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GHB and synthetic cathinones: clinical effects
and potential consequences

Laurent Karila®<* and Michel Reynaud®*-

Designer drugs belong to a group of legally or illegally produced substances that are structurally and pharmacologically very
similar toillicit drugs. In the past, designer drugs were often used during all-night dance parties, but they are now consumed in
multiple settings from college bars to parks to private house parties. Most of these club drugs can be bought on legal websites
and home-delivered for private parties. Recently, legal highs have once again become a burning media issue across the world.
Ourreview will focus on GHB and synthetic cathinones. Literature searches were conducted for the period from 1975 to July 2010
using PubMed, EMBASE, Psycinfo, Internet underground and governmental websites using the following keywords alone or in
combination: designer drugs, club drugs, party drugs, GHB, synthetic cathinones, mephedrone, methylone, flephedrone, MDAI,
and MDVP. Available epidemiological, neurobiological, and clinical data for each compound are described. There is evidence
that negative health and social consequences may occur in recreational and chronic users. The addictive potential of designer
drugs is not weak. Non-fatal overdoses and deaths related to GHB/GBL or synthetic cathinones have been reported. Clinicians
must be careful with GBL or synthetic cathinones, which are being sold and used as substitutes for GHB and MDMA, respectively.
Interventions for drug prevention and harm reduction in response to the use of these drugs should be implemented on the
Internet and in recreational settings. Prevention, Information, Action, and Treatment are the main goals that must be addressed
for this new potentially addictive problem. Copyright (©) 2010 John Wiley & Sons, Ltd.
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the 1990s and remain as key substances used by young adults."
Studies about the use and the short- and long-term effects of these
drugs in humans are evolving, but no conclusive evidence has yet
been reported.

The main sources of information for the study of designer drugs
are the European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA) (reporting forms, risk assessment reports, drug profiles),
Early Warning System (EWS) reports, the European School Project
on Alcohol and Other Drugs Survey (ESPAD), National Reitox
reports, underground Internet and governmental websites and
discussion groups.!'"14!

The Internet has become a major problem because of its
emergence as a new marketplace for psychoactive substances
and its role in providing information on obtention, synthesis,
extraction, identification, and substance use.>'>'® Furthermore,

Introduction

The terms designer drugs, club drugs, party drugs, designer party
drugs, and synthetic drugs are frequently used synonymously.['"
The Drug Enforcement Administration (DEA) has noted that
club drug terminology tends to have a glamorous aura. The
appropriateness of the terms was discussed by the National
Institute on Drug Abuse (NIDA) because the use of such drugs
has spread beyond the club culture to different populations.'-?!
Designer drugs belong to a group of legally or illegally
produced substances that are structurally and pharmacologically
very similar to an illicit substance (e.g. amphetamines, hallucino-
genic substance).*”! Their classification also changes according
to the setting in which they are used.” Such drugs include
ecstasy  (3,4-methylenedioxymethamphetamine)  (MDMA),

gamma-hydroxybutyrate (GHB) and its precursor chemicals
(gamma-butyrolactone (GBL) and 1,4-butanediol (1,4-BD)),
mephedrone, methylone (a close structural analogue of MDMA),
butylone (2-methylamino-1-(3,4-methylenedioxyphenyl)butane
or MBDB), ketamine, d-lysergic acid diethylamide (LSD).['6-8! In
the past, designer drugs were most often used during all-night
dance parties (raves, free-parties) or in sex clubs,!® but they are
now consumed in multiple settings from college bars to parks to
private house parties.>%

There is a lack of epidemiological studies, but available data
show that the use of club drugs is on the rise in Europe
and elsewhere.'"2 The clinical pharmacology of each drug is
very different,['® and the last few decades have seen a rise in
patterns of polydrug use.l'? Combination with other designer
drugs and/or alcohol, cocaine, cannabis, or sedatives is often the
rule. Furthermore, combinations and patterns of use can also be
quite different in groups who differ in terms of sociodemographic
origin and sexual orientation.”’ Club drugs proliferated during

there have been no medical evaluations to determine the effects,
risks and addictive potential of these compounds. Most club drugs
can be bought on legal websites and home-delivered for private
parties.!”!
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Because studies of MDMA, ketamine, and LSD have been ex-
tensively published in the literature, and because legal highs and
designer party drugs have once again become a burning me-
dia issue across the world, our review will focus on GHB/GBL
and synthetic cathinones (mephedrone, methylone, methedrone,
butylone, MDAI, buphedrone, flephedrone, MDVP, MDAI). Litera-
ture searches were conducted for the period from 1975 to July
2010 using PubMed, EMBASE, PsycInfo, Erowid, underground
Internet and governmental websites using the following key
words alone or in combination: designer drugs, club drugs, party
drugs, GHB/GBL, synthetic cathinones, mephedrone, methylone,
flephedrone, MDAI, and MDVP.

Gamma-hydroxybutyrate (GHB)

Gamma-hydroxybutyrate (GHB) was first synthesized in 1874
by Zaytsevin, and the first human research on this drug was
reported in the 1960s by Laborit.!'8! GHB is an endogenous
inhibitory neurotransmitter.'” It is synthesized from GABA in cells
containing glutamic acid decarboxylase, the marker of GABAergic
neurons.?”) GHB is accumulated by the vesicular inhibitory amino
acid transporter and released by depolarization via a calcium-
dependent mechanism. GHB binds to GABAB and GHB-specific
receptors,?'22 which leads to an increase in dopamine and other
neurotransmitters in the brain. Anincreasein prolactin and growth
hormone levels has also been reported in humans.”3! GHB is a
central nervous system (CNS) depressant, but its specific action
has not yet been elucidated.?"

Almost all psychoactive drugs that cause addiction in humans
activate the mesocorticolimbic system by increasing dopamine
release within the nucleus accumbens.[?4=28 This dopaminergic
system plays a critical role in motivational, emotional, contextual,
and affective information processing of behaviour and drug rein-
forcement mechanisms.[?”! GHB utilizes the same neurobiological
mechanism and is thus a potentially addictive drug.”!

