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suicide By drowning AFter BroMAzepAM intoxicAtion:  
A cAse report

Abstract: the authors report a case of a floating body recovered from a well. A 62-year-old 
woman committed suicide by drowning herself in a well. According to information given 
by her relatives she had a 13-year history of depression and she wanted to commit suicide. 
Liquid chromatography with electrospray ionization mass spectrometry (Lc-esI-ms) 
was used to determine bromazepam in blood. samples were extracted using oasis® HLB 
solid-phase cartridges, and separation and quantitation was done using positive–mode 
electrospray ionization in the single ion monitoring (sIR) mode. chromatographic 
separation was achieved using an Atlantis® t3 column (2.1x150 mm, 5 µm), eluted in 
a gradient system with acetonitrile and formic acid 0.1%, at a flow rate of 300 µL/min. 
Quantitation was achieved by the addition of diazepam deuterated (DZP-d5) as internal 
standard. the compounds were detected monitoring two ions for bromazepam (m/z 
318, and m/z 288) and m/z 290 for the deuterated, DZP-d5.
toxicological results revealed in blood a toxic concentration of bromazepam of 418 ng/mL.
this finding might be important for the interpretation, not of the cause of death (since 
the drowning was confirmed by autopsy), but for the state of mind of the victim that 
had, somehow, helped her to committ suicide (concomitant existence of a psychotropic 
substance). 

1. Introduction

Bromazepam (Bromalex®, Lexotan®, Ultramidol®) is an intermediate-acting 
1,4-benzodiazepine and is widely prescribed as an anxiolytic, but it also exhibits 
sedative and hypnotic properties [1]. the literature shows that following a single 
administration of 12 mg to 10 subjects, an average peak plasma concentration of 
bromazepam of 131 ng/ml was achieved between 1 and 4 h, declining with an average 
half-life of 11.9 h [2].

Bromazepam is metabolised primarily by 3-hydroxylation and cleavage of the seven-
membered ring, followed by glucuronide conjugation of the hydroxylated metabolites. 
Intact bromazepam is a major blood constituent, about 2% of dose is excreted in 
the 72h urine as unchanged bromazepam, 0.4% as the ring cleavage product, 27% 
as conjugated 3-hydroxybromazepam (3-HoB) and 40% as the hydroxylated and 
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conjugated cleavage product [3]. serum bromazepam therapeutic concentrations are 
in the range of 80 – 170 ng/mL. Levels higher than 250 ng/mL are considered as 
potentially toxic [4].

Deaths caused by benzodiazepines alone in the absence of other xenobiotics 
or pathology are uncommon, although some fatal cases have been reported in the 
literature [5-6]. 

the authors present a drowning case with bromazepam and an Lc-esI-ms method 
to detect, confirm and quantify this benzodiazepine in blood samples. 

2. Case report 

A 62-year-old woman committed suicide by drowning herself in a well. she was 
found by her sister who first saw a bench and her slippers near the well. she lived 
alone since her parents’ death, 13-years ago and according to information given by 
her relatives, she was under a severe depression and wanted to commit suicide.

At autopsy, an external examination revealed eye congestion. on internal inspection, 
abundant white foam was observed in the trachea, larynx and bronchi. swollen lungs, 
presence of Paultauf ’s spots, fluid in the stomach, pulmonary edema were observed. 
the postmortem findings also indicated generalized visceral congestion. no signs of 
violence were observed.

Blood, liver and kidney samples were submitted to toxicological analysis.

3. Materials and methods

3.1. Chemicals and reagents

Bromazepam and diazepam-d5 were obtained from cerilliant (Promochem, 
France) at a concentration of 1 mg/ml in methanol. separate working solutions of 
bromazepam and diazepam-d5 were prepared in methanol after appropriate dilutions 
and were stored at +4 ºc. Formic acid, methanol and acetonitrile were HPLc grade 
and were purchased from e. merck (Darmstadt, Germany). Deionized and purified 
water was obtained using a milli-Q system (millipore, molsheim, France). oasis® 
HLB, 3 cc, solid-phase cartridges were purchased from Waters (milford, mA). the 
mobile phase was filtered through a 0.20 µm filter (schleicher & schuell) and degassed 
in an ultrasonic bath for 15 min just before use. 

