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Highlights 

An LC-MS/MS method for common synthetic cathinones was developed in meconium. 

Method validation was performed, fulfilling acceptance criteria for all parameters. 

Application to suspicious clinical cases will improve neonatal care. 

It will also help to estimate synthetic cathinones prevalence during pregnancy. 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Abstract 

New psychoactive substances have been introduced into the market in the last years due 

to their unregulated status. Synthetic cathinones are one of their main representatives, and 

they have shown to produce neonatal complications. It is important to have objective tools 

to identify in utero exposure to drugs that have shown to produce neonatal complications. 

An analytical method was developed and fully validated for the determination of common 

synthetic cathinones, including methylone, methedrone, mephedrone, 3,4-

methylenedioxypyrovalerone (MDPV), (±)-4-fluoromethamphetamine and 4-

fluoromethcathinone in meconium. Meconium (0.25 ± 0.02g) was homogenized with 

methanol by sonication for 30 minutes. After centrifugation, the sample was extracted 

with Oasis MCX columns. The analysis was performed by LC-MS/MS using an Atlantis 

T3 column (3 μm, 2.1x50 mm) and a gradient with acetonitrile and 0.1% formic acid in 

water. Method validation included the following parameters: selectivity (no endogenous 

or exogenous interferences), limits of detection (n=3, 0.5-1 ng/g) and quantification (n=3, 

1-2 ng/g), linearity (n=5, LOQ-200 ng/g), imprecision (n=15, 0% to 10%), accuracy 

(n=15, 87.3% to 97.8%), matrix effect (n=10, -76% to -28.1%), extraction efficiency 

(n=6, 63.7% to 91.3%), total process efficiency (n=6, 16% to 60.2%) and stability for 72 

h in the autosampler (n=3, %loss= -6.7% to 5.1%). The method was applied to 28 

meconium specimens. 
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1. Introduction 

New psychoactive substances (NPS) include a wide number of compounds that are not 

controlled by the international law and, therefore, they are used to replicate the effects of 

outlawed substances avoiding the legal prohibition for sale and consumption. Due to their 

unregulated status, they are sold in gas stations, stores or even on the Internet with the 

indications of "not for human use" or “not tested for hazards or toxicity” to avoid 

prosecution. In the last years, many countries started to ban the production and 

distribution of some NPS [1-4], and recently the EU published a new legislation to make 

NPS regulation easier and faster [5]. However, new drugs are constantly being introduced 

into the market. From 2009 to 2016, 739 different NPS were reported worldwide to the 

United Nations Office on Drugs and Crime (UNODC) [6], whereas by the end of 2017 

the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) had 

monitored more than 670 NPS in Europe [7]. Synthetic cathinones along with synthetic 

cannabinoids represent around 80% of the NPS in confiscated seizures [7], and have 

recently emerged and grown to be popular drugs of abuse [8,9]. 

There is limited information about the prevalence of NPS, and sometimes users are not 

even aware of their consumption. In the last years, surveys on drug use performed in 

different countries disaggregated the use of these drugs among the general population. 

The use of NPS in adults aged 14-34 years old was 0.3% in Austria, and 1.6% in the 

Czech Republic and Ireland [10]. Specifically for synthetic cathinones, the use of 

mephedrone in United Kingdom in 16- to 34-year-olds was estimated at 0.5% [10]. In 

Spain, the majority of the population does not know about the existence of NPS (73.8% 

of survey responders), and the highest percentage of consumption is found among young 

male population (15 to 24 years old; 99% males). Regarding women of childbearing age 



  

(from 15 to 44 years), between 0.6% and 0.7% admitted consumption of NPS at some 

time in their lives, and 0.1% recognized specifically having consumed the synthetic 

cathinone mephedrone [11]. According to data obtained by Energy Control (a Spanish 

non-governmental organization that seeks to reduce the risks of drug use), between 2010 

and 2012 the more prevalent synthetic cathinones in Spain were mephedrone, methylone, 

4-methylethcathinone (4-MEC) and 3,4-methylenedioxypyrovalerone (MDPV) [12]. In 

addition, in 2016 mephedrone and methylone continued to be the most requested 

cathinones in Spain [13]. 

