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The aim of the research is to study both analytical features of synthetic MDMB(N)-073F cannabimimetics of indazole carbox-
amides group by gas chromatography methods combined with tandem mass spectrometry (GC-MS) and high performance
liquid chromatography with high-resolution mass spectrometry (HPLC-HRMS) as well as characteristics of the major MDM-
B(N)-073F metabolite, its glucuronide and derivatives, using gas chromatography with mass-spectrometric (GC-MS) detec-
tion and high-performance liquid chromatography (HPLC) with MS/MS mass spectrometry (HPLC-MS/MS) in urine samples
to be applied in expert practice, chemical-toxicological and forensic and chemical analyses.

Materials and methods. To carry out the study, the following materials were used: plant-based objects with narcotic drugs
withdrawn from illegal trafficking and applied to them;. urine samples to be studied under chemical-toxicological and forensic
and chemical analyses. For solid-phase epitaxy, SampliQ EVIDEX TFE cartridges — 200 mg — 3 ml (Agilent, USA) were used for
sample preparation; B-glucuronidase, Type HP-2, From Helix Pomatia, 100000 UA/ml (Sigma-ALDRICH CHEMI, Germany) was
used for enzymatic hydrolysis. GC-MS/MS analysis was made using Agilent 7890 gas chromatograph with a tandem quadrupolar
mass-spectrometer Agilent 7000 (Agilent, CLLA); GC-MS analysis was carrid out using gas chromatograph Agilent 7820 with
mass-selective detector Agilent 5975 (Agilent, USA); HPLC-HRMS research was made on liquid chromatograph Agilent 1260 with
tandem hybrid high-resolution quadrupole-time-of-flight detector Agilent 6540 (Agilent, CLLIA); liquid chromatograph Agilent
1260 with Agilent 6460 (Agilent, USA) with tandem mass-spectrometer were used for making HPLC-MS/MS research.

Results. The structure of MDMB(N)-073F compound has been confirmed and an exact mass of the protonated molecule
corresponding to the chemical formula C ,H, FN_.O, fixed by GC-MS/MS and HPLC-HRMS methods. Spectral characteristics of
MDMB(N)-073F have been given. One of the branches in MDMB(N)-073F biotransformation in the human body found out
by GC-MS and HPLC-MS/MS methods, is the ester decomposition with further conjugation of the resulting acid. The product
interacting with glucuronic acid, is found to be the conjugate of major MDMB(N)-073F metabolite of the Ist phase in biotrans-
formation. Metabolites appearing due to the ester decomposition and its conjugate with glucuronic acid, are recommended
to be used as markers for synthetic MDMB(N)-073F cannabimimetics in the analysis by chromatographic methods; they can
be used for regular screening of biological samples.

Conclusion. The research results presented here, are the following: the analytical features characteristic for synthetic MDM-
B(N)-073F cannabimimetics found out by gas chromatography methods combined with tandem mass spectrometry (GC-MS/
MS) and liquid chromatography of hybrid high-resolution quadrupole-time-of-flight mass spectrometry (HPLC-HRMS), as well
as characteristics of major MDMB(N)-073F metabolite, its glucuronide and derivatives with the use of gas chromatography with
mass-spectrometric detection (GC-MS) and liquid chromatography combined with tandem mass spectrometry (HPLC-MS/MS)
in urine samples to be applied in expert practice, chemical-toxicological, forensic and chemical analyses.

Keywords: MDMB(N)-073F, cannabimimetics, gas chromatography — mass spectrometry (GC-MS), high performance liquid
chromatography (HPLC), high-resolution mass spectrometry (HRMS), hybrid high-resolution quadrupole-time-of-flight mass
spectrometry

Abbreviations: MRM — multiple reaction monitoring, GC — gas chromatography, MS mass spectrometry, HPLC — high perfor-
mance liquid chromatography, HRMS - high-resolution mass spectrometry, a.u. — antitoxic unit.

For citation: S.S. Kataev, O.N. Dvorskaya, M.A. Gofenberg, A.V. Labutin, A.B. Melentyev. Analytical features of synthetic MDMB(N)-073F cannabimimetics
and its markers in biological material. Pharmacy & Pharmacology. 2019;7(4): 184-197. DOI: 10.19163/2307-9266-2019-7-4-184-197

© C.C. Kamaes, O.H. fleopcKas, M.A. [ogpeHbepe, A.B. /labymuH, A.b. MeneHmeoes, 2019
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YyecKkoro KaHHabummnmetka MDMB(N)-073F 1 ero mapKepoB B Buonoruyeckom matepuane. @apmayus u papmaronoaus. 2019;7(4): 184-197.
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Llenbto 1ccnefoBaHUA ABNAETCA M3YYEHME aHANUTUYECKUX XapPaKTEPUCTMK CUHTETMYECKOro KaHHAbMMMMETWMKA rpynnbl MHAA30/1Kap-
60kcamngos MDMB(N)-073F meTogamu ras3oBoit xpomatorpadmu ¢ TaHAEMHOM macc-criektpometpueit (MX-MC/MC) 1 sKuAKOCTHOM
Xpomatorpadun ¢ rubpuaHOM KBagpyno/b-BPEMANPONETHOW MAcC-CNeKTPOMETPUEN BbICOKOro paspelenus (BIXX-MCBP), a Takke
XapaKTepucTuK rmasHoro metabonuta MDMB(N)-073F, ero rioKypoHMaa M AepuBaToB C MCMO/b30BaHMEM ra30BOM Xpomatorpadum ¢
Macc-CrekTpoMeTpruieckum aetektuposaHmem (MX-MC) 1 KuAKOCTHOM XpomaTorpadum ¢ TaHAEMHOMN Macc-CriekTpomeTpuent (BIXKX-MC/
MC) B MoYe 419 Lienei 3KCNepTHON NPAKTUKKU, XMMUKO-TOKCUKONOTMYECKOTO U CYAeOHO-XMMUYECKOTO aHan3a.

Marepuanbl U metogbl. OObEKTbI PACTUTENBHOMO NPOUCXOKAEHUA C HAHECEHHBIMU Ha HUX HAPKOTUYECKMMM CPEACTBAMM, U3bATbIE B
HeneranbHom ob6opoTe. O6pasLLbl MOYM, MOCTYNUBLLME HA XMMUKO-TOKCUKOIOTUYECKOE U CyAebHO-XMMUYecKoe uccaepoBanme. na npo-
60MOArOTOBKM MCMONb30BaNNCh NAaTPOHbI ana T3 SampliQ EVIDEX — 200 mr-3 ma (Agilent, CLUA), ansa ¢pepmeHTaTUBHOTO rMapoamnsa
“cnosib3osanach B-moKypoHnaasa, Type HP-2, From Helix Pomatia, 100000 EQ/mn (Sigma-ALDRICH CHEMI, Tepmanus). TX-MC/MC aHa-
/U3 NPOBOAMAN Ha ra3oBom xpomatorpade Agilent 7890 ¢ TaHAEMHbIM KBAaAPYMONbHbIM Macc-cnekTpomeTpom Agilent 7000 (Agilent,
CLUA); TX-MC aHanu3 BbINonHEH Ha ra3oBom xpomatorpade Agilent 7820 ¢ macc-cenektmsHbiM feTekTopom Agilent 5975 (Agilent, CLUA);
BIKX-MCBP nccnepoBaHve NPOBOAWAM HA KUAKOCTHOM xpomatorpade Agilent 1260 ¢ TaHAEMHbIM TMOPUAHBIM KBAZPYNOAb — BpeMA-
NPONETHbLIM LETEKTOPOM BbICOKOTOo paspeLleHus Agilent 6540 (Agilent, CLLUA); BIXKX-MC/MC ucciefoBaHWe BbINOAHEHO Ha XUAKOCTHOM
xpomatorpade Agilent 1260 c TaHaeMHbIM Macc-cnekTpomeTpom Agilent 6460 (Agilent, CLLA).

PesynbTaTtbl. B pesynbrate uccieqosaHus, nposedeHHoro metogamu MX-MC/MC u BIXX-MCBP, noateepsaeHa CTpyKTypa cOeavHeHus
MDMB(N)-073F, onpeaeneHa To4Has Macca NPOTOHUPOBAHHOM MOJIEKY/IbI, COOTBETCTBYIOLLAA BpyTTO-Gopmyne CIQHUFNQJO . [puBeaeHbI cnek-
TpanbHble xapaktepuctukn MDMB(N)-073F. Metogamu MX-MC 1 BX-MC/MC ycTaHOB/IEHO, YTO OAHWUM U3 HanpaBaeHUM éMOTpaHCd)OpMBLI,MVI
MDMB(N)-073F B opraHu3me YeNoBeKa ABNAETCA TMAPOU3 CIOKHOIDMPHOM CBA3M C NOCAEAYIOLLE KOHbloraLmel 0bpasytoLieiica KUCnoTbl.
YCTaHOBAEHO, YTO KOHbIOraTOM MaBHoro Metabonuta MDMB(N)-073F ¢asbl | 6uoTpaHchopmaLym ABASETCA NPOAYKT B3aUMOAEMCTBUA C INIOKY-
POHOBOM K1cnoTol. MeTabonuTbl, 06pasyroLLMecs B pesysibTaTe rmapon3a CI0KHOIGUPHOM CBA3W, M IO KOHBIOTAT C [OKYPOHOBOM KUCIIOTOM
PEKOMEH0BaHbI B KAYECTBE MAPKEPOB YNOTPe6IEHNA CUHTETUYECKOTO KaHHabmnmeTuka MDMB(N)-073F npu aHanu3e xpomatorpaduyecku-
MM METOZAMM OHU MOTYT BbITb UCMOb30BaHbI MPY CUCTEMATUYECKOM aHA/IMTUYECKOM CKPUHUHTE B1ONOTMYeCcKMX 06pasLIoB.

3akntoueHue. MpuBeaeHbl aHAIMTUYECKME XapPAKTEPUCTUKM CUHTETUYECKOTO KaHHabumumeTka MDMB(N)-073F meTogamu ra3oBov Xpo-
matorpadum ¢ TaHAeMHOM Macc-cnekTpomeTtpueit (TX-MC/MC) 1 KMAKOCTHOI XpomaTorpadum rubpuaHoi KBagapynoib-BpemManpoNeTHoM
Macc-CNekTpoOMeTpHel BbICOKOro paspelleHus (BIXKX-MCBP), a TakxKe XapaKTepucTuKuM rasHoro metabonuta MDMB(N)-073F, ero rtoky-
POHMAR M AepPUBATOB C UCMO/b30BAHUEM FAa30BOI XPOMATOrpadum ¢ Macc-CNeKTPOMETPUYECKUM AeTeKTupoBaHuem (MTX-MC) u xugroct-
HOW XpomaTtorpaduu ¢ TaHAEMHOM macc-criekTpometpueit (BIXKX-MC/MC) B moue ans Lieneit SKCnepTHOM NPaKTUKM, XMMUKO-TOKCUKO/IO-
TMYECKOTO U CyAebHO-XMMMUYECKOTO aHan3a.

Kntouesble cnosa: MDMB(N)-073F, KaHHabMMUMETUKM, MeTabon3m, ra3oBas Xxpomatorpadus — Macc-CNeEKTPOMETPUSA, BbICOKOIPDEK-
TUBHAA KMAKOCTHAA XpOMaTorpadus, TaHAEMHAA Macc-CNEKTPOMETPUA, TMOPUAHAA KBaLpYyNONb-BPEMANPONETHAA MACC-CNEKTPOMETPUA
BbICOKOTO pa3peLleHns

Cnucok cokpaLuermit: MX-MC/MC — razoBas xpomatorpadms ¢ TaHAEMHOM Macc-crieKTpomeTpueit, BIXX-MCBP — skuaKocTHas xpomaTorpadus ¢ rin-
6puraHoOl KBaapPYNo/b-BPEMAMPO/IETHON MACC-CNIEKTPOMETPHEN BbICOKOTO pa3peLueHms, MX-MC — ra3oBas xpomatorpadus ¢ Macc-CneKTpOMeTpUYe-
CKUM [ETEKTUPOBAHWEM

INTRODUCTION sic and toxicological chemistry. This is particularly true

The analysis of toxicants’ properties and processes for new hazardous psychoactive substances including
of metabolism in the human body, methods of their ex-  synthetic cannabimimetics, regularly appearing in illegal
traction and identification is the main part in both foren-  drug market.
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All the factors — various equipment in expert insti-
tutions, various approaches to analyzing synthetic can-
nabimimetics to be found in biological materials, lack of
analytical standards — make it difficult to interpret and
compare the results obtained from different sources.

Gas chromatography with mass-spectrometric (GC/
MS) detection is widely applied in laboratory practice in
the Russian Federation, with the application thereof be-
ing combined with labor-intensive and time-consuming
sample preparation to make qualitative sampling. In this
case metabolite conjugation, extraction and derivatiza-
tion are to be made when testing urine for cannabimi-
metics metabolites [1, 2].

Liquid chromatography combined with with a tan-
dem mass-spectrometry (HPLC-MS/MS) method is con-
sidered to be the best, as it makes it possible to simplify
the sample preparation process to detect metabolites
of synthetic cannabimimetics as no deconjugation and
derivatization are required [3-5].

In this scientific work, the results of the research of
analytical features of synthetic MDMB(N)-073F canna-
bimimetics found out by gas chromatography methods
combined with MS/MS mass spectrometry (GC-MS/
MS) and liquid chromatography of hybrid high-reso-
lution quadrupole-time-of-flight mass spectrometry
(HPLC-HRMS), as well as characteristics of major MDM-
B(N)-073F metabolite and glucuronide and derivatives
thereof using gas chromatography with mass-spectro-
metric detection (GC-MS) and liquid chromatography
with MS/MS mass spectrometry (HPLC-MS/MS) in the
urine samples to be applied in expert practice, chemi-
cal-toxicological, forensic and chemical analyses have
been presented here.

OBJECTS OF RESEARCH

To carry out the study, the following materials were
used: plant-based objects with narcotic drugs with-
drawn from illegal trafficking and applied to them;. urine
samples to be studied under chemical-toxicological and
forensic and chemical analyses.

MATERIALS AND METHODS

Synthetic cannabimimetics in plant-based objects
were detected and identified by gas-liquid chromatogra-
phy methods with tandem mass-spectrometry and high
performance liquid chromatography with high resolu-
tion MS/MS quadrupole-time-of-flight detector.

Gas-liquid chromatography methods with tandem
quadrupole mass-spectrometric detector and high per-
formance liquid chromatography with tandem hybrid
high-resolution quadrupole-time-of-flight mass spec-
trometry (HPLC-HRMS) were applied to detect cannabi-
mimetics markers and metabolites in biological material.
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Equipment

e Gas chromatograph Agilent 7890 (capillary column
DB-5MS, similar to (5% phenyl)-methylpolysilox-
ane), ID = 0.25mm, length = 30m, thickness of sta-
tionary phase film = 0.25 um) with tandem quad-
rupole mass-spectrometer MS/MS Agilent 7000
(Agilent, USA);

e Gas chromatograph Agilent 7820 (capillary column
HP-5MS (5% phenyl)- methylpolysiloxane), ID =
0.25 mm, length = 30m, thickness of film=0.25 um)
with mass-selective detector Agilent 5975 (Agilent,
USA);

e Liquid chromatograph Agilent 1260 (chromato-
graphic column Zorbax Extend C-18 2.1*50 mm,
sorbent grain diameter = 1.8 um) with tandem
hybrid high-resolution quadrupole-time-of-flight
detector Agilent 6540 (resolution at least 40000)
(Agilent, USA);

e Liquid chromatograph Agilent 1260 (chromato-
graphic column 3*150 mm with reversed-phase
sorbent Poroshell 120 EC-C18, grain size = 2.7 um)
with tandem mass-spectrometer Agilent 6460 (Ag-
ilent, USA);

e 12 position SPE Vacuum Manifold System (Supelco);

e low vacuum pump (KNF lab LABOPORT (France);

e thermal block PE-4030 (Ecros, Russia);

e single-channel vaporizer PE-2300 (“Ecros”, Russia);

e microshaker PE-2 (“Ecros”, Russia);

e microwave Supra MWS-1824SW (Russia);

¢ solid-phase extraction cartridges SampliQ EVIDEX
(200 mg / 3 ml) (Agilent, USA);

e semi-automatic dispensers with 4-40, 40-200 pl
and 0.2-1, 1-5 ml range.

Materials

Bis-trimethylsilyl-trifluoroacetamide (BSTFA) con-
taining 1% trimethylchlorosilane; 2,2,3,3,3-pentafluo-
ropropanol, 2,2,3,3,3-pentafluoropropionic anhydride,
methyl iodide, B-glucuronidase, Type HP-2, From He-
lix Pomatia, 100,000 EU / ml (Sigma-ALDRICH CHEMI,
Germany). The chemicals used in the study are of the
“chemically pure” brand. The storage of the urine sam-
ples before the study was carried out at + 4°C.

Sample preparation

Plant-based objects preparation (for GC-MS/MS
and HPLC-HRMS analyses)

A weighed quantity of 10 mg of the plant-based
object was extracted with 10ml of ethanol for 5 min-
utes. The resulting extract was separated from the
plant matrix by centrifugation, diluted with ethanol
by 10 times and analyzed by GC-MS/MS and HPLC-
HRMS methods.
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Preparation of urine samples (applying

enzymatic hydrolysis, for GC-MS analysis)

50 pl of an internal standard alcohol solution (0.2
mg/ml Hexenal, 250 pl of 1/15 M pH 6 phosphate buffer
and 50 pl of B-glucuronidase) was added to 1 ml of the
urine sample. Then the vial was corked up and exposed
to 45°C for 2 hours. After cooling down, 2 ml 1/15 M
phosphate buffer (pH 4,8) was added. The contents of
the vials were centrifugated at 3000 rpm for 10 minutes,
the centrifugate was separated from the residue.

For extraction, SPE cartriges SampliQ EVIDEX (200
mg/3 ml) with a mixed phase were used. Conditioning
of a sorbent was conducted via succesive transfer of 2
ml of 95% ethanol and 2 ml of 1/15 M phosphate buf-
fer (pH 4.8) through the cartridge. After that, the sample
was downloaded at the speed of 1 ml/min. Flushing was
conducted in a successive manner: first 1 ml of 1/15 M
phosphate buffer (pH 4.8) and then 1 ml of 10% ethanol.
Drying the cartridge was carried out in vacuum for 20
minutes. Eluate was derived via double transfer of 2 ml
of n-hexane — ethylacetate (2:1) concoction through the
cartridge. Eluate was vaporized in the nitrogen flow at
45°C.

Derivatization

Methylation

500 ul of anhydrous acetone, 40 ul of iodomethane
and 20-25 mg of anhydrous potassium carbonate were
added to the dry residue of eluate I. The vial was corked
up and heated at 60°C in the thermal block for 60 min-
utes. Then the vial was cooled down, the fluid fraction of
the reactive concoction was separated and transferred
into a clean vial, then vaporized at 40 °C in the nitrogen
flow. The dry residue was dissolved in 100 ul of anhy-
drous ethylacetate and 1 ul of this solution was put into
the gas chromatograph evaporator.

Esterification with 2,2,3,3,3-pentafluoropropanol

20ul of 2,2,3,3,3-pentafluoropropanol and 60ul of
2,2,3,3,3-pentafluoropropionic anhydride (washing off
the vial walls) were added to the dry residue of eluate,
the vial was sealed and MW-irradiated in the 560W mi-
crowave oven for 5 minutes. After cooling down, the
vial was opened and excess reagents were vaporized in
the nitrogen flow (not above 40°C). The dry residue was
dissolved in 100ul of anhydrous ethylacetate, and 1l
thereof was added to chromate-mass-spectrometer’s
evaporator.

Trimethylsilyl esters acquisition

100 pl of BSTFA containing 1% of trimethylchlorsi-
lane was added to the dry residue of eluate, the vial
was corked up, shaken with the microshaker and heat-
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ed at 80°C in the thermal block for 60 minutes. The vial
was cooled down and 2 pl was put into the chroma-
to-mass-spectrometer’s evaporator.

Preparation of urine samples

(without hydrolysis, for HPLC analysis)

0.45ml of internal standard mixture in acetonitrile
(with 0.03um/ml concentration of ethylmorphine and
cyclizine ana) was added to the urine sample (0.05ml) in
Eppendorf tube. The tube was centrifuged at 10000 rpm
for 15 minutes, the supernatant layer was transferred to
the vial for autosampling, and 2ml of the resulting solu-
tion was added to the chromatograph.

Operation mode for GC-MS/MS analysis
(gas chromatograph Agilent 7890
with MS/MS quadrupole
mass-spectrometer Agilent 7000)
e Chromatograph vaporizer temperature — 2802C;
e vaporizer operation mode: split/splitless (15:1 split
ratio, with 1 min delay after the sample injection);
e detector interface temperature — 280°C;
e initial temperature of the column heating oven —
220°C;
e final temperature of the column heating oven —
300°C;
¢ variation of the column temperature — 20 degrees/min;
e exposure at the final temperature — 5 min;
e carrier gas — helium, column flow rate — 1 ml/min;
¢ injection volume —1 ml;
e collision cell gas — nitrogen, 1.5ml/min;
¢ «cooling gas» — helium, flow rate — 2.25 ml/min;
e collision energy — 10—20eV.

Operation mode for HPLC-HRMS analysis
(liquid chromatograph Agilent 1260 with
high resolution MS/MS hybrid
quadrupole-time-of-flight detector Agilent 6540)

¢ Gradient eluation with phase A (a 0.1% formic acid
solution in deionized water) and phase B (acetoni-
trile) at the increase of the content of phase B from
1% to 100% for 10 minutes;

¢ volume of injected sample — 1 ml;

e flow rate — 0.3 ml/min;

e column temperature — 45°C;

e electrospray ionization in positive ion mode;

e drying gas temperature (nitrogen) — 350°C;

e drying gas flow rate (nitrogen) — 8 |/min;

e nebulizer gas pressure (nitrogen) — 20 psi;

e capillary voltage — 3500 V;

e fragmentor voltage — 100 V and 180 V;

* mass-spectrometer operation mode: Auto MS/MS;

e equipment calibration and accuracy correction of
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mass measuring in the course of the analysis were

made by standard calibrators recommended by the

equipment manufacturers.

