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Abstract Synthetic cathinones have recently emerged and
grown to be popular drugs of abuse. Their dramatic increase
has resulted in part from sensationalized media attention as
well as widespread availability on the Internet. They are often
considered “legal highs” and sold as “bath salts” or “plant
food” and labeled “not for human consumption” to circum-
vent drug abuse legislation. Cathinone is a naturally occurring
beta-ketone amphetamine analogue found in the leaves of the
Catha edulis plant. Synthetic cathinones are derivatives of
this compound. Those that are being used as drugs of abuse
include butylone, dimethylcathinone, ethcathinone, ethylone,
3- and 4-fluoromethcathinone, mephedrone, methedrone,
methylenedioxypyrovalerone (MDPV), methylone, and
pyrovalerone. Synthetic cathinones are phenylalkylamines
derivatives, and are often termed “bk-amphetamines” for the
beta-ketone moiety. They may possess both amphetamine-
like properties and the ability to modulate serotonin, causing
distinct psychoactive effects. Desired effects reported by
users of synthetic cathinones include increased energy,
empathy, openness, and increased libido. Cardiac, psychiat-
ric, and neurological signs and symptoms are the most
common adverse effects reported in synthetic cathinone users
who require medical care. Deaths associated with use of
these compounds have been reported. Exposure to and use of
synthetic cathinones are becoming increasingly popular
despite a lack of scientific research and understanding of

the potential harms of these substances. The clinical
similarities to amphetamines and MDMA specifically are
predictable based on the chemical structure of this class of
agents. More work is necessary to understand the mecha-
nisms of action, toxicokinetics, toxicodynamics, metabolism,
clinical and psychological effects as well as the potential for
addiction and withdrawal of these agents.
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Background

Synthetic cathinones have recently emerged and grown to
be popular drugs of abuse. Their dramatic increase has
resulted in part from sensationalized media attention as well
as widespread availability. They are often considered “legal
highs” and sold as “bath salts” or “plant food” and labeled
“not for human consumption” to circumvent drug abuse
legislation. They can be obtained through “head shops,”
Internet websites, and local drug suppliers.

The legal status is variable by jurisdiction and rapidly
changing, however they were initially legal in the UK and
Europe. “Legal high” is a term often used to refer to drugs
that are considered by users to fall outside of drug
regulatory laws They are generally labeled “not for human
consumption” to subvert regulatory control. Prior to 2009,
the UK Poisons Information Service had no telephone
inquiries related to synthetic cathinones. However over a 1-
year period from 2009 to 2010, the number of inquiries
regarding synthetic cathinone derivatives equaled the
number of calls about cocaine and MDMA [1]. Google
Insights, a web application that tracks search terms, shows
almost no searches for mephedrone before 2008. There has
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since been a remarkable rise in the number of searches,
peaking in 2009, with the highest number of searches
originating from the UK [2]. For a comprehensive review
of existing data, Pubmed, Medline, Google, Google Scholar
were searched using the following terms: bath salts, butylone,
club drugs, dimethylcathinone, ethcathinone, ethylone, 3- and
4-fluoromethcathinone, mephedrone, methedrone, methyle-
nedioxypyrovalerone (MDPV), methylone, plant food and
pyrovalerone.

Cathinone ((S)-2-amino-1-phenyl-1-propanone) is a nat-
urally occurring beta-ketone amphetamine analogue found
in the leaves of the Catha edulis (Khat) plant. Chewing the
leaves of this plant for stimulant effects is popular in certain
Middle Eastern countries, particularly Yemen [3]. Cathi-
none is found in the leaves of the plants only when fresh,
and for this reason leaves can be chewed for only a few
days after harvesting. Cathinone causes amphetamine-like
sympathomimetic effects, including tachycardia and hyper-
tension as well as psychoactive effects euphoria and
increased alertness. Khat chewing has been linked to
increased risk of myocardial infarction, dilated cardiomy-
opathy, and duodenal ulcers [3].

