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Lasha Giunashvili e, Bezhan Chankvetadze e 

a Department of Excellence-Biomedical Sciences and Public Health, Università Politecnica delle Marche, 60121 Ancona, Italy 
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A B S T R A C T   

In the present study an enantioselective high-performance liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) method was developed for the first time for quantitative determination of the recreational drug of 
abuse methylone and its major metabolites in oral fluid. The simultaneous chemo- and enantioseparation of 
methylone and its major metabolites was performed on a polysaccharide-based chiral column based on amylose 
tris(5-chloro-3-methylphenylcarbamate) as chiral selector (Lux i-Amylose-3) with methanol containing 0.4 % (v/ 
v) aqueous ammonium hydroxide as mobile phase. The time required for enantioselective analysis of methylone 
and its 2 major metabolites was 15 min. This method was fully validated following the Organization of Scientific 
Area Committees (OSAC) for Forensic Science guidelines. 

This method was applied for the enantioselective determination of methylone and its metabolites in oral fluid 
and enantioselectivity in metabolism and pharmacokinetic of the parent compound and metabolites was 
observed. 

While the first enantiomer of methylone was found at higher concentration, both metabolites shown greater 
concentration for the second enantiomer. The results revealed that MET undergoes an enantioselective 
biotransformation to its metabolites HMMC and MDC, with S-(− )-MET more rapidly metabolized and eliminated 
from the body.   

1. Introduction 

The synthesis of methylone (also known as 3,4-methylenedioxy-N- 
methylcathinone) (MET) was first described in 1996 [1]. MET is a 
member of the large group of synthetic cathinones know as new psy
choactive substances (NPS). It became one of the most frequently used 
recreational drugs of abuse in the last decade. MET is the β-keto analog 
of 3,4-methylenedioxymethamphetamine (MDMA) and produces 
similar pharmacological effects to MDMA [2,3]. MET is metabolized via 
two distinct pathways in the liver (Fig. 1): 1) O-demethylenation to form 

3,4-dihydroxy-N-methylcathinone (HHMC), which is rapidly converted 
to 4-hydroxy-3-methoxy-N-methylcathinone (HMMC), and 2) N-deme
thylation to form 3,4-methylenedioxycathinone (MDC) or normethylone 
[4,5]. HMMC is the predominant metabolite of MET in blood and plasma 
from both rats and humans [4,5]. Phase II metabolites include glucu
ronide and sulfate conjugates of the hydroxylated metabolites HHMC 
and HMMC [5,6]. It has been shown that some phase I metabolites of 
MET are bioactive [4,7,8]. Of MET metabolites HMMC was the most 
abundant in humans and rats. The cumulative amount of urinary HMMC 
excreted within the first 48 h in rats was approximately 26% of the dose, 
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and the amount of the parent MET was not more than 3% [5]. These 
results demonstrated that the analysis of HMMC is indispensable for 
proof of the abuse of MET in forensic urinalysis. Numerous studies deal 
with the quantification of MET and its phase-1 metabolites in various 
biological matrices [4–9]. 

MET and all of its abovementioned phase-1 metabolites are chiral 
compounds with one chiral center. Therefore, they exist in form of a pair 
of enantiomers which may significantly differ from each other from the 
viewpoint of metabolism, pharmacokinetics and pharmacodynamics. 
Earlier studies have shown that S-(− )-cathinone and S-(− )-methcathi
none have a greater pharmacological effect in rats over the R- forms 
[10,11]. More recently, enantioselective activity has been described for 
mephedrone [12–14] and 3,4‑methylenedioxypyrovalerone [15–18]. 

Few studies were reported in the literature on the separation of MET 
enantiomers [19–21]. Fernandes and co-authors performed separation 
of enantiomers of MET on polysaccharide-based chiral column made of 
amylose tris(S-methylphenylcarbamate) (Chiralpak AS) with hexane/2- 
propanol mixture as mobile phase [19]. The separation was performed 
also on micropreparative scale and few milligrams of pure enantiomers 
obtained were used for further stereochemical characterization by 
electronic circular dichroism and molecular modeling techniques. Thus, 
the authors performed the first stereochemical characterization of MET 
enantiomers and concluded that under the chromatographic conditions 

Fig. 1. Metabolic pathway of methylone.  

