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The aim of the study is the investigation of the pharmacokinetic properties of the RU-1205 compound, with previously iden-
tified kappa-agonistic and analgesic effects, at a single oral administration, as well as comparison of the relationship between
its pharmacokinetic and analgesic properties.

Materials and methods. Pharmacokinetic parameters of RU-1205 after the oral administration at the dose of 50 mg/kg were
investigated using the method of High Performance Liquid Chromatography with determination of the concentration of the
compound according to the previously constructed calibration schedule. The indices of the area under the pharmacokinetic
curve, clearance, half-life, residence time of the drug molecule in the body, a total (apparent) volume of distribution, as well
as the indicator of absolute bioavailability, were calculated. The tissue distribution and excretion of RU-1205 were studied.
Potential metabolites of RU-1205 were predicted using the PALLAS 3.00 program. The study of the analgesic activity was
carried out on a model of central somatogenic pain with electricalstimulation, with the dynamics assessment of the voltage
amplitude of the corresponding reaction of the «tail-flick» reflex.

Results. The compound under study is rapidly adsorbed from the gastrointestinal tract, reaching a maximum concentration
by the end of the first hour of the study, and is determined in plasma within 12 hours. Its half-life is 17.7 hours. The absolute
oral bioavailability is 37.3%. It was found out that the compound is withdrawn within 3—-4 days. The main route of excretion
is extrarenal. Biotransformation of a substance probably proceeds mainly with the formation of oxidized forms of the initial
molecule by reactions of the first phase of metabolic transformation. The analgesic effect is long-lasting: it starts after 15
minutes and lasts for 12 hours with flattening of the curve by the 8th hour.

Conclusion. When administered orally, the test substance undergoes a long process of elimination, has the greatest tropism
for the elimination organs and undergoes active biotransformation processes in the body of animals. As a result of it, active
metabolic products with an analgesic activity are, possibly, formed.

Keywords: kappa agonists; opioid analgesics; benzimidazoles; pharmacokinetics; peroral route; bioavailability; excretion;
tissue distribution

List of abbreviations: HPLC — High Performance Liquid Chromatography; RCF — relative centrifugal field; AUC — area under
the curve; Kel — elimination constant; Cl — clearance; T1/2 — half-life of a drug; MRT — mean residence time; Vd — Volume of
distribution; AVD — apparent volume of distribution; TA — tissue availability; ACN — acetonitrile; GIT — gastrointestinal tract;
MAPK — mitogen-activated protein kinase
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Lienb. UccnepoBaHne papmakoKMHETUYECKUX CBOMCTB coeanHeHna RU-1205, c paHee BbIABNEHHbIM Kanna-aroHUCTUYECKUM
M aHa/breTM4YecKMM AeNCcTBUEM, NMPU OAHOKPATHOM NepopaNbHOM BBEAEHMM, @ TAKXKE COMOCTaBNEHNE B3aMMOCBA3U MEXKIY
ero ¢apmMaKoKMHETUYECKMMU U 06e36011BAIOLLLMMM CBOMCTBAMM.

Martepuanbl U metoabl. DapmakokuHeTuyeckne napameTtpbl RU-1205 nocne nepopasibHOro BBeaeHus B Aose 50 mr/Kr uc-
cnefoBann ¢ NOMOLLBI METOAA BbICOKOIPPEKTUBHOM KUAKOCTHON XpOMaTorpadum ¢ onpeseseHMemM KOHLEHTPaLUK coe-
OMHEHUA No NpeaBapuUTe/ibHO NOCTPOEHHOMY KanbpoBoYHOMY rpaduKy. PaccumTbiBanu nokasatenu naowaam nog bapma-
KOKMHETUYECKOM KPUBOW, KAMPEHca, nepuoaa nonyBbiBeAeHNsA, Bpems npebbiBaHMA B OpraHM3Me MONEKY bl Npenapara,
obLero (Kaxyleroca) o6bEM pacnpegeneHus, a TakKe nokasaTesib abcontoTHon bruoaocTynHocTu. M3yyanm TkaHeBoe pac-
npeaeneHue n akckpeumto RU-1205. OcyLiecTsiaimM NPorHo3 BO3MOXKHbIX MeTabointos coegmHeHusa RU-1205 ¢ nomoLybio
nporpammbl « PALLAS 3.00». MicchefoBaHMe aHaNbreTMYeCKoM akTMBHOCTM NMPOBOAN/IN Ha MOAENM LLeHTPA/IbHOW COMATOreH-
HOWM 60N NPU INEKTPUYECKOM PasaparKeHUN C OLEHKOM AMHAMUKM aMNIUTYAbl HANPAXKEHUA COOTBETCTBYIOWEN peakLum
«OTAEPrMBaHNA XBOCTa.

