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Sostanze Psicoattive

“Sono da considerarsi sostanze stupefacenti tutte quelle sostanze di origine naturale o sintetica che,
agendo sul sistema nervoso centrale, provocano stati di dipendenza fisica e/o psichica, dando luogo a
stati di tolleranza (bisogno di aumentare le dosi con l’aumento dell’abuso) ed in alcuni casi di
dipendenza a doppio filo e cioè dipendenza dello stesso da più droghe”
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Classificazione

IllegaliLegali

Sintetiche

Semisintetiche

Naturali

Psichedeliche

Psicoanalettiche

Psicolettiche

Criterio sintomatologico

Criterio di preparazione

Criterio legale
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Criterio legale

Testo Unico DPR 309/90 e successive modificazioni

Testo unico delle leggi in materia di disciplina degli stupefacenti e 
sostanze psicotrope, prevenzione, cura e riabilitazione dei relativi 

stati di tossicodipendenza

aggiornato, da ultimo, con le modifiche apportate dalD.M. 13 febbraio 2023, a decorrere dal 10 marzo 2023.
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Metabolismo delle sostanze psicoattive

Sostanza PRODOTTI
Enzimi

Metaboliti

i prodotti del processo di
trasformazione che subisce la
sostanza inserita nel nostro
sistema e che ha la funzione di
renderla più facilmente
assorbibile o eliminabile.
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Il THC viene rapidamente metabolizzato nel fegato.

11-idrossi tetraidrocannabinolo (OH-THC):
principale metabolita psicoattivo in grado di
superare rapidamente la barriera encefalica

11-nor-9-carbossi-tetraidrocannabinolo (THC-COOH):
prodotto di ossidazione del OH-THC

Cit-
P45
0

Deidrogenasi
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Diace&lmorfina	
C21H23N05:	370.16489	

Morfina	
	

C17H19NO3:	286.14377	
F1:	229.08580	
F2:201.09019	

6-Monoace&lmorfina	(6-MAM)	
	

C19H21NO4:	328.15433	
F1:	211.07512	
F2:	268.132970	
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urina
feci
sudore
lacrime

Metaboliti Biomarkers di assunzione

Come si può stabilire se il soggetto ha assunto sostanze
psicoattive?

Tutte quelle sostanze che possono essere considerate analiti 
target nel metodo e che consentono di discriminare tra 
l’assunzione e il contatto passivo con la molecola parent

Capelli
Sangue
Saliva
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Matrici biologiche

Sangue
Plasma

Urina
Tessuti

Capelli
Unghie
Fluidi 
Orali
Sudore
Meconio

Matrici 
CONVENZIONALI

Matrici NON
CONVENZIONALI
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Finestra di 
rivelabilità

Facilità del 
campionamento

stabilità
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Cut-off

VALORE SOGLIA

Limite di concentrazione definito per stabilire se un campione 
è positivo o negativo
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Procedura di controllo

Forum Gran Sasso - 21 giugno 2019

Prelievo del 
campione da 

parte 
dell’operatore

ü Valutazione del personale 
sanitario

Test di 
screening

Test di 
conferma

Test di 
screening
POSITIVO

Fermo
Autorità 

competenti FFO

Valutazione di 
eventuale alterazione 
psicofisica da parte 

del personale 
sanitario

Test di 
screening
NEGATIVO

Può essere effettuato 
direttamente dall’operatore

Deve essere effettuato da personale 
qualificato e presso laboratori certificati
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Test di SCREENING

• Servono per evidenziare e isolare i campioni positivi nel minor tempo possibile.
• Metodi rapidi, semplice e applicabili anche da personale che non possiede conoscenze specifiche.
• Devono essere in grado di limitare l’errore, e soprattutto il numero di falsi negativi.

Generalmente si basano su test IMMUNOCHIMICI

PRO
• Rapidi
• Semplici
• Economici

CONTRO
• SOLO Qualitativi
• n. di sostanza analizzabili LIMITATE
• Identifica CLASSI di sostanze
• Falsi positivi e falsi negativi
• Ha valenza esclusivamente clinica

Rispondono in base 
all’interazione antigene 
anticorpo

• Caratteristiche che prescindono dal tipo di matrice
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Test di CONFERMA
• Generalmente condotti con tecniche cromatografiche accoppiate alla rivelazione condotta in 

spettrometria di massa

• Sono analisi SENSIBILI e SPECIFICHE – Si ricercano i singoli analiti e non colo le classi di 
appartenenza

• I test di conferma hanno valenza amministrativa e medicolegale
• Risposta QUALITATIVA e QUANTITATIVA

Con la spettrometria di massa si riesce ad ottenere la cosiddetta impronta digitale 
della sostanza anche a concentrazioni molto basse,  consentendo un risultato 

legalmente valido ed inequivocabile

Ogni molecola reagisce in maniera differente e caratteristica in spettrometria di massa. Ciò si esprime sia in modalità di ionizzazione sia nel 
risultato della sua frammentazione. Ogni molecola frammenta in modo peculiare, definendo il pattern di frammentazione caratteristico.
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Conferma GC-MS
Q
IT

TOF Modalità di acquisizione:

Full scan (FS)
Ampio range m/z
Scansione lunga
Bassa sensibilità

Selected Ion Monitoring (SIM)
Range di m/z ristretto (o singolo)

Scansione breve
Alta sensibilità

Identificazione:

ü Tempo di ritenzione 
ü Spettro di massa

• Picco BASE
• Frammenti
• Rapporto tra i frammenti

Standard                Banca Dati

constitute the largest category in terms of the number of different
substances reported (251 substances), followed by the categories of
“other substances” (155), synthetic cathinones (148) and phene-
thylamines (136). In this frame a rapid method capable of

discriminating among different NPS with diverse chemical struc-
tures is very important and can help laboratories to fight against
this phenomenon (see Fig. 2).

Fig. 5. FAST-GC/MS-TOF analysis of the mixture of 50 NPS.

Table 3
Representative ions, linearity correlation (R2) and LOD of NPS we had the reference standards. In bold are reported the quantifier m/z ions of each NPS analysed.

NPS Molecular Mass (g$mol!1) m/z Ions R2 LOD (mg/mL)

3-Methylmethcathinone (3-MMC) 177.25 58-91-119 0.9993 0.1
Mephedrone (4-MMC) 177.24 58-91-119 0.9993 0.1
4-Fluoromethcathinone 181.21 58-95-123 0.9999 0.1
4-MEC 191.27 72e44 0.9998 0.1
AM-2201 359.44 359-284-232-342 0.9954 1.0
AM-2233 458.33 98e231 0.9989 0.5
AM-694 435.27 232-220-144 0.9925 1.0
Buphedrone 177.24 72-57-77 0.9999 0.1
Butylone 221.25 72-121-149 0.9985 0.1
CB-13 368.46 171-298-281 0.9996 1.0
CP-47,497 318.49 215-233-318 0.9901 0.5
CP-47,497-C8-homolog 332.52 215-233-314 0.9922 0.5
Dimethylcathinone 177.24 72-77-105 0.9973 0.1
Ethcathinone 177.25 72-44-77 0.9986 0.1
Ethylone 221.25 72-44-149 0.9999 0.1
JWH-007 355.47 355-155-127 0.9933 1.0
JWH-016 341.44 341-155-127-326 0.9937 1.0
JWH-018 341.44 341-284-324-214 0.9942 1.0
JWH-019 355.47 355-284-228-127 0.9986 1.0
JWH-073 327.42 327-310-284-200 0.9926 1.0
JWH-081 371.47 371-354-314-214 0.9997 1.0
JWH-122 355.47 355-338-298 0.9997 1.0
JWH-200 384.47 100-384-127 0.9819 0.5
JWH-203 339.86 214-144-116 0.9966 0.5
JWH-210 369.50 369-352-312 0.9957 1.0
JWH-250 335.44 214-144-335 0.9966 0.5
JWH-251 319.44 214-144-116 0.9964 0.5
JWH-307 385.47 385-155-127 0.9995 1.0
MDPV 275.34 126-161-84 0.9998 0.1
Methcathinone 163.22 58-77-105 0.9990 0.1
Methylone 207.23 58e149 0.9994 0.1
Naphyrone 281.39 126-155-96 0.9999 0.1
Pentedrone 191.27 86-44-77 0.9997 0.1
Pentylone 235.28 86-44-121 0.9990 0.1
Pravadoline 378.46 100e135 0.9979 0.5
RCS-4 321.41 135-321-264-214 0.9902 0.5
RCS-8 375.50 254-144-91 0.9989 1.0
Thiothinone 169.24 58-83-111 0.9996 0.1

M. Dei Cas et al. / Forensic Science International: Synergy 1 (2019) 71e7876

Figure 4. EI and CI MRM mass spectra for JWH-250 and AM1220 as representative compounds at different collision energies for each transition.

Figure 3. Overlaid MRM total ion chromatograms of the 4 standard mixtures including all 34 analytes for (a) EI and (b) CI with potential co-elutions observed for
someof the compounds. Numbers for each peak correspond to the numbers in Table 1 and a Peak #12 is beyond the scale shown in both EI and CI chromatograms.

S. Gwak, L. E. Arroyo-Mora and J. R. Almirall

Drug Testing
and Analysis

wileyonlinelibrary.com/journal/dta Copyright © 2014 John Wiley & Sons, Ltd. Drug Test. Analysis 2015, 7, 121–130

126
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Conferma HPLC-MS(/MS)

MS MS/MS MSn

Identificazione:

ü Tempo di ritenzione 
ü Spettro di massa

• Transizione ione 
precursore/ione frammento

• Rapporto tra le transizioni più 
intense

Standard                Banca Dati

Targeted,	Semi-Targeted,	Suspect

Figure 4. EI and CI MRM mass spectra for JWH-250 and AM1220 as representative compounds at different collision energies for each transition.

Figure 3. Overlaid MRM total ion chromatograms of the 4 standard mixtures including all 34 analytes for (a) EI and (b) CI with potential co-elutions observed for
someof the compounds. Numbers for each peak correspond to the numbers in Table 1 and a Peak #12 is beyond the scale shown in both EI and CI chromatograms.

