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Forewords

Over the last decade the world has gone 
through a period of extensive change driven by 
the twin engines of globalisation and techno-
logical advancement. We now live on a smaller 
and more joined up planet in which geographi-
cal boundaries have been transcended by the 
creation of a virtual space that facilitates the 
rapid flow of goods, services and ideas. The 
way people work, play, and socialise has been 
transformed in ways that would have been 
hard to imagine even a decade ago. Profound 
economic, social and political changes have 
occurred, bringing with them both positive 
and negative consequences. Amongst these, 
the growing dislocation of commerce and com-
munication from physical jurisdictions means 
that the power of nation states to control or 
regulate these activities has been considerably 
weakened.

As so many aspects of our modern life have 
been transformed by these developments it 
is not surprising that they are also having an 
impact on the consumption and availability of 
psychoactive substances. With time and hind-
sight, the changes we are now seeing in drug 
use and the drug market may come to be viewed 
as predictable developments. They have how-
ever been experienced as rapid and unexpected 
changes that have taken our existing policies 
and practices by surprise. In terms of both pub-
lic health and social control the paradigm on 
which contemporary responses to drug use has 
been historically based has become increasingly 

challenged by the emergence of a wide range 
of new and novel substances. They have been 
bought to market in sophisticated new ways, 
and with a speed that only serves to highlight 
the slow pace at which countermeasures can 
be mustered. Within a short period of time this 
has become a global phenomenon, albeit one 
with products specifically tailored to be attrac-
tive to different consumer groups. The power 
of modern search engines has allowed the back-
catalogue of the chemical and pharmacological 
research industry to be exploited to find obscure 
chemicals with proven actions. The Internet 
has become both a vehicle for the diffusion of 
innovation in this area, and increasingly now 
also a new marketplace where existing regula-
tory models are failing to find traction. Products 
sometimes containing complex cocktails of 
chemicals have been developed and marketed 
using attractive packaging that appeals so well 
to its intended consumers that it has an influ-
ence that can even be seen leaking out into wider 
design trends. The end result of all this is that an 
increasing number of young people are experi-
menting with chemicals about which we simply 
have no knowledge of the acute or chronic risks 
from either human or animal studies. The long-
term implications of this are unclear but worri-
some. Sufficient experience has already been 
accumulated however to know that for some of 
these substances at least the potential for them 
to cause severe acute adverse consequences is 
considerable.
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Developments in this area have also high-
lighted the inadequacies of our current con-
ceptual framework for supporting scientific 
discourse and responses. We are struggling 
with terminology, lacking in appropriate ana-
lytical tools for identification and finding that 
many of our current monitoring approaches 
are simply not fit for purpose when faced by 
consumers who are using ´brands´ that contain 
unknown and often complicated mixtures of 
obscure chemicals that can change over time. 
Self reports that are the main stay of many 
illicit-drug studies are of little value when the 
user may be ignorant of the substance(s) that 
they are consuming, or refer to a brand name. 
Equally, medical services are increasingly faced 
by having to respond to individuals with acute 
toxicity with a history of consumption of sub-
stances of unknown provenance and content.

The pace of change in this area has been so 
rapid that the information available for guid-
ing policies and practice has struggled to keep 
up. Clinicians are handicapped in responding to 
this new reality in drug use by a severe knowl-
edge deficit and currently lack the tools needed 
to ground their practice in hard evidence. This 
book is therefore both timely and important. 
Paul Dargan and David Wood bring an unpar-
alleled vision and understanding to this topic 
that comes from their pioneering work as 
researchers and clinicians who have followed 
this phenomenon closely from its inception. 
As scientists they guide us in this publication 
through the pharmacological and toxicologi-
cal issues that are critical to understanding the 
implications of developments in this area. But 
they also do this from the perspective of clini-
cians who have unparalleled experience of 
working at the ´coalface´ of clinical practice in 
responding to drug induced emergencies occur-
ring in the London club scene. Their work has 
justifiably earned them a world-wide reputa-
tion and they have exploited this to assemble 

a global cast of leading experts to steer us 
through this complex topic. This multi-authored 
publication provides a comprehensive review 
of what we know about the detection, pharma-
cology and toxicology of novel psychoactive 
substances. It also provides the reader with the 
concepts and framework necessary to under-
stand this emergent area. Individual classes 
of novel psychoactive substances that have 
recently emerged onto the recreational drug 
scene are described, accompanied by a review 
of the pharmacology and acute and chronic tox-
icity. This information is much needed and has 
never previously been brought together in such 
a comprehensive and authoritative form.

We can only conclude by noting how happy 
we are to endorse this ground breaking publi-
cation, which offers the much needed foun-
dation to support an understanding of this 
complex and emergent area. It not only pro-
vides the reader with the conceptual tools nec-
essary to understand this phenomenon, but 
also imparts an understanding of critical issues 
related to the pharmacology and identification 
of novel psychoactive substances. Most impor-
tantly it also includes a state of the art review 
of the clinical implications of the consumption 
of new and novel psychoactive substances in 
respect to their acute and chronic toxicology. 
Put simply, this book is essential reading and a 
valuable reference source for any scientist, clini-
cian, policy maker or law enforcement profes-
sional wanting to become more familiar with 
what is probably the most important contempo-
rary development in the drugs field.

Paul Griffiths MSc
Scientific Director, EMCDDA

Wolfgang Götz MSc
Director, EMCDDA , European Monitoring 

Centre for Drugs and Drug Addiction
Lisbon, Portugal
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The market for synthetic drugs has always 
been characterised by a large variety of sub-
stances. Historically, novel (new) psychoac-
tive substances (NPS) have always appeared 
in this market. However, in recent years, the 
pace at which these substances have emerged 
has increased considerably. In 2011, 49 NPS 
were reported to the early warning system of 
the European Monitoring Centre on Drugs and 
Drug Addiction. This means that one NPS was 
reported almost every week. And this moni-
toring system only covers some 30 European 
countries, out of the more than 200 countries 
and territories in the world.

At the global level, nobody knows the exact 
number of NPS that are currently circulating in 
the market today. However, preliminary figures 
from a survey on NPS carried out by the United 
Nations Office on Drugs and Crime suggest 
that more than 100 different NPS were available 
on the market in 2012.

As the number of NPS increases, so do the 
potential health problems that some of these 
substances entail. Often, their appearance is 
accompanied by an increase in reported health 
problems, emergency room visits and even 
fatalities. National and local authorities face 
numerous challenges when trying to address 
the issue. Drug analysis laboratories struggle 
to identify the active ingredients of the sub-
stances, as conventional analytical techniques 
methods often do not provide reliable results. 
Health care professionals in particular find it 
difficult to provide proper care as there are few 
resources on the pharmacology and toxicology 
of these substances when they first emerge.

The present publication narrows this infor-
mation gap and is the first book to provide a 
wide spectrum of facts on everything one has 

always wanted to know about NPS, including 
information on their chemical structure, their 
availability, supply and their epidemiology 
of use. It will be of great use to the increasing 
number of people requiring reliable scientific 
information on this issue.

Early warning systems on NPS have been 
pivotal in national efforts to identify and moni-
tor them. At present such a system exists only 
for a number of European States. However, 
there is a worldwide dimension to the emer-
gence of these substances that deserves our 
attention. Many NPS have spread to all cor-
ners of the globe – synthetic cannabinoid 
receptor agonists (‘Spice’), for example, have 
been reported from Africa, the Americas, Asia, 
Europe and Oceania. Like cocaine or heroin, 
NPS are a truly international phenomenon – 
often manufactured in one region of the world, 
packaged and sold to users in another – and 
therefore warrant an international response.

Sharing information and best practices and 
using our collective knowledge to develop 
common strategies are some of the elements 
that should be part of an effective action plan to 
address the challenge. Monitoring the issue will 
provide useful information that will assist in 
making evidence-based decisions that respond 
to the rapid changes that encompass the supply 
and demand of NPS.

Beate Hammond BA, MBA

Beate Hammond manages the Global Synthetics 
Monitoring: Analyses, Reporting and Trends 
(SMART) Programme of the United Nations Office 
on Drugs and Crime. The views expressed in this 
preface are those of the author and do not necessarily 
reflect the views of the United Nations.



xiii

John R.H. Archer  Clinical Toxicology, Guy’s and 
St Thomas’ NHS Foundation Trust, King’s Health 
Partners and King’s College London, London, UK

Warunya Arunotayanun  Department of Phar­
maceutical and Biological Chemistry, UCL School 
of Pharmacy, London, UK

Volker Auwärter  Institute of Forensic Medicine, 
Forensic Toxicology, University Medical Center 
Freiburg, Freiburg, Germany

Robin A. Braithwaite  Drug Control Centre, Depart­
ment of Forensic Science, Division of Analytical and 
Environmental Sciences, King’s College London, 
London, UK

Simon D. Brandt  School of Pharmacy and 
Biomolecular Sciences, Liverpool John Moores 
University, Liverpool, UK

Paul I. Dargan  Clinical Toxicology, Guy’s and  
St Thomas’ NHS Foundation Trust, King’s Health 
Partners and King’s College London, London, UK

Michael J. Evans-Brown  Centre for Public Health, 
Liverpool John Moores University, Liverpool, UK

Ana Gallegos  European Monitoring Centre for 
Drugs and Drug Addiction (EMCDDA), Lisbon, 
Portugal

Fiona M. Garlich  University of Calgary, Calgary, 
Canada

Paul Gee  Christchurch Hospital, University of 
Otago, Christchurch, New Zealand

Simon Gibbons  Department of Pharmaceutical 
and Biological Chemistry, UCL School of 
Pharmacy, London, UK

Shaun L. Greene  Victorian Poisons Information 
Centre, Melbourne, Australia

Robert S. Hoffman  Department of Emergency 
Medicine, New York University School of 
Medicine, New York City Poison Control Center, 
Bellevue Hospital Center, New York, NY

List of Contributors

Padraigin Kenny  European Monitoring Centre for 
Drugs and Drug Addiction (EMCDDA), Lisbon, 
Portugal

Andrew T. Kicman  Drug Control Centre, Depart­
ment of Forensic Science, Division of Analytical 
and Environmental Sciences, King’s College 
London, London, UK

Leslie A. King  Former part-time advisor to the 
European Monitoring Centre for Drugs and Drug 
Addiction (EMCDDA), Lisbon, Portugal

Phoebe Y.H. Lam  Department of Oncology, Cancer 
Research UK/Medical Research, Council Gray 
Institute for Radiation Oncology and Biology, 
University of Oxford, Oxford, UK

Jeff Lapoint  Emergency Medicine, Medical Toxi­
cology, Southern California Permanente Medical 
Group San Diego, CA

Qi Li  Department of Psychiatry, The University of 
Hong Kong, Hong Kong

Wai Man Chan  School of Biomedical Sciences,  
The Chinese University of Hong Kong, Hong 
Kong

James McVeigh  Centre for Public Health, Liver­
pool John Moores University, Liverpool, UK

Fiona Measham  Professor of Criminology, School 
of Applied Social Sciences, Durham University, 
Durham, UK

Chun Mei Wang  School of Biomedical Sciences, 
The Chinese University of Hong Kong, Hong 
Kong

Markus R. Meyer  Department of Experimental 
and Clinical Toxicology, Institute of Experimental 
and Clinical Pharmacology and Toxicology, 
Saarland University, Homburg (Saar), Germany

Jane Mounteney  European Monitoring Centre for 
Drugs and Drug Addiction (EMCDDA), Lisbon, 
Portugal



xiv LIST OF CONTRIBUTORS

Maria Sen Mun Wai  School of Biomedical Sciences, 
The Chinese University of Hong Kong, Hong Kong

Frank T. Peters  Institute of Forensic Medicine, 
University Hospital Jena, Jena, Germany

John A. Rudd  School of Biomedical Sciences, The 
Chinese University of Hong Kong, Hong Kong

Leo Schep  National Poisons Centre, Department 
of Preventive and Social Medicine, University of 
Otago, Dunedin, New Zealand

Roumen Sedefov  European Monitoring Centre for 
Drugs and Drug Addiction (EMCDDA), Lisbon, 
Portugal

Silas W. Smith  Department of Emergency Medicine, 
New York University School of Medicine, New 
York, NY

Harry Sumnall  Centre for Public Health, Liverpool 
John Moores University, Liverpool, UK

Michael W. White  Formerly of the Forensic Science 
Service Ltd, London, UK

David M. Wood  Clinical Toxicology, Guy’s and  
St Thomas’ NHS Foundation Trust, King’s Health 
Partners and King’s College London, London, UK

David T. Yew  School of Biomedical Sciences, The 
Chinese University of Hong Kong, Hong Kong



3
Novel Psychoactive Substances.
DOI: © 2013 Elsevier Inc. All rights reserved.http://dx.doi.org/10.1016/B978-0-12-415816-0.00001-8 2013

Legal Classification of Novel 
Psychoactive Substances

An International Comparison

Leslie A. King
Former part-time advisor to the European Monitoring Centre for Drugs and Drug Addiction 

(EMCDDA), Lisbon, Portugal

C H A P T E R 

1

INTRODUCTION

Historical Background

Limited drug control began in the early years 
of the 20th century, following the Shanghai 
Opium Commission in 1909 and the League of 
Nations Conventions of 1925 and 1931. These 
early controls were largely restricted to tradi-
tional plant products (e.g. opium, cannabis, 
cocaine) and semi-synthetics such as heroin. 
To a great extent, the drug legislation of most 
countries now originates from the precepts of 
the United Nations (UN) Treaties, namely the 
Single Convention of 1961 and the UN 1971 
Convention on Psychotropic Substances. The 
schedules of the two UN Conventions comprise 
mostly traditional drugs [1,2] and, as discussed 
later, apart from a few phenethylamines, do not 
include any examples of the more recent drug 

groups. The organisation of chemical entities 
into various schedules in the UN Conventions 
is partly based on whether the substances have 
any therapeutic value and partly on the risk 
of harm associated with their use. However, 
national legislatures have often incorporated 
the UN scheduling scheme as a basis for deter-
mining penalties associated with various 
offences such as possession, supply, production, 
importation etc. A notable exception to this rule 
is the United Kingdom (UK). In the UK the 
schedules of the Misuse of Drugs Regulations 
2001 [3] largely reflect the UN classification, 
but the separate Misuse of Drug Act, 1971 sets 
out the same substances (known as controlled 
drugs) in three Classes (A, B and C). In other 
words, the Regulations set out what should 
be done, i.e. their use within a clinical context, 
while the Act sets out what should not be done.

http://dx.doi.org/10.1016/B978-0-12-415816-0.00001-8
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The term ‘Novel Psychoactive Substance’ is the 
latest in a series of expressions to describe a rela-
tively recent phenomenon. A few miscellaneous 
phenethylamines, such as STP (2,5-dimethoxy-
4-methamphetamine) and its bromine analogue 
DOB (bromo-STP; 4-bromo-2,5-dimethoxyam-
phetamine) had been misused in the United 
States (US) since at least the early-1960s; in the 
UK an illicit tablet was found to contain STP 
[4] in 1969. However, it was the appearance in 
the US, during the early 1980s, of derivatives of 
the narcotic analgesics fentanyl and α-prodine 
(where desmethylprodine is the reverse ester of 
pethidine/meperidine) that gave rise to major 
concerns. In particular, two of the substituted fen-
tanyls (α-methylfentanyl and 3-methylfentanyl) 
were typically several hundred times more potent 
analgesics than morphine. Not surprisingly, these 
high potencies led to many accidental, often 
fatal, overdoses. The α-prodine series caused a 
major public health issue when it was found that 
a by-product of clandestine synthesis (MPTP; 
1-methyl-4-phenyl-1,2,5,6-tetrahydropyridine) 
produced a rapid and irreversible chemically-
induced Parkinsonism. These events [5] led to the 
coining of the term ‘designer drugs’, which were 
defined as:

Analogues, or chemical cousins, of controlled 
substances that are designed to produce effects simi-
lar to the controlled substances they mimic.

Following the publication of the book 
PIHKAL [6] (‘Phenethylamines I have known 
and loved’) in 1991, large numbers of mostly 
ring-substituted phenethylamines began to 
appear in Europe. These raised questions about 
possible health risks and the problems that 
could arise if such substances were arbitrar-
ily controlled in some Member States, but not 
in others. It was agreed that progress could be 
made by sharing information and by estab-
lishing a risk-assessment procedure and a 
mechanism for their eventual control across 
the European Union (EU). This led, in 1997, to 
the ‘Joint action concerning the information 

exchange, risk assessment and control of new 
synthetic drugs’. These ‘new synthetic drugs’ 
were defined as those that had a limited thera-
peutic value and were not at that time listed 
in the 1971 United Nations (UN) Convention 
on Psychotropic Substances, yet posed as seri-
ous a threat to public health as the substances 
listed in Schedules I and II of that Convention. 
The ‘Joint action’ was superseded by an EU 
Council Decision of 2005 [7,8], leading to a 
more comprehensive and robust system for 
monitoring what then became known as ‘New 
Psychoactive Substances’. The Council Decision 
introduced procedures for risk assessment and 
EU-wide control in appropriate cases. The defi-
nition of these substances is:

Narcotic or psychotropic drugs that are not 
scheduled under the United Nations 1961 or 1971 
Conventions, but which may pose a threat to public 
health comparable to scheduled substances.

The words ‘new’ and ‘novel’ refer to the fact 
that these substances are newly-misused, but 
some of them had been first synthesised many 
years ago. In the meantime, other expressions 
have appeared to describe the phenomenon, 
including ‘legal highs’, ‘research chemicals’, 
‘party pills’ and specific phrases such as ‘plant 
food’ or ‘bath salts’ (often used to describe 
white powders) and ‘incense’ as a euphemism 
for smoking mixtures containing synthetic can-
nabinoid receptor agonists (cannabimimetics). 
The term novel psychoactive substance is used 
to refer to all of these in this textbook.

Legal Concerns

The appearance of novel substances has 
continued to cause problems for drug control 
authorities in many countries. Following the 
lead of the UN Treaties, it has been an accepted 
part of drug legislation that a substance should 
only be brought under control (scheduled) if 
it can be shown to be harmful, either to indi-
viduals, to society or both. And therein lies 
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the central difficulty: almost nothing is known 
about the pharmacology of many new sub-
stances or their potential for abuse. Some were 
developed by academic laboratories or the 
pharmaceutical industry as potential medicines, 
but never succeeded to market authorisation. 
The synthesis and basic chemical properties of 
these ‘failed pharmaceuticals’ will often have 
been described in the scientific or patent lit-
erature, yet apart from in vitro studies and 
occasional limited animal testing, their phar-
macodynamic and pharmacokinetic properties 
and metabolic fate in humans usually remain 
largely unexplored. Other substances are closer 
to the original definition of a designer drug; in 
other words they have been deliberately cre-
ated as entirely novel compounds by clandes-
tine laboratories and synthesised by analogy 
with better-known substances. Their properties 
have never been published and even the most 
basic information is lacking; what little we do 
know comes from occasional fatal poisonings in 
humans and clinical observations of intoxicated 
patients. Anecdotal reports from users, such as 
may be found on Internet ‘chat rooms’, must 
be treated with caution since the exact identity 
of the substances concerned may be unknown, 
often being described by street terms or product 
names, the composition of which often changes 
with time.

In the UK, the Misuse of Drugs Act, 1971 
provides greater room for manoeuvre [9]. Thus, 
there is no strict requirement to demonstrate 
actual harm, provided that the substance con-
cerned might have the potential for harm. In 
Section 1(2) of the Act, which sets out the duties 
of the Advisory Council on the Misuse of Drugs 
(ACMD), there is a definition of what constitutes 
a controlled drug. Thus, the Council should:

… keep under review the situation in the United 
Kingdom with respect to drugs which are being or 
appear to them likely to be misused and of which the 
misuse is having or appears to them capable of hav-
ing harmful effects sufficient to constitute a social 
problem…

This flexibility has allowed the UK to intro-
duce a wide range of generic controls. These are 
described in more detail later, but an inevitable 
consequence is that an essentially infinite group 
of substances will be subsumed where, for most, 
information is unavailable, and is never likely 
to become available. And it is quite certain that 
some substances will not only be harmless, but 
will have no physiological effect of any kind.

While the basic properties of new substances 
could be investigated by relatively inexpensive 
research programs, perhaps using in vitro recep-
tor binding, metabolic studies and other meth-
ods, governments often wish to act at an early 
stage of misuse. There is a belief that it is bet-
ter to control a substance because of the severe 
consequences of permitting open sale of a sub-
stance that later turns out to be harmful. On 
the other hand, restricting a substance that is 
later shown to be harmless has far fewer nega-
tive consequences. The problem is made worse 
by the number of compounds involved and the 
rapid replacement of controlled substances by 
non-controlled analogues. Thus even those sub-
stances that remain uncontrolled often have a 
short lifetime on the illicit market. Furthermore, 
reliable population surveys and informa-
tion on prevalence may not become available 
until a substance is well-established, assuming 
it ever is.

There is a general view in many countries 
that existing drug law is inadequate to deal 
with new substances, and that better solutions 
are needed. A recent review commissioned by 
the UK Drug Policy Commission [10] has elab-
orated on the problems and opportunities for 
restricting new substances. This is just one of 
many reviews in the past few years that have 
scrutinised drug policy in the most general 
sense. For example, the UK has seen numerous 
reports that have been specifically targeted at 
the working of the Misuse of Drugs Act, 1971 
[11–14]. During 2012, two separate Committees 
of the UK Parliament undertook reviews of 
drug policy. The All-Party Parliamentary Group 



1.  LEGAL CLASSIFICATION OF NOVEL PSYCHOACTIVE SUBSTANCES

NOVEL PSYCHOACTIVE SUBSTANCES

6

on Drug Policy Reform was specifically focused 
on novel substances, while one of the terms of 
reference of the Home Affairs Select Committee  
was ‘the availability of “legal highs” and the 
challenges associated with adapting the legal 
framework to deal with new substances’. The 
reports from both Committees were published 
in late 2012 [15, 16].

Increasingly, questions are now asked 
almost daily and at an international level about 
whether drug prohibition, and particularly 
prohibition of possession, is the right course of 
action in the modern world. This wider debate 
is largely driven by attitudes to established 
drugs of misuse, but it cannot be entirely sepa-
rated from prohibitions surrounding new sub-
stances. Although it is beyond the scope of this 
chapter to examine them in detail, questions are 
also being asked about whether scheduling sub-
stances under the criminal law has any impact 
on usage, whether ‘drugs of misuse’ might have 
benefits to the user, to what extent penalties 
should reflect the harm caused to individuals 
and society and whether some controls do more 
harm than good. These issues will be explored 
in more depth in Chapter 5, ‘Social issues in the 
use of novel psychoactive substances’, of this 
book Finally, there is the question of whether 
law enforcement agencies consider drug mis-
use, and particularly misuse of new substances, 
a priority issue, particularly at a time when 
police budgets are being reduced [17].

The absence of appropriate information on 
the properties of new substances has led leg-
islatures around the world to look for new 
ways of restricting their supply. At its most 
basic, a novel drug might be considered as 
just another chemical entity. It is quite normal 
for chemical retailers to restrict supply of their 
products to bona fide companies and research 
establishments. And in all countries, legisla-
tion exists to control certain chemical entities 
such as is required by the UN 1988 Convention 
Against Illicit Traffic in Narcotic Drugs 
and Psychotropic Substances [18] for drug 

precursors and the UN 1997 Chemical Weapons 
Convention [19] for chemical weapons and their 
precursors. In the UK, the Poisons Act 1972 
and the Poisons Rules 1982 [20] require that the 
sale of some poisonous chemicals is only pos-
sible through pharmacies or registered sellers. 
The list includes, for example, certain ‘organo-
phosphorus’ compounds and other pesticides, 
salts of arsenic, barium and mercury, mineral 
acids, nicotine, paraquat and formic acid. That 
Act was designed to guard against the misuse 
by accident, inadvertence or criminal design 
of non-medicinal poisons to which the public 
need to have access. At another level, consumer 
protection legislation exists to guard against 
the harmful effects of products, and to ensure 
that they are properly labelled. Alternatively, 
novel substances could be classified as medici-
nal products. Established and relatively safe 
medicinal products might be on open sale or 
available through a pharmacy, but others can 
only be obtained under medical supervision. 
In practice, countries that classify one of these 
novelties as a medicinal product do not issue 
product licences for them. Since most of the 
new substances in question are manufactured 
in the Far East, the option is open for other 
countries to introduce import controls. Some 
legislatures have introduced entirely new con-
trols, and a few case studies will be described. A 
recent report by Reuter [21] considered options 
for regulating new drugs and discussed the 
experiences in the US and Europe with four 
substances (1-benzylpiperazine [BZP], ‘Spice’ 
[mixtures of synthetic cannabinoid receptor 
agonists and probably inert vegetable mat-
ter intended for smoking], mephedrone and 
naphyrone [NRG-1]).

Chemical and Pharmacological 
Classification

As will be seen from the above discussion, 
novel substances are mostly synthetic com-
pounds. This was clearly the focus of the 1997 
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EU Joint Action, and is reflected in what has 
been seen world-wide over the past few dec-
ades. However, the 2005 EU Council Decision 
broadened the scope to include, for exam-
ple, herbal products (see Chapter  14, ‘Natural 
product (fungal and herbal) novel psychoac-
tive substances’) and even medicines. Only a 
few plants/fungi or their extracted products 
have been reported since 2005; they include 
Salvia divinorum, which contains the halluci-
nogen salvinorin-A, Piper methysticum (kava 
kava; active principals kawain and related 
substances), Tabernanthe iboga (ibogaine), Areca 
catechu (betel nut; active principal arecoline) 
and Mitragyna speciosa (kratom; active prin-
ciples mitragynine and 7-hydroxymitragy-
nine). There are many other plant extracts that 
might be added to this list, some of which con-
tain established scheduled drugs, for exam-
ple, Diplopterys cabrerana, Psychotria viridis and 
Mimosa hostilis (N,N-dimethyltryptamine), 
Catha edulis (khat; cathinone), and Psilocybe sem-
ilanceata and other ‘magic’ mushrooms (psilocin 
and psilocybin). However, most of these ‘non-
synthetics’ pose particular legal problems and 
are rarely amenable to an all-encompassing 
control regime. Many legislatures are reluctant 
to specify herbal materials beyond the tradi-
tional products (e.g. cannabis, coca leaf and 
opium), because of the botanical, taxonomic 
and physical difficulties that can arise in their 
identification.

It is sometimes useful to consider solvents 
and gases, such as nitrous oxide (laughing gas), 
alkyl (now mostly isopropyl) nitrite (poppers), 
aliphatic hydrocarbons (e.g. cigarette lighter 
fuel) and aromatic hydrocarbons (e.g. adhe-
sive solvents) within the group of novel psy-
choactive substances. But solvents and gases, 
particularly when used by inhalation (contrast 
ingestion of the solvent GBL, gamma-butyrol-
actone) pose problems with analysis and proof 
of possession by virtue of their high vapour 
pressures. That said, some volatile substances 
are amenable to restrictions on supply. In the 

UK, the Intoxicating Substances (Supply) Act 
1985 [22] makes it an offence for a retailer to sell 
solvents to anyone under the age of 18, know-
ing that they are being purchased to be abused. 
It does not make it illegal to buy or own sol-
vents. The Cigarette Lighter Refill (Safety) 
Regulations 1999 [23] – an amendment to the 
Consumer Protection Act 1987 – makes it illegal 
to supply gas cigarette lighter refills to anyone 
under the age of 18. Furthermore, European 
Directive 2005/59/EC of 26th October 2005 
prohibits the placing on the market, for sale 
to the general public, the substance toluene 
and adhesives and spray paints containing 
in excess of 0.1% toluene [24]. Nitrous oxide 
has clinical use as an anaesthetic, but is also a 
commercially-available foaming agent for dairy 
cream, where restrictions on the small pressur-
ised containers would be difficult to enforce. 
Attempts in the UK to classify alkyl nitrites 
(other than the once clinically-useful amyl 
nitrite) as medicinal products have so far been 
unsuccessful.

Active pharmaceutical ingredients and 
medicinal products in general represent a fur-
ther group that can fall under the heading of 
‘novel psychoactive substances’. It is not usu-
ally the established use of such products that 
is the cause for concern, but rather their unli-
censed consumption, often in pharmaceutical 
forms or routes of administration that differ 
from those authorised. Examples here include 
dextromethorphan (DXM), a common anti-
tussive when used in small quantities (e.g. 
10 mg), which is alleged to produce psychoac-
tive effects when 100–200 mg are ingested. Illicit 
tablets containing large amounts of DXM are 
now rarely seen. Ketamine (Chapter 12), when 
in the form of injection ampoules, is an estab-
lished licensed medicinal product for use as 
an analgesic and anaesthetic, but tablets and 
white powders are unlicensed products that 
may be ingested or snorted. Other pharmaceu-
tical ingredients that have been notified to the 
European Monitoring Centre for Drugs and 
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Drug Addiction (EMCDDA) under the terms 
of the Early Warning System include phenaze-
pam, pyrazolam and etizolam (none of which is 
included with other benzodiazepines in the UN 
1971 Convention), pregabalin, benzydamine, 
glaucine and GHB (gamma-hydroxybutyrate). 
It is appropriate in this context to mention 
misuse of licensed cognitive enhancers, the 
most common example of which is modafinil. 
Apart from the US, this licensed medicine is 
not commonly subject to drug legislation, but 
is widely misused, and is available through 
similar Internet channels as other novel sub-
stances. The European Medicines Agency 
announced in November 2011 that the use of 
modafinil should be restricted to the treatment 
of narcolepsy. The review by the Agency’s 
Committee for Medicinal Products for Human 
Use (CHMP) was initiated because of a number 
of safety concerns, relating to psychiatric dis-
orders, skin and subcutaneous tissue reactions 
as well as significant off-label use and potential 
for abuse [25].

As noted earlier, the detailed pharmaco-
logical properties of many novel substances 
are unknown, but in terms of general effects it 
is clear that users seek out substances which 
are primarily central nervous system (CNS) 
stimulants like amphetamine or behave as 
entactogens and empathogens like 3,4-methyl-
enedioxymethamphetamine (MDMA). The syn-
thetic cannabinoid receptor agonists are often 
smoked as substitutes for cannabis, but hallu-
cinogens are less common, while novel narcotic 
analgesics are now rare.

TRADITIONAL CONTROL 
MECHANISMS

Novel psychoactive substances are not an 
entirely new phenomenon. What is new is the 
rate at which they have appeared on illicit drug 
markets in numerous countries over the last 
few years. Although the concept of a designer 

drug was first recognised and defined 30 years 
ago [5], the commonly-heard term ‘legal high’ 
is more recent. In a world where new sub-
stances did not appear too often it is unsurpris-
ing that the simplest method of control would 
be to name them as individual chemical enti-
ties or plant products. This is known as ‘spe-
cific listing’. However, the UK and a few other 
countries such as Ireland and New Zealand 
recognised some years ago that controlling a 
chemically-defined group of substances might 
be more efficient: a process known as generic 
control. Meanwhile, an alternative approach, 
known as ‘analogue control’ first appeared in 
the US legislation in 1986. The administrative 
procedures involved in adding a substance to 
national drug laws show considerable varia-
tion. For example, they may require approval 
of Parliament, the Government or simply a 
Minister. Depending on which process occurs, 
the speed of control varies from a few weeks 
to many months. Detailed information on the 
methods used in individual countries of the 
European Union, the substances concerned and 
the penalties for specific offences can be found 
in the European Legal Database on Drugs [26] 
and the review by Hughes and Blidaru [27].

In the following paragraphs, different meth-
ods of drug control are described, but it should 
be recognised that they are not all mutually 
exclusive. In other words, both specific and 
generic methods might be subject to temporary 
control measures, and generic and analogue 
control can be used concurrently. In addition, 
some substances might be listed in the drug 
control as well as other legislation but, at least 
in the UK, the drug legislation (i.e. Misuse of 
Drugs Act, 1971) takes precedence. To a large 
extent, the focus is on the primary objects of 
concern, i.e. synthetic compounds.

Specific Listing

Specific listing, that is to say the individual 
listing of substances by their chemical names, 
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has the advantage, in principle, that there is no 
ambiguity about whether or not a substance is 
covered by the legislation. In other words, it 
satisfies the legal principle of certainty in crimi-
nal law. The major drawback of specific listing 
is that, when new substances arise in quick suc-
cession, the legislative process of adding them 
one-by-one can prove increasingly burdensome. 
However, even within the UN treaties, the con-
cept of specific listing has been partly com-
promised as it became necessary to deal with 
certain derivatives of scheduled substances. For 
example, the esters and the ethers of morphine 
first came under international control through 
the Geneva Convention of 1931 [28]. This 
was further extended by the United Nations 
1961 Convention to refer to all substances in 
Schedule I, and was designed to prevent the 
production of non-scheduled substances that 
had a similar effect to, or could easily be con-
verted into, scheduled drugs. Thus heroin 
(diacetylmorphine) and codeine (3-methylmor-
phine) remain as named substances, but with-
out the modification, other esters and other 
ethers of morphine would have had a similar 
misuse potential, yet are chemically distinct 
from heroin and codeine respectively. Likewise, 
salts of scheduled substances are now treated 
in the same way as the parent compound. 
Ignoring salts, esters and ethers, there are over 
100 substances named in each of the two UN 
Conventions. However, by 2011 the individual 
countries of the EU had controlled, in total, 
over 600 named substances [26].

Generic Definitions

The UK was the first country to introduce 
generic controls. The essence of a generic defi-
nition is that it starts with a core molecular 
structure. This may not in itself be controlled 
or even liable to misuse, but the definition goes 
on to set out particular substituent groups at 
specified positions in that core molecule that 
do lead to controlled substances. In 1964 [29], 

an attempt was made to group a large number 
of CNS stimulants into a single definition. The 
Drugs (Prevention of Misuse) Act contained the 
definition (with certain named exceptions):

Any synthetic compound structurally derived from 
either α-methylphenethylamine or β-methylphenethyl-
amine by substitution in the side chain, or by ring 
closure therein, or by both such substitution and such 
closure…

However, although this did indeed include 
compounds such as phentermine, methylpheni-
date and other prescription anorectics common 
in those days, it soon became clear that a refined 
interpretation included many drugs that were 
not stimulants [30]. It was even argued that 
some barbiturates such as phenobarbitone were 
also captured. Difficulties then arose with inter-
pretation when multiple bonds were present 
in the side chain or substitution by oxidation 
occurred in the side chain. This generic con-
trol was repealed in 1970. Following this early 
failure, it would be some years before generic 
control of phenethylamines again entered the 
legislation. But this time (1977), the focus was 
on ring-substituted phenethylamines; this was, 
more robust and was be followed by generic 
controls for many other groups. Table 1.1 lists 
the groups for which generic control now exists 
in the UK under the Misuse of Drugs Act, 1971, 
showing their year of introduction and classifi-
cation. The penalties for offences involving con-
trolled drugs decrease in the order A > B > C. 
It will be seen that recently-classified new sub-
stances are either in Class B or Class C.

Despite the UK having over 30 years’ expe-
rience of operating generic controls, numerous 
arguments against them or perceived difficul-
ties continue to be raised. These include:

●	 They would hinder the development in 
the pharmaceutical industry of novel 
compounds for legitimate clinical use. This 
has not been a problem in the UK. Even if the 
pharmaceutical industry did wish to develop 
substances that were covered by generic 
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controls, it would be a simple matter to 
either issue licences or modify the legislation.

●	 Control of chemical groups may cover 
substances with a range of different 
pharmacological effects and some with 
no effects whatsoever. Because the Act 
relies on the concept of actual or potential 
social harm, rather than the specific 
pharmacological or toxicological properties 
of a controlled drug, no great difficulty 
arises from the introduction of generic 
control. This would be more of concern 
in those jurisdictions (and the UN itself) 
where there is an a priori need to review 
the pharmacological and toxicological 

properties of every substance considered for 
control. It is quite certain that amongst the 
essentially infinite number of generically 
defined substances there will be compounds 
that have little abuse potential and some 
may have no physiological effect of any 
sort. Without these effects, a substance will 
not be marketed by the pharmaceutical 
industry and neither will it be produced 
as a misusable drug. However, it cannot 
be denied that this blurs the principle that 
penalties associated with a drug offence 
should correlate with the harmful properties 
of that drug.

●	 Useful medicines and other substances 
will be inadvertently controlled. Provided 
that the definitions of included substances 
are sufficiently rigorous, this should 
rarely happen. In the generic definition 
of phenethylamines (see later), a specific 
exclusion was made for methoxyphenamine 
(o-methoxy-N-methamphetamine), the active 
pharmaceutical ingredient in now obsolete 
proprietary bronchodilators, for example 
Orthoxine®.

●	 Generic controls will be difficult to 
comprehend. One of the most complex 
definitions in the Misuse of Drugs Act, 1971 
involves ring-substituted phenethylamines, 
but in the past 30 years many tens of 
thousands of witness statements, involving 
the identification of MDMA in seized 
samples, have been submitted in evidence 
by UK forensic science laboratories. 
These statements have incorporated the 
definition without any apparent problems. 
Nevertheless, it is still perceived as a 
weakness that certain common substances, 
e.g. MDMA, mephedrone, are not named 
specifically, but rather are hidden within 
a definition that may be accessible only to 
forensic chemists.

As an example of the complexity of 
generic controls, consider the definition of 

TABLE 1.1  Chemical Groups for which Generic 
Controls Operate under the UK Misuse of Drugs 
Act, 1971, Showing their Year of Introduction and 
Classification

Group Year Class

Anabolic steroids 1996 C

Barbiturates 1984 B

Cannabinoid agonists 2009 B

Cannabinols 1971 B

Cathinones 2010 B

Naphthylpyrovalerone and  
related compounds

2010 B

Ecgonine derivatives 1971 A

Fentanyls 1986 A

Lysergide and derivatives of  
lysergamide

1971 A

Pentavalent derivatives of  
morphine

1971 A

Pethidines 1986 A

Phenethylamines 1977 A

Phenyl- and benzylpiperazines 2009 C

Pipradrol derivatives 2012 B

Tryptamines 1977 A
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ring-substituted phenethylamines introduced 
in 1977:

any compound (not being methoxyphena-
mine or a compound for the time being specified 
in subparagraph (a) above) structurally derived 
from phenethylamine, an N-alkylphenethylamine, 
α-methylphenethylamine, an N-alkyl-α-methyl-
phenethylamine, α-ethylphenethylamine, or an 
N-alkyl-α-ethylphenethylamine by substitution in 
the ring to any extent with alkyl, alkoxy, alkylen-
edioxy or halide substituents, whether or not further 
substituted in the ring by one or more other univa-
lent substituents.

This can be illustrated by the structural dia-
gram in Figure 1.1.

To meet the above definition, the following 
criteria must be satisfied:

R1 = H or alkyl
R2 = R3 = R5 = R6 = H
R4 = H, methyl or ethyl
R = alkyl, alkoxy, alkylenedioxy or halogen 
(either singly or in any combination) with or 
without any other substitution in the ring.

The focus of this rather daunting definition 
is ring-substitution in amphetamine-like mol-
ecules. The reasoning behind this is that the 
attachment of other atoms (especially oxygen, 
sulfur or halogen) to one or more of the car-
bon atoms (commonly the 2-,4- or 5-positions) 
in the aromatic ring of phenethylamine leads 
to major changes in pharmacological proper-
ties. Whilst amphetamine and many of its side-
chain isomers and other simple derivatives (e.g. 
methamphetamine, methcathinone and ben-
zphetamine) are all CNS stimulants, suitable 

substitution in the ring can create hallucinogens 
(e.g. mescaline) or empathogenic/entactogenic 
agents that may or may not retain some stimu-
lant activity.

Despite some apparent difficulties with 
generic controls, it cannot be denied that they 
represent efficient ways of capturing a large 
group of substances. For example, when the 
book PIHKAL [6] was published in 1991, 
almost 80% of the substances shown in the 
principal monographs were covered by the 
above definition of ring-substituted phenethy-
lamines. Of the 50 ring-substituted phenethyl-
amines notified to EMCDDA since 1997, only a 
few fall outside the definition – typically those 
with more complex N-substituents or multi-
ring systems such as the ‘FLY’ series (e.g. 2C-B-
FLY and bromodragonFLY), where the phenyl 
ring bears two fused furanyl rings.

As of late August 2012, 40 cathinone 
derivatives had been reported (Chapter 9, 
Mephedrone), yet  almost all are subsumed by 
the generic definition [31,32], the only notable 
exceptions again being those with anomalous 
N-substitution, e.g. N-benzyl-substituted com-
pounds. Cannabimimetic activity is found in 
a diverse group of compounds with multiple 
sites for substitution; the generic definitions 
for synthetic cannabinoid receptor agonists [33] 
capture less than half of the ca. 65 substances 
reported by late August 2012 (Chapter 13,  
Synthetic Cannabinoid Receptor Agonists). 
However, it is quite conceivable that the exist-
ing generic definitions could be modified.

Table 1.2 shows the structural and broad 
pharmacological classification of the 252 sub-
stances reported to EMCDDA between 1997 
and late August 2012. As will be seen, most 
are the subject of generic definitions in the UK 
legislation (viz. phenethylamines, tryptamines, 
piperazines, cathinones, synthetic cannabi-
noid receptor agonists, pipradrol deriva-
tives), although not all substances within 
each group are necessarily subsumed by the 
respective definitions. Around two-thirds are 

FIGURE 1.1  Generalised structure of a phenethylamine 
showing substitutions in the ring and side-chain.
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CNS stimulants. There are a number in the 
miscellaneous group that could be brought 
under generic control if the need arose. Thus 
the 2-aminoindans [34] are currently repre-
sented on the European Database on New 
Drugs (EDND) by three examples: 2-aminoin-
dan itself (2-AI); 5, 6-methylenedioxy-2-ami-
noindan (MDAI); and 5-iodo-2-aminoindan 
(5-IA). However, several other members 
of this group (e.g. 5,6-methylenedioxy-N- 
methyl-2-aminoindane (MDMAI) and 5- 
methoxy-6-methyl-2-aminoindane (MMAI) 
have been described in the scientific litera-
ture and could be potentially new drugs (see 
Chapter 11). Smaller miscellaneous groups are 
represented by: 1) ketamine (see Chapter 12) 
and its analogues such as methoxetamine; 2) 
the related group of phencyclidine analogues, 
i.e.: 1-[1-(4-methoxyphenyl)-cyclohexyl]-piper-
idine [4-MeO-PCP] and 3-methoxyeticyclidine 
[3-MeO-PCE]; and finally 3) the positional iso-
mers (i.e. 4- and 6-) of 5-(2-aminopropyl)benzo-
furan (5-APB).

In New Zealand, the legislation has generic 
definitions for derivatives of amphetamine, 

pethidine, phencyclidine, fentanyl, methaqua-
lone and dimethyltryptamine [35]. These defini-
tions are only loosely based on the UK model. 
For example, controlled phenethylamines are 
defined as:

Amphetamine analogues, in which the 1-amino-
2-phenylethane nucleus carries any of the following 
radicals, either alone or in combination:

(a)	 1 or 2 alkyl radicals, each with up to 6 carbon 
atoms, attached to the nitrogen atom:

(b)	 1 or 2 methyl radicals, or an ethyl radical, 
attached to the carbon atom adjacent to the nitro-
gen atom:

(c)	 a hydroxy radical, attached to the carbon atom 
adjacent to the benzene ring:

(d)	 any combination of up to 5 alkyl radicals and/
or alkoxy radicals and/or alkylamino radicals 
(each with up to 6 carbon atoms, including cyclic 
radicals) and/or halogen radicals and/or nitro 
radicals and/or amino radicals, attached to the 
benzene ring.

A number of other countries have adopted 
the generic system based on the UK model. The 
Republic of Ireland introduced generic con-
trols at an early stage for many of the groups 
shown in Table 1.2. In late 2011, Switzerland 
introduced legislation to capture novel sub-
stances, including a number of generic defi-
nitions (see Switzerland Schedule ‘e’ below). 
In Denmark, a new drug strategy – Kampen 
mod Narko II [36] – was introduced in October 
2010. This is expected to lead to an amend-
ment to the Euphoriants Act that will incor-
porate generic definitions, and is expected to 
come into force soon [37]. The intention is to 
introduce a staged system of group definitions 
that is expected to include synthetic cannabi-
noid receptor agonists, phenethylamines, cathi-
nones and tryptamines. On 10 August 2011, 
Lithuania [26] added generic definitions for 
cathinones and synthetic cannabinoid receptor 
agonists to its legislation (Amendment of the 
Order of the Minister of Health of the Republic 
of Lithuania No V-776). In Hong Kong, under 
the Dangerous Drugs Ordinance (Amendment 
of First Schedule) Order 2011, generic control 

TABLE 1.2  Structural Classification of the 252 
Substances Reported to EMCDDA Between 1997 and 
Late August 2012

Group % Pharmacology

Phenethylamines 20 Mostly CNS 
stimulants

Tryptamines 11 Hallucinogens

Piperazines   5 CNS stimulants

Cathinones a 16 CNS stimulants

Cannabimimetics 26 CB1 receptor 
agonists

Pipradrol derivatives   2 CNS stimulants

Miscellaneous 20 Mostly CNS 
stimulants

aincludes naphthylpyrovalerone and related compounds.
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now extends to piperazines, cathinones and 
synthetic cannabinoid receptor agonists [38]. 
In January 2009, the Austrian Government 
used a decree under the Pharmaceutical Law to 
declare that ‘smoking mixes containing JWH-
018’ are prohibited from being imported or 
marketed. In March 2009, this was extended 
to include CP-47,497 and its homologues (a 
generic concept) and HU-210 [39]. These provi-
sions were further amended in May 2011 when 
the Austrian Government brought a wide range 
of synthetic cannabinoid receptor agonists 
under generic control based on the UK model. 
In December 2011, the Austrian Government 
introduced yet further amendments, this time 
controlling a wide range of derivatives of can-
nabimimetics, phenethylamines, cathinones, 
isocathinones, aminoindans, tryptamines, 
1-phenyl- and 1-benzyl-piperazines, arylcy-
clohexylamines and diphenylmethylpiperidines 
[26]. In 2011, the Italian Government enacted a 
rather broad control on ‘derivatives of 3-pheny-
lacetylindole and 3-(1-naphthoyl)indole’ [26].

Alongside the structure-substitution generic 
model, many legislatures had to deal with a 
different type of generic control, namely the 
problem caused by isomers, and specifically 
stereoisomers. In the UK, the first such modifi-
cations predated the current (1971) legislation. 
In 1998, following a proposal from the Spanish 
Government, the World Health Organisation 
(WHO) considered extending control of sub-
stances listed in the UN 1971 Convention 
to ‘isomers, esters, ethers and analogues’. 
However, WHO considered that the changes 
might have a negative impact on legitimate 
industry, and they were rejected. It was also 
stated that control of analogues would con-
tradict its mandate of evaluating individual 
substances. In addition, the proposed control 
of isomers, as opposed to stereoisomers, was 
widely regarded as being too vague. However, 
the UN 1971 Convention, but not the UN 1961 
Convention, was later modified to allow control 
of stereoisomers.

The Analogue Approach

The USA was the first country to adopt ana-
logue controls. These are much broader than 
the generic system. The Controlled Substances 
Analogue Enforcement Act 1986 (sometimes 
called the Federal Analogue Act) [40] defines 
analogues in the following way:

Controlled substance analogue means a sub-
stance –

  (i)	 the chemical structure of which is substantially 
similar to the chemical structure of a controlled 
substance in schedule I or II; and

 (ii)	 which has a stimulant, depressant, or hallucino-
genic effect on the central nervous system that is 
substantially similar to or greater than the stimu-
lant, depressant, or hallucinogenic effect on the 
central nervous system of a controlled substance 
in schedule I or II; or

(iii)	 with respect to a particular person, a substance 
which such person represents or intends to have 
a stimulant, depressant, or hallucinogenic effect 
on the central nervous system substantially simi-
lar to or greater than the stimulant, depressant, or 
hallucinogenic effect of a controlled substance in 
schedule I or II.

In an appeal heard in 1996 (United States v. 
Allen McKinney), the Federal Analogue Act was 
deemed not to be constitutionally vague [41]. 
The case concerned sale of aminorex (5-phenyl-
4,5-dihydro-1,3-oxazol-2-amine) before it became 
explicitly controlled, and the sale of pheneth-
ylamine as a substitute for methamphetamine. 
Some of the limits of what was meant by ‘sub-
stantially similar’ were argued in the case of 
United States v. Damon S. Forbes et  al. in 1992 
[42], where it was decided that α-ethyltryptamine 
(AET; Fig. 1.2) was not an analogue of either 
N,N-dimethyltryptamine (DMT; Fig. 1.3) or N,N-
diethyltryptamine (DET; Fig. 1.4).

The reasons for this decision were that: 
AET is a primary amine, but DMT and DET 
are tertiary amines; AET cannot be synthe-
sised from DMT or DET; the effects of AET 
are not substantially similar to those of DMT 
or DET. By contrast, it has been accepted that 
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5-methoxy-DMT (5-MeO-DMT; Fig. 1.5) is an 
analogue of DMT even though it cannot readily 
be synthesised from it.

A further example is provided by United 
States v. T.W. Washam [43] where it was deter-
mined that 1,4-butanediol (1,4-BD) was sub-
stantially similar to GHB. Nevertheless, there is 
a view in Europe that analogue controls are less 
satisfactory from a legal viewpoint. Whereas, 
with explicit listing of substances in a schedule 
or even a generic definition, the status of a sub-
stance is clear from the outset; the use of ana-
logue legislation requires that a court process 
should determine whether the substance is or 
is not controlled. It has been argued that such 
a retrospective process undermines the right of 
a defendant to know from the outset whether 
an offence has been committed. Case-by-case 
decisions on whether a substance is or is not an 
analogue might be seen as cumbersome, requir-
ing as they do expert chemical and pharmaco-
logical testimony on each occasion, but from a 
US perspective, it appears that the Controlled 
Substances Analogue Enforcement Act was 

successful in curtailing the proliferation of an 
earlier generation of designer drugs. The US 
government prosecuted a substantial number 
of individuals for the manufacture and distri-
bution of analogues of MDMA, amphetamine, 
pethidine (meperidine), fentanyl and others. 
However, the Act may no longer be fit for pur-
pose. In the last 2 years, and as discussed later, 
the US has sidestepped the option of analogue 
control by placing a number of new substances 
such as cathinone derivatives and synthetic 
cannabinoid receptor agonists under temporary 
drugs legislation.

In New Zealand, the Misuse of Drugs Act [35] 
includes the definition of a ‘Controlled Drug 
Analogue’ as ‘any substance, such as the sub-
stances specified or described in Part VII of the 
Third Schedule to this Act, that has a structure 
substantially similar to that of any controlled 
drug; …‘. The definition goes on to exclude 
any substance listed elsewhere in the Misuse of 
Drugs Act as well as pharmacy-only medicines, 

FIGURE 1.2  The structure of α-ethyltryptamine (AET).

FIGURE 1.3  The structure of N,N-dimethyltryptamine 
(DMT).

FIGURE 1.4  The structure of N,N-diethyltryptamine 
(DET).

FIGURE 1.5  The structure of 5-methoxy-N,N-dimethyl-
tryptamine (5-MeO-DMT).
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restricted and prescription medicines. To a cer-
tain extent, this was inspired by the US analogue 
controls. The application of the analogue provi-
sions is not limited to the families of substances 
listed in Part VII of the Third Schedule (i.e. 
amphetamine, pethidine, phencyclidine, fenta-
nyl, methaqualone and dimethyltryptamine). 
But, the definition of what constitutes ‘substan-
tially similar’ is a potentially arguable issue 
for substances other than those six categories, 
and thus far there is minimal case law to clar-
ify this. In Australia, in 2007, the Queensland 
Government [44] introduced a similar definition 
of an analogue, i.e. ‘…structurally similar and 
has a similar pharmacological effect to a danger-
ous drug…’. Only a few European countries have 
introduced analogue legislation. Luxembourg 
has controlled ‘CP-47,497, JWH-018, HU-210 and 
other synthetic agonists of cannabinoid receptors 
or synthetic cannabimimetics’ [26]. This is a lim-
ited use of the analogue system since it is based 
solely on pharmacological activity without ref-
erence to chemical structure. Analogue controls 
with a restricted scope also operate in Malta and 
Latvia, while broader controls have been imple-
mented in Bulgaria and Norway [26].

The ACMD has suggested that the UK 
Government should consider analogue legislation 
[45]. It could be used in conjunction with generic 
controls in situations where a set of related sub-
stances are not sufficiently similar to merit a con-
cise generic definition. An example might be to 
consider 4-fluorotropacocaine and dimethocaine 
as analogues of cocaine. Because the structures 
have common features, yet are rather diverse, this 
group would be less easy to control generically.

A comprehensive critique of the Federal 
Analogue Act, and by implication other ana-
logue controls, has been provided by Kau [46]. 
In addition to the constitutional validity of ret-
rospective control noted above, Kau pointed 
out several main problems, namely: the dif-
ficulty of determining what is meant by ‘sub-
stantially similar’; that no court has ever given 
guidelines on what is ‘not substantially similar’; 

that decisions can degenerate into a ‘battle of 
experts’, which are founded more on opinion 
than scientific evidence; decisions about which 
analogue is a controlled substance may not be 
binding on other Courts and the related pos-
sibility that different Courts might come to 
different conclusions about the same chemi-
cal entity. Another fact emerges when the US 
case law is examined: most of it is quite old. In 
a presentation to the Home Office in 2010, the 
US Drug Enforcement Administration (DEA) 
claimed that the Analogue Act was an ‘imper-
fect law’, and recommended that the UK should 
not adopt a similar approach [47]. However, in 
a 2011 report on novel psychoactive substances, 
the ACMD [45] proposed a means of avoiding 
some of the problems of analogue control by 
suggesting that it should be the task of a statu-
tory agency to determine what qualifies as a 
controlled analogue. This could still lead to 
problems if the decisions of that agency were to 
be challenged in a criminal trial. Furthermore, 
the process might be seen as lacking legal cer-
tainty [48].

Finally, it is clear that some new substances 
will be beyond the current scope of the ana-
logue definitions. The US Courts have inter-
preted the separate parts of the analogue 
definition as being additive. In other words, 
in the above definition, paragraphs (i) and (ii), 
namely a substantially similar chemical struc-
ture and a substantially similar pharmacology, 
or (i) and (iii), namely a substantially similar 
chemical structure and the representation of a 
substantially similar pharmacology must apply. 
From this we can conclude that salvinorin-A 
the active principle of the hallucinogenic herb 
Salvia divinorum, being chemically distinct from 
any other controlled substance, would immedi-
ately fail the test. The same applies to the active 
constituents in many other herbal materials 
such as kawain, mitragynine, arecoline and ibo-
gaine. The plant products containing these alka-
loids have all been reported to EMCDDA in the 
past few years as ‘new psychoactive substances’ 
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[49]. It should also be recognised that ana-
logue control is likely to impact on legitimate 
pharmaceutical research and development. 
Although this criticism is sometimes levelled at 
generic controls (see above), history has shown 
that no serious problems arise since it is open to 
all to determine a priori if a new compound is 
covered by a generic definition. With analogue 
control no such surety exists. Finally, although a 
few other countries (e.g. Canada, New Zealand 
and some Australian States) adopted analogue 
control in the 1980s based on the US model, in 
all cases the legislation was rarely used.

In 2011, the US Senate [50] started to debate 
‘The Synthetic Drug Control Act’. Amongst 
other provisions, the proposed Act would see a 
set of controls on synthetic cannabinoid recep-
tor agonists based on modified versions of 
the original UK definitions, but which would 
include a residual analogue test. Thus to qual-
ify for control, a substance must not only fall 
within the generic definition, but must also 
show cannabimimetic, i.e. cannabinoid agonist 
activity. It is not yet clear how the US Courts 
would apply this proposed legislation. Not all 
reported synthetic cannabinoid receptor ago-
nists have been described in the literature, and 
for many their receptor affinity constants (Ki 
values) have not been published. Even where 
Ki values are available, these do not in them-
selves uniquely identify an agonist as opposed 
to an antagonist. As of late August 2012, ‘The 
Synthetic Drug Control Act’ had not received 
Presidential approval.

Almost all countries that are signatories to 
the UN Conventions have adopted specific list-
ing, but Table 1.3 shows examples of countries 
which use generic or analogue control in addi-
tion to specific control. Apart from the UK, 
Ireland and New Zealand, the use of generic 
control in other countries is much more recent 
and is mostly restricted to cathinone derivatives 
and synthetic cannabinoid receptor agonists. 
Furthermore, these latter controls are usually 
based on the original UK definitions, albeit with 

modifications in some cases. Further details of 
the generic and analogue controls in European 
countries are provided by EMCDDA [26].

RECENT DEVELOPMENTS

As mentioned earlier, drug control usually 
requires that the substance to be controlled 
has been shown to be harmful. Since this is 
not always possible to demonstrate, one solu-
tion would simply be to allow the substance 
to remain outside legal control. Yet for many 
governments that course of action seems unac-
ceptable; there is a belief that the precautionary 
principle should be invoked. In other words, if 

TABLE 1.3  Examples of Countries which Use Generic 
or Analogue Control in Addition to Specific Control

Country Analogue Control Generic Control

Australia  
(certain states)

Yes No

Austria No Yes

Bulgaria Yes No

Canada Yes No

Cyprus No Yes

Hong Kong No Yes (limited)

Hungary No Yes

Ireland No Yes

Latvia Yes (limited) No

Luxembourg Yes (limited) No

Malta Yes (limited) No

New Zealand Yes Yes

Norway Yes (limited) No

Slovakia No Yes

United Kingdom No Yes

United States Yes No
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there is doubt then the safest or ‘failsafe’ option 
is to introduce some form of control. This is 
sometimes guided by the proposition that if 
harms are unknown, then if the substance can-
not be shown to be safe it should be restricted. 
In reality, demonstrating that a substance is safe 
can be an impossible task. The precautionary 
principle has its origins in environmental pro-
tection and food safety, and became a means of 
protecting the public from the activities of com-
mercial and industrial concerns. As discussed 
by Nutt [51], the precautionary principle when 
applied to drug control suffers from a number 
of weaknesses. These include: the risk of caus-
ing more harm by criminalising users than is 
caused by the substance itself; distorting mar-
kets; entrenchment of a moral attitude to drug 
use; and encouraging other drug use. The 
European Commission counselled against the 
overuse of the principle, and has stated that:

the implementation of an approach based on the 
precautionary principle should start with a scientific 
evaluation, as complete as possible, and where pos-
sible, identifying at each stage the degree of scientific 
uncertainty [52].

Alongside this is the separate, but related 
question: ‘how should a State treat a sub-
stance that is known to have a very low level of 
harm?’ One answer to this question is described 
below, namely the case of 1-(3-trifluoromethyl-
phenyl)piperazine (TFMPP) in the US.

The following paragraphs describe some 
of the alternative approaches that have been, 
or are being, addressed to resolve these  
problems. As noted earlier, some countries have 
also recently adopted generic legislation (see 
Table 1.3).

Temporary Listing

In its reaction to the designer drugs of 
the day, the first response of the US govern-
ment, in 1984, was to introduce emergency 

scheduling provisions. Emergency scheduling, 
otherwise known as temporary control, was a 
scheme whereby a substance could be added 
to Schedule 1 of the Controlled Substances Act 
1970 [53] for a period of one year. The condi-
tions that had to be satisfied were that the sub-
stance presented an imminent hazard to the 
public safety, and that it wasn’t already listed 
in another Schedule of the Act. This temporary 
measure could be extended by six months pro-
vided, by then, procedures had been initiated to 
control the substance permanently. There was 
still a requirement on the authorities to pro-
vide some evaluation of the abuse potential of 
the substance, even if these had to be inferred 
from structure–activity relationships and com-
parison with similar compounds. Within a few 
years, it was recognised that, whilst a valu-
able tool, emergency scheduling was not in 
itself enough to limit the illicit manufacture of 
designer drugs. This need for a more proactive 
stance gave rise to the Controlled Substances 
Analogue Enforcement Act (see above). To a 
certain extent, analogue control reduced the 
need for emergency action, but temporary 
scheduling is still used in the US. One exam-
ple included the listing of BZP and TFMPP in 
2002. Subsequently, BZP was made subject to 
permanent control (Schedule I) while TFMPP 
was removed from control because of a lack 
of evidence of harmful properties. In 2010, 
the DEA published plans [54] to control, for a 
limited period of one year, five synthetic can-
nabinoid receptor agonists: JWH-018, JWH-073, 
JWH-200, CP-47,497 and the C8 homologue of 
CP-47,497. In late 2011, the DEA announced 
its intention [55] to place three cathinone 
derivatives under temporary control: 4-meth-
ylmethcathinone [mephedrone], 3,4-methylen-
edioxy-methylmethcathinone [methylone] and 
3,4-methylenedioxypyrovalerone [MDPV].

Following the first identification of synthetic 
cannabinoid receptor agonists in Germany in 
late 2008, the German government acted to 
bring several (CP-47,497 and its C6, C8 and C9 
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homologues as well as JWH-018) under tempo-
rary control for a period of one year. Together 
with JWH-019 and JWH-073, those compounds 
were incorporated into the substantive legisla-
tion (Betäubungsmittelgesetz) from January 
2010 [56]. There are plans to bring further com-
pounds under control in early 2012 including 
JWH-200, JWH-250, JWH-015, JWH-081, JWH-
122, JWH-007, JWH-203, JWH-210, JWH-251, 
1-adamantyl(1-pentyl-1H-indol-3-yl)metha-
none, AM 694 and RCS-4. In the Netherlands 
a similar 1-year temporary control also exists 
[57]. In these countries, the penalties associated 
with substances under temporary control apply 
to all offences including possession. However, 
temporary (one year) control in Hungary 
excludes a possession offence [26].

Meanwhile, the UK has decided to adopt 
a similar approach. Temporary Class Drug 
Orders are set out in Section 151 of the Police 
Reform and Social Responsibility Act, which 
came into force on 15 November 2011 [58]. 
Following consultation with ACMD, new sub-
stances may be added to a new Class under 
the Misuse of Drugs Act, 1971 for a period of 
one year. There will be no possession offence, 
but in some circumstances law enforcement 
officers will have powers to seize and destroy 
a ‘Temporary Class Drug’. Unlike the arrange-
ments in the US where the DEA, as an execu-
tive agency, can determine which substances 
are added to the temporary list, in the UK this 
will require Parliamentary approval. But as 
with those other emergency scheduling proce-
dures, there must be a decision at the end of the 
1-year period on whether the substance should 
be substantively controlled or removed from 
the Act entirely. In early 2012, methoxetamine, 
which has a chemical structure similar to that 
of ketamine, became the first substance to be 
added to the list of Temporary Class Drugs [59].

In New Zealand, Temporary Class Drug 
Notices have been in operation since late 2011. To 
date, they have been used to control a number of 
synthetic cannabinoid receptor agonists [60].

New Zealand: Class D

In New Zealand, a somewhat different 
approach to emergency legislation was origi-
nally used [61,62]. From around 2000, BZP was 
sold as a ‘safer alternative to methampheta-
mine’, but without restriction from either the 
Misuse of Drugs Act 1975 or the Medicines Act 
1981. Dosage units, known as ‘party pills’ were 
widely available, and often contained TFMPP, 
which in combination was thought to mimic the 
effects of MDMA. In 2004, the Expert Advisory 
Committee on Drugs (EACD) stated that ‘After 
considering the evidence, … there is no current 
schedule under the Misuse of Drugs Act 1975 
under which BZP could reasonably be placed’. 
The Ministry of Health therefore created a new 
schedule of ‘Restricted Substances’, informally 
referred to as ‘Class D’, with BZP as the first 
example of this new class of substance. Unlike 
the new Class created in the UK (see above), 
this was not necessarily seen as a temporary 
measure. From 2005, ‘Restricted Substances’ 
attracted no penalty for possession, but were 
regulated through control of manufacture, 
advertising and sale, rather than prohibition.

Subsequently, a number of studies were pub-
lished which indicated that BZP did pose some 
health risks (these are discussed in detail in 
Chapter 8). The EACD therefore issued a follow-
up report in 2006 based on this new evidence. 
Their advice was that BZP and the related com-
pounds m-chlorophenylpiperazine (mCPP), 
TFMPP, p-fluorophenylpiperazine (pFPP), meth-
ylbenzylpiperazine (MBZP) and methoxyphe-
nylpiperazine (MeOPP) should be moved to 
Class C1, the same classification as, for example, 
cannabis. This came into effect as the Misuse of 
Drugs (Classification of BZP) Amendment Act 
2008. Based on general household surveys, past 
year usage of BZP in New Zealand declined 
from 15% in 2006 to 3% in 2009, while last month 
usage fell from 5% to 1% [63]. There are now no 
drugs in the ‘Restricted Substances’ classifica-
tion, although it remains available for future use.
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UK: Importation Controls

Insofar as most legal highs are imported, 
often from countries in the Far East, then 
one means of restricting their supply would 
be to prohibit their importation. In the UK, 
this power was first used in 2010 for the sub-
stance desoxypipradrol, (2-DPMP) [64]. This 
is a designer drug based on the now obsolete 
anorectic drug pipradrol, a Schedule IV sub-
stance in the UN 1971 Convention (Section 
3, Chapter  4). The Import of Goods (Control) 
Order 1954 bans the importation of all goods 
except those permitted to be imported 
under licence. In practice, most goods can be 
imported freely by an ‘Open General Import 
Licence’ except those listed in the schedule. 
The Government amended that scheduled list 
by including 2-DPMP thereby prohibiting its 
importation. In 2011, phenazepam was like-
wise made the subject of an import ban [65]. 
In both cases, and shortly after the bans had 
been announced, the ACMD recommended that 
2-DPMP and a group of generically-defined 
analogues [66] as well as phenazepam should 
become controlled drugs under the Misuse of 
Drugs Act, 1971. Because of immediate con-
cerns about the harmful properties of 2-DPMP 
and related compounds, and the fact that the 
necessary amendment of the Misuse of Drugs 
Act, 1971 might take some time to enact, the 
ACMD later recommended in November 2011 
that those related substances, i.e. diphenylpro-
linol (D2PM) and diphenylmethylpyrrolidine, 
should be added to the list of substances pro-
hibited at importation [67]. The pipradrol deriv-
atives were added to the Misuse of Drugs Act, 
1971 as Class B substances in June 2012 [68].

Ireland: Criminal Justice (Psychoactive 
Substances) Act 2010

This Act, which came into force in August 
2010, was designed specifically to deal with 
the problem caused by novel substances, and 

stands as a piece of legislation quite separate 
from the existing Misuse of Drugs Act 1977 of 
the Republic of Ireland [69]. It makes it a crimi-
nal offence, with a maximum penalty of five 
years in prison, to advertise, sell or supply, for 
human consumption, psychoactive substances 
not specifically controlled under existing leg-
islation. They are defined as ‘substances which 
have the capacity to stimulate or depress the 
central nervous system, resulting in halluci-
nations, dependence or significant changes to 
motor function, thinking or behavior.’ The Act 
excludes medicinal and food products, ani-
mal remedies, alcohol and tobacco. There is no 
personal possession offence. This Act may be 
seen as a form of ‘reduced analogue’ control, 
i.e. there is a requirement to show psychoac-
tivity, which by general implication means a 
pharmacological effect substantially similar to 
that of existing novel substances, but there is 
no requirement for the test substance to be sub-
stantially similar in a chemical-structural sense.

Although there has so far been no formal 
evaluation of the 2010 Act, it does appear to 
have restricted the supply of new substances; 
the number of ‘head shops’ in the Republic of 
Ireland had fallen dramatically by late 2011 
[70]. Test purchases indicate that they are now 
only supplying paraphernalia, cannabis seeds 
and hydroponic equipment, but not ‘sub-
stances’. It is less clear if the Act will have any 
impact on Internet sales. It is also uncertain 
how the law courts will deal with the definition 
of psychoactivity and how this will be objec-
tively determined for substances where such 
information is currently lacking.

Japan: Non-authorised Pharmaceuticals

As with many other countries, Japan has 
experienced a wide availability of new sub-
stances. Because of their unknown harms, it has 
likewise been unable to incorporate them into 
the Narcotics and Psychotropics Control Law. 
These novel substances are formally described 
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as ‘non-authorised pharmaceuticals’ and infor-
mally as ‘dappo drugs’ [71]. In June 2006, the 
Pharmaceuticals Affairs Law was modified 
to introduce the category of ‘designated sub-
stances’, where there is a general prohibition 
on importation, manufacture and distribu-
tion. By mid-2011, this included 13 tryptamine 
derivatives, 24 phenethylamines, 7 cathinones, 
4 piperazines, 10 synthetic cannabinoid recep-
tor agonists and 6 alkyl nitrites. However, cer-
tain other substances are controlled under 
the Narcotics and Psychotropics Control Law, 
including methylone and ketamine, the pheneth-
ylamines 2C-I, 2C-T-2, 2C-T-4, 2C-T-7, TMA-2, 
and MBDB (all of which had previously been 
risk-assessed by EMCDDA [72]), the piperazines 
BZP, TFMPP and m-CPP and the tryptamines 
AMT and 5-MeO-DIPT. Like many countries, 
Japan is equally reluctant to classify psychoactive 
plants. In the absence of more research, possi-
bly involving DNA analysis, the authorities cite: 
lack of knowledge of their active components 
and pharmacology; the fact that many species of 
plants have the same psychoactive components; 
and the widespread distribution of such plants.

Switzerland: Schedule ‘e’

In Switzerland, new legislation came into force 
on 1 December 2011. It contains a list (schedule 
e), which includes so-called ‘research chemicals’ 
and compounds with assumed psychotropic 
effects. In the first instance, there are 52 named 
substances as well as generic definitions for 
cathinones, naphthylpyrovalerones and related 
compounds, and five groups of synthetic can-
nabinoid receptor agonists, all of which are based 
on the UK system [73]. The legislation also makes 
provision for a fast-track scheduling procedure.

Poland, Romania: Substitute Drugs

A new law entered into force in Poland on 27 
November 2010 [74–76]. It was adapted from 
the Act on Counteracting Drug Addiction and 

is enforced by the state sanitary inspectorate. 
Designed to eliminate the open sale of psycho-
active substances not controlled under drug 
laws, this law was prompted by the large num-
ber of ‘head shops’ that existed in Poland. In 
October 2010, over a thousand such premises 
had been closed following inspections by police 
and state sanitary inspectors. As with the 2010 
Psychoactive Substances Act in the Republic 
of Ireland (see above), the legislation penalises 
suppliers rather than users. And again, there is 
no requirement on the authorities to show that 
the banned substances are harmful. The new 
law prohibits the manufacture, advertising and 
introduction of ‘substitute drugs’ into circula-
tion. In some respects the law may be consid-
ered as a broad form of analogue control since 
it defines these designer drugs as any type of 
substitute product that could be used as a nar-
cotic or for the purpose of ‘getting high’. In 
2011, the Romanian Government announced its 
intention to introduce similar controls [77].

Finland: Intoxication and Harm

In Finland, following concerns about emerg-
ing substances, the Narcotics Act of 2008 was 
modified in 2011 to allow for the inclusion of 
a formal risk assessment process. The defini-
tion of drugs has been modified to include the 
statement: ‘substances used for the purpose of 
intoxication that are harmful to health.’ These 
intoxicating properties and harms are to be 
evaluated by the Finnish Medicines Agency 
together with police, customs and the National 
Institute for Welfare and Health [78].

Medicines Legislation

The common EU definition of a medici-
nal product is set out in Article 1 of Directive 
2001/83/EC:

(a)	 Any substance or combination of substances 
presented as having properties for treating or 
preventing disease in human beings; or
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(b)	 Any substance or combination of substances 
which may be used in or administered to human 
beings either with a view to restoring, correcting 
or modifying physiological functions by exerting 
a pharmacological, immunological or metabolic 
action, or to making a medical diagnosis.’

A detailed account of the meaning of the 
term ‘medicinal product’ within the context of 
EU legislation has been provided by Rogers 
[79]. However, individual countries differ not 
only in how they interpret this definition, but 
in their readiness to use medicines legislation 
rather than the national drug control laws, 
where penalties are usually much more severe. 
For example, in 2009, Austria brought certain 
synthetic cannabinoid receptor agonists within 
the Pharmaceutical Law [26]. This was to avoid 
criminalising users, and had the effect that sup-
ply of ‘Spice’ products soon ceased in Austria. 
The Netherlands has been active in wishing 
to classify novel substances under the medi-
cines law; it may be seen as a way of avoiding 
criminalising users that would otherwise occur 
under the Dutch Opium Law.

Evans-Brown et  al. [80] have argued that 
‘legal highs’ should be regulated as medici-
nal products. In the UK, the Medicines and 
Healthcare Products Regulatory Agency 
(MHRA) did define BZP as a medicinal prod-
uct [81] and actively prosecuted some suppliers. 
However, when mephedrone (4-methylmeth-
cathinone) became widespread in the UK after 
late 2009, the MHRA decided that mephedrone 
could not be treated as a medicinal product [82]. 
The MHRA referred to the above definition, 
noting that mephedrone was commonly sold 
as ‘bath salts’, or ‘plant food’ or was otherwise 
labelled as ‘not for human consumption’. It 
therefore decided that mephedrone failed the 
first limb of the definition. Since at the time, 
there was essentially no information in the pub-
lished scientific literature concerning the phar-
macological properties of mephedrone, it was 
probably concluded that the second limb of the 
definition could not apply either. The European 

Court has made it clear that the pharmacological 
properties of a product must be demonstrated 
by national medicines agencies if a substance is 
to qualify as a medicinal product, and that the 
onus in cases of classification is on the medicines 
agencies to prove that a product has such an 
effect, not for the supplier to show that it does 
not. Since most of the new substances recently 
encountered are never advertised overtly for 
human consumption, and are hardly men-
tioned in the established literature, then they 
would presumably fall into the same category 
as mephedrone, i.e. they could not be classed 
as medicinal products. Unless the definition of 
a medicinal product is revised, then this situa-
tion is unlikely to change. Hughes and Winstock 
[83] have discussed the control of novel sub-
stances based on medicines legislation and other 
forms of marketing regulation. As discussed by 
Winstock and Ramsey [84], an unintended con-
sequence of medicines legislation is that distrib-
utors cannot disclose the true purpose of their 
product without risking prosecution.

The Australian Government proposed in late 
2011 that synthetic cannabinoid receptor ago-
nists and certain other new substances should be 
included in the Therapeutic Goods Act, 1989 [85].

Consumer Protection Legislation

Consumer protection legislation could limit 
the number of vendors entitled to supply cer-
tain substances and require that those vendors 
demonstrate that their product meets particular 
standards on product safety. These could include 
age restrictions on sales, requirements that they 
are sold with information on dosage levels and 
side-effects, and controls on marketing and 
packaging. Civil or criminal sanctions could be 
applied for breaches of the legislation. Several 
recent reports have come to the conclusion that 
consumer protection legislation could provide 
a useful method of controlling the supply of 
novel substances. These included the Demos 
report for the UK Drug Policy Commission [10], 
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and the ACMD [45]. In Sweden, the Ordinance 
on Prohibition of Certain Goods Dangerous 
to Health [86] lists substances that are not oth-
erwise classified as narcotics. This includes 
gamma-butyrolactone (GBL) and 1,4-butanediol 
(1,4-BD) (where permits are provided for legiti-
mate use) as well as a number of synthetic can-
nabinoid receptor agonists.

In 2011, the New Zealand Law Commission 
published a report on regulating drugs includ-
ing a review of the New Zealand Misuse of 
Drugs Act [87]. A major impetus for that report 
was the emergence of a rapidly evolving mar-
ket in new psychoactive substances. Despite 
the fact that a ‘Restricted Substances’ category 
is available (and was used for BZP – see ear-
lier), and that analogue controls are also part 
of the existing Act, it was concluded that a 
new regime of drug regulation was required, 
which would replace both of those mecha-
nisms. The Commission proposed a form of 
consumer protection with elements of the 
‘Restricted Substances’ regime. Thus there 
would be restrictions on the sale of novel sub-
stances to persons under the age of 18, restric-
tions on advertising and restrictions on where 
they could be sold. An independent regulator 
would be established to determine applications 
from suppliers. If the regulator decided that a 
substance was so harmful that it should not be 
approved then that substance would be added 
to the prohibited drugs list. The system would 
not cover solvent misuse, where it was thought 
the existing Hazardous Substances and New 
Organisms Act 1996 should be adequate. In July 
2012, the New Zealand Government announced 
that it would adopt the recommendations of the 
Law Commission [88]. These new regulations 
would place the burden on the ‘legal highs’ 
industry to prove that its products were low 
risk, where the approval process would be sim-
ilar to that for medicinal products.

In the UK, the control of certain volatile 
solvents was mentioned earlier; the Cigarette 
Lighter Refill (Safety) Regulations 1999 being 

an example of specific consumer protection. In 
Italy, ‘Spice’ products were confiscated because 
they were not labelled in Italian [26]. There are 
otherwise few examples of the successful use of 
this approach, but if it is felt that existing con-
sumer protection legislation is insufficient then 
it could be amended.

International-level Initiatives

From the foregoing discussion, it is clear 
that the problem of whether and how to con-
trol new substances is being tackled in many 
different ways by different countries. The sub-
stances concerned are available everywhere, 
often via Internet retail sites, and there is a need 
for more co-ordinated action. Yet, despite the 
early lead taken in drug control by the WHO 
and UN agencies, the current world-wide 
concern with new substances has not been 
adequately reflected by these international 
bodies. The 34th meeting of the WHO Expert 
Committee on Drug Dependence (ECDD) took 
place in 2006. Following a long gap, the 35th 
meeting was not held until June 2012 [89]. The 
following substances were listed for review: 
ketamine; dextromethorphan; tapentadol; 
N-benzylpiperazine (BZP); 1-(3-trifluoromethyl-
phenyl)piperazine (TFMPP); 1-(3-chlorophenyl)
piperazine (mCPP); 1-(4-methoxyphenyl)pip-
erazine (MeOPP); 1-(3,4-methylenedioxyben-
zyl)piperazine (MDBP); Gamma-butyrolactone 
(GHB) and 1,4-butanediol (1,4-BD).

From 2006 to late August 2012, almost 200 
new substances were reported to EMCDDA as 
part of the EU-wide early warning system, and 
it is probable that more have been found if other 
countries are included. However, it is unlikely 
that the ECDD would have the resources to 
provide detailed reviews of this large group of 
compounds, even if the information were avail-
able. Similarly, EMCDDA can only carry out 
risk assessments on one substance at a time. 
Between 1997, when the monitoring system 
began, and late August 2012, over 250 new 
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substances were reported, yet to date it has 
assessed only eleven in the same time period, 
including BZP (2006) and mephedrone (2010). 
Of the original 11 substances risk-assessed, 
eight were recommended for EU-wide control. 
The remaining three are controlled in the UK, 
and one of them (GHB) is now under inter-
national control (Schedule IV of the UN 1971 
Convention). Since then, the EMCDDA has also 
undertaken risk assessments of 4-MA (2012) 
and 5IT (2013).

Other Control Options and Future 
Developments

Alcohol and tobacco products are each the 
subject of specific controls, such that the law 
defines where, when and to whom such prod-
ucts may be sold, and sets up the concept of 
licensed premises. Despite the fact that these 
two products may be far more harmful than 
controlled drugs [90, 91], the licensed sale of 
new products would probably be unacceptable 
to many Governments if only because it would 
be argued that their harms are unknown.

Some scope might exist for a more compre-
hensive control of chemical substances. This 
was first put forward by the Royal Society of 
Arts in 2007 in a review of the UK Misuse of 
Drugs Act, 1971 [14]. This could bring together 
various pieces of currently overlapping legis-
lation, for example, control of precursors, poi-
sons, medicines, chemical weapons, solvents, 
other hazardous materials as well as including 
new psychoactive substances [92] into a single 
‘Harmful Substances Act’.

There is the possibility of modifying current 
legislation to allow classification to depend on 
the type of offence [92]. At present, substances 
are placed in different schedules largely as a 
means of determining a gradation of penal-
ties. While it is not appropriate here to discuss 
the merits or otherwise of decriminalisation or 
even legalisation of drugs, offence-dependent 
classification could provide a means of, for 

example, decriminalising possession of a lim-
ited group of substances, while retaining more 
severe penalties for activities such as produc-
tion, importation and supply. This need not 
represent a radical step since, as described ear-
lier, there are examples from several countries 
where simple possession of new substances is 
not a criminal offence.

The procedures for monitoring new substances 
at an international level, including the European 
Early Warning System [7,8] are described in 
(Chapter 2). A number of weaknesses have been 
recognised in the 2005 Council Decision. These 
include: the problem of confirming psychoac-
tivity when no scientific data may be available; 
the exclusion of substances used to manufacture 
medicinal products, where there was no clear 
distinction between an active pharmaceutical 
ingredient and a precursor such as mCPP; the 
limitations posed by restricting risk-assessments 
to one substance at a time; the lack of time and 
resources to carry out even limited pharmaco-
logical and toxicological testing; and the lack 
of flexibility in control options. In late 2011, the 
European Commission announced that it would 
strengthen its anti-drugs policy [93] particularly 
with reference to new substances, and include a 
review [94] of the current Council Decision.

The UK Government has been open to new 
ideas in drugs control, and the examples of 
generic definitions, import controls and tem-
porary legislation were discussed earlier. 
Nevertheless, in the minds of many, there is still 
some way to go in updating the law to recog-
nise the realities of the modern world.
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INTRODUCTION

The emergence of novel psychoactive sub-
stances that are not controlled under exist-
ing drug laws is not a new phenomenon. 
However, over the past few years, the acceler-
ating pace of globalisation and the innovation 
it has brought has allowed the unprecedented 
growth in both the number and availability of 
these substances. In the European Union (EU), 
24 novel psychoactive substances were iden-
tified for the first time in 2009, 41 in 2010, and 
49 in 2011. Currently, more than 250 substances 
are monitored by the EU Early warning system 
on new psychoactive substances [1,2]. Many of 
the novel substances that appear on the market 
have been previously described in the scientific 
and patent literature, or are structural modi-
fications of these substances. In most cases it 
appears that entrepreneurs have searched this 
literature for suitable substances, apparently 

paying particularly close attention to those that 
have the potential to mimic the effects of well-
known controlled drugs such as amphetamine, 
3,4-methylenedioxy-N-methylamphetamine 
(MDMA) or cocaine. In other cases novel sub-
stances may emerge from the diversion and 
misuse of medicines (such as ketamine or pre-
gabalin). While to a lesser degree, as discussed 
in Chapter 14, plant-based substances may also 
emerge (such as kratom, kava kava and Salvia 
divinorium).

Until approximately the mid-2000s, most 
of the novel substances that emerged in the 
EU were produced from chemical precursors 
in clandestine laboratories and distributed 
through the same channels used by the illicit 
drug market. Such substances became known 
as ‘designer drugs’ [3–6]. A classic example of 
this phenomenon is the emergence of ‘ecstasy’ 
(MDMA) [3,4,7], which rapidly established 
itself on the drug market in the United States 
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in the mid-to-late 1980s [3,4,8] (although often 
called a ‘designer drug’, MDMA was ini-
tially sold openly by mail order and in bars in 
Texas, for example) and the European market 
in the early 1990s [9,10]. More recently, a sec-
ond diverse group of largely synthetic sub-
stances have appeared, known as ‘legal highs’, 
which take advantage of cheap organic chemi-
cal synthesis in emerging economies such as 
China, along with expedited cargo and courier 
services. Using sophisticated marketing tech-
niques these substances are sold through the 
Internet and bricks and mortar shops (often 
known as ‘head’ or ‘smart’ shops). However, 
there is also some overlap with the illicit drug 
market and they may also be sold by street-
level drug dealers. The supply of novel psycho-
active substances is covered in more detail in 
Chapter 3.

Undoubtedly, the licit nature of these sub-
stances will increase their attractiveness to 
producers, distributors, retailers, established 
drug users and even individuals who typi-
cally do not use controlled (illicit) drugs. At 
least initially, however, many of these sub-
stances are used only by a small number of 
people, often with a specialised knowledge 
or interest in them (’innovators’ or ‘psycho-
nauts’). However, over time, broader interest 
in some of these substances may develop and 
they may gain a foothold in the market, lead-
ing to more widespread diffusion. Initially this 
includes diffusing to groups such as club-goers 
(’early adopters’) and, in some cases, eventu-
ally to sections of the broader population (’later 
adopters’). Mephedrone (4-methylmethcathi-
none), a synthetic cathinone derivative, and 
‘Spice’, herbal smoking mixtures that contain 
synthetic cannabinoid receptor agonists, pro-
vide examples of such patterns of diffusion. 
On occasion, often without the knowledge of 
the user (and sometimes without the knowl-
edge of producers/dealers), novel psychoac-
tive substances have been used as substitute for 
active ingredients in illicit drugs. These include 

meta-chlorophenylpiperazine (mCPP), para-
methoxyamphetamine (PMA) or para-methox-
ymethylamphetamine (PMMA) in tablets sold 
as ecstasy [11] and the use of 4-methylampheta-
mine in powder or pastes sold as amphetamine. 
In some cases, users may be at risk of harm 
caused by these novel substances [12].

Those new substances that do diffuse 
beyond small groups – such as gamma-
hydroxybutyrate (GHB) [13–17] in the 2000s – 
may pose significant social and health risks to 
society. In order to take appropriate measures 
to minimise these harms, a range of stakehold-
ers, including policy makers, practitioners, and 
researchers need access to timely evidence-
based and authoritative information on these 
substances and trends in their use. It is here 
that drug information systems play a critical 
role in detecting, identifying, and monitoring 
such substances, as well as helping to inform 
the responses that are likely to be required. This 
chapter provides an overview of some of the 
most important monitoring systems in place at 
the national, regional and international level. 
The EU Early warning system on new psycho-
active substances is described in some depth, 
alongside an overview of the risk assessment 
process and an accompanying case study on the 
synthetic cathinone derivative mephedrone.

Attempts to monitor novel psychoac-
tive substances increasingly struggle to keep 
pace with a sophisticated, highly innovative 
and fast moving market where entrepreneurs 
actively seek out new substances and market-
ing strategies [18]. For this reason it has become 
necessary to develop new ways of detecting, 
identifying and monitoring novel substances. 
The final section of the chapter presents a num-
ber of the more promising novel approaches, 
including wastewater analysis, leading-edge 
indicators (such as Internet monitoring and 
the use of hospital emergency data), along-
side a review of findings from some of the first 
European studies on the prevalence of use of 
novel psychoactive substances.
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DEFINITIONS

Over the last 20 years, a variety of terms and 
definitions have been used for novel psychoac-
tive substances that emerge on the market and 
are not under international control [19]. Here we 
briefly review those relating to the experience in 
the EU, while recognising that other definitions 
and terms are used in different settings.

In the EU, a new synthetic drug [20] has been 
defined as one that had a limited therapeutic 
value, and is not listed under the 1971 United 
Nations Convention on Psychotropic Substances 
[21], but which poses a comparably serious 
threat to public health as those substances listed 
in Schedules I and II to that Convention. In this 
context, the term ‘new’ is not intended to refer to 
newly invented, but rather to a ‘newly available’ 
or a ‘newly misused’ substance. In practice, most 
‘new’ drugs were first described in the scientific 
and patent literature many years ago as part of 
legitimate research and development but have not 
been widely available or used. For practical pur-
poses, a ‘designer drug’ is probably best thought of 
as a psychoactive substance produced from chemi-
cal precursors in a clandestine laboratory, which, 
by slight modification of the chemical structure, 
has been intentionally designed to mimic the 
properties of known psychoactive substances, and 
which is not under international control.

Currently in the EU a new psychoactive sub-
stance is defined as a new narcotic drug or a new 
psychotropic drug in pure form or in a prepa-
ration, that has not been scheduled under: 1) 
the 1961 United Nations Single Convention on 
Narcotic Drugs [22], and that may pose a threat 
to public health comparable to the substances 
listed in Schedule I, II or IV; or, 2) the 1971 
United Nations Convention on Psychotropic 
Substances [21], and that may pose a threat 
to public health comparable to the substances 
listed in Schedule I, II, III or IV. This definition 
is used by the Council Decision 2005/387/JHA, 
which is the legal instrument that establishes the 
basis for the information exchange mechanism 

(known as the EU Early warning system), the 
risk-assessment and control of new psychoactive 
substances at the level of the EU [23].

More recently, the concept of ‘legal highs’ 
has been used as an umbrella term for unregu-
lated novel psychoactive substances, or products 
claiming to contain them, which are intended to 
mimic the effects of controlled drugs. The term 
encompasses a wide range of synthetic and/or 
plant derived substances and products. These 
may be marketed as ‘legal highs’ (emphasising 
‘legality’), ‘herbal highs’ (stressing the natural/
plant origin), as well as ‘research chemicals’ and 
‘party pills’. These products are often deliber-
ately misbranded in an effort to disguise the fact 
that they are intended for use in humans and to 
hide the identity of the active substance.

So-called ‘legal highs’ are usually sold via 
the Internet or in bricks and mortar shops (often 
known as ‘head’ or ‘smart’ shops). In some cases 
they are intentionally mislabelled with regard 
to their intended use (e.g. labelled as ‘not for 
human consumption’, ‘plant food’, ‘bath salts’, 
‘room odourisers’) and the active substances that 
they contain. This ‘legal highs’ market can be dis-
tinguished from other drug markets by the speed 
at which suppliers circumvent drug controls by 
offering new alternatives to restricted products.

THE IDENTIFICATION, RISK 
ASSESSMENT AND MONITORING 

OF NOVEL PSYCHOACTIVE 
SUBSTANCES

Novel psychoactive substances appearing on 
the drugs market in Europe have historically 
belonged to a small number of chemical fami-
lies, with the phenethylamines and tryptamines 
accounting for the majority of reports to the 
EU Early warning system (EU EWS). In the 
past decade, however, increasing numbers of 
novel psychoactive substances from an expand-
ing range of chemical families have been 
reported (see Fig. 2.1). The identification of 
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FIGURE 2.1  Number and main groups of new psychoactive substances identified by the European Union Early 
warning system [24]. Phenethylamines encompass a wide range of natural or synthetic substances that may exhibit stim-
ulant, entactogenic or hallucinogenic effects. Examples include the synthetic substances amphetamine, methamphetamine 
and MDMA (3,4-methylenedioxy-methamphetamine), and mescaline. Tryptamines include a number of substances that 
have predominantly hallucinogenic effects. The main representatives are the naturally occurring compounds dimethyl-
tryptamine (DMT), psilocin and psilocybin (found in hallucinogenic mushrooms) as well as the semi-synthetic lysergic acid 
diethylamide (LSD). Piperazines are best represented by two synthetic substances – mCPP (1-(3-chlorophenyl)piperazine) 
and BZP (1-benzylpiperazine), both of which are central nervous system stimulants. The principal active components in 
khat (Catha edulis Forsk.) are cathinone and cathine (norpseudoephedrine) which have stimulant effects [25]. The main cathi-
none derivatives are the semi-synthetic methcathinone and the synthetic compounds mephedrone, methylone and MDPV 
(3,4-methylenedioxypyrovalerone). Synthetic cannabinoid receptor agonists are functionally similar to delta-9-tetrahydro-
cannabinol (THC), the active principle of cannabis. Like THC, they bind to the same cannabinoid receptors in the brain and 
have hallucinogenic, sedative and depressant effects. More correctly designated as synthetic cannabinoid receptor agonists, 
although often referred to simply as synthetic cannabinoids, many of the substances are not structurally related to the ‘clas-
sical’ cannabinoids, i.e. compounds, like THC. They have been detected in herbal smoking mixtures such as ‘Spice’ [26,27].

novel psychoactive substances is a specialised 
task, primarily associated with forensic and 
toxicological analysis. At the time of writing in 
2012, about one novel psychoactive substance 
is identified in one of the countries of the EU 
every week.

Other substances reported to the EU EWS 
include various plant-derived and synthetic 

psychoactive substances (e.g. indanes, benzodi-
furanyls, narcotic analgesics, synthetic cocaine 
derivatives, ketamine and phencyclidine deriv-
atives), which do not strictly belong to any of 
the previous families. Also included here are a 
small number of medicines as well as designer 
medicines (derivatives of medicines). Further 
information on the drug families mentioned 
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here can be found on the EMCDDA Drug pro-
files webpages [28].

Assessing the risks and harms related to 
novel psychoactive substances is high up on 
the political agenda. Recent efforts to index 
risks and harms associated with novel, as well 
as known psychoactive substances, have been 
undertaken using expert panels based on the 
Delphi method and scoring schedules [29,30]. 
These studies provided a framework for the 
development of the EU operating guidelines 
for risk assessment presented later in this chap-
ter [31]. Most of the problems highlighted by 
the studies undertaken with established drugs 
(such as heroin, cocaine and MDMA) are exac-
erbated when attempting to assess the risks and 
harm associated with novel psychoactive sub-
stances. Here the available information is even 
more limited; pharmacological, clinical and epi-
demiological studies rarely exist, and reliance 
on anecdotal and soft data is often a necessity. 
Wherever possible, the risks associated with 
use of novel psychoactive substances tend to be 
judged in relation to other known substances.

The monitoring of novel psychoactive sub-
stances may take different forms. Once iden-
tified, a new substance can be tracked, for 
example by the EU EWS to ensure it does  
not constitute a threat and that prevalence 
levels remain negligible or low. More inten-
sive surveillance methods are appropriate 
on the rare occasion that a new substance dif-
fuses more widely, and succeeds in finding a 
foothold in the illicit drug market or is linked 
potential public health risks and harm. As 
trends develop over time, routine epidemio-
logical information, such as that from general 
population and school-based surveys, can 
be used to monitor the diffusion of these sub-
stances. With the knowledge that new trends  
in drug use tend to emerge within restricted 
social groups and geographical settings, more 
focused qualitative and specialised information 
sources can make a valuable addition to routine 
data [32].

THE EU EWS INFORMATION 
EXCHANGE

Following the emergence of MDMA (ecstasy) 
and other synthetic drugs on the European drug 
market in the early 1990s [9,10], a consensus was 
reached on the need for an EU-wide response. 
This led to the establishment of the EU Early 
warning system (EU EWS) in 1997 [20,33]. At 
this time, as noted earlier, most new drugs were 
produced in clandestine laboratories and dis-
tributed through the same channels used by 
the illicit drug market [34,35]. There was also a 
concern that the new EU mechanism should not 
impact on human and animal health by unnec-
essarily restricting the availability of substances 
with therapeutic value or lead to a large number 
of obscure chemicals becoming controlled under 
drug laws. Between 1997 and 2005, the number 
of drugs reported through the mechanism was 
relatively low [20]. Many of these quickly dis-
appeared, but those that appeared to pose a sig-
nificant threat underwent risk assessment [36], 
and, as a result, some were subjected to control 
measures by EU countries [37].

In 2005, the original early warning system 
was strengthened under the provisions of the 
Council Decision 2005/387/JHA [23]. This 
rapid-response mechanism has three stages: i) 
information exchange (known as the European 
Union Early warning system); ii) risk assess-
ment; and iii) control [38]. The EMCDDA, in 
collaboration with its network of national early 
warning systems, plays a central role in detect-
ing novel psychoactive substances, assessing 
their characteristics and, if necessary, paving 
the way for eventual control measures.

The EWS operates in real time and pro-
vides a rapid channel for dissemination and 
awareness-raising. It collects, appraises and 
disseminates information on new substances 
and products that contain them. Once a new 
substance is identified, it is logged in the EWS 
database (the EMCDDA European database 
on new drugs; EDND) [1] and information is 
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then collated and shared on its manufacture, 
traffic and use. The EMCDDA, Europol (the 
European Police Office) and the European 
Medicines Agency (EMA) all contribute to the 
system. If the EMCDDA and Europol consider 
that information collected on a substance merits 
an active follow-up, a Joint Report is prepared 
and presented to the European institutions. The 
analysis provided in this report is used by EU 
decision makers to determine if a formal risk 
assessment is required.

In addition to monitoring novel psychoac-
tive substances, the EWS assists in the identifi-
cation, monitoring and exchange of information 
on emerging trends for known illicit drugs 
(e.g. the recent heroin drought experienced by 
some European countries) [39], and on possi-
ble public health-related problems (e.g. anthrax 
outbreaks). The system also allows the collec-
tion and exchange of information on misused 
psychoactive medicines as well as suspected 
adverse reactions related to these that are 
reported under the EU pharmacovigilance sys-
tem [40].

Risk Assessment

The Council Decision 2005/387/JHA also 
provides for an assessment of the risks associ-
ated with new substances. The risk assessment 
component is an important instrument to sup-
port decision-making on novel psychoactive 
substances at EU level, adding value to national 
actions in this area. Formal risk assessments are 
rare, with only two conducted from 2005 until 
the writing of this chapter in 2012: 1-benzylpip-
erazine (BZP) in 2007 [41], and 4-methylmeth-
cathinone (mephedrone) in 2010 [42].

Risk assessments are conducted by the 
EMCDDA Scientific Committee; however, the 
decision on whether to subject the substance to 
control measures across the EU countries is a 
political one. Should this option be taken, then 
EU countries have to introduce legislation to 
control the substance within one year.

In 2009, the EMCDDA published risk assess-
ment operating guidelines [31], whose princi-
pal aim is to provide a sound methodological 
and procedural basis for carrying out a risk 
assessment, including providing a conceptual 
framework for consideration of risk. A risk 
assessment takes into account all factors which 
according to the UN Conventions (1961 [22] or 
1971 [21]) would warrant placing a substance 
under international control.

The risk assessment process reviews the pos-
sible health and social risks of the substance 
and the implications of placing it under con-
trol. In general, the scientific knowledge on a 
novel psychoactive substance will accumulate 
over time and as experience with the substance 
develops. In the interim, risk assessments will 
have to be based on a broad range of avail-
able evidence, the quality of which needs to be 
appraised. Data reliability and relevance need 
to be assessed and weighed separately. For 
example, unpublished recent data may be con-
sidered to have a lower formal quality, but still 
may be considered relevant.

An assessment of the risk–benefit ratio of a 
novel psychoactive substance is also needed. 
Factors including whether the substance has 
legitimate uses, such as potential therapeutic 
benefits, industrial use or other economic value 
may be taken into account. Indeed, substances 
with a known therapeutic value or those that 
are used to manufacture medicinal products 
may be exempted from risk assessment. At the 
risk assessment stage, the prevalence of use of 
a new substance will usually be low. Here the 
majority of the available information comes 
from anecdotal reports, forensic and toxicol-
ogy laboratories and law enforcement agencies. 
Triangulation of ethno-epidemiological methods 
are required to assess the extent of use among 
limited user groups and an expert judgement 
needed on the likelihood that use of a novel 
psychoactive substance will spread. Reference 
to similar known substances in evaluating the 
possible risks of a new substance can be helpful.
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The concept of risk includes both the ele-
ment of probability that some harm may occur 
(usually defined as ‘risk’) and the degree of 
seriousness of such a harm (usually defined as 
‘hazard’) [31]. Substance-related risks can origi-
nate from several sources and it is vital to clar-
ify their type and origin. The risk assessment 
conceptual framework differentiates between 
a) sources from which substance hazards ema-
nate, and b) types of hazardous effects that may 
be caused by substance use. Acknowledging 
the problems of interaction between different 
domains of hazard and harm, the risk assess-
ment process has adopted a semi-quantitative 
expert judgement approach drawing broadly 
on the above categories.

Case Study: Mephedrone Risk Assessment
In 2010, increased evidence of the use and 

availability of the synthetic cathinone mephe-
drone [43] within the EU countries prompted 
decision makers to request that the EMCDDA 
Scientific Committee assess the health and 
social risks of the drug. The main findings of 
the risk assessment are summarised below [42].

At the time of the risk assessment, there 
were no published formal studies that had 
examined the effects of mephedrone in humans 
or animals. Users reported psychological and 
behavioural effects similar to known stimu-
lants, such as improved mental function, 
euphoria, decreased hostility, general stimula-
tion and mild sexual stimulation [44]. They also 
reported a number of adverse effects such as 
sweating, palpitations, chest pain, nasal irrita-
tion, bruxism (teeth grinding), nausea, tachy-
cardia, agitation and paranoia. In terms of acute 
toxicity, evidence suggests that patients typi-
cally present with sympathomimetic features 
(dilated pupils, agitation, tachycardia, and 
hypertension); severe clinical features including 
seizures, significant hypertension, and arrhyth-
mias were also reported in a small number of 
cases [45]. Whilst withdrawal symptoms were 
not problematic for most users, there were 

reports of users experiencing strong cravings 
for mephedrone [42]. In some cases these were 
reported to be stronger than those experienced 
with other stimulants [42]. Mephedrone was 
detected in a number of post-mortem blood 
and/or urine toxicology screening at the time 
of the risk assessment, but only two deaths had 
been documented with mephedrone assumed 
to be the sole cause (one in the UK and one in 
Sweden) [42].

In the absence of representative studies, 
prevalence rates for mephedrone proved dif-
ficult to estimate. Non-representative studies 
reported lifetime use of mephedrone at around 
40% among readers of Mixmag, the dance music 
and clubbing magazine published in the UK 
[44], 20% amongst a group of Scottish students 
[46] and 40% for a focus group of school chil-
dren from Northern Ireland [47]. Qualitative 
reports identified mephedrone use in other 
countries but provided no information on con-
sumption levels [42]. The evidence suggested 
that mephedrone was being combined with 
alcohol, cannabis, cocaine, and ecstasy [42].

Consumption of mephedrone was reported 
in a number of sub-populations, including 
among night clubbers, students, ‘psychonauts’, 
opiate injectors and gay men [42]. Users were 
reported to be aged between their late teens 
and late twenties, and predominantly male [42], 
although both younger and older users were 
identified in studies from the UK. Mephedrone 
was reported to be used in a similar way to 
cocaine or ecstasy in nightlife settings, with rec-
reational weekend use a commonly reported 
pattern. A limited number of users appeared to 
progress to daily use [42].

The analysis of seised and purchased 
mephedrone showed quality and purity to be 
as generally high [42]. Sources for purchase 
of mephedrone included the Internet, head 
shops and street-level drug dealers [42,48]. 
Internet sites tended to market mephedrone as 
a ‘research chemical’, ‘plant food’ or ‘bath salts’, 
in order to take advantage of legal grey areas 
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in consumer protection and marketing regula-
tions. Internet monitoring found the number 
of sites selling mephedrone increased substan-
tially between December 2009 and March 2010, 
but decreased immediately after the UK con-
trolled the drug in April 2010 [42].

Seizures of mephedrone were reported by 
22 EU countries as well as two other countries 
that report to the EMCDDA. The largest sin-
gle seizure of more than 130 kg occurred in the 
Netherlands in October 2009 [42]. Mephedrone 
had also been detected through pill testing 
schemes or ad-hoc test purchases in six coun-
tries [42]. Some seizures of mephedrone tablets 
had logo imprints indicating they were being 
sold to users as ‘ecstasy’. Several countries 
reported information on legal production and 
distribution from Asia and in particular from 
China, with European suppliers responsible for 
final packaging prior to sale. Seizures of tablet-
ing machines used for mephedrone process-
ing also suggest the involvement of organised 
crime in the preparation of the drug for sale on 
the illicit market [42].

The risk assessment report concluded with 
a summary of the main findings regarding the 
health and social risks of mephedrone. The 
limited scientific evidence available for draw-
ing conclusions and need to exercise care when 
interpreting the findings of the risk assessment 
exercise was reiterated. The report concluded 
with consideration of the possible conse-
quences of controlling mephedrone: a decision 
to control this drug has the potential to reduce 
availability and use of the drug; however, it 
was also acknowledged that control measures 
could create an illicit market with the associ-
ated risk of criminal activity.

Following the risk assessment policy mak-
ers decided that EU countries should take the 
necessary measures, in accordance with their 
national law, to submit mephedrone to con-
trol measures and criminal penalties, as pro-
vided for under their obligations under the 
United Nations Convention on Psychotropic 

Substances, 1971 [49]. Although 15 countries 
had already controlled the substance by the 
time of this decision, the requirement for all 
EU countries to control the drug enabled bet-
ter cooperation between judicial authorities and 
law enforcement agencies across the EU.

National European EWS Networks

The EU EWS is a multidisciplinary network 
consisting of the national early warning sys-
tems of the 27 EU countries, Croatia, Turkey, 
and Norway. At the heart of these systems is 
data on the identification of novel substances 
from forensic and toxicological laboratory net-
works. To varying degrees, these data are sup-
plemented by information drawn from sources 
that include, health and care systems, medi-
cine agencies, law enforcement agencies, key 
informants (such as users, organisers of music 
festivals, owners and staff of clubs), the media 
and the Internet. Overall, such an approach 
allows the collection, assessment and rapid 
reporting of information on the appearance of 
new substances found at national level to the 
EMCDDA [50]. The organisation and function-
ing of the national EWS is a national responsi-
bility. While these systems have developed to 
meet national needs, they draw on a common 
format and guidelines to provide information 
to the EU EWS.

Presented below are two examples of 
national EWS, the UK and France, as well as 
the Nordic Network for the Current Situation 
of Drugs (NADiS) that is a collaborative 
effort at regional level. In addition, the Drug 
Information Monitoring System (DIMS), which 
is at the core of the Dutch EWS, is discussed 
later in relation to pill testing.

The UK EWS

Prior to the introduction of the EU EWS in 
1997, the UK had set up and managed an infor-
mal early warning system since the mid-1990s. 
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Consisting of representatives from forensic sci-
ence laboratories in Europe, its primary function 
was to circulate information and analytical data 
on the new synthetic substances that started to 
appear in the early 1990s. Since 1997 the primary 
role of the UK EWS has been to report informa-
tion to the EMCDDA, as well as disseminate 
data and information received from EMCDDA 
to the members of the UK EWS. The network 
has a broad membership, including government 
departments, law enforcement agencies, health-
care agencies and academics, forensic science 
laboratories and toxicology laboratories. Whilst 
most data comes from the latter two, academic 
departments also play a significant role, particu-
larly in relation to analysis of amnesty bin and 
Internet test purchase samples [48,51–55]. The 
UK EWS also benefits from important clinical 
input allowing collection of unique data from a 
specialist centre in London on the clinical pat-
terns of toxicity associated with NPS. The UK 
EWS operates as an independent information 
provider and is not directly involved in the risk 
assessment of new substances nor in policy mat-
ters; risk assessment and advice to the UK gov-
ernment are undertaken by the UK Advisory 
Council on the Misuse of Drugs (ACMD).

More recently, on behalf of Home Office, 
the UK EWS has been involved in providing 
information to support the assessment of new 
substances that may be subject to a temporary 
control in the UK. The detection and identifi-
cation of novel substances in the UK has been 
improved recently with the establishment of 
the Forensic Early Warning System (FEWS). 
This is done by: analysing samples suspected 
to contain novel substances that have been col-
lected from a range of sources including online 
and bricks and mortar shops, music festivals 
and law enforcement agencies; creating chemi-
cal reference standards to help with the identi-
fication of novel substances; working with the 
UK Border Agency in order to better detect and 
detain suspicious packages; and, rapidly iden-
tifying novel substances in emergency cases 

involving serious toxicity (including fatalities). 
Analytical data and related contextual infor-
mation (such as information on packaging) on 
novel substances identified by FEWS is pro-
vided to the UK EWS, which, in turn, is for-
mally reported to the EU EWS [56].

The French EWS

The French EWS, known as the Système 
d’Identification National des Toxiques et 
Substances (SINTES) was established in 1999 
within the French Monitoring Centre for Drugs 
and Drug Addiction (Observatoire Français des 
Drogues et des Toxicomanies; OFDT) [57]. At 
that time the authorities were concerned that 
the growing popularity of the ‘techno’ dance 
music movement would lead to the emergence 
of new substances. Initially, a network of local 
partners was formed, with a network of moni-
toring centres set up in 2001 covering the major 
French cities.

SINTES focuses on the identification of sub-
stances and products on the illicit market and 
ensures real-time transmission of informa-
tion. It is supported by the Recent Trends and 
New Drugs (Tendances Récentes et Nouvelles 
Drogues; TREND) surveillance system [58], 
which provides more in-depth information 
on use, including a description of users, sub-
stances used, use patterns, and, where possible, 
consequences in populations with a high preva-
lence of use. TREND also monitors local mar-
kets and micro-trafficking (i.e. the availability, 
accessibility, price and substances on the mar-
ket at local level).

In 2006, the scope of the surveillance activi-
ties of SINTES, which had previously been 
limited to synthetic substances, was extended 
to include all types of illicit drugs. Coverage 
was also extended to include all regions of the 
country. At the same time it was divided into 
an ‘observation’ function and a ‘monitoring’ 
function, based on two different data collection 
approaches. The annual ‘observational’ surveys 
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of SINTES provide information on the compo-
sition of a substance in circulation on the basis 
of simultaneous collection of drug samples for 
laboratory analysis, as well as a questionnaire 
from drug users. They supplement the data 
resulting from seizures by providing a snapshot 
of the composition of substances used or poten-
tially available to users.

The Nordic Countries: Nordic-NADiS

The Network for the Current Situation of 
Drugs (NADiS) was set up as a national net-
work in Sweden in 2000. In 2003, Denmark 
joined the network followed by Norway in 
2004, Finland in 2006, and Iceland in 2011, thus 
establishing a broader cross-border collabora-
tion (the national EWS for Denmark, Finland, 
Sweden and Norway report individually to the 
EU EWS). The extended network, known as the 
Network for the Current Situation of Drugs in 
Nordic countries (Nordic-NADiS), is an expert 
system that involves key national institutions 
with competence in the field of new psychoac-
tive substances, including the police, medical 
care and health institutes. The purpose is to 
enhance collaboration and increase knowledge 
on novel substances, the way in which they 
are used, and their possible medical use, ulti-
mately, with the aim of possible regulation at 
the national level. The work of the network is 
operationalised through a web-based informa-
tion exchange platform (NADiS web).

INTERNATIONAL, REGIONAL  
AND NATIONAL DRUG 
MONITORING SYSTEMS

Over recent decades, a number of specialised 
drug information systems outside of the EU 
have developed the capacity to monitor new 
and emerging trends in drug consumption. A 
number of other regional and national models, 

as well as some at the international level, will 
be presented in the following section.

National Drug Monitoring Systems

USA
The United States Drug Enforcement 

Administration (DEA) (Department of Justice) 
[59] is responsible for drug scheduling and 
control. As such it receives reports on new 
drugs from poison control centres, hospi-
tals and law enforcement. Where necessary 
it has the authority to temporarily control a 
substance under emergency scheduling. The 
Office of Diversion Control maintains a public 
list on drugs and chemicals of concern, includ-
ing novel psychoactive substances. The list 
includes brief summaries of licit uses, chem-
istry, pharmacology, user population, illicit 
distribution and control status. The National 
Forensic Laboratory Information System 
(NFLIS) [60] is a programme of the DEA that 
systematically collects drug identification 
results and associated information from drug 
cases which have been submitted to and ana-
lysed by federal, state and local forensic labo-
ratories. They publish annual reports which 
provide insight into which known drugs are 
most used in non-medical circumstances.

SENTRY was an Internet-based programme 
run by the DEA, which primarily collected 
information on synthetic drugs of abuse in 
order to identify new trends at an early stage. 
Although SENTRY was primarily focussed 
on drugs produced via a chemical process, it 
also monitored prescription drugs, over-the-
counter medication, chemicals involved in the 
manufacturing of synthetic drugs and botani-
cal substances and extracts. Registered users 
accessed SENTRY through a secure URL or via 
the National Drug Intelligence Centre (NDIC) 
[61] site and submitted information which was 
then verified by the NDIC to ensure accuracy 
and reliability of information. This qualita-
tive/anecdotal information was then combined 
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with additional data collected by the NDIC to 
produce a DrugAlert Watch (when a pattern of 
synthetic drug-related activity is first identified) 
and/or a DrugAlert Warning (when a trend is 
first detected). At the warning level, agencies 
could respond to the trend with formal action. 
For example, law enforcement agencies could 
identify and target the supply source for local 
distributors, or treatment providers could begin 
formal studies into short- and long-term physi-
cal and psychological effects of abuse of the 
drug. The SENTRY project ended in November 
2011, and the NDIC closed in June 2012.

Established in 1976 by the National Institute 
on Drug Abuse (NIDA), the Community 
Epidemiology Work Group (CEWG) [62] is 
a network of researchers from the USA and 
selected third countries which meet to dis-
cuss the current epidemiology of drug abuse. 
It meets biannually to provide on-going com-
munity-level public health surveillance of 
drug use. Multiple sources of information are 
used to indicate characteristics of drug abuse 
trends and different types of drug abusers. 
Admissions to drug abuse treatment programs, 
drug-involved emergency department reports, 
seizure data, drug-related deaths reports, arres-
tee urinalysis or other toxicology results, sur-
veys of drug use and the poison control centre 
data are used by several or most of the CEWG 
area representatives. Following the CEWG 
meeting a report is produced annually based 
on the presentations of the representatives. 
Placing a particular focus on new substances, 
the CEWG held a special session at the June 
2010 CEWG meeting, ‘New Drugs: United 
States and International Perspectives’. In June 
2012, NIDA and EMCDDA co-organised the 
‘New and emerging psychoactive substances: 
Second interdisciplinary forum’ [63], which 
gathered over 300 participants from 72 coun-
tries. This conference, which built on the First 
international multidisciplinary forum on new 
drugs organised by the EMCDDA in Lisbon in 
May 2011 [64], focused on new and emerging 

synthetic and natural drugs, such as synthetic 
cannabinoid receptor agonists (e.g. ‘Spice’) and 
stimulants (e.g. cathinones).

The CEWG has often been the first to report 
emerging drug trends in the USA. These 
include: the abuse of the sedative-hypnotic, flu-
nitrazepam, in 1992; the rise of ecstasy and club 
drugs in 1996 and their decline in 2001; and the 
occurrence of fentanyl-contaminated heroin in 
2006 [65].

The Substance Abuse and Mental Health 
Services Administration (SAMHSA) [66] is 
responsible for reducing the impact of sub-
stance use and mental illness in communi-
ties in the USA. As part of this role it conducts 
and publishes a number of drug-related sur-
veys and operates reporting systems, such as 
the Drug Abuse Warning Network (DAWN) 
[67]. The DAWN Emergency Department Data 
System provides national and local-area esti-
mates of drug-related department visits, and 
drug-related mortality. Among its objectives, 
it seeks to identify substances associated with 
drug abuse episodes as well as to detect new 
drug abuse entities and combinations in order 
to provide data for national, state and local 
drug abuse policy and programme planning. 
The DAWN network consists of information 
provided on emergency department (ED) epi-
sodes related to drug abuse and information 
from medical examiners on drug-related deaths 
from their affiliated organisations. Since 2003, 
a DAWN case has a very expansive definition 
such that any ED visit related to recent drug 
use or where drug use is implicated is included. 
Over-the-counter medications, dietary supple-
ments, psychoactive inhalants (such as ‘pop-
pers’) and alcohol (alone or in combination) are 
included in the data collection. The cases are 
categorised according to the substance involved: 
illicit drugs, alcohol or the non-medical use of 
pharmaceuticals. Annual reports on the drug-
related emergency department admittance rates 
are made, as well as periodic reports on top-
ics and trends of interest such as drug-related 
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suicide attempts and underage drinking. One 
critique of the system is that it may not provide 
an up-to-date and accurate picture of overall 
drug use nationally, as only episodes where the 
patient admits to taking drugs or the hospi-
tal staff can identify drug use can be included. 
Because of the large number of DAWN cases, 
those involving the use of novel psychoactive 
substances make up the minority. For exam-
ple, in 2008 ‘other illicit drugs’, which includes 
MDMA, GHB, flunitrazepam, ketamine, PCP 
(phencyclidine), LSD, and other hallucinogens 
and psychoactive inhalants, were each involved 
in less than 4% of ED visits involving illicit 
drugs [68].

Australia
The National Drugs and Alcohol Research 

Centre (NDARC) [69] in Australia is responsi-
ble for two national systems tasked with pro-
viding an early warning of new drug trends. 
These are the Ecstasy and Related Drugs 
Reporting System (EDRS) [70] and the Illicit 
Drug Reporting System (IDRS) [71]. EDRS is 
a national monitoring system for ecstasy and 
related drugs intended to serve as a strategic 
early warning system in identifying emerg-
ing trends of local and national interest in the 
markets for these drugs. It is managed by dif-
ferent research institutions in each Australian 
state or territory. The methods employed in this 
system include interviews with regular ecstasy 
users, interviews with key experts and analysis 
of indicator data related to ecstasy and other 
related drugs. This includes monitoring the 
price, purity, availability and patterns of use of 
ecstasy, methamphetamine, cocaine, ketamine, 
GHB, MDA (3,4-methylenedioxyamphetamine) 
and LSD. In 2010, mephedrone use was found 
to be relatively prevalent (17% in the last 6 
months) among regular ecstasy users. This sys-
tem is sensitive to trends and provides data in 
a timely manner. Its sister system, IDRS, moni-
tors drug use trends across Australia for heroin, 
amphetamines, cocaine and cannabis.

New Zealand
The Illicit Drug Monitoring System (IDMS) 

[72] was established in 2005 and is run by the 
Social and Health Outcomes Research and 
Evaluation (SHORE) at Massey University. The 
aim of the IDMS is to provide a brief ‘snapshot’ 
of illicit drug use in New Zealand. Typically, 
it consists of a survey conducted among drug 
users about purity, price and potency of a range 
of drugs, as well as the appearance of any 
new substances in the market. The 2010 IDMS 
sample included frequent methamphetamine, 
ecstasy and injecting drug users [73]. The inter-
views with frequent drug users were then com-
bined with secondary data sources of drug use, 
such as drug seizure statistics, telephone calls 
to the Alcohol and Drug Helpline, and admis-
sions to drug treatment services. The report 
provides a picture of current issues, includ-
ing the rise and fall of BZP usage, which was a 
widely used legal drug in New Zealand during 
the early to mid-2000s until it was controlled 
in April 2008 [74]. While the 2008 IDMS report 
found a significant reduction in the availability 
and use of BZP following its control [75], the 
2009 IDMS showed some recovery in its avail-
ability, although it is yet to match the levels 
observed in the years pre-control [76].

South Africa
The South African Community Epidemiology 

Network on Drug Use (SACENDU) [77], estab-
lished in 1996, is a network of researchers, 
practitioners and policy makers from all areas 
of South Africa. Members of SACENDU meet 
every six months to provide community-level 
public health surveillance of alcohol and other 
drug (AOD) use trends and associated conse-
quences through the presentation and discus-
sion of quantitative and qualitative research 
data. Demographic information on patients, 
primary substance of abuse, mode of adminis-
tration, and frequency of use are reported from 
six substance abuse treatment centre sites across 
South Africa. SACENDU reports regularly on 
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the nature and pattern of AOD use, emerging 
trends, risk factors associated with AOD use, 
characteristics of vulnerable populations, and 
consequences of AOD use in South Africa [78].

Although this network does not focus specif-
ically on novel psychoactive substances, within 
the reports there is scope for detection of these 
substances. In December 2010, methcathinone 
was noted in most sites, with one particular 
region reporting that 4% of patients had ‘CAT’ 
(a street term used for methcathinone) as a pri-
mary or secondary drug of abuse [79].

The United Nations System

World Health Organisation (WHO)
The World Health Organisation (WHO) is 

a specialised agency of the United Nations. 
Through its Expert Committee on Drug 
Dependence (ECDD) [80], it conducts the medi-
cal, scientific and public health evaluation of 
psychoactive substances in order to inform 
the decisions made by the United Nations 
Commission on Narcotic Drugs (CND) [81] 
on whether to control a substance under the 
United Nations drug control conventions.

In 2010, the World Health Organisation 
adopted a revision of their guidelines for the 
review of psychoactive substances for interna-
tional control [82]. The guidelines ensure that 
the review process is of clear methodology, 
transparent, and based on scientific and public-
health related principles. The guidelines detail 
the procedure for preparing a critical review, 
including how it is decided if a pre-review 
or critical review will be held, how to prepare 
the review reports and the criteria on which 
the ECDD should base their judgement. The 
ECDD is to first consider the applicability of 
the 1961 Convention [22] – that is, whether the 
substance shows similar abuse liability profile 
and dependence-producing properties to drugs 
already controlled under this convention – and 
if not, whether the 1971 Convention [21] is 

applicable. For all substances that are reviewed, 
a summary assessment giving a description of 
the ECDD’s findings should include the extent 
or likelihood of abuse, the degree of seriousness 
of the public health and social problem, the 
degree of usefulness of the substance in medi-
cal therapy, and advice on the control measures 
that would be appropriate. The guidelines also 
cover the meeting, membership and functions 
of the ECDD and its collaboration with other 
organisations and experts for the decision-mak-
ing process.

United Nations Global SMART Programme
The Global SMART (Synthetics Monitoring: 

Analyses, Reporting and Trends) Programme 
was launched in September 2008 as a project of 
the United Nations Office on Drugs and Crime 
(UNODC) [83]. The main aim of the programme 
is to improve the quality of information on 
synthetic drugs. This includes information on 
the patterns of trafficking and use, as well as 
to increase the information exchange between 
the participating countries on illicit synthetic 
drugs in order to design effective policy and 
programme interventions. It further aims to 
improve methods for detecting and reporting 
emerging trends within these countries.

The SMART programme holds national train-
ing and review sessions in participating countries, 
facilitates on-line data collection, verifies data, as 
well as analyses of country situation reports. It 
also carries out regional assessments, for example 
on the patterns and trends of amphetamine type 
stimulants in East and South East Asia [84].

The Global SMART programme also provides 
regular updates on patterns and trends in the 
global synthetic drug situation [83]. It reports 
information in several categories, such as signifi-
cant or unusual drug or precursor seizures, new 
locations or methods for clandestine manufac-
ture, new trafficking groups or routes, changes in 
legislation to combat synthetic drugs, as well as 
information on emerging drugs or user groups 
and health implications related to their use [85].
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Inter-American Observatory on Drugs
The Inter-American Observatory on Drugs 

(OID) [86] is a pan-American surveillance system 
created in 2000 and run by the Inter-American 
Drug Abuse Control Commission (CICAD) in 
partnership with national statistics and infor-
mation focal points (national observatories on 
drugs). It works with 21 Latin American and 
Caribbean drug councils to develop and super-
vise standardised drug use prevalence (SIDUC) 
studies and publish an annual compendium of 
supply-side drug data [87]. Internet based soft-
ware is used to collect and report data on drug-
related arrests, crop eradication, destruction of 
drug laboratories, seizures of drugs and chemi-
cals and other law enforcement data in the mem-
ber countries. This surveillance system has the 
potential to serve as an early warning system on 
the appearance of new substances, new meth-
ods of using and manufacturing substances and 
changing trafficking patterns.

SOURCES FOR DETECTING 
AND MONITORING NOVEL 

PSYCHOACTIVE SUBSTANCES

This section reviews a number of data col-
lection approaches and methodologies which 
have potential to enhance detection, under-
standing, and monitoring of novel psychoactive 
substances. Forensic science remains the key 
method for identifying such substances, whether 
through development, of, and facilitating access 
to, reference samples, test purchasing, pill test-
ing, wastewater analysis or new approaches to 
predict the psychoactivity and toxicity of novel 
psychoactive substances. In terms of settings, 
data from hospital emergency departments are 
able to provide interesting insights into both pat-
terns of use of novel psychoactive substances 
and associated acute health problems. The use 
of Internet monitoring, with repeat cross-sec-
tional snapshots can provide insights into dif-
ferent aspects of the online marketplace for new 

substances, including highlighting the range 
of substances/products available to the pub-
lic. Finally, there are now a limited but growing 
number of European epidemiological surveys 
and studies reporting on the prevalence of use 
of novel psychoactive substances in the general 
population or particular sub-populations.

Forensic Science

Forensic science represents a core component 
in systems monitoring novel psychoactive sub-
stances. The first step in the identification of any 
novel psychoactive substance involves deter-
mining the chemical structure of the compound 
by means of chromatography (e.g. medium 
pressure liquid chromatography [MPLC], high-
performance liquid chromatography [HPLC]) 
as well as spectrometric techniques (e.g. mass 
spectrometry [MS], nuclear magnetic resonance 
[NMR]) or both (e.g. gas chromatography cou-
pled with mass spectrometry [GC-MS]). This 
information is provided by forensic chemistry 
and forensic toxicology laboratories.

Among the most pressing challenges ham-
pering development of forensic responses are 
the practical difficulties of identifying novel 
substances. In this dynamic marketplace, nei-
ther buyer nor seller may be accurately aware 
of what substances, or mixtures of substances, 
are being sold or consumed [48]. Some coun-
tries have begun test purchase projects, but this 
information is not routinely collected or shared. 
Moreover, the availability of reference materials 
(substances) is of critical importance if foren-
sic and toxicology laboratories are to identify 
novel psychoactive substances, especially in the 
case of those substances for which limited sci-
entific literature is available.