GHB and its chemical analogues, gamma-butyrolactone (GBL)
and 1,4-butanediol (1,4-BD), were labelled, in the 1980s, as dietary
supplements purported to enhance muscle growth, aid sleep, and
improve sexual performance.?8! GHB was misused in the 1980s for
its body-building effects and in the 1990s as a recreational drug at
music venues.[?! Also at this time, reports of sexual assault (often
referred to as date rape) facilitated by GHB brought the drug into
the spotlight.l30-3%

GHB and its chemical analogues have many street names.
The most commonly used are G or Liquid Ecstasy (Table 1).
The comparison to ecstasy is due to the euphoric, disinhibiting
and social effects, but the two substances are pharmacologically
different.?! When used as a recreational drug, GHB may be found
as the sodium salt, which is a white crystalline powder dissolved
in water to form an odourless and colourless solution.®! Most of
the time, it is ingested orally from small bottles. The intranasal or
intravenous routes are less frequently used. One milliliter of liquid
GHB is the common dosage and contains approximately one gram
of GHB, although there may be variations in GHB concentration.
During parties, the mean interval between GHB doses used was
5 h with a range of 30 min to 24 h.1?*!

In Europe, GHB has been under surveillance since 2000. A year
later, it was added to Schedule IV of the 1971 United Nations
Convention on Psychotropic Substances for all European Union
Member States. Despite the rapid control of the open sale of GHB,
there was an emergent use of GBL, which is not under the control

Table 1. Market terms for GHB, GBL and 1,4BD

GHB GBL 1,4BD

G

Liquid Ecstasy Blue Nitro Review Trunt
Liquid X Midnight Blue Somatopro
Liquid E Alloy cleaner Serenity
Easy Lay Wheel cleaner Enliven
Scoop Cleaner

Fantasy Magic stripper

Cherry meth

Growth hormone booster
Woman viagra

Natural sleep 500
Organic Quaalude
Biberones (Spain)

Salt Water

Soap

of the international drug control convention.'"*! GBL and 1,4-BD
are rapidly converted to GHB when ingested. GHB can be easily
manufactured from GBL and 1,4-BD, which are widely used in the
chemical industry and are commercially available, especially on
theInternet, and can be found in wheel cleaners, cleaning solvents,
multi-purpose stain removers, and chrome polish.[?837! Prices of
GBL vary between €24 and €59 per 250 ml, and street prices for
5 ml range from €2 to €8.537]

A few European countries report lower prevalence of GHB than
otherillicit drugs.”! In the Netherlands in 2007, a study reported a
slight increase in the use of GHB in specific networks and regions.
Among 15-16-year-old school students across Europe, the 2007
ESPAD survey reported a 1% or less lifetime prevalence of GHB
use in most countries. Lifetime use of GHB/GBL ranges from 3% to
19% in surveys conducted in dance music settings and at popular
music festivals (for review, EMCDDAB?)). In France, GHB use has
been detected since 1999 by the TREND network (Tendances
Récentes et Nouvelles Drogues/Recent Trends and New Drugs) in
Paris, Marseille, Lille, the French-Belgian border and in Toulouse on
the homosexual party scene.?8 The 8th TREND report indicated
an increase in GHB use in 2006 and 2007, especially during after-
parties. This increase in the recreational use of GHB has been
accompanied by an acceptance of the accidents linked to this
drug by the users and by the nightclubs, which have created
recovery spaces called Chill Out rooms.?% There is a clear lack of
epidemiological data concerning GHB/GBL use, and the reported
prevalence of use is certainly under-evaluated, especially due to
the existence of hidden populations at homes and at parties.*"!

Because the first GHB/GBL use occurs in young adulthood,
most users are likely to have tried other drugs (cannabis, cocaine,
opiates, sedatives, etc.) before experimenting with GHB/GBL.[”!

GHB is rapidly absorbed, metabolized and eliminated with a
plasma half-life of 27 min, and it is undetectable in the plasma
after 6 h and in urine after approximately 12 h.[41-43]

Clinical effects of GHB are comparable with those of alcohol
or benzodiazepines. These effects usually occur 15min after
ingestion and can last approximately 3-4 h.*4 According to Ward
etal., a 0.5 gram dose is taken for relaxation and disinhibition, a
1 gram dose for euphoric effect and some stimulant-like effects
and a 2 or 3 gram dose for deep sleep.*”!
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In a recent controlled laboratory study in humans, Oliveto
etal. found that GHB produced dose-related increases in sub-
jective ratings of sedative-like, stimulant-like, positive mood and
dissociative effects but produced no changes in psychomotor
performance measures or blood pressure in 10 non-substance-
abusing volunteers.* Doses greater than 50 mg/kg result in
loss of consciousness and coma.*’#8 Other adverse effects in-
clude oversedation, anterograde amnesia, paradoxical agitation,
slurred speech, irrational behaviour,**! motor incoordination (G-
napping), severe nausea, vomiting, gastrointestinal tract irritation,
hyperthermia, and overdose (G-hole).**=>"1 Most subjects re-
ported that they would use GHB again despite severe negative
consequences.”? Driving under the influence of GHB and its ma-
jor consequences are another major point not well recognized by
users.>?

The impact of GHB on several aspects of sexuality (increased
desire and arousal, decreased inhibition, greater willingness to
engage in sexual activity) is clearly recognized by all users, but
the risk of unsafe sexual practices and sexually transmitted
diseases is not appreciated.’2%¥ Interactions between GHB,
other recreational drugs and drugs commonly used in the
management of HIV-positive patients can occur and may be
associated with serious clinical consequences.”’® GHB is also
known as a chemical submission agent due to its pharmacological
properties. Despite widespread coverage of GHB in the media,
alcohol and benzodiazepines are the drugs used most often in this
context.12%54

GHB and its precursors can induce tolerance and de-
pendence.*¥ Although many GHB users will experience a mild
withdrawal syndrome upon drug discontinuation, those with
chronic GHB use can experience severe withdrawal. Severe with-
drawal is characterized by central nervous system and autonomic
dysfunction similar to that observed in other sedative withdrawal
syndromes.”®>7) Withdrawal features were similar for GHB and its
analogues. The median delay between last use and withdrawal
presentation was 7.5 h for GHB, 72 h for GBL and 6 h for 1,4BD.[58>!