S. Gwak, L. E. Arroyo-Mora and J. R. Almirall

Drug Testing
and Analysis

wileyonlinelibrary.com/journal/dta Copyright © 2014 John Wiley & Sons, Ltd. Drug Test. Analysis 2015, 7, 121–130

126
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Conferma HPLC-HRMS(/MS)Identificazione:

ü Tempo di ritenzione 
ü Spettro di massa

• Delta di Massa (massa esatta massa 
accurata)

• Massa accurata dello ione parent
• Massa accurata dei frammenti
• Rapporto tra le intesintà dei frammenti

Targeted,	Semi-Targeted,	Suspect,	Untargeted
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Modalità di Acquisizione:

ü Full Scan

ü HRMS/MS

ü Data-Dependent Scan (FS-ddA)

ü Selected Ion Monitoring
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Procedura analitica

Lavaggio o 
decontaminazione

•Procedura necessaria su 
campioni solidi in particolare 
i campioni cheratinici

•Rimuove le possibili 
contaminazioni esterne

Estrazione
•Gli analiti vengono estratti 
dalla matrice:

•Diluizione
•Estrazione con solvente
•Precipitazione proteica
•Tecniche combinate 

Clean-up

•LLE
•SPE
•Tecniche miniaturizzate 

Analisi

•GC–MS(/MS)
•LC–MS (/MS)
•HPLC-HRMS (/MS) 
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Applicazioni

Matrici Tecniche

Qualche esempio di protocolli analitici  
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Drugs’ 
extraction 
fron Blood

Protein
precipitation

250 µL of plasma + 
750 µL of 
ANC/MeOH (80/20) 
storage at -20°

5’ at -20°
15’ at 4000 RPM

Supernatant

5’ at 12000 RPM
100 µL 
supernatant + 100 
µL H2O  

•Time reduction and automation
•Improve clean-up
•New trends: PP plates

UHPLC-HRMS/MS
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Blood analysis

Sample 
preparation

Liquid 
Chromatography

Mass Spectrometry
Q-Exactive-Orbitrap Thermo Fisher Scientific with H-ESI source

Protein precipitation (PPT) 

Dionex UltiMate 3000 Rapid Separation LC system 
Thermo Fisher Scientific equipped with 100 µL loop  and 

degasser

H-ESI source operating condition:
§Spray Voltage 3.30 kV 
§Capillary temperature 320 °C
§H-ESI temperature 320 °C
§Sheat gas (Azoto) 55 unità
§Auxiliary gas 20 unità

• BetaBasic18 column 150x2,1 
mm 
with  5 µm particles

• Phases: - H2O 0,1% HCOOH
- ACN 0,1% HCOOH
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Drugs’ extraction 
from Oral Fluid MEPS

MICRO EXTRACTION BY PACKED 
SORBENT

üFew mg of stationary phase
üReduction of sample volume to 10-
100 µL
üReduction of organic solvent
needed

ELUITION:
100 μL of MeOH
10 mM HCOOH

WASHING: 250  μL
of H2O/MeOH 90/10 

(v/v) 

LOADING:
Sample

CONDITIONING:
250 μL of H2O/MEOH 

75/25 (v/v)

ACTIVATION:
250  μL of MeOH

HPLC-MS/MS
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Ø90 μL of OF mixed with 60 μL H2O, 50 μL of 
MeOH with ISs 
ØSonication (6’)
ØCentrifugation for 5’ at 10,000 × g 

vBIN activation 250 µl MeOH x 3 cycles
vConditioning   250 µl H20:MeOH 90:10 X 2 cycles
vLoading 5 aspire/dispense cycles
vWashing         100 µl of H20:MeOH (90:10)
vEluition  100 µl MeOH/HCOOH 10mM
vInjection 6 µl in LC-MS/MS system.

Chromatography: Micro-Lc Pump Perkin-Elmer serie 200; 
Col. Brownlee SPP packed with core-shell particles (2.7 μm, 
2.1 x 150 mm); mobile phases: MeOH:AcN (80:20, v:v) 
5mM HCOOH (A) and water 5 mM HCOOH (B); 
Mass Spec: API 2000 AB-Sciex
ESI+,urboionspray, MRM 
Total time 15 min

Oral Fluid analysis
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Drugs’ extraction 
from Urine MEPS

100 µl MeOH
HCOOH 10mM

100 µl H20100 µL urine + ISConditioning
100 µl H20:MeOH (90:10) 
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HYDROLYSIS
enzimatic with β-Glucoronidase
from E.Coli 

CLEAN-UP
SPE

HPLC-MS/MS
MRM- 5 windowUrine analysis

Chromatography: Micro-Lc Pump Perkin-Elmer 
serie 200; Col. Brownlee SPP packed with core-shell 
particles (2.7 μm, 2.1 x 150 mm); mobile phases: 
MeOH:can 5mM HCOOH (A) and water 5 mM
HCOOH (B); 
Mass Spec: API 2000 AB-Sciex
ESI+,urboionspray, MRM 
Total time 15 min
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•Rapid extraction from sample with 
high temperature and pressure solvents

•Features:
üReduced use of organic solvents: 
water is the main extractant solvent 
(PHWE)
üDifferent classes in one process
üAutomated process- reprodicibility
üReduced analysis time

Clean-up

Drugs’ 
extraction from 

hair
PLE

5 mL

9000 rpm
5 min

• T: 150°C
• P: 100 barr
• Extraction solvent: 

H2O/2-Propanol 80/20 
pH3,5

• Cycles: 1

UHPLC-HRMS/MS
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Clean- up 
SPE

•Time reduction
•Improve selectivity
•Miniaturization, reduction of
sample volume
•New trends: MISPE, SPME, 
MEPS, monolith spin extraction

ELUITION:
500  μL of 
MeOH 10 

mM HCOOH

WASHING: 1 
mL of H2O

LOADING:
Sample

CONDITIONING:
1 mL of 

H2O/MEOH 80/20 
(v/v)

ACTIVATION:
1 mL of MeOH

UHPLC-HRMS/MS
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Clean- up 
dLLME Miniaturized Liquid-Liquid Extraction Technique

Exploits a ternary mixture of solvents
Water Solvent
Extraction Solvent
Disperser Solvent

Cloudy solution is formed

Centrifugation and sedimentation

Rapid injection of a mixture of disperser solvent and extraction solvent

Store the organic phase containing the target analites

§ 5000 μL from the ASE extract
§ 20 μL NaOH 1M
§ 5000 μL H2O milliQ
§ 500 μL buffer (HCO3)-/(CO3)2- pH 11
§ 1,2 g NaCl

500 μL 2-Propanol + 200 μL CHCL3

Evaporate and reconstitute with 200 μL of 
MeOH/H2O 50/50 (v/v) UHPLC-HRMS/MS
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…Nuove Sostanze Psicoattive



New Psychoactive Substances - NPS

«Il termine Nuove Sostanze Psicoatttive (NPS) è
definite da UNODC come “sostanze da abuso, sia
in forma pura che come preparazione, che non
rientra nella lista del Single Convention on
Narcotic Drugs (1961) o nella Convention on
Psychotropic Substances (1971), ma che
rappresentano un rischio effettivo per la salute
pubblica»

Sono legislate dalle 
normative dei 
singoli paesi

DPR 309/90 Early warning
system (EWS)

31Tecniche cromatografiche e spettrometria di massa per 
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Situazione legale:

Approccio generico: attenzionare gli
analoghi e i precursori

950 NPS sono state riportate fino a Dicembre al sistema EWS



NPS - Classificazione
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Classification fornita da United Nations Office on Drugs and Crime - UNODC



NPS - Classificazione
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Classification fornita da United Nations Office on Drugs and Crime - UNODC
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NPS - Classification

amphetamine (a) and 2-aminoindane (2-AI) (b)

Theaminoindanes were reported to possess
significant bronchodilating and analgesic
properties. Potent effects on the release and
re-uptake of serotonin were also observed. As
a result of the latter these substances have
been sold as NPS for their ability to produce
empathogenic and entactogenic effects of
serotonin releasing drugs, such as MDMA.

Katrom
Internet surveys conducted by the
EMCDDA in 2008 and 2011 revealed
that kratom is one of the most widely
offered NPS.

Kath

Since 2004, the composition of ‘herbal highs’
products seems to have substantially changed and
noe include potent new psychoactive compounds
known as synthetic cannabinoids.

(a) HU-210;            (b) CP-47,497;           (c) JWH-018

While cannabis and THC are controlled under the international
drug control treaties, none of the synthetic cannabinoids are
currently under international control. However, several have
been subject to control measures at the national level.
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NPS - Classification

Synthetic cathinones are β-keto
phenethylamines and chemically
similar to amphetamine and
methamphetamine.

MDPV

Methylone

Tryptamine and its derivatives that
have been reported as NPS are
indolealkylamine molecules. Most are
psychoactive hallucinogens found in
plants, fungi and animals .

DMT

Psilocin

Phencyclidine-type substances
show structural similarity to
phencyclidine (PCP) and
ketamine. Phencyclidine-type
substances act as central
nervous system stimulants,
or dissociatives.

PCP

PHP

Sedatives / Hypnotics: 

Delorazepam

Stimulants

Modafiendz



Phenethylamines refer to a class of substances
with documented psychoactive and stimulant
effects and include amphetamine, 
methamphetamine and MDMA.

Piperazines have been described as ‘failed
pharmaceuticals’, as some had been

evaluated as potential therapeutic agents by 
pharmaceutical companies but never brought to 

the market.Most piperazines act as central
nervous system stimulants. In some cases, they

can also act as opioids.
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Fenetilammine Piperazine e Opioidi sintetici

Synthetic opioids refer to a category of novel psychoactive substances (NPS) that are either known to be opiates or have opiate-like
effects. These are not naturally occurring substances, although they have effects related to the naturally occurring drugs from
several species of the opium poppy plant.

Synthetic Opioids



FENTANYL e I suoi derivati
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N-Phenethyl-4-piperidinone 
(4-ANPP)

Precursore
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GC-MS - Applicazioni
Qualitative analysis of seized synthetic
cannabinoids and synthetic cathinones by gas
chromatography triple quadrupole tandem
mass spectrometry
Seongshin Gwak, Luis E. Arroyo-Mora and José R. Almirall*

Designer drugs are analogues or derivatives of illicit drugs with amodification of their chemical structure in order to circumvent
current legislation for controlled substances. Designer drugs of abuse have increased dramatically in popularity all over the
world for the past couple of years. Currently, the qualitative seized-drug analysis is mainly performed by gas
chromatography-electron ionization-mass spectrometry (GC-EI-MS) in which most of these emerging designer drug derivatives
are extensively fragmented not presenting a molecular ion in their mass spectra. The absence of molecular ion and/or similar
fragmentation pattern among these derivatives may cause the equivocal identification of unknown seized-substances. In this
study, the qualitative identification of 34 designer drugs, mainly synthetic cannabinoids and synthetic cathinones, were
performed by gas chromatography-triple quadrupole-tandem mass spectrometry with two different ionization techniques,
including electron ionization (EI) and chemical ionization (CI) only focusing on qualitative seized-drug analysis, not from the
toxicological point of view. The implementation of CI source facilitates the determination ofmolecularmass and the identification
of seized designer drugs. Developed multiple reaction monitoring (MRM) mode may increase sensitivity and selectivity in the
analysis of seized designer drugs. In addition, CI mass spectra and MRM mass spectra of these designer drug derivatives can be
used as a potential supplemental database along with EI mass spectral database. Copyright © 2014 John Wiley & Sons, Ltd.
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Introduction

