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Abstract Sedative agents are used to facilitate sexual
assault due to their ability to render the victim passive,
submissive and unable to resist. The primary pharmacolog-
ical effect of the benzodiazepine tetrazepam is muscle
relaxation, whereas the benzodiazepine diazepam acts on
the central nervous system (CNS) exerting mainly sedation
effects. Therefore, contrary to tetrazepam, diazepam is an
often-abused drug, which can potentially be used as a date-
rape drug. In this study, we describe the detection of low
amounts of diazepam in Myolastan® (Sanofi–Synthelabo
S.A., Brussels, Belgium) and Epsipam® (Will-Pharma,
Wavre, Belgium) 50mg tablet preparations by LC-MS-
MS, GC-FID and HPLC-DAD. Considering the important
forensic implication of this finding, a study was conducted
with volunteers receiving a single or repeated dosage of
Myolastan®. Urine, hair and preserved oral fluid samples
were analysed using a previously described sensitive and
specific LC-MS-MS detection method allowing for the

simultaneous quantification of tetrazepam, diazepam, nor-
diazepam, oxazepam and temazepam. This study demon-
strates that diazepam can be observed in urine samples even
after a single dose of Myolastan®. In addition, maintaining
therapy for 1 week results in the detection of both diazepam
and nordiazepam in urine samples and of diazepam in the
first hair segment. Importantly, comparing urine and hair
samples after a single intake of diazepam versus the single
and 1 week administration of Myolastan® shows that the
possible metabolic conversion of tetrazepam to diazepam is
a more plausible explanation for the detection of diazepam
in biological samples after the intake of Myolastan®. As
such, these results reveal that the presence of diazepam and/
or nordiazepam in biological samples from alleged drug-
facilitated assault cases should be interpreted with care.
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Introduction

In the past few years, an increase in the number of scientific
publications on so-called date-rape drugs, drug-facilitated
sexual assault (DFSA) and drug-facilitated crimes (DFC) has
been observed [1–8]. The most renowned drug associated
with sexual assault is Rohypnol® (flunitrazepam) [9].
However, many other drugs have been implicated in these
crimes, including other benzodiazepines, GHB (+-hydroxy-
butyric acid) and ketamine. These drugs are all characterized
by having depressant effects on their users, resulting in
confusion, drowsiness, impaired memory and reduced
inhibition. In addition, they induce amnesia, presumably the
principal reason for their selection as date-rape drugs. During
a 3-year surveillance in the UK, the toxicology results from
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1,014 cases of claimed DFSA showed a relatively high
number of cases which contained benzodiazepines (9%), with
diazepam being the most prevalent benzodiazepine [10].

However, several difficulties in the diagnosis of DFC are
apparent. These crimes are often difficult to prove due to
factors such as the low concentrations of drugs used or their
rapid clearance from the body. In addition, many victims of
DFC do not report an incident until several days later, often
due to the amnesia caused by the drug. Hence, conventional
specimens from alleged victims such as blood or urine may
have limited value. Recently, hair samples have been
successfully used to document cases of DFC [4, 8, 11–
14]. Kintz and co-workers concluded that due to the
extremely low concentrations of drugs typically encoun-
tered in hair analysis (in the lower ranges of picograms per
milligram) the “sensitivity of LC-MS-MS appears to be a
pre-requisite to document any case involving drug-facili-
tated sexual assault” [4]. However, they also added the
caveat that hair analysis should not simply be considered as
an alternative to blood and urine testing but as a
complementary technique where possible.

Furthermore, the use of preserved oral fluid samples to
document DFC has recently been reported [15–17]. Indeed,
preserved oral fluid offers a series of advantages over
traditional specimens since it is non-invasive, with an easy
collection protocol and can be considered as an additional
source of information. It has been suggested that the
concentrations of many drugs in oral fluid correlate well
with their concentrations in blood, which suggests that the
analysis of the former matrix may show value in the
determination of the current degree of exposure to a
particular drug at the time of sampling [18].

Recently, we presented a validated and highly sensitive
LC-ESI-MS-MS method for the quantification of 26
commonly encountered benzodiazepines and their metabo-
lites, zolpidem and zopiclone in three different biological
matrices, i.e. blood, urine and hair [13]. During the routine
application of this method on a hair sample from a regular
Myolastan® user, diazepam and traces of nordiazepam were
also detected in several segments (concentrations ranging
from 1.0 to 8.2 pg mg−1 for diazepam). Myolastan® is a
pharmaceutical specialty available on the Belgian market
(Sanofi–Synthelabo, Brussels) which contains the benzodi-
azepine tetrazepam. Whereas tetrazepam is only used for its
muscle-relaxant properties, diazepam (and its metabolite
nordiazepam) also exerts strong hypnotic and sedative
activities. As such, diazepam also appears on the list of
alleged date-rape drugs [9]. In view of the possible erratic
conclusions regarding DFC in victims taking therapeutic
doses of Myolastan®, we evaluated the diazepam and
tetrazepam concentrations in urine, hair and preserved oral
fluid after the intake of a single or sustained therapeutic
dose of Myolastan® and compared these results with

those obtained after a single administration of diazepam
(Valium®, Roche, Brussels).

