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Mukpo6uoTa IJIOTHBIX 000/I0UEeK IIPU UHTAKTHOM ILJIOJHOM
IMy3bIpe U JOHOIIIEHHOU 6epeMeHHOCTU

Karanosa M.A.!, CupusonoBa H.B.!, Maxiuna E.A.2

I@I'BOY BO «Camapckuil 2ocydapcmeeHHblil mMeduyuHcekull yHugepcumems» Munzdpasa Poccuu

2000 «KoncyavmamuegHas xaunuka «Ilanayes» (Camapa)

Microbiota of fetal membranes in intact amniotic sac and
full-term pregnancy

Kaganova M.A.}, Spiridonova N.V.}, Makhlina E.A.2

‘Samara State Medical University

2Consultative clinic “Panatseya” LLC (Samara)

AHHOTAIIUA

IMenp uccanemsoBanusi. M3yduTh MUKPOOHBIH MeH3aXk IJIOHBIX 000JIOYEK TP UHTAKTHOM IJIOZTHOM IIy3bIpe
U IOHOIIIeHHOU 6epeMeHHOCTH

MaTrepuasb U MeTOAbI. Y 19 OepeMeHHbIX (CpefHUil Bo3pacT 31.0 + 5.3 rofla, CPEOHHI CPOK TecTaluu
30.3 + 0.65 HeJI) C HEMOBPEXKIEHHBIMH IUIO{HBIMU 000JI0UKAMHU BO BPEMsI SJIEKTHBHOTO KECAPEBA CEYEHVS IIPOBOIHIICS
3a00p TKAHH IJIOJHBIX 000JIOUEK C [IeJIbI0 BBISIBJIEHUS CJIEYIONUX MUKPOOPTaHU3MOB METO/IOM IOJIIMEPA3HOU IeTHOHM
peakuuu: Lactobacillus spp., Enterobacteriaceae, Streptococcus spp., Staphylococcus spp., Gardnerella vaginalis/Pre-
votella bivia/Porphyromonas spp., Eubacterium spp., Sneathia spp./Leptotrihia spp./ Fusobacterium spp., Megasphaera
spp./ Veillonella spp./ Dialister spp., Lachnobacterium spp./Clostridium spp., Mobiluncus spp./Corynebacterium spp.,
Peptostreptococcus spp., Atopobium vaginae, Mycoplasma hominis, Ureaplasma (urealyticum + parvum), Candida
spp., Mycoplasma genitalium.

PesynbTaThl. CrepuwibHbIE 060JIOUKU OOHAPYKEHBI Y 5 O€peMeHHbIX (26.3 %), B OCTAIBHBIX CIyUasiX BbIABIEHA
obmas 6akrepuanpbHas macca (OBM) 1045 (1035—105%) reHoM-3kBuBasieHTOB (I'9)/06pasernr. [Ipeobaaganu mpeacTaBuTe-
su cemetrictBa Enterobacteriaceae — B cpeaem 10459 /o6pasers, Juiib B 0HOM ciiyuae BoisiBiaena Candida spp. B 42.1 %
ciydaeB 1pu BoiABieHUH OBM KOHKpeTHbIEe BH/IbI MUKPOOPTaHU3MOB H/IeHTU(DUIIPOBAHbI He ObUIH.

3akswuenue. HaIiuloaHbx 060/I09Kax [IPH IOHOIIEHHON GEpeMEHHOCTH AomycTiMOo pucyrcreue OBM B cpe-
HeM 1045 (1035—1058) '9/06pa3elr, B KoTopoii peobsianaioT Enterobacteriaceae B cpesiieM 10459 /obpasert.

Karoueawvte caos8a: 1iogHbie 000JI0UKH, IUTAIIEHTA, TOJIMMepas3Hasi IienHas peakius, J{HK-TeXHOI0TuH, MUKPOOHOTA.

ABSTRACT

Aim of research. To study the microbial landscape of intact fetal membranes in full-term pregnancy.

Materials and methods. In 19 pregnant women (mean age — 31.0 + 5.3 years, mean gestational age —
39.3 + 0.65 weeks) with intact fetal membranes, the fetal membrane tissue was collected during elective cesarean sec-
tion to detect by polymerase chain reaction the following microorganisms: Lactobacillus spp., Enterobacteriaceae,
Streptococcus spp., Staphylococcus spp., Gardnerella vaginalis/Prevotella bivia/Porphyromonas spp., Eubacterium
Spp., Sneathia spp./Leptotrihia spp./ Fusobacterium spp., Megasphaera spp./Veillonella spp./ Dialister spp., Lachno-
bacterium spp./Clostridium spp., Mobiluncus spp./Corynebacterium spp., Peptostreptococcus spp., Atopobium vagi-
nae, Mycoplasma hominis, Ureaplasma (urealyticum + parvum), Candida spp., Mycoplasma genitalium.

Results. Sterile membranes were found in 5 pregnant women (26.3%), in the remaining cases, the total bacte-
rial load (TBL) was 1045 (1035—105%) genome equivalents (GE) per sample. Representatives of the Enterobacteriaceae
family prevailed — 1045GE per sample on average, only in one case Candida spp. were detected. In 42.1% of cases, when
determining TBL, specific types of microorganisms were not identified.
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Conclusion. On the fetal membranes in full-term pregnancy, the average TBL corresponding to 1045 (1035—
105%) GE per sample, in which Enterobacteriaceae prevail in the amount of 1045 GE per sample on average, is accept-

able.

Keywords: fetal membranes, placenta, polymerase chain reaction, DNA technology, microbiota.

BBEJAEHHNE

B Hacrosiiiee BpeMs BOIIPOC O HOPMaJIBHOHM MHU-
KpOoOHMOTe U MAaTOTEHHBIX MHKPOOPTaHU3MaxX (PeTo-
IJIAI[EHTAPHOTO KOMILJIEKCA CTaJl Haubosiee aKTy-
anpubpIM. ChopmupoBaBiuecs B XX B. yCTOHYMBBIE
MIPE/ICTABJIEHNUS] O CTEPUILHOCTU AMHUOTHYECKOH
IOJIOCTH, TUIO/THBIX 000JI0UEK U IUIAIIEHThI IpU (du-
3UOJIOTHYECKU IPOTEKalolell OepeMeHHOCTH Bce
yalle U Yarie I0/IBepraiTcs COMHEeHHI0. B mocien-
HUE TISITh JIET B pe3yJIbTaTe MPOBeJeHHOT0 MaCIITal-
HOTO HCCJIEIOBAaHUA JIOKA3aHO — IUIAlleHTa 00JI1ajjaer
CBOEH YHUKAJIBbHOU MHKDPOOHOTOH, KOTOpasi B OOJIb-
el CTelleHH HallOMUHAET MUKPOOHUOTY POTOBOH I10-
JIOCTH, a He BJIATAJIMINA U IEPBUKAJIBHOTO KaHaIa
[1-5].

CoBpeMeHHbIe MOJIEKYJISIPHO-TEHETHIECKHE UC-
CJIeJIOBAaHUA TIO3BOJIAIOT IOJIYYUTh MaKCHMAaJIbHO
IIOJTHOE M OOBEKTUBHOE IPECTABIEHHE O COCTABE
MHKPOOHOTHI [EPBUKAJIBHOTO KaHajia U (eToria-
[EHTapHOr0 KoMmIllekca. [loABuiIMCh paboThHI, KO-
TOpbIE JIOKA3BIBAIOT HaJIM4yue GAKTEpUU B IJIAIEH-
Te, aMHUOTHUYECKOH >KUJIKOCTHU, IIJIOZHBIX 000J/104-
KaX, MEKOHUH; aBTOPBI MIPEAIOJIATAIOT, YTO IIEPBOE
CTOJIKHOBEHHE C MHUKPOOAMU ITPOUCXOIUT BHYTPH-
YTPOGHO JlazKe B YCJIOBHUAX (PHUBUOIOTUYECKU TIPOTE-
Karolei 6epemenHoctu [6—10]. Tak, 6akTepuu OGbLIH
BBIJIEJIEHBI B 21—26 % IIanieHT [11, 12] pu JA0HO-
IEHHON (DUBHOJIOTHYECKH MTPOTEKAKINEH OepeMeH-
Hoctu. JKusHecmocobHble GakTepuu (Enterococcus
spp., Streptococcus spp., Staphylococcus spp. wim
Propionibacterium spp.) Tak:ke ObLIH BbIZIEJIEHBI U3
IIyTIOBUHHOM KPOBH 3/I0POBbIX HOBOPOXK/IEHHBIX [13].
OnHaKo B JIUTEPATYPE HEJOCTATOYHO AAHHBIX O Xa-
pakTepe MUKpPOOHOTO Tel3aska IJI0THBIX 000JI0YEK
npu GU3HOJIOTHYECKU IPOTeKAIoNmell GepeMeHHO-
CTH B HOPMe, UTO U TOCJIY>KUJIO TPUIHNHOA HATIKCA-
HUS JAaHHOH CTaTbH.

IOEJIb UCCJIEJOBAHN A

N3yuuTh MUKPOOHBIH MeH3aK HHTAKTHBIX TLIO7-
HBIX 000JI0Y€K TP JIOHOIIIEHHOH O6epeMEeHHOCTH.

MATEPHWAJIBI 1 METO/AbI

B ucciiezioBanue ObLIN BKJIIOUEHBI 19 GepeMeH-
HBIX CO CPOKOM rectanuu 37—41 Hel. MccieoBanue
MIPOBOIWJIOCH Ha 06ase pOAWIIbHBIX oTaeneHuil ['BY3
«Camapckast TOpOJICKasi KJIMHUYECKas OOJIbHHUIA

INTRODUCTION

Currently, the issue of the normal microbiota
and pathogenic microorganisms of the fetoplacen-
tal complex has become the most relevant. The
stable beliefs, formed in the XX century, about the
sterility of the amniotic cavity, fetal membranes
and placenta in normal pregnancy are increasingly
calling into question. In the last five years, as a re-
sult of a large-scale study, it has been proved that
the placenta has its own unique microbiota, which
is more similar to the microbiota of the oral cavity,
rather than of the vagina and cervical canal [1-5].

Modern molecular genetic studies make it pos-
sible to obtain the most complete and objective un-
derstanding of the cervical canal and fetoplacental
complex microbiota. There are works that prove
the presence of bacteria in the placenta, amniotic
fluid, fetal membranes, meconium; the authors
suggest that the first encounter with microbes oc-
curs in utero, even in normal pregnancy [6—10].
Thus, bacteria were isolated in 21—26% of placentas
[11, 12] during full-term normal pregnancy. Viable
bacteria (Enterococcus spp., Streptococcus spp.,
Staphylococcus spp., or Propionibacterium spp.)
have also been isolated from the umbilical cord
blood of healthy newborns [13]. However, there is
not enough data in the literature about the nature
of the fetal membranes’ microbial landscape in full-
term normal pregnancy, which was the reason for
this article being written.

AIM OF THE RESEARCH

To study the microbial landscape of intact fetal
membranes in full-term pregnancy.

MATERIALS AND METHODS

The study included 19 pregnant women with a
gestation period of 37—41 weeks. The research was
conducted on the basis of maternity departments
of the Pirogov Samara City Clinical Hospital No. 1.
The mean age of the examinees was 31.0 + 5.3
years, the first birth frequency was 36.8%; mean
number of pregnancies per patient was 2.47 + 1.71;
mean gestational age was 39.3 + 0.65 weeks (39—
40.5 weeks).

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



doi: 10.31549/2542-1174-2021-1-4-11

Kaeanosa M.A. u dp. / Journal of Siberian Medical Sciences 1 (2021) 4—11

N¢ 1 um. H.W. ITuporosa». CpegHu Bo3pact obciie-
JTIyEMBIX COCTaBWI 31.0 + 5.3 rOfla, YaCTOTa IEePBbIX
ponoB 36.8 %; cpe/iHee KOJTMYECTBO OepeMeHHOCTEH
Ha OJHY MMaIlUEHTKY 2.47 + 1.71; CPEAHUI CPOK recra-
nuu 39.3 + 0.65 Hex (39—40.5 Hen).

Bce manueHTKH OBLIH POIOPA3PEIIEHBI MyTeM
omepanuu KecapeBa CeUYeHUs B IJIAHOBOM IIOPSIIKE
(TIoKa3aHUAMU SIBJISUINCH — HEIIPABUIIbHOE TTOJIOMKE-
HUE ¥ TIpe/JIesKaHue II0/a, Hajarure pyoria Ha MaT-
Ke II0CJIe IIPEBIIYIIEN OTepaliii KecapeBa CeueHus,
OecILTo/iie B COYETAHUU C OTSATOINEHHBIM aKyIlep-
CKUM aHaMHe30M, BO3PacT).

Kpurepuun uckiroueHus:

1. BepemeHHbIe, OTHOCAIIMECA K TPYIIIE BBICO-
KOTO PHCKA COIJIACHO IMOPS/IKY OKA3aHUS OMOIIU
110 TPOUIII0 «AKYIIEPCTBO U TMHEKOJIOTUA» NO 572
0T 01.11.2012, II0 COMaTUYECKOM maTostoruu (caxap-
HbBIH 11abeT, recTalMOHHbIN Auaber), 0COOeHHOCTSAM
[Iall€HTAI[AH.

2. Hastmuwue ocTphIX 1 000CTPEHNE XPOHUYECKUX
BOCITAJTUTEIbHBIX 3a00JIEBAHUI, B TOM YUCJIE KOJIb-
UTA.

3. AHTHbaKTEepUaIbHAsI TEPAIs BO BpeMs bepe-
MEHHOCTH.

Bcem mareHTKaM OBLIO BBIMIOJHEHO HCCIIEIO0-
BaHHe obpasia IUIoAHBIX 000si04ek Meromom ITITP
C ZIETEKINEN Pe3yIbTaTOB B PEXKHUME PEAIbHOTO Bpe-
menu (ITIIP-PB) (Habop «®emodiop 16») ¢ momo-
mpio ammtugukatopa T-96 (OO0 «HIIO JJTHK-
Texunonorusi» (Mocksa)). 3a6op o6pasna MJIOAHBIX
0060JI04€EK ITPOBOIUJICA B CTEPHJIBHBIX YCIOBUAX HUH-
TPaAOIepPaOHHO IPU BCKPBITMH MATKHU U ILJIOZHO-
ro my3bIpsi. B obsactu mocepeuHe MeKIy IUIaleH-
TOH U BHYTPEHHHM 3€BOM C IIOMOIIBIO CTEPUIHHO-
ro KOHXOTOMAa C JuaMeTpoM paboueil IMOBEPXHO-
CTH 9.4 MM OTCEKaJICSI CTAHJJAPTHBIN 00pasel] 1o/ -
HOH 00O0JIOUKH, KOTOPHIN 3aTeM IIOMEIAJICSI B IIPO-
6upKy dumeHA0pd 1.5 MJI ¢ TPAHCIIOPTHON Cpeoi
(«ITIpoba-Pamum», OO0 «HIIO THK-TexHOIO0rusI» ).
N3zHavanpHO MeToguKa «®emoduiop 16» Obuia pas-
paboTaHa i OIeHKH COCTOSIHWs Biaraiuina. Ho
[TOCKOJIbKY JIaHHAsi METOJMKA IMpeJIHa3HAYeHA IS
aHa;M3a OMOTHI Pa3JIMYHBIX OMOTOIIOB, OHA TAKIKe
MOZKET OBITh IPUMEHEHA U VI aHAIN3a MUKPOdII0-
PPl IUIOAHBIX 000104UeK [14—16]. MeToanka «Pemod-
JIOP 16> II03BOJISAET BBISABJIATD CJIEIYIOIIHE MUKPOOP-
ranusmbl: Lactobacillus spp., Enterobacteriaceae,
Streptococcus spp., Staphylococcus spp., Gardnerel-
la vaginalis/Prevotella bivia/Porphyromonas spp.,
Eubacterium spp., Sneathia spp./Leptotrihia spp./
Fusobacterium spp., Megasphaera spp./Veillonella
spp./ Dialister spp., Lachnobacterium spp./Clos-
tridium spp., Mobiluncus spp./Corynebacterium
Spp., Peptostreptococcus spp., Atopobium vaginae,

All patients were delivered by cesarean section
in a planned manner (abnormal fetal lie and mal-
presentation, the presence of a scar on the uterus
after a previous cesarean section, infertility in
combination with poor obstetric history, older age
were the indications).

