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ABSTRACT

Aim. To study the analgesic effect of a new 1,4-benzodiazepine-2-one derivative (codenamed PAV-0056) in
pain models in mice, its anti-inflammatory effect in experimental exudative inflammation in rats, and its potential
ulcerogenic effect.

Materials and methods. A 1,4-benzodiazepine-2-one derivative (codenamed PAV-0056) was orally administered
in polyvinylpyrrolidone (PVP) solution to 192 CD-1 mice weighing 20-25 g and 140 Sprague — Dawley rats
weighing 250-300 g. The analgesic effect of the PAV-0056 compound at a dose of 0.01, 0.1, and 1 mg / kg was
studied in murine acute thermal pain models (hot plate test, hot water immersion tail-flick test), acute chemogenic
pain models (formalin test), and visceral spasticity-related pain models (acetic acid-induced writhing test). The
anti-inflammatory effect of PAV-0056 at doses of 0.01, 0.1, and 1 mg/ kg was studied in an experimental rat model
of inflammation induced by subplantar administration of bradykinin and histamine. The potential ulcerogenic effect
was studied in intact rats, who were injected with PAV-0056 at doses of 1 and 50 mg / kg four times. The analgesic
effect of the PAV-0056 compound was compared to that of diclofenac sodium at a dose of 10 mg / kg and tramadol
ata dose of 20 mg / kg. Its anti-inflammatory and potential ulcerogenic effects were compared to those of diclofenac
sodium at a dose of 10 mg / kg.

Results. In the hot plate test, the PAV-0056 compound at a dose of 0.1 mg / kg increased response latency in
mice by 36%, and at a dose of 1 mg / kg, it increased response latency by 46% (p < 0.05). In the tail-flick test,
the PAV-0056 compound at a dose of 1 mg / kg increased response latency to heat stimulation in mice by 46%
(p < 0.05). After subplantar administration of formalin, PAV-0056 at doses of 0.01-1 mg / kg had a pronounced
analgesic effect, as shown by a decrease in the number of pain responses by 39-55% (p < 0.05). When mice were
intraperitoneally injected with an acetic acid solution, the PAV-0056 compound at doses of 0.1 and 1 mg / kg
reduced the frequency of writhings by 46 and 57%, respectively; at a dose of 0.1 mg / kg, it delayed the onset of the
first writhing by 21% (p < 0.05). In experiments on rats, the PAV-0056 compound prevented the development of
exudative inflammation induced by subplantar administration of bradykinin and did not have an anti-inflammatory
effect in histamine-induced inflammation. PAV-0056 did not cause formation of gastric ulcers and gastric mucosal
bleeding.

Conclusion. A 1,4-benzodiazepine-2-one derivative, PAV-0056, has a pronounced analgesic effect in models of
thermal, chemogenic, somatic, and visceral pain in a wide range of doses (0.01-1 mg / kg). Its analgesic effects are
the same as those of diclofenac sodium at a dose of 10 mg / kg and tramadol at a dose of 20 mg / kg. The analgesic
effect of the PAV-0056 compound is selective, depends little on suppression of inflammatory exudation, and is
caused by bradykinin antagonism. This substance has low toxicity and does not damage the gastric mucosa.

Keywords: 1,4-benzodiazepine-2-one derivative, analgesic, anti-inflammatory, and potential ulcerogenic effects,
mice, rats
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PE3IOME

Henps — M3y4uTh aHAJIBreTHYECKYI0 aKTUBHOCTH HOBOTO Hpou3BoaHOro 1,4-Oen3oxmazenuH-2-oHa (mmdp —
PAV-0056) Ha Mopnensx Oomu y Mblmlel, HPOTHBOBOCIAIUTENBHOE JEHCTBHE MPH HKCICPHUMEHTAIHLHOM
9KCCYAAaTUBHOM BOCIAJIEHUH Y KPBIC, a TAK)KE €ro IOTEHIUAIBHOE YJIbIIEPOr€HHOE JeHCTBHE.

