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Background. Every fifth ischemic stroke is caused by a patient’s history of atrial fibrillation. Nowadays, direct and indirect
oral anticoagulants are widely used to prevent thromboembolic complications in patients with atrial fibrillation. However,
despite the prescription of this group of drugs, every year 1-2% of patients with atrial fibrillation have an ischemic stroke.
In this situation, a number of questions take rise: if it is possible to carry out thrombolytic therapy in the patients who have
been taking anticoagulants; if it is worth resuming anticoagulant therapy after a stroke; when exactly this should be done;
and what drugs should be used to prevent another stroke.

The aim of this review was to summarize the available clinical guidelines and research results on the study of the anticoagu-
lant therapy characteristics in patients with atrial fibrillation after an ischemic stroke.

Materials and methods. For this review, the information presented in the scientific literature from open and available sourc-
es, has been used. The information had been placed in the following electronic databases: PubMed, Scopus, Web of Sci-
ence Core Collection, Cochrane Library, ClinicalTrials.gov; Elibrary, Cyberleninka, Google Academy. The covering period was
1997-2020.

The search queries were: “ischemic stroke + atrial fibrillation + anticoagulants”; “ischemic stroke + atrial fibrillation + direct
oral coagulants” and “atrial fibrillation + ischemic stroke + warfarin” in both Russian and English equivalents.

Results and conclusion. Currently, the problem of the use of anticoagulants for the prevention of recurrent thromboembolic
complications in patients with AF in the acute period of a stroke, is studied insufficiently. The difficulties are caused by the
delivery of TLT in the patients who have been taking DOACs, first of all, due to the impossibility of an accurate assessment of
the hemostasis state because of the unavailability of routine specific tests; and second, as a result of the lack of registered
antidotes for most drugs, and their high costs. Besides, there are no RCTs dedicated to the study of the optimal time for the
resumption or initiation of anticoagulant therapy in the acute period of an IS, and the optimal drugs for this group of patients.
Most of the existing recommendations on these aspects, are based on the consensus of experts, and this fact indicates the
need for further research in the area under review.

Keywords: atrial fibrillation, ischemic stroke, oral anticoagulants

Abbreviations: PTT — partial thromboplastin time; Cl — confidence interval; IS — ischaemic stroke; INR — international normal-
ized ratio; RR — risk ratio; DOAC — direct oral anticoagulant; RCT — randomized clinical trial; TT — thrombin time; TIA — transi-
tory ischaemic attack; TLT — thrombolytic therapy; AF — atrial fibrillation; ECT — ecarin clotting time.
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BBepeHue. Kaxabli NATbIA ULWEMUYECKUIA MHCYNBT 0OYCNOBEH HAANYMEM Y NaLlMeHTa B aHaMHe3e dubpuanauum npeacep-
avi. [ina npefoTBpalleHna TPoMb60IMBOINYECKUX OC/IOKHEHMI Y NALUUEHTOB ¢ GUbpuUnnaumel npeacepamnin B HacTosLee
BPEMA LUMPOKO NPUMEHAIOTCA NPAMbIE U HenpAMble NepopasbHble aHTUKOArynAaHTbl. O4HAKO, HECMOTPA Ha Ha3HayeHue
[aHHOW rpynnbl NPenapaTos, exeroaHo y 1-2% nauneHToB ¢ ubpunnaumel npeacepamii BOSHMKAET UWEMUYECKUI UH-
CynbT. B AaHHOW CUTYaLLMM BCTAET PAA, BONPOCOB: BO3MOXKHO /M NPOBEAEHNE TPOMBOAUTUYECKON Tepanun y 6oNbHbIX, MpU-
HUMaBLUMX aHTUKOAryNAHTbI, CTOUT 1M BO30OHOBAATL AaHTUKOATYIAHTHYIO TEPANMIO NOC/Ie NMepeHeceHHOro MHCybTa, Koraa
MMEHHO 3TO HY}HO AeNaTb U KaKue npenapaTtbl A41A 3TOro MCNo/b30BaTh.

Llensb. Lienbio HanncaHua gaHHoro o63opa 6bi10 pe3toMUpPoBaTb UMEIOLLMECH KIMHUYECKME PEKOMEHAAUNM U pe3ybTaTbl
NCCNef0BaHUM, NMOCBALLEHHbIE M3YYEHNIO OCODEHHOCTEN aHTUKOAryIAHTHON Tepanuu y NauMeHToB ¢ pubpunnaumei npea-
cepauni, nepeHecnx NeMmnYecknin MHCYNbT.

Marepuanbl u metoapl. [1ns 0630pa MCNONb30BANN CBEAEHWUA HAYYHOMN INTEPATYPbl U3 OTKPbITHIX U JOCTYMHbIX UCTOYHUKOB
3a nepunog 1997-2020 rr., pa3MeLLeHHbIX B 31eKTPOHHbIX 6a3ax aaHHbIx: PubMed, Scopus, Web of Science Core Collection,
Cochrane Library, ClinicalTrials.gov; Elibrary, KubepnenuHka, Google-akagemus. MoncKoBble 3aNpocbl — KULLIEMUYECKUI
UHCYNbT+OUBPUNNALMA NPEeacepAUN+aHTUKOArYAAHTbI»; KULLEMUYECKUI WMHCYNbT+OUBbPUANALMA npeacepani+npsamble
OpasibHble KOAryaaHTbI» U «GUOPUANALMA Npeacepann+ULeMUYECKUA MHCYIBT+BapdapuH» Kak B PYCCKOM, Tak M aHIINN-
CKOM 3KBMBANEHTE.

Pe3ynbratbl U 3akntoyeHue. Mpobaema NPUMEHEHUA aHTUKOATYAAHTOB ANA NMPOPUNAKTUKM MOBTOPHbIX TPOMB0OIMbO/U-
YeCKUX OCNOXKHEHUI Yy nauneHToB ¢ Pl B OCTPOM nepuoae UHCYIbTa B HAcToALLee BPeMA M3yYeHa HepocTaToqHo. Crox-
HOCTM BbI3biBaeT nposegeHune T/IT y naumeHTos, npuHumaswmx MNMOAK, B nepsyto oyepeap, U3-3a HEBO3MOXKHOCTU TOYHOM
OLEHKM COCTOAHMA reMocTasa B BUAY HeAOCTYNHOCTU PYTUHHOIO NpoBeaeHna cneumduryeckmx TecTos, BO BTOPYIO ovepesp,
OTCYTCTBUE 3aPErncTpUPOBaHHbIX aHTUAOTOB AN HONbLIMHCTBA NPENapPaTOB U UX BbICOKAsA CTOMMOCTb. TaK¥Ke OTCYTCTBYHOT
PKW, nocBALLeHHble U3y4eHWI0 ONTUMAIbHOTO BPEMEHU A1 BO3OOHOBAEHUA UMW UHULMALMK AHTUKOAryIAHTHON Tepanum B
octpom nepuoae UM v onTumanbHbIX NpenapaTos A48 AAaHHOM Fpynnbl NaunMeHToB. BONbWKUHCTBO CYLLECTBYOLMX PEKOMEH-
Jauuii No 3TUM acnekTam OCHOBaHbl Ha COMIACOBAHHOM MHEHWUW SKCMEPTOB, YTO FOBOPUT O HEOHXOAMMOCTU Aa/NbHEMLLNX
nuccnenoBaHnii B AaHHoM obnacTu.

Kniouesble cnosa: dpnbpunnaumsa npeacepamin, Memnuyeckuii MHCY/bT, OpaibHble aHTUKOAryaAHTbI

Cnucok cokpaweHuit: AYTB — aKTUBMPOBAHHOE YacTMYHOE TpombonaacTMHoBoe Bpems, AU — AoBepuUTebHbIN UHTEPBA,
MU — nwemnyecknin nHeynst, MHO — mexayHapoaHoe HopMasin3oBaHHOe oTHoleHue, OP — oTHocuTeNnbHbIM puck, MOAK
— NpAMble OpabHble aHTUKOraynAHTbI, PKU — paHAOMM3MPOBaHHOE KOHTPOAUPYEMOE UcciefoBaHWe, TB — TpombUHCneLm-
¢durueckoe Bpems, TUA — TpaH3UTOPHaA UWeMMUYECKan aTaka, T/IT — TpombonuTnyeckas Tepanus, I — dubpunnaums npea-

cepanin, 3BC — skapMHOBOE BpeMs CBEPTbIBAHMA.

INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac
arrhythmia with a cardioembolic stroke as the most se-
vere complication. From 20 to 30% of ischemic strokes
(ISs) are associated with AF. IS in patients with AF is char-
acterized by a higher risk of death and more often leads
to disability compared with strokes of another etiology
[1].

As the asymptomatic nature of the course of ar-
rhythmia is rather frequent, in some cases IS is the first
symptom of AF. If AF is detected earlier, anticoagulant
therapy is indicated for all patients with a high risk of
thromboembolic complications.

Currently, doctors have a number of drugs with
proven efficacy in the prevention of a stroke and other
systemic embolisms; they can include direct (dabigatran,
rivaroxaban, apixaban, edoxaban) and indirect (warfa-
rin) oral anticoagulants.

Despite the success achieved in the prevention of
thromboembolic complications of AF, the incidence of IS
in the patients taking anticoagulants, is 1-2% per year
[2]. In such patients, adherence to therapy as well as al-
ternative causes of a stroke, should be assessed.

An effective method of treating an acute IS with-
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in 4.5 hours from the onset of symptoms is systemic
thrombolysis with a recombinant tissue plasminogen ac-
tivator [3]. However, the use of thrombolysis in patients
receiving oral anticoagulant therapy, is difficult due to
the high risk of bleeding. The question of the resumption
timing of anticoagulant therapy after suffering an IS is
also controversial.

THE AIM of this review was to summarize the avail-
able clinical guidelines and research results on the study
of the anticoagulant therapy characteristics in the pa-
tients with atrial fibrillation after an ischemic stroke.

MATERIALS AND METHODS

For the review, the data from scientific literature
from open and available sources over the period of
1997-2020 were used. The information was placed in
the following electronic databases: PubMed, Scopus,
Web of Science Core Collection, Cochrane Library, Clin-
icalTrials.gov; Elibrary, Cyberleninka, Google Academy.
The search queries were: “ischemic stroke + atrial fibril-
lation + anticoagulants”; “ischemic stroke + atrial fibril-
lation + direct oral coagulants” and “atrial fibrillation +
ischemic stroke + warfarin” in both Russian and English
equivalents.
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RESULTS AND DISCUSSION

Systemic thrombolysis

in patients taking anticoagulants

Systemic thrombolysis is contraindicated for the pa-
tients administrated with anticoagulants, on condition
of effective hypocoagulation [4, 5].

Recombinant tissue plasminogen activator can be
administered to the patients taking warfarin, if their in-
ternational normalized ratio (INR) is lower than 1.7.

In this situation, thrombolytic therapy (TLT) did not
lead to a significant increase in the risk of hemorrhagic
complications [6, 7]. However, standard tests such as
INR, activated partial thromboplastin time (APTT), pro-
thrombin time are not suitable for assessing coagula-
tion when using direct oral anticoagulants (DOCs) [8].

Plasma concentrations of dabigatran, causing a sig-
nificant anticoagulant effect, did not lead to significant
changes in prothrombin time and INR. The APTT index
can be altered by the drug, but the relationship between
the plasma concentration of dabigatran and the APTT is
not linear [5].

To assess the effect of dabigatran, the best approach
is to determine the thrombin clotting time (TT) and ecar-
in clotting time (ECT), but the dilute time of thrombin
formation, which gives a quantitative assessment of the
effect of dabigatran-Hemoclot (HyphenBioMed, “Neu-
ville-sur-Oise”, France), is especially highly sensitive to
the action of the drug [9].

Although prothrombin time and APTT may be pro-
longed by direct Xa factor inhibitors (rivaroxaban, apix-
aban, edoxaban), these analyses do not quantify the an-
ticoagulant effects of the drugs. Prothrombin time and
APTT results can also depend on the reagent used, and
must be calibrated in each laboratory to determine the
effect of a particular drug [5]. The concentration of Xa
factor inhibitors in plasma was most reliably reflected by
the chromogenic anti-Xa assay [10, 11].

In real clinical practice, the above data are con-
firmed by the example of the German register RASU-
NOA (Registry of Acute Stroke Under New Oral Antico-
agulants), which included 290 patients receiving DOACs
therapy, who had been hospitalized with a diagnosis
of an acute IS to neurological departments throughout
Germany from 2012 to 2015 [2]. Coagulation indices
were analyzed in patients by conducting nonspecific
(INR, APTT, TT, ECT) and specific (analyses for anti-factor
Xa or hemoclot) tests.

According to the data obtained, about half (56.2%)
of patients receiving dabigatran had a slightly elevat-
ed INR level. In contrast, TT was above the upper limit
in the majority (94%) of patients receiving dabigatran,
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and only in 14% of patients taking factor Xa inhibitors
(rivaroxaban, apixaban). APTT was also more frequently
prolonged with dabigatran (65%) than with rivaroxaban
(32%) and apixaban (13%). A significant number of false
negative results (11-44%) of INR and APTT, were detect-
ed even when the peak levels of DOACs concentration
were exceeded.

Fewer than half of the patients receiving DOACs,
were subjected to specific testing. The drug concentra-
tion levels varied greatly at admission even if similar in-
tervals were observed, from the time of the last intake
(according to patients). In 58% of patients, the concen-
tration of drugs in the blood was within the expected
range. In contrast, in 25% of the test persons, the con-
centration of the drug was below the minimum level. It
is of interest that 17% of patients suffered a stroke even
though their blood anticoagulant levels were above the
peak range.

Based on the tests performed, only 9% of patients
have gone systemic thrombolysis. The number of pa-
tients theoretically suitable for thrombolysis, based on
the coagulation parameters. Hereby, the number of pa-
tients strongly depended on the parameters, the doctors
would decide to use.

For example, if in the group of patients receiving ri-
varoxaban, the decision on TLT were made on the basis
of normal anti-Xa values, then only 12% of the tested pa-
tients would be suitable candidates. Whereas, if doctors’
decisions were based on normal APTT and TT values, the
number of eligible patients would increase to 24%. This
underlines the low sensitivity of nonspecific tests for de-
termining the concentration of rivaroxaban.

It becomes apparent that standard coagulation tests
are not reliable in predicting the actual level of DOACs
in the blood. On the other hand, the possibility of con-
ducting specific tests is not available in all medical insti-
tutions, even in large vascular centers. Thus, the use of
DOACs for the prevention of thromboembolic complica-
tions in AF, is a barrier to TLT in the event of a stroke in
patients.

According to the European Heart Rhythm Associ-
ation’s practical guidelines on the use of DOACs in AF,
thrombolysis cannot be performed within 24 hours after
the last dose of the drug due to its long half-life, which
can also be prolonged in renal failure and in elderly pa-
tients [12]. The assessment of renal function is neces-
sary for all patients receiving DOACs as antithrombotic
therapy, in view of the presence of these drugs in vary-
ing degrees (27-80%) of the renal route excretion. More-
over, to calculate creatinine clearance, it is preferable to
use the Cockcroft-Gault formula, since it was according
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to this formula that renal function was assessed in all
phase Il randomized controlled trials (RCTs) to study the
efficacy and safety of DOACs [13].

In addition to assessing renal function, an assess-
ment of the hemostasis system is required before TLT.
In accordance with the Consensus Document of the In-
terdisciplinary Expert Group on Emergency and Urgent
Care for Patients Receiving DOAC, the determination of
APTT and TT is sufficient for a qualitative assessment of
the residual anticoagulant effect of dabigatran, while
for direct inhibitors of factor Xa, only the chromogenic
method for determination of anti-Xa activity is recom-
mended [14].

Based on the opinion of the experts from the Eu-
ropean Heart Rhythm Association, the use of a recom-
binant tissue plasminogen activator is allowed in the
patients treated with coagulation factor Xa inhibitors, if,
according to the data of specific tests carried out with-
out a significant delay, their concentration is less than 30
ng/ml (when measured later than in 4 hours after drug
administration) [12].

According to the European and Russian clinical guide-
lines for the treatment of AF, systemic thrombolysis is al-
lowed in patients with normal APTT treated with dabiga-
tran if more than 48 hours have passed since the last intake
of the drug (based on the experts’ consensus) [1, 15].

TLT in the patients taking dabigatran, is also allowed
in the presence of a specific inhibitor, idarucizumab [16].
Idarucizumab is a fragment of a human monoclonal an-
tibody that binds to dabigatran with a high affinity that
exceeds the binding capacity of dabigatran to thrombin
by about 300 times [17]. Immediately after the adminis-
tration of the drug, the concentration of unbound dabig-
atran in the plasma decreases by more than 99%, which
is accompanied by a rapid normalization of indicators
reflecting the anticoagulant activity of dabigatran (TB,
APTT, ECT, diluted thrombin time). This effect persists for
at least 24 hours. By itself, idarucizumab does not have
any procoagulant effect.

The largest prospective study investigating the ef-
fectiveness of the drug to neutralize the action of dab-
igatran in patients with bleeding or before an urgent
surgery, is the RE-VERSEAD study, but it did not include
the patients who had been scheduled for thrombolysis
[18]. But there are retrospective studies demonstrating
the efficacy and safety of using idarucizumab in this cat-
egory of patients [19, 20]. In 2018, a systematic review
of a series of TLT cases following a reversal dabigatran
action, was also published [21]. It presents 55 cases of
IS in patients taking dabigatran; a prolongation of APTT
and thrombin time were recorded at their admission.
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Thrombolysis after idarucizumab was successful in
81.9% of cases. Adverse outcomes (deaths/disabilities)
were reported in 10.9% of patients. In Russia, a descrip-
tion of one successful case of using idarucizumab for
reversing the action of dabigatran before thrombolysis,
has been published [22].

Despite the fact that in the official instructions TLT
is not an indication for the prescription of idarucizumab,
the use of the drug in this clinical situation is regulated
by the Protocol of Reperfusion Treatment of Acute Isch-
emic Stroke dated 2019 [16]. According to the instruc-
tions for medical use, the recommended dose of idaru-
cizumab is 5 g (2 vials of 2.5 g). The drug is administered
intravenously in the form of two successive infusions
(2.5 g each) lasting no more than 5-10 minutes each, or
as a bolus.

Since the specific antidote for Xa factor inhibitors,
andexanet alfa, is not registered in the Russian Federa-
tion, thrombolysis is contraindicated in the absence of
the possibility of determining anti-Xa activity.

The use of endovascular thrombectomy up to 7.3
hours after the onset of a stroke in patients with dis-
tal internal carotid artery occlusion or proximal middle
cerebral artery occlusion who had not received antico-
agulants, has been proven [12]. In the recommenda-
tions of the European Stroke Association, endovascular
thrombectomy is mentioned as a first-line therapy in
patients with contraindications to systemic thrombol-
ysis [23]. Although the trials underlying these recom-
mendations, included only a few patients on anticoag-
ulants, a small amount of available data suggests that
endovascular thrombectomy may be safe in these peo-
ple as well [12].

The treatment tactics of a patient taking DOACs in
the acute period of ischemic stroke, is shown in Fig. 1.

Resumption of anticoagulants after

a transient ischemic attack or ischemic stroke

Patients with AF who have had a cardioembolic
stroke, have a higher risk of a recurrent stroke within the
first two weeks than the patients with other etiologies
of ISs, and its frequency varies from 0.1 to 1.3% per day
[24]. On the other hand, the presence of a large isch-
emic focus is a predisposing factor to the development
of hemorrhagic transformation [25]. The CHA,DS,VASc
and HAS-BLED scales, which are widely used to assess
the risks of thromboembolic and hemorrhagic complica-
tions in AF for deciding on the prescription of anticoag-
ulants, are not suitable for use in the acute period of a
stroke [26]. Thus, the problem of prescribing anticoagu-
lants after a previous AF is very hard.
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Stroke with clinically significant
neurological deficit
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The last intake of DOAC tablet is 24-48 hrs
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Figure 1 — Treatment tactics of a patient taking DOACs in the acute period of ischemic stroke
(adapted by J. Steffeletal, 2018 [12])
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Figure 2 — Initiation/resumption of anticoagulant therapy after transient ischemic attack/ischemic stroke
(adapted from J. Steffeletal, 2018 [12])
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In the meta-analysis by Paciaroni M. et al. [24],
which included seven RCTs involving 4,624 patients with
an acute cardioembolic stroke, the administration of un-
fractionated and low molecular weight heparin within
48 hours from the onset of stroke, was assessed.

It was shown that the prescription of parenteral an-
ticoagulants within 7-14 days after a stroke contributes
to a slight decrease in the risk of recurrent ISs (relative
risk (RR) 0.68, 95% Cl 0.44-1.06), while there is still a sig-
nificant increase in the likelihood of intracranial hemor-
rhage (RR 2.89, 95% ClI 1.19-7.01).

In 2015, the results of the international prospective
study RAF were published [27]. They included 1037 pa-
tients with AF from 29 stroke departments across Eu-
rope and Asia. The patients who were participating in
the study, were monitored for 90 days after the onset of
ISs on the development of a recurrent stroke or a tran-
sient ischemic attack (TIA), as well as bleeding (both in-
tracranial and extracranial).

All in all, 1029 people were included in the analysis
(8 people were excluded due to the lack of data); 766
of them received anticoagulant therapy: 113 (14.7%)
patients were prescribed low molecular weight heparin,
284 (37.1%) — vitamin K antagonists, 93 (12.1%) took
DOAC, 276 people received low molecular weight hep-
arin followed by switching on to vitamin K antagonists.
Out of 263 patients who did not receive anticoagulants,
231 people took antiplatelet agents, 32 people did not
receive any antithrombotic therapy.

It was established that the patients who had been
receiving only oral anticoagulants, had a significantly
lower risk of bleeding compared with the patients who
had been receiving low molecular weight heparin fol-
lowed by switching on to oral anticoagulants or only low
molecular weight heparin (this regimen was associated
with the highest risk of bleeding). The patients taking
only DOACs, had a low risk of both intracranial bleeding
(2.1%) and recurrent ischemic events (4.3%). In addition,
the study determined the most optimal time for starting
treatment with anticoagulants. It has been shown that
the administration of anticoagulant therapy from the 4"
to the 14th day of the IS development, is both safe and
effective compared to the start of the treatment, before
or after this period.

However, the RAF study had some limitations asso-
ciated with the lack of randomization and, as a result,
the influence on the selection: the patients with a small-
er lesion in the brain and with a more favorable course
of the disease, probably, began to receive anticoagulant
therapy earlier than the patients with severe strokes.
The administration of only low-molecular-weight hepa-
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rin in the early post-stroke period, could be also associ-
ated with the development of dysphagia and, probably,
a more severe course of the disease in such patients.

Several prospective observational studies have in-
vestigated the potential risks and benefits of the early
DOACs prescription in patients with ISs associated with
AF. Three studies included patients with a recent car-
dioembolic stroke who were followed up for at least 3
months before clinical outcomes (recurrent ISs and in-
tracranial bleeding) [28—30]. In all three studies, a signif-
icant proportion of patients took DOACs: NOACISP-155
(75%), SAMRUAI-NVAF — 475 (41%), RAF-NOAC — 1127
(100%). Their average age was 76—79 yrs, the severity of
a stroke was assessed using National Institutes of Health
Stroke Scale — NIHSS — and ranged from 3 to 8 points.
The start of taking anticoagulants was on average 5 days
after the acute event. The annual risk of recurrent ISs
was roughly equal in all the studies, and it was 7.7%
in NOACISP, 8.5% in SAMRUAI-NVAF, and 7.8% in RAF-
NOAC. The risk of intracranial bleeding was low in the
NOACISP and SAMRUAI-NVAF studies (1.3% and 1.2%
per year, respectively) while in the RAF-NOAC study it
was 6.4% per year. Most of intracranial bleedings in RAF-
NOAC were associated with a later initiation of anticoag-
ulant therapy.

An early administration of DOACs after a mild
stroke, was studied in two small RCTs. One of the stud-
ies conducted in 14 academic medical centers in South
Korea, included 183 patients. They were prescribed an-
ticoagulant therapy 5 days after suffering cardioembol-
ic ISs (the severity averaged 2 points, according to the
National Institutes of Health Stroke Scale (NIHSS) [31].
The participants were randomized into two groups: the
first group took rivaroxaban 10 mg per day for 5 days,
followed by 15 or 20 mg per day; the second — warfarin
with a target INR of 2.0-3.0. The primary endpoint was
the combination of a new ischemic lesion or a new in-
tracranial hemorrhage as seen by magnetic resonance
tomography in 4 weeks. The rivaroxaban group (n = 95)
and the warfarin group (n = 88) showed no differences in
the primary endpoint (47 [49.5%] vs 48 [54.5%]; RR 0.91;
95% Cl 0.69-1.20) or in its individual components (a new
ischemic lesion: 28 [29.5%)] vs 31 of 87 [35.6%]; RR 0.83;
95% Cl 0.54-1.26; new intracranial hemorrhage: 30
[31.6%] vs 25 of 87 [28.7%], RR 1.10; 95% Cl 0.70-1.71).