Exclusion criteria:

1. Pregnant women belonging to the high-risk
group according to the Order determining the Pro-
cedure for the provision of medical care in the field
of Obstetrics and Gynecology No. 572 of November 1,
2012, having somatic pathology (diabetes mellitus,
gestational diabetes), abnormalities of placentation.

2. The presence of acute and exacerbation of
chronic inflammatory diseases, including colpitis.

3. Antibacterial therapy during pregnancy.

All patients were performed an examination of
a fetal membranes sample by real-time PCR (PCR-
RT) method, using Femoflor 16 Kit, and the DT-96
Amplifier (SPA DNA-Technology, Moscow). Sam-
ples of fetal membranes were taken under sterile
conditions intraoperatively during the uterotomy
and amniotomy. In the area between the placenta
and the internal orifice of the uterus, a standard
sample of the fetal membrane was cut off using a
sterile conchotome with working surface of jaws be-
ing 9.4 mm in diameter, and put in Eppendorf tube
1.5 ml with transport medium (Proba-Rapid, DNA-
Technology). Originally the Femoflor 16 method
was developed for evaluation of vagina microbial
environment. But since this method is used to ana-
lyze biota of various biotopes, it also can be used
for fetal membranes microbiota analysis [14—16].
The Femoflor 16 test makes it possible to identify
the following microorganisms: Lactobacillus spp.,
Enterobacteriaceae, Streptococcus spp., Staphy-
lococcus spp., Gardnerella vaginalis/Prevotella
bivia/Porphyromonas spp., Eubacterium spp.,
Sneathia spp./Leptotrihia spp./ Fusobacterium
spp., Megasphaera spp./Veillonella spp./ Dialister
spp., Lachnobacterium spp./Clostridium spp., Mo-
biluncus spp./Corynebacterium spp., Peptostrep-
tococcus spp., Atopobium vaginae, Mycoplasma
hominis, Ureaplasma (urealyticum + parvum),
Candida spp., Mycoplasma genitalium.

The analysis assessed the swab quality (SQ),
which in all cases was adequate (more than 104 ge-
nome equivalents (GE) per sample); determined the
amount of total bacterial load (TBL) — laboratory
TBL (TBLI), identified Lactobacillus spp. and other
types listed above that are on this test panel. The
quantitative assessment of the identified microor-
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Mycoplasma hominis, Ureaplasma (urealyticum +
parvum), Candida spp., Mycoplasma genitalium.

IIpu aHaiM3e OIEHWBAJIOCh KAUECTBO B3SATUS
maska (KBM), KOTOpoe BO BCeX CIIydasix ObLIO aJieK-
BaTHBIM (Oosiee 104 reHoM-skBuBaIeHTOB (I')/006-
paselr), OIpeAessyIoch KOJIUYECTBO 00Inel OakTte-
puasnbHOii Maccel (OBM) — maboparopuas OBM
(OBMun), Lactobacillus spp. ¥ OCTaJIbHBIX BBIIIEIIE-
PEYUCIIEHHBIX BHIOB, BXOJISAIINX B JAHHYIO MAHEb.
KosmmuecTBeHHAas OlleHKA BBISIBJIEHHBIX MUKPOOpPTa-
HHU3MOB IIPUBOUJIACH KAK B aOCOJIIOTHBIX, TAK U B OT-
HOCHTEJILHBIX MoKazaTesssx kK ObMuii. Hacrora BbIsSB-
JIEHUsI TAaHHBIX MUKPOOPTaHU3MOB IIPEJICTaBJIEHA B
MIPOIIEHTAX K KOJIMYECTBY MAIMEHTOK B Ipymmnax. AbG-
COJIIOTHBIN TMOKazareab — koymdectBo JITHK wmcko-
MOTO0 MHUKpPOOpraHHM3Ma B 00paslle, BhIPAKEHHOE B
I'S/mu, mpeacTaBieHHOE B BUE JECATHUYHOTO JIOTa-
pudma — lg. OTHOCUTETHPHBIN KOJIMUECTBEHHBIH I10-
KazaTeJb MUKPOOPTaHU3Ma PACCUHUTHIBAIA KaK OT-
HOIIIEHNE abCOTIOTHOTO KOJTHYECTBA MCKOMOTO MH-
KpoOpranuaMa K abCOJIIOTHOMY KOJIMUECTBY PacCUH-
tanaoir OBM (OBMp) B mpouentax. OBMp mosyde-
Ha U3 CyMMbl aOCOJIIOTHOTO KOJIMYECTBA BBISBJIEH-
HBIX MUKPOOPTaHU3MOB B 00pasIie.

OO6paboTKy pe3yJIbTaTOB HCCIAEAOBAHUSA IIPO-
Boauu ¢ nomoisio mporpamm STATISTICA 10.0,
SPSS 13. /laHHbIe MPeCTaBJIEHbl KaK abCOTIOTHBIE
KOJIMYECTBA B BUJIE CPEJHETO JIECATHUYHBIX JIOTa-
pudmoB. YacToTa BBIABIEHUS MUKPOOPTaHU3MOB —
B IIPOI[EHTaX; OTHOCUTEJIbHOE COJIep:KaHue MUKPO-
OpPraHU3MOB — B IIPOIIEHTaX OTHOCUTEJIHLHO pac-
cuyutanHoii OBMp. KosmyecTBeHHbBIE MOKa3aTeN
Mpe/ICTaBJIEHbl B BHUE CPEHETO apu(pMeTHUECKO-
ro (M) co craugaptabiM oTka0oHeHHEM (6). Cpas-
HeHHe aOCOJIIOTHOTO KOJIMYECTBa B TPYIINAaX BbI-
MOJIHAJIOCH C TIOMOIIBIO Kputepusa ManHa — Yur-
HU. CTaTUCTHYECKU 3HAYUMBIMH CUHTAJIH Pa3JIH-
Yusi Ipu p < 0.05.

PE3YJIBTATBI 1 OBCY2KIEHUE

PesybTaThl MPOBEIEHHOIO aHAIN3a TUIOLHBIX
000JI04€eK mpezicTaBieHbl B Ta6J1. 1. Kak BUIHO 13 Ta-
6unpl, OBMI1 ompesiesisiiach TOJIBKO B 14 CIydasx
(73.6 %), B cpenaeM TuTpe 10+541'D/06pasern. Yacro-
ta OBMp cocraBuiia 6 ciryuaes (31.5 %) (Tabur. 1).

B 8 ciyuasx (42.1 %) HaOII0AATIOCH TIPEBBIIIIE-
Hue OBMu1 sHag OBMp — BBIABJIA/INCH TaK Ha3blBae-
Mbl€ HEM3BECTHbIE BU/IbI, KOTOPBIE HUAEHTHU(DUITIPO-
BaTh C IIOMOIIBIO ITaHen peareHToB «®emModop 16»
HE TMPEACTaBJISIETCs BO3MOXKHBIM. OTHOCHTEIBHO
UEeHTUDUITTPOBAHHBIX BHIOB IIPOIEHT «HEHU3BECT-
HBIX» BU/IOB ObLT HUBKUM (2.08 + 0.08 %). CTrepuib-
Hble 00ostouku (OBMa = 0 u OBMp = 0) Habmoaa-
JIUCH B 5 ciIydasx (26.3 %).

ganisms was given both in absolute and relative in-
dicators with reference to the TBLI. The frequency
of detection of these microorganisms is presented
as a percentage of the number of patients in the
groups. The absolute quantity of DNA of the desired
microorganism in the sample expressed in GE per
ml, presented as a decimal logarithm — 1g. The rela-
tive quantity of the microorganism was calculated
as the ratio of the absolute amount of the desired
microorganism to the absolute amount of the cal-
culated TBL (TBLc) as a percentage. The TBLc is
derived from the sum of the absolute quantity of
detected microorganisms in the sample.

The results of the study were processed using
the STATISTICA 10.0, SPSS 13 softwares. The data
is presented as absolute quantities in the form of the
mean of decimal logarithms. The detection frequen-
cy of microorganisms — as a percentage; the relative
quantity of microorganisms — as a percentage rela-
tive to the calculated TBLc. Quantitative indicators
are presented in the form of an arithmetic mean (M)
with a standard deviation (8). The comparison of the
absolute quantity in the groups was performed using
the Mann-Whitney test. The differences were con-
sidered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

The results of the fetal membranes analysis are
presented in Table 1. As it can be seen, TBLI was
detected only in 14 cases (73.6%), the mean titer
is 10454 GE/ml. The frequency of TBLc was 6 cases
(31.5%) (Table 1).

In 8 cases (42.1%) TBLI exceeded TBLc — so
called unknown species were detected, which
could not be identified with Femoflor 16 test panel.
The percentage of “unknown” species relative to
identified species was low (2.08 + 0.08%). Sterile
membranes (TBL] = 0 and TBLc = 0) were seen in
5 cases (26.3%).

In intact fetal membranes, mainly the repre-
sentatives of the Enterobacteriaceae family were
detected (5 cases (26.3%)), only in 1 case — Candida
spp., which can be associated with the contact of
the fetal membranes with the cervical canal.

In recent years, the research is conducted for
studying the microbiota of the fetoplacental com-
plex, and it is reported of the detection of bacteria
in the placental and fetal membrane samples with-
out signs of infection, based on the results of clini-
cal and histological analysis [12, 17]. Back in 2005,
it was shown that the fetal membranes in normal
pregnancy often contain bacteria, but this does not
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Ta6snma 1. PacupeziesieHrie MUKPOOPTaHU3MOB HHTAKTHBIX IIJIOTHBIX 000JIOUEK IIPU JJOHOIIIEHHOU 6epeMeHHOCTH
Table 1. Distribution of microorganisms in intact fetal membranes in full-term pregnancy

ITokazaresib, MUKPOOPraHU3MbI

. 2 : abce. (%
Indicator, microorganisms (%)

YacToTa BbISIBJIEHUS,

Detection rate, abs. (%)

AGCOTIOTHBIH ITOKa- OTHOCHUTEITbHA S
3aresb — g (M) yacrora (%)

Absolute indicator — 1g (M)  Relative ratio (%)

KBM / SQ 19 (100)
OBMux / TBLI 14 (73.7)
OBMp / TBLc 6 (31.5)
Lactobacillus spp. o (0)
Enterobacteriaceae spp. 5 (26.3)
Streptococcus spp. 0 (0)
Staphylococcus spp. o (o)

Gardnerella vaginalis + Prevotella bivia + 0 (0)
Porphyromonas spp.

Eubacterium spp. o (0)
Sneathia spp. + Leptotrichia spp. + o (0)
Fusobacterium spp.

Megasphaera spp. + Veillonella spp. + o (o)
Dialister spp.

Lachnobacterium spp. + Clostridium spp. 0 (0)
Mobiluncus spp. + Corynebacterium spp. 0 (0)

Peptostreptococcus spp. o (0)
Atopobium vaginae o (0)
Candida spp. 1(5)
Mycoplasma hominis o (0)
Ureaplasma (urealyticum + parvum) o (0)
Mycoplasma genitalium o (0)

Heuseectublie Bujbl / Undetected species 8 (42.1)

5.04 -

4.54 100

4.53 97.8 £ 0.08
— 0.00 £ 0.00
4.53 97.8 £ 0.08
— 0.00 £ 0.00
— 0.00 £ 0.00

— 0.00 = 0.00

— 0.00 £ 0.00

— 0.00 = 0.00

— 0.00 = 0.00

- 0.00 + 0.00
— 0.00 + 0.00
— 0.00 + 0.00
- 0.00 + 0.00
1.82 0.19 £ 0.02
— 0.00 + 0.00
- 0.00 + 0.00
- 0.00 + 0.00
2.89 2.08 + 0.08

B MHTAKTHBIX IJIOJTHBIX 000JI0YKAX BBISBIISIIICDH
B OCHOBHOM IIpeZICTaBUTENU ceMelicTBa Enterobacte-
riaceae (5 caydaes (26.3 %)), TOJIBKO B 1 CIyJae BbI-
saByeHa Candida spp., YTO MOKHO CBA3aTh C €€ KOH-
TaKTHBIM IONAJIAHUEM Ha IUIOJHbIE 0OOJIOYKH U3
[IEPBUKAJILHOTO KaHAJIA.

B mocsiezHue TOABI TPOBOJATCA HCCIIENOBA-
HUs, HAIIpaBJIEHHbIE HA U3YUYeHUEe MUKPOOUOTHI de-
TOILUIAIEHTAPHOTO KOMIUIEKCA, & TAKXKe CO00IIaeT-
cs1 06 obHapy:keHUU OakTepuil B 06pasiiax miareH-
THI U IUTOTHBIX 000J1049eK 6e3 MPU3HAKOB NH(EKITIU
10 pe3ysIbTaTaM KJIMHHYECKOTO U THCTOJIOTHYECKO-
ro aHanuza [12, 17]. Emie B 2005 r. ObLJIO ITOKa3a-
HO, YTO IUIOAHBIE 000JI0UKU TPU (DUZHUOIOTHUECKH
IIPOTEKAIoIeN OepeMeHHOCTH YacTo cozepkaT b6ak-
TEPHUH, HO K OCJIOXKHEHUAM T'eCTal[i{ 3TO He IIPUBO-
JTUT, ¥ JAHHBIX 0 HAIMYUHU UHQEKIINH IIPU TUCTOJIO-
THYECKOM UCCIIEZI0OBAHUHY IVIOAHBIX 000JI0UEK U TIJ1a-
1eHTHI HeT [18].

BBLIO yCTaHOBJIEHO, UTO IUIAIEHTAPHBIA MUKPO-
6moM HamboJee CXOIEeH ¢ MHKPOOMOMOM IIOJIOCTH
pra (HazmecHeBOH OJIAIIKA U CIIMHKU SI3bIKA) U He

lead to gestational complications, and there is no
data on the presence of infection during histologi-
cal examination of the fetal membranes and pla-
centa [18].

