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Abstract

Background: Phenazepam (bromdihydrochlorphenylben-
zodiazepine) is the original Russian benzodiazepine tran-
quilizer belonging to 1,4-benzodiazepines. There is still
limited knowledge about phenazepam’s metabolic liver
pathways and other pharmacokinetic features.

Methods: To determine phenazepam’s metabolic path-
ways, the study was divided into three stages: in silico
modeling, in vitro experiment (cell culture study), and
in vivo confirmation. In silico modeling was performed
on the specialized software PASS and GUSAR to evaluate
phenazepam molecule affinity to different cytochromes.
The in vitro study was performed using a hepatocytes’
cell culture, cultivated in a microbioreactor to produce
cytochrome P450 isoenzymes. The culture medium con-
tained specific cytochrome P450 isoforms inhibitors and
substrates (for CYP2C9, CYP3A4, CYP2C19, and CYP2B6) to
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determine the cytochrome that was responsible for phen-
azepam’s metabolism. We also measured CYP3A activity
using the 6-betahydroxycortisol/cortisol ratio in patients.
Results: According to in silico and in vitro analysis results,
the most probable metabolizer of phenazepam is CYP3A4.
By the in vivo study results, CYP3A activity decreased suf-
ficiently (from 3.8 [95% CI: 2.94—4.65] to 2.79 [95% CI: 2.02—
3.55], p=0.017) between the start and finish of treatment
in patients who were prescribed just phenazepam.
Conclusions: Experimental in silico and in vivo studies
confirmed that the original Russian benzodiazepine phen-
azepam was the substrate of CYP3A4 isoenzyme.

Keywords: benzodiazepine; cell culture; computer mode-
ling; cytochrome P450; metabolic pathway; phenazepam.

Introduction

Phenazepam (bromdihydrochlorphenylbenzodiazepine)
is the original Russian benzodiazepine tranquilizer,
invented in 1975 by Pharmacology Research Institute
(Moscow) in the former USSR [1-3]. Phenazepam belongs
to 1,4-benzodiazepines (like diazepam, temazepam, oxaz-
epam, and nordazepam), and contains a bromine atom [1,
3, 4]. Phenazepam is a classical GABA agonist. The drug is
now produced and administrated in post-Soviet countries
(Russian Federation, Belarus, Lithuania, and other CIS
countries). The drug is used in a wide range of situations,
including the treatment of anxiety disorders, insomnia,
agitation, alcohol withdrawal syndrome, and seizures
[1, 5-7]. Daily dose can range from 1 mg to 10 mg (the latter
used particularly for alcohol withdrawal syndrome) [1, 2].
In other countries, phenazepam is notoriously misused
and taken recreationally [4]. This is due to phenazepam
being produced during the cold war for military purposes:
therefore, the drug was not known to the rest of the world
and was not included in the World Health Organization’s
drug registers [4]. Misusers store phenazepam as a powder
in small bags of up to 20 g. This is a highly potent benzo-
diazepine (like clonazepam), and misusers use the sub-
stance in dangerous quantities of over 2 g to relax. Fatal
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and life-threatening consequences are not rare among
phenazepam abusers [8, 9].

Although phenazepam was invented about 40 years
ago, there is still only limited knowledge about its meta-
bolic liver pathways and other pharmacokinetic features.
The half-life period is approximated between 7.5 and 60 h
according to several small studies in rats, miniature pigs
[10-12], and humans [13]. It was found that the meta-
bolic pathway is the mechanism of aromatic hydroxy-
lation with cytochrome P450 enzymes in the liver [13].
The three main metabolites of phenazepam were also
established (Figure 1): 3-hydroxyphenazepam, 5-bromo-
(2-chlorophenyl)-2-aminobenzophenone  (ABPH) (or
2-amino-5-bromo-2-chlorophenylbenzophenone [ABCB]),
and 6-bromo-(2-chlorophenyl) quinazoline-2-one (QNZ)
[1-3, 13]. It is worth noting that ABPH (ABCB) and QNZ
are only pharmacodynamically affected in overdose cases
[2, 4,8, 12].

