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Abstract
The abuse of new psychoactive substances (NPS) has been dramatically increasing all around the world since the late 2000s. The
availability of hundreds of NPS in the past decade is challenging for both public health and global drug policies. A 39-year-old
woman, known as a multidrug addict, was murdered by her partner by ligature strangulation. A comprehensive toxicological
screening by gas chromatography and ultra-high performance liquid chromatography with tandem mass spectrometry revealed
the simultaneous presence of ethanol (1.37 g/L), diazepam (157 ng/mL) and nordiazepam (204 ng/mL), cocaine (25 ng/mL) and
benzoylecgonine (544 ng/mL), and (3-methoxy-(1-(1-phenylcyclohexyl)piperidine) or 3-MeO-PCP, a dissociative hallucinogen
anesthetic drug. Concentrations of 3-MeO-PCP were 63, 64, and 94 ng/mL in femoral blood, bile, and urine, respectively. Hair
tested also positive for 3-MeO-PCP on 3 × 2-cm segments at 731, 893, and 846 pg/mg, indicating long-term abuse of the drug.
This seems to be the first ever reported hair concentrations. Major impairment of the victim, including visual hallucinations and
alteration of behavior, was attributed to the mixture of all the drugs, with a major contribution of 3-MeO-PCP. The toxicological
findings were compared to the few reports available in the medical literature.
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Introduction

For several years, new synthetic drugs appeared on the
Internet and constituted a wide group called new psychoactive
substances (NPS), which designate a wide range of molecules
having the same pharmacological effects as various illegal
substances such as ecstasy, amphetamines, benzodiazepines,
opiates, or cannabis. Their chemical structures can be close to
the original compound but can be also very far from it. These
substances can skirt the narcotic laws because they are not
listed as controlled drugs. Generally sold on the Internet,
NPS are differentiated by their chemical names or trade names
such as Bbath salts,^ Bplant for nutrients,^ and Bincense.^
According to a survey of the French Observatory Drugs and
Drug Addiction [1], more than 382 substances circulated free-
ly in the European Union between 2008 and 2015, including
176 in France. NPS are becoming more prevalent in the world
of teenagers and parties, given the ease of purchase and use.

Among NPS, a group derived from phencyclidine (1-(1-
phenylcyclohexyl)piperidine or PCP) has gained importance
in the recent period because it was proposed as legally avail-
able alternatives, although in some European countries (e.g.,
France or Germany), it is banned by the narcotics act. This
group includes 2-MeO-PCP, 3-MeO-PCP, 4-MeO-PCP, and
3-methoxyeticyclidine. 2- and 4-MeO-PCP were first
synthetized in 1965 [2], while 3-MeO-PCPwas first described
in 1979 [3]. Although there is limited information available on
these compounds, their behavioral effects are closely related
to those produced by dissociative anesthetics, such as keta-
mine, methoxetamine, and PCP with high affinity for the PCP
site on the glutamate N-methyl-D-aspartate (NMDA) receptor.
In addition, they present appreciable affinities for the seroto-
nin transporter and high affinities for sigma receptors [4].

The compounds have numerous psychedelic effects which
are characteristic of dissociative anesthetics and include dissoci-
ation from the physical body, visual and auditive hallucinations,
altered time and space, and change of consciousness. They also
have stimulating effects like euphoria or empathy. 3-MeO-PCP,
like PCP, is active via oral, inhalation, and injection routes in the
low milligram range (3–5 to 10–20 mg) and therefore can be
hard to accurately measure, being prone to overdosage [5]. It
produces many adverse effects, including psychosis, confusion,
violent behavior, hypertension, tachycardia, suicidal impulses,
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and coma up to death. Dosage of 4-MeO-PCP ismuch higher, as
the usual oral dose can be up to 250 mg. This difference in drug
activity between isomers can be responsible of acute and severe
intoxication in case of confusion by addicts [6]. Both drugs are
available as powder or tablets.