Marepuabl u Metoasl. [IpousBonHoe 1,4-6eH30a1MazenuH-2-0Ha, 0003HaueHHOe mudpom PAV-0056, BBOIMITH
B PacTBOpE MOJUBHHUIITUPPOIUAOHA B xKelyqok 192 mermam croka CD-1 maccoit tena 20-25 r u 140 xpbeicam
croka Sprague Dawley maccoii Tena 250-300 r. AHaIBreTHYECKYI0 akKTUBHOCTE coequHeHus PAV-0056 B nozax
0,01; 0,1 u 1 Mr/kr u3y4anu y MbIleld Ha MOJEINSX OCTPOH TEPMHUYECKON OOJH (TECTBI «ropsdas IUIACTHHAY U
OT/ICPTHBAHHUsI XBOCTa MPH IOTPYKCHUH B TOPSUYI0 BOJY), OCTPOil XeMOreHHOit 60iu ((hOpManHHOBBIH TeCT) U
BHUCIIEPAJIbHOM CIIACTHYECKOH 00JH (TeCT «yKCycHbIe kKopum»). [IpotnBoBoCcanuTensHoe aeiictBue PAV-0056 B
no3ax 0,01; 0,1 u 1 Mr/kr uccienoBalii NPy SKCIEPUMEHTAIBHOM BOCIIATICHUH, BRI3BAHHOM Y KPBIC CYOIIIaHTapHBIM
BBEJICHHEM OpaJMKHHMHA U rucTaMiHa. [I0TeHIMaIbHOE YIIBLEPOreHHOE BIMSHUE M3yYallil Y HHTAKTHBIX KPBIC,
KoTopbiM BemecTBo PAV-0056 B no3ax 1 u 50 mr/kr BBogmmu 4 pasa. AHanmbrerudeckuii 3pdexr coennHeHus
PAV-0056 cpapauBaiu ¢ aericteueM aukiiodeHaka HaTpus B go3e 10 Mr/kr u Tpamazgona B 1o3e 20 MI/Kr, MpoTH-
BOBOCTIAJIUTEIEHOE M BO3MOYKHOE YIIBLIEPOTeHHOE JICHCTBHE — C BIUSHHEM JHUKI0(eHaka HaTpus B 1o3e 10 Mr/kr.

Pe3ynbTathl. B Tecte «ropsiuas riactuHay coexunerne PAV-0056 B no3e 0,1 MI/Kr yBenMUMBaiIoO y MbIIICH
BpeMsI JI0 MOSIBIICHUS TIepBoi 6oeBoii peakiyu Ha 36%, B no3e 1 Mr/kr —Ha 46% (p <0,05). B Tecte oTaepriupanus
XBOCTA MPH MOTPYKEHUH B TOps4yo Boay coeanHenne PAV-0056 B 1o3e 1 MI/Kr yBenn4MBajo JaTEHTHOE BpeMs
HACTYIIEHHUs TepMHUUYecKoi 6omu y Meiteit Ha 46% (p < 0,05). Ilpu cyOrnmanTapHOM BBEISHUH (OpMaTnHa CO-
enunenne PAV-0056 B no3ax 0,01—1 Mr/kr oka3bIBajio BEIPOXKEHHOE aHATbI€THYECKOE ICHCTBHE, UTO MIPOSBISIOCH
yMeHblIeHneM Ha 39-55% konuuecta 601eBbIX peakuuii (p < 0,05). IIpn BHYyTpHOPIOIIMHHON HHBEKIIMH MBIIIAM
pacTBopa yKCyCHO# KucioTsl coeanHenie PAV-0056 B mo3ax 0,1 u 1 MI/Kr yMeHbIIAN0 KOJMYECTBO KKOPUCH)
Ha 46 u 57% cooTBeTcTBeHHO, B 103€ 0,1 MI/Kr OTABHIano HacTyIUIeHHEe NmepBoi «kopum» Ha 21% (p < 0,05).
B skcnepumenTax Ha kpeicax coequHeHne PAV-0056 mpensaTcTBOBalIO pa3BUTHIO SKCCYAATHBHOTO BOCHAJICHUS,
BBI3BAHHOT'O CYOIIIaHTapHBIM BBEICHUEM OpaJlMKHHUHA, M HE OKa3bIBAJIO MPOTHBOBOCHAIUTEIBHOTO 3 QeKTa pu
THCTAMHHOBOM BOCHAJICHUH, HE BBI3bIBAJIO 00Pa30BaHNU SI3B M KPOBOM3IMAHUN Ha CIM3UCTOH 000JI0UKeE KEeIyAKa.

