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(I)apMaKOKI/IHeTI/IKa AHTAaroHmcra 6pa,zu/manHa
IIPOMN3BOAHOTO 1,4-66H30[{I/1336HI/IH-2-OH8 B OKCIIECPpDMMEHTC
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AHHOTAITUA

BBeenue. [IpoussogHoe 1,4-6eH30aMa3enuH-2-0Ha (mmudp — PAV-0056) B muamasoHe 7103 0.1—10 MT'/KT OKa3bl-
BaeT B DKCIIEPUMEHTE BHIDAKEHHOE AaHAIBIeTUUYECKOe JIeUCTBUE KAaK AaHTArOHUCT PELeNTOPOB OpaJuKIHUHA 1-TO TUIIA.
IIpencrasisercsa akTyaIbHBIM JIOKJIMHUYECKOE N3y4yeHre apMaKOKUHETHKN HOBOTO IIOTEHIINAJIbHOTO AHAIBI€THKA IIPU
Pa3HBIX IYTAX BBEJIEHUA.

ITens. Onenurh hapMakOKHHETHUECKHE ITapaMeTPhI, OHOIOCTYIIHOCTh M TPAHCMEMOPAHHBIN TPAHCIOPT IIPOU3BO-
JIHOTO 1,4-6eH3oauasenun-2-oaa PAV-0056.

Martepuanans u MerTosl . Coenunenne PAV-0056 B 7103ax 0.1, 1 ¥ 10 MT'/KI' BBOAWIU B 1% BOJHOM PacTBOpe
TOJTUBUHUJITTUPPOJIH/IOHA B 3KEJIYZIOK U B BEHy KpbIcaM-caMiiaM (Bo3pacT 1.5—3 Mec) ctoka Sprague Dawley maccoii Tesa
250—300 r. C MOMOIIBI0 METO/1a MaCC-CIIEKTPOMETPUH OIIPEEIIAIN KOHIEHTPAIUIO BelectBa PAV-0056 B m1azme KpoBH
KpBbIC Yepe3 AMCKPeTHbIe HHTePBAJIbI BpeMeHU. V3yuanu dapMakoKHHETUYECKHE TapaMeTpPhI 1 abCOIIOTHYI0 OH0I0CTYII-
HOoCcTh PAV-0056. ITporunaemocts Mosiekys PAV-0056 depe3 KJIE€TOYHBIN MOHOCJION U3y4dayid Ha 21-7THEBHOU KYJIBTYpe
KJIETOK KOJIOPEKTAIbHOM KapiuHOMBI (Caco-2).

Pe3yabpTaThl. AGCOMOTHASA OHOLOCTYIIHOCTS IIPOU3BOHOTO 1,4-0eH3011a3ennH-2-0Ha PAV-0056 I1pu BBe/IeHNU B
JKeJIyJIOK KPBICaM B JI03€ 0.1 MT'/KT COCTaBJIsAeT 10.1 + 6.1 %, B 7103€ 1 MT/KT — 2.2 + 0.1 %, B 7103e 10 MI/KT — 6.4 + 0.8 %.
Cucremnas skcnozunusa AUC v makcuMasbHas KoHIeHTpanus C B IJIa3Me M3MEHAIOTCA JIMHEHHO ¢ yBeIMYE€HHEM JI03bl
PAV-0056 ¢ 0.1 710 10 MT/KT (k03 DUIIMEHTHI TUHEWHOU JIETEPMUHAIINN R?COCTABJISIOT 0.9767 ¥ 0.9976 COOTBETCTBEHHO).
Coenunenne PAV-0056 BcacbiBaeTcs U3 TOHKOTO KUIIIEYHUKA B TEYEHHE 1 U U JJMMUHHUPYETCA U3 IUIA3Mbl B TEUEHHUE 5 4.
ITocsie BBesieHUA B BeHy coeffuHeHue PAV-0056 3/IMMUHUDYeTCS B TeUeHUe 0.5 9. AHaJIbreTUK XapaKTepu3yeTcs 00IIUM
kupencoM (Cl)) 83.16 j1/kr/4 u He ABJAETCA CyOCTPATOM IJIMKONpOTenHa P.

3axknioueHHue . JIunobuwibHOEe IPOU3BOJHOE 1,4-0eH30/1Ma3enH-2-0Ha PAV-0056 NIpY BBEJIEHUH B JKEJTYTOK BCa-
CBHIBAETCS M3 TOHKOTO KUIIIEYHUKA TaCCUBHOU T y3ueii ¢ GMO0CTYITHOCTHIO He Gostee 10.1 + 6.1 %. JIuneliHas dpapma-
KOKHMHETHKA U OTCYTCTBUE B3aUMO/IEHCTBHA C IVIMKOIPOTEMHOM P II0O3BOJIAIOT OLleHHBaTh coefuHeHne PAV-0056 kak
MTOTEHIUATbHBIN HEOTTMOUHBIN aHABIETHK C XOPOITUM TpodrieM 6e30macHOCTH.

Knaoueswle croea: npon3BogHoOE 1,4-0eH301a3eMH-2-0Ha, KPBICH, (PapMaKOKHHETHYECKIE IIapaMeTPhl, JHHEHHOCTD
dbapmakoxnHeTHKH, aOCOTIOTHAST OMOJOCTYITHOCTD, TPAHCMEMOPAHHBIH TPAHCIIOPT.
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Pharmacokinetics of the bradykinin antagonist derivative
1,4-benzodiazepin-2-one in the experiment

A.E. Aliforenko® 2, V.V. Bykov*2, A.V. Bykova?, V.S. Motov?, K.E. Kozhukhovskiy?, V.I. Pavlovskiy?,
V.A. Khazanov?, A.I. Vengerovskii'

1Siberian State Medical University, Tomsk, Russia

2Innovative Pharmacological Research LLC (Iphar, LLC), Tomsk, Russia

ABSTRACT

Introduction. The14-benzodiazepin-2-one derivative (codenamed PAV-0056), in a wide range of low doses
0.1—10 mg/kg has a pronounced analgesic effect as bradykinin receptor type 1 antagonist. Preclinical study of the pharma-
cokinetics of a new potential analgesic with different routes of administration in appropriate doses seems to be relevant.
A im . To evaluate the pharmacokinetic parameters, bioavailability and transmembrane transport of the 1,4-benzodiaz-
epin-2-one derivative PAV-0056.

Materials and methods. PAV-0056 at doses of 0.1, 1 and 10 mg/kg was administered in a 1% aqueous
solution of polyvinylpyrrolidone into the stomach and vein of male Sprague Dawley rats (age 1.5—3 months) weighing
250—300 g. We determined the plasma concentration of PAV-0056 in the blood of rats at discrete time intervals using
mass spectrometry. The pharmacokinetic parameters and absolute bioavailability of PAV-0056 were studied. The perme-
ability of PAV-0056 through a cell monolayer was studied on a 21-day cell culture originated from of colorectal carcinoma
(Caco-2).

R e s ult s . Theabsolute bioavailability of the 1,4-benzodiazepin-2-one derivative PAV-0056 after administration into
the stomach of rats at a dose of 0.1 mg/kg is 10.1 £ 6.1%, at a dose of 1 mg/kg — 2.2 + 0.1%, at a dose of 10 mg/kg —
6.4 + 0.8%. Systemic exposure AUC and maximum plasma concentration C___change linearly with increasing dose of PAV-
0056 from 0.1 to 10 mg/kg (coefficients of determination R? are 0.9767 and 0.9976, respectively). PAV-0056 is absorbed
from the small intestine within 1 h and eliminated from plasma within 5 h. After intravenous administration, PAV-0056 is
eliminated within 0.5 h. The analgesic has a total clearance (Cl,) of 83.16 1/kg/h and is not a P-glycoprotein substrate.
Conclusion. Thelipophilic derivative of 1,4-benzodiazepin-2-one, PAV-0056 after administration into the stom-
ach is absorbed from the small intestine by passive diffusion with a bioavailability of no more than 10.1 + 6.1%. Linear
pharmacokinetics and no interaction with P-glycoprotein allow PAV-0056 to be positioned as a non-opioid analgesic with
a good safety profile.

Keywords: 1,4-benzodiazepin-2-one derivative, rats, pharmacokinetic parameters, linearity of pharmacokinetics, abso-
lute bioavailability, transmembrane transport.