The most common withdrawal symptoms were tremor, halluci-
nations, tachycardia, insomnia, anxiety, and hypertension. Other
symptoms included agitation, diaphoresis, paranoia, confusion,
delusions, delirium, nystagmus, rhabdomyolysis, and seizures.
The duration of the withdrawal syndrome was 10 days for GHB,
6.5 days for GBL and 4 days for 1,4BD. Hospitalization may be
required depending on the severity of the symptoms.>%>7]

Deaths have been attributed to GHB use, withdrawal or co-
ingestion with other illicit drugs and/or alcohol. As a result of
accident, injury, and respiratory compromise, deaths have also
been reported.[00-63!

No randomized clinical trials have been conducted to identify
the best pharmacological approach to treating withdrawal, but
benzodiazepines are frequently used to manage this syndrome.[64

Concerning the legal use of GHB, sodium oxybate (Xyrem oral
solution) is the sodium salt of the gamma-hydroxybutyric acid. It
was used as an anaesthetic for hospital use and it is approved
in the USA for the treatment of cataplexy and excessive daytime
sleepiness in patients with narcolepsy, and in the European Union
for the treatment of narcolepsy with cataplexy.®® It has also
been tested in the treatment of alcohol withdrawal, Pakinson’s
disease, fibromyalgia syndrome, obstructive sleep apnea. Sodium
oxybate is generally well tolerated and effective in the treatment of
symptoms of narcolepsy with cataplexy. It differs from illicit GHB
in accessibility, purity, and dosing. Post marketing and clinical

experiences indicate a very low incidence of misuse, abuse and
dependence.[®%!

Synthetic cathinones

Cathinone, which was discovered approximately 15 years ago, is
a stimulant alkaloid found in the leaves of the khat (Catha Edulis)
bush. The plant grows in East Africa and southern Arabia, and it is
frequently chewed because of its amphetamine-like effects.l”]
Cathinone was found to be chemically similar to ephedrine,
cathine and other amphetamines. The drug’s maximum effect
occurs after 15-30 min. Metabolism of cathinone is rapid, and
only a small fraction of the molecule appears unchanged in the
urine. Most cathinone is metabolized to norephedrine and is
excreted in this form. The rate of inactivation is about the same
as the rate of absorption, which limits the level of cathinone
in the blood that can be attained by chewing the leaves. This
compound is controlled by the UK 1971 Misuse of Drugs Act and is
currently internationally classified as a Schedule 1 drug under the
Convention on Psychotropic Substances!'? Its commerce is legal
in Israel, Yemen, and in the Horn of Africa.

Synthetic cathinones belong to the so-called ‘legal highs’ group
of drugs. These compounds, isolated from plant or fungal material,
can be readily bought from the Internet without initial legal restric-
tions. But due to potential acute and chronic toxicity, these drugs
are now forbidden in a number of countries. Their component
chemicals may be structurally related to illegal drugs of abuse
(e.g., amphetamine).”! A recent study found that the methyl-
cathinones are considerably more hydrophilic than the methy-
lamphetamines, which may account for the higher doses that are
needed to produce similar effects. Synthetic cathinones, which
are considered to be ephedrone derivatives, include mephedrone,
methylone, methedrone, flephedrone, buphedrone, butylone, and
methylenedioxypyrovalerone (MDPV).[**! Mephedrone, methy-
lone and MDPV seizures collectively represented over 97% of
the synthetic cathinones seizures.'" These drugs have many
street names, which can be a source of confusion. Despite the
increased availability of these legal highs on the Internet, little is
known about the biology and the clinical pharmacology of these
compounds.!'?

Mephedrone

Mephedrone, first described in 1929 by Saem de Burnaga Sanchez,
is the fourth most commonly used drug (after cannabis, ecstasy,
and cocaine) and the most commonly used ‘legal high'.[%®
Mephedrone use was first detected in November 2007 and was
reported viathe EMCDDA's Early Warning Systemin March 2008.')

Information regarding epidemiological data and the effects of
mephedrone are limited to unconfirmed user reports and clinical
case series. There are no published preclinical studies or human
clinical pharmacology studies of mephedrone, and there are no
pharmacological guidelines for acute and chronic intoxication.

Mephedrone is a water-soluble, white or coloured (yellowish,
beige or brown) hydrochloride salt. Its common name is
4-methylmethcathinone (MMC or 4-MMC) and its main precursor,
4-methylpropiophenone, is available on the Internet.'® Many
street names for this drug exist around the world (Table 2).

Legal mephedrone production and distribution takes place in
Asia. Mephedrone is commercially available in powder form via
the Internet and smart shops. It is advertised and sold online as a
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Table 2. Street names of Mephedrone

Mephedrone

Table 3. Adverse effects of Mephedone

Most frequent adverse effects Other adverse effects

e Meph, drone

o Meow or meow meow

o Miaow or miaow miaow,

e Bubble(s), bounce and subcoca

e Miaou miaou (France)

o Mef (Slovenia, Sweden)

o Mefi, mephisto, moonshine (Hungary)

e Flower Magic powder, flower power, special diamond, special
gold (Romania)

e Rush (Belgium)
o MMC Hammer (Germany)
e Hurricane Charlie, Ketones, Dove (Ireland)

research chemical, plant food, plant feeder, bath salts, or vacuum
freshener. Furthermore, some websites indicate that mephedrone
is‘not for human use’ to prevent potential control by authorities./”!
Mephedrone powder can be sold in retail (1, 5 or 10 grams) and/or
in bulk quantities. The average price ranges from €9 to €17 per
gram. The purity offered on the Internet can reach over 99%.'"
Mephedrone is a ‘legal’ alternative to MDMA, amphetamines, and
cocaine.l®]

Oral, intranasal, intramuscular, intravenous, and rectal routes of
administration have been reported. Oral (swallowing powder,
capsules or tablets) and intranasal routes are predominant.
Clinical effects usually occur 15-45min after oral ingestion
and last approximately 2-5 h. Effects usually occur 30 min after
intranasal administration and last approximately 2-3 h. The
high lasts approximately 10-15 min after intravenous injection,
with an overall duration of 30min.”® Mixed routes (oral
and intranasal, oral and rectal) have been reported during
a single session. According to the Europol-EMCDDA Joint
Report published in 2010, mephedrone was usually found in
combination with synthetic cathinones (methylone, butylone,
ethylcathinone, methoxymethcathinone, fluoromethcathinone).
Furthermore, other substances found were MDMA and mCPP,
lactose, and caffeine.'"! Mephedrone remains a key substance
among 20-35-year-old male adults, predominantly from urban
areas, in the recreational nightlife scene. Clinical effects of
mephedrone are comparable with those of stimulants: euphoria,
elevated mood, alertness, empathogenic effects, pleasurable
rushing, sense of being sped up, enhanced music appreciation,
and mild sexual stimulation. Higher dosage and more prolonged
mephedrone use caused more severe unwanted effects.!6]

