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Yxe B 1-il AeHb npuema:

@ BnokupyeT pasMHOXeHVe Bupyca B
opraHuname’

@ 3anyckaet npouecchbl
CaMOYHUYTOXEHUSA BUPYCHBIX YacTuL

dddexkTuBHocTb Tepaniin APEMJIMBUPoM?:

YCKOPEHHAA NEPEBOJ HA AMBYJIATOPHOE
SJIMMUHALIMA BUPYCA HABJIIOAEHUE WK NONTHOE
(no gaHHbIM MLP) Bbl3[JOPOBJIEHUE
y 98% naumeHToB y 90% nauneHToB

98 % Y 90

NALUEHTOB | MAUUEHTOB

YNYYILEHUE COCTOAHWUA NETKUX MO JLAHHbIM KT
Y AbCOJII0THOI0 bOJIbLLMHCTBA NMALUEHTOB

APEIMJIMBUP o6napaeT 6naronpuaTHbIM
npodunem 6esonacHocTn?

Kpatkas uncTpykuusa no npumenennto APEM/IMBUP®. MexyHapoaHoe HenaTeHTOBaHHOE Mnn
rpynnupoBoyHoe HassaHue: Gasunupasup. JlekapcTBeHHas (opma: TabneTku, MOKPbITbie
nneHouHon obonoukoii. Coctas: Gasunupasup 200 mMr. Moka3aHus K NpuMeHeHuio: JleyeHve
HOBOII KOpOHaBMPYCHOIt MHdekumn (COVID-19). Cnoco6 mpuMeHeHns U J03bl: BHYTPb, 3a 30 MUH
10 efbl. [lns nauneHToB ¢ Maccoi Tena <75 kr no 1600 mr (8 TabneTok) 2 pasa B 1-i AeHb Tepanuu,
nanee no 600 Mr (3 TabneTku) 2 pasa B AieHb; NS NaLMEHTOB ¢ Maccol Tena =75 kr no 1800 mr (9
Tabnetok) 2 pasa B 1-it AeHb Tepanuu, aanee no 800 mr (4 TabneTku) 2 pasa B AeHb. O6ias
NPOAOMKUTENBHOCTL Kypca Nevennst coctasnsieT 10 AHel UM 40 NOATBEPXAEHNS SNUMUHALMN
BUPYCAa, ECIV HACTYNUT paHee (4Ba nocnefoBaTesbHbIX OTpULATENbHbIX pedynbTara MNLP-uccnepo-
BaHWA, MOMYYEHHbIX C MHTEPBANOM He MeHee 24 4yacos). GapMakopuHamuka*: Gasunupasup
MHTMoupyeT Bupy SARS-CoV-2, BbI3biBalOWMIA HOBYIO KOPOHABMPYCHYIO MHGbekumo (COVID-19).
EC50 B kneTkax Vero E6 coctanset 61,88 MKMOAb, 4TO COOTBETCTBYET 9,72 MKr/MN. MeXaHU3M
AeifcTeuA: GaBUnNMpaBup METabONM3NPYCTCS B KneTkax 4o puboanntpudocdata Gpasunupasmpa
(PT® asunupasupa) 1 ubupatenbro MHrbupyet PHK-3asmcumyto PHK nonumepasy, yuactsyo-
Lyto B penaukauymn supyca. MpoTuBonokasanms: M0BbILEHHAs YyBCTBUTENBHOCTD K (aBunupa-
BUPY WK NtoGOMY KOMMOHeHTy npenapata APEM/IVIBUP. MeyeHouHas HeA0CTaTOMHOCTb TAXENOit
ctenenn TxecTu (knacc C no knaccuvkaumu Maiing- Mbio). MoveyHas He[oCTaTOYHOCTb
TSXKENON ¥ TepMUHanbHOI cTenery TskecTy (CK®<30 Mn/MuH). bepeMeHHOCTb unv NnakupoBa-
cTu. Mepnog rpyaHoOro BckapManeanms. [letckuit BospacT fo 18 net. MoGouHbie
epypUKeMus, rMNepTpUrInLepUaAEMIs, Avapes, MoBblleHne akTusHocTu AT,
noBblleHne akTmBHOCTU ACT, MOBbIlWEHWE aKTMBHOCTU ramma-rnyTamuntpaqcdepassl (MT),
HeiiTponeHus, neiikonerus. MpumeHeHre Npu 6epeMeHHOCTU U B NEPUOZ MPYAHOrO BCKapMnBa-
Hus*: NMpenapat APEMNJIMBUP npoTuBOnoKasaH 6epeMeHHbIM, @ TakKe MyXYNHAM U KeHLMHaM
BO BpeMs nnaHupoBaHus GepemeHHocTW. [lpu HasHauewuu npenapata APEMJIUBUP
XKEHLMHAM, CMOCOGHBIM K AETOPOXAEHUIO (B TOM uMC/ie B MOCTMEHOMay3e MeHee 2-X NeT),
Heo6X0ANUMO MOATBEPAUTb OTPULATENbHbIA pe3ynbTaT TecTa Ha GepeMeHHOCTb [0 Havana
neyeHust. MoBTOPHbIi TECT Ha 6epeMeHHOCTb HEO6XOAMMO NPOBECTY NOC/IE OKOHYaHWSA NpremMa
npenapata. Heo6xouMo 1cnonb3oBaThb 3G PeKTUBHbIE METOAbI KOHTpaLenyuy (npesepBaTus
CO CMepMULMAOM) BO BpeMsi pueMa npenapara v noc/ie ero OKOHYaHus: B TeyeHne 1 mecsua
KEHIMHAM 1 B TeyeHue 3 MecsLeB MyxXuuHam. [pu HasHaueHun npenapata APEMINBUP
KOPMALUMM SKEHILMHAM HEeoGX0AMMO MpeKpaTUTb rPyAHOe BCKapMMBaHWe Ha Bpems npuema
npenapata v B TeueHue 7 fHeli nocne ero 0koH4YaHus, Tak kak OCHOBHOM MeTabonuT Gasunupasu-
pa nonajaer B rpyaHoe MOMOKO. YcnoBus xpaHeHus: [pu TemnepaType He Bbiwe 25 °C Bo
BTOPWYHOI ynakoBke. Cpok rogHocTu: 2 ropa. PeructpaumonHbiii Homep: J1M-006288 ot
17.09.2020. Ycnousa oTnycka: no petenty. Mponssogutennb: AO «broxumuk», Pocens, r. CapaHck,
yn. BaceHko, 15A. Ten.: (8342) 38-03-68.
*[lns nonyyennst 6onee NOApPOGHON MHQOpMALMKM ClefyeT 06paTWTbCH K WHCTPYKUMM no
MeAMLMHCKOMY MPUMEHEHMIO Mpenapata.
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The aim of the study is to assess the efficacy and safety of the Favipiravir (Areplivir) drug, compared to the standard etiotro-
pic therapy in the patients hospitalized with COVID-19.

Material and methods. The research was conducted as a part of an open, randomized, multicenter comparative study of
the efficacy and safety of Areplivir, 200 mg film-coated tablets (“PROMOMED RUS” LLC, Russia), in the patients hospitalized
with COVID-19. The dosing regimen of Favipiravir was 1600 mg twice a day on the 1% day and 600 mg twice a day on days
2-14. Thirty nine patients were enrolled into the study with a laboratory-established diagnosis of a new type of Coronavirus
infection caused by SARS-CoV-2 (confirmed) of moderate severity, with pneumonia. The group of comparison (22 patients)
received standard etiotropic therapy, prescribed in accordance with the current version of the temporary guidelines for the
diagnosis and treatment of COVID-19, represented mainly by Hydroxychloroquine with the dosage regimen of 800 mg on
the 1% day, then 400 mg on days 2—7, and Azithromycin 500 mg once a day for 5 days. The main group (17 patients) received
Favipiravir (Areplivir) as etiotropic therapy.

Results. In the main group, the time period until fever disappeared was found to be 1.36 days shorter than in the group of
comparison (p<0.05); there was a higher rate of the reduction of inflammatory changes in the lungs according to the com-
puter tomography data (38.4% vs 14.9%, p<0.05). By the end of the treatment, there was also a lower lactate level in the
blood (27.1%, p<0.05) than in the patients of the group of comparison. The evaluation of the drug efficacy according to the
Categorical Ordinal Scale of Clinical Improvement and measurements of oxygen saturation in the blood, manifested similar
positive dynamics in the patients treated according to various etiotropic therapy regimens. By the end of the treatment, the
RNA SARS-CoV-2 tests were also negative in all the patients. As for the overall frequency of adverse events (AEs), no relevant
distinctions were found between the groups. A greater part of AEs was related to hepatotoxicity, with a predominantly clini-
cally relevant increase in alanine aminotransferase (ALT). A clinically relevant prolongation of the corrected QT interval on the
standard ECG was found to occur in the standard-therapy group on day 5, while no serious AEs were registered in the main
group. No serious adverse reactions were registered in patients of the main group.

Conclusion. The efficacy of the Favipiravir (Areplivir) therapy for the novel coronavirus infection has proved to be superior to
the efficacy of the standard etiotropic therapy in a number of aspects. Basing on the obtained findings, Favipiravir (Areplivir)
drug can be recommended for treating patients with the novel coronavirus infection of moderate severity.

Keywords: novel coronavirus infection, COVID-19, etiotropic therapy, Areplivir, computer tomography, corrected QT-interval
Abbreviations: activated partial thromboplastin time (APTT); alanine aminotransferase (ALT); aspartate aminotransferase
(AST); blood pressure (BP); upper limits of the norm (UHN); Temporary guidelines (TMR); a categorical ordinal scale of clin-
ical improvement (CPSA); computed tomography (CT); corrected QT interval (QTc); creatine phosphokinase (CPK); adverse
event (AE); polymerase chain reaction (PCR); prothrombin time (PTT); blood oxygen saturation (SpO,); serious adverse events
(SAEs); C-reactive protein (CRP); respiratory rate (RR); heart rate (HR); electrocardiogram (ECG).
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of some etiotropic therapeutic schemes for treating patients with novel coronavirus infection (COVID-19). Pharmacy & Pharmacology.
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Lienb. OueHka apdeKkTMBHOCTM M Be3onacHocTM npenapata ®asunupasup («ApensMBup») B CPaBHEHUW CO CTaHAAPTHOWM
3TUOTPOMHOW Tepanuen y NauMeHTOB, rocnuTaansnposaHHbix ¢ COVID-19.

Martepuanbl u metoppbl. MccnegoBaHne NpoBOAMIOCH B PaMKax OTKPbITOro PaHAOMWM3MPOBAHHOMO MHOTOLEHTPOBOIO
CPaBHUTENbHOrO MccaeaoBaHnA 3GPeKTMBHOCTM 1 6esonacHoCTM npenapata «Apenavsup», Tabnetkm 200 mr, NOKPbITbIE
naeHo4YHol obonoukol, (000 «MPOMOMEL PYC», Poccus), y nauMeHToB, rocnMTannsmMpoBaHHbix ¢ COVID-19. Pexum go-
3upoBaHua dasmnupasmpa: 1600 mr 2 p/cyT B 1-i1 aeHb 1 600 mr 2 p/cyT B 2—14 gHWU. B uccnegoBaHme BKAOYEHO 39 naum-
€HTOB, roCNMUTaZIN3MPOBaAHHbIX B CTALLMOHAP NO NOBOAY N1ab0PaTOPHO NOATBEPKAEHHON HOBOW KOPOHABUPYCHOM MHDEKLMMY,
CPeAHETANKENOr0 TEYEHUSA C Pa3BUTUEM MHEBMOHUW. pynna cpaBHEHUA (22 60bHbIX) NONyYana CTaHAAPTHYO STUOTPOMHYHO
Tepanuio, Ha3HaYeHHYI B COOTBETCTBUM C AEMCTBYIOLLEN BEPCUEN BPEMEHHbIX METOAMUYECKUX PEKOMEHAALMI NO AMArHO-
CTUKe 1 nedeHunto COVID-19, npeAcTaBNEHHYO NPEUMYLLECTBEHHO MMAPOKCUXI0POXMHOM (PeXknm fo3MpoBaHus no 800 mr B
1-# peHb, ganee no 400 mr B 2—7 gHKU) n AsutpomuumHom no 500 mr 1 pas B AeHb B TeyeHue 5 gHelr. OcHoBHaA rpynna (17
nauMeHTOB) No/y4ana B Ka4ecTBe STUOTPONHOM Tepanum npenapat ®asunupasmp («Apenamsmp»).

Pe3ynbrathl. B OCHOBHOW rpynne 6bl10 OTMEYEHO COKpaLLeHMe BPEMEHWN UCYE3HOBEHMA MXOPagKu (Ha 1,36 aHei p<0,05),
60/1ee BbICOKas CKOPOCTb PEAYKLMN BOCMANUTE/NbHBIX USMEHEHWI B IETKUX MO AaHHbIM KOMMbOTepHOM Tomorpadum (38,4%
npotvs 14,9%, p<0,05) u 6onee HN3KWUI ypoBEHDb NakTaTa (Ha 27,1%, p<0,05) KPOBM K KOHLLy Kypca Jie4eHWsA Mo OTHOLLIEHUIO
K rpynne cpaBHeHUsA. OueHKa 3dbEeKTUBHOCTM Tepanumn No KaTeropuasibHON NOPALKOBON LUKaNe KAMHUYECKOTO Yy4YLLUEHNA U
YPOBHA CaTypaLMn KUCIOPOAA KPOBU BbIBUAN CXOAHYIO MONOMKUTENbHYIO AMHAMMKY Y NALMEHTOB, NOYYABLUNX Pa3NNYHble
CXeMbl 3STUOTPOMHOM Tepanuu. TakxKe y BCeX NaLMeHTOB TeCTbl Ha Hannume SARS-CoV-2 no 3aBepLUEHKIO Kypca Ie4eHns nokasa-
/M OTpULLATE/IbHbIE Pe3y/IbTaTbl. 3HAUMMbIE PA3/IMYUA MEXAY rpynnaMm Tepanmm no obLLen YacToTe HeenaTenbHbIX ABNEHUM
oTCcyTCTBOBANAN. BoMbLUIaA YacTb HeXenaTesbHbIX ABNEHUI Kacanacb renaToTOKCUYHOCTU, NPYU 3TOM MPEUMYLLLECTBEHHO OTMe-
Yanocb KAMHUYECKM 3HAUMMOE NOBbIWEHWe anaHMHaMUHOTpaHchepasbl. KapanoTokeMyeckoe AeUCTBUE B BUAE KAMHUYECKU
3HAYMMOTO YAJ/IMHEHMS KOPPUTMPOBAHHOTO MHTepBana QT (QTc) Ha CTaHAAPTHOM 3/1EKTPOKAPAMOrPaMME MMEIO MECTO Ha 5-biit
[eHb IeYEeHNA B rpynne CTaHAAPTHOM Tepanuu, TOr4a Kak B OCHOBHOW rpymnre NogobHbIX HEXeNaTelbHbl peakLmi 0TMeYeHo
He 6b110. Cepbe3HbIX HeXenaTeIbHbIX PeaKL M y NaLMeHTOB OCHOBHOM rpynnbl He 3aperncTpMpoBaHo.

3aknioueHue. dpdeKkTMBHOCTL Npenapata Gasunupasup («Apenamsmp») B Tepanum HOBOM KOPOHABMPYCHOM MHOEKLMM No
pAAY M3yvaemblx Nokasatener NpeBocxoauT aGdEeKTMBHOCTb CTaHAAPTHOM STUOTPOMHOMN Tepanun. Y4nTbiBaa NnosyyYeHHble
pe3ynbTaThl, npenapat ®Pasunupasup (KApenaneup») MoXKeT bbiTb pEKOMEHA0BAH AN NeYeHUs 60NbHbIX HOBOW KOPOHaBU-
pycHOM MHbEKLMEN cpegHen CTENEHM TAXKECTH.

KnioueBble cnoBa: HoBas KopoHaBupycHas MHdeKums, COVID-19, sTuoTponHaa Tepanus, ®asunupasup («Apenansup»),
KOMMNblOTEPHAA TOMOrpadus, KOpPUrMPoBaHHbIM MHTEpBan QT

CNUCOK COKpaLLEHU: aKTMBMPOBAHHOE YacTuyHoe TpombonaactuHosoe Bpema (A4TB); anaHMHamunHoTpaHcdepasa (AnT);
acnapTatamuHoTpaHcdepasa (AcT); apTepuanbHoe gasneHue (ALl); BepxHWe rpaHuLbl Hopmbl (BMH); BpemeHHble meToam-
yeckune pekomeHgaumn (BMP); KaTeropmanbHana NopaLKoBasA LWKana KAnMHuYeckoro yaydwenus (KMLLUKY); komnbloTepHasn
Tomorpadusa (KT); koppurupoBaHHbii MHTEPBaA QT(QTc); KpeaTuHdpochoKknHasza (KPK); HexkenaTenbHble asneHus (HA); no-
AmmepasHas uenHas peakuua (MLUP); nporpombuHosoe Bpema (MTB); caTypaumm kucnoposa kposu (Sp0,); cepbesHblie He-
enatenoHble AsneHun (CHA); C-peaktmeHbIl 6enok (CPB); yactoTa AbixaHua (YA); yacToTa cepaeyHbix cokpaweHuin (YCC);
a/1eKTpoKapaunorpamma (3Kr).

INTRODUCTION

MpuHATa K Nneyatn 22.10.2020

Three epidemics marked the beginning of the 21+
century. They were appearing one after the other: a
severe acute respiratory distress syndrome caused by
SARS-CoV (atypical pneumonia), a Middle-East respira-
tory syndrome caused by MERS-CoV and, finally, a se-
vere acute respiratory syndrome caused by SARS-CoV-2,

Tom 8, Beinyck 3, 2020

the so-called novel coronavirus infection, or COVID-19
[1].

COVID-19 is greatly ahead of the former epidemics
of coronavirus infection by the number of infected in-
dividuals. Currently, while vaccination against COVID-19
has not become available en masse and its long-term
effects have not been evaluated, the effectiveness of
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various etiotropic therapy regimens, as well as drugs for
pathogenetic treatment, the action of which is aimed
at suppressing the secondary effects of the cytokine
storm and/or modulating the body’s immune system or
blocking some specific links in the pathogenesis of a new
coronavirus infection (in particular, hypercoagulation), is
widely studied [2].

It is known, that in most patients, COVID-19 has mild
or moderately forms; however, about 5 to 10 percent of
patients encounter serious, potentially life-threaten-
ing manifestations and complications. This creates an
urgent need to develop and put into practice efficient
etiotropic drugs [5, 6]. Despite several hundred already
performed and on-going clinical trials assessing the effi-
cacy and safety of various antiviral and immune-modu-
lating medications, the World Health Organization states
that at present, there are no drugs with unambiguously
proven efficacy against the novel coronavirus infection.

In most conducted trials, only one group was en-
rolled for medical interference, with a control group
absent, some medical drugs are being used up till now
on the basis of either in vitro studies or on the basis of
extrapolated data, or observational studies [7-9].

The following drugs have been better studied: the
efficacy and safety of Hydroxychloroquine, Chloroquine,
and Mefloquine both in monotherapy and in combina-
tion with Azithromycin, Umifenovir, Remdesivir, Lopina-
vir/Ritonavir with Interferon-1b, Favipiravir. Some of
them have been studied in randomized clinical trials
[10-16].

However, only Remdesivir and Favipiravir have not
only a high efficiency, but also a selectivity of action,
blocking the RNA-dependent RNA polymerase of the
SARS-CoV-2 virus. However, Favipiravir has a dual mech-
anism of action, inducing lethal mutations of viral RNA,
helping to reduce the viral load [17-19].

THE AIM of the study was to assess the therapeutic
efficacy and safety of Favipiravir (Areplivir, film-coated
tablets, OO0 “PROMOMED RUS”, Russia) compared to
those of the standard etiotropic therapy administered
in compliance with Temporary Methodological Rec-
ommendations of the Ministry of Health of RF aimed
at the prevention, diagnostics and treatment of the
novel coronavirus infection COVID-19 (version 6 of
28.04.2020 and version 7 dated 03/06/2020). Favipira-
vir is known to block RNA-dependent RNA-polymerase
of SARS-CoV-2 virus [17-19].

MATERIAL AND METHODS

The study was conducted during the pandemic rise
of COVID-19 in the Republic of Mordovia (in the period
from 01.06.2020 to 01.08.2020) in the research center
of “National Research Ogarev Mordovia State Univer-
sity” as part of an open randomized multicenter com-
parative study of the efficacy and safety of Areplivir, 200
mg film-coated tablets (PROMOMED RUS LLC, Russia), in
patients hospitalized with COVID-19.
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This article presents the data on the patients admit-
ted only at the above-mentioned center. Thirty-nine pa-
tients, aged 21 to 73 years, were enrolled in the study,
with a laboratory-confirmed diagnosis “Coronavirus
infection, caused by SARS-CoV-2 (confirmed), of mod-
erate severity, with the presence of bilateral pneumo-
nia”. The study was approved by the Local Ethics Com-
mittee at Ogarev Mordovia State University (Protocol
No. 85 dated 27.05.2020), and was also reviewed in the
international register of clinical trials (clinicaltrials.gov
(NCT04542694)). The diagnosis was confirmed by PCR
tests; RNA SARS CoV-2 was identified in the biomaterial
of all the patients from the swabs taken in the nasophar-
ynx and/or oropharynx. The diagnosis was established in
compliance with the TMR. The patients were admitted
at hospitals in Saransk and Ruzaevka.

The criteria of enrollment into the study were: sign-
ing and dating an Informed Consent Form of the Patient
Information Sheet; male or female gender; the age from
18 to 80; a patient’s hospitalization not exceeding 48
hrs prior to administering etiotropic therapy; a positive
PCR test result for the presence of RNA SARS-CoV-2; a
patient’s consent to use reliable preventive measures
during the study and for 3 weeks after their completion.

The exclusion criteria were: unavailability of a com-
puted tomography(CT) procedure for some reason (for
example, a plaster cast or metal constructions at the
site under study); a need for a patient to be treated at
the resuscitation and intensive therapy departments;
an impaired liver function (AST and/or ALT>2 upper lim-
its of the norm (ULN) and/or the total bilirubin > 1.5 of
ULN) an impaired kidney function (creatinine clearance
< 45ml/min); a positive test for HIV, syphilis, hepatitis B
and /or C; a chronic heart failure of functional classes
I1I-1V; the syndrome of malabsorption or some other
clinically relevant disease of the gastrointestinal tract,
which may affect the absorption of the studied drug;
the patient’s history of malignant neoplasms; alcohol,
pharmacologic and/or drug (narcotic) addiction; mental
pathology in the history or suspected pathology; severe
decompensated or unstable somatic diseases that were
life-threatening or deteriorated the patient’s prognosis;
pregnancy or its planning, breast-feeding.

All the patients were randomized into 2 groups.
Group 1 (a group of comparison, n=22) received stan-
dard etiotropic therapy, administered in compliance
with the treatment regimens stated in the TMR. Twelve
patients (54.5%) received a combination of Hydroxy-
chloroquine and Azithromycin as an antiviral therapy, 8
patients (36.4%) — Hydroxychloroquine (monotherapy),
2 patients (9.1%) — Lopinavir/Ritohavir (Calidavir). The
dosage regimen was the following: for Hydroxychlo-
roquine it was 800 mg on the first day (400 mg twice
a day); then 400 mg/day (200 mg twice a day) for 2-7
days; for Azithromycin: 500 mg once a day for 5 days;
for Lopinavir/Ritonavir: 400 mg+100 mg orally every 12
hours for 14 days. The patients were aged from 21 to 73

Volume VIlI, Issue 3, 2020



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2020-8-3-150-159

(the average age was 47.5+1.99 yrs). Group 2 (the main
group), 17 patients, aged from 34 to 63 yrs (the average
age was 47.12+2.26 yrs), received Favipiravir (Areplivir)
as an etiotropic therapy: on day 1 — 1600 mg (8 tab-
lets) twice a day; on days 2—14 of the therapy — 600 mg
(3 tablets) twice a day. The main-group patients who re-
ceived the drug under study, were not allowed to take
other medications of the standard etiotropic therapy for
COVID-19, in compliance with the TMR or any other an-
tiviral therapeutic medicines.

Parameters under study

According to the study protocol, the following pa-
rameters were assessed: clinical status according to the
Categorical Ordinal Scale of Clinical Improvement pro-
posed by the World Health Organization (Table 1); test
results for the presence of SARS-CoV-2 RNA; body tem-
perature; assessment of changes in the lungs according
to “Empirical” Visual Scale(Table 2); (the CT data); a need
for the patients to be treated at the Resuscitation and
Intensive therapy department; a need for non-invasive
ventilation of the lungs; a need for artificial lung ventila-
tion; an incidence of fatal cases; occurrence of undesir-
able phenomena (UP)/of serious undesirable phenome-
na (SUP); vital indices (BP, heart rate, respiration rate),
the findings of the physical examination; a clinical blood
test, a biochemical blood test (alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), total pro-
tein, creatinine, urea, total bilirubin, glucose, C-reactive
protein, creatine phosphokinase (CPK), ferritin, lac-
tate); a coagulogram (activated partial thromboplastin
time, thromboplastin time (PT), prothrombin time , fi-
brinogen, D-dimer): data on pulse oximetry with SpO2
measurement; general urinalysis (pH, specific weight,
protein, erythrocytes, leukocytes); a test for pregnancy
for women capable of childbearing, the ECG (with esti-
mated corrected QT interval (QTc) by Bazett formula; by
Framingham formula estimated HR below 60 or over 100
beats per minute); blood test dana for HIV, syphilis, hep-
atitis B and C. The following equipment was used to per-
form the studies: clinical blood analysis — hematological
analyzer Micros ES 60, Horiba ABX (France), biochemical
analysis — biochemical analyzer HUMASTAR 600, Human
GmbH (Germany), coagulogram — analyzer-coagulome-
ter KS 1 Delta, Tcoag (Ireland), urine analysis — uroan-
alyzer Combilyzer 13, Human GmbH (Germany). The
analyses were performed using certified reagent kits ac-
cording to the manufacturer’s protocols. Coagulogram
and lung CT data were analyzed at the patient’s admis-
sion at the hospital and on the 15th day of therapy, the
duration of the QT interval and laboratory parameters
were evaluated on the day of admission at the hospi-
tal, on the 5th and 15th day of therapy, virus elimination
was judged by the absence of SARS-CoV-2 RNA on the
10th and 11th day from the start of treatment.

Statistical processing of results
Statistical processing of the findings was conduct-
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ed on a personal computer with the help of Statistica
6.0 and Microsoft Excel programs. Processing of the
descriptive statistical data was conducted by estimat-
ing the mean arithmetic value (M) and an error to the
mean arithmetic value (xm). The average values were
compared using the t-Student criterion (for normal
distribution of the trait) or the nonparametric Wilcox-
on criteria (for paired samples) and Mann-Whitney
criteria (for unpaired samples). The selection of the
criterion (parametric or nonparametric) was carried
out after checking the type of the data distribution for
compliance with the normal distribution law using the
Shapiro-Wilk criterion. The relevance and significance
of the differences for qualitative signs between the
compared groups, were determined by the analysis of
contingency tables, with computation of exact x2 crite-
rion according to Pearson. The results at p<0.05 were
considered significant.

RESULTS OF THE STUDY AND THEIR DISCUSSION

A comparative evaluation of time periods (in days)
had been made until fever disappeared. A criterion for
this indicator was the body temperature lower than 37.2
for 3 days in succession, without an intake of antipyretic
drugs. In the group of comparison, a period until fever
disappeared was 6.36+0.56 days; in the main group it
was 5.00 + 0.34 days. The distinction between the op-
posed groups was statistically significant (p<0.05). This is
an evidence of a higher therapeutic effect of Favipiravir
(Areplivir) on fever in the patients who were receiving
this drug.

The efficacy of the conducted therapy was also as-
sessed by Categorical Ordinal Scale for Clinical Improve-
ment (COSCI), its parameters are presented in Table 1.
The assessment by this scale was conducted daily.

The assessment of the treatment efficacy by COS-
Cl showed that the condition of the comparison-group
patients on admission to the in — patient department
corresponded to 3.36+0.10 category; on day of the sur-
veillance to 1.95+0.15 category (p<0.001). Similar posi-
tive dynamics in patient condition, evaluated by COSMI
was recorded in the main group. At the beginning of the
surveillance the condition of the patients was evaluated
as 3.2440.11 category, on day 15 as 1.59+0.17 (p<0.001).
The conducted therapy was similarly effective in the
studied groups (p>0.05).