It was found that the placenta microbiome is
most similar to the microbiome of the oral cavity
(supragingival plaque and dorsum of the tongue)
and is not identical to the intestinal and vaginal
microbiomes [4, 5]. Thus, the ascending pathway
of bacterial colonization of the placenta and fetal
membranes is not dominant and, most likely, is re-
alized with the loss of the barrier function of the
cervical canal and the fetal membranes continuity
[4], which, in fact, confirms our study. In pregnant
women with intact fetal membranes, the frequency
of microbial DNA detection is 73.7%; but in 42.1%
of cases, it was impossible to identify microorgan-
isms using the Femoflor 16 test panel, which is due
to its orientation to identify representatives of the
vaginal biotope, while the DNA of other species is
present on the fetal membranes. Our results are
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HJIEHTHYEH KUIIIEYHBIM U BJIaTaJTUITHBIM MUKPOOHO-
MaMm [4, 5]. Takum 06pa3oM, BOCXOAAIIUHN MyTh OaK-
TEPUAJIbHON KOJIOHM3AIUM IUIALIEHTHl U ILUIOIHBIX
000JI0U€EK He SBJSAETCS JOMUHUPYIOIIUM H, CKOpee
BCEro, peayn3yeTcss IpH yTpare GapbepHOU (GyHK-
MY [[EPBUKATBHOTO KaHAJIA, HAPYIIEHUH I[€JI0OCTHO-
CTH IUIOZTHBIX 000JIOUEK [4], UTO, IO CyTH, IIOATBEPK-
JlaeT Hallle HccileZloBaHue. Y OepeMeHHbBIX ¢ UHTAKT-
HBIMU IUTIOJTHBIMH OOOJIOUKAMM YAaCTOTA BBISABIIE-
uus JJTHK MUKpOOPraHu3mMoB cocTaBiseT 73.7 %, HO
B 42.1 % ciiydaeB WIEHTUDUIIMPOBATh MUKDPOOpTa-
HU3MBI C IIOMOIIBIO CTAHAAPTHON NaHEIU peareH-
TOB «Pemodiop 16» GBUIO HEBO3MOIKHO, UTO CBSI-
3aHO C OPUEHTAlMEN MMaHeId Ha BBISABJIEHHE TIPEJ-
CTaBUTEJEH BJIATAIMINHOTO OHWOTONA, a Ha IUIOJ-
HbBIX obosioukax mpucyrcrsyer JHK apyrux Buzmos.
Hamm manHbpIe TOATBEPKAAIOTCA JJAHHBIMU JINTEPA-
Typhl, rae HecoBnagenusa ObMa u OBMp nipu ana-
nuse JITHK meromom ITIIP-PB aHasorudHo 00bACHA-
10TCs TeM, uto K yactu JJHK Gakrepuii B cTaHmapr-
HBIX TaHEJISAX He MPeJCTaBIeHbl peareHThl, Jlabopa-
TOPUsI OIIPEJIEJISIET HEKYIO0 OAKTEPUAIHHYIO Maccy, HO
BBIJIEJIUTh KOHKPETHOE CEMEUCTBO HE IIPEeJICTaBIIA-
eTcs BOBMOKHBIM [3]. B pesysbTaTe Halero uccie-
JIOBaHUsA y MAITUEHTOK HA IUIOJHBIX 0D0JI0UKAX BbI-
JleJIEHbI UCKJTIOUUTEIIHHO MPEJICTABUTENIN CEMENCTBA
Enterobacteriaceae, muillb B OJHOM CJIyuae TPUOBI
pona Candida.

CemetictBo Enterobacteriaceae BbISBIISIIOCH B
HCCIEIOBAHUAX JIPYTUX aBTOPOB, KOTOPBIE TaKXKe
unentudunuposanu: Protobacteria, Bacteroides,
Fusobacteria u Tenericutes [19, 20]. MHeHHsa 0
JKU3HECTIOCOOHOCTH JJAaHHBIX OaKTepwil B JiUTepa-
Type pasusarcs. B HemaBHeM uccienoBanuu L. Zhu
et al. [21] MUKPOOBI KYJIBTUBUPOBAJIUCE C IJIOAHOM
YacTH IJIALIEHTHI B 20.7 % ciaydaes (379 us 1832 006-
pasuoB), NOJyYeHHOH BO BpPeMs KecapeBa CeUeHUs
IIpU JIOHOIIIEHHOI 6epeMeHHOCTH 6e3 KIIMHUYECKUX
IIPU3HAKOB XOPMOHAMHHMOHWTA; U3 HUX B 13.5 %
(247 u3 1832 00pas1oB) ciaydaes B IUIAlleHTaxX 00-
Hapy:keHa Kysbrypa E. coli. OmHako psa ApyTUX uc-
CJIeIOBAHUN CBUIETEIHCTBYET O TOM, UTO BKJIAJT B
BeIaBiieHue JJHK pasanuHbIx 6aKTepHi Kak Ha I1a-
[leHTe, TaK U Ha IUIOJHBIX 000JIOYKAX BHOCHUT 3a-
rps3HeHHe 00pasnos, nubo Hamuuwe JJHK cBume-
TEJILCTBYET JIUIIb O TOM, UTO JIAaHHBIE BU/bI OaKTe-
pui IPUCYTCTBOBAIM HA IIAIIEHTE U IUIOAHBIX 000-
JIOUKaX, HO OHU He KU3HECIOCOOHBI U He JAAI0T PO-
cTa TIpU KyJIbTUBUPOBAHUM Ha cpeaaxX. Bo3mMokHO,
aKTUBHO Pa3MHOXKAWOIIENCA IMHAMUYHON MHUKPO-
OHOTHI B IJIAIIEHTE U IUIOJTHBIX 000JI0UKAX U HE Cy-
I[ECTBYET, KaK 9TO UMEET MECTO BO BJIATAJIUIIE, HO
cam dakt Hasmmuus JTHK onpeneseHHBIX MUKPOOP-
TaHU3MOB CBH/IETEJIBCTBYET B IOJIb3Y BAXKHBIX M-

confirmed by the literature data, where the discrep-
ancies between TBLI and TBLc in the analysis of
DNA by PCR-RT are similarly explained by the fact
that the reagents for the part of the bacterial DNA
are not presented in the standard test panels, so
the laboratory determines a certain bacterial load,
but has no opportunity to detect a specific bacteria
family [3]. As a result of our research, only repre-
sentatives of the Enterobacteriaceae family were
identified on the fetal membranes of patients; and
only in one case — fungi of the Candida spp.

The Enterobacteriaceae family was detected by
other authors, who have also identified: Protobacte-
ria, Bacteroides, Fusobacteria, and Tenericutes [19,
20]. Opinions concerning the viability of these bac-
teria differ in the literature. In the recent study by
L. Zhu et al. [21], in 20.7% of cases (379 out of 1.832
samples) the viable bacteria were obtained from the
fetal part of placenta during cesarean section in
full-term pregnancy without clinical signs of cho-
rionamnionitis; of these, in 13.5% (247 out of 1.832
samples) of cases, E. coli culture was identified in
the placentas. However, a number of other studies
indicate that the contamination of the samples con-
tributes to the detection of DNA of various bacteria
both on the placenta and on the fetal membranes;
or the presence of DNA only shows that these spe-
cies of bacteria were present on the placenta and the
fetal membranes, but they are not viable and do not
exhibit growth when cultured on media. It is pos-
sible that the actively growing dynamic microbiota
in the placenta and the fetal membranes does not
exist as is the case in the vagina, but the very fact of
the presence of certain microorganisms’ DNA sug-
gests important immunological processes, which
are based on the microbial antigen presentation and
the production of the cellular and humoral immu-
nity factors in response [4, 5].

CONCLUSION

On the fetal membranes in full-term pregnancy,
the presence of a total bacterial load of 1045 (1035—
105®%) GE per sample is acceptable. Unidentified mi-
croorganisms were detected in the fetal membrane
samples in 42.1% of cases, but their titer was insig-
nificant (10>%° GE per sample). With an intact am-
niotic sac, the quantity of Enterobacteriaceae spp.
representatives detected on the fetal membranes
corresponds to 10+5GE per sample on average.
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MYHOJIOTHYECKHX ITPOIIECCOB, B OCHOBE KOTOPHIX Jie-
JKUT TIPe3eHTallus aHTUTEHOB MUKPOOOB U BbIpa-
00TKa B OTBET (haKTOPOB KJIETOYHOTO U TYMOPAJh-
HOr'O0 UMMYHUTETA [4, 5].

SAK/IIOYEHUE

Ha mtoiHpIX 000J10UKaX IpU OHOIIIEHHOH Ge-
PEMEHHOCTH JIOIMyCTUMO IPUCYTCTBUE OOIIed Oak-
TEpUATLHON Macchl — 1045 (1035—-10%%) I'd/obpaser.
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HN3yueHue BINAHUA MEIIAIOIINX NOHOB TAKeEJIbIX META/LIOB
U Pa3/INYHOM IPOOONOATOTOBKHU Ha OINpeAe/ieHue IPUuMecH
PTYTH B IpOoTaMUHAa cyJIb(daTe MeTOI0M HHBEPCUOHHOMU
BOJIbTaMIIEPOMETPUHU

Kum H.O., IBaHoBckas E.A.

@I'BOY BO «Hosocubupckuil 2ocydapcmeerHblil meduyuHckuil yHugepcumem» Munsdpasa Poccuu

Study of the influence of interfering ions of heavy metals and
various sample preparation on the determination of mercury
impurity in protamine sulfate by stripping voltammetry

Kim N.O., Ivanovskaya E.A.

Novosibirsk State Medical University

AHHOTAIIUA

IMenb. OupenenuTs cofiep:kaHue PTYTH B 00pa3iiax MpoTaMHUHa CyIbdaTa ¢ pa3JIMIHON TPOOOIOIrOTOBKOM. 13-
VUUTD BIUSHUE MENIAIONIUX HOHOB Ha COZIepKaHue IPUMeCH PTYTHU B IPOTAMUHA CyJabdaTe METOJO0M HHBEPCHOHHON
BoJsibTamrepomerpuu (MBA).

MaTepuanb U MeTOABI. Vcmosp30Basu pacTBOp AJisl UHBEKIUH NMpoTaMHuHA cyiabdara cepuil 515001,
514062, 514111, A7 TPpoOOIOATOTOBKY 06pa3I[0B — pa3JIMUHbIe BADUAHTHI pa3baBjIeHUus U ocakAeHus. PazbaBieHue
MIPOBOJIMJIN OMAVCTUIIIINPOBAHHOU BOJIOH, a ocakzeHue OeJIKOB — BOJAb(pamMaToM HAaTpHUA B 2 BapuaHTax. I[Ipumecu
pTyTHU onpejiessiyiu Mmetogom MBA.

PesyaspTaThl. CofepikaHue pTyTH BOOpasax mpoTaMuHa CyIb(aTa COCTABUIO 0.000417 £ 0.00140 1 0.000420 +
+ 0.00152 MT/J1 Ipu pa30aBJIEHUH BOAOH 1: 2 M 1 : 1 COOTBETCTBEHHO U 0.000462 + 0.00131 U 0.000459 + 0.00121 NIpU
OCaKJIeHUH BOJIb(GPAaMaTOM B BApHAHTE 1 U 2 COOTBETCTBEHHO. IIpu 106aBIeHNH MeIaloero noHa, Hanpumep, Cu*
cozepkaHue pTyTH B JIII paBHAIOCH 0.000606 + 0.00015, 0.000452 + 0.00013 ¥ 0.0004212 + 0.00011 MT/J AJIs1 cCEpUH
nmporamMuHa cyabdara 514062, 515091 U 514111 COOTBETCTBEHHO, UTO HE MPEBBIIIAET 3HAYEHUH, OIIPEEIAEMBIX HOpMa-
THUBHOU JOKyMeHTanuel. Jlobasienue nonos Pb*, Fe**, Zn?*, Cu** u Cd** Tak:ke He OKa3aJio BJIUSHUs Ha ONpe/ieieHue
coJZiep’KaHUsA PTYTH B 00pasnax npoTaMuHa cysibdara.

3aknoueHue. [ onpefeseHus NpUMecHd PTYTU B IIpeliapaTe poTaMuHa cyabdaTa crenuaabHas Ipobo-
MoAroToBKa He Tpebyetcs. Monsr Cu?*, Pb*, Fe**, Cd**, Zn** He OKa3bIBAIOT BIUSHUS Ha PE3YJIbTAT ONPEEIEHUI COZIEP-
JKaHUS PTYTH B 00pasiiax npoTaMuHa cyiabdara Metomom IBA, 4TO TOBOPUT O BBICOKOM M30MPATETLHOCTH TPUMEH Ie-
MOU METOLUKHU.

Katouesnle cao8a: MHBEPCUOHHA S BOJIBTAMIIEDOMETPH S, IPOTAMUHA CYIbGAT, MEMIAIONUHA HOH, TPOOOIIOATOTOBKA.

ABSTRACT

Aim. To determine the content of mercury in protamine sulfate samples with different sample preparation. To
study the effect of interfering ions on the content of mercury impurity in protamine sulfate by stripping voltammetry
(SV).

Materials and methods. We used a solution for injection of protamine sulfate, batches 515091, 514062,
514111; for sample preparation — various options for dilution and precipitation. Dilution was carried out with bidistilled
water, and the precipitation of proteins — with sodium tungstate in 2 options. Mercury impurities were determined by
the SV method.

Results. The mercury content in protamine sulfate samples was 0.000417 £ 0.00140 and 0.000420 + 0.00152 mg/1
when diluted with water 1: 2 and 1 : 1 respectively and 0.000462 + 0.00131 and 0.000459 + 0.00121 when precipitated
with tungstate in options 1 and 2 respectively. With the addition of an interfering ion, for example, Cu**, the content of
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mercury in the medicinal product was 0.000606 + 0.00015, 0.000452 + 0.00013 and 0.0004212 + 0.00011 mg/] for
protamine sulfate batches 514062, 515091 and 514111 respectively, which does not exceed the values determined by the
product specification. The addition of Pb?*, Fe?*, Zn**, Cu?*, and Cd>* ions also had no effect on the determination of the

mercury content in protamine sulfate samples.

Conclusion. Todetermine the mercury impurity in the protamine sulfate, special sample preparation is not re-
quired. Tons of Cu?*, Pb**, Fe**, Cd2*, Zn?* do not affect the result of determining the mercury content in protamine sulfate
samples by the SV method, which indicates a high selectivity of the method used.

Keywords: stripping voltammetry, protamine sulfate, interfering ion, sample preparation.

BBEJAEHMHNE

OmpenenieHue mpuMecedl B JIEKAPCTBEHHBIX
CpeJICTBaX — aKTyaJIbHAs 3a71aua (hapMareBTHIeCcKO-
ro anaymu3a. OJHUMHY 13 OIIACHBIX 3aTPSI3HUTEIEH BO-
JTHOH Cpe/Ibl SIBJISTIOTCS TSIPKEJTble METAJUTbI, TAKHE KaK
Zn, Cd, Pb, Cu u Hg. 9Tu MeTasIbl HAKAIIMBAIOTCS
B MeJIBUAHIIINX MHKPOOPTaHU3MAaX, KOTOPBIMH ITH-
Taercs ppli0a, ¥ 3aTEM aKKyMyJIUPYIOTCA B HEH [1, 2].
IIporamuna cysnbdar COCTOUT U3 CYIb(HATOB OCHOB-
HBIX IIENTH/IOB, U3BJIEUEHHBIX U3 CIIEPMbI HJIH UKPbI
ppi0, ob6bruHO BuyoB Salmonidae u Clupeidae [3].
Ha ceromHsIHuM IeHb POTAMUHBI SIBJISIIOTCS €I H-
CTBEHHBIMU IIpenapaTaMu JiIsi HEUTpaau3anuu re-
[MapuHa, UCIOJIb3YEMBIMU B KJIIMHUYECKOH METHUITU-
He [4]. I[TockoabKy mpoTaMuHa CyabdaT MOKET CO-
JIEp’KaTh B CBOEM COCTaBe IIPUMECH PTYTH, a 3TOT Me-
TaJUT SBJISETCS TSOKEIbIM W TOKCHUYHBIM M MOJKET
OKa3bIBAaTh HETATHUBHOE BIUAHUE HA OPTaHU3M YeJsI0-
BeKa — BaXKHO OIIPEJIEJIATh ATOT MTOKa3aTeslb Ha CTa-
JINU KOHTPOJIsI KauecTBa. [IpoTamMmuHa cyibdar Takike
COZIEPIKUT IIPUMECH JKeJjIe3a, KOTOPask MOXKET 3aTPy/I-
HSATH OIIPe/IeJIEHUE PTYTH U APYTUX TSIKEIbIX MeTasl-
JIOB. B cBfI3U ¢ 3TUM HEOOXOAUMO OIEHUTD BIIUSHUE
MEMIAOIIHX NOHOB Ha OIIpe/ieJIeHre PTYTH KaK KOJIH-
YeCTBEHHO, TaK U KAUeCTBEHHO.

