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Introduction

Context

In January 2022, the United Kingdom’s Advisory Council on the 
Misuse of Drugs (ACMD) was commissioned by the then Home 
Secretary to advise upon the appropriate classification of diphe-
nidine under the Misuse of Drugs Act 1971 and its scheduling 
under the Misuse of Drug Regulations 2001. The Home Office 
was obliged to control diphenidine following its addition to 
Schedule II of the Convention on Psychotropic Substances of 
1971 during the 64th Commission on Narcotic Drugs meeting in 
April 2021 (ACMD, 2023a).

The ACMD took the opportunity to look at and provide advice 
on several other related dissociative diarylethylamine substances 
– ephenidine, methoxphenidine, fluorolintane and isophenidine. 
These five molecules are known by several names: diphenidine 
– DPD, 1-(1,2-diphenylethyl)piperidine, 1,2-DEP and DND; 
ephenidine – NEDPA and EPE; fluorolintane – 2-FPPP and 
2-F-DPPy; isophenidine – NPDPA and isopropylphenidine; 
methoxphenidine – MXP, 2-MXP, methoxyphenidine, methoxy-
diphenidine, 1-[1-(2-methoxyphenyl)-2-phenylethyl]piperidine, 
piperidine, 1-(1-(2-methoxyphenyl)-2-phenylethyl)-, (±)- 1-(2- 
methoxyphenyl)-2-phenyl-1-(piperidine-1-yl)ethane2- 
MeO-Diphenidine.

As part of their consideration, the Council examined physical 
harms including toxicity and deaths. The first two authors were 
members of the ACMD’s Working Group and led on assembling 
information on deaths related to the use of these substances, 
especially any occurring in the United Kingdom (UK). They 
wrote a summary report, which was included in the ACMD’s 
published report (ACMD, 2023b). This article presents the more 
detailed research underlying that summary.

Diarylethylamines and their uses

Compounds from the 1,2-diarylethylamine class have been 
investigated for clinical use in the treatment of depression, epi-
lepsy, pain and neurodegenerative disease (Wallach et al., 2016).

Deaths related to the use of diarylethylamines, 
with a focus on the United Kingdom: A 
systematic review and case series report

John Martin Corkery1 , Caroline Copeland2,3   
and Fabrizio Schifano1

Abstract
Background: Diarylethylamine drugs possess dissociative properties. These emerged as drugs of misuse, with reports of strong addictive potential, 
high tolerance and compulsive intake.
Aims: Since one of these drugs, diphenidine, was added to the 1971 Convention on Psychotropic Substances, the United Kingdom (UK) had to consider 
its control. The Advisory Council on the Misuse of Drugs 2023 advice included toxicity and mortality involving this and related molecules. Relevant 
mortality data were collated to understand the international and UK situations.
Methods: A systematic review was employed: PubMed, Scopus and Google Scholar searches were conducted on 29/30 August 2022 using the terms 
‘overdose’, ‘death’, ‘fatal*’, ‘toxic*’, ‘poison*’ with molecules’ chemical names. UK Mortality Registers (MRs) provided statistical data. The Scottish MR 
and National Programme on Substance Use Mortality provided case-level information.
Results: Eleven studies were identified. Most decedents were male. The mean death age was 35.3 (range: 17–55) years. Death was commonly from 
polysubstance poisoning. Globally, 48 deaths involved these drugs (Europe n = 40). Of these, 37 occurred in the UK in 2014–2019. Key characteristics 
were as follows: male (91%); White (95%), mean age 37.2 (range: 19–65) years; drug use history (72%). Most deaths (89%) were accidental from 
acute drug toxicity (92%). Diphenidine/methoxyphenidine (MXP) was implicated with other substances (opioids/opiates, benzodiazepines, stimulants) 
in 66% of cases.
Conclusions: Most deaths were accidental – thus preventable. One-third of deaths involved MXP/diphenidine alone – suggesting they are relatively 
toxic. Diarylethylamines deaths are rare. These molecules remain available – deaths could occur.

Keywords
Diarylethylamines, diphenidine, ephenidine, methoxyphenidine, deaths, United Kingdom (UK)

1Hertfordshire Medical School, University of Hertfordshire, Hatfield, UK
2�King’s College London, Institute of Pharmaceutical Sciences, London, UK
3�King’s College London, National Programme on Substance Use 
Mortality, London, UK

Corresponding author:
John Martin Corkery, Hertfordshire Medical School, University of 
Hertfordshire, Health Research Building, College Lane Campus, Hatfield 
AL10 9AB, UK. 
Email: j.corkery@herts.ac.uk

1349203 JOP0010.1177/02698811251349203Journal of PsychopharmacologyCorkery et al.
research-article2025

Original Paper

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/jop
mailto:j.corkery@herts.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1177%2F02698811251349203&domain=pdf&date_stamp=2025-07-01


2	 Journal of Psychopharmacology 00(0)

However, at the time of writing, in Europe and North America, 
there are no approved industrial, medicinal or veterinary uses for 
these specific molecules.

