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Abstract

3,4-methylenodioxymethamphetamine (MDMA) — the synthetic derivative of phenylethylamine — is one of the oldest psychoac-
tive compounds produced in illegal laboratories and is sometimes categorised as a designer drug. The increasing availability of
ecstasy tablets together with the popular misconception that taking MDMA is relatively safe means that MDMA is often treated
as a recreational drug (especially among young people going to discotheques). The number of cases involving consumption of
MDMA has remained high, and, moreover, it is increasingly frequently taken simultaneously with other drugs, and so there are
a greater number of cases of conflict with the law and even fatal incidents. Screening of biological material is performed by
ELISA immunoenzyme sorption methods with an accepted cut off at the level of 50 ng /ml of MDMA, and high-performance lig-
uid chromatography with diode array detection (HPLC-DAD) with values of detection limits of 100-800 ng/ml. Analyses ori-
ented towards derivatives of methamphetamines are conducted by the method of liquid chromatography coupled with mass
spectrometry (LC-MS). Detection limits for the LC-MS method are about 2 ng/ml depending on the mode of monitoring. The pa-
per concerns a case of a deadly poisoning of a 22-year old man who, according to the testimonies of witnesses, took about 100 ec-
stasy pills. Analysis showed the presence of MDMA at a concentration of 12580 ng/ml and its metabolite 3,4-methyleno-
dioxyamphetamine (MDA) at a concentration of 211 ng/ml in the blood of the man. In the investigated blood, the presence of am-
phetamine at a concentration of 783 ng/ml and A’-tetrahydrocannabinol (9THC) at a concentration of 1.4 ng/ml was ascertained.
The described case is an example of the increasingly prevalent phenomenon of multiple toxicomania.
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1. Introduction

3,4-methylenodioxymethamphetamine, described
most often as MDMA or XTC, is the synthetic deriva-
tive of phenylethylamine produced in 1912 by the Ger-
man firm E. Merck [1]. It is sometimes considered to
be a designer drug, being one of the oldest psychoac-
tive substances produced in illegal laboratories, most
often in the form of tablets of different shapes and

colours, usually with a logo. These tablets are known
as ecstasy. MDMA is taken recreationally in a dose of
about 2.5 mg/kg of body mass, most often in the form
of the whole or crumbled tablets per os or inhaled
through the nose [11]. The maximum concentration of
ecstasy in blood after oral consumption appears
1-2 hours later and the effects of its activity remain for
4-6 hours. The biological half-life of MDMA is 6 to
9 hours [2]. Average concentrations are in the range of
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100-350 ng /ml, toxic concentrations in the range
350-500 ng/ml and lethal concentrations can start from
(above) 400 ng/ml of blood [13]. In the human organ-
ism MDMA undergoes demethylation to 3,4-methyleno-
dioxyamphetamine (MDA), which is most often the
only metabolite detected in blood or serum 4—6 hours
after consumption of the drug and its concentration
never exceeds 5% of the concentration of the mother
compound [11]. Successive metabolites of MDMA
and MDA, formed under the influence of cytochrome,
undergo reactions of coupling and are eliminated with
urine [14].

The increasing availability of ecstasy tablets and
a general, though incorrect, belief that taking MDMA
is relatively safe due to low toxicity and the lack of
permanent results of its activity even when used long-
term have led to a situation where MDMA is treated as
“a safe recreational drug”. This is so particularly among
young people going to discotheques, because MDMA
is a so-called entactogen, i.e. a psychoactive com-
pound causing a feeling of nearness, empathy and
good mood. After taking MDMA, an increase in en-
ergy and physical endurance is often observed and per-
sons under its influence become more sociable [14].
This has led to a large number of cases of taking of
MDMA (more and more often simultaneously with
other drugs) and so a greater number of cases of con-
flict with the law, and sometimes even fatal incidents.
Many scientists consider that MDMA is characterised
by unforeseeable effects.

Every year, over 1500 cases are directed to the Lab-
oratory of Toxicological Analyses of the Institute of
Forensic Research (IFR), amongst which about 2.5%
are cases with a positive result of analysis for MDMA
content.

The aim of this paper was to present a case of
deadly poisoning with ecstasy tablets against the back-
ground of 3 years’ practical experience of determining
MDMA and other methylenedioxyamphetamines at
the IFR.