MemarwoImui ©0OH — 3TO MOH, KOTOPBIA B yCJIO-
BUSIX OOHAPY:KEHUST UCKOMOTO JIAeT CXO/THBIN aHATU-
THYECKUU 3(PDEKT € TEM Ke PEAKTHBOM JIOO aHAIH-
TrHyeckuil 3¢p@eKT, MaCKUPYIOIUN HYKHYI0 peax-
nuio [5]. Tak kKaKk IpoTaMUH ABJAETCA OETOKCOIEP-
JKAIUM [IPenapaToM, MOXKHO IPEAINOJIOXKUTh, UTO
KaTHOHBI PTYTH MOTYT 00Pa30BbIBATh KOMILJIEKCHbIE
coeHEeHUs ¢ O€JIKOBOM cocTaBJisttomei. J{iist yerpa-
HEHWUSI 3TOTO BJIMSHUS HEOOXOJUMO IIPOBOIUTD IIPO-
OOIOATOTOBKY MO y/IAJIEHUIO OEJTKOBOI YacTH IMyTeM
ocakeHus 6ekos [6].

IEJIb NCCJIEJOBAHUA

OmnpenenuTh COIep:KaHWe PTYTH B 00pasmax
[IpOTaMUHa Cy/IbdaTa ¢ pa3IMYHOH ITPOOOIOATOTOB-
Koi. VI3yuuTh BIIUSHIE MEIIAIONINX HOHOB Ha COZIep-
JKaHHUe MPUMeCH PTYTH B MMPOTaMHUHA CyJibdaTe Me-
TOJIOM MHBEPCUOHHOH BobTammnepomMerpuu (11BA).

INTRODUCTION

Determination of impurities in drug products
is an urgent task of pharmaceutical analysis. Heavy
metals such as Zn, Cd, Pb, Cu and Hg are among the
hazardous pollutants in the aquatic environment.
These metals accumulate first in the smallest mi-
croorganisms that fish feed on, and then in the fish
itself [1, 2]. Protamine sulfate consists of sulfates of
basic peptides extracted from the sperm or eggs of
fish, usually of the Salmonidae and Clupeidae fami-
lies [3]. Currently protamines are the only drugs for
neutralizaton of heparin in clinical settings [4]. Since
protamine sulfate can contain a mercury impurity,
and this metal is heavy and toxic with a negative im-
pact on the human body, it is important to determine
this indicator at the quality control stage. Protamine
sulfate also contains iron impurity which can make
it difficult to detect mercury and other heavy metals.
In this regard, it is necessary to assess the influence
of interfering ions on the determination of mercury
both quantitatively and qualitatively.

An interfering ion is an ion that, under the condi-
tions of detection of the desired one, gives a similar
analytical effect with the same reagent or an analyti-
cal effect that masks the desired reaction [5]. Since
protamine is a protein-containing drug, it can be as-
sumed that mercury cations can form complex com-
pounds with a protein component. To eliminate this
effect, it is necessary to carry out sample preparation
to remove the protein fraction by precipitation [6].

AIM OF THE RESEARCH

To determine the content of mercury in prot-
amine sulfate samples with different sample prepa-
ration. To study the effect of interfering ions on the
mercury impurity in protamine sulfate by stripping
voltammetry (SV).

MATERIALS AND METHODS

We used a solution for injection of protamine
sulfate, batches 515091, 514062, 514111 (Novosib-
khimpharm JSC, Russia).
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MATEPUAJIBI 1 METO/AbI

JI71s1 paboThI UCIIOIB30BAIA PACTBOP IS UHB-
eKITUH TpoTaMuHa cyJsibdara cepui 515091, 514062,
514111 (OAO «HoBocubxumdapm»).

W3BECTHO, YTO PaCTBOPUMOCTh OEJIKOB 3aBU-
CUT OT MHOTHX (DAaKTOPOB — MPUPO/IBI, cocTaBa v pH
pacTBoOpHUTEIsA, TEMIIEPATYPhI U Ap. [1o 3TOM mpuyu-
He JIUIsI TPOOOIIO/ITOTOBKH 00pAa3IioB UCIOJIb30BATIHI
pas3JIMYHbIe BAPUAHTHI Pa30aBIEHUS U OCAXKIEHUS.

IIpo6oroATroTOBKY Mpo06 MpoTaMuHA CyJbdara
MIPOBOAWIH IIyTeM pasbaBjieHusi OUIUCTU/LINPOBaH-
HOH BOJOH B COOTHOIIEHUAX:

1:1— 1 MJI IpOTaMuHa cyabdaTa 1 1 M1 Oumau-
CTHJIMPOBAHHOM BOJIBI;

1:2 — 1 MJI IpOTaMuHa cysibdara u 2 MJI OuIu-
CTUJIUPOBAHHOU BOJIBI.

Jlis mostyueHusi Heobxoaumon pH cpeasl uc-
[I0JTH30BAJTU Pa3JIMYHbIE BAPUAHTHI OCaZuTeNIel 6e-
KOB, OITCaHHbIE B [6]. /[JIs1 BAapHaHTOB 1 U 2, C pa3-
HBIM COOTHOIIIEHWEM peareHTOB — OCaINuTesIeH
Oesnka, 3HaueHue pH cocrapisio 6.5, 719 BapuaH-
Ta3—7.5.

PacTBOpBI TOTOBUJIM B 3 BApHAHTAX:

1. Bpas 1 Mut pacTBOpa MpoTaMuHa cyabdara,
JI06ABJIISITH 77 MJT OUTUCTHJIMPOBAHHOMN BOJIBI IS TO-
MOTEeHHU3aIuH, 1 MJI 10% pacTBopa BoJsibdpamaTa Ha-
TpUs (Na2W04 -2H,0) BBOZE M1 M 0.335 M H2$O4.

2. Bpasii 1 Mu1 pacTBOpa IpoTaMHHA CyJIbdaTa,
J06aBsIsIn 8 MJT OMMCTUINPOBAHHOM BOJIBI JIJIsI TO-
MOTEHU3AIUH, 0.5 MJI 10% pacTBopa BoJbdpamara
narpus (Na,WO = 2H,O) B BOZE M 0.5 M1 0.335 M
H,SO,.

3. Bpanu 1 M1 pacTBOpa mpotamMuHa cyabdara,
JI00ABIIAIN 7 MJT OUJUCTUJIMPOBAHHOU BOJBI, 7 MJI
10% pacrBopa ZnSO, - 7H,O u 1 mx 0.5 M pacrBo-
pa NaOH.

ITocne ocaxkieHns 6EJIKOB TPOBOIUIIU IIEHTPH-
(¢yrupoBaHme pacTBOpOB B TeueHHEe 3 MUH B IIeH-
tpudyre Multicentrifuge CM 6M co CKOpPOCTHIO
3000 00./muH. [locie otaeneHus: GEJIKOB IEHTPH-
¢yrupoBanneM B 6e30€JIKOBOBOI YaCTH U3MEPSLIH
MIpUMeCh PTYTH.

Onpenenenye copep:kaHus PTYTU B 0Opasmax
MpoTaMuHAa cyJsibdaTa MPOBOAWIN C ITOMOIIBIO Me-
TOJUKH, ONMCAHHOU B [7], METOIOM WHBEPCUOHHOM
BOJIBTAMIIEPOMETPHY IPH CJIEAYIONIUX TTapaMeTpax:
BpPEMs PaCTBOPEHUA 10 ¢, YPOBEHDb BUOpAIINK Ha CTa-
JIUM pacTBOpeHUs 6, BpeMs HaKOIIeHus: 80 ¢, ypo-
BeHb BHOpAIlMU Ha CTAJIMH HAKOIUIEHUA 9, BpPeMs
ycriokoeHus 5 c. ITorennuan HakomiaeHus —0.6 B,
MOTEHIINAJ Ha 3Talle pacTBOpeHus 0.75 B, moreHIu-
aJI yCroKoeHusi 0.35 B, 4TO cOOTBETCTByeT Havasy
pasBepTKU MOTEHIIMAa, PACTBOPEHNE KOHIIEHTpAaTa
PTYTH C TIOBEPXHOCTH 3JIEKTPOJIa TIPU MTOCTOSHHOM

It is known that the solubility of proteins de-
pends on many factors — the nature, composition
and pH of the solvent, temperature, and others. For
this reason, various dilution and sedimentation op-
tions were used for sample preparation.

The sample preparation of protamine sulfate
samples was carried out by dilution with bidistilled
water at the ratio:

1:1 — 1 ml protamine sulfate and 1 ml bidis-
tilled water;

1: 2 — 1 ml protamine sulfate and 2 ml bidis-
tilled water.

To obtain the required pH of the medium, vari-
ous options of protein precipitants described in [6]
were used. For options 1 and 2, with different ra-
tios of reagents — protein precipitants, the pH value
was 6.5, for option 3 — 7.5.

The solutions were prepared in 3 options:

1. We took 1 ml of protamine sulfate solution,
added 7 ml of bidistilled water for homogenization,
1 ml of 10% sodium tungstate solution (Na, WO R 2H,0)
in water and 1 ml of 0.335 M H,SO,.

2. We took 1 ml of protamine sulfate solution, add-
ed 8 ml of bidistilled water for homogenization, 0.5 ml
of 10% sodium tungstate solution (Na,WO = 2H,0) in
water and 0.5 ml of 0.335 M H,SO,.

3. We took 1 ml of protamine sulfate solution, add-
ed 7 ml of bidistilled water, 7 ml of 10% ZnSO,- 7H,0
solution and 1 ml of 0.5 M NaOH solution.

After precipitation of proteins, the solutions
were centrifuged for 3 min in a Multicentrifuge CM
6M at a speed of 3000 rpm. After separation of pro-
teins by centrifugation, the mercury impurity was
measured in the protein-free part.

To determine the mercury content in protamine
sulfate samples, we performed stripping voltam-
metry using the technique described in [7] with
the following parameters: dissolution time — 10 s,
vibration level at dissolution stage — 6, accumula-
tion time — 80 s, vibration level at accumulation
stage — 9, settling time — 5 s. The accumulation po-
tential was —0.6 V, the potential at the dissolution
stage — 0.75 V, and the settling potential — 0.35V,
which corresponds to the beginning of the poten-
tial sweep. At a constant current of potential sweep
from 0.35 to 0.75 V, mercury concentrate from the
electrode surface was dissolved at a rate of 40 mV/s.

RESULTS AND DISCUSSION

The results of the mercury detecting in prot-
amine sulfate samples with preliminary sample
preparation are presented in Table 1.

14

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



doi: 10.31549/2542-1174-2021-1-12-19

Kim N.O., Ivanovskaya E.A. / Journal of Siberian Medical Sciences 1 (2021) 12—19

TOKe pa3BEPTKHU MOTEHIAJIA OT 0.35 /0 0.75 B mpo-
XOZIUJIO CO CKOPOCTHIO 40 MB/c.

PE3YJIBTATDBI 1 OBCY2KIEHUE

PesynpTaThl OmpenesieHus PTYTH B 00pasmax
IIpoTaMHHA Cy/abdara ¢ mpeaBapUTETbHOU ITPOOO-
IIOZITOTOBKOM IIPe/ICTaBJIEHBI B TA0JI. 1.

Kak BusiHO 13 TabJ1. 1, cofiep;KaHue PTYTU B TO-
TOBOM JIEKAPCTBEHHOM IIpemapare U B obpasmax c
MPE/IBAPUTETHLHON MPOOOIIOATOTOBKON 3HAYUTEb-
HO He ominuaercs. IIpu ocaskieHnu GeTKOB cozep-
JKaHHUE BO3PACTaeT, HO IIPH IAHHBIX KOHIIEHTPAIIHIX
[IpUMeCH PTYTH 3TO YBEJUUYEHHE SABJISAEeTCS He3HAUU-
TeJILHBIM. B CBSI3U C BBINIEN3/I03KEHHBIM MOKHO CJie-
JIaTh BBIBOJ, UTO IIPEABAPUTEIHHON ITPOOOIIOITOTOB-
KU He TpedyeTcs.

Yro065sI O1leHUTh BiausHue noHoB Cu?*, Pb**, Fe**,
Cd?*, Zn>* Ha copiepsKaHKe PTYTH B o0pasmax mpoTa-
MUHA Cy/1bGaTa, B 3JIEKTPOXUMUYIECKYIO SUEHKY BHO-
CIWIU 50 MKJI IpoObI (pacTBOp MpOoTaMHHA CyJsibda-
Ta), PETUCTPUPOBAIIN AHATUTHIECKUH CUTHAJ IIPO-
0BI, 3aTeM BHOCIJIH 110 10 MKJI PACTBOPOB rocyziap-
CTBEHHBIX CTAaHJAPTHBIX 0OpA3I[0B M3YUaeMbIX KO-
HOB, PETUCTPUPOBATIN AHAJTUTHYECKUN CUTHAJ, II0-
cJIe 5TOTO BHOCUJIN 50 MKJI PacTBOpa PTYTU C KOH-
LIeHTpaIyel 0.1 Mr/JI, PETUCTPUPOBATIA aHAJIUTUYE-
CKHH CUTHAJT U OIEHUBAJIM PE3YJIBTAT.

O6b1yHO Jyist ompezenenus uonos Cuz*, Pb2*,
Fe?*, Cd**, Zn*>* HCHOOJB3YIOT PTYTHO-IIEHOYHBIH
BJIEKTPO/. B HaIleM rccieJoBaHUY TPUMEHSIICA 30-
JIOTOYTJIEPOZCOEPSKAIIMI 3JIEKTPOJ, B KaUecTBe pa-
060uero, 9JIEKTPOZIOM CPaBHEHUs CIIYKIJI XJIopce-
pebpsiHbIll 3eKTpoA. [T0CKOJIBKY 30JI0TOYTJIEPO/I-
COZlEpKAIUN 3JIEKTPOJ, SABJIAETCH CeJEKTUBHBIM,
NpeHa3HAYEHHBIM JIJISI OIIPE/IeJIEHHS PTYTH U MbI-
mbsika [8], To m3yyaeMble KaTHOHBI TSKETbIX Me-
TaJIJIOB TEOPETHYECKU HE MOIJIM IIOMEIIATh OIpe/ie-
JIEHUIO PTYTH.

ITosyueHHBIE PEBYJIBTATHI
TabJI. 2 ¥ HAa pUC. 1-5.

IIpeacraBJI€eHbl B

As you can see from Table 1, the mercury lev-
els in the finished pharmaceutical product and in
the samples with preliminary sample preparation
do not differ significantly. During the precipita-
tion of proteins, the mercury content increases, but
at given concentrations of mercury impurity, this
increase is insignificant. In connection with the
above, it can be concluded that preliminary sample
preparation is not required.