Experimental

Specimens

Six healthy subjects (4 females and 2 males, aged
27–38 years, with a body weight varying between 64
and 93 kg) received either 50 mg tetrazepam in the form
of one tablet of Myolastan® (Sanofi–Synthelabo S.A.,
Brussels, Belgium) or 10 mg diazepam in the form of one
tablet of Valium® (Roche, Brussels, Belgium) along with
100 mL of water. In addition, one healthy female (aged
27 years, 64 kg) received a single dose of 25 mg
tetrazepam in the form of half a tablet of Myolastan®

each day, during a 1-week therapy. Subjects participated
in the experimental part of the study through written
informed consent. Urine was collected over 280 h in
plastic tubes, without any preservative, and frozen at
−20 °C until analysis (performed within 15 days).
Preserved oral fluid was collected at regular time intervals
during 600 min following administration, using the
Intercept® device (OraSure Technologies, Bethlehem,
PA) according to the manufacturer’s instructions. The
device collects an average of 0.38±0.19 mL of oral fluid
and a dilution factor of 1 in 3 is arbitrarily accepted [19].
All devices were weighed before and after collection. An
average weight of 0.86±0.14 g of oral fluid was collected.
The tubes were centrifuged and the preserved oral fluid
was stored at −20 °C prior to analysis (within 15 days).
Blank preserved oral fluid, used for the preparation of
negative controls, calibrators and quality control (QC)
samples, was obtained from healthy volunteers (also
collected with the Intercept®). The data are expressed as
nanograms per milliliter of diluted specimen.

A lock of hair the size of the diameter of a pencil (about
100 mg) was collected from the posterior vertex of the head
3 weeks after the last dose of Myolastan®/Valium®. Hair
was clipped as close to the scalp as possible and stored at
room temperature. Hair strands were aligned to keep root
ends together.

Chemicals

Individual ampoules of 7-aminoclonazepam, 7-amino-
flunitrazepam, bromazepam, clonazepam, flunitrazepam,
clobazam, desmethylflunitrazepam, estazolam, nitrazepam,
alprazolam, temazepam, desalkylflurazepam, oxazepam,
nordiazepam, triazolam, lormetazepam, lorazepam, praze-
pam, tetrazepam, diazepam and flurazepam (at a concentration
of 1 mg mL−1 in methanol) and 7-aminoclonazepam-d4,
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7-aminoflunitrazepam-d7, clonazepam-d4, flunitrazepam-d7,
alprazolam-d5, temazepam-d5, desalkylflurazepam-d4,
oxazepam-d5, nordiazepam-d5, triazolam-d4, loraze-
pam-d4, prazepam-d5 and diazepam-d5 (0.1 mg mL−1

in methanol) were purchased from LGC Promochem
(Molsheim, France). Brotizolam, clotiazepam, chlornor-
diazepam, loprazolam, cloxazolam, zolpidem and zopi-
clone were a gift from Dr. V. Maes (VUB, Brussels) (pure
standards obtained from respective manufacturers).

Methanol (Biosolve, Valkenswaard, The Netherlands),
water (Biosolve), dicholoromethane (Merck, Darmstadt,
Germany) and 1-chlorobutane (Merck) were HPLC grade.
Acetic acid (glacial) 100% anhydrous (Merck) and NaOH
(Fluka, Buchs, Germany) were used for the preparation of
the acetate buffer 3 M, pH 4.6. For the saturated
ammonium chloride buffer pH 9.2, ammonium chloride
from Fluka and ammonia solution 32% from Merck were
used. β-Glucuronidase, Type HP-2 from Helix pomatia
(111,480 units mL−1) was obtained from Sigma (Stein-
heim, Germany). For the mobile phase of the HPLC-DAD
method, phosphoric acid, 85% wt % solution in water
(Aldrich, Steinheim, Germany) and potassium dihydrogen
phosphate (Merck) were used.

Preparation of standard solutions

An internal standard (IS) working solution of the deuterated
analytes was prepared (0.4 μg mL−1 in methanol), which
was further diluted with methanol to yield appropriate
concentrations to add to samples, calibrators and QC
samples.

A benzodiazepine working solution of all analytes was
prepared (4 μg mL−1 in methanol) and further diluted with
methanol to yield working solutions at appropriate concen-
trations to add to calibrators and QC samples. Separate
stock solutions of tetrazepam, diazepam, nordiazepam,
oxazepam and temazepam were prepared (4 μg mL−1 in
methanol) and further diluted with methanol for the stability
and ion suppression experiments.

Working solutions were prepared monthly and stored at
4 °C.

Sample preparation and extraction for LC-MS-MS analysis

Sample preparation

Urine and hair samples were analysed by LC-MS-MS for 26
benzodiazepines and metabolites, zolpidem and zopiclone
according to a published validated procedure [13]. Briefly,
urine samples (250 μL) mixed with 50 μL of the IS stock
solution were buffered to pH 4.6 with 200 μL acetate buffer
(3 M) and then incubated for 1 h at 56 °C with 25 μL of
β-glucuronidase.