2. Methods

At the IFR, screening examinations of biological
material are routinely performed with the use of the
ELISA immunoenzyme sorption method (in accor-
dance with Neogen Corporation’s procedure) with the
accepted cut-off for derivatives of methamphetamine
of 50 ng/ml. The method of high-performance liquid
chromatography with diode detection (HPLC-DAD)
has been used for screening purposes for many years
with detection limits of 100—-800 ng/ml depending on

the kind of derivative. Analyses oriented towards de-
rivatives of amphetamine and methamphetamine are
performed using the method of liquid chromatography
coupled with mass spectrometry (LC-MS or LC-MS-
MS). Standard separation is performed on 55 x 4 col-
umns with Purospher RP-18e filler of diameter 5 pm.
The limit of detection (LOD) for the LC-MS method is
about 2 ng/ml, whilst the limit of quantification (LOQ)
is about 5 ng/ml [10].

Internal standards were added to the examined
blood samples: amphetamine-d5 and MDMA-d5 in
quantities leading to a concentration of 100 ng/ml.
Then the examined blood (200 ul) was alkalised with
the same volume of carbonate buffer of pH 13 and then
it was extracted with n-butyl chloride (1 ml). The
whole mixture was shaken for 30 s and then centri-
fuged at 8000 rev/min. Next, to 0.6 ml of organic
phase, 0.1 ml of 0.025M HCI was added and the mix-
ture was evaporated in a stream of nitrogen. For the
analysis with the HPLC method, an Elite LaChrom
Hitachi liquid chromatograph with a diode array detec-
tor was used. Separation of components was perfor-
med on a Chromolith Performance RP-18e monolithic
column by Merck in a furnace temperature of 40°C.
Measurement of absorbance took place in the range
200400 nm with the step of the wavelength change of
1 nm. The intensity of the flow of the mobile phase was
1 ml/min. The mobile phase was a mixture of aqueous
solution of triethylamine phosphate (A) and acetoni-
trile (B) in the composition gradient: 0 min —99% (A),
5 min — 99% (A), 10 min — 87.5% (A), 20 min —
66.7% (A), 32 min — 0% (A), 35 min — 99% (A),
40 min — 99% (A).

For analysis with the LC-MS method, a Waters
2695 Alliance liquid chromatograph coupled with
a Quattro Micro mass spectrometer by Micromass was
used. Separation was performed on a Purospher Star
(55 x 4 mm) column heated to a temperature of 35°C.
The mobile phase was a mixture of water with addition
of formic acid in the quantity 1 ml/l of phase (A) and
acetonitrile (B) in the composition gradient: 0 min —
90% (A), 3 min — 70% (A), 4 min — 90% (A), 6 min —
90% (A). The intensity of the flow of the moving phase
was 0.8 ml/min.

3. Results and discussion

The increasing popularity of ecstasy pills not only
in the world but also in Poland and the fact that they
are considered recreational drugs has led in recent
years to an increase in the number of cases of con-
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sumption of MDMA, increasingly frequently with
other narcotics (Figure 1).
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Fig. 1. Drug profile encountered in positive cases for MDMA.

From data collected in the IFR, it transpires that in
2.5% of all cases submitted to the Laboratory of Toxi-
cological Analyses, the presence of MDMA is being
detected and confirmed in samples. Among these cases
in 2005, there were only 6% in which besides MDMA,
two other xenobiotics were detected, whereas in 2007
they made up 11% of these cases. Study of the combi-
nations of MDMA and other narcotics in the blood has
enabled us to establish that multiple toxicomania oc-
curs as frequently as consumption of ecstasy tablets
alone. A tendency to take MDMA together with am-
phetamine and cannabis products can be observed
most frequently. However, in about half of the cases in
the last three years MDMA alone has been detected
(Figure 1). Several cases of MDA detection were ob-
served in the middle of the year 2008 — probably
a temporary phenomenon — which could be compared
to similar incidents relating to PMA or ephedrone [8].

The ranges of the detected concentrations of
3,4-methylenodioxymethamphetamine in biological
material (blood) are presented in Figure 2. The ob-
served distribution of concentrations of MDMA is re-
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Fig. 2. Number of MDMA positive cases related to concen-
tration ranges in [FR during the last five years (2003—2007).

lated to the consumed dose and time that has passed
from consumption of the substance to the moment of
collection of the blood sample for examination.