To assess the effect of Cu?*, Pb2*, Fe>*, Cd=",
Zn** ions on the mercury level in protamine sul-
fate samples, we dispensed 50 ul of a sample (prot-
amine sulfate solution) into the electrolytic cell, the
analytical signal of the sample was recorded; then
10 pl of solutions of state standard samples of the
studied ions were added, the analytical signal was
recorded; then 50 pl of a mercury solution with a
concentration of 0.1 mg/1 was added, the analytical
signal was recorded, and the result was evaluated.

A mercury film electrode is normally used to
determine the Cu2*, Pb**, Fe>*, Cd**, Zn** ions. In
this study, we used a gold-carbon electrode as a
working one; a silver-chloride electrode served as
a reference electrode. Since the gold-carbon elec-
trode is selective and is designed to determine mer-
cury and arsenic [8], the studied cations of heavy
metals theoretically could not interfere with the
detection of mercury.

The results obtained are presented in Table 2
and Fig. 1-5.

Data of Table 2 indicate that metal cations do
not interfere with the determination of content of
mercury in protamine sulfate. The mercury con-
tent in protamine sulfate with the addition of heavy
metal cations differs quantitatively by a value that
is within the range of acceptable error.

According to the product specification, name-
ly the certificate of analysis for protamine sulfate,

Taosauna 1. Cozep:xkaHue PTyTH B 00pasnax IpoTaMuHa cysabdara ¢ pa3IndHON IPOoOOIIOATOTOBKOH
Table 1. Content of mercury in protamine sulfate samples with different sample preparation

BapuanT npo6omnoaroroku / Sample preparation option

Copepskanue pTyTy, Mr/a | Mercury content, mg/1

IIporamuHa cyibdar cepun 514111 6e3 TPOOOIOATOTOBKH

Protamine sulfate, batch 514111 without sample preparation

Pazbagssienue Bozioi 1 : 2 / Dilution with water 1: 2
Pas6agsJsienue Bozoii 1 : 1 / Dilution with water 1: 1

Ocasx/ieHue BosibdpamMaToM (BapHUaHT 1)
Precipitation by tungstate (option 1)

OcaxieHue Bosib(ppamMaToM (BapuaHT 2)
Precipitation by tungstate (option 2)

Ocaxnenue ZnSO, (Bapuawnt 3) / Precipitation by ZnSO, (option 3)

0.000423 £ 0.00121

0.000417 + 0.00140
0.000420 + 0.00152
0.000462 + 0.00131

0.000459 + 0.00121

0.000533 + 0.00113

Journal homepage: http://jsms.ngmu.ru
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Fig. 1. Voltammogram of protamine sulfate with the Fig. 2. Voltammogram of protamine sulfate with the
addition of Cu** addition of Pb2*
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Fig. 3. Voltammogram of protamine sulfate with the Fig. 4. Voltammogram of protamine sulfate with the
addition of Zn2* addition of Cd**
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. ®on / Background . Ipo6a / Sample . Jlo6aska / Additive
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Puc. 5. Boaprammneporpamma nporaMuHa cysibdara c jobasienuem Fe?
Fig. 5. Voltammogram of protamine sulfate with the addition of Fe2*

Taosauna 2. CozepkaHue pTyTH B 00pasnax IpoTaMuHa cysibdaTa pasindHbIX cepUi py fobaBaeHnu noHos Cu?t, Pb**,

FeQ*, Zn2+, Cd2+

Table 2. Content of mercury in protamine sulfate samples of various batches when adding Cu?*, Pb**, Fe?*, Zn?*, Cd2*

IIporamuHa cyiabdar / Protamine sulfate

Copepskanue pTyTy, Mr/a | Mercury content, mg/1

Bes mo6aBok / Without additives:
cep. / b. 514062
cep. / b. 515001
cep. / b. 514111

C no6asnenuem Cu?* / With the addition of Cu?*:

cep. / b. 514062
cep. / b. 515001
cep. / b. 514111

C no6asiienriem Pb2+ / With the addition of Pb**:
cep. / b. 514062
cep. / b. 515001
cep. / b. 514111

C no6assenuem Fe?* / With the addition of Fe**:
cep. / b. 514062

cep. / b. 515001
cep. / b. 514111

C no6asienuem Zn>* / With the addition of Zn>*:

cep. / b. 514062
cep. / b. 515001
cep. / b. 514111

C no6assennem Cd** / With the addition of Cd2*:

cep. / b. 514062
cep. / b. 515001
cep. / b. 514111

0.000633 + 0.00019
0.000471 + 0.00015
0.000432 + 0.00013

0.000606 £ 0.00015
0.000452 + 0.00013
0.000412 + 0.00011

0.000661 + 0.00018
0.000483 + 0.00018
0.000462 + 0.00014

0.000651 + 0.00019
0.000479 + 0.00017
0.000455 + 0.00012

0.000686 + 0.00020
0.000492 + 0.00019
0.000471 £ 0.00018

0.000658 + 0.00022
0.000484 + 0.00016
0.000460 + 0.00017

IIpumeuanue. Cep.— cepus.
Note. b. — batch number.
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Kak BUZIHO W3 TIPE/ICTaBJIEHHBIX B Ta0JI. 2 JaH-
HBIX, KATHOHBI METAJJIOB HE OKA3bIBAIOT MEIIIAOIIe-
TO BJIMSIHUS Ha OIpeJleJIeHHe COEePIKAHUsI PTYTU B
nporamuHa cyibdare. CozepkaHue PTyTH B IPOTa-
MUHa cyJibdare Ipu 06aBIEHUN KATUOHOB TSKEJIBIX
METAJUIOB KOJIMUECTBEHHO OTJIMYAETCS Ha BEJININHY,
KOTOpAas BXOJUT B MHTEPBAJI IOIYCTUMOH OIIUOKH.

CorsjacHO HOPMATHUBHOW JIOKyMEHTAIlWH, a
MMEHHO CepTU(DUKATY aHATN3a HA TPOTAMUHA CYJTb-
(aT — mpuMecu PTYTU JOJDKHO OBITH <10 ppm (I
10 mr/n). Cozep:kaHue PTYTH B M3y4aeMbIX 0Opas-
[IaX COOTBETCTBYeT TPeOOBaHUAM HOPMATHUBHOU JI0-
KyMEHTAI[{H.

3AKJIIOYEHUE

IIpoBeieHHOE WCCIIEOBAHKE TI03BOJISET Cle-
JIaTh CJIEYIOIIHE BHIBO/IBIL:

1. /Iy ompesiesieHHsT COAep:KaHusA PTYTH B 00-
pasuax mnmporamMuHa cyiabdara creruajbHas mpobo-
IIOITOTOBKA He TpebyeTcs.

2. Honsl Cu**, Pb?*, Fe**, Cd>*, Zn>* He BJIMAIOT HA
Pe3yJIbTaThl ONPEESIEHUsI COJIEPKaHUA PTYTH B 00-
pasIax IpoTaMuHa Cy/Ib(haTa, 4TO TOBOPHUT O BBICOKOI
M36UpaTETbHOCTH HUCIIOIB3yEMON HAMU METOTUKH.
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mercury impurity should be <10 ppm (or 10 mg/1).
The content of mercury in the samples under study
meets the requirements of the product specifica-
tion.

CONCLUSION

The research results allow us to draw the fol-
lowing conclusions:

1. To determine the mercury content in prot-
amine sulfate samples, special sample preparation
is not required.

2. Ions of Cu?*, Pb2*, Fe>*, Cd**, Zn** do not af-
fect the results of determining the mercury content
in protamine sulfate samples, which indicates a
high selectivity of the procedure we used.
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AHHOTAIIUA

lenapu sABJsIeTCA aHTUKOATYJIAHTOM, IIMPOKO NIPUMeHsAEeMBbIM B KJINHUYEeCKOU MpakTuke. [JoMuMo aHTHKOATY-
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IIPOTEKTUBHBIM JIEHCTBUEM, IIPOSBIISET AHTUAJIEPIUYECKUH U TUIIOTeH3UBHBIH 3 deKThl. [emapua MOy IupyeT Kap-
JIUOTPOITHBIE, HEHPOTPOIIHbIE, AaHTUTUIIOKCHYECKHEe, aHTUHUIIEMIYeCKHe CBOMCTBA PETYJIATOPHBIX MENITH/IOB U dapMa-
KOJIOTMYECKUX CPE/ICTB, IPUMEHAIOMUXCA IPU 00e360IMBaHUN U HapKo3e. IIpu aToM kpaiiHe Maso nHpopmauu o6
AHTUHOIUIIEITUBHOM JIEICTBUU TellapruHa.

Lesp HacTOAMENH PAaOOTH — U3yUeHUe BIUSAHUSA renapruHa IIPU COYeTAHHOM IPHUMEHEHUH C OIUOUJTHBIM aroHH-
cToM ¢GeHTAaHUIJIOM Ha MIO-DEIeNTOPhl Ha CIIMHAJIBHOM U CyIIpAacIMHAJIBHOM YPOBHAX. B ombITax Ha J1abOpaTOPHBIX
KpbICax yCTAaHOBJIEHO, UTO TellapuH IIPHU IIpe/IBApDUTEIbHOM U COBMECTHOM BBeIeHUH ¢ (eHTAaHUJIOM YBeJIUYHuBaeT Ja-
TEHTHBIH NepUOJT PEaKIIUK OTBEJEHUS XBOCTA U PeaKI[UK 00In3bIBaHusI 1all. HaJI0KCOH, SIBIISIONIUNCA aHTAaTOHUCTOM
OIIMOU/IHBIX PEIeNTOPOB, CHUKaeT aHTHHOLNUIENITUBHYI0 3¢ dekTuBHOCTD. [IpoTamMrHa cyabdaT TakKe CHUKAET yPo-
BeHb CEHCUOMIN3AINY TelIapUHOM OIHOUTHBIX PELEeIITOPOB.

TakuM 06pasoM, [0JIyUYeHHbIE TaHHBIE TI03BOJIAIOT TOBOPUTD O CEHCUOUIM3UPYIOIIEM JIeHCTBUH rellapiHa Ha MIO-
OIIMOU/IHBIE PENENITOPBI, MHUIMHUPOBAHHbBIE aTOHUCTOM, Ha CIUHAJIBHOM U CYIIPACIHUHAJIBPHOM YPOBHAX.

Kaloueswvle caoea: renapuH, GeHTaHWT, HAJIOKCOH, TPOTaMHUHA CyIb(ar, aHTHHOIUIIENITUBHOE JIEUCTBHUE.

ABSTRACT

Heparin is an anticoagulant widely used in clinical practice. In addition to anticoagulant activity, heparin has a cyto-
static, bacteriostatic, antilipemic, radioprotective effect, and exhibits antiallergic and hypotensive action. Heparin modu-
lates cardiotropic, neurotropic, antihypoxic, anti-ischemic properties of regulatory peptides and pharmacological agents
used in pain relief and anesthesia. At the same time, there is very little information about the antinociceptive effect of
heparin.

The aim of this work is to study the effect of heparin in combination with the opioid agonist fentanyl on mu-opioid
receptors at the spinal and supraspinal levels. In experiments on laboratory rats, it was established that heparin, when pre-
administered and combined with fentanyl, increases the latency in the tail flick test and the paw licking test. Naloxone, an
opioid receptor antagonist, reduces antinociceptive efficacy of the studied compounds. Protamine sulfate also reduces the
level of heparin sensitization of opioid receptors.
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Thus, the obtained data allow us to speak about the sensitizing effect of heparin on initiated by an agonist mu-opioid

receptors at the spinal and supraspinal levels.

Keywords: heparin, fentanyl, naloxone, protamine sulfate, antinociceptive action.

BBEJAEHHNE

lemapuH, TPUMEHAINUNACA B KIMHAYECKON
MpaKTHUKe KaK aHTUKOATYJISTHT IIEPBOrO BhIGOpa, 00-
JIaZIAaeT TEJIBIM PSIOM CBOMCTB, BBIXOZAIINX 32 paM-
KU aHTHUKOATYJITHTHOU cucTemsl [1]. [lomumo aHTH-
KOAryJISAIMOHHON aKTUBHOCTH TeTIapHH 001a/1aeT IU-
TocTaTUdeckuM [2], 6akTepuocTaTudecKuM [3], aH-
THWINIIEMHUYECKUM [4], paIIOTIPOTEKTUBHBIM [5] /1eti-
CTBHEM, BBISIBJIEHBI €70 aHTHAJUIEPTHUECKU [6] v Tu-
oTeH3UBHBIN [7] addexTsl. CpaBHUTENBPHO HEZAB-
HO ObUIa IOKa3aHa CIOCOOHOCTh relapyiHAa CBS3bI-
BaTh U WHAKTUBHUPOBATh MPUPOJHBIE TOKCUHBI, BXO-
JIAIINE B COCTAB ITYEJIMHOTO SI7]a U HEKOTOPBIX 3MEH-
HBIX s70B [8], a TakKe B3aMMO/IEHCTBOBATh C HEKO-
TOPHIMU (hapMaKOJIOTHUECKIMU BeleCTBAMH [9, 10].

AddexThl TenmapuHa 00YCJIOBJIEHBI PA3JIMUYHBI-
MU MeXaHU3MaMu. B yacTHOCTH, TOKa3aHO, YTO MHO-
rue 3¢ deKThl TemapuHa CBA3aHBI C €ro CIIOCOOHO-
CTHIO MOZYJIMPOBATh YPOBEHb HOHOB Kabiusa (Caz*)
[11]. ITporiecc MOBHIIIEHHS BHYTPUKIIETOYHOTO YPOB-
us1 Ca?* 00yc/I0BJIEH TEM, UTO BCJIEJCTBHE aKTUBAIIUH
¢ocdonmnnazsl C npoucxoaut rugpoans ¢GochoruHo-
3UTHUIOB, B pe3yJIbTaTe 4ero obpasyeTrcs WHO3UTOI-
1,4,5-Tpudocdar (13®), KOTOPHIH MOOUIU3YET BbI-
X071 BHyTpukierounoro Ca** [12, 13]. MHorue ad-
dextpr Ca?* orocpesloBaHbl OEJTKOM KaJIbMOJIYJIH-
HOM, YPOBEHb KOTOPOTO MOKeT IMOBbIIIaTh HAM®,
YTO IPUBOJIUT K elrfe 6osbineMy Boixoay Ca** u3 BHy-
TPUKJIETOYHBIX pe3epBoB [11]. 'ermapwH OKa3bIBaeT
BBIPaKEHHOE TUIIEPITIOJISIPUBYIOIIee JIEHCTBUE U MO-
JKeT U3MEHATh 3apsIHOCTh MeMOpaH, TaKuM oOpa-
30M MOAYJIUPYS JIEACTBUE KAJIBI[MEBHIX KAHAJIOB U
perysupysi ypoBeHb CBOOOHBIX HOHOB KaJIbIIHS, SIB-
JISIOIINXCS OAHUM W3 BRXKHEUIINX WHAYKTOPOB BBI-
JleJIeHus1 BHyTpuKIeTogHoro Ca? [14].