A part of the previously obtained alcoholic extract to
be analyzed was diluted with water and studied under
the above conditions.

Operation mode for GC-MS analysis

(gas chromatograph Agilent 7820

with mass-selective detector Agilent 5975)

¢ Flow rate of the carrier gas (helium) through the
column — 1.5 ml/min;

e working mode of vaporizer split/splitless (low-split-
ting — 15:1 with the impulse delay of 1 minute after
the sample injection);

¢ the temperatures of the injection port and the line
connecting to the mass spectrometer were 250°C
and 280°C, respectively;

¢ theinitial temperature of the column was 70°C for 2
minutes; then, the column was heated up to 280°C
at the programming speed of 20 degrees/min. and
kept at the final temperature for 8 minutes;

¢ the temperatures of the ion source and the quadru-
pole were at 230 and 150°C, respectively;

¢ voltage of the multiplier of the mass-spectrometric
detector was set equal to that of the automatic rou-
tine adjustment of the detector.

¢ The registration of mass spectrum for methyl de-
rivatives in the full ion scanning mode was in mass
range of 42—-450 a.u. The registration of mass spec-
trum for trimethylsilyl and pentafluoropropyl deriv-
atives in the full ion scanning mode was in the mass
range of 43-650 a.u.

The conjugation degree of the major MDMB(N)-073F
metabolite of biotransformation phase | in the urine
was determined by the ratio of the peak area of methyl
ethers for the ion with m/z value 219 and the peak area
of the ion m/z 235 for N-methylhexenal (internal stan-
dard) in eluate | of the urine with enzymatic hydrolysis
and by similar procedure without hydrolysis.

Operation mode for HPLC-MS/MS analysis
(liquid chromatograph Agilent 1260
with MS/MS mass-spectrometer Agilent 6460)
e Gradient eluation with phases A (a 10 mM solution

of ammonium formate and 0.1% formic acid in de-
ionized water) and B (0,01% formic acid in metha-
nole);

¢ eluent flow rate was 0.6 ml/min;

¢ column temperature — 509C;

e gradient mode: 0 — 1.0 min — reaching 95% of
phase A, by the 5th minute reducing to 50% of
phase A, by the 15th — by 2%, by the 17th — by
2%, by the 17.1 — by 95% and the column re-
generation within 3 minutes was 95% of phase
A;

* injection volume — 2 mcl;

e electrospray ionization in positive ion mode;

e flow of desiccant gas (nitrogen) to the ion source
6 |/min;

e spray gas pressure (nitrogen) 40 psi;

e temperature of desiccant gas —300°C;

e capillary voltage — 3500 V;

e fragmentor voltage — 125 V;

* mass-spectrometer operation modes: dyna-
mic MRM and Product lon Scan (mass range:
100-550 Da).

Processing of the chromatograms in order to identi-
fy the components of the samples was carried out using
MSD ChemStation E.02.01.1177 (Agilent), MassHunter
B.08.02 (Agilent) and AMDIS (The Automatic Mass Spec-
tral Deconvolution and Identification System, NIST) soft-
ware.

RESULTS AND DISCUSSION

As has been previously shown on the basis of the
relative metabolite content in the urine samples, the
principal pathway for MDMB(N)-073F cannabimime-
tics metabolism is MDMB(N)-073F ester decomposi-
tion with further conjugation of the resulting product
(Fig.1). This metabolite of biotransformation phase |
has both the maximum signal intensity in chromato-
grams of MDMB(N)-073F users and a characteristic
mass-spectrum thereby making it possible to be used
as a marker for this cannabimimetics [6, 7]. It should
be also considered, that in the urine, this metabolite
of biotransformation phase | is significantly associated
with the conjugated form (Table 1), so in case of apply-
ing GC-MS research methods, hydrolysis of conjugates
is required.

Table 1 — Marker conjugation values in 10 urine samples of MDMB(N)-073F cannabimimetics users

Sample 561 663 717 721 722 224 705 752 754 756 ';/'ne‘i/"
, /0
Marker 96 0 49 98 97 97 99 99 99 100 97.5

conjugation, %
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Figure 1 — Principal MDMB(N)-073F metabolic pathway

Obtaining—methyl, trimethylsilyl and 2,2,3,3,3-pen-
tafluoropropyl esters is considered the most common
variant of derivatization in cannabimimetics markers
screening in the biological material based on gas chroma-
tography with a quadrupole mass-spectrometric detector.

The formation of methyl ester MDMB(N)-073F

marker corresponding to the original compound (Fig. 2),
takes place during methylation, thereby simplifying the
compound identification. Mass-spectra, retention indi-
ces and structures of trimethylsilyl and 2,2,3,3,3-penta-
fluoropropyl esters of MDMB(N)-073F marker, are given
in Fig. 3 and 4, respectively.
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Figure 2 — Mass-spectrum, retention index and structure
of methyl ester of MDMB(N -073F marker

Tom 7, Beinyck 4, 2019



RESEARCH ARTICLE Scientific and Practical Journal

PHARMACY &
ISSN 2307-9266 e-ISSN 2413-2241 PHARMACOLOGY

3 2197 C,1H3,FN30,Si

96 M.m. 421
R1=2690 |

219--~, 0—si-

88

80

72

T 3047

56

48

40

Intensity (%)
]

32 3 1457 F

24

— 73 1317 2757

E 2187 3657
8 3 4067
_EAJALI . I||. ||I .|. ||| I L o ||Au L ull lul ) ||| |. |_421

B e B L B e e o e o o e B LA e
100 150 200 250 300 350 400
Value m/z, Da

Figure 3 — Mass-spectrum, retention index and structure of trimethylsilyl ester of MDMB(N)-073F marker.
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Figure 4 — Mass-spectrum, retention index and structure
of 2,2,3,3,3-pentafluoropropyl ester of MDMB(N)-073F marker.
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Takinginto account the identical structures of MDMB
(N)-073F and the methyl derivative of its main metabo-
lite (Fig. 1), to study the properties of MDMB(N)-073F,
the analysis of the original cannabimimetic MDMB (N)
-073F was carried out on the basis of the methods of
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Figure 5 — MS/MS ion spectrum with m/z 363 (collision energy — 15 eV).
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Figure 6 — MS/MS ion spectrum with m/z 307 (collision energy — 15 eV).
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Figure 7 — MS/MS ion spectrum with m/z 304 (collision energy — 15 eV).
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GC-MS / MS and HPLC-HRMS. When applying gas chro-
matography method with a tandem mass-spectrometric
triple quadrupole detector, the fragmentation of basic
ions being formed under the electron impact ionization
from MDMB(N)-073F was analyzed (Fig. 5-10).
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Figure 8 — MS/MS ion spectrum with m/z 275 (collision energy — 10 eV)
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Figure 9 — MS/MS ion spectrum with m/z 232 (collision energy — 15 eV).
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Figure 10 — MS/MS ion spectrum with m/z 219 (collision energy — 15 eV).
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According to the mass spectra of individual ions
presented in Fig. 5-10, all the ions are seen to be struc-
turally bound together. So, ion with m/z value of 304
a.e.m., comprises ions with m/z values of 219 and 145
a.e.m., and ion with m/z value of 219 a.e.m. compris-

OCH_3\+'
o] /§<
NH o
A\

F

A\
/N (0]
N
m/z 275 (26.4 %) A\

es ion 145 a.e.m., and ion with m/z value of 307 com-
prises ions with m/z values of 232, 275 and 131 a.e.m.
The obtained results presented below, comply with the
fragmentation structure impacted by electron impact
(Fig. 11).

NH NH

N

/N
N
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Figure 11 - Proposed structure of MDMB(N)-073F fragmentation.
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Figure 12 — Chromatogram of the plant-based MDMB(N)-073F object (HPLC-HRMS, m/z 364.203,
image range +5 mDa).
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The data on the fragmentation of the main ions,
obtained in the investigations of MDMB(N)-073F were
found in the plant-based objects. The analysis was car-
ried by HPLC-HRMS methods, taking into account the
exact masses of the main ions. The chromatogram and

spectrum of MDMB(N)-073F obtained in its analysis, are
given in Fig.12 and 13, accordingly. Both theoretical and
experimentally found exact masses of MDMB(N)-073F
protonated molecule and fragment ions are presented
in Table 2. The computed error is also given there.

x10 5 [+ESI Product lon (2.775 min) Frag=120.0V CID@20.0 (354.2026[z=1] -> **) new-1.d

Intensity
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Figure 13 — MS/MS ion spectrum with m/z 364, 203.

lons corresponding to protonated molecules of the
original substance, are known to be within positive elec-
trospray conditions. The ion with the chemical formula of
CH,,FN.O, and the exact mass of 364, 2031 Da is to be

19" 27

used in the combination with MDMB(N)-073F structure. The
exact molecular mass of the ion measured in the experiment,
is different from the mass calculated for 0.27 ppm, thereby
proving the accuracy of the proposed chemical formula.

Table 2 — Determination of exact masses of protonated molecule and fragment ions of MDMB(N)-073F

lon formula Theoretical mass, Da Measured mass, Da Error, ppm
C,H,,FN.0, 364.2031 364.2030 0.27
C,H,,FN,O 304.1852 304.1829 7.56
C,H,.FN.O 236.1193 236.1208 6.35
C,H,,FN,0 219.0928 219.0929 0.46
C,H.N,O 145.0396 145.0397 0.69
CH, 55.0542 55.0540 3.63

A study of the consumer’s urine, containing MDMB
(N)-073F, by HPLC-MS/MS methods and using multiple
reaction registration (MRR) showed the following: apart

194

from the marker, the conjugate with glucuronic acid are
excreted together with the urine. The chromatograms
are presented in Fig. 14-17.
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Chromatogram of MDMB(N)-073F user’s urine (HPLC-MS/MS,

the total ion current for MRM transitions 350.1 > 145.0 and 350.1 > 219.0). Retention time for MDMB(N)-073F
marker and its glucuronide is thereof 12.926 and 12.665 min., respectively
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Figure 15 — Chromatogram of MDMB(N)-073F user’s urine (HPLC-MS/MS; MRM transitions:
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above 350.1 > 145.0, below 350.1 > 219.0)
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Figure 16 — Chromatogram of MDMB(N)-073F user’s urine (HPLC-MS/MS, total ion current for MRM transitions
526.3 > 145.0 and 526.3 > 219.0). Retention time for glucuronide marker of MDMB(N)-073F- 12.670 min.
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Figure 17 — Chromatogram of MDMB(N)-073F user’s urine (HPLC-MS/MS; MRM transitions:

above 526.3 > 145.0, below 526.3 > 219.0).

Mass-spectrum of ions — products of MDMB(N)-073F
marker with m/z value of 350 for a protonated molecule
—is similar to the spectrum of the unchanged compound
(Fig. 13),; the ions with m/z values of 219 and 145 are pre-
sented therein (Figures 14, 15). The spectrum of ions —
glucuronide products of MDMB(N)-073F marker (m/z 526
for the protonated molecule) — also contains these ions
(Fig. 16, 17), thereby making it possible to use them in
the registration of MRM transitions for both compounds.

Glucuronide of MDMB(N)-073F marker is a com-
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pound ester. This leads to its partial fragmentation in
the ion source of liquid mass spectrometers with pos-
itive ionization [3]. Fragmentation of glucuronide in
the source is basically due to the elimination of glucu-
ronic acid residue. The resulting ion with m/z value of
350 corresponds to the protonated molecule of this
MDMB(N)-073F marker itself. Glucuronide instability of
MDMB(N)-073F marker makes it possible to use ion with
m/z value of 350 as a precursor when finding both com-
pounds (Fig. 14, 15).
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The data presented herein connfirm that the major
part of MDMB(N)-073F marker is found in the urine of its
users as a conjugate with glucuronic acid.

CONCLUSIONS

The structure of MDMB(N)-073F compound has
been confirmed by methods of gas chromatography
with MS/MS mass-spectrometry and liquid chromatog-
raphy with hybrid high-resolution quadrupole-time-of-
flight mass spectrometry. Mass-spectral characteristics
of MDMB(N)-073F have been given herein.

Ester decomposition with further conjugation of the
resulting acid has been found one of MDMB(N)-073F
biotransformation in the human body. The product in-
teracting with glucuronic acid, is the conjugate of MDM-
B(N)-073F metabolite of phase | in biotransformation.

Metabolite formed as a result of ester decom-
position and its conjugate with glucuronic acid, are
recommended to be applied as markers for synthet-
ic MDMB(N)-073F cannabimimetics in the analysis by
chromatographic methods; they can be used in regular
analytical screening of biological samples.
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The aim of the study is to evaluate the effect of pumpkin (Cucurbita pepo L.) and marigold extracts (Tagetes patula L.) on the
hippocampal mitochondria functional activity within the conditions of experimental acute brain hypometabolism.

Materials and methods. The work was performed on 50 male Wistar rats, which reproduced an acute brain hypometabolic
state by administration of a 3M sodium azide solution in hippocampus (n = 40 and n = 10 — a group of sham-operated an-
imals). The test extracts and the reference drug — EGb 761 — were prophylactically administered at the dose of 100 mg/kg
per os for 10 days. 24 hours after the last administration, sodium azide was injected, the brain was taken, the hippocampus
was isolated to obtain a supernatant and determine the parameters of mitochondrial respiration, the intensity of anaerobic
processes, the concentration of the apoptosis-inducing factor, endonuclease G, and B-amyloid.

Results. The carried out study established that the prophylactic administration of pumpkin and marigold extracts contributed
to the restoration of a mitochondrial function and a decrease in the intensity of anaerobic processes. In the group of the rats
treated with pumpkin and marigold extracts, an increase of ATP concentration in the hippocampal supernatant by 65.7%
(p<0.002) was observed; it was 66.2% (p<0.002) relative to the animals deprived of pharmacological support. ,When the
rats were treated with pumpkin and marigold extracts, a decrease in the concentration of apoptosis-inducing factor (by 33%
(p<0.002) and 38.3% (p<0.002), respectively) and endonuclease G (by 3.6 times (p<0.002) and 4.4 times (p<0.002), respec-
tively) was also noted. The administration of pumpkin and marigold extracts reduced the amyloid B-peptide concentration
in the rats’ hippocampus by 54.4% (p<0.0002) and 54.4% (p<0.0002), respectively. The test-extracts had an equivalent ther-
apeutic efficacy with the reference drug.

Conclusion On the basis of the obtained data, it is possible to suggest the prospect of a further study of pumpkin and mari-
gold extracts as the drugs of a targeted correction of cerebral hypometabolism.

Keywords: plant extracts, hypometabolism, hippocampus, mitochondria
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BITUAHUE SKCTPAKTA TbhIKBbl O6EbIKHOBEHHOW
(CUCURBITA PEPO L.) U SKCTPAKTA BAPXATLIEB
PACTMPOCTEPTbIX (TAGETES PATULAL.)

HA ®YHKLUMUOHANBbHYIO AKTUBHOCTb MUTOXOHOPUW
FMMMNNOKAMIIA B YCITIOBUAX SKCINEPUMEHTAJIbHOIO
OCTPOI'O N’MNOMETABOJIUSMA TONNOBHOIO MO3rIrA

A.B. BopoHkos, A1.U. No3gHakos, C.J1. Aaxxmnaxmetosa, H.M. YepBoHHas,
K.A. MupowHuueHkKo, A.B. CocHoBckas, E.N. LLlepelwikosa

MATUrOPCKNN MeauKo-PpapmMaLLeBTUUECKUIA MHCTUTYT — duanan GPIEOY BO «Bonrorpaackui
rocyAapCcTBEHHbIM MeANUNHCKUIA YHUBepcuTeT» MuH3apasa Poccum

Poccua, 357532, r. NMaTturopck, np. KaamHuHa, 4. 11

Monyuero 09.07.2019 PeueHsua (1) 31.07.2019

E-mail: pozdniackow.dmitry@yandex.ru

PeueHsua (2) 08.08.2019 MpuHaTa K nevatn 15.08.2019

Lienb nccnegoBaHuaA. OLEHUTb BAMAHWE SKCTPAKTA TbiKBbl 06bIKHOBEHHOW (Cucurbita pepo L.) n akcTpakTa 6apxaTues pac-
npoctepTbix (Tagetes patula L.) Ha GyHKLMOHANbHYIO aKTUBHOCTb MUTOXOHAPUI TMNMNOKaMNa B YCOBUAX SKCMEPUMEHTalb-
HOro OCTPOro rmnomeTabosmM3ma ronoBHOro Mo3ra.

Martepuanbl U metoabl. PaboTa BbinosHeHA Ha 50 Kpbicax-camuax nMHuM Wistar, KOTopbiIM MOAENMPOBaAN OCTPOE FUMo-
meTabonanyeckoe coctoaHue nytem BeedeHuna 3M pacTBopa HaTpus asuga B runnokamn (n=40 n n=10 — rpynna N0KHOO-
nepupoBaHHbIX XMBOTHbIX). Mccneayemble aKCTPaKTbl M npenapat cpasHeHus — EGb 761 seoannu B gose 100 mr/Kr per os,
nNpoduUNaKTUYECKU Ha NpoTaxeHun 10 gHel. Yepes 24 yaca nocne BeAEHMA HAaTpPWUA a3naa OCYLLECTBAANM 3a60p roNoBHO-
ro Mmo03ra, BblaenAann runnokamn ¢ nonyvyeHmem CcynepHaTtaHTa U onpegesieHnem B Hem NnapamMeTpoB MUTOXOHAPUANbHOIo
AbIXaHUSA, UHTEHCUBHOCTM aHa3POBHbIX NMPOLLECCOB, KOHLEHTPALMUM anonTo3-MHAYyLUMpYyoLLero GakTopa, SHAOHYKNeasbl G 1
B-amunounaa.

Pe3synbrathbl uccnepoBaHua. B xoae nccnenosaHuaA 6b11o0 yCcTaHOBAEHO, YTO NPodUAaKTUYECKOe BBEAEHNE M3yYaeMblX IKC-
TPAKTOB TbIKBbl U HapxaTLEB CNOCOHCTBOBANO BOCCTAHOBAEHUIO MUTOXOHAPUANIBHOW GYHKLMMU U CHUKEHUIO MHTEHCUBHO-
CTM aHa3pobHbIX NpoLeccos. Mpy 3TOM B rpynmnax KpbIC, NOAyYaBLUMX SKCTPAKT TbiKBbI M 6apxaTLeB, OTMEYEHO NoBbILEHKE
KOHLEeHTpaumn AT® B cynepHaTaHTe rMNNOKamna OTHOCUTE/IbHO *KMBOTHbIX 6€3 hapMaKonorniyeckom nogaepku Ha 65,7%
(p<0,002) 1 66,2% (p<0,002); cooTBETCTBEHHO. TaKXe NpU BBEAEHUM KPblCaM 3KCTPAKTOB TbIKBbI 1 6apxaTues Haba04aN0Ch
CHUMKEHME KOHLLeHTpauuKn anonTo3-uHayumpytowero ¢aktopa (Ha 33 % (p<0,002) un 38,3% (p<0,002) cOOTBETCTBEHHO) U
3HA0HYKNeasbl G (B 3,6 pasa (p<0,002) u B 4,4 pasa (p<0,002) coOTBETCTBEHHO). MPY NPUMEHEHUUN UCCAEAYEMBIX SKCTPAKTOB
TbIKBbl M 6AaPXaTLEB OTMEYEHO CHUMKEHNE KOHLEHTPALMM aMUIOMAHOTO B-NenTnaa B runnokamne Kpbic Ha 54,4% (p<0,0002)
1 54,4% (p<0,0002) cooTBeTCTBEHHO. [pK 3TOM MCCaeayeMble SKCTPaKTbl 061a4ann 3KBMBANEHTHOW TepaneBTUYeCcKom 3¢-
$EKTUBHOCTBIO C MPENapaToOM CPaBHEHUA.

3aknoueHue. Ha ocHoBaHUMU NONYYEHHbIX AaHHbIX MOXHO NPeanooXNUTb NePCNneKTUBHOCTb p,aanef/'lwero U3yvyeHunAa aKc-
TPAKTOB TbIKBbI U BapXaTLEB KaK CPEACTB LieIeHanpaBAeHHOM KOppeKLmMm LepebpanbHOro runometabonmsma.

KntoueBble cn0Ba: pacTUTENbHbIE SKCTPAKTbI, TMNOMeTabonn3M, rMnnoKammn, MUTOXOHAPUU

INTRODUCTION

Alzheimer’s disease (AD) is a worsening neurode-
generative disease which accounts for 50-70% of de-
mentia cases, comprising more than 12 million people
[1]. Generally, clinical manifestations of AD are observed
in the late stages of the disease and are associated with
deposition of cytotoxic B-amyloid in the brain structures
[2]. Amyloid B-peptide is formed as a result of prote-
olysis of transmembrane protein — amyloid precursor
protein (APP) during catalysis of secretase enzymes. To
date, it has been established that the accumulation of
B-amyloid is one of the most reliable and early markers
of irreversible neurodegeneration [3]. In the processes
of neuronal degradation, various B-amyloid isoforms
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form two types of cytotoxic conglomerates: the aggre-
gates not stabilized by metal ions (usually soluble in wa-
ter and having little cytotoxic potential) and associates in
which divalent metal ions are present (these conglomer-
ates form covalently cross-linked oligomers, which are
then deposited in the cytoplasm of neurons (mainly
the hippocampus) in the form of amyloid plaques) [4].
The excess of amyloid B-peptide in brain cells leads to
irreversible phosphorylation of tau protein, resulting in
the increased production of 4-hydroxynonenal — mem-
brane-toxic aldehyde, which, in its turn, initiates oxida-
tive processes in neuronal membranes, accompanied by
a deterioration of the ion transport ATPases, functioning
as glucose and glutamate transporters [5]. As a result,

199



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

the described processes lead to the impairment in syn-
aptic transmission and AD worsening.

The research group of Del Prete D, et al., 2017 found
out that the amyloid B-peptide precursor protein can be
localized on mitochondrial membranes. In addition, a
secretase complex, mainly represented by y-secretase,
is found on mitochondrial membranes, which, in turn,
provides a rapid synthesis of B-amyloid from its precur-
sor [6].

