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Abstract:

The kinetics of excretion of the novel tranquilizer cinazepam (3-hydroxy-7-bromo-5-(ortho-chlorophenyl)-1,2-dihydro-3H-1,4-

benzdiazepin-2-one hemisuccinate (I)) in mice after a single administration and different schemes of multiple administration were

determined. Mass balance was studied daily in excretions of mice (feces and urine) for 5–10 days. We observed that monoexponen-

tial renal excretion of 14C-cinazepam and its metabolites predominated with all dosage regimens. Cinazepam and its metabolites

were almost fully (> 90%) eliminated in urine and feces over the period of study (5–10 days), which means that no significant accu-

mulation of the drug in the body occurred. The kinetic parameters of drug excretion were not significantly different after a single in-

jection compared with those following multiple doses of 14C-cinazepam administration. This finding suggests the absence of

induction (repression) of enzymatic systems after multiple administration and lack of influence on the kinetic scheme of cinazepam

elimination from mice.

In our work, we also presented a modification of the Mansgeldorf’s method for analysis of kinetic parameters during multiple

administration of the tranquilizer. We demonstrated that our modified approach could be equally and efficiently applied for

interpreting experimental data during a single dose administration and after chronic administration of xenobiotics. The use of this

method made it possible to evaluate the relative efficiency of elimination processes and to find current values for excretion constants

during sampling intervals.
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Introduction

Cinazepam was synthesized at the Bogatskii Institute

of Physical Chemistry of the National Academy of

Science of Ukraine. It has now completed the pre-

clinical stage of drug development and started clinical

trials [1]. Cinazepam (I) is a novel 1,4-benzodiazepine

drug possessing hypnotic and anxiolytic activity with-

out producing myorelaxant side effects. Another im-

portant feature of cinazepam is that drug administra-

tion does not lead to violation of the sleep structure

[2, 11, 20].

Cinazepam has several advantages over conven-

tional benzodiazepines. With cinazepam, the continu-

ity of slow-wave sleep and paradoxical sleep are pro-

portionally increased in contrast to many known hyp-

nosedative drugs, such as diazepam, flunitrazepam
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and zopiclone [4, 6–12, 13, 16, 20]. Also, a water-

soluble cinazepam salt may be obtained, which is es-

sential for injection preparation.

Previously, we studied the metabolism and phar-

macokinetics of cinazepam in experimental animals

[23, 28, 29]. However, neither the excretion pattern of

cinazepam and its metabolites nor their accumulation

in tissues during prolonged administration have been

investigated.

In the present study, we investigated the excretion

of ��C-cinazepam in mice that received a single injec-

tion or one of various multiple-administration regi-

mens of the drug. Conventional approaches, such as

the Mansgeldorf’s method, Kezdy-Swinbourne method

or Guggenheim method (most commonly used in

chemical and enzyme kinetics), can be correctly ap-

plied for discrimination, qualitative identification and

general quantitative analysis of the xenobiotic mass

transfer between the body and environment after only

a single drug administration [5, 16, 22, 26, 27]. There-

fore, to estimate mass transport processes of ��C-

cinazepam in the body during multiple administra-

tions for this study, a modification of the conventional

methods was proposed.

Materials and Methods

This study was conducted according to the principles

of the “Declaration of Helsinki”. Experimental proto-

cols were approved by the Ethics Committee of the

Pharmacological Committee of Ukraine and carried

out in strict accordance with the Ethics Committee

regulations for the use of experimental animals.

Animals

The experiments were performed on female outbred

mice weighing 18–24 g. The animals were obtained

from the breeding facility of the Odessa State Medical

University (Odessa, Ukraine) and housed in groups of

eight to ten animals per cage. The mice were kept at

room temperature under a continuous 12 h light-dark

cycle and were provided with food and water ad libi-

tum.

Experimental procedures

The pharmacokinetics of cinazepam was studied

using labeled 14C-3-hydroxy-7-bromo-5-(ortho-chlo-

rophenyl)-1,2-dihydro-3H-1,4-benzdiazepin-2-one he-

misuccinate (14C-I, 0.30 Ci/mol) (Institute of Physical

Chemistry, Odessa, Ukraine).