Diarylethylamines have dissociative properties akin to those 
of ketamine and phencyclidine/phenylcyclohexyl piperidine 
(PCP); this is particularly true for derivatives of lefetamine (N,N-
dimethyl-1,2-diphenylethanamine; ACMD, 2023b). They are 
one of the two structurally distinct chemical classes that have 
emerged in the last decade or so as Novel Psychoactive 
Substances (NPS) – the other being β-keto-arylcyclohexylamine 
analogues of ketamine, such as methoxetamine, deschloroketa-
mine, etc. For example, diphenidine – although first synthesised 
in 1924 – emerged as a ‘research chemical’ in 2013 (Wallach 
et al., 2015), along with MXP – first patented in 1989 (Morris and 
Wallach, 2014).

Typically, ‘dissociatives’ are labelled as psychedelics, 
whereas they are actually a sub-class of the hallucinogen class. 
Dissociative compounds are those which are described as detach-
ing the user from reality and altering the perception of sight and 
sounds, but whilst ‘mind altering’ are thus not considered hallu-
cinogens (Schifano et al., 2019).

The principal mode of action of diarylethylamines is acting as 
N-methyl-D-aspartate (NMDA) receptor antagonists, thereby 
generating dissociative effects (Kang et al., 2017). Reuptake of 
dopamine and norepinephrine is inhibited by diphenidine, ephe-
nidine and MXP (Kang et al., 2017; Wallach et al., 2016). Like 
ketamine, these molecules affect dopamine transporter availabil-
ity and hence dopamine transmission (Wallach et al., 2016).

Dissociative effects have been reported on social media plat-
forms for these molecules (ACMD, 2023b; Morris and Wallach, 
2014). The usual routes of administration appear to be inhalation 
and smoking; modes for the latter include mixing with herbal 
smoking products, vapourising over heated aluminium foil and 
electronic smoking devices (vapes). Desired effects occur more 
rapidly via inhalation/smoking (15–30 min) rather than insuffla-
tion. The length of effects (4–24 h) is determined by the amount 
utilised and length of use. Dosages for diphenidine, ephenidine 
and MXP are given by the ACMD (2023b: 6). The potential use 
of MXP for therapeutic purposes has also been discussed online 
(Van Hout and Hearne, 2015).

Online users fora warn about the strong addictive potential, 
high tolerance and compulsive intake of diphenidine, ephenidine 
and MXP (Wallach et al., 2016). Researchers also suggest that 
these substances probably have addictive potential (Eiden et al., 
2018; Sahai et  al., 2018). Indeed, Eiden et  al. (2018) mention 
cases of withdrawal syndrome for diphenidine and MXP.

Availability and prevalence

As with other NPS, the molecules considered here are easily avail-
able to purchase on the Internet, being advertised as ‘research 
chemicals’ and ‘not for human consumption’. Initially, they were 
marketed as legal replacements for other controlled molecules, 
especially acrylcyclohexylamines such as methoxetamine.

There are no prevalence estimates of the use of these five 
molecules. When the ACMD compiled its report, no cases of 
acute toxicity had been published related to or detections made 
of ephenidine, fluorolintane or isophenidine, whereas there 
were reports of acute toxicity and deaths involving the use of 

diphenidine and MXP (ACMD, 2023a). Analysis of anonymised 
‘sample results’ from Welsh Emerging Drugs & Identification 
of Novel Substances (WEDINOS; https://www.wedinos.org/) 
by the ACMD (2023b: 15–18) demonstrated that there have 
been no samples processed by the WEDINOS where isopheni-
dine or fluorolintane were detected. The other three molecules 
have shown up relatively rarely since 2013/4: diphenidine 8 in 
2013/14–2015/16; ephenidine 9 in 2015/16–2016/17; MXP 26 
in 2013/14–2016/17 and 4 in 2019/20 (ACMD, 2023b: 15). By 
November 2022, the UK Forensic Early Warning System had 
detected MXP in only two samples sent to them for analysis 
(both in 2020/21); none of the other molecules in this group 
were detected (ACMD, 2023b: 16).

Pharmacological and toxicological effects

When analysed, some 1,2-diarylethylamines are potent antago-
nists of the NMDA receptor and inhibitors of monoamine trans-
porters (Wallach et  al., 2019). As NMDA receptor function is 
critical to central nervous system processes, their pharmacomod-
ulation can precipitate dissociative effects (Wallach et al., 2019).

Clinical features of 1,2-diarylethylamines administration 
resemble those observed following stimulant consumption (e.g., 
hypertension, tachycardia) and also induce neuropsychiatric 
aberrations (e.g., hallucinations, sedation/drowsiness, confusion, 
paranoia and anxiety/agitation) – clinical features similar to those 
seen following the use of dissociative drugs such as ketamine 
(ACMD, 2023a).