3akaouenne. [IpousBonHoe 1,4-6enzonuasenuu-2-ona PAV-0056 B mumpokom nuamnazone no3 (0,01-1 mr/kr)
BBI3bIBACT BBHIPAKEHHYIO aHAJIBIE3UI0 HA MOJIENAX TEPMUYECKOH, XEMOTreHHOH, COMAaTHUECKON M BUCLIEPAJIbHOM
0011, 10 aHABICTUUCCKON aKTUBHOCTHU HE ycTynaeT 3¢ dekty nukiodpenaka HaTpus B 1o3e 10 MI/kr u Tpamamoia
B 03¢ 20 mr/kr. AHansreTudeckoe jaeiicteue coenunenus PAV-0056 saBiasercst CEJIEKTUBHBLIM, Majlo 3aBUCUT
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OT TOJABJICHHUS BOCHAJIHUTEIBHON JKCCYyJAlUK U 00YCIIOBICHO aHTATOHU3MOM C OpaJMKHHUHOM. DTO BEIIECTBO
MaQJIOTOKCUYHO U HE OBPEXKIACT CIU3UCTYIO 000JI0UKY JKEITyIKa.

KiroueBbie ciioBa: TIPOU3BOTHOC 1,4-66H30}IH&36HI/IH-2-0H21, AHAJIBI€TUYCCKOC, MPOTUBOBOCHIAJIMTEIIBHOC U

TIOTCHIIUAJIBHOEC YIIBLICPOTCHHOE HeﬁCTBHC, MBbIIIH, KPBICHI

KondaukTt nnTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIHAIBHBIX KOH(OINKTOB HHTEPECOB,

CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HACTOSIIIEH CTaThH.

Hcrounuk ¢unancupoBanus. lccienoBanue BBIMOMHEHO mpu (uHaHCcOBOH momnepxkke AO «OpraHuka»

(r. HoBOKy3HeK).

CooTBeTcTBHE NMPUHIWNAM 3THKH. MccrenoBanue omgoOpeHO JIOKaNbHBIMU dTHYeckuMu komuteramu OOO
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s uurupoBanus: Amudopenko A.E., beikoB B.B., BrikoBa A.B., Mortos B.C., CrankeBuu C.A., I1aBnoB-
ckuit B.M., Xazano B.A., BenrepoBckuii A.ll. AHampreTndeckas aKTHBHOCTh AQHTArOHHUCTa OpaAWKWHUHA —
mpou3BoAHOro 1,4-0eH30ana3enuH-2-0Ha. bronremens cudupckoil meduyunwvl. 2023;22(2):6—13. https://doi.

org/10.20538/1682-0363-2023-2-6-13.

INTRODUCTION

Pain is a complex psycho-emotional sensation in
response to the effect of nociceptive stimuli, charac-
terized by impaired adaptation and deterioration in
patients’ quality of life [1]. To alleviate pain, opioid
and non-opioid analgesics, as well as non-steroidal
anti-inflammatory drugs (NSAIDs) are used. Opioid
analgesics eliminate severe pain of any etiology, but
depress the respiratory center and generate a risk of
physical and psychological dependence and addiction
[2]. NSAIDs are most effective for nociceptive pain at
the inflammation site; their side effects include ulcero-
genic and nephrotoxic effects, cardiovascular diseas-
es, bronchospasm, and bleeding [3].

One of the modern strategies in the search for
new analgesics is development of autacoid inhib-
itors (bradykinin, histamine, serotonin), which
prevent their activating effects on the nocicep-
tive system [4-6]. The nonapeptide bradykinin
is generated during inflammation, allergies, and
infections via cleavage of kininogen by the ac-
tion of kallikrein and activates metabotropic
B receptors [7]. Bradykinin directly irritates sensitive
nerve endings and promotes secretion of other algo-
genic factors, such as substance P, neurokinin A, and
calcitonin gene-related peptide. At the inflammation
site, bradykinin dilates capillaries, disrupts cell — cell
contacts, and increases exudation and migration of
neutrophils, lymphocytes, and macrophages [8].

In clinical practice, there are no analgesics with an-
ti-bradykinin action. Bradykinin B receptor is blocked
by 1,4-benzodiazepine-2-one derivatives [9-12];

among them, the compound PAV-0056 has the great-
est analgesic effect [13].