In @ number works it is noted that mitochondrial
B-amyloid can play a leading role in the pathological
cascade, adducting to early neurons death within AD
conditions. Thus, a study by Lustbader J W, et al., 2004
showed that there is a direct relationship between a
mitochondrial dysfunction and a hypometabolic brain
state, on the one hand, and an increase of the B-amy-
loid cytotoxicity, on the other [7]. Further on, Chen X.
et al., 2006 found out that within AD conditions, brain
hypometabolism arising with an increase of the amyloid
B-peptide concentration is associated with a malfunc-
tion of electron transport reactions in the mitochondri-
al respiratory chain, activation of anaerobic oxidative
processes, and intensification of the internal apoptosis
pathway (the effector system — endonuclease G) [8].
However, it should be noted that activation of the mi-
tochondrial y-secretase complex is observed only with
a decrease in the intensity of metabolic reactions — a
hypometabolic state [9]. Thus, it can be assumed that
a targeted pharmacological correction of cerebral hy-
pometabolism may be a promising method for the early
treatment of AD. In this regard, the aim of this study was
to assess the effect of pumpkin (Cucurbita pepo L.) and
marigold extracts (Tagetes patula L.) on the hippocam-
pal mitochondria functional activity within experimental
acute brain hypometabolism conditions.

MATERIALS AND METHODS

Experimental animals

In the experiment, 50 sexually mature male Wistar
rats with a body weight of 220-240 grams) were used.
The animals had been obtained from “Rappolovo”, the
Federal State Unitary Enterprise “Nursery of laboratory
animals (Leningrad Region). During the experiment, the
rats were kept under standard vivarium conditions at the
air temperature of 22 + 2°C, the relative humidity of 60
+ 5% and a natural circadian cycle change. The animals
were kept in macrolon cells by 10 individuals, where a
granular beech fraction was used as a nesting material.
The rats received extruded food and water ad libitum.
Manipulations with the experimental animals were
performed in accordance with the generally accepted
ethical standards adopted by the European Convention
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for the protection of vertebrate animals used for exper-
imental and other scientific purposes (1986) and taking
into account the International recommendations of the
European Convention for the protection of vertebrate
animals used in experimental studies (1997) [24, 25].

Test objects. Experiment design

In this work, a thick pumpkin extract (Cucrbita pepo L.)
and a thick marigold extract (Tagetes patula L.) were used
as test objects. Marigold inflorescences (Tagetes patula L.)
of the «Carmen» variety were collected in the botanical
garden of Pyatigorsk Medical and Pharmaceutical Institute
— branch of Volgograd State Medical University. The pump-
kin fruits (Cucurbita pepo L.) of the «Atlant srednepozdnij»
variety were collected in the «Aleksandrovskij» district,
Stavropol region. The raw materials samples were harvest-
ed in the period from June to September 2016—2018. Fresh
pumpkin fruits and marigold inflorescences, dried in shad-
ow, were used as raw materials.

EGb 761 (a standardized Ginkgo biloba extract man-
ufactured by Hunan Warrant Pharmaceuticals, China)
was a reference drug. The reference drug was admin-
istered per os at the dose of 100 mg/kg [10] before a
surgery operation for 10 days. The test objects were
administered similarly to the reference drug (prophy-
lactically, at the dose of 100 mg/kg for 10 days). During
the experiment, the following experimental groups of
animals were formed: sham-operated rats (SO, n = 10);
a negative control group of rats, deprived of pharmaco-
logical support (NC, n = 10); groups of animals treated
with the reference drug and test—objects (n = 10 in each
experimental group). The study design is shown in Fig. 1.

Experimental model of cerebral hypometabolism

Cerebral hypometabolism was modeled by an intra-
hippocampal injection of a 3M sodium azide solution,
for which the animals had been anesthetized (chloral
hydrate 350 mg/kg, intraperitoneally), the rats’ heads
were fixed, the pelage was removed and the skull was
scalped. Then, in the left and right hemispheres, trep-
anation holes were drilled with a 1 mm diameter trep-
anation bur with the stereotactic coordinates P: —3.0;
ML: + 3.0, V: =3.0 (from Bregma), which corresponded
to the dorsal part of the hippocampus [11]. Then, a 30G
needle was slowly inserted into the trepanation hole to
the depth of 1.5 mm; a 3 M sodium azide solution (pH =
7.4) was injected in 0.5 ul volume, alternating with the
right and left hemispheres (totally, there were 4 injec-
tions made). The needle was removed after 30 seconds
since the insertion. The wound was sutured, the seam
treated with a 5% iodine solution. Biomaterial was taken
24 hours after the surgery [12].
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50 Wistar rats

—

SO rats’ group
(n=10)

NC rats’ group

(n=10) EGb 761

Rats’ group treated with

100 mg/kg (n=10)

Rats’ group treated with
Marigold extract
100 mg/kg (n=10)

Rats’ group treated with
Pumpkin extract
100 mg/kg (n=10)

Intrahippocampal injection of a 3M
sodium azide solution 0.5 pl (4 injections)

24 hours exposure. Biomaterial
sampling (Hippocampus)

Evaluation of mitochondrial
function

Determination of the B-amyloid,
ATP, AIF, ENDOG concentration

Figure 1 — Experiment design

Note: SO — a sham-operated rats group; NC — a negative control anmals group; ATP — adenosine triphosphate; AIF — apopto-

sis-inducing factor; ENDOG — endonuclease G.

Biomaterial sampling

In the work, the rat hippocampus was used as bio-
material. The hippocampus was removed according to
the standard procedure. The isolated hippocampus was
divided into 2 parts: the first was homogenized in the
following medium: 1 mmol EDTA + 215 mmol mannitol +
75 mmol sucrose + 0.1% BSA solution + 20 mmol HEPES
(pH 7.2), followed by a double centrifugation in modes
of 1,400g = 3 min. at 4°C (supernatant was removed)
and 13000g - 10 min. The resulting secondary superna-
tant was removed for a respirometric analysis. The sec-
ond part of the hippocampus was homogenized in PBS
with pH 7.4 in a ratio of 1.7, centrifuged in the mode of
10000g - 5 min, and then the resulting supernatant was
taken for ELISA.

Respirometric analysis

In the work, the previously described approach to
assessing mitochondria respirometric functions had
been used. The study was performed according to the
SEAHORSE protocol on a laboratory AKPM-01L respirom-
eter (Alfa-Bassens, Russian Federation). During the anal-
ysis, the change in oxygen consumption in the medium
containing native mitochondria, was assessed against
the background of the injection of mitochondrial respira-
tion disconnectors: oligomycin 1 ug/ml; 4-(trifluorome-
thoxy) phenyl) hydrazono) malononitrile (FCCP — 1 uM);
rotenone — 1 uM; sodium azide — 20 mmol. Glucose (15
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mmol) was used as an oxidation substrate in the process
of the study of the intensity of anaerobic processes. At
the same time, the following parameters characterizing
the mitochondria respiratory function were calculated:
ATP-generating capacity; maximum respiratory rate, re-
spiratory capacity. The glycolysis intensity, glycolytic ca-
pacity, and glycolytic reserve were also determined [13].

Enzyme-linked immunosorbent

assay immunoassay

The standard ELISA reagents kits manufactured by
Cloud clone (USA) was used. During the study, the chang-
es in the following parameters were evaluated: B-amy-
loid concentration, apoptosis-inducing factor (AIF),
endonuclease G (ENDOG) and ATP concentration. The
analysis was carried out in accordance with the manu-
facturer’s recommendations (a protocol analysis instruc-
tion was attached to each kit). The results measurement
was carried out on a microplate reader Infinite F50 (Te-
can, Austria).

Methods of statistical analysis

Statistical analysis of the obtained results was per-
formed in the STATISTICA 6.0 software package (StatSoft,
USA). The data were expressed as M + SEM. The compar-
ison of means was carried out by the one-way analysis of
the variance method with the post-hoc Newman-Keuls
test.
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RESULTS

The influence of the test objects and the reference

drug on the change of the B-amyloid

concentration in the rats’ hippocampus

within the conditions of experimental

acute brain hypometabolism

During this part of the work it was found out that
the B-amyloid concentration (Fig. 2) in the SO group was
9.46 + 0.09 pg/ml. At the same time, in the NC group of
the animals within the conditions of the experimental
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cerebral hypometabolism, an increase of the amyloid
B-peptide concentration in comparison with the SO
group of the animals was by 9 times (p <0.0001).

The use of EGb 761 reduced the content of cytotox-
ic B-amyloid in the rats’ hippocampus in relation to the
NC group of the animals by 54.4% (p<0.0002). Against
the background of the test pumpkin and marigold ex-
tracts administration, the B-amyloid concentration de-
creased relative to the NC group of the animals by 54.4%
(p<0.0002) and by 49% (p<0.0002), respectively (Fig. 2).

#

90
80 =

70

60
50

40
30

H *

concentration, pg/ml

20

10 =

0 T T

SO NC

EGb 761 ET EB

Figure 2 — Effect of the test objects and the reference drug on the change of the 8-amyloid concentration in the
rats’ hippocampus within the conditions of the experimental acute brain hypometabolism

Note. SO — a sham-operated group of rats; NC — a negative control group of rats; ET — a group of rats treated with the test
pumpkin extract; EB — a group of rats treated with the test marigold extract; EGb 761 — a group of rats treated with EGb 761; # —
statistically significant relative to the SO animals group (Newman-Keusle test, p <0.0001); * — statistically significant relative to the

NC animals group (Newman-Keusle test, p <0.0002).

The influence of the test objects

and the reference drug on the change

of the rats’ hippocampal mitochondria

respirometric function within the conditions

of the experimental acute brain hypometabolism

When assessing the effect of the test extracts and
EGb 761 on the change of the hippocampal mitochon-
dria respirometric function, it was found out that in the
NC group within the conditions of the experimental
brain hypometabolism compared with the SO group of
rats, a decrease in the ATP-generating capacity was by
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10.8 times (p<0.0001), the maximum respiratory rate
was by 19.4 times (p<0.0001) and the respiratory capac-
ity was by 9.9 times (p<0.0001) (Fig. 3).

In the animals deprived of pharmacological support,
in relation to the SO group of rats, the glycolysis intensi-
ty increased by 8.5 times (p <0.0001), and the glycolytic
capacity and glycolytic reserve decreased by 5.8 times
(p<0.0001) and 6.1 times (p <0.0001), respectively (Fig.
4). As a result, the ATP concentration in the hippocam-
pal supernatant of the NC group decreased by 2.2 times
(p<0.0001) relative to the SO group (Fig. 5).
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Figure 3 — Effect of the test objects and the reference drug on the change of the mitochondrial respiration
in the rats’ hippocampus within the conditions of the experimental acute brain hypometabolism

Note. SO — a sham-operated group of rats; NC — a negative control group of rats; ET — a group of rats treated with the test
pumpkin extract; EB — a group of rats treated with the test marigold extract; EGb 761 — a group of rats treated with EGb 761; # —
statistically significant relative to the SO group of animals (Newman-Keusle test, p<0.0001)); statistically significant relative to the
NC group of animals (Newman-Keusle test * — p <0.02; y — p<0.001; a-p<0.004).
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Figure 4 — The effect of the test objects and the reference drug on the change of the anaerobic processes
activity in the rats’ hippocampus within the conditions of the experimental acute brain hypometabolism

Note. SO — a sham-operated group of rats; NC — a negative control group of rats; ET — a group of rats treated with the test
pumpkin extract; EB — a group of rats treated with the test marigold extract; EGb 761 — a group of rats treated with EGb 761; # —
statistically significant relative to the SO animals’ group (Newman-Keusle test, p <0.0001); * — statistically significant relative to
the NC group of animals (Newman-Keusle test, * — p <0.005; y—p <0.002; a—p <0.007; A- p <0.03; u—p <0.01; n—p <0.004)
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Against the background of EGb 761 administration
in rats, an increase (relative to the NC group of animals)
of ATP-generating capacity (Fig. 3) by 6.7 times (p<0.002),
the maximum respiratory rate by 9.7 times (p<0.001) and
respiratory capacity — by 5.1 times (p<0.001) was noted.
In the rats treated with EGb 761, there was also an in-
crease in glycolytic capacity and glycolytic reserve (Fig.
4) in comparison with the same parameters of the NC
animals’ group by 2.6 times (p<0.007) and by 4.3 times
(p <0.03), respectively, while the intensity of glycolysis
decreased by 1.9 times (p<0.005). In addition, the con-
centration of ATP in the animals treated with EGb 761
was 65.7% (p<0.002) higher than that in the rats without
any pharmacological correction.

In the animals treated with the pumpkin extract, rel-

800

ative to the NCrats’ group, an increase in ATP-generating
capacity was by 8.2 times (p <0.001); the maximum level
of respiration was by 10.9 times (p <0.001) and respira-
tory capacity was by 5.9 times (p <0.004) (Fig. 3). At the
same time, the intensity of glycolysis in the animals that
were administrated pumpkin extract, was 4.7 times (p
<0.002) lower than that in the NC group of rats, while
the glycolytic capacity and glycolytic reserve (Fig. 4) in
the animals treated with the test pumpkin extract, in-
creased in comparison with the rats deprived of phar-
macological support by 2.4 times (p <0.01) and twice (p
<0.004), respectively. The administration of the pumpkin
extract in the animals contributed to an increase of ATP
content (Fig. 5) in the hippocampus by 66.2% (p <0.002)
in relation to the NC group of rats.
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Figure — 5. The effect of the test-objects and the reference drug on the change of the ATP concentration
in the rats’ hippocampus within the conditions of the experimental acute brain hypometabolism

Note. SO — a sham-operated group of rats; NC — a negative control group of rats; ET — a group of rats treated with the test
pumpkin extract; EB — a group of rats treated with the test marigold extract; EGb 761 — a group of rats treated with EGb 761;
# — statistically significant relative to the SO group (Newman-Keusle test, p<0.0001); * — statistically significant relative to the NC

group (Newman-Keusle test, p<0.002).

When the marigold extract was administrated in the
animals, an increase (relative to the NC rats’ group) of
ATP-generating capacity, the maximum respiratory rate
and respiratory capacity (Fig. 3) by 6.2 times (p<0.001);
by 9.4 (p<0.001) and 4.7 times (p<0.004), respectively,
were noted. In addition, the intensity of glycolysis in
the animals treated with marigold extract was 3.3 times
lower (p<0.002) than that in the NC group of rats, while
the glycolytic capacity and glycolytic reserve (Fig. 4) in-
creased in the animals treated with marigold extract
compared with the rats deprived of pharmacological
support by 3.3 (p<0.01) and 4.2 times (p<0.004), respec-
tively. As a result, the ATP concentration in the hippo-
campus of the animals treated with the marigold extract
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was 60.7% (p<0.002) higher than that of the rats of the
NC group (Fig. 5).

The influence of the test objects and the reference

drug on the change of the internal apoptosis

pathway activity within the conditions

of experimental acute brain hypometabolism

In the course of this part of the study it was found
out that the concentration of AIF and ENDOG in the ani-
mals of the NC group exceeded the similar values of the
SO rats’ group by 3 (p<0.0001) and 21.7 times (p<0.002),
respectively (Table 1). At the same time, the animals
treated with EGb 761 showed a decrease in AlF con-
centration by 36.8% (p<0.002) and ENDOG by 2.7 times
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(p<0.0001) compared with the group of rats deprived of
pharmacological support (Table 1).

Against the background of using the test pumpkin
extract in the animals, the contents of AIF and ENDOG
in the hippocampus decreased (relative to the NC group
of rats) by 33% (p<0.002) and 3.6 times (p<0.002), re-
spectively. A decrease in the concentration of proapop-

totic markers of the internal apoptosis pathway was also
observed while using the marigold extract. So, in the
animals that were administrated the test marigold ex-
tract, the concentration of AIF and ENDOG was 38.3%
(p<0.002) and 4.4 times (p<0.002), respectively, low-
er than the similar parameters of the NC rats’ group
(Table 1).

Table 1 - The influence of the test objects and the reference drug on the change of the internal apoptosis
pathway activity within the conditions of experimental acute brain hypometabolism

Group So NC
AlF, ng/ml 6.16+£0.413 18.69+0.04#
ENDOG, ng/ml 72.03+1.069 1564.42+63.59#

EGb 761 ET EB

11.81+0.043*
578.41+60.45*

12.61+0.426*
433.09+42.41*

11.54+0.446*
352.35+10.796*

Note. AIF — apoptosis-inducing factor; ENDOG — endonuclease G; SO —a sham-operated group of rats; NC— a negative control
group of rats; ET — a group of rats treated with the test pumpkin extract; EB — a group of rats treated with the test marigold ex-
tract; EGb 761 — a group of rats treated with EGb 761; # — statistically significant relative to the SO animals’ group (Newman-Keu-
sle test, p <0.0001); * — statistically significant relative to the NC group of animals (Newman-Keusle test, p<0.0002).

DISCUSSION

Currently, it has been established that the cere-
bral hypometabolism is one of the leading factors for
the AD development. An experimental study by Riha
et al., 2008 provides the data that hypometabolism of
the posterior cingulate cortex contributes to the depo-
sition of toxic amyloid B-peptide in this brain structure,
resulting in characteristic clinical manifestations of AD
in animals: decreased cognitive functions, activation
of lipid peroxidation and decreased synaptic transmis-
sion [14]. This study was completed by Scheltens et al.,
2018, who proved that in addition to impaired memory
and associated brain functions, a decrease in metabol-
ic processes contributes to the development of neuro-
logical symptoms, motor and sensory areflexion [15].
Brain hypometabolism is largely associated with impair-
ment of the cellular bioenergetic processes, depending
on the functional activity of mitochondria [16]. In vitro
and in vivo approaches to the carried out studies have
shown that a decrease in the mitochondrial function
is observed before the development of deep structural
changes in the brain, characteristic to Alzheimer’s pa-
thology, and include a decrease of mitochondrial respi-
ration, expression and activity of metabolic enzymes, an
increase oxidative stress and expression of a proapop-
totic signal [17]. Hereby, the activation of the apoptotic
cascade occurs mainly due to the increase of the inten-
sity of internal apoptosis pathway reactions (depending
on mitochondria) with an increased apoptosis-inducing
factor releasing and endonuclease G activation [18].
The induction of apoptosis enhances the cytotoxicity of
B-amyloid, which accelerates the death of neurons and,
accordingly, worsens the course of disease [19]. Previ-
ously, it was established that about 90% AD patients
have hippocampal hypometabolism, and the clinical
symptoms of AD varied greatly: from minor neurologi-
cal disorders to diffuse cognitive deficit, accompanied by
motor fluctuations and loss of sensory perception [20].
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In addition, people with cerebral hypometabolism are,
as a rule, B-amyloid-positive patients whose prognosis is
most unfavorable [21].

In this regard, it can be assumed that the correction
of hippocampal hypometabolism can be a promising ap-
proach to preventive pharmacotherapy of AD, which was
partially confirmed by Villain et al., 2008 [22]. However,
in spite of the probable expediency of early correction
of metabolic disorders, provided they are diagnosed in a
timely manner, currently existing AD treatment methods
are aimed at reducing the cytotoxicity of -amyloid, and
the spectrum of compounds which can restore the met-
abolic activity of cells, is quite limited [23 ]. In addition,
the developed drugs of targeted AD correction often
have undesirable toxicological parameters. An example
of this agent is semagacestat, a y-secretase inhibitor, a
potentially effective drug for the treatment of AD, which
reduces the toxicity of B-amyloid, but has a high onco-
genic potential, and therefore its further study has been
stopped [24].

In this regard, a study to evaluate the effect of
pumpkin (Cucurbita pepo L.) and marigold extracts (Tag-
etes patula L.) on the functional activity of hippocampal
mitochondria within the conditions of the experimental
acute brain hypometabolism was conducted. During the
study, it was found out that the prophylactic adminis-
tration of the tests pumpkin and marigold extracts con-
tributed to the restoration of the mitochondrial function
and a decrease of the anaerobic processes intensity
equally with the reference drug — a standardized Ginkgo
biloba extract (EGb 761).

Moreover, in the groups of the rats treated with
marigold, pumpkin extracts and EGb 761, there was an
increase of ATP concentration in the hippocampal super-
natant compared to the same indicator in the group of
the rats deprived of pharmacological support by 65.7%
(p<0.002); 66.2% (p<0.002); and 60.7% (p<0.002), re-
spectively. It may indicate normalization of bioenergetic
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processes in the hippocampus within the conditions of
acute cerebral hypometabolism when using the test ex-
tracts and the reference drug [25].

In addition, the restoration of the optimal ATP syn-
thesis can prevent the destabilization of mitochondrial
membranes, which prevents their decomposition and
release of AlF, thereby inhibiting internal apoptotic cas-
cade reactions [26]. That was also established during the
study. So, when the animals were treated with pumpkin
and marigold extracts, a decrease of the AIF concentra-
tion (by 33% (p<0.002) and 38.3% (p<0.002), respec-
tively), and ENDOG (by 3.6 times (p <0.002) and by 4. 4
times (p<0.002), respectively), was noted.

Against the background of the test extracts and EGb
761, a decrease in the concentration of amyloid B-pep-
tide in the rats’ hippocampus by 54.4% (p<0.0002); by
54.4% (p<0.0002) and by 49% (p<0.0002), respectively,

was noted. As a whole with a decrease of apoptosis in-
tensity, it can prevent neuronal destruction [27].

CONCLUSION

On the basis of the obtained data, it can be assumed
that the prophylactic administration of pumpkin extract
and marigold extract helps to normalize bioenergetic
processes, decrease the concentration of proapoptotic
markers and B-amyloid in the rats’ hippocampus under
acute hypometabolism caused by intrahippocampal ad-
ministration of a 3M sodium azide solution.

At the same time, the test extracts showed an equiv-
alent therapeutic efficacy with the reference drug — a
standardized extract of Ginkgo biloba (EGb 761), which
makes these extracts promising objects for a further
study in order to create drugs for targeted correction of
AD in the early hypometabolic stage of the disease.
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The search and development of direct and rapid anticoagulants used per os, is an urgent problem in physiological and medical
science. A number of plants contain heparin-like components with a positive effect on the hemostatic system, both within
normal and in some pathological conditions of the body.

