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Abstract The acute and chronic toxicity of several new psy-
choactive substances (NPS) is unknown, and only little infor-
mation is available on the pharmacology and toxicology,
toxicokinetics, and detectability in body samples of such
new compounds. We here propose analytical methods to dis-
close acute and chronic use of two types of new
psychostimulants: benzofurans and ethylphenidate and we ap-
plied them to a real case of a subject attending Emergency
Department with signs of acute intoxication due to psychotro-
pic drug(s). After a urinary immunoassay screening which
gave a positivity to amphetamines, general unknown gas chro-
matography–mass spectrometry (GC-MS) urine analysis iden-
tified 5-(2-methylaminopropyl)benzofuran (5-MAPB), 5-(2-
a m i n o p r o p y l ) b e n z o f u r a n ( 5 - A P B ) , 5 - ( 2 -
ethylaminopropyl)benzofuran (5-EAPB), ethylphenidate,
and ritalinic acid. All these substances were confirmed and
quantified not only in urine but also in serum samples at dif-
ferent times after hospitalization by GC-MS and ultra-high
performance liquid chromatography tandem mass spectrome-
try (UHPLC-MS/MS). Two subsequent 2-cm hair segments
were also analyzed and tested positive for the above reported

substances, evidencing repeated use. The matching quantita-
tive results in all the analyzed biological matrices demonstrat-
ed that both analytical methodologies were suitable to correct-
ly quantify NPS involved in the current intoxication. The ob-
jective assessment of acute and chronic intoxication by the
above reported compounds demonstrate that the development
of analytical methods aiming at the detection of a broad spec-
trum of compounds in conventional and non-conventional
biological matrices is helpful when facing the new challenging
threat of intoxications caused by NPS.
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Introduction

The epidemiology of NPS

New psychoactive substances (NPS) are different chemical
compounds commonly sold via the internet as legal substitutes
for classical drugs of abuse. As soon as NPS are scheduled,
new derivatives appear on the market. For this reason, the
number of NPS, mostly synthetic cannabinoids, cathinones,
and phenethylamines [1], reported by the European
Monitor ing Centre of Drug and Drug Addict ion
(EMCDDA) and the United Nations Office on Drugs and
Crime (UNODC) increases each year [2, 3]. According to
the 2014 Flash Eurobarometer, 3% of young adults (ages
16–24) have reported NPS use [3].

This rapid increase of NPS sets new challenges not only in
drug prevention and legislation but also in clinical and foren-
sic toxicology. The acute and chronic toxicity of many of these
compounds is unknown and only little information is available
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on the pharmacology and toxicology, toxicokinetics, or detect-
ability in body samples. In this concern, there is a need for
evidence-based treatment recommendations for intoxications
and a demand for analytical methods to determine these com-
pounds in clinical and forensic cases [3–5].

Benzofurans and psychostimulants

Benzofurans are psychoactive substances structurally very
s im i l a r t o t h e popu l a r r e c r e a t i ona l d r ug 3 , 4 -
methylenedioxymethamphetamine (MDMA) and its active
metabolite 3,4-methylenedioxyamphetamine (MDA). These
compounds were originally synthesized for research purposes,
specifically 5-(2-aminopropyl)-benzofuran (5-APB) and 6-(2-
aminopropyl)-benzofuran (6-APB) were synthesized to exam-
ine the role of the MDA and MDMA dioxole ring structure
when interacting with serotonergic neurons [6].

These two benzofurans appeared on the drug market in
2010–2011. Since then, the presence of benzofurans on the
illicit drug market has rapidly increased [7]. In 2012, 6-APB
was among the most frequently offered NPS in online shops
[8]. Moreover, in 2013, benzofurans was one of the four most
frequently detected NPS in the Netherlands [7]. In Italy, 4-
APB and 6-APB were also detected in seized materials ana-
lyzed in an Italian forensic toxicology laboratory in the period
2013–2015 [9].

Information regarding the desired effects of benzofurans is
limited only to on-line user forums. These reports indicate
that, among positive effects, there is increased empathy, eu-
phoria, visual stimulation, appreciation for music and dancing,
and an increase in mood and self-acceptance [10, 11].
Nevertheless, users have reported multiple adverse effects,
e.g., nausea, bruxism, dry mouth and eyes, diarrhea, sensitiv-
ity to light, palpitations, increased heart rate, blood pressure
and temperature, hot flushes, headaches, drowsiness, and clo-
nus of the hands and feet. Also, psychological symptoms like
hallucinations, depression, anxiety, panic attacks, insomnia,
severe paranoia, and psychosis have been reported.
Furthermore, some users also described an unpleasant ‘come-
down’ that could last for several days [10–12]. Routes of
administration of benzofurans include nasal insufflation of
powder and ingestion.