Pe3synbratbl. M3yyaemoe coeanHeHne BbICTPO afcopbupyeTca U3 KenyaoYHO-KULLEYHOTO TPaKTa C JOCTUNKEHUEM MaKCU-
MaNbHOW KOHLLEHTPALUMKM K KOHLLYy NepBOro Yaca MccaefoBaHUA U onpedenserca B niasme B TedyeHue 12 yacos. Mepuog,
nosyBbiBeAeHUA coctaBnaeT 17,7 4. AbcontoTHaa 6MoA0CTYNHOCTb NpU NepopasibHom nyTu — 37,3%. YCTaHOBAEHO, YTO Coe-
AnHeHue BbiBoauMTCcA 33 3—4 aHA. OCHOBHOM NyTb BblBEAEHWUA BHEMOYeYHbI. BuoTpaHchopmaLma BelectBa BEPOATHO NPo-
TEKaeT B OCHOBHOM C 06pa3oBaHMEM OKMCNEHHbIX GOPM UCXOAHOM MONEKYbI NO peakunam nepsoi Gpasbl meTabonmyeckomn
TpaHchopMaLmn. AHaNbreTUYecKoe AencTBME NPOAOMIKUTENIbHOE: HaUMHaAEeTCA Yepe3 15 MUHYT U coXpaHAeTcs B TedeHun 12
4YacoB C BbIXOAOM Ha MAaTo K 8 yacy.

3akntoueHue. Viccnegyemoe BelwecTBo NoABepraeTca AAMTeNIbHOMY MPOLEeccy SAMMUHALMK NPU NepopasbHOM BBEAEHUM,
MMeeT HanbobLUY TPONHOCTb K OpraHamM 3IMMWHALUK U NoABEPraeTca aKTUBHbIM npoLieccam buoTpaHchopmaumm B op-
raHWU3Mme KMBOTHbIX, B pe3y/ibTaTe KOTOPbIX, BO3MOXHO, 06pa3ytoTcsA akTUBHbIE MPOAYKTbl MeTabonnsma ¢ aHabreTMyecKom
AKTUBHOCTbHO.

KntoueBble cnoBa: Kanmna-aroHUCTbl; ONMOUAHbIE aHaNbreTUKK; 6eH3MMKNAA30/bl; GapMaKOKMHETUKA; NepopaibHbI NyTb;
6MOA0CTYNHOCTb; 9KCKPELLMA; TKAHEeBOE pacnpeseneHve

CnUCOK CoKpaleHuii: BIXKX — BbicOKOaDDEKTUBHAA KUAKOCTHAA xpomaTorpadua; AUC — naowaab nos GapmakoKku-
HeTuyecKkoW Kpusoi; Kel — KoHcTaHTa anuMunHaumn; Cl — KnmpeHc; T,,, — TPOAOMKUTENBHOCTL Neproaa nonysbisese-
HuA; MRT — cpegHee Bpema npebbiBaHMA B opraHn3me mosiekybl; Vd — 06wuin (Kaxywmincs) ob6bém pacnpeseneHus;
fT — TKaHeBas goctynHocTb; ACN — aueToHUTpuA; KT — KenyaouHo-KuwedHbl TpakT; MAPK — MUTOreH-akTUBMpYyemas
NPOTEMHKNHA3A.

INTRODUCTION

For many decades, opioid analgesics continue to
be the mainstay of the pharmacotherapy of severe pain
syndromes. However, the global opioid crisis requires a
change in the established generally accepted practice of
opioids clinical use with the need to replace some of the
traditionally used narcotic analgesics with a narrow ther-
apeutic index, a pronounced narcogenic potential, and
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non-optimal pharmacokinetics [1, 2]. Nonselective ago-
nists of opioid receptors (for example, morphine), espe-
cially in injections, have a rather high risk of non-medical
use due to their pronounced narcogenic potential (due
to the activation of predominantly p-opioid receptors).
This significantly complicates their regulatory accessi-
bility, complicates the work of medical personnel due
to complex accounting rules for narcotic analgesics, in-
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creasing the degree of control in accordance with the
Decree of the Government of the Russian Federation No.
681 dated June 30, 1998 (as amended on 03.12.2020),
and thereby significantly limits them clinical use, not ful-
ly meeting the patients’ need for strong analgesics ap-
proved for use [3].

