Clinical Pharmacology of the Synthetic
Cathinone Mephedrone

Esther Papaseit, José Molto, Robert Muga, Marta Torrens, Rafael de la
Torre, and Magi Farré

Abstract 4-Methyl-N-methylcathinone (mephedrone) is a popular new psychoac-
tive substance (NPS) that is structurally related to the parent compound cathinone, the
B-keto analogue of amphetamine. Mephedrone appeared on the street drug market as
a substitute for 3,4-methylenedioxy-N-methylamphetamine (MDMA, ecstasy) and
was subsequently banned due to the potential health risks associated with its use.
Nevertheless, mephedrone continues to be widely consumed among specific
populations, with unique patterns of misuse. To date, most information about the
biological effects of mephedrone comes from user experiences, epidemiological data,
clinical cases, toxicological findings, and animal studies, whilst there are very few
data regarding its human pharmacodynamics and pharmacokinetics. This chapter
reviews the available published data on patterns of mephedrone use, its acute and
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chronic effects, and its pharmacokinetic properties. More human research is needed to
elucidate the safety, toxicity, and addiction potential of mephedrone and related NPS.

Keywords 3,4-Methylenedioxy-N-methylamphetamine (MDMA ecstasy) ¢ 4-
Methyl-N-methylcathinone (4-MMC mephedrone) « New psychoactive substance
(NSP) « Synthetic cathinones
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1 Synthetic Cathinones and Mephedrone

Synthetic cathinones are man-made derivatives of the parent compound cathinone,
a naturally occurring psychostimulant found in the khat plant, Catha edulis.
Cathinones are phenethylamine derivatives, structurally and pharmacologically sim-
ilar to amphetamine, 3,4-methylenedioxy-N-methylamphetamine (MDMA, ecstasy),
and other related substances [1]. All cathinones possess a f-keto substituent in their
chemical structure, which defines the properties of this class of compounds [2]. The
most relevant compounds of the group are N-methylcathinone (ephedrone), 4-methyl-
N-methylcathinone (mephedrone, 4-MMC) — considered to be the prototypical ring-
substituted synthetic cathinone derivative, 3,4-methylenedioxypyrovalerone (MDPV,
bath salts), and a-pyrrolidinovalerophenone (a-PVP, flakka) [3]. Synthetic cathinones
represent the second largest group of new psychoactive substances (NPS) in the street
drug market [4-6].

Mephedrone, initially described in 1929 by Saem de Burnaga, remained in
obscurity for decades. In the early 2000s, however, clandestine chemists began
altering the chemical structure of the cathinone template to synthesize unscheduled
compounds [7], and mephedrone was rediscovered and first reported online in 2003.
In subsequent years, the popularity of mephedrone increased due to a number of
factors including competitive pricing, widespread online availability, and perceived
low potential for harm, together with the shortage of MDMA [8, 9]. As a conse-
quence, mephedrone rapidly became a replacement for MDMA and was marketed
as a ‘legal high’ [10]. In this scenario, mephedrone was sold openly on the grey
market (online vendors from surface and deep websites) and in head shops as a
number of authentic commercial products. It was typically marketed and sold as
‘bath salts’, ‘incense’, and ‘plant food/fertilizer’, and advertised as ‘not for human
consumption’ to circumvent potential legislative control [8, 11-13].

In 2008, mephedrone was first identified on internet web sites and in products
confiscated by law enforcement [14]; soon after, the misuse of mephedrone became
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a particularly widespread and problematic concern in Australia, the United States
(USA), and several European countries. For example, during 2009-2010 in the
United Kingdom (UK), the distribution and consumption of mephedrone experi-
enced a rapid increase which exceeded even that of ecstasy [3, 15, 16]. The higher
prevalence of use was associated with reports of numerous hospital admissions and
related overdose deaths. As a consequence of media attention and an official risk
assessment, mephedrone was made illegal in the UK and classified as a Class B
substance under the Misuse of Drugs Act on April 16, 2010. Subsequently, other
European countries and the USA also adopted control measures [5, 17], and it was
banned in 2010 and 2011, respectively.