Kpome Toro, y remapuHa BbISBJIE€HA BO3MOXK-
HOCTh OOpPa30BBIBATh KOMIUIEKCHI C PA3THMIHBIMU
coemuHeHUsIMH. ['ermapuH criocobeH oO0pa3oBBIBATh
KOMILIEKCHI C TIOJIOKUTEJIbHO 3apsuKeHHBIMHU KO-
HAaMH METUIOB, KATHOHAMU, B TOM YHCJIE OpTaHU-
yeckumu: K+, Na*, Ca**, Ba>*, Cu**, Cl-, SO 5 PO,
CH,COO~ [15, 16]). TokazaHa CIIOCOOHOCTH Teapu-
Ha 06Pa30BbIBATH KOMILIEKCHI C IIIMPOKUM CIIEKTPOM
aMHUHOKUCJIOT, 0€TKOB, IENTH/I0B, GepMEHTOB, KaTU-
OHHBIX COeIMHEHUH, TPU STOM MOTYT MEHATHCA KaK
€ro coOCTBEHHbIE CBOICTBA, TAK ¥ CBOKCTBA BEIIECTB,
BCTYIIAIOIINX C HUM BO B3aummojercTue [17—21]. e-
IMapUH MOKET 00pPa30BBIBATH KOMILIEKCHI C (PU3HU-

INTRODUCTION

Heparin, which is used in clinical practice as
the first-line anticoagulant, has a number of prop-
erties that go beyond the anti-coagulant system [1].
In addition to anticoagulant activity, heparin has
cytostatic [2], bacteriostatic [3], antilipemic [4],
radioprotective [5] effects; its antiallergic [6] and
hypotensive [7] action has been identified. Com-
paratively recently, the ability of heparin to bind
and inactivate natural toxins that are a part of bee
venom and some snake venoms [8], as well as inter-
act with some pharmacological substances [9, 10],
was shown.

The effects of heparin are due to various mech-
anisms. In particular, it was shown that many of
these effects are associated with the ability to mod-
ulate the level of calcium ions (Ca**) [11]. The pro-
cess of the intracellular Ca2* level increase is due to
the fact that, because of the activation of phospholi-
pase C, the hydrolysis of phosphoinositides occurs,
as a result inositol-1,4,5-triphosphate (Ins3P) is
formed which mobilizes the release of intracellular
Ca®* [12, 13]. Many effects of Ca** are mediated by
the protein calmodulin the level of which can in-
crease cAMP, which leads to an even greater release
of Ca** from intracellular reservoirs [11]. Heparin
has a pronounced hyperpolarizing effect and can
change the membranes’ charge, thus modulating
the action of calcium channels and regulating the
level of free calcium ions which are one of the most
important inducers of intracellular Ca**release [14].

In addition, it was revealed that heparin could
form complexes with various compounds. Heparin
is capable of complexing with positively charged
metal ions, as well as cations, including organic
ones: K+, Na *, Ca>*, Baz*, Cu>*, CI-, SO, PO,
CHgCOO‘ [15, 16]. The ability of heparin to form
complexes with a wide range of amino acids, pro-
teins, peptides, enzymes, and cationic compounds
has been proven, while both its own properties and
the properties of substances interacting with it can
change [17—21]. Heparin can form complexes with
physiologically active peptides. The interaction of
heparin with peptides can significantly affect vari-
ous parts of the regulatory system. It was found
that heparin influences the manifestation of some
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OJIOTMYECKH aKTHUBHBIMHU IenTHaaMu. Bzammozeii-
CTBUE rellapUHa C [IENTH/IAMU MOJKET CYIIIeCTBEHHBIM
00pa3oM OTpaKaThCs HA PA3JIMYHBIX 3BEHBSIX CHCTE-
MBI PEryJsiluu. YCTAaHOBJIEHO, YTO TeIapuH in Vivo
BJIUSET HA NPOSBJIEHHE HEKOTOPHIX dDQEKTOB psAsia
PEryJIATOPHBIX MENTUAOB: aIPEHOKOPTUKOTPOITHOTO
ropmoHa [22], Tuposubepuna [23], TIOTEMHU3UPYIO-
IIIEr0 TOPMOHA, OITUOW/IHBIX MENTHJIOB [24], Gpasu-
KWHWHA, MHCY/IUHA [25].

[Ipu sTOM B HAYIHOU JIUTEpPATYpE KpaiiHe Majo
nHpopManuu 00 aHTUHOLMIIEIITUBHOM JeHCTBUU
renapuHa. KocBeHHbIE TaHHBIE MO3BOJIIOT TOJIBKO
[IPEATIOIIAaraTh HAJTMINE STUX CBOHCTB.

IIEJIb UCCJIETOBAHUHA

W3ydenue BIUAHUA rellapyHa IIpU COYETAHHOM
IIpUMEHEHUU C ONHOUJHBIM aroHUCTOM (eHTaHHU-
JIOM Ha MIO-PelelITOPhI Ha CIIMHAJIBHOM U CyIIpacIu-
HQJIbHOM YPOBHSIX.

MATEPHUAJIBI 1 METO/ABbI

WccnemoBanue mpOBOAWJIOCH Ha 112 HEIU-
HEWHBIX J1aOOPAaTOPHBIX KpbICAX-CAMIAX MAaCCOH
200 + 10 T, COZIepKaIuXCsl Ha 0OIEeM palroHe BU-
Bapus. CojiepKaHue W OINEePaTHUBHBIE BMeIIaTE b~
CTBA OCYIIECTBJISUTM B COOTBETCTBHH C HOPMAaTHBa-
mu, npexacraBiaeHHbiMu B Guide for Care and Use
of Laboratory Animals, u TpeboBaHUAMYU TpPHUKa3a
MunucreperBa 3apaBooxpaHeHus P® or 1 ampesnsa
2016 1. N2 199H «O6 yTBep:KaeHuu [IpaBui HajIe-
JKarel J1abopaTOpHOU TPAKTUKHI».

B pabore wucciaenoBaiu CaeAyIONIHE IIperna-
paTthl: 1) BBICOKOMOJIEKYJISIPHBIM TemapwH, IPOU3-
BosictBa ®I'YII «MOCKOBCKUU DHIAOKPUHHBIA 3a-
BOZ», cozepKamuii B 1 MJI pactBopa 5000 ME
(1 ME = 0.0077 mr); 2) dbeHTaHWI, IIPOU3BOCTBA
OTYII « MOCKOBCKHY 3H/IOKPUHHBIN 3aBOJT», COZIEP-
JKaAITUUA B 1 MJI PacTBOpa 0.05 MT CyXOTO BEIECTBA,
SABJIAIONIUNACA aroHHUCTOM MIO-PeNenTopoB [26];
3) mporamuHa cyabdar, mpouspoacTa OIYII «Mo-
CKOBCKUH 3H/TOKPUHHBIHN 3aBOJI» , COZIEPIKALIIH B 1 MJI
pacTBopa 10 MT CyXOT'0 BEIIIECTBA, IBJISAIOIIErocs 6J10-
KaTOPOM rerapuHa [27]; 4) HaJIOKCOH, TPOU3BO/ICTBA
dapmarneprryeckoro 3aBozaa «Ilossda» (ITosbimna),
0.4 MT/MJI, SIBJISIIONIAMCS AHTATOHKUCTOM OITHOW/I-
HBIX pernieniTopoB [28]. Mceenyembie BelecTBa BBO-
JIUTA BHYTPUOPIOIIMHHO B 00bEME 1 MJI B OIpe-
JIEJIEHHOW II0C/IeI0BATENbHOCTH, IIPEAYCMOTPEH-
HOU YCJIOBUSIMU OIIbITA. BpeMsi Mesk/1y BBeIeHUSIMH
OBLIIO IOCTOSIHHBIM U COCTABJISJIO 10 MUH.

B kauecTBe 00bEKTA HUCCIIEIOBAHUS BIIUSHUSA I'e-
IMapyHa Ha YyBCTBUTEILHOCTD OITMOU/IHBIX PEIIENTO-
POB HCIIOJIb30BajIach SHJIOTEHHAs HOIUIIENTHBHAS
cucremMa. HorumenTuBHbIE PEAKIIMHN OIIEHUBAIU I10

effects of a number of regulatory peptides in vivo:
adrenocorticotropic hormone [22], thyroliberin
[23], luteinizing hormone, opioid peptides [24],
bradykinin, insulin [25].

At the same time, there is very little informa-
tion on the antinociceptive effect of heparin in the
scientific literature. Indirect data allow us only to
assume the presence of these properties.

AIM OF THE RESEARCH

To study the effect of heparin in combination
with the opioid agonist fentanyl on mu-receptors at
the spinal and supraspinal levels.

MATERIALS AND METHODS

The study was carried out on 112 outbred labo-
ratory male rats weighing 200 + 10 g, kept on the
standard diet of the vivarium. Animal management
and surgical interventions were carried out in ac-
cordance with the Guide for the Care and Use of
Laboratory Animals, and the order of the Ministry
of Health of the Russian Federation of April 1, 2016
No. 199n “On the approval of the Rules of good lab-
oratory practice.”

The following drug preparations were studied
in the experiment: 1) high molecular weight heparin,
produced by the Moscow Endocrine Plant, contain-
ing 5000 IU in 1 ml of solution (1 IU = 0.0077 mg);
2) fentanyl, produced by the Moscow Endocrine
Plant, containing 0.05 mg of dry matter in 1 ml of
solution, which is an agonist of mu-receptors [26];
3) protamine sulfate, produced by the Moscow En-
docrine Plant, containing 10 mg of dry matter in 1
ml of solution, which is a heparin blocker [27]; 4)
naloxone, produced by the Polfa S.A. (Poland), 0.4
mg/ml, which is an antagonist of opioid receptors
[28]. The studied substances were injected intra-
peritoneally in a volume of 1 ml in a certain se-
quence, provided for by the conditions of the exper-
iment. The time between injections was constant
and amounted to 10 min.

The endogenous nociceptive system was used
as an object of study of the effect of heparin on the
sensitivity of opioid receptors. Nociceptive reac-
tions were assessed by 2 standard tests, which allow
to partly estimate the nature of the effect of sub-
stances mainly at the spinal (tail flick test (test 1))
and supraspinal (hot plate test (test II)) levels [29].
The experiments were carried out on animals that
underwent baseline testing, the initial nociceptive
thresholds (baseline data) of which did not exceed
8 sintest I and 15 s in test II.
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2 CTaHJIAPTHBIM TECTaM, IO3BOJISIONINM JIO OIIpezie-
JIEHHOH CTelleHU CY/IUTh O XapakTepe BJIUSAHUSA Be-
IECTB MIPEUMYIIIECTBEHHO Ha CIIUHAJILHOM (TeCT OT-
Bezenus xBocra — tail flick (tecr I)) u cympacmu-
HaJIBHOM (TecT «ropsiuell ItacTuHbl» — hot plate
(tecr II)) ypoBHSX [29]. ONBITHI TPOBOAVIN HA KU-
BOTHBIX, IIPOIIEAIITNX (POHOBOE TECTHPOBAHIUE, UCXO-
JTHbIe HOLIMIIENITUBHBIE 1TOporu (POH) KOTOPHIX B Te-
cre I He npeBbIianu 8 ¢, B Tecte II — 15 c.

Tect I ocHOBaH Ha pedIEKTOPHON peaKIuy OTBe-
JIeHUsI XBOCTA B OTBET HA HaHeceHue 60JIEBOTO CTUMY-
J1a B 00J1aCTh BEPXHEH TPETHU XBOCTA. Y CTAHOBKA ITPE/I-
craBisieT cobou cienmytomiee. BHyTph crenuaabHOTO
dyrspa (37 x 20 x 10 cM) ITOMEIAICA UCTOYHHK Te-
IUTOBOTO M3JIyYeHUs (KMHOIPOEKIIMOHHAS JIAMIIA CO
BCTPOEHHBIM OTpakartesieM tumna K21-150). Ilutanue
OCYIIIECTBJIAJIOCHh OT MCTOYHHUKA IIOCTOSHHOTO TOKA C
HaTIpsDKeHuEM 4.5 B mipu Toke B 2.7 A. BerpoeHHbIH
OTpaKaTeJIb JIAMITBI [TO3BOJISIET HOJIYIUTHh CHOKYCHU-
POBaHHBIHN CBETOBOH MOTOK, IAMETP CBETOBOTO IIAT-
Ha cocrapysgeT 6 MM. TemmnepaTtypa B doKyce Iyd-
Ka yCTaHABJIMBAIACh HA 3HAYEHUAX, BBI3BIBAIOIIIX
Yy KOHTPOJIBbHBIX KUBOTHBIX YETKYIO aBEPCUBHYIO pe-
aKI[UI0 OTBEIEHUs XBOCTA C JIATEHTHBIM IIEPUOJOM
5—8 c. DoKyC CBETOBOI'O IISITHA COBIA/IAJI C OTBEPCTHU-
eM Ha noBepxHocTH (yrisapa. YKuBoTHOe (Kpbica)
BPYUYHYI0 (DHUKCHPOBAJIOCh HA OMNEPAIMOHHOM II0JIe
dytiIsapa 1 HA KapeTKe IMOABOAIIIOCH K 00JIacTH cBe-
TOBOTO IATHA. JIaTeHTHBIHN IIepUo/ peaKIuy OTBesie-
Hust xsocra (JIIT POX) oreHuBasICs IO CEKYHIOMEpY.

[Ipu oLleHKEe HOIMUIENTUBHOU PEAKINH HA CY-
[IpacIMHAJIBHOM YPOBHe HcHojb3oBaics TecT II
JKuBoTHOE TIOMeIayii Ha IUIACTUHY, HarpeTyio 70
57—58 °C, TeMnepaTypa II0BEPXHOCTH ILJIACTUHBI pe-
ryJimpoBasachk TepmoctatoM. Ilo cekyHomepy 3ace-
KaJIoCh BpeMs OT MOMEHTA IOMeEIeHUs KUBOTHO-
T'O Ha IUIACTUHY JI0 MOMEHTA IEPBOTO 00JIN3bIBAHUSA
Jan (3aJ{HUX), YTO U COCTABJIAJIO JIATEHTHBIH IEepH-
on1 peakiuu obsu3bIBanusA Jyanok (JIIT POJI). Mak-
CUMAaJIbHOE BpPeMs HAXOXKJEHUs KIBOTHOTO Ha IIJIa-
CTUHE — 25 ¢. AHaJIbreTHYecKui 3 QeKT orieHuBa-
cA B IIPOIEHTaxX OT 3HAYEHUU KOHTPOJIbHOU I'PYIIIHI,
IIPUHUMAEMOH 3a 100 %.

BzaumoyielicTBue remapuHa ¢ HCCI€LyeMbIMU
BEI[eCTBAMU N Vitro u3ydaau GHOTOKOJIOPUMETPHU-
YeCKHUM METO/IOM, a TAKXKe 110 H3MEHEHUIO CIIEKTPOB
IIOTJIONIEHUS JJAHHBIX BEIeCTB U UX cMecell B Y-
obsactu. KosiopumeTpupoBaHUe OCYIECTBIISUTA Ha
¢otoanexrpokosopumerpe KOK-3 ¢ ncrnosipb3oBaHu-
eM cHHero cBeTodmwibTpa (400 HM).

H3mepeHnsa CcHOeKTpoB MHoOIJomeHuss B Y®-
o0J1acT! TIPOBOAWIM HA YCTAHOBKE, (DYHKI[MOHAIIb-
HO UIEHTUYHOU OHOJIy4eBOMY CIIEKTPO(OTOMETpY.
YcraHoBka BKIIOUaIa B cebs1 UCTOUHUK cBeTa (BOMO-

Test I is based on the tail withdrawal in re-
sponse to a pain stimulus to the upper third of the
tail. Test facility is as follows. A source of thermal
radiation (a cinema projection lamp with a built-in
reflector, type K21-150) was placed inside a special
case (37 x 20 x 10 cm). Power was supplied from
a direct current source with a voltage of 4.5 V and
amperage of 2.7 A. The built-in lamp reflector gives
a focused luminous flux with the diameter of the
light spot being 6 mm. The temperature at the focus
of the beam was set at the values causing a distinct
aversive tail flick reaction in control animals with a
latency of 5—8 s. The focus of the light spot coincid-
ed with the hole on the surface of the case. The ani-
mal (rat) was manually fixed on the operating field
of the case and was brought to the area of the light
spot on the carriage. The tail flick latency (TFL) was
estimated using a stopwatch timer.