To solve the problem of narcogenicity of opioid an-
algesics, several directions have been proposed. One of
them is the search and development of new opioid an-
algesics with a safer profile of a receptor activity due to
the selectivity of the drug’s action on various subtypes
of opioid receptors, which will ensure an increase in the
effectiveness of the analgesia performed together with
minimization of side effects. [4.5]. Partial agonists and
mixed agonists-antagonists of various subpopulations
of opioid receptors (buprenorphine, butorphanol, nal-
buphine), developed to increase the selectivity of the
receptor profile, have found only a limited use in clinical
practice, since they had retained a number of negative
properties of traditional opiates, in particular narcoge-
nicity [6].

The study of the analgesic properties of RU-1205
in experimental nociceptive models showed that in the
analgesic activity, the studied compound is superior to
morphine and butorphanol [7]. Unlike the reference
drugs, it does not cause respiratory depression and does
not possess pharmacological properties that can be re-
garded as specific predictors of substance capacity to
form physical dependence, cause aversion or addiction
[8,9]. According to the modern concept of therapy for a
severe chronic pain, non-invasive dosage forms of opi-
oid analgesics are recognized as the most effective and
safe drugs that provide the best life quality for patients
(except the final stages of the disease). One of the im-
portant advantages of the test substance is its effective-
ness in various administration modes, including an oral
administration. This opens up prospects for the creation
of an effective oral tablet dosage form on its basis, in
contrast to butorphanol, which undergoes intensive me-
tabolism in the liver and is used in medical practice only
in the form of an injection solution [10].

At the stage of creating new original drugs, one
of the necessary stages of preclinical studies is the re-
search of the pharmacokinetic parameters of the com-
pound being developed. These parameters will make it
possible to solve the whole range of the applied issues,
such as studying the degree and the rate of adsorption,
biotransformation, permeability of drugs through tissue
barriers and distribution between blood and peripheral
tissues, excretion of the studied drugs, as well as assess-
ing bioavailability during an extravascular administration
of adrug [11].

THE AIM of the study is the investigation of the
pharmacokinetic properties of the RU-1205 compound
at a single oral administration, as well as comparison of
the relationship between its pharmacokinetic and anal-
gesic properties.

Tom 9, Buinyck 2, 2021

MATERIALS AND METHODS

Experimental animals

The studies were carried out on sexually mature
male rats weighing 200-230 g, in the amount of 74 indi-
viduals, obtained from the Rappolovo laboratory animal
nursery of the Russian Academy of Medical Sciences (St.
Petersburg, Russia). Before the start of the experiment,
the animals were subjected to the adaptation quaran-
tine for 14 days in the vivarium of the Department of
Pharmacology and Bioinformatics of Volgograd State
Medical University (the Ministry of Health of Russia).
The rats had a round-the-clock access to feeding troughs
and drinkers ad libitum, and were kept in standardized
vivarium conditions (Decree of August 29, 2014 No. 51
“On the approval of SP 2.2.1.3218-14" Sanitary and ep-
idemiological requirements for the device, equipment
and maintenance of experimental biological clinics (vi-
variums) “; Directive of the European Parliament and the
Council of the European Union 2010/63 / EU of Septem-
ber 22, 2010” On the protection of animals used for sci-
entific purposes”). The animals were kept in groups of 5
individuals in a controlled combined light regime (12/12
h) and the temperature of 20-22°C. 12 hours before the
experiment, the animals were deprived of food, but
there was a free access to water. The experiments were
approved by the Regional Research Ethics Committee of
Volgograd Region (registration number IRB 00005839
IORG 0004900 (OHRP), protocol No. 2077-2018 dated
October 30, 2018).

Test substances

Compound RU-1205 is (9-(2-morpholinoethyl)-
2-(4-fluorophenyl)imidazo[1,2-a]-benzimidazole dihy-
drochloride) (Fig. 1) in the form of a substance syn-
thesized at the Scientific Research Institute of Physical
and Organic Chemistry of Rostov-on-Don Southern
Federal University (Pat. RF No. 2 413 512 C1 dated July
29, 2009). The purity of the compound was at least
99.46%.