However, there is a question — which cytochrome real-
izes the phenazepam’s metabolism? To date we only have
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Figure 1: Phenazepam and three main metabolites.
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an assumption that CYP3A isoenzymes are the most prob-

able metabolizers of phenazepam; however, there have

been no experimental or clinical studies to confirm the

assumption [3, 14, 15].

Determining the metabolic pathway of phenazepam is
important for the following:

1. Predicting unwanted drug—-drug interactions due to
intake of CYP450 substrates, inducers, or inhibitors
(as for patients as for abusers);

2. Investigating the pharmacogenetics of phenazepam’s
efficacy and safety (in countries where that drug is
used for treatment);

3. Narrowing the scope of further investigations of phen-
azepam’s pharmacokinetics in forensic, toxicology,
and clinical medicine.

The objective of the study was to determine the CYP450
isoenzyme that metabolizes phenazepam with digital
modeling (in silico) and experiment in cell cultures
(in vitro).
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(A) Phenazepam; (B) 3-hydroxyphenazepam; (C) 5-bromo-(2-chlorophenyl)-2-aminobenzophenone (ABPH) (or 2-amino-5-bromo-2-chloro-
phenylbenzophenone [ABCB]); (D) 6-bromo-(2-chlorophenyl) quinazoline-2-one (QNZ).
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Materials and methods

The present study was planned and designed by the authors, and the
research was approved by the Local Ethical Committee of Russian
Medical Academy of Continued Professional Education on 13.09.2016
(Protocol No. 9). The complete study was divided into three stages:
in silico modeling, in vitro experiment (cell culture study), and in vivo
confirmation.

First stage: In silico prediction of cytochrome P450-medi-
ated biotransformation of phenazepam

At this stage, cytochrome’s affinities to the phenazepam molecule
were evaluated. In silico modeling was performed on the specialized
software PASS [16, 17] and GUSAR [18] as well as the Metabolite Bio-
via database [19]. Prediction of Activity Spectra of Substances (PASS)
models the affinity of the substrate to the CYP450 isoenzyme. Mod-
eling is based on a training set that contains hundreds of substrates
with well-known metabolic pathways. ISIS BASE software were used
to build the training set. The “Metabolite BIOVIA” [BIOVIA Metabo-
lite Database] database was the main source of information. Phenaz-
epam’s chemical structure was presented in PASS as MNA descriptor
(MNA - Multilevel Neighborhoods of Atoms). Then, was used the
model of PASS “structure — substrate to the CYP450 isoenzyme” [17],
which gives 85% predictive accuracy in LOO CV.

Our in silico isoenzyme panel included the following CYP450
isoforms: 1A1, 1A2, 2A6, 2B6, 2C18, 2C19, 2C8, 2C9, 2D6, 2E1, 3A4, 3A5.

Second stage: In vitro biotransformation and identifica-
tion of human cytochrome P450 isozyme-dependent
metabolism of phenazepam

At this stage, the role of cytochromes CYP2C9, CYP3A4, CYP2C19, and
CYP2B6 in phenazepam’s biotransformation was investigated. Each
cytochrome was tested in a special experiment with both phenaze-
pam and specific inhibitors. The concentration of the main metabolite
— hydroxyphenazepam — was measured in the cultural medium after
the cell’s incubation in the microbioreactor with phenazepam, inhibi-
tors, and substrates of cytochromes P450. The influence of inhibitors
on hydroxyphenazepam’s concentration was measured to determine
the cytochrome associated with phenazepam’s metabolism. Sub-
strates of cytochromes were used in order to evaluate induction of
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isoenzyme by phenazepam. Cytochromes were chosen according to
their potential role in metabolism of benzodiazepines [15].