Exposure to drugs during pregnancy can entail obstetric and fetal complications, and even 

later on the childhood and adulthood. Synthetic cathinones show similar 

sympathomimetic effects to amphetamine derivatives, including tachycardia, 

hypertension, abdominal pain, nausea, and anxiety [8,14,15], as well as paranoia, 

hallucinations or panic attacks [16,17]. Prenatal exposure to amphetamine and derivatives 

negatively affects fetal growth and infant neurobehavior [18]. Methylone, mephedrone 

and MDVP can cross the placenta and reach the fetus, as it has been shown in a recent 

study carried out with pregnant mice [19]. In addition, animal studies suggests that MDPV 

exposure during pregnancy may damage the fetal brain and, in the early pregnancy, is 

associated with a lower survival rate of the offspring [20]. Although there is no literature 

on the specific effects of synthetic cathinones in human fetus, exposure to cathinone 

through “khat-chewing” during pregnancy can produce neonatal low birth weight, 

probably due to its anorexic effects and placental blood circulation reduction [21,22]. In 

addition, the repeated use of these substances can lead to dependence development [8], 

which could result in neonatal abstinence syndrome (NAS), as recently reported [23]. 

Therefore, it is important to identify exposure to these drugs during pregnancy for the 

management of possible obstetric, fetal or neonatal complications. 



  

Several methods have been published for the identification of synthetic cathinones in 

different biological matrices, including urine [24-27], blood, plasma or serum [27-30], 

oral fluid [27,31-33] and hair [34-36].  

Meconium is considered the reference matrix for the identification of drug use during 

pregnancy, as its analysis provides information on the direct fetal exposure and has a wide 

window of detection (mainly from the third trimester of pregnancy) [37,38]. To our 

knowledge, only two research teams reported analytical methods for identification of 

synthetic cathinones in meconium [23, 39].  

The goal of our research was to develop and validate a method for the determination of 

the most common synthetic cathinones in meconium by LC-MS/MS. This will allow to 

broaden the substances investigated in clinical and forensic cases where there is a 

suspicion of maternal drug use during pregnancy, improving neonatal care in those cases. 

In addition, its routine application will help to evaluate the prevalence of use of common 

synthetic cathinones among pregnant women. 

2. Materials and methods 

2.1. Chemicals 

Methylone, methedrone, mephedrone, 3,4-methylenedioxypyrovalerone (MDPV), (±)-4-

fluoromethamphetamine and 4-fluoromethcathinone standards at 1 mg/mL in methanol, 

and methylone-d3, mephedrone-d3, methamphetamine-d5, and TFMPP-d4 internal 

standards (IStd) at 100 µg/mL in methanol were supplied by Cerilliant (Round Rock, TX, 

USA). Dichloromethane, HCl 37%, formic acid and acetonitrile (ACN) were supplied by 

Scharlau (Sentmenat, Catalonia, Spain), purified water and ammonium hydroxide by 

VWR (Radnor, Pennsylvania, USA), and 2-propanol and methanol by Fisher Chemicals 



  

(Loughborough, Leicestershire, UK). Oasis MCX cartridges (3 cc, 60 mg) were from 

Waters Corp. (Milford, MA, USA). 

2.2. Blank meconium samples 

Anonymized blank meconium specimens were supplied by the University Hospital of 

Vigo (Spain). These blank meconium specimens were used for the preparation of the 

calibrators and quality control (QC) samples.  

2.3. Preparation of calibration and QC solutions 

For the preparation of the calibration curves, mixed working solutions containing all the 

analytes were prepared in methanol at 10, 1, 0.5, 0.1, 0.05 and 0.01 μg/mL. An eight or 

seven-point calibration curve from 1 or 2 to 200 ng/g was generated by addition of 25 or 

50 μL of the appropriate working solution to blank meconium samples. Different working 

solutions at 0.5, 0.1 and 0.01 µg/mL were used to elaborate low, medium and high quality 

control (QC) samples (3 ng/g, 30 ng/g and 150 ng/g, respectively). A working solution 

containing the internal standards (IStd) was prepared in methanol at a concentration of 1 

µg/mL. All these solutions were stored at -20°C until use. 

2.4. Meconium sample preparation 

Meconium (0.25±0.02 g) was weighed into Pyrex® glass tubes. Then, 25 μL of the IStd 

solution at 1 μg/mL and 2 mL of methanol were added for sample homogenization. The 

sample was sonicated for 30 min and then centrifuged for 10 min at 4000 rpm. After the 

addition of 50 μL of 1% HCl in methanol, the supernatant was evaporated in a water bath 

at 35°C with a stream of nitrogen, and the extract was reconstituted in 2 mL of 2% formic 

acid in water for solid phase extraction (SPE). 