On the 15th day of the observation in the main
group, the condition of the patients was assessed at
1.59+0.17 points (categories) according to the Categor-
ical Ordinal Scale of Clinical Improvement (COSCI), ver-
sus 3.24+0.11 categories at the admission to hospital
(p<0.001). In the comparison group, a similar positive
dynamic was observed. On the 15th day of therapy, the
condition of the patients according to COSCI, was as-
sessed in 1.95+0.15 categories versus 3.36+0.10 at the
beginning of the observation (p<0.001). There were no
significant differences between the groups (p>0.05).
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Table 1 — Categorical Ordinal Scale for Clinical Improvement [20]

Patient condition Description Category
Uninfected Clinical and virological signs of infection are absent 0
Out-patient Restrictions on human activity are absent 1

Restriction on human activity are present 2
In-patient Hospitalized. oxygen therapy 3
Moderate course of disease Absent

Oxygenation with a mask or nasal cannula 4
Severe course of disease Non-invasive ventilation or high — flow oxygenation 5

Intubation or mechanical ventilation 6

Ventilation + an additional support of organs: vasopressors. 7

replacement therapy for kidneys. extracorporal membrane
oxygenation (ECMO)

Deceased Death 8

Table 2 — “Empirical” Visual Scale for assessing pronounced changes in the lungs by the CT data [21]

Description Value
Absence of characteristic manifestations CT-0
Minimal volume/prevalence. <25% of lung volume CT-1
Medium volume/prevalence. 25-50% of lung volume CT-2
Considerable volume/prevalence. 50-75% of lung volume CT-3
Crucial volume/prevalence. >75% of lung volume CT-4

Table 3 — Assessment of changes in the lungs by CT data

Group of comparison Main group
Mim (n=22) Mim (n=17)
CT data P
. On day 15 .. On day 15
On admission On admission
of therapy of therapy
Area of lung 31.412.27 26.733.11 26.622.59 16.4+1.98* <0.05
damage. %
Area of lung 1.7340.097 1.5940.14 1.6540.12 1.2440.11 <0.05

damage by EVS

Notes: p — statistical significance of differences in the indices of the main and groups on day 15 of therapy; * — significance of the differences in
the indices associated with the dynamics of the disease during the treatment.

Table 4 — Undesirable phenomena recorded in the study

Undesirable phenomena (UPs) Group cr:‘f(crc‘).r;p)arlson. M::r;rlg.r;l;p. P
Total number of UPs 31 (16, 72.7%) 23 (11, 64.7%) >0.05
UPs probably associated with etiotropic drug intake 5(5,22.7%) 0 (0, 0%) <0.05
UPs possibly associated with etiotropic drug intake 27 (15, 68.2%) 23 (11, 64.7%) >0.05
Clinically relevant ALT elevation 11 (11, 50%) 10 (10, 58.8%) >0.05
Clinically relevant AST elevation 5 (5, 22.7%) 5 (5, 22.7%) >0.05
Skin rash 5 (5,22.7%) 5 (5, 22.7%) >0.05
Clinically relevant prolongation of QTc 5 (5, 22.7%) 0 (0, 0%) <0.05
Clinically relevant hyperglycemia 4 (4, 18.2%) 2(2,11.8%) >0.05
Clinically relevant elevation of creative phosphokinase 1(1,4.5%) 0 (0, 0%) >0.05
Clinically relevant leukocyturia 1(1, 4.5%) 0 (0, 0%) >0.05
Clinically relevant erythrocyturia 1(1,4.5%) 1(1,5.9%) >0.05

Notes: m —the number of UPs; n — the number of patients with UPs in the group (percentage is estimated to the total number of patients in the
group); P — statistical significance of differences in comparison — group indices and main — group indices
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Table 5 — Assessment of the QTc duration against the background of different therapeutic options

QTc duration. ms

Study timing - - P
Group of comparison. Mim (n=22) Main group. Mim (n=17)
On admission 394.65+3.99 400.7116.41 >0.05
On day 5 of treatment 411.0846.71* 392.33+5.19 <0.05
On day 15 of treatment 396.44+4.37 398.26+5.49 >0.05

Notes: p — statistical significance of differences in indices in the group of comparison and the main group; * — significance of differences compared
to the values at admission

Table 6 — Coagulogram indices against the background of various treatment methods

Indi Group of comparison. Main group.
ndices Mim (n=22) Mzm (n=17)
(reference p
intervals) At On day 15 At On day 15
admission of therapy admission of therapy
Al 28.78+1.71 27.45+1.73 30.31+1.66 26.029+1.27 >0.05
(24-34 sec)
PTT
13.90+0.32 13.49+0.37 13.67+0.32 13.02+0.30 >0.05
(9-16 sec)
Fibrinogen
+ + + +
(200-400 mg/dl) 342.52+24.87 337.69+16.02 330.51+23.95 372.29+25.49 >0.05
D-dimer
484.59+135.30 422.95+118.38 471.35+156.30 409.47+131.92 >0.05
(0-386 ng/ml)
Note: p — significance of differences between the indicators of the main and comparison groups on day 15th of therapy
Table 7 — Biochemical data of blood analysis against the background of different therapeutic options
Indi Group of comparison. Main group.
ndices Mztm (n=22) Mim (n=17)
(reference p
intervals) At Onday 5 On day 15 At On day 5 of On day 15
admission of therapy of therapy admission therapy of therapy
Bilirubin 9.90£0.98  10.93:0.93  12.10£1.19*  10.52:0.97  10.73t1.24  11.50£139  >0.05
(2.7-21 mcmol/1)
ALT . 32.85%£3.57 49.77+6.93* 91.574+26.81* 33.58+4.01 70.88+11.89* 102.2+20.0* >0.05
(5-41 units/l)
ol . 31.82+2.68 33.61+2.50 36.76+4.17 33.94+2.83 38.88+5.99 50.06+9.27 >0.05
(3-35 units/I)
Urea 5.68£0.40  6.07£0.38 5.9240.45 5.15£0.31  5.46%0.46 5.62:0.54  >0.05
(3.5-8.3 mmol/I)
Creatinine 85.50+4.12  86.41t4.84  90.36£3.97  98.65t14.75 90.81#5.11  91.06£554  >0.05
(51-115 mcmol/I)
Lactate
3.57+0.46 5.1240.54* 5.42+0.60* 3.20+0.24 3.991+0.47 3.95+0.37 <0.05
(0.5-2.2 mmol/I)
(COR—PG me/l) 22.90+4.75 15.93+3.89* 11.19+3.56* 25.4316.28 10.38+2.16* 12.51+2.51* >0.05
Ferritin 150.0+18.66 155.1#24.58  192.9:28.06  220.3+30.93 265.1#37.76  242.6t32.84  >0.05
(20-250 mcg/l)
Uric acid 243.0£17.64 240.9+13.46 280.1t14.71* 250.3+13.99 243.1+12.62  322.428.8*  >0.05
(200-420 mmol/I)
CPK . 95.0+38.68 87.64+31.82 54.68+8.66 80.76+26.87 47.88+8.95 38.24+6.07 >0.05
(24-171 unit/1)
Glucose

6.1610.65 7.1210.85 7.4711.06 5.80+0.37 6.52+0.59 5.7910.66 >0.05
(3.5-6.4 mmol/l)

Total protein
(64-87 g/1)
Note: p — significance of difference between the indices of the main and comparison groups on day 15 of the treatment; * — significance of differ-

ences in disease dynamics during the conducted therapy. It is important to note that not a single patient has been transferred to the departments
of resuscitation and intensive therapy. There have been no cases of non-invasive or artificial ventilation of the lungs. and no deaths either

69.68+1.07 68.64+1.11 67.18+1.27 70.41+0.86 68.18+1.37 66.76+1.92 >0.05
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The study of the indicator “blood oxygen saturation”
is very important. To assess an intensity of hypoxemia
and reveal respiratory failure distress, pulse oximetry
was conducted to all the patients with measurements
of blood oxygen saturation (SpO,). Positive dynamics of
blood oxygen saturation was notified in both groups.

In the main group, this index was 94.47+0.47% at
the initiation of the therapy for infection, significantly
rising during the ongoing therapy up to 97.88+0.26%
(p<0.001). At the admission to the hospital, SpO, value
in patients of the comparison group was 94.68+0.31%;
by day 15 of the surveillance a significant increase in
SpO, had risen up to 97.86%0.20% (p<0.001).

A computed tomography, as a highly sensitive de-
vice for detecting COVID-19 characteristic changes in the
lungs, was used in the study to assess such changes. The
use of the CT is reasonable for an initial evaluation of
the state of the chest organs in patients with severely
progressing forms of the disease and, for both differ-
ential diagnostics of detected changes and assessment
of dynamics of the process, too. The CT makes it pos-
sible to reveal characteristic lung changes in COVID-19
patients prior to the availability of positive laboratory
tests for infection done with nucleic acid amplification
technique. To unify the rapid visual assessment of the
volume of the lung tissue compaction according to the
CT data, WHO has proposed an “empirical” visual scale
[21], which makes it possible to determine the degree of
lung damage (Table 2).

The study of the CT data by “Empirical” Visual Scale
showed the following. The scale indices for the compar-
ison group were 1.73+0.097 and 1.5910.14 against the
background of treatment. In the main group they were
significantly lower: 1.61+0.12 and 1.24+0.11, respective-
ly (p<0.05). This is another proof of a high efficacy of the
therapy if it includes Favipiravir (Areplivir) as an antiviral
drug.

At admission to hospital, there were no significant
differences in lung lesions between the main group and
the comparison group. By the 15th day of treatment
with Favipiravir (Areplivir), a decrease in the area of le-
sion of the pulmonary parenchyma by 38.4% (p<0.05)
had been notified, and in the group of traditional thera-
py — by 14.9% from the initial level (p>0.05). In the main
group of patients at the end of the course of treatment, a
smaller area of lung tissue damage was found in relation
to the comparison group (16.4+1.98 and 26.73%3.11,
respectively, p<0.05), indicating the superiority of treat-
ment with Favipiravir (Areplivir) compared to the recom-
mended etiotropic therapy.

In all the patients, the percentage of virus elimina-
tion during the treatment was assessed. The elimination
of the virus was determined by two negative lab tests for
the presence of RNA SARS-CoV-2 done with an interval
of 24 hrs on days 10 and 11 of hospital therapy. On the
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completion of the therapy, the test results were negative
in the both studied groups, which points to the elimina-
tion of the virus and the efficacy of the conducted etio-
tropic therapy.

An important indicator of an emerging pathological
process associated with oxygen deficiency (for instance,
in pneumonia), is accumulation of lactate due to hypox-
ia. With a reduced oxygen delivery to the cells, lactate
production rises, thus making blood lactate level elevat-
ed [22]. It is known that blood lactate level helps to mon-
itor an extent of tissue hypoxia. An elevated lactate level
is an early sensitive indicator of imbalance between ox-
ygen demand and its delivery to the tissues. Elevation of
blood lactate level may pose a risk of complications [23].

At the onset of the surveillance, the lactate level
was notified to elevate in both-group patients: up to
3.57+0.46 mmol/L in the comparison group and up to
3.20%0.24 mmol/L in the main group (Table7). However,
during the treatment, lactate accumulation was found to
occur in patients of standard — therapy group (5.42+0.61
mmol/L). Meanwhile, in Favipiravir (Areplivir) group its
level did not change (3.95+0.37 mmol/L; p<0.05) but it
was lower than in the group of comparison.

Thus, no correlation was found between the lactate
concentration and the degree of lung tissue damage in
patients with moderate COVID-19. This may be due to
the extrapulmonary mechanisms of hypoxia develop-
ment and progression in patients with COVID-19 and the
peculiarities of the mechanism of action of Favipiravir
and Hydroxychloroquine, which prevent the interaction
of the virus with hemoglobin hematoporphyrin and the
development of hemic hypoxia [24]. In addition, hyper-
lactatemia in this case may be associated with the pro-
duction of lactate in the lung tissue itself [25].

In the course of the study, all the data were collect-
ed on the undesirable phenomena (UPs) associated with
an intake of the standard-therapy drugs and Favipiravir
(Areplivir) (Table 4). On the whole, 54 undesirable phe-
nomena were recorded in both groups: 31UPs in 16 pa-
tients (72.7%) in the comparison group and 23 UPs in 11
patients (64.7%) of the main group. All the recorded UPs
were mild in form. The association with the intake of etio-
tropic drugs was suggested in 5 cases of UPs as probable
(in the comparison group), in 48 cases as possible (26 UPs
in the comparison group and 23 in the main group).

It is important to note, that there has not been a
single case of a serious undesirable phenomenon (SUP)
recorded, and not a single case of an early termination
of participation in the study due to UPs or to SUPs as-
sociated with an intake of the studied drugs or drugs of
comparison. None of the recorded cases of UPs have led
to the withdrawal of any etiotropic drug or to a change
in the dosage of the administered drugs, either.

Associated with an intake of etiotropic drugs, un-
desirable phenomena of this type were recorded in five
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comparison-group patients (22.7%). These phenomena
were manifested as a significant prolongation of the cor-
rected QT interval (QTc) on the ECG. Similar UPs were
not notified in the main group (p<0.05).

Most of the undesirable phenomena were associ-
ated with hepatotoxicity, manifested mainly as elevated
ALT and ACT, to a lesser degree: in 11 patients of the
comparison group (50%) and in 5 (22.7%); in lo (58.8%)
and in 8 (47.1%) main-group patients, respectively. The
following undesirable phenomena were observed less
frequently: skin rash, a clinically relevant increase in
creatine phosphokinase (CPK), hyperglycemia, leuko-
cyturia, erythrocyturia. However, no statistically signifi-
cant intergroup differences were noted in accidence of
above-mentioned undesirable phenomena (p>0.05).

It is well known that Hydroxychloroquine and Azi-
thromycin, when used in monotherapy or in a combi-
nation, prolong the QT interval. Their use may cause
drug-induced ventricular «pirouette» — a type of Tachy-
cardia (torsades de pointes, Td P). Although Td P occurs
only in a small proportion of patients with a prolonged
QTc interval (longer than 500 ms), the drug QT prolon-
gation may increase a risk of death from arrhythmic or
non- arrhythmic causes. For this reason, this indicator is
very important for sachet of drugs [26, 27]. The analy-
sis of the Multinational Register conducted in late May
2020 with enrollment of patients with severe COVID-19
showed that Hydroxychloroquine use is associated with
an increased tick of intrahospital mortality. The associa-
tion of the use of Hydroxychloroquine (including its com-
bination with Macrolide) with occurrence of ventricular
arrhythmias during hospitalization, was also confirmed
[19].

Taking the above into account, the lack of Favipira-
vir (Areplivir) effect on the duration of the corrected QTc
interval observed in our study, is of vital importance.
The QTc value in a standard-therapy group averaged
394.65+3.99 ms on the admission. 54.4% patients re-
ceived a combination of Hydroxychloroquine and Azith-
romycin, 36.4% — only Hydroxychloroquine. On day 5 of
the treatment, the QTc duration went up, amounting to
411.0816.71 ms (p<0.05). While in the Favipiravir (Arepli-
vir) group the value of the corrected QTc interval did not
change (400.71+6.41 ms on admission and 392.33+5.19
by day 5 of the therapy (p>0,05). Hence, an observed dif-
ference between the groups turned out to be statically
significant (p>0.05), which is an evidence of a safer use
of Favipiravir (Areplivir) with regard to the heart.

By day 15 of the treatment, the QTc duration in
the comparison group had returned to the initial one,
making 396.44+4,37 ms. No changes in the QTc value
were observed in the main group (398.26+5.49 ms).
Eventually, statistically significant intergroup difference
recorded on day 5 of the Surveillance was leveled out
by day 15 (p>0.05). This may be apparently explained
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by quite a long period of withdrawal of Hydroxychloro-
quine and Azithromycin by that time (the duration of
Hydroxychloroquine intake was 7 days, of Azithromycin
— 5 days).

Evaluation of the indicators of the general blood
test, coagulogram and simple urine test in the moder-
ate course of COVID-19, did not reveal statistically sig-
nificant dynamics during the study and intergroup dif-
ferences. The coagulation parameters were presented in
Table 6. No difference in the number of clinically signif-
icant deviations of these indicators from the norm, has
been notified either.

The data on biochemical blood analyses of both
group patients, are presented in Table 7. As previous-
ly mentioned, our observation showed an extensive
involvement of the liver into the pathological process.
The syndrome of hepatocyte cytolysis was recorded on
day 5 of the surveillance: the enzymatic ALT activity in
a group of comparison equaled to 49.77+6.93 units/L,
in the main group to 70.88+19.89 units/L. By day 15
of the treatment, a significant rise of ALT activity had
been observant in both groups, up to 91.57+26.81 and
102.2+20.0 units/L, respectively. However, no difference
in hepatotoxicity was found in the drugs user in the stud-
ied groups (p<0.05).

CONCLUSION

The results obtained in our study, have shown that
the efficacy of Favipiravir (Areplivir) drug for the treat-
ment of the novel coronavirus infection is superior to the
efficacy of standard etiotropic therapy in a number of as-
pects (indices). The time period until fever disappeared,
had been shorter in the group with administered Favip-
iravir (Areplivir) (the body temperature <37,2 within 3
days in succession, without any antipyretic drugs). The
lactate level in the blood of this group of patients, was
lower than in the patients who received standard anti-
viral therapy prescribed in accordance with temporary
guidelines.The greater effectiveness of therapy in the
main group is also indicated by CT data, which showed a
more significant reduction in the area of pulmonary pa-
renchyma lesion on the 15th day of therapy, in relation
to the comparison group.

The conducted study also bears evidence that, the
safety of Favipiravir (Areplivir) use for treating patients
with novel coronavirus infection of moderate severity, is
comparable to the safety of standard therapy. Of vital
importance is the fact, that by its effect on the corrected
QTc interval, Favipiravir (Areplivir) is safer than standard
therapy represented mostly by Hydroxychloroquine and
Azithromycin.

On the basis of the results obtained in the study, Fa-
vipiravir (Areplivir) can be recommended for the treat-
ment of patients with the novel coronavirus infection of
moderate severity.
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The aim of the study is to research the effects of immunostimulant Ribomunyl in virus-induced bronchial asthma (VBA)
children.

Materials and methods. 14 virus-induced bronchial asthma (VBA) children were agministrated with immunostimulant Ri-
bomunyl as a part of complex therapy in a 18-month trial (3 cycles of treatment). The comparison group consisted of 16
patients who received only standard therapy for bronchial asthma. At the end of the study, against the background of basic
BA therapy, the following parameters were estimated: the frequency of acute respiratory viral infections (ARVI), the need for
antibacterial therapy, the frequency of IgG to respiratory-syncytial virus (RSV) prevalence, the serum level dynamics of total
IgE, IFN-y, interleukin-4 (IL-4), interferon gamma (IFN-y).

Results. The inclusion of Ribomunyl into the basic therapy complex in virus-induced bronchial asthma (VBA) children, made it
possible to reduce the need for the VBA basic therapy complex by 50% and by 12,5% (p=0,0279). At the same time, as for the
frequency of acute respiratory viral infections (ARVI), there was a comparable decrease in both groups, but in the main group
the number of cases requiring antibiotic therapy decreased from 78.6% to 42.9% (p=0.0199). The inclusion of Ribomunyl into
the basic therapy complex resulted in the decrease of the total IgE serum level; in the patients with the initial presence of I1gG
to the respiratory syncytial virus (RSV), the IL-4 level decreased and the IFN-y level increased.

Conclusion. Ribomunyl improves the treatment of virus-induced bronchial asthma (VBA) children, herewith the dynamics of
immunological indicators is more in RSV-seropositive patients.

Keywords: bronchial asthma, children, Ribomunyl, virus-induced bronchial asthma

Abbreviations: VBA — virus-induced bronchial asthma; ICS — inhaled corticosteroids; INF — interferon; IL — interleukin; ARVI —
acute respiratory viral infection; RSV — respiratory syncytial virus; Ig —immunoglobulin; TLR — Toll-like receptors.
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Lienb: n3y4ynTb KAMHUKO-MMMYHONOTNYECKYLO 3P dEeKTUBHOCTb prbOMyHMANA Yy AeTel C BUPYC-MHAYLMPOBAaHHOW 6pOHXMaNb-
Hol actmom (BA).

Martepuanbl u metoapl. 14 aeteit ¢ BUpPYC-UHAYLMPOBAHHON BA nonyyanu B coctaBe KOMMIEKCHOW Tepanuu npenapar pu-
6omyHUA (3 Kypca, 18 mecALeB); rpynny CpaBHEHUA COCTaBUAM 16 6O/IbHbIX, MONYYABLUMX TONIbKO CTaHAAPTHYHO Tepanuto
BMPYC-UHAYUMPOBaHHOM BA. Ha MOMEHT OKOHYaHMA UCCAefoBaHUA Yy AeTei oueHuBann Ha ¢oHe HasncHoM Tepanumn BA
4acTOTy OCTPbIX PECMMPATOPHbIX BUPYCHbIX MHbeKLmMii (OPBW), noTpebHOCTb B aHTMHaKTepMaibHOW Tepanuu, YacToTy onpe-
aenenunsa nmmyHornobynmnHa G (1gG) K pecnmpaTopHO-cUHLMTUANbHOMY BUpYCY (PCB), AMHAMMKY CbIBOPOTOYHOIO YPOBHSA
obuiero IgE, nHtepneiknHa-4 (IL-4), nHtepdpepoHa-ramma (MPHy).

Pe3ynbratbl. BkitoueHne pubomyHuia B TepaneBTUYECKUIn KOMIIEKC MPU BUPYC-UHAYLMPOBaHHOM BA y aeTelt no3Boano B
50% cnyyaeB n 12,5% (p=0,0279) cHM3nUTb NOTpebHOCTb B 6a3ucHol Tepanum BA. B To e Bpems yactota OPBU conoctaBumo
YMeHbLUMIach B 0beunx rpynnax, o4HaKo B OCHOBHOW rpynne cHusuaocb ¢ 78,6% no 42,9% (p=0,0199) KonnyecTso cayyaes,
TpebyoLwmnx HasHa4YeHUA aHTUBaKTepuanbHOW Tepanuu. BKatoueHre pubomyHuia B TepaneBTUYECKMIA KOMMAEKC NPUBENO K
CHUXEHWUIO CbIBOPOTOYHOTO YPOBHA 06Lero IgE; y 60/1bHbIX C UCXOAHbIM Hanuumem IgG K PC-BMpyCy CHMU3UACA YPOBHbL IL-4 1
nosbicuca yposeHb NOHy.

3aKkntoueHue. PboMyHWA ynyyLLaeT Te4eHre BUpYC-MHAYLMPOBaHHOW BA y aeTel, Npu 3TOM AUHAMUKA MMMYHOIOTMYECKUX
nokasaresieit 6onee BbiparkeHa y PCB-cepono3nTUBHbIX NaLMEHTOB.

KntoueBble cnoBa: 6poHx1anbHas actMa, 4eTU, pU60MYHUA, BUPYC-UHAYLMPOBAHHAA BA

CnUCoK coKpaleHui: bA — 6poHxmnanbHaa actma; MKC — MHranaumoHHble Koptukoctepouabl; MH® — uHtepdepoH; U1 — nH-
TepnenkuH; OPBU — ocTpas pecnupaTtopHas BUpycHaa MHpekuus; PCB — pecnMpaTopHO-CUHTULMANbHbIV BUPYC; Ig — nmmy-

HorobynuH; TLR — Toll-nogo6Hble peuenTtopsi.

INTRODUCTION

Despite the significant progress made in the treat-
ment and prevention of bronchial asthma (BA), the
search for new approaches to the treatment of patients
who fail to achieve a controlled course of the disease, is
currently ongoing [1, 2].

Numerous epidemiological studies indicate that one
of the common reasons for the development of bron-
cho-obstructive conditions and the absence of a con-
trolled course of asthma in children, is a respiratory tract
damage. In this case, the greatest role is assigned to re-
spiratory syncytial and rhinovirus infections [3].

In general, it is the respiratory viruses in children in
90% of cases that cause an asthma exacerbation and an
increase in the severity of symptoms of the disease [4].
In addition, viral lesions of the respiratory epithelium
can increase bacterial colonization and infection of the
respiratory tract, increasing the need for antibacterial
therapy; the greatest role in this is assigned to Strep-
tococcus pneumoniae, Moraxellacatarrhalis and Hae-
mophilusinfluenza [4].

The difficulty of managing patients with virus-in-
duced broncho-obstructive diseases is due to the lack
of specific antiviral therapy and prophylaxis of most
of them, including respiratory syncytial viruses (RSVs)
and rhinoviruses. In this regard, it seems appropriate
to study the possibility of using drugs with an immuno-
stimulating effect, the potential effectiveness of which is
40% of cases in children with recurrent respiratory tract
diseases [5].

One of the most promising groups among them is
represented by preparations based on bacterial lysates,
which combine vaccine properties in relation to the
most frequent pathogens of inflammatory diseases of
the respiratory tract with a non-specific immunostimu-
lating activity [5-8].

Tom 8, Beinyck 3, 2020

The latter is based on the ability of bacterial lysates
to interact with a number of innate immunity structures.
Thus, the induction of Toll-like TLR2/3/4 receptors causes
the activation of mechanisms of (6e3 apTukna) antibac-
terial immunity [9, 29]. At the same time, a high clinical
efficacy associated with the activation of macrophages
(stimulation of adhesion, phagocytic activity and cytotox-
icity), polinuklear cells (activation of chemotaxis, migra-
tion and adhesion), natural killer cells (activation of the
antiviral effect as well as an increase in the production of
gamma interferon), B-lymphocytes (with an increase in
IgG, IgA and IgM titers), dendritic cells (with the synthesis
reinforcement of Th1 cytokines and activation of lympho-
cytes) [10]. It should be borne in mind that ribosomes,
the extract of which is a part of ribomunil, are 1000 times
more immunogenic than whole bacteria [9, 11].

In recent studies it has nevertheless been shown
that ribomunyl can induce receptors responsible for the
activation of antiviral immunity, including TLR7 / 8, re-
sponsible for the induction of interferon-gamma (IFNg),
and can also “cancel” the virus-mediated inhibition of
TLR 9-mediated synthesis of type | INF [12].

The broad immunological activity of bacterial ly-
sates served as the basis for their study in patients with
a predisposition to perverted immune responses, in
particular, in allergic diseases. Thus, in the work by Mat-
ricardi et al., an analysis of 12 placebo-controlled stud-
ies of microbial drugs in patients with allergic diseases
(bronchial asthma, atopic dermatitis, allergic rhinitis)
was carried out [13]. A decrease in the frequency of ex-
acerbation and severity of symptoms was notified in half
of the studies.

THE AIM of the study was to research the clinical

and immunological efficacy of ribomunil in children with
virus-induced BA.
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MATERIALS AND METHODS

The work was carried out in the design of a prospec-
tive randomized simple comparative study in parallel
groups.

The monitored parameters were:

e the need for basic therapy of BA and its volume
(the stage at which a controlled course of the
disease is achieved);

e a number of acute respiratory viral infections
(ARVIs) per year;

e the need for ARVI antibacterial therapy (in all
cases; no more than 50% of cases; not required);

e serum interleukin-4 (IL-4) levels);

e serum IFNg level;

e the presence of IgG to RSV.

The study comprised 30 children (the mean age was
4.3=0.12 years) with virus-induced BA in the disease
controlled outside of ARVI with the use of pharmaco-
therapy corresponding to the 2nd stage (low doses of
inhaled corticosteroids). The patients were managed in
accordance with the Federal Clinical Guidelines “Bron-
chial asthma in children” and GINA 2019[1,2]. The work
was performed as an initiative study with no conflict of
interest. It was approved by the Regional Ethics Commit-
tee (Protocol No. 256-2016 dated 25 March, 2016). The
informed consent was obtained from the legal represen-
tatives of all patients for all studies.

The inclusion criteria were as follows: the presence
of foci of a chronic infection; any immunotropic thera-
py conducted for 6 months before the inclusion in the
study.

The exclusion criteria were as follows: a refusal to
participate in the study for any reason; drug intolerance.

Monitoring of the children’s condition was carried
out every 3 months during the entire follow—up peri-
od (with a revision of the basic therapy volume -after 1
month and 3 months).

