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This is the very ecstasy of |ove,
Whose violent property fordoes itself
And | eads the will to desperate undertakings
As oft as any passion under heaven
That does afflict our natures."

Hamlet, Act I, Scenel, 116
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I ntroduction and aims

The detection of toxic substances, in particular of illicit drugs, plays an important
role in the forendc inquiry. It is important to point out whether or not a person was
under the influence a the very moment of an accident or crimind offence.

Whereas the blood or plasma level of a substance often correlates with recent
cerebrd effects in a living person, this is not necessarily gpplicable to the dead due to
interfering  thanato-chemical processes.  Problems include post-mortem  degradation,
redistribution and sometimes even post-mortem production of a substance.  When drug
ingability is important, fasdy decreased levels may be measured or the drug can
become undetectable.  On the other hand, post-mortem redidribution and/or neo-
formation may result in fasdy eevaed concentrations. The competition between drug
ingability and redigribution should be taken into account when conddering a specific
concentration as being thergpeutic, toxic or letha. These post-mortem phenomena have
been investigated for severd compounds such as ethanol, cocaine, benzodiazepines,
barbiturates and antidepressant medication. For ethanol, bacteriad post-mortem
production has been proven (1), whereas for cocaine, ingability is prominent (2). In
addition, the interpretation of cocaine levels may be difficult due to competing post-
mortem processes, namely tissue release on the one hand, and chemica and enzymatic
degradation of the substance on the other (3,4). Some benzodiazepines - and
nitrobenzodiazepines in paticular - ae chemicdly and metabolicdly very ungable (5).
Post-mortem  decrease of anticonvulsant serum  concentrations,  especidly  for
phenobarbitdl and phenytoin, has been described and therefore interpretation with
respect to “subthergpeutic’ serum levels or noncompliance should be interpreted with
caution (6). Post-mortem redigtribution into cardiac blood has aso been substantiated,
for example for barbiturates (7), amitriptyline (8-12) and procainamide (13). To a
certain extent, the interference of post-mortem phenomena can be avoided by sampling
blood as soon as possible after deeth from an isolated peripherad vein such as the femora
van (14). In addition, snce the vitreous humour is to a minor extent influenced by
autolytic processes - due to its wdl-isolated postion —, this specimen can be interesting
for toxicologica investigation. Moreover, the vitreous fluid is convenient (eg. smple to
sample and not affected by hemolyss). Vitreous humour levels have been studied for
various substances such as dcohal (15), morphine (16), and cocaine (17). In humans,
quantification of 34-methylenedioxymethamphetamine (MDMA, “ecgtasy”) in the
vitreous humour has only been performed in afew cases (18,19).

Abuse of amphetamine derivatives such as MDMA and 3,4-methylenedioxy-
amphetamine (MDA) is an important public issue and fatdities are not infrequent in
current forendc practice.  For the amphetamine derivatives and MDMA in particular,
vay little data from fatdities are avalable in the literature. Since amphetamine-related
fadities, including those of MDMA usars, ae on the increase in medico-legd practice
(eg. 20-22), fundamenta research on these post-mortem phenomena is required. Though
MDMA appears to be stable in vitro (23,24), the post-mortem (re)distribution of MDMA
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in the body has barely been explored, with the exception of a few case reports @5-28):
gpart from blood and urine concentrations, only a few tissue levels have been reported.
These data show that high MDMA concentrations can be found in organs such as the
bran (25-28) and the liver (25-27). For amphetamine (AMP), methamphetamine
(METH) and MDA, more literature data are available, for example (14,29-38). These
case reports indicate that concentrations in cardiac blood are obvioudy higher than those
in peripheral blood. In addition, sgnificant levels of AMP, METH and MDA have been
found in severd tissues such as liver and brain, but aso in blood-rich organs such as the
lungs, which means tha these substances ae lidble to post-mortem redigtribution.
Animd experiments deding with this issue for amphetamine or its analogues are scarce
(39,40). Hilberg and colleagues described an experiment in which post-mortem
redigribution of amphetamine in the rat was sudied (39), with further extrgpolation to a
few medico-legd cases (41). Moriya e d. demondrated redigtribution of
methamphetamine into cardiac blood via pulmonary blood vessds in the early pod-
mortem period (40).

The question remains open as to whether an MDMA blood level can be toxic or
even potentidly letha. Moreover, referring to possble thanatologicad changes, it is not
clear whether the observed post-mortem MDMA blood leve actudly represents the
concentration at the time of deeth. In this thesis research, the pst-mortem didribution
and redigribution of MDMA was sudied in order to evauate which fluid and/or tissue
sample after desth most closely represents the ante-mortem concentration.  Furthermore,
the question was posed as to whether the post-mortem phenomena relaing to MDMA
ae in line with those for the other amphetamine derivatives. In &addition, the
sgnificance of post-mortem MDMA leves in vitreous humour was evauated.

In Part One of this work, a summary of the relevant literature and a survey d the
amphetamine-related fatdities examined a the Depatment of Forendc Medicine of
Ghent University was discussed.

In Chapter 1, a literature review focusing on the (ab)use of amphetamines with
paticular emphass on MDMA is presented. The clinico-phamacologicd  effects, the
epidemiologicd importance, the medico-legd implications and thanato-toxicologica
literature datafor MDMA are discussed.

In Chapter 2, the amphetamine-related fatalities encountered a the Department
of Forensdc Medicine of Ghent Univerdty between January 1976 and April 2002 are
reviewed. Apat from the toxicologicd findings, possble mechaniams of death are
examined and discussed in the light of the available literature data.
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In the experimentd work featured in Part Two, the post-mortem problems for
MDMA were examined using an experimenta rabbit modd. In the firg study presented,
the vaue of post-mortem vitreous humour MDMA levels was examined (Chapter 3).
The pharmacokinetics of MDMA in the rabbit after intravenous (iv) adminigration and
the correlation between MDMA blood and vitreous humour levels were investigated. In
addition, a fully vdidaed high pressure liquid chromatogrgphic (HPLC) method with
fluorescence detection for quantification of MDMA and its metabolite MDA was
designed (42).

Chapters 4 and 5 report further sudies of the post-mortem gability and
redigribution of MDMA in the rabbit model in order to determine which body fluid(s)
and/or tissue(s) after death most closely represent the actua ante-mortem concentration.

Chapter 4 deds with the digribution of MDMA and its metabolite MDA in
different body fluids and tissues of rabbits tha were killed 2 hours after iv
adminigration of MDMA. Three groups of rabbits were sudied. In the first group
(control group), the study was performed immediately after sacrifying and in the second
group, the animas were preserved at ambient temperature either 24 or 72 h post mortem
prior to sampling. Theoreticaly, post-mortem increases in cardiac blood levels can
occur due to intravascular diffuson out of blood-rich organs such as the liver and the
lungs (34). Therefore, in the third group, ligation of the large vessals around the heart
was peformed (immediatdy after killing) and these rabbits were further trested as in the
second group.

In humans, who mainly take MDMA ordly, it is important to investigate whether
a “resarvoir’ in the somach influences post-mortem blood and tissue concentrations
when the subject dies shortly after ingestion, and - as a result — the didtribution is not yet
completed. In addition, drug levels can be affected by agona vomit aspiration or post-
mortem regurgitation in the arways. The influence of the gadric reservoir function @3)
and vomit aspiration or regurgitation (44) has previoudy been proven for ethanol. This
was dmulaied in another rabbit animal modd (Chapter 5): post-mortem infuson of an
MDMA solution was performed ether in the trachea or in the somach and the diffuson
was sudied up to 72 hours after adminigtration. In both groups, MDMA and MDA
levels were determined in various fluids and tissues using the same HPLC method.

In Part Three, the anima experimentd data are compared with the human
findings. The post-mortem didribution of MDMA (and its metabolite MDA) and some
other amphetamine derivatives in the human body was investigated. In order to evduate
which fluid and/or tissue sampled after death most closdly represents the ante-mortem
concentration, two different - but complementary — approaches were examined.

In Chapter § the thanato-toxicological approach is taken. The concentrations
determined in vaious fluids (blood sampled on different locations, vitreous humour,
urine and bile) and tissues such as cardiac muscle, lungs, liver, kidneys, spleen, ilio-
psoas muscle, and brain in subjects who died following exposure to MDMA and/or
derivatives are discussed.  Apat from MDMA and MDA, some other amphetamine
deivatives, namey 4-methylthicamphetamine (4-MTA) and para-methoxyamphetamine
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(PMA) ae conddered. For the relatively new derivative, 4-MTA, the data of persons
who survived after ingestion are presented and the clinical observations are commented
too.

Chapter 7 takes an anatomo-pathological/thanatological approach, with
emphasis on immunohistochemistry. Thus, a semi-quantitative visud presentation of the
digribution of MDMA in tissues is obtaned and corrdated with the toxicologica
findings. The quedion is possd whether immunohistochemical detection could be either
an dternative or a supplementary tool in the forensc inquiry when the toxicologica
determinations are interfered with or have become impossble. In paticular, the bran —
being an important target organ for MDMA — is a difficult matrix for chromatographic
extraction due to the lipid fraction. In this thess, an immunohistochemicd method for
the detection of MDMA and MDA in human brain tissues and the pituitary gland is
reported. However, immunohistochemical detection is restricted due to the fact that only
the fraction bound to tissues can be demondrated since the unbound fraction is washed
out during the preparation procedure.  This is a fundamentd difference with the
toxicologicad quantitation in tissue homogenates, in which both the bound and the
unbound fraction are measured.

Fndly, Summary and Conclusions provides the man findings of our research
work.
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PART ONE Review of the medico-legal literature and survey of
amphetamine-related fatalities at the Department of
Forensic M edicine (Ghent University)

Chapter 1  Review of the medico-legal literature:
focus on 3,4-methylenedioxymethamphetamine (MDMA)

In this chapter, a summary of the pharmacology of the amphetamine derivative 3,4-
methylenedioxymethamphetamine (MDMA, “ecgtasy”, XTC) will be presented, followed
by a discusson of the epidemiologicad setting. In addition, the medico-legd implications of
these drugs with regard to the manner of deasth will be consdered. Findly, the avalable
thanato-toxicologicd literature data will be discussed.

The chemicd dructure of MDMA o  N-mehyl-3,4-methylenedioxyphenyl-
isopropylamine is presented in Figure 1.1 (8); it is a racemic mixture and is used as a
hydrochloride. The asymmetric carbon atom isindicated in Figure 1.1 ().

The dructure of 3,4-methylenedioxyamphetamine (MDA) - which is closdy reated to
MDMA and is one of its metabolites— is presented in Figure 1.1 (b).

There is an important difference in the sructure of MDMA compared with amphetamine
and methamphetamine.  MDMA contains a methylenedioxy(-O-CH»-O-)ring attached to
podgtions 3 and 4 of the aromdic ring of the amphetamine molecule resulting in a “ring-
subdtituted”  amphetamine  derivative  which  resembles  the hdlucinogenic  substance
mescdine.  Therefore, the pharmacologicd effects of MDMA and its closdly related
anaogue 34-methylenedioxyethylamphetamine (MDEA) ae a blend of those of
amphetamine and mescaine.  In addition, these products and/or their metabolites are
chemicdly smilar to the naurd neurotransmitters adrendine (epinephrine), serotonin and
dopamine (). MDMA was first designed in 1914 as an appetite suppressant, though it was
never marketed as such (2).
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* NH\
< CH3
CH3

3,4-methylenedioxymethamphetamine (MDMA) (@)

« NH,
< CH3
3,4-methylenedioxyamphetamine (MDA) ()

Figure1.1 Chemical structure of 3,4-methylenedioxymethamphetamine (MDMA (@))
and 3,4-methylenedioxyamphetamine (MDA (b)).
(* indicates the asymmetric carbon atom)

I Phar macology of MDMA: human and animal experimental data

The effects following adminigration of a drug are related to two Successve events.
fird a pharmacokingtic and then a pharmacodynamic phase. The available pharmacokinetic
data of MDMA describing the reationship between a given dose, the blood (or plasma)
levdl and the concentration at the gdte of action - in connection with drug absorption,
digribution and dimination in the human body - are presented.  Theredfter, the clinico-
pathologicd effects related to the concentration of MDMA a the dtes of action (or
pharmacodynamics) - are discussed.  In an atempt to explain the recorded effects in
humans, relevant data established in anima experimental models are commented.

I.1 Pharmacokinetics of MDMA in humans

Due to the risk of adverse reactions following administration of MDMA, problems
of medicd ethics aise when performing research in the hedthy human. Neverthdess, a
few data on the pharmacokinetics of MDMA in humans are avalable. Vereby et d. were
the firgt to report on pharmacokinetic data in a human subject. Following ord intake of 50
mg MDMA, the pesk plasma MDMA and MDA levels were found after 2 and 4 h,
respectively, and the hdf-life was 7.6 h. Unchanged MDMA was the most important
excretion product & 65 %) in urine and the amount of MDA found in urine was about 7 %
of the initidly ingested dose (3). Helmlin e d. found that a single ord dose of 1.5 mg/kg
MDMA in adults (n = 2) resulted in mean peek plasma levels of 331 ng/ml MDMA and 15
ng/ml MDA after 2 and 6.3 h, respectively @). Peak urine concentrations of MDMA were
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observed after 21.5 h (4). In addition, it was confirmed tha conjugated 4-hydroxy-3-
methoxymethamphetamine  (HMMA) and  3/4-dihydroxymethamphetamine (HHMA) ae
the man urinary metabolites of MDMA (4,5). About ten years after the initid experiment
by Vereby et d., the hdf-life of about 8 hours and the easy absorption of MDMA after ora
intake resulting in a pesk plasma concentration about 2 hours after ingestion were both
confirmed (6,7). Figure 1.2 shows the mean plasma concentrations of MDMA and its
metabolites MDA, HMMA and 4-hydroxy-3-methoxyamphetamine (HMA) as a function of
time after ord intake (n = 8; reproduced from de la Torre e d.(7)). The corresponding
pharmacokinetic parameters are summarized in Table 1.1 (reproduced from de la Torre et

a. (7).
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Figurel.2  Plasmaconcentration time course for MDMA and its metabolites after oral
ingestion of 100 mg MDMA in human, expressed as mean = SE (n = 8).
[reproduced fromdela Torre (7)]
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Tablel.1 Pharmacokinetic parameters for MDMA and metabolites following oral
ingestion of 100 mg, administered to 8 subjects.
Abbreviations: Crax - peak plasma concentration
tmex - time of peak plasma concentration
t 1, dimination haf-life
[reproduced fromdela Torre et al. (7)]

Cmax tmax t Ya
(ngml)  (h) (h)
MDMA
mean |222.50 2.3 8.96
+SD |26.06 11 2.27
MDA
mean |13.13 6.7 24.89
+SD |447 2.6 14.53
HMMA
mean |236.66 2.3 11.25
+SD |87.12 0.9 2.86
HMA
mean |7.50 8.2 37.37
+SD |4.00 167 17.93

An enantiosdective digpogtion of MDMA was demondrated, following ord adminigtration
of racemic MDMA in volunteers (8): the plasma concentrations of (R-MDMA exceeded
those of the (§-enantiomer, and the plasma hdf-life of (R-MDMA was dgnificantly
longer than that of the (S)-enantiomer (5.8 £ 2.2 h and 3.6 £ 0.9 h, respectively). More
recent studies have demondrated that MDA is not a mgor — though it is an active -
metebolite in humans (9,10) (see Figure 1.2 and 13). At present, severd metabolic
pahways incduding demethylengtion and N-dedkylation (11) and enzymes (CYP
isoenzymes) intervening in the metabolism of MDMA have been postulated (12,13). Kreth
et d. were adle to identify the human cytochrome P450 (CYP) isoenzymes that catayze the
oxidative metabolism of MDMA and its andogues MDEA and MDA: they concluded tha
in addition to CYP2D6, as the sole high-afinity demethylenase, severa other P450
isozymes have the capacity to contribute to microsomd oxidative metabolism of
methylenedioxyamphetamines  (13). Maurer e d. demondrated that in humans
demethyl(en)ation was mainly catadyzed by CYP2D6 or CYP3A4, but dso by CYP
independent mechaniams (12).  Demethylenation was followed by catechol-O-methyl-
trandferase (COMT) cadyzed methylation and/or glucuronidation/sulphation (12). The
scheme in Figure 1.3 shows a proposed metabolic pathway of MDMA in humans
(reproduced from de la Torre et a.(10)). Some of the enzymes involved in this process can
be saturated a relatively low concentrations of the drug which results in disproportionately
large increases in blood and brain concentrations of the drug when higher doses ae
ingested (10). This is illugrated in Figure 1.4, in which the plasma concentration versus
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time curve following ord ingestion of 50, 100 and 150 mg MDMA, respectively, is shown
(reproduced from de la Torre et a.(10)). Therefore, relatively smal increases in dosage can
give rise to ggnificant increases in toxicity risk. In addition, the fact that it takes about 5
haf-lives (for MDMA, i.e. about 40 hours) to clear more than 95 % of the drug explains the
uncomfortable effects 24 to 48 hours after ingestion (1).

]:'J ‘T“ i N-ds-memrianon Li;”‘[’HHLH

GYPW
DA
3.4- ms-fl-lz.r!m?dm\,.-'amphctammc 3. A-methylenedinymethamphetamine
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CYP2D5 CYP20E
T R | | HOL. o~ o~ MHCH
Y | Glucuronids e ¥ a
HO- | —3 and sulphaie |-ef— a2
! conjugation HO
i HHMA
3 A-ditydroxyamphetamine Ak 3 A-dihydroxymaethamphetamans
O-methylation O-mathylation
COMT COnT
H.C0 — e, ANH; H,CO— eNHCH,
LT T 2
HO~ N-gemethylation HO m
Hida, R
A-hydroxy-3-methoxyamphetamine 4-hydroxy-3-methoxymethamphetamine

Figure 1.3 Proposed metabolism of 3,4-methylenedioxymethamphetamine in human.
[reproduced from de la Torre, (10)]
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Figurel.4

Furthermore Kdant specifies tha some of the metabolites of MDMA, especidly its first
metabolite MDA, ae d4ill pharmacologicaly active so that the duration of action of
MDMA may be somewhat longer and therefore can in part explain the “delayed effects of
HerndndezLépez e d. demongrated thaa MDMA consumption in
associgtion with acohol induced a 13 % increase in plasma concentrations of MDMA (14).
The mechanigm of this interaction is not known; a change in ethanol absorption or initid
digribution was pogtulated, but the authors note that the changes in pharmacokinetics —
though datidicaly ggnificat - were mild in magnitude and therefore could be consdered
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MDMA (+) and HMMA (?) plasma concentrations (ug/l) versus time curve
in three subjects administered 50 mg, 100 mg, and 150 mg (one subject per dose).
[reproduced from de la Torre(10)]
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The pharmacokinetic data of MDMA can be compared with those of amphetamine
and methamphetamine.  The hdf-life of amphetamine and (+)-methamphetamine is 7 — 34
hand 6 — 15 h, respectively. The rend excretion of both is dependent on the urinary pH. In
the 24 h folowing intake, 30 % of unchenged amphetamine can be retrieved, but
dkdinization of urine subgtantialy decreases the fraction found, even to about 1%. To our
knowledge, the influence of the urinary pH on the excretion of MDMA is not sudied,
though can be assumed. On the other hand, acidification of urine can result in retrieva of
about 74 % of the initid dose (15). For S(+)-methamphetamine, the average dimination
hdf-life in human volunteers (following ord adminidration) was 10.1 h (range 64 — 15.1
h) (16). At present, the above-mentioned pharmacokinetic parameters have not yet been
fully ducidated for MDA, but the hdf-life for MDA is assumed to be longer than that of
MDMA (17). Similaities have been noted in the metabolism of amphetamine-derived
desgner drugs these substances undergo predominantly two overlgpping metabolic
pathways, namely O-demethylenation to dihydroxy derivatives (catechols), followed by
methylation of one of the hydroxy groups, and successve degradation of the side chain to
N-dedkyl and deaminooxo metabolites (18).

|.2 Pharmacodynamics of MDMA

1.2.1 Anima experimental data

As mentioned above, human experimenta dudies with MDMA give rise to
problems of medica ethics. Therefore, sandardized anima modds are required to solve
some questions.  However, it often remans difficult to extrapolate conclusons obtained
from anima experiments to humans due to a variety of factors which influence the kinetics
and metabolism of substances, such as species, strain, gender, route of administration, dse,
frequency and time of adminidration, temperature, coadminidration of drugs and surgicd
manipulaion (19). The central nervous sysem is the predominant target Ste of MDMA
and will therefore be discussed more in detall.  In this section, only literature data with a
clear link to the human dinico- pathologicd findings will be referred to.

1.2.1.1 Cardiovascular effects

The sympathomimetic properties of MDMA reaulting in incressed heart rate and
blood pressure is hypothesized to be mediated by MDMA-induced monoamine reesse in
both the centrd and the peripheral nervous systems, and perhaps aso by the direct effect of
MDMA on aj-adrenergic receptors (20,21). For methamphetamine, rat cardiomyocytes
that are continuoudy exposed to alow concentration in vitro, become hypertrophic (22).
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[.2.1.2 Hepatotoxicity

The mechanisn of MDMA-induced liver injury has 4ill not been daified. In
experiments usng rats, Betia et d. described hidologicd findings ranging from fod of
individud cdl necrods to centrilobular necross and from mild to moderate lobular
hepatitis (23). In addition, features of massve hepatic parenchyma collapse with areas of
nodular regeneration can be observed (23). Following acute MDMA adminidration in rats,
hepatocyte necrods paticularly in portd aeas with inflammatory infiltrate congsting of
lymphocytes and macrophages was found (23). Repested intragperitoned injection of
MDMA in the rat produced hepatocyte necrods and inflammatory infiltrate around the
hepatic vein  (23). In these animd experiments, there was no clear evidence that
glutathione (GSH) depletion with free radica-induced toxicity is responsble for overt liver
cell death (23). Hyperthermia-induced oxidative stress which comes to expression as GSH
depletion was found in vitro folowing d-amphetamine exposure (24). In addition,
caecholamines and hyperthermia were podulated to contribute to the mechanism of
hepatotoxicity (24). Hyperthermia as a triggering factor for hepatotoxicity induced by
MDMA was recently assumed by Carvaho et d. (25).

1.2.1.3 Cerebral effects and neurotoxicity

On the bass of the clinical effects described in humans (see beow) which
demondtrate that the brain is an important target organ, one would think that MDMA passes
eadly through the blood-brain barrier. However, the pharmacokinetics of MDMA with
respect to the digtribution into the brain are not yet ducidated. Due to the high pKa of this
weak base (10.38) 26), MDMA is found totdly in ionized form a physologicd pH and, as
aresult, MDMA is in fact not expected to diffuse easly to the brain. Therefore, it may be
that transport to the brain takes place via an active mechanism. For severd substances such
as anticonvulsants, efflux  mechanians protecting the homeostass of the bran can
gonificantly interfere with the functioning of these drugs (27). On the contrary, for
MDMA, Mann e a. suggested that P-glycoprotein plays a fadilitating role in the entry of
this substance via the blood-brain barier (28). The rapid patitioning of (+)-
methamphetamine which is dosdy rdaed to MDMA in the rat brain, can dso patidly be
explaned in terms of physcochemicd properties (such as smdl molecular weight) of that
substance (29), and therefore in view of the chemica sructure of MDMA (see Figure 1.1),
this may adso be gpplicable to MDMA. In addition, data from rats indicate that metabolites
of MDMA (such as glutathione conjugates) enter the brain via a transporter and are
subsequently metabolized to thioether conjugates, which contribute to the serotonergic
neurotoxicity (30,31); thus, the metabolite HHMA may play a role in te neurotoxicity @1-
33). In rats, the regiond digtribution of [*H]-MDMA and [*H]-MDA in brain and a few
periphera tissues was studied following a single subcutaneous injection of 20 mgkg [*H]-
MDMA or PH]-MDA. Table 1.2 shows tha the distribution of MDMA and MDA was
farly comparable in dl bran regions. The highest levels were found in the liver and the
pituitary gland (34).
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Table 1.2 Regiond distribution of [°H]-MDMA and [*H]-MDA in rat brain and
peripherd tissues following a single subcutaneous injection of 20 mg/kg
[*H]-MDMA or [*H]-MDA and sacrificed 45 minutes later.
[reproduced from Battaglia et al. In: Peroutka (34)]

region [*H]-MDMA  [°*H]-MDA
(umol/g tissue)

frontal cortex 0.22 0.42
rest of cortex 0.19 0.32
striatum 0.22 0.42
hippocampus 0.22 044
thaamus 0.21 0.44
hypothalamus 0.18 0.37
midbrain 0.17 0.36
cerebellum 0.15 0.39
brainstem 0.15 0.23
pituitary gland 031 -
liver 0.48 1.26
spleen 0.25 0.56

MDMA is known as serotonin (5-HT) neurotoxin. Serotonin is widdy distributed
in different organ systems, including the blood and digedtive tract, spleen, liver, lung, skin,
the pined gland and bran (35). Ninety percent of the serotonin in the human body is
believed to be present in the mucosee of the gastrointestind system, 8 to 10 % in the blood
plaelets and 1 to 2 % in the centrd nervous system (35). The man dte of toxicity of
MDMA is assumed to be within the serotonergic pathways in the centrd nervous system
(36). These pathways are present in the raphe nuclel 37) which are located in the midline
region of the braingem and which receive dferent fibers from the prefrontal cortex and
send axons to the forebrain (prosencephaon), cerebdlum and spind cord (35). Together
with the locus ceruleus, the rgphe nuclel are consdered to be pat of the reticular formation
(38). The locus ceruleus has widespread connections with virtudly al parts of the brain
and has noradrendine as catecholamine neurotransmitter substance (38). The scheme in
Figure 15 (& shows the reticular formation condgting of groupings of neurons including
the rgphe nude in humans (38). In Figure 1.5 (b) and Figure 1.5 (c), an overview of the
serotonergic fiber projections to the spina cord and the forebrain (manly conssting of the
basal ganglia and the neocortex), respectively, in humans is presented (35). Serotonin is
evenly didributed throughout the brain, but high levels are found, for example in the raphe
nude and hypothdamus (37). The location of serotonergic cel bodies and pathways in the
rat centra nervous system is shown in Figure 1.6 (reproduced from Feldman @5)). Due to
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their widespread connections, the serotonergic pathways influence for example affective
behaviour, food intake, hormone secretion, sexua behaviour, and thermoregulation (36).
The synthess (a) and catabolism (b) of 5-HT is presented in Figure 1.7 (reproduced from
Feldman @35)). Up to the present, several serotonin receptor types have been discovered. In
Figure 1.8, the serotonin syngpse is shown and the localization of the main receptor types

areindicated.

ascending projection fibers

locus ceruleus

lateral P
central group
raphe nuclei _

@

Figure 1.5 (a) Scheme of the reticular formation consisting of grouping of neurons within the
brainstem. The raphe nuclei form adistinct subset of serotonergic neurons.
[reproduced from Hendelman (38)]
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Figure1.5(c) Scheme of the serotonergic fiber system projections to the forebrain.
[reproduced in part from Feldman (35)]
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Animd experiments showed that MDMA induced serotonin neurotoxicity can be
manifested by following mechanisms reduced cerebrd 5-HT content, decreased numbers
of identifiable 5-HT-uptake Stes and transporter molecules, reduced activity of tryptophan
hydroxylase (TPH ; the rate-limiting enzyme in the 5-HT synthetic pathway), and
degenerating cerebrd serotonergic axons and axon terminas (1,39,40).

Frederick et d. obsarved dtered behaviourd effects (including memory and
atention) in rhesus monkeys (41). These effects were associated with  ggnificant
decreases of about 50% in serotonin levels in fronta cortex and  hippocampus
goproximately 9x months after a short-course high-dose MDMA  treatment (41). In rats,
changes in 5-HT leves in other regions were demondrated, such as in the nucleus
accumbens and driatum (42), and in the rephe nude (43). The nucleus accumbens
contains neurons that are part of the basd ganglia. Its function has not yet been eucidated
but it is assumed to be involved in integrating certain cognitive aspects of a gStuation with
the emotiond component, and in addiction behaviour in animas - and likdy in humans as
well @4). The human basd ganglia and the nucleus accumbens are presented in Figure 1.9
(reproduced from Hendelman (44)).
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Figure1l.9  Schematic view of the various nuclei located in the basal forebrain area including
the basd ganglia.
[reproduced from Hendelman (44)]
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Regiond differences in serotonin neurotoxicity have been reported: eg. the number
of corticd 5-HT uptake dtes in ras (measured by specific binding to the transporter)
completely recovered a 52 weeks post-treatment, while a the same time the hippocampd
5-HT uptake dtes were 4ill sgnificantly decreased (45). The effects of MDMA on 5HT
neurons in specific neuroanatomic loci were Sudied in the rat using autoradiography.
Marked decreases in 5-HT uptake dtes in severd regions known to receive projections of
5-HT neurons, such as the cerebral cortex, caudate nucleus, hippocampus, and most
thalamic nuclel, were observed (46,47).

The underlying mechanism tha would explan neurond cdl death is ill not yet
fully understood, but a few hypotheses have been presented, including hydroxy radica
formation (48), and tryptophan hydroxylase inactivation, for indance by increasing the
intracellular cacium ion concentration (49). Huether e a. postulated a profound wastage
of energy on a5-HT cdlular bass (50).

Histologica and immunohistochemical evidence of the degeneration of serotonergic
axons has been reported (51-54). In addition, dopamine (DA) is bdieved to play an
unmigtakable role in MDMA-induced damage to 5-HT axons (55-57).

When congdering the serotonergic neurotoxicity of MDMA, the more pronounced
sengtivity of monkeys compared to rats was demondrated by neurochemica and
neurchigtologicd experiments (58). This could indicate species-dependent differences to
MDMA-induced toxic effects.

Figure 1.10 shows the integrated hypothess as explanation for the serotonergic
neurotoxicity proposed by Sprague e d. (59). The authors describe the following
sequence MDMA  induces an acute release of 5-HT and DA, which is followed by
depletion of intraneuronal 5-HT dores. Theresfter, the initidly relessed 5-HT activates
post-synaptic 5-HToa/oc receptors located on g-aminobutyric acid (GABA) interneurons,
resulting in a decreese in GABA-ergic transmisson and increased DA rdesse and
gynthess. The excessve DA released may then be transported into the depleted 5-HT
teemind. The DA is then deaminated by monoamine oxidase B (MAO-B) located within
the 5-HT temind. This reaults in free-radicd formation and the sdective degeneration of
the serotonergic axons and axon terminds (59).
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Figure1.10 An integrated hypothess for the development of selective 5-HT terminal
degeneration following MDMA..
[reproduced from Sprague (59)]

In rats, stereochemical differences in the potency of MDMA were demonstrated by
Fitzgerdd et d. and the S(+) isomer is believed to be more neurotoxic than R(-)-MDMA
(60), this toxicity being produced by stimulation of the 5HT, receptors, which are assumed
to be important in the psychoactive effects of the hallucinogenic substances (61) .

Apat from dimulating 5-HT and DA release, MDMA can induce noradrenaine
release, e.g. from hippocampal dices (62).

An interesting review of the literature data is avalable, which focuses on the
corrdaion between the effects that MDMA exhibits and different brain regions, as studied
in various laboratory animas (55). Severd dlinicd effects can a least patidly be
explaned, for example jaw clenching is an expresson of the influence of MDMA on motor
neurons in the hypoglossa nucleus (55).

The euphoric effects produced by MDMA are relaed to increesng extracdlular
levels of DA and 5-HT in the nucdleus accumbens (55). The hdlucinogenic effects of
MDMA ae assumed to be corrdated with the serotonergic circuits originating in the raphe
nucleus and extending into the neocortex, thalamus and hippocampus (63).

Kadlivas et a. demondrated in rats that paranoia and psychosis could be explained
by behaviourd sendtisation and enhanced dopamine transmisson in the nudeus
accumbens (64).
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Cdlavay e d. demondrated that locomotor hyperactivity induced by MDMA
adminigration in rats was dependent upon serotonin (5-HT) rather than dopamine release
and therefore a centra role for 5-HT rdease in the simulant-like behaviourd effects of
MDMA was assumed (65). In addition, McCreary et d. supported a role for the 5-HT1g/1p
receptor in mediating acute hyperactivity induced by (+)-MDMA (66).

Moreover, MDMA-induced hyperthermia and locomotor hyperactivity in laboratory
animas can be inhibited by drugs that prevent MDMA-induced 5-HT release and can be
atenuated by adminigering 5-HT receptor antagonists (55). Pederson et a. proved in a
rabbit anima modd, that sympeatheticaly mediated cutaneous vasocondriction is one
mechanism contributing to MDMA-induced hyperthermia (67). Therefore, drugs acting as
5-HT,a receptor antagonists (such as clozapine) can be thergpeuticaly important in tresting
svere life-threstening hyperthermia (67). Davesh et d. proposed - as possble
mechaniam important for the devdopment of hyperthermia - the influence of MDMA on
brain energy regulation: they were able to demonsrate MDMA-induced glycogenolyss in
raa bran and that this process involves 5-HT, receptor activation.  Therefore, they
concluded that MDMA promotes energy dysregulation and that hyperthermia may be an
expresson of MDMA-induced dterations in cellular energetics 68). In rats, Mechan et 4.
demondtrated that MDMA-induced hyperthermia could rather be explained by the increased
release of dopamine acting at O) receptors than by 5HT release as such (69). As dopamine
and serotonin are important mediators of body temperature - lowering and rasng,
repectively - drugs with antidopaminergic or serotonin  releesing properties can be
regponsble for hyperthermia  syndromes  (70). By this meanss MDMA-induced
hyperthermia can be partidly undersood. Malpass et d. proposed that, being cytochrome
P-450 2D6 deficient, human poor metabolizers may be geneticdly predisposed towards a
fad outcome, but comparison of deficient and norma rats reveded that this cannot be
explaned by a smple increased hyperthermic response to the drug (71). Maberg
demondrated in rats that high ambient temperatures are required to induce neurotoxicity,
and therefore ambient temperaiure has a dgnificant influence on  MDMA-induced
neurotoxicity, body temperature and thus thermoregulation (72). In mice, Carvaho et a.
were able to support the hypothess that oxidative stress is important in the first stage of
MDMA-induced liver damage and that liver antioxidant datus is deteriorated by high
ambient temperature.  Therefore they concluded that increased ambient temperature may
potentiate  MDMA-induced hepatotoxicity by increesng body hyperthermia (73). This
confirms that in humans, promoting environmental conditions are important (such as high
ambient temperature in dancings) to induce toxicity (1,74).

|.2.2 Dedred effectsin humans

Firg we summarize the desred clinical effects in recregtiond use.  Minor and
severe adverse effects are discussed thereafter (seel.2.3).

MDMA is sometimes dassfied as a hdlucinogen, though it can adso be classed with
the centrd dimulants. In view of the psycho-pharmacologica effects, MDMA can be rated
among the “entactogens’, a term which refers to the feding of enhanced closeness and
communication with others (75-77).
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The typica dosage range for recregtiond use of MDMA is 50 to 150 mg (1).
However, the content of an “ecdtasy” tablet may vary enormoudy: different amphetamines
can be found and the amount of MDMA can vay dggnificantly. For example, an
examination of tablets sold as “ecstasy” reveded that only about the haf of them actudly
contained MDMA and the mean content was 91.3 mg with a wide range (2 — 149 mg) (78).
The dinicd effects of MDMA dfter ord ingesion — which is the most common route of
adminigration in recredtiond use — dat a about 20 to 60 minutes. Initidly, the user
experiences a brief “rush” of energy, which is often described as mild, but euphoric. This
“rush” is followed by a more comfortable episode lasting 2 to 3 hours which is then
followed by a gradud “coming down” sensation or feding of fatigue (79). Questionnaires
for the purpose of obtaining more information about the desred effects of MDMA use
reveded that physicadly, MDMA produces a feding of increased dertness, energy, and
sexud arousd (80). Psychologicdly an increased feding of “doseness’ and “peace’ with
other people, well-being, and euphoria, were commonly mentioned (76,80). These fedings
of increased empathy gave rise to the name “entactogens’ or “empathogens’ (77). In other
words, the primary reported effects of MDMA are a “podtive mood state’ and fedings of
intimacy and closeness to others (81). The secondary effects described refer to the
dimulant properties - namdy fedings of energy and activation - and to the psychedelic
effects of ingght and perceptud and sensud enhancement (81).

Halucinogenic effects have only been described following ingestion of high doses
(82). Gender differences have been reported: women were found to be more susceptible
(for example to hdlucinogenic-like perceptions) than men (83). In addition, MDMA has a
much shorter action than MDA, which is known to cause hdlucinogenic effects smilar to
those of mescdine or LSD.  Therefore, it can be generdly assumed that the additiond N-
methyl group in the chemicd dructure of MDMA limits the duration of action and
atenuates or even abolishes the hallucinogenic properties described after MDA use (75,77).

Combining MDMA with dcohol may result into a longer lasting euphoria and sense
of wdl beng, and may patidly reverse the subjective adcohol-induced sedation, but not
reduce drunkenness fedlings (14).

1.2.3 Human toxicity
Important interindividua  differences exis between MDMA plasma concentrations

and the clinicd symptoms, and as a result, adverse effects are corrdlated not only with the
ingested amount. Side effects are due mainly to the sympathomimetic and/or the neuro-
toxicologica effects of MDMA. As tolerance to the effects of MDMA develops rapidly,
more frequent use requires larger doses to achieve the desred effects, but then the
unplessant Sde-effects increase as well (81,84). MDMA is generdly consdered as non
addictive, athough some cases of dependence are described (85).

In this section, we fird describe reatively minor acute and chronic adverse effects
(mogt of which were noticed dlinicdly) of MDMA use, classfied by organ sysem. In
addition, more pronounced adverse reactions in some cases involving life-thregtening
effects are commented upon. Findly, the corrdation between the MDMA plasma or blood
concentration and the observed effects is discussed.
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[.2.3.1 Symptoms

1.2.3.1.1 Cardiovascular effects

Frequent acute, relativedy minor unpleasant effects of MDMA — which indicate the
sympahomimetic involvement — include tachycardia, pdpitations, hypertenson, mydriass,
and dry mouth (6,7). In addition, gender differences have been observed following MDMA
exposure: e.g. men showed higher increasesin blood pressure than women (83).

Hypertensve crises and cardiac dysthythmia (like ventricular tachy-arythmias) are
commonly reported acute severe cardiovascular symptoms (86).  Hypertensive crises may
cause cerebrovascular accidents and other complications from end-organ vasospasms. A
few cases of cerebra haemorrhage or infarction following MDMA intake were reported
(87-92). Intracerebra haemorrhage was aso described in amphetamine and cocaine users
(93,92). Hypertensve surges and cerebra angiitis have been postulated as mechanisms
causing intracerebra haemorrhage following amphetamine and methamphetamine use (89).

Both, severe hypertenson with increased risk for haemorrhages on the one hand,
and tachycardia or cardiac dysrythmia on the other hand, can develop into heart failure (1).

1.2.3.1.2 Hepatotoxicity

There is a broad spectrum of hepatotoxic effects induced by MDMA: jaundice,
hepatomegay, hepditis and extensve fibrogs (87-97). In young people presenting with
unexplained jaundice or hepatomegdy, questions regarding (misjuse of MDMA should be
posed 7). The intervad between drug consumption and jaundice is varidble and therefore
the link between the two can be obscured (98). Hepatitis is the most frequently reported
manifestation of MDMA induced liver damage (98-101). In most of the reported hepatitis
cases, biochemica tests for vird hepditis are negative. Rardy, hepdtitis due to MDMA
expoure can result in fuminant hepetic falure (102) which can require liver
trangplantation (103).

Proposed hypotheses to explain the hepatotoxic effects include an dlergic drug
reection (such as idiosyncratic toxic hepatitis), a toxic contaminant, autosoma recessve
inheritance of gene mutations (lack of cytochrome P450 oxidase CYP2D6) resulting in
impared metabolism of the drug, or a secondary effect of hyperpyrexia (87,96,104).
Whether an idiosyncratic toxic hepatitis is due to MDMA itsdf or to a metabolite, a
contaminant in MDMA manufacture, or to an additive in the tablets is not yet clear @7). In
the case reported by Khakoo, an idiosyncratic reaction was assumed to be the underlying
mechanisn of ecdasy-induced accderated hepetic fibrogs (including a predominantly
eosnophilic inflamnmetory infiltrate 95). Schwab e d. bdieving that inherited CYP2D6
deficency is unrdated to MDMA-induced hepatotoxicity, suggested an idiosyncratic
reaction because there is no correlation between the severity of liver damage and ether the
amount of MDMA ingested or the frequency of MDMA use (105). A fatdity presenting
with hypethemia and fuminant liver falure — which originaed following a sngle
ingestion of one MDMA tablet — was reported (106).
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[.2.3.1.3 Centra nervous system effects

Reativedy minor adverse sequelae experienced during the 24 hours following
MDMA ingedtion, include lack of energy and appetite, insomnia, jaw clenching, occasond
concentration problems, brooding (108). Other reported side-effects are tremor, digphores's,
trismus (tight jaw) and bruxism (jaw cdenching), impared gat, and restless legs (107,108).
Rebound depression and lethargy has been reported in about 80 % of the subjects, in the
days following MDMA use, due probably to monoaminergic depletion (109). Following
short-term  adminigration of MDMA, a dight imparment in the peformance of
psychomotor tasks was noticed (110).

Hyperthermia is one of the most feared acute toxic life-threstening complications of
MDMA exposure. Biochemica andyses indicating metabolic acidods, increased cregtine
kinase activity and hyperkalaemia are compeatible with hyperthermia. It has been postulated
that dehydration could precipitate MDMA-induced hyperthermia (86). Dysregulation of
the thermoregulatory center is promoted when profuse swedting and intense physica
activity in a hot environment occurs (1). Hyperthermia as pat of a MDMA-induced
serotonin - syndrome has been postulated (111).  Neurotoxicologicd effects can dso
manifes themsdves indirectly: eg. signs of multiple organ falure such as acute hepatic or
rend failure due to hyperthermia.

It is not excluded that excessve drinking of water following MDMA ingestion can
result in dangerous hyponatraemia (112,113) and cerebra oedema (114,115) which can
develop into coma (116) and death (117). The mechanism by which excessive fluid
consumption occurs is not yet understood. An additiond mechanism that can aggravate
hemodilution and hyponaraemia is the ingppropriate secretion of antidiuretic hormone
(118,119).

The long-lasting effects of MDMA, even after abstinence, are not yet completely
understood. A few reported cases suggest that these effects should not be underestimated.
Verbd and visud memory impairment in abstinent MDMA users (120-124), and long-term
memory problems related to storage and retrievad difficulties (125) were reported. In
addition, in chronic MDMA usars - followed over the course of one year — progressive
decline in terms of immediate and ddlayed recal were noticed (126). The extent of the
impairment correlated with the degree of MDMA exposure and the decrements in 5-
hydroxyindoleacetic acid [5-HIAA; meabolite of 5-HT (or serotonin)] concentrations
determined in cerebrospind fluid (120).

A case of pure amnesc syndrome after ingestion of haf an MDMA tablet was
reported and brain magnetic resonance imaging disclosed symmetric lesons in the globus
pdlidus (which were dinicdly sglent) (127). Spat e d. assumed dterations in the
hippocampi as cause of persistent memory problemsin their case (127).

There have been severd reports of lasting adverse neuropsychiatric sequelae in
humans who have chronicdly ingested (usudly high) doses of MDMA. Moreover, it was
suggested that individuas with prior psychiatric medica history can be more susceptible to
MDMA'’s adverse effects, such as acute (128) and chronic (129,130) paranoid psychosis,
panic atacks (131), panic disorder with secondary depresson (132) and depresson with
auicidd behaviour (133). In other words, chronic MDMA use may be associated with a
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broad spectrum of psychiatric morbidity (134-136). Neuropsychiatric signs have adso been
reported following single or brief MDMA use such as panic disorder (137) and prolonged
psychoss (138,139). As there is evidence that serotonin (5-HT) has a role in mediaing
antipsychotic drug effects (140), the involvement of 5-HT into the psychotomimetic and
psychotogenic properties of MDMA can be assumed. In addition - dmilar to the
obsarvation in memory imparment (120) - a decreased concentration of the 5-HT
metabolite 5-HIAA in cerébrospina fluid - as an index of bran monocaminergic function —
was found in MDMA users (141,142).

Bran-imaging dudies ae provided in the las few years to invedigate the
neurotoxic effects of MDMA. For example, a reduced dendty of 5-HT upteke Stes in
seved bran regions of MDMA usars was found, as wel as deficits in bran 5-HT
trangporter molecules (143,144) and dtered blood flow in certain parts of the brain (145).
Sngle-photon emisson CT dudies suggest thaa MDMA users may be a risk for
cerebrovascular accidents due to dterations in the 5-HT-neurotransmisson system (down-
regulation of 5-HT2-receptors implicating vasocondriction) (146). A case of toxic
leukencephaopathy following a sngle MDMA use — confirmed by computed tomography
and magnetic resonance — has been reported; the dose ingested neither a blood or plasma
MDMA levd were avaldble (147). Damage of serotonergic afferents could possibly
mediate long-lasting dterations of cerebra glucose metabolism as a secondary effect (148).
Moreover, a reduction in brain glucose metabolic uptake has been noted, for example, in
the hippocampus of regular users (149). Thus memory deficits in MDMA users could
possbly be explaned on the basis of dteration of the hippocampa function by MDMA.
The gender difference, namdy tha women might be more susceptible to the neurotoxic
effects of MDMA, was aso noticed by means of gngle-photortemisson computed
tomography (SPECT) (150). Brain anomdies including cerebdlar arophy and thaamic
dysfunction have been proven usng imaging techniques such as magnetic resonance, but it
is difficult to digtinguish the reationship of these lesons to the effect of MDMA, on the
one hand, and hypoxia and ischaemia, on the other (168).

1.2.3.1.4 Uro-genitd effects

As MDMA is a potent a-adrenergic agonist, acute urinary retention can occur, and
therefore  MDMA (ab)use should be consdered in young people presenting with
unexplained acute urinary retention (151).

Acute rend falure is often described in MDMA-rdated multiple organ falure
originging from hyperthermia with rhabdomyolyss (86,152). Sometimes haemodiayss is
required @7). However, it has been hypotheszed that rhabdomyolysis - which is a common
finding secondary to hyperthermia- may originate from direct drug toxicity (153).
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[.2.3.1.5 Various symptoms

Spontaneous pneumomediagtinum - which is usudly not life-threstening, but can
require medicd atention - is a rare complication after MDMA abuse (154-156). Levine et
a. postulated an increased intrathoracic pressure due to vomiting as a possible mechanism
(154). Pittman e d. proposed that the pneumomediastinum was caused by repested
Vasdva type maneuvers that resulted in episodes of increased intra-dveolar pressure,
because ther subject was repestedly blowing a whigsle during an eght-hour dancing
session (155). In the case reported by Quin, none of these mechanisms were present and
therefore the authors concluded that the nature of physicd exertion accompanying ecstasy
intoxication led to the causative barotrauma (156).

A few reports of gplastic anaemia following exposure to MDMA, which can be
fatal, were published (157).

In addition, a few cases of keratopathy after MDMA ingestion were reported (158);
the mechanism of this corned epithdiopathy remains unexplained.

1.2.3.1.6 Multiple organ falure

The above-mentioned commonly observed severe acute toxic effects such as
hyperthermia, metabolic disturbances, saizures, hypertensve crises, cardiac dysrhythmia,
and cerebrovascular accidents can escdate in severity and result in multiple organ failure.
Feared complications include rhabdomyolyss, disseminated intravascular  coagulation
(DIC), adult respiratory distress syndrome (ARDS) and acute rend failure. Hepatic falure
is often pat of multiple organ falure originating from hypethemia. Multiple organ falure
Is often the mechanism of deeth, even when intensgve monitoring and thergpy is performed
(see beow: 1V.1.2. and 1V.2). Figure 111 presents an integrated scheme of the
mechanians which can be involved in mgor MDMA-induced complications such as
multiple organ falure (159). For example, the complex cascade occurring in the dlinica
pattern in which MDMA ingestion leads to prolonged hyperactivity and hypovolaemia
(resulting  from insufficent volume repletion), which ae important factors in  the
devdlopment of hyperthermia is shown. In addition, hyperthermia triggers DIC (see Figure
1.11).
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Figure1.11 Mechanisms by which MDMA may produce major complications. Hyperthermiais
more commonly an indirect effect, mediated through hyperactivity, rather than a
direct pharmacological effect.

Abbreviations: DIC: disseminated intravascular coagulation
ARDS: adult respiratory distress syndrome
[reproduced from Henry JA In: Hopkins & Ellis (159)]

1.2.3.2 Correlation between blood levels and clinical effects

Important inter-individua  differences in effects and adverse reactions following
MDMA ingesion have been noted. Therefore, the toxicity of MDMA in humans is an
object of current debate (160). It has been postulated that the driking inter-individud
differences in intengty, time course and toxicity may be related to individud differences in
the metabolic handling of the MDMA isomes (1). Moreover, as cytochrome P450
enzymes ae important in the metabolism of MDMA (12), persons who have a genetic
defect of these enzymes - and therefore are poor metabolizerss — may be particularly
sengtive to MDMA and hence be at nore risk of toxicity (157,161). In addition, referring
to the illicit source of MDMA, it cannot be excluded that unpleasant Sde-effects or even
toxicity are— at least partialy — mediated by contaminants (162).

In fadities soldy following MDMA ingesion, a wide range of blood levels has
been reported with vaues ranging from 0.04 to 1850 pg/ml ©4,163, see dso below). This
inter-individua  difference is illusrated by Randdl: a patient with an MDMA plasma leve
of 7.72 pg/ml after ingestion of 42 tablets only complained of “hangover” with tachycardia
and hypertenson (164). To our knowledge, there are no data avalable considering the
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possble effect of tolerance in chronic MDMA abuse, which could be an explanaion for
this very high plasmalevd with minor dinica problems.