In cases that are directed to the IFR, the most fre-
quent values of the determined concentrations of
MDMA lie within the range of 50—150 ng/ml; how-
ever, cases are observed where the concentration of
MDMA in blood significantly exceeds 300 ng/ml.

An overdose of MDMA is associated with distur-
bances of functions mainly of the digestive system
(dysorexia), the circulatory system (hypertension) or
the thrombokinetic system. Paralysis of the respiratory
centre may also occur, which results in loss of con-
sciousness, damage to the parenchymal organs and
death [7].

Recently, a case of lethal poisoning of a 22-year-
old man with ecstasy tablets was recorded, who, ac-
cording to witnesses’ accounts, took about 100 ecstasy
tablets in the afternoon. Several hours later the man
was observed to have difficulties with respiration and
was perspiring intensively. However, the man did not
agree to medical help. After a further three hours — al-
ready unconscious — he was taken to hospital, where in
spite of undertaken medical treatment, he died. Analy-
sis of his blood showed the presence of MDMA at
a concentration of 12,580 ng/ml and its metabolite
3,4-methylenodioxyamphetamine (MDA) at a concen-
tration of 211 ng/ml (Figure 3). In the investigated
blood, the presence of A’-tetrahydrocannabinol
(9THC) at a concentration of 1.4 ng/ml and amphet-
amine at a concentration of 783 ng/ml were also dem-
onstrated. Similar symptoms (loss of consciousness,
damage to internal organs resulting in death) were as-
certained in the case of a 17 year girl after overdosing
on ecstasy tablets. MDMA at a concentration of
4500 ng/ml was determined in her blood [3]. Wit-
nesses to this event stated that the girl had taken two
tablets; however, the obtained results suggested — in

Fig. 3. Chromatograms of a blood sample spiked with
MDMA standard (2 pg/ml) and blood obtained from the de-
ceased.
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the authors’ opinion — that the dose must have been
significantly higher.

Apart from MDMA, additional active compounds
such as methamphetamine, MDA, 3,4-methyleno-
dioxyethylamphetamine (MDEA), ketamine, ephed-
rine and other substances can be present in ecstasy tab-
lets [9, 12]. The MDA and amphetamine determined in
the blood of the man could have been added compo-
nents of tablets taken by him, though in the case of
MDA it is more probable that it originated from the
metabolism of MDMA, as described by Logan and
Couper [11]. For the MDA concentration does not ex-
ceed 5% of the MDMA concentration. The presence of
amphetamine in ecstasy tablets has been observed only
extremely rarely until now.

The results of the performed research suggest that
the man could have taken several dozen ecstasy tab-
lets. This was one of the reasons for such a high con-
centration of MDMA in his blood. The other reason
could be the fact that 3,4-methylenodioxymethamphe-
tamine can create a metabolite-enzyme complex with
the cytochrome, which permits inhibition of MDMA
metabolism, as described by Farré et al. [6]. Testimo-
nies of witnesses about the taking of 100 ecstasy tab-
lets may thus be reliable in light of the obtained results.
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ANALIZA SMIERTELNEGO ZATRUCIA TABLETKAMI ECSTASY
NA TLE 3-LETNIEJ PRAKTYKI OZNACZANIA
METYLENODIOKSYPOCHODNYCH METAMFETAMINY