Group 1 (n = 14) consisted of the children who were
administrated, in addition to the standard BA therapy
[1,2], with ribomunyl (Ribomunyl® PierreFabre; France;
ATC code LO3AX Other immunostimulants; Registration
number: P No. 011369/01; P No. 011369/02). It was
prescribed for 18 months at the dose of 0.75 mg / day
according to the scheme recommended by the manu-
facturer (in the first month of treatment and / or dai-
ly 4 days a week for 2-5 months; 3 courses). The drug
includes bacterial ribosomes as active components,
titrated up to 70% of ribonucleic acids (including ribo-
somes Klebsiellapneumoniae — 3.5 shares, Streptococcus
pneumoniae — 3.0 shares, Streptococcus pyogenes — 3.0
shares and Haemophilusinfluenzae — 0.5 shares).

Group 2 (n = 16) consisted of the children in whom
a controlled course of asthma was previously achieved
with the use of low doses of inhaled glucocorticosteroids
as a basic therapy.

The presence of polyclonal virus-specific IgG in
blood serum was detected by enzyme-linked immuno-
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assay in accordance with the attached instructions (LLC
“CNDOQ”, St. Petersburg).

The determination of IFNg and IL-4 serum levels was
performed by enzyme-linked immunoassay in accor-
dance with the attached instructions (“CYTIMMUNE”,
USA; “Multiscan”, Labsystem, Finland).

The determination of the total IgE level in blood se-
rum was carried out by the enzyme-linked immunoassay
method in accordance with the attached instructions
(JSC “Vector-Best” (Novosibirsk); reader “Multiscan”,
Labsystem, Finland). If necessary, the sera were stored
at —20°C for more than 2 months.

Statistical processing

To characterize quantitative indicators in the normal
distribution, the arithmetic mean with a standard devi-
ation (Mzs), or the median value with an interquantile
span in the nonparametric distribution (Me[Q1;Q3]),
was used.

The differences between the values were consid-
ered significant at p <0.05, which were determined using
the Student’s test for a normal distribution, Wilcoxon'’s
test for related groups with a nonparametric distribu-
tion, Fisher’s test, or X2 (depending on the sample size)
to compare the frequencies.

Statistical processing of the material was carried out
using the STATISTICA6.0 software package.

RESULTS AND DISCUSSION

The expediency of studying immunotropic drugs (in
our study it is ribomunyl) as a part of a therapeutic com-
plex of patients with virus-induced BA, is determined by
the presence of a secondary immunodeficiency state,
manifested in the recurrent nature of the infectious pro-
cess, leading, among other things, to an exacerbation of
asthma and / or a high frequency of bacterial complica-
tions requiring a prescription of antibacterial drugs.

In general, the course of asthma was somewhat dif-
ferent in the patients administrated with ribomunil, and
in the comparison group.

Thus, by the end of the study, every fourth patient
(p=0.0047) who received a standard treatment, had
had its volume revised; at the same time, it had been
increased in 2/16 patients, and 2/16 patients had been
given a possibility to refuse it. The number of ARVI ep-
isodes had slightly decreased in patients of the both
groups, which could be probably due to age character-
istics, but the need for antibiotic therapy in them had
remained unchanged.

The results of this study are presented in Tables 1
and 2.

The results obtained indicate that during the fol-
low-up period, in the group of children receiving ribo-
munyl, the need for basic BA therapy did not increase in
any case, while in the comparison group, 2 patients were
prescribed the 3rd step volume therapy on the 4th and
12th months of the follow-up (Table 1).
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At the same time, the number of patients who need-
ed basic therapy in the volume of stage 2, decreased
in the main group twice (14/14, respectively, 7/14,
p=0.028). However, in the comparison group, only 2 of
16 patients could refuse regular anti-asthma therapy,
which was significantly less frequent than in the main
group (p=0.0279) (Table 1).

In parallel with the assessment of the BA course,
the number of ARVI episodes for the 1 year (Table 1)
prior to the start of the research and throughout the
entire follow-up period, was studied. It turned out that
the incidence of diseases had significantly decreased in
both groups (p=0.045), which can be explained by the
age-related aspects of the pathology. However, the me-
dian value of the number of the episodes against the
background of treatment was 4 in the main group and
5 in the comparison group. In addition, the number of
patients who did not have ARVI complications by a bac-
terial infection, increased almost 3 times, and they did
not need any antibiotics. These facts can be considered
the evidence of the formation of more effective anti-in-
fective resistance in the patients with virus-induced
BA, if the basic therapy is supplemented with bacterial
lysates, in particular, ribomunil. The data obtained are
consistent with the results of a meta-analysis of 11 ran-
domized controlled trials of ribomunil efficacy in sick-
ly children, which has shown a 43.5% reduction in the
incidence of upper respiratory tract infections [95% ClI
33.7-53.2%)] [29].

It has been established that at an early age, one of
the most common causes of ARVI is an RSV infection.
According to some authors [3, 4, 20], by the age of 5, up
to 100% of children had been in contact with this type
of pathogen.

At the same time, clinical manifestations of infection
vary from mild diseases of the upper respiratory tract to
severe lesions of the lower respiratory tract (bronchiol-
itis, pneumonia), accompanied by a syndrome of bron-
chial obstruction and virus-induced exacerbation of BA
[20]. In general, in 2015, the number of registered cases
of the RVC infection in the world amounted to 33.1 mil-
lion people; 3.2 million patients required hospitalization;
the total number of deaths in hospital was 59.600 and
149.400 outside it [21]. Up to 80% of ARVI-associated
broncho-obstructive syndromes in preschoolers, is be-
lieved to be associated with this pathogen [3, 4, 17], and
the annual pharmacoeconomic losses due to the RSV in-
fection are estimated at 50-57 million pounds sterling
and are associated with the incidence of preschool chil-
dren [22].

In the present study, all the groups were compara-
ble to each other in terms of the detection frequency of
IgG to RSV (Table 2).

When evaluating the pharmacodynamic effects of
ribomunyl, some dependence of the results on the initial
presence of IgG to RSV was revealed.
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In general, at the beginning of the study, antibodies
were detected in 17/30 people, which corresponds to
the modern data on the epidemiology of an RSV infec-
tion in children and its role in the development of BA.
There were no new cases of seroconversion during the
follow-up period.

During the follow-up process, in the intervention
group in 4/14 cases, there was a decrease in the level
of antiviral antibodies up to undetectable ones. Despite
the fact that a significant difference in the frequency of
the detection of antibodies to the virus (64.3%, 9/14
and 35.7%, 5/14), (p=0.14) could not be demonstrated,
the achieved result can be interpreted as a trend, which
needs a further study, since the number of seropositive
patients in the comparison group remained unchanged
(50%, 8/16). In addition, it should be borne in mind that
the mechanism of the action of bacterial lysates and, in
particular, ribomunyl is associated with the stimulation
of the humoral link in general. This trend also deserves
attention because all the children in whom IgG to RSV
ceased to be detected as a result of treatment, were
moved to a group that did not require a prescription
of basic therapy on a regular basis, which is consistent
with the data on a close relationship between the RSV
infection and BA [3, 4]. Thus, in infants, the RSV infection
is associated with a more than 1.5-fold risk of develop-
ing BA in the subsequent years, herewith several factors
matter. First, the interferon deficiency predisposes to
both a more severe course of infection and an overpro-
duction of IgE; and, second, there is a direct damaging
effect of the pathogen on the pulmonary parenchyma
[23, 27, 28].

Recent studies have also shown the possibility of
synthesizing antiviral IgEs, including the ones against
RSV [24, 25]. Thus, the damaging role of RSV in young
children is significant, especially in conditions of immu-
nodeficiency, which creates a serious problem; it is ag-
gravated by the extremely limited possibilities of antivi-
ral therapy with this type of infection. Thus, palivizumab
is used only for seasonal prophylaxis of severe forms in
premature infants and children under 2 years of age who
have been treated for bronchopulmonary dysplasia, and
hemodynamically significant congenital heart defects;
ribavirin is toxic and requires a reliable contraception for
7 months after treatment (in this case, when the drug
is administered by inhalation, mainly for the staff and
parents); type | interferon preparations are ineffective
[17, 22].In this regard, immunotropic drugs are of con-
siderable interest, since they can induce various factors
of immunity, and these factors are associated with anti-
viral resistance. Herewith it is impossible to exclude the
assumption that the activation of anti-infective defense
mechanisms may contribute to the suppression of viral
infection up to its eradication, explaining the decrease in
serum levels of specific IgGs up to the undetectable ones
in some patients.
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Table 1 - Clinical efficacy of ribomunyl in children with virus-induced BA

Group 1 (n=14)

Group 2 (n=16)

Before After Before After
Basic treatment of asthma: No 0 50(7/14) *1p=0.0279 0 12.5(2/16)
Step 2 100 (14/14) 50.0(7/14) *2-0.02 100 (16/16) 75.0(12/16)
Step 3 0 0 0 12.5(2/16)
ARVI episodes/year ~ _
o QZF;,Q3] Y 6 [5-8] 4[3-6] *3r-0007 6 [5-7] 5[3-6] 3003
Use of antibiotics in ARVI, %
(n1/n)
No use of antibiotics 21.4(3/14) 57.1(8/14) *p=001% 25,0(4/16) 37.5(6/16)
In 50% cases 42.9(6/14) 28.6(4/14) 50.0(8/16) 56.3(9/16)
In 100% cases 35.7(5/14) 14.3(2/14) 25.0(4/16) 6.3(1/16)

*1p=0.0279 vs. outcomes
*2p=0.023 vs. Group 2

*3p=0.007 n *3p=0.034 vs. outcomes
n —number of children in groups
nl— number of children with effect

Table 2 — Dynamics of immunological parameters of children with VBA against the background
of treatment with ribomunil

Group 1 (n=14)

Group 2 (n=16)

IgGKk PCB+(n=9)

IgGK PCB-(n=5)

IgGK PCB+(n=8) IgGK PCB-(n=8)

IgE, ME/ml Me[Q1;Q3] 176[119; 312] 132[87; 460] 112[86; 556] 154[121; 339]
141[90; 288]** 107[69; 181]*2 124[59; 358] 148[109; 411]

NdHg, pg/ml Me[Q2;Q3] 1.43[0; 3.01] 6.1[3.8; 10.5] 2.4[0; 4.1] 3.2[0; 5.9]
2.2[1.8;7.2] ** 6.2[4.2; 12.9] *3 3.2[2.1;5.4] *5 3.9[3.1;8.7]

IL-4, pg/ml Me[Q2;Q3] 14.4[2.1; 19.0] 8.8[3.6; 98.0] 15.6[0; 44.7] 12.2[6,1; 24.6]
12.1[0; 17.1] *5 10.4[3.1; 69.1] 17.8[0; 36.5] 10.8[0; 59.5]

*1p=0.008 in comparison with initial level
*2p=0.012 in comparison with initial level
*3p=0.038 in comparison with initial level
*49=0.022 in comparison with initial level

*5p=0.014 in comparison with initial level

*69=0.047 in comparison with initial level

1gG to RSV + — children with detectable level of IgG to RSV
1gG to RSV — —children with undetectable level of IgG to RSV

At the same time, there is evidence that bacterial
lysates have not only an immunostimulating effect but
can also change the phenotype of the Tr-cell response
towards the Th1l variant.

As for the immunological parameters, the serum
levels of total IgE, IL-4 and IFNg were assessed in this
work (Table 2).

In this study, the integral indicator of atopy — the
serum level of total IgE — was, in general, typical for pa-
tients with this type of pathology, and its dynamics did
not depend on the presence of IgG to RSV, but it was
different in the groups with different kinds of treatment.
Thus, in the patients of the main group in the combi-
nation of BA and RSV infection, the serum level of total
IgE decreased from Mel176 [Q2; Q3 119; 312] IU / ml to
Mel141 [Q2; Q3 90; 288] IU / ml (p = 0.008), and among
the uninfected participants it decreased from Me132
[Q2; Q3 87; 460] IU / ml to Me107 [Q2; Q3 69; 181] IU /
ml (p =0.012). At the same time, in the group of patients
who had not received additional therapy, the dynamics
of the total IgE serum level had not been registered by
the end of the study (Table 2).
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Despite the multiplicity of immunological mech-
anisms that determine the Th2 phenotype of the re-
sponse and control allergic inflammation, IL-4 and IFNg
are the main regulatory cytokines for IgE.

In general, the first one is the key cytokine produced
primarily by CD4+Th2-lymphocytes, mast cells, and ba-
sophils [31]. It induces not only the production of IgE,
but also the expression of molecules of the main histo-
compatibility complex of class I, B7 and CD40 receptors,
as well as membrane IgM on the surface of B-lympho-
cytes, thereby increasing the capabilities of antigen-pre-
senting cells. Being one of the regulators of allergic in-
flammation, IL-4 in asthma is involved in the remodeling
of the respiratory tract and the activity stimulation of
mucous-producing cells [32]. Hyper-expression of the
IL-4 gene in the lung triggers eosinophilic inflammation
without developing hyperresponsiveness of the respira-
tory tract. It is known that an increase in the IL-4 / IFNg
ratio in the broncho-alveolar fluid is usually accompa-
nied by an increase in the number of Th2 lymphocytes
in the respiratory tract, which is associated with a more
severe course of asthma in children [33]. Along with the
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level of IL-5, IFNg, GM-CSF (granulocyte-macrophage
colony-stimulating factor), IL-4 parameters are signifi-
cant biomarkers of the severity of allergic diseases, in-
cluding BA [31].

In the present study, a decrease in the serum IL-4
level (from Mel4.4 [Q2; Q3 2.1; 19.0] pg/ml to Me12.1
[Q2; Q3 0; 17.1] pg/ml (p=0.047) was observed only
among the children with a combination of BA and RSV
infection. At the same time, attention is drawn to the
fact that by the end of the study, 3/9 of the participants
in this subgroup had undetectable cytokine levels (Table
2).

The second important cytokine that affects the IgE
synthesis, but has an effect opposite to IL-4, is IFNg.
The main producers of this cytokine are T-lymphocytes
(mainly the Th1 subpopulation), natural killers (NKs),
natural-killer T-cells (NKT cells) and antigen-presenting
cells (macrophages and dendritic ones), as well as B-lym-
phocytes. Moreover, its origin plays a role in the imple-
mentation of various immune responses. Thus, IFNg
secreted by NKT cells, is of the greatest importance in
the induction of an early protection and autocrine regu-
lation; the T-lymphocytic cytokine is the most important
in the implementation of the mechanisms of adaptive
immunity [30], in particular, in the eradication of infec-
tious agents and mutated cells, etc. The central effector
role of IFNg is determined by its ability to regulate the
activity of the T-cell link, which provides multiple anti-in-
fective mechanisms. It is important that an increase in
the production of endogenous IFNg promotes the ac-
tivation of not only antiviral, but also antibacterial and
anti-chlamydial defense [30].

Initially, the serum IFNg level in children in the both
groups did not differ and, in general, was Me 3.6 [Q2;
Q3 1.0-4.1] pg/ml (the results for subgroups are shown
in Table 2). Nevertheless, it turned out that the children
seropositive for RSV (18/30), had values of this indicator
<3.6 pg/ml (72.2% vs 33.3%, p=0.026) significantly more
often.

The dynamics of the content of this biomarker in the
blood serum of the children who received only standard
BA therapy, was observed only in the subgroup of the
children with serological markers of infection, in whom,
on average, it increased by 8% from Me2.4 [Q2; Q30; 4.1]
pg/ml up to Me3.2 [Q2; Q3 2.1; 5.4] pg/ml (p=0.014),
while there was no such dynamics in the subgroup of
seronegative patients. At the end of the study, the chil-
dren of the main group showed a significant increase in
IFNg both in the group of RSV-seropositive patients and
in the absence of serological markers of the infection,
respectively, Me1.43 [Q2; Q30; 3.01] pg/ml and Me2.2
[Q2; Q31.8; 7.2] pg/ml (p=0.022) in the first subgroup
and Me 6.1 [Q2; Q3 3.8; 10.5] pg / ml and Me6.2 [Q2; Q3
4, 2;12.9] pg/ml (p=0.014) in the second one (Table 2).
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Bacterial lysates are currently considered one of the
most promising groups of immunomodulators in sickly
children 5]. In addition, it is known that the inclusion of
bacterial lysates in the complex therapy of children with
moderate asthma, can help restore IFNg production to
the level of healthy children and lead to a significant
decrease in the total IgE serum level [14]. The ability of
bacterial lysates to promote the Thl phenotype of the
immune response, including patients with allergic dis-
eases, has been described by a number of other authors.
In particular, a similar immunomodulatory effect has
been shown for ribomunyl [12, 13, 15, 16]. In the study
by Bystron J., thirteen adult patients with seasonal rhi-
noconjunctivitis received ribomunil according to the rec-
ommended regimen for 3 months (from April to June),
after which they were followed up for 2 months. By the
3rd month, in the group who had received the drug, the
level of IFNg had significantly increased by 30%, and
by the 5 month 5 — by 37%, while the dynamics was
more pronounced (65%) among the patients with clin-
ical improvement. An increase in the production of this
cytokine correlated with an increase in the serum level
of macrophage IL-12. During the study, there was not a
single case of deterioration of a patient’s condition [15].

The relationship of RSV infection with the IFNg
system is also known; in particular, there is evidence
that severe forms of RSV infection are associated with
impaired IFNg production [3]. This study shows some
product differences associated with RSV. Thus, only in
the children seropositive for RSV, the serum level of this
cytokine significantly increased as a result of treatment
(p<0.05), while in uninfected children it remained un-
changed. These studies are consistent with the results
obtained by other authors for children with atopic pa-
thology and indicate the ability of bacterial lysates to
exert pro-Thl and anti-Th2 effects. Considering that the
Th2 phenotype of the immune response is one of the
key mechanisms for the development of bronchial hy-
perreactivity during exacerbation of asthma, the shown
effect is important for the patients with this type of pa-
thology.

Despite the fact that the drugs based on IFNg are
currently developed, their therapeutic potential, unfortu-
nately, is extremely limited not only by a very high cost of
treatment, but also by serious side effects, in particular,
influenza-like syndrome, lethargy, cough, depressive con-
ditions, etc. [30]. Today, this makes them unacceptable for
use in the children with virus-induced BA and determines
the relevance of the search for other directions of thera-
py. They can be the elimination of the causes leading to
the suppression of the synthesis of endogenous interfer-
on, with the aim of their possible elimination, as well as
the search for ways to overcome them with the help of
drugs having immunomodaulatory effects.
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During therapy, negative dynamics of the serum IL-4
level also took place only in RSV-positive children. In RSV
negative children, as well as in the children of the compar-
ison group, the cytokine level remained at the initial level.

In general, the effect of ribomunyl in viral-induced
BA can be represented as follows. The first direction is
associated with the antigen-independent activation of
differentiation and proliferation of cells of the immune
system through the mechanisms of innate immunity. As
a mixture of bacterial proteoglycans and ribosomes, the
drug reaches the lymphoid cells in Peyer’s glands and
stimulates the maturation of regional dendritic cells.
There are not many data on the effect of the drug on
the mechanisms of innate immunity [9,10,29], some of
them provide evidence of an increase in the expression
of adhesion molecules and phagocytic activity of periph-
eral blood neutrophils [6].

The dendritic cells activated by the drug, stimulate
T-lymphocytes to produce Thl-dependent cytokines, in-
cluding IFNg, thus enhancing the cytotoxic properties of
the body, including the antiviral activity. Moreover, the
oral route of the drug administration and the induction
of lymphocytic cells of Peyer’s glands cause the expan-
sion of B-cells and the production of secretory IgA, as
well as serum IgG and IgM, which has been justified for
the children with recurrent respiratory infections [16].
In addition, other studies have shown that in volun-
teers, increased serum IgA levels were associated with
decreased adhesion of Streptococcus pneumoniae [16].

The second direction is associated with the induc-
tion of acquired antigen-dependent specific immunity.

In fact, it is vaccination against pathogens of respiratory
infections, the components of which are a part of the
drug. It has been shown that their immunogenicity prac-
tically does not differ from the antigenic determinants of
the native pathogen [29].

It should be borne in mind that many pathogens, in-
cluding opportunistic ones, have an immunosuppressive
effect of their own; therefore, the suppression of their
reproduction may have an indirect immunostimulating
effect [8].

Within the framework of this study, the microbial
composition and microbial-viral associations that led to
an exacerbation of asthma in children and necessitated
antibiotic therapy were not under discussion, however,
it can be assumed that the results obtained are associat-
ed with the complex effect of ribomunyl on the immune
system.

CONCLUSION

Thus, the inclusion of ribomunyl in the complex
therapy of children with virus-induced BA, leads to an
improvement in the course of both the underlying dis-
ease and a decrease in the frequency and severity of
ARVI episodes. The results achieved are consistent
with the dynamics of immunological parameters, which
turned out to be more pronounced in RS-virus infected
children. Considering the fact that bacterial lysates, in-
ducing the synthesis of antibacterial antibodies, do not
possess their own antiviral properties, it can be assumed
that the suppression of viral infection is associated with
the immunomodulatory properties of the drug.
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The correction of free radical oxidation processes is one of the most promising strategies of neuroprotection in acute cere-
brovascular disorders.

The aim of the study is an experimental study of the neuroprotective effects of 3-hydroxypyridine and erythropoietin deriv-
atives, as well as their combined use.

Materials and methods. The study was performed on 109 male Wistar rats. The neuroprotective effect of the substances was
studied on a hemorrhagic stroke model. The study drugs were administered to the animals intraperitoneally. Carbamylated
darbepoetin was administered three times in advance at the dose of 100 pg/kg within intervals of 3 days, the last injection
took place 1 hour before the operation (the total dose was 300 mg/kg). Etoxidol was administered once 1 hour before the
surgery at the dose of 50 mg/kg. The survival rate, behavioral features and the state of the animals on the 1%, 3™, 7" and 14"
days were recorded, and the morphological assessment of the brain was carried out.

Results. The investigated substances had a positive effect on both the survival rate of the animals during the first day and on
the 14t day. The best survival rates on the 14* day were recorded in the group of a combined use of ethoxydol and carba-
mylated darbepoetin (75%). Thus, in this group of rats, a faster recovery of neurological disorders was already distinguished
from the first day on. By the 7t" day, more than 50% of the rats receiving the combination of the studied drugs, had had a
slight neurological deficit (up to 3 points on the McGrow scale); by the 14*" day there had been only minor changes in the
neurological status in the rats of this group. A pronounced neuroprotective effect of the combination of 3-hydroxypyridine
and erythropoietin derivatives has been confirmed by a histological examination of brain slices — a more rapid decrease in
the size of perifocal edema and microcirculation disorders, less damage to neurons and glial elements, and faster processes
of resorption and organization of hemorrhage. A macroscopic examination of the brain sections stained with triphenyltetra-
zolium chloride of the dying rats, showed that perifocal necrosis had been the main cause of high mortality in the control
group after the 3" day.

Conclusion. As a result of the experiment, the nephroprotective effect of the studied derivatives of 3-hydroxypyridine and
erythropoietin has been proved. Moreover, the combination of these drugs has shown a greater neuroprotective activity
than their isolated use. The additive effect of these drugs was due to their action mechanism resulting from the synergism of
various structures and components of the cells.

Keywords: hemorrhagic stroke, 3-hydroxypyridines, carbamylated darbepoetin, neuroprotection
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KoppeKuma npoueccos cBO60AHO-paANKaNbHOIO OKUC/IEHNA ABNAETCA O4HOW U3 Hanbosiee NepCcneKkTUBHbIX CTPATernii Hem-
PONPOTEKLMM NPU OCTPbIX HAPYLIEHUAX MO3rOBOr0 KPOBOObpaLLEHUA.

Lienb uccnepoBaHuUsa — 3KCNEPUMEHTANbHOE U3yYeHMe HEMPONPOTEKTUBHbIX 3GPEKTOB MPOU3BOAHbIX 3-TMAPOKCUNMPUAMHA
W 3PUTPOMOITMHA, @ TaK¥Ke UX KOMOMHMPOBAHHOTO MPUMEHEHUA.

Matepuanbl u metoapl. ViccnegoBaHue BbINosHEHO Ha 109 Kpbicax-camuax NMMHUKM Buctap. HellponpoTeKTnBHoe aelictaume
Ccy6CTaHUMIN M3yHanocb Ha MOAENM reMOopParMiyeckoro MHeybTa. Mccnesyemble npenapaTbl BBOAUINUCH }KUBOTHBIM BHYTPU-
6proWwmMHHO. KapbamuampoBaHHbIi 4ap63No3TUH BBOAW/ICA NPeABapUTeNbHO TPeXKpaTHO B go3e 100 MKI/Kr ¢ MHTepBasiom
3 gHA, nocneaHee BBeaeHMe 3a 1 yac 4o onepauun (cymmapHas gosa — 300 mr/Kr). DTOKCMAO0N BBOAWUCA OAHOKPATHO 3a 1
Yyac fo onepaumm B Aose 50 mr/Kr. PermctpmMpoBasnm BbIXKMBAEMOCTb, 0CO6EHHOCTV MOBEAEHUA U COCTOAHMA }KUBOTHbIX Ha 1,
3, 7 n 14-e cyTKK, NpoBOAUAN MOPPOTOTMYECKYHO OLEHKY FOJIOBHOIO MO3ra.

Pe3ynbratbl. Viccnegyemble BewectBa 61aronpuATHO BAUANW KaK Ha BbIXKMBAEMOCTb YKMBOTHbIX B TEYEHME MepPBbIX CYTOK,
TaK U Ha 14-cyTOYHYO BbIXKMBAEMOCTb. Hamnyylive nokasaTenn BbIXKMBAEMOCTU Ha 14-e cyTKM 3adMKCMPOBaHbI B rpynne
KOMBUHNPOBAHHOIO MPUMEHEHUA 3TOKCMA0M1A U KapbamuanpoBaHHOTo Aap63anoaTuHa (75%). Tak, B 3TOM rpynne KpbIC yKe
C nepBbIX CYTOK Habntoganock bonee HbICTPOE BOCCTAHOBNEHUE HEBPONOTMYECKUX HapyweHui. K 7-m cyTkam 6onee 50%
KPbIC, MOAYYaBLIMX KOMBMHALMIO UCCeayeMblX NMPenapaToB, MMEeNN Nerkui Hespoaoruyeckuii aebunumt (4o 3 6annos no
WwKane McGrow), K 14-m cyTKaM Yy KpbIC 3TOW rpynnbl BbIABAAAWUCH INLWb HE3HAYUTEIbHbIE U3MEHEHUA B HEBPO/IOFMYECKOM
cTatyce. BbipaXKeHHbI HEMPONPOTEKTOPHBIN IGPEKT KOMOUHALMN NPOU3BOAHBIX 3-TMAPOKCUNUPUAMHA U IPUTPONOITUHA
NOATBEPKAEH TMCTONOTMYECKMM MCCNEAOBAHMEM TKAaHEN FOJIOBHOIO Mo3ra — 6os1ee H6bICTpoe yMmeHbLUeHue nepudokanbHo-
ro OTeKa U HapyLIEHUIA MUKPOLMPKYIALMKN, MEHbLLEE NOBPEXKAEHNE HEMPOHOB U IINa/bHbLIX 3/1IEMEHTOB 1 bosiee bbiCTpble
npoLecchbl Pe3opbunmn U opraHn3aLLmMm KpoBom3NuAHUA. NP MaKPOCKONUYECKOM UCCeA0BaHUMN OKpaLLeHHbIX TpUdeHn-
TETPa30/IMeM X/IOPUCTBIM CPE30B MO3ra YMMUPAOLLMUX KPbIC YCTAHOBMEHO, YTO NEPUPOKAIbHbIN HEKPO3 ABNAETCA OCHOBHOM
NPUYNHOM BbICOKOM IETaIbHOCTU B KOHTPOJIbHOM rpynne nocse 3 CyTok.

3aKknoueHue. B pesynbraTe KCNepMMEHTa [0Ka3aHO HEMPONPOTEKTUBHOE AEWCTBUE UCC/edyeMblX MPOU3BOAHBIX 3-TU-
OPOKCUMUPUAMHA U 3PUTPONO3TUHA. [Py 3TOM KOMBUHALMA AaHHbIX NPenapaToB NoKasasa 6oMblUy0 HEMPONPOTEKTUBHYIO
AKTUBHOCTbHIO, YEM U30/IMPOBAHHOE MX MPUMEHeHMe. ALANTUBHOE AENCTBME AaHHbIX NpenapaToB 0bycnaBAnBaeTca Ux me-
XaHM3MOM AENCTBUA B pe3y/ibTaTe B3aUMOAENCTBUA C Pa3IUYHbIMU CTPYKTYPAMM U KOMMOHEHTAaMM K/IETKU.