A few rare cases of exceptiond survivd after high doses of MDMA have been
described indicating the unclear reationship between a specific blood or plasma leve and
the dinicd effects. Brown et a. reported a nearly fata case following MDMA inteke 1 to
2 hours ater admisson to hospitd, MDMA plasma levds of 65 and 7.0 pg/ml,
respectively, were found (165). Roberts et a. reported a subject who presented at the
emergency department with a core temperature of 386 ° C, swedting profusdy, vomiting
and irritable with subsequent convulsons and respiratory problems resulting in the need for
intubation. A plasma MDMA leve of 4.05 pg/ml - after intentiona ingestion of 18 tablets
— has been reported. The patient recovered within one week, however, athough he admitted
being forgetful, irritable and having flashbacks to events immediately prior to losng
consciousness (166). Ramcharan et d. described a case in which unconsciousness, gpnea
and convulsons developed after intake of 50 tablets, but recovery occurred within 2 days
(74). Unfortunately in this case, an MDMA blood or plasma level determination was not
avalable. The subject published by Madlick et d. ingested three tablets of ecstasy and
aurvived the subsequent  hyperpyrexia (429 °C)  which  included convulsons,
rhabdomyolyss, metabolic acidods and respiratory falure, but unfortunately, no MDMA
blood or plasmaleve isavalablefor this case ether (167).

It should be emphasized that polydrug abuse makes this toxicologica discusson
even more hazardous. A woman who suffered from a DIC and a brief cardiac arrest
following the combined inteke of MDMA, amyl nitrite, lysergic acid diethylamide (LSD),
cannabis and acohol, developed an amnesc syndrome and severe aaxia (168). This
question becomes even more complicated to solve when different amphetamines have been
taken together. For example, Agaba e d. reported a case presenting with massve
intracerebrd  hematoma and extradura hematoma after “amphetaming’ ingestion (169): the
compodtion of the tablets taken was not known, but a combination of pure amphetamine
and MDMA was postulated and therefore the impact of the two on the symptoms is not
cler (169). This remark can dso be agpplied to the case presenting with chronic rend
falure (due to necrotizing vasculopathy) after ingestion of methamphetamine and MDMA
(170).

[ Epidemiological data on theuseof MDM A

There are no clear epidemiologica data on (ab)use of amphetamine and derivatives.
This is probably due to the fact that there are no specific internationa directives mandating
sysematic screening for these substances. This aso holds for Europe, though efforts have
been made to mep the use of drugs among the population, including the use of
amphetamines and “ecdtasy”. In addition, guiddines have been presented for ensuring
qudity and for comparing the sudies peformed in the various European member dtates
a71).

Theinformation available is derived from random sampling studies or clinicd trids.
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1.1 Europe

11.1.1 Begium
Epidemiologica data on MDMA use in Begium are scarce, dthough such data are

being collected by the European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA). The use of amphetamines and “ecstasy” in Begium shows the same evolution
as in the other European countries. an obvious increase was observed between 1994 and
1998 in the numbers of 15 to 16 years-old who have ever used MDMA (from 4.1 to 6.2 %)
and from then on a plateau phase was recorded (L72). In addition, the lifetime prevaence
of MDMA and amphetamines for young people aged 15-16 and 17-18 is higher in the
French Community than in the Hemish Community (173). Recently, the drug-related
medica problems due to the use of recregtiond drugs during two famous events (‘I love
techno and ‘De Nacht') were dudied: in the patients evduated in an emergency
department (Ghent), the dominant drug abused was ecstasy (174).

11.1.2 Other European countries

In England, an informa survey of undergraduates more than 10 years ago reveded
that about 40 % admitted having used MDMA a least once (76,175). The frequency of
use by the subjects varied sgnificantly, and ranged from 1 to 38 times. The median amount
of MDMA usage reported by these undergraduates was four doses, while the mean number
of doses taken was 5.4. The amount of drug taken in a single dosage ranged from 60 to 250
mg (approximately 1 to 4 mg/per kilogram bodyweight) (175).

In the European studies, amphetamine and MDMA use is usudly classfied as being
pat of a subgroup such as the “synthetic drugs’ or “hdlucinogens’ (171). It has been
noted that the sporead of synthetic drugs in the European Union has dabilized, though the
use of ecdasy is dill increasing in certain locations (cities, holiday resorts, youth cultures)
(171-177). 1t was reported that in 1998 0.5 — 3 % of the adult European population (mainly
young people, of course) had a one time or another used ecstasy (178). In the Hedth
Behaviour of School-aged Children (HBSC) survey, repested community surveys are
performed n schools among young people aged 15 to 18 years. cannabis has been found to
be the most popular drug, though until 1999 MDMA was the second most used product;
sgnce then a trend toward dabilisation - or perhaps even a dight decrease - has become
apparent (173).

More recently, in the UK, the ecstasy-induced death rate in 1996 per 10 000 15-24-
year-old users was defined as between 0.2 and 5.3; the death-rate from road treffic
accidents in the same age-group was 1.0 (179).

Non-published data in Switzerland indicate that the age of the subjects a firgt
consumption was obvioudy lower in 1999 than 1996. Forty-five percent of firg-time
consumers were 17 years of age or younger in 1999, whereas in 1996, about 28 % were
younger than 18 (180).

A school-based survey in Odo of adolescents between 14 and 17 years of age
disclosed that ecgtasy is used in a polydrug- use pattern (181).

An overview of the avalable epidemiologica data in Ity and other European
countries is presented by Schifano (182).
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1.2 USA and the rest of the world

Surveys in the USA examining the prevdence of MDMA use among high school
sophomores and seniors reveded increesing use in the 1990s (183). For example, for
seniors in 1999, lifetime prevalence of MDMA use had risen from 5.0 % to 8.0 % in the
previous three years (183 ). A dudy performed in 119 US colleges (involving a study
population of over 14,000 students) revedled an increase of prevdence from 2.8 to 4.7 %
between 1997 and 1999 (184). Furthermore, the results obtained in a smdler sample of 10
colleges showed that the increase continued in 2000 (184).

Jugt as in the European countries, an increase in MDMA use was noted among rave
club attendees (185).

To our knowledge, there are no epidemiologica data available concerning MDMA
use in Augrdia or the Asan countries athough a few fata cases have been described (163,
186).

The MDMA fatdlities reported in the internationd literaiure are summarized below
(see pag 33- 41).

[l M edico-legal implications of MDMA

The above-mentioned behavioura and cognitive effects of MDMA can result into
non-letha accidents, suicidd behaviour or even cimes. As for dl drug fadities the
manner of desth can be related to accident, suicide or crimina activity. At present, the risks
of MDMA (ab)use for humans — to the user him/hersdf and to hisher acquaintances — are
difficult to define (160).

[11.1 Accidents

It is difficult, if not impossble, to determine the boundary between the deSred
effects, such as euphoria, and fedings of closeness, and the adverse effects, such as
imparment of cognition and co-ordination and - in an advanced phase — haludnaions,
agitation, abnorma behaviour, and even psychoss.  The mgority of the reported
intoxications are “accidental”, being due to the higher sendtivity of a subject to a “normd”
recreational dose, though severe adverse effects can sometimes occur due to the content of
certain tablets (which can be of purer qudity than one is accustomed to ingest).
Furthermore, it is generaly accepted tha the use of amphetamines and their derivetives can
increase the risk of being involved in accidents, though the possible increased risk has not
yet been established (187).

Over a three-month period, 16 ecstasy abusers were treated in a single emergency
department for injuries due to traffic accidents al of which had been caused by reckless
driving (188). From 1995 through mid-1996, a prospective multicentre study was
conducted in hospital emergency departments in Belgium in order to investigate the drug-
related treffic accidents (Belgian Toxicology and Trauma Study or BTT Study): urine
tested podgitive for amphetamines in 3 % of dl accidents (189). In this study, amphetamines
and XTC were detected in urine in 2 % of injured drivers (190). This is in accordance with
findings in France (191), the United Kingdom (192), and Vienna (193). Schifano describes
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5 cases in which bizarre and dangerous behaviour was exhibited when driving after MDMA
ingestion; unfortunately, the MDMA blood or plasma levels were not reported (194).

Recently, drivers under the influence were dudied in Belgium: cannabis and
amphetamines were obvioudy the mgor drugs detected in the impaired driver population
(195). Amphetamine as such and combinations (with cannabis and cocaine) accounted for
about 32 % and about 20 %, respectively, of this population (195).

Seven nonfatd accidents involving people determined by police officers to be
“driving while under the influence® were MDMA or MDEA-related (196). Serum levels of
MDMA and related compounds in impaired drivers were described: 18 of the 30 cases were
podtive for MDMA, with a concentration range of 1 to 514 ng/ml and a median level of 76
ngm (197). Omtzigt e a. reported 39 drivers under the influence of amphetamine and
derivatives 9 subjects were MDMA positive and whole blood concentrations ranged from
0.04 to 0.38 pg/ml (198). In the 18 cases of apparent MDMA-impaired driving reported by
Logan e d., most subjects showed muscle twitching and body tremors, dilated pupils and
dow pupillary reaction to light, increased pulse and blood pressure, problems with baance
and co-ordination, and profuse perspiration (199). No clear corrdation between the
MDMA blood level and the specific demeanour of the subject could be demonstrated (199)
and, asareault, theindividud variability was confirmed.

Easy monitoring techniques, including the use of dternative matrices such as sdiva
and swest, for detecting drugs of abuse (including amphetamine and derivetives) in drivers
have been published (200,201).

A few cases have been reported in which the relationship between MDMA intake
and traffic accident fatalities has been established (87,188,202,203). Henry et d. described
five road traffic accident victims in whom MDMA had been identified; two of these had
died 87). In 7 out of the 30 amphetamine-related fatalities reported by Lora-Tamayo et d.,
the subjects had been involved in a traffic accident; in 3 out of the 7, MDMA had been
found (204).

For comparison, in the methamphetamine-rdated fatdities reviewed in Tawan, the
magority of the cases were accidenta degaths (59 %) (205).

Workplace drug testing (WDT) has not yet become well regulated and is therefore
not sysematicadly performed in Europe (206). Consequently, industrial accidents related
to drug (ab)use may possibly be underestimated.

In one of the cases reported by Dowling et a. (207), the subject died due to
eectrocution and multiple injuries,

Findly, an “accidentd ingesion” of MDMA by a 13-month-old boy is reported.
Fortunatdy, the convulsons, hypertenson (180/70 mmHg) and tachy-arrhythmia (170
bestsmin) were successfully trested with chlormethiazolee  About 90 minutes after
ingesion of a cgpsule of MDMA, a serum leve of 0.7 pg/ml was found. The child
recovered completedy within four days and had no short-term neurologica deficit, though
was subsequently lost to medical follow-up (208).
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111.2 (Attempted) suicide

A few suicides and suicide attempts by means of MDMA are described (e.g. 74,
138, 166, 209-211). It is not excluded - though it is difficult to prove — that psychiatric
disurbances resulting from intentiona recreationd MDMA use can develop into suicidd
tendencies. However, it is hardly possble to conclude that MDMA is solely responsible for
inducing depresson and/or suicidd behaviour, though as an association between MDMA
use and serotonergic dterations was posiulated, some connection can be assumed (210).
Moreover, gender differences were noticed: women are more susceptible than men to mid-
week depression (212).

Cox reported a suicide case in which a time interval of twelve days between
ingestion and death took place: a previoudy hedthy 21-year-old man experienced an acute
paranoid psychotic reaction and was therefore admitted to a psychiatric department.  This
psychosis gpparently resolved spontaneoudy after 48 h.  On the eighth day after discharge
he committed suicide by drowning (213).

Furthermore, it is not excluded that some suicides are - unintentiondly — classfied
as accidents. for example one of the cases reported by Dowling et d. (207) died due to
eectrocution and multiple injuries as he climbed up a utility tower. In that case it was not
cler whether he fdl to the ground following a hdlucinaion (such as thinking he was able
to fly) or resulting from a severe depression with suicidd behaviour.

For the sake of completeness, and because “ecstasy” tablets do not necessarily
contain MDMA done suicide has dso been reported after intake of 34-
methylenedioxyethyl-amphetamine  (MDEA or “Eve’) and N-methyl-1-(3,4-
methylenedioxyphenyl)-2-butanamine (MBDB), two compounds closdy related to MDMA
(214-216).

[11.3 Criminal offences

Aggresson and violence associated with substance abuse is wel known, having
been described for dimulants such as cocaine (217). Literature data on crimina offence
resulting from (abjuse of MDMA or other amphetamine-related substances are not
avalable to our knowledge. For example, incidents of extremely violent behaviour leading
to fatalities can be assumed to have happened, but have not been confirmed in the literature,
except for the following cases.  Omtzgt JGC et d. described a man accused of attempted
mandaughter in whom an MDMA blood levd of 0.14 pg/ml was found (198). Bernhard
presented 25 fatdities (between 1977 and 2001) in which “3 XTC reated crimes with
violencg’ are noted (180). Moreover, aggressve behaviour following MDMA use was
dudied in a few dinicd trids (212,218-220). Morgan found that ecstasy users exhibited
increased impulsvity and that persons having the most eevated trait impulsveness scores
had taken the highest amounts @18). Data indicate that chronic and heavy recregtiona use
of MDMA can result not only in a dgnificant risk of persgent cognitive imparment, but
aso disturbances of affect and persondity (219). MDMA subjects rated lower levels of
aggresson on the night they used the drug, but both men and women showed sgnificantly
higher levds of aggresson three to four days later (212). Differences in persondity
characterigtics following MDMA intake support the view that 5HT systems are involved in
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modulating impulsve and aggressive peasondity trats  (141,221). In  addition,
aggressveness in MDMA  users was evduated by quantitetion of hormone levels
increesed = catecholamines  reactivity, basd hypothdamus- pituitary-adrend axis
hyperactivity and blunted ACTH responses could be due to MDMA action on
monoaminergic  pathways and adrend function (220). These authors concluded that
aggressive responses were sgnificantly higher in ecsasy users in comparison with control
persons @20,222). However, McCann et a. reported that some MDMA users may have
decreased impulsvity aswdl (141).

MDMA was asociated with high-risk sexud behaviours among some gay and
bissxud men (223) and therefore, theoreticdly, an increased chance of sexud assaults
could not be excluded. In addition, it is advisable dso to screen for MDMA in sexud
assaults or “date-rape’ cases (224).

The question remains open as to whether someone who commits a crimind offence
under the influence of MDMA can be held responsble for his actions or not. In other
words, it is hazardous to declare someone to be of unsound mind or not.

For comparison, Ellinwood described 13 persons who committed homicide while
intoxicated with amphetamines (225). In the mgority of these cases, the crimind events
were related to psychiatric disorders such as amphetamine-induced paranoid thinking and
panic attacks @25). In the review of methamphetamine-rdated fatdities by Zhu et d., 4 of
the 15 cases were homicides, and the immediate cause of deasth was related to head injuries
and stab wounds @26). In the study group of Shaw, 14 % of the methamphetamine-related
fadities were homicides (205). In these reports, it is not specified whether the subjects
were victims or aggressors.

IV Thanatological findings
V.1 Anatomo-pathological datain MDMA-related fatalities
IV.1.1 Gengd findings
The generd condderations addressed in deding with dl drug involved victims are
aso goplicable to amphetamine-related fatdities (227), namely the person may have died
due to a very high fad blood leve, but desth may dso have been the result of medica
derangements originating from chronic consumption.  The third possbility is tha deeth
may not have been directly due to the drug concentration itsdlf, but rather to drug-induced
dtered behaviour that can cause a person to take too many risks, thus leading to fata
accidents, such as death due to cranio-cerébra trauma or polytrauma following a traffic
accident.
In his literature review, Kdant found 87 fadities involving ectasy or related drugs
(1); the mechanisms or manners of desth were asfollows:
- cadiovascular and cerebrovascular: n =8
- hepaiccn=4
- cerébrd induding hyponaraemia: n =9
- hyperpyrexia n=30
- misadventure (suicide, accident): n=14
- unknown — due to insufficient information: n = 22
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External examination of a “pure€’ acute drug overdose victim generdly reveds only
non-soecific dgns which can indicate drug ause.  As polydrug abuse (including
amphetamines) is very frequent, nonrecent injection marks, caries, pin-point pupils (found
in opiate intoxications) or mydriags (typicd for centr dimulants such as cocane,
amphetamines), drug parapherndia etc. should raise suspicions, thus prompting the
performance of a toxicologica investigation. A frothy foam on the nose and/or mouth
resulting from acute pulmonary oedema is often observed in narcotic overdose degths
(227), though it may be found in any intoxication. Cyanoss and congestion of the face, and
pronounced dark-violet livores - possbly with vibices - indicating acute to subacute
cardiopulmonary falure are o frequently observed.

During internal inspection of an acute drug overdose victim, nonspecific Sgns of
an agphyxid mechaniam of death - due to acute to subacute cardiopulmonary falure - will
be noticed: acute pulmonary oedema and generdized viscerd congestion. Tardieu spots on
the pleurae or epicardium can be found as well (227).

Pethological consequences resulting from chronic — manly intravenous - drug
abuse which can be found a autopsy include aspiraion pneumonitis, vird hepditis,
agpecific lymphadenitis and bacteriad endocarditis (227).

The microscopical changes found in drug abuse may be atributed to the direct toxic
effect of the drug on a tissue or to indirect adverse physologic reections such as hypoxia,
which are precipitated by the drug action on the centrad nervous, respiratory, or
cadiovascular systems (228). The combinaion of perivascular fibross, microvascular
disease, and contraction band necross in the cardiac muscle is assumed to be nearly
diagnogtic for chronic exposure to high concentrations of catecholamines, which can be
explaned for example by chronic simulant abuse (17). As chronic polydrug abuse (and
thus variable routes of adminidration incduding intravenous injection) is frequent,
pulmonary microscopicd  complications include  pneumonitis,  thrombotic o embalic
phenomena, bronchitis, and diffuse multifocal foreign-body granulomata (228). In these
granulomata, birefringent and cryddline materid is often present (228). These foreign-
body granulomata can dso be found in other organs such as the spleen, lymph nodes, and
liver (228).  Another even more common finding in the liver pointing to chronic — manly
intravenous - polydrug abuse is a chronic inflammatory infiltrate of the portd triads
composed predominantly of lymphocytes, but adso of occasond mononuclear cdls, plasma
cdls, neutrophils and eosnophils (228). The eosnophils indicate an dlergic reection to
foreaign materid. This porta triaditis can be isolated or associated, for example, with
hepdtitis, liver deatoss or even cirrhods (228). In addition, aspecific mucosd
inflammation of the gastrointestind tract and haemorrhagic gedritis can be retrieved (228).
In the bran as wdl, nongpecific hidologicd findings predominate eg. vascular
congedtion, perivascular haermorrhage, foca cerebral cortical or cerebelar  haemorrhage,
oedema, degenerative neuronal changes, focd necross, inflammation, glid reection and
encephadomalacia (228).
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IV.1.2 Findings pointing to (ab)use of amphetamine and derivetives

The pathologica findings in desths associated with the use of amphetamine and
derived compounds such as methamphetamine (METH), 3,4-methylenedioxyamphetamine
(MDA),  34-mehylenedioxymethamphetamine  (MDMA,  “ecgtasy”), and  3/4-
methylenedioxyethylamphetamine (MDEA) ae not yet completedy understood.  Indeed,
when someone dies after intake, not only can the interpretation of the specific concentration
be hazardous, but adso the macroscopica and microscopicd autopsy findings can include a
broad spectrum of nonspecific assessments.  Postulated mechanisms of deeth include
cadiovascular falure, toxic liver effects multiple organ falure induced by hyperthermia
and disseminated intravascular coagulation (DIC) (94).

As mentioned above, cardiovascular complications resulting from MDMA abuse
can be due to severe hypertenson with haemorrhages on the one hand, and cardiac
arhythmia (eg. ventricular tachycardi@) on the other. Both mechanisms can develop into
heart falure, thus resulting in sgns of acute to subacute cardiopulmonary failure a autopsy
(2). This is in accordance with the findings in methamphetamine fadities (229). For
amphetamines, the cardiopulmonary falure can be induced by the sympathomimetic
properties, though it can aso result from central depresson of these vitd functions, such as
when hyperthermia tekes place. Occasondly, a severe hypertensve reaction can occur
even a recregtiond doses, paticulaly in subjects with latent cardiovascular problems
(108), which can sometimes be an incidental discovery during autopsy. Noradrendine
release can account for these direct cardiovascular effects, which can lead to sudden
cadiovascular collgpse (e.g. due to aortic dissection (230,87,94,231). Higologicdly,
changes induced by MDMA can vary from contraction band necrogs to individud myocyte
necrods with a surrounding neutrophil and meacrophage inflammatory response (94). These
lesons can be corrdated to catecholamine induced acute myocardid injury. It is not
excluded tha the focd subendocardid haemorrhage, which is described in
methamphetamine-related  fatdities (usudly surrounding aress of myocyte disruption)
(232), can dso be found in MDMA induced fatdities as a Sgn of increased catecholamine
release.

For simulants such as cocaine and amphetamines, recent and older macro- and
micro-infarctions can be found in severd organs, though presumably cardiac and cerebra
(232).

Haemorrhagic and  ischemic  sroke have been  described  following
methamphetamine use via smoking, ord ingestion or intravenous means (232) - and it can
be assumed that they have adso occurred after the use of other amphetamine derivatives. In
amphetamine and methamphetamine abuse it was possble (by means of angiographic
evidence) to demondrate that intracranial and subarachnoid haemorrhage could sometimes
be correlated with arterid spasm (232).

Smdl fod of myocadid fibrogs resulting from micro-infarction can indicate non-
recent “ecstasy” use @4 ). Cardiomyopathy (associated with an enhanced heart weight, but
normal coronary arteries) seems to be more common in chronic amphetamine than in
cocaine abuse (232).
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Higologicdly, in chronic amphetamine or methamphetamine abusers — jugt as in
cocaine addicts — interditid myocardid fibrogs can be a prominent finding (232). In
addition, granularity of myocyte fibers, occasond myocyte hypertrophy with disarray, and
media hypertrophy of the arterioles have been described (232). Necrotizing vasculitis
resulting from amphetamine abuse is higologicdly dmog identicd to tha seen in
polyarteritis nodosa, including fibrinoid necrods of the intima and media with mixed
celular infiltrates (232). Both smaler and larger vessdls can be involved.  When found
folowing longer survivd periods intimd proliferation associated with marked lumind
narowing - especidly a the bifurcation of vessdls - was noticed. Moreover, giant cels
were characteristically absent and the veins were spared (232).

Pulmonary changes that can be found a autopsy — apat from congestion and
oedema — indude pulmonary infarction, intra-dveolar haemorrhage and inhdation of
gadtric contents (94). As — to our knowledge - MDMA is principdly used ordly, the
thromboembolic arteriopathy (with thromboss of smdl vessds, foreign body granulomas)
usudly seen in chronic intravenous users of whatever substance is rare, and therefore
pumonary hypertenson, which is sometimes described in amphetamine  and
methamphetamine addicts (232), is scarce. Primary pulmonary hypertenson as a
consequence of serotonin dterations has been podulated for al stimulants regardiess of the
means of adminidration @32). As recregtiond use of MDMA done or in combination with
adcohol can dter the immunologicd datus, i.e result in immune dysfunction (233,234), a
greater susceptibility to infections can be assumed. In methamphetamine-related fatdities,
pneumonia was the most obvious finding capable of evoking natura deeth (235).

Possible hepatotoxic effects have dready been described above (including hepetitis
as the most frequently found hepetic leson; see 1.2.3.1.2), but can logicaly dso be found a
autopsy. During histologica ingpection, hepatocdlular necross (either focd or massive
with confluent Iytic necross of zones 2 and 3) expanded portd tracts due to oedema and
inflammeatory infiltrates (rich in eosnophils), Snusoidd dilaation, candicular bile plugs
(occasiondly) and/or microvesicular fatty degeneration of the hepatocytes can be observed
(94,96,100). As mentioned above, there is no clear relaionship between the amount
ingested or frequency of MDMA use and the degree of liver damage found, and therefore
an idiosyncratic type of reection — whether fatal or not - is hypothesized @7). Moreover,
methamphetamine may enhance the toxicity of other hepatotoxic agents, such as carbon
tetrachloride (232).

When hyperthermia occurs, gpart from acute congestion, brain oedema is obvious.
Hyperthermia is frequently folloved by multiple organ falure with evidence of
rhabdomyolyss often reaulting in acute rend falure (152), adult respiratory distress
syndrome (ARDS), and DIC (209,236,237). In addition, immunohistochemica
demondration of myoglobin in the kidneys (238) and depletion of myoglobin in the cardiac
muscle can confirm the hypethemia (239). Smilar findings have been described in
MDEA fatdities (240,241).

The neuropathological findings have been sudied usng anima experiments, but
ae hardly known in MDMA users. However, Kish e d. found that driata (caudeate,
putamen, nucleus accumbens) leves of sarotonin and its mgor metabolite  5-
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hydroxyindolacetic acid were decreased by 50 to 80 % in the autopsied brain of a chronic
MDMA user (242). Dopamine concentrations were only moderately depressed (by 47 %)
in the nucleus accumbens of this subject and unaffected in the caudate nucleus and
putamen, suggesting that the nucleus accumbens — which is a limbic driatd subdivison -
might be more sendtive to the dopamine-rdessng action of the drug (242).
Macroscopicdly and microscopicaly, acute congestion and oedema of the brain is often
found.  Apat from dgns of DIC, possble higologicad findings include, foc of
haemorrhage, perivascular haemorrhages, and degeneration of neurons, which can be
particularly gpparent in the locus ceruleus in the upper pons (94).

Squier et a. described a subject who took a combination of “ecstasy”, amphetamine,
heroin and dcohal (243). He was found unconscious and admitted to hospita, where he
remained comatose and pyrexia (38.5°C) till his death five weeks later. At autopsy,
bronchopneumonia and pulmonary embolism were determined to be the immediate causes
of desth. Bran dissection reveded bilatera necross of the globus pdlidus and smdl foci
of necrogs in the white matter. This was confirmed by histologica examination and, in
addition, mild astrocytic gliogs was found in the amygdda and hypothdamus. Moreover,
the cerebrd white maiter showed diffuse glioss and spongy change without myein debris
o inflammation, with only the subcorticd zones being spared. The cerebrd cortex,
hippocampus, brangem and cerebelum were norma (243). Bearing in mind the combined
intake of severa drugs, it is unfortunatdy uncertain that the bilaterd necrogis of the globus
pdlidus — though this area is rich in serotonergic and dopaminergic nerve terminds - can be
fully atributed to the “ecstasy” and/or amphetamine intake. Referring to the findings in
animd expeariments (42) in which changes in the nucleus accumbens (which is adjacent to
the globus pdlidus) have been demondrated, the hypothess of Squier et d. can be
assumed.  However, bilaterd globus palidus necross is classcaly described in carbon
monoxide intoxications with prolonged survivad, but dso in opiate overdoses. Damage to
the globus pdlidus can be observed in hypoxic-ischaemic cerébrd injury, but then dmost
aways in associaion with damage of the hippocampus or other areas of the cerebra cortex,
a condition which was not observed in the case just described (243).

To our knowledge, there are no other data available of neuropathologica findings in
humans that can be related to the serotonergic toxicity of MDMA.

A summay of possble higologicd findings in MDMA-related fatdities is presented in
Table 1.3 (reproduced in pat from Fornes. 244). Although the mechanism of MDMA-
induced  hyperthermia is different, the dinicd manifestations and anatomo-pathologica
findings are to a great extent comparable with those described in exertiond heat stroke (see
Table 1.4; reproduced from Dickinson JG (245).
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Table 1.3 Survey of the histological findings which can be observed in MDMA -induced
fatalities.
[in part reproduced from Fornes (244)]

organ

pathology

heart

lungs

liver

kidneys

skeletal muscle

brain

acute to subacute lesions

- individua myocyte necrosis, possibly with inflammatory response
- contraction band necrosis

non-recent lesions

- foci of fibrosis

- myocyte hypertrophy

acute lesions

- congestion

- oedema (sometimes with haemorrhagic component)
- aveolar haemorrhage

- vomit aspiration

- diffuse alveolar damage (DAD)

acute to subacute lesions

- centrolobular and midzonal necrosis

- portal and sinusoidal inflammation (mainly neutrophilic infiltration)

- steatosis

- focal or fulminant hepatitis

- signs of disseminated intravascular coagulation (DIC)

chronic lesions

- cholestasis

- chronic portitis (infiltrate consisting of lymphocyte, eosinophils, macrophages)
- chronic hepatitis

acute lesions
- acute tubular necrosis; myoglobin observed in tubuli related to rhabdomyolysis
- dgns of DIC: eg. fibrin thrombi in the glomeruli

acute lesions
- necrosis related to rhabdomyolysis

acute to subacute lesions

- moderate to severe oedema

- intense vascular congestion, possibly associated with perivascular haemorrhage
- subarachnoid haemorrhage

- intracerebral haemorrhage or infarction

- ggnsof DIC

- necrosis of the globus pallidus

- seldom: leukoencephal opathy, necrosis of the locus ceruleus

non-recent lesions

- dgns of older infarctions (e.g. gliosis)
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Table1.4 Survey of the complications of heat stroke (clinico-pathological findings).
[reproduced from Dickinson (245)]

organ pathology effects
brain - oedema - convulsons
- petechial haemorrhages - coma
- congestion
muscle - rhabdomyolysis - acute rendl failure
- hyperkaaemia
- hyperuricaemia
- hypocacaemia
- hyperphosphataemia
- enzyme release, esp. creatine kinase
- possibly disseminated intravascular
coagulation (DIC)
blood - lactic acidosis - fragmentation of red blood cells
-DIC - acute renal failure
- thrombocytopenia
- haemorrhage
- thrombosis
- haemolydis
liver - centrilobular necrosis - liver cdll failure:
jaundice
haemorrhage
hypoglycaemia
enzyme release
kidneys - acute tubular necrosis - acute rend failure:
diguria
acidosis
hyperkalaemia
lungs - respiratory akaosis - tetany
- aspirdion pneumonia - hypoxia
- haemorrhagic pneumonia
heart - haemorrhagic myocarditis - shock
gastro-intestinal |- non-specific general bleeding - nausea, vomiting, diarrhoea
tract diathesis - haemorrhage
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V.2 Thanato-toxicological data in MDMA-related fatalities

The pharmacokinetics of drugs taken in overdose may differ from those observed
following thergpeutic doses and therefore may result into a poor corrdation between the
cinica findings in overdose patients and the blood concentrations of ingested drugs (246).
Clinicaly, blood leves in intoxicated persons may thus be difficult to interpret, though
after deeth, this interpretation becomes even more tenuous. In addition, post-mortem blood
levels can be influenced by post-mortem processes such as ingability, redistribution and
even neoformation.

IV.2.1 Anima experimenta data

To our knowledge, anima modes invedigaing post-mortem digtribution and re-
digribution of MDMA are not avalable and therefore this will be invedigated (see part
two).

For methamphetamine, Nagata et d. dudied post-mortem rabbit tissue
concentrations in vitro for up to a period of 2 years after death, and demonstrated that
skeletal muscle and bone marrow are the most appropriate specimens for assessng toxicity
of methamphetamine and its metabolite amphetamine (247).

For amphetamine and methamphetamine, animd experiments deding with this
subject in situ are scarce 248, 249). Hilberg e d. administered amphetamine to rats by a
gadric tube and the animals were killed 90 minutes later. Cardiac blood was sampled
immediately before sacrifice and 2 h post mortem @48). Post-mortem blood samples from
the inferior vena cava, the vitreous humour and various tissues were tested. The authors
concluded that the amphetamine levd in the vena cava blood was more closdy relaed to
the ante-mortem blood level, confirming that a periphera blood sample is recommended.
However, in the data presented, the difference between amphetamine levels in cardiac
blood and vena cava inferior is rather minor (see Table 1.5). The ratios of post-mortem
tissue concentrations of amphetamine to the ante-mortem blood level are presented in Table
1.5 (248). The smilar mean ratio caculated for the vitreous humour level was 1.1 + 0.2
(see Table 1.5). Obvioudy higher amphetamine leves in tissue compared to ante-mortem
blood were found in the kidneys, and less pronounced though aso devated tissue levels
were seen in liver, lungs, and brain (248) indicating tissue accumulation of the substance.
Vitreous humour and muscle amphetamine levels were more closdy rdated to the ante-
mortem blood concentration.

Moriya e d. dudied the redigribution of methamphetamine in the early post-mortem
period in the rabbit following intravenous adminigtration and compared the blood and tissue
levels with (Group 1) or without (Group II) ligation of the large vessdls around the heart
(249). The lung levels were the highest of dl, followed by the blood and myocardium
concentretions, and the liver levels. The meen ratios of the cardiac blood concentretions 6
h post mortem to the level a the time of desth were for group | in the left and right
chambers 1.13 + 0.42 and 1.07 + 0.04, respectively. The anaogous ratios for group Il were
162 + 047 and 113 + 057. Therefore, Moriya et d. concluded that after desath,
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methamphetamine can be redigributed rapidly into the pulmonary venous blood and then
into the left cardiac chamber (249).

Table 1.5 Post-mortem blood, vitreous humour and tissue amphetamine levelsin therat, 2
hours after in vivo gastric infusion.
[reproduced from Hilberg et al. (248)]

ratio of post-mortem fluid or tissue amphetamine level to
antemortem blood concentration (mean £ SE)
cardiac blood 24+0.2
vena cava blood 23+£0.3
vitreous humour 11+£0.2
car cass homogenate 10+£0.2
lung 18+0.1
myocar dium 09+0.1
liver 20107
kidney 6.3+20
thigh muscle 08+0.2
brain 18 £0.6

IV.2.2 Survey of MDMA-related human fatdities

At present the interpretation of a specific post-mortem MDMA blood level should be
made in the light of the avallable case reports. Reevant data are summarized in Table 1.6.
Unfortunately, the blood sampling dte is often not mentioned, though when it is available,
it isindicated.

Abbreviations:

PM: post mortem,

AM: ante mortem;

MDMA: 3,4-methylenedioxymethamphetamine;
MDA methylenedioxyamphetamine;

MDEA: 3,4-methylenedioxyethylamphetamine;
AMP: amphetamine;

PMA: para-methoxyamphetamine;

METH: methamphetamine

ARF: acute rend falure;

DIC: disseminated intravascuar coagulation;
TA: traffic accident;

NA: not avallable;

< LOD = beow limit of detection
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Table 1.6 Survey of the reported MDMA -related fatalities

reference |age | sex |sample |sampling [level~ [causeof | manner of | mechanism of
v) type |[time death death 2 death
Bernhard |27 |[M |blood |PM 2.75° |MDMA |[NA NA
(180;17) 0.28 MDA
0.08 AMP
32 (M |(blood |PM 1.56* |MDMA |[NA NA
0.04 MDA
1.00 acohol
NA |NA |blood |PM 3.37° |MDMA |NA NA
NA | NA |blood |PM 5.21° |MDMA |NA NA
Byard 2 |F blood |PM 0.30 MDMA | accidenta | hyperthermia
(186) 1.32 PMA
26 |F blood |PM 0.82 MDMA | accidental | hyperthermia
2.20 PMA
0.09 METH
Campkin (18 (M |[serum |AM 1.26 ° |MDMA |[accidental | hyperthermia,
(250) DIC,
rhabdomyolyss
Chadwick [16 |F blood |[AM 0.42° |[MDMA |accidental | hyperthermia,
(236) DIC
Coore 18 |[F [serum [AM NA°® [MDMA |accidenta |hyperthermia,
(206) 0.25 MDA DIC,
rhabdomyolyss
fulminant
hepatic
falure

9.

dancing at a“rave party”) is assumed.

Blood level expressed in pg/ml for dl drugs, unless stated and except for ethanol concentrations
When “accidenta” is not specified, an unintentional degth after recreational use (e.g. long-term

Femora blood levels. Cardiac blood levels of MDMA, MDA and AMP are 9.10, 0.83 and 0.11

pg/ml, respectively. Brain MDMA concentrations were 10 pg/g in the medulla (not specified)
and 14 ug/g in the cerebellum. In his hair (0 to 6 cm), 6.70 pg/g was found.

respectively.

0o N o O

Femora blood level. Cardiac blood concentration; 3.51 pg/mi.
Femoral blood level. Cardiac blood concentration: 5.38 pg/mil.
Serum MDMA leve upon admission to hospital; the man died 5 hours after arrival.

Woman admitted to hospital afew hours after ingestion of one “ecstasy” tablet; she died 36 h

Femora blood levels. Cardiac blood levels of MDMA and MDA are 0.42 and 0.04 pg/ml,

later. Blood and stomach MDMA levels on admission were 0.42 and 28 pg/ml, respectively.

Woman ingested one tablet; died 9 days after admission to hospital. A toxicologica screening

of urine was positive for MDMA and MDA. Serum was only positive for MDA, with peak level
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reference |age | sex |sample | sampling |level |causeof | manner of | mechanism of
V) type |time death death death
Cox(213) (22 (M blood |PM ELOD drowning | suicide asphyxia
Cox(251) |22 |[M [blood [PM 0.43 " |MDMA |[accidental | hyperthermia,
0.30 MDA DIC
Crifas 29 |M |blood |[PM 2.32 " | MDMA, |accidental | polytrauma (head
(202) <025 |MDA [(TA) and chest)
TA
Dar (237) |17 [M [blood [PM 0.23 " [MDMA |accidental | hyperthermia,
NA ethanol DIC,
cardiopulmonary
falure
Dowling |22 [M |blood |[PM NA ** [MDMA |accidental | high voltage
(207) electro- electrical shock,
cution polytrauma
32 |M |bood |PM 1.10 MDMA | combined: | acute pulmonary
acute natural, falure
asthma™ | accidenta | (cf asthma)
18 |F blood |PM 1.00 MDMA ventricular
0.40 ethanol fibrillation, acute
cardiopulmonary
falure
Duflou 29 (M |blood |[PM 0.10 ® [ MDMA | accidental | aortic dissection,
(230) cardiac
tamponade

10
11

12

13

14

15

16

of 0.25 pug/ml; neither at what time this concentration was found, nor the origin of the blood
sample are specified.

The man committed suicide on the eighth day after an acute psychosis (see also 111.2).

Femora blood concentrations. MDMA and MDEA concentration in blood sampled upon
admission to hospitd: 0.55 and 0.49 pg/ml, respectively.

MDMA concentration in clotted and anticoagulated cardiac blood: 2.32 and 2.14 pg/ml; vitreous
humour and urine MDMA levels: 1.11 and 118.8 pg/ml, respectively. MDA leve in blood and
vitreous humour was < 0.25 pg/ml and 3.86 pg/ml in urine.

Man died 6 h &fter initid presentation in hospita. He ngested 10 tablets of ecstasy. Liver
MDMA concentration: 1.2 pg/g.

The man climbed a high voltage utility tower to a height of 13 m, was e ectrocuted and fell to the
ground. MDMA was posdtive in blood, but unfortunately not quantified.

The man was found dead beside his car, with an inhaer in his hand. Two hours before, he “had
been drinking acohol with his friends’. Post-mortem examination revealed features of acute
and chronic bronchial asthma. No theophylline was detected.

Toxicologicd analyss of both ante- and post-mortem blood revealed the same MDMA
concentration; the man died about 48 hours after ingesting one ecstasy tablet.
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reference |age | sex |sample | sampling |level |causeof | manner of | mechanism of
V) type |time death death death
Ellis(97) [21 |F [serum [AM 0.11*" [ MDMA [accidental | hyperthermia,
LSD DIC, liver
18 |F |NA NA NA ® | MDMA |accidental |failure sepsis
36 |F [NA NA NA*® |MDMA |accidental |liver failure,
21 |F |[NA NA NA ?° |MDMA |accidental |sepsis
liver falure,
sepsis
liver falure,
sepsis
Felgate 2 |F blood |PM 0.30 ““ [ MDMA | accidental | hyperthermia,
(252) 130 |PMA DIC
26 |F |blood |PM 0.822 | MDMA | accidental
2.20 PMA hyperthermia,
0.09 METH rhabdomyolyss
003 |AMP
NA |NA |blood |PM 0.51* |[MDMA |NA
053 |PMA NA
023 |METH
Fineschi 19 |M blood |PM 7.15 MDMA | accidental? | hyperthermia,
(239) 025 |MDA |* DIC
20 |M |blood |PM 0.18*° | MDMA | accidental
159 MDEA hyperthermia,
012 |MDA DIC

17

18

19

20

21

22

23

24
25

Sampling at about 6 hours following ingestion of ecstasy. She died in spite of a liver
transplantation.

Woman took MDMA on a regular basis and even continued to use it when obvious jaundice
occurred. There is no information available about the last ingestion. Arrived at hospita in
encephalopatic (grade I1) condition due to MDMA -induced acute liver failure.

Woman presented to hospital with a six-day illness (jaundice, nausea etc). Ten days before the
onset, she had taken a single ecstasy tablet. A few days later, she developed encephal opathy as
part of an acute hepatic failure and died in spite of a liver transplantation.

A woman, who had been usng MDMA for the previous 6 months, consulted a physian following
athree-week history of worsening jaundice associated with nausea and vomiting. She developed
an acute liver failure and died in spite of aliver transplant.

The authors presented ten PMA -related fatdities. Only the casesin which MDMA could also be
quantified in blood are reported.

MDMA, PMA and AMP liver concentrations. 3.2, 7.4, 0.45 pg/g, respectively. AMP was not
detected in blood.

MDMA, PMA, METH, and AMP liver levels: 3.2, 5.6, 0.26, and 0.35 pg/g, respectively.

MDMA, PMA, and METH liver levels: 3.0, 2.7 and 0.76 pg/g, respectively.

Person died four hours following arrival a hospital. MDMA, MDA and MDEA concentrations:
263.13, 5.25, and 183.73 pg/ml in urine and 27.34 < LOQ, and 21.93 pug/ml in bile, respectively.
MDMA levels in liver, kidney, lung, brain, and spleen:13.23, 9.81, 10.70, 12.79, and 9.17 ug/g,
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reference | age |sex |sample | sampling |level | causeof |manner of | mechanism of
V) type |time death death death
Forrest 21 (M [blood [PM 2.10°°| MDMA |accidental | acute to subacute
(253 350 [MDEA cardiopulmonary
850 | MDA failure, deep
026 |[AMP vomit aspiration
Ghysdl 21 |F blood |PM 0.05 [ MDMA accidental | NA
(212) 001 |[MDA
1.86 | ethanol
26 (M |blood |[PM 0.38 | MDMA accidental | cardiopulmonary
037 |MBDB failure?
047 | ethanol®
NA [NA |blood |PM 0.78 [ MDMA accidental? | cardiopulmonary
0.09 (MDA failure?
NA | NA |blood PM 0.30 | MDMA accidental? | NA
24 M |blood |PM 5.39°°| MDMA | suicide cardiopulmonary
2356 | MDEA failure?
0.80 | MDA
26 |M |blood |PM 3.69°°| MDMA | suicide cardiopulmonary
13.87 | MDEA falure?
212 MDA

26

27

28

29

30

respectively. The corresponding MDEA levels: 10.68, 8.04, 8.03, 843, and 7.05 ug/g,
respectively. MDA could only be quantified in liver and kidney: 0.17 and 1.36 pg/g,
respectively.

Witness saw the subject ingesting “numerous’ tablets of ecstasy for the entire duration of the
party. An accidental overdose can ke assumed, though a suicidal attempt cannot be excluded.
Urine and bile MDMA concentrations. 31.00 and 250 pg/ml, respectivdy. MDMA
concentrations in liver, kidney, lung, brain, and spleen: 5.10, 8.70, 6.75, 7.10, and 5.00 ug/g,
respectively. MDA was only quantifiable in blood, urine and kidney: 0.85, 0.25 and 0.97 ug/ml
or ug/g, respectively.

Blood sampled from the brachiocephaic vein. MDMA, MDEA, MDA and AMP concentrations
in somach content: 96, 324, 299, and < 0.1 pg/ml, respectively. All amphetamines were
detected in urine, but not quantified.

Sampling location is not specified. MDMA, MDEA and MDA levels. 2.18, 60.42, and 2.62
pg/ml in urine and 2.33, 18.88, and 1.18 in bile, respectively. The corresponding levels in hair:
1.66, 29.5, and 110 ug/g.

This man is the brother of the 24-year-old man mentioned just above. The type of blood
specimen is dso not specified. MDMA, MDEA and MDA leves. 1.40, 60.60, and 1.43 pg/ml in
urine and 2.43, 32.38, and 6.60 in bile, respectively. The corresponding levels in har: 2.70,
50.98, and 2.14 pg/g.

MBDB: N-methyl-1-(3,4-methylenedioxyphenyl)-2-butanamine (or Methyl-J, “Eden”). In
addition, émonoacetyl morphine (< 5 ng/ml), codeine (7 ng/ml) and morphine (86 ng/ml) were
found.
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reference | age |sex |sample | sampling |level | causeof |manner of | mechanism of
V) type |time death death death
Harries 20 (M [NA NA NA | “ecstasy” |combination |intracrania
(89) AV-mal- | natura bleeding, brain
formation |diseaseand | death
accidental **

Henry (87)|18 (M |plasma |AM 0.36 | MDMA accidental | hyperthermia,
arrhythmia,
asystole

17 (M |plasma |AM NA | MDMA accidental | hyperthermia,
DIC
18 |M |plasma |AM NA | MDMA accidental | hyperthermia,
DIC,
rhabdomyolyss
gastrointestina
haemorrhage
16 |F plasma | AM 0.42 [ MDMA accidental hyperthermia,
DIC, metabolic
acidoss
21 |F plasma | AM 0.11 [ MDMA accidenta hyperthermia,
DIC,
rhabdomyolyss
ARF
20 |M |plasma |AM 1.16 | MDMA accidental hyperthermia,
0.06 | MDA DIC,
010 [AMP rhabdomyolyss
ARF
18 |[M |plasma |AM 1.26 | MDMA accidental | hyperthermia,
DIC,
rhabdomyolyss
ARF
21 |M |plasma |AM 0.10%| MDMA, |accidenta, | polytrauma
TA TA (multiple
0.13% fractures)
23 |M [|plasma |AM MDMA, |accidental, | multipleskull
TA TA fractures

1 Upon arrival at the hospitd — a few hours after ecstasy ingestion - a CT scan revealed a large
frontal haematoma and an angiogram showed a left fronta arteriovenous maformation. In spite
of a craniotomy, he was brain dead the following day.

%2 Driver of car in head-on collision.

® Passenger in the same car as *.
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reference | age |sex |sample | sampling |level | causeof | manner of | mechanism of
) type |time death death death
Henry 32 [M [blood |[PM 4.56| MDMA |accidental | cardiorespiratory
(254) 0.36 | MDA arrest following a
0.24 | ethanol severe
serotonergic
reaction
Hooft 26 (M [blood [AM 0.63"| MDMA | accidental, | massive subdural
(203) 123 |[ethanol |TA bleeding, severe
TA brain contusion
Lo(163) |26 |F blood ** | PM 18.50 | MDMA [ NA NA
Lora 23 [M [blood [PM 0.23 |MDMA | non- stab wounds *°
Tamayo 0.77 |MDEA |accidentd
(204) 0.05 |MDA
062 |AMP
17 |M |blood |PM 0.23 | MDMA |accidental *" | polytrauma ?
035 |MA
0.04 (MDA
010 [AMP
32 |M |blood |PM 0.27 |MDMA |accidenta | polytrauma® ?
247 |ethanol | (TA)
TA
39 |M |blood |PM 0.60 | MDMA |combinaion |cardiovascular *°
0.22 | MDEA | of naturd
012 (MDA disease and
022 |AMP accidental
054 | ethanol
21 |M |blood |PM 0.17 | MDMA | accidental polytrauma ?
1.07 |MDEA |(TA)
0.18 |[MDA
010 [AMP
0.71 | ethanol
TA

* Man treated with ritonavir for AIDS, took 2 ¥ MDMA tablets and died. Ritonavir is a potential
inhibitor of CYP2D6 (principa in the metabolisn of MDMA). The toxic effects were attributed
to impaired metabolism.

35
36

Blood concentration on admission to hospital. Man fell to ground during “ car-surfing”.
Femora blood level. Worked a a nightclub. Mechanism of death is not clear: cardio-pulmonary

37
38

39

failure, hyperthermia or an dlergic reaction (idiosyncrasia) were postulated. MDMA
concentration in liver: 39.7 ug/g. MDMA was il present in stomach but not quantified.

Subject became agitated after ingestion of “pills’ and jumped out of a window.

There are hardly any data available: death was attributed to stabbing. It is not clear whether this
was criminal or accidental (such as self-muitilation or suicide).