Designer drugs are structurally and chemicallymodified substances
manufactured illicitly to circumvent the current legislation for
controlled substances.[1] Some early examples of drugs that could
today be considered as designer drugs are 3,4-methylenedioxy-
methamphetamine (MDMA) and 3,4-methylenedioxy-amphetamine
(MDA), first synthesized in the 1910s; they have been widely abused
since the beginning of 1970s. Recently, the abuse of designer drugs
has proliferated with the ease of purchase over the Internet and in
head shops at relatively low cost, especially for the synthetic
cannabinoid and synthetic cathinone classes of designer drugs.[2–4]

Synthetic cannabinoids are the main components used to produce
herbal marijuana alternatives (HMAs), also called synthetic
marijuana.[5] One or more synthetic cannabinoids are dissolved in
solution and sprayed onto herbs or plants for a natural appearance
resembling an herbal product.[6] ‘K2’ and ‘Spice’ are the most
common street names for HMAs, which are known to be more
potent than delta-9-tetrahydrocannabinol (Δ9-THC), an active
component in marijuana. Although there is no structural similarity
with Δ9-THC, these synthetic cannabinoids act as cannabinoid
receptor agonists.[7] Synthetic cathinones are derivatives of
cathinone, an active component found in the Khat leaves.[8] The
individual synthetic cathinones or themixture of different synthetic
cathinones are called ‘bath salts’ and generally sold in the form of a
white powder, butmay be found in other forms as well.[9] As a beta-
ketone amphetamine analogue, the effects of synthetic cathinones

are similar to illicit stimulants such as amphetamine, cocaine, and
MDMA (ecstasy).[9]

In the United States, the number of emergency response calls
related to synthetic cannabinoid exposures has dramatically
increased from 2906 (2010) to 5205 (2012) and from 304 (2010)
to 2656 (2012) related to synthetic cathinone exposures, according
to the American Association of Poison Control Centers
(AAPCC).[10,11] Despite the fact that some of these classes of
designer drugs are currently regulated by the Federal Controlled
Substances Act, new compounds with similar structures and effects
continue to appear on the streets, replacing currently controlled
substances as of May 2013.[12] This recent prevalence of seized
designer drugs, especially of synthetic cannabinoids and
cathinones, has led to research interest at various forensic
laboratories across the world focusing on the identification
and characterization of these drugs, including the clinical case series
of synthetic cathinones.[13–21] As the gold standard technique that is
most widely available in the forensic laboratory, gas chromatography-
mass spectrometry (GC-MS) has been widely implemented for
the analysis of designer drugs. The identification of synthetic
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AM2201, AM2233, Cannabipiperidiethanone (CPE), CB-13, CP-47,497,
CP-47,497 C8 homolog, 3,4-dimethylmethcathinone (3,4-DMMC),
3-fluoromethcathinone (3-FMC),4-methoxymethcathinone (methedrone),
3,4-methylenedioxy-N-methcathinone (methylone), 3,4-methylenedi
oxypyrovalerone (MDPV), 4-methylethcathinone (4-MEC), 4-methyl
methcathinone (4-MMC), JWH-018, JWH-018 adamantyl carboxamide
(APICA), JWH-019, JWH-022, JWH-073, JWH-081, JWH-122, JWH-200,
JWH-203, JWH-249, JWH-250, JWH-251, JWH-302, JWH-398, RCS-4,
RCS-8, and XLR-11. The standard stock solutions of each designer
drug in powder form were prepared in methanol at different con-
centrations depending on the amount of standards: 1000, 2000,

and 2500μg/mL. These stock solutions were diluted to 10μg/mL
in methanol in order to prepare the 4 mixtures of working stan-
dard solutions.

GC-MS/MS

The qualitative analysis of 34 designer drugs was performed
using Agilent 7890A GC system (Santa Clara, CA) with a DB-5MS
column (30m× 250μm× 0.25μm, J&W, Agilent) coupled with
Agilent 7000 GC-MS Triple Quad (Santa Clara, CA, USA). Retention
time was locked for proadifen at 20.765min in order to provide

Figure 2. CI full scan mass spectra for (a) JWH-251, (b) JWH-250, (c) JWH-249, (d) CPE, (e) AM2233, and (f) AM1220 with methane as a reagent gas.

Figure 1. EI full scan mass spectra for (a) JWH-251, (b) JWH-250, (c) JWH-249, (d) CPE, (e) AM2233, and (f) AM1220.
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Figure 4. EI and CI MRM mass spectra for JWH-250 and AM1220 as representative compounds at different collision energies for each transition.

Figure 3. Overlaid MRM total ion chromatograms of the 4 standard mixtures including all 34 analytes for (a) EI and (b) CI with potential co-elutions observed for
someof the compounds. Numbers for each peak correspond to the numbers in Table 1 and a Peak #12 is beyond the scale shown in both EI and CI chromatograms.
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current legislation for controlled substances. Designer drugs of abuse have increased dramatically in popularity all over the
world for the past couple of years. Currently, the qualitative seized-drug analysis is mainly performed by gas
chromatography-electron ionization-mass spectrometry (GC-EI-MS) in which most of these emerging designer drug derivatives
are extensively fragmented not presenting a molecular ion in their mass spectra. The absence of molecular ion and/or similar
fragmentation pattern among these derivatives may cause the equivocal identification of unknown seized-substances. In this
study, the qualitative identification of 34 designer drugs, mainly synthetic cannabinoids and synthetic cathinones, were
performed by gas chromatography-triple quadrupole-tandem mass spectrometry with two different ionization techniques,
including electron ionization (EI) and chemical ionization (CI) only focusing on qualitative seized-drug analysis, not from the
toxicological point of view. The implementation of CI source facilitates the determination ofmolecularmass and the identification
of seized designer drugs. Developed multiple reaction monitoring (MRM) mode may increase sensitivity and selectivity in the
analysis of seized designer drugs. In addition, CI mass spectra and MRM mass spectra of these designer drug derivatives can be
used as a potential supplemental database along with EI mass spectral database. Copyright © 2014 John Wiley & Sons, Ltd.
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controlled substances.[1] Some early examples of drugs that could
today be considered as designer drugs are 3,4-methylenedioxy-
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(MDA), first synthesized in the 1910s; they have been widely abused
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cannabinoid and synthetic cathinone classes of designer drugs.[2–4]

Synthetic cannabinoids are the main components used to produce
herbal marijuana alternatives (HMAs), also called synthetic
marijuana.[5] One or more synthetic cannabinoids are dissolved in
solution and sprayed onto herbs or plants for a natural appearance
resembling an herbal product.[6] ‘K2’ and ‘Spice’ are the most
common street names for HMAs, which are known to be more
potent than delta-9-tetrahydrocannabinol (Δ9-THC), an active
component in marijuana. Although there is no structural similarity
with Δ9-THC, these synthetic cannabinoids act as cannabinoid
receptor agonists.[7] Synthetic cathinones are derivatives of
cathinone, an active component found in the Khat leaves.[8] The
individual synthetic cathinones or themixture of different synthetic
cathinones are called ‘bath salts’ and generally sold in the form of a
white powder, butmay be found in other forms as well.[9] As a beta-
ketone amphetamine analogue, the effects of synthetic cathinones
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Figure 4. EI and CI MRM mass spectra for JWH-250 and AM1220 as representative compounds at different collision energies for each transition.

Figure 3. Overlaid MRM total ion chromatograms of the 4 standard mixtures including all 34 analytes for (a) EI and (b) CI with potential co-elutions observed for
someof the compounds. Numbers for each peak correspond to the numbers in Table 1 and a Peak #12 is beyond the scale shown in both EI and CI chromatograms.
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a b s t r a c t

A screening method for the separation and identification of more than fifty NPS is proposed. The method
is based on fast gas-chromatography/time of flight mass spectrometry (FAST-GC/MS-TOF). Thanks to the
shorter and narrower capillary column and to the rapid acquisition of the TOF detector a huge number of
compounds are separated in a very short time of analysis (10min). Only a few peaks were overlapped.
The possibility to apply deconvolution by the software of the GC/MS-TOF instrument allowed the un-
equivocal identification also for the superimposed peaks. Linearity and LOD was studied and the method
was applied to 63 cases of powders seized by the judicial authority at the airport of Milano Malpensa in
Northern Italy in the period 2014e2017.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

New psychoactive substances (NPSs) are designer drugs which
have been recently growing in popularity; they are also known as
“legal highs”, that is synthetic materials designed to evade regu-
lations on drugs of abuse and they are seen by users as a safe and
‘legal’ alternative to conventional drugs. Due to the constant
modification of their chemical structure and rapid spread on the
Internet, NPSs have become a serious social problem [1e3]. Among
these substances synthetic cannabinoids, synthetic cathinones,
phenethylamines, piperazines, and tryptamines are included [4,5].
The pharmacological activity of these substances is related to the
interaction with monoaminergic targets. In the case of stimulants
(cathinones) the transport of dopamine or adrenaline is inhibited.
On the other hand, in the case of amphetamine-like cathinones the
release of monoamines is induced. The activity of entactogens is
exerted by the enhancement of serotonin release, while halluci-
nogens act as agonists at the 5-HT2A receptor. Synthetic cannabi-
noids interact with the CB1 and/or CB2 receptors as THC (delta-9-
tetrahydrocannabinol), but their grater potency leads to a higher
risk of overdosing. Synthetic cathinones are also very dangerous
because users often show violent behaviour [6,7]. Due to the

potential danger for human health and to the fact that new ana-
logues appear on the market every year, NPS arise new challenges
for health care providers and judicial authorities. In these frame the
availability of analytical methods capable of identifying in a rapid
and simple way the most of these drugs of abuse is of utmost
importance [1,8e18]. To this end, we developed an efficient and
rapid fast gas-chromatography/time of flight mass spectrometry
(FAST-GC/MS-TOF) method able to separate and identify a number
of NPS belonging to different structural classes. Fast GC employs
smaller diameter columns reducing run times for gas chromatog-
raphy. Smaller columns have much greater efficiency due to
increased mass transfer (there is less gas to travel through before
interacting with the other side of the column). Because narrower
columns have greater efficiency, the total length of the column can
be decreased to achieve the same efficiency as a longer but less
efficient and wider column.

The development of screening methods for NPS is very impor-
tant because in Italy most synthetic cannabinoids and cathinones
are illegal on the basis of the current law; they are scheduled in the
list of the prohibited substances as analogues of 2-amino-1-phenyl-
1-propanone, 3-benzoyl indole, 3-phenylacetyl indole, 3-(1 naph-
toyl)indole, indazole-3-carboxamide and indole-3-carboxamide.
The method was effectively applied to 63 cases of powders seized
by the judicial authority at the airport of Malpensa in northern Italy
in the period 2014e2017.* Corresponding author.
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Table 2
Oven programs; initial temperature (T1); first increment of temperature (R1); Intermediate temperature (T2); second increment of temperature (R2); final temperature (T3);
final time (FT); time of analysis (TA).

