
Abstract. – OBJECTIVE: Synthetic cathi-
nones are an emerging class of designer
drugs abused of due to their psychostimulant
and hallucinogenic effects, similar to those of
cocaine, methylenedioxymethamphetamine
(MDMA), amphetamines and methampheta-
mines. Mephedrone is a cathinone analogue (4-
methyl aromatic analogue of methcathinone)
that was reported to be implicated in several fa-
talities in the media across Europe, but only a
few have actually resulted in mephedrone cited
as the cause of death. In this paper, we aim to
systematically review analytically confirmed cas-
es of mephedrone-related fatalities.

MATERIALS AND METHODS: Relevant sci-
entific articles were identified from Medline,
Cochrane Central, Scopus, Web of Science, Sci-
ence Direct, EMBASE and Google Scholar,
through May 2015 using the following key-
words: “Mephedrone”, “fatal intoxication,” “fa-
talities”, “acute intoxication” and “death”.

RESULTS: In total, 10 citations met the criteria
for inclusion, representing 18 fatal cases with an-
alytically confirmed mephedrone in biological
sample/s of the deceased. The death was attrib-
uted to mephedrone intoxication in 9 cases
(range of post-mortem blood mephedrone con-
centration: 1.33-22 mg/L), whereas multiple drug
toxicity, involving mephedrone was cited as
cause of death in 6 cases (range of post-mortem
blood mephedrone concentration: 0.04-1.3 mg/L).

CONCLUSIONS: Data suggest that the abuse
of mephedrone remains to be a public health is-
sue. Mephedrone appears to have a rather nar-
row therapeutic window that makes its use dan-
gerous. Dosages which supposedly fall within
recreational use limits could also lead to death
when combined with other drugs in certain cir-
cumstances. Forensic Toxicology laboratories
must assess their testing procedures to ensure
they can achieve both an appropriate screening
regime and targeted quantitative analysis for
the detection of mephedrone in various biologi-
cal matrices.
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Introduction

In recent years, a large number of new, origi-
nally non-controlled designer drugs have
emerged on the legal drug market, also known as
bath salts, legal highs1,2, pond cleaner, plant food
or fertilizers, insect repellent, or vacuum fresh-
ers. This recent phenomenon of new psychoac-
tive substances (NPS), is a global issue with the
ever-growing number of new substances avail-
able on the illicit drug market. In many countries,
such substances are rarely included in drug con-
trol legislation and may even fall outside the
generic legislative systems, due to the fact that
these drugs are predominantly synthetic deriva-
tives and analogues of existing controlled drugs,
pharmaceutical products, previously research
chemicals or naturally occurring compounds3,4.
These drugs are available in packets that contain
milligram to gram quantities. They are most
commonly sold as bath salts with the disclaimer,
“Not For Human Consumption”5-7.
Mephedrone [4-methylmethcathinone; 4-

methylephedrone; 4-MMC; UPAC: 2-(methy-
lamino)-1-(4-methylphenyl)propan-1-one] be-
longs to the category of designer drugs and it is
structurally similar to cathinone, which is the
principal active constituent of the Khat plant
(Catha edulis)8; also known as natural ampheta-
mine due to its stimulant properties9,10. Synthe-
sized as a cathinone analogue11 (4-methyl aro-
matic analogue of methcathinone), the structural
similarities between mephedrone and methcathi-
none are shown in Figure 1.
Mephedrone was first synthesized in 1929 as a

ring-substituted cathinone and its structure is
closely related to that of the phenethylamine
family12. Mephedrone induces stimulant psy-
choactive effects similar to those produced by
amphetamines, methamphetamines, 3,4-methyl-
enedioxy-N-methylamphetamine (MDMA) and
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Figure 1. Structures of mephedrone and methcathinone.