2 Patterns of Use

In 2009-2010, a non-representative internet survey investigating mephedrone use
among readers of MixMag, a UK clubbers’ magazine, estimated a 42% life-time use
and a 34% past-month use (2,295 respondents) [18]. One year later, life-time and
past-month use of mephedrone increased to 61% and 51%, respectively (2,560
respondents) [16]. Immediately after mephedrone was banned, estimated overall
rates of use remained low but stable, ranging from 0 to 6.3% life-time prevalence
depending on age and country (Table 1). Nevertheless, mephedrone consumption
among certain subgroups including drug users, club scene participants, readers of
music and clubbing magazines, and the gay community continued to be consider-
able and much greater in comparison to the general population. In 2011-2012, past-
year use of mephedrone was 19.5% among the UK MixMag survey respondents,
and 30% in a subset of regular clubbers [19]. Mephedrone was the 11th most
prevalent drug amongst clubbers, in terms of life-time use, when it was legal
(42%), moving up to 4th place (61%) after being banned. In spite of the legislative
ban on mephedrone, 42% of the respondents to an online survey of mephedrone
users reported still trying to obtain it, and 53% said that the ban had not affected
availability in their area [20]. Immediately after its prohibition in the UK,
mephedrone had become the most popular drug in London among men who have
sex with men, with over half the clubbers having tried it [12].

To date, the latest official epidemiological data indicate that mephedrone con-
tinues to be one of the most relevant NPS used in recreational nightlife settings
according to indirect estimations. It is remarkable that mephedrone is currently
involved in 50% of all hospital emergency presentations related to NPS misuse in
Europe [5, 21], particularly in England where the number of individuals requiring
treatment for mephedrone has more than doubled from 953 in 2010-2011 to 2,024
in 2014-2015 [22]. With respect to fatalities, in 2015 the number of cases in which
mephedrone was implicated (n = 34, 1.5%) was comparable to that of MDMA
(n =128, 1.2%). According to these recent data, all mephedrone-associated deaths in
2015 were in men, 68% of whom were men who had sex with other men [23].
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Table 1 National estimates of mephedrone use in the general population in European countries
from 2010 to 2015

Prevalence | Life- |Previous |Previous
(%) time |year month
Age of
Year | Country |population |Total |Total Total Source
2010 | Slovakia |15-64 0.0 0.10 0.0 Annual report questionnaire
15-19 1.7 n/a n/a 2011 National Report to
EMCDDA
2010 | Spain 14-18 0.4 0.3 0.2 ESTUDES 2010
2010/ | Ireland 15-64 2 1.1 0.1 Drug Prevalence Survey
2011 15-34 43 22 0.1 2010/2011: Regional Drug
Task Force and Health and
Social Care Trust
2010/ | United 16-59 n/a 1.3 n/a 2010/2011 Crime Survey for
2011 |Kingdom |16-24 n/a 4.4 n/a England and Wales
Malta 15-16 3.5 5.0 2.0 Annual report questionnaire
2011 | Spain 15-64 0.1 0.0 0.0 EDADES 2011
15-24 0.3 0.2 0.0
Hungary |16 6 n/a n/a Annual report questionnaire
2011/ | United 16-59 n/a 1.0 n/a 2011/2012 Crime Survey for
2012 | Kingdom |16-24 n/a 33 n/a England and Wales
2012 | Spain n/a 0.5 0.3 0.2 ESTUDES 2012
2012 | Croatia n/a 0.3 1.5 n/a 2012 National Report to
EMCDDA
2012/ | United 16-59 1.9 0.5 n/a 2012/2013 Crime Survey for
2013 | Kingdom |16-24 4.5 1.6 n/a England and Wales
2013 | Australia | >14 n/a 0.4 n/a National Drug Strategy
Household Survey 2013
2013 | Spain 15-64 0.1 0.6 0.0 EDADES 2013
15-24 0.1 0.0 0.0
2013/ | United 16-59 2.3 0.6 n/a 2013/2014 Crime Survey for
2014 | Kingdom |16-24 6.3 1.9 n/a England and Wales
2014 | Spain 14-18 0.5 n/a n/a ESTUDES 2014
2014/ | United 16-59 22 0.5 0.2 2014/2015 Crime Survey for
2015 |Kingdom |16-24 53 1.9 0.5 England and Wales

n/a not available

Furthermore, from the total amount of mephedrone seized in the European Union,
almost all of it was in the UK in accordance with historically high estimates of its
use in that country [5, 24].

