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Abstract  

 

Based on the material available in both the scientific literature and on the web, the 

present paper provides an updated pharmacological, chemical, toxicological and 

behavioural overview of Bromo-Dragonfly (1-(8-bromobenzo[1,2-b;4,5-b’]difuran-4-yl)-

2-aminopropane; ‘B-fly’). B-Fly is a powerful, long lasting, LSD-like, hallucinogenic 

drug, which has been associated with a number of acute intoxications and fatalities in a 

number of countries. A critical discussion of the potential of misuse of B-fly but also of 

the methodological limitations, which are intrinsically associated with the analysis of 

online, non-peer reviewed, material, is presented. It is concluded that the availability of 

online information on novel psychoactive drugs, such as B-fly, may constitute a public 

health challenge. Better international collaboration levels may be needed to tackle this 

novel and fast growing phenomenon.  
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Introduction  

A new generation of psychoactive drugs related to the phenethylamines’ group, known as 

the ‘FLY’ drugs, emerged in the last few years as a new recreational drug misuse trend. 

The most common FLY compounds are: 

 

• 2C-B-FLY: 1-(8-Bromo-2,3,6,7-tetrahydrobenzo[1,2-b;4,5-b’]difuran-4-yl)-2-

aminoethane hydrochloride  

• 3C-B-FLY: 1-(8-bromo-2,3,6,7-tetrahydrobenzo[1,2-b;4,5-b’]difuran-4-yl)-2-

aminopropane hydrochloride  

• Bromo-Dragonfly:   1-(8-bromobenzo[1,2-b;4,5-b’]difuran-4-yl)-2-aminopropane 

 

They are called ‘FLY’ because their molecular structure resembles the insect: the body of 

the fly will be the benzene ring; the two wings are the furan or dihydrofuran rings; the 

head is the bromine atom and the tail is the isopropylamine [1].  

 

 
 
 

Figure 1  
 
1-(8-bromobenzo[1,2-b;4,5-b’]difuran-4-yl)-2-aminopropane hydrochloride (Bromo-Dragonfly) 
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In particular, Bromo-Dragonfly was first synthesized by Matthew A. Parker at Purdue 

University in 1998 and used as a novel brain research chemical with rats [2-5]. Although 

structurally and chemically it is related to phenethylamines, the phenyl ring of this 

molecule is bound between two dihydrofuran rings, giving it more potency and much 

longer duration of action than most other phenethylamines [6]. Its effects can last up to 1-

3 days [1]. A procedure based on liquid chromatography-mass spectrometry (LC-MS) has 

been described to identify a number of phenethylamines [7], including some of the ‘FLY’ 

drugs such as 2C-B-Fly, in the urines of consumers using 3,4 

methylendioxypropylamphetamine (MDPA) as internal standard. Its mechanism of action 

is mediated primarily by agonist activity at the serotonin 5-HT2A receptors as well as to 

some degree at 5-HT1 receptor [2, 8]. It has been speculated that the interaction with both 

these receptors is likely to be responsible for the hallucinogenic effects [9-11]. Apart 

from 5-HT2A receptors, there is evidence from both biochemical [12] and behavioural 

[13-14] studies that the 5-TH2C receptors’ subgroups, in both rodents and humans, are 

involved as well in the pharmacodynamics of B-Fly [13-16].  

It has been observed that the synthesis of this substance is complicated by the fact that the 

molecule can form two distinct chiral or optical isomers and that originally 5 other related 

synthetic molecules are also called FLY [17]. Although Bromo-Dragonfly is a research 

chemical and as such not for human consumption, in recent years it has been increasingly 

abused recreationally. Anecdotal evidence of this epidemic of misuse has emerged from 

an increased number of fatalities and hospitalizations [18-19], but also from the Internet. 

Indeed, hundreds of websites advertise the drug for sale and an increasing number of 

discussions and videos related to the substance are posted online on a regular basis [10-

23]. B-Fly is currently not legislated for under the UK Misuse of Drugs Act and is legally 

available in the UK, US and in most of Europe. Conversely, it is a controlled substance in 

Denmark, Sweden, Norway and Romania. 

We aimed at providing here a comprehensive overview of both the peer reviewed and the 

anecdotal online data on Bromo-Dragonfly. 
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Material and Methods 

The literature on Bromo-Dragonfly was searched in three databases, PsychInfo, Pubmed 

and MedScape. Key words used to carry out the database searches included: ‘1-(8-

bromobenzo[1,2-b;4,5-b’]difuran-4-yl)-2-aminopropanehydrochloride’, ‘Bromo-

Dragonfly, ‘B-fly’ and ‘ABDF’. Considering the limitation of peer reviewed, scientific, 

data results were integrated with a multilingual qualitative assessment of a range of 

websites, drug-forums and other online resources (e-newsgroups, chatrooms, mailing 

lists, e-newsletters, and bulletin boards). This was carried out using the Google search 

engine in 7 languages from a number of collaborating countries (UK, Finland, Norway, 

Belgium, Germany, Italy and Spain; see http://www.psychonautproject.eu). The online 

assessment was carried out over the period of one year (February 2009 - 2010) and 

involved the close monitoring of 203 websites. Of these, 108 were considered to be 

relevant for the present exercise and as such were monitored on a regular basis i.e., daily 

(n= 21), weekly (n= 32), or monthly (n= 53), depending on their relevance. The 

remaining 95 websites were considered not to bear any interest for the present study and 

thus were no longer monitored. Once the Bromo-Dragonfly was identified on these 

websites, further specific searches were carried for narratives focusing on the following 

issues: (a) the nature of its effects on users, including adverse reactions; (b) motivations 

behind its recreational use and possible trends of misuse, with particular attention to 

polydrug misuse/idiosyncratic combinations; (c) any other relevant information in the 

original language of the narratives. The full content of posts/sites of particular interest 

were also saved and copied onto a dedicated server using a specific programme [24]. This 

was carried out primarily for historical archiving and for allowing a more thorough and 

flexible content search using both MacOSX10.6 server built-in search capabilities [25] as 

well as a third-party search application [26]. Data collected were stored in a password-

protected online database located within the coordinating centre (St. George’s, University 

of London, UK) and a technical folder with all the available information on the effects of 

the drug, including various toxicological data, was also created. For the purpose of 

reporting results in this paper, any data collected from online forums, such as usernames 

and complete URLs for specific threads that were considered personal identifiable, were 
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anonymised. The study was cleared for ethical approval by the Wandsworth Local 

Research Ethics Committee, London, UK. 

 

Results 

 

Information on B-Fly online availability, consumption and manufacture  

Although the first reported case of recreational B-Fly abuse can allegedly be traced back 

to 2001 [23] but, according to Google Insights for Search [27], the web search activity 

associated with the substance has started to gradually increase only in 2005. Bromo-

Dragonfly was then formally identified in 2008 as a new emerging trend of drug abuse 

during the web monitoring activities of the Psychonaut Web Mapping Project following 

warnings from a number of EU countries, including Italy, Norway, Belgium, and Finland.  

‘B-Fly’ is typically sold online as blotter papers, liquid and less commonly as pills. 

According to most online reports, its primary route of administration is oral. After 

ingestion, the onset of its effects can be delayed for up to 6 hours. This delay has often 

led recreational users to ingest another dose of the substance thinking that the first dose 

was inadequate. Alternatively, additional drugs may be ingested while waiting for the 

psychoactive effects to appear [20, 27, 21, 22]. Although the exact dosage is still 

unknown, a ‘typical’ dose is reported by users to be in the region of 200 to 800 µg [20]. 

There are two, or possibly more, types of B-Fly available on the Internet. The first one, 

called the ‘European Batch’ (active at dose of 200 to 500 µg) and a less potent one, called 

the ‘American Batch’  (active at 800 to 1800 µg) [17]. The average price for 1 gr of 

Bromo-Dragonfly is about 300 euros/420USD, while a single dose (blotter paper) is 

around 10-30 euros/14-42USD. Other items such as blotters sheets with various artworks 

are also widely available online [29]. 

 

Effects and adverse reactions 

Some users describe the effects of Bromo-Dragonfly as ‘a ride to the moon’ because they 

‘last too long and leave you drained’ [20]. Accounts of experiences lasting 2-3 days after 

the consumption of a single dose (blotter paper) seem to be fairly common [20-21]. Some 

users report however that B-Fly is ‘definitely not for everyone, just too powerful’ [21-
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22]. The drug can allegedly induce profound hallucinations (mainly visual distortions, 

such as geometric patterns and lights), sound alterations, but also other effects such as the 

sense of connection/belonging with other realities, sense of peace and well-being, 

emotional stimulation and meeting with entities, which are also common features of the 

so-called near-death experience [30].  

