting an innovative miniaturised sampling 

approach, like VAMS strategy, is to reduce the sampling volume (10 µL) and overcome some 

limitations related to biological fluids of choice in specific settings, such as forensic cases and drug 

sport testing. In fact, this approach makes the sample collection process fast and feasible, thus 

simplifying the whole bioanalysis workflow. While the VAMS device is currently commercialised for 

accurate collection of small blood volumes [13], the study presented herein demonstrates its 

promising benefits also for other biological matrices.  

In this study, ISs have been added to liquid matrix prior to absorption onto the substrate, in order 

to ensure a full association with matrix components along with the analytes. This could provide 

more detailed information about the performances of this novel developed VAMS sampling 

approach. Obviously, in order to set up a methodology that could be applied to on-field sampling 

and high throughput routine analysis, there is the need to adopt a workflow that does not 

compromise the advantages of this convenient sampling strategy (e.g. ISs incorporation into the 

extraction solvent).  

VAMS sampling parameters have been tested and optimised, referring to matrix volume, exposure 

time, drying time, temperature, humidity and light exposure. The device demonstrated to be 

reliable also when applied to different biological samples, with respect to whole blood, like urine, 

plasma and oral fluid. 
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The analytical method has been fully validated, showing a good performance in terms of linearity (R2 > 

0.9990), precision (RSD < 9.0%) and absolute recovery (> 75%).  

The bias values observed between dried VAMS samples and comparison validated methods on wet samples 

were satisfactory for all the dried matrices, thus demonstrating a good equivalence.  

Finally, the method has been successfully applied to the analysis of VAMS and wet samples from self-reported 

users: the obtained results were in good agreement. Therefore, this LC-MS/MS approach combined to VAMS 

strategy seems to be promising for future application in forensic cases and sport drug testing. Assays are in 

progress, in order to apply the method to a larger population with the purpose of drug use monitoring and 

statistical analysis. 
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