In the DATAS Il study, dabigatran was compared with
aspirin in 301 patients with TIAs or minor strokes (up to
9 points on the NIHSS), but without confirmed AF [32].
The medication was started within 72 hours from the
acute event and continued for 30 days. Magnetic reso-
nance tomography was performed before randomiza-
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tion and repeated on day 30. Symptomatic hemorrhagic
transformation was the primary endpoint. The symp-
toms of hemorrhagic transformation did not appear in
any of the groups. Asymptomatic petechial hemorrhag-
ic transformation developed in 11/142 (7.8%) patients
administrated with dabigatran and in 5/142 (3.5%)
patients administrated with aspirin (RR 2.301; 95% ClI,
0.778-6.802). Thus, dabigatran has a risk of hemorrhag-
ic transformation similar to aspirin in an acute non-se-
vere noncardioembolic ISs or TIAs. Although these data
cannot be extrapolated to patients with ISs associated
with AF, the DATAS Il study provides some confidence in
the safety of an early initiation of anticoagulant therapy
in these patients.

Currently, four RCTs are ongoing (ELAN, Switzerland;
TIMING, Sweden; OPTIMAS, UK; START, USA). Up to 9000
people who had suffered ISs associated with AF, were
involved into studies [26]. The study participants are
prescribed DOACs in the acute period of a stroke. The
endpoints in all RCTs are the onset of ischemic or hemor-
rhagic events, three of which also include cardiovascular
or all-cause mortality. The research results are expected
in 2021.

In 2013, the European Heart Rhythm Association
from the European Society of Cardiology, proposed to
use the rule of “1-3-6-12 days”, according to which the
start of taking an anticoagulant depends on the sever-
ity of the stroke [33]. The earliest initiation or resump-
tion of anticoagulant therapy, is recommended for pa-
tients with TIAs — the day after the acute event, and a
mild stroke (NIHSS<8) — 3 days after the acute event; in
the patients with a moderate stroke (NIHSS 8-15) and a
severe stroke (NIHSS>16), it is recommended to refrain
from prescribing anticoagulants after an acute event for
6 and 12 days, respectively.

This strategy for the secondary IS prevention is re-
tained in the subsequent edition of the recommenda-
tions, dated 2016 [34]. A similar approach is reflected in
the Russian clinical guidelines “Diagnosis and treatment
of atrial fibrillation”, dated 2017 [15]. However, both
documents base their recommendations on the consen-
sus opinion of experts, due to the lack of sufficient pro-
spective studies.

In 2019, the recommendations of the European
Stroke Organization for the secondary prevention of a
stroke in patients with AF were published [35]. The au-
thors of the document also point out the need for addi-
tional research to determine the optimal time to start
anticoagulant therapy. In the absence of those, it was
proposed to resume taking anticoagulants 3—4 days after
a mild stroke, 7 days after a moderate stroke, and not
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earlier than 14 days after a severe one. In addition, with-
in 48 hours after an IS before the start of anticoagulant
therapy, it is recommended to prescribe aspirin at the
dosage of 100-300 mg to prevent thromboembolic com-
plications. These recommendations are based on two
large non-blinding RCTs (IST and CAST), which demon-
strated that when aspirin was given within 48 hours of
an acute event, mortality and a stroke recurrence were
minimal [36, 37].

The 2018 American Heart Association and American
Stroke Association Guidelines for the Early Management
of IS patients, recommend oral anticoagulants 4-14 days
after the development of neurological symptoms, based
on the results of the RAF study [38].

Thus, most guidelines for the treatment of patients
with AF and ISs, recommend starting anticoagulant ther-
apy in the first 14 days after the development of acute
symptoms, focusing on the severity of the disease and
the size of the lesion (the algorithm for prescribing anti-
coagulants after TIAs or ISs is shown in Fig. 2). These rec-
ommendations are based on the expert consensus and
several prospective studies currently available. More
data from large RCTs are necessary to determine a more
accurate management of these patients.

Nowadays, we do not have comprehensive data as
to whether drugs should be preferred in the acute period
of ISs either. Acute stroke patients were not included in
the RCTs of phase 3 that investigated the effectiveness of
DOACs. However, in these studies, there was a subgroup
of patients who had previously suffered ISs or TIAs. Thus,
in the RE-LY study, which examined the effectiveness of
two dosages of dabigatran (110 mg or 150 mg twice a
day) in comparison with warfarin, the subgroup of stroke
patients who had suffered ISs, consisted of 2,428 people
with a median follow-up of 2 years [39]. In the ROCKET
AF study with rivaroxaban at the doses of 20 mg or 15 mg
(with creatinine clearance of 30-49 ml/min), 7,468 par-
ticipants with previous ISs or TIAs were followed for 1.85
years [40]. In RCTs with apixaban (ARISTOTLE) at the doses
of 5 mg or 2.5 mg twice a day (for the patients with two
or more of the following data: age >80 years, body weight
<60 kg, serum creatinine 2133 umol/L), the number of
the patients with a previous stroke was 3,436; the average
follow-up was 1.8 years. In the ENGAGE AF-TIMI 48 study,
where the efficacy of edoxaban with a single dose of high
(60/30 mg) or low (30/15 mg) doses with warfarin was
compared, a subgroup of 5,973 people with previous ISs
or TIAs was followed-up for 2.8 years [42]. A pooled anal-
ysis of the results of these studies showed that DOACs use
was associated with a significant reduction in hemorrhag-
ic strokes (RR 0.43; 95% Cl 0.29-0.64) and death from any
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cause (RR 0.87; 95% Cl 0.80—0.95) compared with war-
farin. However, there was no significant difference in the
risk of thromboembolic complications (RR 0.91; 95% ClI
0.81-1.02) or recurrent ischemic stroke (RR 1.15; 95% ClI
0.84-1.57) [35]. It should be notified that there was a sig-
nificant reduction in thromboembolic complications and
strokes in favor of DOACs when higher dose regimens of
dabigatran and edoxaban were put into action, while the
reduction in hemorrhagic strokes remained similar. Thus,
based on the recommendations of the European Stroke
Organization, DOACs should be given preference for the
secondary prevention of ISs in comparison with varfarin
because of their greater safety (a low risk of intracranial
bleeding).

CONCLUSION
Summarizing all the above, it can be notified that

the problem of the anticoagulants use for the preven-
tion of recurrent thromboembolic complications in pa-
tients with AF in the acute period of the stroke, is cur-
rently insufficiently studied.

Difficulties are caused by TLT in the patients taking
DOACs, first of all, due to the impossibility of the accu-
rate assessment of the hemostasis state because of the
inaccessibility of routine specific tests, and second, due
to the lack of registered antidotes for most drugs, and
their high costs.

There are no RCTs devoted to the study of the op-
timal time for resumption or initiation of anticoagulant
therapy in the acute period of ISs and the optimal drugs
for this group of patients, either. Most of the existing
recommendations on these aspects are based on the
consensus of experts. This factor indicates the need for
further research in this area.
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Enterosorbents are produced in various dosage forms — powders, tablets, pastes, etc., some of them are also manufactured
in the form of capsules. A water-soluble polysaccharide complex (WSPC) manifesting a pronounced adsorption activity, which
determines the prospects for the development of dosage forms of sorbents, was obtained from the cones of European
Spruce (Picea abies).

The aim of the work is to develop a solid dosage form with an adsorption activity based on a water-soluble polysaccharide
complex from the cones of European Spruce (Picea abies).

Materials and methods. The samples of European Spruce (Picea abies) cones were collected on the territory of llyinsky dis-
trict of the Perm Krai and used as plant raw materials. A water-soluble polysaccharide complex was obtained from the raw
materials. In order to improve the technological properties of the substance, (WSPC) granulates were obtained. The granu-
lates were hand-made by wet granulation. The adsorption activity of the obtained granules was determined by the ability to
bind methylene blue.

Results. As a result of the experiment it has been established, that the WSPC substance of European Spruce (Picea abies)
cones needs to be improved in its technological properties. Granulation of the substance led to an improvement in techno-
logical properties and an increase in the adsorption activity in most of the selected compositions. It has also been shown
that increased moisture content of granulate decreases its adsorption activity. A direct dependence of the adsorption activity
on the concentration of the granulating liquid (with the exception of some granulates) has been revealed, but no significant
effect of the size of the granulate particles on the manifestation of the adsorption effect has been reported. According to the
results of the study, a dosage form “Capsules” has been proposed for the compositions that showed the best results of the
adsorption activity, and their biopharmaceutical evaluation was carried out according to the disintegration test.

Conclusion. Thus, a solid dosage form with an adsorption activity has been obtained. The study shows the prospects for fur-
ther research on the preparation of the drug with an adsorption activity based on the water-soluble polysaccharide complex
of European Spruce (Picea abies) cones.

Keywords: sorbents, capsules, water-soluble polysaccharide complex, European Spruce (Picea abies) cones, adsorption ac-
tivity, granulation

PA3PABOTKA TBEPAOW IEKAPCTBEHHOW ®OPMbI
C ALCOPBELMOHHOW AKTUBHOCTbIO

M.B. Yupkosa, A.K. l'ynaes, M.M. YyryHoBa, B.[l. benoHoroBa

®rb0OY BO «lMepmcKas rocyfapcTBeHHaa papmaLeBTUYeCcKan akagemua»
MuHucTepcTBa 34paBooxpaHeHusa Poccuiickon Penepaumm
614990, Poccua, r. Mepms, yn. Nonesas, a. 2

E-mail: dkg2014@mail.ru

Monyuero 19.03.2020 PeueHsua (1) 15.05.2020 PeueHsua (2) 06.08.2020 MpwuHATa K neyatn 05.09.2020

For citation: M.V. Chirkova, D.K. Gulyaev, M.P. Chugunova, V.D. Belonogova. Development of a solid dosage form with adsorption activity. Phar-
macy & Pharmacology. 2020;8(4):233-241. DOI: 10.19163/2307-9266-2020-8-4-233-241

© M.B. Yupkosa, A.K. lynaes, M.I. YyayHoea, B./]. benoHoz08a

Ans umtuposaHua: M.B. Yupkosa, 4.K. l'ynaes, M.M. YyryHosa, B.[l. BenoHorosa. Pa3paboTka TBepaoi 1ekapcTBeHHol Gpopmbl € aacopbLUmnoH-
HOW aKTUBHOCTbIO. Papmayus u papmakonozus. 2020;8(4):233-241. DOI: 10.19163/2307-9266-2020-8-4-233-241

Tom 8, Beinyck 4, 2020 233



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

JHTepocopbeHTbI BbINMYCKAOTCA B PA3/INYHbIX JIeKapCTBEHHbIX GOPMax — MOPOLLKM, TaBAETKM, NacTbl U ApP., TAKXKe HeKoTopble
HaMMeHOBaHUA BCTPeYatoTcs B BUAE Kancyn. M3 wuwek env obbIkHOBEHHOW NONyYeH BOAOPACTBOPMMbIN NOAMCaxapUaHbIN
Komnaekc (BPMK), nposBastowmii BbipaXKeHHYH aACcoOpPOUMOHHYIO aKTUBHOCTb, YTO 06YCNaBNMBAET NepcneKkTUBbl pa3paboT-
KM IeKapCTBEHHbIX GOpM COPHEHTOB.

Lienb paboTbl — pa3paboTka TBEPAOM IEKAPCTBEHHOW GOPMbI C aACOPOLIMOHHOM aKTUBHOCTbIO Ha OCHOBE BOA0PACTBOPUMO-
ro NoANCaxapuUAHOro KOMMNieKca e 06bIKHOBEHHOW LUMLLEK.

Matepuanbl U meToAbl. B KauecTBe pacTUTeIbHOIO CblPbA UCMO/b30BaM 06pa3Lbl €11 06bIKHOBEHHOM LKMLLIEK, COBPaHHble
Ha TeppuTopUKn UNbUHCKOTO paioHa MepmcKoro Kpas. U3 cbipba 6bin NoayyeH BOAOPACTBOPUMbIV NOMMUCaXapUAHbIA KOM-
nnekc. C Lenbto yayyleHna TEXHONOTMUYECKUX CBOMCTB cybcTaHumm BPIIK 6bian nonyyeHbl rpaHynatel BPIK. MpaHynaTsbl no-
Jly4anu BPYYHYHo, MyTem BAAXKHOIO rpaHyMpoBaHuA. AACOPOLMOHHYIO aKTUBHOCTb, MOYYEHHbIX FPAHYNATOB, ONpeaenanm
Nno cnocobHOCTU CBA3bIBAaTb METUIEHOBbI CUHUIA.

Pe3ynbrathbl. B pe3ynbrate aKcnepMmMeHTa YCTaHOB/IEHO, YTO cybcTaHuma BPIK WwunlieK enn HyX4aeTca B yAy4YlleHUn Tex-
HONIOTMYECKUX CBOMCTB. [paHynMpoBaHWe CybCTaHLMU NPUBENO K YIYHLIEHUIO TEXHONOTMYECKUX CBOMCTB U YBEIUYEHUIO
a4COPOUMOHHON aKTUBHOCTU Y BO/IbLUMHCTBA BbIOPaHHbIX COCTABOB. TaK e MNOKa3aHO, YTO MPW NOBbILEHHOW BAAXKHOCTU
rpaHyNATa NOHMMKAETCA ero aAcopOLMOHHAA aKTUBHOCTb. BblfiBNEHA NPAMan 3aBUCMMOCTb aACOPOLMOHHOM aKTUBHOCTU OT
KOHLLeHTPaLMKN rpaHyAnMpyoLel XXUAKOCTH, 338 UCKAKOYEHMEM HEKOTOPbIX FPAHYNATOB, HO CYLLECTBEHHOMO BAMAHUA pa3mepa
YacTuL, rpaHyaATa Ha NPoABAEHME afCOPOLMOHHOIO AeMCTBUA, He Bbl10 BblfABAEHO. N0 pe3ysbTaTam Uccaies0BaHUA Npeao-
YKeHa nekapcTeeHHana dopma «Kancynbl» gaa cocTaBoB, MOKA3aBLUMX HauAydLWMe pe3y/bTaTbl aACOPOLUMOHHOM aKTUBHOCTH,
1 npoBefeHa nx brodapmaueBTUYeCcKas oLeHKa no Tecty «PacnasaemocTby.

3aKkntoueHue. Takum obpasom, Hbina nosyyeHa TBEPAAA SeKapcTBeHHAa Gopma ¢ aAcopOLMOHHOM aKTUBHOCTbIO. Mpose-
[EeHHOe ucc/ieioBaHNe NOKa3blBaeT NepCneKkTMBHOCTb AaNbHENLLIMX UCCNEL0BAHMUMA MO MOMYYEHUIO IEKAPCTBEHHOIO cpes-
CTBa C a4COPOLUMOHHON aKTUBHOCTHIO HA OCHOBE BOA0PACTBOPMMOrO MOUCAXapULHOTO KOMMIEKCA LUNLLIEK eNu.
KntoueBble cnoBa: copbeHTbl, Kancy/bl, BOAOPACTBOPMUMbIN MOANCAXaPUAHBIV KOMMNEKC, LWMLIKK enn 06bIKHOBEHHOW, aACco-

p6LMOHHAA aKTUBHOCTb, FPaHyAALMA

INTRODUCTION

Enterosorbents are group of drugs with various
structures that bind and remove exo- and endogenous
substances from the gastrointestinal tract (GIT) by ad-
sorption, absorption, ion exchange, complexation [1].

Herbal polysaccharides have many useful proper-
ties, including adsorption [2—4]. They are able to “bind”
heavy metals, some groups of secondary metabolites
despite their solubility in water. These interactions are
complex and described not only by adsorption, but also
by intermolecular interactions or their ability to com-
plexation. In addition, the use of the term “water-sol-
uble polysaccharides — WSPS” is often criticized, since
it is clear that water educes a complex of substances
during the extraction of plant materials. Therefore, the
uses of this term is a tribute to traditions than a de-
scription of specific physicochemical interactions [2-5].
The aqueous solutions of pectin polysaccharides from
rowanberry fruits exhibit pronounced antioxidant and
antiradical activity [6, 7]. Polysaccharides of the aquatic
plant Brasenia schreberi J.F. Gmel. exhibit pronounced
antiradical activity [8]. The sorption properties of herb-
al polysaccharides are being studied, such as: pectin
substances of peach and peach gum [9-11], apples
and sunflower baskets [9]; herbal polysaccharide com-
plexes from milk thistle, fruits of sweet-brier, seeds of
pumpkin, watermelon, grape, walnuts [13]. Polysac-
charides of yellow melilot exhibit anti-inflammatory
[13], immunocorrecting [14, 15], antianemic and adap-
togenic effects [16]. Stipa parviflora polysaccharides
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exhibit hepatoprotective activity in experiments in vivo
[17]. Polysaccharides of Psidium guajava leaves exhibit
hypoglycemic activity in a model of diabetes induced
by streptozotocin [18].

Plant-based sorbents (including polysaccharides),
while entering the small bowel are full or partially fer-
mented by the gut microbiome. It is known that some
sources of prebiotics (inulin, resistant starches and
some oligosaccharides) acting as a selective substrate
for bacteria, which produce specific short-chain fatty
acids and can lower intestinal pH. Short-chain fatty ac-
ids stimulate the proliferation of epithelial cells, which
can healing the damaged part of the colonic wall [19].
Due to the formation of short-chain fatty acids, poly-
saccharides promote the growth of gut microbiome
Bifidobacteria and Lactobacilli, and also inhibit the
growth of pathogenic microorganisms [2, 20]. This is
the advantage of sorbents based on polysaccharides
in comparison with other sorbents obtained from non-
plant raw materials.

At the Department of Pharmacognosy with a course
of botany of the Perm State Pharmaceutical Academy,
a water-soluble polysaccharide complex with adsorption
activity was obtained from raw materials of spruce cones.
In the experiment WSPC of spruce cones showed high
adsorption activity for their ability to bind methylene
blue, which known as a marker for many sorbents. The
adsorption activity of spruce cones WSPC (232.88+4.17)
turned out to be better than activity of comparator
drug — activated carbon (230.941.12) and silicon diox-
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ide (211.5+1.42) [21]. The water-soluble polysaccharide
complex of spruce cones exhibits high anti-inflamma-
tory activity in the model of acute carrageenan edema
caused by sub-plantar injection of 1% carrageenin solu-
tion into the rat’s hind paw. The water-soluble polysac-
charide complex of spruce cones reduced the increase
of inflammatory edema by 65% compared to the control
group, which is comparable to the activity of the com-
parator drug diclofenac sodium (68.3% inhibition of the
inflammatory responses) [22].

The antioxidant activity has been established at
the spruce cones’” WSPC. The antioxidant activity was
determined using a reaction with a stable radical —
2,2-diphenyl-1-picrylhydrazyl (DPPH). The IC50 value
(the substance concentration which is bind a half of the
concentration of the DPPH) for WSPC of spruce cones
is 19.56 pug/ml and the same value for the comparator
substance (ascorbic acid) is 9 pg/ml, which indicated the
presence of antioxidant activity in the investigated sub-
stance [23].

Considering that fact, the development of a dosage
form of WSPC is a relevant.

THE AIM of the work is to develop of solid dosage
form in a capsule with adsorption activity based on a
water-soluble polysaccharide complex from the cones of
European Spruce.

MATERIALS AND METHODS

The object of the research is a water-soluble poly-
saccharide complex, which is an amorphous light-brown
powder, after micronization, with a characteristic odor.
WSPC from spruce cones was obtained by the method
described by N.K. Kochetkov [24]. A weighed sample of
the air-dry raw material was reduced up to a particle
size 2 mm in diameter. A water-soluble polysaccharide
complex of spruce cones was obtained by purified water
extraction in a ratio of 1:10 at a temperature of 80°C for
1.5 hours. The obtained extracts were evaporated under
vacuum and the sedimented by the triple addition of 95
percent alcohol. The polysaccharides were precipitated
with alcohol, then were removed by filtration and puri-
fied by multiple washing with 95 percent ethanol. The
drying was carried out in a hot air at a temperature of
60°C and grinding.

The samples of spruce cones were collected before
seed ripening in July 2017, on the territory of the Ilyinsky
District of the Perm region for obtaining a polysaccha-
ride complex. The drying of samples was carried out by a
shade-drying method. The prepared and dried samples
corresponded to the requirements of the State Pharma-
copoeia of the XIVe on the next terms: essential oil, tan-
nins and extractives (by water) [24].
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In order to improve the technological properties of
the WSPC, the granulate were obtained. The WSPC gran-
ulates of Spruce cone were obtained by wet granulation.
Wet granulation was carried out by hand made on the
next methodology: a weighed sample of the WSPC pow-
der was weighed of an electronic analytic balance and
placed in a mortar; the liquid for granules was weighed
with cylinder. The powder was moistened by gradually
adding the liquid for granulates and mixing. Then the
mass of moistened granules was rubbed through a wire-
mesh screen with the mesh size of 1 mm and 0.5 mm.
The obtained granules were thinly spread over paper on
a metal tray and dried in a drying at temperature of 60°C
for 2 hours.

Determination of the technological properties of
substance and the granulates was carried out according
to the methods presented in the State Pharmacopoeia
of the Russian Federation XIVed [25]: the flowability, the
tapped density (weight), the powder compression, the
moisture content.

The Latin square method to select the required ratio-
nal composition, as a mathematical planning, was used
[26]. The factors, that will affect the adsorption activity,
were: the aqueous factor of granulates liquids (factor
A): Al — agar-agar; A2 — sodium alginate; A3 — methyl
cellulose; A4 — pectin; concentration of granulates liquid
(factor B): B1 — 1%; B2 — 5%; moisture content of the
obtained granulate (factor C): C1 — from 6% to 8%; C2 —
over 8%, granulate particle size (factor D): D1 — 1 mm;
D2 — 0.5 mm, filler in the granutable mixture (factor E):
E1 — without a filler; E2 — with the filler (lactose).

The sorption activity is determined by the ability to
bind a substance and methylene blue by the method
of V.I. Reshetnikov [27]. About 0.2 g of polysaccharides
or granulates (accurately weighed) were placed in a
250 ml conical flask, 50 ml of 0.15% methylene blue
solution was added, and mixed in a laboratory shaker
with 140 vibrations per minute for 1 hour. The sepa-
ration of the ratio solution after sorption was carried
out by during centrifugation at 8000 rpm. One milliliter
of the supernatant was placed into a 500 ml capacity
measuring flask and made up to the mark by purified
water. Next, the optical density on the SP 2000 spectro-
photometer at 664 nm in a cuvette with a 10 mm layer
thickness was measured. Purified water was used as a
comparator solution. The index of sorption activity was
calculated according to formula:

(A, —A)xax50
Ao><b><(1—0,01><W)l

where:
A, —optical density of reference standard methylene
blue;
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A — optical density of test solution;

a — the actual concentration of reference standard
methylene blue, mg/ml;

b — the weighment of substance, g;

50 — the volume of reference standard methylene
blue, ml;

W — the moisture content of substance, %.

The disintegration test was made on “Rotating Bas-
ket” ERWEKA ZT 223 apparatus by the basket meth-
od [24]. The eighteen samples of filled capsules were
placed in each of the 6 tubes. Then the basket was put
down into a vessel with water temperature of 36°C, then
turned on the apparatus and noted the time. After 30
minutes, the basket was removed and the conditions of
the capsules was examined. All samples must disinte-
grate. Not less than 16 out of 18 samples must disinte-
grate completely.

For part samples, the disc-based method was used —
in these cases, a disc was placed on each of the six sam-
ples before determination was started. The disk method
is identical the basket method.

The sample was considered completely disintegrat-
ed when there is no residue or the residue was a soft
mass that collapsed with a light touch of a glass rod,
apart from fragments of the insoluble capsule shell,
which are on the reticle or adhered to the lower surface
of the disk.

Seven replicate measurements were made. sta-
tistical manipulation was carried out according to
GPM.1.1.0013.15 SP XIve? “Statistics of the chemical
experiment results. The p-value and Student t-test were
calculated by the Microsoft Excel.

RESULTS AND DISCUSSION

The technological properties were researched and
were obtained the following characteristics for assess
the possibility of uses a solid dosage form (capsules), the
result presented in Table 1.

The most important value of powder encapsulation
process is flowability, because hard gelatin capsules fill-
ing and dosing by volumetric method. As shown in Table
1, the substance of WSPC doesn’t have the capability for
free poured out of the funnel under the gravity force
(flowability). The vibration didn’t have significance im-
provement of the score (Carr index = 22.78%, Hausner’s
ratio = 1.30). The value of the angle with natural repose
of the substance also has turned out to be higher than
recommended value (36—45°). It was found that the val-
ues of determined tapped density are lower than his
specification limits. In this way, conducted researches
has shown that the technological characteristics of sub-
stance WSPC are unsatisfactory: flowability (with and
without vibration), angle of repose and tapped density.
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In this regard, in the future development of composition
and technology an encapsulated dosage form with sub-
stance WSPC will be necessary to improve technological
properties of this substance by adding excipients and
using different technological methods (for example, wet
granulation).

It is known that the transformation a powdery ma-
terial into particles of a certain size (granulation) has a
positive effect on the flowability. The classical method
of granulation is compacting of powder particles by a
binder (agar-agar, sodium alginate, methyl cellulose,
pectin) and the next drying (wet granulation). In order
to improve the flowability of the WSPC a row of gran-
ules in combinations with various excipients were ob-
tained.

Itis also known that the one of most important qual-
ity attribute of dry medicines from medicinal plant raw
materials is moisture content. This quality attribute has
a significant effect on different indicators: the stability of
the drug, quantitatation, technological properties, such
as flowability and tapped density, adsorption activity. A
significant quantity of moisture can significantly reduce
adsorption activity on surface and inside the raw mate-
rial.