The level of toxicity associated to Bromo-Dragonfly may well be a reason of concern, as 

recently revealed by a series of hospitalizations and fatalities. For instance, a case of 

death was recorded in 2008 in a Swedish hospital, where the patient had convulsions, 

respiratory problems, liver and kidney failure and lost several fingers and toes. This 

incident was associated with the oral assumption of an allegedly very large amount of B-

Fly [18, 31].  Another fatality was recorded in Denmark after the ingestion of around 1ml 

of ‘LSD-like liquid’, later identified as Bromo-Dragonfly [32]. The autopsy findings 

included oedema of the lungs, slight oedema of the brain, enlargement of the spleen, 

irritation of the mucous membrane in the stomach and ischaemic changes in the kidney 

[32]. Further fatalities have been recorded in Finland, Denmark, the UK, Norway and the 

US [18,19]. Common adverse reactions may include:  nausea and vomiting, headache, 

tachycardia, elevated blood pressure, lung collapse, gastrointestinal disturbances, muscle 

tension, tremor, body temperature fluctuations, anxiety, panic attacks, arrhythmias, heart 

murmurs, slight pupil dilation, convulsions, stomach tightness, hallucinations, flashbacks, 

memory disturbances, confusion, and paranoid ideation [19, 33].  

 

Motivations for B-Fly intake and polydrug misuse issues 

Most users may approach Bromo-Dragonfly due to its ‘psychedelic’ properties, which 

seem to be similar, but of longer duration, to those of lysergic acid diethylamide (LSD) 

[20, 28, 34]. Other observations are however consistent with the misuser need of 

enhancing his/her physical sensations (e.g. taste, touch, hearing) and/or to prolong the 

sexual excitement/pleasure [18]. Other reasons for taking B-Fly have been outlined in 

Table 1. 

Bromo-Dragonfly is often used in combination with a variety of other drugs, generally to 

enhance or prolong the duration of action of their effects. These polydrug misuse 

experimentations have led to a range of cases of acute intoxication; particularly worrying 
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seems to be the combination of B-Fly with ketamine, with severe agitation, hallucinations 

and tonic-clonic seizures having been reported [19, 35].  

 

Table 1: Overview of the alleged reasons for taking B-Fly  

 

Reasons 

 

Description 

Hallucinogenic/psychedelic effects ‘I nearly died from taking a £ 5 hit’, 

claimed an 18-year old user, when he was 

promised a ‘mellow hit, similar to acid but 

more enjoyable’  [36]. Effects of Bromo-

Dragonfly can include visual distortions, 

such as geometric patterns and lights, sense 

of belonging\connecting with other 

realities, and sense of unity with the 

cosmos among many others [28, 22, 20]. 

Experimenting with a new substance and/or 

with novel combinations 

 

B-Fly is reportedly often taken in 

combination with other compounds in 

order to try a different ‘high’ [23, 22, 28], 

such as: 

• Alcohol 

• Prescribing drugs: alprazolam 

• Illicit/recreational drugs: 

hashish/marijuana; cocaine; 

amphetamines; LSD; ketamine 

• ‘Legal highs’, including: Salvia 

divinorum; and Kratom (Mytragina 

speciosa) 

By mistake Large numbers of users have tried B-Fly 

thinking it was LSD, especially because 

both substances are available in the form of 
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blotter paper [20, 22].  

 

In 2009 there have been reports of users 

taking B-Fly by mistake thinking it was 

‘2CB-fly’ due to a mislabel batch sold 

online [22, 36, 39]. 

 

‘Thankful I am alive’, said one these 

messages posted by a 23-year-old man: 

 ‘I was in a nearly catatonic state, unable 

and not wanting to move. Eyes closed the 

whole time. I couldn’t keep them open (…). 

It was 23°C outside, yet I was freezing. I 

was under all of the covers in my bed, yet I 

began sweating immensely. I couldn’t tell if 

I was awake or sleeping. Conscious or 

unconscious. It seemed I was somewhere in 

between the two. This scared me a bit. 

(After 50 hours) I still don’t feel normal. I 

hope I do soon" [20] . 

Favourable legality status B-Fly remains a legal substance in a 

number of countries, although bans have 

recently been made in Denmark, Sweden, 

Norway and Romania. 

Online availability B-Fly is easy to purchase over the Internet, 

often at a discounted rate [29, 20, 22]. 

 

 

Discussion 

The present work provided a review of the current state of knowledge of Bromo-

Dragonfly in the peer reviewed literature. To the best of our knowledge, it also provided 
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for the first time a critical analysis of the information from and for web surfers/users 

relating to B-Fly psychoactive effects, adverse reactions and use in combination with 

other drugs. It seems from here that reasons behind Bromo-Dragonfly increase in 

popularity include: its powerful a long lasting, LSD-like, hallucinogenic effects; its 

favourable legal status; and its affordability. Indeed, B-Fly is at times promoted with 

special offers. Online popularity of B-Fly may have increased as a result of technical 

facilities such as: ‘alerts’ about novel psychoactive products via text messages and/or 

instant messaging; and ‘e-mail this product to a friend’ [37, 38]. 

Young/vulnerable individuals might be encouraged by a range of widely available online 

comments/messages/videos relating to the B-Fly intake experiences. This may be an issue 

of concern, if one considers that an estimated 61% of young European people aged 

between 15-24 years typically quote the Internet as a potential source of information on 

illicit drugs [39]. Furthermore, it appeared from here that only a minority of drug selling 

websites were allegedly limiting access to the relevant links to under age individuals.  

At the time of writing, B-Fly remains legal in most of the EU countries. This may be an 

intriguing issue, given its chemical structure similarity with other, already controlled, 

phenethylamines such as 4-bromo-2,5dimethoxyphenethylamine (2C-B) and 4-bromo-

2,5-dimethoxyamphetamine (DOB). The current legal status of B-Fly may arguably 

facilitate the increasing levels of popularity of the drug, but might affect as well the 

users’ perception of risks associated with its consumption. In fact, the idea that legality 

can equate with safety still remains well grounded amongst some recreational users [37, 

40, 41]. 

Most of the novel psychoactive compounds available online, such as B-Fly, share a 

number of characteristics that may constitute a public health challenge, including: (a) not 

being approved for human consumption; (b) their intake possibly being associated with a 

number of unknown side effects/adverse reactions); (c) very few related 

pharmacological/toxicological data being available in the peer reviewed, scientific, 

literature, with the limited knowledge being mostly restricted to pre-clinical studies; (d) 

rapidly appearing in always more sophisticated forms and remaining unregulated for a 

long period of time; (e) being most often synthesized in underground laboratories simply 

modifying the molecular structure of remaining controlled drugs (e.g. amphetamines; 
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tryptamines), hence raising further concerns in terms of presence of contaminating 

agents; (f) being largely available online and thus ‘just a click’ away from our homes and 

potentially available to everyone; (h) being increasingly accepted as part of a ‘trendy’ 

lifestyle, because the internet may arguably act as an enabler for niche activities to 

develop into social norms.  

A possible limitation of the present study could be given by the fact that only publicly 

available websites, forums and similar were monitored. Conversely, to improve the 

coverage of the study not only the web pages but also more private ways of 

communication (including newsgroups, chatrooms, mailing lists, newsletters, and bulletin 

boards) were here considered. A further limitation may be given by the fact that the 

present findings do rely mostly on what reported by users. In particular, we did not have 

any possibility here to understand if the substance the online B-Fly misusers were taking 

was indeed B-Fly. 