1. Wstep

3, 4-metylenodioksymetamfetamina okre$lana najczes-
ciej jako MDMA lub XTC jest syntetyczna pochodna fe-
nyloetyloaminy wyprodukowana w 1912 r. przez nie-
miecka firm¢ E. Merck [1]. Zaliczana bywa do tzw. de-
signer drugs jako jedna z najstarszych substancji psy-
choaktywnych produkowanych w nielegalnych laborato-
riach najczesciej w postaci tabletek o réznych ksztattach,
barwie, zazwyczaj opatrzonych logo. Tabletki te okresla-
ne sa mianem ecstasy. MDMA jest przyjmowana rekre-
acyjnie w dawce okoto 2,5 mg/kg masy ciata najczgsciej
w postaci catych lub pokruszonych tabletek per os albo
wciaganych do nosa [11]. Maksymalne st¢zenie we krwi
po przyjeciu doustnym pojawia si¢ po 1-2 godzin od za-
zycia, a efekty dziatania utrzymuja si¢ przez 4—6 godzin.
Biologiczny okres pottrwania MDMA wynosi od 6 do
9 godzin [2]. Stezenia przecigtne mieszcza si¢ w zakresie
100-350 ng/ml, toksyczne 350-500 ng/ml, a $miertelne
moga by¢ juz stezenia powyzej 400 ng/ml krwi [13].
W organizmie ludzkim MDMA ulega demetylacji do
3,4-metylenodioksyamfetaminy (MDA), ktora jest naj-
czgsciej jedynym metabolitem wykrywanym we krwi lub
surowicy przewaznie 4—6 godzin po przyjeciu $rodka,
a jej stezenie nigdy nie przekracza 5% st¢zenia substancji
macierzystej [11]. Kolejne metabolity: MDMA i MDA
powstajace pod wpltywem dziatania cytochromu, ulegaja
reakcjom sprzggania i sa wydalane wraz z moczem [14].

Wzrastajaca dostgpnos¢ tabletek ecstasy i powszech-
ne, cho¢ bledne przekonanie, ze przyjmowanie MDMA
jest relatywnie bezpieczne z uwagi na niewielka tok-
syczno$¢ oraz brak trwatych skutkow dzialania nawet
przy dlugotrwatym przyjmowaniu powoduja, ze MDMA
traktowana jest jako ,,bezpieczny narkotyk rekreacyjny”.
Dzieje si¢ tak w szczegdlnosci wsrdd mtodziezy bawiacej
si¢ na dyskotekach, bowiem MDMA nalezy do tzw. en-
taktogenow, czyli substancji psychoaktywnych wywotu-
jacych uczucie bliskosci, empatii i dobrego samopoczu-
cia. Po przyjeciu MDMA czgsto obserwuje si¢ efekty
zwigkszenia energii, wytrzymato$ci fizycznej, a osoby
pod jej wplywem staja si¢ bardziej towarzyskie [14]. Pro-
wadzi to do duzej liczby przypadkdow przyjmowania
MDMA (coraz czg$ciej jednoczesnie z innymi narkoty-
kami), a tym samym wigkszej liczby przypadkéw kolizji
z prawem, czasami nawet do zej$¢ $miertelnych. Wielu
badaczy utrzymuje, ze MDMA charakteryzuje si¢ dzia-
faniem nieprzewidywalnym.

Corocznie do Pracowni Analiz Toksykologicznych
Instytutu Ekspertyz Sadowych (IES) wptywa ponad
1500 spraw, sposrod ktorych okoto 2,5% stanowia przy-
padki z pozytywnym wynikiem analizy na zawartos$¢
MDMA.

Celem pracy bylo przedstawienie przypadku §mier-
telnego zatrucia tabletkami ecstasy na tle 3-letniej prak-
tyki oznaczania MDMA i innych metylenodioksyamfeta-
min w IES.

2. Metody

W IES badania przesiewowe materiatu biologicznego
prowadzone sg rutynowo przy uzyciu immunoenzymo-
sorpcyjnej metody ELISA (zgodnie z procedura firmy
Neogen) z przyjetym progiem (cut off) dla pochodnych
metamfetaminy wynoszacym 50 ng/ml. W celach prze-
siewowych stosowana jest takze od lat metoda wysoko-
sprawnej chromatografii cieczowej z detekcja diodowa
(HPLC-DAD) o warto$ciach granic wykrywalno$ci
100-800 ng/ml w zaleznosci od rodzaju pochodnej. Ana-
lizy ukierunkowane dla pochodnych amfetaminy i met-
amfetaminy prowadzone sa przy uzyciu metody chro-
matografii cieczowej sprzgzonej ze spektrometria mas
(LC-MS lub LC-MS-MS). Rozdziat standardowo pro-
wadzi si¢ na kolumnach 55 x 4 z wypehieniem Puro-
spher RP-18e o $rednicy 5 um. Granica wykrywalnosci
(LOD) dla metody LC-MS jest rzedu 2 ng/ml, natomiast
granica oznaczalnosci (LOQ) rzedu 5 ng/ml [10].

