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Abstract Investigating toxicological causes of death may
require alternative matrices when the usual ones are lacking.
Whereas forensic toxicology uses bile almost only for
xenobiotic screening, a diagnostic test interpreting postmor-
tem bile concentrations of meprobamate is reported. Based
on 128 sets of autopsy data, its intrinsic qualities were good,
with 0.95 sensitivity and 0.93 specificity. In a French
forensic population, the positive and negative predictive
factors were 0.90 and 0.97, respectively. It is a useful means
of revealing overdoses where blood samples are not
available or of confirming blood tests when postmortem
redistribution is suspected.

L. Fanton (D<) - F. Bevalot - M. P. Gustin - C. Z. Paultre *
C. Le Meur - D. Malicier

Université de Lyon,

Lyon 69003, France

e-mail: Laurent.fanton@adm.univ-lyonl.fr

L. Fanton - F. Bevalot - C. Le Meur - D. Malicier
Institut de Médecine Légale, Université Lyon 1,
Lyon 69008, France

F. Bevalot - C. Le Meur

Institut de Médecine Légale, Unité de toxicologie,
Université Lyon 1,

69008 Lyon, France

M. P. Gustin * C. Z. Paultre

Institut des Sciences Pharmaceutiques et biologiques—ISPB,
Université Lyon 1,

Lyon 69008, France

Keywords Meprobamate - Bile - Forensic toxicology -
Lethal intoxication - Autopsy

Introduction

Postmortem toxicology is part of the arsenal systematically
deployed in investigating causes of death [1]. Analysis is
usually based on blood sampling, as providing the best
toxicological profile of the victim at the time of death. The
interpretation of blood concentrations is, however, subject
to postmortem redistribution effects and is obviously
impossible when no blood is available [2, 3]. Alternative
matrices are then useful, the main drawback being the lack
of standard tables defining therapeutic, toxic, and lethal
thresholds such as are available for blood [4, 5]. Interpre-
tation has therefore been empirical, with typical intoxica-
tion data found in the literature serving as benchmarks [6].
The relative unreliability of such an approach has meant that
therapeutic and intoxication levels are difficult to distinguish.
Quantitative statistical comparisons of data from alternative
matrices are required; therefore, concentration distributions
concomitantly observed in blood and bile were investigated.
Bile is a xenobiotic elimination compartment providing a
matrix of choice for screening [7, 8]. Except in the case of
alcohol [9-11], most studies concerning bile have focused on
the simple detection of xenobiotics rather than the interpreta-
tion of the concentrations detected. A preliminary study
assessed the interest of bile as a matrix for revealing overdose
of a three-molecule therapy often encountered in forensic
toxicology [12], and the bile thresholds for meprobamate and
cyamemazine were determined graphically. These encourag-
ing results were therefore followed up, in the light of the
forensic importance of meprobamate [13-15], with the
present methodologically rigorous assessment.

@ Springer



98

Int J Legal Med (2009) 123:97-102

Materials and methods
Study population

A retrospective study was performed in the Lyon (France)
Forensic Institute between June 1st 2004 and August 31st
2007. Sampling respected the Council of Europe Circular
R99 [1]. All cases in which meprobamate had been detected
in at least one matrix (blood, gastric content, and/or urine)
and from which a bile sample had been taken were included.
Meprobamate was detected in 5.9% (n=185) of the 3,116
autopsies performed over the study period. Simultaneous
blood and bile samples were taken in 67% of the positive
cases (n=124). For these 124 cases included in the statistic
analysis, postmortem times varied from a few hours to
several days. The male to female ratio was 1.2. For the
men, the mean age was 50 years (range, 18-91 years); for
the women, it was 48 years (range, 24-80 years).