  

2.5. SPE procedure 

SPE was performed with Oasis MCX cartridges (3 cc, 60 mg). After cartridges 

conditioning with 2 mL of methanol and 2 mL of water, the sample was loaded. Cartridges 

were washed with 2 mL of 2% formic acid in water and 2 mL of methanol:water:formic 

acid (47.5:47.5:5, v/v/v), and then dried for 10 min under vacuum. Finally, analytes were 

eluted with 2 mL of dichloromethane:2-propanol:ammonium hydroxide (47.5:47.5:5, 

v/v/v), and subsequently evaporated to dryness with nitrogen at 35°C after the addition 

of 50 μL of 1% HCl in methanol to prevent analytes evaporation. Extracts were 

reconstituted with 100 μL of 0.1% formic acid:ACN (90:10, v/v), and 20 μL were injected 

into the LC-MS/MS. 

2.6. LC-MS/MS Instrumentation 

An Alliance 2795 Separation Module with an Alliance series column heater/cooler 

(Waters Corp.) was employed for the chromatographic separation using an Atlantis® T3 

(2.1 mm × 50 mm, 3 μm) column (Waters Corp., Milford, MA, USA), maintained at 

30°C. Formic acid (0.1%) in water (A) and acetonitrile (B) were used as mobile phase 

using the following chromatographic gradient: 0-0.5 min 10% B, 0.5-6 min from 10% to 

60% B, 6.0-6.1 min from 60% to 100% B, 6.1-7.1 min 100% B, 7.1-7.5 min return to 

initial conditions and equilibrate until minute 12. Chromatographic separation of all the 

analytes was achieved in 6 minutes, with a total run time of 12 minutes. 

The mass spectrometer employed was a Quattro Micro™ API ESCI triple quadrupole 

(Waters Corp.). The instrument was operated in electrospray in positive mode (ESI+). 

Capillary voltage was 1 kV; source block and desolvation gas temperature were 150°C 

and 500°C, respectively; and desolvation and cone gas flow rate were 800 L/h and 60 L/h, 

respectively. Data were recorded on multiple reaction monitoring (MRM) mode. MRM 



  

transitions, cone voltages (CV) and collision energies (CE) for each analyte and the IStds 

(Table 1) were optimized by post-column infusion of each individual analyte (10 μg/mL) 

at 20 μL/min connected with a “T” valve to the chromatographic effluent (0.1% formic 

acid in water:ACN, 50:50, v/v). MassLynx 4.0 software was employed to control data 

acquisition and QuanLynx 4.1 for data-processing (Waters Corp.).  

2.7. Method validation 

Validation was performed according to the Scientific Working Group for Forensic 

Toxicology (SWGTOX) recommendations [40]. The following validation parameters 

were determined for a quantitative analysis: linearity; limit of detection (LOD); limit of 

quantification (LOQ); selectivity; accuracy; intra-assay, inter-assay and total imprecision; 

matrix effect; extraction and process efficiency; and autosampler stability. For those 

compounds just validated for qualitative purposes only LOD, selectivity, matrix effect, 

extraction and process efficiency, and autosampler stability were evaluated. 

Linearity was evaluated by the analysis of calibration curves on five different days. 

Acceptable linearity was achieved when the coefficient of determination (r2) was ≥0.99 

and residuals were <20%. 

Blank meconium samples from 3 different sources fortified at the lowest concentration 

of the calibration curve were analyzed in duplicate over three runs to evaluate the LOQ. 

The same process was performed for the LOD, but fortifying the sample at decreasing 

concentrations. 

Selectivity of the method was evaluated for exogenous and endogenous interferences. 

Endogenous interferences were evaluated by the analysis of 10 different blank meconium 

samples fortified with the IStd. To evaluate the presence of exogenous interferences, 



  

blank meconium samples were fortified with other common drugs of abuse and medicines 

(morphine, codeine, 6-acetylmorphine, methadone, 2-ethylidene-1,5-dimethyl-3,3-

diphenylpyrrolidine, amphetamine, methamphetamine, 3,4-methylendioxyamphetamine, 

3,4-methylendioxymethamphetamine, 3,4-methylendioxyethylamphetamine, cocaine, 

benzoylecgonine, ecgoninemethylester, cocaethylene, lysergic acid diethylamide, 

ketamine, norketamine, gammahydroxybutyric acid, nicotine, cotinine, fentanyl, 

amitriptyline, paroxetine, zolpidem, zopiclone, ibuprofen, omeprazole, paracetamol, 

diclofenac, naproxen, alprazolam, temazepam, lormetazepam, lorazepam, clonazepam, 

diazepam, nordiazepam, flunitrazepam, 7-aminoflunitrazepam, oxazepam, triazolam, 

nitrazepam and bromazepam) at 1000 ng/g. 