Study design

At the first stage of the investigation, the pharma-
cokinetic properties of RU-1205 were studied at the
dose of 50 pg/kg at a single intragastric administration
by method of High Performance Liquid Chromatogra-
phy. The animals were randomly divided into 7 groups
— a control group that received a 0.9% sodium chloride
solution in the volume of 100 pl per 100 g of animal
weight, and 6 groups that received the RU-1205 com-
pound at the dose of 50 pg/kg (n=6). For the intragastric
administration, atraumatic probe No. 14 (Kent Scientific,
USA) was used. In order to determine the background
peaks before the experiment, the blood was taken from
all 42 animals, followed by obtaining plasma samples in
the volume of 1.5-2 ml. After the administration of the
RU-1205 compound in 30 minutes, 1, 2, 4, 8, 12 hours,
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the animals were decapitated using a guillotine (Open-
Science, Russia), followed by blood and organ sampling.
Decapitation and material sampling from the control
group animals were carried out 20 minutes after the in-
jection of the solvent. To obtain plasma, the blood sam-
ples were stabilized with a 5% aqueous sodium citrate
solution (Polisintez, Russia) (pH 6.0), followed by cen-
trifugation in a 15 min. mode at 3000 rpm, RCF = 604 g
(ELMI, Latvia). For precipitation of plasma proteins and
extraction of the test substance, acetonitrile was added
to the blood samples in a 1:1 ratio. The organs under
study (brain, liver, kidneys, heart, lungs, omentum, and
muscle tissue) were subjected to grinding and homoge-
nization (Silent Crusher, Germany) to obtain a 20% aque-
ous homogenate.

The study of tissue bioavailability is an integral part
of pharmacokinetic research of new compounds. After
obtaining the results, it is possible to judge the intensity
of the substances distribution between the peripher-
al tissues and the target organ (for the RU-1205 com-
pound, the target organ is the brain). When studying the
tissue availability of RU-1205, the concentration of the
compound was investigated in the following organs: the
brain, the elimination organs (liver, kidneys), heart, lungs
in especially vascularized tissues, moderately vascular-
ized tissues (muscles, the quadriceps femoris muscle
was selected for the experiment), omentum (in weakly
vascularized tissues) [12].

The quantitative determination of RU-1205 in blood
plasma and organ homogenates was studied according
to the previously developed method [13] using High Per-
formance Liquid Chromatography (HPLC) with a diode
array detection on a liquid chromatograph (Shimadzu,
Japan). The determination was carried out with High
Performance Liquid Chromatography System consisting
of a SUPELCOSIL LC-18 chromatographic column (5 um
100x4.6 mm) with a diode-matrix ultraviolet detector
(thermostatting temperature of 50°C). To prepare the
mobile phase, acetonitrile (UF210) (Russia) was used
in a 1:1 ratio with a buffer system (monosubstituted
potassium phosphate 50 mM, pH = 5.0). The detection
wavelength was 205 nm, and the flow rate of the mobile
phase was 1 ml/min. The concentration of the RU-1205
compound in the samples was determined according to
the previously constructed calibration graph. For this,
the dependence of standard concentrations (0.5; 1; 5;
10; 25 pg/ml) on the areas of chromatographic peaks
was plotted using the method of absolute standards.
The regression coefficient (R?) was 0.998.

To assess the pharmacokinetic properties of RU-
1205 using Microsoft Office Excel 2007 software (USA),
the following pharmacokinetic parameters were calcu-
lated:

1. AUC (Area Under the Curve)—the area under the phar-
macokinetic curve “concentration — time” (by a mod-

el-independent method of statistical moments [14]);
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Kel — elimination constant;

Cl - clearance;

T1/2 — the duration of the half-life;

MRT is the mean residence time of the RU-1205
molecule in the body;

6. Vd-—total (apparent) volume of distribution.

The evaluation of the penetration intensity of the
RU-1205 compound into various organs and tissues was
carried out using the tissue availability parameter (fT),
which is the ratio of the organ / tissue AUC value to the
blood plasma AUC value.

At the second stage of the study, the excretion of
the RU-1205 compound was studied by HPLC in urine
and feces samples at a single intragastric administration.
The experiments were carried out on 20 sexually mature
male rats, randomly divided into control and experimen-
tal groups (n=10). The experimental group received a
single injection of the RU-1205 compound at the dose
of 50 mg/kg intragastrically with an atraumatic probe,
the animals from the control group received a solvent
—a 0.9% sodium chloride solution. After 24, 48, 72 and
96 hours, the samples were taken in the Thermoplast
metabolic chambers (Italy). The samples were subject-
ed to the sample preparation and analysis by HPLC as
described above.