Analytical methods

Toxicological screening on biological samples was per-
formed by high-performance liquid chromatography with
photodiode array detection (HPLC/DAD) and gas chroma-
tography with mass spectrometry detection (GC/MS) as
previously described [16]. The samples (blood and urine,
1 ml; gastric content and bile, 0.5 ml), spiked with phenazine
(750 ng) as internal standard, were extracted using Toxitube
A from Varian (Les Ulis, France). For HPLC/DAD analysis,
the dry residue was dissolved in 100 pul HPLC initial mobile
phase (described below), and 60 pl was injected. The HPLC
chain was an 1100 series from Agilent (Massy, France). The
analytical column was a 250x4.6 mm ID Uptisphére C8
Interchrom, 5 um particle size from Interchim (Montlucon,
France). The solvent gradient program, composed of a
50 mmol mixture of acetonitrile/phosphate buffer, pH 3.6,
was as follows: initial acetonitrile was held at 15% for 2 min,
linearly increased to 65% for 13 min and to 80% for 10 min.
Compounds were identified using the “UV spectra of toxic
compounds” version 2001 library (Authors: Pragst, Herzler,
Herre, Erxleben and Rothe) commercially available (FILT
Forschungsgesellschaft mbH, Berlin-Buch, Germany) and a
home-made library. For GC/MS, the dry residue was
acetylated by the method described by Maurer [17] and
modified as follows: 200 pl of pyridine/acetic anhydride
mixture (40/60, v/v) was added to dry residue for 30 min at
60°C then evaporated and re-dissolved in 100 pl ethyl
acetate, and 1 pl was injected. The GC/MS chain was an
Agilent 6890 GC with a 5973 mass spectrum detector. The
column was an HP5SMS (length, 30 m; 0.25 mm ID; film
thickness, 0.25 pum). The gas vector was helium at 1 ml/min
flow. Injector temperature was 260°C. The oven tempera-
ture gradient program was as follows: initial temperature
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90°C held 1 min, linearly increased to 200°C (20°C/min),
and then to 300°C (15°C/min). Compounds were identified
using three commercial libraries from Agilent: Wiley, NIST
02, Pfleger Maurer Weber V3, and a home-made library.
The meprobamate assay of calibration points, standards,
and unknowns was performed as follows: 850 pl distilled
water and 50 pl methanol solution at 1 mg/ml in carisoprodol
(internal standard) were added to 100 pl bile or 500 pl blood.
The mixtures were diluted in 2 ml ammoniac buffer (pH=
9.5) and extracted with 3 ml of a chloroform—isopropanol
(9:1) mixture. After 20 min agitation and 10 min centrifu-
gation at 2,700 rpm, the organic phase was collected and
evaporated on warm (40°C) nitrogen. The dry residue was
dissolved in 500 pl methanol and centrifuged for 10 min at
12,000 rpm. Aliquots of 1 pl were injected into the GC/MS
system, using Gaillard’s method modified as follows [14]:
The gas chromatograph was a Hewlett Packard 6890 series
(Les Ulis, France), with HP 7683 automatic injector and HP
5973 detector. The analytic column was an HP-5MS
capillary column (30 mx0.25 mm id.; 0.25 um film
thickness). Helium was used as vector at a constant flow
rate of 1.4 ml/min. A splitless injection mode was adopted
at a temperature of 193°C. The initial oven temperature of
150°C was maintained for 1 min then increased to 200°C at
25°C/min then to 295°C at 30°C/min and maintained for
16 min. The mass spectrometer scanned ions of mass m/z
40-200.

Statistics
Bile detection threshold for a given blood concentration

Concentrations detected in blood but not in bile-enabled
meprobamate bile detection threshold to be defined as the
upper limit of the 95% unilateral dispersion interval for the
blood concentration values.

Correlation between bile and blood concentrations

Correlation coefficient for subjects in whom meprobamate
was detected in bile showed a linear relationship between
bile and blood concentration values. We estimate the
significance level of the correlation coefficient when
computing the p value of the usual two-tailed Student’s ¢
test with (n—2) degrees of freedom, with n the sample size.

Meprobamate overdose test

It is generally agreed that an overdose can be suspected for
a blood meprobamate concentration in excess of 50 mg/1 [4,
5]. Our meprobamate overdose diagnosis test was based on
determining the bile meprobamate concentration threshold
above which a subject will be considered overdose-positive,
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i.e., as likely to have a blood meprobamate concentration
>50 mg/l. As in a biological test, sensitivity was based on
the proportion of positive results for subjects presenting a
blood meprobamate concentration >50 mg/l and specificity
on the proportion of negative results for subjects presenting
a blood meprobamate concentration <50 mg/l. Denoting «
the risk of obtaining a false-positive result in a subject with
a non-toxic blood concentration and (3 the risk of a false
negative in a subject with a toxic blood concentration, the
specificity can be expressed as (1—«) and the sensitivity as
(1—0). The optimal bile concentration threshold for the test
was thus derived from the specificity (1—«) and sensitivity
(1—/) and specificity (1—«) values for bile concentrations
between 0 and 373 pg/ml. The risks « and the (3 were
calculated for each bile concentration. The optimal bile
concentration threshold was that at which these two risks
were minimal, defining the test threshold and
corresponding sensitivity and specificity values. Bayes’
formula gave the positive and negative predictive values of
the test by applying it to a population known to have
meprobamate in the blood and in which the proportion of
toxic concentrations was known. As with all methods of
diagnostic test, we gave the receiver operating character-
istics (ROC) [18] curve.

