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Abstract
Over the past few years, the new psychoactive substances’ phenomenon has been continuously studied. Its dynamic context 
is characterized by a broad diversity of substances, including several groups, such as synthetic cathinones, synthetic opiates, 
and synthetic cannabinoids. However, and due both to this diversity and to the low number of detected cases, information 
on intoxication reports is always important, in order to understand their biological mechanisms. In this case, a male indi-
vidual was found unresponsive, with some different powders and paraphernalia near him. After toxicological analysis to 
the powders, paraphernalia, and whole blood samples, five different compounds were identified. From these, two of them 
(3-MeO-PCP and o-desmethyltramadol) were identified and quantitated in the whole blood sample. The obtained results 
suggested that death was due to the presence and action of these two substances, in what may be considered an unusual mix 
of NPS. This case highlights the value of evaluating all the traces found in the scene investigation and the need of sending 
all the paraphernalia found for toxicological examination, together with all the possible information obtained on the scene, 
namely by relatives or witnesses. On the other hand, this case shows the significance of broad-spectrum analytical methods, 
in order to detect and identify, as specifically as possible, eventual substances present and used by victims.
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Introduction

Throughout the last years, the emerging phenomenon of new 
psychoactive substances (NPS) has been massively studied 
by research groups and monitored by the authorities, with 

new information spread both by public reports and by group 
alerts, in a regular basis [1, 2].

Being promoted as “legal highs,” NPS consumption offers 
an alternative to classic drugs, mainly due to the easiness 
of online-purchasing, their low price, and their undetect-
ability by conventional drugs screening tests [3, 4]. Due to 
an always increasing number of available substances and a 
growing utilization by users, both consumers of common In memoriam
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drugs or inexperienced users, the undesired effects of these 
NPS, even leading to death, started to be noted and described 
[1, 3].

Due to its diversity, NPS include several groups of sub-
stances. Among those, synthetic cathinones, synthetic can-
nabinoids, and novel opoids play an important role in this 
context [3].

Nevertheless, it is regularly reported that the number of 
detected NPS is quite low, especially if compared to the 
classical drugs’ groups [1, 2]. As so, evaluation of each par-
ticular case may provide further information about a specific 
substance or context. Thus, the authors intend to report a 
case of fatal intoxication with an unusual mix of NPS, under 
specific circumstances.

Case report

An individual, male, 25 years old, student of chemistry, 
with a past on drugs abuse, was found dead in his room 
at a boarding house where he lived. Social information 
referred schizophrenia and bipolar disorder. His relatives 
also referred that “he was trying to find a cure to his illness 
using chemical products bought by himself.”

Near him, a spoon, a syringe, and six different plastic 
bags were found with powders inside. Curiously, all the bags 
were labeled with the supposed name of the compounds.

A peripheral whole blood sample was collected for toxi-
cological analysis, following the routine procedures applied 
at the Forensic Clinical and Pathology Service of the North 
Branch of the Portuguese National Institute of Legal Medi-
cine and Forensic Sciences. This sample was sent to the 
North Branch lab of the Forensic Chemistry and Toxicology 
Service, along with the powders.

The powders, the syringe extract, and the spoon extract 
were analysed by GC–MS single quad. The blood sample 
was analysed for ethanol, drugs of abuse, and medicines, 
through the routine procedures applied at the lab, using GC-
HS-FID, Enzimatic immunoassays, GC–MS single quadru-
pole, UPLC-MS/MS, and GC–MS/MS triple quadrupole.

Material and methods

Whole blood

Whole blood sample was collected at the femoral vein, 
according to the autopsy procedures of the Forensic Clini-
cal and Pathology Department of the National Institute of 
Legal Medicine and Forensic Sciences.

The sample was analysed through specific procedures in 
force at the laboratory, namely, by GC-HS-FID for ethanol; 
screening enzymatic immunoassays for opiates, cocaine and 

metabolites, cannabinoids, amphetamines and derivates, 
and benzodiazepines; GC–MS single quadrupole for medi-
cines screening (methods not published). Confirmation and 
quantification procedures included UPLC-MS/MS for ben-
zodiazepines and GC–MS single quadrupole for the other 
medicines (procedures not published). As to cannabinoids 
is concerned, confirmation and quantification procedure was 
performed according to Castro et al. [5].