Citation example: Aliforenko A.E., Bykov V.V., Bykova A.V., Motov V.S., Kozhukhovskiy K.E., Pavlovskiy V.I.,
Khazanov V.A., Vengerovskii A.I. Pharmacokinetics of the bradykinin antagonist derivative 1,4-benzodiazepin-2-one in
the experiment. Journal of Siberian Medical Sciences. 2023;7(4):124-137. DOI: 10.31549/2542-1174-2022-7-4-124-137

BBEJAEHUE

Ha ocHOBe MOJIEKYJIADHOTO AM3aiHA U U3YIEeHU
CBSI3U «CTPYKTypa — apbuHUTET K GEH30/[Ma3EIIHO-
BBIM peLEeNTOpaM — QHAIBrEeTUYECKas aKTUBHOCTH»
ObLIa CIPOTHO3WPOBAaHA U CHHTE3MPOBAHA HOBas
MOJIEKyJIa — MeTWI-2-(7-HUTPO-2-0KCO-5-PeHUI-3-
NPOMOKCHU-2,3-AUTUApPO-1H-0eH-
30[e] [1,4] nnazenun-1-wr)anerat (mudp PAV-0056).
CoracHO pe3yJibTaTaM MOJIEKYJIIPHOTO JIOKHHTa
coenuHenne PAV-0056 siBJIsieTCS aHTarTOHUCTOM Opa-
JAMKHHUHOBOTO perenTopa 1-ro tTuna (B) [1].

Coenunenne PAV-0056 oka3bIiBaeT B 3KCIEPU-
MEHTe BBIPAKEHHOE AHAIBTETUUECKOE JEHCTBHE:
MPEMATCTBYET PA3BUTHIO OOJIEBBIX PEAKIINN B OTBET

INTRODUCTION

Based on molecular design and studying the
“structure—affinity for benzodiazepine receptors —
analgesic activity” relationship, a new molecule,
methyl-2-(7-nitro-2-oxo-5-phenyl-3-propoxy-2,3-
dihydro-1H-benzo[e][1,4]diazepin-1-yl)acetate
(codenamed PAV-0056) was predicted and synthe-
sized. According to the results of molecular docking,
the PAV-0056 compound is bradykinin type 1 recep-
tor (B) antagonist [1].

The compound PAV-0056 has a significant anal-
gesic effect in the experiment: it prevents the devel-
opment of pain in response to intraperitoneal injec-
tion of acetic acid solution, subplantar administra-
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Ha BHYTPUOPIOIIIMHHYI0 HHBEKITHIO PACTBOPA YKCYC-
HOH KHUCJIOTHI, CyOILUTaHTapHOE BBeJeHMe OpauKu-
HuHA U popmanuHa [2]. B mo3ax 0.1-1 MI/Kr 3TO
BEIIIECTBO HE YCTYIAET 10 BhIPA’KEHHOCTH aHaJIbre-
THYeckoro 3¢ dekra IukI0peHaKy HaTpUsA U TpaMa-
J10J1y B 3(P(HEKTUBHBIX 7103aX 10 U 20 MT/KT' COOTBET-
ctBeHHO [2]. ITpomsBogHOE 1,4-0€H30/1Ma3EH-2-
oHa PAV-0056 TOpMO3UT 5KCCyZAINIO ITIPU SKCIIEPU-
MEHTJIPHOM BOCHAJIEHUU, BEI3BAHHOM OpaIMKUHU-
HOM, He IIOBPEXKIAET CIIU3UCTYI0 000I0UKY JKETyIKA
B /103ax 70 50 MT/Kr (500 TepameBTUUECKUX /103).
Jna  coeguHeHuss PAV-0056 He XapakTepHBI
3¢ dekTsl TPOUBBOAHBIX 1,4-O0eH307a3enHA —
AHKCUOJIUTUYECKUH, CEIaTUBHBIH, CHOTBOPHBIA M
LeHTPaJIbHBI MUOPEJIAaKCUPYIOIIUH, OTCYTCTBYET
aAAUKTHUBHBIN ToTeHnual [3].

N3yuyenve papMakKOKHHETUKU HOBBIX (papMako-
JIOTHYECKN AaKTHUBHBIX BEIEeCTB B JKCIIEPUMEHTE
sABJIseTcs 00s3aTeTbHBIM 3TAllOM IIPU pa3paboTke
OPUTUHAIBHBIX JIEKAPCTBEHHBIX CPEICTB. JTU IKC-
[IepUMEHTAIbHBIE JIAHHBIE HEOOXOAUMBI I IIPO-
THO3UPOBAHMUSA IIyTH BBEJEHUSA U JI03bI JIEKAPCTBEH-
HOTO CpEJICTBa, Pa3pabOTKH ONTUMAJIBHOU JIeKap-
CTBEHHOH (OPMBI, 06eCIIeunBaIOIIeN HEOOXOIUMYIO
OMOMOCTYITHOCT, W (PapMaAKOJIOTHYECKYI) AKTHB-
HOCTb [4, 5].

[TpencrapiseTcs akTyaJbHBIM U3ydeHue papma-
KOKMHETHKHA HOBOTO IIPOW3BOJHOTO 1,4-OeH30/11a-
3enuH-2-0Ha (PAV-0056) y KPBIC IIPU Pa3HBIX MyTIX
BBEJIEHUS.

ITEJIb UCCJIE/IOBAHU A

OneHuth (apMaKOKMHETHYECKHE TIMapaMeETPBHI,
OHOJTIOCTYITHOCTh M TPAaHCMEMOpPAHHBIH TPAHCIIOPT
MMPOU3BOJIHOTO 1,4-0eH30/1Ha3ennH-2-0Ha PAV-0056.

MATEPUAJIBI 1 METO/bI

Coenunenne PAV-0056 mpenocTaBieHO 1
HCCIIEOBAHUS KOMITaHUEeH-TIpaBoobJIaiaTesieM.
Mot mpbleir u kpoic addexruHas gosa (ED, )
coequHenusi PAV-0056 B 3aBHCUMOCTU OT MOJEIU
0oy cocraBysieT 0.01—1 MTI/KT, IOJIyJIeTaabHas
J03a (LDSO) — GoJiee 2000 MT/KT.

IKCIEePUMEHTHI TPOBOJIWJIN Ha 160 CBOOOIHBIX
OT TIaTOTeHHOW (JIOPHI KpbICaX-caMIlaX CTOKa
Sprague Dawley maccoii Tena 250—300 T (Bo3pact
1.5—3 Mec). Kpsic coziepkanu B 6apbepHOM BUBapUU
B IUIACTUKOBBIX KjIeTKax (1o 5 ocobei) mpu TeMrie-
parype 20—26 °C, OTHOCUTEJIbHOHN BJIAKHOCTU BO3-
Jyxa 30—70 %, BO3AyxooOMeHe 15 0OBEMOB/4 U
peryimpyemMoM CBETOBOM pexkuMe (12:12 1). Hccire-
JIOBaHUE OJIOOpPEHO JIOKAJbHBIMUA STUUYECKUMHU
KOMHUTETaMH, IIPOBE/IEHO B COOTBETCTBUH C MTOJIOKE-
HUAMU EBpONEericKOW KOHBEHITUHU 110 3aIuTe J1abo-

tion of bradykinin and formalin [2]. At doses of 0.1—1
mg/kg, this substance is not inferior in the severity of
the analgesic effect to diclofenac sodium and trama-
dol at effective doses of 10 and 20 mg/kg, respec-
tively [2]. The 1,4-benzodiazepin-2-one derivative,
PAV-0056 inhibits exudation in bradykinin-induced
inflammation and does not damage the gastric
mucosa at doses up to 50 mg/kg (500 curative doses).
The PAV-0056 compound is not characterized by the
effects of 1,4-benzodiazepine derivatives — anxio-
Iytic, sedative, hypnotic and myorelaxant; there is no
addictive potential [3].

Experimental studying the pharmacokinetics of
new pharmacological active substances is a manda-
tory stage in the development of original drug.
These experimental data are necessary to predict
the route of administration and dose of a drug, and
develop the appropriate dosage form that provides
the necessary bioavailability and pharmacological
activity [4, 5].

It seems relevant to study the pharmacokinetics of
a new 1,4-benzodiazepin-2-one derivative (PAV-
0056) in rats using different routes of administration.

AIM OF THE RESEARCH

To evaluate the pharmacokinetic parameters,
bioavailability and transmembrane transport of the
1,4-benzodiazepin-2-one derivative, PAV-0056.

MATERIALS AND METHODS

The PAV-0056 compound was provided for
research by the copyright holder. For mice and rats,
the effective dose (ED50) of the PAV-0056 compound
depending on the pain model is 0.01—1 mg/kg, the
50% lethal dose (LD, ) is more than 2000 mg/kg.