Synthesis of cathinone derivatives has been reported
since the late 1920s. Methcathinone was synthesized in
1928 and mephedrone in 1929 [4, 5]. A few of these
derivatives have been investigated for medical use. Cur-
rently, bupropion is the only cathinone derivative that
carries a medical indication in the US and Europe. It is a
ring-substituted cathinone, prescribed for the treatment of
depression and for use as a smoking-cessation aid [6].
Others have been investigated, but were ultimately unsuc-
cessful due to severe side effect profiles. Methcathinone
was used in Russia as an antidepressant in the 1930s and
1940s. Also known as “Cat” and “Jeff,” it has been used
recreationally most often in countries formerly part of the
Soviet Union, but also gained popularity in the United
States, particularly in Michigan, in the 1990s [7]. Another
derivative, pyrovalerone was investigated for use as a
prescription drug to treat chronic fatigue, lethargy, and
obesity but was withdrawn due to abuse and dependency in
users [8–10].

Numerous synthetic cathinone derivatives have become
popular for use as “legal highs.” Exactly when these
derivatives gained popularity amongst club goers and
others seeking new drugs of abuse is difficult to pinpoint,
but mentions in Internet drug forums began in 2007 [11].
Synthetic cathinones that have been found in these products
include butylone, dimethylcathinone, ethcathinone, ethyl-
one, 3 and 4-fluoromethcathinone, mephedrone, methe-
drone, MDPV, methylone, and pyrovalerone (see Table 1
[6, 12–14]).

Interest in synthetic cathinones as drugs of abuse devel-
oped in part due to decreased availability and purity of the

more typical abusable drugs. In 2009, police reports from the
UK, showed a marked decrease in purity of cocaine from over
60% to 22%, which was attributed to an increased number of

Table 1 Synthetic cathinones used as drugs of abuse with chemical
names and structures

Common Name Chemical Name Chemical Structure 

Butylone 1-(1,3-benzodioxol-5-yl)-2-
(methylamino)butan-1-one 

 

Dimethylcathinone (RS)-2dimethylamino-1-
phenylpropan-1-one 

 

Ethcathinone (RS)-2-ethylamino-1-phenyl-
propan-1-one 

 

Ethylone (RS)-1-(1,3-benzodioxol-5-
yl)-2-(ethylamino)propan-1-
one 

 

3-Fluromethcathinone (RS)-1-(3-fluorophenyl)-2-
methylaminopropan-1-one 

 

4-Fluromethcathinone (RS)-1-(4-fluorophenyl)-2-
methylaminopropan-1-one 

 

Mephedrone (RS)-2-methylamino-1-(4-
methylphenyl)propan-1-one

Methcathinone α-methylamino-
propiophenone

Methedrone (RS)-1-(4-methoxyphenyl)-2-
(methylamino)propan-1-one

Methylenedioxypyrovaleron
e (MDPV)

(RS)-1-(Benzo[d][1,3]dioxol-
5-yl)-2-(pyrrolidin-1-
yl)pentan-1-one

Methylone (±)-2-methylamino-1-(3,4-
methylenedioxyphenyl)propa
n-1-one

Pyrovalerone (RS)-1-(4-methylphenyl)-2-
(1-pyrrolidinyl)pentan-1-one
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drug seizures [15]. In the Netherlands, a change in the
composition of tablets reported to contain MDMAwas noted
over a similar time period. Prior to 2009, analysis of
“Ecstasy” tablets found that >90% contained MDMA,
although in later samples fewer than half contained any of
this substance. In these latter analyses, piperazine derivatives
and mephedrone replaced MDMA [16].

Prevalence

As with many drugs of abuse, the prevalence of synthetic
cathinone use is difficult to measure. Self-reported use from
user surveys provides most of the currently available
prevalence data. An online survey of club-goers in the
UK found that 41% had used methedrone and 10% had
used methylone. A third had used methedrone in the last
month and 14% reported weekly use [17]. High school and
college students in the UK asked to self report revealed that
20% had used mephedrone on at least one occasion, 4%
reported daily use, and all of those using daily were under
21 years of age [18].

A study from Ireland analyzing urine collected from
attendees at a methadone maintenance clinic found that
14% were positive for mephedrone and 3% were positive
for methylone [19].

A Finnish study which analyzed blood from drivers
suspected by police to be driving under the influence of
drugs found that 286 of 3,000 specimens submitted for
analysis contained MDPV (8.6%). Two hundred eight of
these drivers underwent psycho-physical achievement defi-
ciency testing (such as walking in a straight line and
speaking without slurred speech) as an indirect measure of
driving impairment. Of these, 84% were functionally
impaired, with 7% of these classified as severely impaired.
Many users had multiple substances identified on blood
analysis, including benzodiazepines, other amphetamines,
tetrahydrocannabinol, and ethanol, so impairment cannot be
attributed solely to MDPV in this series [10].

