1.3 Pitfalls and cautions in
analysis of drugs and poisons

By Fumio Moriya

Introduction

Blood and urine are the common specimens for drug analysis in both antemortem and post-
mortem cases. Usually, urine is used for drug screening using immunoassays at the first step;
secondly, the drug detected is chromatographically quantitated with blood. The data obtained
are carefully assessed with taking the values reported in references into consideration together
with clinical and postmortem findings; the judgement of poisoning and its degree is made
comprehensively.

The periods between samplings and analysis and the storage conditions of samples are very
important for assessment of analytical results for human specimens, especially for postmortem
specimens; the postmortem intervals and the degree of putrefaction should be always taken
into consideration. Even in a vial (in vitro) after sampling and also inside the whole body post-
mortem, drugs may be metabolized by coexisting enzymes [1, 2]; postmortem production [3, 4]
and decomposition [5] can take place by the action of bacterial growth. In the autopsy cases,
the source of blood sampled should be recorded exactly; the high concentrations of drugs
present in the lung, heart and liver can diffuse into the surrounding tissues, resulting in higher
drug concentrations in blood there [6]. When a large amount of a drug is present in the stom-
ach, it diffuses into the surrounding tissues and blood postmortem [7, 8]. The urinary bladder
sometimes contains a large amount of urine with a high drug concentration; in such a case,
diffusion of a drug from the bladder into blood of the femoral vein can take place postmortem [9].
When vomitus containing a high concentration of a drug is aspirated into the trachea or bron-
chus, or local anaesthetic jelly is applied to the trachea upon intubation, the concentration of
the drug in heart blood may be enhanced postmortem [10, 11]. Even if analytical instruments
are excellent, correct diagnosis of poisoning is impossible without considering the above phe-
nomena. In analysis of drugs and poisons, there are many subtle points to be considered; in this
chapter, pitfalls and cautions are presented for correct analysis in poisoning.

Metabolism of drugs by coexisting enzymes

Ester compounds, such as local anaesthetics, are susceptible to their metabolism by coexisting
enzymes; they are easily metabolized postmortem by plasma cholinesterase in a cadaver and
even in vitro after antemortem samplings [1, 2]. The cholinesterase activity in blood does al-
most not decline 3 weeks after its storage at room temperature [12]. Cocaine, one of the local
anaesthetics and most popular abused drugs, is largely converted to benzoylecgonine by chem-
ical reaction in antemortem blood at pH 7.4, and a minor part of the drug is metabolized by
plasma cholinesterase to yield ecgonine methyl ester [13]. The latter is further decomposed to
ecgonine by chemical hydrolysis very rapidly and thus not accumulates in blood of living sub-
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jects [13]. In the case of postmortem blood, the pH value of blood rapidly declines due to
anaerobic glycolysis postmortem, resulting in no chemical hydrolysis of cocaine into ben-
zoylecgonine but in accumulation of ecgonine methyl ester by the action of the coexisting
cholinesterase [13]. Therefore, the cocaine concentration in blood at the point of death was
reported to be exactly estimated by summing up the concentrations of cocaine and ecgonine
methyl ester [14].

To prevent ester compounds from their decomposition in blood, the addition of NaF, a
cholinesterase inhibitor, at the concentration of about 1% is being recommended. Cocaine
seems stable in blood for 2-3 weeks in the presence of NaF in a refrigerator [2]. However, in
the case of tetracaine, the addition of neostigmine is necessary in place of NaF to suppress the
in vitro metabolism completely. It should be mentioned that dichlorvos, an ester-type organo-
phosphorus pesticide, is decomposed more easily in the presence of NaF [15].

Heroin is more susceptible to decomposition by plasma cholinesterase than cocaine; the
half-life of the reaction in living subjects is only several minutes [13]. Therefore, it was difficult
to detect heroin from blood of a cadaver, who had received intravenous injection only several
minutes before [16]; but 6-monoacetylmorphine, the main metabolite of heroin, is relatively
stable in blood and detectable postmortem [16].

Postmortem production and decomposition of compounds
by putrefactive bacteria

Various kinds of compounds are postmortem produced by growing bacteria in human speci-
mens; especially alcoholic and amine compounds should be noted in toxicological analysis.
Ethanol is most commonly produced by fermentation. The in vitro production of ethanol in
blood and urine is much less than its production inside a cadaver, and usually give no problems
under storage at 4° C for a week. However, when a large amount of glucose and marked con-
tamination by bacteria are present, non-negligible amounts of ethanol can be produced in
specimens collected. To discriminate ethanol produced postmortem from the antemortem
one, n-propanol can be used as an indicator, because it is produced by bacteria concomitantly [3].
The concentration of n-propanol is not lower than 5% of a postmortem ethanol concentra-
tion [3].