Therefore, for each granules, were researched tech-
nological properties, also the moisture content and ad-
sorption activity were determined.

The results of research moisture content and ad-
sorption activity of the granules are presents in Table 2.

As a result, it was found that the granulation by the
wet granulation led to an increase of adsorption activi-
ty of most selected compositions, with the exception of
compositions No.1 and No.3. The greatest adsorption
activity from the granulates compositions No.1-8 was
shown by the granulates No.8. The results of Table 2
shown that the granulates moisture content was con-
firmed on adsorption activity. The moisture content of
the granulates increases that leads adsorption activi-
ty decreases, which can be explained by a decrease in
the sorption capacity of granulates due to binding with
water molecules. Considering this, the next granulates
were obtained with a moisture content not more than
8% (factor C).

A direct dependence of the adsorption activity from
the concentration of granulation liquid (factor B) was
also revealed (the exception is granules No 4 and No
5). According to the results in Table 2, granulation lig-
uids for next research were selected: sodium alginate,
methyl cellulose and pectin at 5 percent concentration.
Compositions granulated with agar-agar were excluded
from next researches due to its low adsorption activity
(1 percent solution) and a difficult granulation process
(5 percent solution).
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In order for next research to granutable WSPC is
added lactose, for optimally adjustment of technologi-
cal properties. Lactose is a known such as excipient of
the disaccharide group, widely used in solid dosage form
technology. After preliminary studies of the technologi-
cal properties of granutable WSPC and lactose in differ-
ent correlations, an optimal ratio of 9:1 (WSPC/lactose)
was proposed [27].

The technological properties of compositions and
their adsorption activity were researched.

The influence of factors A (type of granulation lig-
uid), B (concentration of granulation liquid), D (particle
size of granules), E (presence or absence of lactose) on
the adsorption activity of granulates was studied. The
results of adsorption activity were rated with the initial
WSPC substance and activated carbon powder. The ac-
tivated carbon was used as a reference drug as a well-
known drug with a broad-spectrum of action.

The results of the researches of granulation liquid,
moisture content and particle size’s influence on the
technological properties of WSPC granulates and lactose
are presented in Table 3.

According to the results of the researches, it was
found that all granules (No.9-No.11) have next tech-
nological properties: satisfactory flowability with an
acceptable angle of repose (Hausner’s ratio 1.09-1.19;
Carr index is 8.94-16.49 percent) and a fairly high
tapped density.

After analyzing the results of Table 3, was noticed:
a decrease of the particle size to 0.5 mm (No 10 and No
12) is led to insignificant changes in technological prop-
erties, in comparison with particle size granulates which
has a of 1 mm (No.9, No.11, No.13) and had practical-
ly no effect in the initial technological properties of the
WSPC substance. Thus, it was concluded that the par-
ticle size of granulates the in the range from 0.5 to 1.0
mm does not have significantly affect on technological
properties of those granulates.

It was also found that the type of granulation liquid
and the presence of lactose in granules doesn’t change
the technological properties of the test granulates
(Table 4).

During the research of adsorption activity for test
granulates (No0.9 — No.11), some conclusions was estab-
lished. Following from the results of Table 4, when lac-
tose is added to the granutable mixture, the adsorption
activity of the granulate increases, with the exception
of granules of composition No.11, No.12. The change
of the particle size didn’t have any dependence reveal,
since the adsorption activity of granulates No.13, No.14,
No.11, No.12 decreases with decreasing particle size,
and the adsorption activity of granulates No.9, No.10
increases with decreasing particles. The dependence an

Tom 8, Beinyck 4, 2020

adsorption activity from particle size was established,
for nextresearches.

For the development of a solid dosage form with
adsorption activity, literature data was taken into ac-
count. It is known that there is a number of problems
in the development of solid dosage forms with high
adsorption activity. In case of using sorbents, there is
no release and absorption into biological matrix of any
active principle. Another singularity of sorbents is the
possibility of partial or complete inactivation of phar-
macologically active ingredient during the preparation
of a dosage form, depending on a number of factors:
heating or contact with excipients and solvents, physi-
cal impacts, dehydration, creation of protective cover-
ings, etc. [28]. Considering the forgoing, hard gelatin
capsules were chosen for the development of a solid
dosage form. The advantage of capsules over other sol-
id dosage forms (for example, tablets) is the reduction
of technological stages, because there is no tabletizing
(pressing) stage, where physical impacts are required,
often leading to a decrease of the substance adsorp-
tion activity.

For filling, we chose STANDARD gelatin capsules of
typical size 0 with a filling volume of 0.68 ml [29]. The
large typical size of the capsules was chosen with the
concideration of the expected dosage of the WSPC sub-
stance.

The capsules were filled with granulates No.9,
No.10, No.11, No.12, No.13, No.14 by volumetric meth-
od. The disintegration of the obtained dosage form was
determined according to the State Pharmacopoeia [25].
The test was carried out with the “Rotating Basket” ap-
paratus with and without discs. The results are present-
ed in Table 5.

In the course of research, it was found that factors A
(granulation liquid) and D (granulate particle size) have
a direct effect on the capsule’s ability to disintegrate in
a defined time (not more than 30 minutes). From the
results presented in table 5, it can be seen that the cap-
sules filled with granulate No.12 have disintegrated in
25 minutes according to the method without discs, cap-
sules with granulates No.13, No.14, No.11, No.9, No.10
—in more than 30 minutes. To improve the indicators of
the “Disintegration” test the method with discs was ap-
plied. According to the method with discs, the capsules
with granulate Ne 12 have disintegrated in 18 minutes,
with granulate Ne 10 —in 27 minutes, which corresponds
to the defined time.

In further researches, it is possible to use the meth-
od with discs. Thus, the best results of the Disintegra-
tion test were obtained using a granulation liquid —
methyl cellulose solution with a granulate particle size
of 0.5 mm.
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Table 1 — The technological properties of the WSPC
Moisture Flowability, g/s Tapped density, kg/m?
. - - - Angle of - — Hausner’s .
Object content,  Without With vi- repose, ° Bulk density Tapped densi- ratio Carr index
% vibration bration ’ (untapped) ty (tapped)
WSPC 8.2 None 2.74%0.2 51 569.69+3.56 737.83+2.26* 1.30 22.78
Reference values - 3.0-6.5 36-45 >600 > 600 1.19-1.25 16-20
Compliance with Not compli- Notcom- Notcom- Notcompli- . Not com- Not com-
. : Compliant . .
reference values ant pliant pliant ant pliant pliant

Note: * p=0.001 — compared to the sample before compaction

Table 2 — The influence of granulation liquid concentration and moisture content

on the adsorption activity of granulates

Adsorption activity, mg/g

No. Object Moisture content, % o
X+AxX
1 WSPC 8.2 180.03 + 0.88
2 Activated carbon powder 7.8 232.64+0.51
3 No.1-AB,C D E 8.5 112.28+0.54
4 No.2—-AB,CDE, 9.7 195.91+0.85**
5 No.3-AB,C,D E 18.3 94.13+0.52
6 No.4—AB.CDE, 7.3 221.91+0.51**
7 No.5—-A.B,C D E 7.5 192,25+0.91**
8 No.6-A,B.CDE, 6.6 191.4140.41%*
9 No.7—A,B,C D E 7.2 215.44+0.76**
10 No.8-AB.CD.E 7.7 266.95+0.83*

472717171

Note: * — accurate with a confidence range p>0.001 compared with activated carbon powder; ** — p>0.001 compared with WSPC

Table 3 — The influence of granulation liquid, moisture content and particle size
on the technological properties of WSPC granulates with lactose (9:1)

Tapped density, kg/m?

£ @ io_ Flowability ~ Angle v _if;
No. Object § 3 % |5 wi.th vibra-  of re-o Bulk density (un- Tapped density g o £
1 WSPC 1.0 8.2 2.74%0.2 51 569.69+3,56 737.8312.26 1.30 22.78
2 No.9-ABCD.E, 1.0 7.3 8.47+0.82* 35 537.72+2,89 590.54+2.34 1.09 8.94
3 No.10-ABCDE, 05 73 7.44+0.39* 40 575.16+3.04*** 662.30+2.58%** 1.15 13.16
4 No.11-ABCDE, 1.0 6.8  6.02+0.30* 60 458.45+3.25 529.80+2.19 1.16 13.47
5 No.12-ABCDE, 05 7.4 503+0.79** 40 488.24+2.97*** 578.14+2.47*** 1.18 15.50
6 No.13-ABCDE, 1.0 6 7.16+0.54* 38 481.60+3,16 542.38+2.32 1.12 11.20
7 No.14-ABCDE, 0.5 6 6.10+0.42* 40 511.5043.05*** 612.54+2,28%** 1.19 16.49
8 Reference values - - 3.0-6.5 36-45 > 600 > 600 1.19-1.25 16-20

Note:* — accurate with a confidence range p>0.001 compared with WSPC; ** — p>0.05 compared with WSPC; *** — p>0.001 compared with the

particle size of 1 mm

238

Volume VI, Issue 4, 2020



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2020-8-4-233-241

Table 4 — The influence of granulation liquid, moisture content
and particle size on the adsorption activity of WSPC granulates with lactose (9:1)

Moisture content, Adsorption activity, mg/g

No. Object Partical size, mm % o
(x+Ax)

1 WSPC 1 8.2 180.03+0.88
2 Activated carbon powder 1 7.8 232.64+3.12
3 No.9-ABCDE, 1 7.3 215.73£0.43*
4 No.10-AB,CD, 05 7.3 271.54+0.10%*
5 No.ll1-ABCDE, 1 6.8 150.80+0.84
6 No.12-AB,CD,E, 05 7.4 115.66+0.74**
7 No.13-AB,CD,E, 1 6.0 250.58+0.95* /***
8 No.14-ABCDE 05 6.0 232.70+0.94*

272717272

Note: * —accurate with a confidence interval p>0.001 compared with WSPC; ** —p>0.001 compared with the particle size of 1 mm; *** — p>0.001

compared with the particle size of 0.5 mm

Table 5 — The results of the “Disintegration” test of capsules filled with WSPC granulates with lactose (9:1)

Disintegration, min

No- Object Particle size, mm Without disks With disks
1 No.13-AB.CDE, 1 >30 -
2 No.14—AB,C.D,E, 0.5 >30 -
3 No.11-A,B,C,DE, 1 >30 -
4 No.12 - A,B,C D,E, 0.5 25 18
5 No.9—A,B,CDE, 1 >30 -
6 No.10-A,B,C,D,E, 0.5 >30 27
CONCLUSION The capsules with granules of a composition WSPC

The WSPC substance of spruce cones has been ob-
tained and technological properties (flowability with
and without vibration, angle of repose, bulk and tapped
density, Carr index and Hausner’s ratio) have been de-
termined in laboratory conditions.

The granules of spruce cones WSPC and composi-
tions with lactose in ratio (9:1) have been obtained un-
der laboratory conditions with granulation liquids: agar-
agar, sodium alginate, methyl cellulose, pectin in various
concentrations with particle sizes of 1 mm and 0.5 mm
and moisture content from 6 percent and higher. A total
amount of 14 granules have been obtained. The tech-
nological properties (flowability, angle of repose, bulk
and tapped density, Carr index and Hausner’s ratio), ad-
sorption activity of the granules and the dependence of
these indicators from the factors of the granulation pro-
cess have been determined.

spruce cones with lactose (9:1) have been obtained and
the «Disintegration test» of dosage form was carried out
in laboratory conditions.

According to the disc — method, capsules with gran-
ules of two compositions have been shown a satisfacto-
ry result.

The studies of factor A have shown that pectin has
become a promising granulating liquid

Thus, after researches and validation of results, the
optimal composition for encapsulation to hard gelatin
capsules STANDARD of typical size 0 has been chosen:
the spruce cones WSPC substance and lactose in a ra-
tio at 9:1; as a binding liquid was used 5% pectin with
moisture content of no higher than 8% and a particle
size of 0.5 mm, which can be used for next researches
in the development of a new herbal medicine with high
adsorption activity.
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The aim of the research was to study the stability of a new pharmaceutical substance 3-[2-(4-phenyl-1-piperazino)-2-oxoeth-
yllquinazoline-4(3H)-one under stress conditions.

Materials and methods. The study was conducted in accordance with the recommendations of the ICH guidelines. The
object of the study was a previously unknown derivative of quinazoline-4(3H)-one: 3-[2-(4-phenyl-1-piperazino)-2-oxoethyl]
quinazoline-4(3H)-one synthesized in Volgograd state medical university. The following laboratory equipment was used: HPLC
chromatograph, HPLC-MS, centrifuge, electronic scales, pH meter, thermostat, laboratory filters.

The computational experiment was conducted on a computer with an Intel Xeon E3-1230 processor using the programs
ORCA 4.1. and GROMACS 2019.

Results. The influence of the most unfavorable environmental factors, such as high temperature, light, oxidants, hydrolysis in
acidic and alkaline environments, affect the stability of the test substance. The results of the computer-based stability predic-
tion were confirmed by HPLC and HPLC-MS, and the degradation products of the substance under stressful conditions were
determined. The conducted studies showed that the test substance is stable to UV radiation at the wavelength of 365 nm, at
the elevated temperature (80°C), to the action of oxidants. But it is unstable to hydrolysis: in an alkaline medium of sodium
hydroxide 1M, a break in the amide group occurs with the formation of 2-(4-oxoquinazoline-3-yl)acetic acid and 1-phenylpip-
erazine. And in an acidic environment, hydrochloric acid 1M is also destroyed, but it is significantly reduced, presumably due
to the protonation and stabilization of tertiary nitrogen atoms in the molecule.

Conclusion. The conducted research makes it possible to conclude that the test substance 3-[2-(4-phenyl-1-of piperaz-
ino)-2-oxoethyl]quinazoline-4(3H)-one is stable to aggressive environmental factors, with the exception of hydrolysis in an
alkaline environment that will be further considered in the preparation of regulatory documents for this pharmaceutical
substance.

Keywords: quinazoline-4(3H)-one derivative, pharmaceutical substance, stress testing, stress test modeling, thermolysis,
photolysis, hydrolysis, high-performance liquid chromatography, photostability, thermalstability, GROMACS, ORCA
Abbreviations: State Pharmacopoeia (SF), high performance liquid chromatography (HPLC), high performance liquid chroma-
tography with mass spectrometry (HPLC-MS), ultraviolet radiation (UV radiation).
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Llenb pabotbl — M3yyeHne cTabunbHOCTM HOBOM dpapmaLieBTMYecKoin cybcTaHumm 3-[2-(4-deHnn-1-nmnepasnHo)-2-oKcoa-
TUN]Xx1Ha3011H-4(3H)-0Ha Nog, Bo3AencTBUEM CTPeCcC-yC0BU.

Matepuanbl u meTtoabl. ViccnegoBaHue BbINONHEHO B COOTBETCTBUM C peKoMeHAauuamu pykosoacTtsa ICH. O6bekTom mc-
cnefoBaHMA 6bIN10 paHee He M3yYeHHOe NMPOU3BOAHOE XMHAa30/MH-4(3H)-oHa: 3-[2-(4-beHnn-1-nunepasmnHo)-2-oKcoaTn)
XMHA30/MH-4(3H)-0H, cMHTE3NpoBaHHOEe B BONrorpaackom rocy4apCTBEHHOM MegUUMHCKOM yHUBepcuTeTe. bblio ncnonb-
30BaHO nabopaTopHoe obopyaoBaHue: BIXKX-xpomaTorpad, BIHKX-MC, ueHTpudyra, aneKTpoHHble Becbl, pH-meTp, Tep-
MmocTaT, 1abopaTtopHble GUALTPLI. BbIYMCANTENbHBIV SKCMEPUMEHT NPOBOAMCA Ha KOMMbtOTepe ¢ npoLeccopom Intel Xeon
E3-1230 c ncnonbzosaHnem nporpamm ORCA 4.1. n GROMACS 2019.

Pe3ynbratbl. /I3yyeHo u onpeaeneHo BAnAHWE HebnaronpuATHbIX GaKTOPOB BHELIHEN cpeapbl, TAKMX KaK: BbICOKaa Temne-
paTypa, CBET, AeMCTBME OKUC/IUTENEN, TMAPO0NN3A B KUC/IOM U LLENOYHON cpeae Ha CTabuabHOCTb MCCieayeMoro BellecTsa.
Pe3ynbTaTbl KOMMNbIOTEPHOTO NPOTrHO3MPOBAHMA CTabUAbHOCTU BbIN MOATBEPKAEHbI C MOMOLLbIo BIXKX n BIXKX-MC, a Tak-
e onpegeneHbl NPOAYKTbI AECTPYKLMU CYBCTaHLMM B CTPECCOBbIX ycnoBuAX. MpoBeAeHHbIe nccie0BaHUA NOKasanm, YTo
nuccnesyemoe BeWwecTBo CTabuibHO K Bo3aencTauio YO-obayueHua npu AnmMHe BoaHbl 365 HM, MOBbILIEHHOW TeMnepaTypbl
(80°C), mercTBuio oORUCAUTENEN N HECTABUNBHO K TMAPOAN3Y: B LLENOYHOW Cpese HAaTpua rmapoKenaa 1M npomcxoaumT pas-
pbIB N0 aMMAHOM rpynne c obpasoBaHmMem 2-(4-0KCOXMHA30/IMH-3-MU)YKCYCHOM KUCAOTbI U 1-beHnnnunnepasmHa; a B KUC/I0M
cpefe KUCI0Tbl X10PUCTOBOAOPOAHOM 1M TaKKe NPOUCXOAUT AECTPYKLMA, HO OHA 3HAYUTENbHO CHUMKAETCA, MPEeLnooKM-
Te/IbHO, 33 CHET NPOTOHMPOBAHUA U CTaBUAN3ALMM TPETUYHBIX aTOMOB a30Ta B MONEKY/IE.

3akntoueHue. MpoBeaeHHble UccnesoBaHMA NO3BONAIOT CAENaTb BbIBOA O TOM, YTO Uccaegyemasn cybcrtaHuma 3-[2-(4-de-
HWUN-1-NUNepasnHo)-2-0KCO3ITUN]XMHA30ANH-4(3H)-0H cTabunbHa K arpeccBHbIM GaKTOpam BHELUHEN cpesbl, 33 UCK/toYe-
HMEM TMAPOAU3A B LLLESIOYHON Cpese, YTo B AasibHellem byaeT yumuTbiBaTbCA NPU COCTAaBAEHUN HOPMATUBHOW AOKYMEHTa-
LMK 3TOM PpapmMaueBTUYECKON cybCcTaHLuM.

KnioueBble cnoBa: Npon3BogHOe XMHa301uH-4(3H)-oHa, dapmaueBTMYecKan cybcTaHLMA, CTPeCcC-TECTUPOBAHUE, MOAE/V-
poBaHMe CTpecc-TecToB, TepmMonun3, GoToNn3, TMAPOU3, BbICOKOIGDEKTUBHAA KNAKOCTHAA XpomaTorpadus, ¢otocTabunb-
HOCTb, TepmocTabunbHocts, GROMACS, ORCA

Cnucok cokpawieHui: focysapctBeHHaa dapmakones (MP), BbICOKOIDDEKTUBHAA KMAKOCTHAA xpomaTtorpadus (BIXKX),
BbICOKO3DDEKTUBHAA KUAKOCTHAA XpomaTtorpadusa ¢ macc-cnektpometpuenn (BIXKX-MC), ynbTpaduonetoBoe nsnyyeHve

(Y®-usnyueHue).

INTRODUCTION

Stress tests of drugs are artificially recreated unfa-
vorable environmental conditions in order to establish
degradation products of medicinal substances.

Various factors that accelerate the rate of chemical
reactions are used: high temperatures, light (in the ultra-
violet and visible regions of the spectrum), high humidity,
changes in the acidity/alkalinity of the medium, exposure
to various oxidizing agents and other air components.
The study and analysis of the degradation products and
half-life of drugs during stress testing should be taken into
account when developing methods for determining for-
eign impurities, quantitative determination, production,
storage, transportation, and other regulatory documents
being developed for a particular drug [1].

The results of stress tests also allow us to assess
the impact of short-term deviations from the declared
storage conditions and various ways of destruction of
the studied substances, to determine the most unfa-
vorable environmental factor, to which the test sub-
stance is more sensitive. Stability data for the resis-
tance of drug substances to air components, also allow
a more rational approach to the choice of its primary
packaging [2—-4].

In particular, the GPM.1.1.0009.18 “Stability and
shelf lives of medicinal products” of the State Pharmaco-
poeia of the Russian Federation (XIVth edition) indicates
that the study of drug stability should include stress, ac-
celerated and long-term trials; special attention should
be also paid to the development of a program for study-
ing the stability of new drugs. For new pharmaceutical
substances, the SP of the XIVth edition recommends
conducting stress tests on a compulsory basis [1].

Tom 8, Beinyck 4, 2020

THE AIM of the research was to study the stability of
a new pharmaceutical substance 3-[2-(4-phenyl-1-piper-
azino)-2-oxoethyl]quinazoline-4(3H)-one under stress
conditions.

MATERIALS AND METHODS

The work was performed in accordance with the
recommendations of the ICH manual and the SP (XIVth
edition) [1, 5].

The object of the study was one series of the sub-
stance 3-[2-(4-phenyl-1-piperazino)-2-oxoethyl]quinazo-
line-4(3H)-one (laboratory code: VA-10-21) synthesized
in Volgograd State Medical University. The structural for-
mula is shown in Fig. 1.

HPLC studies were performed using the UltiMate 3000
system (“Dionex”, CCA) with a special spectrophotometric
detector with an operating wavelength range from 190
to 900 nm. The data collection and processing were per-
formed using a chromatographic data collection and pro-
cessing system Chromeleon, version 7 (“Dionex”, USA).

It is shown that when using acetonitrile and 0.05
M phosphoric acid as the mobile phase, pH=3.5 in the
ratio of 25:750, it is possible to provide optimal chro-
matography conditions. The experimental parameters
were as follows: a stainless steel chromatographic col-
umn 150x4.6 mm size LunaC 18 with a particle size of 5
microns, a flow rate of 1 ml/min, a column temperature
of 25°C, detection at 226 nm, a sample volume of 20 pl,
and an analysis time of 40 minutes. HPLC-MS analysis
was performed on a Bruker mass spectrometer (Germa-
ny) by electrospray ionization in the “Positive” mode.
The temperature control of the samples was carried out
in the TS-1/20 SPU thermostat (Russia).
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As a mobile phase, acetonitrile and a 0.05 M phos-
phoric acid solution in the ratio of 25:75, with a pH value
of 3.5£0.05, were selected. An aqueous solution of phos-
phoric acid was adjusted to the specified pH value by
adding a triethylamine solution. The pH was controlled
potentiometrically. The samples were centrifuged be-
fore the HPLC analysis using a laboratory centrifuge with
Sigma 2—-16P accessories (Germany). All the sample solu-
tions had been centrifuged at 8000 minfor 3 minutes
before being placed in the device. The tested solutions
had been pre-filtered through Nylon Membrane, 0.2 um
25 mm Syringe Filters (USA). The samples were weighed
on laboratory electronic scales LV 210-A (Russia). The pH
value of the solutions was measured on the C axis and
using the pH meter pH-150MI (Russia). All the solvents
and reagents used in the study, met the requirements of
the GPM.1.3.0001.15 GP (XIVth ed.)

Computer modeling of stress tests, was performed
on a workstation with an Intel Xeon E3-1230 processor
and 16 GB of RAM. The optimization of the VMA-10-21
substance geometry was performed in the ORCA 4.1 pro-
gram by the density functional theory (UB3LYP) method
using the 3-21G* basis. To study the structure of the solid
aggregate state of the substance under study, molecular
dynamics was modeled by the method of molecular me-
chanics in the CHARMMS36 force field using the GROMACS
2019 program [6, 7]. The Internet service SwissParam was
used for parameterization of the molecule and the stud-
ied substance [8]. 10 randomized molecules of the test
substance were included in the simulated system. Next,
the geometry was optimized using the gradient method.

To study the effect of temperature on the stability of
the VMA-10-21 substance, a precisely weighed quantity
(about 50 mg) was placed in a conical flask with a ca-
pacity of 100 ml, 50 ml of 95% ethyl alcohol was added,
and placed on an ultrasonic bath for 15 minutes until the
substance was completely dissolved. The resulting solu-
tion was boiled in the flask with a return refrigerator in
a thermostatically controlled water bath (the tempera-
ture of 80°C) for 3 hours, taking the samples every 45
minutes. In order to search for the solid state structure,
molecular dynamics was simulated using simulated an-
nealing with a temperature decrease from 1000 K to
273 K for 200 ns with the use of a thermostat at Nose-
Hoover [9]. Further on, in order to study the stability of
the studied substance to thermolysis, the molecular dy-
namics of a system of four molecules was modeled using
the unlimited Hartree-Fock method with a base set of
3-21G* for 5000 fs with 1 fs step in the ORCA 4.1 pro-
gram [10]. The temperature control was performed by
scaling velocities with a temperature of 400 K and spher-
ical boundary conditions of constant volume.