KntoueBble cnoBa: reMmopparmyeckmii MHCYNbT, 3-rMaPOKCUNUPUANHBI, KapPOamMUAUPOBAHHbIV Aap63INO3TUH, HEMPONPOTEK-
umA

INTRODUCTION

The significance of a stroke as a medical and social
problem increases every year around the world. This is
associated with an increase in the average age of the
population, as well as an increase in the population of
people with risk factors for cardiovascular diseases.

Currently, drugs and new compounds of the so-
called neuroprotective action, based on a variety of
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mechanisms, including antioxidant, antihypoxic, an-
ti-apoptotic and other effects, are widely used for the
prevention and treatment of cerebrovascular diseases.
In clinical practice, antioxidant drugs based on 3-hy-
droxypyridine (for example, mexidol, etoxidol, emoxip-
in), are widely used in the treatment of cerebrovascular
diseases, as they inhibit lipid peroxidation processes, in-
crease the activity of antioxidant enzymes, thereby mod-
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ulating the activity of receptors and membrane-bound
enzymes [1].

However, despite the achievements of modern
neuropharmacology, there is an increase in the num-
ber of patients with this pathology: their high mortality
(50-70%) [2] and disability (approximately 2/3 patients)
[3]. The issues of drug support for patients with acute
cerebrovascular accidents remain the most important
problem of modern pharmacology and neurology.

The experimental data confirming a high neuropro-
tective potential of erythropoietin, have been accumu-
lated for several decades. The erythropoietin molecule
is best known as a positive regulator of erythropoiesis,
which is produced primarily in the kidneys in response
to a decrease in the partial pressure of oxygen. However,
the spectrum of physiological effects of erythropoietin is
quite wide and allows us to consider it as an agent with
a universal cytoprotective orientation. The metabolic
cascades started by them, lead to an increase in the re-
sistance of the cells to damage, and this phenomenon
is combined into the concept of “non-hematopoietic
effects of erythropoietin” [4]. In ischemic lesions of var-
ious organs, erythropoietin causes angiogenic, antiox-
idant, anti-inflammatory and anti-apoptotic effects [5],
which reduce the damage area. At the same time, due
to the activation of a large number of secondary media-
tors, erythropoietin can cause the development of such
negative effects as an increase in endothelin production,
anincrease in tissue renin concentration, a change in the
balance of vascular tissue prostaglandins, angiogenesis
stimulation and proliferation of vascular smooth muscle
cells [6, 7]. Carbamylated darbepoetin is fundamentally
different from erythropoietin-based drugs, combining
the best qualities of medicinal preparations of the previ-
ous generations [8, 9].

THE AIM of the research was an experimental study
of the therapeutic efficacy of 3-hydroxypyridine and
erythropoietin as well as their combinations, in the sim-
ulation of experimental intracerebral posttraumatic he-
matoma in rats.

MATERIALS AND METHODS

Compliance with the rules

of the organization of laboratory research

The study was conducted in accordance with the ap-
proved rules of good laboratory practice of the Ministry
of Health of the Russian Federation (GOST 51000.3-96
and 51000.4-96) No 267 “On rules of good laboratory
practice” dated 19 June 2003.

Study design

Male Wistar rats were divided into several groups:
Group 1 —falsely operated rats (10 animals), which were
anesthetized, then scalped and trepanned without any
destruction of the brain tissue; Group 2 — the animals
with a hemorrhagic stroke, not receiving drugs (control
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group, 23 rats); Group 3 — the animals with a hemor-
rhagic stroke, which were administered with etoxidol (23
rats); Group 4 — the animals with simulated pathology
that were administered with carbamylated darbepoietin
(20 rats), Group 5 — the rats with a hemorrhagic stroke,
treated with carbamylated darbepoetin and etoxidol (23
rats).

The technique of modeling

a hemorrhagic stroke

An acute autohemorrhagic stroke was modelled in
the area of the inner capsule of the right hemisphere,
according to the methods of Makarenko et al. [10] in
the authors’ modification [11]. The operation was per-
formed under general anesthesia. After premedication
with “Xyla” at the dose of 0.1 ml, chloral hydrate as a
basic anesthetic was administered intraperitoneally at
the dose of 300 mg/kg. After deep anesthesia, the blood
was sampled with a syringe from the rat tail vein. After
the treatment of the surgical field, a linear incision of
the scalp in the parietal area was made. The incision per-
formed in the frontal plane, was followed by hemostasis.
The length of the incision was 1.5 cm. After that, bone
skeletonization was performed and the periosteum was
separated. With the help of a dental bur, a trephination
hole in the right parietal area was superimposed. The di-
ameter of the burr hole was 3 mm. Then, using a device
for a stereotactic administration, a puncture needle was
inserted in the area of the inner capsule (the coordinates
were: H=4 mm, L=3.1 mm, A=1.5 mm from the bregmat-
ic fontanel according to “Atlas of the human brain stem”
by G. Paxinos) to a depth of 3 mm. Then the device was
fixed, a mandrel-wire knife was inserted into the needle,
the destruction of the brain tissue was carried out (the
mandrel was turned in three turns clockwise and three
turns counterclockwise). The mandrel was removed and,
under sterile conditions, the autologous blood was tak-
en from the tail vein of the animal and injected into the
rat in a volume of 0.11 ml/100 g of weight. The introduc-
tion of the blood was carried out by stream infusion. The
effectiveness of the introduction was determined by the
presence of stem convulsions. After that, the puncture
needle was removed, the wound was dried, hemosta-
sis was monitored and the wound was layered. Falsely
operated animals underwent scalping and trepanning of
the skull.

The study drugs were administered to the animals
intraperitoneally. Carbamylated darbepoetin (Pharm-
standard LLC, Russia) was administered three times in
advance at the dose of 100 ug/kg with an interval of 3
days (the total dose was 300 mkg/kg), the last injection
was an hour before the operation. Etoxidol, a 3-hydroxy-
pyridine derivative (Sintez OJSC, Russia) was adminis-
tered once a day before the operation at the dose of 50
mg/kg (according to the interspecific conversion rate of
the human average therapeutic dose). The control ani-
mals were injected with saline in an equivalent volume.
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Effect of drugs on animals’ survival

Observations were carried out for 14 days after the
surgery. The registered features of the behavior and the
state of the animals on the 1%, 3™, 7t and 14" days were
studied.

Study of neurological status

To assess the behavioral disorders of the animals af-
ter a hemorrhagic stroke, a set of traditional methods
was used in the experiment. To assess the neurological
status, a method of assessing a neurological deficit ac-
cording to McGrow’s CHADS2 in Gannushkina’s mod-
ification was used [12]. To assess the muscle tone by
measuring the strength of the grip of the limbs, a dy-
namometric software and hardware system had been
developed.

In assessing the neurological status according to
McGrow’s CHADS2 in Gannushkina’s modification, the
following factors were taken into consideration: mild
symptoms (up to 3 points) — lethargy of movements,
weakness of limbs, unilateral semidiaphanous, trem-
or, manoeuvring movements; severe manifestations of
neurological disorders (from 3.5 to 10 points) - paresis
and paralysis of the limbs, as well as a lateral position
and depression of consciousness.

Measurement of the strength of the animals in the
grasping reflex was carried out using a dynamometer.
As a comparison criterion, the relative value (a specif-
ic force) was calculated by dividing the maximum grip
force by the rat body weight. In order to assess the ori-
enting-exploratory behavior, the platform was used to
study the motor activity of the laboratory animals - AC-
TI-TRACK (PANLAB HARVARD APPARATS). Testing of the
rats was carried out for 5 minutes in the infrared moni-
tor of the activity prior to the creation of pathology, as
well as on days 1, 3, 7 and 14 after modeling a hemor-
rhagic stroke.

Morphological study

For macroscopic confirmation of the repeatability of
the results, verification of the localization of the hemor-
rhagic lesion and the degree of damage in some animals,
NADH-dehydrogenase activity was studied on day 4 by
the standard method of staining with triphenylterazoli-
um chloride. The animal’s brain was extracted, cut into 2
frontal slices through the entry point of the mandrel into
the brain tissue. Staining was carried out in a 1% solution
of triphenyltetrazolium chloride (TTX, Sigma Aldrich) for
30 minutes in a thermostat at 37°C. Then, photograph-
ing and a macroscopic evaluation of the slices were car-
ried out.

For a morphological evaluation, the animals were
withdrawn from the experiment after 24 hours, 7 and
14 days from the start of the study. The description
and assessment of the consequences of a hemorrhagic
stroke were carried out according to the recommenda-
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tions of the atlas of the nervous system histopathology
[13]. The rats were decapitated, the brain was collected,
fixed in 10% neutral buffered formalin for 24-48 hours,
and embedded in paraffin. Frontal histological sections
of the brain with a thickness of 7 um were stained with
hematoxylin and eosin. A microscope “MIKMED-6" with
a binocular attachment, electric illumination, a digital
camera MS-5 and a computer with software “MSview”
were used.

Statistical processing of the obtained data was per-
formed using STATISTICA 10.0 and MICROSOFT EXCEL
2016. After estimating the normality of the distribution
using the Shapiro-Wilk criterion, the arithmetic mean,
confidence intervals (with a parametric distribution) and
quartile span (with a nonparametric distribution) were
calculated. To assess the reliability of intergroup differ-
ences with a normal distribution, the t-Student’s test
was used, with a distribution other than normal — the
Mann-Whitney test. To assess the survival analysis, the
procedure of constructing survival curves was used; the
differences between the groups were considered signif-
icant at p<0.05.

RESULTS

Effect of drugs on animals’ survival analysis

During the operation and for 1 day after it, 50% of
rats with a hemorrhagic stroke died in the control group.
In the group of the animals administrated with the test
substances, the mortality within 1 day was lower than in
the control group (Fig.1). In particular, in the groups of
rats treated with carbamylated darbepoietin or etoxidol,
a daily survival rate was 70%. In the group of the com-
bined use of carbamylated darbepoetin and etoxidol,
the daily survival rate was 90%.

The fact that in the groups administrated with the
drugs under study there were no deaths of animals after
7 days, is of particular attention.

All the studied substances increased the total (day
14) survival rate by more than 40% compared to the
control group. The best survival rates for day 14 were
recorded in the group of the combined use of ethoxydol
and carbamylateddarbepoetin: the total survival rate of
the animals in this group was 75%.

No deaths have been recorded in the group of falsely
operated animals during the entire observation period.

Evaluation of neurological deficit according

to the McGrow scale

As for the assessment of neurological disorders, on
the first day after the operation, almost all the rats with
simulated intracerebral hematoma showed pronounced
post-stroke changes in the form of cyclic motions, pa-
resis and limb paralysis (Table 1). In the group of falsely
operated animals, no severe neurological deficit was ob-
served, and only 30% of the falsely operated rats showed
lethargy and slowness of movements.
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Figure 1 — Effect of ethoxydol, carbamylated darbepoetin and their combined use on the survival analysis of
animals on day 1, 3, 7 and 14 after the simulation of hemorrhagic stroke
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Figure 2 — Effect of etoxidol, carbamylated darbepoetin and their combined use, on total activity indicators
calculated by the Acti-Track program on days 1, 3, 7 and 14 after modeling a hemorrhagic stroke

Note: * P<0.05 — the differences are statistically significant when compared with control animals
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The rats treated with the test substances, had a sta-
tistically significant, less pronounced neurological deficit
over the entire observation period compared with the
control group.

The group of the rats treated with a combination
of etoxidol and carbamylated darbepoetin, had been
distinguished by a more rapid recovery of neurological
disorders since the first day. By day 7, more than 50%

Study of neurological status

of the rats administrated with the combination of the
studied drugs, had had a slight neurological deficit (up
to 3 points according to the McGrow scale) in the form
of slowness of movements, weakness of limbs, unilater-
al hemiptosis and manege movements. By day 14, only
minor changes in the neurological status had been ob-
served in the rats of this group — 1.1+0.5 according to
the McGrow stroke scale.

Table 1 - Effect of etoxidol, carbamylated darbepoetin and their combined administration on indicators of
neurological status on days 1, 3, 7 and 14 after modeling a hemorrhagic stroke

Before pathology modeling

Control Etoxidol CDEPO CDEPO+etoxidol
Specific force 7.0£0.3 7.5£0.2 7.41£0.3 7.74£0.3
McGrow 0 0 0
Day 1
Control Etoxidol CDEPO CDEPO+etoxidol
Specific force 2.7+0.3 3.1+0.2 3.1+0.2* 3.1+0.1*
McGrow 8.1+2.0 6.7+2.4%* 7.212.0 5.6+1.8*
Day 3
Control Etoxidol CDEPO CDEPO+etoxidol
Specific force 4.0£0.5 4.5+0.5 4.6+0.2* 5.1+0.3*
McGrow 6.412.6 4.3+1.8* 4.2+2.5* 3.9+2.4*
Day 7
Control Etoxidol CDEPO CDEPO+ etoxidol
Specific force 4.51£0.3 4.610.3 4.8+0.3 4.240.5
McGrow 5.4+2.1 3.3+2.1% 3.242.2% 2.9+1.9*
Day 14
Control Etoxidol CDEPO CDEPO+etoxidol
Specific force 4.740.2 5.0£0.5 4.5+0.4 4.5+0.5*
McGrow 5.0+2.5 3.0+0.5 2.4+0.6* 1.1+0.5%*

Note: * P <0.05 — the differences are statistically significant when compared with control animals

Muscle tone studies

The study of the grip strength of rats’ paws revealed
that on the first day after the stroke, the muscle tone in
the control group and in the group receiving carbamylat-
ed darbepoetin, did not differ significantly and amounted
to 56% on average (Table 1). Against the background of
the ethoxidol administration, the decrease in the muscle
tone for the 1st day was 38.3%, which was significantly
lower than in the control group. The greatest decrease
in the muscle tone was observed in the group of the an-
imals administrated with a combination of the studied
drugs, and amounted to 27.4%. On day 3, there was an
increase in muscle strength in all groups, and an increase
in the groups administrated with the test substances,
was significantly higher than in the control group. On
days 7 and 14, a statistically significant increase in the
muscle strength was only in the rats administrated with
carbamylated darbepoetin and a combination of carba-
mylated darbepoetin and etoxidol.

The effect of the studied drugs on the motor activ-
ity of the animals with a hemorrhagic stroke was also
studied. Within days 1-7, after modeling a hemorrhagic
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stroke, the indicators of the total activity (Fig. 2) and the
total distance (Fig. 3) under the influence of etoxidol and
the combination of carbamylated darbepoetin and etox-
idol preparations, were significantly higher than in the
control group.

On day1, the indicators of the total activity and the
distance gone by the rats treated with carbamylateddar-
bepoietin, were significantly lower than the results of
the animals administrated with ethoxydol and the com-
bination of the drugs, and did not have significant dif-
ferences with the control group. However, by day 3, the
activity of the animals treated with carbamylated dar-
bepoietin, had been increasing and it did not have sta-
tistically significant differences from the groups of other
test substances. By the 14th day, the activity indicators
of the animals in this group had even exceeded those
in the ethoxidol group, and were slightly inferior to the
group of the drug combinations.

Compared with monotherapy, since 1 day, the in-
dicators of the total activity had been increasing most
actively and rapidly under the influence of the combina-
tion of drugs.
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Figure 3 — Effect of etoxidol, carbamylated darbepoetin and their combined use on total distance indicators
calculated by the Acti-Track program on days 1, 3, 7 and 14 after modeling a hemorrhagic stroke

Note: * P<0.05 — the differences are statistically significant when compared with control animals

Figure 4 — Efficiency of the additive neuroprotective action of carbamylateddarbepoetin and ethoxidol in model-
ing a hemorrhagic stroke in rats. Macroscopic view of brain sections stained with triphenyltetrazolium chloride

Note: A. Section of a dying rat’s brain from the control group on day 1. B. Section of a dying rat’s brain from the control group on day 5. C. Section
of a dying rat’s brain from the CDEPO+ethoxidol group

Figure 5 — Rats’ brain tissue in the hematoma area

Note: A — control group on the 1st day; B — control group on the 7th day; C — control group on the 14th day. Staining: hematoxylin and eosin;
Mag. x400
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Figure 6 — Brain tissue of rats treated with ethoxidol, in the area of hematoma

Note: A —on the 1st day; B — on the 7th day; C — on the 14th day. Staining: hematoxylin and eosin; Mag. x400

Figure 7 — Brain tissue of rats treated with carbamylated darbepoetin, in the area of hematoma

Note: A —on the 1st day; B — on the 7th day; C — on the 14th day. Staining: hematoxylin and eosin; Mag. x400

Figure 8 — Brain tissue of rats treated with a combination of carbamylated darbepoetin and ethoxydol,
in the area of hematoma

Note: A — on the 1st day; B — on the 7th day; C — on the 14th day. Staining: hematoxylin and eosin; Mag. x400

High levels of activity of the control group on day 14,
can be explained by a high mortality rate in this group
and survival of only the strongest individuals with high a
regenerative potential.

Morphological study

For a macroscopic confirmation of the results, re-
peatability and adequacy of the methodology for clini-
cal cases of a hemorrhagic stroke, staining of brain sec-
tions with triphenylterazolium chloride was performed
(Fig. 4).

A macroscopic evaluation confirmed the adequacy
of the use of neuroprotective therapy in the model of a
hemorrhagic stroke (Fig. 4). It is obvious that the causes
of mortality on the 1 day, were associated both with a
direct effect of the blood injected into the brain tissue,
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and with dislocation complications. However, starting
from the 4% day, the mortality was due to massive peri-
focal necrosis.

In the control group animals, on the first time a day
after modeling an intracerebral hemorrhage along the
periphery of the hematoma, the following disorders
were detected: a pronounced edema; violation of his-
toarchitectonics of the neuronal layers of the corte,
pronounced ischemic changes, karyolysis of neurons,
a moderately pronounced perifocal leukocyte reaction
and a less pronounced glial reaction (Fig. 5A).

Polymorphism of neurons was detected: swelling
of neurocytons, the nuclei of neurons were deformed
and basophilic, the nucleoli were deformed and dis-
placed to the periphery. In places, the nuclei and nu-
cleoli were almost or completely indistinguishable.
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There was also neuronal karyolysis, a moderate per-
ifocal leukocyte response and a less pronounced glial
response (Fig. 5A).

On the seventh day, a moderately pronounced per-
ifocal leukocyte reaction changed to a moderately pro-
nounced glio-macrophage reaction with an admixture of
single macrophages with an intracellular accumulation
of a blood pigment (hemosiderophage) (Fig. 5B). On day
14, a moderately pronounced glio-macrophage reaction
persists, but with an admixture of a few macrophages
with intracellular accumulation of a blood pigment (he-
mosiderophages) (Fig. 5C).

When analyzing the group using etoxidol, it was es-
tablished that a perifocal edema was less pronounced
compared to the control group (Fig. 6A) and the group
where carbamylated darbepoetin had been used (Fig.
7A); but it was more pronounced than in the group of a
combined use of carbamylated darbepoetin and etox-
idol (Fig. 8A). In the animals treated with carbamylated
darbepoietin and a combination of drugs, the signs of
an inflammatory reaction with the development of leu-
kocyte infiltration were more pronounced. At the same
time, its severity did not reach the degree of intensity
recorded in the control group. On day 7, a glio-macro-
phage reaction in the etoxidol groups (Fig.6B) and the
carbamylated darbepoetin group (Fig. 7B) was ahead
of the control group. In the group of the combined use
of carbamylated darbepoietin and etoxidol (Fig. 8B),
more pronounced resorption processes in the form of
clusters of a few macrophages accumulation of a blood
pigment (hemosiderophages), were revealed. On the
14th day, the processes of resorption in the groups of
etoxidol (Fig. 6C) and carbamylated darbepoetin (Fig.
7C) were ahead of the control group. But the signs of
resorption and organization in the group of a combined
use of carbamylated darbepoetin and etoxidol (Fig. 8C),
were more pronounced, they were in the form of clus-
ters of numerous macrophages with intracellular and
extracellular accumulations of a blood pigment (hemo-
siderophages).

Thus, according to the histological studies, a simul-
taneous administration of a carbamylated darbepoetin
and etoxidol combination is accompanied by a more
rapid decrease in perifocaledema and microcirculation
disorders, less damage to neurons and glial elements,
and faster processes of resorption and organization of
the hemorrhage focus.

DISCUSSION

The results of the study confirm the presence of
neuroprotective properties in all the studied substances.
However, the neuroprotective activity of carbamylated
darbepoetin had been developing more slowly - by day
3, in contrast to etoxidol and the combination of etoxidol
and carbamylated darbepoietin, in which cerebropro-
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tective properties were observed already on the 1sday
(a less prounced severity of neurological disorders and
a greater activity of the animals in these groups in the
infrared monitor).

The combination of etoxidol and carbamylated dar-
bepoetin has more pronounced neuroprotective prop-
erties than when used in isolation. This is manifested by
higher survival rates of animals of this group, a signif-
icant decrease in the severity of post-stroke disorders
from the very first day, as well as in histological examina-
tion of brain sections.

The additive effect of these drugs is due to their ac-
tion mechanism. Hypothetical synergism is achieved by
affecting various structures and components of the cell.

Etoxidol is among the inhibitors of free radical pro-
cesses. The presence of 3-hydroxypyridine in the struc-
ture of etoxidol, provides a complex of its antioxidant
and membranotropic effects, the ability to reduce glu-
tamate excitotoxicity, to modulate functioning of the
receptors. The 3-hydroxypyridine residue affects the
activity of membrane-bound enzymes (phosphodiester-
ase, adenylatecyclase), inhibits free radical stages of the
synthesis of prostaglandins, catalyzed by cyclooxygenase
and lipooxygenase, changes the ratio of simple cyclin /
thromboxane A2 and inhibits the formation of leukot-
rienes [14].

Malate, which is a part of etoxidol, easily penetrates
the blood-brain barrier. During hypoxia, malate under-
goes metabolism with the formation of adenosine tri-
phosphate. Depending on the degree of hypoxia, malate
is reversibly rebuilt, due to which the cell continues to
receive energy even in the absence of oxygen. Malate
has the advantage of being able to turn into fumarate
and even succinate.

Depending on the degree of ischemia and the cell’s
energy requirements, malate can be oxidized with the
release of ATP with enough oxygen in the mitochondria
and even with insufficient oxygen in the cytoplasm, it
can also be restored to succinate. It has been estab-
lished that the cell does not expend the ATP energy for
the transfer of malate to mitochondria. For this, there is
a special malate-aspartate shuttle. The ability of malate
to increase the respiratory control coefficient of mito-
chondria, to restore cytochrome b5 in the presence of
nicotinamide adenine dinucleotide, a coenzyme partic-
ipating in redox reactions, has been proved and shown
off [15-17].

The hematopoietic functions of erythropoietin are
due to their effect on the central nervous system. Eryth-
ropoietin receptors are expressed on the surface of neu-
rons [18]. At various CNS injuries, astrocyte synthesis of
erythropoietin having a neuroprotective effect, is ob-
served [19-21]; it inhibits apoptosis, stimulates neuro-
nal proliferation and angiogenesis.

Carbamylated darbepoetin, a hyperglycosylated
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variant of human recombinant erythropoietin,” has less
pronounced hematopoietic properties than the basic
molecule due to the heterodimeric receptor EpoR /
CD131 than to the homodimeric receptor EpoR / EpoR
[22]. When the carbamylated darbepoietin molecule, as
well as erythropoietin, binds to the EpoR receptor, a cas-
cade of phosphorylation reactions of key proteins, such
as Ras-mitogen-activating protein kinase, Janus tyrosine
kinase-2, etc., is launched. They, in turn, activate the
expression of the bcl-xI genes and the synthesis of an-
ti-apoptotic proteins that suppress apoptotic cell deaths
[23, 24].

However, due to the carbamylation of primary pro-
tein amines and amino acid lysine residues of the pro-
tein in the N-terminal region, without affecting the gly-
cosylation profile of the whole molecule, carbamylated
darbepoietin does not interact with the classical eryth-
ropoietin receptor (does not stimulate the proliferation
of TF1 cell line), and does not have a number of unde-
sirable side effects, such as an increased blood pressure
and the risk of blood clots, which, in the case of cerebro-
vascular diseases, is absolutely contraindicated. [25—-27].

The results obtained, determine the possibility of
further studying the neuroprotective effects of a com-
bination of etoxidol and carbamylated darbepoetin, and
the possible future of its introduction into clinical prac-

tice for the treatment and prevention of cerebrovascular
diseases.

CONCLUSION

The investigated derivatives of 3-hydroxypyridine
and human erythropoietin have a neuroprotective effect,
which is manifested in the smallest severity of neurologi-
cal disorders and a more rapid decrease in signs of neuro-
degeneration, accelerated processes of hemorrhage.

The neuroprotective activity of carbamylated darbe-
poetin had been developing more slowly — by day 3, in
contrast to ethoxydol and the combination of ethoxydol
and carbamylated darbepoietin, in which cerebropro-
tective properties had been notified by already day 1.

The combination of ethoxydol and carbamylated-
darbepoetin has a more pronounced neuroprotective
properties which are manifested by a significant de-
crease in the severity of post-stroke disorders. These dif-
ferences are already noticeable by day 1 of the disease,
as evidenced by higher survival rates of the animals in
this group, the animals’ activity in this group; as well as
by a histological examination of brain slices — a faster
reduction of perifocaledema and microcirculation dis-
orders, less damage to neurons and glial elements, and
more rapid processes of resorption and organization of
hemorrhage.
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The article is devoted to the study of the effects of isoliquiritigenin in generalized bacterial infections.

The aim is to study antibacterial and immunotropic mechanisms and effects of isoliquiritigenin in generalized staphylococcal
infections in a mouse model.

Materials and methods. To assess the survival rate of Balb/C mice, a generalized infection model caused by Staphylococcus
aureus J49 ATCC 25923 with Kaplan-Meier curves was used. The degree of bacteremia during the development of infection was
determined by the method of sector crops. The minimum inhibitory concentration of isoliquiritigenin against Staphylococcus
aureus J49 ATCC 25923 was determined by serial dilutions methods. To study an antibiofilm activity, the MTT test and atomic
force microscopy were used. Immunotropic effects were studied by assessing peptone-induced migration of phagocytes into
the abdominal cavity, proliferation of mitogen-activated lymphocytes in the MTT test and their cytokine secretion using the
MILLIPLEX MAP kit on a Magpix multiplex analyzer.

Results. It has been established that a preliminary intraperitoneal administration of isoliquiritigenin (30 mg/kg) increases
the survival rate of Balb/C mice in case of generalized staphylococcal infections. Isoliquiritigenin has antibacterial (MOC
= 64 pg/ml) and antibiofilm (4—32 pg/ml) activities against S. aureus J49 ATCC 25923, does not inhibit the migration of
phagocytes in the abdominal cavity, dose-dependently inhibits the proliferation and secretion of cytokines by mitogen-
activated T-lymphocytes and modulates the production of cytokines (IL-2, IL-12p70, IFNg, TNFa, IL-6, IL-22, IL-23, IL-17A,
IL-17F, IL-17E/IL-25, GM-CSF, MIP — 3a/CCL20, IL-10) by the cells of inguinal lymph nodes and splenocytes in the early stages
of generalized staphylococcal infections.

Conclusion. A preliminary administration of isoliquiritigenin increases the survival rate of mice with generalized staphylococcal
infections, which may be associated with both antimicrobial (antistaphylococcal, antibiofilm) and immunotropic mechanisms.
The obtained data on the pharmacodynamics of isoliquiritigenin deserve attention from the point of view of the prospects of
the new drugs creation that reduce mortality in staphylococcal sepsis.

Keywords: antimicrobial activity, biofilms, isoliquiritigenin, immunity, Balb/C mice, S. aureus

Abbreviations: MHB — Mueller-Hinton Broth; DMSO — dimethyl sulfoxide; ISL — isoliquiritigenin; SI — stimulation index; CFU
— colony forming unit; ConA — concanavalin A; MIC — minimal inhibitory concentration; PBS — phosphate buffered saline;
GM-CSF — colony stimulating factor 2 (granulocyte-macrophage); IFNg — interferon-gamma; IL — interleukin; MIP-3a/CCL20
— Macrophage Inflammatory Protein-3/Chemokine (C-C motif) ligand 20; MTT — 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide; OD — optical density; S. aureus — Staphylococcus aureus; SD — standard deviation; Th — T-helper cell;
TNFa — tumor necrosis factor alpha.
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CTaTbA NocBALLeHa U3yyeHuto 3GpdeKToB U30IMKBUPUTUIEHMHA NPY FeHePaNN30BaHHOM GaKkTepmanbHON MHbEKLUN.