One could conclude that a constant level of web monitoring activities with respect to 

drug-related issues is a necessary step to better understand the level of the diffusion of 

novel psychoactive substances, such as B-Fly. From this point of view, better 

international collaboration levels may be needed to tackle this novel and fast growing 

phenomenon. Finally, it is suggested that the use of technological tools could be 

successfully incorporated in specific prevention programmes for novel compounds in the 

field of eHealth, as currently piloted by the Recreational Drugs European Network 

(ReDNet; http://www.rednetproject.eu) [41].  
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Objectives: Drug abuse has increased markedly in the last decade especially with the emerging of  the unregu-
lated websites selling novel herbal, designer and pharmaceutical psychoactive products. These are adverti-

sed online as ‘legal’ or ‘pure’ and sold at very low prices. In this respect, the Recreational Drug European Network 
(ReDNet) aims to pilot various multimedia solutions focused on the prevention of  drug abuse, which are based on 
technical and scientific information. The service is targeted at both professionals and young people. Methods: (a) 
monitoring the web for emerging novel drugs of  abuse; (b) testing these products using the appropriate analytical 
techniques and (3) disseminating information via technological tools such as interactive websites, SMS alert, so-
cial networking (Facebook, Twitter), Multimedia (YouTube), Smartphone applications (iPhone), and seminars for 
professionals in the virtual learning environments (Second Life). Results: Up to date, 500 health professionals are 
using the interactive website on regular basis. The ReDNet Facebook page has 250 likes. Seminars for professionals 
on Second Life have started since January 2011. SMS alerts, phone applications and other innovative services will 
soon be available for health professionals and young people. Conclusions: The piloting of  innovative ICT-based 
prevention programmes with respect to novel psychoactive drugs is an essential step to tackle their rapid diffusion 
and promote safer and knowledge-based online environments and healthier life styles. 

Nuove Droghe, Nuove Soluzioni: esplorare il potenziale della web-assistance e proposte 
multimediali nella prevenzione dell’abuso di sostanze 

Obiettivi: l’abuso di sostanze nella scorsa decade è cresciuto marcatamente, specialmente con l’emergere di siti web non soggetti ad alcun 
regolamento che vendono prodotti di origine vegetale, sintetica o farmaceutica. Queste sono pubblicizzate come ‘legali’ o come ‘ pure’ 
e vendute ad un prezzo molto basso. A questo proposito, il Recreational Drug European Network (ReDNet) si propone l’obiettivo 
di implementare varie soluzioni multimediali focalizzate sulla prevenzione dell’abuso di sostanze utilizzando informazioni tecniche e 
scientifiche. Il target è costituito da professionisti e giovani. Metodi: (a) monitoraggio del web in merito all’emergere di nuove droghe d’a-
buso; (b) testare questi prodotti con le opportune tecniche di analisi e (c) disseminare le informazioni tramite strumenti telematici, quali 
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siti web interattivi, SMS di allerta, social networking (Facebook, Twitter), Multimedia (YouTube), applicazioni per gli Smartphone 
(iPhone), e seminari per professionisti in piattaforme virtuali (Second Life). Risultati: in questo momento 500 professionisti del settore 
della salute stanno usando il sito web  interattivo in modo regolare; la pagina Facebook del ReDNet ha realizzato 250 “Mi piace”. A 
partire da Gennaio 2011 sono iniziati i seminari per professionisti nella piattaforma multimediale di Second Life. SMS informativi, 
applicazioni per cellulari ed altri servizi innovativi saranno presto disponibili per i professionisti della salute e per i giovani. Conclu-
sioni: testare programmi di prevenzione innovativi basati su strumenti multimediali è un passo essenziale per affrontare la rapida 
diffusione delle nuove sostanze psicoattive, promuovere un più sicuro e consapevole utilizzo della rete oltre che stili di vita più sani.

Keywords: Designer drugs, Prevention, ReDNet Project, Multimedia approaches, 
“Legal highs”, Web-assistance 

Parole chiave: Nuove Droghe, Prevenzione, ReDNet Project, Strumenti multi-
mediali, “Legal highs”, Web-assistance. 
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Introduction

During the last decade there has been a sharp change in 
the social, cultural, legal and political context of  drug 

addiction, which has led to unprecedented new challenges. It 
has been documented that an increasing number of  unregu-
lated websites were dedicated to the dissemination of  novel 
herbal, ‘designer’ and pharmaceutical psychoactive drugs1-4. 
These drugs are of  particular concern as they are advertised 
as ‘legal’ and ‘pure’ making them more attractive to abusers 
mainly of  the teenage group.  More specifically they are:
• Not approved for human consumption and might well 
have unknown pharmacological effects and unpredictable 
side effects and adverse reactions on users5,6.
• Legal and thus perceived as ‘safe’ by users/potential 
users7.
• Often sold as something else, like mystical incenses, plant 
chemicals and bath salts7,8.
• Unknown to health and other professionals who constan-
tly need to receive updated and accurate information about 
these new substances. For instance, according to one of  our 
survey 69% of  health professionals in the UK are seeing 
patients who are taking ‘legal highs’ and 57% judged their 
knowledge of  legal highs ‘poor’ or ‘basic’9.
• Not mentioned in the scientific literature, generally re-
stricted to studies in animals5-7.
• Are increasingly accepted as part of  a lifestyle rather than 
being considered as a misuse of  drugs6. 
• Are just a ‘click away’ from our homes and thus poten-
tially available to everyone, especially young people who are 
amongst the most at risk in taking advantage of  information 
and products available online7,10. 
The situation is even more alarming if  it is considered that 
an estimated 78% of  young people aged between 16 to 24 
years in the European Union (EU) already use the Internet 
at least once a week and 60% of  parents are worried about 
their online use11. For instance in Italy, about one-third of  
children ages 2 to 11, three-fourths of  adolescents and adult 
women, and over four-fifths of  adult men access the Internet 

on a monthly basis. Children spend an average of  22 hours/
month on the computer, with a jump to 87 hours/month for 
adolescents12.
In this respect, a variety of  Internet-based programs that 
aims to educate and prevent drug abuse among young people 
have been attempted. However, the impact of  these forms of  
intervention are relative inconclusive. In general these educa-
tional resources appear to be negatively appraised by those 
who might be considered at risk of  becoming users. We sug-
gest here that these forms of  intervention are unsatisfactory 
because they are: 
• Fear-based and moralistic.
• Inherently theoretical and didactic. 
• These forms are only focused on traditional psychoactive 
substances such as heroin, cocaine and alcohol. 

Recreational Drugs European Network 
(ReDNet)

The Recreational Drugs European Network (ReDNet; www.
rednetproject.eu) is a research project that aims to develop 
and pilot innovative and effective information communica-
tion technologies (ICT) preventive approaches focused on 
novel psychoactive compounds and combinations (Figure 

Fig.1 Leaflet of  the ReDNet Project ; volantino del ReDNet Project
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1). Piloted ICT tools include the use of  interactive websites, 
SMS alert, social networking (Facebook, Twitter), Multimedia 
(YouTube), Smartphone applications (iPhone), and seminars 
for professionals in the virtual learning environments (Se-
cond Life)13-15.
All these tools are developed through the use of  technical/
scientific information, appropriately adapted and updated, 
that have been previously indentified and carefully monito-
red by our research centres. It relies here on the experience 
of  two previously EC-funded research projects (Psychonaut 
I, II; www.psychoanutproject.eu;16,17), which focused on web 
monitoring and developed a search engine in various langua-
ges. Particular attention is also given to health professionals 
working directly with young people showing problematic be-
haviours who constantly need to receive updated and accura-
te information about these new substances.
The project is funded by the European Commission Execu-
tive Agency for Health and Consumers in the framework of  
the Public Health Programme and has a network operative 
in ten research centres across eight EU countries: the UK, 
Spain, Germany, Italy, Belgium, Poland, Hungary, Norway. 
The main objectives of  the ReDNet are:
• To design an innovative and effective ICT-based model to 
share knowledge and information with health/other profes-
sionals and raise awareness of  the potential harms associated 
with new drugs.
• To identify and disseminate key recommendations rele-
vant to the development of  the awareness on novel com-
pounds initiatives across the EU.
• To identify any remaining gaps in knowledge and metho-
dological lessons learned. 
• To inform future projects in the field of  drug prevention 
using ICT tools.

Methods

The project’s methodology is articulated in three main phases 
(Figure 2): 
1. Monitoring.
2. Testing.
3. Informing via ICT tools.

1. Monitoring
Monitoring is mainly focused on the observation of  the web 
sources including websites, chat rooms and news groups 
for any emerging novel synthetic and herbal drugs of  abu-
se. A specific methodology for a qualitative multi-lingual 
assessment of  the material available on the Internet has 
been previously developed during two previous Psychonaut 
Projects16. Such qualitative searches are now carried out on a 
regular basis across the research centres. Monitoring is made 
in two main steps: 
1. The first step is to carry out a multilingual (English, Ger-
man, Norwegian, Spanish, Italian, Dutch, Hungarian, Polish) 
qualitative assessment of  about 200 websites, drug-forums 
and other online resources (e-newsgroups, chatrooms, mai-
ling lists, e-newsletters, and bulletin boards) using the Google 
search engine.
2. The second step is to carry out a technical evaluation of  
all the available information on the novel drugs and trends 
of  abuse emerged during the web monitoring as well as a 
qualitative and quantitative analysis of  the literature found 
with a particular consideration to the cases of  drug abuse 
in the Accident and Emergency Departments of  hospitals. 
This is essential especially in absence of  both ‘classical’ laws 
enforcement data and formal peer reviewed medical literature 
documents. 