The aim of the work was to study the complex effect of fibrin, a heparin-like substance (heparinoid) from the roots of Paeonia
lactiflora, on fibrinolytic, anticoagulant systems of the body and polymerization processes, when it is administered per os in
animals within normal conditions and when modeling the state of prethrombosis.

Materials and methods. To carry out the research, the roots of Paeonia lactiflora growing in the Botanical Garden of Moscow
State University, and laboratory animals — male Wistar rats — were used. To study the antithrombotic effects of the extract
from roots containing heparinoid, the state of prethrombosis was modeled in rats. The determined parameters of hemostasis
were: anticoagulant activity according to the tests of activated partial thromboplastin time and thrombin time, fibrinolytic
activity according to the test of total fibrinolytic activity, fibrin polymerization according to the test of fibrindepolymerization
activity of blood plasma.

Results. With repeated (every 24 hours within 3 days) oral administration of the extract containing heparinoid, in animals
within normal conditions and with prethrombosis, the following anticoagulant effects were established in the blood: an
increase in anticoagulant, fibrindepolymerization and fibrinolytic plasma activity. Possible mechanisms of the activating
effect of heparinoid on fibrinolysis and anticoagulant properties of plasma due to the excretion of tissue plasminogen
activator into the bloodstream from the endothelium, thrombin inhibition, and fibrin polymerization are described.
Moreover, the anticoagulant effect of the use of the extract from the peony roots was equivalent to that of the reference
drug of low molecular weight heparin from Celsus (USA). For the first time, it was revealed that when modeling experimental
prethrombosis, the administration of heparinoid in rats at the dose of 37.5 IU/kg ME/kr body weight restored impaired
hemostasis, which requires a further study.

Conclusion. The ability of heparinoid from peony roots to normalize the functional state of the anticoagulant system during
the development of prethrombosis in animals has been established. The restriction of fibrin polymerization during oral
administration of heparinoid from peony in animals by increasing the enzymatic fibrinolytic and fibrindepolymerization
activity of blood plasma was revealed. In the future, heparinoid can be used as an antithrombotic agent.

Keywords: Paeonia lactiflora, peony extract, hemostatic system, prethrombosis, anticoagulant, heparinoid

List of abbreviations: CLA — conjugated linoleic acid; TFA — total fibrinolytic activity; GAGs — glycosaminoglycans; LMWH — low
molecular weight heparin; PTT — partial thromboplastin time; FDPA — fibrindepolymerization activity; TT — thrombin time;
TFA — total fibrinolytic activity, ACS — anticoagulative system; TTPA — tissue-type plasminogen activator
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BITUAHUE TENAPUHONOA N3 MNOHA (PAEONIA LACTIFLORA)
HA CUCTEMY T'EMOCTAS3A B YCIIOBUAX NMPEATPOMBO3A

M.T. NlanuHa, M.C. YcneHcKas, E.C. MaiictpeHko, M.A. KanyruHa

MOCKOBCKUI rocyaapcTBeHHbIN yHuBepcuteT MM.M.B. JlomoHocoBa

119234, Poccusa, MockBa, J/leHUHCKue ropsl, 4. 1, ctp. 12

MNonyyeHo 23.05.2019 PeueHsua (1) 04.07.2019
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PeueHsua (2) 02.08.2019 MpuHaTa K nevatn 15.08.2019

Mounck n paspaboTka aHTUKOAryNAHTOB NPAMOrO M BbICTPOro AeUCTBUA, MPUMEHAEMbIX NEePOPabHbIM METOAO0M, ABNAETCA
aKTya/IbHOM 3aa4yeit GU3MONOTMYECKOM U MEANLIMHCKOW HaYKW. Pag pacTeHui coaepKunt renapmHonoaobHble KOMMOHEHTbI
C NONOMUTE/IbHbIM BANAHNEM Ha CUCTEMY FEMOCTa3a Kak B HOPME, Tak U NPU HEKOTOPbIX NAaTONIOrMYECKMUX COCTOAHUAX Op-
raHu3ma.

Lienb uccnepoBaHUA — U3yyeHWEe KOMMJIEKCHOTO BO34eMCTBUA Ha GUOPUHONUTUYECKYIO, aHTUKOAryIAHTHYHO CUCTEMbI Opra-
HU3Ma 1 npoLieccbl nonumepusaumm GubprHa renapmHonogobHOro BeLLECTBA (renapnHonaa) U3 KopHein NMoHa MOIOYHO-
LLBETKOBOIO MPK ero nepopasibHOM BBEAEHUMN }KUBOTHbIM B HOPME U NPU MOAENNPOBAHUN COCTOAHMA NpeaTpombo3a.
Matepuanbl u metogbl. KOpHN NMMOHA MOSIOYHOLBETKOBOrO, NpouspacTatoutero 8 boraHmyeckom cagy MrIY. Ucnonb3osa-
MCb NabopaTopHbIe }KMBOTHbIE — KPbICbl-camubl NMHUKU Wistar. A n3yyeHma npoTMBOTPOM6BOTMYECKMX 3DDEKTOB IKCTPaK-
Ta U3 KOPHEN, COAEPIKALLErO renapuvHoua, MOLENUPOBAAN Y KPbIC COCTOAHME NpeaTpombo3a. OnpeaenseMbiMmn napame-
TPaMW remMocCTasa CAYXKUIM aHTUKOATyNAHTHAsA aKTUBHOCTb MO TECTAM aKTUBMPOBAHHOIO YaCTMYHOIO TPOMBONIACTUHOBOTO
BPEMEHM U TPOMBUHOBOIO BpEMEHU, PUBPUHONUTUYECKAA AKTUBHOCTb NO TECTY CYMMaPHOM GUBPUHOAUTUYECKON aKTUBHO-
cTn, nonumepmsaunm GubpuHa no Tecty GUbPUHAENONNMEPU3ALMOHHON aKTUBHOCTU NIa3Mbl KPOBHU,

Pe3ynbratbl. MpM MHOrOKpPaTHOM (B TedeHMe 3-X CyT. Yepes Kaxable 24 4.) nepopanbHOM BBEAEHUMU KUBOTHbIM B HOpME
M Npu npeaTpomb0o3e 3KCTPaKTa, COAEPMKALLEro renapMHons, B KPOBW YCTaHOB/IEHbI MPOTMBOCBEPTbIBAOLWME SDDEKTHI:
NoBbIWEHWE aHTUKOAryNAHTHON, GUBPUHAENONMMEPU3ALLUOHHON U GUBPUHONUTUUECKOW aKTUBHOCTM Maasmbl. OnuUcaHbl
BO3MOXHble MEXaHW3Mbl aKTUBUPYIOLLETO AEWCTBUA renapuHonaa Ha GUbPUHONM3 M aHTUKOAryNsHTHbIE CBOMCTBa Maas-
Mbl BC/IeACTBUE SKCKPELIMU B KPOBOTOK U3 SHAOTENNA TKAHEBOrO aKTMBATOPA NIasMUHOreHa, MHIMOUPOBaHWUA TPOMBMHA 1
nonvmepwusauum ¢pubpuHa. Mpu STOM aHTUKOATYNAHTHBIM 3GHEKT OT NPUMEHEHWUA IKCTPAKTA U3 KOPHEN MMOHA bbla paBHO-
LLleHEH TaKOBOMY Yy NpenapaTa CpaBHEHWUA HU3KOMONERYAPHOro renapuHa dupmsl Celsus (CLLA). BnepBble BbisiBIEHO, YTO
NpY MOAEIMPOBAHMUM SKCMEPUMEHTANLHOMO NPeATPOMbB03a BBeAeHME Kpbicam renapuHonaa B fgose 37,5 ME/Kr maccol Tena
BOCCTaHaB/IMBANO HapyLIEHHYI0 QYHKLMIO FeMOoCTasa, YTo TpebyeT fanbHeNLEero ero n3yyeHus.

3aknioueHue. YcTaHOBNEHA CNOCOBHOCTb remapMHonaa U3 KOpHel MMOHa HOPMasM30BaTb PYHKLMOHANbHOE COCTOAHUE
NPOTUBOCBEPTbIBAOLLLEN CUCTEMBI NMPU PA3BUTUM NPEATPOMO03a Y XKUBOTHbLIX. BbiABNEHO OrpaHUYeHMe npoLecca nonnume-
pu3auun dGrubpuHa Npu NepopanbHOM BBEAEHWUM KMBOTHBIM renapuMHoMaa U3 NMOHA NyTem yBeanveHUs GepmeHTaTUBHOM
dubpuHonnTHYeckon n dpnubprMHAENoAMMEPM3aLMOHHOM aKTUBHOCTM NAa3Mbl KPOBU. B nepcnekTMBe renapuvHOUA, MOXeT
NPUMEHATHCA KaK aHTUTPOMBOTUYECKUIA areHT.

KntoueBble c10Ba: 3KCTPaKT MMOHA, CUCTEMA reMOCTa3a, NPeaTPOMO03, aHTUKOAryAHT, renapuHons,

CnucokK coKpaueHuii: AYTB — aKTMBMPOBaHHOE YacTuyHoe TpombonaactuHoBoe Bpema; FAl — rMUMKO3aMUHOMIMKaHbI; [T
— renap1MHoBoA06HOE BelecTso (renapuHona); ME — mexayHapoaHaa eguHuua renapmHa; HMI — HU3KOMOEKYAAPHbIN re-
napuH; MNCC — npotmMBocBepTbiBatoLwas cuctema; C/IK — cynogekeng; CPA — cymmapHaa GpUObpPUHONUTUYECKAsA aKTUBHOCTb;
TAM — TKaHEBOW aKTMBATOP NAasmMuHoreHa; TB — TpombuHosoe Bpems; AMA— dGnbpUHAENoNMMEPU3aLMOHHAA aKTUBHOCTb

INTRODUCTION

The search and development of direct and rapid an-
ticoagulants used per os, is an urgent problem in physio-
logical and medical science. Currently, new oral anticoag-
ulants are widely used for the prevention of thrombosis
and the intensive care without a laboratory control [1],
which are inferior to low molecular weight heparins in
terms of speed of action. Low molecular weight heparin
(LMWH) preparations have universally recognized advan-
tages, which include: 1) ease of administration — once a
day; 2) no need for laboratory monitoring; 3) relative safe-
ty without adverse side effects in the form of bleeding [2].
Despite the creation of ever new drugs for anticoagulant
therapy, LMWHSs remain the preparations of choice for the
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prevention and long-term treatment of thrombosis. Tradi-
tionally, LMWH is considered a variety of interchangeable
drugs of the same type. However, their relative antithrom-
bin activity varies depending on the average molecular
weight. It is known that LMWH drugs are used only subcu-
taneously or intravenously [3]. Of all the clinic drugs con-
taining LMWH, only Sulodexide can be administered per
os. It is a highly purified mixture of glycosaminoglycans
consisting of LMWH (80%) and dermatan sulfate (20%).
The low molecular weight of both fractions of conjugated
linoleic acid (CLA) provides a high absorption of the drug
when taken per os [4]. The pharmacological properties of
CLA are significantly different from other glycosaminogly-
cans (GAGs) and are characterized by a long half-life and
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a limited effect on the parameters of the hemostatic sys-
tem. Due to the presence of two fractions of GAG, CLA
potentiates the activity of antithrombin Ill and cofactor
heparin Il simultaneously. When taken orally, CLA addi-
tionally detects a fibrinolytic activity due to the release
of tissue plasminogen activator from vascular endotheli-
um [5]. The antithrombotic and antithrombin activity of
CLA is of significant pharmacological interest and makes
it possible to use it for the prevention and treatment of
diseases complicated by thrombosis [6, 7]. However, this
drug is obtained from tissues of the animal origin, namely,
from the mucous membrane of the pig’s small intestine.
At the same time, the search for drugs of a similar action
of a plant nature is of an undoubted interest. Many plants
serve a source of medicinal raw materials for the isolation
of anticoagulants, fibrinolytics and thrombolytics [8-11].

It was previously established that a number of plants
contain the components that are an integral part of hep-
arin and other GAGs [12, 13] with a positive effect on
the hemostatic system both within normal and in some
pathological conditions of the body [14]. An anticoagu-
lant agent of the heparin nature with an inhibitory ac-
tivity against factor Xa and thrombin was obtained from
birch bark [15]. A heparin-like substance was found in
the roots of herbaceous peonies. It exerts anticoagulant
effects in vitro and when administered in animals intra-
venously [16].

The aim of the work was to establish a comprehen-
sive effect on the fibrinolytic and anticoagulant systems
of the body, as well as on the polymerization of fibrin
of a heparin-like substance from the roots of Paeonia
lactiflora administered in animals per os both within
normal conditions and when modeling the state of pre-
thrombosis.

MATERIALS AND METHODS

Animals

The experiments were performed on 66 laboratory
animals — white male Wistar rats weighing 190-210 g.
The animals were obtained from the nursery of the Stol-
bovaya station in the Moscow region. Before and during
the experiments, the rats were on a normal laboratory
diet and kept under standard conditions in the vivarium
of the Faculty of Biology of Moscow State University with
a free access to water and food and observing a 12-hour
light regime of the day. All the animal experiments were
carried out in accordance with the generally accepted
ethical principles and standards recommended by the
European Convention for the Protection of Vertebrate
Animals (Strasbourg 06/15/2006), the Basel and Helsinki
Declaration on the Humane Treatment of Animals.

Raw Materials
Paeonia lactiflora roots were obtained from envi-
ronmentally friendly plants growing in the Botanical Gar-
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den of Moscow State University. (Moscow, Russia). This
peony species was determined by the employees of the
Botanical Garden of Moscow State University chaired
by M.S. Uspenskaya. The raw materials were harvested
in autumn (from late August to mid-October 2016) and
stored at the temperature of + 3..5°C. For the experi-
ments, the primary 5% extract was prepared from dry,
clean roots, which were ground in a porcelain mortar to
a powder state. The presence of a heparin-like substance
was determined in the extract [16] by photoelectrocol-
orimetric method using Azur A (a dye for heparin) and
protamine sulfate (a heparin inhibitor). The heparin-like
substance in the amount of 0.5 mg, dissolved in 0.5 ml
of physiological solution of sodium chloride, contained
37.5 IU of heparin.

Study Design

The heparin-like substance (heparinoid) in the indi-
cated dose (0.5 mg) and volume (0.5 ml) was adminis-
tered orally in experimental rats weighing 200 g every
day.

The first series of experiments

The studies were conducted on healthy rats kept un-
der standard vivarium conditions. The rats were divided
into three groups: the 1st group received heparinoid per
os once, the 2nd group received heparinoid for 3 days
every 24 hours and the 3rd (control) one —a 0.85% sodi-
um chloride solution.

The second series of experiments

The study was carried out under experimental
prethrombosis. The state of prethrombosis in rats was
modeled by creating depression of the anticoagula-
tive system function by administering a 2.5% solution
of chlorpromazine (0.06 ml/200 g of body weight) to
turn off the autonomic nervous system, followed (after
30-40 minutes) by intravenous injection in rats of a 1%
solution of coagulant — tissue (brain) thromboplastin in
the volume of 0.6 ml/200 g of body weight.

Rats with experimental prethrombosis were divid-
ed into 3 groups: the 1st (experimental) group prelim-
inarily received -heparinoid three times in the indicat-
ed dose and volume; the 2nd one (control) was given
a 0.85% sodium chloride solution — at the same time
and in the same volume; the 3rd (comparison) group
received commercial low molecular weight heparin
(LMWH) from Celsus (release date 2016 with antifac-
torial Xa activity) three-times —on the same time and
in the same volume (37.5 IU of heparin per 200 g of a
rat body weight). At the same time, in this series of ex-
periments, 2 groups of healthy rats were used for com-
parison, one of which did not receive any drugs (Norm
group), and the second one was treated with hepari-
noid only three times.
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Research practice

The blood was taken from the jugular vein (vena
jugularis) 20 hours after the last injection of drugs using
3.8% sodium citrate as a preservative in the ratio of 9:1.
Then it was centrifuged at 3000g for 10-12 minutes to
obtain platelet-poor blood plasma.

To characterize the parameters of the fibrinolytic anti-
coagulative blood unit, two types of fibrin plates were pre-
pared: 1) unstabilized by factor Xllla, characterized by the
presence of hydrogen bonds in the soluble fibrin polymer;
2) stabilized by factor Xllla, having strong covalent bonds in
an insoluble fibrin polymer. The following biochemical pa-
rameters of hemostasis were determined in blood plasma:
on the unstabilized fibrin plates there was a total fibrinolyt-
ic activity, including the activity of heparin complexes with
blood plasma components and plasmin activity, as well as
fibrindepolymerization activity, reflecting the processes of
fibrin depolymerization; on the standard stabilized fibrin
plates there was the activity of a tissue-type plasminogen
activator and plasmin enzyme. The anticoagulant activity
of plasma was determined by the partial thromboplastin
time (PTT) test, which characterizes the internal mecha-
nism of blood coagulation, and thrombin time (TT), which
reflects the general path of blood coagulation. In addition,
fibrinogen concentration was measured [17].

Statistical processing of results
All data were statistically processed using the non-

parametric Wilcoxon test and Student t-test (Statistica
7.0 software package).

RESULTS AND DISCUSSION

In the first series of experiments with a single oral
administration of heparinoid after 20 hours, a signifi-
cant increase by 28% in the anticoagulant activity (ac-
cording to the PTT test) was found stastically reliable;
anincrease by 37% in the total fibrinolytic activity (TFA)
on unstabilized fibrin due to the total activity of hep-
arin complexes and plasmin activity was established.
As evidenced by an increase in the fibrindepolymeriza-
tion (FDP) activity by 56% compared with the control,
the fibrin polymerization process was significantly re-
duced. An additional confirmation of the inhibition of
the fibrin polymerization process was a decrease in the
concentration of fibrinogen by 33% compared with the
control.

20 hours after a triple oral administration of hepari-
noid, an even sharper change in the studied parameters
towards hypocoagulation was observed. Thus, antico-
agulant activity increased by 50% (according to the PTT
test) and by 23% (according to the TT test) compared to
the control, and exceeded the same indices in the acute
experiment by 22—-13%, respectively. At the same time,
TFA increased by 52%, and, according to the FDA test,
the fibrin depolymerization increased by 49% compared
with the control (Table 1).

Table 1 — Anticoagulant, fibrinolytic, fibrindepolymerization activities; fibrinogen concentration in 20 hours after
once and triple oral administration of heparinoid from Paeonia Lactiflora roots in healthy animals (M + m)

Administrated per os

Blood values Heparinoid,

Heparinoid,
administrated once  administrated 3 times

0.85% sodium
chloride solution,
administrated once

0.85% sodium
chloride solution,
administrated 3 times

(Group 1) (Group 2) Control 1 Control 2
Anticoagulant activity
— (%) by PTT test 39.7 £ 0.4** 46.6 + 2.7** 30.6+1.7 31.0+0.7
— by TT test (128%) (150%) (100%) (100%)
29.0+ 0.6 34.5+ 1.4%* 28.0+1.1 28.0+1.1
110% (123%) (100%) (100%)
TFA, mm? (%) 55.3 £+ 1.3** 61.6 £+ 1.1** 40.5+1.0 40.3+1.5
(137%) (152%) (100%) (100%)
FDPA, mm? (%) 36.0+ 1.1** 38.9+1.3** 23.0+£0.9 26.0+£0.9
(156%) (149%) (100%) (100%)
TTPA, mm? (%) 40.1 £ 1.3** 42.3 £1.3%* 9.5+0.8 9.7+1.0
(413%) (436%) (100%) (100%)
Plasmin activity, 20.2 £1.5%* 24.2 £1.1%* 9.0+ 0.6 8.8+0.8
mm? (%) (230%) (275%) (100%) (100%)
Fibrinogen 187.0 + 13.2* 210.0+9.8 305.0 + 10.0 308.0+11.3
concentration, mg (%) (67%) (70%) (100%) (100%)

Note: statistical indicators are calculated relative to the corresponding control samples taken as 100%. *p < 0.05; **p < 0.01
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As Table 1 shows, the most significant changes af-
ter the exposure to heparinoid compared with the con-
trol, were observed in enzymatic plasma fibrinolysis of
the rats. So, 20 hours after the oral administration of
heparinoid once or three times, the activity of plasmin
significantly increased by 130-175%, respectively. But
especially significant differences from the control un-
der these conditions were found in the activity of TTPA,
which exceeded the control level with single and triple
use of heparinoid by 313 and 336%, respectively.

The second series of experiments involved the cre-
ation of a model of rats with the state of prethrombosis

against the background of depression of the ACS function.
In pre-thrombosis (Control group), a sharp inhibition was
compared with the Norm anticoagulant plasma activity
group (by the PTT test) by 21.4%, TFA decrease — by 65%,
FDPA — by 155%, TTP activity — by 115%, the plasmin lev-
el — by 69%. At the same time, in prethrombosis, the fi-
brinogen concentration was increased by 30% compared
with the Norm group. In the experimental group of rats,
in which prethrombosis was simulated 20 hours after the
last triple use of heparinoid, 30 minutes after the admin-
istration of tissue thromboplastin in rats (Table 2), a pro-
tective antithrombotic effect was established.

