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§ Novel psychoactive substances (NPS)

§ Wide range of products: natural, plant-
originated substances, semisynthetic or
synthetic compounds

§ Display high and close structural similarity 
with existing and controlled drugs of abuse

§ Advertised as „plant fertilizers/food”, „air 
fresheners”, „herbal incenses”, „spice”,
„bath salts”, „research chemicals” to 
circumvent the legislation on drugs of 
abuse

§ Purchased both online and from high street 
retailers
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What are „legal highs”?
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§ variety of formulation: powders, crystals, 
tablets, capsules, liquids, prerolled joints, 
smoking blends, herbal mixtures, and 
blotters

§ intended to elicit a psychoactive response: 
stimulant, hallucinogenic, sedative or a 
combination of the three phenomena

§ unstudied novel chemotypes 

↓
„Chemical Russian Roulette” !
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Names of products reported by users
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Analogues of endogenous neurotransmitters
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§ Based on the spectrum of their actions on cognitive processes, mood, and behavior “legal 
highs” can be classified:
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1. Amphetamine- and ecstasy-like stimulants

2. Synthetic cannabinoids (SCs)

3. Hallucinogenic/dissociative compounds

4. Opioid-like compounds
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§ phenylalkylamine alkaloids

§ derived from the vegetable 
cathinone, molecule naturally 
present in the Khat plant
(Catha edulis)

§ evergreen slow-growing shrub 
or tree native to Ethiopia and 
cultivated in East Africa and
South West Arabian Peninsula
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Natural and synthetic Cathinones

Natural cathinones
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CATHINONE

§ S-(−)-2-amino -1- phenylpropan-1-one

§ the most abundant and powerful

§ beta-keto analog of amphetamine

§ oxidized and decomposed within a few days of 
harvesting or if dried

§ the stored product loses activity rapidly → for 
maximum power, khat should be picked in the 
morning and chewed in the afternoon

§ becoming physiologically inactive after about 36 h

CATHINE

§ 1S, 2S - norpseudoephedrine

§ arises from the metabolism of cathinone in the 
mature plant

§ producing amphetamine-like effect less potent 
than cathinone
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Main natural cathinones
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Pharmacology

§ Central nervous system (CNS) stimulants

§ Psychotropic effects start after about 1 h of 
chewing and they last for approximately 3 h 

§ Peak plasma levels of cathinone are obtained 
1.5–3.5 h after the onset

§ Barely detectable after 8 h

§ First-pass metabolism of cathinone in the liver 
leads to the formation of norephedrine. 

§ Only 2% of cathinone is excreted unmodified in 
the urine

§ The elimination half-life of cathine and cathinone 
are 5.2 ± 3.4 and 1.5 ± 0.8 h respectively

Toxicology

§ Increase in blood pressure and heart rate, 
euphoria, alertness and psychomotor 
hyperactivity 

§ Chronic use → increased incidence of acute 
coronary vasospasm and myocardial infarction, 
esophagitis, gastritis, oral keratotic lesions and 
liver toxicity

§ Insomnia, depression, anorexia, psychosis 

§ May induce abuse, tolerance and dependence 

§ Induced tolerance appear to be more rapid than 
to that of amphetamines 
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Synthetic cathinones

§ beta-keto analogs of the natural cathinone

§ related to phenethylamine family, differing
only by a keto functional group attached at 
the beta carbon on the amino alkyl chain 
linked to the phenyl ring

§ less lipophilic and less able to cross the 
blood–brain barrier and consequently, less 
potent than phenylethylamine analogs

§ generally encountered as white or brown 
amorphous or crystalline powders,
occasionally encapsulated, while the tablets 
are less common

1.11.2016Elija Eggel, Dora Harangozo 13



|| 1.11.2016Elija Eggel, Dora Harangozo 14

Structures of cathinones
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Pharmacology

§ increasing synaptic concentration of 
dopamine, serotonin and norepinephrine

§ N-demethylation to the primary amine, 
reduction of the keto group to the hydroxyl 
group, and oxidation of the tolyl moiety to the 
corresponding alcohol and carboxylic acid
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§ Acute toxicity: neurological, cardiovascular 
and psychopathological

↓
psychomotor agitation, parkinsonism, tremors, 
tachycardia, chest pain, hypertension, 
hyperthermia, dizziness, delusions, paranoid 
psychosis, depression, panic attacks, long term 
changes in cognition and emotional stability, 
abdominal pain, vomiting, kidney damage, 
hyponatremia, seizures...
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Toxicology

§ Cocaine and amphetamines like effects

§ Desired effects: increased sociability, energy, 
libido sexual performance and capacity of 
work, limited euphoria, empathy

§ Adverse effects: prolonged panic attack, 
tremor, agitation, insomnia, nausea, 
headache, muscle twitching, dizziness, 
increased heart rate, altered vision, 
confusion, short-term memory difficulty,
depression, suicidal thoughts, psychosis, 
tolerance and dependence
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§ Cardiovascular - sinus tachycardia, heart palpitations, chest pain, hypertension, cardiac 
arrest...

§ Cognitive - confusion, cognitive impairment, mental fatigue, disorientation...