Ethylphenidate ((R,S)-ethyl-2-phenyl-2-(piperidin-2-
yl)acetate) is a psychostimulant that inhibits the reuptake of
both dopamine and noradrenaline. It is an analog of methylphe-
nidate, firstly reported in 2011 by the UK as recreational NPS to
the EuropeanMonitoring Centre for Drugs and Drug Addiction
(EMCDDA) [13]. Ethylphenidate, often sold under the street
name Bnopaine^ or Bgogaine,^ is also produced in vivo as a
metabolite following the co-ingestion of methylphenidate and
ethanol [14], as reported in 1999 in two cases of methylpheni-
date overdose [15]. In 2014, ethylphenidate was for the first
time detected in postmortem blood following its abuse [16].

Recreational ethylphenidate use has been described on in-
ternet drug forums since 2012. Ethylphenidate is thought to
provide a stronger stimulant effect than that of cocaine and an
empathogenic effect similar to that of ecstasy and
mephedrone. Desirable effects for the user include euphoria,
alertness, a general mood lift, and increased social skills.
However, this drug causes a range of unwanted effects, includ-
ing chest pain, palpitations, agitation, nasal pain and irritation,
bruxism, and abdominal and testicular pain. Ethylphenidate
has a far greater dopaminergic selectivity compared to that
of methylphenidate, which may increase its dependence po-
tential. Common routes of administration are insufflation and
intravenous (IV) injection, with significant risks of infections
associated with IV drug use [17, 18].

Acute, chronic intoxications, and fatalities

To date, only a few scientific reports on acute benzofurans
poisoning and fatal case reports are available in literature
[12, 19–28] (Table 1). There are no published reports on de-
pendence to benzofurans [10]. Neither have the long-term
effects of regular use of these NPS been reported nor has their
chronic use been analytically confirmed by hair analysis.

Conversely, some scientific reports on acute and chronic
poisoning of ethylphenidate and related fatalities have been
published [16, 29–34] (Table 2). One of the major concerns
about ethylphenidate, reported by users in more than one in-
ternet forums, is Ba persistent impulse to redosing.^ The long-
term abuse potential is hard to determine, even if its pharma-
cology suggests that there is a significant risk of abuse [33].
Only a few ethylphenidate long-term effects have been report-
ed, and only one case report of dependence has been docu-
mented (Table 2) [30–32].

Here, analytical methods to disclose acute and chronic use
of benzofurans and ethylphenidate are proposed and applied
to a real case.

Analytical methods to disclose acute and chronic
intoxications from benzofurans and ethylphenidate

Case report

A 24-year-old male with a diagnosis of schizoaffective disor-
der and toxic abuse was brought to the Emergency
Department of Hospital Universitari Son Espases, Palma de
Mallorca, Spain, by his partner and mother, who claimed that
he had been presenting behavioral alterations during the pre-
vious week.

The psychiatric examination of the patient revealed a high
psychomotor excitability with irritability and mydriasis. His
speech was reiterative, expressed in a high tone and rate and
focused on the repetition of world injustices.
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His family explained that the patient had not been sleeping
recently and that they had found with him a powder, apparently
obtained on the Internet, which according to the website, was
ethylphenidate.

A blood test and an electrocardiogram were performed,
showing no alterations, and a toxicological analysis was also
carried out. In order to obtain analytical confirmation of acute

and chronic drug intake, serum, urine, and a 4-cm-long hair
sample were obtained at admission (t0). Three plastic bags
bought on the internet BResearch Chemicals^ websites were
delivered by his relatives. One bag was empty; one contained
some white tablets and one a single capsule. The patient
signed an informed consent form for the analysis of his bio-
logical samples and bought substances. Approval for the study

Table 1 Acute benzofurans poisonings and fatal cases

Case Analytical confirmation

Num Ref. Y/N
(yes/no)

Benzofuran Sample Concentration
(ng/ml)

Other compounds detected (ng/ml)

Acute poisoning: adverse effects reported
Decreased level of
consciousness, tachycardia,
hypertension, hyperthermia

1 20 Y 5/6-APB P Qualitative Methoxetamine (120)

Agitation, tachycardia,
hypertension, hyperthermia

2 21 Y 5-MAPB
5-APB

P
U
P
U

502
33,100
44
1600

Tachycardia, hypertension,
hyperthermia

3–9 22 N Not specified

Acute psychosis 10 23 Y 6-APB
6-MAPB

U
U

2000
30

JWH-122 metabolites;
11-nor-9-carboxy-delta-9--
tetrahydrocannabinol;
amphetamine (90); chloroquine (5); ketamine
metabolites (3); ephedrine (800).