Imprecision and accuracy were determined at the three QC levels. These parameters were 

assessed by the analysis of 3 replicates for each QC on 5 different days (n=15). Intra-

assay, inter-assay and total imprecision were determined by calculating the coefficient of 

variation (%CV) using SPSS software (version 24.0, SPSS Inc., Chicago, IL) [41]. 

Imprecision and accuracy should be less than 20%. 

Matrix effect, extraction and process efficiency were determined at two concentration 

levels (low and high QC). Evaluation of matrix effect was performed by comparing 

average analyte peak area in blank meconium samples (n=10, from different neonates) 

fortified after extraction with average peak area when the analyte was directly added to a 

clean tube (neat, n=6). Extraction efficiency was calculated comparing average analyte 

peak area in blank meconium samples fortified before extraction (n=6) with average peak 

area in blank meconium samples fortified after extraction (n=10). Finally, process 

efficiency was calculated by comparing average analyte peak area in blank meconium 

samples fortified before extraction (n=6) with average peak area of neats (n=6) [42]. 



  

Autosampler analyte stability was evaluated at three QC levels (low, medium and high) 

by comparing mean concentration after storage in the autosampler at 6˚C for 72h (n=3) 

with mean concentration of freshly prepared QCs (n=3). %Loss <15% was considered 

acceptable. 

2.7. Application to real specimens 

The present method was applied to 28 meconium specimens that have previously tested 

positive for one or more drugs of abuse (cannabis, opiates, cocaine and/or amphetamine). 

These specimens were collected at the University Hospitals of Santiago de Compostela 

and Vigo, Spain, from January 2012 to December 2015 as part of a broad study to evaluate 

drug use during pregnancy. Real samples collection was approved by the Ethics 

Committee of the University of Santiago de Compostela (Spain) and by the Galician 

Clinical Research Ethics Committee (Xunta de Galicia, Spain). 

In addition, to assess method performance, staff from the National Institute of Toxicology 

and Forensic Sciences (INTCF, Madrid, Spain) prepared quality controls by fortification 

of three blank meconium samples with some of the analytes included in the present 

method using a single blind method. The samples were sent to our laboratory for their 

analysis.  

3. Results 

3.1 Method validation 

The above-mentioned assays for a full validation of the method were performed. 

Methedrone and fluoromethcathinone did not satisfy acceptance criteria for those 

parameters to guarantee an appropriate quantification of the analytes (linearity, precision 



  

and accuracy). Therefore, for these 2 analytes, the method was only validated for 

qualitative purposes.  

Linearity for methylone, fluoromethamphetamine, mephedrone and MDPV was verified 

from 1 or 2 to 200 ng/mL, applying a 1/x-weighting factor. The curves were fitted to a 

linear regression model, obtaining a r2 ≥0.99 in all cases. LOD and LOQ were 0.5 and 1 

ng/g, respectively, for methylone, fluoromethamphetamine and mephedrone, and 0.5 ng/g 

and 2 ng/g for MDPV. LOD for methedrone and fluoromethcathinone was 1 ng/g. 

Calibration parameters for each analyte are summarized in Table 2. Fig. 1 shows the 

chromatograms of the main MRM transitions for each analyte in a blank meconium 

sample (1A) and in a blank meconium sample fortified at the LOD (1B). 

No interferences were detected in blank meconium samples from 10 different neonates 

or in blank meconium samples fortified with other common drugs; therefore, endogenous 

and exogenous selectivity was verified for all analytes.  

For methylone, fluoromethamphetamine, mephedrone and MDPV intra-assay, inter-

assay and total imprecision were satisfactory, with %CV <7.9%, 8.9% and 10%, 

respectively. Acceptable results were also achieved for accuracy, with calculated 

concentrations within 87.3%-97.8% of the nominal concentration (Table 3). 

Matrix effect, extraction efficiency and process efficiency results are shown in Table 4. 