Over the past few years, forensic evidence from confiscated drug products shows
that mephedrone is typically available as a fine white, off-white or yellowish
powder, or as tablets and capsules with a very high purity (around 99%). The
powder can be directly taken by the intra-nasal route, or it can be easily dissolved in



Clinical Pharmacology of the Synthetic Cathinone Mephedrone 317

water for oral/rectal use and intravenous/intramuscular injection. Although
mephedrone can be administered by any of these routes, it is predominantly
consumed intra-nasally, orally, and by intravenous injection [12, 25]. Nasal insuf-
flation (‘snorting’) is a common route of administration, but unwanted effects
including nasal burning, clogging of nasal passages, nasal dripping, and nasal
bleeding have led some users to switch to oral ingestion [26]. By the oral route,
mephedrone is typically swallowed by ‘dabbing’ with a moistened finger or ‘bomb-
ing’” wrapped in thin cigarette paper, or ingested directly as tablets and capsules.
The combination of both routes, nasal and oral, has been frequently reported as an
alternative to avoid undesirable local reactions whilst maintaining sustained psy-
choactive effects [27, 28].

Mephedrone injection has become a common pattern of use among high-risk
drug users, mainly experienced intravenous drug consumers, and more recently,
among some sub-groups of men who have sex with men [4, 5, 29]. A new trend,
known as ‘slamming’, consists of the intravenous injection of a combination of
mephedrone with methamphetamine, gamma-hydroxybutyric acid (GHB), cocaine
or sildenafil during the so-called chemsex parties which can last for many hours. The
drug cocktail is injected as a means to sustain and enhance sexual experiences [30—
32]. Consequently, intravenous mephedrone use in conjunction with unprotected
sexual activity is associated with a highly elevated risk of blood-borne and sexually
transmitted diseases, in addition to adverse effects of the drug itself [4, 33]. Anec-
dotally, other routes of administration such as intrapulmonary (smoking), rectal
(‘booty bumping’ or ‘plugging’), subcutaneous, and intramuscular have also been
described [14, 34-36].

Based on recreational user reports, mephedrone is initially consumed in single
doses although repeated doses (re-dosing or ‘bingeing’), in a similar manner to
MDMA, is common practice in order to maintain pleasurable effects [37]. A typical
drug use session lasts for approximately 8—10 h during which 5-6 mephedrone doses
are taken, equivalent to a total median dose of 1-1.9 g [18, 36, 37]. Mephedrone oral
dosage ranges from 15 to 300 mg, whereas nasal insufflation dosage is somewhat
lower and ranges from 5 to 200 mg. Intravenous/intramuscular injection has been
reported at approximately half or one-third of oral dosage, whilst 100 mg is
described as a usual rectal dose [26, 38]. The initial impact is felt by recreational
users approximately 30 min after oral ingestion, with effects lasting for 2-5 h [39]; in
contrast, intravenous and rectal administration produce earlier onset of action and
shorter duration [40]. Like other classical drugs of abuse, intravenous injection
produces the most intense acute pleasurable effects, which are characterized by an
initial rush of approximately 5 min followed by euphoric effects which can last for
60 min [9].
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3 Pharmacodynamics of Mephedrone in Human Subjects

Mephedrone, like other amphetamines and MDMA, has a chiral centre in its
structure, so exists as two enantiomers, R-mephedrone and S-mephedrone. Impor-
tantly, racemic mephedrone is the most common form of the substance available in
the street drug market [41]. The molecular mechanism of action for mephedrone is
most comparable to MDMA. Like MDMA, mephedrone is a non-selective releaser
and reuptake inhibitor at monoamine transporters in the brain and periphery [42—
45]. Another chapter of this volume is focused on the mechanism of mephedrone
and other synthetic cathinones at human monoamine transporters (see [46]).

Preclinical studies performed in rodents and invertebrate models have evaluated
acute mephedrone effects [39, 47]. In rats, mephedrone induces locomotor hyper-
activity, increases in blood pressure and heart rate, and changes in temperature [48—
52]. There is a paucity of data on the pharmacodynamics of mephedrone after
administration to humans in laboratory conditions, with the exception of a recently
published study from our group [53]. Most information regarding psychological
and subjective effects related to mephedrone is based on user reports posted on
internet web sites and blogs, surveys and questionnaires, whilst data concerning
acute clinical toxicity has been provided from emergency department cases and
toxicological consultations [37, 54, 55].