Fig.2  Methodology of  the ReDNet Project ; Metodologia del ReDNet Project
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Mephedrone
The ReDNet/Psychonaut research groups were for instance 
the first to identify the emerging of  mephedrone13. Mephe-
drone is a psychoactive chemical of  the cathinone family 
(Figure 3) with similar activity to amfetamine, cocaine and 
MDMA. Its use has increased markedly since 2009 especial-
ly in the online market since the decrease in availability of  
ecstasy and cocaine18.

Pregabalin
In addition, the ReDNet research group was the first to iden-
tify the recreational use of  Pregabalin (Figure 3) pharmaceu-
tical product, which has not been identified by EMEA as a 
drug of  abuse19,20. Pregabalin is a prescription medicine used 
for the treatment of  anxiety, partial epilepsy and neuropathic 
pain. It is sold under the trade name of  Lyrica 75 mg capsules 
and manufactured by Pfizer. It was sold heavily by illigimate 
websites at discount prices. It induced benzodiazepine-like 
effect mixed with euphoria20. 

‘Spice drugs’
Another drugs identified by the ReDNet include herbal drugs 
of  abuse such as ‘Spice’ products, which are often sold onli-
ne as herbal incense7. These are often herbal smoking blen-
ds sold as legal substitute to cannabis. Listed ingredients of  
these products indicated the presence of  bioactive herbs or 
compounds as JWH-01821,22 (Figure 3). 

Bromo-DragonFLY 
The research group has also studied the effects of  Bromo-
DragonFLY, or simply ‘B-Fly’, a powerful, long lasting (2-3 
days), LSD-like, hallucinogenic drug, which has been asso-
ciated with a number of  recent intoxications and fatalities 
in a number of  countries. Although the substance is almost 
unknown to the scientific literature, discussions on the Inter-
net have been identified since 20036.

2. Testing
Testing is made through ordering these drugs from Inter-
net websites and identifying them through the appropriate 
analytical techniques. In this respect, few questions need to 
be answered: 
• Does the sample contain the drug stated?  If  yes, at 
which concentration does it contain? 
• If  not, what other compound does it contain? 
• Are the batches of  the same drug consistent? 

The analytical techniques include: spectroscopic, spectrome-
tric, chromatographic and elemental analysis techniques. Pro-
ducts are advertised as high purity drugs; however, other sub-
stances or impurities are often encountered in these drugs. 
Thus, in some cases these drugs analysed contained inorganic 
impurities, anesthetics (as benzocaine or lidocaine), caffeine 
or even other pharmaceutical products23,27. For identity of  
drugs, spectroscopic techniques such as nuclear magnetic re-
sonance (NMR) can identify the chemical identities of  the 
drugs. Mass spectrometric techniques can detect the masses 
of  the components in the drug. Purity of  the components 
can be confirmed using chromatographic techniques, which 
can be efficient even at low concentrations. In addition, ele-
mental analysis can detect elemental impurities in drugs. Most 
of  the references that identified legal high products from the 
Internet concentrated on the identity of  these products24,26,5. 
However, there is still gap in quantifying the concentration 
of  these drugs when they are purchased in tablet or capsule 
form or when several components exist in a powder form.

Technical folders and reports
From these sources (both monitoring and analysis), a prelimi-
nary report and/or technical folder for each drug is generated. 
Each of  these consists of: key points, chemical characteristics 
of  active constituents, appearance, available information on 
purchase price, modalities of  intake, legal status, current use/ 
medicinal use, information on recreational use/ misuse in the 
EU (or elsewhere), use in combination with other compoun-
ds, pharmacological characteristics, toxicological effects, desi-
red psychoactive effects, physical/ medical untoward effects, 
psychopathological disturbances associated with its use, clini-
cal advice, related fatalities, Youtube videos, Google Insights, 
online marketing strategies, bibliography and sitography. The-
se reports are stored in a password protected database, which 
currently containers information on more than 400 novel 
substances.

Fig. 3 Chemical structure of (a) Mephedrone (b) Pregabalin (c) JHW-018; 
Struttura chimica del (a) Mefedrone (b) Pregalin (c) JHW-018.
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3. Informing via ICT tools
A preliminary survey informed the dissemination of  the re-
sults derived from both the monitoring and the testing acti-
vities via a number of  ICT tools9, which are currently being 
piloted. These include:
• An interactive website, where health and other profes-
sionals (e.g. drugs workers, police, etc) can register and recei-
ve full up-to-date access to the technical folders and reports 
on new compounds. Up to date more than 500 professionals 
have joined and are using such information on are regular 
basis, including cases of  emergency. 
• social networking (Facebook, Twitter). Facebook is 
used by over 606 million people around the world28. This ma-
kes it a very important tool to target young people. ReDNet 
has a Facebook page which helps in the increase of  awareness 
of  the drug issues. So far the page has 250 likes. Up to date 
drug threads, videos and meetings are posted on this page on 
a regular basis.
• SMS alerts. SMS alerts for health professionals are 
an important tool, which will be used in the increase of  drug 
awareness. The service will provide instant messages for he-
alth and other professionals regarding the up to date novel 
drugs. 

Multimedia 
YouTube
Youtube videos are an important tool for publishing onli-
ne data and presentations. It targets both professional and 
non-professional people and audience of  various age groups. 
ReDNet have so far a presentation on Linkedin29. Yet, more 
presentations and videos will be published on YouTube. In 
this respect, various videos focused on ‘drug-free lifestyles’ 
are in the progress of  being developed by the students at the 
Film Department at University of  Hertfordshire in the UK.

Smartphone applications 
Mobile phone applications are replacing laptops as a techno-
logical tool. Smartphones offer the advantage of  convenience 
and rapidity in accessing the Internet. They can provide a lot 
more data in a short time.

Seminars for professionals in the virtual learning envi-
ronments 
Second Life seminars represent a very important tool in in-
creasing drug awareness.  It gathers the advantages of  both 
targeting the youth audience who are using technological to-
ols extensively and are not aware of  the threat of  drugs and 
researchers who are in different parts of  the World but can-
not meet occasionally. Thus, collaborative work from various 
parts of  the world can be gathered. On Wednesday the 26th 
of  January 2011 the virtual studio of  the ReDNet project 
in Second Life was launched with participants from various 
countries. The title of  the seminar was: ‘Promoting Active 
Life and Positive Attitude: Tasks, Methods and Proposal for 
New Drug Legislation’. Figure 4 shows the invitation of  the 

Second Life seminar. 

Consultation with the target groups
For the development of  target and age appropriate content, 
consultation groups with young people are involved. The 
ReDNet research project values the opinion of  the young 
participants, their creativity and their knowledge of  new 
technologies. 
Consultation groups with groups of  young advisors may be-
come fundamental not only for the promoting innovation in 
the didactic process, but also for preparing high quality edu-
cational resources to be distributed via ICT-tools. In addi-
tion such working groups stimulate a mutual positive attitude 
among students/participants, who learn new ways of  expres-
sing themselves and relating to their teachers. In other terms, 
the discovery of  the individual and of  the common potential 
for the benefit of  society goes together with the development 
of  the quality of  the learning process30,10.
Consultation groups of  health and other professionals wor-
king with at-risk groups are also taking place. 
Expected outcomes
The expected outcomes of  this project will be both immedia-
te and long lasting. It will constitute the first EU-wide ICT-ba-
sed preventative programme designed for novel psychoactive 
compounds/combinations targeted at young and vulnerable 
individuals and professionals working with them. In this sen-
se, it will not only inform and stimulate a much-needed di-
scussion on the rapid and almost unpredictable diffusion of  
novel compounds, but also contribute to an enhanced scien-
tific understanding of  recreational drugs. Furthermore, it is 
hopeful that the project will be able to offer proper advice to 
both international agencies and national policy makers.
In addition, the proposed model is a cost-effective preven-
tion and education model that could potentially help to re-
duce National Health Services costs. In fact, one of  the pro-
blems of  the novel psychoactive drugs is that they are almost 
completely unknown to the medical community and to the 
Medline. As a consequence, both the diagnosis and the ma-
nagement of  these acute/chronic intoxications are proble-
matic indeed. With a better understanding of  these drugs, it 
is hopeful that the clinical management levels will improve. 
Furthermore, if  the present project will be associated with 
smaller number of  youngsters taking recreational drugs/re-
search chemicals/legal highs, then smaller number of  drug 
related near misses/fatalities will be arguably recorded.
In conclusion, it is believed that the monitoring of  the web 
with respect to drug-related issues as well as the use of  ICT 
tools for the dissemination of  information on risky substan-
ces and health promotion messages is not only important, but 
also necessary to tackle the rapid diffusion of  these new psy-
choactive substances and contribute to a safer and knowled-
ge-based online environment in order to improve the quality 
of  public health on a global level.
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Invitation
ReDNet Researh Project - First Second Life Seminar

“Promoting Active Life and Positive Attitude: Tasks, Methods and 
Proposal for New Drug Legislation”.