The effect of UV light on the stability of the VMA-
10-21 substance was studied by the following method:
a precisely weighed quantity (about 50 mg) was placed
in a conical quartz glass flask with a capacity of 100 ml,
50 ml of 95% ethyl alcohol was added, and placed on
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the ultrasound bath for 15 minutes until the substance
was completely dissolved. The resulting solution was ex-
posed to UV light at a wavelength of 365 nm, and the ra-
diation source fully met the ICH requirements. The sam-
pling was performed every 3 hours. Computer modeling
of the effect of light was performed using the unlimited
Hartree-Fock method, a set of basic functions 3-21G*, a
temperature of 400 K, a simulation step of 1 fs, a simu-
lation duration of 5 ps, and a molecule multiplicity of 3.

To study the effect of acids on the stability of the
substance, a precisely weighed quantity (about 50 mg)
was placed in a conical flask with a capacity of 100 ml,
40 ml of 95% ethyl alcohol was added, and placed on an
ultrasonic bath for 15 minutes until the substance was
completely dissolved. After that, 5 ml of a 1 M hydro-
chloric acid solution was added. The resulting solution
was boiled in the flask with a return refrigerator in a
thermostatically controlled water bath (the temperature
of 80°C) within 45 minutes. On completion the time, the
solution was cooled down and 5 ml of a 1 M sodium hy-
droxide solution was added.

The influence of alkalies on the stability of the
substance was studied by the following method: a pre-
cisely weighed quantity (about 50 mg) was placed in
a conical flask with a capacity of 100 ml, 40 ml of 95%
ethyl alcohol was added, and placed on an ultrasonic
bath for 15 minutes until the substance was completely
dissolved. After that, 5 ml of a 1 M sodium hydroxide
solution was added. The resulting solution was boiled
in the flask with a return refrigerator in a thermostat-
ically controlled water bath (the temperature of 80°C)
within 45 minutes. On completion the time, the solu-
tion was cooled down and 5 ml of a 1 M hydrochloric
acid solution was added.

In order to calculate the most probable hydrolysis
products in acid and alkaline media, vibration analysis
was performed, and thermodynamic characteristics us-
ing the density functional theory (UB3LYP) method and
the 6-311G** basis set in the ORCA 4.1 program, were
calculated. During acid hydrolysis, the reaction products
calculated with protonated tertiary nitrogens. Since the
equivalence factor of 0.5 by titrimetric methods had
been-determined before, for the molecule VMA-10-21,
the Gibbs energies of two simultaneously protonated
nitrogen atoms of the VMA-10-21 molecule were calcu-
lated for the VMA-10-21 molecule in all possible com-
binations. During alkaline hydrolysis, the reaction prod-
ucts were presented in the form of carboxylic acid salts
— COONa. The Gibbs energy of hydrolysis reactions (AG))
was calculated from the difference between the sum of
the Gibbs energies of the reaction products (AGpmd) and
the initial compounds (AG__ ) in accordance with the
Hess’ law: AG = 208G, —24G

The thermodynamic characteristics of water, OH"
ions and the analyzed substance VMA-10-21 without
protonation, were also determined. The calculation was
performed at a temperature of 310K.
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To study the effect of the oxidation process on the
stability of the substance, a precisely weighed quantity
(about 50 mg) was placed in a conical flask with a ca-
pacity of 100 ml, 45 ml of 95% ethyl alcohol was added,
and placed on an ultrasonic bath for 15 minutes until the
substance was completely dissolved. Then 5 ml of 3% hy-
drogen peroxide solution was added. The resulting solu-
tion was boiled in the flask with a return refrigerator in a
thermostatically controlled water bath (the temperature
of 80°C) within 45 minutes. On completion the time, the
solution was cooled down and analyzed.

RESULTS AND DISCUSSION

The chemical stability of pharmaceutical molecules
is of a serious concern, as it affects the safety and ef-
fectiveness of the drug. The FDA and ICH guidelines
establish requirements to these tests to determine the
effect of various environmental factors on the quality of
a pharmaceutical substance due to the passage of time.
Knowing the stability of the molecule, helps in choosing
the right composition and packaging, as well as ensuring
proper storage conditions and shelf life, which is import-
ant for regulatory documentation. Artificial degradation
involves the destruction of drugs and their semi prod-
ucts under more stringent conditions than accelerated
tests, which makes it possible to study the stability of the
molecule more fully, and determine the most probable
degradation ways [11].

Information on the stability of molecules, helps in
the manufacture of dosage forms and determination of
storage conditions, so it is rational to start degradation
studies at an early stage of drug development [12].

The question of whether the degree of degradation
of a substance is sufficient, has been a topic of a lot of
discussions among pharmaceutical scientists. Decom-
position of a drug substance between 5% and 20%, was
considered reasonable for chromatographic analyses
[13, 14]. Some pharmaceutical scientists believe that
10% decomposition is optimal for the substances with
a low molecular weight [15]. It is not necessary that a
forced decomposition should lead to a complete de-
composition of a substance. The study can be discontin-
ued if a pharmaceutical substance or a drug form is not
decomposed after the exposure to stressful conditions
[16]. This indicates the stability of the tested molecule.
An excessive exposure to stress tests on the sample,
may lead to the formation of secondary decomposition

products that will not be identified in storage stability
studies, and insufficient exposure may not produce de-
composition products [17].

Stability study of VMA-10-21 when exposed

to high temperatures (thermolysis)

When modeling molecular dynamics in order to
search for the structure of the solid state of the sub-
stance under study, the VMA-10-21 substance mole-
cules were arranged systematically, forming elements of
the crystal lattice (Table 1).

These data were used as the initial location of the
molecules for further calculations by the molecular dy-
namics method for a system of 4 molecules of the sub-
stance under study.

Table 2 shows the state of the system in the process
of molecular dynamics simulation by the Hartree-Fock
method with a basis set of 3-21G**.

As Table 2 shows, according to the results of com-
puter modeling, the chemical structure of the VMA-10-
21 molecule did not change, which makes it possible to
assume the stability of the molecule when exposed to
elevated temperatures.

ICH recommends performing thermal treatment at
temperatures of 60-80°C, i.e. at higher temperatures
than in the accelerated tests [18]. The maximum recom-
mended temperature was selected.

Fig. 2 shows a chromatogram of the VMA-10-21 al-
cohol solution before stress testing.

Fig. 3 shows a chromatogram of the VMA-10-21 al-
cohol solution after stress testing.

The data on the stability of VMA-10-21 for a time of
0-180 minutes, are presented in Table 3.

As follows from the presented data, the substance
VMA-10-21 is almost completely resistant to high tem-
peratures. The results of computer modeling coincided
with the practical data.

Study of the VMA-10-21 stability

under UV light (photolysis)

Photolytic degradation is believed to be caused by
wavelengths in the range of 300-800 nm [19]. Photo-
stability studies are an important aspect of drug studies
on substance stability, since photolysis can cause photo-
oxidation by a free-radical mechanism, so we chose the
most “hard” UV at a wavelength of 365 nm. Fig. 4 shows
the obtained chromatogram after 24 hours of UV exposure.

)
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Figure 1 — Structural formula of substance VMA-10-21
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Table 1 — State of the system in the process of
molecular dynamics simulation of 10 molecules
by the method of molecular mechanics

Table 2 — State of the system in the process
of molecular dynamics
simulation 0-5000 fs

Time, ns System image

Time, ns System image

50
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4000

5000 ; 1
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Table 3 — Results of the influence of the stress test (elevated temperature)
on the VMA-10-21 stability

Stress test
(heating at 80°C)

Contents of VMA-10-21

Degradation percentage

VMA-10-21 without heating 99.68% =
VMA-10-21 after 45 minutes 99.60% 0.08%
VMA-10-21 after 90 minutes 99.58% 0.1%
VMA-10-21 after 135 minutes 99.54% 0.14%
VMA-10-21 after 180 minutes 99.50% 0.18%

Table 4 — Results of the impact of the stress test (UV light) on the VMA-10-21 stability

Stress test (UV light 365 nm)

Contents of VMA-10-21

Percentage of degradation

VMA-10-21 without UV irradiation 99.68% =
VMA-10-21 after 3 hours 99.66% -
VMA-10-21 after 6 hours 99.65% =
VMA-10-21 after 9 hours 99.61% -
VMA-10-21 after 12 hours 99.60% =
VMA-10-21 after 15 hours 99.60% -
VMA-10-21 after 18 hours 99.59% =
VMA-10-21 after 21 hours 99.58% -
VMA-10-21 after 24 hours 99.56% —

Table 5 — Results of vibrational analysis of all possible combinations
for the doubly protonated VMA-10-21 molecule

Gibbs energy,

Molecule Enthalpy, a.u. Entropy, cal/mol*K  Enthalpy, kJ/mol Entropy, kJ/mol*K k)/mol
VMA-10-21 —1143.540907 35.914 —3002366.237 0.150364735 —3002366.237
I+ 1 —1144.153274 35.731 -3003974.007 0.149598551 -3003974.007
1+ 1V —1144.189237 35.721 —3004068.428 0.149556683 —3004068.428
1+ 11 -1144.061293 35.952 —-3003300.432 0.150272626 —-3003300.432
I+ 1V -1144.12641 35.742 —-3003732.511 0.150523834 —-3003732.511
1+ 1v -1144.119529 35.663 -3003903.475 0.149644606 —3003903.475

Table 6 — Results of the conducted vibrational analysis and calculated thermodynamic characteristics
and hydrolysis products

The molecule Enthalpy, a.u. cg:}tr;oopIZIK Enthalpy, kJ/mol I(EJ;:\:?I)*YII( Gibij/i’s{gy’
Product 1 —687.469271 106.648 —1805019.32 0.44651 —1805157.74

Product 1 (— COONa) -686.943269 114.886 —1803638.25 0.48100 —1803787.36
Product 2 —532.492603 93.828 —1398112.58 0.39284 —1398234.36
Product 3 -498.863275 92.872 —1309815.41 0.38884 —1309935.95
Product 4 —721.096936 99.055 —1893312.12 0.41472 —1893440.68
Product 4 (— COONa) —720.566026 96.379 -1891918.16 0.40352 —1892043.25
OH" —75.751778 41.417 —198893.87 0.1734 —198947.62
Water —76.422293 46.469 —-200654.37 0.19456 —200714.68
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The data on the stability of the VMA-10-21 when
exposed to UV for 0—24 hours, are presented in Table 4.

As follows from the presented data, the substance
VMA-10-21 is resistant to UV light, which corresponds to
the results of modeling.

Study of VMA-10-21 stability under

the influence of acids and bases (hydrolysis)

Hydrolysis is one of the most common chemical
decomposition reactions over a wide pH range. It is as-
sumed that high humidity, as one of the parameters of
the water content in the ambient air, is a potential threat
to the implementation of hydrolytic cleavage reactions.
In the study of hydrolysis reactions, the influence of
acidic and basic conditions on it is considered as a stress
factor for the primary destruction of drugs.

For acid hydrolysis, hydrochloric or sulfuric acids
with concentrations of 0.1-1M are used, and for alkaline
hydrolysis — sodium or potassium hydroxides with con-
centrations of 0.1-1M are used [17, 20]. In our study, we
selected hydrochloric acid and sodium hydroxide in the
maximum allowable concentrations of 1M.

Theoretically, several hydrolysis ways are possible
for the VMA-10-21 substance under study. They are
shown in Fig. 5.

By the first hydrolysis way, 2-(4-oxoquinazoline-3-yl)
acetic acid (product 1) and 1-phenylpiperazine (prod-
uct 2) are produced, and by the second way, these are
3-methylquinazoline-4-one (product 3) and 4-phenylpip-
erazine-1-carboxylic acid (product 4).

The results of the vibrational analysis on the search
for the most possible tertiary nitrogen atoms involved in
protonation, are presented in Table 5.

The protonated nitrogen atom in position 1 of the
quinazoline nucleus was denoted as |, in position 3 of
the quinazoline nucleus — as Il, 1-piperazino — as lll,
4-phenyl — as IV. As the results of Table 5 show, proton-
ation of nitrogen atoms in the VMA-10-21 molecule is
most probable in positions | and IV. This Gibbs energy
was used by the authors in the vibrational analysis for
VMA-10-21 in acid hydrolysis reactions.

Table 6 shows the obtained vibrational analysis data
for hydrolysis products.

The calculated Gibbs energies of the reactions are
presented in Table 7.

As the results obtained show, hydrolysis in an al-
kaline environment is the most probable for the first
hydrolysis way, since the Gibbs energy value is lower
for this reaction. It can also be seen that in the acid-
ic environment, due to the higher Gibbs energy of the
protonated | + Il molecule, the Gibbs energy of hydro-
lysis in the acidic reaction has increased, so hydrolysis
in the acidic environment can be assumed to be less
pronounced.

The chromatogram obtained as a result of the inter-
action of VMA-10-21 solution with hydrochloric acid, is
shown in Fig. 6.
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The data on the VMA-10-21 stability under the influ-
ence of acids are presented in Table 8.

As the presented data show, under the action ofa 1
M solution of hydrochloric acid, a partial decomposition
of the VMA-10-21 molecule occurs.

The data obtained are shown in Fig. 7.

VMA-10-21 stability data are presented in Table 9.

As the presented data show, under the action of 1
M sodium hydroxide solution, the VMA-10-21 molecule
decomposes with a degradation percentage of 92.61%.

Under the action of an alkali solution, the VMA-
10-21 molecule decomposes to form two predominant
products with retention times of 2.12 min. (about 18%)
and 2.98 min. (about 67%). HPLC-MS was used to deter-
mine the structural fragments formed as a result of hy-
drolysis of the products. Fig. 8 and 9 show the obtained
mass spectra.

The peak, with a retention time of 2.12 min., cor-
responds to the molecular ion with a molar mass of
162 g/mol, and the peak with a retention time of
2.98 min., corresponds to the molecular ion with a mass
of 186.9 g/mol. The most probable hydrolysis ways cal-
culated as a result of a computational experiment, con-
firmed the mass detector data.

Based on the obtained data, it can be concluded that
the decomposition of the VMA-10-21 molecule occurs
at the amide group (way 1 in Fig. 5) with the formation
of two main degradation products, which are separated
from each other under the selected chromatographic
conditions.

Hydrolysis of the VMA-10-21 molecule in the pres-
ence of 1M hydrochloric acid occurs with a significant-
ly less decomposition of the molecule. This is probably
due to the stabilization of the VMA-10-21 molecule in
an acidic environment due to the formation of salts with
hydrochloric acid. The main decomposition product
in an acidic medium is a molecular ion with a mass of
186.9 g/mol, which also coincides in the retention time
(2.98 min.)

Study of VMA-10-21 stability under

the influence of oxidizing agents

Hydrogen peroxide, metal ions, oxygen, initiators of
radical reactions (azocompounds, N-nitrozoanilides, tri-
azenes, dibenzyls, etc.) are widely used for the forced
oxidation of drug substances. It was established that
exposure to solutions of 0.1-3% hydrogen peroxide at
pH=7 and a temperature of 20°C for seven days, can po-
tentially lead to the appearance of corresponding deg-
radation products [21]. In this study, the maximum al-
lowable hydrogen peroxide solution of 3% was used, but
with a shorter time interval.

First, a 3% hydrogen peroxide solution was analyzed
without adding the analyzed substance. The resulting
chromatogram is shown in Fig. 10.

The data on the stability of VMA-10-21 to oxidizing
agents are presented in Table 10.
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Table 7 — Calculated Gibbs energies of hydrolysis reactions.
Way of reaction Hydrolysis Calculated Gibbs energies of reactions,
product kJ/mol

First No.1 + No.2 (acidic environment) 1391.01
No.1 + No.2 (alkaline environment) -707,86
Second No.3 + No.4 (acidic environment) 1406.48
No.3 + No.4 (alkaline environment) -665.343

Table 8 — Results of the stress test influence (hydrolysis, acid) on the VMA-10-21 stability

Stress test

(1M hydrochloric acid) The contents of the VMA-10-21 Percentage of degradation
VMA-10-21 without hydrolysis 99.68% =
VMA-10-21 after 45 minutes 98.14% 1.54

Table 9 — Results of the influence of stress test (hydrolysis, alkaline) on the VMA-10-21stability

Stress test (1M sodium hydroxide) Contents of the VMA-10-21 Percentage of degradation
VMA-10-21 without hydrolysis 99.68% -
VMA-10-21 after 45 minutes 7.07% 92.61%

Table 10 — Results of the stress test (oxidation) effect on the VMA-10-21stability

Stress test (3% hydrogen Contents of VMA-10-21 Percentage of degradation
peroxide solution)
VMA-10-21 without addition of hydrogen peroxide 99.68% =
VMA-10-21 after 45 minutes 98.56% 1.12%
vma UV VIS 1
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Figure 2 — Chromatogram of VMA-10-21 alcohol solution before stress testing
heat 180 mi UV VIS
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Figure 3 — Chromatogram of VMA-10-21 alcohol solution after heating at 80°C for 180 minutes
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Figure 4 — Alcohol solution VMA-10-21 exposed to UV light after 24 hours
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Figure 5 — Suggested ways of hydrolysis of VMA-10-21 substance
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Figure 6 — Chromatogram of VMA-10-21 alcohol solution during hydrolysis
with 1M solution of hydrochloric acid after 45 minutes
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Figure 7 — Alcohol solution of VMA-10-21 during hydrolysis with 1M sodium
hydroxide solution after 45 minutes
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Figure 8 — Mass spectra of a structural fragment with a molecular weight of 162 g/mol
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Figure 9 — Mass spectra of a structural fragment with a molecular weight of 186.9 g/mol
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Figure 10 — 3% hydrogen peroxide solution without VMA-10-21
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Figure 11 — Alcohol solution of VMA-10-21 with the addition
of 3% hydrogen peroxide solution after 45 minutes
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As follows from the presented data, under the ac-
tion of a 3% hydrogen peroxide solution, the VMA-10-
21 molecule is partially decomposed with a degradation
percentage of 1.12%.

CONCLUSION

The stability of the new pharmaceutical substance
VMA-10-21 was studied in the course of stress tests. As a
result of the experiment it was established, that the sub-
stance is stable under the action of high temperatures
and UV radiation. When conducting the hydrolysis, the
investigated substance hydrolyses in alkaline environ-
ment at the amide group with the formation of 2 main
products, the structural fragments of which were estab-
lished using the mass detector. In the acid medium, de-

composition of the product is greatly reduced, which is
likely associated with the increased stability of the mole-
cule due to the formation of salts with hydrochloric acid
and the protonation of the two tertiary nitrogen atoms.
When the substance is exposed to oxidizing agents (a 3%
hydrogen peroxide solution), there is a slight destruction
of the molecule (about 1%), which shows the relative
stability of the molecule under the action of oxidizing
agents. The presented computer calculations have also
made it possible to predict the stability and most likely
hydrolysis ways of the studied substance, which corre-
spond to practical results. These results will be taken
into account in the future when developing regulatory
documentation for the substance 3-[2-(4-phenyl-1-pip-
erazino)-2-oxoethyllquinazoline-4(3H)-one.
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ESTIMATION OF THE EFFICIENCY OF HORMONE-REGULATING
SYNCHRONIZATION OF OVULATION IN FEMALE MICE
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The aim of the wok is to assess the efficiency of hormone-regulating synchronization of ovulation in female mice, to increase
the number of simultaneously fertilized individuals and obtain their offspring in the planned time frame.

Materials and methods. The study was carried out on 180 female mice of three lines — CBA/lac, C57BL/6, BALB/c (n = 60),
divided into three subgroups: intact (mating without confirmation of the estrous phase) (n = 20), cytological examination of
vaginal secretions before mating with the determination of the estrous phase (n = 20), hormone-regulating synchronization
of the estrous cycle with the introduction of progesterone (4.5 mg/100 g) on the 1%t and prostaglandin F2a (0.083 mg/100 g)
on the 7 day, once from the beginning of the experiment followed by immediate mating (n = 20). The planned date of de-
livery was considered the 22" day from the moment of mating. The ovulation synchronization index (OSI) was assessed on
the 14" day after mating.

Results. On the 14 day from the beginning of the experiment, the ovulation synchronization index in the intact groups of the
CBA/lac, C57BL/6, BALB / c lines, was 25%, 25%, 40%, respectively. On the 14™ day, the number of pregnant individuals admit-
ted to mating after the established estrus by the method of cytological assessment of vaginal secretions according to OSI, was
65%, 60%, 75%, respectively. In the experimental groups, OSI was 80%, 75%, 100%, respectively. On the 22" day, the number
of delivered females of CBA/lac, C57BL/6, BALB/c lines in the intact group, was 3, 1, 3 individuals; in the control group — 10,
6, 9, and in the experimental group — 16, 15, 17, which is significantly higher than in the control and intact groups (p<0.05).
Conclusion. Hormone-regulating synchronization of ovulation in female mice significantly increases the number of delivered
individuals on the 22" day, relative to those synchronized by estrus by 53%, and to intact groups by 85.5%. It has been re-
vealed that an additional effect of hormonal synchronization of ovulation is an increase in the number of offspring by 120%
in comparison with the control groups and by 390% in comparison with the intact groups. This method of timing planning of
the offspring birth of the experimental animals reduces the time spent on preclinical studies of drugs for the following types
of assessment of toxic effects: reproductive toxicity, embryotoxicity, teratogenicity, effects on fertility.

Keywords: estrous cycle, estrus, progesterone, vaginal cytology, ovulation synchronization, prostaglandin F2a
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Lienb. OueHUTb 3hHEKTUBHOCTb FOPMOH-PErYINPYHOLLLEN CUHXPOHM3ALMMN OBYIALLMU Y CAMOK MblLLEn, 417 YBEMYEHUA KO-
YyecTBa OLHOBPEMEHHO OMI0A0TBOPEHHbIX 0COBEN 1 NoNyYeHUsA NOTOMCTBA B 3aM1aHNPOBaHHbIE CPOKM.

Martepuanbl u meTtoabl. MccnegosaHue 6b110 nposeaeHo Ha 180 camkax mbiwen Tpex anHuii — CBA/lac, C57BL/6, BALB/c
(n=60), passeneHHble Ha TPU NOArPYNMbl: MHTaKTHbIE (cnapuBaHue 6e3 noaTeep:KaeHus dasbl acTpyca) (n=20),umToNorm-
yeckoe uccneaoBaHWe BarMHaAbHOMO CeKpeTa nepes cnapuBaHvem c onpegeneHnem ¢asbl actpyca(n=20), ropMmoH-pery-
JIMpYIOLLEN CUHXPOHWU3ALMKN 3CTPAIbHOTO LMKIA C BBeAeHMeM nporectepoHa (4,5 mr/100 r) Ha 1-e u npocTariaHgmHa F2a
(0,083 mr/100 r) Ha 7-e CYyTKM OAHOKPATHO OT Haya/la SKCMepMMEHTa C NOCeAYOLMM HeMeANEHHbIM cnapuBaHmem(n=20).
3annaHMpPOBaHHOM AATOW POAOB CYMTANUCL 22 CYTKM C MOMEHTA CnapuBaHuaA. MHAEKC CMHXpoHu3auum osyasumm (MCO)
oueHmnBanca Ha 14 cyTKM C MOMEHTa CnapuBaHUA.

Pesynbtatbl. Ha 14-i AeHb C Hayana sKCneprmMeHTa MHAEKC CUHXPOHM3aLIMM OBYALMMU B MHTAKTHbIX rpynnax aMHuid CBA/lac,
C57BL/6, BALB/c coctasun 25%, 25%, 40% cooTBeTcTBEHHO. Konnyectso 6epemeHHbIx 0cobeit Ha 14 CyTKM, AOMNYLLEHHBIX K cna-
PUBAHMIO MOC/IE YCTaHOB/IEHHOTO 3CTPYCa METOAOM LIMTO/IOMMYECKOM OLLEHKM BarMHaIbHOIo cekpeTa cornacHo UCO, coctasuio
65%, 60%, 75% cooTBeTCTBEHHO. B akcnepumeHTanbHbix rpynnax MCO coctaBua 80%, 75%, 100% cootBeTcTBEHHO. Ha 22 cyTKM
KOJIMYECTBO poAMBLLMX camMoK AnHKMit CBA/lac, C57BL/6, BALB/C B MHTaKTHbIX rpynne coctasuo 3, 1, 3 0cobu, B KOHTPO/IbHbIX
10, 6, 9, a B aKkcnepumeHTanbHOM rpynne 16, 15, 17 4To A4OCTOBEPHO Bbille YEeM B KOHTPOJIbHbIX M MHTaKTHbIX rpynnax (p<0,05).
3akntoueHue. TOPMOH-PeryMpyroL,an CUHXPOHU3ALMA OBYIALMKU Y CAMOK MblLlel JOCTOBEPHO YBE/IMYMBAET KONMYECTBO
paspoamBLIMXCcA 0cobel Ha 22 CYyTKU OTHOCUTE/IbHO CUHXPOHM3MPOBAHHBIX MO 3CTPYCY KMBOTHbIX Ha 53% W MHTaKTa Ha
85,5%. BbIfiBNEHO, YTO AOMONHUTENbHBIM 3GHEKTOM rOPMOHA/IBHOM CUHXPOHM3ALMKN OBYNALMUU ABNAETCA YBEIMYEHME KO-
In4ecTBa NpUNI0AA B 2,2 pasa B CPaBHEHWW C KOHTPONbHbIMU rpynnamu 1 B 3,9 pa3 B CPAaBHEHUMN C UHTAKTHbIMM FPyNnamu.
[aHHbI cnocob NNaHMPOBAHUA CPOKOB POXKAEHMA NOTOMCTBA IKCNEPUMEHTA/NIbHbIX }KUBOTHbIX COKPALLAET BpeMeHHble 3a-
TpaTbl NPOBEAEHNA AOKNNHUYECKUX UCCNEN0BaHMI IeKapCTBEHHbIX MPENapaToB Mo CAefyolWmM BUAAM OLEHKM TOKCUYe-
CKMX 3OPEKTOB: penpoayKTMBHAA TOKCUYHOCTb, IMOPUOTOKCUUYHOCTL, TEPATOTEHHOCTb, BAUAHME HA GepTuabHOCTL. Kpome
TOro, A@HHbIW CNOcob paclMpsAeT BO3MOXKHOCTU 3KCNEPUMEHTA/IbHOrO MOZE/IMPOBaHMWA NaTonormii bepemMeHHOCTU U Naoga
C nocneayoLLein oLeHKoN nx GapmMaKoaorMyeckom KoppekLuun.