Llenb: n3yyeHme aHTMBaKTEPUAbHbBIX U UMMYHOTPOMHbIX MEXaHM3MOB U 3GPEKTOB N30UKBUPUTUTEHWMHA NPU FTEHEPANN30-
BaHHOW CTadUNOKOKKOBOW MHDEKLMU B MbILUMHON MOLENN.

Marepuanbl  meTogbl. 11 OLEHKM BbIXKMBAEMOCTM Mbllei anHuK Balb/C ncnonb3osanm mogesb reHepasim3o0BaHHOM UH-
deKummn, BbizBaHHOM Staphylococcus aureus J49 ATCC 25923 c nocTpoeHmem Kpmebix KannaH-Meiepa. CteneHb 6akTepune-
MUM NPU Pa3BUTUU UHOEKLUW ONpPenensiiv MeTOAOM CEKTOPHbIX NOCEBOB. MUHUMANbHYIO NOAABAAIOLLYH KOHLLEHTPALMIO
M30/IMKBUPUTUTEHMHA B OTHOoWweHun Staphylococcus aureus J49 ATCC 25923 onpenensinn MetogomM CEPUNHBIX Ppa3BeaeHUN.
[na nccnegoBaHUA aHTMOMONNEHOYHOM aKTUBHOCTM MUCNoAb3oBann MTT-TeCT M aTOMHO-CM/IOBYO MUKPOCKONUID. Mmmy-
HOTPOMHble 3GPEKTbI M3yyann, OLeHUBasA NENTOH-UHAYLIMPOBAHHYIO MUFPaLLMIO GaroLMToB B HPIOLIHYO MONOCTb, Nponnde-
paLuio MUTOreH-aKTUBUPOBAHHbIX IMMbOLUTOB B MTT-TECTE U CEKPELMI0O MU LLUTOKMHOB C NOMOLLblo Habopa MILLIPLEX
MAP Ha MynbTUNIEKCHOM aHanu3atope Magpix.

Pe3ynbratbl. YCTaHOBNEHO, YTO NpeaBapuTeNbHOE BHYTPMOPIOWNMHHOE BBEAEHWNE U30IMKBMPUTUreHUHa (30 Mr/Kr) yBennyu-
BaeT BbIXMBaemMoCTb Mbiliei Balb/C npu reHepannsoBaHHOM cTadMNOKOKKOBOM MHOEKLMN. N30ANKBUPUTUTEHUH 0badaeT
aHTubakTepuanbHoi (MIMK = 64 MKr/ma) v aHTUBMONAEHOYHOM (4—32 MKr/MA) aKTUBHOCTbIO B OTHOWEHWUM S. aureus J49
ATCC 25923, He NHrnMbupyeT mmrpaumio ¢paroLmMToB BPIOLLHYI0 NOMOCTb, 40303aBUCMMO NOAABAAET NPoAndepaLmto 1 cekpe-
LMIO LIUTOKMHOB MUTOFEH-aKTUBUPOBAHHbIMU T-TMMbOLUTaMKU U MOAYAUPYET BbIPabOTKY LMTOKMHOB (IL-2, IL-12p70, IFNg,
TNFa, IL-6, IL-22, IL-23, IL-17A, IL-17F, IL-17E/IL- 25, GM-CSF, MIP-3a/CCL20, IL-10) KneTkamu naxoBbix 1MMPaTUUECKUX Y3/10B
1 CNIEHOLUTOB Ha PaHHWX CTagMAX reHepann30BaHHON CTadUNOKOKKOBOM MHBEKLNN.

3akntoueHue. MpeaBaputenbHoe BBeAeHNE N30IMKBUPUTUTEHUHA MOBbIWAET BbIXKMBAEMOCTb MblLel Npu reHepaan3oBaH-
HOW CTadpUNOKOKKOBOM MHDEKLLMM, YTO MOXKET BbITb CBA3AHO KaK C aHTUMMUKPOBHbIMM (aHTUCTaUIOKOKKOBbIM, aHTMBUONe-
HOYHbIM AENCTBUEM), TAaK U UMMYHOTPOMHbIMW MeXaHU3MaMu. MoayYeHHble AaHHble 0 GapMaKogMHAMUKe U30UKBUPUTU-
reHWHa 3aC/1y»KMBaT BHUMaHUSA C TOYKM 3PEHUA NEPCNEKTUBbI CO34aHNA HOBbIX IEKAPCTBEHHbIX NPENAPaTOB, CHUMKAOLLNX
/IeTanbHOCTb NPY CTadUIOKOKKOBOM Cercuce.

KntoueBble cnoBa: aHTUMUKPOBHAA aKTUBHOCTb, BUONAEHKM, U3ONUKBUPUTUTEHUH, UMMYHUTET, MbILLK, S. aureus
CokpaweHusa: BMX — 6ynboH Mionnepa-XuHtoHa; AMCO — aumetuncynbdokena; WIT — nsonnksmuputuredmH; UC — nH-
nekc ctumynaumm; KOE — konoHneobpasytowme eanHuubl; KoHA — KoHKaHaBanuH A; MIMK — MyMHMManbHas nogasnsatoLwas
KoHLeHTpauma; Cb — dochatHo-conesBoi bydep; GM-CSF — rpaHyioumMTapHO-MaKkpodaranbHblii KONOHUECTUMYANPYHOLLUIA
dakrop; IFNg — uHtepdepoH-ramma; IL — nHtepneikmH; MIP-3a/CCL20 — makpodaranbHbili 6e10K BocnaneHus-3a/XeMoKu-
HoBbI nurang, (CC) 20; MTT — 3-(4,5-anmetTuntuason-2-un)-2,5-gudeHunn-retpazonnym bpomma; OD — onTuyeckas naot-
HoCTb; S. aureus — Staphylococcus aureus; SD — cTaHgapTHOe oTKNoHeHWe; Th — T-xennepbl; TNFa — dakTop HeBpo3a onyxonu

anbda.

INTRODUCTION

Staphylococcus aureus (S. aureus) is a pathogen that
causes severe generalized infections in humans. Among
the infections caused by gram-positive bacteria, S. au-
reus infection is characterized by high mortality due to
the development of sepsis and septic shock [1]. A sep-
tic process is known to be accompanied by a “cytokine
storm” leading to a multiple organ failure. At the same
time, an early prescription of antibacterial drugs is not
always effective due to the development of the uncon-
trolled systemic inflammation, as well as the resistance
of S. aureus to antibiotics [2]. Currently, low doses of
corticosteroids which have undesirable immunosup-
pressive effects, are recommended to reduce mortality
in septic shock in this situation [3]. Thus, many aspects
of the treatment of sepsis remain controversial and re-
quire an in-depth fundamental study.

In case of massive generalization of infections, the
reaction of the immune system is known to take on the
features of systemic inflammation with a multiple organ
failure, the main pathogenetic factor of which is the pro-
duction of pro-inflammatory cytokines that trigger the
generation of free radicals [4]. S. aureus can produce a
toxic shock syndrome toxin [5], which acts as a superan-
tigen able of inducing cytokine release at low concentra-
tions, triggering the development of a “cytokine storm”.

Recent studies have shown that licorice root flavo-
noids increase the secretion of IL-17 by activated T cells
in vitro [6], and also lead to a switch of the immune re-
sponse with differentiation of IL-17-producing cells in a
contact sensitivity model [7]. Moreover, in the model of
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generalized staphylococcal infections, a preliminary ad-
ministration of the sum of licorice flavonoids increased
the survival rate of the laboratory animals [8].

Isoliquiritigenin (ISL) is one of the main flavonoids
of licorice roots, which has various types of pharmaco-
logical activity: antitumor [9], antimicrobial [6], as well
as anti-inflammatory and immunomodulatory [9-11].
These properties make it relevant for studying licorice
roots as an agent in generalized infectious and inflam-
matory processes. In this study, an attempt was made
to experimentally substantiate the use of chalcone
isoliquiritigenin (ISL) in generalized infections (in the
mice), caused by S. aureus.

THE AIM of this work was to study antibacterial and
immune mechanisms of ISL in sepsis in mice, caused
by an intraperitoneal administration of S. aureus J49
ATCC25923 strain.

MATERIALS AND METHODS

Bacterial strain and conditions for its cultivation

S. aureus J49 ATCC25923 strain, obtained from the
Federal State Budgetary Institution “Scientific Center
for Expertise of Medicinal Products” of the Ministry of
Health of Russia (Moscow, Russia), was grown in Muel-
ler-Hinton broth (MHB, Medica plus LLS, Russia) at 37 °C
in glass vials with aeration. For experimental purposes,
a medium log phase bacterial culture was used, which
had been cultured in 96-well flat-bottomed plates.
(Corning Costar, USA). The calculation of colony forming
units (CFUs) was carried out by measuring the optical
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density (OD) of the bacterial suspension at 630 nm us-
ing a microplate photometer (ImmunoChem 2100, USA)
based on the following ratio: 1 optical unit OD630 =
8.5x108 CFUs/ml.

Isolation of mice’s mononuclear cells

and their cultivation conditions

The isolation of mononuclear cells from inguinal
lymph nodes or mice’s spleen, was performed by gentle
homogenization in RPMI-1640 (Thermo Fisher Scientific,
USA) with osmotic lysis of erythrocytesina0.15 M ammo-
nium chloride solution. The isolated lymphoid cells were
cultured at 37 °C, 100% humidity, and 5% CO, in RPMI-
1640 supplemented with 10% inactivated fetal calf serum
(Thermo Fisher Scientific, USA), penicillin (100 U/ml),
streptomycin (100 pg/ml ) (“a complete medium”) in
96-well round-bottom cell culture plates (Corning Co-
star, USA). Concanavalin A (ConA, PanEco LLC, Russia) at
the final concentration of 15 ug/ml was used to activate
T cells.

Test agent

ISL (98% purity, Xi’An Yiyang Bio-Tech Co., China) was
dissolved in dimethyl sulfoxide (DMSO, Panreac, Spain). In
the experiments in vitro, ISL was tested in the concentra-
tion range so that the final concentration of DMSO in the
test samples did not exceed 1%. In the control samples,
the corresponding volumes of DMSO were added instead
of ISL. In the experiments on the animals, ISL was injected
intraperitoneally three times with an interval of 4 h in a
single dose of 10 mg/kg in 0.5 ml of phosphate-buffered
saline at pH 7.4 (PBS, PanEco LLC, Russia).

Experimental animals

Balb/C mice (males, 20-22 g, 6-8 weeks old) were
obtained from the Research and Production Enterprise
“Nursery for Laboratory Animals” of the Institute of Bi-
ology, the Russian Academy of Sciences (Pushchino, Rus-
sia). The animals were cared for and handled in accor-
dance with the ARRIVE principles [12]. The animals were
kept with a free access to water and food. For the exper-
iments, the mice were randomly assigned to groups of
8 animals. Withdrawal from the experiment was carried
out by decapitation or cervical dislocation.

When performing the experiments, the provisions
of the Helsinki Declaration (Brazil, 2013) were observed,
the protocol of these experiments was approved by the
ethical committee of Chuvash State University n. a. I.N.
Ulyanov” (Protocol No 20-04 dated 17 April, 2020).

Determination of antimicrobial activity

The antimicrobial activity was determined by the
dilutions method in Mueller-Hinton broth in 96-well
flat-bottomed plates [13]. The serial two-fold dilutions of
ISL (with the final concentration range of 0.1-128 ug/ml)
were added to the bacterial suspension of S. aureus
(5x10° CFUs/ml) and incubated at 37 °C for 24 hours.
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The minimum inhibitory concentration (MIC) of ISL was
considered the lowest concentration with no visible bac-
terial growth after the incubation time.

Assessment of the dynamics of bacterial growth

To assess a bacterial growth, the method described
by Wang [14], was used with minor modifications. ISL
was added to the bacterial suspension (5x10° CFUs/ml)
so that the final concentrations of ISL in the samples
were 1/8 MPK, 1/4 MPK, 1/2 MPK, MPK. To assess bacte-
rial growth in the samples, OD was measured after 4, 8,
12, 24 hours at 630 nm using a microplate photometer.

MTT test for bacterial biofilm formation

To study the formation of bacterial biofilms, the
method described by Grela [15] was used. Bacteria
(5x10° CFUs/ml) were inoculated into 96-well flat-bot-
tomed cell culture plates and cultured for 24 hours. 2
hours before the end of the cultivation, then the bac-
terial suspension was removed, the wells were washed
three times with PBS and a 1% solution of 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-dislenyltetrazolium bromide (MTT,
eBioscience, USA) was added into PBS and incubated for
2 hours at 37 °C. After that, to dissolve the formazan par-
ticles, the MTT solution was replaced with DMSO and in-
cubated for 15 min at 20 °C, then the OD was measured
at 492 nm using a microplate photometer.

Model of Systemic S. aureus Infection in Mice

S. aureus suspension was injected in PBS intraper-
itoneally: 5x10® CFUs/mouse, 1.5x10° CFUs/mouse.
The infecting day was considered zero. The survival was
assessed every 6 hr on the first day, then every day for
24 days. The experimental animals were injected with
ISL before infecting (the total dose was 30 mg/kg, intra-
peritoneally, three times every 4 hours). The control an-
imals were administrated with 5% DMSO.

The mice infected with a sublethal dose of S. aureus
(5x10® CFUs/mouse) were withdrawn from the experi-
ment every day for 7 days, to collect blood from large
vessels (determination of bacteremia) and determine
the excretions of the spleen and inguinal lymph nodes.

Determination of bacteremia

Bacteremia was determined by methods of sec-
tor inoculations meTogoM CEKTOPHbIX NoceBoB on Petri
dishes [16] with blood agar. The cups were incubated at
37 °C for 24 hours, then CFUs per 1 ml were calculated.

Peptone-induced phagocyte migration

The migration of phagocytes into the abdominal
cavity was assessed according to the method proposed
by Miyazaki [17], with minor changes. For this, group 1
of the negative control was injected three times with
sterile PBS (0.5 ml, intraperitoneally); group 2 was in-
jected with a sterile solution of peptone in PBS (3% —3
ml, intraperitoneally); group 3 was injected three times
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with DMSO (5% — 0.5 ml, intraperitoneally), then with a
sterile solution of peptone in PBS (3% — 3 ml, intraperito-
neally). The mice of group 4 were injected with ISL three
times, then with a sterile peptone solution in PBS (3% —
3 ml, intraperitoneally). After 24 hours and 72 hours, the
animals withdrawn from the experiment, were injected
intraperitoneally sequentially with 20 ml of PBS. After
the palpation of the abdomen, the resulting washings
were taken into plastic tubes and centrifuged. The num-
ber of cells was counted by a light microscopy using a
Goryaev camera. The stimulation index (SI) was calculat-
ed using the following formula: Sl = A/B, where A is the
number of cells in the groups receiving peptone, B is the
number of cells in the negative control group.

Determination of cytokines

On days 4 and 5 after infecting, the cells of the
spleen and inguinal lymph nodes (5x10° cells/ml) of in-
fected (5x108 CFUs/mouse) or intact mice were cultured
for 24 or 48 hours at 37 °Cin 100% humidity and 5% CO,
in “a complete medium” with the addition of ConA. The
supernatants had been collected and stored at — 70 °C
till the analysis with a reagent kit for the determination
of Mouse Th17 cytokines — MILLIPLEX MAP, Mouse Th17
MAGNETIC BEAD PANEL KIT 96-Well Plate Assay (USA);
then they were analyzed using a multiplex analyzer
(Magpix, USA) to determine the concentration of cyto-
kines IL-2, IL-12p70, interferon gamma (IFNg), a necrosis
factor of alpha tumor (TNFa), IL-6, IL-22, IL-23, IL-17A,
IL-17F, IL- 17E/IL-25, a granulocyte macrophage colony
stimulating factor (GM-CSF), macrophage inflammatory
protein-3 (MIP-3a/CCL20), IL-10.

Statistical analysis

All the experiments have been performed in at least
three series. The data obtained during them, were statis-
tically processed using the GraphPadPrism 8.4.0 software.
To assess the dynamics of the mice’s deaths, Kaplan-Mei-
er curves were constructed. The results obtained, com-
plied with the law of normal distribution, were processed
by the methods of variation statistics, and were presented
as the arithmetic mean (M) + standard error of the mean
(SEM). The significance of differences between the groups
in the experiments was determined by the Student’s test.
The differences were considered significant at p<0.05,
where p is the level of significance.

RESULTS

Effect of ISL on the survival of Balb/C mice

infected with S. aureus J49 ATCC 25923

Infecting with 5x10® CFUs/mouse did not lead
to deaths in the control group, although the animals
showed such symptoms as a decreased activity and ap-
petite, tousled coats, diarrhea. The survival rate of the
healthy animals, which had been injected three times
intraperitoneally with 5% DMSO, was 100%.

Intraperitoneal injection of 1.5x10° CFUs/mouse
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caused the deaths of 100% of the animals in the control
group within 48-72 hours. A preliminary administration
of ISL significantly reduced the mortality: 62.5+12.5% of
mice died after 2 days, 12.5+6.3% of mice survived by
day 24 (Fig. 1).

Autopsy made it possible to establish that 48-72 af-
ter infecting the mice treated with ISL, there was a less
pronounced injection of mesenteric vessels and intes-
tinal distention. In the ISL group, 14 days later, a pro-
nounced adhesive process was observed, and 24 days
later, retroperitoneal abscesses with dense capsules and
adhesions were notified.

Antimicrobial activity of ISL

To determine the MIC against S. aureus J49 ATCC
25923, ISL was tested in the concentration range of
0.1 — 128 pg/ml. After 24 hours, the samples with ISL
at the concentrations of 128 pug/ml and 64 ug/ml were
completely transparent, like the negative control (sterile
MHB). The bacterial suspension with ISL at the concen-
tration of 32 ug/ml was opalescent. In the rest of the
samples with ISL (0.1-16 pg/ml), an intensive bacterial
growth was observed, as in the positive control (bacte-
rial suspension without ISL). Thus, the MIC of ISL against
S. aureus J49 ATCC 25923 was 64 ug/ml.

As Fig. 2 shows, ISL dose-dependently suppressed
the growth of the studied strain of S. aureus at the con-
centrations of MIC — MIC/8. In the first 4 hours of the ob-
servations, the optical density of the samples did not dif-
fer significantly, while after 8 h the differences in OD630
between the positive control and the samples with
ISL increased. By the end of the incubation (24 hours),
0D630 for ISL in MIC was 0.1+0.0 (p<0.05), MIC/2 was
0.3+0.1 (p<0.05), MIC/4 was 0.4+0.1 (p<0.05), MIC/8
was 0.5%0.3 (p<0.05).

Effect of ISL on biofilm formation

of S. aureus J49 ATCC 25923

Using the MTT test, it was found out that ISL
dose-dependently reduces the ability of S. aureus J49
ATCC 25923 to adhere to plastic (Fig. 3). The removal of
the bacterial suspension with repeated washings of the
wells of the culture plate after 24 hours of incubation
showed that the optical density of washings from the
plastic surface in the control samples was significant-
ly higher than in the wells with ISL: 0.8+0.1 vs. 0.4+0.0
(MIC, p<0.05), 0.8+0.1 vs. 0.5+0.1 (MIC/2, p<0.05),
0.840.1 vs. 0.5%0.2 (MIC/4, p<0.05), 0.840.1 vs. 0.5+0.1
(MIC/8, p<0.05). The OD492 value in the wells with ISL
MIC/16 also tended to decrease: 0.7+0.1 (p>0.05).

Using the atomic force microscopy, it was found
out that the number of bacteria in the field of view in
the samples with MIC ISL (8.0+2.0 bacteria in the field
of view, 300%, p<0.05), MIC/2 (30.0+7, O bacteria in
the field of view, 300%, p<0.05) was fewer than in the
control samples with massive bacterial conglomerates
(83.0+13.0 bacteria in the field of view, 300x) (Fig. 3).
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Effect of ISL on peptone-induced phagocyte

migration in mice

The migration of phagocytes into the abdominal
cavity was assessed by calculating the stimulation index
(SI) — the number of cells stimulated by intraperitone-
al injection of peptone relative to PBS. The Sl in mice
treated with ISL, and the control animals stimulated with
peptone, did not differ from each other significantly. Af-
ter 24 hours, the Sl in the control group was 2.4+0.1 vs.
2.040.1 of the group administrated with ISL; after 72, the
S| values were characterized by values 1.6+0.1 (control
group) compared with 1.8+0.1 (the group administrated
with ISL).

Dynamics of splenocytes and cells of inguinal
lymph nodes in generalized staphylococcal
infection in Balb/C mice

The number of the cells was counted every day af-
ter the intraperitoneal infection with a sublethal con-
centration of bacteria (5x108 CFUs/mouse) for 2 weeks.
The dynamics of the number of the cells is shown in
Fig. 5. On the 1% day after infecting, the number of the
cells in the inguinal lymph nodes in the mice treated
with ISL (0.4+0.2x10° cells/mouse) and control mice
(0.940.4 x 10° cells/mouse), decreased compared with
intact mice (2.3%1.1x10° cells/mouse), and only af-
ter the 3™ day it gradually increased in both groups,
reaching maximum values on the 7" day (9.3+0.5x10°
cells/mouse) or on the 10% day 10 (10.6+0.5x10°
cells/mouse, the ISL group). After reaching a peak on
days 9-10 of the development of the infection, the
number of lymph node cells gradually decreased,
reaching their normal values (in intact animals) in both
groups by the 16th day.

In the first days after infecting, the number of sple-
nocytes in both groups was comparable and fewer than
in the uninfected mice (363.0£125.4 x 106 cells/mouse),
up to the 6th day. From 3 to 9 days, the number of sple-
nocytes gradually increased in both groups. The number
of splenocytes in the mice treated with ISL reached a
maximum by day 10 (3328.0+166.4 x 10° cells/mouse).
The control group had similar dynamics with a maximum
on day 10, but with a lower peak value (1488.0+74.4x10°
cells/mouse).

Effect of ISL on proliferation of splenocytes

and their cytokine secretion in vitro

According to the results of the MTT test with the
use of the T-cell mitogen ConA, it was found out that ISL
at the concentrations of 4—64 pg/ml dose-dependently
suppresses the proliferation of activated lymphocytes.
Thus, ISL at the concentrations of 16—64 ug/ml almost
completely suppressed the cell proliferation. In the pres-
ence of 8 ug/ml of ISL, the cell viability decreased more
than twice (50.0+7.5%, p<0.05) in comparison with the
control and had a tendency to decrease upon the expo-
sure to ISL at the concentration of 4 ug/ml (88.0+22.0%).
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In the samples with ISL, even at the concentration
of 4 ug/ml (Table 1), after 24-48 hours of incubation, the
level of almost all the studied cytokines was lower than
in the control samples.

Effect of ISL on bacteremia

To detect bacteremia, the blood of the infected mice
(5x108 CFUs/mouse) was inoculated on the blood agar. A
significant bacterial growth was observed one day later
after infecting the control mice (10° CFUs/ml) compared
with the mice treated with ISL (no growth was observed).
On days 4-5 of the infection in the group administrated
with ISL, there was no marked bacterial growth in the
blood samples (<10 CFUs/ml). In the other samples of
the control and experimental groups, no growth was ob-
served, either.

Effect of ISL on cytokine production by cells

of inguinal lymph nodes in generalized

staphylococcal infections in Balb/C mice

The secretion of cytokines by the cells of the ingui-
nal lymph nodes was determined on the 4th and 5th
days after infecting (5 x 108 CFUs/mouse), by incubating
the cells for 24—48 hours in vitro. As Fig. 5 and 6 show,
the production of many cytokines detected on the 4
day of the infection was higher compared to the 5" day
after infecting.

By 48 h of the incubation, the levels of IL-2, IFNg,
IL-6, GM-CSF and, in particular, IL-17A, had been char-
acterized by rather high values in the infected control
mice. The intraperitoneal administration of ISL prior to
the infection in the mice, significantly reduced the pro-
duction of such cytokines as IL-2 (5524.31669.8 pg/ml vs.
1265.0+94.8 pg/ml, p<0.05), IFNg (3936.3+567.8 pg/ml
vs. 587.6120.9 pg/ml, p<0.05), IL-6 (4861.3+361.8 pg/ml
vs.412.3+11,8pg/ml, p<0.05), GM-CSF (553.3+64.6 pg/ml
vs. 80.3+%6.3 pg/ml, p<0.05), and IL-17A (6804.0+
754.9 pg/ml vs. 1129.0+31.1 pg/ml, p<0.05).

Effect of ISL on cytokines produced

by splenocytes during staphylococcal infection

in Balb/C mice

The secretion of cytokines by splenocytes
was determined on days 4 and 5 after infecting
(5%10% CFUs/mouse) by incubating the cells for 24-48
in vitro. The administration of ISL to mice led to a
gradual increase in the secretion of cytokines from
4 to 5 days after infecting. As Fig. 7 and 8 show,
on the 4™ day after infecting, the GM-CSF values
(586.7495.5 pg/ml vs. 306.5+11.4 pg/ml, p<0.05)
were significantly higher in the mice treated with ISL
than in the control group.

On the 5% day after infecting, in the group adminis-
trated with ISL, the secretion level of a lot of the stud-
ied cytokines (at the time of the incubation for 24 hours
and/or 48 hours) was significantly higher than in the
control mice (Table 2):
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Figure 1 — Survival of Balb/C mice (males) infected with S. aureus J49 ATCC 25923
Note: Group A — control, 1.5-10° CFUs/mouse. Group B — a preliminary administration of ISL (30 mg/kg), 1.5x10° CFUs/mouse
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DISCUSSION the infection (on days 2—-3), which could indicate the de-

The investigation is devoted to the study of the ef-
fects of the chalcone flavonoid ISL in the model of gen-
eralized staphylococcal infections. The aim of the paper
was to study antibacterial and immunotropic mecha-
nisms of ISL.

Despite the fact that mice’s models of S. aureus in-
fection weakly correlate with staphylococcal infection
in humans [18], they are widely used in experimental
medicine and pharmacology. It is known that very high
inoculums are required to reproduce S. aureus infection
in animals.

Thus, in the present work, generalized infections
were reproduced in Balb/C mice by intraperitoneal
injection of S. aureus J49 ATCC 25923 suspension in
the quantity of 5x108-1.5x10° CFUs/mouse. The gen-
eralization of the infection (sepsis) was confirmed
by the presence of bacteremia, abscesses in internal
organs even in the case of a bacterial load of 5x108
CFUs/mouse, which practically did not cause death
of mice.

Mass mortality of the experimental animals was ob-
served only at infecting 1.5 x 10° CFUs/mouse or more.
Moreover, most of the mice died in the early stages of

velopment of a septic shock [19].

It was found out that the administration of ISL 1
hour before the bacterial infection significantly in-
creased the survival rate of mice. In this case, the protec-
tive effect of ISL in staphylococcal sepsis could be real-
ized by restraining the symptoms of a toxic shock, which
are largely the result of the overproduction of cytokines
(IL-2, INF-y and TNF-a) [20] by T-lymphocytes activated
by a superantigen [21].

In the culture of ConA-activated splenocytes, ISL
dose-dependently inhibited the production of cyto-
kines even at the concentrations which did not cause
a decrease in proliferation. Thus, in the presence of
ISL (4 pg/ml), the secretion of the entire spectrum of
cytokines under study (IL-2, IL-12p70, IFNg, TNFa, IL-
6, IL-22, IL-23, IL-17A, IL-17F, IL-17E/IL-25, GM-CSF,
MIP-3a/CCL20, IL-10) was below the control values.
When ISL was added to the lymphoid cell culture at
the concentrations of 16-64 ug/ml, most cytokines
(IL-2, 1L-12p70, IFNg, TNFa, IL-23, IL-17A, IL-17F, IL-
17E/IL-25, GM-CSF, MIP-3a/CCL20) were not detec-
ted.