To date, there are very few published reports on 3-MeO-
PCP intoxications. Zidkova et al. [7] detected the drug in the
serum of two subjects admitted to hospital for disorientation
and hallucinations at 49 and 66 ng/mL. In Italy, Bertol et al.
[8] found 180 and 350 ng/mL in the blood from two patients
admitted to hospital in a comatose state. A nonfatal intoxica-
tion with a 3-MeO-PCP blood concentration at 140 ng/g at
admission and seven deaths with femoral blood concentra-
tions ranging from 50 to 380 ng/g were described by
Johansson et al. [9]. Based on a multi collection of blood
specimens from the nonfatal intoxication, the half-life of 3-
MeO-PCP was estimated to 11 h. Finally, in two other papers
[10, 11], 3-MeO-PCP peripheral blood concentrations were
3200, 630, and 139 ± 41 ng/mL from three postmortem cases.
This demonstrates that there are no clear toxic and fatal con-
centrations established for 3-MeO-PCP, mainly because the
drug is often associated to other recreative substances.

The objective of this publication is to present the analytical
procedure established for assaying 3-MeO-PCP in postmor-
tem specimens obtained from the victim of a murder while
under the influence of the drug and to discuss possible aggres-
sive behavior due to impairment.

Case history

A 39-year-old white woman (1.58 m tall, 61 kg) with a history
of illicit drug use (heroin, cannabis, cocaine, GHB) was found
dead at home after being assaulted by her partner. To the po-
lice, he immediately reported an altercation while under the
influence of various drugs and he admitted having strangled
her with a rope in order to constrict her neck. Various para-
phernalia were also found at the scene, including spoons and
plastic pipettes. External examination of the victim confirmed
the presence of parched, horizontal ligature mark encircling the
neck. A broad band-like red area, due to intense subcutaneous
hemorrhage, and a clear ligature mark consisting of abrasions
were visible. Autopsy showed fractures with associated hem-
orrhage of the superior horn of the thyroid cartilage and of the
right greater horns of the hyoid bone, respectively. Intense
multi viscera congestion was noticed. During the autopsy, fem-
oral blood, bile, urine, and hair (10 cm, brown) were collected
for toxicological investigations.

Blood from the partner, preserved with sodium fluoride and
collected about 1 h after the event, was also tested for alcohol,
pharmaceuticals, and drugs of abuse. The test revealed no
alcohol, diazepam (2120 ng/mL), nordiazepam (2540 ng/
mL), oxazepam (830 ng/mL), methadone (290 ng/mL),

EDDP (54 ng/mL), Δ9-tetrahydrocannabinol (8.1 ng/mL),
11-OH-THC (2.8 ng/mL), and THC-COOH (190 ng/mL).
All these drugs should have markedly impaired the subject.
No 3-MeO-PCP was detected in his blood.

Toxicological analyses

Ethanol was tested by head space GC/FID on a Perkin Elmer
system (TurboMatrix 40 & Clarus 580) using a standard val-
idated procedure. Volatiles were tested by head space GC/MS
on a Thermo system (Focus GC & DSQII) using a standard
validated procedure. ELISA tests for illegal drugs were
achieved using Alere Microplate kits using the recommenda-
tions of the manufacturer. Pharmaceuticals and drugs of abuse
(including NPS) screenings were performed with ultra-
performance liquid chromatography-diode array detection
(Waters UPLC-PDA) and ultra-performance liquid chroma-
tography tandem mass spectrometry (Waters UPLC-MS/MS).

During the initial screenings, 3-MeO-PCP or 4-MeO-PCP,
which have the same chromatographic behavior (same retention
time, same MRM transitions), was identified in the femoral
blood. Discrimination of the positional isomer was obtained
by GC/MS on a Perkin Elmer system (Clarus 680 and Clarus
SQ 8T) as their retention times differ, i.e., 8.58 min for 3-MeO-
PCP and 8.74 min for 4-MeO-PCP, while both have the same
mass spectrum (m/z 230, 272, 273, 121, 216). The results were
consistent with the presence of 3-MeO-PCP in the blood of the
victim (one single chromatographic peak at 8.58 min).

As a consequence, a specific MRM method for 3-MeO-
PCP testing in postmortem fluids and hair was developed.

3-MeO-PCP was extracted from 1 mL of fluid (blood,
urine, bile) in presence of 2 ng of MDMA-d5 used as internal
standard, with 1 mL borate buffer pH 9.5 and 5 mL of a
mixture of ether/dichloromethane/hexane/isoamyl alcohol
(50/30/20/0.5). After extraction, centrifugation, and evapora-
tion to dryness, the residue was reconstituted in 50 μL of
ammonium formate buffer adjusted at pH 3.