Our group had the opportunity to evaluate the pharmacodynamics effects of
mephedrone for the first time in humans in a randomized, double-blind, crossover,
and placebo-controlled trial [53], where a single oral dose of 200 mg mephedrone
was compared to 100 mg MDMA and placebo. The mephedrone dose was selected
after a series of pilot studies, which tested doses ranging from 50 to 200 mg
[56]. The administration of mephedrone by the oral route at a dose of 200 mg
produced significant increases in arterial blood pressure and heart rate, a modest
increase in pupil diameter, and slight changes in oral temperature. These effects
were similar in intensity to those induced by 100 mg MDMA, except for mydriasis
that was lower with mephedrone. Mephedrone induced subjective feelings of
euphoria, wellbeing, pleasure, stimulant-like effects and mild changes in percep-
tion, but not hallucinations or psychotic symptoms, these effects were similar in
magnitude to those induced by MDMA. Both substances were well tolerated and no
serious adverse events were presented [53]. Under laboratory conditions, physio-
logical and subjective effects produced by 200 mg of oral mephedrone started at
30—45 min and lasted 2-3 h, in the case of 100 mg of MDMA the effects started at
45 min—1 h and lasted 3-5 h. As a summary, the pharmacological effects of
mephedrone were similar to MDMA but with a more rapid onset and a shorter
duration of effects, probably related to its brief half-life (see Sect. 4). Mephedrone
impaired short-term memory in a similar manner to MDMA, while it improved
critical tracking tasks but did not change reaction times or divided attention tasks in
laboratory tests assessing driving-related skills [57].
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According to consumers’ experiences and preferences, mephedrone effects are
characterized by sympathomimetic, psychostimulant, and empathogen—entactogen
reactions that resemble MDMA, amphetamines, and cocaine [14, 20, 36, 58, 59]. In
spite of the differences in doses and routes of administration employed, recreational
mephedrone consumers (according to surveys, questionnaires, interviews, forums, etc.)
consistently describe pleasurable effects such as euphoria, increased energy, mood
enhancement, talkativeness, increase music sensitivity, empathy, sociability, sensory
enhancement, moderate sexual arousal, and perceptual distortions ([8, 11, 12, 14, 60,
61]). In contrast, the undesirable effects include jaw clenching, bruxism, body sweats,
palpitations, anxiety, tremor in extremities, blurred vision, shortness of breath, head-
ache, cold or numb extremities, nausea and vomiting, agitation, anxiety, aggressive-
ness, paranoia, and panic [37, 59, 60], most of which are slight or moderate and do not
require medical assistance. Post-drug recovery effects include craving, decreased
appetite, lack of motivation, paranoia, insomnia, and irritability, all of which ameliorate
after a few days (‘feeling normal’ after 4 £ 2 days) [37, 60]. Such symptoms concur
with those self-reported in counselling services and emergency department admissions.

Acute toxic effects induced by mephedrone include the enhancement of cardio-
vascular response and neuropsychiatric effects and, in some cases, life-threatening
reactions requiring medical assistance/hospitalization. In this respect, multiple
cases have been reported of hypertension, cardiac arrhythmia, chest pain, paranoia,
psychosis, hallucinations, agitation, aggressive behaviour, and suicidal ideation
attributed to mephedrone use ([62—70]; Sivagnanam et al. 2013), although only a
few cases have had the presence of mephedrone confirmed by forensic analysis
(Table 2).

Upon administration of mephedrone in controlled clinical settings or self-
administration in recreational settings, mephedrone effects are characterized by a
rapid onset and a short-lasting duration. The pharmacodynamic response to
mephedrone reported after experimental administration in humans could partially
justify the pattern of use among mephedrone consumers in real-life conditions [60].

Regarding the possible long-term toxicity of mephedrone, the fact that the drug
possesses structural and pharmacological similarities to MDMA, amphetamines,
and cathinone suggests the likelihood that repeated and/or prolonged use produces
similar consequences on neurochemical and neuropsychological function. From the
limited results to date, it should be pointed out that repeated mephedrone admin-
istration in experimental animals has not shown evidence of neurotoxicity to
monoaminergic systems in the brain [42, 88-91]. It should be kept in mind that
further research with mephedrone in humans is required to first establish safety
aspects, and the potential for long-term toxicity remains an important research
question.
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Table 2 Mephedrone concentrations in blood from human subjects based on findings from human
performance, toxicological assessments, and postmortem cases

