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DETECTION OF ULTRA-LOW CONCENTRATIONS OF BROMODIHYDROCHLOROPHENYLBENZODIAZEPINE
(PHENAZEPAM) AND ITS METABOLITES IN BIOLOGICAL OBJECTS
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In extreme situations, reliable detection of the minimum therapeutic concentrations of psychotropic substances is important, since this allows one to provide
adequate resuscitation. The group of benzodiazepine derivatives, which includes bromodihydrochlorophenylbenzodiazepine (phenazepam), is widely used in
clinical practice. Along with the positive clinical effect, phenazepam has numerous side effects, capable of causing poisoning, even death. The study was aimed to
develop the method for detection of the phenazepam metabolites by high-resolution HPLC-TMS suitable for achieving the aims and objectives of forensic medical
expertise in case of the ultra-low urine substance concentrations. Urine of six patients (males and females aged 28-40), who were prescribed phenazepam and
took the drug at minimum therapeutic concentrations on an ad hoc basis, was used during the study. Optimum conditions for the analyte chromatography after
the urine sample preparation were defined with the phenazepam retention time of 7.05 + 0.06 min; specific ions (m/z) 179, 183, 206, 242, 271, 285, 320, 348
(main) were defined for identification of phenazepam.
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OBHAPY>XEHUE BPOMANTMAPOXJIOP®EHUIIBEH30ONASENMNHA (PEHASEIMNAMA) U EFO
METABOJIUTA B BUOJIOTMYECKOM OBBbEKTE MNMPU CBEPXHU3KNX KOHLIEHTPALNAX
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T Poccuiickuin LeHTp cynebHo-MeanUMHCKOM akenepTuabl, Mocksa, Poccurst
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B aKkcTpemManbHbix CrTyaumsx BaxkHa pofb AOCTOBEPHOrO OBHAPYXXEHUS MCUXOTPONMHbIX BELLECTB NPV MUHUMATbHBIX TepaneBTUHECKNX KOHLEHTPaLMSX, YTO
MO3BOMT MPOBOAWTb aeKBATHYIO PeaHVMALWOHHYIO Tepanuio. B MeAMLIMHCKOM NpaKTVIKe LUMPOKO MCMOSb3YIOT Fpynny MPOU3BOAHbIX OEH30AMAa3enHOB, CPeam
KOTOPbIX 6pOMANTNAPOXIOPdEHNOeH30ana3en H (eHasenam). NMoMMMO NONOXKUTENBHOMO KIMHUYECKOro addexTa deHasenam obnafaeT OoMbLLINM YUCIIOM
no6o4HbIX 3PHEKTOB, CNOCOOHBIX MPVBECTY K OTPaBNEHVSIM BMNIOTb A0 NeTanbHOro ucxoda. Lienkto nccnenosaris 6bi1o paspaboTtaTtb METOANKY OBHapY KeHs
mMeTabonuToB heHadenama metogom BOXKX-TMC BbICOKOro paspelueHrst Ans uenei 1 3agad cyaebHO-MeanUMHCKON SKCNepTnabl Mpu HaIMHMM CBEPXHU3KIX
KOHLIEHTpaLwmii B Mo4e. B nccnegoBaHnm MCNonb30Bam MOy LLIECTU MALMEHTOB (My>KHMH U XKEHLIVH B Bo3pacTe 28-40 neT), NpuH1MaBLLnx deHasenam B
MUHVMANBHbBIX TEpaneBTUHECKMNX KOHLIEHTpaLMaX B pa3oBbIx CAy4asx, MO HasHadeHuto Bpada. 1o pesynsrtatam vccnefoBaHys paspaboTaHbl OnTUManbHbIe
YCNOBYS XpoMaTorpadrpoBaHns aHanMToB Nocne NPOBOMOATOTOBKN MO4M, C BPEMEHEM yaepxmBaHus heHadenama 7,05 + 0,06 MVH, BbISiBNEHbI XapakTepHble
NoHbI (M/z) 179, 183, 206, 242, 271, 285, 320, 348 (0CHOBHOW) ANs naeHTUdMKaumm heHasenama.

