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Abstract

Background Recently, those substances deriving from the ac-
tive ingredient of the Khat plant, cathinone, have been rising
in popularity. Indeed, 4-methylmethcathinone (mephedrone;
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‘meow meow’ and others) has been seen by some as a cheaper
alternative to other classified recreational drugs.

Aims We aimed here at providing a state-of-the-art review
on mephedrone history and prevalence of misuse, chemistry,
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pharmacology, legal status, product market appearance,
clinical/management and related fatalities.

Methods Because of the limited evidence, some of the
information here presented has been obtained from user
reports/drug user-orientated web sites. The most common
routes for mephedrone recreational use include insufflation
and oral ingestion. It elicits stimulant and empathogenic
effects similar to amphetamine, methylamphetamine, co-
caine and MDMA. Due to its sympathomimetic actions,
mephedrone may be associated with a number of both phys-
ical and psychopathological side effects. Recent preliminary
analysis of recent UK data carried out in 48 related cases
have provided positive results for the presence of mephedrone
at postmortem.

Discussion and Conclusions Within the UK, diffusion of
mephedrone may have been associated with an unprece-
dented combination of a particularly aggressive online
marketing policy and a decreasing availability/purity of
both ecstasy and cocaine. Mephedrone has been recently
classified in both the UK and in a number of other countries
as a measure to control its availability. Following this, a few
other research psychoactives have recently entered the
online market as yet unregulated substances that may
substitute for mephedrone. Only international collaborative
efforts may be able to tackle the phenomenon of the regular
offer of novel psychoactive drugs.

Keywords Mephedrone - Meow meow - Cathinones -
Drug misuse - Drug-related deaths - Psychoactive drugs

Introduction

Mephedrone (4-methylmethcathinone; ‘plant food’, ‘meow
meow’, ‘miaow’, ‘drone’, ‘meph’, ‘bubbles’, ‘spice E’,
‘charge’, ‘M-Cat’, ‘rush’, ‘Ronzio’, ‘Fiskrens’ and ‘MMC
hammer’) is the most popular of the cathinone derivatives,
which also include butylone; methylone and remaining
compounds (ACMD 2010; Morris 2010). It has been
readily available for purchase both online and in head
shops and its circulation has been promoted by aggressive
web-based marketing (Deluca et al. 2009; Mephedrone2you
2010; National Treatment Agency 2010).

Mephedrone is a psychoactive research chemical that
elicits stimulant and empathogenic effects similar to
amphetamines, methylamphetamine, cocaine and MDMA
(Winstock et al. 2010a). It has drawn wider attention from
the media since it has been allegedly linked to a number of
fatalities. As we write, only few formal papers and
experimental/clinical data have been published (Dargan et
al. 2010; Winstock et al. 2010a, b). Some of the
information contained in this review has been obtained
from user reports and drug user-orientated web sites, again
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highlighting the lack of peer-reviewed resources. Given the
limited information available, we aimed here at providing a
state-of-the-art review on mephedrone chemical, pharma-
cological and clinical issues.

History and prevalence of misuse

In 1929, Saem de Burnaga Sanchez first described the
synthesis of mephedrone (Saem de Burnaga Sanchez 1929).
However, khat-extracted cathinones which first appeared in
Israel in early 2000s, locally named as ‘Hagigat’ (Urquhart
2004), were eventually outlawed following a large number
of hospitalisations caused by its exposure (Bentur et al.
2008). As a result of the ban, chemists began altering the
chemical structure of cathinone to synthesize related
unscheduled compounds. The first online reference to
mephedrone reportedly occurred in May 2003 (Power
2009), but both its availability for online purchase
(Camilleri et al. 2010; Roussel et al. 2009) and related
popularity (Deluca et al. 2009) started in 2007. Data
collected by the European Monitoring Centre for Drugs
and Drug Addiction show that over the first quarter of
2010, there have been detections in some 20 EU Member
States, with most of them reporting small- to medium-sized
seizures (Europol-EMCDDA 2010).

Although not well known in the USA, 4-
methylmethcathinone appears to be particularly popular in
the UK (Brandt et al. 2010a; Mephedrone2you 2010).
During the second quarter of 2009, the Forensic Science
Service received submissions of three times as many
samples of mephedrone for analysis than it had in the
previous 12-month period (ACMD 2010; Ghodse et al.
2010). Since mephedrone appeared only very recently on
the market, it does not feature in most drug use household
surveys, and it is uncertain how many people present with a
history of mephedrone misuse. Most available data originate
from self-reported surveys and small focus group research.
Main settings of use might be nightclubs, parties and people’s
home (Newcombe 2009). A research project led by the
National Addiction Centre in London with 2,295 readers of
the dance magazine ‘Mixmag’ disclosed that 41.7% of
surveyed people had ever tried 4-methylmethcathinone and
33.2% had used during the last month, making it the sixth
most popular drug among clubbers, after tobacco, alcohol,
cannabis, ecstasy and cocaine. Cathinone derivative methyl-
one was mentioned as well in the survey (Winstock et al.
2010b). Dargan et al. (2010) assessed both the prevalence
and frequency of use of mephedrone. Data were collected
using a questionnaire survey in schools, colleges and
universities in the Tayside area of Scotland in February
2010. Some 1,006 individuals completed the survey and 205
(20.3%) reported previous use of mephedrone; 23.4%
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reported using only using mephedrone on one occasion
previously and 4.4% reported daily use. A total of 48.8% of
users sourced mephedrone from street-level dealers and
10.7% from the Internet. Although both the Mixmag and
Scottish schools surveys are limited by the nature of
sampling technique and target populations, the heightened
interest in mephedrone (National Treatment Agency 2010)
might be readily testified by the rise in the number of both
telephone inquiries and visits to both the TOXBASE and
FRANK web sites (ACMD 2010).