Cinazepam elimination was investigated after

a single injection and during different multiple admin-

istration regimens of the drug as follows: group I ani-

mals received a single intraperitoneal administration

of ��C-I (14 mg/kg) only; group II mice received

a single injection of ��C-I (14 mg/kg) after repeated

intraperitoneal administrations of non-labeled cinaze-

pam (14 mg/kg per day) for 5 days; and mice from

group III received chronic intraperitoneal injections

of ��C-I (14 mg/kg per day) for 5 days.

Mass balance was assessed daily in excretions

(feces and urine) of mice for 5 (groups I and II) or

10 days (group III). The urine volume and feces

weight of each mouse were determined daily. The

total radioactivity in fecal and urine samples was

measured using a Tri Carb 2700 scintillation pho-

tometer (Canberra Packard, USA).

Data analysis

The total radioactivity in excretions after injection of
14C-I (the mean ± SEM) was calculated using Micro-

soft Excel. The total radioactivity values in the mouse

excretions were compared by Student’s t-test for un-

paired data. The results were considered to be statisti-

cally significant when p < 0.05.

Results

Our pharmacokinetic measurements demonstrate that
14C-I and its radioactive metabolites are almost fully

excreted from the body in urine and feces within 5 to

10 days, regardless of the administration schedule

(Tab. 1). Renal excretion was found to be a predomi-

nant elimination pathway of 14C-I and products of its

biotransformation. The fraction of total radioactivity

eliminated through the kidneys amounted to 60–75%

(Tab. 1). Approximately 33–36% of the total radioac-

tivity was excreted in feces. More than 90% of the in-

jected dose of 14C-product was eliminated within
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5 days. This observation suggests the absence of

a slow-exchange depot compartment for cinazepam.

Approximation of the excretion kinetics in the

semi-logarithmic coordinates system (lnC, t) is pre-

sented in Figure 1. The results show that the monoex-

ponential decline in the elimination rate is specific

and evident for every administration scheme of ci-

nazepam. This decline is typical for the process of

elimination via urine and feces in animals. Hence, pa-

rameters for excretion can be described on the basis of

a one-compartment model. The kinetics of the total

elimination process (feces and urine) can mostly be

defined with the use of parameters specific for the ex-

cretion of ��C-products in urine. The observed rela-

tions exclude the presence of the peripheral compart-

ment (slow-exchange compartment) in kinetic schemes

for the distribution of cinazepam and its metabolites,

where reversible accumulation of xenobiotic drugs

could take place. A similar kinetic scheme of distribu-

tion is characteristic for 3-hydroxy derivatives of

1,4-benzodiazepines, such as lorazepam and oxaze-

pam [8, 14].

The elimination kinetics of total radioactivity are

not the same for all routes after administration (Fig. 1).

The rate of renal excretion is twice as high as that of

fecal elimination for all of the studied schemes (Tab. 2).

The key characteristic of the cinazepam excretion

process is its satisfactorily high rate. The biological

half-life (T���) reaches 15–17 h for renal excretion and

23–31 h for fecal elimination (Tab. 2).
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Tab. 1. Accumulation of the total radioactive material in the ex-
cretions of mice in group I, group II (% of doses) and group III (DPM �

10�)

Time, h Elimination
in urine

Elimination
in feces

Total elimination
(urine + feces)