Table 2 — Anticoagulant, fibrinolytic, fibrindepolymerization activities; fibrinogen concentration 30 minutes
after modeling prethrombosis in rats against the background of triple oral administration of heparinoid
from Paeonia Lactiflora (M £ m)

Heparinoid,
administrated3

30 minutes after modeling experimental prethrombosis
against the background triple administration of:

Healthy rats

Blood values (Group 1 — before

prethrombosis) periment

Anticoagulant activity 39.7 £ 0.4** 30.0+1.7
— (%) by PTT test (163%) (123%)
TFA, mm?2 (%) 55.3 £ 1.3** 41.5 +1.0%*

(229%) (173%)
FDPA, mm? (%) 36.0 + 1.1** 26.0 £ 0.9**

(400%) (279%)
TTPA, mm? (%) 40.1 + 1.3%* 8.3 +0.8%*

(817%) (184%)
Plasmin activity, 20.2 +1.5%* 9.0+ 0.6**
mm? (%) (348%) (161%)
Fibrinogen 187.0 +£13.2 ** 326,0 £12,0**
concentration, mg (%) (45%) (78%)

heparinoid — Ex-

0.85%-sodium
chloride — Control

LMWH (Celsus) — (Norm group)

reference drug

243+2.2 28.9+0.7 31.0+0.7
(100%) (122%) (121.4%)
23.9+2,1 30.0 + 1.1* 40315
(100%) (125%) (169%)
9.0+1.5 . 23.0+0.9
(100%) (255%)
45+0.1 - 9.7+1.0
(100%) (215%)
5.5+0.2 - 8.8+0.8
(100%) (160%)
415.0 £ 15.3 400.0 £ 12.0 308.0 £ 11.3
(100%) (96%) (70%)

Note: statistical indicators are calculated relative to the corresponding control samples taken as 100%. * p <0.05; ** p <0.01

So, in experimental rats (Experience), the anticoagu-
lant activity, according to the PTT test, increased by 23%
compared with the control, and approached the same
indicator in healthy rats (Norm group). Moreover, TFA
increased by 73% compared with the Control and also
almost corresponded to the normal level (Norm group).
According to the FDPA test, fibrin depolymerization in-
creased by 179% under the influence of heparinoid,
while in the Norm group this value exceeded the control
level by 155%. In the Experience, TTPA increased by 84%
compared with the Control but, however, did not reach
(by 31%) the level noted in the Norm group. Plasmin ac-
tivity in the Norm and Experience groups exceeded the
control level by 60-61%. The fibrinogen concentration
after the exposure to heparinoid corresponded to the
normal values (Table 2). In the reference group (com-
mercial LMWH was administrated), an increase in anti-
coagulant and the total fibrinolytic activity was found to
be 22 and 25%, respectively.

Analyzing the results obtained, it should be noted
that the extract from the roots of Paeonia lactiflora, like
SLK [5], has not only an anticoagulant effect, like heparin
[18] and the reference drug (Table 2), but also a wide
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range of fibrinolytic effects when administered into the
body per os. It enhances the activity of tissue plasmin-
ogen activator in the bloodstream more than 4 times,
both with single and triple uses.

It indicates its high affinity for endothelial cells and
indicates its ability to interact with endothelial recep-
tors, expressing plasminogen activators into the blood-
stream from the vessel wall, as was shown in other
works, under the action of other plant anticoagulants
[19]. It was also revealed that this process is associated
with the increased plasmin activity under the influence
of heparinoid. We are the first to have established the
fact that plant-based heparinoid, when administered per
os, interferes with the polymerization of fibrin, as a re-
sult of which its FDPA in blood plasma increases by more
than 50-60%. Earlier [20], it was reported that thrombin
interacts with fibrinogen under the influence of plant in-
hibitors, which was observed in our studies.

It is noteworthy that a protective antithrombotic ef-
fect, which was found when modeling the state of pre-
thrombosis in animals, was revealed in heparinoid. The
heparinoid studied by us when taken per os, like the SLK
administered per os [6], has both antithrombin and an-
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tithrombotic activity. Heparinoid, like SLK, is of pharma-
cological interest in terms of its use for the prevention of
diseases complicated by thrombosis.

CONCLUSION

Based on the study of the effects of the plant hep-
arinoid from Paeonia lactiflora, its anticoagulant effect
is revealed even with a single administration per os. It
is enhanced when administered every 24 hours at the
daily dose of 37.5 IU (by heparin content) per 200 g of
rat body weight for 3 days. Its protective and corrective
role in restoring the impaired function of the antico-
agulant system during the development of the state of
prethrombosis in animals has been established. It was
found out that heparinoid, when administered per os,
reduces the plasma concentration of fibrinogen, limits
the process of fibrin polymerization, increases the enzy-
matic plasma fibrinolytic activity by increasing the level
of plasmin and the activity of tissue plasminogen activa-
tor, and enhances the total fibrinolytic activity, as well

as the fibrin-depolymerization activity caused by the
complex of heparin with proteins, peptides and blood
amino acids in the blood. Plant heparinoid has a func-
tional similarity with low molecular weight heparin by
the mechanism of an antithrombotic action. Moreover,
the anticoagulant effect caused by the use of the extract
from the roots of Paeonia lactiflora, was not inferior to
that of the drug for comparison of low molecular weight,
heparin from Celsus (USA). The studied preparation
from the roots of Paeonia lactiflora is a complex agent
with anticoagulant, fibrinolytic, fibrindepolymerization
properties that protects the body from the development
of thrombotic conditions. It can ensure the lysis of fresh
fibrin clots that have just appeared in the bloodstream.
It can do that both due to its direct effect on polymeriz-
able fibrin and through an indirect effect on plasma he-
mostasis. All of these effects of plant heparinoid prove
the effectiveness and prospects of studying this agent
in order to prevent and treat thromboembolic diseases
and thrombotic complications.

FINANCIAL SUPPORT
The work has been carried out on the subject of the state budget Research and Advanced Development
of “Physiological regulators of coagulation and anticoagulation systems of the body in health and disease”
No. CITIS AAAA-F16-116021660094-0.

AUTHORS’ CONTRIBUTION
All the authors equally participated in physiological experiments and in determining the parameters of hemostasis.
Lyapina M. G has made up the experimental strategy, Uspenskaya M. S. was responsible for the determination
of the type of peony, harvesting and storage of raw materials; Maistrenko E. S. was responsible for the preparation
of extract from peony, statistical processing of the results; Kalugina M. D. — for the literature search.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES

1. Buerke M, Hoffmeister HM. Management of NOAK ad-
ministration during invasive or surgical interventions.
When and how to pause and when to restart? Med Klin
Intensivmed Notfmed. 2017 Mar;112(2):105-110. doi:
10.1007/s00063-016-0240-2. Epub 2017 Jan 10.

2. Krichevsky LA. Nizkomolekulyarnyye gepariny v sovre-
mennoy sisteme upravleniya svertyvayemost’yu kro-
vi [Low-Molecular-Weight Heparins’” Role in Current
Strategies for Controlling Blood Coagulation]. Doctor.
Ru.2015;117(16):42-8. Russian.

3. Xiao C, Lian W, Zhou L, Gao N, Xu L, Chen J, Wu M, Peng
W, Zhao J. Interactions between depolymerized fuco-
sylated glycosaminoglycan and coagulation proteases or
inhibitors. Thromb Res. 2016;146:59-68. doi: 10.1016 /
j.thromb. 2016.08.027. Epub 2016 28 avg.

4. Hoppensteadt DA, Fareed J. Pharmacological profile of su-
lodexide. Int Angiol. 2014 Jun;33(3):229-35.

5. Milani M. Sulodexide: Review of recent clinical efficacy
data. Online J. Medicine and Medical Science Research.
2013; 2(5): 57-61.

6. 6.Gonzalez-Larrocha O, Salazar-Tafur MF, Romero-Rojano
P, Arizaga-Maguregui A. Sulodexide: a new antithrombot-
ic agent. Rev Esp Anestesiol Reanim. 2017 Feb;64(2):116.

Tom 7, Beinyck 4, 2019

doi: 10.1016/j.redar.2016.09.007. Epub 2016 Nov 21.

7. Serra R, Gallelli L, Conti A, De Caridi G, Massara M, et al.
The effect of sulodexide on both clinical and molecular pa-
rameters in patients with mixed arterial and venous ulcers
of the lower extremities Drug Des Devel Ther. 2014 May
13;8:519-27.doi: 10.2147/DDDT.561770. eCollection 2014.

8. Ustyuzhanina NE, Bilan MlI, Gerbst AG, Ushakova NA, Tsv-
etkova EA, Dmitrienko AS, Usov Al, Rifantiev AE. Anticoag-
ulant and antithrombotic activity of modified xylophone
sulfate from the brown Alga Punctaria plantaginea. .Car-
bohidr. Polym. 2016;136:826—833. doi: 10.1016 / j.carboh
.2015.09.102. Epub 2015.

9. Bilan MI, Shashkov AS, Usov Al. Structure of a sulfated
xylofucan from the brown alga Punctaria plantaginea.
Carbohydr Res. 2014 Jul 1;393:1-8. doi: 10.1016/j.car-
res.2014.04.022. Epub 2014 May 10.

10. Wu M, Xu L, Zhao L, Xiao C, Gao N, Luo L, Yang L, Li Z, Chen
L, Zhao J. Structural analysis and anticoagulant activities
of the novel sulfated fucan possessing a regular well-de-
fined repeating unit from sea cucumber Mar Drugs. 2015
Apr 13;13(4):2063-84. doi: 10.3390/md13042063.

11. Zhang SB. In vitro antithrombotic activities of peanut pro-
tein hydrolysates. Food Chem. 2016 Jul 1;202:1-8. doi:
10.1016/j.foodchem.2016.01.108. Epub 2016 Jan 27.

213



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

12. Pomin VH, Mourdo PA. Specific sulfation and glycosyla-
tion-a structural combination for the anticoagulation of
marine carbohydrates. Front Cell Infect Microbiol. 2014
Mar 6;4:33. doi: 10.3389/fcimb.2014.00033. PMID:
24639954; PMCID: PM(C3944403.

13. Krishtanova NA, Safonova MYu, Bolotova VC, Pavlova ED,
Sakanyan El. Perspektivy ispol’zovaniya rastitel'nykh poli-
sakharidov v kachestve lechebnykh i lechebno-profilak-
ticheskikh sredstv [The prospects of the use of vegetable
polysaccharides as medical and medical and preventive
drugs]. Bulletin of the Voronezh State University, ser. Biol-
ogy. Chemistry. Pharmacy. 2005;1:212-21.

14. Michel P, Owczarek A, Matczak M, Kosno M, Szymanski P,
Mikiciuk-Olasik E, Kilanowicz A, Wesotowski W, Olszewska
MA. Metabolite Profiling of Eastern Teaberry (Gaultheria
procumbens L.) Lipophilic Leaf Extracts with Hyaluroni-
dase and Lipoxygenase Inhibitory Activity. Molecules.
2017 Mar 6;22(3):412. doi: 10.3390/molecules22030412.
PMID: 28272321; PMCID: PMC6155426.

15. Kuznetsova SA, Drozd NN, Kuznetsov BN, Makarov VA, Le-
vdansky VA, Miftakov NT. Anticoagulant agent. Patent No.
2399377. Russia. 2009. Russian.

16. Lyapina MG, Uspenskaya MS, Maystrenko ES. O mekha-
nizme antikoagulyantnogo deystviya ekstrakta iz korney
piona molochnotsvetkovogo [On the mechanism of the
anticoagulant effect of the extract from the roots of Paeo-

nia lactiflora]. International Journal of Applied and Funda-
mental Research. 2016;11:1091-1093. Russian.

17. Lyapina LA, Grigoryeva ME, Obergan TU, Shubina TA. Te-
oreticheskiye i prakticheskiye voprosy izucheniya funkt-
sional’nogo sostoyaniya protivosvertyvayushchey sistemy
krovi. [Theoretical and practical questions of studying the
functional state of the anticoagulant system of blood]. M.
Advantsed Solutions. 2012: 160.

18. Van Montfoort ML, Meijers JC. Anticoagulation beyond
direct thrombin and factor Xa inhibitors: indications for
targeting theintrinsic pathway. Thromb Haemost. 2013
Aug;110(2):223-32. doi: 10.1160/TH12-11-0803. Epub
2013 Jun 6.

19. Nsimba MM, Yamamoto C, Lami JN, Hayakawa Y, Kaji T.
Effect of a Congolese herbal medicine used in sickle cell
anemia on the expression of plasminogen activators in
human coronary aortic endothelial cells culture. J Ethno-
pharmacol. 2013 Mar 27;146(2):594-9. doi: 10.1016/j.
jep.2013.01.031. Epub 2013 Jan 30.

20. Byshevsky AS, Galyan SL, Kalinin EP, Karpova IA, Rusa-
kova OA, Samoylov MA, Sozonyuk AD, Sulkarnaeva GA,
Tarasov DB, Chiryatyev EA, Shapovalov P, Shapovalova
EM. Ingibitory samosborki fibrina rastitel’'nogo proisk-
hozhdeniya [Self-assembly of fibrin inhibitors of plant
origin]. Medical science and education of the Urals.
2012;13(1):163-70.

AUTHORS

Lyapina Margarita Grigoryevnha — Leading spe-
cialist at the laboratory of protective blood systems n.
a. prof. B.A. Kudryashov, Department of Human and
Animal Physiology, Faculty of Biology, Moscow State
University. ORCID 0000-0001-6039-5161. E-mail: lyapi-
nal@mail.ru.

Uspenskaya Marianna Sergeevna — Candidate of
Sciences (Biology), associate Professor, senior research-
er at the Botanical garden of the Faculty of Biology,
Moscow State University. ORCID 0000-0002-5368-4026.
E-mail: ms-uspenskaya@yandex.ru

214

Maistrenko Evgenia Semenovna — Candidate of
Sciences (Biology), senior researcher at the laboratory
of protective blood systems n. a. prof. B.A. Kudryashoy,
Department of Human and Animal Physiology, Faculty of
Biology, Moscow State University. ORCID ID: 0000-0003-
3227-1465. E-mail: ms-uspenskaya@yandex.ru

Kalugina Marina Dmitrievna — Researcher at the
Laboratory of Protective Blood Systems n. a. prof. B.A.
Kudryashov, Department of Human and Animal Physiol-
ogy, Faculty of Biology, Moscow State University. Istina
ResearchD (IRID) 8945687. E-mail: laboratory7 @mail.ru

Volume VI, Issue 4, 2019



Hay4HO-NpaKTU4ECKi XypHan OPUTNHA/IbHAA CTATbA

OAPMALMA U | OPHTHHATLHAR CTA
(DAPMAKOHOFMH DOI: 10.19163/2307-9266-2019-7-4-215-223

APPLICATION OF DRUG-RELATED PROBLEMS
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Summary. A Drug-Related Problem is an event or circumstance involving drug therapy that actually or potentially interferes
with desired health outcomes.

The aim of the study was the analysis of the adverse drug reactions (ADR) associated with prescription of the non-steroidal
anti-inflammatory drugs (NSAIDs) using the DRP PCNE V5.01 qualification system.

Materials and methods. The objects of the study were 415 notification forms about adverse drug reactions of NSAIDs
recorded in the regional database of spontaneous reports and called ARCADe (Adverse Reactions in Crimea, Autonomic
Database) for the period from 1 January 2009 to 31 December of 2018. The study and analysis of the problems associated
with drugs were carried out using the qualification system DRP PCNE V5.01 (Pharmaceutical Care Network Europe) 2006 in
the modification of Prof. Zimenkovsky.

Results. Among other representatives of the NSAID group, lbuprofen and Diclofenac became the “leaders” in the incidence
of ADR. The frequency of ADR cases for Ibuprofen was 142 reports (34.22% of the total number of ADR for NSAIDs), and
for Diclofenac it was 90 cases (21.69%). The calculation of DRP values for each of the presented cases made it possible to
determine that in 81 (19.51%) and 91 (21.9%) cases, the DRP value was 6 and 7, respectively. DRP values in the range of
8-10 were found in 92 reports. The highest DRPs value was observed after the administration of Parecoxib (13 problems
but only one case was found in the database), the DRPs value of Dexketoprofen was 12.5 (95% Cl: 7-17) and the DRPs value
of Diclofenac combinations was 10 DRPs; 95% Cl: 5—-17 DRP). The minimum DRPs values were associated with Naproxen,
Rofecoxib, and Etoricoxib prescriptions.

Conclusion. Using the DRP system in the analysis of NSAIDs, ADRs allow to identify the medicines which have a high risk of
causing safety problems, such as Parecoxib, Dexketoprofen and Diclofenac combinations. The prescription of these drugs
should be carried out with special cautions and control to the indications and contraindications, the dose and duration of
treatment, as well as to a possible interaction of them with concomitant drugs.

Keywords: drug-related problems (DRPs), non-steroidal anti-inflammatory drugs (NSAIDs), adverse drug reactions (ADRs)
List of abbreviations: DRP — drug-related problems; MP — medicinal products; ADRs — adverse drug reactions; NSAIDs —
non-steroidal anti-inflammatory drugs; COX — cyclooxygenase; ATC-code — code of product according to Anatomical Thera-
peutic Chemical (ATC) classification system.

For citation: A.V. Matveey, A.E. Krasheninnikov, E.A. Egorova, E.l. Konyaeva. Application of drug-related problems approach to analysis of non-
steroidal anti-inflammatory drugs’ safety. Pharmacy & Pharmacology. 2019;7(4): 215-223. DOI: 10.19163/2307-9266-2019-7-4-215-223
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NMPUMEHEHUE CUCTEMBbI NMPOBJIEM, CBA3AHHbIX

C NEKAPCTBEHHbIMU MNPEMNAPATAMU (DRUG-RELATED
PROBLEMS), HA MPUMEPE IPYMNMbl

HECTEPOUOHBLIX MPOTUBOBOCHANUTEJIbHbIX CPEACTB
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Mpob6iembl, CBA3aHHbIE C NEKAPCTBEHHbIMM Npenapatamu (drug-related problems, DRP), — 370 cobbITMA UM U3MEHEHuUs,
cBA3aHHble ¢ papmaKoTepanuen, KoTopble peanbHO UAU NOTEHLMANBHO NPENATCTBYIOT JOCTUMKEHMIO KeNaemMblX pesynbra-
TOB B NpoLecce fieYeHuns.

Llenb — aHanu3 cnyyaeB HexenaTenbHbIx peakuuit (HP) Ha npenapaTbl rpynnbl HECTEPOUAHbLIX MPOTUBOBOCMANMUTENbHbIX
cpeacts (HMBC) ¢ nomolwbto KBannduKaLmoHHol cuctembl DRP PCNE V5.01.

Marepumanbl u merogbl. O6beKTaMM UccneaoBaHuaA cTanm 415 KapT-M3BeLLeHUI 0 HexxenaTenbHblx peakumsax HMNBC, 3aperu-
CTPUPOBaHHbIE B perMoHanbHol 6ase cnoHTaHHbIX coobuieHnin ARCADe (Adverse Reactions in Crimea, Autonomic Database)
3a nepuog, 2009-2018 rr. U3yyeHre u aHanm3 npobaem, cBA3AHHbIX C IEKAPCTBEHHbIMKW NpenapaTamu, NPOBOAMACA C UC-
nonb3oBaHWeM KBannpuKaLmoHHon cuctembl DRP PCNE V5.01 (Pharmaceutical Care Network Europe) 2006 r. 8 moguduKa-
umn A.b. 3MMEeHKOBCKOrO.

Pesynbratbl. «J/lngepamm» no yactote passutna HP cpegu otaenbHbix npeactasuTenent rpynnbl HMNBC ctann npenapatsbl
nbynpodeH n anknodpeHak. Yactora BcTpeyaemocTu caydaes HP gna nbynpodeHa coctasuna 142 cnyyas (34,22% or Bce-
ro Konnyectea ciyyaes HP Ha HMBC), a ana guknodeHaka — 90 cayyaes (21,69%). PacueT 3HayeHuit DRP ana Kaxaoro us
npeacTaBAeHHbIX ciyyaeB HP no3soann onpegenutb, 4to B8 81 (19,51%) n 91 (21,9%) cnyyae 3HaveHme DRP 6b110 paBHO 6
1 7 cooTBeTcTBEHHO. 3HayeHus DRP B npegenax 3HayeHun 8—10 BcTpeyanuck B 92 cnyyaax. Hanbonee BbicOKMe 3Ha4YeHUA
DRP Habntoganuch Npy HasHaYeHUun napekokcnba— 13 npobnem (3apernctpmuposaH 1 cayyai), gekcketonpodeHa — 12,5 DRP
(95% AW: 7-17) n KOMBUHMPOBAHHbIX NPenapaToBs, CoOAEPKaWMX AnknopeHak — 10 DRP (95% AU: 5-17 DRP). MuHumans-
Hble 3HaueHuMs DRP 6b111 BbiABNEHbI MPU Ha3HaYEeHUM HaNPOKCEeHa, podeKOKCcMbBa M STOPUKOKCKHBA.

3akntoueHue. Mcnonb3oBaHME CUCTEMbI NPOBAEM, CBA3AHHBIX C IeKapCTBEHHbIMW NpenapaTtamu (DRP), ana nposegeHus
aHaNn3a HeenaTeNbHbIX peakunin npenapatos rpynnbl HIBC No3BoAMAO BblAENIUTL OTAE/bHbIX NPEeACTaBUTENEN TPYMNbI,
0613 4a10LMX BbICOKMM PUCKOM PasBUTUA HEBNAronpuATHbIX NOCNEACTBUIA NPU UX NPUMEHEHUWN B NPAKTUYECKON Meauum-
He. CpefiM TakMX NPenapaToB CTOMUT OTMETUTb MAPEKOKCUB, AEKCKETONPOdEH U KOMBUHUPOBAHHbIE NPenapaTbl, COAEPKA-
wre anknodeHak. HazHauyeHWe NpeacTaBeHHbIX Bbllle MPenapaToB AOMKHO NPOBOAUTLCA CO CTPOTMM YHETOM MOKa3aHUM
n I'IpOTVIBOﬂOKa3aHVIl7I K NMPUMEHEHUIO, 03bl U KypCa /Ie4YeHUA, a TakXKe BepPOATHOCTU BO3MOXKHOIo B3aVIMO,D,eVICTBVIH 3TUX
npenapaTos C CONYTCTBYIOLLMMM SIEKAPCTBEHHbBIMMW CPEACTBAMM.