Confirmation and quantitation of 3-methoxyphencyclidine 
(3-MeO-PCP) and O-desmethyltramadol were performed 
according to Ferreira et al. [6]. In this method, a SPE proce-
dure was applied to the whole blood samples, using OASIS® 
MCX cartridges. Cartridge condition and equilibration were 
achieved by adding 2 mL of methanol and 2 mL of deionized 
water to the cartridge. The sample was loaded onto the condi-
tioned cartridge. For the washing step, 2 mL of sodium car-
bonate 0.15 M pH 9.5 buffer, followed by 2 mL of deionized 
water, and 3 mL of hexane were added to the column. After 
that, vacuum drying was carried out for half an hour. The 
samples were then eluted with 2 mL of dichloromethane/pro-
pan-2-ol/ammonia (78:20:2, v/v/v) mixture and evaporated 
to dryness. Finally, the dry eluates were silylated with 60 µL 
of BSTFA:TMCS (99:1) by heating at 65 °C, for 30 min, 
followed by instrumental analysis using GC–MS. Internal 
standards were PCP-D5 and tramadol-C13.D3 [6].

GC–MS analysis was performed using an Agilent 6890 N 
gas chromatograph (Agilent, Santa Clara, USA), with a J&W 
HP-5MS Capillary Column (30–0.25 mm i.d.–0.25-µm film 
thickness) (Agilent, Santa Clara, USA), coupled to an Agi-
lent 5973 N simple quadrupole (Agilent, Santa Clara, USA). 
The temperature of the GC oven was initially set to run at 
100 °C for 4 min, increased to 290 °C at 15 °C/min, and 
held at this temperature for 6 min, with a total run time of 
27 min. The temperatures of the injector, transfer line, and 
source were set at 300 °C, 280 °C, and 230 °C, respectively. 
Helium (GASIN, Barcelona, Spain) was used as carrier gas 
with a flow rate of 1 mL/min for 18.5 min and 1.3 mL/min 
until the end of the run. The splitless mode was used to 
inject 2 µL of sample and the MS detector was operated in 
SIM mode. The retention time (in minutes) and monitored 
ions (m/z) for the analytes are as follows: PCP-D5 (13.165’, 
205 m/z), tramadol-C13.D3 mono-TMS (13.611’, 339 m/z), 
O-desmethyltramadol di-TMS (14.040’, 58 m/z, 303 m/z, 
393 m/z), 3-MeO-PCP (14.601’, 230, 272, 273) [6].

Powders, syringe extract, and spoon extract

The powders, the syringe extract, and the spoon extract were 
diluted in methanol and analysed, without derivatization, 
using a GC–MS single quad procedure. This direct analysis 
allowed positive identifications, based on the full scan MS 
spectrum, compared to Wiley MS Spectrum library.
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Results

Powders

The analysis of the powders allowed a positive identifica-
tion, compatible with the labeling of the bags. The powders’ 
identifications are described in Table 1.

Syringe extract and spoon extract

The analysis of the syringe and the spoon extracts detected 
the presence of three of the compounds, namely: 3-MeO-
PCP, 5-MeO-DMT and O-DT.

Autopsy findings

The decedent was found to have pulmonary congestion and 
edema, as well as mild cerebral edema, aside congestion of 
internal organs. Needle prick marks in the victim’s arms 
were also noted.

Whole blood sample

The postmortem whole blood sample was positive for THC 
(1.2 ng/mL), THCCOOH (4.5 ng/mL), mianserine (74 ng/
mL), topiramate (6.4 mg/L), levomepromazine (54 ng/mL), 
bromazepam (138 ng/mL), 3-MeO-PCP (525 ng/mL), and 
O-DT (4225 ng/mL). The sample was negative for other sub-
stances, namely other illicit compounds, ethanol, and other 
medicines (Table 2).

Discussion

Results interpretation is always a quest with specific issues, 
deep related to each case. As so, circumstantial evidence 
and social information, along with autopsy data and supple-
mental examinations (toxicology, histology, …) are pivotal 
for a representative interpretation of the reality of the case.

As to the powders, ID is concerned, and the results were 
compatible with the respective bags’ labeling. Curiously, 
the labels had an industrial production aspect, with infor-
mation on purity (> 98%) and the usual information “not 
for human consumption.” This aspect suggests a targeted 
purchase, probably through an online channel, to an indus-
trial producer, one of possible trading and distribution chains 
[2]. The noted variety of substances may be assessed in two 
ways: a concordance with social information, which claims 
a possible search for a cure for the psychiatric context of 
the victim, or a simple interest of the victim in different 
substances, experiencing and searching for different effects.