The aim of this work was to study the analgesic ef-
fect of a new 1,4-benzodiazepine-2-one derivative PAV-
0056 in experimental models of pain and inflammation,
as well as to evaluate its potential ulcerogenic effect.

MATERIALS AND METHODS

The PAV-0056 compound is methyl-2-(7-nitro-
2-0x0-5-phenyl-3-propoxy-2,3-dihydro-1 H-benzo[ e]
[1,4]diazepine-1-yl)acetate (Fig.1). Derivatives of
1,4-benzodiazepine-2-ones were synthesized at IP-
HAR LLC based on molecular design and study of the
relationship between the chemical structure and affin-
ity to benzodiazepine receptors and analgesic effects
[14]. Among this group of substances, the PAV-0056
compound has minimal toxicity, and its oral LD50 in
mice and rats is over 2,000 mg / kg.

Fig. 1. Structural formula of the PAV-0056 compound
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The experiments were carried out at the R&D
center of IPHAR LLC in 192 pathogen-free
male CD-1 mice weighing 20-25 g and 140 male
Sprague — Dawley rats weighing 250-300 g. The an-
imals were obtained from the Department of Labo-
ratory Animals of the R&D center. They were kept
in groups of 56 individuals each in plastic cages at
20-23 °C, relative humidity of no more than 50%,
exhaust — supply ratio of 8 :10, in a 12 : 12 light /dark
cycle.

The study was approved by the local Ethics Commit-
teesatIPHARLLC(ProtocolNo.77/20200124.11.2020)
and Siberian State Medical University (Protocol
No. 8992 of 21.02.2022). It was conducted in accor-
dance with the provisions of the European Conven-
tion for the Protection of Vertebrate Animals used for
Experimental and Other Scientific Purposes (Stras-
bourg, 1986) and the principles and rules of Good
Laboratory Practice (Decision of the Council of Eur-
asian Economic Commission No. 81 of 03.11.2016
and the National Standard of the Russian Federation
(GOST) 33044-2014).

The PAV-0056 compound at doses of 0.01, 0.1,
and 1 mg / kg or the reference listed drugs diclofenac
sodium (Hemofarm, Serbia) at a dose of 10 mg / kg
[15] and tramadol (Pharmaceuticals Formenti S.p.A.,
Italy) at a dose of 20 mg / kg [16] were orally admin-
istered to mice to assess the analgesic effect. All sub-
stances were dissolved in 0.5 ml of 1% aqueous solu-
tion of polyvinylpyrrolidone (PVP) (Plasdone S-630,
Ashland Inc., USA). Control animals received the
vehicle in an equivalent volume. Doses of the PAV-
0056 compound were selected based on previous pi-
lot studies. Analgesic effects were evaluated 60 min
after the administration of the PAV-0056 compound,
diclofenac sodium or tramadol, and compared with
those in control animals. Each experimental group
contained 6—10 animals.

Hot plate test. Mice (6 groups, n = 6 animals per
group) were placed on a metal surface heated to a tem-
perature of 55 + 1 °C (thermal table HWT-75, Russia).
We determined response latency, measured by paw
withdrawal and licking. The mice were kept on the hot
plate for no more than 1 min to avoid injury [4, 17].

Tail-flick test. The tails of mice (6 groups, n = 10
animals per group) were half immersed in water at a
temperature of 45 £ 1 °C (Sakura 1450 water bath,
Japan). We measured the time before the tail flicked
to the side [4, 17].

Formalin test. Mice (6 groups, n = 10 animals per
group) were injected with 0.02 ml of 0.5% formalin

(Sigma-Aldrich, USA) into the plantar aponeurosis of
the hind limb. A pain response was registered by the
number of licks and shakes of the injured paw during
60 min. In the first 15 min (phase I), acute phase pain
developed due to sensitization of peripheral structures
of the nociceptive system, in the next 45 min (phase
1), tonic pain developed, which was caused by activa-
tion of central mechanisms of the nociceptive system
[17,18].

Acetic acid-induced writhing test. Mice (6 groups,
n = 6 animals per group) were intraperitoneally in-
jected with 0.75% aqueous acetic acid solution
(Sigma-Aldrich, USA) in a volume of 0.1 ml per 10 g
of body weight. We assessed the number of abdominal
muscle contractions (writhings) and time to the onset
of the first writhing within 20 min [17, 18].