§ Psychiatric - irritability, anxiety, panic attacks, lack of motivation, depression, aggression 
and self-destructive behavior...

§ Neurological - disturbed sleep patterns and nightmares, insomnia, seizures, 
hyperthermia, blurred vision, headache, dizziness... 

§ Perceptual - paranoid delusion, visual, and auditory hallucinations

§ Hematologic - disseminated intravascular coagulation, thrombocytopenia, anemia

§ Gastrointestinal - nausea/vomiting, anorexia, abdominal pain

§ Miscellaneous - sweating, dry mouth, sore mouth/throat, hyponatremia, hyperkalemia, 
hyperuricemia, metabolic and respiratory acidosis, weight loss after prolonged use
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§ 4' -methyl- N-methyl analogue of 
cathinone

§ Was marketed as Miaow-Miaow and
MCAT

§ Sold as „plant food”, „pond cleaner”
and „bath salts”

§ Insufflated or taken orally in capsules

§ Detected postmortem blood 
concentration was between 0.13 and 
22 mg/L
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Mephedrone
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§ Easy to synthesize 
§ Friedel – Crafts acylation 
§ High yield and purity

Synthesis of mephedrone
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§ Methylenedioxy-methylamfetamine
(MDMA)

§ Similar to Ecstasy

§ Has a carbonyl group in place of a 
methylene moiety

§ Used orally due to the high nasal 
irritancy
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Methylone
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§ Main challenge: Analytical method has to cope with rapid changes in chemical
structures

§ Colorimetric detection
§ Immunochemical assays
§ Gas chromatographic-mass spectrometry
§ Liquid chromatographic-mass spectrometry

Forensic Toxicol 2015; 33:175–194

1.12.2014Dora Harangozo, Elija Eggel 25

Analytical methods
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§ Colorimetric detection
§ Chemicals react with the drugs of abuse and color change occurs

+  simple, quick

+  inexpensive

+  sensitive

+  readily available

+  require minimal materials
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Analytical methods

- difficult to detect small amounts

- difficult to detect mixtures

- not all designer drugs

can be detected

Microgram J 2012;  9(1):27-32 
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Cathinone CAT Methylonoe 3,4-MDMC
Microgram J 2012;  9(1):27-32 
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§ Immunochemical detection (Immunoassays) 
§ Detection through use of antigen or antibody

+  commercially available immunoassay kits
+  don’t require special reagents or tools
+  easy and quickly obtainable results

- new designer drugs cannot be detected
- Possibility of false-positive or false-negative results
- Testing is not evidential in nature
- Unsuited for mass screening

1.12.2014Dora Harangozo, Elija Eggel 30

Analytical methods

Journal of Analytical Toxicology 2013; 37:284–290
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§ Immunochemical detection
§ Principle
- analyte binds to antibody
- measurement of a detectable label
§ Label property
- radiation, colour change, fluorescence

light emission
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Analytical methods

llustration of the basic components 
of an immunoassay, which includes 
an analyte (green), an antibody 
(black), and a detectable label 
(yellow).
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Drug-Check K2/Spice TestDrugSmart Cassette

Two examples of «rapid tests» for drug screening
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§ GC-MS 
§ many drugs of abuse measured

as derivatives

+  Identification easy through
comparison with databases

+ high sensitivity, specificity
+ low limit of detection LOD

- Requires trained personnel
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Analytical methods

Typical mass spectra of synthetic cannabinoids obtained by GC–MS.
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Forensic Toxicol 2015; 33:175–194

GC–MS conditions for cathinones in biological materials

SPE: Solid-phase extraction
LLE: Liquid-liquid extraction
SPME: Solid-phase microextraction
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§ LC-MS-MS
§ Drug or library database

+  no derivatization needed
+  high sensitivity testing
+  distinction between similar metabolites of related compounds
+  30-50  compounds can be monitored simultaneously

- instrument cost high
- time consuming
- requires trained personnel
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Analytical methods

Anal Bioanal Chem 2013; 405:1383–1397
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Forensic Toxicol 2015; 33:175–194

LC–MS or LC–MS-MS conditions for cathinones in biological materials

SPE: Solid-phase extraction
LLE: Liquid-liquid extraction
PP: Protein Precipitation
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§ NMR spectroscopy
§ For the final clarification of the structure
+  detailed chemical structure
- not suitable for emergency situations
- target compound in high purity

and sufficient quantity required
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Analytical methods

Clinical Toxicology (2012); 50: 15–24
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§ Urine sample
§ Sample preparation is needed
- Dilution
§ Is integral over last few hours

§ Blood sample
§ Sample preparation is needed
- Dilution, or separation of serum and plasma
§ Concentration in blood decreases over time
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Analytical methods
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«legal highs» are subject to the Narcotics Act (NarcA)
§ Preparation, consumption and dealing are illegal
§ 181 specified legal highs registered
§ Special authorization for Companies and Laboratories
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Legal situation in Switzerland
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Latest update:
December 2015
21 new Substances
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Legal situation in Switzerland
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Legal situation in Switzerland
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Questions?
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