Pill Testing
Forensic testing and identification of sub-

stances in pills and powders is the cornerstone 
of some of national early warning systems in 
Europe, notably in the Netherlands, Austria, 
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France and Spain. The most well-known ini-
tiative here is the Drugs Information and 
Monitoring System (DIMS) [88], which origi-
nally started as a local initiative in Amsterdam 
to give drug users the opportunity to deter-
mine the composition of their drugs. In 1992 
DIMS was rolled-out nationally, and since the 
1990s it has played a central role in the Dutch 
early warning system. DIMS is a network of 
cooperating institutions which consists of the 
coordinating and steering centre at the Trimbos 
Institute, which is the Dutch research insti-
tute for mental health and addiction, 30 ‘test-
offices’, and numerous anonymous drug users.

DIMS is tasked with the daily monitoring, 
surveillance and the acute assessment of risks 
of novel psychoactive substances and is based 
on a system of information exchange. Drug 
users have their drugs analysed in order to 
know the exact composition and in return pro-
vide information about observed effects, use 
and market. Signals pointing to the appearance 
of new drugs on the market can thus be picked 
up by the system. The main focus for DIMS is 
to identify the compounds of (synthetic) drugs, 
to describe prevalence of drugs in the market 
and trends in drug use, and to identify health 
risks for drug-users. Apart from its monitor-
ing function, DIMS also has an important sur-
veillance task. When a drug with clear health 
risks appears on the market, the DIMS-bureau 
initiates and co-ordinates a national warning 
campaign (known as a ‘Red Alert’) to prevent 
and reduce health risks. To determine the acute 
risks for the Red Alert procedure a network of 
different experts is consulted. Field workers, 
policymakers and scientists participate in these 
warning campaigns [89], following an estab-
lished protocol.

Wastewater Analysis and Pooled Urine 
Analysis

Wastewater analysis (sewage epidemiology) 
is a rapidly developing scientific discipline 
with the potential for monitoring population 

level trends in illicit drug consumption [90,91]. 
Advances in analytical chemistry have made it 
possible to identify urinary excretion of illicit 
drugs and their main metabolites in wastewa-
ter at very low concentrations. This is compa-
rable to taking a much diluted urine sample 
from an entire community (rather than from 
an individual user). With certain assumptions, 
it is possible to back-calculate from the amount 
of the drug and/or metabolite(s) in the waste-
water to an estimate of the amount of a drug 
consumed in a community [92]. While early 
research focused on identifying cocaine and 
its metabolites in wastewater, recent studies 
have produced estimates on levels of canna-
bis, amphetamine, methamphetamine, heroin 
and methadone. The identification of less com-
monly used drugs, such as ketamine and novel 
psychoactive substances may also be possible. 
This area of work is developing in a multidis-
ciplinary fashion, with important contribu-
tions from, among others, analytical chemistry, 
physiology, biochemistry, sewage engineering 
and conventional drug epidemiology. At the 
top of the research agenda is the development 
of a consensus on sampling methods and tools, 
as well as the establishment of a code of good 
practice for the field. While wastewater appears 
promising for the identification and monitor-
ing of community and general population 
drug use (particularly with established drugs), 
pooled urine analysis is a more sensitive tech-
nique being used for the identification of novel 
psychoactive substances in sub-groups where 
early adoption of such substances is often 
seen [93]. Collection of samples from sewage-
treatment plants for the detection of NPS is 
problematic as often little is known about fac-
tors such as stability or metabolism by bacteria. 
Pooled urine collection avoids these problems 
by collecting urine samples closer to users. This 
technique utilises samples of urine collected 
from portable toilets, for example those used 
at music festivals, placed outside nightclubs 
or used in city-centres at weekends or public 
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holidays to prevent public urination in the 
streets.

Computational Modelling

The possibility of predicting the mode of 
action of novel compounds for which scarce sci-
entific literature is available can be extremely 
valuable [94]. The potential use of inexpensive 
structure-activity relationships, molecular clas-
sification models as well as bioactivity mod-
els for the prediction of the properties of novel 
substances (i.e. toxicity, pharmacology, psycho-
activity, etc.) without the need for conducting 
experimental studies in animals or humans is 
currently being explored [95]. The chemogenom-
ics principle, which assumes that structurally 
similar targets share similar ligands [96], allows 
some degree of prediction of the effect of a chemi-
cal compound on a large set of receptors. The 
combination of machine learning techniques with 
bioactivity databases enables the prediction of the 
mode of action and effects of novel compounds.

However, caution is required when inferring 
effects of substances based on structure-activity 
relationships, for example when making pre-
dictions about the activity and potency of 
novel cathinone analogues by analogy to the 
structure-activity relationships derived from 
amphetamine-related substances [97].

Hospital Emergencies Data

With the exception of the Drug Abuse 
Warning Network (DAWN) system in the USA 
[67], there are limited data that are systemati-
cally collected and published internationally 
on acute toxicity associated with recreational 
drug use. Hospital coding systems are typically 
based around the ICD-10 system (International 
Statistical Classification of Diseases and Related 
Health Problems, 10th Revision), which does not 
include the majority of recreational drugs and in 
most countries will only capture hospital admis-
sions, and not patients who are discharged 

directly from the emergency department [98]. 
Studies have also shown that cases may be 
coded according to the presenting clinical fea-
ture rather than based on the drug causing the 
presentation (e.g. cocaine-related chest pain 
being coded as chest pain with no coding relat-
ing to cocaine) [99]. Acute recreational drug 
toxicity is a significant clinical issue with the 
potential for significant morbidity and mortality.

A recent feasibility study, undertaken in the 
UK and Spain, explored methods for collect-
ing emergency data in two different units in 
busy nightlife areas. The two centres involved 
in the study (London, UK and Palma, Mallorca) 
designed a tool to collect data prospectively on 
all cases presenting to their emergency depart-
ments with acute recreational drug toxicity in 
June and July 2009 [100]. The study demon-
strated that it is feasible to collect and collate 
data to help detect and allow differences in 
acute recreational drug toxicity in different EU 
countries to be examined. Analysis is made on 
types of recreational drugs used, place of drug 
use, country of origin of individuals presenting, 
and patterns of acute toxicity seen. Establishing 
the epidemiology of acute recreational drug 
toxicity across EU countries and the patterns 
of toxicity seen is important in determining the 
harm associated with recreational drug use. The 
European Drug Emergencies Network (Euro-
DEN) project is a European Commission funded 
project developing techniques to collect health 
emergency data from countries around Europe 
to look at seasonal and geographical trends in 
the acute harms associated with the use of novel 
psychoactive drugs. Currently, club/night-time 
economy specific guidelines for improving pre-
hospital care of recreational drug users adapted 
to a European context are under development.

Internet Monitoring

The use of the Internet to market and sell 
novel psychoactive substances poses an impor-
tant challenge to policy-makers. The Internet 



Sources for Detecting and Monitoring Novel Psychoactive Substances

NOVEL PSYCHOACTIVE SUBSTANCES

45

offers direct access to the world of the drug 
user through online forums and chat rooms, 
as well as to online shops selling ‘legal’ alter-
natives to controlled substances. This market 
has grown dramatically over the last few years 
and now includes a wide range of different 
types of substances: from plants to herbal mix-
tures, to pills and research chemicals. Online 
shops often specialise in particular drug-related 
products; some selling drug paraphernalia, 
some specialising in hallucinogenic mushrooms 
or ‘party pills’, while others market a wide 
range of herbal, semi-synthetic and synthetic 
substances. Illustrations of the growing impor-
tance of the Internet can be witnessed with the 
‘Spice’ phenomenon which was largely Internet 
based, the sale of ‘legal highs’ and the recent 
mephedrone phenomenon [26,27,42].

Monitoring the Internet not only improves 
the ability to identify and track new and emerg-
ing trends, but can also contribute to and 
complement the rapid information exchange 
of information and risk assessment on novel 
psychoactive substances. Here, Internet moni-
toring has the potential to act as a confirming 
source, and also as a trigger in the identifica-
tion of potentially threatening new substances. 
The nature of the Internet, which is intrinsi-
cally unstable and multilingual, presents a 
number of monitoring challenges, in particular 
the development of comparable methods for 
searching and methods for assessing the valid-
ity of the information.

To date there have been relatively few pub-
lished research studies that have examined 
the novel psychoactive substances available 
on the Internet. Schifano and Deluca [101] in 
the context of the ‘Psychonaut’ research pro-
ject [102,103], presented a European over-
view on the availability of online information 
on psychoactive substances, analysing web-
sites presenting information on the consump-
tion, manufacture, and sale of psychoactive 
substances. In 2005, the EMCDDA initiated 
its European Perspectives on Drugs (E-POD) 

project, which aimed to provide practical expe-
rience for the development of a European sys-
tem to detect, track, and understand emerging 
trends. Since 2005, the EMCDDA have con-
ducted a number of studies, including stud-
ies on magic mushrooms (2006) [104], GHB 
(gamma-hydroxybutyrate) and GBL (gamma-
butyrolactone) (2007) [105], ‘legal highs’ (2008–
2011) [26,106], ‘Spice’ products (2009) [26] and 
mephedrone (2010, 2011), in the process devel-
oping an Internet ‘snapshot’ monitoring meth-
odology (see Box 2.1). EMCDDA snapshots of 
online drug shops have become increasingly 
pivotal in understanding a rapidly adapt-
ing Internet-based drug market. They provide 
information on the working methods of online 
retailers, the way that they respond to users’ 
demands, changes in the law and other supply 
issues. The 2011 ‘legal highs’ snapshot under-
taken in July in 20 languages identified a total of 
631 online shops that were supplying products 
to European consumers (see Table 2.1) [107].

Surveys and Studies on the Prevalence of 
Use of Novel Psychoactive Substances

In Europe, there are a limited number of 
surveys that are capable of reporting on the 
prevalence of novel psychoactive substances 
in the general population or particular sub-
populations. As the use of novel psychoac-
tive substances has only recently emerged as a 
social and cultural phenomenon, their inclusion 
in national drug surveys is a relatively recent 
development. As well as being scarce, preva-
lence data on novel psychoactive substances 
has many limitations and associated methodo-
logical issues. These include: a lack of common 
definitions, non-representative samples, small 
sample size and as a result often overall weak 
data. Problems may be confounded by the rap-
idly changing legal situation at a country level 
and the variable content of the drugs which 
limits the reliability of users self-report of the 
drugs they are/have been using.
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Scope
●	 Online websites (retailers and wholesale) 

easily accessible to a random Internet user 
interested in buying psychoactive substances

●	 Targeting and addressing an EU audience.

Exclusion Criteria:
●	 Websites selling only paraphernalia or seeds 

or non-psychoactive mushrooms
●	 Websites not shipping psychoactive 

substances to an EU country
●	 Discussion forums and/or drug-related chat 

rooms, social networking sites or tools such 
as Skype, Messenger, Facebook, Twitter, etc.

Identification of Killer String:

Select the search string to achieve the maxi-
mum coverage. Identify ‘killer’ term or a 
‘killer’ combination of terms of each search 
(‘killer’ = more relevant hits on the search 
performed).

Sampling to Exhaustion:

Mandatory look at the first 100 links and 
after 101, ‘sample to exhaustion’ (ceasing when 
20 successive links are irrelevant).

Use of Multiple Search Engines:

Coverage and performance (in term of accu-
racy of search) is enhanced with the use of 
Metacrawler.com + Google(.national)+1 addi-
tional specific national search engine (the most 
relevant by languages).

Broad Coverage of EU Languages:

Maximised number of EU languages used for 
searching.

Common Reporting Template:

Search results reported the same way in dif-
ferent languages.

BOX 2.1 

C O R E  C O M P O N E N T S  O F  T H E  E M C D D A  I N T E R N E T 
S N A P S H O T  M E T H O D O L O G Y

The 2011 Eurobarometer survey, which 
examined the attitude of young people towards 
drugs, interviewed more than 12 000 peo-
ple (aged 15–24) across EU countries. In most 
countries the level of use was not more than 
5% [108]. However, in the UK, Latvia and 
Poland, use was close to 10%, whilst in Ireland 
16% reported use of a new substance. Of those 
young people who had used a new substance, 
54% indicated that they had been offered them 
by friends, compared to 37% who had been 
offered them during a party or in a pub and 
33% who had bought them in a specialised 

shop, e.g. a head/smart shop. Interestingly, the 
Internet was the least common source for these 
substances; only 7% of interviewees indicated 
that they had purchased these substances on 
the Internet.

At national level, there are general popu-
lation and/or school-based surveys from the 
UK, Poland, Ireland, Spain, New Zealand and 
the USA which provide an indication of the 
prevalence of use of new drugs or ‘legal highs’. 
The 2011 British Crime Survey reported that 
for those aged 16–24, mephedrone use (4.4%) 
was at a similar level of use as powder cocaine 

http://metacrawler.com/
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TABLE 2.1  Most Frequently Identified New Psychoactive Substances/‘Legal Highs’ Available for Online Sale and 
Prices in 2011 Internet Snapshot

New Psychoactive Substance/ 
‘Legal High’

Number of Online Shops

Nature
Price for 10 g 
(EUR)July 2011 January 2011

Kratom 128 92 Natural 6–15

Salvia 110 72 Natural 6–12

Hallucinogenic mushrooms 72 44 Natural 10–14

MDAI (aminoindane) 61 45 Synthetic 100–110

Methoxetamine (arylcyclohexylamine) 58 14 Synthetic 145–195

6-APB (benzofuran) 49 35 Synthetic 230–260

4-MEC (cathinone) 32 11 Synthetic 120–200

MDPV (cathinone) 32 25 Synthetic 115–239

Cactus 30 17 Natural 20–40 (plant)

Methiopropamine (thiophene) 28 5 Synthetic 115–130

5-IAI (aminoindane) 27 25 Synthetic 95–120

Dimethocaine (benzoate) 27 22 Synthetic 85–150

Methylone (cathinone) 26 17 Synthetic 76–130

5-APB (benzofuran) 23 6 Synthetic 250–330

AM-2201 (cannabinoid) 22 1 Synthetic 180–210

JWH-018 (cannabinoid) 20 5 Natural 200–230

JWH-250 (cannabinoid) 19 4 Natural 110–195

AMT (tryptamine) 19 13 Synthetic 230–460

MDAT (aminotetralin) 18 22 Synthetic 110–130

Mephedrone (cathinone) 18 23 Synthetic 120–200

JWH-122 (cannabinoid) 17 4 Synthetic 50–55/200–240

Ayahuasca (active principle DMT) 17 10 Natural 15–30 (kit)

4-FA (phenethylamine) 17 2 Synthetic 120–200

3,4-DMMC (cathinone) 16 3 Synthetic 90–200

Hawaiian baby woodrose (active principle 
lysergamides)

16 10 Natural 4–8 (10 seeds)

GBL (GHB precursor) 15 12 Synthetic 35–45 (½ litre)
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(4.4%; the second most used drug amongst 
young people) [109]. Among those aged from 
16 to 59, last year use of mephedrone was at a 
similar level as ecstasy use (1.4%; the third most 
used drug within this age group). In 2012, the 
percentages for mephedrone use had fallen to 
3.3% and to 1.1%, respectively [110].

Mephedrone and ‘legal highs’ were included 
for the first time in the drug prevalence sur-
vey of households in Ireland and Northern 
Ireland conducted in 2010/11 [111]. In Northern 
Ireland, the prevalence of use for respondents 
aged between 15 and 64 was around 2% for life-
time and 1% for last year use for both mephed-
rone and ‘legal highs’. The lifetime prevalence 
of use rate for people aged 15–24 was 6% for 
both mephedrone and ‘legal highs’. In the 
Republic of Ireland, with regard to drug use 
by adults in the year prior to the survey, new 
psychoactive substances (4%) were the second 
most frequently reported drugs after cannabis 
(6%). Among younger adults aged 15–24 years, 
10% reported last year use of novel psychoac-
tive substances.

In Spain, the National Survey on Drug Use 
in Students aged 14–18 years (2010) found that 
3.5% of students had consumed one or more 
of the new or emerging drugs at some time in 
their life, and 2.5% had consumed during the 
previous year and 1.3% last month [112]. The 
substances most often consumed were magic 
mushrooms, ‘Spice’ and ketamine; however, 
the overall prevalence levels were very low, 
confirming the sporadic nature and experimen-
tal use of these substances among students in 
this age group. A 2009 study from Frankfurt, 
Germany also explored use of ‘Spice’ amongst 
students, reporting that a total of 7% of the 
15–18 year-olds in Frankfurt reported experi-
ence with smoking mixtures.

A 2008 Polish study among students found 
that just under 4% had used ‘legal highs’ at 
least once in their life, while a follow-up study 
in 2010 reported an increase to 11%. The use 
of ‘legal highs’ during the previous 12 months 

was reported by around 3% of students in 
2008, and increased to 7% in 2010. This period 
saw a proliferation of smart shops in Poland. 
An additional Polish general population study 
conducted in both 2009 and 2010, provided fur-
ther insights into consumption levels of ‘legal 
highs’, in particular the drop in use after clo-
sure of the Polish smart shop network in 2010. 
In this year, 3% of the respondents admitted 
using ‘legal highs’ at least once, which was a 
reduction from 6% in 2009. Just fewer than 2% 
had used them in the last 12 months, compared 
with 5% in 2009.

A small number of studies in countries out-
side of the EU have attempted to ascertain 
prevalence of use of ‘legal highs’. In 2011, for 
the first time, the US Monitoring the Future 
annual school survey reported on prevalence of 
synthetic cannabinoids use among young peo-
ple [113]. Among 12th graders, past-year use 
of these synthetic cannabinoids (Spice and K2) 
was found to be just over 11%. The popularity 
of BZP (1-benzylpiperazine) in New Zealand 
led to a number of studies on this substance 
and its effects. A 2006 national household study 
of people aged 13–45 years found that 20% of 
New Zealanders had ever tried BZP and 15% 
had used it in the previous year [114]. At the 
time the survey was conducted, BZP-party pills 
were the fourth most commonly used recrea-
tional substance in the country behind alcohol, 
tobacco and cannabis [115].

A number of sources, most commonly 
Internet surveys, provide insight into the use 
of new drugs by specific populations. As these 
are largely self-selected convenience samples, 
the findings do not reflect the use of these 
substances in the wider population. As previ-
ously noted, the 2010 Internet survey among 
readers of Mixmag, the dance music and club-
bing magazine published in the UK, found life-
time use of mephedrone at around 40% (33% 
last month use) [44]. In 2011, a similar survey 
found that lifetime use among respondents 
was 61%, while use in the last month was 25% 
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[116]. A survey conducted in South London in 
gay-friendly nightclubs found that mephed-
rone had the highest prevalence of last month 
use (53.2%) and use on the night of the sur-
vey (41.0%) [117]. Another Internet survey 
has reported on use of ‘legal highs’ in Ireland 
[118]. Similar to findings among Mixmag read-
ers, high levels of mephedrone use (66%) were 
reported by survey respondents, and 18% had 
used BZP party pills. Interestingly, more indi-
viduals had tried ‘smoking blends’ (presum-
ably containing synthetic cannabinoids) than 
any other type of novel psychoactive substance. 
Among the drugs of herbal origin, Salvia divi-
norum was most popular, being sampled by 
almost a quarter of all respondents in both the 
Irish and UK studies. A survey in the first half 
of 2011 among Internet users looking into the 
use of new synthetic drugs (‘legal highs’) was 
conducted among respondents aged 15–34 in 
the Czech Republic, with 4.5% reporting life-
time use of a new synthetic drug [119].

CONCLUSIONS

In the last few years, record numbers of 
novel psychoactive substances have been 
identified globally. The availability of cheap 
organic chemical synthesis has been a cata-
lyst here, with chemical companies, predomi-
nantly in emerging economies such as China, 
working with entrepreneurs who have devel-
oped sophisticated marketing and distribution 
approaches. Products are sold on the Internet 
or specialist bricks and mortar head shops as 
well as by street-level drug dealers. Some over-
lap and interaction exists with the illicit drugs 
market.

It is likely that synthetic substances will 
continue to dominate the phenomenon of 
novel psychoactive substances. Entrepreneurs, 
including chemists, are currently research-
ing hundreds of potential psychoactive sub-
stances and will respond rapidly to any control 

attempts by simply moving on to alternative 
non-controlled substances. To date, most their 
interest has been focused on providing novel 
substances that target the recreational stimu-
lant and cannabis markets. However, new sub-
stances are now emerging that appear to target 
more chronic problematic drug users. A further 
worrying development is the interest in explor-
ing the potential of psychoactive medicines as a 
basis for new non-controlled substances.

The combined use and triangulation of 
routine epidemiological indicators, qualita-
tive research and leading-edge indicators are 
likely to improve the chance of obtain a holis-
tic picture of new trends at the local, national, 
regional and international level. There is a need 
to respond rapidly to novel substances and 
related trends that are identified through early 
warning systems, while simultaneously fine 
tuning other monitoring instruments to track 
diffusion, increased consumption, as well as 
evidence of new health and social risks.
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BACKGROUND

Numerous factors hinder the adequate 
characterisation of the availability and sup-
ply of novel psychoactive substances (NPS). 
Diverse substances – botanicals; synthetic can-
nabinoid receptor agonists (SCRAs); cathinone 
analogues; pyrrolidinophenones; substituted 
phenylethylamines; ‘FLYs;’ piperazines; ami-
noindanes; and analogues of tryptamines, 
arylcyclohexylamines, opioids, cocaine, and 
gamma-hydroxybutyrate – compete in a shift-
ing market space, defying generalisations. 
‘Supply side’ analysis is complicated by ongo-
ing market entries, including compounds, sup-
pliers, distributors and vendors. Recent years 
have witnessed an exceptional surge of entirely 
new psychoactive substances. Online platforms 
for NPS transactions have flourished, compli-
mented by increasing product diversity [1,2].

Evolving usage patterns in various nation-
alities or communities (‘demand side’), cou-
pled with assorted market stressors, ensure a 

constantly shifting landscape. NPS compete 
with other established abused substances for 
selection, as well as for available interventions 
and treatment resources. User experiences, per-
ceptions of harm and purchasing sources are 
rapidly disseminated via various social media. 
The legal, administrative and regulatory envi-
ronments continue to evolve at local, state, 
national and transnational levels, often in a 
reactionary manner. Medical or forensic analy-
sis, characterisation, detection and measure-
ment in patient biological specimens or product 
samples are complicated by deficiencies in 
widely available, validated methodologies or 
established reference standards.

Further adding to the difficulties of NPS 
market assessment is the fact that much NPS 
development, production and introduction is 
unlinked from traditional avenues and pres-
sures. Marijuana, cocaine, heroin, khat, peyote 
and psilocybin mushrooms (as well as nico-
tine and grain or fruit sources for ethanol pro-
duction) require some degree of cultivation or 
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rendering. Unlike ketamine, or prescribed opi-
oids, benzodiazepines, or amphetamines ana-
logues, numerous NPS do not possess the legal 
exposure derived from diversion from legiti-
mate sources. Similar to amphetamine-type 
stimulants (ATS) and synthetic opioids, many 
NPS are completely divorced from botani-
cal origins, requiring only knowledge, mate-
rials, standard laboratory equipment and a 
relatively brief production cycle. Additionally, 
NPS remain largely free from the national and 
international efforts targeting precursor chemi-
cals and ATS and non-pharmaceutical opioid 
reagents (e.g., The Combat Methamphetamine 
Epidemic Act of 2005, 1988 United Nations 
Convention Against Illicit Traffic in Narcotic 
Drugs and Psychoactive Substances, Drug 
Enforcement Administration (DEA) fentanyl 
chemical precursor scheduling, etc.) [3–5].

Classical data sources struggle to address the 
NPS hyperkinetic market. Inherent delays in 
the conduct of research, (peer) review and pro-
duction limit journal publications, books and 
reports. The surreptitious ‘shadow economy’ 
surrounding NPS and the absence of acces-
sible, complete, recorded sources preclude a 
conventional ‘market research report’ analy-
sis. Traditional databases assessing usage and 
demand often do not include NPS or update 
recent introductions with adequate frequency. 
For example, through July 2012, usage statis-
tics for kratom (Mitragyna speciosa), SCRAs, 
cathinones, piperazines, or ring-substituted 
phenylethylamines were unavailable in recent 
US Drug Abuse Warning Network (DAWN), 
National Survey on Drug Use and Health, or 
the Youth Risk Behavior Surveillance Systems 
databases [6–8]. Drugs of abuse classifications 
often maintain broad, historical categories 
inapplicable to NPS. The 2012 DAWN report 
of drug-related emergency department visits, 
summarising 2010 data, continued to employ 
such traditional categorisations [7]. SCRA data 
were unaddressed until the 2011 Monitoring 
The Future study (published 2012); cathinones 

and other NPS were absent [9]. DEA drug sei-
zures, mostly recently available for 2010, reflect 
only cocaine, heroin, marijuana, metham-
phetamine and ‘hallucinogens’ [10]. Available 
European (EMCDDA) seizure data, mostly 
recently from 2009, are similarly constrained by 
category limitations [11]. While the US National 
Poison Data System (NPDS) identified emerg-
ing trends for SCRAs and cathinones in 2009, 
formal publication (non-blogs or press releases) 
occurred in 2011 [12]. Other flexible data sys-
tems and organisations have fallen victim to 
economic constraints. The US National Drug 
Intelligence Center ceased operation of its 
Synthetic Drug Early Warning and Response 
System (SENTRY) on November 1, 2011 and 
itself folded on June 15, 2012.

Established US government initiatives 
which purchase or assess illicits to deter-
mine supply, street value and purity (e.g. the 
US Heroin-, Cocaine- and Methamphetamine 
Domestic Monitoring Programs) often omit NPS. 
Governmental public educational resources, 
which could be analysed for access patterns or 
queries, have also disregarded them. For exam-
ple, despite the well-established US presence 
of SCRAs and cathinones [13], as of 1st July 
2012, they were absent from the US National 
Institute on Drug Abuse’s ‘Drugs of Abuse’ and 
Substance Abuse and Mental Health Services 
Administration’s ‘Substances’ websites [14,15].

Linguistic diversity further challenges 
research. Obfuscation to circumvent potential 
legal restrictions has created a myriad of NPS 
descriptions – ‘legal high,’ ‘research chemical,’ 
‘synthetic,’ ‘designer drug,’ ‘herbal,’ ‘incense,’ 
‘natural,’ ‘spice,’ ‘organic,’ ‘smoking blend,’ 
‘potpourri,’ ‘traditional medicine,’ ‘bath salt,’ 
‘party pill,’ ‘plant food,’ ‘room odouriser,’ ‘jew-
ellery cleaner,’ ‘glass cleaner,’ ‘pond water 
cleaner,’ ‘toilet bowl cleaner,’ ‘natural stain 
remover,’ ‘insecticide,’ ‘insect repellent,’ ‘nov-
elty collector’s item,’ ‘collectible,’ and other 
products ‘for use in laboratory experiments’ or 
‘not for human consumption.’ ‘Brand’ names 



Novel Psychoactive Substance Market

NOVEL PSYCHOACTIVE SUBSTANCES

57

for SCRAs and cathinones, as well as chemical 
common names and acronyms (2-DPMP, des-
oxypipradrol; 4-FMC, 4-fluoromethcathinone; 
DMC, dimethocaine; etc.) number in the hun-
dreds. Product mixtures (intentional or uninten-
tional), patient co-ingestants or drug ‘cocktails,’ 
and adulterants or contaminants all obscure data 
gathering.

While non-traditional sources – news arti-
cles, Internet sources (discussion forums, blogs, 
‘information’ sites, sellers), drug seizures and 
case reports indicative of NPS sources – can 
provide potential information, they lack defini-
tive, stringently evaluable data. With these dif-
ficulties in mind, we attempt to provide an 
overview of NPS availability and supply.

NOVEL PSYCHOACTIVE 
SUBSTANCE MARKET

What is the potential or apparent NPS mar-
ket? In one study, two suggested methods 
were applied to estimate a national illicit mar-
ket using reported consumption and reported 
expenditure [16]. The first evaluated demo-
graphic groups and adjusted for usage rates 
(per group), frequency of use, quantity per use 
and cost per substance unit to calculate total 
expenditure. The second required expenditure 
data for a sampled population, subsequently 
appropriately extrapolated to a larger popula-
tion of interest. The aforementioned data limi-
tations, including the lack of assessments of 
type, frequency or amount of NPS use, as well 
as deficits in price and purity datasets, preclude 
effective use of these established methodolo-
gies. The ‘unknown unknowns’ (unrecognised 
NPS, markets, or demographics) further limit 
precision.

Certain demographic data, sales of previ-
ously legal NPS and seizures can provide a pre-
liminary analytic basis. UNODC 2012 World 
Drug Report annual user estimates for the 
major drug markets – citing 2010 data – were 

14.3–52.5 million for ATS, 13.2–19.5 million for 
cocaine, 10.5–28.1 million for ‘ecstasy’, 119–224 
million for cannabis, 13.0–21.0 million for opi-
ates and 26.4–36.1 million for opioids [17]. The 
DEA estimate of the US domestic illicit canna-
bis market is $35 billion [18]. These represent 
potential areas for displacement by NPS such 
as SCRAs, cathinones, piperazines and oth-
ers. SCRA users are usually young and demo-
graphic displacement is evident in studies of 
current undergraduate students, with usage 
rates of 8% or higher [19–21]. Similar studies 
implicate significant increased Salvia divinorum 
(salvia) market penetration in educational set-
tings (exceeding 4%), overall 18–25 year-old 
demographics (exceeding 6%) and in pre-exist-
ing substance abusers (exceeding 20% depend-
ing on the substance) [22–24]. Cathinones 
demonstrated extensive market infiltration in 
certain populations. Pre-control, mephedrone 
(4-methylmethcathinone) achieved a 20.3% 
prior use rate in UK college/university students 
[25] and significant use in the club market [26].

When legal in New Zealand, 1-benzylpipera-
zine (BZP) market data included: a market pen-
etration of almost 50% among 20–24 year-olds 
(ever-users); an excess of 120 brands; estimated 
yearly sales of NZ$24–50 million and 1 800 000 
doses (150 000/month); and a median user 
consumption of 400 mg per occasion [27–29]. 
UK BZP sales were reportedly 2 million doses 
from 2002 to 2006, approaching 3600 daily dose 
shipments by one supplier [30]. The estimated 
size of UK NPS market had already reached 
£10 million in 2006 [31]. A US-based NPS trade 
association estimates a market with annual 
taxable revenues of $4–6 billion, based on self-
reported members’ NPS sales statistics [32]. A 
single manufacturer selling 41 000 SCRA pack-
ets monthly recovered a six-month profit of 
$500 000 on revenues of $2.5 million [33].

The potential scope and sophistication of 
Internet drug operations was revealed in April 
2005 by ‘Operation Cyber Chase,’ the DEA’s 
first investigation of no-prescription websites. 
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It disrupted a multi-national organisation with 
monthly distributions of 2.5 million dosage 
units of controlled substances, 100 websites, 40 
bank accounts, with seizures of $8.5 million, 10 
million dose units of controlled pharmaceuti-
cals and 231 pounds of ketamine [34]. Several 
months later ‘Operation CybeRx’ targeted an 
illegal Internet-based enterprise with $50 000 in 
daily profits.

Drug seizure and interdiction efforts also 
confirm NPS market capture. BZP rose rapidly 
from less than 10 mentions in 2006 to become 
the ninth most frequently identified drug in 
2009 in the US National Forensic Laboratory 
Information System (NFLIS) [35]. While a 
decline occurred in 2010, mirroring European 
trends reported by the UK Forensic Science 
Service due to cathinone displacement, BZP 
still accounted for over 4% of stimulant reports 
(equivalent to amphetamine) [36,37]. NFLIS 
also documented the rapid increase and geo-
graphic variation of SCRA and cathinone sei-
zures in the USA, which now number in the 
thousands [13]. Cathinones have dispersed 
throughout the USA since 2009. In 2011, the 
DEA noted mephedrone in 32 states and MDPV 
(3,4-methylenedioxypyrovalerone) in 34 states 
and NPDS documented extensive national 
cathinone exposures [12,38,39]. European 
nations have reported confiscation of mCPP 
tablets since 2005 (Hungary), BZP since 2006 
(Malta), bromo-dragonfly blotters and cathi-
nones since 2007 (Norway) and SCRAs (‘Spice’) 
since 2009 (Estonia, Finland) [11].

NPS ORIGINS AND MARKET 
ENTRY

Many NPS have conceptual roots in legiti-
mate scientific efforts exploring and devel-
oping neuroactive or neuropharmacological 
substances. Potential chemicals, analogues 
and published synthesis pathways are widely 
available simply by perusing recent or prior 

medicinal chemistry journals or medical lit-
erature, patent applications, catalogues of com-
pounds never commercially marketed, or the 
Internet. Some SCRAs were procured from aca-
demic and industry research originally aimed at 
elucidating cannabinoid receptor properties and 
development of novel anti-inflammatories and 
analgesics. Recognition of the prevalent natural 
cannabinoids in Cannabis species led to synthe-
sis of tetrahydrocannabinol analogues such as 
Hebrew University’s HU-210 in the 1960s [19]. 
Pfizer’s cyclohexylphenol series (CP-47,497 and 
others) were developed later in the 1980s for 
potential antidepressant properties. Research 
into the structure, functionality and receptor 
bioactivity of endogenous and synthetic cannab-
inoids by John W. Huffman extended the classes 
of agents active at the CB1 and CB2 receptors 
[40,41]. Appropriation of published research 
methods by underground chemists lead to the 
synthesis and mass-distribution of JWH-series 
and other SCRAs in ‘Spice’ blends [19,42].

David E. Nichols and colleagues have pub-
lished abundantly on the synthesis and poten-
tial use of a variety of psychoactive chemicals. 
Research into the structure-activity relationship 
of hallucinogens, with the goal of furthering their 
legitimate use as psychotherapy adjuncts and 
psychiatric medications, resulted in the develop-
ment of numerous compounds. The ‘FLYs’ such 
as ‘bromo-dragonFLY,’ 1-(8-bromobenzo[1,2-b;4,5-
b’]difuran-4-yl)-2-aminopropane and ‘2-CB-FLY,’ 
2-(8-Bromo-2,3,6,7-tetrahydrofuro[2,3–f][1]benzo-
furan-4-yl)ethanamine, were synthesised in the 
1990s at Purdue as a research chemicals probing 
rat serotonin receptors [43,44]. The aminoindaines 
(5-IAI, 5-iodo-2-aminoindane; MDAI, 5,6-methyl-
enedioxy-2-aminoindane; etc.) were also explored 
as part of their research work aimed at under-
standing 3,4-methylenedioxymethamphetamine 
(MDMA), particularly in drug discrimination 
studies [45]. Their similarity to known halluci-
nogens such as MDMA and lysergic acid dieth-
ylamide (LSD), as well as their serotonin and 
dopamine receptor activities and behavioural 
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effects in animals are extensively documented. 
Amateur chemists exploited Nichols’ work in 
the late 1990s, using published methods as a 
synthesis ‘roadmap’ [46,47]. MTA (4-methyl-
thioamphetamine) was subsequently distrib-
uted in ‘flatliners’ tablets, which were associated 
with several fatalities [47,48]. Bromo-dragonFLY 
appeared as a drug of abuse in Scandinavia 
around 2006 and has been associated with sig-
nificant toxicity in both Scandinavia and the UK 
[49,50]. The aminoindaines are potential ‘next 
wave’ NPS [45,51].

BZP was originally evaluated as a potential 
antidepressant in the 1970s, but retained an 
abuse liability similar to amphetamine and was 
not pursued for this indication [52]. BZP subse-
quently entered the market, particularly early 
in the last decade in New Zealand, as a legal 
‘party pill’ until legislation changes in 2008 [29]. 
Another piperazine derivative, meta-chlorophe-
nylpiperazine (mCPP), was used extensively 
to evaluate serotonin function in vitro, in ani-
mal and in human psychiatric research dating 
back to the 1980s [53]. mCPP entered the Dutch 
Internet and retail (‘head shop’) market as an 
MDMA mimetic in 2004 [54]. mCPP market 
consolidation has increased to the point where 
visually distinguishing mCPP-containing tab-
lets from regular MDMA is impossible [55].

Other NPS followed a pattern of re-introduc-
tion and promotion as new ‘designer drugs’ 
despite knowledge of their existence and syn-
thesis pathways for years. This is analogous 
to the 1980s eruption in the use of MDMA, 
first created in 1912 by Merck Darmstadt while 
attempting to produce an appetite suppressant 
[56]. Of the three synthetic cathinones recently 
temporarily scheduled by the DEA, mephe-
drone synthesis has been known since 1929, 
MDPV synthesis was described in a Boehringer 
Ingelheim 1969 patent (USP 3,478,050) for use as 
a CNS stimulant and methylone was patented 
in 1996 (PCT/US06/09603) through research 
in anti-depressant and anti-Parkinson agents 
[57–59]. Methylone surfaced in the Dutch market 

as early as 2004 [54] and continues to supplant 
MDEA (3,4-methylene-dioxyethylamphetamine) 
and MDA (3,4-methylene-dioxyamphetamine) 
[60]. Pipradrol was explored as ‘a new stimu-
lant drug’ in the mid-1950s [61], and other 
pipradrol class agents such as desoxypipradrol 
(Ciba USP 2,820,038) were patented later in that 
decade. They later reappeared after cathinone 
control measures. Methylhexanamine (dimeth-
ylamylamine, DMAA) was trademarked in 1948 
as Forthane by Eli Lilly and Company and pat-
ented in 1971 for gingival hypertrophy (USP 
3,574,859). It emerged as an NPS in Ireland fol-
lowing 2010 legislative action [62] and has been 
most recently banned as a ‘party pill’ ingredient 
in New Zealand [63].

NPS development and manufacturing 
efforts are aided by those with scientific train-
ing who develop or scan research literature for 
novel structures or derivatives [46]. Substituted 
phenylethylamines and tryptamines were 
explicitly described in the 1990s by synthetic 
chemist Alexander Shulgin in the books PiHKAL 
and TiHKAL, which maintain an online presence 
[64,65]. The first volume of The Shulgin Index, cat-
aloguing psychedelic phenethylamines, amphet-
amines, phenylpiperazines and others, which 
includes synthesis and pharmacological proper-
ties, was released in 2011 [66]. Methoxetamine 
(MXE), an arylcyclohexylamine derivative, alleg-
edly was conceived by an underground chemist 
trained in biochemistry and neuropharmacol-
ogy, aided by his familiarity with ketamine [67]. 
Leading compounds can be further expanded 
using a variety of well-established medicinal 
chemistry methods. For example, ongoing analy-
sis of Internet purveyed compounds identified 
novel halogenated cathinone analogues (2-, 3- 
and 4-fluoromethcathinones) in 2009 [68]. This 
diversification thwarts legislative or administra-
tive control efforts, as alternative products are 
already available, awaiting release in response 
to regulatory environments [18,46]. This was 
evident in the speed of SCRA replacement prod-
ucts following their initial ban in Germany [19]. 
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It also contributes to market volatility, as prod-
ucts never tested or without established use 
in humans are widely distributed, essentially 
experimenting ‘on the fly’ in human popula-
tions, with potentially unpredictable results in 
toxicity (and popularity). The NPS developmen-
tal model has driven the number of new psy-
choactive substances reported to the EMCDDA 
Early Warning System to extraordinary levels 
– from 13 substances in 2008, 24 in 2009, 41 in 
2010, to 49 in 2011 [69,70]. Similar diverse NPS 
introduction of tryptamines, phenethylamines, 
cathinones, piperazines, SCRAs and psycho-
tropic plants (including voacanga alkaloids) has 
occurred in Asian markets [71].

NPS MARKET STRUCTURE

Supply Chain: Manufacturing and 
Distribution

The supply chain of novel psychoactive sub-
stances comprises an intricate web that joins 
research chemists, underground labs, large-
scale industrial manufacturers and a vast, 
complex marketing and distribution network. 
Unlike opium poppy or coca cultivation, ATS 
and most NPS production are geographically 
unlimited; all areas of the world participate 
with increasing frequency [17]. As detailed 
above, drug development and manufacturing 
efforts may be spearheaded by entrepreneurs 
who hire synthetic chemists or pharmacologists 
to aid in the development of novel structures 
to accentuate or mimic known drugs effects 
[46]. Initial synthesis often occurs in clandes-
tine, but well-funded laboratories (initially 
primarily in Europe, but also in the USA and 
elsewhere) [46]. For example, US Internet sup-
ply of 2C-T-7 [2,5-dimethoxy-4-(n)-propylthio-
phenethylamine] was provided by an Indiana 
company, which itself was supplied by a clan-
destine laboratory in Las Vegas, Nevada [72]. 
However, despite domestic production of some 

substances, mass production may require large-
scale manufacturing facilities that are not eco-
nomically or legally feasible in Europe or the 
USA. Thus, China and neighbouring countries 
in South East Asia have emerged as a primary 
source of NPS [46,67,73].

The involvement of Chinese chemical manu-
facturing plants in the NPS supply chain takes 
several forms. Chinese plants may synthesise 
and ship the final product, or they may ship 
intermediary chemicals to facilities where final 
synthesis, packaging and distribution occur 
[33,46,67,74]. The former model appears preva-
lent. Web-based export directories facilitate 
acquisition of potential raw or finished prod-
ucts by suppliers and distributors (and users). 
In June 2011, 3800 Chinese laboratories were 
selling JWH products online [33]. Many offered 
custom orders and mass-production capacities. 
One claimed monthly shipment capabilities 
of 5000 kg of JWH-019. Individual chemists or 
entrepreneurs in Europe or the USA may con-
tract with Chinese chemical plants to synthesise 
desired substances at relatively low cost, which 
are then imported via multiple mechanisms in 
sacks or drums [73]. An SCRA manufacturer’s 
model is illustrative: it hired a chemical labo-
ratory to formulate cannabinoid ‘recipes’ and 
a Chinese manufacturer to synthesise the sub-
stances [33]. These ‘special additives’ were 
imported, dissolved, spread over vegetation on 
large drying trays and then measured, pack-
aged and sealed into branded foil packets. 
Packets were delivered via UPS to stores and 
wholesalers, who in-turn re-distributed the 
packets or sold them online. Custom batches 
containing different substances were prepared, 
depending on state-specific SCRA legal des-
ignations. In 2011 a myriad of synthetic drug 
distributors were estimated in the USA, many 
with distinct brands [33,59].

Shipment labelling varies greatly. Chemical 
contents are sometimes accurately disclosed, but 
many shipments are unlabelled or mischarac-
terised [73]. The identification of miscellaneous 
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research chemicals, incorrectly labelled powders 
and substances of evolving legal designation 
challenges border agencies attempting to control 
the flow of illicit substances. US Customs and 
Border Protection has encountered mephed-
rone, methylone, MDPV and 4-MEC (4-methyl-
N-ethylcathinone) and other cathinones such as 
butylone, fluoromethcathinone and dimethyl-
cathinone, originating primarily from China 
and India [59]. Most cathinone seizures in New 
Zealand in 2009 originated from the UK or 
directly from China [75]. Supply and distribu-
tion of botanical NPS such as salvia and kratom 
are aided by the additional flexibility of multi-
ple primary cultivation sites and supplemental 
user self-propagation [76].

Sale of NPS

Once synthesised, either abroad or in domes-
tic laboratories, NPS are distributed to the end 
user, often via a complex chain of second- and 
third-party resellers. Ultimately, users obtain 
NPS via three primary vending modes: online, 
via website distributors; retail vendors with 
physical storefronts; and non-retail vendors 
such as family, friends, associates, or dealers 
who distribute their wares at concerts, in clubs, 
or on the street. The interactions of buyers, sell-
ers and resellers may result in intermingled dis-
tribution networks.

Internet
The Internet provides a key exchange plat-

form for NPS information and increasingly, 
for NPS distribution. Numerous websites, 
chat-rooms, forums and instant messaging 
resources are devoted to drug-related informa-
tion and experiences [77–82]. Web-based NPS 
sources influence a range of drug-use behav-
iours, including the use of new drugs and drug 
combinations, modifications of preferred drugs 
and cessation [77,81]. Indeed, the Internet is the 
primary source of illicit drug information for 
15–24 year-olds [83]. 70% of American 12–17 

year-olds visit social networking sites daily, 
a practice associated with a greater ease in 
obtaining illicit drugs and controlled prescrip-
tion drugs [84]. Erowid [85], Dancesafe [86], 
Multidisciplinary Association for Psychedelic 
Studies [87], Bluelight [88], Lycaeum [89], The 
Shroomery [90] and other websites have fig-
ured prominently in disseminating NPS infor-
mation [78,79].

The Internet has evolved from a static infor-
mation source to a dynamic, interactive means 
of illicit drug acquisition and dispersal [91]. 
In retrospect, Dutch companies had used the 
Internet to sell cannabis seeds and deriva-
tives since 1996 [92]. In 1997, the International 
Narcotics Control Board (INCB) noted that the 
Internet was providing an exchange forum for 
advice on illegal drug use and manufacture 
[93]. Online sales of diverted pharmaceuticals 
expanded greatly following the first online 
pharmacy opening in the UK in 1999 [94].  
By 2001, the INCB identified the Internet as a 
growing source of drug trafficking and it had 
become the most widely used mechanism for 
expanding synthetic drug production in some 
countries [92]. Scheduled and prescription 
psychiatric medications, analgesics and CNS 
stimulants became extensively available online 
throughout the ensuing decade [95,96]. The 
DEA currently recognises Internet substance 
purchases for non-medical indications as an 
entrenched drug consumer practice [97].

The NPS Internet market space now reflects 
the modern, demand-based approach describ-
ing legitimate corporate enterprise – providing 
solutions, information, value and access (‘SIVA’) 
[98]. Effective NPS transnational marketing, 
sales and distribution have all been facilitated 
by the Internet [51,70,92,99]. The burgeoning 
demand for ‘legal highs’ resulted in an enor-
mous increase in psychoactive substance online 
transactions [74]. By removing the require-
ment for personal interactions with drug deal-
ers, the Internet emerged and succeeded as an 
alternative avenue for NPS acquisition [1,2,51]. 
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Internet purchase capability was reported by 
some as a significant factor that led users to 
consume ‘legal highs’ [100]. The relative ano-
nymity, personal safety and novelty of purchas-
ing psychoactive substances appealed to many. 
Despite methodological limitations, a 2010 
survey detailed that the vast majority (92%) of 
legal high products were obtained online [100]. 
However, a subsequent, more global survey 
suggested a lower rate (24%) of overall Internet 
drug sourcing among users [101].

The Internet now significantly substanti-
ates NPS sales and distribution [102]. Specific 
and actionable information on how to obtain a 
vast range of hallucinogens has been available 
online for over a decade [82]. In 2005–6,’salvia 
divinorum’ employed as a search term yielded 
websites offering sale, distribution, or links to 
sites that did so 58% of the time [103]. In 2010, 
33% of one group of European mephedrone 
users reported web purchase, although this 
decreased to 1% following legislative restric-
tions the following year [26,100]. In 2011, 38% 
of worldwide ‘Spice’ users purchased online 
[21]. Of those consuming (still) legal highs in 
2012, 45% bought online, compared to 22.5% 
dealer purchases [104]. Wide online availability 
of bromo-dragonFLY, kratom and psychoac-
tive plant products is established [71,105,106]. 
In Japan, multiple psychoactive substances, 
known as ‘dap’ or ‘ibo drugs’ are easily procur-
able online [71,105]. Prior to 2007, tryptamine 
derivatives dominated this market. When 
these became designated substances, they 
were replaced by cathinones, phenylethylala-
mines, piperazines and SCRAs, all sold over the 
Internet [71].

The vast size and ever-changing content of 
the Internet precludes continuous monitor-
ing of drug-related websites. Thus, sequential 
‘snapshots’ are often used to provide insight 
into NPS availability and trends. In 2008, the 
EMCDDA investigated online availability of 
‘legal high’ drug retailers in Europe [2]. 69 
EU-based online retailers were identified, the 

vast majority of which were located in the UK 
(52%) and the Netherlands (37%). More than 
500 products were offered, the most common 
of which were salvia, kratom, Hawaiian baby 
woodrose, magic mushrooms, ‘party pills’ and 
‘smoking blends’ (SCRAs). In 2009, 39 online 
legal high retailers based in the UK or sell-
ing to the UK public were identified [30] with 
346 unique products advertised: an average of 
16 items per site, similar to those reported by 
the EMCDDA. Later investigations revealed 
that online vendors providing EU sales and 
shipments increased from 170 online shops 
in January 2010 to 631 in July 2011, with the 
number of US-based sites tripling [1]. Kratom, 
salvia, hallucinogenic mushrooms, MDAI, 
MXE, 5- and 6-APB [5- and 6-(2-aminopropyl)
benzofuran], 4-MEC, MDPV, mescaline, methi-
oporpamine, 5-IAI and dimethocaine led the 
evolving NPS Internet market, with SCRAs and 
Hawaiian baby woodrose less widely avail-
able. 2011 snapshots revealed that the UK and 
the USA were the predominant online vendors’ 
apparent country of origin, followed by the 
Netherlands, Germany, the Czech Republic and 
Hungary [102]. The primary transaction and 
interface language was English (83%). Despite 
the high percentage of American online ven-
dors, many focus their sales efforts on the EU, 
listing prices in Euros or British pounds. This 
may reflect European consumers’ relative com-
fort with purchasing drugs online, compared 
with Americans [46].

Sites may be straightforward about NPS 
vending and intent, or may imitate other enter-
prises, such as ‘gardening sites’ with images 
of foliage, despite selling ‘plant food’ prod-
ucts such cathinones, aminoindanes or botani-
cal NPS [107]. Purchase and delivery practices 
advertised online are designed to be easy and 
discrete, although some online shops invoke 
destination restrictions. Vendor shipping poli-
cies promote circumspect packaging designed 
to avoid suspicion [30]. Some vendors include 
same-day or even more rapid delivery options 
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(e.g. within 90 minutes to a London address for 
£95) [74].

Online NPS availability is variable, fre-
quently-changing and highly dependent on 
market pressures, evolving legislation and the 
demographic characteristics of certain popu-
lation sectors. For example, the online sale 
of mephedrone in Europe showed dramatic 
growth in 2008–2010. In March 2008 less than 
10 online mephedrone vendors existed. By 
June, new sites appeared weekly [74]. The per-
centage of mephedrone-using UK students 
reporting Internet purchase prior to the April 
2010 UK control legislation was 10.7% [25]. As 
legislation shifted, online mephedrone sourcing 
fell from 33% to 1%, and street-level sales dra-
matically increased [26]. New products quickly 
filled the online void: other cathinone ana-
logues, aminoindanes and MXE [1].

In addition to online retailers with web-
sites directly purveying NPS, the Internet sup-
ports several additional market spaces. NPS 
sales have extended to social networking sites, 
though the extent of market penetration is dif-
ficult to completely assess. NPS vendors are 
reported to increasingly exploit Twitter® and 
Facebook® [108]. Social media’s safety and effi-
ciency are appreciated by dealers due to con-
sistent and persistent buyer access and discreet 
buyer selection. Conversely, law enforcement 
officials have accessed social media to monitor 
and disrupt drug-dealing rings, which discuss 
and sometimes advertise their drugs in vari-
ous posts [109]. Allegedly, online media sites 
unintentionally fuelled NPS sales because web 
advertising programs linked press reports con-
taining ‘keyword’ mentions of NPS to vendors 
via automatically generated ads; this provided 
an instant mechanism for potential NPS acqui-
sition and market expansion [110]. Despite pro-
hibitions by administrators, dealers broker NPS 
through popular online auction sites, which 
can facilitate the sale of numerous abusable 
substances [111]. Auction sites (such as eBay®) 
were reported to provide the primary US sale 

and purchase market for poppy pods (crushed 
and brewed into tea), until the practice was 
halted in 2009 [112]. Users report ongoing 
auction purchases of nitrous oxide, smoking 
blends, 2-C series, MDPV and mephedrone 
[113]. The authors uncovered current auction 
site vendor advertisements for multiple NPS 
‘research chemicals,’ with promised next-day 
local delivery and international shipping [114]. 
Classified advertising also offers the opportu-
nity to ‘hide in plain sight.’ The authors also 
found innumerable examples of international, 
national and local vendors presenting NPS in 
‘Home/Garden,’ ‘Health/Beauty,’ and even 
‘Traditional medicine’ sections. Vendors may 
also provide raw chemical components, asso-
ciated production or usage products (packag-
ing materials, scales, etc.), or links to sellers. 
Additionally, Internet vendors may employ 
‘hidden’ or ‘underground websites’, such as 
‘Silk Road,’ accessible only through anonymous 
‘Tor’ (the onion router) networks. These trans-
mit traffic through privately built pathways 
in international volunteer server networks in 
order to obscure traffic analysis and detection. 
Transactions occur via virtual ‘Bitcoin’ ‘crypto-
currency,’ to further obscure identities and 
operations [115].

Retail Vendors
While sales and distribution via the Internet 

is common, many NPS sales are via retail, ‘brick 
and mortar’ establishments. ‘Head shops,’ 
‘smoke shops,’ and ‘smart shops,’ stores that 
cater to a drug-using market by selling para-
phernalia and counter-culture consumer prod-
ucts, are a common source of ‘legal highs.’ 
While terminology overlaps, ‘head shop’ gener-
ally refers to stores selling smoking parapher-
nalia (pipes, bongs, rolling paper, etc.), while 
‘smart shops’ sell herbals and psychoactive 
substances. Smart shops are more common in 
the Netherlands, where psychoactive mush-
rooms are sold legally [116]. Gas stations and 
convenience stores, which often sell ‘energy’ 
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products alongside snacks and soft drinks, have 
also become an NPS outlet, especially in the 
USA and New Zealand. In Japan, many ‘dap’ or 
‘ibo’ drugs are purchased in video stores [71]. 
Head shops are popular among young people, 
where the lack of age restriction and the ability 
to make purchases without a credit card makes 
psychoactive substances easily available [117].

Novel psychoactive substances surfaced 
in smart shops in the late 1990s. It appears 
that many drugs debuted in the Dutch market 
and were subsequently dispersed throughout 
Europe. For example, the emergence of syn-
thetic phenylethylamines was observed first 
with 2C-B (4-bromo-2,5-dimethoxypheneth-
ylamine) in 1994, 2C-T-2 [2-[4-(ethylthio)-
2,5-dimethoxyphenyl]ethanamine] and 2C-T-7 
in 1997 and a branded version of 2C-T-7 (‘Blue 
Mystic’) in 2000 [118]. 2C-T-7 later appeared 
in Germany [119]. BZP had become increas-
ingly popular in New Zealand since its arrival 
in 1999, where it was sold extensively in retail 
stores [120]. European piperazine introduction 
occurred around 2000 [121]. Reports of syn-
thetic cathinone (e.g., mephedrone) use began 
occurring in 2009 in Europe, while the first 
cases of exposures to “bath salts” were reported 
to US Poison Centers in 2010 [122]. The intro-
duction of NPS into the US retail market has 
tended to lag behind Europe.

Assessment of the NPS retail market is diffi-
cult due to a paucity of published data regard-
ing locations and sales figures for head shops 
and other stores in this category. While the 
number of shops selling NPS is unknown, there 
are likely to be hundreds or thousands of retail 
vendors in each country. In 2006, 200 head 
shops filled the ‘high street’ of Bournemouth 
alone, a city of less than 200 000 [31]. In the 
USA, 2446 head shops were listed in one direc-
tory [123], and 2423 were listed in another 
[124]. In Poland in 2010, 3500 head shops were 
raided following new legislation outlawing the 
sale of ‘legal highs,’ resulting in the closure of 
1200 [125]. Closure of head shops in Poland 

resulted in increased online sales [1]. A police 
inventory indicated that at their peak in early 
2010, there were 113 head shops in Ireland, 
with weekly shop openings in certain regions 
[126]. The number of shops did decrease mark-
edly to less than 10 following the ban of pipera-
zine derivatives, SCRAs and cathinones [126]. 
However, similar to the Internet evolution of 
available products in response to governmental 
action, head shops quickly replaced outlawed 
compounds with dimethylcathinone, naphy-
rone, fluorotropacocaine, desoxypipradrol and 
dimethylamylamine [62].

Users provide further estimates of retail utili-
sation. In one online survey of 168 SCRA users, 
87% reported purchasing it from retail vendors 
[21]. In another study, 13.9% of urine sam-
ples from patients at Ireland’s Drug Treatment 
Centre Board were positive for head shop 
products (mephedrone, methylone and BZP) 
[127]. 7% of young people attending adolescent 
addiction services centres in Dublin reported 
using head shop products as part of a multi-
drug cocktail [128]. Annual surveys of UK 
club-goers in 2011 reported mephedrone pur-
chase from head shops 5% of the time [26]. In 
the USA, where online purchasing of drugs of 
abuse is not as commonplace as in Europe, the 
primary source of cathinones were small, inde-
pendent stores, such as gas stations and head 
shops [122].

NPS sold by retail vendors are extensive, 
variable by region and subject to rapid change 
with legal regulations. However, some trends 
are identifiable. In the USA, products available 
from retail vendors are primarily SCRAs, cathi-
nones and salvia. Mephedrone, methylone and 
BZP were widely available at head shops in 
the UK and Europe under a variety of creative 
brand names [127]. An analysis of 29 ‘natural’ 
and ‘herbal high’ products seized from head 
shops by police in Poland in 2009 revealed a 
mixture of JWH products and cannabicyclohex-
anol. In New Zealand, the primary substance 
abused was BZP, which was commonly sold in 
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retail stores [28]. There, it was often supplied in 
packs with ‘recovery pills’ containing 5-hydrox-
ytryptophan. Numerous case reports and case 
series report clinical toxicity from novel sub-
stances of abuse in which head shops or smart 
shops were the substance source [122,129–132]. 
Other attempts at identifying and analysing 
active agents in emerging NPS has resulted 
from the methodical purchase of products from 
local head shops [118,133,134].

Street Level Drug Dealers
While the Internet and head shops provide 

the source for the majority of novel psychoac-
tive substances, a significant number are pur-
chased from dealers who broker sales on the 
street, in clubs and in schools. Drugs are also 
acquired from friends, classmates or family 
members who obtain NPS from a variety of 
means and then subsequently distribute them. 
Concerts and music festivals also provide a 
venue for NPS sale and distribution [30,135]. 
Toxicity has been associated with ‘Foxy’ 
(5-MeO-DIPT) traced to street purchase [136], 
and with the sale of BZP in night clubs [137].

UK mephedrone sales illustrate the impact of 
non-retail, non-Internet vendors and the adapt-
ability of the market to legislation changes. 
Prior to mephedrone regulation, 48% of UK 
student users acquired mephedrone from street 
level dealers and the vast majority reported 
facile acquisition [25]. Common mephedrone 
sources for club-goers were friends (38%) and 
dealers (24%) [26]. Following the ban, the use 
of dealers to obtain mephedrone increased 
dramatically (58%), as opposed to friends 
(41%), the Internet or head shops (<1% each). 
Telephone survey results were similar, with a 
significant increase in dealer-originated mephe-
drone [138]. While reported use of mephedrone 
decreased somewhat after the legislation, it was 
still widely consumed and readily available 
in the UK on the street, as 38% reported that 
mephedrone was easily or very easily accessi-
ble after the ban [26].

In the USA, NPS have appeared on the street-
level drug market, as evidenced by regional 
seizures. Large-scale trafficking networks have 
developed across state borders. An April 2011 
case associated with the sale of mephedrone 
and 4-MEC resulted in multiple arrests and 
a 25 kg drug seizure (estimated street value, 
$525 000) [139]. Organised criminal groups are 
now engaged in international cathinone traf-
ficking and distribution [76].

PRODUCTS

Pricing of NPS

NPS pricing is associated with supply, 
demand, vendors, competitors and market 
dynamics, such as regional legal designations. 
In 2009, the average price per ‘legal high’ prod-
uct in the UK was £9.68 (range £1.75–£54.99) 
[30]. Compared with traditionally controlled 
drugs such as cocaine and MDMA, ‘legal highs’ 
are often cheaper, in addition to being read-
ily accessible. In contrast to cocaine, typically 
priced at €50–70 ($69–97) per gram in Europe 
[46], the average online cost of MDAI, MXE, 
6-ABP (‘Benzo fury’), mephedrone and JWH-
250 were €10.50, €17, €24.50, €16 and €15 per 
gram, respectively [1]. This is similar, if not 
cheaper, to the cost of MDMA, which typically 
sold at €2.80 (UK) to €15.90 (Italy) per pill, or 
approximately €11–64 per gram [140]. Plant 
products such as salvia and kratom are signifi-
cantly cheaper at €0.60–1.50 per gram.

Many users report turning to ‘legal highs’ 
as a less expensive way to get high and some 
credit the global recession as an impetus for 
NPS popularity [141]. UK students reported 
using mephedrone because it was cheaper 
than alcohol [142]. In 2011, UK street drug 
prices were reported to be £17 per gram of 
mephedrone, less than half the price of cocaine 
[143]. Typical mephedrone maximum pur-
chase amounts were about 5 grams (20% of 
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respondents), but not infrequently exceeded 
5 grams (43%) [144]. NPS pricing also exhibits 
temporal changes. In 2011, a 3-gram packet of 
‘Spice’ SCRA cost from €12 to €18, a decrease 
from €20 to €30 in 2009 [102]. The average 
reported cathinone purchase price in the UK 
increased from £10–£12 to £16–20 follow-
ing regulation [26,138]. NPS transactions also 
reflect quantity discounts observed in legiti-
mate enterprises. Vendors provide scaled pric-
ing for larger purchases, similar to that seen 
with other illicit [37,145]. Table 3.1 provides 
some reported NPS pricing. Simple Internet 
queries permit users to promptly accomplish 
current ‘price discovery’ and comparisons. 
Unfortunately, many young adults are exces-
sively swayed by price and lack both adequate 
Internet health literacy skills and health deci-
sion-making capacity to appropriately evaluate 
Internet drug vendors [154].

Transaction Mechanisms

A variety of payment mechanisms are sup-
ported. Credit or debit card purchase is com-
mon for online products [30]. Online money 
transfers, traditional bank transfers, checks, 
postal money orders and digital currencies are 
also accepted [114,115,155].

Marketing

Aggressive marketing has furthered NPS 
usage. This includes websites encouraging use, 
complete with portals to purchase sites [103]. 
Media reports appear to have inadvertently 
promoted the NPS abuse both indirectly (by 
sparking interest in so-called ‘legal alternative’ 
drugs) and directly, as detailed above via linked 
advertising [91,156].

Branding and Packaging
The concept of branding is a commercial 

market strategy to command higher prices 
and establish customer loyalty. This practice 

is previously well established at the wholesale 
and retail level in the traditional illicit trade. 
Cocaine bricks and heroin point-of-sale pack-
ages have contained a variety of stamps or 
markings; marijuana ‘designer varieties’ have 
acquired brand labels or ‘strain names;’ and 
ecstasy pills have been assigned a variety of 
logos, colours and names [145,157,158]. Unique 
packaging or brand names serve to differen-
tiate products from competitors and to asso-
ciate certain drugs with a recognised purity, 
potency, or desirable special qualities [145,159]. 
Logos confer significant preferences among 
established designer drug users and positive 
messages and apparent safety are also key ele-
ments to effective diffusion of new drug use 
[160,161]. The NPS trade mirrors these market 
tactics. Affordability and permissive legal des-
ignations encourage further access [162]. These 
characteristics are promoted either on prod-
uct labels or by vendors’ advertising content. 
NPS are frequently sold in colourful packets, 
professionally designed to attract and arouse 
interest [156]. Many brand names remind con-
sumers of illegal street drugs or their effects 
[162]. Other NPS brands have appropriated 
and evoked names and graphic designs from 
common, nontoxic food products – e.g. knock-
offs of Cadbury’s® ‘Flake’ (containing methio-
propamine, MDAI, caffeine, benzocaine and 
lidocaine) and Kellogg’s® ‘Special K’ (contain-
ing MXE) [153]. Labelled mixtures of ‘natu-
ral’ blended herbs may be included to connote 
safety; pill formulations may be designed to 
appear as pharmaceuticals. Where branding 
is the least mature with some emerging NPS, 
products may simply be supplied in zip-lock 
plastic bags with little descriptive informa-
tion [133]. NPS have incorporated established 
branding ‘line extension’ strategies for prod-
uct diversity, thus, ‘Spice Silver,’ ‘Spice Gold,’ 
and ‘Spice Diamond;’ ‘Chill zone original,’ 
‘Chill zone cherry,’ and ‘Chill zone mint;’ and 
‘Exclusive original,’ ‘Exclusive cherry,’ and 
‘Exclusive mint;’ etc [134,156]. The range of 
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TABLE 3.1  Reported Pricing of Some Novel Psychoactive Substances

Class Substance Price Unit
Year  
reported Source Ref

Aminoindanes 5-IAI £26.99 2 g 2010 Internet [165]

€9.50–12 1 g 2011 Internet [1]

MDAI £14.50–15 1 g 2010 Internet [165]

€10–11 1 g 2011 Internet [1]

Arylcyclohexylamines MXE €14.50–19.50 1 g 2011 Internet [1]

Benzofurans 5-APB €25–33 1 g 2011 Internet [1]

6-APB  
Benzo fury)

£16 2 pellets 2010 Internet [165]

€23–26 1 g 2011 Internet [1]

Synthetic  
cannabinoid  
receptor agonists

General/ 
smoking  
mixtures

€9–12 1 g 2011 Unspecified [175]

€27–36 3 g 2011 Unspecified [175]

€26–30 3 g 2011 Internet,  
Head shops

[140]

Homemade K2 US$0.44–160 3 g 2010 Internet [163]

K2/Spice US$24–75 3 g 2010 Internet [163]

Spice Diamond €8–10 1 g 2008 Internet [2]

Spice Gold €5.30–10.30 1 g 2008 Internet [2]

AM-2201 €18–21 1 g 2011 Internet [1]

JWH 018 US$33–120 3 g 2010 Internet [163]

€20–23 1 g 2011 Internet [1]

JWH-122 €5–5.50 1 g 2011 Internet [1]

JWH-250 €11–19.5 1 g 2011 Internet [1]

Cathinones Generic US$20 Package 2011 Store [147]

US$25–75 Packet 2011 Unspecified [59]

US$60–70 1 g 2011 Unspecified [59]

€18–25 1 g 2011 Internet,  
Head shops

[140]

Mephedrone £5.50 1 tablet/ 
capsule

2009 Internet [99]

€10–15 1 g 2010 Internet,  
Head shops

[140]

£12.20 Not  
specified

2010 pre-UK  
ban)

Unspecified [26]

(Continued)
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TABLE 3.1  Reported Pricing of Some Novel Psychoactive Substances

Class Substance Price Unit
Year  
reported Source Ref

£19.30 Not  
specified

2010 post-UK  
ban)

Unspecified [26]

€12–20 1 g 2011 Internet [1]

US$40 1 g 2011 Distributor [59]

4-MEC €12–20 1 g 2011 Internet [1]

MDPV €11.50–23.90 1 g 2011 Internet [1]

€7.60–13 1 g 2011 Internet [1]

Methylone €9–20 1 g 2011 Internet [1]

3,4-DMMC £9–20 1 g 2010 Internet [1]

Naphyrone £12.50 1 g 2010 pre-UK  
ban)

Unspecified [149]

£2500 1000 g 2010 pre-UK  
ban)

Unspecified [149]

NRG-3 £27.99 2 g 2010 Internet [165]

Cocaine  
analogues

Dimethocaine €20–30 1 g 2011 Internet [140]

FLYs Bromo-dragonFLY €10–30/ 
US$14–42

single dose  
blotter

2011 Unspecified [106]

€300/US$420 1 g 2011 Unspecified [106]

€14.50–19.50 1 g 2011 Internet [1]

Party pills E = XTC €2–5.60 1 capsule 2008 Internet [2]

NXT Phase Blue €1.40–12.50 1 capsule 2008 Internet [2]

London  
Underground  
products

€8–9 1 capsule 2008 Internet [2]

Happy Caps  
Groove E

€1.80–2.10 1 capsule 2008 Internet [2]

Piperazines Generic £3.30–5.85 1 tablet/ 
capsule

2009 Internet [99]

BZP €3–4 1 tablet 2011 Unspecified [140]

Thiophenes Methiopropramine €11.50–13 1 g 2011 Internet [1]

Tryptamines AMT €23–46 1 g 2011 Internet [1]

DMT £25 0.125–0.5 g 2011 Unspecified [150]

Other  
phenethylamine  
analogues

2C-B US$10–US$30 1 tablet 2011 Unspecified [151]

MDAT €11–13 1 g 2011 Internet [1]

(Continued)

(Continued)
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TABLE 3.1  Reported Pricing of Some Novel Psychoactive Substances

Class Substance Price Unit
Year  
reported Source Ref

Botanicals Caffeine/ 
Ephedrine

£2.50–3.40 1 tablet/
capsule

2009 Internet [99]

Hallucinogenic  
mushrooms

€10–14 10 g 2011 Internet [1]

Hawaiian baby  
woodrose

€3–4.50 5 seeds 2008 Internet [2]

€4–8 10 seeds 2011 Internet [1]

Khat €5 1 bundle 2011 Unspecified [140]

Kratom US$10–40 ounce 2008 Internet [76]

€2.1–10.3 1 g 2008 Internet [2]

€0.6–1.50 1 g 2011 Internet [1]

Morning glory €0.30–1.00 1 g 2008 Internet [2]

Salvia, generic €0.60–1.20 1 g 2011 Internet [1]

Salvia, 5 × extract US$15 tin 2009 Head shops [152]

€11–12 0.5 g 2011 Internet [140]

Salvia, 10 × extract €17.80–38 1 g 2008 Internet [2]

Salvia, 40 × extract US$30 0.5 g 2011 Internet [140]

Salvia, 60 × extract €32–63 1 g 2008 Internet [2]

Salvia, 80 × extract US$80 tin 2009 Head shops [152]

2C-B, 4-bromo-2,5-dimethoxyphenethylamine; 3,4-DMMC, 3,4-dimethylmethcathinone; 4-MEC, 4-methyl-N-ethylcathinone; 5- and 6- APB, 5- and 
6-2-aminopropyl)benzofuran; 5-IAI, 5-iodo-2-aminoindane; AMT, alpha-methyl-tryptamine; BZP, 1-benzylpiperazine; DMT, dimethyltryptamine; MDAI, 
5,6-methylenedioxy-2-aminoindane; MDAT, 6,7-methylene-dioxy-2-aminotetralin; MDPV, 3,4-methylenedioxypyrovalerone; MPA, methiopropramine.

(Continued)

powders, ‘party’ pills or tablets, smokable mix-
tures and plants/extracts is attractive to users 
seeking diverse, customisable, social enhance-
ment products.

Misbranding
Vendor-supplied product content data var-

ies greatly. In a 2008 study, only 63% of online 
retailers indicated formulation information [2]. 
In 2009, only 40.1% of available online prod-
ucts in the UK listed their constituents [30]. In 
2010, 61% of Irish NPS products tested listed 
ingredients [62]. Even when listed, reported 
ingredients of many products are incomplete, 

confusing, or inconsistent, using alternative 
names to describe the same substance [30]. 
Recommended dosing, side-effects, warn-
ings, user feedback and referrals to informa-
tion sources are similarly lacking [2,30,102]. 
NPS misbranding takes several forms. First, 
as indicated previously, NPS employ a vari-
ety of descriptive names and labels to cir-
cumvent legal restraints, despite an intent 
for human exposure. Aside from this rather 
transparent misbranding strategy, unlisted 
pharmacologically active ingredients (e.g. cathi-
nones, SCRAs and piperazines) may reside in 
products actively marketed with ‘legal high’ 
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intent, risking legal infractions or health risks 
[30,99,133]. Products labelled as ‘natural’ or 
‘herbal highs’ confiscated from Polish head 
shops contained undeclared SCRAs. Notably, 
the particular SCRA correlated with the prepa-
ration’s ‘flavour’ and not brand name [134]. 
NPS active ingredients may display temporal 
inconsistencies and may also include products 
in which psychoactive substances are unde-
tectable [99]. Identical ‘brand name’ NPS may 
demonstrate divergent content. This has been 
established for cathinones as well as SCRAs 
[122,156]. Spraying of SCRAs on vegeta-
tion may result in uneven distribution or ‘hot 
spots’ within individual packets [163]. NPS are 
also used to adulterate other illicit substances 
(amphetamine, cocaine, ‘ecstasy,’ LSD and 
methamphetamine) [60,148]. Lastly, NPS them-
selves, even when sold as such, are affected 
by mislabelling and impurities. The potential 
dangers and extent of contamination posed 
by adulterants of traditional ‘illicit’ drugs are 
well documented (e.g. antihistamines, caf-
feine, calcium channel antagonists, clenbuterol, 
levamisole, local anaesthetics, paracetamol, 
phenacetin, quinine, scopolamine, etc.) [164]. 
Decreased wholesale drug costs increase inter-
mediation margins and potential trafficking 
profits. Consequently, to an extent that the mar-
ket will tolerate, NPS are just as vulnerable to 
adulteration [145], with national proscriptions 
against ‘deceptive advertising’ carrying little 
weight. Multiple products advertised in August 
2010 (MDAI, 5-IAI, ‘Benzo Fury,’ ‘NRG-3,’ and 
‘E2’) did not contain the purported active ingre-
dient: a single sample contained the labelled 
substance (MDAI), all others contained caf-
feine and a mixture of BZP and 3-TFMPP [165]. 
Similarly, 61% of tested Irish headshop products 
contained caffeine [62]. Following the UK ban 
on mephedrone, ‘NRG-1,’ advertised as naphy-
rone (naphthylpyrovalerone) and later genera-
tion ‘NRGs’ appeared. However, in many cases 
these products were cathinones or novel cathi-
none derivatives (4-FMC, pentylone, MDPBP, 

MDPV, etc.) merely displaying a new label, 
carrying potential criminal or health effects 
[146,166]. All NPS in another sample from 2011 
contained significant undeclared caffeine (up to 
1 gram) or taurine [167]. Both seized and pur-
chased synthetic cathinones have demonstrated 
contamination with multiple substances [58]. 
Mephedrone has been adulterated with caf-
feine, paracetamol, cocaine, amphetamine and 
ketamine [168]. Following the UK cathinone 
restrictions, most users noted decreased purity 
and increased adulteration [26]. Botanicals are 
not immune: O-desmethyltramadol was con-
firmed as an adulterant in ‘Krypton,’ an herbal 
kratom mixture [169].

Market Dynamics

NPS market dynamics are influenced by user 
effects, price, availability, quality, legality and 
competition [170]. These contribute to NPS life 
cycle stages: introduction, growth, maturity 
and/or decline. BZP displacement of MDMA 
in seizures analysed by the UK Forensic Science 
Service in 2007–2009 was followed by its own 
subsequent displacement by cathinone deriva-
tives in 2010 [37]. This trend was similarly 
seen in the USA, where BZP NFLIS mentions 
peaked in 2009, with SCRA and cathinone sei-
zures surging in 2010 [13,35,36]. Suppliers 
demonstrate flexibility in developing legal mar-
ket alternatives as the landscape shifts [51,102]. 
This leads to second-, third-, fourth- and later 
‘generation’ substitutions. Just four weeks after 
JWH-018’s prohibition in Germany, second 
generation SCRAs were flooding the market 
[19]. Following mephedrone control in the UK, 
purported naphyrone and related compounds 
(often advertised as ‘NRG’-series compounds) 
were rapidly introduced as ‘100 per cent legal’ 
substitutes [171]. Upon its control, naphyrone 
was replaced by desoxypipradrol (2-DPMP) in 
some ‘Ivory Wave’ products, which was then 
followed by diphenylprolinol (D2PM) substi-
tution for 2-DPMP [172]. MXE and ketamine 
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use also increased following recent UK cathi-
none and piperazine controls [143]. Before the 
Irish ban of synthetic cannabinoids, benzyl-
piperazine derivatives, cathinones, several 
GHB precursors and ketamine in May 2010, 
then legal head shops were reportedly opening 
at a rate of one per week [170]. Subsequent to 
the ban, users reported a range of anticipated 
behaviours, including continued use of now-
illegal NPS, a return to prior illicit drugs and 
intent to experiment with even newer NPS 
[162]. However, a November 2011 £1 million 
mephedrone seizure demonstrated ongoing 
UK cathinone demand [173]. ‘BZP free’ party 
pills, potentially containing other piperazine 
derivatives such as pFPP (parafluorophenylpip-
erazine), appeared following BZP control [2]. 
Legal control of NPS may depress utilisation or 
induce diversion to existing illicit supply net-
works [102]. Conversely, market pressures on 
other illicit drugs may propel NPS consump-
tion. Low cocaine and MDMA purity in 2009 
was thought to contribute to UK increases in 
mephedrone use [91]. Supply shocks in the 
European heroin market between November 
2010 and March 2011 led some users to replace 
heroin with injectable cathinones as well as 
other ‘legal highs’ [174]. These various pres-
sures, as well as additional cultural aspects, 
may ultimately shape national reported NPS 
and other drug preferences – e.g. more frequent 
use of SCRAs, mushrooms, LSD, methylpheni-
date and opiates by US respondents and more 
frequent ketamine, mephedrone, ‘MDMA,’ and 
MXE consumption by UK respondents [101].

CONCLUSIONS

NPS availability and supply is highly com-
plex and volatile. New products are continually 
introduced and a global network of suppliers, 
distributors and vendors ensures a constantly 
adjusting market space. Technological advances 
have lowered, if not eliminated, barriers to 

diffusion of NPS knowledge and properties. 
Both endogenous and exogenous forces exert 
ongoing pressures, which ensure the continu-
ing evolution of the NPS market.
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C H A P T E R 

4

INTRODUCTION

This chapter aims to provide a non-technical 
overview of some of the key international epi-
demiological data on novel psychoactive sub-
stances (NPS). Major compounds and groups 
of compounds are considered and where pos-
sible, trends in use prevalence are presented. 
Although many well-established drugs (e.g. 
psilocybin mushrooms) are not subject to the 
United Nations (UN) drug conventions and are 
therefore considered NPS, this chapter gener-
ally only focuses on those that have received 
attention since 2000. Similarly, although some 
of the first reports of the psychoactive effects 
of Salvia divinorum (henceforth referred to as 
‘Salvia’) were published in the mainstream sci-
entific press in the 1960s (e.g. [1]), it is included 
here because of the re-emergence in its use in 
the previous decade [2] and cultural propaga-
tion through the Internet [3].

We present prevalence data from major gen-
eral population surveys in adults and young 
people. These provide the most robust esti-
mates of use of NPS. Many of the drugs dis-
cussed in this chapter only become the focus of 

policy and, subsequently, epidemiological inter-
est once they have become controlled under 
national drugs legislation. This results in two 
important considerations. Firstly, it means that 
comparable data obtained using high quality 
methodologies and sampling techniques, such 
as those collected as part of well-resourced gen-
eral population prevalence surveys, are only 
available on a small number of compounds. 
Examples of such include drugs sold as mephe-
drone and ‘Spice’ (synthetic cannabinoid recep-
tor agonists; but as discussed below there is 
great uncertainty about the exact prevalence 
the data on these drugs actually represents). 
Regardless, it is not yet possible to make inter-
national prevalence comparisons. Secondly, 
it means that little robust data is available on 
truly novel and emerging psychoactive sub-
stances. Whilst more established drugs will 
have greater potential to produce public health 
and social burdens (because of the larger total 
number of users), it might be argued that in ter-
ritories that operate systems of reactive drug 
control (i.e. new drugs are controlled once evi-
dence on use prevalence and potential soci-
etal harms have been established, compared 
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with systems of generic control), it would be 
better for health and drug services to be able 
to develop intervention responses before use 
becomes established. Whilst general population 
estimates are essential to illustrate the disper-
sion of drug trends, it is also important to iden-
tify and assess prevalence among key groups 
and target populations; criteria which few gen-
eral population surveys are able to fulfill. We 
therefore also present the findings of a number 
of important smaller surveys, which tend to use 
non-probabilistic sampling. Although less use-
ful for policy monitoring and understanding 
trends in use, the value of this type of research 
is that, done well, it can provide a rapid assess-
ment of the emergence of NPS and associated 
user behaviours, which are the essential foun-
dations in developing targeted legal, forensic, 
social and health responses.

The chapter then focuses on a number of 
important NPS, namely mephedrone, Salvia 
and ‘Spice’ (summarised in Table 4.1). This 
choice of compounds primarily reflects the 
limited published epidemiological data on 
NPS, and although small studies have been 
conducted with other (relatively obscure)  
compounds (e.g. 4-hydroxy-N-methyl-N-ethyl-
tryptamine) [4], these tend to exclusively recruit 
self-identified users of that drug and not com-
pare use profiles with the wider population of 
substance user. In order to preserve the focus of 
the chapter we have also chosen not to include 
ethnographic data or studies which present 
prevalence data as part of examinations of the 
acute and sub-acute harms of use (e.g. cognitive 
functioning in recent users compared with non-
using controls), although some data is included 
on route of administration where relevant (e.g. 
injection of mephedrone).

Methodological development in this area is 
extremely important, and findings from foren-
sic analysis of products sold as ‘legal highs’ 
indicate that caution is warranted when inter-
preting the prevalence estimates provided 
here. NPS products, particularly powders, have 

consistently been found to be mislabelled, or 
contain other unlisted products [5,6]. There 
is a lack of consistency in constituent prod-
uct chemicals across time [7] and many are 
only known to users as generic slang names 
(e.g. bubble vs 2-aminoindane) [8]. Therefore 
many users, unless they have access to sophis-
ticated testing equipment, will be unaware of 
the actual product(s) that they have consumed. 
Generic white powders cannot be differenti-
ated by sight alone and thus endorsing use of a 
product in a survey is unlikely to provide accu-
rate prevalence estimates. We present a num-
ber of novel methodologies which may assist 
in improving the robustness of NPS prevalence 
estimates and conclude the chapter with a data 
table summarising studies in this area.

GENERAL POPULATION SURVEYS

Surveys in Young People

The USA’s annual Monitoring the Future is 
a large and robust annual school survey which 
assesses substance use prevalence in 50 000 
secondary school children (school grade 8, 
13–14 yrs of age; grade 10, 14–16 yrs; and grade 
12, 17–18 yrs). Synthetic cannabinoid recep-
tor agonists were included in the survey for 
12th grade students for the first time in 2011 
(reported as synthetic marijuana and under the 
generic trade names Spice and K2) [9]. Although 
a number of synthetic cannabinoid receptor 
agonists were legally controlled in the USA in 
2011, the survey took place shortly after these 
measures were imposed, and so provide a good 
indication of pre-legislation prevalence. 11.4% 
of 12th grade students reported use of syn-
thetic marijuana in the previous 12 months, and 
of these, 94% also reported cannabis use in the 
same period, 31% were current (past 30-day) 
daily users of cannabis, 60% reported some illicit 
drug other than cannabis in the past year, 54% 
smoked cigarettes in the past 30 days, and 79% 



TABLE 4.1  Summary of Main Findings Reported in the Text

Drug Country Year

Period Prevalence (%)

Survey Type Population SourceLTP LYP LMP

General

Novel Psychoactive  
Substances (general)

Ireland/ 
Northern  
Ireland

2011 – 6.7; 1.0; 3.5 – Representative  
household survey

15–34; 35–64;  
15–64 yrs

[21]

Other hallucinogens  
(including DMT,  
AMT, 5-MeO-DIPT,  
and Salvia divinorum)

USA 2006 –   0.2 – Representative  
household survey  
(NSDUH)

12–65+ SAMHSA  
[12]

Legal high powders Ireland 2010 57.0 – – Convenience sample of  
self-identified NPS users

24.8 ± 6.8 yrs,  
67% male

[24]

Legal tablet or liquid Ireland 2010 48.0 – – Convenience sample of  
self-identified NPS users

24.8 ± 6.8 yrs,  
67% male

[24]

Ethnobotanicals Ireland 2010 60.0 – – Convenience sample of  
self-identified NPS users

24.8 ± 6.8 yrs,  
67% male

[24]

Mephedrone UK 2011/12 – 3.3; 1.1 – Representative household  
survey (CWES)

16–24 yrs;  
16–59 yrs

[14]

UK 2010/11 – 4.4; 1.4 – Representative household  
survey (BCS)

16–24 yrs;  
16–59 yrs

[13]

Northern  
Ireland

2011   2.0 – – Representative  
household survey

15–64 yrs [21]

UK 2011/2012 – 30.0 13.0 Convenience sample of  
magazine/newspaper  
readers

Mean age 28.3 yrs;  
69.7% male (UK  
respondents only)

[25]

International 2011 61.0 51.0 – Convenience sample of  
clubbers

Mean age 25 yrs;  
69% male

[23]

Australia 2010 21.0 – – Sentinel survey of  
ecstasy users

24.0 ± 6.0 yrs,  
58% male

[26]

UK 2011 63.8 – 53.2 Convenience sample  
of clubbers

Mean age 29.7 yrs;  
82% male

[27]

UK 2010 13.0 11.0   5.0 Convenience sample  
of nightlife patrons

Mean age  
23.8 yrs

[  8]

(Continued)
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Drug Country Year

Period Prevalence (%)

Survey Type Population SourceLTP LYP LMP

UK 2010 54.0 52.0 41.0 Convenience sample  
of clubbers

29.8 ± 8.0;  
82% male

[28]

Northern  
Ireland

2010 66.2 – – Convenience sample  
of self-identified NPS users

24.8 ± 6.8 yrs,  
67% male

[24]

Scotland  
(UK)

2009/10 20.3 – – Convenience sample  
of students

Age range  
13–24 yrs

[29]

SYNTHETIC CANNABINOID RECEPTOR AGONISTS

USA 2012 – 11.4 – Representative school  
survey (Monitoring  
the Future)

12th grade  
students

[9]

UK 2010/11 – 0.4; 0.2 – Representative  
household survey (BCS)

16–24 yrs;  
16–59 yrs

[13]

Germany 2009 7.0 – 1.0 Representative school  
survey (city region)

Age range  
15–18

[30]

UK 2011/2012 – 5.0 2.0 Convenience sample of  
magazine/newspaper  
readers

Mean age 28.3 yrs;  
69.7% male (UK  
respondents only)

[25]

UK 2011 9.0 – 0.6 Convenience sample  
of clubbers

Mean age 29.7 yrs;  
82% male

[27]

International 2010 21.7 – 2.0 Convenience sample  
of clubbers

18–27 yrs;  
65% male

[22]

International 2011 10.3 2.2 – Convenience sample  
of clubbers

Mean age  
25 yrs; 69% male

[23]

SALVIA DIVINORUM

USA 2006 – 1.7 – Representative household  
survey (NSDUH)

18–25 yrs SAMHSA  
2006

USA 2012 – 1.6; 3.9; 5.9 – Representative school  
survey (Monitoring the  
Future)

8th; 10th;  
12th Grade  
students

[9]

International 2010 29.2 – 3.2 Convenience sample  
of clubbers

Mean age  
25 yrs; 69% male

[22]

(Continued)
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Drug Country Year

Period Prevalence (%)

Survey Type Population SourceLTP LYP LMP

USA 2006/07 – 4.4 – Random sample of  
University Students

19.2 ± 2.0 yrs Lange 
et al., 
2008

USA 2006 6.7 3.0 0.5 Convenience sample  
of University Students

19.2 ± 2.0 yrs [31]

USA 2009 6.7 – – Convenience sample  
of University Students

20.0 ± 2.1 yrs [32]

Ireland 2010 61.1 – – Convenience sample of  
self-identified NPS users

24.8 ± 6.8 yrs,  
67% male

[24]

OTHER DRUGS (SELECTED DATA)

2-AI Ireland 2010 1.6 – – Convenience sample of  
self-identified NPS users

24.8 ± 6.8 yrs,  
67% male

[24]

2-CB Australia 2010 9.0 – – Sentinel survey of  
ecstasy users

24 ± 6 yrs,  
58% male

[26]

UK 2011/2012 12.0 4.0 Convenience sample of  
magazine/newspaper  
readers

Mean age 28.3 yrs;  
69.7% male (UK  
respondents only)

[25]

International 2011 18.0 8.3 – Convenience sample  
of clubbers

Mean age 25 yrs;  
69% male

[23]

2-CE Australia 2010 3.0 – – Sentinel survey of  
ecstasy users

24 ± 6 yrs,  
58% male

[26]

2-CI Australia 2010 6.0 – – Sentinel survey of  
ecstasy users

24 ± 6 yrs,  
58% male

[26]

UK 2011/2012 – 6.0 1.5 Convenience sample of 
magazine/newspaper 
readers

Mean age 28.3 yrs;  
69.7% male (UK  
respondents only)

[25]

International 2010 11.4 – 1.3 Convenience sample  
of clubbers

18–27 yrs;  
65% male

[22]

International 2011 9.9 4.1 – Convenience sample  
of clubbers

Mean age  
25 yrs; 69% male

[23]

5-IAI Ireland 2010 1.0 – – Convenience sample of  
self-identified NPS users

24.8 ± 6.8 yrs,  
67% male

[24]

(Continued)
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Period Prevalence (%)
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5-MeO-DMT Australia 2010 2.0 – – Sentinel survey of  
ecstasy users

24 ± 6 yrs,  
58% male

[26]

BZP UK 2010/11 – 0.1; 0.2 – Representative  
household survey (BCS)

16–24 yrs;  
16–59 yrs

[13]

Australia 2010 8.0 – – Sentinel survey  
of ecstasy users

24 ± 6 yrs,  
58% male

[26]

UK 2011/2012 – 1.5 0.5 Convenience sample of  
magazine/newspaper  
readers

Mean age 28.3 yrs;  
69.7% male (UK  
respondents only)

[25]

UK 2011 9.3 – 0.6 Convenience sample  
of clubbers

Mean age  
29.7 yrs; 82% male

[27]

International 2011 17.2 5.0 – Convenience sample  
of clubbers

Mean age  
25 yrs; 69% male

[23]

Ireland 2010 37.1 – – Convenience sample of  
self-identified NPS users

24.8 ± 6.8 yrs,  
67% male

[24]

DOI Australia 2010 2.0 – – Sentinel survey of  
ecstasy users

24 ± 6 yrs,  
58% male

[26]

Ketamine UK 2010/11 – 2.1; 0.6 – Representative household  
survey (BCS)

16–24 yrs;  
16–59 yrs

[13]

UK 2010 57.0 46.0 28.0 Convenience samples  
of clubbers

29.8 ± 8.0;  
82% male

[28]

Khat UK 2010/11 – 0.2;0.3 – Representative household  
survey (BCS)

16–24 yrs;  
16–59 yrs

[13]

mCPP Ireland 2010 2.5 – – Convenience sample of  
self-identified NPS users

24.8 ± 6.8 yrs,  
67% male

[24]

Methoxetamine UK 2011 6.4 – 1.6 Convenience sample of  
clubbers

Mean age  
29.7 yrs; 82% male

[27]

(Continued)
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Drug Country Year

Period Prevalence (%)
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Methylone UK 2011/2012 – 2.0 0.5 Convenience sample of  
magazine/newspaper  
readers

Mean age 28.3 yrs;  
69.7% male (UK  
respondents only)

[25]

International 2011 13.7 9.0 – Convenience sample  
of clubbers

Mean age 25 yrs;  
69% male

[23]

International 2010 10.8 – 7.5 Convenience sample  
of clubbers

18–27 yrs;  
65% male

[22]

MDAI UK 2011/2012 – 3.0 0.5 Convenience sample of  
magazine/newspaper  
readers

Mean age 28.3 yrs;  
69.7% male (UK  
respondents only)

[25]

UK 2011 7.7 – 0.0 Convenience sample  
of clubbers

Mean age 29.7 yrs;  
82% male

[27]

International 2011 6.7 4.7 – Convenience sample  
of clubbers

Mean age 25 yrs;  
69% male

[23]

UK 2010 6.0 6.0 4.0 Convenience samples  
of clubbers

29.8 ± 8.0;  
82% male

[28]

Ireland 2010 2.7 – – Convenience sample  
of self-identified NPS users

24.8 ± 6.8 yrs,  
67% male

[24]

MDPV Australia 2010 1.0 – – Sentinel survey of  
ecstasy users

24 ± 6 yrs,  
58% male

[26]

UK 2011/2012 – 0.5 <0.1 Convenience sample of  
magazine/newspaper  
readers

Mean age 28.3 yrs;  
69.7% male (UK  
respondents only)

[25]

International 2011 4.4 3.0 – Convenience sample  
of clubbers

Mean age 25 yrs;  
69% male

[23]

LTP, lifetime prevalence; LYP, last year prevalence; LMP, last month prevalence; AMT, α-methyltryptamine; 2-AI, 2-Aminoindan; 2-CB, 2,5-dimethoxy-4-bromo-phenethylamine; 2-CE, 
2,5-dimethoxy-4-ethyl-phenethylamine; 2-CI, 2,5-dimethoxy4-iodo-phenethylamine; 5-IAI, 5-Iodo-2-aminoindane; 5-MeO-DIPT, 5-methoxy-diisopropyltryptamine (foxy/foxy methoxy); 
5-MeO-DMT, 5-methoxy-N,N-dimethyltryptamine; BZP, 1-benzylpiperazine; DMT, Dimethyltryptamine; DOI, 2,5-dimethoxy-4-iodoamphetamine; mCPP, meta-Chlorophenylpiperazine; 
Mephedrone, 4-methylmethcathinone; Methylone, 3,4-methylenedioxy-N-methylcathinone; MDAI, 5,6-Methylenedioxy-2-aminoindane; MDPV, 3,4-methylenedioxypyrovalerone.
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used alcohol in the past 30 days (Johnson, per-
sonal communication). Although it is uncertain 
if some users of synthetic marijuana reported 
use of this substance alone, it is clear that typi-
cal users had experience with a wide range of 
substances and for this sample at least, being a 
synthetic marijuana user does not suggest emer-
gence of a novel group of substance users with 
a unique preference for NPS. The plant halluci-
nogen Salvia was included in earlier surveys but 
2011 data had not, at the time of writing, been 
released for secondary analysis. In 8th grade 
students, last year prevalence (LYP) of Salvia fell 
from 1.7% in 2010 to 1.6% in 2011; in 10th grade 
students the figures were 3.7% and 3.9%; whilst 
in 12th grade students last year prevalence in 
2009 was 5.7%, 5.5% in 2010, and 5.9% in 2011 
[9]. Of note, reporting of Salvia in 12th grade 
students over the previous three years was 
greater than that of ecstasy (4.3%; 4.5%; 5.3%).

The European School Survey Project on 
Alcohol and Other Drugs (ESPAD; www.
espad.org) is the largest cross-national survey 
of adolescent substance use in the world [10]. 
In some respects, although there are differ-
ences in methodology, it may be regarded as a 
European equivalent to Monitoring the Future, 
and its publications include comparison with 
this US data. It reports every four years and the 
current wave, 2011, reporting in summer 2012, 
included the participation of 39 countries. In 
the 2011 questionnaire, there was the option of 
including items relating to the prevalence of 
drugs in addition to those typically assessed 
(e.g. tobacco, alcohol, ecstasy, cocaine, amphet-
amines, cannabis). Some countries included 
items relating to NPS, but at the time of writing 
this data has not been released. As other pan-
EU surveys (e.g. Eurobarometer, see below) 
are opportunistic in nature, ESPAD potentially 
provides a good vehicle to assess time trended 
prevalence of some of the more well established 
NPS, although as shall be discussed later accu-
rate user identification of NPS may mean that 
the utility of this data is limited.

Adult Population Surveys

Three nationally representative surveys 
(available in the English language), the USA 
National Survey on Drug Use and Health 
(NSDUH), the UK’s British Crime Survey (BCS), 
and the Drug Use in Ireland and Northern 
Ireland Survey present data on NPS epidemi-
ology in adult populations, but the number 
of drugs included are limited to those of most 
interest to policy makers (e.g. GHB, mephe-
drone, hallucinogens, piperazines, ketamine, 
khat, synthetic cannabinoid receptor agonists).

The NSDUH is a representative household 
survey including data from around 70 000 
respondents aged 12 and older [11]. The sur-
vey is generalisable to the non-institutionalised 
population of the USA, and so underestimates 
use in populations as prisoners, the military 
and those in residential treatment. Although 
the survey focuses on classic illicit drugs, classi-
fied under ‘other hallucinogens’ are substances 
of relevance to this chapter such as dimethyl-
tryptamine (DMT), alpha-methyltryptamine 
(AMT), N,N-diisopropyl-5-methoxy-tryptamine 
(Foxy), and Salvia. It was estimated in 2006 that 
almost 700 000 persons aged 12 or older had 
used DMT, AMT or ‘Foxy’ in their lifetime, and 
approximately 100 000 had done so in the past 
year [12]. Last year prevalence rates were less 
than 0.2% for all of these drugs. About 1.8 mil-
lion persons aged 12 or older used Salvia in 
their lifetime and approximately 750 000 did so 
in the past year (1.7% last year use in 18–25 year 
olds, greater than LSD at 1.2%).

The BCS is a household survey of over 27 000 
adults aged 16–59 in England and Wales [13].  
It is the largest self-reported experiences of 
crime survey in the UK and through its dedi-
cated drugs module is one of the most impor-
tant tools for monitoring UK government drugs 
policy. In 2009, in parallel with their addition  
to the Misuse of Drugs Act, 1971 as Class B 
drugs), questions on benzylpiperazine (BZP), 
gamma-butyrolactone/gamma-hydroxybutyrate 

http://www.espad.org
http://www.espad.org
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(GBL/GHB), and Spice (i.e. generic synthetic 
cannabinoid receptor agonists) were added to 
the BCS (although not controlled in the UK, khat 
was also included). Ketamine had been added in 
2006/07, again after control under the Misuse of 
Drugs Act. In 2011, and in response to it being 
made a Class B drug the year before, mephed-
rone was added to the survey. In 2010/2011 last 
year prevalence of Spice (0.2% in 16–59 year 
olds; 0.4% in 16–24 year olds), BZP (0.1%; 0.2%), 
GBL/GHB (0.0%; 0.1%) and khat (0.2%; 0.3%) 
were all extremely low [13]. Last year preva-
lence of ketamine in adults was 0.6% (doubling 
since 2006/07), and in 16–24 year olds it was 
2.1%. Whilst last year use of mephedrone in the 
entire sample (16–59 year olds) was relatively 
low, 1.4% (comparable to ecstasy), use in 16–24 
year olds was 4.4%, similar to the prevalence 
of powder cocaine (also 4.4%). Although the 
reporting period included dates before mephed-
rone was controlled in the UK (April 2010), it is 
clear that mephedrone has achieved substantial 
market penetration. Preliminary data released 
from the 2011/12 survey (renamed the Crime 
Survey for England and Wales; CSEW) indicated 
that last year prevalence of mephedrone in both 
16–59 (1.1%) and 16–24 (3.3%) year olds had 
fallen (whereas powder cocaine had fallen only 
slightly to 4.2%) [14]. Last year use was highest 
among those who consumed alcohol on three or 
more days a week during the past month (1.9%) 
compared with those who drank less frequently; 
for example, those who drank less than a day a 
week in the past month (0.6%), and those who 
had not had a drink in the last month (0.2%). 
This data is important as it referred entirely to a 
reporting period of when mephedrone was con-
trolled under UK law.

Further analysis of the 2011/2012 BCS sur-
vey indicated that in last year users of mephe-
drone, 91% had also taken another illicit drug; 
72% reporting cannabis, 53% cocaine, and 48% 
ecstasy. It is uncertain whether the additional 
9% had experienced a lifetime, but not last year, 
use of other illicit drugs as this data was not 

presented, or whether in fact mephedrone was 
their first experience with an (illicit) substance. 
Bird [15] extended this line of enquiry through 
a secondary analysis of 2010/2011 data. In the 
online blog Straight Statistics, she estimated 
that around 23% of 16–24 year olds had used 
mephedrone but not ecstasy or cocaine powder, 
and suggested that mephedrone had displaced 
the two drugs. Although plausible, there is little 
additional behavioural or forensic data to sup-
port this claim. It is worth noting that the prev-
alence of cocaine and ecstasy use in this age 
group had been falling for several years prior 
to the introduction of mephedrone [13] and the 
purity of street samples of both has been low 
for many years [16,17]. So although according 
to the BCS mephedrone may have at least tem-
porarily displaced other club drugs, it is possi-
ble that this was due to a combination of lack 
of availability of other drugs of acceptable qual-
ity, rather than consumer choice or preference 
for the subjective effects of mephedrone [18,19]. 
Supporting this interpretation is data from UK 
street and nightclub surveys, conducted by 
Measham and colleagues [8,20], which indi-
cates that nightlife patrons had added mephed-
rone to their existing repertoire of drug use.

‘Drug use in Ireland and Northern Ireland’ 
is a household survey conducted with adults 
aged 15–64 years of age, and has a sample 
size of 7669 across the two territories [21]. Last 
year use of new psychoactive substances was 
included for the first time in the 2010/11 sur-
vey. In Ireland this list included herbal smoking 
mixtures/incense, party pills or herbal highs, 
bath salts, plant feeders or other powders, 
Kratom (Krypton), Salvia, Magic Mint, Divine 
Mint or Sally D and any other new psychoac-
tive substances mentioned by the respondent. 
In Northern Ireland, the category Legal Highs 
included party pills, herbal highs, party pow-
ders, Kratom and Salvia; it did not include 
mephedrone which was assessed separately. 
In the whole sample 3.5% reported use of NPS 
in this time period, predominately by 15–34 
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year olds (6.7% vs 1% in 35–64 years olds). In 
Northern Ireland lifetime use of mephedrone 
was estimated at 2.0%.

Non-probabilistic Convenience Sample 
Surveys

Convenience sample surveys are those 
studies which utilise a sample that is read-
ily available and easy to access. They are 
non-probabilistic surveys, meaning that data 
obtained cannot be generalised to the wider 
population and are therefore only valid for the 
population studied. It is the most frequently 
employed sampling strategy in NPS epidemi-
ology as it is a relatively easy way to quickly 
gather data of interest (often conducted online, 
mirroring the source of access to NPS for many, 
and sometimes run in conjunction with sup-
pliers). Whilst providing some useful data, 
for example identifying the emergence of new 
drug trends and patterns of use within certain 
sub groups, they cannot be considered rep-
resentative, are subject to many biases, and 
should be interpreted with caution. These types 
of survey are therefore of less value to national 
policy monitoring, but still of importance in 
formulating health and social responses to use.

One of the most well-known of these types 
of surveys is the annual Mixmag survey, com-
missioned by the (UK) dance music magazine 
of the same name in collaboration with UK 
researchers. The Mixmag survey has reported 
on mephedrone since 2010 [22] (data col-
lected in 2009; Internet and paper delivery), 
when lifetime and last month prevalence of 
use were 42% and 34% respectively. In 2011 
[23] (N = 2560; Internet delivery) prevalence 
of use in the two reporting periods was 61% 
and 25%, although as samples were independ-
ent no conclusions can be drawn about trends 
in use. Furthermore, the most recent report-
ing period was changed to the previous year, 
rather than previous month. Perhaps the most 
interesting observation from the 2011 Mixmag 

data is the increase in the range of drugs used 
by respondents, and whilst these were not 
spontaneously reported and there are no con-
trols to ensure veracity of reporting, a large 
number had lifetime prevalence rates of >1%. 
Rates of lifetime and last month/year were 
also similar, perhaps reflecting both the recent 
emergence of these drugs, recent initiation of 
use, and the continued popularity of many 
of these substances. Other data are summa-
rised in Table 4.2. The Mixmag survey was 
repeated in 2012, but this time also in conjunc-
tion with the UK’s Guardian newspaper and 
renamed the Global Drugs Survey [25]. As 
such, participants included individuals other 
than readers of Mixmag (the survey link was 
shared online and so cannot also be said to 
represent Guardian readers either). Although 
the number of respondents increased to 15 500 
(primarily from the UK and USA), this is  
still an unrepresentative cross-sectional survey 
and, at the time of writing, data has not been 
scrutinised by peer review. Although period 
prevalence of mephedrone use appeared to 
have decreased since 2010, as participants were 
drawn from a number of countries it is not pos-
sible to determine whether there has been a 
decline in use since the UK ban in April 2010.

The Australian Ecstasy and Related Drugs 
Reporting System (EDRS) is a surveillance 
system for the ecstasy market, which aims to 
monitor emerging trends in drug use epidemi-
ology and related issues in the capital cities of 
each Australian territory [33]. Data is obtained 
from interviews with users, key informants, 
and through the interrogation of indicator data 
sources such national household surveys and 
forensic systems [34]. This is a sentinel sur-
vey and the research population (n = 693 in 
2010) was recruited through a purposive sam-
pling strategy, and represents a group with 
particularly high use of ecstasy and related 
drugs (inclusion criteria is at least a monthly 
use in the previous 6 months). Although this 
means generalisability of the findings are 
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limited, the methodology is robust and consist-
ent, and therefore provides a rich and impor-
tant insight into emerging patterns of NPS use 
and changes in use behaviours that are lack-
ing in many small cross-sectional surveys. In 
2010, 25% of the surveyed population (mean 
age 24 ± 6 years) reported a lifetime use of a 
stimulant-like NPS, whilst 23% reported use 
of a hallucinogen-like NPS [26,34]. Despite 
popular accounts of their ubiquity, it must be 
noted therefore that the majority of this sam-
ple, despite being frequent club drug users, 
did not report use of a NPS, and in those that 
did, frequency of use was low. Compared with 

previous survey years, only mephedrone preva-
lence had appeared to increase substantially; 
perhaps related to the increased availability and 
publicity afforded to this drug in recent years. 
Mephedrone was used by 17% of the sample 
(compared with last year prevalence of use of 
51% in the 2011 Mixmag survey [23] and 30% 
in the Global Drugs Survey [25]), with an equal 
proportion of the sample reporting self-admin-
istration by insufflation or oral routes (~65%); 
median days used in the last six months was 
three. Recent benzylpiperizine (BZP) preva-
lence of use was 4.5%, and it was reportedly 
used on a median of two days, and Ivory Wave 

TABLE 4.2  Summary of the 2010/2011 Mixmag and the 2012 Global Drugs Survey NPS Survey Data

Period prevalence %

Mixmag Survey Global Drugs Survey

2010 2011 2012

LTP LMP LTP LYP LYP LMP

Mephedrone 41.7 33.6 61.0 51.0 30.0 13.0

Salvia divinorum 29.2 3.2 NR NR NR NR

Spice/synthetic cannabinoid  
receptor agonists

21.7 2.0 10.3 2.2 5.0 2.0

Methylone 10.8 7.5 13.7 9.0 2.0 0.5

2-CI 11.4 1.3 9.9 4.1 6.0 1.5

2-CB NR NR 18.0 8.3 12.0 4.0

BZP NR NR 17.2 5.0 1.5 0.5

MDAIa NR NR 6.7 4.7 3.0 0.5

MDPV NR NR 4.4 3.0 0.5 <0.1

Benzofuryb NR NR 2.7 2.3 3.0 1.0

It is important to note that although there have been peer review publications derived from data extracts from the Mixmag surveys, the 
data here is extracted from popular media reporting (authored in collaboration with the survey PI). Furthermore, whilst the Mixmag 
surveys were primarily targeted at clubbers, participation in the 2012 Global Drugs Survey was apparently much broader, hence for 
comparison purposes only data from clubbers is included here (this was a classification variable used in the Global survey). 
LTP, lifetime prevalence; LYP, last year prevalence; LMP, last month prevalence; NR, not reported in this year; Methylone, 
3,4-methylenedioxy-N-methylcathinone; 2-CI, 4-iodo-2,5-dimethoxyphenethylamine; 2-CB, 4-bromo-2,5-dimethoxyphenethylamine; 
BZP, benzylpiperazine.
aMDAI, 5,6-Methylenedioxy-2-aminoindane (while analysis of some products have confirmed the presence of MDAI, others have been 
found to be misbranded and have contained mephedrone or BZP and 3-TFMPP)[24,14] MDPV, methylenedioxypyrovalerone.
bbenzofury is a generic name for a range of synthetic psychostimulants. It is allegedly 6-(2-aminopropyl)benzofuran or 1-benzofuran-
6-ylpropan-2-amine (6-APB), but samples have also been found to contain BZP, caffeine and 3-TFMPP[24].
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(MDVP) was used by 0.5%, on a median of 1.5 
days in the last six months. Phenethylamines 
such 2,5-dimethoxy-4-iodophenethylamine 
(2C-I), 4-bromo-2,5-dimethoxyphenethylamine 
(2C-B), 2, 5-dimethoxy-4-ethylphenethylamine 
(2C-E), and 2, 5-dimethoxy-4-iodamphetamine 
(DOI) were used in the previous six months by 
1–2% of the sample. Median days of use for all 
five drugs were one day in the last six months. 
Last six month prevalence of tryptamine hallu-
cinogens was similar, but dimethyltryptamine 
(DMT; median days of 1.5 days in the last six 
months), had been used by 7% of the sample. 
Bruno and colleagues [26] examined differences 
in the characteristics of participants who had 
never used an NPS (71%) with recent stimu-
lant (15%) and hallucinogen (13%) NPS users 
in the sample. Overall, there was little differ-
ence between the groups, although stimulant 
NPS users were more likely to be under the age 
of 21, report more frequent use of other stimu-
lants, and report being more likely to engage in 
risky sex. Users of hallucinogen-like NPS were 
more likely to be male, initiate ecstasy use at 
a younger age, and reported greater use of a 
range of drugs than the non-NPS sample. This 
population was distinguished in other ways 
too; they were more likely to have accessed psy-
chosocial assistance for drug related problems, 
and reported higher rates of criminal involve-
ment such as property crime and drug dealing.

In their surveys of patrons of gay nightclub 
nights in London, UK, Measham and colleagues 
[27,28] (mephedrone data described below) 
recorded use of a wide variety of substances. 
This population is believed to be important 
because a greater proportion of gay men in 
particular report substance use than the gen-
eral population [27], and they are also consid-
ered ‘early adopters’ of a wide range of new 
drugs (although this may reflect bias in funding 
and research priorities); hence use of emerg-
ing NPS in this population may reflect later 
trends in others [35]. In a convenience sample 

of 308 patrons conducted in 2010, lifetime use of 
mephedrone was reported by 54%; MDAI 6%; 
and NRG-1 16% (many samples of which have 
also been forensically identified as mephedrone) 
[6]. For comparison, 69% reported a lifetime 
use of ecstasy. Recent use (in the last month) of 
these drugs was 41%; 4%; and 11% respectively 
(vs 28% MDMA). Interestingly, on the survey 
day, more people reported use of mephedrone 
than ecstasy (27% vs 15%; perhaps reflecting 
the poor quality of ecstasy tablets available in 
Western Europe in recent years) [17]. In their 
2011 follow-up survey, lifetime (63.8%) and last 
month (53.2%) use of mephedrone was higher 
(there was no indication whether those partici-
pating had also completed the previous years’ 
study). Other drugs reported included BZP 
(9.3%; 1.6% lifetime, last month prevalence), 
MDAI (7.7%; 1.3%) and methoxetamine (6.4%; 
1.9%). Methoxetamine, a ketamine derivative, 
was subject to the UK’s first Temporary Class 
Drug Order in April 2012, but was legal to pos-
sess and sell at the time of survey.

Bodybuilders are often overlooked in investi-
gations of NPS. This group contains many inno-
vators and early adopters of a large range of 
different substances [36,37]. In the context of this 
chapter two psychoactive substances are worth 
noting. Gamma-hydroxybutyrate was first 
advertised to, and used by, bodybuilders [38] 
to try and increase growth hormone secretion 
[39–43], which is used to build muscle and strip 
fat. Shortly thereafter it was sold as an anti-age-
ing/life-extension ‘treatment’ to other groups 
[38–52] before it became more widespread on 
the party scene as a recreational drug [53]. More 
recently, in 2010, bodybuilding supplements 
containing the stimulant desoxy-diphenylpro-
linol were being sold in the UK [54,55].

The availability of NPS in Ireland is con-
trolled by the Criminal Justice (Psychoactive 
Substances) Act 2010 (Criminal Justice 
[Psychoactive Substances] Act 2010. See 
Section 1 for definition). It came into effect on 
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23rd August 2010. SI No. 401/2010 – Criminal 
Justice (Psychoactive Substances) Act 2010 
(Commencement) Order 2010 prohibits the 
importation, advertising and sale of ‘psychoac-
tive substances’(excluding medicinal products, 
alcohol, tobacco and certain foods, plant, fun-
gus or natural organisms), including potentially 
all NPS (although exceptions exist to preserve 
inter alia medicines and legitimate research use; 
production, supply, and possession of named 
substances is still controlled under the Misuse 
of Drugs Act Ireland). This legislation was 
partly informed by a review of the availability 
and use of NPS in Ireland, including marketing, 
forensic data, and user surveys. The associated 
report provides a useful, if time limited insight 
into the availability of NPS in Ireland in early 
2010, and the type of data available to policy 
makers who are constructing legislation [24]. A 
convenience sample of 333 respondents (66.6% 
male, mean age 25.0 ± 6.8 years; 63% students) 
was recruited through national newspaper 
advertisements, social networking sites, key 
informants, and online forums discussing drug 
related issues. Use of at least one legal high 
powder during lifetime was reported by 57%; 
48% reported use of NPS in tablet or liquid 
form (e.g. ecstasy substitutes), 60% smoking 
blends (e.g. synthetic cannabinoid receptor ago-
nists) and 38.3% ethnobotanicals (e.g. Salvia). 
Most substances reported were generic brand 
names available in Ireland at the time, and so it 
is difficult to assess prevalence of specific com-
pounds. Of those mentioned by name, mephe-
drone was reported by 66.2%, Salvia divinorum 
61.1%; BZP 37.1%; DMT 4.4%; GBL/GHB 4.4%; 
mCPP 2.5%; MDAI 2.7%; 2-AI 1.6%; and 5-IAI 
1.0%. No one reported use of 6-APB, MDPV or 
butylone. Some data were collected on route of 
administration; the most frequently reported 
was insufflation (85.5% for powders, 15.1% for 
tablets); followed by rubbing on gums or the 
inside of the mouth (40.3%; 6.3%), and through 
bombs (drug wrapped in cigarette rolling paper 

and swallowed: 28%; 13.2%). No individuals 
reported administration by injection, which is 
in contrast to data reported by other research-
ers in Ireland [56], although that was a study 
of low threshold harm reduction service clients 
who were already injecting drugs.

Mephedrone

Mephedrone is perhaps the best character-
ised of the recent NPS, and studies have iden-
tified use in countries such as France, Slovenia, 
Australia, Ireland and the UK [54]. However, 
epidemiological data is still limited [19]. The 
most robust estimate come from the UK, and as 
described above, the CSEW estimated last year 
use in 16–24 year olds (2011/12 data sweep) 
to be 3.3%, less than powder cocaine, but the 
same as ecstasy [14]. In Northern Ireland life-
time use of mephedrone was estimated at 2.0% 
[21]. Dargan and colleagues [29] had provided 
an earlier estimate in school students surveyed 
in the Tayside area of Scotland (UK) before 
mephedrone became a controlled drug. Of the 
1006 students that completed the survey (mean 
ages of the samples ranged from 13–24 years), 
20.3% reported use of mephedrone on at least 
one occasion, while 4.4% reported daily use. 
Unsurprisingly, prevalence was age related and 
rates of occasional use increased from approxi-
mately 39% in 13–15 year olds (point preva-
lences were not reported) to 61% in 22–24 year 
olds. As this data was collected from a pre-ban 
sample (April 2010 in the UK), it would be 
interesting to repeat this survey in order to con-
sider the effectiveness of legislation on mephe-
drone use, particularly by younger pupils, who 
may not have the same access to illegal drug 
sellers as older students.

One recent Internet survey examined mephe-
drone use behaviours in an older population in 
the UK and attempted to assess the potential 
effects of the 2010 ban [18]. The mean age of the 
1506 respondents was 26.0 ± 9.0 years, 84% were 
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male, and the median number of lifetime uses 
was 11–50. The authors also reported that 64% of 
self-identified UK mephedrone users (n = 1265) 
stated that they would use less mephedrone 
and 49% more MDMA after mephedrone was 
controlled. However, as we have argued else-
where [19] this paper provided an incomplete 
assessment of the effects of legislation and so 
these data must be interpreted with caution. It is 
feasible though that the emergence of mephed-
rone may have significantly affected the use of 
ecstasy/MDMA, even if this many users were 
unaware of this. Brunt and colleagues [17] pro-
vided an indirect assessment of the penetration 
of mephedrone in the ecstasy/MDMA market 
in the Netherlands in 2009. Using submissions 
to the Dutch national Drug Information and 
Monitoring System (DIMS), a toxico-epidemi-
ological monitor of illegal drug markets, it was 
found that the amount of ecstasy tablets submit-
ted for analysis that contained MDMA began 
to fall substantially in mid 2008. By 2009, 11.5% 
of the total amount of ecstasy tablets submit-
ted contained mephedrone at doses of between 
96 and 155 mg; this was also the first and only 
substituted cathinone derivative identified. As 
the Netherlands are an important source of UK 
ecstasy, UK consumers may have unwittingly 
been consuming mephedrone whilst believing 
they had bought ecstasy/MDMA.

As expected [20,57], mephedrone use is high-
est in night club attendees, and the Mixmag 
survey (see above) estimated lifetime and last 
year prevalence of use at 61% and 51% respec-
tively. In another convenience sample of 308 
attendees of London gay clubs (82% male), 
41% reported use in the previous month, and 
27% reported an intention to use on the night 
of survey [28]. An Australian estimate of 572 
‘same sex attracted’ participants, yielded a last 
month prevalence of use estimate of 1.4%, but 
these subjects were not specifically recruited 
on the basis of being nightclub attendees and 
this sample comprised a higher proportion of 
women (44.4%) than the London survey. The 

type of nightlife patron also seems important 
in determining mephedrone prevalence [20]; 
when Measham and colleagues [8] investigated 
use in more ‘mainstream’ UK nightlife (i.e. par-
ticipants were surveyed on main thoroughfares 
in small towns/cities in the UK) they estimated 
last month mephedrone prevalence to be 5% (n 
= 207). Interestingly, when asked about use of 
the drug ‘bubble’ (local slang term for mephe-
drone), 9% reported last month use, which as 
discussed below has important implications for 
the development of NPS epidemiology.

A secondary analysis of the 2009 Mixmag 
survey (~950 mephedrone users), indicated that 
the majority (69.7%) used mephedrone monthly 
or less [58]. Some (15.1%) reported weekly or 
more frequent consumption and 15.2% reported 
use every two weeks. Carhart-Harris and col-
leagues [17], in keeping with findings of other 
surveys, reported that mephedrone was pref-
erentially administered by the nasal (57%) and 
oral (28%) routes, and that only a minority (3%) 
claimed to inject it. This distribution of admin-
istration routes is also reflected in (UK) hos-
pital presentations [59]. It is well established 
that existing injecting drug users (IDUs) add 
so-called recreational drugs to their injection 
repertoire, but some users also transition from 
non-injecting to injecting practices whether 
because they prefer this way of taking the sub-
stance, a desire for more rapid onset of effect, 
curiosity, peer influence, cost effectiveness, or 
avoidance of intranasal/gastric irritation (e.g. 
[60,61]). Van Hout and Bingham [56] examined 
mephedrone injection in established injectors 
in more detail. In an Irish treatment-seeking 
population they identified a number of rea-
sons why mephedrone was injected, includ-
ing mephedrone’s legal status (uncontrolled at 
the time of interview), ease of availability, low 
price, perceived psychopharmacological simi-
larities to MDMA and cocaine, decline in heroin 
availability in the region, the normalisation 
of injecting drug use, homelessness and other 
experiences of social exclusion.
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Synthetic Cannabinoid Receptor Agonists

The Monitoring the Future survey estimated 
last year use of synthetic cannabinoid receptor 
agonists to be 11.4% in 12th grade students [9], 
and the BCS 0.4% in 16–24 year olds [13](for 
comparison the contemporaneous 2011 Mixmag 
survey [23] reported lifetime prevalence to be 
10.3% and last year use 2.2%). A 2009 survey 
of 1157 students aged between 15 and 18 years 
in Frankfurt, Germany (‘Spice’ products such 
as JWH-018, CP 47,497and the C6, C8 and C9 
homologues of CP 47,497 were made controlled 
drugs in Germany in 2009), found that 7% of 
respondents reported having used ‘Spice’ at 
least once in their lifetime, although there a was 
a fall in recent use from the year before (last 30 
days, 1%) [30]. Of this subsample, 95% were 
existing cannabis users. The United Nations 
Office on Drugs and Crime [62] reported that 
synthetic cannabinoid receptor agonists were 
still popular in Germany after the 2009 ban, 
especially in users having to undergo regular 
drug screenings, as they are not detectable by 
most existing routine toxicological screens. For 
example, one toxicological analysis of German 
forensic psychiatric patients showed that 56.4% 
of 101 serum samples taken from 80 patients 
tested positive for synthetic cannabinoid recep-
tor agonists (JWH-015, JWH-018, JWH-073, 
JWH-081, JWH-250) [63].

One small Internet-based survey of life-
time users of synthetic cannabinoid receptor 
agonists (specifically Spice, which is a generic 
brand name; n = 168) reported that lifetime 
use was associated with being male, white and 
having completed high levels of education 
(>12 years) [64], although this may also repre-
sent typical Internet user demographics [65]. 
Lifetime users also reported polysubstance use 
(e.g. 84% also reported use of cannabis), 21% 
reported Spice was their drug of choice, and it 
was generally obtained from retail vendors 
(87%), the Internet (38%), or from friends/rela-
tives (29%). Importantly, although half lived in 

regions where access to Spice was restricted, 
only 2% reported purchasing the drug from a 
drug dealer. Whilst one quarter (25%) reported 
no future intentions to use, 37% met DSM IV 
criteria for abuse, and 12% dependence; using 
Spice in a hazardous situation was the most 
commonly endorsed abuse criteria (27%), and 
being unable to cut down or stop Spice use 
(38%), the most commonly reported depend-
ence criteria.

Salvia divinorum
As use is more prevalent (partly because it 

remains legal in most USA states, and indeed 
internationally), Salvia is the most well char-
acterised of the hallucinogens included in 
the NSDUH, and lifetime prevalence of use 
increased from 0.7% in 2006 to 1.3% in 2008 (an 
83% increase) [66,67]. In the surveyed popula-
tion (aged 12 and older), Salvia use was most 
commonly reported among recent users of 
LSD (53.7%), ecstasy (30.1%), heroin (24.2%), 
phencyclidine (22.4%), and cocaine (17.5%), 
and secondary regression analysis showed that 
polysubstance use was the strongest predic-
tor of recent and lifetime use [30]. According to 
the survey, 43.0% of last year Salvia users and 
28.9% of former users (i.e. reporting lifetime, 
but not last year use) had an illicit or nonmedi-
cal drug use disorder compared with 2.5% of 
nonusers. Ford and colleagues extended this 
analysis in younger populations to include 
2009 data in which they also investigated cor-
relates of use [68]. Data indicated 1.7% of 
adolescents (aged 12–17) and 5.1% of young 
adults (aged 18–34) reported a lifetime use 
of the drug. Among adolescent respondents 
51% were male, 58% white, and 54% reported 
a total family income of $50 000 or greater. 
Age, sex, and family income were all signifi-
cant predictor variables of adolescent lifetime 
Salvia use in a number of theoretically driven 
regression models. Adolescents who reported 
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cannabis use were over four times more likely 
to also report Salvia use. In accordance with 
the social learning theory of substance use [69], 
lifetime use was predicted by reports of sub-
stance use among peers at school, less personal 
conservative attitudes toward substance use, 
and reporting parents and friends having less 
conservative attitudes toward substance use. 
Among adults 50% of lifetime Salvia users were 
male, 60% white, and 42% reported a total fam-
ily income of $50 000 or greater. Predictors of 
adult use included reporting a major depressive 
episode, criminality, tobacco, cannabis, pre-
scription and any other type of substance use; 
whilst being married or in full time employ-
ment led to reduced odds of reporting lifetime 
use. As noted at the start of this chapter, the 
2011 Monitoring the Future survey indicated 
that 5.7% of 12th grade students reported Salvia 
use in the past year [9].