At the third stage, the dynamics of the analgesic
activity was studied depending on the concentration of
RU-1205 in the blood plasma after a single intragastric
administration in the electric stimulation test of the
tail head. The studies were carried out on 12 sexual-
ly mature male rats (n=6). The animals of the control
group were injected once intragastrically with the RU-
1205 compound at the dose of 5 mg/kg with an atrau-
matic probe (0.9% sodium chloride solution). For 12
hours, the analgesic activity was studied in the electric
stimulation test of the tail head when stimulation was
applied through subcutaneous electrodes (rectangu-
lar pulses with a frequency of 100 Hz, the duration of
10 ms, the stimulation duration of 1 sec) (Laboratory
electro-stimulator ESL-2, Russia) with gradual sequen-
tial increase in voltage [15, 16]. The value of the pain
threshold (before the manifestation of the spinal “tail-
flic " reflex) was assessed as an indicator of tension,
expressed in volts. The presence of analgesic proper-
ties of the RU-1205 compound was judged on the basis
of the voltage amplitude changes compared with the
values of the control animals.

The PALLAS 3.00 program (CompuDrug Chemistry
Ltd.) was used to predict possible metabolites of RU-
1205.

kWb

Statistical processing of results

Statistical processing of the obtained data was
carried out using Microsoft Office Excel 2007 Software
(USA).
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Figure 2 — Chromatogram of substance of RU-1205 compound at concentration of 5 pg/ml in aqueous
solution (A) and biological material (B). Retention time — 8.00-8.83 min
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Figure 3 — Kinetic curve of RU-1205 compound in rat blood plasma
Note: administration — oral, dose — 50 mg/kg
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Figure 4 — Cumulative excretion of compound RU-1205 through the kidneys (A) and gastrointestinal tract (B)

in intragastric administration
Note: on the abscissa — time, h; on the ordinate — amount of RU-1205, ug
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Figure 5 — Dependence of the dynamics of RU-1205 antinociceptive activity on the concentration

of the compound in blood plasma and time at intragastric administration
Note: on the abscissa — time (hours); on the ordinate: on the left — pain threshold shift (A% in relation to the control),
on the right — compound concentration in blood plasma (ug/ml)

Table 1 - Projection of possible metabolites of RU-1205 compound in silico (program “PALLAS 3.00”)
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Using the developed method of quantitative de-
termination, chromatograms of standard aqueous and
plasma solutions of RU-1205 were obtained (Fig. 2).

The pharmacokinetic curve of the concentration
changes in the substance of the RU-1205 compound in
the blood plasma after the oral administration is shown
in Fig. 3. The figure shows that the kinetic curve has a
two-phase nature of the dynamics of concentration
changes. The first phase of increasing the concentration
characterizes the process of the substance absorption.
The rapid stage of concentration increasing begins from
the 30-th minute, and the maximum concentration of
the compound in the plasma (C__ = 1.05 ug/ml) is al-
ready reached by the 60-th minute of the study, which
indicates the rapid adsorption of the compound RU-1205
from the gastrointestinal tract (Fig. 3). The second part
of the pharmacokinetic curve characterizes the elimina-
tion of the substance of the compound from the blood
plasma, initially with a sharp decrease in the concentra-
tion during the second hour of the study and a subse-
quent gradual decrease within 12 hours, which indicates
a long elimination process. The area under the pharma-
cokinetic curve was 27.56 pg*hour/ml. The long-term
nature of the elimination of the RU-1205 compound is
also confirmed by high values of such indicators as T,
and MRT, which are 17.7 h and 7.85 h, respectively, as
well as a low Cl indicator (1.81 I/h/kg).

To characterize the distribution of the medicinal
substance, the index of the apparent volume of distri-
bution (AVD) was calculated. This makes it possible to
determine one of the distribution options for the com-
pound: being in the blood plasma without leaving the
vascular bed (with the indicator less than the plasma
volume); the distribution in the extracellular and intra-
cellular fluid (with comparable indicators with the total
amount of fluid in the body) or being mainly in the tis-
sues (with the values higher than the total volume of the
body fluid). The obtained value — 43.88 I/kg — exceeds
the real volume of fluid in the body of rats (0.67 I/kg) by
more than 65 times, which may indicate intensive pen-
etration of the compound into the organs and tissues of
the body and deposition in peripheral tissues [17].

The absolute bioavailability was determined by a
comparative study of the concentrations dynamics of
the test substance in the blood plasma after oral and
intravenous administrations. This indicator was calculat-
ed as the ratio of the area under the curve for the oral
administration of the drug substance to the area under
the curve for the intravenous route. Based on the previ-
ous studies, the AUC index for the intravenous adminis-
tration of RU-1205 is 14.76 pug*hour/ml [18], based on
which the absolute bioavailability in the oral route cor-
responds to 37.3%.