cocaine, including hallucinations, psychosis and
distinct psychotropic effects. Due to its proper-
ties, mephedrone is becoming increasingly popu-
lar as a recreational drug, mainly among youths
(young clubbers), though its use is also reported
in other age groups, including young adults, mid-
to-late adolescents and older adults13-15.
Mephedrone has become available from sever-

al sources, such as street drug dealers, head
shops16 marketed as a “legal high”, internet sup-
pliers marketed as a research chemical or plant
food17, various convenience stores, truck shops,
gas stations and tattoo parlours18. Arguably the
available information, accessibility and the pro-
motion through aggressive web-based marketing,
has led to a marked increase of its use, therefore
making it a significant public health threat both
in Europe and US19-21.
It is sold as a white or slightly yellowish pow-

der or fine crystals under different street names,
including “4-MMC”, “MMCAT”, “bubbles”,
“Crab”, “meow meow”, and “M-Cat”17,19,22,23.
Less frequently it is marketed as tablets or cap-
sules with different colours, shapes and thick-
ness, either with or without a logo. Sometimes
mephedrone is sold as either cocaine or ecstasy
while cut-agents such as paracetamol, caffeine,
amphetamine, ketamine and cocaine may be
found in mephedrone19,24.
The most common routes for recreational use

are inhalation (snorting) and oral ingestion, but
due to its high water solubility, mephedrone is al-
so injected, taken by rectal insertion and intra-
muscular injection12,25. Co-administration of
mephedrone with alcohol and/or other controlled
substances like GHB, heroin and MDMA has
been reported17,26-28.
Reports from users at hospital toxicology de-

partments illustrate that mephedrone is taken in
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staggered doses13. Mephedrone tolerance may be
quickly developed, and therefore, users tend to
consume higher doses more frequently29.
Mephedrone dosages of 200 mg or more have
been self-reported, with some users reporting re-
dosing to prolong the euphoric state, leading to a
total dosage of 1-2 g administered in a session29.
Mephedrone abuse has serious side effects, in-

cluding increasing heart rate, chest pain, change
in body temperature (sweating chills), agitation,
headache hypertension, insomnia, irritability, mi-
nor amnesia dilated pupils, seizure, nausea, vom-
iting and dizziness12,19,29,30. The effects induced
by ring substituted cathinones include feelings of
stimulation (alertness, rushing), empathy (love,
openness, closeness, well-being and sociability),
euphoria, awareness of senses and appreciation
of music29,31.
In April 2010 mephedrone and structurally re-

lated substances were classified as Class B sub-
stances in the UK under the Misuse of Drugs
Act. Legislation32. Moreover, in response to this
raising epidemic of drug abuse, in October of
2011, the Drug Enforcement Administration
(DEA) issued a temporarily Schedule I for the
more commonly encountered drugs of cathinone
class: mephedrone, methylone, and 3,4-methyl-
enedioxypyrovalerone (MDPV)33. This drug has
also been classified in some other countries as a
measure for the control of its availability. How-
ever, after regulatory measures restricting posses-
sion, sale, and manufacture of synthetic cathi-
nones passed in the UK, the number of users who
purchased the drug from dealers increased con-
siderably and at the same time its price became
almost twice as high as before legislation32.
Although, a number of cases of acute and

lethal intoxication have been reported in the lit-
erature, little is still known of the correlation



Figure 2. Flow diagram with inclusion criteria for the selection of sources for the purpose of the review.

between its blood concentration and its effects.
Moreover, most routine drug screening proce-
dures do not include synthetic cathinones in
general and mephedrone in particular, thus, pre-
venting clear knowledge of the real consump-
tion of these new drugs within the population
and the correlation between the abuse of NPS
and road and work accidents and fatal intoxica-
tion cases34. In this review, we aim to systemati-
cally review analytically confirmed cases of
mephedrone-related fatalities.

Materials and Methods

Relevant scientific articles were identified from
Medline, Cochrane Central, Scopus, Web of Sci-
ence, Science Direct, EMBASE and Google
Scholar, through May 2015 using the following
keywords: “Mephedrone”, “fatal intoxication,”
“fatalities”, “acute intoxication” and “death”. The
main key word “Mephedrone” was individually
searched in association to each of the others. The
22 sources found after the initial screening, in or-
der to exclude duplicate sources and retrospective
studies, were selected according to the “inclusion
criteria”. A comprehensive flow diagram with in-

clusion criteria is reported in Figure 2. The inclu-
sion criteria covered those citations that:
1) They were written in English;
2) Described human administration of

mephedrone;
3) Analytically confirmed the presence of

mephedrone;
4) Death was attributed to mephedrone either

alone or in combination with other sub-
stances.