In the United States, data on prevalence and use is
extremely limited. The American Association of Poison
Control Centers reports 303 calls related to “bath salts” in
2010. As of May 2011, 2,371 calls have already been
recorded [20].

Contents

Contributing to the complexity of understanding the
prevalence of use of these drugs is the difficulty in
determining the exact nature of the exposure. The true
contents of the product can be obscured as advertising and
packaging of these products is often misleading. “Bath

salts” sold on websites reporting benign active ingredients,
such as amino acids, phosphates, and magnesium salts,
were found to contain synthetic cathinones [21]. Alterna-
tively, other products advertised as containing synthetic
cathinones as the active ingredients actually contained
caffeine and local anesthetics [22]. Products advertising
“legal highs” have been found to contain scheduled
ingredients. In the UK in April 2010, mephedrone and
several other cathinone derivates were listed as class B
drugs after changes were made to the Misuse of Drugs Act
[23] (under UK law, drugs are classified in three categories
based on danger of use and corresponding severity of legal
consequences. Class A drugs are considered the most
dangerous and carry the harshest penalties). Naphyrone,
another derivative, remained legal until additional changes
were enacted in July 2010. A study conducted in the
interim period (April through July) investigated the ingre-
dients of substances advertised online as legal for purchase
because they contained the still unclassified naphyrone.
Despite the assurances, these products contained controlled
synthetic cathinones, placing users at legal as well as
medical risk. Consistency of ingredients is also unpredict-
able. “Legal high” brand name products, analyzed over a 6-
month period, changed ingredients in 25% of the samples
[24].

Mephedrone users report obtaining the drugs from both
Internet sources and local dealers. The number of users who
purchased from dealers increased significantly after regula-
tory measures restricting possession, sale, and manufacture
of synthetic cathinones passed in the UK [18, 25]. Synthetic
cathinones can be purchased as powder or in pill or capsule
form. UK specimens submitted to forensic providers were
in powder form 95% of the time [26]. The cost of 1 g of
mephedrone was approximately £16 ($25) in the UK,
increasing with the change in legal status from approxi-
mately £10 prior to regulation [25]. In the US, 1 g costs
approximately $20–35 in head shops or through the Internet
[13].

Patterns of Use

The synthetic cathinones are most commonly nasally
insufflated or ingested [1, 27]. “Bombing” is a method of
ingestion whereby mephedrone powder is wrapped in
cigarette paper and swallowed [28]. “Keying” is the
practice of dipping a key into powder and then insufflating.
There are approximately five to eight “keys” per gram [6].
Rectal administration, gingival delivery, inhalation, and
intramuscular or intravenous injection have also been
described [11, 28]. Additionally, multiple concomitant
routes of administration are reported [1, 17, 27, 29]. Self-
reported doses range from a few milligrams to over 1 g of
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powder [6, 17, 25, 27]. Users cannot be certain of the actual
contents or the purity of the drug, therefore actual exposure
is highly variable [22, 24].

Mephedrone users report the onset of psychoactive
effects after insufflation to be 10–20 min with an
expected duration of effect of about 1–2 h; onset after
oral ingestion is approximately 15–45 min with duration
of 2–4 h. Intravenous users report symptoms peaking at
10–15 min with a 30 min duration of desired effects
[26, 28].

Subjective User Effects

Desired effects reported by users of synthetic cathinones
include increased energy, empathy, openness, and increased
libido [17, 30].

Approximately 20% of users surveyed report having had
an adverse effect from use of mephedrone [18, 27]. Users
report increased sweating, palpitations, nausea and vomit-
ing, headache, muscle twitching, dizziness, vertigo, or
short-term memory difficulty (see Table 2).

When asked to compare mephedrone use to cocaine 60–
75% reported a longer duration of effect and 50% reported
a “better” effect with the former. More than 50% believed it
was less addictive than cocaine. Half thought mephedrone
use was equally as risky as cocaine use, with 25% feeling it
was less safe and another 25% safer [17, 28].