Man was run over by avehicle. The autopsy findings are not described.
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reference | age |sex |sample | sampling |level | causeof | manner of | mechanism of
V) type |time death death death
Lora 26 (M |blood |[PM 0.03 [ MDMA | accidental polytrauma ?
Tamayo 244 | MDEA | (TA)
(204) 015 | MDA
(continued) 0.88 | ethanal
29 |M |blood |PM 4.07 | MDMA | combination |adversedrug
049 | MDA of natural reaction;
092 |ethanol |diseaseand | cardiopulmonary
0.38 | morphine | accidental® |failure
0.10 |dprazola
30 |M |blood |PM 0.98 |m accidental ** | acute lung
0.06 | MDMA oedema
038 |AMP
0.15 | ethanol
27 |M |blood |PM 8.00 | morphine | accidental | acutelung
1.20 | MDMA oedema,
0.18 | MDA lung
004 |AMP haemorrhage
0.90 |cocaine™
19 (M |blood |PM 0.49 |ethanol |combination |adversedrug
432 | MDMA | of natura reaction;
029 | MDEA |diseaseand |cardiopulmonary
020 (MDA accidental | failure
089 |AMP
1.36 | ethanol
dipyrone
Milroy 21 |M |blood |PM MDMA | accidental | hyperthermia
(94) AMP
20 (M |blood |[PM MDMA | accidental |cerebra oedema;
pituitary necrosis
(SIADH *)
21 (M |blood |[PM MDMA | accidental | vomit aspiration;
MDEA cardiopulmonary
MDA failure not
AMP excluded

40

41
42

43

Suddenly died when dancing in a “disco”. At autopsy, an ischemic heart disease, occlusion of
two main coronary branches and an old left ventricular infarction were found.
Cocaine and benzoylecgonine concentration 0.04 and 0.13 pg/ml, respectively.
Man was found dead in open space. The morphine concentration refers to the free morphine

level (ug/ml).
Man was found dead in open space with syringe beside him.
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reference | age | sex |sample | sampling |level |causeof | manner of | mechanism of
(y) type time death death death
Milroy 20 (M |blood |[PM 0.09 [ MDMA | accidental hyperthermia;
(94) 0.13 | MDA DIC
(continued) [25 [M  |blood |PM NA *° | MDMA |accidental | cardiopulmonary
NA | MDA falure ?
23 |M |blood |PM NA | “ecstasy” | accidental |liver falure
Moore 20 (M |(blood |PM 2.80 | MDMA |accidental | cardiovascular ?
(255) 0.97" | cocaine
0.11 | morphine
Mueller 20 |[F [blood [PM 2.30""| MDMA |accidental [hyperthermia
(111) 0.095 | MDA
OConnor (27 |F |serum |AM 0.18 | MDMA |accidental | cardiopulmonary
A (256) failure with lung
oedema; cerebral
oedema
Omtzigt (19/21 |[M |blood |PM 0.26"| MDMA | accidental | cardiovascular ?
19 |M |blood |PM 0.13"| MDMA | accidental | hyperthermia,
040 |AMP DIC,
28 |M blood PM 0.30 | MDMA | accidental NA
0.10 | MDA
Parr (117) |15 |F |blood |AM 0.05 |MDMA |accidental |cerebral oedema
Rohrig 35 [M [blood [PM 2.80>°| MDMA |accidental |[«toxic effects»
(257) 0.21 | ethanol of MDMA and
ethanal (cardio-
pulmonary
falure ?)
NA [F |blood |PM 0.58*| MDMA | suicide hanging
0.10 | MDA
hanging

45

and MDA in urine

46

Syndrome of ingppropriate antidiuretic hormone secretion.
Man suddenly collapsed and died in the street; no medical antecedents; only traces of MDMA

Benzoylecgonine concentration of 0.97 pg/ml; cocaine itsef not quantified any more. Tota

MDMA and MDA leve in vitreous humour: 1.9 and 0.24 pg/ml, respectively. The R(-) and S(+)
MDMA concentrations in vitreous humour: 1.2 and 0.7 pg/ml, and the corresponding MDA
enantiomers: 0.2 and 0.04 pg/ml, respectively.

47

Person died 4 %2 hours after presentation in hospital.

8 Person complained of retrosternal pain. THC, 9COOH-THC and 11-OH-THC were 1.90, 4.80

and 0.70 pg/ml.

* Died in hospital about 24 h after ingestion of MDMA.
> Femora and heart blood levels: 2.8 and 10.9 pg/ml, respectively. The liver and brain MDMA
concentrations: 20.0 and 13.7 pg/g, respectively. MDA leve was < 0.5 pg/ml in heart blood and
not detected in the other specimens.




Chapter 1

reference | age |sex |sample|sampling |level | causeof | manner of | mechanism of
V) type |time death death death
Screaton (19 (M |blood |PM NA | MDMA |accidenta |hyperthermig;
(258) NA |AMP DIC
rhabdomyolyss
Squier A M [NA NA NA **| MDMA |accidental |broncho-
(243 AMP pneumonia,
heroin lung abscess,
pulmonary
embolism, and
bilateral
necrosis of the
globus palidus
Suarez 34 (M |blood |PM 0.20 [ MDMA | combination | cardiovascular
(231 natural
disease™
and
accidental
Walubo 53 [M [serum [PM 3.05>*| MDMA | suicide hyperthermia;
(209) DIC
rhabdomyolysis
Watson 16 (M [NA NA NA | MDMA |NA hyperthermia;
(259) DIC
rhabdomyolysis

L Liver and brain MDMA levels: 1.8 and < 1.6 ug/g, respectively. The MDA concentration was <
0.33 pg/g in liver and not detected in brain. Benzoylecgonine, diazepam and nordiazepam were

present in blood, but not quantified.

52

MDMA are used.

54

The man remained comatose for five weeks prior to death; no blood level available.
>3 Man with Wolff-Parkinson-White syndrome and therefore an increased risk for dying suddenly
(eg. due to ventricular fibrillation), in particular when sympathomimetic substances such as

Sampling Ste a autopsy not specified. Man died following 5 days of hospitalization during
which he received many units of plasma, red blood cells and platelets (48, 7 and 14 units,

respectively). MDMA, METH and AMP but no MDA were detected in urine.

55

Man died on the sixth day following admission to hospitd.
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IV.3 Discussion of the human thanatological literature data

In this literature review, 76 fadities in which MDMA was involved were identified.
Figure 1.12 shows the age (&) and sex (b) digribution. The mgority of the reported victims
were below the age of 25 and the subject group younger than 21 was the largest. The maes
were obvioudy the predominant group (68 %).

age distribution
aged 15 — 20 years
aged 21 — 25 years
aged 26 — 30 years
aged 31 — 35 years
ed 36 — 40 years
20% « y
aged 41 - 60 years
26%
unknown

D @

0,
3560 8%

9% 33%

DD EOOd

(@)

sex distribution

7%

25% =@ men
women
O unknown
68%

Figure1.12 Age (a) and sex (b) digtribution of the MDMA -related fatalities reported in the
literature (n = 76)

(®)

Figure 1.13 presents the causes (d), mamers (b) and mechanisms (c) of death.
“Pureg’ MDMA fadities account for about one third of the total. It can be observed in
Figure 1.13 (8 that often a combination of amphetamines was used and polydrug abuse
(viz. combined use of MDMA and eg. ethanol, benzodiazepines etc.) was not infrequent.
When conddering the manner of deeth, accidenta fatdities are the most dgnificant group
(see Figure 113 (b)). Hypethermia is the most frequent mechanism of death in the
reported victims (32 %); cardiac and pulmonary complications each account for about one-
quarter of the total numbers (see Figure 1.13 (c)). Moreover, the mechanism of deeth is
often unknown or unsure (22 %).
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cause of death

7% 2%

10%

23%

(@)

30%

manner of death

17% 0%

7%

9%

67%

(0)

mechanism of death

22% 18%

6% 5%

8%

7% 204 32%

(©

Figure 1.13
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pure MDMA intoxications
poly-amphetamine intoxications

polydrug intoxication

use of amphetamines and polytrauma
use of amphetamines and natural disease
use of amphetamines and asphyxia

(e.g. drowning, hanging)

accidental overdose
accidental (traffic accident)

uicide
unknown or unsure
crimind

cardiac (arrhythmia, cardiopulmonary failure)
pulmonary (dlergic reaction, infection)
hyperthermia

mechanical asphyxia

hepatic failure

polytrauma (e.g. haemorrhagic shock)

cerebrd (e.g. intracrania bleeding, severe oedema)
unknown or unsure

Digtribution of the cause (a), manner (b) and mechanism (c) of death of the

MDMA - related fatalities reported in literature (n = 76)
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The anatomo-pathologicd findings in MDMA-related fatdities - ether macroscopicaly or
microscopicaly — are non-specific. A whole range of possble pathologica observations
can be found, such as hepatotoxicity, cardiomyopathy, acute to subacute cardiopulmonary
falure, bran oedema, dgns of multiple organ falure, and DIC. In fact, the anatomo-
pathological disorders in MDMA-related fatdities cannot easly be disinguished from
those described in the abuse of amphetamine (or other derivatives) and other stimulant
drugs such as cocaine. Bearing in mind the above-mentioned assessments, some anatomo-
pathological anomdies can raise suspicions which needs to be confirmed by toxicologica
investigation.

Referring to the available thanato-toxicologica literaiure data — indicating a wide
range of concentrations -, the interpretation of the MDMA blood level after desth remains a
debatable question. Indeed a broad range of concentrations is found, viz. between 0.04
pg/ml and 185 pg/ml (94,163). In the latter case, reported by Lo et a. (163), a femord
blood levd of 185 pg/ml is extraordinary as the mgority of the blood MDMA levels being
between 05 and 4 to 5 pg/ml. For the most part, blood MDMA levels are given; when
persons are admitted to the emergency service, serum or plasma is more frequently used for
MDMA quantitetion. For dl amphetamines, the serum/blood converson factor is assumed
to be nearby or somewhat higher than 1 and therefore the sample type is usudly not taken
into account (260). However, Garrett found a red blood cell-plasma partition coefficient of
148 and 145 for MDMA and MDA, respectively, indicating a certain accumulation of
MDMA and MDA in red blood cels (26). For amphetamine and methamphetamine, the
blood sampling dte in human fadities was proven to be important for the interpretation of
a quantified level (261,262). For example, for methamphetamine, concentrations measured
in the left heart of human fatdities are about two times higher than those quantified in the
rigt heat (262). Blood collected from the pulmonary vessds sometimes showed
concentrations that were many times higher than blood sampled from the heart and, as a
result, diffuson out of the lungs into the pulmonary circulation was demondrated (262).

Although edaborate studies deding with the post-mortem phenomena in MDMA-
related fadities are a present not available, it is obvious that a peripherd sampling Ste
(such as the femord vein; see Table 1.6) is recommended. Toxicologists should be aware
of the blood sampling location and whether a peripheral blood sample is avalable.  They
should be cautious in their conclusons as to whether or not the quantified leve is either
toxic or lethd.

In concluson, though the literature data on amphetamine and methamphetamine
indicate that post-mortem redistribution can take place, a few questions such as whether
MDMA is lidble to post-mortem redigribution reman to be eucidated. It is mandatory to
consder the anatomo-pathologica findings and the toxicologica data as a whole in order to
come to medico-legd conclusons.
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Chapter 2 Survey of amphetamine-related fatalities at the Department of
Forensic Medicine, Ghent University, between January 1976
and April 2002

I Introduction

Between January 1976 and the end of April 2002, twenty-two amphetamine-related
fadities were examined a the Depatment of Forendc Medicine (Ghent Universty) and a
review of these victims (externd and often internd examination, microscopicd sudy, and
toxicologicad invedtigation) was performed. The inquiries originated predominantly from the
Judicid Didrict of Ghent, though a few cases were from Dendermonde and Veurne. During
this period, 1617 externa examinations and 2452 autopsies were peformed. The number of
amphetamine-relaied fatdities and the respective tota number of fatdities investigated each
year (externd and internad examinations) are shown in Figure 21 and 22. These figures
demondrate that the annud rate of amphetamine-related fatdities has been increesng since
about 1995.

autopsies
@ external examinations

» ~ (o]
1 1 1

ol
1

N w
1 1

number of amphetamine-related fatalitie
[S IN

IIIJH 11

1976 1980 1984 1988 1992 1996 2000
year For 2002: up to the end of April

o

Figure2.1 Tota number of amphetamine-related fatalities encountered at the Department of
Forensic Medicine, Ghent University, between January 1976 and the end of April
2002 (n = 22).
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Figure2.2  Totd number (sum of externa and interna examinations) of al fataities examined at
the Department of Forensic Medicine, Ghent University, between January 1976 and
the end of April 2002.

In order to obtain a relevant study population group, the study population conssted of
victims due to the (ab)use of amphetamine and al its derivaives. The amphetamine-related
fadities will be examined in accordance with the usud line of medico-legd reassoning, viz:
was the desth of the victim accidentdl, can suicide be the explanation or did the subject die
dueto acrimind offence?

In addition, the anatomo-pathologicd and thanato-toxicologica findings will be
discused in the light of the data available from the literature.
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[ Case studies

Twenty-two cases were discovered between January 1976 and April 2002. In the case
higory, rdevant data such as information obtained from the police inquiry (if available) and
medical precedents are specified.  Theresfter, the findings obtained during the externd
examination and autopsy followed by the higologicd daa will be summarized  The
biometricdl data, the organ weights and the reference weight of each organ at various ages are
presented in Table 2.1 (a) and Table 2.1 (b), respectively (1). An increased organ weight can
be corrdated with the mechanism of death (eg. pulmonary congestion and oedema, brain
oedema) or with pre-exising pahology (eg. cadiomyopahy, liver destoss). The
toxicologica data are summarized below (Table 2.2).

1.1 Case 80/181

This 15-year-old boy suddenly collgpsed about 15 minutes after the start of a footbdll
gane. There were no surrounding players involved a the very moment of his collapse.
Intensive reanimation was performed for a period of about 1.15 h.
During external examination, dgns of intendve reanimaion were found. There were no
other traumatic lesons.
During autopsy, red-brownish mucus was seen in the trachea. Bloody fluid was present in the
thoracic cavities (300 ml). Tadieu spots were noted on the pleurae and pericardium.
Ingpection of the lungs reveded overwheming pulmonary congetion ad oedema. A
generdized viscerd congestion was present.  Findly, a somewhat narrowed aortic ring
(perimeter of 5 cm) was observed.
Histological examination disclosed the following findings:
heart :congestion, dight focal faity infiltration, no inflammatory infiltrates
lungs. congestion and oedema
liver: vacuolisation of the hepatocytes but no fatty infiltration with Scharlach red gdaning;
dight nonspecific portitis (lymphocyte infiltration)
kidney: congestion
brain and brainstem: congestion, afew perivascular bleedings in the braingem.

1.2 Case 89/88

A 28-year-old man ate mussds on the evening of the 20th of May. He had diarrhoea
the following night and died on the 21t between 5.45 and 8.10 am.
During external examination, obvious dgns of cardiopulmonary falure (eg. pronounced
cyanotic face), a few smdl skin lesons condgent with a dight fal or impact and sgns of
reanimation were observed.
At autopsy, vomit was present in the trachea Overwhedming pulmonary congestion and
oedema, and brain oedema were observed.
Histological examination disclosed the following findings:
heart: 9gns of ischemia, dight myocardos's, arteriolar media hypertrophy
lungs: severe congestion and oedema, neutrophilic dudging, foca subpleurd bleeding
liver: congestion, dight neutrophilic dudging
kidney: congestion
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brain and brainstem: congestion and oedema, afew perivascular bleedings in the brainstem

1.3 Case 94/15

A 19-year-old man took 10 “XTC” pills a about 10:00 am. He became comatose
and was admitted to hospita a 2:00 p.m.: his temperature was 41.7°C and epileptic fits were
noticed. He died a about 10:30 p.m. following DIC and multiple organ falure. Ante-mortem
samples taken on two different times were available. Toxicologicd andyss of the serum and
urine samples taken upon arival a the hospita disclosed MDEA concentrations of 2.22 and
24.15 pg/ml, respectivdy. A few hours later, blood and urine samples were agan taken in
the hospitl and immunoassay determined the following concentrations. amphetamines 0.120
pg/ml, cocaine 0.500 pg/ml, cannabinoids 0.022 pg/ml, benzodiazepines. 0.224 pg/ml.  The
corresponding urine levels were 2400 pg/ml, 6.000 pg/ml, 0.210 pg/ml, and 0.181 pg/ml,
respectively. Ethanol was only present in urine 0.54 g/l). The MDEA blood and urine levels
were 1.28 and 24.84 pg/ml, respectively. Anayss of a pill disclosed that it contained 119
mg of MDEA.
The external inspection showed dgns of intendve reanimation, a few dight skin lesons and
bleeding out of the nose.
During autopsy, 400 ml of bloody fluid were found in the thoracic cavities, as well as Tardieu
goots on pleurae and pericardium. A tongue bite was present.  On incison, overwheming
pulmonary congestion and oedema were seen. In addition, obvious brain congestion and
oedema were observed.
Histological examination disclosed the following findings
heart: dight myocardoss
lungs: obvious congestion and haemorrhagic oedema
liver: dight Seatoss (degree )
kidney: acute tubular necrosis
brain and brainstem: moderate oedema

1.4 Case 95/271

A 19-year-old femae was found unconscious in bed; intensive reanimation failed.
External examination revedled sgns of intengve reanimation, scars of automutilation, and
obvious signs of cardiopulmonary failure (e.g. cyanotic face).
At autopsy, ydlowish mucus and foamy fluid in trachea, pus plugs in the lungs, zones of
dysaeration, and pulmonary congestion and oedema were observed. Tardieu spots on pleurae
and pericardium and generdized viscera congestion were noticed. Brain congestion and
oedema were remarked.
Histological examination disclosed the following findings
heart: congestion
lungs: pulmonary hypertenson, acute bronchiolitis, onset bronchopneumonia, foreign body
granulomata (cf. chronic intravenous drug (ab)use)
liver: sgn of shock: centrolobular atrophia, vacuolisation of the hepatocytes, moderate non
specific portitis (lymphocyte infiltration)
kidney: sgns of shock, including acute tubular necross
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brain and brainstem: congestion and oedema, a few perivascular haemorrhages in the
braingem.

1.5 Case 96/26

A 22-year-old man who had joined the Navy, was found dead in his room. He had no
medical antecedents.
During the external examination, a few skin lesons consgtent with a dight &l or impact and
sgnsindicating reanimation were noted.
At autopsy, Tardieu spots on pleurae and pericardium, and obvious pulmonary congestion
and oedemawere found. A somewhat enlarged heart and brain oedema were seen.
Histological examination disclosed the following findings
heart: pronounced vascular congestion, dight endocardid fibrods
lungs. pronounced congestion and oedema, dight bone marrow embolisation (in the absence
of fractures, assumed to be resulted from severe hyperthermic convulsons), obstruction of
gndler bronchi by mucoid materid, chronic bronchitis  (lympho-plasmocytic  and
eosnophilic infiltrates)
liver: steatosis (degree | to I1), acute congestion
kidney: acute tubular necrosis, acute congestion
brain and brainstem: congestion and oedema.

11.6 Case 96/96/1

This 21-year-old woman was found dead in bed, in the ams of her friend. They
were recently discharged from hospital for detoxification thergpy. They committed suicide
together.
In this case, the invedigaion was redricted to an extend examination. At external
inspection moderate putrefaction was found. Dried oedema around the mouth was noted. A
puncture wound at the left wrist was assumed.

1.7 Case 97/35

This 19-year-old man was murdered by a thoracic gunshot following an dtercation.
MDMA use was an incidentd discovery.
During external examination, sgns of reanimation and a few skin lesons consgtent with a
fdl or impact were noted. A thoracic shotgun lesion ("a bout touchant") and subcutaneous
emphysema were observed.
At autopsy, a haemothorax (1600 ml), a cardiac laceration and blood aspiration were found.
The adomind organs were obvioudy anemic. In addition, a gdea ecchymose (cf. fdl) and
some brain congestion and oedema were seen.
Histological examination disclosed the following findings
heart: norma myocardid tissue gpart from anemia
lungs: intra-aveolar bleeding (blood aspiration)
liver: norma but anemic
kidney: normd, anemic
brain and brainstem: moderate oedema.
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11.8 Case 97/134

This 19-year-old man was found dead lying in a sofa He was known to have had an
dlergic condtitution (atopic eczema) and a the scene a bronchodilator was found. An eroson
of the nasd septum was noted, which indicated sniffing. A prolonged surviva following
polydrug abuse was assumed. MDEA was found posgtive in urine and below the limit of
detection in blood (< LOD).
During the external inspection, reanimation sSgns, an obvious cyanotic face and eczema on
the right elbow and poplitea (cf. alergic constitution ?) were found.
During autopsy, Tardieu spots on pleurae and pericardium were observed. Mucus and vomit
plugs in the bronchi were found. Upon incison, obvious pulmonary congestion and oedema
was seen.  Apat from generdized viscerad congestion, brain congestion and oedema were
noticed.
Histological examination disclosed the following findings:
heart: pronounced vascular congestion, dight myocardosis
lungs. dysaeration, subacute vascular congestion and haemorrhagic oedema, acute bronchitis
and onset bronchopneumonia, onset diffuse dveolar damage (DAD; shock lungs)
liver: congestion
kidney: pronounced acute vascular congestion
pituitary gland: congestion
brain and brainstem: acute congestion and oedema, a few perivascular bleedings, sgns of
onset hypoxiain the hippocampus.

1.9 Case 97/156

A 32-year-old man was detained by the police for “drunkenness’. In jail, he was very
aggressve and disoriented for a few hours and findly he hung himsdf (usng his shirt fixed
on the bars) while sill in custody. The neuroleptic sulpiride (Dogmatil®) and acetaminophen
with codeine (Dafalgan Codeine®) werein his home.
At external examination, a ligaure mark at the neck and various fresh ecchymoses and
excoriations on the limbs (cons stent with repeated falls or impacts) were observed.
At autopsy, Tardieu spots on pleurae and pericardium, obvious pulmonary congestion and
generdized visceral congestion were noted. Slight brain congestion and oedema were found.
Histological examination disclosed the following findings
heart: acute vascular congestion, dight myocardoss
lungs. pronounced acute vascular congestion and haemorrhagic oedema; chronic bronchitis,
chronic pleuritis
liver: pronounced acute vascular congestion
kidney: acute congestion
skin right arm and left elbow: subcutaneous ecchymoses (> 5 hours old)
pituitary gland: acute congestion
brain and brainstem: acute congestion and oedema a few perivascular bleedings, dudging
and locdized perivasculitis in caudate nucdeus, dudging in braingem, obvious perivascular
bleedings around the third ventricle with dight neutrophilic infiltration.
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11.10 Case98/14

This 40-year-old man died in atraffic accident following an argumentt.
Upon external examination, scattered abrasions and ecchymoses on head, limbs and thorax
were found.
At autopsy, pleura Tardieu spots, pulmonary congestion and an enlarged heart were noticed.
Multiple fractures of the skull and the skull base associated with a subdural and arachnoided
bleeding were observed. In addition, an epi- and subdura bleeding of cervica spine was
found.
Histological examination disclosed the following findings:
heart: acute vascular congestion, moderate myocardosis, Sgns of protracted hypoxia
lungs. emphysema with pulmonary hypertenson, dight chronic bronchitis, obvious blood
aspiration, pronounced congestion and oedema, dudging with onset shock lungs
liver: acute vascular congestion, steatos's (3rd degree)
kidney: acute vascular congestion, signs of shock
pituitary gland: traumatic haemorrhagic zone in neurohypophysis with dight inflammeatory
infiltration (Some hours old)
skin occiput: abrasion (ca. 10 hours old)
brain and brainstem: acute congestion and oedema; periventricular bleeding in braingem
(possbly of traumatic origin), recent cerebdlar and cerebra contusions, sgns of hypoxia in
lentiform nucleus, thaamus, cortical regions and hippocampus, recent contuson of the
cervica medulla

11.11 Case 98/41

This 22-year-old driver suddenly left the main road without immediate cause. He was
admitted to hospitad where he received 10 units of packed cdls and severd units of plasma
expanders as part of the treatment for haemorrhagic shock. He died a few hours later. At
autopsy, an extremdy tiny man was found (BMI = 17) and Graves disease was incidentaly
discovered.
Upon external examination, gpart from sgns of intendve reanimation, scattered abrasons,
lacerations and ecchymaoses were found.
At autopsy, a haemothorax (290 ml), lung contusions and pulmonary oedema were observed.
About 750 ml blood in the abdomen due to a laceration of the liver and smdl bowe
perforations were seen. Stress ulcerations in the stomach mucosa were present. Subdurd
bleeding, brain contusons and oedema, associated with an epidurad bleeding of the cervica
spine were found.
Histological examination disclosed the following findings:
heart: some congestion and some dudging, a few smdl focd lymphocyte infiltrates, dight
myocardoss
lungs: obvious chronic bronchitis, dudging as pat of onset shock lungs, a few scattered
foreign body granulomata, obvious fat embolisation
liver: findings of protracted shock
kidney: normd, anemic
spleen: immunoreective soleen
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thyroid gland: chronic lymphocytic thyroiditis compatible with Graves disease

pituitary gland: acute congestion

brain and brainstem: oedema, subarachnoided bleeding, a few smdl recent brain contusions,
commoatio of the brainstem, signs of hypoxiain pons and hippocampus.

[1.12 Case 98/239

This 24-year-old man had antecedents of drug abuse and was trested with a few
benzodiazepines, the narcotic andgesic piritramide (Dipidolor®) was found. He was found
dead lying in an amchair on his back. No reanimation took place. Glucose was strongly
pogtivein urine (++++).
External inspection demonstrated dgns of cardiopulmonary falure. Scars of automutilation
and a smdl ecchymose on the left forearm possbly compatible with a intravenous puncture
were observed.
At autopsy, mucus and cloudy oedema in bronchi, hepatisation regions of the left lung, and
overwhelming pulmonary congestion and oedema were found. About 175 ml of bloody fluid
was present in the thoracic cavities. Some brain oedema was aso observed.
Histological examination disclosed the following findings
heart: pronounced acute vascular congestion; small scattered subepicardia bleedings
lungs: onsat bronchopneumonia, obvious vascular congestion and a few microthrombi,
polynuclear macrophages with crystdline inclusions (cf. chronic intravenous drug abuse).
liver: acute vascular congestion
kidney: acute vascular congestion
carinal lymph node: acute reactive lymphedenitis
skin of left forearm: recent subcutaneous bleeding
pituitary gland: acute congestion
brain and brainstem: acute congestion and oedema, scattered smdl perivascular bleedings,
ggns of protracted hypoxia in cerebelum, pons corticad regions, hippocampus. Small
hippocampal bleedings (cf. increased intracranid pressure).

11.13 Case 98/251

This 31-year-old man suddenly collapsed in a discotheque. His friends declared that
he had used XTC and marihuana on a regular bass. Andysis of a tablet found on this person
demonstrated an MDMA content of 9 % or 25.23 mg MDMA. It is not known how many
pills he may have ingested.
External examination showed dgns of intendve reenimaion and obvious dgns of
cardiopulmonary falure.
During autopsy, an obvioudy enlarged heart and a recurrent myocardid infarction on an old
leson associated with a recent coronary thrombosis was found.  For his age, a moderate
atheroscleross of dl coronary arteries was observed. Overwhedming pulmonary congestion
and oedema as well as generdized visceral congestion were present.  In addition, brain
oedema and a tongue bite were noted.
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Histological examination disclosed the following findings

heart: extengve transmura infarction, which is a leest ca 5 weeks old; smdler recent
infarction zone, ca 5 days old; dso more recent cdlular hypoxia, and recent thromboss of
ramus circumflexus.

lungs. pronounced acute vascular congestion and haemorrhagic oedema; chronic bronchitis,
deep vomit aspiration, bone marrow embolisation (cf. rib fractures due to reanimation)

liver: acute vascular congestion

kidney: intimafibrods, sgns of onset shock

pituitary gland: acute congestion

brain and brainstem: congestion and cedema, Signs of protracted hypoxia in cortical regions,
cerebellum and hippocampus.

11.14 Case 99/231

This 18-year-old man was found dead in bed. He was known to be addicted to drugs
and had therefore been receiving trestment with methadone and benzodiazepines. Oedema
and vomit was present on his bed linen. In his pocket, a smal box contaning numerous
tablets, mainly medication, was retrieved.
The invedigaion was redricted to an external examination. Obvious dgns of
cardiopulmonary fallure were found (e.g. obvious pulmonary oedema, cyanoss).

11.15 Case 99/235

This 27-year-old drug deder died following ingestion of about 6 pills. In his pockets,
anote describing the effects of 4-MTA was found.
Upon external inspection, besdes sgns of reanimaion, dight ecchymoses on limbs
consstent with aminor fall or impact were observed.
Autopsy showed Tadieu spots on pleurae and pericardium associated with  obvious
pulmonary congestion and oedema. Stress ulcerations in the ssomach mucosa were present.
Histological examination disclosed the following findings
heart: acute vascular congestion, dight myocardosis
lungs. ovewheming vascular congestion and haemorrhagic oedema, some  chronic
bronchitis
liver: acute vascular congestion
kidney: acute vascuar congestion
spleen: acute vascular congestion
pituitary gland: congestion
brain and brainstem: congestion and oedema; a few perivascular bleedings in pons and bran.
Somewhat decreased number of Purkinje cdls, perivascular lymphocyte and macrophage
infiltration in brainstem and lentiform nucleus.
This caseisdiscussed in detail in Chapter 6 of the present work (2,3).
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11.16 Case00/112

This 23-year-old man was found dead in a bar, Stting on achair.
External examination showed obvious sgns of cardiopulmonary falure (eg. pronounced
cyanotic face) and reanimation signs.
At autopsy, a great ded of bloody oedema was present in trachea and bronchi. Numerous
Tardieu spots on pleurae and epicardium, and an overwheming lung congestion and oedema
were found. A persstence of a left superior cavd vein was an incidenta discovery.  Apart
from generdized visceral congestion, congestion of the arachnoidea was found.
Histological examination disclosed the following findings:
heart: acute vascular congestion, moderate myocardoss, dgns of diffuse  hypoxia
(subendocardid); some fatty infiltration and dight bleedingsin the right ventricle
lungs. overwheming vascular congestion and haemorrhagic oedema
liver: acute vascular congestion, dight steatosis (1t degree)
kidney: acute vascular congestion
spleen: acute vascular congestion
pituitary gland: congestion
brain and brainstem: congestion and oedema; a few perivascular bleedings in pons and brain,
perivasculitis  (lymphocyte infiltration); no obvious dgns of protracted hypoxia (norma
hippocampus).
Thiscaseisaso sudied in detall in Chapter 6 of thisthess (4).

11.17 Case01/29

According to the statements of his family and friends, this 17-year old man was not
obvioudy depressive, though he was somewhat down at times. His motorbike and a bottle of
Dutch gin were retrieved nearby the train rals. Marihuana was found in his pockets. It was
assumed that he threw himsdlf in front of a passing train.
The invedigation was redricted to an external examination. A savere cranio-cervica
dedtruction and multiple fractures (thorax, limbs) were found. Inguina lacerations indicate
that he was hit in ganding pogtion. Due to the severe cranio-cerebra destruction (including
orbitd fractures), there was no vitreous humour avalable. The urine was very bloody (cf.
pubic fractures).

11.18 Case01/34

A 23-year-old man was found dead a home, lying in an armchair. Police inquiry
reveded that he had many visitors and therefore he was suspected to be a dug deder, which
was — to our knowledge — not confirmed.
At external examination, onset of putrefaction (onset epidermolyss, dehydration of the eyes,
mummification of the fingers and toes), a few smdl excoriaions on the forearms were
observed.
At autopsy, emphysema of the lungs due to putrefaction, oedema in the trachea and bronchi
and obvious pulmonary congestion were noticed. About 250 ml bloody fluid was present in
the thoracic cavities In addition to generdized congestion of al organs, obvious brain
oedema was found.
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Histological examination disclosed the following findings

heart: acute congestion, signs of shock (sgns of diffuse protracted hypoxia, neutrophylic
dudging).

lungs. pronounced acute vascular congestion and haemorrhagic oedema; signs of shock and
DIC (dudging, microthrombi)

liver: acute vascular congestion, onset of autolys's

kidney: obvioudy autolytic, sgns compatible with ATN (acute tubular necross), myoglobine
ganing non-conclusive

spleen: acute vascular congestion, signs of shock

adrenal gland: sgns of shock (eosinophylic coagulation necross)

pituitary gland: congestion

brain and brainstem: obvious congestion and oedema; a few perivascular bleedings, obvious
dudging in cerebdlum, thdamus and hippocampus, corticd microemboli; perivasculitis
(lymphocytic) in lentiform nucleus; hippocampus shows signs of hypoxia

This caseisdso investigated and discussed in detal in Chapter 6 of the present work (5).

[1.19 Case01/122

This 18-year-old man had been drinking a lot, together with a friend. He spent the
night & his friend's house. He had been snoring the whole night, but was found dead in the
morning, lying in ventra pogtion.

During external examination, onset of putrefaction was observed. A cyanosis of the
face and upper thorax was noted. A few dight dirasions in his face (possbly agond or post
mortem) and adight arasion on the knee consstent with afdl or impact were found.

At autopsy, 160 ml bloody fluid was present in the thoracic cavities. Tardieu spots on
pericardium and pleurag, obvious pulmonary congestion and oedema, and some pus in the
digd bronchid branches were found. Apat from generdized visceral congestion, brain
oedema and a tongue hite were observed.

Histological examination disclosed the following findings

heart: acute vascular congestion, dight myocardosis

lungs. pronounced acute vascular congestion and haemorrhagic oedema; dudging; onset of
shock lungs

liver: acute vascular congestion, microvacuolar steatosis (1t to 2nd degree)

kidney: acute congestion; pronounced autolyss hampering the interpretation (such as ATN)
pancreas: dight focd fibross and chronic infiltration

pituitary gland: congestion

brain and brainstem: obvious congestion and oedema; a few perivascular bleedings, obvious
dudging in caudate nucleus en thalamus, Sgns of protracted agony found in hippocampus.

This caseis discussed together with case 01/158 in Chapter 6 of this work.

11.20 Case 01/142

This 28-year-old man was extremdy confused and agitated. He had inflicted severd
cut and stab wounds on himsdf. Theresfter, he ran into the house up to the 3rd floor, where
he made an unsuccessful attempt to hang himsdlf: he tied a rope onto the raling of a bacony,

11
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then tied the rope around his neck and jumped down. The rope broke, however, and he fell to
the ground, where he died.

The inquiry was redricted to an external examination. Sight linear drasons (cf.
attempted hanging) were seen, as well as severd abrasons associated with cut and sab
wounds in the precordia region, abdomen, forearms and neck (including heditation cuts). In
addition, contusons on the head were present. Some deeper precordid wounds (cf.
subcutaneous emphysema) and abdomind fecaoid materia indicated severe interna trauma.

11.21 Case01/158

This 31-year-old man was found dead at home next to his bed, in an advanced date of
putrefaction. He was known to have an acohol abuse problem.
Upon external examination, severe putrefaction was found.
At autopsy, 600 ml bloody fluid was present in the pleural cavities. Putrefection of al organs
was found. However, pulmonary congestion could ill be observed. Generdlized viscerd
congestion could be assumed. The brain was very wesk (cf. putrefaction).
Histol ogical examination disclosed the following findings:
heart: pronounced putrefaction hampering a detaled diagnoss, only dgnificant scars (old
infarctation) could be excluded
lungs: pronounced putrefaction, arguments for congestion, oedema and degp vomit
aspiration. A few Prussian blue positive macrophages were observed
liver: pronounced putrefaction hampering a detailed diagnosis
kidney: pronounced putrefaction hampering a detailed diagnosis
pituitary gland: pronounced putrefaction hampering a detailed diagnosis
brain and brainstem: pronounced putrefaction hampering a detailled diagnods, no sgnificant
scars or traumatic bleeding.
Due to the severe putrefaction, vitreous humour was not available for toxicologicd andyss.
As mentioned above, this case is considered together with case 01/122 in Chapter 6.

11.22 Case 01/197

This 32-year-old man arived in custody, the morning of the day he died. He was
meanic-depressive and had consulted a psychiatrist, who prescribed him benzodiazepines and
carbamazepine. He hung himsef by means of akitchen towd.

The investigation was redricted to an external examination. Signs of reanimation
were found. A typicd ligature mark in the neck was observed. Old scars compatible with
automutilation were noted.
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Table2.1(a) Biometrical data and organ weights of the amphetamine-related fataities at the
Department of Forensic Medicine, Ghent University (n = 17).
(BMI: body mass index)

case | age |length|weight{BMI| brain | heart | lungs | liver [kidneys| spleen
number|(years)| (cm) | (kg) @ | @ | @ | © @ @
80/181 15 182 | 65 |[19.6| 1355 | 290 | 1375 | 1720 | 338 235
89/88 28 169 | 62 |21.7| 1470 | 295 | 1085 | 1510 | 220 100
94/15 19 183 72 | 21.4] 1440 | 300 | 1960 | 1430 300 100
95/271 19 164 | 53 |19.7| 1200 | 315 | 955 | 1370 | 320 215
96/26 2 172 | 87 | 294 1350 | 437 | 1358 | 1550 | 310 150
97/35 19 174 55 |(18.1] 1410 | 243 | 440 | 1100 220 0
97/134 19 169 | 55 |[19.2| 1430 | 280 | 1290 | 1745 | 250 170
97/156 32 176 | 65 |20.9| 1500 | 335 | 1350 | 1510 | 300 100
98/14 40 177 | 81 |25.6| 1465 | 480 | 1605 | 1900 | 480 0
98/41 22 178 57 [18.0]| 1385 | 254 | 1550 | 1255 245 245
98/239 24 170 | 61 |21.1| 1560 | 345 | 1495 | 1545 | 320 85
98/251 31 171 75 |256] 1580 | 460 | 1300 | 2235 460 180
99/235 27 171 | 55 |188| 1320 | 255 | 970 | 1300 | 280 200
00/112 23 186 | 95 |275| 1545 | 405 | 1620 | 1950 | 265 275
034 23 175 | 56 |183| 1405 | 315 | 1410 | 1160 | 190 235
0v122 18 177 | 61 |195| 1445 | 270 | 1280 | 1470 | 250 200
01/158 31 178 | 8 |[26.8| 1300 | 350 | 1230 | 1250 | 325 120
mean 175 67 22 | 1421 | 331 | 1310 | 1529 298 164
(SD) (5.7) | (131) | (3.7) | (98.9) | (73.5) [(332.8)|(302.3)| (77.3) | (64.3)
Table2.1 (b) Reference weights of the organs at various ages (in grams).

[reproduced in part from Boyd E. (1)]

age brain heart lungs liver kidneys spleen
(years)| men {women men |women men [women men [women men (women| men fwomen
15-16|1407| 1271 | 258 | 238 | 692 | 709 |1315( 1330 | 229 | 230 | 135 | 127
16-17|1419| 1300 | 282 | 243 | 747 | 626 |1380| 1360 | 244 | 236 | 145| 134
17-18{1409| 1254 | 300 | 247 | 777 | 650 |1450| 1380 | 260 | 240 | 152 | 140
18- 19| 1426| 1312 | 310 | 250 | 875 | 655 |1510| 1395 | 270 | 244 | 157 | 146
19-20|1430| 1294 | 318 | 251 |1036| 785 |1580| 1405 | 282 | 247 | 160 | 151
20-21| - - 322 | 252 | 953 | 793 |1630| 1415 | 290 | 248 | 162 | 155
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[l Toxicological data

[11.1 Drug assays

For most cases, screening tedts were performed usng immunoassay techniques and
confirmation occurred by means of high-performance liquid chromatography — with
photodiode-array detection (HPLC-DAD) (6) and gas chromatography/mass spectrometry
(GCIMYS) (7). In one of the older cases (89/88), quantification of the levels was performed by
spectrophotometry.  For cases 00/112, 01/122 and 01/158 an HPLC procedure with
fluorescence detection was applied (4). For case 01/34, a method using HPLC coupled to ion
trap based mass spectrometry (LC/MS) was used (8).

111.2 Results

The toxicologicd data from samples obtaned during externd (n = 5) and internd
examination (n = 17) are presented in Table 2.2. Four “puré’ MDMA fatdities were found
and gx victims in which MDMA was present, having been ingested together with other
subgtances (such as ethanol, benzodiazepines). The broad range of blood concentrations
noted in the “puré’ MDMA victims ran from 0.27 to 1351 pg/ml.  Amphetamine and
MDEA were involved in nine and three cases, respectively. Both PMA and 4-MTA were
found in one case.  In only about half of the cases was a vitreous humour leve of
amphetamine or its derivative avaladle. Urine and (sometimes) stomach content and bile
concentrations were detected, being reatively high for al amphetamines. A few tisue
concentrations were determined: substantid levels of dl amphetamines were found in liver
and kidney.

Toxicologicd andyss of various tissues was performed for cases 99/235, 00/112,
01/34, 01/122 and 01/158. The didribution of MDMA and related compounds in the human
body is discussed in detall in the third part of the present work.

Two blood samples, subclavian and femord in particular, were taken during the
externd examination of case 01/142. These amphetamine blood levels were 1.30 pg/ml and

0.300 pg/ml, respectively.
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Table 2.2. Toxicologica data obtained from the amphetamine-related fatalities at the Department of
Forensic Medicine, Ghent University (n = 22).

case |substances blood | blood |vitreoug urine [stomach| liver | bile |kidney
number sample [humour content
(Mgm)' | type | (ugmi)'| (gmi)' | (ng/g)® |(hg/g)*| (Mo/mI) |(ng/g)*
80/181 |amphetamines® | 2.13° - - - - 4.10 - 0.80
ethanol <LOD - - - 0.48 - 0.43
89/88 |AMP - - - 20 13 9 - -
ethanol 0.70 - 240 - - - -
94/15 |[(MDEA 3.88 - 2.36 46.75 127 - - -
ethanol <LOD - 0.50 - - - -
cocaine 0.39 - 0.30 - - - -
cannabinoids 0.05 - <LOQ - - - -
95/271 |AMP 0.20 VS - 0.50 - - - -
bromazepam 0.86 - 0.38 158 - - -
cannabinoids <LOD - 0.03 - - - -
96/26  |amphetamines? 0.24 VS 045 | 21.60 - - - -
AMP <LOQ <LOQ| 14.80 - - - -
96/96/1 |amphetamines 0.86 VS - - - - - -
ethanol 0.07 - - - - - -
methadone 0.28 - - - - - -
bromazepam 0.27 - - - - - -
nordiazepam 0.33 - - - - - -
diazepam 0.15 - - - - - -
97/35 |MDMA 0.20 IC - 26.00 6.60 - - -
LSD 0.002 - 0.02 - - 0.114 -
97/134 |MDEA <LOD| VCI 0.18 + - - - -
benzodiazepines® | 5.04 <LOD| 6840 - - - -
nordiazepam <LOQ 001 | 0.630 - - - -
diazepam 011 <LOD| 0530 - - - -
dihydrocodeine <LOQ 044 | 46.10 - - - -
cocaine* 0.32 0.13 | 20.60 - - - -
opiates 0.96 101 | 18140 - - - -
free morphine 0.02 <LOQ| 0216 - - - -
97/156 [MDMA <LOD | VC <LOD| 043 - - - -
MDEA <LOD <LOD| 316 - - - -
ethanol 114 0.56 147 - - - -
opiates ® 0.40 0.09 | 0.056 - - - -
benzodiazepines 0.19 <LOD| 210 - - - -
lormetazepam <LOQ <LOD| 0475 - - - -
sdicylates 8.20 <LOD| 82 - - - -
acetaminophen 0.60 5.7 45.2 - - - -
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Table 2.2. Toxicologica data obtained from the amphetamine-related fatalities at the
Department of Forensic Medicine, Ghent University (n = 22) (continued).
case |substances blood | blood |vitreous| urine |stomach| liver | bile |kidney
number sample | humour content
(mgm)'| type | (g/m)®| (ugm) | (hg/g)" |(Hg/g)"| (g/mi)' |(Hg/g)®
98/14 [AMP 0.07 VCI 0.24 + - - - -
ethanol 1.69 ND 224 - - - -
cocane <LOD <LOQ + - - - -
cannabinoids <LOD <LOQ + - - - -
98/41 |(AMP 0.15 VCI <LOQ - - - - -
98/239 |AMP <LOD| VS 0.06 ++ - - - -
ethanol <LOD N.D. 0.42 - - - -
cocane <LOD <LOD + - - - -
benzoylecgonine | < LOD <LOD + - - - -
cannabinoids 0.04 <LOD ++ - - - -
methadone <LOD <LOD + - - - -
opiates <LOD <LOD | ++ - - - -
codeine <LOD <LOD + - - - -
morphine 0.02 <LOD| 25 0.15 - 7.6 0.4
benzodiazepines + <LOD + + - - -
nordiazepam 0.60 <LOD + - - - -
98/251 |MDMA <LOD| VS 0.83 - 1.90 - - -
99/231 |[amphetamines - VS - 0.80 - - - -
MDMA <LOQ - 2.65 - - - -
ethanol 0.06 - 0.16 - - - -
cannabinoids 0.02 - 1.08 - - - -
methadone <LOQ - 250 - - - -
diazepam 0.71 - 1558 - - - -
nordiazepam 2.27 - <LOQ - - - -
bromazepam 094 - 8.96 - - - -
7-aminofluni- <LOD - 124 - - - -
trazepam
amitriptyline 0.40 - 245 - - - -
nortriptyline <LOQ - 2.82 - - - -
99235 |MTA 523 VF 131 | 9550 - 30.80 | 3640 | 2.88
MDMA 0.01 0.068 | 4.93 - 0.089 | 0.231 | 0.033
cannabinoids <LOD - + - - - -
00/112 |MDMA 3.10 VF 3400 | 1709 | 11810 | 26.20 | 14.20 | 13.9
MDA 0.09 0060 | 400 | 0448 | 120 | 032 | 3.022
01/29 |MDMA 4.22 VF NA + - - - -
ethanol 1.65 - 1.65 - - - -
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Table 2.2. Toxicologica data obtained from the amphetamine-related fatalities at the
Department of Forensic Medicine, Ghent University (n = 22) (continued).
case |substances blood | blood |vitreous urine |stomach| liver bile | kidney
number sample | humour content
(mgmi)' | type | (ngmD)® | (o/m)' | (ug/g)' | (g/g)' | (ng/mi)' | (ng/g)*
01/34 |PMA 163 VF 2101 | 0932 | 73103 | 8904 | 50.012 | 5.669
MDMA 113 1633 | 0.791 | 33168 | 6.657 | 25420 | 4.058
MDA 0.44 0577 | 0369 | 14308 | 0.744 | 11.655 | 3.888
AMP 0.20 0292 | 0522 | 5478 | 0.857 | 9425 | 0.746
01122 |MDMA 0.27 VS 0.361 | 3640 | 10518 | 4.867 | 22075 | 1.848
MDA 0.01 0.015 | 0.110 | 0581 | 0.093 | 0.764 | 0.089
01/142 |AMP 0.30 VF 1.80 775 - - - -
01/158 |MDMA 1351 VFE NA 7156 |2310.71| 103.496 | 86.954 | 155.293
MDA 0.04 NA 348 | 3940 | 0828 | 1782 | 6.678
01/197 |AMP <LOD| VS 142 36.00 - - - -
carbamazepine |7.97 138 2.62 - - - -
benzodiazepines (12.0 142 18.00 - - - -
nordiazepam 527 0.125 104 - - - -
oxazepam <LOD <LOD | 29.09 - - - -

Abbreviations:
< LOD: beow limit of detection

< LOQ: below limit of quantitation
-: not available
+: detected, but not quantified
VS subclavian vein
|C: intracranid
VCI: inferior venacavd vein
VF: femora vein

! for ethanol: g/l or g/kg
? amphetamines; total amount of amphetamines (screening test result)
® screening test result (Abuscreen)
* metabolite of cocaine
> screening test result (radio-immunoassay or enzyme-immunoassay)
® identified as codeine

" diazepam benzophenone in hydrolysed urine. Other compounds in hydrolysed urine:

bromazepam benzophenone: 18.08 pg/ml
oxazepam benzophenone; 19.67 pg/ml
amitriptyline: 4.20 pg/ml
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Y Summary of the cases

The age didribution of the amphetamine-related fataities is presented in Figure 2.3.
The mgority of the victims were younger than 25, and the subjects in the largest group were
below 21.