Table 1 - Effect of ISL on cytokine secretion by splenocytes in vitro

A, pg/ml B, pg/ml
IL-2 <4.0 2020.0+115.7
IL-12p70 <7.9 23.842.6
IFNg <45 6253.0£157
TNFa * 25.0%0.2 213.2+16.1
IL-6 * 27.61.4 2249.0+132.0
IL-22* 13.240.4 1276.0+71.2
IL-23 <123.7 223.3x1.4
IL-17A <20.4 724.5+76.9
IL-17F <6.2. 968.4+107.4
IL-17E /IL-25 <377.5 527.6+25.4
GM-CSF <225 310.8+32.6
MIP-3A / CCI20 <356 355.8+3.1
IL-10 * 32.8+0.1 424.3+24.3

Note: A —the level of cytokines in the samples incubated with ISL (4 pg/ml); B — the level of cytokines in control samples. * — p <0.05

Table 2 — Effect of ISL on cytokines produced by splenocytes during staphylococcal infection in Balb/C mice,

on the 5% day of incubation

A, pg/ml B, pg/ml
IL-2* 3818.0+265.9 2158.5+140.7
IL-12p70* 100.642.6 31.8+4.6
IFNg* 7191.040.0 2356.0+179.6
L-22% 1028.5+33.2 604.4+45 .4
IL-23* 374.0+17.8 186.3+0.0
IL-17A* 3094.5+95.5 756.9+20.3
L-17F* 1223.5479.9 865.45+39.4
MIP-3a/CCL20* 428.8+16.7 302.040.8
IL-10% 664.0+23.7 56.0+2.7

Note: A —the group administrated with ISL (preliminary intraperitoneal injection, 10 mg/kg, three times); B — control group. * — p<0.05
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Other researchers have also shown the effective-
ness of ISL in the sepsis caused by other mechanisms.
Thus, in the model of the sepsis caused by ligation and
puncture of the cecum, ISL reduced the concentration
of proinflammatory cytokines in the blood serum, the
activity of NO-synthase, cyclooxygenase-2 [22], and also
had antioxidant and anti-inflammatory effects [23].

In the early stages of the infection, the inflam-
matory response is mediated by the involvement
of factors of innate, but not adaptive immunity. It

Tom 8, Beinyck 3, 2020

is innate immune responses that are most signifi-
cant for preventing generalization and limiting the
purulent-inflammatory processes. According to the
authors’ opinions, it is positive that there is no sup-
pressive effect of ISL on the migration of phago-
cytes to the focus of the pathogen introduction. In
the present study, ISL did not reduce the number of
cells after 24 h (chemotaxis of neutrophils) and 72 h
(chemotaxis of macrophages) in response to the in-
troduction of the inducer of migration, peptone. At

189



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

IL-2 IL-10
7000 1600
£ 6000 * 2 1400 x
E 5000 * —I— E 1200 - T
N > 1000 ——
4000 —I
."% 3000 oA ."% 800 - oA
g g 600 -
g 2000 - oB g 400 OB
S 1000 «I—I— —rl_x—'— S 200 «|T
o o —
4day(24h) 4day(48h) 5day(24h) 5day(48h) 4day(24h) 4day(48h) 5day(24h) 5day(48h)
Days post infection (time of incubation) Days post infection (time of incubation)
IL-12p70 IFNg
120 " 9000
. —
TE. 100 _E. 8000 —
~ —. 7000
2 80 2 6000 T —+ T
5 w0 § 5000 —
E u oA § 4000 i 1T aa
€ 40 — £ 3000 ] —
@ @
g E3 o8 g 2000 S | os
S 1]~ _I_l S 1000 L —
(o] (o]
4 day (24 h) 4 day (48 h) 5day (24 h) 5day (48 h) 4day(24h) 4day(48h) 5day(24h) 5day(48h)
Days post infection (time of incubation) Days post infection (time of incubation)
TNFalfa
350
_E. 300
E 250 T |
§ 200 I .
E 150 * - oA
g 100 E3 os
=3
° % T
[o]
4 day (24 h) 4 day (48 h) 5day (24 h) 5day (48 h)
Days post infection (time of incubation)

Figure 7 — Effect of preliminary ISL administration on cytokine levels (groups Th-1 and IL-10)
produced by splenocytes of Balb/C mice infected with S. aureus J49 ATCC 25923 (5x10® CFUs/mouse,

intraperitoneal) (* p<0.05)
Note: (A) — the group administrated with ISL (30 mg/kg). (B) Control group (* p<0.05)

the same time, a visual assessment during autopsy
of mice receiving ISL showed that, in comparison
with the control group, a more pronounced adhesive
process was observed with the formation of abscess-
es with dense capsules.

Based on the findings, as well as taking into account
a rather short half-life of ISL [24], the authors can con-
sider such substances being potentially of interest as an
alternative to corticosteroids, preventing lethality in sys-
temic inflammation.

In addition, ISL, in comparison with corticosteroids,
has a direct antistaphylococcal effect. Under the condi-
tions of the carried out experiment, the MIC of ISL against
S. aureus J49 ATCC 25923 was 64 ug/ml, which was com-
parable with the data of some authors who had studied
the effect of ISL on other bacteria of the Staphylococcus
genus [6]. Despite the fact that the antistaphylococcal
activity was not high, ISL dose-dependently inhibited
the suspension growth of S. aureus J49 ATCC 25923
at the concentrations less than the MIC (8-32 pg/ml).

190

It suggests that the antibacterial activity of ISL also
played a role in increasing the survival of animals.
Staphylococcus bacteria are able to form biofilms on
various surfaces. This ability of S. aureus was found out in
both collection strains [25] and clinical isolates of MSSA
and MRSA [26]. Using an atomic force microscopy and the
MTT test, S. aureus J49 ATCC 25923 strain was found out
to be able to form biofilms on the plastic surface, and the
addition of ISL at the concentrations lower than the MIC,
inhibits the formation of bacterial biofilms. The antibio-
film effect of ISL was dose-dependent (4—32 pg/ml) and
correlated with the severity of inhibition of the suspen-
sion growth of bacteria, which may indirectly indicate that
this effect was a consequence of a direct antibacterial ef-
fect of ISL. The antibiofilm activity of ISL has been demon-
strated by other researchers against S. xylosus [7]; howev-
er, the mechanisms of the ISL effect on the biofilms of the
Staphylococcus genus bacteria have not been thoroughly
studied, although there is information about other flavo-
noids that affect the quorum sensing system of S. aureus.
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Figure 8 — Effect of preliminary ISL administration on cytokine levels (group Th-17), produced by splenocytes
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Note: (A) — preliminary ISL administration (30 mg/kg). (B) Control group (* p<0.05)

In recent years, some publications have appeared
about S. aureus actively avoiding immune surveillance,
“turning off” various mechanisms of the adaptive im-
mune response in the host organism [27]; it allows bac-
teria to persist even in the process of the development
of an antigen-specific response.

To study the effect of ISL on the immune response,
a mouse model of generalized infections was used, and
no death of the animals was observed in the inocula-
tion (5x10® CFUs/mouse). The dynamics of the number
of cells of the inguinal lymph nodes and spleen, as well

Tom 8, Beinyck 3, 2020

as their production of cytokines after infecting, was as-
sessed.

Attention was drawn to the fact that in the first days
after infecting the animals, the number of cells in the
regional lymph nodes and spleen was significantly fewer
than in the intact animals. Apparently, a massive bac-
terial invasion led to the development of a nonspecific
response — a stress response, as a result of which the
increased secretion of corticosteroids in the first days of
the septic process, could be the cause of the lympho-
cytic effect [28]. Only after 3 days of infecting, there
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was a gradual increase in the number of lymphocytes
in the regional lymph nodes, reaching maximum values
on day 7 (in the control group) and on day 10 (in the
group administrated with ISL). To study the secretion of
cytokines, regional lymph nodes and spleen from mice
were removed on the 4" and 5% days after infecting (the
period of increasing “cellularity”).

When lymphocytes are activated, first IL-2 is pro-
duced, and then other cytokines necessary for the dif-
ferentiation of various Th-subpopulations. The function-
al state of Th-subpopulations is usually judged by the
production of a characteristic spectrum of cytokines by
immunocompetent cells: IFNg is a Th1l marker, IL-4 is a
Th2 marker, and IL-17A is the main Th17 cytokine.

From the point of view of modern concepts, Th17
cells are involved in antistaphylococcal immunity, en-
hancing the effector function of neutrophils [29] and,
thus, acting as the most important protective popula-
tion. However, taking into consideration the plasticity of
Th-subpopulations in a dynamically changing microenvi-
ronment in vivo, cytokines of Th17-dependent effectors
such as GM-CSF, MIP-3a/CCL20, are also evaluated.

The study of supernatants of the cells of the inguinal
lymph nodes of the infected control mice, revealed the
predominance of such cytokines as IL-12p70, IFNg, IL-6,
IL-22, IL-23, IL-17A. IL-17F, IL-17E/IL-25. This could indi-
cate the differentiation of activated CD4*-cells into Th1l
and Th17. The differentiation hypothesis is also support-
ed by an increase in serum concentrations of GM-CSF,
as well as the antibacterial chemokine MIP-3a/CCL20.
The soluble components of S. aureus contribute to the
induction of Foxp3+Treg, and in addition to an increase
in the secretion of proinflammatory cytokines in the
control group, an increase in the secretion of IL-10 was
noted. It was probably produced by T-regulatory cells
that suppress excessive inflammation by suppressing
Th1 and Th17. In the group of mice treated with ISL, the
suppression of the secretion of both pro-inflammatory
(IL-2, IFNg, IL-6, IL-17A, GM-CSF) cytokines and IL-10 by
cells of the inguinal lymph nodes was revealed, the con-
centration of which was less than the control values by
more than twice.

In the present experiment, ISL, like many other flavo-
noids [30], exhibited immunosuppressive properties. In
the culture of mononuclear cells activated by the T-cell
mitogen KonA, ISL dose-dependently inhibited prolifer-
ation: in the concentration of 8 ug/ml, the proliferation
was suppressed by about twice, while in the concentra-
tions above 16 pg/ml, the proliferative response was
almost completely absent, and it reduced the cytokine
production not only in vitro, but also by inguinal lymph
node cells in the infected mice. Thus, despite the pres-
ence of antibacterial mechanisms, ISL could potentially
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provoke the generalization of the infection. However,
when blood was inoculated on the first day of infecting,
bacteremia in the group of the control mice was signifi-
cantly higher and reached 10° CFUs/ml, while against
the background of the introduction of ISL on a dense
medium, single colonies grew, indicating bacteremia
<10® CFUs/ml, on the following days, for a week, as shown
by the blood culture, bacteremia was not detected in all
animals in both groups at low levels (<10° CFUs/ml).

Considering that the spleen plays an important role
in curbing the hematogenous spread of infection [31],
the production of cytokines by splenocytes was investi-
gated 4-5 days after infecting, where unexpected results
were obtained. In the spleens of the both groups, the
maximum “cellularity” was observed on the 10* day of
infecting, but in the group administrated with ISL, their
number was twice higher than the control values. Sple-
nocytes of mice, which were injected with ISL before
infecting, significantly increased the production of cy-
tokines that activate the immune response in the Th-1
type (IL12p70, TNFa, IFNg) and Th-17 (IL22, IL23, IL6,
IL17). It has been suggested that the expansion of a large
number of T-cells after the stimulation with a superanti-
gen, can deplete IL-2, thereby limiting the development
of a protective T-cell response [32]. It is possible that the
inhibition of the cytokines secretion (in particular, IL-2)
and the lower bacterial load against the background of
the ISL administration promoted a more effective partic-
ipation of splenocytes in the immune response.

Against the background of the ISL administration,
attention is drawn to a more effective Th-17 response
with an increase in cytokines of innate immunity effec-
tors (GM-CSF, MIP-3a/CCL20). It has been found that
chemokines such as MIP-3a/CCL20, have a pronounced
antibacterial activity against both gram-positive and
gram-negative bacteria [33]. It is assumed that pro-in-
flammatory Th17 cells of the first wave actively secrete
IL-17 in the target tissues; it induces the secretion of the
antibacterial peptide MIP-3a/CCL20 by a variety of cells.
It is likely that the insufficient activity of MIP-3a/CCL20
can lead to a decrease in the T-cell-mediated control of
bacterial pathogen eradication.

CONCLUSION

Thus, in the course of the study, it was revealed that
the preliminary administration of ISL increases the sur-
vival rate of the mice in the generalized infection caused
by S. aureus J49 ATCC 25923. This protective effect of
ISL is based on both antimicrobial (moderate direct an-
tistaphylococcal with MIC = 64 pg/ml, antibiofilm in the
concentrations below MIC), and immunomodulatory de-
fense mechanisms. All these factors deserve attention in
order to create new drugs that reduce mortality in sep-
sis.
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Public health protection is the most important law of the development of a civilized society. As participants in the health
care system, pharmaceutical specialists must take upon themselves certain preventive tasks aimed at strengthening and
maintaining the health of the population.

The aim of the work was to substantiate and develop a methodology for implementing the professional role of pharmaceu-
tical specialists in public health protection.

Materials and methods. The search for information was carried out using the methods of address, thematic and factual
search in the Scopus, The Cochrane Library, Pubmed, eLibrary databases. The analyzed body of information included system-
atic reviews, retrospective and randomized studies, and other applied developments on the topic of publication. The depth

”ou
’

of the bibliographic search for scientific publications is about 20 years (2000-2019). The following keywords were used for
the search: “a pharmacist in health protection”, “prevention of adverse drug reactions”, “functions of a pharmacist”, “phar-
maceutical care”, “sanitary competence”, “a pharmacist’s role in the prevention of diseases”, “pharmacy services”, “patient
compliance”, “collaboration in health care”, etc.

Results. On the basis of the analysis, the demand for pharmacists in the health protection activities has been substantiated,
the scientific and applied methodology of using pharmaceutical knowledge in the protection of public health has been up-
dated and the necessary professional competencies (PC) of a pharmacist have been proposed for their implementation. The
relevance of the preventive approach in the implementation of information and consultancy activities of a pharmacist has
been substantiated, the essence of which is to prevent undesirable events associated with the use of medicinal preparations
(MPs) and preventive health care in the society. The proposed methodology is based on the concept of “a pharmaceutical
vigilance”, the practical implementation of which is proposed in the publication. The need for pharmacists to perform certain
professional functions aimed at preserving and strengthening the health of the population has been updated, the functions
have been proposed and the list of possible pharmaceutical services for the practical implementation of the proposed func-
tions in the health care system has been provided.

Conclusion. The following pharmaceutical services have been identified as relevant: pharmaceutical enlightenment of the
population, patient-oriented pharmaceutical counseling and patronage of patients, pharmaceutical informing of medical
specialists about drugs and social prevention of the problems affecting the public health. The definitions of pharmaceutical
services have been specified, the methodology for providing the services has been substantiated, the efficiency of their pro-
vision has been updated and the professional competencies of pharmacists for their implementation in practical healthcare

have been formed.
Keywords: review, health care, pharmacist, pharmaceutical services, professional competence
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OxpaHa 340p0Bbs HACEe/IEHUA — BaXKHEWNLUNI 3aKOH Pa3BUTMA LMBUIM30BaAHHOMO obwecTtsa. Cneunanumctbl GapmaLesTnye-
CKOro Npoduas, Kak y4aCTHUKM CUCTEMbI 34PABOOXPAHEHUSA, AOMKHbI B3ATb Ha ceba onpeneneHHble npodunakTMyeckue
3a/la4u, Hanpas/ieHHble Ha YKpernieHWe 1 CoXpaHeHne 340P0BbA HaceNeHus.

Lienb paboTbi 3aKkNt04anacb B 060CHOBaHUM M pa3paboTKe MeToA0NI0MMM MO peanunsaLmm npodeccnoHanbHomn poau Gpapma-
LeBTUYECKMX CMELMANNCTOB B OXPaHe 340POBbA HAaCeNeHUs.

Matepuanbl u metogbl. Monck MHGOPMaLLMK OCYLLECTBAANCA METOAAMMU aLPECHOTO, CEMAHTMYECKOTo U daKkTorpadmyeckoro
noucka no 6asam gaHHbIx Scopus, The Cochrane Library, Pubmed, elibrary. B aHanusunpyemsbiii maccus MHGOPMaLUKN BKO-
Ya/NUCb cMCTEMATUYECKME 0630pbl, PETPOCMEKTUBHbIE U PAHAOMU3MPOBAHHbIE UCCNEL0BAHUA U ApYyr1e NPUKAagHble pas-
paboTku no Teme nybavKauuu. MybuHa 6ubamorpaduyeckoro Nnomcka HayuHbix nyb6avkauuii nopsagka 20 net (2000-2019),
B KayecTBe K/IOYEBbIX C/NI0B AR MOUCKA MCMNONb30BaANUCh: «dapmaLeBTUYECKMI PabOTHUK B OXpaHe 340p0BbAY, «npeay-
npexaeHne HexKenaTebHbIX IEKAPCTBEHHbIX PeaKLMN», «GYHKUUM papmaLLeBTUYECKOTo paboTHMKay, «papmaLeBTMYecKan
NOMOLLb», KCAHWUTAPHAA FPAMOTHOCTbY, «Po/ib GpapmaLEeBTa B NpeaynpexaeHUM 3aboNeBaHNNY, KYCAYTU anTeku», «naum-
E€HTCKUM KOMMIAaeHC», «KoMNabopaLma B 34paBOOXPAHEHUU» U Ap.

Pe3ynbratbl. Ha ocHOBE NMpPoOBEAEHHOro aHaNM3a apryMmeHTUPOBaHa BOCTPEHbOBaHHOCTb papMaLLeBTUUECKUX CNEeLMaanNcToB
B 340poBbecbeperatoLelt AeATeNIbHOCTU, aKTya/IM3MPoBaHaA HayYHO-NPUKNALHAA METOA0N0MMA UCNONAb30BaHNA dapMaLieB-
TUYECKOTo 3HaHWA B OXpaHe 3[40POBbA HACeNeHUA U NpeanoxKeHbl Heobxogmumblie npodeccnoHanbHble KomneTeHumm (MK)
cneumanucta papmaveBTuyeckoro npoduna ana ee peannsaumm. O60cHOBaHa akTyaslbHOCTb NPEBEHTUBHOTO NMOAX0Aa Mpw
OCYLLECTBNEHUMN UHPOPMALMOHHO-KOHCYNbTALMOHHOM AeATe/IbHOCTM NPOBM30pPa, CYyTb KOTOPOro 3aK/oyaerca B npeay-
NPeXAEeHUN HeKenaTesNbHbIX COObITUM, CBA3HbIX C UCMOAb30BaHNEM NEKAPCTBEHHbIX npenapatos (/1M), 1 npodunakTmke
3aboneBaemoctu B obuiectse. Mpeanaraemas metogonorua 6asmpyercsa Ha NOHATUN «bapMaLeBTUYECKas 6ANTENBHOCTbY,
NPaKTUYecKas peanu3aumsa KOTOPOW NpeasiodKeHa B nybavKaumu. AKTyannsuMpoBaHa HeobBXO4MMOCTb OCYLLECTBAEHUSA
cneumanuctamy dapmaueBTUYeckoro npoduaa onpeseneHHbIx NPopeccnoHanbHbiX GYHKLMIA, HanpaBAeHHbIX HAa COXpaHe-
HUE U YKpenaeHne 340p0BbsA HaceNeHUs, NpeasioKeHbl YHKLMM U NPpUBEAEH NepeyeHb BO3MOXKHbIX GapMaLeBTUYeCKUX
YCAYr ANA NPAKTUYECKOW peannsaumun npegnaraembix GyHKLMI B cUCTEME 34paBOOXPAHEHMA.

3akntoueHue. B KauecTBe penieBaHTHbIX GpapmaLeBTUUECKMX YCAYTr onpeaenieHbl: GapMmaLeBTUYeckoe NpocBelleHe Hace-
/IeHUA, NaUMEeHTOOPUEHTMPOBaHHOE GapMaLEBTUYECKOE KOHCY/IbTMPOBAHME W NaTPOHaX NnauueHToB, GapmaLeBTUYeckoe
UHPOPMUPOBAHNE MEAMULMUHCKUX CNELMANUCTOB O NIEKAPCTBEHHbIX NpenapaTax U coumanbHas NpodunakTMKa npobnem,
BAMUAIOLLMX HA 34,0P0Bbe HacesreHWA. KOHKpeTM3NpoBaHbl onpeaeneHusa dapmaLeBTUYEecKunx ycayr, obocHoBaHa MeToL0/10-
TMA NPeSoCTaBAEHUA YCYT, aKTYaM3MpPoBaHa 3GGEKTUBHOCTL UX NpefocTaBieHns U chopmmUpoBaHbl MpodeccroHaibHbie
KOMMETEHLUMUN CneumannctoB papmaLesTMyeckoro npoduna 418 ux peanmsaummn B NpakTMYeCKOM 34paBOOXPaHEHMM.
KntoueBble cnoBa: 0630p, oxpaHa 340p0BbA, NPOBU30p, papmaLeBTUUECKME YCaYTY, NPodeccMoHabHble KOMNETEHLUN

INTRODUCTION

Throughout the development of the human society,
the main task of medicine has been human health main-
tenance. As an integral part of the institute of health,
pharmaceutical science is a key link in providing health
care, because according to statistics, 95% of medical
prescriptions account for pharmacotherapy?® [1]. “If we

! Order of the Ministry of Education and Science of the Russian
Federation No. 219 dated 27.03.2018 "On approval of the state
educational standard of higher education-specialist’s program with a
specialization in 33.05.01 "Pharmacy". URL: http://www.consultant.
ru/cons/cgi/online.cgi?req=doc&ts=104919653604168107263790
0574&cacheid=9C443E5F58B8734C3DFEF56B2244D60D&mode=s
plus&base=LAW&n=296116&rnd=DE4CA02918499814E30E01A8B
EABEO9D#9p93zns8tu/ (accessed 14.06.2019).
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consider drugs in the broad sense of the word — as any
substances that effect on living organisms — only a few
of these substances will be outside the competence of
pharmacology”.? In the conditions of the rapidly devel-
oping market of medicinal preparations (MPs), modern
demands of the national policy in the field of health
care, the following norms are required from a pharma-
ceutical specialist for the organization of pharmacy prac-
tice: adequate specialized training, professional mobility
and quick adaptation in the context of constant updating
of knowledge in the professional field.

THE AIM of the work was to substantiate the role

2 A. Goodman, L. Gilman, 1941
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of pharmaceutical knowledge in health promotion
of the population and to determine the professional
competencies of pharmaceutical specialists aimed at the
implementation of information and consultance services
from the standpoint of public health care maintaining.

MATERIALS AND METHODS

For the information search, the following methods
were used: address, semantic and factographic ones.
The information was looked up in Scopus, The Cochrane,
Pubmed, elibrary databases. The analyzed array of
information included systematic reviews, retrospective
and randoamized studies, and other applied
developments on the publication topic. The depth of
the bibliographic search of scientific publications was
about 20 years (2000-2019); the keywords for the
search were: “pharmaceutical specialist in health care”,
“prevention of adverse drug reactions”, “functions of
a pharmaceutical specialist”, “pharmaceutical care”,
“health literacy”, “a pharmacist’s role in the prevention
“ “patient compliance”,

of diseases”, “pharmacy services “,

“collaboration in health care “ etc.

RESULTS AND DISCUSSION

The list of pharmacists’ professional competencies
(PCs) is not determined in the requirements of the Fed-
eral State Educational Standard for Higher Education in
the specialist’s program with a specialization in 33.05.01
“Pharmacy”. When forming mandatory and recom-
mended PCs, the standard prescribes to be guided by
the established professional standards that correspond
to the professional activities of graduates, and by the de-
mand for specialists in the labor market.? In this regard,
it becomes necessary to work out a list pharmacists’ pro-
fessional competencies, based on the employment func-
tions of pharmacy specialists, prescribed in professional
standards.

At the same time, it is advisable to take into account
the results of the analysis of homeland and foreign
practices of pharmaceutical specialists’ professional im-
plementation in the healthcare system. The analysis of
the standardized requirements to the professional skills
of a specialist with a higher pharmaceutical education
showed that the employment functions of a pharmacist
include, among others, providing information consultan-
cy services in choosing over-the-counter drugs, drugs
compatibility and their interaction. The professional
“Pharmacist” standard prescribes the necessity for phar-
macists to have professional knowledge in the range of
drugs and their characteristics, the basics of responsi-
ble self-medication, the principles of pharmacotherapy,

3 Order of the Ministry of Education and Science of the Russian
Federation No. 219 dated 27.03.2018 "On approval of the state
educational standard of higher education-specialist’s program with a
specialization in 33.05.01 "Pharmacy". URL: http://www.consultant.
ru/cons/cgi/online.cgi?req=doc&ts=104919653604168107263790
0574&cacheid=9C443E5F58B8734C3DFEF56B2244D60D&mode=s
plus&base=LAW&N=296116&rnd=DE4CA02918499814E30E01A8B
EABEO9D#9p93zns8tu/ (accessed 14.06.2019)
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taking into account pharmacokinetics and pharmacody-
namics of drugs, the basics of clinical pharmacology and
the rules of drugs rational use. The standard requires the
necessity for a pharmacist to have communicative skills
dealing with patients.*

The relevance of the formation and implementation
of professional information consultancy competencies
of a pharmacy specialist from the standpoint of personal
responsibility, has also been highlighted by a number of
homeland researchers [2-5].

The main thesis of these scientific publications is
that a drug should be considered as a drug plus informa-
tion about it, because the informing procedure is just
as important and obligatory as the drug itself in phar-
macotherapy [6]. The analysis of foreign publications
confirms that qualified advice from a pharmaceutical
specialist can reduce risks and increase the effective-
ness of pharmacotherapy. Thus, scientific publications
of Ukrainian colleagues have substantiated the expedi-
ency of interaction between pharmaceutical and med-
ical specialists in organizing rational pharmacotherapy
[7, 8]. Scientists from Australia have confirmed the
importance of pharmaceutical consulting in self-med-
ication [9]. The scientific materials of the colleagues
from the Italian University of Catanzaro have proved
the need for special knowledge about drugs when
choosing their trade names. Certain pharmaceutical as-
pects of generics (reproduced drugs) in relation to the
original drugs by the example of specific clinical cases
have been illustrated, and arguments for the relativity
of their use in therapeutic practice have been provid-
ed [10]. Colleagues from Turkey [11] and Japan [12]
prove the need for pharmaceutical knowledge in the
prevention of problems of pharmacotherapy in geriat-
rics. American colleagues substantiate the importance
of pharmaceutical information in child health care and
the choice of safe pharmacotherapy in pediatric prac-
tice [13, 14]. Scientists from the University of Aston,
Birmingham, (UK) in their works actualize the need for
pharmaceutical, medical and pedagogical cooperation
in order to achieve maximum therapeutic benefit in pe-
diatric patients with chronic diseases [15]. Colleagues
from Switzerland [16] and America [17] prove the role
of pharmaceutical informing of medical specialists in
the achievements of personalized medicine, empha-
sizing the importance of pharmaceutical information
in the prevention of undesirable and dangerous drug
reactions when choosing pharmacotherapy.

The review of scientific publications can be contin-
ued, but the position of scientists regarding the issue
under study, will remain unchanged — the role of phar-
maceutical knowledge in the prevention of dangerous

4 MNpwkas Order of the Ministry of Labor of Russia No. 91n dated
03.09.2016 "On the approval of the professional standard" of
Pharmacist ".URL: http: //www.consultant.ru/cons/cgi/online.cgi?
Req = doc & ts = 112742015309484619432120582 & cacheid =
3C043F863335363DBDA01171 & mode 196697 & rnd = DE4CA029184
99814E30E01A8BEABEQID # 1hsople9sbr / (access date 10/14/2019)
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events associated with the use of drugs, is extremely
significant. The foregoing makes it possible to assert
that the primary importance in the implementation of
professional information consultancy competencies of a
pharmacy specialist, acquires a preventive component
of a specialist’s professional activity.

By the “preventive approach in the organization of
pharmaceutical services”, a complex of professional in-
formation and recommendations given by a pharmacy
specialist focused on preventing the risks of pharma-
cotherapy associated with pharmaceutical and med-
ico-biological aspects of drugs and the formation of
health-preserving principles of behavior in society in or-
der to preserve and strengthen public health”, is meant.
This thesis serves to achieve the aim set by the authors.
To concretize the proposed definition, it should be no-
tified that well-known characteristics of drugs and the
risks of pharmacotherapy associated with them, have
been taken by the authors as the basis for the concepts
of “pharmaceutical and medico-biological aspects”. [18].
The ideology of the preventive approach lies in the old-
est principle of medical ethics and deontology “primum
non nocere”,® the identical concept and methodology of
which is reflected in the concept of “pharmaceutical vig-
ilance”.