The most typical amine produced during putrefaction is B-phenylethylamine. Its structure
is similar to those of amphetamines. The similarity of the amine sometimes gives false positive
results during screening by immunoassays [17, 18].

In analysis of drugs in specimens collected from cadavers killed especially by severe inju-
ries, followed by intensive medical treatments, a special caution is needed. In such cadavers,
non-negligible amounts of ethanol and -phenylethylamine are sometimes produced by the
action of bacterial translocation [19,21].

The metabolic reactions for drugs by bacteria are essentially reductive; nitro, N-oxide, oxime,
thiono, sulfur-containing heterocyclic and aminophenolic compounds are known to be decom-
posed rapidly [5]. Robertson and Drummer [22] reported that nitrobenzodiazepine drugs were
metabolized to 7-amino reduced forms by enteric bacteria and that such reducing reaction
could not be suppressed by adding NaF. The author et al. collected the cerebral cortex, dien-
cephalons, cerebellum of a nitrazepam user at autopsy, and measured nitrazepam and 7-ami-
nonitrazepam both immediately and 10 days (at 4° C) after autopsy as shown in @ Table 3.1.
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B Table 3.1
Postmortem changes in the level (ug/g) of nitrazepam and 7-aminonitrazepam during in vitro
storage of specimens obtained from a nitrazepam user at autopsy

Specimen Immediately after autopsy 10 days after autopsy*
Nitrazepam 7-Aminonitrazepam  Nitrazepam  7-Aminonitrazepam
Cerebral cortex  3.49 2.55 0.626 5.11
Diencephalon  6.22 2.49 4.61 3.82
Cerebellum 2.17 5.11 0.545 6.55
*Stored at 4° C.

The reductive reaction for nitrazepam proceeds upon storage of specimens at 4° C, but such
reaction can be completely suppressed at —-20° C [22].

Clozapine, an antipsychotic drug, is easily metabolized antemortem to an N-oxide form,
which accumulates in blood of living subjects; the metabolite can be conversely reduced to form
the precursor clozapine in a cadaver and in blood stored in a vial by the action of bacteria.

The concentration ratios of each free form to each glucuronate-conjugated form of opiates
in blood are known to be helpful to estimate intervals after their administration; but the con-
jugated forms can be hydrolyzed to form free opiates by metabolism of bacteria, when bacteria
growth is marked [23].

Postmortem redistribution of drugs

Postmortem redistribution is more common for basic drugs, which have high affinities to the
lung, heart muscle and liver and show wide distribution areas [6]. These drugs are partly liber-
ated from tissues with high contents, penetrate vessel walls and diffuse into blood, resulting in
higher concentrations of the drugs in surrounding tissues than true concentrations at the time
of death. After death, the supply of oxygen and ATP, and the Na*/K* pumping function of cell
membranes stop; then cell membranes and organelles are damaged. In the cells, energy-requir-
ing bindings of proteins with drugs are inhibited, and pH is lowered as a result of accumulation
of lactic acid produced by anaerobic glycolysis. These conditions of cells cause basic drugs to
diffuse outside the cells more easily.

Holt and Benstead [24] first demonstrated the increase of blood drug concentration post-
mortem as a result of redistribution; they found a higher concentration of digoxin in blood of
the heart than in blood of the femoral vein in an autopsy case of a digoxin-user. Jones and
Pounder [25] reported analytical results of imipramine and its metabolite desipramine in blood
and various organs of a victim, who had died by ingesting imipramine and acetaminophen
together with alcohol (postmortem interval: 12 h); when the concentration of imipramine
(2.3 ug/mL) and desipramine (1.5 ug/mL) in peripheral blood is assumed as 1.0, the relative
values were 2.3 and 2.2 in blood of the thoracic aorta, 2.1 and 1.4 in blood of the inferior vena
cava, 3.5 and 3.4 in blood of the pulmonary artery, 7.0 and 7.1 in blood of the pulmonary vein,
70 and 115 in the lung, and 78 and 52 in the liver, respectively. The above data show that imi-
pramine concentrations in blood of the pulmonary artery and vein are higher than those in
blood of the inferior vena cava, although imipramine concentration in the lung was almost
equal to that in the liver, suggesting that the diffusion of the drug into blood is more marked
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B Figure 3.1
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Variation in drug concentration in blood obtained from different locations of each cadaver. Blood
specimens were obtained from fresh cadavers, which had ingested various drugs, with almost no
postmortem changes. Each value was expressed as a ratio of the concentration in blood of a
target location to that in blood of the femoral vein for each victim and for each drug. All values
obtained from blood of each location were averaged irrespective of the kinds of drugs. The bars
show means +SD (n=11-16). The drugs detected were: phenobarbital, phenytoin, ephedrine,
diazepam, nordiazepam, lidocaine, methamphetamine, codeine, barbital, zotepine, amitriptyline
and nortriptyline.