Other local and population-specific studies 
have been conducted. Lifetime prevalence of 
use was estimated to be 29.2% and last month 
prevalence of 3.2% in readers of the UK dance 
music magazine Mixmag; [22] modal frequency 
of use was monthly (Winstock, personal com-
munication). In university students in Florida 
(where Salvia divinorum was legal at the time 
of the study), 11% of males and 4% of females 
reported a lifetime use [64]. A similar study in 
California estimated last-year prevalence at 
4.4% [3]. Regression analysis in another US col-
lege sample showed users were most likely to 
be young white males with a high prevalence 
of cannabis use [66]. A study of Italian party 
goers (n = 2015; mean age 25.1 years), indicated 
that 11% had used Salvia in their lifetime, and 
had initiated use at around 20 years of age (vs 
16 for cannabis, and 18 for LSD) [102]. Over 
half of respondents in an Internet-based survey 
reported reduction or cessation of use in the pre-
vious 12 months, most commonly citing dislike 
of the subjective effects or a loss of interest in 
the drug [103]. In an Internet-based retrospec-
tive survey of use patterns, participants (n = 

500) reported a median number of six lifetime 
uses, and 80.6 reported that they would probably 
or definitely take the drug again [75]. Of those 
endorsing that they would probably or definitely 
not use Salvia again (6.6%), 36.4% reported that 
they didn’t like the effects, 30.3% preferred other 
methods of altering consciousness, and 30.3% 
reported that the effects were too mild.

Behavioural Epidemiology

Behavioural epidemiology is the study of 
the distribution of behaviours, risk factors and 
social contexts that are associated with health 
related events [70,71]. In substance use research, 
such indicators may include use environments, 
attitudes and norms, and is often focused on 
community rather than clinical populations 
[72]. Regardless, there needs to be clear ana-
lytical and theoretical model linking potential 
determinants of behaviour with their outcomes 
[72]. Amongst other social variables, systematic 
review suggests that social network (e.g. friend-
ship groups or those that share similar cultural 
interests) norms are one of the most robust (and 
most studied) social determinants of drug use 
[74], and there is no reason to suspect that this is 
not also true for NPS. A 2011 survey conducted 
on behalf of the European Commission ques-
tioned 12 000 young people (aged 15/16–24) in 
27 European Member States about availability 
of, and attitudes towards (i.e. social norms), a 
range of substances, including NPS (defined as 
substances that imitate the effects of illicit drugs, 
data not reported by substance) [74]. Although 
this was a representative sample, the sample 
size in each country was small and ranged from 
250 to 509, and so only the European results 
may be considered robust. Overall, 5% of the 
sample reported having used NPS, with most 
(54%) reporting being offered such substances 
by friends. Thirty-three per cent bought NPS in 
a specialist shop and 7% over the Internet, per-
haps suggesting caution is warranted in assum-
ing that NPS marketing is primarily driven 
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by the Internet [75]. Respondents were also 
asked what they thought appropriate legisla-
tive responses to NPS should be; most (47%) 
believed that NPS should only be banned if 
they posed a risk to health, whilst 34% reported 
that they should be banned in all circumstances. 
Fifteen per cent thought that NPS should be 
subject to some form of ‘regulation’ (in a similar 
manner to alcohol and tobacco) although it is 
uncertain what younger respondents may have 
understood by this term, being as some profes-
sionals in the field also seem to struggle with 
the complexities of regulatory options available 
to policy makers [79]. Interestingly, respondents 
who reported a last year use of cannabis were 
more likely to endorse regulation as a policy 
option (24% vs 12%), and those reporting previ-
ous use of any NPS were more likely to believe 
that where bans were introduced, these should 
only apply to substances shown to be harmful 
to health.

The 2010 Mixmag survey (see above) 
included questions assessing the reasons why 
respondents took NPS [22]. Although point 
estimates were not reported, lack of availability 
of other drugs; not illegal; being able to buy online; 
and consistent product (i.e. perceived purity) 
were the most frequently endorsed; thinking 
they are safe was ranked 7th out of 11 reasons. 
The Irish survey of Kelleher and colleagues [24] 
summarised above presented a different set of 
justifications. For these users, curiosity was the 
most frequently cited reason for use, whilst 
legal concerns (“I think they are less easily detected 
in drug screens than illegal drugs”; “I think they are 
less easily detected by sniffer dogs”) did not appear 
to influence the decision.

Data from Medical Monitoring Systems

Medical monitoring systems provide a use-
ful indicator of the use of NPS relative to other 
substances in the general population, and may 
help identify whether NPS are associated with 
a change in the number of medical services 

presentations. A number of these sources are 
described below for reference. However, without 
accurate prevalence data, it is impossible to con-
clude whether the number of NPS presentations 
is disproportionate to that of other drugs. Where 
this data might be useful though, is as a data 
source in capture–recapture estimates of hidden 
population of substance user [77], which uses 
data from multiple sources (e.g. hospital admis-
sions, drug service databases) to provide an esti-
mate of the population of interest. However, one 
of the limitations of this technique is that data 
sources must be independent and data must 
be attributable to individuals (e.g. contains a 
pseudoanonymised identifying code) to allow 
matching of data across databases. Furthermore, 
non-problematic users of NPS are less likely to 
be identified on drug service databases, hence 
these techniques may be less suitable for identi-
fying populations of non-problematic NPS users.

The Drug Abuse Warning Network (DAWN) 
is a nationally representative USA public health 
surveillance system that monitors drug related 
emergency department (ED) visits to hospitals 
[80]. Reuter [81] reported that the 2009 data-
set contained no mention of the popular NPS 
BZP, Spice, mephedrone or naphyrone, when 
searched for using both slang and chemical 
names. The present authors confirm this observa-
tion but add that Salvia divinorum was mentioned 
a total of 52 times in the first five recorded drugs.

The American Association of Poison Control 
Centers (AAPCC) issues annual reports based 
upon its rapid monitoring system that includes 
all case data from all USA poison centres sub-
mitted to the National Poison Data System 
(NPDS) [82]. The number of recorded expo-
sures to synthetic cannabinoid receptor agonists 
(coded as THC homologs) was 8264 in 2010/11, 
whilst for Bath salts (mephedrone, MDPV and 
methylone) the figure was 5624. Requests to 
the AAPCC for information regarding NPS also 
increased in this time period, with calls relating 
to synthetic cannabinoid receptor agonists ris-
ing from 3 in 2009 to around 3000 in 2010 [83].
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The National Poisons Information Service 
(NPIS) (commissioned by the Health Protection 
Agency) in the UK provides advice on the 
diagnosis, treatment and care of patients who 
have been poisoned. Data from poisons centres 
should be interpreted with some caution as it 
can be difficult to differentiate between individ-
ual case presentations, repeat calls to the poisons 
centre for advice about a case and, particularly 
in the case of poisons services such as NPIS that 
have a component of Internet delivered poi-
sons information, information requests related, 
for instance to general interest or educational 
reading regarding an NPS. Data may therefore 
reflect medical interest in the treatment of poten-
tial drug poisonings and are thus sensitive to 
the influence of wider societal discussions (e.g. 
media campaigns), rather than representing 
actual presentations and use. Between March 
2009 and February 2010 the system had received 
1821 mephedrone enquiries, 624 methedrone 
enquiries (notionally methoxymethcathinone), 
and 11 MDPV enquiries [59]. Data released in 
October 2011 suggested that there had been a 
fall in the number of enquires in how to treat 
users of mephedrone since April 2010 (when 
the drug was controlled in the UK), although 
this may of course have represented increased 
expertise in the field, and sharing of knowledge 
thus negating the need for new or repeat calls to 
the service [76]. Enquiries had peaked in March 
2010 at 120, but this had fallen to around 10 a 
month by January 2011. Other drugs reported in 
enquiries to NPIS in 2010/2011 included naphy-
rone, 6-(2-aminopropyl)benzofuran (6-APB), 
Ivory Wave, methcathinone, GHB/GBL, MDPV, 
MDAI, methylone, methedrone, 2-CB, butylone, 
desoxypipradrol, BZP, PMA, bromo-dragonfly, 
2CI, TFMPP, and synthetic cannabinoid receptor 
agonists. Of these, only BZP, methedrone, GHB, 
naphyrone and mephedrone resulted in more 
than 100 enquiries to NPIS in 2010/2011.

Finally, some data was identified from 
the Institute of National Toxicology and the 
Department of Forensic Medicine, University 

Szeged, Hungary [84]. Mirroring its emergence 
elsewhere, mephedrone was first identified in 
2008 and of the 5386 biological samples submit-
ted for analysis (purpose unknown), mephed-
rone was identified in 363 (7%).

Alternative Methodologies to Assess 
Prevalence of NPS

As it is not an aim of this chapter to pro-
vide guidance on general population preva-
lence study methodologies, the interested 
reader is referred to tools such as the European 
Monitoring Centre for Drugs and Drug 
Addiction (EMCDDA) General Population 
Surveys ‘toolbox’ (available from http://www.
emcdda.europa.eu/themes/key-indicators/
gps). However, some notable recent develop-
ments focusing upon targeted samples are 
described below. These may be particularly 
useful when applied to the study of NPS epide-
miology, where use is often limited to specific 
(and hidden) sub populations and use environ-
ments, and which generally have low general 
population prevalence. Classic prevalence sur-
veys often require very large sample sizes when 
the behaviour of interest is rare, and as is often 
the case with drug use surveys, the expected 
target group (e.g. students living away from 
home) may not form part of readily available 
sampling frames. Although the methodologies 
described below all require further refinement, 
they show potential in supporting more robust 
NPS prevalence estimates.

The time-space sampling (TSS) method is 
a probability based sampling method that 
allows for the systematic generation of a loca-
tion based sample (e.g. nightclub attendees) 
[85]. The method is particularly useful as it 
allows for sampling of hard to reach popula-
tions (defined by behavioural or socioeconomic 
parameters) in specific locations and times 
where it would be costly or difficult to con-
struct a sampling frame [85–87]. In time space 
sampling, a range of venue-day-time (VDT) 

http://www.emcdda.europa.eu/themes/key-indicators/gps
http://www.emcdda.europa.eu/themes/key-indicators/gps
http://www.emcdda.europa.eu/themes/key-indicators/gps
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units for the target population form the sam-
pling frame; [88] for example a specific London 
night club, Friday evening, between 12 a.m. 
and 2 a.m. In the formative stage of sampling, 
qualitative research is undertaken to gain a 
better understanding of the ethnographic 
profile of the population of interest and indi-
cators characterising the population are devel-
oped. Subsequently, VDTs for the population 
are identified and headcounts for the number 
of people congregating in the range of VDTs 
are taken (primary enumeration). Following 
primary enumeration, the number and pro-
portion of people in the likely target popula-
tion are estimated (secondary enumeration). 
Sampling then takes place in a two-stage pro-
cess by randomly selecting enumerated VDTs 
in the sampling frame, and then randomly 
recruiting individuals in the VDT. This lat-
ter element is sometimes removed in order to 
increase response rates and to reduce cost [89]. 
This technique has been used successfully in a 
number of environments and populations, for 
example, the use of ‘club drugs’ in New York 
City nightclubs [90] and black and minority 
ethnic populations of men who have sex with 
men [87]. Some caution in interpretation of data 
obtained from such techniques is warranted 
as sampling is limited to attendees of sampled 
venues types (e.g. ecstasy is considered the 
prototypical ‘club drug’ but some studies indi-
cate that use is in fact more prevalent in pri-
vate homes; e.g. [91,92]), but its usefulness for 
increasing the robustness of NPS prevalence 
estimates is clear, and avoids the use of non-
probabilistic methods (and therefore the biases 
associated with non-representativeness) such 
as convenience or snowball sampling where 
the individual approaches the researcher to 
take part in their work (e.g. [8,58]). Similarly, 
although (respondent driven sampling (RDS) is 
a form of convenience sampling, and proceeds 
through snowball sampling techniques, the 
inclusion of statistical weighting, which allows 
for calculation of sample selection probabilities, 

means that it is considered a probability sam-
pling method (e.g. [93]). The technique has also 
been refined to allow for online recruitment and 
assessment, which has the potential to reduce 
research costs considerably [94]). In RDS, refer-
ral chains are established, which if sufficiently 
long enough result in a sample (with character-
istics and behaviours of interest) that are inde-
pendent of the seed from which it began. The 
incorporation of snowball sampling potentially 
draws study participants from a wide variety of 
settings and cultures, thus avoiding one of the 
limitations of TSS. However, recent methodo-
logical work suggests that RDS produces prev-
alence estimates with much greater variance 
than simple random sampling, and so whilst 
preferable to convenience sampling, the tech-
nique does require further development [95].

Petróczi and colleagues [96] presented an 
innovative fuzzy response ‘single sample count’ 
model to provide an estimate of mephedrone 
use prevalence in a small community sample in 
Wales and Greater London, UK (n = 318), and 
this was compared with the well-established 
Forced Response model. Their technique was 
unique in that it did not directly ask respond-
ents about the behaviour of interest (i.e. mephe-
drone use) thus potentially reducing response 
bias against a socially/legally proscribed 
behaviour. Although perhaps initially com-
plex for the non-statistician to understand, the 
technique relies on including questions about 
the behaviour of interest amongst apparently 
innocuous questions where the population dis-
tribution of responses is expected to be bino-
mial. The respondent is asked to indicate how 
many of the presented questions are true for 
them, without revealing which ones are true. 
As the population distribution is expected to 
be 50%, differences from this figure indicate the 
proportion endorsing the sensitive question (i.e. 
a period use of mephedrone). Using a Forced 
Response method a prevalence of use (previ-
ous three months) of between 2.6% and 15.0% 
was estimated but using the new technique the 
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estimate range was 0–10%. Hair analysis on a 
sub-sample of participants suggested that the 
true prevalence was at least 4%; further con-
firmatory work using a complete forensic vali-
dation is therefore required.

The last example to be briefly referred to 
here is the use of epidemiological techniques 
to identify the presence of drugs in the envi-
ronment, including untreated wastewater (e.g. 
sewage systems and rivers), ambient air (e.g. 
airborne particulates in nightclubs), and urine 
(e.g. from nightclub toilets [97–99]). These are 
not intended as public health monitoring strat-
egies (i.e. to assess the exposure risk of the 
population to illicit drugs), but are presented 
as objective forensic methodologies that can 
improve the quality of local or regional preva-
lence estimates, increase population cover-
age, and with a reduced risk of sampling and 
reporting bias [100]. Again it must also be 
noted that to date these techniques have yet 
been refined with NPS, although some work 
has been published on the detection of steroids, 
β2-agonists, diuretics and phosphodiesterase 
type V inhibitors [101]. Waste water epidemiol-
ogy is probably the most well developed tech-
nique, and several authors have reported that 
it produces reliable and useful time trend data 
in a number of different geographies [100,102]. 
Some preliminary work has also been con-
ducted on the detection of illicit drugs in air-
borne particulates [103], which, combined with 
time-space-sampling, may provide a useful 
means of estimating drug use in specific envi-
ronments. However, little is currently known 
about the behaviour of drugs in the air, and the 
range of compounds able to be measured is cur-
rently limited and does not at present include 
synthetic cannabinoid receptor agonists. Use 
of waste water and airborne techniques is also 
limited for NPS as generally little is known 
about their stability or metabolism. Therefore 
the use of different sampling methodology to 
detect NPS may be required. Recently, Archer 
and colleagues [97] have presented feasibility 

data on a methodology for detecting drugs, 
including NPS, in pooled urine collected from 
portable urinals at nightclubs. The advantage 
of collecting urine for analysis for NPS (rather 
than mixed sewage including faeces in waste 
water) is that it eliminates the unknown vari-
able of bacterial metabolism of NPS. Over two 
nights 38 drugs and their metabolites were 
identified, including NPS such as mephedrone, 
trifluoromethylphenylpiperazine (TFMPP), and 
2-aminoindane (2-AI). The compounds identi-
fied at the highest concentrations were mephe-
drone, ketamine, MDMA and nicotine.

Aside from technical considerations (e.g. the 
metabolic profile and pharmacokinetic param-
eters of analysed drugs needs to be known, a 
particular problem with regards to the limited 
data on NPS; variation in the purity of drugs 
available in a locality), one disadvantage of 
environmental techniques in particular is that 
they typically produce estimates for ‘average’ 
use patterns. Overall, in formulating responses 
to substance use it is advantageous to under-
stand a range of use profiles (e.g. dose taken per 
episode; low ↔ regular frequency), as well as 
coinciding behaviours (e.g. polysubstance use). 
Environmental techniques are unable to provide 
this qualifying evidence and so these techniques 
must be supported by classic epidemiological 
techniques such as interview and self-report. 
Furthermore, the estimates assume a ‘closed’ 
environment: i.e. changes in the detection of 
drug metabolites are a result of changes in use 
patterns rather than, for example, movement of 
populations, which is likely to be the case in cit-
ies with dynamic entertainment centres [99].

SUMMARY AND CONCLUSIONS

This chapter has provided an overview of 
NPS epidemiology, including major sources 
of information on prevalence of use in gen-
eral and specific populations, including those 
thought of as being ‘hard to reach’. Of the NPS 
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examined in this chapter, mephedrone, Salvia 
divinorum and synthetic cannabinoid receptor 
agonists have been the most frequently stud-
ied, and although data is limited, these drugs 
seem to have been added to existing drug 
use repertoires, rather than displacing use of 
other drugs or characterising a new type of 
drug user. However, an appreciable propor-
tion of NPS users (e.g. approximately 6% of 
the 2011 Monitoring the Future synthetic mari-
juana respondents) apparently report use of no 
other illegal substance, and so it is important 
to conduct further research in order to better 
understand the role NPS play in their lives. 
Mephedrone and Salvia have become par-
ticularly popular in recent years (mephedrone 
was more frequently reported than ecstasy in 
the UK in 2010/11, and Salvia more prevalent 
than LSD in the USA in 2006), but further data 
is required in order to understand the impact 
of bringing these drugs under legal controls 
(particularly controlled drug/substance frame-
works), which has happened in many coun-
tries and territories. Most other NPS appear 
not to have made a significant impact on the 
drug market with respect to user preference, 
and even in targeted populations where a more 
extensive drug use history is expected, remain 
infrequent choices, perhaps ingested because of 
their novelty, (quasi) legal status, curiosity into 
their psychopharmacological effects, and sud-
den availability on the market [19].

As there are so few nationally representative 
surveys that provide robust estimates of use in 
the general population, it is difficult to describe 
trends in use, to make international compari-
sons or informed assessments of the role of 
NPS in mainstream drug repertoires. This is 
largely because of the novel nature of these 
substances and their limited dispersion, but 
also because general population surveys tend 
to include substances that are already of policy 
interest, for example those listed under inter-
national drug control conventions, and by their 
very definition, this will exclude many NPS. 

Most data on NPS epidemiology comes from 
(small) convenience samples, and although the 
results of such studies are frequently cited and 
often receive national media attention [104,105], 
it is important to prominently acknowledge 
their limitations – such data can only reveal 
drug use behaviours in the respondents sur-
veyed, and cannot easily be generalised beyond 
the study. Rather than more data being col-
lected on a wider range of NPS, it may be more 
advantageous to focus attention on improving 
survey methodologies in hard to reach popula-
tions (e.g. time space sampling of NPS users) 
or through the development of analytical tech-
niques for new sources of indicator data (e.g. 
environmental monitoring). However, this 
should not be interpreted as a rejection of such 
surveys. In the absence of large national NPS 
research, which always underestimates use in 
hard to reach populations, such work presents 
a rapid (and here grey literature has a relative 
advantage over the protracted timescales in 
most academic publishing) and useful insight 
into emerging patterns of use, which may 
manifest in general population trends later. 
Drug policy and health service responses to 
use require rapid intelligence, and are often tar-
geted at minority population segments (such as 
NPS users); hence this type of data, even with 
all of its acknowledged limitations is useful 
until more robust estimates can be established.
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INTRODUCTION

This chapter explores some of the social 
issues in the novel psychoactive substances 
(NPS) debate including availability, prevalence 
and contexts of use, motivations for use, social 
harms, policy options and the impact of legis-
lative control. In its consideration of the preva-
lence of use of three key NPS in three different 
UK survey samples, this chapter presents pre-
viously unpublished data from the author’s 
annual surveys at English music festivals in the 
summers of 2010 and 2011, suggesting a pic-
ture of differentiated demand with pockets of 
popularity. The characteristics of the evolving 
NPS market combine legitimate Internet trad-
ing with features of the international trade in 
counterfeit prescription medications as well as 
aspects of the ideological motivation of some 
suppliers of ecstasy in early 1990s dance cul-
ture. A key theme of this chapter is speed: the 
speed of emergence of NPS echoes their pre-
dominantly stimulant effects and contrasts with 

the sluggishness of the academic and policy 
debate surrounding them. The caveat here is 
that the extent of our knowledge is limited by 
the recency of the phenomenon combined with 
the time lag between emergent trends in drug 
use and the development of a scientific evi-
dence base. I return to this point in the final sec-
tion of this chapter where I cast a critical eye on 
the development of the NPS debate itself and 
draw analogies with other high profile debates 
on substance use such as the alcohol and ‘binge 
drinking’ debate, arguing that the pace of aca-
demic research and publishing combine with 
historical stagnation and vested interests to 
hamper scientific developments in this field. 
Firstly, I consider the availability and use of 
NPS, focusing on Europe.

AVAILABILITY

Both the range of NPS available for pur-
chase and the number of retail outlets which 
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sell them have expanded rapidly since 2009. 
Although there were some early indications 
of NPS appearing in Israel, Sweden and some 
other countries before this date, it was in 2008 
that drugs such as mephedrone were first men-
tioned on the Internet, predominantly from 
Scandinavian sources [1], and by early 2009 
their availability rapidly spread to markets, 
festivals, high street ‘head shops’ and through 
Internet websites dedicated to the sale of these 
drugs. A key feature, and indeed a key political 
concern, regarding NPS has been how readily 
available they have become through the devel-
opment of an online ‘industry’ in substances 
variously described as retail chemicals, ‘herbal 
highs’, ‘bath salts’, ‘plant food’ and other prod-
ucts purportedly ‘not for human consumption’ 
[2–5]. The European Monitoring Centre for 
Drugs and Drug Addiction (EMCDDA) noted 
in its annual report that “‘legal highs’” have 
become a global phenomenon which is devel-
oping at an unprecedented pace’ [6]. Given 
the reach, speed and limited regulation of the 
Internet, there are limitations to any assess-
ment of availability of NPS. However, two 
organisations which have attempted to chart 
the emergence and availability of NPS on the 
Internet are the EMCDDA and the UK-based 
Psychonaut Web Mapping Research Group.

The EMCDDA monitors the NPS market 
through both the emergence of new unregu-
lated psychoactive substances and the online 
availability of products through Internet retail-
ers. In its most recent annual report it noted the 
identification of 73 new products in 2012, com-
pared with 49 new products in 2011, 41 in 2010 
and 24 in 2009 through its pan European Early 
warning monitoring system, a trebling in the 
36-month period from 2009 to 2012 [6]. In 2012, 
these new registered NPS were notably all syn-
thetic and were made up of predominantly two 
groups of drugs, the synthetic cannabinoids 
and synthetic cathinones. The number of online 
shops selling NPS also similarly increased, 
from 68 in 2008, to 115 in 2009, 170 in January 

2010, 314 in January 2011 and 693 by January 
2012, more or less doubling in each 12-month 
monitoring period, 2010–11 and 2011–12, sug-
gesting that Internet retailers are mushrooming 
at a much greater rate than the drug manufac-
turers’ product development.

Regarding the location of online retailers, the 
EMCDDA found that 52% of the online retail-
ers of these products were UK-based in 2008. 
By 2011 the EMCDDA found that the USA had 
leapfrogged to be the most likely country of ori-
gin for the majority of online retailers, increas-
ing from 65 to 197 US-based online retailers 
in the six-month period from January to July 
2011 [7]. In second place, UK-based retail-
ers increased from 74 to 121 online retailers in 
the same six months period. Larger increases 
but from a smaller base line were evident in 
Canada and New Zealand, both of which saw 
their online retailers more than treble in size in 
less than six months. However, whilst the raw 
numbers indicate that there are more websites 
based in the USA than European countries, the 
number of retailers does not necessarily denote 
the size of the operation or the country to 
which sales are delivered. Manufacturers and 
retailers of NPS, as with counterfeit prescrip-
tion medicines, may transport their products 
from producer nations to consumer nations via 
circuitous routes through intermediary coun-
tries that have fewer restrictions, to reduce 
the suspicions of law enforcement agencies, as 
more and more countries are legislating to con-
trol NPS.

The European Commission-funded Psycho
naut Web Mapping Research Group used 
online resources to detect emerging trends and 
develop a profile of NPS from January 2008 
to December 2009. In the 24-month monitor-
ing period, 412 novel compounds and combi-
nations appeared, consisting of 151 chemical 
compounds (synthetic, semi-synthetic or phar-
maceutical), 121 herbal compounds and 140 
combination products [8]. A related study by 
the same research group identified 39 unique 
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UK-based websites selling ‘legal highs’ in the 
period April–June 2009 [4]. The UK-based web-
sites advertised 346 unique products between 
them at an average price of £9.69 pounds ster-
ling. Concern was expressed that 40% of these 
products failed to list their ingredients and 92% 
failed to list possible side effects. The research-
ers concluded that not only were ‘legal highs’ 
easily available and affordable in this period 
but consumer product information was poor 
resulting in increased risks for significant num-
bers of inexperienced users.

Therefore we can chart a well-documented 
rapid increase in Internet retailers and NPS 
products in recent years, illustrating both 
growing global availability and a shift away 
from UK-based websites to continental Europe 
and North America. The next consideration is 
whether NPS consumers use these online retail-
ers or show a preference for high street ‘head 
shop’ retailers instead, regarding legal NPS. 
And what do we mean by ‘head shops’? In 
the UK the Association of Chief Police Officers 
defines head shops as:

“a commercial retail outlet (including online 
businesses) specializing in the sale or supply of 
equipment, paraphernalia or literature relating to 
the growing, production or consumption of canna-
bis, or other drugs, and includes the sale or supply 
of ‘New Age’ herbs, exotic plant materials or other 
‘New Psychoactive Substances’ (aka ‘Legal or Herbal 
Highs’) that are intended to be consumed by the user 
to mimic the effect of an illicit drug, e.g. Cocaine, 
Ecstasy or Amphetamine” [9].

What appears to be happening is that there 
are temporal swings between use of Internet 
retailers and head shops as well as national, 
regional and user-related variations in retail 
patterns. For example, regarding age and 
choice of retail outlet, there are more Internet 
sales amongst over 18-year-olds who have 
greater access to credit/debit cards combined 
with lesser surveillance of postal deliveries 
to their home. This was supported by a study 
of 1006 Scottish school and college pupils 

by Dargan and colleagues conducted before 
mephedrone was controlled in the UK, which 
found significant sourcing from street dealers 
and ‘friends’ amongst under 18 s even though 
it was legal to buy, whereas sourcing from the 
Internet was more common amongst respond-
ents over 18 years of age [10].

In terms of the impact of legislative con-
trol on choice of retail outlets, an annual 
survey of the readership of a dance music mag-
azine (Mixmag) and associated website (www 
.dontstayin.com) found that 33% had purchased 
mephedrone from the Internet and 5% from high 
street head shops before legislative control in 
the UK and a further 38% bought mephedrone 
from friends and 24% from ‘dealers’ [11]. A year 
later, after legislative control, only 1% reported 
buying NPS from either the Internet or head 
shops, whilst mephedrone sales from friends 
had increased slightly to 41% and from ‘dealers’ 
had more than doubled to 58% [12]. This sug-
gests that legislative control restricted availabil-
ity through legitimate channels and that Internet 
retailers and head shops appeared to have 
switched from selling mephedrone and other 
substituted cathinones to selling legal NPS. In 
terms of timing, mephedrone and other substi-
tuted cathinones became Class B controlled sub-
stances under the Misuse of Drugs Act, 1971 in 
the UK in April 2010; and naphyrone and other 
substituted pyrovalerones became Class B con-
trolled substances in July 2010.

In some countries, sales of NPS have been 
concentrated in head shops rather than on the 
Internet. For example, in Northern Ireland 
most respondents in McElrath and O’Neill’s 
study had never bought NPS off the Internet 
even before legislative control, instead prefer-
ring the comparative anonymity of head shops 
[13]. In the USA, Spiller and colleagues, in a 
poisons centre study, reported that the major-
ity of patients with acute toxicity after exposure 
to ‘bath salts’ had purchased the products from 
small local independent stores, head shops and 
gas stations rather than from a ‘dealer’ or over 

http://www.dontstayin.com
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the Internet [14]. However head shops appear 
to have been less significant in the rise of NPS 
in countries such as the UK. The annual South 
London Surveys of gay dance clubbers asked 
respondents whether they had ever purchased 
drugs from head shops [15]; whilst 28% of 
respondents in July 2010 had bought drugs 
off the Internet (over one-third of whom had 
bought mephedrone), only 19% of the sample 
had ever bought drugs from a head shop (nearly 
one-quarter of whom had bought mephedrone). 
Furthermore a sizeable minority of the South 
London Survey respondents who had not used 
head shops did not know what a head shop 
was when they were asked. In those countries 
where head shops have featured as key retailers 
of NPS, they have faced increased monitoring 
and threat of closure, with head shops closed 
across Poland in 2010 and across both Northern 
Ireland and the Republic of Ireland in 2012.

Whilst there was a brief honeymoon period 
in some countries of door-to-door delivery of 
pure, legal NPS stimulants it ended as abruptly 
as it started due to a combination of legisla-
tive control, increased wariness of consum-
ers regarding anonymity of Internet sales and 
increased disillusionment regarding the content 
of such products. However, statistics on NPS 
sales are not publicly available and information 
on the NPS trade is elusive. The author con-
ducted interviews with UK-based NPS retail-
ers in 2012-13, one of who’s pseudonyms for 
the purposes of this chapter will be the ‘Rave 
Florist’. The Rave Florist suggested that in 
terms of currently legal NPS, in his experience, 
the UK has seen a swing away from Internet 
retailers and towards head shops in recent 
months. This swing towards head shops in 
the UK may be partly due to the consolidation 
of NPS into a smaller number of larger online 
retailers as some of the small, independent 
retailers that sprung up with the initial ‘mephe-
drone madness’ stopped trading, unable to 
make a significant profit due to economic pres-
sures in the recession, increased competition 

between retailers and an increasingly complex 
legal situation. Also for NPS users, growing 
concerns about privacy and customer identi-
fication when shopping online using a credit/
debit card combined with high profile police 
operations against NPS retailers using card 
transaction details have led to the growing 
appeal of purchasing NPS in head shops, some 
of which trade under aliases. Of course for 
those without access to credit/debit cards and 
for under-18 s, the evident advantages of buy-
ing NPS (or indeed any drug-related parapher-
nalia) from head shops rather than the Internet 
have existed since NPS first appeared [10].

In terms of the availability of controlled 
NPS such as mephedrone, legislative change 
has resulted in a predictable shift from online 
legal retailers to street ‘dealers’. For example 
in Carhart-Harris et al.’s online survey of over 
1000 mephedrone users, 47% said mephedrone 
was noticeably less available after the ban [16]. 
The Mixmag dance music magazine survey also 
showed a reduction in availability in the UK in 
2010–11, with 75% reporting that it was easy or 
very easy to obtain mephedrone before the ban 
compared with 38% after the ban [12]. Whilst 
this is a cross-sectional rather than longitudi-
nal survey with a self-selecting online sample, 
it does nevertheless suggest that legislative con-
trol may have had an impact on the availability 
of mephedrone, with an associated switch from 
online to street supply routes.

Overall, the trade in NPS – produced in 
China and South East Asia to be sold online via 
Internet retailers based in Europe and increas-
ingly North America to customers across 
the world – has mushroomed in the last five 
years [2]. This has resulted in a wide range of 
legal NPS being available to purchase with-
out restriction, both on the Internet and in the 
high street head shops, as well as the devel-
opment of a street trade in NPS once they are 
controlled (discussed further below). What 
is clear from the limited research on avail-
ability of NPS is that recent years have seen a 
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very rapid increase in the range of psychoac-
tive drugs that are available to the consumer 
and rapid innovation in response to legislative 
change. Considerable time, effort and funding 
are being invested in monitoring NPS products 
and their retailers. The key question is, what is 
the uptake in use of these NPS?

PREVALENCE IN CONTEXT: 
DIFFERENTIATED DEMAND IN 
DIFFERENT LEISURE VENUES

General population surveys capture data on 
adult consumption patterns at population level 
and in the UK the key annual national house-
hold survey was the British Crime Survey (BCS) 
by the Home Office, replaced in 2012 by the 
Crime Survey for England and Wales (CSEW). 
Whilst such surveys are invaluable for identify-
ing national and regional trends in the use of 
illicit drugs using large and representative sam-
ples each year, they can be slow at adapting to 
changes in consumption patterns, for example of 
the kind we have seen since the arrival of NPS. 
National household surveys such as the BCS and 
CSEW are also likely to underestimate drug use 
due to their sampling methods and non-random 
non-response rates [17]. For example, household 
surveys exclude those who do not live in pri-
vate households including those living in halls 
of residence, hostels, prisons and other institu-
tions, students, the homeless and other transi-
tory populations. They may also miss adults with 
more active social lives who by definition are 
more likely to be out socialising when household 
surveys are conducted and who are also more 
likely to have higher levels of drinking and drug 
use than others, indicated by their more frequent 
attendance at bars and clubs [18]. The annual 
dance music magazine surveys also found higher 
levels of drug use amongst regular clubbers, for 
example with over three quarters of UK respond-
ents who had been clubbing in the past month 
having taken ecstasy (powder or pills) in the past 

year compared to 54% of the overall sample of 
UK respondents [19]. These two broad groups – 
the geographically mobile and socially active – 
may also overlap. Given that these groups have 
been found to have higher rates of drug use than 
national figures, we should approach general 
population surveys with caution.

Nevertheless, bearing in mind this caveat, in 
terms of current knowledge on use of NPS in the 
UK, the only national data to date on mephedrone 
use comes from the BCS and CSEW, to which was 
added a question on mephedrone use in 2010. 
Table 5.1 shows that past year mephedrone use 
in the months after prohibition had surpassed 
ecstasy and was at a similar level to cocaine 
amongst the young adult population, with about 
one in 25 having taken it in the past year.

Self-report surveys, as distinct from gen-
eral population surveys such as the BCS and 
CSEW, are better able to adapt to rapid changes 
in availability and use of emergent drugs such 
as NPS in the ‘Internet age’ [4,20]. If we look at 
self-report surveys of specific groups we can 
see considerably higher levels of reported use 
of NPS than in the general population, depend-
ing on who was sampled and where.

School and College Students

One of the very few surveys of school and 
college students’ use of NPS before legislative 
control in the UK was conducted by Dargan 
et al. in Scotland in February 2010 [10]. Of 1006 
respondents who completed the survey, 43% 
reported having tried mephedrone at least once 
in their lifetime and 4% reported daily use. In 
terms of access, nearly half of users sourced 
mephedrone from street ‘dealers’ and 11% from 
the Internet.

Although there are several European sur-
veys of prevalence of NPS they tend to be 
mostly after the introduction of legislative con-
trol. The Eurobarometer survey is one of the 
largest, surveying 12 000 young people aged 
15–24 in 2011 [21]. It found that about 1 in 20 
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respondents had used ‘legal highs’ in most 
countries, although closer to double that in the 
UK, Poland and Latvia, and with the highest 
prevalence of all in Ireland at 16%.

A Polish study of 1250 18–19 year old stu-
dents found that 4% reported having used ‘legal 
highs’ at least once in their life in 2008, increas-
ing to 11% in 2010. Self-reported past year use 
of ‘legal highs’ was 3% of the Polish students 
in 2008 which trebled to 7% in 2010. However, 
past month use fell from 2% in 2008 to 1% in 
2010. This suggests that there was a period of 
experimentation and occasional use in Poland 
in 2008–10 which may have peaked and which 
may have been affected by a ban resulting in 
the closure of Polish head shops in 2010 [21]. A 
Spanish study of 25 000 14–18 year olds in 2010 
found that 4% of students had consumed one or 
more of a list of nine NPS that included mephe-
drone, magic mushrooms and ‘legal highs’ [21].

Bar Customers

Use of NPS such as mephedrone appears to 
be higher amongst bar customers than amongst 
the general population (see Table 5.1). For 
example a study of UK bar customers stopped 
at random in the streets of towns and cities of 
Lancashire (a county in north-west England) on 
a Friday night in the autumn of 2010 found that 
about one in 10 had taken mephedrone within 
the past year and about one in 20 had taken it 
within the previous month [22]. By comparison, 
uptake of subsequent NPS that were unregu-
lated at the time of the survey (e.g. MDAI 
(methylene-dioxyaminoindane, advertised by 
retailers as a euphoric stimulant with effects 
similar to MDMA) were much lower (see  
Table 5.2). Therefore surveys of NPS use by bar 
customers support earlier surveys of drug use 
by bar customers [23] in suggesting that bar 
customers are more likely to report taking illicit 
drugs than the general population in the UK, 
including NPS, as well as being more likely to 
drink alcohol regularly and smoke cigarettes.

TABLE 5.1  Self-reported Past Year Prevalence of Three 
Most Popular Stimulants, UK Young Adults (%) (Date of 
Data Collection in Brackets)

Cocaine

Ecstasy  
(pills if  
specified) Mephedrone

General population  
survey (2010/11)a

(2011/12)b

4.4

4.2

3.8

3.3

4.4

3.3

Lancashire bars  
(2010)c

25 18 11

Lancashire 
nightclubs (2012) d

24 16   7

NW music  
festival (2010)e

(2011)e

44 40 32

39 34 21

London gay dance  
clubs (2010),f

(2011)g

59 49 52

66 45 58

Mixmag magazine  
(2010),h

(2011)i

63 75 51

42 39 20

aSmith K., Flatley J, eds. Drug Misuse Declared: Findings from the 
2010/11 British Crime Survey, England and Wales, Home Office 
Statistical Bulletin 12/11. London: Home Office; 2011 – data for 
16–24-year-olds.
bHome Office. Drug Misuse Declared: Findings from the 2011/12 Crime 
Survey for England and Wales, London: Home Office; 2012. Data for 
16–24-year-olds
cMeasham F, Moore, K, Østergaard, J. Mephedrone, ‘Bubble’ and 
unidentified white powders: the contested identities of synthetic ‘legal 
highs’. Drugs and Alcohol Today 2011; 11 (3): 137–147. Average age 24.
dMeasham F, Moore K, Welch Z. Emerging drug trends in Lancashire: 
club surveys. Phase Three Report, Lancaster: Lancaster University and 
Lancashire Drug and Alcohol Action Team; 2012. Average age 23.
eUnpublished data from Measham F. Alcohol and drug use at an 
English festival in 2011: Year Two Report, Lancaster University; 2012. 
Unpublished report of research conducted at the same music festival in 
2010 and 2011 with an average age of 27 in the 2010 survey and 29 in the 
2011 survey.
fMeasham F, Wood D, Dargan P, Moore K. The rise in legal highs: 
prevalence and patterns in the use of illegal drugs and first and second 
generation ‘legal highs’ in south London gay dance clubs. Journal of 
Substance Use 2011;16 (4): 263–272. Average age 30.
gWood D, Measham F, Dargan P. ‘Our favourite drug’: prevalence of use 
and preference for mephedrone in the London night time economy one year 
after control. Journal of Substance Use 2012; 17 (2): 91–97. Average age 30.
hMixmag The 2011 Drugs Survey. 2011; March 238: 49–59.
iMixmag. Mixmag’s Drug Survey: the results. 2012. UK respondents, 
average age 28. Available: http://www.mixmag.net/drugssurvey [accessed 
22/9/12].

http://www.mixmag.net/drugssurvey
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Festival-goers

Annual surveys of drinking and drug use 
at a summer music festival in the north-west 
of England undertaken by the author provide 
rare data on the prevalence of use of mephe-
drone at festivals just after legislative control 
(April 2010) in the UK, as well as providing a 
comparison with a NPS that was, and to date 
still is, legal in the UK (MDAI). Tables 5.1 and 
5.2 show data on use of the Class A stimulants 
(cocaine and ecstasy), mephedrone and other 
NPS by festival-goers at the same festival in 
2010 and 2011 using the same survey instru-
ment and research design both years. Festival-
goers were stopped at random and interviewed 
across the course of three days at the festival 
by a mixed sex research team using a survey 
instrument similar to that used in the author’s 
surveys of bar customers [22,24] and dance 
club customers [15,25]. Amongst festival-goers, 
as with bar customers, mephedrone was by 
far the most popular of the NPS that emerged 
in the UK in 2009–11. In 2010, one-third of fes-
tival respondents reported having had mephe-
drone in the past year compared with 44% 
having had cocaine and 40% ecstasy pills (Table 
5.1). In 2011 self-reported drug use by festival-
goers had fallen: only one in five respondents 
reported having had mephedrone in the past 
year, compared to four in 10 having cocaine 
and a third having ecstasy pills. This sug-
gests that although mephedrone use appeared 
to have fallen in the 12-month period since it 
was banned there was still a small minority of 
festival-goers who were both willing and able 
to access the drug. By comparison use of other 
NPS was negligible. In 2010 3% of festival goers 
had taken NRG-1 in the previous year (when 
its supposed active ingredient naphyrone was 
still legal in the UK) and 1% had used MDAI. 
A similar number reported past year use of 
MDAI in 2011 (Table 5.2). This suggests that use 
of the unregulated NPS MDAI did not increase 
amongst festival-goers in the 12-month period 

TABLE 5.2  Past Year Prevalence of Three Popular 
Novel Psychoactive Substances, UK Young Adults (%; 
Date of Data Collection in Brackets)

Mephedrone NRG-1 MDAI

General population  
survey (2010/11) a

(2011/12) b

4.4

3.3

n/a

n/a

n/a

n/a

Lancashire bars  
(2010)c

11 1 1

Lancashire  
nightclubs (2012)d

7 n/a n/a

NW music festival  
(2010) e

(2011) e

32 3 1

21 n/a 1

London gay dance  
clubs (2010) f

(2011) g

52 13 6

58 n/a 7

Mixmag magazine  
(2010) h

(2011) i

51 n/a 5

20 n/a 2

aSmith K., Flatley J, eds. Drug Misuse Declared: Findings from the 
2010/11 British Crime Survey, England and Wales, Home Office 
Statistical Bulletin 12/11. London: Home Office; 2011. Data for 
16–24-year-olds.
bHome Office. Drug Misuse Declared: Findings from the 2011/12 Crime 
Survey for England and Wales, London: Home Office; 2012 – data for 
16–24-year-olds
cMeasham F, Moore, K, Østergaard, J. Mephedrone, ‘Bubble’ and 
unidentified white powders: the contested identities of synthetic ‘legal 
highs’. Drugs and Alcohol Today 2011; 11 (3): 137–147. Average age 24.
dMeasham F, Moore K, Welch Z. Emerging drug trends in Lancashire: 
club surveys. Phase Three Report, Lancaster: Lancaster University and 
Lancashire Drug and Alcohol Action Team; 2012. Average age 23.
eUnpublished data from Measham F. Alcohol and drug use at an 
English festival in 2011: Year Two Report, Lancaster University; 2012. 
Unpublished report of research conducted at the same music festival in 
2010 and 2011 with an average age of 27 in the 2010 survey and 29 in the 
2011 survey.
fMeasham F, Wood D, Dargan P, Moore K. The rise in legal highs: 
prevalence and patterns in the use of illegal drugs and first and second 
generation ‘legal highs’ in south London gay dance clubs. Journal of 
Substance Use 2011; 16 (4): 263–272. Average age 30.
gWood D, Measham F, Dargan P. ‘Our favourite drug’: prevalence of use 
and preference for mephedrone in the London night time economy one year 
after control. Journal of Substance Use 2012; 17 (2): 91–97. Average age 30.
hMixmag The 2011 Drugs Survey. 2011; March 238: 49–59.
iMixmag. Mixmag’s Drug Survey: the results. 2012. UK respondents, 
average age 28. Available: http://www.mixmag.net/drugssurvey [accessed 
22/9/12].

http://www.mixmag.net/drugssurvey
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after both mephedrone and naphyrone were 
banned in the UK and therefore the legal sta-
tus of a NPS is not the only or indeed primary 
motivating force in its use.

Dance Club Customers

An annual survey of its readership by 
the dance music magazine Mixmag provides 
times-series data on self-reported drug use 
by an international sample of several thou-
sand young people. Data presented for the 
UK subsample of 2295 respondents who 
responded to the survey in the autumn of 
2009 found that whilst 90% had tried ecstasy 
pills at least once and 85% had tried cocaine, 
41% had tried mephedrone with 39% having 
taken it within the past year and one-third 
within the past month [26]. For the sample as a 
whole, the survey conducted just after legisla-
tive control in autumn 2010 found that three-
quarters of respondents had taken ecstasy 
pills within the past year, nearly two-thirds 
had taken cocaine and over half had taken 
mephedrone [12] (see Table 5.1). A year later, 
figures for past year drug use were much 
lower with only about four in 10 respondents 
having taken ecstasy pills or cocaine in the 
past year and two in 10 having taken mephe-
drone [19]. Caution is needed in interpret-
ing differences between years in the annual 
dance music magazine survey, however, as 
the survey conducted in the autumn of 2011 
used a different sampling method which 
included a national broadsheet newspaper 
and its associated website (www.guardian 
.co.uk), resulting in a diversified sample that 
was not directly comparable with earlier years 
[19]. Also whilst ecstasy remains very popular 
overall, there has been a shift in the UK from 
ecstasy pills to MDMA powder in recent years, 
with MDMA in powder form perceived to be a 
higher priced, higher purity premium product 
in the wake of the declining MDMA content in 
pills across the 2000s [27].

Annual surveys undertaken by the author 
and colleagues in South London gay dance 
clubs suggest that use of NPS, particularly 
mephedrone, remains much higher amongst 
clubbers than in the general population, amongst 
school pupils, bar customers or festival-goers.  
In July 2010 and 2011 self-reported past year 
prevalence of use of cocaine, ecstasy pills and 
mephedrone were at a similar level, with five in 
six respondents having had cocaine and mephe-
drone in the past year and four in five respond-
ents having had ecstasy pills (see Table 5.1). In 
terms of drugs being taken and/or planned on 
the fieldwork night, mephedrone was the most 
popular drug taken by South London gay dance 
clubbers, ahead of cocaine and ecstasy, taken or 
planned by 27% of respondents on the field-
work night in 2010 and by 41% of respondents 
in 2011, whereas ecstasy pills taken or planned 
on the fieldwork night was 15% in 2010 and 
had fallen to 6% in 2011, mirroring the down-
ward trend that was seen in the same time 
period amongst festival-goers.

In terms of the impact of legislative control 
on prevalence of use, the annual dance music 
magazine surveys undertaken suggested that 
whilst lifetime and past year mephedrone use 
increased between the pre-ban survey con-
ducted in autumn 2009 [11] and the post-ban 
survey conducted in autumn 2010 [12], more 
recent, past month use fell from 34% to 25% in 
the same period [11,12]. In the post-ban period 
from the autumn of 2010 [12] to the autumn 
of 2011 [19] self-reported past year mephed-
rone use by UK respondents fell from 51% to 
20% (Table 5.1). A follow-up survey of mephe-
drone users from the dance music magazine 
sample by Winstock et  al. found that whilst 
63% reported continued use and 55% intended 
to continue using the same amount, 40% 
intended on using lesser amounts of mephe-
drone after control [28]. The online survey 
by Carhart-Harris et al. in 2011 of over 1000 
UK mephedrone users also found reduced 
use of mephedrone after control with nearly 

http://www.guardian.co.uk
http://www.guardian.co.uk
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two-thirds (64%) of those surveyed reporting 
that they used mephedrone less after it was 
controlled [16].

By contrast, in the South London gay night-
club surveys, mephedrone use in the past 
month and on the fieldwork night increased in 
the year after control suggesting that mephed-
rone continued to be available and used after 
its control, with pockets of popularity such as 
the gay clubbing scene [29]. However, there 
were very much lower levels of use of subse-
quent NPS that had not (yet) been controlled, 
such as naphyrone and MDAI (Table 5.2) [30]. 
The low uptake of MDAI again suggests that 
legal status alone is not the most significant fac-
tor in deciding whether or not to take psycho-
active drugs, a point discussed further below. 
The different trends between the annual dance 
music magazine and annual gay clubbing sur-
veys may indicate methodological differences 
between online/self-selecting and in situ/con-
venience sampling methods, as well as differ-
ences in NPS use within different dance club 
‘scenes’ [23], suggesting highly differentiated 
demand.

Aside from general population surveys and 
Internet surveys, the surveys discussed above 
are the only surveys to date assessing preva-
lence of NPS use amongst non-treatment based 
users. Conducted in situ with students, bar cus-
tomers, festival-goers and dance club custom-
ers, they suggest that overall then, whilst NPS 
use is low in the general population with only 
about 1 in 10 to 1 in 20 having tried them across 
Europe [21], there have been rapid increases 
in use amongst certain sub-populations. For 
example clubbers – who are often experienced 
users of established street drugs and particu-
larly Class A stimulants – appear to be amongst 
the most prolific users of NPS. However, even 
amongst clubbers there seem to be large vari-
ations in uptake of NPS. Whilst mephedrone 
use appears to be falling across the dance 
music magazine sample, prevalence remains 
robust amongst gay clubbers. Indeed the South 

London Surveys found that self-reported 
mephedrone use was higher than that of estab-
lished street drugs such as ecstasy and cocaine, 
whereas for all other survey samples mephe-
drone use was lower than that of established 
Class A stimulants.

In summary, what is clear from a considera-
tion of even a handful of self-report surveys of 
mephedrone amongst different survey samples 
in the UK and Europe is that mephedrone – 
often considered the ‘original legal high’ – very 
quickly became popular amongst a range of soci-
odemographic groups but particularly amongst 
young adult recreational drug users frequent-
ing a range of social settings who already used 
established stimulant drugs such as ecstasy and 
cocaine. By contrast, subsequent NPS such as 
naphyrone methoxetamine and MDAI, some 
of which have been advertised as substitutes 
both for mephedrone and for the more estab-
lished street drugs such as cocaine, ketamine and 
ecstasy, have failed to achieve the level of uptake 
that occurred with mephedrone. This suggests a 
picture of differentiated demand for NPS, both 
by product and by user group, with legal status 
not a key motivating force. Motivations for use 
are considered further below.

UNDERSTANDING MOTIVATIONS: 
THE DISPLACEMENT QUESTION

Key to understanding the social dimensions 
of the NPS debate is an understanding of the 
motivations for use, a critical but still under 
researched area. In conjunction with under-
standing the motivations for using NPS, it is 
also important to explore the wider context to 
use and particularly changes in both the legal 
and illegal drug markets given the considerable 
overlap that has been identified between users 
of NPS and established street drugs.

Early studies of NPS that explored motiva-
tions for use [13,20,31] suggested that the con-
sumer’s quest for legal psychoactive drugs 
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reflected their perception that these products 
were more likely to be of higher purity than 
street drugs, be more easily available, carry 
a lower risk of physical harm and avoid the 
risk of detection or criminal sanction associ-
ated with the consumption of controlled drugs. 
Analyses of police seizures, test purchases and 
user monitoring/‘early warning’ systems con-
firm that the purity levels of street drugs such 
as cocaine and ecstasy pills reached a low point 
in the UK and elsewhere in Europe in 2009–10, 
suggesting that less cocaine and MDMA were 
available and less was being consumed [32]. 
Whilst some commentators suggested that 
this was due to suppliers deciding and acting 
in unison to add increasing amounts of bulk-
ing agents and adulterants to their products 
to maximise profits, a more convincing expla-
nation for the cross-national trends relates to 
interdiction successes along the length of the 
supply chain reducing availability of both raw 
materials and precursor ingredients [20,33,34], 
alongside increased border security as a by-
product of anti-terrorist and anti-trafficking 
measures. Consequently the purity of heroin 
[35], cocaine [36] and ecstasy [37] all fell signifi-
cantly in the late 2000s.

Despite an upturn in the purity levels of 
seizures of Class A drugs in the last couple of 
years in the UK and continental Europe [38], 
users continue to feel that the quality of cocaine 
and ecstasy are declining. In the 2011 dance 
music magazine survey [19], 52% of cocaine 
users believed that the quality had gone down 
in the previous 12 months (autumn 2010–11) 
compared with only 5% feeling that the qual-
ity had increased. User impressions of the qual-
ity of ecstasy pills were more mixed, with 45% 
of ecstasy users believing that the quality had 
gone down in the previous 12 months com-
pared with 28% feeling that it had increased. 
This fits with the much predicted ‘return of 
the £10 pill’; [11] with nearly three quarters 
of ecstasy users reporting in the 2011 dance 
music magazine survey [19] that they had been 

offered higher priced ecstasy pills with the 
promise of better quality. Over three quarters 
of those offered had then gone on to buy them 
and over eight in 10 reported that they did think 
the pills were of better quality.

This perceived inability to source street 
drugs, or to source street drugs of satisfactory 
purity levels, also emerges as a motivation for 
use of more recent NPS. For example, the rea-
sons given by users for taking methoxetamine 
(the ketamine analogue that became the first 
drug to receive a Temporary Class Drug Order 
in the UK in 2012) in the 2011 dance music 
magazine survey include 73% saying it was 
easier to get hold of than ketamine, 20% saying 
it was better value for money than ketamine, 
18% believing it caused less damage to the liver 
or kidneys than ketamine and 20% either being 
curious to try methoxetamine or being mis-sold 
what they thought was ketamine [19].

Given that NPS can offer similar oppor-
tunities for users to experience stimulant, 
depressant or hallucinogenic effects as can 
be produced by established street drugs, we 
would expect the reasons for taking NPS to be 
similar to those for taking established street 
drugs and depending on their effects, taken to 
enhance various user activities such as danc-
ing, socialising, partying or relaxing. At an 
individual level NPS users may utilise a cost-
benefit analysis of specific NPS as has been 
noted previously in relation to adolescent deci-
sion making concerning their use or non-use of 
illegal drugs [39] although as with illegal drugs, 
any cost-benefit analyses are constrained by 
the unpredictable content and consequences 
of NPS. There are also broader socio-economic 
and cultural reasons for consumption of NPS as 
with established illicit drugs that have yet to be 
fully explored, which may include a complex 
mix of associations and influences including 
family, childhood, peers, friendship networks, 
educational aspirations and attainment, reli-
gious and other influences, as well as the poten-
tial impact of social exclusion, deprivation and 
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poverty in local communities, and alternative 
valued activities [40–43].

Recent research suggests that the emergence 
and rapid growth in NPS may be more complex 
than simply a wholesale displacement from estab-
lished street drugs to NPS due to their reduced 
purity/availability as was first supposed. For 
example, analyses of the South London Survey 
data suggest that there is a statistically significant 
relationship between recent mephedrone use and 
recent use of cocaine, ecstasy pills and MDMA 
powder [44]. This is supported by a survey of bar 
customers conducted about four months later 
that also found that recent mephedrone use was 
associated with recent use of cocaine, ecstasy 
pills and MDMA powder [45]. These studies sug-
gest that NPS may act to supplement rather than 
wholesale displace established street drugs and 
thus provide a means to bolster and diversify 
polydrug repertoires.

Therefore, whilst the initial popularity of 
NPS such as mephedrone was clear: it was rela-
tively cheap, easily available, a novelty, and for 
experienced users, an eager supplement to the 
reduced purity/availability and resultant disil-
lusionment with street drugs [20], the growth in 
the trade creates a much more complex picture. 
What we are seeing is widespread polydrug use, 
with different drugs taken for different effects in 
different social contexts, and also influenced by 
regional and temporal variations in price, purity 
and availability of both NPS and street drugs.

Furthermore, as well as questioning the 
occurrence of a wholesale displacement from 
established illegal drugs to NPS, the widely pre-
dicted displacement from first generation NPS 
such as mephedrone to currently legal NPS, such 
as MDAI, also did not occur in the UK, accord-
ing to annual surveys conducted with dance 
music magazine readers, with festival-goers 
and with South London gay clubbers. This pic-
ture is further complicated by the reported use 
of generic ‘pills’ and unidentified white pow-
ders with stimulant effects. The annual dance 
music magazine survey reported for its 2011 

cohort that 15% of respondents had consumed 
a mystery white powder in the past year with-
out knowing what it was or what it was origi-
nally sold as, with younger respondents more 
likely than older respondents to report taking 
these mystery powders [19]. Furthermore some 
users were not just unclear but also unconcerned 
about which NPS they consumed, illustrated 
by the growth in the north-west of England in 
self-reported use of ‘Bubble’, a white powder 
with disputed and varied contents according to 
users [45]. This was confirmed by analyses of 
police seizures which suggest that a wide range 
of stimulant drugs have been found in ‘Bubble’, 
from NPS such as mephedrone through to Class 
A drugs such as para-methoxymethampheta-
mine (PMMA).

Finally, although there was some evidence of 
mephedrone users planning to switch to Class 
A drugs when mephedrone was banned, this 
does not seem to have materialised. Amongst 
the online drug survey by Carhart-Harris et al. 
of over 1000 UK mephedrone users, nearly half 
(49%) said that they would use more MDMA 
once mephedrone was banned [16]. However, 
trends in ecstasy use in the UK, the BCS and 
CSEW household surveys do not provide evi-
dence of this, even though the MDMA content 
of ecstasy pills is supposedly increasing. Self-
reported lifetime use of ecstasy has been con-
sistently but gradually falling from a peak in 
2002/3 of 13% down to 9% in 2011/12 amongst 
16–24 year olds, a statistically significant  
fall [46].

There are therefore grounds to question all 
three predicted types of displacement: from 
established illegal drugs to NPS, from first to 
second generation NPS and from NPS back 
to established illegal drugs. From the limited 
survey evidence that exists (most of which is 
from the UK), it seems instead that users adopt 
more fluid and flexible polydrug repertoires 
involving supplementing and adding various 
drugs to their consumption profiles rather than 
wholesale displacement.
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EXPLORING SOCIAL HARMS: 
LEGISLATIVE CONTROL AND THE 

SUPPLY OF NPS

As the use of NPS increased, so more physi-
cal and social harms have come to light. Some 
of these, particularly the physical harms, are 
addressed in Section 3 of this book. This chap-
ter highlights three key concerns relating to the 
social harms of NPS: the effects of legislative 
control on legal NPS; the development of an ille-
gal trade in controlled NPS; and dependency.

Regarding the impact of legislation on NPS, 
there is evidence of increased variability in con-
tents with the introduction of increased con-
trols. For example, whereas mephedrone sold 
before legislative control was assessed to have 
high purity levels (approximately 95%) [47], 
the content and purity of NPS have become 
more variable as increasing numbers of drugs 
have been controlled by increasing numbers 
of countries. This is evident in a number of 
test purchasing studies by academics, chem-
ists and law enforcement agencies, as well as 
the perceptions of users and NPS retailers. For 
example, a study by Brandt et  al. in the UK 
in 2010 involved test purchase of 20 samples 
of products sold as NRG-1 and NRG-2 to see 
whether they contained the contents claimed 
in their packaging and marketing. Brandt and 
colleagues found that 70% of the NRG-1 and 
NRG-2 products they had purchased online 
contained a mixture of cathinones banned in 
the UK in April 2010 which had been rebranded 
as naphyrone, a legal NPS at the time of the test 
purchases. In fact, only one of the 17 products 
that had been sold as naphyrone was accu-
rately labelled and contained naphyrone. Most 
samples purchased by the team in the immedi-
ate aftermath of April 2010 contained substi-
tuted cathinones that had been banned in the 
UK, with some samples also containing legal 
stimulants such as caffeine and inorganic bulk-
ing agents [48–50]. This may be because retail-
ers were using up their old stocks of the (now) 

controlled drugs or because misbranding by 
producers higher up the supply chain was 
leading to confusion and uncertainty amongst 
retailers about the contents of their own prod-
ucts. Similar concerns have been raised in other 
test purchase studies in the UK such as those 
of Davies and colleagues [51] and Ramsey and 
colleagues [52]. In a test purchase scheme by 
the Serious Organized Crime Agency, it was 
found that 19% of supposedly ‘legal highs’ con-
tained controlled substances [2]. Furthermore, 
studies in Europe and the USA have shown 
similar results with variable content of NPS test 
purchased over the Internet, in head shops and 
in patient samples obtained in hospital admis-
sions. For example, Spiller and colleagues ana-
lyzed the clinical effects and samples of ‘bath 
salts’ products for patients admitted to two 
poison centres with neurological and cardio-
vascular problems after exposure to ‘bath salts’ 
[14]. Whilst MDPV was evident in 13 out of 17 
blood and/or urine samples, no mephedrone or 
methylone was found in any sample. Some NPS 
retailers have reported that since the banning 
of mephedrone across Europe and in China in 
2010, illicit mephedrone is now as likely to con-
tain 4-methylethcathinone (4-MEC), still legal 
in much of Europe and China, as mephedrone 
(4-methylmethcathinone, 4-MMC). For exam-
ple, the Rave Florist described how: ‘After 
mephedrone was banned… it was immediately 
replaced in the black market with methedrone. 
… The market that was created by the legiti-
mate sale of mephedrone by law abiding busi-
ness was immediately taken over by criminals 
as 4-MEC, a dirtier high with more negative 
side effects and greater dangers, remained legal 
through most of the EU so could be imported to 
the border of the UK legally. The vast majority 
of vendors who legally sold mephedrone have 
nothing to do with the illegal 4-MEC trade. It is 
now a trade in the UK run exclusively by crimi-
nals.’ This is supported by UK police seizure 
and drug-related deaths statistics. For exam-
ple, analyses of NPS seizures by Lancashire 
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Constabulary in the 12 month period ending 
February 2013 contained 40% methedrone, 29% 
mephedrone and 12% pentedrone.

Amongst users, the annual dance music 
magazine survey reported growing suspicions 
that mephedrone was cut with other products 
or bulking agents, rising from 30% suspecting 
mephedrone was adulterated in 2010 to 80% 
in 2011, combined with the average price ris-
ing from about £12 per gram when mephed-
rone was legal, to approximately £19 per gram 
about six months after it was banned [12], and 
to approximately £20 per gram 18 months after 
it was banned [19]. By the autumn of 2011, 18 
months after the ban, nearly half of dance music 
magazine respondents thought that the purity 
of mephedrone had fallen in the previous 12 
months, i.e. from the autumn of 2010 to 2011 
[19]. In the annual South London Surveys in gay 
clubs, respondents reported to the researchers 
that they were able to buy mephedrone from 
illicit suppliers within weeks of the ban and 
the researchers observed suppliers operating 
both inside and nearby to the dance clubs in the 
study, selling mephedrone at £20–25 per gram 
in July 2010 [15]. Interestingly the South London 
Survey respondents reported in the follow-up 
surveys paying a similar amount for mephed-
rone in July 2011 and 2012 as in 2010, suggest-
ing that whilst the initial ban had an immediate 
impact upon availability, any changes in the 
availability of mephedrone (or its chemical 
cousins) in the subsequent 24 months had not 
been significant enough to influence the price of 
street mephedrone. The South London Survey 
respondents also did not think that there had 
been a notable deterioration in purity levels, cit-
ing the existence of crystals as visual evidence 
that street mephedrone had not been exces-
sively cut with bulking agents, presumed by 
respondents usually to be powders.

It has been noted by users and online retail-
ers interviewed by the author and also by 
enforcement agencies that to date organised 
crime has not taken over the illegal trade in 

NPS after legislative control in a replica of the 
criminal networks selling heroin and cocaine 
[53]. The current trade in controlled NPS such 
as mephedrone appears to be a hybrid trade, 
still largely separate from the heroin and 
cocaine trades, following circuitous routes from 
producer to user countries more akin to the 
trade in counterfeit prescription medicines (also 
manufactured in China and south east Asia) 
than the criminal organisations that dominate 
the heroin and cocaine trades. However, in rela-
tion to the trade in synthetic drugs more gen-
erally, continental European police have noted 
partial displacement prompted by the relative 
scarcity along the supply chain of some precur-
sors and other essential ingredients [54]. This 
has combined both spatial displacement from 
Europe to China and also methodological dis-
placement in terms of extending manufactur-
ing to precursor ingredients as well, if certain 
chemicals become increasingly scarce due to 
stricter control measures.

Furthermore, in user countries, the com-
petitiveness of the drug trade combines with 
the vast profits involved and the pressure of 
law enforcement agencies to produce a com-
plex, fluid and entrepreneurial structure where 
ingenuity, loyalty and friendship reap greater 
rewards than aggression and fear [55–58]. 
Within these diverse and fluid drug enter-
prises there also exist independent retailers that 
have been characterised as evangelical ‘trading 
charities’ because they possess an ideological 
commitment to the use of drugs or an altruis-
tic desire to procure drugs as a service to the 
community rather than being motivated sim-
ply by profit [55]. This is similar to the sorts of 
independent retailers noted in the 1990s ecstasy 
market of the UK acid house and rave scene, 
with the author interviewing ecstasy ‘dealers’ 
who exhibited an evangelical zeal in provid-
ing high quality ecstasy to clubbers because 
of what they saw as its positive and empathic 
influence on dance club culture [25]. Such trad-
ing charities were also associated with the 
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supply of LSD in the late 1960s hippy coun-
terculture and the supply of cannabis through 
1970s Rastafarianism [55]. Also illustrative of 
this approach was the Rave Florist NPS retailer 
interviewed by the author in the spring of 2012 
and again a year later. With a history of partici-
pating in the Manchester Hacienda rave scene 
himself, he had no desire to sell illegal drugs 
but instead expressed a wish that one day he 
would be able to sell a NPS that had been iden-
tified, tested and confirmed as a safe, legal 
alternative to ecstasy, combining stimulant and 
euphoric effects to enhance weekend partying, 
saying that “for myself, this business began as 
I enjoyed taking recreational substances but 
did not want to break the law.” This is not dis-
similar to the attempts by Nutt ‘to make better 
recreational drugs’ such as a safer or modified 
version of alcohol without the hangover [59].

Online NPS retailers have emphasised that in 
order to maintain their competitive edge over 
rival retailers they ensure quality through the 
regular laboratory testing of their products as 
well as maintaining high levels of customer ser-
vice [60]. In an interview with the author, the 
Rave Florist retailer emphasied that he wanted 
to sell NPS that were accurately labelled and 
safety tested and accurately labelled but he 
also expressed frustration in relation to both 
of these issues. In terms of safety testing, pres-
sure from enforcement agencies made some 
laboratories reluctant to test his products and 
that this consequently reduced his ability to sell 
accurately labelled, (or even knowingly legal) 
NPS. Furthermore, in relation to labelling, he 
highlighted how currently the law discourages 
the provision of explicit user advice because 
recognition that products are for human con-
sumption increases the risks of prosecution: “I 
certainly want to offer products that are accu-
rately labelled and tested and would like to 
provide relevant safety information however 
current legislation prevents this. It seems that 
certain government agencies have decided to 
take a moral crusade against us. … We have 

experienced problems with trading standards 
when we have tried to display safety informa-
tion. When no safety information is displayed 
they seem to have no problem however when 
safety information is displayed they are fast to 
attempt to prevent sales by focusing on mis-
takes and refusing to offer advice as to how 
products should be correctly labelled. … We are 
very resourceful and have invested in advice 
and now have all our products labelled in full 
accordance with current legislation.” The recent 
response by the New Zealand government to 
the challenges of controlling NPS moves some 
way towards incorporating this perspective into 
a national regulatory framework, discussed fur-
ther below.

In terms of dependency, even the earliest 
qualitative studies with users raised concerns 
about the negative stimulant effects of mephe-
drone [20,31]. The first UK survey of school and 
college students noted that 18% reported symp-
toms associated with addiction or dependence 
[10]. Strong cravings for the drug (redosing or 
‘fiending’), dependency and suicidal tendencies 
have all been noted by mephedrone users and 
in animal laboratory studies with suggestions 
that this may be due to its strong dopaminergic 
effects [3,61]. Aside from newspaper headlines 
linking NPS with, for example, violent crime, 
there is a small but growing body of evidence 
suggesting that small numbers of NPS users are 
developing problem use, dependency and asso-
ciated problems, as well as growing concerns 
about the route of administration with evi-
dence of binge intravenous injecting in Eastern 
Europe, Ireland [62] and the UK, both amongst 
established heroin injectors [63] and clubbers 
[64]. Indeed the first confirmed mephedrone-
related death in the UK was the result of multi-
ple injecting of illicit drugs [65].

It is perhaps salutary to consider the histori-
cal precedents to these debates. Warner noted in 
relation to the ‘gin epidemic’ of the 18th century 
that government attempts to legislate to reduce 
consumption failed, but that consumption fell 
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once a critical mass of the general public had 
experienced gin and had come to observe in 
themselves or others significant negative effects 
[66]. After several years, it could be that there 
develops a significant body of experiential evi-
dence of this in relation to NPS. Growing num-
bers of users are reporting NPS-related social 
problems in terms of excessive use resulting in 
a negative impact on work, studies, finances 
and relationships. One festival-goer inter-
viewed by the author in 2012 noted with pride 
how well he controlled his cocaine use but that 
he became ‘addicted’ to mephedrone when it 
was legal in the UK. An optimist might deduce 
that the low uptake in use of contemporary 
NPS could be in part a reflection on some of the 
problems users have already experienced with 
mephedrone and other NPS when they first 
emerged. However, it could be due to wider 
processes of cultural change going beyond first 
hand experience of NPS. It has been suggested 
that the declining uptake in NPS mirrors a 
broader fall in illegal drug use in recent years 
and that this can be explained by changing 
fashions which are themselves influenced by 
the increased availability and cultural accom-
modation of recreational drug use in the UK 
in the 1990s and 2000s [39,67]. For example, 
Shapiro suggests that:

“drug use having become more normalized in 
society, might then be just as prey to fashion as any 
other cultural artefact. Drugs don’t appear to be 
‘cool’ these days as they once were” [68].

POLICY OPTIONS IN A CHANGING 
WORLD

Novel psychoactive substances represent 
a unique set of challenges for policy mak-
ers because of the combination of the role of 
the Internet in facilitating the retail trade and 
user fora; a robust demand to experiment with 
psychoactive substances amongst some sec-
tions of youth and young adults; resulting in an 

‘irrepressible market’ [55] with multi-million 
pound profits for retailers; and tensions between 
the speed of emerging NPS and the development 
of an evidence base to inform policy. Therefore 
despite the very low levels of use of many of 
the NPS on offer (discussed above), policy mak-
ers, commentators and campaigners have been 
exercised in the consequent debate about pol-
icy options or ‘solutions’ to this perceived new 
‘threat’.

For many legislatures, prohibition remains 
the basis for drug control and includes a system 
of risk assessment of each individual new drug 
which is seen to pose a threat with consequent 
legislative control of those deemed to cause sig-
nificant physical or social harm. Before 2009, this 
assessment process happened on occasion – for 
example in the UK GHB, ketamine [69], GBL 
[70], and BZP were reviewed and banned in the 
2000s – at a quickening but manageable rate. The 
sudden explosion of NPS from 2009 onwards 
has challenged what was arguably a creaky 
and decades-old system of legislative control 
across Europe, North America and Australasia, 
limited by the minimal knowledge base for so 
many of these new drugs that have become 
readily available to curious potential consumers. 
Concerns about lack of scientific rigour in the 
risk assessment process [71] combined with the 
pooling of drug harms with drug policy harms 
[72] have further overshadowed the assessment 
process. The need for an independent assess-
ment of drug-related harm which is entirely 
‘decoupled’ from determining punishments has 
been recommended by amongst others, the UK 
Parliamentary Science and Technology Select 
Committee [73].

Further disadvantages of the prohibition 
model include the high costs of enforcement, the 
adverse consequences for individuals of crimi-
nalisation and the potential for the law to pro-
duce greater problems than it solves in the form 
of incentives for criminal organisations to profit 
from the international supply of illegal drugs 
to meet continued demand. Social costs include 
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infringements of human rights and individual 
liberties, the adverse consequences of criminal-
ising potentially otherwise law-abiding citizens 
and divisive effects on families and communi-
ties [74]. Organisations advocating for reform of 
the drug laws such as the Transform Drug Policy 
Foundation have argued that not only has the 
prohibition paradigm failed to achieve its goal 
of eradicating drug supply or demand, but it has 
created new harms associated with the illegal 
trade and in many cases is actively counterpro-
ductive [75]. Other non-governmental organisa-
tion groupings recently included in the Count 
the Costs initiative have attempted to detail and 
describe the multiple harms either created or 
exacerbated by prohibition (both domestically 
and internationally) [76]. The costs that they 
categorise include the fuelling of crime at all 
levels from street crime to international organ-
ised crime; an array of human rights abuses; 
stigma and discrimination of marginalised and 
vulnerable populations; health costs in terms 
of increased risk to users from consumption of 
unregulated products in unsupervised venues; 
obstacles to effective harm reduction interven-
tions; and the costs of enforcement with the 
resultant loss of resources for public health inter-
ventions. The Rave Florist and a consortium of 
NPS online and High Street retailers recently  
estimated that the NPS trade potentially could 
raise £200 million in revenue for the Exchequer 
in the tax year 2012/3 through various contribu-
tions such as Value Added Tax, Pay As You Earn 
and so forth, although given the disincentives to 
open trading, it is doubtful that the full revenue 
is currently being raised.

Furthermore there is little evidence that 
one of the key purposes of legislative control – 
deterrence – is effective. In relation to cannabis, 
policy analyses suggest that the various policy 
options relating to control of cannabis appear to 
have little if any effect on rates of use or levels 
of associated social or physical harm, as Single 
and colleagues concluded in their comparison of 
cannabis decriminalisation in Australia and the 

USA [74]. The Portuguese decriminalisation of 
the use and possession of all illicit drugs in 2001 
also did not result in an increase in drug use, 
when compared to trends in neighbouring coun-
tries such as Spain and Italy [77], with evidence 
that problem drug use and drug-related harms 
actually lessened in subsequent years. However, 
Hughes and Stevens warn against attributing 
any and all positive changes in Portugal as due 
to decriminalisation alone, however, and cite 
expanding drug service provision and an ageing 
population of opiate users contributing to some 
of the positive outcomes that have been identi-
fied in Portugal, as elsewhere in Europe [78]. 
They also note that the benefits of policy change 
can often be cumulative, as was the case with 
Portugal.

The deterrent value of legislative control pro-
duces scant evidence in its support [72,73,79]. 
Furthermore, studies with non-drug users indi-
cate that abstainers rarely cite illegality as a key 
reason for their non-use of drugs, with health, 
disinterest and alternative leisure pursuits such 
as sports being cited as motivating factors instead 
[39]. This also has an important corollary in rela-
tion to ‘legal highs’: as noted above, NPS users 
do not tend to consider the legal status of NPS 
as the key motivating factor in their use. This can 
be illustrated in the South London gay clubbers’ 
study in that self-reported use of mephedrone 
and preference for mephedrone continued many 
months after the drug was controlled under the 
Misuse of Drugs Act, 1971 in 2010 in the UK, 
with mephedrone being identified as not just the 
most widely consumed illegal drug on the field-
work night but also users’ favourite drug [29]. An 
EMCDDA study of changes in cannabis policy 
across Europe, across a 10-year period showed 
no association between policy change and drug 
prevalence and concluded that for the 2000s, for 
the countries in question, ‘no simple association 
can be observed between legal changes and can-
nabis use prevalence’ [80]. However if there is lit-
tle evidence of a deterrent effect, contemporary 
studies of polydrug use suggest that changes in 
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availability/purity of one drug can have unin-
tended consequences in terms of supplemen-
tary use (if not wholesale displacement) to other 
drugs, both legal and illegal.

In terms of NPS the time and resources 
involved in the risk assessment and review of 
individual emergent drugs have led to increased 
pressures on government and scientific advisory 
bodies at a time of increased economic pres-
sures on the public sector more generally. In the 
UK the trafficking and sale of NPS of unknown 
harm can be temporarily banned whilst they are 
reviewed by the Advisory Council on the Misuse 
of Drugs, using Temporary Class Drug Orders 
introduced in the Police Reform and Social 
Responsibility Act 2011 amending the Misuse of 
Drugs Act, 1971, with the aim of reducing avail-
ability and thereby protecting the general pub-
lic whilst the review process is undertaken. For 
the first drug which received a Temporary Class 
Drug Order in the UK – methoxetamine – there 
is evidence that the temporary ban on trafficking 
and sales may have achieved its goal of reduc-
ing availability without criminalising users [81]. 
However, frustrations with the ‘cat and mouse’ 
process of reviewing and potentially banning 
each individual NPS have led governments and 
policy bodies to contemplate other, more com-
prehensive and potentially more effective meth-
ods of controlling NPS. Two contrasting models 
are illustrated from the USA and New Zealand.

The USA passed the Controlled Substance 
Analogue Enforcement Act in 1986 which out-
laws the supply of drugs which are ‘substan-
tially similar’ in chemical structure or effect to 
stimulant, depressant or hallucinogenic drugs 
that are already controlled. The appeal of the 
Analogue Act is that it potentially avoids a 
full risk assessment for each individual emer-
gent drug for which there may be little scien-
tific evidence available. However, American 
and British critics have suggested that it has 
failed to act as a deterrent; it is too unwieldy 
and reliant on expensive expert witnesses and 
the vagaries of the adversarial court system; 

it is a blunt tool which can stifle future medi-
cal and psychotherapeutic developments; and 
now nearly 30 years after the Analogue Act 
was passed not only is most of the case law sur-
rounding it dated but the US Drug Enforcement 
Administration itself sees the act as an ‘imper-
fect law’ that is ill equipped to address the 
contemporary challenges of NPS hence new 
legislation was required [82–84]. Also as Moore 
and Measham have noted [85], by criminalising 
all drugs ‘similar’ to those already controlled, 
the Analogue Act in effect results in the crimi-
nalisation of recreational drug use as an activ-
ity, regardless of the possible harms (or possible 
lack of harms) associated with any individual 
emergent drug. Thus it precludes the possibil-
ity of identification of an analogue that does 
not cause undue harm to the user and therefore 
outlaws drug use in and of itself, whether for 
the purposes of spiritual, creative, recreational 
or ‘psychonautic’ pursuits [86].

An indication of the perceived limitations 
of the Analogue Act can be seen in the rapid-
ity of the introduction of state and federal leg-
islation in recent years: within eight months of 
the appearance of ‘bath salts’ 16 states added 
synthetic cathinones to their list of controlled 
substances as a Schedule 1 drug [14] and fur-
thermore in 2011 US Congress proposed that the 
two main groups of NPS – cathinone derivatives 
and cannabinoid agonists – should be placed 
in Schedule 1 of the Controlled Substances Act 
without relying on the Analogue Act [83]. This 
flurry of legislation to ban NPS is all the more 
surprising given the approach towards cannabis 
control in the USA, with 18 states now allow-
ing medical cannabis use, 14 of these states also 
having taken steps towards decriminalisation 
of personal possession of cannabis and 2 states 
allowing the legal sale and possession of can-
nabis for recreational as well as medical pur-
poses, and the distinction between medically 
sanctioned and recreational cannabis use becom-
ing increasingly blurred. The bigger danger in 
terms of conceptualising drug policy, as Moore 
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and Measham note, is that in highlighting the 
laborious process of individual risk assessment, 
alongside the logistical problems of operat-
ing temporary banning orders and the populist 
appeal of the precautionary principle, authori-
ties could be pushed towards analogue legisla-
tion like that currently on the US statute books, 
or generic legislation as increasingly favoured in 
the UK, which

“extends the long arm of criminalization to 
potentially all stimulant, depressant and hallucino-
genic drugs regardless of their individual potential 
for harm and before any problems emerge (emphasis 
in original)” [85].

In contrast to analogue legislation, New 
Zealand has adopted a novel alternative 
approach to blanket prohibition. In this new 
regulatory regime due to be introduced in 2013, 
all NPS will be banned unless and until there is 
satisfactory clinical evidence of their safety [87]. 
This places the commercial burden of proof for 
safety on NPS manufacturers and retailers, it 
provides strong consumer protection but it also 
recognises the possibility that one day a recrea-
tional drug could be identified that is deemed to 
be ‘safe enough’ for its sale to be approved by 
the New Zealand health ministry. Potentially, 
then, a regulated market could develop in 
New Zealand whereby manufacturers would 
assess the risks of individual NPS through 
human trials; the state would approve those 
rare products that pass such safety tests as are 
established; and manufacturers would pay the 
government a substantial application or licens-
ing fee. This would result in the onus being on 
manufacturers rather than retailers, users or the 
state to assess the risks; and on the state rather 
than retailers, ‘dealers’ or enforcement agencies 
to control the availability of NPS.

As outlined by Rolles and by Demos and the 
UK Drug Policy Commission (UKDPC) [75,88], 
there is a broad spectrum of policy options 
between prohibition and legalisation, with reg-
ulation achieved through a range of possible 

controls over products, vendors and avail-
ability which could utilise existing mechanisms 
such as prescriptions, licensing or consumer 
trading standards. Demos and UKDPC [88] 
have called for a review of the Misuse of Drugs 
Act 1971 in the UK and suggested instead the 
introduction of a new Harmful Substances 
Control Act covering all legal and illegal drugs. 
Beyond a review of existing drug laws, drugs 
researchers have also called for a more robust 
framework for the regulation of trading stand-
ards, consumer protection and Internet sales, 
including appropriate user information on 
contents, dosage, risks and harm reduction. As 
Rolles has argued [75], a responsible govern-
ment may be better able to control NPS than 
a free market and a state imposed regulatory 
framework may be better able than individual 
manufacturers and retailers to prioritise mini-
mising the physical and social harms from 
drugs rather than maximising profits.

A cornerstone of education, prevention and 
harm reduction is to inform the user or poten-
tial user about the effects and consequences of 
use. However, whilst some of these drugs have 
a pre-existing body of research in relation to 
their clinical development as potential medi-
cines (e.g. methoxetamine), many more are 
chemicals with little or no research base upon 
which to draw (e.g. mephedrone). As with risk 
assessment, this makes the task of education, 
prevention and harm reduction more challeng-
ing for NPS than for established street drugs for 
which there are scores, if not hundreds of years, 
of writings on these drugs and their effects [89].

Whilst support for evidence-based policy 
in general and risk assessments in particular 
is widespread, limited research on many NPS 
hampers the formation of drug policy in this 
field. There is a resulting temptation to fill this 
void with personal memorandums, anecdotes, 
individual case studies and ‘killer charts’ in 
support of a particular policy option [90,91], 
whereby certain drug discourses are considered 
to be tactically and structurally useful to policy 
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makers in positions of power and which thereby 
further enhance pre-existing asymmetrical 
power relations [92]. Added to this the electorate 
(whether or not influenced by the media) may 
demand a government response to a perceived 
problem, as was evident with emerging mephe-
drone-related health and social problems in early 
2010 in the UK. Doing nothing is rarely a via-
ble option for politicians in the heat of a public 
health scare and an impending general election, 
even if ‘wait and see’ and ‘do more research’ is 
often the preferred academic response.

THE NPS DEBATE: HISTORICAL 
STAGNATION AND VESTED 

INTERESTS (A UK PERSPECTIVE)

As evident from the data presented in this 
chapter, the prevalence of use of individual 
NPS varies enormously. Whilst there is evi-
dence that mephedrone use rapidly increased 
and embedded itself in the repertoires of some 
weekend recreational drug users in the UK, for 
more recent NPS, their uptake and popularity 
has not matched that of mephedrone. Therefore 
whilst it is important to recognise the policy 
significance of the emergence of these drugs, 
their challenges to existing methods of control 
and the development of global manufacture 
and Internet trading, it is also notable that prev-
alence and indeed interest in more recent NPS 
might be very low amongst even established 
drug users. The control of such drugs may be 
justified on the grounds of the precautionary 
principle, to mediate against future uptake and 
harms, but for many of these NPS, we do not 
have resounding evidence of either significant 
prevalence or existing harms.

The concern here is with how the NPS 
debate is unfolding and why. Lessons can be 
learned from public health scares surround-
ing alcohol. As Reinarman noted in relation 
to the anti-drunk driving movement of 1980s 
America, ‘social problems have careers that 

ebb and flow independent of the “objective” 
incidence of the behaviours thought to con-
stitute them’ [93]. In the UK the ‘binge drink-
ing epidemic’ of the late 1990s and early 2000s 
was emblematic of the millennial zeitgeist with 
pervasive media images of intoxicated young 
people stumbling through city streets at night 
in an orgy of hedonistic consumption [94]. 
A few years earlier, the warning signs of this 
change in consumption patterns were start-
ing to develop. Young people’s weekly alcohol 
consumption doubled across the 1990s, for both 
over and under 16 s, with increased consump-
tion concentrated into weekend binges facili-
tated by an expanding market of high strength 
alcoholic drinks marketed to young people, and 
which revealed itself to the author when work-
ing on a longitudinal study of young people’s 
alcohol and drug use in the early 1990s [95]. 
What was interesting was the response of social 
scientists: an eagerness to reassert the historical 
continuities to binge drinking, both that Britain 
had a longstanding ‘binge and brawl’ culture 
dating back to Victorian times and earlier, and 
that Britain had a longstanding press culture 
which vilified young people and their leisure 
patterns [96], resulting in a cyclical reproduc-
tion of the ‘problem of youth’ beautifully 
expounded in the classic history of the hooligan 
by Pearson [97]. Thus, for alcohol and drugs 
researchers, to identify a change in consump-
tion practices (specifically an increase) was to 
risk falling prey to accusations from liberal pro-
gressives of fuelling a media ‘moral panic’ [45]. 
Added to this are legitimate concerns about 
drawing attention to the practices of a specific 
user group and risking (further) problematising 
or stigmatising that group, a point noted else-
where by the author in relation to GBL [98]. The 
danger, of course, is that the time lag in the aca-
demic process from proposal writing to fund-
ing, data collection and eventual publication in 
a peer reviewed journal can take several years, 
added to which those most successful in obtain-
ing funding for such research may be least 
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likely to have their finger on the pulse of youth 
at play. This can result in academic stagnation 
particularly in the field of drug and alcohol 
research. Then as academics and service pro-
viders play catch-up with a new trend another 
dynamic comes into play: resources, research 
profiles and careers increasingly become tied 
up with the new trend, resulting in a reluctance 
to acknowledge the (almost inevitable) decline 
in consumption that follows. This has been the 
case with binge drinking. Despite clear evi-
dence across the 2000s that alcohol consump-
tion has been falling in the UK and particularly 
binge drinking by young people, alongside 
falling levels of violent crime, confirmed in 
the General Lifestyles Surveys, BCS/CSEW,  
offender statistics and hospital admissions, 
for some academics and health service provid-
ers, their heels are lodged firmly in the ground 
[99,100].

Therefore, despite much of the criticism of 
evidence-based policy being of policy makers 
not taking enough notice of academic research, 
we also need to shine a light on the ‘producers’ 
(of evidence) and ‘providers’ (of services) in 
order to better understand how the processes 
of knowledge production and health and crimi-
nal justice service provision (with their inbuilt 
aversion to change) can impact upon NPS 
policy.

CONCLUSION

A growing patchwork of studies of NPS use 
by different sociodemographic groups in differ-
ent leisure venues paints a picture of differenti-
ated demand, variable uptake, with pockets of 
popularity contrasted with considerable indif-
ference, influenced by the different drugs on 
offer, their relative price, purity, availability and 
the broader social context to use. Whether or 
not many people are interested in taking NPS – 
and there is evidence that in Europe it remains 
a minority activity occurring predominantly 

amongst experienced young adult recreational 
drug users – the large number of drugs on offer 
and the ease of access to uncontrolled NPS 
makes this a new challenge for policy makers as 
well as a pharmacological experiment with the 
youthful minds and bodies of the next genera-
tion. The scientific evidence base – on the social 
and physical harms of NPS and evaluation of 
policy responses – remains slim and therefore 
it is the general public who currently act as 
guinea pigs until an effective system of control 
can be established which successfully regulates 
a sphere of enormous international political, 
commercial and scientific interest. The chal-
lenge is to balance the continuities and change 
in drug use, veering neither towards oversim-
plified vilification of NPS users and retailers, 
nor towards historical stagnation in asserting an 
essential and unvarying pattern of intoxication 
and excess.
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C H A P T E R 

6

INTRODUCTION

In the last decade, numerous novel psycho-
active substances have appeared on the semi-
legal drugs market being sold as, for example, 
bath salts, research chemicals, plant food, 
incense, or simply as ‘legal highs’. In Table 6.1, 
the chemical structures, names and acronym 
names that will henceforth be used in this chap-
ter are given for drugs from the most impor-
tant classes of novel psychoactive substances: 
piperazines, 2,5-dimethoxyphenethylamiens  
(2Cs), 2,5-dimethoxyamphetamines, 4-sub-
stituted amphetamines, β-ketoamphetamines 
(cathinones), pyrrolidinophenones, tryptamines, 
and synthetic cannabinoid receptor agonists.

This emergence of ever-new designer drugs 
is an ongoing challenge for analytical toxicolo-
gists in forensic as well as clinical toxicology, 
because most of the new drugs may cause seri-
ous toxicity or impairment but are not covered 

by established analytical methods for several 
reasons. Firstly, immunoassay (IA)-based tech-
niques targeting the classical drugs do not reli-
ably pick up most of the novel psychoactive 
substances due to low cross-reactivity [1–11]. 
Secondly, even with more sophisticated tech-
niques such as mass spectrometry (MS)-based 
screening techniques, the new drugs may be 
missed, either because reference mass spectra 
are not (yet) included in the respective refer-
ence libraries, or because established methods 
employing selected-ion monitoring (SIM) or 
multiple-reaction monitoring (MRM) focus-
ing on fragments of the classic drugs generally 
do not include typical fragments of novel psy-
choactive substances. In order to keep up with 
recent developments on the recreational drug 
market, it is therefore important to continuously 
adapt existing analytical methods or to develop 
new ones that allow determination of these new 
compounds. This, however, is associated with a 

http://dx.doi.org/10.1016/B978-0-12-415816-0.00006-7
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TABLE 6.1  Chemical Structures, Names, and Acronyms of Novel Psychoactive Substances

Drug Class Chemical Structure Compound Names, Acronyms

Piperazines

N
NH

R2

R1

R3 R1=R2=R3=H Benzylpiperazine, BZP, A2

R1=R2=CH2−O−CH2, 
R3=H

3,4-methylenedioxybenzylpiperazine, 
MDBP

NH
N

R2

R1

R1=O−CH3, R2=H 4-methoxyphenylpiperazine, MeOPP

R1=H, R2=Cl 3-chlorophenylpiperazine, mCPP

R1=H, R2=CF3 3-trifluoromethylphenylpiperazine, TFMPP

Phenethylamines 
(2Cs)

NH2

O

O

R

R=H 2,5-dimethoxyphenethylamine, 2C-H

R=CH3 4-methyl-2,5-dimethoxyphenethylamine, 
2C-D

R=C2H5 4-ethyl-2,5-dimethoxyphenethylamine, 
2C-E

R=C3H7 4-propyl-2,5-dimethoxyphenethylamine, 
2C-P

R=Br 4-bromo-2,5-dimethoxyphenethylamine, 
2C-B

R=I 4-iodo-2,5-dimethoxyphenethylamine, 2C-I

R=S−CH3 4-methylthio-2,5-dimethoxy-
phenethylamine, 2C-T

R=S−C2H5 4-ethylthio-2,5-dimethoxyphenethylamine, 
2C-T-2

R=S−C3H7 4-propylthio-2,5-dimethoxy-
phenethylamine, 2C-T-7

R=S-cyclohexyl 4-cyclohexylthio-2,5-dimethoxy-
phenethylamine, 2C-T-5

R=S−CH(CH3)2 4-isopropylthio-2,5-dimethoxy-
phenethylamine, 2C-T-4

R=S-methyl
cyclopropyl

4-cylopropylmethylthio-2,5-dimethoxy-
phenethylamine, 2C-T-8

R=S−C2H4−O−CH3 4-(2-methoxyethyl)thio-2,5-dimethoxy-
phenethylamine, 2C-T-13

R=S−CH2−CH(CH3)2 4-isobutylthio-2,5-dimethoxy-
phenethylamine, 2C-T-17

(Continued)
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TABLE 6.1  Chemical Structures, Names, and Acronyms of Novel Psychoactive Substances

Drug Class Chemical Structure Compound Names, Acronyms

FLYs

O

O

NH2

Br

Bromo-FLY, 2C-B-FLY

O

O

NH2

Br

Bromo-dragonFLY

4-substituted 
amphetamines N

H

R1

R2

R1=O−CH3, R2=H Para-methoxyamphetamine, PMA

R1=O−CH3, R2=CH3 Para-methoxymethamphetamine, PMMA

R1=O−CH3, R2=C2H5 Para-methoxyethylamphetamine, PMEA

R1=S−CH3, R2=H 4-methylthioamphetamine, 4-MTA

R1=CH3 4-methylamphetamine, 4-MA

R1=F 4-fluoroamphetamine, 4-FA

R1=Cl Para-chloroamphetamine, pCA

β-keto-
amphetamines N

H
O

R1

R2

R1=H, R2=H Ephedrone, methcathinone

R1=CH3, R2=H Mephedrone, 4-MMC

R1=OCH3, R2=H Methedrone

R1=F, R2=H Flephedrone, 4-FMC

R1=H, R2=F 3-fluoromethcathinone, 3-FMC

R1=H, R2=Br 3-bromomethcathinone

N
H

R1

O

O

R2

O R1=R2=CH3 Methylone, bk-MDMA

R1=CH3, R2=C2H5 Ethylone, bk-MDEA

R1=C2H5, R2=CH3 Butylone, bk-MBDB

2,5-dimethoxy-
amphetamines

N
H

R2

O

O

R1

R1=R2=H 2,5-dimethoxyamphetamine (DMA)

R1=Cl, R2=H 2,5-dimethoxy-4-chloroamphetamine, DOC

R1=Br, R2=H 2,5-dimethoxy-4-bromoamphetamine, DOB

R1=I, R2=H 2,5-dimethoxy-4-iodoamphetamine, DOI

R1=CH3, R2=H 2,5-dimethoxy-4-methylamphetamine, DOM

TABLE 6.1  (Continued)

Drug Class Chemical Structure Compound Names, Acronyms

(Continued)
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TABLE 6.1  Chemical Structures, Names, and Acronyms of Novel Psychoactive Substances

Drug Class Chemical Structure Compound Names, Acronyms

R1=C2H5, R2=H 2,5-dimethoxy-4-ethylamphetamine, DOET

R1=C3H7, R2=H 2,5-dimethoxy-4-propylamphetamine, DOPR

R1=OCH3, R2=H 2,4,5-trimethoxyamphetamine, TMA-2

R1=Br, R2=CH3 2,5-dimethoxy-4-bromomethamphetamine, 
MDOB

Pyrrolidinophenones

N

R1

O

R3

R2

R1=R2=H, R3=CH3 α-pyrrolidinopropiophenone, PPP

R1=R2=H, R3=C3H5 α-pyrrolidinovalerophenone, PVP

R1=R3=CH3, R2=H 4′-methyl-α-pyrrolidinopropiophenone, 
MPPP

R1=CH3, R2=H, 
R3=C2H5

4′-methyl-α-pyrrolidinobutyrophenone, 
MPBP

R1=CH3, R2=H, 
R3=C4H9

4′-methyl-α-pyrrolidinohexanophenone, 
MPHP

R1=OCH3, R2=H, 
R3=CH3

4′-methoxy-α-pyrrolidinopropiophenone, 
MOPPP

R1=R2=CH2−O−CH2, 
R3=CH3

3′,4′-methylenedioxy-α-
pyrrolidinopropiophenone, MDPPP

R1=R2=CH2−O−CH2, 
R3=C2H5

3′,4′-methylenedioxy-α-
pyrrolidinobutyrophenone, MDBP

R1=R2=CH2−O−CH2, 
R3=C3H7

3′,4′-methylenedioxypyrovalerone, MDPV

N

O Naphyrone

Tryptamines

N
H

R4

R5

N R2
R1

R3

R1=R2=R4=R5=H, 
R3=CH3

α-methyl-tryptamine, AMT

R1=R2=CH3, 
R3=R4=R5=H

N,N-dimethyltryptamine, DMT

R1=R2=C3H7, 
R3=R4=R5=H

N,N-dipropyltryptamine, DPT

R1=R2=CH(CH3)2 
R3=R4=R5=H

N,N-diisopropyltryptamine, DIPT

R1=CH3, R2=CH(CH3)2 
R3=R4=R5=H

N-methyl-N-isopropyltryptamine, MIPT

R1=R2=CH(CH3)2, 
R3=R5=H, R4=OH

4-hydroxy-N,N-diisopropyltryptamine, 
4-HO-DIPT

(Continued)

TABLE 6.1  (Continued)
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TABLE 6.1  Chemical Structures, Names, and Acronyms of Novel Psychoactive Substances

Drug Class Chemical Structure Compound Names, Acronyms

R1=R2=CH(CH3)2, 
R3=R5=H, R4=OOCCH3,

4-acetoxy-N,N-diisopropyltryptamine, 
4-acetoxy-DIPT

R1=R2=CH(CH3)2, 
R3=R4=H, R5=OCH3

5-methoxy-N,N-dimethyltryptamine, 
5-MeO-DMT

R1=R2=CH(CH3)2, 
R3=R4=H, R5=OCH3

5-methoxy-N,N-Diisopropyltryptamine, 
5-MeO-DIPT

Synthetic 
cannabinoids

O

NR2

R1

R1=CH3, R2=H JWH-073

R1=C2H5, R2=H JWH-018

R1=C3H7, R2=H JWH-019

R1=C4H9, R2=H JWH-020

R1=C3H7, R2=OCH3 JWH-081

O

N

NO

JWH-200

N

O

O

N

O

WIN 55,212-2

O N

O JWH-250

OH

OH

R1

R1=C6H14 CP 47,497

R1=C7H16 CP 47,497 C8-homologue

(Continued)

TABLE 6.1  (Continued)
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TABLE 6.1  Chemical Structures, Names, and Acronyms of Novel Psychoactive Substances

Drug Class Chemical Structure Compound Names, Acronyms

OH

C6H13O

OH

H

H

HU-210

N

O

AB-001

number of problems. When such drugs are first 
detected in suspicious powders, pills or herbal 
preparations, their chemical structures are often 
unknown and must first be elucidated by com-
bining information of various spectroscopic, 
mass spectrometric, and chemical methods  
[12–28]. Once the structures are known, it gen-
erally takes quite some time before reference 
standards of the respective drugs become com-
mercially available and can be obtained by 
toxicology laboratories to set up methods for 
analysis of the drugs in biological matrices. 
However, even if such standards are available, 
method development can still be difficult. One 
reason is that, at this stage, it may be entirely 
unknown at which concentrations the novel 
psychoactive substances may be expected in the 
different biological matrices. Moreover, most 
often there is no information about their phar-
maco-/toxicokinetic properties such as the met-
abolic pathways or ways of excretion of these 
drugs in humans. Such information may, how-
ever, be essential, especially for the development 
of toxicological screening procedures for urine.

As for other drugs, the choice of the biological 
sample matrix depends on the purpose of 
the analysis. Urine is generally preferred for 
screening analysis, because it can be obtained 
non-invasively in comparatively large volumes 
and because drugs and/or their metabolites are 
concentrated in urine [29]. Because drug con-
centrations in whole blood, plasma and serum 
generally show the best correlation with drug 
effects, these matrices are primarily used for 
quantitative analysis as a basis for the interpre-
tation of drug effects. In the particular case of 
novel psychoactive substances, interpretation 
of concentrations can be difficult because reli-
able reference concentrations are often miss-
ing and first have to be established. Oral fluid 
is often used as a sample matrix in road-side 
and workplace drug testing. It can be easily 
taken non-invasively and detection times of 
most drugs in this matrix are more or less simi-
lar to those in blood. Hair is a biomatrix ideally 
suited for monitoring long-term exposure to 
drugs, e.g. in abstinence monitoring in the con-
text of regranting of driver’s licences.

TABLE 6.1  (Continued)

Drug Class Chemical Structure Compound Names, Acronyms
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In the following, published methods for 
analysis of novel psychoactive substances will 
be summarised and discussed, starting with a 
section on analytical methods allowing simulta-
neous screening, identification and/or quantifi-
cation of new drugs from various drugs classes 
and/or their metabolites. Further sections are 
dedicated to specific drugs classes, focusing 
on matrices, sample preparation and analyti-
cal methods used for analysis of the respective 
drugs in biosamples. Important pitfalls and 
interpretation issues will also be addressed. 
Key information of selected analytical methods 
published in the literature is summarised in 
Tables 6.2 and 6.3. The chapter will close with 
some recommendations on how set up a pro-
cedure for analysis of novel psychoactive sub-
stances in biological samples.

ANALYTICAL METHODS 
COVERING SEVERAL CLASSES 

OF NOVEL PSYCHOACTIVE 
SUBSTANCES

A series of papers on the analysis of differ-
ent classes of novel psychoactive substances 
in urine has been published by Maurer et  al. 
[1,30–50] The general approach was the same 
in all of these studies. Novel psychoactive sub-
stances having appeared on the drugs market 
were administered to rats and urine was col-
lected over a 24 h period. The urine samples 
were analysed by gas chromatography-mass 
spectrometry (GC-MS) after different workup 
and derivatisation procedures. Structure elu-
cidation of urinary metabolites of the drugs 
was achieved by mass spectral interpretation. 
The identified metabolites were subsequently 
added to the reference library [94]. In order to 
check whether the drugs and/or their metabo-
lites were detectable with the group’s routine 
method for Systematic Toxicological Analysis 
(STA) in urine, the urine samples were worked 
up according to this method based on acid 

hydrolysis followed by liquid–liquid extrac-
tion (LLE) and acetylation [95]. Analysis was 
performed by GC-MS in the electron ionisation 
(EI) fullscan mode and library searching. These 
studies have so far shown that this method is 
applicable for simultaneous screening of pip-
erazines [1,30–33], 2,5-dimethoxyphenethyl-
amines [34–39], 2,5-dimethoxy-amphetamines 
[45–49], 4-substituted amphetamines [40–42], 
cathinone-derivatives [43,50], and the pyrroli-
dinophenone-type drug 3′,4′-methylenedioxy-
pyrovalerone (MDPV) [44], at least in rat urine. 
However, in all cases where authentic urine 
samples from subjects having ingested a new 
psychoactive drug were available, the appli-
cability could also be confirmed for human 
urine [1,32,40,42–44]. Similar findings were also 
reported in studies with other drugs [56,96,97]. 
These findings strongly suggest that the drugs 
and/or metabolites detectable in rat urine can 
generally be expected to be also detectable in 
human urine, although the excreted quantities 
may differ between the two species.

Kerrigan et al. [51] recently described a GC-MS 
method for detection of five 2,5-dimethoxy-
phenethylamine (2C) drugs, four 2,5-dimethoxy-
amphetamines, and 4-methylthio-amphetamine 
(4-MTA) in human urine. Metabolites were not 
included due to the lack of commercial refer-
ence standards. Consequently, the method was 
designed as a targeted screening employing 
a selective solid-phase extraction (SPE) and 
operating the MS in the SIM mode. Adequate 
quantitative performance was demonstrated 
in an extensive validation study. Nevertheless, 
metabolites being not detectable may limit the 
general applicability of the method, because 
at least in rats, most of the targeted drugs are 
extensively metabolised before being excreted 
in urine [98].

A procedure for targeted screening of four 
tryptamine-derived hallucinogens and two 2C 
drugs in human urine was described by Vorce 
et  al. [52]. It involved selective mixed-mode 
SPE followed by pentafluoropropionylation and 



TABLE 6.2  Key Parameters of Quadrupole GC-MS-based Analytical Methods for Analysis of Novel Psychoactive Substances in Biological Matrices

Analyte(s) Matrix
Sample 
Preparation

Stationary 
Face Detection Validation Reference

BZP, mCPP, TFMPP, MeOPP, MDBP, 2C-D, 2C-E, 
2C-B, 2C-I, 2C-T-2, 2C-T-7, PMA, PMMA, PMEA, 
4-MTA, mephedrone, bk-MDMA, bk-MBDB, 
3-FMC, 3-BMC, DOM, DOC, DOB, MDOB, DOI, 
TMA-2, MDPV

U acHy, LLE, AC HP-1 EI, fullscan LOD, low dose rat 
experiments

[1,30–50]

2C-B, 2C-H, 2C-I, 2C-T-2, 2C-T-7; 4-MTA, DOB, 
DOET, DOI, DOM,

U SPE (polymer) DB-5MS EI, SIM SEL, RE, LIN, ACC, PRC, 
LOQ, LOD

[51]

AMT, DMT, DPT, 5-MeO-DIPT, 2C-B, 2C-T-7 U, B SPE (HCX), PFPA ZB-1 EI, SIM LIN, LOD [52]

PMA, PMMA, 4-MTA, BZP, mCPP, TFMPP, 
MeOPP, MDBP and 5 classic amphetamines 2C-D, 
2C-E, 2C-P, 2C-B, 2C-I, 2C-T-2, 2C-T-7, mescaline

P SPE (HCX), HFBA HP-5MS EI, SIM SEL, LIN, ACC, PRC, LOQ, 
LOD, STB

[53,54]

BZP, TFMPP U SPE (HCX) Synergi 
Polar RP18

ESI+, SIM SEL, RE, ME, LIN, ACC, PRC, 
LOQ, LOD

[3]

TFMPP, mCPP, MeOPP H SPE (HCX), TMS HP-5MS EI, SIM SEL, RE, LIN, ACC, PRC, LOQ [55]

DOB U, S, G acHy for U SPE 
(SCX) for U and 
G, LLE for S and 
hydrolysed U, AC

HP-5MS EI, fullscan, 
SIM (for S)

LIN, PRC, LOD [56]

PMA, PMMA, 4-MTA and 10 other drugs B PP/SPE 
(polymer), AC

HP-5MS EI, fullscan RE, LIN, ACC, PRC, LOD [57]

Mephedrone H LLE Nonpolar EI, SIM LIN, ACC, PRC, SEL, LOD, 
LOQ

[58]

Mephedrone, methedrone B LLE, TFA HP-5MS EI, SIM LIN, ACC, PRC [59]

PPP, MPPP, MOPPP, MDPPP, MPBP, PVP, MDPV, 
MPHP

U enHy, SPE (HCX), 
TMS

HP-1 EI, fullscan LOD, low dose rat 
experiments

[44,60–65]

MDPV U LLE, HFB HP-5MS EI, SIM LIN, ACC, PRC, LOQ, LOD [66]

AMT, 5-MeO-DIPT B, U LLE, AC HP-1ms EI, SIM SEL, RE, LIN, PRC, LOD [67]

AB-001 metabolites U HY + LLE EVDX-5MS EI, fullscan [68]

Abbreviations: for compound acronyms see Table 6.1; U, urine; B, blood; P, plasma; H, hair; VH, vitreous humour; G, gastric content, S, serum; OF, oral fluid; acHy, acidic hydrolysis 
for conjugate cleavage; enHy, enzymatic hydrolysis for conjugate cleavage; LLE, liquid–liquid extraction; SPE, solid-phase extraction; RP, reversed phase; AC, acetylation; TFA, 
trifluoroacetylation; PFP, pentafluoropropionylation; HFB, heptafluorobutyrylation; TMS, trimethylsilylation; EI, electron ionisation; SIM, selected ion monitoring; SEL, selectivity; ME, 
matrix effects; LOD, limit of detection; RE, recovery; LOQ, limit of quantification; PRC, precision; ACC, accuracy; LIN, linearity; STB, stability.
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TABLE 6.3  Key Parameters of LC-MS(/MS)-based Analytical Methods Covering Several Classes of Novel 
Psychoactive Substances

Analyte(s) Matrix
Sample 
Preparation

Stationary 
Face

Instrument 
Type Detection Validation Reference

2C-D, 2C-E, 2C-B, 2C-B-
Fly, 2C-I, 2C-T-2, MDMA, 
4-OH-DIPT, 4-acetoxy-
DIPT

U enHy, SPE 
(HCX)

Hypersil Gold 
ultra

Q ESI+, SIM SEL, ME, RE, 
LIN, ACC, PRC, 
LOQ, LOD, STB

[69]

BZP, 2C-B, TMA-2, DOB, 
DOI, and 2,5-DMA and 17 
other drugs/metabolites

U Screening: 
dilution 
Confirmation: 
SPE (C18)

HyPURITY 
Advance

QQQ APCI, 
MRM

RE, PRC, STB, 
cut-offs

[70,71]

DMA, 2C-H, DOM, DOC, 
2C-B, DOB, 2C-I, DOI

U SPE (C18) Fused silica 
caprillary (CE)

Q ESI+; 
fullscan

SEL, RE, LIN, 
ACC, PRC, 
LOQ, LOD,

[72]

2,5-DMA, 2C-B, 2C-D, 
2C-H, 2C-I, 2C-P, 2C-T-2, 
2C-T-4, 2C-T-7, 3,4,5-
TMA, 3,4-DMA, 4-MTA, 
5MeO-DMT, AMT, BZP, 
DiPT, DMT, DOB, DOET, 
DOM, DPT, mCPP, MDBP, 
MDDMA, MeOPP, MiPT, 
PMA, PMMA, TFMPP, 
TMA-6

P SPE (HCX), 
PFPA

Synergi Polar 
RP

QQQ ESI+, 
MRM

SEL, RE, ME, 
LOD

[73]

BZP, mCPP, oCPP, pCPP, 
TFMPP, 4-TFMPP

B, U LLE Phenomenex 
Gemini

QQQ ESI+, EPI LIN, ACC, PRC, 
LOQ, LOD

[74]

BZP, TFMPP U SPE (HCX) Synergi Polar 
RP18

Q ESI+, SIM SEL, RE, ME, 
LIN, ACC, PRC, 
LOQ, LOD

[3]

BZP, TFMPP and hydroxyl 
metabolites

U enHy, SPE 
(HLB)

semi-micro 
SCX

Q ESI+, SIM RE, LIN, ACC, 
PRC, LOD

[75]

mCPP P, U PP Zorbax 
SB-C18

QQQ APCI+, 
MRM

LIN, ACC, PRC, 
LOQ, LOD

[76]

BZP, TFMPP, 3-HO-BZP, 
4-HO-BZP, 4-HO-TFMPP

P PP Zorbax C18 Q ESI+, SIM SEL, RE, ME, 
LIN, ACC, PRC, 
LOQ, STB

[77]

U (enHy), 
centrifugation

BZP H SPE (HCX) Luna SCX 
ACN/AF/FA

Q ESI+, 
MRM

RE, LIN, ACC, 
PRC, LOQ

[78]

2C-T-4, 2C-T-8, 2C-T-13, 
2C-T-17

U SPE (C18) fused silica CE 
capillary

Q ESI+, SIM SEL, RE, ME, 
LIN, ACC, PRC, 
LOQ, LOD, STB

[79]

2C-T, 2C-T-2, 2CT-5, 
2C-T-7

P PP/LLE fused silica CE 
capillary

Q ESI+, SIM SEL, RE, ME, 
LIN, ACC, PRC, 
LOQ, LOD

[80]

(Continued)
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TABLE 6.3  Key Parameters of LC-MS(/MS)-based Analytical Methods Covering Several Classes of Novel 
Psychoactive Substances

Analyte(s) Matrix
Sample 
Preparation

Stationary 
Face

Instrument 
Type Detection Validation Reference

Bromo-dragonFLY B, U, 
VH

enHy (for U), 
LLE

Acquity UPLC 
BEH C18

TOF ESI+, 
fullscan

SEL, RE, ME, 
LIN, ACC, PRC, 
LOQ, LOD

[81]

DOM, DOET, DOPR U LLE fused silica 
capillary

Q ESI+, SIM SEL, RE, LIN, 
ACC, PRC, 
LOQ, LOD

[82]

TMA, TMA-2, TMA-6 U SPE (C18) Polar Plus 
column

Q ESI+, SIM SEL, RE, ME, 
LIN, ACC, PRC, 
LOQ, LOD

[83]

PMEA, PMA and 
metabolites

U, B (enHy), online 
SPE (polymer)

ODS semi-
micro

Q ESI+, SIM SEL, RE, LIN, 
ACC, PRC, 
LOQ, LOD

[84]

4-MTA B, U, 
VH, 
tissues

LLE Hypersil BDS 
phenyl

QTOF ESI+, PIS LIN, ACC, PRC, 
LOQ, LOD

[85]

Mephedrone, methylone, 
butylone, methedrone, 
BZP, TFMPP, mCPP, 
MDPV

U Dilution BEH C18 QQQ ESI+, 
SRM

LIN, ACC, PRC, 
LOD, LOQ, ME,

[5]

cathinone, methcathinone, 
ethcathinone, 
amfepramone, 
mephedrone, flephedrone, 
methylone, methedrone, 
butylone, cathine, 
norephedrine, ephedrine, 
pseudoephedrine, 
methylephedrine, 
methylpseudoephedrine

B LLE Prodigy 
Phenyl 3

QQQ ESI+, 
SRM

LIN, ACC, PRC, 
SEL, REC, LOD, 
LOQ, STA, ME

[86]

Mephedrone H LLE SB-C18 QQQ ESI+, 
MRM

LIN, ACC, PRC, 
SEL, LOD, LOQ

[87]

Mephedrone, methedrone H LLE BEH C18 QQQ ESI+, 
MRM

LIN, ACC, PRC [59]

MDPV S SPE (HLB) Phenyl hexyl 
column

QQQ ESI+, 
MRM

SEL, RE, ME, 
LIN, ACC, PRC, 
LOQ, LOD

[88]

DMT, NMT, 5-MeO-DMT, 
bufotenine

U SPE (HLB) Speri-5 RP18 QQQ ESI+, 
MRM

SEL, RE, LIN, 
ACC, PRC

[89]

5-MeO-DIPT and 
metabolites

U PP BDS Hypersil 
C18

QQQ ESI+, 
MRM

RE, LIN, ACC, 
PRC, LOQ, STB

[90]

(Continued)

TABLE 6.3  (Continued)

Analyte(s) Matrix
Sample 
Preparation

Stationary 
Face

Instrument 
Type Detection Validation Reference
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analysis by GC-MS in the EI SIM mode. This 
method allows sensitive detection of the parent 
drugs down to concentrations of 10 ng/ml in 
urine, but also has the limitation of not covering 
metabolites expected to be the primary analytes 
in urine. A positive finding for 5-methoxy-N,N-
diisopropyltryptamine (5-MeO-DIPT) was con-
firmed at a concentration of about 200 ng/ml 
by a quantitative LC-MS-based confirmation 
method.

Pichini et  al. [69] used liquid chromatog-
raphy-mass spectrometry (LC-MS) with elec-
trospray ionisation (ESI) for a multi-target 
screening and quantification of five 2Cs, 
bromo-FLY (2C-B-FLY), three tryptamine-
derived drugs, and the piperazine meta-chloro-
phenylpiperazine (mCPP). Urine samples were 
either worked up without further pre-treatment 
or after an enzymatic deconjugation step. The 
analytes were again isolated from urine using 
selective mixed-mode solid-phase extraction 
(SPE) and LC-MS analysis was performed 
in the SIM mode. After an extensive valida-
tion study to demonstrate the qualitative and 

quantitative performance of the method it was 
applied to authentic human urine samples 
obtained from subjects who had reported to 
have taken one of the targeted compounds. In 
these samples, the concentrations of all analytes 
except 4-acetoxy-N,N-diisopropyltryptamine 
(4-acetoxy-DIPT) were found at in part much 
higher concentrations after enzymatic hydroly-
sis. This suggests that they are all excreted to 
certain extent in conjugated form and that a 
deconjugation step is not only useful when 
phase I metabolites are included in the method, 
but also when the respective parent drugs offer 
sites for direct N-glucuronidation such as the 
2Cs or O-conjugation such as 4-HO-DIPT.

Nordgren et  al. [70,71] described a screen-
ing procedure for multiple drugs in urine using 
a liquid chromatography-tandem mass spec-
trometry (LC-MS/MS) system with atmospheric 
pressure chemical ionisation (APCI). Apart from 
several other drugs, this method included three 
2,5-dimethoxyampehtamines as well as 1-ben-
zylpiperazine (BZP) and 4-bromo-2,5-dimeth-
oxy-phenethylamine (2C-B). In a first screening 

TABLE 6.3  Key Parameters of LC-MS(/MS)-based Analytical Methods Covering Several Classes of Novel 
Psychoactive Substances

Analyte(s) Matrix
Sample 
Preparation

Stationary 
Face

Instrument 
Type Detection Validation Reference

JWH-018, -073 and their 
metabolites

U enHy, SPE 
(polymer 
HCX)

ZorbaxEclipse 
XDB-C18

QQQ ESI+, 
MRM

LIN, ACC, PRC, 
SEL, LOD, LOQ

[91]

JWH-018, JWH-250, JWH-
073, CP47497 C8, CP47497, 
HU-210

OF SPE Trace-N Extend C18 QQQ ESI+ and 
ESI−, 
MRM

LIN, ACC, 
PRC, SEL, LOD, 
LOQ, STB, ME

[92]

JWH-015, -018, -019, 
-020, -073, -081, -200, 
-250, Methanandamide, 
WIN55.212-2

S LLE Luna Phenyl 
Hexyl

QQQ ESI+, 
MRM

LIN, ACC, 
PRC, SEL, LOD, 
LOQ, STB, ME

[93]

Abbreviations: for compound acronyms see Table 6.1; U, urine; B, blood; P, plasma; H, hair; VH, vitreous humour; G, gastric content, S, serum; OF, oral 
fluid; acHy, acidic hydrolysis for conjugate cleavage; enHy, enzymatic hydrolysis for conjugate cleavage; LLE, liquid–liquid extraction; SPE, solid-phase 
extraction; RP, reversed phase; PP, protein precipitation; CE, capillary electrophoresis; Q, quadrupole; QQQ, triple quadrupole; TOF, time of flight mass 
spectrometer; ESI, electrospray ionisation; APCI, atmospheric pressure chemical ionisation; SIM, selected ion monitoring; MRM, multiple reaction 
monitoring; PIS, product ion scanning; SEL, selectivity; ME, matrix effects; LOD, limit of detection; RE, recovery; LOQ, limit of quantification; PRC, 
precision; ACC, accuracy; LIN, linearity; STB, stability.
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step, urine samples were simply diluted with 
water by a factor of 10 and directly injected into 
the LC-MS/MS operated in the multiple reaction 
monitoring (MRM) mode with one transition 
being monitored for all analytes except 4-bromo-
2,5-dimethoxy-amphetamine (DOB) for which 
three transitions were monitored. If positive 
peaks above a certain cut-off level were present 
at the correct retention time, confirmation anal-
ysis was performed. For this purpose, a more 
selective SPE-based sample workup and differ-
ent chromatographic conditions were employed 
for better separation, while the MS/MS settings 
were left unchanged. The latter is a major draw-
back of the method at least in a forensic setting, 
where monitoring of a single transition per com-
pound is not considered sufficient for unambig-
uous compound identification [99].

Another procedure using LC-MS/MS after 
simple dilution (1:4, v/v) of urine samples was 
reported by Bell et  al. [5]. This method covers 
three piperazine-derived drugs, three cathi-
none-derived drugs, and the pyrrolidinophe-
none MDPV. The MS/MS system is operated in 
the SRM mode monitoring two transitions per 
compound as considered sufficient for identifi-
cation even in a forensic setting. The method is 
purely qualitative in nature and has been vali-
dated with respect to limit of detection (LOD), 
limit of quantification (LOQ), recovery and 
matrix effects. Matrix effects were found to be 
present, but only to a minor to moderate extent. 
Like most other methods mentioned above, 
this methods allows a sensitive targeted screen-
ing for the respective parent drugs, but not of 
metabolites or other non-targeted compounds.

Boatto et  al. [72] published an analytical 
method for simultaneous determination of six 
2,5-dimethoxyamphetamines and four 2C drugs 
in human urine. After SPE with a reversed-phase 
sorbent, instrumental analysis was performed 
by capillary electrophoresis interfaced to a quad-
rupole mass spectrometer by an ESI source. The 
analytes were detected in the fullscan mode 
and the method’s quantitative performance 

was evaluated in an extensive validation study. 
Considering the high sensitivity of the method 
with LODs in the low ng/ml range, the method 
should be applicable for screening of the targeted 
drugs in authentic urine samples. However, 
once again metabolites were not included in the 
method, although the targeted drugs are primar-
ily excreted in metabolised form.

Peters et  al. [53] described a multi- 
target procedure for screening and quantifi-
cation of amphetamines and piperazines in 
plasma samples. The monitored ampheta-
mines included the 4-substitutes amphetamines 
para-methoxy-amphetamine (PMA) and para-
methoxy-methamphetamine (PMMA), their 
O-demethyl metabolites 4-HO-amphetamine and 
4-HO-methampetamine, as well as 4-MTA. The 
analytes were isolated from plasma using selec-
tive mixed-mode SPE followed by heptafluor-
obutyrylation to improve the chromatographic 
properties and thus the detectability of the ana-
lytes by GC-MS. Detection was performed in the 
SIM mode monitoring three ions per analyte. The 
method was extensively validated and found 
applicable for quantification of all analytes with 
exception of the piperazine drug MDBP, which 
could only be determined semi-quantitatively 
due to unacceptably high variability. The same 
approach was later used by Habrdova et  al. 
[54] for screening and quantification of seven 
2C drugs and mescaline in plasma. The sam-
ples preparation was the same as in the previ-
ous method but GC-MS settings were adapted 
for analysis of the phenethylamines. Validation 
of the final method showed that all studied  
analytes but the thioalkyl phenethylamines 
4-ethylthio-2,5-dimethoxy-phenethylamine  
(2C-T-2) and 4-propylthio-2,5-dimethoxy-
phenethylamine (2C-T-7) can be reliably quan-
titated with the adapted method. More recently, 
Derungs et  al. [100] used the same workup for 
determination of naphyrone in a case of sym-
pathomimetic toxicity after recreational use of 
this drug. This shows that the general workup 
procedure should be applicable for other novel 
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psychoactive substances with basic properties 
and that hence the same extract should be appli-
cable for analysis of a wide range new drugs.

To date (December 2011), the most compre-
hensive screening procedure covering 32 new 
designer drugs including 2,5-dimethoxy-amphet-
amines, 4-substituted amphetamines, 2C drugs, 
piperazine-derived drugs and tryptamines was 
described by Wohlfahrt et  al. [73]. The method 
is also designed as targeted screening for the 
respective parent drugs. As in most other meth-
ods discussed above, mixed-mode SPE was used 
for selective extraction of the basic drugs from 
plasma and detection was performed in the MRM 
mode. The method is qualitative in nature, but 
very sensitive with LODs in the low ng/ml range. 
It should hence allow detection even of low-
dosed drugs such as some of the 2,5-dimethoxy-
amphetamines, at least in case of acute use. As 
expected for a qualitative method, the validation 
study for this procedure was limited to evaluation 
of selectivity, recovery, matrix effects, and LODs.

METHODS FOR SCREENING  
AND/OR QUANTIFICATION 
OF NOVEL PSYCHOACTIVE 

SUBSTANCES FROM SPECIFIC 
DRUG CLASSES

Piperazine-Derived Designer Drugs

Although IA-based techniques are widely 
used in clinical and forensic toxicology, few 
studies have been dedicated to IA-based 
screenings for piperazine-derived drugs. The 
cross-reactivity of BZP [1–5], its metabolite 
N-benzylethylenediamine [1], and 3-trifluorome-
thyl-phenylpiperazine (TFMPP) [3,5] with vari-
ous IAs targeting (meth)amphetamines/ecstasy 
was reported to be low. Nevertheless, using the 
Roche Abuscreen® Amphetamines assay, Vorce 
et al. obtained positive or nearly positive screen-
ing results at a 500 ng/ml cutoff in seven urine 
samples from routine casework that contained 

high concentrations of BZP (13–429 mg/l) and 
TFMPP (0.83–26 mg/l), but confirmed negative 
for amphetamine and methamphetamine [3]. 
Moreover, mCPP [4,101] and TFMPP [4] showed 
sufficient cross-reactivity with some IAs to 
potentially cause false positive results.

Piperazine-derived drugs and/or their 
metabolites have been analysed in post-mortem 
blood [74], plasma [53,73,76,77], urine [1,3,5,30–
33,69,70,74–76,102–104], and hair [55,78]. Authors 
describing analysis of piperazines in urine, 
partly performed acidic [1,30–33] or enzymatic 
[1,30–33,69,75,102,103] cleavage of conjugates 
prior to extraction. Sample preparation on the 
one hand included very simple workup methods 
like dilution of urine [5,70] or protein precipita-
tion of plasma [76,77] and on the other hand LLE 
[1,3,30–33,74,102–104] or SPE with reversed-
phase [70], hydrophilic/lipophilic polymer (HLB) 
[75,102,103] or mixed-mode reversed-phase/cat-
ion exchange (HCX) sorbents [53,55,69,73,78,103] 
Derivatisation of the extracts for GC-MS analysis 
included acetylation [1,30–33], trifluoroacetyla-
tion [75,102,103], pentafluoropropionylation [104], 
heptafluorobutyrylation [53], and silylation [55].