Adverse effects are summarized in Table 3.707"

The main psychiatric adverse effects reported by the users were
anxiety, dysphoria, depression, insomnia, hallucinations, paranoia,
cognitive disorders (i.e. impaired short-term memory, impaired
attention and concentration), delusions, suicidal ideations (espe-
cially with the intravenous route).!'"7071]

There are no available animal studies that investigated
the addictive potential of mephedrone, but case reports of
dependence were reported by the UK National Drug Treatment
Monitoring system. Subjects with high and frequent use of
mephedrone report a major craving and tolerance for the
drug.[%873] The withdrawal syndrome is characterized by tremor,
shivers, increased or decreased temperature, and a strong feeling
of paranoia.l®”

Tachycardia Dizziness

Hypertension Tremor

Agitation Stupor

Fatigue Headache

Goose bumps Chest pain

Facial flushing, Dyspnoea

Restlessness Nausea, vomiting, abdominal pain
Mydriasis Renal pain

Nasal and throat irritation, sinusitis
Trismus, bruxism

Loss of appetite

Increased sweating
(“mephedrone sweat”)

Abnormal vision Syndrome of inappropriate ADH
secretion’?

In France, the nightlife scene did not include mephedrone use
until March 2010. Recent media coverage (TV, radio, Internet, etc.),
may have led to an increased awareness of the drug in the general
population and potential users.['®!

Deaths have been attributed to mephedrone use and co-
ingestion of mephedrone and other illicit drugs (i.e. heroin)’#
in many European countries (Sweden, the United Kingdom, Ro-
mania). Due to potential acute and chronic toxicity, mephedrone
is now forbidden in a number of countries (Denmark, Finland,
Sweden, Germany, Norway, France, Croatia, Estonia, Romania, and
Israel). Other synthetic drugs have already emerged as successors
to the banned mephedrone 11214371

Methylone

Methylone (3,4-methylenedioxy-N-methylcathinone) is a close
structural analogue of MDMA, differing by the addition of a B-
ketone group (Bk-MDMA).['3! This drug is the second, most popular
designer drug and is often combined with mephedrone.!""! Cozzi
etal. found that methylone potently inhibits plasma membrane
catecholamine transporters invitro, but in contrast to MDMA,
it weakly inhibits the vesicular monoamine transporter.’>) A
preclinical study showed that methylone has psychoactive effects
similar to those of MDMA and it can be used as a substitute
for MDMA in rats trained to discriminate between MDMA and
saline."® Little is known about the pharmacokinetics of methylone;
and there are two major metabolic pathways for this drug.!'3177!

Methylone was reported for the first time in 2004 as a liquid
solution sold as a vanilla-scented room odorizer.”®! A recent study
found it sold in plastic tubes containing 5ml of liquid called
Explosion via the Internet and in head shops.”?! The compound
mainly exists in powder form and in tablets. The average price
ranges from €10 to €20 per gram.['Z

Very little epidemiological data for this drug have been
gathered. Similar to mephedrone, there is no significant clinical
literature on the effects of methylone. On user websites, subjects
reported average doses of 100 to 200 mg of methylone. These
doses were reported to produce a calm euphoria, alertness, rest-
lessness, and a strong sense of empathy with mild stimulation.8%!
An antidepressant action has been reported by Shulgin
(http://www.cognitiveliberty.org/shulgin/adsarchive/cathinone.
htm).

Adverse effects are quite similar to those of mephedrone.
Somatic adverse effects include tachycardia, hypertension, hy-
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perthermia, sweating, mydriasis, nystagmus, nausea, vomiting,
trismus, and bruxism. Psychiatric adverse effects include anorexia,
anxiety, derealisation/depersonalisation, impaired short-term
memory, psychosis, hallucinations and suicidal ideations.!'?

No deaths have been attributed to methylone use alone or to
co-ingestion with other illicit drugs.!'?

Methylone first appeared at the end of 2004 in the Netherlands
and, as in the United States, it is not a scheduled substance.’®"
Methylone has been illegal in Sweden since 2007 and in the UK
since April 2010.1'2 There are currently no reports on the toxicity
and the harmfulness of this designer drug.

Methedrone

Methedrone [4-methoxymethcathinone or PMMC (para-meth-
oxymethcathinone)] is the cathinone derivative of PMMA (param-
ethoxymethamphetamine or bk-PMMA).['?! lllicit use of PMMA in
humans could have serotoninergic neurotoxic effects. An animal
study found that the stimulating effects produced by MDMA and
PMMA are similar but non-identical and that PMMA is the less
stimulating of the two.182

Clinical effects include increased sociability, euphoria, disinhibi-
tion, increased energy and stimulation. Mydriasis, polypnea, and
hyperthermia are the main physiological responses. Despite the
lack of published clinical studies, health risks are possible due
to the similarity of the drug’s pharmacological profile to that of
PMMA.I"?! Methedrone was reported for the first time via the EWS
in October 2009. Two deaths were partly attributed to methedrone
in Sweden.">83! This compound is under control in Sweden and
in Romania.

Flephedrone

Archer et al. identified a new compound in capsules marketed as
plant feeders available from the internet. The capsules contain
3’-fluoromethcathinone (3-FMC), caffeine and a methylamine salt.
Flephedrone (4'-fluoromethcathinone or 4-FMC), along with its
structural isomer (3-FMC), began to be sold as a party drug in
2008 by Internet-based companies.® Due to important seizures
in several Member States, 4-FMC was officially reported for the first
time via the EWS in December 2008.1'? Flephedrone has weaker
stimulant effects and has often been encountered as an ingredient
in ecstasy tablets, probably due to the lack of the chemical
precursor BMK. Its toxicity is not well established; however, it
appears to act like mephedrone and other amphetamines.[®%

Butylone

Butylone [B-keto-N-methyl-1-(3,4-methylenedioxyphenyl)-2-but-
anamine (Bk-MBDB)] is the alpha-ethyl homologue of MDMA.I"?!
It was first synthesized by Koeppe et al. in 1967. MBDB has been
available at least since 1994, but its popularity on the synthetic
drugs market is marginal. MBDB is also known as Methyl-J and
Eden.®

MBDB metabolism is similar to MDMA metabolism. The acute
pharmacological effects of MBDB in the rat include an increase
in serotonin release in the brain, an inhibition of serotonin and
noradrenaline reuptake, a modest increase in dopamine release
and an inhibition of dopamine reuptake. Aerts et al. reported that
MBDBwas three times less likely to cause serotonergic brain deficits
than MDMA 18] This result is not negligible because in animals,
serotonergic brain deficits after exposure to MDMA have been
linked to the degeneration of serotonergic nerve terminals.!'38¢!