Cell culture: The HepaRG cells were cultured in Williams medium E
(Gibco, USA), supplemented with 2 mM L-glutamine (Gibco, Waltham,
MA, USA), 10% fetal bovine serum (HyClone, South Logan, UT, USA),
5 ug/mL recombinant human insulin (Gibco, USA), 50 uM hydro-
cortisone hemisuccinate (Sigma, St Louis, MI, USA), and 100 u/mL
penicillin and 100 ug/mL streptomycin (Gibco, USA). The cells were
differentiated in the same culture medium supplemented with 2% for
14 days [20].

HepaRG spheroids were formed in U-shaped 96-well plates with
low adhesion for 5 days, and incubated for additional 24 h in a serum-
free culture medium composed of Williams medium E supplemented
with of L-glutamine, insulin—transferrin—sodium selenite supple-
ment (Thermo Scientific, Waltham, MA, USA), 1 ug/mL bovine serum
albumin, 50 uM hydrocortisone hemisuccinate, 1% penicillin/strep-
tomycin solution (Gibco, USA), and a mixture of non-essential amino
acids (1 mM of glycine, L-alanine, L-asparagine, L-aspartic acid, L-glu-
tamic acid, L-proline, and L-serine), (Thermo Scientific, USA). HepaRG
spheroids were cultured in a Homunculus microbioreactor chip with
circulating medium flow and replaceable cell chips [21].

Cell incubation with test compound: HepaRG spheroids were
loaded into a microbioreactor chip (30 samples in each well), then
the culture medium was removed to dryness and replaced with a
culture medium (125 uL) containing specific cytochrome P450 iso-
forms inhibitors and substrates (the concentrations are indicated
in Table 1) and 1 uM phenazepam. Wells with medium containing
1 uM phenazepam without inhibitors and substrates were used as
a control.

HepaRG spheroids were incubated under continuous medium
flow perfusion for 24 h. After incubation, 100 uL of the medium was
removed and 35 pL of 20 °C acetonitrile was added to each aliquot.
Samples were analyzed for hydroxyphenazepam using an LC-MS to
determine the association with phenazepam’s metabolism.

Third stage: evaluation of CYP3A activity in patients
receiving phenazepam and carbamazepine

Seventy-four patients with non-complicated alcohol withdrawal syn-
drome were involved into this stage of research. Each patient was
included in 24 h from admission to hospital and excluded at sixth
day of treatment. Informed consent was collected from each partici-
pant (according to Helsinki Declaration of 1975, revised in 1983), and

Table 1: Substrates and inhibitors of CYP2C9, CYP3A4, CYP2B6, and CYP2C19 used in in vitro experimentation to investigate phenazepam’s

metabolic pathways.

CYP450 Substrates Inhibitors

Name Concentration Name Concentration K
CYP2B6 Bupropion 10 uM 2-Phenyl-2-(1-piperdinyl)-propane 1uM 5.1 uM[22]
CYP2C19 Omeprazole 20 uM (+)-N-3-benzyl-nirvanole 1um 0.7 uM [23]
CYP3A4 Testosterone 10 um Ketoconazole 1um 0.26 UM [24]
CYP2C9 Tolbutamide 40 uM Sulfaphenazole 5uM 0.13 uM [25]

K. - inhibition constant.
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individual charts and digital databases did not store any personal
information. Treatment comprised detoxication and phenazepam
in a mean daily dose of 6.13+2.09 mg. Ten patients were prescribed
carbamazepine 100 mg three times daily (300 mg/day) in addition
to phenazepam. In order to examine the activity of CYP3A, urine
samples were collected from each participant both at the moment of
inclusion and at the sixth day, strictly in the morning before 10 am,
and frozen immediately after collection and stored at —20 °C.

CYP3A activity was defined by the measurement of the 6-beta-
hydroxycortisol/cortisol ratio in urine samples.

