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Novel psychoactive substances
or ‘legal highs’

he last few years have seen a new chal-
Tlenge for clinical toxicologists and

those in front-line medicine with the
emergence of novel (new) psychoactive
substances, sometimes colloquially referred
to as ‘legal highs' (European Monitoring
Centre for Drugs and Drug Addiction,
2014). Currently in Europe novel psycho-
active substances are detected at a rate of at
least one new substance per week (European
Monitoring Centre for Drugs and Drug
Addiction, 2014; United Nations Office
on Drugs and Crime, 2014). This is a chal-
lenge for legislative processes as it takes
time to gather the necessary information
on the frequency of their use and/or sig-
nificant acute harm to institute potential
control for an individual or class of new
novel psychoactive substances (European
Monitoring Centre for Drugs and Drug
Addiction, 2014).

It appears that most novel psychoactive
substances are manufactured in China and
other areas of east and south east Asia. Novel
psychoactive substances are available to
users through street level drug dealers,
through high street ‘head’ shops or from
internet sites (a study in 2012 revealed 693
internet sites selling novel psychoactive sub-
stances) (European Monitoring Centre for
Drugs and Drug Addiction, 2013). They
are often marketed as ‘research chemicals’ or
under names such as ‘plant food” or ‘bath
salts’ and labelled as ‘not for human con-
sumption’. The expanse of the so-called
‘dark web’, a virtual marketplace that is con-
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cealed and therefore hidden from usual
search mechanisms, has offered another
route of supply for novel psychoactive sub-
stances and other recreational drugs. The
impact of the temporary closure of the ‘Silk
Road’ site on the dark web on the sale of
novel psychoactive substances and other
recreational drugs is unknown (United
Nations Office on Drugs and Crime, 2014).

The number of recorded novel psycho-
active substances continues to increase and
in 2013 81 new substances were identified
and reported to the European Union Early
Warning System based at the European
Monitoring Centre for Drugs and Drug
Addiction (Figure 1) (European Monitoring
Centre for Drugs and Drug Addiction,
2014). The UK National Poisons
Information Service Annual Report
2012/13 reported that telephone calls to
the National Poisons Information Service
and accesses of the online TOXBASE
Internet site increased by 49% and 128%
respectively from the previous year (Gordon
and Eddleston, 2013).

The rapid emergence of novel psycho-
active substances can make it difficult for
front-line clinicians to manage patients
presenting with acute toxicity related to the
use of novel psychoactive substances. For
the purposes of this article a novel psycho-
active substance is a drug that has become
available over the last 10years; however, as
time goes on it will be important to dif-
ferentiate newer novel psychoactive sub-
stances and the term ‘recently emerged
novel psychoactive substances’ is often used
in this regard. This article provides a practi-
cal overview of some of the novel psycho-
active substances that have emerged in the
last 5-7years to help front-line staff in
hospitals as well as paramedics and GPs in
the community.

Classification of novel
psychoactive substances and
patterns of acute toxicity
associated with their use

As shown in Figure I, there has been a year
on year increase in the detection and
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reporting of novel psychoactive substances
in Europe over the last 5 years. Most novel
psychoactive substances fall into one of five
main groups:
1. Synthetic cannabinoid receptor agonists
2. Synthetic cathinones
3. Piperazines
4. Phenylethylamines
5. Tryptamines.
In addition to these five main classes of
novel psychoactive substances, there has
been an increase in novel psychoactive sub-
stances from other classes. The 2014
European Drug Report demonstrates the
diversity in agents identified: there were 29
synthetic cannabinoid receptor agonists, 13
phenethylamines, seven synthetic cathi-
nones, one piperazine and one tryptamine.
In addition, there were 30 compounds
reported from drug classes outside these five
main novel psychoactive substances classes,
including arylcyclohexamines and synthetic
opioids (European Monitoring Centre for
Drugs and Drug Addiction, 2014).

The content of novel psychoactive sub-
stances is highly variable with many prod-

ucts containing additional ingredients to
those advertised, a different novel psycho-
active substance, a controlled recreational
drug, another substance such as caffeine, or
no active ingredient (Wood and Dargan,
2012a, b). This may result in unexpected
clinical effects or increased potency, and
the user might not be aware of the presence
of illicit substances that carry a risk of
criminalization.