The rewarding properties of MBDB appear to be smaller than
those of MDMA, as suggested by an animal study. MBDB effects
are comparable to those of MDMA, although the latter is more
potent.[887]

MBDB has been reported to have novel central nervous system
effects with neither stimulant nor hallucinogenic properties. MBDB
and MDMA are reported to be generally similar in effect with slight
differences in potency.[3!

MBDB effects last 4-6 h with noticeable after-effects lasting
for 1-3 hours. The main effects of MBDB in humans are a mild
euphoria, a pleasant state of introspection, greatly facilitated
interpersonal communication and a pronounced sense of empathy
and compassion between subjects.®! Severe adverse effects have
not been published. The addictive potential appears to be small
in comparison to MDMA ¥ Deaths have been reported in relation
to MBDB misuse.88!

Buphedrone

We are not aware of any published animal, epidemiological or
clinical studies of buphedrone. Information is available via the
Internet and user reports from drug forums.

Buphedrone (e-methylamino-butyrophenone) was first synthe-
sized in 1928. Its effects are similar to those of methcathinone and
its toxicity is not well established.[®%!

Methylenedioxypyrovalerone (MDVP)

Methylenedioxypyrovalerone (MDVP) was first detected in June
2007 in Germany.® It was reported via the EWS at the end of 2008.
As adrug variant of pyrovalerone, this compound acts by releasing
and inhibiting the reuptake of the monoamine neurotransmitters
and is reported to have amphetamine-like stimulant effects.!>”

MDVP is a grey-coloured substance with a granular consistency
(chemical form of its free base) or a white powder (hydrochloride
salt form). It can be sold via the Internet as a research chemical.*”’

We are not aware of any published animal, epidemiological or
clinical studies of MDVP.

Routes of administration are usually oral or intranasal (the
most common route). Effects usually occur 15-30 min after oral
ingestion and can last approximately 2-7 hours. After intranasal
use, effects usually occur 5-20 min after administration and can
last approximately 2-3.5h. The effects of MDPV are usually
compared to those of amphetamines or other stimulants. Adverse
effects are comparable to those of mephedrone or other synthetic
cathinones.® Abuse of pyrovalerone has been reported in
drug addicts,’®? so MDVP addiction may be possible. From user
reports and clinical cases, MDPV is known to be associated with
compulsive use.

5,6-Methylenedioxy-2-aminoindane (MDAI)

5,6-Methylenedioxy-2-aminoindane (MDAI), developed in the
1990s, is an analogue of MDMA with low neurotoxicity that
is a highly selective serotonin-releasing agent in vitro.8%93%4 |n
2009, MDAl became available on the research chemical market via
the Internet. In April 2010, there was a press rumour that MDAI
will emerge as a successor to mephedrone, which was banned
in a number of countries.!”” MDAI, often found in powder form,
can be used via the oral, rectal, or intranasal route. According to
users, the cost of the chemical is about twice that of mephedrone.
It produces mild entactogen effects and is significantly weaker
and less stimulating than MDMA in humans. Health risks are
possible.[%%]
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Conclusion

The addiction landscape has to take GBL/GHB and synthetic
cathinonesintoaccount.Designerdrugs have becomeanoticeable
part of the drug scene in the EU, Australia and the USA. The Internet
has become a new marketplace for these party drugs and also
plays a crucial role in the spread of these new drugs.!'® Actual
methods of controlling street drugs cannot cope with this current
internet environment.

The ease of obtaining of GBL or synthetic cathinones, their use
in private house parties, their moderate cost and their ‘legal’ status
risks attracting more and more drug users.'? Media coverage
of mephedrone and GBL has certainly influenced people to try
them.!”) Users of these drugs should be aware that just because
a substance is being advertised as legal does not make it safe
or actually legal. Another important point is that new chemicals
are synthesized, marketed and legally sold as soon as previous
compounds are banned, which is especially true for the synthetic
cathinones.

As reported in our review, there is an important lack of epi-
demiological, animal, and clinical data concerning designer drugs.
There is evidence that negative health and social consequences
may occur in recreational and chronic users. The addictive po-
tential of designer drugs is not weak. Non-fatal overdoses and
deaths related to GHB/GBL and synthetic cathinones have been
reported.(61:69.7098]

Clinicians must be careful with GBL or synthetic cathinones,
which are being sold and used as substitutes for GHB and MDMA,
respectively.Interventionsfordrug preventionand harm reduction
in response to the use of these drugs should be implemented on
the internet and in recreational settings. Prevention, Information,
Action, and Treatment are the main goals that must be addressed
for this new potentially addictive problem.

References

[1] J.C.Maxwell, Party drugs: properties, prevalence, patterns, and
problems, Subst. Use Misuse 2005, 40, 1203.

[2] What are club drugs? Here's a quick look, AIDS Alert 2002, 17, 123.

3] NIDA, Pharmacology and toxicology of amphetamine and related
designer drugs. NIDA, Res. Monogr. 1989, 94, 358.

[4] A. RWinstock, J. D. Ramsey, Legal highs and the challenges for
policy makers, Addiction 2010, 105, 1685.

[5] J.Hillebrand, D. Olszewski, R. Sedefov, Legal highs on the Internet,
Subst. Use Misuse 2010, 45, 330.

[6] J.Goss, Designer drugs. Assess & manage patients intoxicated
with ecstasy, GHB or rohypnol-the three most commonly abused
designer drugs, J.E.M.S. 2001, 26, 84.

[71 C.Haas, L.Karila, W.Lowenstein, Cocaine and crack addiction: a
growing public health problem, B. Acad. Nat. Med. Paris 2009, 193,
947.

