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SUMMARY

A method for the identification and differentiation of the following benzodiazepines and their
metabolites in urine after acid hydrolysis and acetylation is described: bromazepam, camazepam,
chlordiazepoxide, clobazam, clonazepam, clorazepate, clotiazepam, cloxazolam, delorazepam, diaze-
pam, ethylloflazepate, flunitrazepam, flurazepam, halazepam, ketazolam, loprazolam, lorazepam, lor-
metazepam, medazepam, metaclazepam, midazolam, nitrazepam, nordazepam, oxazepam, oxazolam,
prazepam, quazepam, temazepam and tetrazepam. The acetylated extract was analysed by comput-
erized gas chromatography-mass spectrometry. An on-line computer allowed rapid detection using
ion chromatography with ions m/z 205, 211, 230, 241, 245, 249, 312 and 333. The identity of positive
signals in the reconstructed ion chromatogram was confirmed by a comparison of the stored full mass
specira with reference spectra. The ion chromatograms, reference mass spectra and gas chromato-
graphic retention indices (on OV-101) are documented.

INTRODUCTION

1,4- and 1,5-Benzodiazepines are used as tranquilizers, hypnotics, anticonvul-

sants or muscle relaxants and rank among the most frequently prescribed drugs
11]. The number of individual benzodiazepines has doubled in the last few years.
They are often the cause of an intoxication, either alone or in combination with
other drugs or ethanol. Many patients form a dependence on these drugs. There-
fore, benzodiazepines are encountered frequently in clinical or forensic toxico-
logical analysis. Concentrations of benzodiazepines and their metabolites in urine
are higher than those in plasma, so that it is preferable to use urine for their

identification. However, some of the benzodiazepines and their metabolites are
*Dedicated to Professor Dr. Walter Rummel, Homburg/Saar, on the occasion of his 65th birthday.
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excreted in urine in a completely conjugated form. The conjugates are usually
cleaved by acid hydrolysis, which can be completed more quickly than enzymatic
hydrolysis. In this process the benzodiazepine molecules are decomposed to ben-
zophenones or analogues [2]. Detection of some of these hydrolysis products
using thin-layer chromatography (TLC) [3,4], gas chromatography (GC)
[3,5,6], high-performance liquid chromatography (HPLC) [7] and gas chro-
matography-mass spectrometry (GC-MS) has been described [8]. Other detec-
tion methods have been reviewed [4,9-11]. Some of the common benzophenones
cannot be detected by the TLC procedures. The selectivity and specificity of TLC,
GC and HPLC procedures are not sufficient for unequivocal identification.
Therefore, these methods must be confirmed by a second independent method,
specifically by GC-MS.

The GC-MS procedure of ref. 8 allowed the selective and specific detection of
the hydrolysis products of sixteen benzodiazepines. However, the sensitivity for
some of the hydrolysis products with primary amino or hydroxy groups was not
sufficient for detection at low concentrations. We improved the sensitivity by
acetylation.

A computerized GC-MS screening procedure for the identification and differ-
entiation of at least 29 1,4- and 1,5-benzodiazepines and their metabolites in urine
is described. This procedure has the additional advantage that several other cat-
egories of drugs may be detected simultaneously by searching for typical fragment
ions in the stored spectra.

EXPERIMENTAL

Apparatus

A Hewlett-Packard (HP Waldbronn, F.R.G.) Series 5890 gas chromatograph
was used in combination with an HP MSD Series 5370 mass spectrometer and
an HP Series 59970 C workstation. The GC conditions were as follows: splitless
injection mode; column, HP capillary (12 mx 0.2 mm I.D.), cross-linked methyl-
silicone, 0.33 um film thickness; column temperature, programmed from 100°C
to 310°C at 30°C/min, initial time 3 min, final time 5 min; injection port tem-
perature, 270°C; carrier gas, helium; flow-rate, 1 ml/min.

The MS conditions were as follows: scan mode; ionization energy, 70 eV; ion-
source temperature, 220°C; capillary direct interface heated at 260°C.