The main result of the distribution processes of the
drug in the body is its further transport to the zone of a
potential action, where it interacts with specific targets,
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specific molecular structures that determine the phar-
macological effect of the drug. The penetration intensity
of the studied substance into peripheral tissues is char-
acterized by tissue accessibility. The RU-1205 compound
is intensively distributed in the tissues of the studied or-
gans, herewith, it was determined that there is a signifi-
cant heterogeneity in the distribution of the drug among
the organs. The analysis of the absolute values of tissue
availability (fT) of RU-1205 showed that it has the least
tropism to the heart, lungs, spleen, and muscles. In the
liver and kidneys, there is a significant content of the
studied substance, with AUC values of 17.65 and 82.94
pug*hour/ml, respectively. The tissue distribution param-
eter for renal tissue was 3.01 and 0.64 for liver tissue,
respectively. The substance under study is determined in
these target organs for 12 hours in the liver and 8 hours
in the kidneys. The highest content was noted in the kid-
ney tissues, which may indicate the predominant renal
excretion of RU-1205. In high concentrations, the com-
pound is also determined in the adipose tissue, in the
omentum, which, apparently, is due to its lipophilicity.
In the brain, after the oral administration, the content of
the studied substance is below the detection threshold.

In the study of the RU-1205 excretion after the oral
administration, it was determined that the excretion of
the compound occurs via renal excretion and through
the intestine. Therefore, the test compound is excreted
in the urine for four days and in the feces for two days.
The intensity of the excretion process during the next
three days of the study after the oral administration of
the compound is presented by the data of cumulative
urinary and intestinal kinds of excretion (Fig. 4). The
cumulative urinary excretion is 65.12 ug, which corre-
sponds to about 0.65% of the administered dose. It was
also found that more of the studied substance is detect-
ed in urine than in feces (Fig. 4 A.). At the same time, it
was revealed that the extrarenal (metabolic) clearance
of the RU-1205 compound significantly predominates
over the renal, which, according to the literature data,
indicates an active metabolism of the studied substance
in the liver [19, 20].

The study of the analgesic properties of the com-
pound showed that a significant analgesic effect was ob-
served already 15 minutes after the oral administration
of RU-1205. In this case, the latent period of the noci-
ceptive reaction increases by 16%. The antinociceptive
effect gradually increases and reaches its highest values
by the 4th hour after the administration, then gradual-
ly decreases, reaching about 50% of the maximum effi-
ciency indicators by 8 hours of observation (Fig. 5). The
observed analgesic effect is long lasting, keeping for 12
hours.

A computer projection of the studied substance me-
tabolites in silico using the PALLAS 3.00 program, made it
possible to determine seven possible metabolites. These
metabolites are mainly products of oxidation reactions,
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in particular, 3 predicted metabolites under the codes
“a”, “d” and “g”, possibly formed as results of the hydrox-
ylation reaction (Table 1).

DISCUSSION

In recent years, one of the promising groups of
opioid analgesics with a selective mechanism of action
without any risk of developing respiratory depression
and drug dependence (characteristic of p-agonists), has
been considered selective kappa-opioid agonists. In con-
trast to p- or 6-agonists, along with a high analgesic ac-
tivity, they do not stimulate the dopaminergic “reward”
system [6, 21-23]. Although kappa-opioid receptor ag-
onists have been long recognized as analgesics with a
low abuse potential, serious side effects associated with
dysphoria, anhedonia, and hallucinations are a limiting
factor in the promotion of first-generation kappa-selec-
tive analgesics [24].

Nowadays, there are opioid receptor agonists that
can exert an antinociceptive effect without causing un-
desirable psychotropic effects. The possibility of such an
activity is explained by a selective activation of signal
transduction pathways from the opioid receptor (selec-
tive functional signaling). For example, the stimulation
of p-opioid receptors by morphine, and k-receptors by
the selective kappa agonist U 50488, activates two in-
tracellular cascades Gi/0 and B — arrestin [25, 26]. This is
realized in the effective pain relief, as well as side effects
in the form of euphoria, dependence formation, respi-
ratory depression (for morphine) and dysphoria (for U
50488). Antinociceptive effects upon the activation of
any of the opioid receptors, are realized through the acti-
vation of the Gi-protein pathway, while the addictive po-
tential, dysphoria, and most other adverse concomitant
effects of opioids, are due to the B-arrestin cascade of
intracellular signals. Over the past decade, Gi-biased p-
and k-opioid agonists (PZM21, Oliceridine, Herkinorin),
K-agonists with a B-arrestin-biased antagonistic activity,
as well as ligands (Noribogaine) that combine the prop-
erties of highly effective Gi- activators and inhibitors of
B —arrestin, have been identified [27-29].