Method T1 (!C) R1 (!C/min) T2 (!C) R2 (!C/min) T3 (!C) FT (min) TA (min)

1 70 50 200 30 300 4.07 10
2 70 50 250 30 300 3.74 9
3 200 30 300 e e 3.67 7
4 180 50 250 30 300 2.96 5

Fig. 1. FAST-GC/MS-TOF analysis of the mixture of 26 synthetic cannabinoids. A: CP-47,497 (RT: 5.29); B: IS1 (RT: 5.42); C: CP-47,497-C8 HOMOLOG (RT: 5.53); D: JWH-251 (RT:
5.93); E: JWH-203 (RT: 6.13); F: JWH-250 (RT: 6.16); G: RCS-4 (RT: 6.29); H/I: AM-694/JWH-073 (RT: 6.62); L: JWH-016 (RT: 6.74); M: JWH-018 (RT: 6.87); N/O/P: 3-butyl-3-(4-
methyl-1-naphtoyl)indole/JWH-007/JWH-307 (RT: 7.05); Q: JWH-019 (RT: 7.20); R: AM-2201 (RT: 7.30); S: JWH-122 (RT: 7.40); T: RCS-8 (RT: 7.53); U/V: JWH-398/CB-13 (RT:
7.60); Z: AM-2233 (RT: 7.63); W: Pravadoline (RT: 7.81); Y: JWH-081 (RT: 8.11); IS 2/JWH-098 (RT: 8.34); X: JWH-200 (RT: 9.00).

Fig. 2. FAST-GC/MS-TOF analysis of the mixture of 18 synthetic cathinones.
A: 4-Fluoromethcathinone (RT: 1.96); B: Methcathinone (RT: 2.02); C: Thiothinone (RT: 2.07); D: Dimethylcathinone (RT: 2.15); E: Ethcathinone (RT: 2.21); F: Buphedrone (RT: 2.24);
G: 3-Methylmethcathinone (3-MMC) (RT: 2.26); H: Mephedrone (4-MMC) (RT: 2.40); I: 4-Methylmethcathinone (RT: 2.45); J: Pentedrone (RT: 2.51); K: 4-MEC (RT: 2.78);
IS1(diphenylamine) (RT: 2.97);
M: Brephedrone (RT: 3.09); N: Methylone (RT: 3.26); O: Ethylone (RT: 3.37); P: Butylone (RT: 3.68); Q: Pentylone (RT: 3.76); R: MDPV (RT: 4.67); S: Naphyrone (RT: 5.21).
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constitute the largest category in terms of the number of different
substances reported (251 substances), followed by the categories of
“other substances” (155), synthetic cathinones (148) and phene-
thylamines (136). In this frame a rapid method capable of

discriminating among different NPS with diverse chemical struc-
tures is very important and can help laboratories to fight against
this phenomenon (see Fig. 2).

Fig. 5. FAST-GC/MS-TOF analysis of the mixture of 50 NPS.

Table 3
Representative ions, linearity correlation (R2) and LOD of NPS we had the reference standards. In bold are reported the quantifier m/z ions of each NPS analysed.

NPS Molecular Mass (g$mol!1) m/z Ions R2 LOD (mg/mL)

3-Methylmethcathinone (3-MMC) 177.25 58-91-119 0.9993 0.1
Mephedrone (4-MMC) 177.24 58-91-119 0.9993 0.1
4-Fluoromethcathinone 181.21 58-95-123 0.9999 0.1
4-MEC 191.27 72e44 0.9998 0.1
AM-2201 359.44 359-284-232-342 0.9954 1.0
AM-2233 458.33 98e231 0.9989 0.5
AM-694 435.27 232-220-144 0.9925 1.0
Buphedrone 177.24 72-57-77 0.9999 0.1
Butylone 221.25 72-121-149 0.9985 0.1
CB-13 368.46 171-298-281 0.9996 1.0
CP-47,497 318.49 215-233-318 0.9901 0.5
CP-47,497-C8-homolog 332.52 215-233-314 0.9922 0.5
Dimethylcathinone 177.24 72-77-105 0.9973 0.1
Ethcathinone 177.25 72-44-77 0.9986 0.1
Ethylone 221.25 72-44-149 0.9999 0.1
JWH-007 355.47 355-155-127 0.9933 1.0
JWH-016 341.44 341-155-127-326 0.9937 1.0
JWH-018 341.44 341-284-324-214 0.9942 1.0
JWH-019 355.47 355-284-228-127 0.9986 1.0
JWH-073 327.42 327-310-284-200 0.9926 1.0
JWH-081 371.47 371-354-314-214 0.9997 1.0
JWH-122 355.47 355-338-298 0.9997 1.0
JWH-200 384.47 100-384-127 0.9819 0.5
JWH-203 339.86 214-144-116 0.9966 0.5
JWH-210 369.50 369-352-312 0.9957 1.0
JWH-250 335.44 214-144-335 0.9966 0.5
JWH-251 319.44 214-144-116 0.9964 0.5
JWH-307 385.47 385-155-127 0.9995 1.0
MDPV 275.34 126-161-84 0.9998 0.1
Methcathinone 163.22 58-77-105 0.9990 0.1
Methylone 207.23 58e149 0.9994 0.1
Naphyrone 281.39 126-155-96 0.9999 0.1
Pentedrone 191.27 86-44-77 0.9997 0.1
Pentylone 235.28 86-44-121 0.9990 0.1
Pravadoline 378.46 100e135 0.9979 0.5
RCS-4 321.41 135-321-264-214 0.9902 0.5
RCS-8 375.50 254-144-91 0.9989 1.0
Thiothinone 169.24 58-83-111 0.9996 0.1

M. Dei Cas et al. / Forensic Science International: Synergy 1 (2019) 71e7876

Table 2
Oven programs; initial temperature (T1); first increment of temperature (R1); Intermediate temperature (T2); second increment of temperature (R2); final temperature (T3);
final time (FT); time of analysis (TA).

Method T1 (!C) R1 (!C/min) T2 (!C) R2 (!C/min) T3 (!C) FT (min) TA (min)

1 70 50 200 30 300 4.07 10
2 70 50 250 30 300 3.74 9
3 200 30 300 e e 3.67 7
4 180 50 250 30 300 2.96 5

Fig. 1. FAST-GC/MS-TOF analysis of the mixture of 26 synthetic cannabinoids. A: CP-47,497 (RT: 5.29); B: IS1 (RT: 5.42); C: CP-47,497-C8 HOMOLOG (RT: 5.53); D: JWH-251 (RT:
5.93); E: JWH-203 (RT: 6.13); F: JWH-250 (RT: 6.16); G: RCS-4 (RT: 6.29); H/I: AM-694/JWH-073 (RT: 6.62); L: JWH-016 (RT: 6.74); M: JWH-018 (RT: 6.87); N/O/P: 3-butyl-3-(4-
methyl-1-naphtoyl)indole/JWH-007/JWH-307 (RT: 7.05); Q: JWH-019 (RT: 7.20); R: AM-2201 (RT: 7.30); S: JWH-122 (RT: 7.40); T: RCS-8 (RT: 7.53); U/V: JWH-398/CB-13 (RT:
7.60); Z: AM-2233 (RT: 7.63); W: Pravadoline (RT: 7.81); Y: JWH-081 (RT: 8.11); IS 2/JWH-098 (RT: 8.34); X: JWH-200 (RT: 9.00).

Fig. 2. FAST-GC/MS-TOF analysis of the mixture of 18 synthetic cathinones.
A: 4-Fluoromethcathinone (RT: 1.96); B: Methcathinone (RT: 2.02); C: Thiothinone (RT: 2.07); D: Dimethylcathinone (RT: 2.15); E: Ethcathinone (RT: 2.21); F: Buphedrone (RT: 2.24);
G: 3-Methylmethcathinone (3-MMC) (RT: 2.26); H: Mephedrone (4-MMC) (RT: 2.40); I: 4-Methylmethcathinone (RT: 2.45); J: Pentedrone (RT: 2.51); K: 4-MEC (RT: 2.78);
IS1(diphenylamine) (RT: 2.97);
M: Brephedrone (RT: 3.09); N: Methylone (RT: 3.26); O: Ethylone (RT: 3.37); P: Butylone (RT: 3.68); Q: Pentylone (RT: 3.76); R: MDPV (RT: 4.67); S: Naphyrone (RT: 5.21).

M. Dei Cas et al. / Forensic Science International: Synergy 1 (2019) 71e7874
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Sample Spectrum

Library Spectrum

PM = 336
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yl]prop-2-enamide (Acrylfentanyl), Drug Test. Anal. 9 (2017) 415–422, https://doi.org/10.1002/dta.2046.
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FENTANYLS - Analytical techniques: LC-MS/MS
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A B S T R A C T

Blotter papers laced with lysergic acid diethylamide (LSD) have been abused traditionally for their
hallucinogenic properties. In recent years, new psychedelic phenethylamines such as 2,5-dimethox-
yphenethylamines (2C) and their N-benzylhydroxy (25-NBOH) and N-2-methoxybenzyl derivatives (25-
NBOMe) have emerged in the illicit drugs market. Traditionally, gas chromatography–mass spectrometry
(GC–MS) is regarded as the gold standard for illicit drugs analysis. However, with the emergence of new
psychoactive substances (NPS) which are thermally labile (such as the 25-NBOH drugs which undergo
thermal degradation to their respective 2C drugs), alternative non-thermal techniques have to be
developed in order to prevent misidentification. In this study, a single, targeted, non-thermal analytical
method using the liquid chromatography–tandem mass spectrometry (LC–MS/MS) to simultaneously
identify these new phenethylamines and their derivatives was developed and validated. Twelve
phenethylamines and their derivatives, as well as LSD were simultaneously analysed using the LC–MS/
MS in a multiple reaction monitoring (MRM) detection mode. The method developed was validated and
applied for the analysis of phenethylamines and their derivatives commonly found in seized exhibits
such as blotter papers and Ecstasy tablets.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

The illicit drugs market for new psychoactive substances (NPS)
is expanding with a total of 803 different NPS being reported
worldwide between 2009 and 2017, according to the United
Nations Office for Drugs and Crime (UNODC) [1]. As new drugs are
being produced quickly with slight structural modifications to
those of existing drugs, this presents considerable challenge to
forensic laboratories worldwide.

In recent years, hallucinogenic phenethylamines and their
derivatives have emerged in the illicit drugs market. These drugs

have high affinity for and are potent agonists of the 5-HT2A receptors,
inducing similar hallucinogenic effects as LSD [2,3]. In fact, the
addition of N-benzylhydroxy and N-methoxybenzyl moiety to
the 2C core structure increases the selectivity of the 25-NBOH and
25-NBOMe drugs respectively towards the 5-HT2A receptors. For
instance, the affinity of 25I-NBOH (Ki = 0.061 nM) and 25I-NBOMe
(Ki = 0.044 nM) increased by about ten-fold as compared to 2C-I
(Ki = 0.73 nM) and LSD (Ki = 0.40 nM) [4]. In addition, with the
decline in the availability of LSD [5], the 25-NBOMe drugs are often
used as alternatives to LSD. The 25-NBOH drugs also started
appearing on the market as legal alternatives to 25-NBOMe drugs
since these are not internationally controlled [6].