“Pharmaceutical vigilance is adequate alertness
of pharmacy specialists in their professional activities,
aimed at reducing the risks of adverse drug reactions,
optimizing a rational choice and consulting support of
pharmacotherapy, as well as implementing an active
professional position in the prevention of diseases
and other activities focused on human health main-
tenance.

As it follows from the definition, the practical sig-
nificance of the proposed methodology is not limited
to the pharmacotherapeutic aspects of the professional
activities of a pharmacist, but it is also focused on main-
tenance and promotion of personal and public health. It
should be notified that health is the most important in-
dividual and social resource, but the concepts of person-
al and public kinds of health are not identical. According
to the scientists in the field of health care, public health
cannot be restricted to the corpus of indicators of the
health of individuals [20]. According to the World Health
Organization’s Constitution, adopted in 1946, health is
defined as “a state of complete physical, mental and
social well-being, and not just the absence of physical
defects and diseases.” However, this definition is not to
be used to assess health at the individual and population
levels.

Taking the thesis “public health is health for all”® and
his own criterion for assessing the health of the society
as “a productive way of life” as a basis, Professor Lisitsyn
Yu.P. proposed a challenging definition of the term “pub-
lic health” — this is the quality of society that provides

5 First of all, do no harm".
% Halfday T. Mahler, WHO, 1976.
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conditions for the lifestyle of people who are not bur-
dened with diseases, physical and mental disorders, i.e.
the condition in which the formation of a healthy life-
style is ensured. It is common practice to measure public
health in statistical indicators: morbidity, mortality, aver-
age life expectancy, etc. At the same time, it is advisable
to assess individual health by personal well-being, work
qualification, personal perception of well-being, joy of
life, etc.” [20].

It is important to note that in the modern ideolo-
gy of Russian healthcare system, the issues of health
protection at the individual and population levels are
extremely important. The key thesis on which the
state policy in the field of health protection is based,
can be defined as follows: health is the highest value
of a person and society as a whole, and the most im-
portant principle of the country’s health care system
development is maintenance and promotion of per-
sonal and public health. The main documents defining
the concept of the state policy in the field of health
care,”®%1% are focused on the maintenance of public
health through the implementation of the state pro-
grams aimed at the formation of the active motivation
of the individual and society as a whole. It should be
emphasized that the concept of public health, consid-
ered from the standpoint of conditions and lifestyle, is
directly related to strategies and social policies in the
field of maintenance and promotion of health of the
Russian Federation population. In this regard, there is a
need for search and updating the conceptual directions
of the professional activities of a pharmacy specialist
from the standpoint of a preventive approach and the
development of organizational technologies for strate-
gic management of a pharmacist’s information consul-
tancy services, taking into account the implementation
of the state tasks concerning public health mainte-
nance.

The implementation of the following information
consultancy services of a pharmacy specialist in the
form of certain professional functions is proposed by

7 The Constitution of the Russian Federation (adopted by a nationwide
vote on 12.12.1993 with amendments approved during the all-Russian
vote on 01.07.2020). URL:http://www.consultant.ru/cons/cgi/online.
cgi?req=doc&ts=3158312190537975609232308&cacheid=57F1054
E5D1306E48974280A63B9D093&mode=splus&base=LAW&n=2875
&dst=100067&rnd=0.47684932688104344#1wkaai07uy6/ (accessed
14.06.2019).

8 Federal Law of the Russian Federation No. 323-FZ dated 21.11.2011.
"On the basics of health protection of citizens in the Russian
Federation" URL: http://www.consultant.ru/document/cons_doc_
LAW_121895/ (accessed 12.14.2020).

° Resolution of the Government of the Russian Federation No. 1640
dated 26.12.2017 " On Approval of the State Program of the Russian
Federation "Development of Healthcare" URL:http://www.consultant.
ru/cons/cgi/online.cgi?req=doc&ts=1084209091069471795187289
3&cacheid=A8DB92BD22089A186A084A5DC5417A0F&mode=splus
&base=LAW&n=360632&rnd=0.3187056380265709#1x83q3vw692/
(accessed 14.10.19).

© passport of the national project " Demography, approved by the
Presidium of the Presidential Council for Strategic Development and
National Projects, Protocol No. 16 dated 24.12.2018.
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the authors: educational, consultancy, informational,
accompanying, social prevention. Their implementation
will help with maintenance and promotion of personal
health and improving the public health indicators in the

future. To implement in practice the above listed func-
tions, a list of pharmaceutical services has been devel-
oped, and professional competencies of pharmacy spe-
cialists have been formed (Fig. 1).

PHARMACEUTICAL VIGILANCE

EDUCATIONAL CONSULTANCY INFORMATION ACCOMPANYIN SOCIAL
FUNCTIONS AL G PREVENTION
- J - -
)
x PHARMACEUTICAL PHARMACEUTICAL SOCIAL
% EDUCATION PERSONIFIED INFORMATION PHARMACEUTICAL PREVENTION
PHARMACEUTICAL OF MEDICAL PATRONAGE OF
SERVICES CONSULTANCY PROFESSIONALS DISEASES
— the ability and readiness of a specialist to provide personalized pharmaceuticabdvice to the
population during the vacation and use of medicinal products
" — the ability and readiness of a specialist to provide information support to medical specialists
E on issues related to drugs and pharmacotherapy
u — the ability and readiness of a specialist for professional activity in the field of sanitary
w
& (including pharmaceutical) education and prevention of social problems inthe society that
affect the health of the population

C ompetendes\

Ry

Figure 1 — Functional-applied model of the formation of information consultancy competencies of pharmacy
specialists from the standpoint of a preventive approach

Fig. 1 shows that pharmaceutical services are de-
fined as follows: pharmaceutical education; personified
pharmaceutical consultancy; pharmaceutical informa-
tion of medical professionals; pharmaceutical patron-
age; social prevention of diseases. The definitions of the
services under consideration have been proposed, and
methodological approaches for their implementation in
the healthcare system have been developed.

Pharmaceutical education is a professional activity
of a pharmacy specialist aimed at increasing the pharma-
ceutical literacy of potential drug users and preventing
health risks from their use. The methodology of phar-
maceutical education is based on the principles of me-
dicinal education presented in the WHO reference paper
on the topical issues of sanitary education in the world
community. In this document, the WHO experts convinc-
ingly argue that “the key determinant of health is the
level of health literacy of the population; the degree of
education being the most accurate parameter to predict
the health of the society in the future. Limited health lit-
eracy of citizens is associated with a lower level of their
participation in health promotion and disease detection,

Tom 8, Beinyck 3, 2020

reduced ability to self-manage chronic diseases, lack of
adherence to pharmacotherapy, higher hospitalization
rates, increased rates of morbidity and premature mor-
tality** Pharmaceutical education, as a significant com-
ponent of medicinal literacy, deserves a separate study,
since a significant part of medical issues, is connected
with the use of drugs. A methodological approach to the
professional implementation of pharmaceutical educa-
tion is the promotion of pharmaceutical literacy, which
should be understood as the level of education of the
population, which is necessary to obtain, understand,
evaluate and use pharmaceutical information. All these
make it possible to solve standard everyday tasks, using
drugs from the standpoint of minimizing health risks,
preventing diseases and health promotion, to maintain
or improve the quality of life at all its stages.

Health literacy problems are regularly reported
internationally [21-25]. The main conceptual ideas
of scientific publications can be summarized in the
following theses: sanitary education is a special medical

1 Health literac. The solid facts. — Copenhagen, WHO, 2013. 86p.
URL:https://www.euro.who.int/ru/publications/abstracts/health-
literacy.-the-solid-facts
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and pedagogical activity aimed at improving the culture
of public health and achieving a healthy lifestyle, which
cannot be limited by the framework of one sphere;
interdisciplinary cooperation in sanitary education is
carried out through the participation of individuals,
groups, populations and organizations in health care,
with health professionals playing a leading role.
Patient-oriented pharmaceutical consultancy (PPC) is
a professional activity of a pharmacy specialist aimed at
minimizing possible undesirable consequences of the use
of drugs. Herewith, the patient’s concomitant diseases,
drugs taken, and / or the patient’s belonging to a group
of increased risk of developing adverse reactions from
the use of drugs, should be taken into account [26]. The
PPC methodology is based on the theory of an individual
approach to the patient when choosing pharmacothera-
py: “Different patients react differently to the same drug,
therefore, each prescription should be considered as an
experiment, during which the hypothesis about the indi-
vidual efficacy and safety of the drug should be tested”*2.
Scientists pharmacologists note that an individual
approach to pharmacotherapy is of particular impor-
tance in the organization of medical care. It is based on
the peculiarities of the relationship between the clinical
effects of drugs and pharmacodynamic and pharmaco-
logical processes [27], and the patient’s adherence to
medical prescriptions (“Medicines will not work if they
are not taken”?®). At the same time, the organizers of
the pharmaceutical business consider pharmaceutical
consultancy as an integral part of pharmaceutical and
medical care, the purpose of which is human health
maintenance by satisfying the needs for rational phar-
macotherapy and adherence to the rules for using drugs.
A special form of pharmaceutical patient care based
on an individual (exclusive for a particular patient) ap-
proach has been proposed. A Procedure for patient-ori-
ented pharmaceutical consultancy in the organization
of pharmaceutical advisory care from the standpoint
of critical assessment, prevention and minimization of
undesirable risks of pharmacotherapy for a patient and
a personal responsibility of a pharmaceutical specialist
for possible events associated with taking drugs, has
been developed. It is known that, along with functional
and physiological factors affecting the body’s reactions
to drug intake (gender, age, individual sensitivity, etc.),
significant aspects of the safety of pharmacotherapy are
the risks associated with unreasonable and / or forced
polypharmacy, which is usually caused by polymorbidity,
undesirable drug-drug interactions and insufficient pa-
tient adherence to the prescribed treatment [28-33]. In
this regard, comprehensive PPC can influence the safe-

12 A, Goodman, L. Gilman, 1941.
13 WHO, 2003, New-York.
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ty of pharmacotherapy and is associated as an integral
component of public health care maintaining. Hereby,
potential and real factors should be taken into account.
Pharmaceutical informing of medical specialists is a
professional activity of a pharmacy specialist aimed at
optimizing information support for the rational choice
of safe and effective pharmacotherapy. The pharmaceu-
tical communication methodology, is based on interna-
tional principles of rational use of medicines, the WHO
concept of the importance of patient compliance and
the implementation of the role of the pharmacist in the
public health system [35—40]. The proposed conception
is based on the principle of being “necessary and suffi-
cient”. Its main idea includes providing medical special-
ists with independent, comprehensive and timely infor-
mation about the pharmaceutical and medico-biological
aspects of drugs and the rules for their safe use from the
standpoint of the priority of monotherapy, or prescrib-
ing as few drugs as possible with the purpose of prevent-
ing polypharmacy and undesirable drug-drug interac-
tions. Scientific publications describe modern methods
of management and prevention of polypharmacy [29—
33,38-40], which are advisable to use in the develop-
ment of organizational technologies for the selection of
rational drug combinations in polymorbid and / or co-
morbid conditions. Timely pharmaceutical informing of
medical specialists about the existing approaches to the
choice of drug therapy from the standpoint of scientific
evidence and personification, the joint participation of
medical and pharmacy specialists in the development
and implementation of pharmacotherapeutic programs,
will help reduce the risks of adverse events associated
with the prescription and use of drugs, and increase pa-
tient compliance during the period of its receipt.
Pharmaceutical patronage (support) is a professional
activity carried out by specialists of the health care system
based on an interdisciplinary approach in order to solve
medical and pharmaceutical problems of the patient; it
is aimed at improving certain aspects of the quality of life
and maintaining human health. The methodology of the
service is based on the principles of interdisciplinary in-
teraction in the field of public health, the basics of med-
ical prevention and the role of a pharmacy specialist in
the health care system [34, 36, 40—44]. According to the
concept proposed by Professor Kasavin IT., “interdisci-
plinary interaction (which does not imply rigid boundaries
of each discipline involved) is a natural state of science,
the limiting case of which is relatively strict disciplinary
structures, the boundaries of which are set not so much
by knowledge systems as by institutional forms” [45].
Relevance, effectiveness, versatility and significance of
interdisciplinary interaction for the optimization of med-
ical and pharmaceutical care has been confirmed and re-
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peatedly proven by scientists in experimental studies [44,
46-53]. The methodological approach to the professional
implementation of pharmaceutical patronage consists in
medical and pharmaceutical support, training, control
and management of the process of adaptation of a per-
son to physiological characteristics and (or) illness, the
ability to perform his usual functions corresponding to his
socio-economic status in order to preserve the quality of
life associated with his health (health-related quality of
life). The term “health-related quality of life” refers to the
assessment of parameters associated and not associated
with a disease, allowing to differentiate the impact of dis-
ease and treatment on the psychological, emotional state
of the patient and his social status [54]. Regular monitor-
ing of the patient’s quality of life, systematic consulting
support of pharmacotherapy and other aspects that af-
fect the subjective assessment of a person’s health in the
framework of interdisciplinary medico-pharmaceutical
content with a patient, will make it possible to return to
the most important principle of medical care: “treat not a
disease, but a patient”.'

Social prevention of diseases is a conscious, orga-
nized activity of a pharmacy specialist aimed at social
orientations, habits and worldview of people, the for-
mation of medical and social activities and health-saving
principles of behavior in the society in order to improve
public health indicators. The methodology of social pre-
vention is based on international principles of pharmacy
practice organization, the role of a pharmacy specialist
in the health care system, the principles of medical pre-
vention and the priority of preventive activities in the
public health system (“A disease is easier to prevent than
to cure”?) [34, 36, 40-44].

As a basis for the implementation of the preventive
function of a pharmaceutical specialist, the principle of
medical practice was taken. In the 19th century it was
voiced by Professor Pirogov N.I.: “Teaching people to be
healthy and to heal those who could not be taught this.”

Updating the conceptual directions of social pre-
vention in the framework of the professional activity of
pharmacy specialists, includes the promotion of the ba-
sic postulates of a healthy lifestyle throughout the entire

life cycle, including prevention of bad habits; develop-
ment of healthy eating habits; compliance with treat-
ment, work and rest regimens; sleep hygiene; regular
and adequate physical activities and walks in the open
air; planned trips to dispensary examinations; preven-
tion of psychological health and the formation of healthy
relationships in the society, etc.

The development and implementation of the pro-
posed conception is associated with the important mis-
sion of a pharmacy specialist in the health care system
— promotion of a healthy lifestyle, prevention of diseases
and maintenance and promotion of public health in the
longer term.

CONCLUSION

The practical result of the conducted research, can
be considered the professional competencies, offered
by the authors to pharmacy specialists within the
framework of their mastering the specialist’s program
with a specialization in 33.05.01 “Pharmacy”.

So, as a mandatory professional competence, it is
advisable to consolidate “the ability and readiness of a
specialist for personalized pharmaceutical consultancy
of the population when dispensing and using drugs, as
well as information support of medical specialists on the
issues related to drugs and pharmacotherapy”.

It is rational to refer “the ability and readiness of a
specialist for professional activities in the field of sanitary
(including pharmaceutical) education and prevention
of social problems in the society that affect public
health” to the recommended pharmacists’ professional
competencies.

As an epilogue to the scientific review, it is
relevant to recall the maxim “Medica mente, non
medicamentis”,*® and notify that the solid ground and
centuries-old constants of the pharmacist’s activity and
an indicator of his professional maturity as a specialist
in the public health system, are permanent professional
development, adherence to the norms of medical and
human ethics , high social responsibility, full awareness
of their mission in the chosen profession and absolute
love for pharmacy.

FUNDING
This study did not have any support from third-party organizations.

AUTHOR’S CONTRIBUTION
All authors have equally contributed to the research work.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

1 Mudrykh M.YA. (1776-1831).
* Hippocrates.

Tom 8, Beinyck 3, 2020

16 «Treat with the mind, not with medicine».

201



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

10.

11.

12.

13.

14.

15.

202

REFERENCES

Vovk El. [Bazovye principy farmakoterapii.] Russian phar-
macies; 2003. 7-8: 47-51. Russian.

Dremova NB., Ovod Al., Korzhavyh EA. Osnovy farmacev-
ticheskoj pomoshchi v zdravoohranenii. Kursk State Medi-
cal University; 2009:412p. Russian.

Fedina EA. Osnovy sistemy kachestva farmacevticheskih
informacionno- konsul’'tacionnyh uslug. Novaya apteka.
Effektivnoe upravlenie. 2008;8:74—79. Russian.

Kononova SV, Petrova SV, Dadus NN, CHesnokova NN,
ZHukova EV. [Pharmaceutical consuting: efficacy and safe-
ty]. Remedium. 2019;(11):40-46. DOI: 10.21518/1561-
5936-2019-11-40-46.

Maskaeva AR, Glembockaya GT. Integraciya deyatel’nosti
provizora i vracha v obespechenie effektivnosti i bezopas-
nosti lekarstvennoj terapii. Pharmateka. 2001;4:24-31.
Russian.

Glembockaya GT. Mnogogrannost’, specifichnost’, ot-
vetstvennost’ raboty provizora — specialista novogo ty-
syacheletiya. Vestnik voronezhskogo gosudarstvenno-
go universiteta. Seriya: Himiya. Biologiya. Pharmaciya.
2004;2:175-178. Russian.

Zupanec |A, CHernyh VP, Popov SB. Farmacevticheska-
ya opeka: atlas. Kiev: Farmacevt Praktik. 2007:146p.
Ukrainian.

Zupanec |A, CHernyh VP, Popov SB, Bezdetko NV. Far-
macevticheskaya opeka — vazhnejshij aspekt klinicheskoj
farmacii. Provizor (Har’kov). 2000;11:6-9. Ukrainian
Seubert LJ, Whitelaw K, Hattingh L, Watson MC, Clifford
RM. Development of a Theory-Based Intervention to En-
hance Information Exchange during Over-The-Counter
Consultations in Community Pharmacy. Pharmacy (Basel).
2018;6(4):117. DOI: 10.3390/pharmacy6040117.

Gallelli L, Palleria C, De Vuono A, et al. Safety and effi-
cacy of generic drugs with respect to brand formula-
tion. J Pharmacol Pharmacother. 2013;4(1):5110-5114.
DO0I:10.4103/0976-500X.120972.

Ertuna E, Arun MZ, Ay S, Kogak FOK, Gokdemir B, ispirli
G. Evaluation of pharmacist interventions and commonly
used medications in the geriatric ward of a teaching hos-
pital in Turkey: a retrospective study. Clin Interv Aging.
2019;14:587-600. DOI: 10.2147/CIA.S201039.
Hashimoto R, Fujii K,Yoshida K, Shimoji S, Masaki H,
Kadoyama K, Nakamura T, Onda M. Outcomes of Phar-
macists’ Involvement with Residents of Special Nursing
Homes for the Elderly. Yakugaku Zasshi. 2018;138:1217—-
1225. DOI: 10.1248/yakushi.18-00065.

Parrish Il RH, Casher D, van den Anker J, Benavides S. Cre-
ating a Pharmacotherapy Collaborative Practice Network
to Manage Medications for Children and Youth: A Popu-
lation Health Perspective. Children (Basel). 2019;6(4):58.
DOI: 10.3390/children6040058.

Rieder M. Adverse Drug Reactions in Children: Pediat-
ric Pharmacy and Drug Safety. Pediatr Pharmacol Ther.
2019;24(1):4-9. DOI: 10.5863/1551-6776-24.1.4.

Aston J, Wilson KA, Terry DRP. The treatment-related expe-
riences of parents, children and young people with regular

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

prescribed medication. Int J Clin Pharm. 2019;41(1):113—
121. DOI: 10.1007/s11096-018-0756-z.

Loustalot MC, Berdot S, Sabatier P, et al. The impact of
interventions by pharmacists collected in a computerised
physician order entry context: a prospective observational
study with a 10-year reassessment. Swiss Medical Weekly.
2019;149:w20015. DOI: 10.4414/smw.2019.20015.
Kennedy MJ. Personalized medicines — are pharma-
cists ready for the challenge? Integr Pharm Res Pract.
2018;7:113-123. DOI: 10.2147/IPRP.S133083

Percev IM, Zupanuc IA. Biofarmaciya i effektivnost’
lekarstv. Provizor. 2001;4: 25-28. Russian.

SHabunova AA, Kalachikova ON, SHabunova AA, Kalash-
nikov KN. Obshchestvennoe zdorov’e i zdravoohranenie
territorij. Vologda: «ISERT RAN». 2010:211. Russian
Lisicyn YUP. Obshchestvennoe zdorov’e i zdravoohrane-
nie. Moscow: GEOTAR-Media.2009:512p. Russian.
Mononen N, Airaksinen MSA, Hameen-Anttila K, Helakor-
pi S, Pohjanoksa-Mantyla M. Trends in the receipt of med-
icines information among Finnish adults in 1999-2014: a
nationwide repeated cross-sectional survey. BMJ Open.
2019;9(6):€026377.D0I: 10.1136/bmjopen-2018-026377.
Garov S. [Sanitary literacy — determining health factor]. Na-
cional’naya Associaciya Uchenyh. 2018;37:12—15. Russian.
Popov T, Garov S. [About nature and priorities of sanitary
education]. Vestnik Vostochno-Sibirskoj Otkrytoj Aka-
demii. 2018; 27:14p. Russian.

Nutbeam D. Health literacy as a public health goal: a chal-
lenge for contemporary health education and communi-
cation strategies into the 21st century. Health Promotion
International.  2000;15(3):259-267. doi.org/10.1093/
heapro/15.3.259.

Amlaev KR, Dakhkilgova KhT. Health literacy matters: con-
cept, classification, methods of assessment. Vrach. 2018;
29(6):83—-86. Russian.

Gabdrafikova YuS, Kirshchina IA, Soloninina AV. [Far-
maceutical help for geriatric patients: vital problems
and possible solutions]. Pharmacy. 2018; 5: 35-41. DOI.
org/10.29296/25419218-2018-05-07. Russian.
Abdulhabirova FM, et al. Obshchaya vrachebnaya prakti-
ka. Moscow: “GEOTAR-Media”. 2020:1024p. Russian.
Sychev DA, Sosnovskij EE, Orekhov RE, Bordovskij SP.
Contemporary methods of dealingWith polypharmacy
in elderly and senile patients. Siberian medical review.
2016;2:13-21. Russian.

Sychev D.A. Polipragmaziya i bezopasnost’ pacientov.
Medical alphabet. 2015; 2(9):52. Russian.

Adherence to Long-Term Therapies: Evidence for Action.
[Internet]. WHO; 2003:16p. Available from: https://www.
who.int/chp/knowledge/publications/adherence_report/
en/

Vol’'skaya EA. Patient compliance. Overview of research
trends. Remedium. 2013;11:6—-15. DOI:10.21518/1561-
5936-2013-11-6-15.

Kluchnikov S.O. Polypharmacy: response. Children infec-
tions. 2014;13(4):36-41. DOI:10.22627/2072-8107-2014-
13-4-36-4. Russian.

Volume VI, Issue 3, 2020



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2020-8-3-195-204

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

The Pursuit of Responsible Use of Medicines:Sharing and
Learning from Country Experiences. [Internet]. WHO;
2012:78p. Available from: https://www.who.int/medi-
cines/publications/responsible_use/en/. Russian.
Developing pharmacy practice. A focus on patient care.
Geneva. [Internet]. WHO; 2003:97p. Available from:
https://www.who.int/medicines/publications/WHO_
PSM_PAR_2006.5.pdf. Russian.

The Role of Education in the Rational Use of Medicines.
[Internet]. WHO. 2006:99p. Available from::https://
digicollections.net/medicinedocs/documents/s16792e/
s16792e.pdf. Russian.

The legal and regulatory framework for community
pharmacies in the WHO European Region. [Internet].
World Health Organization. Regional Office for Europe
2020:112p. Available from: https://apps.who.int/iris/bit-
stream/handle/10665/331232/9789289054591-rus.pdf.
Russian.

Létinier L, Cossin S, Mansiaux Y, Arnaud M, Salvo F, Bezin
J, Thiessard F, Pariente A. Risk of Drug-Drug Interactions in
Out-Hospital Drug Dispensings in France: Results From the
DRUG-Drug Interaction Prevalence Study. Front Pharma-
col. 2019;10:265. DOI: 10.3389/fphar.2019.00265.
Molokhia M, Majeed A. Current and future perspectives
on the management of polypharmacy. BMC Fam Pract.
2017;18(1):70. DOI: 10.1186/s12875-017-0642-0.

Garzoén Gonzalez G, Montero Morales L, de Miguel Garcia
S, Jiménez Dominguez C, Dominguez Pérez N, Mediavil-
la Herrera I. Analisis descriptivo de los errores de med-
icacion notificados en atencién primaria: aprendiendo
de nuestros errores [Descriptive analysis of medication
errors notified by Primary Health Care: Learning from er-
rors]. Aten Primaria. 2020;52(4):233-239. Spanish. DOI:
10.1016/j.aprim.2019.01.006.

HEALTH21: the health for all policy framework for the
WHO European Region. [Internet]. Copenhagen, WHO.
1999:314p. Available from: https://www.euro.who.int/
ru/publications/abstracts/health21-the-health-for-all-
policy-framework-for-the-who-european-region. Russian.
European Action Plan for Strengthening Public Health
Capacities and Services. [Internet]. WHO. 2012:52p.
Available from: https://www.euro.who.int/ru/health-top-
ics/Health-systems/public-health-services/publica-
tions/2012/european-action-plan-for-strengthening-pub-
lic-health-capacities-and-services. Russian.

Strengthening people-centred health systems in the
WHO European Region: framework for action on inte-
grated health services delivery. WHO. 2016:56p. Avail-
able from: https://www.euro.who.int/ru/health-top-
ics/Health-systems/pages/publications/2016/
eurrc6615-strengthening-people-centred-health-sys-
tems-in-the-who-european-region-framework-for-ac-
tion-on-integrated-health-services-delivery. Russian.

Tom 8, Beinyck 3, 2020

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Gaining health. The European Strategy for the Preven-
tion and Control of Noncommunicable Diseases. [In-
ternet]. Denmark, WHO. 2006:66p. Available from:
https://www.euro.who.int/ru/publications/abstracts/
gaining-health.-the-european-strategy-for-the-preven-
tion-and-control-of-noncommunicable-diseases. Russian.
Smolina VA, Novokreshchenova IG. INTERDISCIPLINARY
APPROACH TO THE STUDY OF PHARMACEUTICAL CARE
IN THE PROBLEM FIELD OF SOCIOLOGY OF MEDICINE
(REVIEW). Saratov Journal of Medical ScientificResearch.
2017;13(2):295-299. Russian

Kasavin IT. Filosofiya poznaniya i ideya mezhdisciplinarno-
sti. Epistemology & Philosophy of Science. 2004: 2(2):5—
13. Russian.

Cavanaugh JJ, Lindsey KN, Shilliday BB, Ratner SP. Pharma-
cist-coordinated multidisciplinary hospital follow-up visits
improve patient outcomes. J Manag Care Spec Pharm.
2015;21(3):256—60. DOI: 10.18553/jmcp.2015.21.3.256.
Rojas E, Gerber BS, Tilton J, Rapacki L, Sharp LK. Phar-
macists’ perspectives on collaborating with community
health workers in diabetes care. J Am Pharm Assoc (2003).
2015;55(4):429-33. DOI: 10.1331/JAPhA.2015.14123.
Colla CH, Lewis VA, Beaulieu-Jones BR, Morden NE. Role
of pharmacy services in accountable care organizations.
J Manag Care Spec Pharm. 2015;21(4):338-44. DOI:
10.18553/jmcp.2015.21.4.338.

Kennedy MJ. Personalized medicines — are pharma-
cists ready for the challenge? Integr Pharm Res Pract.
2018;7:113-123. DOI: 10.2147/IPRP.S133083.

Johansen JS, Havnes K, Halvorsen KH, et al. Interdisci-
plinary collaboration across secondary and primary care
to improve medication safety in the elderly (IMMENSE
study): study protocol for a randomised controlled tri-
al. BMJ Open. 2018;8(1):e020106. doi:10.1136/bmjop-
en-2017-020106.

Ensing HT, Vervloet M, van Dooren AA, Bouvy ML,
Koster ES. Patient-pharmacist communication during a
post-discharge pharmacist home visit. Int J Clin Pharm.
2018;40(3):712-720. DOI: 10.1007/s11096-018-0639-3.
Eickhoff C, Miiller U, Strunz AK, Seidling HM, Lampert A, Fel-
berg M, Breiholz S, Klintworth D, Schulz M. Das Projekt PRIMA
— Elektronische Erstellung und Aktualisierung von Medikation-
spldnen als gemeinsame Aufgabe von Arzten und Apothekern
[The PRIMA Project — Electronically-Supported Physician-Phar-
macist Cooperation to Generate and Update Medication Plans
in Germany]. Dtsch Med Wochenschr. 2019;144(18):e114—
€120. German. DOI: 10.1055/a-0859-5862.