Table 1 
Molecular mass, precursor ion, product ion and collision energy (CE) for 
methylone, 4-hydroxy-3-methoxymethcathinone (HMMC), 3,4-methylenediox
ycathinone (MDC), 3,4-Dihydroxy-N-methylcathinone (HHMC), 4-hydroxy-3- 
methoxymethcathinone-glucoronate (HMMC-glu), 3,4-Dihydroxy-N-methylca
thinone-glucoronate (HHMC-glu) and internal standards methylone-D3 in the 
positive ionization mode.  

Analytes Molecular mass, 
g/mol 

Precursor ion, 
m/z 

Product ion, 
m/z 

CE, 
eV 

Methylone  207.2  208.2  160.1 17  
132.1 29 

Methylone- 
D3  

210.2  211.2  163.1 16  
135.1 12 

HMMC  209.1  210.1  192.1 12  
160.1 16  
132.1 32 

HMMC-glu  385.1  386.1  210.1 32 
HHMC  195.1  196.1  160.1 21  

132.1 31 
HHMC-glu  371.1  372.1  196.1 32 
MDC  193.1  194.1  146.0 25  

118.1 35  
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of their study the first eluted peak was S-(− )-MET and the second eluted 
one R-(+)-MET [19]. Spalovska et al. reported a detailed study on the 
separation of MET enantiomers on other polysaccharide-based chiral 
columns [20]. Both, analytical and semipreparative separation of en
antiomers in this study were performed on the columns based on 
amylose tris(3,5-dimethylphenylcarbamate) as chiral selector (ChiralArt 
Amylose-SA and Chiralpak IA, respectively). These authors also used 
spectroscopic techniques to determine the absolute stereochemical 
configuration of MET enantiomers. Based on vibrational circular di
chroism and density functional theory studies the authors concluded 
that the enantiomer elution order under their experimental conditions 
was R-(+)-MET before S-(− )-MET [20]. It has to be noted that this 
elution order is opposite to that reported in reference [19] under 
different chromatographic conditions. Lin and Kuo described a gradient 
LC-MS method for the separation of MET enantiomers on another 
polysaccharide-based chiral column (Lux AMP) that is specially devel
oped to be compatible with high-pH mobile phases (up to 11.00) [21]. 
The authors assumed that the enantiomer elution order of MET on this 
column is the same as for the enantiomers of methamphetamine. In 
general, such parallels have to be drawn with certain care but seems to 
be correct in this particular case. The method was applied to analyze 
samples of seized drugs. Summarizing the research performed on the 
metabolism and stereochemistry of MET one can conclude that the 
metabolic pathways of MET are studied quite well, with a few recent 
studies reporting the separation of enantiomers in standard mixtures 
[19,20], as well as in seized drugs [21]. However, there is no analytical 
method described in the literature on a chemo- and enantioselective 
separation of MET and its major metabolites. In addition, no enantio
selective study is published on the metabolism of MET in vitro or in vivo 
neither in animals nor in humans. Therefore, the primary goal of the 
present study was to develop an enantioselective method for the 
simultaneous determination of MET, its major metabolites HMMC and 
MDC in human oral fluid (OF). 

2. Experimental part 

2.1. Reagents and standards 

MET, MDC and HMMC standards were purchased from Cerilliant 
(Round Rock, TX, USA). Deuterated internal standard methylone-d3 was 
acquired from Cayman Chemical (Ann Arbor, MI, USA). Standards were 
stored at − 20 ◦C until analysis. LC-MS grade water, methanol, aceto
nitrile, formic acid, chloroform and ethyl acetate were obtained from 
Carlo Erba (Cornaredo, Italia). Ammonium hydroxide (25% w/w 
aqueous solution) and hydrochloric acid (37% w/w aqueous solution) 
were purchased from Honeywell Fluka™ (Morristown, NJ, USA). 