The anti-inflammatory effect of the PAV-0056
compound was studied in models of acute exuda-
tive inflammation. Rats (10 groups, n = 10 animals
per group) were injected with 0.1 ml of 0.1% aque-
ous bradykinin solution (Sigma-Aldrich, USA) or 2%
aqueous histamine solution (Sigma-Aldrich, USA)
into the aponeurosis of the hind limb. The other hind
limb of these animals was injected with 0.1 ml of so-
dium chloride (control). The PAV-0056 compound at
doses of 0.01, 0.1, and 1 mg / kg or diclofenac so-
dium at a dose of 10 mg / kg [19] was injected 1 h
before the injection of bradykinin or histamine. The
limb volume was measured using a plethysmometer
(UGO BASIL, Italy) 30 min after the injection of in-
flammatory mediators. The degree of edema reduction
in the inflamed limb was expressed as a percentage of
the control [4].

To study the potential ulcerogenic effect, intact rats
(4 groups, n = 10 animals per group) were orally ad-
ministered the PAV-0056 compound at doses of 1 and
50 mg/ kg or diclofenac sodium at a dose of 10 mg/ kg
four times (with an interval of 24 h). The animals were
withdrawn from the experiment in a CO: atmosphere
3 h after the last administration. The gastric mucosa
was studied for erosions, ulcers, and hemorrhages
using a stereoscopic microscope (Observational In-
struments, Russia) at 10x magnification. We assessed
the degree of damage according to a four-point scale:
0 — no damage; 0.5 — mucosal hyperemia; 1 — 1 or
2 punctate hemorrhages on the mucous membrane;
2 — single erosion and punctate hemorrhages on the
mucous membrane; 3 — multiple erosions and hemor-
rhages on the mucous membrane; 4 — massive hemor-
rhages and ulcers throughout the mucous membrane

[4].

Bulletin of Siberian Medicine. 2023; 22 (2): 6-13 9



Aliforenko A.E., Bykov V.V., Bykova A.V. et al.

Analgesic effect of a bradykinin antagonist - a 1,4-benzodiazepine-2-one derivative

The results were statistically processed using the
Statistica v. 8.0 (StatSoft, USA) software package.
The normality of trait distribution was assessed using
the Shapiro — Wilk test. The data were presented as
M + m, where M is the mean and m is the standard
error of the mean. The differences between the groups
were identified by the Student’s ¢-test and considered
statistically significant at p < 0.05.

RESULTS AND DISCUSSION

In the hot plate test, the 1,4-benzodiazepine-2-one
derivative PAV-0056 at a dose of 0.1 mg / kg
prolonged the response latency by 36 %, at a dose
of 1 mg/ kg — by 46 % compared to that in mice treat-
ed with PVP (p < 0.05). PAV-0056 had no analgesic
effect at a dose of 0.01 mg / kg. Diclofenac sodium at
a dose of 10 mg / kg and tramadol at a dose of 20 mg
/ kg increased the response latency by 64 and 82%,
respectively (p <0.05) (Fig. 2). The analgesic effect of
PAV-0056 ata dose of 0.1 and 1 mg/ kg was compara-
ble to that of diclofenac sodium at a dose of 10 mg/ kg
(p > 0.05), but was not as great as that of tramadol at a
dose of 20 mg / kg (p < 0.05).
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Fig. 2. Response latency in the hot plate test after the

administration of PAV-0056, diclofenac sodium, and tramadol

to mice: * differences with the control group, p < 0.05, °
differences with the tramadol group, p < 0.05

PAV-0056 at a dose of 1 mg / kg prolonged the
tail-flick latency by 46% in mice (p < 0.05), al-
though it did not have an analgesic effect at dos-
es of 0.1 and 0.01 mg / kg. Diclofenac sodium at a
dose of 10 mg / kg increased the response latency
by 46%, and tramadol at a dose of 20 mg / kg increased
this parameter by 36%. The analgesic effect of trama-
dol was weak: the response latency did not differ from
that in mice treated with PVP (p > 0.05) (Fig. 3).
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Control PAV-0056 PAV-0056 PAV-0056 Diclofenac Tramadol