All the analytes showed signal suppression at low and high QC concentrations, ranging 

from -28.1 to -76% (%CV= 8.4-18.8%). However, behavior of the IStd was similar (-

15.6% to -66%, %CV= 7.1-18.1%), even for those compounds for which their deuterated 

analogue was not employed as IStd (Table 4), compensating matrix effect on quantitative 

parameters. Extraction efficiency ranged from 63.7% to 91.3% (%CV= 1.9-19.2%), and 

overall process efficiency from 16% to 60.2%. 



  

All analytes were stable for 72 h in the autosampler at 6°C, with a %loss ranging from -

0.1% to -6.7% (Table 5). 

3.2. Application to real samples 

Twenty-eight specimens of meconium that had already tested positive for other drugs of 

abuse were analyzed to evaluate the possible presence of synthetic cathinones. None of 

the synthetic cathinones were detected in any of these selected cases.  

In relation with the analysis of the blind meconium samples fortified at the INTCF, all 

the analytes added to the samples were correctly identified, and quantified within ±10% 

of the nominal concentration, proving the correct performance of the method. 

Specifically, Sample A showed a concentration of 5.3 ng/g of methylone (5 ng/g 

theoretical concentration) and 22.1 ng/g of mephedrone (20 ng/g theoretical 

concentration), Sample B 107.9 ng/g of MDPV (100 ng/g theoretical concentration), and 

Sample C methedrone (qualitatively validated) and 50.9 ng/g of fluoromethamphetamine 

(50 ng/g theoretical concentration). 

4. Discussion 

The manuscript describes the first validated analytical method for the simultaneous 

determination of the most common synthetic cathinones (methylone, methedrone, 

mephedrone, MDPV, fluoromethamphetamine, fluoromethcathinone) in meconium by 

LC-MS/MS.  

In the present method, all the analytes were chromatographically separated in 6 min, with 

a total run time of 12 min. The method was satisfactorily validated, with LODs and LOQs 

ranging from 0.5 to 1 ng/g and 1 to 2 ng/g, respectively, using only 0.25 g of meconium. 

As meconium is a matrix frequently scarce, and the determination of the common illegal 



  

drugs of abuse is usually the main objective, it is a priority to develop analytical methods 

using a small amount of sample.  

Two analytical methods have been published to date for the detection of NPS in 

meconium. Pichini et al. [23] developed a method in relation to a case report of a Spanish 

newborn with neonatal abstinence syndrome (NAS) after maternal consumption of 4-

MEC and methadone during pregnancy. The sample was extracted by SPE after 

homogenization with methanol using 1 g of sample. This high amount of meconium may 

not be available in some cases, especially if other analytical methods should be applied, 

as in this reported case (meconium was also analyzed for methadone, cocaine, 

amphetamines, opiates and cannabis). Unfortunately, method validation for 4-MEC was 

not described or mentioned, and a medicine (pentazocine) was used as IStd, which is 

unadvisable. Meconium specimen was positive for 4-MEC (0.7 ng/g), although the LOQ 

for this analyte was not clearly indicated in the manuscript. Recently, Nemeskalová et al. 

[39] published a method for the detection of amphetamine-like stimulants, including 

common synthetic cathinones such as methedrone, methylone, MDPV, α-

pyrrolidinopentiophenone (α-PVP), butylone, flephedrone and naphyrone, using salting-

out liquid-liquid extraction. Although our method does not include some of these 

cathinones (α-PVP, butylone, flephedrone and naphyrone), it allows the identification of 

others (mephedrone, fluoromethamphetamine and fluoromethcathinone). In addition, in 

spite of using a similar amount of meconium (0.2 g vs 0.25 g), our sensitivity was from 5 

to 10-fold higher for all the analytes. This could have a great impact on cathinones 

detection, as in the only real sample in which the authors found a synthetic cathinone 

(methylone) its concentration was below their LOQ. 



  

The proposed method was applied to the analysis of 28 meconium specimens that had 

previously tested positive for other common illicit drugs. In these real samples no 

synthetic cathinones were detected. Although prevalence of consumption for these novel 

drugs is lower than the prevalence of the traditional ones, other authors reported their use 

among pregnant women in different European countries. Jones et al. described the use of 

mephedrone in pregnant women (according to maternal interview) and the presence of 

NAS in neonates in-utero exposed to this drug at the 2011 International Congress of the 

European Association of Poisons Centers and Clinical Toxicologists [43]. Two other 

authors identified synthetic cathinones in meconium specimens [23,39], and one of them 

[23] also concluded that fetal exposure to these NPS may have poor neonatal outcomes, 

including NAS. However, the concomitant maternal use of methadone in that case make 

it difficult to discriminate between the effects of both drugs. Nevertheless, recent animal 

studies showed that synthetic cathinones can reach the fetal brain in high concentrations, 

being fetal risk, definitely, a concern [19, 20]. Therefore, analysis of meconium for NPS, 

and specifically for synthetic cathinones, is advisable.  