Chromatographic techniques employed 
for analysis of piperazine-derived drugs in 
biosamples include liquid chromatography 
with diode-array detection (LC-DAD) [2,74], 
and gas chromatography with nitrogen-phos-
phorous detection (GC-NPD) [2], GC-MS  
[1–3,30–33,53,55,74,75,102–104], and/or LC-MS 
(/MS) [3,69,70,74–78,102,103]. Reversed-phase 
stationary phases were used by most authors 
in LC-DAD and LC-MS(/MS) analysis, while 
Tsutsumi et al. [75,102,103] and Bassindale et al. 
[78] used a strong-cation exchange (SCX) station-
ary phase in order to more effectively retain the 
studied piperazines and their metabolites, which 
are poorly retained by reversed-phase chroma-
tography. In the studies where less selective DAD 
and NPD were used, the results were confirmed 
by MS-based techniques [2,74]. With the excep-
tion of the method described by Nordgren et al. 
[70,71] and Antia et al. [77], in which only a single 
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transition or ion, respectively, was monitored, all 
methods used a detection mode generally con-
sidered sufficient for MS-based compound iden-
tification, i.e., fullscan [1,3,30–33,75,102,103], SIM 
with three ions per analyte [53,55,69,104], product 
ion scanning [74], or MRM with at least two tran-
sitions per analyte [73,76,78].

Studies by Staack et al. [1,30–33] and Tsutsumi 
et  al. [75,102,103] using rat urine showed that 
some of the piperazines are extensively metab-
olised and that the target analytes in urine 
are metabolites rather than the parent drugs. 
Nevertheless, rather high concentrations of BZP 
[3,74], TFMPP [3,74,77], and mCPP [76] have 
been found in human urine samples from users. 
This suggests that the piperazines may be less 
extensively metabolised in humans and that the 
parent compound should at least be detectable in 
individuals presenting with piperazine toxicity.

Finally, when analysing for piperazine-
derived designer drugs, it is important to 
consider that many of these drugs or their posi-
tional isomers are also metabolites of therapeu-
tic drugs and might thus result from ingestion 
of the latter [2,32,33,105,106]. Most importantly, 
mCPP is a metabolite of the antidepressants 
trazodone and nefazodone. At least in cases 
of doubt it is therefore important to check for 
the presence of the respective precursor com-
pounds or more specific metabolites of the lat-
ter to avoid false interpretation. Moreover, UV 
spectra may help to differentiate between posi-
tional isomers of mCPP and TFMPP [74].

Phenethylamine-Derived Drugs

The 2,5-dimethoxyphenethylamine-derived 
drugs (2Cs) cannot be detected with commer-
cially available IA techniques [6–8]. Analysis 
of these drugs must therefore be performed by 
more sophisticated techniques.

Methods for analysis of phenethylamines 
have been described for various biological matri-
ces such as (post-mortem) blood [52,81,107], 
plasma [54,73,80], urine [34–39,51,52,69,72,107–111], 

and tissue samples [81,107]. All methods 
employed an extraction step using LLE [34–
39,80,81,107,108] or SPE with classical reversed-
phase [70,72,79], polymer-based [51], or 
mixed-mode HCX sorbents [52,54,69,73], while 
the screening part of the method described by 
Nordgren et  al. [70] only involved simple dilu-
tion of urine samples. Some authors performed 
acidic [34–39] or enzymatic [69,81] conjugate 
cleavage prior to extraction and/or acetylation 
[34–39], pentafluoropropionylation [52], or hep-
tafluorobutyrylation [54] after extraction.

The instrumental techniques used for separa-
tion and detection of the 2C drugs ranged from 
less selective capillary electrophoresis (CE) with 
UV detection [108] or GC-NPD [107] to mass 
spectrometry-based techniques such as CE-MS 
[72,80], GC-MS [34–39,52,54,107,109,110], and 
LC-MS(/MS) [69,70,73,81,112,113]. Used detec-
tion modes were fullscan [34–39,80,109,112], 
SIM [52,54,69,107], and MRM [70,73,81,113].

Very little is known about the disposition 
of phenethylamines in humans, but the results 
of metabolism studies in the rat suggest that 
these drugs are extensively metabolised and 
hence metabolites rather than the parent drugs 
should be the target analytes in urine analy-
sis [34–39,109–112]. Indeed, Pichini et  al. [69] 
who targeted the parent drugs in urine found  
only comparatively low concentration of 
4-methyl-2,5-dimethoxyphenethylamine (2C-
D), 4-ethyl-2,5-dimethoxyphenethylamine (2C-
E), 4-iodo-2,5-dimethoxyphenethylamine (2C-I), 
2C-T-2, and 2C-B-FLY in authentic human urine 
samples. Another potential pitfall in the analy-
ses of 2C drugs is illustrated by the findings of 
Curtis et al. [107]. These authors analysed a meth-
ylene artifact of 2C-T-7 resulting from injection 
of underivatised extracts reconstituted in metha-
nol and not the parent compound as intended. 
Such an artifact formation might explain why 
only rather low 2C-T-7 concentrations of 57 and 
100 ng/mL were found in heart and femoral 
blood, respectively, although the case was consid-
ered a fatal poisoning with 2C-T-7. The authors 
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attributed the low concentrations to potential par-
tial degradation of the analyte between autopsy 
and analysis. Andreasen et al. [81] reported post-
mortem bromo-dragonFLY concentrations of 
4.7 and 22 μg/kg in femoral blood and urine, 
respectively. Nevertheless, the case was consid-
ered a fatal poisoning with bromo-dragonFLY 
based on the case history, the absence of an obvi-
ous alternative cause of death, and reports that 
bromo-dragonFLY is effective even after very low 
dosages. This clearly shows that concentrations of 
some phenethylamines after recreational use may 
be very low and hence a negative analytical find-
ing may not always exclude the presence of ‘rec-
reational’ concentrations of these drugs unless a 
method with LODs in the low ng/ml or even in 
the pg/ml range has been used.

2,5-Dimethoxyamphetamines

The 2,5-dimethoxyamphetamines are closely 
related to the 2Cs but carry an amphetamine 
rather than a ‘2C’ phenethylamine side-chain. 
Nevertheless, their cross-reactivity with com-
mercial enzyme-linked immunosorbent assays 
designed for analysis of amphetamine, metham-
phetamine, and/or methylenedioxyamphetamine 
was found to be extremely low so that these drugs 
cannot be screened for by these techniques [8].

Analysis of 2,5-dimethoxyamphetamines 
and/or their metabolites has been described 
using serum [56], plasma [73], gastric content 
[56], and urine [45–49,51,56,72,82,83,114]. In 
the methods explicitly including detection of 
metabolites, an acid hydrolysis step for cleavage 
of conjugates was performed prior to extraction 
whereas acetylation was performed after extrac-
tion [45–49,56,114]. Extraction was based on LLE  
[45–49,56,114] or SPE with classic reversed-phase 
[72,82,83], polymer-based [51] or mixed-mode 
HCX [73] sorbents.

Fullscan GC-MS was primarily used for sepa-
ration and detection [45–49,56,114]. Nieddu et al. 
also used fullscan MS as detection mode, but 
separation was based on CE [82] and LC [83]. 

Kerrigan et  al. [51] employed GC for separation 
but operated the MS system in the SIM mode with 
three ions being monitored per analyte, whereas 
Boatto et al. [72] combined CE and fullscan MS.

Information on the metabolism of 2,5-dimeth-
oxyamphetamines in humans are scarce, but the 
findings reported for DOB by Balikova et al. [56] 
and Berankova et al. [114] show that a considera-
ble percentage of this drug is excreted in form of 
metabolites. Moreover, the reported serum DOB 
concentrations of 13 and 19 ng/ml in two cases 
of non-fatal and fatal DOB poisoning indicate, 
that the concentrations of 2,5-dimethoxyam-
phetamines may be very low after recreational 
use, so that very sensitive methods are required 
for analysis of these drugs, at least in serum or 
plasma [56].

4-Substituted Amphetamines

The 4-substituted amphetamines have a close 
structural relation to amphetamine, metham-
phetamine and the MDMA-type designer drugs 
and hence exhibit sufficient cross-reactivity 
to be detectable with IAs targeting these drug 
classes [7,41,115–118].

Chromatography-based methods for analy-
sis of 4-substituted amphetamines have been 
described for blood [57,84,85,115,119–127], plasma 
[53,73], serum [117], urine [40–42,84,85,118–121, 
123–126], and/or post-mortem tissue samples 
[85,121,123,125]. Sample preparation included 
simple dilution [70], protein precipitation and 
dilution [127], LLE [40–42,57,84,85,115,118–123, 
125,126] or (online) SPE using reversed-phase 
[70,117,124], polymer-based [84], or mixed-mode 
HCX [53] sorbents. Some authors describing ana
lysis of urine samples further performed acidic 
[40–42] or enzymatic [84,119] conjugate cleav-
age. The majority of those employing GC-MS 
improved the gas chromatographic properties 
and fragmentation by acetylation [40–42,57,122], 
trifluoroacetylation [84,118], pentafluoropro-
pionylation [117,124], or heptafluorobutyrylation 
[53,115,126].
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After (fatal) overdoses of 4-substituted 
amphetamines, their concentrations in blood 
were in the middle ng/ml to low μg/l range 
[115,119–122,124,126,128–130], so the sensi-
tivity required to test for these compounds 
in overdose cases can be achieved with less 
sophisticated analytical instruments such as 
HPLC-DAD [119,120] or GC-NPD [119,121]. 
However, most analytical methods for analy-
sis of these compounds in biological matrices, 
also after recreational use, are based on GC-MS 
[40–42,53,57,84,115,117–119,121,122,124,126], 
and/or LC-MS(/MS) [73,84,85,118,123,125,127]. 
However, the detection modes of the MS instru-
ments differ considerably with fullscan [40–
42,57,84,117–119,121] or product ion scanning 
[84,85] being preferred for compound identifica-
tion and SIM [84,115,117,121,124,126] or MRM 
[118,123,125,127] being used when the primary 
focus is quantification.

For the correct interpretation of findings of 
4-substituted amphetamines it is important 
to note that para-methoxy-ethylamphetamine 
(PMEA) and its metabolites p-hydroxyethyl
amphetamine as well as p-hydroxyamphet
amine are also metabolites of the antispasmodic 
drugs mebeverine [131]. Therefore, it is impor-
tant to check the case history for any possi-
ble mebeverine ingestion and to check for the  
parent compound and/or mebeverine-specific 
metabolites. Vice versa, it must be considered 
that the O-demethyl metabolite of PMMA is 
identical with the antihypotensive drug phole-
drine (4-hydroxy-methamphetamine) and hence 
detection of the latter may result from PMMA.

β-Keto-Amphetamines (Cathinones)

Bell et  al. [5] studied the cross-reactivity 
of several cathinones (methylone, butylone, 
mephedrone, and methedrone) with a commer-
cial IA. With exception of butylone, none of the 
tested drugs was able to cause a positive result 
with this IA. However, at a high concentration 

of 10 000 ng/ml butylone produced a reading of 
1600 ng/ml (amphetamine), which was above 
the applied cut-off concentration of 1000 ng/ml. 
These findings are in line with those of Marais 
et  al. [132] who described only poor detectabil-
ity of ephedrine with an on-site drug-screening 
device. Low cross-reactivity of approximately 
1–3% was also reported for mephedrone with 
different commercial ELISA methods for 
amphetamine and methamphetamine testing 
[133]. Nevertheless, samples from four cases of 
fatal mephedrone poisonings triggered a posi-
tive result in the methamphetamine assay.

More sophisticated methods for analysis of 
cathinone-derived drugs have been described 
for (post-mortem) blood [59,86,133–135], serum 
[136], plasma [73], urine [5,43,50,132,135,137,138], 
and hair [58,59,87,139]. Sample preparation  
consisted of simple dilution of urine samples  
[5], protein precipitation [86], LLE [43,50,58, 
59,134,135,137,138], mixed-mode SPE [73,139], 
extractive pentafluropropionylation [132], acidic 
[43,50,137,138] cleavage of conjugates and deri-
vatisation: acetylation [43,50], trifluoroacetylation 
[59,137,138], pentafluoropropionylation [132–134, 
139], or heptafluorobutyrylation [58].

Instrumental analysis was performed by 
HPLC-DAD [135], GC-MS [43,59,132–134, 
137–139], or LC-MS(/MS) [59,73,86,87,137,138]. 
The MS(/MS) instruments were operated in 
fullscan [43,50,59,132,137], SIM with three ions 
per compound [59,132–134], MRM with at least 
two transitions per compound [59,73,86,87], 
or product ion scanning mode [138]. Hence, 
the minimum criteria for MS-based compound 
identification were in principle fulfilled. Kamata 
et al. [137] also used the SIM mode with one ion 
per compound, but only for LC-MS quantifica-
tion of methylone and its metabolites after these 
had been identified by GC-MS.

Altogether, identification and/or quantifica-
tion of cathinones in biological samples is not 
a particular challenge for toxicological labora-
tories. Reported concentrations are generally 
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in the high ng/ml to low μg/ml range, even in 
blood or blood-derived matrices [59,133–135]. 
Hence, the sensitivity of basic instrumentation 
of a modern toxicology laboratory should be 
sufficient to analyse these drugs in biomatrices.

However, it should be considered that there is 
evidence of instability of cathinones in biological 
samples. Sorensen investigated the stability of 
cathinones in fortified live whole blood samples 
[86]. The latter had been preserved either with 
sodium fluoride/potassium oxalate or sodium 
fluoride/citrate buffer in sample pH values of 
7.4 and 5.9, respectively. Stability was tested at 
storage temperatures of 20°C and 5°C. It could 
be shown that stability of cathinones in blood 
samples was pH-dependent. In blood samples 
preserved with sodium fluoride/potassium oxa-
late, the measured concentrations of cathinone, 
methcathinone, ethcathinone, mephedrone, and 
flephedrone declined by approximately 30% 
after 2 days of storage at 20°C. When the blood 
samples were preserved with sodium fluoride/
citrate buffer, the loss was reduced to approxi-
mately 10%. At a storage temperature of 5°C, 
the decomposition proceeded with a markedly 
lower rate, but a trend was still observed after 
3–6 days of storage for samples preserved with 
sodium fluoride/potassium oxalate.

Pyrrolidinophenones

Information on the cross-reactivity of 
α-pyrrolidiniophenone-type designer drugs 
with commercial IAs is not available in the lit-
erature. The published methods for analysis of 
these drugs and/or their metabolites in serum 
[88], plasma [100,140], or urine are all either 
based on GC-MS [44,60–66,100,140–142] or 
LC-MS(/MS) [44,88,142] operated in the fulls-
can [44,60–65,100,140–142], SIM [66], or MRM 
[88] mode. With exception of Ojanpera et al. [66] 
and Strano-Rossi et al. [142] all authors describ-
ing analysis of pyrrolidinophenones in urine had 
included acidic [44] or enzymatic [44,60–65,141] 

conjugate cleavage in their methods prior to 
extraction. The latter was achieved by LLE 
[44,66,142] or SPE with polymer-based HLB [88] 
or mixed-mode HCX [44,60–65,100,140,141] sor-
bents. In almost all GC-MS-based methods, the 
sample extracts were further derivatised by acet-
ylation [44,60–65,141], methylation [44,64,65], 
ethylation [60–63,141], trifluoroacetylation 
[44,65], heptafluorobutyrylation [65,66], or trime-
thyl-silylation [44,60–65]. However, it should be 
noted that the pyrrolidinophenones themselves 
can neither be conjugated, nor do they react with 
the common derivatisation reagents. Thus, con-
jugate cleavage and derivatisation steps are not 
required when targeting only the parent com-
pounds of this drug class.

Little information is available about expected 
concentrations of pyrrolidinophenones in serum 
or plasma. However, MDPV concentrations in 
serum samples from drivers apprehended for 
driving under the influence of drugs in Finland 
[88] and plasma concentrations of 4′-methyl-α-
pyrrolidinohexanophenone (MPHP) [140] and 
naphyrone [100] in published overdose cases 
suggest that these should most likely be in the 
medium to high ng/ml range.

When analysing for pyrrolidinophe-
nones in urine it is important to note that 
all drugs of this class and especially those 
with a 4′-methyl moiety such as 4′-methyl-α-
pyrrolidinopropiophenone (MPPP), 4′-methyl-
α-pyrrolidinopropiophenone (MPBP), or MPHP 
are extensively metabolised and hence are 
detectable in urine primarily or even exclu-
sively in form of metabolites, at least in the rat 
[44,60–65,141]. In a urine sample from an over-
dose case, albeit one taken only on day 3 after 
ingestion, only the 4′-carboxy metabolite and no 
parent drug of MPHP could be detected [140]. 
In contrast, the amount of MDPV being excreted 
unchanged in urine seems to be high enough for 
using MDPV as a target analyte when screening 
for this drug in urine, at least when a sensitive 
method is used [44,66].
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Tryptamines

Systematic studies on the cross-reactivity of 
tryptamine-derived drugs with commercial IAs 
for drugs of abuse testing are not available in 
the literature. In case reports, Boland et al. [143] 
reported positive IA results for amphetamines 
in gastric content and urine from a fatal poi-
soning with AMT, while in published fatal poi-
sonings with 5-MeO-DIPT results of IA-based 
amphetamine screenings were negative [9,10].

Bioanalytical methods for analysis of 
tryptamines in serum [143], plasma [73],  
(post-mortem) blood [67,143], urine [9,52,67,69, 
89,90,144,145], gastric content [143], and post-mor-
tem tissues [143] have been described. Enzymatic 
hydrolysis of urine samples was only described 
by two groups [69,144]. Their findings show, that 
at least 4-HO-DIPT [69] and 6-HO-5-MeO-DIPT 
[144] are primarily excreted in conjugated form. 
Isolation of tryptamines from biological sam-
ples has been achieved by protein precipitation 
[90,144], LLE [9,67,143–145], and SPE with mixed-
mode HCX [52,69,73,143], and polymer-based 
HLB [89] sorbents. Acetylation [67], pentafluoro-
propionylation [52,143], and trimethylsilylation 
[144] were used for derivatisation.

Sample analysis was performed with less 
sophisticated techniques such as GC-NPD [143]  
and micellar electrokinetic chromatography 
(MEKC)-UV [145] as well as with GC-MS 
[9,52,67,143,144] and LC-MS(/MS) [52,69,73,89, 
90,144,145] in the fullscan [9,143,144], SIM [52,67, 
69,143,144], and MRM [73,89,90] mode. Reported 
concentrations of tryptamines in blood or serum 
from overdose cases ranged from the medium 
ng/ml to the low μg/ml range [10,143,145].

Synthetic Cannabinoid Receptor Agonists

By the end of 2011, six major groups of  
synthetic cannabinoid receptor agonists had 
been reported: naphthoylindoles (n = 74), 
naphthylmethylindoles (n = 9), naphthoylpyr-
roles (n = 32), naphthylmethylindenes (n = 3), 

phenylacetylindoles (n = 28) and cyclohexyl-
phenols (n = 16) [93,146]. The numbers of com-
pounds known to be bioactive as CB1-receptor 
agonists are given in brackets. In addition,  
methanandamide a derivative from anandamide 
(an endogenous cannabinoid) was described  
to be active and have increased metabolic  
stability [147].

The cross-reactivity of synthetic cannabi-
noid receptor agonists and their metabolites in 
urine samples was investigated by Grigoryev 
et  al. [11] who checked the immunochroma-
tographic test strips ICA-4-MULTI-FACTOR, 
ICA-MARIJUANA-FACTOR, and ICA-TAD-
FACTOR. As expected, none of these tests were 
able to indicate the consumption of synthetic 
cannabinoid receptor agonists.

Bioanalytical methods for synthetic can-
nabinoid receptor agonists have been described 
for the following matrices: blood [148], serum 
[11,17,93,149], urine [11,68,91,150–155], and oral 
fluid [92]. Sample preparation consisted of 
simple dilution and centrifugation [152], LLE 
[11,68,93,148–151,154,155], or SPE with reversed-
phase [11,17,150], mixed-mode reversed-phase/
anion exchange (HAX) [92], or SCX [91] sorbents.

Methods for analysis of synthetic cannabi-
noid receptor agonists in blood or oral fluid 
must be very sensitive, because the concen-
trations of these compounds in these matri-
ces must be expected to be in the lower ng/
ml or even sub ng/ml range [92,93,148]. For 
analysis of synthetic cannabinoid receptor ago-
nists in urine, it is very important to note that 
the target compounds must be metabolites, at 
least for the JWH compounds. In fact, the par-
ent compounds of JWH-018 and JWH-073 were 
not detectable in the three authentic urine sam-
ples analysed by Moran et  al. [153], although 
the detection limit of the employed analytical 
method was below 2 ng/ml [153]. This is in line 
with the findings of other authors who were 
able to identify numerous metabolites of JWH-
018, JWH-073, JWH-250 or AB-001 in authen-
tic human urine, but not the respective parent 
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drugs [11,68,150,154,155]. Extensive metabolism 
of these and other synthetic cannabinoid recep-
tor agonists was also confirmed and reported by 
several in vitro metabolism studies [156–159].

Owing to the fact that the hydroxylated 
metabolites of JWH-018 [91,150,153], JWH-073 
[91,150,153], JWH-250 [11] were found to be 
excreted in conjugated form to a very high per-
centage, it further seems essential to include a 
conjugate cleavage step when analysing urine 
samples for synthetic cannabinoid receptor 
agonists. This can either be achieved by acidic 
[11,68,150] or enzymatic [151,153–155,160] 
hydrolysis of the samples.

All methods employing GC-MS analy-
sis also included derivatisation of the sample 
extracts prior to analysis: acetylation [11,150], 
trifluoroacetylation [11,150], trimethylsilylation 
[11,17,68,150], or methylation [68]. According 
to Grigoryev et  al., acetylation should be pre-
ferred despite the slightly lower sensitivity to 
be achieved when using this derivatisation, 
because trifluoroacetyl derivatives of JWH-018, 
JWH-073, JWH-250 and their metabolites were 
found to be thermally unstable [11,150] as well 
as the trimethylsily derivatives of N-dealkyl 
metabolites of JWH-250 [11].

Some authors have used GC-MS for analy-
sis of synthetic cannabinoid receptor agonists 
in biosamples [11,17,68,150], but LC-MS(/MS)- 
based methods have been used by most 
authors [11,91–93,148–155]. MS detection was 
performed in the fullscan [11,68,150,154,155], 
SIM [11,150], (enhanced) product ion scanning 
[11,91,150,153,155], or MRM [11,92,93,148–152, 
155] mode. In contrast to almost all other new 
psychoactive active compounds, the negative 
ionisation mode was used for LC-MS/MS anal-
ysis of CP 47,497, its homologue, and HU-210 
[92,152], which can be easily explained by the 
absence of nitrogen in the chemical structures 
of these compounds.

Dresen et  al. [93] observed a degradation 
of JWH-081 and JWH-018 in processed serum 
samples kept in the autosampler at 4°C which 

exceeded 15%. A similar degradation was 
observed for the respective internal standard 
JWH-018-d11. The same authors reported that 
the stability of the analytes in serum stored at 
room temperature in glass and polypropylene 
tubes was independent from the material of 
the container. In both types of vessels degrada-
tion >15% was observed for JWH-073, JWH-
081 and methanandamide after 72 h of storage. 
However, all tested analytes were reportedly sta-
ble when stored at −20°C, so that these authors 
recommended to keep samples frozen when-
ever possible. In oral fluid samples stored at 
room temperature for 7 days, Coulter et al. [92] 
observed a loss of 25% of the initial concentra-
tion of JWH-250 and also some degradation for 
JWH-018 and JWH-073, while in refrigerated 
samples the first showed a loss of only 10% and 
the latter two were stable. In contrast CP 47,497, 
its C8 homologue and HU-210 showed small 
to moderate degradation of 9 to 14% that was 
similar at both storage conditions. In contrast to 
these findings, Kacinko et al. [148] observed no 
relevant degradation of the synthetic cannabi-
noid receptor agonists JWH-018, JWH-073, JWH-
019, and JWH-250 in spiked whole blood over a 
period of 30 days, no matter if kept at ambient 
temperature, refrigerated, or frozen at −10°C.

RECOMMENDATIONS FOR 
SETTING UP ANALYTICAL 
METHODS FOR ANALYSIS 

OF NOVEL PSYCHOACTIVE 
SUBSTANCES

As shown by the structures given in Table 
6.1, with exception of the synthetic cannabi-
noid receptor agonists, all novel psychoactive 
substances are basic, lipophilic compounds 
with a comparatively low molecular weight. 
For sample preparation, it therefore seems rea-
sonable to start method development with an 
in-house extraction method for basic drugs, if 
available. If not, LLE with a classic extraction 
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solvent such as chlorobutane at basic pH or, 
alternatively, SPE with a mixed-mode SPE sorb-
ent should be applicable for this purpose. If 
urine is to be used as sample matrix, acidic or 
enzymatic conjugate cleavage should be per-
formed to enhance the sensitivity of detec-
tion for highly conjugated phase I metabolites 
or parent drugs. For GC methods it is further 
recommended to include a derivatisation step 
to improve the chromatographic properties, 
especially of primary and secondary amines 
or hydroxy metabolites. The perfluroroacyl 
derivatisation is generally well-suited for such 
purposes with heptafluorobutyrylation yield-
ing derivatives and fragment ions with com-
paratively high molecular masses which 
may enhance the methods selectivity. For the 
majority of compounds, standard single-stage 
quadrupole GC-MS instruments should be suf-
ficiently sensitive to cover the expected ana-
lyte concentrations, even when using blood or 
the blood-derived matrices plasma or serum as 
sample matrix and operating the MS in the full-
scan mode. However, analysis of some of the 
2,5-dimethoxyamphetamines or compounds 
such as bromo-dragonFLY require higher sen-
sitivity and hence analysis in the SIM mode or 
switching to tandem MS. Of course, up-to-date 
LC-MS(/MS) instrumentation is also applica-
ble for sensitive analysis of these basic drugs 
in extracts of biological samples. In fact, it may 
even be sufficient to perform a simple dilution 
step prior to analysis of urine.

In contrast to the mentioned basic drugs, 
the synthetic cannabinoid receptor ago-
nists are rather neutral to weakly acidic com-
pounds of a comparatively high molecular 
weight. Especially because of the latter, they 
are not ideal compounds for GC-MS analysis, 
but should rather be targeted by LC-MS(/MS)  
if possible. Development of the extraction method 
can be started by LLE at neutral or acidic pH or, 
alternatively, by SPE with a reversed-phase, anion 
exchange or mixed mode HAX sorbent. If urine 
is to be used as sample matrix, it seems essential 

to include a step of conjugate cleavage in the 
method and to focus on metabolites rather than 
the parent compounds, which may not be detect-
able in urine even after recent uptake of synthetic 
cannabinoid receptor agonists.
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PHARMACOLOGY

Physical and Chemical Description

When considering the myriad structures of 
synthetic amphetamines and MDMA deriva-
tives it is essential to return to the structural 
backbone, or pharmocaphore, that is common 
amongst them – this is the phenylethylamine 
molecule. To that end, it is extraordinarily 
appropriate that the word ‘phenylethylamine’ 
comes from the Greek root Phainein (meaning 
to show or illuminate) – as a brief review of its 
structure and general principles of substitution 
to that structure can greatly aid both the classifi-
cation of newer amphetamine based drugs and 
the anticipation of their likely clinical effects.

Amphetamine derivatives cause their phar-
macodynamic effects through various mecha-
nisms that are in part predictable based on their 
chemical structure. Drugs in this chapter are 
organised by structural similarities to reinforce 
the clinical similarities within each class and to 

facilitate the prediction of clinical and toxico-
logical effects that may be expected as newer 
drugs continue to emerge.

Phenylethylamine is the term used to 
describe any structure derived from an aro-
matic group adjoined to a terminal amine by an 
ethyl group (Fig. 7.1). This apparent structural 
simplicity belies the vast number of novel psy-
choactive substances, and their correspond-
ing and varied psychoactive effects that can be 
produced from minor modifications to the phe-
nylethylamine backbone. For the purposes of 
this section we have only included phenyleth-
ylamine derivatives that have an alpha methyl 
group that is to say are true amphetamine 
(alpha-methyl-phenyl-ethyl-amine) derivatives.

Certain key substitutions discovered mainly 
through animal discrimination studies have 
biological significance worth mentioning. 
Substitution of a methyl group at the alpha car-
bon increases the duration of sympathomimetic 
action as it confers protection against metabo-
lism by monoamine oxidase (MAO) [1–3]. 

http://dx.doi.org/10.1016/B978-0-12-415816-0.00007-9
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Additional methylation of the terminal amine 
greatly increases central nervous system activ-
ity, evidenced by the comparison of ampheta-
mine to methamphetamine [4].

In general, additional substitutions to the 
alpha carbon, beta carbon, or terminal amine 
decrease alpha and beta adrenergic activity [5]. 
Substitution to the 2 and/or 5 positions of the 
aromatic ring confer serotonergic agonism that 
is further potentiated by addition of a halo-
gen in combination with the above mentioned 
alpha methyl group [6]. Hydroxy substitution 
to the 3 and/or 4 position of the aromatic ring 
increases alpha adrenergic agonism, but defines 
the structure of a catecholamine and thereby 
increases susceptibility to metabolism by cat-
echol-O-methyltransferase (COMT) [5].

Classification of Synthetic  
Amphetamines

Figure 7.1 shows a graphical representation 
of the synthetic amphetamines separated by 
structural classification. We will now consider 
each of the groups represented in the Figure 
separately.

MONOMETHOXY DERIVATIVES

Physical and Chemical Description

Paramethoxyamphetamine (PMA) and para
methoxymethamphetamine (PMMA) are mono
methoxy amphetamine derivatives that have 
less sympathomimetic potency compared to  
their unsubstituted parent amphetamine. 
Methoxy ring substitution of amphetamine or 
methamphetamine at the 3 or 4 position yields 
the final structure with para substitution being 
the most commonly encountered and more 
potent compound. The most common physi-
cal form is a pressed pill or powder and that is 
often sold as ‘ecstasy’ or ‘MDMA’.

Pharmacokinetics

Animal models demonstrate good oral bioa-
vailability with rapid absorption from the gastro-
intestinal tract, although some reports indicate 
slower onset of action compared to MDMA. As 
is the case with many of synthetic amphetamine 
analogues, metabolism is through o-demethyl-
ation to active metabolites, namely 4-hydroxy 
amphetamine [7], occurring via CYP2D6 which 
potentially makes genetic polymorphism an 
important clinical consideration in cases of tox-
icity although there is no clinical data available 
to be able to determine whether this is in fact the 
case [8,9]. One human metabolic study contained 
a participant with a documented deficit in drug 
oxidation who excreted unchanged drug rather 
than the 4-hydroxy metabolite [8]. Subsequently, 
renal elimination predominates; PMA is a minor 
metabolite of PMMA [7,10].

Pharmacodynamics

As stated, both PMA and PMMA are less 
potent sympathomimetics than ampheta-
mine (AM) [11]. Rank order of adrener-
gic potency as compared to amphetamine is 
AM > PMA > PMMA with PMMA exhibiting the 
least effect [12]. 2-methoxy substituted ampheta-
mines have even less sympathomimetic activ-
ity. Serotonergic activity occurs through specific 
reuptake inhibition and rank potency is essen-
tially the opposite to sympathomimetic effects 
with PMMA’s increased effect resulting from its 
N-methylated structure in addition to para-meth-
oxy ring substitution [12]. In vitro, these drugs 
demonstrate no significant effect on dopamine 
reuptake [13]. Both PMA and PMMA also act 
to reversibly inhibit monoamine oxidase type A 
(MAO-A) mediated 5-HT metabolism in addition 
to stimulating its release, which likely account 
for the described clinical effects of hyperthermia 
and convulsions in both animals and man [14]. 
Monomethoxy amphetamine derivatives are not 
strong p-glycoprotein inhibitors [15].
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Prevalence of Use

The prevalence of use of these drugs is 
uncertain. PMA and PMMA users typically 
mistake these drugs for MDMA/‘ecstasy’ and 
take them inadvertently when purchasing what 
they think is MDMA/‘ecstasy; no discrete mar-
ket for them has been established [16].

Acute Toxicity

Animal Data
Dose dependent sympathomimetic effects are 

reported, as well as hyperthermia and death at 
high doses. Increases in heart rate and contractil-
ity were observed after PMA administration in a 
dog model and were reversed with propranolol 
[9]. In some studies, as discussed further below, 
hypothermia followed hyperthermic events in 
a dose dependent fashion. Behavioural markers 
used in animal models to approximate halluci-
nogenic effects are reported. Dogs given PMA 
at IV doses ranging from 4–15 mg/kg developed 
ataxia, mydriasis, disturbances in visual track-
ing, vocalisation, and appeared to react to stim-
uli that were not present and behaviour were 
less pronounced than those observed in subjects 
given mescaline or MDMA but were greater 
than in subjects given amphetamine alone [17].  
The intravenous 24 hour LD50 for these dogs 
was 7 mg/kg (range 6.5–7.6 mg/kg) [17]. Primate 
data from the same study reported an intrave-
nous 24 hour LD50 for PMA of 10 mg/kg [17]. 
The peak time to effect in monkeys was 1–2 
hours after IV administration with a duration of 
effect up to 6 hours [17]. Lethal doses resulted in 
hyperthermia and convulsions preceding death 
for both dogs and monkeys [17].

Human Data
USER REPORTS

User reports available on Internet discus-
sion forums cannot be verified factually or 
analytically as users are generally not aware 
whether they are in fact using PMA or PMMA. 

Nevertheless, patterns amongst them may pro-
vide certain patterns worth mentioning [18]. 
These reports describe slower onset of effects of 
PMA and PMMA compared with MDMA, a fact 
that led several users to ingest additional pills. 
In these accounts, users expected onset of effect 
within one hour according to stated past experi-
ences with MDMA and decided to ingest addi-
tional pills when no effect was experienced by 
that time. Nausea, vomiting and dysphoria are 
frequently reported with the most severe adverse 
effects of psychosis, hyperthermia and seizures.

CLINICAL REPORTS

A case series of 22 patients with analytically 
confirmed PMA exposure described multiple 
consequential effects ranging from tachycardia 
(64% of patients) to hyperthermia (temperature 
greater than 40°C) (36% of patients) and seizures 
(34% of patients) [19]. In addition, arrhythmias 
and QRS prolongation were also reported but 
the exact degree of prolongation or the crite-
ria for determining the presence of QRS pro-
longation are not mentioned in the article. Two 
patients in the series presented with hypoglycae-
mia and hypokalaemia. Unfortunately, patients 
with coingestants were included in this series, 
but these coingestants or the number of individ-
uals with coingestants were not specified.

Most case reports report recovery from ini-
tial toxicity within 24 hours. In a case series 
of 19 patients, 8 of the 10 patients who were 
intubated were extubated on the same day or 
the day after presentation to the Emergency 
Department and were discharged either same 
day or the following day [20]. Criteria for intu-
bation were not described. Presenting features 
described in the majority of cases were agita-
tion, tachycardia, hypertension and diaphoresis.

DEATH

Appropriate to PMA’s street name ‘death’, a 
seemingly high number of fatalities are reported 
from the monomethoxy amphetamines PMA 
and PMMA (Table 7.1). One almost uniform 
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TABLE 7.1  Summary of published fatalities

Drug Reference
n = number 
of cases Concentration Sample type Other drug involvement

PMA

Lamberth 2008 [21] 1 2.3 mcg/ml Post- mortem blood Methylecgonine

Refstad 2003 [22] 1 0.825 mcg/ml Post- mortem blood

Dams 2003 [23] 1 2.01 mcg/ml Post-mortem blood MDMA

Martin 2001 [24] 2 0.6, 1.3 mcg/ml Pre-mortem serum

Kraner 2001 [25] 3 0.6, 1.07, 1.9 mcg/ml Post-mortem blood

Felgate 1998 [26] 6 0.24–4.9 mcg/ml 
(mean, 2.3 mcg/ml)

Post-mortem blood 6/6 cases. Cocaine, MDMA, 
amphetamine

Cimbura 1974 [27] 9 0.03–0.19 mg/dl Post-mortem blood

PMMA

Vevelstad 2012 [28] 12 1.92 mcg/ml(0.17–
3.30 mcg/ml)

Post-mortem blood 9/12 cases

Lurie 2012 [29] 24 2.72 ± 1.67 mcg/ml Post-mortem blood 17/24 cases: 
3,4-methylenedioxy-
methamphetamine (MDMA), 
3,4-methylenedioxy-
amphetamine (MDA), cocaine

Johansen 2003 [30] 3 3.3 mg/kg Post-mortem liver 
sample

Lin 2007 [31] 8 4.3 ± 4.8 mcg/ml Post-mortem blood 7/8 cases. MDA, MDMA, 
ketamine, amphetamine

Becker 2003 [32] 1 0.85 mcg/ml Post-mortem blood No

DOB

Balíková 2005 [33] 1 19 ng/ml Pre-mortem serum Tetrahydrocannabinol (THC), 
alcohol

4-MTA

Decaestecker 2001 [34] 1 5.23 mcg/ml Post-mortem blood MDMA

De Letter 2001 [66] 1 8.38 mcg/ml Post-mortem blood MDMA

Elliott 2000 [36] 1 4.6 mcg/ml Post-mortem blood No

BDF

Andreasen 2009 [37] 1 0.0047 mg/kg Post-mortem blood No

4-MA EMCDDA Risk 
Assessment [38]

16 0.5–5.8 mg/L Post-mortem blood Amphetamine, caffeine, THC, 
MDMA, olanzapine, cocaine, 
morphine, methadone, meta-
chlorophenylpiperazine (mCPP)
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similarity between these cases is the presence 
of multiple drug ingestions suggesting the pos-
sibility of synergy with other sympathomimet-
ics or serotonergics, most commonly MDMA. 
This suggests there is likely little intentional 
market for PMA and users generally ingest it 
mistaking it for MDMA. The additive toxicity of 
MAO inhibition and increased serotonin release 
make coingestion with other sympathomimet-
ics or serotenergic drugs especially dangerous. 
Unfortunately, details of CYP2D6 polymor-
phism are not reported in fatalities to be able to 
determine whether or not this may have been a 
factor.

Chronic Toxicity

Animal Data
Administration of 30 mg/kg of PMA to 

rats over four weeks resulted in a significant 
decrease in 5HT transporter binding but not 
in the overall amount of serotonin [39]. This is 
suggestive of chronic neurotoxicity through a 
mechanism that is discretely different from the 
5HT neuronal degradation that is described 
with chronic MDMA use [39].

Human Data
To date, there are no reports of chronic PMA 

or PMMA use in the literature.

Dependence and Abuse Potential

Animal data
PMA and PMMA produced neither rein-

forcement behaviour nor preferential selection 
in a rat model when compared with cocaine 
and amphetamine [40].

Human data
No human data exists on the dependence 

and abuse potential of PMA and PMMA.

DIMETHOXY DERIVATIVES

Pharmacology

Physical and Chemical Description
Dimethoxy amphetamine derivatives, or ‘D’ 

series compounds, are structurally characterised 
by methyoxy ring substitution at the 2 and 5 posi-
tions on the aromatic ring with varying additional 
substitution of hydrophobic moieties at the 4 posi-
tion (Fig. 7.1). Drugs included in this group include 
DOM (2,5-Dimethoxy-4-methylamphetamine), 
DOI (2,5-Dimethoxy-4-iodoamphetamine), DOB 
(2,5-Dimethoxy-4-bromoamphetamine) and DOC 
(2,5-Dimethoxy-4-chloroamphetamine). Typical 
forms are as pressed pills, powders, or as liquid 
embedded onto paper.

Pharmacokinetics
Kinetic data in humans are limited but ani-

mal models suggest good oral bioavailability 
and absorption from the GI tract with delayed 
onset on effects, sometimes in excess of one 
hour [41,42]. Significant first pass effect from 
hepatic metabolism was observed in one study 
comparing peak plasma concentrations of DOB 
measured after oral and subcutaneous dosing 
in rats [42]. Metabolism is at least partially due 
to demethylation of the methoxy group resid-
ing on the 3 or 5 position of the ring by CYP2D6 
followed by oxidative deamination with the 
formation of active metabolites the O-demethyl 
DOB isomer [43].

Pharmacodynamics
Drugs of the D series are potent 5-HT2 ago-

nists and act as full agonists at the 5-HT2A and 
5-HT2C receptor subtypes [44]. Studies com-
paring DOM and DOI to non N-methylated 
phenylethylamines (‘C’ series) reveal that 
potency of serotonin agonism is more depend-
ent on N-methylation rather than the particular 
hydrophobic substitution at the 4 position of 
the aromatic ring [45]. Agonism at these recep-
tors produces potent hallucinogenic effects  
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in addition to prolonged vasoconstriction 
[3,46]. In contrast to the monomethoxy amphet-
amine derivatives, ‘D’ series compounds 
exhibit dopaminergic agonism in these animal 
models [46].

Acute Toxicity

Animal Data
Both DOM and DOB caused vasoconstric-

tion in a dog metatarsal vein study that com-
pared vascular responses to PMA, DMA, 
norpeinephrine and DOB [44]. DOB’s effect was 
second only to norepinephrine and was not 
reversed with phentolamine administration but 
was considerably reduced with application of 
the serotonin inhibitor cineserin suggesting lit-
tle direct alpha adrenergic activity.

Human Data
USER REPORTS

Online user accounts of DOB and DOI 
describe a delay to onset of effects in excess of 
one hour with potent hallucinogenic effects 
and dysphoria [47,48]. Examination of these 
accounts evokes uncanny comparisons to medi-
eval reports of ergotism and St Anthony’s fire. 
Indeed, several of the accounts sampled relate 
events that resulted in emergency department 
presentations for extreme dysphoria with sen-
sations of limb and generalised body pain that 
prompted users to seek medical attention [47]. 
Another user experienced hallucinations, dys-
phoria, agitation and vomiting that were refrac-
tory to self-administered repeated doses of 
lorazepam [48].

CLINICAL REPORTS

Case reports detail potent hallucinogenic 
effects lasting from 12–24 hours followed in 
one instance by coma [33]. In another case 
of DOB use, a patient developed progres-
sive vasospasm in both upper and lower 

extremities over 24 hours after ingestion, which 
was confirmed by angiography and required 
hospital admission. His vasospasm resolved 
with phentolamine and nitroprusside infu-
sions [49]. In one case of analytically confirmed 
DOC use, a patient who had ingested what he 
believed to be DOI and MDMA presented with 
convulsions, hypertension, tachycardia and 
mydriasis [50]. The patient was managed with 
supportive care and discharged 22 hours after 
admission.

Fatalities associated with the dimethoxy 
amphetamine derivatives are summarised in 
Table 7.1.

Chronic Toxicity

Animal Data
Rats subjected to chronic subcutaneous injec-

tions of DOM (4 doses over 1 day) showed a 
rapid decrease of drug effect and down regu-
lation of 5-HT2 receptors as demonstrated by 
behavioural observation and decreased radiola-
beled ketanserin binding in a manner that was 
dose and chronicity dependent when compared 
to controls [51]. Over a 7-day period, both 
5-HT2 receptors and corticotropin-releasing fac-
tor CRF receptors underwent significant down 
regulation in a study with continuous DOB 
administration to rats [35].

Human Data
There is no human data which can determine 

the chronic toxicity of the dimethoxy ampheta-
mine derivates.

Dependence and Abuse Potential

Animal Data
Cross tolerance between and DOB and LSD 

was demonstrated in a canine model, suggest-
ing that these two drugs produce their effects 
through modulation of the same receptors [52].



7.  SYNTHETIC AMPHETAMINE DERIVATIVES

NOVEL PSYCHOACTIVE SUBSTANCES

168

Human Data
There is no human data which can deter-

mine the dependence and abuse liability of the 
dimethoxy amphetamine derivates.

TRIMETHOXY DERIVATIVES

Pharmacology

Physical and Chemical Description
The structure of trimethoxy amphetamine 

derivatives is closely related to that of mesca-
line. Rearrangement of the methoxy groups to 
various positions on the aromatic ring yields six 
distinct compounds: TMA (3,4,5-trimethoxyam-
phetamine), TMA-2 (2,4,5-trimethoxyampheta-
mine), TMA-3 (2,3,4-trimethoxyamphetamine), 
TMA-4 (2,3,5-trimethoxyamphetamine), TMA-5  
(2,3,6-trimethoxyamphetamine) and TMA-6 (2,4,6- 
trimethoxyamphetamine). Relative to the other 
trimethoxy derivatives, TMA-2 is the best stud-
ied, but even for this compound, only sparse 
human and animal data are available.

Accounts of TMA-2 interdictions describe 
white powder and various coloured pills. 
TMA can be synthesised using an extract from 
the rhizome of Acorus calamus as well as by 
fully synthetic means [53]. Elemicin, a fraction 
of nutmeg oil, can be used as a precursor to 
TMA-2 [53].

Pharmacokinetics
Animal studies reveal hepatic metabolism 

that occurs through both single and double 
O-demethylation with subsequent oxidative 
deamination and renal excretion [54]. Data 
concerning which specific P450 isozymes are 
involved are not available.

Pharmacodynamics
In the murine model TMA-2 binds 5HT recep-

tors and has mild inhibitory effects on MAO 
activity [55]. In one study, rats injected with 
high doses of TMA (50 mg/kg and 100 mg/kg) 

experienced adrenocortical stimulation evidenced 
by elevations in measured epinephrine and corti-
sone concentrations [55].

Prevalence of Use
While comprehensive epidemiological data 

are unavailable, use of trimethoxy ampheta-
mine derivatives among the general population 
appears uncommon; there does not appear to 
be a specific market for these compounds and 
most users are likely to encounter the trimeth-
oxy amphetamine derivates when attempt-
ing to purchase and use ‘ecstasy’/MDMA. No 
case reports of human toxicity or fatalities are 
available in the peer reviewed medical litera-
ture. While this lack of information alone can-
not be definitively used as a surrogate marker 
for prevalence, it does agree with the low num-
ber of interdiction reports and user accounts 
available.

Acute Toxicity

Animal Data
Increasing doses of TMA-2 administered 

to rats resulted in increased locomotor activ-
ity and stimulation at doses of 2.5 mg/kg with 
blood pressure elevation and convulsions at 
doses of 80 mg/kg [56]. In the same study, fatal 
doses were reported to be 120 mg/kg.

Human Data
USER REPORTS

After taking 13 mg of TMA-2, Shulgin 
reported mild nausea and less hallucinogenic 
effect when compared with mescaline and 
DMT (N,N-Dimethyltryptamine) [57]. Online 
user accounts detail mydriasis, muscle tremor, 
shivering and intense hallucinogenic effects 
with a dose of 80 mg in a 75 kg man [58]. The 
onset of action is generally reported to be 
within 1–1.5 h of ingestion with effects lasting 
8–9 h in the majority of online user experiences 
sampled [58].
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CASE REPORTS AND FATALITIES

No case reports of toxicity or fatality exist in 
the medical literature.

CHRONIC EFFECTS AND DEPENDENCE AND 
ABUSE LIABILITY

No data on chronic effects or dependence 
and abuse liability of the trimethoxy ampheta-
mine derivatives in animals or humans exist.

THIOL-DERIVATIVES

Pharmacology

Physical and Chemical Description
The thiol derivatives are characterised by 

a sulphur containing thiol group in the para 
position of the aromatic ring as the only ring 
substitution with varying amino carbon sub-
stitutions (Fig. 7.1). They were initially devel-
oped as research chemicals and antidepressants 
because of their specific serotonergic agonism 
and Nichols et  al. synthesised 4-methylthioam-
phetamine (4-MTA) for research use in 1992 [59]. 
A bulky thiol group was chosen because the 
researchers theorised that, when given chroni-
cally, drugs with a less electronegative group 
might produce more selective serotonergic effects 
without neurotoxic effects when compared 
with halogenated amphetamines [59]. 4-MTA is 
described as both powder and pill form with the 
latter being sold as ‘ecstasy’ or ‘flatliners’.

Pharmacokinetics
Data in humans are incomplete but case 

and user reports describe ingestion and insuf-
flation as common routes of administration. A 
delay to onset of effect is in excess of one hour 
is reported, increasing the risk of additional 
drug dosing by users expecting rapid symp-
toms [60]. In vitro studies show increased cel-
lular toxicity among cell lines expressing high 
activity CYP2D6 alleles compared to cells with 
impaired isoenzyme activity [61]. The same  

study showed no increase in toxicity with cells 
expressing the CYP3A4 isoenzyme. 4-methioben-
zoic acid is the major human metabolite  
identified [62].

Pharmacodynamics
4-MTA is a potent and selective inhibitor of 

serotonin reuptake. In a rat study comparing 
4-MTA to the halogenated amphetamine para-
chloroamphetamine (PCA), MTA was twice as 
effective at blocking synaptic serotonin uptake 
[63]. In contrast, MTA was far less potent at 
blocking dopamine and norepinephrine reup-
take and about equipotent at causing serotonin 
release compared to PCA. MTA also acts as a 
MAO-A inhibitor and affects peripheral norepi-
nephrine regulation through both stimulation 
of release and inhibition of reuptake [63,64]. 
When administered to rats continuously over 
one week, no decreases in cortical, striatal, or 
hippocampal serotonin was observed, suggest-
ing less neurotoxicity in chronic MTAb dosing 
compared with MDMA and PCA [64].

Acute Toxicity

Animal Data
Rats given 4-MTA at doses of 40 mg/kg and 

80 mg/kg showed significant hyperthermia that 
was greatly potentiated by pretreatment with 
the MAO inhibitor pargyline and prevented 
by pretreatment with the alpha-1 adrenergic 
blocker prazosin [64]. Pretreatment with yohim-
bine had no effect on hyperthermia and treat-
ment with the nonspecific serotonergic blocker 
methysergide potentiated hyperthermia. In stud-
ies on rat aorta, MTA produced a dose depend-
ent increase in contraction that was inhibited by 
alpha adrenergic blockade and unaffected by 
administration of the 5-HT2 selective serotonin 
antagonist ketanserin. MTA blocked norepineph-
rine reuptake at the level of the neurotransmitter 
transporter [63]. Higher doses administered to 
rats resulted in convulsions and death.
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Whether these results can be extrapolated to 
humans is uncertain, but in the rat model MTA 
mediated hyperthermia and vasoconstriction 
appear to result largely from alpha-1 adrener-
gic stimulation and to a lesser extent serotonin 
release.

Drug discrimination studies demonstrate 
that 4-MTA completely substituted for MDMA 
and PCA but not for LSD or amphetamine 
[59], indicating similarities in receptor systems 
between ring substituted amphetamines. In the 
same study, high doses of MTA (21 mg/kg) pro-
duced salivation, changes in body posture, and 
hindlimb abduction, which are all markers for 
serotonin mediated behavioural changes [59].

Human Data
USER REPORTS

Online user reports are scarce. One online 
user account details ingestion of one tablet pur-
chased as ‘flatliner’, with an unspecified dos-
age [65]. Onset of effects were reported to occur 
after one hour. Intense visual hallucinations 
with dysphoria, diaphoresis, and ‘speed like 
amphetamine’ effects were described.

CASE REPORTS

The medical case literature contains several 
cases of analytically confirmed MTA toxicity 
characterised by delayed onset of symptoms, 
hyperthermia, and diaphoresis but little objec-
tive clinical data is provided in these reports [66]. 
One report documents a user experiencing pal-
pations and a feeling of ‘slowness’ one hour after 
MTA ingestion with amnesia and insomnia that 
persisted for one week [67]. In one case reported 
as a fatality, witnesses describe the time course 
and appearance of a 22 year-old man after he 
may have ingested pills that were referred to as 
MDMA-like [68]. He was noted to be asympto-
matic at 22:00 hours but reported having gastro-
intestinal upset and feeling unwell at 22:30. By 
01:30 the next day he was shaking. At 06:15 he 
was described as sweaty and shaking with diffi-
culty speaking and within one hour was very hot 

and unable to stand. He experienced convulsions 
and breathing problems at 10:00 and was taken 
to a hospital where he later died at 14:00 hours. 
MTA was confirmed in his blood by HPLC.

See Table 7.1 for a summary of reported 
fatalities associated with these compounds.

CHRONIC EFFECTS AND DEPENDENCE AND 
ABUSE LIABILITY

No data are available regarding chronic 
effects or dependence and abuse liability of 
these compounds in either animals or humans.

4-FLUOROAMPHETAMINE

Pharmacology

Physical and Chemical Description
4-Fluoroamphetamine (4-FA, 1-(4-Fluoro

phenyl)propan-2-amine) is a para positional ring 
substitute of amphetamine. Pharmaceutical 
research in the last century developed several 
para halogen substituted amphetamines with 
the thought that such positional substitution 
may decrease or delay para oxidative attack 
during metabolism [3]. There are no com-
mercially available pharmaceutical formula-
tions for approved medicinal use in this class. 
Multiple preparations appear to be available as 
illustrated by law enforcement agency seizure 
data. Reports detail seizure of white powder, 
crystalline material, pressed tablets, liquid, cap-
sule and paste-like preparations; it is not clear 
whether seized liquid preparations had been 
sold with the 4-fluoroamphetamine already 
dissolved or whether this is undertaken at user 
level [69].

Pharmacokinetics

There is no formal published human phar-
macokinetic data available, but online user 
reports offer a possible picture of onset of 
action, dosage, and duration of action. Online 
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reports on Erowid contain five accounts where 
time was documented and a single substance 
was involved [70]. Of these, time to onset for 
oral administration was between ‘a few min-
utes’ to one hour with duration of effect rang-
ing from seven hours 45 minutes to 20 hours. 
Onset of effect was noted to be five minutes 
after insufflation and one attempt at pyroli-
sation yielded no effect although successful 
inhalation by vaporisation is described. Rectal 
administration is discussed in one Internet 
forum post where one user details 80 mg rectal 
insertion of 4-FA with an onset of effect in 10–20 
minutes with peak effect in 20–30 minutes [71].

Pharmacodynamics

4-FA increases the release of norepinephrine, 
dopamine, and serotonin [72]. Halogenated 
amphetamines decrease serotonin concentra-
tions in rat brain after drug administration, 
but unlike p-chloroamphetamine and fen-
fluoroamine, 4-FA administration does not 
appear to result in permanent serotonergic 
neuronal destruction [73]. In a study compar-
ing decreases of rat brain serotonin at various 
timed interval after drug administration, doses 
of up to 100 microgram/kg resulted in only a 
1% decrease of brain serotonin compared to 
controls and no histological evidence of neu-
ronal destruction was observed as was the case 
for chloroamphetamine, fenfluramine, and 
p-bromoamphetamine [73].

Prevalence of Use

No data regarding the prevalence of 4-FA use 
is available but surrogate information regard-
ing law enforcement seizures suggest increas-
ing availability. Whether this data represents a 
discrete market for 4-FA or increased uninten-
tional use by contamination of amphetamine is 
unclear; it does not appear that there is a dis-
crete market for 4-FA amongst users. Fifteen 
cases of exposure were reported over a 2-year 

period in Eastern Denmark among drivers 
being investigated for driving under the influ-
ence of drugs or alcohol [74]. 4-FA concentra-
tion ranged from 0.006 mg/kg to 0.43 mg/kg 
and there were polypharmacy involved with 
every case.

Acute Toxicity

Human Data
USER REPORTS

User reports detail experiences with 4-FA 
doses ranging from 50 mg to 250 mg orally and 
most accounts involved polydrug use [70]. 
Effects are described as ‘mild stimulant-like’ 
in nature with users describing less eupho-
ria and enactogenic symptoms compared to 
MDMA. Adverse effects reported include brux-
ism, tachycardia, nausea, vomiting, diaphore-
sis, mydriasis, and muscle pain. One account 
involving 180 mg of 4-FA taken orally plus 
the hallucinogenic phenylethylamine 2C-D 
(4-methyl-2,5-dimethoxyphenylethylamine) 
resulting in intense nausea, vomiting, dyspho-
ria, and visual hallucinations lasting several 
hours. Sharp nasal pain lasting 20–30 minutes 
is mentioned in most account involving nasal 
insufflation as the route of administration; fol-
lowing oral use of 4-FA powder, users also 
report an unpleasant taste/sourness after oral 
use of 4-FA powder [70].

CLINICAL REPORTS

There are currently no reported cases of acute 
self-reported or analytically confirmed 4-FA tox-
icity in the published medical literature.

DEATHS

4-FA has been isolated during post-mortem 
analysis in one fatality but the presence of sig-
nificant polydrug use make evaluating its role 
in the case difficult [74]. The whole blood post-
mortem concentration of 4-FA obtained was 
0.53 mg/kg but amphetamines, benzodiazepines 
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and methadone were also detected. No clinical 
information from the case is available to be able 
to further determine the potential role of stimu-
lants such as 4-FA in the fatality.

MONOMETHYL DERIVATIVES

Pharmacology

Physical and Chemical Description
4-methylamphetamine (4-MA) and 4-methyl- 

methamphetamine (4-MMA) are monomethyl 
para ring-substituted derivatives of ampheta-
mine and methamphetamine respectively. 
4-MA underwent initial investigation as an 
appetite suppressant under the trade name 
‘Aptrol’ during the early 1950s [75].

4-MA has predominantly been seized in 
powder and paste form, but liquids and tablets 
containing 4-MA have also been occasionally 
encountered in law enforcement seizures [38]. 
Generally 4-MA is found together with amphet-
amine and caffeine in varying ratios.

Pharmacokinetics

Animal Data
There are no published animal pharmacoki-

netic data for either 4-MA or 4-MMA.

Human Data
There is no published human data or user 

report data to be able to determine the pharma-
cokinetics of 4-MMA. Limited information is 
available for 4-MA from one user report and one 
human volunteer study. In the human volunteer 
study, anorectic effects lasted 6–10 hours after 
1.5 mg/kg of 4-MA and severe hypertension 
lasted 20–30 minutes after 2.0 mg/kg 4-MA [76]. 
In a personal communication to Shulgin et al., a 
user reported psychedelic effects after 4-MA use 
with a plateau at two hours and return to baseline 
four hours after self-reported use of oral (160 mg) 
and intramuscular (80–120 mg) 4-MA [77].

Pharmacodynamics

4-MA induces dopamine (DA) and norepineph-
rine (NE) release similarly to amphetamine but in 
a less potent fashion. The EC50 for dopamine and 
norepinephrine were compared for amphetamine 
and 4-MA in rat nucleus accumbens after adminis-
tration of amphetamine or 4-MA dopamine: dopa-
mine EC50: 4-methylamphetamine 44.1 ± 2.6 nM, 
amphetamine 8.0 ± 0.43 nM; noradrenaline EC50: 
4-methylamphetamine 22.2 ± 1.3 nM, amphet-
amine 7.2 ± 0.44 nM [78]. Conversely, 4-MA 
is a much more potent at inducing serotonin 
release as seen in the same study with a EC50 of 
53.4 ± 4.1 nM compared to the EC50 for ampheta-
mine of 1756 ± 94 nM [78]. The consequences of 
higher serotonergic release appear to result in a 
decrease in reinforcement behaviours observed in 
animal studies. In this study, self-administration 
of 4-MA was compared with other amphetamine 
analogues including amphetamine, 3-methylam-
phetamine, 4-fluoroamphetamine and 3-fluoroam-
phetamine [78]. 4-MA was the least likely of all the 
compounds to cause self-administration.

The relative effect of 4-MA on sympathetic 
neurotransmitters was confirmed in another 
study investigating the effects of 4-MA com-
pared to m-fluoroamphetamine, p-fluoroam-
phetamine and m-methylamphetamine on 
extracellular DA and 5-HT concentrations in 
microdialysis of rat nucleus accumbens [78]. 
4-MA was the most potent at increasing extracel-
lular 5-HT concentrations and the least potent at 
increasing extracellular DA concentrations.

In another study, rhesus monkeys self-
administered 4-MA but at a less frequent rate 
when compared to ortho and meta methyl 
substituted amphetamines as well as 4-FA [79]. 
4-MA given by the intra-peritoneal route to rats 
at doses of 2, 4, 6, 8, and 16 μmol/kg exhibited 
minimal reinforcing behaviour, in this case for-
ward locomotion, when compared to similar 
doses of 4-FA but both drugs resulted in equal 
measure of anorexia [80]. The effects of 4-MA 
were compared with 4-chloroamphetamine and 
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4-fluoroamphetamine in a whole rat model at 
doses of 5–10 mg/kg [81]. 4-MA was the least 
potent, with ‘low stimulant’ effects at 5 mg/kg 
and ‘high dose’ stimulant effects at 10 mg/kg. 
All of the 4-fluoroamphetamine and 4-chloro-
amphetamine treated rats died but there were 
no deaths in 4-MA treated rats.

In a further study measuring motor activ-
ity, 4-MA was compared to amphetamine 
and other ring substituted amphetamines 
[82]. The dose of amphetamine analogue 
required to increase motor activity by 200% 
was 38 μmol/kg for 4-MA, 16 μmol/kg for 
amphetamine and 24 μmol/kg for both 2- and 
3-chloroamphetamine.

Prevalence of Use

There is limited data available on the preva-
lence of use of 4-MA. Seizures of 4-MA have been 
reported from 17 European countries suggesting 
that it is widely available in Europe [38]. However 
it is generally found together with amphetamine 
and caffeine and it is likely that most 4-MA users 
are seeking amphetamine/‘speed’ rather than 
specifically 4-MA [38].

Only two sub-population studies have investi-
gated the prevalence of use of 4-MA. The first of 
these was an online survey in Hungary in 2012 
[83]. 4 (2.1%) of 194 individuals had used 4-MA. 
However, there is the potential that this is an 
over-estimate as the street names provided in two 
of these cases suggest other drugs: ‘formek’ (gen-
erally associated with 4-methylethcathinone) and 
‘piko’ (generally associated with methampheta-
mine). In another study conducted in nightclubs 
in London in 2012, 16.2% of 327 surveyed had 
heard of 4-MA, 5.8% reported having ever used it 
and 4.0% reported using it in the last year [38].

Acute Toxicity

Animal Data
A number of mouse models have investi-

gated the LD50 of 4-MA and demonstrated that 

it has a similar median lethal dose to amphet-
amine. Studies with animals kept in isola-
tion have shown an LD50 for intraperitoneal 
(IP), intravenous (IV) and subcutaneous (SC) 
administration of 4-MA and amphetamine 
respectively of IP: 136 mg/kg and 101 mg/L; 
IV 31.0 mg/kg, 12.5 mg/kg; SC 160 mg/kg, 
205 mg/kg [76,84,85]. Studies have shown that, 
as previously noted for a number of other stim-
ulants, that crowding increases the lethality of 
4-MA [85]. The LD50 of 4-MA for mice kept in 
isolation administered subcutaneous 4-MA was 
160 mg/kg and for mice kept in groups of ten 
was 35.0 mg/kg. 4-MA administration in mice 
at high doses (LD50 136 mg/kg) resulted in pilo-
erection and pulmonary haemorrhage [76]. In 
the same study, 4-MA demonstrated analeptic 
effects in mice pretreated with pentobarbital at 
half the potency of amphetamine, similar wak-
ing times were seen with 10 mg of ampheta-
mine compared to 20 mg of 4-MA [76].

Human Data
USER REPORTS

There are limited user reports discuss-
ing 4-MA and/or 4-MMA; this is likely to be 
because these compounds are generally sold as 
amphetamine (‘speed’) and so users are una-
ware that they are taking 4-MA/4-MMA. In 
one report on Drugs Forum, a user described 
taking 10–50 mg of a product that they thought 
contained 4-MA or 4-MMA [86]. They reported 
the following symptoms: headache, ‘din’ 
heart, nausea, nervousness and stimulation 
that they felt resembled ephedra. In a separate 
report from users in France on Bluelight, users 
reported negative symptoms including anxiety, 
sweating, nausea, abdominal pain, headache, 
paranoia, hallucinations and depression fol-
lowed by post-use effects that included insom-
nia, cognitive and mood disorders [87].

VOLUNTEER STUDY AND CLINICAL TRIALS

In a study in 14 human volunteers, 4-MA 
was compared to amphetamine [76]. 4-MA 
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at a dose of 1 mg/kg increased systolic blood 
pressure 14 mmHg and diastolic blood pres-
sure 4 mmHg, but did not change heart rate. 
The change in blood pressure with 1 mg/kg 
4-MA was similar to that report with a dose of 
0.25 mg/kg amphetamine. At 1.5 mg/kg doses 
of 4-MA there were reports of nausea and 
sweating and an increase in systolic blood pres-
sure of 18 mmHg and diastolic blood pressure 
of 16 mmHg. At 4-MA doses of 2.0 mg/kg there 
were reports of ‘severe and prolonged anorexia’ 
and volunteers ‘complained bitterly of gastric 
distress with much salivation, expectoration 
and coughing, terminating in copious vomit-
ing of mucus secretions’. At this dose, there was 
a greater increase in blood pressure (systolic 
increase of 50 mmHg and diastolic of 34 mmHg).

In a clinical trial of 4-MA for weight reduc-
tion [80], individuals were recruited: 48 were 
administered 4-MA and then placebo, 14 only 
4-MA and 11 only placebo [75]. 4-MA or pla-
cebo was given at 25 mg three times a day, and 
increased if tolerated to 50 mg three times a 
day. There was no reported difference in blood 
pressure and heart rate between placebo and 
4-MA at either dose. Adverse effects reported 
only with 4-MA were headache, pruritus and 
palpitations.

HUMAN ACUTE TOXICITY CLINICAL REPORTS

Oral administration of 1.0 mg/kg of 4-MA 
in healthy human volunteers produced no 
CNS stimulation and only mild anorexia but 
at a dose of 2.0 mg/kg there was hypertension 
with observed average increase of both systolic 
blood pressure (50 mmHg over baseline) and 
diastolic blood pressure (34 mmHg over base-
line) [76]. Psychomotor agitation, diaphoresis 
and ‘gastric distress’ with vomiting were also 
observed after the 2.0 mg/kg dose. In one sub-
ject, anorexia persisted almost three days.

A single confirmed clinical report of 4-MA 
toxicity exists in the medical literature. A 40 
year-old man and habitual amphetamine 
user presented to the emergency department 

by ambulance one hour after insufflating an 
undisclosed amount of what he believed to 
be amphetamine [88]. He also drank several 
glasses of lager and unknown amounts of 
sherry and barley wine. Shortly after insufflat-
ing the powder, he began to experience palpita-
tions and xerostomia and an impending feeling 
of doom. On arrival to the emergency depart-
ment he was noted to appear distressed and to 
smell of ethanol. His heart rate was 150 b.p.m., 
blood pressure 200/120 mmHg, and he had an 
oral temperature of 37.2°C and dilated pupils. 
Chest X-ray was described as normal as were 
initial laboratory values with the exception 
of hyperglycaemia (glucose 13.0 mmol/l) and 
leucocytosis (white blood cell count 17.5 × 109 
per litre). 5 hours after presentation the Poison 
Center was consulted and IV beta blocker was 
recommended (10 mg practolol IV) and admin-
istered. In response to this relatively cardiose-
lective beta blocker the patient experienced 
a decrease in heart rate to 115 b.p.m. and an 
increase in blood pressure to 240/160 mmHg. 
The patient was discharged in good health 48 
hours after admission, but reported difficulty 
in sleeping and persistent feelings of anxiety 
for several weeks after use. He later produced 
the powder which upon confirmatory testing 
with gas chromatography and mass spectros-
copy revealed the powder to contain 4-MA 
and 4-MMA; there was no analysis of biologi-
cal samples from the patient to confirm use of 
these and exclude concomitant use of other 
substances. It is therefore not possible to deter-
mine whether the effects were due to 4-MA, 
4-MMA, alcohol or potentially other substances 
that the patient may have used.

DEATHS

At the time of the EMCDDA risk assessment 
of 4-MA there had been 16 deaths in Europe 
(Belgium: 6; Denmark: 1; the Netherlands: 6; and 
UK: 3) where 4-MA had been detected in post-
mortem samples; the first of these was from the 
UK in October 2010 [38,89]. Limited information 
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is available for most of these cases and in many 
cases other drugs were also detected and so it is 
not possible to determine the cause of death or 
the role of 4-MA in these deaths. The 4-MA con-
centrations in the post-mortem samples from 
these deaths varied from 0.5–5.8 mg/L.

CHRONIC TOXICITY

No human or animal data are available on 
the potential patters of chronic toxicity associ-
ated with 4-MA or 4-MMA.

Dependence and Abuse Potential

Animal Data
One animal study has compared self-admin-

istration of 4-MA with other amphetamine 
analogues including amphetamine, 3-methyl
amphetamine, 4-fluoroamphetamine and 
3-fluoroamphetamine. 4-MA was the least 
likely of these drugs to be associated with a 
self-administration for both a fixed-ratio dos-
ing schedule and a progressive ratio dosing  
schedule [79].

Human Data
There are no user reports or published cases 

in the scientific or grey literature describing the 
potential for dependence or abuse potential for 
4-MA or 4-MMA.

SUMMARY

Synthetic amphetamine derivatives are com-
prised of a structurally diverse groups of drugs 
that all interact with serotonin, norepinephrine 
and dopamine neurotransporter systems to 
produce effects that can be, in part, predicted 
from their chemical structure and similarity to 
amphetamine/phenylethylamine. Many were 
originally synthesised as research chemicals. 
Data on effects in humans of most of these 
drugs is very limited and both the dynamic 
nature of novel psychoactive substances and 

the lack of widely available confirmatory test-
ing in individuals presenting to hospital with 
acute toxicity present challenges to effective case 
reporting. Continued vigilance through moni-
toring systems and clinical reporting are key to 
understanding and anticipating public health 
risks from emerging synthetic amphetamine use.
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INTRODUCTION

Over the last decade, a number of pipera-
zine derivatives (PZDs) have emerged as a new 
group of recreational drugs. They are sought 
both for their amphetamine- and 3,4-methylen-
edioxymethamphetamine (MDMA)-like effects. 
Those PZDs reported as drugs of abuse include 
1-benzylpiperazine (BZP), 1,3-trifluoromethyl-
phenylpiperazine (TFMPP), 1-(3-chlorophenyl) 
piperazine (mCPP) and 1-(4-methoxyphenyl) 
piperazine (MeOPP). When introduced as rec-
reational drugs, they were not classified under 
existing drug or analogue laws in most juris-
dictions. Use of these derivatives was first 
reported in the USA and Scandinavia in the 
1990s and quickly spread across Europe and 
Australasia [1–4].

The backbone of the PZDs is the pipera-
zine moiety attached to an aromatic group. 
Piperazine itself was widely used as a potent 
anthelminthic agent used to treat animals for 
intestinal roundworms [5]. It acts by alter-
ing cell membrane permeability and causes 
hyperpolarisation of cells. It is one of the base 

compounds used in the production of fluoro-
quinolones such as ciprofloxacin and norfloxa-
cin [6]. Piperazine itself does not appear to have 
psychoactive properties [7]. The piperazine ring 
and derivatives are also used as raw materials 
in industry for manufacturing epoxy resins, 
insecticides, rubber compounds and antioxi-
dants [8].

The most widely used PZDs are BZP, and to 
a lesser extent TFMPP. BZP was originally syn-
thesised by researchers at Burroughs Wellcome 
& Co. in 1944 [9], although not as an anthel-
minthic agent [10]. A patent was finally sub-
mitted by Wellcome researchers in 1968 for use 
as a potential antidepressant agent [11]. Later 
human studies suggested the subjective and 
psychomotor effects of BZP were similar to 
dexamphetamine, though doses necessary to 
achieve this were 10 times greater than that of 
dexamphetamine [12,13].

The first mention of BZP as a potential rec-
reational drug was by Alexander Shulgin, who 
listed it amongst other synthetic psychoactive 
substances and noted that it had ‘an acceptabil-
ity close to amphetamine’ [14].

http://dx.doi.org/10.1016/B978-0-12-415816-0.00008-0
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Research into a potential antidepressant 
N-benzyl-piperazine-piconyl fumarate (EGYT-
475) was conducted in Hungary in the early 
1970s. This agent was found to act as a prodrug, 
with BZP forming the active metabolite [15–19]. 
It was developed and marketed by EGIS (EGIS 
Gyogyszergyar Reszvenytarsasag Kereszturi 
ut 30-38, H-1106 Budapest, Hungary) briefly 
under the trade name Trelibet® but was subse-
quently withdrawn.

A number of other pharmaceutical pip-
erazine derivatives and their precursors form 
metabolites that are recognised as piperazine-
based recreational drugs. mCPP is an important 
intermediate in the production of the antide-
pressant trazdone as well as nefazadone, eto-
peridone and mepiprazole [20,21]. A primary 
metabolite of Fipexide, a cognitive enhancer 
considered for use treating asthenia and mem-
ory disorders in the elderly, is 1-(3,4-methyl-
enedioxybenzyl)piperazine (MDBZP) [22]. 
Fipexide was marketed as a nootropic drug by 
Lab Bouchara [23], but is no longer available 
due to adverse reactions such as fever [24] and 
hepatitis [25,22].

Niaprazine is a hypnosedative drug of the 
phenyl-piperazine class and metabolises to 
form 1-(4-fluorophenyl)piperazine (pFPP) – 
another piperazine derivative reportedly used 
as a drug of abuse [26]. Niaprazine (Nopron; 
Sanofi-Aventis SpA) is available in Europe as a 
sedative-hypnotic drug [27].

PHARMACOLOGY

Physical Description

Piperazine (1,4-hexahydropyrazine) is a 
cyclic organic molecule possessing two nitrogen 
atoms in opposite positions within a 6-member 
heterocyclic ring. Piperazine forms the back-
bone for the various piperazine derivatives 
used as recreational drugs; it is typically bound 
to an aromatic ring (Fig. 8.1). The piperazine 

derivatives can be divided into two groups. The 
benzyl-piperazines are those distinguished by a 
methyl group that bridges the piperazine with 
an aromatic ring. The phenyl-piperazines are 
classified as a phenyl group bound to the pip-
erazine moiety. BZP and TFMPP are represent-
atives of the benzyl- and phenyl-derivatives 
respectively (Figs 8.2 and 8.3).

1-Benzylpiperazine (synonyms: BZP, 
N-benzylpiperazine, CAS 2759-28-6), is a syn-
thetic benzyl-analogue of piperazine (Fig. 8.2) 
and has a molecular formula of C11H16N2 and a 
molecular weight of 176.26 g/mol. In its freebase 
form it is a pale yellow viscous liquid that reacts 
with air and light. It has a pH of nine and is 
therefore an irritant to living tissue in this form. 
It is usually sold as BZP dihydrochloride and 
presented in the powdered form (in capsules or 
bagged). BZP may also be mixed with TFMPP, 
caffeine and binders and made into tablets, and 
has in recent years been substituted for other 
stimulants sold to users as ‘ecstasy’ [28,29].

1,3-trifluoromethylphenylpiperazine (syno-
nyms: TFMPP, CAS 15532-75-9) is a fluorinated 
phenyl-piperazine derivative (Fig. 8.3), that 
has a molecular formula of C11H13F3N2 and a 
molecular weight of 230.23 g/mol. TFMPP is 
typically taken in combination with BZP; evi-
dence with animal models suggests the com-
bination may evoke the cumulative release of 
dopamine and serotonin, comparable to the 
effects of ecstasy [30,31].

1-(3-chlorophenyl) piperazine (synonyms: 
mCPP, meta-Chlorophenylpiperazine, CAS 
51639-49-7) is a chlorinated phenyl-analogue 
of piperazine (Fig. 8.3) and has a molecular 

FIGURE 8.1  The chemical structure of piperazine and 
1-benzylpiperazine.
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formula of C10H13ClN2 with a molecular weight 
of 196.7 g/mol. Structurally it is related to 
TFMPP with the chloro-moiety replacing the 
trifluoromethyl group. There are two positional 
isomers: 1-(4-chlorophenyl)piperazine (pCPP, 
para-CPP) and 1-(2-chlorophenyl piperazine, 
(oCPP, ortho-CPP). The positional isomer oCPP 
is an antagonist of the 5HT2C receptor. Only 
limited investigations have been conducted 
on the properties of pCPP and oCPP. The iso-
mers, predominantly mCPP, have been used 
as surreptitious substitutes for MDMA [29]. In 
Europe, their use has now increased, becoming 
more widespread than BZP [32].

A number of other piperazine derivatives 
have been reported as recreational drugs. Very 
little published information exists on the recrea-
tional use and associated toxicity of these sub-
stances. They are presented in Figs. 8.2 and 8.3 
and a brief summary of their known properties 
is presented in Table 8.1.

Pharmacokinetics

The information available regarding the kinet-
ics of piperazine analogues has been obtained 
predominantly from animal studies and three 
investigations using human volunteers. The 
human studies involved the oral administration 
of a single 200 mg dose of BZP [33], a combina-
tion of BZP (100 mg) and TFMPP (30 mg) [34] 
and a single dose of 60 mg TFMPP [35].

Absorption
Piperazine derivatives are usually found in 

capsule, pill and occasionally powder form. 
Use is usually by the oral route though intra-
venous [36,37], inhalation [38], nasal insuffla-
tions [39,40] and even rectal use [41] have been 
described.

Both BZP and TFMPP are rapidly absorbed 
following oral ingestion. Following the inges-
tion of 200 mg BZP, a mean maximum plasma 

FIGURE 8.2  Psychoactive benzyl-piperazine derivatives.
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concentration (Tmax) occurred in 75 min with a 
peak plasma concentration of 262 ng/mL; [33] 
the calculated absorption half-life was 6.2 min-
utes (min). When 60 mg TFMPP was adminis-
tered, the Tmax was achieved at 90 min with an 
absorption half-life of 24.6 min [35]. When BZP 
was co-administered with TFMPP, the dem-
onstrated absorption half-lives were 6.0 and 
13.3 min, respectively [34]. The times to maxi-
mum concentration for BZP and TFMPP were 
60 min and 75 min, respectively.

Following oral administration of 0.5 mg/kg 
mCPP in 14 human volunteers, average peak 
levels occurred at 3.2 hours (h) with a maxi-
mum plasma concentration (Cmax) of 54 ng/
mL; [42] the authors of this study did, however, 
report a large variability in their calculated 

values (range 8–132 ng/mL). Bioavailability as 
measured by AUC also varied eight-fold (64–
2758 h × ng/mL). Cmax variability was also high 
in another study, varying eight-fold between 
individuals after oral administration [43].

Distribution
There is no information on the distribution 

of BZP. The apparent mean volume of distribu-
tion for TFMPP was calculated to be 891.34 L, 
following the administration of 60 mg to six 
human volunteers [35].

TFMPP has been shown to readily distrib-
ute across the blood–brain barrier; one animal 
study demonstrated peak concentrations in 
the brain within five minutes of intravenous 
administration [44].

FIGURE 8.3  Psychoactive phenyl-piperazine derivatives.
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Metabolism
The metabolism of the piperazine deriva-

tives BZP, TFMPP, mCPP and MeOPP occurs 
predominantly in the liver [45–48]. Summaries 
of the phase 1 metabolism for BZP, TFMPP, 
MeOPP and mCPP are presented in Figures 8.4, 
8.5, 8.6 and 8.7, respectively.

Following the oral administration of BZP, 
3–6% of the unchanged parent drug has been 
recovered from urine over the first 24 h [17,33]. 
Two hydroxylated species of metabolite have 
been identified: 4-OH BZP and 3-OH BZP [33]. 
However, these metabolites only account for 
0.11% of the total dose. The phase 2 conjugated 
metabolites O-sulfate BZP and N-sulfate BZP 
were also recovered, making the total amount 
of BZP excretion 12.25%. This suggests that 
BZP may have low bioavailability, significant 
biliary excretion or strong protein or tissue 
binding. The protein binding of BZP in pooled 

human plasma was in the order of 12% [54]. 
Magyar reports recovering approximately 3.7% 
BZP in urine, following the administration of 
the parent drug EGYT-475 [17]. Animal stud-
ies, however, suggested that there may be other 
metabolites of BZP including benzylamine, 
N-benzylethylenediamine, piperazine [46] and 
glucuronide conjugates [46,49] nevertheless, as 
described above, the only formal study with 
humans detected only the hydroxyl BZP metab-
olites [33].

The major phase 1 metabolites of mCPP were 
found to be formed by hydroxylation of the aro-
matic ring to form 4-OH-1-(3-Chlorophenyl)pip-
erazine, and degradation of the piperazine moiety 
to form N-(3-chlorophenyl)-1,2-ethanediamine, 
3-chlorobenzenamine, 4-[(2-aminoethyl)amino]-
2-chlorophenol and 4-amino-2-chlorophenol  
[53,55]. Phase 2 glucuronide and sulfate ana-
logues have also been identified.

TABLE 8.1 S ummary of the Lesser Known Piperazine Derivatives

Name
Piperazine  
Class Synonyms

CAS  
Number

Molecular  
Formula

Molecular  
Mass (g/mol)

1-(4-methoxyphenyl) 
piperazine

Phenyl MeOPP, para- 
Methoxyphenylpiperazine,  
pMeOPP, Paraperazine

38212-30-5 C11H16N2O 192.258

1-(2-methoxyphenyl) 
piperazine

Phenyl pMeOPP 35386-24-4 C11H16N2O 192.258

4-methyl-1- 
benzylpiperazine

Benzyl MBZP 374898-00-7 C12H18N2 190.294

1-(4-methylphenyl)piperazine Phenyl pMPP 39593-08-3 C11H16N2 176.26

1-(3-methylphenyl)piperazine Phenyl mMPP 41186-03-2 C11H16N2 176.26

1-(4-bromo-2,5- 
dimethoxybenzyl)piperazine

Benzyl 2C-B-BZP – C13H19BrN2O2 315.208

1,4-Dibenzylpiperazine Benzyl DBZP 2298-55-7 C18H22N2 266.381

1-(3,4-Methylenedioxybenzyl) 
piperazine

Benzyl MDBZP,  
1-Piperonylpiperazine

32231-06-4 C12H16N2O2 220.268

1-(4-Fluorophenyl)piperazine Phenyl pFPP, 4-FPP;  
Fluoperazine, Flipiperazine

2252-63-3 C10H13FN2 180.222
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In vitro microsomal assays suggest the major 
isoenzymes involved in the metabolism of pip-
erazine derivatives are CYP2D6, CYP1A2 and 
CYP3A4 [45,48,56,57]. Research has also shown 
BZP, TFMPP, pFPP, MeOPP, mCPP, MBZP and 
MDBP have an inhibitory effect on these and 
the isoenzymes CYP2C19 and CYP2C9 [56]. 
Further in vitro studies with human liver micro-
somes assessing BZP and TFMPP drug–drug 
interactions have suggested TFMPP causes 
more significant inhibition than BZP on test sub-
strates (dextromethorphan and caffeine) [57]. 
Interactions with substrates can cause isoen-
zyme inhibition leading to unexpected high lev-
els of either one or both. Various antidepressants 
(selective serotonin reuptake inhibitor and tri-
cyclic antidepressants) and antipsychotics (phe-
nothiazine and butyrophenone classes) are also 
recognised inhibitors of the isoenzymes responsi-
ble for the metabolism of piperazine derivatives 
[58]. They have been shown to increase plasma 

concentrations of mCPP, when metabolised with 
thioridazine [59] and haloperidol [60]. Such inter-
actions not only cause unexpected elevations of 
the piperazine analogue, but also increase the 
risk of host toxicity. For example, chronic treat-
ment with fluoxetine has been shown to cause 
a four-fold increase in plasma concentrations of 
mCPP in human subjects [61]. Non-prescribed 
recreational drugs can also influence piperazine 
derivative metabolism; cocaine has been shown 
to influence the metabolism of mCPP [62], and 
there is a theoretical suggestion BZP may inhibit 
CYP2D6 leading to elevated concentrations of 
MDMA, when both are co-ingested [57].

Elimination
In human studies approximately 12% of BZP 

and metabolites are recovered in urine over 24 h 
[33]. This low recovery rate may be due, in part, 
to biliary excretion. The elimination half-life 
for BZP was calculated to be 5.5 H [33]. Using 

FIGURE 8.4  A proposed scheme for the phase I metabolic pathway of BZP in humans and rats [46,49] (i) aromatic 
hydroxylation, (ii) methylation, and (iii) dealkylation.
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a detection limit of 5 ng/mL, BZP could there-
fore theoretically be detected in urine up to 30 h 
after an oral dose.

The elimination of TFMPP was determined 
to have two disposition phases; these measured 
elimination half-lives were 2.04 and 5.95 h [35]. 
The apparent clearance of TFMPP in human vol-
unteers is 384 L/h [35]. Recovery rates of TFMPP 
from urine are less than 1% and suggest either 
very poor bioavailability or alternate excretion.

The mean rate of elimination of mCPP fol-
lowing oral and parenteral administration in 
human volunteers was 3.2 and 5.8 h respec-
tively [42]. Clearance following intravenous 
administration was 49.6 mL/h.

Pharmacodynamics

Animal Data
BZP

BZP exerts its actions in a manner similar to 
amphetamine, causing an increase in the pre-
synaptic release of dopamine, serotonin and 
noradrenaline. Research also suggests it inhib-
its the reuptake of dopamine [63,64] and other 
monoamine transmitters [65] by blocking the 
respective transport complexes thereby pre-
venting the removal of transmitters from neu-
ral synapses [31]. It may also act by functioning 
as an agonist upon the postsynaptic dopamine 
receptors [66]. Studies assessing the nucleus 

FIGURE 8.5  A proposed scheme for the phase I metabolic pathway of TFMPP in humans and rats [50,51] (i) aromatic 
hydroxylation, (ii) N-dealkylation and (iii) N-acetylation.
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accumbens in rats demonstrated the parallel 
rise of dopamine and 5-HT following adminis-
tration of BZP, but dopaminergic effects were 
more predominant [31].

In vitro studies have additionally shown BZP 
may also increase the release of norepineph-
rine in peripheral sympathetic nerve fibres [67]. 
Serial dilutions of BZP were applied to periph-
eral sympathetic nerve fibres (rabbit pulmonary 
artery preparations). Resting and stimulation 
evoked release of noradrenaline was signifi-
cantly potentiated over a BZP concentration 
range of 10−7 M to 10−4 M, This occurred in a 
dose-dependent fashion. Elevations of smooth-
muscle tone were also observed [67].

BZP acts as a locomotor stimulant producing 
hyperlocomotion and stereotypic behaviours 
[68]. Reinforcing effects were found in the place 
preference test with rats [63]. BZP given to 
adolescent rats produced higher levels of anx-
iety-like behaviour [69]. Further behavioural 
research is discussed below in the Dependence 
and Abuse section.

TFMPP

In contrast to BZP, TFMPP does not pos-
sess dopaminergic or adrenergic properties; 
[70] rather, it has non-selective agonist activ-
ity upon the 5-HT receptor classes [71,72], and 
also prevents the re-uptake of serotonin [73]. 

FIGURE 8.6  A summary of the proposed phase I metabolic pathway of MeOPP in rats [48] (i) Aromatic hydroxylation, 
(ii) N-dealkylation. Both 4-methoxyaniline and 4-hydroxyaniline can also undergo possible acetylation.
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FIGURE 8.7  A summary of the proposed phase I metabolic pathway of mCPP in rats [52,53] (i) aromatic hydroxylation, 
(ii) N-dealkylation and (iii) N-acetylation.
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Both TFMPP and mCPP act as serotonin trans-
porter (SERT) substrates to evoke the release of 
endogenous 5-HT from presynaptic neurons in 
a manner similar to MDMA [31]. Indeed, both 
have been used to discriminate between 5-HT2 
receptor subtypes [73].

TFMPP has affinity for various 5-HT1 and 
5-HT2 brain tissue receptor subtypes in rank 
order: 5-HT1A (Ki = 288 nM), 5-HT1D (Ki = 
282 nM), 5-HT2A (Ki = 269 nM), 5-HT1B (Ki = 
132 nM), and 5-HT2C (Ki = 62 nM) [31]. Both 
TFMPP and mCPP purportedly act upon the 
5-HT2A and 5-HT2C receptors. These receptors are 
recognised for their role in disorders such as anx-
iety and depression [74], as weak partial agonist 
or antagonist, and full agonists for the 5-HT2A 
and 5-HT2C receptors, respectively [75,76].

Stimulation of the subgroup 5-HT1B1 and 
5-HT1B2 receptors with TFMPP is also thought 
to mediate hallucinogenic effects [77]. However, 
unlike mCPP, TFMPP has insignificant affinity 
for the brain 5-HT3 receptor [78].

mCPP

Like TFMPP, mCPP has an affinity for pre-
synaptic SERT sites, and acts as a re-uptake 
inhibitor; [79] mCPP also has significant affin-
ity for a wider range of 5-HT receptors (5-HT1A, 
5-HT1B, 5-HT1D, 5-HT2A, 5-HT2B, 5-HT2C, 5-HT3, 
and 5-HT7) [78,80–82]. Additionally, it has affin-
ity and activity at α1 and α2-adrenergic recep-
tors [82]. At higher doses, mCPP produces 
modest increases in extracellular dopamine in 
the rodent nucleus accumbens [83].

In research with caged rodents, Kennett et al. 
observed that mCPP induced hypoactivity [84] 
and anxiogenesis [85] and hypothesised that 
mCPP and possibly TFMPP may function as 
central 5-HT1C-receptor agonists. Stimulation 
of the 5-HT2A receptors could also possibly con-
tribute to depression-like behaviour. Increases 
in endogenous adrenocorticotropic hormone, 
cortisol, growth hormone and prolactin concen-
trations have also been shown to occur follow-
ing the administration of mCPP [43,82,86].

MeOPP

To the knowledge of the authors, there are 
no known studies assessing the mechanism of 
action of this piperazine derivative; it possibly 
acts in a manner similar to the other phenyl-
piperazines, but without objective evidence, 
this can only remain speculative.

pFPP

pFPP has been found in vitro to act as a 5-HT1A 
receptor agonist, with lesser affinity for the 
5-HT2A and 5-HT2C receptors [87]. It also has been 
demonstrated to stimulate the release and inhibit 
the re-uptake of serotonin and norepinephrine in 
the synapse. It does not have the sedative effects 
of its parent compound niaprazine [26].

Human Studies
BZP

BZP is a recreational drug that has been used 
widely for its euphoric and stimulant prop-
erties [88]. The average dose of BZP in party 
pills, as supplied in New Zealand, was initially 
50 mg, but incrementally increased to 250 mg 
[4]. Later some capsules were found to con-
tain doses in excess of 500 mg [36]. The ratio 
of BZP:TFMPP in combinations of BZP and 
TFMPP ranged from 2:1 to 10:1 [89].

Initial human studies compared doses of 
BZP (20 and 100 mg doses) with dexampheta-
mine (1 mg–7.5 mg) [12]. Tests of motor perfor-
mance, cardiovascular responses and vigilance 
were conducted with significant improve-
ment in auditory vigilance tests for both drugs. 
Subjective effects were only detected by the 
subjects after 7.5 mg dexamphetamine and 
100 mg BZP. Both drugs produced significant 
increases in heart rate and blood pressure and 
pupil dilatation. Another study found a trend 
towards QT prolongation in 160 users but no 
recorded arrhythmias [36]. The study group 
of former amphetamine addicts were unable 
to distinguish between 100 mg BZP and 7.5 mg 
d-amphetamine [90].
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TFMPP

Dexamphetamine-like effects, dysphoria, 
confusion and feelings of tension were recorded 
from 30 volunteers given 60 mg TFMPP [91]. 
Such symptoms, as noted by the authors, were 
consistent with other drugs that have sig-
nificant serotonin activation such as mCPP 
and lysergic acid diethylamide. Volunteers in 
another investigation on the subjective and 
physiological effects of combined BZP/TFMPP 
reported dexamphetamine- and MDMA-like 
effects along with increased dysphoria and 
increased feelings of self-confidence [92]. They 
also experienced elevation of blood pressure 
and heart rate but no adverse effects were 
reported – this may have been due to the lower 
dose regime used.

mCPP

Despite having adrenoceptor affinity [82], 
mCPP does not appear to produce clinically 
significant sympathomimetic effects. There is, 
however, a risk of serotinergic overstimulation 
with reported clinical effects including anxi-
ety, dizziness, hallucinations, nausea, warm 
and cold flushes, migraine and panic attacks 
[42,93,94]. This has tended to limit the use of 
mCPP as a recreational drug [8].

pFPP

The psychoactive effects of pFPP are likely 
to be due to 5-HT1A agonism [87]. There are no 
peer reviewed papers reporting adverse effects 
associated with this piperazine derivative.

TOXICOLOGY

Animal Data

In mammals, the prodrug N-benzyl-
piperazine-piconyl fumarate (EGYT-475) is 
metabolised to BZP. It was found to be toxic 
to beagle dogs at doses approaching 30 mg/kg 
and lethal at higher doses [16].

Baumann reported in his studies, comparing 
MDMA, BZP and TFMPP in rats, that animals 
exposed to doses of a 10 mg/kg combination of 
TFMPP and BZP developed seizures and ataxia 
[31]. Experiments at that dose were voluntarily 
stopped because of animal welfare concerns.

Human Data

User Reports
The majority of studies documenting the 

subjective effects of piperazine drugs have 
been following the use of BZP, TFMPP or 
mCPP. There has been little reported in scien-
tific literature on the subjective effects of the 
other piperazine derivatives. The subjective 
effects reported following use of BZP, TFMPP 
and mCPP have been documented in clinical 
investigations using subjective ratings scales 
[88,91,92,95–98] and surveys or group discus-
sions where recreational users were questioned 
about their experiences following use [99–103]. 
As the surveys are not controlled and are based 
on the self-reporting of symptoms they may 
not be particularly accurate. Users may or 
may not disclose the use of other coingestants. 
Additionally, following the recreational use of 
piperazine party drugs participants may have 
also experienced extended periods of exertion, 
lack of sleep or dehydration; these confounding 
factors may contribute to the effects displayed 
in some users, thereby potentially limiting the 
accuracy of survey questionnaires or group dis-
cussion data.

Three double blind and placebo controlled 
clinical studies investigations have been under-
taken using BZP and TFMPP. The first investi-
gated BZP in 27 healthy female volunteers (13 
subjects given placebo, 14 subjects adminis-
tered 200 mg BZP) [88], the second investigated 
TFMPP in 30 healthy males (15 in the placebo 
group, 15 administered 60 mg TFMPP) [91], 
while the third study investigated a combi-
nation of both BZP and TFMPP in 36 healthy 
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male volunteers (16 in the placebo group, 20 
administered 100 mg BZP/30 mg TFMPP com-
bination) [92]. These studies used the addiction 
research centre inventory (ARCI) questionnaire, 
the profile of mood state (POMS) scales and vis-
ual analogue scales (VAS) to measure changes 
between, before and 120 minutes after drug 
or placebo administration. The results of these 
investigations showed BZP administered singu-
larly produced statistically significant changes 
in a number of the ratings; the ARCI question-
naire showed increased scores in euphoria, 
dysphoria and dexamphetamine-like effects. 
The POMS scales showed decreases in depres-
sion/dejection, fatigue/inertia and confusion/
bewilderment, and increases in vigour/activity 
and total mood disturbance. The results from 
VAS included increases in categories of drug 
effect, drug liking, being stimulated, high, anx-
ious, talkative, and self-confident [88]. TFMPP 
administered by itself also showed changes in 
the ARCI, including increases in dysphoria and 
dexamphetamine-like effects. The POMS scale 
showed an increase in tension/anxiety while 
the VAS scores included increases in drug lik-
ing, and being high, and stimulated [91]. When 
BZP was given in combination with TFMPP, 
the ARCI questionnaire showed similar effects 
as when the drugs were administered indi-
vidually, including increases in dysphoria and 
dexamphetamine-like effects. The only POMS 
scale to increase when subjects were given 
both drugs simultaneously was vigour/activ-
ity while the changes in the VAS included an 
increase in drug effect, good drug effect, drug 
liking, stimulation and self-confidence when 
the combination was administered [92].

mCPP is recognised as an effective serotonin 
agonist, and has therefore been used extensively 
as a clinical tool for investigating mechanisms 
of anxiety and other psychiatric disorders in 
humans [80]. A detailed review of these trials 
is, unfortunately, beyond the scope of this chap-
ter, but a brief summary of reported subjective 

symptoms from a number of these papers are 
presented. Typically these studies have investi-
gated the neuroendrocrine, physiological, and/
or behavioural effects of mCPP, both in healthy 
volunteers and those suffering various psychi-
atric disorders. One study in 15 healthy vol-
unteers given an oral 0.5 mg/kg dose of mCPP 
showed only a limited effect on mood with one-
third to half of the participants not showing any 
changes [97]. There was, however, a small but 
significant increase in ratings on the activation-
euphoria and anxiety subscales. Administered 
oral doses of 1.0 mg/kg mCPP, or greater, pro-
duced transient nausea and vomiting in 6 of 13 
subjects [97]. Another study in which 0.1 mg/
kg mCPP was administered both to healthy 
volunteers (n = 19) and patients suffering agro-
phobia and panic disorder (n = 23) showed 
a number of differences from baseline in the 
VAS scores in the healthy volunteer group [95]. 
There were significant increases in the drowsy, 
anxious, nervous and high categories with 
decreases in happy, calm, and energetic catego-
ries. A study of 56 healthy volunteers admin-
istered mCPP either orally (0.5 mg/kg) or IV 
(0.1 mg/kg) showed a trend towards increases 
in anxiety, activation-euphoria and functional 
deficit scales following oral mCPP administra-
tion and increases in anxiety, altered self-reality, 
functional deficit, depression, and dysphoria 
in the IV group [98]. In a further study, 10 
healthy elderly volunteers and 12 patients with 
Alzheimer’s disease were administered 0.1 mg/
kg mCPP; the healthy volunteer group dis-
played significant increases in anxiety, func-
tional deficit and dysphoria [96]. Schizophrenic 
patients experienced an exacerbation of psycho-
pathology following the oral administration of 
0.25 mg/kg mCPP [104].

Serotonin challenges using mCPP have  
also been performed on untreated patients  
with obsessive–compulsive disorder (OCD), 
causing marked though transient elevations of 
obsessive–compulsive symptoms [61,105–109]. 



Toxicology

NOVEL PSYCHOACTIVE SUBSTANCES

191

In one study, for example, patients suffered an 
increase in subjective anxiety following both 
oral (0.5 mg/kg) and IV (0.1 mg/kg) mCPP 
administration [86].

Questionnaires and interviewing recreational 
users have been used to determine the subjec-
tive effects of BZP and TFMPP [101–103]. A 
telephone survey investigating their use was 
conducted in New Zealand in 2006. The survey 
sampled 2010 people aged between 13 and 45 
years with 20% confirming they had previously 
used piperazine-based party pills. The results 
of this survey have shown a number of people 
reported adverse subjective effects following 
use, including strange thoughts (15.6% of sub-
jects), mood swings (14.8%), confusion (12.1%), 
irritability (11.4%), short temper (10.9%), anxiety 
(10.0%), loss of sex urge (9.5%), visual hallucina-
tions (8.8%), paranoia (8.4%), depression (8.2%), 
auditory hallucinations (6.9%), flashbacks (5.0%), 
panic attacks (3.2%), feelings of aggression 
(1.2%), and suicidal thoughts (0.8%) [101].

Another study in which subjective effects 
were documented in recreational users was 
conducted in New Zealand in 2006. It involved 
58 people between the ages of 17 and 23 who 
were interviewed or participated in group dis-
cussions regarding their experiences with the 
use of these drugs. Some respondents docu-
mented both positive and negative subjective 
effects. The perceived positive effects included 
feeling confident, relaxed and wakeful with 
positive sensory and mind altering effects. 
Reported negative effects included feelings of 
tension, agitation, anxiety, and paranoia; the 
numbers of individuals experiencing these 
effects was not specified [99]. A further ques-
tionnaire was undertaken in patients who 
presented to a New Zealand emergency depart-
ment; out of 1043 people who completed the 
survey, 125 reported using party pills in the 
past. The major subjective effects documented 
from this survey include extreme alertness and 
agitation [100].

Clinical Reports
Amongst the recreational piperazine deriva-

tives, most of the available literature on their 
clinical effects is associated with BZP intoxica-
tion. Signs and symptoms following exposure 
to these derivatives are predominantly adren-
ergic, characteristic of sympathomimetic excess 
[110]. A full summary of the reported clinical 
effects of BZP is presented in Table 8.2.

The relationship between doses ingested 
and clinical effects appears to be limited. 
Recreational doses of BZP typically ‘recom-
mended’ by the respective party drug distribu-
tors, have ranged from 75 to 250 mg [4] but 
some capsules on the market exceeded 500 mg 
[36]. Self-reported doses (by number of pills 
ingested) did not correlate with intensity of 
reported clinical signs and symptoms.

The presentation and severity of symp-
toms can also be exacerbated by the patient’s 
co-ingestion of other substances, most typi-
cally alcohol but also cannabis, MDMA and 
other stimulants [36,99,100,103,112,115]. BZP 
and TFMPP are often ingested in combina-
tion, with the a risk of additive or synergistic 
toxicity. As measured by prevalence, females 
appear more susceptible to adverse effects 
from recreational use of BZP [36]. However, 
males predominate in cases of severe toxicity 
[111,117,120]. Dose responses may also vary 
widely due to inter-individual pharmacoki-
netic variations, such as CYP450-associated 
hepatic metabolism, that may be subject to 
genetic polymorphism [121].

The predominant symptoms experienced 
by 61 patients in a 5-month New Zealand 
ED-based study on BZP-related presentations 
were palpitations, vomiting and agitation [122]. 
Fifteen had toxic grand mal type seizures; most 
were self-limiting but two required intensive 
care for airway compromise and severe meta-
bolic acidosis (pH 6.87 and 6.67). In contrast, 
a similar survey from another major centre 
in New Zealand only reported 26 cases over 
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TABLE 8.2 S ummary of the Commonly Reported Adverse Effects Following Exposure to Benzylpiperazine (BZP) and 
Trifluoromtheylpiperazine (TFMPP)

Sign and Symptom Reference Sign and Symptom Reference

Autonomic Neurological

Fever [100,111] Seizure [36,100,101,111–113]

Sweating [101,112] Hallucination [101,103]

Facial flushing [12] Psychosis [114]

Nausea [99,101,103,112,115,116] Confusion [36,91,101,111,112,115]

Vomiting [36,89,99,101,103,115,116] Anxiety [89,101,112,114–116]

Difficulty urinating [36,99,101,112] Agitation [36,99,100,112,115,116]

Mydriasis [12,111,113,116] Headache [36,89,99,101,103,112,115]

Insomnia [36,99–101,103,112,115]

Neuromuscular Dysphoria [88,91,92]

Involuntary movement [112,115] Paranoia [99,101,103]

Tremor [36,89,99,101,112,115] Paraesthesia [101]

Bruxism [116] Decreased level of consciousness [115]

Trismus [112]

Muscular/jointpains [101] Other

Severe hyperthermia [111]

Renal Hepatocellular injury [111]

Loin pain [117] Disseminated intravascular 
coagulopathy

[111]

Proteinurea [117] Pruritis [100]

Elevated creatinine [117] Acidosis (metabolic/respiratory) [111,112]

Renal failure [111,117,118] Rhabdomyolosis [111]

Hypoglycaemia [111]

Collapse [36,101,111–113,115]

Chest pain [36,100,101,103,112]

Tachycardia [88,92,99,111–113,116,119]

Palpitations [36,100,101,103,112,115]

Hypertension [88,92,111–113]

Dyspnea [100]

Shortness of breath [101]

(Continued)
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a 3-year interval (2002–2004) [115]. The lat-
ter study was conducted before New Zealand 
experienced a large increase in marketing 
and sales of BZP (during 2004). This may help 
explain the differing prevalence of adverse 
effects from the two centres.

A formal double blind placebo controlled 
study under laboratory conditions was con-
ducted by Thompson and associates [89]. Thirty-
five healthy volunteers were given either 300 mg 
BZP or 74 mg TFMPP alone, BZP plus TFMPP 
and 57.6 g (6 units) alcohol, placebo and alco-
hol, or double placebo. The primary outcome 
variable was a measure of driving performance 
as tested in a driving simulator. Other adverse 
events were measured as a secondary outcome. 
The study was terminated prematurely, short 
of the planned 64 subjects, because of severe 
adverse events experienced by the subjects; 41% 
of the participants who took the BZP/TFMPP 
combination reported agitation, anxiety, hal-
lucinations, vomiting, insomnia and migraine. 
However, those that completed the study proto-
col demonstrated a significant improvement in 
their driving performance.

The largest study of BZP toxicity amongst 
recreational users to date [36] described 178 
presentations to an Emergency Department 
after suffering adverse effects. Many of these 
symptoms persisted for more than 24 h after 
the BZP ingestion. Patients often co-ingested 
one (57%) or two other (13%) psychoactive sub-
stances. The most common co-ingestant was 
ethanol, with 95 patients (53.4%) admitting to 
taking this with BZP.

The age of patients in this study ranged from 
15 to 42 years, with a median age of 19 years. 
Of the total, 53% were females and 47% were 
males. A higher proportion of females took 
BZP at a younger age than males. The average 
number of pills taken across both sexes was 3.9. 
Females took fewer pills than males on aver-
age, with 3.0 versus 5.0 taken respectively. BZP 
alone was taken by 30% of the patients.

Ninety-six patients had plasma BZP con-
centrations measured on admission, and 
these ranged from 0 to 6.29 μg/mL (mean  
0.68 μg/mL). Logistic regression revealed a 
trend toward higher concentrations of BZP 
being associated with seizures. This was in the 
entire cohort of 96 patients whether or not they 
had co-ingested ethanol.

Seizures occurred in 33 patients (18.5% of 
presentations), typically within 2–6 hours of 
ingestion; two of these patients claimed to have 
used BZP intravenously. Most seizures termi-
nated spontaneously followed by uncompli-
cated recoveries, though a few were prolonged 
or developed secondary complications. Two 
patients suffered severe sympathomimetic tox-
icity with extreme hyperthermia (core tem-
peratures >40°C) culminating in reversible 
multi-organ failure. Two others had seizures 
associated with metabolic acidosis and two 
developed hyponatraemia (plasma sodium lev-
els 118 and 125 μmol/L, respectively). There 
were no fatalities recorded during the study 
period. Three case reports are summarised 
in Box 8.1. Increasing plasma BZP concentra-
tions were linked to a significant increase in 

TABLE 8.2 S ummary of the Commonly Reported Adverse Effects Following Exposure to Benzylpiperazine (BZP) and 
Trifluoromtheylpiperazine (TFMPP)

Sign and Symptom Reference Sign and Symptom Reference

Rapid breathing [36,112]

Dizziness [36,99–101,103,112,115]

Abdominal pain [99,117]

Vision problems [101,118]

TABLE 8.2  (Continued)

Sign and Symptom Reference Sign and Symptom Reference
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the chances of having a seizure within the 
group that ingested BZP without co-ingestants. 
Logistic regression showed that increasing the 
plasma BZP concentration by 0.50 μg/mL pro-
duced an odds ratio of 1.80 (95% confidence 
interval 1.18–3.74). Although the correlation 
between elevated BZP plasma concentration 
and increased risk of seizures has not been dem-
onstrated in other human studies, it has been 
reported in rats [30]. Several patients who had 
seizures had comparatively low plasma BZP 
concentrations. One patient had a seizure with 
a plasma BZP concentration of 0.15 μg/mL.  
By comparison, another patient who did not 

have a seizure had a plasma concentration of 
6.29 μg/mL (over 40 times greater than that of 
the other patient). Delay in blood sampling may 
account for only some of this discrepancy.

With those that took ethanol and BZP, there 
was no association between BZP concentration 
and seizure risk (odds ratio was 1.00 with 95% 
CI 0.43–1.42). This unexpected finding sug-
gests that ethanol may reduce (but not elimi-
nate) the proconvulsant effect of BZP. Receptor 
studies show that ethanol is a CNS depressant, 
an effect mediated by reducing excitatory glu-
taminergic transmission as well as enhanc-
ing depressant gamma-aminobutyric acid 

BOX 8.1

S E L E C T E D  C A S E  R E P O RT S  [ 1 2 2 ]  –  S E I Z U R E S

Patient 1

A 16-year-old female took 4 BZP tablets with-
out alcohol. She suffered a tonic clonic seizure 
2.5 h after her last tablet. Following further sei-
zures at the emergency department, she was 
treated with diazepam (GCS 3/15 with intuba-
tion). Her initial vital signs were heart rate (HR) 
149 b.p.m., blood pressure (BP) 70/55, tempera-
ture 36°C with blood glucose of 5.6 μmol/L. 
Following a further seizure, she developed a 
mixed metabolic and respiratory acidosis. She 
was transferred to the intensive care unit; extu-
bation was possible 12 h later. (Laboratory anal-
ysis confirmed BZP and metabolites with no 
other recreational drugs. No apparent prolonged 
adverse effects were reported a week later.)

Patient 2

An 18-year-old female took an unknown 
quantity of BZP and subsequently had five 

seizures. She developed mixed metabolic and 
respiratory acidosis – pH 6.64. She was intu-
bated and transferred to ICU but later recovered 
with no apparent long-term effects. Laboratory 
analysis confirmed the presence of BZP alone in 
the urine.

Patient 3

A 25-year-old male took two tablets with 
alcohol and a further two the following morn-
ing; he suffered a tonic seizure 3 h after the 
last tablet whilst driving a car. His HR was 
170 b.p.m., BP 148/75, blood glucose 5.4 μmol/L. 
He was drowsy upon admission but had an 
uncomplicated recovery. Laboratory analysis of 
urine showed BZP metabolites and alcohol only.
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BOX 8.2

S E L E C T E D  C A S E  R E P O RT S  [ 1 1 1 ]  –  S E R O T O N I N  
T O X I C I T Y  ( S Y N D R O M E )

Patient 1

A 19-year-old female took an unknown 
amount of BZP and was later arrested for intox-
ication. She had a seizure while in custody. She 
was transferred to hospital where she developed 
status epilepticus, hyperthermia, disseminated 
intravascular coagulation, rhabdomyolysis and 
renal failure. In hospital she was diaphoretic, 
her pupils were dilated at 7 mm; she had dry 
mucous membranes and had no audible bowel 
sounds. Her temperature peaked at 40.2°C. 
Between ictal activity she had 3–4 beats of induc-
ible ankle clonus raising the suspicion of serotin-
ergic toxicity. Intravenous benzodiazepines did 
not stop seizure activity and she was intubated 
with thiopentone, fentanyl and suxamethonium. 
She had a significant metabolic acidosis with 
pH 7.14, PCO2 40 mmHg, PO2 200 mmHg, HCO3 
13.4 μmol/L, base excess of 15 (on 100% oxygen).

An electrocardiogram showed a sinus tachy-
cardia of 110 with QT interval of 413 msec and 
QTc 559 msec. A computed tomograph of the 
head showed no brain lesion or haemorrhage. 
Biochemistry showed rhabdomyolysis and an 
acute renal injury (creatinine kinase 27601 IU/L, 
creatinine 0.27 μmol/L, urea 16.5 μmol/L). She 
developed disseminated intravascular coagula-
tion with INR 2.9, APTT 82s, fibrinogen 0.5 g/L, 
platelets 23×109/L and D-dimer >1000 μg/L). 
Her creatinine peaked at 0.42 μmol/L (normal 
range 0.05–0.11 μmol/L) five days post-admis-
sion and later normalised without need for 
renal replacement therapy. A urine immunoas-
say screen revealed a strong colour change for 
amphetamine-like type compounds (cross-reac-
tion from BZP). Her plasma concentration of 
BZP was 0.20 mg/L, measured 10 h after being 
placed in custody. Her exact time of inges-
tion was unknown. Benztropine metabolites 

(patient’s medication), nicotine and caffeine 
were additionally detected in the urine.

The patient was haemodynamically unstable 
and showed no neurological response for seven 
days. Some improvement was then observed 
with flexion to painful stimuli. She remained 
febrile and tachycardic with a labile blood pres-
sure for over 10 days, with intermittent muscle 
rigidity. She was unresponsive to boluses of ben-
zodiazepines and orphenadrine. Clonidine was 
required to control surges of hypertension.

A total of 30 days hospitalization was required, 
including 11 days in the intensive care unit. After 
five months she underwent psychometric testing 
which showed significant cognitive disabilities 
with cognition and memory. The development 
of epilepsy prompted an MRI brain scan which 
revealed focal areas of encephalopathy.

Patient 2

A 22-year-old male who developed a similar 
pattern of toxicity from the combined use of BZP 
and MDMA. Concentrations measured in a blood 
sample collected 3 h after admission found a BZP 
concentration of 2.23 mg/L and an MDMA con-
centration of 1.05 mg/L. A repeat BZP blood con-
centration 6 h later was 0.1 mg/L. He had a similar 
pattern of toxicity with hyperthermia (41.4°C), 
metabolic acidosis, rhabdomyolysis, hepatic injury 
and renal failure. His intensive care stay was 
longer due to respiratory complications but he 
made a good functional recovery. The contribution 
of MDMA was difficult to estimate in this case. 
Measured plasma levels do not correlate well with 
clinical toxicity; 1.05 mg/L is within the range con-
sidered neurotoxic. Near fatal and fatal ingestion 
has been reported with levels between 0.11 mg/L 
and 2.1 mg/L. Survival has been reported after 
MDMA blood levels of 4.3 mg/L [123].
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(GABA)-A receptor activity [124,125]. Despite 
the possibility of offering some protection 
against seizures, co-ingestion of ethanol did 
lead to an increase in other BZP-related symp-
toms including anxiety, agitation, confusion 
and vomiting. A summary of clinical effects 
experienced by patients following BZP inges-
tion with and without ethanol is presented in 
Table 8.3.

Seven patients attending an Accident and 
Emergency Department in London after pur-
portedly taking ecstasy had tablets subsequently 
identified as BZP. Two suffered grand mal sei-
zures. Serum samples were analyzed in four of 
the patients, and BZP concentrations of 1.3, 1.9, 
1.9 and 2.5 mg/L were measured [113,126].

A potential risk following the co-ingestion 
of TFMPP with BZP, and to a lesser extent BZP 
alone, is serotonin toxicity (syndrome) [111,116]. 
This syndrome has also been reported with 
mCPP ingestion [127]. Features typical of this 
syndrome include hyperthermia, autonomic 
instability and neuromuscular effects (such as 
tremor, rigidity, inducible clonus) [128,129]. 
Two case reports are summarised in Box 8.2.

Hyponatraemia does not appear to be com-
mon following BZP/TFMPP ingestion but may 
occur more commonly when BZP is taken with 
MDMA. This was first reported in the fatal 

case of a patient combining use of MDMA with 
BZP [130]. Three further cases arising from 
BZP use alone have been reported [36,122]. 
Acute hyponatremia is a rare but well recog-
nised complication of MDMA use [131] and is 
possibly caused by the stimulated release of 
antidiuretic hormone and the excessive rehy-
dration with water due to the profuse sweat-
ing and pyrexia. These mechanisms may also 
be at work with BZP. The three non-fatal cases 
recovered with fluid restriction; one had con-
fusion but none had objective evidence of cer-
ebral oedema.

As with other amphetamine-type stimu-
lants, renal failure has been reported with BZP. 
Alansari and Hamilton reported that a 17-year-
old male developed acute renal failure after con-
suming five BZP tablets with alcohol [117]. In 
the absence of rhabdomyolosis, the cause was 
postulated to be BZP-related arteriospasm. The 
patient received dialysis until intrinsic renal func-
tion recovered. There are also suggestions that 
either BZP or other unintended contaminants 
within the formulation may have a specific toxic 
effect producing acute renal injury [132,133]. 
Two additional cases of renal failure have also 
been reported, but these were due to complica-
tions associated with rhabdomyolosis [111]. The 
patients also developed multi-organ failure as a 

TABLE 8.3  Effect of alcohol co-ingestion on the frequency of common symptoms experienced with BZP36

BZP Ingestion  
only (%)

BZP & Alcohol  
Ingestion (%) Relative Risk (CI)

Effect of Alcohol 
Co-ingestion

Confusion 16.7 26 1.56 (0.77–3.18) Increased

Palpitation 32.4 31.5 1.55 (0.83–2.89) No change

Agitation 29.6 38.4 1.29 (0.78–2.14) Increased

Anxiety 38.4 40.7 0.94 (0.61–1.45) No change

Vomiting 38.9 26 0.67 (0.40–1.12) Decreased

Seizures 29.6 13.7 0.46 (0.23–0.94) Decreased
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result of BZP-induced hyperthermia. Both had 
careful fluid management and regained normal 
renal function without requiring renal replace-
ment therapy.

Adrenergic stimulants are also known to 
induce adverse psychiatric effects such as 
intense agitation and psychosis [134]. There are 
few reports of PZD-related psychosis to date. 
One case was reported of a 20-year-old man 
who developed a brief psychotic episode 12 h 
following the ingestion of BZP and TFMPP  
co-administered with cannabis and nitrous 
oxide [114]. He displayed persecutory delu-
sional beliefs along with auditory and visual 
hallucinations, leading him to set fire to his 
residence. The man had no prior psychiatric 
history. In another case, Mohandas and Vecchio 
reported the precipitation of a first episode of 
mania in a patient with schizophrenia who 
started using BZP [135].

Methamphetamine is known to induce tran-
sient and prolonged psychosis by dysfunction 
of dopaminergic transmission; BZP may induce 
similar effects. Recent work has suggested 
that amphetamine users with low normal con-
centrations of catechol-O-methyl transferase 
(COMT) are more likely to develop both forms 
of induced psychosis [136].

Amongst the other piperazine derivatives, 
mCPP is the most widely used, accounting for 
up to 10% of illicit tablets sold in the EU as 
illicit ecstasy [29,137]. Despite its widespread 
use, there is only one case report documenting 
adverse effects. A 29-year-old woman devel-
oped anxiety, agitation, drowsiness, flushing, 
visual disturbances and tachycardia following 
the ingestion of three tablets [138]. mCPP was 
detected in plasma and urine at concentrations 
of 320 ng/mL and 2300 ng/mL respectively. 
Amphetamine (40 mg/mL), benzoylecgonine 
(47 ng/mL) and alcohol (0.7 g/L) were also 
detected. A remaining tablet was analyzed and 
found to contain 30 mg of mCPP [138].

There are no known published reports in 
the peer reviewed literature on the effects on 

humans (adverse or other) following use of 
MDBZP, pFPP or MeOPP.

TREATMENT

Management

Stabilization and Supportive Care
Most users presenting with adverse effects 

will have mild symptoms only. Agitation pal-
pitations and anxiety usually resolve spontane-
ously or with a single dose of benzodiazepine 
[36,111]. An observation period of 4–6 hours 
from time of ingestion is recommended. 
Patients with significant toxicity may present 
with seizures, decreased level of conscious-
ness or cardiovascular instability. Termination 
of seizures and airway control are treatment 
priorities. Intubation may be required to con-
trol the airway of obtunded patients. A core 
temperature above 38.5°C is a sign that serious 
sympathomimetic toxicity may be developing 
(discussed further below).

Gastrointestinal Decontamination
There is no evidence for the benefit of gastro-

intestinal decontamination following ingestion 
of piperazines. It is contentious whether gas-
tric lavage or activated charcoal can confer any 
clinical benefit in most poisonings [139]. The 
vast majority of the piperazine poisonings have 
been sub-lethal and most patients typically 
recover with supportive measures only. There is 
also the additional risk of aspiration associated 
with decreased level of consciousness and sei-
zures. Routine decontamination is therefore not 
recommended.

Agitation, Paranoia and Psychosis
Minor agitation can be managed by pro-

viding reassurance in a non-stimulating envi-
ronment. If sedation is required, incremental 
doses of a benzodiazepine, such as midazolam, 
diazepam or lorazepam, are safe and effective 
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[36,111]. Severe agitation and psychosis may 
necessitate physical restraint and sedation with 
higher doses of benzodiazepines.

Seizures
Seizures usually occur within two hours post-

ingestion, though they can be delayed for up to 
six hours [36,122]. Most are self-terminating and 
require temporary airway support, oxygen and 
a blood glucose assessment. Benzodiazepines 
are the first line of treatment if seizures are 
prolonged. A second benzodiazepine may be 
required if seizures recur. Persistent seizure 
activity may necessitate loading the patient with 
phenobarbitone (20 mg/kg) infused at a rate of 
not more than 100 mg/min [140].

Cardiovascular Effects
Recreational doses of BZP and other pip-

erazine derivatives have been shown to cause 
tachycardia and mild elevation of blood pres-
sure [12,13,92]. Patients presenting with only 
these symptoms should not typically require 
pharmaceutical intervention; however, they 
will respond to benzodiazepines that may 
have been given for other reasons. Unlike 
cases involving other adrenergic agents such 
as methamphetamine [134], there have been no 
recorded incidents of significant arrhythmias 
following the ingestion of piperazine deriva-
tives. An initial electrocardiogram is recom-
mended. If it is normal then further cardiac 
monitoring should not be required.

Severely ill patients with multisystem toxicity 
may have marked autonomic instability. Extreme 
hypertension and hypotension have been 
observed in these cases and will require invasive 
monitoring and intensive care management.

Hyperthermia and Serotonin Toxicity
Hyperthermia has been reported, typically in 

those suffering from severe toxicity [111], and 
is thought to result from disturbance of central 
thermoregulatory systems and increased mus-
cle activity (such as seizures, clonus, rigidity 

and fasiculations) [141]. The combination of 
BZP and TFMPP has serotonergic effects, which 
may be exacerbated by other therapeutic or 
recreational serotonergic drugs, leading to an 
increased risk of hyperthermia and/or sertonin 
toxicity. A core temperature above 38.5°C may 
herald the onset of severe stimulant toxicity. 
This may progress to severe hyperthermia and 
multi-organ failure [142].

Initial treatment for hyperthermia and sero-
tonin toxicity includes the cessation of any sero-
tonergic drugs (including therapeutic drugs).

Control of agitation with benzodiazepines 
will reduce muscle activity and fluid replace-
ment will correct dehydration. Active external 
cooling may be required and can be achieved 
with cooled intravenous fluids, ice packs or 
baths [143]. Refractory hyperthermia will addi-
tionally require neuromuscular paralysis with 
associated ventilatory support [143]. Those suf-
fering hyperthermia must also be investigated 
for evidence of rhabdomyolysis, metabolic aci-
dosis, hyponatraemia and renal failure. There is 
only one report of cyproheptadine used for BZP 
induced hyperthermia and no clinical effect 
was noted; the patient survived [111]. There are 
animal and human case reports of the success-
ful treatment of serotonin-related hyperthermia 
with cyproheptadine and chlorpromazine but 
no trial data exists [144]. There is no data on 
the effectiveness of dantrolene in BZP toxicity. 
Controversy exists over the role and utility of 
dantrolene in severe stimulant and serotonin 
toxicity [145,146].

Electrolyte and Acid–Base Disturbances
Patients who develop hyponatraemia 

may present with confusion or convulsions. 
They will require careful fluid management. 
Electrolyte levels, renal function and osmo-
lality should be monitored. Hyponatraemia 
(serum sodium below 135 μmol/L) will require 
an assessment of hydration and cerebral 
function for early signs of cerebral oedema. 
Restriction of oral fluid intake to 1000 mL per 
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day will usually correct mild to moderate 
hyponatraemia (135–125 μmol/L). Clinically 
unwell patients, or those with evidence of cer-
ebral oedema, may require more aggressive 
treatment with hypertonic saline, mannitol and 
diuretics. Correction of severe hyponatraemia 
(below 125 μmol/L) should be done slowly over 
48–72 h in an intensive care setting [131,147].

Acidosis may develop secondary to seizures 
and/or inadequate tissue perfusion. Acid–base 
abnormalities should be treated by correcting 
the cause.

Rhabdomyolysis
Rhabdomyolysis may occur secondary to 

severe agitation, excessive muscular activity 
or hyperthermia [111,141]. Patients presenting 
with severe agitation should be monitored for 
rhabdomyolysis, including the assessment of 
serum creatine kinase (CK) and renal function; 
serum or urine myoglobin determinations can 
also be beneficial. Intravenous fluid administra-
tion is essential to maintain urine output. Some 
authors recommend urinary alkalinisation, 
however we would not recommend urinary 
alkalinisation in all patients with PZD-related 
rhabdomyolysis [148].

Renal Effects
Acute renal impairment or failure is not a 

common occurrence. It may develop, second-
ary to complications such as rhabdomyolysis, 
hyperthermia,or circulatory collapse [111,117]. 
A 17-year-old male developed bilateral loin 
pain after BZP use and was found to be in acute 
renal failure (serum creatinine 440 μmol/L, urea 
10.6 mmol/L, sodium 140 mmol/L, potassium 
4.5 mmol/L) without other signs of stimulant 
toxicity [117].

Urine output, serum urea and creatinine 
concentrations must therefore be monitored in 
patients with severe toxicity or unexplained 
back pain. Treatment should be directed at the 
underlying cause. Acute renal failure requires 
careful fluid management and also may include 

haemodialysis or haemofiltration using conven-
tional indications.

Urinary retention has also been reported fol-
lowing use of BZP [36]. Physical examination 
and ultrasonography is required in those with 
a distended bladder and/or suffering suprapu-
bic pain. Temporary catheterisation may be 
required to decompress the bladder.