Meningoencephalitis/septicemia
symptoms

11 24 Y No specified
isomers

P
U

302
14,600

4-methylethcathinone

Death
Benzofurans poisoning 12 25 Y 5-MAPB

5/6-APB
F
F

1940
150

Alpha-methyltryptamine (190)
Methiopropamine

13 25 Y 5/6-APB F 110
14 25 Y 5/6-APB F 140
15 25 Y 5/6-APB F 140
16 25 Y 5/6-APB F 400
17 25 Y 5/6-APB F 1430
18 25 Y 5/6-APB F 1480
19 25 Y 5/6-APB F 1600
20 25 Y 5/6-APB F 3870
21 25 Y 5/6-APB F 4.190
22 26 Y 5-APB P

C
U

2500
2900
23,000

5-(2-
aminopropyl)-2,3-dihydrobenzofuran

(5-APDB)
23 27 Y 6-APB U Qualitative 5-(2-aminopropyl)indole

MDMA
24 27 Y 6-APB U Qualitative Mirtazapine
25 27 Y 2-APB Qualitative Methiopropamine, cocaine
26–32 28 Y APB Qualitative

Drug toxicity (multiple)
33 29 Y 5-APB NSB 5600 3-methyl-N-methylcathinone (1600)
34–41 30 Y Not specified Qualitative MDMA, MDA, methiopropamine, 5IT, 5-API,

alcohol, antidepressants, amphetamine,
cocaine, aminoindane, ketamine, opioids,
piperazine, methcatinone, methadone,
antipsychotics, hypnotics, sedatives

Drug toxicity (not related
with benzofurans)

42–43 30 Y Not specified Qualitative

DUID
44 25 Y 5/6-APB P 110
45 25 Y 5/6-APB P 140

P peripheral blood, F femoral blood, FAM femoral ante-mortem blood, H hair, U urine

Int J Legal Med



Table 2 Acute ethyphenidate (ETP) poisonings and fatal cases

Case Analytical confirmation

Type Num Ref. Y/N (yes/no) Sample Concentration (ng/ml) Other compounds detected (ng/ml)

Adverse effects

ETP acute overdose 1 31 Y P
U

240
980

Diazepam
Etizolam

2 31 N

3 31 N

Chronic poisoning

ETP dependence 4 32 N

ETP prolonged
psychiatric effects

5 33 N

ETP Intravenous
use complications

6 34 N

Deaths

ETP toxicity 7 35 Y F 2180 None

8 36 Y FAM
F

30
8

Alcohol, morphine, paracetamol,
methadone, desmethyldiazepam

Drug toxicity (multiple) 9 36 Y F 1900 Methadone, procyclidine, propranolol, morphine,
diazepam, temazepam and cannabis, pregabalin,
methylthienylpropamine

10 36 Y F 1200 Alcohol, morphine, diazepam

11 36 Y F 470 Methadone, lignocaine, mirtazapine, promethazine

12 36 Y F 350 Alpha-methyltryptamine, etizolam, diphenhydramine

13 36 Y F 320 Methoxyphenidine, morphine, pyrazolam, etizolam
Pregabalin, zuclopenthixol, 2-MeO-diphenidine

14 36 Y F 250 Methadone, olanzapine, diazepam, cannabis
metabolite, fluoxetine, methylethcathinone

15 36 Y F 140 Methadone

16 36 Y F 10 Codeine and morphine, beta-hydroxybutyrate,
mirtazapine,, diazepam and metabolite, fluoxetine
and metabolite and paracetamol

17 35 Y F 30 5APB/6APB (1410), methiopropamine (51)

18 35 Y F 110 Diazepam (316), nordiazepam (409), temazepam (17),
oxazepam (9), morphine (101), codeine (14)

Drug toxicity
(not related with ETP)

19 36 Y F 40 Methadone, morphine and metabolites,
diazepam and metabolites

20 36 Y F 28 Methadone, diazepam and metabolites

21 36 Y F 10 Morphine and metabolites (6-monoacetylmorphine),
codeine and metabolite, diazepam and metabolites,
paracetamol, mirtzapine

22 35 Y F 110 Methadone (807), EDDP(532), zopiclone (123), sertraline
(494), aripiprazole (73), dehydroaripiprazole (16),
2-aminoindane (101), ethanol (30 mg/100 mL)

23 35 Y F 140 Morphine (180), codeine (11), ketamine (518),
cocaine (120), benzoilecgonine (272), venlafaxine (344),
O-desmehtylvenlafaxine (374)

ETP chronic
postulated toxicity

Cardiovascular
side effects

24 17 Y F
U
H

110
980
Qualitative

Methadone (47), EDDP (40),
morphine (5.3), fentanyl (0.4)