The term “2C” was first used by Alexander Shulgin to refer to
phenethylamines with two carbons between the benzene ring
and amino group. Together with his wife, they published a book
titled “PIHKAL, A Chemical Love Story (PIHKAL: Phenethylamines
I have known and loved)”, which detailed the synthesis of
phenethylamine derivatives using chemicals that are readily
available [7]. The 25-NBOMe drugs are N-(2-methoxybenzyl)
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substituted 2C class of hallucinogens which are usually sold as
blotter papers or powder [3,8,9], or marketed online as “research
chemicals” under the names of “N-Bomb” and “Smiles” [10,11]. The
emergence of the 25-NBOH drugs in the illicit drugs market are
more recent as an alternative for the 25-NBOMe drugs [12]. Similar
to the 25-NBOMe drugs, 25-NBOH drugs are N-benzylhydroxy
substituted 2C class of hallucinogens and are usually
found impregnated on blotter papers. From the UNODC Early
Warning Advisory on NPS, 25B-NBOH was first reported by Finland
in 2013 while 25I-NBOH drug was first reported by Italy and
Canada in 2013 and subsequently by the United States and Brazil in
2015 [13].

In Singapore, blotter papers laced with drugs are only
occasionally encountered since the most common drugs of abuse
remain as methamphetamine, heroin and cannabis. In the late
1990s, Ecstasy tablets containing 2C-B were common for a period
of time. More recently in 2011 and 2012, Ecstasy tablets containing
2C-I and 2C-B resurfaced. Before 2013, blotter papers laced
with LSD were occasionally encountered. In 2013, blotter papers
impregnated with 25H-NBOMe, 25C-NBOMe and 25B-NBOMe
were also encountered. After 2013, the 25B-NBOMe and 25C-
NBOMe were detected in Ecstasy tablets, usually along with other
new psychoactive substances. In 2016, 25H-NBOH, 25C-NBOH and
25I-NBOH were detected together in blotter papers, with 25I-
NBOH as the predominant drug. Fig. 1 shows some of the exhibits
containing phenethylamines and their derivatives and LSD
received by the laboratory.

The presence of 25I-NBOH in blotter papers was first
identified by forensic laboratories in Brazil using liquid
chromatography–quadrupole time-of-flight-mass spectrometry
(LC-qTOF) and nuclear magnetic resonance (NMR) spectroscopy.
It was originally misidentified as 2C-I when GC–MS was
employed as the analytical technique [14] which caused the
degradation of 25I-NBOH to 2C-I under the thermal conditions
used in GC–MS. In illicit drugs analysis, GC–MS has been largely
relied on as a reliable analytical technique for the identification
of the components in the seized samples. This is reflected in the
2017 ‘International Collaborative Exercises’ (ICE) report from the
UNODC [15] whereby 93% of the participating forensic laborato-
ries used GC–MS while only 5.4% of the laboratories used LC–MS
and LC–MS/MS, a considerably much smaller percentage as
compared to GC–MS. GC–MS is an excellent tool for drug
identification as the electron ionisation mass spectra are highly

reproducible and the mass spectral library can be used among
different laboratories. In addition, there are various online MS
libraries that are regularly updated with the latest NPS trend,
such as the SWGDRUG MS library [16]. These are invaluable
resources for the laboratories when analysing unknowns.
However, as volatilisation of the compounds is required for GC
analysis, thermal-sensitive drugs such as the 25-NBOH series
would degrade during the analysis and result in misidentification
if the phenomenon is not recognised. An alternative identifica-
tion method is to conduct derivatisation using a derivatising
agent such as N-methyl-N-(trimethylsilyl) trifluoroacetamide
(MSTFA) in order to distinguish between the 25-NBOH and 2C
drugs [17]. However, derivatisation is a time-consuming procedure
and efficient derivatisation is also required to ensure proper
detection [18]. Therefore, it is essential that forensic laboratories
recognise the degradation issue and adopt non-thermal analytical
methods for drug analysis to minimise the possibility of
misidentification.

The aim of the present study is to develop a non-thermal, fast
confirmatory analytical  method for the simultaneous qualitative
analysis of commonly encountered phenethylamines and
their derivatives as well as LSD in blotter papers and
Ecstasy tablets using LC–MS/MS. Though LC–MS/MS is
often used for quantitation, qualitative analysis is also advanta-
geous in terms of its ability to simultaneously detect
multiple drugs of interest at low concentration in a single
method. In addition, it is specific as each of the precursor-
product ion pair is unique to the drug except in the case of
positional isomers [19]. With greater analytical sensitivity and
specificity, LC–MS/MS is an excellent analytical technique for the
simultaneous analysis of a wide variety of drugs, especially for
drugs which are structurally related [20]. In this study, twelve
phenethylamines and their derivatives, four 2C, four 25-NBOH
and four 25-NBOMe drugs, as well as LSD were investigated. All
thirteen drugs can be simultaneously analysed using LC–MS/MS
within a short run time of 9 min. Fig. 2 shows the structures of
these drugs.

The stability of the 25-NBOH drugs in different solvents
(purified water, HPLC methanol (MeOH)) were also studied for a
duration of six months by analysing their respective standard
solutions. In addition, the effect of temperature on these drugs
were also investigated by changing the oven temperature of the LC
and the desolvation line (DL) temperature of the MS.

Fig. 1. (a) Blotter paper laced with 25H-NBOH, 25C-NBOH and 25I-NBOH; (b) blotter paper laced with 25C-NBOH; (c) blotter paper laced with LSD; (d) Ecstasy tablet
containing 25C-NBOMe, 4-methylethcathinone, methylone, caffeine and methoxetamine; (e) Ecstasy tablet containing 2C-B.
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Fig. 5. Chromatographic profiles of (a) thirteen drugs standard mixture; (b) a blotter paper laced with 25H-NBOH, 25C-NBOH and 25I-NBOH and 2C-I drugs; (c) a blotter
paper laced with LSD and (d) Ecstasy tablet spiked with 25H-NBOMe, 25C-NBOMe, 25B-NBOMe and 25I-NBOMe.
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ion. For each drug, the mass spectrometric conditions were
optimised by analysing each drug at a concentration of 800 ng/mL
using automated MRM optimisation. The most intense ion
transition was used as the targeted transition while the remaining
ion transitions were used as reference ion transitions. The
respective collision energies, Q1 and Q3 voltages used for the
respective ion transitions are listed in Table 1. Fig. 3(a–d) show the
proposed mass fragmentation pathways for 2C-X, 25X-NBOH and
25X-NBOMe drugs as well as LSD [14,21–23].

The developed method was validated for qualitative analysis of
the targeted phenethylamines and their derivatives and LSD
according to international guidelines [24–26]. Compound identifi-
cation requires a retention time of !2% and the reference ion ratios
within a 20% tolerance level for at least three ion transitions as
compared to the respective drug reference standards. However, the
number of available ion transitions is compound and mass
spectrometric system dependent. Figs. 4(a–d) show the mass
spectrum of the product ion scan (PIS) for representative drugs
(2C-I: 200 ng/mL, 25I-NBOH, 25I-NBOMe and LSD: 400 ng/mL)
from each group of drugs of interest at collision energy of 30 V. All
drugs except the 25-NBOMe drugs have three ion transitions.
Comparing the fragmentation pathways of 25I-NBOH and 25I-
NBOMe, the mass fragments m/z 291 and m/z 308 were not
observed for 25I-NBOMe. This may be due to the less stable

radicals formed which lead to less favourable mass fragmentation
pathways in the case of 25I-NBOMe. This is also applicable to the
other 25-NBOMe drugs.

As the drugs within a class may show similar mass fragmenta-
tion pathways (see Fig. 3(a–d)), some of these drugs may exhibit
common mass fragments, and hence it is crucial that each drug is
uniquely identified. From the automated MRM optimisation for
individual drugs, validation is performed to ensure that the
product ions obtained correspond to the fragmented mass ions
from the precursor ions by working out the fragment mass ions
from fragmentation pathways or by reference to literature. Though
25C-NBOH and 25H-NBOMe co-elute and are not resolved
chromatographically in the LC system, the unique MRMs for both
drugs (3 transitions for 25C-NBOH and 2 transitions for 25H-
NBOMe with different precursor ions) unequivocally identify the
phenethylamines. The other co-elution pair of 25I-NBOH and 25C-
NBOMe have different precursor ions and ion transitions, making
unequivocal identification possible. Fig. 5(a) demonstrates the
ability of the LC-tandem MS to simultaneously detect thirteen
compounds (twelve phenethylamines and LSD) with this single
targeted method. In the determination of limit of detection (LOD),
only two representative drugs with the lowest and highest
peak area from each drug class at the same concentration
were studied. 2C-C, 2C-B, 25H-NBOH, 25C-NBOH, 25H-NBOMe,

Fig. 4. PIS mass spectrum for (a) 2C-I; (b) 25I-NBOH; (c) 25I-NBOMe and (d) LSD.
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Abstract
Purpose In this work, a new approach for synthetic cathinone identification in seized products, consisting of a rapid pseudo-
target screening using liquid chromatography coupled to low-resolution tandem mass spectrometry (MS/MS), is proposed 
based on typical common product ions and neutral losses observed for this drug class.
Methods The term “pseudo-target” screening indicates that although a pre-defined target compound list is not used, the search 
is limited to synthetic cathinones with expected common moieties. A total of 22 neutral losses and 36 common product ions 
were monitored and used for cathinone identification.
Results In order to test the approach, 14 blind samples were analyzed and the results compared with high-resolution mass 
spectrometry data. From the data obtained, the different moieties of the cathinones (and therefore their structures) could be 
derived, allowing their tentative identification.
Conclusions This methodology will be useful for the first and rapid synthetic cathinone detection in laboratories that have 
low-resolution MS/MS instrumentation.

Keywords Synthetic cathinones · “Pseudo-target” screening · Low-resolution tandem mass spectrometry · Tentative 
identification · Precursor ion scan · Neutral loss scan

Introduction

It is undeniable that there is epochal rising of the so-called 
“new psychoactive substances” (NPS) in the last decade. 
The European Monitoring Centre for Drug and Drug Addic-
tion (EMCDDA) recently highlighted the increasing pres-
ence of synthetic cathinones in seized products. These 
compounds have effects similar to those of stimulant drugs 
such as amphetamines, cocaine and MDMA [1, 2]. In 2015, 
around 80,000 seizures of NPS were reported in Europe, 
33% of them corresponding to synthetic cathinones [3]. 

They form the second largest group of NPS controlled by 
the EMCDDA, with a total of 118 cathinones being cur-
rently monitored (14 of them detected for the first time in 
2016) [3].

The continuous proliferation of NPS makes difficult the 
establishment of updated regulatory laws [4]. Thus, when a 
certain compound is banned in several countries, new deriv-
atives rapidly emerge to cover its demand. This fact has been 
recently described for synthetic cannabinoids, showing the 
changes in the composition of legal highs in UK after the 
2013 legislative ban [5]. The continuous emergence of novel 
derivatives is an analytical challenge for NPS identification 
in consumption samples.