2.2. Chiral columns 

Nine polysaccharide-based chiral columns having as chiral selectors 
cellulose tris(3,5-dimethylphenylcarbamate) (Lux Cellulose-1), cellu
lose tris(3-chloro-4 methylphenylcarbamate) (Lux Cellulose-2), cellu
lose tris(4-methylbenzoate) (Lux Cellulose-3), cellulose tris(4-chloro-3- 
methylphenylcarbamate) (Lux Cellulose-4), cellulose tris(3,5- 
dichlorophenylcarbamate) (Lux i-Cellulose-5), amylose tris (3,5-dime
thylphenylcarbamate) (Lux Amylose-1), amylose tris(5-chloro-2- 
methylphenylcarbamate) (Lux Amylose-2), amylose tris(3-chloro-5- 
methylphenylcarbamate) (Lux i-Amylose-3) and Lux AMP were used 
in methanol, aqueous methanol, acetonitrile and aqueous acetonitrile to 
find suitable conditions for the enantioseparation of MET and its me
tabolites. Although the columns were used in normal phase mode, they 
are also suitable for polar organic and reversed phase modes.[22] The 
columns were of 250 × 4.6 mm dimension and packed with 5 μm par
ticles except for the Lux AMP column that was of 150 × 4.6 mm packed 
with 3 µm particles. Ta
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2.3. Instrumentation 

Separation of MET and metabolites was performed on a HPLC 1290 
Infinity II (Agilent Technologies Italia S.p.a. Milan, Italy) coupled to a 
mass spectrometer (6470A Triple Quadrupole LC-MS) equipped with a 
jet stream electrospray ionization source (ESI) operating in positive 
mode. Data were acquired with MassHunter® Workstation Quantitative 
Analysis 10.0 Software (Agilent). The optimization process was con
ducted automatically with the “MassHunter Optimizer” tool provided by 
Agilent and manually confirmed. Specifically, “MassHunter Optimizer” 
automates the selection of the best precursor ions, the optimization of 
the fragmentor voltage for each precursor ion, the selection of the best 
product ions, and optimization of collision energy values for each 
compound transition. After initial screening of all chiral columns 
mentioned in Section 2.2, the simultaneous separation of MET, its me
tabolites and their enantiomers was performed on a amylose tris(3- 
chloro-5-methylphenylcarbamate) (Lux i-Amylose-3) column. Run 
time was 15 min with an isocratic mobile phase composed of methanol 
with 0.4 % (v/v) aqueous ammonium hydroxide at a flow rate of 0.5 mL/ 
min from 0 to 7.5 min, increased to 2 mL/min within 0.1 min and held 
for further 7 min. Pressure at the entrance of the column was 120–130 
bar. This kind of steep flow gradient was used in order to reduce analysis 

time. Autosampler and column oven temperatures were 10 ◦C and 20 ◦C, 
respectively. The mass spectrometer was operated in scheduled multiple 
reaction monitoring (MRM) mode. The number of transitions monitored 
was one for the glucuronides, two for MET, MET-d3, HHMC and MDC 
and three for HMMC (Table 1). MS parameter settings were optimized 
by infusing neat standards (100 ng/mL) individually in methanol and 
ramping cone voltage and collision energy. Scan speed (dwell time) was 
0.023 sec. Optimal ESI conditions were as follows: capillary voltage 
3500 V, source temperature 300 ◦C, cone gas flow rate 10 L/min, des
olvation gas flow rate 12 L/min. 

2.4. Human samples 

A randomized, cross-over, placebo-controlled, double-blind study 
was conducted in 12 male volunteers (mean age 23 years old [range 
22–24], mean weight 70,2 [range 60.4–87 kg]) at the Hospital Uni
versitari German Trias i Pujol, Institut d’Investigatiò en Ciènces de la 
Salut Germans Trias i Pujol, in Badalona, Spain. All participants had 
recreational experience with common drugs of abuse (psychostimulants 
as cocaine, amphetamines, 3,4-methylenedioxymethamphetamine 
(MDMA), and synthetic cathinones). Prior to study sessions, the partic
ipants were submitted to a general medical examination including blood 

Fig. 2. Enantioseparation of methylone (MET) on amylose-based chiral columns Lux AMP (2a) and Lux i-Amylose-3 (2b). Mobile phase was methanol with 0.1% (v/ 
v) ammonium hydroxide. Flow rate 1 mL/min. For MS conditions see Table 1 and Section 2.3. 

A.F. Lo Faro et al.                                                                                                                                                                                                                              



Journal of Chromatography B 1228 (2023) 123824

5

and urine panels. Measures of pharmacological effects were collected 
(not presented in this manuscript). The clinical trial was approved by the 
local human research ethics committee (CEI-HUGTiP ref. PI-19–082) to 
investigate the potential for abuse and human pharmacology of MET. 
The study was registered in ClinicalTrials.gov (number NCT05488171). 
It was conducted according to the Declaration of Helsinki recommen
dations and Spanish rules about clinical investigation. All the partici
pants were informed, both orally and in writing, and signed an informed 
consent prior to inclusion [9]. 