Prof. Pasquale Policastro and Prof. Janusz Slugock and (University of
Szczecin, Poland)

Wed. 26th January 2011 at 15.30 GMT
Where? http://slurl.com/secondlifeUni%20of%20Herts/48/147/26 

(in Second Life)

Fig 4. Invitation to the 1st Seminar in Second Life of the ReDNet Project; Invito al 
primo seminario in Second Life del ReDNet Project
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On the basis of the material available both in the scientific literature and on the web, this paper aims to provide a pharmacological, chemical
and behavioural overview of the novel compound methoxetamine. This is a dissociative drug related to ketamine, with a much longer
duration of action and intensity of effects. A critical discussion of the availability of information on the web of methoxetamine as a new
recreational trend is here provided. Those methodological limitations, which are intrinsically associated with the analysis of online, non-peer
reviewed, material, are here discussed as well. It is concluded that the online availability of information on novel psychoactive drugs, such as
methoxethanine, may constitute a pressing public health challenge. Better international collaboration levels and novel forms of intervention
are necessary to tackle this fast-growing phenomenon. Copyright © 2012 John Wiley & Sons, Ltd.
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INTRODUCTION

The recent emergence of new synthetic drugs, combined
with the ability of the Internet to disseminate information
quickly, has raised a number of concerns in the fields of
drug policy, substance use research, forensic toxicology,
pharmacology and public health (Schifano et al., 2006;
Corazza et al., 2010). During 2010, 41 psychoactive
substances were officially notified for the first time in
the European Union, up from 24 the previous year
(EMCDDA 2010). In this article, the authors present the
results of a study on the novel chemical compound meth-
oxetamine (MXE; Figure 1), which has recently emerged,
according to the Recreational Drugs European Network
(ReDNet; www.rednetproject.eu; Corazza et al., 2010)
observations, as a new drug of abuse.

At present, there is a lack of information on MXE in
the scientific literature, and no clinical or animal studies
have been conducted. However, so far as it can be
ascertained, the toxicological and side effects of MXE
might resemble those of ketamine (Enarson et al.,
1999; Jansen 2001; Dillon et al., 2003; Morgan et al.,
2011; Wood et al., 2011). MXE is a dissociative
anaesthetic classified in the arylcyclohexylamine class
but not formally profiled. The term ‘dissociative’
suggests that the sensory loss and analgesia as well as
amnesia are not accompanied by any actual loss of
consciousness (Bonta 2004; Corazza 2010; Corazza
and Schifano, 2010). Due also to its chemical similar-
ities to ketamine (Figures 1 and 2), it is thought to
be both a glutamate N-methyl-D-aspartate receptor
antagonist and a dopamine reuptake inhibitor (Jansen
1989; Jansen 2001; Bonta 2004; Purechemicals 2010;
Methoxetamine 2011; PureChemicals 2011; Viceland
2011). Both 1-[1-(3-methoxyphenyl)cyclohexyl]-
piperidine (methoxyphencyclidine; 3-MeO-PCP) and
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N-ethyl-1-phenylcyclohexylamine (eticyclidine) are
analogues of MXE. In particular, the 3-methoxy group
of 3-MeO-PCP, also a dissociative anaesthetic, is con-
sidered to be responsible for the euphoric effects ex-
perienced by 3-MeO-PCP users, although it does not
present with any significant affinity for the m-opioid
receptor (Viceland 2011). MXE has been marketed
(Methoxetamine 2011) and described (Erowid, 2010;
2011; Viceland 2011) as having much more powerful
and longer lasting effects than ketamine because of its
N-ethyl group. Although the group modification, from
2-chloro to 3-methoxy, seems to give MXE lower
levels of analgesic and anaesthetic properties than
ketamine, it may be responsible for a half-life that is
longer than that of ketamine (Drugs-Forum 2011).

MATERIALS AND METHODS

The literature on MXEwas searched in three databases:
PsycINFO, PubMed and Medscape. Keywords used to
carry out the database searches included he following:
‘2-(3-methoxyphenyl)-2-(ethylamino)cyclohexanone’,
‘Methoxetamine’, ‘MXE’, ‘MXE-Powder’, ‘METH-O’
and ‘Special K’. Considering the limitation of peer-
reviewed data, results were integrated with a multilingual
qualitative assessment of a range of websites, drug fora
and other online resources (i.e.: e-newsgroups, chat-
rooms, mailing lists, e-newsletters and bulletin boards).
This was carried out using the Google search engine in
eight languages from a number of collaborating countries
(the UK,Norway, Belgium, Germany, Hungary, Poland,
Italy and Spain; see www.rednetproject.eu). The online
assessment was carried out over the period of six months
(January–June 2011) and involved the close monitoring
of 203 websites. Of these, 108 were considered to be
relevant for the present exercise and as such were
monitored on a regular basis, that is, daily (n=21),

weekly (n=32) or monthly (n=53), depending on their
relevance. The remaining 95 websites were considered
not to bear any interest for this study and thus were
no longer monitored. Once the MXE availability of
information was identified on these websites, further
specific searches were carried out for narratives focusing
on the following issues: (i) the nature of its effects on
users, including adverse reactions; (ii) motivations behind
its recreational use and possible trends of misuse, with
particular attention to polydrug misuse/idiosyncratic
combinations; (iii) any other relevant information
in the original language of the narratives. Data collected
were stored in a password-protected online database
of the ReDNet (www.rednetproject.eu). For the purpose
of reporting the results in this paper, any data collected
from online fora, such as usernames and complete
URLs for specific threads that were considered per-
sonal identifiable, were anonymized. The study was
cleared for ethical approval by the School of Phar-
macy Ethics Committee, Hatfield, UK (15 December
2010; PHAEC/10-42).

RESULTS

Information on methoxetamine online availability
and consumption

Online shops advertise and sell MXE as a legal alterna-
tive to ketamine (Methoxetamine 2011; PureChemicals
2011; YouTube 2011). Indeed, MXE can be acquired
legally without a veterinary licence (e.g. Methoxetamine
2011), which is the minimum requirement for the
purchase of ketamine in the UK as well as in other
European Union countries and in the USA. MXE is sold
as a bright white powder in different brand names, such
as MXE powder and Special K, a colloquial term also
used for ketamine. Products are labelled ‘not for human
consumption’, an online marketing strategy that might
be interpreted by some as an incentive to use it as a
recreational drug (Corazza et al., 2011). A few videos
advertising the drug were here identified on YouTube
(YouTube 2011a; YouTube 2011b).
According to most online reports, MXE’s primary

route of administration is either intranasal or sub-
lingual, whereas intramuscular administration seems to
be less common (Drugs-Forum 2011). Very few cases
of intravenous administration have also been mentioned
over the Internet, including an unconfirmed fatality
following an 80- to 100-mg intravenous MXE injection
combined with 400mg of 5,6-Methylenedioxy-2-
aminoindane (Drugs-Forum 2011; LegalHighsGuide
2011; Viceland 2011).
The desired effects and dosages of MXE differ in

relation to the modalities of intake. The ‘typical’ dose

Figure 1. 2-(3-methoxyphenyl)-2-(ethylamino)cyclohexanone (methoxetamine)
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Figure 2. 2-(2-chlorophenyl)-2-(methylamino)cyclohexanone (ketamine)
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reported by users is 20–100mg for oral administration
and 10–50mg for intramuscular injection. However,
users suggest to increase the dosages gradually and not
to exceed 50mg on the first occasion when taken orally
(Bluelight 2010). After insufflation, the perceived
effects can be delayed for 30 to 90min (Erowid 2010).
This delay has often led recreational users to ingest
another dose of the substance (Erowid 2011), thinking
that the first dose was inadequate. The duration of action
has been described as being in the range of 5–7 h
(Bluelight 2010; Erowid, 2010; 2011). When the MXE
is injected intramuscularly, the first effects appear within
5min (Drugs-Forum 2011; Erowid 2011) and may last
for about 1 h. The average price for 1 g of MXE is
approximately £26 (€29; $41), whereas a single dose
is sold for around £3–6 (BulkResearchChemicals
2011; PureChems 2011).