Hair samples were decontaminated, dried and cut in
segments of 1–3 cm each. Approximately 20 mg was
powdered in a ball mill which allowed simultaneous
pulverization of 48 segments (Precellys 48, Bertin Tech-
nologies, Montigny-Le-Bretonneux, France) and then
50 μL of a 1:20 dilution of the IS stock solution was
added. After incubation of the pulverized samples with
1 mL of methanol at 45 °C for 2 h with orbital shaking,
samples were centrifuged. The supernatants were subse-
quently transferred to 10-mL disposable screw top vials and
concentrated under nitrogen to 100–200 μL.

Preserved oral fluid samples (500 μL) were mixed with
50 μL of a 1:20 dilution of the IS stock solution.

Extraction

Following sample preparation, samples were extracted
with 4 mL of 1-chlorobutane after the addition of a
saturated ammonium chloride buffer (pH 9.2); 500 μL
was used for urine and preserved oral fluid samples and
1 mL was used for the pulverized hair samples. After
mechanical shaking (10 min) and centrifugation (10 min
at 3,000 g), the organic phase was transferred to a 5-mL
disposable screw top vial and then evaporated to dryness
at 40 °C in a vacuum centrifuge. For the extracted urine
samples, the residue was reconstituted in 100 μL of 0.1%
formic acid in water/methanol (70:30, v/v) and 10 μL was
injected into the LC-MS-MS system. The residue of
the preserved oral fluid and hair samples was reconsti-
tuted in 80 μL of 0.1% formic acid in water/methanol
(70:30, v/v) and 20 μL was injected into the LC-MS/MS
system. The limit of quantification (LOQ) in urine was
25 ng mL−1 for tetrazepam and 10 ng mL−1 for diazepam,
nordiazepam, oxazepam and temazepam. For hair sam-
ples, the LOQ was established at 10 pg mg−1 for
tetrazepam and 1 pg mg−1 for diazepam, nordiazepam,
oxazepam and temazepam.

LC-MS-MS

Chromatography

LC was performed using a Waters Alliance 2690 separation
module (Waters, Milford, MA, USA). Analytes were
separated on a Gemini C18 column (150×2.0 mm,
3.5 μm) (Phenomenex, Torrance, CA), using a gradient
elution with 0.1% formic acid (A) and methanol (B), at a
flow rate of 0.2 mL min−1. A gradient was applied starting
from 10% B, and increased to 50% over the first 5 min.
From 5 min to 20 min, B was linearly increased to 70%
before returning to the initial conditions within 0.1 min and
equilibrating for 14.9 min, which resulted in a total run time
of 35 min.
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Mass spectrometry

A Quattro Premier tandem mass spectrometer (Waters) was
used for all analyses. Ionization was achieved using
electrospray in positive mode (ESI+). The optimum con-
ditions were capillary voltage, 1.0 kV; source block
temperature, 120 °C; desolvation gas (nitrogen) heated to
270 °C and delivered at a flow rate of 700 L h−1.

The collision gas (argon) pressure was maintained at
0.35 Pa (3.5×10−3 mbar) and the collision energy (eV)
adjusted to optimize the signal for the most abundant
product ions, which were subsequently used for MRM
analysis. Quantification and a confirmation transition were
selected for each compound, except for the deuterated
analogs, for which only one transition was chosen. The
optimized MRM transitions for diazepam, nordiazepam,
oxazepam, temazepam, tetrazepam and the internal stan-
dards, diazepam-d5, nordiazepam-d5, oxazepam-d5 and
temazepam-d5, are presented in Table 1. All aspects of
data acquisition were controlled using MassLynx NT 4.1
software with automated data processing using the Target-
Lynx program (Waters).

LC-MS-MS assay validation for preserved oral fluid
samples

Linearity, LOQ, precision, accuracy and recovery

The method was validated for the detection of diazepam,
nordiazepam, oxazepam, temazepam and tetrazepam in
preserved oral fluid samples. Selectivity was evaluated by
analysing preserved oral fluid samples from eight healthy
volunteers who did not take any of the targeted compounds
for several days before preserved oral fluid sampling and

checked for the absence of the compounds of interest by
analysing the samples with the present technique before
using them as blanks. Assay linearity was investigated by
constructing calibration curves (n=5) using blank preserved
oral fluid spiked with the analytes at concentrations of 0.05,
0.1, 0.25, 0.5, 1, 2, 5, 10, 20 and 40 ng mL−1. Quantification
was achieved by integration of the area under the specific
MRM chromatograms in reference to the integrated area of
the deuterated analogues. Standard response curves were
generated daily using a weighted (1/x) least-squares linear
regression model.

The LOQ was defined as the concentration of the lowest
calibrator which was calculated to be within ±20% of the
nominal value and with a RSD (relative standard deviation)
less than 20% [20, 21].