Hair analysis of 3-MeO-PCP was performed after decon-
tamination with dichloromethane and segmentation into 3 × 2-
cm segments to cover the last 6 months before death, assuming
a growth rate of 1 cm/month. Twenty milligrams was incubat-
ed overnight at 50 °C in 1 mL borate buffer pH 9.5, in presence
of MDMA-d5, and then, the mixture was extracted as blood.

Chromatography was achieved using a Waters HSS C18
column (150 × 2.1 mm × 1.8 μm) maintained at 50 °C in a
thermostatically controlled enclosure. A gradient elution was
performed using formate buffer adjusted to pH 3 (mobile
phase A) and 0.1% formic acid in acetonitrile LC-MS (mobile
phase B) as mobile phases at flow rate of 0.4 mL/min. The
initial gradient was 87% mobile phase A and the final gradi-
ent, at 7 min, was 5%mobile phase A. An injection volume of
10 μL was used in all cases. A Xevo triple quadrupole mass
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spectrometer was used for the detection of the drugs.
Ionization was achieved using electrospray in the positive
ionization mode (ES+).

The following conditions were found to be optimal for the
analysis of 3-MeO-PCP and the internal standard: capillary
voltage at 1.5 kV, source block temperature at 149 °C,
desolvation gas nitrogen heated at 600 °C and delivered at a
flow rate of 1000 L/h. In order to establish appropriate multi-
ple reaction monitoring condition, the cone voltage was ad-
justed to maximize the intensity of the protonated molecular
ion, and collision-induced dissociation of both species was
performed. Collision energy was adjusted to optimize the sig-
nal for the two most abundant product ions of 3-MeO-PCP,
i.e., m/z 274.0 > 120.9 (CV, 10 V; CE, 28 eV) and 274.0 >
188.9 (CV, 10 V; CE, 35 eV), and the most abundant product
ion of internal standard m/z 198.9 > 164.9 (CV, 22 V; CE,
14 eV). Transition m/z 274.0 to 120.9 was used for quantifi-
cation of 3-MeO-PCP. These transitions have already been
described in the literature [9, 11]. MassLynx 4.1 software
was used for quantification.

Linearity was observed in blood for 3-MeO-PCP concen-
trations ranging from 10 to 1000 ng/mL, with a correlation
coefficient of 0.998. QC samples (50 and 200 ng/mL), ana-
lyzed in duplicate in six independent experimental assays,
were used for determination of a coefficient of variation for
precision and accuracy. These CVs were lower than 20%.
Linearity was observed in hair for 3-MeO-PCP concentrations
ranging from 10 to 1000 pg/mg, with a correlation coefficient
of 0.999. QC samples (50 and 200 pg/mg), analyzed in dupli-
cate in six independent experimental assays, were used for
determination of a coefficient of variation for precision and
accuracy. These CVs were lower than 20%. Under the used
chromatographic conditions, there was no interference with
the analytes by chemicals or any extractable endogenous ma-
terials present in blood or in hair.

Results and discussion

The analysis by gas chromatography coupled to mass spec-
trometry allowed the unambiguous identification of 3-MeO-
PCP (Fig. 1) in the femoral blood of the victim and ruled out
a possible contribution of its positional isomer 4-MeO-PCP.
Using a dedicated UPLC-MS/MS method, the concentration
of 3-MeO-PCP in the femoral blood was 63 ng/mL. The drug

tested also positive in other biological matrices (Table 1). The
blood concentration is close to the toxic values reported in
intoxicated patients [7]. It is therefore possible to anticipate that
the victim was impaired due to 3-MeO-PCP abuse. The psy-
choactive effects of the drug were even enhanced by simulta-
neous consumption of other CNS depressants. Indeed, blood
alcohol concentration was 1.37 g/L and diazepam (157 ng/mL)
and its mainmetabolite, nordiazepam (204 ng/mL), and cocaine
(25 ng/mL) and its metabolites, benzoylecgonine (544 ng/mL)
and cocaethylene (43 ng/mL), were identified in blood. Other
authors [6–11] have also reported combination of 3-MeO-PCP
with other drugs in both fatal and nonfatal intoxications.
Although metabolites of 3-MeO-PCP, including hydroxylated,
carboxylated, andO-demethylatedmetabolites, have been iden-
tified in human liver preparations [12], there was no attempt to
characterize them in urine, mostly because the reference stan-
dards are not commercially available.