A survey of the cases including the cause, manner and mechanism of death is shown
in Table 2.3; the data present in this table are summarized and visudized in Figure 2.4.
Figure 24 (a) shows the digribution of the causes of death: “pure’ overdose victims due to
the ingestion of amphetamine and/or derivatives comprise only about one-third of the
fadities. Fata combinations such as abuse of severd drugs a the same time, and poly-
trauma (eg. resulting from traffic accidents) meke up a dgnificant pat of the sudy group.
The proportion of each manner of death (accidental, suicidd, and crimind) is presented in
Figure 24 (b). The majority of the fataities were due to an unintentional overdose (about
60% of the study population). Suicides were the second largest group, followed by
accidental traumatic desths. The various mechanisms of death are shown in Figure 24 (c).
Acute to subacute cardiopulmary falure was the most frequently observed mechanism of
death, followed by polytrauma lesons (eg. haemorrhagic shock, cranio-cerebrd lesions) and

hyperthermia

5%

aged 15 — 20 years
aged 21 — 25 years
aged 26 — 30 years
- aged 31 — 35 years
aged 36 — 40 years

18%

E O

14%

O a

27%

]

Figure2.3  Agedidribution of amphetamine-related fatalities at the Department of
Forensic Medicine, Ghent Univergity (n = 22).
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Table 2.3 Survey of the amphetamine-related fatalities at the Department of Forensic Medicine,
Ghent University (n = 22). (PMI: post-mortem interval in days; TA: traffic accident).
case |age |sex{PMI| inquiry cause of death manner of |mechanism of death
number | (Y) (d) death
80/181 (15 (M |25 |autopsy |AMP intoxication accidental |ventricular fibrillation
8988 |28 (M (1 autopsy |AMP intoxication accidental |cardiopulmonary falure
%/15 (19 |M (15 |autopsy |MDEA intoxication uicide hyperthermia, MOF, DIC
95271 |19 |F |1 autopsy |polydrug intoxicertion |accidental |acute bronchiolitis and
including AMP bronchopneumonia
96/26 |22 |M |1 |autopsy |[AMP intoxication accidental |hyperthermia
96/96/1 |21 M |3 external |polydrug intoxication |suicide cardiopulmonary failure ?
including AMP
97/35 (19 (M |3  |autopsy Ehsojtgun, MDMA and |murder interna bleeding
97/134 |19 |M |1 autopsy |polydrug intoxicertion |accidental |cardiopulmonary failure onset
including MDEA of bronchopneumonia
97/156 |32 |M |1 autopsy |hanging following suicide? |mechanicd asphyxia
ingestion of MDMA,,  |(following
MDEA and ethanol confusional
state)
98/14 |40 1 autopsy |polytrauma (TA), accidental |cranio-cervical trauma
AMP, ethanol (TA)
98/41 |22 |M (3.8 |autopsy |polytrauma(TA), AMP|accidental [haemorrhagic shock due to
(TA) multiple fractures; con- tusions
of brain and cervical spine
98/239 |24 |M |+ 4.5|autopsy |polydrug intoxication |accidental | cardiopulmonary failure; onset
including AMP of bronchopneumonia
98/251 |31 |M |2.2 |autopsy [natural diseaseand accidental |cardiac arrhythmia, non-recent
MDMA ingestion myocardia infarction
09/231 |18 |M |0.3 |externa |poly-drugintoxication |accidental | cardiopulmonary failure ?
including MDMA
99235 |27 M |2 autopsy |MTA, MDMA, accidental |fatal cardiac arrhythmia ? fatal
intoxication epileptic insults not excluded
00112 |23 |M |1.2 |autopsy |predisposing natural accidental | cardiopulmonary failure
disease and MDMA
intoxication
01/29 17 |M [0.3 |external |polytrauma(TA), suicide cranio-cervical trauma,
MDMA multiple fractures (thorax,
limbs
0U/34 |23 |M |£3 |autopsy |[PMA, MDMA, AMP |accidenta |hyperthermia DIC
intoxication
01/122 |18 |[M |+5 |autopsy [MDMA intoxication |accidental |hyperthermia, MOF
01/142 (28 |M (1.3 |externd |polytraumaand AMP |suicide interna bleeding ?
cranio-cervical trauma ?
01/158 (31 |M |7 |autopsy |MDMA intoxication accidental |cardiopulmonary failure
01/197 (32 |M |0.13 |externa |hanging following uicide mechanical asphyxia
AMP ingestion
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cause of death

9%

9% pure intoxication (amphetamine and/or derivatives)
polydrug intoxication
use of amphetamines and polytrauma

use of amphetamines and natural disease
use of amphetamines and hanging

D O

23%

O o

23%

]

(@)

manner of death

0
5%OA)

accidental overdose
accidental (traffic accident)
suicide

criminal

natural

D @

|

58%

]

(®)

mechanism of death

23% 45% cardiopulmonary failure

fatal pulmonary infection

hyperthermia

mechanica asphyxia

polytrauma

(e.g. hemorrhagic shock, cranio-cerebral lesions)

B O

O 0

9%

]

18% 5%
(©
Figure2.4 Didtribution of the cause (a), manner (b) and mechanism (c) of death of the

amphetamine-related fataities at the Department of Forensic Medicine, Ghent
University (n = 22).
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Vv Discussion

Figure 2.1 shows that the number of amphetamine-rdated fatdities has increased
since about 1995. The peak year in our study population is 2001. However, it should be
noted that some bias could have taken place during the last few years due to the
edablishment of a sysdem for the sysematic screening of medico-legd fatdities with
specific attention being given to amphetamine-rlaed victims.

The age and sex didribution of our study group was well in line with the world
literature data (see Figure 1.12 and Figure 2.3). The same gpplies to the distribution of the
causss and manners of death. However, besdes pure intoxications, polydrug (ab)use was
frequent (see Figure 2.4 (a)). Accidental overdoses comprised the mgority of deaths (see
Figure 2.4 (b)). In addition, in our study group, the number of suicides is subgtantia (23 %).
In 2 out of 5 suicide cases (case 97/156 and 01/142) severe confuson was noted. In the
subject dying in a train accident (case 01/29) it cahnot be excluded that an acute psychotic
syndrome was the immediate cause of his decison. Cardiopulmonary failure is the most
important mechanism of deeth (see Figure 2.4 (¢)). It should be noted that the distribution of
cases is not fully comparable with the literature data, as in the literature review specificdly
MDMA-related fatdities were described and in our study population al amphetamine-related
fatalities were considered.

Our data confirm that the autopsy findings in “puré’ amphetamine and polydrug
overdoses are non-specific. eg. sgns of cardiopuimonary falure (overwheming pulmonary
congestion and oedema), generdized viscerd congestion sometimes interfered by intensive
cardiopulmonary reanimation, and non-specific brain oedema were often found. This is in
accordance with the increased lung weights (see Table 2.1).

The microscopica findings are dso non-specific, though as mentioned in Chapter ],
some indications, such as pulmonary foreign body granulomata, can point to regular drug
(@b)use. In order to conclude that hyperthermia was the cause of death, the data of the
externa examindion a the scene, and the macroscopica and microscopica findings must be
considered asawhole.

Unfortunatdly, pathologicd daia on chronic amphetamine and — spedficdly - on
MDMA users, are hardly avalable from our cases. However, referring to the young subject
in whom a recurrent acute myocardid infarction based on an acute coronary thromboss and
an old transmura infarction (case 98/251) was observed, it is obvious that MDMA (or other
andogues) - jud like amphetamine - can be cardiotoxic. However, it was assumed that
cadiomyopathy in chronic amphetamine and mehamphetamine ause was manly
catecholamine-rdlated and that these lesons can be differentisted from ischemic cardiac
necrods. The catecholamine-induced myocardial injury is not redricted to a “zone’ of
injury, as is found in ischemic necrods (related to the supply of the coronary branch
involved) @). However, we cannot exclude the possibility that the subject (case 98/251) had
a genetic predispostion (such as hyperlipemiad) or that he had frequently used cocaine. An
enlarged heart can point to chronic stimulant abuse (see Table 2.1) but, unfortunately, we
have little data on the antecedents of our subjects.

When drug (ab)use is suspected, toxicologicad investigation should be performed.
However, even when the cause and mechaniam of degth is obvious (eg. lethd cranio-cervicd
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trauma due to a traffic accident), toxicologicad screening can be indicative, especidly in
young subjects.  Of our fatdities, 14 % involved traffic accidents. As mentioned above, the
dangers of driving under the influence of amphetamines should not be underestimated (see
Chapter 1). Moreover, drug use can be an explanation for bizarre behaviour, even when
traffic accidents are not involved (see e.g. cases 97/156 and 01/142).

The toxicologicd data in our cases confirm the broad range of post-mortem
concentrations. for the “pure’” MDMA overdoses, blood values of between 0.27 and 1351
pg/ml were found. In a few cases, the amphetamines were below limit of detection in blood
and were only barely detected in urine. Prouty and Anderson were able to demongtrate that
the interference of pos-mortem phenomena such as post-mortem redigtribution can be
avoided by sampling blood as soon as possble after desth from an isolated peripherad vein
such as the femora vein (10). It should be noted that in the older cases (cases 80/181, 89/88,
and possbly dso in case 94/15) the blood sampling Ste is not known and it cannot be
excluded that cardiac blood was used. For this reason, and aso because the anaytica
techniques in that period might have been less sendtive and/or specific, these levels should
be interpreted with caution. Blood sampling from the inferior vena cava was peformed in
the lower abdomen and thus not nearby the liver, which explains why these levels are not
unexpectedly high. The discrepancy between the subclavian and the femora blood AMP
concentration in case 01/142 might be explained by contamination of the subclavian sample.
In that case, several sab wounds were found associated with important thoracic and
abdomina lesions. An autopsy was not performed, however.

Unfortunately, the available vitreous humour concentrations are redricted and the
number of samples is too srdl to interpret the possble correation between blood and
vitreous humour levels. The data indicate that the vitreous humour levels were dill postive
when the persons were aready in an advanced elimination phase (see cases 97/134, 98/14,
98/239), which can be interpreted in the light of the pharmacokinetics in which the vitreous
humour levels lag somewhat behind the blood concentrations. As the vitreous fluid is to a
minor extent influenced by the autolytic processes, it is worthwhile to study the value of this
specimen (see Chapter 3 and part 3 of thiswork).

The amphetamine concentrations in urine, bile and liver indicaed a possble
eimination via hepatic biotransformation and excretion via bile and kidneys. The available
somach content levels pointed to a possble reservoir function, which could give rise to pos-
mortem redigtribution.

In view of our data, the impact of the blood sampling location in the interpretation of
the toxicological results is not clear. It will be necessary to study the digtribution — and
possble redigribution - in various fluids and tissues, to reach a concluson on this issue. In
addition, the value of vitreous humour concentrations aso needs to be explored.
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I Abstract

As drug ingability and redigtribution are factors known to affect the interpretation
of post-mortem blood levels we questioned whether post-mortem vitreous humour
concentrations could be useful as predictors for the MDMA load at the time of death. In a
firda saies of in vivo experiments using rabhits, 3,4-methylenedioxymethamphetamine
(MDMA) concentrations in plasma, blood and vitreous humour were studied as a function
of time after intravenous (iv) adminigration of MDMA. Equilibration between the vascular
compartment and vitreous humour was atained about 1 h after iv MDMA adminigretion.
In a second series of experiments, the post-mortem ability of MDMA in vitreous humour
in relation to ambient temperature was investigated. Post-mortem MDMA  concentrations
in vitreous humour were closer to the ante-mortem blood levels when compared to cardiac
blood samples.

These prdiminary investigations in the rabbit modd indicate that measurements of
vitreous humour concentrations could aso be of interet for predicting the blood
concentration at the time of deeth in humans.

Key words: 34-Mehylenedioxymethamphetamine (MDMA) - Vitreous humour —
Pharmacokinetics - Post-mortem gability - Rabbits

[ Introduction

As post-mortem drug levels in blood do not necessarily reflect the concentration a
the time of death, the question whether a detected level played an important role in the
mechanism of deeth, remains a complex problem in the forendc practice. In paticular,
post-mortem indability and redigtribution of drugs are important thanato-chemica factors
(). This “toxicologicd nightmare’ is an edablished fact for various drugs eg. cocane
(2), and many thergpeutic drugs such as barbiturates (1) and digitdis (3,4). To a certan
extent, the influence of these post-mortem phenomena can be avoided by sampling blood
as soon as possble after death from an isolated peripherd vein such as the femord ven
(5). However, bearing in mind this generd recommendation, a single blood sample is
often insufficient to draw appropriate conclusons. Another sample (tissue or fluid) should
not only be used as an andytica control for the blood level determined, but could aso
provide information on the pharmacokinetic phase and as a result the time of drug inteke.
Vitreous humour is one of these supplementary samples and is an interesing medium
because the vitreous fluid is less influenced by autolytic processes and is convenient (e.g.
ample to sample and not affected by hemolyss). Formerly, vitreous humour
determinations have been performed in order to detect various drugs, in particular ethanol
(6), morphine (7), cocaine (8), and amitriptyline (9), for example.

To our knowledge, the post-mortem drug didribution in humans has barely been
explored for amphetamines and anadogues, or for MDMA in particular, with the exception
of afew case reports (10-12).

To invedigate whether vitreous humour concentrations could be more hdpful than
blood for determining post-mortem MDMA leves in humans preiminary experiments in
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rabbits were carried out. Rabbits were chosen as the animad modd because they have a
vitreous volume of about 1.4 ml (13) which is much larger than in rats, and the chemicd
characterigtics of vitreous humour in rabbits are comparable to those in humans (4). As
pharmacokinetic data for MDMA in the rabbit are lacking, we first investigated this after
intravenous (iv) adminigration. We then sudied whether determination of MDMA in
vitreous humour is possible and whether there was a corrdation in vivo between the
vitreous humour levels and the plasma or blood concentrations. Findly, to explore
whether the post-mortem vitreous concentrations could be useful to edtimate the blood
MDMA leves a the time of death, the influence of the post-mortem intervd and the
ambient temperature was examined.

[l Materials and methods

The sudy protocol was approved by the Ethics Committee for animas of the
Medical School, Ghent Universty (request number ECP 98/1 and ECP 99/9). 34-
Methylenedioxymethamphetamine  hydrochloride  was  provided by  Sigma-Aldrich
(Belgium).

[11.1 Animals and procedures

Femade white New Zedand rabbits (weight 2050 — 4500 g) were purchased from
Iffa Credo Belgium. The animas were fagted overnight before the experiment but were
allowed free accessto water.

[11.1.1 Invivo experiments

The broad study designis shown in Figure 3.1.

A polyethylene catheter (P.E. 50) filled with heparin solution (100 1U/ml) was
implanted (xylocaine 1 %) into the main centrd artery of the right ear in 18 rabbits under
loca anaesthesia

In one group of six rabbits (t = 120 minutes), arterid blood samples (2 ml) were
taken at 0, 5, 10, 15, 20, 30, 45, 60, 90, 120 minutes after drug administration for the assay
of MDMA and MDA (3,4-methylenedioxyamphetaming) concentrations in plasma
Additiond samples (Iml a 10, 20, 60, 120 minutes) were taken for whole blood
determinations. Pentobarbital anaesthesia was induced according to Prince (30 — 35 mg/kg
body weight (15)).

In al cases, sampled blood was replaced by the same amount of sdine. Blood
samples were centrifuged a 3500 rpm for 10 minutes, and plasma and whole blood
samples were frozen a — 30°C until andyss.  Both eyes were immediately frozen after
enudegtion by immersion in liquid nitrogen for 1 — 2 minutes. The eyes were preserved at
—30°C until the vitreous bodies were dissected as described by Abel and Boyle (16).

Findly, in three rabbits the urinary excretion of MDMA and MDA was followed
for 96 hours after MDMA iv adminigration (1 mg/kg). Urine was collected in a
metabolism cage and the volume measured. These samples were dso frozen until andlyss.
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111.1.2 Post-mortem experiment
The broad study design is shown in Figure 3.1. Sample preservation and dissection
of the eyes were carried out as previoudy described.

in vivo experiments post-mortem experiments
n=18 n=12
| att=120: - blood sample right ear vein (3 ml)
| | | + - immediate killing
n==6 n==6 n==6 (neck concussion + air embolism)
t=30 t=120 t =240 + - immediate enucleation of one
eye (Ieft or right eye, at random)
at t = 30, 120 or 240: /\
- last arterid blood sampling (3 ml)
+ - pentobarbital anaesthesia n=6 n==6
+ - immediate enucleation of botheyes | T /21 17°C
n=3 n=3 n=3 n=3
PMI 25h 73h  25h 73h
At PMI = 25 or 73 h: cardiac blood sampling and
enucleation of the second eye

Abbreviations: t: time expressed in minutes
T: Temperature in degrees Celsius
PMI: post-mortem interva (hours)

Figure3.1  Study design in rabbits (receiving 1 mg/lkg MDMA, dowly infused via the lft ear
vein)

[11.2 Protein binding

Proten binding of MDMA was deemined by ultrafiltration usng Amicon
centrifuge micropatition sygem and YMT membrane discs (Grace, Amicon Divison,
Beverly, Mass). Blank rabbit plasma samples were spiked with 400 ng/ml MDMA; 1 ml
plasma samples were trandferred to the micro-partition system and centrifuged at 1500 rpm
for 30 minutes resulting in a volume between 100 and 200 ul. MDMA concentration was
measured, in a 50 pl diquot of the ultréfiltrate with HPLC. Adsorption of MDMA to the
filter was measured using an andogous solution in sdine and found negligible.
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[11.3 Drug assay
Concentrations of MDMA and MDA were determined using a fully vaidated

HPLC (high pressure liquid chromatography) procedure with fluorescence detection (I ex
288, lem 324 nm) . The samples (250 pl) were liquidliquid extracted with
hexane/ethylacetate (70:30, VIV) a pH 95 using MDEA (34-
methylenedioxyethylamphetamine) as the internad dandard.  Chromatographic  separation
was achieved usng Hypersl BDS C18 columns (3 um, 100 x 21 mm, Alltech, Deefidd,
II) isocrdicdly duted a& 02 mi/min with a mixture of water/methanol/acetonitrile
containing 0.1 M ammonium acetate. The method proved linear from 2 to 1000 ng/ml (2
ng/ml being the quantitation limit both for MDMA and MDA, between-day reproducibility
< 25 %). With each batch of samples, a calibration curve prepared in the corresponding
blank matrix (except for the vitreous humour which was subgtituted with water for reasons
of practicd unavailability) and quaity control samples (7 and 500 ng/ml) were anadysed.
Accuracy was between 97 — 102 % (n = 7) and total precison (CV, coefficient of
variaion) was lower than 13% (n=7).

I11.4 Analysis of data

The results are expressed as means (£ SD).

The plasma concentration-time profiles of MDMA after iv adminigraion were
individudly andysed using a pharmacokinetic computer programme (WinNonlin verson
15 — Sdentific Conaulting, Inc.) and were best characterized on the basis of the Akake
Information Criterion (L7), by a 2compartment model using the equation C=A e ®' +B e
bt where C is the plasma concentration a time t, a and b are hybrid rate constants and A
and B ae the codfficients of the exponentid terms. Cdculation of the pharmacokinetic
parameters (hdf-life, volume of didribution a Steedy date, volume of didribution of the
centrd compartment, clearance, area under the curve (AUC) and mean residence time) was
done according to Gibadi and Perrier (18).

Statistical processng of the data was peformed using nonparametric tests.  The
Wilcoxon Rank test was used for andyss of interindividua differences in concentrations
between the left and right eyes. The Friedman test for repeated measurements was used to
compare the ratios of blood to plasma MDMA concentrations (10, 20, 60 and 120 minutes
after infuson). The ratios between the vitreous humour MDMA concentration and the
corresponding plasma or blood levd sampled 30, 120 and 240 minutes after
adminigration, were compared usng the non-paired Kruskal-Wadlis test; and, when
appropriate, this was followed by the Mann-Whitney U Test. The corrdaion between
vitreous humour and plasma or blood leves was invesigated with the Spearman
correlation test.  For dl tests, P vaues less than 0.05 were consdered to be Satigticaly
Sonificant.
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v Results

V.1 Invivo experiments

Figure 3.2 shows the time course of the mean plasma concentrations of MDMA
following a 1 mg/kg iv dose (n = 6). The data from each animd were well fitted according
to a two compatment mode. The corresponding pharmacokinetic parameters are
summarized in Table 3.1. The mean blood/plasma ratios caculated a 10, 20, 60 and 120
minutes after infuson, were 1.2 £ 0.1, 1.2 + 0.2, 1.3 + 0.5 and 1.3 = 0.2, respectively.
Satidica andysisdid not reved sgnificant differences.

1000 7

100 7

MDMA concentration (ng/ml)

10 1
0 30 60 90 120

time (minutes)

Figure3.2  Plasmaconcentrations of MDMA as afunction of time in rabbits after an iv dose of
1 mglkg MDMA (n = 6).
(Results are expressed as means + SD)
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Table3.1  Pharmacokinetic parameters of MDMA in rabbits after an iv dose of 1 mg/kg.
(Results are expressed as means + SD)

AUC (Area under the curve;ug.min/l) 16937 + 7849
Alpha hdf-life® (min) 50+ 1.8
Beta half-life "(min) 635+ 34.2
Systemic clearance (I/kg per h) 41+14
Volume of distribution of the central compartment (I/kg) 19+0.8
Volume of distribution at steedy state (I/kg) 49+ 26
Mean residence time (min) 78.1+46.7

¢ hdf-timein the distribution phase
® haf-time in the elimination phase

MDMA concentretions were measured in the vitreous fluid 30, 120 and 240
minutes after administration (n = 6 for each time point; see Figure 3.3). As there were no
detidicd differences in MDMA  concentrations between the left and the right eyes (n =
18), the mean values for both eyes were used.

150 A

100 A

t

0 T T T T T T T 1
0 30 60 90 120 150 180 210 240

vitreous MDMA concentration (ng/ml

time (minutes)

Figure3.3  Mean vitreous humour MDMA concentrations as a function of time in rabbits after
aniv dose of 1 mg/lkg MDMA (n = 6 for each time point).
(Results are expressed as means + SD)
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The raios of the vitreous MDMA concentrations (MDMA\irreous) t0 the plasma
(MDMAyiasma ) (see Figure 34 (a)) or whole blood (MDMApied) concentrations 30
minutes after adminigtration (see Fgure 34 (b)) were less than one and dgnificantly
different from the vaues obtained a 120 and 240 minutes when both ratios were higher
than one, but no significant difference was observed between both vaues (ratios. at t = 120
mnl4+03and1.1+03;at=240min1.6% 0.2and 1.1 + 0.4, respectively).
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Figure3.4  Individud and mean ratios of the vitreous humour MDMA concentrations to
plasma (a) or blood (b) concentrations as a function of time in rabbits after an iv
dose of 1 mg/lkg MDMA (n = 18).

Figure 3.5 shows the scatterplot of the MDMAyitreous VEr'sus MDMAjasma (Figure
3.5 (@) levels or MDMAy00d (Figure 3.5. (b)) in the diminaion phase. The Spearman (rs)
correlation coefficients for the MDMA\itreous @nd MDMApiasma OF  MDMApiood  in the
eimination period (a t = 120 and 240 min) were 0.981 and 0.950, respectively. These
corrdaions were dgnificant a the 0.01 leve. The corrdation performed without the
outlier did not change dgnificantly these corrdation coefficients being 0.984 and 0.945,
respectively.

MDA plasma and blood concentrations were low, ranging between 2 ng/ml and 6
ngml. The MDA leves in the vitreous humour were beow the limit of quantitation (2

ng/ml).

The percentages of the adminisered MDMA dose recovered in urine of three
rabbits were 12,9, 3.4 and 4.1 %, respectively. MDA levels were beow the limit of
quantitation The mean unbound fraction of MDMA in plasmawas 63 % + 3 (n=6) a a
concentration of 400 ng/ml.
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concentrations (120 and 240 minutes after an iv dose of 1 mg/lkg MDMA).
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V.2 Post-mortem experiment (see Figure 3.6)

The mean plasma, blood levels and the vitreous humour concentrations of one eye
120 minutes after MDMA infuson (just prior to killing of the animas) were 32 + 17, 42 +
16, and 27 = 7 ng/ml, respectively (n = 12).

Blood MDMA concentrations were clearly increased post mortem compared to the vaues
obtained ante mortem, whereas the vitreous MDMA concentrations did not change
Ubgtantiadly pos mortem. An ovedl dight increese in vitreous MDMA levds was
observed, somewhat more pronounced a 17°C 73 h post mortem and vitreous MDMA
levels tended to be more stable at 2°C.
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Figure3.6  Individua blood and vitreous humour MDMA concentrations (ng/ml) in rabbits
120 minutes after an iv dose of 1 mg/lkg MDMA (ante-mortem vaues; blood out of
ear artery) and preserved at 2°C (left panel) and 17°C (right pandl), either 25 or 73
hours post mortem (cardiac blood).
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Vv Discussion

In this study, we examined whether determination of vitreous MDMA levels can be
useful to predict the MDMA blood concentrations a the time of death with the help of a
rabbit experiment.

In order to interpret the post-mortem concentrations of MDMA in the rabbit, we
firs investigated the pharmacokingtics of MDMA after an intravenous dose of 1 mg/kg.
The plasma concentration versus time curves of MDMA were fitted according to a 2-
compartment modd. MDMA has a high volume of digribution (5 1/kg), a high systemic
clearance (4.1 l/kg per h) and a rdatively short hdf-life (1 h). Our results were farly
conagent with previoudy reported pharmacokinetic parameters of MDMA  &fter
intravenous (iv) and subcutaneous (sC) adminigration in rets (19).

The mean blood/plasma ratios in the digribution as well as the dimination phase
indicate a certain accumulation of MDMA in red blood cdlls.

In our experiments, only 6 % of the MDMA dose was found unchanged in urine
and MDMA is probably eiminated by biotransformation or by excretion via the bhile. In
addition, MDA concentrations in rabbit plasma were very low (bdow 6 ng/ml) and were
below the limit of quantitation in urine. In rats and mice, MDA was identified in plasma as
an important metabolite @0) wheress in rat urine, ether R(-) MDA and S(+) MDA were
rardy found (19). In humans, MDA was origindly assumed to be the mgor metabalite
(21), but it was demonsrated that conjugated HMMA  (4-hydroxy-3-methoxy-
methamphetamine) and HHMA (3,4-dihydroxymeth-amphetamine) were the man urinary
metabolites of MDMA (22-25).

The mean binding of MDMA in rabbit plasma (37 %) issmilar to theat in dogs [26].

In our experiments, after a sngle intravenous dose, equilibration between plasma
and vitreous humour was obtained between 30 and 120 minutes, as the MDMA\itreous /
MDMAgiasma ratios did not differ dgnificantly between 120 and 240 minutes post
adminigration.  Physologicdly, the blood-retina barrier can be compared with the blood-
bran barier and Chu et d. (27) demondrated that an equilibration between plasma and
brain concentrations of MDMA was obtained within 30 minutes after sc administration of
MDMA inrats. The MDMA\itreous / MDMApjasma rétios at 120 (1.4 + 0.3) and 240 minutes
(1.6 £ 0.2) and the corresponding ratios of MDMA\itreous 10 MDMAp00d (1.1 £ 0.3 and 1.1
+ 04, repectively) indicate a dight accumulation of MDMA in the vitreous compartment.
The accumulation is in fact even more important as the plasma protein binding of MDMA
iIs+ 30 %. A possible explanation could be binding to the vitreous humour, but in vitreous
fluid protein concentration is only 1 - 3 % of the total serum protein concentration (14).
For some drugs with an important level of plasma protein binding, such as fleroxacin @8),
vitreous to plasma concentration ratios lower than 1 were seen. However, higher vitreous
humour levels compared to serum concentrations were noticed in rabbits for fluconazole
(29). For ethanol too, a higher vitreous humour level compared to blood concentration at
seady state was observed (6) which was explained by the smdler dry matter content of
vitreous humour (30).

11
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To our knowledge, there are only two case reports of MDMA determingtion in
human vitreous humour; both reveding a vitreous humour/blood concentration ratio below
1. Crifad and Long (31) published a traffic accident fadity dtributed to the use of
MDMA. The vitreousblood ratio was 0.5 and very little MDA was detected. These
authors concluded that their results support an acute event (i.e. that death occurred before
digribution was complete). In the second case report, (an acute poisoning, probably
accidental, due to combined intake of MDMA, cocaine and heroin) @32), the ratio of total
vitreousblood MDMA levels was cadculated as 0.66; an andogous explanation for their
results could be assumed.

Since ambient temperature and pos-mortem interval are important thanato-
chemica factors, four different conditions, 2°C or 17°C and 25 or 73 hours post mortem,
repectively, were investigated in the second pat of our study. We demondrated that
MDMA concentrations in cardiac blood increased post mortem, whereas vitreous MDMA
levels were much more dable and thus more representative of the ante-mortem blood
levels. Rdaively smdl differences were noticed between the peri- and post-mortem
vitreous vaues obtained a ambient temperatures of ether 2°C or 17°C. The devation of
the vitreous MDMA concentration 73 hours after death in rabbits preserved a 17°C could
patidly be explained by the dehydration which occurred and, theoreticdly, a low leve of
post-mortem redidribution. On the other hand, the MDMA concentration increase in our
rabbit heart blood samples, taken 73 hours post mortem in particular, points to a post-
mortem redigtribution.  Moriya and Hashimoto (33) demonstrated post-mortem diffuson
of methamphetamine from lung tissue in rabbits. In humans, post-mortem cardiac blood
levels of amphetamine (5) and methamphetamine (34,35) were found to be higher than
femora blood concentrations and in one of the cases reported by Rohrig and Prouty, the
MDMA concentration in heart blood was reported to be 5 times higher than in femord
blood (11). However, recently, in two human fatd cases associated with amphetamine
intake (36), a post-mortem increase in amphetamine concentrations of 50-60 % in femord
blood was noticed. Further thanato-chemical experiments are needed to explore the
mechanism of thee increases Ingtability of MDMA itdf is not very likdy as in vitro
dability studies of MDMA and MDA in agueous solutions and dog plasma demonstrated
that these products are fairly stable (26). Human blood samples containing amphetamine
and methamphetamine, stored in preservation products, are sufficiently stable up to 5
years (37). Nagata and colleagues (38) invedigaed the dability of amphetamine and
methamphetamine in pos-mortem rabhit tissues and concluded that these products are
ufficiently stable.

In summary, after intravenous administration, MDMA can essly be identified in
the vitreous humour of rabbits and an equilibration between the vitreous humour and the
vascular compartment was established after about 1 h.  In addition, our results confirm that
heart blood samples cannot be used for post-mortem toxicologica andyss. In fact rabbit
vitreous MDMA was more stable than post-mortem cardiac blood levels.

Vitreous sampling for MDMA determination seems to be a good autopsy practice if
blood is lacking (eg. as a result of severe blood loss or putrefaction). Moreover, after
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equilibration, vitreous humour could be a suitable control sample in case of eratic blood
vadues due to dther sampling dte bias or andyticd erors. In fact vitreous humour
MDMA levels could be more representative than blood MDMA concentrations when there
IS a prolonged post-mortem interva. Further thanato-chemical invedtigations of routine
autopsy cases shoud be performed to confirm these preliminary observationsin rabbits.
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I Abstract

Post-mortem redigtribution is known to influence blood and tissue leves of various
drugs An animd modd was used in an atempt to €ucidate this problem for the
amphetamine analogue, 3,4-methylenedioxymethamphetamine (MDMA).  Rabbits received
1 mglkg MDMA intravenoudy (iv) and were killed two hours later in order to smulate the
date of complete digribution in the body. MDMA and 3,4-methylenedioxyamphetamine
(MDA) concentretions were determined in blood, urine, bile, vitreous humour, and various
tissues (eye globe wadls, brain, cardiac muscle, lungs, liver, kidneys, iliopsoas muscle and
adipose tissue) usng a high pressure liquid chromatographic (HPLC) procedure with
fluorescence detection.

In the firg group (control group, sampling immediately post mortem) consderable
MDMA concentrations were found in the brain and both lungs. In addition, our dataindicate
the dimination of MDMA by hepatic biotrandformation and excretion via the bile.  When
the animals were preserved ether 24 or 72 h post mortem (second group), an increase of
MDMA and MDA leves in the liver and the eye globe wals was noticed. In the lungs, on
the other hand, they tended to decline as a function of increasng post-mortem intervd.
MDMA leves in cadiac and iliopsoas muscle were fairly comparable and remaned stable
up to 72 h after desth. In the third group, ligation of the large vessds around the heart took
place immediatedy post mortem, but significant differences in blood and tissue MDMA
concentrations between rabbits of group 2 and 3 could not be demonstrated. We therefore
conclude that post-mortem redisribution of MDMA a the cdlular levd (viz. by pure
diffuson gradient from higher to lower concentrations) is more important than its
redigribution via the vascular pahway. Findly, MDA levds were rdaivedy low in dl
samples, thus indicating that this is not a major metabolite in the rabbit, at least within the
firgt two hours after administration.

Key words: 3,4-Methylenedioxymethamphetamine (MDMA) - 3,4-Methylenedioxy-
amphetamine (MDA) - IV infuson in rabbits - Tissue didribution - Post-mortem
redistribution

[ Introduction

For many drugs there is a corrdation between plasma concentration and
pharmacologicd effect. However, the interpretation of post-mortem concentrations of many
subgtances differs subgtantialy from in vivo quantified leves In particular, post-mortem
ingability and redigtribution can be important interfering factors, as has been demondrated,
for example, for ethanol (1) but aso barbiturates @), cocaine @), and dothiepin @). Post-
mortem didtribution has dso been investigated for more scarcely encountered substances in
forensic practice such as laudanosine (5 ), dichloromethane (6 ).

These thanato-chemicd problems have bardy been explored for the amphetamine
anaogue, 3,4-methylenedioxymethamphetamine (MDMA, or “ecdasy”), except in a few
case reports (7-10). For amphetamine and methamphetamine, more literature data are
avalable (11-19). Animd experiments deding with this issue for amphetamine or its
analogues are scarce R0-22). To our knowledge, post-mortem redistribution of MDMA has



Chapter 4

not been thoroughly investigated ether in humans or in anima modds.  Substances having
an gpparent volume of didribution of more than 3 to 4 I/kg are lidble to post-mortem drug
redigribution (21). As shown in a previous sudy using rabbitss MDMA has a volume of
digribution at steady state of 4.9 + 26 I/kg (23). Furthermore, we demonsrated that
MDMA concentrations in cardiac blood increased post mortem and that vitreous MDMA
levels were more dtable (23). As a result, snce substantia post-mortem redidtribution of
MDMA is suspected and thus could be important to deal with and to take into account when
drawing conclusions in current forensc practice, two experiments have been set up. Here,
degth in a gate of complete absorption of the drug (e.g. when somebody dies due to multiple
organ falure) was dmulated. In the following experiment in rabbits (24), post-mortem
reditribution was investigated when someone dies due to MDMA ingestion before complete
uptake took place and therefore a consderable “reservoir” of the substance is gill present in
the somach. Both animd experiments invedigate the consequences on sampling and
interpretation of the toxicologic data, mainly when peripherd blood cannot be taken for
andyss.

In this dudy, the tissue didribution of MDMA and its metabolite 34-
methylenedioxyamphetamine  (MDA) was dudied in  the rabbit after intravenous
adminigration. We dso investigated the mechanism of the increases in heat blood
MDMA levds, in paticular, the redigribution of MDMA from the surrounding tissues into
the cardiac blood. Blood and tissue levels were compared both with and without ligature of
the large vessels around the heart up to 24 and 72 hours after death. One could expect that
by dample diffuson across concentration gradients via vascular pathways, blood-rich organs
such as the lungs and the liver could contribute to post-mortem increases in  drug
concentrationsin cardiac blood (2).

[ Materials and methods

The sudy protocol was agpproved by the Ethics Committee for Animas of the
Medica School, Ghent University (request number ECP 99/20).

MDMA hydrochloride for the rabbit experiments and pure standards (MDA and
MDMA) were provided by Sgma-Aldrich (S. Louis, Mo).

[11.1 Animals and procedures

Female white New Zedand rabbits (weight 2000 — 2350 g) were purchased from Iffa
Credo, Belgium. The animas were fasted overnight before the experiment but were alowed
free access to water.

The dudy desgn is presented in Figure 4.1. Fifteen rabbits receved 1 mg/kg
MDMA, dowly infused via the left ear vein, and 2 rabbits received a comparable amount of
sdine and were used as blanks. Blood was sampled after 2 h via the right ear vein (3 ml) for
determination of whole blood and secum MDMA levels Three groups of rabbits were
randomly created. In three rabbits (group 1), al samples were immediately taken after death
(controls). The remaining 12 rabbits were left in asupine podtion a an ambient temperature
of 18 °C and divided into groups 2 and 3, according to whether or not immediate post-
mortem ligation was carried out on dl the large vessdls around the heart. Groups 2 and 3
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were each divided into two subgroups (n = 3), which were preserved ether 24 hours (group
a) or 72 hours (group b) post mortem. From each rabbit, cardiac blood and the following
tissues were sampled: cardiac muscle, right and left lung, liver, kidney (mixture of right and
left), cerebrum, cerebdlum, braingem, somach wal and stomach content, abdomind
adipose tissue, and iliopsoas muscle.  In addition, enuclestion of the second eye and
sampling of urine and bile in toto was caried out. The eyes were handled as previoudy
described (23). The individud eye globe walls, conssing of the retina, choroidea and
sclera, were adso preserved for toxicologicd andyss. In order to avoid contamination of
these eye globe wdls, dl inseting muscle fragments were carefully removed.  Aqueous
humour, cornea and lens were not included in our protocol. As credtinine is a dable
parameter post mortem (25), these levels were determined in the vitreous humour samples

and the ratio of MDMA to creatinine concentration was calculated. All samples were stored
at —30 °C until andysis.

at=0min.  1mg/ kg MDMA, iv (n=15)
at=120 min: - blood sampling

+ - immediate killing (by neck concussion + air embolism)
+ - enucleation of one eye (left or right, at random)
I | I
Group 1 Group 2 Group 3
n=3 n=6 n==6
no ligation ligation
group 2-a group 2-b group 3-a group 3-b
n=3 n=3 n=3 n=3
PMI: Oh 24 h 72 h 24 h 72 h
AtPMI =0h: AtPMI =24 0r 72 h:

- enucleation of the second eye
- cardiac blood sampling
- tissue sampling, and urine and bile in toto.

Figure 4.1 Scheme of the study design in rabbits receiving 1 mg/lkg MDMA iv.
[PMI = post-mortem interva expressed in hours].



Chapter 4

[11.2  Analytical methods

[11.2.1 Drug assay

The samples were andyzed usng a fully vdidated procedure developed in our
laboratory for the andyss of MDA, MDMA and 3,4-methylenedioxyethylamphetamine
(MDEA) (26,10) in biologicd matrices. The essentids of the method are described below.
Tissue samples were homogenized after a 1.4 dilution in waer udng an UltraTurrax
homogenizer from IKA (Staufen, Germany). The resulting homogenates or biologica
liquids (serum, whole blood, vitreous humour, urine, bile and stomach content) were
liquidliquid extracted with hexane/ethyl acetate (7/3, viv) a an dkdine pH of 95 (usng
K2COs3). For the tissues, the organic layer was transferred to a test tube containing 1 ml of 1
M hydrochloric acid. After mixing, the organic layer was discarded. The agueous layer was
adjusted to pH 9.5 (using KxCO3) and again extracted with hexanelethyl acetate (7/3, viv).
The organic layer was evaporated after the addition of 50 nl. methanolic HCI.

For the chromatographic separation, a narrow-bore (2.1 x 150 mm, particle size 3
mm) Hypersl BDS Cig column was used with a gradient dution usng 0.1 M ammonium
acetate in water and acetonitrile/methanol. FHuorescence detection was used with an
excitation and emission wavelength of 288 and 324 nm respectively.

Cdlibration curves were prepared in the corresponding blank matrix and extracted
usng the generd isolation procedure. When the concentration of an unknown sample
exceeded the cdlibration interval, it was reassayed in an gppropriate dilution.

The limit of quantitation (LOQ) was 2 ng/ml for whole blood, serum and vitreous
humour, 10 ng/g for tissue samples and 0.1 pg/ml for urine.

[11.2.2  Quantitation of cregtinine

Creatinine measurements were performed on a Cobas Mira (Basd, Switzerland)
automated analyzer and were based on the Jaffé reaction (reaction of creatinine and picrate
in dkdine medium) (27).

[11.3 Analysis of data

Statistical processing of the data was performed using non-parametric tests (using
the computer programme SPSS, verson 10.0 for Windows). The Wilcoxon Rank test was
used both for the andyds of intrarindividud differences in  concentrations between
cerebrum, cerebelum and braingem and for comparing the vaues of the right and the left
lung. The Wilcoxon Rank test was dso used to compare the individua vitreous humour
and blood MDMA leveds. The Mann-Whitney U-test was used to compare the vaues of
groups 2 and 3. The Kruska-Walis test was applied to compare the MDMA and
cregtinine vaues as a function of post-mortem interva and, when appropriate, this was
followed by the Mann-Whitney U-Test. The correation between blood and vitreous
humour or tissue MDMA levels was investigated with the Spearman corrdation test.  For
al tegts, P vaues less than 0.05 were considered to be statisticaly significant.
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v Results

Figure 4.2 shows the mean concentrations of MDMA and MDA in different tissues
of the rabbits of group 1. The MDMA and MDA levels in blood and plasma 120 minutes
after infuson are comparable with those in a previous study (23). The individuad vaues of
the cerebrum, cerebelum and braingem were taken together as there were no datidticaly
sgnificant differences. The mean of these leves is presented as MDMA concentraion in
the brain. For the same reason, the mean vaue of both vitreous humour samples, both eye
globe wadls and both lungs was used. When compared with the blood leve, the highest
MDMA concentrations were retrieved in the lungs, the bile and the kidneys, followed by
the brain. The MDMA leves in cardiac and iliopsoas muscle were comparable, but were
higher than cardiac blood levels. In contrast, the MDMA levels in adipose tissue were
mainly bedow LOQ and only quantifiadble in one rabbit. The MDA concentrations were
low in blood and in dl tissues (< 100 ng/g), and only substantid in the lungs, liver, bile
and kidney (see Figure 4.2 (b)).

Figure4.2 Mean MDMA (a) or MDA (b) concentrations in blood, vitreous humour, bile, and
tissues in rabbits after an iv injection of 1 mg/kg MDMA. Sampling occurred 120
min after infusion or immediately after killing (group 1, n = 3).
(Values expressed as mean + SD).
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In Figure 4.3, the individuad MDMA concentrations in blood, vitreous humour and
eye globe wals of groups 1, 2 and 3 (Figure 4.3 (@) are presented. For group 1, the
vitreous humour concentration of each individud eye is presented (and not the mean vdue
of both eyes as in Figure 4.2). The Wilcoxon test showed that the post-mortem MDMA
blood leves differ dgnificantly from the MDMA vitreous humour levels (p = 0.006; the
blood MDMA concentrations were higher than de corresponding vitreous humour levels).
The outlier in the blood MDMA leves (R-14) is not rdevant, as contamination with
thorecic cavity fluid during sampling occurred. The Kruskd-Walis test showed
gonificantly different MDMA concentrations for the vitreous humour and the eye globe
walls of the second sampled eye (p = 0.006 and 0.023, respectively), immediately post
mortem and 24 h or 72 h after deeth. In addition, the individua creatinine concentrations
and the ratio of the MDMA to creatinine concentration in vitreous humour are shown (see
Figure 4.3 (b)). The Kruska-Wadlis test showed dso datigticdly sggnificant differences for
the cregtinine vaues in the second sampled eye (p = 0.002), immediately post mortem and
24 h or 72 h ater desth. The results of dl Kruska-Wallis tests were confirmed by the
Mann-Whitney U-test. However, no datigicdly dgnificant differences were found when
the ratios of MDMA to credatinine concentration were conddered. The Spearman
correlation coefficient (rg) for the MDMA concentration in the vitreous humour and the eye
globe walls of the second eye was 0.64 (p = 0.05).

In Figure 4.4, the mean MDMA (see Figure 4.4 (a)) and MDA (see Figure 4.4 (b))
concentrations in blood and various tissues of groups 1, 2 and 3 are presented. No
datidicdly sgnificant differences between the ligated and nontligated rabbits were found,
ether for the MDMA or for the MDA concentrations. The Kruska-Wallis test, used to
compare the vaues as a function of post-mortem intervd, was only sgnificant for the
MDMA concentrations in the liver (p = 0.015). The Mann-Whitney U-test confirmed a
dgnificant rise in MDMA leves 24 h and 72 h after death. The r; for the MDMA levd in
post-mortem blood related to cardiac muscle, lungs or liver was 0.64, 0.63 and 0.59,
repectively. These correlaions were significant at the 0.05 leve.

The MDMA concentration in urine, avallable in 12 rabbits, varied between 500 and
8100 ng/ml. In dl rabbitss MDA concentrations in blood and plasma sampled 2 hours after
infuson, as wdl as in the vitreous humour and eye globe wals of the fird and second
sampled eye, were very low (< 15 ng/g) or bedow LOQ. MDA could not be quantified in
cadiac or iliopsoas muscle, or in adipose tissue.  In the bran, MDA was manly beow
LOQ, except for one rabbit (13 ng/g). However, rdaively high MDA levels were found in
the lungs, the liver, the bile and the kidneys (see Figure 4.4 (b)).
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Figure4.3 (@) Individud MDMA concentrationsin blood, vitreous humour and eye globe
walls after iv injection of 1 mg/kg in rabbits (R) of groups 1, 2 and 3.
(b) Individua creatinine concentrations (mg/dl) and individua ratios of MDMA
to creatinine concentrations in vitreous humour in rabbits (R) of groups 1, 2
and 3. The first (0) and second (-) point represent the ante- or peri-mortem
and post-mortem vaues, respectively, at a particular post-mortem interval.
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Figure 4.4 (a) Mean post-mortem MDMA concentrations in rabbit tissues after iv injection
of 1 mg/kg MDMA. (Values expressed as mean £+ SD).
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Figure 4.4 (b) Mean post-mortem MDA concentrations in rabbit tissues after iv injection
of 1 mg/kg MDMA. (Values expressed as mean £+ SD).
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Vv Discussion

In the control group (group 1, sampling immediatdy post mortem), MDMA
concentrations were obvioudy higher in the bran and both lungs than in blood, thus
indicating accumulation of the substance in these tissues The MDMA levels in cardiac and
iliopsoas muscle were rdativdly smilar but dso higher than in blood, thus indicaing
potentid binding of MDMA to these tissues. The importance of cardiac muscle levels in
post-mortem toxicology has previoudy been invedigated extensvely, for example for
digoxin (28). Liver MDMA concentrations were reatively low and MDA leves rdativey
high when compared with the corresponding blood leves.  These findings point to hepatic
biotransformation and excretion via the bile.  To our knowledge, the metabolism of MDMA
in rabbits has not yet been ducidated but, in humans, pathways including demethylation to
MDA and glucuronide and sulphate conjugation have recently been described (29,30).
Furthermore, biliary excretion of amphetamine and methamphetamine in the ra was
established many years ago 31). The MDMA concentrations in the kidney are the highest of
dl, but as the kidney tissue itsdf is extensvely permested by urine, these levels can be
interpreted as due to “inherent contamination”. The MDMA leves in adipose tissue were
vey low and often near or just below the quantification limit. We cannot exclude the
posshility that sampling 2 h after iv infuson provides insufficent time for MDMA to gan
access into this tissue.  As the ratio of the tissue MDMA levels to blood concentrations in
our rabbits is higher than 1 for most organs, accumulation of this substance in these above-
mentioned tissues is established. When we compare our data with the tissue digtribution of
amphetamine in the rat (21), we notice that the ratios of tissue to blood concentrations of
MDMA in the rabbit are higher than the corresponding ratios for amphetamine in the rat,
thus indicating that the binding of MDMA is more pronounced than that of amphetamine. In
rats, tissue concentrations 2 hours after iv adminigration of (+)-methamphetamine were
highest in the kidney, followed by brain, liver and cardiac muscle (32). Methamphetamine
concentretions in rabbit liver after iv infuson were dso rdatively low and even lower than
in skeletd muscle (33).

As the pKa of MDMA is 10.38 34), MDMA will be found totaly in ionised form a
physiologicad pH, and therefore MDMA would not be able to diffuse fluently to the brain.
However, referring to the clinicad effectss MDMA can easily pass through the blood-brain
barrier, a fact which suggests that active trangport might take place A sudy in mice
suggested that P-glycoprotein plays a fadlitating role in the entry of MDMA via the blood-
brain barrier (35). In addition, data from rats indicate that metabolites of MDMA (such as
glutathione conjugates) enter the brain via a transporter and are subsequently metabolised to
thioether conjugates which contribute to the serotonergic neurotoxicity (36,37). The rapid
patitioning of (+)-methamphetamine in the rat bran was aso partidly explaned by other
physicochemica properties (such as smal molecular weight) of that substance (32).

Our reaults confirm the findings of our fird Sudy: post-mortem vitreous humour
MDMA concentrations are more dable than cardiac blood levels (23). Refering to the
podtive corrdation between the MDMA leves in post-mortem blood and cardiac muscle,
lungs and liver, we can assume a pod-mortem diffuson between these organs and cardiac
blood. In addition, a ggnificant increese in MDMA concentrations was noted in the

12
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homogenates of the eye globe wals sampled in rdation to the post-mortem intervad. The
relidbility of credtinine concentrations in post-mortem vitreous humour was substantiated
many years ago (25). The rise in cregtinine concentration in vitreous humour a increesing
post-mortem interval due to dehydration has been confirmed. As the ratios of MDMA to
cregtinine  concentration  gill show an increesng  (though not  ddidicdly  sgnificant)
tendency a longer post-mortem intervas, the (rdaively minor) increesss in MDMA
vitreous humour levels cannot be due exclusvely to dehydration. Indeed, bearing in mind
the very high MDMA levels in the globe wal of the second sampled eye and the sgnificant
correlation between the vitreous humour and globe wal concentration of that particular eye,
it can be assumed that diffuson out of these “reservoirs’ into the vitreous humour can occur,
and that it will occur mainly at longer post-mortem intervals.

Our data are unable to support the findings of Moriya e a (20), who
demonstrated redidtribution of methamphetamine into cardiac blood via pulmonary blood
vesHs in the ealy pos-mortem period. Indeed, no dHatidicaly sgnificant differences
between rabbits with (group 3) or without (group 2) ligation of the large vessds around he
heart could be substantiated. However, we cannot exclude the possbility that the lack of
ggnificant differences between group 2 and group 3 is influenced by the smal number of
animas.

The bile MDMA levels tended to decrease a longer post-mortem intervas (see
Figure 44 (a), dthough these changes were not datisticaly sgnificant. We believe that the
ggnificant increases in pos-mortem MDMA liver concentrations can partidly be explained
as a result of diffuson from the bile.  On the other hand, MDMA concentrations in cardiac
and iliopsoas muscle are farly stable post mortem and can be of interet when the usud
toxicologicd samples (blood, urine or vitreous humour) ae lacking or when advanced
putrefaction occurred.  This has previoudy been suggested for methamphetamine and
amphetamine (38).

The MDA leveds were rdatively low in al organs being bdow 100 ng/ml. The
highes levds were found in the lungs liver and bile The high MDA leves in the lungs
indicate ether nonspecific binding of MDA (in addition to accumulation of MDMA) or
locd metabolisn of MDMA to MDA as the lungs contain enzymes such as cytochromes
P450. As MDA could be gquantified in the eye globe wadls of the second sampled eye in
groups 2 and 3 and not in the eyes immediately taken after killing (data not shown), this
could indicate that MDA can dso be formed post mortem.

Vi Conclusion

In these experiments in rabbits, a dtate of complete absorption of MDMA was
amulated by iv adminigration. The organ didribution of MDMA and its metabolite MDA
was presented and the redistribution up to 72 h post mortem was investigated.