When new psychoactive substances first
emerge onto the drug scene, there are often
few data available on their pharmacology or
potential for acute toxicity. Current hospital
coding systems are also not suitable to allow
identification of presentations related to
acute toxicity caused by novel psychoactive
substances and therefore document the pat-
tern of toxicity seen in presentations.
Therefore a process known as data triangu-
lation is often used to combine data from
multiple sources including the published
scientific literature and grey information
sources (Wood and Dargan, 2012a, b). Data
sources for this process include internet
drug user forums, in situ and other drug

Figure 1. Number and main groups of novel psychoactive substances notified to the EU early warning
system 2005~13 (adapted from European Monitoring Centre for Drugs and Drug Addiction, 2014).
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user surveys, poisons information services
and published case reports/series (based on
self-reported or analytically confirmed acute
novel psychoactive substance toxicity).

Generally the pattern of toxicity associ-
ated with the use of novel psychoactive
substances is similar to classical recreational
drugs and can be divided into stimulant,
hallucinogenic and depressant effects.
However, with some novel psychoactive
substances there have been reports of over-
lap between these effects and/or additional
toxicity not typically seen with classical,
established recreational drugs such as
cocaine and MDMA (3,4-methylenedioxy-
methamphetamine). To complicate this
matter further, little is known about the
risks of poly-drug use either of novel
psychoactive substances together or of
novel psychoactive substances with classical
recreational or prescription medications.

Despite the significant time lag between
substances arriving on the scene and legis-
lative change, this remains the key strategy
for minimizing drug-related harm. An
example of this includes the documented
fall in mephedrone presentations associat-
ed with the control of the drug in 2010
(Wood et al, 2013) and also the drop in
poison information centre calls in the same
period (Wood et al, 2014).

Synthetic cannabinoid receptor
agonists

These drugs, often sold under the name
‘spice’ in Europe and ‘K2’ in the USA,
were first seen in Europe in 2005-6. They
are commonly sold as ‘herbal incense’ or
smoking mixtures with the synthetic can-
nabinoid receptor agonists sprayed onto
herbal matter. There are dozens of differ-
ent chemicals classes and over 200 differ-
ent synthetic cannabinoid receptor ago-
nists have been characterized (Auwirter et
al, 2009).

Some users report that ‘spice’ has a
greater psychotropic effect than cannabis,
but the desired effects appear similar in
nature to cannabis with alterations of
mood, hallucinations and wakefulness.
(Wood and Dargan, 2012b). There are
increasing reports that synthetic cannabi-
noids may precipitate or worsen psychosis
in those who are already susceptible
(Papanti et al, 2013). In addition to canna-
bis-like toxicity additional features are
reported in some with acute synthetic can-
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nabinoid toxicity, in particular stimulant
features including seizures, agitation,
hypertension and tachycardia (Simmons et
al, 2011; Wood and Dargan, 2012a).
There have also been reports of acute kid-
ney injury associated with the use of syn-
thetic cannabinoids (Thornton et al,

2013).

Synthetic cathinones

The cathinones are beta-keto derivatives
of amphetamine (Gibbons, 2012).
Cathinone is a mild stimulant that is
found naturally in the khat plant, but in
the last 5-Gyears numerous synthetic
cathinones have emerged onto the recrea-
tional drug market as novel psychoactive
substances. Mephedrone is the common-
est cathinone taken in the UK: in the
2014 Crime Survey for England and
Wales 0.6% of adults (aged 16-59 years)
had used mephedrone in the last year —
by comparison, 1.6% had used ecstasy,
0.8% amphetamines and 0.6% ketamine
(Home Office, 2014). Other cathinones
include methylone, methedrone and
methylenedioxypyrovalerone.

Most of the data available on the pattern
of acute toxicity associated with the syn-
thetic cathinones are for mephedrone —
these show that it is associated with stimu-
lant toxicity similar in nature to MDMA
and cocaine. Commonly reported features
include agitation (38%), palpitations (20—
43%), nausea/vomiting (17-37%), chest
pain (12%), headache (7-50%) and sei-
zures (7%) (Dargan et al, 2011).
Methylenedioxypyrovalerone appears more
likely to be associated with significant neu-
ropsychiatric effects such as psychosis
(Spiller et al, 2011).

Piperazines

The piperazines which have emerged as
novel psychoactive substances include
1-benzylpiperazine, trifluromethylphenyl-
piperazine,
and meta-chlorophenylpiperazine. The

(methoxyphenyl)piperazine

piperazines were commonly encountered
in New Zealand and the UK/Europe in
2008-10, but, based on the limited data

fluromethylphenylpiperazine is more likely
to be associated with hallucinogenic effects
(Gee et al, 2005; Wilkins et al, 2008).
Clinical features seen in those with toxicity
include insomnia (54%), headaches (26%),
nausea (21%), palpitations (18%), dizzi-
ness (15%), vomiting (13%), chest pain
(4%) and seizures (0.4%) (Wood and
Dargan, 2012a).