Mephedrone appearance on the UK market may have been
associated with an unprecedented decreasing purity of both
MDMA and cocaine (Hand and Rishiraj 2009; Fleming 2010;
Measham et al. 2010; National Treatment Agency 2010).
Similar observations have been recently reported from the
Netherlands (Brunt et al. 2010). As a consequence, drug
users may have switched to mephedrone, being allegedly
cheaper and more powerful than the currently available
‘traditional’ stimulants (Deluca et al. 2009). Moreover, recent
changes in the attitudes of drug users, as well information
sharing and marketing through the Internet, are likely to have
played a significant role. The ready availability of mephe-
drone may well have boosted its diffusion, and prior to its
ban, many surveyed people thought 4-methylmethcathinone
not to be harmful because of its appealing legal status (Daly
2010; Ramsey et al. 2010). This combination of circum-
stances has been massively capitalized on by suppliers
who may conceivably have made huge profits by
promoting the drug through an aggressive e-commerce
advertising policy and by arranging a widespread
delivery system (Power 2010; Freepressindex 2010;
Mephedrone2you 2010). Paradoxically, online newspaper
articles about mephedrone contained banners pointing
towards drug vendors, and some editorialists have indicated
mephedrone as an example of the future of drug dealing
(Power 2009). One could also wonder about the possible role
the media has played in promoting mephedrone use (Davey
et al. 2010). From this point of view, Measham et al. (2010)
have referred to the conceptualization of mephedrone in the
media as a ‘moral panic’, and as such, this may have
obscured the potential for accurate and valuable safety
information to be transmitted and received on a large scale.

Immediately after the mephedrone ban, novel compounds
have already appeared on the horizon, with molecules such as
naphyrone (also known as naphthylpyrovalerone, ‘energy 1’
or ‘NRG-1") and MDA (5,6-methylendioxy-2-aminoindane)
representing two of the emerging research chemicals set to
replace mephedrone as alternative psychoactives. In fact,
they are marketed and advertised with modalities similar to
those referring to mephedrone up to a few months ago
(Townsend 2010). Interestingly, some of these products
have been shown to contain mephedrone and/or methylene-
dioxypyrovalerone (MDPV; Brandt et al. 2010b).

Chemical characteristics

Mephedrone is a semi-synthetic compound belonging to the
chemical class of cathinone derivatives (or substituted
cathinones). Cathinone is a natural amphetamine-like
alkaloid found in the fresh leaves and stems of the African
shrub Catha edulis (Khat; Kalix 1992). The systematic
name of mephedrone is 2-(methylamino)-1-(p-tolyl)propan-
1-one(25)-2-(methylamino)-1-(4-methylphenyl)propan-1-
one, in accordance with the International Union of Pure and
Applied Chemistry. Different acronyms include 1-(4-meth-
ylphenyl)-2-methylaminopropan-1-one, 2-methylamino-1-
p-tolylpropan-1-one, 4-methylmethcathinone, 4-MMC and
MMCAT. The molecular formula and mass are C;;H;sNO
and 177.242 g/mol, respectively (Chemspider 2010; Kalix
1992; Pubchem 2010). The structure of mephedrone is
shown in Fig. 1 where it differs from cathinone by
methylation of the amino group and the benzene ring
present (Gustaffsson and Escher 2009; Osorio-Olivares et
al. 2003). The cathinones are beta-keto derivatives of
phenethylamines (Fig. 1), and hence analogues of amphet-
amines (Chemspider 2010). Since they are mainly synthetic
in origin, beta-keto amphetamines are also known as ‘bk
designer drugs’. Each of the phenethylamine compounds
has a parallel cathinone analogue. For example, methcathi-
none is the cathinone anologue of methylamphetamine
(ACMD 2010).

Like other cathinone derivatives, mephedrone possesses
a single chiral centre thereby existing in two enantiomeric
forms, (S)- and (R)-mephedrone (Europol-EMCDDA 2010;
Gibbons and Zloh 2010). For cathinone, the S(—) form is
more potent than the R(—) enantiomer, and this may be
similar for mephedrone. The synthesis of (S)-4-methylca-
thinone, an (S)-mephedrone precursor, has been carried out
via Friedel-Crafts acylation, as shown in Fig. 2 (Osorio-
Olivares et al. 2003). Further methylation of the amino
group would yield (S)-mephedrone.

It is relatively easy to produce mephedrone in non-
professional laboratories (Fig. 3) via bromination of 4-
methylpropiophenone followed by reaction with methyl-
amine or by oxidation of 4-methylephedrine (Archer 2009;
Europol-EMCDDA 2010). Both reactions would result in a
mixture of R- and S-mephedrone. However, a stereo-
selective synthesis in the latter is possible using a single
enantiomeric form (Lee et al. 2007) of 4-methylephedrine
(Europol-EMCDDA 2010).

Pharmacology
Some cathinone derivatives are currently under active

research as a promising class of monoamine uptake inhibitors
(Meltzer et al. 2006). However, only little is known about the
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Fig. 1 Mephedrone and related
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pharmacology of 4-methylmethcathinone. Given cathinone
derivatives affiliation to beta-ketoamphetamines, mephe-
drone is expected to act as a central nervous system stimulant
by promoting the release of monoamine neurotransmitters
and likely inhibiting their reuptake (Kalix 1990; Feyissa and
Kelly 2008). Indeed, in vitro studies on the effects of the
cathinone derivatives methcathinone and methylone confirm
that the main mechanism of action is very similar to that of
amphetamine, therefore being characterized by a predomi-
nant action on plasma membrane catecholamine transporters
(Cozzi et al. 1999). Both amphetamines and cathinones bind
to noradrenalin, dopamine and serotonin transporters (Nagai
et al. 2007), each of them differing from each other by its
relative binding potency. In particular, the presence of the
ring substituent on the phenethylamine core modifies the
pharmacological properties by giving the compound some
MDMA-like effects, whereas amphetamines and cathinone
derivatives without ring substituents exert mostly stimulant
effects (Europol-EMCDDA 2010). Cathinones’ potencies are
mostly lower than those of amphetamines as beta-keto
amphetamines show a reduced ability to cross the blood—
brain barrier due to the presence of the beta group (Nagai
et al. 2007; Gygi et al. 1996).