Subjects Concentration of mephedrone Reference

N=1 0.5 mg/L, 198 mg/L (urine) [71]

N=1 0.15 mg/L (serum) [68]

N=1 3.3 mg/L, 4.2 ng/mg, and 4.7 ng/mg (hair) [72]

(Case 2)

N=1 22 mg/L

(Case 1)

N=1 13.2 pg/g (antemortem), 8.4 pg/g (postmortem) [73]

N=10 26.8 ng/mg (0.2-313.2) (hair) [74]

N=1 193 mg/L [75]

N=1 0.98 mg/L [64]

(Case 1)

N=1 2.24 mg/L

(Case 2)

N=1 0.13 mg/L

(Case 3)

N=1 0.23 mg/L

(Case 4)

N=1 51 pg/kg, 560 pg/kg (urine) [76]

(Case 1)

N=1 28 pg/kg

(Case 2)

N=1 29 pg/kg

(Case 3)

N=1 1 ng/kg

(Case 1)

N=1 0.5 mg/L, 14.8 mg/L (urine), 38 mg/L (gastric), 1.9 mg/L (bile) [77]

N =36° 1.586 mg/L (<0.01-22 mg/L) [78]

N=1 21.11 pg/mg [79]

N=32 0.21 mg/L (0.01-0.74) [80]

N=9 0.27 mg/L (0.08-0.66)

Case 2 2.1 mg/L

Case 6 1.94 mg/L

N=1 5,500 and 7,100 ng/mL (vitreous humor) [81]

N=6 161 ng/mL (39-370 ng/mL) [82]

N=1 1.33 mg/L, 144 mg/L (urine), 4.52 mg/L (gastric), 1.29 mg/L (bile), |[83]
0.89 mg/L (brain), 0.25 ng/mg (hair)

N=1 412 ng/mL [84]

(case 2)

N=2 50-59 pg/mg (hair) [85]

N=5° 1,774 ng/mL (13-5,500) [86]

(continued)
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Table 2 (continued)

Subjects Concentration of mephedrone Reference
N=1 2,600 ng/mL

N=1 692 ng/mL

N=1 52 ng/mL

N=1 13 ng/mL

N=4 1.7 mg/L (0.19-3.30) [87]
N=38 1.34 mg/L (0.07-2.24)

#4 g (200 mg by oral and 3.8 g by intramuscular injection)
20092011
€2012-2014

4 Pharmacokinetics of Mephedrone in Humans

Most of the information concerning the pharmacokinetics of mephedrone in humans
has arisen from toxicological cases, been extrapolated from preclinical pharmacoki-
netic and toxicokinetic data, or come from in vitro and in vivo metabolism findings
[92]. There are very few data available related to human mephedrone pharmacokinet-
ics under controlled conditions. It is noteworthy that there is no widely available
commercial test to rapidly determine the presence of mephedrone or other cathinones
in urine and blood. However, there are sophisticated analytical methods, such as
gas/liquid chromatography coupled to mass spectrometry, for the determination of
mephedrone concentrations in human tissue specimens for toxicological services,
drugged driving cases in police departments, and clinical case reports [93]. Among
the suspected cases of mephedrone exposure (case reports, driving under the influence
of drugs, and fatalities) the dose, purity, route of administration, pattern of use, and
concentrations leading to intoxications or fatal clinical consequences are usually
unknown (Table 2).

There are some exceptions, for example, in reports of fatalities directly attributed to
mephedrone toxicity, and impaired driving cases with high mephedrone concentrations
[80, 87]. These mephedrone-associated events occurred mainly in recreational drug
users who had used mephedrone in combination with alcohol or other recreational drugs
(cocaine, amphetamine, or MDMA) and among intravenous drug users combining
mephedrone with heroin. Lately, confirmed mephedrone fatalities have been detected
in combination with other drugs among men who have sex with men due to the
widespread chemsex phenomenon. The collective evidence indicates that mephedrone
is only directly implicated as a principal cause in a limited number of deaths, though it
undoubtedly plays a role in fatalities secondary to poly-drug exposures.