Other agents
Phenylethylamines and tryptamines are
very broad categories of illicit substances
with a very long history that include
MDMA and mescaline (phenylethyl-
amines) and lysergic acid diethylamide
(LSD) and psilocybin, also known as magic
mushrooms (tryptamines). Other agents
include the pipradrols, diphenylprolinol
(D2PM) and desoxypipradol (2-DPMP),
are noradrenaline-dopamine reuptake
inhibitors. In addition to typical stimulant
toxicity (bruxism, sweating, insomnia,
hypertension, chest pain and seizures), the
pipradrols have been reported to be associ-
ated with prolonged neuropsychiatric fea-
tures such as euphoria, paranoia, hallucina-
tions and psychosis that may last for a few
days after use (Wood and Dargan, 2012c¢).
There are numerous arylcyclohexamines
that have emerged as novel psychoactive
substances; these include ketamine deriva-
tives such as methoxetamine which has
been marketed as a ‘bladder safe’ alterna-
tive to ketamine. However, evidence from

animal studies suggests that chronic meth-
oxetamine use has a similar potential for
bladder and urinary tract toxicity to chron-
ic ketamine use (Dargan et al, 2014). Acute
methoxetamine toxicity is associated with
dissociative states similar to those seen with
acute ketamine toxicity; however, in addi-
tion to this there are reports of additional
features associated with acute methoxeta-
mine toxicity including significant cerebel-
lar features (e.g. ataxia, nystagmus) and
stimulant features (e.g. severe hyperten-
sion, agitation and tachycardia) (Shields et
al, 2012; Wood and Dargan, 2012a).

Another class of phenylethylamine novel
psychoactive substances are the NBOMes’
(containing the group N-methoxybenzyl
group) that have been reported during
2012-14. These drugs have potent sero-
tonergic effects and are active in micro-
gram quantities. They are generally sold as
‘blotters’ (similar to LSD) but are also
available in powder form and many of the
reports of acute NBOMe toxicity have
occurred in individuals who have used
NBOMe powder and taken it in milligram
rather than microgram doses. A case series
described severe toxicity associated with
251-NBOMe in seven patients, with fea-
tures of tachycardia (7=7), thabdomyolysis
(7), agitation (6), visual and auditory hal-
lucinations (6), hypertension (4), hyper-
pyrexia (3), metabolic acidosis (3), seizures
(3), clonus (2) and acute kidney injury (1)
(Hill et al, 2013).

use.

KEY POINTS

B Novel psychoactive substances are increasingly popular synthetic agents designed for recreational

B The toxicity of novel psychoactive substances can broadly be divided into stimulant, sedative and
hallucinogenic effects. In addition, some novel psychoactive substances appear to be associated with
additional, unexpected and/or prolonged toxicity.

B The contents of any novel psychoactive substance may not be in fact be legal and may contain many
substances instead of and/or in addition to those advertised.

B Alack of analytical standards presents problems in the detection of novel psychoactive substances. In
most cases identification of the precise contents of what has been taken, either from the analysis of
the drug samples or biological samples, is not possible in most hospital laboratories.

W The management of most novel psychoactive substances is largely supportive and similar to the

that are available, they appear to be less current management strategies of classical recreational drug-related acute toxicity.

widely available and less commonly used in

the UK more recently (Schep et al, 2011). B Where there are additional/unexpected acute toxicity features, then this should be managed
Generally the piperazines are associated appropriately (with advice from the National Poisons Information Service or local clinical toxicologists

with stimulant toxicity, but some have if available).

additional features — in particular tri-
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Management of acute novel
psychoactive substance toxicity
The management of acute novel psycho-
active substance toxicity is based on the
clinical pattern of toxicity together with the
drug(s) reported to be used by the patient.
Analytical screening results for novel
psychoactive substances are not widely
available, particularly for newer novel
psychoactive substances and results will not
be available in a time-frame that will be able
to inform patient management. The man-
agement of patients with acute novel
psychoactive substance toxicity is support-
ive and similar to the management of acute
toxicity related to established classical rec-
reational drugs. There are a few practical
tips for clinicians managing these patients:

Safe sedation

Agitation is common and similar to the
management of any drug-induced agita-
tion, these patients should be managed in a
quiet, non-stimulating environment. If
pharmacological treatment is needed, ben-
zodiazepines are recommended as first-line
treatments rather than antipsychotic agents
because of the risk of cardiac toxicity and
seizures associated with the latter drug
classes.