There is little by way of toxicological information on these 
molecules, other than from case reports on the acute toxicity of 
diphenidine and MXP; these are summarised in the ACMD (2023b: 
11–13) report. The reader is directed to that publication for further 
details, including each compound’s role as an NMDA antagonist.

Study rationale

This group of dissociative substances had never been assessed in 
terms of whether they should be controlled under the UK’s pri-
mary drug legislation. The material presented here was assem-
bled to inform this process.

Aim and objectives

The overarching aim was to provide as much objective informa-
tion as possible about deaths involving these specific substances. 
The first objective was to identify and summarise the existing 
information in the public domain about such events. The second 
objective was to identify and summarise what was known at that 
point about such instances, specifically in the UK.

Methods and materials
Two principal methods were deployed to achieve these objec-
tives. A systematic review of the extant academic literature, 
supplemented by searches of secondary data sources, was 
employed to identify and assess existing information on deaths 
relating to the use of these substances. Searches of existing spe-
cialist data sources accessible to the first two authors were 

https://www.wedinos.org/
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utilised to identify such deaths that had occurred in the UK. 
Further details of the systematic searches can be found in the 
Supplemental materials.

Data sources

The lead author and ACMD Secretariat contacted the three UK 
General Mortality Registers (GMRs) for information on deaths 
involving this group of substances: National Records of Scotland 
(NRS); Northern Ireland Statistics and Research Agency and the 
Office for National Statistics (ONS), which covers England and 
Wales. The GMRs hold data derived from Medical Certificates of 
Cause of Death.

Anonymised data provided by NRS to the lead author were 
examined. The second author has access to the data that have 
been voluntarily provided by coroners in England, Wales and 
Northern Ireland since 1997.

The Cause of Death and Toxicology fields of the two datasets 
were searched using the numerical code assigned to the specific 
substances, for example, ‘diphenidine’, ‘ephenidine’, ‘methox-
phenidine’ and ‘MXP’ and these names, respectively.

Ethical considerations

The ethics committee of the second author’s institution re-con-
firmed in May 2024 that the coroner’s database does not require 
ethics review, as all subjects are deceased. Only aggregated data 
are presented below.

Results
The results of the systematic review of literature and searches of 
specialist databases are briefly summarised in the ACMD report 
(ACMD, 2023b: 8). Here, they are presented separately.

Systematic review of academic literature

The overall process of the literature searches and the selection 
processes is outlined in Figure 1.

Of the 18 papers/studies (that were available) regarded as rel-
evant, only 7 contained references to papers containing case 
details or case reports. The remaining 11 papers/studies provide 
information on 4 case details and 9 case reports.

Other sources surveyed were as follows: EMCDDA (European 
Monitoring Centre for Drugs and Drug Addiction) risk assess-
ments (none); EU-MADNESS (EUropean-wide, Monitoring, 
Analysis and knowledge Dissemination on Novel/Emerging pSy-
choactiveS) cases (1 Hungarian case and 6 NPSUM cases); 
Scottish Fatal Accident Inquiries (none) and the Chief Coroners 
website Regulation 28 Report (1 case).

Summary details of the published sources are given in Table 1. 
Five are from Japan, two from England and Wales, and one each 
from France, Germany and the USA. Five relate only to dipheni-
dine, four to MXP and one covers both molecules. No source 
mentions ephenidine. The year of death was only ascertainable, 
using personal contacts, for the English and Welsh sources. The 
papers were published between 2015 and 2018.

Case details from combined sources are given in Table 2. In 
summary, the number of deaths by country was in descending 
order: England 5; Japan 4; USA 4; Wales 2; France 1; Germany 
1; Hungary 1. Most decedents were male (15/18). Age at death 
ranged from 17 to 55 (mean 35.3, mode 34) years.

Where known (n = 17), the majority (11) were found dead at 
home, with a further case being found dead at a parent’s house. 
Two fatalities occurred following falls/jumps from bridges; two 
in parked cars, and one decedent was found dead in a street. One 
of the fatalities found at home appears to have drowned in a bath. 
Based on evidence from the locus of death, smoking or inhalation 
was the likely route of administration.

Detailed autopsy/pathology findings were lacking in many 
cases. The key findings of note were as follows: enlarged heart 
and hypotensive heart disease (2); enlarged heart and mild ath-
eroma (2); multiple injuries (2) and signs of drowning (1).

The commonest cause of death was poisoning/toxicity/intoxi-
cation – typically involving other substances, including alcohol. 
There were only two cases where one of these dissociative sub-
stances (MXP) was the sole substance implicated; one was con-
tributed to by hypertensive heart disease. As already noted, two 
deaths were caused by falls/jumps from height, leading to multi-
ple injuries. The manner of death was only available for five 
cases. Two were regarded as ‘drug-related’, one as accidental, 
one as suicide and one as accidental or possible suicide.