group I

24 37.79 ± 10.32 18.47 ± 4.82 56.27 ± 11.51

48 53.22 ± 11.03 25.29 ± 5.09 78.52 ± 12.14

72 57.72 ± 11.18 29.45 ± 5.17 87.17 ± 12.31

96 59.05 ± 11.18 32.22 ± 5.28 91.26 ± 12.37

120 59.70 ± 11.20 33.05 ± 5.30 92.75 ± 12.37

group II

24 53.98 ± 11.61 18.37 ± 6.80 72.35 ± 13.46

48 70.18 ± 13.05 27.35 ± 6.96 97.52 ± 14.79

72 73.00 ± 13.07 30.47 ± 7.07 103.47 ± 14.86

96 74.38 ± 13.08 34.40 ± 7.14 108.78 ± 14.90

120 75.22 ± 13.08 35.87 ± 7.17 111.09 ± 14.91

group III

24 87.30 ± 9.98 159.60 ± 66.95 246.90 ± 67.69

48 244.50 ± 26.96 247.70 ± 17.07 492.30 ± 31.91

72 394.40 ± 36.16 337.10 ± 22.34 731.50 ± 42.51

96 586.10 ± 39.16 446.50 ± 22.01 1032.60 ± 44.92

120 771.20 ± 29.47 541.20 ± 16.51 1312.50 ± 33.78

144 810.70 ± 18.85 587.20 ± 12.62 1398.00 ± 22.68

168 822.00 ± 20.62 616.20 ± 12.22 1438.30 ± 23.99

192 826.40 ± 20.05 629.90 ± 18.32 1456.40 ± 27.16

216 830.30 ± 11.50 633.90 ± 15.50 1464.30 ± 19.30
Fig. 1. Elimination kinetics of the total radioactive material (lnC) in the
excretions of mice after a single intraperitoneal administration of
��C-cinazepam (group I) or different schemes of multiple administra-
tion of ��C-cinazepam or a non-labeled analog for 5 days (groups II
and III)



The quantity of the total eliminated radioactive

product for infinite exposition in the first two test

groups (single-dose administration of ��C-I), was es-

tablished on the basis of the modified Mansgeldorf’s

method. This method and its modification make it

possible to evaluate the relative efficiency of the

elimination processes and the changes in current ex-

cretion constants only in the sample collection inter-

vals after a single dose of a compound has been ad-

ministered. Methods previously employed for the as-

sessment of the kinetic parameters of excretion of

a therapeutic agent, such as the “sigma – minus”

method and the “rate – quantity” method, are useless

for analyzing the processes that occur after repeated

introduction of a drug [22, 25–27]. Hence, developing

a method capable of evaluating the changes in pa-

rameters during and after the period in which a drug is

repeatedly administered offers a chance to obtain

valuable information on the preceding processes.

Formal framework of the analysis

The parameters were calculated using Eq. (1) for the

measurement intervals of t and t + �:

B B B e

B B B e
t

ket

t
ke t

0 0 0

0 0 0

− −∞ −∞
−

− + −∞ −∞
− +

− =
− =







∆

∆( )
(1)

where B0–t and B0–� are, respectively, the amounts of

substance removed from the organism to the environ-

ment by the studied route over the investigation inter-

val and within the interval from time t to �; ke is the

elimination constant, which characterizes the com-

bined rate of all of the processes responsible for elimi-

nating the preparation from the body; and � is the in-

terval of sampling excretions.

If the second equation of the system equation (1)

is divided by the first one, then because e
ke t− + =( )∆

e e
ket ke− −⋅ ∆

, we have:

B B

B B
et

t

ke0 0

0 0

− + −∞

− −∞

−−
−

=∆ ∆
(2)

( )B B e B e

y b x a

t t
ke ke

x

0 0 0 1− − + −∞= ⋅ − −





= −
∆

∆ ∆

[ ]

(2a)

In the (y) = B���, (x) = B����� coordinates, the equa-

tion (2a) is a linear anamorphosis of the process. The

tangent of the angle of inclination (b) of the line cor-

responds to e
ke∆ ; the intersection point of the axis of

ordinates, a = B��� (e
ke∆ −1); the intersection point of

the axis of abscissa, a/b = B��� (1− −
e

ke∆ ); and the in-

tersection point with the bisector line, [a/(1–b)] =

B���. The regression analysis made it possible to cal-

culate the values for B��� and k� as well as the relative

efficiency of the elimination of the compound and its

metabolites in urine:

ω = (0− )1

(0− )1 (0− )2
1

B

B B

∞

∞ ∞+
(3)

and in feces:

ω = (0− )

(0− )1 (0− )2
2

2B

B B

∞

∞ ∞+
(4)

for the first two groups of experimental animals (Tab. 3).