N-demethylation to the primary amine, reduction of the
keto moiety to the respective alcohol, and oxidation of the
tolyl moiety to the corresponding alcohols and carboxylic
acid is the major metabolic pathway for mephedrone,
followed by N-dealkylation. Intake of both mephedrone
and other beta-keto amphetamines can be detected with
appropriate urine testing technology (Meyer et al. 2010;
Zaitsu et al. 2009).

Legal status

At the time of writing, mephedrone is not under a
consistent international control. In fact, misuse of mephe-
drone has spread very quickly in a relatively short period of
time, notably arising in popularity among drug users (see
Electronic supplementary material (ESM) Table 1). In the
UK, where mephedrone has been greatly drawing both

Fig. 2 Stereoselective synthesis CH
of (§)-4-methylcathinone 8 NHCOCF3

* cloc—\"'H
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mass media and government attention, the Advisory
Council on the Misuse of Drugs has published a report on
the cathinone derivatives, recommending their inclusion in
the Misuse of Drugs Act 1971 under class B. As a result,
mephedrone was made a controlled drug (class B) on the
16th April 2010 (ACMD 2010). It may be of interest that
control in some countries (e.g. Finland) has been by use of
legislation other than the Misuse of Drugs Act or equivalent
measures (see ESM Table 1).

Although in a way similar to many other recreational drugs
4-methylmethcathinone has been specifically synthesized to
avoid existing drug misuse laws (BBC News 2009; Deluca et
al. 2009; Financiarul online 2010), many synthetic ‘legal
highs’ may not be legal. In fact, active ingredients in legal
highs purchased from Internet-based suppliers do not remain
consistent over time, hence increasing the risk of individuals
purchasing a ‘legal high’ that contains a controlled drug
(Ramsey et al. 2010). Furthermore, even if they have no
history of previous use as drugs, specific psychoactive
substances may still be liable to control under the Medicines
Act. However, labelling is likely to be the key to better
understand the phenomenon. In fact, a number of recrea-
tional psychoactive drugs available for online purchase,
including mephedrone, are claimed to be ‘plant feeders’,
‘bath salts’ and ‘not for human consumption’ (Mephedro-
ne2you 2010), and prosecution as such may be difficult
(Winstock and Ramsey 2010). Many online suppliers’ sites
implicitly, however, suggest its use as a drug, referring to the
rave and party culture in the web site graphic design and/or
providing the customers with ambiguous reviews written by
self-styled gardeners (Mephedrone.com 2010). It is of
concern that despite the banning of mephedrone, little may
indeed prevent suppliers from using the same marketing
approach for novel and shortly forthcoming compounds
(Brandt et al. 2010a).

Finally, it is worth noting that in March 2010, the
EMCDDA and Europol submitted a joint report on
mephedrone (Europol-EMCDDA 2010) to the Council of
the EU, the European Commission and the European
Medicines Agency (EMA), presenting the case for the
forthcoming formal risk assessment of the drug.

2 NHCOCF o NH, HC
AICl3 3 HCl 2.
—— z CH3 ; Z CH3
A iPrOH/H,O A
HzC HsC
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Fig. 3 Synthesis of mephedrone o

Market and commercial appearance

Mephedrone occurs as a white, sometimes off-white or
slightly yellowish, powder or fine crystals. Less frequently,
it is marketed as capsules or tablets of various colours,
shape and thickness, with or without a logo. Although
mainly sold in powder and crystal forms, mephedrone may
be commercially available in tablets and included within
vegetable-based capsules. It has been reported that
mephedrone is sometimes sold in some countries as either
ecstasy or cocaine (Deluca et al. 2009; ABC News 2008).
Furthermore, it may be found to be mixed with some
adulterants, such as caffeine, paracetamol and even cocaine,
amphetamine and ketamine (Camilleri et al. 2010).

Routes of administration, dosage, use in combination
with other drugs

The most common routes for recreational use include
insufflation (snorting) and oral ingestion. Because of its
solubility in water, mephedrone is reportedly used by rectal
administration (dissolved in an enema or within gelatine
capsules) as well or injected intravenously. Insufflation is
likely to be the most common modality. When snorted,
mephedrone elicits its effects within a few minutes, with the
peak being reached in <30 min followed by a rapid
comedown. According to online users’ advice, mephedrone
dosage for snorting may range between 25 and 75 mg, with
the lower threshold being at 5-15 mg and with a level in
excess of 90 mg to be considered a high dosage (Sumnall
and Wooding 2009). Dosing is more frequent when taken
intranasally; this route is allegedly associated with greater
abuse liability than the oral route (Winstock et al. 2010a, b).

Other typical methods of intake include oral administra-
tion, through ingestion of capsules or tablets; swallowing
mephedrone powder wrapped up in cigarette paper
(bombing); or mixed with water. On average, the most
common oral dosages are higher than the snorting ones
(Sumnall and Wooding 2009), being in the range between
150 and 250 mg. Time of onset may be of 45 min—2 h and

H3C

O CH
CH
HaC 8

4-Methylmethcathinone

OH C|3H3
NH KMnO4

CHa

4-Methylephedrine

may vary in association with the amount of food contained
in the stomach. Because of this, users suggest to take
mephedrone on an empty stomach. With oral administra-
tion, psychoactive effects may last longer (up to 2—4 h);
side effects might be milder and the urge to re-dose less
pressing. Some consumers exploit both insufflation and
oral ingestion in combination to achieve both faster onset
and long-lasting effects (Deluca et al. 2009). With respect
to oral ingestion, users report that rectal administration is
characterized by faster onset of the effects and requires
lower doses, e.g. 100 mg on average (Deluca et al. 2009).

Although not typically advised, because this may
increase the drug addictive liability levels (Deluca et al.
2009), mephedrone may also be injected either intramus-
cularly (Wood et al. 2010a) or intravenously, at one half or
two thirds of the oral dose (Deluca et al. 2009). This
method of intake appears to be fairly well known in
Romania where mephedrone may be combined with heroin
(Europol-EMCDDA 2010). Because of the capability of the
drug to induce tolerance upon repeated doses, an increasing
number of user reports have stated a quick progression to
either regular drug use and/or uncontrolled bingeing
behaviour (known as ‘fiending’), with 1-4 g of mephedrone
consumed in a session to prolong the duration of its effects
(Deluca et al. 2009; Europol-EMCDDA 2010). A recent
survey carried out by a drug-related web site has unveiled
an average monthly use of 11.16 g for each mephedrone
consumer (Drugsforum 2010). Although withdrawal
symptoms are not typically reported, users often describe
strong cravings for the drug (Newcombe 2009). In a
survey carried out in Scotland in February 2010, roughly
one out of six users’ surveyed reported 'addiction or
dependence' symptoms associated with their mephedrone
use (Dargan et al. 2010).