for the lung than for the liver. Hilberg et al. [26] reported, using rats, that the concentrations of
amitriptyline and its metabolite nortriptyline in blood of the heart increased within 2 h after
death, and those in blood of the inferior vena cava increased more than 5 h after death. The
author et al. [27, 28] also clarified that basic drugs distributed in the lung tissue at high concen-
trations diffuse postmortem, through thin walls of the pulmonary vein, into blood of the vein
and are further redistributed into blood of the left atrium of the heart; this is the mechanism of
the higher concentrations of basic drugs in heart blood. The increase in drug levels in blood of
the right heart is less than in blood of the left heart. In many of autopsy cases, drug concentra-
tions in blood of the right heart are similar to those in peripheral blood (in the femoral vein)
(© Figure 3.1). Therefore, blood of the right heart together with peripheral blood seems to be
good specimens for determination of the correct blood drug level, when a cadaver is relatively
fresh [29]. Cautions are needed against that the posture movements of a body at postmortem
inspection and during its transportation can cause a flow of blood in the vessels and thus en-
hance such redistribution of drugs.



Postmortem diffusion of drugs from the trachea into heart blood

21

Postmortem diffusion of drugs from the stomach
and urinary bladder

Ethanol is best studied for its postmortem diffusion from the stomach. Pounder and Smith [7]
reported that the body fluids most influenced by the diffusion of the stomach ethanol were
pericardial fluid, followed by blood of the left pulmonary vein, aorta, left heart, pulmonary
artery, superior vena cava, inferior vena cava, right heart and right pulmonary vein; the blood
in the femoral vein was almost not affected. The postmortem diffusion of ethanol from the
stomach is dependent upon the residual amounts of ethanol in the stomach, physique and
postmortem intervals. In actual cases, such diffusion is a problem, when more than 100 g con-
tents containing more than several percent of ethanol are present in the stomach and the post-
mortem interval is longer than one day.

Not many basic studies have not been reported on the postmortem diffusion of general
drugs from the stomach. A drug can diffuse from the stomach postmortem into the surround-
ing tissues and body fluids in the presence of a large amount (more than several ten mg) of the
drug in the stomach with a long postmortem interval. However, the blood of the femoral and
subclavian veins is almost not affected about 2 days after death [8].

Although the postmortem diffusion of a drug from the urinary bladder is rare, it can take
place in the presence of a large amount of urine containing a high content of a drug. The author
et al. [9] experienced an autopsy case of a drug abuser, in which diphenhydramine and di-
hydrocodeine diffused from the urinary bladder, resulting in the remarkable increase in
their concentrations in the femoral vein; although the postmortem interval was 9 days, the
putrefaction was not so marked because of the winter season. The amount of urine in this case
was as large as 600 mL, and diphenhydramine and dihydrocodeine concentrations in it were
22.6 and 37.6 ug/mL, respectively; their concentrations in the femoral vein were 1.89 and
3.27 pg/mL, which were much higher than those (0.204-0.883 and 0.173-1.01 pg/mL) ob-
tained from other parts of circulation, respectively. Although it is unequivocally accepted by
forensic chemists that blood of the femoral vein is most suitable for postmortem analysis of
drugs, it seems dangerous to use only femoral vein blood for drug analysis because of our
above experience.