Desired effects and adverse reactions

According to MXE users, its effects are similar to those
of ketamine, although much longer lasting (5–7 h; Blue-
light 2010; Erowid 2011) and with a longer delay in the
onset of its effects (up to 90min).
Being a dissociative anaesthetic, MXE can produce

sensory deprivation, derealization and dissociation
from the physical body (Bluelight 2010). These are
common features of the so-called ‘near-death experi-
ences’, which have also been reported after ketamine
use (Corazza 2010; Coull et al., 2011; Moore et al.,
2011; Morgan et al., 2011; Wood et al., 2011).
The desired effects may vary according to the

dosage and the modality of intake, these include
euphoria, empathy, ‘cosiness’, pleasant intensification
of sensory experiences especially whilst listening to
music, mild-to-strong sense of dissociation from the
physical body, distortion of the sense of reality, vivid
hallucinations, introspection and brief antidepressant
effects (Bluelight 2010; Erowid 2010; Psychonaut
2010; Purechemicals 2010; Bluelight 2011; Drugs-
Forum 2011; Erowid 2011; Hipforums 2011). Some
users’ comments on their MXE experience included
‘music sounds great’, ‘trapped inside a glass chopping
board’, ‘not for social situation’, ‘feeling like another
inanimate object’ and ‘. . .just seems so absurdly
surreal and it makes no sense, but I’m quite happy just
to stare at the TV screen, feeling all snugly and warm’.
Somebody described MXE as a ‘big Christmas cardi-
gan’, whose intake was providing both ‘spinning
sensations’ and ‘naturalistic hallucinations in waves’,
overall referring to the ‘M-Hole’, as opposed to the
ketamine ‘K-hole’ (Erowid 2011). The term is typi-
cally referring to a subjective state of dissociation

from the body, which may mimic the out-of-body
experiences or near-death experiences (Corazza and
Schifano, 2010; Schifano et al., 2008) and is often
accompanied by feelings of intense derealization,
depersonalization and disorientation, as well as vivid
hallucinations. Most reports indeed, however, con-
clude that MXE may be different from ketamine, even
if they share some similarities, both because of MXE’s
‘longer come up’, which might lead to a high risk of
re-dose, and its longer lasting effects. In summary,
MXE seems to work as a short-acting mood enhancer
with powerful (visual) hallucinogenic and dissociative
properties. However, dizziness and other unpleasant
aspects, such as confusion, time distortion, aphasia,
synaesthesia and psychomotor agitation (Bluelight,
2010; 2011), are described as well.
Withdrawal symptoms include low mood and/or

depressive thoughts (Bluelight 2010; Psychonaut
2010; Hipforums 2011). A user reported decreased
levels of cognitive impairment for many hours as well
as 2 days of insomnia after the intranasal consumption
of 100mg (Bluelight 2010). A further anecdotal report
mentioned a suicidal attempt after the consumption of
unconfirmed MXE dosages (Viceland 2011).
Methoxetamine is allegedly used in combination with

a variety of other drugs to enhance or prolong the dura-
tion of action of its effects. This includes LSD, 4-chloro-
2,5-dimethoxyphenethylamine, alpha-methyltryptamine
and 5,6-Methylenedioxy-2-aminoindane (Bluelight 2010;
Erowid 2011; Hipforums 2011). However, users on
web fora advise not to consume it with alcohol, tetrahydro-
cannabinol, selective serotonin reuptake inhibitors or
monoamine oxidase inhibitors.
It was not possible to understand from here if those

untoward medical effects that are typically reported
with ketamine (such as painful bladder, ureter obstruc-
tion, papillary necrosis and hepatic dysfunction;
Enarson et al., 1999; Jansen 2001; Dillon et al.,
2003; Wood et al., 2011) may be associated with
MXE ingestion as well (Erowid 2011). It may not be
possible at present to fully conclude about the
untoward medical effects of MXE, both because of
the lack of appropriate peer-reviewed MXE-related
literature and the paucity of web users’ reports. In
terms of psychopathological disturbances associated
with its use, it seems appropriate to conclude that they
may be similar to those reported for ketamine (Fletcher
and Honey, 2006).

DISCUSSION AND CONCLUSION

To the best of our knowledge, this is the first paper
providing both an overview of the current state of
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knowledge of MXE and a critical analysis of the
information that is available online relating to its
psychoactive effects, adverse reactions and use in
combination with other drugs (Table 1).
It seems that the reasons behind MXE’s increase in

popularity include both its powerful psychoactive,
ketamine-like, effects and affordability. Indeed, it was
found here that MXE may at times be promoted with
special offers as well. The online popularity of MXE
may have increased as a result of technical facilities such
as ‘alerts’ about novel psychoactive products via text
messages and/or instant messaging and ‘e-mail this
product to a friend’ (Schifano et al., 2009). Young/
vulnerable individuals might be encouraged by a range
of widely available online comments/messages/videos
relating to the MXE intake experiences. This may be
an issue of concern, if one considers that an estimated
61% of young European people aged between 15 and
24 years typically quote the Internet as a potential
source of information on illicit drugs (Eurobarometer
2008). Furthermore, it appeared that only a minority
of drug-selling websites were allegedly limiting access
to the relevant links to underage individuals. The
current legal status of MXE may arguably facilitate
the increasing levels of popularity of the drug and might
affect as well the users’ perception of risks associated
with its consumption. The idea that legality can equate
with safety still remains well grounded amongst some
recreational users (Schifano et al., 2006; Schifano
et al., 2009; Corazza et al., 2010; Davies et al., 2010;
Ramsey et al., 2010). Most of the novel psychoactive
compounds available online, such as MXE, share a
number of characteristics that may constitute a public
health challenge (Corazza et al., 2011), including the
following: (i) they are not approved for human
consumption; (ii) their intake is possibly associated with

a number of unknown side effects/adverse reactions);
(iii) very few related pharmacological/toxicological data
are available in the peer-reviewed, scientific, literature,
with the limited knowledge being mostly restricted to
pre-clinical studies; (iv) they are rapidly appearing in al-
ways more sophisticated forms and remain unregulated
for a long period; (e) they are most often synthesized
in underground laboratories simply modifying the
molecular structure of remaining controlled drugs,
hence raising further concerns in terms of the presence
of contaminating agents; and (f) they are largely
available online and thus ‘just a click’ away from our
homes and potentially available to everyone.
A possible limitation of this study could be given by

the fact that only publicly available websites, fora
and similar sources were monitored. Conversely, to
improve the coverage of the study not only the web
pages but also more private ways of communication
(including newsgroups, chatrooms, mailing lists,
e-newsletters, and bulletin boards) were here consid-
ered. A further limitation may be given by the fact that
the present findings do rely mostly on what is reported
by users. In particular, we did not have any possibility
here to ascertain if the substance the online alleged
drug users were taking was indeed MXE.
One could conclude that a constant level of

web-monitoring activities with respect to drug-related
issues is necessary to better understand the level of
the diffusion of novel psychoactive substances, such
as MXE. In this context, the ReDNet (www.
rednetproject.eu; Corazza et al., 2010) project aims
to pilot one of the initial prevention programmes based
on information communications technology targeted
at both young people (aged 16–24 years) and health
professionals looking for information about novel
psychoactive compounds. Finally, it is here suggested

Table 1. Methoxetamine: key points

Chemical name 2-(3-methoxyphenyl)-2-(ethylamino)cyclohexanone

Class Arylcyclohexylamine
Mechanism of action Supposedly similar to ketamineglutamate N-Methyl-D-Aspartate receptor antagonismdopamine reuptake inhibition
Synonyms—colloquial names MXE; MXE-Powder; METH-O; Special K
Type Dissociative anaesthetic, synthetic designer drug
Legal status Not illegal in Europe or in the USA
Dosage 20 to 100mg (oral administration), 10 to 50mg (intramuscular injection)
Duration of action 5 to 7 h (longer than ketamine)high risk of re-dose due to a delay in the onset of its effects
Price 1 g = £26 (€29; $41)
Desired effects Sensory deprivation, derealization, dissociation, euphoria, empathy, pleasant intensification of sensory experiences