Results

A total of 22 citations were identified, but only
10 met the inclusion criteria12,17,28,29,35-40. In addi-
tion, in one of the citations which reported 4 cas-
es of mephedrone fatalities, 2 cases were exclud-
ed since the cause of death was unknown in one
of the cases and stab wound of the abdomen was
cited as cause of death in the other one. However,
mephedrone was detected in blood samples in
both cases at concentration of 5.7 and 1.2 mg/L,
respectively35. Moreover, in another citation
which reported 12 fatal cases after mephedrone
consumption, only 4 cases were included in this
review, since in the rest of the cases death was at-
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tributed to mechanical suicide28. Lastly, one case
was excluded from another source since the
death was attributed to 4-MEC38. In total, 10 cita-
tions met the criteria for inclusion, representing
18 fatal cases with analytically confirmed
mephedrone in biological sample/s of the de-
ceased. The extracted data are summarized in the
Table I and Table II.
Of the deceased 14 were men, 2 were women

and in two cases gender was not reported, with
an average age of 27.8 (range: 17-55). Death was
attributed to mephedrone intoxication in 9 cases
(range of post-mortem blood mephedrone con-
centration: 1.33-22 mg/L), whereas multiple drug
toxicity, involving mephedrone was cited as
cause of death in 6 cases (range of post-mortem
blood mephedrone concentration: 0.04-1.3
mg/L). However, it is unfortunate that some stud-
ies do not give a sampling site from where the
post-mortem blood was collected.
The drugs involved in multidrug toxicity cases

were heroin, MDMA, methadone, cocaine, alco-
hol, GHB, etc. In one case, mephedrone was not
the primary cause of death but a fatal vehicular
collision; though mephedrone may have affected
the driving performance36. In another case, death
was not attributed solely to mephedrone but to
the adverse effects of this drug, with cardiac fi-
brosis and atherosclerotic coronary artery disease
as a contributing factor36. In the remaining case, a
36-year old man, injured himself severely by
smashing windows in a rage of fury and died de-
spite resuscitation attempts. Toxicological analy-
sis showed a high femoral blood mephedrone
concentration (5.1 mg/L) and traces of cocaine,
MDMA and oxazepam. His death was attributed
to fatal oral intake of mephedrone, which proba-
bly led to a state of excited delirium successively
aggravated by blood loss from multiple
wounds37.

Discussion

The abuse of mephedrone remains to be a pub-
lic health issue even after its classification. The
findings of Winstock et al32 suggest that drug
classification has had a limited effect on control-
ling its availability and use; in fact in a survey
conducted by the same research group it was
found that 63% of the responders had continued
to use mephedrone after the introduction of the
legislation. Before the legislation, users generally
had access to mephedrone via the internet, but

now they buy it from street dealers, on average at
double the price.
Cosbey et al28 reported 32 non-fatal impaired

driving cases where mephedrone was found ei-
ther alone or in combination with other drugs
and/or alcohol. In 9 cases mephedrone was the
only drug found at blood concentrations ranging
from 0.08 to 0.66 mg/L while in the other 23
cases, mephedrone was detected together with
other drugs and the blood concentration was in
the interval of 0.01-0.74 mg/L. The data pre-
sented in this study suggest that recreational use
of mephedrone can produce blood concentra-
tions as high as 0.74 mg/L, although the most
common value encountered is likely to lie be-
tween 0.2 and 0.3 mg/L. The most common
symptoms observed in impaired drivers were
agitation, hyperactivity, dilated pupils, glazed
eyes and slurred speech. Moreover, authors con-
cluded that on the basis of the evidence present-
ed, fatality due to mephedrone alone is likely to
be associated with blood mephedrone concen-
trations greater than 2.0 mg/L. In the present re-
view the mephedrone concentrations reported in
post-mortem blood, where death was attributed
to multidrug toxicity, ranged from 0.04 to 1.3
mg/L. The latest ascertainment suggests that
mephedrone concentrations which supposedly
fall within recreational use limits could also
lead to death when combined with other drugs
in certain circumstances.
Furthermore, Wikstrom et al39 highlight, after