The United Nations Office on Drugs and Crime (UNODC) 
ST/NAR/49 manual [6] established some recommendations 
for the analysis of synthetic cathinones by different analyti-
cal techniques, such as gas chromatography (GC) coupled 
to mass spectrometry (MS) using electron ionization (EI), 
and liquid chromatography (LC) coupled to low-resolution 
tandem mass spectrometry (MS/MS) using an electrospray 
interface (ESI). Both techniques, together with advanced 
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water, until a concentration of approximately 1 mg/L. Sam-
ples were submitted by anonymous users to Energy Con-
trol’s drop-in service for their analysis. Additional informa-
tion about Energy Control can be seen elsewhere [26].

Flow injection analysis–MS/MS instrumentation

A Waters Acquity UPLC H-Class ultra-high performance 
liquid chromatography (UHPLC) system (Waters, Mild-
ford, MA, USA) was coupled to a Xevo TQ-S QqQ mass 
spectrometer (Waters, Manchester, UK) using an orthogonal 
Z-Spray ESI interface operating in positive ionization mode.

The chromatographic system was used without chromato-
graphic column as an FIA setup. The flow carrier stream was 
a mixture of  H2O/methanol (1:1, v/v) with 0.01% HCOOH at 
0.3 mL/min. The injection volume was 30 µL. The total run 
time per sample was 2 min. A capillary voltage of 3.2 kV 
and a cone voltage of 30 V were used. Nitrogen (Praxair, 
Valencia, Spain) was used as the desolvation and nebuliz-
ing gas. Cone gas flow was set to 250 L/h, and desolvation 
gas flow to 1200 L/h. The interface temperature was set to 
150 °C, and the desolvation temperature to 650 °C. For oper-
ating in MS/MS mode, argon (99.995%; Praxair) was used 
as collision gas. The m/z scanned in MS1 ranged from m/z 
150 to 324. For details about FIA–MS/MS optimization, see 
the supplementary material.

MS data were acquired and processed using MassLynx 
data station operation software, version 4.1 (Waters).

Results and discussion

Synthetic cathinone structures and typical 
fragmentation

The EMCDDA webpage provides information about the 
most common substitutions and moieties found on synthetic 
cathinones [27]. Figure 1 shows the general structures of this 

class of NPS. They feature a phenethylamine core with an 
alkyl group attached to the alpha carbon, and a ketone group 
attached to the beta carbon. Five different amine functionali-
zations (R1, R2) have been described for cathinones: methyl, 
dimethyl, ethyl, isopropyl and the pyrrolidine moieties. For 
the alkyl chain (R3), lengths from one to four carbon atoms 
can be found. The aromatic ring presents up to seven differ-
ent substitutes (R4, R5), including halogen atoms and alkyl 
substitutions. Additional moieties, such as the replacement 
of the aromatic ring by a thiophene moiety (described for 
some recently described cathinones such as thiothinone [28] 
or α-PVT [29]) can also be found.

Due to their structures (Fig. 1), cathinones have two 
protonatable centres feasible for ESI: the keto function, 
which can be protonated mainly when conjugated with dou-
ble bonds, and the amine group. Hence, cathinones can be 
detected by positive ionization mode.

According to the information available in the literature 
[25, 30, 31] and the analyses performed in our own labo-
ratory by HRMS [13], synthetic cathinones present very 
similar fragmentation pathways using collision-induced 
dissociation (CID). One of the most observed fragmen-
tations is promoted when the protonation is produced 
in the carbonyl group, losing a water molecule (18 Da) 
(NLS18) [25, 30] and generating an insaturation on the 
structure (Fig. 2a). Other commonly observed fragmenta-
tion involves the amine moiety, which is typically lost as 
a neutral molecule (NLS1, Fig. 2c) [25, 30]. Additionally, 
the loss of one (or more) functionalizations of the amine 
as alkylic chain (R1 or R2) [30] (Fig. 2b), or the loss of the 
amine moiety together with the alpha alkyl chain (NLS2, 
Fig. 2f), which moreover is usually found as product ion 
[25] (PIS1, Fig. 2e), is possible. The alpha alkyl chain can 
be lost as a radical alkylic chain (R3), but this fragmenta-
tion presents low intensity (Fig. 2d). Finally, the aromatic 
ring can be detected with its substitutions and the carbonyl 
group [25] (PIS2, Fig. 2f), or without one of the substitu-
ents in case of some alkyl moieties and halogen atoms 

Fig. 1  Typical structures of 
synthetic cathinones
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[25]. In this way, the occurrence of either some product 
ions or NLs can be directly associated with the presence of 
a characteristic nucleus in the detected cathinone.

Neutral loss scan (NLS) and precursor ion scan (PIS) 
experiments

As commented in the “Introduction” section, in NLS experi-
ments, the mass spectrometer scans a certain mass range in 
MS1, fragments the ions in the collision cell, and then scans 

Fig. 2  Typical common frag-
mentation pathways observed 
for synthetic cathinones. Neutral 
losses used for neutral loss 
scan (NLS, green panels) and 
common product ions used for 
precursor ion scan (PIS, red 
panels) used in this strategy are 
highlighted (color figure online)
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the amine moiety share the same nominal mass (e.g., 
PIS72, PIS86, NL73, NL101, NL115…) (see Figs. 3, 4).

This pseudo-target screening would allow the tenta-
tive identification of 260 synthetic cathinones. This value 
represents the maximum number of cathinone structures, 
which could be obtained after combining all the moni-
tored moieties. Of these, only 118 are currently being 
monitored by EMCDDA [3].

Application to research chemical samples

In order to check the applicability of the developed strat-
egy, 14 samples were randomly selected from a total of 
26 (previously analyzed by HRMS but all blind for the 
operator) and analyzed by FIA–MS/MS for synthetic 
cathinones identification.

After analysis by FIA–MS/MS, data obtained was 
carefully evaluated in order to elucidate a compound 
structure. It has to be taken into account that no chro-
matography is employed; thus, the functions that present 
an injection band and characteristic of the FIA system, 
confirm the presence of the related product ions or NLs. 
Below some illustrative examples are shown.

Example 1

Only PIS111 and PIS58 (corresponding to product ions at 
m/z 111 and 58, respectively) retrieved analytical signals 
(Fig. 5a). The PIS111 was related to the presence of a thio-
phene ring bonded to the carbonyl moiety. Nevertheless, 
the PIS58 and the NLS59 (Fig. 5b) could correspond, in 
principle, to two possible structures. Hopefully, the NLS31 

Fig. 4  Neutral losses monitored in the NLS strategy

Table 1  Precursor ion scan (PIS) and neutral loss scan (NLS) 
selected for the pseudo-target screening strategy

Cone voltage: 30 eV
MS1: scanning from m/z 150 to 324
Collision energy: 25 eV

Working mode Scan number MS2

PIS 1 Fixed at m/z 58
2 Fixed at m/z 70
3 Fixed at m/z 72
4 Fixed at m/z 86
5 Fixed at m/z 98
6 Fixed at m/z 100
7 Fixed at m/z 105
8 Fixed at m/z 111
9 Fixed at m/z 112

10 Fixed at m/z 114
11 Fixed at m/z 119
12 Fixed at m/z 123
13 Fixed at m/z 126
14 Fixed at m/z 128
15 Fixed at m/z 133
16 Fixed at m/z 135
17 Fixed at m/z 139
18 Fixed at m/z 140
19 Fixed at m/z 145
20 Fixed at m/z 149
21 Fixed at m/z 159
22 Fixed at m/z 165
23 Fixed at m/z 183

NLS 24 Mass offset of 141 Da
25 Mass offset of 129 Da
26 Mass offset of 127 Da
27 Mass offset of 115 Da
28 Mass offset of 113 Da
29 Mass offset of 101 Da
30 Mass offset of 99 Da
31 Mass offset of 87 Da
32 Mass offset of 73 Da
33 Mass offset of 71 Da
34 Mass offset of 59 Da
35 Mass offset of 45 Da
36 Mass offset of 31 Da
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(corresponding to methylamine) directly assigned the PIS58 
and the NLS59, as isopropylamine could not produce these 
fragments. No additional NLS were positive for this cathi-
none, discarding again the possibility of the isopropylamine 
moiety. The combination of the two parts of the molecule 
(PIS111 and NLS59) allowed to identify the synthetic cathi-
none as thiothinone [28]. Finally, the spectrum was extracted 
(Fig. 5c), showing the protonated molecule of thiothinone at 
m/z 170 and the characteristic isotope pattern of a sulphur 
atom.

Example 2

Unluckily, on some occasions, compound identification 
was not as direct as shown in “Example 1”, and a detailed 
evaluation of the results was required. Figure 6 shows the 
identification of a synthetic cathinone by FIA–MS/MS. In 
Fig. 6a, all the positive PIS functions are shown (PIS140, 
PIS139, PIS128, PIS126, PIS112, PIS72 and PIS70), illus-
trating the main drawbacks of the pseudo-target screening 
strategy. PIS140 and PIS112 presented much lower intensi-
ties than PIS126. These ± 14 Da differences are produced 
by fragmentations involving methylene moieties, but they 

can be discarded (a priori) based on their intensities. In the 
same way, PIS128 can correspond to the ring opening or 
to the hydrogenation of the insaturation present in product 
ion at m/z 126 (PIS126), which probably occurs in the col-
lision cell. In a similar way, this could also occur to PIS72 
(which could in principle correspond to three different amine 
moieties) and PIS70. For a more confident identification, 
PIS139 presented a unique structure, and the presence of 
a chlorine atom on the aromatic ring could be assured. 
Regarding NLs (Fig. 6b), NLS71 confirmed the presence 
of the pyrrolidine moiety, and the direct assignation of the 
PIS70 and rejection of the PIS72, were made as previously 
discussed. Additionally, NLS127 was in concordance with 
PIS126. NLS129 and NLS113 were discarded in front of 
NLS127, based on the lower intensity observed. Finally, 
Fig.  6c shows the spectrum obtained from the NLS70, 
where the characteristic isotope pattern of a chlorine atom 
was observed. The combination of all information allowed 
confirming the identity of the synthetic cathinone to be the 
4-chloro-α-pyrrolidinovalerophenone or 4-chloro-PVP, a 
novel cathinone recently identified [33]. Additionally, the 
supplementary material shows the UHPLC–HRMS descrip-
tion and HRMS spectra for the 4-chloro-PVP.

Fig. 5  Identification of thiothinone by flow injection analysis–tandem mass spectrometry (FIA–MS/MS) using the pseudo-target screening strat-
egy. a Total ion chromatogram (TIC) of PIS and b TIC of NLS, which retrieved analytical signals. c Spectrum obtained from NLS 59 Da

Perdita Neutra
= 59 Da
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In a similar way, the remaining samples were analyzed 
and processed. A total of 14 research chemical samples were 
analyzed by FIA–MS/MS using the pseudo-target screening 
strategy. The cathinones identified in these samples can be 
found in Table 2. Additionally, “positives” and “false posi-
tives” of PIS and NLS observed for these cathinones can be 
found in the supplementary material (Table S1).