Segmental hair analysis is used to verify both previous drug
history and recent enforced abstinence. Hair analysis is mostly
suitable for accurately monitoring relative changes in drug
intake by the same individual [13]. The hair test result for 3-
MeO-PCP was the following: 731 (0–2 cm), 893 (2–4 cm),
and 846 pg/mg (4–6 cm), supporting repetitive consumption
of the drug over the last 6 months. Methadone (+ EDDP),
cocaine and metabolites, and 6-acetylmorphine as specific
marker of heroin were also identified in hair, clearly
confirming the addiction to drugs of the donor. The toxicolog-
ical significance of the measured concentrations is difficult to
establish because this is the first case describing hair analysis
for 3-MeO-PCP in the medical literature. Also, there is no
controlled study about pharmacokinetic parameters of 3-
MeO-PCP incorporation into hair. It is therefore not possible
to interpret the data in terms of dosage and frequency of abuse.
In a recent article, Salomone et al. [14] have highlighted the
difficulties in interpreting results of hair analysis for NPS. In
particular, little is known about the incorporation into the ker-
atin matrix after intake and the correlation between dosage
frequency of use and hair concentrations. The authors also
considered different scenarios such as passive exposure vs.
active consumption, mindful vs. unaware intake, and sporadic
vs. chronic use. Due to these actual limitations, the authors

Fig. 1 Structural formula of 3-MeO-PCP

Table 1 Distribution of 3-MEO-PCP in the biological specimens col-
lected during autopsy

Specimen 3-MeO-PCP concentration

Femoral blood 63 ng/mL

Bile 64 ng/mL

Urine 94 ng/mL

Hair, 0–2 cm 731 pg/mg

Hair, 2–4 cm 893 pg/mg

Hair, 4–6 cm 846 pg/mg
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concluded that NPS hair results should be interpreted with
caution by experienced forensic toxicologists.

The key point of this case report is the involvement of 3-
MeO-PCP in the behavior of the victim. Blood and hair
findings have demonstrated long-term abuse of several
drugs. Among them, 3-MeO-PCP seems the most active
to produce vivid hallucinations, typed auditory, visual,
and tactile. There is a paucity of data on 3-MeO-PCP and
its clinical effects and only one paper [15] reports an
attempted murder by a subject under the influence of the
drug. Unfortunately, no biological specimen was collected
at the time of the event. In comparison, aggressive behav-
ior, violence, and physical assault have been frequently
described for PCP since 1979 [16–19]. It has been shown
that PCP users have different characteristics from other
drug users and that female PCP use is more common than
use among males. Furthermore, there is evidence that those
who respond to PCP with violence may differ from those
who do not. In particular, female PCP using subjects re-
ported more dysphoria and aggressiveness when not using
PCP, while male subjects were more likely to report ag-
gressive behavior and dysphoria under the influence [19].
However, the assumption that PCP provokes violent be-
havior in humans with predictable regularity has been chal-
lenged by some authors [20] who concluded after exami-
nation of hundreds of patients that clinical and forensic
assumptions about PCP and violence are not warranted.
Based on limited literature [6–9] on analytically confirmed
nonfatal intoxications, there is little doubt that the mea-
sured 3-MeO-PCP concentration in the blood of the victim
was responsible of strong behavior alteration. Thus, this, in
combination with other drugs, should be considered as
possible enhancers of the aggressive situation which has
promoted the homicide.

Conclusion

3-MeO-PCP is a highly attractive drug for abusers seeking
an alternative to PCP or for those who want to experiment
new sensations (drug testers). It is one of the most potent
known NMDA antagonists. The drug is easily accessible
via the Internet at affordable prices. According to users,
abuse dosages are usually in the range 3 to 20 mg and the
duration of the effects has been reported to be 4 to 5 h. It is
not detected by most routine drug screening tests and can
be mixed up with the less potent 4-MeO-PCP. Confusion
between both positional isomers can have serious health
consequences and there is no way for users to know exactly
what they are consuming. This work has presented a mur-
der case where the victim was under the influence of 3-
MeO-PCP and, according our knowledge, for the first time
hair concentrations from a repetitive user.