KntoueBble cnoBa. 3CTpasibHbI LUK/, 3CTPYC, NPOrecTepoH, BarMHaabHaa LMTONOIUA, CUHXPOHM3ALMA OBYNALNUK, NPOCTa-

rnaHanH F2o

INTRODUCTION

Currently, the productivity of laboratories with mice
of various lines as their main model organisms, is increas-
ing, This species has gained its great popularity relatively
recently, and, as a result of the efforts of many scientists
over the past decades, a large number of inbred lines of
mice, have been created and maintained. These events
influenced a further research, thereby, making a huge
contribution to modern ideas about immunology, oncol-
ogy, embryology and neurobiology [1].

To prepare pregnant female mice for the experi-
ment, the group of authors initially tested the method
of vaginal cytology. This technique is based on the iden-
tification of the phases of the estrous cycle, followed by
sampling the individuals in the estrous phase, and their
subsequent placing to males to copulate [2].

The estrus determination in the group of individu-
als is important in the sampling of the animals; the aim
is their subsequent mating and obtaining the offspring
for experimental purposes [3]. However, this requires a
long-term screening of the entire animal population, the
experimenter has special skills and knowledge, which
implies making a mistake. Vaginal cytology is a non-inva-
sive and inexpensive way to determine the phase of the
cycle, requiring certain skills in interpreting the morpho-
logical picture of vaginal secretion cells. This method is
tedious and time-consuming [4].

A group hormone-regulating synchronization of
ovulation is very popular in livestock farming. The ba-
sis of this method is a pharmacological correction of the
hormonal cycle in order to induce ovulation within nec-
essary time limits.
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The progesterone used in the proposed scheme, has
a strong antigonadotropic effect. The increased proges-
terone levels alter the characteristics of the two outer
layers of the endometrium.

There is thickening of the cervical mucus, which
leads to desynchronization of the endometrial changes
necessary for an egg cell implantation, and significant-
ly suppresses the penetration of spermatozoa [5]. The
progesterone levels peak in the middle of the secretory
phase, reducing the level of the luteinizing hormone (LH)
and the follicle stimulating hormone (FSH), so that the
secondary oocyte does not leave the dominant follicle
and does not pass into the lumen of the fallopian tube.
These changes make it impossible to fertilize an egg cell
with sperm.

Prostaglandin F2a (PGF) is a biologically superpotent
substance that plays an important role in the control of
reproduction. The use of the drug in cattle is based on its
luteolytic properties [6].

In addition, the experimental data on cattle indicate
that in the peri-ovulatory period, intrafollicular prosta-
glandin is necessary for the ovulation process [7].

THE AIM of the study was to estimate the num-
ber of pregnancies in the female mice subjected to the
hormone-regulating synchronization of ovulation, com-
pared with planning the timing of pregnancy and the
birth dates in the animals using the determination of the
estrus phase.

MATERIALS AND METHODS
The research protocol was reviewed and approved
of, at the meeting of the commission for work with labo-
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ratory animals of the Research Institute of Pharmacolo-
gy of Living Systems, Belgorod State University. The car-
ried out work, met the requirements of the Law of the
Russian Federation "On the Protection of Animals from
Cruelty" dated 24 June, 1998, the rules of laboratory
practice when conducting preclinical studies in the Rus-
sian Federation (GOST 3 51000.3-96 and GOST R 53434-
2009), European Community directives (86/609 EU), and
the Rules of Laboratory Practice adopted in the Russian
Federation (Order of the Ministry of Health of the Rus-
sian Federation No. 708 dated 29.08.2010).

Animals

The females, regardless of the group, were placed to
the males in ratio of 2:1 to copulate. The planned birth
date was considered 22 days later from the beginning of
mating. Excluding the tribal selection, the following fe-
male mice were selected for the experiment: they were
the same age and weight of CBA/lac, C57BL/6, BALB/
lines, each line was represented by 60 individuals, and
males of the corresponding lines in the amount of 30
individuals from the laboratory mouse bank of "Stolbo-
vaya" (Moscow region).

The choice of individuals of these lines was justified
by their most frequent use in biomedical research [8].

The animals were kept in individual ventilated cages.
Non-coniferous sawdust was used as a bedding material.
The animals were given standard granulated complete
feed for laboratory animals — extruded LBK-120 GOST
R 50208-92. (ZAO "Tosno animal formula-feed plant").
Feeding of the animals was carried out according to the
standards in accordance with the species of the animals.
Purified tap water was given adlibitum in standard drink-
ers.

Study design

The animals of three lines were divided into three
groups: intact (natural mating) (n=20), estrous synchro-
nization (cytological examination of vaginal secretions
before mating with the determination of the estrous
phase) (n=20), hormonal synchronization of the estrous
cycle (n=20). The individuals belonging to the control
group, were selected if estrus had been established
in them. The females of the intact and experimental
groups had not been preselected. The females, regard-
less of the group, were placed to the males in ratio of 2:1
to copulate. The planned birth date was considered 22
days later from the beginning of mating.

In the control groups, the animals were admitted to
mating after confirming their estrous phase by assessing
the vaginal secretions.

To carry out the first stage of the hormonal synchro-
nization of ovulation in the mice, progesterone (sus-
pension for the injection, ZAO “Mosagrogen”, RF) was
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injected intramuscularly at the dose of 4.5 mg/100 g, re-
gardless of the phase of the estrous cycle of the females.
7 days after the administration of progesterone, an intra-
muscular injection of prostaglandin F2a (ZAO “Mosagro-
gen”, RF) was carried out at the dose of 0.083 mg/100 g.
The estimated time of the onset of ovulation was 34-72
hours after the administration of the second drug.

The pharmacological correction of the estrous cycle
of the female mice was evaluated by examining the cy-
tological picture of vaginal secretions.

The ovulation synchronization index (OSI) was calcu-
lated after the established fact of pregnancy on the 14
day from the beginning of mating. The birth rate index
(BRI) was analyzed by the fact of birth.

oSl = The number offertilized females

x 100%;
The number of females placed to malestocopulate

The number of offspring

BRI =
The number offertilized females

x100%

Vaginal smear/cytology

The manipulation was carried out the next day af-
ter the progesterone injection, 3 days later, immediately
before the injection of prostaglandin F2a and the next
day after it.

Vaginal secretions were collected from a fixed fe-
male, for the purpose of cytological assessment of the
estrous cycle phase. A small amount (20 pl) of distilled
water was gently injected into the vagina using a pipette,
followed by drawing the previously injected liquid into
the pipette. This procedure was repeated 4-5 times. It is
important to make sure that the pipette is placed at the
entrance of the vaginal canal and does not penetrate the
vaginal opening. The liquid containing a few drops of the
cell suspension, is placed then on a slide, air-dried, and
stained according to the Romanovsky-Giemse method
[9, 10]. After that, the slide was covered with a cover
glass, and the quantitative and qualitative composition
of the secretion cells was immediately examined un-
der a light microscope (Biomed 5) at 40x magnification
(Fig. 1).

The vaginal secretions consist of three types of cells.
These include leucocytes, keratinized epithelial cells,
and nucleated epithelial cells. The estimation of the es-
trous cycle phase, is based on the proportion of these
cells in the vaginal secretions [11].

Numerous rounded nucleated cells that are uni-
form in size and appearance, are the hallmark of the
proestrus phase (A). The estrus phase shows abundant
non-nuclear keratinized epithelial cells (B). Nucleated
epithelial cells are present in the late metestrus (C). Di-
estrus is characterized by the presence of polymorpho-
nuclear leukocytes and several epithelial and keratinized
cells within the field of view [12].
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Figure 1 — Microscopic assessment of cell suspension Figure 2 — Microscopic assessment of cell suspension
drops of vaginal secretions in animals without drops of vaginal secretions in females after
hormone-regulating ovulation synchronization hormone-regulating ovulation synchronization

Note: A — proestrus, B — estrus, C — metestrus, D — diestrus Note: A — cytological picture of the contents of the vaginal secretion

on the next day after the administration of progesterone; B — on the
3 day; C — on the 7th day before the administration of prostaglandin
F2a; D — on the next day after the administration of prostaglandin F2a

CBA/LAC

A HRS
[ 75%
ES
60%
-

Figure 3 — The ratio of the ovulation synchronization Figure 4 — The ratio of the ovulation synchronization
index of individuals of the C57BL/6 line experimental index in individuals of the CBA/lac line experimental
groups groups
Note: | — intact group; ES — estrous synchronization; HRS — hor- ~ Note: | —intact group; ES — estrous synchronization; HRS — hor-

mone-regulating synchronization mone-regulating synchronization

BALB/C

75%

Figure 5 — The ratio of the ovulation synchronization index of individuals of the line BALB/C experimental groups
Note: | —intact group; ES — estrous synchronization; HRS — hormone-regulating synchronization
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Table 1 — Ovulation synchronization index
Line name CBA/lac C57BL/6 BALB/c
Groups (0] (ES)  (HRS) (n (ES)  (HRS) (1 (ES)  (HRS)
Number of pregnant females on the 14th day 5 13 16 5 12 15 8 15 20
Number of females placed to males to copulate 20 20 20 20 20 20 20 20 20
OSl, % 25% 65% 80% 25% 60% 75% 40% 75%  100%
Note: | —intact group; ES — estrous synchronization; HRS — hormone-regulating synchronization.
Table 2 — The number of females which gave birth on the 22nd day
Line name CBA/lac (n=20) C57BL/6 (n=20) BALB/c (n=20)
Intact group 3 1 3
Estrous synchronization 10* 6* 9*
Hormone-regulating synchronization 16* 15* 17*
Note: * — p<0.05 compared to control and experimental groups
Table 3 - Birth rate index
Line name CBA/lac C57BL/6 BALB/c
Groups (1) (ES)  (HRS) (1) (ES)  (HRS) (1) (ES)  (HRS)
Number of pregnant females on the 14th day 5 16 5 12 15 8 15 20
Number of offspring 34 145 28 67 126 74 123 193
BRI, % 6,8 9,0 5,6 5,5 8,4 9,25 8,2 9,65

Hormonal regulation

of the estrous cycle

To implement the first stage of the hormonal syn-
chronization of ovulation in mice, progesterone was
intramuscularly administered (the suspension for injec-
tion, ZAO “Mosagrogen”, RF “Progestomag”, Reg. 32-3-
4.15-2649 No. PVR-3-4.15/03139 dated 27.06.2018) at
the dose of 4.5 mg/100 g, regardless of the estrous cycle
phase of females. 7 days after the administration of pro-
gesterone, the intramuscular injection of prostaglandin
F2a (ZAO "Mosagrogen", RF "Magestrofan", Reg. 32-3-
4.15-2649 No. PVR-3-4.15/03139 dated 06/11/15) was
carried out at the dose of 0.083 mg/100 g. The probable
time of the ovulation onset is 34-72 hours after the ad-
ministration of the second drug. The regimen for the use
of drugs is presented in the instructions for the veteri-
nary use of drugs.

Statistical analysis

A statistical analysis comparing the number of births
on day 22 in the groups, was carried out using Pearson’s
Chi-square test. Differences were identified at a signif-
icance level of 0.05. Statistical analysis was performed
using Statistica 10.0 software. The differences were de-
termined at the significance level of 0.05. The statistical
analysis was performed using the Statistica 10.0 software.

RESULTS

Vaginal smear/Cytology

The next day after the progesterone injection to the
female mouse (Fig. 2), a mixed cytological picture takes
place; it does not make it possible to attribute the visible
result to a certain cycle phase (A). Polymorphonuclear
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leukocytes and a small number of keratinized cells are
observed 3 days after the administration of progester-
one, which corresponds to the diestrus phase (B). On the
seventh day before the injection of prostaglandin F2a,
there is a predominance of rounded nucleated cells with
a small impregnation of keratinized epithelial cells and
polymorphonuclear leukocytes between them (C). In a
vaginal smear taken the next day after the injection of
prostaglandin F2q, there is a predominance of abundant
non-nuclear keratinized epithelial cells with cells of ir-
regular shape and granular cytoplasm (D).

Hormone-regulating estrous

cycle synchronization

During the study it was found out that the hormon-
al synchronization of a group of females, increases the
number of fertilized individuals by 55% relative to the in-
tact groups, and by 18.3% relative to the control groups.
The selection of individuals based on the cytological ex-
amination of vaginal secretions, increases the number of
pregnant females by 36% (p <0.05) (Table 1). On day 22,
the hormone-regulating synchronization increases the
probability of giving birth by 53% (p<0.05) in comparison
with the control group, and by 85.5% (p <0.05) in com-
parison with the intact group (Table 2). The ratio of the
ovulation synchronization index is shown in Fig. 3, 4, 5.

On the 14" day after mating, the pregnancy was
confirmed in 25% of females of the C57BL/6 line in the
intact group. The estrous synchronization of the cycle in-
creased the number of pregnant individuals relative to
the control ones, by 35%. The hormone-regulating syn-
chronization of the ovulatory cycle increased the num-
ber of fertilized individuals by 50% relative to the intact
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ones, and by 10% relative to the estrous synchronization
(p<0.05).

On the 14 day after mating, the pregnancy was con-
firmed in 25% of females of the CBA/lac line in the intact
group. The estrous synchronization of the cycle increased
the number of pregnant individuals relative to the control
ones, by 40%. The hormone-regulating synchronization
of the ovulatory cycle increased the number of fertilized
individuals by 55% relative to the intact ones, and by 15%
relative to the estrous synchronization (p<0.05).

On the 14 day after mating, the pregnancy was
confirmed in 25% of females in the CBA/lac line intact
group. The estrous synchronization of the cycle in-
creased the number of pregnant individuals relative to
control ones by 35%. The hormone-regulating synchro-
nization of the ovulatory cycle increased the number of
fertilized individuals by 35% relative to intact ones and
did not change in the estrous synchronization (p<0.05).

Assessment of the birth rate index

The number of offspring in the experimental ani-
mals of different groups is not the same. In the groups of
the hormone-regulating stimulation, the average num-
ber of the offspring is higher in comparison with intact
and estrous synchronization groups (Table 3).

DISCUSSION

The results of the study confirmed the hypothesis
that the hormone-regulating correction of the ovulatory
cycle in female mice, makes it possible for the experi-
menter to obtain a larger number of fertilized individuals
within necessary time limits, with a minimum error in
the date of birth.

According to the instructions for the veterinary use
of the drugs "Progestomag" and "Magestrofan", proges-
terone inhibits the hypothalamic-pituitary system. As a
result, there is no release of gonadotropic hormones —
follicle-stimulating (FSH) and luteinizing (LH), hence, fol-
licle maturation and ovulation do not occur.

This leads to the induction of the synthesis of cervi-
cal mucus by the epithelial cells of the cervix, its edema
as a result of an increase in its blood supply. It also leads
to the proliferation of the endometrium and an increase
in the extensibility of the myometrium, reduces the re-
lease of gonadoliberin, thereby inhibiting new ovula-
tions, preventing the maturation of follicles in the ova-
ries, and makes the ovulation impossible. From the sixth
to seventh day, there is a decrease in the concentration
of progesterone and estrogen, causing a natural increase
in LH and FSH, as well as an increase in the content of
estrogen in the blood plasma.

All the follicles growing in a cohort, have specific
receptors for FSH and require gonadotropin, which is
necessary for their growth. At this stage, the growing
follicles do not have enough LH receptors to respond
to stimulation, that is why this growth stage is often re-
ferred to as FSH-dependent.
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The second stage of the hormone-regulating syn-
chronization of ovulation, begins with the administration
of prostaglandin F2a on the seventh day. The main effect
of this biologically active substance is to stimulate the
transition of the estrous cycle from the diestrus phase
to estrus by overcoming the progesterone blockade of
the cycle. In addition, prostaglandin F2a promotes the
development of folliculogenesis, estrogen synthesis and,
as a consequence, the onset of estrus. Prostaglandin F2a
supports luteinolysis caused by the upsurge in LH, which
leads to the ovulation and the release of egg cells from
the dominant follicle within 16—32 hours.

During the ovulation, which occurs approximately
34-36 hours after the LH upsurge, the secondary oocyte
in metaphase Il leaves the dominant follicle and enters
the lumen of the fallopian tube, where it can be fertil-
ized [12].

The upsurge in luteinizing hormone (LH) stimulates
the preovulatory follicles to form local autocrine and
paracrine mediators, which coordinate complex intra-
and extracellular molecular mechanisms, subsequently
causing ovulation and luteinization. The key local me-
diators include progesterone and its nuclear receptor
(PGR), prostaglandins (PTG) (PGE2 and PGF2a).

Anincrease in LH levels, increases progesterone pro-
duction and PGR expression in periovulatory follicles,
which is necessary for successful ovulation in various
animal models [13]. For example, blocking progester-
one biosynthesis [14], the inhibition of PGR activity by
chemical inhibitors [15, 16] or knockout of genes encod-
ing PGR synthesis [17, 18], led to anovulation in various
experimental animal models.

All the above listed changes, lead to the onset of
ovulation on the 8—9™" days after the first stage of the
hormone-regulating ovulation synchronization.

It was confirmed that the selection of animals for
mating, based on the cytological picture of the estrous
cycle phase, increases the number of fertilized individu-
als. However, the range in the birth dates was 2—4 days,
which complicates planning of the experimental proto-
col for studying the pharmacological correction of preg-
nancy pathology. There are known models in which the
drug is administered at different periods of pregnancy,
studying its effect on different periods of developing the
offspring: from the 1st to the 6% days (the pre-implanta-
tion period), from the 6% to the 16th days (organogene-
sis), and from the 16% to the 19" days of pregnancy (fe-
togenesis) [19]. In this case, the range of the due birth
dates of 2-4 days is a problem that should be minimized.
According to the authors’ observations, the date of plac-
ing females to males to copulate immediately after the
injection of prostaglandin F2a, can be considered the
first day of pregnancy, since 21-22 days after the two-
stage hormone-regulating estrus synchronization, 80%
of females gave birth, whereas in the estrus synchroni-
zation group, only 42% females gave birth.

In addition, the number of fetuses born to females

Volume VI, Issue 4, 2020



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2020-8-4-255-262

whose ovulation induction was artificial, is 30% higher in
comparison with natural. The authors hypothesize that
this is due to an increased release of hormones from the
hypothalamic-pituitary system into the bloodstream,
which stimulates the release of more egg cells from the
ovaries into ovulation. [20].

According to the degree of impact on the body, the
drugs used in this scheme, are classified as low-hazard
substances (hazard class 4 according to GOST 12.1.007).

In the subcutaneous or intramuscular administra-
tion of the drug Progestamag, the required exogenous
level of progesterone in the blood for the manifestation
of the therapeutic effect, is maintained for 6—7 days,
but it does not exceed the physiological content in the
body of the animals. In accordance with the instructions,
there are no side effects and complications in farm an-
imals, caused by the drug Magestrofan; as a rule, they
are not observed.

Thus, the administration of progesterone to a fe-
male mouse at the dose of 4.5 mg/100 g, stimulates the
transition of the ovulatory cycle phase to the secretory
phase of the female’s ovulatory cycle. The subsequent
administration of prostaglandin F2a at the dose of
0.083 mg/100 g after 34-36 hours, provides the release
of LH, which stimulates the release of the secondary
oocyte into the lumen of the fallopian tube, where it can
be fertilized.

In the authors’opinion, the proposed scheme has
the following advantages:

The use of a combined hormone-regulating syn-
chronization of ovulation is justified when conducting
preclinical studies of embryotoxicity of drugs due to the
absence of toxic effects of the components used on the
fetus.

An accurate prediction of the birth date minimizes
the risks of delayed research, makes it possiblet to plan
the experiment rationally.

A sequential administration of two drugs with a fair-
ly long interval, minimizes labor costs and greatly facili-
tates planning of further experiments.

Taking into account the fact of adopting the first day
of pregnancy of an individual since the moment of mat-
ing, prospects for the study of pathologies of the pre-im-
plantation period, organogenesis, fetogenesis, and intra-
uterine pathologies open up.

CONCLUSION

Hormonal ovulation stimulation in female mice, sig-
nificantly increases a number of births on the 22" day rel-
ative to the control group with a cytological confirmation
of the estrous phase and the intact group. This method
of planning the birth timing of the offspring of the exper-
imental animals, reduces the time spent on preclinical
studies of drugs for the following types of assessment
of toxic effects: reproductive toxicity, embryotoxicity,
teratogenicity, effects on fertility. In addition, this meth-
od expands the possibilities of experimental modeling of
pathologies of pregnancy and fetus, with the subsequent
assessment of their pharmacological correction.

Thus, the administration of progesterone to a fe-
male mouse at the dose of 4.5 mg/100 g, stimulates the
transition of the ovulatory cycle phase to the secretory
phase of the female’s ovulatory cycle. The subsequent
administration of Prostaglandin F2a at the dose of
0.083 mg/100 g after 34-36 hours, provides the release
of LH, which stimulates the release of the secondary
oocyte into the lumen of the fallopian tube, where it can
be fertilized.
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THE SEARCH FOR NEUROPROTECTIVE COMPOUNDS
AMONG NEW ETHYLTHIADIAZOLE DERIVATIVES

R.F. Cherevatenko?, O.V. Antsiferov?, S.Y. Skachilova3®, M.V. Pokrovsky?, V.V. Gureev?,
I.I. Banchuk?, AY. Banchuk?, M.I. Golubinskaya?, A.A. Syromyatnikova?, I.S. Rozhkov?, A.A. Mostovykh?
1 Belgorod State National University
85, Pobedy St., Belgorod, 308015, Russia
2 City Hospital No.2
46, Gubkina St., Belgorod, 308036, Russia
3 Russian Scientific Center for the Safety of Biologically Active Substances
23, Kirov St., Old Kupavna, Moscow region, 142450

E-mail: ectomia@list.ru

Received 20 September 2020 Review (1) 15 October 2020 Review (2) 30 October 2020 Accepted 02 November 2020

The aim of the study is to search compounds with neuroprotective properties among new ethylthiadiazole derivatives in
simulated traumatic brain injury.

Materials and methods. The experiment was carried out on 78 white male rats 27020 g line “Wistar” 5-6 months of age
and 120 outbred sexually mature mice weighing 20+2 grams. The article describes the search for compounds with neuro-
protective properties among new ethylthiadiazole derivatives under the codes LKHT 4-15, LKHT 10-18, LKHT 11-18, and
LKHT 12-18 in experimental traumatic brain injury in rats. Acute toxicity of the compounds was studied. Pharmacological
screening was performed using behavioral and neurological research methods. The McGraw stroke score scale modified by
I.V. Gannushkina and the mNSS psychometric scale were used in the study. The open field and Rota-rod tests were used to
assess the behavioral status of the animals.

Results. The compound-LKHT 12—18 at a dose of 50 mg/kg was detected as a leader. In pharmacological correction of pathol-
ogy, this compound had the lowest percentage of fatality among the studied compounds (8%), the severity of neurological
deficit was significantly reduced, the lowest scores and a higher level of motor activity of the limbs were registered. The
number of rearing in the group of animals receiving the compound LKHT 12-18 at the dose of 50 mg/kg increased by 1.5
times, statistically significant (p<0.05) in comparison with the control group. Based on the results of the “Rota-rod” test, the
total time of holding animals on the rod for 3 attempts was statistically significantly different in the groups administered with
LKHT 12-18 derivatives (1.5 times longer) at the dose of 50 mg/kg compared with the control (p<0.05).

Conclusion. Based on the results obtained in this study, it is planned to study in more detail the compound LKHT 12-18 at
the dose of 50 mg/kg

Keywords: traumatic brain injury, ethylthiadiazole derivatives, neuroprotection

Abbreviations: TBI — traumatic brain injury; ATP —adenosine triphosphate; DAI — diffuse axonal injury; tSAH — traumatic sub-
arachnoid hemorrhage; BBB — blood-brain barrier; LP — latency period
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Lienb: Monck HEMPONPOTEKTOPOB B PAAY HOBbIX MPOU3BOAHbLIX 3TUATUAAMA30MA B YCIOBUAX IKCNEPUMEHTA/IbHON Yepen-
HO-MO3roBOW TPaBMbl

Martepuanbl U MeToAbl. DKCMEPUMEHT NpoBeaeH Ha 78 benbix Kpblicax-camuax 270120 r nvHmm «Wistar» 5—6-mecAa4Horo
Bo3pacta M 120 aytbpeaHbIX NMONOBO3PENbIX Mbiwax maccon 2012 rpamma. MccnegoBaHa OCTpas TOKCUYHOCTb COeauHe-
HUI. MpounsseseH GapMaKoNOrMUYECKUA CKPUHUHT NPOU3BOAHbIX 3TUATUAAMA30NA C U3YYEHMEM MOBeAEHYECKOoro cTaTyca
W HEBPOIOTMYECKUX peakL . TAKeCTb YepenHO-MO3roBOW TPaBMbl OLEHMBAACh MO LUKane HeBponornyeckoro aedpuumra
McGraw B mogndukaumm U.B. MaHHYLWKMHOM 1 WwKane mNSS. [114 oLueHKM NoBeAeHYECKOro CTaTyca *KMBOTHbIX UCMO/1b30Ba-
v TecTbl «OTKpbITOE none» u «Rota-rod».