The exact measurement of retention indices was performed on a Varian (Palo
Alto, CA, U.S.A.) Series 3700 gas chromatograph. The column effluent was led
into a flame-ionization detector and into a nitrogen-sensitive flame-ionization
detector after a 1:1 split using a splitter made from nickel tubing. The column
was a steel tube (60 cm X2 mm I.D.) packed with Chromosorb G HP (100-120
mesh) coated with 5% OV-101. The column and injector temperatures were iden-
tical to those used for GC-MS, the temperature of the detectors was 270°C. Ni-
trogen was used as the carrier gas at a flow-rate of 30 ml/min.

Urine samples
The investigations were performed using urine samples from inpatients treated
with therapeutic dosages of benzodiazepines. The data for clonazepam, flunitra-
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zepam and nitrazepam were obtained from the analysis of urine samples from
intoxicated patients. When suitable samples from man were not available, urine
samples from rats were used (see Table I). Rats were administered between 20
and 80 mg/kg body weight of drugs in aqueous suspension by gastric intubation.

Hydrolysis and extraction procedure

A 10-ml volume of urine was refluxed with 3 ml of 37% hydrochloric acid for
15 min. Following hydrolysis, approximately 3 g of potassium hydroxide pellets
were added, and the resulting solution was mixed with 10 ml of 30% aqueous
ammonium sulphate to obtain a pH between 8 and 9. This solution was extracted
with a 10-ml portion of dichloromethane-isopropanol-ethyl acetate (1:1:3).
Phase separation was accomplished by centrifugation. The organic extract was
decanted and evaporated to dryness under vacuum.

Acetylation

The extracted residue was acetylated for 30 min at 60°C with 100 x4l of a mix-
ture of three parts of acetic acid anhydride and two parts of pyridine. The ace-
tylation mixture was evaporated to dryness, and the residue was dissolved in 100
yl of methanol. Between 0.5 and 2 pl of this sample were injected into the gas
chromatograph.

GC-MS analysis

Full mass spectra were recorded at a speed of 1 scan/s and stored on a hard disk
during the temperature-programmed GC analysis. The identity of positive signals
in the reconstructed ion chromatogram was confirmed by a comparison of the full
mass spectra with reference spectra (see Fig. 1).

RESULTS AND DISCUSSION

Table I summarizes the data collected during this study. Using the eight se-
lected ions for constructing the ion chromatograms allowed the detection of at
least 29 benzodiazepines and their metabolites. Most of the compounds are de-
rivatized by acetylation following hydrolysis (see Table I). The mass spectra
numbers referring to Fig. 1, the molecular masses, the species from which the
urine was assayed and the retention indices are listed in the table. The latter
indices were determined using temperature-programmed GC with flame-ioniza-
tion detection (FID) and nitrogen-sensitive FID. In our experience, retention
indices provide preliminary indications of drug class identity and may be useful
to workers without a GC-MS facility. Additionally, they allow distinguishing be-
tween isomeric compounds, which give very similiar mass spectra.

Data are only given for metabolites which were frequently found. Not all the
listed metabolites are detected in each sample due to inter-species (man/rat) or
inter-individual variations in metabolism or due to variations in the time elapsed
after administration. The mass spectra and retention indices of the less abundant
metabolites will be included in a forthcoming handbook [12].

The data of alprazolam, brotizolam, triazolam and their human metabolites
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were recorded only for the pure substances, because after therapeutic dosage the
levels were too low and no human samples with toxic dosages were available. Rat
studies were not suitable, because the detected metabolites were different from
those described for man [13-15].

Clotiazepam and its metabolites are destroyed during acid hydrolysis. Cloti-
azepam is excreted in urine only in small quantities and its metabolites are ex-
tensively conjugated. The latter can be detected in urine only after enzymatic
hydrolysis. The ions with m/z 217, 289, 318 and 434 are proposed for selective ion
monitoring in an acetylated extract.

Flunitrazepam, flurazepam, medazepam and midazolam are excreted in urine
almost exclusively as metabolites. In an overdose situation it is possible that the
parent compounds are also detectable in urine. Therefore these data are included
in the table.