General remarks and special considerations

For the correct identification of the alkyl chain and amine 
functionalization, it is necessary to study both NLS corre-
sponding to the amine (R1 and R2 in Fig. 1) (NLS31, NLS45, 
NLS59, NLS71), and NLS/PIS from the alkyl chain (R3) 
bonded to the amine group. For example, the synthetic 
cathinone 4-FMC was positive for PIS58, which could cor-
respond to two possible product ions (as it can be seen in 
Fig. 3a). However, the specific NLS31 (Fig. 4) revealed 
that the correct amine functionalization was a methyl group 
instead of an isopropyl.

Some compounds with short alkyl chain, such as thio-
thinone and 4-FMC, were directly identified by FIA–MS/
MS. In some cases, and similarly to HRMS instruments, 

pseudo-target screening could not differentiate between 
dimethylamine and ethylamine, as the fragmentation of 
both moieties was identical, and NMR experiments would 
be required. This was the case of 4-CEC (or 4-chloro-N,N-
DMC), 4-methyl-N,N-DMC (or 4-methyl-N-ethylcathinone) 
and 4-methoxy-N,N-DMC (or 4-methoxy-N-ethylcathinone).

Compounds with large alkyl chains, such as 4-fluoro-
pentedrone, 4-fluoro-IPV, 4-fluoro-PHP,MDPHP or 4-Cl-
PVP, presented some problems in the determination of the 
amine moiety and alkyl chain, as shown in “Example 2”. 
These problems are a consequence of a  CH2 loss or gain with 
respect to the correct PIS or NLS. This  CH2 loss could be 
explained by the loss of a methylene during the fragmenta-
tion, generating analytical signals in PIS and NLS, which 
have 14 Da less than the correct one. Similarly, the  CH2 
gain could be produced when the product ion or NL comes 
from the [M + H–H2O]+ ion, as the fragmentation involves 
the carbon atom of the ketone moiety.

In a similar way, compounds with a 2,3-methylenedioxy-
phenyl moiety (such as MDPHP), which produces a signal 
at PIS149, unexpectedly also produces a signal at PIS119. 
The ion at m/z 119 is also obtained after fragmentation 
of the dioxole ring, releasing formaldehyde and leaving 

Fig. 6  Identification of 4-Cl-PVP by FIA–MS/MS using the pseudo-target screening strategy. a TIC of PIS and b TIC of NLS, which retrieved 
analytical signals. c Spectrum obtained from NLS70

Perdita Neutra
= 70 Da
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HPLC-MS/MS - Applicazioni

F1: 188. 14333

F2: 105.07033 

F1: 84.08144 

F1: 188. 14333

F2: 105.07033 

F1: 84.08144 
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HPLC-MS/MS - Applicazioni

Screening of methylenedioxyamphetamine-
and piperazine-derived designer drugs in urine
by LC–MS/MS using neutral loss and precursor
ion scan
Camilla Montesano,a Manuel Sergi,b* Mariaelena Moro,a

Sabino Napoletano,a,c Francesco Saverio Romolo,d,e Michele Del Carlo,b

Dario Compagnoneb and Roberta Curinia

This study describes a method for the screening of methylenedioxyamphetamine- and piperazine-derived compounds in urine
by liquid chromatography-tandem mass spectrometry. These substances, characterized by possessing common moieties, are
screened using precursor ion and neutral loss scan mode and then quantified in multiple reaction monitoring acquisition
mode. Based on the product-ion spectra of different known molecules, chosen as ‘model’, characteristic neutral losses and
product ions were selected: piperazines were detected in precursor ion scan of m/z 44 and neutral loss of 43 and 86 while
amphetamines in precursor ion scan ofm/z 133, 135 and 163. The applicability of the screening approach was studied in blank
urine spiked with selected analytes and processed by solid-phase extraction. Linearity, matrix effect, precision, accuracy, limits
of detection and limits of quantification were evaluated both for the screening and the quantification methods. The ability of
the screening method to provide semi-quantitative data was demonstrated.

This method appears to be a useful tool for the identification of designer drugs derived from piperazines or
methylenedioxyamphetamines and can be potentially applied to other drug classes. Copyright © 2013 John Wiley & Sons, Ltd.

Keywords: designer drugs; precursor ion scan; neutral loss scan; LC–MS/MS; methylenedioxyamphetamine; piperazine-derived

Introduction

The consumption of psychoactive substances represents an
important social concern, and it is changing in the last years
because of the introduction of several new substances on the
market, which are gaining popularity[1,2]; among the approximately
170 substances reported since 1997, over half have appeared
since 2006.[3] These new substances, known as designer drugs,
are usually synthetically modified natural substances or completely
newly designed molecular structures with specific psychotropic
effects.[4] A well-known structural modification, is represented, for
instance by the introduction of a methylenedioxy moiety into
amphetamine or methamphetamine leading to the illicit drugs
3,4-methylenedioxyamphetamine (MDA) or 3,4-methylenedioxy-
methamphetamine (MDMA). These drugs themselves have
constituted the starting point for a variety of modifications that
were directed mainly to the aromatic rings, or, with minor extent,
to the amine function and the alkyl chain,[1] leading to ‘legal highs’
i.e. unregulated psychoactive compounds. In addition to these
amphetamine derivatives, piperazine derivatives represent a
further class of new drugs of abuse that are unscheduled in
many countries.[5–7] Similar to amphetamines, specific structural
modifications have been found also for this class of substances[8]:
1-benzyl-piperazine (BZP), 1-(3,4-methylenedioxybenzyl)-piperazine
(MDBP), 1-(3-trifluoromethylphenyl)piperazine (3-TFMPP), 1-(3-
chlorophenyl)piperazine (mCPP) or 1-(4-methoxyphenyl)piperazine
(4-MeOPP) are only few examples.

In general, minor structural changes of common drugs are
sufficient to bypass legal controls since substances have to be
structurally defined to be scheduled. The synthesis of new
derivatives represents an ongoing difficulty for analytical
toxicologists since most of these new drugs are not detected
by established analytical methods.[9]

In fact, the lack of reference mass spectra in the libraries and/or
the use of selected ion monitoring (SIM) or selected reaction
monitoring targeted at classic drugs of abuse can result in a
failure in the detection of these newer designer drugs. In addition,
classic screening methods as immunoassays are not often suitable
for detection of the amphetamine-derived and new piperazine-
derived designer drugs.[5,10,11] There is, then, a need to adapt or
to develop analytical procedures to detect these new compounds.
In this respect, different methods have been proposed: both

* Correspondence to: Manuel Sergi, Department of Food Sciences, University of
Teramo, 64100 Teramo, Italy. E-mail: msergi@unite.it
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times the noise level of the background signal from a blank urine
sample. LODs and LOQs for the screening method were
determined similarly on the extracted ion current chromatogram
of the best experiment (in terms of signal to noise) for each analyte.

Recovery and matrix effect

Six urine samples were spiked with the appropriate amount of
standard stock solution before and after the SPE to obtain a

Figure 1. Product-ion spectra obtained at CE = 30 for selected piperazines.

Figure 2. Proposed mass spectral fragmentation for phenyl-piperazines (a), benzyl-piperazines (b) and methylenedioxyamphetamines (c).

C. Montesano et al.

wileyonlinelibrary.com/journal/jms Copyright © 2013 John Wiley & Sons, Ltd. J. Mass Spectrom. 2013, 48, 49–59
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Screening approach

Different piperazine and methylendioxyamphetamine-derived
compounds having lateral groups of different nature and located
in various positions were selected to search for common fragments
or neutral losses. Only a few of the molecules included in the study

are known to be psychoactive substances (i.e. 4-MeOPP, MDBP,
pFPP, MDMA, MDA, MDEA); however, the inclusion of a wide range
of molecules belonging to the same class was thought to be useful
to improve the ability to detect the common fragments of the two
classes since themethod is aimed also to the screening of unknown
substances. Product-ion spectra (PIS) of the molecules were

Figure 4. TIC chromatograms obtained from the analysis of a urine sample spiked with the selected piperazines and submitted to the SPE step.
Extracted spectra and XIC profiles are also reported on the figure. This figure is available in colour online at wileyonlinelibrary.com/journal/jms

C. Montesano et al.

wileyonlinelibrary.com/journal/jms Copyright © 2013 John Wiley & Sons, Ltd. J. Mass Spectrom. 2013, 48, 49–59
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Esempio di pericolosità dei nuovi oppioidi sintetici. 
In immagine sono riportate le dose con uguale 
effetto sul SNC
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RISULTATO
Espresso in termini di

• Identificazione 

(o Caratterizzazione)

• Quantificazione
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delle diverse tecniche

analitiche

Strumenti a disposizione
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Infrared spectroscopy - IR
Tecnica spettroscopia di assorbimento. 

Quando un fotone infrarosso viene assorbito da una molecola, questa passa dal suo 
stato vibrazionale fondamentale ad uno stato vibrazionale eccitato.

Mentre gli spettrofotometri a dispersione misurano l’andamento del segnale nel 
tempo (scansione delle lunghezze d’onda), gli spettrofotometri a trasformata di 
Fourier registrano gli spettri in modo simultaneo alle varie lunghezze d’onda 

FT-IR

La spettroscopia di assorbimento nelle regioni spettrali 
dell’IR viene utilizzata molto spesso a scopo qualitativo. Lo 
spettro IR della regione fingerprint (tra 4.000 e 400 cm-1) 
è praticamente unico per ogni molecola. Per 
l’identificazione della molecola si confronta lo spettro 
ottenuto con quello nelle banche dati. 
Lo spettro IR, che riporta l’intensità dell’assorbimento 
(trasmittanza) in funzione della lunghezza d’onda, è
caratterizzato da picchi riferibili a gruppi funzionali 
specifici, che fanno parte della struttura della molecola in 
esame.
Il gran numero di legami presenti nelle molecole 
forniscono spettri molto complessi, che costituiscono 
un’impronta digitale caratteristica ed unica per ogni 
molecola 
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Infrared spectroscopy - IR
Tecnica spettroscopia di assorbimento. 
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Raman spectroscopy
La spettroscopia di scattering Raman è una tecnica di analisi dei materiali basata sul fenomeno di 
diffusione di una radiazione elettromagnetica monocromatica da parte del campione analizzato. 

ü Microscopio ottico
ü Interferometro (FT-Raman)

Le informazioni fornite dalla spettroscopia 
Raman si ottengono mediante un processo 
di diffusione (scattering) della luce

• spettro di vibrazione (impronta digitale 
molecolare)

• struttura della catena dorsale 
molecolare e del reticolo cristallino
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Cromatografia e Spettrometria di Massa
Il termine cromatografia indica un insieme di tecniche che hanno lo scopo di separare una miscela nei 

suoi componenti, per permetterne il riconoscimento qualitativo e quantitativo.