As can be seen from these calculations, the com-

pound and its metabolites are almost completely

eliminated from the mouse through the studied routes

(Tab. 3).

These parameters show a significantly higher rate

and relative efficiency of renal excretion of the com-

pound and its metabolites compared with the process

of elimination via feces. The non-radioactive com-

pound, when introduced during the previous 5 days,

had no effect on the kinetic parameters of the elimina-

tion processes of ��C-I administered in a single dose

(p � 0.001).
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Tab. 2. Kinetic parameters of the elimination of the total radioactive
material in the excretions of mice after a single or different schemes
of multiple administration of ��C-I

Parameters Elimination
in urine

Elimination
in feces

Total elimination
(urine + feces)

group I

lnC0 4 2 ± 0 .05 3.1 ± 0.06 4.5 ± 0.005

ke (h–1) 0.043 ± 0.0010 0.029 ± 0.0011 0.037 ± 0.0001

T0.5 (h) 16.12 ± 2.56 23.91 ± 1.67 18.73 ± 3.06

group II

lnC0 4.1 ± 0.41 3.0 ± 0.12 4.6 ± 0.22

ke (h–1) 0.040 ± 0.004 0.022 ± 0.002 0.036 ± 0.004

T0.5 (h) 17.33 ± 3.02 31.51 ± 2.87 19.25 ± 1.78

group III

lnC0 12 4 ± 0.35 11.8 ± 0.03 12.9 ± 0.05

ke (h–1) 0.045 ± 0.006 0.030 ± 0.001 0.038 ± 0.001

T0.5 (h) 15.4 ± 1.43 23.10 ± 2.66 18.24 ± 3.02



Taking the logarithms of Eq. (2), the change in the

values of k� in the intervals of sampling excreta can be

determined after a single dose of labeled compounds

(groups I and II):

k
B B

B B
e

t

t
∆

∆
∆

= −
−
−











−∞ − +

−∞ −

1 0 0

0 0

ln (5)

where ke� is the elimination constant, measured in the

time interval (�).

Based on the determination of this parameter, one

can estimate the change in kinetic processes under

single-dose administration conditions and under pro-

longed administration of drugs (e.g., the acceleration of

elimination as a result of inducing enzymatic systems).

As can be seen from the analysis of the experimen-

tal data (Tab. 4), there was no systematic change in

the value of the rate constant of ��C-product elimina-

tion from the mouse after a single dose of ��C-cina-

zepam (A) or against the background created by ad-

ministrating its non-radioactive analogue (B). This

finding indicates that the prior daily administration of

non-labeled cinazepam has no effect on this parameter.

The formal framework can be simplified if the ki-

netics of excretion of that drug from experimental ani-

mals after its multiple administrations is studied in

compliance with the following conditions:

a) the time intervals for collecting excreta should be

equal to each other (and set as some value �) and

equal to time intervals for successive doses of the xe-

nobiotic drug administered, i.e., samples should be

collected directly before introducing another dose of

the studied substance; and

b) the administered doses (Q1 = Q2 = ... Qi = Q)

should be equal to each other.

The amount of the substance that will be elimi-

nated into the environment by the route under investi-

gation (e.g., via urine) for an infinitely long exposi-

tion (B���) is equal to:

B Q

i

i n

0

1

−∞
=

=
= ∑ω (6)

where � is relative efficiency of a given route of ex-

cretion; and Q

i

i n

=

=

∑
1

is the sum of (n) doses (Q) of the

substance introduced to the organism [in our case, in

equal time intervals (�)].