Capsules contained 50 mg MET to administer 100, 150, or 200 mg 
MET. Participants received the same number of capsules each session to 
blind the dose for participants and clinical staff. The 12 subjects were 
divided into 4 study groups with 3 drug administration sessions each 

separated by a washout period of 5 to 7 days. OF samples were collected 
in plastic tubes before and 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, 10 and 24 
h after dosing and immediately stored at − 20 ◦C until the analysis. 

2.5. Sample preparation 

As previously described, [23] 10 μL of the 100 ng/mL internal 
standard (methylone-d3) and 2 μL 2% NH3 in H2O (pH 9), and 2 mL 
chloroform: ethyl acetate 9:1 (v/v) mixture were added to 100 μL OF, 
tubes were stirred on a roller mixer for 10 min and centrifuged at 3500 
rpm for 5 min. Supernatants were transferred into clean tubes, 100 μL 
acidified methanol (1% HCl) was added to prevent evaporative losses, 
and samples were dried under nitrogen for approximately 30 min. 
Samples were reconstituted in 100 μL mobile phase (0.4 % v/v aqueous 
ammonium hydroxide in methanol) and transferred into autosampler 
vials prior to injection of 2 μL onto the chromatographic system. The 
present study reports the analytical method development for the 
simultaneous separation of MET, its metabolites and their enantiomers, 
as well as application of this method to human OF samples. More 
detailed clinical part will be reported in another upcoming publication. 

2.6. Method validation 

The method was validated according to the guideline from Organi
zation of Scientific Area Committees (OSAC) for Forensic Science, USA 
[24] and the following parameters were calculated: analytical bias, 
precision, limit of detection (LOD), lower limit of quantification (LLOQ), 
dilution integrity, carryover, interferences, stability, linearity perform
ing a Mandel Test [25]. Recovery, process efficiency and the evaluation 
of ion suppression/enhancement due to matrix effect experimental 

Fig. 3. Simultaneous enantioselective separation of a standard mixture of methylone (MET), 4-hydroxy-3-methoxymethcathinone (HMMC), 3,4-methylenedioxyca
thinone (MDC), (33 ng/mL each) on Lux AMP (3a) and Lux i-Amylose-3 (3b) chiral columns. The separation conditions were the same as in separation shown 
on Fig. 2. 

Fig. 4. Simultaneous enantioselective analysis of an oral fluid of a volunteer 
after 3 hrs of oral administration of 200 mg/kg dose of methylone (MET). 
Analysis was performed on a Lux i-Amylose-3 column. Separation conditions 
were the same as in separation shown on Fig. 2. 
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design proposed by Matuszewski et al. was used [26]. Over the curve 
samples were reinjected opportunely diluted, after having verified the 
inclusion within the calibration curve of spiked diluted samples. Pre
liminary experiments with eight calibrator concentrations revealed the 
most appropriate calibration model. 

2.7. Method development 

The best fit calibration model was a linear least-squares regression 
with 1/x2 weighting, as confirmed by Mandel test coefficients [25]. All 
coefficient of determination results were greater than or equal to 0.99. 
Linearity, calibration results, LOD and LOQ are shown in Table 2. LOQ 
was set as the lowest non-zero calibrator for each analyte. There was no 
carryover observed with any analytes. Accuracy and imprecision were 
calculated at three QC concentrations (n = 5): 15, 400 and 800 ng/mL 
for MET and 1.5, 40 and 80 for its metabolites (MDC and HMMC). Bias 
was less than 20% of target. The ANOVA approach defined by OSAC 
guidelines determined overall within- and between-run imprecision 
[24]. All CV values were less than 20% as shown in Table 2. There were 
no interfering peaks in any of the biological matrix pool analyzed. 
Dilution integrity was evaluated by extracting OF samples with con
centrations two times the upper limit of quantification (ULOQ) and 
diluting 2, 5, 10 and 20 fold in blank OF. Concentrations of replicates (n 
= 5) for diluted samples were within ± 20% of target for all compounds. 
All analytes were stable at room temperature for 24 h, refrigerated (4 ◦C) 
for 24 h, after three freeze/thaw cycles, 24 h post-extraction in the 
autosampler (+10 ◦C) and when stored at − 20 ◦C up to 2 months after 
QC samples preparation (concentration differences were less than 20% 
with respect to time zero response). Matrix effects were evaluated at low 
(1.5 and 15 ng/mL), mid (40 and 400 ng/mL) and high (80 and 800 
ng/mL) concentration levels. The post-extraction addition method 
determined ionization suppression (negative value) or ionization 
enhancement (positive value) within ± 20% for all analytes. 