QCs were prepared for every run in blank matrix at a
concentration of 0.75 ng mL−1 (low), 4 ng mL−1 (medium)
and 15 ng mL−1 (high). Intra-assay precision was evaluated
by analysis of five replicates of each QC in one run. Inter-
assay precision was evaluated by replicate analysis of one
set of QC samples in several experiments performed on five
different days. The precision was expressed as the %RSD.
A comparison of the calculated concentrations of the QC
samples to their respective nominal values was used to
assess the accuracy (bias) of the method.

Relative recoveries were estimated by comparing the
ratio of the peak area of the low, medium and high QC
samples when the non-deuterated compounds were added
before extraction (n=3) divided by the peak area of the
internal standards with the ratio of the peak area obtained
when the non-deuterated analytes were added after the
extraction (n=3) divided by the peak area of the IS. The
deuterated standards were added before the extraction in all
experiments.

Table 1 MRM transitions and conditions for tested benzodiazepines and the deuterated analogues

Compound Precursor ion (m/z) Product ion (m/z) Cone voltage (V) Collision energy (eV)

Temazepam 300.90 255.00a 28 20
283.00 28 15

Oxazepam 287.00 241.00a 27 22
269.00 27 15

Nordiazepam 271.00 139.80a 43 28
164.80 43 28

Tetrazepam 289.00 225.10a 45 28
253.10 45 25

Diazepam 285.00 153.80a 40 28
193.00 40 30

Temazepam-d5 305.90 260.10 25 23
Oxazepam-d5 292.00 246.10 40 23
Nordiazepam-d5 276.00 139.80 45 28
Diazepam-d5 290.00 153.80 40 28

a Transitions used for quantification
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Stability of unprepared and prepared samples

Stability of tetrazepam, diazepam, nordiazepam, oxazepam
and temazepam was monitored in non-extracted preserved
oral fluid samples spiked at the initial concentrations of
0.75 and 15 ng mL−1. Concentrations of the drugs in the
samples were either determined (each in triplicate) imme-
diately (control samples) or following incubation at room
temperature for 24 h or at 4 °C for a period of 24 h, 48 h
and 72 h after preparation. In addition, the stability of the
same preserved oral fluid samples was evaluated after
2 weeks of incubation at −20 °C. Stability at each time
point was tested against a lower acceptance limit
corresponding to 90% of the mean of control samples by
a one-sided t-test (P<0.05).

The stability of tetrazepam, diazepam, nordiazepam,
oxazepam and temazepam in the extracted sample (pre-
served oral fluid initially spiked at 0.75 ng mL−1 and 15 ng
mL−1) was investigated by repeated injections of a mixture
of six extracted samples (maintained in the autosampler at
4 °C) over a period of 24 h. Absolute peak areas were
plotted as a function of injection time and the stability of
the processed samples tested by regression analysis.
Instability of the processed samples would be indicated by
a slope that was significantly different from zero (P<0.05).

Assessment of matrix effects

To assess any potential suppression or enhancement of
ionization from components present in the extracted
biological matrix, a continuous post-column infusion was
performed using a separate solution of tetrazepam, diaze-
pam, nordiazepam, oxazepam and temazepam (10 ng mL−1

at a flow rate of 10 μL min−1) to produce a constant
elevated response in both MRM channels. The interference
of this constant response was monitored following the
injection of extracted samples and compared to the
response following the injection of mobile phase only.

Quantification of creatinine

The concentration of creatinine in urine was determined
using a Vitros 5,1 FS Chemistry System (Ortho-Clinical
Diagnostics, Beerse, Belgium) and corresponding reagents
according to the manufacturer’s recommendations.

GC-FID

One tablet of Myolastan® was pulverized, weighed and
dissolved in 10 mL of methanol. Tribenzylamine was added
as internal standard at a concentration of 0.5 mg mL−1.
Samples were sonicated for 15 min and filtered using a
Puradisc™ 25 NYL filter (0.45-μm pore size) (Whatman,

Clifton, NJ), after which a 1-μL aliquot was injected into
the chromatographic system for analysis. A Hewlett–
Packard 6890 Series GC System was used furnished with
a HP5-MS column (25 m, 0.32-mm i.d, 0.52-μm film
thickness) (J&W Scientific, Folsom, CA) and a flame
ionization detector at 300 °C. The injector was operated at
250 °C in the split mode, using a split ratio of 25:1. Helium
was used as the carrier gas. The oven temperature programme
was as follows: 150 °C (hold 1 min), 15 °C min−1 ramp to
300 °C (hold 3 min). The total running time was 14 min. For
quantification, calibration curves with eight calibrators of
diazepam and tetrazepam were prepared for each batch
ranging from 2.88 μg mL−1 to 1.36 mg mL−1. Internal QC
samples were analysed with each batch of samples.