Enhanced Elimination
There is no information on the usefulness of 

haemodialysis, haemoperfusion, haemodiafil-
tration, or haemofiltration to enhance removal 
of BZP and TFMPP or other PZDs.

Deaths
There has not been a confirmed death from 

direct piperazine derivative toxicity. A major 
problem in investigating the involvement of 
piperazines in fatalities is the lack of laboratory 
confirmation. Although numerous methods have 
been published, to date piperazine derivatives 
are not usually included in routine or specific 
toxicological analysis. Reference standards for 
these piperazines are not readily available for the 
calibration of mass spectrometers. A summary of 
fatalities where piperazine derivatives, notably 
BZP and TFMPP, were detected in the decedent’s 
blood and urine is detailed in Table 8.4. There 
were a total of 26 cases, with ages ranging from 
17 to 48 years (median age 30 years); the age of 
the deceased was not recorded for one case. All 
but one of the deaths involved a male.

BZP in combination with MDMA was associ-
ated with three fatalities; two in Sweden and one 
in Switzerland [4,130]. Wikstrom described two 
fatalities where BZP and TFMPP were detected 
in post-mortem blood; [4] additionally, MDMA 
and Δ9-tetrahydrocannabinol (THC) were also 
detected. The role of BZP alone or in combi-
nation was not defined. Balmelli published a 
report of a 23-year-old female who ingested 
BZP followed by MDMA and consumed a 
large volume of fluid [130]. She became coma-
tose with evidence of hyponatraemia (sodium 
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TABLE 8.4 S ummary of Reported Deaths Associated with Benzylpiperazine (BZP) and Trifluoromtheylpiperazine 
(TFMPP) Intoxication

Alterative Cause of  
Death Determined

Piperazine(s)  
Detected Sex Coingestants Detected Reference

None BZP, TFMPP M Alcohol [146]

None BZP, TFMPP M Paracetamol, promethazine, venlafaxine [146]

None BZP, TFMPP M Lignocaine [146]

None BZP, TFMPP M Cannabis, paracetamol, venlafaxine [146]

None BZP, TFMPP M Alcohol, cannabis, cocaine, diazepam,  
levamisole, lignocaine

[146]

None BZP, TFMPP M Amitriptyline, cannabis, diazepam,  
ketamine, methadone, morphine, sildenafil

[146]

None BZP, TFMPP M Amphetamine, lansoprazole [146]

Unknown BZP M Amphetamine, MDMA [3]

MDMA BZP – MDMA, MDA, cannabis [3]

MDMA BZP F Benzodiazepines, caffeine, cocaine,  
MDMA, nicotine

[131]

Methadone BZP, TFMPP M Diazepam, methadone [146]

Heroin BZP, TFMPP M Benzodiazepines, morphine [146]

Heroin BZP, TFMPP M Morphine [146]

Heroin BZP, TFMPP M Alcohol, cannabis, cocaine, morphine,  
trimethoprim

[146]

Heroin BZP, TFMPP M Alcohol, cocaine, levamisole, morphine [146]

Heroin BZP, TFMPP M Amitriptyline, cannabis, diazepam,  
olanzapine, morphine

[146]

Trauma suicide BZP, TFMPP M Alcohol, cannabis, citalopram, diazepam,  
methadone

[146]

Trauma s BZP, TFMPP M Alcohol, cannabis, cocaine, levamisole, MDMA [146]

Trauma suicide BZP, TFMPP M Alcohol, ketamine [146]

Trauma suicide BZP, TFMPP M Not available [146]

Trauma RTA BZP, TFMPP M Alcohol, methadone [146]

Trauma RTA BZP, TFMPP M Alcohol, ketamine, cannabis, cocaine,  
ephedrine

[122]

Trauma RTA BZP M Amphetamine, cannabis, cocaine,  
diltiazem, ketamine, MDMA

[122]

Trauma fall BZP, TFMPP M Alcohol [122]

Trauma gunshot BZP, TFMPP M Alcohol, cannabis [147]
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115 μmol/L) and subsequently died from cer-
ebral oedema and tonsillar herniation. MDMA 
was measured and was likely the major con-
tributor to the fatal outcome. Elliott [120,149] has 
published reports where BZP has been detected 
in post-mortem samples from 22 deceased 
patients. In almost all cases the presence of BZP 
and TFMPP was confirmed in the urine. In six 
fatalities, heroin or methadone were presumed 
to be the primary toxic cause of death. Traumatic 
causes of death were seen in five (motor vehicle 
accidents and a fall) and suicide was listed as 
the primary cause in a further five. In seven BZP 
and TFMPP were detected and there were no 
other obvious causes of death. The contribution 
of these piperazines in these cases was unclear 
due to lack of toxicity data and in some the pres-
ence of other illicit and prescription drugs.

Cognitive impairment or psychosis from 
BZP may be an additional factor in trauma or 
apparent suicidal deaths. It is difficult to deter-
mine the role of PZDs in these cases. In one 
example a man who threatened police with a 
weapon and was fatally shot. A coronial inquest 
was conducted over the death. Witnesses 
reported he was agitated and behaving irra-
tionally with features consistent with a state of 
paranoid psychosis. He had no psychiatric his-
tory, but BZP and THC were detected in a post-
mortem urine sample [150].

The involvement of the piperazine deriva-
tives may also be under-reported, possibly due 
to the lack of procedures to assay these pipera-
zines, or alternatively they may be detected but 
not identified as being piperazines due to cross-
reactivity with immunoflourescent assays for 
amphetamines [151].

CHRONIC TOXICITY

Animal Data

There is little data on chronic or accumu-
lation toxicity of BZP in animals. One study 

has been conducted where BZP was adminis-
tered to peri-adolescent male and female rats, 
to determine the effects it may have on the 
development of the adolescent brain. Animals 
showed a heightened anxiety, which may possi-
bly be due to the interference with mechanisms 
linked to anxiety-associated forebrain develop-
ment and maturation [69].

Human Data

Presently there is no information on the 
long-term consequences of human use of 
BZP and other piperazine derivatives. It is 
unknown whether long-term use of the drug 
can lead to dependence, tolerance, or further 
neurological or cardiovascular sequelae, as 
has been reported with amphetamines such as 
MDMA [152] or methamphetamine [134,153]. 
With methamphetamine, for example, use in 
humans can produce cognitive and mood defi-
cits that continue long after use of the drug has 
ceased [134]. A number of MRI studies have 
shown structural damage in users who regu-
larly take a range of different amphetamines 
[154]. Although BZP and related piperazines 
are structurally different to the amphetamines, 
they similarly act as adrenergic agonists and 
there is a possibility similar anatomical changes 
may occur following long-term abuse. Future 
research is required

DEPENDENCE AND ABUSE 
POTENTIAL

Animal Data

BZP, amphetamine and methamphetamine 
had been shown in rats to induce dopamine 
release within the nigrostriatal dopamine path-
way [66], in part responsible for reward and 
addiction [155]. Other research has shown that 
elevated doses of BZP led to increased ambu-
lation, stereotypical movements and sniffing, 
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which was not demonstrated with TFMPP 
alone [31]. Further investigations concluded 
that the rewarding properties of BZP are pos-
sibly attributable to D1 and 5-HT3 receptor 
activity [63,156]. Interestingly, in rhesus mon-
keys TFMPP does not appear to reinforce self-
administration and when used in combination 
with BZP reduces the self-administration rate 
associated with BZP alone [157]. Overall, these 
results suggest that BZP has the propensity for 
stimulant abuse and that repeated exposure can 
lead to sensitisation [158].

Human Data

Early research by Campbell and associates 
[13], studying the subjective effects of BZP in 
18 former addicts noted its perceived similarity 
to dexamphetamine. They concluded that BZP 
necessitated statutory controls because of its 
potential for abuse.

User reports mention frequent adverse 
symptoms such as anxiety, nausea, vomiting, 
insomnia, headache and significant hangover 
effects [37,99,101]. There are also reports of the 
development of short to medium term drug tol-
erance. It has been suggested that these adverse 
effects may mitigate the development of addic-
tion [101].

Dependency on BZP has also been inves-
tigated by use of surveys and self-reporting. 
Although some studies have shown that this 
form of investigation may not necessarily be reli-
able [159,160], it may provide a simple overview 
on addiction. Extended periods of exertion, lack 
of sleep, or dehydration can however contribute 
to symptoms displayed in some users [99].

Wilkins and associates conducted a sur-
vey of BZP users. The responses of many 
participants were very suggestive of regular 
use despite adverse health and social conse-
quences [37]. These findings appear indica-
tive of drug dependence. Participants reported 
adverse financial consequences (8%), decreased 
energy and vitality (19.3%), adverse health 

consequences (14.6%) and adverse effects on 
personal relationships (4.0%) and work/study 
(2.9%). Respondents self-reported that they 
sometimes wished they could stop (14.5%) 
and they ‘sometimes’ felt their legal party pill 
use was out of control (9.7%). On applying the 
Short Dependency Scale screen for stimulant 
addiction, 2.2% of respondents met the criteria.

CONCLUSION

The piperazine derivatives include 1-ben-
zylpiperazine (BZP), 1,3-trifluoromethylphe-
nylpiperazine (TFMPP), 1-(3-chlorophenyl) 
piperazine (mCPP) and 1-(4-methoxyphenyl) 
piperazine (MeOPP). These novel psychoactive 
substances are classed as ‘designer drugs’. They 
possess structural similarity to amphetamines. 
They are primarily stimulants and potentiate 
central dopamine, serotonin and noradrena-
line neurotransmission. BZP has the greatest 
effect on dopamine release and is a moderately 
potent stimulant. It possesses rewarding stimu-
lant properties which are tempered by adverse 
symptoms such as nausea and prolonged hango-
ver effects. In contrast, TFMPP acts more directly 
as a serotonin agonist. Piperazine derivatives are 
increasingly being substituted for 3,4-methylene-
dioxymethamphetamine (MDMA), either as sin-
gle constituents or more commonly as mixtures 
of piperazine derivatives. Toxicity is mostly 
due to excessive sympathomimetic effects; typi-
cal symptoms include palpitations, agitation, 
anxiety, dizziness, confusion, tremor, headache, 
mydriasis, insomnia and vomiting. Features of 
serotonergic toxicity may also be present. The 
most serious complications from recreational 
use are seizures, hyperthermia, renal failure, 
hyponatraemia and disseminated intravascular 
coagulation. There are case reports of precipita-
tion or exacerbation of psychiatric illness. Based 
on animal studies and human reports piperazine 
derivatives appear to have mild to moderate 
potential for abuse and dependency.
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Most users experience only mild adverse 
effects. They can usually be managed with 
observation and reassurance. The features of 
more severe toxicity include confusion, sei-
zures, hyperthermia, cardiovascular instability, 
hyponatraemia or coma. Early recognition of 
severe toxicity and good supportive treatment 
are the key elements of effective management.
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INTRODUCTION

The cathinones are synthetic ring-substituted 
phenylethylamines with substitution of a keto 
group at the beta carbon [1,2]. Mephedrone 
(4-methylmethcathinone) is one of a number 
of synthetic cathinones that have emerged as 
novel psychoactive substances (NPS) since 
2005/6 [1–3]. A total of 34 cathinones have 
been reported to the EMCDDA Early Warning 
System over the period 2005–2011 (this is the 
second largest single drug group after the syn-
thetic cannabinoid receptor agonists) [3]. There 
is limited data available on the pharmacology, 
epidemiology of use and potential for acute/
chronic toxicity associated with the use of many 
of these cathinones. This chapter will focus on 
mephedrone as it is the most widely used cathi-
none and the one for which there is the most 
published literature. In May 2010, mephedrone 
was risk assessed by the EMCDDA extended 
scientific committee and based on this risk 
assessment, the Council of the European Union 
decided that mephedrone should be controlled 
in all European Member States [4]; details of the 
control status of mephedrone in other countries 
are within Chapter 1 of this book.

PHARMACOLOGY

Physical and Chemical Description

‘Mephedrone’ is the common name for the 
synthetic cathinone 4-methylmethcathinone 
(see Fig. 9.1 for the chemical structure of mephe-
drone). The International Union of Pure and 
Applied Chemistry (IUPAC) name for mephed-
rone is 2-methylamino-1-(4-methylphenyl)pro-
pan-1-one and its molecular formula is C11H15NO. 
Other names for mephedrone include β-keto-(4,N-
dimethylamphetamine), 4,N-dimethylcathinone, 
N-methylephedrone, p-methyl-methcathinone 
and 2-aminomethyl-1-tolyl-propan-1-one.

Mephedrone was first synthesised in 1929 
[4]. The synthesis of mephedrone is relatively 
straightforward and can be carried out with sim-
ilar equipment and knowledge as that required 
for the synthesis of amphetamines [5].

Mephedrone is most commonly encountered 
in powder form [4,6]. Mephedrone powder 
is typically a white crystalline powder which 
sometimes has a light yellow or light brown 
colour [4,7,8]. Mephedrone is also available as 
tablets (tableting machines for pressing pow-
der into tablets have been seized in Europe) and 

http://dx.doi.org/10.1016/B978-0-12-415816-0.00009-2
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in capsule form; although these preparations 
appear to be less common [4,7,8]. Mephedrone is 
highly soluble in water and so the powder can 
be dissolved into water for oral use; this mephe-
drone solution may also be used rectally or 
injected intravenously or intramuscularly [4,9].

Mephedrone powder, like many other 
NPS, is often sold to users in small sealed (‘zip 
locked’) bags labelled as ‘research chemical’, 
‘not for human consumption’ or ‘not tested for 
hazards or toxicity’ [4,6,7,8]. It is also sold under 
a number of other names including ‘plant food’ 
and ‘bath salts’, although it has no legitimate 
use as a plant food or cosmetic product [4]. In 
Europe, particularly prior to its control, mephe-
drone was often sold under its own name, or as 
‘plant food’; in the USA, mephedrone, along-
side many other NPS is more commonly sold as 
‘bath salts’ [4,6–11].

There are reports of the use of mephedrone 
by nasal insufflation of powder; oral ingestion 
of dissolved powder, powder wrapped in paper 
(‘bombing’), or powder contained in capsules 
or tablets; intramuscular injection; intravenous 
injection and rectal insertion [6,7,12–15].

The most common routes of use of mephe-
drone appear to be nasal insufflation and oral 
ingestion. In the 2010 MixMag survey, 70% of 
mephedrone users reported use of mephedrone 
by nasal insufflation and 30% oral ingestion 
[16]. In a follow up to this study, 100 mephed-
rone users were questioned more closely and 
79% reported nasal insufflation of powder, 
11.1% oral use of mephedrone powder dissolved 
in a drink and 9.9% oral use of mephedrone 

powder wrapped in cigarette paper [17]. There 
are numerous reports of individuals using 
mixed routes during a single session (oral and 
nasal, oral and rectal, oral and intramuscular) 
[6,7,9,12,14]. Some intranasal users report nasal 
irritation associated with nasal insufflation and 
as a result some users move from nasal insuffla-
tion to oral use of mephedrone [4,12].

Data is available on the doses used by users 
from a variety of sources including Internet 
drug user fora, subpopulation surveys, focus 
groups and reports of acute toxicity. Single use 
doses reported on Internet user fora vary from 
5–125 mg for nasal insufflation and 15–250 mg 
for oral ingestion [18]. In a focus group study 
of mephedrone users, there were reports of 
users starting with lower doses of mephedrone 
(50–75 mg) and then increasing the doses used 
to 200–400 mg [6]. Doses of mephedrone users 
in individuals presenting to hospital with acute 
toxicity range from 0.3–7.0 g [14,19–22]. Users 
commonly report re-dosing during a single ses-
sion with total doses typically being between 0.5 
and 2.0 g [7,9,17,18]. In a follow up study to the 
2010 MixMag survey, the 100 mephedrone users 
surveyed, reported that their first session lasted 
for a median of 6 hours (interquartile range 
(IQR) 4–10 hours) during which it was reported 
that a median of four doses were taken (IQR 
2–7), with a median total dose during this ses-
sion of 500 mg mephedrone (IQR 200–1000 mg) 
[17]. At the time of the follow up study, users 
had been using mephedrone for a mean ± stand-
ard deviation of 6.1 ± 3.1 months. Typical using 
sessions last for a median of 10 (IQR 6–16) hours, 
during which a median of 5.5 (IQR 3–10) doses 
were taken with a median total dose per ses-
sion of 1000 (IQR 250–1275) mg. During a typi-
cal user session none of the users reported using 
mephedrone alone, it was used together with 
alcohol (n = 82), cannabis (36), ketamine (35), 
cocaine (26) and ecstasy (23). In the 4 weeks 
prior to the study, the median total dose of 
mephedrone users was 1500 mg (500–4000) mg.

C

O

H3C
CH

CH3

CH3

NH

FIGURE 9.1  Chemical structure of mephedrone.
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Pharmacokinetics

There is limited information available on the 
pharmacokinetics of mephedrone. Three stud-
ies have investigated mephedrone metabolism 
and one animal study focusing predominantly 
on pharmacodynamics has limited pharma-
cokinetic data, including time to maximum 
concentration and area under the curve [23–26]. 
Therefore, information on other pharmacoki-
netic parameters has to be extrapolated from 
user reports on Internet discussion fora and 
data collected in user surveys.

User reports on Internet discussion fora 
suggest onset of desired effects within a few 
minutes of intravenous injection or nasal insuf-
flation and within 15–45 minutes of oral inges-
tion [12,27]. Some users report a slower onset 
of action after oral use of mephedrone on a full 
stomach [27]. The duration of desired effects is 
approximately 2–4 hours and users often report 
use of repeated doses during a single session 
to prolong the duration of the desired effects 
[6,15,17,27]. Users report a much shorter dura-
tion (30 minutes) of desired effects after intra-
venous use of mephedrone [27].

The first study to investigate the metabolism 
of mephedrone was a study in rats adminis-
tered a single 20 mg/kg dose of mephedrone by 
gastric intubation [23]. Urine was collected over 
a 24-hour period after mephedrone administra-
tion. In addition to mephedrone, the following 
metabolites were detected: nor-mephedrone, 
nor-dihydro mephedrone, hydroxytolyl mephe-
drone and nor-hydroxytolyl mephedrone. No 
data was provided in this study on the time 
course of these metabolites as all urine col-
lected over a 24-hour period after mephedrone 
administration was pooled as a single sample. 
In this study a human urine sample submitted 
by a mephedrone user was also analyzed and a 
further metabolite, 4-carboxy-dihydro mephe-
drone was detected in addition to the metabo-
lites found in the animal study. The authors 

postulated that the overlapping metabolic path-
ways that were thought to be responsible for 
these metabolites were as follows:

1.	 N-demethylation to the primary amine 
(metabolites nor-mephedrone, nor-dihydro 
mephedrone and nor-hydroxytolyl 
mephedrone);

2.	 reduction of the keto moiety to the 
respective alcohol (metabolites nor-dihydro 
mephedrone and 4-carboxy-dihydro 
mephedrone); and

3.	 oxidation of the tolyl moiety to the 
corresponding alcohol (metabolites 
hydroxytolyl mephedrone and nor-
hydroxytolyl mephedrone) – it is thought 
that the hydroxytolyl mephedrone and 
nor-hydroxytolyl mephedrone metabolites 
are partly excreted as glucuronides and 
sulphates.

In a more recent in vitro study using 
Sprague-Dawley rat liver hepatocytes, the half-
life of mephedrone was 61.9 minutes and a total 
of 17 metabolites formed by Phase I and Phase 
II metabolism were elucidated [24]. Only nor-
mephedrone was formed in ‘large amounts’; 
concentrations of the 4-(carboxy)methcathinone 
metabolite increased after 2 hours whilst the 
formation of the 4-(hydroxymethyl)methcathi-
none and 4-methylephedrine metabolites began 
to decrease after 30 minutes.

In an in vitro study using human liver micro-
somal preparations and cDNA-expressed 
cytochrome-P450 enzymes, the main isoenzyme 
responsible for Phase I metabolism of mephed-
rone was cytochrome P450 2D6 (CYP2D6), with 
a lesser contribution from NAPDH-dependent 
enzymes [25]. The hydroxytolyl-mephedrone 
and nor-mephedrone metabolites were puri-
fied and used for analysis of four samples from 
forensic traffic cases where mephedrone was 
detected. Both of these metabolites were iden-
tified in these human cases and the 4-carboxy-
dihydro-mephedrone metabolite was also 
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detected along with two other new metabolites 
(dihydro-mephedrone and 4-carboxy-mephed-
rone). The blood concentrations in the forensic 
traffic cases ranged from 1–51 μg/kg for mephe-
drone, and from not detected to 9 μg/kg for 
hydroxytolyl-mephedrone.

The only study to investigate other phar-
macokinetic parameters was a study in Wistar  
(n = 3) and Sprague-Dawley (n = 3) rats [26]. The  
peak plasma concentration of mephedrone fol-
lowing subcutaneous injection of 5.6 mg/kg 
mephedrone was 1206 ng/mL in Sprague-Dawley 
rats and 868 ng/mL in Wistar rats, with the same 
time to peak plasma concentration of 0.25 hours 
(15 minutes). In both animal models there was 
rapid reduction in plasma concentrations with 
an area under the curve of 1170 ng-hr/mL and 
870 ng-hr/mL for Sprague-Dawley and Wistar 
rats respectively.

Pharmacodynamics

A number of animal studies have investigated 
the effects of mephedrone at a receptor level 
and on neurological, thermoregulatory and car-
diovascular parameters. We have summarised 
the data from these studies below which sug-
gest that overall mephedrone has similar actions 
both at a cellular and whole animal model level 
to other stimulant recreational drugs. It should 
be noted that some of the expected effects such 
as increased temperature are not always seen in 
all animal models and therefore extrapolation of 
some of this data to humans should be under-
taken with caution.

Mephedrone effects on serotonin (5-HT) 
and dopamine uptake were investigated using 
isolated rat synaptosomes [28]. Mephedrone 
inhibited the uptake of both serotonin 
(IC50 0.31 ± 0.08 μM) and dopamine (IC50 
0.97 ± 0.05 μM). This study also demonstrated 
that mephedrone has affinity for both sero-
tonin and dopamine membrane transport-
ers and receptors (5-HT2 and D2 receptors) 
and that the profile of these effects was similar 

to amphetamines. In a study using microdi-
alysis of the nucleus accumbens in a rat model, 
mephedrone was shown to increase extracellu-
lar serotonin to a greater extent than extracellu-
lar dopamine [29]. A further microdialysis study 
in the rat nucleus accumbens, demonstrated 
that mephedrone and MDMA had similar 
effects on serotonin concentrations (941% and 
911% respectively) compared to amphetamine 
(165% increase) [30]. However, mephedrone and 
amphetamine had similar effects on increasing 
dopamine concentrations (496% increase and 
412% increase respectively) and this effect was 
greater than the effect of MDMA on dopamine 
concentrations (235% increase).

The effects of mephedrone, 3,4-methylenedi-
oxypyrovalerone (MDPV), methamphetamine, 
methcathinone and dopamine were studied by 
patch clamp studies on Xenopus laevis oocytes 
expressing human dopamine transporters [31]. 
Mephedrone, similar to methamphetamine, 
methcathinone and dopamine produced an 
inward (depolarising) current when applied 
to the Xenopus laevis oocytes; in addition there 
was a similar ‘shelf current’ following removal 
of the mephedrone as seen with the other 
stimulant drugs (methamphetamine and meth-
cathinone) that was not seen following dopa-
mine administration. In dose-response studies, 
mephedrone was less potent than both meth-
cathinone and methamphetamine, with an 
EC50 of 0.84 ± 0.14 μM (methamphetamine 
EC50 0.64 ± 0.15 μM, methcathinone EC50 
0.23 ± 0.03 μM). Interestingly, using the same 
model, application of MDPV was associated 
with an outward (hyper-polarising) current, 
similar to that seen with cocaine.

In an invertebrate model, using a planarian 
assay, mephedrone (500–1000 μM) produced ste-
reotypical movements that were decreased by 
a dopamine receptor antagonist (SCH23390 at 
a dose of 0.3 μM) [32]. In a rat model, the effect 
of intraperitoneal mephedrone (15 mg/kg and 
30 mg/kg) was compared to methamphetamine 
[33]. Mephedrone caused significant locomotor 
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hyperactivity at both doses and reduced social 
preference. Subsequent histological analysis of 
the rat brains using Fos immunocytochemistry 
demonstrated that the effects of mephedrone 
were similar to the combined pattern seen with 
methampethamine and MDMA, with strong 
Fos expression in the cortex, dorsal and ventral 
striatum, ventral tegmental area (typical of both 
MDMA and methamphetamine) and supraoptic 
nucleus (typical of MDMA).

In another study investigating locomotor 
effects, young adult male Lister hooded rats 
were administered mephedrone, MDMA and 
cathinone in an intermittent ‘binge use’ style, 
where the drugs were administered on two con-
secutive days for three weeks (which would 
simulate the use of a recreational drug on two 
days at the weekend (e.g. Friday and Saturday) 
[34]. Low doses of mephedrone (1 mg/kg) had 
no significant impact on locomotor activity in 
rats following either the first or sixth adminis-
tration of mephedrone, whereas higher doses 
(10 mg/kg) were associated with significantly 
increased locomotor activity following both the 
first and sixth dose. Both cathinone (1 mg/kg 
and 4 mg/kg) and MDMA (10 mg/kg) increased 
locomotor activity following the first and sixth 
doses. The locomotor response to mephedrone 
was short-lived, lasting less than or equal to 15 
minutes before returning to baseline follow-
ing the first dose, whereas following the sixth 
dose there was a more prolonged increase in 
the duration of the locomotor response which 
was significantly elevated above baseline for 55 
minutes following administration. The response 
to both cathinone and MDMA was sustained 
and remained significantly elevated above 
baseline for at least an hour (recording of loco-
motor activity stopped at one hour following 
administration) for both the first and sixth dose. 
Following a familiarisation trial, the impact 
of mephedrone, MDMA and cathinone on 
novel object discrimination compared to saline 
was determined; all three drugs significantly 
impaired ability to discriminate a novel object 

compared to the saline vehicle. The concentra-
tions of dopamine, serotonin (5-HT) and their 
major metabolites were measured in the stria-
tum, frontal cortex and hippocampus 2 hours 
after a single dose of drug (defined as ‘acute’) 
and following six doses as described above 
(‘chronic’). There were no changes in dopamine, 
5-HT or their major metabolites in the stria-
tum and frontal cortex for any of the drugs for 
either acute or chronic administration or in the 
hippocampus following a single acute dose of 
mephedrone or cathinone. MDMA, however, 
was associated with a significant decrease in 
both serotonin (5-HT) and its major metabolite 
5-Hydroxyindoleacetic acid (5-HIAA) concen-
tration in the hippocampus. Following chronic 
administration there was no change in hip-
pocampal concentrations of 5-HT or 5-HIAA 
for any of the three substances. Finally, whilst 
administration of cathinone, mephedrone 
(10 mg/kg) and MDMA were all associated with 
a decrease in both hippocampal concentrations 
of dopamine and its major metabolite 3,4-dihy-
droxyphenylacetic acid (DOPAC), this was only 
statistically significant compared to saline vehi-
cle for mephedrone. Interestingly administra-
tion of mephedrone at a lower concentration 
(4 mg/kg) was associated with an increase in 
hippocampal concentrations of both dopamine 
and DOPAC.

In a study investigating both neurochemi-
cal and behavioural effects of mephedrone, male 
adolescent Wistar rats received single or repeated 
(once daily for 10 days) intraperitoneal mephe-
drone 30 mg/kg, methamphetamine 2.5 mg/kg 
or vehicle [35]. Rats administered mephedrone 
for 10 days gained significantly less weight than 
single dose mephedrone and single/repeated 
methamphetamine or vehicle (p < 0.05). There 
was increased locomotor activity in both the 
methamphetamine and mephedrone treated ani-
mals (p < 0.001), with no difference in locomotor 
activity in animals who received single or 10-day 
repeated drug administration. In the biochemical 
studies, striatal dopamine was elevated (p < 0.05) 
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and striatal serotonin depressed (p < 0.001) in rats 
treated with mephedrone or methamphetamine; 
these changes were seen in animals treated with 
both single and repeated doses. Striatal homovan-
illic acid (HVA) concentrations were significantly 
higher in rats who received single dose com-
pared to the repeat dose treated rats (p < 0.01). 
Striatal serotonin metabolism (5-HIAA/5-HT) 
was increased in rats treated with single and 
repeated doses of mephedrone (p < 0.001); this 
was greater after single dose mephedrone admin-
istration (p < 0.01). Autoradiographic studies 
using a [(125)I]CLINDE ligand used as a marker 
for translocator protein expression suggested that 
there was no inflammation associated with either 
single or repeated mephedrone administration. 
In the second part of this study rats were given 
vehicle or 7.5 mg/kg, 15 mg/kg or 30 mg/kg intra-
peritoneal mephedrone for 10 days. Behavioural 
studies were carried out 5 weeks later and 
impaired novel object recognition was seen only 
in the high dose (30 mg/kg) mephedrone group 
(p < 0.01). However, there were no differences in 
any of the mephedrone treated groups in other 
tests including elevated plus maze or social pref-
erence tests. There were also no differences in 
striatal or hippocampal dopamine, serotonin, 
5-HT/5-HIAA or HVA at 5 weeks in any of the 
mephedrone treated groups.

The effects of binge-like regimen of mephe-
drone (30 mg/kg twice daily) for four days 
were investigated in C57BL/J6 mice (behav-
ioural and biochemical testing) and Wistar 
rats (biochemical testing) [36]. In mice, body 
temperature increased by approximately 2°C 
(p < 0.0005) and there was no effect of treat-
ment day suggesting that there is no tolerance 
or sensitisation to this hyperthermic response; 
there was no increase in body temperature 
associated with mephedrone administration 
to rats. Mephedrone treated mice had a sig-
nificantly lower rate of spontaneous alterna-
tions compared to saline treated controls in a 
T-maze used to test spontaneous alternation. 
In the biochemical experiments, two weeks 

following the last drug administration, there 
were no changes seen in mouse or rat brain 
frontal cortex, striatal or hippocampal serotonin 
(5-HT), 5-Hydroxyindoleacetic acid (5-HIAA), 
dopamine, 3,4-dihydroxyphenylacetic acid 
(DOPAC) or norepinephrine related to mephed-
rone administration. There was a 22% decrease 
(p < 0.05) in striatal homovanillic acid (HVA) in 
the mephedrone treated mice, there was no dif-
ference in striatal HVA in mephedrone treated 
rats.

The effects of mephedrone on rectal and 
tail temperature in individually housed Lister 
hooded rats was compared to MDMA, cathi-
none and methacathinone [37]. All drugs were 
administered to rats by intraperitoneal injec-
tion at a doses of both 4 mg/kg and 10 mg/kg. 
Administration of MDMA resulted in a sig-
nificant reduction in both rectal and tail tem-
perature, with the rectal temperature being 
significantly lower for two hours following 
administration, whereas the tail temperature 
was only significantly lower for the first hour 
following administration. Both cathinone and 
methacathinone at 4 mg/kg and 10 mg/kg had 
no effect on tail temperature and 4 mg/kg had no 
effect on rectal temperature compared to vehicle 
control; administration of 10 mg/kg significantly 
increased rectal temperature for 2 hours follow-
ing administration of methcathinone and 80 
minutes following administration of cathinone. 
The effects of mephedrone on temperature were 
similar to that seen with MDMA, although the 
decrease in rectal temperature was only short 
lived (20 minutes for 4 mg/kg and 40 minutes for 
10 mg/kg) whereas the decrease in tail tempera-
ture was more prolonged and was significantly 
lower for the 2 hours following administration. 
Prazosin (an α-1 adrenoreceptor antagonist), BRL 
44408 (an α-2a adrenoreceptor antagonist), SCH 
23390 (a dopamine-D1 receptor antagonist) and 
L-741626 (dopamine-D2 receptor antagonist) all 
increased not only the duration of mephedrone-
related decreases in rectal temperature com-
pared to those rats treatment with mephedrone 
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alone, but also the degree of the decrease in 
temperature. Finally, the changes in tail and 
rectal temperature following administration of 
mephedrone seen in individually housed rats 
were not seen when the rats were group housed 
(three rats per cage). Administration of 10 mg/
kg mephedrone was associated with a statisti-
cally significant increase in plasma noradrena-
line concentrations, which could be completely 
abolished by pre-treatment with prazosin, BRL 
44408 and SCH 23390. It appeared that pre-treat-
ment with L-741626 was not associated with this 
abolishment of the increase in plasma noradrena-
line concentrations seen with mephedrone. The 
authors reported that mephedrone was associ-
ated with a statistically significant increase in 
plasma adrenaline concentrations; however, 
the effect of the individual antagonists on this 
change in plasma adrenaline concentrations was 
not reported in full in this paper.

Female C57BL/6 mice were treated with four 
doses of mephedrone (20 mg/kg or 40 mg/kg), 
with doses given every two hours, as this is 
representative of the pattern of use of mephed-
rone in humans and also because this pattern of 
administration in animal models of substituted 
amphetamines and cathinones has been shown 
to cause dopaminergic nerve ending dam-
age [38]. The authors in this study reported 
that ‘lower doses’ of mephedrone (5–10 mg/kg) 
were not neurotoxic and did not cause changes 
in body temperature, although the data for this 
was not presented in the paper. Striatal con-
centrations of dopamine, tyrosine hydroxylase 
and the dopamine transporter were compared 
to control concentrations by immunblot. Two 
days following administration of mephedrone, 
there was no change in striatal concentrations 
of dopamine and tyrosine hydroxylase, whereas 
there was a small but statistically significant 
increase in dopamine transporter concentra-
tions in animals treated with higher concentra-
tions of mephedrone (40 mg/kg) which was not 
seen in those treated with the lower concen-
tration (20 mg/kg). When the concentrations 

were measured seven days after administra-
tion, there was no difference in striatal tyrosine 
hydroxylase or dopamine transporter concen-
trations, whereas there was a small but statisti-
cally significant increase in striatal dopamine 
concentrations in those treated with 40 mg/kg 
mephedrone. In this study, intraperitoneal injec-
tion of 20 mg/kg mephedrone to female C57BL/6 
mice was associated with an increase in core 
body temperature, which remained elevated 
following subsequent intraperitoneal injections 
throughout the study period. Interestingly, intra-
peritoneal injection of 40 mg/kg mephedrone 
had a different response, in that the first and 
each subsequent injection of mephedrone was 
associated with an immediate drop in core body 
temperature, but the drop in core body tempera-
ture increased in magnitude with each succes-
sive injection of mephedrone. Within 40 minutes 
of injection after this initial immediate drop in 
core body temperature, the animal’s core body 
temperature had then risen above that of the 
control animals and remained elevated until the 
next injection of mephedrone. Administration 
of 20 mg/kg and 40 mg/kg of mephedrone to 
female C57BL/6 mice led to an increase in loco-
motor activity, distance travelled, movement 
time and stereotypical episodes compared to 
controls. Interestingly, when compared to meth-
amphetamine which led to a constant increase 
in locomotor activity following administration, 
mephedrone was associated with ‘cyclic bouts of 
explosive and stereotyped activity followed by 
short periods of inactivity’.

Thermoregulatory and locomotor stimulant 
effects of mephedrone were studied using both 
Wistar and Sprague-Dawley rats [26]. Following 
administration of 3.2 mg/kg, 5.6 mg/kg and 
10 mg/kg mephedrone there was a decrease in 
body temperature in the Wistar animals when 
maintained at an ambient temperature of either 
23°C or 27°C, whereas for the Sprague-Dawley 
rats there appeared to be only minimal effect on 
the body temperature at both 23°C and 27°C. 
For both Wistar and Sprague-Dawley rats there 
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was an increase in locomotor activity in the 
hour following administration of mephedrone 
at both 23°C and 27°C, although there was a 
greater increase in activity seen in the Sprague-
Dawley rats.

The cardiovascular effects of mephedrone 
have been studied both in vitro and in vivo 
[39,40]. Application of mephedrone up to 30 μM 
to isolated guinea pig cardiac myocytes, dem-
onstrated that mephedrone had no effects on 
the recorded action potential or on major volt-
age-dependent cardiac ion channels [39]. In the 
second component of this study, mephedrone 
was administered subcutaneously (3 mg/kg and 
15 mg/kg) conscious telemetry implanted rats 
and effects compared to saline control. Heart 
rate increased after subcutaneous mephedrone 
administration peaking at 30% higher than pre-
mephedrone administration 25 minutes after 
injection of 3 mg/kg mephedrone and 39% higher 
at 45 minutes after 15 mg/kg mephedrone. Heart 
rate remained higher for 105 minutes after the 
3 mg/kg dose and three hours after the 15 mg/
kg mephedrone dose. Subcutaneous mephed-
rone administration also resulted in an increase 
in mean, systolic and diastolic blood pressure, 
with an increase of approximately 10–15% above 
pre-mephedrone administration blood pressure 
for the 3 mg/kg mephedrone treatment group 
and 20–25% for the 15 mg/kg mephedrone treat-
ment group. Peak blood pressure effects were 
seen at 1–2 hours after mephedrone administra-
tion and blood pressure gradually decreased to 
baseline over the next three hours. Pre-treatment 
with reserpine had a minimal effect on these 
heart rate and blood pressure changes. The 
final component of this study involved echo-
cardiography after intravenous administration 
of mephedrone (1 mg/kg) to anaesthetised rats. 
Mephedrone administration was associated with 
an increase in cardiac output (81.3 ± 3.0 ml/min 
to 95.0 ± 5.6 ml/min, p < 0.05), ejection fraction 
(74.3 ± 2.5% to 86.1 ± 2.5%, p < 0.05) and fraction 
shortening (44.8 ± 2.4% to 57.8 ± 3.3%, p < 0.05). 
The echocardiographic changes seen after 

intravenous methamphetamine 0.3 mg/kg were 
similar qualitatively and quantitatively to those 
seen after intravenous 1 mg/kg mephedrone. 
Similar, but lower magnitude findings were seen 
after lower dose (0.3 mg) intravenous mephed-
rone administration.

In a more recent study, the cardiovascular 
effects of mephedrone were compared to meth-
amphetamine in male Sprague-Dawley rats [40]. 
In both groups, the baseline heart rate and mean 
blood pressure were comparable (mephedrone 
379 ± 10 b.p.m., 118 ± 4 mmHg; methampheta-
mine: 381 ± 12 b.p.m., 116 ± 3 mmHg). After 
intravenous administration of either mephe-
drone or methamphetamine (0.01–9 mg/kg of 
both drugs), there were comparable changes in 
both heart rate and blood pressure. There was a 
continual trend in the increase in blood pressure 
over the doses used (0.1–9 mg/Kg) with approxi-
mately 10 mmHg increase in blood pressure with 
0.1 mg/kg administration and approximately 
20 mmHg increase in blood pressure with 9 mg/
kg administration. The increases in mean arterial 
pressure peaked within 2–3 minutes of mephed-
rone administration and lasted from 0.09 ± 0.02 
hours for 0.1 mg/kg administered to 1.53 ± 0.26 
hours for 9 mg/kg administered. In terms of heart 
rate responses, there appeared to be less of a 
dose-response increase for methamphetamine 
(maximal increase with 0.1 mg/kg administra-
tion), whereas for mephedrone there appeared 
to be a more of a dose-response to increasing 
doses of mephedrone (approximate 50–60 b.p.m. 
increase with 0.1 mg/kg compared to approxi-
mate 90–100 b.p.m. increase for 9 mg/kg). Similar 
to that seen with the blood pressure changes, 
the tachycardic responses peaked within 2–5 
minutes after mephedrone administration and 
lasted between 0.3 ± 0.23 hours following 0.1 mg/
kg administration and 1.27 ± 0.57 hours follow-
ing 9 mg/kg administration. Pre-treatment with 
the β1-adrenergic antagonist atenolol (1 mg/
kg) had no impact on the blood pressure effects 
seen following the administration of 3 mg/kg of 
mephedrone, whereas pre-treatment with the 
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α-adrenergic antagonist phentolamine (3 mg/
kg) significantly inhibited the increase in blood 
pressure seen with mephedrone. Both ateno-
lol and phentolamine reduced the heart rate 
responses seen following mephedrone adminis-
tration, although atenolol had a greater impact 
compared to phentolamine – the increase in 
heart rate with mephedrone following: 1) no pre-
treatment approximately 80 b.p.m.; 2) atenolol 
approximately 15–20 b.p.m.; and 3) phentolamine 
approximately 40 b.p.m.

PREVALENCE OF USE

Information on the prevalence of use of mephe-
drone is available from a number of different 
data sources. These include information from law 
enforcement and border agency seizures, along 
with population and subpopulation surveys.

The first report of the detection of mephe-
drone with the European Union to the 
European Monitoring Centre for Drugs and 
Drug Addiction (EMCDDA) through its Early 
Warning System was in 2007. This related to a 
seizure of capsules in Finland that were found 
to contain mephedrone [4,41]. There were fur-
ther detections by border and law enforcement 
agencies other Scandinavian countries (Sweden, 
Norway and Denmark), as well as the UK in 
2008 [4,41,42]. By the time of the EMCDDA 
risk assessment of mephedrone in 2010, it had 
been detected by law enforcement agencies in 
31 European and neighbouring countries sug-
gesting that its availability, and therefore prob-
ably its use had become widespread across 
Europe [4]. Some countries had reported sig-
nificant seizures of many kilograms, noting 
that production and export took place in Asia 
and in particular China [4]. Data in the United 
Nations Office on Drugs and Crime (UNODC) 
2012 World Drug Report suggested that mephe-
drone was the most frequently seized substance 
in Hungary and that 286 out of 3564 drug sei-
zures in North Ireland were mephedrone 

[43]. Mephedrone has subsequently also been 
detected in law enforcement and border agency 
seizures in other areas of the world, including 
North America and Australasia [43].

Population Level Surveys

International population level reports, such 
as the World Drug Report from the United 
Nations Office on Drugs and Crime (UNODC) 
and the EMCDDA Annual Report typically do 
not contain detailed data on the prevalence of 
use NPS such as mephedrone when they first 
appear on the market as it takes time for new 
drugs to enter national drugs surveys.

To our knowledge, currently only England 
and Wales collect data at a population level 
on the use of mephedrone at a national level 
[44,45]. In the 2010/2011 British Crime Survey 
there was inclusion of questions about the use 
of mephedrone for the first time. Last year use 
of mephedrone in those aged 16–59 years old 
was 1.4% (the same as last year use of ecstasy). 
There was a higher reported prevalence of last 
year use amongst younger individuals: 4.4% in 
16–24-year-olds and 0.6% in 25–59-year-olds. 
The 2011/2012 survey was renamed the Crime 
Survey England and Wales and showed that last 
year use of mephedrone had fallen both in those 
aged 16–59 years and 16–24 years (15–59-year-
olds: 1.4% in 2010/2011 compared to 1.1% in 
2011/2012; 15–24-year-olds: 4.4% in 2010/2011 
compared to 3.3% in 2011/2012) [44,45]. Despite 
this reduction in last year use of mephedrone, 
it was the fourth most prevalently used drug. 
There was variation in the prevalence of last year 
use across a number of demographic factors:

1.	 sex: males (1.5%) compared to females 
(0.7%);

2.	 martial status: single (2.7%) compared to 
married/civil partnership (0.1%); and

3.	 employment status: employed (0.9%) 
compared to unemployed (2.2%) and student 
(2.7%) [45].
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Subpopulation Surveys

There have been a number of subpopula-
tion surveys which have reported on the use of 
mephedrone amongst students, clubbers and 
those who frequent other night-time economy 
venues and the men who have sex with men 
(MSM or gay) community. The majority of these 
surveys are from the UK, but there are also 
surveys from elsewhere in Europe and other 
areas of the world. One of the difficulties with 
the subpopulation level surveys, particularly 
from the USA, is that some ask about the use of 
NPS using colloquial terms such as ‘bath salts’ 
rather than by individual drug name such as 
mephedrone.

There is evidence of use of mephedrone 
amongst younger age groups. In a survey of 
1006 Scottish school and college/university 
students, 20.3% reported that they had tried 
mephedrone on at least one occasion previously 
[46]. In a survey of 154 students aged 14/15 
years undertaken in Northern Ireland in May 
2010, although the students reported that ‘70% 
of their friends had tried mephedrone’, only 
40% of respondents reported that they them-
selves had tried mephedrone [4,47].

A number of studies have reported that 
mephedrone use is higher in those who fre-
quent clubs and other night-time economy ven-
ues. In the 2011/2012 Crime Survey England 
and Wales, data was published comparing the 
last year use of mephedrone amongst those 
who visited bars and nightclubs compared 
to those who did not [45]. Last year use of 
mephedrone was associated with a higher fre-
quency of visiting nightclubs: 0.5% for no visits 
to a nightclub in the last month, compared to 
2.6% for between one and three nightclub vis-
its in the last month and 9.7% for four or more 
nightclub visits in the last month. There was a 
similar association for visits to other night-time 
economy venues such as wine bars and pubs 
(bars): 0.3%, 0.7%, 2.0% and 4.7% last year use 
for 0, 1–3, 4–8 and more than nine visits to wine 

bars or pubs in the last month, respectively. 
Finally there was also an association between 
alcohol intake and the last year use of mephe-
drone: 0.2% for those with no alcohol intake 
increasing to 1.9% for those drinking three or 
more days per week.

The 2009/10 MixMag survey reported life-
time and last month mephedrone use rates 
of 41.7% and 33.6% respectively [16]. Further 
analysis of the 2295 UK respondents to this sur-
vey, reported a life-time use rate of 41.3%, with 
38.7% and 33.2% reporting use within the last 
year and last month, respectively [48]. In the 
2010/11 MixMag survey, life-time use of mephe-
drone had increased to 61% and use of mephe-
drone within the last year had also increased to 
51% [49]. The recent (last year) use of mephed-
rone decreased with increasing age, with last 
year use rates of 58%, 53% and 37% for those 
aged 18–20 years old, 21–30 years old and 
older than 30 years, respectively. Finally, in the 
expanded 2011/2012 Global Drugs Survey, life-
time prevalence of mephedrone use amongst 
UK respondents had fallen 42.7%, probably due 
to differing sampling methodology [50]. There 
was geographical variation in use, with last year 
use of 19.5% amongst all UK respondents com-
pared to only 2% for US respondents. There was 
also higher use amongst those who were regu-
lar clubbers in the UK (30%) compared to the 
total respondent population. However, in a con-
venience sample of 207 bar-goers in Lancashire, 
UK, only 5% of those surveyed reported use of 
mephedrone within the last month [51]. This 
suggests that, even within a country, there 
is likely to be regional variation in the use of 
mephedrone.

There have been several studies that have 
reported on the use of mephedrone, along with 
other NPS in the MSM population. In a survey 
of 308 attendees in South London ‘gay friendly’ 
nightclubs in the summer of 2010, 54% reported 
life-time use of mephedrone and 52% reported 
use within the last year [52]. A subsequent sur-
vey in the same nightclubs one year after the 
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UK ban showed that there was ongoing sig-
nificant use of mephedrone with 41% reporting 
that on the night of the survey they had already 
taken mephedrone and/or were planning on 
taking mephedrone later that evening; it was 
also the most commonly reported ‘favourite 
drug’ (20.4%) by those surveyed [53]. In the 
‘same-sex attracted adults’ survey of 572 indi-
viduals aged 18–25 years old living or spending 
time in Sydney, Australia, the lifetime preva-
lence of use (4.0%) of mephedrone was similar 
to that in the British Crime Survey 2010/2011 
and the Crime Survey England and Wales 
2011/2012 [44,45,54].

In a further study from Australia of 693 indi-
viduals who self-reported regular ‘ecstasy’ use, 
28% reported that they had used an emerging 
(novel) psychoactive substance in the last six 
months [55]. Mephedrone was the most com-
monly used, with 21% reporting that they had 
used it ever and 17% reporting that they had 
used it in the last six months.

ACUTE TOXICITY

Animal Data

The whole animal studies that have investi-
gated the acute toxicity of mephedrone, in par-
ticular cardiovascular and thermoregulatory 
effects, are summarised within the pharmacody-
namic section of this chapter.

Human Data

Similar to other NPS, there are numerous 
sources of information that can be combined 
together to build a profile of the acute toxic-
ity associated with the use of mephedrone. 
These include user reports on Internet discus-
sion fora and subpopulation level surveys, 
data from calls to poisons information services 
and published case reports and case series. The 
main limitation of these different data sources 

is that typically they are based on self-reported 
drug(s) used, rather than analytical confirma-
tion of the substance use (either of the prod-
uct itself or from biological samples from the 
individual(s) involved). However, despite this 
limitation, since this process, more commonly 
known as ‘data triangulation’, draws on a vari-
ety of different sources of information it allows 
a more robust profile of the acute toxicity to be 
described [56]. In this next section, we will uti-
lise this process of data triangulation to draw on 
the information sources in relation to mephed-
rone to describe the pattern of acute toxicity 
associated with its use. In addition, for mephe-
drone, there is one series of analytically con-
firmed acute toxicity which means that reliable 
data on the pattern of acute toxicity in humans 
is available [21].

The majority of data from clinical sources 
(case reports/series and poisons information ser-
vices/centres) on the acute unwanted effects is 
from the UK and Europe. There is limited data 
from the USA on the acute toxicity of mephe-
drone, since the published information often 
relates to the use of ‘bath salts’, a colloquial term 
typically used in the USA for a range of NPS 
[11,57–59]. Therefore it is not possible to utilise 
information from these US data sources as part 
of an assessment of the acute toxicity of mephe-
drone, since the majority of these cases will 
relate to other NPS rather than to mephedrone 
itself.

User Reports
There are numerous reports on Internet dis-

cussion fora such as Erowid and Drugs Forum 
[7,12,13,27]. These reports provide detailed phys-
iological and psychological information or more 
descriptive information of the effects experienced 
after use. Some users may have used mephed-
rone as part of a cocktail of recreational drugs 
used and therefore it is not always possible to 
determine which of the effects seen are related 
to mephedrone rather than the other drugs. 
Despite these caveats, the unwanted symptoms 
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described by users appear to be similar to the 
adverse or unwanted effects seen following these 
use of other stimulant recreational drugs such 
as amphetamine, MDMA or cocaine. Symptoms 
described include loss of appetite, insomnia and 
nightmares, increased body temperature (more 
commonly known as ‘mephedrone sweat’), 
chest pain, nausea, vomiting and abdominal 
pain, painful joints, discolouration or mottling 
of extremities and joints (particularly the lower 
limbs), post-use depression and/or craving for 
mephedrone, anxiety and agitation, paranoia 
and hallucinations. Additionally, following nasal 
insufflation of mephedrone, a significant propor-
tion of individuals complain of nasal irritation 
and/or bleeding, which can lead to switching to 
oral ingestion of mephedrone [27]. A survey of 
1506 previous and/or current UK mephedrone 
users conducted over the Internet reported that 
20% had suffered at least one ‘significant nega-
tive reaction’ related to the use of mephedrone 
[60]. Interestingly, the rate of significant negative 
reactions was higher amongst ‘friends’ of users 
(28%), suggesting that users may not acknowl-
edge or self-report some of the significant 
adverse effects/reactions that they experience. 
In this Internet survey, only skin discolouration/
blotches were specifically asked about and 21% 
of respondents reported experiencing this in rela-
tion to using mephedrone.

In the 2009 MixMag survey of over 2000 
UK clubbers, data was collected specifically on 
the incidence of a number of pre-determined 
adverse effects from the cohort of 900 individu-
als who self-reported previous mephedrone use 
[48]. The frequency of these effects were: sweat-
ing (67% of those who had previously used 
mephedrone), headaches (51%), palpitations 
(43%), nausea (27%) and cold or blue fingers 
(15%) [16,48]. Subsequent telephone follow-up 
interviews were conducted with those indi-
viduals who had self-reported mephedrone 
use [17]. From a cohort of 218 individuals, 100 
were recruited to provide qualitative informa-
tion on both the positive and negative effects of 

mephedrone. The study used the product of the 
‘frequency of effect’ combined with the ‘severity 
of effect’ (maximum score 9 to enable compari-
son of the impact between infrequent but severe 
effects and frequent but less severe effects). 
Bruxism had the highest frequency-intensity 
effect product score (5.1). In decreasing product 
score, other physical effects related to mephed-
rone included: body sweats (4.4), heart racing 
(3.8), overheating (2.8), tremor (2.6), shortness of 
breath (1.9), headache (1.4) and chest pain (0.8). 
Using this system, ‘forgetting things’ had the 
highest neuro-psychiatric frequency-intensity 
effect product (3.5); other commonly reported 
neuropsychiatric effects included: restlessness/
anxiety (3.3), paranoia (1.4), panic (1.2), agita-
tion (1.4), visual hallucinations (0.8), auditory 
hallucinations (0.5) and aggression (0.2). There 
was a very low frequency-intensity effect prod-
uct for unwanted effects such as cold/numb 
extremities (0.9), blue/red skin (0.5), skin rashes 
(0.3); this suggests that these less severe effects 
were occurring infrequently.

In a Scottish survey of school and college/
university students, of those who self-reported 
using mephedrone on at least one occasion, 
56% reported that they had suffered at least 
one adverse effect related to its use [46]. The 
frequency of adverse effects described was: 
bruxism (28.3%), paranoia (24.9%), sore nasal 
passages (24.4%), hot flushes (23.4%), sore 
mouth/throat (22.9%), nose bleeds (22.4%), 
suppressed appetite (21.5%), blurred vision 
(21.0%), palpitations (20.5%), insomnia (19.5%), 
hallucinations (18.0%), addiction/depend-
ence (17.6%), nausea/vomiting (17.1%), burns 
(17.1%) and blue/cold extremities (14.6%). 
Similar to the Internet discussion fora, there 
was a high reported rate of local irritant effects 
related to the use of mephedrone. This prob-
ably reflects that mephedrone is used by nasal 
insuffulation in a similar manner to the way 
that cocaine is used; however, unlike cocaine, 
mephedrone does not have any local anaes-
thetic effects.
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Poisons Information Service Data
The first published data on enquiries to poi-

sons information services was of 150 calls to the 
Swedish Poisons Centre relating to cathinones, 
of which 100 related to the use of mephed-
rone [61]. Clinical features were reported for 
all of the calls, so it is not possible to separate 
out the frequency of unwanted effects related 
to mephedrone itself. The unwanted effects 
reported by clinicians contacting the Swedish 
Poisons Centre included tachycardia (54% of 
cases), restlessness (37%), mydriasis (25%), 
hypertension (14%) and anxiety (14%).

The first enquiry to the UK National Poisons 
Information Service (NPIS) relating to mephe-
drone was in May 2009 [4]. Detailed informa-
tion has been published on 131 calls to the UK 
NPIS relating to self-reported use of mephed-
rone or combined mephedrone/alcohol use [19]. 
Although 26 further calls were excluded as the 
individual contacting NPIS mentioned one or 
more co-used substance, it is possible that in 
the cohort of 131 reported, that the individual 
contacting may have either not asked about or 
reported to the NPIS other co-used substances. 
The most commonly reported unwanted effects 
were: agitation/aggression (24% of enquiries), 
tachycardia (22%), anxiety (15%), confusion or 
psychosis (14%), chest pain (13%), palpitations 
(11%) and nausea (11%). Less frequently occur-
ring effects (<10% of enquiries) included diz-
ziness, ‘peripheral vasoconstriction’ and ‘skin 
changes/rashes’, fever and/or sweating, head-
ache, abdominal pain, insomnia, dizziness, 
hypertension, convulsions, myoclonus and 
reduced level of consciousness. It appears from 
this case series, that the duration of unwanted 
effects were prolonged, with 45% having symp-
toms continuing for more than 24 hours and 
30% having symptoms for more than 48 hours 
after the use of mephedrone.

In addition to the information on the range 
and frequency of unwanted effects, data from 
the poisons information service can provide 

information on the changes of accesses/enquir-
ies over time. Looking at the UK National 
Poisons Information Service data, it appears 
that the number of accesses to TOXBASE and 
enquiries to the NPIS telephone service peaked 
in March 2010, and subsequently declined after 
the control of mephedrone in the UK [4]. This 
apparent reduction in the number of cases of 
acute toxicity relating to the use of mephed-
rone following its control, may not only be the 
impact of control; clinicians were more likely 
to be aware of mephedrone and its toxicity 
from the general media interest and therefore 
less likely to call as they already had aware-
ness of the compound. Additionally, studies 
have shown that the purity of mephedrone 
reduced after control [48,62], suggesting that 
total exposure to mephedrone in a single use 
session could potentially be less and therefore 
it may have been less likely to be associated 
with adverse effects. This trend was also seen 
in presentations to a London (UK) hospital 
Emergency Department with acute mephed-
rone toxicity [63]. There was a peak in presenta-
tions prior to the control of mephedrone, with 
31 presentations in the two-month period prior 
to control; the frequency of presentations then 
fell significantly to between three and five pres-
entations per two-month period.

Emergency Department Case Reports and 
Case Series

The first analytically confirmed case of acute 
toxicity related to the recreational use of mephe-
drone was in an individual who used mephed-
rone by both oral ingestion and intramuscular 
injection who developed typical features of sym-
pathomimetic toxicity [14]. In addition, there 
have been a number of individual case reports 
of acute toxicity related to the use of mephe-
drone, including severe agitation and aggres-
sion [64], diabetic ketoacidosis in an individual 
with underlying Type 1 diabetes mellitus using 
mephedrone [65], myocarditis, myopericarditis 
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and/or other ECG abnormalities [66] and a case 
of presumed ‘mephedrone-induced euvolaemic 
hypo-osmotic hyponatraemia with encepha-
lopathy and raised intra-cranial pressure’ [67]. 
Some of these individual case reports include 
analytical confirmation of mephedrone use from 
screening of biological samples drawn from the 
patients involved, although some are based only 
on self-reported use or analysis of the powder 
taken.

In addition to these individual case reports, 
there have been published case series of presen-
tations to the Emergency Department describ-
ing the clinical features of acute mephedrone 
toxicity [4,20–22].

We have previously published data on 72 
presentations to our central London Emergency 
Department with acute toxicity related to the 
self-reported use of mephedrone between 1st 
January 2009 and 15th June 2010 [4,21,42]. In 
the reporting of these patients, information 
was extracted from the medical and nursing 
notes rather than using a proforma with pre-
determined unwanted adverse effects. The 
majority of patients were male (81.9%) with 
a mean ± SD age of 27.8 ± 8.7 years (range 
16–54 years). Mephedrone was typically used 
by nasal insufflation (19 (54.3%)) where route 
of use was specified) and oral ingestion (12 
(34.3%)). Patients were included if they self-
reported co-used other substances and/or eth-
anol; 63 of the 72 had used one or more other 
substance. Therefore, it is possible that some of 
the clinical effects seen may relate to the other 
co-used substances rather than to the mephe-
drone itself. The commonest adverse effects 
documented in the medical and nursing notes 
were: agitation (38.9% of patients), palpitations 
(25.0%), vomiting (13.9%), chest pain (12.5%), 
self-limiting pre-hospital seizures (6.9%) and 
headache (7.2%). We were not able to identify 
any cases of skin mottling, cool limbs or blue 
extremities as described in some of the Internet 
discussion fora. We had pre-defined a number 
of physiological parameters which we felt were 

indicators of clinically significant sympathomi-
metic (stimulant) toxicity:

1.	 significant hypertension – systolic 
BP ≥160 mmHg;

2.	 significant tachycardia – heart 
rate ≥140 b.p.m.; and

3.	 hyperpyrexia – temperature >38.5°C.

In this case series, 13.9% had significant 
hypertension and 8.3% had significant tachycar-
dia, but no patients had hyperpyrexia. This lack 
of hyperpyrexia may reflect that the majority 
of cases presented during the autumn/winter/
spring months, where ambient air temperature 
in the UK is lower and therefore there is likely 
to be a reduced risk of hyperpyrexia developing.

A subset of nine individuals from this cohort 
of patients underwent detailed toxicological 
screening of blood or urine collected at the time 
of presentation to confirm the use of mephed-
rone [22]. Of these nine individuals, mephedrone 
was detected in seven; in the remaining two it 
was thought that mephedrone was not detected 
in the biological matrix screened (serum/blood) 
as they presented more than 24 hours after use. 
Of those where mephedrone was detected, no 
other substances were detected in four, and 
the others had used cocaine (two patients) and 
a combination of butylone and MDPV (one 
patient). The frequency of unwanted effects seen 
in this subset of patients was comparable to that 
seen in the whole case series of patients: agita-
tion (57.1% of patients), palpitations (28.6%), 
chest pain (28.6%), self-limiting pre-hospital sei-
zure (14.3%) and headache (14.3%). In terms of 
clinically significant sympathomimetic toxicity, 
42.9% had significant hypertension, and 14.3% 
had a significant tachycardia.

The second case series is of 89 patients who 
presented to the Emergency Department in 
Aberdeen, Scotland [20]. Of these 89 patients, 
30 self-reported lone mephedrone use, 27 self-
reported use of both mephedrone and alco-
hol within the same drug use session, and 
the remaining 32 reported use of one or more 
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other recreational drug at the same time as the 
mephedrone. The authors of this case series 
only reported data on the acute toxicity from 
the 57 patients with either self-reported lone 
mephedrone use or co-used mephedrone and 
alcohol. Commonly reported clinical features 
seen in these individuals were anxiety or agita-
tion (40.4%), chest pain (24.6%), parasthesiae 
(24.6%), palpitations (21.1%), dyspnoea (17.5%), 
confusion (17.5%), collapse (14.0%) and ‘oral 
symptoms’ (not defined; 12.3%). It is not pos-
sible the determine the proportion of individu-
als who had clinically significant hypertension 
or tachycardia, since only the range of systolic 
blood pressure (88–184 mmHg) and heart rate 
(68–184 b.p.m.) was reported. However, based on 
this data there is evidence that a proportion of 
them would have had clinically significant car-
diovascular features of toxicity on presentation 
to the Emergency Department.

MEPHEDRONE-RELATED DEATHS

At the time of the EMCDDA Risk Assessment 
of mephedrone in 2010, there were reports of 
deaths related to mephedrone from Sweden and 
the UK, and deaths in which mephedrone had 
been detected but not contributed to death from 
the UK and Ireland [4]. In addition, there were 
many deaths in which either mephedrone had 
been detected in post-mortem samples or the 
individual had anecdotally been using mephed-
rone, but the inquests into death had not been 
completed and so the role of mephedrone in 
the deaths was not clear [4]. These potential 
mephedrone-related deaths (many of which 
subsequently turned out either not to involve 
mephedrone or to have an alternative cause of 
death) received significant coverage in the UK 
popular press [4,68]. It has been postulated that 
this media coverage helped to increase inter-
est in mephedrone amongst drug users and 
potential users; a recent study has shown an 
association between peaks in media coverage 

concerning potential mephedrone related 
deaths and searches on the Internet investigat-
ing purchase of mephedrone [68].

The first death related to mephedrone was 
in an 18-year-old female in Sweden [69]. She 
reported use of mephedrone and cannabis 
and had an out of hospital cardiorespiratory 
arrest. She was resuscitated in the Emergency 
Department and found to have a metabolic acido-
sis, cerebral oedema and hyponatraemia (serum 
sodium 120 mmol/L); no data was provided in 
the report to be able to determine whether tests 
were undertaken to investigate the cause of the 
hyponatraemia. The patient was declared brain 
dead on the intensive care unit 36 hours later. 
Qualitative analysis of blood and urine samples 
revealed the presence of mephedrone only, with 
no other drugs or alcohol detected.

The second published case in which mephed-
rone was detected in post-mortem samples was 
from Maryland, USA [70]. This was a 22-year-
old male found collapsed and unresponsive at 
home; resuscitation was unsuccessful and he 
was pronounced dead in hospital. In addition 
to mephedrone, urine screening was positive for 
6-acetylmorphine, codeine, morphine and doxy-
lamine. The post-mortem blood mephedrone 
concentration was 0.5 mg/L. Death was recorded 
at the inquest as due to ‘accidental multiple 
drug toxicity’ and it is not possible to determine 
from the published report the role that mephed-
rone played in this death.

In the UK the National Programme on 
Substance Abuse Deaths (np-SAD) collates 
data on drug-related deaths. In 2012, this group 
reported data on cases reported to them up 
to the end of October 2011 in which there had 
been suspicion of mephedrone involvement 
[71]. There were a total of 128 potential mephe-
drone associated deaths. Mephedrone was not 
found in post-mortem analysis in 25 cases and 
analytical results were still pending in a further 
10 cases. In the 90 cases in which mephedrone 
was detected, inquests into the cause of death 
had been completed in 69 cases and data was 
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available for 62 of these. The mean ± SD age of 
these 62 cases was 28.8 ± 11.3 years (range 14–64 
years). Mephedrone was the only drug detected 
in 8 cases, other substances detected included 
alcohol (n = 26), stimulants e.g. amphetamine, 
cocaine, MDMA (22), sedative/hypnotics (22), 
opioids (13), piperazeins (13), other acthinones 
(13), antidepressants (8), antipsychotics (5), 
gamma-hydroxybutyrate (GHB, 5). In a number 
of cases other factors were recorded (e.g. car-
diovascular disease, bronchopneumonia) and 
self-harm (18 cases) including hanging (11 cases) 
was also commonly recorded. Mephedrone was 
included in the cause of death in 36 cases, from 
the data available in the paper it is not possi-
ble to determine whether mephedrone was the 
cause of death in these 36 cases.

In 2011, a case series of four deaths in 
Scotland in which mephedrone was detected 
in post-mortem samples was published [72]. 
Death was reported to be due to mephedrone in 
one of these cases (blood mephedrone concen-
tration 0.98 mg/L); other factors played a role in 
the other three cases (other drugs in two cases 
and trauma in a road traffic accident in the 
third case).

In a recent report from Northern Ireland, 
post-mortem toxicology analyses undertaken 
by the Forensic Science Service in Northern 
Ireland from late 2009 to the end of 2010 were 
reported. Mephedrone was detected in 12 
deaths and was felt to be the cause of two 
deaths (blood mephedrone concentration were 
2.1 and 1.94 mg/L in these two cases) [73].

There are also reported deaths related to 
mephedrone from Poland [74], Italy [75] and 
the Netherlands [64].

CHRONIC TOXICITY

Animal Data

Animal models of mephedrone toxicity and 
unwanted effects have focused on single dose 

or short-term (up to 1–3 weeks) administra-
tion of mephedrone, rather than longer-term 
administration of mephedrone to determine its 
chronic toxicity and therefore currently there 
is no data available from animal studies on the 
chronic toxicity of mephedrone.

Human Data

There are no published cases of long-term 
mephedrone use being associated with spe-
cific chronic toxicity. There are anecdotal user 
reports that long-term mephedrone use is asso-
ciated with post-use ‘depression’ [12,13,27]. In 
the MixMag survey telephone follow-up survey, 
the frequency-intensity product for depression, 
which was reported by 56 individuals, was 2.3 
[17]. However, there are no experimental or clin-
ical data to support users’ hypotheses that this 
relates to depletion of serotonin or dopamine.

One study assessed working memory, pho-
nological and semantic fluency, psychomotor 
speed and executive control in 20 mephedrone 
users whilst intoxicated and then when drug 
free and compared this with 20 controls [76]. 
In addition, psychological wellbeing, schi-
zotypy and depression scores were compared 
between controls and mephedrone users. The 
mephedrone group had used mephedrone for 
a mean ± SD of 1.35 ± 0.37 years for 4.05 ± 1.70 
days per month (range 2–8). Mephedrone 
users had higher depression scores than con-
trols (p = 0.01), this remained significant when 
other factors were controlled including use of 
other drugs. Prose recall, both immediate and 
delayed, was poorer in the mephedrone users 
(p < 0.001) and the mephedrone group have 
higher scores in schizotypy (p < 0.001). There 
was no difference in verbal fluency between the 
mephedrone group and controls.

Finally, acute toxicity of mephedrone can be 
associated with long-term consequences related 
to secondary complications similar to that seen 
with other stimulant recreational drugs; an 
example of this would be mephedrone-induced 
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convulsions leading to cerebral hypoxia and 
long-term neurological consequences.

DEPENDENCE AND ABUSE 
POTENTIAL

Animal Data

There are no published animal studies or 
models that have investigated the development 
of mephedrone-related dependence. However, 
there have been studies which have reported 
on whether mephedrone is associated with self-
administration. This could be considered to be 
a surrogate marker of dependence and abuse 
potential, since drug (and food) can be used in 
animal models to induce self-administration sec-
ondary to the associated reward of being deliv-
ered either a drug with beneficial effects or food.

In these animal models of self-administration 
there is evidence that mephedrone is associ-
ated with increased rates of self-administration 
and total doses administered, suggesting that it 
may be associated with a risk of abuse potential 
[77,78]. In a model of intravenous mephedrone 
self-administration, both Sprague-Dawley and 
Wistar rats had increasing self-administration 
of mephedrone over a 10 session study when 
a dose of 1 mg/kg/infusion was used, whereas 
there was a decrease to a relatively stable pla-
teau of rate of self-administration when a dose 
of mephedrone of 0.5 mg/kg/infusion was used 
[78]. Additionally, in further experiments, there 
appeared to be a difference in self-administra-
tion between the two strains of rats, with Wistar 
rats appearing to have greater self-administra-
tion than Sprague-Dawley rats.

In a rat model, mephedrone self-adminis-
tration was compared to self-administration of 
methamphetamine and saline [77]. The mean 
total amount of mephedrone self-administered 
increased from 1.77 ± 0.15 mg on Day 1 to 
6.78 ± 1 mg on Day 8. In this model, there was 
an increasing number of ‘active lever’ presses 

from Day 1 throughout the whole study. In 
addition the discrimination between the mephe-
drone delivery lever and the control inac-
tive lever increased from 2.65:1 (mephedrone 
active:inactive) presses on Day 1 to 10.71:1 on 
Day 8, suggesting that over time the rats were 
able to differentiate which lever would lead to 
administration, and also increased their over-
all administration of mephedrone. In the saline 
control rats, there was a decrease in the rate of 
active lever pressing rapidly from day 1 of the 
study. Finally, when methamphetamine was 
used for self-administration, rats rapidly devel-
oped a steady state of active lever pressing over 
time and had a much lower mean total amount 
of methamphetamine administered per day 
(2.55 ± 0.06 mg).

Human Data

There is anecdotal evidence from users of 
dependence-like symptoms related to the use 
of mephedrone [4,8,12,13,15,42,79,80]. In a sur-
vey of Scottish school and college/university 
students, 17.6% of the 205 who self-reported 
mephedrone use reported ‘addiction and/or 
dependence type symptoms’ [42]. From Internet 
discussion fora, those individuals with high 
and/or frequent use of mephedrone report crav-
ings for mephedrone between use sessions 
[8,12,13,15,80]. Data compiled by the Slovenian 
organisation DrogArt from their outreach work 
at dance events and nightclubs, Internet/tele-
phone counselling and over 6000 users of an 
Internet discussion forum suggested that ‘crav-
ing’ was the main problem associated with the 
use of mephedrone and that was more severe 
that that seen with cocaine, methamphetamine 
or speed [4,79].

At the time of the EMCDDA risk assess-
ment of mephedrone in 2010, there were anec-
dotal reports of mephedrone dependence 
reported to the UK National Drug Treatment 
Monitoring system [4]. There was a suggestion 
that the 300% increase in referrals to Forum 
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for Action on Substance Abuse and Suicide 
Awareness (FASA) in Belfast, Northern Ireland 
between January 2009 and January 2010 was 
related to the use of mephedrone [4]. Similarly 
the Dublin Youth Drug and Alcohol Service in 
Ireland reported that 11% of their assessments 
in the first six months of 2010 were related to 
the use of ‘head shop’ drugs, which would have 
included mephedrone [4].

Questions relating to mephedrone-related 
dependence were also included in the tele-
phone follow-up survey of 100 regular mephe-
drone users recruited through the 2010/2011 
MixMag survey [17]. These questions included 
the DSM-IV dependence criteria, and frequency 
of positive responses amongst the mephed-
rone users were: 1) usual dose no longer has 
desired effect – 54.1%; 2) taken mephedrone or 
other stimulant to relieve withdrawal effects – 
12.2%; 3) taken for longer or in larger amounts 
that intended – 62.2%; 4) wanted to cut down 
or stop but had not been successful – 14.3%; 5) 
much time obtaining, taking or recovering from 
– 20.4%; 6) important social, occupational or rec-
reational activities given up – 7.1%; and 7) contin-
ued to take in spite of physical or psychological 
problems – 24.5%. Overall, 29.5% of individuals 
reported three or more of these criteria, and there-
fore met the criteria for a ‘possible clinical diag-
nosis of stimulant dependence’. It is possible that 
some of the dependence criteria could be related 
to one or more co-used substances, since 10 of 
the 14 individuals who submitted urine samples 
for screening had one or more other substance 
detected in addition to mephedrone.

To date we are aware of only one published 
case of formally diagnosed mephedrone-related 
dependence published in the medical litera-
ture [81]. A young professional male presented 
to psychiatry services in Scotland, UK with 
dependence symptoms following 18 months 
use of oral, nasal and rectal mephedrone. Prior 
to presentation he was bingeing on 4–5 g of 
mephedrone twice per week. He fulfilled the 
International Classification of Diseases (ICD) 10 

criteria for dependence syndrome; he was man-
aged with changing his fluoxetine to olanzapine 
and was discharged after four weeks inpatient 
treatment.

Based on this information, it appears that the 
dependence related to the use of mephedrone 
is similar to that seen with other stimulant rec-
reational drugs such as MDMA and cocaine. In 
particular, it appears that this is a psychologi-
cal dependence, rather than a physical depend-
ence. Therefore treatment of this is likely to 
involve appropriate psychological support (e.g. 
motivational interviewing, cognitive behav-
ioural therapy) rather than requiring the need 
of specific pharmacological treatment for an 
acute physical withdrawal and/or maintaining 
abstinence.
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Physical and Chemical Description

Pipradrol and pipradrol derivatives are a 
group of amphetamine type stimulants structur-
ally related to methylamphetamine (Fig. 10.1) and 
are characterised by the presence of a large hydro-
phobic diphenylmethyl substituent attached to 
the α-carbon atom of a cyclic amine.

Various pipradrol derivatives have been 
investigated and found to have stimulant prop-
erties [1–19]. Of particular interest is desoxyp-
ipradrol, a ‘legal high’ which appeared on the 
United Kingdom (UK) market in 2009 in a col-
lected sample of ‘Ivory Wave’ [20], and the 

pyrrolidine derivatives, diphenylprolinol and 
2-(diphenylmethyl)pyrrolidine (Fig. 10.2), which 
according to UK Early Warning System seizure 
data [21], have since replaced desoxypipradrol 
with a total of 16 seizure reports in 2011 com-
pared to none for desoxypipradrol, other than 
a test purchase sample from a head shop in 
Edinburgh [22].

Other simple modifications to the pipradrol 
structure (Fig. 10.3), such as addition of halo, 
alkyl, hydroxy or alkoxy groups to one or both 
phenyl rings or substitution on the ring nitro-
gen atom with alkyl, alkylenyl, haloalkyl or 
hydroxyalkyl groups have also been reported 
in the literature and many are claimed to 
have a stimulant effect on the central nervous  
system (CNS) [1,2,7,9,10,12,15]. Replacement 
of the hydroxyl group of pipradrol with an 
alkyl or hydroxyalkyl group also produces 
compounds with stimulant properties [5,10]. 
The piperidine ring may also be modified by 
substitution on a ring carbon atom with an 
hydroxy group [13,18].

Other pipradrol derivatives with stimulant 
properties reported in the literature include 
compounds in which the piperidine ring has 
been replaced with another cyclic amine, 

FIGURE 10.1  Structure of pipradrol showing the methyl-
amphetamine substructure in bold.

http://dx.doi.org/10.1016/B978-0-12-415816-0.00010-9
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including azepane, morpholine, thiomorpho-
line, or a pyridine ring (Fig. 10.4) [11,14,16,19].

Pipradrol derivatives in which one of the 
phenyl groups is replaced by hydrogen [23], 
alkyl [24], hydroxyl and ester derivatives (e.g. 
levophacetoperane) [25], carbomethoxy (e.g. 
methylphenidate) or another ring system [5,7], 
have been investigated, as well as acyclic amine 
analogues; [26] however, the structures of these 
compounds do not possess the characteristic 
cyclic amine and hydrophobic diphenylmethyl 
group found in pipradrol, and are therefore not 
considered in detail in this chapter.

Like amphetamine, pipradrol and most of 
the pipradrol derivatives have an asymmetric 
carbon atom at the 2-position of the piperidine 
ring so that each compound exists as a pair of 
stereoisomers, each a mirror image of the other. 
The absolute configurations of pipradrol, des-
oxypipradrol and the thiomorpholine analogue 
of pipradrol (‘thiopipradrol’) have been deter-
mined and compared to those of amphetamine 
[27]. Interestingly, the more pharmacologically 

active enantiomers of pipradrol, desoxyp-
ipradrol and thiopipradrol are stereochemically 
superimposable, but are not superimposable on 
the more active (S)-(+)-enantiomer of amphet-
amine (Fig. 10.5). The nomenclature denot-
ing stereoisomers can lead to confusion as the 
hydrochloride salts of pipradrol, desoxyp-
ipradrol and thiopipradrol rotate the plane of 
polarised light in the opposite direction to that 
for the base form. Also, the presence of a sul-
phur atom in thiopipradrol changes the substit-
uent priorities so that (S)-(+)-thiopipradrol base 
has the same absolute configuration as (R)-(+)-
pipradrol base.

The 1-, 3- and 4- positional isomers of 
pipradrol and pipradrol derivatives do not con-
tain the β-phenethylamine substructure and 
therefore would not be expected to have stimu-
lant properties. However, many are pharmacolog-
ically active having for example antihistaminic, 
antispasmodic, parasympathetic blocking (anti-
acetylcholine), analgesic, depressant or antip-
sychotic activity [6,28–31]. The routine forensic 

FIGURE 10.2  Structures of pipradrol, desoxypipradrol, D2PM and desoxy-D2PM.

FIGURE 10.3  Structures of other pipradrol derivatives.
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analysis of drugs seized by law enforcement 
agencies is usually performed by gas chromatog-
raphy–mass spectrometry (GC-MS). However, 
positional isomers, such as the 2-, 3- and 4- iso-
mers of desoxypipradrol, are likely to have simi-
lar mass spectra and therefore, in the absence of 
reference standards for each of the isomers, it is 
necessary to use specialist analytical techniques 
such as NMR to confirm the positional isomer. 
Therefore, in order to avoid any unnecessary bur-
den on forensic laboratories, the recommendation 
to control pipradrol and pipradrol derivatives 
in the UK under the Misuse of Drugs Act, 1971, 

includes positional isomers within the proposed 
generic definition [32].

Pipradrol
Pipradrol (also known as α,α-diphenyl-2-

piperidinemethanol, α-(2-piperidyl)-benzhydrol, 
and MRD-108) is a mild stimulant with a similar 
psychopharmacological action to methylpheni-
date. It was developed in the 1940s in the USA 
and patented in 1953 along with several deriva-
tives, including the N-alkyl compounds, which 
were claimed to be CNS stimulants [1] and 
was first marketed in the USA in the mid 1950s  
as the antidepressant, Meratran [33]. Pipradrol, 
a white powder (melting point 308–309°C), 
was synthesised by catalytic hydrogenation of 
the corresponding pyridine compound, α,α-
diphenyl-2-pyridinemethanol, which was syn-
thesised using the Emmert reaction in which 
pyridine is reacted with benzophenone in the 
presence of magnesium or aluminium and mer-
curic chloride. However, the reaction product 

FIGURE 10.4  Structures of other heterocyclic pipradrol derivatives.

FIGURE 10.5  Stereochemistry of desoxypipradrol in 
relation to amphetamine.
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includes a mixture of the 2- and 4- isomers 
together with a pinacol by-product [34,35]. 
Synthesis from benzophenone and 2-bromopyr-
idine by the Grignard reaction was used by 
Tilford [34] with a yield of 58%.

McCarty [7] synthesised a large number of 
ring substituted pipradrol derivatives using 
several different methods for production of the 
intermediate α,α-diphenyl-2-pyridinemethanol. 
The compounds were tested by oral adminis-
tration to mice and many were shown to have 
central stimulant activity [7]. Pipradrol was 
one of the most potent and potency was usu-
ally maintained when one of the phenyl rings 
was substituted at the 4-position by alkyl, 
alkoxy, hydroxy, fluoro, chloro or dimethyl-
amino [7]. Substitution with these groups in 
the 2- or 3-position, or in the 4-position of both 
phenyl rings generally reduced the potency by 
a considerable amount [7]. Replacement of one 
of the phenyl rings with another ring system 
(2-piperidyl, 2-furyl or 2-tetrahydrofuryl rings) 
also decreased the potency slightly [7].

An improved method for the synthesis of the 
α,α-diphenyl-2-pyridinemethanol intermediate 
was patented in 1996 [35] and employs the reac-
tion of 2-cyanopyridine with benzophenone in 
the presence of sodium, which produces the 
desired product in 70% yield.

The (R) and (S) stereoisomers of pipradrol 
were synthesised by hydrogenation of picolinic 
acid to pipecolic acid (piperidine-2-carboxylic 
acid) followed by resolution of the optical iso-
mers, esterification and reaction of the resulting 
ester with the Grignard reagent phenylmagne-
sium bromide [36,37].

Desoxypipradrol
Desoxypipradrol (also known as deoxyp-

ipradrol, 2-benzhydrylpiperidine, 2-diphenyl-
methylpiperidine, 2-DPMP) was discovered by 
CIBA in the 1950s whilst conducting research on 
cyclic amine derivatives [3] and was patented 
in 1958 as a potential psychomotor stimulant 
and narcoleptic [8]. It was synthesised from 

diphenylacetonitrile and 2-bromopyridine (Fig. 
10.6). The base forms crystals, melting point 
65–67°C (from petroleum ether), and the hydro-
chloride salt forms colourless needles, melting 
point 286–287°C.

The diphenylacetonitrile route was also used 
by Sury and Hoffmann [2] to synthesise a series 
of desoxypipradrol derivatives with substituents 
in one or both phenyl rings, including chloro, 
methoxy, hydroxy and alkyl substituents, and 
by substitution on the nitrogen atom with alkyl 
and alkylene substituents. They also produced 
a compound in which the two phenyl groups 
were linked to form 2-(9-fluorenyl)-piperidine. 
Most of the compounds were reported to have 
central stimulating effects in mice at doses as 
low as 1 mg/kg, although desoxypipradrol was 
found to be the most effective [2].

Pipradrol derivatives containing the ben-
zylic hydroxyl group, and the corresponding 
pyridine precursors, can also be converted to 
the desoxy form by reduction of the hydroxyl 
group. Heer used sodium in butanol to reduce 
the thiophene analogue, α-phenyl-α-(2-thienyl)-2-
piperidinemethanol, to the corresponding desoxy 
compound [5]. Shafi’ee used lithium and ammo-
nia in the Birch method to reduce pipradrol to 
desoxypipradrol [27]. Benzyl alcohols can also be 
reduced with hydriodic acid as in the conversion 
of ephedrine to methylamphetamine. Krumkalns 

FIGURE 10.6  Synthesis of desoxypipradrol.
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used hydriodic acid to reduce the fluorene  
analogue of pipradrol, 9-(2-pyridyl)-9-fluorenol, 
to 9-(2-pyridyl)fluorene, which was claimed to 
be useful for controlling the growth of aquatic 
weeds [38]. This method was also used to  
convert diphenylprolinol to 2-(diphenylmethyl)
pyrrolidine [16]. The N-alkyl derivatives of the 
3- and 4- isomers of pipradrol can be converted 
to the desoxy derivatives by dehydration with 
sulphuric acid followed by hydrogenation of the 
double bond [30,39].

Diphenylprolinol and 2-(Diphenylmethyl)
pyrrolidine

Diphenylprolinol (also known as diphenyl-
2-pyrrolidinylmethanol, D2PM, α,α-diphenyl-
2-pyrrolidinemethanol, and GPI-2089 [40]) and 
2-(diphenylmethyl)pyrrolidine (also known as 
desoxy-D2PM, 2-benzhydrylpyrrolidine) are 
the pyrrolidine analogues of pipradrol and des-
oxypipradrol, respectively. A detailed review 
of the methods of synthesis for 2-(diphenylme-
thyl)pyrrolidine and diphenylprolinol was pub-
lished on the former Rhodium website and is 
currently archived on the Erowid website [41]. 
Diphenylprolinol was first synthesised in 1933 
from proline ethyl ester by reaction with phe-
nylmagnesium bromide. However, it was not 
until 1961, when racemic diphenylprolinol was 
synthesised using this method for potential 

clinical applications, that this compound was 
shown to have central stimulant activity when 
administered parentally to rats [14]. A few 
years later, the reduction of diphenylprolinol 
using hydriodic acid was reported in the pat-
ent literature [16] for the production of (S)-2-
diphenylmethylpyrrolidine as a potential central 
stimulant.

Interestingly, pipradrol, diphenylprolinol 
and 2-(diphenylmethyl)pyrrolidine later found 
use as chiral organic catalysts [37,42–44], which 
subsequently led to an explosion of research 
on organocatalysts [44]. Kanth reported a  
convenient synthesis of diphenylprolinol from 
(S)-proline using ethyl chloroformate to simul-
taneously produce the (S)-proline ethyl ester 
with an N-protecting group. This intermediate 
was then reacted with phenylmagnesium bro-
mide to produce a cyclic carbamate which was 
then hydrolyzed with potassium hydroxide 
(Fig. 10.7) [45]. A nitrogen-protecting group has 
also been utilised for the synthesis of diphenyl-
prolinol from pyrrolidine and benzophenone 
[41]. The chiral properties of 2-(diphenylme-
thyl)pyrrolidine have also been exploited in 
analytical chemistry as a chiral solvating agent 
for the determination of enantiomeric composi-
tion of chiral carboxylic acids by NMR analysis 
[46]. For this application, Bailey modified the 
method of Kanth by hydrogenating the cyclic 

FIGURE 10.7  Synthesis of diphenylprolinol and 2-diphenylmethylpyrrolidine.
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carbamate to produce 2-diphenylmethylpyrroli-
dine (Fig. 10.7) [46].

Pharmacokinetics

There are no published data on absorption/
bioavailability of these compounds and so infer-
ences need to be made based on available infor-
mation from user reports. Several routes have 
been used for the administration of pipradrol 
derivatives including oral ingestion, nasal insuf-
flation of powder (snorting) and rectal admin-
istration of a solution [20,47]. Oral ingestion 
appears to be the preferred route for the use of 
desoxypipradrol, whereas rectal administration 
appears to be the usual mode for diphenylpro-
linol [20]. The rate of absorption of desoxyp-
ipradrol following oral ingestion appears to 
be slower than that for pipradrol with effects 
being described within 60 minutes of ingestion 
of 1–10 mg of desoxypipradrol [48,49] compared 
to a delay of 30–40 minutes for oral ingestion 
of 3 mg of pipradrol [50]. After oral administra-
tion of 20–50 mg of diphenylprolinol the desired 
effects were described within about two hours, 
and re-dosing appears to occur quite often [51].

There is a dearth of published information 
on the metabolism of pipradrol and pipradrol 
derivatives. Vree investigated the renal excre-
tion of pipradrol in man and the use of sodium 
bicarbonate to suppress excretion as a potential 
method of circumventing doping controls. The 
excretion half-life of pipradrol was 25 hours [52] 
and when used in combination with sodium 
bicarbonate renal excretion was only partially 
suppressed, but the stimulant effect was greatly 
enhanced [52]. The half-life of desoxypipradrol 
has been quoted as 16–20 hours [53], but there is 
no original reference for the source of this data. 
The half-life of desoxypipradrol is likely to be 
much longer than this, as the duration of effects, 
from 3–7 days [53,54], is considerably longer 
than that for pipradrol, 12–14 hours [50], partly 
due to the absence of a hydroxyl group which 
can form excretable conjugates.

According to user reports the optimum dose 
of desoxypipradrol is 5–10 mg [48] whereas a 
clinically effective dose is about 1 mg [4], which 
suggests that the half-life of desoxypipradrol 
is more likely to be in the region of 1.5–2 days. 
Diphenylprolinol is structurally similar to 
pipradrol and therefore both drugs would be 
expected to have similar half-lives. User reports 
suggest that doses in the range of 20–50 mg of 
diphenylprolinol produce effects within 2 hours 
from ingestion and last for up to 10 hours [51], 
which suggests that the half-life of diphenyl-
prolinol is comparable to or slightly less than 
that of pipradrol. This is in contrast to cases of 
acute toxicity associated with the use of diphe-
nylprolinol in which individuals used much 
larger doses, typically 1 g of powder or 5 cap-
sules, and presented to emergency departments 
with symptoms that had been ongoing for 
24–96 hours [55].

Piperidine and pyrrolidine compounds are 
most susceptible to metabolism by oxidation 
at a ring carbon atom, usually adjacent to the 
nitrogen atom, to produce the corresponding 
hydroxyl derivative, which can form excreta-
ble conjugates or oxidise further to the lac-
tam followed by ring-opening hydrolysis, e.g. 
N-benzylpiperidine is metabolised in vitro to 
the α-, β- and γ-hydroxy metabolites [56]. The 
N-alkylpiperidine derivatives may also be con-
verted to the corresponding N-oxides [56]. 
Studies on the metabolism of other drugs con-
taining the diphenylmethyl group such as cin-
narizine, fenoctimine, diphenhydramine and 
modafinil, have identified aromatic hydroxyla-
tion as one of the metabolic pathways [57–60].

Pharmacodynamics

Pipradrol
Pipradrol and amphetamine have the same 

stimulating actions on the higher functions of 
the CNS but pipradrol is without sympathomi-
metic properties [61]. It has no effect on blood 
pressure or appetite, seldom interferes with 
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nocturnal sleep and any anxiety side reactions 
are less severe than those encountered with 
amphetamine [33]. Experiments on cats, how-
ever, showed that pipradrol reduced food con-
sumption and delayed the eating response, and 
there was no measurable difference between 
the anti-appetite action of pipradrol and that of 
amphetamine, methylamphetamine and meth-
ylphenidate [62]. It has been used in the treat-
ment of obesity, but only as an adjunct in the 
dietary management of obesity [63]. In mice 
given racemic pipradrol orally, motor stimula-
tion was evident at doses above 3 mg/kg and 
motor activity increased with increasing dose 
until it reached a peak at 17 mg/kg. The CNS 
activity of pipradrol resides in the (R) iso-
mer [36]. The (S) isomer is devoid of stimulant 
activity and does not significantly antagonise 
the effect of the (R) isomer. It is interesting that 
although the (S)-(+)-pipradrol isomer is inactive 
as a stimulant it has anticonvulsant properties. 
There is no apparent antagonism between (R)- 
and (S)-pipradrol, which suggests that the two 
stereoisomers act at different receptor sites [36]. 
In larger animals, such as dogs, pipradrol sig-
nificantly increased purposeful activity which 
was more intense than that produce by amphet-
amine but without the side-effects produced by 
the latter. There was no change in blood pres-
sure, heart rate or respiratory function and there 
was a wide safety margin [64].

Therapeutically, pipradrol was found to 
benefit reactive depression, chronic fatigue 
states and narcolepsy. However, the drug has 
a tendency to exacerbate pre-existing anxiety 
and therefore is contraindicated in psychotic 
patients [65] and in conditions where there is 
severe tension, agitation or anxiety [50]. In geri-
atric patients it has been used to improve psych-
omotor reactions and produce mood elevation 
[66]. In a study of 99 healthy elderly volunteers, 
treatment for one week with a pipradrol-vita-
min product (Alertonic®) produce no significant 
side-effects, although there were no significant 
effects on mood, memory or appetite [67].

The neurochemical effects of pipradrol have 
not been extensively investigated. It is a dopa-
mine and norepinephrine reuptake inhibitor, 
but is generally less potent than (+)-ampheta-
mine in its effects on in vitro release and uptake 
inhibition of dopamine and norepinephrine 
[68]. It releases dopamine from the reserpine-
sensitive dopamine pool [69], but in normal 
and reserpinised rat striatum pipradrol is most 
potent as an uptake inhibitor [70].

Desoxypipradrol
Desoxypipradrol was tested on non-anaes-

thetised animals [3]. The drug produced a 
marked central arousal effect, initially as gen-
eral unrest and later by a large increase in coor-
dinated motility, enhanced reflexes, forced 
movements and relatively low respiratory stim-
ulation. Depending on the animal and route of 
administration, the effects were observed with 
doses from 1/50 to 1/20 of the LD100 dose. The 
effects continued for several hours and then 
subsided with signs of tiredness. The psycho-
motor effects were quantified by determina-
tion of the effective dose required to produce 
2000 ‘single’ cage movements in the first hour. 
Using this this method desoxypipradrol was 
equally as effective as methylamphetamine 
(ED2000  =  1 mg/kg). However, when adminis-
tered to rats anaesthetised with 200 mg/kg of 
barbital, the wake-up effect of desoxypipradrol 
was considerably stronger than that of methyl-
amphetamine. The blood pressure of anaesthe-
tised cats and rabbits at low doses (0.1–1 mg/
kg i.v.) was slightly increased by about 5 mm 
of Hg; however, at high doses (3–6 mg/kg i.v.) it 
decreased slightly by about 15 mm of Hg [3,71]. 
Peripheral sympathomimetic effects in the 
whole animal and in isolated organs were scarce 
and no specific effects were described [3].

Tests on animals at higher doses (1/20–1/10 of 
the LD100) showed manifest signs of restlessness, 
agitation and later a marked increase in coordi-
nated motility. The effects continued for a few 
hours and then subsided with signs of fatigue [4].
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Desoxypipradrol was tested on both animals 
and humans as a drug for reducing recovery 
time from anaesthesia [4]. The awakening effect 
of desoxypipradrol was studied on a group of 
mice anaesthetised with 0.2–0.3 mg/kg of pen-
tothal. Administration of 2–4 mg/kg desoxyp-
ipradrol significantly shortened the time of 
anaesthesia. However, the drug did not signifi-
cantly raise the lethal dose of barbiturates; toler-
ance to pentothal was only increased by 3–4 mg 
compared to controls. In rabbits an intravenous 
dose of 0.1–1 mg/kg produced only mild short-
term increase in blood pressure, while 3–6 mg/
kg resulted in a mild hypertension action. The 
lower doses produced an increased frequency 
of breathing in both awake and anaesthetised 
animals and even in humans there was an 
increased frequency and depth of breathing. In 
humans the drug causes a mild increase in met-
abolic rate 30 minutes after administration of a 
2 mg dose, but no changes in body temperature 
were observed in either humans or animals [4]. 
Mild leucocytosis was detected, but no further 
information was provided on white blood cell 
counts or the type of white blood cells respon-
sible for the increase in counts [4], although the 
original report by CIBA (now Novartis) states 
that slight leucocytosis and a weak eosinophilia 
was observed in chronically treated rabbits [71].

In a clinical trial of desoxypipradrol, the 
drug was used to accelerate the awakening of 
patients from barbiturate anaesthesia follow-
ing about 50 different interventions, including 
abdominal surgery, urology, and orthopaedics 
[4]. A few minutes after intravenous administra-
tion the appearance of reflexes was observed, 
there was an increased frequency and depth 
of breathing, and a return of motility and pain 
sensitivity. There was little or no effect on pulse 
rate or blood pressure, but no data were pro-
vided. The initial dose administered was 1 mg 
in 5 ml saline injected slowly into the drip tube 
or directly into a vein. A subsequent administra-
tion of an equal amount was given once the first 
dose was shown to be having an effect.

Desoxpipradrol is a norepinephrine-
dopamine re-uptake inhibitor, which causes 
increased extracellular concentrations of nor-
epinephrine and dopamine and therefore, an 
increase in adrenergic and dopaminergic neuro-
transmission [23,72,73].

Maxwell et al. investigated the structure and 
conformational possibilities of desoxypipradrol, 
methylphenidate, cocaine and tricyclic antide-
pressants (desmethylimipramine, protriptyline 
and nortriptyline), in relation to their activity 
as competitive inhibitors of the uptake of nor-
epinephrine in the peripheral adrenergic nerves 
of rabbit aorta [72]. The potencies of these com-
pounds fall into the following order: tricyclic 
antidepressants > desoxypipradrol > methyl-
phenidate > cocaine. These compounds can 
all adopt the trans-staggered confirmation of 
β-phenethylamine so that one phenyl ring 
and a positively charged nitrogen atom can be 
exactly superimposed on their counterparts in 
β-phenethylamine. This suggests that they bind 
to the same ‘amine pump’ receptor site for nor-
epinephrine. The relative binding affinities of 
these compounds are shown in (Table 10.1) and 
can be rationalised by structural and conforma-
tional differences [72]. These compounds have a 
second phenyl group or a carbomethoxy group 
that projects above the plane of the phenethyl-
amine and aids in binding to the pump recep-
tor. There is also a marked difference between 
the potencies of the two stereoisomers of des-
oxypipradrol with the (R)-(−)isomer being the 
more potent inhibitor [72]. None of the com-
pounds were found to release norepinephrine. 
One reason for the high potency of the tricy-
clic antidepressants is probably due to the two 
carbon bridge between the two phenyl groups 
which restricts the rotation of the phenyl group 
which projects above the phenethylamine plane. 
In desoxypipradrol the second phenyl group is 
free to rotate which is less favourable for bond-
ing to the receptor [72].

Although pipradrol and its derivatives, like 
amphetamine, all contain the β-phenethylamine 
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sub-structure and cause an increase in the 
extracellular concentrations of norepinephrine 
and dopamine, their mechanism of action dif-
fers from that of amphetamine due to differ-
ences in the stereo-chemical requirements of the 
receptor sites of the different phenethylamine 
pumps [23,73]. The uptake of tritium labelled 
dopamine and norepinephrine into synapto-
somal preparations of three regions of the rat 
brain indicated that (R)-(−)desoxypipradrol is 
more potent than the (S)-(+)-desoxypipradrol 
isomer as an inhibitor of the ‘phenethylamine 
pump’, whereas the stereoisomers of amphet-
amine are equally effective and less potent 
inhibitors than (R)-(−)-desoxypipradrol [73]. 
The results suggested that the receptor sites 
on all the ‘phenethylamine pumps’ studied 
are not sensitive to the orientation of the small 
α-methyl group of amphetamine but are sensi-
tive to the orientation of the larger hydrophobic 
piperidine ring of desoxypipradrol. In contrast 
to the results obtained with peripheral adr-
energic nerves of the rabbit aorta, the tricyclic 
antidepressants are less potent inhibitors of cat-
echolamine uptake into the rat striatum than 
desoxypipradrol [73]. Desoxypipradrol did not 
release norepinephrine or dopamine from the 
synaptosomes of rat cortex and hypothalamus 

but both stereoisomers produced a small but 
comparable release of dopamine from the 
rat striatum. The results indicated that the 
phenethylamine pump in the rat striatum is 
different to those in which the tricyclic antide-
pressants are potent inhibitors of catecholamine 
uptake [73].

In addition to inhibition of the phenethyl-
amine pumps present in neuronal membranes, 
desoxypipradrol also inhibits the uptake of nor-
epinephrine and dopamine into the synaptic 
vesicles used to store neurotransmitters [23]. In 
contrast to the effects in neuronal membranes, 
the (S)-(+)-isomer of amphetamine was 10 times 
more potent than the (R)-(−)-isomer as an inhibi-
tor of norepinephrine and dopamine uptake into 
synaptic vesicles isolated from whole rat brain, 
rat striatum and rat hypothalamus, whereas the 
stereoisomers of desoxypipradrol were equally 
effective and less potent inhibitors [23].

Experiments in vitro using carbon fibre elec-
trodes attached to rat brain slices demonstrated 
that desoxypipradrol was more potent than 
cocaine as a stimulator of dopamine release 
from the region of the nucleus accumbens, 
considered to be a target for psychostimulant 
drugs, which could account for its psychoto-
genic effects [32,74].

Not all DAT inhibitors have the reinforc-
ing effects of cocaine, which suggests that DAT 
inhibitors may induce conformational changes 
in the DAT or may bind at different sites than 
cocaine. The binding affinities of a number 
DAT inhibitors were determined using DAT 
mutations (W84L, D313N), which have a much 
greater affinity for cocaine compared to the 
wild-type transporter, but have a significantly 
lower affinity for the DAT inhibitor benz
tropine. Methylphenidate and a derivative of 
desoxypipradrol (D-254; Fig. 10.8) exhibited a 
cocaine-like binding profile in that they were 
potent inhibitors of both wild-type and mutant 
DATs, whereas compounds possessing the 
diphenylmethoxy moiety of benztropine exhib-
ited a binding profile dissimilar to cocaine-like 

TABLE 10.1  Relative Potencies of Norepinephrine 
Uptake Inhibitors in Rabbit Aorta Strips [72]

Compound Relative Potencya

Desmethylimiprimine HCl 3000

Prototriptyline HCl 280

Nortriptyline 120

(R)-(−)-Desoxypipradrol 63

(S)-(+)-Desoxypipradrol 1

(2 R:2’R)-(+)-threo-Methylphenidate HCl 38

Cocaine HCl 8

aMolar concentrations of inhibitors required to reduce NE uptake from 
a 10−7 M solution by 50% (ID50) relative to the ID50 of a reference 
standard.
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compounds [75]. This suggests that other des-
oxypipradrol derivatives may also have a 
cocaine-like binding profile.

Diphenylprolinol
Cloned human DAT protein has been shown 

to have several binding sites, including a bind-
ing site for cocaine which is distinct from that 
of dopamine [40]. It has therefore been sug-
gested that compounds which bind selectively 
to the cocaine site without inhibiting dopa-
mine uptake may be useful in the treatment of 
cocaine addiction or overdose. The idea being 
that such compounds antagonise cocaine’s 
binding to the DAT without inhibiting the 
normal DAT function [40,76]. Potentially use-
ful compounds would therefore have a DAT 
uptake to cocaine binding ratio (Kiuptake/
Kibinding) greater than that for cocaine. The 
(R)-(+) and (S)-(−) stereoisomers of diphenyl-
prolinol have binding ratios of 4.25 and 4.12, 
respectively, compared to 1.67 for cocaine. The 
(R)-(+) isomer is about 10 times more active 
than the (S)-(−) isomer at both sites and there-
fore the uptake to binding ratios for the two 
stereoisomers are about the same. The N-alkyl 
and the bis(4-fluoro-3-methylphenyl) deriva-
tives of diphenylprolinol also had uptake to 
binding ratios greater than that for cocaine [76]. 
However, pharmacotherapies for cocaine addic-
tion that typically target the receptor sites, have 
as yet been unsuccessful, and often generate 
adverse side effects [77].

Conversely, it has also been claimed that 
diphenylprolinol and its N-alkyl derivatives 
may be useful for the treatment of attention 
deficit disorder (ADD), now known as attention 
deficit hyperactivity disorder (ADHD), in that 
like methylphenidate they actually inhibit nor-
mal DAT function by binding to the cocaine site 
of the dopamine transporter [76].

2-(Diphenylmethyl)pyrrolidine
2-(Diphenylmethyl)pyrrolidine was pat-

ented in 1964 and shown to stimulate the activ-
ity of rats at doses ranging from 1/20 to 1/5 of 
LD50(i.p.), whilst at the higher doses the drug 
also increased aggressiveness of the animals 
in response to an electrical stimulus [16]. The 
French patent claims that the drug can be used 
for the treatment of depressive states, psy-
chasthenia, convalescence and mental and 
physical fatigue and is active at doses from 25 
to 100 mg in adults with a daily dose of 100 to 
750 mg, depending on the route of adminis-
tration. This indicates that desoxypipradrol is 
about 100 times more potent than the pyrroli-
dine derivative.

Other Pipradrol Derivatives
Likhosherstov [17] compared the pharma-

cological activity of pipradrol with the five 
and seven membered ring analogues and their 
N-alkyl derivatives, and found that the most 
active compounds were those containing the 
piperidine ring.

Chemical modifications of pipradrol were 
investigated with a view to increasing the 
selectivity of action. Belleau [11] reasoned that 
replacing the piperidine ring with a thiomor-
pholine ring should retain the stimulant activ-
ity while the sulphide group should minimise 
toxicity by virtue of the marked susceptibil-
ity of sulphides to detoxification by enzymes. 
When administered to mice the (+) isomer of 
α,α-diphenyl-3-thiomorphinylmethanol (‘thio-
pipradrol’) produces a pronounced increase in 
motor activity at a minimum dose of 5 mg/kg 

FIGURE 10.8  Structure of D-254.
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(i.p.) and with an LD50 (mice) (i.p.) of 127 mg/
kg was less toxic than pipradrol. There was 
also a virtual absence of undesirable side 
effects. Studies on cats and dogs also pro-
duced an increase in motor activity together 
with increases in alertness, reaction times and 
responsiveness to stimuli [78].

The effects of introducing of a 3-hydroxy sub-
stituent into the piperidine ring have also been 
investigated. In studies on mice, the 3-hydroxyp-
iperidine derivative of pipradrol was shown to 
have a stimulant effect with a potency similar 
to that of pipradrol with a lowest effect dose of 
10 mg/kg (i.p.), whereas the 3-hydroxypiperidine 
derivative of desoxypipradrol produced stimu-
lant effects at a dose of 0.3 mg/kg (i.p.) [18].

A clinical investigation of the 3-hydroxy-
N-methylpiperidine derivative of pipradrol, 
2-diphenylmethyl-3-hydroxy-1-methylpiperidine 
(SCH 5472), showed that a daily dose of 0.25 to 
3 mg produced a moderate to marked improve-
ment in 76% of patients with exhaustion syn-
dromes, neurotic depression and hypersomnia; 
however, the variation in the individual patient 
response for a given dose was too marked [13].

The activity of desoxypipradrol has been 
compared to the other three positional isomers 
and to an N-alkyl derivative of the 4-isomer. 
The effective doses required to produce spon-
taneous motility in mice (ED2000) showed that 
desoxypipradrol (0.001 mg/kg) is 100 times 
more potent than the 1- and 4-isomers (0.1 mg/
kg), six times more potent than the 3- isomer 
(0.015 mg/kg) and twice as potent as pipradrol 
(0.002 mg/kg) [2].

Enyedy [19] employed a pharmacophore-
based 3D-database to search for novel DAT 
inhibitors which would potentially function as 
cocaine antagonists. Using a refined pharma-
cophore model derived from several known 
DAT inhibitors, the National Cancer Institute 
3D-database was searched and a total 1104 
potential DAT inhibitors were identified. Of 
these, 4-diphenylmethylpyridine was found to 
be a significant inhibitor of dopamine reuptake. 

The 2- and 3- isomers were then tested to gain 
insights into the structure activity relationship. 
All three isomers showed quite potent activities 
in binding and uptake assays with Ki values of 
0.742, 0.780 and 0.079 μM in binding and 1.064, 
0.860 and 0.255 μM in inhibition of DA reuptake, 
for the 2-, 3- and 4- isomers respectively. The 
2-diphenylmethylpyridine isomer was as potent 
as cocaine in the DA uptake assay.

Most positional isomers of pipradrol and 
pipradrol derivatives are not stimulants but 
have other pharmacological properties. In ani-
mal studies, the 4-isomer of pipradrol, azacyclo-
nol (marketed as Frenquel), has been shown to 
have some effects opposite to those of pipradrol 
[6]. In mice and rats, azacyclonol depresses 
activity when administer in small to medium 
doses, but at large doses it has a stimulant effect. 
In some animal studies the drug was found to 
antagonise the effects of other stimulant drugs, 
including pipradrol [79].

PREVALENCE OF USE

Prevalence data on the use of pipradrol deriv-
atives are not collected by any of the major sur-
veys or reports, such as the British Crime Survey, 
the United Nations Office on Drug and Crime 
(UNODC) World Drug Report or the MixMag 
Global Drugs Survey. However, the EMCDDA 
collects data on seizure reports and collected 
samples of new psychoactive substances 
through the Early Warning System (EWS). The 
data are not published, but are available to reg-
istered users on the European Database of New 
Drugs (EDND) [21] and have been included in 
this review to give some indication of the prev-
alence of use of pipradrol derivatives. Data on 
the use of ‘pipradrols’ was collected in a recent 
survey of 315 individuals attending gay-friendly 
nightclubs in South East London in July 2011. 
The results indicated a relatively low level of 
use of pipradrols in comparison to other drugs 
such as mephedrone: 1.6% reported ever using a 
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‘pipradrol’, 1.0% had used within the last month 
and 0.6% were using or planning to use on the 
night compared to 63.8%, 53.2% and 41.0% for 
mephedrone respectively [80].

Pipradrol

Pipradrol is a previously licensed medicine in 
the UK [32] and is listed as the active ingredient 
of several pharmaceutical products [81], includ-
ing Alertonic Elixir®, which is used in the treat-
ment of patients with functional or psychogenic 
fatigue and as a dietary supplement in nutri-
tional fatigue. There are no recent published 
reports of misuse of pipradrol or of proprietary 
products containing pipradrol, although in 
2007 a user report from Australia described an 
attempt to get high by oral administration of 
Alertonic without any apparent effects [48].

Desoxypipradrol

In 1975, Shulgin attempted to anticipate the 
future direction for drugs of abuse and pre-
dicted that structural manipulation of pipradrol 
(with and without the benzylic hydroxyl group) 
would likely lead to new and more potent drugs 
[82]. In 1990, a similar article by Cooper from 
the DEA highlighted a number of pipradrol 
derivatives that would be suitable candidates 
for clandestine production with 2-diphenyl-
methylpiperidine being the best bet as it was the 
most potent adrenomimetic compound in the 
series [83]. Arguably, such articles may encour-
age experimentation with new drugs, including 
pipradrol derivatives. However, the first report 
of users experimenting with desoxypipradrol 
did not appear until early 2007 [84].

The first seizure of desoxypipradrol was 
reported to the EMCDDA in 2009 following a 
seizure in Finland in December 2008 [85]. Since 
then the EMCDDA has received further reports 
of seizures in Finland and also in the UK and 
Hungary, although the total number of seizures 
has remained relatively low compared to other 

new psychoactive substances such as 4-methyl-
methcathinone (mephedrone) [21]. In the UK in 
2009, the drug was identified in a packet labelled 
‘Desoxypipradol’ (sic) ‘20 mg’ analyzed by 
TICTAC Communications Ltd, and in a collected 
sample of a product labelled ‘Ivory Wave’ sub-
mitted to a forensic science laboratory in Scotland 
[86]. The composition of ‘Ivory Wave’ is known 
to be variable and some samples have previ-
ously been found to contain methylenedioxypy-
rovalerone (MDPV) rather than desoxypipradrol 
[87–89]. Furthermore, a seizure of powder made 
in the UK by Lincolnshire Police in December 
2009 contained desoxypipradrol mixed with 
N,N-dimethylcathinone (main component), 
4-methylmethcathinone and MDPV [21]. A col-
lected sample of ‘Ivory Wave’ examined by the 
Glasgow Forensic Science Laboratory in 2010 
only contained about 20% desoxypipradrol 
together with unidentified carbohydrate mate-
rial [21]. In Ireland in June 2010, analyses of test 
purchases from head shops of a product named 
‘Whack’ revealed that it contained a mixture of 
desoxypipradrol and fluorotropacocaine [89,90].

In 2010 the number of seizures reported to 
the EMCDDA increased, with 47 seizure reports 
from Finland, mostly powders with some tablets 
and liquids, one seizure report from Hungary 
and five seizure reports from the UK [21].

Following a series of hospital admissions 
in the summer of 2010 and 3 deaths [86], all 
believed, but not conclusively confirmed, to be 
linked to the use of desoxypipradrol, there were 
no further seizures in the UK in 2011, although 
a test purchase from a head shop in Edinburgh 
showed that the drug was still available under 
the product name ‘Lunar Wave’ [22]. The num-
ber of seizures in Finland also fell with only five 
seizures reported to the EMCDDA during the 
first half of 2011 [21]. Importation of the drug 
into the UK was banned from 4 November 2010 
under an Open General Import Licence [91], 
and the UK Advisory Council on the Misuse of 
Drugs (ACMD) subsequently recommended 
that desoxypipradrol and related pipradrol 
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derivatives should be controlled under the UK 
Misuse of Drugs Act, 1971 as Class B drugs 
[32], although it appears that the poor reputa-
tion of desoxypipradrol amongst users has now 
self-regulated its availability. Desoxypipradrol 
and other pipradrol derivatives subsequently 
became Class B drugs in the UK under the 
Misuse of Drugs Act, 1971 on 13 June 2012 [92].

Diphenylprolinol (D2PM)

In the second quarter of 2007, the Drugs 
Group at the ESR laboratory in New Zealand 
reported receiving an unusual case containing 
fake blue ecstasy tablets with a ‘Playboy Bunny’ 
logo. The tablets were found to contain diphe-
nylprolinol and benzophenone, together with 
traces of 1-benzylpiperazine (BZP) and 1-[3- 
(trifluoromethyl)phenyl]piperazine (TFMPP) 
[93]. Later in 2007 a man in New Zealand was 
hospitalised after taking part in a trial of ‘Neuro 
Blast’ pills, a non-BZP product designed to 
beat the impending Government ban on BZP. 
The media report stated that scientific testing 
showed that the pills contained diphenylprolinol 
[94]. In the UK, diphenylprolinol was first iden-
tified in March 2007 in tablets purchased from a 
website [86]. More recently, data from the Home 
Office Forensic Early Warning System showed 
that the drug continued to be available in the UK 
in 2011 [95] although the number of police sei-
zures examined by the Forensic Science Service 
(FSS) in 2011 was still low compared to the new 
psychoactive substance mephedrone.

Diphenylprolinol and benzophenone were 
also detected in the urine of two individuals 
who had used ‘legal highs’ which contained 
diphenylprolinol [96]. The presence of benzo-
phenone was thought to have originated from 
a precursor residue in the ‘legal high’ product 
suggesting that the diphenylprolinol was not 
commercially produced. However, it was later 
suspected that the detection of benzophenone 
may have been due to thermal degradation of 
diphenylprolinol in the GC-MS injection port. 

Subsequent analysis by liquid chromatography 
tandem mass-spectrometry confirmed the pres-
ence of diphenylprolinol but no benzophenone 
was detected. This confirmed that the detection 
of benzophenone by GC-MS was an analytical 
artifact [55]. Since GC-MS is routinely used in 
forensic analyses, the detection of benzophenone 
in a diphenylprolinol tablet by the New Zealand 
laboratory may also be due to an artefact.

Further cases of acute toxicity due to rec-
reational use of diphenylprolinol prompted the 
UK ACMD to recommend an import ban in the 
UK on both diphenylprolinol and 2-(diphenyl-
methyl)pyrrolidine [95]. The importation ban 
subsequently came into force on 15 November 
2011 [97] and diphenylprolinol was controlled 
under the UK Misuse of Drugs Act, 1971 as a 
Class B drug on 13 June 2012 [92].

2-(Diphenylmethyl)pyrrolidine  
(Desoxy-D2PM)

2-(Diphenylmethyl)pyrrolidine was found 
to be an active ingredient of ‘Slim Xtreme’, a fat 
burning product marketed by Athletic Xtreme 
(AX) in 2009 [98]. The product was also being 
used as a ‘legal high’ [99,100] and was subse-
quently removed from the company’s website 
[101]. The drug has also been identified in a 
‘legal high’ product marketed as ‘A3A Methano’ 
[85] and data from the UK Home Office Forensic 
Early Warning System showed that the drug 
was available in the UK in 2011. However, only 
one seizure was encountered by the FSS in 2011 
and in this case the drug was identified in a 
mixture with 4-fluoromethcathinone (4-FMC), 
methylenedioxy-α-pyrrolidinobutiophenone 
(MDPBP), methylenedioxypyrovalerone (MDPV) 
and p-methoxymethylamphetmine (PMMA) [21].

ACUTE TOXICITY

There is limited information available regard-
ing the human toxicity profiles of pipradrol and 
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pipradrol derivatives. Predominately, infor-
mation relating to the toxicity of pipradrol 
comes from animal studies and early therapeu-
tic human clinical trials. However, with their 
increasing prevalence of use as recreational 
drugs over recent years, several case reports 
describing their toxicity in humans have been 
reported [53–55,86,94,102–105]. Despite this 
the safety profile of these compounds remains 
unknown and the concentrations of desoxyp-
ipradrol, diphenylprolinol, and 2-(diphenylme-
thyl)pyrrolidine associated with toxicity or death 
in humans have not been determined.

Animal Studies

Experimental animal studies have shown 
pipradrol to have a stimulant effect on the cen-
tral nervous system, inducing behavioural acti-
vation and incoordinated motor activity and 
ataxia [36]. Pipradrol administered orally to mice 
causes an increase in motor activity with increas-
ing doses until it reaches a peak at approxi-
mately 17 mg/kg. With doses beyond this, tremor 
and clonic convulsions are seen [36]. In a rabbit 
model, pipradrol was observed to induce anxi-
ety and gnawing behaviour, indicating stimu-
lation of striatal dopaminergic receptors [106]. 
It also evokes a dose-dependent hyperthermic 
response [107], which is significantly antago-
nised by drugs with prominent α-adrenergic 
receptor blocking capability, e.g. chlorproma-
zine, but enhanced through the blockade of ser-
etonergic receptors such as with cyproheptadine, 
suggesting an important role for α-adrenergic 
receptors in this drug response.

The LD50 values for pipradrol, diphenylpro-
linol, desoxypipradrol, and 2-(diphenylmethyl)
pyrrolidine are compared with amphetamine 
and methylamphetamine and listed in Table 10.2. 
The LD50 of desoxypipradrol indicates that it is 
potentially more toxic than pipradrol in animals 
[4,6,32,64,108,109]. In addition its LD50 is lower 
than amphetamine and methylamphetamine 
in the mouse and rabbit but higher than these 

compounds in the rat [4,6] Desoxypipradrol is 
more potent than methylphenidate (Ritalin) as 
a competitive inhibitor of noradrenaline uptake 
in the peripheral adrenergic nerves of the rab-
bit [23]. In adult and young monkeys the LD50 
for methylphenidate is 15–20 mg/kg and 5 mg/kg 
respectively [110]. In humans, adult deaths have 
been reported after methylphenidate ingestion 
at doses as low as 1.3 mg/kg [110]. There are very 
little animal toxicity data on the other pipradrol 
derivatives. The data in Table 10.2 indicate that 
the smaller ring size of diphenylprolinol reduces 
toxicity in animals, but further modification of 
diphenylprolinol by introduction of an N-alkyl 
substituent increases toxicity and eliminates 
most of the stimulant properties [17]. The intro-
duction of a sulphur atom also reduces the toxic-
ity of pipradrol. The LD50 values for racemic, (+) 
and (−)-α,α-diphenyl-3-thiomorphinylmethanol 
in mice (intraperitoneal) have been reported to 
be 361 mg/kg, 127 mg/kg and 292 mg/kg, respec-
tively [11].

4-(Diphenylmethyl)piperidine (4-DPMP) and 
its N-methyl derivative produced vacuolisation 
of pancreatic islet cells and a reduction in pan-
creatic insulin levels when administered orally 
to rats for 14 days with a daily dose of 130 and 
260 μmoles/kg. The 2- and 3-diphenylmethylpi-
peridine isomers caused no significant changes 
in the endocrine function of the pancreas. 
However, the N-methyl derivative of 3-diphenyl-
methylpiperidine, produced an increase in pan-
creatic insulin levels at a dose of 130 μmoles/kg, 
but the reason for the increase was not known. 
The toxicity of the 4-(diphenylmethyl)-1-meth-
ylpiperidine may be due to demethylation in 
vivo to 4-DPMP [111]. In RINm5F rat insulinoma, 
4-DPMP inhibited the production of insulin, but 
the 2-DPMP isomers had no activity [112].

Human Data

Pipradrol
Adverse clinical effects of pipradrol in humans 

were evident in early clinical trials investigating 
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its therapeutic effects in patients with depres-
sion. In a control matched study, doses of up to 
3 mg per day given orally to 24 normal healthy 
participants caused an insidious elevation of 
mood, with heightened confidence, greater abil-
ity to concentrate, and an increased work out-
put. The elevation of mood was not of sufficient 
degree to be characterised as euphoria. It reached 
a subjectively detectable level 30–40 minutes after 
taking the drug and persisted for up to 12–14 
hours afterwards. Two participants (8%) experi-
enced the occurrence of undesirable after-effects 

(not specified), while an unspecified number 
of others reported interference with sleep [50]. 
In patients with depression given a higher dose 
of up to 7.5 mg per day, the main adverse effect 
was that pipradrol had a tendency to exacerbate 
pre-existing anxiety and even on occasions cause 
an unpredictable and marked exacerbation of 
underlying psychotic symptoms [50]. However, 
the drug manufacturer has claimed that these 
adverse effects are mainly associated with the 
improper use of pipradrol in patients for whom 
pipradrol is contraindicated [65]. In a later trial 

TABLE 10.2  Animal Studies Indicating Toxicity, as Measured by LD50 (mg/kg), of Pipradrol, Diphenylprolinol, 
Desoxypipradrol, 2-(Diphenylmethyl) pyrrolidine and other Compounds.

Animal/ 
Administration Pipradrol

Diphenyl- 
prolinol

Desoxy- 
pipradrol

2-(Diphenylmethyl)-
pyrrolidine

Amphetamine  
[Reference32]

d-Methylamphetamine 
[Reference32]

Mouse

IV 20108 2032 2816 50 20

SC 1476 4732 60 80

240109

PO 1206 300a 5032 7616 70 150

74109

IP 74109 15217 7716

90108

RAT

IV 3064 154 12 23

SC 24064 304 12 15

PO 18064 980a 8032 13 25

RABBIT

IV 1564 632 40 30

SC 732 45 20

PO 3200a 8032 170 200

GUINEA PIG

EP 104

IV, intravenous; SC, subcutaneous; PO, oral; IP, intraperitoneal; EP, extraperitoneal
a(S)-Diphenylprolinol [Material Safety Data Sheet]. Clearsynth Labs Pvt. Ltd., India; [Accessed on 13 July 2012]. Available from: http://www.clearsynth.
com/docs/MSD-CS-IS-21627.pdf.

http://www.clearsynth.com/docs/MSD-CS-IS-21627.pdf
http://www.clearsynth.com/docs/MSD-CS-IS-21627.pdf
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with 111 mildly to moderately depressed outpa-
tients, a daily dose of 5.0–7.5 mg of pipradrol was 
found to have only limited efficacy and caused 
significant side effects (excitement and insomnia) 
in addition to anorexic effects and weight loss 
compared to placebo [113].

Due to these adverse effects and the devel-
opment of alternative antidepressant drugs, 
pipradrol was predominately removed from 
the global market and it has been controlled 
under international drugs legislation since the 
early 1970s due to its potential for abuse [114].

Pipradrol is the main active constituent of 
Alertonic® and although not licensed in the UK, 
is still available in Canada and South Africa, 
and until recently was available in Australia, but 
now appears to have been discontinued or is no 
longer actively marketed [115]. A web-based 
product information sheet [116] states that over-
doses of Alertonic® cause nausea, anxiety, insom-
nia and abdominal pain, but symptoms generally 
disappear when the drug is withdrawn. In severe 
cases convulsions may occur. It also describes 
two cases of overdose: one in an adult after a 
single oral dose of 250 mg and the other in a 2.5 
year-old after ingestion of 15 mg. While both 
cases were reported to have survived, no details 
on the clinical features were described [116].

Desoxypipradrol (2-DPMP)
The desoxy form of pipradrol, desoxyp-

ipradrol, appears to have similar clinical effects 
to amphetamines and, as a dopamine re-uptake 
inhibitor, it may have a similar action to cocaine 
[74]. However, the pipradrol derivatives, par-
ticularly the desoxy forms, are highly lipophilic 
molecules, lacking polar functional groups that 
are typical targets for metabolic enzymes [117]. 
As such this characteristic gives them a pro-
longed duration of action (increased half-life) 
when compared to other stimulants e.g. cocaine 
[3,23], and this is a likely contributory factor in 
reports of related adverse effects.

Since 2007 the popularity of desoxypipradrol 
use as a recreational drug has increased [32,118]. 

User reports are now available on web-based 
recreational drug forums which contain first-
hand accounts, identify factors such as admin-
istration routes, drug dosing and related effects 
[48]. It is evident that oral ingestion appears to 
be the usual route of administration; [48] how-
ever, intravenous, inhalation (smoking), nasal 
insufflation (snorting) and rectal routes have 
also been described [48]. Dosing of desoxyp-
ipradrol appears to be in the range of 1–10 mg 
with a typical dose being 1–2 mg and an opti-
mum dose of 5–10 mg [48], which is higher than 
the divided 2 mg dose used in clinical trials as 
an awaking drug from anaesthesia [4]. These 
reports suggest that the effects of desoxyp-
ipradrol are felt within 60 minutes from oral 
administration and may last up to 24–48 hours 
[32,48,49].