KntoyeBble cnosa: deHasenam, bpomanrngpoxnopdeHnnbeHsoamasenit, 3-rugpokcrdeHasenam, BbICOKOIMMEKTMBHAA KNOKOCTHAA xpomaTorpadus,
CyLEe6HO-XMMNHECKOE UCCNEefOBaHME, XUMMKO-TOKCUKONOMMHECKNI aHanm3, Mova
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In extreme situations, reliable detection of the minimum
therapeutic concentrations of psychotropic substances
is important, since this allows one to provide adequate
resuscitation. Currently, benzodiazepine derivatives are among
the most common psychotropic medications used in patients
with anxiety disorders and other psychosomatic disorders.
Bromodihydrochlorophenylbenzodiazepine (phenazepam) is
the most potent benzodiazepine commonly used in medical
practice [1-5]. Along with the positive clinical effect it has
numerous side effects [6], which, in case of inappropriate
medication use or non-medical use, may result in poisoning
and even be fatal [7-9].

Bromodihydrochlorophenylbenzodiazepine is a benzodiazepine
anxiolytic agent (tranquilizer) possessing anxiolytic, sedative-
hypnotic, anticonvulsant and central muscle relaxant effects.
The chemical name is 7-bromo-5-(orthochlorophenyl)-2,3-
dihydro-1H-1,4-benzodiazepin-2-one; the molecular formula
is C, H,,BrCIN,O; in the Russian Federation, the compound is
known mostly under the brand name of “Phenazepam”. The
dosage forms are 0.5, 1.0 and 2.5 mg tablets [10], and the
1 mg/mL solution, 0.5 and 1.0 mL [11]. Bromodihydrochlorop
henylbenzodiazepine is a prescription drug (prescription form
Ne 148-1/u-88). As a potent substance, in 2021 it became
a controlled drug. To phenazepam, the risk of substance
abuse and withdrawal syndrome remains rather high, which
is the cause of the poisoning cases. Side effects, such as
hallucinations, euphoria, etc., define the abuse potential of the
drug [1, 9].

Phenazepam is used in small quantities because of its
huge therapeutic effect. The possibility of the effect manifold
potentiation by other substances entails low concentrations of
the substance in the body's biological objects. Non-medical
use, combinations with other psychotropic medications or
alkohol, and side effects may result in acute or fatal phenazepam
intoxication, that is why development of the method for detection
and identification of the ultra-low substance concentrations in
biological objects using the advanced techniques still remains
an urgent challenge posed by forensic chemistry and chemical
toxicology studies. Simultaneous detection of the phenazepam
metabolites and native substance (bromodihydrochlorop
henylbenzodiazepine) makes it possible to actually verify the
substance use by patient/victim and confirm the lack of false
positive result in case of falsification in the form of adding the
substance to the biological object. The most common non-
invasive biological object used in medical laboratories (including
the chemical toxicology laboratories) is the biological fluid, urine
[12,13].

Today, high performance liquid chromatography—tandem
mass spectrometry (HPLC-TMS) is successfully used as
a reliable, selective and sensitive method for screening,
identification and quantification of small molecules [14-16].
The study was aimed to develop the method for detection
of phenazepam and its major metabolite by high-resolution
(HR) HPLC-TMS based on the Orbitrap technology suitable

Table 1. Mobile phase gradient
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for achieving the aims and objectives of forensic medical
expertise in case of the ultra-low substance concentration in
the biological object (urine).

METHODS

Urine samples were collected from patients (n = 6) in the
morning on an empty stomach 8 + 1 h after administration of
the therapeutic concentrations of phenazepam (in tablets of
1 mg), prescribed due to psychosomatic disorder. Inclusion
criteria: initial medication administration allowing to avoid
deposition and concentration increase in the human body.
Exclusion criteria: patients with comorbidities currently taking
psychotropic medications; kidney disease; age over 45 or
under 25. The average age of both male and female patients
was 34 + 6 years. The samples of biological fluid were collected
anonymously using the non-invasive procedure on a voluntary
basis, with the consent of the patient.

Bromodihydrochlorophenylbenzodiazepine, the active
ingredient of phenazepam (LP-005121-191018), was assessed
after purification of excipients. The working standards (WS)
were prepared: alcohol solution containing 1 mg/mL of the test
substance.

The following was used for assessment: high-resolution
HPLC-TMS and Orbitrap technology [15, 16]; Orbitrap Exploris
120 mass spectrometer (ThermoFisher Scientific; USA), being
the OrbitrapTM standalone unit with the atmospheric pressure
chemical ionization (APCI) source for high-performance liquid
chromatography—mass spectrometry.