There were three cases where MXP was the sole drug men-
tioned/implicated in death and for which toxicology levels were 
available; these ranged from 1360 to 24,000 ng/g in femoral 
blood. Other levels given for the substance in combination with 
other substances ranged from 1.36 to 24.0 mg/L. Femoral blood 
levels for diphenidine in combination with other substances were 
only available for two cases (0.138 and 0.715 mg/L).

A range of other substances were also reported in the post-
mortem toxicology, many of which are mentioned in the cause of 
death: heroin, cocaine, amphetamine, synthetic cannabinoids; 
synthetic cathinones; prescription drugs, especially benzodiaz-
epines and alcohol. This variety of substances reflects the pleth-
ora of psychoactive substances available for recreational use over 
the past decade, and the continuing trend of polysubstance use.

Overall, it can be confidently estimated that there have been at 
least 48 deaths involving these index drugs worldwide. The majority 
(n = 40) of these deaths occurred in Europe, with four being reported 
in the United States and four in Japan. In terms of Europe, fatalities 
were reported in France (1), Germany (1) and Hungary (1). However, 
the majority (n = 37) of the cases were reported in the UK.

Based on the published case reports, information provided by 
ONS and NRS, and the information published and/or provided by 
the coroners’ database, and Google searches, the authors can state 
that the reported deaths involving this group of diarylethylamines 
in the UK all occurred between 2014 and 2019, the majority hap-
pening in 2014–2016, with one occurring in 2019.

UK figures

Communication by the lead author and the ACMD Secretariat 
with the three official UK GMRs and the latter’s responses/data 
provide the following information. No cases reported in Northern 
Ireland (up to the end of Q1 2022); seven cases in Scotland 
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(including one where both diphenidine and MXP were impli-
cated, occurred between January 2014 and March 2019); and the 
following from ONS in respect of England and Wales, as of 5 
August 2022, there were 21 mentions of diphenidine and MXP, 

but none of ephenidine. A paper based on the coroners’ data 
reports a total of 4 detections involving diphenidine and 24 
involving MXP between May 2013 and May 2019 (Deen et al., 
2021); updated data are included in the analyses below.

Figure 1.  Flowchart of systematic literature review.
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Pooling all reports known to the first and second authors, they 
were aware of at least 37 deaths in the UK up to their submission 
to the ACMD (Table 3). ONS reports a maximum of 21 deaths 
registered in England and Wales to date; however, combining 
information from the coroners’ database, Elliott et al. (2015) and 
Google searches, the authors have identified at least 31 in these 2 
countries during the same period. This discrepancy is probably 
due to differences in the quality and detail of information (includ-
ing pathology and toxicology reports) provided by coroners com-
pared to what is received by ONS. There may even be additional 
cases which have not been reported to the coroners’ database, 
given that at least one case found using Google searches was 
unknown to them, and that reporting to the coroners’ database is 
on a voluntary basis. Information was not necessarily available 
for all variables across all cases.

Socio-demographics

Information on socio-demographics was available for 35  
NPSUM and NRS cases. Breakdowns by country are given in 
Table 4. The key high-level findings for Great Britain (i.e., 
England, Wales and Scotland) are as follows: the majority of 
cases involved males: 32/35 (91.4%); mean age was 37.2 (range: 
19–65) years; where known (n = 19), the majority were of White 
ethnicity (94.7%); 54.2% were unemployed and 37.5% were 
employed; 53.6% lived with others and 40.7% lived alone; 72% 
had a history of drug use, 28% did not; 71.4% (20) had been 
prescribed drugs – antidepressants (7), benzodiazepines/‘Z’ 
drugs (6), gabapentinoids (5), opioids (3), beta-blockers (3), anti-
psychotics (2), anti-epileptics (1) and amphetamines (1).

Circumstances of death

Information in this sub-section is mostly derived from coroners’ 
data. Only one case in England precisely describes drug-taking 
location prior to death – at home. Nearly four-fifths (77.8%) died 
at home versus 11.1% died in hospital; some interventions led to 
victims being taken to the hospital where they were declared 
dead on arrival or died subsequently.

About four-fifths (78.9%) were found dead but there were oppor-
tunities in several of the remaining cases for interventions: one case 
was witnessed collapsing; one case was found unresponsive but 
alive; one case was witnessed to fall out of a window (4.5 m drop); 
and in one case paramedics were called. However, given that, where 
known, 41% lived alone, this means that such opportunities were 
somewhat limited, assuming lone use in the home situation.

Intentionality/manner of death

For deaths in England and Wales, the Coroner’s Verdict or 
Conclusion can be used as an indicator of the intentionality of the 
deceased and/or the manner of their death. Findings for England 
were accidental 23, suicide 1 and undetermined 1 whilst in Wales 
there were 3 accidental deaths. For Scotland, ICD-10 codes 
(World Health Organization (WHO), 1992) have to be relied upon 
to derive such information. Findings for that country were as fol-
lows: 5 accidental (X41), 1 of undetermined intent (Y12), natural 
causes (J46). Overall, for Great Britain, the key findings are as 
follows: 31/35 (88.6 %) accidental, 2 (5.7%) undetermined intent/
unascertained; 1 (2.9%) natural causes and 1 (2.9%) suicide.