Pe3ynbratbl. BbiasnieHo coeguHeHue-nmnaep — JIXT 12—-18 B go3se 50 mr/Kr. MNpu dpapmaKkosornyeckoin KoppekLmmn yepen-
HO-MO3rOBOM, fAaHHOE COeAUHEHNE MMENO CaMblii HU3KUIA MPOLLEHT IETANIbHOCTM Cpean Uccnesyembix coegnHenui (8%),
CTaTUCTUYECKM 3HAYMMO CHUKANACh TAXKECTb HEBPONOTUYECKOro AeduLmTa, perncTpupoBaamn camble HU3K1e 6annbl n bonee
BbICOKMI1 YPOBEHb MOTOPHOM AeATe/IbHOCTM KOHEeYHOCTEN. KONIMYecTBO CTOEK B rpynne }KMBOTHbIX, NOAYyYaBLIWUX COeAUHEHME
JIXT 12-18, yBennumBanoch B 1,5 pasa craTtucTMyecku 3Haummo (p<0,05), oTHOCMTeNIbHO rpynmnbl KOHTpoAA. Mcxoaa us pe-
3y/NbTATOB TecTa «Rota-rod», cymmapHoe BpemMsa yaepKaHUA KUBOTHbIX Ha CTepKHE 33 3 MONbITKM CTAaTUCTUYECKN 3HAUMMO
OT/IMYAN0Ch B rPynnax c NpMMeHeHMeM Npomn3BoaHbIx JIXT 12—18 (8 1,5 pa3a gonblue) B cpaBHEHME € KOHTpoaem (p<0,05).
3akatoyeHne. IKCNepuMeHTaIbHbIM NyTem Bbl10 LOKa3aHO Ha/inYne HeMPONPOTEKTUBHbIX CBOMCTB Y MPOU3BOAHOIO 3TUATH-
aamasona JIXT 12-18 B go3e 50 Mr/Kr y Kpbic.

KntoueBble cnoBa: YepenHo-mo3rosas TpaBma, MPOU3BOAHbIE STUNTUAANA30/A, HENPOMNPOTEKLUA

Cnucok coKkpaueHumii: YMT — yepenHo-mo3rosas Tpasma; JIXT — wudp npomsBogHOro asTunTnagmasona (4-15,10-18, 11-18,
12-18); AT® — ageHo3uHTpUdbOochaT; AT — auddysHaa akcoHanbHas TpaBma; TCAK — TpaBmaTuyeckoe cybapaxHouaanbHoe

KpoBousnuaHue; N6 — rematosHuedanmyeckmii 6apbep; /1N — naTeHTHbIM Nepuog,

INTRODUCTION

Home and industrial traumatism, including traumat-
ic brain injury (TBI) is which are the main public health
problem diseases in all industrialized countries and lead
to persistent disability, as well as high mortality, disabili-
ty and lead to high treatment costs [1].

The development of effective pharmacological cor-
rection ways of traumatic brain injury consequences is
one of the main tasks of experimental research, which
for highly developed countries spend billions dollars
[2]. Unfortunately, many substances give excellent re-
sults only at the stage of research in the laboratory.
The reason for this is the complex pathogenesis of TBI,
which includes a complex of interrelated factors that
affect the primary and secondary “wave” of damaging
brain processes [3]. Therefore, the searching for inno-
vative neuroprotectors is relevant in the modern sci-
ence.

Traumatic brain injury can be classified into severity:
mild, moderate, and severe categories. Also the special
forms of contusion are distinguished: diffuse axonal in-
jury (DAI) and traumatic subarachnoid hemorrhage. The
most common is moderate brain contusion.

The overwhelming majority of patients with TBI are
diagnosed with deviations of varying severity — from mi-
nor disorders to pronounced neurological symptoms.
TBI in the long-term period can be a trigger mechanism
for the development of diseases such as Parkinson’s and
Alzheimer’s. In the first 10-12 months after an injury,
the risk of an epileptic seizure is very high (12 times).
Post-traumatic epilepsy is detected in more than 10% of
patients with moderate pathology [5].

TBI are classified into primary and secondary. Pri-
mary brain injury is a result of a traumatic factor on
the bones of the skull including structures and vessels
of brain [6]. These lesions occur due to various kinds of
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impact, which characterizes a wide range of damage re-
actions.

TBI causes damage to the cells of the nervous sys-
tem, the constituent structures of the vessels, the struc-
tures of white matter. This entails the onset of the sec-
ond wave of damage — stress for metabolic processes, as
well as disturbances in ion exchange, biochemical and
molecular levels of neuronal regulation [7-9].

The metabolism in nerve cells after TBI is increased:
the reserves of adenosine triphosphate (ATP) are deplet-
ed, the Ca?* pump are disrupted. The increased perme-
ability of cell membranes for Ca?*leads to the release of
calcium from the intracellular calcium depot. Cell depo-
larization and glutamate release of nerve endings leads
to a violation of the membranes integrity of nerve cells
and vascular endothelium [6, 10, 11]. The neurotrans-
mitter (glutamate) provokes the activated postsynaptic
glutamate receptors. The increase in the Na* influx leads
to a further depolarization. More Ca?* start entering the
cell through ion channels. The consequence of calcium
overloading cells damaged by the activation of phospho-
lipases, proteases and nucleases are leads to the loss of
membrane integrity, genome expression, and destruc-
tion of the structural components in cell [12, 13].

TBI primary injuries includes local brain contusion,
cerebral trunk contusion, axonal and vessel cerebral in-
juries. Primary injury affects of the neurons body and
astrocytes, synaptic breaks, in the vessels formed blood
clots and the walls of the vessels is disrupted. At the end
of the pathological process of primary trauma, a de-
crease in the supply of adenosine triphosphate (ATP) oc-
curs due to a violation of the permeability of cell mem-
branes, which at the next stage leads to cytotoxic edema
and cell death. [14, 15].

A penumbra zone forms along the periphery of the
primary injury. All cells remain viable. Only their sensitiv-
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ity to even minor deviations in the normal operation of
oxygen and nutrient delivery increases [16, 17].

Mechanical neuronal membranes destruction is
a triggering factor leading to the depletion of ionic re-
serves of cell, free radicals and lipid peroxidation are
formed. The next pathological stage is an increase Ca®
content in cell, the triggering of phospholipases and cal-
pain. All these pathological factors activate secondary
injury to the membrane and cytoskeleton of neurons.
Plasma movement of the axon is slowed down and leads
to delayed cell death [18].

Due to TBI apoptosis of nerve cells is triggered. This
process begins with an action of damaging agent on the
cell genome or with the destructive action of inflamma-
tory mediators. The influence of secondary brain injury
factors, the transport of 0, and nutrients to neurons is
disrupted, as well as their destruction begins in an un-
necessary volume [19, 20]. The prenumbra area is more
susceptible to pathological changes due to TBI [21].

The inflammatory response is triggered out as a re-
sult of TBI primary injury. These reactions are damaging
and neuroprotective. The primary pathological process-
es in TBI are triggered due to any mechanical damage
of the cerebral tissue. Scientists attach great importance
to secondary trauma in animal experiments. And that’s
why, pharmacological approaches to the treatment of
the consequences of TBI, affecting the secondary pa-
thology mechanisms with further apoptosis of brain
cells, require in-depth study [9].

The development of secondary disorders after TBI
are cause why inhibition of cerebral microcirculation,
violations of oxygenation and metabolic processes in
nerve cells are observed, and also occurs edema and
cerebral ischemia (Cl). These damages occurs on a 40%
of people who had sufferred moderate TBI and 85% of
severe TBI [22].

People who had suffered from an TBI, the risk of an
unfavorable outcome in the event of secondary brain
injury increases, since that worsens the severity of the
patient’s condition and restoration of cognitive func-
tions. Therefore, timely prophylaxis and correctly cho-
sen treatment of secondary brain injury is the main task
of therapy for victims of TBI severe [9].

The inflammatory response occupies one of the
most important parts, an evolutionarily process of tissue
reactions. A membrane-destroying process at the cels,
due both mechanical damage and autolytic processes.
The end of such pathological processes can be necrosis
and apoptosis or regeneration and repair [23]. The re-
constructions of cells involves all factors of inflammatory
response. These factors including: edema, inhibition of
blood circulation and protein, carbohydrate, fat metabo-
lism. The fact that sanogenic pathological reactions such
as edema and hyperemia, in the case of generalization,
can have a pathogenic or even thanatogenic character.

Tom 8, Beinyck 4, 2020

In case of primary brain injury, activation and re-
lease of large volumes of cytokines begins throughout
the human body. These cytokines can be inflammatory
and anti-inflammatory. Also, an activation of resident
macrophages from astrocytes with microglia in brain,
the movement of neutrophils to the injury and to the
violations of BBB permeability. The cytokines consists
of: growth factors, interleukins, neuropoietins, chemo-
kines, interferons, tumor necrosis factors, neurotropins.
All these components are involved in the inflammatory
response [24].

Despite the rapid development of experimental
pharmacology [4, 25-28], the improvement of meth-
ods of directed synthesis, allowing the creation of highly
selective drugs, remains highly relevant for new com-
pounds. Ethylthiadiazole derivatives may be potential
candidates with neuroprotective properties. Among
them, a large number of compounds with anti-inflam-
matory, antimicrobial, anticonvulsant, hypotensive, an-
tioxidant, and antitumor effects have been identified
[29-34].

THE AIM of the study: to study the neuroprotective
properties of new ethylthiadiazole derivatives under the
conditions of experimental traumatic brain injury (TBI).

MATERIALS AND METHODS

Test samples

LKHT 4-15, LKHT 10-18, LKHT 11-18, and LKHT 12—
18 were synthesized at the Russian Research Center for
Safety of Bioactive Substances (Staraya Kupavna, Russia).

Animals

The experiment was conducted on 78 white male
Wistar rats aged 5-6 months, body weight 270+20
gramms and in 120 outbred white mice with body
weight 2012 gramms. The animals were buyed at the
Federal State Institution of Science Scientific Center of
Biomedical Technology of the Federal Medical-Biological
Agency of Russia. Conditions of detention: under stan-
dard conditions in accordance with Sanitary and epide-
miological requirements for the device, equipment and
maintenance of experimental biological clinics (vivar-
iums) No02.2.1.3218-14 and Federal Standard of Russia
No.33044-2014.

Study design

The acute toxicity of LKHT 4-15, LKHT 10-18, LKHT
11-18 and LKHT 12-18 was studied in male mice. The
next dose range was studied: 500 mg/kg, 1000 mg/kg,
2500 mg/kg, 5000 mg/kg. The choose of doses was car-
ried out by the experiment. The injection of the samples
was made fractionally. Each mouse were observed keep
watching for the first 60 minutes after injection of the
test samples. Then the observation was performed once
per day.
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The manipulations on rats were carried out under
general anesthesia by intraperitoneal injection of chlo-
ral hydrate (300 mg/kg). In this work, the technology of
modeling TBI on rats was reproduced by the method of
free-fall of block with weight 155 grams from height at
0.6 meters [33]. The setup consist of a stand with a 1.1
meters long hollow tube clamped in a stand in a vertical
position. A firing pin with stopper is locate at lower edge
of the pipe. The striking surface area of firing pin was 0.5
cm?. The movement of the firing pin was limited in any
conditions to no more than 5 mm. With the help of a re-
turn spring, upon impact, the firing pin returns to start-
ing point. Restriction in the movement of the firing pin
allows to escape depressed fractures of the cranial vault.
The block was placed in the pipe cavity at a prearranged
height. The displacement of the firing pin at the point
of impact was excluded if using this function in exper-
iment. Before modeling the pathology, it was checked
the position of the pipe (installed vertically) and the
table (horizontally). The localization of the impact was
carried out according to the anatomy of the rat brain.
The impact was simulated in the field zone Frl, Fr3, FL,
HL, Parl, Pag2. The impact site was located in the fron-
to-parietal-temporal region of the left hemisphere of the
brain. The rat’s head was not rigidly fixed. This model
made it possible to reproduce the TBI model as close as
possible to that in humans [33].

The pharmacological screening was carried out us-
ing the severity of neurological deficits by the McGraw
point scale modified by V. Gannushkina [35] and the
mNSS scale [36].

This McGraw scale as modified by V. Gannush-
kina (Table 1) is presented with a list of neurological
disorders. The analyzed indicators were summarized.
Depending on the total amount, the neurological defi-
cit can be designated in different ways: the amount of
points 0.5-2.0 corresponds to a mild degree of deficien-
cy; 2.5-5.0 — moderate severity; 5.5-10 severe neurolog-
ical deficits. The evaluation is carried out on the 1%, 3
and 7t days of the experiment.

To assessment the neurological deficit, a modified
test for neurological deficit was carried out 48 h after
modeling the TBI. The mNSS scale (modified neurolog-
ical severity score) is a special system for interpreting
neurological deficits in the presence of a brain injury. It
is used to assess motor, sensory, balance, and reflex be-
havior of animals [36].

According to this neurological scale, rodents were
suspended by the tail (to determine the presence of pa-
resis and paralysis), motor activity in the home cage (to
register gait disturbances and stereotypical movements)
and the peculiarities of movement on a horizontal bar (to
assess the coordination of movements) were assessed,
the safety of the main reflexes (startle reflex, reflex of
the external auditory canal, corneal reflex). The results
of the study to determine the neurological deficit were
formulated based on the sum of points scored in each
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test. A higher score indicates a more severe injury. The
total number of points in the range from 1-6 indicates
the presence of a mild TBI, from 7 to 12 — moderate, and
a total of 13—18 indicates the presence of severe TBI.

To assessment the neurological deficit, a modified
test for assessing the neurological deficit was carried out
48 h after modeling the TBI. The mNSS scale (modified
neurological severity score) is a special system for in-
terpreting neurological deficits in the presence of a GM
injury. It is used to assess motor, sensory, balance, and
reflex behavior of animals [36].

According to this neurological scale (Table 2), rats
were suspended by the tail (to determine the paresis
and paralysis), motor activity in the home cage (to regis-
ter gait disturbances and stereotypical movements) and
the peculiarities of movement on a horizontal bar (to
assess the coordination of movements) were assessed,
the safety of the main reflexes (startle reflex, reflex of
the external auditory canal, corneal reflex). The results
of the study to determine the neurological deficit were
formulated based on the sum of points scored in each
test. A higher score indicates a more severe injury. The
total number of points in the range from 1-6 indicates
the presence of a mild TBI, from 7 to 12 — moderate, and
a total of 13—18 indicates the presence of severe TBI.

To the behavioral assessment of animals, the Open
Field [37] and Rota-rod [38] tests were used.

Open Field Test

This behavioral test is used to register the character-
istics of behavioral reactions in pharmacology and psy-
chogenetics. The main task of this testing is to study the
motor component of the orienting reaction and emo-
tional reactivity of rodents. The setup for the Open Field
Test has a large number of modifications, and the pa-
rameters of determination in this test depend from ob-
jectives of study. In rodents without pathologies, explor-
atory behavior prevails over fear, therefore, if the rodent
is placed in the arena, with normal levels of horizontal
and vertical activity, exploratory behavior dominates
over fear (grooming and bowel movements). The anal-
ysis of the behavioral status with the exploratory activ-
ity assessment of the rats was investigated in an “open
field” installation (Open Field LE80OS, PanlLab Harvard
Apparatus, Spain) for 10 minutes. The room was illumi-
nated with a 100W lamp, which hung at a height of 1.5 m
from the bottom of the arena. The rodents were placed
an “open field” around the periphery of the arena. The
arena was wiped with a damp cloth after each animal.
For analyzing the data obtained, the Smart v.3.0.03 pro-
gram was used. (Panlab Harvard Apparatus, Spain). The
results of the data obtained were summarized.

For statistical calculations of the “Open Field” test,
the following indicators were taken: horizontal activity in
the center, horizontal activity on the periphery, stances,
mink reflex, number of defecation acts, number of urina-
tion acts, grooming.
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Rota-rod Test

The Rota-rod test is used characterizing motor coor-
dination of movements [13]. In this experiment, a con-
stant rod rotation speed of 20 rpm was used. The latency
period (LP) of first fall (the time of first fall of rat from the
rotating rod) and the total holding time on the rotating
rod for 3 attempts were recorded [33, 39-42].

Based on the objective, all animals were divided into
the next groups (n=13):

1. Intact group (animals with oral administration of
NaCl in equivalent doses)

2. Simulation of experimental TBI (control)

3. Simulation of experimental TBI + LHT 4-15

4. Simulation of experimental TBI + LHT 10-18

5. Simulation of experimental TBI + LHT 11-18

6. Simulation of experimental TBI + LHT 12—-18.

All substances were injected at dose of 50 mg/kg
(dose selection was carried out by the experiment), 30
minutes before the modeling of the pathology. Samples
were dissolved with sodium chloride and injected intra-
gastrically.

A day later, the indicator assessments of neurologi-
cal deficit and behavioral status was researched [15].

Statistical processing of results

Descriptive statistics were used for all data. The data
obtained were checked for normality of distribution.
The type wa distribution was determined by the Shap-
iro-Wilk test. In the case of a normal distribution, the
mean value (M) and the standard error of the mean (m)
were calculated. Inter-group differences were analyzed
using parametric (Student’s t-test) or non-parametric
(Mann-Whitney test) methods, depending on the type
of distribution. Statistical analysis was performed using
IBM SPSS Statistics 23 (USA) and Microsoft Office Excel
2010.

RESULTS AND DISCUSSION

During the experiment, it was found that injection
of LKHT 4-15, LKHT 10-18, LKHT 11-18, LKHT 12-18 to
mice at the dose range of 500-5000 mg/kg did not lead
to changes compared with the usual behavior of rodents.
When LKHT 4-15, LKHT 10-18, LKHT 11-18, and LKHT
12-18 were injected at dose of 10000 mg/kg, a decrease
in behavioral activity was observed and, visually, a slight
increase of respiratory rate in mice was recorded. Ani-
mals were localized on the periphery of the cage. There
was no change in the skin and hair, mucous membranes
of mice. The amount and quality of urinations and defe-
cations were unchanged.

Based on the data obtained during the study of
acute toxicity of LKHT 4-15, LKHT 10-18, LKHT 11-18,
LKHT 12-18, it was not possible to determine LD, , since
no deaths of mice were recorded. Maximum injected
dose 10000 mg/kg was selected as LD, for further ex-
periment, according to the protocol and design of the
study.
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The investigated derivatives of ethylthiadiazole
were injected to rats at a dose of 50 mg/kg (1/200 of
maximum injected dose).

The effect of ethylthiadiazole derivatives

on indicators of neurological deficit

in experimental animals with simulated TBI

For all animals of the experimental groups, the char-
acteristic symptoms were: lethargy, tremor, weakness
of the limbs, paresis. The cognitive dysfunction rats was
recorded, pathological work of the forelimbs was ob-
served: the animal pulled the forelimbs along with it, the
fingers were clenched to the palm.

At the first days of experiment, the mortality rate
was equal to 0% in all groups. On the 3™ day, the highest
percentage of mortality — 23%, was in the groups with
TBI without correction, with correction of LKHT 10-18
and LKHT 11-18 at the dose of 50 mg/kg. The lowest
percentage (8%) of fatality on the 3™ day was registered
in the group of animals injected by LKHT 12-18.

The highest mortality rate of animals in experimen-
tal groups was observed for 3 to 7 days. TBI caused the
death of a high percentage of control group animals
(46%). Injection of LKHT 11-18 at the dose of 50 mg/
kg did not lead to a significant reduction in the number
of deaths (38%). Average mortality rates were recorded
in groups with LKHT 10-18 (31%) and LKHT 4-15 (23%).
The lowest mortality rate was in group injected by the
LKHT 12-18 (8%).

The effectiveness of LKHT 4-15, LKHT 10-18, LKHT
11-18, and LKHT 12-18 at the dose of 50 mg/kg on the
neurological deficit of animals after TBI simulation was
evaluated using the McGraw stroke score scale modified
by V. Gannushkina and the psychometric neurological
deficit score scale mNSS. The intact group didn’t have
neurological deficit.

The group without pharmacological treatment was
taken as a control.

In this group, a neurological deficit of moderate se-
verity was observed on 1% day — 4.04 points, with a ten-
dency to worsen the severity by day 7"to 6.08 points.

One day after modeling the pathology, a severe de-
gree of neurological deficit was recorded in the control
group (4.04 points). In the group LKHT 12-18, the neu-
rological deficit was mild (2.96 points). In groups with
correction, LKHT 4-15, LKHT 10-18 and LKHT 11-18 oc-
cupied intermediate values (3.19, 3.65 and 3.88 points).

On the 3™ day, a neurological status decrease was
observed in all groups, with the exception of the group
with correction LKHT 12—18 (2.73 points).

On the 7™ day, a neurological deficit decrease
was observed in the groups with LKHT correction
12-18 (2.46 points) and using of Citicoline at a dose of
500 mg/kg (2.97 points). In the group LHT 4-15, the se-
verity did not change (4.27 points). In the control groups
LHT 10-18 and LHT 11-18, the severity changed to se-
vere (6.08, 5.54 and 5.73 points).
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Table 1 — Scale for neurological deficit according to McGraw modified by I.V. Gannushkina (1996)

Symptoms Point
Lethargy, slowness of movement 0.5
Tremor 1.0
Unilateral half-tosis 1.0
Bilateral half-tosis 1.5
Unilateral ptosis 1.5
Bilateral ptosis 1.5
Manege movements 2.0
Paresis of 1-4 limbs 2.0-5.0
Paralysis of 1-4 limbs 3.0-6.0
Coma 7.0
Fatal outcome 10.0

Table 2 — Modified mNSS neurological symptom severity scale

Test Point Manifestations Point

Hanging by the tail 0-3 Flexion of the forelimb

Flexion of the forelimb 1

Head displacement >10° from vertical axis for 30 sec 1

Physical activity 0-3 Without features 0

Impossibility to move in a straight line 1

Arena movements 2

Falling to one side 3

Sensory tests 0-2 Front limb placement test 1

Resistance to passive flexion of the limb in the ankle joint 1

Walking the crossbar 0-6 Steady posture 0

Pinching one side of the bar 1

Grasping the bar with sliding one of the limbs 2

Grasping the bar with slipping of two limbs or rotating on the bar (> 60 sec) 3

Unsuccessful attempt to stay on the bar, fall (>40 sec) 4

Unsuccessful attempt to hold onto the bar, fall (> 20 sec) 5

Falling without trying to hang or hold onto a beam (<10 sec) 6

Loss of reflexes, 0-4 Reflex of the external auditory canal 1

specific movements Corneal reflex 1

Startle reflex 1

Convulsions, myoclonus, muscular dystonia 1

Table 3 — The effect of ethylthiadiazole derivatives on the dynamics of neurological disorders severity
in accordance with McGraw score scale modified by I.V. Gannushkina (1996) (by the average score) (n=13)

Days
Groups

1 3 7

Intact animals 0 0 0
TBI 4.04 5.35 6.08
LKHT 4-15 (50 mg/kg) 3.19 4.00 4.27
LKHT 10-18 (50 mg/kg) 3.65 4.69 5.54
LKHT 11-18 (50 mg/kg) 3.88 4.85 5.73
LKHT 12-18 (50 mg/kg) 2.96 2.73*% 2.46*
Citicoline(500 mg/kg) 3.97 4.33 2.97*

Note: * — p<0.05 in comparison with the control group of rats
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Table 4 — The effect of ethylthiadiazole derivatives on the dynamics of neurological disorders severity
in accordance to the mNSS neurological assessment deficit scale (based on the average score) (n=13)

Period of time

Groups 2% day
Intact animals 0

TBI 10.69

LKHT 4-15 (50 mg/kg) 8.38*
LKHT 10-18 (50 mg/kg) 8.92
LKHT 11-18 (50 mg/kg) 9.83
LKHT 12-18 (50 mg/kg) 7.85%
Citicoline(500mg/kg) 8.00

Note: * — p<0.05 in comparison with the control group of rats

Table 5 — Results of the Open Field Test with intragastric injecttion of ethylthiadiazole derivatives (M+m; n=13)

Test indicatirs Horizontal

Horizontal activity inthe  Rearin Hole
activity in the Y _g Exploratory Grooming  Defecation  Urination

Groups outer zone, behavior .

center, (m) (m) behavior

Intact animals 0.66%0.23 71.72+3.30 10.77+0.60 4.69+0.36 14.15+0.96  2.00+0.30 0,92+0,21
TBI 0.5840.13 38.34+7.98 3.55+0.53  2.90+0.31 15.72+0.93 0.73+0.24 0.55+0.20
LKHT 4-15 (50 mg/kg) 1.25+0.20* 53.57+5.90 4.42+0.81  2.83+0.47 13.67+0.85 1,08+0,26 0.42+0.20
LKHT 10-18 (50 mg/kg) 0.77+0.09 55.92+6.29  3.90+0.45  3.09+0.65 14.18+0.86 0,91+0,25 0.55+0.21
LKHT 11-18 (50 mg/kg) 0.69+0.07 42.09+2.44  3.82+0.54  2.63+0.53 15.09+0.62 0,82+0,26 0.72+0.25
LKHT 12-18 (50 mg/kg) 1.5+0.11%* 59.47+3.41* 5.92+0.38* 3.41+0.37 14.50+0.72  1,00+0,25 0.83+0.21
Citicoline (500 mg/kg) 1.44+0.22* 49.8+3.00*  4.60+0.53  3.40+0.35 12.78+0.60* 1,00+0,28 0.74+0.21

Note: * — p<0.05 in comparison with the control group of rats

Table 6 — Results of the Rota-rod Test with intragastric administration
of the ethylthiadiazole derivatives (Mtm; n=13)

Group The latent period of the first fall The total retention time of animals for 3 attempts
72 hours

Intact group 83.31+2.86 158.69+2.13
TBI 7.6410.61 68.90+4.54
LKHT4-15 41.25+3.20* 95.58+1.09*
LKHT10-18 30.67+2.46% 81.18+1.33
LKHT11-18 24.18+1.98* 81.00+3.78
LKHT 12-18 49.83+3.39* 105.08+1.89
Citicoline(500 mg/kg) 35.73+3.65* 89.14+2.50*

Note: * — p<0.05 in comparison with the control group of rats

Injection of LHT 4-15 and LHT 12—-18 with simulated
TBI resulted in a marked decrease in the severity of neu-
rological deficit in comparison with the control. Statisti-
cally significant (p<0.05) improvement in the severity of
neurological deficit was registered in the group of ani-
mals injected by the LHT 12—18 at the dose of 50 mg/kg
in comparison with the control group, the data obtained
presented in table 3.