Halazepam and oxoquazepam are not completely hydrolysed under the condi-
tions used. Therefore, the data of the intact molecules have been included.

The data of androsterone, cholesterol and an unknown endogenous biomole-
cule are included, because the presence of these physiological compounds was
indicated by the ion chromatograms.

Several artifacts were formed using the analytical procedure. The 1,4-benzo-
diazepinone molecules were decomposed to benzophenones and analogues. The
a-hydroxy metabolites of alprazolam, brotizolam and triazolam were partly al-
tered by elimination of formaldehyde (mass spectra 19, 37 and 57 in Fig. 1).
Dehydration was observed for cholesterol and the hydrolysis products of
bis (desethyl) flurazepam and dihydroxytetrazepam (mass spectra 4, 32 and 51).
Hydroxybromazepam, lorazepam and oxazepam formed artifacts by rearrange-
ment (mass spectra 1, 8, 11, 16 and 22). The normetabolites of clobazam were
cleaved and rearranged to benzimidazole derivatives (mass spectra 2, 23 and 38)
[8,16]. Tetrazepam and its two hydroxy metabolites (probably hydroxylated at
C-3’ and C-4’) were transformed into two cis/trans isomeric hexahydroacridone
derivatives each (mass spectra 6, 7, 25-28) [17,18]. Due to very low levels, the
other isomers of the reacted norhydroxytetrazepam could not be detected.

The full mass spectra used for the identification of the compounds are shown
in Fig. 1. They are listed in order of ascending mass of the highest ion. In case of
identical nominal mass values, the spectra are arranged in order of ascending
retention indices. Formulae are proposed for probable metabolite structures.

The identity of the peaks observed in the ion chromatograms can be positively
confirmed by the comparison of the underlying mass spectra with spectra of stan-
dards (Fig. 1 andref. 12). Therefore, interferences by other drugs are improbable.
However, some benzodiazepines lead to the same metabolites and/or to the same
hydrolysis products. In some cases the drug taken can be identified by the metab-
olite profile in urine. If necessary, the intact drug or its metabolites can be de-
tected in an extract of urine after enzymatic hydrolysis. The mass spectra and
indices of these compounds will be included in ref. 12.

The sensitivity of the method is sufficient to detect the majority of the benzo-
diazepines in urine following a single therapeutic administration. Clonazepam,
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Fig. 2. Ion chromatograms indicating the presence of the hydrolysis products of tetrazepam and its
metabolites (top). Amplified chromatogram in the region of the ion with m/z 249 (bottom).

flunitrazepam and nitrazepam were detected in human urine samples only after
an overdosage.

To illustrate the method, the ion chromatograms from a urine sample of a pa-
tient suspected to be intoxicated with benzodiazepines is shown in Fig. 2 (top).
The amplified chromatogram of the ion 249 is shown at the bottom of the figure.
Peaks 1 and 2 indicate the two isomers of the hydrolysis product of tetrazepam
and peaks 3-7 indicate the acetylated hydrolysis products of the metabolites of
tetrazepam (mass spectra 6, 7, 25, 26, 45, 27 and 28).

CONCLUSIONS

The presented procedure allows the rapid and selective detection of at least 29
1,4- and 1,5-benzodiazepines and their metabolites in urine. The method has the
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additional advantage that other classes of drugs can be detected simultaneously
by searching for typical fragment ions in the stored spectra. Ion chromatograms
typical for butyrophenones and bisfluorophenyl neuroleptics [19], anti-inflam-
matory analgesics [20], opioids and other potent analgesics [21], antidepres-
sants [22], phenothiazine and analogous neuroleptics [23], antiparkinsonian
drugs [24] and SB-blockers [25] have been published previously. Detection and
identification of antihistamines by GC-MS is in preparation [26]. Similar data
for other compounds of toxicological interest will be collected. Through utiliza-
tion of this technology nearly all relevant drugs will be detectable in urine or other
biological materials within 1-2 h following administration.
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