Chromatography—mass spectrometry

In vitro samples: To determine hydroxyphenazepam concentration
in culture medium, the LC-MS analysis was performed on LCMS 8030
LC MS/MS system (Shimadzu, Japan) in MRM mode with ZORBAX
Eclipse Plus C18 column (4.6 x 150 mm, 5 um, Agilent, USA) at a flow
rate of 1 mL/min -1, 40 °C, gradient: 0-3 min, 100% phase A (0.425
vol.% formic acid in a 5% aqueous solution of acetonitrile); 3-11 min,
linear gradient from 100% to 60% phase A; 11-13 min, linear gradient
from 60% to 0% phase A; 13-15 min, 0% phase A; 15-18 min, linear
gradient from 0% to 100% phase B; 18-21 min, 100% phase B (0.425
vol.% formic acid in pure acetonitrile). MRM transitions for substrates
and their metabolites were described previously [20]. For hydroxy-
phenazepam, 366.95>321.00 MRM transition at 22 eV was used.

Invivo samples: The activity of CYP3A4/5 was assessed individually
for each subject. Two urine samples (collected at the first and sixth
day relatively) were used to determine the 6-betahydroxycortisol
and cortisol levels by high-pressure liquid chromatography (HPLC)
with Agilent G1978B Multimode Source for 6410 Triple Quade LC/MS
(Agilent Technologies, Inc., USA). Cortisol is a specific substrate of
CYP3A4/5 isoenzymes. The higher the rate of the 6-betahydroxycorti-
sol/cortisol ratio, the higher is the activity of CYP3A4/5. The current
method was modified by Smirnov V.V. (2010).

After the urine samples were defrosted, 4 mL of Ethyl Acetate/
Isopropanol (in volume ratio 85/15) mixture was added to 2 mL of
each sample. Samples were shaken for 10 min and centrifuged for
5 min at 1107g. The organic layer was separated, and extraction
was repeated. Then, 2 mL of 1M NaOH solution was added to the
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combined organic layers, and the samples were shaken for 10 min
and centrifuged. The organic layer was separated and evaporated
by vacuum evaporator. Samples were dissolved in 1 mL of ethanol
and analyzed by LC MS/MS. Determination of cortisol and 6-beta-
hydroxycortisol by HPLC under isocratic reversed-phase conditions
acetonitrile:water acid mobile phase (45:55) containing 0.1% of for-
mic acid with a flow rate of 0.5 mL/min in positive ion scan mode and
ultraviolet detection at 246 nm.

Statistical analysis

Statistical analysis was performed with SPSS Statistics 22.0. The
Mann-Whitney and Wilcoxon criteria were used to compare the
6-betahydroxycortisol/cortisol ratio between groups and to evaluate
changes after treatment.

Results

In silico analysis showed that the highest probability to
metabolize phenazepam had CYP3A4, CYP2B6, CYP2C19,
CYP2A6, CYP2C9, CYP2E1, and CYP3A5 isoenzymes, with
lower probability that the drug is substrate of CYP1A2 and
CYP2D6.

Results of computer modeling with PASS and General
Unrestricted Structure Activity Relationships (GUSAR)
packages are listed in Table 2. The Program “PASS (Pa-Pi)”
column contains the probability if phenazepam belongs
(Pa) to each CYP450 substrate or not (Pi); a higher rate
means higher probability. The “PASS (Affinity)” column
demonstrates quantitative rating of phenazepam’s affin-
ity to cytochrome’s active center. The “GUSAR” column
shows the qualitative assessment of phenazepam’s affin-
ity to CYP450 — “0” means “not substrate”, “1” means
“substrate”. Summarizing these results, we appropriated
a special “rank” to each cytochrome, or the individual

Table 2: Results of prognosis of phenazepam’s affinity to CYP450 isoenzymes according to PASS and GUSAR.