HPLC-DAD

One tablet of Myolastan® was dissolved in 10 mL of
methanol. After addition of the internal standard (clobazam)
and 500 μL of a saturated ammonium chloride buffer (pH
9.2), a 500-μL aliquot of this solution was extracted with
4 mL of 1-chlorobutane. Analyses were performed using a
Hewlett–Packard HP 1100 Series HPLC (Agilent Technol-
ogies). Analytes were separated on a Lichrospher RP8ec
column (250×4.0 mm, 5 μm) (Merck, Darmstadt, Ger-
many), eluted isocratically with 100 mM phosphate buffer
pH 2.3/acetonitrile (63:37, v/v), delivered at a flow rate of
1 mL min−1 with a run time of 30 min. Systematic
toxicological analysis was performed using a UV spectra
library [22]. Wavelength calibration and accuracy checks of
the DAD were performed regularly.

Results

Validation of the analytical method for preserved oral fluid
samples

The selectivity of the method was acceptable in terms of
absence of interferences in the blank preserved oral fluid
samples analyzed. The combination of retention time and
two transitions (and their relative abundances) provided
high specificity for all of the compounds [13]. The
deuterated IS selected for each compound is shown in
Table 2. No cross-talk interference with the deuterated IS
was observed.

Calibration curves for all compounds tested were
prepared in blank preserved oral fluid for each batch and
ranged from the LOQ to 40 ng mL−1. Linearity, LOQ, intra-
assay and inter-assay precision and bias are summarized in
Tables 2 and 3. The observed LOQ, ranging from 0.05 to
0.2 ng mL−1, is consistent with previous reports [23, 24]. %
RSD at the low (0.75 ng mL−1), medium (4 ng mL−1) and
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high (15 ng mL−1) QC level were consistently below 15%.
The extraction recovery of the analytes is presented in
Table 4.

The stability of non-extracted spiked samples (0.75 and
15 ng mL−1) was monitored at room temperature for 24 h or
at 4 °C for a period of 24 h, 48 h and 72 h. No statistically
significant differences could be observed for the two
different concentrations under both conditions. Also no
statistical differences could be noted for the stability of non-
extracted spiked samples (0.75 and 15 ng mL−1) during
2 weeks at −20 °C.

The potential for instability of the processed samples
was also tested. To this end, the stability of the compounds
was monitored by means of repeated injections of extracted
samples (0.75 ng mL−1 and 15 ng mL−1) over a period of
24 h, and by plotting the absolute peak areas as a function
of time. The results indicated no significant instability over
the course of the experiment.

Post-column infusion experiments (based on the method
described by Bonfiglio et al. [25]) indicated no significant ion
suppression or enhancement during the chromatographic
run.

Analysis of the pharmaceutical specialty Myolastan®

To assess the origin of the diazepam and nordiazepam
present in hair samples from a regular Myolastan® user, it
was decided to initially analyse one tablet of the pharma-
ceutical specialty Myolastan® (50 mg tetrazepam). The
presence of diazepam in this tablet was confirmed in two

different lots by various techniques (LC-MS-MS, HPLC-
DAD and GC-FID). Quantification with GC-FID showed a
relative concentration of around 0.068% and 0.061% of the
active ingredient for two different lots of Myolastan®.

Since tetrazepam is available as Myolastan® or Epsipam®

50 mg (Will–Pharma, Wavre, Belgium) tablets, an analysis
of the latter was also performed. Diazepam was also present
in this preparation at a relative concentration of 0.37% of the
active ingredient.

Analysis of urine samples after the controlled
administration of Myolastan® and Valium®

Urine samples were analyzed according to a previously
published procedure [13]. In this report, a reduced stability
for tetrazepam was observed during the enzymatic hydro-
lysis of the urine samples. Indeed, an experiment with spiked
urine samples (n=3) showed a reduction of 94.3±0.3% and
96.8±0.2% for QCs at 150 ng mL−1 and 600 ng mL−1

respectively, when incubated at 56 °C for 1 h. However, no
statistically significant difference was noted for diazepam,
nordiazepam, oxazepam and temazepam under these con-
ditions. Therefore, we decided to analyze all urine samples
twice: once without enzymatic hydrolysis in order to have the
optimal conditions for tetrazepam detection, and once using
the described protocol for the quantification of diazepam,
nordiazepam, oxazepam and temazepam. A limited validation
including linearity, LOQ, precision and accuracy was
performed (n=5). The obtained r2 was in all cases >0.998
with an LOQ of 10 ng mL−1. The %RSD and bias were

Table 3 Intra-assay and inter-assay precision (expressed as %RSD) and bias (%) of the QC samples spiked at a concentration of 0.75 ng mL−1

(low), 4.0 ng mL−1 (medium) and 15.0 ng mL−1 (high) in preserved oral fluid

Compound Intra-assay precision (n=5) Inter-assay precision (n=5) Bias

Low Medium High Low Medium High Low Medium High

Temazepam 8.3 3.4 1.4 7.7 8.3 3.1 −12.9 −10.0 −1.7
Oxazepam 8.6 3.3 2.4 5.1 7.6 5.5 −9.3 −7.8 −2.6
Nordiazepam 5.7 2.7 5.1 12.2 7.6 6.3 13.9 9.6 −1.8
Tetrazepam 8.3 3.4 3.8 5.6 4.6 6.1 10.1 7.2 −5.1
Diazepam 7.9 2.3 2.3 7.7 7.0 4.6 −12.9 −7.3 −3.0