Although one could argue about the limited generaliz-
ability of most studies here quoted and of the advice
provided from online fora, according to web users
mephedrone may be taken in combination with a number
of stimulants, sedatives and psychedelics (Deluca et al.
2009). These may include: cocaine, amphetamine, modafinil,
butylone, MDPV, methylone, metamfepramone, alcohol,
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GBL/GHB, benzodiazepines, kratom (mytraginin), heroin,
cannabis, ketamine (with this combination being known
as ‘challenge’), MDMA, BZP, TFMPP, DMAA and
sildenafil. One could conclude that the above combina-
tions are likely to increase mephedrone toxicity effects
and harm potential.

Desired and untoward mephedrone effects

Mephedrone effects have been variously compared by users
to those of cocaine, amphetamine and MDMA. Self-
reported subjective effects may include (Winstock et al.
2010b; Deluca et al. 2009):

— Intense stimulation and alertness, euphoria

—  Empathy/feelings of closeness, sociability and talkativeness
— Intensification of sensory experiences

—  Moderate sexual arousal

— Perceptual distortions (reported with higher dosages

only)

According to Dargan et al. (2010), some 56% of those
who had used mephedrone may complain of at least one
unwanted effect associated with its use; these may include
(ACMD 2010; Deluca et al. 2009; James et al. 2010; Wood
et al. 2009, 2010b):

—  Gastrointestinal system: Loss of appetite, dry mouth,
nausea, vomiting and stomach discomfort;

—  Central nervous system/neurological: Tremors, tense
jaws, trismus, bruxism, mild muscle clenching, stiff
neck/shoulders, headache (very common), dizziness/
lightheadedness, tinnitus, seizures, nystagmus, pupil
dilation, blurred vision, numbness of tactile sensitivity
(reported at higher dosages);

—  Central nervous system/psychiatric: Anxiety, agita-
tion, confusion, dysphoria, irritability, aggression;
depression, lack of motivation, anhedonia; time
distortions, long-lasting hallucinations, paranoid
delusions, short-term psychosis, short-term mania;
insomnia and nightmares; impaired short-term
memory, poor concentration, mental fatigue. Psy-
chopathological consequences are more frequently
reported if the drug is taken at higher dosages/in
prolonged sessions (Deluca et al. 2009; Winstock et
al. 2010b) and/or if the misuser presents with an
underlying psychobiological vulnerability (Odenwald
et al. 2005, 2009);

—  Cardiovascular system: Tachycardia, elevated blood
pressure, respiratory difficulties, chest pain and elevated
blood pressure, peripheral vasoconstriction. Possibly due
to vasoconstriction, users have anecdotally described
cold/blue fingers;
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—  Renal/urinary excretory system: Difficulties in urination,
possible nephrotoxicity, anorgasmia;

—  Miscellaneous: Changes in body temperature regulation,
with hot flushes and sweating (so-called mephedrone
sweat, characterized by a strong body odour); painful
nasal drip, nose and throat bleeds with burns and
ulcerations (following insufflation); immunological
toxicity (vasculitis, infections and ulcerations).

Most of the above untoward effects seem to be similar to
those already documented for amphetamine, methamphet-
amine and MDMA (Schifano et al. 2010), implicitly
supporting a sympathomimetic activity of mephedrone.
Conversely, symptoms of depression and anhedonia could
be tentatively associated to a putative depletion of serotonin
and dopamine as a consequence of drug use (ACMD 2010),
similarly to what may occur with other stimulants (Schifano
1996). It is impossible to determine a ‘safe’ dose for
mephedrone since negative side effects may present in
association with any dosage taken. Furthermore, similar
dosages may have dramatically different consequences in
different individuals (Dickson et al. 2010).

Treatment and management
Acute management of adverse events

The only available information relating to treatment of
mephedrone acute behavioural toxicity derives from observa-
tions carried out in an Emergency Department in central
London. In most cases, mephedrone-related agitation was
treated with benzodiazepines. All 15 patients were discharged
after appropriate observation with no sequelae (Wood et al.
2009, 2010a, b). Since no guidelines have yet been
specifically provided, treatment is to be considered
empirical. One could argue that the treatment for the
more life-threatening conditions might be broadly similar
to that of amphetamine poisoning. Those individuals
presenting with less severe symptoms should be assessed
and managed as for any other users of psychoactive
drugs and may simply need reassurance, support and
observation. People with underlying cardiac, neurological
and psychiatric conditions, especially those on medication, are
likely to be at greatest risk of serious adverse events (Winstock
et al. 2010a).

Longer term therapeutic psychological and harm reduction
approaches

Harm reduction advice has been provided by prodrug
web sites, including using the drug not exceeding
500 mg per session and dosing orally rather than
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insufflating (Newcombe 2009). Since too little is known
about mephedrone potential neurotoxicity or long-term
consequences of its use, only common sense advice about
the use of any psychoactive stimulant has been provided
(Winstock et al. 2010a). This may include: avoiding
regular use to avoid developing tolerance; not using the
drug in combination with other stimulants or large amounts of
alcohol and other depressants; not injecting the drug;
remaining well hydrated when using the drug; and avoiding
becoming overheated. Both a brief motivational intervention
and appropriately adapted psychosocial intervention have
been suggested to treat mephedrone addiction (Winstock et al.
2010a).