Experiments were carried out on 160 pathogen-
free male Sprague Dawley rats weighing 250-300 g
(age 1.5—3 months). The rats were kept in a vivarium
in plastic cages (5 animals each) at 20—26°C, relative
airhumidity of 30—70%, air exchange of 15 volumes/h
and controlled light conditions (12:12 h). The study
was approved by Local Ethical Committees and con-
ducted in accordance with the provisions of the
European Convention for the Protection of Verte-
brate Animals used for Experimental and other Sci-
entific Purposes (Strasbourg, 1986) in compliance
with the principles and rules of Good Laboratory
Practice. To exclude the influence of food on phar-
macokinetics, animals fasted for 16 h before the start
of the experiment.

The 1,4-benzodiazepin-2-one derivative (PAV-
0056) was administered once into the stomach of
rats at doses of 0.1, 1 and 10 mg/kg in 0.5 ml of a 1%
aqueous solution of polyvinylpyrrolidone (Ashland
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paropHbIX KUBOTHBIX (CTpacOypr, 1986) ¢ cobitroze-
HHUEM MPUHIHIIOB ¥ MPaBUJI HAJIeKaIen yabopa-
TOPHOW TPAKTUKHU. J[[JIsI WCKIIOUeHUs BIIUSHUSI
Uiy Ha GapMaKOKUHETHKY *KUBOTHBIE TOJIOHAITN B
TeueHUe 16 U 10 Hauayia SKCIIepUMeHTa.

[TpousBosHOe 1,4-6eH30nMa3enuH-2-0Ha (PAV-
0056) BBOJIMJIM OJHOKPATHO KPBHICAM B JKEJIYZIOK B
J103ax 0.1, 1 ¥ 10 MT'/KT B 0.5 MJI 1% BOJIHOTO pac-
TBOpa mnosmBHHUINUpposauaoHa (Ashland Inc.,
CIIA). Joswr BemectBa PAV-0056 BbIOpaHbl Ha
OCHOBaHHU Pe3yJIHTATOB PAHEe IPOBEIEHHBIX HCCIIe-
JIOBAaHWM aHAJIbIeTUUECKOU aKTUBHOCTH (Uama3oH
3P PEeKTUBHBIX /103 0.1—1 MI/KT) U TOKCHYHOCTH
(MakcuMasnpHas IepeHOoCHMas 1032 IPH MHOTO-
kpaTHOM BBeZieHuu 10 Mr/kr). CoemuHenue PAV-
0056 BBOAWIN KpbICAM BHYTPUBEHHO B JI03€
0.004 MT'/KT B 0.3 MJI 1% BO/THOT'O PACTBOpA ITOJIUBHU-
HWIMUpPpoaugoHa. OrpaHUYeHUs B 103€ BBOAUMOTO
B BEHY BEIECTBA CBA3AHBI C €0 HU3KOU PACTBOPU-
MOCTBIO U IIPEJIEJIBHO JIOIYCTUMBIM 00BEMOM KU~
KOCTH JIJIsl UHBEKIUH.

Il 3abopa KPOBHU KPHIC TTIOMEIAIN Ha 3 MUH B
KaMepy, IIOCTEIEHHO 3aIOJIHAEMYI0 TUOKCHUIOM
yriIepo/ia, puKCUpoBan oTepio pediekcos, Gpaiu
KPOBb U3 MOJIOCTH CEP/IIA U BHIBOAWIN U3 SKCIEPHU-
MeHTa [IEPBUKAIIBHOH Jiuciokaruei. [Ipu BBegeHUN
coenuHeHUsA PAV-0056 B KeJyZIoK IPOOBI KPOBU
Opasty 10 HavasIa SKCIepUMEHTA U uepes 15, 30, 60,
120, 240, 480, 960 U 1440 MHUH IIOCJ€ BBEIEHUSA
BeIl[eCTBA, IIPU BHYTPUBEHHOM BBEIEHUU — /IO UHB-
eKIIUU U Jepes 5, 15, 30, 60, 120, 240, 480 U 1440
MUH II0CJIe BBE/IEHUA. BpeMeHHbIe TOUKH BBIOPAHBI
Ha OCHOBAHUM IPEIbIAYIINX MUIOTHBIX UCCIIEI0OBA-
HUil (apMakOKUHETUKH coeAuHeHUus PAV-0056.
B kaxJ101f BpeMeHHOU TOUKe 3a00p KPOBH IIPOU3BO-
JIWJICA Y 5 KPBIC.

OO0pas1bl KPOBU COOHMpPAIN B MPOOHUPKHU C Trema-
pusom Hatpus (50 EJl/mun). [lirazmy nostyganu meH-
TpudyrupoBaHueM MpU 1500 g B TeUeHHUe 15 MUH,
nomeranu B npobupku Eppendorf, memeznmeHHO
3aMOPAKUBAIN B JKHUJIKOM a30Te U XPAaHWIU IIPU
TeMiieparype —70 °C 10 TPOBeIeHUs aHAIN3A.

s omnpeneneHuss KOHIIEHTPAIIMU IIPOU3BO-
JHOrO 1,4-OeH307MasenuH-2-0oHa PAV-0056 B
IIa3Me HCIOJIb30BaIn Macc-criekrpomerp QTRAP
4500 (AB Sciex, CIITA) B KOMILJIEKCE C KUIKOCTHBIM
xpomarorpadom Infinity 1260 (Agilent Technologies,
Inc., CIIA). Xpomatorpaduueckoe pasziesieHne
IIPOBO/IMJIA HA aHAJIUTUYECKON KOJIOHKE PazMepoM
75x2 MM, 3ar0JHEHHON copbeHToM ProntoSil-120-
5-C18 AQ ¢ guamerpom uacrun 5 MM (OO0 UX
«9xoHoBa», Poccusi) B pexxume M30KPATHIECKOTO
BJIIOUPOBAHUA. [y KUJKOCTHO->KUJIKOCTHOH BKC-
TpakIuu OHOJIOTHYeCcKre 00pasIlbl IepeMelnBaIu

Inc., USA). Doses of PAV-0056 were selected based
on the results of previous studies of analgesic activ-
ity (effective dose range 0.1—1 mg/kg) and toxicity
(maximum tolerated dose with multiple dose of
10 mg/kg). The compound PAV-0056 was adminis-
tered intravenously to rats at a dose of 0.004 mg/kg
in 0.3 ml of a 1% aqueous solution of polyvinylpyr-
rolidone. Limitations in the dose for intravenous
administration are associated with its low solubil-
ity and the maximal permissible volume of liquid
for injection.

To take blood samples, rats were placed for 3 min
in a chamber gradually filled with carbon dioxide;
loop of reflexes was recorded; blood was taken from
the heart cavity, and the animals were euthanized by
cervical dislocation. When PAV-0056 was adminis-
tered into the stomach, blood samples were taken
before the start of the experiment and 15, 30, 60,
120, 240, 480, 960 and 1440 min after administra-
tion of the substance; intravenously — before admin-
istration and 5, 15, 30, 60, 120, 240, 480 and
1440 min after administration. The time points were
selected based on previous pilot studies of the phar-
macokinetics of PAV-0056. At each time point, blood
was taken from 5 rats.

Blood samples were collected in test tubes con-
taining heparin sodium (50 U/ml). Plasma was
obtained by centrifugation at 1500 g for 15 min,
placed in Eppendorf tubes, immediately frozen in
liquid nitrogen and stored at —70°C.

To determine the concentration of the 1,4-ben-
zodiazepin-2-one derivative, PAV-0056 in plasma,
a QTRAP 4500 mass spectrometer (AB Sciex, USA)
was used in combination with an Agilent 1260
Infinity chromatograph (Agilent Technologies,
Inc., USA). Chromatographic separation was per-
formed using a 75x2 mm column filled with a
ProntoSil-120-5-C18 AQ sorbent with a particle
diameter of 5 um (Institute of Chromatography
EcoNova, LLC, Russia) in the isocratic elution
mode. For liquid-liquid extraction, biological sam-
ples were mixed with 0.01 ml of 20% ortho-phos-
phoric acid solution and 1.5 ml of diethyl ester
using a Vortex V-3 laboratory shaker (Elmi Ltd,
Latvia). The aqueous organic phase of the sample
was precipitated in an SL 16 centrifuge (Thermo
Scientific Inc., Germany). The organic solvent was
evaporated in a RVC 2-18 CDplus vacuum concen-
trator (Martin Christ Gefriertrocknungsanlagen
GmbH, Germany).