The main limitation of our method is the restricted number of NPS included, taking into 

account the large number of new drugs reported each year, and the evolution in the use 

of these substances over time. However, the present method includes some of the still 

more common synthetic cathinones available on the drug market. Moreover, the method 

could be easily expanded for the identification of other new synthetic cathinones if a 

request for a specific analyte was made. The method described in this manuscript has 

been included in our routine protocol for drugs of abuse testing in meconium, which can 

help in the rapid detection of cases were these compounds may be involved, improving 

neonatal care. In addition, its application to all the routine meconium cases received in 



  

our laboratory for drug analysis will allow to have objective data on synthetic cathinones 

prevalence among pregnant women. 

5. Conclusions 

A method for the determination of the most common synthetic cathinones in meconium 

was developed and validated. This method is suitable for the application to the analysis 

of real meconium samples and can contribute to provide real data on the prevalence of 

these synthetic cathinones among pregnant women. 
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Tables 

Table 1. MRM transitions, cone voltage (CV), collision energy (CE), retention time (Rt) 

and internal standard (IStd) for each compound.  

Compound MRM transition CV (V) CE (eV) Rt (min) IStd 

Methylone 

208.3 > 160.2 

208.3 > 190.2 

20 

18 

14 

2.2 Methylone-d3 

Methylone-d3 211.4 > 163.3 25 20 2.2  

FMCAT 

182.3 > 164.2 

182.3 > 149.1 

20 

14 

20 

2.3 Mephedrone-d3 

Methedrone 

194.3 > 176.2 

194.3 > 161.2 

20 

12 

20 

3 Methylone-d3 

FMAMP 

168.3 > 109.0 

168.3 > 137.1 

20 

20 

12 

3.7 MAMP-d5 

MAMP-d5 155.4 > 121.1 20 12 3.  

Mephedrone 

178.3 > 160.2 

178.3 > 145.1 

20 

12 

20 

3.8 Mephedrone-d3 

Mephedrone-d3 181.4 > 163.3 20 14 3.8  

MDPV 

276.4 > 126.1 

276.4 > 135.1 

35 

24 

26 

4.9 TFMPP-d4 

TFMPP-d4 235.4 > 190.2 40 24 5.2  

MRM transition selected for quantification is underlined. 

FMCAT: 4-fluoromethcathinone; FMAMP: (±)-4-fluoromethamphetamine; MAMP-d5: 

methamphetamine-d5; MDPV: 3,4-methylenedioxypyrovalerone; TFMPP-d4: 3-

trifluoromethylphenylpiperazine-d4 



  

Table 2. Limits of detection (LOD), limits of quantification (LOQ) and calibration 

parameters. 

Compound 

LOD 

(ng/g) 

LOQ 

(ng/g) 

Range 

(ng/g) 

Intercept ± SD Slope ± SD r2 ± SD 

Methylone 0.5 1 1-200 0.0452 ± 0.0543 0.2914 ± 0.0169 0.9979 ± 0.0017 

FMCAT 1 - - - - - 

Methedrone 1 - - - - - 

FMAMP 0.5 1 1-200 0.0898 ± 0.0687 0.3458 ± 0.0544 0.9967 ± 0.0016 

Mephedrone 0.5 1 1-200 0.0654 ± 0.0510 0.2752 ± 0.0252 0.9981 ± 0.0014 

MDPV 0.5 2 2-200 0.3885 ± 0.1320 0.5548 ± 0.0923 0.9960 ± 0.0055 

FMCAT: 4-fluoromethcathinone; FMAMP: (±)-4-fluoromethamphetamine; MDPV: 3,4-

methylenedioxypyrovalerone 

 

 

 

 

 

 

 

 

 



  

Table 3. Imprecision and accuracy in meconium at low (3 ng/g), medium (30 ng/g) and 

high (150 ng/g) QC concentrations for those analytes validated for quantitative purposes. 