3. Results and discussion 

3.1. Enantioselective method development (Chiral column and mobile 
phase selection) 

Polysaccharide-based columns mentioned in the Section 2.2 were 
tested for separation of enantiomers of MET and its pharmacologically 
relevant phase-1 metabolites HMMC and MDC. Cellulose-based columns 
did not show any promising results with mobile phases that could be 
compatible with MS. Of amylose-based columns Lux AMP provided 
baseline enantioseparation of MET enantiomers in methanol containing 
0.4 % (v/v) aqueous ammonium hydroxide (Fig. 2a). However, sur
prising observations on this column were a significantly different peak 
area of enantiomers of MET when a racemic mixture was injected, with 
the first eluting enantiomer generating more than two times higher 
response compared to the second eluting enantiomer (Fig. 2a). As 
mentioned in the experimental part a flow gradient was applied in this 
separation in order to get more or less acceptable separation of HMMC 
enantiomers with the flow rate 0.5 mL/min and then to increase flow 
rate up to 2 mL/min in order to shorten the analysis time. As our further 
experiment showed this flow gradient, both effects were observed. In 
particular, increasing the flow rate after eluting the peak of R-(+)-MET 
caused a dilution of the S-(− )-MET zone entering the ion source, as well 
as sharpened its peak (due to faster elution). On the Lux i-Amylose-3 
column both enantiomers of MET eluted with the same higher (2.0 mL/ 
min) flow rate of the mobile phase. Therefore, the responses for both 
enantiomers were almost the same with the slightly higher response for 
the S-(− )-MET eluting as the second peak (Fig. 2b). We observed a 
similar behavior for methorphan enantiomers in our recent study [27]. 
Clarification of fundamental reasons causing different peak area for two 
enantiomers of a given chiral compound requires further studies. 
However, in applied studies possibility of such effect needs to be 
considered in order to avoid misinterpretation of the experimental re
sults (for instance, do not to interpret such inequality of peak area for 

Fig. 5. C-t dependences for methylone (MET) (5a), 4-hydroxy-3-methoxymethcathinone (HMMC) (5b) and 3,4-methylenedioxycathinone (MDC) (5c) for the 
volunteer receiving 150 mg/kg dose of methylone. 
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enantiomers as indication of enantioselectivity in metabolism or phar
macokinetics of chiral compounds). 

As mentioned above, recently Spálovská et al. [20] reported the 
determination of the absolute stereochemical configuration of MET 
enantiomers, as well as the enantiomer elution order R-(+)-MET before 
S-(− )-MET on the ChiralArt Amylose-SA column in the mobile phase n- 
hexane/ethanol/diethylamine 80/20/0.1 (v/v/v). We used for the 
determination of enantiomer elution order on Lux i-Amylose-3 column 
the following approach: the enantiomers of MET were fractionated on 
Lux i-Amylose-3 column in methanol containing 0.4 % (v/v) aqueous 
ammonium hydroxide mobile phase. From these collected fractions a 
spiked (nonracemic) sample with the known ratio of R-(+)-MET and S- 
(− )-MET was prepared and re-analyzed on Lux Amylose-1 column under 
the experimental conditions of ref. 20. Since ChiralArt Amylose-SA 
column has the same chiral selector as Lux Amylose-1 the enantiomer 
elution order on these two columns with the same mobile phase is most 
likely the same. The enantiomer elution order of MET on Lux Amylose-1 
column under the conditions of ref. 20 and on Lux i-Amylose-3 in 
methanol containing 0.4 % (v/v) aqueous ammonium hydroxide was the 
same. Thus, one can conclude that the enantiomer elution order of MET 
on Lux i-Amylose-3 column in methanol containing 0.4 % (v/v) aqueous 
ammonium hydroxide as mobile phase is R-(+)-MET before S-(− )-MET. 

On the next step a possibility of simultaneous separation and enan
tioseparation of MET and its metabolites HMMC and MDC were 
explored. 