Cachexia 25 36 Y F 28 Methadone, diazepam and metabolites

Intravenous drug
use complications

26 36 Y F >2000 Tramadol, paracetamol, morphine and metabolites

27 36 Y FAM 460
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was obtained from the Hospital Ethics Committee. While
waiting for results of toxicological analysis, the patient was
admitted to the psychiatric unit for detoxification and clinical
stability. A second urine sample was collected 12 h after ad-
mission (t1). After 36 h, the symptoms presented by the
pa t ien t se t t l ed , and no decompensa t ion of h is
schizoaffective disorder was observed. At this time, a sec-
ond serum sample was obtained (t2). Once the patient was
stabilized, he declared that he had been suffering from
subdepressive symptoms and had been taking in several
occasions psychoactive substances and in particular
ethylphenidate to improve his sexuality and to be more
sociable. On day 8 of hospitalization, a third urine and
serum samples were collected (t3). As the detoxification
treatment was successful, the patient was discharged with
outpatient follow-up. Five days later, a new urine sample
was obtained during a follow-up visit (t4).

Chemicals and reagents

HPLC-grade solvents were purchased from LichrosolvMerck
(Merck, Barcelona, Spain). Purified water was obtained from
a Millipore Elix (Millipore, MA, USA) system. All other
chemicals used for experiments were of analytical reagent or
HPLC grade from commercial resources.

5-(2-Methylaminopropyl)benzofuran hydrochloride (5-
MAPB), 5-(2-aminopropyl)benzofuran hydrochloride (5-
APB), and 5-(2-ethylaminopropyl)benzofuran hydrochloride

(5-EAPB) solutions were purchased from Cayman Chemical
(Cayman Chemical, MI, USA). (±)-threo-Ethylphenidate
(ETP) hydrochloride solution, proadifen hydrochloride
(SKF-525A), N-methyl-bis(trifluoroacetamide) (MBTFA),
and heptafluorobutyric anhydride (HFBA) were purchased
from Sigma (Sigma-Aldrich, Barcelona, Spain). N,O-
Bis ( t r imethy ls i ly l ) t r i f luoroace tamide (BSTFA) ,
trimethylchlorosilane (TMCS), and BSTFA + TMCS (99:1
v/v) were purchased from SupelCo (SupelCo Analytical, NY,
USA). Ritanilic acid and 3,4-methylenedioxy-N-propyl-am-
phetamine (MDPA) were obtained from Sigma (Sigma-
Aldrich, Milan, Italy).

Instrumentations

Immunoassay drug screening was performed on an Architect
16000 automated analyzer (Abbott Diagnostics, Santa Clara,
CA, USA).

Gas chromatography–mass spectrometry (GC-MS) analy-
ses were carried out on Agilent HP 7890A GC coupled with
an Agilent MSD 5975C MS (Agilent Technologies, Santa
Clara, CA, USA).

Liquid chromatography–mass spectrometry assays were
carried out on an ultra-high performance liquid chromatog-
raphy system (Waters Acquity UPLC, Waters Corporation,
Milan, Italy) coupled with a triple quadrupole mass spec-
trometer (Waters Xevo TQ, Waters Corporation) (UHPLC-
MS/MS).

Table 2 (continued)

Case Analytical confirmation

Type Num Ref. Y/N (yes/no) Sample Concentration (ng/ml) Other compounds detected (ng/ml)

F 130 Dihydrocodeine, hydrocodone, morphine,
desmethyldiazepam, ketamine, paracetamol, alfentanil

Not drug related 28 17 Y F 23 Fentanyl (4.1), norfentanyl (0.8),
pregabalin (8440)

29 36 Y F 610 Diazepam and metabolite, mirtazapine

30 36 Y F 410 Alcohol, methadone, diazepam and
metabolites, cannabis metabolite

31 36 Y FAM
F

460
130

Dihydrocodeine, hydrocodone, morphine,
desmethyldiazepam, ketamine, paracetamol, alfentanil

32 36 Y F 41 Dihydrocodeine

33 36 Y F 15 Alcohol, dihydrocodeine, morphine and
metabolites, diazepam and metabolite

34 35 Y F 1370 Benzoilecgonine (12), sertraline (295),
diphenhydramine (43)

35 35 Y F 870 Dothiepin (17), methiopropamine (4640),
ethanol (74 mg/100 ml)

Unascertained 36 36 Y F 760 Alcohol, diazepam and metabolite,
methylthienylpropamine

P peripheral blood, F femoral blood, FAM femoral ante-mortem blood, H hair, U urine
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Sample preparation

Urine sample preparation for immunoassay screening
of principal drugs of abuse

Urine specimens were centrifuged at 1500×g for 5 min at
room temperature, and an aliquot (1000 μl) was placed in an
Architect 16000 analyzer.