Chromatographic analysis was performed under
the following conditions: mobile phase — 0.1% solu-
tion of formic acid in acetonitrile (0.25 ml of 98%
formic acid solution was diluted to a total volume
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¢ 0.01 M1 20% pactBopa opTodochOPHON KUCIOTHI
U ¢ 1.5 MJI JUSTWIOBOTO 3dupa Ha 1abopaTopHOM
metikepe Vortex V-3 (Elmi Ltd, JlaTBus). BoaHo-
opraHuyeckymo (asy obpasna ocakaiu B IeHTPH-
dyre SL 16 (Thermo Scientific Inc., T'epmanus).
OpraHuyvecKuii paCTBOPUTEJIb YIIAPUBAJIA B POTAIIH-
OHHOM BakyyMHOM KoHUeHTpaTope RVC 2-18
CDplus (Martin Christ Gefriertrocknungsanlagen
GmbH, I'epmanus).

XpomarorpaduuecKkuil aHAJIU3 MPOBOJIUIN TIPU
CJIeTyIONUX YCJIOBUAX: TOABMXKHasA ¢daza — 0.1%
pacTBOp MypaBBUHOW KHCJIOTHI B alleTOHUTPUIIE
(0.25 M1 98% pacTBOpa MypaBbUHOU KUCJIOTHI IOBO-
JUAUTH aIllETOHUTPHJIOM JI0 00111ero obbemMa 250 MI);
CKOPOCTh TIOTOKA 3JII0EHTAa — 0.4 MJI/MUH; 00beM
BBOZUMOH POOBI — 5 MKJI; CKOPOCTH BBOZIA ITIPOOBI —
200 MKJI/MUH; BpeMs aHaJU3a — 2 MUH; CpeHee
BpeMA yAep:KHUBaHUA coefuHeHUsa PAV-0056
COCTaBJIsIO 0.60 = 0.06 MHH; TUIl UOHU3AIUU —
TypOO3JIeKTpOCIpeld mpu arMochepHOM J1aBiie-
HUH (+); IETEKTUPOBAHUE — PEKUM MHOKECTBEH-
HBIX MOJIEKY/ISApHBIX peaknuii (MRM); ananusupye-
Mble Tepexonibl — Mm/zZ 412.0 — 324.0; 2HEPrus
coymapeHus — 31 5B; TemmepaTypa HCTOYHHKA
HOHOB — 350 °C; HampsKeHHEe NCTOYHUKA UOHOB —
5400 B. MeTronuka KOJIMYEeCTBEHHOTO OIIpe/ieIeHUA
BemiectBa PAV-0056 B 11a3Me KpbIC ObLiIa BIIEPBBIE
paspaboTaHa W BaJTUAWUPOBAHA IEPEN HCCIEIOBA-
HHEeM coryiacHO TpeboBanussM EMA u FDA [6, 7].

Xpomarorpaduueckre JJaHHbIE 00pabaTHIBAIN C
IIOMOIIbI0 TIPOTPaMMHOTO obOecrieueHuss Multi-
Quant 3.0 (AB Sciex, CIITA). Konnenrtpamuu PAV-
0056 pacCUUTHIBAIIM METOZOM abCOJIIOTHON Kayiu-
O6poBkH 1o TwIOIAAu nukKa PAV-0056 (y = kx + b).
Ha ocHOBaHUU IOJIyYeHHBIX 3HAUEHUN KOHIIEHTpA-
IUH OBLIU TIOCTPOEHBI YCpeTHEHHbIe (hapMaKOKIHe-
TUYeCcKue Mpoduiu.

PacuerHbrii  K03bQUIIMEHT  pacupeneseHus
H-oKTaHoJ1/Boja log P ana PAV-0056 BhIUMCISIN
¢ mnomompo mporpamMmbl  ChemDraw  Ultra
v.12.0.2.1076 (PerkinElmer Inc., CIIIA).

[Iponunaemocts coeauHeHuss PAV-0056 uepes
KJIETOYHBII MOHOCJION H3ydayil Ha 21-JHEBHOU
KyJbType KJIETOK KOJIOPEKTAJIbHOH aJ/IeHOKapIu-
HoMmbl (Caco-2) ¢ moMomplo Tecr-cucreMbl Multi-
Screen (Millipore Corp., CIITA). KyabpTypy KieTox
rosydayii U3 POCCHUHCKON KOJUIEKIMH KJIETOUHBIX
KYyJIBTYP NMO3BOHOYHBIX HcTUTYTa tutosoruu PAH
(r. Caukr-IlerepOypr). Coemunenue PAV-0056
7100aBJIsAIN B KOHITEHTpanuu 1 MKM U B TeueHUe 2 4
MU3yJYaJIM €r0 TPAHCIOPT B mpsAMoM (A—B, or amu-
KaJIbHOU K 6a3osiaTepasibHOH MeMOpaHe, CBoOOIHAas
muddysusa) u obpaTHoM HampapieHuu (B—A, or
6asosiaTepasIbHON K aNMKaJbHOM MeMOpaHe, CBO-

of 250 ml with acetonitrile); eluent flow rate —
0.4 ml/min; sample volume — 5 pl; sample adding
rate — 200 ul/min; analysis time — 2 min; the aver-
age retention time of PAV-0056 — 0.60 + 0.06 min,;
type of ionization — turbo electrospray at atmo-
spheric pressure (+); detection — multiple molecu-
lar reaction mode (MRM); study transitions — m/z
412.0 — 324.0; collision energy — 31 eV; ion source
temperature — 350°C; ion source voltage — 5400 V.
The PAV-0056 quantification method in rat plasma
was first developed and validated before the study
according to the requirements of the EMA and FDA
(6, 71.

Chromatographic data were processed using
MultiQuant 3.0 software (AB Sciex, USA). PAV-0056
concentrations were calculated using the absolute
calibration method based on the peak area of PAV-
0056 (y = kx + b). Based on concentration values we
obtained, averaged pharmacokinetic profiles were
plotted.

The n-octanol/water partition coefficient, log P
for PAV-0056 was calculated using ChemDraw Ultra
v.12.0.2.1076 (PerkinElmer Inc., USA).

The permeability of the PAV-0056 compound
through a cell monolayer was studied on a 21-day
cell culture originated from colorectal adenocarci-
noma (Caco-2) using a MultiScreen plate (Milli-
pore Corp., USA). The cell culture was obtained
from the Russian collection of vertebrate cell cul-
tures of the Institute of Cytology of the Russian
Academy of Sciences (St. Petersburg). PAV-0056
was added at a concentration of 1 uM, and its
transport in the onward direction (A—B, from api-
cal to basolateral membrane, free diffusion) and
reverse direction (B—A, from basolateral to apical
membrane, free diffusion and active transport
with the participation of P-glycoprotein) was stud-
ied for 2 h [8]. PAV-0056 is a lipophilic aromatic
compound, molecular weight of 411.4 Da, the mol-
ecule contains H-bonds and a positively charged
atom of nitrogen at physiological pH values. Sub-
stances with these characteristics are substrates of
P-glycoprotein [9]. In this regard, it was relevant
to study whether the PAV-0056 compound is a
substrate of this transporter.

As control compounds, we used a substance with
low intestinal permeability — ranitidine, a com-
pound with high permeability — propranolol and a
P-glycoprotein substrate — rhodamine 123 (all by
Sigma-Aldrich, USA). The effect of P-glycoprotein
on the transmembrane molecular transport of PAV-
0056 was assessed after adding the inhibitor of this
transporter, cyclosporine A, to the medium of incu-
bation [9].
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6omuas auddysus U aKTUBHBIA TPAHCIIOPT C y4a-
ctueM riukornporenHa P) [8]. PAV-0056 sBisiercs
JUNOGUIbHBIM apPOMAaTUYECKUM COEAUHEHUEM C
MOJIEKYJIIDHON Maccoll 411.4 /la, B MoJieKyJie IIpu-
CYTCTBYIOT BOJIOPOJIHBIE CBSI3M U ITOJIOKUTEJIBHO
3apsUKeHHBIM aTOM a30Ta HPU (QU3UOJIOTUUECKHUX
3HaueHuAX pH. BemecTBa ¢ TaknMu XapaKkTepUCTHU-
KaMH SIBJISIIOTCS cyOcTparamu IyinKonporernHa P [9].
B cBsA3M ¢ 5TUM OBUIO aKTyaJIbHBIM U3YYUTH, SIBJIs-
ercsi yiu coeguHeHne PAV-0056 cybcrpaTtom maH-
HOTO TpaHCIIopTepa.