KnioueBble cnoBa: npobnembl, CBA3aHHbIE C JIEKAPCTBEHHbIMUK Npenapatamu, DRP, HecTepouaHble NPOTUBOBOCMANNTEb-
Hble cpeacTsa

CnucoK coKpaleHuit: PI3T — peakuma runepyyBCTBUTE/IbHOCTM 3aMeaNeHHOTO Tuna, PMIA — peakuus NpsaMon remarraioTm-
Hauun, PU — dparoymTapHbI MHAEKE, PY — dparoymTapHoe Ymcio

INTRODUCTION

Drug-related problems are defined as “any circum-
stance related to the patient’s use of a drug that actually
or potentially prevents the patient from gaining the in-
tended benefit of the drug” [1, 2]. Such undesirable con-
sequences due to the use of medicinal products (MPs)
are common in medical institutions both at the stage of
primary medical care (in hospitals) and at the stage of
outpatient (ambulatory) treatment of patients. Most of
these problems are revealed at the stage of prescribing,
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dosing or intake of drugs by patients. Potential causes of
DRPs are: the simultaneous prescription of five or more
drugs (polypharmacy), complex regimens for the use
of medicinal products, as well as the use of new MPs
in clinical practice, which is associated with a high risk
of adverse drug reactions (ADRs) during their use [3, 4].
Another important reason for the development of DRPs
in patients is the lack of clear recommendations from
doctors about the use of concomitant medications or
alternative methods of treatment [5].
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The medical conditions resulting from DRPs, are
serious issues for patients and society, as the suffering
of patients and the costs of corrections caused by these
problems are significant [6-8]. The economic conse-
quences of DRPs in the United States of America (USA)
are estimated at more than $ 150 billion annually [9].
Moreover, the estimate of the costs associated with
medical errors when using drugs ambulatory varies from
30.1 to 136.8 billion US dollars [10, 11].

Among the main causes of DRPs, the following
ones are distinguished: off-label prescription and use
of drugs, discrepancies between the doctor-prescribed
and real regimes of the use of MPs, irrational choice
of drugs, poor patients’ compliance to treatment,
drug interactions, as well as interactions with the food
components, adverse reactions, overdose, the use of
subtherapeutic doses and the need for additional drug
therapy [12-15]. According to the systematic review
published by Krdhenbihl Melcher et al., about 8% of
hospitalized patients have adverse drug reactions and
5-10% of prescriptions in these patients are erroneous
[16]. Forster A.J. and colleagues studied the frequen-
cy of ADRs and revealed that those reactions occurred
in 15% of patients at the hospitalization stage, and in
12-17% of patients after their discharge from a medical
institution [17-19].

The identification and study of drug-related prob-
lems, as well as the identification of the main groups and
individual representatives of the drugs with a high risk of
developing DRPs, are important stages in the treatment
of patients. They can reduce morbidity, mortality and in-
crease compliance of patients to treatment [20].

According to our search in Russian medical liter-
ature, the DRPs methodology is practically not used in
domestic practice, and the number of such studies is oc-
casional [21, 22].

The aim of the current study is to analyze the cas-
es of ADRs caused by non-steroidal anti-inflammatory
drugs (NSAIDs) using the DRP PCNE V5.01 qualification
system.

MATERIALS AND METHODS

The objects of this study were the cases of ADRs de-
velopment after the use of NSAIDs described in official
notification forms and recorded in the regional database
of spontaneous reports called “ARCADs (Adverse Reac-
tions in Crimea, Autonomic Database)” for the period of
January 2009 — December 2018. For the covered peri-
od, 415 forms containing information about the ADRs of
varying severity in the patients treated in medical insti-
tutions, in outpatient settings and the cases of self-treat-
ment were found.

The detection of ADRs was carried out by the codes
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of the Anatomical Therapeutic Chemical (ATC) classifi-
cation of medicines of the World Health Organization
[23], the data from the instructions for medical use (an-
alogue of Short Medical Product Characteristics) found
in the State Drug Registers of the Russian Federation and
Ukraine (for the cases registered before the incorpora-
tion of the Republic of Crimea into the Russian Feder-
ation).

The study of the frequency and severity of DRPs
and their further analysis were carried out using the
DRP PCNE V5.01 (Pharmaceutical Care Network Eu-
rope) 2006 qualification system in the modification of
Andriy B. Zimenkovsky [24]. This system is based on the
coding in 4 main categories: P — problems, C — caus-
es, | —interventions and O — consequences. According
to the “P” code, DRPs are divided into the following
groups: manifestations of ADRs (allergic/non-allergic),
the rationality of the choice of a suspect and concomi-
tant drugs, their dosage regimen and dosage form, the
errors that occur during the drug intake, the possibili-
ty of drug interactions and some others problems. The
causes of DRPs standardized by code “C” are classified
as follows:

v DRP associated with the choice of the suspected

drug, and its dose;

v" DRP caused by the use of concomitant drugs and
the possibility of drug interactions;

v patient-oriented psychological factors (i.e. a pa-
tient’s inability to take a suspected and/or con-
comitant drug);

v DRPs resulting from the low awareness of doc-
tors and patients about a rational use of drugs
(lack of knowledge of the instructions for medical
use and/or patients’ treatment protocols);

v DRP related to pharmaceutical logistics (drug
availability).

The interventions of a doctor or a clinical pharma-
cist, indicated by the code “I”, are divided into 3 sub-
groups: the first one is the level of the specialist who
prescribed the medicine, the second subgroup is the
level of the patient and the third subgroup is the level
of the medicine itself. Among such interventions, the
cancellation of a suspected drug, the withdrawal of con-
comitant MPs, as well as the administration of a new
drug to correct the consequences caused by ADRs have
been distinguished. Among the outcomes of DRPs (code
“0”), there are 2 main options: the drug-related prob-
lem is completely solved and the drug-related problem
is not solved [24-27].

RESULTS AND DISCUSSION
To study the drug-related problems, in the regional
database of spontaneous reports about adverse reac-
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tions, an automatic search was performed and 415 no-
tification forms corresponding to the M01 ATC classifi-
cation code were selected. They amounted to 5.96% of
the total number of ADRs for the period from 1 January
2009 till 31 December 2018 (the total number of records
was 6960).

The first stage of the work was devoted to iden-
tifying the frequency of ADRs for each representative
of the NSAIDs group. Ibuprofen and Diclofenac became

the “leaders” by the incidence of reactions. The occur-
rence of cases for Ibuprofen was 142 cases (34.22%
of the total number of records for NSAIDs), and for
Diclofenac it was 90 cases (21.69%). Much less fre-
guently, ADRs occurred when patients took Nimesulide
(45 cases, 10.84%), Ketorolac (44 records, 10.6%) and
Meloxicam (23 cases, 5.54%). The frequency of ADRs
for other active substances from MO01 group is present-
ed in Table 1.

Table 1 - Frequency of adverse reactions associated with prescription of NSAIDs and registered
in the Republic of Crimea for the period of 2009-2018

Quantity of reports (% of total

NSAIDs ATC code Quantity of reports (absolute) NSAIDs ADRs)
Ibuprofen MO1AEO01 142 34.22
Diclofenac MO1ABO5 90 21.69
Nimesulide MO1AX17 45 10.84
Ketorolac MO01AB15 44 10.60
Meloxicam MO01AC06 23 5.54
Dexketoprofen MO1AE17 14 3.37
Diclofenac combinations MO1AB55 14 3.37
Lornoxicam MO1AC05 9 217
Nimesulide combinations MO1AX67 5 1.20
Etoricoxib MO1AHO05 5 1.20
Aceclofenac MO1AB16 5 1.20
Celecoxib MO1AHO1 3 0.72
Rofecoxib MO1AH02 3 0.72
Naproxen MO1AEQ2 2 0.48
Parecoxib MO1AHO4 2 0.48
Other NSAIDs combinations MO01BX 2 0.48
Ibuprofen combinations MO1AE51 1 0.24
Mefenamic acid MO01AGO01 1 0.24
Glucosamine MO1AX05 1 0.24
Chondroitin sulfate MO1AX25 1 0.24
T ombaton o me oo 1
Ketoprofen MO1AEO03 1 0.24
Indomethacin MO01ABO1 1 0.24

The calculation of DRPs values for each of the record-
ed cases made it possible to determine the following: in
81 (19.51%) and 91 (21.9%) cases, the DRPs value was 6
and 7, respectively. The DRPs values in the range of 8-10
were found in 92 cases (8 DRPs — 38 records (9.16%), 9
DRP —20records (4.8%) and 10 DRP — 34 reports (8.2%)).
Special attention was paid to forms, in which the DRPs
values amounted to more than 10 problems per case
(124 reports, 29.9%).

Such high rates most likely indicate an irrational
choice of the NSAIDs, incorrect dosing or possible drug
interactions. The frequency of DRPs values for NSAIDs
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is shown in Fig. 1. The total number of DRPs for all the
cases was 3785 (therefore, the average value was 9 DRPs
/ a patient).

At the next stage of the work, the DRPs values for
each NSAID were calculated. Our analysis of the ADRs
records revealed that the highest DRPs values were
observed for Parecoxib (13 problems) though the only
case for this substance was found in the database. The
results also included Dexketoprofen with an average
amount of 12.5 DRPs / a case (95% Cl: 7-17) and Di-
clofenac combinations with 10 DRPs / a case (95% Cl:
5-17 DRP).
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Figure 1 — Frequency of DRP’s Values in NSAIDs ADRs records

The average values of DRPs / a case in the range of 9-9.5
were observed in the records for Ketorolac, Meloxicam and
Aceclofenac. High maximum DRPs values for Ketorolac and
Meloxicam (20 and 19 DRP, respectively) are noteworthy, as

they indicate the irrational prescription of MPs and a high
risk of serious ADRs developing during their use. The distri-
bution of the NSAIDs according to the median, maximum
and minimum DRPs values is presented in Table 2.

Table 2 — Median, maximum and minimum of NSAIDs-related problems

NSAID Maximum Minimum Median Range
Dexketoprofen 17 7 12.5 10
Diclofenac combinations 17 5 10 12
Ketorolac 20 5 9.5 15
Meloxicam 19 5 9 10
Aceclofenac 12 5 9 7
Diclofenac 19 6 8 13
lbuprofen 16 4 7 12
Lornoxicam 10 6 7 4
Nimesulide 17 2 7 15
Celecoxib 13 6 7 7
Nimesulide combinations 14 4 7 10
Naproxen 5 6 2
Rofecoxib 6 6 2
Etoricoxib 11 6 6 5

The results presented above, indicate that Naproxen
(a non-selective inhibitor of cyclooxygenase-2 (COX-2)),
Rofecoxib and Etoricoxib (highly selective COX-2 inhib-
itors) have a better safety profile compared to other
NSAIDs [28]. When administrated, the amount of this
drug-related problems was lower than that of the other
representatives of the group.

The fourth stage of the analysis was devoted to the
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study of NSAIDs’ administration routes (local, rectal, intrave-
nous, intramuscular and per os) and their association with
DRPs values. The results of the analysis showed that most
often ADRs occurred when NSAIDs were taken per os. The
frequency of such cases was 270 (65%). Less often, adverse
reactions were observed after intramuscular (125 cases,
30.1%), intravenous (9 cases, 2.2%), rectal (9 cases, 2.2%)
and local (2 cases, 0.5%) administration routes (Fig. 2).
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Figure 2 — Distribution of ADR according to administration routes

The analysis of DRPs values for each of the present-
ed routes revealed that high DRPs values were observed
in case of rectal (4 records with DRPs values of more
than 11, which amounted to 44.4% of all the cases for
this administration route) and intramuscular routes (50
cases with DRPs values of more than 11 cases, which

amounted to 40% of all the cases with intramuscular
administration). For oral route, high DRPs values (DRP
> 11) were observed in 64 records, which amounted to
23.7% of the total number of peroral intake of NSAIDs.
The distribution of DRPs values for all the routes of ad-
ministration is presented in Table 3.

Table 3 — Distribution of DRPs values according to administration routes

R I
oute (total amount Range of DRPs values

0,
Cases of ADRs (abs.) Cases of ADR (% from total amount

of records) of cases per route)
Per os 0-5 23 8.5
270 records 6—10 183 67.8
11-15 55 20.4
16-20 9 33
Intramuscular 0-5 3 2.4
125 records 6-10 72 57.6
11-15 37 29.6
16-20 13 10.4
Intravenously 6-10 6 66.7
9 records 11-15 3 33.3
Per rectum 0-5 1 11.1
9 records 6—-10 5 55.5
11-15 4 44.4

Local

2 records 6-10 2 100

The obtained results indicate a higher risk of DRPs
when parenteral routes of administration are used. In
our opinion, it is primarily due to the peculiarities of the
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pharmacokinetics of NSAIDs after intramuscular and in-
travenous injections.
Special attention was paid to the analysis of ADRs
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records with DRPs values equal to 18-20. The total
number of such reports was 10: 5 were associated with
Ketorolac use, 3 and 2 cases — with Meloxicam and Di-
clofenac, respectively.

Such high values of DRPs in 8 cases were were
caused by an irrational combination of two or more
NSAIDs in one patient. In 3 cases there was an excess of
single and/or daily doses of the suspected drug and in 3
clinical situations, there was an excess of the course of
treatment. In some cases, two or more reasons for such
high rates of DRPs were found.

In our opinion, the range, i.e. the differences be-
tween the maximal and minimal DRPs values, is of spe-
cial interest, as it can reflect the potential risk of a drug
problem for each drug included in the analysis. As fol-
lows from the data in Table 2, the highest risk of prob-

Dose is correct according to Instructions for
medical use

Dose is very high or drug is prescribed too often

Dose is very low or duration is prolonged

NSAIDS DOSING AND REGIMENS

lems determined by the range of the values is associated
with Nimesulide, Ketorolac and Diclofenac prescriptions.
Undoubtedly, the final and clear index should include
not only the range of values but also the minimum value.

The analysis of violations of the dosing regimen (a
low dose or an extended duration / an extended dose
or a short duration) is also of a scientific interest. It is
a priori a determining factor in the occurrence of DRPs.
Information on a dosing regimen is presented in cate-
gory “P” of the DRPs PCNE V5.01 qualification system.
It made possible to obtain the data on the frequency of
such mistakes for NSAIDs. The excess of the dose was
found in 23 cases (5.53% of the total amount of NSAIDs
ADRs), the doses below the minimum therapeutic ones
were found in 16 cases (3.85%). The distribution of dos-
ing violations is presented in Fig. 3.

376

23

16

50 100 150 200 250 300 350 400

AMOUNT OF NSAID ADR s (ABS.)

Figure 3 — Distribution of ADRs cases with violations of the dosage regimen

It is worth noting that the use of the DRPs system
in the practice of doctors, clinical pharmacologists and
pharmacists is an important and promising tool which
makes it possible to improve the quality of pharmaco-
therapy and adherence to treatment. For drug safety
professionals, the DRPs system makes it possible to iden-
tify priority areas in pharmacovigilance.

The results of the carried out analysis made it pos-
sible to identify NSAIDs, the prescription of which needs
special attention due to the high risks of drug-related
problems (Parecoxib, Dexketoprofen, Nimesulide, Di-
clofenac and Ketorolac).

In addition, the analysis of DRPs values using the
DRP PCNE V5.01 qualification system made it possible
to identify NSAIDs with a good safety profile. Among

these drugs, it is worth to note Naproxen, Rofecoxib
and Etoricoxib associated with a low amount of DRPs.

CONCLUSION

Using the drug-related problems (DRPs) system
in the analysis of the safety of NSAIDs made it possi-
ble to identify the representatives of this group which
may have an extra risk of ADRs in real medical practice.
Among NSAIDs, it is worth to note Parecoxib, Dexketo-
profen and Diclofenac combinations. The prescription
of the mentioned products should be carried out with
strict regard to the approved indications and contraindi-
cations for use, dose and duration of treatment, as well
as taking into consideration all kinds of possible drug-
drug interaction.
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The most important direction in the development of modern medical science is the study of protective, compensatory and
pathological reactions of the organism that occur in response to various stress factors. The aim of the study is the subsequent
development of methods for pharmacological correction of these reactions. The remedies for the correction of stress-in-
duced immunity disorders are represented by the glyprolin group — the Selank drug and the Pro-Gly-Pro peptide compound
—and are of particular interest.

The aim of the experiment was to study the immunomodulating effect of glyprolines on the basis of the “social stress” model.
Materials and methods. The experiment was performed on non-linear male rats aged 6-8 months. A model of a sensor
contact was used as a model of the experimental “social stress”. The animals were divided into groups (n = 10): a “control”
group was represented by individuals with aggressive and submissive types of behavior, formed within the conditions of the
experimental “social stress” for 20 days; and 2 experimental groups in which the animals were intraperitoneally administered
Selank (100 pg/kg) and Pro-Gly-Pro (100 pg/kg) against the background of the experimental “social” stress once a day for
20 days. A functional activity of the immune system was studied on the basis of standard immunopharmacological tests: a
delayed-type hypersensitivity test (DTH test), a direct agglutination test (DAT), a latex test for studying the Neutrophil phago-
cytic rate of peripheral blood, and the essessment of the leucogram.

Results. It has been established, that within the conditions of the “social” stress, the changes in the immune response are
multidirectional. That fact confirms the theory of “the immune disbalance” caused by the action of stressors. As a result of
studying the effect of glyprolines within the conditions of “the social stress”, Selank and Pro-Gly-Pro proved to be effective
immunocorrectors, restoring cellular and humoral immunogenesis reactions as well as the phagocytic activity of neutrophils
and leucogram indices.

Conclusion. The carried out study expands understanding of the immunoreaction pathogenesis within the stress-induced
conditions in order to further develop a pharmacological strategy for correcting the revealed disorders through the substanc-
es of the neuropeptide structure.

Keywords: glyprolines, Selank, Pro-Gly-Pro, social stress; delayed-type hypersensitivity (DTH) test; direct agglutination test
(DAT); phagocytic index (Phl); phagocytic number (PhN), leucogram
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BaHeMwWnm HanpaBneHWeM PasBUTUA COBPEMEHHOW MEAULMHCKON HayKM ABNAETCA M3yYeHMe 3alLMTHbIX, KOMMeHcaTop-
HbIX U MaTONOTMYECKMX PeaKLUUin OpraHn3ma, BO3SHUKAIOWMX B OTBET HA AEMCTBME PA3/IUYHbIX CTPECCOreHHbIX GaKTOpOoB C
Lenblo nocneayowen paspabotkm cnocoboB GpapmaKkonormyeckon Koppekumu. B KauecTBe nepcneKkTUBHbIX CPeACTB Kop-
PEeKLMM CTPECC-UHAYLUMPOBAHHBIX HaPYLWEHUN MMYHUTETA UHTEpeC NPeACTaBAAT NpeacTaBUTeNM rPYNnbl UNPOINHOB:
NleKapCcTBEHHbIM npenapat CenaHk u nentuaHoe coeanHeHue Pro-Gly-Pro.

Lienb nccnepoBaHua — M3ydeHMe UMMYHOMOZY/VPYIOLLErO AeNCTBUA IIMMPOIMHOB Ha MOAENWN KCOLMANbHOTO» CTpecca.
Matepuanbl 1 meToabl. IKCNEPUMEHT BbIMONHEH Ha HEMHENHbIX Kpbicax-camuax (6—8 mec.). B KauecTBe aKcnepumeH-
TaNbHOTO «COLMANbHOTO» CTpecca UCNoNb30Ba M MOAENb CEHCOPHOIO KOHTaKTa. HKMBOTHbIE OblN pasaeneHbl Ha rpynnbl
(n=10): rpynna «KOHTPO/IbY; FPYNMa *KUBOTHbIX C arPECCUBHBIM U CYOMUCCUBHBIM TUNaMK NoBeaeHUs, cGOPMUPOBaHHbIE B
YCNOBUAX IKCNEPMMEHTANIbHOTO «COLMANBHOro» cTpecca B TeyeHne 20 AHel U 2 oNbITHbIE FPYNMbl — }XUBOTHbIE, KOTOPbLIM
Ha GpoHe «CcoLManbHOro» cTpecca BHyTpMBpoWnHHO BBoguan CenaHk (100 mKr/kr) u Pro-Gly-Pro (100 mkr/kr) 1 pa3 B cyTku
B YC/IOBUAX CTPECCOPHOro Bo3aencTena B TedeHue 20 gHel. PYHKUMOHANbHYIO aKTUBHOCTb MMMYHHOM CUCTEMbI U3y4Yanu
C NMOMOLLBIO CTAaHAAPTHbIX UMMYHODAPMAKONOTMYECKUX METOAOB: PeakLun rMnepyyBCTBUTEIbHOCTM 3aMed/IeHHOro TUMa
(Pr3T), peakuuu npamow remarrntotrHauum (PMMA), naTeKCHOro TecTa no u3yvyeHuro GbarouMTapHoOM akTMBHOCTU HEUTPOdU-
0B nepudepmnyeckon KPoBU 1 OLLEHKU NeMKOLUTAPHON GopmMybl.

Pe3ynbratbl. YCTaHOBNEHO, YTO B YC/NIOBUAX KCOLMANbHOIO» CTPECCa U3MEHEHUA UMMYHHOIO pearmpoBaHUA MMeT pasHo-
HanpaBAEHHbIW XapaKTep, YTO NOATBEPKAAET TEOPUID KMMMYHHOro AucbanaHca» Npu AeACTBUN CTPECCUPYHOLWNX GpaKTo-
poB. B pe3ynbrate usyyeHna BANAHWUA IUMNPOSMHOB B YCNOBUAX «COLMANBbHOrO» cTpecca bblao ycTaHoBAEHO, YTO CenaHk u
Pro-Gly-Pro npossunu ceba Kak appeKkTUBHbIE MMMYHOKOPPEKTOPbI, BOCCTAHAB/IMBAA KIETOYHYIO U I'YyMOPabHYIO peakuum
MMMYHOreHe3a, a Tak»Ke GparounTapHyto akTMBHOCTb HEMTPODUIOB M NOKa3aTeNn NENKOLUTAPHOU Gopmybl.

3akntoueHue. [laHHOe uccaegoBaHME pacluMpaeT npeacrtaBneHne 06 o6LmMx 3aKOHOMEPHOCTAX UMMYHOpPearmpoBaHua B
YCNOBUAX CTPECC-MHAYLMPOBAHHbIX COCTOAHMI C Leblo Nocneaytolen paspaboTkn GpapmaKoNnormieckon cTtpatermm Kop-
PEKLMM BbIABNEHHbIX HAapYLIEHMI1 NOCPEeACTBOM BELLLECTB HEMPONENTUAHOM CTPYKTYpPbI.