On the 2" day, the rats injected by the LKHT 4-15,
LKHT 10-18, LKHT 11-18, LKHT 12-18 at the dose of
50 mg/kg had more mildsymptoms of neurological defi-
cit in accordance with mNSS scale in comparison with
the control group of animals. But statistically significant
differences (p<0.05) was observed only in groups LKHT
4-15and LKHT 12-18 at the dose of 50 mg/kg, data ob-
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tained presented in table 4. Rats of these groups had more
pronounced motor skills compared with control group.

Besides the results of neurological deficit on two
scales of pronounced neuroprotective activity in LKHT
4-15 and LKHT 12-18 at the dose of 50 mg/kg was re-
vealed. In rodents of these groups, the lowest scores of
neurological deficits and a higher level of motor activity
of the limbs were recorded. The statistically significant
differences in the two scales and the level of lethality
LKHT 12—18 was identified as a leader.

The effect of new ethylthiadiazole derivatives

on the indicators of the behavioral status

in simulated TBI

The Open Field Test, the motor and exploratory ac-

269



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

tivity of intact animals was evaluated, as well as animals
with simulated TBI without pharmacological treatment
and administered with ethylthiadiazole derivatives. The
data obtained presented in table 3.

Among the Open Field testing 72 hours after inju-
ry simulation showed that pharmacological treatment,
motor and exploratory activity in comparison with the
intact group was lower by 2 times and 3 times, respec-
tively; movement in the field was chaotic with extremely
rare peeks into holes and rearing behaviors, the rats did
not investigated the entire area of the field.

Motor activity significantly decreased in all groups
relative to intact animals. The LKHT 12-18 at the dose
of 50 mg/kgcould significantly hinder the reduction of
motor activity in the animals on the background of a
traumatic brain injury, p<0.05 in comparison with the
indicators of the control group from all groups.

The evaluation of exploratory activity was also de-
creased in all groups in comparison with intact animals.
In the control group, the largest decrease in this indica-
tor was still observed; the data obtained presented in
table 5. Hole exploratory behavior in the groups inject-
ed by the LKHT 4-15, LKHT 10-18, LKHT 11-18, LKHT
12-18 did not decrease significantly, relative to the con-
trol group of animals. The number of rearing behaviors
in the injected group by the LKHT 12-18 at the dose of
50 mg/kg increased by 1.5 times, statistically significant
(p<0.05) relative to the control group. The number of
defecations and urinations decreased not statistically
significant. Grooming was statistically significantly differ-
ent from the control in all groups (p<0.05).

The Rota-rod Test, the control group recorded a de-
crease in the retention time of animals on a rotating rod
for 1 attempt (latent period) and 3 attempts, in compar-
ison with the intact group, the data obtained presented
in table 6. TBI simulation of the control group caused
significant violations of strength and coordination.
Regression of the total retention time relative to the
intact group was determined. The injecttion of all eth-
ylthiadiazole derivatives LKHT 4-15, LKHT 10-18, LKHT
11-18, LKHT 12—18 at the dose of 50 mg/kg significantly
increased the retention time for 1 attempt on the rod
(p<0.05) in comparison with the control. The highest in-
dicators in this test for 1 attempt of retention were regis-
tered in groups of LKHT 4-15 - 5.5 times, LKHT 12-18 -7
times higher than in the control. The lowest rates were
observed in the group with TBI and LKHT 11-18 — only
4 times.

The total retention time of animals on the rod for
3 attempts statistically significant differences in groups

LKHT derivatives 4-15 (1.4 times longer), LKHT 11-18
(1.25 times longer), LKHT 12-18 (1.5 times longer) at the
dose of 50 mg/kg compared with the control (p<0.05).

Based on the results of the Rota-rod Test, the most
promising compound for pharmacological treatment of
the consequences of traumatic brain injury is LKHT 12—
18 at the dose of 50 mg/kg.

DISCUSSION

For identification a promising neuroprotective com-
pound among new ethylthiadiazole derivatives, the
most significant and reliable indicators were found in
the compound LKHT 12—-18 at the dose of 50 mg/kg: the
lowest percentage of mortality among groups with phar-
macological treatment of pathology (8%); LKHT 12-18
administration to rats with simulated TBI led to a signif-
icant decrease in the severity of neurological deficit in
comparison with the control, the decrease of the sever-
ity of neurological deficit in the group of animals admin-
istered with LKHT 12-18 at the dose of 50 mg/kg was
statistically significant (p<0.05) in comparison with the
control group; the evaluation of neurological deficit in-
dicators using mNSS scale showed a pronounced neuro-
protective activity of LKHT 12—18 at the dose of 50 mg/
kg. In rodents of this group, the lowest scores of neuro-
logical deficits and a higher level of motor activity of the
limbswere recorded. The number of rearing behaviors in
the group of animals injected by LKHT 12—18 at the dose
of 50 mg/kg increased by 1.5 times, statistically signifi-
cant (p<0.05) relative to the control group. Based on the
results of the Rota-rod Test, the total retention time of
animals on the rod for 3 attempts significantly differed
in the groups LKHT 4-15 (1.4 times longer), LHT 11-18
(1.25 times longer), LHT 12—-18 (1.5 times longer) at the
dose of 50 mg/kg compared with the control (p<0.05).

Based on the results obtained in this study, it is
planned to study in more detail the LKHT 12—-18 at the
dose of 50 mg/kg using a complex of biochemical and
morphometric research methods that will suggest a po-
tential mechanism of action of this leader compound.

CONCLUSION

LHT 12—-18 — an ethylthiadiazole derivative at a dose
of 50/mg has the most pronounced neuroprotective ef-
fect in an experimental model of traumatic brain inju-
ry. Based on the results obtained in this study, a more
detailed study of LHT 12-18 is planned using a complex
of biochemical and morphometric research methods,
which will suggest a potential mechanism of action of
this leader compound.
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The aim of the research was to study the main indicative indicators of the implementation of The Federal Program “Provision
of Essential Medicines” in 20 constituent entities of the Russian Federation based on the results of 2018 and 2019.
Materials and methods. The analyzed data were provided on the basis of the request cards specially designed by the health
authorities of 20 subjects of the Russian Federation located in seven federal districts.

Results. It has been established that the funds allocated to the constituent entities of the Russian Federation, directly
depend on the number of beneficiaries who retained the right to receive state social assistance in the form of a set of social
services. These funds also correlate with the indicator “Population of the subject of the Russian Federation”. In all the studied
constituent entities of the Russian Federation, more than 50% of the total number of people who retained the right to
preferential drug provision in 2018-2019, asked for medical help as part of the program “Provision of Essential Medicines”.
Herein, in the constituent entities of the Russian Federation, the average cost of one prescription amounted to 1,107.2 rubles
in 2018 and 1,297.2 rubles in 2019. The estimated indicator “The average actual expenditures per 1 citizen entitled to state
social assistance in the form of a set of social services, amounted to 1,723.0+90.2 rubles in 2018 and 1,526.8+80.5 rubles
in 2019, which is higher than the approved input normative (823.3 rubles and 861.8 rubles in 2018 and 2019, respectively).
Conclusion. Thus, an excess of average actual expenditures per citizen entitled to state social assistance in the form of a set of
social services, was notified over the standards established by the decrees of the Government of the Russian Federation. The
revealed discrepancy between the normative and actual expenditures can also be an indirect confirmation of the fact that
the most needy beneficiaries with chronic diseases remained in the program “Provision of Essential Medicines”.

Keywords: assurance program of supporting beneficiaries with indispensable medicinal preparations, federal beneficiaries,
medicine assistance

Abbreviations: GSA — government social assistance; MA — medicine assistance; MP — medicinal preparation; SSS — a set of
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AHANU3 PEANTU3ALUUU ®EOEPATIbHOWU NPOMPAMMbI
OBECMNEYEHNA HEOBXOAUMbIMU JIEKAPCTBEHHbBIMU
NMPENAPATAMU B CYBBEKTAX POCCUNCKOWN ®EOEPALIUN

WU.K. Netpyxunal, P.U. AryauHa?, T.K. PasaHoBa?, B.A. Kypkun?, C.B.MepByLIKUH?,
A.B. Eroposa?, /1.B. JlornHosa!, A.U. XycanHosa?, N.P. banHKoBa*
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Lienb. N3yunTb OCHOBHbIE MHAMKATMBHbIE MOKa3aTenn peanusaumm degepanbHon nporpammsl OHJIM B 20 cybbekTax PO no
nToram 2018 1 2019 rr.

Marepuanbl u metogbl. B nccnegoBaHnmn aHan3npoBanunch AaHHble, NpeAoCcTaBNeHHble HA OCHOBaHMM CeLnasbHO paspa-
H60TaHHbIX KapT-3aNPOCOB OpPraHamMm ynpaBieHua 3apaBooxpaHeHnem 20 cybbekToB PO cemu penepanbHbIX OKPYros.
Pe3ynbrathbl. YCTAHOB/NIEHO, YTO 06bEM BblAENEHHbIX Cy6beKkTamM PO GpUHAHCOBBIX CPEACTB HANPAMYIO 3aBUCUT OT Koanye-
CTBa NbFOTONO/IyYaTe1Iei, COXPaHMBLLMX NPABO Ha NONYYEHMEe roCcyAapCTBEHHOM coumanbHov nomowum (FCIM) B BuAe Habopa
coumanbHbix ycnyr (HCY), a Tak»ke Koppenupyer ¢ nokasatenem «4nMcneHHocTb HaceneHusa cybbekta PO». Bo Bcex uccne-
ayembix cybbekTax PO 6onee 50% rpaxaaH n3 o6LWwero Yncna anL, COXpPaHUBLUMX NPABO Ha IbFIOTHOE 1IeKapCTBEHHOe obe-
cneyeHue, B 2018-2019 rr. 06palLLlanCh 3a NEKAPCTBEHHOM MOMOLLBIO B paMKax nporpammbl OH/IM, npu 3STOM B LLeNOM MO
cybbektam PP cpeaHaa ctoMmocTb ogHoro peuenta coctasuna 1107,2 py6. B 2018 r. u 1297,2 py6. B 2019 r. PacyeTHbIi
nokasartenb «CpeaHas cymma akTUYeCKMX 3aTpaT Ha 1 ogHOro obpaTmBLUErocsa rparkAaHuHa, umetowero npaso Ha Cll
B Buae HCY» coctasuna 1723,0+90,2 py6. B 2018 r. n 1526,8+80,5 py6. B 2019 r., 4TO BbILE YTBEPKAEHHbIX HOPMATUBOB
(823,3 py6. 1 861,8 py6. B 2018 1 2019 rT.).

3aKkntoueHue. TakMm 06pa3om, OTMeYEHO NpeBbileHne cpefHUX GakTUUECKMX 3aTpaT HAa OAHOIO rPaXKAaHWHA, UMeloLEero
npaso Ha ClN B Buae HCY, Hag, ycTaHOBAEHHbIMW MOCTaHOBAEHUAMMU [paBuTenbcTBa P® HopmaTneBamu. BbiABNeHHOE He-
COOTBETCTBME MOXKET ABNATLCA KOCBEHHbIM NOATBEPXKAEHWEM TOro, YTo B nporpamme OHJIM B OCHOBHOM OCTanunCb camblie
HY}KAQIOLWMeECs IbroTONOyYaTeNun, UMeoLLMe XPOHUYecKre 3abo1eBaHus.

KntoueBble cnoBa: nporpamma obecrnevyeHns HeobXoAMMbIMM IeKapCTBEHHbIMU Npenapatamu, desepanbHble NbroTonony-
YyaTenu, IbroTHoe NieKapcTBeHHoe obecneyeHme

CoKpaleHus: IClN — rocysapcTBeHHan coumanbHan nomoup, /1710 — nbrotHoe nekapcteeHHoe obecnedeHune, JIMN — nekap-
CTBEHHbIM Npenapat, HCY — Habop coLmanbHbIX YCAYT, HA — HET AaHHbIX, HN — He NpumeHumo, OHJIM — obecneyeHne HEOb-

XOAUMbIMU NeKapPCTBEHHbIMU NpenapaTtamu.

INTRODUCTION

One of the main federal programs of medicine as-
sistance (MA) is the assurance program of supporting
beneficiaries with indispensable medicinal preparations
(SIMP) in accordance with the standards of medical care
through federal budget subsidies to the constituent en-
tities of the Russian Federation (RF) [1-4]. The main aim
of the program is to ensure a high-quality and timely
provision of federal beneficiaries with medicinal prepa-
rations. The Program of supporting with indispensable
medicinal preparations (SIMP), is implemented on the
principle of social insurance, which involves the con-
sumption of a set of social services (SSS) including drug
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provision. This Program concerns not all the citizens as-
signed to the persons entitled to benefits, but only those
who have a real need for MPs on account of their dis-
eases [2]. At the same time, since 2006, federal benefi-
ciaries have been legally provided with the possibility of
refusing the SSS and receiving a monthly cash payment
[2, 4, 5].

The functioning of the medicine assistance (MA) sys-
tem is of high social significance, as it helps to maintain
beneficiaries’ health’s and increases the level and quality
of their lives. However, at present, no more than 20% of
residents of the Russian Federation (mostly the citizens
with chronic diseases) have retained the right to receive
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benefits in kind under the SIMP program. Consequently,
in the regions of the Russian Federation, there is a short-
age of financial resources that can be used to purchase
the necessary drugs for federal beneficiaries [1, 4, 5].

An important indicator of the SIMP program im-
plementation in the constituent entities of the Russian
Federation, is the amount of allocated funding; the pro-
portion of the patients who have retained the right to
receive the government social assistance (GSA) in the
form of a set of social services; the proportion of the cit-
izens who have applied for medical care under the SIMP
program, actual costs per one beneficiary who have ap-
plied (taking into account pharmaceutical services); the
number of prescriptions written; the average cost of one
prescription. The indicators of the SIMP program imple-
mentation in various constituent entities of the Russian
Federation have some differences, which are due to the
structure of the beneficiaries’” morbidity, the amount of
funding, the range of purchased drugs, etc. [3].

THE AIM of the research was to study the main in-
dicative indicators of the federal SIMP program imple-
mentation in 20 constituent entities of the Russian Fed-
eration based on the results of 2018 and 2019.

MATERIALS AND METHODS

A multicenter study was carried out on the territory
of 20 constituent entities of the Russian Federation. The
choice for the analysis of the Russian Federation constit-
uent entities was due to the fact that they have differ-
ent demographic, socio-economic and infrastructural
indicators. Taking into account the fact that administra-
tive and territorial structure of the Russian Federation
is represented by 85 constituent entities, the sample of
our study included about 24% of the country’s regions.
Based on the analysis of regional characteristics, the sit-
uation in the medicine assistance (MA) sector of federal
beneficiaries of various federal districts of the Russian
Federation, has been characterized.

The data analysis was carried out on the basis of
request cards, specially developed by the government
health agencies of 20 constituent entities of the Russian
Federation in seven federal districts, including:

— 5 constituent entities of the Russian Federation
of the Central Federal District: Belgorod, Vo-
ronezh, Smolensk, Tula regions; the city of fed-
eral significance Moscow;

— 4 constituent entities of the Russian Federation
of the Volga Federal District (VFD): Kirovskaya,
Samaraskaya oblasts, Chuvashskaya republic,
Republic of Tatarstan;

— 4 constituent entities the Far Eastern Federal
District (FEFD) of the Russian Federation: the
Republic of Sakha (Yakutia), Sakhalin Region,
Khabarovsk Territory, Zabaikalsky Territory;

— 2 constituent entities of the Russian Federation
in the Southern Federal District (SFD): Astra-
khan Region, Krasnodar Territory;
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— 2 constituent entities of the Russian Federation
of the Ural Federal District: Chelyabinsk, Kurgan
regions;

— 2 constituent entities of the Russian Federation
of the Siberian Federal District (SFD): Omsk Re-
gion, Altai Territory;

— 1 constituent entity of the Russian Federation
of the Northwestern Federal District (NWFD):
The Republic of Karelia.

The request cards were developed at the Depart-
ment of Management and Economics of Pharmacy at
Samara State Medical University (the Ministry of Health
of Russia) and in structure, they corresponded to the ob-
jectives of the study.

The research program included a comparative as-
sessment of the following data:

— the total amount of financing in the analyzed
constituent entities of the Russian Federation
(including the cost of pharmaceutical services);

— the number of beneficiaries who have retained
the right to receive the government social as-
sistance (GSA) in the form of a set of social ser-
vices (SSS);

— the total amount of costs associated with me-
dicinal products delivered up to beneficiaries;

— the average proportion of beneficiaries in the
total number of the Russian Federation constit-
uent entities;

— the proportion of beneficiaries who have re-
tained the right to receive the government
social assistance (GSA) in the form of a set of
social services (SSS);

— the indicator of the appealability of beneficia-
ries for medical care under the SIMP program;

— the number of prescriptions under the SIMP
program;

— the actual costs per one beneficiary who have
applied (taking into account pharmaceutical
services);

— the average cost of one prescription in the Rus-
sian Federation constituent entities.

In the analysis, the following kinds of methods were
used: comparative, structural, logical and content. The
statistical processing of the numerical material was
carried out by methods of descriptive statistics, using
the statistical software package IBM SPSS Advanced
Statistics 24.0 No. 5725-A54 (IBM, USA). The statistical
patterns were revealed in the generalized data. As for
methods of generalization, they were represented by
grouping and calculating of the summary indicators for
the population as a whole, and for the selected groups.
For all quantitative features, the arithmetic mean and
root-mean-square (standard) errors of the mean were
estimated, as well as the median, the determination of
10% and 90% percentiles. In the text, the descriptive sta-
tistics are presented as M + SD, where M is the mean,
and SD is the standard deviation for a normal distribu-
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tion of a trait, or Med for an abnormal distribution of a
trait. To determine the nature of the distribution of the
obtained data, the Kolmogorov-Smirnov test with the
Lilliefors normality test, and the Shapiro-Wilk test were
used. The Lilliefors test is a normality test. To assess
the relationship between the indicators, the Pearson
correlation coefficient (r-Pearson) was used. The differ-
ences were considered significant if the probability was
more than 95% (p<0.05)

RESULTS

To study the features of the federal SIMP program
implementation in the Russian Federation, a compar-
ative analysis of the main indicative indicators of the
program has been carried out. Herewith, the results
of studying 20 Russian Federation constituent entities
based on 2018 and 2019, have been used. The analysis
showed that the amount of the funds allocated to the
Russian Federation constituent entities, depends on the
number of the beneficiaries who have retained the right
to receive the government social assistance (GSA) in the
form of a set of social services (SSS) (r-Pearson in 2018
and 2019 — 0.95 and 0.94, respectively, p <0.05), and
also correlated with the indicators “Population of the
constituent entity of the Russian Federation” (r-Pearson
in 2018 and 2019 was 0.98, p <0.05) (Tables 1, 2).

Table 1 shows that the amount of funding for the
SIMP program implementation in the studied regions
of the Russian Federation, varied from 204.8 to 7651.6
million rubles in 2018 and from 241.8 to 7744.8 million
rubles in 2019, while the maximum amount of funding
(more than 1 billion rubles) was in Moscow (the city of
federal significance), Krasnodar Territory, the Republic of
Tatarstan. In total, in 2019, the volume of MA financing,
including pharmaceutical services, in the studied con-
stituent entities of the Russian Federation amounted to
18.57 billion rubles, which was 0.5% more than in 2018
(18.48 billion rubles). The average change in the volume
of financing in the constituent entities of the Russian
Federation in 2019 relative to 2018, was (mean * root-
mean-square error) 3.13+1.10%.

Based on the data presented in Table 2, it can be con-
cluded that the amount of MPs costs under the SIMP pro-
gram, was directly related to the total amount of funding
for the program (r-Pearson 0.94 in 2018 and 0.95 in 2019,
p<0.05), the indicators “The number of beneficiaries who
have retained the right to receive the government social
assistance (GSA) in the form of a set of social services”
and “The population of the constituent entity of the Rus-
sian Federation”. In total, under the SIMP program, fed-
eral beneficiaries received MPs at the amount of 17.35
billion rubles in 2018 and 17.57 billion rubles in 2019. In
2018, the median of MPs costs amounted to RUB 487.0
million rubles (the range within 159.8-6,181.8 million ru-
bles), in 2019 — 452.95 million rubles (the range within
151.5-4,912.1 million rubles). The average change in this
indicator in 2019 relative to 2018 was +7.33+3.01%. The
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maximum values were also reported in Moscow, Krasno-
dar Territory and the Republic of Tatarstan.

The maximum number of federal beneficiaries (over
100,000 people), live in the same constituent entities of
the Russian Federation that had the largest amount of
funding for the program. The minimum number of fed-
eral beneficiaries (no more than 20 thousand people),
is registered in the following constituent entities of the
Russian Federation: Sakhalin and Astrakhan regions, Re-
public of Karelia (these regions had the smallest amounts
of funding). In total, the number of federal beneficiaries
in 2019 compared to 2018, practically did not change
(—0.03%), the average change in the studied constituent
entities of the Russian Federation was —1.29+0.95%. The
maximum reduction in the number of federal beneficia-
ries was recorded in the Kurgan region (—-14.41%), the
largest increase in the number of beneficiaries was in
the Voronezh region (+ 6.65%).

When analyzing the proportion of federal benefi-
ciaries in the total population of the constituent entity
of the Russian Federation, it was determined that the
median value of this indicator was 2.6% (10th and 90th
percentiles 2.2 and 3.1%, respectively) in 2018 and 2.5%
(10th and 90th percentiles 2.2 and 3.0%, respectively)
in 2019 (Table 3). The largest proportion of federal ben-
eficiaries in the structure of the population of the Rus-
sian Federation constituent entity (more than 3.0%) is
reported in the Republic of Sakha / Yakutia, Moscow and
the Republic of Karelia.

Table 3 shows that the proportion of the persons who
have retained the right to receive the government social
assistance (GSA) in the form of a full set of social services
(SSS), differs significantly in separate constituent entities
of the Russian Federation, with the median being 27.3%
(10* and 90" percentiles 18.6 and 62.8%, respectively) in
2018 and 25.2% (10t and 90 percentiles 17.4 and 59.8%,
respectively) in 2019. More than 50% of citizens eligible
for medicine assistance under the SIMP program, have
retained the right to receive benefits in kind in the Repub-
lic of Sakha/Yakutia, Smolensk and Sakhalin regions. The
lowest value of this indicator was reported in the Belgorod
Region (13.6% in 2019). In general, in the analyzed period,
the proportion of beneficiaries in the total population and
the proportion of the persons who have retained the right
to receive the government social assistance (GSA) in the
form of a set of social services (SSS), has not undergone
significant changes in the studied constituent entities of
the Russian Federation.