There is little published data describing the 
adverse effects of desoxypipradrol in humans, 
although during early clinical testing the car-
diovascular effects of desoxypipradrol were 
demonstrated. After administration of 1–2 mg 
doses a reduction in circulation time (defined 
as the time that it takes an injected indicator to 
reach a detectable concentration at the place of 
detection) was seen accompanied by a decrease 
in blood pressure amplitude in approximately 
50% of cases. This was then followed by a rela-
tive increase in blood pressure amplitude. At 
doses ≥ 3 mg headache, nausea and palpita-
tions were experienced [119]. More recently two 
case series have been published that describe 
the acute toxicity associated with the recrea-
tional use of desoxypipradrol. From May to 
June 2010 a cluster of patients who had suf-
fered adverse effects after taking a substance 
called ‘Whack’ were identified by the National 
Poisons Information Centre in the Republic of 
Ireland [54]. In total 49 patients had presented to 
hospital with signs compatible with sympatho-
mimetic toxicity including tachycardia, hyper-
tension, agitation and psychosis. Those with 
psychosis had severe delusions of parasitosis 
and hallucinations, some of which persisted up 
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to five days after ingestion. A sample of ‘Whack’ 
was later analyzed and found to contain two 
active ingredients. One was fluorotropacocaine, 
a synthetic cocaine, and the other, desoxyp-
ipradrol; [54] however, no analysis of biological 
samples was undertaken so it cannot be con-
firmed that these drugs were responsible for the 
clinical symptoms of those affected. The second 
cluster of cases was seen during August 2010 in 
Edinburgh [53]. Thirty-four patients with acute 
toxicity after using ‘Ivory Wave’ presented to 
the Emergency Department (ED). Of these 19 
(56%) required admission for in-patient hospi-
tal care while a further 12 cases were admitted 
directly to a psychiatric hospital with a pre-
dominance of psychiatric rather than physical 
symptoms. In those with physical symptoms, 
patients demonstrated a toxidrome character-
ised by tachycardia (>100/min), tachypnoea 
(>16/min), dystonia, leucocytosis (>11 × 109/L), 
rhabdomyolysis (CK >170 IU/L), agitation, 
aggression, insomnia, intense paranoia and hal-
lucinations which were commonly auditory and 
tactile with formication and itch. Patients did 
not present until after a mean of 2.7 days ±2.2 
(standard deviation) and their symptoms lasted 
several days. A sample of ‘Ivory Wave’ was later 
analyzed with the active constituent being iden-
tified as desoxypipradrol. Adequate biological 
samples (blood or urine) were only available for 
analysis from five patients who reported ‘Ivory 
Wave’ use. Desoxypipradrol was detected in 
four of these samples, despite the delay from 
ingestion being on average 5 days (range 3–7) 
[53]. This suggests that desoxypipradrol may 
have a prolonged half-life and may help to 
explain the extended duration of the symptoms 
experienced. However, while its half-life has 
been quoted in the literature to be 16–20 hours 
[53,120] there is no original source data to sup-
port this. In both case series described here ana-
lytical testing of biological specimens could not 
be completed in all patients suspected of toxic-
ity. Given the possibility that the composition of 
the drugs may have varied, it is not unequivocal 

that desoxypipradrol was the causative agent 
for all presentations seen. However, the compa-
rable clusters of hospital attendances, the detec-
tion of the agent in locally obtained samples of 
both ‘Whack’ and ‘Ivory Wave’ and the similari-
ties of symptoms reported through user reports 
[48] supports desoxypipradrol as being the caus-
ative factor.

Diphenylprolinol (D2PM)
Diphenylprolinol, another norepinephrine-

dopamine reuptake inhibitor, was first iden-
tified in March 2007 in tablets bought online 
and analyzed by the toxicology services at 
St George’s, University of London [21,86]. 
Insufflation, oral and rectal administration 
are described [51,86] and user reports suggest 
that oral doses range from 20–50 mg, caus-
ing the desired euphoria (similar to that seen 
with amphetamines) within two hours from 
ingestion and lasting for up to 10 hours [51]. 
Associated effects included jaw clenching, 
babbling speech and dilated pupils, with pro-
longed use causing craving and the need to 
re-dose [51]. The first analytically confirmed 
case of acute toxicity from the recreational 
use of diphenylprolinol was reported in 2008 
[102,103], in which a 21-year-old male pre-
sented to a London ED with chest pain sev-
eral hours after ingesting a compound named 
‘Head Candy’ bought from a local street shop.  
At admission he had evidence of sympathomi-
metic toxicity, consisting of significant hyper-
tension (blood pressure of >200/100 mmHg), 
sinus tachycardia (heart rate of 126 b.p.m.) with 
normal ECG parameters, and agitation. He was 
treated with 20 mg of oral diazepam given in 
divided doses over a 12-hour period. During 
this time he required hospital admission for 
observation until his symptoms had settled. 
Blood samples collected at admission were later 
analyzed and diphenylprolinol and glaucine 
were detected at estimated concentrations of 
0.17 mg/L and 0.10 mg/L respectively. No previ-
ous reports of glaucine toxicity have described 
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sympathomimetic features and the authors felt 
the features were predominantly due to diphe-
nylprolinol [102].

Further detailed information on the acute 
toxicity related to the use of diphenylprolinol 
comes from a series of five cases [55]. These 
involved male patients aged 17–33 years, who 
presented to a London ED on unrelated occa-
sions having used a range of novel psychoac-
tive substances, none of which were known to 
contain diphenylprolinol. They presented with 
ongoing and prolonged neuropsychiatric symp-
toms including agitation, paranoia, anxiety, 
visual hallucination and insomnia lasting 24–96 
hours post-ingestion. At the time of presentation 
none had evidence of other features of sympa-
thomimetic toxicity (hypertension or tachycar-
dia). Two patients required treatment with 5 mg 
of oral diazepam while another, despite being 
given 5 mg of lorazepam, had ongoing agitation 
and neuropsychiatric symptoms. This patient 
required further treatment with 5 mg olanzap-
ine and was transferred to a local psychiatric 
hospital for ongoing management. The remain-
ing patients all required a period of observa-
tion in hospital before being discharged home. 
Urine samples collected at the time of presen-
tation to the ED were subsequently analyzed 
and all tested positive for diphenylprolinol. 
Mephedrone was also identified in one sample 
and MDMA and amphetamine in another [55]. 
The authors concluded that the initial pattern of 
acute toxicity seen after diphenylprolinol is sim-
ilar to that exhibited by other sympathomimetic 
drugs, with users describing a ‘high’ or ‘rush’ 
[51,55]. However, the notable consistent pat-
tern observed in the case series of the presence 
of neuropsychiatric symptoms lasting for up to 
and longer than 24–72 hours after use of diphe-
nylprolinol differentiates it from many other 
sympathomimetic drugs.

2-(Diphenylmethyl)pyrrolidine
2-(Diphenylmethyl)pyrrolidine (desoxy-

D2PM, DPMP) is a stimulant substance which 

is structurally related to diphenylprolinol and 
desoxypipradrol. To date there are no animal 
or human studies demonstrating the pharma-
cokinetic or pharmacodynamic properties of 
2-(diphenylmethyl)pyrrolidine. However the 
chemical similarities with the other pipradrol 
derivatives suggest it could have the same phar-
macological activity [117]. Despite a paper from 
1965 describing 2-(diphenylmethyl)pyrrolidine 
as inducing aggressiveness and ‘psychotonic’ 
properties in a rat model [16] reports of acute 
or chronic toxicity in humans remain limited. 
User reports on Internet forums indicate that 
2-(diphenylmethyl)pyrrolidine may have been 
available as an alternative ‘legal high’ or fat 
burning supplement [99,100]. At an oral dose of 
5 mg, a mild euphoric effect was noted within 
45–60 minutes from ingestion, with a stimulant 
effect that lasted for 10–12 hours. Other effects 
include appetite suppression, vasoconstric-
tion of the peripheries and improved motiva-
tion [100]. In 2010 a Drug Expert Witness for 
Cambridgeshire Constabulary in the UK sub-
mitted a report to the Early Warning System for 
the EMCDDA, describing 2-(diphenylmethyl)
pyrrolidine toxicity in a 42-year-old woman 
[104,105]. It was established that she had been 
taking ‘A3A Methano’ bought over the Internet 
and was admitted to hospital with neuropsy-
chiatric symptoms of extreme agitation, violent 
behaviour and hallucinations, and sympathomi-
metic toxicity involving hypertension and tach-
ycardia (heart rate 120 b.p.m.). Although there 
was no analysis of biological samples taken 
from the patient, the EMCDDA later reported 
that 2-(diphenylmethyl)pyrrolidine was analyti-
cally proven to be present from test purchases 
in the Internet products ‘A3A Methano’ and 
‘Green Powder’ and was suspected to be associ-
ated with a number of adverse clinical effects as 
described [32,85].

Mortality from Pipradrol Derivatives
Fatality involving pipradrol derivatives 

appears to be uncommon. Desoxypipradrol 
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was implicated in the report of three deaths 
that occurred in the UK in August 2010 [86]. 
All three cases occurred in young adults who 
had no significant co-morbidity. The first was a 
34-year-old male who was found dead in a fetal 
position inside a locker on a yacht that he had 
been repairing. The direct cause of death was 
thought to be suffocation; however, an open 
packet of ‘Ivory Wave’ was found at the scene 
and a post-mortem toxicology screen found des-
oxypipradrol at a concentration of 1.16 mg/L in 
his blood. The coroner gave a cause of death as 
‘Unascertained’ as it is not known if this concen-
tration of desoxypipradrol could have killed the 
decedent and an ‘Open’ verdict was given. In the 
second case a 24-year-old male was seen run-
ning along the edge of a cliff with his arms out-
stretched. The following day his body was found 
floating in the sea with widespread head and 
body injuries, thought to have occurred second-
ary to a fall from the cliff. During the preceding 
days he had required voluntary mental health 
counselling for paranoia and auditory and visual 
hallucinations and been advised he had had a 
psychotic reaction to ‘Ivory Wave’, alcohol and 
mephedrone. Post-mortem toxicological screen-
ing found desoxypipradrol at a concentration 
of 0.79 mg/L in his blood. The coroner returned 
an ‘Open’ verdict and indicated that the inges-
tion of this ‘legal high’ may have been a very 
strong contributory factor to the deceased’s 
‘out of character’ behaviour. In the final case a 
35-year-old woman had been purchasing ‘Ivory 
Wave’ from the Internet 10 months prior to her 
death and was thought to have been taking this 
in an effort to lose weight. Over four months 
her dress size dropped from size 16 to size 6 
(UK) and she developed paranoia, aggressive 
agoraphobia, insomnia and auditory halluci-
nations. One night she lost consciousness and 
was hospitalised but died 12 days later on the 
intensive care unit with cerebral oedema and 
heart failure. The post-mortem toxicology screen 
found a blood desoxypipradrol concentration 
of 0.025 mg/L. The cause of death was recorded 

as ‘desoxypipradrol overdose’ and the coroner 
returned a verdict of ‘Accidental Death’. Due to 
the lack of comparative data it is not possible to 
comment on whether the desoxypipradrol con-
centrations found in the post-mortem samples 
had toxicological significance. However, the 
neuropsychiatric symptoms displayed by the 
deceased are consistent with the case reports of 
desoxypipradrol toxicity and it is likely to have 
been a contributory factor.

CHRONIC TOXICITY

There are no published data on the chronic 
toxicological effects of pipradrol or its derivatives 
in humans. However, results from an in vitro 
study implicate that diphenylprolinol may lead 
to an impairment of neuronal development [121]. 
When added to PC12 cells (a rat phaeochro-
mocytoma cell line used as a modelling system 
for neuronal differentiation) diphenylprolinol 
induced a dose-dependent cell death. The (R) 
and (S) isomers of diphenylprolinol were equally 
toxic and both were more toxic than MDMA, 
which is known to produce a degeneration of 
serotonergic nerve terminals. When treated with 
nerve growth factor (NGF) most PC12 cells pro-
duce neurites; however, in the presence of diphe-
nylprolinol the number of NGF-induced neurite 
positive cells and the length of the neuritis was 
significantly decreased. These results suggest 
that diphenylprolinol causes impaired neuronal 
development, which may be particularly relevant 
in a drug-taking teenager and in the fetus of a 
mother who is abusing the drug [121].

There are no user reports relating to the pro-
longed use of pipradrol derivatives. However, 
some users have re-dosed on desoxypipradrol, 
in one case staying awake for up to eight 
days, experiencing hallucinations due to sleep  
deprivation and manic repetitive OCD-like 
(obsessive–compulsive disorder) physical activ-
ity, although all symptoms cleared up after two 
weeks of rest [48].
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DEPENDENCE AND ABUSE 
POTENTIAL

There are no published studies relating to the 
dependence and abuse potential of pipradrol 
derivatives in animals or humans, although 
there is some evidence for the abuse potential of 
pipradrol.

By 1960, pipradrol (Meratran) and methyl-
phenidate (Ritalin) abuse and illicit trafficking 
in Sweden had become a significant problem 
and therefore these drugs were subject to control 
in Sweden from 1 January 1961 [122]. In the UK 
there was an increase in the misuse of ampheta-
mine and related stimulants and therefore the 
Drugs (Prevention of Misuse) Act (DPMA) 
1964 was introduced to control the import and 
possession of these substances. Pipradrol and 
methylphenidate fell within the scope of the 
generic definition in Clause 3 of the schedule 
to the DPMA 1964; however, in 1970 a DPMA 
Modification Order replaced the generic defi-
nition with a list of named stimulants, which 
included pipradrol and methylphenidate [123]. 
In the same year the Advisory Committee on 
Drug Dependence advised that pipradrol should 
not be used for the treatment of depression 
as there was a possibility that anxiety, schizo-
phrenic manifestations, and hysterical symptoms 
may be exacerbated [124]. Following a review of 
drug efficacy from 1966 to 1968, pipradrol and 
a large number of other drugs were withdrawn 
from the US market by the FDA [125].

The World Health Organisation (WHO) rated 
the abuse potential of pipradrol as low [126]. 
There had been a few cases of abuse of pipradrol 
a number of years earlier, but the references 
cited [127,128] refer to amphetamine-like stimu-
lants in general and do not provide any specific 
evidence of pipradrol abuse. Nevertheless, it 
was decided that pipradrol must be judged as 
having a dependence potential, albeit less than 
that of methylphenidate. The drug was there-
fore included in Group (c) ‘drugs whose liability 
to abuse constitutes a small but still significant risk 

to health and having a therapeutic usefulness rang-
ing from little to great’ and was recommended for 
international control [129]. Pipradrol became sub-
ject to international control in 1971 [114] and in 
the UK was included in the Misuse of Drugs Act 
1971 as a Class C drug. The drug is still available 
in some countries, but the product information 
includes a warning that it should not be adminis-
tered for long periods or given to patients known 
to be prone to drug dependence.

Desoxypipradrol has received several nega-
tive comments from drug users and is not 
considered by some users to be a good drug 
for recreational purposes, primarily due to its 
long duration of action and dangers from sleep  
deprivation [48]. Desoxypipradrol still has the 
potential to be abused as a stimulant to stay 
awake for long periods and user reports refer 
to its use to stay awake whilst operating haz-
ardous machinery or driving a motorcycle [48]. 
However, it is the acute toxicity associated with 
the recreational use of pipradrol derivatives and 
the deaths associated with these drugs that have 
highlighted their potential for abuse and led to a 
ban on the importation of desoxypipradrol into 
the UK [91]. A UK ACMD report considered 
that use of these substances has potential social 
harms, particularly in relation to impairment 
of function, loss of relationships and potential 
harm to others and recommended that they 
should be controlled under the Misuse of Drugs 
Act, 1971 as Class B drugs [32]. The UK ban on 
importation of desoxypipradrol on 4 November 
2010 [91], together with the media reports and 
negative comments from some users, appears 
to have effectively reduced its availability in the 
UK as there were no seizures in 2011. However, 
diphenylprolinol and to a lesser extent 2-(diphe-
nylmethyl)pyrrolidine continued to be encoun-
tered in seizures and in accident and emergency 
presentations. The UK ACMD therefore pro-
vided further advice on these drugs on 10 
November 2011 [95] and a ban on their impor-
tation into the UK was implemented on 15 
November 2011 [97]. Desoxypipradrol and other 
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pipradrol derivatives eventually became Class 
B drugs in the UK under the Misuse of Drugs 
Act, 1971 on 13 June 2012 [92]. The drugs were 
added to Schedule 2 of the Act in the form of 
a generic definition designed to include not 
only desoxypipradrol, diphenylprolinol and 
2-(diphenylmethyl)pyrrolidine, but also other 
pipradrol derivatives that might be produced 
as alternative ‘legal highs’ [32]. Additionally, at 
this time, pipradrol was changed from a Class C 
drug to a Class B drug [92].

CONCLUSIONS

Desoxypipradrol, diphenylprolinol and 
2-(diphenylmethyl)pyrrolidine are examples of 
failed or redundant pharmaceuticals that have 
since been ‘rediscovered’ in the scientific litera-
ture and used by ‘researchers’ to explore their 
potential as legal recreational drugs. There are 
also many other pipradrol derivatives with 
stimulant properties that have been synthesised 
by simple modifications to the chemical struc-
ture of pipradrol and manufacturers of legal 
highs might also design new, untested, pipradrol 
derivatives that have not previously been inves-
tigated by pharmaceutical companies.

Reports on the use of desoxypipradrol 
and diphenylprolinol as recreational drugs 
first appeared on the Internet in 2007 [48,51]. 
There is limited published literature on the 
pharmacology, recreational dose, toxicity and 
associated harm caused by the use of these 
compounds. However, user reports describing 
the experimental use of these substances pub-
lished on Internet drug forums provide some 
detail as to their effects. Several deaths associ-
ated with the use of pipradrol derivatives have 
also been described in the literature. Pipradrol 
derivatives are central nervous system stimu-
lants, but the doses used for recreational pur-
poses are usually in excess of those originally 
intended for medicinal purposes. The initial 
pattern of acute toxicity is similar to that for 

other recreational drugs such as MDMA and 
other amphetamines, but the key clinical fea-
ture distinguishing the pipradrol derivatives 
from other recreational drugs is their long dura-
tion of action often associated with prolonged 
neuropsychiatric symptoms.

Cases of acute toxicity of pipradrol deriva-
tives requiring hospitalisation appear to have 
been a result of the wider marketing of these 
drugs as ‘legal highs’ on the Internet and from 
‘head shops’, with product names such as ‘Ivory 
Wave’, ‘Whack’, ‘Head Candy’, ‘NRG’, and ‘A3A 
Methano’, in packages bearing no details of the 
active ingredients or purity. Therefore, users of 
these products do not know exactly what drug 
they are taking and the content of some of these 
products are known to be variable. It has there-
fore been suggested that cases of acute toxicity 
relating to the use of such products occur when 
users are not intentionally using the drug that 
was subsequently identified in biological sam-
ples [47]. Localised clusters of poisonings are 
also thought to occur when the active constitu-
ents of a product are changed, often to circum-
vent new drugs legislation [53].

The outbreaks of poisonings from pipradrol 
derivatives appear to have been short-lived, 
probably due to their undesirable adverse effects 
(neuropsychiatric symptoms) and long dura-
tion of action. Whilst new legislation may have 
helped to reduce the supply of these substances 
from ‘head shops’ and UK-based websites, and 
might deter the production of new pipradrol 
derivatives, legislation has not been effective at 
reducing the availability of other new psycho-
active substances such as mephedrone. From 
a harm reduction point of view, the risk of poi-
soning from pipradrol derivatives might have 
been reduced if information on the ingredients 
of ‘legal high’ products and warnings relating 
to their harmful effects had been more widely 
available at the earliest opportunity. Early iden-
tification of new psychoactive substances is an 
essential first step in the information gathering 
process and therefore it is recommended that 
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the monitoring activities of the EMCDDA Early 
Warning System and the Home Office Forensic 
Early Warning System [130] should be continued 
and the prevalence of emerging novel psychoac-
tive drugs should be monitored through surveys 
and seizure data so that appropriate action can 
be taken to minimise harms. If cases of acute tox-
icity do occur, clinicians should be encouraged 
to collect biological samples so that the causative 
agents can be identified.
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INTRODUCTION

While a wide range of central nervous sys-
tem (CNS)-active substances are developed for 
clinical and therapeutic purposes, others are 
used experimentally to probe neurobiological 
and pharmacological properties and functions 
within a research setting. The implementation 
of structural modification of chemical entities 
lies at the heart of drug discovery, but the inter-
est in the synthesis and availability of novel 
psychoactive substances (NPS) extends well 
beyond members of the scientific community 
and the pharmaceutical industry. Individual 
users of novel drugs are often very interested 
in exploring their novel effects, while entre-
preneurs and criminal organisations show 
a commercial interest. Within the context of 
communities interested in recre ational drugs, 
the Internet impacts in various ways, ranging 
from information exchange about the effects 
of unexplored substances and marketing of 

commercially available products to the aim of 
providing various forms of harm reduction 
advice [1]. Many of the emerging NPS have 
been described to some extent in the scientific 
literature and drug patents, whereas others 
are the result of structural modifications that 
derive from those candidates. One of the classes 
of the NPS is represented by analogues and 
derivatives that are based on the 2-aminoindane 
nucleus, i.e. 2,3-dihydro-1H-inden-2-amine (1, 
2-AI; Fig. 11.1). The present chapter will provide 
an account of selected aminoindanes regarding 
their chemistry, pharmacology and toxicology, 
expanding on a review published in 2011 [2].

PHARMACOLOGY

Physical and Chemical Description

This section predominantly focuses solely on 
routes of synthesis and laboratory identification 
of the aminoindanes.

http://dx.doi.org/10.1016/B978-0-12-415816-0.00011-0
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Synthesis
The 2-AI nucleus serves as a core struc-

ture for many pharmacologically active sub-
stances and some have been the subject of 
attention regarding their occurrence as NPS, 
having been found to be available for sale on 
the Internet and some retail outlets. From a 
thematic viewpoint, an emphasis is placed on 
5,6-methylenedioxy-2-aminoindane (2, MDAI), 
5,6-methylenedioxy-N-methyl-2-aminoindane 
(3, MDMAI), 5-Iodo-2-aminoindane (4, 5-IAI) 
and 5-methoxy-6-methyl-2-aminoindane (5, 
MMAI), respectively (Fig. 11.1). Some addi-
tional examples are provided in order to add 
some historical comments, which are based on 
the early recognition of the structural similarity 
between 2-AI and β-phenethylamine (6, PEA) 
[3]. The early interest in the exploration of ami-
noindane derivatives derived from the realisa-
tion that these would be considered as rigid 
analogues of various catecholamines, phenethy-
lamines and amphetamines that have already 
been under investigation for their bioactive 
properties, including CNS-stimulation, bron-
chodilation and analgesic activity.

A representative example for the synthe-
sis of aminoindanes is shown in Figure 11.2, 
which depicts the preparation of MDAI fol-
lowing the approach published by the Nichols 
group [4] (with the exception of steps (vi) and 
(vii)). Piperonal, i.e. 3,4-(methylenedioxy)benz
aldehyde (a), was heated with malonic acid 

(pyridine/piperidine) to undergo Knoevenagel 
condensation which yielded 3,4-(methylenedi-
oxy)cinnamic acid (b). This particular route can 
be adopted to a variety of aminoindane products 
depending on the substituted benzaldehyde pre-
cursor. Hydrogenation was carried out with Pd/C 
(in ethanol) until hydrogen was fully absorbed 
which then gave the propanoic acid product, 
namely 3,4-(methylenedioxy)dihydrocinnamic 
acid (c). Interestingly, a microwave-accelerated 
alternative was investigated by Quinn and co-
workers [5] who prepared (c) and a variety of 
additional dihydrocinnamic acid derivatives.  
Under these conditions, 1,4-cyclohexadiene 
served as the hydrogen transfer source and prod-
uct formation was usually observed within 5 
minutes [5]. 5,6-Methylenedioxy-1-indanone (d) 
resulted from an intramolecular cyclisation reac-
tion via formation of an acid chloride interme-
diate under the conditions reported by Nichols 
et al. [4]. In this particular example, thionyl chlo-
ride (in benzene) was used, although phospho-
rus pentoxide was also evaluated but with poor 
yields. The crude acid chloride was re-dissolved 
in dichloromethane and exposed to tin(IV) chlo-
ride to give indanone (d). Alternatively, oxalyl 
chloride may also be used as demonstrated by 
Johnson et  al. during the preparation of MMAI 
[6]. Another alternative used for this cyclodehy-
dration reaction was offered by Koo who stud-
ied a variety of cyclisations with polyphosphoric 
acid (PPA) which included the preparation 

FIGURE 11.1  (1) 2-Aminoindane; (2) 5,6-methylenedioxy-2-aminoindane; (3) 5,6-methylenedioxy-N-methyl-2-aminoin-
dane; (4) 5-iodo-2-aminoindane; (5) 5-methoxy-6-methyl-2-aminoindane; (6) β-phenethylamine.
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of several di-and trimethoxy-1-indanones [7]. 
Examples of PPA use were also provided by 
Nichols et  al. during the synthesis of DOM-AI 
[8] and Coutts and Malicky who prepared vari-
ous indanones, indanols and aminoindanes and 
also attempted a cyclisation with phosphorous 
oxychloride but reported low yields [9]. Oxime 
(e), or in other words the hydroxyimino ketone, 
was prepared from the indanone precursor (in 
methanol) using isoamyl nitrite and concen-
trated hydrochloric acid [4]. A variation with 
butyl nitrite (in absolute ethanol) was employed 
by Nichols et  al. when making the precursor to 
DOM-AI [8] whereas Cannon and colleagues 
used butyl nitrite for the 4-methoxy-substituted 
indanone [10]. Furthermore, ethyl nitrite [9] and 
pentyl nitrite have also been employed [11]. 
Catalytic hydrogenation in acetic acid and con-
centrated sulphuric acid then afforded MDAI 
[4]. One variation was reported with the use of 
sodium borohydride that gave the indanol (f) 
[12,13] which was then converted to MDAI [12]. 
Another variation of the theme, using lithium 
aluminium hydride (LAH), was presented by 
Coutts and Malicky [9] who prepared the 1-ami-
noindane version of DOM-AI. The 1-indanone 

precursor was first converted to the oxime with 
hydroxylamine and then reduced by LAH. The 
reaction was heated at reflux for 30 hours (in 
diethyl ether) and a 12-h alternative was also 
successfully developed using a hydrogenation 
(in ethanol) at normal pressure catalyzed by  
platinum dioxide [9].

Chemical Analysis
This is discussed in more detail in Chapter 6. 

Analytical techniques. Currently, there appears 
to be a lack of validated procedures in the 
peer-review literature regarding detecting the 
presence of the 2-aminoindanes in biological 
matrices and thus analytical toxicologists are 
faced with developing their own methodol-
ogy, invariably employing chromatography-
mass spectrometry, given current limitations 
concerning cross-reactivity in immunoassay 
screens. LC-MS/MS has been recently applied 
to the analysis of pooled urine collected from 
a portable urinal at a single nightclub, which 
showed the presence of 2-AI amongst other 
novel recreational drugs [14]. Targeting the 
parent compound is usually the first step for 
detecting the presence of these substances, but 

FIGURE 11.2  Synthesis of MDAI. (1) (i) malonic acid, pyridine, piperidine, HCl, steam bath; (ii) H2, 10% Pd/C, ethanol; 
(iii) thionyl chloride, benzene, reflux, then tin(IV) chloride, dichloromethane; (iv) isoamyl nitrite, HCl, methanol; (v) H2, 
10% Pd/C, acetic acid, sulfuric acid; [4] (vi) sodium borohydride, ethanol; (vii) H2, Pd/C, ethanol, HCl [12].
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then knowledge of their metabolism and excre-
tion is desirable, especially when urine is being 
analysed, as there is the possibility of relying 
solely on the detection of the parent compound, 
which may result in false negatives. In vitro 
approaches to characterise metabolites of NPS 
compounds can greatly help in this respect [15] 
and need to be applied to the aminoindanes.

Reference materials (primary standards) 
are currently available, for example from LGC 
Standards (United Kingdom; UK), for 2-AI, 
MDAI and 5-IAI, with accompanying proton 
NMR, IR and UV spectra, HPLC data and elec-
trospray ionisation mass spectra. Such stand-
ards are essential to the analytical toxicologist 
for the incorporation of the aminoindanes into 
their drug screens and for matching purposes in 
confirmatory analysis. To the best of our knowl-
edge, at the time of writing, reference materi-
als for MMAI and MDMAI do not appear to 
be available, although they are under current 
development. Without standards or authentic 
biological samples (from a controlled study), 
drug intelligence regarding the potential use 
of MMAI and MDMAI is likely to be limited to 
the analysis of seizures, where the amounts pre-
sent are conducive to analysis by spectroscopy 
(NMR, IR, UV and Raman). Even so, high reso-
lution mass spectrometry is becoming increas-
ingly employed and the determination of the 
elemental composition of NPS can be particu-
larly useful when they are present as mixtures. 
However, unambiguous identification will often 
fail when it is attempted to differentiate between 
isomers without chromatographic compari-
son so an over-reliance on high resolution mass 
spectrometry alone should be avoided.

5-IAI has been synthesised and then exten-
sively characterised by electron ionisation 
MS, NMR and IR spectroscopy, as has MDAI. 
4-Iodo-2-aminoindan (4-IAI) and the biologi-
cally inactive 4,5-methylenedioxy-2-aminoin-
dane were also investigated for analytical 
delineation from 5-IAI and MDAI, respectively, 
because of positional isomerism [16,17]. 4-IAI 

appears not to be available yet as a recrea-
tional drug advertised on the Internet, but 
such analytical data is useful in anticipation of 
this possibility. A basic extract of an illicit sam-
ple analysed by the same investigators, Casale 
and Hays [17], who indicated the presence of 
approximately 92% 5-IAI (based on the pro-
portion of ion current), together with a small 
amount of 2-IAI, 4-IA and chloro-iodo-2-ami-
noindan as synthetic by-products.

The mass spectra of 2-IAI, 5-IAI and MDAI 
are presented in Figures 11.3–11.5, respectively, 
following electron ionisation (EI); electrospray 
(ESI) ionisation (positive mode) for MDAI is 
also presented. The ESI spectrum was obtained 
from a Certificate of Analysis provided by LGC 
Standards (UK) and the EI spectra were obtained 
from the Microgram Journal [16,17], published by 
the Drug Enforcement Administration (USA). 
The proposed structures of the fragments have 
been inserted on to the Figures by the authors of 
this chapter with the caveat that without further 
studies, these are provisional.

With respect to the EI spectra of MDAI (Fig. 
11.5), the TMS derivatives fragment considerably 
differently under EI conditions compared to the 
underivatised compounds, presumably due to 
charge retention in other regions of the molecule 
(in this case at the nitrogen), leading to a combi-
nation of charge-driven and charge-remote frag-
mentation. It may be suggested that the m/z 150 
(Fig. 11.5c) results from the consecutive loss of 
a methyl radical followed by ring cleavage (one 
of several possibly ring cleavages is depicted in 
the figure). Under hydrogen rearrangements, the 
formation of a stable conjugated ion is conceiva-
ble, which would be in agreement with the high 
abundance of this fragment ion.

Pharmacokinetics

There are currently no published studies 
on the pharmacokinetics of the aminoindane 
class of compounds in laboratory animals or in 
humans.
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Pharmacodynamics

There are extensive studies of the pharmaco-
logical action of a number of aminoindanes in 
various animal and in vitro models; these are 
summarised below. However, there are cur-
rently no published human studies that have 
involved the administration of this class of 
compounds to human volunteers.

MDAI and 5-IAI-Related 2-Aminoindanes
5,6-Methylenedioxy-2-aminoindane (2, MDAI) 

was found to show a number of pharmacological 
similarities to MDMA-type entactogens (e.g.  7, 
3,4-methylenedioxymethamphetamine, Fig. 11.6). 
The first indication was reported in 1990 by the 
Nichols group when testing for stimulus gen-
eralisation in rats using a drug discrimination 
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paradigm [4]. Under these conditions, the abil-
ity of a test drug to substitute for a training drug 
(lever responding) was determined, including 
by dose-response evaluations and comparison 
of potency. While MDAI did not substitute in 
d-lysergic acid diethylamide (LSD)-trained rats 
(intraperitoneal injection, i.p.) it was found to 
produce an MDMA-like discriminative stimulus 
with comparable potency (MDAI ED50 (95% CI) 
0.58 mg/kg, 2.66 μmol/kg) using (R/S)-MDMA as 
the training drug. However, given that racemic 
MDMA was used, it was pointed out that MDAI 
potency would have to be considered about half 
that of the more active (S)-MDMA enantiomer, 
since MDAI is not a chiral molecule. The sugges-
tion that MDAI could serve as a non-neurotoxic 
MDMA replacement came from within the 
framework of serotonergic neurotoxicity and 
5-HT depletion studies using analytical and 
radioligand binding techniques. Following a sub-
cutaneous injection of 40 mg/kg racemic MDMA 
HCl, MDAI HCl or saline the impact on rat brain 
monoamine and metabolite levels was deter-
mined in the cortex and hippocampus region one 
week afterwards. High-performance liquid chro-
matography (HPLC) coupled with electrochemi-
cal detection (ECD) was employed to confirm 
significant reduction in serotonergic markers 
(5-HT and its metabolite 5-hydroxyindoleacetic 

acid, 5-HIAA) when comparing MDMA with 
saline. As far as 5-HIAA was concerned, a corti-
cal reduction of 71% and a hippocampal reduc-
tion of 53% were observed but no significant 
difference in noradrenaline and dopamine levels 
were  found. By contrast, MDAI did not appear 
to show reduced serotonergic and noradrenergic 
levels which indicated a lack of 5-HT neurotoxic-
ity. The second set of parameters tested included 
the determination of dissociation constants (Kd) 
and Bmax values based on [3H]paroxetine binding 
using rat brain cortical or hippocampal homoge-
nates. Consistent with the concept of serotonergic 
toxicity it was found that (R/S)-MDMA caused a 
significant reduction in 5-HT binding sites when 
compared with saline treatment. MDAI, on the 
other hand, did not lead to a significant reduc-
tion in [3H]paroxetine-labelled 5-HT binding 
sites. The 4,5-methylenedioxy-2-aminoindane 
isomer (8, 4,5-MDAI) did not appear to display 
MDMA-like properties in rats since it lacked the 
corresponding discriminative stimulus proper-
ties [4]. In a separate study, 4,5-methylenedioxy-
N-methyl-2-aminoindane (9, 4,5-MDMAI) and 
4,5-MDAI were also investigated. While 4,5-
MDAI resulted in only partial MDMA-stimulus 
generalisation, a significant depression in loco-
motor activity and rearing frequency was noted. 
In comparison, 4,5-MDMAI was found to be 

FIGURE 11.6  (7) 3,4-Methylenedioxymethamphetamine; (8) 4,5-methylenedioxy-2-aminoindane; (9) 4,5-methylene-
dioxy-N-methyl-2-aminoindane; (10) (S)-(+)-N-methyl-1-(1,3-benzodioxol-5-yl)-2-butanamine; (11) (S)-amphetamine; (12) 
5,6-dihydroxy-2-aminoindane; (13) 1-aminomethyl-5-methoxyindane.
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inactive in terms of locomotor activity but also 
showed depressed rearing behaviour. In addi-
tion, it was found that N-methylation increased 
5-HT2A receptor affinities [18].

Supporting evidence that MDAI might share 
pharmacological properties also observed in 
MDMA-type entactogens came from further 
drug discrimination studies using the MDMA-
like (S)-(+)-N-methyl-1-(1,3-benzodioxol-5-yl)-2-
butanamine (10, (S)-MBDB) as the training drug 
(training dose 1.75 mg/kg i.p. (7.18 μmol/kg)) 
and complete substitution was observed for the 
hydrochloride salts of (R/S)-MDMA and its single 
enantiomers, (R/S)-MDA and its single enantiom-
ers and MDAI. The same was also found for its 
N-methyl derivative, i.e. MDMAI, that fully sub-
stituted for (S)-MBDB (ED50 3.01 μmol/kg). MDAI 
showed a slightly lower ED50 value (2.04 μmol/kg) 
than MDMAI which indicated a slightly higher 
potency [19].

Drug discrimination studies showed that 
MDAI abolished (S)-(+)amphetamine like dis-
criminative stimulus (i.p., (S)-amphetamine 
sulphate), which provided further support 
that it differed pharmacologically from (S)-
amphetamine-like stimulants [20]. A separate 
study investigated the co-administration of 
MDAI with a variety of substances, includ-
ing (S)-amphetamine and other dopaminer-
gic agents and monoamine oxidase inhibitors 
(MAOIs). Short-term changes (3 h post-drug) of 
monoamines in rat cortex, striatum and hip-
pocampus were assessed by HPLC-ECD after 
a single MDAI HCl administration (s.c., 40 mg/
kg). For example, a substantial decrease in 5-HT 
was noted (e.g. 7 ± 1% frontal cortex, 11 ± 1% 
striatum and 21 ± 3% hippocampus relative to 
saline set at 100%), whereas dopamine, DOPAC 
and homovanillic acid (HVA) levels were signifi-
cantly increased in the frontal cortex and stria-
tum. 5-HT levels were found to return to around 
80% of control after 8 hours and [3H]paroxetine 
binding studies (cortex, hippocampus and stria-
tum) carried out one week after single and mul-
tiple MDAI treatment confirmed the absence of 

impact on catecholamine levels and 5-HT uptake 
sites. However, similar to what was reported on 
MMAI, co-administration with (S)-amphetamine 
resulted in short (3 h) and long-term (1 week) 
reduction in serotonergic markers. Long-term 
changes (1 week) were not observed when MDAI 
was combined with a monoamine oxidase inhibi-
tor MAO-A (chlorgyline), MAO-B ((R)-deprenyl) 
or dopamine uptake (GBR-12909) inhibitors 
although short-term changes in 5-HT and cat-
echolamine levels (3 h) were noted [21]. Sprague 
and colleagues studied whether MAO inhibition 
would potentiate the neurotoxicity of MDAI. 
A pre-treatment regimen included administra-
tion of MAO-A inhibitor clorgyline and MAO-B 
inhibitor (S)-deprenyl. Each pre-treatment was 
followed by MDAI application 15 minutes later. 
Analysis of frontal cortex and striatum tissue one 
week afterwards, by HPLC-ECD, showed that 
dopamine levels were only significantly increased 
in the striatum, but not in the frontal cortex. As 
expected, MDAI injection without pre-treatment 
did not show any significant effect on 5-HT, 
5-HIAA or dopamine levels. However, it was 
commented that multiple MDAI doses produced 
slight long-term deficits in serotonin markers 
[22]. Malmusi et  al. [18] confirmed earlier find-
ings that MDAI was equipotent with MDMA and 
produced MDMA-like stimulus effects in rats. 
In contrast to MDMA, locomotor activity stud-
ies showed that MDAI was only weakly active 
in mice which indicated weaker central stimu-
lant activity as judged by distance traversed in 
cm and rearing frequency. MDMAI, however, 
was considered inactive up to a dose of 30 mg/
kg (slight increase but not statistically significant) 
but, on the other hand, it was equally able to pro-
duce MDMA-stimulus generalisation, although 
it was less potent that MDAI. Both MDAI coun-
terparts showed very low 5-HT2A receptor affini-
ties (Ki < 10000 nM, [3H]ketanserin and [3H]
DOB as radioligands), but modest affinity (Ki 
4600 ± 300 nM) was observed with MDMAI 
using [3H]ketanserin in contrast to when [3H]
DOB was used (Ki < 10000 nM), respectively [18].  
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A potential metabolite of MDAI, i.e. 5,6-dihy-
droxy-2-aminoindane (12, DHAI) displayed mod-
erate selectivity for [3H]NE uptake, which was 
relatively similar to MDAI as far as this particular 
reuptake transporter was concerned [23].

5-Iodo-2-aminoindane (4, 5-IAI) was behav
iourally active in rats (ED50 0.65 mg/kg, 
2.19 μmol/kg using (R/S)-MDMA and 0.79 mg/
kg, 2.67 μmol/kg using (S)-MBDB) based on 
drug discrimination studies and substituted 
fully for (R/S)-MDMA HCl and (S)-MBDB HCl 
[24]. Subcutaneous application of 40 mg/kg 5-IAI 
HCl (0.13 mM/kg) was followed by HPLC-ECD 
analysis one week later and revealed slight, 
but statistically significant, decreases of hip-
pocampal 5-HT levels (15%) which contrasted 
with 5-HIAA (cortical and hippocampal) values 
where this was not the case. Catecholamine lev-
els were not affected. In addition, 5-IAI acted as 
an inhibitor of [3H]5-HT in rat brain cortical syn-
aptosomes (IC50 241 ± 21 nM) and was shown 
to slightly reduce cortical uptake sites ([3H]par-
oxetine) but not hippocampal uptake. Overall, 
this led to the conclusion that 5-IAI would also 
be considered to show limited potential to cause 
serotonergic deficits in the rat [24].

5-Methoxy-6-Methyl-2-Aminoindane 
(MMAI)

MMAI fully substituted in (R/S)-MDMA- 
and (S)-MBDB-trained rats (ED50 0.81 mg/kg, 
3.77 μmol/kg using racemic MDMA and ED50 
0.56 mg/kg, 2.63 μmol/kg based on (S)-MBDB) 
but, as observed with MDAI, LSD substitution 
did not occur [6]. Furthermore, MMAI was not 
found to substitute for (S)-amphetamine either at 
doses tested between 0.50 and 2.0 mg/kg, which 
also pointed towards entactogen-like properties 
of MMAI. Short-term, i.e. 3 h post-drug, corti-
cal and hippocampal monoamine changes were 
observed using HPLC-ECD procedures follow-
ing a single s.c. administration of 20 mg/kg MMAI 
HCl. For example, cortical dopamine levels 
increased, while both cortical and hippocampal 
5-HT and 5-HIAA levels decreased significantly. 

Interestingly, monoamines and their metabolite 
levels remained unchanged when determined 
one and two weeks after single and multiple dos-
ing regimens using either 10 or 20 mg/kg MMAI 
HCl. In addition, [3H]paroxetine binding studies 
(frontal cortex and hippocampus) two weeks after 
sub-acute dosing showed the absence of changes 
in binding density [6].

[3H]Monoamine uptake inhibition stud-
ies into synaptosomes from rats confirmed that 
MDAI, MMAI and 5-IAI were selective for 5-HT 
over DA and NE – this was particularly the case 
with MMAI. In addition, uptake inhibition stud-
ies were carried out with reserpinised synapto-
somes (leading to particularly lower [3H]5-HT 
IC50 values), presumably to study the effects of 
blocked uptake into storage vesicles [23]. It was 
furthermore confirmed [25] that MMAI inhib-
ited [3H]5-HT uptake into platelet plasma mem-
brane vesicles and [3H]imipramine binding to the 
corresponding 5-HT transporters. In addition, 
MMAI-mediated [3H]5-HT efflux via the seroto-
nin transporter was confirmed, which meant that 
it acted as a substrate for the transporter. For this 
reason, a decreased [3H]5-HT efflux was observed 
in the absence of external Na+ ions. A second 
serotonergic mechanism shared by both MMAI 
and MDMA was the ability to inhibit [3H]5-HT 
accumulation by chromaffin granule membrane 
vesicles which appeared to be a model system 
for H+ dependent storage within synaptic vesi-
cles. What differed from MDMA, however, was 
the inability of MMAI to both inhibit dopamine 
transport (lack of displacement of the cocaine 
analogue β-[125I]CIT) and stimulation of [3H]
dopamine efflux [25], which was consistent with 
the idea of high selectivity for 5-HT over dopa-
mine. More support for the ability of MMAI HCl 
(and 4-MTA HCl) to trigger 5-HT release in vivo 
was obtained from microdialysis studies in anaes-
thetised rats. HPLC-ECD was used to determine 
the increase in extracellular 5-HT concentration 
in the dorsal hippocampus following MMAI and 
4-MTA (14, 4-methylthioamphetamine, Fig. 11.7) 
(i.p., 1 and 5 mg/kg) and fluoxetine (10 mg/kg) 
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administration. While fluoxetine caused an 
increase in 5-HT output of around 180% after 
40 min, MMAI application resulted in an increase 
of around 1350% at 40 min post-injection and 
after 100 min 5-HT output returned to around 
450%. 4-MTA, on the other hand, triggered a 
2000% increase which declined much slower to 
around 1500% after 100 min. MMAI proved to 
be a weak MAO-A inhibitor but lacked MAO-B 
inhibiting properties [26]. The third transmem-
brane helix (TMH III) of the serotonin re-uptake 
protein (hSERT) has been implicated in the rec-
ognition of substrates and antagonists. As part 
of a study to determine the impact of selected 
amino acid residues on recognition, five hSERT 
TMH III mutants have been prepared by selected 
mutagenesis. A range of structurally diverse sub-
stances, including three aminoindanes, have been 
tested for [3H]5-HT uptake inhibition in com-
parison with the wild-type hSERT. The potency 
values of MMAI remained relatively similar 
apart from the S174M mutant that caused a five-
fold drop in potency (hSERT Ki 600 ± 200 nM vs 
S174M Ki 3100 ± 300 nM). 1-Aminomethyl-5-
methoxyindane (13, AMMI), on the other hand, 
displayed a particularly decreased Ki value for 
the A169D mutant [27].

While MMAI lacked long-term reduction 
in serotonergic markers in rat brain, persistent 
changes, however, were induced by co-admin-
istration with (S)-amphetamine. MMAI admin-
istration alone, i.e. 10 mg/kg or 20 mg/kg 
injections every 12 h for four days, revealed a 
lack of reduction of cortical 5-HT and 5-HIAA 
(HPLC-ECD) and [3H]paroxetine binding sites 

one week afterwards [28]. The combination with 
(S)-amphetamine, on the other hand, led to a 
significant reduction in these cortical param-
eters. In addition, the impact was found to be 
dose-dependent, i.e. (S)-amphetamine + MMAI 
(10 mg/kg) resulted in an approximate 20% 
decrease whereas (S)-amphetamine and MMAI  
(20 mg/kg) decreased serotonergic marker lev-
els by around 50–60%. Hippocampal results 
were similar. Changes in cortical noradrena-
line or dopamine levels were not observed, 
although an approximately 55% decrease was 
observed in caudate 3,4-dihydroxyphenylacetic 
acid (DOPAC) levels following the 20 mg/kg 
MMAI combination [21]. The accumulation of 
(S)-3,4-dihydroxyphenylalanine (DOPA) was 
determined in the rat striatum by HPLC-ECD 
measurements 45 min after s.c. administra-
tion of MMAI HCl alone (i.p., 20 mg/kg) and 
in combination with (S)-amphetamine (i.p., 
2.5 mg/kg). While MMAI alone did not yield 
increased DOPA levels, the combination with 
(S)-amphetamine, however, resulted in a DOPA 
increase to close to 200% which was consistent 
with the hypothesis that 5-HT might be involved 
in the potentiation of dopamine synthesis [29].

MMAI was used as a training drug for 
drug discrimination studies (ED50 0.56 mg/kg,  
2.64 μmol/kg) and it was revealed that 4-MTA 
fully substituted for it (ED50 0.21 mg/kg, 
0.96 μmol/kg) and full substitution was also 
observed in MDMA- and (S)-MBDB-trained rats 
[30]. Monte and co-workers employed MMAI, 
including (S)-MBDB and (S)-amphetamine, 
for additional studies in rats using a number of 
benzofuran, indan and tetrahydronaphthalene 
analogues of 3,4-methylenedioxyamphetamine 
and found that some of them showed compa-
rable potencies [31]. MMAI HCl, together with 
(S)-amphetamine sulphate (S)-MBDB HCl, were 
also used as a training drug in order to assess the 
properties of 4-fluoroamphetamine (15, 4-FA). 
Interestingly, in contrast to 4-chloroampheta-
mine (16, 4-CA), 4-FA only fully substituted in 
(S)-amphetamine-trained rats (ED50 0.43 mg/kg,  

FIGURE 11.7  (14) 4-Methylthio-; (15) 4-fluoro-; (16) 
4-chloro-; (17) 4-iodoamphetamine.
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2.11 μmol/kg) whereas 4-CA did not mimic (S)-
amphetamine at all, but substituted for the sero-
tonergic training drugs MMAI (ED50 0.14 mg/
kg, 0.69 μmol/kg) and (S)-MBDB (ED50 0.17 mg/
kg, 0.82 μmol/kg), respectively. In addition to 
monoamine uptake studies in whole brain syn-
aptosomes and microdialysis studies of striatal 
extracellular levels of dopamine, DOPAC and 
HVA it was concluded that 4-FA showed psycho-
stimulant-like effects rather than serotonergic, 
e.g. 5-HT-releasing, properties [32]. Interestingly, 
4-iodoamphetamine (17, 4-IA) showed similar 
potency to 5-IAI in rats trained to discriminate 
(S)-MBDB from saline (ED50 0.54 mg/kg, 1.81 μM/
kg) although both were less potent than 4-CA 
(ED50 0.17 mg/kg, 0.82 μM/kg) [24].

The impact of administration of MBDB, 
4-MTA and MMAI, on hormone secretion in 
rats (adrenal corticotrophin (ACTH), corticos-
terone, prolactin, oxytocin and renin), was also 
studied. As far as MMAI was concerned, the 
secretion of plasma ACTH, corticosterone, pro-
lactin, plasma oxytocin and renin increased in a 
dose-dependent manner and vasopressin secre-
tion was not stimulated. Blood pressure, on the 
other hand, reduced significantly after 15 min and 
heart rate also reduced significantly from 5 min 
after MMAI administration. Pre-treatment with 
fluoxetine, however, led to a significant reduc-
tion in ACTH, prolactin and oxytocin responses, 
although renin responses were not significantly 
inhibited. Even though all three test drugs were 
classified as 5-HT-releasing agents, some differ-
ences were observed in terms of hormone secre-
tion and response to fluoxetine pre-treatment 
which indicated that serotonin release was 
important but that additional mechanisms may 
have been involved in the changes seen in hor-
monal secretion [33]. Stress-induced reduction 
in consumption of sucrose solutions, i.e. prefer-
ence deficit, was used as a chronic mild stress 
model in Sprague-Dawley rats to compare the 
antidepressant properties of MMAI HCl, 4-MTA 
HCl and sertraline HCl, respectively. Chronic 
administration with MMAI and 4-MTA revealed 

significant antidepressant effects, i.e. restora-
tion of sucrose drinking, within 3 weeks and 
improved onset and magnitude when compared 
with the serotonin specific re-uptake inhibitor 
(SSRI) sertraline [34]. Another in-depth investi-
gation of MMAI behavioural pharmacology 
was provided by Marona-Lewicka and Nichols 
[34] who confirmed symmetrical substitution in 
drug discrimination studies (MMAI-trained rats) 
between MMAI (ED50 0.56 mg/kg, 2.64 μmol/kg), 
(R/S)-MDMA (ED50 0.70 mg/kg, 3.03 μmol/kg)  
and (S)-MBDB (ED50 0.36 mg/kg, 1.44 μmol/kg) 
[35]. 5-HT-releasing compounds, such as (S)-(+)-
fenfluramine (ED50 0.997 mg/kg, 3.72 μmol/kg) and 
4-CA (ED50 0.14 mg/kg, 0.69 μmol/kg) produced 
full substitution in MMAI-trained rats whereas 
d-LSD tartrate (ED50 0.08 mg/kg, 0.186 μmol/kg) 
produced partial substitution (75%) but also 47% 
disruption. (S)-Amphetamine, on the other hand, 
did not produce substitution but caused potent 
disruption (ED50 0.54 mg/kg, 2.97 μmol/kg). 
Antagonism tests with the moderately selective 
5-HT2A receptor antagonist ketanserin showed 
that the MMAI was not blocked, although dis-
criminability was attenuated and this was also 
observed with fluoxetine and paroxetine. On 
the other hand, pindolol, methiothepin and 
yohimbine were unable to block the MMAI cue, 
although disruption was observed. Additional 
support for 5-HT involvement in MMAI stimulus 
generalisation came from pre-treatment with the 
5-HT biosynthesis inhibitor p-chlorophenylalanine 
(PCPA) which led the subjects to show saline-
like responses and attenuation was still detect-
able after eight days. Radioligand studies with a 
variety of adrenoceptor bindings sites also con-
firmed relatively weak affinities (α1: [3H]prazosin, 
IC50 > 10 μM; α2: [3H]RX781094, IC50 0.41 μM; α2: 
[3H]yohimbine, IC50 1.58 ± 0.21 μM; α2: [3H]cloni-
dine, IC50 2.45 ± 0.35 μM; β1/β2: [3H]dihydroalpre-
nolol, IC50 > 10 μM) [34]. Behavioural effects in 
rats indicated hypolocomotion which was consist-
ent with previous findings on sedative activity of 
MMAI which led to reduced investigatory behav-
iours that could not be blocked by fluoxetine [36].
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MMAI, but not fluoxetine, substituted for the 
5-HT2A receptor agonist quipazine and antagonism 
tests carried out with the selective 5-HT2A recep-
tor antagonist MDL 100907 (0.5 mg/kg) confirmed 
blockage of MMAI substitution (1.25 mg/kg)  
for quipazine [37]. This was in contrast to the 
study mentioned above that showed that 5-HT 
antagonists such as ketanserin and methiothepin 
were unable to block stimulus effects of MMAI 
[35]. Furthermore, Smith et  al. induced 5-HT 
depletion (i.e. reduction of 5-HT and 5-HIAA lev-
els) by pre-treatment with p-chlorophenylalanine 
(PCPA) (300 mg/kg for 3 days) and it was found 
that MMAI's substitution (1.25 mg/kg) for qui-
pazine was reduced, whereas this was not the 
case with fenfluramine [37]. Moreover, phospho-
inositide hydrolysis studies, carried out in NIH 
3T3 fibroblasts stably transfected with rat brain 
5-HT2A receptor, revealed that MMAI was much 
less effective than quipazine in formation of ino-
sitol monophosphate ([3H]IP) which indicated 
low intrinsic activity as a direct 5-HT2A agonist. 
This provided support for the notion that MMAI 
substitution was facilitated by 5-HT release [37].

It was also shown that racemic fenfluramine 
HCl and MMAI HCl differed from MDMA 
when using the conditioned place preference 
(CPP) paradigm [38]. In contrast to MDMA 
HCl, that showed significant CPP effects at 
2.5, 5.0, 10 and 20 mg/kg (i.p.), fenfluramine 
(all doses tested) and MMAI (only with 10 and 
20 mg/kg) displayed place aversion which sup-
ported the idea that MMAI may show a human 
psychopharmacological profile similar to fen-
fluramine rather than MDMA. In addition, 
microdialysis studies with freely moving rats 
showed that dopamine and DOPAC levels in 
nucleus accumbens remained unchanged after 
MMAI (6.2 mg/kg) and fenfluramine (7.7 mg/
kg) injection whereas MDMA (6.3 mg/kg) 
caused a significant increase in dopamine lev-
els [38]. In order to evaluate the extent to which 
5-HT-releasing effects of MMAI are blocked by 
inhibition of 5-HT uptake, a number of SSRIs 
and tricyclic antidepressants were used in drug 

discrimination studies [39]. Rats trained to dis-
criminate MMAI HCl from saline showed par-
tial substitution with citalopram and sertraline 
but also produced a relatively high percentage of 
disruption, especially at the highest dose tested. 
Fluoxetine did not satisfy the criteria for par-
tial generalisation. In comparison, MMAI pro-
duced partial substitution in sertraline-trained 
rats and fully substituted for a citalopram cue, 
respectively, which indicated potentially similar 
mechanisms involved in discriminative stimulus 
effects. A series of antagonism tests (pre-treat-
ment 60 min before test drug) were also carried 
out in MMAI-trained rats and it was observed 
that fluoxetine (at 10 mg/kg) caused significant 
disruption, whereas neither sertraline nor citalo-
pram (at 2.5, 5.0 and 10 mg/kg) could completely 
block the MMAI cue. Partial substitution was 
also observed with the tricyclic antidepressants 
imipramine and clomipramine, but not desipra-
mine in MMAI-trained rats [39].

Miscellaneous Aminoindane Examples
The pharmacological characterisation of 

N-ethyl-5-trifluoromethyl-2-aminoindan (18, 
ETAI, Fig. 11.8) and 5-trifluoromethyl-2-ami-
noindan (19, TAI) was reported by Cozzi et  al. 
who compared them with their phenethylamine 
counterparts, i.e. fenfluramine (20, 3-trifluoro-
methyl-N-ethylamphetamine, FEN) and one 
of its metabolites, namely norfenfluramine (21, 
NoFEN), respectively [40]. Drug discrimina-
tion studies were based on (S)-amphetamine 
sulphate, (S)-MBDB HCl, MMAI HCl and 
LSD tartrate as training drugs. TAI was the 
only candidate that showed full substitution 
for (S)-MBDB (ED50 0.56 mg/kg) whereas par-
tial substitution was reported for ETAI, which 
also partially substituted for LSD. On the other 
hand, MMAI and (S)-amphetamine effects were 
not mimicked. Inhibition of [3H]neurotransmit-
ter uptake was investigated using crude syn-
aptosomes. ETAI (IC50 2.61 ± 0.34 μM) was the 
least potent inhibitor of [3H]5-HT accumula-
tion into synaptosomes and the corresponding 
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IC50 values were 0.490 ± 0.017 μM (FEN), 
0.590 ± 0.062 μM (NorFEN) and 0.604 ± 0.066 μM 
(TAI), respectively. Both FEN and NorFEN were 
generally found to be more potent at inhibit-
ing [3H]DA and [3H]NE uptake than ETAI and 
TAI. Binding densities were determined at rat 
cortex, hippocampus and neostriatum after 10 
days using [3H]paroxetine following a 4-day 
drug treatment pattern of 2 × 10 mg/kg/day. In 
comparison with saline it was found that both 
FEN and NorFEN administrations resulted in a 
60–70% reduction in binding sites whereas ETAI 
and TAI showed a less severe reduction of about 
30–35%. In addition, it was also reported that the 
same treatment regimen led to significant reduc-
tion in rat body weight (10–15%) for all four  
substances [40].

Early published studies indicated that a 
number of aminoindanes showed both bron-
chodilating and analgesic properties [41]. 
2-Aminoindane itself was also known to show 
a variety of bioactive properties. For example, 
Kenner and Matthews mentioned a personal 
communication with H.H. Dale that intrave-
nous 2-AI HCl injection of ‘a few milligrams’ 
would lead to blood pressure increase similar 
to ‘β-phenylethylamine’, although details were 
not provided [3]. 2-AI, as well as its N-benzyl 
and N-methyl HCl salts, have been reported (in 
a summarised form and no further details) to be 

more effective bronchodilators than L-ephedrine 
(22, Fig.11.9) based on a bronchial perfusion 
method using isolated rabbit lungs. Intravenous 
injection studies carried out in white rabbits 
revealed less toxicity than amphetamine HCl. 
Interestingly, it was also pointed out that their 
2-amino-1-indanone and 1-amino-2-indanol 
derivatives would also show bronchodilator 
activity [42]. Witkin et al. carried out an exten-
sive studies on animals into the analgesic prop-
erties and other bioactive effects (e.g. central 
stimulation and gastrointestinal motility) of 
2-AI [43]. It was concluded that 2-AI showed 
an analgesic potency and therapeutic index 
comparable with morphine sulphate (tail-flick 
test) but without respiratory depression. In 
addition, it was not antagonised by nalorphine 
(N-allylnormorphine) and sub-threshold doses 
potentiated the effects of morphine [43]. [3H]
DA and [3H]NE uptake inhibition studies into 
rat brain synaptosomes confirmed that 2-AI 
was 28 times more potent than 1-aminoindane 
(23, 1-AI) in inhibiting catecholamine uptake 
in the hypothalamus ([3H]NE) whereas a 300-
fold higher potency was observed in the stria-
tum preparations ([3H]DA), respectively. In 
comparison, however, racemic amphetamine 
appeared to be more potent than both [44]. 
1- AI HCl and 2-AI HCl have also been tested 

FIGURE 11.8  (18) N-Ethyl-5-trifluoromethyl-2-aminoin-
dane; (19) 5-trifluoromethyl-2-aminoindane; (20) fenfluramine; 
(21): norfenfluramine. FIGURE 11.9  (22): L-Ephedrine; (23): 1-aminoindane; (24): 

N-propargyl-1-(R)-aminoindane; (25): 1-(R)-aminoindane.
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for their anorectic properties and motor activi-
ties in rats. Whereas the 2-substituted isomer 
led to increased motor activity (149% com-
pared to control) and the 1-isomer produced 
depressed activity (−69%). Food intake reduc-
tion of starved, drug-treated rats was observed 
for 1 h, starting 15 min after injection; the 50% 
reduction in food intake (anorexia RD50) was 
also determined. 2-AI was significantly more 
anorectic than 1-AI and comparable with (S)-
amphetamine sulphate and fenfluramine HCl. 
However, since 2-AI did produce the least dra-
matic impact on motor activity it was consid-
ered more selective. Interestingly, N-ethyl-2-AI 
and N-isopropyl-2-AI were inactive in both 
paradigms tested [45]. 2-AI induced locomotor 
stimulation in rodents although it was shown to 
be less active than amphetamine [46]. Another 
drug discrimination study was carried out 
using (S)-amphetamine as the training drug and 
the results appeared to be somewhat compara-
ble. In this particular case, partial substitution 
was observed with a higher 2-AI dose, although 
a higher rate of disruption was reported [20]. 
N-propargyl-1-(R)-aminoindan (24, rasagiline) 
is a selective and irreversible MAO-B inhibitor 
used for the treatment of parkinsonism and it is 

also thought to have neuroprotective properties. 
Metabolism, affected by the CYP1A2 isoform, 
leads to the formation of 1-(R)-aminondan (25, 
1-(R)-AI). Interestingly, although it is not known 
to be a potent MAO-B inhibitor itself, evidence 
appears to be mounting that it might show neu-
roprotective effects by changing pro- and anti- 
antiapoptotic markers, increase of antioxidant 
activity and reduction of the GAPDH-MAO-B 
death cascade [47].

A ‘strong amphetamine-type activity’ has 
been reported for the pyrrolidine derivative of 
2-AI (26, Fig. 11.10) [41] and ‘a long duration’ 
of activity was observed at the 10 mg/kg dose 
in mice. Details about the procedure were not 
provided but neuropharmacological screenings 
were based on observational methods [48]. A 
piperidine derivative (27, PIP-AI), on the other 
hand, showed analgesic properties comparable 
to meperidine [41]. One of the many examples 
that show simple modifications on both phenyl 
ring and the nitrogen atom is 4-hydroxy-5-me-
thyl-2-N,N-dipropylaminoindan (28, RD-211) 
that has been shown to produce bradycardia 
and hypotension in cats. The fact that sulpiride 
antagonised cardiovascular effects induced by 
RD-211 indicated involvement of DA2-receptor 

FIGURE 11.10  (26) 1-(2-Indanyl)pyrrolidine; (27) 1-(2-indanyl)-4-phenyl-4-propionoxypiperidine; (28) 4-hydroxy-5-me-
thyl-2-N,N-dipropylaminoindane; (29) 4,7-dimethoxy-2-N,N-dipropylaminoindane; (30) 2-N,N-dipropylaminoindane; (31) 
4,5-dihydroxy-2-N,N-diethylaminoindane; (32) 4,5-dihydroxy-2-N,N-dipropylaminoindane.
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stimulation [49]. This was in agreement with 
previous studies where RD-211 HBr was used 
to induce rotational behaviour in rats that 
have been exposed to unilateral lesions of the 
nigrostriatal pathway by 6-hydroxydopamine 
pre-treatment. Dopamine receptor interac-
tions were indicated by antagonism by halop-
eridol [50]. Interestingly, racemic RD-211 also 
showed considerable affinity towards the rat 
5-HT1A receptor. Rat brain cortex homogen-
ates were employed using [3H]8-hydroxy-2-
(dipropylamino)tetralin ([3H]8-OH-DPAT) as 
the radioligand. The values obtained for the 
inhibition constants from both stereoisomers 
also differed significantly from each other ((R)-
RD-211: 10 nM vs (S)-RD-211: 340 nM). In addi-
tion, the 4,7-dimethoxy derivative of RD-211, 
i.e. RDS-127, was shown to be equipotent to 
apomorphine in inhibiting artificially stimu-
lated heart rates in cats [49]. Fascinatingly, both 
RDS-127 and its non-methoxylated analogue 
(30, JPC-60-36) also stimulated rat locomotor 
activity when administered subcutaneously 
while the N,N-diethyl- (31, JPC-238) and N,N-
dipropyl-4,5-dihydroxy counterparts (32, JPC-
266) also showed inhibitory effects at stimulated 
heart rates in cats [49] and strong emetic activi-
ties were also observed in adult mongrel dogs 
[51]. In addition to long-lasting locomotor activ-
ity in rats, RDS-127 significantly decreased 
food-intake in rats with little dose-dependency 
and was more marked than reduction observed 
with (S)-amphetamine. Both locomotor activity 
increase and food intake reduction were antago-
nised by pre-treatment with pimozide, a potent 
dopamine antagonist. Interestingly, food intake 
reduction was produced at lower dosage lev-
els whereas effects on locomotor activity were 
observed at higher dosage levels [52].

One of the many classic substitution pat-
terns found in the phenethylamine (2C-X class) 
and amphetamine (DO-X class) series that has 
been explored by Shulgin and Shulgin is sum-
marised in PIHKAL [53]. In this particular series 
the 2,5-dimethoxy blueprint is left unchanged 

whereas the substituent at the 4-position can 
be modified to a large extent while maintain-
ing psychoactive properties [53]. What fol-
lows is the question as to whether their rigid 
aminoindane analogues would provide any 
activity in animals or humans. Indeed, the 
PHIKALisation of aminoindanes, i.e. the 
approach to adopt substitution patterns found 
to provide highly active derivatives reported in 
PIHKAL, might be of interest to scientific stud-
ies. One such example may be found in the 
comparatively potent and long-lasting hallu-
cinogen 2,5-dimethoxy-4-methylamphetamine 
(33, DOM, Fig. 11.11) that has been around since 
the 1960s [54]. The corresponding aminoin-
dane counterpart is 4,7-dimethoxy-5-methyl-
2-aminoindan (34, DOM-AI) and it has been 
subject to some investigations but with mixed 
results. Behavioural studies with rats using 
the conditioned avoidance response test did 
not reveal mescaline or DOM-like responses 
for DOM-AI (40–160 μmol/kg) although some 
form of sedation was observed. At higher dos-
age levels salivation was also observed [8]. An 
additional report stated that orally adminis-
tered DOM-AI showed DOM-like responses 
in rats and an active intraperitoneal dose of 
30 mg/kg was also claimed to give DOM-
like responses with the 5-bromo analogue,  
i.e. DOB-AI, respectively [9]. In rats trained to 
discriminate LSD tartrate (ED50 0.021 mg/kg, 
0.048 μmol/kg) from saline, however, DOM-AI 
produced full substitution (ED50 2.18 mg/kg, 

FIGURE 11.11  (33) 2,5-Dimethoxy-4-methylamphetamine; 
(34) 4,7-dimethoxy-5-methyl-2-aminoindane.
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8.94 µmol/kg) [4] although its potency was far 
below that of DOM (ED50 0.148 mg/kg) [54]. The 
extent of psychoactivity in humans, however, 
remains to be investigated.

PREVALENCE OF USE

There is limited information about the use of 
the aminoindanes as recreational drugs. Despite 
predictions in the UK media in 2010 that MDAI 
was likely to rapidly replace the newly con-
trolled stimulant mephedrone (4-methylmeth-
cathinone) [56–59], information suggests that 
neither MDAI, nor the other aminoindanes 
have become widely available or are being used 
extensively to date. In fact, most use appears to 
be limited to a small number of ‘innovators’ and 
‘early adopters’ [60] that believe that they are 
using MDAI or 5-IAI [56,61–63].

Similar to the early stages of diffusion [60] of 
other types of NPS, much of what is currently 
known about the use and harms of the ami-
noindanes comes from triangulation [1,64–67] 
of limited information from a range of infor-
mal and formal sources. These include: labora-
tory detection of the substances from seizures 
by law enforcement agencies, biological sam-
ples, or test purchases; [16,17,68–79] monitoring 
online shops that claim to sell the substances; 
[80] anecdotes from users such as posts on 
Internet drug discussion forums [81–85], media 
reports; [56–59] and a small number of queries 
to poison control centres [86], case reports of 
acute toxicity [87], and surveys in populations 
which are expected to contain ‘early adopters’ 
of such substances, such as clubbers or self-
reported users of NPS [61–63].

Since 2006, a few aminoindanes have been 
detected in Member States of the European 
Union and formally notified through its early-
warning system for NPS [65,87,88]. There is 
some indication that 2-AI was detected in 2006, 
but the presence of the 1-aminoindane isomer 

could not be excluded at that time; subse-
quently, 2-AI was confirmed in 2009 and 2011 
by other Member States; MDAI was detected 
in 2010; and 5-IAI in 2011. Subsequently a few 
other Member States have reported the detec-
tion of these substances. These were largely as a 
result of seizures by law enforcement agencies, 
although in at least one case it was from a test 
purchase. The circumstances of their seizure or 
test purchase, such as being sold as ‘research 
chemicals’, and/or the co-presence of other new 
substances known to be used recreationally or 
the dosage forms that were seized (such as tab-
lets, capsules), suggest that they were intended 
to be used for their psychoactive effects [68–73]. 
It appears that, neither MDMAI nor MMAI 
have so far been detected, although some online 
retailers claim to sell these substances.

Within the UK, there is currently a Home 
Office funded Forensic Early Warning System 
(FEWS), which is a ministerial led project 
aimed at identifying NPS encountered in  
the UK and running from December 2010 to 
March 2014. FEWS has involved a number of 
collection plans to gather samples which are 
then analysed by forensic providers initially by 
GC-MS. The results are then considered by a 
team of experts who review the data and assess 
whether any further analytical technique is 
required, these can include high resolution MS 
and NMR (nuclear magnetic resonance). The 
collection plans have included samples from: 
1) test purchases (both from the Internet and 
from ‘head shops’); 2) the police; and 3) festi-
vals (amnesty bins, test purchasing and any 
sample that the police may encounter). FEWS 
has encountered aminoindanes in all collection 
plans; often these are in mixtures, which can 
include one or more aminoindanes, or aminoin-
danes with other NPS or mild stimulants, such 
as ephedrine or caffeine. The aminoindanes 
encountered were 2-AI, 5-IAI and MDAI. In the 
18 months, only 12 aminoindanes samples have 
been encountered in over 1300 samples [79].
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There have only been a few subpopulation 
surveys that have examined the prevalence of 
use of the aminoindanes as recreational sub-
stances [61–63]. The surveys used convenience 
samples of clubbers, or self-reported users of 
NPS, and were conducted between 2010 and 
2012. By their very nature these types of popula-
tions are likely to contain ‘innovators’ and ‘early 
adopters’ and they generally do not reflect the 
level of use in the wider population [1].

Measham et  al., in their survey of clubbers 
in two ‘gay-friendly’ clubs in South London, 
UK during July 2010 (n = 308; mean age 30; 
82% male) found that 6% reported lifetime use 
of MDAI, while use in the last year and last 
month was 6% and 4%, respectively [61]. Two 
percent reported use on the night of the field-
work [61]. Similarly, the annual survey con-
ducted online by the dance magazine Mixmag 
in 2011 (n = 2560; mean age 25; 69% male) 
found that 6.7% of respondents reported life-
time use of the substance; while use in the 
last year was 4.7% [62]. Finally, an online sur-
vey that recruited self-reported users of NPS 
resident in Ireland (n = 329; mean age 25; 67% 
male) found that 1.6% had used powders or 
products labelled as ‘2-Ai’ (n = 2), while 2.7% 
(n = 5) had used MDAI and 1% had used ‘5-iAi’ 
[63]. It is important to note that analytical 
data has shown that while some products do 
contain 2-AI, MDAI or 5-IAI, others are ‘mis-
branded’. For example products sold as con-
taining MDAI or 5-IAI (and/or labelled as such) 
have been found to contain other substances, 
such as mephedrone, methylone, 1-benzylpip-
erazine (BZP) and 1-(3-(trifluoromethyl)phe-
nyl)piperazine (3-TFMPP) (Table 11.1) [75–78], 
which in some countries are controlled sub-
stances. This may place retailers and consum-
ers of such substances at risk of prosecution 
although in the UK, Section 28 of the Misuse 
of Drugs Act, 1971 may provide a defence for 
such circumstances [90]. Overall, despite the 
limited data, it appears that the prevalence of 

use of the aminoindanes is still relatively low. 
Ongoing surveillance, monitoring and research 
into the use of these substances will be required 
in order to get a better picture of trends in their 
use, including whether they diffuse to broader 
populations of illicit drug users, and the harms 
that they may pose.

REGULATION OF THE 
AMINOINDANES

A review of the legal status of the aminoin-
danes is beyond the scope of this chapter, but 
it is worth noting that these substances are not 
under international control [91]. Furthermore, 
it appears that few countries currently regulate 
these substances under their national drug con-
trol laws; although this is less clear in some coun-
tries that have legal provisions that extend to 
analogues of controlled substances. At the time 
of writing they are not controlled in either the 
UK [92] or USA; [16] while The Czech Republic 
controls MDAI [93] and Switzerland controls 
2-AI, MDAI, 5-IAI [94]. Of note, a growing num-
ber of Member States of the European Union are 
also using other, existing, legal measures (such as 
consumer protection laws or medicine laws) or 
introducing new ones to help regulate such sub-
stances [95,96].

TABLE 11.1  Claimed Substances Versus Actual 
Substances from Test Purchases of Products Sold Online 
as MDAI or 5-IAI

Claimed 
Substance Actual Substance Reference

MDAI Mephedrone [75]

MDAI Methylone [76]

MDAI BZP, 3-TFMPP, caffeine [77,78]

5-IAI BZP, 3-TFMPP, caffeine [77,78]
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ACUTE AND CHRONIC TOXICITY

Animal Data

We are not aware of any formal phase 1 stud-
ies on aminoindanes, and hence there is a paucity 
of information regarding their potential acute 
and chronic toxicity, e.g. LD50 investigations, 
mutagenicity and teratogenicity. The majority of 
animal studies have focused on comparing the 
effects of aminoindanes with the amphetamines 
and related drugs to elucidate their pharmaco-
logical effects, particularly with regard to dopa-
mine and serotonin pathways (this is covered in 
more detail in Pharmacology above).

Human Data

Deaths
At the time of writing, data on any confirmed 

deaths linked to the use of the aminoindane 
group of compounds have not been received.

Clinical Reports
There is only one published case report of 

acute toxicity associated with the use of the ami-
noindanes. This describes multi-organ failure 
associated with the use of 5 g of what was thought 
to be MDAI. However, analytical confirmation of 
MDAI and/or other substances was not under-
taken and so it is not possible to be certain that 
the effects were due to MDAI [87]. The patient 
made a slow recovery and was subsequently 
transferred to a psychiatric hospital where he 
remained for three months after exposure.

It is worth noting that, from the small num-
ber of user experiences published on Erowid 
(www.erowid.org), the common doses reported 
were between 100 and 200 mg (with some tak-
ing larger doses, split over time). Data from the 
National Poisons Information Service (NPIS) 
2010/2011 annual report in the UK indicated that 
there were less than 40 queries related to MDAI 
during the reporting period; once again these 
cases were not analytically confirmed [86].

DEPENDENCE AND ABUSE 
POTENTIAL

Animal and Human Data

Detailed studies specifically evaluating abuse 
potential and dependence have, to date, not been 
performed.

CONCLUSIONS

It currently appears that serotonergic ami-
noindane representatives such as MDAI, 
MMAI or 5-IAI play a relatively minor role on 
the novel psychoactive substance market for 
recreational drugs. However, detailed insights 
into the prevalence of use of aminoindanes to 
be certain about this are absent at the moment. 
The appearance of previously unknown sub-
stances that are used for recreational purposes 
has been noted since the 1960s followed by the 
‘designer-drugs’ wave in the 1980s/90s that 
was particularly driven by phenethylamine 
and amphetamine-type substances [53] with 
MDMA being one of the best known examples. 
The unique psychopharmacological profile of 
MDMA, traditionally regarded as the ‘gold 
standard’ by experienced users of stimulant 
entactogens will continue to attract the atten-
tion of drug aficionados (scientific researchers 
included) within all communities that deal with 
psychoactive substances in one form or another. 
The changing nature of drug markets appears 
to guarantee a constant supply of NPS.

It appears based on currently available data 
that some of the properties of serotonergic ami-
noindanes are similar to MDMA, for example 
when examining some of the drug discrimina-
tion studies. But there are differences, and so far, 
the pharmacological literature indicates a reduced 
potential to cause serotonergic deficits which may 
differ from MDMA. There also appears to be a 
reduced impact on dopamine and noradrena-
line accumulation which is a feature that MDMA 
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does not appear to show either. If one considers 
a potentially reduced capacity of aminoindane 
analogues currently observed on the NPS mar-
ket (e.g. MDAI) to mimic the dopaminergic com-
ponent found within MDMA, then it might be 
speculated that the effects in humans may not 
be comparable to this classic entactogen. Future 
studies in humans are required to address this 
issue in order to obtain data on both psycho-
stimulant and entactogenic properties. Dopamine 
release has been discussed as a contributing fac-
tor to the formation of serotonergic deficits and 
co-administration studies of aminoindanes with 
(S)-amphetamine were found to potentiate the 
reduction of serotonergic markers. Whether, as 
speculated, substances such as MMAI show a 
human psychopharmacological profile similar to 
fenfluramine rather than MDMA remains to be 
investigated, but, on the other hand, fenfluramine 
has also been shown to cause long-term 5-HT 
depletion whereas the impact of MMAI may be 
less pronounced. Future studies will hopefully 
shed more light on the properties of aminoin-
danes in humans. However, there exists a wealth 
of published pharmacological data available on 
the in vitro and in vivo animal effects of this family 
of drugs. One of the many questions that requires 
further investigation is the ability to discriminate 
between drugs that are monoamine uptake block-
ers and those that are substrate-type releasers, 
since both types of drugs interact with the same 
transporter proteins to elevate extracellular lev-
els of neurotransmitters. The reason for this need 
lies in the fact that substrate-type releasing agents 
might erroneously appear as uptake blockers 
depending on the assay used [97,98].

The aminoindanes described here have shown 
promising potential for use as pharmacological 
tools and many novel structures can be imag-
ined that have not yet been described. While 
some appear to show selectivity for serotonergic 
systems, others are explored as dopaminergic 
substances, for example, as dopamine D3 recep-
tor ligands. For those who have to deal with 
frontline exposure to psychoactive substances, 

e.g. toxicologists, clinicians or forensic practi-
tioners, the ability to identify these candidates 
is not a trivial challenge and reference materi-
als (parent drug and probable metabolites) are 
often absent. The situation is often hampered by 
the presence of isomeric entities and differen-
tiation between them can be very challenging, 
particularly under routine laboratory conditions 
that involve a high turnover rate of specimens 
submitted for analysis. It seems quite likely that 
not all emerging substances show psychoactive 
properties. However, it is quite possible that they 
are produced in order to circumvent legislation 
and control. The past few years have seen a rapid 
growth in the number and availability of novel 
psychoactive substances that are not regulated 
under international or national drug control leg-
islation. In many cases, such substances do not 
diffuse beyond small groups, perhaps often due 
to the fact that their effects are not acceptable to 
users. This may also include the potential for seri-
ous acute toxicity and require a rapid response by 
stakeholders in order to protect individual health. 
Those substances that do diffuse more widely 
can pose significant public and social harm. In 
response to the emergence of novel psychoac-
tive substances, countries are exploring a range of 
policy measures that are designed to protect pub-
lic health and reduce social harms [e.g. 99,100]. 
Evaluation of these measures will allow intended 
and unintended consequences to be identified so 
that these can help inform and shape the policy 
responses to this highly dynamic phenomenon.
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INTRODUCTION

Ketamine is a controlled substance in most 
countries around the world due to its narcotic 
and psychotropic properties. It was first intro-
duced in the 1960s as an anaesthetic agent [1], 
and subsequently been used widely in both vet-
erinary and human medicine; however, more 
recently it has gained wide recognition as a 
recreational drug. It is a ‘dissociative’ narcotic, 
where the user develops multi-modal hallucina-
tions, floating sensations, paranoia and dissocia-
tion [1,2]. Nightmares, reduction or loss of motor 
activity, changes in sexual, musical and other 
sensory perceptions as well as flash-backs, tol-
erance, dependence and withdrawal symptoms 
are frequently reported [1–4].

Ketamine is a chemical known as 2-chlo-
rophenyl-2-methylamine-cyclohexanone and 

is structurally related to phencyclidine [1]. Its 
antagonistic action on glutamate receptors may 
account for the analgesic and dissociative effects 
of ketamine;[2] these effects are discussed in 
more detail later in the chapter. Despite its simple 
chemical structure, ketamine users can develop 
tolerance and dependence [5]. Craving and toler-
ance are high although physiological withdrawal 
is relatively mild [6]. In the early years of the rec-
reational use of ketamine, the literature suggested 
that the adverse effects of the drug did not per-
sist and therefore that chronic use did not lead 
to chronic problems, with perhaps the exception 
cognitive impairment leading to increased risk 
of death from physical trauma/accidents [7]. This 
has subsequently been shown not to be the case 
and the perception may have been based on the 
early literature where the reports were mainly 
centered on the acute effects of ketamine. In the 
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last 10 years, we have conducted studies on the 
many aspects of long-term ketamine toxicity, the 
results of which are discussed below. Recreational 
ketamine use is often in combination with alcohol 
[8], and so we will also discuss the effects of the 
combination of ketamine and alcohol.

PHARMACOLOGY AND ANIMAL 
MODELS OF KETAMINE TOXICITY

Effects on the Central Nervous System 
(CNS)

Neural Circuits of Ketamine Abuse
Ketamine at sub-anaesthetic doses (0.5–1 mg/

kg) induces a state of ‘dissociation’ (including 
a perception of a distortion of space, time and 
body image) and feelings ranging from eupho-
ria to detachment, an experience described by 
users as a mind or spiritual exploration [9–11]. 
Dissociative anaesthesia is a result of reduced 
activation in the thalamocortical structures and 
increased activity in the limbic system and hip-
pocampus [12].

In recent years, there has been an accumula-
tion of evidence indicating that ketamine is a 
non-competitive antagonist of the N-methyl-D-
aspartate (NMDA) receptor which induces effects 
resembling both positive and negative symptoms 
of schizophrenia [13–15]. Current anatomical and 
pharmacological data on schizophrenia suggest 
that there are alterations in many neural circuits 
and several neurotransmitter systems, includ-
ing those that involve dopamine, glutamate and 
gamma-aminobutyric acid (GABA) [16]. This 
observation, coupled with the pathological acti-
vation of limbic thalamocortical circuits that 
mediate psychosis produced by NMDA-receptor 
antagonists (e.g. phencyclidine (PCP), ketamine, 
dextromethorphan, and dizocilpine (MK801)), 
has led to the development of an NMDA hypo-
functioning model of schizophrenia [17].

Single doses (0.5 mg/kg) of ketamine can 
induce a transient psychotic state in healthy 

volunteers characterised by perceptual aber-
rations, delusion-like ideas, thought disorder, 
blunt affect, emotional withdrawal and cognitive 
dysfunction [10]. Previous studies have observed 
that the administration of ketamine is associated 
with impairment of cognitive function [10,18–
20]. Positron Emission Tomography (PET) stud-
ies demonstrate changes in the prefrontal cortex 
(PFC), medial frontal and inferior frontal cortices 
with acute ketamine administration during the 
acute psychotic state [21,22], which suggests that 
the frontal cortex may be involved in mediating 
NMDA receptor-induced psychosis.

In recent studies, by combining functional 
magnetic resonance imaging (fMRI) with cogni-
tive tasks, researchers were able to examine the 
effects of ketamine on cognitive performance 
and brain activation concurrently using a para-
digm known to be associated with both behav-
ioral and functional neural abnormalities 
[23–25]. A number of studies have used ketamine 
to investigate the effects of NMDA antagonists 
on brain regions engaged by various cognitive 
fMRI paradigms, including face emotion pro-
cessing [26], working memory [27], memory 
recall [28], verbal fluency [29], and learning 
[30]. Using this approach, ketamine has been 
found to have altered the brain networks serving 
cognitive process rather than affecting perfor-
mance. Pharmaco-MRI (phMRI), which has been 
used to investigate the direct effects of drugs 
on the brain, have confirmed that the short-
term administration of NMDA channel block-
ers causes increased glutamate release in frontal 
cortex (Brodmann area 8, BA8), anterior thala-
mus, superior temporal gyrus (BA22), posterior 
cingulated gyrus (BA24), and parahippocampal 
gyrus, with decreases in medial orbitofrontal cor-
tex (OFC, BA11) and temporal pole (BA38) and 
shown in Figure 12.1a [31]. Consistent with the 
hypothesis that hyper-dopaminergic function 
underlies psychotic symptoms, ketamine alters 
the firing rate of mesocortical and mesolimbic 
dopaminergic neurons to increase concentrations 
of extracellular dopamine in the striatum and 
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prefrontal cortex [32,33]. Such a hypermetabolic 
pattern is also seen in schizophrenia patients 
with positive symptoms, in the frontal cortex 
and thalamus, as well as in the striatum and the 
temporal cortex [34]. It is likely, therefore, that 
changes in transmitter patterns after the acute 
administration of ketamine are similar to those 
occurring in patients with an acute psychotic 
state. With regard to the mechanism underly-
ing this effect, there is evidence that glutamate 
modulates striatal dopamine at the level of the 
dopaminergic cell bodies of the ventral tegmen-
tal area (VTA) and substantial nigra (SN), and 
also at the level of the glutamatergic afferents 
of the prefrontal cortex which in turn modulate 
concentrations of dopamine in the VTA, SN, or 
in the striatum by providing excitatory input to 
the GABA interneurons [35,36].

It is also thought that ketamine has damag-
ing actions in the brain by blocking excitatory 

glutamate receptors on GABAergic inhibitory 
interneurons in the reticular nucleus of thala-
mus, and dis-inhibiting excitatory pathways 
[37,38]. GABAergic reticular nucleus neu-
rons are located adjacent to the thalamus and 
exert inhibitory control over thalamic projec-
tion neurons (see Fig. 12.1b). Olney suggested 
that NMDA antagonists blocked excitation of 
GABAergic interneurons, resulting in removal 
of GABA restraint of cholinergic, serotonergic 
and glutamatergic afferents to the posterior 
cingulated cortex [37]. This would induce a 
triple excitotoxic effect on the posterior cingu-
lated pyramidal cells, accounting for the focal 
neurodegeneration.

The increasing trend towards chronic keta-
mine use has inadvertently provided an oppor-
tunity to explore drug-induced morphological, 
functional and neurochemial changes in the 
central nervous system. Chronic ketamine users 
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FIGURE 12.1  Schematic overview of neural circuits thought to be relevant in the short-term and long-term keta-
mine administration; illustration of reported ketamine impact on these regions and circuits in human and animal stud-
ies (a), and ketamine block NMDA receptors on the GABAergic interneurons in the cortical-thalamic neural circuit (b). 
a) Glutamatergic projection from the prefrontal cortex, in conjunction with those from the limbic system (hippocampus, 
posterior cingulated gyrus and parahippocampal gyrus) connect to thalamus and thereby completes a functional part of the 
cortical–limbic–thalamic–cortical pathways. GABAergic interneurons in the striatum project to the substantial nigra (SN) 
which in turn modulate dopamine release through ventral tegmental area (VTA)/SN–cortical–limbic neural circuit; also 
project to thalamus, which subsequently influence cortical glutamate release. Arrows represent ➪Glutamate; ➡GABA; 
→Dopamine. b) NMDA receptor antagonist – ketamine – blocks NMDA receptors on the GABAergic neurons of the thal-
amus. This decreases GABA-mediated inhibition of the thalamic projection neurons to the prefrontal cortex (PFC). ‘Dis-
inhibition’ of GABAergic interneurons cause overexcitation of the PFC with the increased expression of glutamate.
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exhibit a regionally selective up-regulation of 
Dopamine D1 receptors in the dorsalateral pre-
frontal cortex, a phenomenon also observed fol-
lowing chronic dopamine depletion in animal 
studies. One recent fMRI study in the adoles-
cent primate showed reduced neural activity 
in the VTA, SN, posterior cingulate cortex, and 
visual cortex after chronic ketamine admin-
istration [23]. In contrast, hyperfunction was 
observed in the striatum and entorhinal cor-
tex. In humans, chronic ketamine-dependent 
patients have a reduction in gray matter vol-
ume (measured by MRI) in the left superior 
frontal gyrus and right middle frontal gyrus 
[39]. Meanwhile, there is a dose-dependent 
abnormality of white matter in the bilateral 
frontal and left temporoparietal regions in 
chronic ketamine users (measured using dif-
fusion tensor imaging; DTI) [40]. Indeed, a 
number of brain imaging studies support the 
hypothesis of cortical ‘hypofrontality’: namely 
reduced baseline activity of several regions 
of the frontal cortex [41], which mirrors core 
neurobiological deficits seen in schizophrenia; 
hypofrontality, altered markers of GABAergic 
interneuron activity and deficits in executive 
function [42]. As such, chronic ketamine ani-
mal models may have unexpected translational 
value in our attempts to understand the neuro-
biological mechanisms underlying hypofrontal-
ity and to assist in identifying and validating 
novel drug targets that may restore PFC deficits 
in schizophrenia or psychosis. An example of 
the mechanism is depicted in Figure 12.1.

Ketamine Misuse and Neurotransmitters
GLUTAMATE

The major excitatory synaptic transmis-
sion in the mammalian CNS is mediated by 
L-glutamate, coming from either glucose, via the 
Krebs cycle, or glutamine, which is synthesised 
by glia cells and taken up by the neurons [43]. 
In common with other neurotransmitters, gluta-
mate is stored in synaptic vesicles and released 

by calcium-dependent exocytosis; the action 
of released glutamate is terminated by carrier-
mediated reuptake into nerve terminals and 
neighbouring astrocytes as shown in Figure 12.2 
[43]. Moreover, glial cells take up the majority 
of synaptic glutamate via an excitatory amino 
acid transporter (EAATs), which serves to main-
tain proper neuronal functioning by contrib-
uting to the termination of the postsynaptic 
action of glutamate, reducing potentially toxic 
extracellular glutamate concentrations [44]. In 
astrocytes, glutamate is converted to glutamine 
by glutamine synthetase. Glutamine is then 
released and taken up by the neuronal termi-
nals where it is reconverted to glutamate and 
to GABA by glutamic acid decarboxylase [43]. 
Glutamate itself acts via ligand-gated ion chan-
nels: ionotropic glutamate receptors (iGluRs, 
included NMDA, α-amino-3-hydroxy-5-methyl-
4-isoxazole propionic acid (AMPA) and kain-
ate) and metabotropic receptors [44]. Indeed, 
NMDA receptors functioning is also modulated 
by glycine, but the binding site for glycine dis-
tinct from glutamate-binding site and both have 
to be occupied for the channel to open.

NMDA RECEPTORS

Seven genes encode for the NMDA recep-
tors (NR1, NR2A-D and NR3A-3B) and they 
are located throughout the brain where they 
are implicated in learning, memory, and expe-
rience-dependent forms of synaptic plastic-
ity, such as long-term potentiation (LTP), with 
NR2A and NR2B receptors being particularly 
important in this regard [45]. Like PCP, keta-
mine blocks the NMDA receptor non-compet-
itively resulting in a ‘use-dependent’ blockade 
[46]. The binding site is located within the 
NMDA receptor and partially overlaps with the 
magnesium binding site [47]. Thus, ketamine 
blocks the open channel and reduces channel 
mean open time. Both (S and R) stereoisomers 
of ketamine act via the same binding sites but 
with different affinities and potencies, resulting 
in different physiological effects.
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The glutamate hypothesis of schizophrenia 
is centered on a deficiency in activity of gluta-
mate at the glutamate synapse, especially in the 
prefrontal cortex [48,49]. In many brain areas, 
dopamine inhibits glutamate release, or gluta-
mate excites neurons that dopamine inhibits 
[49]. Therefore, increased levels of dopamine 
produce similar effects to decreased levels of 
glutamate. Taking this further, drugs that block 
glutamate receptors may increase dopamine 
effects. The dopamine hypothesis of schizo-
phrenia has been more heavily investigated and 
is more widely accepted than the glutamate 

hypothesis. Nevertheless, there is enough evi-
dence to suggest hypo-functioning NMDA 
receptors are also involved and correction of 
neurodegenerative consequences in the brain 
may lead to pharmacotherapy in schizophrenia 
or psychosis [16,50].

It is expected that the acute administration 
of ketamine would enhance presynaptic glu-
tamate release (see above), leading to a rapid 
change in the individual’s subjective experi-
ence; thereafter, a decline of effects is seen as 
the drug is metabolised and excreted [51]. 
Homeostatic mechanisms involving glial cells 
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retune glutamatergic synapses, and hence cog-
nition and phenomenal experiences return to 
normal (Fig. 12.2) [51]. However, acute ketamine 
administration in healthy humans has been 
reported to reduce memory performance, as 
well as decreasing sustained attentional perfor-
mance, verbal fluency, and Wisconsin Card sort 
performance [19,52]. On the other hand, chronic 
ketamine administration causes dysfunction to 
the homeostatic regulation of glutamatergic syn-
apses, such that new learning takes place; both 
at the level of glutamate receptors, as well as in 
the dopaminergic system [53]. Chronic NMDA 
blockade actually sensitises the dopamine sys-
tem [54]. However, prolonged exposure of keta-
mine is followed by depression of brain activity, 
and a reduction of the volume of the pre-frontal 
cortex (PFC) [55]. Recent research has shown 
that dysfunction of a subset of cortical fast-spik-
ing inhibitory interneurons might explain the 
brain functional and morphological alterations 
after repetitive exposure to ketamine [56].

Animal studies have opened a window to 
explore the underlying molecular mechanism of 
ketamine dependence. Following early NMDA 
receptor inhibition, both working and reference 
memory in the Morris water maze are impaired 
in adult rats [57]. In both monkey and rodent 
experiments, acute ketamine administration 
impairs executive control and induces a defi-
cit of sensory motor function [58,59]. Genetic 
models of NMDA receptor hypofunction show 
constructive validity and also some phenome-
nological validity. NR1 hypomorphic (NR1−/−) 
mice showed an increase of locomotor activity, 
deficits in the prepulse inhibition, social with-
drawal, and impairment in spatial memory 
tests; furthermore, NR2A subunit knockout 
mice showed a similar phenotype to NR1 (−/−) 
[60,61]. The genetic animal models point to the 
direct role of NMDA receptors in the behav-
ioural phenotypes which mimic the clinical 
symptoms of schizophrenia [62,63].

Acute administration of ketamine induces 
expression of calmodulin protein kinase II 

(CAMKII) in the SN, VTA and striatum [64]. 
CAMKII has been reported to regulate neur-
ite extension and synapse formation through 
regulation of the actin cytoskeleton [65], pro-
viding possible explanations for morphological 
changes and the deficits in cognitive function 
triggered by addictive drugs [41]. On the 
other hand, mitogen-activated protein kinases 
(MAPKs) refers to a large number of cytosolic 
and nuclear kinases that function in signal 
transduction cascades (including Ras/Raf, MEK, 
ERK) and mediate cellular growth, differentia-
tion, and survival in mammalian proliferative 
cells (Fig. 12.2) [66]. The Ras-MAPK pathway 
is involved in NMDA receptor signalling pro-
viding a role in the regulating synaptic plastic-
ity which links to long-lasting changes in both 
memory function and addictive properties [67]. 
Studies in patients with schizophrenia, and in 
animal models of schizophrenia, reveal that the 
MAPK pathway is disrupted with decreased 
MAPK1 gene expression in schizophrenia brains 
[68–70]. However, the molecular mechanism of 
deficits of cognitive function in ketamine abuse 
has not been widely explored.

GAMMA-AMINOBUTYRIC ACID (GABA)

GABA is the main inhibitory transmitter 
in the brain. About 20% of CNS neurons are 
GABAergic and most have short interneu-
rons, but long GABAergic tracts run to the cer-
ebellum and striatum [71]. GABA is formed 
from glutamate by the action of glutamic acid 
decarboxylase (GAD), an enzyme found only in 
GABA-synthesising neurons in the brain [72]. 
GABA acts on two distinct type of receptor. 
The GABAA receptor is a ligand-gated channel, 
while the GABAB receptor is G-protein-coupled. 
GABAA receptors are generally located post-
synaptically and mediate fast postsynaptic 
inhibition with the channel being selectively 
permeable to chloride. Thus, chloride is usu-
ally negative to the neuron resting potential and 
increasing chloride permeability hyperpolar-
ises the cell to reduce excitability [72]. GABAB 
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receptors are located pre- and post-synaptically, 
and they are typical G-protein-coupled recep-
tors. GABAB receptors exert their effects by 
inhibiting voltage-gated calcium channels (thus 
reducing transmitter release) and by opening 
potassium channels (thus reducing postsynap-
tic excitability) resulting from inhibition of ade-
nylate cyclase [72].

The acute administration of ketamine pro-
duces the dis-inhibition of glutamatergic 
activity, and leads to in increased excitatory 
transmission in the PFC of rodents and pri-
mates [73]. The consequence of this is a loss of 
the ‘GABAergic phenotype’, leading to the sug-
gestion that dysfunction of these fast-spiking 
inhibitory interneurons might be a core feature 
of schizophrenia [74]. In fact, there is a specific 
decrease in GAD67 (the main isoform synthe-
sising GABA) and NR2A in a subpopulation of 
GABAergic interneurons in schizophrenic post-
mortem tissue [75]. However, one recent proton 
Magnetic Resonance Spectroscopy (1H-MRS) 
study in healthy volunteers did not find that 
GABA levels were affected by ketamine in the 
occipital cortex [76]. It is possible that an acute 
effect of ketamine on GABA neuron activity 
can occur differently in different brain regions. 
After long-term exposure to ketamine, an 
increased excitatory neurotransmission is fol-
lowed by a depression of brain activity through 
unknown mechanisms. Repeated administra-
tion of ketamine changed the gene expression 
level of GABAA receptors in the frontal cortex 
through up-regulation of NMDA receptors and 
over-stimulation of glutamatergic system [77]. 
A recent microarray study demonstrated an 
up-regulation of the alpha 5 subunit (Gabra5) of 
the GABAA receptors in the PFC in chronically 
ketamine treated mice, with an impairment of 
reference memory [78]. This may not be unex-
pected, since it is known that GABAA receptors 
play a role in memory and synaptic plasticity 
[79]. Thus, enhancement of the action of GABA 
impairs memory processing, while conversely, 
compounds that reduce the action of GABA 

enhance memory, especially the acquisition 
process [80].

On the other hand, serum levels of brain-
derived neurotrophic factor (BDNF) are ele-
vated in chronic ketamine users and in animals 
that have had a prolonged ketamine exposure 
[81,82]. Elevation of BDNF induced a rapid 
increase of GABAA receptors through activation 
of TrkB receptor tyrosin kinases [83]. Thus, the 
derangements of GABAA receptors observed in 
the ketamine-abuse models may be regulated 
by BDNF/TrkB/GABAA signalling pathways.

DOPAMINE

Dopamine is particularly important in 
relation to neuropharmacology, because it is 
involved in several common disorders of brain 
function, notably Parkinson’s disease, schizo-
phrenia, and drug dependence [84–87]. There 
are two main metabolism products of dopa-
mine: dihydroxyphenylacetic acid (DOPAC) 
and homovanillic acid (HVA) [88]. The brain 
content of HVA is often used as an index of 
dopamine turnover. Dopamine receptors belong 
to the family of G-protein-coupled transmem-
brane receptors and their signal transduction 
mechanisms are linked via adenylyl cyclase to 
the control of potassium and calcium channels. 
Two types of dopamine receptor, D1 and D2, are 
originally distinguished on pharmacological 
and biochemical grounds. The original D1 recep-
tor family includes D1 and D5 receptors, while 
the D2 receptor family consists of D2, D3, and D4 
receptors. D4 receptors are mainly expressed in 
the cortex and limbic system, but they are still 
a focus of interest because of their possible rela-
tionship to the mechanism of schizophrenia and 
drug dependence [85,88–90]. A key component 
in dopamine signal transduction pathways is 
the protein DARPP-32 (32-kDa dopamine- and 
cAMP-regulated phosphoprotein) [91]. When 
cAMP is increased through activation of D1 
receptors and protein kinase A (PKA), DARPP-
32 is phosphorylated [91]. Activation of D2 
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receptors opposes the effect of D1 receptor acti-
vation [91].

The modulation of striatal dopamine by 
glutamate occurs both at the level of the dopa-
minergic cell bodies of the VTA and SN, and at 
the level of glutamatergic afferents in the PFC 
to, in turn, modulate dopamine in the VTA, 
SN, or in the striatum by providing excitatory 
input to GABA interneurons [35]. Following 
acute treatment with noncompetitive NMDA 
receptor antagonists, there is a dramatic activa-
tion of dopamine transmission in the forebrain, 
to implicate glutamate in cognitive function-
ing and dysfunction [32]. In connection with 
this, impairment of spatial working memory 
from increased transmission of dopamine in 
the PFC had been reported [92]. The cogni-
tive and behavioural effects of ketamine can 
be attenuated by treatment with an AMPA/
kainite receptor antagonist, and with a group 
II mGluR agonist [93]. In addition, the acute 
administration of ketamine induces the expres-
sion of Homer 1a (the immediate early form 
of Homer, which regulates the metabotropic 
glutamate receptor GluR1/5) in the ventral 
striatum and nucleus accumbens, CAMKII 
and a transporter for dopamine (DAT) in the 
SN and VTA [64]. The expression of the above-
mentioned genes suggests interconnection of 
NMDA receptors with the dopaminergic sys-
tem and with mGluR1/5. Indeed, co-activation 
of D1 and NMDA receptors is required for cer-
tain neuroplastic changes in the nucleus accum-
bens [94]. Furthermore, dopamine and NMDA 
receptors function cooperatively at the tran-
scription level on striatal neurons in the CPu 
[95]. However, dopamine release by NMDA 
antagonists appears significantly more robust 
and reproducible in the frontal cortex than in 
the striatum [96]. D1 receptor stimulation led 
to PKA-dependent phosphorylation of NR1; 
activation of dopamine receptors and PKA 
also activated ERK through DARPP-32 [97].  
As mentioned above, NMDA receptors activate 
ERK signaling by regulating Ca2+ influx and 

the Ras-GTP/Raf-1 cascade. These findings indi-
cate that the ERK signalling pathway may serve 
as a convergent intracellular point for mediat-
ing neuronal responses to stimulation by dopa-
mine, glutamate, and potentially other drugs 
of abuse. Finally, D1 and D3 receptors play 
opposite roles in regulating glutamate-induced 
NR1, CaMKII, and CREB phosphorylation 
and down-stream signaling events. D1 recep-
tor stimulation activates PKA, NR1, CAMKII 
and CREB [98], while D3 receptor stimulation 
inhibited them [99]. But how D1 and D3 recep-
tors regulate activation of MAPK signalling 
pathways following acute or chronic ketamine 
abuse remains a subject of investigation.

It is interesting that repeated ketamine 
administration induces an increase in basal 
and resting levels of extracellular dopamine, 
but not DOPAC or HVA, in the PFC. However, 
a single-dose of ketamine following a repeated 
ketamine exposure fails to elevate extracellular 
dopamine levels, despite an observed increased 
in extracellular DOPAC and HVA [100]. It is dif-
ficult to construct a hypothesis on the mecha-
nisms of how dopamine release is modulated 
from the above study. On the other hand, there 
is evidence indicating that D1 receptor availabil-
ity increases in chronic ketamine users, which 
is compatible with the hypothesis that chronic 
NMDA antagonism leads to D1 receptor up- 
regulation via reduced dopamine levels in the 
pre-frontal cortex [101].

A recent fMRI study in primates with 
chronic ketamine administration also demon-
strated the dysfunction of PFC, with concurrent 
reduction of tyrosine hydroxylase (TH, rate-
limiting enzyme in the synthesis of dopamine) 
levels also being observed in this brain area 
[23]. It appears that the effects of repeated keta-
mine administration on the expression of dopa-
minergic receptors, and the effects of ketamine 
in modulating evoked DA release may provide 
more fruitful avenues for exploration as we 
try to dissect new treatments for those with an 
apparent addiction.
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SEROTONIN/5-HYDROXYTRYPTAMINE (5-HT)

NMDA receptor blockade increases gluta-
mate and 5-HT release in the medial prefrontal 
cortex (mPFC) of rats [102]. It is thought that 
high extracellular levels of 5-HT in the mPFC 
can be potentially indicative of negative/cogni-
tive symptom of schizophrenia, which can be 
better treated with atypical antipsychotic drugs 
[103]. Dopamine and glutamate have been 
the two neurotransmitters of greatest interest 
with regard to the aetiology and pathophysiol-
ogy of ketamine use and schizophrenia/psy-
chosis. However, the role of serotonin in these 
areas has opened up other possibilities. 5-HT2A 
antagonism, 5-HT1A agonism, and 5-HT6 and 
5-HT7 antagonism attenuate the acute effects of 
NMDA receptor antagonists to increase loco-
motor activity and impairment of cognitive 
function. Indeed, clozapine, a potent 5-HT2A 
receptor blocker, has been shown to block keta-
mine-induced psychosis [104].

Selective serotonin reuptake inhibitors (SSRIs) 
and serotonin and norepinephrine reuptake 
inhibitors (SNRIs) which increase the synap-
tic availability of monoamines have been used 
to treat depression for more than 50 years. But 
the delayed therapeutic effects of most antide-
pressants suggest that neural adaptation (e.g., 
BDNF-TrkB receptor signalling pathway), rather 
than the elevation in synaptic monoamine levels, 
may be responsible for their therapeutic effects. 
However, recent clinical research reported that 
ketamine had rapid antidepressant effects in the 
patients with Major Depressive Disorder (MDD) 
[105]. On the contrary, there was increased pro-
pensity to psychotomimetic effects and toler-
ance to ketamine’s antidepressant effects after 
repeated treatment [106]. An animal study has 
shown that the fast-acting behavioural anti-
depressive properties of ketamine depend on 
the rapid synthesis of BDNF. Deactivation of 
eukaryotic elongation factor 2 (eEF2, also called 
CaMKIII) kinase induced by ketamine caused 
reduced eEF2 phosphorylation and the de-sup-
pression of translation of BDNF [107]. Therefore, 

the use of eEF2 kinase inhibitors poses as a 
potential novel MDD treatment with a rapid 
onset of action. Greater understanding of the 
molecular mechanism of the interaction between 
ketamine and serotonin may yield a novel 
approach in developing new safe and efficient 
antidepressants.

ACETYLCHOLINE

Acute ketamine administration increases cor-
tical cholinergic function [108]. Acetylcholine 
has a significant role in cognition and percep-
tion. Neuronal acetylcholine receptors (AChRs), 
in addition to mediating fast synaptic transmis-
sion, modulate fast synaptic transmission medi-
ated by the major excitatory and inhibitory 
neurotransmitters glutamate and GABA respec-
tively [109–112]. Thus, it is possible that a dys-
function of AChRs modulation of glutamatergic 
and GABAergic synaptic transmission in brain 
areas associated with processing of learning and 
memory, such as the hippocampus or the frontal 
cortex, contributes to the cognitive impairment 
seen in ketamine abusers. Ketamine itself affects 
M2 and M3 muscarinic receptors (mAchRs), 
which may contribute to amnesia, mydriasis 
and bronchodilatation. Evidence from epidemio-
logic and behavioural studies has indicated that 
neuronal nicotinic receptors (nAChRs) are likely 
to be involved in the pathogenesis of schizo-
phrenia, Alzheimer’s disease and Parkinson’s 
disease [113]. Formal learning theories showed 
that increasing cortical acetylcholine engages 
new explanatory learning and tuned attention 
to stimuli with unexpected and unpredictable 
consequences [114]. Cortical acetylcholine might 
engage the dysfunction of attention after an 
acute ketamine administration, but chronic keta-
mine administration did not sensitise cortical 
cholinergic function [108].

NITRIC OXIDE (NO)

NO is a soluble, short-lived and freely dif-
fusible gas in the nervous system. It is pro-
duced mainly by neuronal nitric oxide synthase 
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(nNOS) to raise intracellular calcium [115]. After 
exposure to NMDAR antagonists in vitro or in 
vivo, oxidative stress occurs with a rapid increase 
of reactive oxygen species (ROS) and non-radical 
molecules [116,117]. Exposure of mice to keta-
mine induced a persistent increase in superoxide 
in the PFC, hippocampus and thalamus, which 
suggested that increased nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase 
activity was present throughout the brain [118]. 
NADPH oxidase-derived ROS is necessary for 
normal cellular function, but excessive oxida-
tive stress can contribute to pathological disease. 
NADPH oxidase is involved in neuronal signal-
ing, memory and central cardiovascular homeo-
stasis, while overproduction of ROS contributing 
to neurotoxicity, neurodegeneration and cardio-
vascular disease. It also seems that ketamine-
induced loss of fast-spiking interneurons is 
mediated by NADPH oxidase [56].

Decreasing superoxide production prevented 
the effects of ketamine on inhibitory interneu-
rons in the PFC [56]. Dysfunction of GABA-
mediated systems with reduced expression of 
GAD67 and NR2A in schizophrenia has been 
consistently observed in post-mortem tissue 
[119]. Therefore, NADPH oxidase may contrib-
ute to oxidative mechanisms involved not only 
in the psychotomimetic effects of ketamine, 
but also in schizophrenia or other processes 
involving increased oxidative stress in the brain 
[120,121]. Further understanding of the mecha-
nisms underlying activation of oxidative stress 
in the brain may provide new way for drug dis-
covery aimed at the treatment of psychosis and 
cognitive deficits. The non-selective NOS inhibi-
tor N-nitrol-arginine methylester (L-NAME) 
antagonises ketamine-induced analgesia through 
the reduction of NO oxidation products induced 
by ketamine. Thereby, L-NAME could actually 
reverse recognition and spatial memory deficits 
induced by subanaesthetic doses of ketamine 
administration [122,123]. The effects of L-NAME 
on cognitive function might act through cyclic 
GMP (cGMP) or cGMP-dependent protein kinase 

G (PKG) signal pathways which has previously 
been suggested as the main transduction path-
way of NO in the CNS [124].

Neuroprotection
Ketamine produces considerably less eupho-

ria and sensory distortion than phencyclidine 
and is thus better tolerated as an anaesthetic 
[125]. NMDA receptor antagonists have been 
investigated for many years as therapeu-
tic agents for the treatment of neurological 
disorders such as stroke, epilepsy, pain and 
Parkinson’s disease [126,127]. Ketamine also 
appears to have some anti-inflammatory effects. 
This might be related to a reduction in gluta-
mate-induced neurotoxicity which results from 
the blockade of the NMDA receptor. There is 
evidence that neuronal damage leads to an 
increase in NMDA receptor density resulting 
in an increased neuronal glutamate input. This 
leads to activation and up-regulation of further 
NMDA receptors and finally induces cell death. 
Ketamine may reduce the effects of this vicious 
cycle and decrease neuronal death [128]. But the 
main drawback of ketamine, despite the safety 
associated with a lack of overall depressant 
activity, is that the hallucinations and sometimes 
delirium and irrational behavior are common 
during recovery. This limits the usefulness of ket-
amine, but the effects are said to be less marked 
in children and, therefore, ketamine is still often 
used as an anaesthetic agent in paediatrics. It 
is also commonly used as a field anaesthetic 
because of its cardiovascular safety profile.

Recent evidence indicates that ketamine pro-
duced rapidly acting, long-lasting antidepres-
sant responses in depressed patients depending 
on the rapid synthesis of BDNF [107]. At rest, 
ketamine deactivates eukaryotic elongation 
factor 2 (eEF2 or CaMKIII) kinase, resulting in 
reduced eEF2 phosphorylation and de-suppres-
sion of translation of BDNF. BDNF was linked to 
the action of traditional antidepressants, since its 
levels were increased by several antidepressants 
[129]. Therefore, ketamine may be employed as 
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an appropriate neuropharmacological model for 
developing novel antidepressants.

Neurotoxicity
The enthusiasm for NMDA blockade to 

decrease excitoxic neuronal death was tempered 
by concerns raised by Ikonmidou in Science in 
1999 [130]. Increased neuro-apoptosis occurs in 
late fetal or early neonatal life of rats following 
injections of ketamine for nine hours (h). This 
finding was confirmed following investiga-
tions that repeated doses of ketamine increased 
neurodegeneration in many brain regions, 
whereas single doses of ketamine did not [131]. 
An increase in cell death also occurred when 
rat forebrain cell cultures were exposed to keta-
mine for 12 h [132]. Developmental differences 
between rodents and humans prompted stud-
ies in the primate. Frontal cortical cells from 
3-year-old rhesus monkeys incubated with 
ketamine for 24 h had apoptosis and neuronal 
death. In vivo primate experiments reported that 
increased brain cell death followed 24 h of keta-
mine exposure in gestational day-122 fetuses 
and postnatal day-5 infant monkeys [133]. Our 
group in Hong Kong have done studies focus-
ing on the long-term neurotoxic effects of keta-
mine on the CNS in rodents and primates. We 
observed an increase of hyperphosphorylated 
tau protein in the prefrontal and entorhinal 
cortices of mice and monkeys [134]. Tau is a 
microtubule-associated protein which can be 
abnormally phosphorylated in Alzheimer’s 
disease. 15% of hyperphosphorylated tau posi-
tive cells co-labelled by terminal dUTP nick end 
labelling (TUNEL), a marker for apoptotic cells 
in the CNS, indicated a possible relationship 
between hyperphosphorylated tau formation 
and apoptosis following ketamine. However, 
one should be cautious to translate the all find-
ings of neurotoxicity of ketamine to humans. 
Should it ultimately be demonstrated that neu-
roapoptosis does occur with ketamine at clini-
cally relevant doses or after long-term treatment, 
it will be imperative to develop either alternative 

safer agents for medical use, or effective mecha-
nisms for blocking those neurotoxic effects.

Chronic long-term treatment may be more 
relevant to ketamine misuse now appear-
ing worldwide and a series of studies on the 
chronic effects and long-term research using 
animals are mandatory. In our laboratory, we 
have embarked on this direction for the past 
two to three years, with emphasis on 1) fMRI 
studies, 2) behaviour tests and 3) morphologi-
cal, pathological and cytochemical studies. We 
have so far uncovered several important major 
findings. Firstly, cell death in the nervous sys-
tem in response to ketamine was mainly apop-
totic [135]. Secondly, apoptotic cell death might 
appear to occur in some areas more severely 
than others, e.g. the sensory cortex, hippocam-
pus, PFC and the striatum [8,135]. Thirdly, in 
addition to apoptosis, hyperphosphorylation 
of tau protein, a feature of Alzheimer disease, 
was observed in the neurons and nerve fib-
ers (Layer I) of the brains of chronic ketamine 
treated monkey and mice [134]. Fourthly, fMRI 
reported differential areas of hyper- and hypo-
regulation [23,136]. These up- and down-reg-
ulated areas included the prefrontal cortex, 
cerebellum, striatum and the midbrain [23,136]. 
Finally, GABAA receptor changes were appar-
ent in some of these reactions [78].

Some studies have suggested that ketamine 
may have a role therapeutically for a range of 
psychiatric conditions. For example, acute keta-
mine treatment was useful for the modulation 
of depression associated with dysfunction of the 
glutamatergic system. In chronic stress, NMDA 
affected the respiratory chain in cells and 
caused the adrenal gland to increase in weight 
while NMDA antagonists reversed this [137]. 
Mood changes associated with NMDA receptors 
were also alleviated by ketamine [138].

Effects on the Urogenital System

There have been a number of studies inves-
tigating the effects ketamine on the kidney and 
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bladder; only one has been on the impact of 
acute ketamine administration. Chen et al. used 
low dose of ketamine (50 mg/kg) in rats and 
reported a slight decrease in the blood pressure 
in terms of minutes, associated with decrease 
in renal function (glomerular filtration rate 
and effective renal plasma flow) for two days 
[139]. The rest of this section will summarise 
the results of studies investigating the impact 
of chronic ketamine use on the bladder and 
kidneys.

Effects on the Bladder

Chronic and long-term ketamine treatment 
appears to affect muscles of the bladder and 
the bladder neck (including sphincter muscle) 
in mice [140]. The optimal toxicity of ketamine 
usually has a latency of 3–6 months of chronic 
ketamine treatment. In the urinary bladder, it 
was very clear it could be separated into distinct 
stages. The first stage (Fig. 12.3) is associated 
with simple functional disturbance resulting in 
stasis, infiltration of mononuclear cells into the 
bladder and kidney and an increased risk of 
infection [141]. This can be followed by a second 
stage where there is degeneration of nerves to 

the neuromuscular junction (Figs 12.4 and 12.5) 
and muscle thinning. By the end of the stage 3, 
the bladder wall muscles show distinct degener-
ation and the degenerative spaces are occupied 
by fibrous tissue (Fig. 12.6). This happens not 
only to the body of the urinary bladder, but also 
to the neck of the bladder, including the sphinc-
ter itself. The consequence of this pathology is 
the clinical picture of a small and rather rigid 
bladder such that the patient has to void much 
more frequently. In addition to these changes, 
vascular congestion in the lamina propria is 
seen at stage 2–stage 3 and ketamine intake 
together with alcohol increases this effect.

Anaesthetics have been long known to 
cause acute bladder distention after surgery 
[142]. This was particularly evident when spi-
nal anaesthesia was performed with lidocaine 
and its analogues [143,144]. Urethane and ana-
logues also act by reducing inhibition of the 

FIGURE 12.3  Stage 1 of urinary bladder toxicity after 
three months of ketamine treatment. Note mononuclear 
cells around glomerulus (A), tubules (B) and the pelvis of 
kidney (C). H & E staining ×100.

FIGURE 12.4  Degeneration of nerve axons (arrow) to 
the urinary bladder after four months of ketamine treat-
ment. Silver staining ×400.
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visceral nociceptive transmission on the blad-
der [145]. Other anaesthetics such as TAK 802, 
an acetycholineterase inhibitor, also act directly 
on the contraction of urinary bladder muscles. 
Ketamine used along with diazepam in short 
duration experiments has been found to inter-
fere with the reflex micturition in rats [146]. 
Glutamate has also been found to affect urinary 

bladder function [147–149]. Sites for glutamate 
receptors inside the bladder are influenced 
from receptors at other sites [148,149], including 
the spinal cord region where nerve fibres con-
trol the external sphincter [150]. TAK 802 acted 
directly on the detrusor muscle [151], our long-
term ketamine addicts report consistent pain in 
the bladder and they passed small amounts of 
urine every 15–30 minutes. On further clinical 
investigation, they had small bladders. In our 
models using rodents, we reported three main 
phases of bladder changes after chronic and 
sub-anaesthetic administration of ketamine in 
mice at 30 mg/kg. The dosage was determined 
on consideration that the anaesthetic dosage 
is 150 mg/kg for rodents [152], and the meta-
bolic rate of the rodents (mice in this case) was 
at least 10 times more rapid than in humans 
(e.g. heart rates). In addition, our experi-
ments showed that at below 60 mg/kg, there 
was no abnormal behaviour when mice were 
placed into a water tank and allowed to swim. 
However, at 60 mg/kg the limbs, especially the 
hind limbs, showed reduced movement and 
were less coordinated [152].

Effects on the Kidney

After between one and three months of keta-
mine treatment, the majority of mice exhibit a 
phase one reaction with mononuclear cell infil-
tration to the kidney (Fig. 12.3); this was simi-
lar to phase one damage to the bladder. In the 
kidney (Fig. 12.3), focal collections of mononu-
clear cells were seen around the glomeruli and 
tubules, and even in the calyces and pelvis of 
the kidney. In the bladder, the collection of mon-
onuclear cells was sub-epithelial, usually in the 
lamina propria. There was also a minor degree 
of vascular congestion at this stage, but vigor-
ous inflammation was not evident. We therefore 
designated this as a ketamine-induced intersti-
tial nephritis, with interstitial cystitis.

Stages 2–3 in the kidney were less distinct, 
compared with the bladder, and were not easy 

FIGURE 12.5  Neuromuscular junctions (arrow) were 
few in the urinary bladder after four months of treatment. 
Cholinesterase immunohistochemistry ×400.

FIGURE 12.6  Increased collagen fibers (arrows) formed 
in the urinary bladder wall of the ketamine animals of four 
months. ×400.
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to separate distinctly. After the first stage of 
mononuclear cell infiltration, degeneration 
(mainly hydropic) of the proximal and distal 
tubules began. Tubular hydropic degeneration 
and lymphatic infiltration diagram representa-
tions were seen (Figs 12.3 and 12.7) [153,154].

In the later part of the third month all the 
way to sixth month, glomerular atrophy, along 
with glomerular hypertrophy, was observed 
[153]. PAS staining confirmed the thickening 
of basement membrane in many glomeruli. 
Protein casts were also seen in the distal tubules 
[153]. Concomitant examination on the chemi-
cal pathology of the urine showed that the 
majority of urine samples of these mice con-
tained protein and glucose. The higher protein 
levels probably resulted from deterioration 
of the filtering ability of the glomeruli of the 
kidneys, confirming the pathological picture 
of glomerulonephritis. At the same time, the 
urinary system was not the only part in the 
pelvic region that was affected by chronic long-
term ketamine treatment, as a decrease of 20% 
of motile sperms was registered after three 
months of chronic ketamine treatment in our 
mouse model [153].

In clinical studies, lower urinary tract symp-
toms (LUTS) were observed in most ketamine 

users which were related to the dosage and 
the frequency of ketamine usage [155–158]. 
Cystoscopy showed that some of the patients 
had varying degrees of urinary epithelial inflam-
mation [155], whilst ultrasound demonstrated 
small bladder volume and wall thickening [157].

Effects on the Intestine, Pancreas and 
Adrenal Gland

It is remarkable that there is limited infor-
mation on the effects of ketamine on important 
internal organs such as the intestine, pancreas 
and the adrenal glands. In cultured adrenal 
medullary cells, ketamine inhibited Na+ influx 
by blocking channels in nicotinic receptors and 
consequently reducing catecholamine secretion 
[159,160]. Ketamine also increased the functional 
activity of the noradrenaline transporter in cul-
tured adrenal medullary cells, which potentially 
could negatively modulate sympathetic activity 
during anaesthesia [161]. Consistent with these 
studies, ketamine also inhibited catecholamine 
secretion evoked by stimulation of cholinergic 
receptors in the perfused adrenal medulla of the 
rat; [162] similar effects are also seen on the adre-
nal gland of the lizard [163]. In fact, other anaes-
thetics such as pentobarbital have also been 
shown to depress catecholamine release during 
anaesthesia [164].

In isolated pituitary gland cells, ketamine 
increased the secretion of ACTH [165]. In stud-
ies on the pancreas, barbiturates did not affect 
insulin secretion [166]. Ketamine-xylazine com-
bination decreased blood flow to pancreatic 
islets [167]. In a short-term anaesthetic study, 
Reyes et al. reported inhibition of insulin secre-
tion and a glycogenolytic response in the liver 
after ketamine anaesthesia [168]. In a 24-h 
study on the rabbit, Illera et  al. demonstrated 
that ketamine combined with diazepam or 
xylazine led to increase in blood glucose [169]. 
There have been no long-term studies on the 
effect of ketamine on either the pancreas and 
adrenal glands in an intact model.

FIGURE 12.7  Hydropic degeneration of the kidney 
proximal tubule (arrow) after four months of ketamine 
treatment. ×400.
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Most of the studies of the effects of ketamine 
on the gastrointestinal system have focused on 
the intestines. Indeed, many of the past stud-
ies cited that ketamine was beneficial rather 
than harmful. However, most of the studies 
involved only acute ketamine administration. 
A number of the studies dealt with experi-
mental ischaemia and reperfusion in rodents 
[170–172]. In these studies, intestinal ischaemia 
and reperfusion were studied together, usu-
ally following 30–45 minutes of ischaemia and 
an hour of reperfusion. Ketamine was used at 
doses between 10 mg/kg and 50 mg/kg, depend-
ing on the site of the injection. These studies 
revealed an increase and improvement in the 
motility of the intestine following ischaemic 
injury. The ischaemia-induced increases of AST 
(aspirate aminotransferase, lactic acid dehydro-
genase (LDH) and tumour necrosis factor-alpha 
(TNF-α) returned to normal in animals treated 
with ketamine and there were also no changes 
in intestinal morphology, leucocyte infiltra-
tion, or serum factors like serum intracellu-
lar adhesion molecule 1 [171,172]. There are 
other reports that ketamine not affect sphincter 
control [173,174]. Whilst it might be true that 
ketamine protected the intestine via suppress-
ing NF-Kappa B and other pro-inflammatory 
cytokines [175], studies to date have only inves-
tigated the acute effects of ketamine.