Cromatografia GASSOSA Cromatografia LIQUIDA

• Fase stazionaria: Film di fase inerte depositatoin una 
colonna GC

• Fase mobile:  un gas che fluisce attraverso la fase 
stazionaria e rappresenta la fase mobile (carrier gas). 

• Fase stazionaria: silice o silice funzionalizzata
• Fase mobile: Solvente (o miscele di solventi) 
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Cromatografia e Spettrometria di Massa
La spettrometria di massa è una tecnica analitica basata sulla ionizzazione di atomi e/o molecole e la successiva 

rivelazione dei generati ioni gassosi in base al rapporto massa/carica (m/z). 

1. Gas Phase:
• Electron ionization (EI)
• Chemical ionization (CI)
• Field Ionization (FI)

2. Desorbimento: (Non richiedono volatilizzazione: fase 
condensata)

• Laser Desorption (LD) à MALDI
• Plasma Desorption (PD)
• Thermal Desorption (Thermospray)
• DESI
• DART

3. Nebulizzazione
• Atmospheric Pressure 

Chemical Ionization (APCI) and 
photoionization (APPI)

• Electrospray ionization (ESI)
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Cromatografia e Spettrometria di Massa

Analizzatore Simbolo Principio di separazione

Electric sector E or ESA Kinetic energy

Magnetic sector B Momentum

Quadrupole Q m/z (trajectory stability)

Ion trap IT m/z (resonance frequency)

Time-of-flight TOF Velocity (flight time)

Fourier transform ion cyclotron
resonance

FTICR m/z (resonance frequency)

Fourier transform orbitrap FT m/z (resonance frequency)

MS

Massa Tandem MS/MS

Si possono effettuare esperimenti 
di MS/MS sfruttando in serie due 
spettrometri di massa tra i quali 
si inserisce una cella di collisione

TRANSIZIONI IONE 
PRECURSORE / IONE 
FRAMMENTO  

Consente di misurare le masse 
molecolari (nominali o esatte)

Consente di misurare le masse molecolari (nominali o esatte) e di ottenere dei profili di frammentazione che sono specifici
per ciascun composto quindi permette di effettuare il riconoscimento di una sostanza nota, di individuare la formula di
struttura di composti incogniti, di ottenere informazioni strutturali.
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HRMS
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Nuclear magnetic resonance spectroscopy - NMR
La spettroscopia di risonanza magnetica nucleare è un metodo spettroscopico 
basato sulle proprietà magnetiche dei nuclei di alcuni atomi e isotopi.

Principio del metodo:

• Campione immerso in un forte campo magnetico (orientamento 
spin nucleari con il campo)

• Secondo campo magnetico che perturba l’equilibrio (impulsi a 
radiofrequenza producono un eccesso di nuclei eccitati)

• Segnale emesso dai nuclei degli atomi i cui nuclei tornano alla 
situazione di equilibrio (FID)

• Applicazione della trasformata di Fourier (deconvoluzione 
spettro)

1H 13C
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Caso reale
Dicembre 2019
Nord Italia
Sequestro di una spedizione postale da mittente già precedentemente attenzionato

La confezione della spedizione riporta una etichetta che suggerisce la presenza di 
un derivato del fentanyl

Applicazione delle tecniche sopra citate alla risoluzione del caso
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Tecniche spettroscopiche

IR spectra of Furanyl Fentanyl (Blue), Isobutyryl Fentanyl (Green) 
and Loperamide (Red)
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Analisi GC-MS

Sample Spectrum

Library Spectrum

m/z = 336

 

Allegato C 
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Fluoro-FuranylFentanyl (F-FuF)
Iso Butyryl Fentanyl (iBF)

Analisi HPLC-HRMS/MS
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Analisi NMR

1H-13C HSQC spectrum of 4F-FuF

1H-13C HSQC spectrum of 4F-FuF (enlargement). In the picture
are evidenced the seven (7) non-equivalent CH groups belonging
to 6 terms aromatic rings.

1H-1H TOCSY spectrum of 4F-FuF

resounances

Homonuclear Monodimensional experiment

Homonuclear and Heteronuclear  Bidimensional experiment

STRUCTURE
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F

F

F

F F

Aggiornamento 
Giugno 2021

Risultato

4Fluoro-FuranylFentanyl (4F-FuF)
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E se non fosse stata sequestrata in tempo?

Qualcuno la ha già assunta?
Come possiamo capire se un soggetto la ha assunta?

Quali sono i suoi effetti collaterali?

Cosa può fare il SSN per contrastare gli effetti indesiderati?

Tecniche cromatografiche e spettrometria di massa per 
l'analisi di Sostanze Psicoattive
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In Silico

In Vitro

In Vivo

Informazioni preliminari
Metaboliti putativi

Il metabolismo vero e 
proprio viene simulato per 
selezionare i prodotti più 

probabili

Conferma delle 
informazioni 

ottenute da silici e 
vitro

UHPLC-HRMS/MS

Tutti i campioni sono 
analizzati e processati 

assieme.

PRO:
• Non trascuro nulla

• Informazione più ricca 
possibile

• Non escludo risultati frutto 
di uno solo dei passaggi

CONTRO:
• Più l’informazione è 

ricca più è complessa 
la sua elaborazione

Tecniche cromatografiche e spettrometria di massa per 
l'analisi di Sostanze Psicoattive

Identificazione del Pathway metabolico di una sostanza
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Studi in silico

Molti studi si avvalgono di programmi di chimica farmaceutica 
computazionale con lo scopo di riuscire a trovare le masse sulle 
quali concentrare l’indagine; considerando che la tecnica principe 
per l’identificazione dei metaboliti è la cromatografia, gas o 
liquida, accoppiata alla spettrometria di massa (GC-MS o LC-
MS), bisogna prima di tutto conoscere la massa degli analiti. Sono 
stati usati molti programmi allo scopo, ma quelli più utilizzati 
sembrano essere Meteor e MetaSite. Questi programmi vengono 
configurati in modo da coprire tutti i possibili pathway metabolici 
che una molecola può intraprendere, arrivando anche a superare il 
centinaio di composti. Una volta trovati i derivati metabolici se ne 
calcolano le masse, che andranno ricercate con gli opportuni 
analizzatori. 
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500 µl
1x10^6 cell/ml
20µM

Ø Blank incubation sample
Ø Positive incubation sample (Morfina)
Ø 6 topi per iBF + 6 topi per 4F-FuF

15000g 5 minPrelievo surnatante
UHPLC-HRMS/MS 

Studi in vitro

Solitamene, il campione viene preparato partendo da una soluzione della sostanza da analizzare, stabilizzandone, se necessario il 
pH mediante soluzioni tampone. Ottenuti i risultati delle cellule microsomiali si utilizzano anche le cellule epatiche, sia in 
sospensione, che le cellule platable. A seconda dei risultati ottenuti con le cellule microsomiali si decidono i tempi di prelievo, 
solitamente si tende ad avere 3 o 4 tempi, si utilizzano composti di controllo per verificare l’effettiva attività delle cellule. Gli 
epatociti vengono allora immersi nel medium. Al termine della procedura si ha cura di prelevare la surnatante senza andare a 
disturbare il pellet depositato sul fondo della provetta.



Analisi UHPLC-HRMS/MS
Ø Spettrometro di Massa: Q-Exactive-Orbitrap Thermo Fisher 

Scientific 

Ø Sorgente: H-ESI

Condizioni operative sorgente H-ESI:
• Polarity: Positive

• Spray Voltage: 3.30 kV 

• Capillary temperature: 320 °C

• H-ESI temperature: 320 °C

• Sheat gas (Nitrogen) 55 unit

• Auxiliary gas 20 unit

67

Pattern di 
frammentazione

Full scan

MS/MS

• Colonna: ACE Excel 2 C18-PFP 100 x 2.1 mm (1.6 um particles)
• Fasi: H2O 0,1% HCOOH 10mM NH4COOH

50:50 MeCN: MeOH 0,1% HCOOH
• Flusso: 0.500 mL/min

A
B

Inclusion 
lists

Tecniche cromatografiche e spettrometria di massa per 
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Identificazione del Pathway metabolico di 4F-FuF
The main metabolite was the dihydrodiol derivative resulting from epoxidation of furan, followed by hydration, which was further N-dealkylated to produce the second most 
relatively intense metabolites in vivo, whereas N-dealkylation of the parent compound prevailed in vitro.

Dihydrodiol derivative

Dihydrodiol formation + N-Dealkylation



69

N-dealkylated metabolite was the relatively most intense but hydroxylation and subsequent carbonylation of the parent compound was also a main transformation.

Oxidative N-dealkylation

Oxidation + hydroxylation

Tecniche cromatografiche e spettrometria di massa per 
l'analisi di Sostanze Psicoattive

Identificazione del Pathway metabolico di iBF
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L’incubazione della parent drug con epatociti è un buon approccio per identificare i metaboliti di una sostanza e cercare 
quindi i biomarkers di assunzione da inserire nei futuri metodi targeted.

Tecniche cromatografiche e spettrometria di massa per 
l'analisi di Sostanze Psicoattive

Risultati
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Studi farmaco-tossicologici

L’importanza degli studio farmaco tossicologici è duplice. Da un lato analizzando I tessuti
siamo in grado non solo di capire se sono stati selezionati giusti biomarkers, dall’altra siamo
in grado di stabilire gli eventuli organi bersaglio per la sostanza parent e e per I metabolite.

In ultimo consente di studiare un piano di intervento rapido per I PS.

100 mg

MeOH + IS 1:5 12000 rpm
10 min + MeOH/H2O 50/50

1:5

Precellys HPLC-HRMS/MS 
analysis

TARGETED ANALYSIS
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Implementazione software

Non sempre è possible eseguire il Met-ID così come è stato illustrato per diversi motivi:

• Costi
• Strumentazione
• Problemi etici

In Silico

La strategia prevede che I risultati ottenuti dagli studi in silico vengano utilizzati per creare
una inclusion list per analisi suspect.

Potrebbe non essere sufficiente…
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Metabolomica e NPS

• Metabolomica: studio del profilo metabolico di un
organismo e delle sue possibili alterazioni a carico di
fattori quali dieta, sesso, età, stress, condizioni
fisiopatologiche.

CHIMICA CLINICA: studio del profilo metabolico di soggetti malati
rispetto ad un gruppo di controlli sani per la diagnosi precoce di
malattie.

CHIMICA ANALITICA FORENSE: sviluppo di nuovi metodi analitici per
l’identificazione di biomarkers endogeni dell’assunzione di NPS in matrici
biologiche.

Applicazioni

Nuovi oppioidi 
sintetici o NSOs
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Experimental Design

Studio in vivo

Raccolta dei campioni

Analisi NMR

Analisi UHPLC-HRMS

Unione dei dataset

Analisi statistica multivariata

Identificazione dei metaboliti
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flaminia.vincenti@uniroma1.it