Mephedrone-related deaths

During the last few months, British media and newspapers
have been reporting about fatalities allegedly related to
mephedrone consumption almost on a weekly basis, but
only a proportion of them have already been confirmed. A
report on a mephedrone-related fatality first appeared in
Sweden, referring to an 18-year-old female death which
occurred in December 2008. No other drugs, apart from
mephedrone, were identified by the toxicological screenings
(Gustaffsson and Escher 2009). Previously, a Danish teenager
found in possession of mephedrone died in May 2008,
although toxicology reports were inconclusive (Campbell
2009). Published data regarding the first mephedrone-related
death in the USA involved the combined use of mephedrone
and heroin (Dickson et al. 2010).

Data collected by the National Programme on Substance
Abuse Deaths (Ghodse et al. 2010) suggest that by the
beginning of October 2010, there have been 45 suspected
deaths related to mephedrone in England, 12 in Scotland, 1
in Wales, 1 in Northern Ireland and 1 in Guernsey.
Preliminary analysis carried out in 48 out of these 60 cases
has provided positive results for the presence of mephedrone
at postmortem. Remaining cases are, to date, awaiting
further investigation. It is important to emphasize that a
number of fatalities reported to the np-SAD implicated
mephedrone consumption in combination with other
substances/other recreational drugs, such as alcohol,
cannabis, cocaine, amphetamine, methadone, methylone
and 4-MTA.

Conclusions

This paper may represent a comprehensive and critical
review of the currently available information on the novel
psychoactive drug 4-methylmethcathinone. Data have been
collected from the very few published articles in scientific

peer-reviewed journals, from official bodies’ reports and
from the users’ grey literature/prodrug web sites. It is
worth emphasizing the importance of the latter since
mephedrone was indeed first identified by the Psychonaut
Web Mapping project (Deluca et al. 2009) whilst examining
new trends in drug use by actively monitoring drug user-
orientated web sites.

Although pharmacodynamics data are currently uncertain
and further data from peer-reviewed studies are needed,
effects of 4-methylmethcathinone are reported to be broadly
similar to those of MDMA/ecstasy and cocaine. In fact,
mephedrone may feature mainly stimulant-like effects, such
as mood enhancement and alertness, but possesses as well
both empathogenic and hallucinogenic properties at higher
dosages. Only a few related case reports have been published
so far, and there is a distinctive lack of information about the
acute and chronic toxicity of 4-methylmethcathinone. In the
UK, mephedrone has been tentatively associated with a
number of deaths. However, most of them may have been
reported by the popular press with some levels of inaccuracy,
and this is likely to have generated confusion in the
general public (Davey et al. 2010). Preliminary data from
the np-SAD here commented emphasize the need of
continuing to monitor mephedrone. In fact, because of
the recent appearance of the drug into the market and the
lack of mephedrone knowledge on the coroners’ side, one
could still think that the number of related fatalities has
been underreported. It is worth noting that after ban
legislation came into effect, postmortem samples taken in
June 2010 in the UK have still tested positive for
mephedrone (Ghodse et al. 2010; Davies et al. 2010).

A large quantity of personal advice and suggestions with
respect to mephedrone dosage, best ways of experimenting
with its effects and avoiding untoward reactions was here
largely available in the web sites we sampled. The technical
knowledge on new products entering the market, hardly
obtained through reference books and scientific journals,
is often held in closed groups of users who exchange
online information with each other without any contact
with the scientific world (Littlejohn et al. 2005; Schifano
et al. 2006; Schmidt et al. 2010). Much of the material
quoted here referring to web-based sources was, however,
not evidence-based and, for this reason, has proved to be
difficult indeed to critically evaluate. In particular, we did
not have any possibility to confirm if the substance the
misusers were referring to was indeed mephedrone. We
did not survey here the actual use of the online
information by interested web surfers, but only the
availability and the content of data on mephedrone.

Future studies should better assess both the acute and
chronic toxicity of mephedrone and related cathinone
derivatives. With a better understanding of these drugs’
clinical pharmacology, it is hopeful that related clinical
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management levels will improve. Furthermore, the charac-
teristics of those consumers who take advantage of the
online available information on mephedrone and similar
compounds should be better assessed and, as a result, the
stereotypical image of the ‘drug misuser’ may need to
change (Littlejohn et al. 2005). Finally, the potential of
innovative ICT prevention programmes for novel psycho-
active compounds, such as the EC-funded 2010-2012
ReDNet research project (www.rednetproject.eu; Corazza
et al. 2010) remains to be tested.

Mephedrone has been recently classified in both the UK
and in a number of other countries as a measure to control
its diffusion. One could argue that the designer drug market
appears to be constantly one step ahead of the authorities.
Although it is beyond the scope of this paper to comment
on the effectiveness of these control measures, it is a matter
of fact that a few psychoactive compounds (e.g. NRG-1,
NRG-2, MDAi, MDPV, etc.) have recently entered the
online market as substitutes for mephedrone. It is our
opinion that only international collaborative efforts may be
able to tackle the phenomenon of the regular offer of novel
psychoactive drugs.

Funding The present study was carried out with the support of the
European Commission (EC); e.g. for both the Psychonaut Web
Mapping System (A/800102; 2006 348) and the ReDNet (EC
Executive Agency for Health and Consumers in the framework of
the Public Health Programme; 2009 12 26) projects. The views
expressed here reflect only the authors’ views and not necessarily
those of the relevant EC officers.

Conflict of interest No conflicts of interest are declared here which
may have influenced the interpretation of present data.