However, the effect of chronic long-term 
effects of ketamine on internal organs is more 
complicated. Preliminary studies in our labora-
tory indicated minimal morphological changes 
in the intestine, which was normal in appear-
ance (Fig. 12.8). There was neither obvious 
apoptosis nor necrosis even when ketamine 
had been used chronically with alcohol. There 
was, however, a decrease in the degree of pro-
liferation of the mucosa as evident by our 
immunohistochemical investigations of prolif-
erative nuclear antigens (unpublished data). In 
the adrenal medulla, there was a very signifi-
cant decrease of both immunoreactive tyroxine 
hydroxylase and dopamine β-hydroxylase, 

indicating a decrease in production of dopa-
mine analogues. In the pancreas, the prolifera-
tion (regeneration perhaps) of both acinar cells 
and cells in the islets of Langerhans were down 
regulated after ketamine or combined ketamine-
alcohol long-term intoxication. In this same 
organ, we observed an increase in necrotic cells 
and a decrease in the number of large size islets 
of Langerhans without an increase in apoptosis 
(unpublished data). In addition, many of the 
organs in the body of the ketamine-treated ani-
mals showed lymphocytic infiltration, point-
ing to an increase vulnerability to infection 
(Fig. 12.9). There have been no human stud-
ies on these organs and the pathophysiological 
changes seen after chronic ketamine use.

FIGURE 12.8  Normal appearance of the duodenum 
after six months of ketamine treatment. ×50.

FIGURE 12.9  Significant mononuclear cells infiltra-
tion in the pancreas after six months of ketamine treatment. 
×100.
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Effects on the Liver and Immune System

Ketamine was first introduced clinically as 
a routine anaesthetic agent in the 1990s: one 
study showed that out of 295 procedures, there 
were nine cases of ‘severe reactions’ [176]. Like 
the kidney, the liver is one of most vulnerable 
sites for drug toxicity. Ten years ago, a study by 
Thompson et  al. concluded that ketamine, par-
ticularly combined with xylazine, causes injury 
to lymphocytes, Kupffer and endothelial cells 
in the liver [177]. As an anaesthetic, ketamine in 
combination with diazepam and ketamine with 
xylazine, when used in patients with haemor-
rhagic shock, was shown to induce further dam-
age in the kidney and the liver [178]. Further, in 
an early review concerning ketamine-induced 
anaesthesia in children, Krüger suggested that 
only low doses of ketamine could be used, but 
should not be combined with other CNS agents 
because this combination could induce further 
liver and/or kidney toxicity [179].

Apart from the liver, ketamine could act 
on the immune system as well via inhibition 
of iNOS and TNF-α expression [180]. In these 
studies, the function of phagocytosis of the 
Kupffer cells in the liver was affected [181]. 
The potential of ketamine to affect the immune 
system has been suspected for at least 20 years, 
following observations that it increased IL-6 
concentrations in the body, leading to activation 
of the inflammatory cascade and subsequent 
organ dysfunction [182]. Increased accumula-
tion of CD4 reactive products in other organs of 
the chronic ketamine-treated mice, such as the 
brain (Fig. 12.10), also supported that ketamine 
could indeed modulate the immune system.

The chronic long-term effect of ketamine 
on the liver has been rarely studied. Our own 
research indicated that fatty regeneration of 
liver cells starts to occur six weeks after chronic 
ketamine treatment in mice [159]. By 16 weeks, 
fibrosis appeared in the periphery, and by 28 
weeks the fibrosis (or cirrhosis) extended into 
the parenchyma of the liver [159]. Liver cirrhosis 

was usually accompanied by an increase in the 
number of proliferative cells [159], and was 
observed initially after 16 weeks of chronic ket-
amine treatment. This increase of proliferative 
cells probably indicated an attempt of the organ 
to regenerate. Glutamate oxaloacetic traminase 
(GOT) was also seen, confirming liver damage, 
with a 28.7% increase (138.55 ± 19.341 Karmen 
units versus 107.645 ± 2.722 Karmen units) after 
28 weeks [159]. Like the ketamine interaction 
with cocaine, liver damage was elevated to a 
higher extent after just four weeks of combined 
ketamine and alcohol treatment at the end of the 
28 weeks. There was a further 37.6% increase 
(190.635 ± 21.230 Karmen units versus 138.55 
± 19.341 Karmen units) of the GOT enzymes 
along with the extensive liver cirrhosis [159].

Both existing ketamine enantiomers (S)-
ketamine and (R)-ketamine are presented to the 
liver for metabolism to norketamine, dehydro-
norketamine and hydroxylated norketaimne 
[183,184]. The metabolism and elimination of the 
metabolites of ketamine is via the microsomal 
cytochrome P450 system and there is probably 
induction of CYP3A4 and CYP2B6 isoenzymes 
[185,186]. When ketamine is combined with 
other abusive agents, e.g. cocaine and alcohol, 

FIGURE 12.10  CD4 positive products (arrow) along 
with microglia in brains of mice treated with ketamine for 
four months. ×50.
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the damage to the liver is synergistic com-
pared to ketamine alone [159,187]. In the case of 
cocaine, the interaction of ketamine and cocaine 
led to a decrease of the activity of hepatic glu-
tathione peroxidase and catalase [187]. Ketamine 
also has pharmacodynamic effects on the liver 
via NMDA receptors, and can cause the same 
excitotoxic changes as in the CNS [188].

Effects on the Heart

In rabbits, the combination of ketamine with 
xylazine (9.4–38.9 mg) suppressed tachyarrhyth-
mias at a high dose of >399 mg/kg [189]. As an 
anaesthetic, ketamine is often hailed as a good 
agent for short-term surgery in both humans 
and animals, because the patients recover rap-
idly and in addition, particularly in large animal 
surgery, ketamine is less depressive on the heart 
[190,191]. In children with congenital heart mal-
function and in the elderly, both of whom are 
more vulnerable to cardiovascular compromise, 
ketamine has been shown to be safe [192,193]. 
Ketamine is also frequently employed as anal-
gesic in minor surgery in hospital settings [194].

However, there are some reports where 
ketamine has been associated with unwanted 
effects. For example, Spotoft et  al. [195] and 
Jacobson and Hartsfield [196] noted that keta-
mine produced vasoconstriction and respira-
tory rate depression associated with an increase 
in heart rate. The increase in heart rate was 
accompanied by an increase in blood pressure 
and heart rate (blood pressure increased by 
30%, heart rate by 15%) [197,198]. These were 
seemingly sporadic reactions that happened 
only during the operation and it is not likely 
that this degree of tachycardia/hypertension 
will be a risk with acute ketamine recreational 
use (except perhaps when ketamine is taken 
with a sympathomimetic agent). However, with 
the chronic misuse of the drug in the commu-
nity, these effects should not be overlooked.

In the course of our chronic ketamine admin-
istration studies, we observed that few mice  

(30 per 300 animals) had hearts that were vis-
ibly dilated by volume (Fig. 12.11). Detailed 
studies indicated cardiac cell hypertrophy fol-
lowed by lytic and coagulative changes in 
their cardiac muscles following four months 
of chronic treatment [199]. By six months of 
treatment, the pathological picture was even 
more marked, and lysis was observed with cell 
shrinkage or hypertrophy, and many animals 
died as a result of coagulative necrosis [199]. 
ECG recordings showed biphasic QRS peaks 
following three months of treatment. After 
six months of treatment, ST depression was 
observed [199]. This suggests that ketamine 
could induce features of ischaemic heart dis-
ease, further strengthened by elevated serum 
troponin I and creatine kinase levels in these 
rodent studies of chronic ketamine adminis-
tration [199]. These changes were not seen in 
age-matched controls at four and six months 
after chronic treatment [199]. Troponin I and 
creatine kinase are present in cardiac muscles 
where they are necessary for normal contrac-
tile activity, Troponin I binds calcium to cause 
conformational changes so that myosin can 
attach onto the myofibrillar filament [200–204].  

FIGURE 12.11  A dilated heart (arrow) of a ketamine-
treated mouse of six months
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An example of an ischaemic heart ECG trace 
after ketamine is shown in Figure 12.12.

In the human, there are also data avail-
able on the effects of ketamine on the heart: 
Jakobsen et  al. [205]. reported that even a 
small dose of 0.5 mg/kg ketamine reduced left 
ventricular systolic and diastolic functions in 
patients with ischaemic heart, whilst a single 
dose of 1 mg/kg ketamine did not affect oxy-
genation after cardiopulmonary bypass [206]. 
Using isolated atrial myocytes, ketamine was 
shown at a low dose of 1.8 μmol/L to inhibit 
influx of calcium [207]. In other human studies, 
volunteers were infused with S(+)-ketamine 
for two hours to a dosage of 320 ng/ml [208]. At 
such time, an increase of 40–50% cardiac out-
put was recorded when compared with normal. 
Hudetz et al. studied patients that had intrave-
nous bolus of 0.5 mg/kg ketamine to treat post-
operative delirium and minimal cardiovascular 
effects were seen related to ketamine [209].

PHYSICAL AND CHEMICAL 
DESCRIPTION

Ketamine exists as two optical isomers – S-(+) 
and (R)-(−)-2-(2-chlorophenyl)-2-(methylamino) 
cyclohexanone. As discussed earlier in this 
chapter, the S-(+) isomer is more potent that 
the R(−) isomer. However, they have similar 
pharmacokinetics.

Ketamine is available medically in liquid 
form; however, it is generally sold to users in 
powder form or as tablets [210]. It is typically 
used by nasal insufflation, but some users also 

inject ketamine [210]. Significant first-pass 
metabolism reduces bioavailability following 
oral administration [210,211]. Ketamine has an 
alpha half-life of 2–4 minutes and beta-half-life 
of 8–16 minutes [212].

Epidemiology

Ketamine was first introduced as an anaes-
thetic agent in the 1960s: the first reported recre-
ational use of ketamine dates back to 1967 [210]. 
Initially, recreational use was greater amongst 
healthcare professionals and those who had easy 
access to ketamine. However, in the 1980s and 
1990s, ketamine started to become more widely 
used, particularly in the US ‘rave scene’, leading 
on to more international use. In terms of popu-
lation prevalence, the patterns and prevalence 
of use is only mentioned in descriptive terms in 
the United Nations Office on Drugs and Crime 
annual report, and there is limited specific data 
on the prevalence of ketamine use at a general 
population level worldwide [213].

Data is available on the prevalence of keta-
mine use for a few countries around the world. 
In the United Kingdom (UK), the annual British 
Crime Survey has included information on the 
life-time, last year and last month use of keta-
mine in those aged 15–59 years old since the 
2006/7 survey [214]. The life-time prevalence of 
use has gradually increased form 1.3% in 2006/7 
to 2.5% in 2011/12, whereas the annual survey 
reported last year and last month use rates have 
remained relatively stable between 0.3–0.6% and 
0.1–0.3%, respectively. Similar to other recrea-
tional drugs, the prevalence of use is higher in 

FIGURE 12.12  ST inversion (arrow) in a six-month ketamine-treated mouse depicting an abnormal ECG.
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younger individuals and annual survey reported 
last year and last month use in those aged 15–24 
years old is 0.8–2.1% and 0.3–0.9%, respectively.

Data has been available in Australia on the 
prevalence of ketamine use since 2001 through 
the Australian Institute of Health and Welfare 
(AIHW) ‘National Drug Strategy Household 
Surveys’. In 2010, lifetime and last year keta-
mine use amongst those aged over 14 years was 
comparable to the British Crime Survey (life-
time and last year prevalence rates of use of 
1.0–1.4% and 0.3–0.4% respectively) [215].

In the US the annual National Survey on 
Drug Use and Health does not routinely report 
on the prevalence of use of ketamine. However, 
in the 2006 survey, data was collected on the use 
of specific hallucinogens, which included keta-
mine [216]. They reported that an estimated 23 
million people had tried ketamine in their life-
time, and that the prevalence of use in the last 
year of those aged over 12 years old was 0.1%.

Although there is a generally accepted trend 
of increasing use of ketamine in certain areas of 
Asia, in particular Hong Kong, China, Indonesia 
and Malaysia, where ketamine is often reported 
to be the recreational drug of choice, there is 
limited national data on the actual prevalence 
rates of use [214,217]. In Hong Kong, data on 
the prevalence of recreational drugs is col-
lected through the Central Registry of Drug 
Abuse (CRDA), and information is available 
freely on line [218]. There has been increasing 
use of ketamine in those aged under 21 from 
36.9% of ‘young drug users’ in 2000 to 84.3% of 
‘young drug users’ in 2009. It appears that more 
recently there has been a slight decline in keta-
mine use as this fell to 80.1% and 70.4% in 2010 
and 2011 respectively. The prevalence of use in 
those aged over 21 years appears to be lower 
but more stable (23.1%, 23.9% and 23.3% in 
2009, 2010 and 2011, respectively).

In addition to this national population level 
data, there are numerous sub-population sur-
veys which have reported prevalence of use 
amongst groups such as students and ‘clubbers’. 

In the 2009/10 and 2010/11 annual MixMag sur-
vey in the UK, the life-time reported use rates 
of ketamine amongst respondents was 67.8% 
and 62%, respectively [219]. More recent use 
was reported as last month use (32.4%) in the 
2009/10 survey and last year use (41.2%) in the 
2010/11 survey. The survey was expanded to 
the Global Drugs Survey in the 2011/2012 sur-
vey and the prevalence of life-time use amongst 
UK respondents was 47.8%. There were signifi-
cant differences in last year use depending on 
the location of respondents, with last year rates 
of 24.5% in all UK respondents and 40% in UK 
‘regular clubbers’ compared to only 5.5% in all 
US respondents [220].

In addition to these Internet based sur-
veys, there have been studies in the night-time 
economy or club/rave environment that have 
attempted to collect data on the prevalence of 
use of ketamine. In a survey of 315 individu-
als attending ‘gay friendly’ nightclubs in South 
East London, UK, self-reported use or intended 
use on the night of ketamine was 12.5% of those 
surveyed [221]. A similar structured interview 
survey of 186 individuals attending a rave in 
Ontario, Canada reported a use rate of ketamine 
at the last rave they attended of 8.6% [222].

In one survey of 1285 ketamine users in the 
UK, 31% reported using 0.125 g or less during a 
typical session, 35% reported using 2.5–5 g, 34% 
reported use of 1 g or more and 5.2% reported 
using more than 3 g per session [223].

ACUTE TOXICITY

The numerous animal models describing the 
pharmacology and mechanisms of acute toxic-
ity of ketamine have been summarised above. 
We will now summarise the literature on the 
acute toxicity of ketamine in human reports.

Ketamine is rarely associated with severe, 
life-threatening clinical features and thera-
peutically ketamine is generally considered to 
have a wide safety-margin. Even at anaesthetic 
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doses sufficient to cause unconsciousness, keta-
mine generally spares airway reflexes and is 
not associated with significant haemodynamic 
instability [212]. These properties mean that rec-
reational users do not generally develop signifi-
cant compromising clinical features [224]. The 
main pattern of toxicity is related to the halluci-
nogenic effects of ketamine and if other signifi-
cant clinical features are present, the clinician 
should consider whether these are related to the 
use of other drugs alongside ketamine.

The most common features of toxicity 
reported after ketamine user are neuropsychiat-
ric and include hallucinations, agitation, aggres-
sion and paranoia [224–226]. Hallucinations 
can be unpleasant and some users refer to keta-
mine-associated hallucinations and dissociative 
features as ‘falling into a K-hole’ [224,226]. As 
summarised above, ketamine can increase heart 
rate and blood pressure and there are reports 
of moderate sinus tachycardia in patients with 
ketamine toxicity, with occasional reports of pal-
pitations and chest pain [227]. Generally these 
cardiovascular effects are self-limiting and not 
associated with significant risk; however, there 
is the potential in individuals with underlying 
cardiovascular disease and/or when ketamine is 
used with a sympathomimetic agent that these 
effects may be of more significance.

One of the main acute risks associated with 
ketamine use is the potential for physical harm 
and trauma [210,228]. This occurs because users 
have a decreased awareness of their physi-
cal surroundings with a reduced perception of 
pain, hallucinations, paranoia and other effects 
which can include poor coordination, tempo-
rary paralysis and inability to speak [229]. In 
one longitudinal study of 30 ketamine users, 
two died during a 12-month follow up – one 
from hypothermia and one from drowning in 
a bath [230]. In another study of 90 ketamine 
users, 14% reported that they had been involved 
in an accident after taking ketamine and 83% 
reported that they knew someone who had 
[231]. In Hong Kong, between 1996 and 2000, 

ketamine was involved in 9% of fatal drugs- 
and alcohol-related road traffic accidents in 
Hong Kong [232].

Ketamine-Related Fatalities

As noted earlier, ketamine is rarely associated 
with life-threatening clinical features and, other 
than deaths due to physical injury, death related 
to lone-ketamine use is rare. When ketamine is 
reported in drug-related fatalities, it is usually 
found together with other drugs that are more 
likely to have contributed to death [224,233]. In 
one UK study assessing 23 deaths over the period 
1993–2006 in which ketamine was detected, in 
only four cases was ketamine the only drug 
detected [233]. In another study in the USA, of 15 
hospital deaths in which ketamine was detected 
in post-mortem toxicology screening, deaths were 
most likely to result from other drugs (n = 12) or 
trauma (n = 2) [234].

CHRONIC TOXICITY

The animal studies and models of ketamine-
related acute toxicity have been reviewed in 
detail earlier in this chapter. We will now sum-
marise human reports of ketamine-related 
chronic toxicity.

Bladder and Renal Toxicity

Ketamine can cause a wide range of effects 
within the bladder and renal tract. Ketamine-
related bladder toxicity was first reported in 
Canada in 2007 [235]. In this series of nine long-
term users, findings on CT were of bladder wall 
thickening and a small bladder capacity and 
cystoscopy demonstrated ulcerative cystitis. 
Microscopic findings on biopsies taken during 
cystoscopy included denuded bladder mucosa 
with ulceration and inflammation with vascular 
granulation. There have been numerous reports 
since this time, principally from the UK and 
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Hong Kong/Taiwan, describing reports or series 
of patients with ketamine-related bladder prob-
lems [236–243]. One recent review pooled data 
from three case series comprising a total of 93 
patients [224]. Almost three-quarters (74.0%) had 
a reduced bladder volume; 54% had hydrone-
phrosis. This is likely to be a secondary phenom-
enon and due to factors such as vesci-ureteric 
reflux, peri-ureteric thickening or ureteric 
obstruction by gelatinous debris [224,239–242]. 
Cystitis was seen in all 42 individuals who had 
a cystoscopy, with abnormal histology in 94.1% 
of biopsies [224]. Histological changes reported 
on the bladder biopsies included ulceration 
and inflammation with eosinphilic infiltration. 
In some reports it is noted that the histologi-
cal appearances are similar to carcinoma in situ 
(CIS); however, unlike CIS, ketamine-related cys-
titis is negative for the CK20 protein [238].

There have also been reports from the pal-
liative care setting of patients developing lower 
urinary tract symptoms related to the use of ket-
amine [237,244]. In one of these reports, urinary 
symptoms were documented to worsen with the 
use and re-introduction of ketamine and settle 
with repeated discontinuation [237].

In a recent study of 1285 ketamine users in the 
UK, 340 (26.6%) reported urinary symptoms – 
common symptoms included urinary frequency 
(17.4%), lower abdominal pain (11.3%) and dys-
uria (8.1%); incontinence was reported by 3.3% 
and haematuria by 1.5% [223]. These symptoms 
were significantly associated with higher dose 
and more frequent ketamine use.

The most important aspect of management 
of ketamine-related bladder pathology is keta-
mine cessation. In the recent UK study exploring 
ketamine-related urinary symptoms, of the 251 
of those surveyed who reported on the temporal 
nature of their urinary symptoms, 51% reported 
improvement in urinary symptoms when they 
stopped ketamine [223].

In those who have continued symptoms 
on ketamine cessation associated with signifi-
cant bladder pathology surgical intervention 

including augmentation cysteroplasty or cys-
tectomy may be required [241–243]. There has 
been one small study in six patients with keta-
mine-related bladder pathology which suggests 
that intravesical hyaluronic acid may be benefi-
cial [242].

Gastrointestinal Toxicity

Regular ketamine use can be associated with 
abdominal pain in up to one-third of users, 
this is often referred to by users as ‘K cramps’ 
[226,231]. There have been reports of some users 
taking higher doses of ketamine to try and man-
age this abdominal pain resulting in worsen-
ing of their symptoms [226]. The cause of the 
abdominal pain associated with ketamine is not 
known but in one retrospective series of 37 keta-
mine users, abdominal pain was associated with 
Helicobacter pylori-negative gastritis [245].

There have also been increasing reports of 
abnormal liver function associated with keta-
mine use (both recreational misuse and thera-
peutic use), although not all of these reports 
have included abdominal pain as a prominent 
symptom [245–249]. In a number of these reports, 
choledochal cysts were found [245,248,249]. It 
appears that generally the common bile duct 
dilatation and liver function tests improve with 
ketamine cessation [245,248,249]. The cause of 
these ketamine-related liver effects is poorly 
understood; however, data from an in vitro study 
in human hepatoma G2 cells has suggested that 
S(+) ketamine is directly hepatotoxic [250].

Neurological and Neuropsychiatric 
Chronic Toxicity

As summarised at the beginning of this 
chapter, there is extensive literature describing 
animal models which have investigated the neu-
rological effects of ketamine. We will now sum-
marise reports from ketamine users and human 
studies of the neurological and neuropsychologi-
cal/neuropsychiatric effects of ketamine.
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Psychosis and Depression
As discussed above, ketamine is used in ani-

mal models of schizophrenia. A number of vol-
unteer studies have also shown that ketamine 
administration can result in schizophrenia-like 
positive and negative symptoms [251,252]. 
Studies in patients with schizophrenia have 
shown that ketamine can induce psychotic 
symptoms, in a similar pattern to patients pre-
senting with schizophrenic symptoms, both in 
patients treated with antipsychotics and those 
stabilised off antipsychotic therapy [13,253,254]. 
In one study comparing 20 volunteers who 
reported acute recreational ketamine use with 
19 polydrug using volunteers with no reported 
ketamine use, the ketamine users had higher 
scores for schizotypy at baseline and on three-
day follow-up [255]. In a longitudinal study of 
150 ketamine users, there was a ketamine dose-
dependent effect seen with greater delusional 
and dissociative symptoms in frequent ketamine 
users that persisted at one-year follow up [230]. 
There have, however, been no studies investigat-
ing whether schizophrenia is more common in 
frequent ketamine users.

In the longitudinal study of 150 chronic keta-
mine users discussed above, increased depres-
sions score (Beck Depression Inventory), but 
not clinical depression, was associated with 
frequent (daily) current and previous ketamine 
use [230]. Depression scores were not increased 
in less frequent (less than three times per week) 
ketamine users [230]. There have been some 
pilot studies which have investigated the use 
of ketamine as an antidepressant in patients 
with depression and of intravenous ketamine 
in patients with resistant depression [256–258]. 
The results of these preliminary studies are not 
conclusive, but suggest that ketamine may have 
a role in this setting.

Neurological and Cognitive Effects
A number of studies have shown that acute 

ketamine use results in impairment of both 

working and episodic memory; it appears that 
these effects are greater in men than in women 
[259–261]. Long-term ketamine use is also asso-
ciated with deficits of both long- and short-
term memory [259,262]. Many of these studies 
involved polydrug users and so it is difficult to 
be certain that all of the effects seen were due 
solely to ketamine; however, in a longitudinal 
study the pattern of ketamine use correlated with 
memory impairment, with more frequent users 
more likely to have deficits in short- and long-
term memory and pattern recognition tasks [230].

More recently, imaging studies in ketamine 
users have been published which demonstrate 
structural changes in chronic ketamine users. In 
one study, white-matter volume was assessed 
using diffusion tensor MRI in 41 individuals 
with chronic ketamine use and 44 drug-free 
volunteers [263]. White matter changes were 
seen in the frontal lobes bilaterally and the left 
temporoparietal cortex; the frontal white mat-
ter changes correlated with estimated ketamine 
dose. In another report from the same group, 
voxel based morphometry in conjunction 
with statistical parametric MRI mapping was 
reported in 41 individuals with chronic keta-
mine use and 44 drug-free volunteers to assess 
grey matter volume [264]. Decreased grey-
matter volume was seen in the left superior 
frontal gyrus and right middle frontal gyrus in 
the ketamine users and there was a correlation 
between the duration/dose of ketamine used 
and these changes.

DEPENDENCE AND ABUSE 
LIABILITY

A number of animal models have shown that 
ketamine has dependence potential – studies in 
rats show self-administration of ketamine and 
also that ketamine will substitute for alcohol 
in drug discrimination studies; ketamine self-
administration is also seen in studies in pigeons 
and rhesus monkeys [265–268].
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Ketamine tolerance has been shown in ani-
mal models and also in therapeutic use of keta-
mine as an anaesthetic [269–272]. Human users 
also report tolerance with increasing doses 
required to achieve the same effect, in one study 
there was a six-fold increase from first ever 
dose to current dose in chronic ketamine users 
[226,273].

There are reports of ketamine dependence in 
human ketamine users [274–276], but few large 
scale studies to be able to determine the inci-
dence of ketamine dependence. In one study of 
90 ketamine users, 57% of frequent users noted 
that they were concerned about ketamine addic-
tion and many reported that they continued to 
use ketamine until their supplies were exhausted 
[232]. In another questionnaire based study, 17% 
(218 of 1285) users fulfilled DSM IV criteria for 
dependence [223]. In this study, dependence was 
associated with both the dose used per session 
and the frequency of ketamine use.

Ketamine is generally associated with psy-
chological rather than physical dependence 
[224]. There are some reports of physical symp-
toms on ketamine cessation that include ‘shak-
ing’, sweating and palpitations; however, the 
main problem seen in individuals stopping ket-
amine is craving [275].
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INTRODUCTION

In 1965, Mechoulam and Gaoni [1] described 
the synthesis of Δ9-tetrahydrocannabinol 
(THC) and soon thereafter the first cannabinoid 
analogues were synthesised; initially these had 
a chemical structure very similar to THC. After 
the discovery of the endocannabinoid system 
and the cannabinoid receptors type 1 (CB1) and 
type 2 (CB2) in the early 1990s [2,3], research 
activities in this field increased tremendously, 
as it became possible to identify completely 
new structural types such as the aminoalkylin-
doles as potent cannabinoid receptor ligands. 
Since then, there has been constantly growing 
scientific interest in these compounds and hun-
dreds of substances with high or medium affin-
ity to one or both of the cannabinoid receptors 
have been synthesised.

Cannabinoid receptor agonists and antago-
nists can potentially be used for treating a mul-
titude of diseases and disorders. Applications 

considered for CB1 agonists include the follow-
ing diseases and effects (overviews: [4–6]):

●	 multiple sclerosis (muscle relaxation)
●	 pain (analgesia)
●	 cancer (anti-emetic and appetite-stimulating 

effect during chemotherapy) and
●	 glaucoma (lowering intraocular pressure).

Type 1 cannabinoid receptor antagonists 
have been successfully used in the treatment 
of obesity, although they can have adverse psy-
chiatric side-effects. For example rimonabant 
(Acomplia®), a diarylpyrazole, was withdrawn 
from the market soon after its introduction 
because of an unfavourable benefit-risk assess-
ment (depression and an increased rate of sui-
cide had been reported as adverse effects) [7].

For several years, cannabinoid research has 
concentrated on selective CB2 agonists as they 
may be of therapeutic use (e.g. analgesia) with-
out having any major central side-effects medi-
ated via the CB1 receptors [6].

http://dx.doi.org/10.1016/B978-0-12-415816-0.00013-4
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Up to 2008 only a few experimental drug 
users had access to synthetic cannabinoid 
receptor agonists and they were not used as 
recreational drugs on a larger scale; although 
there is evidence that they have been available 
on the Internet since at least 2005/6 [8]. The 
situation changed fundamentally when the 
first products consisting of herbal mixtures and 
synthetic cannabinoids became increasingly 
available and were sold as a natural substitute 
for cannabis [9,10]. The first products of this 
type were marketed in Europe under the name 
‘Spice’, which has become the generic term for 
a meanwhile uncountable number of products 
and brands; the term ‘K2’ is often used in North 
America for the same products/compounds. 
Often, there is limited or no information on 
the active ingredients in the packaging of these 
products and the contents can vary greatly, 
both in the actual synthetic cannabinoid recep-
tor agonists present and their quantity [11–15]. 
In the meantime, many synthetic cannabinoid 
receptor agonists have been classified in a num-
ber of countries around the world (see Chapter 1 
for more information), under either narcotics or 
medicines acts, but it is very difficult to control 
their sale via the Internet and these products 
continue to be widely available [16–18].

Synthetic cannabinoid receptor agonists are 
mostly sold as either incense or smoking mix-
tures. These are composed of plant materi-
als treated with synthetic cannabinoids, e.g. by 
spraying with a suspension/solution containing 
the active ingredient(s) and subsequent drying 
[19]. There are also sellers marketing the active 
ingredients as ‘research chemicals’ under their 
chemical name as pure substances. These are 
often crystalline powders of relatively high purity 
[20]. Most of them are ordered online and sent by 
post (often across international borders) [20,21].

In the last four years, the European 
Monitoring Centre for Drugs and Drug Addiction 
(EMCDDA) reported record numbers of new 
psychoactive substances (NPS) each year; 24 
substances in 2009, 41 substances in 2010, 49 

substances in 2011 and 73 substances in 2012. 
Synthetic cannabinoid receptor agonists have 
been the most common substance amongst these, 
amounting for approximately half of all of the 
NPS reported. The number of branded or ‘end 
products’ is even higher as meanwhile a multi-
tude of smaller sellers have entered this market 
(the amount of active ingredients required is small 
and does not appear to significantly influence 
the price); prices are currently generally in the 
region of 20–30 Euros (approximately UK£ 17–26 
or US$ 26–39) per unit product (3 grams) [8]. This 
highly dynamic development is potentially due 
to the pressure exercised on the market by suc-
cessive steps to ban the substances. Figure 13.1  
shows the results of blood samples analyzed 
in the Institute of Forensic Medicine Freiburg, 
Germany, between May 2010 and March 2012. 
It is evident that manufacturers and sellers are 
already reacting to the recommendations of the 
German Expert Committee for Narcotics to reclas-
sify a substance under the Narcotics Act (BtMG) 
many months before it is actually reclassified. It is 
clearly seen that the market gradually shifts from 
substances that are about to be banned to ‘legal’ 
alternatives. Similar observations have been made 
in Japan, Australia and other countries [17,22,23].

When monitoring the products sold on the 
market within the EU project ‘SPICE and syn-
thetic cannabinoids’ it became apparent that 
active ingredients gradually became more 
potent, and ‘exotic’ substituents such as ada-
mantyl or tetramethylcyclopropyl groups were 
increasingly introduced to products available 
on the market. This development is alarming 
as it may potentially further increase the risk of 
highly toxic compounds entering the market. In 
other countries similar observations were made 
[24,25]. In the UK, shortly after implementation 
of a classification using a generic approach cov-
ering a wide range of chemical structure types 
and many of their derivatives, new substances 
emerged that were not covered by the legisla-
tion. However, classified substances usually do 
not instantly disappear from the market [25].



Pharmacology

NOVEL PSYCHOACTIVE SUBSTANCES

319

PHARMACOLOGY

Physical and Chemical Description

The term ‘synthetic cannabinoids’ covers all 
synthetic substances binding to one of the two 
known cannabinoid receptors (CB1 or CB2) and 
their structural/chemical analogues. Thus syn-
thetic cannabinoids include compounds with 
completely different chemical structures and 
can be classified as follows: [26–28]

●	 Classical cannabinoids: THC and other plant-
derived cannabinoids as well as substances 
with a related chemical structure such as 
HU-210, AM-411, AM-906, O-1184

●	 Non-classical cannabinoids: Cyclohexylphenoles 
or 3-arylcyclohexanoles such as CP-47,497-C8, 
CP-55,940 or CP-55,244

●	 Aminoalkylindoles (AAI), which can be sub-
classified e.g. as follows:
●	 naphthoylindoles: e.g. JWH-007, JWH-015, 

JWH-018, JWH-019, JWH-022, JWH-073, 
JWH-081, JWH-122, JWH-200, JWH 210, 
JWH-213, JWH-387, JWH-398, AM-1220, 
AM-2201, MAM-2201, EAM-2201, 
AM-2232, WIN-55,212

●	 phenylacetylindoles: e.g. JWH-203, JWH-
250, JWH-251, RCS-8

●	 benzoylindoles: e.g. WIN-48,098, RCS-4, 
AM-694, AM-1241, AM-2233

●	 adamantoylindoles: e.g. AB-001 (1-pentyl-3-
(1-adamantoyl)indole), AM-1248

●	 (N-adamantyl-carboxamide)-indoles: e.g. 
APICA (N-(1-adamantyl)-1-pentyl-
1H-indole-3-carboxamide), STS-135 
(1-adamantyl)-1-(5-fluoropentyl)-1H-
indole-3-carboxamide)
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FIGURE 13.1  Relative frequency of selected synthetic cannabinoids detected in serum samples (n = 734) between May 
2010 and March 2012. The arrows mark the time the Expert Committee for Narcotics recommended to classify the substance 
under the Narcotics Act. 
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●	 (tetramethylcyclopropylcarbonyl)indoles: e.g. 
UR-144, XLR-11, A-796,260, A-834,735, 
AB-005

●	 Aminoalkylindazoles: e.g. APINACA 
(N-(1-adamantyl)-1-pentyl-1H-indazole-
3-carboxamide), APINACA-5F; further 
sub-groups in analogy to the group of the 
aminoalkylindoles

●	 Eicosanoides: e.g. anandamide 
(N-arachidonoylethanolamide), 
2-arachidonoylglycerol (2-AG) and other 
endocannabinoids as well as synthetic 
analogues of these compounds like 
methanadamide

●	 Fatty acid amide hydrolase (FAAH) inhibitors: 
e.g. URB-597

●	 Other: e.g. diarylpyrazoles (e.g. the 
selective CB1-antagonist rimonabant), 
naphthoylpyrroles (e.g. JWH-307, JWH-
030, JWH-368), naphthylmethylindenes, 
or derivatives of naphthalen-1-yl-(4-
pentyloxynaphthalen-1-yl)methanone 
(CRA13 or CB-13).

Figure 13.2 gives an overview of the basic 
structures of these substance classes with some 
examples for each class.

Most of the compounds have been identi-
fied in ready-to-smoke products, but some have 
occurred only as pure substances in powder 
form. Pure substances are typically offered as 
‘research chemicals’ and are often available in 
larger quantities (up to kg scale) [29].

In pure form, most of the compounds are 
white crystalline powders. Melting points are 
not available in the original literature. However, 
some data is available in data sheets available 
at www.swgdrug.org. These range from 55°C 
to 145°C (5-fluoro-AKB48: 55°C, AKB48: 64°C, 
UR-144: 68°C, XLR-11: 73°C, 5-chloro-UR-144: 
79°C, JWH-019: 90°C, 5-bromo-UR-144: 93°C, 
AM-2201: 94°C, JWH-073: 99.8°C, A796,260: 
135°C, STS-135: 139°C, AM-1248: 143°C, 
AM2233: 145°C). The ‘Scientific Working Group 
for the Analysis of Seized Drugs’(SWGDRUG) 

is a working group consisting of foren-
sic science experts from the USA, England, 
Canada, Australia, Japan, Germany and the 
Netherlands. Boiling points are not available 
in the scientific literature or from other reliable 
sources. However, Internet trading platforms 
for ‘research chemicals’ such as www.lookchem.
com or www.guidechem.com give some infor-
mation in substance data sheets (e.g. UR-144: 
426°C, JWH-203: 498°C, JWH-073: 524°C, JWH-
122: 557°C, JWH-200: 602°C). As the tempera-
ture inside a burning cigarette usually reaches 
a maximum of 800–900°C [30], these cannabi-
noids are likely to be readily vapourised when 
smoked, although for the more polar com-
pounds like JWH-200 or AM-1220, thermolytic 
reactions may lead to lower bioavailability and 
formation of degradation products.

Solubility in water is very low for most com-
pounds found in ‘Spice’ products (e.g. CRA13: 
0.001–0.002 mg/ml [31]), although in the scien-
tific literature a number of water soluble can-
nabinoids have been described [32,33]. These 
may be used to produce preparations for intra-
venous application and are of high value for sci-
entific research, but are less likely to be suitable 
for smoking. The rather non-polar compounds 
usually occurring in ‘Spice’ products are solu-
ble in ethanol or less polar solvents like acetone 
or ethyl acetate. However, a few compounds 
carrying polar groups like the 1-methylpiperi-
din-2-yl-methyl moiety (AM-1220, AM-2233, 
AM-1248) or the 2-morpholino-4-ylethyl moiety 
(WIN 48,098, JWH-200, WIN 55,212-2) have also 
appeared in ‘Spice’ products and show similar 
solubility in more polar solvents.

Typical reactions for synthesis of aminoalky-
lindoles – which are the most prevalent com-
pounds found in herbal products – include 
Friedel-Crafts acylation at C3 followed by 
N-alkylation of a substituted indole or vice 
versa [34]. Common precursors are 1-alkyl-
indoles / 1-alkyl-2-methylindoles (alkyl: butyl, 
pentyl, hexyl or others) and 1-naphthoyl chlo-
rides (substituted at C4 in some cases) [35].

http://www.swgdrug.org
http://www.lookchem.com
http://www.lookchem.com
http://www.guidechem.com
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Two classes of synthetic cannabinoids 
deserve a closer look because of the thermo-
lytic reactions which may occur when they are 
smoked in a joint:

1.	 2,2,3,3,-Tetramethylcyclopropane derivatives 
(e.g. UR-144).

The cyclopropane ring undergoes 
thermolytic ring opening to produce a ring-
opened isomer in the case of UR-144 [36]. 
This isomer often makes up the major part 
detected, e.g. in serum samples of UR-144 
users (own unpublished data), which at least 
in part may also be a consequence of the 
ring-opened species being present in ready-
to-smoke mixtures – most probably as an 
undesired by-product from synthesis. The 
same reaction can be expected for structurally 
related cannabinoids carrying this substituent.

Another compound detected in ‘Spice’ 
products containing UR-144 is the product 
of the electrophilic addition of water to the 
cyclopropyl moiety [37].

Currently no data on the biological activity 
of either of these compounds is available; 
however, they may be involved in producing 
the cannabis-like effects seen after smoking 
UR-144. This seems likely as the binding 
affinity of UR-144 itself to the CB1 receptor 
suggests low potency.

2.	 N-fluoroalkyl compounds carrying the 
fluorine at the terminal C atom (e.g. 
5-fluoropentylindoles like AM-2201).

It has been shown that these compounds 
undergo thermally induced reactions under 
smoking conditions leading to unsaturated 
(elimination of hydrofluoric acid) and 
de-fluorinated compounds (fluorine/hydrogen 
exchange) [38]. Smoking products containing 
AM-2201 can therefore lead to artefactual 
generation of JWH-022 and JWH-018.

Recently, a substance combining the structural 
elements of the 2,2,3,3,-tetramethylcyclopropyl 
and 5-fluoropentyl moieties was identified in a 
‘Spice’ product seized in South Korea [39].

Another noteworthy finding is the pres-
ence of azepane isomers in preparations con-
taining synthetic cannabinoids carrying an 
(N-methylpiperidin-2-yl)methyl moiety like 
AM-1220 or AM-2233, which can be explained 
as a side product in synthesis of these com-
pounds[15,40]. Again, the relative content of the 
isomers greatly varies from product to product 
and it is unknown to which extent the isomers 
alter either the desired or adverse effects of the 
smoked drug.

Herbal Components of ‘Spice’ Products
Although labels on the packages sometimes 

indicate that the products contain some rare 
plants like ‘Siberian motherwort’ (Leonurus sibir-
icus), ‘Dwarf skullcap’ (Scutellaria nana), ‘Indian 
warrior’ (Pedicularis densiflora) or ‘Wild dagga’ 
(Leonotis leonurus), which are potentially psy-
choactive, these have not been detected in these 
products to date. In addition it seems rather 
unlikely that they would produce clearly per-
ceptible effects in the amounts usually smoked 
in a joint. However, in some herbal products 
sold as ‘legal highs’, substances like the mono-
amine oxidase inhibitors, harmine and harma-
line [11] or mescaline [41], have been detected 
in products that were free of synthetic cannabi-
noids. These are known plant constituents of, 
for example, Peganum harmala and Banisteriopsis 
caapi (harmine, harmaline) or Lophophora wil-
liamsii and Trichocereus pachanoi (mescaline) 
and may well produce effects when suffi-
cient amounts are smoked. In other products 
declared to contain ‘kratom’ (Mitragyna speci-
osa), the synthetic opioid O-desmethyltramadol 
was found as an active ingredient [11].

However, one of the components often 
declared as ingredient of ‘Spice’ products called 
Damiana (Turnera diffusa) has been identi-
fied recently in various brands and seems to 
be one of the major constituents of the major-
ity of products (data from BKA [BKA stands for 
“Bundeskriminalamt” (German Federal Criminal 
Police Office).], personal communication, 
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accepted for publication in Forensic Toxicology 
and Ogata et al. [42]). Damiana contains, among 
others, a number of monoterpene compounds 
(like pinene and thymol) and arbutin, which 
may have some pharmacological activity when 
smoked, but are unlikely to produce signifi-
cant psychotropic effects. It is noteworthy that 
Damiana is reportedly used as a substitute for 
tobacco, particularly for preparing cannabis 
joints, and the price is rather low (approximately 
30–40 EUR (UK£ 26–34 or US$ 39–52) per kg). 
Only a few other plant species present in ‘Spice’ 
products have been described in the literature 
(e.g. Lamiaceae herbs like Melissa, Mentha and 
Thymus species [42]) and it seems reasonable that 
a variety of smokeable herbs available at low 
prices are likely to be arbitrarily used.

To summarise, although additional effects 
produced by herbal constituents of the products 
cannot be excluded, in most cases the synthetic 
cannabinoid receptor agonists can be regarded as 
the main pharmacologically active ingredients.

Pharmacokinetics

So far, the pharmacokinetic profiles of syn-
thetic cannabinoid receptor agonists used 
as active ingredients in ‘Spice’ products are 
largely unknown [43], however, there is evi-
dence for oral and inhalational bioavail-
ability derived from clinical cases [44], self 
experiments [45–47] and clinical studies [31].

After oral doses of 10 mg of AM-694 [46], 
26 mg of AB-001 [47] or 5 mg of AM-2201 (own 
unpublished data) no noticeable effects were 
seen in humans, whereas the same amount 
smoked led to typical symptoms of intoxica-
tion [9]. After smoking not more than 2 mg of 
CP-47,497-C8, a comparably potent CB1 recep-
tor agonist, considerable physical and mild 
psychotropic effects were obtained. In a clinical 
trial involving oral administration of varying 
amounts of the synthetic cannabinoid CRA13 
in fasted subjects or after high-fat and high-
calorie breakfast (1–80 mg, n = 48 [31]), higher  

rates of adverse effects including dizziness, 
headache and nausea were only seen at higher 
doses (i.e. 40 and 80 mg) and occurred more 
often after the high-fat/high-calorie breakfast –  
a phenomenon that was also seen in other  
lipophilic drugs and may be explained by solu-
bilisation effects and enhancement of intestinal 
lymphatic transport [48]. Maximum plasma 
concentrations (Cmax) occurred 1.5–2 hours 
after administration and linear pharmacokinet-
ics were observed (i.e. Cmax and AUC increased 
with dose). The terminal elimination half-lives 
ranged, on average, between 21 and 34 hours. 
Enterohepatic recirculation of the drug was 
postulated as in a number of subjects a double-
peak in the concentration-time profile emerged 
(second peak around six hours post-dose). 
Concentrations decreased in a biphasic manner, 
reflecting distribution of the drug into deeper 
compartments as it can be expected in the case 
of highly lipophilic drugs.

In an online anonymous survey, ‘Spice’ users 
reported that ‘synthetic cannabis’ had a short-
ened time to peak effect (within 5 minutes) 
compared to ‘natural cannabis’ (6–10 minutes), 
a shorter duration (two-thirds feeling ‘stoned’ 
for one hour after smoking ‘synthetic cannabis’ 
compared to three-quarters feeling the effects of 
‘natural cannabis’ for two hours or longer) [49].

It appears that drug availability when smok-
ing ‘Spice’ products is comparable to THC 
availability in a joint. Experiments with smok-
ing apparatus showed that main stream and 
side stream smoke from a joint consisting of 
500 mg tobacco and 500 mg of a herbal mixture 
(178 mg/g JWH-210, 63 mg/g JWH-122 and 
14.5 mg/g JWH-018) contained approximately 
equal amounts of active compounds (own 
unpublished data). The amount of substance 
recovered from main stream and side stream 
smoke made up approximately 50% of the total 
substance present in the joint.

The available data suggests that elimina-
tion of synthetic cannabinoid receptor agonists 
follows a biphasic kinetic pattern similar to  
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THC [50]. After smoking, initially high serum 
concentrations occur which drop quickly due 
to primary distribution from the central com-
partment into other tissues. For JWH-018, Teske 
et  al. reported a decrease to values below 10% 
of Cmax within 3 hours [45]. Similar behaviour 
can be expected for other, structurally related 
compounds. In contrast, terminal elimination 
half-lives after continued and high dose misuse 
have been estimated to be in the range of up to 
several weeks, pointing towards extensive dis-
tribution into deeper compartments [51] and 
slow redistribution after cessation of use. Again, 
similar observations can be made regarding 
serum THC concentrations after chronic canna-
bis abuse, where terminal elimination half-lives 
were estimated in a similar range [52–54].

Although many of the synthetic cannabinoid 
receptor agonists available in ‘Spice’ products 
have not been fully characterised regarding 
their metabolism, there is data for a number 
of representatives demonstrating extensive 
oxidative metabolism. In general, among the 
main phase I metabolites are the monohy-
droxylated, carboxylated (at the N-alkyl chain) 
and desalkylated compounds. In naphthoylin-
doles like JWH-015 [55], JWH-018 [56–58] and 
AM-2201 [59,60] also dihydrodiol metabolites 
(formed after epoxidation of the naphthyl moi-
ety), ketones (oxidation of the N-alkyl chain) 
and dihydroxylated compounds alongside fur-
ther minor metabolites were detected. In case of 
the benzoylindoles AM-694 [46] and RCS-4 [61] 
and the phenylacetylindole JWH-250 [62] simi-
lar observations were made, with the exception 
of dihydrodiols, which were not detected.

The substances fluorinated at the terminal 
N-alkyl position like AM-694 and AM-2201 
undergo in vitro enzymatic defluorination/oxi-
dation in addition to the reactions mentioned 
above [46,59,60].

The metabolic transformation of the 
2,2,3,3-tetramethyl cyclopropyl moiety present, 
for example in UR-144 and XLR-11, has not 
been systematically investigated. However, for 

UR-144, mono-hydroxylated metabolites seem 
to be most abundant in vitro and in vivo [59]. In 
these compounds oxidative ring opening may 
occur in addition to the already reported meta-
bolic reactions, leading to highly reactive unsat-
urated compounds.

Grigoryev et  al. carried out metabolic stud-
ies for AB-001, a synthetic cannabinoid recep-
tor agonist carrying an adamantoyl moiety, and 
found similar patterns of metabolic reactions 
with monohydroxylation also occurring at the 
adamantane unit [47].

Hutter et  al. investigated urine samples of 
patients with confirmed consumption of seven 
different cannabinoids [63] and were able to 
show that monohydroxylation either at the 
N-alkyl chain, the naphthoyl moiety or the indole 
moiety, together with carboxylation are the meta-
bolic reactions leading to the most valuable target 
analytes in urine for detection of drug consump-
tion using LC-MS/MS techniques.

Chimalakonda et  al. incubated AM-2201 
and JWH-018 with different cytochrome P450 
enzymes and identified CYP2C9 and CYP1A2 
as the major isoforms involved in oxidative 
metabolic reactions [60]. CYP1A2 also plays a 
major role in metabolism of AM-694, RCS-4 and 
JWH-122, but in these compounds also CYP2D6 
(RCS-4) and CYP3A5 (JWH-122, AM-694) con-
tribute significantly (own unpublished data).

The only available data on phase II metabo-
lism shows that JWH-018 and JWH-073 are con-
jugated to glucuronic acid effectively via various 
UDP-glucuronosyltransferase (UGT) enzymes. 
Due to the fact that most of the metabolites are 
extensively transformed to ester or ether glu-
curonides before excretion in bile or urine [64], 
enzymatic cleavage is a prerequisite for sensi-
tive detection of the aforementioned oxidative 
metabolites, particularly in urine samples.

Pharmacodynamics

The so-called endocannabinoid system 
consists of receptor structures and pertinent 
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endogenous substances called endocannabi-
noids which bind to these receptor structures, 
as well as subsequent signal transduction 
mechanisms. So far, CB1 and CB2 receptors have 
been identified in human tissue: [2,3]

●	 CB1 receptors are found in high density in 
the brain and the spinal cord

●	 CB2 receptors are primarily located in the 
spleen and in cells of the immune system.

Both are G protein-coupled receptors, stimu-
lation results in inhibition of adenylate cyclase 
and reduction of cellular concentrations of cyclic 
adenosine monophosphate (cAMP) [65,66]. 
Moreover, interactions with calcium channels 
have been demonstrated [67,68]. Known endog-
enous ligands binding to and activating CB1 and 
CB2 receptors include the eicosanoids ananda-
mide (arachidonylethanolamide) and 2-arachi-
donoylglycerol [69–71]. These lipids derived 
from arachidonic acid are involved in a large 
number of control mechanisms in brain metabo-
lism, but also in the peripheral tissues [5].

The endocannabinoid system can interact 
with various signal transduction paths and 
receptor families and influence a multitude 
of physiological processes. It is involved in 
numerous processes of homoeostasis, among 
them the regulation of blood pressure, the 
sleep–wake cycle and the so-called reward 
system [72]. Potential therapeutic uses include 
analgesia, spasmolysis, immunosuppression, 
control of intraocular pressure, and control of 
appetite, memory and brain development.

The CB1 receptors responsible for the psy-
chotropic effects of cannabinoids are primarily 
localised pre-synaptically. Principal effects of 
their activation are reduced cellular excitability 
and the reduced release of several neurotrans-
mitters including dopamine, noradrenaline, 
glutamate and serotonin [73–77]. This inhibi-
tion of neurotransmission allows cannabinoid 
receptor agonists to have profound impact on 
neuronal communication [78].

In contrast, the CB2 receptors are responsible 
for immunomodulatory and, at least partially, 
also for the analgesic properties of cannabi-
noids [79]. It has also been demonstrated that 
palmitoylethanolamide mediates cannabis-like 
effects without binding to CB1 or CB2 recep-
tors [80]. This suggests that there are likely  
to be further cannabinoid receptors, although 
these have not been identified to date [81]. 
Furthermore, synthetic cannabinoid receptor 
agonists may also interact with non-cannabinoid 
receptor targets, although such interaction was 
not described so far and was even excluded for 
some compounds [82].

Typical effects of CB1 agonists include: [5]

●	 sedation
●	 cognitive dysfunction
●	 tachycardia
●	 postural hypotension
●	 dry mouth
●	 ataxia
●	 immunosuppression
●	 psychotropic effects.

Most synthetic cannabinoid receptor agonists 
found in ‘Spice’ products to date show a mark-
edly higher affinity for the CB1 receptor than 
THC (Table 13.1 [83–93]) and are full agonists 
at this site [78,94], unlike THC, which acts as a 
partial agonist [95]. The resulting overstimula-
tion of the receptors is presumably the reason 
why individuals who develop acute toxicity 
associated with use of these products develop 
not only symptoms typically associated with 
cannabis intoxication such as tachycardia, seda-
tion, cognitive deficits, psychotic experiences, 
anxiety, panic attacks and reddened eyes, but 
often further effects have been observed which 
are considered rather untypical for cannabis 
(among them agitation, seizures, hypertension, 
nausea and intractable vomiting) [44,96–99].

Although no data from clinical studies are 
available for most of the synthetic cannabinoid 
receptor agonists used in ‘Spice’ products, it 
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TABLE 13.1  Synthetic Cannabinoids and their CB1-Receptor Binding Affinities [83–93]

Substance Sum Formula CB1-Receptor Affinity KI [nM]

THC C21H30O2 40.7 ± 1.7

1-(5-Chloropentyl)-3-(2-iodobenzoyl)indole C20H19INOCl ?

4-Methoxyphenyl-(1-butyl-1H-indole-3-yl) methanone C20H21NO2 ?

AB-001 (JWH-018 adamantyl derivative) C24H31NO ?

AM-1220 C26H26NO2 0.75

AM-1220 azepane derivative C26H26NO2 ?

AM-1248 C26H34N2O 11.9

AM-2201 C24H22FNO 1.0

AM-2232 C24H20N2O 0.28

AM-2233 C22H23IN2O 2.8

AM-694 C20H19FINO 0.08

CP-47,497-C8 C22H36O 4.7

CRA-13 C26H24O2 6.1 ± 1.1

HU-210 C25H38O3 0.73 ± 0.11

JWH-007 C25H25NO 9.5 ± 4.5

JWH-015 C23H21NO 336 ± 36

JWH-018 C24H23NO 9 ± 5

JWH-019 C25H25NO 9.8 ± 2

JWH-073 C23H21NO 8.9 ± 1.8

JWH-073 methyl homologue C24H23NO ?

JWH-081 C25H25NO2 1.2 ± 0.03

JWH-122 C25H25NO 0.69 ± 0.05

JWH-122-5-fluoropentyl derivative C25H24NOF ?

JWH-200 (WIN 55,225) C25H24N2O2 42 ± 5

JWH-203 C21H22ClNO 8.0 ± 0.9

JWH-210 C26H27NO 0.46 ± 0.03

JWH-250 C22H25NO2 11 ± 2

JWH-250 1-(2-methylene-N-methyl-piperidyl) derivative C24H28N2O2 ?

JWH-251 C22H25NO2 29 ± 3

JWH-307 C26H24FNO 7.7 ± 1.8

JWH-387 C24H22BrNO 1.2 ± 0.1

(Continued)



13.  Synthetic Cannabinoid Receptor Agonists

NOVEL PSYCHOACTIVE SUBSTANCES

328

can be assumed that they show similar proper-
ties to THC [100] or the rather polar compound 
Org 28611 [32] regarding hysteresis when plot-
ting plasma concentrations against subjectively 
perceived effects (effects are delayed relative to 
the plasma concentrations and persist after the 
concentrations dropped already).

The extensive metabolism and the fact that 
a number of metabolites were shown to retain 
binding affinity to the CB1 receptor leads to a 
complex picture which has only just begun to 
be explored. For example, Brents et  al. found 
that hydroxylated metabolites of JWH-018 
show in vitro and in vivo CB1 receptor affin-
ity and agonistic activity [101]. Chimalakonda 
et  al. added similar findings for the AM-2201 
metabolite hydroxylated in position 4 of the 
5-fluoropentyl moiety [60]. Additionally, some 
of the hydroxylated JWH-073 metabolites retain 
nanomolar affinity to CB1 receptors, exert-
ing partial agonist activity (with the exception 
of one of the indole hydroxylated metabolites 
showing neutral antagonist activity) [102]. 
Finally, the glucuronidated 5-hydroxypentyl 
metabolite of JWH-018 has been shown to have 
CB1 binding affinity in the upper nanomolar 
range and neutral antagonist capacity [103].

The onset of action occurs typically within 
minutes of smoking and the duration of action 
has been reported to range from one to two 
hours [49] (most probably referring to ami-
noalkylindole type cannabinoids) to up to 
around six hours for the cyclohexylphenol 
CP-47,497-C8 [9], but it has to be kept in mind 
that these figures may strongly depend on 
the specific substance, the dose used and the 
preparation.

PREVALENCE OF USE

There is data on the prevalence of use of 
synthetic cannabinoid receptor agonists from 
both population and sub-population surveys. 
The majority of the data is from the UK and 
the USA, with smaller amounts of data avail-
able from elsewhere. One thing to note is that 
the terminology used in these surveys is not 
consistent, with some referring to these com-
pounds as ‘Spice’ or ‘K2’, whereas others refer 
to them as ‘legal weed’ or ‘synthetic cannabis’. 
The use of different terminology may mean that 
respondents interpret the question differently, 
which may influence their responses.

TABLE 13.1  Synthetic Cannabinoids and their CB1-Receptor Binding Affinities [83–93]

Substance Sum Formula CB1-Receptor Affinity KI [nM]

JWH-398 C24H22ClNO 2.3 ± 0.1

N-(1-adamantyl)-1-pentyl-1H-indazole-3-carboxamide  
(APINACA)

C22H30N3O ?

N-(1-adamantyl)-1-pentyl-1H-indole-3-carboxamide  
(APICA)

C23H30N2O ?

RCS-4 C21H23NO2 ?

RCS-4 ortho isomer C21H23HNO2 ?

RCS-8 C25H29NO2 ?

UR-144 C21H29NO 150

WIN 48,098 (pravadoline) C23H26N2O3 3155 ± 54

?: KI not measured/unknown.

(Continued)
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Population Level Surveys

Collection of data on the use of synthetic 
cannabinoid receptor agonists at a popula-
tion level is not undertaken in the preparation 
of multi-national reports such as the World 
Drug Report from the United Nations Office on 
Drugs and Crime (UNODC) and the European 
Monitoring Centre for Drugs and Drug 
Addiction (EMCDDA). This is similar to the sit-
uation for other NPS as discussed in Chapter 4.

Currently it appears that data on popula-
tion level prevalence on the use of synthetic 
cannabinoid receptor agonists are only system-
atically collected at a national level in England 
and Wales [104,105]. Data was first collected on 
the use of ‘Spice (and other synthetic cannabi-
noids)’ in England and Wales in the 2010/2011 
British Crime Survey, with 0.2% of those aged 
16–59 years old reporting use within the last 
year (0.4% for those aged 16–24 years old and 
0.1% for those aged 25–59 years old) [104]. This 
was significantly lower than the use of cannabis, 
with 6.8% of those surveyed reporting that they 
had used cannabis within the last year [104]. The 
overall last year use of ‘Spice (and other syn-
thetic cannabinoids)’ had fallen in the 2011/2012 
Crime Survey England and Wales to 0.1% of 
those aged 16–59 years old, whereas last year 
use of cannabis remained relatively stable (6.9%) 
[105]. In Germany, the 2009 Epidemiological 
Survey of Substance Abuse surveyed 8030 indi-
viduals aged 18–64 years old through question-
naires, telephone surveys and Internet surveys, 
and reported the last year use of ‘Spice’ was 
0.8% (the response rate was 50.1%) [106].

Subpopulation Surveys

There is emerging information from a series 
of subpopulation surveys which appears to sug-
gest that use of synthetic cannabinoid receptor 
agonists is higher than general population use 
amongst certain groups, including younger 
individuals, those continuing in education, 

those who frequent the night-time economy 
and those more likely to be subjected to rou-
tine occupational drug screening (e.g. the mili-
tary and athletes) [107–116]. In one study, 5956 
urine samples from athletes as part of anti- 
doping testing regimens in the USA were 
screened for the presence of two synthetic 
cannabinoid receptor agonists (JWH-018 and 
JWH-073) and their metabolites [112]. Parent 
JWH-018 and JWH-073 were not detected in any 
of the samples analyzed. However, metabolites 
of JWH-018 and/or JWH-073 were detected 
in 4.5% of the samples analyzed (mixed JWH-
018/JWH-073 metabolites in 50% of positive 
samples, JWH-018 metabolites only in 49% and 
JWH-073 metabolites only in 1%). There have 
also been similar concerns about use of these 
products amongst the US military [117].

There is greatest evidence and data reported 
on the use of synthetic cannabinoid receptor 
agonists amongst students and young people 
[110,111,113,116]. A representative survey among 
pupils aged 15–18 conducted in Germany in 
2010 reported that 9% had previously used 
‘Spice and other smokeable blends’, and 2% 
reported use within the last 30 days [116]. 
In Florida, USA, 2396 college students were 
mailed electronically a questionnaire on their 
use of tobacco, cannabis and ‘Spice’ (the ques-
tionnaire indicated that this was also known as 
‘K2’ or ‘legal weed’) [111]. Of the 852 (36%) who 
responded: life-time use of tobacco was 34%, 
cannabis 36% and spice 8%. The use of ‘Spice’ 
was significantly associated with younger 
age (18–19 years old 10% vs 20+ years old 5%,  
p = 0.02), being male (female 6% vs male 10%, 
p < 0.01), less time at college (third year or 
above in college 4% vs 1st or 2nd year in college 
10%, p < 0.01), or previous smoking of tobacco 
(yes 18% vs no 3%, p < 0.01) and previous can-
nabis use (yes 21% vs no 1%, p < 0.01). There 
were no differences in prevalence of use across 
different racial groups or relationship status.

The Monitoring the Future programme is a 
longitudinal study programme of secondary 
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school and college students in the USA [114]. 
The programme surveys approximately 50 000 
students in 8th Grade, 10th Grade and 12th 
Grade from a number of different public and 
private schools. Additionally, this programme 
follows up students after graduation by devel-
oping two panels of 1200 students randomly 
selected from each graduating class, with each 
panel surveyed on a biannual basis. Inclusion 
of questions regarding the use of ‘synthetic 
marijuana’ was included in the 2011 survey for 
12th Grade students only; the last year reported 
use rate was 11.4% [115]. This was higher than 
college students aged 19–22 years old (8.5%) 
and young adults aged 19–28 years old (7.4%) 
[115]. In the 2012 national survey of 4 449 stu-
dents attending 395 schools in the USA, use of 
synthetic marijuana was included for all three 
study populations. The last year use preva-
lence rates were 4.4%, 8.8% and 11.3% for those 
aged 13–14 years (8th Grade), 15–16 years (10th 
Grade) and 17–18 years (12th Grade), respec-
tively [118]. In the follow-up study of ‘Early 
and Middle Adulthood’ participants (those 
graduates aged 19–30), overall reported last 
year use of ‘synthetic marijuana’ is 6.5%, with 
the last-use reported use being highest in those 
who have just graduated (11.7% in those aged 
19–20 years old and 10.3% in those aged 21–22 
years old), decreasing to 2.0% and 2.1% in those 
25–26 years old and 29–30 years old, respec-
tively [119]. Interestingly the rate amongst 
those aged 27–28 years old was 4.6%.

Questions relating to the use of ‘Spice/
Magic’ were first included in the 2009/2010 
annual MixMag survey of UK clubbers and 
those who associate themselves with the 
MixMag magazine and online website [107]. 
Lifetime (ever used) and last month use of 
‘Spice/Magic’ were 12.7% and 2% respectively, 
which was considerably lower than the lifetime 
(93%) and last month (54.4%) use of cannabis 
[107]. There was a similar pattern of greater 
use of cannabis compared to ‘Spice/Magic’  

in the 2010/2011 MixMag annual survey: 
‘Spice/Magic’ Lifetime use 10.3% compared 
to 86.5% for cannabis; last year use of ‘Spice/
Magic’ 2.2% compared to 64% for cannabis 
[108]. The MixMag survey was expanded in 
the subsequent year to become the Global Drug 
Survey with 7700 UK respondents and 3300 US 
respondents [109]. Overall lifetime use of ‘syn-
thetic cannabis’ in the UK respondents was 
14.2% (lifetime use of the US respondents was 
not reported). Interestingly there was greater 
last year use of synthetic cannabis amongst US 
respondents (14%) compared to UK respond-
ents (3.3%), whereas there was no real differ-
ence in last year use of cannabis (US: 69.3%; 
UK 68.2%). Additionally, those people who 
were classified as ‘frequent clubbers’ in the UK 
had slightly higher last year use (5%) than the 
total UK survey population. In a further analy-
sis of the total dataset, the prevalence of life-
time use of ‘synthetic cannabis’ amongst the 
14 966 participants was 16.8%, and prevalence 
of use within the last month was 6.5% [49]. A 
questionnaire survey of 308 attendees at South 
London ‘gay friendly’ nightclubs undertaken in 
situ within the nightclub environment, reported 
life-time, last month and use on the night of the 
survey/planned use on the night of the survey 
of synthetic cannabinoid receptor agonists of 
9.0%, 2.2% and 0.6%, respectively [120].

Motivation for Consumption
An online survey conducted by the Centre of 

Drug Research of Goethe University Frankfurt 
in 2011 shows that apart from curiosity and 
the wish to get high – motives frequently men-
tioned also in the context of use of illicit drugs – 
legal availability was also an important motive 
for consumption [121]. This applies in particu-
lar to regular users of incense mixtures. The 
lack of rapid tests to detect these substances 
(e.g. in traffic checks) also plays an important 
role. Most regular users of synthetic cannabi-
noid receptor agonists seemed, in this survey, 
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to be experienced drug users who have used 
not only cannabis but other illicit drugs as well.

Whereas Pabst et  al. [106] stated in the 
‘Epidemiological Survey on Addiction’ of 2009 
that the prevalence of ‘Spice’ use in the German 
adult population was 0.8% for the 18–64-year 
age group (2.5% in young adults), a survey 
conducted among pupils aged 15–18 years in 
the Frankfurt area showed a prevalence of 9% 
in 2010 (compared to 6% in 2009) [116]. In view 
of the fact that circumventing drug tests will 
continue to be an important motive (no reliable 
rapid tests are to be expected in the foreseeable 
future and only a small number of specialised 
laboratories are able to cover the complete spec-
trum of substances available in the market), it 
seems unlikely that this trend will significantly 
decline, at least in the near future.

In an Australian survey of 316 synthetic can-
nabinoid receptor agonist users, the most com-
mon reason for trying these products in 50% of 
those surveyed was that they were curious to 
compare the effects to cannabis [122]. Other rea-
sons for using included legal status (39%), easier 
to obtain than cannabis (23%), produced desir-
able effects (20%), something different to canna-
bis (11%), offered by friends (10%), therapeutic 
effects (9%), avoiding workplace or drug-driver 
testing (8%) and to aid reduction or cessation of 
cannabis use (5%). Most (76%) believed that the 
synthetic cannabinoid receptor agonists were less 
likely to be detected through workplace testing 
than cannabis. Similarly, 79% believed that they 
were less likely to be detected by drugs dogs.

In the more detailed analysis of the 2011/12 
Global Drugs Survey, those who reported a 
preference for ‘synthetic cannabis’ over ‘natu-
ral cannabis’ were asked which of four reasons 
was most important in determining this prefer-
ence [49]. 69 individuals reported a preference 
for ‘synthetic cannabis’ – the most important 
reason was effect (58%), followed by avail-
ability (18.9%), not as easily detected in urine 
screens (14.5%) and cost (8.7%).

ACUTE TOXICITY

Animal Studies

There have been no animal studies inves-
tigating the patterns or mechanisms of acute 
toxicity of the synthetic cannabinoid recep-
tor agonists. However, there has been one 
study investigating the potential cytotoxic 
effects of three non-classical synthetic cannabi-
noid receptor agonists (CP-55,940; CP-47,497; 
CP-47,497-C8) in the neuroblastoma-glioma 
hybrid cell line NG108-15 [123]. All three syn-
thetic cannabinoid receptor agonists were 
associated with concentration dependent cyto-
toxicity. Pre-incubation with the selective CB1 
antagonist AM-251 resulted in suppression of 
the cytotoxicity, whereas pre-incubation with 
the selective CB2 antagonist AM-630 had no 
effect on the cytotoxicity seen. In this cell model 
the synthetic cannabinoid receptor agonists 
were associated with activation of the caspase 
cascade, pre-incubation with the irreversible 
inhibitor of capsase-3, Z-DEVD-4NK, attenu-
ated the cytotoxicity seen. This suggests that 
the synthetic cannabinoid receptor agonists 
have the potential to cause cellular cytotoxicity 
through activation of the CB1 receptor and that 
the capsase cascade has an important role of 
this. However, the clinical significance of this to 
‘Spice’ users is unclear at this time.

Koller et  al. evaluated cytotoxic, genotoxic, 
immunomodulatory, and hormonal activities 
of four naphthoylindoles (JWH-018, JWH-073, 
JWH-122 and JWH-210) and the benzoylin-
dole AM-694 in human cell lines and primary 
cells [124]. Toxic effects induced by all com-
pounds included damage to the cell mem-
branes of buccal (TR146) and breast (MCF-7) 
derived cells and were only seen at concen-
trations ≥ 75–100 μM which is several orders 
of magnitude higher than the concentrations 
typically expected in humans after recreational 
use. In single cell gel electrophoresis assays, 
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JWH-073 and JWH-122 induced DNA migra-
tion in buccal and liver cells (HepG2), while 
JWH-210 was only active in the latter cell line. 
In bone marrow cells (U2-OS) all compounds 
caused anti-estrogenic effects at levels between 
2.1 and 23.0 μM. Impact on cytokine release (i.e., 
on IL-10, IL-6, IL-12/23p40 and TNF-alpha lev-
els) was only seen in pilopolysaccharide (LPS)-
stimulated human PBMCs after treatment 
with JWH-210 and JWH-122 which caused 
a decrease of TNF-alpha and IL-12/23p40.  
All toxic effects were observed only at con-
centrations significantly higher than those 
expected in users. However, since local concen-
trations may be higher in certain tissues (e.g. 
epithelial cells or fat tissue where lipophilic 
substances may accumulate), further experi-
mental work is required to find out if DNA 
damage may occur in drug users, particularly  
after chronic use.

Human Data

The information on the acute toxicity related 
to the use of synthetic cannabinoid receptor 
agonists is based on user reports on Internet 
discussion forums and questionnaire surveys, 
case reports without analytical confirmation, 
poisons centre case series and case reports/
series with analytical confirmation of the syn-
thetic cannabinoid receptor agonists involved 
[125]. The limitation of many of these reports 
are that many include use of more than one 
synthetic cannabinoid receptor agonist and so it 
can be difficult to determine the role of an indi-
vidual synthetic cannabinoid receptor agonist 
in the pattern of toxicity seen.

In an Internet based anonymous survey 
of 168 people recruited from e-mail lists and 
Internet discussion forums containing ref-
erence to ‘Spice’ products, recruitment was 
undertaken from 13 different countries [126]. 
Unwanted effects included drowsiness (75%), 
light-headedness (74%), heart racing (59%), 
feeling of clumsiness (57%), nervousness or 

anxiety (54%), paranoia (54%), dizziness (51%), 
nausea (36%), hallucinations (28%), tinnitus 
(20%), vomiting (10%). The quantity of ‘Spice’ 
product consumed did not differ significantly 
between those who did and did not have a his-
tory of unwanted effects. Additionally, 11% 
reported that recurrent use of the same product 
resulted in variable and unpredictable effects, 
suggesting potentially that there is variability 
in the content of products that individuals were 
using.

In a more detailed analysis of the 2011/12 
Global Drug Survey, participants were asked to 
compare their experiences following ‘synthetic 
cannabis’ use with ‘natural cannabis’ across 
12 broad positive and negative effect domains 
[49]. ‘Natural cannabis’ was reported to be 
associated with more positive effects than ‘syn-
thetic cannabis’. Negative effects more associ-
ated with ‘natural cannabis’ included sedation, 
impairment of memory and addictiveness; 
however, ‘synthetic cannabis’ was associated 
with more hangover effects, paranoia, ‘harmful 
effects on the lungs’ and negative effects when 
high than ‘natural cannabis’.

In a review of case records of 11 individu-
als aged 15–19 years in an addiction treatment 
centre who were users of ‘Spice’ products, com-
monly reported adverse effects were: irritabil-
ity (36%), anxiety (27%), anger (9%), memory 
changes (100%), auditory perceptual changes 
(9%), visual perceptual changes (45%), para-
noid thoughts (35%), palpitations (20%), 
blackouts (9%) and tremor (9%) [113]. Limited 
information was given in this paper on the fre-
quency of use of ‘Spice’ and 91% also reported 
use of cannabis and alcohol; it is therefore dif-
ficult to determine to what degree the reported 
adverse effects were due to synthetic cannabi-
noid receptor agonists rather than cannabis 
and/or alcohol.

The final user survey on adverse effects is 
a questionnaire survey of 316 Australian syn-
thetic cannabinoid receptor agonist users which 
used purposeful sampling strategies linked 
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to Internet sites selling synthetic cannabinoid 
receptor agonists products [122]. In this survey, 
68% reported at least one adverse effect during 
their last use of synthetic cannabinoid receptor 
agonists (median number of adverse effects 1 
(IQR 0–4)). Adverse effects reported included: 
decreased motor coordination (38%), fast or 
irregular heart beat (33%), dissociation (22%), 
dizziness (20%), paranoia (18%), confusion 
(18%), headache (18%), panic (14%), slurred 
speech (14%), sweating (14%), nausea and/or 
vomiting (9%), depression (4%) and psychosis 
(4%). Only 2.1% felt that their adverse effects 
were serious enough for them to consider seek-
ing help from friends or a healthcare provider. 
Males reported significantly more adverse 
effects than females and younger users aged 
18–25 years reported more adverse effects than 
both those aged 26–35 years and ≥36 years. Use 
of bongs resulted in significantly more adverse 
effects than other routes of use. Concurrent 
alcohol use was associated with more adverse 
effects, whereas there was no association with 
concurrent use of synthetic cannabinoid recep-
tor agonists and cannabis.

In a large US poisons centre case series 
describing self-reported synthetic cannabi-
noid receptor agonist toxicity cases reported to 
US poisons centres during a 9-month period 
in 2010 [97], there were 1898 exposures; 1353 
of these were single-agent exposures. The 
most common clinical effect was tachycardia 
(n = 510, 37.7%), seizures were reported in 52 
patients (3.8%). Data from the UK National 
Poisons Information Service shows that there 
were 532 accesses to the online TOXBASE web-
site over the first 6 months of 2012 concerning 
‘Spice’ products; it is not possible to determine 
how many of these applied to cases of acute 
toxicity and these are all self-reported/non-
analytically confirmed cases [127].

The initial clinical case reports of acute tox-
icity associated with the use of synthetic can-
nabinoid receptor agonists described toxicity 
similar to that seen with cannabis [128,129]. 

In addition, these and other reports suggest 
that the use of synthetic cannabinoid receptor 
agonists in individuals who are susceptible to 
psychosis may precipitate or worsen underly-
ing psychosis [128–133]. One of these reports 
describes a 25-year-old male with previous 
recurrent psychotic episodes related to can-
nabis managed on mono-therapy with amisul-
pride [130]. He smoked 3 g of ‘Spice’ on three 
separate occasions and developed a worsen-
ing psychosis (imperative voices and recurrent 
paranoid hallucinations). In a further report, 
a 21-year-old male with underlying atten-
tion deficit hyperactivity disorder (ADHD) 
on methylphenidate consumed ‘Spice’ and 
within minutes was reported to have devel-
oped blurred vision, an unsteady gait and an 
acute onset of an ‘agonal state’ with ‘the fear of 
ignorance of his friends’ [131]. This panic attack 
was accompanied by ‘vegetative hyperirritabil-
ity’ lasting more than two hours. The patient 
was managed with midazolam and overnight 
observation. One further report describes a 
17-year-old female who took a ‘single bong hit’ 
of JWH-018 15 minutes prior to arrival in the 
Emergency Department (ED) [133]. Her friends 
described that she became ‘violent and crazy’. 
She was restless and anxious on arrival in the 
ED with heart rate 120/min, BP 135/85 mmHg 
and normal neurological examination. She was 
managed with intravenous lorazepam and her 
symptoms settled.

In more recent reports of acute toxicity 
related to ‘Spice’ products, it appears that in 
addition to ‘cannabis-like’ effects such as seda-
tion, cognitive deficits, psychosis and anxiety, 
the synthetic cannabinoid receptor agonists can 
also cause more significant clinical features. 
Some examples of more recent case reports of 
acute toxicity (some of which also include ana-
lytical confirmation of the synthetic cannabi-
noid receptor agonist(s)) include the following.

There have been a number of reports of 
convulsions related to the use of ‘Spice’ prod-
ucts, but not all of these cases have included 
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analytical confirmation on biological samples. 
The first report was of a 21-year-old male who 
presented to the ED with vomiting and a con-
vulsion one hour after smoking ‘Spicy XXX’; 
no analytical confirmation of either biologi-
cal samples or the product was undertaken in 
this case [134]. In another report, a 19-year-old 
male had a convulsion whilst smoking ‘Happy 
Tiger Incense’ and a further convulsion on 
arrival in the ED [99]. Four synthetic cannabi-
noid receptor agonists were found on analysis 
of the product smoked: JWH-018, JWH-081, 
JWH-250 and AM-2201; however, there was no 
analysis of biological samples. In another report 
of convulsions potentially related to synthetic 
cannabinoid receptor agonists, a 48-year-old 
man ingested an unknown white powder and 
within 30 minutes became agitated and had a 
convulsion [135]. On arrival in the ED he had a 
heart rate of 106 and blood pressure of 140/88 
and temperature of 37.7. Following further sei-
zure activity in the ED, he was treated with IV 
lorazepam. On the second day of his admission, 
he developed a supra-ventricular tachycardia 
requiring electrical cardioversion. Analysis of 
the powder used confirmed it was JWH-018 
and subsequent analysis of the urine detected 
the major omega carboxyl metabolite of JWH-
018 (concentration 200 nM). The most recent 
report was from our group, reporting a 20-year-
old male who presented to the ED following a 
generalised self-terminating tonic clonic con-
vulsion lasting between two and three minutes 
after smoking two tokes of a ‘Black Mamba’ 
spice product [136]. Toxicological screen-
ing of a urine sample taken at presentation 
detected three mono-hydroxylated metabolites 
of AM-2201; no other drugs or alcohol were 
detected other than nicotine and caffeine.

There has been a recent report of 16 cases 
of acute kidney injury (AKI) in six US states 
[137]. There was a range of different products 
used and screening of biological samples was 
undertaken in six individuals. The synthetic 
cannabinoid receptor agonists detected were 

(1-(5-fluoropentyl)-1H-indole-3-yl)(2,2,3,3-tetra-
methylcyclopropyl)methanone (also known 
as XLR-11) and/or its metabolite in four indi-
viduals and UR-144 in one individual. It is 
noteworthy that these tetramethylcyclopropyl 
derivatives may undergo ring-opening reactions 
when smoked, resulting in reactive unsaturated 
molecular species. No synthetic cannabinoid 
receptor agonists were detected in two individ-
uals, one had a sample collected nine days after 
use and the other had insufficient serum col-
lected two days after use and nothing detected 
in urine collected four days after use. Fifteen 
(93.8%) had nausea and vomiting as the chief 
symptom at presentation and therefore there 
is the potential that the cause of AKI was pre-
renal renal failure secondary to dehydration 
rather than actual synthetic cannabinoid recep-
tor agonist related renal toxicity. This is substan-
tiated by renal biopsy findings of acute tubular 
necrosis in six of the eight patients who had a 
renal biopsy and three of eight people had acute 
interstitial nephritis on renal biopsy; however, 
limited information was provided on the extent 
to which alternative causes of an interstitial 
nephritis were excluded. In summary, whilst 
this report highlights the potential for renal tox-
icity associated with the synthetic cannabinoid 
receptor agonists, we feel that it is more likely 
that the AKI seen in these patients was due to 
dehydration related to vomiting.

The largest series of analytically confirmed 
synthetic cannabinoid receptor agonist acute 
toxicity is from Germany [44]. This was a 
series of 29 patients and the following syn-
thetic cannabinoid receptor agonists were 
detected: CP-47-497-C8 (one case), JWH-015 
(one), JWH-018 (eight), JWH-073 (one), JWH-
081 (seven), JWH-122 (eleven), JWH-250 (four), 
AM-694 (one), JWH-210 (eleven). More than 
one synthetic cannabinoid receptor agonist was 
detected in a number of cases; two synthetic 
cannabinoid receptor agonists were detected in 
seven patients and three synthetic cannabinoid 
receptor agonists were detected in five patients. 



Dependence and Abuse Potential

NOVEL PSYCHOACTIVE SUBSTANCES

335

There appeared to be a change in the synthetic 
cannabinoid receptor agonists detected over 
time with detection of JWH-018 in 2008/2009, 
JWH-081 and JWH-122 frequently seen in 2010, 
JWH-210 first identified at the end of 2010 and 
being identified in all but one case in 2011. 
Generally clinical features resolved within 
four to 14 hours, although one patient had an 
acute psychosis that lasted for several days. 
‘Cannabis-like’ changes in perception and hal-
lucinations were common (38%) and agitation 
was also common (41%). Tachycardia was com-
monly reported (76%) with heart rate of 90–170 
beats per minute and 34% had hypertension 
(150–200  mmHg systolic, median 160  mmHg; 
80–100  mmHg diastolic, median 85  mmHg). 
Nausea and vomiting occurred in 28%, 21% 
had shortness of breath, 15% had confusion, 
17% had ‘unconsciousness’ lasting up to an 
hour, 14% had ‘shaking and shivering’, 14% 
had an elevated creatine kinase and 28% of 
patients had hypokalaemia (serum potassium 
3.1–3.4  mmol/L (four patients), 2.8–2.9  mmol/L 
(three patients), 2.3  mmol/L (one patient). Other 
significant clinical features that were less com-
mon and reported in fewer than three patients 
(10%) included muscle pain, myoclonus, chest 
pain and convulsions. There appeared to be a 
greater frequency of adverse effects reported 
with the JWH-group synthetic cannabinoid 
receptor agonists than with CP-47,497-C8.

In conclusion, the reports to date of toxicity 
associated with synthetic cannabinoid receptor 
agonists suggest that in addition to cannabis-
like effects, additional toxicity associated with 
these products includes agitation, tachycardia, 
and hypertension to a greater extent than that 
seen with cannabis, and also hypokalaemia and 
convulsions.

Deaths
There have been reports in the popular press 

and on Internet discussion forums of deaths 
potentially related to the use of ‘Spice’ products 
[138,139]. However, there are no reports in the 

published literature of deaths that have been 
confirmed to be related to synthetic cannabi-
noid receptor agonists.

CHRONIC TOXICITY

There are currently no published data 
describing studies in either animals or humans 
which have investigated the potential for 
chronic toxicity associated with the use of syn-
thetic cannabinoid receptor agonists. However, 
in single cell gel electrophoresis assays the ami-
noalkylindoles JWH-073, JWH-122 and JWH-210 
were shown to induce DNA migration which 
may indicate a potential for genotoxicity [124].

DEPENDENCE AND ABUSE 
POTENTIAL

Animal Data

In a rat discrimination study, where rats 
were initially trained to discriminate THC from 
vehicle, synthetic cannabinoid receptor agonists 
such as CP-55,940 and WIN-55,212-2 were able 
to substitute for THC [140]. These effects of 
synthetic cannabinoid receptor agonists could 
be attenuated by the effects of the CB1 antago-
nist SR-141,716A.

In a rhesus monkey model, animals were 
trained to discriminate THC, JWH-018, JWH-
073 from vehicle in drug lever pressing stud-
ies [141]. The ED50 values were 0.044, 0.013, 
0.058 mg/kg and duration of action was four, 
two and one hour for THC, JWH-018 and JWH-
073, respectively. All three compounds could 
dose-dependently attenuate the rimonabant 
discriminative stimulus in animals chronically 
treated with THC. The authors of this study 
concluded that the synthetic cannabinoid recep-
tor agonists JWH-018 and JWH-073 had similar 
subjective effects to THC although the shorter 
duration of action may lead to more frequent 
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use and in turn, there is the potential that this 
could increase dependence risk.

In another rhesus monkey study, animals 
were given either three or 14 days of pre- 
treatment with THC to study its effects on tol-
erance to three synthetic cannabinoid receptor 
agonists (CP-55,940; JWH-073; JWH-018) [142]. 
Three days of pre-treatment with THC did not 
result in cross tolerance to any of these three 
synthetic cannabinoid receptor agonist com-
pounds. Fourteen days pre-treatment with THC 
decreased sensitivity to THC, CP-55,940, JWH-
018 and JWH-073 9.2-fold, 3.6-fold, 4.3-fold and 
5.6-fold respectively. The differences in sensi-
tivity to pre-treatment with THC may indicate 
differences in the potential for dependence 
associated with THC and synthetic cannabinoid 
receptor agonists and also between different 
synthetic cannabinoid receptor agonists.

Human Data

In the multi-national Internet survey of 168 
‘Spice’ users, 37% met the DSM IV criteria for 
abuse and 12% met the dependence criteria 
[126]. In terms of the dependence criteria, 38% 
had been unable to cut down or stop ‘Spice’ 
use, 36% were describing symptoms of toler-
ance, 28% were using for longer periods than 
originally intended and 18% stated that ‘Spice’ 
use was interfering with other activities. No 
individuals reported that they had sought or 
received treatment in relation to their problem-
atic use of ‘Spice’. Withdrawal symptoms fol-
lowing cessation of ‘Spice’ were described as 
‘rare’, although data not provided in the paper 
on the percentage of individuals who reported 
withdrawal effects. Commonly reported effects 
included headache (15%), anxiety/nervous-
ness (15%), insomnia (14%), anger/irritability 
(13%), poor concentration (9%), nausea (7%) 
and depression (6%).

Nabilone is a prescription synthetic cannabi-
noid receptor agonist that is used in the treat-
ment of chemotherapy-induced vomiting as 

well as off-label use for chronic pain. The abuse 
potential of nabilone has been reviewed using 
published scientific literature, popular press 
and Internet database reviews [143]. Overall, 
nabilone was perceived to have more unde-
sirable effects, longer onset of action and to 
be more expensive than ‘natural cannabis’. In 
addition, it was felt that there was limited evi-
dence of abuse potential for nabilone.

There have been reports of cannabis depend-
ent users who have been able to transition to 
use of ‘Spice’ without development of with-
drawal symptoms [144]. These reports sup-
port the previously described rhesus monkey 
studies where synthetic cannabinoid receptor 
agonists can substitute for THC. There have 
also been anecdotal reports of ‘dependent’ use 
of synthetic cannabinoid receptor agonists on 
Internet discussion forums [145]. The first pub-
lished report of dependence and withdrawal 
associated with the use of synthetic cannabi-
noid receptor agonists was from Germany [146]. 
This was a 20-year-old male who had been ini-
tially using 1 g of ‘Spice Gold’ per day for eight 
months, which had increased to 3 g per day in 
three to four divided doses due to decreasing 
effects. During a phase of abstinence associated 
with difficulty in supply he developed with-
drawal symptoms of profuse sweating, ‘internal 
unrest’, tremor, palpitations, insomnia, head-
ache, nausea, vomiting and diarrhoea. These 
symptoms resolved on recommencing use of the 
‘Spice Gold’ product. He was therefore even-
tually admitted for withdrawal treatment and 
started to develop symptoms of withdrawal on 
day two of his admission with increasing ‘inter-
nal unrest’. Symptoms continued to develop 
such that on day four he had increasing ‘inter-
nal unrest’, strong desire to use ‘Spice’ products, 
nightmares, nausea, sweating, tremor, tachycar-
dia, hypertension and headache. He was treated 
with a combination of zopiclone, promethazine, 
clonidine and pramipexole. He was discharged 
on day 18 and was able to discontinue the 
pramipexole one month later.
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In another report, a 23-year-old male with 
previous high use of cannabis (5–10 g per day) 
switched to ‘Spice Gold’, with increasing dose 
up to 10 g per day [147]. Concerned about his 
use, self-attempted cessation resulted in the 
development of severe withdrawal symp-
toms. Eventually he was admitted to a psychi-
atry unit for withdrawal. On the day after his 
admission he had a (18F)fallypride PET scan 
to measure cerebral D2/3 receptor availability. 
This demonstrated reduction in cerebral D2/3 
receptors compared to healthy controls in the 
striatum, caudate nucleus, anterior/posterior 
putamen, thalamus, insular cortex, hippocam-
pus, lateral temporal cortex and amygdala. 
Following one week of observed abstinence in 
hospital, the PET scan was repeated and dem-
onstrated that receptor availability had recov-
ered to ‘normal values’. This single case report 
demonstrates that ‘Spice Gold’ – which dur-
ing product monitoring in the years 2008–2010 
contained CP-47,497-C8 as main active sub-
stance, sometimes alongside with JWH-018 
(own unpublished data) – is associated with 
changes in cerebral D2/3 availability, which 
may explain its dependence potential and asso-
ciated withdrawal syndromes.

FORENSIC RELEVANCE

Synthetic cannabinoid receptor agonists are 
important in all fields in which the use and 
detection of cannabis may be of relevance.

These include:

●	 road traffic offences
●	 unexplained deaths
●	 occupational screening
●	 assessment of criminal responsibility
●	 assessment of fitness to drive following drug 

use and
●	 abstinence testing in therapeutic facilities.

Offences against narcotics acts or medicines 
acts may also be of relevance.

It is currently difficult to predict the extent to 
which the synthetic cannabinoid receptor ago-
nist products may be used in these areas. One 
significant limiting step is that the complex 
analytical techniques are often not widely avail-
able in all of these areas and keeping the ana-
lytical libraries up to date can be a challenge.

As with natural cannabinoids and other sub-
stances with high volumes of distribution it is 
important when interpreting analytical findings 
to be aware of the problem of accumulation 
due to redistribution from deep compartments, 
which may lead to a prolonged elimination 
time after the beginning of abstinence [148,149]. 
Evaluation of follow-up checks in psychiatric 
patients showed that after chronic consumption 
of incense mixtures positive results for metabo-
lites can be expected in urine samples for many 
weeks and even up to several months. The 
same applies to serum samples where the ini-
tially often very high concentrations will con-
tinuously decline with a terminal elimination 
half-life of several days up to more than a week 
[51]. After a single consumption, the substance 
can usually be detected in blood and urine sam-
ples for at least several days. New consumption 
can therefore be assumed only if the concentra-
tions in consecutive samples show a significant 
increase or new substances not identified before 
are detected.

CONCLUSIONS

Products containing synthetic cannabinoid 
receptor agonists are widely available over the 
Internet and emerging data show that these 
products are increasingly used amongst cer-
tain sub-populations. There are many dozen 
synthetic cannabinoid receptor agonists across 
different chemical classes and new chemicals 
continue to be described with increasing fre-
quency over the last two to three years.

Although there is limited data available on 
the pharmacology of the synthetic cannabinoid 
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receptor agonists used in ‘Spice’ products, the 
available data suggests that most of them are 
of higher potency and intrinsic activity at CB1 
receptors than cannabis. It also appears that 
these substances have a wider and more severe 
pattern of toxicity than cannabis.
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INTRODUCTION

Natural product drugs of abuse are as old 
as mankind with Cannabis (Cannabis sativa), 
Opium (from Papaver somniferum) and cocaine 
(from Erythroxylon coca) being ancient examples 
of materials which were used in pain relief or in 
religious ceremonies [1]. Natural product novel 
psychoactive substances (NPS) (‘legal highs’) are 
legally-available products from natural sources 
including plant or fungal materials that may be 
either extracts or crude plant or fungal material 
that contain compounds that elicit a psychoac-
tive effect. This is distinct to the synthetic chemi-
cals (single chemical entities; SCE) covered in the 
other chapters of Section 3 of this book. Both the 
natural product and the single chemical NPS are 
used as substitutes for and/or in addition to estab-
lish, classical recreational drugs such as cocaine, 
amphetamines, hallucinogenic materials related to 
tryptamine and analgesic drugs of the opiate class.

An important United Kingdom (UK)-based 
Internet market survey undertaken in 2011 [2] 
showed that 1308 kinds of product were avail-
able with an average price of £9.69. Most of 
these materials were in the form of pills (46.6%) 

while 18.1% were single plant materials or 
plant extracts. The top five plant-related prod-
ucts by frequency were Salvia (Salvia divinorum), 
kratom (Mitragyna speciosa), Hawaiian baby 
woodrose seeds (Argyreia nervosa), fly agaric 
(Amanita muscaria) and ‘Genie’ (a smoking mix-
ture containing multiple plant materials and of 
dubious pharmacognostical identity).

This chapter will focus on the NPS that are 
natural products, namely extracts of plants or 
the crude fungal or herbal materials themselves. 
The term ‘legal’ will be applied to the UK at the 
time of writing this chapter as legality varies 
from country to country and is time dependent 
as more is understood about the harms associ-
ated with these materials and individual coun-
tries consider classification of these substances.

NPS products are widely available and eas-
ily affordable from the Internet and retailers. 
This ready availability has resulted in an expan-
sion of use and increasing sales of these mate-
rials in Europe and globally. According to the 
European Monitoring Centre for Drugs and 
Drug Addiction (EMCDDA) Report in 2011, the 
number of online sites selling NPS in July 2011 
was found to be two- and three-fold greater 

http://dx.doi.org/10.1016/B978-0-12-415816-0.00014-6
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than in the last six and 18 months, respectively. 
A third of 631 online shops found in the study 
were based in the USA, while a fifth were in the 
UK [3]. This is cause for considerable concern 
and some countries, such as the USA, have seen 
an increase in the use of hallucinogenic sub-
stances over the past decade [4]. This increas-
ing use coupled with a steady stream of case 
reports of adverse effects from NPS products 
shows that this area will be of societal impor-
tance for some considerable time to come [5].

Many of the natural product NPS currently 
in use were studied for their chemistry some 
time ago, and it should be noted that there is 
still a requirement for modern analysis of some 
of these complex natural materials. The pau-
city of data casts further doubt on the acute 
safety of these products and their long-term 
safety profile. Further natural product chem-
istry is needed on the analysis of the minor 
chemical components, their pharmacology at 
various receptor types, their biological activity 
as a mixture and their interactions with exist-
ing controlled drugs of abuse, and even their 
interactions with conventional medicines needs 

further study. This chapter will cover the main 
fungal and herbal NPS and give an overview of 
their chemistry, pharmacological action where 
known and recent toxicological reports.

FUNGAL NPS

Fly Agaric (Amanita Muscaria)

Amanita muscaria is a member of the 
Basidiomycete group of fungi [6] and is the clas-
sic toadstool depicted in literature and art with 
a red or orange cap that is often mottled with 
white spots. When dry these specimens have an 
orange/brown colour but the mottled spotting is 
still clearly visible (Fig. 14.1) and NPS samples 
are sold as bagged-up whole basidia (caps).

Figure 14.2 shows a NPS product purchased 
on the Internet and disingenuously labelled 
‘not for consumption’, despite there being no 
rational reason other than for research purposes 
for possession of this material.

Within this genus there are a number of poi-
sonous relatives including the panther (Amanita 
pantherina), the death cap (Amanita phalloides) 

FIGURE 14.1  Cap of Amanita muscaria showing the distinctive mottled spots characteristic of this species.
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and the delightfully termed destroying angel 
(Amanita verna) [6].

Fly agaric has a long history of use as a seda-
tive material and the main psychoactive com-
pounds within these species are thought to be 
analogues of the neurotransmitter gamma-
aminobutyric acid (GABA) and glutamic acid, 
notably muscimol and ibotenic acid, respec-
tively [7] (Fig. 14.3).

The natural products muscimol and ibotenic 
acid are isoxazole alkaloids and possess some 
structural similarity with GABA and both act at 
various parts of the GABA receptor. Muscimol 
is derived from ibotenic acid by decarboxylation 
[8]. Muscarine is a cholinergic agonist and was 
thought to contribute to the overall psychoactiv-
ity of A. muscaria. However, it was reported later 
that the mushroom contained only trace amount 
of muscarine so it is unlikely to be responsible for 
the psychoactive effect [9].

The use of this material is steeped in history 
and it has been suggested that fly agaric is Soma, 
the vedic drug consumed by the Indo-Iranians. 
Poisoning by this species has been described as 
the ‘pantherina–muscaria’ syndrome and is ‘atro-
pine like’ and comparatively rare. Symptoms 
can manifest between 30 minutes and two hours 
and include dizziness, confusion, tiredness, 
and increased sensitivity to visual and auditory 
stimuli. The ‘atropine-like’ effects also include 
dryness of mouth, pupil dilation and followed 
by drowsiness with a deep sleep [10,11]. Effects 
have been compared to alcohol consumption 
but with hallucinations, incoherent speech, pos-
sible seizures, vomiting, transient deep sleep or 
coma and persistent headache [4]. Treatment of 
toxicity associated with A. muscarina includes gut 
decontamination and in severe cases the use of 
benzodiazepines; some authors have suggested 
that the use of a cholinesterase inhibitor such as 

FIGURE 14.2  A legal high purchase of Amanita muscaria (Fly Agaric) ‘labelled not for consumption’.

FIGURE 14.3  Structures of Gamma amino butyric acid (GABA), muscimol, ibotenic acid, and muscarine.
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physostigmine may need to be considered [12]. 
In some countries fly agaric is consumed as food 
stuff but the red skin is removed and the mush-
room is soaked or boiled and the resulting water 
is discarded, and this would presumably have 
an effect on reducing the concentrations of the 
isoxazoles, and therefore reduce the risk of psy-
chotropic effects. A few case studies have been 
reported with one example of a 48- year-old male 
having consumed fly agaric, vomited and fell 
asleep 30 minutes after consumption, being found 
later comatose and having a seizure-like episode. 
Four hours after admission he was still coma-
tose and was administered activated charcoal 
and awoke 10 hours after ingestion. At 18 hours 
his condition deteriorated with paranoid psycho-
sis and visual and auditory hallucinations which 
persisted for five days. This case report suggested 
that a delay can occur with the onset of poisoning 
and that psychosis may last several days [13].

One case report has shown respiratory and 
cardiovascular depression with ingestion of fly 
agaric with myoclonus, flushing and mydriasis 
and treatment included the use of intravenous 
atropine, diazepam and mechanical/assisted 
ventilation [14].

Psilocybe and Related Species – ‘Magic 
Mushrooms’

Magic mushrooms of the genus Psilocybe are 
still marketed as ‘novel psychoactive substances’, 
notably the spores and mycelia of Psilocybe cuben-
sis and Psilocybe semilanceata, which are sold with 

sand as ‘specimens for microscopy’. The addition 
of water allows fruiting of the mushrooms after 
a few days. Sometimes spores are sold as a sus-
pension in solution in a sterile syringe and when 
this suspension is added with water to a suitable 
fruiting matrix, for example a breakfast cereal, the 
spores will germinate and produce fruiting bodies 
(the mushroom caps; basidia) [15].

Possession of the whole fresh or dried pre-
pared material of Psilocybe is an offence in the UK 
and ‘head shops’ and websites circumvent this 
legislation by marketing the spores in suspension 
as an aid to microscopy and a microbiological 
training aid. The main psychoactive components 
are, however, Class A drugs in the UK.

Specifically, these species contain the phos-
phate ester psilocybin which is hydrolyzed in vivo 
to psilocin, which is the main psychoactive com-
ponent of magic mushrooms and shows marked 
similarity with serotonin (Fig.14.4). Psilocybin is 
a serotonin agonist and has high affinity for the 
5HT2A receptors [4].

The symptoms of psilocybin and psilocin 
intoxication are similar to that of LSD and mes-
caline, but with a shorter action [16]. The acute 
toxicity of aqueous extracts of P. cubensis has been 
investigated in rats with an increased rearing 
behaviour, gnawing and even a gender difference 
being observed [17]. Psilocybin-like myocardial 
toxicity has also been investigated [18] and the 
authors concluded that sub-chronic intoxication 
may lead to a magnesium imbalance without 
affecting the concentrations of calcium, sodium, 
potassium or chloride.

FIGURE 14.4  The structures of the main components of Psilocybe, psilocybin and psilocin, show marked similarity with 
serotonin.
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In the 1960s and 1970s collections of the 
Liberty Cap (Psilocybe semilanceata) across vari-
ous parts of the UK was a popular endeavour; 
users reported vivid visual hallucinations and 
auditory disturbances [19]. Case reports for the 
sensory hallucinogenic effects of magic mush-
rooms are manifold [20,21] and whilst significant 
systemic toxicity appears to be rare, the main 
cause of fatality arises from misadventure due 
to psychosis [22]. In a Swedish study looking at 
intoxications by analysis of urine content over 
a 4-year period covering 103 cases, psilocin was 
found to be the most frequently observed psy-
choactive and was found in 54% of cases [23].

An example of this includes resisting arrest 
and the assault on a police officer [24] where 
the assailant was intoxicated with psilocin 
after ingesting 4 mg of magic mushrooms and 
attempts to subdue the assailant with nine 
bean bag rounds and multiple Taser usage 
failed. The man subsequently was shot try-
ing to enter a police car containing a loaded 
rifle. Analysis of a post-mortem urine sample 
reported 4200 ng/mL of psilocin. This case dem-
onstrates the psychotic, bizarre and ‘seemingly 
purposeful behavior’ [24] that these materials 
can elicit. However, an important and recent 
review by Van Amsterdam and co-workers [25] 
on Psilocybe use in the Netherlands has con-
cluded that its use is relatively safe and that 
only a few and mild adverse effects have been 
reported. According to the Coordination point 
Assessment and Monitoring new drugs (CAM), 
Netherlands, the dependence potential of the 
mushroom was low as well as chronic toxicity 
while acute toxicity was moderate. However, 

the unpredictable nature of panic attacks and 
flashbacks associated with this material remain 
a point of concern.

Herbal NPS

Catha edulis (Khat)
Khat (Catha edulis Forsk. ex Endl.) is a small 

tree from the Celastraceae plant family that 
grows in East Africa and the Southern Arabian 
Peninsula. The crude drug material has a 
number of names in various locations such as 
‘qat’ (Yemen), ‘tchat’ (Ethiopia), ‘qaad or jaad’ 
(Somalia) or ‘miraa’ (Kenya) [26]. The chewing 
of khat is part of the ethnic culture of Yemeni, 
Somali and East African societies especially at 
social gatherings. The fresh leaves of this spe-
cies are consumed every day by approximately 
80–90% of men and 10–60% of the women 
in East Africa [27], primarily due to its cen-
tral nervous system (CNS) stimulating and 
euphoric effects [28].

Khat use has spread with immigration to 
other parts of the world, such as Europe and 
America, by East Africans. Users ingest approxi-
mately 100–500 g of leaves or stem bark by chew-
ing every one or two hours to ingest the juice. 
Chewing is the most common form of using 
khat; other routes of use include drinking as a 
tea, smoking or nasal insufflation, although these 
routes are far less common [29,30]. Various natu-
ral products of the alkaloid, flavonoid, terpenoid, 
tannin, and glycoside classes have been charac-
terised but it is the alkaloids of the phenylethyl-
amine group that are the main pharmacological 
principles [28,29,31]. S-cathinone (Fig. 14.5), the 

FIGURE 14.5  Structure of cathinone and its relationship with methamphetamine, methcathinone and mephedrone.
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main phenylethylamine alkaloid is found to be 
present at around 78–343 mg/100 g of fresh khat 
leaves [28,32], and is currently thought to be 
the major active component responsible for the 
pharmacological effects [29,32,33]. However, 
S-cathinone can be easily decomposed by light, 
heat and human enzymes into cathine (1S,2S(+)-
norpseudoephedrine) and 1R,2S−norephedrine 
[31]. These metabolites of cathinone demonstrate 
lower psychostimulant effects due to their less 
lipophilic properties [29].

Khat has often been called ‘natural ampheta-
mine’ [31] as it has amphetamine-like effects in 
central and locomotor stimulation via a simi-
lar mode of action to amphetamine by induc-
ing dopamine release and inhibiting dopamine 
reuptake [29,34,35]. The structure of cathinone 
and its derivatives such as methcathinone 
are highly similar to amphetamine, but cathi-
none has half the potency of amphetamine and 
cathine is 7–10 times less potent [35,36]. During 
chewing, over 90% of the alkaloids are released 
from khat material [33] and can be well absorbed 
through oral mucosa, with absorption efficien-
cies of 60% and 80% for cathinone and cathine, 
respectively [37]. In addition to the major pheny-
lethylamine alkaloids, other classes of alkaloids 
can be also detected, notably merucathinone, 
pseudomerucathine, merucathine [38] and the 
highly complex cathedulins [39].

Several reports detailing a wide range of 
effects on khat chewers have been published 
and these include hypertension and arrhythmia 
due to CNS stimulation [40], alertness, insomnia, 
anxiety, dizziness, anorexia (a typical ampheta-
mine-use condition), impairment of concentra-
tion, irritability and even paranoid psychosis 
[29]. A review by Odenwald [41] has shown 
that excessive khat use can cause psychotic dis-
orders and only well-controlled research will 
be able to conclude the psychological effects of 
short and long-term use of this material. A criti-
cal review by Warfa, et  al. [42] also suggested 
that despite a number of case reports of mental 
disorder from khat use, the association between 

khat consumption and psychiatric disorder was 
still ambiguous and well-designed studies are 
necessary. Chronic use of khat and synthetic 
cathinone derivatives have been reported to be a 
risk factor for several diseases, for example acute 
myocardial infarction [43,44], haemorrhoids [45], 
acute cerebral infarction [46], duodenal ulcer 
[47], oesophageal cancer [48], as well as having 
profound effects on reproductive [49], behav-
ioral and cognitive [36] function. Futhermore, 
there are a number of acute and chronic liver 
disease cases associated with khat chewing, 
especially when taken together with alcohol or 
other drugs [50,51]. Consumption of khat has 
also been linked to fatality from impairment of 
driving ability [52] or serious cardiac disease 
due to cathinone’s activity to inhibit noradrena-
line uptake, which may lead to cardiac morbid-
ity as seen in cocaine intoxication [53]. Moreover, 
several studies reported the addictive poten-
tial of khat due to the dopaminergic effects and 
noradrenaline reuptake inhibition of cathinone 
[54]. It is notable that khat is still legal in some 
countries such as the UK and the Netherlands 
whilst it is banned in a number of countries, 
including the USA, Canada, France, Denmark, 
Germany and Ireland [55].

Lophophora williamsii (Peyote)

Lophophora williamsii is a member of the 
Cactaceae plant family known as peyote or 
peyotl, and is a well-known psychoactive cac-
tus found in deserts from Central Mexico to 
Northern Texas [56]. It is available from horticul-
tural specialists in Europe and gardening centres 
as an attractive house plant. Its traditional use 
is ancient and it has been widely used in ethno-
medicine for over 5700 years to treat influenza, 
joint pain, toothache, intestinal disorders, dia-
betes, snake and scorpion bites, skin diseases, 
blindness, neurasthenia, hysteria and asthma 
[56–58]. Peyote is famous for its sacramental 
use by the Native American Church since the 
16th century due to the visual hallucination of 
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mescaline, the major phenylethylamine alkaloi-
dal component (Fig. 14.6). Peyote is banned in 
the USA except for religious purposes whereas 
in the UK, it is legally sold online and in head 
shops as fresh or dried plant material. The most 
common route of administration is by inges-
tion in forms of fresh or dried buttons, dried 
powder, capsule or as a tea [59]. Adverse effects 
experienced by most users are hallucinations, 
alteration of consciousness and perception, 
physical reactions such as ‘respiratory pres-
sure’ and muscle tension can occur and nau-
sea and induction of vomiting (emesis) due to 
its bitter taste. The hallucinogenic activity and 
effects in autonomic functions of mescaline are 
similar to those of LSD, psilocin and psilocybin 
but with longer onset and duration [16,60]. The 
principal hallucinogenic constituent is mesca-
line (3,4,5-trimethoxy-β-phenylethylamine) (Fig. 
14.6) and is found up to 6% of dried-button 
weight [57]. The chemistry of peyote has been 
extensively studied, and a large spectrum of 
alkaloids with over 60 different structures from 
the phenylethylamine and tetrahydroisoquino-
line groups, such as anhalonine and lophopho-
rine have been reported (Fig. 14.6). Fresh buttons 
of peyote can contain up to 8% of total alkaloids 
[58] and these accumulate with age.

Many studies on L. williamsii highlight its 
taxonomy and traditional use rather than phar-
macological activity. The use of peyote and 
mescaline is uncommon although the clinical 
effects are significant and can necessitate medical 
intervention. However in a series of recent case 
reports, no life-threatening toxicity was observed. 

Only mild to moderate reactions including hal-
lucinations, tachycardia, agitation and mydriasis 
were reported [61]. The symptoms of mescaline 
along with many other plant-derived psycho-
active compounds have been reviewed. The 
acute toxicity of mescaline was not as severe 
as some other natural psychoactive substances 
mentioned in the review; however, there was a 
fatal case resulting from peyote consumption 
[62]. Moreover, there was a report that an inap-
propriate use of mescaline during pregnancy 
for religious purpose was associated with fetal 
abnormality [63]. Studies on the combination of 
peyote components are needed, particularly the 
ability of compounds such as hordenine to mod-
ulate mescaline activity. The quinoline alkaloids 
anhanoline and lophophorine are effectively 
‘masked’ phenylethylamines (compounds which 
have the phenylethylamine moiety within their 
structure) and further work on their psychoactive 
properties is also warranted.

Trichocereus Species

Apart from L. williamsii, there are two other 
popular psychoactive mescaline-containing cacti 
in the genus Trichocereus, which are Trichocereus 
pachanoi (Echinopsis pachanoi) and Trichocereus 
peruvianus. These are known as the ‘San Pedro’ 
and ‘Peruvian Torch’ cacti respectively. These 
cacti are native to the Andean region of South 
America and are commonly used in shamanistic 
treatments by decoction of sliced pieces of the 
cacti [4,59,64]. Although they are one of the most 
popular legal highs [2,59], there are very few 
studies relating to their chemistry, activities and 
toxicity. Mescaline is a major component and the 
key constituent contributing to their psychoac-
tive activities. T. pachanoi was found to contain 
mescaline at approximately 0.12% of fresh plant 
[64] and from 0.33% to 2.37% by dry weight 
while the mescaline content of dried T. peruvi-
anus was found to vary from 0% to 0.82% [4]. A 
recent study quantifying mescaline concentra-
tions in 14 taxa/cultivars of plants in Trichocereus 

FIGURE 14.6  Mescaline and other components of 
Peyote, San Pedro and Peruvian Torch cacti.
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showed that T. pachanoi (Matucana) contained 
the highest mescaline concentration (4.7% of 
dry weight) whilst T. peruvianus contained only 
0.24% of mescaline [65,66]. This study can clearly 
explain why T. pachanoi was the selected plant 
among the Trichocereus species in indigenous 
practice, with users selecting this particular spe-
cies. Only mescaline has been the main focus in 
the majority of studies on the San Pedro cactus 
and much further chemical analysis and biologi-
cal evaluation remains to be completed.

Mitragyna Speciosa
Mitragyna speciosa Korth. (Rubiaceae) is a 

psychoactive plant grown in Southeast Asia, 
especially in Thailand and Malaysia where it 
is called ‘kratom’ and ‘Biak-Biak’, respectively. 
Growing and buying kratom in the source 
countries is illegal whilst in several western 
countries it is freely purchased and appears to 
be widely used and the most commonly sold 
legal highs identified in 2011 [3]. Traditionally, 
Kratom has been used an analgesic and a mate-
rial to reduce fever [67]. It has potential medi-
cal use as an alternative for chronic pain and 
opioid withdrawal self-therapy due to the opi-
oid agonist activity of the major alkaloids in 

kratom [68,69]. It is commonly used by work-
ers during physical labour to increase stamina 
and endurance and as a substitute for opium in 
Thailand and Malaysia [70]. Kratom is sold in 
various forms including fresh and dried leaves, 
powder or a resinous extract which is the main 
form of NPS (Fig 14.7) in the UK.

A common route of administration is by 
chewing the fresh leaves at a dosage of nor-
mally 10 to 30 leaves per day. Kratom can 
be ingested as crushed dried leaves by tak-
ing powder, drinking as a tea or by smok-
ing the leaves or the extract [71]. Mitragynine  
(Fig. 14.8) is the major alkaloid (up to 66% in 
the extract) in kratom, and is the principle com-
pound responsible for analgesic activity due 
to its potent opioid agonist property [70,72]. 
Although mitragynine can act on the mu (μ)- 
and kappa (κ)-opioid receptors, it is structur-
ally different from morphine and other opioid 
narcotic pain-killers. Mitragynine and its ana-
logues in kratom are indole alkaloids of the 
Corynanthe-type possessing a monoterpene (iri-
doid) moiety. The mitragynine concentration 
in kratom leaves from Malaysia (12%) has been 
found to be less than the leaves from Thailand 
(66%) [70]. Several 9-methoxy-Corynanthe-type 
monoterpene indole alkaloids are also present 

FIGURE 14.7  (A and B) Legal high samples of kratom (Mitragyna speciosa) resin.
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as constituents in M. speciosa leaves and these 
include speciogynine (7%), paynantheine (9%), 
speciociliatine (1%) (Fig. 14.9) [70].

Recently, 7-hydroxymitragynine (Fig. 14.9), 
a minor constituent (2%) of M. speciosa, was 
isolated and demonstrated potent antinocic-
eptive activity in mice. It is now considered to 
be a major contributory factor for the analgesic 
properties of M. speciosa due to its selectivity 
for μ- and κ-opioid receptors. The presence of 
an hydroxyl group at C-7 increases the potency 
of 7-hydroxymitragynine to be 13- and 46-fold 
higher than morphine and mitragynine, respec-
tively [70,73]. This clearly indicates that this is 

one of the main pharmacological markers of 
kratom products’ quality and potency.

In addition to analgesic activity, mitragynine is 
also a key component for the anti-inflammatory 
properties of kratom by suppressing prostaglan-
din E2 (PGE-2) production in the cyclooxyge-
nase 2 (COX-2) pathway [73]. Whilst kratom is 
reputed to be a potent analgesic, it has also been 
shown to demonstrate a wide range of adverse 
effects. Opioid-like adverse effects have been 
observed and include constipation, dry mouth 
and loss of appetite [74]. There have also been 
reports of patients suffering from intra-hepatic 
cholestasis after two weeks of kratom use [71] 
and seizure and coma [75,76] which might result 
from opioid agonist action of the major compo-
nents in kratom. Currently, information on the 
safety of using this material is scarce but there 
have been studies in mice showing serious condi-
tions after administration, for example, elevated 
blood pressure and hepatic enzymes after a sin-
gle dose [74], impaired cognition and behav-
iour from long-term use [77] and acute lethally 
hepatotoxic and mild nephrotoxic effects after 
high dose administration [74]. Kratom extracts 
and mitragynine have also been shown to pos-
sess cytotoxicity to some human cancer cell lines 
namely SH-SY5Y cells (neuronal cells) [78].

Whilst kratom metabolites could have the 
potential to be developed as new therapeutic 
agents, for example for pain and narcotic with-
drawal treatment, there are of course possible 
serious adverse effects of these materials includ-
ing potential addiction [79]. Despite the increas-
ing use of kratom, reports of severe toxicity in 
the literature are rare and its adverse effects are 
not well understood [71]. A report of liver toxic-
ity [80] and a combination of mitragynine and 
O-desmethyltramadol have been published 
[81] as has a case of seizure and coma recently 
reported following kratom use [75].

A study looking at ‘kratom dependence syn-
drome’ has suggested that as it is a short-acting 
μ-opioid receptor agonist, therapeutic agents such 
as dihydrocodeine and lofexidine are effective 

FIGURE 14.8  Mitragynine and related indole alkaloids 
are the main psychoactive constituents of kratom.

FIGURE 14.9  7-hydroxymitragynine is a recently char-
acterized psychoactive component of Mitragyna speciosa.
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in aiding detoxification [82]. Further studies on 
kratom toxicology and other natural NPS are cru-
cial to understand the harms associated with this 
material due to their increasing popularity.

Argyreia nervosa (Hawaiian Baby 
Woodrose)

Argyreia nervosa syn. Argyreia speciosa, also 
known as Hawaiian baby woodrose, elephant 
creeper and woolly morning glory, is a large 
climber in the Convolvulaceae plant family and 
is a relative of the morning glories and bind-
weeds [83]. In Ayurvedic medicine, every part 
of the plant including the seed, leaf, bark and 
root have usage as they possess a broad-range of 
pharmacological activities such as antimicrobial, 
antidiarrhoeal, hepatoprotective, anticonvulsant, 
antioxidant, aphrodisiac, immunomodulatory, 
analgesic and anti-inflammatory activity [83]. 
The seeds are the main NPS materials used as a 
hallucinogen, and have been used traditionally 
in a number of diseases in India because of their 
hypotensive, spasmolytic and anti-inflammatory 
properties while in Hawaii they are used for reli-
gious and sacramental purposes [83].

A. nervosa is recognised as a plant containing 
lysergic acid amide (LSA), also known as ergine 
(0.04% by weight) (Fig. 14.10) [84], a precursor 
to lysergic acid diethylamide (LSD, LSD-25), a 
well-known synthetic hallucinogenic substance 
and controlled drug of abuse.

However, neurological effects of LSA are 
similar to those of scopolamine and not to LSD 
despite the high degree of similarity between 
both structures (Fig. 14.10). The major compo-
nents in seeds of A. nervosa are alkaloids (0.5–
0.9% by weight) [85], mainly the ergoline-type 
alkaloids including ergine (d-lysergic acid amide, 
LSA) and isoergine (l-lysergic acid amide, the 
isomer of LSA). These two natural products are 
found in the highest percentage at 0.136% and 
0.188%, respectively, of total alkaloids along 
with ergometrine, lysergol, isolysergol and cha-
noclavine [84,85]. The amount of indole alkaloids 

present in Hawaiian baby woodrose seeds is the 
highest among plants in the Convolvulaceae 
plant family [85] and 10-fold greater than that of 
Ipomoea violacea (Morning Glory), a related psy-
choactive plant in the same family.

NPS users consume on average five to ten  
seeds of Hawaiian baby woodrose, which is 
equivalent to 0.14% LSA by weight [4,86], by 
swallowing the whole or crushed seeds as well 
as drinking an alcoholic extract or an infusion. 
This material is sometimes used together with 
marijuana [87]. Reports from users say that the 
seeds generate LSD-like actions affecting all sen-
sations, nausea, vomiting, mydriasis, impaired 
motor skills, along with tranquillising effects 
which can last for as long as six–eight hours 
[86,88]. Hawaiian baby woodrose seeds can often 
be confused with the seeds of I. violacea which 
are normally dosed at 100–300 seeds (0.02% 
LSA) [4]. Ingesting more than 12 seeds of A. ner-
vosa can cause highly unpleasant effects such as 
agitation and tachycardia to fatal doses where 
the LD50 of seed extract is 500 mg/kg of body 
weight [4,87,89]. There have been a number of 
clinical reports of toxicity with reports describ-
ing mild to serious adverse effects ranging from 
nausea, vomiting, tachycardia, hypertension, 
agitation, disturbances in orientation, visual and 
auditory hallucination, psychosis and anxiety 
[86,90]. In one case an individual experienced 

FIGURE 14.10  Lysergic acid amide (ergine), a com-
ponent of Hawaiian baby woodrose is structurally similar  
to LSD.



Fungal NPS

NOVEL PSYCHOACTIVE SUBSTANCES

355

hallucinations after ingesting the seeds together 
with smoking Cannabis and he was found dead 
after jumping from a fourth floor [91].

Banisteriopsis caapi and Psychotria  
viridis (Ayahuasca)

Banisteriopsis caapi is a South American hal-
lucinogenic vine in the Malpighiaceae plant 
family, and is well recognised as a main ingre-
dient of the famous sacred drink called ‘aya-
huasca’ along with the plant Psychotria viridis 
[92,93]. The brew has been traditionally used 
by ethnic groups for ritual, medicinal and rec-
reational purposes [94,95]. Over the last dec-
ade, the use of ayahuasca has spread outside of 
South America to some religious groups in the 
USA and European countries as a NPS mate-
rial [96]. The beverage is usually prepared by 
boiling or soaking two or more potent psycho-
tropic plants that are native to the Amazon. The 
most commonly used plants are the stems of the 
vine B. caapi together with an adjuvant plant 
for instance the leaves of certain Rubiaceae spe-
cies such as P. viridis, or Diplopterys cabrerana 
(Malpighiaceae; syn. Banisteriopsis rusbyana) as 
well as plants in the Solanaceae family such as 
Nicotiana sp., Datura sp. and even Capsicum sp 
[92,97,98]. The major components reported in B. 
caapi are β-carboline alkaloid derivatives (0.05–
1.95% of dry weight), which mainly include 
harmine, harmaline and tetrahydroharmine 
(Fig. 14.11) [92].

The concentration of alkaloids detected in 
B. caapi depends on its origin and part used. 
For example, the root was found to contain the 
highest percentage of alkaloids by dry weight 
compared to other parts of the same plant speci-
men [97]. McKenna et  al., 1984 [94], reported 
that Peruvian Ayahuasca possessed a high alka-
loid content and an average dose 100 mL of the 
Ayahuasca drink contained 728 mg of total alka-
loids consisting of 467 mg of harmine, 160 mg 
of tetrahydroharmine, 41 mg of harmaline, and 
60 mg of dimethyltryptamine (DMT), the active 

constituent in the admixture plant, which is nor-
mally P. viridis (Fig. 14.11) [94].

The β-carboline harmaline-type compounds 
are useful as markers for the identification 
and standardisation of B. caapi samples [98]. 
Apart from the religious and recreational use 
of B. caapi, it has been shown to have poten-
tial for the treatment of neurological disorders. 
According to Samoylenko et al., 2010, harmine 
and harmaline demonstrated potent in vitro 
inhibitory activity against monoamine oxidase 
(MAO)-A and -B enzymes in human brain as 
well as having the ability to stimulate dopa-
mine release [98,99]. Additionally, proantho-
cyanidins (−)-epicatechin and (−)-procyanidin 
that are also present in B. caapi showed potent 
moderate MAO-B inhibitory activities and anti-
oxidant properties which is helpful for the pro-
tection of neuronal cell damage from oxidative 
free radicals [98]. These results support the use 
of B. caapi stem extract for as having potential 
as a lead for the development of novel thera-
peutics for Parkinson’s disease and other neu-
rodegenerative disorders [100].

FIGURE 14.11  β-carboline and tryptamine alkaloids of 
‘Ayahuasca’.
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Safety data for the use of ayahuasca is scarce. 
Reported adverse effects include nausea, vom-
iting, moderate cardiovascular effects such 
as alteration in blood pressure and heart rate, 
alertness, hallucinations and anxiety [92,101]. 
Recently, the addiction to ayahuasca preparations 
has been assessed using the Addiction Severity 
Index (ASI) score which suggested that there was 
no association between ayahuasca use for reli-
gious purpose and typical psychological conse-
quences caused by other drugs of abuse [102].

P. viridis, a shrub classified under the 
Rubiaceae plant family, is one of the plants fre-
quently used as an admixture to synergise with 
the effects of B. caapi in the ayahuasca drink 
[103]. The leaves of P. viridis and other adju-
vant plants are used to prepare the drink which 
contains a major psychoactive indole alkaloid 
N,N-dimethyltryptamine (DMT) (Fig. 14.11), a 
practically ubiquitous natural product in many 
species of Leguminosae [94]. The total alkaloid 
concentrations detected in the leaves of P. viridis 
ranged from 0.1 to 0.66 % of dry weight [94,97]. 
DMT is known as a potent hallucinogen, and its 
structure closely resembles that of serotonin, our 
endogenous monoamine neurotransmitter and 
produces similar effects via the various seroto-
nin receptors. Ingesting DMT can cause mood 
swings and visual, auditory, sensational and 
perceptual alterations [104]. However, DMT is 
orally inactive as an hallucinogen since periph-
eral monoamine oxidase (MAO) can break down 
DMT before reaching the central nervous sys-
tem [92,94]. Therefore, it has to be taken together 
with a plant containing an MAO inhibitor like B. 
caapi to prevent DMT degradation [92]. The com-
bination of these two plants helps to synergise 
the psychoactive effect.

It has been found that P. viridis samples in 
markets contain a wide range of alkaloids and 
some samples had only minute or undetectable 
amounts of DMT [105]. DMT is classified as a 
Schedule I Controlled Substance in the USA and 
is a Class A controlled drug in the UK [103,106], 
but it is worrying that many plants containing 

DMT can be readily bought online or in head 
shops in different forms without any form of 
regulation.

Fatal toxicity of ayahuasca preparations have 
been recorded with subsequent analysis show-
ing the presence of Psychotria and Banisteriopsis 
natural products [107]. The risks of ingesting 
plant materials which drastically effect percep-
tual alterations are obvious especially visual 
hallucinations. An Internet survey concluded 
that the online vendors of ayahuasca prepara-
tions did not provide any advice or instructions 
on usage with regard to safety and toxicity and 
certainly no indication that these materials could 
interact with other drugs [108].

A study looking at the risks associated with 
oral use of N,N-dimethyl tryptamine (DMT) 
and harmaline alkaloids has concluded that 
their safety margin is comparable to codeine, 
mescaline or methadone. The risk of sustained 
psychological disturbances is minimal as the 
prevalence rate was approximately 1.3 % [109].