Test II was used to assess the nociceptive re-
sponse at the supraspinal level. The animal was
placed on a plate heated to 57—-58°C; the plate
surface temperature was controlled by a thermo-
stat. The stopwatch timer was used to record the
time from the moment the animal was placed on
the plate until the moment of the first paw licking
(hind legs), which constituted the paw licking la-
tency (PLL). The maximum time an animal was on
the plate reached 25 s. The analgesic effect was as-
sessed as a percentage of the values of the control
group, taken as 100%.

The interaction of heparin with the test sub-
stances in vitro was studied by the photocolorimet-
ric method, as well as by changes in the absorption
spectra of these substances and their mixtures in
the ultraviolet. Colorimetry was carried out on a
KFK-3 photoelectric colorimeter using a blue light
filter (400 nm).

Measurements of absorption spectra in the
UV were carried out on an apparatus functionally
identical to a single-beam spectrophotometer. The
apparatus included a light source (hydrogen lamp
or incandescent lamp), a MDR-12 monochromator
with a stepping motor, a synchronous detector, a
light-receiving chamber in which quartz cuvettes
with solutions were located, and a photomultiplier
connected to a computer for automatic data record-
ing. The test substances were diluted in phosphate
buffer (pH 7.2) or in distilled water, the extinction
of solutions was measured with reference to sol-
vents.

The significance of differences between groups
was assessed directly by the variant values using
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POZHAS JIaMIIA FUIH JIaMIIa HAKAJIUBAHUA), MOHOXPO-
Marop M/IP-12 ¢ m1aroBeIM ABUTATEIEM, CAHXPOHHBINA
JIETEKTOP, CBETOIIPUEMHYIO KaMepy, B KOTOPO pa3mMe-
IIAJIFCh KBapIEBbIe KIOBETHI C PACTBOpPaMU, U HOTO-
YMHOXKUTEJIb, IOIKTIOUeHHBIN K KOMIIBIOTEPY JI7IA aB-
TOMATHUYECKOU perucTpaluu JIaHHbIX. Vccsienyemblie
BelrecTBa pa3Boawin B pocdharHom 6ydepe (pH 7.2)
WU B JUCTWIUINPOBAHHON BOZle, SKCTUHKIUIO pac-
TBOPOB U3MEPSIIN OTHOCUTEILHO PACTBOPUTEJIEN.

JlOCTOBEPHOCTh DA3NIUYNM MEXKIy TIPYIIIaMu
OIIeHNBAJIaCh HEIIOCPE/ICTBEHHO 110 3HAYEHUAM Ba-
pHUAHT C UCHOJIB30BAHHUEM HeIllapaMeTPUYECKOTO
KpUTepus YWIKOKCOHA — MaHHa — YUTHHU JId He-
3aBUCHUMBIX COBOKYITHOCTeH. /111 MHOKeCTBEHHBIX
CpaBHEHUU mpuMeHsTH Kputepuil [lanHa [30]. Bee
9KCIIEpUMEHTaIbHbIE PAOOTHI MMPOBOAUIINCH C yUe-
TOM 3TUYECKHX HOPDM OOpaIlleHHs C KUBOTHBIMU U
otBeuasii TpeboBanusaM OOGIecTBa 3alIUTHI XKUBOT-
HBIX [31, 32].

PE3YJIBTATBI 1 OBCYXKAEHUNE

YcTaHOB/IEHO, UTO BHYTPUOPIONIMHHOE BBEJIE-
Hue (GeHTaHWIA B 03e 0.1 MI/KT JIOCTOBEPHO yBe-
JIMYUBAET JIJTUTEIbHOCTD JIATEHTHBIX epuozoB (JIIT)
00JIEBBIX PeaKINi HA CIIMHAJIBHOM YPOBHE, 0COOEH-
HO B TeUeHUe IEPBBIX 40 MUH OT MOMEHTA BBeJIEHUH,
pu 3toM JIIT POX mpeBbIllIaeT KOHTPOJIbHBIE BEJIH-
YUHBI B 2—3 pasa. 3aTeM CJIeAyeT CHIDKEHUE aHTHU-
HOIUIIENTUBHOU peaknuu, 1 K 120-u muH JIIT POX
BO3BpaIiaeTcsa K KOHTPOJIbHBIM BestnunHaMm. [Ipu pe-
ructpanuu 60J1eBOM peaklyy Ha CyIpacnruHaIbHOM
ypoBHe MakcuMasbHOe yBesauuenue JIIT POJI peru-
cTpupyeTcs Ha 150—180-1 MUH OT MOMEHTA UHBEK-
muu (tabu. 1).

IIpu mpenBapuUTEsILHOM BBEJEHUM rellapuHa B
Jlo3ax 50, 500 u 5000 ME/Kr ¢ moceayomei nHbeK-
1uel peHTaHmIa B 103€ 0.1 MT/KT B IIEPBbIE 40 MUH
Habsoaerest ypesmdenue JIII POX B 3—5 pas or-
HOCHUTEJIbHO KOHTPOJIS U B 1.5 pa3a OTHOCHUTEJIFHO
BBe/leHUsA TOJbKO (deHTaHmwIa. Ciemayer OTMETHUTH,
YTO IMOBBIMIIEHUE MOpOTa 0O0JIEBON UYBCTBUTEIHHO-
CTH MMeeT IIPOJOJDKUTEIFHBIN XapaKTep U €ro CHU-
JKeHUe puKcupyercs Ha 150—180-1 MUH OT MOMEHTA
uabeknuu (cm. Tabi. 1).

Heckonpko wmHasA KapTuHA HAOIIONAeTcs IIpU
OIleHKE AHTUHOIMIIENITUBHON peakIUy Ha Cymnpa-
CIHMHAJIBHOM ypoBHe. IIpu Tex ke yCJIOBHUAX OIIBI-
Ta, OpU KOTOpbIX perucrpupoBaiu JIII POX, ma-
TeHTHBIN epros POJI npu feficTBum dpeHTaHMIIA HA
(one Bo3pacTammuX /103 TelapuHa JIOCTUraeT MaK-
CUMaJIbHBIX 3HAYeHUH K 150—180-1 MHH OT MOMEH-
Ta UHbEKIUH, B To BpeM: kak JIII POX B atot Bpe-
MEHHOH IepUoJ] CHIKAETCS /10 KOHTPOJIbHBIX BEJIU-
yuH (cM. TabII. 1).

the Wilcoxon-Mann-Whitney nonparametric test
for independent populations. Dunn’s test was used
for multiple comparisons [30]. All experimental
work was carried out taking into account the ethi-
cal standards of treatment of animals and met the
requirements of the Society for the Protection of
Animals [31, 32].

RESULTS AND DISCUSSION

It was found that intraperitoneal administra-
tion of fentanyl at a dose of 0.1 mg/kg significantly
increases the duration of latencies (L) of pain reac-
tions at the spinal level, especially during the first
40 min from the moment of administration, while
TFL exceeds the control values by 2—3 times. This
is followed by a decrease in the antinociceptive re-
sponse, and TFL returns to the control values by
the 120™ min. When registering a pain reaction at
the supraspinal level, the maximum increase of the
PLLis recorded at 150—180" min from the moment
of injection (Table 1).

With pre-administration of heparin at doses of
50, 500, and 5000 IU/kg followed by the injection of
fentanyl at a dose of 0.1 mg/kg in the first 40 min,
an increase of TFL is observed by 3—5 times relative
to the control, and 1.5 times relative to the adminis-
tration of fentanyl alone. It should be noted that the
increase in the pain threshold has a long-term char-
acter, and its decrease is recorded at 150-180"™ min
from the moment of injection (see Table 1).

A somewhat different picture is observed when
assessing the antinociceptive response at the su-
praspinal level. Under the same experimental con-
ditions as with the TFL recording, the latency of
PL reflex under the action of fentanyl together with
the increasing doses of pre-administered heparin,
reaches its maximum values by 150—180" min from
the moment of injection, while the TFL at this time
period decreases to the control values (see Table 1).

The antinociceptive effect of fentanyl is re-
duced at both spinal and supraspinal levels by
pre-administration of the opioid receptor blocker
naloxone. At the spinal level, the TFL consistently
decreases with time elapsed from the moment of
administration, and by the 180" min it approaches
the sub-control values. At the supraspinal level, the
opposite picture is observed: the PLL increases by
the end of the observation, amounting to 187.1% by
the 150™ min, which is significantly higher than the
control values, the PLL values with the injection of
fentanyl and TFL in the naloxone — fentanyl se-
ries. The administration of the test substances ac-
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Ta6uuma 1. Mozy/sanus renapuHoOM | HaJIOKCOHOM (1 MT'/KT) aHTHHOIIUIENITUBHOTO JielicTBUsA peHTaHmsa (0.1 Mr/Kr)

Ha CIUHAJIBHOM U CyIIpaClIMHaJIbHOM YPOBHAX, %

Table 1. Modulation by heparin and naloxone (1 mg/kg) of the antinociceptive action of fentanyl (0.1 mg/kg) at the spinal

and supraspinal levels, %

Bpems# nocie BBe/IeHU A BEIIECTB, MUH

VesoBus onbita / Experimental conditions

Time after administration of substances, min

20 40 60 90 120 150 180
KouTtpouib (busuos. p-p) / Control (saline) 100 100 100 100 100 100 100
®enrtanun / Fentanyl:
JITT POX / TFL 304.6*°  247.2% 119.1 155.3% 108.1 94.9 98.4
JIIT POJI / PLL 118.2° 155.6*  118.5 110.4°  77.7% 162.2%  166.7*°
Tenapus (50 ME/kr) — deHTaHIT:
Heparin (50 IU/kg) — fentanyl:
JITT POX / TFL 300.3% 286.2** 160.8% 168.1* 232.5%* 116.3 08.8
JITI POJI / PLL 158.4° 168.8* 122.3 119.4° 84.9° 158.8% 174.7*°
Tenapus (500 ME/kr) — dbeHTaHUI:
Heparin (500 1U/kg) — fentanyl:
JITTI POX / TFL 496.1**  478.5%* 275.2%* 244.3™ 158.6* 106.4 96.8
JITI POJI / PLL 208.7*** 101.5** 192.1%*° 115.6° 73.2*  160.7** 164.9*
Tenapun (5000 ME/kr) — dbeHTaHMI:
Heparin (5000 IU/kg) — fentanyl:
JITT POX / TFL 420.4%*  412.3"*  225.8% 2738 408.6** 210** 88.7
JIIT POJI / PLL 171.7%*  218.9%** 138.8* 131.1*° 109.5° 2425" 220.9%*°
Hasokcon — denranua / Naloxone — fentanyl:
JITT POX / TFL 121.6"*  158.1**  146.3** 82.3* 134.2** 102.6 715
JIIT POJI / PLL 97.4° 95.5*« 110.6° 131.5° 118.2*  1871%*° 140.0%**
HaJsokcon — renapu — eHTaHUI:
Naloxone — heparin — fentanyl:
JITT POX / TFL 119.3* 148.1**  157.1%*  1487% 145.9** 1400 109.9
JITI POJI / PLL 102.6* 103.4*° 114.1° 123.3* 65.5%  150.0% 153.3%*
IIporamuHa cynbdar (10 Mr/Kr) — GeHTaHIT:
Protamine sulfate (10 mg/kg) — fentanyl :
JITT POX / TFL 108.5* 110.2* 118.9 112.0* 101.1 74.6%*  89.3%
JITI POJI / PLL 102.2 103.2* 112.4 117.3 64.8*° 1351 130.2%*°

* Pagnuuust CTATHCTUIECKH 3HAYNMBI TI0 CPABHEHUIO C KOHTPOJIEM (p < 0.05).
The differences are statistically significant compared to the control (p < 0.05).

* PassiMusi CTATUCTUIECKY 3HAYMUMBI 10 CPABHEHUIO C ceprell « PeHTaHw (P < 0.05).
The differences are statistically significant compared to the fentanyl series (p < 0.05).

* Paszsmumsa crarucruyecku 3Ha9nMBbI Mesxay JIIT POX u JIIT POJI.

The differences are statistically significant between the TFL and the PLL.

AHTHHOIMIENTUBHBIH 3¢ dexT deHTaHMIA
CHIDKaeTcsl Ha (OHE IPeBAPUTENIBHOTO BBEIEHUS
6JI0KaTOpa OMMOU/IHBIX PEIENITOPOB HAJTOKCOHA KaK
Ha COMHAJIBHOM, TaK U Ha CyNPACHUHAIBLHOM YPOB-
Hax. Ha cnunanmsaom ypoBHe JIII POX mocnemoa-
TEJIbHO CHIKAeTCA C TeYeHHEM BpeMeHH, IIPOIIes-
IIIETO OT MOMEHTA BBeJIeHU s, ¥ K 180-11 MUH Ipu0OIIH-
’KaeTcs K CyOKOHTPOJIbHBIM BestmumHaM. Ha cympa-
CIIMHAJIBHOM YpPOBHe HabsiofiaeTcsi oOpaTHasA Kap-
tuHa: JIIT POJI Bo3pacTraeT K KOHIy HaOJIIOAEHUS,
cocTaBiisisi K 150- MuH 187.1 %, YTO JOCTOBEPHO
BBIIIIe KOHTPOJIBHBIX BeJM4uH, 3HaueHuut JIIT POJI
nipu BBeZileHuu denranuia u JIIT POX B cepuu «Ha-
JIOKCOH — (peHTaHWI». BBeseHME HccielyeMbIX Be-
mecTB 1o cxeMe «HasokcoH — remapud — ¢eHTa-
HUJI» B OIIPEJIEJIEHHON CTENIeHN HUBEJIMPOBAJIO aH-
TaroHUCTHUYECKOe JIeHiCTBUe HAJIOKCOHA HAa OIUOU/-

cording to the naloxone — heparin — fentanyl se-
ries neutralized the antagonistic effect of naloxone
on opioid receptors to a certain extent, however,
neither TFL, nor PLL reached the values obtained
with the injection of fentanyl alone (see Table 1).

In the series of experiments with registration
of the antinociceptive effect of fentanyl at the spinal
and supraspinal levels, the role of endogenous hep-
arin in the realization of the mu-opioid receptors
agonist action is especially pronounced. Thus, the
blockade of endogenous heparin with protamine
sulfate at a dose of 10 mg/kg is accompanied by a
sharp decrease in TFL and PLL, which indicates the
undoubted role of endogenous heparin in the im-
plementation of the antinociceptive phenomenon of
fentanyl.

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

25



doi: 10.31549/2542-1174-2021-1-20-32

Xomymos A.E. u dp. / Journal of Siberian Medical Sciences 1 (2021) 20—32

Hble penenTopsl, ogHako HU JIIT POX, Hu JIIT POJI
He JIOCTUTa/IN 3HAYeHUH, [TOJydeHHBIX IPU UHBEK-
MU TOJIBKO heHTaHmIa (cM. TabII. 1).