Since saliva, sweat, and hair samples can be more easily obtained as alternatives
to blood or urine, reliable analytical methods have been developed in these matrices
to detect a number of drugs such as MDMA, amphetamines, and certain NPS.
Mephedrone concentrations from recreational users have been determined in hair,
whilst published analysis methods for its detection in saliva have not yet been
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applied to human specimens [94—97]. Mephedrone is a weak base with a relatively
low molecular weight, which results in easy diffusion across cell membranes before
incorporation into hair. In fact, after repeated consumption in a similar manner to
amphetamines, mephedrone concentrations in hair have been detected in the range
of nanogram per milligram [79, 85], in agreement with the amounts of the drug
detected in other biological matrixes from intoxications and fatalities [72, 74, 83]
(Table 2).

Regarding experimental studies in humans, we recently carried out the first
controlled clinical trial to evaluate mephedrone pharmacokinetic parameters in
humans [53]. The administration of an oral dose of 200 mg in 12 healthy male
recreational drug users produced a mean maximal plasma concentration (Cpax)
value of 134.6 ng/mL (range 51.7-218.3 ng/mL). Concentrations decreased to
one-half at 2 h and were undetectable at 24 h post-administration (Fig. 1). In spite
of high inter-individual variability observed after oral administration, peak plasma
concentration (Ty,,x) Was attained at 1.25 h, earlier than most psychostimulant drugs.
Mean elimination half-life (T,) was 2.15 h, significantly faster than MDMA,
amphetamine, and methamphetamine (7, of 8, 10-12, and 15 h, respectively),
and more similar to cathinone (7, of 4 h). The clinical pharmacokinetic data
obtained after controlled mephedrone administration are congruent with the rapid
onset and short duration of effects described after oral mephedrone use in recrea-
tional settings.

In same clinical trial mentioned above, urine samples were collected over a 4-h
period after mephedrone administration to characterize the human metabolism of
mephedrone [98]. These new in vivo data provide an important comparison to previous
analyses performed in post-mortem samples [76] and in vitro models [99]. The findings
confirmed the involvement of three main hepatic pathways of mephedrone metabolism:
(1) N-demethylation to form 4-methylcathinone (nor-mephedrone), (2) phenyl ring
hydroxylation to form 4-hydroxytolylmephedrone (4-OH-mephedrone), and (3) p-keto

Fig. 1 Time course of Mephedrone 200 mg (n=1)
plasma mephedrone

concentrations after 150 -
controlled administration of

an oral dose of 200 mg in

one study participant [53]

100

ng/ml

50

o
o0
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reduction to form dihydro-mephedrone. All of the identified phase I metabolites are
reported to act as non-selective substrates at plasma membrane transporters for dopa-
mine, norepinephrine, and serotonin, similar to mephedrone. Importantly, dihydro-
mephedrone is a much weaker transporter substrate in comparison to nor-mephedrone
and 4-OH-mephedrone [100]. In vitro studies suggest that mephedrone metabolic
disposition (phase I) is regulated mainly by cytochrome P450 isoenzyme 2D6
(CYP2D6) [76]. For instance, human polymorphisms in CYP2D6, as well as
co-administration of mephedrone with specific drugs also metabolized through
CYP2D6 (or inhibitors), could increase potential risk of toxicity. At present, no studies
have examined the interaction of mephedrone with other susceptible drugs commonly
used among recreational drug users [e.g. MDMA, antiretroviral drugs, selective seroto-
nin reuptake inhibitors (SSRIs)]. In contrast to the various metabolites reported in
animals [101, 102], a number of unique phase I and phase II metabolites are found in
humans including N-desmethyl-mephedrone-3 carboxylic acid, hydroxylmephedrone-
3-O-glucoronide, N-succinyl nor-mephedrone, and hydroxyl nor-mephedrone-3-O-
glucoronide (Fig. 2).

In forensic cases, nor-mephedrone and dihydro-mephedrone have been detected
in blood and urine, whilst 4-OH-mephedrone, the most abundant mephedrone
metabolite, has only been reported in urine. Taken together with in vitro data, it
has been suggested that nor-mephedrone possesses lipophilic properties that may
allow it to penetrate through the blood—brain barrier and act on the central nervous
system, similar to the parent compound. In fact, in vivo studies in rats have
confirmed that nor-mephedrone is the only bioactive mephedrone metabolite to
exert effects on extracellular dopamine and locomotion [100]. Currently, the
potential role of nor-mephedrone and other metabolites on human mephedrone
effects is unknown and, consequently, more research on this topic is warranted.