Kntouesble cnoBa: rmnnponunHbl, Cenank, Pro-Gly-Pro, «coumanbHbIM» CTpecc, peakuusa runepyyBCTBUTENbHOCTU 3aMea/1eH-
Horo Tuna (Pr3T), peakuua npsamolii remarrntoTuHaumm (PMTA), darouutapHbiii MHAEKE (PU), darouutapHoe umucno (PY), neit-
KouuTapHasa popmyna

Cnu1CcoK coKpaleHuit: PI3T — peakuma runepyyBCTBUTE/IbHOCTU 3aMeaNeHHOTO TuNa, PMIA — peakuus NpsMon remarriioTm-
Hauun, PU — dparoymTapHbI MHAEKE, PY — dparoymTapHoe Ymcno

MpuHaTa K nevatn 20.08.2019

INTRODUCTION

The studies devoted to the the mechanisms of the
dysfunctional changes in the immune system within the
conditions of the “social” stress, as well as the devel-
opment of methods for their correction, are the main
directions of development in modern immunology and
pharmacology. The action of stressors, regardless of
their nature, leads to the “strain” of homeostasis of
the organism on the whole and the immune system,
in particular. That was confirmed by a lot of works on
the study of Hans Selye’s general adaptation syndrome,

Tom 7, Beinyck 4, 2019

which consider the involution processes of the thymic
lymphatic apparatus as an obligatory part of the stress
triad. Stress-induced immune disorders can develop at
any stage of the stress response, being the cause of de-
cline in adaptive skills of the body and the development
of, for example, secondary immunodeficiency states, au-
toimmune and allergic processes [1-3].

The interest in research aimed at finding means for
correcting changes in the immune response, morpho-
functional disorders in the immunocompetent cells and
organs against the background of the influence of vari-
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ous stress factors, has recently increased significantly [4,
5]. The greatest achievement of molecular biology and
medicine was the possibility of synthesizing bioregula-
tors, in particular the ones of peptide nature, and the
creation of new highly effective drugs on their basis.
These drugs exhibit, among others, stress protective
properties [6—8].

As a result of the research in recent years, a new
class of regulatory peptides — glyprolines — has been iso-
lated; most of them are promising as therapeutic agents
[9]. It should be noted that at the moment, a representa-
tive of this group, Selank, synthesized at the Institute of
Molecular Genetics of the Russian Academy of Sciences,
is in active use in clinical medicine. This drug was creat-
ed by attaching Pro-Gly-Pro tripeptide to the C-termini
of the unstable regulatory peptide Taftsin which solved
the problem of in vivo stabilization and supplemented it
with the effects of Pro-Gly-Pro itself [10]. As well as the
already registered drug Selank, Pro-Gly-Pro tripeptide
itself is of considerable interest from the standpoint of
long-term benefits of practical implementation in clini-
cal pharmacology. This peptide is a structural fragment
of Selank, and, in addition, it has a physiological activity
of its own [9, 11]. The analysis of the experimental data
confirms the uniqueness of the properties of the prepa-
rations with the glyproline structure which consists in
the combination of psycho-, neuro- and immunotropic
kinds of activity [9, 12, 13], and makes it promising to
study various aspects of the pharmacological action of
glyprolines in order to expand the possibilities of their
practical application.

The aim of the research is to study immunomodula-
tory effects of glyprolines on the “social” stress model.

MATERIAL AND METHODS

Laboratory experiments

The study was performed on 70 non-linear male
white rats, aged 6-8 months, obtained from the vivar-
ium of the laboratory of physiology, morphology, genet-
ics and biomedicine of Astrakhan State Medical Univer-
sity (Russia, Astrakhan). Throughout the experiment, the
rats were kept in standard vivarium conditions of Astra-
khan State Medical University. By the Order of the Min-
istry of Health of the Russian Federation No. 199n dated
04 January, 2016 “On Approval of the Laboratory Prac-
tice Rules” and the Protocol of the Ethical Committee of
Federal State Budget Educational Institution of Higher
Education “Astrakhan State Medical University” of the
Ministry of Health of Russia No. 8 dated 24 November,
2015, all the animal manipulations were performed in
accordance with the requirements of the Directive of
the European Parliament and the Council of the Euro-
pean Union on the protection of the animals used for
scientific purposes (2010/63/ EU), and the rules adopt-
ed by the International Convention for the Protection of
Vertebrate Animals used for experimental and scientific
purposes (Strasbourg, 1986).
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Experimental model

The “social” stress was chosen as an experimental
model. The main methodological technique of this ex-
perimental model is a permanent residence of partners
against the conditions of sensor contacts, which form
aggressive and submissive kinds of behavior in animals
[14-17]. This model is widely used in studying various
aspects of the influence of chronic aggression on brain
neurochemistry, physiological functions, behavior and
catastasis of animals. Therefore, and it is highly produc-
tive in terms of obtaining new and original data and their
interpretation. These factors suggest similarity between
the animals’ state and the one observed in humans.

The males were placed in pairs in experimental cells,
separated by a septum preventing them from a physical
contact, but it had holes providing their sensor contacts.
Every day, the septum was removed for 10 minutes. It over-
whelmingly led to agonistic collisions (confrontations) [14].

The groups of the animals with alternative types of
behavior were formed: an aggressive type (in case of re-
peated victories experience — a winner / an aggressor)
and a submissive type (in case of defeats — a victim). In
the experimental animals, the manifestation of aggres-
sion was expressed in the forms of upright and sideways
offensive postures — “threat” or attack. The social passiv-
ity was manifested by various acts of individual behav-
ior: locomotion, sniffing, autogrumming, movements in
place, upright defensive postures and immobility.

Experimental groups

The laboratory animals with aggressive and submis-
sive kinds of behavior were divided into groups of 10 in-
dividuals:

e group of intact males;

e group of the animals that were exposed to
stress for 20 days (sensor contacts);

e group of the individuals which were treated
with Selank intraperitoneally at the dose of 100
mcg/kg a day from the 1st day of exposure to
stress (sensor contacts) for 20 days;

e group of the rats which were treated with Pro-
Gly-Pro intraperitoneally at the dose of 100
mcg/kg a day from the 1+ day of exposure to
stress (sensor contacts) for 20 days.

Methods

The study of the functional activity of the immune
system of the animals was carried out according to the
“Guidelines for preclinical studies of drugs” on the basis
of standard immunopharmacological methods [18]: a de-
layed-type hypersensitivity test (DTH), a direct agglutina-
tion test (DAT), a latex test for studying the phagocytic ac-
tivity of peripheral blood neutrophils. In addition, the total
number of leukocytes in the blood and leucogram were de-
termined. It is important to note that in the formation of a
specificimmune response in the laboratory animals within
the conditions of the experiment, a corpuscular T-depen-
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dent antigen (sheep erythrocytes) was used as an antigenic
stimulus in the formulation of DTH and DAT.

To determine the phagocytic activity of peripheral
blood neutrophils, a latex test on the basis of heparin-
ized blood of the animals was used. Melanomaldehyde
latexes were used as a test object. The activity of neutro-
phils was determined by the following indices: a phago-
cytic index or percentage of phagocytosis (the number
of neutrophils with latex/100); a phagocytic number
(the number of latex particles / 100).

To determine the content of the blood leukocyte
count of the test animals, the blood was taken during
the removal of the animals from the experiment from
large vessels of the cervical area. The calculation was
carried out in Gorjaev’s chamber. The percentage of
individual forms of leukocytes was evaluated in blood
smears stained by Romanovsky-Giemsa staining.

Statistical processing of results
The results of the experiment were statistically pro-
cessed using the following programs: Microsoft Office

Excel 2007 (Microsoft, USA), BIOSTAT 2008 Profession-
al 5.1.3.1. To process the obtained results, a parametric
method with the Student t-test (with Bonferroni correc-
tion) was used. Statistically significant differences were
considered at p<0.05.

RESULTS

In the course of the experiments, it was estab-
lished that long-term inter-male confrontations
caused the suppression of DTH and DAT in the ani-
mals with both aggressive and submissive types of
behavior compared to the control animals. The index
of the delayed-type hypersensitivity test in the ag-
gressors decreased by more than 45% (p<0.01), in
the victims — by more than 30% (p<0.05). In relation
to the humoral immunity in the animal aggressors,
more pronounced changes in the indices were ob-
served: a decrease in antibody titer in the aggressors
— by more than 80% (p<0.001), in the victims — by
more than 50% (p<0.001) compared with the control
indices (Table 1).

Table 1 - Effect of glyprolines on the formation of DTH and DAT within the conditions of the “social” stress

Indices
(M+m)
Experimental
groups (n = 10)

Index DTH, %

Titer of antibodies in DAT, log

Animals with an aggressive type of behavior

Control

30.83 £3.52 224.77 +23.27

“Social” stress

16.57 £ 1.75**

40.46 + 5.81***

“Social” stress" + Selank (100 mcg/kg a day)

30.38 + 3.48##

210.56 + 22.54###

"Social stress"+ Pro-Gly-Pro (100 mcg/kg a day)

29.40 + 3.63##

253.21 £ 23.27###

Animals with a submissive type of behavior

Control 30.83 £3.52 224.77 + 23.27

“Social” stress 20.78 + 2.54* 103.55 + 11.64***

“Social” stress+ Selank (100 mcg /kg a day) 28.26 + 2.66# 231.19 + 34 91##
“Social” stress+ Pro-Gly-Pro (100 mcg/kg a day) 28.57 + 2.55# 138.71 + 12.84#

Note: * — p<0.05; ** — p<0.01;*** — p<0.001 — relative to the control group; # — p<0.05; ## — p<0.01; ### — p<0.001 — relative
to the “stress” group (Student’s t-test with Bonferroni correction for multiple comparisons)

As the results presented in Table 1 show, glyprolines
contributed to the restoration of the indices of both im-
munity units. The index of DTH in aggressors increased
in terms of the administration of Selank and Pro-Gly-Pro
by an average of 80% (p<0.01), in victims — by an average
of 30% (p<0.05). As for the formation of anti-erythrocyte
antibodies in DAT, the indices of the hemagglutinin titer
also remained higher than those of the animals of the
“stress” group with an aggressive type of behavior by an
average of more than 5 times (p<0.001). In the animals
with a submissive type of behavior, when Selank was
administered, the index was 2.2 times higher than that
in the “stress” group and 1.3 times higher in the group

Tom 7, Beinyck 4, 2019

after the administration of Pro-Gly-Pro (p<0.05, p<0.01)
(Table 1).

When studying the phagocytic activity indices of
peripheral blood neutrophils in the animals exposed to
the “social” stress, an increase in the phagocytic index
(Phl) and a phagocytic number (PhN) was found in the
rats with both aggressive and submissive types of be-
havior. There was an increase in the phagocytic index by
18% in aggressors (p>0.05) and by almost 30% in victims
(p<0.05), a phagocytic number was increased by 40% in
aggressors and by 20% in victims (p>0.05). These factors
indicate a hyperreactivity of a nonspecific element of
the immune system (Table 2).
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Table 2 — Effect of glyprolines on the phagocytic activity of neutrophils within the conditions of the “socia

I"

stress

Indices
(M+m)
Experimental
groups (n = 10)

Phagocytic index

Phagocytic number, %

Animals with an aggressive type of behavior

Control 17.7 £ 1.68 53.3+£3.66

“Social” stress, 21.0+1.85 74.3 +7.37*

“Social” stress + Selank (100 mcg /kg a day) 16.3+1.87 57.6 £4.23

“Social” stress + Pro-Gly-Pro (100 mcg/kg/a day) 15.9 + 1.744# 58.7+3.23
Animals with a submissive type of behavior

Control 17.7 +1.68 53.3£3.66

“Social” stress 229+1.61* 63.7+4.73

“Social” stress + Selank (100 mcg/kg a day) 18.4 +1.58 50.5 + 4.65

“Social” stress+ Pro-Gly-Pro (100 mcg/kg a day) 20.2+1.83 54.0 £3.72

Note: * — p<0.05; ** — p<0.01,;*** — p<0.001 — relative to the control group; # — p<0.05; ## — p<0.01; ### — p<0.001 - relative
to the “stress” group (Student’s t-test with Bonferroni correction for multiple comparisons)

When assessing the phagocytosis indices in the group
of the animals treated with glyprolines (Selank, Pro-Gly-
Pro) against the background of the impact of the “social”
stress, it has been found out that the administration
of these compounds leads to the restoration of the
parameters of nonspecific immunoreactivity. A decrease
of phagocytic number was noted among the aggressors
and victims by an average of 20% (p>0.05) compared with
the stressed animals. The assessment of the phagocytic
index in the aggressors showed its slight decrease; and in
the victims, it remained at the level of the intact animals.
At the same time, it should be mentioned that the most
pronounced changes in the studied parameters were
notified within the conditions of the administration of Pro-
Gly-Pro tripeptide to the aggressors, and less pronounced
ones were notified in the victims (Table 2).

An important stage of the work was to determine
the total number of leukocytes, as well as to study
the indices of the leucogram. Within the conditions of
the “social” stress, a decrease in the total number of
leukocytes (p<0.05) was observed in both, the aggressors
(—29.1%) and the victims (-28.2%) relative to the
control group indices. The stressed animals’ leucogram
showed a decrease in the percentage of eosinophils
by 28.6% (p<0.05) in the aggressors and by more than
40% (p<0.01) in the victims. A statistically significant
increase in segmented neutrophils by an average of 2
times (p<0.001), in band staple ones — by more than 50%
(p<0.01) in the aggressors and by almost 2 times in the
victims (p<0.01) should be also notified (Table 3).

It was established that in the “stress” group
animals treated with glyprolins, the total number of

228

leukocytes was higher relative to the control values.
The administration of these drugs to the stressed
animals contributed to an increase in the total number
of leukocytes relative to the “stress” group: after
the administration of Selank and Pro-Gly-Pro, in the
aggressors’ group the number of leukocytes was almost
twice as high (p<0.001 and p<0.01 respectively); in
the group treated with Selank it was more than 1.5
times as high as in the victims (p<0.01); and after the
administration of Pro-Gly-Pro, only slight changes were
noted (p>0.05).

Under the influence of Selank, the number of
eosinophils in the aggressors decreased less than in
the animals without any pharmacological support. The
administration of Pro-Gly-Pro to the stressed animals
contributed to the conservation and was higher relative
to the stressed group by 30% (p<0.05). In the leucogram
of the rats with a submissive type of behavior, the
percentage of eosinophils increased by an average of
31% (p<0.05). In addition, in the individuals with an
aggressive type of behavior, the administration of Selank
against the background of stress led to the maintenance
of the content of band neutrophils relative to the intact
animals, and that was by 12% lower (p<0.05) relative to
the stressed animals. Within the conditions of Selank
and Pro-Gly-Pro administration, in the animals with
a submissive type of behavior the number of band
neutrophils was lower than the values of the stressed
group by an average of 50% (p<0.01 and p<0.01,
respectively). The percentage of the segmented forms
of neutrophils decreased in all the groups by more than
40% relative to the stressed animals (Table 3).
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Table 3 — The effect of glyprolines on the leucogram of the animals under the “social” stress

Indices Total b
(M£m) O number ) - Band Segmented  Lymphocytes, .
Experimental of Ieulk(;jylltes, Eosinophils, % neutrophils, % neutrophils, % % Monocytes, %
groups (n =10) X
Animals with an aggressive type of behavior
Control 11.7 £0.93 2.8+0.33 2.2+0.23 12.7£1.59 81.5+5.95 0.83 £+ 0.15
“Social” stress 8.3+0.82* 2.0+0.21* 3.4+0.25*%* 26.7+1.81*** 67.1+4.27 0.71+0.10
“Social” stress+
+ + + + + +
Selank (100 mcg/kg a day) 15.7 + 1.24### 2.4+0.20 2.1+0.36# 16.0 £ 2.104# 78.7 +4.87 0.86 +0.11
“Social” stress+
+ + + + + +
el R e e 15.9 + 1.544# 2.6+0.21# 3.0+ 0.60 16.1 + 1.52## 77.0£3.81 0.86 £0.11
Animals with a submissive type of behavior
Control 11.7 £0.93 2.8 +0.33 2.2+0.23 12.7 +1.59 81.5+5.95 0.83 £0.15
"Social" stress 8.4 +0.77* 1.6 +0.11** 4.1+0.40** 27.1+2.11*%** 66.4+4.77 0.71+£0.10
“Social” stress+
13.1 £ 0.58### 2.1+£0.22# 2.1+037## 16.1 £ 2.57## 78.9 £+ 4.87 0.86+0.11
Selank (100 mcg/kg a day)
social” stress+ 9.7+069  21+0.22# 2.0:0.30## 150+151### 79.9+501  1.0+0.10#

Pro-Gly-Pro (100 mcg /kg a day)

Note: * — p<0.05; ** — p<0.01,*** — p<0.001 — relative to the control group; # — p<0.05; ## — p<0.01; ### — p<0.001 — relative
to the “stress” group (Student’s t-test with Bonferroni correction for multiple comparisons)

DISCUSSION

The experiment has resulted in the following. It
has been proved that under the influence of “the social
stress”, the changes in immunoreactivity are multidi-
rectional, which indicates the formation of an immune
imbalance, manifested by activation of some and sup-
pression of other elements of the immune system. Thus,
against the background of an increase in the phagocytic
index and phagocytic number, stressing of animals with
aggressive and submissive types of behavior was accom-
panied by the suppression of cellular and humoral im-
munity indices. In addition, some characteristic manifes-
tations of stress-reactions on behalf of blood have been
revealed: a decrease in the total number of leukocytes
and eosinophils, as well as an increase in neutrophils.

As a result of studying the activity of glyprolines
against the conditions of the “social” stress, it has been
found out that the compounds used in the experimen-
tal groups proved to be effective immunocorrector, pre-
serving immunogenesis (cellular and humoral) reactions

and indices of phagocytic activity, as well as providing a
protective effect on leukocyte blood lineage. The data
obtained, indicate the presence of immunomodulatory
properties in the studied compounds. It is important to
note that the effect of glyprolins on the immune system
used to be observed before [19-21], but in this aspect
the effect of peptides is studied for the first time.

CONCLUSION

Thus, this study actualizes the search for new immu-
nocorrectors among the representatives of a new class
of regulatory peptides — glyprolins, most of which are
promising as therapeutic agents.

The fundamental approach used in this work, emphasiz-
es the importance of scientific research in the field of immu-
noreactivity against stress-induced conditions, in particular,
the “social” stress. The aim of further studies is developing
a pharmacological correction strategy using Selank and its
fragments as representatives of glyprolines, characterized by
a wide spectrum of action, as well as a high degree of safety.
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STUDY OF ANTISECRETORY ACTIVITY
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Nowadays, effective pharmacotherapy of acid-dependent gastrointestinal diseases remains an urgent problem of modern
gastroenterology. In this regard, the search for new drugs with a pronounced antisecretory activity still continues; their aim
is to keep the control over the acid production safe and effective.

The aim of this study was an experimental study of the antisecretory activity of the substance and the finished dosage form
(FDF) of dinitrate 2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole.

Materials and Methods. The study of antisecretory activity was performed by method of a continuous perfusion of rats’
stomachs. The studied substance was administered at the doses of 3, 10 and 30 mg/kg, and the FDF — at the doses of 13
and 26 mg/kg. The substance of Ranitidine (Sigma Aldrich, USA) was used as a reference object in the study of the antise-
cretory activity of the substance under study, and Ranitidine (Hemofarm A.D., Serbia) was used as a reference drug in the
study of the FDF. In order to determine the stimulated secretion immediately before collecting the samples of the perfusate,
histamine was administered subcutaneously at the dose of 5 mg/kg. The content of hydrochloric acid in the perfusate was
determined by titration of a 0.01 M sodium hydroxide solution. The acidity value was determined in terms of the debit-hour
of hydrochloric acid.

Results and discussion. The obtained experimental data showed that the studied substance at the dose of 30 mg/kg de-
creased the basal hydrochloric acid secretion by 54%, which significantly exceeded the antisecretory effect of Ranitidine by
1.8 times. The FDF at the dose of 26 mg/kg, statistically reliable relative to the control and the group treated with Ranitidine,
decreased the basal secretion of gastric juice by 33%. The substance at the dose of 30 mg/kg reliably suppressed the stimu-
lated secretion of hydrochloric acid by 80%, while Ranitidine did it by 56%. The FDF at the dose of 26 mg/kg decreased the
histamine-stimulated secretion by 66%, and Ranitidine did it by 52%, which was statistically reliable.

Conclusions. The studied substance and its dosage form are more effective in suppressing basal activities and exceed the
anisecretory activity of H,-histamine antagonists of Ranitidine under the conditions of the secretion stimulated by histamine.
Keywords: dinitrate 2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole, antisecretory effect, basal secretion, stimu-
lated secretion, preclinical studies

For citation: M.V. Chernikov, M.A. Oganova, A.S. Gerasimenko, E.A. Artemyev. Study of antisecretory activity of dinitrate 2-phenyl-9-
diethylaminoethylimidazo[1,2-a]benzimidazole by method of continuous perfusion of rats’ stomachs. Pharmacy & Pharmacology. 2019;7(4):
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U3YYEHUE AHTUCEKPETOPHON AKTUBHOCTH
ANHUTPATA 2-0EHUN-9-AN3TUNTAMUHOITUITUMUOA3O[1,2-A]

BEH3UMNWOA3OJNA METOOOM

HEMPEPbLIBHOW NEP®Y3UN XXENYOKA KPbIC

M.B. YepHukos, M.A. OraHoBa, A.C. lepacumeHKo, E.A. Aptembes

MaTuropcknii megmko-bapmaLeBTUYECKUI MHCTUTYT — punran eaepanbHOro rocyaapcTBEHHOMO
6toaKeTHOro 06pa3oBaTENbHOIO yYpEXAEHNA BbiCLEro 06pa3oBaHMA «Boarorpagckuii

rOCYAapCTBEHHbIN MeAULIMHCKUI yHUBepcuTeT» MUHUCTEPCTBA 34paBo0XpaHeHuns Poccuiickon Peaepauuuy,
357532, Poccua, CTaBpononbCKun Kpai, 1. Maturopck, KanmHuHa, 11

MonyueHo 26.06.2019 PeueHsua (1) 22.07.2019

E-mail: pharmax@list.ru

PeueHsua (2) 05.08.2019 MpuHaTa K nevatn 15.08.2019

SdbdekTMBHanA papmakoTepanua KMCI0TO3aBUCUMbIX 3aboneBaHul KT Ha cerofHALWHNUIA feHb OCTAEeTCA aKTyaslbHOM Npo-
61eMOl COBPEMEHHOW raCTPO3HTEPONOTUW. B CBA3M C STUM, MPOAONNKAETCA NMOUCK HOBbIX JIEKAPCTBEHHbIX MPEnapaTos, 06-
NaJAl0LWMX BblPaXKEHHOM aHTUCEKPETOPHOM aKTUBHOCTbIO, C Lie/iblo 6e30nacHoro U 3dpeKTMBHOIO KOHTPOIA KMCNOTOMPO-
OYKLUNN.