Polysubstance abuse, both simultaneous use and on
different occasions, is very common among those taking
synthetic cathinones. Alcohol, tobacco, MDMA, cannabis,
and cocaine were also reported by >80% of respondents
surveyed about mephedrone use, in addition to an extensive
list of other drugs of abuse [17]. All emergency department
patients in one series presenting after reported methedrone

use had also used other drugs [31]. Urine drug screening in
another series found that 16 of 17 specimens were positive
for other drugs of abuse [13]. Postmortem toxicology
testing has also revealed that concurrent use of other
substances is common [32–34]

Adverse Clinical Effects of Synthetic Cathinones

Cardiac, psychiatric, and neurological signs and symp-
toms are the most common adverse effects reported in
synthetic cathinone users who require medical care.
There are four series detailing clinical effects of
cathinones. In all, the single most common symptom
was agitation ranging from mild agitation to severe
psychosis requiring chemical restraint. Retrospective data
from the UK Poisons information service, detailing
telephone caller and internet reports of presumed cath-
inone exposures, noted that 28% of cases had agitation
and aggression [1]. A clinical series of 72 patients who
presented to a London emergency department found that
39% were agitated. Nine of the patients in this series had
laboratory confirmation of mephedrone ingestion [30]. In
a retrospective review of self-reported exposures in a
Scottish emergency department agitation was the most
common symptom [35]. Similarly, in a prospective US
series 66% were agitated [13]. Cardiovascular complica-
tions were also very common, and as a group were the
most common complications seen in users presenting for
medical care. See Table 3 for a comparison of the clinical
effects found in these four review articles.

Table 4 provides a more detailed look at specific signs
and symptoms reported in the literature by health care
providers about patients with reported use of these
products.

Table 2 User reported clinical effects of synthetic cathinones [17, 25, 28, 30, 62]

Cardiovascular Palpitations, shortness of breath, chest pain

ENT Dry mouth, epistaxis, nasal pain, “nose burns”, oropharyngeal pain, tinnitus

Gastrointestinal Abdominal pain, anorexia, nausea, vomiting

Genitourinary Anorgasmia, erectile dysfunction, increased libido

Musculoskeletal Arthralgias, extremity changes—coldness, discoloration, numbness, tingling, muscular tension and cramping

Neurologic Aggressiveness, bruxism, dizziness, headache, lightheadness, memory loss, tremor, seizures

Ophthalmologic Blurred vision, mydriasis, nystagmus

Pulmonary Shortness of breath

Psychological Anger, anxiety, auditory and visual hallucinations, depression, dysphoria, empathy, euphoria, fatigue, formication, increased
energy, increased and decreased concentration, loquaciousness, panic, paranoia, perceptual distortions, restlessness

Other Body odor “mephedrone stink”, diaphoresis, fever, insomnia, nightmares, skin rash

These are self-reported symptoms by users of synthetic cathinones. It is possible that these effects are not all related to cathinone use as many
users take these substances simultaneously with other drugs and ethanol. Additionally due to lack of reliability and consistency of products, users
may not be aware of what drug they have actually taken. Please see text for more information
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Hyponatremia is a well-reported complication of
MDMA use. It is thought to result from several factors
including overhydration with water in the setting of drug-
induced secretion of vasopressin [36]. It is unclear if
synthetic cathinones cause similar changes in sodium and
water regulation. There are three cases of hyponatremia
reported after synthetic cathinone exposure, raising the
possibility that similarities may exist. In all three cases
mephedrone exposure was confirmed and no MDMA was
found on body fluid analysis in these patients. A 14-year-
old girl who consumed ethanol and a white powder
presented with an altered mental status and Glasgow coma
score of 11. She had hyponatremia 118 mmol/L and
elevated intracranial pressure, and a brain MRI showing
subcortical white matter changes. Her neurologic symptoms

improved with correction of the sodium except for mild
dysphasia and anterograde amnesia. Two months later, she
had complete resolution of all symptoms [37]. The other
two cases were both fatalities. A 29-year-old British man
presented to the emergency department with a fluctuating
level of consciousness, hyponatremia 125 mmol/L, and was
found to have cerebral edema with impending tonsillar
herniation on head computed tomography. He died after
care was withdrawn due to brain death [38]. An 18-year-old
woman who used cannabis and mephedrone sustained a
cardiac arrest. She was resuscitated, found to have
hyponatremia 120 mmol/L and cerebral edema, but was
declared brain dead 36 h after presentation [39].