(M-Hole), short-acting mood enhancement and (visual) hallucinations
Untoward effects Confusion, psychomotor agitation, time distortion, aphasia, synaesthesia, depressive thoughts, insomnia and cognitive

impairment
Used in combination with LSD, 2CC, aMT and MDAI
Psychopathological disturbances Unknown; there might be similarities with those reported with ketamine

MXE, methoxetamine; 2CC, 4-chloro-2,5-dimethoxyphenethylamine; aMT, alpha-methyltryptamine; MDAI, 5,6-Methylenedioxy-2-aminoindane.
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that better international collaboration levels may
be needed to tackle the novel and fast growing
phenomenon of novel psychoactive drugs availability
from the web.
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Gentile Direttore,

Nel corso del ultimi cinque anni si è riscontrata una rapida 
crescita di sostanze pubblicizzate, distribuite e vendute me-
diante Internet, le cui proporzioni sono state tali da indurre 
l’International Narcotic Control Board (INCB) a dichiarare 
che la produzione e la disseminazione di ‘designer drugs’ 
rappresenta un problema ‘fuori controllo’ (2011). L’INCB ha 
bandito 51 nuove sostanze in Giappone, mentre l’European 
Monitoring Centre for Drugs and Drug Addiction (EMCD-
DA) segnala regolarmente la scoperta di nuovi composti psi-
coattivi. Che cosa sta succedendo?
Gli operatori sanitari e gli altri professionisti del settore cono-
scono molto bene le droghe illegali, quali l’eroina, la cocaina, 
la cannabis, le amfetamine e l’ “ecstasy” (MDMA). Tuttavia, 
a partire dagli anni ’80, i chimici underground, impegnati con 
la produzione clandestina di droghe sintetiche come l’amfe-
tamina o l’LSD, iniziarono a sperimentare con l’idea di poter 
alterare le formule chimiche delle note droghe illegali, così da 
poter creare nuove sostanze non ancora regolamentate. 
È proprio qui che nasce il termine “designer drugs”, in quan-
to si tratta di composti “progettati” per essere legali. 
L’Internet ricopre un ruolo fondamentale in questo processo, 
per le seguenti ragioni:

1. Molte delle nuove sostanze sono state inizialmente sin-
tetizzate da compagnie farmaceutiche con legittime fina-
lità mediche, ma mai rilasciate nel mercato. Nonostante 
questo, tali prodotti sono stati brevettati e i brevetti sono 
consultabili online, a disposizione di chi sa cosa e dove 
cercare.

2. Coloro che sono interessati, contattano via email dei po-
tenziali produttori, localizzati prevalentemente in Cina e 
in Estremo Oriente, ordinando ciò che desiderano.

3. Internet quindi offre una opportunità ideale per la vendita 
su scala globale.

4. I consumatori di queste sostanze possono facilmente 
scambiarsi informazioni nei forum online dedicati, ed in 
genere Internet permette l’accesso ad un imponente nu-
mero di informazioni su questi composti, compresi video 

An introduction to the new phenomenon of 
Internet-based drugs

Dear Director,

The last five years has seen a rapid growth in the internet-driven ma-
nufacture, supply and sale of  drugs to the point where in their 2011 
report the UN International Narcotic Control Board (INCB) declared 
that designer drug production and distribution was ‘out of  control’. The 
INCB stated that 51 new drugs had been controlled in Japan while the 
European drugs agency (EMCDDA) regularly announces the discovery 
of  new drugs. So what is going on?
Health and other professionals are well aware of  the illegal drugs that 
have been available for many years, such as heroin, cocaine, cannabis, 
amphetamine and ecstasy (MDMA). Since the 1980s, the underground 
chemists who produced synthetic drugs like amphetamine and LSD in 
laboratories began to experiment with the idea that you could alter the 
chemical formulas of  illegal drugs, so that the new drug created would 
fall out side the law. This is where we get the term ‘designer’ drugs – 
designed to be legal.
The Internet is important in this development for the following reasons:

1. Many of  the new drugs were originally developed by pharmaceutical 
companies for legitimate medical purposes, but never made it to mar-
ket. Even so, these drugs were patented and the patents are online 
to be searched by those who know where to look and what they are 
looking for.

2. These researchers will then email potential manufacturers, mainly in 
China and the Far East to order what they want.

3. The Internet provides an ideal opportunity for selling to a global 
market

4. Users of  these drugs can easily exchange information In Internet 
forums and generally the Internet provides access to a substantial 
amount of  information about these new drugs, including videos on 
You Tube.

5. Users can contact the seller directly, and/or receive regular alerts on 
new products via email or SMS and easily forward these to friends. 

Designer drugs have become increasingly popular mainly for the following 
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reasons: 

1. They offer very similar effects to well known illegal drugs.
2. Many of  them are legal or remain legal for some while until they are 

controlled.
3. Drugs can be purchased anonymously and without the dangers of  

buying drugs from street dealers.
4. Particularly in the UK, the purity of  drugs like cocaine and amphe-

tamine is very low and these new drugs can often be stronger in their 
effects.

5. Are often advertised online as ‘something else’ (bath salts, fertilizers, 
perfumes, incenses, pound cleaners, etc) and thus less noticeable as 
drugs.

Novel legal responses are necessary to tackle this new phenomenon at 
the international level. Each country will have its own laws, so while a 
designer drug might be banned in one country, it could be legal in others. 
At present, the main problem for lawmakers is to try and stay ahead of  
the chemists who are devising new drugs to be outside the law.  This is 
of  course is very difficult, but nevertheless some countries have introduced 
new more generic legislations, which tries to capture new drugs, and all 
subsequent drugs, in the same ‘family’. This has happened in the UK, 
where the idea of  temporary bans has also been introduced. In this case, 
a drug which looks as if  it might be dangerous is temporarily banned 
while a scientific investigation is carried out. However, the challenge to 
find new and more harmonized legislative solutions at the international 
level still remains open.  
In response to this phenomenon, one of  the aims of  the Europe-wide 
ReDNet Research Project, funded by the European Union (Health 
Programme, grant number: A/800102; 2006 348), is to provide up to 
date and accurate multidisciplinary information about these new drugs. 
For more information please visit our website www.rednetproject.eu

su You Tube.
5. I consumatori possono contattare i venditori direttamen-

te, e/o ricevere avvisi regolari su nuovi prodotti mediante 
servizi email o SMS, che possono facilmente essere inol-
trati ad amici.

Le “designer drugs” sono diventate rapidamente popolari per 
le seguenti ragioni: 

1. I loro effetti psicoattivi sono molto simili a quelli delle 
sostanze illecite più note.

2. Molte di queste sostanze sono legali o rimangono tali fin-
ché non vengono regolamentate.

3. Le “designer drugs” possono essere acquistate in modo 
anonimo, senza i rischi connessi all’acquisto da spacciatori 
di strada.

4. Soprattutto nel Regno Unito, la purezza di cocaina e am-
fetamine è molto bassa, e queste nuove sostanze possono 
dare effetti molto più intensi.

5. Vengono spesso pubblicizzati e venduti su internet come 
“qualcosa d’altro” (sali da bagno, fertilizzanti, profumi, in-
censi, disinfettanti per stagni, etc.) e pertanto meno iden-
tificabili come droghe d’abuso.

Nuove proposte legislative sono essenziali per affrontare 
le sfide poste da questo nuovo fenomeno a livello interna-
zionale. Ogni Paese possiede un proprio sistema legislativo, 
pertanto una sostanza “designer drug” potrà essere messa al 
bando in un Paese, ma risultare ancora legale in altri. Attual-
mente, il maggior problema per i legislatori nazionali è quello 
di stare al passo o, meglio ancora, quello di anticipare i chi-
mici che progettano nuove droghe nell’intento di aggirare le 
norme vigenti. Questo ovviamente è estremamente difficile, 
ma ciò nonostante alcuni Paesi hanno introdotto delle leggi 
sperimentali più ampie che sono in grado di controllare an-
che sostanze completamente nuove e altre di genere affine. 
Questo è accaduto ad esempio nel Regno Unito dove è stata 
introdotta l’idea di una “messa al bando” temporanea. In que-
sto caso, un composto che si sospetti possa essere pericoloso 
è temporaneamente reso illegale in attesa di approfondimenti 
scientifici.  Tuttavia, la sfida per soluzioni legislative più omo-
genee a livello internazionale rimane ancora aperta.
In risposta a tale fenomeno, uno degli obiettivi del proget-
to europeo ReDNet, finanziato dall’ Unione Europea (He-
alth Programme, contratto numero: A/800102; 2006 348), e’ 
quello di fornire informazioni multidisciplinari sempre più 
accurate ed aggiornate in tema di queste nuove sostanze. Per 
ulteriori informazioni invitiamo a consultare il nostro sito 
www.rednetproject.eu.