B xauecTBe KOHTPOJIBHBIX COEIUHEHUN UCIIOJIb-
30BaJIU BEMIECTBO C HU3KOU KUIITEYHOH ITPOHUIIae-
MOCTBI0O — DPAHUTUJUH, COEAUHEHHE C BBICOKOH
MPOHUIAEMOCTBI0O — TPOIPAHOJION U CyOCTpaT
rauKonporenHa P — pomamun 123 (Bce — Sigma-
Aldrich, CIIIA). BiausiHue riaukomporenHa P Ha
TpaHCMEeMOpPaHHBIH TPAHCIOPT MOJeEKya PAV-
0056 OIlEHUBAJIU TOCJe J00aBJIEHUS B CpPeny
WHKyOalMd WHTUOUTOpa HSTOTO TpPaHCIOPTepa
nukjaocnopuna A [9].

Koaddumnuent xaxymencs NTPOHUIAEMOCTU
(Papp, cM/c) BBIUHCISAIHU IO ciaeaywoined ¢op-
myJie [10]:

b v, [ €O
ap ~ | Area - Time C,(0) |

rae V, — o6beM (M) B aKLIENTOPHOM JIyHKE, PaBHbIM
0.25 VI TPAHCIIOPTA B IPSIMOM HampaBjaeHuu A—B
“ 0.09 JUIsl TPaHCIOpTa B 0OpaTHOM HAaIpaBJIEHUH
B-A;

Area — mIOIIa[b MOBEPXHOCTH, COCTABJIAIONIAS
0.11 cM? 1111 96-JIYHOYHOTO IJIaHIIIeTa;

Time — BpeMms TpaHcmopTa (7200 c);

C,(t) — mromaznb oA XpoMaTOrpapuYecKuM
IIUKOM aHaJIUTa, HOPMHUPOBAHHAs HA CUTHAJ BHY-
TpeHHero craHzapTa Tosoyramuza (Sigma-Aldrich,
CIIA) B KOHIIEHTPAIIUH 100 HT/MJI B aKIIENTOPHOU
JIyHKE TI0CJIE DKCIIEPUMEHTA;

C,(0) — mnomans 1OJ XpoMaTorpapuYecKuM
[IMKOM aHAJINTa, HOPMHUPOBAaHHAsA HA CUTHAJT BHY-
TPEHHEro CTaH/iapTa TOJA0yTaMuia B KOHIIEHTPAITUU
100 HI'/MJI B JOHOPHOH JIYHKE.

VHeke acMMMeTpHUU TPAHCIOPTA OIpPEAesIsIn
KaKk YacTHOe OT JejeHus KodhUIMEeHTa KaKy-
Iercsl TPOHUIIAEMOCTH B o6paTHOM B—A u mpsiMmom
A-B HampaBJIeHUSX.

dapMaKOKUHETHUECKHE T0KA3aTeTU PACCUUTHI-
BaJin C MOMOIIBI0 mporpammbr Microsoft Excel
(Microsoft, CIIIA). [TaHHbIE, TOAUNHAIOIINECS HOP-
MaJIbHOMY 3aKOHY pacIpeiesIeHusI, IPeCTaBIeHbI B
BU/JIE CPeJTHEr0 3HAYEHUsI U CTAH/IAPTHOTO OTKJIOHE-
Huss (M + SD), He HOAUUHSAIOIINECS — B BHJIE MeIM-
ane! (Me) u uHTEpKBAapTHWILHOTO paszmaxa (Q1; Q3).

The apparent permeability coefficient ®,,, cm/s)
was calculated using the following formula [10]:

oo ( v, M ) ]
app Area - Time ) | C,,(0)
where V, — volume (ml) in the acceptor well, equal to
0.25 for transport in the A—B and 0.09 for transport
in the B—A directions;

Area — surface area of 0.11 cm? for a 96-well plate;

Time — transport time (77200 s);

C,(t) — area under the chromatographic peak of
the analyte, normalized to the signal of the reference
value of tolbutamide (Sigma-Aldrich, USA) at a con-
centration of 100 ng/ml in the acceptor well after the
experiment;

C,(0) — area under the chromatographic peak of
the analyte normalized to the signal of the internal
standard tolbutamide at a concentration of 100 ng/
ml in the donor well.

The transport asymmetry index was determined
as the quotient of the apparent permeability coeffi-
cient in the B—A and A-B directions.

Pharmacokinetic parameters were calculated
using Microsoft Excel (Microsoft, USA). Normally
distributed data are presented as the mean and stan-
dard deviation (M + SD), non-normally distributed
ones — as the median (Me) and interquartile range
(Q1; Q3). Differences between samples were assessed
in the first case using the Student t-test, and in the
second case using the Mann-Whitney U-test [11].
Differences were considered statistically significant
at p < 0.05. The magnitude of the linear relationship
(correlation) between two normally distributed vari-
ables was assessed using the coefficient of linear
determination (R?).

RESULTS AND DISCUSSION

After a single administration into the stomach of
rats of the 1,4-benzodiazepin-2-one derivative,
PAV-0056 at doses of 0.1, 1 and 10 mg/kg, its
plasma concentration reached a maximum (T )
after 0.8-1.3 h and amounted to 1.4, 13 and
305 ng/ml, respectively (Fig. 1). This is consistent
with the data on the pharmacodynamics of the sub-
stance obtained during previous studies. The PAV-
0056 compound has a significant anti-inflamma-
tory effect on the bradykinin-induced edema model
1.5 hours after administration and exhibits a maxi-
mum analgesic effect in the formalin test 15—45 min
after administration [2]. The lower limit of quantifi-
cation of the analytical method for PAV-0056 in rat
plasma was 0.1 ng/ml. The analgesic effect of the
PAV-0056 compound occurs at a plasma concen-
tration of 1 ng/ml.
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Paznuus Meskry BRIOOpKaMU OIlEeHUBAJIUA B IIEPBOM
ciaydae 1o t-kpurteputo CThIOZleHTa, 2 BO BTOPOM —
mo U-kputepuio Manua — Yutuu [11]. Cratuctuye-
CK{ 3HAYUMBIMU CUNTAIN Pa3JIMYus Ipu p < 0.05.
BesnunHa JUHEHHOU CBA3U (KOPPEJIAIHA) MEXKITY
JIByMs TI€pEMEHHBIMHU, pacupesieJieHHe KOTOPBIX
MIO/TYMHSIJIOCh HOPMAJIbHOMY 3aKOHY pacIlipesiese-
HUf, OLEHUBAIN C TOMOIIbI0 Koadduimenra
JIMHEHHOH leTepMuHaruu (R?).

PE3YJ/IBTATDBI 1 OBCY KAEHUE

ITocste OHOKPATHOTO BBEIEHHS KPBICAM B 3KEJIy-
JTOK TIPOU3BOJTHOTO 1,4-0eH30/1Ma3ennH-2-0Ha PAV-
0056 B 7103aX 0.1, 1 ¥ 10 MT'/KT €ero KOHIIEHTPAIUs B
wiasme jgocrurasa makcumyma (T ) ugepes 0.8—
1.3 4 ¥ cocTaBjsia 1.4, 13 U 305 HI/MJ COOTBET-
CTBeHHO (puc. 1). DTO coryiacyercss ¢ JJAHHBIMH O
dbapmakoguHaAMUKE H3y4aeMOTO BEIECTBAa, IOJIy-
YeHHBIMH B paHee MPOBEIEHHBIX HCC/IEIOBAHUIX.
Coenunenne PAV-0056 o6samaer BBIpa:KEHHBIM
[IPOTHBOBOCIAIUTEILHBIM JI€HCTBUEM HA MOZEH
OpaIMKUHIHOBOTO OTeKa 4epe3 1.5 U Iocjie BBeJe-
HUS W TPOSBJISET MaKCUMAaJIbHBI aHaIbreTHye-
ckuii d3¢ddekT B (QOpPMATUHOBOM TECTE CITyCTs

350

300

250

200

150

Konnentpanus PAV-0056, Hr /M
PAV-0056 concentration, ng/ml

100

Systemic exposure (AUC — area under the con-
centration-time curve) of the PAV-0056 com-
pound in administration at a dose of 0.1 mg/kg
into the stomach was 2.0 (0.6; 50.9), at a dose of
1 mg/kg — 64.6 + 23.1, at a dose of 10 mg/kg —
1764 + 641.3 ng x h/ml (Table 1). The maximal
plasma concentration C_, and systemic exposure,
AUC increased linearly when the dose of PAV-
0056 was increased to 100 curative doses. The
coefficients of linear determination R* are close
to 1 and amount to 0.9976 and 0.9767, respectively
[12], which indicates the predictability of changes
in concentration in response to an increase in
studied dose range (Fig. 2 and 3). This is consis-
tent with the dose dependence previously revealed
of the analgesic effect of PAV-0056 in the formalin
test [2].