Watch out for hyperpyrexia

Hyperpyrexia requires aggressive treatment
as it can be associated with rapid deteriora-
tion including rhabdomyolysis, acute kid-
ney injury, disseminated intravascular
coagulation and acute liver failure. If the
core body temperature is >39°C then
aggressive and rapid cooling is required.
This includes cold intravenous fluid along-
side other active cooling techniques. If this
is ineffective then the patient should be
paralysed, intubated and ventilation and
specific agents such as cyproheptadine
should be considered (along with the
the National
Information Service and/or a clinical toxi-

advice from Poisons

cologist if available locally).

Measure blood sugar

Although novel psychoactive substances
have not been reported to alter glucose
homeostasis to any significant extent, since
this is one of the most easily correctable
causes of altered consciousness, it is imper-
ative that hypoglycaemia (and hyperglycae-
mia) are not missed.

Consideration of fluid status
Often patients who are have been dancing
or have been sweating owing to the effects
of recreational drugs are dehydrated and
may require oral or intravenous rehydra-
tion. Clinicians are often concerned about
hyponatraemia in acute recreational drug
toxicity, which can occur as a result of
both excess fluid ingestion and/or syn-
drome of inappropriate antidiuretic hor-
mone. This is uncommon, although it is
important to ensure that serum sodium
concentration is measured early to further
guide fluid management.

Conclusions

Novel psychoactive substances are a new
challenge facing our emergency depart-
ments and while our knowledge regarding
some of these drugs is quite limited, it is
important that we equip ourselves as well
as possible to enable us to manage patients
effectively. BJHM

Conflict of interest: Dr K Bonnici: none; Professor PI
Dargan is a member of the UK Advisory Council on the
Misuse of Drugs and European Monitoring Centre for
Drugs and Drug Addiction Scientific Committee; Dr
DM Wood is an expert adviser to Advisory Council on
the Misuse of Drugs and European Monitoring Centre
for Drugs and Drug Addiction.

Auwirter V, Dresen S, Weinmann W et al (2009)
“Spice” and other herbal blends: harmless incense
or cannabinoid designer drugs? / Mass Spectrom 5:
832-7 (doi: 10.1002/jms.1558)

Dargan PI, Sedefov R, Gallegos A et al (2011) The
pharmacology and toxicology of the synthetic
cathinone mephedrone (4-methylmethcathinone).

Drug Test Anal 3(7-8): 454-63 (doi: 10.1002/
dra.312)

Dargan PI, Tang HC, Liang W et al (2014) Three
months of methoxetamine administration is
associated with significant bladder and renal
toxicity in mice. Clin Toxicol (Phila) 52(3): 176~
80 (doi: 10.3109/15563650.2014.892605)

European Monitoring Centre for Drugs and Drug
Addiction (2013) European Drug Report. www.
emcdda.europa.eu/edr2013 (accessed 21 July
2015)

European Monitoring Centre for Drugs and Drug
Addiction (2014) European Drug Report. www.
emcdda.curopa.cu/edr2014 (accessed 21 July
2015)

Gee P, Richardson S, Woltersdorf W et al (2005)
Toxic effects of BZP-based herbal party pills in
humans: a prospective study in Christchurch,
New Zealand. N Z Med ] 118(1227): U1784

Gibbons S (2012) “Legal highs--"novel and
emerging psychoactive drugs: a chemical
overview for the toxicologist. Clin Toxicol (Phila)
50(1): 15-24 (doi:
10.3109/15563650.2011.645952)

Gordon L, Eddleston M, eds (2013) National
Poisons Information Service Annual Report
2012/13. www.npis.org/
NPISAnnualReport2012-13.pdf (accessed 21 July
2015)

Hill SL, Doris T, Gurung S et al (2013) Severe
clinical toxicity associated with analytically
confirmed recreational use of 25]-NBOMe: case
series. Clin Toxicol (Phila) 51(6): 48792 (doi:
10.3109/15563650.2013.802795)

Home Office (2014) Extent and trends in illicit drug
use among adults: Drug misuse 2013 to 2014.
www.gov.uk/government/statistics/tables-for-drug-
misuse-findings-from-the-2013-t0-2014-csew
(accessed 21 July 2015)

Papanti D, Schifano F, Botteon G et al (2013)
"Spiceophrenia: a systematic overview of “spice-
“related psychopathological issues and a case
report. Hum Psychopharmacol 28(4): 379-89 (doi:
10.1002/hup.2312)

Schep LJ, Slaughter R], Vale A et al (2011) The
clinical toxicology of the designer “party pills”
benzylpiperazine and
trifluoromethylphenylpiperazine. Clin Toxicol

of agitation.

improving.