References

Advisory Council on the Misuse of Drugs/ACMD (2010) Advisory
Council on the Misuse of Drugs on Consideration of the
Cathinones. http://www.homeoffice.gov.uk/publications/drugs/
acmd1/acmd-cathinodes-report-2010, accessed 18 August 2010

Archer RP (2009) Fluoromethcathinone, a new substance of abuse.
Forensic Sci Int 185:10-20

Bentur Y, Bloom-Krasik A, Raikhlin-Eisenkraft B (2008) Illicit
cathinone (“Hagigat”) poisoning. Clin Toxicol Phila 46:206—
210

Brandt SD, Sumnall HR, Measham F, Cole J (2010a) Analyses of
second-generation 'legal highs' in the UK: initial findings. Drug
Test Anal 2:377-382

Brandt SD, Sumnall HR, Measham F, Cole J (2010b) Second generation
mephedrone. The confusing case of NRG-1. BMJ 341:c3564

Brunt TM, Poortman A, Niesink RJ, van den Brink W (2010)
Instability of the ecstasy market and a new kid on the block:
mephedrone. J Psychopharmacol (Sep 8, in press)

@ Springer

Camilleri A, Johnston MR, Brennan M, Davis S, Caldicott DG
(2010) Chemical analysis of four capsules containing the
controlled substance analogues 4-methylmethcathinone, 2-
fluoromethamphetamine, alpha-phthalimidopropiophenone and
N-ethylcathinone. Forensic Sci Int 197:59-66

Campbell D (2009) Online sales of legal alternatives to class A drugs
raise safety fears. http://www.guardian.co.uk/society/2009/mar/
12/online-legal-drugs-stimulants, accessed 19 August 2010

Chemicalbook (2010) http://www.chemicalbook.com, accessed 21
March 2010

Chemspider (2010) http://www.chemspider.com, accessed 21 March
2010

Corazza O, Davey Z, Deluca P, Demetrovics Z, Drummond C,
Enea A, Moskalewicz J, Di Melchiorre G, Di Furia L, Farre'
M, Flesland L, Scherbaum N, Siemann H, Skutle A, Torrens
M, Pasinetti M, Pezzolesi C, Shapiro H, Sferrazza E, van der
Kreeft P, Schifano F (2010) Le potenzialita della prevenzione
digitale in materia di nuove droghe: il ruolo del Recreational
Drugs European Network-ReDNet [Potential of digital pre-
vention relating to novel drugs’ misuse: the role of the
Recreational Drugs European Network-ReDNet] Dipend Patol
(in press)

Cozzi NV, Sievert MK, Shulgin AT, Jacobill P, Ruoho AE (1999)
Inhibition of plasma membrane monoamine transporters by beta-
ketoamphetamines. Eur J Pharmacol 381:63—-69

Daly M (2010) Teenage kicks. http://www.drugscope.org.uk/Resources/
Drugscope/Documents/PDF/Good%20Practice/DruglinkJanFeb10.
pdf, accessed 19 August 2010

Dargan PI, Albert S, Wood DM (2010) Mephedrone use and
associated adverse effects in school and college/university
students before the UK legislation change. QIM 103:875—
879

Davey Z, Corazza O, Schifano F, Deluca P, Psychonaut Web
Mapping Group (2010) Mass-information: mephedrone,
myths, and the new generation of legal highs. Drugs Alcohol
Today 10:24-28

Davies S, Wood DM, Smith G, Button J, Ramsey J, Archer R, Holt
DW, Dargan PI (2010) Purchasing 'legal highs' on the Internet—
is there consistency in what you get? QJM 103:489-493

Deluca P, Schifano F, Davey Z, Corazza O, Di Furia L, and the
Psychonaut Web Mapping Research Group (2009). Mephe-
drone Report. Institute of Psychiatry, King’s College London,
London (UK), 2009. www.psychonautproject.eu, accessed 19
August 2010

Dickson AJ, Vorce SP, Levine B, Past MR (2010) Multiple-drug toxicity
caused by the coadministration of 4-methylmethcathinone
(mephedrone) and heroin. J Anal Toxicol 34:162-168

Drugsforum (2010) http://www.drugs-forum.com, accessed 17 April
2010

Europol-EMCDDA joint report on a new psychoactive substance: 4-
methylmethcathinone (mephedrone). http://www.emcdda.europa.
eu/attachements.cfm/att_102496_EN_Europol-EMCDDA_Joint
Report Mephedrone.pdf, accessed 16 August 2010

Feyissa AM, Kelly JP (2008) A review of the neuropharmacological
properties of khat. Progr Neuro Psychopharmacol Biol Psychiatry
32:1147-1166

Financiarul online (2010): Salvia divinorum, psilocybe mush-
rooms are among hallucinogenic herbs banned by gov’t. http://
www.financiarul.ro/?s=Salvia+divinorum%2C+psilocybe
+mushrooms+are+among+hallucinogenict+herbs+banned+by
+g0v%E2%80%99t+, accessed 18 August 2010

Fleming N (2010) Miaow-miaow on trial: truth or trumped-up
charges? http://www.newscientist.com/article/dn18712-
miaowmiaow-on-trial-truth-or-trumpedup-charges.html,
accessed 19 August 2010


http://www.rednetproject.eu
http://www.homeoffice.gov.uk/publications/drugs/acmd1/acmd-cathinodes-report-2010
http://www.homeoffice.gov.uk/publications/drugs/acmd1/acmd-cathinodes-report-2010
http://www.guardian.co.uk/society/2009/mar/12/online-legal-drugs-stimulants
http://www.guardian.co.uk/society/2009/mar/12/online-legal-drugs-stimulants
http://www.chemicalbook.com
http://www.chemspider.com
http://www.drugscope.org.uk/Resources/Drugscope/Documents/PDF/Good%20Practice/DruglinkJanFeb10.pdf
http://www.drugscope.org.uk/Resources/Drugscope/Documents/PDF/Good%20Practice/DruglinkJanFeb10.pdf
http://www.drugscope.org.uk/Resources/Drugscope/Documents/PDF/Good%20Practice/DruglinkJanFeb10.pdf
http://www.psychonautproject.eu
http://www.drugs-forum.com
http://www.emcdda.europa.eu/attachements.cfm/att_102496_EN_Europol-EMCDDA_Joint_Report_Mephedrone.pdf
http://www.emcdda.europa.eu/attachements.cfm/att_102496_EN_Europol-EMCDDA_Joint_Report_Mephedrone.pdf
http://www.emcdda.europa.eu/attachements.cfm/att_102496_EN_Europol-EMCDDA_Joint_Report_Mephedrone.pdf
http://www.financiarul.ro/?s=Salvia+divinorum%2C+psilocybe+mushrooms+are+among+hallucinogenic+herbs+banned+by+gov%E2%80%99t+
http://www.financiarul.ro/?s=Salvia+divinorum%2C+psilocybe+mushrooms+are+among+hallucinogenic+herbs+banned+by+gov%E2%80%99t+
http://www.financiarul.ro/?s=Salvia+divinorum%2C+psilocybe+mushrooms+are+among+hallucinogenic+herbs+banned+by+gov%E2%80%99t+
http://www.financiarul.ro/?s=Salvia+divinorum%2C+psilocybe+mushrooms+are+among+hallucinogenic+herbs+banned+by+gov%E2%80%99t+
http://www.newscientist.com/article/dn18712-miaowmiaow-on-trial-truth-or-trumpedup-charges.html
http://www.newscientist.com/article/dn18712-miaowmiaow-on-trial-truth-or-trumpedup-charges.html