Results
Calibration curve and validation

Calibration curves were linear for blood (*=0.997; six
calibration points, 12.5, 25.0, 50.0, 100.0, 200.0, and
400.0 mg/l; in triplicate) and for bile (*=0.994; six
calibration points, 10.0, 25.0, 50.0, 100.0, 125.0, and
250.0; in triplicate). For each curve, the intercept did not
significantly differ from zero (Student’s ¢ test). Homogene-
ity of variances was confirmed on Cochran’s test over the
whole test range. Repeatability, reproducibility, and recov-
ery were tested at low (blood=25 mg/l, bile=25 mg/l) and
high concentration levels (blood=200 mg/l, bile=125 mg/l).
The repeatability study (each of the two concentration
levels analyzed ten times) gave variation coefficients for
blood of 2.0% and 3.1% and for bile of 5.2% and 4.9% for
the low and high levels, respectively. The reproducibility
study (each of the two concentration levels analyzed ten
times 3 days consecutively) gave variation coefficients for
blood of 5.0% and 9.2% and for bile of 4.8% and 9.1% for
the low and high levels, respectively. Mean recovery was
82% and 73% for blood and 94% and 101% for bile for the
low and high levels, respectively. The limit of detection
(LOD, three standard deviations from the mean concentra-
tion measured on ten blank blood and bile samples) was
1.2 and 2.9 mg/1 for blood and bile, respectively. The lower

limit of quantitation (LOQ, ten standard deviations from
the mean concentration measured on ten blank bile and
blood samples) was 2.0 and 5.9 mg/l for blood and bile,
respectively.

Statistics
Detection threshold

Those cases in which meprobamate was detected in blood
but not in bile (n=13) provided an estimate of the blood
meprobamate concentration threshold for bile detection:
95% of blood concentration values lower than 7.9 mg/I failed
to be detected in bile at an analytic threshold of 2.9 mg/1.

Correlation study

Figure 1 shows the pairs of values found in those cases (n=
111) in which bile meprobamate was quantifiable. There
was a significant linear correlation between bile and blood
meprobamate concentrations (#=0.66, p<10~"%). For strong
blood concentrations (>100 mg/1), however, the relative bile
concentrations were more variable. Two subjects presented
high relative bile concentrations (two and four times the
mean, respectively).

Overdose test

Table 1 shows the sensitivity and specificity values and
summed a+ (3 error risks for bile concentration thresholds
ranging between 0 and 373 mg/l by 10 mg/I steps. Estimates
were based on 124 subjects with concentrations above (n=
49) and below (n=75) the overdose blood concentration
threshold of 50 mg/l. Figure 2 shows the summed a+(
error risks per threshold value. The threshold associated
with the minimal total risk was 53 mg/l and was therefore
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Fig. 1 Correlation curve between blood and bile concentrations
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Table 1 Test performance for various threshold values

Bile concentration Specificity ~ Sensitivity =~ Total risk
threshold (mg/1) (Sp) (Se) (at+f)
0 0.00 1.00 1.00
10 0.55 1.00 0.45
20 0.69 1.00 0.31
30 0.80 0.98 0.21
40 0.85 0.98 0.17
50 0.90 0.96 0.13
60 0.95 0.90 0.16
70 0.95 0.88 0.17
80 0.97 0.86 0.17
90 0.97 0.84 0.19
100 0.98 0.80 0.22
110 0.99 0.75 0.27
120 0.99 0.69 0.32
130 1.00 0.61 0.39
140 1.00 0.56 0.44
150 1.00 0.50 0.50
160 1.00 0.45 0.55

« is the risk of a false positive in a subject without a toxic blood
meprobamate level and [ that of a false negative where the blood
concentration is toxic.

taken as the test detection threshold, with an associated
sensitivity of 0.95 and specificity of 0.93. The ROC curve has
an usual shape and could be compared with subsequent ROC
curves obtained from biological tests performed in different
matrices (Fig. 2). Applying the test to the parent population
of the sample, where the intoxication rate for subjects
presenting blood meprobamate was 40%, the positive and
negative predictive values were 90% and 97%, respectively.