Do badanej krwi dodawano standardy wewngtrzne:
amfetaming-d5 i MDMA-dS w ilosci prowadzacej do
stezenia 100 ng/ml. Badana krew (200 pl) alkalizowano
taka sama objgtoscia buforu weglanowego o pH 13, a na-
stepnie poddawano ekstrakcji chlorkiem n-butylu (1 ml).
Calo$¢ wytrzasano przez 30 s, po czym wirowano przy
8000 obr./min. W dalszej kolejnosci 0,6 ml fazy orga-
nicznej zadawano 0,1 ml 0,025M HCI i odparowywano
w strumieniu azotu. Do oznaczen metodg HPLC zastoso-
wano chromatograf cieczowy Elite LaChrom Hitachi
z detektorem diodowym. Rozdziat sktadnikow prowadzo-
no na kolumnie monolitycznej Chromolith Performance
RP-18e firmy Merck przy temperaturze pieca 40°C. Po-
miar absorbancji odbywat si¢ w zakresie 200-400 nm
z krokiem zmiany dlugosci fali 1 nm. Natgzenie prze-
ptywu fazy ruchomej wynosito 1 ml/min. Faz¢ ruchoma
stanowita mieszanina wodnego roztworu fosforany tri-
etyloamonowego (A) i acetonitrylu (B) w gradiencie
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sktadu: 0 min — 99% (A), 5 min — 99% (A), 10 min —
87,5% (A), 20 min— 66,7% ( A), 32 min— 0% (A), 35 min—
99% (A), 40 min — 99% (A).

Do oznaczen metoda LC-MS zastosowano chromato-
graf cieczowy Waters 2695 Alliance potaczony ze spek-
trometrem mas Quattro Micro firmy Micromass. Roz-
dzial prowadzono na kolumnie Purospher Star (55 x
4 mm) ogrzanej do temperatury 35°C. Faze ruchoma sta-
nowita mieszanina wody z dodatkiem kwasu mréwko-
wego w iloéci 1 ml/l fazy (A) i acetonitrylu (B) w wa-
runkach gradientu sktadu: 0 min — 90% (A), 3 min —
70% (A), 4 min — 90% (A), 6 min — 90% (A). Natgzenie
przeptywu fazy ruchomej wynosito 0,8 ml/min.

3. Wyniki i ich dyskusja

Wzrastajaca popularnos¢ tabletek ecstasy nie tylko na
$wiecie, ale rowniez w Polsce, i traktowanie ich jako
uzywki rekreacyjnej, prowadzi w ostatnich latach do
wzrostu liczby przypadkéw przyjmowania MDMA coraz
czgsciej jednoczesnie z innymi narkotykami (rycina 1).

Z danych zgromadzonych w IES wynika, ze 2,5%
sposrod wszystkich spraw wplywajacych do Pracowni
Analiz Toksykologicznych to takie, w ktorych w wyniku
przeprowadzonych badan wykrywane i potwierdzane jest
w probkach MDMA. Spo$rdd nich w 2005 roku byto za-
ledwie 6% spraw, w ktorych wykryto we krwi oprocz
MDMA jeszcze dwa ksenobiotyki, natomiast w 2007 r.
bylo juz 11% takich spraw. Analizujac kombinacje, w ja-
kich wystepuje MDMA z innymi narkotykami we krwi,
mozna stwierdzi¢, ze politoksykomania wystepuje row-
nie czgsto, jak przyjmowanie tylko tabletek ecstasy. Ob-
serwuje si¢ tendencjg do przyjmowania MDMA najczgs$-
ciej w potaczeniu z amfetaming i przetworami konopi.
W okoto potowie przypadkdéw w ostatnich trzech latach
wykrywane jest jednak nadal wylacznie MDMA (ryci-
na 1). Prawdopodobnie jako zjawisko przejsciowe zano-
towano w potowie roku 2008 pojawienie si¢ kilku przy-
padkow wykrycia MDA, co mozna poréwna¢ do podob-
nych zdarzen z PMA lub efedronem [8].