group 0.01 mg/kg 0.1 mg/kg 1mg/kg 10 mg/kg 20 mg/kg

Fig. 3. Response latency in mice in the hot water immersion

tail-flick test after the administration of PAV-0056, diclofenac

sodium, and tramadol: * differences with the control group,
p<0.05

With subplantar formalin injection, PAV-0056
at a dose of 0.01-1 mg / kg reduced the number of
pain responses in the acute and tonic pain phases
(p < 0.05). Diclofenac sodium at a dose of 10 mg /
kg and tramadol at a dose of 20 mg / kg also had an
analgesic effect in both phases (p < 0.05). PAV-0056
at all studied doses had the same analgesic effects as
diclofenac sodium and tramadol (Table 1).

PAV-0056 at a dose of 0.1 mg / kg reduced
the frequency of writhings caused by the intra-
peritoneal injection of acetic acid by 46% and
at a dose of 1 mg / kg — by 57%. At a dose of
0.1 mg / kg, it delayed the onset of the first writhing
by 21% (p < 0.05). Diclofenac sodium and tramadol
reduced the frequency of writhings by 49 and 68%,
respectively and delayed the onset of the first writhing
by 49 and 52%, respectively (p < 0.05). The analgesic
effect of PAV-0056 at a dose of 0.1 and 1 mg / kg was
the same as that of diclofenac sodium at a dose of 10
mg / kg; at a dose of 0.1 mg / kg, it was weaker than
that of tramadol at a dose of 20 mg / kg (Table 2).

The contribution of the anti-inflammatory ef-
fect to the mechanism of the analgesic effect of
PAV-0056 at doses of 0.01, 0.1, and 1 mg / kg was
studied in rat models of exudative inflammation in-
duced by the subplantar injection of bradykinin or
histamine. The reference listed drug was diclofenac
sodium ata dose of 10 mg/kg[19]. PAV-0056, admin-
istered 1 h before the injection of bradykinin, reduced
limb edema by 33-58% (p < 0.05) (Table 3). The an-
ti-inflammatory effect of PAV-0056 in histamine-in-
duced edema was not significantly pronounced,
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the volume of the limb decreased only by 6-16 %
(» > 0.05). Diclofenac sodium prevented the devel-
opment of paw edema by 43-54% in both models of

inflammation (p < 0.05) (Table 4). The results of this
experiment indicate bradykinin antagonism of PAV-
0056 and a weak anti-histamine effect.

Table 1
Analgesic effect of PAV-0056, diclofenac sodium, and tramadol after administration to mice in the formalin test, M + m
PAV-0056 PAV-0056 PAV-0056 Diclofenac Tramadol
Control group,
Number of responses - 10 0.01 mg/ kg, 0.1 mg/ kg, 1 mg/kg, 10 mg / kg, 20 mg / kg,
" n=10 n=10 n=10 n=10 n=10
Phase | 31 £3 19+ 1%* 14+ 1% 16+1* 20 +4* 21 +£3%
Phase 11 15+2 6+ 1% 6+ 2% 8 + 3% 7 +£2% 9 +£2%
* p <0.05 compared to the controls (here and in Tables 2—4).
# One outlier was identified by the Smirnov — Grubbs test.
Table 2
Analgesic effect of PAV-0056, diclofenac sodium, and tramadol after administration to mice in the acetic acid-induced writhing test,
M+tm
Control PAV-0056 PAV-0056 PAV-0056 Diclofenac Tramadol
Parameter group, 0.0l mg/kg, | 0.1 mg/kg, | 1mg/kg, 10 mg / kg, 20 mg / kg,
n==6 n==6 n==6 n==6 n==6 n==6
Time before the first writhing, sec 258 +8 336 £ 66 312 £ 10** 326 +59 385+39* 393 +47*
Number of writhings 37+1 29+4 20+ 2% 16 £ 2% 19 £ 4%* 12 £ 3%
#p <0.05 compared to the tramadol group.
Table 3

Anti-inflammatory effects of PAV-0056 and diclofenac sodium in the test with the subplantar injection of bradykinin in rats, M £+ m

Parameter Control group, PAV-0056 PAV-0056 PAV-0056 Diclofenac
n=10 0.0l mg/kg,n=10 | 0.1 mg/kg,n=10 | 1mg/kg, n=10 | 10 mg/kg, n=10
Volume of limb edema, ml 0.24+0.02 0.16 +0.03* 0.08 +0.03* 0.10 £0.02* 0.11 £0.02*
Table 4