Postmortem diffusion of drugs from the trachea into heart blood

In the autopsy cases, in which vomitus containing a large amount of a drug is aspirated into the
trachea, postmortem diffusion of a drug into the surrounding tissues of the trachea, especially
into heart blood, should be taken into consideration [10]. In forensic science practice, ethanol
is the case for such diffusion from the trachea [10]. In the ethanol-aspirated case, the story
becomes complicated, because both diffusions from the trachea and from the stomach take
place concomitantly. There are not many reports dealing with comparison of the diffusion
from the trachea with that from the stomach. The postmortem diffusion velocity of toluene
from the trachea was reported to be faster than that from the stomach, after thinner solvent
had been injected into both trachea and stomach of a human cadaver [30]. According to the
experiments, in which ethanol, paracetamol and dextropropoxyphene were introduced into
the trachea, the drugs diffused into blood of the pulmonary vein and artery most rapidly, fol-
lowed by blood of the heart, superior vena cava and aorta [31].
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O Table 3.2
Lidocaine concentrations in various body fluids and organs obtained from 4 victims who did not
regain heart beats after resuscitation treatments*

Specimen Lidocaine concentration (ug/mL or pg/g)

Case 1 Case 2 Case 3 Case 4
Pulmonary artery blood - - - 2.04
Pulmonary vein blood — = — 2.29
Left heart blood 0.349 1.02 - 1.55
Right heart blood 0.102 0.209 - 0.699
Aorta blood - - 0.642 -
Superior vena cava blood - - 0.746 -
Inferior vena cava blood 0.195 0.163 0.133 0.491
Iliac vein blood - 0.074 0.057 0.152
Femoral vein blood - 0.015 ND ND
Cerebrospinal fluid ND - - 0.191
Vitreous humor - - - 0.007
Pericardial fluid 0.193 0.097 0.171 0.489
Bile - - - ND
Urine - - - ND
Cerebrum ND ND ND 0.044
Left lung - 10.9 1.37 9.33
Right lung - 2.65 1.41 2.60
Heart muscle — — — 0.186
Liver ND ND ND 0.183
Right kidney - ND ND 0.020
Right femoral muscle ND ND ND ND

* Xylocaine™ jelly was used at intubation. ND: not detected.

Case 1: 3.5 month female, resuscitation 5 min, postmortem interval about 20 h.
Case 2: 44 year male, resuscitation 5 min, postmortem interval about 20 h.
Case 3: 38 year male, resuscitation 60 min, postmortem interval about 20 h.
Case 4: 60 year female, resuscitation 20 min, postmortem interval about 12 h.

In Japan, Xylocaine™ jelly is usually used at endotracheal intubation in emergency medi-
cine; we frequently experience the detection of lidocaine from blood due to such intubation in
cadavers, which had received the cardiopulmonary resuscitation [32]. Although many victims
without regaining heart beat were included in such resuscitation cases, relatively high concen-
trations of lidocaine could be detected from their heart blood [11]. The distribution of lido-
caine, which had been used at endotracheal intubation, in body fluids and organs of 4 victims,
who did not regain the heart beat, is shown in @ Table 3.2. The postmortem intervals were as
shortas 12~20 h, but rapid postmortem diffusion of the drug from the trachea into heart blood
(especially left heart blood) was observed; there was no influence on the femoral vein blood.
The lidocaine level was remarkably increased in the left heart blood, probably because lido-
caine in the trachea diffused through the thin walls of the pulmonary vein into blood and
then moved to the left atrium of the heart. Lidocaine in the trachea seems to diffuse into blood
of the pulmonary artery. However, the diffusion velocity is slow because of thick walls of the
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artery; the blood of the pulmonary artery hardly flows backward to the right ventricle of the
heart. These seem to be reasons why the concentration of lidocaine is higher in the left heart
blood than in the right heart blood. The postmortem diffusion of lidocaine from the trachea
was also confirmed by experiments with rabbits [11]. Analytical chemists should be always
aware of such a phenomenon for victims who had received emergency medical treatments.

Countermeasures

As stated above, when the handling of specimens is careless, it may cause serious variations
of drug concentrations depending on the kinds of drugs upon their analysis. The temporary
storage of specimens can be made at 4° C in a refrigerator; but they should be kept at -20° C or
preferably at —-80° C until analysis, when the intervals between samplings and analysis are more
than one week. When ester and nitro compounds are analyzed, the addition of a suitable pre-
servative (usually NaF and/or NaNj3) should be considered.

In autopsy cases, blood specimens should be collected from the atrium/ventricle of both
sides, and also from the femoral vein; the analytical data from different locations should be
assessed. For the victims, who had received medical treatments, the analysts should be aware
of the details of the treatments and clinical process.
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