In Fig. 4 shows the averaged pharmacokinetic
profile of PAV-0056 in the plasma of rat after a
single intravenous administration at a dose of
0.004 mg/kg.

The calculated initial plasma concentration of the
PAV-0056 compound in rat after a single intrave-
nous administration at a dose of 0.004 mg/kg was

10 mr/kr (mg/kg)
1 mr/kr (mg/kg)
0.1 mr/kr (mg/kg)

0 4 8 12

16 20 24

Bpems, 4 / Time, h

Puc. 1. YcpenHeHHble hapMaKOKUHETHUECKHE TPO(UIN IIPOU3BOTHOTO 1,4-0eH301na3enuH-2-0Ha PAV-0056
B IJIa3Me KPOBH KPBIC IIOCTIE OTHOKPATHOTO BBEJIEHUS B JKEJIYOK B /103aX 0.1, 1 ¥ 10 MI/KT (n = 5)
Fig. 1. Averaged pharmacokinetic profiles of the 1,4-benzodiazepin-2-one derivative, PAV-0056 in the blood plasma
of rats after a single administration into the stomach at doses of 0.1, 1 and 10 mg/kg (n = 5)

130

Journal homepage: http://jsms.ngmu.ru



Aliforenko A.E. et al. / Journal of Siberian Medical Sciences Vol. 7, No. 4 (2023)

Ta6una 1. PapmakoKMHeTHYeCKUE TOKa3aTe Iy NPpou3BogHoro 1,4-6eH3soaunasenuH-2-ova PAV-0056 nocsie 0JHOKpaTHOTO

BBeJIeHHUs B XKeJIYZI0K KpbicaM B fj03ax 0.1, 1 u 10 Mr/kr

Table 1. Pharmacokinetic parameters of the 1,4-benzodiazepin-2-one derivative, PAV-0056 after a single administration into

the stomach of rats at doses of 0.1, 1 and 10 mg/kg

IMoka3aTenb
Indicator

Jo3a PAV-0056, mr/kr / Dose of PAV-0056, mg/kg

MakcuMasibHas KOHLeHTpauus B mia3me (C ), Hr /M

Maximal plasma concentration (C__ ), ng/mlmax

BpeMms focTKeHuss MaKCUMasbHOM KoHIeHTpanuu (T ), 4
Time to reach the maximal concentration (T, ), h

[lnomaab nofi KpUBOH «KOHIeHTpanus — BpeMs» (AUC ), Hr x u/Mi

Area under the concentration-time curve (AUC, ), ng x h/ml
[lepuof nosysnuMuHaL U (T1/z)' 4

Half-life (T, ), h

Cxopoctb BcacbiBanus C  /AUC 4

Absorptionrate C_ /AUC_ h

0.1 1 10

1.4 (1.3;14.9)* 13.0+4.7* 304.9 £ 62.6
0.8(0.4;1.3) 1.3+0.7 1.3+0.8

2.0 (0.6; 50.9)* 64.6 +23.1* 1764.0 £ 641.3
13.0x6.1 3.5+£1.6% 4.9 £ 3.0**
0.67 (0.56; 1.11) 0.21 £ 0.08** 0.18 £ 0.06**

* CTaTUCTHYeCKH 3HAYMMble OTVIMYHS OT I0Ka3aTeJel pu BBeAeHUH BelectBa PAV-0056 B 1o3e 10 mr/kr (p < 0.05).
Statistically significant differences compared to the indicators in administration of PAV-0056 at a dose of 10 mg/kg (p < 0.05).
** CTaTUCTUYECKH 3HAUYMMble OTJIMYUS OT II0Ka3aTesel npy BBeJeHUH BemecTBa PAV-0056 B no3se 0.1 mr/kr (p < 0.05).
Statistically significant differences compared to the indicators in administration of PAV-0056 at a dose of 0.1 mg/kg (p < 0.05).

15—45 MUH mocie BBeneHus [2]. HwkHUN mpenen
KOJINUECTBEHHOTO  OIpEeZe/IEHUs] aHAJUTUYECKOU
METOJIMKM /I BellecTBa PAV-0056 B m1asme KpbIc
COCTaBJIsT 0.1 Hr/MJI. AHAJIBreTHYecKud 3pGeKT
coenuHeHUs PAV-0056 HaunMHaeT NPOABJIATHCS YKe
MIPY KOHIIEHTPAIIUH B IIJIa3Me 1 HT/MJI.

CucremHas skcnosuiusg (AUC — mromazb Mof,
KPDUBOU «KOHIIEHTpAIlUsi — BPEMsA») COeAMHEHUs
PAV-0056 npu BBeZIEHUH B 7I03€ 0.1 MI'/KT KpbICaM B
JKeJTyJTOK cocTapisiia 2.0 (0.6; 50.9), B 103€ 1 MT/KT —
64.6 + 23.1, B 7103€ 10 MT/KT — 1764 + 641.3 HT X 4/MJI
(rabsm. 1). MakcumanpHas Koumenrpamua C B
mwia3Me u cucremHas skcrnozunus AUC npu yBenu-
4eHUH 71036l BellecTBa PAV-0056 /10 100 TepaneBTH-
4ecKUX /103 Bozpactaiu yiuHelHo. KoadduimeHnTsl
JIMHEWHOU JieTepMHUHANU R? OJIM3KH K 1 U COCTaB-
JISTIOT 0.9976 U 0.9767 COOTBETCTBEHHO [12], 4TO yKa-
3pIBAa€T HA IPEJCKA3yeMOCTh W3MEHEHUsI KOHIIEH-
TpalM¥ B OTBET HA YBEJIUUYEHHE JIO3bI B HCCIIEA0OBAH-
HOM Juarna3oHe (puc. 2 u 3). ITO COTJIacyeTcs ¢ ycTa-
HOBJIEHHOU paHee 0303aBUCUMOCTHIO aHATbTeTHYE-
ckoro addekra coenunenuss PAV-0056 B popmanu-
HOBOM Tecre [2].

PacueTHas HavasibHAs KOHIIEHTPAIIUSA COE/IHHE-
HUsA PAV-0056 B I1a3Me KpbIC IIOCJIE OTHOKPATHOTO
BHYTPUBEHHOTO BBEZIEHUsI B /03€ 0.004 MT/KT
cocrapysia 66.4 (59.6; 70.7) HT/MJ, TIOKa3aTeslb
AUC 6bu1 paBeH 13.8 (12.4; 17.1) HT X 4/MJI, IEPUO/T
MOJIySJIMMUHAIINHT — 0.5 + 0.4 4 (Tab1. 2).

Ha puc. 4 npezcrasiieH ycpeHeHHbIN papMako-
KUHEeTH4YecKud mnpoduiab BemecTBa PAV-0056 B
IUIa3Me KPBIC TIOCJIE OJTHOKPATHOT'O BHYTPUBEHHOTO
BBEJIEHUS B J103€ 0.004 MT/KT.

66.4 (59.6; 70.7) ng/ml, AUC was 13.8 (12.4; 17.1)
ng x h/ml, half-life — 0.5 + 0.4 h (Table 2).

The molecule of PAV-0056 is a weak base; its
structure does not contain radicals with acidic prop-
erties; at pH > 7, the substance is predominantly in a
non-ionized state. The gastric emptying time in rats
does not exceed 20 min [13], therefore, the rapid
achievement of the maximal concentration (within
1 h) is due to simple diffusion of non-ionized mole-
cules of PAV-0056 in the proximal small intestine.

The penetration rate of a substance through the
small intestine epithelium depends on its lipophi-
licity. According to our data, compound PAV-0056
dissolves well in non-polar solvents. The n-octa-
nol/water partition coefficient, log P is 3.51, which
characterizes the PAV-0056 compound as lipo-
philic [14].