The enhancement of MDMA concentrations in cardiac blood can be due to post-
mortem redidtribution from the lungs, in the firs place, and — to an obvioudy lesser extent —
from the cardiac muscle and liver. As ggnificant differences between rabbits with and
without ligation of the large vessels around the heart could not be proven, we believe that
post-mortem redigtribution on the bass of nonvascular diffuson gradients, namdy at
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cdlular levels (from higher to lower concentrations) could be predominant. However, these
findings cannot be totaly extrgpolated to humans due to the different topographic anatomy
of the rabbit, where the organs are inherently closer to one another.

This animd dudy confirms the findings in a recent fadity (10) that drug
concentrations in samples taken for toxicologicad assay can be influenced by post-mortem
redigribution, mainly when sampling takes place cetradly in the body, and therefore this
phenomenon should be taken into account when drawing medico-legd conclusons, such as
whether the MDMA blood concentrations are toxic or potentidly letha. In addition, when
an gppropriate blood sample is lacking, quantification in the iliopsoas musce can be hdpful
to solve the question whether the individud died due to aMDMA overdose.
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I Abstract

Drug concentrations in autopsy samples can dso be influenced by post-mortem
gadric diffuson when the somach contans a substantid amount of the drug or by
diffuson from the trachea when agond aspiration or post-mortem regurgitation of vomit
occurs.  This was dudied in a rabbit animal modd in which MDMA solutions were infused
post mortem ether in the trachea or in the somach. At 24, 48 or 72 hours post mortem,
samples including cardiac blood, vitreous humour, urine, bile, gastric content and severa
tissues were taken for toxicologic andysis.

After post-mortem tracheal infusion, MDMA can easly diffuse not only into the
lungs but aso in grest quantities into the cardiac blood and — to a lesser extent — into the
cardiac muscle. MDMA was dso found in the cosdy adjacent digphragm and in the upper
abdomind organs, including the liver and the somach.

Following post-mortem infusion into the stomach, consderable MDMA levels were
found in cardiac blood and muscle, both lungs, digphragm and liver tissue when the
solution was concentrated nearby the lower oesophaged sphincter. However, when the
MDMA solution was present deegper in the somach, MDMA levels were high in the spleen
and the liver and rdatively low in cardiac blood and muscle.

In both experiments, MDA levels were in mogt tissues low or below the limit of
quantitation, but were subgtantiad in cadiac blood and muscle, lung and digphragm,
indicating that MDMA can be metabolised to MDA after desth.

These reaults in the rabbit modd indicate that the diffuson of MDMA out of the
somach content, or due to aspirated vomit and gastro-oesophagea reflux can lead to
condderable post-mortem redigtribution and thus should be taken into account in current
forendc practice in order to draw the right conclusons when a periphera blood sample is
not avallable.

Key words. 34-Methylenedioxymethamphetamine (MDMA) -  3,4-Methylenedioxy-
amphetamine (MDA) - Post-mortem trached and gaedric infuson - Post-mortem
redigribution - Experiment on rabbits

[ Introduction

Post-mortem drug leves can be difficult to interpret due to interfering thanato-
chemicad processes such as drug ingability and post-mortem redidtribution (1). These
processes can result from diffuson of the substance out of adjacent organs. They can dso
be due to diffuson from high concentrations present in the gastric content and/or from
vomit aspiration in the airways or even from post- mortem regurgitation (2,3).

Post-mortem absorption of ethanol, paracetamol and propoxyphene from simulated
vomit aspiration was found to result in an increese in post-mortem cardiac blood
concentrations in five human bodies (4).

Diffuson of ethanol from the somach cavity after desth has been investigated
extensvely for more than 50 years (5). As this post-mortem diffuson results in an
elevation of the blood acohal levd in cardiac blood (6) and even in aortic blood (7),
peripherd blood sampling such as from the femord (or externd iliac) vein is recommended
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because it is obvioudy less ligble to post-mortem changes. Post-mortem diffuson from
gadtric resdue into blood and surrounding tissues has aso been studied for a few other
drugs incduding zopicdlone (8), benzodiazepines (9), paracetamol (9) and amitriptyline
(10,11).

The amphetamine derivaive, 34-methylenedioxymethamphetamine (MDMA,
“ecttasy”) is dable in blood and plasma in vitro (12). In part one, post-mortem
rediribution due to diffuson of MDMA out of severd organ tissues was evauated after
amulaion of a complete digribution of the substance prior to death (13). In this study,
post-mortem diffuson of MDMA from a “reservoir’ in the somech or from agond vomit
agpiration was explored using a rabbit animal modd. This can be compared with the
condition when somebody dies shortly after MDMA ingesion (eg. due to cadiac
arhythmia) and therefore an incomplete absorption occurred, or when subgantid
regurgitation or vomit aspiration takes place in the peri-mortem period. When blood and
tissue concentrations (studied up to 72 hours after deeth) in both experimenta settings
change subdantidly, this should be taken into account in the interpretation of the
toxicologic resultsin humans.

[ Materials and methods

Provison of MDMA and rabbits as well as handling of the animds prior to the
onsst of the experiments and preservation of the samples took place as previoudy
described (13).

[11.1 Animals and procedures

The rabbits (weight 1900 — 2420 g) were killed usng a CO,-O- gas chamber (70/30
%). Theresfter, two groups of rabbits were created: group 1 (n = 6) was used for post-
mortem infuson into the trachea (PIT) and group 2 (n = 6) for post-mortem infuson into
the somach (PIS). Randomisation of the animas occurred and infuson of the MDMA
solution (diluted in saline; 1 mg/kg) took place within the first hour post mortem.

The study design is presented in Figure 5.1. After preparation of either the trachea
or the oesophagus, ligation towards the laryngeal/pharyngeda region took place. For group
1 (MT), a highly concentrated MDMA solution was used in order to reduce the volume of
fluid to be infused (< 05 ml). The solution was injected into the trachea usng a 1-mi
gyringe and 26 G needle.  In group 2 (PIS), a polyethylene catheter (inner diameter of 2.5
mm) was inserted into the oesophagus up to the lower oesophageal sphincter.  After
infuson of MDMA, flushing of the catheter with sdine took place. All rabbits were left in
a supine podtion a ambient temperature (15 °C).  Dissection was carried out in a drict
manner 0 as to avoid contamination of the samples and sampling took place in the same
sequence for al rabbits.  The samples taken in group 1 (PIT) were: cardiac blood and
muscle, left and right lungs, left and right digphragm, liver, somach wal and stomach
content, spleen, left and right iliopsoas muscle, abdomina adipose tissue, left and right
kidneys, urine, erebrum, cerebellum, brainstem, and both eyes. In the second group (PIS),
furthermore, lower vena cava blood, duodena wal and content, disga smdl bowed and
content, and left and right abdomind muscle wal were sampled.  Although the rabbits
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were fasted overnight, the somach was not empty due to coprophagia. All organs were
taken in toto for toxicologicad andyss. The eyes were handled as previoudy described
(14).

Group 1 (PIT) Group 2 (PIS)
(trachedl infusion, 1 mg/kg MDMA) (stomach infusion, 1 mg/lkg MDMA)
n==6 n==6
|
| | | | | |
n=2 n=2 n=2 n=2 n=2 n=2
PMI 24 h 48 h 72h 24 h 48 h 72h
Tissue ;émpling Tissue sampling

Figure 5.1  Scheme of the study design of post-mortem infusion in rabbits receiving 1 mg/kg in
the trachea (Group 1; PIT; left pandl) or in the stomach (Group 2; PIS; right pandl).
(PMI: post-mortem interval expressed in hours)

[11.2  Analytical methods
MDMA and MDA concentrations in the tissues were assayed by HPLC with
fluorescence detection as described earlier (13).

Y Results

Figure 5.2 shows the individud concentrations of MDMA and MDA in group 1
(PIT). The daa indicate that the extent of post-mortem diffuson depends manly on
whether the MDMA solution flowed into the left (R-PIT-3,-4,-5,-6) or into the right (R-
PIT-1,-2) bronchus. MDMA concentrations were substantia in the organs most directly
adjacent to the lung containing the highet MDMA leves, such as the corresponding hemi-
digohragm. In mogt rabbits, very high MDMA leves were found in the cardiac blood.
When the MDMA solution was concentrated in the left lung, MDMA was quantifidble in
the somach wal beginning 24 h after adminigration, and even in the somach content and
kidneys after 48 and 72 h. This is visudly represented in Figure 5.3, where the post-
mortem redigtribution is shown in 2 rabbits in which the highex MDMA amounts were
found in the left principad bronchus a 24 and 48 h post mortem. In most tissues, the MDA
levels were below the limit of quantitation (LOQ; < 10 ng/g), except in those having very
high MDMA concentrations cardiac blood and muscle, both lungs and digphragm.
However, the MDA concentrations were relatively low (< 500 ng/g; see Figure 5.2).
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Figure5.2 Individua MDMA and MDA concentrations in rabbits (n = 6) after post-mortem
infuson of 1 mg/kg MDMA in the trachea (PIT), 24, 48 and 72 h after
adminigration.
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Figure5.3

Labels:

Thoracic and abdomind post-mortem diffusion after tracheal indtillation of 1 mg/kg
MDMA in rabbits (n = 2), in which spreading of the solution occurred
predominantly in the left bronchus, 24 and 48 h after administration.

RA: right atrium AOQ: aorta

RV: right ventricle VI: inferior venacava MDMA levels (ng/ml or ng/g):
LA: left atrium V'S: superior vena cava > 10,000
LV: left ventricle AR: arteriarenalis 5000 — 10.000
TP: truncus pulmonalis ~ VR: venarenalis o 1'000 -5 (')00
VP: venaepulmonales  D: diaphragm 560 _ 1060
0 100 - 500
0J10- 100
O<10
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Figure 5.4 presents the individud MDMA and MDA levds in the rabbits of group 2
(PIS). Two patterns of post-mortem redigribution can be diginguished: an “intra-gadric”
and a “supra-digohragmatic’ pattern. In the intra-gastric pattern (n = 3; RPIS-2,-3,-4), high
MDMA leveds were found in the left digphragm and lung, as wel as in the gleen. In
addition, subgtantidd MDMA concentrations were present in the liver. When the MDMA
solution was concentrated just above the lower oesophageal sphincter (supra-digphragmetic
pattern; n = 3; R-PIS-1,-5,-6), high MDMA levels were found in both hemi-digphragms,
the liver, the cardiac blood and muscle, and both lungs. These findings are visudly
documented in Figure 55:. the two different patterns, viz. intra-gastric (Figure 5.5 (a)) and
supra-digphragmeatic (Figure 5.5(b)), are presented 72 h after infusion.

For dl rabbits, an inter-individua variation was observed. As a result, no clear
rel ationship between the concentrations and the post-mortem interval can be postulated.

In dl rabbits, the MDMA levels were ether very low or below LOQ (< 10 ng/g) in
the brain, eye globe wals and vitreous humour, smal bowe wal and content, kidneys,
iliopsoas muscle, abdomind adipose tissue, muscle of the abdomind wall, and urine (max
500 ng/g). However, in two rabbits of each group (R-PIT-3 and RPIT-5, 24 hand 72 h
dter infuson and R-PIS4 and R-PIS-5, both rabbits 72 h after infuson), MDMA
concentrations were non-negligible in the eye globe wadls and vitreous humour. In
addition, the leves in the eye globe wals were obvioudy higher than in the vitreous
humour (max 2000 and 360 ng/g, respectively).

In the rabbits of the intra-gadtric pattern, MDA was barely quantifiable and was in
the supra-diaphragmatic pattern also very low (< 300 ng/g; see Figure 5.4).
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Figure 5.4  Individua MDMA and MDA concentrations in rabbits (n = 6) after post-mortem
infuson of 1 mglkg MDMA in the stomach (PIS), 24, 48 and 72 h after
adminigration.
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Figure 5.5

Labels:

Thoracic and abdominal post-mortem diffusion after gastric indtillation of 1 mg/kg
MDMA in rabbits (n = 2), showing the difference between the intra-gastric (a),
and supra-diaphragmatic pattern (b) 72 h after indtillation.

RA: right atrium AOQ: aorta _
RV: right ventricle VI: inferior venacava MDMA levels (ng/ml or ng/g):
LA: left atrium V'S: superior venacava > 10,000
LV: left ventricle AR: arteriarendis 5,000 — 10,000
TP: truncus pulmonalis ~ VR: venarendis @ 1,000 — 5,000
VP: venaepulmonales  D: diaphragm 500 — 1,000

O 100 - 500

0 10- 100

O<10
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Vv Discussion

MDMA tissue levels after post-mortem tracheal ingtillation depend on the
disperson of the solution into ether the Ieft or the right bronchus. In both cases, however,
the MDMA concentrations were high in the cardiac blood and — to a lesser extent — dso in
the cardiac muscle. In addition, our data show that MDMA can easly diffuse out of the
trachea into the thoracic and upper adomind organs, and the amounts diffused dightly
incresse with the post-mortem interva. In the lower abdomina tissues, such as the
kidneys, the iliopsoas muscle and adipose tissue, the MDMA levels were either very low or
below the quantitation limit.

After post-mortem instillation in the stomach, two different diffuson patterns were
observed depending on whether the MDMA solution was concentrated intra-gastricaly or
supra-digphragmaticaly.  The supra-digphragmatic Stuation is comparable to gastro-
oesophaged  reflux, which involves subgtantid diffuson into cardiac blood and muscle,
both lungs and liver. When the MDMA solution was concentrated more deeply in the
stomach, post-mortem redistribution did affect the thoracic organs to a minor extent, and
the intrargadric solution diffused manly into the cdosdy adjacent spleen.  Our results
indicate that peri- or post-mortem gastro-oesophaged reflux is obvioudy more responsble
for the redigtribution of MDMA than ahigh MDMA concentration in the ssomach itsdlf.

In four rabbits, non-negligible MDMA levels were found in vitreous humour and
eye globe wdls. These levels were clearly higher than in the corresponding brain, which
indicates that another mechanism than pure diffuson from the brain should be assumed.
One possble explanation is that there was direct or indirect reflux into the naso-pharynx
with diffuson of MDMA into the snuses, the skull base and the orbitee.  Such diffuson
has formerly been edtablished for ethanol: in a human modd, diffuson from an ethanol
olution in the mouth and pharynx into the skull and aso into the vitreous humour was
observed, dthough a relatively longer post-mortem intervas (more than 60 or 72 h) (15).

In dl the experiments in rabbits we peformed a present, we observe that the
MDMA concentrations in the iliopsoas muscle are not subject to post-mortem diffusion,
and thus reman dable after death. Therefore, iliopsoas muscle can be an interesting
pecimen when the usud samples for drug assay are lacking. However, muscle sampling is
not recommended for some other substances (such as temazepam, prothiaden, paracetamol
and amitriptyline) (16,17). These <udies did not include concentrations in iliopsoas
muscle, however.

In  both post-mortem indillation experiments, the MDA levds were only
quantifiable when very high locd MDMA concentrations were found, which proves that
MDMA can be metabolised post mortem into MDA. The MDA concentrations were lower
when the MDMA <olution was concentrated intra-gedricdly ingead of supra
digphragmaticaly. This is in accordance with a previous study in which we hypothesized
that the lungs play arolein the metabolism of MDMA to MDA (13).

10
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\4 Conclusion

In this experiment, we used tracheal indillaion of MDMA to demondrate that
agond vomit aspiration can lead to subgtantid post-mortem redidribution, manly into
cardiac blood and muscle, and into both lungs. To a less pronounced extent, MDMA aso
diffused to the liver tissue and the lower abdomind organs. Using infuson into the
stomach, we proved that peri- or post-mortem gastro-oesophaged reflux gives rise to
ggnificant post-mortem diffuson of MDMA. When the MDMA reservoir is concentrated
in the somach itsdf, the thoracic organs are not subgtantialy affected by redistribution up
to 72 h post mortem. These rabbit experimental results could be extrgpolated to humans as
agond aspiration in the lungs or post-mortem regurgitation frequently occurs in medico-
lega practice. Our results demondrate once more that peripheral sampling should be
recommended in current practice. However, when this is not possble, the MDMA and
MDA levds should be interpreted with great caution, especidly regarding toxic or lethd
levds.  Findly, as in dl expeiments peformed a presnt, the iliopsoas muscle
concentrations remain dable post mortem, this specimen can be useful in current forensic
practice when an appropriate blood sampleis lacking.
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I Abstract

In this study, regiond tissue didributions of the amphetamine andogue, 34-
methylenedioxymethamphetamine (MDMA, “ecstasy”) and its metabolite  34-
methylenedioxyamphetamine (MDA) in a faid overdose are presented.  Quantitation of
MDMA and MDA leves occurred in blood samples taken centraly (right and left heart and
man adjacent great vessdls) and peripherdly (subclavian and femord blood). In addition,
MDMA and MDA concentrations were determined in cardiac and iliopsoas muscle, both
lungs, liver, both kidneys, spleen, the four brain lobes, cerebelum and braingem, and
adipose tissue. Findly, MDMA and MDA levds were determined in serum, vitreous
humour, urine and bile For dl samples, a fully vdidated high-pressure liquid
chromatography procedure with fluorescence detection was used. The found substances
were d o identified with liquid chromatography-tandem mass spectrometry.

Our data confirm that blood sampling from an isolated peripherd ven is
recommended for MDMA and MDA. In addition, the vitreous humour MDMA level
indicates that this fluid can be an intereting dternaive when a suitable blood sample is
missng. Conddering the subgantia differences in concentrations in blood samples taken
from various gStes in the body and the high leves in some tissues (eg. in liver), we
concluded that the influence of post-mortem redistribution should be taken into account in
the interpretation of toxicological data when an agppropriate periphera sample cannot be
obtained or when blood samples are not available because of putrefaction.

[ Introduction

Post-mortem  ingtability and redidribution ae known interfering processes in
thanato-toxicological  investigations (1). However, amphetamine and its derivative 34-
methylenedioxymethamphetamine (MDMA, “ecdasy”) in paticular are stable in blood and
plasma in vitro (2). The dability of methamphetamine and amphetamine in post-mortem
rabbit tissues — dored in test tubes under four different conditions - was studied over a
two-year period, and the authors concluded that skeletd muscle and bone marrow proved
to be the most appropriate samples for accessng toxicity (3). To our knowledge, post-
mortem drug didribution and redidgribution of MDMA and 34-methylenedioxy-
amphetamine (MDA) have barely been explored in humans, except for a few case reports
(4-6). More literature data are available for amphetamine and methamphetamine (7-16).
We report an extended regiond tissue distribution study in afatal overdose case.

[l Casehistory

One morning, a 23-year-old man was found unconscious in a bar. He was dtting on
a char, regting with his head upon his foreerms on the table in front of him. The
emergency team attempted intensve reanimation, which faled. Upon examination 28 h
post mortem, the body weighed approximately 100 kg and was 186 cm tdl. In the pocket
of the decedent, a sndl amount of white powder was found. Some vomit was noticed on
his T-shirt and his boxer shorts were soiled with uwrine.  During further externd
examination, many vibices were observed in the post-mortem lividity located on the upper
thorax and back, and his face was drongly cyanotic.  Obvious congestion of the
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conjunctivae and intermediary pupils was present. A fresh puncture wound was seen on the
right am but inquiry reveded that it occurred during the reanimation atempt. During
internal  ingpection, sgns of intendve reanimdtion, including a sernd fracture, were found.
Numerous Tardieu spots were observed on the pericardium and both pleurae.  Both lungs
weighed 1620 g, and, upon sectioning, some emphysema, severe congestion and moderate
oedema were found. The heart weighed 405 g and an aberrant course of the superior vena
cava, a perdstence of the left superior caval vein, was noticed. The stomach contained a
brownish liquid without food fragments, and the mucosa showed a few pin-point
ulcerations. The brain weighed 1545 g, and, apat from dight oedema and congestion of
the white matter, nothing unusuad was observed. The remaning organs showed no cbvious
anomalies macroscopically, except for congestion.

On higologicd examination, pronounced pulmonary congestion, haemorrhagic
oedema, a dight intra-adveolar infiltration with a few polymorphonucdear cdls and some
leucocyte dudging in the pulmonary veins were found. Groups of aveolar macrophages
were seen, dthough daining with Prussan blue was negative and there were no signs of
pulmonary  hypertenson. The liver chowed dignt faty infiltration, and a few
peripancregtic lymphocyte infiltrates were found. In the caudate nucleus and the nucleus
lentiformis, a few venulae were surrounded by a lymphocyte infiltration. The hippocampus
showed no marked hypoxemic lesons. No obvious pre-exiding dissese was identified
higtologicaly.

Because drug abuse was sugpected and amphetamines could be involved,
gppropriate samples for a digtribution study were taken. Sampling included dl possble
centrd and periphera blood samples, somach content, urine, bile and vitreous humour.
Severd gmdl tissue fragments were taken a random throughout the organs. The samples
of cardiac and iliopsoas muscle, both lungs, both kidneys, liver, spleen, abdomina adipose
tissug, dl four lobes of the cerebrum, cerebellum and braingem were preserved a — 30°C
until analyss

v Materials and methods

V.1 Reagents and materials

All reagents and chemicas were of andyticd grade and were obtained from Aldrich
(Gillingham, U.K.) unless dated otherwise. Solvents were of HPLC grade from Merck
(Darmstadt, Germany). Pure MDA, MDMA and 3,4-methylenedioxyethylamphetamine
(MDEA) dandards were obtained from Sigma (St. Louis, MO). 3,4-Methylenedioxy-
methylpropylamphetamine (MDMPA) was syntheszed by in-house following a procedure
described earlier (17). Stock solutions of these active substances were prepared by
dissolving 10 mg of the pure compound in 10 ml of methanol. Appropriate dilution with
methanol yielded the working solutions containing al three compounds. All concentrations
of the standards are expressed as the free base. The stock solutions were stored in the dark
a - 20 °C and were stable for at least 1 year. Working solutions were stored under the same
conditions as the stock standards but discarded after 6 months.
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V.2 Drug screening

A comprehensve screening was performed on blood, urine and stomach content.
Screening methods used were the enzyme-multiplied immunoassay technique (EMIT®),
radioommunoassay (RIA), and various chromatogrgphic techniques, including high-
performance liquid chromatography-diode array detection (HPLC-DAD) (fdllowing
extraction under dkdine conditions), thin-layer chromatogrephy (TLC) on Sunshine
extracts, and gas chromatography-mass spectrometry (GC-MYS), as described previoudy
(18).

V.3 Apparatus

The HPLC unit was composed of a ternary low pressure gradient pump, and an
autosampler with a 25-pl loop (Kontron Ingruments, Milano, Italy) equipped with a solvent
degassng module (Shodex, Tokyo, Japan). A spectrofluorometric detector (RF-10Axl,
Shimadzu, Kyoto, Japan) linked to a Kromasystem 2000 data system (Kontron Instruments)
was used for data acquisition and Storage.

The MS analyses were carried out on a Micromass Q TOF hybrid MS (Micromass,
Wythenshawe, U.K.) equipped with an orthogond eectrospray source (Z-spray) and a
Waters Alliance 2790 separation module (Waters, Milford, MA) integrated with the Q TOF
ingtrument.

IV.4 |solation of the compounds

Serum, whole blood, vitreous humour, and urine samples (250 pl) were extracted
with 8 ml of hexand/ethylacetate (7:3, viv), dter the addition of 50 pl of the internd
dandard solution (containing 400 ng/ml MDMPA for water, serum, whole blood and
vitreous humour and 5 pg/ml MDMPA for uring), dilution with 1 ml of H,O and
adjusment of the pH with 0.5 ml of 1M agueous K,COs3; (brought to pH 9.5 with 37%
HCI). Samples were mixed on a rotary mixing device (10 min) and centrifuged for 15 min
(1200 x @). The organic layer was transferred to a test tube containing 50 pl methanolic
HCl (5M acetylchloride in methanol) and evaporated usng a Turbovap® evaporator
(Zymark, Hopkinton, MA) at 35°C under nitrogen.

Tissue samples were homogenized after a 1:4 dilution in water (1 ml of the
homogenate corresponds to 250 mg tissue) usng an UltraTurrax homogenizer from KA
(Staufen, Germany). The resulting homogenate of the tissue samples as wdl as bile and
somach content were extracted usng a liquid-liquid extraction with back extraction that
was especidly developed for the andyss of amphetamines from degraded post-mortem
samples. After addition of the internd standard (containing 400 ng/ml MDMPA) to 1 mi
tissue homogenate or 250 pl bile or ssomach contents, 1 ml of water was added, and the pH
was adjusted with 0.5 ml of the 1M agueous K>,CO3; solution. Subsequently, the samples
were extracted with 8 ml of hexane/ethylacetate (7:3, v/iv). To thet end, samples were
mixed on a rotary mixing device (10 min) and centrifuged for 15 min (1200 x g). The
organic layer was tranderred to a test tube containing 1 ml of 1M hydrochloric acid. After
mixing on a rotay mixing device (10 min) and centrifuging for 15 min (1200 x g), the
organic layer was discarded. The agueous layer was brought to pH 9.5 with 2 ml of 2M
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agueous KoCO3 (dso brought to pH 9.5 with 37% HCI) and again extracted with 8 ml of
hexanelethylacetate (7:3, viv). After mixing on a rotary mixing device (10 min) and
centrifuging for 15 min (1200 x @), the organic layer was tranderred to a test tube
containing 50 pl methanolic HClI (5M acetylchloride in methanol) and evgporated a 35°C
under nitrogen.

The dry resdues from both extraction procedures were redissolved in 125 pl of
HPLC euent A (for dl matrices except for urine where the resdue was redissolved in 250
ul of HPLC duent A) (see Chromatography section), and a 25-pl diquot was injected for
liquid chromatography coupled to fluorescence detection (LC-H) or LC-MS-MS.

V.5 Chromatography

Chromatographic separation was achieved on a Hypersl BDS Cig column (100 x
21 mm, 3 pm, Alltech Associates, Deafidd, IL). The mobile phase was a 0.1 M solution
of ammonium acetate in HPLC-grade water (90%), methanol (5%) and acetonitrile (5%)
(Eluent A) or in methanol (45%), acetonitrile (45%), and HPLC-grade water (10%). After
an isocratic part (100 % A) of 6 min, a linear gradient from 0 to 70 % B within 14 min was
used. After completion of the chromatographic run, the pump was programmed to regain its
initid conditions within 0.5 min, and 8 min was dlowed for reconditioning.

IV.6 Fluorescence Detection

The excitation and emisson wavelengths of the fluorescence detector were 288 and
324 nm, respectivdy (bandwidth was 15 nm for both dits). The results obtained with
fluorescence detection were used for quantification.

V.7 Mass Sectrometry

ESl positive mass spectra (sngle MS and product ion scans) were acquired on a
Q-TOF MS. The conditions, which were optimized usng flow injection of sandard
solutions, were as follows. ES capillary voltage 3100 V, cone voltage 14 V, and source
temperature 120 °C. The ES gas was nitrogen. For LC-MS-MS product ion andysis, the
quadrupole was set to pass precursor ions of the selected mass (180.1 for MDA, 194.1 for
MDMA, 208.1 for MDEA and 236.1 for MDMPA) to the hexagpole collison cel (using
agon as the callison gas for collisonrinduced dissociation (CID)) and product ion spectra
were acquired with the TOF andyser. The collison energy was optimized for each
compound (14 eV for MDA and 16 eV for MDMA, MDEA and MDMPA). All TOF
measurements were performed a high resolution settings (5000 fwhm a mass 1500), and
the TOF andyser was “scanned” over myz 100 to 250 with a 3-sintegration time.

V.8 Specimens
Toxicological andyses were peformed on blood collected from the subclavian

ven, femord ven, vena iliaca, inferior vena cava, right and left arrium, left ventricde and
aorta ascendens. Left ventricular blood was not available. Other specimens that have been
andyzed indude uring vitreous humour, serum (obtained from the subclavian vein and
aorta ascendens), bile, somach content, cardiac muscle, left and right lung, liver, left and
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right kidney, spleen, iliopsoas muscle, abdomina adipose tissue, and different parts of the
brain, such as the tempord lobe, the parietd lobe, the fronta lobe, the occipita lobe, the
cerebdlum and the braingtem.

V.9 Calibration samples

Cdlibration curves were prepared in the corresponding blank matrix except for
vitreous humour, which was subdtituted by water because of its practica unavailability and
its high water content (£ 98 %). The cdlibrators were prepared in serum, whole blood,
tissue samples (for each tissue sample, kidney, liver, etc. a cdibration curve in the
corresponding blank matrix was used), bile, somach contents and water by spiking 50 pl of
the agppropriate working solution, containing MDA, MDMA, and MDEA, in a 250-
diquot of the sample (for tissue samples, 1 ml of the homogenate was used, which
corresponds to 250 mg tissue), resulting in 2, 10, 20, 40, 100, 400 and 1000 ng/mi
concentrations (ng/g for tissue samples). They were dl extracted according to the generd
isolation procedure. For urine the cdibration samples contained MDA, MDMA, and
MDEA a leves of 0.1, 0.2, 05, 1, 2, and 5 pg/ml. Samples exceeding the cdibration
range were gppropriately diluted and reandyzed.

Vv Results

V.1 Drug screening

The routine screening of blood and urine by immunoassay techniques disclosed the
presence of a high levd of amphetamines in urine only (684 pg/ml), toxicologicaly
irrdevant levds of cotinine (6.9 and 1.0 pg/ml urine and blood, respectively), caffeine
(229 and 39 pg/ml urine and blood, respectively) and trace amounts of benzoylecgonine
(only present in uring, 0.7 pg/ml). Head-space GC analysis demonstrated the absence of
ethanol in blood and urine. The andyds of blood, urine, and stomach contents using
genera purpose HPLC-DAD, GC-MS, and TLC methods as well as a method developed
for the determination of cocaine and metabolites (19,20) in urine and blood, confirmed the
results found by the prediminary screening. Smultaneoudy, it reveded the presence of
MDMA in blood, urine and stomach contents. For additional confirmation, we developed a
fully quantitative LC assay for the determination of the methylenedioxyamphetamines in dl
specimens available.

V.2 Analytical performance

Cdlibration curves were congructed for MDA (metabolite of MDMA, present in the
mgority of the matrices) and MDMA. The linearity ranged from 10 to 1000 ng/g for
tissues from 2 to 1000 ng/ml for blood, serum, and vitreous humour; and from 0.1to 5
pg/ml for urine. The correation coefficients in the different matrices ranged from 98.2
(kidney homogenate) to 99.8 % (spleen homogenate) for MDA and from 97.6 (liver
homogenate) to 99.9 % (serum) for MDMA. The limits of detection (LOD), which were
determined by analyzing decreasing concentrations of the compounds added to blank
matrices, were 0.8 ng/ml foo MDA and MDMA in whole blood, serum and vitreous
humour; 2 ng/g foo MDA and MDMA in tissue samples and 2 ng/ml for MDA and
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MDMA in wrine. The limit of quantitation (LOQ), which was defined as the lowest
concentration that could be quantitated with an imprecison of < 20 %, was 2 ng/ml for
whole blood, serum and vitreous humour, 10 ng/g for tissue samples, and 0.1 pg/ml for
urine. Reproducibility (within-day and between-day, n = 6) was tested a low, medium and
high concentration levels in whole blood, serum, water (subgtitute for vitreous humour) and
tissue (brain tissue) and was found to be < 20% in dl cases. All samples were assayed in
padld uing LC-MS-MS and the obtained MS data confirmed the proper identities of the
target compounds.

V.3 Toxicological findings

The toxicologicd findings are summarized in Table 6.1. The MDMA and MDA
tissue-to-blood retios were caculated using the femord blood level as reference. The ratio
of blood to serum MDMA levels in the subclavian vein and in the aorta are 0.83 and 0.54,

respectively. The corresponding ratios for MDA are 0.90 and 0.85, respectively.
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Table 6.1 Distribution of MDMA and MDA..

sample MDMA MDA ratio: fluid or tissue ratio: fluid or tissue
pg/ml * - pg/ml * MDMA level to MDA level to
femoral blood femoral blood
MDMA level MDA level

subclavian blood 35 0.090 113 097
femora blood 31 0.093 1.00 1.00
venailiacablood 3.5 0.191 113 2.05
inferior vena cava blood 4.8 0.199 155 214
right atria blood 55 0185 177 1.99
right ventricular blood 57  0.29 184 3.18
left atrid blood 76 0274 245 2.95
blood from the aorta 4.4 0.151 142 162
serum (subclavian blood) 4.2 0.100 135 1.08
serum (blood from aorta) 8.2 0.178 2.65 191
vitreous humour 34 0.060 1.10 0.65
urine 1709 4.000 NR NR
bile 142 0320 NR NR
cardiac muscle 140 0.346 452 372
right lung 125 0446 4.03 4.80
left lung 189 0.609 6.10 6.55
liver 26.2 1203 8.45 12.94
stomach content 1181 0.448 NR NR
left kidney 121 2700 3.90 29.03
right kidney 139 3022 448 32.49
spleen 100 0264 3.22 2.84
iliopsoas muscle 45 0.144 145 155
adipose tissue 04 <LOQ 0.13 NR
brain: frontal lobe 174  0.296 561 3.18

tempora lobe 149 0252 481 271

parietd lobe 171 0362 5.52 3.89

occipital lobe 129 0.256 4.16 2.75
brainstem 132 0220 4.26 2.37
cerebellum 11.7 0225 3.77 242

NR: not relevant
* for tissues. ug/g
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Figure 6.1 Possible mechanism of redistribution (indicated by direction of arrows).

Labels: RA: right atrium
RV: right ventricle
LA: left atrium
LV: left ventricle
TP: truncus pulmonalis
VP: venae pulmonales

D: diaphragm

AQ: aorta

VI: inferior venacava
V'S superior venacava
AR: arteriarenalis

VR: venarendis



Chapter 6

I Discussion

The autopsy findings, including macroscopicd features (such as increased lung
weight) and the microscopicd examination (pronounced pulmonary congestion and
oedema), are condstent with an acute to subacute cardiopulmonary fallure.  From the
purely physologicd point of view, the aberrant course of the superior vena cava
(perastence of the left superior cavd vein) was not important, as the outlet of the vena cava
superior was aso present in the right atrid cavity. Referring to the toxicological data, we
can conclude that the cardio-respiratory insufficiency was caused by the sympaticomimetic
mechanism of MDMA. Indeed, dectricd ingtability of the heart has been described in this
anomdy (21).

We present a detailed digribution of MDMA and MDA concentrations in this fata
overdose. Possible mechanisms of redigtribution are presented in Figure 6.1.

Our daa (Table 6.1) confirm tha a peipherd blood sample is strongly
recommended and femora blood remains the most representative. When femorad blood is
not available, blood from the vena subclavia or vena iliaca may be appropriate; however,
cadiac blood samples and left arid blood in paticular, should be avoided.  The dte-
dependent differences in heart blood concentrations have previoudy been observed for
methamphetamine (12). In our casg, the left arid MDMA leved was the highest of dl and
can probably — or a least patidly — be explaned by diffuson from both lungs via the
venae pulmonaes. It is not excluded that the high MDMA leve in cardiac muscle is dso
corrdlated with the high MDMA concentration in the adjacent lungs, but diffuson from the
stomach content volume could aso be speculated.  The obvious difference in MDMA and
MDA levels between both lungs could be explaned by post-mortem diffuson out of the
high resarvoir of these substances present in the stomach content volume.  Indeed, the
gomach is only separated from the left lung by the digphragm.  As the gastric mucosa is
eadly influenced by the autolytic process, post-mortem diffuson to the closdy adjacent
organs can be assumed. The reativdy high MDMA levd in vena cava inferior blood can
be corrdaed with diffuson out of the kidneys and the liver. Indeed, the MDMA
concentration in the liver was the highest of dl organ leves. As the liver seems to be an
important “reservoir” of MDMA, this organ can be assumed to be capable of inducing
considerable post-mortem redidribution a increesng post-mortem intervas.  As a result,
blood sampling near the liver (eg. inferior vena cava blood or blood from the right heart)
should be avoided.

The MDMA ad MDA levds in liver and bile can point to diminaion by
biotransformation or by excretion via the bile. However, MDA levels in the kidneys were
higher than the corresponding MDA liver concentrations, which may indicate that the
impact of tubular resbsorption should not be overlooked because the MDA levd in urine
was rather low. In our case, because the MDA blood and tissue levels (dso the ratios as
given in Table 6.1) ae manly condgent with the MDMA digribution, though with a
consderable difference in sze, we can assume that MDA acts as a metabolite of MDMA.
Refering to the MDA amounts, our data confirm the results of previous sudies, namely
MDA isnot amgor metabalite in humans (22-24).

10
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The ratio of vitreous humour to femord blood MDMA leve of 1.1 was consgstent
with previous research in rabbits (25), indicating that equilibration was atained. This
assumes that vitreous humour can be a suitable dternative when an appropriate blood
sample is lacking, but this should be confirmed with larger series.  In addition, when a
sgnificant degree of putrefaction has dready taken place, thus making blood and vitreous
humour sampling impossble, quantitation of MDMA in iliopsoas muscle can give rdevant
information (see valuesin Table 6.1).

The MDMA leves in the various brain regions demondrate regiond differences,
with the highest levels being in the frontd and parietd lobes. In our data, these regiond
differences are amilar for MDA.  Because the sampling method was different, our results
cannot be compared with recently published findings (16).  Findly, the high cerebrd leves
are concordant with the strong neuropharmacol ogic effects of “ecstasy”.
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|.2 Distribution study of the amphetamine derivative MDMA and its
metabolite 3,4-methylenedioxyamphetamine (MDA) in two overdose
cases

I Introduction

In this section, the digribution of MDMA and its metabolite MDA in various body
fluids and tissues is further investigated on the basis of two additiond fatdities in order to
determine which body fluid and/or tissue sample post mortem most closely approximates
the blood concentration at the time of death. The quegtion is raised as to whether the
toxicologicd data are consstent with those in the above-mentioned case (1). Moreover, a
few additiond samples (such as pleurd and pericardid fluids, both hemi-digphragms and
endocrine glands including the pituitary gland) are sudied.

[ Case histories

1.1 Case01/122

At about 11 am., an 18-year-old man was found dead. The night before, he had
gone out with a friend and had been drinking a lot. He had been snoring the whole night,
but was found lifdess, in ventrd pogtion, in the morning.

An initial external examination was performed in the mortuary the same day at 3:30
p.m. The body had been kept in the cold store since about 1:30 p.m. His wallet was found
with the body in the plastic body bag though without any cash. His face and upper thorax
were obvioudy cyanctic. The lips and tip of the tongue were parchment-like desiccated.
Rigor mortis was dready obvioudy present on both upper and lower limbs, the hypostasis
was distinct. The recta temperature measured a 3:42 p.m. was 36°C. Subclavian blood
and urine were sampled for toxicologica screening.  As the friend of the deceased denied
the use of drugs, and the post-mortem blood dcohol concentration was rdatively low (0.56
gl), ard — moreover - the wallet of the young man was empty, the prosecutor ordered an
extengve inquiry including an autopsy.

As the prosecutor delayed his decison whether or not to order an autopsy until
further toxicological results were avalable, the autopsy was performed only 5 days post
mortem. External inspection disclosed a rather smal young man : the body weighed 61 kg
and was 177 cm tdl. Onsgt of putrefaction was noted. Only a few dight desiccated
abrasons in his face (possbly agona or post mortem) and a dight excoriation on his knee
consistent wth a fal or impact, were found. Some smal scarce petechiae on the left outer
eyelid and conjunctivee were observed. Denta caries and a tongue bite were seen.  During
internal examination, 160 ml bloody fluid was present in both pleurd cavities. Scattered
Tadieu spots on both pleurag, thymus and epicardium were noted. Pus materid was
present in the diga bronchid branches, and an overwheming pulmonary congestion and
oedema were found. Generdized visceral congestion was seen, which was confirmed by
the increased organ weights (see Table 2.1 (a). The histological study confirmed the
pronounced pulmonary congestion and haemorrhagic oedema and the generdlized viscera
congestion.  Furthermore, microscopical examination demongrated shock lungs and 1% to
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2" degree microvacuolar liver steatosis. Autolysis hampered the diagnosis of an acute
tubular necrods (ATN). Examinaion of severad brain regions disclosed - apat from
pronounced congestion and oedema - a few petechid haemorrhages, obvious dudging in
the basal gangliaand signs of protracted hypoxia in the hippocampus.

1.2 Case01/158

A 3l-year-old man known to be addicted to acohol, was found dead a home next
to his bed, in an advanced state of putrefaction.

During external examination, the body exuded a miasmatic odor. Typica
decomposition signs such as generdized bloating of the body associated with a discoloured
face, venous marbling and peding off of the skin were found. Purge fluid was draining out
from the mouth and nose. The body weighed 85 kg and was 178 cm tdl. The externd
findings and police inquiry indicated a post-mortem interva of a least 7 days.

At autopsy, putrefection of dl organs was confirmed. About 600 ml bloody fluid
was present in both pleura cavities. Putrefaction vesicles on the lung surfaces were present
and obvious pulmonary congestion could ill be observed. The organ weghts are
presented in Table 2.1 (Chapter 2. The heart was somewhat enlarged but the coronary
arteries showed no subgantid aheroscleross.  The putrefaction interfered  with the
microscopical examination. However, ggnificant myocardid scars and pronounced liver
deatoss (by means of a fat daning) could be excluded. Arguments for pulmonary
congestion and oedema associated with deep vomit aspiration could be substantiated. In
addition, a few Prussan blue podtive macrophages were observed. There were no
important bleeding lesonsin the brain.

[l Toxicological data

The previoudy described HPLC-method was used for the quantitation of MDMA
and MDA (1,2. MDMA and MDA concentrations in various body fluids and tissues are
presented in Table 6.2. For both cases, the cardiac blood concentrations were higher than
the peripherd blood levels, and the pericardid fluid levels were in line with the cardiac
blood levels. Subgtantid levels were found in the mgority of the organs, except for the
abdominal adipose tissue.  The highest concentrations were observed in dl lung lobes, the
somach content, the liver, the bile, both kidneys and the urine  In addition, the
concentrations in the pituitary gland were obvioudy higher than the bran levds. The
vitreous humour MDMA leved in case 01/122 was in the same range as the periphera blood
levels.

For case 01/122, two subclavian blood and urine samples were available: sampling
of these occurred during the initid external examination and a the autopsy, thus with an
interva of 5 days Toxicologica screening of the initid samples disclosed the presence of a
blood and urinary acohol concentration of 0.56 g/l and 1.23 g/l, respectivdy. MDMA was
detected in blood. In addition, a potentidly toxic methadone level of 1.1ug/ml in blood
was found.

For case 01/158 — due to the pronounced putrefaction — it was unfortunately not
possble to obtain dl the samples of the protocol. In particular, the number of the avalable
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blood samples was redricted. In addition, the brain was extremely wesk and therefore
immediatdy preserved on buffered formdin (10 %).

Table6.2 Distribution of MDMA and MDA.

sample case 01 -122 case 01 -158
MDMA MDA MDMA MDA
(mg/mi)y* — (pug/mi)* (Hg/mi)* (Hg/mi)*
subclavian blood : - first sample © 0.271 0.009 - -
- second sample|  0.304 0.010 26.059 0.048
femora blood - - 13.508 0.044
venailiaca blood 0.510 0.017 12.422 0.029
inferior vena cava blood 0.464 0.018 - -
right atria blood 0.416 0.014 57.297 0.052
right ventricular blood 0.420 0.016 - -
left atrid blood 0.585 0.026 - -
left ventricular blood 0.389 0.020 - -
pulmonary artery blood 0.589 0.021 - -
pulmonary vein blood 0.802 0.043 - -
aorta ascendens blood 0.460 0.021 156.887 0.093
right pleura fluid 0.700 0.029 71.368 0.708
left pleurd fluid 0.815 0.031 137.497 0.545
pericardid fluid 0.545 0.019 149.319 0.488
vitreous humour 0.361 0.015 - -
urine: - first sample © 3.290 0.100 - -
- second sample 5.090 0.210 71.560 3.480
bile 22.075 0.764 86.954 1.782
thymus 0.359 0.026 8.428 0.083
thyroid gland 0.316 0.019 - -
muscle of the right cardiac 0.387 <LOQ 65.479 0.460
ventricle
muscle of the left cardiac ventricle 0.377 <LOQ 214.729 0.406
right lung:upper lobe 3.031 0.122 79.225 5.176
right lung:median lobe 3.399 0.179 116.866 5.303
right lung:lower lobe 4.466 0.274 128.125 4.445
left lung: upper lobe 2.256 0.120 85.323 5129
left lung:lower [obe 4.955 0.221 96.401 3.739
right diaphragm 0.255 <LOQ - -
left digphragm 0.513 <LOQ - -
liver 4.867 0.093 103.497 0.828
stomach content 10.519 0.581 2310.709 3.940
duodenal content - - 351.129 0.500
right kidney 1.848 0.089 155.293 6.678
left kidney 1.027 0.072 68.469 4.692
adrenal gland 0.403 0.026 - -
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Table 6.2 Digtribution of MDMA and MDA (continued)

sample case 01 -122 case 01 -158
MDMA MDA MDMA MDA
(ugmi*  (ug/mi)* (ug/mi)* (ug/mi)*
spleen 0.835 0.040 - -
pancreas 0.369 0.018 36.909 0.179
iliopsoas muscle 0.302 <LOQ 61.501 0.200
abdominal adipose tissue <LOQ <LOQ - -
pituitary gland 3611 0.190 - -
brain: frontal lobe 0.685 0.026 - -
temporal lobe 0.407 0.015 - -
parietal lobe 0.811 0.026 - -
occipital lobe 0.858 0.034 - -
medulla oblongata 0.492 0.017 - -
pons 0.753 0.030 - -
cerebellum 0.668 0.025 - -

* for tissues. ug/g

-: sample not available

< LOQ: below limit of quantitation

° first sampling occured during the initial external examination; second sample taken during
the autopsy 112 hours later

v Discussion

The medico-legd findings in the fird case (01/122) were compatible with fata
hyperthermia.  The recta temperature of 36°C about 4.5 h following the discovery of the
man — even dfter the body had been cooled for a few hours before the examination took
place - suggested a high body temperature a the time of death. The shock lungs, the
obvious congestion and oedema associated with a few perivascular bleedings in the brain
and dgns of protracted hypoxia (e.g. in the hippocampus) were in accordance with fatal
hyperthermiaz The pronounced purefaction process intefered subgtantidly with the
investigetion of the second case.  However, the obvious pleura exudations, pulmonary
congestion and generdized visceral congestion were compatible with acute to subacute
cardiopulmonary failure,

These two cases were interesting for the thanato-toxicologica study because of the
ratively long post-mortem intervals of 5 and a least 7 days, respectively, which were
more subgtantid than in the above mentioned didribution study in case 00/112 (1). The
difficulty of interpreting a MDMA blood level was confirmed in cases 01/122 and 01/158.
Indeed, a digtinct difference in concentration range of MDMA was found, viz. 0.270 pg/ml
and 13510 pg/ml, respectivey. The rdatively lov MDMA blood leve in the firs case
was in accordance with a protracted agony and substantiated the diagnosis of hyperthermia
The MDMA femord blood leve in the second case was extraordinary high and — to our
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knowledge — only one higher MDMA levd is reported in the literature, namely 18.500
pgm (3). These two extreme MDMA levels confirmed that the toxicologicd data should
be interpreted in the light of the autopsy findings in order to come to a conclusion.

The toxicologica results in these two cases subgtantiated the recommendation that
peripherd blood samples (preferably femord) are the “golden standard” and that blood
sampled centraly in the body (such as cardiac blood) should be avoided (4). Indeed,
referring to the high MDMA and MDA levds in the lungs and liver, cardiac blood samples
were subject to post-mortem redidribution and can therefore be mideading in the
interpretation as to whether the post-mortem levd is potentidly toxic or letha. Moreover,
the MDMA concentration in the subclavian blood samples in the firs case which were
taken with a post-mortem interval of about 5 days — demondrated that subclavian blood
can be an appropriate sample for post-mortem toxicologicd andyss. However, when
pronounced putrefaction occurs - which was present in case 01/158 — a subclavian blood
sample should be interpreted with caution.

The higher MDMA and MDA concentrations in severd tissues compared with ther
concentrations in blood corroborated the results in the anima experiments and the findings
in other case Sudies, viz. that MDMA accumulatesin or bindsto various tissues (5,1,9).

The subgantid MDMA and MDA leves in the lower lung lobes were not only in
accordance with the typostass - which is more pronounced in these areas - but could dso
be corrdated with the closdly adjacent liver and somach. The pericardid and pleura fluid
levels were on the same order as the cardiac blood and lung tissue concentrations,
respectively.

The MDMA and MDA concentrations in liver and bile confirmed the hepatic
biotransformation and excretion of MDMA via the bile. The subgtantid kidney levels were
directly related to the urinary levels because these tissues are inherently “contaminated”
with urine. The relaively low MDA levels in severd body fluids and tissues confirmed thet
though MDA is an active metabalite, it is not amagor metabolite of MDMA in humans.

For case 01/122, both the urinary MDMA and MDA concentrations were obviousy
higher in the second than in the firsd sample; this could be due to post-mortem dehydration
with diffuson of fluid into the tissues nearby the bladder, resulting in a concentration effect
in the urine.

The MDMA concentration difference between the left and the right hemi-
digohragm could be corrdaed with the high levels in the somach content, which is closdy
adjacent to the left hemi-digphragm, thus subgtantiating some post-mortem diffuson out of
the ssomach content. Thisisin accordance with the findingsin the rabbit modd (6).

The high bran MDMA and MDA concentrations were in line with expectations and
in accordance with the brain as target organ. In addition, the concentrations in the pituitary
gland were even more substantia, being consstent with the neuroendocrine effects such as
the increeses in plasma cortisol and prolactin levels which have been documented in
humans (7).