TOP TIPS

W Try to obtain a history from the patient, friends and/or relatives regarding what has been taken,
from where it was obtained and the estimated quantity.

B Nurse in a calm, quiet environment, away from stimuli.
B Avoid antipsychotics and use benzodiazepines if pharmacological agents are required for treatment

B Monitor the patient's temperature, blood sugar and fluid assess regularly.
m  (ontact the National Poisons Information Service (see further information) if the patient is not

Toxicology. Academic Press Inc, London

FURTHER INFORMATION

m  National Poisons Information Service and TOXBASE (www.toxbase.org)
Useful contacts for users and their friends/relatives www.talkiofrank.com or 0300 123 6600
® Dargan P Wood D (2013) Novel Psychoactive Substances: Classification, Pharmacology and

British Journal of Hospital Medicine, September 2015, Vol 76, No 9

C133




CORE

TRAINING

(Phila) 49(3): 13141 (doi:
10.3109/15563650.2011.572076)

Shields JE, Dargan PI, Wood DM et al (2012)
Methoxetamine associated reversible cerebellar
toxicity: Three cases with analytical confirmation.
Clin Toxicol (Phila) 50(5): 43840 (doi:
10.3109/15563650.2012.683437)

Simmons J, Cookman L, Kang C et al (2011) Three
cases of “spice” exposure. Clin Toxicol (Phila)
49(5): 431-3 (doi:
10.3109/15563650.2011.584316)

Spiller HA, Ryan ML, Weston RG et al (2011)
Clinical experience with and analytical
confirmation of “bath salts” and ‘legal highs’
(synthetic cathinones) in the United States. Clin

Toxicol (Phila) 49(6): 499-505 (doi:

kidney injury. Clin Toxicol (Phila) 51(3): 189-90

(doi: 10.3109/15563650.2013.770870)

United Nations Office on Drugs and Crime (2014)

World Drug Report 2014. www.unodc.org/

documents/wdr2014/World_Drug_Report_2014_

web.pdf (accessed 21 July 2015)

Wilkins C, Sweetsur P, Girling M (2008) Patterns of
benzylpiperazine/trifluoromethylphenylpiperazine

party pill use and adverse effects in a population

sample in New Zealand. Drug Alcohol Rev 27(6):

633-9 (doi: 10.1080/09595230801956140)
Wood DM, Dargan PI (2012a) Novel psychoactive
substances: how to understand the acute toxicity
associated with the use of these substances. 7her
Drug Monit 34(4): 3637 (doi: 10.1097/
FTD.0b013¢31825b954b)

(doi: 10.1007/s13181-012-0241-3)

Wood DM, Dargan PI (2012¢) Use and acute

toxicity associated with the novel psychoactive
substances diphenylprolinol (D2PM) and
desoxypipradrol (2-DPMP). Clin Toxicol (Phila)
50(8): 727-32 (doi:
10.3109/15563650.2012.716158)

Wood DM, Greene SL, Dargan PI (2013)

Emergency department presentations in
determining the effectiveness of drug control in
the United Kingdom: mephedrone
(4-methylmethcathinone) control appears to be
effective using this model. Emerg Med ] 30(1):
70-1 (doi: 10.1007/s13181-012-0241-3)

Wood DM, Hill SL, Thomas SHL, Dargan PI

(2014) Using poisons information service data to

10.3109/15563650.2011.590812)
Thornton SL, Wood C, Friesen MW et al (2013)

Synthetic cannabinoid use associated with acute

assess the acute harms associated with novel
psychoactive substances. Drug Test Anal 6(7-8):
850—60 (doi: 10.1002/dta.1671)

Wood DM, Dargan PI (2012b) Understanding how
data triangulation identifies acute toxicity of novel

psychoactive drugs. ] Med Toxicol 8(3): 300-3

Organised by

Journal of

HoOSPITAL EICYV 3 e
MEDICINE BLY\eld:

8th National Conference

Updates in
Emergency

Medicine 2016

An essential conference for all
specialists in prehospital, emergency
and acute care

59 mi
tion off k odi

Hallam Conference Centre, London ceh
10th and 11th March 2016 S

i

| ivnwm

To book your place:
@ Call us on +44(0)20 7501 6267

‘8 www.mahealthcareevents.co.uk/emergencymedicine2016

C134 British Journal of Hospital Medicine, September 2015, Vol 76, No 9

© 2015 MA Healthcare Ltd