Isoenzyme Number of substrates PASS (Pa-Pi) PASS (Affinity) GUSAR Rank
CYP1A1 301 0.244 0.000 0 0.244
CYP1A2 679 0.464 0.088 0 0.553
CYP2A6 282 0.730 0.293 1 2.023
CYP2B6 344 1.000 0.514 1 2.514
CYP2C18 42 0.084 0.004 0 0.088
CYP2C19 504 0.600 0.449 1 2.048
CYP2C8 302 0.000 0.082 0 0.082
CYP2C9 515 0.691 0.316 1 2.007
CYP2D6 669 0.298 0.067 0 0.365
CYP2E1 426 0.533 0.087 1 1.620
CYP3A4 1413 0.578 1.000 1 2.578
CYP3A5 300 0.582 0.416 0 0.998
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probability that phenazepam would be the substrate of
current cytochrome. Our analysis defined CYP3A4 as the
main pathway of phenazepam’s metabolism.

In vitro

The next step — the in vitro experiment — confirmed the
in silico results for CYP3A4. The CYP3A4 specific inhibitor
ketoconazole significantly decreased the concentration of
hydroxyphenazepam in microbioreactor (Figure 2). Inhibi-
tors of CYP2C19, CYP2C9, and CYP2B6 did not change the
hydroxyphenazepam concentration, and their role in its
pharmacokinetics is doubtful. An interesting finding in
experiments with specific substrates was that phenaz-
epam induced activity of CYP2B6: there was substantial
increasing of 6-hydroxybupropion, the metabolite of
bupropion (Figure 3).

Clinical study of CYP3A activity in
patients which were prescribed
phenazepam

We have measured CYP3A activity by the 6-betahydroxy-
cortisol/cortisol ratio in patients. Among our sample, we

had 64 patients who were prescribed phenazepam as mon-
otherapy and 10 patients who had added carbamazepine

Hydroxy phenazepam, inhibitors

—
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Concentration, %
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Figure 2: Concentration of phenazepam’s metabolite hydroxyphen-
azepam in five experiments with CYP450 inhibitors in microbioreac-
tor “Homunculus”.

PPP, 2-phenyl-2-(1-piperdinyl)-propane (1 uM).
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Figure 3: Concentration of phenazepam’s metabolite hydroxyphen-
azepam in five experiments with CYP450 substrates in microbioreac-
tor “Homunculus”. “Mix” — mix of CYP450 isoenzymes’ substrates.
Each plot defines concentration of substrate’s metabolite with (right
plot) and without (left plot) phenazepam. Bupropion’s metabolite
concentration was higher when Phenazepam was added to mix, that
says about inducible effect on CYP2B6.

in a fixed dose of 300 mg per day. Characteristics of
patients are summarized in Table 3.

There were no relationships between the dose of
phenazepam and the 6-betahydroxycortisol/cortisol
ratio changes — the Spearmen correlation coefficient was
r=0.092 (p=0.442) (Figure 4).

We evaluated CYP3A activity twice: at the first and
sixth day of treatment. It was expected that carbamaze-
pine induces enzyme’s activity. Unfortunately, our sample
size was insufficient to confirm or reject that hypothesis:
although the 6-betahydroxycortisol/cortisol ratio increased
at the sixth day, the p-value difference between the first and
sixth day for that subgroup was 0.285. However, there was
significant difference between the start and finish of treat-
ment in patients who were prescribed only phenazepam.
As shown in Table 4, CYP3A activity decreased sufficiently
(from 3.8 [95% CI: 2.94-4.65] to 2.79 [95% CI: 2.02-3.55],
p=0.017). It was interesting that the initial 6-betahydroxy-
cortisol/cortisol ratio was significantly smaller in the phen-
azepam + carbamazepine subgroup (1.7 +0.79 vs. 3.8 £3.39,
p=0.014). Be that as it may, at the sixth day, we observed
inversion of that picture. Figures 5 and 6 demonstrate the
changes to the 6-betahydroxycortisol/cortisol ratio in the
two subgroups.