Treatment

Treatment for patients with exposure to synthetic cath-
inones is primarily supportive. At this time, limited
information is available to guide treatment. Benzodiaze-
pines have been used for sedation for agitation and seizures.
Given the similarities to amphetamines and cocaine, it
seems likely that similar management strategies would be
useful. Patients showing signs of the sympathomimetic
toxidrome including agitation, psychosis, significant tachy-
cardia, hypertension, and seizures should be treated with
benzodiazepines to counteract excessive epinephrine and
norepinephrine release and reuptake inhibition. Hyperther-
mia should be treated with aggressive cooling. Treatment of
hyponatremia due to synthetic cathinones is not well
described; MDMA-induced hyponatremia is treated with
water restriction or hypertonic saline. Management should
be directed by the severity of symptoms, and patients may
benefit from an approach similar to that of MDMA-induced

Table 4 Medical provider (including emergency department and poison center data) reported effects associated with use of synthetic cathinones
[1, 13, 30, 35, 38, 70–72]

Cardiovascular Chest pain, hypertension, palpitations, myocarditis, tachycardia

ENT Epistaxis, oral and pharyngeal effects, tongue disorder

Gastrointestinal Abdominal pain, abnormal liver function tests, nausea, liver failure

Musculoskeletal Elevated creatinine kinase, peripheral vasoconstriction, rhabdomyolysis

Neurologic Agitation, aggression, altered mental status, collapse, confusion, dizziness, drowsiness, dystonia, headache,
hyperreflexia, myoclonus, paraesthesias, seizures, tremor

Ophthalmologic Abnormal vision, mydriasis

Pulmonary Shortness of breath, tachypnea

Psychological Anxiety, confusion, delusions, hallucinations, paranoia, psychosis

Renal Abnormal renal function, acute renal failure

Other Diaphoresis, fever, hyponatremia, rash

It is possible that these effects are not all related to cathinone use as many users take these substance simultaneously with other drugs and ethanol.
Additionally due to lack of reliability and consistency of products, users may not be aware of what drug they have actually taken. Please see text
for more information

Table 3 Adverse effects reported by healthcare providers from
patients seeking medical care after synthetic cathinone use

James [1] MMWR
[13]

Regan
[35]

EMCDDA
[30]

Total

# patients 149 35 57 72 313

Cardiac 113 30 26 63 293

Psychiatric 84 44 37 28 193

Neurologic 56 18 26 9 109

Gastrointestinal 27 NA 3 10 40

Pulmonary 13 NA 10 NA 23

Ear, nose and throat 7 NA 7 NA 14

Other 48 NA 8 NA 56

It is possible that these effects are not all related to cathinone use. Only a
few of these cases were analytically confirmed as synthetic cathinone
exposures. Additionally, many other substances such as ethanol and other
drugs of abuse were reported or found on drug screening

J. Med. Toxicol. (2012) 8:33–42 37



hyponatremia until further understanding specific to cath-
inones is reached.

Postmortem

Mephedrone

A decedent with hyponatremia from Sweden is the first
reported death related solely to mephedrone [39]. Since that
time, other mephedrone-related deaths have been identified.
In many of these cases, investigation and analysis are
ongoing to determine the role of mephedrone in causing
death.

A report on four mephedrone-associated deaths noted
that mephedrone was the principle cause of death in one
case. A 19-year-old male used mephedrone, MDMA and
alcohol, several hours later began to shake and twitch, and
then was found “his eyes were rolling and he was choking”.
He had cardiorespiratory arrest en route to the hospital and
was declared dead on arrival. Postmortem analysis revealed
alcohol, 3-trifluoromethylphenylpiperazine, and mephe-
drone. A second decedent in this series was a 49-year-old
woman who developed chest pain and vomiting after
insufflating methedrone, drinking alcohol, and smoking
cannabis. Her death was attributed to mephedrone, with
cardiac fibrosis and atherosclerotic disease as contributing
factors. Mephedrone was a contributing factor in two cases:
one, a patient with a multidrug overdose and another with a
fatal motor vehicle crash [33]. Four additional mephedrone-
related deaths are reported: stab wounds were the cause of
death in one, mephedrone responsible for two, and the other
case unresolved [34]. Accidental death due to multidrug
toxicity occurred after use of mephedrone and heroin in a
22-year-old male [32]. Mephedrone was thought to be the
cause of death in a person with excited delirium that was
aggravated by blood loss from wounds sustained from
breaking windows. However, multiple substances were
found in the postmortem blood including cocaine, metab-
olites, and MDMA [40].