In an experiment with the Caco-2 cell culture, the
rate of PAV-0056 transport in the A—B direction
without cyclosporine A is comparable to that of the
value of lipophilic propranolol (log P = 3.03 [15]) and
significantly exceeds the value of the less lipophilic
ranitidine (log P = 0.3 [16] ]) (p < 0.05). For the
P-glycoprotein substrate, rhodamine 123, the asym-
metry index is >2 (actual value is 29.2) without
cyclosporine A and <2 (actual value is 1.29) after the
addition of cyclosporine A (Table 3). For the PAV-
0056 compound, the transport asymmetry index is
1.85. Consequently, the PAV-0056 substance does
not undergo active transport from a cell and is not a
substrate of P-glycoprotein [8].

Data obtained for Caco-2 cells suggest that the
combined use of the analgesic, PAV-0056 with
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Jlo3a PAV-0056, mr/xr | Dose of PAV-0056, mg/kg

Puc. 2. 3asucumocts C_ 0T 103bI IPOU3BOJHOTO 1,4-0eH30/Ma3ennH-2-0Ha PAV-0056 B J1a3Me KPOBU KPBIC
ocJie OJTHOKPATHOTO BBEJIEHHUS B JKEJIY/IOK B /103aX 0.1, 1 ¥ 10 Mr/KT (n = 5)
Fig. 2. Dependence of C__ on the dose of the 1,4-benzodiazepin-2-one derivative, PAV-0056 in the blood plasma
of rats after a single administration into the stomach at doses of 0.1, 1 and 10 mg/kg (n = 5)

Moznexkysna PAV-0056 siBsieTcs cabbIM OCHOBA-
HUEM, B €€ CTPYKTYPE OTCYTCTBYIOT PAIKAJIbI C KHC-
JIOTHBIMU CBOWCTBaMH, BelriecTBO 1ipu pH > 7 Haxo-
JIUTCSI TPEUMYIIECTBEHHO B HEWOHH3UPOBAHHOM
COCTOSIHMU. BpeMmsi  39BaKkyanuu  COZEPKHUMOTO
JKeJTyJIKa Y KPBIC He IIPEBBIIIAET 20 MUH [13], mosToMy
OBICTPOE JTOCTMIKEHWE MAaKCUMAaJIbHOU KOHIIEHTpa-
nuu (B TeyeHue 1 94) o0ycI0BJIeHO TTpocTor auddy-
3Uell HEMOHU3UPOBAaHHBIX MOJEKya PAV-0056 B
MIPOKCUMAJIFHOM OTZleJIe TOHKOTO KHUIIIEUHHUKA.

P-glycoprotein inducers and inhibitors will not
affect its plasma concentration and pharmacologi-
cal effect. This is especially important for the treat-
ment of pain in cancer patients taking anticancer
drugs, most of which are P-glycoprotein inhibitors
[9, 17]. Increased activity of P-glycoprotein in can-
cer should not reduce the analgesic activity of PAV-
0056.

Judging by the high total clearance (Cl) value
of 83.16 1/kg/h (a volume of plasma released from

8 —_
7 -
§ 6 7 y=00.41x +3.39
x 5 R'=0.9767
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Jloza PAV-0056, mr/kr | Dose of PAV-0056, mg/kg

Puc. 3. 3aBucumocts AUC OT /103bI IPOU3BO/THOTO 1,4-0eH30/11a3enuH-2-ona PAV-0056
ocyIe OJTHOKPATHOTO BBEJIEHHUSA B JKEJIY/IOK B /103aX 0.1, 1 ¥ 10 MT/KT (n = 5)
Fig. 3. Dependence of AUC on the dose of the 1,4-benzodiazepin-2-one derivative, PAV-0056
after a single administration into the stomach at doses of 0.1, 1 and 10 mg/kg (n = 5)
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Ta6smmua 2. apMakoKMHETHYECKHE [T0Ka3aTes U MPOU3BoAHOro 1,4-6eH30auazenuH-2-oHa PAV-0056 nocsie ojHOKpaTHOTO

BHYTPUBEHHOI0 BBe/leHHUs KpbicaM B fo3e 0.004 mr/kr

Table 2. Pharmacokinetic parameters of the 1,4-benzodiazepin-2-one derivative, PAV-0056 after a single intravenous

administration to rats at a dose of 0.004 mg/kg

Iloka3aTessb / Indicator

Jannble / Data

HauanbHas koHnenTpanus B riasme (Cy), Hr /M
Initial plasma concentration (C ), ng/ml

[l1omazapb noj KpUBOK «KOHLEHTpanus — Bpems» (AUC ), Hr x 4/Mi1

Area under the concentration-time curve (AUC, ), ng x h/ml

[lnowazab noj KpUBOH «KoHIEeHTpanus-BpeMsa» (AUC ), HT x 4/mi

Area under the concentration-time curve (AUC, ), ng x h/ml

[lepuop nosyaiMMuHAU (Tl/z), y / Half-life (Tl/z), h

66.4 (59.6; 70.7)
13.8 (12.4; 17.1)

13.1 (11.2; 14.6)
0.5+ 0.4

CkopocTh IPOHUKHOBEHUs BEIIECTBA YePe3 AIIH-
TEJIUH TOHKOIO KHMIIEUHHKA 3aBHCHUT OT €ro JIMIIO-
¢wrbHOCTH. 10 HAMIMIM JAaHHBIM coeauHeHUe PAV-
0056 XOPOIIIO PAaCTBOPSIETCS B HEMOJISIPHBIX PACTBO-
puresisix. PacueTHbIH K03GPUITMEHT paclpeeeHus
H-OKTaHOJI/Bozia log P paBeH 3.51, UTO XapaKTepu-
3yeT coeiuHeHe PAV-0056 kak unoduiabHoe [14].

B skcnepumenTe ¢ KyabTypol kierok Caco-2
CKOPOCTh TpaHcmopTa coeauHeHus PAV-0056 B
HanpasieHnu A—B 6e3 nukiiocmopuHa A comocra-
BUMa C IOKazaTesjeM JUNO(GUIBHOTO IPOIPaHO-
snoina (log P = 3.03 [15]) u 3HaUUTEIBHO ITPEBOCXO-
JIAT TIOKa3aTes b MeHee JTUIMO(PUIFHOTO PAHUTH/THA
(log P = 0.3 [16]) (p < 0.05). 151 cyberpaTa TJIMKO-
nporerHa P pojaMuHa 123 WHJEKC aCHMMETPUH
cocrapyisier >2 (dakTuueckoe 3HAUEHUE 29.2) B
OTCYTCTBUH ITUKJIOCIIOpHHA A U <2 (dakTuueckoe
3HaYeHUeE 1.29) mocse 700aBAeHNUS TUKIOCIIOPUHA A

70
60
50 1
4—0:-

30

20 o

10 ‘\
- - T =

Konuentpanus PAV-0056, Hr/ma
PAV-0056 concentration, ng/ml

the substance every hour that significantly exceeds
the volume of plasma in rats), PAV-0056, if admin-
istered intragastrically, is rapidly eliminated from
the plasma, which is likely associated with the
activity of plasma esterases (there is an ester bond
in the structure of the PAV-0056 molecule) or the
distribution of the analgesic into tissues and
organs.

The apparent volume of distribution (V,) of the
PAV-0056 compound of 60 1/kg significantly exceeds
the volume of body fluids of a rat. This also indicates
possible plasma esterase-induced metabolism or
extravascular distribution of PAV-0056.

The absorption rate of PAV-0056 decreased as
the intragastrically administered dose increased
from 0.1 to 10 mg/kg. This limitation is caused by a
decrease in the completeness of dissolution of the
substance administered in large quantities (the sub-

I
0 4 8

T T T T
12 16 20 24

Bpewms, 4 / Time, h

Puc. 4. YcpenHeHHbIH GapMaKOKUHETHUECKUH TPOQUIH TPOU3BOAHOTO 1,4-0eH30/1na3enH-2-oHa PAV-0056
B IJIa3Me€ KPOBH KPBIC ITOCJIE OJHOKPATHOTO BHYTPUBEHHOTO BBEJIEHUS B ZI03€ 0.004 MT/KT (n = 5)
Fig. 4. Averaged pharmacokinetic profile of the 1,4-benzodiazepin-2-one derivative, PAV-0056 in the blood plasma
of rats after a single intravenous administration at a dose of 0.004 mg/kg (n = 5)
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Ta6smmua 3. [[poHKUIIaeMOCTh U aCHMMETPHS TPAHCIIOPTa BellecTB Ha Mojesu Caco-2
Table 3. Permeability and asymmetry of transport of the substance on the Caco-2 model

HNHpekc ACUMMETpHUHA

BemecTBO P A-B,x10°%cm/c P__B-A,x10°cM/c  TpaHcmoprta I[IpoHuTaeMocTh
app app re

Substance (cm/s) (cm/s) Transport asymmetry Permeability

index

PAV-0056 20.5+£0.52* 37.9+£8.30 1.85 Boicokas / High

PAV-0056 + nuksocnopuH A 29.9 + 0.86 27.5+1.27 0.92 Bricokas / High

PAV-0056 + cyclosporine A

Popamun 123 0.31+£0.01 8.94 £ 0.46 29.2 Huskas / Low

Rhodamine 123

Popmamun 123 + 0.32+£0.01 0.41 +£0.01 1.29 Huskas / Low

LIUKJIOCIOPHUH A

Rhodamine 123 +

cyclosporine A

Panutuaus / Ranitidine 0.71 £0.05 - - Huskas / Low

[IponpaHo.ion / Propranolol 16.7 + 0.98 -

- Bricokas / High

[IpuMevyaHUud:

P~ K03pPUIHMEHT KaXKyLIeHCs MPOHULAEMOCTH /ISl TpaHcnopTa B npsiMoM (A-B) u o6paTHoM (B-A) HanpaBJ/ieHUSIX.