Amara S, Adamson RT, Lew |, Slonim A. Accountable care
organizations: impact on pharmacy. Hosp Pharm. 2014
Mar;49(3):253-9. DOI: 10.1310/hpj4903-253.

Novik AA, lonova TI. Rukovodstvo po issledovaniyu
kachestva zhizni v medicine. 2nd ed. Moscow: ZAO «Olma
Media Grupp. 2007:320p. Russian.

203



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

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

AUTHORS

Irina A. Kirshchina — Candidate of Sciences (Phar-
macy), Associate Professor of the Department of Man-
agement and Economics of Pharmacy of Perm State
Pharmaceutical Academy. ORCID ID: 0000-0002-7952-
9585. E-mail: irina.kirshina@mail.ru

Anna V. Soloninina — Doctor of Sciences (Pharmacy),
the Head of the Department of Management and Eco-

204

nomics of Perm State Pharmaceutical Academy. ORCID ID:
0000-0002-2745-7698. E-mail: soloninina@mail.ru

Valentina N. Mikhailova — Candidate of Sciences
(Pharmacy), Associate Professor of the Department of
Management and Economics of Pharmacy of Perm State
Pharmaceutical Academy. ORCID ID: 0000-0002-1705-
705X.

Volume VI, Issue 3, 2020



Hay4HO-NpaKTUIecKi XypHan OPUTNHAJIbHAA CTATbA

OAPMALINA N ' oA e
OAPMAKOJOIMS DOI: 10.19163/2307-9266-2020-8-3-205-218

@)y

COMPARATIVE ANALYSIS OF LEBANON DEVELOPMENT.
PROSPECTS FOR COOPERATION
WITH THE RUSSIAN FEDERATION

ML.A.E. El Moussawi'?, Zh.V. Mironenkova?, S.Z. Umarov?, O.l. Knysh?, 0.D. Nemyatykh®

1Saint-Petersburg State Chemical and Pharmaceutical University,

14, Bld. A, Prof. Popov St., St Petersburg, Russia, 197376

2Tyumen State Medical University, 54, Odessa St., Tyumen, Russia, 625023
3«Mohammed” Pharmacy, 12, Hadath, Beirut, Lebanon 90201

E-mail: shanna.mironenkova@pharminnotech.com

Received 10 February 2020 Review (1) 10 April 2020 Review (2) 20 April 2020 Accepted 28 April 2020

The objective of the research was to conduct a comparative analysis of the development of Lebanon based on a number of
demographic, economic and social indicators characterizing the health care of Lebanon, and to determine the prospects for
the cooperation with the Russian Federation (RF) in the pharmacy field.

Materials and methods. The studies were conducted from 2009 to 2016. The objects were the statistical data accumulated
on the basis of the data from national institutions and international organizations. These data were published annually in
the reports of the Department of Economic and Social Affairs, the United Nations Population Division for 11 countries in the
Middle East: Bahrain, Jordan, Yemen, Kuwait, Lebanon, United Arab Emirates, Oman, Saudi Arabia (Asian countries); Egypt,
Sudan, Tunisia (North African countries). The research methods were: a comparative analysis, analytical grouping of data,
ranking.

Results. A comparative analysis of demographic, economic and social indicators revealed that low mortality rates and
high life expectancy in Lebanon were achieved both due to a satisfactory level of health care financing (Rank 5) and due
to the adoption of adequate decisions in organizing and managing the Lebanese health care system. The positive trends
that were inherent in the Lebanese health care system in previous decades continued to operate within the framework of
earlier inertia, while migration flows intensified. However, there has been a slowdown in the decline in infant mortality in
the dynamics of growth rates, which is a signal of the emergence of negative processes in the social sphere of the country.
Conclusion. The current situation in the Lebanese health care system, associated with limited financial resources, poses
new challenges in the search for managerial decisions in the field of organizational management. The import of drugs from
the Russian Federation will provide a significant reduction in the financial costs of providing the population of Lebanon and
migrants with medicines which will increase the monetary costs of providing medical care.

Keywords: demographic, economic and social indicators; health care system; medicines

Abbreviations: GDP by PPP — gross domestic product by purchasing power parity per capita; VEM — Vital and essential med-
icines; CJSC — closed joint stock company; PM-pharmaceutical medicines; MF — medicinal form; INN —International non-pat-
ented; OJSC — open joint stock company; UAE — United Arab Emirates; UN — United Nations; LLC — limited liability company;
COR — certificate of registration; USA, Beirut-CIP — carriage and insurance paid to Beirut. Freight/transportation and insurance
paid to Beirut.
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Llenb: NpoBecTn KOMNapaTUBHbIV aHaM3 pa3BuTMA JIMBaHa Ha OCHOBE pAAa AemMorpadpuyecknx, SKOHOMUYECKMX U COLMANb-
HbIX MOKa3aTeNen, XapaKTepu3yoLWwmnx 34paBooXpaHeHe J/IuBaHa U onpesenvTb NepcrnekTUBbl COTpyAHMYecTBa ¢ Poccuii-
ckoit Pepepaumeint (PP) B papmauesTruyeckon chepe.

Martepuanbl u metogpbl. MiccnepoBaHua nposoauanck 3a nepmog ¢ 2009 no 2016 rr. O6beKTaMmn ABUANCH CTAaTUCTUYECKME
OaHHble, aKKYMY/IMpyeMble Ha OCHOBE AAaHHbIX HALMOHA/MbHbIX MHCTUTYTOB U MEXAYHAPOAHbIX OPraHU3aLmii, eXXeroaHo
nybnukyemble B otyeTax JenaprameHTa NO SKOHOMMUYECKMM U coumasnbHbiM Bonpocam, OTaena HapogoHaceneHua Opra-
Hu3auumn ObbeanHeHHbIx Hauuii no 11 ctpaHam BanxkHero BoctoKa: baxpeliH, MopaaHus, MemeH, KysenT, JineaH, O6beau-
HeHHble Apabckve Imupatsl, OMaH, CayzoBckas Apasus (cTpaHbl Asun); Ermnert, CyaaH, TyHuc (cTpaHbl CeBepHo AGpukn).
MeToabl uccnepoBaHUA: KOMMNAPATUBHbIM @aHANN3, aHAIMTUYECKAA TPYNNUPOBKA AAHHbIX, PaHKMpPOBaHMUE.

Pe3ynbTatbl. KoMnapaTuBHbIM aHaIM3 Aemorpadnyeckix, SKOHOMUYECKMX U COLMANbHbBIX NMOKa3aTenen BbIABUA, YTO HU3KWUIA ypo-
BEHb CMEPTHOCTU HaceNeHWsA 1 BbICOKUI YPOBEHb NPOLAO/IKUTENBHOCTU }KM3HW B JIUBaHe JOCTUMHYTbI KaK BCIEACTBUE YA0BETBO-
pUTENBHOTO YPOBHSA GUHAHCMPOBAHWSA 34PAaBOOXPAHEHMS (paHT 5), TaK U BCIeACTBUE NPUHATUA aleKBATHbIX PELLEeHWIA B OpraHu-
3aUMKM U yNpaBAeHUMN B CUCTEME 34paBOOXpaHeHUs JIuBaHa. MonoKuTeNbHbIE TEHAEHLMK, KOTOPbIE BblM 3a/10KeHbI B cUCTEME
34paBoOOXpaHeHNA JInBaHa B NpeablayLine AeCATUNETUSA, NPOLO/IKANW AeMNCTBOBATb B PaMKax NONYYEHHOW paHee MHepLn npu
YCUNEHUM MUMPALLMOHHbIX MOTOKOB. OHAKO NPOMU30LLI0 3aMea/IeHNE CHUMKEHWA NOKa3aTenen MaaLeHYeCcKon CMepTHOCTU B Au-
HaMMKe TEMMNOB POCTA, YTO ABAETCA CUTHA/IOM BO3HUKHOBEHMA HEraTUBHbIX MPOLLECCOB B COLMANbHOM cdepe CTpaHbl.
3aknouyeHune. CNOXKUBLLIAACA CUTYyaUMa B CUCTEMe 34paBooxXpaHeHuA JIMBaHa, CBA3AHHAA C OrPaHUYEHHOCTbIO GUHAHCOBbIX
pecypcoB, CTaBUT HOBble 33/1a4M NMOUCKA YNPaBAEHYECKUX peLleHni B chepe opraHM3aLmMoHHOro ynpasaeHuns. MMnopT nekap-
CTBEHHbIX Npenapatos (/1M) u3 PO obecneunt cylectBeHHoe CHUXKeHWe GUHAHCOBbIX 3aTPaT Ha JIeKapCTBEHHOE obecneyeHne
HaceneHus JIuBaHa M MUTPAHTOB, YTO NO3BOJIUT YBE/IMYUTL AE€HEXKHbIe 3aTPaTbl HAa 0becneyeHne MegULLMHCKON NOMOLLN.
Kniouesble cnoBa: gemorpaduyeckme, SKOHOMUYECKME U COLMANbHBIE MOKA3aTeNn; CUCTEMA 34PaBOOXPAHEHUA; NeKap-
CTBEHHbIE NpenaparTbl

Cnucok cokpaweHumii: BBM MMNC — BaNoBOW BHYTPEHHUI NPOAYKT NO NapuTETy NMOKynaTesbHOM CNOCOBHOCTM Ha Ayluy Ha-
cenenus; KHBJIM — KU3HEHHO HeobxoAMMbIe U BaxHeNLne fekapcTBeHHble npenapaTbl; 3A0 — 3aKpbIToe aKLMOHEepHoe
06LwecTBo; JIM — nekapcTBeHHble npenapatbl; /IO — nekapcTBeHHas popma; MHH — mexayHapogHoe HenaTeHTOBaHHOe Ha-
3BaHue; OAO — OTKpbITOE aKkuMoHepHoe obuwectBo; OAD — ObbeanHeHHble Apabckue ImmnpaTtbl; OOH — OpraHmsaums O6b-
eaMHeHHbIX Haumi; OO0 — obLWecTBO ¢ OrpaHUYEHHOM OTBETCTBEHHOCTbIO; PY — pernctpaumoHHoe yaoctoseperue; CLUA
— CoeaunHeHHble LLtatel Amepuku; CIP BeitpyT (carriage and insurance paid to Beirut) — ¢dpaxTt/nepesoska u ctpaxosaHue
oniayeHbl go r. benpyr.

INTRODUCTION

A significant growth in the population of Lebanon,
due to the increased flow of refugees from the border
country of Syria, since the outbreak of the civil war (March
2011), from 4,145.57 thousand people to 6,071.69 thou-
sand people from 2009 to 2016, had revealed the need
to eliminate the lack of knowledge regarding the pro-
cesses currently occurring in the country’s health care,
and the trends of its further development.t??

THE AIM of the work is to conduct a comparative
analysis of the development of Lebanon on the basis of
a number of demographic, economic and social indica-
tors that characterize the health of Lebanon and to de-
termine the prospects for cooperation with the Russian
Federation in the pharmaceutical field.

MATERIALS AND METHODS
The research was conducted from 2009 to 2016. The
objects were statistical data accumulated on the basis of

! Naufal, Hala. Syrian Refugees in Lebanon: The humanitarian approach
under political divisions / Hala Naufal // Migration Policy Centre Re-
search Report. — 2012/13. — URL: http://www.migrationpolicycentre.
eu (accessed: 2019 Apr 26).

2 Rating of countries in the world by population // the United Nations Popu-
lation Fund (UNFPA). — URL: http://www.un.org (date accessed: 2018 Feb 5).
3 National Health Statistics. Report in Lebanon. 2011. — URL: http://
habitat3.org/wp-content/uploads/National-Report_LEBANON.pdf (ac-
cessed: 2019 Apr 24)

206

the data from national institutions and international or-
ganizations, published annually in the reports of the De-
partment of economic and social Affairs and the United
Nations population Division* for 11 countries in the Mid-

* The Department of economic and social Affairs of the United Nations.
— URL: https://esa.un.org (date accessed: 2019 Apr 26).
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dle East: Bahrain, Jordan, Kuwait, Lebanon, Oman, Sau-
di Arabia (Asian countries), Egypt, Sudan, Tunisia (North
African countries), Yemen. The research methods were: a
comparative analysis, analytical grouping of data, ranking.

RESULTS AND DISCUSSION

One of the main demographic indicators is the pop-
ulation size in a certain period of time (Fig. 1).

We found out that for the period of 2009-2016, the
average population growth rate (relative to the base
year of 2009) in Lebanon was 123.51% (Tab. 1).

Previously, in 2004—2009 (relative to the base year
of 2004), they were significantly lower: the average val-
ue was 104.73%. The analysis of the population growth
rate in Lebanon relative to the previous period showed
that the average value in 2009-2016 was 105.61% (Table
2). For comparison, in 2004-2009 it was 101.34%.

Based on the United Nations data of the population,
it was found out that among the 11 countries analyzed,
the largest population (Rank 1) was in Egypt — 92519.54
thousand people (Table 3). It should be notified that Jor-
dan had a close value to the population in Lebanon in
the descending order of the indicator value in 2016 —
7734.38 thousand people (Rank 7). For all the countries
analyzed in the region, there was a steady increase in
the population, which is typical for the countries of the
Middle East.

The interaction between the processes of renewal of
new generations and the replacement of one generation
by another ensures a continuous reproduction of the
population. To characterize the social and demographic
well-being of Lebanon and the degree of the develop-
ment of its public health services, not only the basic and
chain growth rates of the population were analyzed, the
mortality rates of men, women, and infants separately
as the indicators that more objectively reflect the level
of development of the country’s health care, were also
taken into account.

In the analysis of the mortality rates of men and
women it was found out that in Lebanon they were the
lowest among the analyzed countries in the region, both
in absolute and relative values (Rank 1), in the ascend-
ing order of the indicator value. The absolute values of
mortality rates for men and women in Lebanon by 2016
had decreased simultaneously by 14.78% and 14.23%
compared to 2009. The similar dynamics of the negative
growth was observed when analyzing the chain growth
rates of mortality of men and women during the ana-
lyzed period: on average, minus 2.26% and minus 2.17%,
respectively.

In Lebanon, the negative dynamics of the chain
growth rate of male mortality from 2009 to 2012 was
stable, and it was minus 2.84% per year at an average.
However, in the period from 2013 to 2016, the opposite

Tom 8, Beinyck 3, 2020

trend was observed: in 2016, relative to 2015, the chain
growth rate of male mortality increased from minus
2.84% (2009-2012) to minus 1.00%.

In general, analyzing the basic growth rates of male
mortality, it was found out that in all the 11 countries
of the Middle East in the period of 2009-2016, the neg-
ative dynamics remained: at an average, the values of
the basic growth rates of male mortality decreased by
5.28%.

In the Middle East, the mortality rates of women
also tended to decrease during the analyzed period.
According to this indicator, Lebanon had Rank 1 again.
Rank 2 was assigned to the United Arab Emirates, where
these indicators were higher than in Lebanon by 8% and
12% in 2009 and 2016, respectively.

An important result of the analysis of the chain
growth rates of women’s mortality relative to the previ-
ous period is the following: as in the chain growth rates
of men’s mortality, the opposite trend was observed
in Lebanon, i.e. the negative vector showed its slow-
down. Under these circumstances, in 2016, relative to
2015, the chain growth rate of mortality increased to
minus 2.10% (Rank 2) from minus 2.50% in the period
of 2009-2012.

It should be notified that in all the analyzed coun-
tries, there was a dynamic decrease in women’s mortal-
ity. The baseline rate of increase in women’s mortality
was negative at an average (minus 5.82%), which indi-
cates an improvement in women'’s living conditions and
advances in hygiene and health in the Arab countries in
general.

Reduction in the children’s mortality, including the
infant mortality, is one of the main goals of the Millen-
nium Declaration adopted by the UN General Assembly
on 08.09.2000. (Resolution No. A / RES/52 / 2)°. It was
found out that there was a tendency to reduce the infant
mortality in the analyzed countries by 12.86%. The rate
of its changing was negative at an average. The analysis
of the infant mortality showed that Lebanon had Rank 3
after Bahrain and the United Arab Emirates. For exam-
ple, in Bahrain (Rank 1), the indicator was 7.60 and 5.10
in 2009 and 2016, respectively. In the UAE, the indicator
of 7.60in 2009 decreased to 5.70in 2016. Lebanon (Rank
3) had the infant mortality rate of 9.20 in 2009 and 7.60
in 2016. Rank 3 of Lebanon in terms of the basic growth
rate of the infant mortality reduction, corresponds to
the average value for the analyzed period. In 2016, there
was a slowdown in the decline in the negative values of
the basic growth rate of the infant mortality, lowering
the rating of Lebanon to Rank 8. According to the chain
growth rate of the indicator, Lebanon also had Rank 8
out of the 11 countries analyzed.

5 Millennium Declaration adopted by the UN General Assembly on
08.09.2000 (Resolution No. A / RES/52/2). — URL: http://www.un.org.
(date accessed: 2019.Apr 26)
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Figure 1 — The total population of Lebanon in 2009-2016, thousand people
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Figure 2 — Financial expenditures on health per capita in Lebanon in 2009-2016
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Figure 3 — Per capita expenditures on medicines in Lebanon in 2009-2016, in international dollars
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The negative dynamics of the chain growth rates
of men’s and women’s mortality since 2013 has slowed
down, which is a signal of the presence of negative pro-
cesses in the social sphere of Lebanon. This signal is also
seen in infant mortality rates. The process of a slow de-
cline in infant mortality rates reflected not only on the
dynamics of the chain growth relative to the previous
period, but also on the dynamics of the basic growth rel-
ative to 2009.

In terms of the birth rate, Lebanon experienced an
18.03% growth trend from 2009 to 2016. The base and
chain growth rates of this indicator were significant:
25.00% and 3.25%, respectively. Our ranking, calculated
in the descending order by birth rate, showed that Leba-
non had Rank 10. Bahrain and the United Arab Emirates
had similar ranks. It should be notified that, in contrast
to Lebanon, the birth rate in these two countries tended
to decrease.

When analyzing the basic rate of birth rate growth,
it was found out that Lebanon (Rank 1) was the only
country among the 11 analyzed countries that had a sta-
ble increase in the birth rate of the population: in 2016,
compared to 2009, by +25.00%. For example, in Kuwait
(Rank 10), it was minus 10.59%; in the United Arab Emir-
ates (Rank 11), it was minus 12.40%. It should be empha-
sized that the average chain growth rate of fertility was
positive only in two countries: Lebanon and Egypt (the
average values of 103.25% and 100.34%, respectively).

All the other countries of the analyzed statistics pop-
ulation had negative chain growth rates in the birth rate
of the population.

The study found out the following: having low abso-
lute birth rates (Rank 10), Lebanon had Rank 1 in terms
of basic and chain growth rates, which indicates the ab-
sence of a birth control policy. On the whole, the ana-
lyzed countries showed a general decline in the rate of
birth rate growth. In terms of life expectancy, Lebanon
had Rank 1, with an average life expectancy of 79.02
years in the analyzed period. For example, in the UAE
it was 77.07 years (Rank 2). Life expectancy in Lebanon
increased by 1.4 years from 78.30 years in 2009 up to
79.60 years in 2016, while in the UAE, this figure in-
creased by less than 1 year.

Therefore, an analysis of the economic indicators
has also been carried out. In particular, the gross do-
mestic product by purchasing power parity per capita
(GDP PPP) was considered6. It should be notified that
this indicator has a multidirectional character in differ-
ent countries. In most countries, the dynamics were
positive. From 2009 to 2016, the negative dynamics
were observed annually in only four countries: Leba-

6 Global ranking of countries and territories of the world in terms of
gross domestic product // Information and analytical portal “Humani-
tarian technologies and human development. URL: http://gtmarket.ru
(date accessed:2019 Apr 24).
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non, Kuwait, Oman and Yemen. The average decline was
17.36%. At the same time, in Oman, Kuwait and Yemen
in 2016 compared to 2014 and 2015, there was stabiliza-
tion in the decline of this indicator, while in Lebanon the
slowdown in the growth rate of this indicator increased
(Table 1). Thus, while in 2013 and 2014 the indicator of
basic growth rates decreased by 0.35% and 3.07%, in
2015 and 2016 it decreased by 5.91% and 9.05%, respec-
tively. A more complex situation in the dynamics of chain
growth rates (Rank 9, Table 4) should be highlighted.
While in 2013-2015, the GDP PPP indicator was relative-
ly stable at minus 2.93% in Lebanon, in 2016 there was
a decrease of 0.41% compared to 2015 and it amounted
to minus 3.34%. The analysis of GDP PPP dynamics in
2009-2016, revealed the existence of problems in the
economy of Lebanon, and their impact on the develop-
ment of the health care system was considered on this
basis. An important condition that determines a positive
demographic situation is the development of the health
sector in the country and training of specialists in the
fields of medicine and pharmacy. An analysis of financial
expenditure on health showed that in Lebanon, it had
increased by 45.99% between 2009 and 2016.

While in 2013-2015, the GDP PPP indicator in Leba-
non was relatively stable at minus 2.93%, in 2016 there
was its decrease by 0.41% compared to 2015 and it
amounted to minus 3.34%. The analysis of the dynam-
ics of GDP PPP during 2009-2016 revealed the pres-
ence of problems in the economy of Lebanon, on the
basis of which their impact on the development of the
health care system was considered. An important con-
dition that determines a positive demographic situation
is the development of the health sector in the country
and training of specialists in the fields of medicine and
pharmacy. An analysis of financial expenditure on health
showed that in Lebanon, it had increased by 45.99% be-
tween 2009 and 2016

It should be notified that the volume of health care
expenditures per capita did not undergo any significant
changes in 2016 compared to 2009 due to an increase in
the population by 46.47% (Fig. 2).

A comparative analysis of per capita health expen-
ditures showed that Lebanon had Rank 5 (Tab.4). The
volume of expenditures, while decreasing in 2013-2015,
stabilized in 2016, slightly decreasing by 0.32% com-
pared to 2009. The basic growth rate of health financ-
ing was stagnant (Rank 10). It is important to increase
the volume of the expenditures on medicines per capita
during the analyzed period (Fig. 3).

When analyzing the structure of the expenditures in
the health sector in Lebanon, significant changes were
found out: the share of expenditures on health care in-
creased from 32.14% in 2009 to 60.17% in 2016, thereby
reducing the expenditures on general health items.
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The conducted correlation analysis between this in-
dicator and male, female and infant mortalities revealed
a correlation, which, at first glance, is a contradictory
situation: the decrease in health care funding had a pos-
itive impact on the reduction of male, female and infant
mortalities: the correlation coefficient was 0.930.

However, at the stage of analyzing the chain growth
rates of male, female and infant mortalities, there was
no correlation: the correlation coefficient was minus
0.078. Accordingly, the inconsistency of the situation
is explained by the difference in the rate of decline of
the correlated parameters. The mechanism for reducing
male, female and infant mortalities is more conserva-
tive, and the positive trends that had been laid down in
the Lebanese health system in previous decades, contin-
ued to operate within the framework of the previous-
ly received inertia with reduced funding. The situation
in which the chain growth rates in terms of mortality
rates no longer correlated with funding indicators clear-
ly showed a slowdown in the decline in mortality rates
among the analyzed groups of the Lebanese population.

Further on, the hypothesis on the possibility of
finding additional financial resources in the health care
system by optimizing current expenses through the pur-
chase of inexpensive medicines in the new for Lebanon
dynamically developing pharmaceutical market of the
Russian Federation was tested by the authors [7]. The
imports of goods from the Pharmaceutical products
group to Lebanon from the Russian Federation during
the period of December 2017 — October 2018 amounted
to 1.1 million US dollars, with a total weight of 14.6 tons.

The mainly imported products were the following:
“human blood”; “animal blood”; “immune serums”
(91%) and “Pharmaceutical products mentioned in
Note 4 to this group” (9%), which include chemical
contraceptives based on hormones, other compounds
of the heading “Hormones, prostaglandins, throm-
boxane and leukotrienes, natural or synthesized; their
derivatives and structural analogues, including chain
modified polypeptides used mainly as hormones” or
spermicides; contrast agents for x-ray examinations;
diagnostic reagents intended for introduction to pa-
tients, and others.

In the structure of the exports of goods from the
group “Pharmaceutical products” from the Russian Fed-
eration, Ukraine and Kazakhstan occupy the 1st (16%)
and the 2" (16%) places. Lebanon is Russia’s partner
number 42 with a 0.2% share of all MP supplies.

The cooperation between the Russian Federation
and Lebanon has a significant potential [8-10]. The im-
plementation of joint projects in the pharmaceutical in-
dustry and trade will expand the cooperation between
the countries [11-19]. The interest of the Russian Fed-
eration in the export of the MP according to Strategy of
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the Pharmaceutical Provision of the Population of the
Russian Federation for the Period Until 2025 is the key
to this mutually beneficial cooperation and expanding
economic ties between Russia and Lebanon.

To study the economic feasibility of introducing a
mechanism for purchasing medicines from the Russian
Federation, wholesale prices according to the reference
and analytical publication of “Farm index” (for medical
and pharmaceutical specialists) in the segment of vital
and essential drugs were considered. The analysis was
performed for 31 international non-proprietary names
produced in the Russian Federation from Russian sub-
stances and imported by Lebanon from other countries.
The comparative analysis of wholesale prices was based
on the calculation of the cost of 1 gram of MPs under the
terms of delivery of CIP Beirut (carriage and insurance
paid to Beirut). The terms of delivery included: cargo
packing, customs clearance, delivery to the port of load-
ing, loading on the ship, sea transportation, unloading
from the ship in the port of Beirut, delivery to the desti-
nation, insurance.

For a better visual representation, the VEDs no-
menclature was presented in the form of 4 quartiles,
depending on the price ratio (Lebanon/Russia): quar-
tile | — 7.6—-10.0 and higher ranked quartiles; quartile II-
5.1-7.5; quartile lll — 2.6-5.0; quartile 1V-2.5 and lower
ranked quartiles. The carried out ranking showed that
at the time of the study, the current prices of Lebanon
for all positions exceeded the book prices of the Russian
Federation. The following was established: the highest
rank, No. 1, when the ratio of prices amounted to 11, 21,
was appointed to Olanzapine, 10 mg film-coated tablets
(according to the Russian Commodity Nomenclature it is
Olanzapine-TL, in Lebanon it is Zyprexa).

The lowest rank was 31, wherein the minimum ratio
of the price index was 1.13. It was represented by Gem-
citabine, 200 mg, in the form of Iyophilisate for prepa-
ration of infusion solutions (according to the Russian
Commodity Nomenclature it is Gemzar®, in Lebanon it is
Gemcitabine™).

A comparative analysis of the prices revealed that
the MPs purchased in Lebanon in this segment, have
an average of 4.54 times the price of MPs with the cor-
responding international non-proprietory name in the
Russian Federation, taking into account the delivery to
the port of Beirut.

At the same time, the calculations showed a high
economic efficiency of importing 35.48% (11 nomen-
clature items) of medicinal products that had been
included in quartiles | and II, from the Russian Feder-
ation, which showed the possibility of improving the
drug supply in Lebanon by reducing the financial costs
of purchasing medicinal products at the country level
(Tab. 5).
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CONCLUSION non, which ensures the effectiveness and sustainability of

A correlation analysis of demographic and econom-
ic indicators in Lebanon, revealed a satisfactory level of
health financing (Rank 5) and making adequate decisions
in the organization and management of the Lebanese
health system which resulted in the low mortality rate and
a high life expectancy. The positive trends that had been
laid down in the Lebanese health system in previous de-
cades continued to operate within the framework of the
inertia received before, with reduced funding. It should
be emphasized that the number of doctors and phar-
maceutical specialists (on average 21.50 and 14.67 per
10,000 population, respectively) is fairly stable in Leba-

the health system, especially in times of crises and wars.
However, due to the limited financial resources of the
country, the current situation in the health care system
poses new challenges in finding management solutions in
the field of organizational management. One of themis to
optimize current expenses by purchasing low-cost medi-
cines in new and dynamically developing pharmaceutical
markets in Lebanon. Import of medicinal products from
the Russian Federation will significantly reduce the cost of
medical CARE for the population of Lebanon and migrants
from the neighboring countries, which will increase the
costs of providing medical care to the population.
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