Background 
The recent emergence of new designer drugs, combined with the ability of the Internet 
to disseminate information quickly and act as an online marketplace, have raised 
concerns across drug and health policy and research. Both the number of largely 
unregulated substances, and the rapidity with which they appear and evolve has led to 
challenges for government, professionals and (potential) users alike. However, here is 
still a distinct paucity of information available.

About the project
The Recreational Drugs European Network (ReDNet) project is a multi-site research study 
with the aim of improving the level of information available to young people (16-24) and 
professionals on the effects of these new recreational drugs and the potential health risks 
associated with their use. It also aims to explore the potential of a number of innovative 
information communication technologies (e.g. texting, social networking sites, Second 
Life and other multimedia platforms) in the timely dissemination of accurate and non-
judgmental, evidence-based, information in line with the needs of each  target group

The project aims to: 

	Develop accurate information on new recreational drugs

	Develop and pilot a variety of innovative and effective ICTs to disseminate this 
information

	To access the feasibility of different ICTs and the relevance of the information being 
disseminated to the target groups

	To inform future technology-based research in health education, prevention and harm 
reduction
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A project co-funded by the European Union  
in the framework of the Public Health Programme

www.rednetproject.eu

Project Partners

ReDNet Research Centre, School of 
Pharmacy, University of Hertfordshire, 
Hatfield, UK 

National Addiction Centre, Institute of 
Psychiatry, King’s College London, London, UK 

Institute of Psychiatry and Neurology, 
Warsaw, Poland 

Bergen Clinics Foundation, Bergen, Norway 

De Sleutel, Gent, Belgium 

Servizio Salute Regione Marche, Ancona, Italy 

Consorci Mar Parc de Salut de Barcelona, 
Spain 

Rhine State Hospital, University of Duisberg-
Essen, Essen, Germany 

National Institute for Drug Prevention, 
Institute for Social Policy and Labour, 
Budapest, Hungary 

DrugScope, London, UK 

Join the ReDNet project mailing list for 
regular updates about our activities, 
including virtual seminars in Second Life: 
www.rednetproject.eu
info@rednetproject.eu

The ReDNet project international conference on novel psychoactive drugs will take place on 
12-13 March 2012 in Budapest, Hungary. 
Would like you to attend or present a paper? Visit our website www.rednetproject.eu 
or email info@rednetproject.eu for more information.



REVIEW

Mephedrone (4-methylmethcathinone; ‘meow meow’):
chemical, pharmacological and clinical issues

Fabrizio Schifano & Antonio Albanese &

Suzanne Fergus & Jackie L. Stair & Paolo Deluca &

Ornella Corazza & Zoe Davey & John Corkery &

Holger Siemann & Norbert Scherbaum & Magi' Farre’ &
Marta Torrens & Zsolt Demetrovics & A. Hamid Ghodse &

Psychonaut Web Mapping & ReDNet Research Groups

Received: 20 August 2010 /Accepted: 23 October 2010
# Springer-Verlag 2010

Abstract
Background Recently, those substances deriving from the ac-
tive ingredient of the Khat plant, cathinone, have been rising
in popularity. Indeed, 4-methylmethcathinone (mephedrone;

‘meowmeow’ and others) has been seen by some as a cheaper
alternative to other classified recreational drugs.
Aims We aimed here at providing a state-of-the-art review
on mephedrone history and prevalence of misuse, chemistry,
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pharmacology, legal status, product market appearance,
clinical/management and related fatalities.
Methods Because of the limited evidence, some of the
information here presented has been obtained from user
reports/drug user-orientated web sites. The most common
routes for mephedrone recreational use include insufflation
and oral ingestion. It elicits stimulant and empathogenic
effects similar to amphetamine, methylamphetamine, co-
caine and MDMA. Due to its sympathomimetic actions,
mephedrone may be associated with a number of both phys-
ical and psychopathological side effects. Recent preliminary
analysis of recent UK data carried out in 48 related cases
have provided positive results for the presence of mephedrone
at postmortem.
Discussion and Conclusions Within the UK, diffusion of
mephedrone may have been associated with an unprece-
dented combination of a particularly aggressive online
marketing policy and a decreasing availability/purity of
both ecstasy and cocaine. Mephedrone has been recently
classified in both the UK and in a number of other countries
as a measure to control its availability. Following this, a few
other research psychoactives have recently entered the
online market as yet unregulated substances that may
substitute for mephedrone. Only international collaborative
efforts may be able to tackle the phenomenon of the regular
offer of novel psychoactive drugs.

Keywords Mephedrone .Meow meow. Cathinones .

Drug misuse . Drug-related deaths . Psychoactive drugs

Introduction

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

Mephedrone is a psychoactive research chemical that
elicits stimulant and empathogenic effects similar to
amphetamines, methylamphetamine, cocaine and MDMA
(Winstock et al. 2010a). It has drawn wider attention from
the media since it has been allegedly linked to a number of
fatalities. As we write, only few formal papers and
experimental/clinical data have been published (Dargan et
al. 2010; Winstock et al. 2010a, b). Some of the
information contained in this review has been obtained
from user reports and drug user-orientated web sites, again

highlighting the lack of peer-reviewed resources. Given the
limited information available, we aimed here at providing a
state-of-the-art review on mephedrone chemical, pharma-
cological and clinical issues.

History and prevalence of misuse

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

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

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

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

Chemical characteristics

Mephedrone is a semi-synthetic compound belonging to the
chemical class of cathinone derivatives (or substituted
cathinones). Cathinone is a natural amphetamine-like
alkaloid found in the fresh leaves and stems of the African
shrub Catha edulis (Khat; Kalix 1992). The systematic
name of mephedrone is 2-(methylamino)-1-(p-tolyl)propan-
1-one(2S)-2-(methylamino)-1-(4-methylphenyl)propan-1-
one, in accordance with the International Union of Pure and
Applied Chemistry. Different acronyms include 1-(4-meth-
ylphenyl)-2-methylaminopropan-1-one, 2-methylamino-1-
p-tolylpropan-1-one, 4-methylmethcathinone, 4-MMC and
MMCAT. The molecular formula and mass are C11H15NO
and 177.242 g/mol, respectively (Chemspider 2010; Kalix
1992; Pubchem 2010). The structure of mephedrone is
shown in Fig. 1 where it differs from cathinone by
methylation of the amino group and the benzene ring
present (Gustaffsson and Escher 2009; Osorio-Olivares et
al. 2003). The cathinones are beta-keto derivatives of
phenethylamines (Fig. 1), and hence analogues of amphet-
amines (Chemspider 2010). Since they are mainly synthetic
in origin, beta-keto amphetamines are also known as ‘bk
designer drugs’. Each of the phenethylamine compounds
has a parallel cathinone analogue. For example, methcathi-
none is the cathinone anologue of methylamphetamine
(ACMD 2010).

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

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

Pharmacology

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

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

Legal status

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

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

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

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

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

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

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

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

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

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

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

Desired and untoward mephedrone effects

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

– Intense stimulation and alertness, euphoria
– Empathy/feelings of closeness, sociability and talkativeness
– Intensification of sensory experiences
– Moderate sexual arousal
– Perceptual distortions (reported with higher dosages

only)

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

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

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

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

– Cardiovascular system: Tachycardia, elevated blood
pressure, respiratory difficulties, chest pain and elevated
blood pressure, peripheral vasoconstriction. Possibly due
to vasoconstriction, users have anecdotally described
cold/blue fingers;

– Renal/urinary excretory system: Difficulties in urination,
possible nephrotoxicity, anorgasmia;

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

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

Treatment and management

Acute management of adverse events

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

Longer term therapeutic psychological and harm reduction
approaches

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

Mephedrone-related deaths

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

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

Conclusions

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

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

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

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

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

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