The vitreous humour MDMA and MDA concentrations in case 01/122
demondrated that this specimen can be vauable, mainly when protracted agony takes place
(which occurs in  hypethermia), resulting in equilibration between the vascular
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compatment and the vitreous body (1,8). Unfortunately, due to the pronounced
putrefaction in the second case, the vitreous humour was lacking.

Findly, there is an incoherence between the MDMA concentrations in the iliopsoas
muscle in the two cases. In view of the first case, we could assume the iliopsoas muscle to
be an interesting specimen when blood is lacking. This was in line with other cases (L,9).
However, the iliopsoas level in the second case indicated that when advanced putrefaction
hes teken place, these leves, as wel, should be interpreted with caution. The more
substantidl MDMA concentrations in the iliopsoas muscle could reate to urinary leskage in
an advanced putrefactive atus.

In concluson, these two cases confirm that MDMA and MDA can accumulate in
various tissues and that post-mortem redigtribution can occur out of organs such as the
lungs and the liver into mainly cardiac blood. To a certan extent, the influence of this
post-mortem phenomenon can be avoided by peripherd sampling (such as usng subclavian
or femorad blood). Vitreous humour and iliopsoas muscle can be vauable specimens for
toxicologicd andyss, provided the putrefactive stage is not too pronounced. The same
remark is gpplicable to the subclavian blood. Findly, these cases substantiate that a broad
range of MDMA concentrations can be found in fatdities and therefore the toxicologica
and anatomo-pathological findings should be conddered as a whole when drawing a
concluson.
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I Abstract

We present a case history involving one fatal case and seven survived cases of intoxication
with 4 methylthioamphetamine (4-MTA), aso cdled para-methylthioamphetamine (-MTA) or
amply methylthioamphetamine (MTA), a rdaively new amphetamine andogue. Two of the
seven survivors required a 24-h-period of observation in hospital. This report proves once again
that the new amphetamine "designer drugs' are not without danger, as is thought by many young
people. In addition, individudly different subjective reactions are described. Findly, the medico-
legal implications of new, as yet unregistered drugs are discussed.

Key words: Drug abuse- 4-MTA - 4-Methylthicamphetamine — Amphetamines - Intoxication.

[ Introduction

The substance  4-methylthioamphetamine  (4-MTA), dso cdled para-
methylthioamphetamine (p-MTA), methylthioamphetamine (MTA) or “Hatline” (1), isardatively
new phenylethylamine-based compound. It was first synthesized and investigated by Huang et al.
(2) in therat anima modd in which MTA was proven to be non-neurotoxic at low doses, but was
found to induce typica serotonergic behaviour at high doses. MTA was in fact developed as a
potent and “purer” serotonin-releasing agent for use in experimenta research (2). This serotonin-
releasing property was compared with that of other amphetamine derivatives, and a sudy in rats
indicated, for example, that MTA had a delayed reaction compared to MBDB (3) (also known as
Methyl-J and Eden @)). The man ste of toxicity with MDMA is believed to be within the
serotonergic pathways in the centrd nervous system and explains the influence of MDMA on
affective behaviour and thermoregulation, for example 6). Studies in the rat indicated that
another amphetamine derivative, methamphetamine, was able to induce gpoptosis of the thymic
and splenic lymphocytes 6). Recently, the cardio-toxic effect of methamphetamine has been
studied in isolated adult rat cardiomyocytes (7). Others have investigated the liver toxicity caused
by single or repeated intraperitoneal doses of MDMA in therat (8). However, many mechanisms
of toxicity caused by amphetamine and its derivetives still remain to be ducidated.

MTA, just as MBDB (4), can be sold as an “ecstasy” pill, and the use of MTA asanillegd
“designer” drug was firg reported in the Netherlands (9). MTA is structurdly closely related to
para-methoxyamphetamine (PMA), another ring-subgtituted amphetamine (see Figure 6.2).
Some cases of fatd poisoning involving PMA have recently been reported (10,11). To our
knowledge, only one fatd case of MTA intoxication (1) and a very few cases of poisonings have
been published (12,13)
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Figure 6.2 Chemical structures of 4MTA (4-methylthioamphetamine) (a) and PMA
(par a-methoxyamphetamine) (b).

[ History and casereports

One morning, the emergency services were cdled to a residence, where they found one
person unconscious and Sx other people in a Sate of intoxication. The Sx young people were
admitted to hospital and two required a 24-h-period of observation. Further police investigation
revedled that another person (case 8) was aso involved, but he had left the house before the
emergency services arrived.

1.1 Case1l (M.)
A 27-year-old drug dedler was found in a State of cardiorespiratory arrest at about 9:00

am. The emergency team atempted intensve reanimation which faled. On post-mortem
examination, the body weighed 55 kg and was 171 cm in length. The rectal temperature at 1:05
p.m. was 35°C and the ambient temperature 17°C. During the externd examination, fresh
ecchymoses on both legs and a few smal fresh excoriations on both forearms and the left ankle
were noticed. These superficid skin lesons were consstert with dight to moderate blunt trauma
(eg. fdl or blow).

During internd ingpection two days post mortem, obvious dgns of intensve
cardiopulmonary resuscitation were found, including some rib fractures. Numerous Tardieu spots
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were observed on the pericardium, thymus and both pleurae. Both lungs weighed 970 g and
obvious emphysema, severe congestion and moderate oedema were found. The heart weighed
255 g and showed no conspicuous anomalies. The ssomach contained only a smal amount of
bloody mucus and the mucosa showed a few pin-point ulcerations. The brain weighed 1320 g
and, apart from dight oedema and congestion of the white matter, nothing unusua was found. The
remaining organs showed no obvious macroscopical anomalies, except for congestion.

On higtological examination pronounced pulmonary congestion, hemorrhagic oedema, a
dight intra-aveolar infiltration with a few polymorphonuclear cdls and some leucocytic dudging in
the septa veins were found. Groups of dveolar macrophages were seen, dthough saining with
Prussan blue was negetive. Obvious eosnophilic infiltration was found in some lymph nodules
athough it was not seeninthe lungs. The Purkinje cdlsin the cerebellar vermis were pyknotic and
somewhat reduced in number. In the nucleus lentiformis a few venulae were surrounded by a
lymphocyte infiltration and macrophages containing hemosiderine. The hippocampus showed no
marked hypoxemic lesons. No obvious pre-existing disease was identified.

Toxicologica screening revedled MDMA in the urine, MTA in the blood, urine and liver,
and tetrahydrocannabinoic acid in the urine. These results were confirmed by GC/MSS (liver/urine)
and HPLC/DAD (blood) analysis. Blood, urine and liver analysis showed MTA concentrations of
8.38 pg/ml, 100 pg/ml and 30 pg/g, respectively. The MDMA levd in the urine was 1.2 pg/ml.
The amount of MDMA in the blood was below the limit of quantitation (< 0.1 pg/ml). The urine
pH was 5.6. The gze of the ssomach content sample was insufficient for toxicologicd anayss.
No other psycho-active drugs were found. In addition, anadyss of two smdl plagtic bags
(containing greentbrownish herbs) found in the victim's pockets, demonstrated cannabinol
(marijuand).

Questioning of the surviving persons revedled that M. had been walking around the whole
night, but around 8:00 am. he started sweseting and thrashing around on the floor. M. Sarted
shaking intensdy and his behaviour became increasingly more strange. This went on for quite some
time, a least 1 h. Somewhat later, one of them noted that M.'s heartbeat was fading and oedema
was gppearing on his mouth. They then tried to resuscitate him, but even before the emergency
sarvices arrived, M. felt cold to the touch. One of the survivors declared that M. had taken at
least Sx pills firg, two pills a the same time, and then each of the other four pills & intervals of
about 2 h. In addition, M. had smoked five or six joints. The girlfriend of the deceased (case 7)
admitted that M. was deding in “ecstasy” pills, marijuana and speed, and he drove to the
Netherlands for his supplies. M. was heavily addicted to “smart pills’ and easly took six of them
in the course of a single evening followed by a shaking period that usudly subsided after a few
minutes. On the morning in question, M. started shaking but this time it did not stop after a few
minutes. He had told her about ingesting fifteen pills a one time in the previous year. In the
deder's car, a note printed in Dutch describing some characterigics of MTA (cdled "MTA-1"in
the note) was retrieved.
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1.2 Case2 (D.W.)

This 18-year-old man found lying in a chair, gpathetic and staring vacantly into space, was
conveyed to hospita for observation. Upon being discharged 24 h later, he stated to the police
officer that he had been using drugs since the age of 14, mainly cannabis, and sometimes "a pill".
On the night in question, al those present in the house had smoked joints and swalowed pills. He
could not remember exactly when, but he hmsdf had taken two pills a the same time. He
described how he had taken leave of his senses thereafter, had had a "threefold” vison and
hdlucinations, and was unable to control dl his acts (eg. he could not stop his chin from
shivering). He fdt that his heart rate had clearly increased and one moment he was swesting,
while afew moments later he would turn icy cold.

111.3 Case3(B.)
The emergency services found this 22-year-old femde ungsteady on her feet, dthough a

certain amount of conversation was possible. She had arrived a home at about midnight, when
she smoked some joints together with her friends and then took one pill. From that point on, she
could remember very little, although she knew she had dept alot. She regularly smoked joints at
the weekends, but it was the first time that she had taken such apill.

1.4 Case4 (W.)
This 15-year-old femde looked extremdy tired but was able to confirm that everyone had

smoked joints and, shortly thereafter, M. had handed out "smart” pills. She was admitted to
hospital, athough observation was not required, and she was interrogated about 12 h later. She
hersdf took one pill a about 00:15 am., and 20 min later, she “experienced a very pleasant
feding’. In order to enhance the sensation, she smoked ajoint. She was awake during the whole
night and, like the others, she drank no acohal.

This subject was dso able to give some information about the number of pills the different
individuas had swalowed (see Table 6.3). W. claimed that she hersdlf takes a pill and smokes a
joint "now and then", but only a weekends.

1.5 Case 5 (W. W.)
The gtory of this 19-year-old man, was consistent with the others. He stated that he had
taken only one pill, followed by three joints, and had played music the whole night through.

111.6 Case6(D.J.)
Although this 22-year-old man was heavily intoxicated, he agreed to make a statement.

Since his answer frequently went beyond the question and he behaved very srangely (e.g. hitting
his head againg the table, amog fdling off his chair), the police officers decided to send him to
hospital for observation. He was discharged 24 h later, when he was capable of being
interrogated. His mind was a blank except for afew fragments, but he believed that he had taken
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two pillsat an interva of haf an hour. He explained that when he took one pill, nothing happened,
but following the second, he felt good and was unable to it till. Somewhet later he took a third
pill, and from then on everything was fuzzy. He recdled having difficulty in urinating but he did not
remember being in hospital. According to his girlfriend (case 3) it was the first time he had taken
such apill.

1.7 Case 7 (V.)
This 19-year-old woman, the girlfriend of the deceased (case 1), was aso interrogated the

evening following the occurrence. She had been using drugs since the age of 10 and was
addicted to marijuana and stimulating drugs (including speed and "MTA-1"). The two pills she
swalowed made her fed sick and she vomited severd times. She fell adeep for a few short
periods.

1.8 Case 8 (G.)
This 20-year-old man arrived a the house at about 1:00 — 1:30 am. and left at about 7:30

am. He confirmed that everybody was “in awhirl” when he arrived. For thefirg timein hislife,
he took one pill a about 1:45 am. and somewheét later fell adeep. By the time he went home, the
effects of the pill had worn off. When he was interrogated more than 36 h after taking the pill, he
was behaving totaly normally, so no blood or urine sampling was ordered by the coroner.

Blood and urine samples were obtained from dl the other survivors (cases 2 - 7) and dll
were pogtive for tetrahydrocannabinoic acid. The MTA leves found in the blood and urine
samples and the estimated number of pillsingested are presented in Table 6.3. The MDMA levels
were< 0.1 pg/ml.

Table 6.3 Summary of the data found in the surviving persons.

Case number 2 blood urine urinary MTA level (ug/ml)
sampling sampling  pH in blood inurine
time time

(2 D.W. 32 12:44 h 12220 h 6.6 0.63 10

(3) B. 1 1652h  1657h 81 1.08 4

(4 W. 1 1241 h 15:23h 7.3 2.08 8

(5) W.W. lorlY 12:33h 12:23h 6.4 1.93 4

(6) DJ. 3, 50r6? 12:43 h 15:22 h 5.8 1.26 40

(7 V. 32 12:36 h 12:31h 55 043 32
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# possible number of ingested pills, according to the persons statements

The police searched the house where the event took place and the properties of al the
persons involved. In the building, a few pills were found. The ydlow pills, weighing 345 mg,
contained 28 % or 97 mg MTA. In addition, asmal amount of an unknown product, possibly 1-
(4-methylthiophenyl)propene or 1-(4-methylthiophenyl)- 2-propene, was found. This compound
was present in the pills in less than 0.5 % of the MTA pesk area in the chromatogram and could
not be quantified due to the absence of areference sandard.

AV Analytical procedures

4-MTA reference materid was supplied by the Wetenschappdijk Ingtituut Louis Pasteur
in Brussds, Belgium. The reagents and chemicas were of andyticd grade. The drug standards and
the interna standards were obtained from commercid suppliers (Sgma, Radian).

V.1 Biological samples

Routine systematic toxicologicd andysis was performed on the samples to investigate for
illegd drugs, medicd drugs, acohol, volatile substances and other poisons. Immunoassay
screenings (ADx) were performed to test for amphetamines, cannabinoids, opiate groups,
methadone and cocaine metabolite in urine and barbiturates, salicylates, tricyclic antidepressants
and benzodiazepines in blood. Radio-immunoassay (RIA) was used to screen for LSD in urine
and benzodiazepines in blood. Color spot tests on urine and gastric content were used to detect
sdicylates, acetaminophen, phenothiazines and imipramines. Post-mortem blood was analyzed for
the presence of carboxyhemoglobine and cyanide. Urine was screened for the presence of acidic,
neutral and basic drugs by thin-layer chromatography. Gas chromatography/mass spectrometry
(GCIMS ion trap) was used to screen urine samples for the presence of basic drugs.  Blood was
screened by  high-performance  liquid  chromatography  with  photodiode-array  detection
(HPLC/DAD). Andysis for the presence of acohol and other volatile substances in blood and
urine was peformed by headspace gas chromatography with a flame ionization detector
(GC/FID). The U.V. spectrum of 4MTA obtained by HPLC/DAD was characterized by a
strong absorption at 253 nm. 4-MTA was confirmed by GC/MS monitoring ionsat m/z 44, 138,
165 and 182.

For the quantitation of 4-MTA inblood 1 ml of water was added to 1 ml of asampleor a
piked blood standard and then 100 ul of 3% sodium hydroxide w/v was added, along with 20
of diphenylamine as an internal sandard and 6 ml of diethylether. After mixing and centrifugation
(20 mins, 1121 x G), the organic phase was separated and transferred to a new 10 ml glass
screw-top tube. The ether was then mixed with 0.025 M HCI, the ether was discarded and the
ether remaining in the agueous phase was evaporated using nitrogen a room temperature. The
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extract was submitted for HPLC/DAD andyss. The corrdation coefficient of the calibration curve
was 0.9996, recovery for 4-MTA 82% (Cordonnier and Coopman, personal communication).

V.2 [llicit preparation

The yellow powder was findy pulverized. The quantitation of MTA was performed with
HPLC/DAD (Varian) monitored at 254 nm: 10 mg amounts of the powder were dissolved in 1 ml
of methanal, then diluted with the mohile phase acetonitrile- buffer containing an externa standard
(diphenylamine 20 pg/ml) and then separated by chromatography on a Lichrocart cartridge column
(125 x 4 mm i.d., 4 um) filled with Superspher 10 RP-18 packing (14). Standards (10-100 pg/ml)
containing a constant amount of the same external standard were prepared in the mobile phase.
The concentration was calculated by comparing the peak area of the drug to the externa standard
versus the standard calibration curve (r = 0.9998).

Identification of the contaminant was achieved by a GC/MS Saturn 111 lon Trap (Varian).
All GC/MS andyses were performed using a 0.25 mm ID x 30 m fused slica capillary column
coated with 0.25 um of 5% phenyl - 95% methyl-silicone. The injector was set at 250°C. The GC
oven program consisted of 70°C, 2 min; 70-290°C at 12°C /min; 5 min. Helium was used as the
carrier gas, with an inlet pressure of 275 kPa. Mass spectra were obtained at 70 eV. Ethyl
acetate was used as the solvent, instead of methanol in order to exclude the possibility of the
formation of methylated andytica artefactsingde the injection port of the gas chromatograph.

The contaminant was identified as possbly 1-(4-methylthiophenyl)propene or 1-(4-
methylthiophenyl)- 2-propene.

Vv Discussion

We report seven more or less serious and one fatal intoxication involving a relatively new
amphetamine andogue, 4 methylthioamphetamine, aso cdled para-methylthioamphetamine. To
our knowledge, there are only rare reports in the literature of such intoxications (1,12,13). The
andyticd profile of 4MTA was recently described (9). Asthe event took place near the border
with the Netherlands, the source of the product could probably be traced to that country.

As MTA is a new "designer drug", there is no consensus concerning the toxic or letha
blood concentrations. In our fatal case, the 4MTA blood level established (8.38 pg/ml) was
higher than in the previoudy reported case which had peri- and post-mortem MTA levels of 4.2
pg/ml and 4.6 pg/ml, respectively (1). Compared to other amphetamine-related compounds, the
author assumed that MTA blood levels exceeding 4 pg/ml can potentialy result in deeth, or at least
condtitute a serious hedth risk (1). However, guideines indicate that blood MTA levels of 0.2 —
0.6 pg/ml result in moderate toxicity, levels higher than 0.6 pug/m cause dangerous toxicity and
levels exceeding 1.5 pg/ml can lead to death (12). We bdieve that in our fatal case, there will be
no argument that the detected MTA concentration in subclavian blood (8.38 pg/ml) was capable
of causng death. However — assuming we can believe the satements of his girlfriend — a few
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months prior to his death, the man clamed to have taken 15 MTA pills a once and survived
(without medicd intervention).

Compared to MTA, blood PMA levels greater than 0.5 pg/ml are likely to be associated
with toxic effects (11). Asfor MDMA, thereis adso no consensus about the letha blood level but
in generd, ablood MDMA concentration higher than 1.0 pug/ml can be potentialy lethd, whereas
levels lower than 0.6 pg/ml are cagpable of inducing intoxication (15). However, there is a
consderable range in reported fata blood MDMA levels (L6-18). Furthermore, some toxic
effects could aso be related to contaminants (19).

A number of studies have been carried out on the content of clandestine tablets containing
amphetamines, andogues and various possble impurities (eg. 20-23).  Vaious andyticd
techniques have been proposed as a means of identifying the drugs incorporated in tablets or
powder, and capillary eectrophoresis has been established as a rapid method for qualitative and
quantitative determination (24). In the pills taken by our cases only asmdl amount of an unknown
product - possibly I (4-methylthiophenyl)propene or 1-(4-methylthiophenyl)-2-propene - was
found. This product was recently also identified by Kirkbride KP et d. (25). This may indicate
that the illicit 4 methylthioamphetamine might be derived from this compound, since a shipment of
1- (4- methylthiophenyl) - 2- propene was recently seized in Europe (9) .

All the persons involved in this report took pills having the same content.  In addition, in
some of our surviving cases, an obvious inconsstency between the MTA levels detected and the
described clinical symptoms can be noted.  For example, case 4 had an MTA blood leve of 2.08
pg/ml and showed relaively less obvious symptoms than cases 2 and 6, with MTA blood levels of
0.63 and 1.26 pg/ml, respectively. In contrast to cases 2 and 6, case 4 did not require a 24-h-
period of observation in hospita. Furthermore, case 7 showed the lowest MTA blood level. She
took at least 2 pills, but had vomited alot. In addition, athough she admitted being addicted to
marijuana and simulaing drugs, induding speed and "MTA-1", it seems somewhat bizarre that
she got s0 Sick after teking the pills. Thus, the obvious differences in individua responsesto MTA
must be taken into congderation. This fact is substantiated by the report of de Boer et al., who
reported a patient who suffered from amnesa and other problems during a 2week-period
following the ingestion of a sngle pill (13). However, the possbility cannot be excluded that
adverse reactions may occur due to contaminants. In addition, al of them had smoked marijuana
followed by the intake of MTA. We can not exclude the possihility that the MTA effect was
enhanced by the smultaneous intake of cannabinoids.

Pharmacologica and toxicologica information for MTA in the literature are scarce, but it is
clearly not a safe product. Moreover, dthough it is too speculative to draw a correlation between
the ingested amount declared by the persons involved and their corresponding blood and urine
concentrations, we believe that individudly different rates of metabolism and/or excretion of the
product cannot be excluded. For amphetamine and d methamphetamine, the urinary excretion is
pH-dependent, and it has previoudy been established that acidification increases the leve

10
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retrieved (26). In our cases, the persons with the lowest urinary pH, cases 6 and 7 for example,
showed the highest urinary MTA levels.

Since MTA is a rdatively new amphetamine derivaive and the number of reported
poisoningsis limited, the pathologica findings and the mechanism of desth due to this product have
not yet been fully evduated. The Sde-effects of MTA are probably comparable with those
reported after MDMA intake, being mainly related to the sympathomimetic and neurotoxic effect
of “ecgtasy”, but multiple organ failure including acute hepatic decompensation and/or rend failure
(due to rhabdomyolysis) should dso be consdered (27). Some of the frequently reported
sympathomimetic effects include tachycardia, tremors, papitations, digphoress, paraesthesias,
trismus and bruxism (28).  The symptoms described by M.’s friends were Smilar. The different
experiences of the survivors, such as agitation (see cases 1 and 6), insomnia or even afeding of
fatigue or being deepy have previoudy aso been reported after MDMA intake (29).

The mechanism of degth in this case remains uncertain. The pathology of seven deaths
associated with MDMA and MDEA abuse has been described, and it involves centrilobular liver
cdl necrogs, catecholamine-induced myocardid damage and injuries caused by hyperthermia
(19). Fineschi et al. described a fatal case following MDMA and MDEA inteke that presented a
morphologica picture condgtent with hyperthermia and disseminated intravascular coagulation
(DIC) 30). Inour case, the recta temperature of 35°C measured at the scene 4 h after death,
makes hyperthermia unlikely. In addition, the fact that the brain weighed 1,320 g is not consstent
with hyperpyrexia Moreover, none of the above-mentioned microscopicd findings were
edtablished, and neither were there any particular arguments for multiple organ falure. “Ecstasy”
ingestion and sudden cardiac death has previousy been reported, dthough the deceased in this
particular case had a history of Woalff-Parkinson-White (WPW) syndrome (17). In view of our
autopsy findings a fatd cardiac arrhythmia shoud be consdered as a possible mechanism of
death. However, fata epileptic insults cannot be excluded. The mechanism could perhaps be
compared with epilepsy-related cardiac shock due to activation of the autonomic nervous system
(31). Fndly, only a few microscopicad signs consstent with chronic drug abuse were noted:
eosnophilic infiltration in the lymph nodes and a somewhat decreased number of Purkinje cdlsin
the brain, as well as atypica perivascular lymphocytic infiltration and siderophages in the nucleus
lentiformis.

As 4-methylthioamphetamine is a fairly recent “dedgner drug’, the medico-legd
implications of these cases of intoxication are of consderable importance. Indeed, at the time this
incident occurred, MTA was not included on the list of forbidden drugs. ASsMTA a present is
dill not aregistered illegd drug, it is very difficult to prosecute dedlers. In our case, incidentaly,
the dedler himsdlf died.

11
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I Abstract

The case higory and toxicologica findings of an overdose fadity involving 4-
methylthioamphetamine  (4-MTA) and 3,4-methylenedioxymethamphetamine (MDMA)
are reported dong with a description of the amdyticd method. Detection and quantitation
of 4-MTA and MDMA were peformed by LC-MSMS using phentermine as internd
dandard. Application of this technique to a variety of marices dlowed an ingght in the
digribution of 4-MTA. Severd blood samples such as femord ven blood (5.23 pg/ml),
urine (955 pg/ml), vitreous humour (1.31 pg/ml), bile (36.4 pg/ml), and numerous tissue
samples such as liver (30.8 pg/g), spleen (4.10 pg/g) and fronta lobe (31.7 pg/g) were
assayed. These vaues indicated that 4-MTA could be identified as the cause of this
fataity, whereas the concentrations of MDMA, aso described, are less important because
the concentrations found are lower. This case, for the fird time, reports an extensve
toxicologicd andyds of 4-MTA, by which the data presented may shed some light on the
digribution of 4-MTA.

[ Introduction

4-Methylthioamphetamine (4-MTA) or p-methylthioamphetamine (Figure 6.3), dso
known under the Street name « Hatliner », is a phenylethylamine-based compound that has
been examined as a possble, new nonneurotoxic serotonin-releasing agent. These studies
established that 4-MTA is a potent, dose-dependent serotonin releaser that indeed appears
to lack serotonin neurotoxicity at behaviourdly relevant doses, contrary to MDMA, that
causes centrd serotonin neurotoxicity (1).

(a) H
N
<O “CHs
o CHsg
(0) NH,
HyC? "CHs

(©)

Figure 6.3 Chemical structure of 4MTA (a), MDMA (b), and phentermine (c).
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Except for saizures in Germany and Switzerland, where the tablets featured a five
pointed star design, al other tablets encountered in Europe and Audrdia have been flat,
hdf-scored and white, hence the nickname «Hatliner » was adopted (2). However, he
name flatliner may refer to 4-MTA, ketamine, or even phencyclidine tablets in the UK.
The term may derive from a cult 1990s film cdled Hatliners, from a German motorcycle
club or from US engineering clubs (3). However, the link with a flatliner-EKG (i.e. no
cadiac output) is aso described (3). Currently the exact route by which 4-MTA is
produced in illicit laboratories is not known. As 4-MTA tablets have been investigated for
the presence of 4-(4- methylthiobenzyl)pyrimidine ad 4-methyl-5-(4-
methylthiophenyl)pyrimidine and as these by-products were not detected, it appears that
illiat laboratories are not using the Leuckardt method for the preparation of 4-MTA (4).
Identification and quantitation of 4-MTA in tablets, coming from a drug seizure in the
U.K., were performed by GC-MS and NMR (5).

4-MTA has up until now been encountered in three fatal overdose cases in The
Netherlands and the UK, of which in two cases other drugs were involved. Based on these
data, Elliott has suggested a toxicity range for 4-MTA. Blood concentrations between 0.2
and 0.6 pg/ml are consdered as moderate toxic, higher concentrations as severe toxic, and
concentrations above 15 pg/ml as fad. This range is only meant as a guide to the
interpretation of results, paticularly in post-mortem cases (6). Two andyticad techniques
have been described to determine 4-MTA in blood and urine, namedy HPLC-DAD and
GC-MS. To our knowledge, a detailed didribution study conddering 4-MTA levds in
various blood samples and tissues has not been published. In addition, there are only rare
reports in the literature describing post-mortem  redigtribution of amphetamine and
andogues in humans. For 34-methylenedioxymethamphetamine (MDMA, “ecdasy”) in
particular, only a few case reports are published (7,8). This paper reports the firsd LC-
MSMS method for the determination of the tissue didribution of both 4-MTA and
MDMA in aforensc case.

[l Case history

One morning, a 27-year-old drug dedler suddenly died after a collgpse and an
intensve reanimation atempt. Police inquiry reveded that seven other youngsters were
involved — dl being, to some extent, in an intoxicated state.

The autopsy of the normdly built young man was performed 2 days after death. A
few supeficd skin lesons on the limbs indicating dight blunt trauma, and reanimation
sgns were observed. On interndl  examination, emphysema as wdl as ovewhdming
congestion and oedema of both lungs were observed. No cardiac anomalies were found.
The bran showed only a dight congestion and oedema of the white matter. Generdized
congestion of dl organs was noticed. These macroscopical findings were confirmed by
higologicd examination. Moreover, a few microscopicd dgns condgtent with  chronic
drug abuse such as moderate eosnophilic infiltration in the lymphenodes and a dightly
decreased number of Purkinje cells were observed. In addition, aspecific perivascular
lymphocyte infiltration and Siderophages in the nucleus lentiformis were noticed.
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There were no aguments for a prolonged multiple organ falure. Nether on
extena examination a the scene, nor a autopsy, there were dgns pointing to
hypertheemia. No pre-exiging pathologies were identified. Police inquiry reveded dl
youngsters had teken «smat pills». Therefore samples for an extensve toxicologica
investigation were taken.

Y Experimental

V.1 Reagents and materials

All reagents and chemicds were of andytical grade. 4-MTA hydrochloride was a
kind gift of the Scentific Inditute of Public Hedth (Brussds Begium). MDMA and
phentermine hydrochloride were avalable from the standards collection at the Laboratory
for Toxicology (Ghent Universty, Belgium). Solvents were of HPLC grade from Romil
Chemicds (Cambridge, UK) with the exception of water, which was from Prosan
(Merelbeke, Belgium).

Stock solutions containing either 4-MTA or MDMA or phentermine (internd
dandard) at a concentration of 1.0 mg/ml were prepared in methanol and stored in plastic
bottles. Dilution with methanol of the 4-MTA and MDMA gock solutions yielded the
working solutions at appropriate concentrations to prepare spiked cdibration samples in
the various matrices. The internd standard, phentermine, was diluted to a concentration of
10 pg/ml in methanol. All these solutions were stored in the freezer (-20°C) and proved
dable for at least 6 months.

V.2 Systematic Drug screening

A comprenensive screening was performed on post-mortem blood (vena cava
inferior blood) and urine usng enzyme-multiplied immunoassay techniques (EMIT?),
radioimmunoassay (RIA), and chromatographic  techniques (HPLC-DAD folowing
dkdine extraction, and gas chromatography with nitrogenphosphorus detection [GC-
NPD] and with mass spectrometry [GC-MS)]) as described earlier (9).

V.3 Quantitative LC-MSMS method

IV.3.1 Cdibration

Cdlibration curves were prepared in blank matrices for blood, urine and kidney
homogenate (used as a reference for tissue homogenates). The following cdibrators were
prepared in these three matrices: 0.1, 0.5, 1, 2.5, 5, 10, 25, 50 pg/ml for both 4MTA and
MDMA, with phentermine present as internd standard a 10 pg/ml. In each case a 1-ml
aliquot of the sample or appropriate prepared tissue homogenate was spiked with both S0pl
of the appropriate standard solution in methanol and 25ul of the internd standard solution.
Subsequently, extraction was performed according to the genera isolation procedure (see
below). The resulting calibration curves were created by usng weghted least-squares
regresson andyss (weghing factor 1/x). Concentrations of 4-MTA and MDMA were
cdculated by comparing the pesk-area ratio of the specific compound and phentermine
(internd standard) againgt the cdlibration curve. For the quantitation of vitreous humour
the cdibration curve of urine was used because both have a high water content. Forensic
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sanples were a leest andyzed in duplicate after a fird anadyss to determine roughly the
concentration range of the sample, a second analyss was performed after appropriate
dilution of the sample (in view of the linear dynamic range condrants of the TOF
andyzer).

IV.3.2 |solation of the compounds

Whole blood, vitreous humour, and urine of the victim were used as such. Tissue
samples were homogenized in an ice bath after gppropriate dilution with water (depending
on concentration) usng an UltraTurrax homogenizer from IKA (Staufen, Germany). All
post-mortem samples were extracted according to a liquid-liquid extraction procedure
developed in our laboratory (10), especidly suited for the extraction of amphetamine
andogues. In short, after addition of the interna sandard (25ul of a 10 pg/ml-standard
solution in methanol), and after adjustment of the pH with 0.5ml of a K;CO3 buffer (1.0M,
pH 9.5), 1 ml of the sample was extracted with 8 ml of a mixture of hexane/ethyl acetate
(70:30, viv). Samples were mixed on a rotary mixing device br 15 min and centrifuged at
1100g for 10 min. The organic layer was transferred to a conicd tube containing 50 pl of
methanolic HCl (5 mol/L acetyl chloride in methanol) and evaporated using a Turbovap®
evaporator at 35°C under nitrogen. Findly, the dry resdue was dissolved in 250l of
HPLC solvent A (see “HPLC conditions’) and 50-pl diquots were injected for LC-MSMS
andyss.

1V.3.3 HPLC conditions

Chromatographic separation was achieved on an Hypers! BDS phenyl column (100
mm x 21 mm i.d, 3-um paticle sze) protected by a Hypersl BDS phenyl guard column
(75 mm x 21 mm id, 3-um paticde sze) usng a Waters Alliance 2790 separaion
module integrated with the Q-TOF ingrument. Both the andyticd and guard column were
from Alltech (Deafidd, IL, USA). The flow rate was sat to 0.2 ml/min. After a 5 min
isocratic eution a 100% of a mixture of water/methanol/acetonitrile (94:3:3, by vol.)
contaning 0.1 M ammonium acetate (solvent A), gradient eution was performed, dtarting
a 100% of solvent A, then programmed linearly, within 13 min, to 35 % of a mixture of
water/methanol/acetonitrile (6 :47 :47, by vol.) agan containing 0.1 M ammonium acetate
(solvent B). After completion of the chromatographic run, the pump was programmed to
regain its initid conditions within 0.5 min, and a 5-min reconditioning time was dalowed
before the next injection.

1V.3.4 Mass spectrometry

The mass spectrometric anayses were conducted using a Micromass Q TOF hybrid
mass spectrometer  (Micromass, Wythenshawe, UK) equipped with an orthogond
glectrospray source (Z-spray®) operated in the eectrospray positive ion mode (ESI+).
Nitrogen acted both as nebulizer and desolvation gas, and argon as collison gas in the
MSMS mode. Optima tuning of cepillary (3000V) and cone (20V) voltage, source
(150°C) and desolvation (395°C) temperature, and collison energy was achieved by
introducing solutions of the different compounds into the eectrospray ion source of the
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indrument in ether of the following ways depending on the experiment: (&) by
continuous infuson from a syringe pump directly into the source or (b) by on-line coupling
to the Hyperdl BDS phenyl column. A suitable MS profile was used for the quadrupole
when operated in the band-pass mode, emphasizing ion transmisson for the lower mass
region. All TOF measurements were performed a high resolution settings (5000 full width
a hdf-maximum a mass 1500). The quadrupole was set up to pass precursor ions of
sdected mass to the hexgpole collison cel, thus generating product ions that are further
mass analyzed by the TOF (Figure 6.4). The so formed mass chromatograms were used for
quantitation. To that end, sdected single mass chromatograns were consgtructed for 4-
MTA and MDMA, whereas for phentermine a summed mass chromatogram was
congructed (Table 6.4). Since the MSMS spectrum is creasted by fragmentation sSmply
and soldy from the mass-sdected [M+H]+ ion, an dimination of interfering ions is
redlized and clear MS/MS spectra are obtained. As the obtained ®ectivity was more than
aufficient, the mass chromatograms were only recondructed in low resolution from the
available high resolution raw data

Table 6.4 MS/MS parameters.

4-MTA MDMA Phentermine
Precursor mass 182.1 194.1 150.1
Product mass 165.1 163.1 91+133.1
Scan range (Da) 50-250 50-250 50-250
Collision energy (eV) 11 15 13

V.4 Specimens
Toxicologicad anadyses were peformed on blood collected from the subclavian vein,

femord vein, inferior vena cava, right and left arium, and right and left ventricle. Other
goecimens that have been andyzed are urine, vitreous humour, serum (obtained from the
subclavian blood), left and right lung, kidney, bile liver, spleen, psoas muscle, cardiac
muscle and severa parts of the brain, such as the tempora lobe, the parieta lobe, the
frontd lobe, the occipitd lobe and the brangem. All samples were stored in the freezer ¢
20°C) and proved stable for at least 6 months.
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Figure6.4  MS/MS spectra of phentermine (rz 150.1 precursor mass), MDMA (mz 194.1
precursor mass) and 4MTA (m/z 182.1 precursor mass).
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Vv Results and discussion

V.1 Drug screening

The routine screening of vena cava inferior blood and urine by immunoassay
techniques disclosed the presence of amphetamines (only in uring, 45 pg/ml) and
cannabinoids (32 ng/ml blood, 1.4 pg/ml urine) and, of toxicologicaly irrdevant levels of
cafene (1.62 pg/ml blood, 245 pg/ml urine) and cotinine (0.14 pug/ml blood, 4.16 pg/ml
urine). The credinine levd in urine was 154 g/l. The andyss of blood and urine usng
genera purpose HPLC-DAD, GC-NPD, and GC-MS methods confirmed the presence of
4-MTA, MDMA and caffeine. Based on these findings, the dedicated, fully quantitetive
LC-MSMS assay was used for dl of the different specimens available.

V.2 Analytical performance

Cdlibration curves were condructed for 4-MTA and MDMA. The linearity range
for 4-MTA vaied from one marix to another: for blood and urine it was established
between 5-2500 ng/ml, and for kidney homogenate between 125-2500 ng/ml. For MDMA
linearity was obtained between 5-250 ng/ml. As can be seen in Figure 6.5, for MDMA
better correlation coefficients were obtained when excluding the three highest cdibrators.
This deviation from linearity can be attributed to the limited linear dynamic range due to
possble depletion of the MS detector plate charge, effectively blinding the detector and
leading to saturation of the ion counting eectronics (11). The correlation coefficients in the
different matrices ranged from 0.9987 (kidney homogenate) to 0.9992 (blood and urine)
for 4MTA and from 0.9967 (urine) to 0.9997 (kidney homogenate) for MDMA. The limit
of detection (LOD), the lower limit of quantitation (LLQ), and the upper limit of
quantitation (ULQ) for 4-MTA and MDMA were determined by andlyzing respectively
decreasing and increasing concentrations of the compounds added to the blank matrices.
The LOD was edtablished at the lowest concentration that produced a response of three
times the background noise. The LLQ and ULQ were defined respectively as the lowest
and upper concentration that could be quantified with an imprecison of <20%. These
va ues together with the reproducibility data are listed in Table 6.5.
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Figure 6.5 Linear least-squares of standards for 4MTA and MDMA in whole blood, urine, and
tissue homogenate (s represents the excluded calibrators of MDMA).



Chapter 6

Table 6.5 Validation parameters.

4-MTA (ng/ml) Between-day reproducibility for 4-MTA (CV%) (n=5)
Blood Urine Tissue homogenate
5 13,69 14,87 NA
25 309 574 NA
50 4,00 252 NA
125 551 334 8,99
250 6,05 210 9,03
500 577 192 8,64
1250 590 121 591
2500 4,00 1,74 6,69
NA: not applicable
MDMA (ng/ml) Between-day reproducibility for MDMA (CV%) (n=5)
Blood Urine Tissue homogenate
5 1047 3,78 9,09
25 209 1,02 4,72
50 447 352 4,17
125 314 6,17 5,76
250 6,68 6,07 399
4-MTA Detection and quantitation limitsfor 4-MTA (ng/ml)
Blood Urine Tissue homogenate
LOD 25 25 50
LLQ 5 5 125
ULQ 2500 2500 2500
MDMA Detection and guantitation limitsfor MDMA (ng/ml)
Blood Urine Tissue homogenate
LOD 25 25 25
LLQ 5 5 5
ULQ 250 250 250

V.3 Post-mortem findings

4-MTA and MDMA were detected in dl avalable autopsy specimens anadyzed.
The toxicologicd data of the samples taken during autopsy two days post mortem are
presented in Table 6.6. The 4-MTA and MDMA tissue/blood retios are caculated using
the mean of the subcdavian and femordis leves, resulting in 536 pg/ml and 12.15 ng/mll,
respectively. The subcdavian 4-MTA and MDMA blood/serum ratios are 1.45 and 0.61,
respectively. 4-MTA levels in blood and urine concurred with the vaues reported by
Elliott (2). Based on these data and consdering the autopsy findings, it can be concluded
that a fatd cardiac arrhythmia induced by a 4-MTA intoxication should be assumed as a
possble mechanism of death. In addition, lethd epileptic fits can not be excluded either;
the latter could be compared with the previoudy described epilepsy-related cardiac shock
(12).

10
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Table 6.6 Distribution of 4MTA and MDMA.

4-MTA MDMA 4-MTA tissue| MDMA tissue
(ng/ml or pg/g)| (ng/ml or ng/g)| /blood ratio® | /blood ratio?
Blood subclavian vein 5.49 13.8 NA NA
Serum subclavian vein 3.79 225 NA NA
Blood femordisvein 5.23 10.5 NA NA
Blood inferior vena cava 6.39 11.8 1.19 0.97
Right atrid blood 557 15.7 1.04 1.29
Right ventricular blood 7.60 16.5 142 1.36
L eft atrid blood 5.16 12.9 0.96 1.06
Left ventricular blood 8.20 18.1 153 1.49
Urine 95.5 4932 NR NR
Vitreous humour 131 67.6 0.24 5.56
Left lung 16.4 59.1 3.06 4.86
Right lung 16.7 68.6 312 5.65
Kidney 2.88 32.7 0.54 2.69
Bile 36.4 2311 NR NR
Liver 30.8 89.3 5.75 7.35
Spleen 410 62.7 0.77 5.16
Psoas muscle 5.79 316 1.08 2.60
Cardiac muscle 6.32 48.2 1.18 3.97
Brain: temporal lobe 34.5 82.1 6.44 6.76
Brain: parietd lobe 35.0 96.3 6.53 7.93
Brain: frontd lobe 31.7 76.6 5.91 6.31
Brain: occipita lobe 36.5 89.3 6.81 7.35
Brainstem 344 72.6 6.42 5.98

! Mean of subclavian blood and femordis blood for 4MTA: 5.36 pg/ml

2 Mean of subclavian blood and femoralis blood for MDMA: 12.15 ng/m
NA : not gpplicable

NR : not relevant

Referring to the 4-MTA levels following remarks can be made. The femordis 4-
MTA blood leve is the lowest peripherd, dthough there is only a dight difference with
the subclavian blood concentration (a difference of 0.260 pg/ml). The importance of
peripherd blood specimens has previoudy been emphasized (13). However, since the 4-
MTA blood levels in the cardiac ventricles in this case gpproach the subclavian and
femora concentration, these sampling Stes could be consdered for 4-MTA determination
when peripherd samples are completely lacking. On the other hand, arid blood samples
should definitdly be avoided. The high 4MTA blood concentration in the right arium can
be explained by diffuson of 4MTA from the liver via the vascular pathway. The 4MTA

11
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levels in liver and hile are indeed 6 to dmogt 7 times higher than the periphera blood
concentration. The liver 4-MTA concentrations are in accordance with those reported in
fad PMA (para-methoxyamphetaming)-intoxications (14). 4-MTA is indeed structurdly
closdy related to PMA. In our case, the left atrid 4-MTA blood concentration is even
more increased than the right one and can be corrdated to diffuson out of the lungs. The
lungs indeed do show levels which are dmogt 3 times higher than those in the peripherd
blood. On the other hand, 4-MTA leves in cadiac and skeletd muscle are only dightly
higher than the peripheral blood concentrations, which might indicate that 4MTA does not
tend to bind a these tissues. The subclavian blood/serum ratio may point to a certain
accumulation of 4-MTA in red blood cdls. The urinay 4-MTA concentration should
probably be interpreted in light of the pH (= 5.6). Indeed, as for amphetamine and d-
methamphetamine, the urinary excretion is pH-dependent, and it has previoudy been
edtablished that acidification increases the levd found (15). In addition, in view of the
important 4-MTA concentration in the liver and the bile, this might indicate that 4MTA is
eiminated by excretion viathe bile.

4-MTA levds in the various lobes of the brain and the brangem are smilar. Since
the brain is the target organ, these high 4-MTA levels are in line with the expectations
Although it is not dear whether the man died during the didribution or the eimination
phase, the very low vitreous humour concentration can indicate tha the 4-MTA
digribution has not yet been fully completed. However, it is not known whether 4MTA
can eadily pass through the blood-retinal barrier.

The digribution of MDMA in this case is nat fully comparable with the findings for
4-MTA. The difference between the subclavian and femorad vein concentration of MDMA
IS somewhat more pronounced. The atrid and ventricular MDMA blood levels can be
explaned samilarly to the corresponding 4-MTA concentrations. However, the mgority of
the MDMA orgavblood ratios are higher than the corresponding 4-MTA ratios. Muscle
MDMA concentrations are increased compared with the blood levels determined. The
MDMA blood/serum ratio neither is comparable. In addition, a blood/serum ratio lower
than one is rather surprisng. However, hemolyss could partidly account for this ratio in
the low concentration range. Smilar to 4-MTA, the MDMA levels in the brain are high
but in contrast with the corresponding 4-MTA levels, these show more regiona variations.
The high MDMA Vvitreous humour leve is in contradiction with rabbit experiments where
a good corrdation between the vascular compatment and the vitreous humour was
edablished: the MDMA vitreous humour to blood ratio was 1.1 in the distribution and
elimination phase (16).

Conddering the 4-MTA and MDMA concentrations on the whole, it might be
suggested that the MDMA has been ingested earlier than 4-MTA.

Based on the presented data, unequivocal datements on dmilaity in the
digtribution of both 4-MTA and MDMA cannot be made.

The extensveness by which this case has been examined, could in one respect be of
interest in forensc science, paticulaly when blood samples are not avalable, and in
another respect, attribute to studies of distribution and eventua redistribution.
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I Abstract

We present a fatd case involving the combined ingestion of amphetamine (AMP),
3,4- methylenedioxymethamphetamine (MDMA, ecstasy), 3,4-methylenedioxy-
amphetamine (MDA), and paramethoxyamphetamine (PMA, dreetname deeth). Various
post-mortem  specimens, eg. severa blood samples, urine, and tissue samples, were
andysed to study the digribution of the compounds and their metabolites in the human
body. Quantification took place usng liquid chromatography-sonic spray ionization-mass
spectrometry (LC-SSI-MS), after pretrestment with a liquid-liquid extraction (LLE). The
medico-legd findings were compdible with a disseminated intravascular  coagulation
(DIC) induced by hyperthermia, due to the smultaneous intake of the amphetamine
anaogues.

[ Introduction

The amphetamine-based desgner drugs, especidly popular in the “rave’
environment, like clubs or dance parties, have aways been a great chdlenge for forensc
toxicologigts. In an effort to keep up with the clandestine drug laboratories we are forced to
keep our eyes open for very fast changes in the molecular structure of the basic drug.
Hence, we are strained to continuoudy search for the unknown.

A recent evolution in this fidd was the introduction of paramethoxyamphetamine
oo PMA on the Bdgian illicit drug maket (1). However, this methoxylated
phenylethylamine derivaive (molecular formula CioH1sNO, Figure 6.6) was dready sold
on the dreet during the 1970s. Within a few years, the drug was associated with severa
fatdities and earned the dreet-name “death”, which led to its temporary disappearance
from the drug scene (2). In the beginning of the nineties it fird re-emerged in Audrdia,
agan leading to a number of fad cases (3-5). Later, in 1998, it was spotted on the
European market (6) and more recently in Belgium (1), The United States (7), and Canada

).
NH2

H 3CO

p-methoxyamphetamine (PMA)
H
N~
< *
CH3
3,4-methylenedioxy-N-methylamphetamine (MDMA)

Figure6.6  Structural formula of para-methoxyamphetamine (PMA) and 3,4-methylenedioxy-
methamphetamine (MDMA).
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As its dructurdly related compounds MDA  (3,4-methylenedioxyamphetamine),
MDMA  (34-methylenedioxymethamphetamine, Figure 6.6), axd MDEA (34
methylenedioxyethylamphetamine), PMA exhibits hadlucinogenic properties. However, it
has been podtulated that it is more toxic than MDMA because of its potent effect on the
serotonergic transmisson (7). Furthermore, PMA is closdy related to another new ring-
subgtituted amphetamine, 4-MTA  (4-methylthicamphetamine) which was dso identified in
a few fatdities (9-11). Doses of less than 50 milligrams of PMA, without co-ingestion of
other drugs or dcohal, induce symptoms smilar to MDMA, like increased heart rate,
blood pressure, and respiratory rate, elevated body temperature, erratic eye movements,
muscle spasms, nausea, and visud halucinations. Higher doses are consdered lethd,
certanly when taken with other amphetamine derivetives, cannabis, cocaine, prescription
medication or acohol. Symptoms in severe intoxications can be cardiopulmonary reaed
(eg. cadiac arhythmia pulmonay oedema), but vomiting, rend falure, hyperthermia,
convulsons, and coma prior to death can adso occur (7). The drug is sold in tablets,
capsules, or powder form, and its appearance and cost are comparable to MDMA. Anaysis
of tablets reveded that “ecstasy” tablets can contain not only PMA but dso PMMA (para-
methoxymethamphetamine) (12). Because of its great Smilarity with the popular and well-
known MDMA it has been migakenly ingeted as “ecdasy”, with sometimes lethd
consequences. In the last few years, an increesng number of fad intoxications involving
PMA have been reported (1, 3-8). However, to our knowledge, data on PMA tissue
concentrations are scarce (13).

We present a fatd case of the combined use of amphetamine, MDMA, MDA, and
PMA. The complete toxicological findings of the specimens, andysed by LC-SSI-MS after
gopropriate liquid-liquid extraction, are presented and the digtribution of the drugs is
discussed. To the best of our knowledge, post-mortem drug didribution of PMA in
combination with MDMA has bardly been explored in humans.

[l Casehistory

A 23-year-old man was found dead a home, lying in a divan. It was warm in the
room and the ambient temperature was about 25°C. The man was naked and his clothes
were close nearby as if he had just undressed. The recta temperature had reached the
ambient temperature. The lividities were fixed, the rigor mortis had amost disappeared and
greenish coloration of the whole adomind wdl was noticed. Sight mummification of
lips, nose tip, fingers and toes was found. The eyeballs were depressed and dehydrated.
These findings, corrdated with the police information, revedled that the post-mortem
interva was about three days. The man was very tiny: the body weighed 56 kg and was
175 cm tal (body mass index: 18.3). The face showed no petechiae. Apart from a few
dight recent excoriations on the ams, consgent with dight blunt trauma (eg. fal or
blow), nothing unusua was observed.