Zakresy rejestrowanych stezen 3,4-metylenodioksy-
metamfetaminy w materiale biologicznym (krew) przed-
stawia rycina 2. Taki przebieg rozktadu stgzeh MDMA
jest zwiazany z wielko$cia przyjmowanej dawki i cza-
sem, jaki uptynat od momentu przyjecia srodkow zawie-
rajacych t¢ substancj¢ do momentu pobrania probki krwi
do badan.

W sprawach, ktore trafiaja do IES, najczgsciej wy-
znaczane stezenia MDMA mieszcza si¢ w przedziatach
50-150 ng/ml, spotykane sa jednak przypadki, w ktorych
MDMA znacznie przekracza 300 ng/ml krwi.

Przedawkowaniu MDMA towarzysza zaburzenia
funkcjonowania gtownie ze strony uktadu pokarmowego
(zaburzenia taknienia), uktadu krazenia (wzrost ci$nienia

tetniczego) czy uktadu krzepnigcia. Moze takze docho-
dzi¢ do porazenia osrodka oddechowego, co w efekcie
prowadzi do utraty przytomnosci, uszkodzenia narzadow
migzszowych i zgonu [7]. W ostatnim czasie zarejestro-
wano przypadek $miertelnego zatrucia tabletkami ecstasy
22-letniego megzczyzny, ktéry, jak wynika z relacji
swiadkéw, w godzinach popotudniowych zazyt okoto
100 jej tabletek. Kilka godzin pdzniej u mgzczyzny za-
obserwowano trudno$ci w oddychaniu i intensywne
pocenie si¢. Mgzczyzna nie wyrazil jednak zgody na
udzielenie sobie pomocy medycznej. Po kolejnych trzech
godzinach — juz nieprzytomny — zostat odwieziony do
szpitala, gdzie mimo podjgtych zabiegdw medycznych,
zmarl. Analiza wykazata w jego krwi obecnos¢ MDMA
w stezeniu 12 580 ng/ml i jego metabolitu 3,4-metyleno-
dioksyamfetaminy (MDA) w stgzeniu 211 ng/ml (ry-
cina 3). W badanej krwi wykazano réwniez obecno$¢
A’-tetrahydrokannabinolu (9THC) w stezeniu 1,4 ng/ml
i amfetaminy w stezeniu 783 ng/ml. Podobne objawy
(utrata przytomnosci, uszkodzenia narzadow wewngetrz-
nych skutkujace w efekcie zgonem) stwierdzono w przy-
padku 17-latki, u ktorej po przedawkowaniu tabletek ecs-
tasy we krwi stwierdzono MDMA w stezeniu 4500 ng/ml
[3]. Swiadkowie tego zdarzenia mowili o zazyciu przez
denatkg dwoch tabletek; uzyskane wyniki sugerowaty
jednak — wedhug autoréw — ze dawka musiata by¢ znacz-
nie wyzsza.

Obok MDMA, w tabletkach okreslanych mianem ecs-
tasy moga wystepowac dodatkowe substancje czynne, jak
metamfetamina, MDA, 3,4-metylenodioksyetylamfetami-
na (MDEA), ketamina, efedryna i inne [9, 12]. Stwier-
dzone we krwi m¢zczyzny MDA i amfetamina mogly by¢
domieszkowanymi sktadnikami zazytych przez niego ta-
bletek, chociaz w przypadku MDA jest bardziej prawdo-
podobne, ze pochodzito ono z metabolizmu MDMA, tak
jak to opisuje Logan i Couper [11]. Stgzenie MDA nie
przekracza bowiem 5% stezenia MDMA. Natomiast obec-
no$¢ amfetaminy w tabletkach ecstasy do tej pory stwier-
dzano niezwykle rzadko.

Wyniki przeprowadzonych badan wskazuja, ze mgz-
czyzna mogt zazy¢ kilkadziesiat tabletek ecstasy. Byta to
jedna z przyczyn tak wysokiego stezenia MDMA we
krwi. Inna przyczyna mogt by¢ fakt, ze 3,4-metylenodio-
ksymetamfetamina moze tworzy¢ kompleks metabolit-
enzym z cytochromem, przez co dochodzi do inhibicji
metabolizmu MDMA, jak to opisuje Farré i in. [6]. Ze-
znania §wiadkow o przyjeciu okoto 100 tabletek ecstasy
w $wietle uzyskanych wynikow moga by¢é zatem praw-
dziwe.
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