As shown on Fig. 3a, Lux AMP column partially separated the en
antiomers of HMMC, baseline separated the enantiomers of MET, but no 
separation of enantiomers was obtained for MDC. Lux i-Amylose-3 col
umn provided partial separation of enantiomers of HMMC and baseline 
separation of enantiomers of both, MET and MDC (Fig. 3b). The attempt 
to further improve the separation of HMMC enantiomers was not suc
cessful and we decided to use the conditions of Fig. 2 for further meta
bolic and pharmacokinetic study. 

3.2. Application to oral fluid 

The enantioselective method described above was applied to OF 
analyses of the volunteers who received various doses of MET. A chro
matogram of a typical OF sample is shown in Fig. 4. 

As it can be seen from Fig. 4, MET undergoes enantioselective 
metabolism in the human body. In particular, S-(− )-MET metabolizes to 
a higher degree than R-(+)-MET, while both studied metabolites of MET, 
HMMC and MDC are formed enantioselectively. More details about the 
concentrations of enantiomers of MET and its metabolites in OF are 
summarized in Fig. 5 and Table 3. As can be seen from Fig. 5a and 
Table 3, the maximal concentration of R-(+)-MET in oral fluid was 
detected in the ranges 625–1349 ng/mL, 1800–3628 ng/mL, 
3940–7923 ng/mL and 5501–6291 ng/mL for a single 50 mg/kg, and for 
100 mg/kg, 150 mg/kg and 200 mg/kg doses, respectively. The values 
of Cmax for S-(− )-MET were between 461 and 849 ng/mL, 1401–2923 
ng/mL, 2862–5154 ng/mL and 5372–5766 ng/mL, respectively. The 
respective median values were 987 ± 511, 2714 ± 1293, 5477 ± 1667, 
5896 ± 558, and 655 ± 275, 2162 ± 1076, 4434 ± 1029, 5569 ± 279, 
for R-(+)-MET and S-(− )-MET, respectively. Thus, the average dose- 
average concentration dependence, as well as average dose-median 
concentration dependences were non-linear for both enantiomers of 
MET. After the complete clearance of MET from the first administration 
few volunteers received a second single dose of MET. The subject who 
received 150 mg MET in the case of pharmacokinetic data shown on 
Fig. 5a received 200 mg MET dose in the second session. C-t curves for 
the second administration are shown on Fig. 6a. The concentration of 
both MET enantiomers in OF changed almost linearly to dose when 
administered for the second time. However, the concentration of HMMC 
increased more than linearly to the dose and that of MDC did not 
significantly change (although the dose was increased from 150 mg to 
200 mg). These results were obtained for a single patient and were Ta
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statistically not confirmed. The time required to reach concentration 
maxima (tmax) was almost the same for both enantiomers of MET and 
varied in the range 0.45–3 h. The elimination half-time (t1/2) for R- 
(+)-MET varied between 5.3 and 14.5 h. with the average value 7.8 ±
4.5 h. The elimination half-time (t1/2) for S-(− )-MET varied between 3.6 
and 7.4 h. with the average value 5.4 ± 1.5 h. Thus, metabolism and 
elimination/clearance of MET seems to be enantioselective given that S- 
(− )-MET metabolized to a higher degree and was eliminated faster 
compared to R-(+)-MET. 

The maximal concentration of the first eluting enantiomer of HMMC 
in oral fluid was in the range between 6.0 and 7.0 ng/mL, 12.5–24.7 ng/ 
mL, 14.4–125.5 ng/mL, and 29.6–209.6 ng/mL for a single 50 mg/kg, 
and for 100 mg/kg, 150 mg/kg and 200 mg/kg doses, respectively. The 
values of Cmax for the second eluting enantiomer were between 6.3 and 
7.4 ng/mL, 26.8–49.6 ng/mL, 17.6–173.9 ng/mL, and 30.4–277.3 ng/ 
mL, respectively. The average Cmax values were 6.5 ± 0.7, 18.6 ± 8.5, 
43.8 ± 54.5, 119.6 ± 127.3, and 6.8 ± 0.7, 38.2 ± 16.1, 119.0 ± 68.5 
and 153.8 ± 174.6, for the first and second eluting enantiomers, 
respectively. Thus, the average dose-average concentration dependence 
was non-linear for both enantiomers of HMMC. The time required to 
reach concentration maximum (tmax) was for the first eluting enan
tiomer in the range of 0.45–4 hrs, whereas for the second eluting 
enantiomer was in the range of 0.45–2 hrs. The elimination half-time (t1/ 