We also compared the magnitude of the change in the
6-betahydroxycortisol/cortisol ratio between the patient
subgroups. There were no significant differences.
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Table 3: Main characteristics of patients involved in clinical study.
Overall sample Phenazepam Phenazepam+ p-Value
(n=74) monotherapy Carbamazepine between
subgroup (n=64) subgroup (n=10) subgroups
(Mann-
Mean Sbh Mean SD Mean Sbh Whitney test)
Age, years 41.69 8.25 41.98 8.38 39.80 7.41 0.462
Phenazepam daily dose, mg 6.50 2.08 6.55 1.98 6.20 2.70 0.859
Cortisol concentration in urine at first 1753.91 936.23 1713.38 942.63 2009.21 898.42 0.344
day, ng/mL
6-Betahydroxycortisol concentration 4212.66 1744.76 4359.83 1662.39 3285.53 2051.59 0.095
in urine at first day, ng/mL
6-Betahydroxycortisol/cortisol ratio 3.51 3.24 3.80 3.39 1.70 0.79 0.0142
at first day
Cortisol concentration in urine at 1889.73 925.13 1969.40 936.23 1387.82 695.89 0.07
sixth day, ng/mL
6-Betahydroxycortisol concentration 3536.00 1775.69 3603.93 1733.84 3108.06 2068.69 0.336
in urine at sixth day, ng/mL
6-Betahydroxycortisol/cortisol ratio 2.84 3.15 2.79 3.04 3.17 3.99 0.797

at sixth day

SD, standard deviation. 2Significant difference, p <0.05.

Discussion

The present study is the first effort to establish the meta-
bolic pathways of phenazepam in the liver. We have used
an experimental approach as the first step to this study.
The achieved results confirmed the role of CYP3A iso-
enzymes in phenazepam’s metabolism. In silico and in vitro
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Change of 6BHC/C ratio 1-6 days

Figure 4: Scatter plot of relationship between phenazepam daily
dose and 6-betahydroxycortisol/cortisol ratio change between 1st
and 6th days of treatment.

Spearmen correlation coefficient — r=0.092 (p=0.442). Phen —
Phenazepam. 6BHC/C — 6-betahydroxycortisol/cortisol ratio. Phar-
macotherapy: Phen - patients which were prescribed Phenazepam
only; Phen + Carb — patients which were prescribed Phenazepam
and Carbamazepine. Units: Phenazepam dose — mg.

studies independently indicated CYP3A4 as the most prob-
able isoenzyme to oxidate phenazepam. Computer mod-
eling has rejected CYP3A5 and attributed it to the group of
“minor probability of metabolism”. This is strange because
CYP3A4 and CYP3A5 share up to 80% of their substrates
[26]. It could be explained by the lack of data with regard
to the CYP3A5 substrates in the training set databases of in
silico methods. With this knowledge, it would be careless
to conclude that phenazepam is the specific substrate of
CYP3A4. We suppose that CYP3A5 also metabolizes phenaz-
epam; although we did not have an opportunity to confirm
this because CYP3A5 expression is gene-determined
(for example, CYP3A5*3 polymorphism carriers express
CYP3A5, which might replace CYP3A4 in a liver [26]), and
HepaRG cells only had a CYP3A4 isoenzyme. Consequently,
this issue remains open for further research.

The observed fact that phenazepam acts as an induc-
tor of CYP2B6 is a new and important finding. Although
there was no statistical significance, further studies are
essential to confirm or reject it. Bupropion is widely pre-
scribed as an antidepressant. Therefore, the risk of drug—
drug interactions with phenazepam should be known and
provided to practitioners.

The clinical part of the study was conducted on inpa-
tients who were prescribed phenazepam. It was quite
difficult to build the sample of patients taking phenaz-
epam with CYP3A inhibitors and inductors. However,
10 patients were also prescribed carbamazepine, so we
evaluated CYP3A activity in conditions similar to “prob-
able substrate + inductor” in that subsample. There was
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Table 4: Comparisons of 6-betahydoxycortisol/cortisol ratio between subgroups and its change during treatment.