Methedrone

Two methedrone-associated deaths classified as accidental
have been reported in Sweden. One patient had marked
hyperthermia to 42°C. Both patients were found to have
pulmonary congestion and edema on postmortem examination
[41].

Butylone

Two butylone-associated deaths have been reported. In the
first, a man died from injuries due to a fall from height was

also found to have butylone in his blood. In another, a
woman reported to have died after ingestion of several
drugs, was found to have brain edema, pulmonary
congestion and hemorrhages, as well as congestion of the
liver, spleen and kidneys. She was noted to have sub-
endocardial hemorrhage in the aortic outflow tract as well
as contraction band necrosis of the heart [42].

Deaths from use of MDPV and other synthetic cath-
inones have not been well documented or reported in the
medical literature at this time.

Chemistry

Synthetic cathinones are phenylalkylamines derivatives,
and are often termed bk-amphetamines due to a ketone
attached at the beta position on the amino alkyl chain
attached to the phenyl ring [43]. Similar to phenylethyl-
amines like MDMA, they may possess both amphetamine-
like properties and the ability to modulate serotonin,
causing distinct psychoactive effects. Most cathinone
derivatives have sympathomimetic effects; other qualities,
including duration and the extent of psychoactive effects,
vary based to a large extent on functional group structure.
As a group, they are considered to be less potent than their
corresponding phenylethylamine analogue due to increased
polarity caused by the beta-ketone, resulting in decreased
penetration of the blood brain barrier [26].

There are no published human data on the pharmacoki-
netics and pharmacodynamics of the currently popular
synthetic cathinones. A limited understanding of the
mechanism of action and metabolism of these drugs is
available mostly from in vitro studies and animal models.
Amphetamines and derivatives exert their effects by
increasing synaptic concentrations of biogenic amines, such
as norepinephrine, dopamine, and serotonin. The increases
occur via two primary mechanisms. First, these drugs
inhibit monoamine uptake transporters, causing decreased
clearance of the neurotransmitters from the synapse.
Second, they cause release of the neurotransmitters from
intracellular stores. Increased intracellular release occurs via
changes in vesicular pH as well as inhibition of the
vesicular monoamine transport (VMAT2) receptor. VMAT2
is located on the vesicular membrane and responsible for
monoamine uptake into the vesicles for storage [44].

In comparison to amphetamines and MDMA, under-
standing of the mechanism of action of synthetic cathinones
is limited. However, based on similarities in structure,
similar mechanisms are expected. This assumption is
supported by user reports which suggest there are both
stimulant effects (use is compared to amphetamine use) and
psychoactive effects (compared to use of MDMA or LSD)
[28]. Furthermore, in an animal model, synthetic cathinones
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were found to be substitutes for rats trained to recognized
administration of amphetamine and MDMA [45].

Mechanism: Methylone

Methylone was found to be equally as potent as methamphet-
amine and MDMA at inhibiting reuptake of norepinephrine
and dopamine in human platelets due to inhibition of
monoamine uptake transporters [44, 46]. There is some
controversy in the literature about its potency at serotonin
reuptake inhibition compared to other amphetamine deriva-
tives, with several studies finding decreased potency and at
least one study finding no difference [44, 46, 47]. Methylone
was significantly less potent at VMAT2 receptor inhibition
than methamphetamine and MDMA [44]. Interestingly,
inhibition of NE reuptake was competitive, while inhibition
at serotonin and dopamine receptors was noncompetitive
[44]. Additionally, methylone inhibition may cause reverse
transport of neurotransmitters from the nerve terminal into
the synapse, as is described with methamphetamine [46].