References

1. Observatoire Français des Drogues et des Toxicomanies. Drogues,
chiffres clés, 6ème édition, Juin 2015, pp 1–8

2. Maddox VH, Godefroi EF, Parcell RF (1965) The synthesis of phen-
cyclidine and other 1-arylcyclohexylamines. J Med Chem 8:230–235

3. Geneste P, Kamenka JM, Ung SN, Herrmann P, Goudal R, Trouiller
G (1979) Conformational determination of phencyclidine derivatives
in view of structure-activity correlation. Eur J Med Chem 14:301

4. Roth BL, Gibbons S, Arunotayanum W, Huang XP, Setola V,
Treble R, Iversen L (2013) The ketamine analogue methoxetamine
and 3- and 4-methoxy analogues of phencyclidine are high affinity
and selective ligants for the glutamate NMDA receptor. PLoS One
8:e59334

5. Morris H, Wallach J (2014) From PCP to MXE: a comprehensive
review of the non-medical use of dissociative drugs. Drug Test anal
6:614–632

6. Allard S, Deslandes G, Gaborit B, Lomenech H, Pineau A, Jolliet P,
Garret C, Monteil-Gagnière C (2017) 3-MeO-PCP et 4-MeO-PCP:
confusion des isomers et rique majeur de toxicité. Toxicol Anal Clin
29:s47–s48

7. Zidkova M, Hlozek T, Balik M, Kopecky O, Tesinsky P, Svanda J,
Balikova MA (2017) Two cases of non-fatal intoxication with a
novel street hallucinogen: 3-methoxy-phencyclidine. J Anal
Toxicol 41:350–354

8. Bertol E, Pascali J, PalumboD,Catalani V, DiMiliaMG, Fioravanti A,
Mari F, Vaiano F (2017) 3-MeO-PCP intoxication in two young men:
first in vivo detection in Italy. Forensic Sci Int 274:7–12

9. Johansson A, Lindstedt D, Roman M, Thelander G, Nielsen E,
Lennborn U, Sandler H, Rubertsson S, Ahlner J, Kronstrand R,
Kugelberg FC (2017) A non-fatal intoxication and seven deaths in-
volving the dissiciative drug 3-MeO-PCP. Forensic Sci Int 275:76–82

10. Mitchell-Mata C, Thomas B, Peterson B, Couper F (2017) Two
fatal intoxications involving 3-methoxyphencyclidine. J Anal
Toxicol 41:503–507

11. Bakota E, Arndt C, Romoser AA, Wilson SK (2016) Fatal intoxi-
cation involving 3-MeO-PCP: a case report and validated method. J
Anal Toxicol 40:504–510

12. Michely JA, Manier SK, Caspar AT, Brandt SD, Wallach J, Maurer
HH (2017) New psychoactive substances 3-methoxyphencyclidine
(3-MeO-PCP) and 3-methoxyrolicyclidine (3-MeO-PCPy): meta-
bolic fate elucidated with rat urine and human liver preparations
and their detectability in urine by GC-MS, BLC-(high resolution)-
MSn^ and BLC-(high resolution)-MS/MS^. Curr Neuropharmacol
15:692–712

13. Kintz P (2017) Hair analysis in forensic toxicology: an updated review
with a special focus on pitfalls. Curr Pharm Des 23:5480–5486

14. Salomone A, Vicenti M, Gerace E (2017) Interpretation of NPS in
real hair samples. Toxicol Anal Clin 29:4–10

15. StevensonR, TuddenhamL (2014)Novel psychoactive substance intox-
ication resulting in attempted murder. J Forensic Legal Med 25:60–61

16. Fauman MA, Fauman BJ (1979) Violence with phencyclidine
abuse. Am J Psychiatry 136:1584–1586

17. Wright HH (1980) Violence and PCP abuse. Am J Psychiatry 137:
752–753

18. Khajawall AM, Erickson TB, Simpson GM (1982) Chronic phency-
clidine abuse and physical assault. Am J Psychiatry 139:1604–1606

19. Fishbein DH (1996) Female PCP-using jail detainees: proneness to
violence and gender differences. Addict Behav 21:155–172

20. Brecher M, Wang BW, Wong H, Morgan JP (1988) Phencyclidine
and violence: clinical and legal issues. J Clin Psychopharmacol 8:
397–401

Int J Legal Med


	Murdered while under the influence of 3-MeO-PCP
	Abstract
	Introduction
	Case history
	Toxicological analyses
	Results and discussion
	Conclusion
	References