[8] D.Velea, M.Hautefeuille, G.Vazeille, C.Lantran-Davoux,
synthesis empathogenic agents, Encephale 1999, 25, 508.

[9] T.van Havere, W.Vanderplasschen, E. Broekaert, I. de Bourdeaud-
hui, The influence of age and gender on party drug use among
young adults attending dance events, clubs, and rock festivals in
Belgium, Subst. Use Misuse 2009, 44, 1899.

[10] G.Quintero, Rx for a party: a qualitative analysis of recreational
pharmaceutical use in a collegiate setting, J. Am. Coll. Health 2009,
58, 64.

[11] EMCDDA (European Monitoring Centre for Drugs and Drug
Addiction), EMCDDA and Europol step up information collection on
mephedrone (2010). Available at: http://www.emcdda.europa.eu/.

[12] EMCDDA (European Monitoring Centre for Drugs and Drug
Addiction), EMCDDA-Europol 2009 Annual Report on the
implementation of Council Decision 2005/387/JHA, EMCDDA, Lisbon,
2010.

New

[13]

[14]

M. R. Meyer, H. H. Maurer, Metabolism of designer drugs of abuse:
an updated review, Curr. Drug Metab. 2010, 11, 468.

EMCDDA, European Monitoring Center for Drugs and Drug Abuse:
Annual report 2006: The state of the drug problem in Europe.
Available at: www.emcdda.europa.eu [2009].

A. L. Jones, Legal ‘highs’available through the Internet-implications
and solutions? Q. J. Med. 2010, 103, 535.

A. Benyamina, L. Bonhomme-Faivre, V. Picard, A. Sabbagh, D.
Richard, L. Blecha, H. Rahioui, L. Karila, M. Lukasiewicz, R. Farinotti,
Association between ABCB1 C3435T polymorphism and increased
risk of cannabis dependence, Pro. Neuro-Psychoph. 2009, 33, 1270.
P. G. Miller, A. L. Sonderlund, Using the internet to research hidden
populations of illicit drug users: a review, Addiction. 2010, 105, 1557.
H.Laborit, J. M. Jouany, J. Gérard, F. Fabiani, Generalities concerning
the experimental study and clinical use of gamma hydroxybutyrate
of Na, Agressologie 1960, 1, 397.

S. P. Bessman, W. N. Fishbein, Gamma-hydroxybutyrate, a normal
brain metabolite, Nature 1963, 200, 1207.

M. Maitre, J. P. Humbert, V. Kemmel, D. Aunis, C. Andriamampandry,
A mechanism for gamma-hydroxybutyrate (GHB) as a drug and a
substance of abuse, Med. Sci. (Paris) 2005, 21, 284.

M. Maitre, The gamma-hydroxybutyrate signalling system in brain:
organization and functional implications, Prog. Neurobiol. 1997, 51,
337.

M. Maitre, V.Hechler, P.Vayer, S. Gobaille, C. D. Cash, M. Schmitt,
J.J.Bourguignon, A specific gamma-hydroxybutyrate receptor
ligand possesses both antagonistic and anticonvulsant
propertiesm, J. Pharmacol. Exp. Ther. 1990, 255, 657.

J. Takahara, S.Yunoki, W.Yakushiji, J.Yamauchi, Y.Yamane,
Stimulatory effects of gamma-hydroxybutyric acid on growth
hormone and prolactin release in humans, J. Clin. Endocr. Metab.
1977, 44,1014.

R. Wise, Brain reward circuitry: insights from unsensed incentives,
Neuron 2002, 36, 229.

G. Koob, M. Le Moal, Drug addiction, dysregulation of reward, and
allostasis, Neuropsychopharmacol. 2001, 24, 97.

E. Nestler, Molecular neurobiology of addiction, Am. J. Addict. 2001,
10, 201.

J. Cami, M. Farre, Drug addiction, New Engl. J. Med. 2003, 349, 975.
M.Shannon, L.S.Quang, Gamma-hydroxybutyrate, gamma-
butyrolactone, and 1,4-butanediol: a case report and review of
the literature, Pediatr. Emerg. Care. 2000, 16, 435.

L. Karila, J. Novarin, B. Megarbane, O. Cottencin, S. Dally, W.
Lowenstein, M. Reynaud, Gamma-hydroxybutyric acid (GHB): more
than a date rape drug, a potentially addictive drug, Presse. Med.
2009, 38, 1526.

L. Slaughter, Involvement of drugs in sexual assault, J. Reprod. Med.
2000, 45, 425.

K. M. Smith, Drugs used in acquaintance rape, J. Am. Pharm. Assoc.
(Wash. DC) 1999, 39, 519, quiz 581.

K.M.Smith, L.L.Larive, F.Romanelli, Club drugs: methylene-
dioxymethamphetamine, flunitrazepam, ketamine hydrochloride,
and gamma-hydroxybutyrate, Am. J. Health-Syst. Ph. 2002, 59, 1067.
M. E. Stillwell, Drug-facilitated sexual assault involving gamma-
hydroxybutyric acid, J. Forensic Sci. 2002, 47, 1133.

H. R. Sum.nall, K. Woolfall, S. Edwards, J. C. Cole, C. M. Beynon, Use,
function, and subjective experiences of gamma-hydroxybutyrate
(GHB), Drug Alcohol Depen. 2008, 92, 286.

M. Varela, S. Nogue, M. Oros, O. Miro, Gamma hydroxybutirate use
for sexual assault, Emerg. Med. 2004, 21, 255.

G. C. Britt, E.F.McCance-Katz, A brief overview of the clinical
pharmacology of ‘club drugs’, Subst. Use Misuse 2005, 40, 1189.
EMCDDA, EMCDDA Thematic Papers - GHB and its precursor GBL:
an emerging trend case study, EMCDDA, Lisbon, 2008.

M. Gandilhon, A.Cadet.-Tairou, A.Toufik, I.Evrard, Septiéme
rapport national du dispositif TREND, Tendances 2006, 52.

A. Cadet.-Tairou, M. Gandilhon, A. Toufik, I. Evrard, Huitiéme rapport
national du dispositif TREND, Tendances 2008, 58.

M. Atha, S.Davis, Gamma hydroxy butyrate usage, effects and
UK prices: Results from 1999-2002 IDMU surveys. Available at:
http://www.idmu.co.uk/ghb2003.htm [2003].