During interndl ingpection, moderate putrefaction and congestion of al organs was
found. Both lungs weighed 1410 g and showed obvious congestion and distinct oedema
The left and right pleurd cavity contained about 150 and 100 ml bloody fluid, respectively.
Somewhat vinous colored pericardid fluid was present (about 10 ml). The heart weighed
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315 g and showed - agpart from a few Tardieu spots - macroscopicaly no anomdies. The
liver weighed 1160 g and dight Steatoss, confirmed by microscopica ingpection, was
found. The stomach and the bladder contained about 50 ml brown-greenish fluid and 200
ml clear ydlow uring, respectively. The fresh bran weighed 1405 g and on dissection
after fixation congestion and oedema were found. Microscopicd sudy of the organs
confirmed the generdized congestion and obvious dgns of shock were found (such as
leucocyte dudging, micro-emboli) - mainly in the sections of the heart, lungs, liver, kidney
and bran. Eosnophilic cylinders were seen in the rend tubuli, but myoglobin
immunostaining was negdive. The medico-legd findings were condgent  with
disseminated intravascular coagulation (DI1C) induced by hyperthermia

Y Experimental

V.1 Materials

Para-methoxyamphetamine (PMA) was syntheszed in-house according to a
described procedure (14). 3,4-Methylenedioxymethamphetamine (MDMA or ecdasy) and
3,4-methylenedioxyamphetamine  (MDA) were purchased from Sgma-Aldrich (Bornem,
Bdgium). Amphetamine and ephedrine (internal dandard) were avalable from  the
collection of our laboraiory and dso came from Sigma-Aldrich (Bornem, Begium). All
reegents and chemicas were of andytica grade (Merck-Euroladb Leuven, Begium).
Solvents were dl of HPLC gradient grade, aso purchased from Merck-Eurolab (Leuven,
Bdgium).

An individud dandard solution of 1 mg/m of each compound was prepared in
methanol and stored in the dark a -20°C until use. Under these conditions dl solutions
proved stable for more than sx months. A 2pg/ml solution of internd standard, ephedrine,
in methanol was aso prepared. We decided to use this compound because of its structura
amilarity and its sufficient separation from the amphetamine mixture,

V.2 Analysis of biochemical parametersin vitreous humour
Glucose, lactate and potassum were determined in vitreous humour using
enzymdtic tests and specific dectrodes on aroutine automatic andyzer insrument.

V.3 Drug screening

Routine sydematic toxicologicd andyss was peformed on the samples to
investigate for illega drugs, medicd drugs, acohol, volaile substances and other poisons.
Immunoassay screens (ADx) were peformed to test for amphetamines, cannabinoids,
opiaes, methadone and benzoyl ecgonine on wine, and barbiturates and tricyclic
antidepressants in blood. Radio-immunoassay (RIA) was used to screen for LSD in urine,
and for morphine and benzodiazepines in blood. Color spot tests on urine and gadric
content were used to detect sdicylates, acetaminophen, phencthiazines and imipramines.
Post-mortem blood was analysed for the presence of carboxyhaemoglobin and cyanide.
Gadtric content and urine were screened for the presence of basic drugs, and hydrolysed
benzodiazepines, blood for the presence of acidic and neutra drugs by thin-layer
chromatography. Gas chromatography/mass spectrometry (GC/MS ion  trap) without
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derivaization, and GS-MS quadrupole with TFA/BSTFA derivatization (trifluoroacetic
acid/N,O-bigtrimethylslyltrifluoroacetamide) was used to screen the urine and the gadtric
content for the presence of basc drugs. Blood was screened by high performance liquid
chromatography with photodiode-array detection (HPLC/DAD). Analyss for the presence
of dcohol and other volatile substances in blood and urine was performed by headspace
gas chromatography with a flame ionization detector (GC/FID) (10).

V.4 LC-MSinstrument

Chromatography was caried out usng a LaChrom separation module (Merck,
Damdgadt, Germany) including a L-7100 Low-Pressure Gradient Pump, L-7200
Autosampler (injection loop 100 pL), L-7360 Column Oven, and D-7000 Interface. The
sysem uses the LC/3DQ-MS System Manager Software running under Windows NT ™
version 4.0 on a Compaq Deskpro EN.

All MS experiments were caried out on the M-8000 iontrap based mass
spectrometer from Merck (Darmgtadt, Germany) equipped with an onaxis sonic spray
interface (SSI) operated in positive ion mode.

IV.5 Method

IV.5.1 Sample pretreatment

Blood and urine were not pretrested. Tissue samples were homogenized after
gopropriate dilution with water usng an UltraTurrax homogenizer from IKA (Staufen,
Germany). Most of the post-mortem samples were extracted according to a liquid-liquid
extraction procedure previoudy developed in our laboratory (15). However, for the more
complicated (greasy or degraded) matrices such as adipose tissue, stomach content, and
different brain parts aliquid-liquid extraction with back-extraction was applied (16).

1V.5.2 Liquid chromatography-mass spectrometry

Chromatographic separation was achieved on a Hypersl BDS phenyl column (100
X 2.1 mm i.d., 3um particle 9ze) protected by a Hypersl BDS phenyl guard column (7.5 x
21 mm id., 3-um patice dze), purchased from Alltech (Lokeren, Belgium). A gradient
program with water and acetonitrile, both containing 0.001 vol% formic acid was used.
The complete and detailed LC-SSI-M S method is described in a previous paper (17).

V.6 Specimen collection

Toxicological andyses were peformed on blood collected from the subdavian
ven, femora and iliac ven, inferior vena cava right arium, aorta ascendens, pulmonary
atey, and right and left pulmonary vein. Left arid and ventricular blood (right and left)
were not avalable. Other specimens andysed included urine, vitreous humour, pericardia
fluid, bile, somach content, liver, spleen, iliopsoas muscle, abdomina adipose tissue. For
pleura fluid, cardiac muscle, lungs and kidneys separate sampling of the left and the right
occurred.  In addition, brainstem, cerebdlum, and brain lobes were sampled. All samples
were stored in the freezer (-20°C) until analyss.
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V.7 Calibration

Cdibration curves were prepared in blank matrices of blood, urine, bran
homogenate and liver. Each cdibrator sample (1 ml) was spiked with 50 pl of the 2pug/ml
internal  gandard  solution and with the compounds of interest, resulting in a find
concentration of 10-1000 ng/ml (blood and urine) and 20-2000 ng/ml (tissues). The spiked
compound leves for each cdibration graph were 0.1, 0.4, 1.0, 2.0, 4.0, and 10.0 pg/ml,
respectively, for each matrix. After extraction of a 1-ml diquot of each sample according
to the previoudy mentioned liquid-liquid extraction (see above), samples were anaysed
and cdlibration curves were crested using quadratic regresson anayss (in view of the
limited linear dynamic range of the mass andyser). Quantification of the autopsy samples
was peformed by comparing the pesk-area ratio of each specific compound and the
internd standard againgt the cdibration curve. All samples were anadysed twice. Fird, 1
ml of the avalable post-mortem matrix (blood and urine) was spiked with the internd
dandard solution and andysed. Following these preiminary results, a second extraction
was performed on appropriady diluted sample specimens.

Vv Results and Discussion

V.1 Routine biochemical parameters

The urinary pH and creatinine concentration in this case were 7.5 and 0.3 dll,
respectively. The potassum level in the vitreous humour was 389 mmol/l. The vitreous
glucose and lactate concentrations were 3 and 309 mg/d (sum vaue of 312 mg/d),
excluding hypoglycaemia

V.2 Drug screening

The initid drug screening (induding GC-MS) reveded the presence of MDMA in
blood and urine and amphetamine in urine. In addition, nicotine and caffeine were detected
in blood and urine. The results of the screening tests for the presence of other relevant
drugs or medications were dl negative.

GC-MS analyss showed a smdl broad pesk with a mass spectrum corresponding to
PMA. However, this was initidly conddered as non-toxicologicaly relevant because the
peak arealheight was rdatively low and it was thought to be a methylated artefact of a p
hydroxylated metabolite of amphetamine.

V.3 Liquid chromatography-mass spectrometry

The LC-SSI-MS method was completely vdidated and proved to fulfil andytica
standard criteria (17).

The toxicologicd findings for amphetamine, MDMA, MDA, and PMA in the
different autopsy samples are summarized in Table 6.7. The ratios of vitreous humour to
femoral blood level for PMA, MDMA, MDA and AMP were 1.29, 1.45, 1.33 and 1.47,

respectively.
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Table 6.7 Didribution of PMA, MDMA, MDA, and AMP.

PMA MDMA MDA AMP
(ug/mi)* (Hg/mi)* (ugmi)*  (pg/mi)*

subclavian blood 2.012 1.917 0.614 0.239
femoral blood 1634 1.129 0.436 0.198
venailiaca blood 1618 1421 0.493 0.203
inferior vena cava blood 2.058 1.801 0.507 0.218
right atria blood 2.058 1.624 0.574 0.248
pulmonary artery blood 2.952 2212 0.475 0.279
left pulmonary vein blood 2.120 1.693 0.526 0.261
right pulmonary vein blood 2427 1941 0.610 0.329
aorta ascendens blood 2.031 1.726 0.558 0.252
right pleurd fluid 1.794 1.375 0.446 0.207
left pleurd fluid 3.814 3.243 0.912 0.450
pericardid fluid 2.373 2.335 0.615 0.318
vitreous humour 2101 1.633 0.577 0.292
urine 0.932 0.791 0.369 0.522
bile 50.012 25.420 11.655 9.425
muscle of the right cardiac ventricle 2.176 1.650 0.469 0.235
muscle of the left cardiac ventricle 2422 1.815 0.293 0.290
right lung:upper lobe 4,614 2.580 0.925 0.592
right lung:median lobe 4.460 2.535 1.023 0.693
right lung:lower lobe 3.164 1.281 0.676 0.395
left lung: upper lobe 3.742 2.138 0.661 0.475
left lung:lower lobe 4.390 2.358 0.875 0.543
liver 8.904 6.657 0.744 0.857
stomach content 73.103 33.168 14.308 5478
right kidney 5.669 4.058 3.888 0.746
left kidney 4.716 3411 2.891 0534
spleen 4.390 3.050 144 0.666
iliopsoas muscle 1654 1.528 0.592 0.221
abdomina adipose tissue 0.131 0.317 0.044 0.067
brain: frontd lobe 4,081 2.258 0.919 0.330
tempora lobe 4.188 2.289 1.035 0.358

parieta lobe 4.040 2514 1.026 0.773
occipital lobe 3.357 1.932 0.918 0.910
brainstem 3.200 1951 0.761 0.346
cerebellum 2371 0.978 0.491 0.664

* for tissues: ug/g
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V.4 Combined discussion of post-mortem findings and toxicological / biochemical

data

Referring to the dtuation on the scene and the autopsy findings, the mechanism of
desth is consstent with a DIC due to hyperthermia. Even in the saventies, the hyperthermic
effect of PMA has been invedtigated, and in mice, it was found that this effect was not as
pronounced as for 3,4-methylenedioxyamphetamine (MDA)(18). Hyperthermia was a
frequently seen symptom in patients who presented to the Emergency Department after
ingestion of PMA (19) and was dso dexcribed in a few fatdities (4). In addition,
hypoglycaemia and hyperkdaemia have been described as typicd in PMA intoxications
(19). Andyss of the vitreous humour in our case reveded a high potassum levd. This
vdue could reflect an ante-mortem hyperkdaemia but - referring to the post-mortem
interval of about 3 days (20) and the dehydration of the eyes - this potassum concentration
should be interpreted with caution. The glucose and lactate sum vaue of 312 mg/dl as such
is not consstent with hypoglycaemia. According to the study of Sippe and Mdéttonen, sum
vaues lower than 160 mg/dl are compatible with a hypoglycaemia @1). However, in cases
experiencing a prolonged and/or intense agony, high sum vaues were noticed (22) and as a
result, the sum value in this case can be corrdated to the DIC due to hyperthermia as the
mechanism of death.

As for MDMA, there is no consensus about the lethd blood levd but in generd, a
blood MDMA concentration higher than 1.0 pg/ml can be potentidly lethd (23). For
PMA, blood levels greater than 0.5 pg/ml are likely to induce toxic effects (3). We believe
that in our case - referring to the consderable MDMA and PMA leves in paticular — both
concentrations are definitely capable of inducing death. In the cases published by Byard et
a. PMA blood levels between 0.24 and 4.9 pg/ml were found (5). A PMA blood level up
to 5.7 pg/ml has even been reported (6).

Only after incorporation of the LC-MS technique, it became clear that the peak and
dso the concentration of PMA was toxicologicaly reevant. The poor gas
chromatographic properties of PMA resulted in a broad pesk. This was diminaed by the
LC-MS procedure where it became clear that substantid amounts of PMA were present in
various matrices.

In this case, the body digribution of the four amphetamine related drugs was fairly
comparable (Table 6.7). Our data also confirm that blood sampled from the femord vein
should be conddered as the preferred anatomical sSte for blood sampling. However, when
this sample is not avalable, blood from the nearby iliac vein is dso appropriste. A gradient
from the inferior vena cava and the iliac vein to the femord vein was noticed. This
“diffuson gradient” can be explaned by the rdativey high leves in the liver. The huge
concentrations in the bile are condgent with the excretion via the bile and are dso
indicative of a rdatively long surviva period after intake. However, it is not excluded that
some post-mortem diffuson from the very high concentration in the somach content could
account for the latter as well. The relaively high levels in the spleen can be corrdated with
the “reservoir” of amphetamines found in the closdy adjacent somach content. The high
MDA levels found in the somach content points to MDA intake and as a result, the MDA
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blood and tissue concentrations can only partialy be explaned by the metabolism of
MDMA to MDA.

Due to the degree of putrefaction, there were only a few cardiac blood samples
avalable  However, condderable levels of dl four amphetamines were found in the
pericardid fluid. Jugt as for the pleurd fluid, this can in part be explained by post-mortem
diffuson out of the lungs The higher concentrations in the left pleurd fluid (as compared
with the right) can be explained by diffuson out of the somach, which was previoudy aso
postulated for co-proxamol (24). The levels in the pulmonary veins can be corrdated to the
concentrations of the adjacent lung lobes. The concentrations in the right atrid blood were
in accordance with the levels in the cardiac muscle. The concentrations in the iliopsoas
muscle were farly comparable with the periphera blood samples and therefore this musde
pecimen can be interesing when a blood sample is lacking (eg. due to fulminant blood
loss or due to putrefaction).

The ratio of vitreous humour to femora blood concentration of the four substances
were farly comparable. In an experiment in rabbits, the ratio of MDMA vitreous humour
to blood levels a equilibration was 1.1 (25). The fact that the ratios in this case were
somewhat higher than one can probably be explained by a dehydration factor. Indeed, the
vitreous humour sample which was taken from both eye bdls was in this case hardly 1 ml.
Normaly, each eye of an adult contains about 39 ml of vitreous humour (26). The
concentrations in the brain lobe homogenates are fairly comparable. The high brain leves
are condstent with the described clinical symptoms (such as hyperthermia) related to the
centrd effects. Congderable brain levds of PMA and MDMA were dso previoudy
substantiated (13, 16).

The urinary levels were rdatively low, but this may be explained by the akdine pH
(7.5). Indeed, for amphetamine it has been edablished that acidification of the urine
enhances excretion up to aout 75 % but adkalinization can reduce recovery in urine to
about 1 % (27). This was postulated for PMA as well (28). However, it is not known when
and how many times prior to death, the person was urinating. In addition, for PMA it was
shown that in humans an average of 15 % is eiminated as unchanged drug (39).

These data aso confirm that the concentrations of amphetamine derivatives in
adipose tissue are very low (16).

\4 Conclusion

In summary, a fatd poisoning in which condderable blood levds of MDMA and
PMA were found, is presented. We conclude that the man died of disseminated
intravascular coagulation (DIC) - induced by hyperthermia — due to the combined ingestion
of amphetamines. In addition, the pos-mortem didribution of these amphetamine
derivatives in the human body was discussed and further supported the use of peripherd
blood for toxicologica interpretetion.

The results dso indicae that due to the poor gas chromatographic properties of
PMA under specific conditions, this compound could be erronecudy overlooked.
However, sysemdic toxicologicd andyss based on the combination of both gas



Chapter 6

chromatography and high performance liquid chromatography can reved the presence of
PMA in biologica matrices without any difficulty.
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Chapter 7

I Abstract

Abuse of amphetamine derivatives such as  3,4-methylenedioxymethamphetamine
(MDMA) and 3,4-methylenedioxyamphetamine (MDA) is an important issue in current
forendc practice and fatdities ae not infrequent. Therefore, we invedigaied an
immunohistochemicd method to detect the amphetamine andogues MDMA  and MDA in
human tissues. For the gdaning procedure, the Cadysed Signd Amplification (CSA)
method using Peroxidase (HRP) - provided by Dako® - and specific monoclona antibodies
were used. Appropriate controls for vaidation of the technique were included.

The didribution of these desgner drugs was dudied in various bran regions
including the four lobes, the basd ganglia, hypothaamus, hippocampus, corpus calosum,
medulla oblongata, pons, and cerebdlar vermis.  In addition, the pituitary gland was
invesigated. A digtinct positive reaction was observed in dl cortica brain regions and the
neurons of the basd ganglia, the hypothaamus, the hippocampus and the cerebdlar vermis.
In the braingem, relatively wesk staining of neurons was seen. The reaction presented as a
mainly diffuse cytoplasmic daining of the perikaryon of the neurons, and often axons and
dendrites were dso visudised. In addition, the immunoreectivity was present in the white
metter. In the pituitary gland, distinct immunopostive cells were observed, with a prominent
heterogeneity, however. The immunohisgochemicd findings were supported by the
toxicologica data.

This immunogtaining technique can be used as evidence of intake or even poisoning
with MDMA and/or MDA and can be an interesting tool in forensic practice when the usud
samples for toxicologica andyss are not avalable. Furthermore, this method can be used
to investigate the ditribution of these substances in the human body.

Key words. 3,4-Mehylenedioxymethamphetamine (MDMA) -  3,4-Methylenedioxy-
amphetamine (MDA) — Immunohistochemigtry - Human brain - Rtuitary gland

[ Introduction

Abuse of amphetamine and derivatives is an important problem in current forensc
practice. Moreover, fatd and nearly-fatd intoxications are not infrequent (1). Post-mortem
digribution has barely been explored for amphetamine andogues, except for some case
reports (2-6). Animad experiments conddering this item for amphetamine or andogues are
scarce (7-9).

Immunological methods are routindy used for detection of illegd drugs in dinica
and forendc toxicology, manly in urinary screening tess.  However, the princple of
antigenrantibody  recognition can adso be agplied in  higologicd  gpecimens
(immunohistochemidry),  dlowing  detection of drugs in tisue  sections
Immunofluorescence  procedures have previoudy been gpplied successfully in - animd
experiments eg. deection of morphine in ra tissues (10), demondration of
tetrahydrocannabinol (11) and phenobarbital (12) in mice tissues.  Immunohistochemica
demondration of morphine and methadone in brain sections of overdose victims has
recently been published (13,14). Insulin was demondrated at injection Stes by means of
immunohisochemidry (15-17).
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Pat of the behaviourd, psychotomimetic and neurochemica effects of MDMA (eg.
increase of body temperature, mood dterations, anxiolytic-like effects) may be explained
by affecting the serotonergic system (18,19). Interaction of MDMA with post- as well as
pre-synaptic 5-hydroxytryptamine (5-HT, serotonin) recognition Stes is postulated (18). In
animd dudies, high afinity of MDMA for 5-HT, and 5-HT1a Serotonin receptors (18) as
well as 5HT uptake sites was proven (20). The neurotoxicity of MDMA on 5HT neurons
was d0 invedtigated in humans and subtle, but Sgnificant cognitive deficits were noticed
(22).

At present, immunohistochemicd methods were used to invesigate the biologica
effects of MDMA, for example, to demongtrate reductions in 5HT axon dengty in rats and
monkeys (22) or rhabdomyolyss (4,23). Ishiyanma e a. were ale to demondrate
methamphetamine in mice tissues (24). To our knowledge, the amphetamine derivatives
3,4- methylenedioxyamphetamine (MDA) and 3,4-methylenedioxymethamphetamine
(MDMA, “ecdtasy”) have not yet been demonstrated in human tissues.

In this sudy, we gpplied the CSA immunoganing method - known as the most
sendtive method at present - for the microscopica immunodetection of MDMA and MDA.
In particular, the digribution of MDMA and MDA in dides of the human bran and the
pituitary gland of two fata intoxicaions was investigaed and corrdaed with the
toxicologicd findings.

[l Materials and methods

[11.1 Brief Case histories

111.1.1 Casel

A 23-year-old man was found dead, dStting on a chair in a bar. Upon examination,
28 hours after death, the body was 186 cm tall and weighed about 100 kg. No conspicuous
lesons nether injection Stes were noticed. At autopsy, both lungs weighed 1620 g.
Severe pulmonary congestion and oedema, numerous Tardieu spots on the pleurae and the
pericardium were noticed. The heart weighed 405 g and a perdstence of the left vena cava
superior was found. The brain weighed 1545 g and congestion and oedema were confirmed
by higologicad examination. The macro- and microscopicd findings were consgent with
an acute to subacute cardiopulmonary fallure as the mechanism of deeth.

MDMA and MDA concentrations were determined in femord blood and brain using
a HPLC (high pressure liquid chromatography) procedure with fluorescence detection
(25,5). For additiond confirmation, a fully quantitative LC-MS (liquid chromatography-
mass spectrometry) assay for the determination of dl specimens avalable, was used.
Cocaine, benzoylecgonine, cocaethylene, ecgonine methylester, amphetamine, MDMA,
MDEA  (34-methylenedioxyethylamphetamined and MDA  were deected using
chromatographic andyss (HPLC-DAD (HPLC with diode array detection), LC-MS, GC-
NPD (gas chromatography with nitrogen-phosphorus detection) and GC-MS of the urine
sample (26,27). The blood acohol level was quantified by head- space GC analyss.
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[11.2.2 Case?2

This 23-year-old man was found dead at home. He was naked and his clothes were
nearby the body (as if he just undressed). The body was in a sate of beginning putrefaction
and the cadaveric signs combined with the police inquiry reveded that the post-mortem
interval was about 3 days. The body weighed 56 kg and was 175 cm tall. At autopsy, both
lungs weighed 1410 g and showed obvious congestion and oedema. Apart from congestion
and moderate putrefaction, the other organs showed no conspicuous anomdies. The heart
and bran weighed 315 and 1405 g, respectively. Microscopical examination confirmed the
generad congestion and reveded sgns of shock (such as leucocyte dudging, micro-emboali),
mainly in the sections of the heart, lungs liver, kidneys and brain. Eosinophilic cylinders
were found in the rend tubuli, but myoglobin daning was negaive. In severd brain
regions, gpat from congestion and oedema, smdl — mainly perivascular — bleedings were
found. The medico-legd findings were condstent with a disseminated intravascular
coagulation (DIC) induced by hyperthermia

Amphetamines and related compounds were screened by routine methods such as
GC-MS and HPLC-DAD, while quantitative results were obtained by GC-MSand LC-MS.

For both fatdities, since drug abuse was suspected, the standard protocol used at our
depatment was applied and agppropriate sampling for toxicologicd and histologica
examination was performed. Smal parts of the four bran lobes were sampled for drug
assay and for each lobe, cortex and medulla were isolated. Theredfter, the brain was fixed
in 4 % buffered formadehyde during three to four weeks. On dissection, samples of
various bran regions were taken, followed by embedding in paraffin. Tissue sections were
prepared from the frontal, tempora, parieta and occipitd region, the medulla oblongata,
pons, cerebdlar vermis corpus cdlosum, hippocampus, the basd ganglia (mammillary
bodies, lentiform nucleus, caudate nucleus and thdamus) and adjacent hypothdamus. The
pituitary gland was treated in the same way.

All amilar samples in the control case 00/116 were taken as blanks for drug assay
and negative control tissue for immunohistochemidry. At random samples of other control
cases for immunohistochemistry were dso available.

[11.2° Antibodies and immunostaining procedure

[11.2.1 Saining procedure

Monoclona antibodies — which specificaly recognize MDMA and MDA - were
kindly supplied by Microgenics Corp, Fremont, CA, USA. They were purified from mouse
ascites and available in two clones (clone 1A9 and 5C2).

For the saining procedure, the DAKO® Cadysed Signd Amplification (CSA)
System, Peroxidase (HRP) was used (supplied as a kit; Code K 1500). CSA is a very
sengtive  immunohistochemica  daining  procedure incorporating a sgnd  amplification
method based on the peroxidase catayzed depostion of a biotinylated phenolic compound,
followed by a seconday reaction with dreptavidin-peroxidase (28). Sections were
deparaffinized and rehydrated according to standard protocols.  After blocking endogenous
biotin and suppressing non-specific background staining — as prescribed in the procedure -
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the primary monoclona mouse antibodies were applied to the tissues and an incubation of
15 minutes followed. For the primary antibodies dilution series ranging from 1:20 to
1:5000 were tested. The best results were obtained with dilutions between 1:500 and
1:1000. The dides were then gently rinsed with TBST buffer solution (Tris Buffered Sdine
with Tween 20) and three times placed in a fresh TBST buffer bath for 3 — 5 minutes each.
The procedure was then continued by sequentid 15-minute incubations with biotinylated
link antibody, dreptavidin-biotin complex, amplification reagent and Sreptavidin-
peroxidase, respectively. The daning was completed by a 3 to 5-minute incubaion with
3,3 -diaminobenzidine tetrahydrochloride (DAB) which results in a brown-coloured
precipitate.  Hematoxylin counterstain was sometimes performed (eg. in the pituitary gland
in order to visudize the basophilic cells).

For the pituitary gland, a Periodic Acid Schiff (PAS)-orange G-daning on an
immediately adjacent dide was peformed in order to discern the cdl subtypes of the
pituitary gland (acidophils, basophils and chromophaobes).

[11.2.2 Setup of the immunohistochemical procedure

In dl daning expeiments of the two amphetamine fatdities a Smultaneous
incubation was performed with ana ogue sections from control cases.

Smilar samples were taken during the autopsy of a 28-year-old woman (case
number 00/116; post-mortem interva (PMI) of 48 h) for negative control tissue. The
woman was murdered by a shotgun leson through heart and lungs. In a few daning
procedures, at random samples of five other control cases were used. These were a 32-
year-old female, murdered by thoracic gunshot wounds (case number 00/8; PMI of 36 h), a
27-year-old femae, murdered by multiple stab wounds (case number 00/14; PMI of 56 h), a
26-year-old man, murdered by a gunshot through the heart (case number 00/19; PMI of 42
h), a 17-year-old man, who died due to polytrauma after a traffic accident (case number
01/68, PMI of 91 h), and a 30-year old femae, murdered by multiple stab wounds in thorax
and neck (case number 01/181; PMI of 58 h). In dl control cases, extensve toxicologicd
Investigations were negative.

A pogtive control staining (recommended in the CSA-kit) with monoclond mouse
antibodies to human B-cdll (CD23;) on formdin-fixed and paraffin-embedded lymph node
(from a patient with mdignant B-cdl lymphoma) and pdatine tonsl tissue was performed.
At the same time, as an additiona negative control, the daning procedure with 1gGy
fraction from norma mouse (provided in the kit) and with the antibodies recognizing
MDMA and MDA on adjacent sections of the lymph node and palatine tonsil, was applied.

In order to test the specificity of the antibodies, we checked whether it is possble to
saurate the antibody binding gtes with its specific antigens and thus induce a negative
immunodetection. Therefore, either MDMA or MDA were added in various concentrations
(dilution solution series from 102 g/ml to 1.5 x 10° g/ml) to the antibody solution. This
solution was placed on a rotary mixing device during 24 hours (at 4°C) prior to incubation
of the dides. The s@me procedure was performed usng PMA (para- methoxyamphetamine)
or AMP (amphetamine). For negative control incubations, the antibody was replaced by
IgG; fraction from norma mouse serum (supplied with the CSA-kit) for each brain region.
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A few a random negaive controls were performed in which phosphate buffered sdine
(PBS) or bididillated water (used to make the MDMA or MDA solutions) were used
ingtead of the primary antibody.

To exclude that MDMA, added to the antibody solution and acting as a sdlt, would
prevent antigenantibody binding, an excess of MDMA was added to antibody solutions in
an other immunodetection protocol. It concerned the immunodetection of two peroxisoma
enzymes [catdase (CAT) and danin-glyoxylate aminotrandferase (AGT)] in liver dides of
case and control (29).

Y Results

V.1 Immunohistochemistry

An overview of the immunohistochemica results is presented in Table 7.1.  Pogtive
Immunoreactions were obtained in the neurons of dl brain regions of both fatdities, except
for the corpus calosum due to the absence of neurona cdl bodies a that particular Ste. A
diginct postive reaction was seen in al cortica regions of the brain lobes, the neurons of
the basd ganglia, and the cerebdlar vermis. Reaivey week saning of the neurons of the
braingem was found. In addition, distinct reactivity was adso observed at the leve of the
white matter fibres in the dides of the basd ganglia, the braingem and corpus calosum in
both cases. A raher weak immunoreectivity of the white matter in the cerebrd lobes was
noticed; this is a discrepancy with the results from chromatogrgphic anadlyss in the
homogenates (see toxicologica data below).

Table7.1 Immunoreaction in neurons of various brain regionsin fatalities and control cases.

brain region case 1l (00/112) |case?2 (01/34) |control cases
neurons neurons neurons

fronta lobe
parietal lobe
tempora lobe
occipita lobe
caudate nucleus
thaamus
lentiform nucleus
medulla oblongata
pons

vermis cerebelli
mammillary bodies
hypothalamus

hippocampus
corpus callosum

Z+ + ++HFHF + + + + + ++
Z+ + ++FHF + + + + + ++
1

A

+: digtinct immunoreectivity -: No immunoreactivity
+: weak immunoreactivity NA: not applicable
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Figure 7.1 (@, 7.1 (d), 7.3 (b) and 7.4 (b) show immunoreactive neurons in the
parietd and fronta region, the cerebdlar vermis and the hippocampus, respectively. The
reection presented as a manly diffuse brownish cytoplasmic staining of the perikaryon of
the neurons. When the orientation of the section plane was appropriate, Saining of the
axons and dendrites was noticed. In particular, this was obvious in the Purkinje cdls
presented in Figure 7.3 (b) where the course of the dendrites to the molecular Byer could be
followed. In addition, the granular layer cdls of the cerebelar vermis were postive, but at
higher magnification, a heterogeneity in the daning pattern of these cdls was observed
[see Figure 7.3 (b)]. The cdls of the dentate gyrus in the hippocampus were aso
visudized [see Figure 7.4 (c)]. However, the heterogeneity was less pronounced there.
When comparing dl brain regions, differences in daning intendty and number of postive
neurons were seen, but these were not quantified.

In Fgure 7.2, a macroscopic overview of the immunoreactivity in the sections of the
cerebdlar vermis in case 1 and in a control case is presented. The focd saining pattern in
the control differs from that in the case, as the white matter is unreactive in the control.
Moreover, upon microscopical examination, no immunoreactive neurons were seen in the
control.

Podtive daning reactions were found for both antibody clones however, the
daning aspect of both clones was somewhat different. The two neurond daining peatterns
are presented in the parietd and frontal lobe (Figure 7.1 (8) and (d), respectively). When
antibodies of the 5C2 clone were used, the staining in the perikaryon was usudly somewhat
flocky. Incubation with 1A9 rendered a more diffuse coloring in the neurond cytoplasm
and the DAB precipitate was more heterogenous. Vaiaions in ganing intendty were
aso noticed when both clones were compared.  Although both clones digtinctly reveded
visudizaion of the corticd neurons, we further proceeded with 1A9 because this antibody
clone produced a crigp microscopica image.

The vdidation procedure for pogtive control (as recommended in the kit) - usng
anti-CD23; on formdin-fixed and paraffin-embedded lymph node and pdatine tonsl tissue
- was gpplied and found to be postive. The same procedure with 1gG; fraction and with the
antibodies recognizing MDMA and MDA on lymph node and tons| sections was negetive.

In the control cases, no neurons were reveded, except for a very fant diffuse
cytoplasmic ganing in the perikarya [see Figure 7.1 (¢) and Figure 7.3 (c), parieta cortex
and cerebdlar vermis, respectively].

Addition of pure MDMA or MDA to the antibody solution — in the high
concentration of the series —, totally abolished the staining reaction or reduced daning to
the background level as seen in the control cases [see Figure 7.1 (b) and Figure 7.2, parieta
lobe and cerebdlar vermis, respectively]. In the lower MDMA concentration range, a
gradient in the ganing intensty was observed. These results point to the specificity of the
antibodies.  Addition of PMA or amphetamine to the antibody solution was not able to
induce negative immunoreactivity. In addition, incubations with mouse 1gG; fraction were
negative in the case and control tissues (data not shown).
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Figure7.1

(@ Immunohistochemica staining of neurons (nerve cell bodies, axons and
dendrites) in the parietal lobe of case 1.

(b) Staining of the parietal lobe of case 1 after saturation of the antibody solution
with MDMA. As aresult, negative immunodetection was induced.

(c) Negative immunohistochemica staining of the parietal cortex in the control
case.

For pictures (a), (b), (c): antibody clone 1A9; magnification 190, 140 and 140x

respectively.

(d) Immunochistochemical staining of neurons (nerve cell bodies, axons and
dendrites) in the frontal lobe of case 1 (antibody clone 5C2; magnification 190x).
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Figure7.2  Macroscopic verview of
the dides of the cerebellar vermis:
| eft: positive immunogtaining in case 1;
middle: immunostaining in case 1 after
sauration of the antibody binding Stes
with MDMA,, inducing a negative resullt;
rightt negatiive immunohistochemica
daning of the cerebdlar vermis in &
control case (00/116).
(For dl pictures. staining using antibody
clone 1A9)

Figure7.3 (@ Positive immunostaining of the cerebellar vermis of case 2: the nerve cell
bodies, axons and dendrites of the Purkinje cells are clearly visble. The
ranular layer cells can aso obvioudy be discerned. In addition, staining at
the level of the white matter fibres is seen (overview: magnification 95x).
(b) Detail of the immunoreaction in the cerebellar vermis of case 2
(magnification 270x).
(c) Negative immunohistochemica staining of the cerebellar vermis in a control
case (00/116; magnification 170x).
(For al pictures. staining with antibody clone 1A9)



Chapter 7

Figure7.4  Staining of neuronsin the hippocampus of case 2 (antibody clone 1A9).
(a8): overview (magnification 25x);
(b): detall of the cortical neurons (magnification 100x);
(c): detail of the cells of the dentate gyrus (magnification 100x).

The immunodetection of catdase and danin/glyoxylate aminotransferase in the case
and control liver was not affected by addition of a gmilar amount of MDMA used to
saturate the MDMA-antibody.

Fgure 7.5 shows the reaults in the pituitary gland. Didinct immunoreactivity was
obsarved in many cdls, together with a prominent heterogeneity. As a result, different
types of daning intendty can be discerned: highly intensdy daining cels and abundant
positive cdls on the one hand. On the other hand, some weakly stained and a few negative
cdls can be noticed. Comparison of these results with the PAS-orange G-daning in
adjacent sections indicates that the strongly stained cells correspond to the acidophils. The
weakly stained and negative cells are assumed to be the basophils and chromophobes,
repectively. The cdls of the latter subtype are indeed a minority.

10
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Figure7.5

(@ Overview of MDMA immunoreactivity in the pituitary gland (antibody clone
1A9; magnification 140x).
(b) PAS Orange-G gdaining of the immediately adjacent dide visudizing clearly
the acidophilic (orange colour) and basophilic cels (violet colour),
(magnification 140x).
(c) Detail of the staining reaction for MDMA in the pituitary gland (antibody clone
1A9; magnification 300x).
Following types of staining reaction can be discerned (see arrows):
(1) & (2): obvioudy positive cdls showing variable staining intensity
(heterogeneity). The highly intensvely stained cells obscure the
nucleus (see arrow 1).
3): cdls having weak immunoreaction.
(4): negative cells.

11
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V.2 Toxicological data

In Table 7.2, the MDMA, MDA, PMA and amphetamine concentrations in femord
blood and homogenates of the cortex and white matter of the four brain lobes are presented.
The andyssreveded adso an important level of the drugs in the white maiter.

In the firg fatdity, the routine andyss of blood and urine disclosed the presence of
a high levd of amphetamines (684 pg/ml in uring, immunoassay result) and trace amounts
of benzoylecgonine (0.7 mg/ml in urine, chromatographic result). Head-space GC andysis
demongrated the absence of ethanol in blood and urine.  In addition, the presence of
MDMA in blood was demonstrated by HPLC-DAD and GC-MS.

For the second case - gpart from the data presented in Table 7.2 - no dcohal, neither
other drugs were found.

Table7.2 Toxicological data in femora blood as well as cortex and medulla of the four brain
lobes in the two fatdities.

case 1 (00/112) case 2 (01/34)
MDMA MDA MDMA MDA PMA AMP

femord blood (ug/ml) 3.07 0.09 1.22 0.39 143 0.22
brain region (ug/g)
frontal lobe

- cortex 13.65 0.15 1.66 0.57 3.89 0.33

- white matter 13.05 0.13 1.89 0.68 352 0.49
temporal lobe

- cortex 1542 0.16 1.62 0.81 3.25 0.43

- white matter 1353 021 3.00 0.81 4.40 0.44
parietal lobe

- cortex 15.19 0.23 261 0.57 3.92 0.33

- white matter 12.46 0.15 3.05 0.62 294 043
occipital lobe

- cortex 15.98 0.18 1.87 0.52 3.23 0.33

- white matter 10.87 0.19 3.30 0.57 474 0.32
brainstem 13.18 0.22 1.95 0.76 3.20 0.35
cerebellum 11.69 0.23 0.98 0.49 2.37 0.66

MDMA: 3,4-methylenedioxymethamphetamine
MDA 3,4-methylenedioxyamphetamine

PMA: para-methoxyamphetamine

AMP: amphetamine

12
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Vv Discussion

In this sudy, a method for immunohistochemica detection of MDMA and MDA in
human tissues is presented. In addition, we examined the digribution of MDMA and
MDA in various brain regions and the pituitary gland.

Pogitive immunoganing for MDMA and MDA was edablished in the neuron cdl
bodies, axons and dendrites in various regions of the bran in two fad intoxicaions
However, the immunoreectivity was aso present a the level of the white matter fibres. The
toxicologica data confirmed that substantid concentrations of MDMA are present in the
white matter. This is in accordance with toxicologicd data obtained in methamphetamine
users (30). The discrepancy between the subgtantial concentrations in the white and the
grey matter, as detected by GC-MS and LC-MS, and the reaively wesk immunoreectivity
of the white matter in the brain lobes, may be explained by the fact that in the latter
gpproach MDMA can only be detected if it is bound to the tissue and that this complex is
not affected by the procedure of fixation, paraffin embedding and sectioning. We presume
that unbound MDMA is rinsed off during the immunohistochemica preparation procedure.
In the tissue homogenates, used for the GC-MS and LC-MS andyss, both the bound
MDMA and the soluble form reman avalable for detection. For methamphetamine as
wel, podtive immunoreectivity in cerébrd cortex and in the white mater was
demondrated (24). In our sudy, topogrephic differences in staning intendty were
observed.  In particular, disinct immunoreactivity was found in the neurons of dl cortica
brain regions, the basd ganglia and the cerebelum. However, the neuron cdl bodies in the
braingem were reatively weekly stained and the white matter fibres were more pronounced
a that gte. In addition, immunoreactivity was dso found in the cdls of the dentate gyrus in
the hippocampus and the granular layer cdls of the cerebdlar vermis. This was not
observed in the immunohistochemistry of morphine and methadone (13, 14).

The observed reaults in our two fatdities were wel consstent with the topographic
data obtained in rats after injection of PH]-MDMA and [PH]-MDA (18). We were able to
provide further information about the regiond didribution of MDMA and MDA in human
bran tissue. In addition, the method may be used to further invedigate the biologica
effects, for example the interaction of MDMA and MDA on serotonin systems - which was
previoudy  demondrated (18, 31) — , to dudy the influence on memory (32) etc.

Immunogtaining of the pituitary gland reveded a vaiadle reaction intendty in the
different cdls (acidophils, basophils and chromophobes). The most intensdy sained cdls
are probably the acidophils as these are metabolicdly the most active cdls.  This is in
accordance with the MDMA induced neuroendocrine effects such as increases in plasma
cortisol and prolactin leves which are documented in humans (33). We will undertake
dudies to corrdate the heterogeneity of the MDMA reactivity with the hormone producing
cell types.

Although the mechanism of desth in our two fadities was different — cardio-
pulmonary falure related to the sympaticomimetic effects of MDMA, and DIC due to
hyperthermia, respectivdly — and though there were obvious differences in toxicologica
data, the immunoreactivity pattern in the brain regions of both cases was farly comparable.
Despite the hyperthermia and the post-mortem interva of about three days in the second
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case — leading to a more pronounced tissue autolysis — the drugs could be demonstrated
immunohigochemicdly. However, it should be wdl kept in mind that interfering factors
such as putrefaction may give rise to fdse negative results. On the contrary, it cannot be
excluded that — theoreticaly — the putrefaction process might lead to artefactual epitopes
which ae recognized immunologicdly and thus could induce a fase podtive reaction.
However, in the control cases (with post-mortem intervd up to 2 days) no reaction was
observed, except for a background level (see below).

In the cases and controls no immunoreactivity was found after incubation with 1gG1
fraction from normd serum. In the controls a very fant diffuse staining was found in a few
neurons after incubation with the anti-MDMA antibodies. Given the fact that saturation of
the antibody with pure MDMA abolished staining in the cases and that in the controls no
amphetamines could be detected by chromatographic andyss, the very week diffuse
reaction in some neurons of the controls must be consdered as the background leve. A
gmilar phenomenon of diffuse saining in control neurons was experienced by Wehner et
d. (13, 14) in their sudy on immunodetection of methadone and morphine in human brain.
As emphasized by these authors, it must be kept in mind that the CSA detection method
yidds an extreme amplification of the primary dgnd (antigen-antibody complex) and that
aso the dightest background becomes enhanced as a result of the sengtivity of the method.

Since sauration of the antibody with either MDMA or MDA reduced daning to
background level, the gpecificity of the antibodies and the method was confirmed.
According to the information obtained by the supplier, the antibodies are highly specific for
ectasy (MDMA) and related compounds (MDA and MDEA) while cross-reaction with
amphetamine, methamphetamine and some medications (phentermine,
phenylpropanolamine, pseudoephedrine) is aways below 1 % (34).

In summary, a reiable method for the gpecific immunohistochemica detection of
MDMA and MDA in human brain tissues is presented. This method can be used as
evidence of inteke or even poisoning with MDA, MDMA and/or MDEA and can be a
relidble dternative when the usud samples (manly blood and urine) are not avalable for
toxicologicd andyds (for example due to fulminant blood loss in severdy destructed
bodies, such as polytraumaiin train accident fatdities).

Further sudies will be underteken in order to investigate whether this technique
might be influenced by post-mortem processes. In addition, MDMA immunodetection
might be used as a bass for further dudy of the didribution of these amphetamine
andogues in the human body, and thus be useful in the understanding of their biological
effects.
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The use and abuse of amphetamine derivatives such as 3,4-methylenedioxymeth
amphetamine (MDMA, “ecdasy”, “XTC") has become an important public issue in
view of the growing numbers of fadities encountered in current forendc practice.
Congdering the broad range of blood and plasma levels in MDMA-related fatdities
reported in the literature, the levdl of MDMA that can be toxic or even potentidly letha
remains unclear. The question as to whether or not the (ab)use of the substance has
contributed to the cause of death remans particularly unclear because of post-mortem
phenomena such as ingability, redidribution and even neo-formation, dl of which can
interfere with post-mortem blood levels. Post-mortem degradation, on the one hand, can
leed to fasdy decreased levels, whereas post-mortem redistribution and/or neo-
formation can result in eratcaly high concentrations. Possible mechanisms of post-
mortem redidribution include the diffuson of a substance into the cardiac blood out of
the lungs and liver, or the somach content.

In this thesis research, we have studied the post-mortem redigtribution of certain
amphetamine derivatives in order to evduate which fluid and/or tissue sampled after
death most closdy approximates the ante-mortem blood concentration. Due to the well-
isolated podtion of the eye and the rdiability of vitreous humour for post-mortem
toxicology (eg. dcohol (1)), the vaue of this medium for post-mortem determinations
of amphetamine derivatlives was invesigated. Our work was paticularly focused on
MDMA and its metabolite 3,4-methylenedioxyamphetamine (MDA), though we aso
examined cases involving the amphetamine andogues 4-methylthicamphetamine (4-
MTA) and para-methoxyamphetamine (PMA), which have recently been prominently
featured in the early warning system on synthetic drugs.

Part one condds of a literature survey including a review of the reported
MDMA-rdated fadities and a summay of the amphetamine-related casework
examined a the Depatment of Forensc Medicine of Ghent Universty. In Chapter 1,
the reevant literature data are reviewed with emphass on MDMA and its medico-legd
implications. Sgnificant  inter-individud in vivo differences in susceptibility to the
effects of MDMA were noted. Unfortunately, at present, it is impossble to estimate the
individud risk of usng MDMA or other amphetamines.

The mgority of the fataities reported in the literature were men younger than the
age of 25. The number of “puré’ MDMA intoxication were roughly equa to the
numbers of poly-amphetamine intoxication or polydrug abuse (including MDMA
ingestion).  With respect to the manner of death, it was obvious that MDMA-related
fadities were for the mgor pat due to an unintentiond overdose, though the use of
MDMA in association with other events such as traffic accidents and suicidd acts
should not be underestimated. When MDMA is involved, various mechanisms of desth
have been described with hyperthermia and fatal cardiac or pulmonary complications
being the most frequent. In many cases, however, the manner and mechanism of death
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remains undetermined or uncertain. In view of the broad range of MDMA levels
reported in the literature (viz. blood levels between 0.04 and 1850 pg/ml in “pue’
overdoses), it is not posshble to conclude soldy on the basis of the toxicologicd data
whether or not a subject died of MDMA (ab)use. Moreover, in most of the reported
cases the blood sampling location was not specified and, as a result, it is not clear
whether the observed post-mortem MDMA blood concentration actudly represented the
concentration at the time of desth. However, guiddines indicate that an MDMA blood
concentration higher than 1.0 pg/ml can be potentidly lethd, whereas levels beow
goproximatdy 0.6 pg/ml are capable of inducing intoxication (2).

The amphetamine-related fataities examined a the Depatment of Forensc
Medicine of Ghent Univerdty were reviewed and discussed in the light of the literature
data Chapter 2). Because of the low number of “pure’ MDMA-related deaths, we have
incdluded dl amphetamines in this survey. The amphetamine-relaed fatdities represent
only a smdl fraction of dl the medico-legd invedigations, though the number obvioudy
dated increesng from 1995, We ae convinced, however, that there is an
underetimation of amphetamine-related fatdities when somebody dies a home (eg.
found dead in bed, whether or not after a night out dancing), the death is often classfied
as a “naturad death” and consequently no police inquiry or medico-legd investigation is
performed. Inour cases, 11 subjects were found dead either in bed or in achair.

The age and sex didributions of the amphetamine-related fatdities examined a
the Department were fully in acordance with the data from the literature. A wide range
of MDMA concentrations was found in cases of “pure’ intoxication (blood levels
between 0.27 pg/ml and 1351 pg/ml), which was in line with those reported in the
literature.  “Puré’ amphetamine intoxications, polydrug overdoses and the combination
of amphetamine (ab)use and polytrauma were the most prominent causes of desth. As
for the manner of deeth in these fadities, unintentiond overdoses were most frequent,
though traffic accidents and suicides associated with amphetamine use aso accounted
for dgnificant percentagess  As for the mechanism of death, acute to subacute
cardiopulmonary failure was most frequent, followed by hyperthermia

On the bass of both surveys in Part One (Chapters 1 and 2), post-mortem
digribution and redigtribution were studied in order to evauate which post-mortem fluid
or tissue sample best gpproximates the actud concentration a the time of death. At firg,
the results obtained in experiments using rabbits were presented (Part Two). Theresfter,
the experimentd data were compared with some cases found in current forensc practice
(Department of Forensc Medicine, Ghent University) (Part Three).

In the firg study presented in Part Two (Chapter 3), the vaue of post-mortem
vitreous humour levels was investigated for the purpose of avoiding possble thanato-
chemicd difficulties such as post-mortem redigribution.  First, the pharmacokinetics of
MDMA in the rabbit after intravenous (iv) adminigration were consdered. A high
volume of digribution (5 1/kg), a high systemic clearance (4.1 I/kg per h) and a rdatively
short hdf-life (1 h) was found following iv adminigraion of MDMA. A didinct
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relationship between the MDMA concentrations in the vascular compartment and the
vitreous humour was substantiated.  Equilibration between the vascular compartment
and the vitreous humour was atained about one hour after intravenous administration.
The ratio of the MDMA concentration in vitreous humour to the MDMA blood leve
was about 11 a 120 and 240 minutes after infuson, which indicates a dight
accumulation of MDMA in the vitreous compartment. Moreover, a preliminary thanato-
toxicologica invedtigation - in which a pos-mortem interva up to 72 h was consdered -
demondtrated that MDMA concentrations in cardiac blood increased post mortem
whereas vitreous humour MDMA levels were more dable and thus presumably more
representative of the ante-mortem blood concentration.