Discussion

This original study concerned the rigorous development of
a simple diagnostic test in forensic toxicology, based on a

significant correlation established between blood and bile
meprobamate concentrations in a representative sample (n=
124) drawn from a French forensic autopsy population. A
bile concentration threshold of 53 mg/l was found to be
statistically equivalent to the blood concentration threshold
of 50 mg/l distinguishing overdose from therapeutic use.
The test showed good intrinsic qualities of sensitivity and
specificity and excellent predictive values when applied to
a forensic population. It can be used where blood sampling
is not feasible or to confirm blood sample findings when
postmortem redistribution may be suspected.

The greater dispersion of bile as compared to blood
concentrations may be explained by antemortem elimination
and/or postmortem redistribution. The bile/blood concentra-
tion ratio at the moment of death is influenced by individual
variation in pharmacokinetic and toxicokinetic elimination
models. Influencing factors include hepatic perfusion status
[19], liver pathologies such as cirrhosis and cholestasis
[20], and drug interactions [21, 22]. The interval between
meprobamate ingestion and death is also a factor: A short
interval could account for a low bile as compared to blood
concentration due to limited excretion; conversely, pro-
longed agony would tend to augment the bile concentration.
The postmortem redistribution mechanisms liable to affect
bile concentrations are not clearly understood, although
methylendioxymetamphetamine studies showed them not to
be greatly significant [23]. Such antemortem and postmor-
tem variation factors are not readily controlled, but seem to
be particularly relevant to high blood concentrations: It is
noteworthy that variation in bile-to-blood concentrations
was fairly low in the regions involved in determining the
test’s overdose threshold, limiting the influence of these
factors on the exact threshold value. Thus, a threshold can
be set with good sensitivity and specificity.

Determining the bile meprobamate concentration overdose
threshold corresponding to a blood threshold is directly
inspired by the methodology for constructing clinical biology
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diagnostic tests based on measurable values. Meprobamate
overdose is diagnosed on the basis of a reading greater or
lesser than a certain value. The biological variable establish-
ing diagnosis is thus the bile concentration of meprobamate.
This rigorous approach raises the question of the quality of
the estimation of sensitivity and specificity values and of «
and ( risks. Two arguments, however, suggest reasonable
estimation fluctuation. The first concerns the narrow sensi-
tivity and specificity confidence intervals for the selected
threshold with a precision coefficient of about 7%. The
second is based on the regularity of the total risk (a+0)
calculated for the various bile thresholds, which was such
that a minimum total risk proved easy to determine. Should
one be preferentially seeking high specificity, as in a case
where an alternative cause of death might be envisaged,
Table 1 would enable a threshold with higher specificity to
be selected.

The test enables an overdose threshold to be detected in
the bile statistically corresponding to a blood concentration
greater than 50 mg/l. Being based on blood concentration
data, the test is subject to the associated limits of interpre-
tation. Two issues arise: The first is the statistical problem of
determining a blood toxicity threshold not found in the
literature. The second concerns the interpretation of over-
dose, which must be seen in the forensic context. Sample
recruitment involved all the common forensic situations, in
terms of cause of death, postmortem time, age, etc. The
sample being highly representative, the test can be taken as
having a broad field of application. Applying our proposed
threshold to four cases found in the literature did indeed
confirm the relevance of our test [24-26].

Carisoprodol, which is metabolized to meprobamate, is
frequently detected during forensic autopsies in the
countries where it is commercialized [27]. We use it as
internal standard since this molecule is not disposable as
therapeutic in France. If despite this limitation a subject
would have ingested this substance, we would have
detected it during the screening procedure by GC/MS.
None of the included cases being carisoprodol positive, we
cannot extrapolate our results to cases for which mepro-
bamate is the result of carisoprodol intake.

It would be of future interest to model the postmortem
evolution of the biliary compartment to explore some of the
hypotheses put forward in this paper.
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