The mechanism of dysphoria and aversion forma-
tion induced by kappa receptor agonists consists in the
activation of mitogen-activated protein kinase p38-
MAPK via the B-arrestin signaling pathway [30]. There
is a hypothesis that highly selective kappa-receptor ag-
onists, which do not clearly activate or inhibit the p38-
MAP-kinase cascade of intracellular signaling reactions,
the stimulation of which is realized in kappa-mediated
aversion, hyperalgesia and inflammation, will have a
more pronounced analgesic effect without any risk of
developing dysphoria [31]. This hypothesis served as
a prerequisite for the development of a new technol-
ogy for searching for kappa-selective agonists with the
properties of p38-MAPK inhibitors and the prospect of
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creating competitive analgesics on their basis without
respiratory distress syndrome, narcogenic potential and
dysphoria. Most of the selective kappa receptor ligands
and selective inhibitors of p38-MAPK are derivatives of
cyclic nitrogen-containing heterosystems, which also in-
clude benzimidazole derivatives and condensed systems
based on it [32].

As a result of a targeted complex study of benzim-
idazole derivatives using in silico computer modeling
methods, as well as in the course of experimental stud-
ies in vitro and in vivo, the main regularities of kappa-re-
ceptor interactions were determined. They were imple-
mented in an integral scaffold (2-p-fluorophenylimidazo
[1, 2-a] benzimidazole) [33-35] and made it possible to
identify the original molecule — a compound under the
laboratory code — RU-1205. The kappa-receptor mecha-
nism of the compound action was laboratory confirmed
in an experimental model of the rabbit vas deferens
(the inhibition rate of electrically-induced contraction
of the isolated duct IC50 = 2 nM), and was also proven
using a non-selective opioid antagonist, naloxone and a
kappa-selective antagonist, norbinoltorofimine, which
blocked the analgesic activity of the test compound in
in vivo tests [36].

When administered orally at the dose of 50 mg/kg,
the maximum concentration of the RU-1205 compound
was observed 1 hour after the administration — the time
required for penetration through the gastrointestinal
tract wall and through the hepatic barrier. The substance
under study circulates for a long time in the blood plas-
ma for 12 hours. The long-term nature of the RU-1205
compound elimination, is also confirmed by high values
of its half-life and the average hold-time of the RU-1205
molecule in the body. It is noted that the absolute bio-
availability of the substance of the RU-1205 compound
when administered orally, is 37%. For comparison, the
kappa-opioid receptor agonist butorphanol tartrate used
in the animal experiment clinic, has a low bioavailability
value after the oral administration (it is less than 10%).

The obtained results of the excretion study showed
that the extrarenal (metabolic) clearance of the RU-1205
compound significantly prevails over the renal one. This
is consistent with the literature data on the excretion
of benzimidazole derivatives. Consequently, benzim-
idazole derivatives undergo intensive metabolic trans-
formations in the body. It has been shown that afoba-
zole (fabomotizole), after the administration by various
methods, is registered in urine and feces only in insignif-
icant amounts [37, 38], 80% of the administered dose of
omeprazole is excreted in the urine as metabolites and a
small part in feces [39].

When evaluating the computer projection of possi-
ble RU-1205 metabolites, it should be noted that in all
the compounds formed by the radical, the C*> atom re-
tains the fluorophenyl radical, which is presumably in-
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volved in the development of the analgesic effect [33].
All metabolites, except metabolites “E” and “F”, are char-
acterized by the preservation of the morpholine radical,
which is also involved in the development of pain relief.

On the basis of the computer analysis, it was also
found out that in the process of the of RU-1205 metab-
olism, the detachment of the morpholine radical and,
probably, a change in the analgesic activity (metabolite
“E”), is possible.

Both in preclinical studies and in the further clinical
use of new drugs, it is advisable to search for relation-
ships between pharmacokinetic parameters and drug
effects. The discussion of such correlations is important
for understanding the system of relationships between
pharmacokinetic and pharmacodynamic mechanisms in
the action of the future drug. Therefore, the next stage
of the research was to study the dependence of phar-
macodynamic properties (pain relief) on the pharmaco-
kinetics of the RU-1205 compound.