More than 50% of the citizens from the total num-
ber of persons, who have retained the right to medicine
assistance in 2018-2019, appealed to a medical organi-
zation, they were prescribed MPs under the SIMP pro-
gram (Table 3). According to the indicator “Appealability
of federal beneficiaries for receiving medicine assistance
under the SIMP program”, several typological groups of
the constituent entities of the Russian Federation can be
distinguished:
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Table 1 — Comparative analysis of the quantitative characteristics of the federal SIMP program implementation

in the constituent entities of the Russian Federation in 2018-2019

Number of beneficiaries who

Medicinal preparations distributed have retained the right to receive

. Allocated funds for a year, at the amount of min. RUB medicine assistance accordin
Consptuent min. RUB (excluding pharmaceutical J
No entity of services) to SIMP program (at end of
" the Russian reporting period), ths. people
Federation Change Change Change
2018 2019 compared 2018 2019 compared 2018 2019 compared
t0 2018 t0 2018 t0 2018
1 Mocow 7,651.60 7,744.78 1.22%  6,181.8 4,912.12 -20.54% 491.18 47241  -3.82%
2 gf;?g?yar 1,840.00 1,800.00 -2.17% NIA NIA IA NIA NIA IA
3 ﬁ;‘:ﬂ:nf’f 1,668.22 1,671.25 0.18%  1,298.54 1,562.88 20.36% 11593  117.54  1.39%
4 f:;g’:b'mk 981.60 99230  1.09% 722.8 885.7 22.54%  76.28 76.65 0.48%
. ﬁ;trf;tory 784.60  786.10  0.19% 633.4 689.5 8.86% 59.12 58.80  —0.53%
6 z’;izkn 686.70 67520 -1.67% 572 612.9 7.15% 51.39 51.39 0.00%
U :’:gri‘;r;em 564.76 58321  3.27% 52445  526.42 0.38% 44.60 47.57 6.65%
8 The Republic
of Sakha 505.57  -8.61% 4245  -12.84% 39.66 2.80%
(Yakutia) 553.20 487.01 38.57
2 E:g'ig;’fd 530.54  516.66 -2.62% 520.764 506.807 -2.68%  39.62 3939 -0.59%
10 Tula region 49520 47820  -3.43% 4182 481.4 15.11%  36.90 36.40  -1.36%
£ 'IE::}?tirr(;VSk 43470 37530 -13.66% 298.98  309.35  3.47%  27.89 2687  —3.66%
12 %:Er?tlgflfky 42320 43250  220% 3192 3482  9.09% 3200 3080  -3.75%
= gglc;‘gkaya 41080  402.69 -1.97%  398.04 37899  -479%  31.86 3137 -1.53%
14 rK:grigoan” 34998 32007 -855%  290.8 326.4 12.24%  25.39 2174  -14.41%
15 Chuvash-
skaya 34421  309.65 -10.04%  207.3 243.9 17.66%  24.54 2352 -4.17%
republic
16 The Republic 2 nao o A aco
of Karela 2768 26730 7.08% 00 22491 2631% 0.0 19.96 0.85%
e/ fe“;?c';mk 269.60 26530  -1.59%  197.7 2435 23.17%  20.82 2070  -0.58%
18 ‘:‘:gm'” 204.80 1982  -3.22%  159.8 151.5 -5.19%  14.30 14.60 2.10%
e f:'gtirg';ha” NIA 241.76 A NIA 203.52 IA NIA 19.00 IA
20 zzrl‘;itras'(aya NIA NIA IA 923.2 91031  -1.40%  70.44 69.48  —1.35%
Total 18,481.39 18,566.04 +0.46% 17,346.34 17,574.10 +1.31% 1,762.07 1,761.54 —0.03%
Mean change -3.13 +7.33 -1.29
+1.10% +3.01%* +0.95%

Note

: NIA — No information available; IA — inapplicable; * — taking into account the actual volume of distribution in the Krasnodar Territory.

Tom 8, Beinyck 4, 2020 277



RESEARCH ARTICLE Scientific and Practical Journal

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

Table 2 — Correlation between indicators of the SIMP program implementation in 2018-2019

B n o 2 > » *

8. 2 & < ZEEE 2% g, 5  e5

Indicator S5 « 9 N 8 SLEcT 22 g x o5 v 58

2 T g g8 8 L£g¢g 532+« = S &5 ®5 5

Tc 2% EO 3 2gg2 291 S E c 32 [

55 o 2 S o o) PR al o> C 2 s 9 > 8¢9

w L O T Z o a aocs <a > < E Z o I o o
Funds allocated 2018 1.00 0.98 0.95 0.98 0.86 0.44 0.90 0.85 0.75
for a year 2019 1.00 0.96 0.94 0.98 0.86 0.61 0.90 0.86 0.56
Costs of distributed 2018 0.98 1.00 0.99 0.95 0.93 0.53 0.97 0.80 0.74
medicinal preparations 2019 0.96 1.00 1.00 0.95 0.93 0.64 0.98 0.81 0.59
Number of 2018 0.95 0.99 1.00 0.93 0.95 0.58 0.99 0.77 0.71
beneficiaries* 2019 0.94 1.00 1.00 0.93 0.95 0.63 0.99 0.77 0.59
Population 2018 0.98 0.95 0.93 1.00 0.79 0.42 0.88 0.84 0.73
2019 0.98 0.95 0.93 1.00 0.79 0.51 0.89 0.82 0.60
Proportion of patients 2018 0.86 0.93 0.95 0.79 1.00 0.60 0.96 0.67 0.66
who have retained the — 5704 3553695 079 1.00 0.74 0.95 0.69 0.52

MA rights*

Appealability 2018 0.44 0.53 0.58 0.42 0.60 1.00 0.61 0.51 0.14
by results of the year** 2019 0.61 0.64 0.63 0.51 0.74 1.00 0.61 0.53 0.44
Actual costs per 2018 0.90 0.97 0.99 0.88 0.96 0.61 1.00 0.71 0.69
month*** 2019 0.90 0.98 0.99 0.89 0.95 0.61 1.00 0.73 0.58
Number of 2018 0.85 0.80 0.77 0.84 0.67 0.51 0.71 1.00 0.35
prescriptions 2019 0.86 0.81 0.77 0.82 0.69 0.53 0.73 1.00 0.15
Average cost of one 2018 0.75 0.74 0.71 0.73 0.66 0.14 0.69 0.35 1.00
prescription*** 2019 0.56 0.59 0.59 0.60 0.52 0.44 0.58 0.15 1.00

Note: * — The number of beneficiaries who have retained the right to receive the government social assistance (GSA) in the form of a set of social
services (SSS); ** — Appealability by results of the year (proportion of the citizens who have been prescribed MPs, out of the total number of
persons who have retained the MA rights); *** — Taking into account pharmaceutical services

Table 3 - Selected indicators of the SIMP implementation program in constituent entities
of the Russian Federation in 2018-2019

Percentage of Proportion of patients Appealability by results of the year
(proportion of the citizens out of the total

Constituent entity of the  beneficiaries inthe  who have retained the .
No. . ) . . number of persons who were prescribed
Russian Federation total population, % MA rights, % MPs, and have retained the MA rights), %

2018 2019 2018 2019 2018 2019

1 The Republic of Sakha 40%  4.1% 63.1 63.1 57.0 98.8

(Yakutia)

2 Moscow 3.9% 3.7% NIA NIA 70.5 72.3

3 The Republic of Karelia 3.2% 3.2% 32.5 32.8 68.0 66.3

4 Kurgan Region 3.0% 2.6% 25.3 25.2 74.0 81.4

5 Zabaikalsky Territory 3.0% 2.9% 34.8 32.8 60.0 60.0

6 Republic of Tatarstan 3.0% 3.0% 34.4 35.2 80.6 80.2

7 Sakhalin Region 2.9% 3.0% 62.4 56.4 54.2 54.4

8 Omsk Region 2.6% 2.7% 28.8 28.6 60.1 56.7

9 Belgorod Region 2.6% 2.5% NIA 13.6 63.8 61.6

10 Altai Territory 2.5% 2.5% 23.9 24.3 68.0 68.0

11 Kirovskaya Oblast 2.5% 2.5% 19.3 19.1 72.8 70.2

12 Tula Region 2.5% 2.5% 18.5 18.5 64.2 65.2

13 Samaraskaya Oblast 2.2% 2.2% 27.3 27.4 60.4 59.7

14 Smolensk Region 2.2% 2.2% 75.5 76.4 61.0 63.0

15 Chelyabinsk Region 2.2% 2.2% 22.0 22.0 100 100

16 Khabarovsk Territory 2.1% 2.0% 32.1 31.1 50.6 51.6

17 Chuvashskaya Republic 2.0% 1.9% 18.7 18.0 74.0 61.7

18 Voronezh Region 1.9% 2.0% 15.8 16.5 53.1 54.2

19 Astrakhan Region NIA 1.9% NIA 23.6 NIA 57.7

20 Krasnodar Territory NIA NIA 21,4 21,7 NIA NIA

Mediana (10th and 90th 2.5 2.5 27.3 25.2 66.1 64.1

percentiles)* (2.1-3,5) (2.0-3.4) (18.6-62.8) (17.4-59.8) (60.1-74.0) (58.7-76.3)

Note: * —for constituent entities of the Russian Federation with available information; NIA — No information available; IA —inapplicable
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Table 4 - Indicators of actual costs, the number of prescriptions and the average cost of one prescription under
the SIMP program in the constituent entities of the Russian Federation in 2018-2019

The money actually spent on
one beneficiary who appealed
for MA per month, rubles

Average cost of one prescription,

Number of prescriptions, rub. (including pharmaceutical

Constituent thousand pieces

. (including pharmaceutical services)
entity of .
No. . services)
the Russian h h h
Federation | :ng: | :ng: | :.ng(te
relativeto relativeto relativeto
2018 2019 2018, 2018 2019 2018, 2018 2019 2018,
% % %

2 Republic of

1,105.8 1,327.5 20.1% 2,029.9 2,200.8 8.4% 729.4 794.4 8.9%
Tatarstan

4 Samaraskaya

NIA NIA 1A 796 704,5 -11,5% NIA NIA 1A

Oblast

6  Omsk
Region 1,723.0 1,943.0 12.8% 616.5 657.6 6.7% 1,036.5 1,034.1 -0.2%

8  Kirovskaya

Oblast 1,523.7 1,526.8 0.2% 499.3  426.1 -14.7% 797 889 11.5%

10 Tula Region 1,469.3 1,689.6 15.0% 419 563.3 34.4% 998.5  854.7 -14.4%

12 Zabaikalsky

. 1,095.0 1,162.0 6.1% 362.7 358.1 -1.3% 1,063 1,178 10.8%
Territory

14  Voronezh

- 1,909.4 1,894.2 -0.8% 315.8 3111 -1.5% 1,790.5 1,827.3 2.1%
Region

16  Sakhalin

. 2,202.0 1,590.0 -27.8% 293 235.1 -19.8% 545 644 18.2%
Region

18 Smolensk

Region 2,285.9 2,380.4 4.1% 2125 2363 11.2% 930.2 11,0304 10.8%

20  Astrakhan

. NIA 1,534.3 IA NIA 78,9 IA NIA  2,579.47 1A
Region

Note: NIA — No information available; IA —inapplicable
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1. regions with a high value of this indicator (over
70%): The Republic of Tatarstan, Chelyabinsk,
Kurgan, Kirov regions, Moscow.

2. regions with a value of this indicator in the
range from 60 to 70%: Chuvashskaya Republic,
Republic of Karelia, Altai Territory, Tula, Bel-
gorod, Smolensk, Samara, Omsk Regions, Zabai-
kalsky Territory.

3. regions with avalue of this indicator in the range
from 50 to 60%: the Republic of Sakha / Yakutia,
Sakhalin, Voronezh regions, Khabarovsk Territo-
ry.

It should be notified that the indicator "Appealabili-
ty of federal beneficiaries for medicine assistance under
the SIMP program” does not depend on the proportion
of the persons who retained the right to receive benefits
in-kind under the SIMP program (r-Pearson 0.05 in 2018
and -0.04 in 2019, p> 0.05).

In 2018, the standard of financial costs for each fed-
eral beneficiary was 823.30 rubles per month, in 2019
it was 861.80 rubles [6]. It was established that the
amount of actual costs (taking into account the costs of
organizational measures — pharmaceutical services) per
month per one beneficiary who appealed for MA, de-
pends on the amount of funding to the program in the
constituent entities of the Russian Federation (r-Pearson
0.90 in 2018-2019); from the number of beneficiaries
who retained the right to MA under the SIMP program
(r-Pearson 0.99 in 2018-2019); from the number of pre-
scriptions (r-Pearson 0.73 in 2018, 0.71 in 2019) and
from the average cost of one prescription (r-Pearson
0.58in 2018, 0.69 in 2019) (all p <0.05).

The medians of actual costs in the studied constit-
uent entities of the Russian Federation (10th and 90th
percentiles) amounted to 1,723.0 rubles (10th and 90th
percentiles of 1,101.5 and 2,235.6 rubles, respectively)
in 2018 and 1,526.8 (1,144.6 and 2,118.0 rubles, respec-
tively) in 2019. In general, in 2019, the actual costs per
one beneficiary who appealed for MA (in relation to
2018), changed insignificantly (—1.2+4.4%). The largest
relative increase in actual costs (215%) was reported in
the Republic of Tatarstan, Chelyabinsk and Tula regions,
the largest cost reductions (215%) — in the Republic of
Sakha / Yakutia, Sakhalin region, Chuvash Republic, Re-
public of Karelia.

In the analyzed constituent entities of the Russian
Federation in 2018-2019, more than 18 million prescrip-
tions were issued annually under the SIMP program (Ta-
ble 4).

According to the data presented in Table 4, for one
federal beneficiary who appealed for MA (taking into ac-
count the proportion of the persons who retained the
MA right under the SIMP program, and the appealabil-
ity), an average of 18 prescriptions are issued per year
(the range of 6-37 prescriptions and 5-31 prescriptions
for one beneficiary who appealed for MA in 2018 and
2019, respectively). The largest decrease in the number
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of prescriptions in 2019 compared to 2018, was report-
ed in Moscow (—35.2%), Sakhalin Oblast (-19.8%) and
the Republic of Sakha / Yakutia (—-19.0%). The largest
relative increase in the number of prescriptions was re-
corded in the Tula region (+ 34.4%) and the Krasnodar
Territory (+ 20.1%).

Based on the data in Table 4, it was determined
that the average cost of one prescription (+ root-mean-
square error) under the SIMP program in 20 constituent
entities of the Russian Federation, was 1,107.2 (+150.4)
rubles in 2018 and 1,297.2 (+ 144.2) rubles in 2019.

In 2018, the average cost of one prescription ranged
from 527.1 rubles up to 2,099.2 rubles, in 2019 — from
597.8 up to 2,258.0 rubles. In general, there was a sig-
nificant increase in the cost of one prescription in most
constituent entities of the Russian Federation by 10.0
2.9% on average, while the maximum increase was re-
ported in the Chelyabinsk Region (by 42.7%), in Moscow
(by 22.6%) and in the Chuvashskaya Republic (by 21.2%).

The indicators “Number of prescriptions” and “Av-
erage cost of one prescription” correlated with the total
amount of funding for the program and the number of
beneficiaries who retained the MA right under the SIMP
program (p <0.05).

DISCUSSION

In the Russian Federation, as in many other devel-
oped countries of the world, there is a tendency towards
centralized controlled prescription of drugs with the ac-
tive use of digital technologies. The MA programs adopt-
ed here, are aimed at improving the quality of healthcare
and ensuring control over the costs of drugs [3, 7-9]. At
the same time, in foreign countries, the mechanisms for
MA programs implementing, have specific features and
differences of their own.

For example, in the USA there is no public health
system [10, 11]. In this regard, people who do not have
health insurance, cannot receive elective care, or they
are unable to buy prescribed drugs [12, 13]. At the same
time, there are fully funded and government-run health
care programs in the United States. In the MA systems,
the patients, healthcare providers, large medical groups
and integrated supply systems are payers themselves.
Some of the oldest government welfare programs are
those created in 1965, to fund medical care for the poor
(Medicaid) and elderly Americans over 65 (Medicare).
Medicare also includes the disabled and the people
with certain chronic diseases, such as those on dialysis
for chronic kidney disease, and those who have become
disabled due to other diseases, such as cancer. Medi-
care and Medicaid are a form of social security. They are
funded from a set of taxes collected by the federal gov-
ernment but administered by the states. Therefore, the
eligibility criteria and the amount of aid funded in these
programs, may differ from state to state. Medicare is the
closest thing to a community system that includes sever-
al components (inpatient care, outpatient care, private
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insurance), but all Medicare components have copay-
ments, and those copayments exceed those of health
plans in other countries [10, 13].

In Canada, prescription drugs provision is regulated
at the government level of each province and territory,
in accordance with a list of prescription drugs, which in-
cludes drugs for the provision of outpatient health care
to selected categories of citizens (for example, the elder-
ly and other benefit categories), as well as at the fed-
eral level (the government provides reimbursement of
the cost of medicines to privileged categories of citizens
belonging to aboriginal peoples and Inuit inhabitants).
Despite the creation of the National Pharmaceuticals
Strategy and the 10-Year Plan to Strengthen Health Care,
adopted at the 2004 ministerial meeting, the efforts
made were insufficient to develop an All-Canadian pro-
gram of the population coverage with drugs in case of
catastrophic medical expenses [14, 15].

In Great Britain, the established system of public
health care and social security, was formally brought into
action in 1948 [13, 16]. The main principle of the system
was medical care on free-of-charge basis for all people
living in the country. The system is funded from the
state budget. The citizens pay for medications without
a prescription from their own funds. As for prescription
drugs, medical devices and services, England has a fixed
co-payment; Wales, Scotland and Northern Ireland have
no co-payment. More than 90% of medicines are avail-
able free of charge: for the citizens over 60 years old,
children under 16 years old (or up to 19 years old if they
are full-time students), patients with certain categories
of diseases (type Il diabetes mellitus, hypoparathyroid-
ism, severe hypothyroidism, oncological diseases, epi-
lepsy, myasthenia gravis, etc.), people with low incomes,
pregnant women and those who gave birth in the pre-
vious 12 months, the disabled. The medicines used in
hospitals, day hospitals, and medicines prescribed for
the treatment of tuberculosis and sexually transmitted
diseases do not require co-payment. For expensive med-
icines and technologies, the National Institute for Health
and Clinical Excellence (NICE) conducts a cost-benefit
pharmacoeconomic analysis. The more an intervention
can save Quality Adjusted Life Years (QALYs), the more
likely it is that NICE will make a positive recommenda-
tion on the preferential introduction of this technology
into the national health system. This scheme does not
allow solving the problem of high costs for expensive
technologies [17].

One of the oldest systems for providing state social
guarantees, is the German health care system [13]. The
system is based on the existence of health insurance
funds, which were formed on an industrial or regional
basis. The health insurance funds are non-profit orga-
nizations that insure the risks associated with the dis-
eases, and negotiate with doctors (or their associations)
and drug manufacturers / suppliers regarding the cost
of their services / goods. In Germany, social insurance

Tom 8, Beinyck 4, 2020

does not include the citizens whose income exceeds
certain thresholds. More than 70% of health care costs
in Germany, are spent from social insurance funds. To
reduce the growth in health care costs, a number of
measures had been taken to reduce the cost of care and
the demand for it. A negative non-refundable list had
been created, and maximum covered prices had been
introduced. In Germany, since 2006, there are also co-
payments in the amount of 10% of the cost of the drug,
if the costs are at least 5 euros, but not more than 10
euros. When spending on medicines exceeds 1% of the
total household income for patients with chronic forms
of the disease and 2% of the total household income for
patients without chronic forms of disease, patients are
exempted from co-payments [12].

In the Scandinavian countries, the health care sys-
tem is characterized by tax (non-insurance) coverage of
medical expenses and decentralization [16, 18]. In Fin-
land, health care is financed from the municipalities’
general tax revenues and from the social insurance sys-
tem through the organization responsible for social in-
surance. In Finland, reimbursement of the drugs costs,
is carried out under several schemes. If a drug was re-
ferred to the basic category (the drugs which had been
planned to be paid for from public funds), then the
patient’s copayments will be 58% with a fixed compo-
nent. Two other categories of drugs are special, and to
be referred to these categories, it is necessary that they
be used to treat certain diseases and have proven ef-
fectiveness. Patients’ co-payments for the purchase of
medicines referred to the first special category (used to
treat bronchial asthma, arterial hypertension), are 28%.
The medicines referred to the second special category
(used to treat severe and / or life-threatening conditions
such as malignant neoplasms and diabetes mellitus), are
fully covered by the social insurance organization, but
a patient has to pay a fixed fee (3 euros per purchase).
The complexity of the system is the possibility of having
a drug in more than one list [18].

In the People’s Republic of China, it is currently
planned to implement a program to co-finance the costs
of drugs for the treatment of arterial hypertension, dia-
betes mellitus and some other diseases at the expense
of health insurance funds, the share of reimbursable
costs can reach 50% [19].

A system of multi-stage assessment of the cost-ef-
fectiveness of drugs, has been adopted by European
countries. This allows the EU countries to include drugs
with proven effectiveness for each therapeutic area and
disease in the drug reimbursement systems, in contrast
to the United States, where the cost of any purchased
drugs can be reimbursed, which, along with lack of a ref-
erence price, can be a heavy burden for taxpayers [12,
13, 20, 21]. According to 2015 data, 64% of drugs costs
in the United States, were paid directly by consumers or
through private insurance. The level of the cost cover-
age in the EU countries is much higher, for example, in
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Germany: at least 80% of the costs are paid by the state
[12, 22].

In the Commonwealth of Independent States, there
is a rather low level of economic accessibility of medi-
cines for the population, in particular, in privileged cat-
egories, which is due to the extremely low level of fi-
nancing of health care systems, a low solvent level of the
population and the prevalence of the population expen-
ditures in the structure of total financing of medicines,
as well as irrational spending of funds in the existing sys-
tems of privileged drug provision [13, 23].

The experience of the Russian Federation in the im-
plementation of federal MA programs, differs from the
experience of foreign countries. The main feature is that
in our country federal beneficiaries are not co-payers of
their own drug provision, since the costs of drugs under
the SIMP program, are fully reimbursed from the feder-
al budget. Another characteristic feature is that in the
Russian Federation, the amount of funding for SIMP pro-
gram depends on the number of federal beneficiaries,
while the program budget is formed on the basis of the
principle of equal per capita funding [1-3, 23].

The results obtained in the course of the study, indi-
cate a significant variation in the values of the indicative
indicators of the SIMP program implementation, as well
as their dynamics in various constituent entities of the
Russian Federation. However, there is a number of uni-
versal objective laws.

The amount of funding for the program, is calculat-
ed according to the same criteria, based on the standard
of monthly financial costs for each federal beneficiary. In
this regard, it is logical that a linear correlation between
the amount of funding for the program and the number
of beneficiaries in the constituent entity of the Russian
Federation, has been obtained. The correlation with
the population size in a constituent entity of the Rus-
sian Federation, can be also explained by the relatively
comparable (in most constituent entities of the Russian
Federation) proportion of citizens eligible for privileged
drug provision (from 1.9 to 4.1%).

The indicators “Actual costs for beneficiary per
month” and “Average cost of one prescription” in the
constituent entities of the Russian Federation vary,
which may be due to differences in the contingent of
beneficiaries, in the structure of their morbidity, as
well as in the structure of the assortment of prescribed
drugs. At the same time, it should be notified that the
amount of actual costs for one beneficiary per month
who appealed for MA in the surveyed constituent enti-
ties of the Russian Federation (which are to some extent
a representative sample for assessing the SIMP program
implementation in the Russian Federation as a whole),
exceeded the standards of financial costs for one citizen
receiving the government social assistance (GSA) in the
form of a set of social services (SSS), per month. It should

be also notified that this Regulation was established by
the RF Government. After the recalculation, the average
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amount of actual costs per one citizen eligible for GSA
in the form of SSS, amounted to 1119.7+90.2 rubles in
2018 and 1081.5+80.5 rubles in 2019, compared to the
standards of 823.30 rubles and 861.80, respectively.

The results of the analysis confirm the previously
identified problems in the field of medicine assistance
(MA), caused by the massive refusal of federal bene-
ficiaries to receive the government social assistance
(GSA) in the form of set of social services (SSS). Since
the majority of federal beneficiaries (about 80%) prefer
to receive monetary compensation, the principle of so-
cial insurance is really violated. As a result, patients with
severe illnesses, who also need expensive drugs, remain
in the SIMP program predominantly [1, 14, 24]. Despite
the fact that in this study, there are no obtained statisti-
cally significant relationships between the average cost
of one prescription, actual costs, and the proportion of
the citizens who retained the right for GSA in the form of
SSS, this may mean the presence of a more complex re-
lationship between these indicators (taking into account
socio-economic and demographic features of the con-
stituent entities of the Russian Federation). The revealed
discrepancy between the standard and actual costs, can
be also an indirect confirmation of the insufficient funds
in the federal program to fully cover the need for drugs
and the need to reorganize the existing system for the
elimination of the imbalance in financing these social as-
sistance measures [24, 25].

CONCLUSION

Thus, the experience of the Russian Federation in
federal MA programs implementation, differs from the
experience of foreign countries. The main feature is that
in our country, federal beneficiaries are not co-payers of
their own drug provision, since the costs of purchasing
drugs under the SIMP program, are fully reimbursed
from the federal budget. Another characteristic feature
is that in the Russian Federation, the amount of funding
for the SIMP program depends on the number of fed-
eral beneficiaries, while the program budget is formed
on the basis of the principle of equal per capita funding.

On the example of 20 constituent entities of the
Russian Federation from 7 federal districts, the differ-
ences in the indicative indicators of the SIMP program
implementation in 2018-2019, have been revealed. It
has been notified that the average actual costs per citi-
zen eligible for government social assistance (GSA) in the
form of set of social services (SSS), exceeded the stan-
dards established by the Regulations established by the
RF Government.

Based on the analysis carried out, it can be conclud-
ed that the federal MA program for federal beneficiaries,
needs further improvement. According to the authors’
opinions, when implementing this program, it is advis-
able to use the lost insurance principle: the patients who
need medical care, should be provided with drugs under
the total budget of the medical material program.
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