Table 2 Equation of a typical calibration curve with coefficient of determination (r2), and the estimated limits of quantification (LOQ) of the
method for preserved oral fluid

Compound IS Equation r2 LOQ (ng mL−1)

Temazepam Temazepam-d5 y ¼ 1:1626x� 0:0682 0.9990 0.20
Oxazepam Oxazepam-d5 y ¼ 1:5647x� 0:0317 0.9988 0.05
Nordiazepam Nordiazepam-d5 y ¼ 1:1832xþ 0:0221 0.9981 0.05
Tetrazepam Diazepam-d5 y ¼ 0:8676x� 0:1062 0.9989 0.20
Diazepam Diazepam-d5 y ¼ 1:2846x� 0:0366 0.9992 0.05
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evaluated at 40, 150 and 600 ng mL−1 and were consistently
<15%.

After oral administration of a single tablet of Myolastan®

(50 mg tetrazepam) to three subjects, 17 consecutive speci-
mens of urine were collected over 280 h (Fig. 1a).
Benzodiazepine concentrations of all urine samples were
interpreted with respect to the creatinine content to
compensate for the diuretical state. Tetrazepam was present
in all urine samples, with the highest concentration on
average after 12 h. After 280 h, urine samples were still
positive for tetrazepam at a LOQ of 10 ng mL−1. In
addition, diazepam could be detected in the first sample of
two persons and was observed up to 36 h after intake.
However, no metabolites of diazepam were noted in these
samples. In order to rule out a possible formation of
diazepam during the extraction process, blank urine
samples, spiked with 600 ng mL−1 tetrazepam were
analyzed following the described method. No diazepam
was detected in these samples.

A typical therapy with tetrazepam includes a daily
administration of 25–150 mg for 1 week. Therefore, half
a tablet of Myolastan® (25 mg tetrazepam) was adminis-
tered to one subject during 1 week. Urine specimens were
collected for 280 h after the first intake and quantified with
respect to creatinine concentrations in these samples
(Fig. 1b). Diazepam was detected in these samples up to
210 h and a peak concentration was seen after 114 h.
Furthermore, nordiazepam was additionally detected be-
tween 66 and 138 h. Further metabolites of diazepam could
not be detected.

The concentrations detected in urine samples after single
and repeated administration of Myolastan® were compared
with those obtained after a single dose of Valium® (10 mg
diazepam) to three persons (Fig. 1c). Traces of diazepam
could only be detected in the first urine sample (8 h after
intake) from one person. In the following samples from this
person and all of the samples of the two other persons, only
the metabolites of diazepam, i.e. nordiazepam, oxazepam
and temazepam, were detected. Mean urine concentrations
showed a large variation throughout the whole collection

period. Whereas temazepam and oxazepam were alternately
detected as the most abundant metabolite, nordiazepam was
the minor metabolite in all urine samples analyzed.

Analysis of preserved oral fluid samples after the controlled
administration of Myolastan® and Valium®

After administration of one tablet of Myolastan® (50 mg
tetrazepam) to three volunteers, 20 specimens of oral fluid
were collected from each subject with the Intercept®

collection device (Fig. 2a). Tetrazepam was detectable
15 min after intake in all volunteers. Peak concentrations
of tetrazepam were obtained after 105 min. Samples were
still positive after 600 min. However, no diazepam or
metabolites were detected in these samples.

The same study was conducted including three persons
receiving one tablet of Valium® (10 mg diazepam) (Fig. 2b).
Peak concentrations were noted in all subjects after 15 min,
rapidly decreasing at the second time point (30 min),
indicating a possible contamination of the oral cavity. A
second peak was observed after 120 min. Oral fluid samples
tested positive for diazepam over 600 min. The metabolites
of diazepam could not be detected in these samples.

Analysis of hair samples after the controlled administration
of Myolastan® and Valium®

The corresponding hair samples after the administration of
a single dose or 1-week therapy with Myolastan® and a
single dose of Valium® were collected 3 weeks after the last
intake. After segmentation, the first three proximal seg-
ments were analyzed. Following a single dose of Myolastan®,
the first segments of the three volunteers were positive for
tetrazepam (17.3–59.7 pg mg−1). No diazepam or metabolites
could be detected in any of the segments tested. After 1 week
of therapy with the same drug, tetrazepam was detected in the
first (454.0 pg mg−1) and second (13.0 pg mg−1) segment
(Fig. 3). In addition, the first segment of this person was also
positive for diazepam (10.7 pg mg−1). No nordiazepam was
observed in any of the segments. After a single dose of

Table 4 Extraction recovery (%) of tested benzodiazepines for the QC samples spiked at a concentration of 0.75 ng mL−1 (low), 4.0 ng mL−1

(medium) and 15.0 ng mL−1 (high) in preserved oral fluid

Compound Relative recovery (mean±1 SD)