Causes/mechanisms of death

The underlying (or distal) cause of death is defined here as the 
last-listed text in Cause 1 of the death certificate. Table 5 pro-
vides a breakdown by country and cause. The overwhelming 
majority (33/35) of cases were ascribed to acute drug toxicity/
intoxication: 14 to either diphenidine or MXP alone; 15 to either 
diphenidine or MXP with other drugs, including 1 case where 
both molecules were implicated; and 4 cases to other drugs. In 
addition, cardiac issues, trauma, etc., were also mentioned in the 
underlying cause of death.

Drug combinations

As far as the authors can establish, at the GB/UK level, the only 
two molecules of this group of dissociatives involved in death and/
or found at post-mortem were diphenidine and MXP. There was 

Table 1.  Summary details of selected papers/studies.

Authors and year of  
publication

Year(s) of death Country Type of report Index substance(s)  
mentioned

Elliott et al. (2015) (First half of 2014 – personal 
communication)

England and 
Wales

3 case reports Methoxphenidine (3)

Elliott et al. (2018) (First half of 2014 – personal 
communication)

England and 
Wales

3 case reports (same as 
previous row)

Methoxphenidine (3)

Hasegawa et al. (2015) Not stated Japan 1 case report Diphenidine
Minakata et al. (2016) Not stated Japan 1 case report (same as 

previous entry)
Diphenidine

Kudo et al. (2015) Not stated Japan 1 case report Diphenidine
Grumann et al. (2017) Not stated Germany 1 case report Methoxphenidine
Logan et al. (2017) Not stated United States 4 case details Diphenidine (1),  

methoxphenidine (MXP) (3)
Kinoshita et al. (2017) Not stated Japan 1 case report Diphenidine
Saint-Martin et al. (2017) Not stated France 1 case report Methoxphenidine (MXP)
Kusano et al. (2018) Not stated Japan 1 case report Diphenidine
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only one death (Scotland) where both molecules were implicated 
in the same death. In Scotland, there were two cases with MXP 
alone (one had citalopram, cannabis and alcohol also present); one 
case with diphenidine alone (but temazepam also present). The 
coroners’ database has records of 9 cases that had MXP (n = 8) or 
diphenidine (n = 1) implicated alone. In most cases (23/35; 65.7%), 
one or other of these two molecules was implicated with other sub-
stances (including alcohol) in causing death. The other substances 
were typically opioids/opiates, benzodiazepines and stimulants 
(see Tables 6 and 7). The coroner’s database recorded two deaths 
with diphenidine or MXP detected at post-mortem but no drugs 
implicated (one death unascertained, one death trauma). In the 
remaining 26 cases, 9 had MXP/diphenidine implicated alone, and 
the remaining 17 cases were polydrug ones.

Post-mortem drug levels

Information on post-mortem toxicological levels is unavailable to 
NRS. However, such data are available to the coroners’ database. 
The available information on blood levels (mg/L) is given in 
Table 8. There were six cases where MXP alone was implicated 

for which quantification is available: mean 7.92, median 5.1, 
range: 1–24. Levels are available for two cases where dipheni-
dine was implicated with other drugs: 0.57, 5.1; and one below 
the level of quantification (<0.1 mg/L).

Discussion
This is the first study to provide an overview of the global picture 
of deaths involving diarylethylamines, as well as providing an in-
depth description of deaths related to them in the UK. It has used 
several approaches and a range of sources to establish the overall 
number of fatalities related to diarylethylamines and to ‘take a 
deep dive’ into such deaths in the Kingdom, thereby contributing 
to the consideration of this drug class by the UK’s ACMDs.

Numbers and trends

Overall, 48 deaths were identified. Most of the cases described 
here (n = 37) occurred in the UK, or more accurately, Great 
Britain. However, there are cases reported from the United States, 

Table 3.  UK deaths involving diphenidine and/or MXP by year of occurrence.

Year Country

England Wales Scotland United Kingdom

Molecule Molecule Molecule Molecule All

Diphenidine MXP Diphenidine MXP Diphenidine MXP Diphenidine + MXP Diphenidine MXP Diphenidine + MXP

2014 1 8 1 1 2 1 2 11 1 14
2015 1 11 1 1 12 13
2016 1 5 3 1 8 9
2019 1 1 1
Total 3 24 1 2 1 5 1 5 31 1 37

Sources: Elliott et al. (2015), Coroners’ database, NRS, Winter (2016).
No cases in Northern Ireland.

Table 4.  Socio-demographic characteristics of decedents where diphenidine and/or MXP was implicated, by country.