Psychopharmacology (2011) 214:593-602

601

Freepressindex (2010) Get mephedrone very easily. Posted on March
16, 2010. http://www.freepressindex.com/news-get-mephedrone-
very-easily-17851.html, accessed 19 August 2010

Ghodse AH, Corkery J, Oyefeso A, Schifano F, Ahmed K, Naidoo V
(2010) Drug related deaths in the UK. Annual Report 2010.
International Centre for Drug Policy, St George's, University of
London, UK

Gibbons S, Zloh M (2010) An analysis of the 'legal high' mephedrone.
Bioorg Med Chem Lett 20:4135-4139

Gustaffsson D, Escher C (2009) Mefedron. Internetdrog som tycks ha
kommit for att stanna [Mephedrone—Internet drug that seems to
have come to stay]. Lakartidningen 106:2769-2771

Gygi MP, Gibb JW, Hanson GR (1996) Methcathinone: an initial
study of its effects on monoaminergic systems. J Pharmacol Exp
Ther 276:1066-1072

Hand T, Rishiraj A (2009) Seizures of drugs in England and Wales
2008/09. Home Office Statistical Bulletin 16/09. Home Office,
London

James D, Adams RD, Spears R, Cooper G, Lupton DJ, Thompson JP,
Thomas SH; on behalf of the National Poisons Information
Service (2010) Clinical characteristics of mephedrone toxicity
reported to the UK National Poisons Information Service. Emerg
Med J (Aug 25, in press)

Kalix P (1990) Pharmacological properties of the stimulant khat.
Pharmacol Ther 48:397-416

Kalix P (1992) Cathinone, a natural amphetamine. Pharmacol Toxicol
70:77-86

Lee WS, Chan MF, Tam WM, Hung MY (2007) The application of
capillary electrophoresis for enantiomeric separation of N,N-
dimethylamphetamine and its related analogs: intelligence study
on N,N-dimethylamphetamine samples in crystalline and tablet
forms. Forensic Sci Int 165:71-77

Littlejohn C, Baldacchino A, Schifano F, Deluca P (2005) Internet
pharmacies and online prescription drug sales: a cross-sectional
study. Drugs Ed Prev Policy 12:75-80

Measham F, Moore K, Newcombe R, Welch Z (2010) Tweaking,
bombing, dabbing and stockpiling: the emergence of mephedrone
and the perversity of prohibition. Drugs Alcohol Today 10:14-21

Meltzer PC, Butler D, Deschamps JR, Madras BK (2006) (4-
Methylphenyl)-2-pyrrolidin-1-yl-pentan-1-one (Pyrovalerone)
analogues: a promising class of monoamine uptake inhibitors. J
Med Chem 49:1420-1432

Mephedrone.com (2010) http://www.mephedrone.com, accessed 15
March 2010 and 20 August 2010)

Mephedrone2you (2010) http://www.mephedrone2u.com/, accessed
20 August 2010

Meyer MR, Wilhelm J, Peters FT, Maurer HH (2010) Beta-keto
amphetamines: studies on the metabolism of the designer drug
mephedrone and toxicological detection of mephedrone,
butylone, and methylone in urine using gas chromatography—
mass spectrometry. Anal Bioanal Chem 397:1225-1233

Morris K (2010) UK places generic ban on mephedrone drug family.
Lancet 9723:1333-1334

Nagai F, Nonaka R, Kamimura KSH (2007) The effects of non-
medically used drugs on monoamine neurotransmission in rat
brain. Eur J Pharmacol 559:132—-137

National Treatment Agency (2010) Drug treatment in 2009-2010.
www.nta.nhs.uk, accessed 8 October 2010

Newcombe R (2009) Mephedrone: the use of mephedrone (M-cat,
meow) in Middlesbrough. Lifeline Pubblications, Manchester

ABC News (2008) Police warn of potentially fatal 'fake ecstasy'.
http://www.abc.net.au/news/stories/2008/06/17/2277735.htm,
accessed 19 August 2010

BBC News (2009) Call for ban on 'legal high' drug. http://news.bbc.
co.uk/1/hi/health/8023451.stm, accessed 19 August 2010

Odenwald M, Neuner F, Schauer M, Elbert T, Catani C, Lingenfelder
B, Hinkel H, Héfner H, Rockstroh B (2005) Khat use as risk
factor for psychotic disorders: a cross-sectional and case—control
study in Somalia. BMC Med 12:3-5

Odenwald M, Hinkel H, Schauer E, Schauer M, Elbert T, Neuner F,
Rockstroh B (2009) Use of khat and posttraumatic stress disorder
as risk factors for psychotic symptoms: a study of Somali
combatants. Soc Sci Med 69:1040—-1048

Osorio-Olivares M, Caroli Rezende S, Sepulveda-Boza BK,
Cassels RF et al (2003) A two-step method for the
preparation of homochiral cathinones. Tetrahedron Asymm
14:1473-1477

Power M (2009) Mephedrone: the future of drug dealing. http:/www.
drugscope.org.uk/Resources/Drugscope/Documents/PDF/Good%
20Practice/Druglink_March_09_mephedrone.pdf, accessed 19
August 2010

Power M (2010) How mephedrone shook the drug trade. http://
www.drugscope.org.uk/Resources/Drugscope/Documents/PDF/
Good%?20Practice/DruglinkJanFeb10.pdf, accessed 19 August
2010