If the kinetic scheme is linear and Q nQ

i

i n

=

=

∑ =
1

, then

the amount of the substance that is eliminated in urine
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Tab. 3. Results of the regression analysis of the elimination kinetics of the total radioactive material in the excretions of mice after a single or dif-
ferent schemes of multiple administration of ��C-I (14 mg/kg) (A) or a single injection of ��C-I (14 mg/kg) in mice that received intraperitoneal in-
jections of non-labeled cinazepam (14 mg/kg a day) during the previous 5 days (B)

Excretes A B

B0–�,

(% doses)
� k, h–1 B0–�,

(% doses)
� k, h–1

Urine 60.5 ± 3.98 0.63 ± 0.06 0.041 ± 0.01 75.2 ± 6.43 0.65 ± 0.1 0.053 ± 0.01

Feces 34.2 ± 2.23 0.36 ± 0.031 0.032 ± 0.004 36.8 ± 4.56 0.32 ± 0.048 0.028 ± 0.004

Urine + feces 93.2 ± 4.43 – 0.038 ± 0.01 110.5 ± 7.56 – 0.044 ± 0.01

Tab. 4. Current constants of the elimination of ��C-cinazepam and its
metabolites from mice after a single administration of ��C-I (group I)
or a single injection of ��C-I (14 mg/kg) in mice that received intrape-
ritoneal injections of non-labeled cinazepam (14 mg/kg per day) dur-
ing the previous 5 days (group II)

Time, h Urine Feces Urine + feces

group I

12 0.041 ± 0.008 0.032 ± 0.002 0.038 ± 0.004

36 0.047 ± 0.0075 0.024 ± 0.003 0.038 ± 0.003

60 0.040 ± 0.007 0.026 ± 0.002 0.037 ± 0.0025

84 0.027 ± 0.004 0.036 ± 0.0015 0.047 ± 0.006

108 0.025 ± 0.005 0.023 ± 0.003 0.063 ± 0.01

group II

12 0.051 ± 0.009 0.028 ± 0.002 0.044 ± 0.009

36 0.056 ± 0.006 0.027 ± 0.004 0.045 ± 0.004

60 0.029 ± 0.004 0.016 ± 0.001 0.025 ± 0.002

84 0.029 ± 0.003 0.040 ± 0.007 0.058 ± 0.005

108 0.040 ± 0.0065 0.038 ± 0.007 0.057 ± 0.008



over the time interval from t to t + � should be deter-

mined from the following equation:

( ) ( ) ( )B B i Q B et t t
ke

0 0 0 1− + − −
−− = − −∆

∆ω (7)

where i is an amount of successively introduced doses

in the experimental interval from 0 to t i
t= +


 




∆
1 , and

k is the total constant for elimination of the xenobiotic

from the organism through a given route.

The first dose was introduced at t = 0 (I = 1), the

second at t = � (I = 2), the third at t = 2� (I = 3), etc.

From Eq. (7), we obtain the resulting linear equa-

tion:

( )B

i

B

i
e Q e

y x b

t t ke ke

x

0 0 1− + − − −= 




+ −





= +

∆ ∆ ∆ω

( ) ( ) [ ]a

(8)

The tangent of the angle of inclination of the regres-

sion line is ( )e
ke− ∆

, intersecting the y- and x-axes at

points ( )y Q e
ke

0 1= − −ω ∆
and x Q

e

e

ke

ke
0

1= − −











−

−
ω

∆

∆
,

respectively.

For t → ∞;
B

i

B

i

t t0 0− − +→ ∆ , the regression line

will cross a line segment bisector of the quadrate at

the point with coordinates y��� = x��� = �Q (Eq. 8). The

diagram of this method is identical and formally com-

patible with the Mansgeldorf’s method, which is used

to interpret experimental data for the elimination

kinetics of a xenobiotic introduced in single doses

(i = 1) [5, 29].

Regression analysis of the experimental data (Fig. 2)

showed that the elimination rate of the total radioac-

tivity in feces decreased non-linearly over the time in-

terval under prolonged administration of the substances

(the first five experimental points of the curves).

The relative efficiency of the excretion processes

via feces and urine during an infinitely long-term ad-

ministration of ��C-I is approximately equal to ~1:1.5.

When the administration of the tested substance is

stopped, the linearity of the kinetic system is restored

(Fig. 2).

The excretion processes of ��C-I and its metabolites

in the urine are characterized by a linear kinetic

scheme following the introduction of multiple doses

of a substance as well as after the termination of its

administration.