Characteristic Country

England (N = 25) Wales (N = 3) Scotland (N = 7) Great Britain* (N = 35)

Gender Male 23; female 2 Male 3; female 0 Male 6; female 1 Male 32; female 3
Age (years) Mean 36.3, range 22–56 Mean 34.7, range 19–51 Mean 41.4, range 20–65 Mean 37.2, range 19–65
Ethnicity White 17; Black 1; not 

known 7
White 1; not known 2 Not available 7 White 18; Black 1; not known 9; not 

available 7
Employment 
status

Employed 9; student 1; 
retired 1; unemployed 12; 
not known 2

Unemployed 1; not 
known 2

Not available 7 Employed 9; student 1; retired 1; 
unemployed 13; not known 4; not 
available 7

Living  
arrangements

Alone 11; with others 12; 
student halls 1; not known 1

With others 3 Not available 7 Alone 11; with others 15; student 
halls 1; not known 1; not available 7

History of  
drug use

Yes 16; no 6; not known 3 Yes 2; no 1 6/7 mention drug abuse as 
a contributing factor

Yes 18; no 8; not known 3;  
contributing factor 6

Prescribed 
drug history

Yes 18; no 5; not known 2 Yes 2; no 1 Not available 7 Yes 20; no 6; not known 2; not 
available 7

Sources: Coroners’ database, NRS.
*No cases in Northern Ireland.
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mainland Europe and Japan. There may well be cases in other 
countries that have not been identified or reported.

The majority of deaths occurred in the period 2014–2016, 
with one outlier in 2019. The case reports and statistics from the 
STRIDA project in Sweden and the European Drug Emergencies 
Network Plus (Euro-DEN Plus) project regarding acute intoxica-
tions cited by the ACMD (2023b) all occurred during the period 
2014–2019; diphenidine and MXP were the only diarylethyl-
amines mentioned. Similar findings for fatalities and acute intox-
ications are reported by the WHO Expert Committee on Drug 
Dependence (2021: 78–112) in their critical review reports on 
diphenidine and MXP.

Characteristics of decedents

The demographic profile of decedents (majority White males, 
aged mid-late 30s, unemployed) is broadly similar to the major-
ity of the coroners’ database cases, although the average age of 

the latter cases is about 44 years (Corkery et al., 2021). These 
findings are consistent with the information available from the 
STRIDA (Helander et  al., 2015) and Euro-DEN Plus (Wood 
et  al., 2023: 62) projects on 20 acute toxicity cases: most 
involved diphenidine (n = 15); males (n = 16); age range 
20–39 years.

The overall characteristics of the fatalities examined here 
match well with those of methoxetamine-related cases previously 
reported from the NPSAD programme (Chiappini et al., 2015). 
This is not only in terms of gender (male) and ethnicity (White) 
of the decedents but also in terms of the characteristics of the 
deaths (polysubstance, including opioids, benzodiazepines) and 
manner of death (mostly accidental).

Circumstances and manner of death

There is little information in the published case reports regarding 
circumstances leading to death, and this is true of the coroners’ 
cases analysed above, as is the case with other NPS cases 
(Yoganathan et al., 2022). Some information is available on acute 
MXP intoxications: two somnolent males found on the street 
(Hofer et al., 2014; Lam et al., 2016; a male found in a state of 
agitation (Chrétien et al., 2018); a male involved in a road traffic 
collision (Stachel et al., 2016).

Information on the locus of death is also largely missing from the 
published case reports, although one of the Japanese diphenidine 
cases was found dead on a bed (Kudo et al., 2015). The published 
MXP fatalities were all UK/GB cases and are reported above.

Information on the intentionality or manner of death is miss-
ing from the published case reports. However, in terms of the 

Table 5.  Underlying cause of death by country.

Country Underlying cause of death Number of decedents

England Acute drug toxicity 23
  MXP/diphenidine alone 9 in one case mirtazapine and fluoxetine cited as cause 2
  MXP/diphenidine and 10
  Other drugs 4
Cardiac 2 co-cited with MXP/diphenidine toxicity
Trauma 1
Unascertained 1

Wales Acute drug toxicity 3
  MXP/diphenidine alone 2 in one case alcohol cited as cause 2
  MXP/diphenidine and other drugs 1
Cardiac 1 co-cited with diphenidine toxicity

Scotland Acute drug toxicity/intoxication 7
  MXP/diphenidine alone 3
  MXP/diphenidine and other drugs 4 in one case with both MXP and diphenidine
  Other drugs 0

Great Britain Acute drug toxicity 33
  MXP/diphenidine alone 14 in one case, mirtazapine and fluoxetine cited as cause 2, in one 

case, alcohol cited as cause 2
  MXP/diphenidine and other drugs 15 in one case with both MXP and diphenidine
  Other drugs 4
Cardiac 2 in one case co-cited with MXP toxicity, in two cases co-cited with 

diphenidine toxicity
Trauma 1
Unascertained 1

Table 6.  Drug combinations, Scotland.