E. Kaufmann, A. Alt, Determination of GHB in urine and serum by
LC/MS using a simple one-step derivative, Forensic Sci. Int. 2007,
168, 133.

Drug Test. Analysis 2011, 3, 552-559

Copyright (© 2010 John Wiley & Sons, Ltd.

www.drugtestinganalysis.com




Drug Testing
and Analysis

L. Karila and M. Reynaud

[42]

S.Y.Kim, J. C. Barker, . B. Anderson, J. E. Dyer, G. Earnest, P. D. Blanc,
Systematic assessment of gamma hydroxybutyrate (GHB) effects
during and after acute intoxication, Am. J. Addict. 2008, 17, 312.

Q. Bodson, R. Denooz, P. Serpe, C. Charlier, Gamma-hydroxybutyric
acid (GHB) measurement by GC-MS in blood, urine and gastric
contents, following an acute intoxication in Belgium, Acta. Clin.
Belg. 2008, 63, 200.

A.Gonzalez, D.J.Nutt, Gamma hydroxy butyrate abuse and
dependency, J Psychopharmacol. 2005, 19, 195.

D.Ward, J.Morgenthaler, S.Fowkes, GHB-the natural mood
enhancer, Smart Publications: Petaluma, 1998.

A.Oliveto, W.B.Gentry, R.Pruzinsky, K.Gonsai, T.R.Kosten,
B. Martell, J. Poling, Behavioral effects of gamma-hydroxybutyrate
in humans, Behav. Pharmacol. 2010, 217, 332.

M.S.Okun, L.A.Boothby, R.B.Bartfield, P.L.Doering, GHB: an
important pharmacologic and clinical update, J. Pharm. Pharm.
Sci. 2001, 4, 167.

P. A. Bialer, Designer drugs in the general hospital, Psychiat. Clin. N.
Am. 2002, 25, 231.

G.P.Galloway, S.L.Frederick, F.E.Staggers Jr, M.Gonzales,
S. A. Stalcup, D.E.Smith, Gamma-hydroxybutyrate: an emerging
drug of abuse that causes physical dependence, Addiction 1997,
92, 89.

P. Kintz, M. Villain, A. L. Pelissier, V. Cirimele, G. Leonetti, Unusually
high concentrations in a fatal GHB case, J. Anal. Toxicol. 2005, 29,
582.

S. Mazarr-Proo, S. Kerrigan, Distribution of GHB in tissues and fluids
following a fatal overdose, J. Anal. Toxicol. 2005, 29, 398.

J.C. Barker, S.L. Harris, J.E. Dyer, Experiences of gamma
hydroxybutyrate (GHB) ingestion: a focus group study,
J. Psychoactive Drugs 2007, 39, 115.

J. C. Barker, H. Karsoho, Hazardous use of gamma hydroxybutyrate:
driving under the influence, Subst. Use Misuse 2008, 43, 1507.
S.Y.Kim, I. B. Anderson, J. E. Dyer, J. C. Barker, P. D. Blanc, High-risk
behaviors and hospitalizations among gamma hydroxybutyrate
(GHB) users, Am. J. Drug Alcohol Ab. 2007, 33, 429.

T. Antoniou, A.L.Tseng, Interactions between recreational drugs
and antiretroviral agents, Ann. Pharmacother 2002, 36, 1598.
A.F.Tarabar, L. S. Nelson, The gamma-hydroxybutyrate withdrawal
syndrome, Toxicol. Rev. 2004, 23, 45.

M. S. van Noorden, L. C. van Dongen, F. G. Zitman, T. A. Vergouwen,
Gamma-hydroxybutyrate withdrawal syndrome:dangerous but not
well-known, Gen. Hosp. Psychiat. 2009, 31, 394.

A.B.Schneir, B.T.Ly, R.F.Clark, A case of withdrawal from the
GHB precursors gamma-butyrolactone and 1,4-butanediol, J. Emerg.
Med. 2001, 21, 31.

M. McDonough, N. Kennedy, A. Glasper, J. Bearn, Clinical features
and management of gamma-hydroxybutyrate (GHB) withdrawal: a
review, Drug Alcohol Depen. 2004, 75, 3.

1. J. Bosman, K. J. Lusthof, Forensic cases involving the use of GHB
in the Netherlands, Forensic Sci. Int. 2003, 133, 17.

D.G. Caldicott, F.Y.Chow, B.J.Burns, P.D.Felgate, R.W.Byard,
Fatalities associated with the use of gamma-hydroxybutyrate and
its analogues in Australasia, Med. J. Australia 2004, 181, 310.
C.Jones, Suspicious death related to gamma-hydroxybutyrate
(GHB) toxicity, J. Clin. Forensic Med. 2001, 8, 74.

R. Herbrand, P. Greminger, G. Schurter, W. Pletscher, H.
Kupferschmidt, Sudden coma in a 20-year-old man, Praxis 2000, 89,
1326.

J. M. Wojtowicz, M. C. Yarema, P. M. Wax, Withdrawal from gamma-
hydroxybutyrate, 1,4-butanediol and gamma-butyrolactone: a case
report and systematic review, C.J.E.M. 2008, 10, 69.

D. M. Robinson, G. M. Keating, Sodium oxybate: a review of its use
in the management of narcolepsy, C.N.S. Drugs 2007, 21, 337.

Y. Wang, T. Swick, L. Carter, M. Thorpy, N. Benowitz, Safety overview
of postmarketing and clinical experience of sodium oxybate (Xyrem)
:abuse, misuse, dependence and diversion, J. Clin. Sleep Med. 2009,
5,365.

P. Griffiths, D.Lopez, R.Sedefov, A.Gallegos, B.Hughes, A.Noor,
L. Royuela, Khat use and monitoring drug use in Europe: The
current situation and issues for the future, J. Ethnopharmacol. 2010.
S. Gibbons, M. Zloh, An analysis of the ‘legal high’ mephedrone,
Bioorg. Med. Chem. Lett. 2010, 20, 4135.

Drugscope. Available at: http://www.drugscope.org.uk/resources/
drugsearch/drugsearchpages/mephedrone.htm [2009].

[70]

[71]

[72]
[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]
[84]

[85]

[86]

[87]

[88]
[89]

[90]

[91]
[92]

[93]

[94]

D.M.Wood, S.L.Greene, P.l.Dargan, Clinical pattern of toxicity
associated with the novel synthetic cathinone mephedrone, Emerg.
Med. J. 2010.