Urine sample preparation for GC-MS general unknown
analysis

Urine specimens (3 ml) were spiked with 100 μl SKF-525A
used as internal standard (IS) at the concentration of 20 μg/ml.
Then, samples were extracted by liquid–liquid method by me-
chanical shaking for 5 min using a solvent mixture of 3 ml
heptane/dichloromethane/dichloroethane/isopropanol
(2:1.5:1.5:1, v/v) and 1 ml buffer at pH 9. After centrifugation,
the organic layer was transferred to a 10-ml clean Pyrex®
glass tube, evaporated to dryness, and derivatized using
BSTFA containing 1% TMCS (50 μl) at 60 °C for 5 min.
Finally, MBTFA (10 μl) was added and incubated at 60 °C
for 10 min. One microliter was injected in GC-MS.

Serum and urine sample preparation for GC-MS
confirmatory analysis of benzofurans and ethylphenidate

Serum and urine specimens (1000 μl) were mixed with a
phosphate buffer (100 mM, pH 6.0, 2 ml) and spiked with
100 μl SKF-525A used as IS at the concentration of 20 μg/
ml. The mixture was then applied onto a Bond Elut Certify
(Agilent Technologies, Santa Clara, CA, USA) solid-phase
extraction (SPE) column. Analytes were eluted from the col-
umn with a mix of methylene chloride/isopropyl alcohol/
NH4OH (78:20:2, v/v). The eluate was evaporated to dryness
under gentle stream of nitrogen and derivatized using 50 μl
ethylacetate and 50 μl HFBA at 70 °C for 30 min. One mi-
croliter was injected in GC-MS. Whenever the real sample
concentrations were found to exceed the highest calibration
point, the extracts were appropriately diluted and re-injected
into the chromatographic system.

Serum and urine sample preparation for UHPLC-MS/MS
confirmatory analysis of benzofurans and ethylphenidate

Serum and urine specimens (100 μl) were loaded directly into
phospholipid removal cartridges (Phenomenex, Macclesfield,
UK) and spiked with 5 μl of MDPA used as IS at the concen-
tration of 10 μg/ml. For protein precipitation, 400 μl methyl
alcohol was added and the cartridges were vortexed and
centrifuged at 2000×g at room temperature for 5 min. The
filtrate was evaporated under gentle stream of nitrogen to
dryness. The residue was reconstituted with 100 μl mobile

phase A, and 5 μl was injected into the chromatographic
system. Whenever the real sample concentrations were
found to exceed the highest calibration point, the extracts
were appropriately diluted and re-injected into the chro-
matographic system.

Hair sample preparation for GC-MS and UHPLC-MS/MS
analysis

Hair samples were washed twice with dichloromethane and
after the removal of solvent washes were left to dry. Once
dried, the samples were cut into 2 segments of 2 cm each
and put into 2 different labeled vials, indicating the proximal
and distal segment. Subsequently, the specimens were cut into
small pieces (<1 mm) with scissors. Aliquots of 25 mg finely
cut hair samples were weighed and added with 5 μl of IS,
yielding a final concentration of 100 pg/mg. After the addition
of 1.0 ml of 1 M sodium hydroxide, the samples were incu-
bated at 45 °C overnight. Then, the analytes were extracted
twice with 1 ml of a hexane:ethyl acetate mixture (80:20, v/v).
After vortexing and centrifugation at 3500 rpm for 5 min, the
organic phases were collected and combined. The extracts
were evaporated to dryness under a gentle stream of nitrogen
and reconstituted in 100 μl of mobile phase A and B mixture
(70:30, v/v) for UHPLC-MS/MS determination or in 50 μl
ethyl acetate for GC-MS determination; 10 and 1 μl were
injected in UHPLC-MS/MS and GC-MS, respectively.
Whenever the real sample concentrations were found to ex-
ceed the highest calibration point, the extracts were appropri-
ately diluted and re-injected into the chromatographic system.

Extraction of tablets and capsule for GC-MS
and UHPLC-MS/MS analysis

Extraction of tablets and capsule provided by the relatives
of the intoxicated subject was performed by suspending
100 mg of each product in 2 ml of 0.1 M phosphate buffer
at three different pH: acidic (pH 2.5), alkaline (pH 10–12),
and neutral (pH 7.0) and then extracting twice with 3 ml
chloroform/isopropanol (9:1, v/v) in an ultrasonic bath for
15 min. After centrifugation, the organic layers were evap-
orated to dryness at 40 °C under a nitrogen stream. Dry
aliquots were dissolved in 100 μl ethyl acetate, and a 1-μl
aliquot was injected into the GC-MS system. Tablets and
capsule were pulverized and dissolved in methanol for
UHLPC-MS/MS analysis.

Instrumentals conditions

Immunoassay urine screening for principal drugs of abuse

The DRI® immunoassays (Abbott Diagnostics, Santa Clara,
CA, USA) were used for cannabinoids, cocaine metabolite,
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opiates, benzodiazepines, ecstasy, and amphetamine. The cut-
offs for the qualitative applications were 50 ng/ml for canna-
binoids, 150 ng/ml for cocaine metabolite, 300 ng/ml for opi-
ates, 200 ng/ml for benzodiazepines, 500 ng/ml for ecstasy,
and 1000 ng/ml for amphetamines. Urine samples were tested
using these methods as recommended by the manufacturer.