* CTaTUCTHUYECKH 3HAYMMble OTJIMYHSA 110 CPaBHEHMIO C NIOKa3aTesieM paHUTHAMHA (p < 0.05).
N o te: P, _ -coefficient of apparent permeability for transport in the A-B and B-A directions.

* Statistically significant differences compared to ranitidine (p < 0.05).

(tabi. 3). s coepunenus PAV-0056 HHIEKC aCHM-
METPUH TpaHcmopra cocrasiser 1.85. Cienoba-
TeJIbHO, BelllecTBO PAV-0056 He mnoaBepraercs
aKTUBHOMY TPAHCIIOPTY M3 KJIETKU U HE SIBJISETCS
cybctparoMm rinkonporernHa P [8].

[Tosrygennable Ha KieTkax Caco-2 JaHHbIE TO3BO-
JISTFOT TIPE/IIIOJIOKUTh, YTO COBMECTHOE IIPUMEHEHE
aHaipreTuka PAV-0056 ¢ UHAYKTOpaMHU W UHTHOU-
TOpaMH TJIMKOIPOTEeNHAa P He OKa’KeT BIUSHUA Ha
€ro KOHIIEHTPAIUIoO B IjladMe U (papMakoJiormye-
ckuil 3(pdext. OTo 0cOOEHHO BAXKHO JUUISI TEpAIUH
00JIEBOTO CHHJpOMA y TAIIMEHTOB C OHKOJIOTHYe-
CKUMH 3200JIeBaHUSMU, TPUHUMAIOIUX ITPOTHBO-
OIyXOJIEBBIE JIEKAPCTBEHHBIE CPEJICTBA, OOJIBIITHUH-
CTBO U3 KOTOPBIX SIBJAIOTCS HHTUOUTOPAMU TJIUKO-
nporerHa P [9, 17]. [loBblllIeHHAs] aKTUBHOCTbD TJIH-
KOIpoTenHa P IIpU OHKOJIOTHYECKUX 3a00JIEBAHUAX
He JIO/DKHA YMEHbIIATh aHAJIBTeTUYECKYI0 AKTUB-
HOCTh PAV-0056.

Cyz4 110 BBICOKOMY 3HAYEHUIO OOIIETO KJIMpPEH A
(Cl,), paBroro 83.16 ji/kr/4 (OT BemecTBa Kax/bIid
vac ocBoOOXKmaeTcsa 00beM ILIa3Mbl, 3HAYUTEIHHO
MIPEBBIIAIOIIUI 00BEM IIa3MbI KPbIC), COETUHEHIE
PAV-0056 1pu BBEJIEHUH B KEJIYOK OBICTPO BJIH-
MHUHUPYETCS U3 IJIa3Mbl, YTO, BEPOSTHO, CBSI3aHO C
JleCTBHEM 3CTepas MIa3Mbl (B CTPYKTYPE MOJIEKYJIIbI
PAV-0056 ecTb ca0kHOB(MUPHAS CBSI3b) WM pac-
TpeJieJIeHUEM aHAJIbIeTHKA B TKAHU U OPTaHbI.

OueBuznbiil 06beM pacupenenenus (V,) coenu-
HeHus:t PAV-0056 60 Ji/KI' 3HAUUTEIBHO MTPEBOCXO-
JIUT OOBEM SKUIKHX CpeJi OPTaHU3Ma KPBIChI. DTO
TaKKe YKa3bIBaeT HAa BO3MOKHBIA METAa00JIM3M IIO]

stance is virtually water insoluble, the approximate
volume of solvent required to dissolve 1 g of the sub-
stance is more than 10 000 ml).

The absolute bioavailability of the 1,4-benzodiaz-
epin-2-one derivative, PAV-0056 when adminis-
tered intragastrically at a dose of 0.1 mg/kg is
10.1 + 6.1%, at a dose of 1 mg/kg — 2.2 + 0.1% , ata
dose of 10 mg/kg — 6.4 + 0.8%. Low bioavailability
may be a consequence of low gastrointestinal absorp-
tion of molecules of PAV-0056, presystemic elimina-
tion in intestinal or liver cells, and metabolism by
plasma esterases [18].

CONCLUSION

The lipophilic derivative of 1,4-benzodiazepin-2-
one, PAV-0056 administered into the stomach is
absorbed from the small intestine by passive diffu-
sion with a bioavailability of no more than 10.1 +
6.1%. A wide therapeutic range, absence of psycho-
tropic effects, linear pharmacokinetics at doses up to
100 curative doses and no interaction with P-glyco-
protein allow the 1,4-benzodiazepin-2-one deriva-
tive, PAV-0056 to be positioned as a potential non-
opioid analgesic with a good safety profile.

Financing. The study was carried out with
financial support.

Conflict of interest. The authors declare no
conflict of interest.
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JIeCTBUEM 3CTepas IIa3Mbl WK Ha pacIipe/ieJieHne
PAV-0056 BO BHECOCYZUCTOM IIPOCTPAHCTBE.

CkopocTb BcacbiBaHUA BeliecTBa PAV-0056 cHU-
JKaJlach IIPU yBEJIUYEHUU BBOJAUMOU B JKEJYIOK
JTO3BI € 0.1 710 10 MT/KT. Takoe orpaHHUYeHNEe BHI3BAHO
VMEHBIIIEHUEM ITOJIHOTHI PACTBOPEHUS BEIECTBa,
BBEJIEHHOTO B OOJIBINTUX KoJimdyecTBax (cybcraHIus
MpaKTUYECKX HEpPAaCTBOpUMA B BOJEe, MIPUMEPHBIH
00'beM paCTBOPUTEJIS, HEOOXOIUMBIH JIJISI pacTBOpe-
HUA 1T cyOcTaHuH, — 60s1ee 10 000 MJI).

AbGcosoTHast  OMOZOCTYIIHOCTh  ITPOU3BOHOTO
1,4-0eH30/1nazenuH-2-0Ha PAV-0056 1Ipu BBeZIeHUU
B JKeJIYJIOK B 7I03€ 0.1 MT'/KT cocTaBJIseT 10.1 + 6.1 %, B
J03e 1 MT/Kr — 2.2 + 0.1 %, B /103e 10 MI/KT —
6.4 + 0.8 %. Huskast OM0I0CTyITHOCTh MOYKET SIBJIATHCS
CIe/ICTBUEM HU3KOTO BCachIBaHUS MoJiekysl PAV-
0056 B KeIyA0UHO-KUIIIEYHOM TPAaKTe, IMPECHUCTEM-
HOM DJIMMUHALIMH B KJIETKAX KAIIIEUHUKA UJIH [IEUeHH,
a Takke MeTaboIM3Ma 3cTepa3aMu I1a3Mel [18].
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10.1 £ 6.1 %. Illupokuil TepaneBTHYECKUHN AHAaIa-
30H, OTCYTCTBHE IICUXOTPOIHBIX 3(HEKTOB, JIIHEN-
HadA papMaKOKHHETHKA B 103aX BIUIOTH 10 100 Tepa-
MEeBTUYECKUX JI03 U OTCYTCTBHE B3aUMOJIEHCTBUA C
IJINKOIIPOTEMHOM P II03BOJIAIOT MO3UIIOHUPOBATH
IIPOM3BOJIHOE 1,4-0eH301a3ennH-2-0Ha PAV-0056
KaK MOTEHI[UAJIbHBIA HEONHOUAHBI aHAIBIETHK C
XOopomuM npodrieM 6e301acHOCTH.
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