In this case, the presence of the syringe and the spoon 
may be indicative of the mode of preparation and consump-
tion of the substances. As so, the substances detected in these 
extracts could be key indicators of the victim’s consump-
tion context. From the five different compounds identified 
in the powders, three of them (3-MeO-PCP, 5-MeO-DMT, 
and O-DT) were present in these two extracts, suggestive of 
their consumption.

The information obtained through these supplemental 
samples is important and indicative of possible consump-
tion inferences. However, only autopsy and, specifically, the 
whole blood sample analysis may represent the real state of 
the victim at the time of death.

Autopsy signs were indicative of drugs abuse, with needle 
prick marks in the victim’s arms.

Table 1  Powders identification

Labelling Analytical Identification

Bag 1 [1-(5-fluoropentyl)-1H-indol-3-yl](2,2,3,3-tetramethylcyclopropyl)
methanone (XLR-11)

[1-(5-fluoropentyl)-1H-indol-3-yl](2,2,3,3-tetra-
methylcyclopropyl)methanone (XLR-11)

Bag 2 [1-(5-fluoropentyl)-1H-indol-3-yl](2,2,3,3-tetramethylcyclopropyl)
methanone (XLR-11)

[1-(5-fluoropentyl)-1H-indol-3-yl](2,2,3,3-tetra-
methylcyclopropyl)methanone (XLR-11)

Bag 3 O-Desmethyltramadol (O-DT) O-Desmethyltramadol (O-DT)
Bag 4 N,N-Dipropyltryptamine (DPT) N,N-Dipropyltryptamine (DPT)
Bag 5 3-Methoxyphencyclidine (3-MeO-PCP) 3-Methoxyphencyclidine (3-MeO-PCP)
Bag 6 5-methoxy-N,N-dimethyltryptamine (5-MeO-DMT) 5-methoxy-N,N-dimethyltryptamine (5-MeO-DMT)

Table 2  Whole blood result

Substance Value

3-MeO-PCP 525 ng/mL
O-DT 4225 ng/mL
THC 1,2 ng/mL
THC-COOH 4,5 ng/mL
Mianserin 74 ng/mL
Topiramate 6400 ng/mL
Levomepromazine 54 ng/mL
Bromazepam 138 ng/mL
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As to the whole blood sample is concerned, the results 
were fruitful, with the identification and quantification of 
some compounds, representative of the clinical state of the 
victim and, most important, the identification of two of the 
compounds present in the spoon and the syringe extracts. As 
to the medicines are concerned (mianserin, topiramate, lev-
omepromazine, and bromazepam), all of them show values 
compatible with a therapeutic context [7]. The presence of 
THC and THCCOOH is compatible with the drugs abuse’ 
history. So, it becomes clear that the presence of 3-MeO-
PCP and O-DT was crucial to the cause of death.

3-Methoxy-PCP (3-MeO-PCP) is an analog of phencycli-
dine (PCP, “angel dust”), being a “legal high” and belonging 
to the phencyclidines class [4]. Due to its illicit context, 
no reference values are available for intoxication or death 
situations other than case reports. 3-MeO-PCP is expected 
to elicit effects similar to other NMDA antagonists, such as 
PCP, being an even more potent NMDA receptor antagonist 
than PCP [8, 9]. Individuals exposed to PCP and analogs 
may experience cardiovascular collapse, among other symp-
toms [8]. Fatal values found in the literature shown a range 
from 58 to 3200 ng/mL [4, 8–11] with a total of 11 reported 
cases. Reports refer generally some swelling of the brain 
and pulmonary edema [9, 10]. Noticeably, Johansson et al. 
describes a set of cases, in which just one shows the pres-
ence only of 3-MeO-PCP (380 ng/g), suggesting this one as 
a case of intoxication solely by this compound [9]. Likewise, 
Ameline et al. reported a fatal case with a concentration of 
498 ng/mL [10]. In this case, the concentration detected, 
alongside autopsy findings, is compatible with an intoxica-
tion context.