GC-MS comprehensive urine drug screening

GC-MS urine screening was carried out using the capillary
column DB-5 (10 m × 0.1 mm × 0.1 mm coated with a
0.1-μm film). The GC conditions were as follows: the
column temperature was held for 0.8 min at 150 °C, in-
creased to 210 °C at 20 °C/min for 5 min, and then in-
creased to 320 °C at 25 °C/min for 2 min; the injection
port temperature was 280 °C; helium was used as carrier
gas with flow rate of 0.4 mL/min, in split injection mode
(1:25). Full-scan MS spectra were performed scanning
from mass 50 to mass 500 at 6.04 scans/s.

GC–electron impact (EI)–MS non-targeted drug screening
was performed by computer matching against GC–MS library
spectra of the National Institute of Standards and Technology
(NIST Mass Spectral Library Revision 2014) and Cayman
Chemical Library (CaymanSpectralLibrary_v10312016).

The GC–EI–MS-targeted drug screening ions used to de-
tect amphetamine-TFA, methamphetamine-TFA, and 3,4-
methylenedioxymethamphetamine-TFA (MDMA-TFA) were
as follows (m/z): 140, 118, 65; 154, 110, 118, and 91 and 154,
162, 135, 110, respectively.

GC-MS for serum and urine confirmatory analysis
of benzofurans and ethylphenidate

GC-MS analysis of benzofurans and ethylphenidate in serum
and urine was carried out using the capillary column DB-5
(10 m × 0.1 mm × 0.1 mm coated with a 0.1-μm film). The
GC conditions were as follows: the column temperature was
held for 0.8 min at 150 °C, increased to 210 °C at 20 °C/min
for 5 min, and then increased to 300 °C at 25 °C/min for

2 min; the injection port temperature was 280 °C; helium
was used as carrier gas with flow rate of 0.4 mL/min, in split
injection mode (1:25). The mass analyzer was operated by
electron impact (70 eV) in selected ion monitoring mode
(SIM). Quantitative analysis was carried out recording ions
m/z 91-164-280 for ETP, m/z 131-158-240 for 5-APB, m/z
131-158-254 for 5-MAPB, m/z 158-240-268 for 5-EAPB,
and m/z 99 for SKF. The quantifying ions are underlined.

Linear calibration curves for all analytes in biological sam-
ples showed determination coefficients (R2) equal or higher
than 0.990. LOD (0.1 ng/mL for all analytes) and LOQ (10 ng/
mL for all analytes) values calculated for all analytes in bio-
logical samples were adequate for the purpose of the present
study.

UHPLC-MS/MS serum, urine, and hair analysis
of benzofurans and ethylphenidate

UHPLC-MS/MS analysis in serum, urine and hair was carried
out using an Acquity UPLC BEH reversed phase C18 column
(2.1 × 75 mm, 1.7 μm) and a linear gradient elution with two
solvents: 0.1% formic acid in water (solvent A) and acetoni-
trile (solvent B). Solvent B was maintained 1% for the first
0.50 min. It was increased to 100% from 0.50 to 6.50 min,
then decreased back to 1% from 6.51 to 7.50 min, and held at
1% from 7.51 to 15.00 min for re-equilibration. The flow rate
was kept constant at 0.30 ml/min during the analysis.

The separated analytes were detected with a triple
quadrupole mass spectrometer operated in multiple reac-
tion monitoring (MRM) mode via positive electrospray
ionization (ESI). The applied ESI conditions were capil-
lary voltage 2.5 kV, desolvation temperature 600 °C,
source temperature 150 °C, cone gas flow rate 30 l/h,
desolvation gas flow rate 1000 l/h, and collision gas flow
rate 0.13 ml/min. Optimized cone energy voltages, MRM
transitions, collision energy voltages, and retention time
for each analyte and IS are given in Table 3.

The method was validated as described elsewhere [35].
Linear calibration curves for all analytes in biological

Table 3 UHPLC–MS/MS parameters for the multiple reaction monitoring (MRM) acquisition mode

MRM transitions

Analyte RT (min) Quantification Confirmation LOD
(ng/ml or ng/mg)

