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a b s t r a c t

Unlike amphetamine, amphetamine-like substances accessible on the drug market are less expensive and
more easily available; they also produce hallucinogenic effects expected by the users. Such properties
render them more attractive as compared to amphetamine. On the other hand, the knowledge of the tox-
icity of these compounds is very limited, what in consequence generates problems that create ever-
expanding research areas, including analytical, clinical and medicolegal issues, thus leading to develop-
ment of systemic databases. An example here is paramethoxyamphetamine (PMA), which appeared on
the drug market in recent years as a result of creative inventiveness of producers of psychoactive sub-
stances, who aimed at PMA replacing the popular ecstasy (MDMA) as a less expensive and more available
product. It is more potent than MDMA, but has a slower onset of action, which encourages users to take
more. The problem is illustrated in the present paper by three fatal cases involving PMA, which were
comprehensively investigated taking into consideration case histories, pathological and toxicological
findings obtained with the use of LC–MS-MS method. In blood samples taken from all the three victims,
very high concentrations of PMA were found (in the range of 10–27 mg/L) and thus the cause of deaths
was determined as overdoses of PMA with the underlying mechanism of acute cardiorespiratory failure.

� 2016 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

A search for new sensations leading to experiencing a seem-
ingly better reality results in an increasing worldwide demand
for novel psychoactive substances. Their manufacturers encourage
the users to try various substances, increasingly less expensive,
more exciting, with longer action and in forms that are more
attractive.

Amphetamine-like substances are abused in several score coun-
tries worldwide and the number of their users exceeds 6 million
[1]. Official Polish sources estimate the number of opiate addicts
to be above 30,000, while the number of users of amphetamine
and its derivatives is reported as several thousands. As it follows
from polls carried out among various social groups, the number
of individuals who regularly or occasionally take ecstasy-like sub-
stances may be as high as several thousand users [1].

Taking amphetamine derivatives resulted in numerous disas-
ters. At the end of the 20th century in Canada [2], the United States
[3], Australia [4,5] and in Spain [6], a score or so of fatalities were
noted, which led to justified concerns. Their cause appeared
to be a narcotic substance advertised as ecstasy, which in truth was
another amphetamine derivative (paramethoxyamphetamine – PMA),

the street name of which – ‘‘death” – suggested danger. Later,
poisonings with this substance were noted in various countries –
again in Canada [7] and Australia [8], as well as in Denmark [9].

PMA appeared on the drug market as a result of creative inven-
tiveness of producers of psychoactive substances, who aimed at
paramethoxyamphetamine replacing the popular ecstasy (MDMA).
Substrates for PMA production are cheaper (e.g. the substrate anet-
hole) and more easily (legally) available as compared to substrates
necessary to produceMDMA(e.g. the substrate safrole) [10]. In addi-
tion to their lower price and greater availability, amphetamine-like
substances may evoke hallucinogenic effects, what makes them
more attractive as compared to amphetamine [13].

In Poland, fatal poisonings with PMA appeared at the threshold
of the third millennium [11–14] and were associated with intro-
duction of the UFO pill, composed of approximately 15% PMA
(40 mg PMA) and minimal amounts of amphetamine, MDMA,
methamphetamine and other diluents and having a tablet mass
of approximately 270 mg [11].

Victims of the UFO pill focused public concern on the issue of
the fight against drug abuse. However, it is emphasized that
preventive measures employed to date, which consist in a fight
against drug supply and attempts at decreasing demand, are of a
limited effectiveness. Although in Poland to date, severe
complications following ecstasy ingestion have been infrequent
and fatalities resulting from MDMA overdosing are extremely rare
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[15], attempts at replacing the substance by another drug have led
to numerous accidental deaths being a consequence of manufac-
turers’ frauds and casual approach of the users. Evidence in support
of this statement can be found in the recent (2012) Polish fatalities
in consequence of PMA abuse. Deaths caused by new narcotic sub-
stances generate problems that create ever-expanding research
areas, including analytical, clinical and medicolegal issues, thus
leading to development of systemic databases. The problem is
illustrated in the present paper by three fatal cases representing
accidental poisonings involving PMA, which were the subject of
complex and detailed investigations in the analytical, pathological,
toxicological and medico- legal aspect.

2. Cases histories

2.1. Case 1

Amale friend found KŁ, a 19-year-old female, with no vital signs
and lying on the floor of a room in a flat they rented in Krakow. She
was pronounced dead by an emergency medical service team. PB
was interrogated as a witness; he reported that he had spent some
time with KŁ during the night and they both had inhaled approxi-
mately 0.5 g amphetamine. KŁ had not drunk alcohol; the witness
did not report her possibly having taken any other substances. In
the past, they occasionally had used amphetamine, but not on a
regular basis. PB described the effects of amphetamine as normal,
stating he had not experienced any unusual consequences. At
approximately 5:00 a.m., they both had gone to bed. PB had waked
at approximately 4:30 p.m. and found KŁ lying on the floor with
her face down; she did not react to any external stimuli. The victim
was autopsied within 24 h after death. The postmortem examina-
tion showed minor skin abrasions and bruising of the hip, knee and
thigh, pulmonary edema and congestion of the internal organs.