Opverall, the initial results regarding the human pharmacology of mephedrone under
controlled administration confirm previous extrapolation from non-experimental human
data and preclinical studies. However, it is still unclear whether the pharmacokinetics
and/or metabolism of mephedrone, including its active metabolites, might have impli-
cations in the particular susceptibility of some subjects to develop acute mephedrone
intoxication.

OH (o] o]

H H
N, N reduction N demethylation NH;
I ) _— —
Dihydro-mephedrone Mephedrone Nor-mephedrone
hydroxylation

(o]

H
N
HO

4-0H-mephedrone

Fig. 2 Proposed pathways of mephedrone metabolism in humans



324 E. Papaseit et al.
5 Abuse Liability

Predictions about the human abuse liability of mephedrone are based on user experi-
ences, clinical reports, and extrapolation of preclinical studies, and have been recently
confirmed by the first clinical trial described above [53]. To date, the potential abuse
liability of mephedrone has been assessed in experimental models through a number of
approaches and direct comparison with other well-known drugs of abuse (MDMA,
amphetamine, cocaine) and/or NPS such as 3-methyl-N-methylcathinone (3-MMC),
MDPV, methylone, naphyrone, flephedrone, and butylone [51, 103—-109]. Systemic
administration of mephedrone in laboratory animals produces elevations in the extra-
cellular concentrations of dopamine, serotonin, and norepinephrine leading to self-
administration, place preference, and locomotor hyperactivity [39, 43, 52, 110,
111]. Furthermore, mephedrone shares with other stimulant drugs of abuse the ability
to activate the mesolimbic dopamine reward circuit as a main mechanism involved in
the positive-reinforcing effects produced (euphoria, pleasure, well-being, happiness).
At the same time, feelings of euphoria and stimulation can lead to high abuse liability
similar in magnitude to that observed after controlled administration of MDMA, one of
the drugs preferred by users in recreational settings.

In humans, data about the pharmacology of mephedrone are scant and findings are
variable depending on the route of administration used. Evidence from questionnaires,
online-surveys and even some case reports related to long-term mephedrone con-
sumption have indicated addiction potential and dependency symptoms, cravings, and
withdrawal syndromes [34, 37, 60, 112—115]. Some epidemiological data highlight
the prevalence of self-reported tolerance, impaired control, continued mephedrone
consumption despite physical and psychological problems, strong urges, and bingeing
[36, 37, 60, 112], whilst tiredness, insomnia, nasal congestion, and impaired concen-
tration are described as the most common withdrawal-related effects. Intranasal users
considered mephedrone to be more addictive than cocaine [60]. The transition from
nasal to injection route, and intravenous injection use, is associated with a compulsive
consumption pattern. Hence, mephedrone addicts commonly report re-injecting of the
drug with excessive binge use over long periods of time [9, 114, 116]. The potential of
mephedrone for cravings, compulsive re-dosing, and uncontrollable binge use have
been attributed to its self-reported high and short duration effects [8, 117]. For
intranasal and/or intravenous administration, no human clinical trials have been
conducted. As previously explained in other sections, relative mephedrone abuse
liability has been assessed in a double blind, double dummy, placebo, and positive
comparator controlled and crossover clinical trial [53]. Mephedrone produced similar
effects to MDMA on standardized questionnaires developed to measure abuse poten-
tial in humans ([118]; Visual Analog Scale, 49-item Addiction Research Center
Inventory-ARCI, and Evaluation of Subjective Effects of Substances with Abuse
Potential questionnaire-VESSPA-SEE), but with a faster onset of the desired high
and shorter duration of action [53]. Even though preclinical and human clinical
findings are limited, overall data suggest that the shorter half-life and duration of
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effects induced by mephedrone may lead to more compulsive drug-taking behaviour
in order to maintain euphoria.

6 Summary

To conclude, mephedrone is perhaps the most representative synthetic cathinone in
the recent NPS phenomenon. The misuse of mephedrone in recreational settings has
been related to serious medical problems which have negative impacts on global
public health, especially after binge use, intravenous administration or in the
context of chemsex scenarios. The known effects of mephedrone on dopamine
and serotonin systems in the brain confer psychostimulant-like effects that resemble
those of other amphetamine-compounds and MDMA. Further human clinical
pharmacology research focused on pharmacodynamics and pharmacokinetics is
essential to better understand mephedrone effects, as well as the potentially life-
threatening medical complications associated with its consumption, in order to
provide more effective interventions.
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