Anti-inflammatory effects of PAV-0056 and diclofenac sodium in the test with the subplantar injection of histamine in rats, M = m

Parameter Control group, PAV-0056 PAV-0056 PAV-0056 Diclofenac
n=10 0.0l mg/kg,n=10| 0.1 mg/kg,n=10 1 mg/kg, n=10 10 mg/ kg, n=10

Volume of limb edema, ml 0.30+0.8 0.32+0.09 0.28+0.11 0.25+0.10 0.17 £0.05*

The 1,4-benzodiazepine-2-one derivative PAV-
0056 at doses of 1 and 50 mg / kg, administered to
the rats orally four times, did not have an ulcerogenic
effect: there were no ulcers and hemorrhages in the
gastric mucosa. Diclofenac sodium, administered four
times at a dose of 10 mg / kg, caused multiple injuries,
such as bleeding erosions and ulcers (3.5 points).

Thus, the 1,4-benzodiazepine-2-one derivative
PAV-0056 exhibited analgesic effects in a wide dose
range (0.01-1 mg / kg) which were the same as those
of diclofenac sodium at a dose of 10 mg / kg and tra-
madol at a dose of 20 mg / kg. In the hot plate test,
the PAV-0056 compound exerts a moderate analgesic
effect because thermal somatic pain occurs with mini-
mal involvement of inflammatory mediators, and ther-

moreceptors transmit pain information to the reticular
formation in the midbrain and thalamus. In the tail-flick
test, high-threshold mechanoreceptors are activated on
a large surface of the thermal stimulation area; the pain
signal through the polymodal C- and Ad-fibers is car-
ried mainly to the posterior horns of the spinal cord and
then transmitted to the motor neurons of the anterior
horns [20]. It can be assumed that the more pro-
nounced analgesic effect of PAV-0056 in the hot plate
test is associated with the activation of the antinoci-
ceptive system of the brain.

The PAV-0056 compound effectively alleviat-
ed chemogenic pain caused by formalin and acetic
acid. Irritation of nociceptors at the damage site by
bradykinin is of primary importance in the generation
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of such pain. With the subplantar injection of forma-
lin into the paw of the mice, PAV-0056 decreased
the number of paw shakes more than the number of
paw licks. This is due to the blockade of nociceptors
and inhibition of the transmission of action potentials
along afferent nerve fibers to the posterior horns of
the spinal cord with suppression of the somatic reflex.
The PAV-0056 compound has a weaker effect on the
processing of pain signals in the cerebral cortex, so it
interferes less with the formation of a conscious re-
sponse to pain in the form of paw licking.

The PAV-0056 compound has analgesic and an-
ti-inflammatory effects due to antagonism with brady-
kinin and is less effective in histamine-induced inflam-
mation. The analgesic and anti-inflammatory effects
of diclofenac sodium are caused by antagonism with
prostaglandins, histamine and, to a lesser extent, with
bradykinin. In aradioligand binding assay with Chinese
hamster ovarian cytoreceptors, it was shown that some
benzodiazepine derivatives, structurally similar to
PAV-0056, block bradykinin B receptors at nanomo-
lar concentrations [10].

An important advantage of the 1,4-benzodiaze-
pine-2-one derivative PAV-0056 is the absence of an
ulcerogenic effect. It is known that NSAIDs inhibiting
cyclooxygenase-1 inhibit synthesis of gastroprotec-
tive prostaglandins and seriously damage the gastric
mucosa [21]. In our experiment, diclofenac sodium
resulted in the formation of numerous ulcers in the
stomach, complicated by bleeding.

CONCLUSION

In the present study, the analgesic effect of a new
1,4-benzodiazepine-2-one derivative PAV-0056 was
demonstrated for the first time in experimental models
of thermal and chemogenic (somatic, visceral) pain.
The PAV-0056 compound has a moderate anti-exu-
dative effect in experimental inflammation induced
by bradykinin. It does not damage the gastric mucosa.
The analgesic effect of PAV-0056 is not weaker than
that of diclofenac sodium and tramadol. The 1,4-ben-
zodiazepine-2-one derivative is evaluated as a prom-
ising and safe drug with a selective analgesic effect.
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