Ayahuasca preparations have also been 
proposed as potential treatments for drug 
addiction however too few studies have been 
conducted to substantiate this [110].

Salvia divinorum (‘Psychedelic Sage’)

Salvia divinorum L., a plant in the Lamiaceae 
family and native to the Mexican Mazatec, is a 
prominent NPS product being sold on UK web-
sites in the forms of live plants, dried leaves and 
extracts in the name of ‘Salvia’ [2]. S. divinorum is 
an attractive horticultural plant (Fig. 14.12) and 
is variously known as Psychedelic sage, Salvia, 
Diviner’s sage, Ska Maria, Ska Pastora, Hojas de 
Mariais and Hojas de Petora [111].

The plant is exceptionally easy to cultivate 
and, like culinary sage (Salvia officinalis), it can be 
cultured with cuttings with compost, not even 
requiring rooting hormone. Traditionally, the 
Mazatec used these leaves as a potent hallucino-
gen which was administered by either chewing, 
drinking or smoking [112]. Recreational users of 
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this NPS normally ingest an infusion or the fresh 
leaves of S. divinorum, or the material is smoked 
causing both a rapid onset and a short duration 
of the hallucinogenic effect [113]. Users report 
depersonalisation, laughter, weightlessness and 
self-consciousness disappearing within 30 min-
utes of usage [114]. There are limited data on the 
clinical effects of this material and S. divinorum 
may have long-term effects such as déjà vu and 
a recent review discusses evidence for potential 
abuse [115].

Salvinorin A, a non-nitrogenous neoclerodane 
diterpene (Fig. 14.13), was determined as the key 
active substance for the psychoactive activity 
due to its selective κ-opioid receptor (KOR) ago-
nist properties.

Salvinorin A was found to be the first non-
alkaloidal KOR selective drug having a unique 
structure being different from previous known 
hallucinogens [116] and was regarded as a 
potent hallucinogen equivalent to the synthetic 
lysergic acid diethylamide (LSD; LSD25) and 
4-bromo-2,5-dimethoxyphenylisopropylamine 
(DOB) [112,116]. S. divinorum also contains a 
whole range of other diterpenoid compounds 
and the chemistry of this species is becoming 
better delineated [111].

Only salvinorin A has been demonstrated to 
have high KOR affinity and the methyl ester 
and furan ring were found to be essential for 
its activity. However, there are recent reports 
concerning the biological activity of two new 
neocleodane diterpenes, salvinicins A and B 
(Fig. 14.14) as partial κ- and μ-opioid receptor 
agonists respectively, but their relevance to the 
hallucinogenic activity of S. divinorum is still 
unclear [111,117].

Due to its KOR agonist ability, S. divinorum 
is proposed to demonstrate the pharmacologi-
cal activities relating to the KOR, for exam-
ple, analgesia, sedation and depressant effects 
and this has an implied potential utility in the 
treatment of insomnia, schizophrenia, depres-
sion, the hallucinations associated with demen-
tia, for example, Alzheimer’s disease, and as a 

FIGURE 14.12  The flowers of Salvia divinorum 
(Lamiaceae), a popular UK legal high.

FIGURE 14.13  Salvinorin A, a kappa-opioid receptor 
agonist from the ‘Psychedelic sage’ Salvia divinorum.

FIGURE 14.14  Salvinicins A and B from S. divinorum 
are partial κ- and μ-opioid receptor agonists.
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potential aid to help with amphetamine- and 
opiate-withdrawal symptoms [116].

Toxic psychosis has been observed after 
ingestion of salvinorin A [118]. Users report an 
intense high associated with consumption but 
the harms associated with Salvia use are poorly 
understood due to a paucity of toxicological 
data and the risks associated with this are that 
users may feel that the material is consequently 
safe due to a lack of adverse reports. The strong 
psychotic effects of Salvia could put users at risk 
due to impairment of judgment [119]. However, 
the plant does not appear to be addictive and 
users tend not to make repeat purchases [3]. A 
number of products are appearing on Internet 
sites marketing concentrated materials, for 
example ×10 or ×15 strength, but this does not 
relate in any way to rigorous phytochemistry 
and users should be wary of purchasing such 
materials as they have not been standardised 
on the main psychoactive material, salvinorin 
A. There are risks associated with these concen-
trated forms if the extracts turn out to be much 
higher in salvinorin A concentration. For a con-
cise review of the science including the chemis-
try, pharmacology and toxicology of S. divinorum 
the reader should consult Prisinzano [120].

CONCLUSIONS

Natural product NPS offer many challenges in 
terms of analysis of their chemistry and assess-
ment of their pharmacology and toxicology. 
Firstly in acquiring crude plant or fungal mate-
rial, the user has little idea of the true botanical or 
mycological identity of the material, with substitu-
tion being a real possibility. This could be further 
compounded by spraying of the crude drug with 
a synthetic psychoactive compound as was seen 
with the Spice smoking mixtures being adulter-
ated with synthetic cannabinoid receptor agonists.

Natural materials are inherently variable in 
terms of their chemistry with many factors such 
as weather, soil, geographic location, effects by 

microbes and herbivory effecting the concentra-
tion of natural products within a sample and 
therefore having the opportunity to drastically 
change the biological properties of this mate-
rial. This is further complicated by the existence 
of chemical races within a single species, where 
the chemistry may be different from once race to 
another.

Some herbal NPS are also marketed as extracts, 
with examples such as kratom and Salvia being 
popular. The type of extraction methodology 
used will drastically affect the phytochemical 
quality of the end product, and if the manufactur-
ers have no idea of the merits of an extraction pro-
tocol, they are likely to produce extracts of high 
variability. Some extracts are marketed as ×5, ×10 
or ×15 but this is a meaningless concentration fac-
tor as it does not take in to account standardisa-
tion of the extract on a psychoactive component, 
for example salvinorin A or mitragynine.

There is also the temptation that NPS suppli-
ers will adulterate an extract at the point of its 
manufacture, thereby adding a further level of 
complexity to the area and potential drug–drug 
interactions.

Natural product NPS materials are exception-
ally complex in terms of their chemistry. This 
greatly enhances the complexity of their biology 
with a paucity of data relating to the toxicology 
of these materials, and even less regarding their 
interactions with conventional drugs of abuse 
such as cocaine and other stimulants. The level 
of complexity, variability, the unknown nature of 
these samples, coupled with the risks associated 
with taking psychotic materials, particularly 
the hallucinogenic tryptamine-containing mate-
rials, could offer further risks of ill health by 
misadventure, with potentially life-threatening 
consequences.
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C H A P T E R 

15

TRYPTAMINES

The naturally occurring tryptamine dimeth-
yltryptamine (DMT) has been used for centuries 
in South America as a psychoactive substance 
during religious sacraments [1]. Hallucinogenic 
mushrooms contain the tryptamines psilocybin 
and psilocin: these are discussed in more detail 
in Chapter  14, which is on natural products. 
Bufotenin, an isomer of psilocin, is found in the 
skin of various species of the toad Bufo genus [2]. 
Serotonin and melatonin are naturally occurring 
tryptamines derived from the amino acid tryp-
tophan. Lysergic acid diethylamide (LSD) is per-
haps the best-known synthetic tryptamine and 
the most potent known hallucinogen [3]. Recently 
numerous synthetic tryptamines have emerged as 
recreational psychoactive substances [4].

PHARMACOLOGY

Physical and Chemical Description

Tryptamine itself is a monoamine alka-
loid related to the amino acid tryptophan. 
Tryptamines are built around an indole ring 

structure, a fused double ring comprising a 
pyrole ring and benzene ring, with the addition 
of a 2-carbon side chain (Fig. 15.1). Additions to 
the aromatic ring or 2-carbon side chain give rise 
to a multitude of naturally occurring and syn-
thetic tryptamines. Substitutions at positions six 
and seven of the indole ring reduce potency and 
therefore modifications are usually made at posi-
tions four and five [4].

Tryptamines can be classified as ‘sim-
ple tryptamines’ or ‘ergolines’ [3,5]. Simple 
tryptamines are classified according to substi-
tution at the fourth and fifth positions on the 
indole ring. Structures of common simple un-
substituted, 4-substituted and 5-substituted 
tryptamines are illustrated in Figures 15.1–15.3. 
The synthetic simple tryptamines exist as pow-
ders or crystals at room temperature.

LSD is the representative member of the ergo-
lines (named as they were originally synthesised 
from an ergot fungus). Ergolines have a more 
complex structure based around an indole sys-
tem and tetracyclic ring (Fig. 15.4). Ergine is an 
ergot-type psychoactive alkaloid found in seeds 
of the morning glory family (Convolvulaceae) [6]. 
Ergine has a similar structure to LSD and is also 
known as lysergamide or lysergic acid amide [7].

http://dx.doi.org/10.1016/B978-0-12-415816-0.00015-8
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Mitragynine is an indole alkaloid with a 
tryptamine-like structure (Fig. 15.4) that acts 
as a μ-and δ-opioid receptor agonist [8,9]. 
Mitragynine also shares structural similarity 

with yohimbine. Extracts of the plant kratom 
(Mitragyna speciosa) containing mitragynine 
are used as recreational drugs in South-east 
Asia [10].

Dimethyltryptamine (DMT)

User names: Dimitri, Fantasia, Buisnessmans LSD

Formula: C12H16N2

Molecular weight: 188.27 g/mol

IUPAC* name: 2-(1H-indol-3yl)-N,N-dimethylethanamine N
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FIGURE 15.1  Chemical structures of simple, un-substituted tryptamines. IUPAC:International Union of Pure and 
Applied Chemistry.

4-hydroxy-N-methyl-N-ethyltryptamine(4-HO-MET)

User names: Metocin, Colour, Methylcybin

Formula: C13H18N2O

Molecular weight: 218.29 g/mol

IUPAC* name: 3-(-2-(ethyl(methyl)amino)ethyl)-1H-indol-4-ol) N
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FIGURE 15.2  Chemical structures of simple, 4-substituted tryptamines. *IUPAC: International Union of Pure and 
Applied Chemistry.
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Pharmacokinetics

Pharmacokinetic properties of synthetic sim-
ple tryptamines have not been extensively stud-
ied; however, information exists for a number 

of naturally occurring tryptamines. DMT 
undergoes extensive first pass metabolism via 
monoamine oxidase (MAO) facilitated degra-
dation, and is therefore not orally active [4]. 

5-methoxy-N,N-diisopropyltryptamine (5-MeO-DiPT)

User names: Foxy, Foxy methoxy

Formula: C17H26N2O

Molecular weight: 274.4 g/mol

3-[-2-(Disopropylamino)ethyl]-5-methoxyindole
IUPAC* name:
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FIGURE 15.3  Chemical structures of simple, 5-substituted tryptamines. *IUPAC: International Union of Pure and Applied 
Chemistry.
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Ayahuascan mixtures containing DMT as the 
active psychoactive component also contain 
additives with MAO inhibiting properties, such 
as harmaline, an indole alkaloid found in the 
jungle vine Banisteriopsis caapi and Syrian rue. 
The naturally occurring monoamine oxidase 
inhibitor (MAOI) within these plants prevents 
first pass metabolism of DMT, allowing DMT 
to be orally active [4]. DMT is also administered 
via insufflation, inhalation and intramuscu-
lar (IM) or intravenous (IV) injection. A typical 
DMT dose is 60–100 mg when smoked, insuf-
flated or injected intramuscularly [11]. An intra-
venous dose is up to 30 mg, while large oral 
doses (up to 350 mg) are inactive in the absence 
of a co-ingested MAOI [11]. Time to peak serum 
or blood concentration after IV administration 
is two minutes, IM administration 10–15 min-
utes and ingestion 90–120 minutes; however, 
there is wide individual variation in time to 
peak clinical effects [12,13]. DMT’s duration of 
effect is usually less than one hour, but varies 
with dose [11].

DMT is metabolised by MAO, most likely 
via oxidative deamination of the side chain 

[14]. Recent studies also suggest there are alter-
native non-MAOI metabolic pathways present 
for DMT metabolism including N-oxidation 
and N-methylation [14,15]. Following IM or 
IV administration, virtually no DMT is detect-
able in plasma after one hour and no DMT is 
found in urine [16]. DMT is metabolised to 
3-inoleacetic acid [16].

Pharmacokinetic properties of other sim-
ple synthetic tryptamines have not been fully 
elucidated. These compounds are likely to be 
metabolised by MAO. Alpha-ethyltryptamine 
(AET) and alpha-methyltryptamine (AMT) 
both possess a methyl group on the alpha car-
bon, which provides a degree of protection 
from MAO metabolism and allows activity fol-
lowing oral administration [17]. AET and AMT 
have durations of action of six–eight hours 
and 12 hours, respectively, when taken orally 
[18,19]. Di-isopropyltryptamine (DiPT), dieth-
yltryptamine (DET), dipropyltryptamine (DPT), 
N,N-diallyltryptamine (DALT) are all orally 
active and have durations of action of two–four 
hours (DiPT reported up to eight hours) follow-
ing oral administration (Table 15.1) [18–24].

TABLE 15.1  Synthetic Unsubstituted Simple Tryptamines: Recreational Doses, Duration of Effect, Desired 
Clinical Effects

TryptaMine
Oral Dose 
 (mg)

Duration of 
Action (hours) Desired Clinical Effects (Selected Only)

AET 100–50 [18] 6–8 [18] Relatively stronger entactogen, similar to MDMA [18,25,26]
Relaxation, euphoria, well-being, relaxed stimulation
Developed and sold as antidepressant (Monase) in 1961

AMT 20–30 [19] 12 [19] Sympathetic effects at lower doses [19,25,26]
Intense visual hallucinations, mild euphoria

DiPT 25–100 [20] 6–8 [20] Predominantly auditory hallucinations [20,25,26]
Visual hallucinations at higher doses [27]

DET 50–10 [21] 2–4 [21] Visual hallucinations [21,25]

DPT 100–250 [22,26] 2–4 [22,26] Visual hallucinations, enhanced music and colour appreciation [17,25]
Entactogenic properties, blending of sensory input [23]

DALT 40–100 [24] 2–4 [24] Less intense than other tryptamines [24]

AET: alpha-Ethyltryptamine; AMT: alpha-Methyltryptamine; DiPT: di-isopropyltrptamine; DET: diethyltrptamine; DPT: dipropyltryptamine; DALT: 
N,N-diallyltryptamine.
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Psilocin is a 4-substituted simple tryptamine 
found within psychedelic mushroom species 
and has been used as a hallucinogenic substance 
for thousands of years. Psilocin is metabolised 
via hepatic glucoronidation [28]. User reports 
suggest durations of action varying from two–
six hours following ingestion of the synthetic 
4-substitiuted simple tryptamines includ-
ing 4-hydroxy-N-methyl-N-ethyltryptamine 
(4-HO-MET), 4-hydroxy-N,N-diethyltryptamine 
(4-HO-DET), 4-hydroxy-di-isopropyltryptamine 
(4-HO- DiPT), 4-hydroxy-N-methyl-N-isopro
pyltryptamine (4-HO- MiPT), 4-acetoxy-N, 
N-dimethyltryptamine (4-Acetoxy-DMT) and  
4-acetoxy-N,N-diisopropyltryptamine (4-Acetoxy- 
DiPT) [29–33].

5-substituted simple tryptamines, including 
5-methoxy-dimethyltryptamine (5-MeO-DMT),  
5-methoxy-alpha-methyltryptamine (5-MeO- 
AMT), 5-methoxy-diisopropyltryptamine (5-MeO- 
DiPT), 5-methoxy-N-methyl-N-isopropyltryp
tamine (5-MeO-MiPT) and N,N-diallyl-5-methoxy
tryptamine (5-MeO-DALT) are metabolised 
through 6-hydroxylation, O-methylation or 
N-dealkylation by hepatic cytochrome P450 
enzymes [28]. The metabolites are then conju-
gated with glucuronide or sulphide [28]. 5-MeO-
DMT is metabolised by polymorphic cytochrome 
P450 2D6 to bufoteine, which is also a phar-
macologically active tryptamine. Bufoteine is 
subsequently inactivated via deamination by 
monoamine oxidase A (MAO-A) [34]. 5-substi-
tuted simple tryptamines are administered orally 
and have durations of action varying between 
one and 18 hours (Table 15.1). 5-MeO-DMT has 
minimal activity when administered orally due 
to significant MAOI-mediated first pass metab-
olism, and is therefore smoked, insufflated or 
injected [34].

Pharmacodynamics

Mechanism of Action
The predominant clinical effect produced by 

tryptamine exposure is hallucinations, mediated 

by agonism at 5HT1A and 5HT2A receptors 
[3,35,36]. Tryptamines exhibit less selectivity and 
affinity for 5HT2A receptors compared to halluci-
nogenic phenylethylamines [4]. However, most 
tryptamines exhibit hallucinogenic properties, 
rather than entactogenic or stimulant proper-
ties. The alpha methylated tryptamines possess 
an alpha carbon methyl group, and exhibit rela-
tively greater stimulant activity, like the amphet-
amines with similar structures [17]. Examples 
include AMT and 5-methoxy-alpha-methyl-
tryptamine (5-MeO-AMT). Other receptors 
implicated in tryptamine central nervous system 
(CNS) interaction include vesicular monoamine 
transporter 2 (VMAT2), sigma-1 receptor, trace-
amine-associated receptors (TAAR) and seroto-
nin transporter (SERT) [35,37–39].

DMTs pharmacodynamic properties have been 
studied in more detail than other tryptamines. 
DMT binds to 5HT1A, 5HT1B, 5-HT1D, 5HT2A, 
5HT2B, 5HT2C, 5HT6, and 5HT7 receptors [35,40–
42]. Agonist activity has been demonstrated at 
5HT1A, 5HT2A and 5HT2C receptors [36,40,42]. 
DMT also has affinity for sigma-1, alpha1-
adrenergic, alpha2-adrenergic, SERT, VMAT2, 
imidazoline-1 and TAAR receptors [38,39]. 
Like many hallucinogens the primary recep-
tor responsible for DMTs psychedelic effects 
appears to be 5HT2A, but there is also indirect 
evidence of 5HT2C contribution; DMTs EC50 for 
the 5HT2C receptor is lower than the EC50 for the 
5HT2A receptor [42]. Following administration 
of typical psychedelic doses of DMT, blood and 
plasma DMT concentrations are within the range 
required to produce 50% of the maximal effect 
(EC50) at 5HT2A receptors, suggesting a likely 
agonist 5HT2C effect following recreational DMT 
doses [12,13,36,40,43].

Other unsubstituted tryptamines including 
AMT and AET have hallucinogenic and stimula-
tory effects [24]. AMT is a reuptake inhibitor and 
releaser of serotonin, noradrenaline and dopa-
mine [4,44]. DPT is unique in producing aural 
rather than visual hallucinations. Evidence from 
a rodent study suggests both 5HT1A and 5HT2A 
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receptors mediate DPTs pharmacological effects, 
but the exact mechanism behind its unique psy-
choactive auditory effect remains unknown [43].

The pharmacodynamic properties of the sim-
ple 4-substituted tryptamines have not been stud-
ied. User reports of exposure to these substances 
illustrate similar clinical effects to psilocin expo-
sure, suggesting a similar mechanism of action. 
Psilocin is a partial 5HT2A agonist and has stimu-
latory effects at other serotonin receptors, but has 
little effect at dopamine or noradrenergic recep-
tors [4,25,45].

Simple 5-substituted tryptamines inhibit 
monoamine reuptake, but appear to have mini-
mal effect on monoamine release [44]. An in vitro 
study demonstrated 5-MeO-DiPTs ability to act 
as a selective high affinity inhibitor of SERT, but 
did not produce serotonin release [27]. Simple 
5-substituted tryptamines possess a methoxyl or 
hydroxyl group at position five of the tryptamine 
ring, increasing the potency of the molecule com-
pared to its unsubstituted relation [46]. 5-MeO-
DiPT is seven times more potent than DMT [47].

Although extracts of plants from the 
Convolvulaceae family containing alkaloids includ-
ing ergine have been used as psychoactive sub-
stances for centuries, little is known about their 
pharmacodynamic properties. Ergines tryptamine 
ring structure, structural similarity to LSD and 
reported psychoactive effects suggest that 5-HT 
receptor agonism is the predominant pharmaco-
dynamic effect [6,48].

Mitragynine is a μ- and δ-opioid receptor 
agonist; however, it is structurally similar to 
the alpha-2 receptor antagonist yohimbine and 
exhibits yohimbine-like binding to alpha-adren-
ergic receptors [9,49]. At low doses (10–30 mg) 
users report predominantly stimulatory effects 
consistent with a possible yohimbine-like effect 
[50]. Mitragynine may also activate noradren-
ergic and serotonergic pathways in the spinal 
cord, block alpha-2 adrenergic receptors and 
stimulate 5-HT2A receptors [51,52]. Kratom, 
the plant containing mitragynine, also contains 
a number of additional alkaloids including 

7-hydroxymitragyine that possess potent opi-
oid agonism. Recently it has been suggested 
that 7-hydroxymitragyine may be the predomi-
nant active alkaloid within kratom, rather than 
mitragynine [53].

In summary the hallucinogenic effect of 
tryptamines appear to be produced predomi-
nantly through agonism at 5HT2A receptors, 
although numerous other receptors including 
5HT1A and 5HT2C are also likely to contribute. A 
number of 4-substituted tryptamines have greater 
noradrenergic effect, while potency is increased 
by substitution at position five on the tryptamine 
ring. Pharmacodynamic properties of most of the 
designer synthetic recreational tryptamines have 
not been studied in detail.

Positive or Desired Clinical Effects
Published substance-user reports on Internet 

sites, including Erowid (http://www.erowid.
org) and Drugs-Forum (http://www.drugs-
forum.com), are the primary source of informa-
tion regarding the positive effects experienced 
by users following use of these substances. Few 
published controlled studies exist. Although use-
ful, these sites are subject to reporting bias and 
inability to accurately confirm exposure.

DMT, the archetypical tryptamine, offers an 
insight into the psychoactive properties of other 
tryptamines. In recreational doses DMT pro-
duces sudden onset of intense visual hallucina-
tions [11,14,43]. Sympathomimetic effects such 
as dilated pupils, tachycardia and hypertension 
are more prominent at lower doses [14,25]. Some 
users report that the experience is more intense 
than that following LSD exposure [25].

Unlike DMT, synthetic unsubstituted simple 
tryptamines are orally active. Smoking and nasal 
insufflation are also common methods of admin-
istration. Positive effects reported by users vary, 
but visual hallucinations are universal [25,26]. 
The exception is DiPT, which is unique in pro-
ducing auditory distortion at lower doses and 
auditory hallucinations at higher doses [20,26]. 
AET and AMT have stimulatory effects at lower 

http://www.erowid.org
http://www.erowid.org
http://www.drugs-forum.com
http://www.drugs-forum.com
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doses [18,19,26]. AET is described by users 
as having psychoactive properties similar to 
3,4-methylenedioxymethamphetamine (MDMA) 
[18,26]. General positive effects reported by users 
of unsubstituted simple tryptamines include: 
‘rushing’ sensation, both open and closed eye 
‘pleasant’ visual hallucinations, increased mood, 
energy, libido, concentration and empathogenic 
qualities [25,26]. Oral doses, duration of action 
and characteristic positive effects of common 
synthetic simple unsubstituted tryptamines are 
summarised in Table 15.1.

Synthetic 4-substituted simple tryptamines 
are orally active. User reports suggest synthetic 
4-substituted simple tryptamines produce clini-
cal effects very similar to those mediated by 
psilocin [25]. Visual hallucinations predominate, 
with varying reports of other effects including 
euphoria, increased libido, increased energy 
and enhanced thought processes and appre-
ciation of music [25,26,28–33]. General positive 
effects reported by users of 4-substituted sim-
ple tryptamines include: increased laughing, 
intense visual hallucinations, ‘rushing’ sensation, 

euphoria, increased libido, enhanced tactile sen-
sations, increased concentration and a feeling 
of warmth and inner peace [25,26]. Oral doses, 
duration of action and characteristic positive 
effects of the more common synthetic simple 
4-substituted tryptamines are summarised in 
Table 15.2.

Although 5-substituted simple tryptamines 
are more potent than their unsubstituted cous-
ins, clinical effects are similar to the unsubsti-
tuted molecule [4,46]. Visual hallucinations 
are reported following exposure to all of the 
synthetic 5-substituted simple tryptamines. 
Other positive reported effects include: intense 
‘rushing’ sensation (when smoked), eupho-
ria, increased libido, increased energy, sexually 
‘interesting’ interactions, increased concentration 
and sociability, a reduction in fear and anxiety, 
enhanced appreciation of music and food, and 
facilitation of ‘life-changing spiritual experiences’ 
[25,26,34,55,56]. Users of 5-MeO MiPT report 
marked increase in enjoyment obtained from tac-
tile stimulation, and synaesthetic effects [25,26]. 
Oral doses, duration of action and positive effects 

TABLE 15.2  Synthetic 4-Substituted Simple Tryptamines: Recreational Doses, Duration of Effect, Desired 
Clinical Effects

Tryptamine Oral Dose (mg)
Duration of  
Action (hours) Desired Clinical Effects (Selected Only)

4-HO-MET 10–0 [29] 4–6 [29] Wave-like pattern with distortion of colour/sound/form [26,29]
Increased appreciation of music

4-HO-DET 10–5 [30] 4–6 [30] Hallucinations similar to those produced by LSD [26,30]

4-HO-DiPT 15–0 [31] 2–3 [31] Rapid onset, very short acting [31]
Visual and auditory hallucinations

4-HO-MiPT 12–5 [32] 4–6 [32] Increased mood, laughing, creative thinking, appetite, sexual 
interest, music appreciation. Reduced anxiety [32,54]

4-Acetoxy-DMT 10–0 [33] 3–6 [33] Increased energy, euphoria, colourful visual effects
Abstract, associative thought patterns [25,26,33]

4-Acetoxy-DiPT 15–0 [31] 2–3 [31] Gentle, less intense than other tryptamines [31,54]
Enhanced sensuality, libido, increased appreciation of music

4-HO-MET: 4-hydroxy-N-methyl-N-ethyltryptamine; 4-HO_DET: 4-hydroxy-N,N-diethyltryptamine; 4HO-DiPT: 4-hydroxy-di-isopropyltryptamine; 
4-HO-MiPT: 4-hydroxy-N-methyl-N-isopropyltryptamine; 4-Acetoxy-DMT: 4-acetoxy-N,N-dimethyltryptamine; 4-Acetoxy-DiPT: 4-acetoxy-N,N-
diisopropylryptamine.
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of the synthetic simple 5-substituted tryptamines 
are summarised in Table 15.3.

Leaves of the Mitragyna species (also known 
as kratom) containing alkaloids including 
mitragynine and 7-hydroxymitragynine have 
been used as an opioid substitute, stimulant 
and antidiarrhoeal agent in Thailand and other 
areas of Southeast Asia for centuries [62]. Kratom 
has been advocated as an adjunct to chronic 
pain therapy, and facilitator of reducing opioid 
dependence. Kratom users report mild caffeine 
like stimulation at low does (2–4 g), with subtle 
calming opioid-like effects at higher doses (>5 g). 
Others report simultaneous sedation and stimu-
lation. Some users report very mild open and 
closed eye visual effects. Effects are dose depend-
ent and begin 10–20 minutes after chewing the 
leaves and last two–three hours. Kratom can also 
be smoked and brewed as a tea [62,63].

Argyreia nervosa is a climbing vine more com-
monly known as Hawaiian baby woodrose, 
which belongs to the morning glory family 
(Convolvulaceae). Seeds of Hawaiian baby 
woodrose contain psychoactive alkaloids 

including ergine [6]. Other members of the morn-
ing glory family also contain ergine within their 
seeds. Seeds are ingested with a typical dose 
being between 25 and 400 seeds depending on 
the species used and desired effect level. Onset 
of effect occurs in 20–40 minutes and total dura-
tion is 5–8 hours. Positive effects reported by 
users include: euphoria, increased mood, feeling 
of insight and engagement, closed and open eye 
visual hallucinations, increased sensual and aes-
thetic appreciation, and increased laughter [54].

PREVALENCE OF USE

Compared to other psychoactive substances, 
rates of recreational use of synthetic tryptamines 
are low worldwide [64]. This is despite the ready 
availability of precursors and relative ease of 
manufacture of these substances [65]. Large pop-
ulation surveys specifically examining prevalence 
of drug (including synthetic tryptamines) use 
have only recently been conducted. The Mixmag/
Guardian 2012 Global Drugs Survey obtained 

TABLE 15.3  Synthetic 5-Substituted Simple Tryptamines: Recreational Doses, Duration of Effect, Desired 
Clinical Effects

Tryptamine
Oral Dose  
(mg)

Duration  
Action (hours) Desired Clinical Effects (Selected Only)

5-MeO-DMT Smoked  
6–20 [57]
Insufflated  
2–15 [57]

1–2 [57]
1–2 [57]

Rapid onset of fast, intense, incoherent hallucinations
Changes in all sensory perceptions, abrupt cessation
Powerful ‘rushing’ sensation, occasional euphoria
Profound life changing spiritual experiences [25,26]

5-MeO-AMT 2.5–4.5 [58] 12–18 [58] Increased mood, energy, sociability, creative thinking, sexual 
interest, laughing [45]

5-MeO-DiPT 6–12 [59] 4–8 [59] Emotionally opening, increased mood, libido, euphoria, improved 
self-confidence, reduced fear/anxiety, enhancement of and 
appreciation for music [25,26]

5-MeO-MiPT 4–6 [60] 4–6 [60] Increased tactile stimulation, synaesthetic effects, libido
Increased appreciation of food, sound [26,43]

5-MeO-DALT 12–20 [61] 2–4 [61] Reduced visual hallucinations, but reported changes in perception 
of space and time [26]

5-MeO-DMT: 5-methoxy-dimethyltrptamine; 5-MeO-AMT: 5-methoxy-alpha-methyltrptamine; 5-MeO-DiPT: 5-methoxy-diisopropyltrptamine; 5-MeO-
MiPT: 5-methoxy-N-methyl-N-isopropyltrptamine; 5-MeO-DALT: N,N-diallyl-5-methoxytrptamine.
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over 15 500 responses, of which 7700 were United 
Kingdom (UK) respondents 7.7% reported DMT 
use on at least one occasion, with 3.4% reporting 
use in the previous 12 months [66]. 6.6% of US 
respondents (n = 3360) reported DMT in the pre-
vious 12 months [66].

The European Information System and 
Database on New Drugs (EDND) administered 
by the European Monitoring Centre for Drugs 
and Drug Addiction (EMCDDA) provides 
information on seizures and exposures to new 
drugs within member states [67]. Frequency 

and source of seizures for simple tryptamines in 
European countries are detailed in Table 15.4.

Comparative numbers of published user 
reports on Internet user sites provide an esti-
mate of tryptamine use compared to main-
stream recreational psychoactive substances. 
The number of user reports for each tryptamine 
published on the Erowid website (www.erowid.
org) is summarised in Table 15.4. The 1375 
reports detailing synthetic tryptamine experi-
ences account for 6.2% of total user reports pub-
lished on this website [25].

TABLE 15.4 F requency of European Reported Drug Seizures and User Reports for Synthetic Simple Tryptamines 
Published on the Website Erowid (www.erowid.org)

EDND Reports [67] Erowid User Reports [25]

Tryptamine
(Year/number of reports,  
country)

2011 (number of 
reports, country)

Prior to 2010  
(years/number)

2011–12 
(number)

AMT 2001–2009/10, FI, SE, UK, FR, DK 3, BG, NO, HU 2000–2010/227 4

AET – 0 2004–2008/7 0

DiPT 2005–2008/5, SE, FI 0 2000–2010/60 0

DET – 0 2000–2008/6 0

DPT 2004–2009/10, UK, SE, FI, NO, DK 0 2000–2010/159 7

DALT – 0 2000–2011/0 0

4-HO-MET 2007–2009/7, SE, FI 2, BG, NO 2007–2010/7 16

4-HO-DET 2004–2007/3, SE 0 2006–2010/8 0

4-HO-DiPT 2004–2008/4,SE, UK 0 2000–2010/49 0

4-HO-MiPT 2006–2007/2, SE 0 2005–2010/29 1

4-Acetoxy-DMT 2009/1, FI 2, BG, CZ 2006–2010/43 16

4-Acetoxy-DiPT 2005–2008/5, SE, DK 0 2000–2010/46 0

5-MeO-DMT 2000-2009/24, SE, UK, CZ, FI, NO, FR, BG, 
NO, FI, DK, BE, NL

0 2000–2010/280 7

5-MeO-AMT 2003–2007/8 2, HU, DE 2000–2009/114 2

5-MeO-DiPT 2001–2009/27, DK, SE, UK, GR, FI, FR, NO 0 2000–2010/280 3

5-MeO-MiPT 2004–2009/4, UK, FI 1, NO 2003–2009/31 3

5-MeO-DALT 2007–2010/2, FI, UK 5, DE, UK, SE, BG, BE 2004–2010/22 9

BG: Bulgaria; NO: Norway; HU: Hungary; UK: United Kingdom; SE: Sweden; FI: Finland; DK: Denmark; CZ: Czech Republic; FR: France; DE: 
Germany; BE: Belgium; NL: Netherlands; GR: Greece.

http://www.erowid.org
http://www.erowid.org
http://www.erowid.org
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Although there are significant limitations 
in utilising seizure data and user reports to 
draw conclusions, it is notable that 4-HO-MET, 
4-Acetoxy-DMT and 5-MeO-DALT had seizures 
reported during 2011 and all have a large propor-
tion of their total Erowid user reports occurring in 
2011–2012. This may indicate a recent increase in 
use of these substances.

In 2009 the EDND received two reports  
of 4-Acetoxy-N-methyl-N-ethyltryptamine (4- 
Acetoxy-MET, a relatively unknown synthetic 
tryptamine) seizures in Finland and Cyprus 
[68]. A seizure of 5-methoxy-N,N-dipropyl-
tryptamine (5-MeO-DPT) in Finland was 
reported for the first time to the EDND in 2010 
[69]. One survey of Internet drug-user forums 
in 2011 identified 4-hydroxy-N-ethyl-N-ethyl-
tryptamine (4-HO-AET), a relatively unknown 
synthetic tryptamine [70]. Very little is known 
about the pharmacology and clinical effects of 
these tryptamines.

Kratom is freely available for purchase as an 
herbal extract from numerous Internet suppliers. 
At the time of writing kratom was a controlled 
substance in Thailand, Malaysia and Australia 
[7]. There are 193 user reports on the Erowid 
website regarding kratom exposure, 14 of those 
during 2011 [25]. Between 2007 and 2011 there 
were 16 kratom seizures reported to the EDND 
(one in 2011) originating from countries through-
out Europe [71].

Seeds containing ergot-type alkaloids includ-
ing ergine are readily available on the Internet, 
often marketed as ‘ethnobotanicals’ touted to 
enhance memory [7]. There are 276 user reports 
on the Erowid website regarding Hawaiian baby 
woodrose exposure, 17 of those during 2010 and 
one during 2011 [25].

ACUTE TOXICITY

Animal Data

Studies in mice found an LD50 of 47 mg/kg and 
32 mg/kg for DMT administered intraperitoneally 

and intravenously, respectively [72]. Other rodent 
studies found the LD50 for psilocin and 5-MeO-
DMT to be less than that of DMT (5-MeO-DMT 
48–278 mg/kg depending on route of adminis-
tration) [73,74]. 5-MeO-DMT administered to 
mice, rats, sheep and monkeys produced ataxia, 
mydriasis, tremors and seizures [74]. A pattern 
of clinical toxicity identical to serotonin toxicity 
in humans has been described in rats adminis-
tered tryptamines, and appears to mediate via 
5HT2A receptors [75]. Lessin et al. found an LD50 
of 160 mg/kg for AMT injected intraperitoneally in 
mice, and also demonstrated that co-administra-
tion of a MAOI potentiated the clinical effects of 
tryptamines [17].

An animal study of mitragynine demon-
strated stimulant effects at low doses and opioid-
like toxic effects at high doses [76].

Human Data

Controlled Studies in Humans
Eleven hallucinogen users administered 

0.4 mg/kg of DMT intravenously experienced 
a 35 mmHg increase in systolic blood pressure 
(BP), 30 mmHg increase in diastolic BP, heart rate 
increase of 26 beats per minute (b.p.m.), and an 
increase in pupil diameter (mean of 3.5 mm 2–5 
minutes post exposure) and rectal temperature 
(mean of +0.13°C at 60 minutes post exposure) 
[13]. DMT at a dose of 0.48 mg/kg body weight 
ingested with the naturally occurring MAOIs 
harmine (dose of 2.4 mg/kg body weight) and 
harmaline (dose of 0.4 mg/kg body weight) by 
15 healthy male volunteers produced a mean 
increase in heart rate of eight b.p.m. 20 min-
utes post exposure and a mean increase in sys-
tolic BP of 11 mmHg 40 minutes post exposure. 
Pupillary diameter increased from 3.7 ± 0.2 mm 
to a maximum of 4.9 ± 0.2 mm 180 minutes post 
exposure. Oral temperature increased from a 
mean basal value of 37.1°C to 37.3°C [77]. DMT 
ingested at doses of 0.5, 0.75 and 1.0 mg/kg body 
weight by six healthy male volunteers produced 
a non-significant rise in systolic BP (13.8 mmHg 
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with the 1.0 mg/kg body weight dose) and dias-
tolic BP (10.4 mmHg with the 1.0 mg/kg body 
weight dose), which occurred at 60–90 minutes 
post exposure. There were only modest changes 
in heart rate with the largest dose producing a 
mean increase of 9.2 b.p.m [78]. Nausea was the 
most predominant reported adverse effect. Five 
volunteers described the overall experience as 
pleasant while one volunteer experienced an 
‘intensely dysphoric reaction’ [78].

Controlled studies of human exposure to nat-
urally occurring tryptamines demonstrate little 
clinical toxicity using typical recreational doses. 
Hallucinogen-naïve adults administered 30 mg/
kg of psilocybin experienced no adverse physi-
ological effect [79]. An oral dose of 0.85 mg of 
DMT combined with a MAOI produced only 
modest increases in heart rate (a mean maxi-
mum increase of four b.p.m. occurring 60 min-
utes post exposure) and BP (maximum mean 
systolic BP increase of six mmHg occurring 
75 minutes post exposure) [80]. High doses 
(up to 315 μg/kg body weight) of psilocybin in 
healthy subjects were reported to cause moder-
ate increases in BP (only statistically significant 
at 60 minutes post exposure correlating with a 
15 mmHg rise in systolic BP) with no effect on 
axillary body temperature [81]. In all of these 
studies, recreational-level hallucinogenic effects 
were described by the volunteers.

Three out of four subjects administered 
Hawaiian baby woodrose seeds, in an experi-
ment designed to test driving ability, experi-
enced adverse effects including tremor, nausea 
and vomiting. One subject developed a psy-
chotic-like state. All subjects experienced an 
increase in BP (mean increase in systolic BP of 
30 mmHg). Adverse effects lasted for up to nine 
hours [82].

Published Case Reports of 
Tryptamine-associated Toxicity

Relatively few published case reports of syn-
thetic simple tryptamine toxicity exist. A 23-year-
old Caucasian male presented to an emergency 

department (ED) with paranoia and sensory 
hallucinations (formication) following ingestion 
of a capsule containing 5-MeO-DiPT. He recov-
ered following a 4-hour period of observation. 
5-MeO-DiPT was detected in serum and urine 
[83]. Another report describes a 25-year-old 
male who arrived in an ED 30 minutes follow-
ing ingestion of 25 mg of 5-MeO-DiPT. He was 
agitated, hallucinating, tachycardic, hyperten-
sive and hyperpyrexic. The patient settled with 
supportive care, but investigations revealed 
renal impairment (creatinine concentration of 
150 μmol/L – normal range 80–124 μmol/L), 
metabolic acidosis with an anion gap of 44 (10–
20 mmol/L) and a serum bicarbonate of 9 mmol/L 
(22–30 mmol/L) and rhabdomyolysis (peak cre-
atinine kinase 38 855 U/L, myoglobin 13 145 mg/L 
(0–110 mg/L)). Urine toxicology screen was nega-
tive for amphetamines, cannabinoids, cocaine, 
ethanol and barbiturates; however, the presence 
of 5-MeO-DiPT was not analytically confirmed. 
The patient made a full recovery following rehy-
dration and forced alkaline dieresis [84].

A 19-year-old male presented to an ED with 
hypertension, tachycardia, mydriasis, hallu-
cinations and cataplexy following ingestion 
of a larger than normal dose of his 5-MeO-
DiPT. There was no limb rigidity, but his limbs 
remained in whatever position they were 
placed in. Laboratory investigation revealed 
hyperglycaemia, glycosuria and an increased 
white cell count. A urine drug screen was posi-
tive for cocaine and phencyclidine (the patient 
subsequently denied taking these); use of 
5-MeO-DiPT was not analytically confirmed. 
He recovered over a number of hours follow-
ing treatment with lorazepam [85]. DPT toxic-
ity was reported in a 19-year-old female who 
presented to the ED 90 minutes after ingesting 
an unknown amount of DPT. A commercial vial 
labelled DPT was found with the patient. A label 
indicated the product was ‘for research purposes 
only’. Clinical toxicity included hallucinations, 
extreme agitation and tachycardia (200 b.p.m.). 
Agitation resolved following administration 
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of 3 mg of lorazepam, although the route of 
lorazepam administration is not recorded. She 
developed rhabdomyolysis (serum creatinine 
kinase greater than 8000 U/L) requiring treat-
ment with IV fluids and was discharged well 
60 hours post admission. The presence of DPT 
was not analytically confirmed [86]. A 21-year-
old male presented to an ED one hour after 
ingesting 270 mg of AMT, after miscalculating 
his normal dose by a factor of 10. He had visual 
hallucinations, tremor and an exaggerated star-
tle reaction. Sympathomimetic effects were pre-
sent, but not prominent: heart rate 52 b.p.m., BP 
183/93 mmHg, respiratory rate 20/minute and 
temperature 36.4°C. He was only orientated to 
person and had dilated pupils (10 mm diameter). 
Visual hallucinations resolved 10 hours post 
exposure and he was discharged well [87].

A 17-year-old male regular hallucinogen 
user decided he wanted to extend the length of 
his relatively short 5-MeO-DMT induced hallu-
cinogenic experiences. After obtaining informa-
tion via the Internet he purchased some Syrian 
rue seeds containing the natural MAOI harma-
line. He ingested the seeds, smoked 10 mg of 
5-Meo-DMT and insufflated a further 15–20 mg. 
Friends found him collapsed a few hours 
later, hallucinating and agitated. Mydriasis 
and marked diaphoresis were noted. In the 
ED he was tachycardic (heart rate 186 b.p.m.) 
and hyperpyrexic (40.7°C). He required physi-
cal restraint and subsequently settled with 
2.5 mg of IV lorazepam. Over the following 24 
hours he exhibited autonomic system lability 
(lowest BP 80/35 mmHg) and rhabdomyolysis 
(treated with IV fluid therapy) [88]. He made 
a full recovery; however, this case illustrates 
exacerbation of tryptamine toxicity with con-
current MAOI exposure. A 37-year-old male 
presented with agitation and a sympathomi-
metic toxidrome after ingestion of a mixture  
of methylone (2-methylamino-l-[3,4–methyl-
enedioxyphenyl]propan-l-one) and 5-MeO-
MiPT [89]. In another case a 21-year-old male in 

Canada presented to an ED with hallucinations 
and inability to move his limbs after ingesting a 
pill called ‘Foxy’. He recovered after two hours. 
5-MeO-DiPT was identified in urine at a con-
centration of 1.7 μg/ml [90].

Review of the American Association of Poison 
Control Centers’ Total Exposure Surveillance 
System (TESS) database during 2002–2003 found 
41 exposures to 5-MeO-DiPT resulting in moder-
ate to severe toxicity in 68% of these cases. Effects 
included hypertension, tachycardia, hallucina-
tions and agitation [83]. The Erowid website 
warns that 5-MeO-AMT has been sold as LSD in 
the USA. 5-MeO-AMT has a steep dose response 
curve compared to LSD and so dosing errors 
are likely to result in a greater chance of toxicity; 
one associated death has been reported on the 
Erowid website [91].

A 2007 literature review supplemented by 
interviews with users of ayahuasca brews 
(containing DMT and a naturally occurring 
β-carboline MAOIs) concluded that human con-
sumption of a mixture of DMT and β-carboline 
MAOIs posed no greater risk than therapeutic 
or recreational doses of codeine, mescaline and 
methadone. However, few controlled human 
studies with quantified exposure to DMT were 
included, and a number of deaths associated 
with ayahuasca brews were identified [73].

Kratom use has been associated with seizures. 
A 64-year-old male arrived in an ED after a wit-
nessed seizure at home following kratom tea 
ingestion. On examination he had a Glasgow 
Coma Scale (GCS) of six and a heart rate of 
110 b.p.m. Shortly after he had a further gen-
eralised seizure and was intubated. Magnetic 
resonance imaging (MRI) of the brain was unre-
markable. He made a full recovery after a period 
of supportive care. Mitragynine was detected in 
a urine sample at a concentration of 167 ng/ml 
[92]. A 32-year-old male obtained a substance via 
the Internet after searching for Mitragyna speciosa. 
He was subsequently found unconscious with 
seizure-like movements and required intubation. 
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A general toxicology screen was negative. The 
patient recovered after a period of supportive 
care and treatment of aspiration pneumonia [93]. 
A male who used kratom to self-manage opioid 
withdrawal ingested 100 mg of modafinil and 
kratom. Twenty minutes later he experienced a 
generalised seizure lasting five minutes. A gen-
eral toxicology screen, computerised tomography 
(CT) and MRI of the brain and serum electrolytes 
were normal and the patient made an unremark-
able recovery Analysis of the plant material 
the patient was using confirmed its identity as 
kratom [94].

Two patients developed psychoactive symp-
toms after ingesting Hawaiian baby woodrose 
seeds. One recovered, while the other jumped 
from a height and died [7,95].

Published Case Reports of 
Tryptamine-associated Deaths

A 29-year-old male died after his male part-
ner injected an aqueous solution of 5-MeO-DiPT 
rectally with the aim of enhancing sexual pleas-
ure. The patient developed abdominal symptoms 
and agitation and died in hospital 3.5 hours later. 
5-MeO-DiPT was identified in urine (1.67 μg/ml) 
and blood (0.412 μg/ml). An autopsy revealed 
polyarteritis nodosa, an ischaemic area of myo-
cardium, pulmonary congestion and pulmonary 
alveolar haemorrhages. The exact cause of death 
was not stated [96]. Unconfirmed reports on the 
Erowid website state that a 100 mg dose was used 
rectally, while a normal dose would be 10 mg [97].

Several deaths have been attributed to AET; 
the compound originally was originally mar-
keted in 1961 as an antidepressant (Monase®) 
but subsequently discontinued because of asso-
ciated agranulocytosis [98]. A 19-year-old female 
ingested a glass of beer containing two ‘hits’ of 
white powder she had been told was MDMA. 
Shortly after the ingestion she became confused, 
vomited and had a cardiac arrest. An autopsy 
revealed bilateral pulmonary congestion. 
AET was found in blood (5.6 mg/L) and urine 

(80.4 mg/L). No MDMA was identified [99]. Prior 
to sudden death a young male developed agita-
tion, hyperpyrexia and stimulant-like effects fol-
lowing ingestion of AET. AET was detected in 
post-mortem blood [100].

In 2005 a 25-year-old male was found dead 
in the USA after ingesting a herbal hallucino-
genic extract. There was no anatomical cause for 
death found at autopsy. Analysis of post-mortem 
blood revealed DMT (0.02 mg/L) and 5-MeO-
DiPT (1.88 mg/L). Naturally occurring β-carboline 
MAOIs were also detected. Death was attributed 
to ‘hallucinogenic amine intoxication’ [101].

Psychoactive substances are implicated in 
numerous deaths resulting from altered percep-
tion and subsequent dangerous or irrational 
behaviour while under the influence of the sub-
stance. For example, a 26-year-old male was 
killed after walking onto a motorway and being 
hit by a lorry. A coroner found his traumatic 
death had occurred while under the influence 
of 5-MeO-DALT [6,102]. A male jumped from a 
building and died after ingesting Hawaiian baby 
woodrose seeds. Ergine was found in post-mor-
tem blood and urine [7,102].

Nine unintentional deaths in Sweden have 
been linked to the use of a recreational prod-
uct named ‘Krypton’, available for purchase 
on the Internet. Krypton comprises powdered 
kratom leaves mixed with the μ-receptor ago-
nist O-desmethyltramadol. Both mitragynine 
and O-desmethyltramadol were found in post-
mortem blood samples. Mitragynine blood 
concentrations ranged from 0.02–0.18 μg/ml. 
O-desmethyltramadol concentrations ranged 
from 0.4–4.3 μg/ml [103,104].

User Reports of Tryptamine Toxicity
Internet drug user fora, including Erowid pub-

lish user reports of effects experienced following 
psychoactive substance exposure. The accuracy 
of reports is limited by possible user bias, dif-
ficulty in ascertaining the identity and amount 
of the substance exposure and the possibility of 
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co-ingestants. General user reports of adverse 
or unwanted effects of unsubstituted simple 
tryptamines include: restlessness, yawning, 
anxiety, tension, nausea, vomiting, palpitations, 
muscle pain, bruxism, headache, frightening or 
distressing hallucinations, overwhelming fear 
(DMT), abdominal discomfort, nasal irritation 
when insufflated and respiratory discomfort 
or distress when inhaled [26]. User reports of 
adverse or unwanted effects of AMT include nau-
sea and vomiting (particularly common), anxiety, 
restlessness, muscle tension and palpitations [26]. 
There have been reports of ataxia, confusion and 
inner ear discomfort associated with DiPT expo-
sure [105].

General user reports of adverse or unwanted 
effects for the 4-substituted simple tryptamines 
include: lethargy, fatigue, anxiety, fear, paranoia, 
frightening hallucinations, intense overwhelm-
ing thoughts or visual disturbances, diaphoresis, 
flushing, elevated heart rate, muscle pain, confu-
sion and difficulty speaking [26].

General user reports of adverse or 
unwanted effects for the 5-substituted simple 
tryptamines include: terror, anxiety, fear, para-
noia, frightening hallucinations, intense over-
whelming experiences, respiratory discomfort 
or distress when inhaled, difficulty integrating 
experiences into normal life, nausea and vom-
iting at higher doses, headache, fatigue, muscle 
pain, abdominal discomfort, diarrhoea, minor 
bruxism [26]. Recreational use of 5-MeO-DiPT 
seems particularly associated with nausea, 
abdominal discomfort and diarrhoea [26,106]. 
User reports appear to indicate that 5-MeO-
DALT has fewer side-effects compared to the 
other 5-substituted simple tryptamines; how-
ever, retrograde amnesia is associated with 
higher doses [107].

User reports of unwanted or adverse effects 
associated with kratom exposure include: bitter 
taste, nausea, vomiting, diarrhoea, mild depres-
sion following use, nystagmus and tremor 
[54,108]. User reports of unwanted or adverse 
effects associated with Hawaiian baby woodrose 

seed exposure include: anxiety, nausea, vomiting, 
abdominal pain, delirium, dizziness, confusion, 
fear and paranoia [54].

CHRONIC TOXICITY

Animal Data

Examination of the brains of rats seven days 
after subcutaneous administration of AET 
revealed reduced 5-hydroxytryptamine (5-HT) 
and 5-hydroxyindoleacetic acid concentra-
tions in the hippocampus and frontal cortex. In 
addition there were reduced numbers of 5-HT 
uptake sites in the frontal cortex. The authors 
concluded AET produces chronic serotonergic 
toxicity similar to that associated with MDMA 
use [109].

Compton et  al. studied the effect of 5-MeO-
DiPT on the cognitive development of adoles-
cent rats. Performance of rats administered 5 mg/
kg of 5-MeO-DiPT and tested 80 days later using 
spatial and non-spatial memory tasks revealed 
markedly reduced performance compared to rats 
administered placebo. The authors concluded 
that 5-MeO-DiPT acts as a toxin compromising 
CNS system serotonin systems [110]. The same 
group subsequently studied a group of adoles-
cent rats administered 5 mg/kg or 20 mg/kg of 
5-MeO-DiPT, or placebo. Rats receiving either 
dose of 5-MeO-DiPT performed comparably to 
placebo rats on learning-related tasks performed 
with a fixed goal-location, but significantly 
worse when there was a change in goal location. 
The authors concluded that 5-MeO-DiPT rats 
were unable to adapt their learning and behav-
iour, potentially signifying damage to forebrain 
serotonergic systems, similar to those caused by 
MDMA exposure [111].

Further evidence of the detrimental effects of 
5-MeO-DiPT comes from a study in which rats 
were administered saline, MDMA or 5-MeO-
DiPT. Both the 5-MeO-DiPT and MDMA rats 
demonstrated significant spatial learning 
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deficits compared to the placebo group [112]. 
Sogawa et al., while studying the in vitro effects 
of 5-MeO-DiPT on monoamine systems within 
monkey fibroblast-like kidney cells, found that 
5-MeO-DiPT was toxic to cells at high concen-
trations [27]. Work using a culture containing 
a slice of the mesencephalic area of rat brain 
demonstrated that administration of 5-MeO-
DiPT into the culture markedly decreased the 
concentration of intracellular serotonin. In 
addition there was a marked decrease in bind-
ing to serotonin receptors by labelled citalo-
pram, suggesting 5-MeO-DiPT has neurotoxic 
properties [113].

Human Data

There is sparse data examining the chronic 
toxicological effects of tryptamine use in humans. 
AET was originally developed as an antidepres-
sant, but was discontinued in the 1960s due to a 
significant rate of agranulocytosis [98]. A young 
German male developed temporary intrahepatic 
cholestasis following regular ingestion of pow-
dered kratom over a two-week period. No other 
causative agent was identified [114].

DEPENDENCE AND ABUSE 
POTENTIAL

Animal Data

A small number of animal studies in four 
different species demonstrate varying degrees 
of tolerance to DMT, but do not allow any firm 
conclusions to be drawn regarding tolerance in 
humans [112,115,116].

Human Data

Internet user reports suggest that DMT 
has little propensity to induce tolerance and 
dependence in humans [25,26]. It has been pos-
tulated that the extremely intense short-lived 

duration of the psychoactive experience may 
explain this. There are a number of human 
studies supporting user’s observations. 
Strassman et  al. administered volunteers four 
hallucinogenic doses (0.3 mg/kg) of DMT at 
30-minute intervals on two consecutive days 
[117]. There was no psychological tolerance. 
Biological responses including heart rate, cor-
tisol and prolactin concentrations decreased 
with repeated doses, although BP changes did 
not [117].

In a double blind controlled trial nine expe-
rienced psychoactive substance users were 
administered an ayahyasca mixture containing 
DMT (0.75 mg/kg dose) or placebo, in two doses 
four hours apart. This was repeated a week 
later. There was no difference in subjective, neu-
ropsychological, autonomic or immunologic 
effects following two consecutive doses of DMT. 
There was, however, a trend toward lower BP 
and heart rate following the second dose of 
DMT [117].

There are no published studies examining the 
dependence and abuse potential of synthetic sim-
ple tryptamines, but a number of factors suggest 
they have low potential for dependence:

1.	 There is no evidence in humans that 
significant tolerance develops and therefore 
escalating doses are unlikely to be required 
to obtain regular effects.

2.	 Users report very minimal ‘after’ or ‘come-
down’ effects, negating the need to re-dose 
to minimize these.

3.	 These substances have not been associated 
with dependence as evidenced by user 
reports and the published medical 
literature.

Addiction to kratom has been reported in 
South-east Asia in older publications, but is not a 
recognised issue with recreational use of kratom 
in the developed world [118,119]. There are 
reports of a withdrawal syndrome similar to opi-
oid withdrawal: yawning, irritability, rhinorrhea, 
myalgia and diarrhoea [57].
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CONCLUSIONS

Tryptamines are a diverse group of com-
pounds which cause hallucinations. They are 
5HT2A and 5HT1A agonists and are metabolised 
by a number of pathways including monoam-
ine oxidase, limiting the oral bioavailability of 
many compounds. Dimethyltryptamine (DMT) 
is a naturally occurring tryptamine, whose psy-
choactive properties have been used in religious 
ceremonies for centuries and is also used as a 
recreational drug in the UK and USA. Psilocin is 
a 4-substituted simple tryptamine found within 
psychedelic mushroom species and it is used as a 
recreational hallucinogen. Recreational synthetic 
tryptamines including 5-methoxy-diisopropyl-
tryptamine (5-MeO-DiPT, Foxy methoxy) and 
newer compounds (AET, 4-HO-MET, 4-Acetoxy-
DMT and 5-Meo-DMT) have been associated 
with agitation, tachyarrhythmias, hyper-pyrexia 
and death. Ergoline-type tryptamines include 
mitragynine, available as herbal supplement and 
associated with seizures, and ergine, an alka-
loid found in seeds of the morning glory family 
with a similar structure to LSD. Animal models 
illustrate serotonergic neurotoxicity with chronic 
tryptamine use, although there is no human data 
to be able to determine whether this also occurs in 
humans.
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BENZOFURANS

The benzofurans are molecules combining 
a benzene ring and one or more attached het-
erocyclic furan rings, as illustrated in Figure 
16.1 [1]. The benzofuran class of substances 
are members of the amphetamine and phe-
nylethylamine classes. Benzofurans contain-
ing one furan ring that have been implicated 
as psychoactive recreational drugs include 
6-(2-aminopropyl)benzofuran (6-APB) and 
5-(2-aminopropyl)benzofuran (5-APB) [2,3]. 
The structure and chemical properties of these 
compounds are illustrated in Figure 16.1.

The benzodifurans are a ring-substituted 
sub-group of the alpha-methylated phenyleth-
ylamines (a group which includes ampheta-
mine and methamphetamine). Presence of the 
difuran ring structure increases 5HT2A recep-
tor interaction, making benzodifurans highly 
potent synthetic hallucinogens [4]. The benzo-
difurans as a group are known as ‘FLY’ drugs 
because their molecular structure resembles an 
insect in shape [5]. Although numerous com-
pounds belong to this class, there is only signifi-
cant published human exposure information for 
bromo-dragonFLY (1-(8-bromobenzo[1,2-b;4,5-
b’]difuran-4-yl)-2-aminopropane) and 2C-B-FLY 

(1-(8-Bromo-2,3,6,7-tetrahydrobenzol[1,2-b:4,5-b’]
difuran-4-yl)-2-aminoethane).

PHARMACOLOGY

Physical and Chemical Description

5-APB (5-(2-aminopropyl)benzofuran) and 
6-APB (6-(2-aminopropyl)benzofuran) are 
benzofuran analogues of MDA (3,4-methylen-
edioxyamphetamine) originally synthesised in 
1993 by investigators at Purdue University who 
were examining the role of the MDA dioxle ring 
structure in interacting with serotonergic neu-
rons [6]. Substitution of MDA’s methylenedi-
oxy ring system with the isometric benzofuran 
ring derivatives produced 5-APB and 6-APB 
(Fig. 16.1). The formula for 5-APB and 6-APB 
is C11H13NO yielding a molecular weight of 
175.23 g/L. 5-APB and 6-APB exist as crystal-
line solids at room temperature.

In 1996–1997 Monte et  al. reported the  
synthesis of dihydrobenzofuran analogues of 
various phenylalkylamine and mescaline deriv-
atives [7]. A tetrahydrobenzodifuran analogue 
from this work was subsequently utilised in the 
manufacture of bromo-dragonFLY at Purdue 

http://dx.doi.org/10.1016/B978-0-12-415816-0.00016-X


16.  Benzofurans and Benzodifurans

NOVEL PSYCHOACTIVE SUBSTANCES

384

University in 1998 by the same group, with the 
aim of synthesising a research tool to inves-
tigate serotonin receptor activity [8]. Bromo-
dragonFLY (1-(8-bromobenzo[1,2-b;4,5-b’]
difuran-4-yl)-2-aminopropane), also known as 
bromo-benzodifuranul-isopropylamine, possess 
a bromine substituted phenyl ring of the under-
lying phenylethylamine structure, held between 
two difuran rings. A methyl group is present 
on the alpha carbon. Bromo-dragonFLY has a 
molecular formula of C13H12BrNO2 equating 
to a weight of 294.15 g/mol. The hydrochloride 
salt decomposes at 240°C. Bromo-dragonFLY 
was named after its structural resemblance to 
a dragonFLY. Bromo-dragonFLY is also known 
amongst users as ‘DOBFLY’, ‘spamfly’, ‘placid’, 
‘ABDF’ and ‘DOB-DragonFLY’ [9,10].

2C-B-FLY (1-(8-Bromo-2,3,6,7-tetrahydro
benzol[1,2-b:4,5-b’]difuran-4-yl)-2-aminoethane) 

was first synthesised in 1996 [8]. 2C-B-FLY 
shares a similar structure to bromo-dragonFLY, 
but possesses saturated rather than aromatic 
difuran rings, and lacks a methyl group at the 
alpha carbon. 2C-B-FLY has a molecular for-
mula of C12H14BrNO2 yielding a molecular 
weight of 284.15 g/mol. The hydrochloride salt 
decomposes at 310°C. Benzodifurans are not 
known to occur naturally. The chemical struc-
tures of the common benzodifurans are illus-
trated in Figure 16.2.

Pharmacokinetics

The pharmacokinetic properties of this group 
of drugs have not been studied. User reports 
for 5-APB and 6-APB suggest a relatively slow 
onset of effect over 30–120 minutes with a psy-
choactive effect lasting three–four hours and a 

FIGURE 16.1  Common single furan ring benzofurans; structure and chemical properties. *IUPAC: International Union 
of Pure and Applied Chemistry.
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come down phase of up to 24 hours [3,10–13]. 
Routes of administration include nasal insuf-
flation of powder, direct ingestion of powder 
or powdered dissolved in a liquid , ingestion of 
powder wrapped in moist tissue paper (‘para-
chuting’) and rectal administration [3,10–12]. 
Insufflation is reported to result in a more rapid 

onset of effects, but shorter duration of action 
[11]. Reported oral doses vary from 30 mg to 
130 mg [3,10–12].

There are no published studies examining the 
pharmacokinetics of Bromo-dragonFLY or 2C-B-
FLY; however, some information can be obtained 
from user reports. Onset of effects appears to 

FIGURE 16.2  Common benzodifurans; structure and chemical properties. *IUPAC: International Union of Pure and 
Applied Chemistry.
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occur between 20–90 minutes following oral 
ingestion, and 30–60 minutes following nasal 
insufflation of bromo-dragonFLY. There are 
reports of delayed onset of action up to 6 hours 
which may prompt the user to take an additional 
dose [9,13]. Users report desired effects lasting 
from 6 to 12 hours (but in some cases hallucino-
genic effects lasting two–three days) followed 
by an ‘after-effect’ or come down phase varying 
between four hours and three days [9,13]. 2C-B-
FLY users report predominantly oral use (occa-
sional rectal administration) with onset of effects 
varying between eight minutes and 2.5 hours. 
Most 2C-B-FLY users report duration of effect of 
6–10 hours, with a range of up to 20 hours [9,13].

Pharmacodynamics

Although the pharmacodynamic properties 
of 5-APB and 6-APB have not been studied, 
their structural similarity to phenethylamines 
has led to postulation that they are likely to act 
as catecholamine releasing or re-uptake inhibit-
ing agents [6,14]. A patent granted to Eli Lilly 
and Company in 2006 classifies 5-APB and 
6-APB as 5HT2C receptor agonists [15].

Animal studies provide the primary source 
of benzodifuran pharmacodynamic data. 
Difuran rings within the Bromo-dragonFLY 
and 2C-B-FLY molecules confer potent 5HT2A 
agonist activity, compared to other mem-
bers of the phenylethylamine family [16,17]. 
However, of the two molecules, Bromo-
dragonFLY is the more potent hallucinogen 
[18]. The presence of a methyl group on the 
alpha carbon offers protection from monoam-
ine oxidase mediated degradation, increasing 
the duration of action of bromo-dragonFLY [19]. 
Additionally the alpha carbon methyl group 
results in greater 5HT2A agonism and hence 
hallucinogenic effects [4]. Functional stud-
ies of synthesised dihydrobenzofuran  
analogues of hallucinogenic amphetamines 
(including dimethoxybromoamphetamine, DOB)  
demonstrated increased R-isomer potency 

compared to the S-isomer [17]. There is also evi-
dence that bromo-dragonFLY and 2C-B-FLY are 
also both 5HT2B and 5HT2C receptor agonists; 
the exact role of these receptors in benzodifuran 
pharmacodynamics is unclear [17]. Rat studies 
demonstrate bromo-dragonFLY substitutes for 
the potent hallucinogenic LSD more than any 
other structurally similar compound [7].

There appear to be two different batches of 
bromo-dragonFLY available for distribution 
to users (although there is overlap between 
these). An ‘American’ batch with doses varying 
500–1600 μg and a more potent ‘European’ batch 
with doses of 100–800 μg [20]. The potency of the 
drug and hence danger of unintentional over-
dose appears to have played a role in leading to 
severe toxicity and deaths (see acute toxicity sec-
tion). Most users report intake of bromo-dragon-
FLY or 2C-B-FLY as impregnated blotter paper; 
however, insufflation of powder and addition of 
liquid Bromo-dragonFLY to sugar cubes are also 
reported [13,21]. A typical reported dose of 2C-B-
FLY is 10–20 mg orally [13,18]. Intravenous use of 
these drugs has not been reported.

There is no recognised medicinal, research, 
industrial or cosmetic uses for bromo-dragon-
FLY or 2C-B-FLY. 5-HT2A agonists may have a 
medicinal role in decreasing intraocular pres-
sure, but the psychotropic effects of the benzo-
difurans would be likely to limit their utility for 
this or any other potential application [22].

Positive or Desired Clinical Effects
Information regarding the desired clinical 

effects of 5-APB and 6-APB is limited to on-line 
user report forums. Limited user reports indicate 
that positive effects of 5-APB include increased 
empathy, variable euphoria, visual distur-
bances, appreciation for music and dancing and 
more general ‘stimulation’ as opposed to 6-APB 
[12,23–25]. Reported positive effects of 6-APB 
include increased tactile and visual stimulation, 
mild euphoria, and appreciation for music, vis-
ual hallucinations and increase in mood, feelings 
of peace, love and self-acceptance [10,11,13,14]. 
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There are some reports from users that concurrent 
use of 5-APB and 6-APB increases positive effects, 
especially the degree of euphoria. Some users 
describe the combination of 5-APB and 6-APB as 
being similar to MDMA, but more intense [26,27].

No formal studies examining the behavioural 
or psychological effects of the benzodifurans 
exist; however, information can be obtained 
via user reports and published case reports 
of bromo-dragonFLY and 2C-B-FLY toxicity. 
Following bromo-dragonFLY exposure, halluci-
nogenic effects predominate and include altered 
perception of time and space, increased energy, 
increased associative thinking, ego softening 
and various open and closed eye visual changes 
including ‘shimmering lights’, ‘visual morphing 
with rainbow trails’, ‘high resolution colour-
ful visuals’, transformation of an object’s size 
and shape and then rapid dissipation into other 
forms. Some users also report an increased 
appreciation of music, increased social interac-
tion and conversation with others, and a per-
ception of improved cognition. Some users 
comment on the slow onset of action of bromo-
dragonFLY and residual effects (including hal-
lucinations) lasting for days after use [13,20].

2C-B-FLY users report euphoria, enhanced 
interpersonal communication, increased mood, 
closed and open eye visual changes including 
brightening of colours and visual hallucina-
tions, feelings of insight, mental and physical 
stimulation, increased tactile stimulation and 
changes in the perception of time [13,18].

Stimulant effects similar to amphetamines 
are also reported following bromo-dragonFLY 
and 2C-B-FLY exposure and include dilated 
pupils, muscle twitching, restlessness, tachycar-
dia and changes in body temperature [18,21].

PREVALENCE OF USE

Compared to other hallucinogenic sub-
stances the benzofurans appear not to be widely 
used in any part of the world; however, there 

are few coordinated surveys in Europe, North 
America or Australasia to determine accurate 
prevalence of use. The 2012 Mixmag/Guardian 
Global Drugs Survey documented that 3.2% of 
United Kingdom (UK) respondents indicated 
lifetime use of Benzo Fury (2.4% in the previous 
12 months) [28]. Less than 0.5% of US respond-
ents reported Benzo Fury use in the previous 
12 months [28]. The survey did not report any 
5-APB, bromo-dragonFLY or 2C-B-FLY use [28].

Internet user reports of 5-APB and 6-APB 
date from late 2010 [13]. Identification of bromo-
dragonFLY as an emerging drug of abuse 
came in 2008 with reports of use in Finland, 
Italy, Norway and Belgium, identified by the 
Psychonaut Web Mapping Group [29]. Isolated 
reports of recreational use date from 2001 [13]. 
Indirect measures of the prevalence of bromo-
dragonFLY’s use include online user reports, 
drug seizures by law enforcement agencies and 
published reports of clinical toxicity or death 
(see acute toxicity). Compared to MDMA (1294 
published experiences 2005–2012), bromo- 
dragonFLY and 2C-B-FLY had 38 and 16 pub-
lished user reports on the Erowid website, 
respectively [13]. Seizures by drug enforcement 
agencies of bromo-dragonFLY occurred in every 
year in Sweden 2006–2009, and in sporadic years 
during the same period in Finland, Poland, 
Norway, Denmark and the UK [30]. Between 
2007 and 2009 there were three seizures of 2C-B-
FLY in Finland, and one each in Denmark and 
the UK [31]. The European Monitoring Centre 
for Drugs and Drug Addiction (EMCDDA) Early 
Warning System (EWS) did not detect any benzo-
difurans amongst 41 newly reported new psycho-
active substances available in Europe in 2010 [32].

ACUTE TOXICITY

Animal Data

There are no animal studies investigating the 
acute toxicity of benzofurans.
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Human Data

No formal studies examining human benzo-
furan toxicity exist. Information is only avail-
able via user reports and published case reports 
of 5-APB, 6-APB, bromo-dragonFLY and 2C-B-
FLY toxicity.

User Reports of Benzofuran and 
Benzodifurans Toxicity

User reports published on the Erowid web-
site and other drug user fora websites provide 
some information on the unwanted or adverse 
effects of benzofurans. The accuracy of this 
information is limited by the possibility of 
bias in user reports, the difficulty in correctly 
ascertaining the actual identity and amount  
of the chemical exposure and the possibility of 
co-ingestants. An example of the limitations of 
user reports is illustrated by a study published 
in 2011 in which analysis of tablets marketed 
via the Internet as ‘Benzo Fury’ revealed caf-
feine in a mix of BZP and 3-TFMPP with no 
benzofurans or benzodifurans [33].

There are very few user reports of adverse 
effects of 5-APB. Adverse effects reported in 
those that are available include nausea, anxi-
ety, increased heart rate, dizziness, sleep dis-
turbance and muscle pain [12,34]. 6-APB users 
report nausea, vomiting, diarrhoea, headache, 
bruxism, headache and excessive stimulatory 
effects including increased heart rate, blood 
pressure and temperature [10,11,13]. Users also 
report adverse effects during a relatively long 
(12–24 hour) ‘come-down’ period including 
excess stimulation preventing sleep, muscle 
aches, muscle twitches, slow cognition and gas-
trointestinal upset [10,13].

Reported adverse effects of bromo-dragon-
FLY and 2C-B-FLY are typical of excess 5HT2A 
activity and sympathomimetic stimulant activ-
ity. These include paranoia, fear, panic, fright-
ening/troublesome hallucinations, confusion, 
palpitations, diaphoresis, headache, insomnia, 
nausea, diarrhoea, temperature disturbance, 

muscle twitching, dry mouth and difficulty 
concentrating or communicating [13,20]. The 
published user experiences do not enable an 
accurate assessment of the prevalence of these 
individual adverse effects following bromo-
dragonFLY or 2C-B-FLY exposure.

The Swedish Poisons Centre received 22 
enquiries regarding self-reported bromo-dragon-
FLY toxicity in 2006–2007, and then a further 32 
in 2008. Common features of toxicity were: agita-
tion, anxiety, tachycardia, visual hallucinations 
and mydriasis [35,36]. The UK National Poisons 
Information Service received two enquiries 
regarding self-reported bromo-dragonFLY expo-
sure in 2008. Features of toxicity reported in these 
cases included agitation and tachycardia [37].

There are no published cases of toxicity pre-
senting to healthcare services, or of deaths asso-
ciated with 5-APB or 6-APB.

Published Case Reports of  
Bromo-dragonFLY Toxicity

An 18-year-old male developed hallucina-
tions and agitation following ingestion of bromo-
dragonFLY and nasal insufflation of a ‘white 
powder’. Following two witnessed self-termi-
nating generalised seizures he was transferred to 
the emergency department (ED). On arrival he 
was unconscious (GCS 3/15), hypertensive (BP 
182/94 mmHg) and tachycardic (HR 124 b.p.m.). 
He was sedated, paralyzed and intubated and 
ventilated for 24 hours. His recovery was une-
ventful aside from a secondary complication 
of aspiration pneumonia, which resolved with 
intravenous antibiotics. Toxicological analysis of 
serum and urine taken at the time of presenta-
tion, using gas chromatography/ mass spectrom-
etry (GC-MS) and liquid chromatography with 
tandem mass spectrometry (LC-MS/MS), iden-
tified bromo-dragonFLY (serum concentration 
0.95 ng/ml). Additionally ketamine and cannabis 
were detected, but were judged to be in quanti-
ties insufficient to be of clinical significance [38].

Two Swedish males ingested an unknown 
amount of bromo-dragonFLY reportedly 
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obtained via an Internet supplier. Both men 
collapsed and were found 17 hours later. One 
was deceased (see below – Bromo-dragonFLY 
deaths) and the other (35 years of age) was con-
fused. He was transported to hospital where he 
had a self-limiting generalised seizure and was 
noted to have severe peripheral limb vasocon-
striction, which worsened during subsequent 
days. Despite treatment with vasodilators 
(glyceryl-trinitrate, calcium channel antago-
nists, ACE inhibitors, nitroprusside and prosta-
cyclin analogues) and a sympathomimetic 
block he required amputation of the distal pha-
langes of his left hand. He also developed rhab-
domyolysis (creatinine kinase 107 000 IU/L) 
and acute kidney injury (creatinine 400 μmol/L) 
requiring renal replacement therapy. Analysis 
of a urine sample obtained at the time of hos-
pital presentation revealed the presence of 
bromo-dragonFLY, but no analysis was com-
pleted to exclude the presence of other recrea-
tional drugs or vasoactive compounds [35,36].

Personne et  al. reported the case of a 
20-year-old Swedish male who ingested five 
or six blotters each impregnated with 0.5 mg of 
bromo-dragonFLY. He experienced a period of 
hallucinations and two days later developed 
peripheral limb pain. He did not present until 
six days after use of the bromo-dragonFLY and 
was found to have cyanotic, pulseless painful 
distal extremities. He was treated successfully 
with nifedipine and intravenous glyceryl-trini-
trate and required four days of therapy before 
vasoconstriction resolved [35]. No information 
is provided in this report regarding analysis of 
urine or serum for bromo-dragonFLY or other 
recreational drugs.

An 18-year-old male in Denmark was admit-
ted to hospital with an acute psychotic state 
following reported ingestion of 2 ml of bromo-
dragonFLY. He was reported to be tachycardic, 
hypertensive, hyperpyrexial, agitated and hal-
lucinating and required treatment with ‘large’ 
(unspecified) doses of benzodiazepines. He 
self-discharged from hospital after four days, 

apparently well. No information is provided in 
this report regarding analysis of urine or serum 
for bromo-dragonFLY [39].

Published Case Reports of 2C-B-FLY 
Toxicity

The Erowid website reports a case of toxicity 
in a 23-year-old male in Spain in 2009, related 
to 2C-B-FLY exposure. Following licking what 
he presumed was 2C-B-FLY powder on his fin-
ger that he had ordered from an Internet com-
pany, this individual developed unpleasant 
hallucinations, temperature disequilibrium, 
diaphoresis, palpitations, confusion, weakness, 
agitation and hypertension requiring treatment 
with benzodiazepines in the local ED. Erowid 
reports that subsequent analysis of the pow-
der revealed bromo-dragonFLY with ‘synthetic 
impurities’; no information is available to con-
firm whether or not analysis of biological sam-
ples was undertaken [43].

Published Case Reports of Bromo-
dragonFLY Deaths

There have been a number of deaths attrib-
uted to bromo-dragonFLY in North America and 
Europe. In 2008 an 18-year-old female and her 
boyfriend ingested 1 ml of a liquid they believed 
to be a hallucinogen at around 2200 hours. They 
both experienced the onset of drug effects at 2400 
hours and shortly afterwards fell asleep. The boy-
friend woke at 0500 hours to find his girlfriend 
dead. Subsequent autopsy revealed lung and 
brain oedema, splenic enlargement, mucosal irri-
tation of the stomach and renal ischaemic changes. 
Bromo-dragonFLY was identified in post-mortem 
femoral blood, urine and vitreous humour using 
LC-MS/MS analysis. No other drugs or pharma-
ceuticals were detected in the analysis of these 
samples. Analysis of liquid from within the bottle 
containing the ingested ‘hallucinogen’ confirmed 
the sole presence of bromo-dragonFLY [40].

There is limited information available 
regarding a Swedish male who died after 
ingesting bromo-dragonFLY with a friend (the 
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cases described in the acute toxicity section). 
There is no post-mortem information avail-
able or information on the analysis of biological 
samples [35,36]. The Erowid website also lists 
the death of an 18-year-old male in Norway 
following use of gamma-hydroxybutyrate and 
bromo-dragonFLY [41].

In May of 2011, a group of young adults in 
Oklahoma ingested what they thought to be 
2C-B-FLY. A 22-year-old female died shortly 
after taking the drug, eight others developed 
toxicity requiring hospital treatment. One 
required critical care treatment and another (a 
male) subsequently died. Local newspapers 
reported that analysis of the ingested substance 
revealed bromo-dragonFLY rather than 2C-B-
FLY. Because of the likely differences in potency 
and the differences in dose reported by users, 
ingestion of a recreational dose of misidentified 
2C-B-FLY that was actually bromo-dragonFLY 
would potentially result in a ×100 bromo-drag-
onFLY overdose [42].

Published Case Reports of 2C-B-FLY 
Deaths

There are no published reports in the medical 
literature of deaths caused by 2C-B-FLY expo-
sure. There are two reports of unconfirmed 2C-B-
FLY-related deaths on Erowid, both possibly 
related to mistaken exposure to bromo-dragon-
FLY, rather than 2C-B-FLY. One report is of two 
males and a female in California who ingested 
what was thought to be 2C-B-FLY in 2009. The 
18-year-old male became unwell two hours post 
ingestion, and at 3.5 hours post ingestion was 
said to have had a change in conscious state, pos-
sible seizure and cardiac arrest. The other two 
individuals required supportive care in hospital 
prior to complete recovery [43]. Erowid reports 
that the same company supplied the substance 
as that which resulted in toxicity in the 23-year-
old male in Spain (see 2C-B-FLY toxicity sec-
tion). It is reported that this was manufactured 
in China, labelled as ‘b1’ and subsequently ana-
lyzed and found to be bromo-dragonFLY [43].

CHRONIC TOXICITY

Animal Data

There are no published animal reports exam-
ining the chronic toxicological effects of benzo-
furan exposure.

Human Data

One individual required amputation of the 
digits of one hand for ‘acute limb ischaemia’ 
following Bromo-dragonFLY use (see acute tox-
icity section) [35,36]. There are no other reports 
of chronic long-term physical health effects 
relating to 5-APB, 6-APB, bromo-dragonFLY or 
2C-B-FLY exposure.

DEPENDENCE AND ABUSE 
POTENTIAL

Animal Data

There are no published animal studies inves-
tigating the dependence/abuse potential of 
benzofurans or benzodifurans.

Human Data

There are no published reports of depend-
ence to benzofurans or benzodifurans. User 
reports appear to suggest single rather than 
recurrent use of bromo-dragonFLY possibly 
due to prolonged come down/after effects fol-
lowing exposure [13].
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METHOXETAMINE

Methoxetamine is an arylcyclohexylamine 
analogue of ketamine and has been available 
recently as a novel psychoactive substance 
(NPS); it is often marketed as ‘bladder friendly’ 
and devoid of the urological side-effects asso-
ciated with ketamine [1,2]. Limited published 
user reports and case reports of human toxicity 
demonstrate that in addition to the dissociative 
and hallucinogenic effects of ketamine, acute 
methoxetamine toxicity can be associated with 
additional effects including stimulant features 
and cerebellar toxicity.

Pharmacology

Physical and Chemical Description
Methoxetamine (2-(3-methoxyphenyl)-

2-(ethylamino)cyclohexanone) was synthe-
sised by a United Kingdom (UK) chemist as 
an alternative to ketamine [3]. Methoxetamine 
is a member of the arylcyclohexylamine 
class and has a similar structure to ketamine 
(2-(2-chlorophenyl)-2-(methylamino)cyclohex-
anone), phencyclidine (1-(1-phenylcyclohexyl)
piperidine or PCP) and 3-MeO-PCP (Fig. 17.1). 
The 2-chloro group on the phenyl ring of the 

ketamine molecule is replaced with a 3-methoxy 
group and the N-methyl group on the amine 
ring is replaced with an N-ethyl group [4].

Although not substantiated or published 
in the mainstream scientific literature, chem-
ists who manufacture methoxetamine suggest 
substitution of the N-methyl group using an 
N-ethyl group provides greater potency, and 
substitution of the 2-chloro group with a 3-meth-
oxy group reduces the analgesic and anaesthetic 
properties associated with ketamine [3].

A number of other closely related analogues 
have been found in the UK and elsewhere in 
Europe during 2012 – including 3-methoxyPCP, 
4-methoxyPCP, 2-methoxy-ketamine and N-ethyl- 
nor-ketamine (NEK) [5].

Synthesis of methoxetamine can be achieved 
through straightforward chemical processes 
which also allow synthesis of other analogues 
of methoxetamine and ketamine [5].

Pharmacokinetics
There are no published formal animal or 

human studies examining the pharmacokinetic 
properties of methoxetamine. Users report 
rapid onset of action (10–20 minutes) following 
nasal insufflation, rectal or intravenous/intra-
muscular administration. The sublingual route 
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is reported as less effective, with oral least effec-
tive. Peak effects are reported to occur between 
1–3 hours after exposure with a further dura-
tion of between three and six hours during 
which after-effects are experienced. There are a 
few reports of effects lasting 24 hours; the half-
life for clinical effects is three hours [5,6].

The metabolism of methoxetamine has 
not been formally studied, but its structural 
similarity to ketamine may mean it is simi-
larly metabolised: extensive hepatic first pass 
metabolism by CYP2B6, CYP34A and CYP2C9 
isoenzymes. The major pathway in ketamine 
metabolism is N-demethylation to the active 
metabolite norketamine [7]. Extensive first pass 
metabolism of methoxetamine may account 
for its limited effect when administered orally, 
although currently there is no data which 
can substantiate this. Preliminary data from 
analysis of three urine samples from patients 
with analytically confirmed acute methoxe-
tamine toxicity has suggested that in addition 
to metabolites expected based on the metabo-
lism of ketamine, additional Phase I metabo-
lites of methoxetamine are produced [8]. The 
expected metabolites based on the metabo-
lism of ketamine are the N-desethyl (nor), 
dehydro, dehydro-nor, hydroxy, hydroxy-nor, 

hydroxy-dehydro and hydroxy-nor-dehydro 
metabolites. Greatest responses were seen 
for the N-desethyl (nor) and hydroxy-nor 
metablites (response relative to methoxetamine 
of 38.3 and 13.3%). The additional metabo-
lites seen included O-desmethyl, dihydro-nor, 
O-desmethyl-hydroxy-nor and O-desmethyl-
dehydro metabolites.

Pharmacodynamics
There have been no formal published ani-

mal or human studies examining the mecha-
nism of action of methoxetamine. However 
it is postulated to be a N-methyl D-aspartate 
(NMDA) receptor antagonist and a dopamine 
reuptake inhibitor [9,10]. Initial in vitro bind-
ing studies carried out by the US National 
Institutes of Mental Health Psychoactive Drug 
Screening Program (PDSP) by Brian Roth at 
the University of North Carolina have been 
published within a UK Advisory Council 
on the Misuse of Drugs (ACMD) report on 
methoxetamine [5]. These studies show that 
methoxetamine is, like ketamine, an NMDA 
(N-methyl-D-aspartate) receptor antagonist 
but that it has a higher affinity for the NMDA 
receptor [5]. These studies also show that meth-
oxetamine (unlike ketamine) has affinity for 

Methoxetamine
(3-MeO-2-Oxo-PCE)
User names: MXE, Skang, Mixxy, Mexi,

Molecular weight: 247.33 g/mol

Formula: C15H21NO2

IUPAC* name:
2-(3-methoxypheny1)-2-(ethylamino)cyclohexanone

Minx, Jipper

O

CH3

CH3

NH

CH3

CI

NH

OO

Ketamine

FIGURE 17.1  Chemical structure, physical properties and user names for Methoxetamine. *(IUPAC – International 
Union of Pure and Applied Chemistry.)
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the serotonin transporter (SERT). The affinity 
of methoxetamine for SERT was similar to its 
affinity for the NMDA receptor. The differences 
in the pharmacological activity of methoxeta-
mine compared to ketamine may at least in part 
explain the differences seen in the patterns of 
acute toxicity of methoxetamine as discussed in 
the later sections of this chapter.

POSITIVE OR DESIRED CLINICAL EFFECTS

No formal studies examining the behavioural 
or psychological effects of methoxetamine exist; 
however information can be obtained from user 
reports and published case reports of methoxe-
tamine toxicity. Some users report dissociative 
effects similar to ketamine, but often lasting for 
a longer period (up to 24 hours). Others report 
a dissociative experience, but with a signifi-
cantly greater loss of cognition and a degree of 
disorientation compared to ketamine. Other 
positive reported effects include euphoria, a 
sense of calm and serenity, increased mood and 
vivid recall of past memories and dreams. More 
neutral effects include a loss of space and time 
perception, open and closed eye visual halluci-
nations, distortion or loss of sensory perception, 
feeling of analgesia or numbness and a percep-
tion of being ‘out of body’ [5,11].

Prevalence of Use

Recreational methoxetamine use is a recent 
and relatively rare occurrence. Published 
Internet reports of methoxetamine use first 
appeared in 2011 [6,11]. The Erowid website 
documents 41 user reports over an 11-month 
period [6]. A 2011 UK-wide drug trends survey 
of drug users, enforcement agencies and drug 
action teams published in Druglink (Nov/Dec 
issue) described the emerging use of methoxe-
tamine as an alternative to ketamine in the UK 
[12]. The 2012 Mixmag/Guardian Global Drugs 
Survey found that 4.9% of UK respondents had 
reported previous lifetime use of methoxeta-
mine (4.2% with the previous 12 months) [13]. 

Only 1.5% of respondents in the USA reported 
previous methoxetamine use [13]. The reasons 
given by users for taking methoxetamine in 
this survey were: 73% felt it was easier to get 
hold of than ketamine, 20% felt it was better 
value for money than ketamine, 18% believed 
it caused less damage to the liver or kidneys 
than ketamine and 20% were either curious to 
try methoxetamine or were mis-sold what they 
thought was ketamine [13].

A survey of individuals attending gay-
friendly night clubs in South East London in 
2011 found that 65.8% of 313 survey respond-
ents reported life-time use of a ‘legal high’. 
Life-time use of methoxetamine was reported 
by 6.4% of respondents, while 1.9% had used 
methoxetamine in the previous month and 
1.6% on the night of the survey [14].

The European Monitoring Centre for Drugs 
and Drug Addiction (EMCDDA) 2010 report 
lists methoxetamine as a new psychoactive 
substance reported for the first time in Europe 
(UK, November 2010) [1]. The EDND database 
reports six seizures of methoxetamine (five in 
2011, one in 2010), all in in different European 
countries [15].

There are published reports of methoxe-
tamine use and toxicity in the USA and UK 
in 2011 and 2012; these are described in more 
detail below [10,16–18].

Acute Toxicity

Animal Data
There are no animal studies investigating the 

acute toxicity of methoxetamine.

Human Data
No formal studies examining human meth-

oxetamine toxicity exist. Information is only 
available through user reports and published 
case reports of methoxetamine toxicity. User 
reports of adverse or wanted effects of meth-
oxetamine are similar to those reported with 
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ketamine and include diaphoresis, confusion, 
disorientation, nasal discomfort on insufflation, 
loss of consciousness and associated amnesia, 
depersonalisation, pain at intramuscular injec-
tion site, vertigo, nausea/vomiting, frighten-
ing hallucinations or sensory perceptions and 
severe dissociation [5,11].

PUBLISHED CASE REPORTS OF 
METHOXETAMINE TOXICITY

In August 2011 the first case report of pos-
sible methoxetamine toxicity was published. 
A 32-year-old male hallucinogenic drug user 
presented to an emergency department (ED) 
following intramuscular injection of meth-
oxetamine. He was agitated with a heart rate 
of 105 b.p.m. and a blood pressure (BP) of 
140/95 mmHg. He was afebrile and had no 
focal neurological findings; however, he was 
disorientated to time and minimally respon-
sive, appearing to be in a dissociative state. 
Rotatory nystagmus was present. Electrolytes 
and acid base status were normal. Ethanol con-
centration was less than 10 mg/dL. Analysis 
of serum or urine for methoxetamine was not 
undertaken and so it is not possible to be cer-
tain that the toxicity seen was due to methoxe-
tamine. The patient made a full recovery after 
an eight-hour period of observation [16].

Wood et  al. published a case series of three 
male patients aged between 28 and 42 years 
who presented to an ED in London, UK with a 
clinical state consistent with sympathomimetic 
toxicity following reported use of methoxeta-
mine [10]; further clinical detail on these cases 
is provided below. Serum and urine toxicology 
screening confirmed the presence of methoxeta-
mine in all three patients. All three were hyper-
tensive and tachycardic, two had dilated pupils 
and one was hyperpyrexial.

A 29-year-old was found ‘catatonic’ by 
his mother and presented with mild confu-
sion, tremor, visual hallucinations, heart rate 
121 b.p.m., BP 201/104 mmHg and dilated 
pupils. He was treated with 5 mg oral diazepam 

and recovered after overnight observation. 
He admitted to dissolving 200 mg of ‘meth-
oxetamine powder’ he had purchased from 
an Internet supplier in water and ingesting 
it. Methoxetamine (concentration 0.09 mg/L), 
diphenhydramine and venlafaxine were 
detected in his serum, no sympathomimetic 
drugs were detected on a comprehensive toxi-
cology screen [10]. The second patient was a 
28-year-old who presented after being found 
collapsed in a nightclub bathroom. He was 
drowsy (GCS 10/15), confused, intermittently 
agitated and had a heart rate of 113 b.p.m., BP 
198/78 mmHg, temperature of 36.9°C and 
dilated pupils. A bag of white powder labelled 
‘methoxetamine’ was found with him and there 
was white powder around his nostrils. He was 
treated with 5 mg of intramuscular midazolam 
and recovered within three hours. He reported 
purchasing methoxetamine from a high street 
‘head shop’. Methoxetamine was detected 
in serum at a concentration of 0.2 mg/L, no 
other drugs were present [10]. A 42-year-old 
presented after being found collapsed in the 
street. He had a heart rate of 135 b.p.m., BP of 
187/83 mmHg, GCS of 6/15 and temperature of 
38.2°C. He required a nasopharyngeal airway 
and recovered over the following two hours, 
although he required diazepam 5 mg for agita-
tion during this period. He admitted snorting 
0.75 g of ‘benzofury’ and 0.5 g of ‘methoxe-
tamine’ that he had purchased from an Internet 
supplier. Methoxetamine was detected in serum 
at a concentration of 0.12 mg/L and in addition 
5-APB and 6-APB were also detected [10].

In a further report, a 19-year-old male pre-
sented to an ED 30 minutes after injecting 
an unknown quantity of methoxetamine. He 
was extremely agitated, confused and ataxic. 
Examination revealed a BP of 168/77 mmHg, 
heart rate 134 b.p.m., temperature 37.6°C, 
dilated pupils and the presence of nystagmus. 
Midazolam (10 mg IV) and diazepam (10 mg 
IV) were required to control agitation. Clinical 
toxicity resolved after a period of supportive 
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care. He had been admitted to the ICU of the 
same hospital two days previously after self-
administering 3,4-methylenedioxymethemphet-
amine (MDMA) intravenously and developing 
repeated vomiting, diarrhoea, tachycardia and 
diaphoresis. Toxicity had resolved follow-
ing treatment with midazolam and a period of 
supportive care. Methoxetamine was detected 
in the patient’s serum in a sample taken five 
hours after the time of reported administra-
tion. MDMA was detected in three serum sam-
ples taken between 24 hours and 3.5 days post 
MDMA exposure [17]. It is therefore not possi-
ble to determine how whether all of the features 
seen in this case were due to methoxetamine or 
whether MDMA could have played a role.

Three further cases of analytically confirmed 
methoxetamine exposure associated with revers-
ible cerebellar toxicity were reported in the UK 
in 2012 [18]. A 19-year-old male insufflated a 
white powder he believed to be ketamine. He 
subsequently felt drowsy and uncoordinated 
and fell. On presentation he was disorientated, 
drowsy and had evidence of cerebellar toxic-
ity (nystagmus, slurred speech and coarse dys-
diadochokinesis). Heart rate was 107 b.p.m., 
temperature 36.7°C and blood pressure 
194/110 mmHg. ECG and routine biochemis-
try including, creatinine kinase, were normal 
at the time of presentation. He received no spe-
cific care and cerebellar toxicity resolved over 48 
hours. Serum creatinine kinase peaked at 2271 
IU/L 13 hours after exposure [18]. A 17-year-old 
male felt drunk and uncoordinated before fall-
ing over and losing consciousness 20 minutes 
after nasal insufflation of ‘MXE’. He was found 
collapsed and transported to the ED. At the time 
of presentation there was minimal response 
to painful stimuli, heart rate was 72 b.p.m., BP 
148/104 mmHg and temperature of 34.5°C. He 
was passively warmed and administered intra-
venous fluid. His condition improved and BP 
and temperature had normalised. Four hours 
after treatment had started he had severe trun-
cal ataxia, dysarthria, horizontal nystagmus and 

dysdiadochokinesis. There was no myoclonus 
and reflexes were normal. He had recovered 
completely 16 hours after hospital presentation. 
Renal function and electrolytes were normal. 
Creatinine kinase was 255 IU/L 16 hours post 
exposure [18]. An 18-year-old male nasally insuf-
flated ‘MXE’. Within 30 minutes he developed 
severe limb incoordination and imbalance. He 
reported feeling drunk and thought he would 
lose consciousness. On ED presentation he was 
drowsy, responsive to voice with slurred speech, 
heart rate 67 b.p.m., BP of 151/112 mmHg, hori-
zontal nystagmus, impaired limb coordination 
and truncal ataxia. His blood pressure returned 
to normal three hours later and cerebellar toxic-
ity resolved during a 16-hour period of observa-
tion. He received no specific intervention [18].

PUBLISHED CASE REPORTS OF 
METHOXETAMINE DEATHS

The website Drugs-Forum.com reports the 
death of an individual in Sweden following 
injection of methoxetamine 100 mg and MDAI 
(5,6-Methylenedioxy-2-aminoindane) 400 mg [19].  
No further details regarding this event have been 
published. There are no other reported deaths 
associated with methoxetamine exposure.

Chronic Toxicity

Animal Data
There has only been one animal study inves-

tigating chronic methoxetamine toxicity, limited 
to an investigation of renal and bladder toxic-
ity [20]. This was a study in mice using a model 
validated to investigate the chronic lower uri-
nary tract pathology associated with chronic 
ketamine exposure. Two-month-old Institute 
of Cancer Research (ICR) mice were adminis-
tered either 30 mg/kg of methoxetamine per 
day (five mice) or saline control (seven mice) 
by intraperitoneal injection for three months. 
There was hydropic degeneration in both the 
proximal and distal convoluted tubules of the 

http://www.drugs-forum.com/
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kidney and inflammatory cell infiltration of the 
kidneys in all of the mice given methoxetamine. 
In addition, there was glomerular atrophy in 
three of the methoxetamine-treated mice. All 
of the methoxetamine-treated mice had mono-
nuclear cell infiltration in the submucosal layer 
and in the muscle layer of bladder.

Human Data
There are no published human reports exam-

ining the chronic toxicological effects of meth-
oxetamine exposure. The UK chemist who first 
manufactured methoxetamine hypothesised 
that inclusion of the N-ethyl group on the amine 
ring would prevent the urinary-tract problems 
associated with chronic ketamine use [3] but this 
hypothesis has not been formally studied and 
there is currently no published human evidence 
to support it; furthermore the animal studies 
discussed above suggest that this is not likely.

Dependence and Abuse Potential

Animal Data
There are no published animal or in vitro 

studies investigating the dependence/abuse 
potential of methoxetamine.

Human Data
There are no published reports of depend-

ence to methoxetamine. User reports appear 
to suggest that many feel a desire to adminis-
ter more methoxetamine after initial exposure. 
It is possible this may lead to repeated use and 
dependence [5].

DIMETHYLAMYLAMINE (DMAA)

Dimethylamylamine (DMAA), also known 
as methylhexanamine, was patented in 1944 
by the pharmaceutical company Eli Lilly under 
the trade name Forthane. It was intended for 
use as a nasal decongestant and treatment for 
hypertrophied or hyperplastic oral tissues 

[21]. DMAA was introduced and advertised 
as a geranium extract dietary supplement 
called Geranamine® in the USA in 2005 [22]. 
Geranium oil was reported to contain less than 
0.7% DMAA in a study conducted in 1996; 
however, this finding has not been able to be 
replicated in subsequent studies [23]. The first 
report of DMAA on an Internet drug-user 
forum appeared in 2006 [19]. Following legisla-
tion restricting the use of piperazines including 
1-benzylpiperazine (BZP) in New Zealand in 
March 2008, DMAA emerged as a new ‘legal-
high’ and more recently has been identified in 
head shops in a number of European countries 
[24,25]. In 2009 the World Anti-Doping Agency 
added DMAA to its list of prohibited sub-
stances following documented use in athletes 
from numerous sporting codes [26].

Pharmacology

Physical and Chemical Description
DMAA is an aliphatic amine with structural 

similarity to monoamines including pheneth-
ylamine derivatives such as amphetamine  
(Fig. 17.2) [27,28]. DMAA is soluble in water [28].

Pharmacokinetics
There are no formal animal or human stud-

ies examining the pharmacokinetic properties 
of DMAA. User reports provide some informa-
tion. The preferred route of administration of 
DMAA appears to be ingestion, although there 
are reports of intravenous and inhalational 
administration [29]. DMAA can be insufflated, 
but is reported to be painful unless dissolved 
in water and administered using an atomiser 
[19]. Oral doses are in the range of 10–100 mg. 
Effects are reported to last between three and 
four hours [19,29].

Pharmacodynamics
Animal studies in the 1950s characterised 

DMAA as a sympathetic system agonist and 
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vasoconstrictor. It has been postulated that 
DMAA acts either as a noradrenaline reuptake 
inhibitor or noradrenaline-releasing agent; sim-
ilar to the action of monoamine compounds of 
which DMAA shares structural similarity [27].

A recent study examined the effects of 
DMAA in 10 healthy volunteers administered 
DMAA alone, caffeine alone or DMAA and caf-
feine. The study found DMAA acutely (maxi-
mum effect between 60–90 minutes) increased 
systolic BP (mean maximal increase 16 mmHg 
or 14% of baseline) and diastolic BP (mean 
maximal increase 8 mmHg or 8% of baseline) 
in a dose dependent manner, without any 
effect on heart rate. Circulating adrenaline and 
noradrenaline concentrations were measured 
and did not increase significantly, prompting 
the authors to suggest DMAA may exert effects 
via a different mechanism. However, catechola-
mine concentrations were only sampled twice 
during the study protocol [30].

User reports of DMAA’s clinical effects 
suggest predominant sympathetic stimulant 
activity, as would be expected from its pharma-
cological activity [19,29].

POSITIVE OR DESIRED CLINICAL EFFECTS

No formal studies examining the behav-
ioural effects of DMAA exist; however, some 
information can be obtained from published 
user reports. Users report variable effects; 
sympathomimetic effects appear to predomi-
nate over psychoactive effects. The major-
ity of, but not all, users report euphoria and 
some report increased focus and productivity. 
Hallucinations are not reported. Variable effects 
on appetite are reported [19,29].

The potential benefits of DMAA contained 
with geranium extract obtained from the 
Pelargonium graveolens plant have attracted the 
attention of nutritionists and complementary 
health practitioners. Benefits are said to include 
weight loss, enhanced mood, increased exer-
cise performance and benefits from the action 
of geranium extract as an antioxidant. Recently 
three studies were published in an open access 
journal, which all concluded DMAA offered 
potential benefits to humans as a dietary sup-
plement and was safe to use [31–33]. It is dif-
ficult to draw conclusions from this series 
published by the same group, as there is no 

Dimethylamylamine (DMAA) or Methylhexanamine

User names: Embrace, Go-E, Energy, Entropy, Dr Feelgood, BluE
Hummer, Fast Layn, Nemesis, Pinkys, Crankd, Diablo, Molotov

Molecular weight: 115.22 g/mol

Formula: C7H17N

Melting point: 120-130 °C

IUPAC* name:
4-methylhexan-2-amine

CH3

CH3 CH3

NH2

FIGURE 17.2  Chemical structure, physical properties and user names for DMAA. *(IUPAC – International Union of 
Pure and Applied Chemistry.)
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documentation of DMAA dose administered. 
There was a non-significant rise in mean sys-
tolic BP (13 mmHg) and mean diastolic BP 
(13 mmHg) in seven men receiving a dietary 
supplement allegedly containing DMAA [32].

Prevalence of Use

There are no formal studies examining the 
prevalence of DMAA use around the world, but 
currently its use amongst the drug using popu-
lation appears relatively low. Use of DMAA as 
a psychoactive drug was first reported on an 
Internet user forum in 2006 [19]. DMAA use 
as a dietary supplement in the USA appears 
to becoming more prevalent [34,35]. In 2011 
Canada removed DMAA from its list of permit-
ted dietary supplements [36].

DMAA use became popular in New Zealand 
in 2008 following introduction of legislation 
restricting the availability of BZP [25]. In 2009 
the New Zealand government banned the 
powdered form of DMAA and restricted the 
availability of other forms, but did not ban its 
use. Although there was no formal study of 
the prevalence of use within the New Zealand 
population, in 2009 an expert committee on 
drug use considered it was likely to be low [37]. 
However, a survey of BZP users in Auckland 
found 11.9% of respondents had used DMAA 
following the classification of BZP [29]. In addi-
tion legal-high distributors claimed to have sold 
100 000 DMAA tablets in New Zealand in 2008–
2009, and there were a number of subsequent 
reports of significant clinical toxicity [25,29,38].

Between 2009 and 2011 a number of high-
level sportspersons from a number of differ-
ent sports have allegedly tested positive for 
DMAA, suggesting a belief amongst the sport-
ing community that DMAA enhances athletic 
performance [19].

In 2011 the National Advisory Committee on 
Drugs (NACD) in Ireland reported DMAA as an 
‘emerging psychoactive substance’ (not identi-
fied prior to May 2010) and identified DMAA 

within capsules purchased in Irish head shops 
(DMAA was contained in 13 of 38 products pur-
chased and analyzed) [24]. DMAA was often 
combined with caffeine in these tablets. An 
anonymous on-line survey of legal high users in 
Ireland in 2011 found 1.9% of respondents had 
tried DMAA [24]. There are currently no reports 
of DMAA use on the Erowid website. The web-
site Drugs-Forum reports products containing 
DMAA, geranium extract or P. graveolens as being 
available in the UK, Netherlands, USA, Australia, 
New Zealand and Europe. Drugs-Forum also 
contains a number (n = 84) of user reports dating 
from April 2007 [19]. Prevalence of DMAA use in 
the UK has not been reported using popular sur-
veys such as the Mixmag/Guardian Global Drug 
Survey [13]. The EMCDDA EDND database 
reports seven seizures of DMAA within Europe 
during 2010–2011 [39].

Acute Toxicity

Animal Data
The LD50 for DMAA in mice is 39 mg/kg 

when injected intravenously and 185 mg/kg 
when administered into the intraperitoneal cav-
ity [40].

Human Data
A number of case reports demonstrate the 

occurrence of haemorrhagic stroke in associa-
tion with DMAA exposure. Case reports high-
lighting this adverse effect are consistent with 
limited human studies suggesting hyperten-
sion as a significant physiological response to 
DMAA.

In 2008 three patients aged between 17 and 
30 years of age were reported to have presented 
to emergency departments in New Zealand 
with severe headache, nausea and vomiting 
following ingestion of ‘party pills’ containing 
DMAA. All three patients were hypertensive. 
Two required treatment with intravenous glyc-
eryl trinitrate to control hypertension, while 
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in the other case hypertension was controlled 
using benzodiazepines [29]. A 45-year-old male 
was reported to suffer a haemorrhagic stroke 18 
hours after using DMAA in New Zealand [29]. 
A 25-year-old female was reported to have suf-
fered a thrombotic stroke after using DMAA 
in France, although there are few published 
details regarding these cases [41].

A 21-year-old male presented to a New 
Zealand hospital after reportedly ingesting 
150 mg of caffeine, ethanol and two tablets said 
to contain 99.9% pure DMAA. Within 30 min-
utes he developed severe headache and became 
confused. A friend took him home and he 
went to sleep. He was drowsy and had slurred 
speech the next day and, after not improving, 
presented to the local emergency department 
that evening. Examination revealed confu-
sion and right-sided facial and limb weakness. 
He was normotensive and had a normal heart 
rate. Urgent CT scan of the brain demonstrated 
a large haemorrhage with mass effect adjacent 
to the left basal ganglia. No evidence of aneu-
rysm was found on cerebral angiography. The 
patient was discharged on day 20 with residual 
impairment to memory, abstract reasoning and 
right hand function. Analysis of an identical 
pill obtained from the supplier found 278 mg of 
DMAA per capsule; however, there was no bio-
logical analytical confirmation of exposure [25].

A further three cases of DMAA-associated 
cerebral haemorrhage have been reported 
from the Canterbury region in New Zealand. 
A 36-year-old male purchased a legal party 
drug called Cocaine Party Powder and ingested 
one-quarter of the ‘recommended’ dose. The 
powder was documented to contain 50 mg of 
1,3-dimethylamine HCl. Within 60 minutes he 
developed severe headache, slurred speech, 
ataxia and weakness of his right hand. He 
waited overnight to see whether his symptoms 
would resolve, but woke with a left facial droop 
and left-sided weakness. Assessment in the 
emergency department found normal values 
for heart rate, blood pressure and temperature. 

Computerised tomography of the brain showed 
a large right external capsule cerebral haema-
toma (64 × 27 × 23 mm), but no evidence of 
an aneurysm. Angiography showed an arte-
rial pattern consistent with a vasculitis, but 
immune and infectious markers for vasculitis 
were negative. DMAA was found in plasma at 
a concentration of 0.76 mg/L. DMAA, ethanol, 
nicotine and paracetamol were detected in the 
patient’s urine. His symptoms improved over 
two days and he was discharged without any 
residual functional neurological deficit [38].

Thirty minutes following ingestion of two 
tablets labelled as ‘Pure X-S’ purchased as party 
pills, a 21-year-old female developed sudden 
severe frontal headache and associated dizzi-
ness. She vomited and reported that her limbs 
twitched involuntarily. The pills listed the main 
ingredient as Pelargonium (common name gera-
nium) extract at a dose of 75 mg. At the time 
of ED presentation the patient was agitated, 
hypertensive (185/100 mmHg), and had heart 
rate 85 b.p.m., temperature 35.9°C, normal 
blood glucose concentration, GCS of 15/15, 
no focal neurological findings, dilated pupils 
(6 mm diameter) and normal oxygen satura-
tion of 100%. Computerised tomography of 
the brain demonstrated a subarachnoid haem-
orrhage overlying the right frontal lobe and 
extending into the underlying sulcus, but with 
no mass effect. Subsequent cerebral angiogra-
phy was unremarkable. She was discharged 
well three days post presentation. A plasma 
concentration in a sample obtained 100 minutes 
post exposure revealed a DMAA concentration 
of 1.09 mg/L. No other drugs were detected. 
Analysis of the tablet found: DMAA 66 mg, caf-
feine 84 mg, phenethylamine, and palmitic and 
steric acid [38].

The third case involved a 41-year-old male 
who collapsed 30 minutes after ingesting a white 
powder dissolved in water, which he had been 
offered as a stimulant. He complained of head-
ache and vomited. In the emergency department 
he was agitated, confused, hypertensive (blood  
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pressure 240/120 mmHg), and had a heart rate of 
54 b.p.m.; he had a normal temperature and blood 
glucose concentration. He had no focal neurologi-
cal signs, but his pupils were dilated (6 mm) and 
he was diaphoretic. Computerised tomography 
of the brain revealed an 11 × 6 × 3 mm left basal 
ganglia haemorrhage. Blood pressure was con-
trolled with labetalol. He made a full recovery 
over two days with no residual focal neurologi-
cal deficit. DMAA at a concentration of 2.31 mg/L 
was found in a blood sample taken two hours 
post ingestion [38].

The deaths of two US army servicemen who 
suffered ‘heart attacks’ while undertaking fit-
ness exercises following DMAA exposure have 
been reported in the mainstream media. DMAA 
was reportedly detected in biological samples 
at the time of autopsy [34,42].

A publication in abstract form describes a 
previously well 24-year-old male who pre-
sented to the ED with headache, palpitations 
and chest pain one hour after ingesting a prod-
uct allegedly containing caffeine, arginine 
alpha-ketoglutarate, DMAA, creatine, beta-ala-
nine and schizandrol A. The patient reported 
a viral illness during the previous month. He 
was tachycardic (heart rate 130 b.p.m.) and 
hypertensive (BP 180/100 mmHg). He was 
administered intravenous fluid (the volume 
administered is not reported) and developed 
acute pulmonary oedema requiring intuba-
tion, nitroglycerine and diuretics. He was also 
administered antibiotics. Echocardiography 
demonstrated severe left ventricular hyper-
trophy, hypokinesis of basal segments and an 
ejection fraction of less than 20%. Magnetic 
resonance imaging did not find an infective or 
infiltrative cause for the cardiomyopathy and 
urine toxicological screening was negative for 
cocaine. Biological samples were not analyzed 
to determine the presence of DMAA. He was 
discharged on day 14-post admission with 
improved cardiovascular function [43].

Further toxicological information is avail-
able through published Internet user reports. 

Adverse or unwanted effects reported by users 
include nausea, vomiting, diaphoresis, head-
ache, drowsiness, palpitations, appetite depres-
sion and appetite stimulation, and the desire to 
use more DMAA. Users also report worse nau-
sea when DMAA is used with ethanol [19,44].

Chronic Toxicity

Animal Data
There are no published animal reports exam-

ining the chronic toxicological effects of DMAA 
exposure.

Human Data
There are no published human reports exam-

ining the chronic toxicological effects of DMAA 
exposure.

Dependence and Abuse Potential

Animal Data
There are no published animal or in vitro 

studies investigating the dependence/abuse 
potential of DMAA.

Human Data
There are no published reports examining 

possible dependence to DMAA. There are user 
reports of feeling the desire to re-dose with 
more DMAA, which may increase the potential 
for dependence and abuse [44]. However, the 
Drugs-Forum website reports that users who 
experience euphoria on initial use of DMAA 
also report that additional doses seem to be 
associated with less euphoria, a pattern that is 
unlikely to lead to dependence [19].

SYNTHETIC COCAINES

Numerous synthetic analogues of cocaine 
have been created with the intention of utilis-
ing them for medicinal purposes. Dimethocaine 
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has been available since the 1930s and was 
originally used as a local anaesthetic under 
the trade name Larocaine [24]. Dimethocaine 
and 4-fluorotropacocaine have been found in 
recreational products sold in head shops in 
Europe [24]. 4-fluorotropacocaine was reported 
to the EMCDDA early warning system by 
Finnish authorities in 2008, and dimethocaine 
was found in seized products in a number of 
European countries in 2010 and 2011 [45,46].

Pharmacology

Physical and Chemical Description
Dimethocaine and 4-fluorotropacocaine are 

benzoic acid esters. 4-fluorotropacocaine has 
a similar structure to cocaine, but has a fluo-
rine atom in the phenyl ring and has lost a car-
boxyl group on the tropane ring (Fig. 17.3). 
Dimethocaine does not have a tropane ring, 
but shares a similar structure with the local 
anaesthetic procaine, which does not have psy-
choactive properties. 4-fluorotropacocaine and 
dimethocaine are found as white powders at 
room temperature [47,48].

Pharmacokinetics
There are no formal animal or human stud-

ies examining the pharmacokinetic proper-
ties of 4-fluorotropacocaine or dimethocaine. 
Cocaine and other synthetic cocaines with ester 
structures are hydrolyzed by esterases in the 
liver [49]. Dimethocaine would be expected to 
also undergo hydrolysis potentially producing 
4-amino benzoic acid and 3-(diethylamino)-
2-dimethylpropanol. Like cocaine, both 
dimethocaine and 4-fluorotropacocaine are 
unlikely to be significantly active orally because 
of metabolism by gastrointestinal esterases.

Although limited by reporting bias and 
the inability to confirm exact substance expo-
sure, user reports provide some pharmacoki-
netic information [50,51,52]. Dimethocaine is 
typically insufflated with an onset of action of 
10–30 minutes, peak effects at 60–120 minutes 

and duration of action with some ‘after-effects’ 
of 4–6 hours. Typical doses are 50–200 mg. 
Users report minimal effects following inges-
tion or smoking dimethocaine. Intravenous 
administration of dimethocaine is reported to 
produce rapid onset, but short duration (<10 
minutes) of effects [24].

4-fluorotropacocaine users report insufflating 
doses of 50–200 mg with onset of effects after 
30–60 minutes. Duration of effect is reported as 
between three and five hours. 4-fluorotropaco-
caine is reported by users to be ‘substantially 
less potent than cocaine’ [53].

Pharmacodynamics
There have been no pharmacodynamic stud-

ies of dimethocaine or 4-fluorotropacocaine in 
humans. In 1996 Rigon and Takahasi studied 
the physiological and behavioural effects of 
dimethocaine in mice [54]. They found posi-
tive ‘locomotor stimulant’ actions and behav-
ioural effects similar to the action of cocaine 
seen in other animal models. They concluded 
dimethocaine had significant dopaminergic 
actions [54]. Further rodent studies suggest 
dimethocaine acts by inhibiting dopamine re-
uptake [55,56]. Evidence suggests dimethocaine 
is equivalent in terms of potency to cocaine as a 
local anaesthetic and roughly half the potency 
of cocaine as a stimulant [57]. However, ani-
mal studies suggest that in order to achieve 
dopamine active transporter (DAT) inhibition 
of >65%, which is associated with euphoria, 
10 times the dose of dimethocaine is required 
compared to cocaine [54–56]. Dimethocaine has 
been demonstrated to substitute for cocaine-
induced repetitive behaviour in rats [58,59]. In 
summary, it appears that both dimethocaine 
and 4-fluorotropacocaine have local anaesthetic 
actions and act as dopamine reuptake inhibitors 
in the central nervous system.

POSITIVE OR DESIRED CLINICAL EFFECTS

No human studies examining the behav-
ioural or psychological effects of dimethocaine 
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or 4-fluorotropacocaine exist; however, infor-
mation can be obtained from user reports 
published on-line and interviews with drug 
users. Internet user reports of exposure to 
dimethocaine obtained via Internet suppliers 
or head shops report mild stimulant effects. 
User or slang names for dimethocaine include: 
‘Mind melt’, ‘Amplify’, ‘Amplifier’, ‘Mint’ and 
‘Mania’. Minimal euphoria is reported, with 
some users reporting none at all. Some users 
report increased clarity of thought, while others 
experience intellectual slowing following initial 

stimulant effects and sedation lasting into the 
next day. Other desired or neutral reported 
effects include increased talkativeness, minimal 
effect on libido and the gastrointestinal system, 
and no residual ‘coming-down’ adverse effects 
[50,52,60,61].

On-line user reports of dimethocaine expo-
sure contrast with interviews of drug users 
conducted by researchers from the National 
Advisory Committee on Drugs in Ireland. 
Analysis of drugs obtained from Internet sup-
pliers and head shops in Ireland identified 

4-fluorotropacocaine
(3β-(p-Fluorobenzoyloxy)tropane)

Synonyms: FBT, 3-pseudotropyl-4-
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FIGURE 17.3  Chemical structure, physical properties and user names for 4-fluorotropacocaine, dimethocaine and 
cocaine. *(IUPAC – International Union of Pure and Applied Chemistry.)
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dimethocaine within two products known as 
‘Amplify’ and ‘Amplifier’ [24,62]. Users who 
injected these substances report a short (three–
six minute) ‘crazy rush’ (often rated better than 
effects induced by cocaine) followed by a few 
hours of feeling ‘stoned’. Some users reported 
the drug as stronger than any they had ever 
used and said it provided a smooth, consist-
ent experience. ‘Amplify’ and ‘Amplifier’ were 
also ingested and smoked in doses of up to 
1000 mg at a time. Many of the users adminis-
tered ‘Amplify’ or ‘Amplifier’ multiple times 
per day up to a total dose of 5–10 g [24]. A pos-
sible explanation for the incongruence between 
experiences reported by these two popula-
tions comes from a study published in the UK 
in 2010. Researchers analyzed 17 products 
purchased from UK based Internet suppli-
ers. One product was labelled as containing 
dimethocaine, but in fact contained only caf-
feine and lignocaine [63]. This highlights the 
limitations of user reports in attributing behav-
ioural and physiological effects to a particu-
lar substance. At present it is difficult to draw 
any definite conclusions regarding the positive 
effects of dimethocaine exposure.

There are very few user reports of 4-fluoro-
tropacocaine exposure. Some users report short 
periods of cocaine-like effects, although the stim-
ulant properties appear to predominate com-
pared with any euphoric effects. Other positive 
reported effects include increased conversation 
and clarity of thought and a feeling of peace [64].

Prevalence of Use

Recreational use of synthetic-cocaine mol-
ecules is a relatively recent phenomenon, 
and the overall level of use in most countries 
appears low amongst both the NPS and illicit 
drug using populations. Dimethocaine was 
identified in a number of products obtained 
from head shops in Ireland in 2010 [24,62]. Two 
products named ‘Amplify’ and ‘Amplifier’ 
containing dimethocaine were reportedly 

abused by intravenous drug users in Dublin, 
Ireland in 2010–2011 [24]. A questionnaire of 
329 ‘legal high’ users in Ireland conducted 
by the National Advisory Committee on 
Drugs (NACD) in 2010 found 3% had used 
dimethocaine. Two other products previously 
found to contain dimethocaine were each 
reportedly used by 2.7% of respondents [24].

Prevalence of use of synthetic cocaines in 
the UK has not been reported using subpopu-
lation surveys that have assessed use of some 
other NPSs such as the UK Mixmag/Guardian 
Global Drug Survey [13].

Seizures of substances containing 
dimethocaine in Sweden, Bulgaria, UK and 
Croatia were reported to the EMCDDA 
Early Warning System and recorded on the 
European Database on New Drugs (EDND) in 
2011 [64]. There are only three user reports of 
dimethocaine use on the website www.erowid 
.org [50]. Other user websites report sporadic, 
but low volume dimethocaine use since 2008 
[51,52,61]. Dimethocaine appears to be avail-
able in Australia, with at least one reported 
exposure documented on a user’s forum [52].

4-Fluorotropacocaine was first reported to 
the EMCDDA in 2008 and has been found in a 
number of products including ‘Star Dust’ and 
‘Wack’ (combined with desoxypipridol) sold in 
head shops in Ireland [24,65,66]. The Irish 2010 
NACD questionnaire found 0.5% of respond-
ents had used 4-fluorotropacocaine, while 7.5% 
had used ‘Wack’ and 5.9% ‘Stardust’ [24]. There 
are no user reports of 4-fluorotropacocaine use 
on the website www.erowid.org. Other user 
websites provide infrequent user reports [67].

Acute Toxicity

Animal Data
One study examining the effect of intracer-

ebroventricular administration of dimethocaine 
in mice demonstrated impairment of learning 
and memory processes [68].

http://www.erowid.org/
http://www.erowid.org/
http://www.erowid.org/
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Human Data
There are no human studies examining 

human 4-fluorotropacocaine or dimethocaine 
toxicity. As dimethocaine is an anaesthetic-
stimulant, it is likely to have effects similar to 
other such drugs. The sodium channel blocking 
properties of cocaine and other local anesthetics 
are known to produce cardiotoxicity. However, 
no reports of cardiotoxicity associated with 
dimethocaine have been published. Combined 
cocaine and ethanol exposure leads to genera-
tion of cocaethylene, and there are some reports 
to suggest that this may be associated with a 
different pattern of toxicity [69,70]. There is no 
data to determine whether there may be any 
interaction between dimethocaine and ethanol.

Adverse or unwanted effects of 
dimethocaine reported on Internet user web-
sites include peripheral vasoconstriction of 
limbs and male genitalia (not reported by 
all users), sedation following initial stimu-
lant effects, tachycardia, diaphoresis, muscle 
twitching, nausea, vomiting, diaphoresis and 
in some cases the desire to re-dose. Users of 
dimethocaine report nose and throat numbness 
when the drug is insufflated, in keeping with a 
local anaesthetic effect [24,60,61].

Interviews conducted with intravenous 
drug users in Ireland exposed to the products 
‘Amplify’ and ‘Amplifier’ previously found to 
contain dimethocaine provide a picture of more 
severe toxicity. Users who injected ‘Amplify’ 
or ‘Amplifier’ reported agitation, seizures 
and psychosis following short-term exposure. 
Reported effects when ‘coming-down’ from 
‘Amplify’ or ‘Amplified’ include unpleasant 
hallucinations, agitation, depression, suicidal 
thoughts, loss of awareness, loss of motor con-
trol and paranoia. These effects appeared to be 
worse in users with a pre-existing psychiatric 
illness. Effects observed and reported by carers 
of this group of drug users include weight loss, 
insomnia, aggression, abscesses and ulcers at 
injection sites [24].

In June of 2010 the Irish National Poisons 
Information Centre received 40 calls relating 
to adverse reactions related to the head shop 
product ‘Whack’, which had previously been 
analyzed and found to contain 4-fluorotropa-
cocaine and desoxypripradol. Adverse effects 
included palpitations, hypertension, anxiety, 
increased respiratory rate and psychosis [24]. 
It is difficult to conclude to what degree either 
of the ingredients contributed to the adverse 
effects and/or whether there may have been 
other drugs in the ‘whack’ that may have 
contributed.

Internet user reports of 4-fluorotropacocaine 
exposure describe negative symptoms includ-
ing extreme pain on insufflation or with rectal 
administration, sedation, gastrointestinal upset, 
abdominal pain, anxiety, reduced mood and the 
absence of euphoria [67].

Chronic Toxicity

Animal Data
There are no published animal reports 

examining the chronic toxicological effects of 
dimethocaine or 4-fluorotropacaine exposure.

Human Data
There is scarce published information 

regarding the chronic effects in humans of 
dimethocaine or 4-fluorotropacocaine expo-
sure. Reports from users in Ireland who inject 
products possibly containing dimethocaine 
document soft tissue ulcers and abscesses, 
dependence and tolerance to the drug, and 
severe psychological disturbance when discon-
tinuing regular use of dimethocaine [24].

Two patients are reported to have developed 
an acute psychotic state after using ‘Whack’, a 
product containing 4-fluorotropacocaine and 
desoxypipradrol. Both patients displayed sig-
nificant anxiety and psychotic type symptoms, 
but recovered fully following treatment with 
atypical antipsychotic medications [71]. It is not 
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possible to determine whether these features 
were due to 4-fluorotropacocaine or desoxyp-
ipradrol; however, as described in more detail 
in Chapter 10 on pipradrols, desoxypipradrol 
has been reported to be associated with acute 
psychiatric complications.

Dependence and Abuse Potential

Animal Data
Rodent studies suggest that dimethocaine is 

associated with inhibition of dopamine re-uptake 
and the compulsive need to re-dose, similar to 
effects that are observed with cocaine [54,55].

Human Data
There are no published reports examin-

ing possible dependence to dimethocaine or 
4-fluorotropacocaine. Users of the products 
‘Amplify’ and ‘Amplifier’, implicated as con-
taining dimethocaine, report the occurrence of 
tolerance and the need to increase the amount 
of daily dosing [24].
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