D.M.Wood, S.Davies, M.Puchnarewicz, J.Button, R.Archer,
H. Ovaska, J. Ramsey, T.Lee, D.W.Holt, P.l. Dargan, Recreational
Use of Mephedrone (4-Methylmethcathinone, 4-MMC) with
Associated Sympathomimetic Toxicity, J. Med. Toxicol. 2010, 6,
327.

E. Sammler, P. Foley, G. Lauder, S. Wilson, A. Goudie, J. O'Riordan, A
harmless high? Lancet 2010, 376, 742.

Erowid. Available at: http://www.erowid.org/chemicals/4_
methylmethcathinone/4_methylmethcathinone_law.shtml [2010].
A. J. Dickson, S. P. Vorce, B. Levine, M. R. Past, Multiple-drug toxicity
caused by the coadministration of 4-methylmethcathinone
(mephedrone) and heroin, J. Anal. Toxicol. 2010, 34, 162.

N. V. Cozzi, M.K.Sievert, A.T.Shulgin, P.Jacob 3rd, A.E.Ruoho,
Inhibition of plasma membrane monoamine transporters by beta-
ketoamphetamines, Eur. J. Pharmacol. 1999, 381, 63.

T.Dal Cason, R.Young, R.Glennon, Cathinone: an investigation
of several N-alkyl and methylenedioxy-substituted analogs,
Pharmacol. Biochem. Be. 1997, 58, 1109.

H.T. Kamata, N. Shima, K. Zaitsu, T. Kamata, A. Miki, M. Nishikawa,
M. Katagi, H. Tsuchihashi, Metabolism of the recently encountered
designer drug, methylone, in humans and rats, Xenobiotica 2006,
36,709.

Erowid. Available at: http://www.erowid.org/chemicals/methylone/
methylone_info1.shtml [July 2010].

M.R.Meyer, J.Wilhelm, F.T.Peters, H.H.Maurer, 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. 2010, 397, 1225.

E.Shimizu, H.Watanabe, T.Kojima, H.Hagiwara, M.Fujisaki,
R. Miyatake, K.Hashimoto, M.lyo, Combined intoxication with
methylone and 5-MeO-MIPT, Prog. Neuro-Psychoph. 2007, 31, 288.
M. G. Bossong, J. P. Van Dijk, R. J. Niesink, Methylone and mCPP, two
new drugs of abuse? Addict. Biol. 2005, 70, 321.

J.G.van Amsterdam, W.Best, A.Opperhuizen, F.A.de Wolff,
Evaluation of a procedure to assess the adverse effects of illicit
drugs, Regul. Toxicol. Pharm. 2004, 39, 1.

Two die of legal drug overdose. The Local, Sweden. Available at:
http://www.thelocal.se/22648/20091014/ [14 October, 2009].

R. P. Archer, Fluoromethcathinone, a new substance of abuse,
Forensic Sci. Int. 2009, 185, 10.

L. Aerts, M. Mallaret, H. Rigter, N-methyl-1-(1,3-benzodioxol-5-yl)-2-
butanamine (MBDB): its properties and possible risks, Addict. Biol.
2000, 5, 269.

R. Oberlender, D.E.Nichols, (+)-N-methyl-1-(1,3-benzodioxol-5-
yl)-2-butanamine as a discriminative stimulus in studies of
3,4-methylenedioxy-methamphetamine-like behavioral activity,
J. Pharmacol. Exp. Ther. 1990, 255, 1098.

D. Nichols, Differences between the mechanism of action of MDMA,
MBDB, and the classic hallucinogens. Identification of a new
therapeutic class: entactogens, J. Psychoactive Drugs 1986, 18,
305.

N. Carter, G.Rutty, C. Milroy, A.Forrest, Deaths associated with
MBDB misuse. Int. J. Legal Med. 2000, 713, 168.

Erowid.  Available at:  http://www.erowid.org/chemicals/
buphedrone/buphedrone_info1.shtml [July 2010].

F.Westphal, T.Junge, P.Rosner, F.Sonnichsen, F.Schuster,
Mass and NMR spectroscopic characterization of 3,4-methy-
lenedioxypyrovalerone: A designer drug with a-pyrrolidino-
phenone structure, Forensic Sci. Int. 2009, 790, 1.

Erowid. Available at: http://www.erowid.org/chemicals/mdvp/
mdvp.shtml [July 2010].

P. Deniker, H. Loo, H. Cuche, J. Roux, Abuse of pyrovalerone in drug
addicts, Ann. Med. Psychol. (Paris) 1975, 2, 745.

R. Oberlender, D.E.Nichols, Structural variation and (+)-am-
phetamine-like discriminative stimulus properties, Pharmacol.
Biochem. Be. 1991, 38, 581.

M. P. Johnson, X. M. Huang, D.E. Nichols, Serotonin neurotoxicity
in rats after combined treatment with a dopaminergic
agent followed by a nonneurotoxic 3,4-methylenedioxymeth-
amphetamine (MDMA) analogue, Pharmacol. Biochem. Be. 1991,
40,915.

www.drugtestinganalysis.com

Copyright (© 2010 John Wiley & Sons, Ltd.

Drug Test. Analysis 2011, 3,552-559



Drug Testing

GHB and synthetic cathinones: Clinical effects and potential consequences and Analysis

[95] A.Shaw, Danger drug meow meow'’s successor MDAI could [97] R.H.Schwartz, R.Milteer, M.A.LeBeau, Drug-facilitated sexual
flood Britain. Available at: http://www.mirror.co.uk/news/top- assault (‘date rape’), South. Med. J. 2000, 93, 558.
stories/2010/04/19/is-legal-high-mdai-new-meow-meow-115875- [98] D. Gustavsson, C. Escher, Mephedrone-Internet drug which seems
22195788/ [2010]. to have come and stay. Fatal cases in Sweden have drawn attention

[96] Erowid.Available at: http://www.erowid.org/chemicals/mdai/mdai. to previously unknown substance, Lakartidningen 2009, 106, 2769.

shtml [July 2010].

Drug Test. Analysis 2011, 3, 552-559 Copyright (© 2010 John Wiley & Sons, Ltd. www.drugtestinganalysis.com