LOQ
(ng/ml or ng/mg)

m/z CV (V) CE (eV) m/z CV (V) CE (eV) serum urine hair serum urine hair

5-APB 2.80 176.4˃131.0 15 15 176.4 ˃159.4 15 12 1.5 1.5 0.002 5 5 0.005

5-MAPB 2.90 190.3 ˃131.1 20 20 190.3 ˃159.1 20 12 1.5 1.5 0.002 5 5 0.005

5-EAPB 3.03 204.4 ˃131.1 20 20 204.4 ˃159.0 15 15 1.5 0.5 0.002 5 2.5 0.005

Ethylphenidate 3.26 248.3 ˃84.2 26 15 248.3 ˃248.3 26 5 1.5 1.5 0.3 5 5 1.0

Ritalinic acid 2.60 220.4 ˃84.2 20 20 220.4 ˃220.4 20 5 1.5 1.5 – 5 5 –
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samples showed determination coefficients (R2) equal or
higher than 0.990. LOD and LOQ values calculated for all
analytes in biological samples were adequate for the pur-
pose of the present study (Table 3), and mean absolute
analytical recoveries obtained for the three different QC
samples were always above 80%. The intra- and inter-
assay precision (measured as coefficient of variation,
CV%) and accuracy (measured as % error) values were
always lower than 11%. All analytes showed no signifi-
cant ion suppression/enhancement (<15% analytical sig-
nal suppression due to matrix effect).

GC-MS hair analysis of benzofurans and ethylphenidate

GC-MS analysis in hair was carried out using the capillary
column HP-5MS (15 m × 0.25 mm I.D coated with a
0.25-μm film). The GC conditions were as follows: the col-
umn temperature was held for 3.5 min at 70 °C, increased to
200 °C at 40 °C/min, and then increased to 290 °C at 10 °C;
the injection port temperature was 250 °C; and helium was
used as carrier gas with flow rate of 1 mL/min, in splitless
injection mode. The mass analyzer was operated by electron
impact (70 eV) in selected ion monitoring mode (SIM).
Quantitative analysis was carried out recording ions m/z 84-
91-164 for ETP, m/z 44-77-131 for 5-APB, m/z 58-77-131 for
5-MAPB, m/z 72-77-131 for 5-EAPB, and m/z 77-86-135 for
MDPA. The quantifying ions are underlined.

Linear calibration curves for all analytes in biological
samples showed determination coefficients (R2) equal or
higher than 0.990. LOD (0.1 ng/mg for analytes), and
LOQ (0.3 ng/mg for 5-APB, 5-MAPB, and 5-EAPB and
0.2 ng/mg for ethylphenidate) values calculated for all
analytes in biological samples were adequate for the pur-
pose of the present study.

GC-MS and UHPLC-MS/MS of tablets and capsule

Using GC-MS, analyte separation was performed on a fused
silica capillary column (HP-5MS, 30 m × 25 mm i.d., film
thickness 0.25 m; Agilent Technologies, Palo Alto, CA,
USA). The oven temperature was programmed at 100 °C
for 2 min and increased to 290 °C at 10 °C/min. Split in-
jection mode (15:1) and helium (purity 99%) as carrier gas
with a flow rate of 1 ml/min were used. The injection port,
ion source, quadrupole, and interface temperatures were 260,
230, 150, and 280 °C, respectively. The electron-impact (EI)
mass spectra were recorded in total ion monitoring mode
(scan range 40–550 m/z) to determine retention times and
characteristic mass fragments. A first manual screening of
the total ion current (TIC) by an experienced toxicologist
was followed by identification of unknown or illegal com-
pounds. The tablets and the capsule were also analyzed
using a UHPLC-MS/MS with the same methods reported
for biological samples.

Table 4 Serum 5-APB, 5-MAPB, 5-EAPB, ethylphenidate and ritalinic acid concentrations found in the specimens collected at three time intervals,
following UPLC-MS/MS and GC-MS analysis

Sample 5-APB (ng/ml) 5-MAPB (ng/ml) 5-EAPB (ng/ml) Ethylphenidate (ng/ml) Ritalinic acid(ng/
ml)a

UHPLC-MS/
MS

GC-MS UHPLC-MS/
MS

GC-MS UHPLC-MS/
MS

GC-MS UHPLC-MS/
MS

GC-MS UHPLC-MS/MS

Serum t0
b 69.3 53.9 153.7 138.2 376.2 345.0 450.3 409.7 507.7

Serum t2
b 56.9 42.7 85.8 74.4 116.1 104.7 110.9 130.5 121.9

Serum t3
b Neg Neg Neg Neg Neg Neg Neg Neg Neg

Urine t0
b a 14,366.0 a 43,542.5 a 131,356.9 a 17,808.2 a

Urine t1
b 5172.3 5105.6 12,340.2 11,456.6 29,880.8 28,432.2 3048.5 2641.7 172,041.5

Urine t3
b 77.5 95.7 8.5 Neg 3.7 Neg Neg Neg 100.0

Urine t4
b Neg Neg Neg Neg Neg Neg Neg Neg 9.8

a Ritalinic acid standard was not available at the location where GC-MS analysis was carried out
b Times after the admission on the Emergency Department: t0: at 0 h; t1: at 12 h; t2: at 36 h, t3: at 8 days, and t4: at 13 days