Because of the phenazepam side effects being rather
intense for benzodiazepine derivatives when referred to the
forensic medical examination in order to perform chemical
toxicological analysis, sample preparation was performed in
accordance with the generally accepted procedure, developed
for benzodiazepines derivatives. Phenazepam was isolated
in two ways: 1) with no hydrolysis: 5 mL of native urine were
alkalinized to pH 10 by adding sodium hydroxide (3—-6 mL);
2) byhydrochloric acid hydrolysis and subsequent liquid-liquid
extraction: 5 mL of concentrated hydrochloric acid were added
to 5 mL of the first-void urine and heated in the closed tube in a
boiling water bath for an hour (acid hydrolysis). Then the solution
was neutralized by alkalinization with 60% sodium hydroxide
to pH 10. Both options involved the subsequent chloroform
extraction repeated two times: 10 mL in the separatory funnel,
manually shaken moderately for 3 min. After settling chloroform
was poured into the evaporating dish and evaporated to
dryness on a water bath; solid residue was dissolved in 0.5 mL
of acetonitrile and subjected to assessment.

Chromatographic conditions, HR HPLC-TMS
Thermo Scientific Xcalibur 4.4 software (Thermo Scientific; USA),

TF Accucore PhenylHexyl column (100 x 2.1 mm, 2.6 mm) with
the column temperature of 30 °C were used.

Time, min Liquid phase flow rate, mL/min Mobile phase A, % Mobile phase B, %
0 0.5 99.0 1.0
1.0 0.5 99.0 1.0
10.0 0.5 1.0 99.0
1.5 0.5 1.0 99.0
12.0 0.5 99.0 1.0
13.5 0.5 99.0 1.0
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Table 2. Results of urine analysis by HR HPLC-TMS

. Theoretical mass of Experimental mass of Retention time, min Statistical parameters of
Substance Elemental composition . . - R
protonated ion, m/z protonated ion, m/z (n=6) retention time
02 =0.00572;
e
Phenazepam C,;H,,BrCIN,O 349.61 348.97 (6.98; 7.05; 6.95; 7.15; - S
7.06;7.11) A/m, =-0.07035;
T E/m, = -2.14563;
a=0.05667
02 = 0.00756;
o
3-hydroxyphenazepam C,;H,,BrCIN,O, 365.61 364.97 (6.65; 6.88; 6.77; 6.85; T
6.70: 6.77) A/m_=-0.08377
T E/m, =-2.12896
a =0.06333

Note: 0® — variance, o — standard deviation; V — coefficient of variation; A/m, — ratio of skewness to its error; E/m_— ratio of kurtosis to its error; a — mean deviation.

The combined mobile phase was previously prepared.
To increase the speed of analysis and reduce the width of
chromatographic peaks we used different gradients altering
the composition of mobile phase and changed the flow rate of
the delivered mobile phase. Mobile phase in the gradient mode:
mobile phase A — 2 mM ammonium formate with 0.1% formic
acid in water (pH 3.0), mobile phase B — 2 mM ammonium
formate with 0.1% formic acid in the acetonitrile methanol
mixture (1 :1). The flow rate was 0.5 mL/min. The gradient
mode details are provided in Table 1.

Detection was performed in the data-dependent acquisition
mode. The full scan-ddMS2 mode was as follows: scan range
100-1000 m/z; RF Lens 50%, high resolution data acquisition
(Orbitrap, 120,000 FWHM). Automatic scan range mode.
Automatic detection of the ion injection time. Intensity threshold
for fragmentation 2000. Peak detection 30%, isolation window
1 m/z, stepped collisional energy mode, absolute collision
energy. Higher—energy collisional dissociation (HCD) of 15, 30, 45%.
Fragment resolution of 30,000. Detection windows were
adjusted by routine laboratory method in order to optimize
the conditions of the qualitative and quantitative analysis. lon
exclusion mode was used after acquisition of one spectrum
in3s.

The system was fitted with the ion source, the following
settings were used: H-ESI ion source; positive-ion electrospray
voltage of 3500 V; negative-ion electrospray voltage of 2500 V.
Nebulizer gas — nitrogen 50 AU, auxiliary gas — nitrogen
13 AU. Capillary temperature — 280 °C; evaporation source
temperature — 350 °C. Built-in mass calibration EASY-IC™
(fluoranthrene).