3.2. Instrumentation

Liquid chromatography (Lc) was performed using a Waters Alliance 2695 separation 
mode. A 20 µL aliquot of the extract was injected onto the column (Atlantis® t3 5 
µm, 2.1x150 mm) (Waters). each 20-min chromatographic run was carried out with 
a gradient (10% acetonitrile, 90% formic acid, 0.1% to a ratio 90-10% at 14 min) at 
a flow rate of 300 µL/min. the column temperature was maintained at 35˚c. 
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Instrument control, data acquisition and processing were achieved using Waters 
empower software (milford, mA).

mass spectrometry detection (ms) was carried out on a Waters ZQ 2000 single 
quadrupole mass spectrometer with an electrospray ionization (esI) performed in 
positive mode. Full-scan spectra were recorded from m/z 200-450, at a scan time 
of 0.5 s and an interscan delay of 0.1 s. the other main instrument settings were: 
capillary voltage 3.5 KV; cone voltage 60 V; extractor 4 V; ion energy 0.4; source 
temperature 120˚c; desolvation temperature 350˚c; cone gas (n2) flow rate 0 L/h 
and desolvation gas (n2) flow rate 600 L/h.

Quantitation employed the selected ion-recording mode (sIR) using the m/z 
corresponding to the most abundant product ion [m+H]+ at m/z 318 for bromazepam 
and m/z 290 for the internal standard (diazepam-d5). Both sIR and scan acquisitions 
were performed in centroide mode.

3.3. Sample preparation

control and calibration samples were prepared by spiking drug-free whole blood 
samples with standard solutions.

A 1 mL aliquot of whole blood was spiked with 25 µL of internal standard (10 
µg/mL) and diluted with 2 mL of deionized water. then the samples were vortex 
mixed and centrifuged for at 3000 rpm for 5 min. extraction cartridges (oasis® HLB, 
3cc) were conditioned with 2 mL of methanol followed by 2 mL of deionized water. 
each sample was loaded through a cartridge. It was then washed with 2 mL of 5% 
methanol in water. After drying under vacuum for 15 min, elution was carried out 
with 2 mL of methanol. the eluate was evaporated to dryness under a nitrogen gas 
flow at 40˚c. the residue was dissolved in 250 µL of mobile phase and an aliquot 
(20 µL) was injected into the Lc-esI-ms system.

4. Results and discussion

Blood alcohol concentration was measured by Headspace Gc-FID. A systematic 
toxicological drug screening was carried out in blood with a combination of 
immunoassays and cG-ms analysis. Benzodiazepinas were positive by immunoassays 
and identified in blood by Lc-esI-ms. Bromazepam was detected, confirmed 
and quantitated in blood samples. toxicological results revealed in blood a toxic 
concentration of bromazepam of 418 ng/mL. no other drugs were found in the 
postmortem blood samples of presented fatal case. no alcohol was found.

the calibration curves for bromazepam in the blood samples were linear, ranging 
from 5 to 1000 ng/mL (r2=0.9995, seven calibration points, in triplicate). the detection 
limit of bromazepam in blood was 1 ng/mL (LOD, s/n=3) and the lower limit of 
quantification (LOQ, s/n=10) was 5 ng/mL (table I).

Quantitation employed the selected ion-recording mode (sIR) using the most 
abundant characteristic ion, m/z 318 and the fragment ions, m/z 288 and m/z 209 
for confirmation. sIR mass chromatograms of the bromazepam detected in the blood 
sample are shown in Fig. 1.
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Bromazepam and its main metabolite (3-HoB, m/z 332, m/z 315 and m/z 303) 
were detected in liver. Kidney sample only revealed the presence of bromazepam.

Although several cases of acute bromazepam intoxication have been reported, only 
few were lethal [2, 7-8]. the blood concentration of bromazepam found in this fatal 
case was higher than the reported therapeutic level (80 – 170 ng/mL). Levels higher 
than 250 ng/mL are considered as potentially toxic.

this finding might be important for the interpretation, not of the cause of 
death since the drowning was confirmed by autopsy, but for the state of mind of the 
victim that had, somehow, helped her to commit suicide (concomitant existence of 
a psychotropic substance). 
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table I – selected ions, LOD, LOQ and linearity range of bromazepam in blood samples.
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Figure 1 – sIR mass chromatograms of bromazepam in postmortem blood samples.