Low Medium High Averagea

Temazepam 86.4±4.7 87.1±12.0 86.2±15.0 86.6±10.2
Oxazepam 72.6±9.3 92.8±15.1 88.3±6.0 84.6±9.3
Nordiazepam 88.3±8.8 95.1±8.5 94.0±1.3 92.5±6.6
Tetrazepam 80.8±7.8 78.9±6.5 79.8±12.3 79.8±8.4
Diazepam 81.0±8.1 87.2±9.3 87.7±13.1 85.3±9.9

a This column shows the average recovery (%) of all three concentration ranges
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Valium®, the first and second segments were positive for
diazepam (2.3–6.0 pg mg−1) and nordiazepam (traces–
5.4 pg mg−1). The third segment of all volunteers was
negative for all drugs tested.

Discussion

Whereas tetrazepam is a medication with primarily muscle-
relaxant effects and is commonly prescribed for the
treatment of muscle spasms, diazepam acts on the CNS
with mainly sedation effects. Therefore, diazepam belongs

to the class of abused drugs and shows a potential to be
used as a date-rape drug [10]. The detection of the latter in
all hair segments from a regular Myolastan® user, who
denied the consumption of diazepam at any time in her life,
led us to analyze the presence of diazepam in the
pharmaceutical specialty Myolastan®. Confirmation of the
presence of low quantities of diazepam in different lots of
this preparation was obtained through GC-FID, LC-MS-MS
and HPLC-DAD. Owing to the important forensic implica-
tion of this finding, a small-scale study with single and/or
repeated administration of Myolastan® and Valium® was
designed. Urine and hair samples were analyzed according
to a previously published method [13]. In the present paper,
the same liquid–liquid extraction protocol and LC-MS-MS
method have been applied for the detection of diazepam,
nordiazepam, oxazepam and tetrazepam in oral fluid
samples, collected with the Intercept® device. The method

Fig. 1 Mean excretion pattern in urine a after a single Myolastan®

dose (50 mg tetrazepam, 3 subjects); b during and after a 1-week
therapy with Myolastan® (25 mg tetrazepam, 1 subject); and c after a
single Valium® dose (10 mg diazepam, 3 subjects). Error bars
represent 1 SD

�

Fig. 2 Mean excretion pattern
in preserved oral fluid a after a
single Myolastan® dose (50 mg
tetrazepam, 3 subjects); and
b following a single Valium®

dose (10 mg diazepam, 3 sub-
jects). Error bars represent 1 SD
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was fully validated and the high sensitivity of the method
permits the detection of very low concentrations of drugs in
these samples.

Due to the instability of tetrazepam in urine samples
during the enzymatic hydrolyzation process, we decided to
analyze the urine specimens with and without a hydrolysis
step. Indeed, whereas diazepam is extensively metabolized
to oxazepam glucuronide, conjugated nordiazepam and
conjugated temazepam, it appears that tetrazepam is not
excreted in the glucuronidated form [26]. Thus, a hydrolysis
step would not yield a higher concentration for tetrazepam.

After the administration of a single dose of one tablet of
Myolastan® (3 subjects), the presence of diazepam in urine
was observed for up to 36 h after the intake. Following a 1-
week therapy with half a tablet of this preparation, both
diazepam and nordiazepam were present at 8–210 h and
66–138 h, respectively, after the ingestion of the first dose.
These results were compared with those obtained after a
single dose of Valium®. However, in this case, only the
metabolites of the parent drug, i.e. nordiazepam, oxazepam
and temazepam, could be detected in these urine samples,
indicating a complete metabolization of diazepam.

In contrast to an earlier report [27], diazepam could be
detected in oral fluid samples throughout the whole
collection period after the administration of a single dose
of Valium®. However, the analysis of the preserved oral
fluid samples showed the presence of only the parent
benzodiazepines after a single dose of Myolastan® or
Valium®. Similar concentrations of tetrazepam in oral fluid
were observed in a previous study [15], taking into account a
1:3 dilution due to the use of the Intercept® collector. Peak
concentrations were obtained after 105 min and 120 min for
tetrazepam and diazepam, respectively, which is approxi-
mately the time of peak plasma concentration [26]. The
absence of nordiazepam in the preserved oral fluid samples
after the intake of Valium® can be explained by the fact that
average peak concentrations of nordiazepam in blood are
only reached 24 h following a single oral dose of 10 mg
diazepam. In addition, approximately 97% of the nordiaze-
pam in plasma is bound to proteins [26], consequently the
concentrations in the preserved oral fluid samples are
probably below the LOQ during the collection period. This
is also likely to be the cause of the absence of diazepam in
these samples after the administration of Myolastan®.