2) for the first and the second eluting enantiomers of HMMC varied 
between 3.8 and 8.1 and 4.0–7.7 h, accordingly with the average values 
5.6 ± 1.7 h and 5.1 ± 2.7 h, and median values 5.3 ± 1.7 h and 4.3 ±
2.7 h, respectively. Since the overall pharmacokinetic C-t dependence 
represents a combination of two processes, formation of a phase-1 
metabolite, as well as its elimination, a complete decoupling of these 
two steps is not easily possible. In case of phase-1 metabolites possessing 
hydroxyl group, such as HMMC, their further transformation to phase-2 
metabolites, such as glucuronides and sulfates is also taking place. Thus, 
making a clear conclusion which of these processes are enantioselective 
and which are not, is complicated. However, it is logical to assume that 

on the ascending part of C-t dependence the contribution of a metabolite 
formation is higher compared to its elimination or further trans
formation, while on the descending part of C-t curve this is opposite. 
Also based on this criterion no clear conclusion could be met (see for 
example, Fig. 5b and 6b) regarding enantioselectivity of 3 processes 
(formation of metabolite, its elimination and its further conjugation) 
involved in overall pharmacokinetic profile. More cases have to be 
studied in order to make statistically reliable conclusions in this regard. 

The maximal concentration of the first eluting enantiomer of MDC in 
OF was in the range 18.3–19.2 ng/mL, 53.6–58.2 ng/mL, and 
101.6–103.3 ng/mL for a single 100 mg/kg, 150 mg/kg and 200 mg/kg 
doses, respectively. The corresponding median values were 18.3 ± 0.6, 
55.5 ± 2 and 101.6 ± 1.2 ng/mL. The values of Cmax for the second 
eluting enantiomer were 18.9–21.2 ng/mL, 56.5–85.7 ng/mL and 
106.3–106.6 ng/ml, respectively with the corresponding median values 
of 18.9 ± 1.5, 58.4 ± 14 and 106.3 ± 0.1 ng/mL. Thus, the average 
dose-average concentration, as well as average dose-median concen
tration dependences were non-linear for both enantiomers of MDC. The 
time required to reach concentration maxima (tmax) was almost the same 
for both enantiomers and varied in the range 1.5–8 h. The elimination 
half-time (t1/2) for first and second eluting enantiomers of MDC varied 
between 5.7 and 16.8 and 5.5–11.6 h, accordingly with the average 
values 9.86 ± h and 8.2 ± 3.1 h, respectively and median values 6.8 ± 6 
h and 7.6 ± 3.1 h, accordingly. Thus, the overall pharmacokinetic 
(metabolism and elimination) of MDC seems to be also enantioselective 
however less expressed than in case of HMMC. 

Although no (certified) reference standard was available for another 
phase 1 metabolite of MET, HHMC, the transitions corresponding to this 
compound were included in our MS-detection schema (Table 1). We did 
not detect the presence of this compound in OFs under this study. The 
reason for this could be a fast transformation of HHMC to HMMC 
mentioned in an earlier study [4]. 

Fig. 6. C-t dependences for methylone (MET) (6a), 4-hydroxy-3-methoxymethcathinone (HMMC) (6b) and 3,4-methylenedioxycathinone (MDC) (6c) for the 
volunteer receiving 200 mg/kg dose of methylone 7 days after the first 150 mg/kg administration of methylone. 
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4. Conclusions 

An enantioselective isocratic HPLC-MS/MS method was developed 
for the first time for the analysis of a psychoactive drug of abuse MET 
and its major metabolites HMMC and MDC in human OF. Application of 
this method to OF from the clinical study performed on 10 male vol
unteers indicated that MET undergoes an enantioselective biotransfor
mation to its metabolites HMMC and MDC with S-(− )-MET getting faster 
metabolized and eliminated from the body. Some basic pharmacokinetic 
parameters for MET, HMMC and MDC were determined enantiose
lectively. A nonlinear dose-concentration dependences were observed 
for the native drug, as well as for its metabolites. There was no signifi
cant difference between the enantiomers from this viewpoint. 
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F.P. Busardò, A.F. Lo Faro, M. Farré, Usefulness of Oral Fluid for Measurement of 
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