reporting two accidental deaths attributed to
mephedrone intoxication, that the blood concen-
trations are close to those found in the living, a
fact that suggests a rather narrow therapeutic
window and emphasizes the dangers associated
with the use of this substance.
Wood et al13 reported a non-fatal intoxication,

in which plasma mephedrone concentration was
0.15 mg/L. The 22-year-old man developed fea-
tures of sympathomimetic toxicity shortly after
the mephedrone injection, including palpitations,
“blurred tunnel vision,” sweating, chest pressure
and felt generally unwell13. Mephedrone intoxi-
cations that required hospitalization were report-
ed after doses of 0.1-7.0 g29. However, it is im-
possible to determine a safe mephedrone dose,
since negative side effects may develop in associ-
ation with any dosage taken. In addition, similar
dosages may have dramatically different conse-
quences in different individuals41. Dickson et al17

reported an accidental death caused by the com-
bined use of mephedrone and heroin. The room-
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mate of the deceased had also recreationally tak-
en mephedrone and heroin, but did not die. The
fact that one individual had died while the other
had survived indicates the complexity in predict-
ing adverse effects after multiple drug taking.
Several fatalities were reported in the media

across Europe, initially implicating mephedrone
misuse, but few have actually resulted in
mephedrone being cited as the cause of death29,30.
This coverage in the ‘lay press’ tends to occur
when someone dies, and is generally based on
anecdotal reports of mephedrone use. In general,
at the time of death, when the media’s interest is
maximal, there are no toxicological findings
available to support the claims that mephedrone
was linked to the death, since toxicological
analysis of ante- or post-mortem biological sam-
ples takes time. The first death attributed to lone
mephedrone toxicity was in an 18-year-old fe-
male in Sweden15, where toxicological screening
of blood and urine revealed the presence of
mephedrone with no other drugs or alcohol de-
tected. However, the mephedrone concentration
was not reported.
It is worth pointing out the upmost importance

of investigators and medical examiners to pro-
vide relevant information and the circumstances
of their cases to the forensic toxicology laborato-
ry. If a case in which the individual was known to
have been using mephedrone or any new design-
er drugs is submitted without a specific request
for the corresponding testing, the outcome could
be negative, therefore new drugs may be left
unidentified, consequently leading to an incom-
plete determination of death by the medical ex-
aminers. Thus, Torrance and Cooper35 suggest
that “Forensic Toxicology laboratories must as-
sess their current testing protocols to ensure they
can meet the demand for both a targeted quanti-
tative analysis and a suitable screening regime
that will ensure cases submitted for analysis will
detect the presence of the mephedrone in a range
of biological matrices”.

Conclusions

Data currently available suggest that the abuse
of mephedrone is still a public health issue even
after its classification32. Case reports indicate that
there is no safe mephedrone dose, since negative
consequences may appear in association with any
dosage taken. Moreover, similar dosages may
have markedly different side effects in different
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subjects. In addition, mephedrone appears to
have a rather narrow therapeutic window that
makes its use dangerous. Dosages which suppos-
edly fall within recreational use limits could also
lead to death when combined with other drugs in
certain circumstances. Accidental deaths attrib-
uted to mephedrone poisoning, where the blood
concentrations were close to those found in the
living, support the latest view39.
Therefore, it is of upmost importance of inves-

tigators and medical examiners providing relevant
information and the circumstances of their cases
to the forensic toxicology laboratory. Finally,
Forensic Toxicology laboratories must assess
their testing procedures to ensure they can
achieve both an appropriate screening regime and
targeted quantitative analysis for the detection of
mephedrone in various biological matrices.
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