Mechanism: Mephedrone

Brain concentrations of dopamine in rats given a single
dose of 3 mg/kg of mephedrone peaked in 20 min, and
returned to baseline in 100–120 min. When compared to
MDMA, it was less potent at increasing serotonin brain
concentrations, but caused a greater increase in dopamine.
The rate of return of neurotransmitters to the baseline
concentration was rapid, ten times faster than the rate of
return with MDMA and two times faster when compared to
amphetamine [48].

Mechanism: Pyrovalerone

Pyrovalerone has inhibitory effects on both norepinephrine
and dopamine reuptake [49–51] but in a single study, had
little effect on serotonin reuptake. Examination of the
chirality of the compound revealed the S-enantiomer to be
the more biologically active than the R-enantiomer [52].

Understanding of the metabolism of synthetic cathinones
is also limited with most of the information described
derived from animal models.

Metabolism: Pyrovalerone

Pyrovalerone kinetics in mice given both oral and intrave-
nous injections revealed rapid absorption, with only 29% of
the dose remaining in the stomach 30 min after ingestion.
Four hours after ingestion 70% had been excreted in the
urine. After intravenous injection, metabolites were identi-
fied in the urine after 5 min and 20% had been excreted in
20 min. Ninety percent was eliminated as metabolites in the

urine and 6–8% as the parent compound in the feces. The
highest concentrations of the drug were found in the bile,
liver, and kidney with the highest concentrations found
30 min after oral administration. A very small fraction, less
than 1%, was found in the brain. In the mice and in one
human volunteer, no pyrovalerone was found in the urine,
the major metabolite found was 4-(1-pyrrolidinylvaleroyl)
benzoic acid [53].

Metabolism: Methylone, Ethylone, Butylone

The metabolism of this group of cathinones is best
characterized. Some of the parent compounds are excreted
unchanged in the urine. Primary metabolism begins with
demethylation of the methylenedioxy ring, followed by
catechol O-methyltransferase (COMT) mediated O-methyl-
ation into 4′-hydroxy-3′-methoxy (4′-OH-3′-MeO) or 3′-
hydroxy-4′-methoxymethcathinone (3′-OH-4′-MeO). These
metabolites are partially conjugated with glucuronides and
sulfates and excreted in the urine [54]. N-dealkylation is
another possible pathway for metabolism, but appears to
play a minimal role. Some bk-amphetamines can be
reduced at the ketone group to the corresponding amino
alcohols. This appears to be a minor pathway for butylone
and ethylone in humans, which is not utilized for
methylone [43].

Analysis of the urine of rats after a 5 mg/kg dose of
methylone revealed that 4′-hydroxy-3′-methoxymethcathi-
none was the most common metabolite, followed by 3′-
hydroxy-4′-methoxymethcathinone, methylone, and 3,4-
methylenedioxycathinone. Both methylone and 4′-hy-
droxy-3′-methoxymethcathione concentrations peaked 4 h
after parent drug administration. Methylone was undetect-
able 36 h after exposure, while 4′-hydroxy-3′-methoxy-
methcathinone persisted for 48 h after. Analysis of urine of
one human user showed similar metabolites to those found
in the rat [55].

Metabolism: Mephedrone

N-demethylation to a primary amine, followed by reduction
of the ketone moieties to alcohols, then oxidation of the
totyl group to the corresponding alcohol. Some of the
alcohols are conjugated via sulfation or glucuronidation and
excreted in the urine [56].

Metabolism: MDPV

Metabolism in human liver cells appears similar to that of
other synthetic cathinones. Examination of MDPV metabo-
lism in human liver cells revealed the following steps. First,
opening of the methylenedioxy ring, followed by demethyla-
tion leading to a catechol ring which is subsequently
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methylated by COMT. Glucuronidation and sulfation of some
metabolites follow. In this one study, 80% of MDPV was
unmetabolized, 10% was metabolized to methylcatechol
pyrovalerone and 7% to catechol pyrovalerone, though the
authors postulated this could have resulted from the very high
concentrations of MDPV used [57]. In another study based
on examination of rat urine, MDPV underwent a more
complicated metabolism, including oxidative and hydroxyl-
ation steps. In this same study, MDPV was found to be
metabolized in vitro by CYP isoenzymes 2C19, 2D6, and
1A2 [58].

Cytotoxic effects of methylone have been found in rat
hepatocytes and hamster ovarian cells [46, 59]. Mitochondrial
dysfunction due to uncoupling of oxidative phosphorylation
was thought to be the source of the cytotoxicity in the
hepatocytes [59].

