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Abstract
A case of suspected poisoning by benzodiazepines is presented in this paper. Toxicological analyses were applied on the blood collected 48 hours after the facts. GC-MS and HPLC-DAD have detected only nordiazepam which was prescribed in the treatment. Therefore, LC-MS/MS has detected lormetazepam and lorazepam (major metabolite of lormetazepam) in addition of nordiazepam. The concentrations of lormetazepam, lorazepam and nordiazepam measured in blood
were 6.8, 6.3, and 16.2 ng/mL, respectively. The initial concentration of each drug at the relevant
time, has been calculated from these residual concentrations, using an extrapolation approach.
According to estimates, only lormetazepam (189 ng/mL) and lorazepam (68 ng/mL), were active
at the target moment. A poisoning by lormetazepam was then considered. The more technology
we have, the greater chance we have to get an outcome that is favorable to justice.
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1. Introduction
Benzodiazepines are widely used in the treatment of insomnia and anxiety. The drugs share the same pharmacological properties such as anxiolytic and hypnotic. A common side effect of benzodiazepines is dose-related
anterograde amnesia. Due to their side effects, they can be used for intentionally impairing or harming others.
They are often used in combination with alcohol or other drugs for the purpose of robbery, physical assault, or
sexual assault [1]. The intensity of the side effect depends on the nature of the benzodiazepine and its dosing.
Generally, benzodiazepines with short elimination half-life and rapid onset of action, induce a greatest amnesic
effect. The present study was conducted to a case where patient was suffering with alcohol withdrawal and was
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receiving nordiazepam for treatment. One day, patient falls deeply asleep. Toxic effects from nordiazepam and/
or other benzodiazepines were suspected. Identification and quantification of nordiazepam as well as other benzodiazepines in blood are of interest to understand toxic effects of the drugs. Given that sampling got belatedly
(48 h after poisoning), it is important to have a sensitive method that is able to detect these types of drugs. Different methods have been reported for the determination of benzodiazepines in biological fluids [2]-[6]. Liquid
chromatography coupled to tandem mass spectrometry (LC-MS/MS), seems like a very good way to obtain the
desired detectability. In this study, identification and determination of these drugs are carried out by three procedures routinely applied in our laboratory (GC-MS [7], HPLC-DAD [7] and LC-MS/MS [8]). Quantitative data
obtained from toxicological analysis help to estimate initial concentrations of the drugs as well as their degree of
poisoning.

2. History
A 47-year-old woman was receiving Nordaz® (nordiazepam 7.5-mg tablets) since a year ago, to treat the symptom of alcohol withdrawal. What complicates the problem of this woman is that she does not take her medication regularly. One day, a visibly quarrel happened with spouse. She was discovered at home in drowsiness and
confusion. She has lost touch with reality after severe symptoms and she has not been fully recovered. She is
accusing her husband of trying to poison her with a drug. An admission to the emergency department has been
required after she was able to recall what took place. After consultation of an intensivist physician she should be
placed in the psychiatric ward in the hospital. Medical treatment was not needed. Only the oxygen therapy was
used. Blood sample was collected at the moment for admitting. The average time elapsed between blood sampling and relevant moment was 48 hours.

3. Materials and Methods
The toxicological analysis was realized using the procedure routinely applied in our laboratory for the drug
screening [7]. The sample preparation consisted of liquid-liquid extraction from the whole blood. The procedure
uses an acid extraction (pH 3) and an alkaline extraction (pH 8.4), followed by chromatographic assays.

3.1. Identification
First, identification of drugs is carried out by gas chromatography-mass spectrometry (GC-MS) [7] and high
performance liquid chromatography (HPLC-DAD) [7]. Chromatography equipment and devices were provided
by Agilent Technologies. The methods have detected only nordiazepam that was the prescription medication.
The major metabolite of nordiazepam (oxazepam) was not detected, the drug would be cleared from the blood.
The test for ethanol and a toxicological screen for other toxics in the blood were negative.
In the second step, we used liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) for
trying to detect drugs which were not detected in the first step. The analysis was performed on a Thermo Fisher
Scientific system consisting of a liquid chromatography (LC Acella) equipped with a triple stage quadrupol
mass spectrometry (TSQ Quantum Ultra). The chromatographic conditions were defined as those described by
Thermo Fisher Scientific [6] [8], but with some modifications. The LC-MS/MS system has detected lormetazepam and lorazepam in addition of nordiazepam. Despite this, oxazepam remains undetectable.