The previous studies have shown that the com-
pound has a dose-dependent analgesic effect, and the
average effective dose of RU-1205 for the oral route of
administration is 5 mg/kg [8]. The main parameter char-
acterizing the degree of bioavailability of the drug, the
area under the pharmacokinetic curve RU-1205, increas-
es linearly with increasing the dose [40]. Taking into
account the sensitivity of the developed HPLC method
and the possibility of comparing pharmacokinetic and
pharmacodynamic data with linear kinetics, the cor-
relation of the analgesic effects and pharmacokinetics
at different doses, was assessed. When comparing the
pharmacokinetic and analgesic properties, it was deter-
mined that the difference in the maximum analgesic ef-
fect and the peak concentration of the substance in the
plasma is 3 hours. This difference can be explained by
the peculiarities of the compound RU-1205 penetration
through the blood-brain and hepatic barriers. With this
route of administration, RU-1205 enters the brain at the
concentrations below the threshold and is not detected
when studying the tissue accessibility. However, a cen-
tral analgesic effect is observed, and it suggests that bio-
transformation of RU-1205 may result in the formation
of active metabolites possessing analgesic properties.
The literature data show that some opioid analgesics
are characterized by the formation of active metabolites
[41]. For example, as a result of glucuronization of mor-
phine, the main metabolites of morphine are formed.
One of them, morphine-6-glucuronide, has pronounced
analgesic properties that are superior to morphine itself
[42]. Another opioid analgesic (of the mixed action),
tramadol, is metabolized by N- and O-demethylation,
followed by conjugation with glucuronic acid to form an
active metabolite, mono-O-desmethyltramadol, which
causes a more pronounced activation of mu-receptors in
comparison with tramadol itself [41]. Hydromorphone is
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a semi-synthetic derivative of morphine, its pharmaco-
logical properties are similar to morphine, including its
biotransformation. It is also extensively metabolized by
glucuronization up to hydromorphone-3-glucuronide;
the other minor metabolites include unconjugated and
conjugated dihydromorphine and dihydroisomorphine,
hydromorphone-3-sulfate, norohydromorphone, and
nordihydroisomorphine [41]. Its metabolites, dihydro-
morphine and norohydromorphone, have the same po-
tency as morphine. Methadone is an opioid used in a
number of countries as an analgesic, as well as in the
treatment of drug addiction (drug trafficking in Russia
is prohibited, according to List | of the RF Government
Decree No. 681 dated June 30, 1998 (as amended on
12/03/2020)), is a racemic mixture of R- and S-meth-
adone. Moreover, R-methadone has almost 50 times
more powerful analgesic effect than S-methadone. As
a result of the oxidative biotransformation, it under-
goes stereoselective metabolism (N-demethylation),
and with the participation of CYP2C19, metabolites a-
(3S6S)-methadol and a-(356S)-N-desmethylmethadol
are formed from the enantiomer of S-methadone, the
latter of which has an analgesic activity, comparable to
R-methadone (active enantiomer) [42]. The analgesic
oxycodone (in the oral form, until recently considered
as an alternative to morphine, due to a less pronounced
addictive effect) is metabolized with N-demethylation up
to noroxycodone and codeine, O-demethylation up to
oxymorphone through CYP3A4 and CYP2D6, respective-
ly [41, 42]. In the 3™ position, Oxymorphone is further
metabolized by glucuronidation to oxymorphone-3-glu-
curonide. Oxycodone and noroxycodone itself have a
lower affinity, while oxymorphone has a higher affinity
to the p-opioid receptor [43, 44].

CONCLUSION

Thus, as a result of the research, the main pharma-
cokinetic parameters of RU-1205 have been studied at
a single oral administration. The processes of the tissue
distribution of the studied compound in the organs of
the rat organism, as well as its excretion, have been in-
vestigated. The value of its absolute bioavailability for
this route of administration was 37.3%. Despite the fact
that under the developed chromatographic conditions,
the RU-1205 compound has not been detected in the
brain in the oral route administration, the observed cen-
tral analgesic effect (realized as a result of penetration
through the blood-brain barrier) may indicate a possible
presence of active metabolic products with the analge-
sic activity. The totality of the results obtained suggests
that the RU-1205 compound undergoes active biotrans-
formation processes in the body of animals. Based on
the revealed pharmacokinetic parameters of the test
compound, it is possible to plan an optimal scheme for
further clinical trials.
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