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Activity-based assays: the NPS issue
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Number of new psychoactive substances (NPS) notified for the first time:

Source: EMCDDA

‘‘Substances of abuse, 

either in pure form or a 

preparation, that are 

not controlled by the 

1961 Convention on 

Narcotic Drugs or the 

1971 Convention on 

Psychotropic Substan-

ces, but which may 

pose a public health 

threat” (UNODC)



Activity-based assays: the NPS issue
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New psychoactive substances (NPS) notified for the first time:

Source: EMCDDA

‒ Continuously changing panel

‒ Uncharacterized at the time of emergence

‒ Often highly potent drugs ~ low concentrations in biofluids

‒ Traditional approaches to drug screening may fail to detect NPS:

‒ Possibly little to no cross-reactivity in immunoassays

‒ Difficult to keep mass spectral libraries up to date

‒ Limitations to non-targeted (GC-MS, LC-(HR)MS) screening
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NPS: an ever changing landscape – synthetic cannabinoid receptor agonists
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JWH-018

Head

Tail

Core

ADB-

FUBIATA
ADB-FUBICA

‘China ban’ on SCRAs

Oxoindolin

Azide

OXIZIDs

Deventer et al. 2022 (Drug Test Anal)
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In vitro functional characterization of new psychoactive substances

MOR / CB1 / CB2 / 5-HT2A

Modified HEK-293T cells



In vitro functional characterization of new psychoactive substances

MOR

Modified HEK-293T cells

Efficacy (Emax)

Potency (EC50)



In vitro functional characterization of new psychoactive substances
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RECENT STUDY OVERVIEWScreening of seized products for cannabinoid activity

Timmerman et al. (2024), Harm Red J

Activity-based testing of 

herbal samples seized at a 

big Belgian music festival



RECENT STUDY OVERVIEW

Guy’s and St Thomas’ Hospital

LGC GroupLaboratory of Toxicology

968 plasma samples

Untargeted screening: synthetic cannabinoid receptor agonists

Activity-based HRMS-based

Janssens & Boeckaert et al. (2022), Clin. Chem. 15



MANUAL SCORINGScreening: synthetic cannabinoid receptor agonists

Janssens & Boeckaert et al. (2022), Clin. Chem. 16
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RESULTSScreening: synthetic cannabinoid receptor agonists

Bioassay

Analytical Positive scoring Negative scoring

SCRA positive

SCRA negative

True Positive: 

141

True Negative: 

807

False Positive: 

12

False Negative: 

8
Sensitivity

94.6%

Specificity

98.5%

Sensitivity

94%

Specificity

94%

Janssens & Boeckaert et al. (2022), Clin. Chem.
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Vandeputte & Krotulski et al. (2022), TIAFT Bulletin June 2022

Addition small amount of agonist

RECENT STUDY OVERVIEWScreening of biological samples for activity: opioid activity
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Existing literature + knowledge of 
structure-activity relationships

Ease of synthesis

15 ‘prophetic’ nitazenes

In vitro In vivo 

Nitazene opioids: from structure-activity relationship to ‘prophetic’ nitazenes
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To date, 4 prophecies came true… 
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To date, 4 prophecies came true… 

Ethyleneoxynitazene
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5-Methyl etodesnitazene
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In vitro vs. ex vivo: synthetic cannabinoid receptor agonists

Janssens et al. (2022), Arch. Toxicol. 

Cohort of 71 patient samples with as only SCRA 5F-MDMB-PICA or its metabolites

Determination of:

• Concentrations 5F-MDMB-PICA & metabolites

• In vitro activity of reference compounds

• Ex vivo activity of serum extracts

32
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Study of seized powders: assessment of activity / purity

BZO-4en-POXIZID

(seized powder)

Seized

Powder

Seized powder

Commercial

Reference

Commercial 

Reference

Purity supported by analytical data (GC-MS, LC-QTOF-MS, FTIR and HPLC-DAD)

CB1

CB2

CP55,940

JWH-018

CP55,940
JWH-018

Deventer et al. (2022), Drug. Test. Anal.
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Expressing the ‘strength’ of a tablet/powder relative to a reference 

‘fentanyl equivalents’
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Generalized muscle pain

Severe abdominal pain, 

nausea, cramping

History of anxiety

25 y/o male

Nov ‘21

Interpretation of an etonitazepipne case

Etonitazepipne
(N-Piperidinyl
etonitazene)



Generalized muscle pain

Severe abdominal pain, 

nausea, cramping

1.21 ng/mL

Interpretation of an etonitazepipne case



Generalized muscle pain

Severe abdominal pain, 

nausea, cramping

Opioid “activity
equivalents”

Interpretation of an etonitazepipne case



Lu
m

in
e

sc
e

n
ce

Interpretation of an etonitazepipne case



Lu
m

in
e

sc
e

n
ce

Interpretation of an etonitazepipne case



September 2022November 2021

Referral to rehabilitation center Gradually reduced etonitazepipne

use to zero

Interpretation of an etonitazepipne case



September 2022November 2021

Vandeputte & Verougstraete et al. (2022), 

Arch. Toxicol.

Interpretation of an etonitazepipne case
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Conclusions

Increasing complexity of the NPS market

Bioassays to monitor receptor activation

Activity-based detection allows universal screening for synthetic opioids & 

cannabinoid receptor agonists

- allows to rule out relevant presence in forensic cases

- confirmation of positive cases still required

Activity-based characterization: prioritization & early risk assessment

Global & multidisciplinary partnerships to combat the NPS problem

47



Penguins of Madagascar, 2014
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