3.2. Quantification
Lormetazepam, lorazepam and nordiazepam detected in blood, are then quantified simultaneously by LC-MS/
MS. The quantification of these drugs consisted of liquid-liquid extraction at pH 8.4 [7] from the whole blood.
Deuterated lorazepam-d4 is used as internal standard to determine lormetazepam and lorazepam. Deuterated
nordiazepam-d5 is used as internal standard to determine nordiazepam. To 1 mL of the blood to be analyzed, the
corresponding internal standard solution in methanol (10 µL of 1 ng/µL for lorazepam-d4 or 25 µL of 1 ng/µL
for nordiazepam-d5), was added. After vortex-mixing, 1 mL of dipotassium phosphate 1 M (pH 8.4) and 3 mL
of chloroform/isopropanol (95:5, v/v) were added. The mixture was shaken for 10 min and centrifuged at 3000
rpm for 3 min. The organic phase was removed and evaporated to dryness under nitrogen. The residue was reconstituted with 100 µL of mobile phase. An aliquot of this solution (10 µL) was injected into the LC-MS/MS.
The parameters of transition of the analyzed compounds are shown in Table 1. The method was linear over the
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Table 1. LC-MS/MS parameters.
Drug

Nordiazepam

Nordiazepam-d5

Lormetazepam

Lorazepam

Lorazepam-d4

Retention time
(min)

8.9

8.9

9.07

8.40

8.41

Precursor ion
(m/z)

271

276

Product ions
(m/z)

Collision energy
(eV)

140

28

208

26

165

28

213

28

140

28

165

29

289

21

317

12

275

22

303

13

229

32

279

22

307

13

233

29

Tube lens (V)

107

97

85

335

321

325

95

105

range of 1.0 to 10 ng/mL for lormetazepam and lorazepam, and of 2.5 to 25 ng/mL for nordiazepam. When levels were beyond the calibration range, the blood sample should be diluted. The limit of quantification with the
used method was 1.0 ng/mL for lormetazepam and lorazepam, and 2.5 ng/mL for nordiazepam. A summary of
the quantitative results appears in Table 2.

4. Discussion
The findings in Table 2 would reflect an intake of nordiazepam and lormetazepam. These are blood concentrations of drugs measured at the time of sampling, they cannot inform about the effects of the drugs at the moment
of poisoning because sample collection did not square with the facts. Drugs would be broken down and significantly eliminated from the blood two days after ingesting. Even so, it is possible to estimate the initial concentrations by back-extrapolating from these actual concentrations. Considering the drugs were administered orally
and fast absorbed by the body, first-order elimination can be used for calculation. Generally, with a first-order
process of elimination, the amount of drug eliminated in a set amount of time is directly proportional to the
amount of drug in the body [9]. The initial concentration (C0) at the relevant time can be calculated using the
equation:
Ct = C0 e − kt [10] or C0 = Ct e − kt

C0 = initial concentration at the relevant time.
Ct = concentration at time t of sampling (residual concentration).
t = time elapsed between sampling and moment of poisoning (in the present case t = 48 h).
k = elimination constant.
One way to calculate the elimination constant k of drug is to have information about its half-life (t1/2). The
elimination half-life t1/2 of a medication refers to the time necessary for the drug to be reduced to half of its initial concentration in the body. By knowing half-life t1/2 of the drug, its elimination constant k can be given by:
k = log(2)/t1/2 [10], where log is taken to base e (log neperien) giving a value of log(2) = 0.693.
Both nordiazepam and lormetazepam are from the same benzodiazepine family. Nordiazepam, is an anxiolytic drug, it can be prescribed for treatment of alcohol withdrawal symptoms with habitual daily dosage of 7.5 - 15
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Table 2. Blood concentrations of lormetazepam, lorazepam
and nordiazepam at the moment of sampling (residual concentrations).
Drug

Found concentration (ng/mL)