After cromatography, native compound, phenazepam, and
its metabolite were identified using the mass spectral libraries:
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TRACEFINDER 5.1 SP1; TOXFINDER 1.0; EFS_HRAM_
Compound_Database; Toxicology_HRAM_Compound_Database;
Thermo Scientific™ mzVault HRAM MS/MS spectral library;
COMPOUND DISCOVERER 3.1; MzCloud.

Student's t-test was used for statistical data processing.
The differences were considered significant at p < 0.05.

RESULTS

The use of the selected scan mode made it possible to reach
maximum sensitivity (due to the lack of collisional losses), which
was essential for evaluation of the temporal detection windows,
since the method, optimized for fast separation, could yield
false-negative results due to low scan speed, whereas the
significantly increased scan speed could result in the significantly
reduced signal intensity, which was very important for detection
of the low (therapeutic) concentrations of metabolites in
biological fluids (urine). Chromatographic conditions, i.e. the
mobile phase gradient combined with the temperature made it
possible to reduce the quantity of compounds co-eluted from
urine, and ensured reliable results (Fig. 1 and 3).

When performing isolation after hydrolisis, only the peak
of phenazepam was observed (no 2-amino-5-bromo-2'-
chlorobenzophenone was detected); peaks of phenazepam
and 3-hydroxyphenazepam were observed when using no
hydrolisis.

Phenazepam and its metabolite 3-hydroxyphenazepam
were identified on the chromatograms using the selected ion
approach. Detection was performed based on the retention
time values with subsequent identification following the analysis of
specific ions on the mass spectra of these compounds. Statistical
analysis of the retention time values is provided in Table 2.

T T T
1 2 3 4 5 6 7

Time (min)

Fig. 1. Selected ion chromatogram (m/z 348) of the chloroform extract of urine containing phenazepam
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Fig. 3. Selected ion chromatogram (m/z 348) of the chloroform extract of urine containing 3-hydroxyphenazepam

In the body, phenazepam is metabolized to
3-hydroxyphenazepam. The percentage of native phenazepam
excreted from the body is 47-89%, that is why identification
is possible, and it is recommended to perform identification
based on phenazepam.

Along with retention time, spectral characteristics of the
test substances are considered a significant factor when
performing identification (Fig. 2).

Statistical data processing and validation study (Table 3) were
performed using the following parameters: analyte carryover
assessment, determination of interference effects, ionization
suppression/enhancement [17]. Parameters of validation
characteristics met the acceptance criteria.

DISCUSSION

The acquired full range spectra of the test substances with
the dissociated mass spectra of ions specific to the molecular
fragments in various functional groups make it possible to
distinguish ions specific to phenazepam: 179, 183, 206, 242,
271, 285, 320, 348 (main) m/z.

According to the data presented in Table 3, a specific ion
could be distinguished for each test compound, however,
identification requires the use of at least five. During the study

it is possible to perform analysis in the selected ion monitoring
(SIM) mode using the selected ions. lon at m/z 348 is the most
intense ion in the mass spectra of phenazepam. It should
be noted that ions of the “non-informative” range (i.e. below
150 AMU) are present in both test compounds, that is why
identification results are heavily influenced by the components
of the studied sample matrix and the “background” of the
chromatography column. Therefore, it is recommended to use
optimum data exceeding 150 AMU.

CONCLUSIONS

The method for identification of phenazepam in urine extracts
by HR HPLC-TMS using the Orbitrap technology, allowing one
to detect the ultra-low concentrations of phenazepam in the
human biological objects (such as urine), has been developed, to
be used in forensic chemistry and chemical toxicology studies.
The retention time of the metabolite 3-hydroxyphenazepam
after oral administration have been discovered and determined,
specific ions to be used for identification have been defined.
The method has been validated using the following parameters:
analyte carryover assessment, determination of interference
effects, ionization suppression/enhancement; according to
these parameters, the method meets the acceptance criteria.

Table 3. Assessment of the parameters of validation characteristics used for identification of phenazepam and its metabolite by HR HPLC-TMS

Parameter

Result

Analyte carryover assessment

No analyte carryover revealed for 10 ng/mL

Determination of interference effects

No interference effects in the group of medications — metabolites of other
benzodiazepine receptor agonists (clobazam, zaleplon, phenazepam)

lonization suppression/enhancement

from -4,1t0 1,1%
RSD < 11%
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