The above-described macroscopic lesions combined with subse-
quent toxicology allowed for determining the cause of death as
acute cardiorespiratory failure and acute multiorgan failure result-
ing from a complex poisoning with PMA and amphetamine.

2.2. Case 2

Late at night, an emergency medical service team was sum-
moned to a flat in Krakow, where DS, a 23-year-old male, had
fainted. The emergency physician pronounced him dead and did
not attempt resuscitation. DS and his two colleagues were deter-
mined to have been drinking alcohol (beer and vodka) starting
on the preceding day. As it followed from the case history, in the
evening hours, DS had been in full contact but excited, he had been
walking around the flat and suddenly had fallen to the floor, con-
vulsed and lost consciousness. During the police inspection and
searching of the premises, particles of dry plant material and a
cigarette butt had been secured and referred to identification tests.
The autopsy performed within 24 h after death showed minor skin
abrasions involving the head, trunk and right upper extremity, dis-
seminated bruising of the upper and lower extremities, pulmonary
edema, subepicardial blood extravasation and congestion of the
internal organs. Histopathology of the collected sections demon-
strated cardiac muscle congestion, disseminated perivascular
fibrosis, parenchymal degeneration of single muscle fibers, inter-
stitial edema; pulmonary congestion, edema and unequal aeration;
hepatic congestion, small droplet steatosis of disseminated hepato-
cytes; nephrotic congestion, hyalinization and fibrosis of single
glomeruli; cerebral congestion. Comprehensive toxicology did not
demonstrate blood and urine ethyl alcohol. The above-described
macroscopic lesions combined with subsequent toxicology allowed
for determining the cause of death as acute cardiorespiratory failure

and acute multiorgan failure resulting from a complex poisoning
with PMA and amphetamine.

2.3. Case 3

A male friend found MZ, a 21-year-old female, with no vital
signs and lying on the floor in a flat situated in the center of Kra-
kow. She was pronounced dead by an emergency medical service
physician. JK testified that they had spent the previous evening
together, had eaten dinner and drunk wine. Several hours apart,
they had also taken two pills each of a drug JK purchased several
days earlier (approximately 80 tablets) as ‘‘something akin to
ecstasy”. JK had been feeling well, had been in high spirits, but
had felt somewhat weak and tired. MZ had been reputedly behav-
ing ‘‘strange”, been exuberant in expressing her feelings, restless
and animated. JK had fallen asleep at approximately 5:00–6:00 a.m.
Around noon, he had heard MZ taking on the phone and saying
she was not feeling well and was feverish. The police inspection
of the premises disclosed a bag containing portions of dry
plant material wrapped in aluminum foil and another bag with a
large number of small, round pills. The material was referred to
toxicology. The autopsy of MZ demonstrated minor skin abrasions
and bruising involving the back and extremities, pulmonary edema
and congestion of the internal organs. Histopathology of the
collected sections demonstrated cardiac muscle congestion, inter-
stitial edema, disseminated foci of fiber fragmentation; profound
pulmonary congestion with blood extravasation to the alveoli,
edema; hepatic congestion; nephrotic congestion; cerebral conges-
tion. Comprehensive toxicology did not demonstrate blood and
urine ethyl alcohol. The above-described macroscopic lesions
combined with subsequent toxicology allowed for determining
the cause of death as acute cardiorespiratory failure and acute
multiorgan failure resulting from a complex poisoning with PMA.

3. Material and methods

3.1. Non-biological materials

▪ Two pills with a logo representing a serpent, confiscated by the
prosecution and referred to identification analysis.

3.2. Biological materials

▪ Postmortem autopsy specimens – samples of femoral blood
were collected in the course of autopsies carried out in the
Department of Forensic Medicine, Jagiellonian University Med-
ical College. The samples were kept frozen (�20 �C) until the
analyses were performed.

▪ Control blood samples for development and validation of the
analytical method were taken from the Regional Center of Blood
Donation and Blood Treatment in Kraków (n = 2) and non-
poisoned dead subjects (n = 4).

3.3. Standards and chemicals

The standard solutions of 6-acetylcodeine, 6-acetylmorphine,
7-acetamidoclonazepam, acetaminophen, 7-aminoclonazepam,
7-aminoflunitrazepam, 7-aminonitrazepam, acetylsalicylic acid,
alpha-hydroxyalprazolam, alprazolam, aminophenazone, amisul-
pride, amitriptyline, amphetamine (AMF), benzoylecgonine,
bk-MBDB, bk-MDEA, bromazepam, 4-bromo-2,5-dimethoxya
mphetamine (DOB), 4-bromo-2,5-dimethoxyphenethylamine
(2CB, Nexus) buprenorphine, caffeine, carbamazepine, cathinone,
chlorpromazine, citalopram, clobazam, clomipramine, clomipra-
mine, clonazepam, clozapine, cocaethylene, cocaine, codeine,
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