
Over recent years, a new phenomenon has developed 

on the international drug market, “legal highs” also 

known as designer drugs. At present more than 100 

drugs designed to circumvent legislation have appeared 

on the market and have lead to cases of acute toxicity 

and even death. The aim of the study was to develop a 

urine gas chromatography-mass spectrometry screen 

for ten drugs that cover the two main subtypes of legal 

highs designed as ecstasy alternatives- piperazine

derivatives and substituted cathinones (Table 1). There 

has been limited study on these drugs; however 

information suggests that the mechanism of action is via 

inhibition of the monoamine transporters for dopamine, 

serotonin and noradrenaline1. The reported severe 

adverse effects include agitation, headache, excessive 

sweating, hypertension, tachycardia, hyperthermia, 

myoclonus, seizures and cardiopulmonary arrest2. 

• Samples were spiked with internal standards            

(N-ethylamphetamine and nalorphine)

• Samples underwent liquid:liquid extraction    using 

ToxiTube A

• Supernatant concentrated under nitrogen at 40°C

• Residue reconstituted in ethyl acetate and transferred 

to GC-MS vials

• Samples concentrated under nitrogen at 40°C

• Residue reconstituted with pyridine

• Extracts double derivatized with N-methyl-N-

(trimethylsilyl)trifluouracetamide (MSTFA) and N-

methyl-bis(trifluoroacetamide) (MBTFA) and heated at 

70°C for 30 minutes

Leicester is situated in the East Midlands region of 

England. The population of the wider urban area is 

480,000. The extent of the problem of “legal highs” in 

Leicester is unknown, but it is widely thought that the 

use and abuse of “legal highs” is growing.

The “legal high” screening method has been in use in 

the clinical and forensic toxicology laboratory for over 

one year. All post mortem urine samples have been 

screened, as have samples from hospitalised patients 

and from patients under NHS Community Drug Team.

A number of positive results have followed the routine 

use of the assay. Mephedrone, BZP and TFMPP have 

been detected in multiple post mortem samples. Whilst 

mephedrone, BZP, TFMPP, mCPP and MDPV have 

been detected in a number of living patients. 
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The method proved to be both specific and sensitive, 

with few potential interferences and good detection 

limits for each drug. Drugs were shown to be stable in 

both primary urine specimens and extracted urine 

samples; cross-reactivity of the drugs in the in-house 

amphetamines immunoassay was also noted.

A qualitative GC-MS screening method for the 

detection of a variety of designer drugs in urine was 

developed. The method has been optimised for the 10 

drugs studied but is designed to have the capacity to 

incorporate more designer drugs. This method is in use 

in both the clinical and forensic toxicology laboratories 

and a number of samples have proven positive for a 

number of different legal highs.
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Chromatographic separation was carried out on a 

Hewlett Packard HP1 GC column 

(30m×0.25mm×0.22µm). The GC was operated in 10:1 

split injection mode with a flow rate of 1 mL/min.

Analytes were detected on an Agilent Technologies 5975 

mass spectrometer operated in full scan and selected ion 

monitoring (SIM) mode simultaneously using electron 

impact ionisation.

Parameters for detection of analytes were designated as 

follows (Table 1). Total run time was 27 minutes.

Table 1: Analytical data monitored for each drug. IS= internal standard
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