Fig. 3 MRM chromatogram obtained after the analysis of the first
hair segment following a 1-week therapy with Myolastan® (25 mg
tetrazepam). The figure shows the response (quantifier and qualifier)

for diazepam (a, b) and tetrazepam (c, d). Diazepam-d5 (e) was used
as internal standard. Peak intensity is shown in the top right-hand
corner of each trace
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Finally, hair samples were also collected and analyzed.
These results indicated that after a single dose of Myolastan®,
no diazepam could be observed; however, the 1-week therapy
resulted in a positive first segment for this compound. In
addition, the observed concentration was higher than that
observed following a single dose of Valium®. Under the latter
condition, nordiazepam could also be detected. However, it is
not clear why diazepam and nordiazepam could also be
detected in the second segment of all persons after the intake
of a single dose of Valium®. Hair strands were collected after
3 weeks of delay, in order for the region of drug incorporation
to emerge above the scalp. Therefore, with an average growth
of 1 cm month−1, the administered drug should be present in
the proximal segment, and not in the following segments. One
possible interpretation is the variability in the incorporation of
this drug into the hair shaft and axial migration after
incorporation, leading to a further distribution, an observation
already reported for bromazepam [7] and cocaine [28].
However, a decreased concentration would be expected in
the second segment. Therefore, more research has to be done
to study the incorporation of diazepam and nordiazepam in
hair after controlled administration.

Another question remains as to whether or not the
diazepam observed in the urine and hair samples after
administration of Myolastan® is the result of the diazepam
present in the pharmaceutical preparation. If this were true,
diazepam should also experience complete metabolic
conversion to nordiazepam, oxazepam and temazepam, as
was observed after a single dose of Valium®. The presence
of nordiazepam was however only noted after a repeated
administration of Myolastan® with diazepam remaining the
primary drug detected and the absence of other metabolites.
In addition, after repeated administration of Myolastan®,
only diazepam was detected in the first hair segment of this
person, whereas after a single dose of Valium®, nordiaze-
pam was also observed although lower concentrations of
diazepam were present in comparison with the latter.
Therefore, the results of this study may indicate that there
is a metabolic conversion of tetrazepam to diazepam in the
human body. In 1987, Maurer and Pfleger described the
presence of the hydrolysis product of diazepam in urine
samples collected after the ingestion of tetrazepam follow-
ing acid hydrolysis [29]. Only one other recent report
mentions the possibility of this metabolic conversion
process [30]. In this report, plasma and urine were collected
for 11 h and 72 h, respectively, after administration of
50 mg of tetrazepam. Nordiazepam was not detected in any
of the plasma samples and diazepam could be found in only
one sample. In all cases, diazepam was also detected in the
first sample. In contrast to our observations, these authors
also detected nordiazepam between 4 and 26 h after a single
tetrazepam intake. However, no other matrices were
analyzed and no correlation has been made after a single

diazepam intake. Benzodiazepines are metabolized in the
liver by enzymes of the cytochrome P-450 family of oxido-
reductases. Therefore, the metabolic conversion of tetraze-
pam could be explained by a double hydroxylation of the
unsaturated tetrazepam ring followed by subsequent elim-
ination of two water molecules and the formation of the
stable aromatic ring, and hence diazepam. However, further
research is needed to elucidate the complete conversion
process of tetrazepam.

In conclusion, detection of the presence of diazepam and
nordiazepam in biological samples from suspected DFSA
cases could lead to erratic conclusions. However, this study
showed that, following the intake of diazepam, only
diazepam metabolites were observed in urine, whereas the
single or repeated administration of Myolastan® led mainly
to diazepam in these samples.

Conclusions

Sedative agents are used to facilitate sexual assault due to
their ability to render the victim passive, submissive and
unable to resist. Most of these substances possess anter-
ograde amnesic properties and can rapidly impair an
individual. Benzodiazepines and related hypnotics are
frequently observed in these cases. Diazepam is regarded
as having a significant potential as a date-rape drug,
whereas tetrazepam has only a low sedative effect and is
commonly prescribed as a muscle relaxant. Tetrazepam is
available as Myolastan® and Epsipam® 50 mg tablets in
Belgium. However, the presence of low doses of diazepam
in these preparations, as confirmed by LC-MS-MS, GC-
FID and HPLC-DAD, could be the reason for the presence
of diazepam and nordiazepam in the hair sample from a
regular Myolastan® user. In the present paper, a sensitive,
specific and reproducible method for the detection and
quantification of tetrazepam, diazepam, nordiazepam, oxaz-
epam and temazepam in preserved oral fluid samples is
described and applied to a study involving the administra-
tion of Myolastan® and Valium®.

Our study shows that diazepam can be observed in urine
samples even after a single dose. In addition, a 1-week
therapy resulted in the detection of both diazepam and
nordiazepam in urine samples and of diazepam in the first
hair segment. However, a comparison with urine and hair
samples after a single diazepam dose showed that the
possible metabolic conversion of tetrazepam to diazepam is
a more plausible explanation for the detection of diazepam
in biological samples after the intake of Myolastan®. Due
to the high protein binding property of diazepam, however,
this compound was not observed in preserved oral fluid
samples. These results have an important forensic implica-
tion and, therefore, the presence of diazepam and/or
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nordiazepam in biological samples from alleged DFSA
cases should be interpreted with care.
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