Lormetazepam

6.8

Lorazepam

6.3

Nordiazepam

16.2

mg [11]. It rapidly exhibits a peak plasma concentration within 1.5 h [11]. Its half-life can vary between 30 and
150 h with an average of 65 h [11]. Given that its half-life is relatively long, nordiazepam has less problem for
its detecting even if sampling is late. Its therapeutic blood concentrations at steady-state were reported to range
from 200 - 800 ng/mL [12]. In the present case, the residual concentration of nordiazepam (Ct) measured in the
blood is 16.2 ng/mL; it is lower than the therapeutic range. In organism, nordiazepam is mainly metabolized to
oxazepam. This metabolite, with a half-life of about 8 h [13], is not detected in the blood at the moment of sampling.
Lormetazepam, is used in treatment of insomnia with habitual daily dosage of 1 - 2 mg [14]. It is rapidly absorbed and exhibits an average peak plasma concentration of about 6 ng/mL within 1.5 h after a single 1 mg oral
dose [14]. Lormetazepam is active with low concentration; its therapeutic blood concentrations at steady-state
were reported to range from 2 - 10 ng/mL [12]. In organism, the drug is mainly metabolized to lorazepam [15].
Lormetazepam and lorazepam have short elimination half-lives of about 10 h [15] [16] and 14 h [17] respectively. Due to their short half-lives, lormetazepam and lorazepam, are difficult to be detected in blood. In the
present study, drugs would be quasi-completely removed from the body when victim was able to give up his
blood. Hence, GC-MS and HPLC-DAD detected neither lormetazepam nor lorazepam in the blood. Fortunately,
through the LC-MS/MS system, we were able to determine these two drugs in blood. The residual concentration
of lormetazepam (6.8 ng/mL) is low, but it remains active for two days following ingestion, it is within the therapeutic range (Table 3). As for lorazepam, its residual concentration (6.3 ng/mL) is lower than the therapeutic
concentration (Table 3), thus it was inactive.
By knowing the residual concentrations (Ct) and half-lives (t1/2) of lormetazepam, lorazepam and nordiazepam,
the initial concentration (C0) of each drug has been estimated by an extrapolation approach using the formula
described earlier: C0 = Ct e − kt [10]. The extrapolating results are illustrated in Table 3. By referencing to data
range, the initial concentration (C0) of lormetazepam in blood (189 ng/mL) is 18.9 times higher than the limit of
therapeutic level (2 - 10 ng/mL) [12], and 1.89 times higher than the toxic level (100 ng/mL) [12]. The initial
concentration (C0) of lorazepam in blood (68 ng/mL), was in the therapeutic range (20 - 250 ng/mL) [12]. The
initial concentration (C0) of nordiazepam in blood (27 ng/mL) was inactive. Seeing that the half-life of nordiazepam can vary considerably between individuals (30 - 150 h), it would be useful to calculate a range of initial
drug concentration. After calculating by the formula, the initial concentrations of nordiazepam (C0) can range
from 20 to 49 ng/mL. The highest concentration of 49 ng/mL remains inactive; for that reason we think the average drug half-life can be used for the calculation. For oxazepam, considering that its residual concentration (Ct)
is unknown, it is not possible to calculate the concentration (C0) at the time of poisoning. Under the conditions
described above, the quantification limit of oxazepam was 1.0 ng/mL using oxazepam-d5 as internal standard. In
hypothesis testing, we tentatively assume that concentration (Ct) of oxazepam could reach this threshold. Basing
on this maximalist approach, the concentration (C0) of the drug can be estimated to be 64 ng/mL, which is below
a clinical therapeutic range (Table 3). Only lormetazepam and lorazepam were active at that moment. Consequently, at the relevant moment, the victim was under the effects of lormetazepam and lorazepam. The sum of
both drugs (lormetazepam + lorazepam) in blood concentration, can bring an additive effect. Other factors such
are: dose, clinical status and individual susceptibility to the drug, would influence on degree of the symptoms.
The ingested quantity of drug was unknown, but according to the husband, only a 2 mg tablet of Noctamide®
(lormetazepam) was given. He needed to help his wife get better sleep, and so, he given his own medication to
her. This is a maximum accepted dose [15] for treatment by lormetazepam. Obviously, the case is a poisoning
by lormetazepam.
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Table 3. The extrapolating results in comparison with database.
Drug

Residual concentration
at time of sampling
(ng/mL) Ct

Mean half-life (h)
t1/2

Elimination
constant
k = log(2)/t1/2

Initial concentration
48 h prior to sampling
(ng/mL) C0 = Ct/e−kt

Blood concentration from
database (ng/mL)

Lormetazepam

6.8

10 [16]

0.693/10
= 0.0693

6.8/e−(0.0693)48
6.8/0.036
= 189

Therapeutic: 2 - 10 [12]
Toxic: 100 [12]

Lorazepam

6.3

14 [17]

0.693/14
= 0.0495

6.3/e−(0.0495)48
6.3/0.093
= 68

Therapeutic: 20 - 250 [12]
Toxic: 300 - 500 [12]

Nordiazepam

16.2

65 [11]

0.693/65
= 0.0106

16.2/e−(0.0106)48
16.2/0.6
= 27

Therapeutic: 200 - 800 [12]
Toxic: 1500 - 2000 [12]

Oxazepam

Assumed to be 1.0
(limit of quantification)

8 [13]

0.693/8
= 0.0866

1.0/e−(0.0866)48
1.0/0.0156
= 64

Therapeutic: 200 - 1500 [12]
Toxic: 2000 [12]

5. Conclusion
This report documents a case of intentional poisoning by lormetazepam in which effect of the drug interferes
with that of nordiazepam which is prescribed as medication. The initial concentration of lormetazepam estimated in blood (189 ng/mL), is toxic. Without sensitive method that is however more expensive, it is not able to
obtain outcomes that are favorable to legal services. How justice in poor countries may be able to prove the
truth?
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