In Chapters 4 and 5, the post-mortem dability and redigribution of MDMA in
rabbits were further andysed. In Chapter 4, the didribution and redigtribution of
MDMA and its metabolite MDA were dudied in various fluids and tissues after
intravenous adminigration. In a firs group (control group, sampling done immediately
after killing) condderable MDMA concentrations were found in the bran and both
lungs. Our data dso pointed to subgtantid eimingtion of MDMA by hepatic
biotransformation and excretion via the bile in addition to rena excretion. In a second
group (post-mortem interva either 24 or 72 h prior to sampling), an increase of MDMA
and MDA levels in the liver and the eye globe wadls was noted. In the lungs, on the
other hand, levels tended to decline as a function of increesing post-mortem interval.
MDMA concentrations in cadiac and iliopsoas muscle were fairly comparable,
remaining stable up to 72 h after desth. As post-mortem increases in cardiac blood
levels can be due to vascular diffuson out of blood-rich organs such as the liver and
lungs (3), the large vessals around the heart were ligated (immediatdy after killing) in
another group (group 3), and the animas were further handled as in group 2. However,
ggnificant differences in blood and tissue MDMA concentrations between the animds
of groups 2 and 3 could not be demonsirated. Therefore, in the rabbit, post-mortem
redigribution of MDMA & the cdlular leved (viz. by pure diffuson gradient from higher
to lower concentrations) is probably more important than its redigtribution via vascular
pahways In addition, MDA leves were rddively low in dl samples, indicating that
this molecule is not a mgor metabolite in the rabbit, & least within the first two hours
after adminigtration.  Furthermore, the vadue of vitreous humour as a rdiable podt-
mortem specimen was confirmed. The digribution and redidribution of MDMA and
MDA in rabbit tissues were in line with the data obtained after adminigtration of
amphetamine in the ret (4,5).

Since drug leves can be affected by gadric diffuson when the somach contains
a Subgtantid amount of the drug or by diffuson from the trachea when agona aspiration
or post-mortem regurgitation of vomit occurs, these phenomena were smulated in
another rabbit mode (Chapter 5). After post-mortem tracheal infusson, MDMA can
eadly diffuse not only into the lungs but dso in large quantities into the cardiac blood
and — to a lesser extent — into the cardiac muscle. MDMA was aso found in the closdly
adjacent digphragm and in the upper a@domind organs incduding the liver and the
somach. Following post-mortem infusion into the stomach, consderable MDMA leves
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were found in cardiac blood and muscle, both lungs, digphragm and liver tissue when the
solution was concentrated nearby the lower oesophageal sphincter. However, when the
MDMA solution was present deeper in the somach, MDMA levels were high in the
gpleen and liver and rdaively low in cardiac blood and muscle. These results indicate
that the diffuson of MDMA out of the omach content or due to aspirated vomit and
paticulaly gastro-oesophaged reflux, can lead to condderable post-mortem
redigribution. In both experiments;, MDA leves were low or bdow the limit of
quantitation in most tissues, but were substantial in cardiac blood and muscle, lung and
digphragm, thus indicating that MDMA can be converted into MDA even after degth.

In Part Three, the post-mortem digtribution of MDMA (and its metabolite MDA)
and some other amphetamine derivaives was sudied in the human body in order to
evduate which fluid and/or tissue sampled after death best agpproximates the ante-
mortem concentretion & the time of death. These findings were corrdated with the
experimental data on post-mortem redidribution in rabbits.  In the human fatdities, the
post-mortem phenomena were investigated usng two different - but complementary —
approaches, namely the thanato-toxicological and the immunohistochemical.

In the study discussed in Chapter 6, concentrations in various fluids (blood
sampled a different locations, vitreous humour, urine and bile) and tissues such as
cadiac muscle, lungs liver, kidneys spleen, ilio-psoas muscle, and brain were
determined in overdose victims.  Apat from MDMA and MDA, some other
amphetamine  derivatives, nardy 4-mehylthioamphetamine (4-MTA) and para-
methoxyamphetamine (PMA), were examined as wdl. For the rdatively new derivative,
4-MTA, the data of persons who survived after ingestion are adso presented, and clinico-
pathologica findings are discussed.  In the surviving subjects, an obvious inconsstency
between the 4-MTA leves detected and the described clinicd symptoms was noted,
subgtantiating that differences in individua responses to 4-MTA must be taken into
condderation. In the amphetamine-related fatdities, very high concentrations were
found in cardiac blood and tissues located centraly in the body (lungs and liver in
paticular). This confirms that post-mortem redidtribution due to diffuson from higher
to lower concentration can eedly take place, mainly a longer post-mortem intervas and
when putrefaction occurs.  These findings corroborated the anima experimentd data in
which pogt-mortem redigribution of MDMA into cardiac blood was substantiated (6,7).
Our data confirmed that for post-mortem quantitation of amphetamine and derivatives,
periphera blood sampling remains compulsory.  When such samples are not available
(due to severe loss of blood, such as in polytrauma), iliopsoas-muscle and vitreous
humour could be vauable dternatives. However, when advanced putrefaction has taken
place, vitreous humour is often no longer available due to dehydration, and iliopsoas
muscle levels should be interpreted with caution (see case 01/158: the iliopsoas muscle
vaue was obvioudy higher then the femord blood leved). In contrast to the rabbits
experiments, there are arguments for a direct transvascular redigtribution, for example,
from the lungs to the cardiac chambers. Moreover, due to the post-mortem processes,
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the toxicologicd and autopsy findings should be consdered as a whole in drawing the
medico-legd conclusons.

In Chapter 7 an immunohistochemicd method for the detection of MDMA and
MDA in human pod-mortem brain tissues and the pituitary gland is presented and
corrdlated with the toxicologica findings. The detection method comprises an daborae
amplification of the origind dgnd (antigen-antibody recognition; Cadyzed Sgnd
Amplification; CSA (8)). The method has dready been gpplied for the detection of
morphine and methadone in humen fatdities (9,10). A didinct postive reaction was
obsarved in dl corticd bran regions and the neurons of the basd ganglia, the
hypothdamus, the hippocampus, the cerebdlar vermis and the pituitary gland. In the
brangem, reatively wesk daning of neurons was seen. These findings were in line
with the toxicologicd data This immunohistochemicd method can be used as evidence
of intake of or even poisoning with MDA, MDMA and/or MDEA, and it can serve as an
dternative method when the usud samples (mainly blood and urine) are not avalable
for toxicologicd andyss (for example in polytrauma). However, with the currently
avalable antibodies, it is not possble to diginguish the closdy rdated amphetamine
derivetives (MDA, MDMA ad MDEA) from one another. In addition,
immunodetection could possbly be used as a bass for further study of the distribution of
these amphetamine anadogues in the human body, and may contribute to the
understanding of ther neuro-biologicd effects. However, the limitation of the
immunohistochemical gpproach is tha in the brain sections, only the fraction bound to
the tissue can be demondraied. This conditutes a fundamental difference between this
goproach and the toxicologicd quantitation in tissue homogenates, in which both the
bound and the unbound fractions can be assessed.

In concluson, the experimental data in rabbits, which were corroborated by the
results in some human cases, have enabled us to demondrate that post-mortem
redigribution of the amphetamine derivatives — MDMA and MDA, in paticular, but
also 4MTA and PMA — should be taken into account in the toxicologicd assessment of
the cause of death, especidly with longer post-mortem intervals  Periphera blood
sampling remans the golden standard. However, when this is not possble due, for
example, to extreme loss of blood in polytrauma or putrefaction, iliopsoas muscle and
vitreous humour can be useful in ariving a a vdid concluson.  Immunohistochemicd
detection in brain tissues can serve as an additiond tool in the forensc inquiry as well.
Findly, as there is gill condgderable debate as to what MDMA level can be toxic or even
potentidly lethd, it is drongly advisdble to interpret the anatomo-pathologicd findings
and the toxicologicd results together in ariving a a concluson. This guiddine is
important in view of the different possble mechaniams of death which implicate quite
different survivd times following amphetamine inteke (eg. cardiopulmonary
complications, hyperthermia).
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La consommation et I'abus d'amphétamine et andogues comme la 3,4-méhylene-
dioxyméhamphétamine (MDMA, «Ecstasy», «XTC») ocondituent un important
probleme socid e des cas fatds sont assez fréguents en pratique médico-1égde courante.
En s réfdat aux importantes différences entre les concentrations sanguines ou
plasmatiques détectées dans les cas fatds décrits dans la littérature, il et difficile de se
fare une idée précise de la concentration toxique ou méme potentidlement fatde de la
MDMA. Reste a savoir S I'usage ou I'abus d'un produit a contribué a la mort vu les
phénoménes pos mortem comme I'ingabilité d'un produit, la redigribution & méme la
néoformation qui peuvent tous interférer avec la concentration sanguine pos mortem. En
cas de dégradation post mortem, des taux faussement diminués sont retrouvés, tandis que la
redigribution et/ou néoformation post mortem peuvent donner lieu a des taux
exceptionndlement devés.  La diffuson d'une substance dans le sang cardiague a partir
des poumons ou du foie, ou du contenu gastrique, et un mécanisme posshble de
redigtribution post mortem.

Dans cette thése de doctorat, la redigtribution post mortem de quelques dérivés
d amphé&amines a &é éudiée afin de savoir que liquide et/ou tissu corporel cadavérique
es le plus approprié pour évauer la concentration sanguine ante mortem. En se réfé&ant a
la pogtion bien isolée de I'cal e a la vaeur de I'humeur vitrée pour la toxicologie post
mortem (p.ex. pour la déermination d'dcool (1)), la fiabilité de ce médium pour la
détection d amphétamines post mortem a é&é examinée. Dans cet ouvrage, la MDMA et
son méabolite 3,4-méhylénedioxyamphétamine (MDA) ont é&é paticulierement éudiés,
mas égdement les déivées damphéamine la 4-méhylthioamphéamine (4-MTA) e la
par a-méhoxyamphéamine (PMA) — qui ont recu récemment pas mal d’ attention.

La premiére partie comprend un agpercu de la littérature y compris un résumeé des
cas morteds publiés liés & la MDMA e un bilan des fadités rdatives a I'usage
d amphétamines examinées au Département de Médecine Légde de I'Université de Gand.
Chapitre 1 décrit les données de la littérature pertinentes concernant la MDMA e ses
implications médico-légdes.  In vivo, on apercoit une importante vulnérabilité inter-
individudle aux effets de la MDMA. En ce moment, il e impossble desimer le risque
individud e, par conségquent, de prévoir les effets de la consommation de la MDMA ou
d autres amphétamines.

La mgorité des cas mortels qui ont é&é décrit dans la littérature concerne des
hommes de moins de 25 ans. Le nombre d'intoxications «pures et smples» redives a la
MDMA égde a peu prés le nombre dingesion de la MDMA fasant patie dune
intoxication complexe liée & d autres amphé&amines, drogues ou médicaments. En ce qui
concerne les circongtances meédico-légdes du déces, il et bien clar que la plupat des
déces éaent dus a une dose excessve involontaire, mais |'usage de la MDMA associé a
d autres événements comme p.ex. les accidents de la route et le comportement suicidaire ne
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peut pas ére sous-estimé Lorsque la MDMA es impliquée dans la mort, différents
mécanismes de décés sont décrits I'hyperthermie et les complications cardides ou
pulmonaires sont les plus fréguentes. Toutefois, dans beaucoup de cas, les circonstances
ou le mécanisme de la mort sont indéerminés ou indécis.  Se référant a I'intervdle large
des concentrations létdes de la MDMA retrouvé dans la littérature (plus particulierement,
des concentrations de 0.04 a 185 pg/ml considérant des intoxications «pures»), il n'est
pas évident de répondre correctement a la question S — uniquement a base d'un résultat
toxicologique — une personne et morte a cause de la consommation ou d'abus de la
MDMA. En outre, dans la mgorité des cas, I'’endroit ou le sang a é&é prdevé n'est pas
pécifié et — par consequent — il n'est pas clar g le taux de la MDMA déerminé dans le
sang post mortem représente effectivement la concentration rédle au moment du déces.
Néanmoins, une régle empirique indique gu' une concentration de la MDMA excédant 1
ug/ml serait potentidlement mortelle, tandis que des taux équivdents ou inférieurs a 0.6
pog/ml pourraient &re toxiques (2).

Dans le deuxieme Chapitre — a la lumiere de ces données de la littérature — tous les
cas mortds liés aux amphéamines rencontrés au Département de Médecine Légde de
I'Université de Gand sont révissss DO au nombre redivement petit des intoxications
mortdles «pures» a la MDMA, tous les déces lies a I'usage des amphéamines sont
rapportés.  Le nombre de fatadités dans lesquelles les amphéamines sont concernées n'est
gu'une fraction minime de toutes les expertises médico-1égdes, mais ce nombre augmente
senshlement depuis 1995. Néanmoins, nous sommes convaincus qu'il doit y avoir une
sous-egimation du nombre de déces liés a la consommation des amphéamines. lorsque
quelqu’un est retrouvé mort a la maison (p.ex. dans son lit, a la suite d' une sortie), le déces
et souvent dasse comme «naturd » e par conséquent, il Ny a pas dinvedigetion
policiere ni d'examen meédico-légal. Des cas éudiés, 11 victimes ont éé retrouvées
décédées au lit ou dans un fauteuil.

Ladigribution de |’ &ge et du sexe retrouvée chez lamgorité des victimes liées ax
amphétamines sont plutdt en concordance avec les données de la littérature.  Un grand
éventall de concentrations de la MDMA chez les intoxications «pures» a éé congaté
(concentrations entre 0.27 et 13.51 pg/ml) et ceci est égadement conforme aux cas décrits
dans la littérature.  Des intoxications «pures» aux amphéamines des intoxications
combinées & la consommation d amphé&amines combinée a des polytraumatismes éaient
les causes de la mort les plus fréquentes. En ce qui concerne les circonstances du déces
condatées dans notre échantillon d'éude, il agppardit que les intoxications non
intentionnelles éaent les plus fréquentes. L’usage des amphéamines en rgpport avec les
accidents de trefic et le suicide condituent auss un groupe important. Quant au mécanisme
du déces on note en premier lieu une insuffisance cardio-pulmonare agué ou subaigué

auivie par I hyperthermie.
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A base des apercus rapportés dans la premiére partie (Chapitre 1 et 2), la
digribution et redigribution post mortem ont &é éudiées afin d'examingr que liquide ou
tissu préevé gores la mort représente au mieux la concentration rédlle au moment du déces.
D'abord, les réaultats obtenus a lI'ade d'un modde expérimentd animd (utilisant des
lapins) sont présentés (deuxieme partie).  Ensuite, on a examiné S les données
expé&imentales pourraient ére confirmées par I'éude des cas en pratique médico-légde
courante (Département de Médecine Légde de I’ Université de Gand) (troisieme partie).

Dans la premiére dude de la deuxieme partie la vaeur de I’humeur vitrée prédevée
gorées la mort a éé éudiée din déviter les problémes thanato-chimiques comme la
redigribution post mortem. D’abord, la pharmacocingtique de la MDMA chez le lapin
gorés injection intraveineuse (iv) a éé examinée.  Un volume de didribution assez grand (5
I/kg), une clarance totde importante (4.1 l/kg par heure) e une demi-vie reativement
courte (1 heure) éaent remarqués chez le lapin gorés injection iv de la MDMA. On a pu
démontrer une corrdation nette entre la concentration de la MDMA dans le compartiment
vaculare et dans I'humeur vitrée  Un équilibre entre le compatiment vasculaire e
I’humeur vitrée et dteint environ une heure gpres injection iv. Le rapport de la
concentration de la MDMA dans le vitré a la concentration sanguine de la MDMA, 120
minutes ou 240 minutes aprés adminigtration iv, Sapprochait de 1.1, ce qui porte a croire
gu'il y a une accumulétion 1égére de la MDMA dans I'humeur vitrée. En plus, notre &ude
thanato-toxicologique prdiminaire — en consgdérant un délai post mortem jusgu'a 72 heures
— a prouvé que les concentrations de la MDMA dans le sang cardiague augmentaient gpres
la mort, tandis que les concentrations de la MDMA dans I'humeur vitrée éaent plus
stables et donc mieux représentatives de la concentration sanguine ante mortem.

Dans le quatrieme et cinquiéme Chapitre, la dabilité et la redigribution de la
MDMA aores la mort ont éé andysées plus profondément chez le lapin.  Dans le
guatrieme Chapitre, la didribution et la redigribution de la MDMA & son métabolite
MDA ont éé éudiées dans divers liquides et tissus du corps gprés adminidration iv. Dans
un premier groupe (groupe de controle, préévement immédiatement aprés la mort), de
consdérables concentretions de la MDMA éaient démontrées dans le cerveau et les
poumons. Les données toxicologiques indiquent donc une dimination importante de la
MDMA pa biotransformation hépatique et excrétion biliare associée a dimination rénde.
Dans un deuxieme groupe d'animaux (consarvé pendant soit 24, soit 72 heures avant de
prendre des prélévements), une éévation des concentrations de la MDMA et de la MDA
dans le foie et dans la paroi oculaire a &é remarquée. D’autre part, les concentrations
pulmonaires avaient tendance a diminuer en fonction d'un déla post mortem avancé. Les
concentrations de la MDMA dans le muscle cardiaque et l'iliopsoas éaent bien
comparables et restaient stables jusgu'a 72 heures gprés le déces. Puisque les éévations
des concentrations post mortem dans le sang cardiague pourraient ére le résultat d'une
diffuson vasculaire a partir des organes fort vascularisés comme le foie et les poumons @3),
les grands vaisseaux affluant au coaur ont é&é ligaturés (immédiatemert aprés la mort); ces
animaux ont éé traités comme ceux du deuxiéme groupe. On n'a pas pu démontrer des
différences dgnificatives entre les groupes 2 & 3. Cest pourquoi, chez le lapin, la
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redigribution post mortem de la MDMA au niveau cdlulare et probablement plus
importante que la redigtribution de cette substance par voie vasculare.  Par alleurs, les
concentrations de la MDA é&aent reativement basses dans tous les échantillons, ce qui
sgnifie que cette molécule n'est pas un méabolite important pour le lapin, tout au moins
dans les 2 heures gores adminigration.  En plus la vadeur de I'humeur vitrée comme
specimen dable aorés la mort, a &é confirmée.  La didribution et la redigribution de la
MDMA et de la MDA dans les tissus des lgpins éaent en concordance avec les données
établies gores I’adminigration de |’ amphétamine chez lerat (4,5).

Puisque les concentrations de divers produits tels que les drogues peuvent étre
influencées par la diffuson a partir de I'etomac — quand il Sy touve encore une quantité
importante au moment du décés — ou par la diffuson a partir de la trachée lors d une
agpiration agonde ou dune régurgitation post mortem du contenu gastrique, ces
phénoménes ont &é smulés a I'aide d'un autre modde expé&imenta animd de laboratoire
(Chapitre 5. L’infusion post mortem de la MDMA dans la trachée du Igpin a donné lieu &
une diffuson aiste de la MDMA non seulement dans les poumons, mais auss dans le sang
cadiague d'une fagon consdérable e a un degré moindre dans le muscle cardiague. La
MDMA a é&é égdement retrouvée dans le digphragme adjacent et les organes abdominaux
supérieurs comme le foie et I'estomac. Apres infusion post mortem de la MDMA dans
I’estomac, des concentrations de la MDMA importantes étaient découvertes dans le sang
cadiague, le muscle cardiague, les poumons, le digphragme et le foie — ceci quand la
solution de la MDMA éait concentrée au niveau du sphincter cardid. S la solution de la
MDMA éait concentrée dans le corps de I'estomac des concentrations considérables
éaient retrouvées dans la rate et le foie, e des concentrations relativement basses dans le
sang cadiague e le muscle cadiaque. Ces réaultats indiquent que la diffuson de la
MDMA a patir du contenu de I'etomac ou de I'aspiration de vomissure, et plus
particulierement du reflux gastro-oesophagale, peut contribuer a une redigtribution post
mortem importante. Dans ces deux expériences, les concentrations dans la mgorité des
tissus de la MDA é&aent relativement modestes ou inférieures a la limite de quantification,
sauf dans le sang cardiague, le muscle cardiague, les poumons et le digphragme ce qui
montre que gpres lamort, laMDMA peut encore étre transformée en MDA.

Dans la troisieme partie, la digribution post mortem de la MDMA (et son
méabolite la MDA) aind de queques autres déivés de I'amphéamine a &é éudiée dans
le corps humain afin d'examiner quel liquide et/ou tissu préevé gores la mort est le plus
approprié pour évaluer la concentration ante mortem au moment de la mort. Ces
condatations ont é&é corrélées aux données expérimentaes de la redistribution post mortem
chez le lgpin. En cas de fadités humaines, les phénoménes post mortem ont &é examinés
au moyen de deux approches différentes — mas toutefois complémentaires, ¢ est-a-dire, du
point de vue thanato-toxicol ogique et immunohistochimique.

Dans le sixieme Chapitre, les concentrations de la MDMA et MDA dans des divers
liquides corpords (le sang prdevé a divers endroits, I'humeur vitrée, I'urine et la bile) et
dans les tissus comme le muscle cardiague, les poumons, le foie, les reins, la rate, le muscle
iliopsoas, le cerveau éaent déterminées dans les victimes d'une dose excessve. Queques
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autres dérives d'amphétamine ont auss é&é éudiés, a savoir la 4-méhylthicamphéamine
(4-MTA) et la para-méhoxyamphéamine (PMA). En ce qui concerne le déivé
relativement récent, la 4-MTA, les données toxicologiques des personnes ayant survécu
une ingestion ont é&é présentées et les condatations dinico-pathologiques égdement
discutéess Chez ces survivants, on a obsarvé une inconsstance évidente entre les
concentrations de la 4-MTA et les symptbmes cliniques observés, de sorte qu'aprés une
consomméetion de la 4-MTA, des réactions individueles trés différentes doivent étre
consdérées. Dans toutes les fadités liées aux amphéamines, des concentrations tres
élevées ont é&é condatées dans le sang cardiague et les tissus se trouvant au centre du corps
human (les poumons e le foile en paticulier). Ceci confirme que la redistribution post
mortem se fait a la suite d'une diffuson d organes a concentration élevée de MDMA, plus
particulierement en cas de déas post mortem consdérables et de putréfaction. Ces
condtatations sont en concordance avec les expé&imentaions chez les animaux de
|aboratoire ou une redigtribution post mortem de la MDMA dans le sang cardiaque a éé
démontrée (6,7). Nos données confirment qu'un échantillon sanguin péiphérique pour les
andyses toxicologiques post mortem de I'amphéamine e ses dérivés et recommandé.
Lorsgque ceci et impossble (d0 a une perte de sang considérable, p.ex. dans les
polytraumatismes), le muscle iliopsoas e I'humeur vitrée peuvent ére des substances de
subdtitution vaables. Toutefois, lorsque la putréfaction est avancée, il n'y a plus d’ humeur
vitrée slite a la déshydratation, et les concentrations du muscle iliopsoas doivent ére
interprétées avec précaution (voir cas 01/158: la concentration du muscle iliopsoas était
nettement plus éevée que celle du sang provenant de la veine fémorae). Par oppostion
aux réultas expérimentaux chez le lgpin, il exigte des arguments pour Supposer une
redigribution trans-vasculaire directe p.ex. des venes pulmonaires vers les cavités
cardiagues. ENn plus — se référant aux proces post mortem — les données toxicologiques et
les réaultats de I'autopse doivent ére concues comme un tout afin daboutir a une
conclusion médico-légde fidble.

Dans le septiéme Chapitre, une gpproche immunohistochimique post mortem pour
la détection de la MDMA et la MDA dans le tissu cérébral humain et dans | hypophyse est
présentée et corrdée aux résultats toxicologiques. La méhode de détection est basée sur
une amplification détallée de la réection antigene-anticorps initide (Catdyzed Sgnd
Amplification; CSA (8)). Cette méthode a dga éé appliquée dans la détection de la
morphine et la méhadone chez des victimes intoxiquées (9,10). Une réaction nettement
positive a éé observée dans toutes les régions cérébrdes ains dans les neurones des
noyaux gris centraux, I"hypothaamus, I’hippocampe, le vermis cérébeleux et |'hypophyse.
Dans le tronc cérebrd, une coloration relativement faible des neurones a éé observée. Ces
condtatations éaient en concordance avec les données toxicologiques. La méthode
immunohistochimique présentée peut ére utiliste comme preuve dingestion ou méme
d'intoxication a la MDA, MDMA et/ou MDEA e peut ére consdérée comme une
méhode dternative lorsque les échantillons classques pour I'andyse toxicologique
(principdement le sang et I'urine) ne sont pas disponibles (p.ex. comme cons&quence de
polytrauméatisme). Néanmoins, il nest pas possble de diginguer les dérivés
d amphéamines smilaires (MDA, MDMA & MDEA) au moyen des anticorps disponibles
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actudlement. En outre, I'immunodéection peut ére employée comme base d éude
ultérieure de la digtribution de ces anadogues d amphétamine dans le corps humain & ére
une méhode vaable pour comprendre leurs effets neurobiologiques. Néanmoins,
I' gpproche immunohigtochimique et limitée par le fait que uniquement la fraction liée aux
tissus peut ére démontrée dans les coupes higologiques. Ceci et une différe
fondamentdement des andyses toxicologiques des tissus homogénéisés par lesqueles auss
bien lafraction liée que la fraction non-liée peut étre détectée.

En conduson, on peut affirmer que suite aux données expérimentaes animaes
confirmées par des cas humains, la digtribution post mortem des déivées d amphéamine —
plus paticulierement la MDMA et la MDA, mais égdement de la 4MTA et laPMA —a
éé démontrée et quil faut en tenir compte lors de la condatation du déces, et
principdement lors des ddas post mortem plus longs. Un prédévement sanguin
périphérique doit é&re la norme. Lorsque le prdévement sanguin  est impossible suite a une
hémorrhagie sérieuse en cas de polytraumatisme ou de putréfaction, le muscle iliopsoas et
I’humeur vitrée doivent ére consdéés comme spécimens vaables pour aboutir a une
condusion fiable La déection immunohigochimique usant du tissu céréord peut
égdement éire une ade complémentare dans I'examen meédico-legd. En définitive
comme il Nexige a présent pas de consensus Véritable pour évauer une concentration
toxique ou l&de de MDMA, il est recommandé d'interpréter les condatations anatomo-
pathologiques et toxicologiques smultanément afin d'ariver a une concluson fiadle
Cette directive et primordide, se référant aux différents mécanismes possibles du déces
(p.ex. des complications cardio-pulmonaires, |'hyperthermie) qui peuvent résulter en des
temps de survie trés divers gopres I’ ingestion d’ amphétamines.
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Gebruik en misbruik ven amfetamine — en andogen zods 3,4-methyleendioxy-
methamfetamine (MDMA, “Ecdtasy”, “XTC’) is een bdangrijk maatschappelijk probleem
en fatde gevdlen zjn vrij frequent in de courante medico-legae praktijk. Verwijzend naar
de grote verschillen in bloed- en plasmaconcentraties die werden gedetecteerd bij de in de
literatuur beschreven fade MDMA-gerdateerde doden, is het nog niet duideijk welke
MDMA concentratie toxisch of zelfs potentied doddijk kan zijn. De vraag of het
gebruik/misoruik van een product heeft bijgedragen tot de dood blijkt moeilijk te
beantwoorden omwille van pogmortde fenomenen, zods indabiliteit van een dof,
redigributie en zdfs neoformatie die dle een pos-mortem bloedconcentratie kunnen
benvioeden. Als postmortae afbrask plaatsvindt, worden vals verlaagde concentraties
gevonden, terwijl postmortde redigributie en/of neoformatie aanleiding kunnen geven tot
buitengewoon hoge concentraties.  Diffuse naar het cardiad bloed van een subdtantie
vanuit de longen of de lever enarzijds en vanuit de maaginhoud anderzijds zijn mogelijke
mechanismen van postmortale redigtributie.

In dit proefschrift werd de postmortde redigributie van enkee amfetamine-
derivaten bestudeerd teneinde te evdueren welke lichaamsvloeisiof en/of wek wesfsd na
de dood het best de ante-mortem bloedconcentratie benaderen.  Verwijzend naar de goed
geisoleerde podtie van het oog en de reeds bewezen waarde van het vitreumvocht (of
glasvocht) voor postmortade toxicologie (bv. voor acohol-bepdingen (1)), werd de
betrouwbaarheid van dit medium voor post-mortem toxicologie onderzocht. In dit werk
werden, in het bijzonder, MDMA en zjn meabliet 34-methyleendioxyamfetamine
(MDA) bestudeerd, maar ook de amfetaminederivaien 4-methylthioamfetamine (4-MTA)
en para-methoxyanfetamine (PMA) — die recent hed wa aandacht kregen — werden
onderzocht.

Deel 1 beva een beschouwing van de literatuur inclusef een overzicht van de
gepubliceerde MDMA-gerelateerde overlijdens en een samenvating van de amfetamine-
gerelateerde doden die werden onderzocht binnen de Vakgroep Gerechtdijke Geneeskunde
van de Universteat Gent. In Hoofdstuk 1 werden de reevante literatuurgegevens,
geconcentreerd op MDMA en zijn medico-legde implicaties, samengevat. In vivo wordt
een beangrijke inter-individude gevodigheid voor de effecten van MDMA opgemerkt.
Voor het ogenblik is het onmogdlijk om een individued riSco en ddus de gevolgen in te
schatten bij gebruik van MDMA of andere amfetamines.

De meerderheid van de doddijke dachtoffers die in de literatuur beschreven werden
zijn mannen jonger dan 25 jaar. Het aantd “pure’” MDMA intoxicaties en MDMA inname
ads onderded van poly-anfetamine intoxicaties of poly-drug misoruk was ongeveer
everedig verdedd. Wat betreft de wijze van serven was het duiddijk dat de MDMA-
gardaeerde dachtoffers voor het overgrote ded een gevolg waen van onvrijwillige
overdoss, maar het gebruik van MDMA geassocieerd aan andere gebeurtenissen, zoals
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verkeersongevalen en zelfmoordgedrag, mag niet onderschat worden. Wanneer MDMA
betrokken is bij een overlijden worden verschillende mechanismen van serven beschreven:
hyperthermie en fatde cardide of pulmonade complicaties waren het meest frequent. In
vele gevdlen echter is de wijze en het mechanisme van overlijden onbepaad of onzeker.
Vewijzend naar het brede interval van MDMA concentraties beschreven in de literatuur
(meer in het bijzonder bloedconcentraties tussen 0.04 en 185 pg/ml in “pure’ intoxiceties)
IS het dus niet evident om zich - zuiver op bass van een toxicologisch resultaat - it te
soreken over de vraag of een persoon a dan niet overleden is ten gevolge van MDMA
gebruik of misbruik. Bovendien werd in het merended van de gepubliceerde casussen de
bloedafnameplaats niet gespecifiéerd en adus was het niet duiddijk of de vastgestelde
postmortale MDMA bloedconcentratie effectief de concentratie op het moment van het
overlijden weerspiegelde. Nochtans, een vuidsregd geeft aan da een MDMA
bloedconcentratie hoger dan 1 pg/ml potentied doddijk kan zjn, terwijl waarden gelijk aan
of lager dan 0.6 ug/ml mogedijk een intoxicatie kunnen induceren (2).

In Hoofstuk 2 werden - in het licht van deze literatuurgegevens - dle amfetlamine-
gerelateerde doden, onderzocht binnen de Vakgroep Gerechtelijke Geneeskunde van de
Univergteit Gent, opnieuw kritisch bekeken.  Omwille van het rdaief kleine aantd “pure’
MDMA-gerdlateerde overlijdens werden dle amfetamine-gecorreleerde dachioffers in dit
ovezicht opgenomen. Het aantd overlijdens waarin anfetamines betrokken zijn, is dechts
een fractie van het totad aanta medico-legde opdrachten, maar het aantd is duiddijk aan
het toenemen sedert 1995. Nochtans zijn we e sek van overtuigd dat er een
onderschatting van het aantd amfetamine-gerdaearde doden is wanneer iemand thuis
levenloos wordt aangetroffen (bv. dood in bed gevonden, d dan niet na een party), wordt
dit dkwijls ds een “natuurlijk overlijden” geklaseerd en bijgevolg wordt er geen
politioned onderzoek noch een medico-legde schouwing verricht.  In onze sudiegroep
werden 11 dachtoffers dood aangetroffen in bed of zetdl.

De bevindingen qua verdding van ledftijd en gedacht bij de amfetamine-
gecorreleerde dachtoffers die werden onderzocht binnen de Vakgroep waren merendedls in
overeensemming met de literatuurgegevens. Een brede waaer van MDMA concentraties
bij “pure’ intoxicaties werd vastgesteld (bloedconcentraties tussen 0.27 en 1351 pg/ml):
ze lagen in dezdfde lijn ds deze beschreven in de literatuur.  “Pureé’  amfetamine
intoxicaties, poly-drug overdodssen en amfetamine-gebruik gecombineerd met polytrauma
werden as meest voorkomende doodsoorzaken opgemerkt. Wat de wijze van derven in
onze dSudiegroep betrof, bleken niet-intentionde intoxicaties het meest frequent, maar
amfetaminegebruik in relatie tot verkeersongevalen en zdfmoord vormde eveneens een
belangrijke groep. Wanneer het mechanisme van overlijden beschouwd werd, bleek acuut
tot subacuut cardiopulmonaal falen het meest voorkomend, gevolgd door hyperthermie.

Op basis van de overzichten beschreven in Deel 1 (Hoofdstuk 1 en 2), werden de
posmortale didributie en redidributie bestudeerd teneinde na te gaan weke
licheamsvloasof of welk weefsd na de dood gepreleveerd, het meest de werkdijke
bloedconcentratie op het moment van het overlijden benaderen. Vooreerst worden de
resultaten bekomen in een proefdiermode (gebruik makend van konijnen) voorgesteld



Samenvatting en conclusies

(Deel 2. Vervolgens werd ragegaan of deze experimentele gegevens bevestigd worden bij
enkdle casussen van de courante forenssche praktijk  (Vakgroep Gerechtdijke
Geneeskunde, Universtet Gent) (Deel 3).

In een eerde sudie van Deel 2 (Hoofdstuk 3) werd het belang van een post-mortem
vitreum of glasvochtconcentratie bestudeerd om de mogdijke thanato-chemische
problemen zods post-mortem redistributie te omzellen.  Vooreerst werd de farmacokinetiek
van MDMA in he konijn na intraveneuze (iv) toediening onderzocht. Een vrij hoog
digributievolume (5 1/kg), een bdangrijke sysemische klaring (4.1 I/kg per uur) en een
relatief kort hdf-leven (1 uur) werden opgemerkt na iv toediening van MDMA hij het
konijn. Een duiddijk verband tussen de MDMA concentraties in het vasculaire
compatiment en het vitreumvocht werd aangetoond. Een evenwicht tussen het vasculaire
compatiment en het glasvocht werd berelkt ongeveer een uur na iv toediening. De
verhouding van de MDMA concentratie in het glasvocht op de MDMA bloedconcentratie
120 en 240 minuten na intraveneuze toediening benaderde 1.1, wat wijst op een lichte
opsapding van MDMA in het vitreumvocht. Bovendien toonde een preliminar thanato-
toxicologisch onderzoek — waarbij een post-mortem interval tot 72 uur werd bekeken - aan
dat MDMA concentraties na de dood in het cardiaal bloed toenamen, terwijl MDMA
concentraties in het vitreumvocht meer stabie waren en dus meer representatief waren voor
de ante-mortem bloed concentratie.

In Hoofdstuk 4en 5 werden de postmortae stabiliteit en redidributie van MDMA in
het konijn verder geandyseerd. In Hoofdstuk 4 werden de digtributie en redistributie van
MDMA en zjn metaboliet MDA onderzocht in verscheidene lichaamsvochten en weefsdls
na iv toediening. In een eerste groep (controle groep, staalname onmidddlijk na het doden)
werden aanzienlijke MDMA concentraties gevonden in de hersenen en beide longen. De
toxicologische gegevens wezen eveneens op een bdangrijke dimingie van MDMA via
hepatische biotransformetie en hiliare excretie geassocieerd aan rende excretie.  In een
tweede groep dieren (bewaard gedurende hetzij 24, hetzij 72 uur vooraeer over te gaan tot
dadname), werd een toename van MDMA en MDA concentraties in de lever en de
ooghindvliezen opgemerkt. Anderzijds toonden de longconcentraties een neiging om te
daen in functie van het toenemend postmortad interva. MDMA concentraties in de hart-
en iliopsoasspier waren vrij goed vergdijkbaar en bleven dabid tot 72 uur na het
ovelijden.  Vemits pogmortde 4ijgingen in cardiaal  bloedconcentraties een gevolg
kunnen zijn van vasculaire diffuse vanuit bloedrijke organen zods de lever en de longen
(3), werden in een andere groep (groep 3) de grote vaten rond het hart afgebonden
(onmiddellijk na het doden); deze dieren werden overigens op dezdfde manier behandeld
as groep 2. Significante verschillen tussen groep 2 en 3 konden niet aangetoond worden.
Vandaar dat, in het konijn, postmortde redigributie van MDMA op cdlulair niveau (met
name door een zuivere diffusegradiént van hoge naar lage concentratie) waarschijnlijk
belangrijker is dan redidributie van deze stof via vasculaire weg. Daarenboven waren de
MDA concentraties relatief laag in dle stden, wat erop wijg dat deze molecule geen
belangrijke metaboliet is in het konijn, tenmingte binnen de 2 uur na toediening. Bovendien
werd de waarde van het vitreumvocht as stabid post-mortem specimen bevestigd. De
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digributie en redigributie van MDMA en MDA in de weefsds van konijnen lagen in de lijn
van de data die bekomen werden na toediening van amphetamine bij derat (4,5).

Vermits concentraties van diverse producten zods drugs kunnen beinvioed worden
door diffuse vanuit de maag - wanneer adasar nog een beangrijke hoevedhad van het
product aanwezig is - of door diffuse vanuit de trachea bij agonde aspiratie of postmortde
regurgitatie van brasksd, werden deze fenomenen in een ander proefdiermodd gesmuleerd
(Hoofdstuk 5). Bij postmortale infusie van MDMA in de trachea van het konijn, bleek dat
MDMA niet dleen gemakkdijk diffundeerde in de longen, maar ook in beangrijke mate in
het cardiad bloed en in mindere mae in de hatspier. MDMA wed eveneens
teruggevonden in het dichtbij gelegen diafragma en de bovenste abdominae organen zods
de lever en de maag. Na post-mortem infusie van MDMA in de maag, werden belangrijke
MDMA- concentreties teruggevonden in het cardiad bloed, de hartspier, beide longen, het
diafragma, en de lever voor zover dat de MDMA-oplossng viakbij de onderste
dokdarmsphincter geconcentreerd was. Anderzijds - wanneer de MDMA-oplossing dieper
in de maag aanwezig was - werden hoge MDMA concentraties aangetroffen in de milt en
de lever en rdatief lage concentraties in het cardiad bloed en de hartspier. Deze resultaten
wijzen erop dat de diffuse van MDMA vanuit de maaginhoud of door brasksdaspiratie, en
meer in het bijzonder gasiro-oesophagede reflux, aanleiding kan geven tot beangrijke
postmortae redidributie.  In beide experimenten waren de MDA concentraties relatief laag
of beneden de kwantificeerbare limiet in de meeste weefsds maar toch beangrijk in het
cardiaal bloed, de hartspier, de longen en het diafragma wat erop wijst dat MDMA ook na
het overlijden kan omgezet worden naar MDA.

In Deel 3 werd de postmortale distributie van MDMA (en zijn metaboliet MDA)
evends van enkde andere amfetaminederivaten bestudeerd in het mensdijk lichaam
teneinde na te gaan welke vioeistof en/of welk weefsel gepreleveerd na de dood het best de
ante-mortem concentratie op het moment van het overlijden benaderen. Deze bevindingen
werden gecorrdleerd aan de experimentele post-mortem redidributie-data bij het konijn.
Bij de humane dachtoffers werden de postmortale fenomenen onderzocht gebruik makend
van twee veschillende — doch complementaire — benaderingen, namdijk respectievelijk
vanuit thanato-toxi col ogisch en vanuit immunohistochemisch oogpunt.

In Hoofdstuk 6 werden concentraties in verschillende lichaamsvochten (bloed
geprdeveerd op verschillende plaatsen, vitreumvocht, urine en gd) en in weefsds zods
hartspier, longen, lever, nieren, milt, iliopsoasspier, hersenen bepaald in dachtoffers van
een overdoss Naast MDMA en MDA werden enkele andere amfetaminederivaten,
nandijk  4-methylthioamphetamine  (4-MTA) en para-methoxyamphetamine (PMA)
eveneens bestudeerd.  Voor het reatief nieuwe derivaat, 4-MTA, werden eveneens
gegevens van personen die overleefden na inname ervan, voorgesteld en adus werden de
klinisch- pathologische  bevindingen besproken. Bij de overlevende personen werd een
duiddijke incongdentie tussen de 4-MTA concentraties en de geobserveerde klinische
symptomen vasigesteld, waardoor individude verschillen in reactie na 4-MTA inname
beschouwd moeten worden. In dle fade amfetamine-gerdlateerde casussen werden zeer
hoge concentraties gevonden in cardiaal bloed en weefsds die zich centrad in het mensdijk
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licheam bevinden (longen en lever in het bijzonder). Dit bevedtigt dat postmortde
redigributie ds gevolg van diffuse van een hoge naar een lage concentratie gemakkelijk
plaatsvindt, voornamdijk bij grotere posmortde intervdlen en wanneer putrefactie
voorkomt. Deze veddgdlingen zjn in overeengemming met de dierexperimentee
gegevens hij dewelke post-mortem redigributie van MDMA in cardiad bloed werd
aangetoond (6,7). Onze data bevestigden dat een perifeer genomen bloedstad voor post-
mortem toxicologische bepding van amfetamine en andogen aangewezen is. Wanneer dit
echter onmogdijk is (ds gevolg van endig bloedvelies bv. in polytrauma) kunnen
iliopsoasspier en  vitreumvocht waardevolle dternatieven  zijn. Echter, wanneer een
gevorderde putrefactie heeft plaatsgevonden, is e meesta geen vitreumvocht meer
aanwezig ten gevolge van dehydratatie, en concentraties in iliopsoasspier  moeten
voorzichtig geinterpreteerd worden (zie casus 01/158; de iliopsoasspierconcentratie was
duiddijk hoger dan de concentratie in het vena femordis bloed). In tegengeling tot de
resultaten in de experimenten bij het konijn, zijn e bij de mens argumenten om aan te
nemen dat een directe transvasculaire redidtributie optreedt bv. vanuit de longen naar het
hartbloed. = Daarenboven - verwijzend naar de post-mortem processen — moeten de
toxicologische en de autoptische gegevens as een gehed beschouwd worden om tot een
betrouwbare medico-legae conclusie te kunnen komen.

In Hoofdstuk 7 werd een immunohistochemische methode voor de detectie van
MDMA en MDA in post-mortem humaan hersenweefsd en de hypofyse voorgesteld en
gecorrdleerd met de toxicologische bevindingen. De detectiemethode is gebaseerd op een
uitgebreide amplificatie van het oorspronkdijke sgnad  (antigenantilicheam  herkenning;
Cadyzed Sgnd Amplification; CSA (8)). Deze methode werd reeds toegepast voor de
detectie van morfine en methadone in dachtoffers van dergdijke intoxicetie (9,10). Een
duiddlijk postieve reactie werd geobserveerd in dle hersengebieden en de neuronen van de
basde ganglia, de hypothdamus, de hippocampus, de vermis cerebdli en de hypofyse. In
de hersenstam werd een relatief zwakke aankleuring van de neuronen opgemerkt. Deze
bevindingen waren in overeengemming met de toxicologische data  De voorgestelde
immunohistochemische methode kan gebruikt worden ads een bewijs van inname of zdfs
intoxicatie met MDA, MDMA en/of MDEA en kan een dternatief zjn wanneer de
klasseke daden voor toxicologisch onderzoek (voornamdijk bloed en wurine) niet
voorhanden zijn (bv. ds gevolg van polytrauma). Nochtans is het met de huidig
beschikbare antilichamen niet mogdijk om de dsek op dkaar gdijkende amfetamine-
derivaten (MDA, MDMA en MDEA) van dkaar te onderscheiden. Daarenboven kan
immunodetectie gebruikt worden as bass voor verdere studie van de didributie van deze
amfetamine-anadlogen in het mensdijk licheam en kan de methode waardevol zjn in het
begrijpen van hun neuro-biologische  effecten. Echter, de immunohistochemische
benadering is gelimiteerd door het feit dat enkd de fractie gebonden aan weefsds kan
aangetoond worden in de histologische coupes. Dit is een fundamented verschil met de
toxicologische bepaingen in weefsd-homogenaten waarbij zowel de gebonden as de niegt-
gebonden fractie gedetecteerd wordit.
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Samenvattend kunnen we dellen dat, aan de hand van de dierexperimentde data
onderseund door enkde humare gevdlen, posmortde  redigributie  van
amfetaminederivaten — MDMA en MDA in het bijzonder, maar ook van 4MTA en PMA —
aangetoond werd en dat  hiermee moet rekening gehouden worden bij het vasistdlen van
het overlijden, voornamdijk bij langere postmortade intervalen. Perifere afname van een
bloedstad blijft de “gouden standaard’. Echter, wanneer dit onmogdijk is ds gevolg van
endig bloedverlies in polytrauma of door putrefactie, kunnen iliopsoasspier en
vitreumvocht waardevolle specimens zijn om tot een betrouwbare concluse te komen.
Immunohistochemische detectie in hersenweefsd kan eveneens een aanvullend  hulpmiddd
zijn in het forenasch onderzoek. Tot dot, vermits er nog steeds geen consensus bestaat
over welke MDMA concentratie toxisch of potentied letadl kan zijn, is het aangewezen om
de anatomo-pathologische en toxicologische bevindingen ds één gehed te interpreteren om
tot een concuse te komen. Deze richtlijn is bdangrijk verwijzend naar de verschillende
mogdijke  mechanismen van ovelijden (bv. cadiopumonde  verwikkedingen,
hyperthermie) die tot derk verschillende overlevinggijden na inname van amfetamines
aanleding geven.
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Figure 4.2 Mean MDMA (a) or MDA (b) concentrations in blood, vitreous humour, bile, and
tissues in rabbits after an iv injection of 1 mg/kg MDMA.
Sampling occurred 120 min after infusion or immediately after killing (group 1, n = 3).
(Values expressed as mean + SD).
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Figure 4.3 (a) Individual MDMA concentrations in blood, vitreous humour and eye globe walls after iv injection of 1 mg/kg in rabbits (R) of groups 1, 2 and 3.
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Figure 4.4 (a) Mean post-mortem MDMA concentrations in rabbit tissues after iv injection
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Figure 5.2  Individual MDMA and MDA concentrations in rabbits (n = 6) after post-mortem infusion
of 1 mg/kg MDMA in the trachea (PIT), 24, 48 and 72 h after administration.
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Figure 5.4 Individual MDMA and MDA concentrations in rabbits (n = 6) after post-mortem infusion of
1 mg/kg MDMA in the stomach (PIS), 24, 48 and 72 h after administration.
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Figure 5.5
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Thoracic and abdominal post-mortem diffusion after gastric instillation of 1 mg/kg MDMA
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and supra-diaphragmatic pattern (b) 72 h after instillation.
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Figure 6.1___ Possible mechanism of redistribution (indicated by direction of arrows)
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and tissue homogenate (¢ represents the excluded calibrators of MDMA)



Figure7.1

(@ Immunohisochemica gaining of neurons (nerve cell bodies, axons and dendrites)
in the parieta lobe of case 1.

(b) Staining of the parieta lobe of case 1 after saturation of the antibody solution with
MDMA. Asaresult, negative immunodetection was induced.

() Negative immunohisochemical daning of the parietd cortex in the control case
For pictures (a), (b), (c): antibody clone 1A9; magnification 190, 140 and 140x
respectively.

(d) Immunohistochemicd gaining of neurons (nerve cell bodies, axons and dendrites)
in the frontal lobe of case 1 (antibody clone 5C2; magnification 190x)



Figure 7.2.

Macroscopic overview of the slides of the cerebellar vermis:

left : positive immunostaining in case 1;

middle: immunostaining in case 1 after saturation of the antibody binding sites with
MDMA, inducing a negative result;

right : negative immunohistochemical staining of the cerebellar vermis in a control case
(00/116).

(For all pictures :staining using antibody clone 1A9)



Figure 7.3

(a) Positive immunostaining of the cerebellar vermis of case 2: the nerve cell bodies,

axons and dendrites of the Purkinje cells are clearly visible. The granular layer cells

can also obviously be discerned. In addition, staining at the level of the white matter

fibres is seen (overview: magnification 95x).

(b) Detail of the immunoreaction in the cerebellar vermis of case 2 (magnification
270x).

(¢) Negative immunohistochemical staining of the cerebellar vermis in a control case
(00/116; magnification 170x).

(For all pictures: staining with antibody clone 1A9).



Figure 7.4

Staining of neurons in the hippocampus of case 2 (antibody clone 1A9).
(a): overview (magnification 25x);

(b): detail of the cortical neurons (magnification 100x);

(c): detail of the cells of the dentate gyrus (magnification 100x).



Figure 7.5

(a) Overview of MDMA immunoreactivity in the pituitary gland (antibody clone 1A9;
magnification 140x).

(b) PAS Orange-G staining of the immediately adjacent slide visualizing clearly the
acidophilic (orange colour) and basophilic cells (violet colour), (magnification 140x).
(¢) Detail of the staining reaction for MDMA in the pituitary gland (antibody clone
1A9; magnification 300x).

Following types of staining reaction can be discerned (see arrows):

(1) & (2): obviously positive cells showing variable staining intensity (heterogeneity).
The highly intensively stained cells obscure the nucleus (see arrow 1). (3) cells having
weak immunoreaction. (4) negative cells.