Drug Number of cases where implicated

Eitzolam 3
Morphine 2
Alcohol 1
Ethylphenidate 1
MPA (methiopropramine) 1
Pyrazolam 1
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UK/GB deaths described above, most deaths were accidental in 
nature, although some were intentional.

Cause of death and toxicology

Most UK/GB decedents died as a result of acute drug toxicity, as 
was also likely in the cases of the non-UK fatalities. However, 
other factors contributed to death, including cardiac issues and 
trauma; these were also noted in acute intoxications (e.g. Hofer 
et al., 2014; Stachel et al., 2016; Valli et al., 2017).

Both the WHO (2021) and the ACMD (2023b) reports highlight 
the fact that most deaths involved polysubstance combinations. In 
terms of the latter and this study, on which it was partly based, two-
thirds of deaths involved other substances, typically opioids/opiates, 
benzodiazepines and stimulants – echoing what is found in deaths 
involving other drug classes (Kalk et al., 2022; Rock et al., 2022a, 
2022b). Most deaths reported here involved MXP and then dipheni-
dine; there were no cases involving ephenidine, fluorolintane or iso-
phenidine. Polypharmacy is also evident in several of the acute 
toxicity cases reported in the ACMD report; however, other such 
cases report only one molecule being detected in the toxicology of 
patients admitted to the hospital for treatment.

MXP and diphenidine were implicated on their own in about 
one-third of cases; this suggests that they are relatively toxic. If one 
were to apply the King and Corkery’s (2018) ‘Index of Fatal 

Toxicity’ approach, that is, ratio of sole versus all mentions in the 
cause of death to these findings for both molecules combined, it 
would yield a ratio of 0.414 (i.e., 12/29, see Table 5). This result is 
higher than those for mephedrone (0.197), MPA (methiopropa-
mine) (0.207), synthetic cathinones (0.217), piperazines (0.235), 
cocaine/crack (0.321), benzofurans (0.351) and amphetamine 
(0.371). The ratio for these two dissociative molecules combined 
(0.414) is on a par with that for ketamine (0.411) – perhaps sug-
gesting a similar level of toxicity. However, these molecules would 
not appear to be as toxic as PMA/PMMA (para-methoxyampheta-
mine/para-methoxy-N-methylamphetamine) (0.497); GHB/GBL 
– hydroxybutyrate/γ-butyrolactone (0.549); synthetic cannabi-
noids (0.579); heroin (0.604); and AMT (α-methyltryptamine) 
(0.630).

The range of diphenidine blood toxicology levels in 14 
Swedish non-fatal intoxications was 2–262 ng/ml (Helander 
et  al., 2015); this is a very broad range. However, the present 
study was able to narrow this range by reporting levels for two 
fatal cases where diphenidine was implicated with other drugs: 
0.57 and 5.1 mg/L. Furthermore, this study presents the first data 
available on the fatal toxicity of MXP from six cases: mean 7.92, 
median 5.1, range: 1–24 mg/L (WHO, 2021: 101). These are 
much lower levels than in the non-fatal cases, supporting the 
argument that these molecules have high toxicity profiles.

Implications of study findings

The information above formed a key part of the advice provided 
by the ACMD to the UK Government. As a result of its delibera-
tions, the ACMD (2023b: 23) recommended.

1.	 The following compounds (listed under point 2 under-
neath) should be added to Class B of the Misuse of Drugs 
Act 1971, consistent with the classification of ketamine 
and other controlled dissociatives such as methoxeta-
mine and PCP-related materials.

2.	 As these materials have no medical use, it is recom-
mended that they should be placed in Schedule 1 of the 

Table 7.  Drug combinations, England and Wales.

Drug Number of cases where implicated

Morphine 9
Codeine 7
Alcohol 5
MPA (methiopropramine) 5
Flubromazepam 3
Ketamine 3
Methadone 3
Mirtazapine 3
Amphetamine 2
Dihydrocodeine 2
Ecstasy 2
Etizolam 2
Pregabalin 2
3-FPM 1
4,4-DMAR 1
AH-7921 1
Amitriptyline 1
Citalopram 1
Cocaine 1
Diazepam 1
Ethylphenidate 1
Fluoxetine 1
Lormetazepam 1
Mephedrone 1
Methamphetamine 1
Methoxypiperamide 1
Mexedrone 1
Tramadol 1
Zopiclone 1

Table 8.  Blood levels reported to the coroners’ database.