O-desmethyltramadol (O-DT) is the main metabolite of 
tramadol, a centrally acting opioid analgesic commonly pre-
scribed for pain control in a therapeutic approach concerning 
postoperative, dental, cancer, neuropathic, and acute muscu-
loskeletal clinical contexts, being responsible for the main 
opioid analgesic effect, approximately 300 times more affin-
ity to μ-opioid receptors than the parent compound [12]. To 
the authors’ knowledge, there are no published intoxication 
cases solely due to O-DT consumption. As so, all the cases 
found in the literature relate to tramadol consumption. Fon-
seca et al. describes mean values of 363 ng/mL of O-DT, in 
tramadol intoxication context, with a maximum of 3127 ng/
mL. Moreover, Johansson et al. describe a case with trama-
dol (13000 ng/g) and O-DT (4600 ng/g), besides 3-MeO-
PCP (80 ng/g) [9]. In this case, autopsy revealed pulmonary 
edema and congestion of internal organs, compatible with 
opioids intoxication [9, 13], suggesting that O-DT might 
have also been pivotal for the situation.

5-methoxy-N,N-dimethyltryptamine (5-MeO-DMT) is 
one of the main psychoactive ingredients of the secretion 
of the American desert toad, Bufo alvarius [14]. After con-
sumption, 5-MeO-DMT is oxidatively demethylated in the 

human body, mediated by monoamine oxidase A (MAO-
A) [14]. It seems that drug metabolism occurs extremely 
fast, as 5-MeO-DMT rapidly disappears in plasma. Thus, 
this substance behaves as a fast-acting hallucinogen with 
short duration, unless the consumer adds an MAO innibitor 
(such as harmaline) [15]. After intraperitoneal administra-
tion, 5-MeO-DMT reaches the maximum drug concentra-
tion  (Cmax) at around 5–7 min, being then eliminated with a 
terminal half-life  (t1/2) of 12–19 min in mice [15]. As so, this 
fact may justify the absence of the substance in the analyzed 
whole blood sample [14, 15].

As to interactions between drugs of abuse and established 
medication is concerned, some interesting points may also 
be considered. Topiramate is a glutamate-activated ion chan-
nels inhibitor, with a possible NMDA antagonist action [16]. 
As so, being 3-MeO-PCP among the most potent known 
NMDA antagonists [8, 9, 17], one may not rule out a pos-
sible potentiation of its effect.

On the other hand, the presence of mianserin might also 
be considered. Mianserin is known for its antidepressant 
action, through a dual mode of action. In parallel, its use 
in the context of chronic pain management has also been 
considered. Mianserin has shown an antinociceptive effect 
and, in a controlled study, mianserin induced a statistically 
significant potentiation of μ and κ-opioid receptors [18]. On 
the other hand, in tramadol clinical usage, the main opioid 
analgesic effect is attributed to ODT because it has approxi-
mately 300 times more affinity to μ-opioid receptors than the 
parent compound (tramadol) [12].

As so, one may also consider that it might have been some 
influence from these two medicines. However, these hypoth-
eses needed further studies, mainly in terms of controlled 
administration of all the compounds and effects evaluation. 
Considering also that there is no information on doses and 
on verified effects before the individual death, no further 
conclusions can be drawn.

Concluding remarks

This case report’s novelty is based on the unusual mix of 
substances abused by the deceased.

From the toxicological findings, the 3-MeO-PCP con-
centration was high enough to contribute to the cause of 
death [4, 9]. Also, and consistent with an opioid overdose, 
the decedent was found to have pulmonary congestion and 
edema, as well as mild cerebral edema [9].

As so, medico-legal conclusions considered death by 
overdose due to 3-MeO-PCP and O-DT as the cause of 
death. However, it was not possible to discriminate between 
suicide and accidental overdose.

The authors would like to point out that, as this is a 
case report, drawing robust conclusions about the general 
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behavior of the substances will always be risky. Thus, the 
characterization of these substances can only be consensual 
with the acquisition of additional data, either from other 
cases or from controlled studies.

This case highlights the importance of evaluating all the 
traces found in the scene investigation and sending all the 
paraphernalia found for toxicological examination, together 
with all the possible information obtained on the scene, 
namely by relatives or witnesses. On the other hand, this 
case shows the significance of broad-spectrum analytical 
methods, in order to detect and identify, as specifically as 
possible, eventual substances present and used by victims.
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