Pubchem (2010). http://pubchem.ncbi.nlm.nih.gov, accessed 21 March
2010

Ramsey J, Dargan PI, Smyllie S, Davies S, Button J, Holt DW, Wood
DM (2010) Buying ‘legal’ recreational drugs does not mean that
you are not breaking the law. QJM 103:777-783

Roussel O, Perrin M, Herard P, Chevance M, Arpino P (2009) La 4-
méthyléphédrone sera-t-elle une "Ecstasy" du XXIéme siécle?
Ann Toxicol Anal 21:169-177

Saem de Burnaga Sanchez J (1929) Sur un homologue de I’ephedrine.
Bull Soc Chim Fr 45:284-286

Schifano F (1996) Cocaine misuse and dependence. Curr Opin
Psychiatry 9:225-230

Schifano F, Deluca P, Baldacchino A, Peltoniemi T, Scherbaum N,
Torrens M, Farre” M, Flores I, Rossi M, Eastwood D, Guionnet
C, Rawaf S, Agosti L, Di Furia L, Brigada R, Majava A,
Siemann H, Leoni M, Tomasin A, Rovetto F, Ghodse AH,
Psychonaut 2002 Research Group (2006) Drugs on the web: the
Psychonaut 2002 EU project. Progr Neuropsychopharmacol Biol
Psychiatry 30:640-646

Schifano F, Corkery J, Naidoo V, Oyefeso A, Ghodse AH (2010)
Comparison between amphetamine/methylamphetamine and ec-
stasy (MDMA, MDEA, MDA, 4-MTA) mortality data in the UK
(1997-2007). Neuropsychobiology 61:122—130

Schmidt MM, Sharma A, Schifano F, Feinmann C (2010) Legal highs
on the net: evaluation of UK based websites, products and
product information. Forensic Sci Int (Jul 20, in press)

Sumnall H, Wooding O (2009) Mephedrone: an update on current
knowledge. Centre for Public Health, Liverpool John Moores
University. http://www.drugsandalcohol.ie/12762/, accessed 19
August 2010

Townsend M (2010) New drug set to replace banned mephedrone as a
‘legal high’. http://www.guardian.co.uk/society/2010/apr/18/
drug-replace-ban-mephedrone, accessed 19 August 2010

Urquhart C. (2004): Drugs and dance as Israelis blot out intifada.
http://www.guardian.co.uk/world/2004/sep/04/israel, accessed 18
August 2010

Winstock AR, Ramsey JD (2010) Legal highs and the challenges for
policy makers. Addiction 105:1685-1687

Winstock AR, Marsden J, Mitcheson L (2010a) What should be done
about mephedrone? BMJ 340:c1605

Winstock A, Mitcheson L, Deluca P, Davey Z, Corazza O, Schifano F
(2010b) Mephedrone; new kid for the chop. Addiction (August
23rd, in press)

Wood DM, Davies S, Puchnarewicz M, Button J, Archer R et al
(2009) Recreational Use of 4-methylmethcathinone (4-MMC)

@ Springer


http://www.freepressindex.com/news-get-mephedrone-very-easily-17851.html
http://www.freepressindex.com/news-get-mephedrone-very-easily-17851.html
http://www.mephedrone.com
http://www.mephedrone2u.com/
http://www.nta.nhs.uk
http://www.abc.net.au/news/stories/2008/06/17/2277735.htm
http://news.bbc.co.uk/1/hi/health/8023451.stm
http://news.bbc.co.uk/1/hi/health/8023451.stm
http://www.drugscope.org.uk/Resources/Drugscope/Documents/PDF/Good%20Practice/Druglink_March_09_mephedrone.pdf
http://www.drugscope.org.uk/Resources/Drugscope/Documents/PDF/Good%20Practice/Druglink_March_09_mephedrone.pdf
http://www.drugscope.org.uk/Resources/Drugscope/Documents/PDF/Good%20Practice/Druglink_March_09_mephedrone.pdf
http://www.drugscope.org.uk/Resources/Drugscope/Documents/PDF/Good%20Practice/DruglinkJanFeb10.pdf
http://www.drugscope.org.uk/Resources/Drugscope/Documents/PDF/Good%20Practice/DruglinkJanFeb10.pdf
http://www.drugscope.org.uk/Resources/Drugscope/Documents/PDF/Good%20Practice/DruglinkJanFeb10.pdf
http://pubchem.ncbi.nlm.nih.gov
http://www.drugsandalcohol.ie/12762/
http://www.guardian.co.uk/society/2010/apr/18/drug-replace-ban-mephedrone
http://www.guardian.co.uk/society/2010/apr/18/drug-replace-ban-mephedrone
http://www.guardian.co.uk/world/2004/sep/04/israel

602

Psychopharmacology (2011) 214:593-602

presenting with sympathomimetic toxicity and confirmed by
toxicological screening. Clin Toxicol 47:7331

Wood DM, Davies S, Puchnarewicz M, Button J, Archer R,
Ovaska H, Ramsey J, Lee T, Holt DW, Dargan PI (2010a)
Recreational use of mephedrone (4-methylmethcathinone, 4-
MMC) with associated sympathomimetic toxicity. J Med
Toxicol 6:327-330

@ Springer

Wood DM, Greene SL, Dargan PI (2010b) Clinical pattern of toxicity
associated with the novel synthetic cathinone mephedrone.
Emerg Med J. doi:10.1136/emj.2010.092288

Zaitsu K, Katagi M, Kamata HT, Kamata T, Shima N, Miki A,
Tsuchihashi H, Mori Y (2009) Determination of the metabolites
of the new designer drugs bk-MBDB and bk-MDEA in human
urine. Forensic Sci Int 188:131-139


http://dx.doi.org/10.1136/emj.2010.092288

	Mephedrone (4-methylmethcathinone; ‘meow meow’): chemical, pharmacological and clinical issues
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	History and prevalence of misuse
	Chemical characteristics
	Pharmacology
	Legal status
	Market and commercial appearance
	Routes of administration, dosage, use in combination with other drugs
	Desired and untoward mephedrone effects
	Treatment and management
	Acute management of adverse events
	Longer term therapeutic psychological and harm reduction approaches

	Mephedrone-related deaths
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