Compound 

Intra-assay 

imprecision 

(n=15; %CV) 

Inter-assay 

imprecision 

(n=15; %CV) 

Total imprecision 

(n=15; %CV) 

Accuracy 

(n=15; % target 

concentration) 

Low 

QC 

Mediu

m QC 

High 

QC 

Low 

QC 

Mediu

m QC 

High 

QC 

Low 

QC 

Mediu

m QC 

High 

QC 

Low 

QC 

Mediu

m QC 

High 

QC 

Methylone 5.7 1.6 2.4 4 6.6 7.6 6.9 6.8 7.9 94.9 94.6 95.3 

FMAMP 7.9 2.7 4.5 5.4 5.9 8.9 9.6 6.5 10 92.9 89.2 92.9 

Mephedrone 4.5 1.9 1.7 5.6 5.7 6.6 7.2 6 6.8 95.8 97.5 96.4 

MDPV 5.7 6 3.4 0 4 8.8 5.7 7.2 9.4 87.3 97.8 94.8 

FMAMP: (±)-4-fluoromethamphetamine; MDPV: 3,4-methylenedioxypyrovalerone 

 

 

 

 

 

 

 

 



  

Table 4. Matrix effect (ME), extraction efficiency (EE) and process efficiency (PE) at 

low (3 ng/g) and high (150 ng/g) QC concentrations. 

Compound 

ME (%) (%CV) (n=10) EE (%) (%CV) (n=6) PE (%) (n=6) 

Low QC High QC Low QC High QC 

Low 

QC 

High 

QC 

Methylone -40.2 (18.8) -41.4 (13.3) 70 (4.8) 78.5 (5.3) 41.9 46 

Methylone-d3 -38.8 (18.1) -34.2 (13.7) 67.7 (4.9) 77.6 (4.9) 41.5 51 

FMCAT -76 (17.7) -72.1 (15) 66.8 (6.8) 65.7 (19.2) 16 18.3 

Methedrone -39.1 (11.8) -41.3 (8.4) 70.9 (4.5) 77.7 (3.6) 43.2 45.6 

FMAMP -36.2 (13.2) -28.1 (10) 78.8 (2.8) 83.7 (2.3) 50.3 60.2 

MAMP-d5 -18.1 (10) -15.6 (7.1) 81.1 (3.5) 81.9 (4.9) 66.4 69.1 

Mephedrone -67.7 (15.7) -66.2 (11.8) 63.7 (5) 71.6 (9.1) 20.6 24.2 

Mephedrone-d3 -66 (16) -62.6 (11.6) 60.5 (5.1) 71.6 (7.6) 20.6 26.8 

MDPV -63.8 (10.9) -51.8 (9.9) 85.9 (5.4) 91.3 (1.9) 31.1 41.4 

TFMPP-d4 -62.1 (12.1) -58.5 (11.5) 74.1 (6.8) 84.3 (8.4) 28.1 35 

FMCAT: 4-fluoromethcathinone; FMAMP: (±)-4-fluoromethamphetamine; MAMP-d5: 

methamphetamine-d5; MDPV: 3,4-methylenedioxypyrovalerone; TFMPP-d4: 3-

trifluoromethylphenylpiperazine-d4; MAMP-d5: methamphetamine-d5 

 

 

 

 

 



  

Table 5. Stability at low, medium and high QC concentrations after storage in the 

autosampler (6°C) for 72 h, expressed as %loss. 

Compounds 

Autosampler stability (n=3) 

Low QC Medium QC High QC 

Methylone -4.3 -4.2 0.9 

FMCAT -3.9 -3.6 -0.1 

Methedrone 1 -2.9 -4.1 

FMAMP 2.3 1.2 -3.9 

Mephedrone -6.7 -4.6 -2.9 

MDPV 5.1 -6.4 -6.3 

FMCAT: 4-fluoromethcathinone; FMAMP: (±)-4-fluoromethamphetamine; 

MDPV: 3,4-methylenedioxypyrovalerone  

 

 

 

 

 

 

 

 

 



  

Figure  

Figure 1. MRM chromatograms of the quantifier transition for all the analytes in a blank 

meconium sample (A) and in a blank meconium sample fortified at the corresponding 

LOD for each analyte (B). FMCAT: 4-fluoromethcathinone; FMAMP: (±)-4-

fluoromethamphetamine; MDPV: 3,4-methylenedioxypyrovalerone 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 