MXP implicated alone (N = 8)
Six cases with quantifications: 1, 1.6, 2, 8.2, 10.7, 24 mg/L
Median: 5.1 mg/L
Mean: 7.92 mg/L
Range: 1–24 mg/L
MXP implicated with other drugs (N = 12)
Two cases with quantifications (and 1 case with a level below the level 
of quantification)
0.57 mg/L
5.1 mg/L
<0.1 mg/L
Median/mean: 2.84 mg/L
Range: <0.1–5.1 mg/L
MXP detected at post-mortem but not implicated (N = 4)
One case with quantification: 0.078 mg/L
Diphenidine
Quantification was performed in two cases. One case 2.4 mg/L (tissue 
not specified), one case 1.67 mg/L in blood
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Misuse of Drugs Regulations 2001 (as amended) and 
added to schedule 1 of the Misuse of Drugs (Designation) 
(England, Wales and Scotland) Order 2015, Northern 
Ireland 2001, to which section 7(4) of the Misuse of 
Drugs Act 1971 applies.
•• Diphenidine
•• Ephenidine
•• Methoxyphenidine (also known as methoxphenidine).

On 10 August 2023, the UK Government accepted both recom-
mendations and indicated that it intended to bring forward legis-
lation to implement them, subject to Parliamentary approval 
(Home Office, 2023). An Order was laid before Parliament on 21 
February 2024 and came into effect on 20 March 2024, making 
these three molecules Class B drugs (United Kingdom, 2024).

There are several clinical implications arising from the use of 
these molecules, of which consumers and clinicians should be 
made aware. Ketamine-like dissociatives, as with those examined 
here, are one of the classes of NPS commonly associated with the 
onset of psychopathological consequences (Schifano et al., 2021b). 
The nasal route of administration means that there is a more rapid 
absorption and effect, as with esketamine (Chiappini et al., 2025). 
As lower urinary tract symptoms have been associated with both 
esketamine and ketamine usage, users and clinicians need to be 
cognisant that such urological outcomes may result from the use of 
molecules such as diphenidine and MXP (Chiappini et al., 2025; 
Schifano et al., 2021a).

Study strengths and limitations

The research described here made a major contribution to the 
ACMD’s consideration of this group of molecules. This article puts 
into the public domain the most detailed and comprehensive infor-
mation to date bearing on fatalities related to diarylethylamines.

Although it could be argued that the relatively small number 
of confirmed cases affects statistical reliability, the findings are 
as robust as can be derived at present. There are some further 
limitations associated with this research.

Reporting to the coroners’ database is voluntary, and not all 
cases were reported to it. Some deaths may not have been identi-
fied due to the cause of death being described as ‘mixed drug 
toxicity’ or similar wording being used. There may not have been 
systematic or routine screening by forensic laboratories for the 
five molecules examined here; retrospective analyses may reveal 
more cases. Toxicology levels are not available to NRS, thereby 
limiting such information from that source. Very limited toxicol-
ogy reports for deaths attributed solely to diarylethylamines 
mean that conclusions drawn about toxic levels are not robust.

This issue is redolent of wider issues caused by insufficient 
details being available about incidents (e.g. locus and events 
leading up to death) and the characteristics of decedents (e.g. eth-
nicity, socio-economic status), which might provide some insight 
into the nature of ‘at-risk’ populations.

The fact that most fatalities were polydrug in nature means that 
it is difficult to isolate complications arising from drug combina-
tions and/or drug-drug interactions, thereby establishing possible 
causal connections between diarylethylamines use and death.

Limited or insufficient toxicology reports and inconsistencies 
across cases weaken conclusions about toxic levels for each 
substance.

Recommendations

The authors concur with the ACMD’s recommendations and the 
UK Government’s subsequent legislative action regarding con-
trol of the molecules discussed above.

Although these molecules were only apparent during a lim-
ited timeframe, it is important that forensic toxicologists, pathol-
ogists and clinicians remain aware of their existence and how to 
respond to incidents appropriately. A quick check of the Internet 
(open net) at the start of January 2025 indicated that diphenidine, 
ephenidine and MXP are still being offered for sale as ‘research 
chemicals’. Diphenidine and MXP were still being discussed on 
Reddit in late December 2024.

Those responsible for identifying such products should ensure 
that these molecules are included in their regular drug screens for 
psychoactive substances and reported to relevant drug surveil-
lance agencies.

Conclusions
Deaths involving diarylethylamines are relatively rare; 48 were 
identified by this study, of which 37 occurred in the UK. 
Methoxphenidine and diphenidine are the only two molecules 
from this drug class that were implicated in death; they are rela-
tively toxic when compared to most stimulants but on a par with 
ketamine.

Most deaths identified and reported here took place within a 
confined timeframe (2014–2016) and geographical setting 
(mostly Great Britain). Despite these temporal and spatial con-
straints, as these molecules are still being discussed on drug 
users’ fora and are still available for purchase online, further 
deaths may occur. Potentially, other non-fatal adverse effects 
could still occur, further underlining the need for these molecules 
to be controlled under the Misuse of Drugs Act 1971.

The socio-demographics of decedents are similar to those 
found in other stimulant-related fatalities, especially in the UK. 
The manner and underlying causes of death are also like those of 
stimulant-related deaths more widely.

It is likely that other fatalities have occurred but have not been 
identified and/or reported to appropriate agencies. Should further 
cases become known (e.g. from retrospective analyses of sam-
ples), they should be added to this emerging evidence base.
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