Comparison Subgroup Overall sample Phenazepam Phenazepa+Carbamazepine
n 74 64 10
6-Betahydroxycortisol/ Mean +SD 3.51+3.24 3.8+£3.39 1.7+0.79
cortisol ratio between 95% Cl (Lower bound — Upper bound) 2.75-4.26 2.94-4.65 1.14-2.26
subgroups at first day p-Value between groups (Mann-Whitney test) - 0.0142
6-Betahydroxycortisol/ Mean +SD 2.84%3.15 2.79£3.04 3.17+3.99
cortisol ratio between 95% Cl (Lower bound - Upper bound) 2.1-3.57 2.02-3.55 0.32-6.02
subgroups at the sixth day ~ p-Value between groups (Mann-Whitney test) - 0.797
Change of Mean +SD -0.68+3.82 -1.03+3.78 1.46+3.56
6-betahydroxycortisol/ 95% Cl (Lower bound — Upper bound) -1.58t00.22 -1.99t00.67 -1.09to 4.02
cortisol ratio between first ~ p-Value between first and sixth days 0.052 0.0172 0.285
and sixth days (Wilcoxon test)
SD, standard deviation. 2Significant difference, p <0.05.
20.00 - 20.004
55 48
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Figure 5: Comparison 6-betahydroxycortisol/cortisol ratio between
“Phenazepam” and “Phenazepam + Carbamazepine” subgroups at
1st day.

6BHC/C — 6-betahydroxycortisol/cortisol ratio. Phen — patients
which were prescribed Phenazepam only; Phen+ Carb — patients
which were prescribed Phenazepam and Carbamazepine. Digits are
patients’ ID.

decrease in CYP3A4/5 activity in patients who were treated
with phenazepam as monotherapy, and the absence of the
same effect in subgroup “Phenazepam + carbamazepine”.
However, if we look at numerical results, there was an
increase of the 6-betahydroxycortisol/cortisol ratio in the
latter subgroup (non-significant). Consequently, we only
can speak about the influence of phenazepam on CYP3A
activity. Moreover, according to the results of the in vitro
study, inhibitory effect must be excluded. It is highly
probable that phenazepam is the substrate of CYP3A4/5
(according to in silico modeling, only CYP3A4).

Figure 6: Comparison 6-betahydroxycortisol/cortisol ratio between
“Phenazepam” and “Phenazepam + Carbamazepine” subgroups at
6th day.

6BHC/C - 6-betahydroxycortisol/cortisol ratio. Phen — patients which
were prescribed Phenazepam only; Phen + Carb - patients which were
prescribed Phenazepam and Carbamazepine. Digits are patients’ ID.

Limitations

We had no potency to evaluate the role of CYP2A6 and
CYP2E1 isoenzymes in phenazepam’s metabolism by
in vitro experiment. There were no cell cultures able to
produce these enzymes and suitable substrates and inhib-
itors. That part will be conducted in further studies. This
study is more experimental than clinical, because there
were no strict rules for the in vivo section. We had no phar-
macokinetic data for phenazepam in study participants,
subgroups intaking concurrent substrate of CYP3A4
(midazolam) and inhibitor (ketoconazole). In addition, we
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had no capability to phenotype CYP2A6 and CYP2E1 activ-
ity — these enzymes were potential phenazepam metabo-
lizers according to the in silico results. The scientific value
of our experiment is in the in vitro and in silico studies that
highlighted the still unknown liver metabolic pathway of
phenazepam. The in vivo section was the effort to observe
how phenazepam changes CYP3A activity in real clinical
practice, and interactions with concurrent prescription of
carbamazepine (a common combination for treatment of
alcohol withdrawal syndrome).

Conclusions

Experimental studies — computer modeling and cell
culture experiments in a microbioreactor — have con-
firmed that the original Russian benzodiazepine phen-
azepam is the substrate of CYP3A4 isoenzyme. That fact
must be kept in mind as a source of unwanted drug-drug
interactions, both in general medicine as well as in foren-
sic toxicology. Moreover, CYP3A4 might be considered as
a gene candidate in pharmacogenetics studies of phenaz-
epam. More concise studies with pharmacokinetic knowl-
edge of phenazepam are essential to confirm the achieved
results in humans.
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