Table 5 Hair 5-APB, 5-MAPB, 5-EAPB, and ethylphenidate concentrations found after segmental analysis by UHPLC-MS/MS and GC-MS

Sample 5-APB (ng/mg) 5-MAPB (ng/mg) 5-EAPB (ng/mg) Ethylphenidate (ng/mg)

UHPLC-MS/MS GC-MS UHPLC-MS/MS GC-MS UHPLC-MS/MS GC-MS UHPLC-MS/MS GC-MS

Segment 1 (0–2 cm, proximal) 2.6 2.6 5.3 4.4 7.1 8.7 1.2 1.7

Segment 2 (2–4 cm, distal) 0.8 0.2 4.4 4.3 5.1 5.9 1.5 1.6
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Results

The first urine immunoassay screening for principal drugs of
abuse, commonly carried out at Emergency Department gave
a positive result for amphetamine and ecstasy, but the urine
GC-MS confirmatory test of amphetamine and ecstasy turned
out negative.

GC-MS drug urine general unknown screening identified
5-MAPB, 5-EAPB, 5-APB, ethylphenidate, and ritalinic acid
by comparison with instrument library spectra. Substances
were then confirmed and quantified in urine and serum sam-
ples with specific GC-MS and UHPLC-MS/MS methodolo-
gies with high matching of quantitative data between the two
assays (Table 4).

To verify if also a repeated use of benzofurans and
ethylphenidate occurred, segmental hair analysis by both
GC-MS and UHPLC-MS/MS of two subsequent 2-cm seg-
ments was performed and both segments resulted positive for
5-MAPB, 5-EAPB, 5-APB, and ethylphenidate (Table 5).

Finally, GC-MS and UHPLC-MS/MS analyses of tablets
and capsule evidenced that tablets contained 10 mg
ethylphenidate, while the single capsule did not contain any
pharmacologically active substances. Unfortunately, the plas-
tic bag, presumptive to contain the benzofurans, was empty
since the intoxicated subject admitted the consumption of the
whole product in subsequent occasions.

Discussion

An acute intoxication accompanied by high psychomotor ex-
citability, high irritability, and mydriasis following the intake
of benzofurans and ethylphenidate has been here described
and analytically confirmed. Moreover, the use of segmental
hair analysis has been also applied to demonstrate that the
intoxication was not occasional but likely due to consumption
of the same products in different occasions.

With respect to the detected new psychoactive substances,
it can be said that in the international literature, there is only
one other case of non-fatal acute overdose of ethylphenidate
with analytical confirmation [29] and serum and urine values
were much lower than those detected in our case report.
Moreover, only once ethylphenidate has been qualitatively
identified in the hair sample of a fatal case [16], while there
is no analytical confirmation of repeated use in previously
published case reports [30–32].

Conversely, up to date, there is no analytical confirmation of
5-EAPB poisonings and very limited data proving the con-
sumption of 5-APB or 5-MAPB in some case reports [12,
19–28]. In addition, this is the first time that repeated use of
these compounds has been objectively assessed by hair testing.

We here reported a proposal on how to analytically proceed
in a standard Emergency Department. We firstly applied a

classical immunoassay for principal drugs of abuse. The pos-
itive amphetamine and ecstasy result, already described, was
probably due to structural similarities between amphetamines
and benzofurans and their metabolites [4, 20, 22].
Furthermore, also ritalinic acid and ethylphenidate might have
produced a false-positive urine amphetamine screen as sug-
gested for methylphenidate [36]. Nevertheless, we carried out
a comprehensive drug screening by GC-MS and subsequent
confirmatory analysis by both GC-MS and UHPLC-MS/MS,
demonstrating that both techniques were suitable to correctly
quantify substances involved in the current intoxication.

NPS are the most recent challenge of clinical and forensic
toxicology [37]. They represent a great threat for emergency
departments, which increasingly face intoxications due to sub-
stances undetectable with commonly available assays and
whose health hazards are unknown [38, 39].

Hence, the development of analytical methods aiming at
the detection of a broad spectrum of compounds in conven-
tional and non-conventional biological matrices is helpful
[40–51]. These methods are based on separation by gas or
liquid chromatography and detection of parent drugs and/or
metabolites using single or tandem mass spectrometry by
computer matching against international library spectra or by
comparing with reference standards of parent drugs and me-
tabolites, when available.

Conclusion

Analytical methods to disclose acute and chronic use of ben-
zofurans and ethylphenidate have been here proposed. LC-
MS/MS may represent the elective technique in the studying
of NPS because of its sensitivity and the possibility to obtain
high-resolution mass spectrometry data. Nevertheless, GC-
MS is still useful in the identification and quantitation of the
parent compound and some metabolites in acute and chronic
use of NPS.
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