Lienbto AaHHOTo UccnefoBaHUA — SKCNEPUMEHTA/IbHOE U3YYEHUE aHTUCEKPETOPHOM aKTUBHOCTM CYH6CTaHLMKN U FOTOBOM Ne-
KapcTBeHHOMN dopmbl ([1D) anHUTpaTa 2-beHnN-9-aAnsTUNaMUHOITUAMMKUAA30[1,2-a]6eH3umunaasona.

Martepuanbl u metoapl. MiccnegoBaHne aHTUCEKPETOPHOM aKTUBHOCTM BbIMOHANN METOAOM HenpepbiBHOW nepdy3unmn xe-
NyAKa Kpbic. M3yyaemas cybcTaHuma BBoaumaach B Ao3ax 3, 10 u 30 mr/kr, a [J1® B go3ax 13 v 26 mr/Kr. B KauecTtse o6beKTa
CpaBHeHWA NPU UCCNe0BaHUM aHTUCEKPETOPHOMN aKTUBHOCTU CYyb6CTaHLMM UCCAeQyemMoro BellecTsa bbina ncnonb3osaHa
cybcTaHuma paHuTMaunHa (Sigma Aldrich, CLUA), a B KauecTse npenapaTta CPaBHEHUA Npy U3ydeHnu N1 — PaHUTUAMH (Xemo-
dapm A.[., Cepbus). C uenbio onpeaeneHns CTMMyINMPOBaHHOM CEKpeLun HenocpeacTBEHHO nepes Hadyanom cbopa obpas-
LoB nepdysaTta NOAKOKHO BBOAW/ICA TMCTaMUH B fo3e 5 mr/Kr. CogepskaHue CONAHOM KUCOTbI B nepdy3aTte onpeaensnoch
TmTpoBaHMem 0,01M pacTBOPOM HATpUA TMAPOKCUAA. BEANUMHY KUCNIOTHOCTU ONpeaenann B nepecyete Ha aebut-yac co-
NAHOM KNCNOTbI.

Pe3ynbrathl. MoNy4eHHble 3KCNepUMEHTaIbHbIE AaHHbIE MOKa3aau, uYto ulyyaemas cybcraHuma 8 gose 30 mr/Kr cHUKana
6a3a/ibHYI0 CEKPEeLMIo CONAHOM KMCOTbl Ha 54%, Y4TO AOCTOBEPHO MPEBBIWANO AaHTUCEKPETOPHOE AEWUCTBME PAaHUTUAMHA
8 1,8 pas. [M1d B fo3e 26 Mr/Kr, AOCTOBEPHO OTHOCUTE/IbHO KOHTPO/IA M FPYMMbl, NOAyYaBLUEN PaHUTUAMH, CHUMKaa 6a-
3a/IbHYI0 CEKPELMIO KeyaoUYHOro coka Ha 33%. CybctaHuma B gose 30 Mr/Kr 4OCTOBEPHO NoAaBAsaa CTUMY/IMPOBAHHYIO
CEeKpeLMIo CONAHOMN KMCNOTbI Ha 80%, B TO BPeMA Kak PaHUTUAMH Ha 56%. [1® B fo3e 26 Mr/Kr CHUXana CTUMY/IMPOBaHHYIO
rMCTaMMHOM CeKpeLumto Ha 66%, a paHUTUAMH Ha 52%, YTO CTaTUCTUYECKU JOCTOBEPHO.

3akntoueHue. Mayyaemble cybctaHuma v MNP 6onee apdpeKTMBHO NOAABAAIOT 6a3aNbHYO U NPEBOCXOAAT aHTUCEKPETOPHYHO
aAKTUBHOCTb HZ-FVICTaMVIHOGHOKaTOpa PaHUTUAUNHA B YCNOBUAX CTVIMyIWIpOBaHHOVI TMCTaMMUHOM CeKpeLunun.

KnioueBble cnoBa: 2-peHuN-9-a1M3TMNAMUHOITUAMMNAA30([1,2-a]6eH3nmMmnaa300, aHTUCEKPETOPHOE AelcTBue, HasanbHasn
ceKkpeuua, CTUMYIMPOBAHHAA CEKpeLma, JOKIMHMYECKME UCCNef0BaHNA

INTRODUCTION

Nowadays, the treatment of acid-dependent diseas-
es, such as a gastroesophageal reflux disease (GERD),
gastric and duodenal kinds of ulcer, functional dyspep-
sia, appears to be an urgent problem in modern clini-
cal gastroenterology [1-4]. In the treatment of acid-de-
pendent diseases, the main pathogenetic principle is
the suppression of the secretion of hydrochloric acid by
parietal cells of the gastric mucosa, which eliminates or
attenuates the main clinical manifestations of the above
mentioned diseases [5, 6].

The inhibition of HCl secretion also significantly
eliminates the manifestations of gastrointestinal com-
plications when non-steroidal anti-inflammatory drugs
(NSAIDs), antiaggregants and anticoagulants are taken.
In the cases of infection with Helicobacter pilory, the in-

232

hibition of HCl secretion increases the effectiveness of
the eradication therapy by increasing the anti-Helico-
bacter activity of antibacterial drugs [7, 8].

Hydrogen-potassium adenosine triphosphatase
blockers (proton pump inhibitors), histamine H2 recep-
tor antagonists, selective M-cholinoblockers, antacids,
and partly gastrin and cholecystokinin CCK-2 receptor
blockers are used as antisecretory agents [2, 4, 5, 9].

Of course, the positive effects of the drugs of these
groups are undeniable and all of them are widely used
in the treatment of acid-dependent diseases, but they
have certain disadvantages and side effects.

Before the introduction of proton pump inhibitors
into the clinical practice, H2-histamine receptor antag-
onists were “the gold standard” of the antisecretory
therapy [9]. However, along with the resistance to their
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use in about 1/5 patients with acid-dependent diseases,
there is a rapid development of tolerance in previously
susceptible patients, withdrawal syndrome. In addition,
the side effects characteristic of this group of drugs, such
as decreased libido, bradycardia, hepatotoxicity and
others, largely limit the intake and prescription of these
preparations [10-14].

It has been proved that a long-term treatment
with proton pump inhibitors can cause a number of
undesirable effects, such as magnesium deficiency, hy-
pergastrinemia and a risk of tumors, vitamin B12 defi-
ciency, acute interstitial nepbhritis, osteoporosis and an
increased risk of fractures, an intestinal bacterial over-
growth syndrome, a risk of cardiovascular accidents [15].

M-cholinoblockers, including selective ones, such as
pyrenzepine, have a full range of side effects, character-
istic of the “classic” non-selective drugs, although less
pronounced, such as dry mucous membranes, tachycar-
dia, accommodation disorders and photophobia, intesti-
nal and bladder atony, dizziness, headaches [11, 16-18].

Under modern conditions, antacid agents can be
considered only as additional means of auxiliary therapy
of acid-dependent diseases [11].

In this regard, it remains relevant to search for new
acid-dependent diseases treatment. They should be saf-
er, more effective in suppressing acidity and, at the same
time, available to the consumer.

Currently, the pharmaceutical market offers a wide
range of drugs based on benzimidazole derivatives, such
as anti-ulcer agents, inhibitors of hydrogen-potassium
adenosine triphosphatase — omeprazole, lansoprazole;
antihistamines — astemizole; antihypertensive agents —
telmisartan, candesartan; antiviral agents — enviradin,
maribavir; antiparasitic agents — albendazole, oxfen-
dazole and many others[19-22]. This factor indicates a
significant medical value of this group of chemicals and
provides a high interest in them.

The aim of this study was the experimental study of
the antisecretory activity of the substances and the fin-
ished dosage forms of dinitrate 2-phenyl-9-diethylami-
noethylimidazo[1,2-a]lbenzimidazole by the method of a
continuous perfusion of the rats’ stomachs.

MATERIALS AND METHODS

Animals

The studies of the antisecretory activity were per-
formed on outbred Wistar rats of both sexes (aged 10—
12 weeks) weighing 180.0-250.0 grams. The variation
in the initial mass of the animals in the group did not
exceed 10% [23]. The animals were received from “Rap-
polovo”, the Federal State Unitary Enterprise “Nursery of
laboratory animals”.

The conditions of keeping the animals met the re-
quirements of the Decree of the Chief State Sanitary Doc-
tor of the Russian Federation No.51 dated 29.08.2014
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“On approval of SP 2.2.1.3218-14 “Sanitary and epide-
miological requirements for the device, equipment and
maintenance of experimental biological clinics (vivaria)”.

During the experiment, the animals were kept un-
der controlled conditions: the ambient temperature of
20-26°C and the relative humidity of 30-70%. Macrolon
cells T-3 (for rats) equipped with steel grating covers
were used to accommodate the animals. Sawdust was
used as a nesting material. The animals were on a stan-
dard diet with a free access to feed (Complete feed rec-
ipe PK-120 for the maintenance of laboratory animals,
GOST R 50258-92, the manufacturer of “Laboratory
Feed”), and water. A nesting material, cages and acces-
sories, drinking bowls changed weekly.

Manipulations with the experimental animals were
performed in accordance with the generally accepted
ethical standards adopted by the European Convention
for the protection of vertebrate animals used for exper-
imental and other scientific purposes (1986) and taking
into account the International recommendations of the
European Convention for the protection of vertebrate
animals used in experimental studies (1997) [24, 25].

Investigated substances

The studied pharmaceutical substance of dinitrate
2-phenyl-9-diethylaminoethylimidazo[1,2-a]lbenzimid-
azole is a fine crystalline powder of a white or light gray
color. It is moderately soluble in water. For the studies,
purified water was used as a solvent of the substance
during intragastric administration.

The finished dosage form of dinitrate 2-phenyl-9-di-
ethylaminoethylimidazo[1,2-a]lbenzimidazole was pre-
sented as film-coated tablets: 60 mg, biconvex, light
green, odour-free.

For the research, a weighed portion of the finished
dosage form or reference preparations, previously
ground into powder, was taken and dissolved in purified
water. The resulting suspension was administered intra-
gastrically using an atraumatic gastric catheter. The max-
imum volume for intragastric administration to rats did
not exceed 3.0 ml for the animals weighing up to 200 g,
5.0 ml for the animals from 200 to 240 g, and 6.0 ml for
the animals weighing more than 240 g.

Reference preparations

In the experiments on the study of basal and stim-
ulated secretion of a pharmaceutical substance, Raniti-
dine (Sigma Aldrich, USA) was chosen as the reference
preparation. In the study of the antisecretory action of
the finished dosage form, Ranitidine was used (Hemo-
farm A.D., Serbia, series M703084).

Study design
In the first series of the experiments, the influence
of the studied substance at the doses of 3 mg/kg, 10 mg/
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kg and 30 mg/kg on the basal and histamine-stimulated
secretion of hydrochloric acid was evaluated. The sub-
stance of Ranitidine at the doses of 3 mg/kg, 10 mg/kg
and 30 mg/kg (Sigma Aldrich, USA) was used as the ref-
erence object. The data obtained were used to calculate
the ED50 value for the substance of dinitrate 2-phe-
nyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole.
Further on, in the study of the antisecretory activity, the
doses of the finished dosage form (FDF) equal to the
ED50 values were used, and the doses of the reference
drug were calculated relative to the therapeutic dose for
a person, taking into account the interspecific transfer
coefficient; it amounted to 28 mg/kg. The control group
of the animals received a solvent (purified water) in the
equivolume amount of the administered drugs.

Before the experiment, the animals were subjected
to a 24-hour food deprivation with a free access to wa-
ter. After the anesthesia with chloral hydrate (350 mg/
kg), a median laparotomy was performed. The stomach
was removed to the surgical wound. A cannula was in-
serted through the discission in the proximal part of the
duodenum up to the level of the pyloric sphincter. It was
fixed with a ligature. The second cannula was inserted
into the lumen of the stomach through the discission in
the cardiac part and then fixed to the lower food sphinc-
ter. The stomach was perfused through the esophageal
cannula with a 0.1 M phosphate buffer solution (pH 7.4,
the temperature 37°C, 77.4 ml of 1M disodium hydro-
gen phosphate and 22.6 ml of 1M sodium dihydrogen
phosphate per 100 ml of buffer) using a peristaltic pump
at the constant speed of 0.5 ml/min. The perfusion sam-
ples were collected from the pyloric cannula.

In order to study basal secretion, 3 samples of the per-
fusate were collected at a 20-minute interval for 1 hour.
The test substance was injected intragastrically through
the gastric catheter 1 hour before the beginning of the
sample collection. The finished dosage form (FDF) was ad-
ministered intragastrically through the gastric catheter 2
hours before the beginning of the sample collection.

The acid content in the perfusate was determined
by titration with a 0.01 M sodium hydroxide solution.
The acidity value was determined in terms of the deb-
it-hour of hydrochloric acid.

In order to determine the stimulated secretion, im-
mediately before the collection of the perfusate sam-
ples, histamine dihydrochloride was administered sub-
cutaneously at the dose of 5 mg/kg. The subcutaneous
administration was carried out with sterile syringes. The
test substance was administered 1 hour before the col-
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lection of perfusate samples intragastrically through the
gastric catheter.

The acid content in the perfusate was determined
by titration with a 0.01 M sodium hydroxide solution.
The acidity value was determined in terms of the deb-
it-hour of hydrochloric acid.

The calculation of the debit-hour of hydrochloric
acid:

Dh = V1*E1*0,001+V2*E2*0,001+V3*E3*0,001,

where Dh is the debit-hour of hydrochloric acid,
mmol; V is the volume of the portion of the gastric con-
tents, ml; E is the concentration of free hydrochloric acid
of the same portion in the titration units; 0.001 is the
amount of hydrochloric acid in 1 ml of the gastric con-
tents at the concentration of 1 mmol/I.

Determined indicators

To evaluate the antisecretory effect, the content of
hydrochloric acid in the gastric juice was determined un-
der the conditions of basal and histamine-stimulated se-
cretion (total acidity), and the debit-hour of hydrochlo-
ric acid was calculated. According to the results of the
study, the ED50 values were calculated for the studied
substance, the finished dosage form and Ranitidine.

Statistical processing

The obtained experimental data were analyzed
using the method of variation statistics. The summary
tables show the group averages (M) and the standard
error of the mean (m). The intergroup differences were
analyzed using a nonparametric test — Mann-Whitney
U-test. The differences were determined at a 0.05 signi-
ficance level. For statistical processing of the results, the
“StatPlus 2009” software package was used.

RESULTS

The analysis of the experimental data showed
that the test substance at the dose of 10 mg/kg and
30 mg/kg statistically reliably decreased the basal hydro-
chloric acid secretion relative to the control by 35% and
54%, respectively. The administration of the substance
at the dose of 3 mg/kg did not significantly affect the
basal secretion of hydrochloric acid. Ranitidine, at the
doses similar to the studied substance, also contributed
to the suppression of the secretion statistically reliably
by 22% and 29% relative to the control, respectively.
Hereby, the substance of the test drug at the dose of 30
mg/kg decreased the basal secretion relative to Raniti-
dine significantly more effectively (Table 1).
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Table 1 - Influence of the pharmaceutical substance of dinitrate
2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole on basal gastric secretion

Debit-hour Percentage of secretion
Substance Dose of hydrochloric acid suppression
mg-EQ/hour (%)
Control
Purified water - 0.27£0.010 B
Test substance 3 mg/kg 0.22+0.023 -18
Test substance 10 mg/kg 0.18+0.004* -35
Test substance 30 mg/kg 0.13+0.009*# -54
Ranitidine 3 mg/kg 0.2610.017 —4
Ranitidine 10 mg/kg 0.21+0.014* =22
Ranitidine 30 mg/kg 0.19+0.007* -29

Note: * — reliability relative to control P<0.05

# — reliability compared to the group treated with Ranitidine, P<0.05

The data reflecting the percentage of the decreased
basal secretion relative to the control, made it possible
for us to calculate the ED50 values for the test substance

and Ranitidine (Fig. 1, 2). The calculated data were 26
mg/kg for the test substance, and 54.0 mg/kg for Raniti-
dine.
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Figure 1 — Calculation of the ED50 value of basal secretion suppression of hydrochloric acid by the substance
of dinitrate 2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole

The finished dosage form at the dose of 26 mg/kg  obtained are statistically reliable relative to the control
contributed to a decrease in the basal level of the secre-  and the values of the group treated with Ranitidine at
tion reliably relative to the control by 33%. The results  the dose of 28 mg/kg (Table 2).

Table 2 - Influence of the finished dosage form of dinitrate 2-phenyl-9-diethylaminoethylimidazo[1,2-a]
benzimidazole on basal gastric secretion

Debit-hour Percentage of secretion
Substance Dose of hydrochloric acid, wu ?ession (%)
mg-Eq/hour PP ?
Control
— + -
Purified water 0.259:0.005
Finished dosage form 26 mg/kg 0.172+0.004*# -33
Ranitidine 28 mg/kg 0.207+0.007* -20

Note: * — statistical reliability relative to control P <0.05
# — statistical reliability relative to the group treated with Ranitidine P <0.05
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Figure 2 — Calculation of the ED50 value of basal secretion suppression of hydrochloric acid by the substance
of Ranitidine

According to the results of the study stimulated by
histamine secretion, it was established that the adminis-
tration of histamine, increased the production of hydro-
chloric acid by 1.8 times relative to the basal level. The
studied substance significantly inhibited the secretion of
hydrochloric acid at all the studied doses. At the dose of
30 mg/kg, the secretion decreased by 80%, while Ranit-
idine inhibited the secretion by 56%, which is statisti-

cally reliable. The studied substance and Ranitidine at
the dose of 10 mg/kg also contributed to a statistically
reliable suppression of the acid production relative to
the control, but no statistically reliable intergroup differ-
ences were observed. The administration of the dose of
3 mg/kg did not have the expected pharmacological ef-
fect either in the experimental group or in the reference
group (Table 3).

Table 3 - Influence of the pharmaceutical substance of dinitrate
2-phenyl-9-diethylaminoethylimidazo[1,2-a]lbenzimidazole on histamine-stimulated gastric secretion

Substance Dose
Control =
Test substance 3 mg/kg
Test substance 10 mg/kg
Test substance 30 mg/kg
Ranitidine 3 mg/kg
Ranitidine 10 mg/kg
Ranitidine 30 mg/kg

Note: * — statistical reliability relative to control P <0.05

Debit-hour .
L Percentage of secretion
of hydrochloric acid suppression (%)

mg-Eq/hour PP °
0.51+0.022 =
0.40+0.015* =22
0.23+0.011* -56
0.1040.008*# -80

0.4610.032 -10
0.294+0.013* -43
0.22+0.013* -56

# — statistical reliability relative to the group treated with Ranitidine P <0.05

The value of ED50 was calculated by the trend
equation; for the substance under study it was 13.0
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mg/kg (Fig. 3); for Ranitidine it was 23.6 mg/kg
(Fig. 4).
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Figure 3 — Calculation of the ED50 value for the substance of dinitrate
2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole under the conditions of histamine-stimulated secretion

70

60
y=1471x+ 15,24 ¢

Effect, %

50

40

30

20

10 +

0 T T T T T T 1
0 5 10 15 20 25 30 35

Dose, Lg C

Figure 4 — Calculation of the ED50 value for the substance of Ranitidine under the conditions
of histamine-stimulated secretion

According to the results of the study of hista- [1,2-a]benzimidazole at the dose of 26 mg/kg statistical-
mine-stimulated secretion, it was established that the ly reliably inhibited hydrochloric acid secretion by 66%,
FDF of dinitrate 2-phenyl-9-diethylaminoethylimidazo  while Ranitidine did it by 52% (Table 4).

Table 4 - Influence of the finished dosage form of dinitrate 2-phenyl-9-diethylaminoethylimidazo[1,2-a]
benzimidazole on histamine-stimulated gastric secretion

Debit-hour Percentage of secretion
Substance Dose of hydrochloric acid wu fession (%)
mg-Eq/hour PP ?
Control - 0.522+0.010 -
FDF 13 mg/kg 0.179+0.008*# —66
Ranitidine 28 mg/kg 0.250+0.008* -52

Note: * — statistical reliability relative to control P <0.05
# — statistical reliability relative to the group treated with Ranitidine P <0.05
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DISCUSSION

Benzimidazole contains nitrogen atoms of two types
(pyrrole and pyridine) both acting as a donor and a pro-
ton acceptor, and existing in two tautomeric forms. Ben-
zimidazole Bicycle can not only attach or give a proton,
but also easily enter into various non-valent interactions
(hydrogen bonds, van der Waals interactions, stacking
interactions). These features of the structure of the
benzimidazole molecule cause the possibility of its bind-
ing to a variety of therapeutic targets, providing a wide
range of biological activity of benzimidazole derivatives.

The spectrum of benzimidazole derivatives’ bio-
logical activity includes antiviral [26], antifungal [27],
antimicrobial [28], anticancer [29], anthelmintic [30],
analgesic and antipyretic [31], antidiabetic [32], antipro-
tozoal [33], antioxidant [33, 34], anticonvulsant [27], an-
tipsychotic [35], antiulcer [36], anesthetic [37] and other
types of activity.

A significant medical value of benzimidazole-con-
taining drugs provides a high interest and an intensive
development of this direction in pharmacology.

The analysis of the data obtained during the exper-
iment revealed the capability of the studied substance
of dinitrate 2-phenyl-9-diethylaminoethylimidazo[1,2-a]
benzimidazole to suppress basal and histamine-stimu-
lated secretion of hydrochloric acid in a model of a con-
tinuous gastric perfusion.

The results are consistent with the specific pharma-
cological activity of H2-histamine-blocking action of the
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