Discussion

The aim of this work was to study the excretion ki-

netics of the new tranquilizer cinazepam in mice after

single or multiple administrations of the drug. The in-

vestigation of the pharmacodynamics of cinazepam

demonstrated a high anxiolytic, sleep-inducing effect

and low acute toxicity [2, 11, 15, 19, 20]. However,

the results of radioligand binding to GABAA receptor

subunits showed that the EC50 of cinazepam was one

order of magnitude lower than the values for the

well-known sleep-inducing drugs, like nitrazepam

and phenazepam. [3, 4, 18].

The results of studies on the biotransformation of

a compound in the body of experimental animals can

explain the differences between the parameters of the

compound’s pharmacological effect and the radio-

ligand analysis.

Previously, we have shown that in mice and rats,

the predominant metabolite is 7-bromo-5-(o-chloro-

phenyl)-1,3-dihydro-3-hydroxy-3H-1,4-benzdiazepine-

2-one (II) and the products of its oxidation (Fig. 3).
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Fig. 2. The elimination kinetics of the total radioactive material in the
excretions of mice after a multiple-administration regimen of cinaze-
pam by a regression method (modification of Mangelsdorf’s method)



The metabolite II shows high activity and high affin-

ity for the benzodiazepine receptor. The rate of the

formation process of the 3-hydroxy metabolite and its

efficiency are sufficiently high. Only some 5% of the

basic compound can be detected in the blood of mice

as early as after 30 min of the experiment. These stud-

ies allows us to consider cinazepam as a prodrug with

an unlimited rate of conversion to the active metabo-

lite. [23, 29].

In this study, we used a radioactive analog contain-

ing an isotope of [��C] in position 2 of the heterocyc-

lic ring, which would not be subjected to elimination

from the compound in the process of its biotransfor-

mation.

The use of radioactive label in this position made it

possible to use the total radioactivity to analyze the

elimination kinetics for all of the metabolites formed.

Three schemes offered the chance to trace the “life

route” of the single dose (schemes of administration

1), to evaluate the induction or inhibition effects of

enzymes that metabolize the compound based on the

parameters of the excretion kinetic scheme (schemes

of administration 2) and to evaluate the effects of ac-

cumulated doses for the repeated administration

model (schemes of administration 3).

The characteristic of excretion processes of cinaze-

pam was a predominance of renal excretion (60%)

over the elimination with feces (33%) (Tab. 1). An

analogous process is specific for 3-hydroxybenzodia-

zepines, such as oxazepam and lorazepam, which un-

dergo glucuronide conjugation. These results demon-

strate that cinazepam has a median elimination half-

life of 16–23 h [8, 14, 17].

The elimination kinetics of the total radioactivity in

urine and feces are characterized by a linear scheme

for all methods of administration. The elimination

processes through given routes are not parallel. Pre-

liminary introduction of a non-radioactive analogue

does not affect the kinetics of excretion or induction

or inhibit the enzyme systems.

The modified Mansgeldorf’s method can be effi-

ciently and successfully employed in the interpreta-

tion of the experimental data obtained both for single

and multiple doses introduced and for after the

chronic administration of a xenobiotic has stopped.

The use of that method made it possible to evaluate

the relative efficiency of the elimination processes

and to find the current values for excretion constants

over the sampling intervals.

In the case of a single dose of cinazepam, no reliable

changes were noted in the values of the excretion rate

constants for sampling intervals and for both routes of

elimination. After repeated administration of cinaze-

pam, the rate of its elimination process in feces

declined in a non-linear way. Linear kinetic scheme of

14-C-I excretion in feces is restored after the multiple

administrations of the drug was stopped (Fig. 2). The

linear scheme of the kinetics is also characteristic of

urine elimination. Thus, the use of the proposed

method showed that with daily administration of the

prodrug, a decrease in the relative efficiency of

excretion of ��C-products in the feces of animals is

observed. This particularity of the excretion process

was not revealed earlier for the derivatives of

1,4-benzodiazepine.
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