Addiction and Withdrawal

There is currently no focused research on the addiction
potential or withdrawal syndromes related to synthetic
cathinones. A survey of 1,500 mephedrone users found that
over 50% consider it to be addictive [27]. In a telephone
survey of 100 mephedrone users, nearly half reported
continuous use for more than 48 h. Over 30% reported
having more than three of the Diagnostic and Statistic
Manual IV criteria for dependence including increased
tolerance, continuing to take despite having problems with
use and impaired control of use. Fifteen percent reported that
friends or family had expressed concern over their mephe-
drone use [17]. In a Scottish survey of 1,006 students, daily
use was reported 4.4% of users, all of whom were less than
21 years of age. The highest frequency of daily use was in
the 11–15-year age group. In the same study, 17.5% of users
reported “addiction/dependence” symptoms [18]. One case
report describes a patient who fulfilled criteria for addiction
to mephedrone after 18 months of daily use [60].

Users describe strong cravings to repeat or increase doses
after taking mephedrone. Users describe this feeling as the
drug being very “moreish”, meaning that it causes the user to
want to ingest more shortly after use [11, 28, 61], and call
taking multiple doses in succession “fiending” [62].

A physical withdrawal syndrome has not been reported
although users report feelings of depression and anxiety at
the end of use. In one study, 25% of users reported urges or
cravings to continue using [17].

Laboratory Analysis

Synthetic cathinones can be identified using gas chromatog-
raphy–mass spectrometry or liquid chromatography–mass

spectrometry techniques [63–65]. They can be measured in
blood, urine, and stomach contents in both pre and
postmortem specimens. Correlation of concentrations with
clinical effects is not well understood.

Blood concentrations of methedrone in specimens taken
from suspected drug offenders ranged in one series from
0.2 to 4.8 μg/g blood [41].

Mephedrone concentrations in urine specimens taken after
use in the preceding 24 h ranged from 0.6 to 7.35mg/mL [17].
Concentrations in postmortem blood specimens in
mephedrone-related deaths have ranged from 0.13 to
22 mg/L [33, 34]. Gastric contents in one case were found
to have a concentration of mephedrone of 1.04 mg/L [40]

Postmortem butylone concentrations in the blood have
been reported ranging from 0.435 to 1.2 mg/L and in
gastric contents at 5.2 mg/L [42].

Synthetic cathinones can be analyzed in hair. A rat
model suggests that cathinone and methcathinone are
poorly incorporated into hair, but that methylone is well
incorporated [66]. Mephedrone has been found in human
hair on postmortem examination in concentrations of 4.2–
4.7 ng/mL [34]. Methedrone has also been found in
postmortem concentration of 29–37 ng/mL [41].

Legal Status

The legal status of the synthetic cathinones is variable
among countries and is changing rapidly. Until recently in
the United States, they were unscheduled, but illegal for
human consumption under the Federal Analogue Act of
1986. This law was passed in an attempt to prevent use of
“designer drugs” which were analogs of other illegal drugs
of abuse manufactured with small chemical changes to
subvert existing regulatory laws. This law does not
criminalize possession or manufacture of the substances,
unless intended for human consumption [67]. However, on
September 7 2011, the DEA used its emergency scheduling
authority to enact temporary control scheduled to begin in
approximately 30 days. Possession or sale of mephedrone,
MDPV and methylone will be illegal for 1 year while
further evaluation is undertaken to consider the need for
permanent control [68]. In December of 2010, mephedrone
was banned throughout the European Union [69].

Conclusion

The dramatic rise of the synthetic cathinones as novel drugs
of abuse highlights ways in which the Internet is modulat-
ing use of drugs by increasing information sharing through
drug use websites and increasing availability of drugs by
expanding access for purchase. Exposure to and use of
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synthetic cathinones are increasingly popular despite a lack
of scientific research and understanding of the potential
harms of these substances. The clinical similarities to
amphetamines and MDMA specifically are predictable
based on the chemical structure of this class of agents.
More work is necessary to understand the mechanisms of
action, toxicokinetics, toxicodynamics, metabolism, clinical
and psychological effects as well as the potential for
addiction and withdrawal.
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