B cepum KCIIEPIMEHTOB € PETUCTPALNEH aHTH-
HOITUIIEIITUBHOTO /IeiicTBHA (DeHTaHIIa Ha CIIMHATIb-
HOM W CYHPACIIMHAIBHOM YPOBHSIX OCOOEHHO SIPKO
IIPOSIBJISIETCS POJIb SHJIOTEHHOTO rellapruHa B peasu-
3anuu 3(pdeKToB aroHUCTa MIO-OIMHOUIHBIX pelfel-
TopoB. Tak, 610Ka/1a 9HIOTEHHOTO remapuHa MpoTa-
MUHA CyIbGATOM B 7I03€ 10 MI/KI COIIPOBOMKIAETCS
pe3kum camkernuem JIIT POX u JITI POJI, uto cBuze-
TeJIbCTBYET O HECOMHEHHOU POJIU HHOTEHHOT'O rela-
PYHA B peIH3aIui aHTHHOIUIIENTHBHOTO (peHOMe-
Ha ¢peHTaHUIA.

Takum 00pa3om, remapuH B J103aX 50, 500 U
5000 ME/Kr mnoTeHIUpYyeT aHTUHOIUIIENITHBHOE
JleticTBue (eHTaHWIA Ha CHUHAJIBHOM U CYIPACIIU-
HAJIBHOM YPOBHE, a IPOTaMUHA CYJIb(aT, OIOKUPYS
SHJIOTEHHBIN TelapuH, CHUKAET IMPOTHUBOOOJIEBOM
5¢ddeKT aroHucTa ONMOUJHBIX penenTopoB. Cxon-
HBIH ¢ IpoTaMuHa cyabdaToMm 3(pdeKT perucTpupy-
€TCsI U IIPU IIPEJIBAPUTEIHOM BBEZIEHUY HAJIOKCOHA,
OJTHAKO B /IAHHOM CJIydJae IIPOUCXOIUT OJIOKA/A OIH-
OUJIHBIX PELIENTOPOB I10 IIyTH JINTAH/I-PELIEITOPHOTO
B3aMMO/IEHCTBUS.

J1711 BBIACHEHUS BO3MOKHOTO B3aMMOJIEHCTBUA
rernapuHa ¢ GeHTaHWIOM in vivo ObLIa N3MeHeHa I0-
CJIeZIOBATEIHOCTD BBEZIEHUH MCCIIETyEMbIX BEII[ECTB.
Ecin B penpiztyteli cepuu ¢peHTaHUT BBOAMWICA HA
¢oHe AelicTBUSA TemapuHa, TO B CJEAYIONEd CEPUUN
relapuH UHBEINPOBAJICSA B BUZE CMeECH, IIPUTOTOB-
JIEHHOH In vitro mpu WHKyOAIlUU B TeUeHHe 30 MUH
npu Temreparype 37 °C B COOTHOIIEHUAX TellapuH-
denTaHWI 5 : 1, 50 : 1 ¥ 500 : 1 (Tabs. 2). B kauecTBe
KOHTpOJIA Oblyla BhIOpaHA KOHIIEHTpAIWMA TelapH-
Ha 500 ME/kr, Ipu BBeZIeHUU KOTOPOI PETUCTPUPO-

Thus, heparin at doses of 50, 500, and 5000
IU/kg potentiates the antinociceptive effect of
fentanyl at the spinal and supraspinal levels, and
protamine sulfate, blocking endogenous heparin,
reduces the analgesic effect of an opioid receptor
agonist. An effect similar to protamine sulfate is
also recorded with the pre-administration of nalox-
one, but in this case, the blockade of opioid recep-
tors occurs via the ligand-receptor interaction.

To elucidate the possible interaction of hepa-
rin with fentanyl in vivo, the sequence of the test
substances administration was changed. If in the
previous series fentanyl was administered in pres-
ence of the heparin action, then in the next series
heparin was injected in the form of a mixture pre-
pared in vitro during 30 min incubation at 37°C
at the heparin-fentanyl ratios of 5 : 1, 50 : 1, and
500 : 1 (Table 2). As a control, the concentration of
heparin of 500 1U/kg was chosen, the introduction
of which showed the effects of maximum severity in
the previous heparin (500 IU/kg) — fentanyl series
(see Table 1).

It should be noted that heparin at a dose of 500
1U/kg also has an antinociceptive effect at the spi-
nal level. The latency of tail flick reaction signifi-
cantly differs from the control when registered at
40", 60" and 120" min from the moment of injec-
tion (see Table 2).

Comparative characteristics of the two meth-
ods of administration of the studied compounds
showed that in both cases the heparin potentia-
tion of the antinociceptive action of fentanyl takes
place. It is known from the literature [13] that when
heparin interacts with bioactive substances, their

TaGauma 2. Moy isius TelmapyuHOM aHTUHOIUIIENITHBHOTO JieicTBusa ¢denTanwia (0.1 Mr/kr) Ha cnuHasbHOM (JITT

POX) ypoBHe, %

Table 2. Heparin modulation of the antinociceptive action of fentanyl (0.1 mg/kg) at the spinal (TFL) level, %

Bpewms mocsie BBe/IeHUS BEIIECTB, MUH

Vesoeust ombita / Experimental conditions

Time after administration of substances, min

20 40 60 90 120 150 180
KouTpous (pusuos. p-p) / Control (saline) 100 100 100 100 100 100 100
Tenapus (500 ME/kr) / Heparin (500 IU/kg) 94.2 125.2*  173.3* 88.4 169.2* 1017 86.9
®enrtanun (0.1 mr/kr) | Fentanyl (0.1 mg/kg) 208.1* 230.8%* 110.0 145.2*  101.8 90.9 98.4
Tenapus + pentanwn / Heparin + fentanyl (5 : 1) 269.8*% 275.7%*  257.8%* 251.3** 171.0** 105.5 96.7
Tenmapun + pentanunsa / Heparin + fentanyl (50 : 1) 480.0%* 485.4** 300"  269.2** 371.8** 161.4** 06.7
Tenmapun + penranwn / Heparin + fentanyl (500:1)  406.8** 407.7** 355.5** 215.4** 405.1** 200** 88.7

* Pazinuns CTAaTHCTUYECKH 3HAUNMBI [10 CPDABHEHUIO ¢ KOHTPOJIEM (p < 0.05).
The differences are statistically significant compared to the control (p < 0.05).

* Pas/inuus CTATUCTUYECKU 3HAYUMBI 10 CPABHEHUIO ¢ cepueit «Pentanui» (p < 0.05).
The differences are statistically significant compared to the Fentanyl series (p < 0.05).
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Bajlach MaKCUMaJIbHasA BBIPAXKEHHOCTb 3P (eKTOB B
npenpiayineii cepuu «lemapus (500 ME/kr) — deH-
TaHwI» (cM. TabJI. 1).

Crnenyer OTMETUTDH, YTO TelapwH B 03¢ 500
ME/kr Takke obs1asaeT aHTUHONUIIENITUBHBIM ek~
CTBHEM Ha CIIMHAJIHHOM YpOBHE. JIaTEeHTHBIN MEepHU-
OJ1 PEaKIINU OTBEJIEHUS XBOCTA JIOCTOBEPHO OTJIMYa-
eTcs OT KOHTPOJISA IIPU PErUCTpaIlue Ha 40-1, 60-1 1
120-¥ MUH OT MOMeHTA BBeieHus (cM. TadiI. 2).

CpaBHUTEIbHAsA XapaKTEPUCTHKA JIBYX CIIOCO-
0OB BBe/IEHUsI UCCIIEAYEMBIX BEIECTB IIOKa3aja, YTo
U B TOM U B IDYyTOM CJIydae UMeeT MECTO ITOTEHITUPO-
BaHUE TENapUHOM AHTHUHOIUIIENITUBHOTO JIEUCTBUS
¢enTanmia. 13 aurepatypsl u3BecTHO [13], uTo mpu
B3aUMOJIEHICTBUM TeNapyHa ¢ OMOJIOTHYECKH aKTUB-
HBIMH BEINECTBAMU UX AKTUBHOCTb U3MEHSIETCSA B TY
WIH JIPYTYIO CTOpOHY. OMUpasch Ha OJTyYeHHbIE JaH-
HBIE 110 TIPEJBAPUTEILHOMY U OJJHOBDEMEHHOMY BBe-
JIEHUIO TelapyuHA, MOKHO IIPeJInosarath, 4YTo KOM-
IUIEKCO00Pa30BaHUA MKy GEHTAHWIOM U Telapu-
HOM He IPOUCXOJIUT. DTO IPEIIOJIOKEHNE TTOIKpe-
IUISIETCA  KOJIODUMETPUUECKHM M CIEKTPOdOTOME-
TPUUYECKUM HCCIIEZIOBAHUEM 1N Vitro cMecu relapyH-
¢eHTaHWIT B COOTHOIIIEHHH 5 : 1, 50 : 1 ¥ 500 : 1. ®o-
TO3JIEKTPOKOJIOPUMETPUUECKOE UCCIIEIOBAHIE CMECH
renapuH-(GEeHTaHIT He BBIABIUJIO UBMEHEHUH OIITHYe-
CKOM IUIOTHOCTH OTHOCUTEIHFHO KOHTPOJIS, B KAUECTBE
KOTOPOTO HCIOJIB30BAJICS PACTBOP TelaprHa B KOH-
LEHTPALUAX 50, 500 u 5000 ME/Kr. AHanu3 crek-
TPOB TOTJIONeHus B Y®-06s1acT 1MoKasas, uto ¢heH-
TAHWI B KOHIIEHTPAIUK 0.1 MT/MJI XapaKTepU3yeTcs
KPYTBHIM ITMKOM IIOTJIOIIEHUS B 00JIACTH 0.210 MKM
(puc. 1). AMIUIUTYZIa IMKA HE MEHSETCS IPU HCCIIe-
JIOBAHUM CMECH TelapuH-(QEHTAaHWI HE3aBUCHMO OT
KOHIIEHTPAIIMH HCII0JIb30BAaHHOTO rellapiHa ¥ UMEeEeT
OJTHOTUITHYIO KPUBYIO, KOTOpAs JIJIA HATJITHOCTH Ha
PHC. 1 IIPeJICTaBJIeHA IS CMECH TelapuH-(peHTaHUT
(5 : 1). Onupasich Ha TpeABIAYINYE AAHHbIE, MOMKHO
IIPe/IoJIaraTh, YTo (heHTAHII He B3AUMOIEUCTBYET in
vitro ¢ renapuHOM (CM. puc. 1).

ATOHHUCT MIO-OIMOUHBIX PEIENnTOpPoB ¢eHTa-
HWI 00s1a1aeT SIPKO BBIPAXKEHHBIM AHTHUHOITUIIEI-
THUBHBIM JIEUCTBHEM HA CIIMHAJIBHOM W CYIIpacIu-
HAJILHOM YPOBHE, Ha UTO YKa3bIBAET CHUIKEHHE Be-
guunasl JIIT POX u JIII POJI npu npeaBapuTesb-
HOM BBEJIEHUM AHTArOHKCTA OIUOU/IHBIX PEIENTO-
POB — HaJIOKCOHA. AHAJbre3us, CBA3aHHAA C JeH-
CTBHEM aroHHCTOB, 00ycIOBIeHA (GOPMHPOBAHHEM
JIUTaH/-PEIENTOPHOTO KOMILIEKCA, B KOTOPOM B Ka-
YecTBe JIMTaH/la BBICTYIaeT (peHTaHmI [26].

lemmapun B mo3e 500 ME/kr Takxke o6Jsiajaer
MMPOTUBOOOJIEBBIM JIEUCTBUEM, OJTHAKO ATOT 3(PPEKT
3HAUUTEIHHO cyabee, ueM y ¢deHTaHusna. [Ipu tep-
MHYECKOM OOJIEBOM BO3JIEICTBHUU HAa 3KCIEPUMEH-

activity changes in one direction or another. Based
on the data for the pre- and simultaneous admin-
istration of heparin, it can be assumed that com-
plexing reaction between fentanyl and heparin does
not occur. This assumption is supported by colori-
metric and spectrophotometric studies in vitro of
the heparin-fentanyl mixture at the ratios of 5 : 1,
50 : 1, and 500 : 1. Photoelectrocolorimetric study
of a mixture of heparin-fentanyl did not reveal
changes in the optical density relative to the con-
trol, which was a solution heparin at concentrations
of 50, 500, and 5000 IU/kg. Analysis of the UV ab-
sorption spectra has shown that fentanyl at a con-
centration of 0.1 mg/ml is characterized by a steep
absorption peak in the range of 0.210 um (Fig. 1).
The peak amplitude does not change in the study
of the heparin-fentanyl mixture, regardless of the
heparin concentration used and has the same type
of curve, which for clarity is shown for a mixture of
heparin-fentanyl at the ratio 5 : 1 (see Fig. 1). Based
on previous data, it can be assumed that fentanyl
does not interact in vitro with heparin (see Fig. 1).

The mu-opioid receptor agonist fentanyl has a
pronounced antinociceptive effect at the spinal and
supraspinal levels, as indicated by a decrease in the
TFL and PLL values with the pre-administration of
the opioid receptor antagonist naloxone. Analgesia
associated with the action of agonists is due to the
formation of a ligand-receptor complex in which
fentanyl acts as a ligand [26].

Heparin at a dose of 500 IU/kg also has an an-
algesic effect, but this effect is much weaker than
that of fentanyl. On exposure to the thermal pain-
ful effects, when the nociceptive system of the ex-
perimental animals is activated, a stress response
to this type of irritation is formed [33]. One of the
components of the mechanism of the antistress
heparin action is its antinociceptive effect revealed
in our experiments [34].

The heparin relationships with mediator sys-
tems, including receptors, are of greater interest.
It turned out that heparin affects the desensitiza-
tion of opioid receptors, in an uncompetitive way
inhibits the binding of the 3H*-N-allyl normetazo-
cine opioids to sigma receptor in the microsomal
fraction of rat brain and liver membranes. Heparin
downregulates the phosphorylation of G-protein
coupled opioid receptors (GPCR), and, as a conse-
quence, reduces hyposensitization caused by the
specific opioid agonist etorphin and D-Ala2-D-
Leus-enkephalin (DADLE); blocks the release of
Ca?* [24, 35]; like inositol-1,4,5-trisphosphate in-
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Fig. 1. UV absorption spectra of fentanyl, heparin and their mixtures

TaJIbHBIX JKUBOTHBIX, KOT/Ia AaKTUBUPYETCS HOIUTIETI-
TUBHASI CHCTEMAa OpraHu3Ma, (popMHUpPYeTCs CcTpecc-
PeaKnus Ha TaHHBIUA BUJT pazapaskenus [33]. OqHum
13 KOMIIOHEHTOB MeXaHN3Ma aHTHUCTPECCOPHOTO 3~
(exra remapuHa sABIsIeTCA 0OHAPYKEHHOE B HATIIIX
SKCIEPUMEHTAX AaHTUHOITUIIENTUBHOE JIEHCTBUE 3TO-
ro mpermnapara [34].

Bosiplinéi WHTEpeC MPEACTABISIOT B3aHUMOOT-
HOITNIEHUS TeapuHa ¢ MEIUATOPHBIMU CHUCTEMAaMH,
B TOM YHCJIe U ¢ perentopamu. Okazaaoch, 4ToO Te-
TMapyH BJIUsET HA JIECEHCUTU3AIUIO OMMHOUTHBIX pe-
[IENITOPOB, TIOJIABJISIET HEKOHKYPEHTHBIM CITOCO-
O60M CBsI3BIBAaHHE C CHUTMa-PEleNnTOpOM OITHOUJIOB
3H*-N-a/utitHopMeTa3onHa B MHUKPOCOMAJTbHOU
¢pakuu Mosra u MeMOpaH IleueHH KpbIc. ['ema-
puH ymeHbInaer ¢GochopuIUpOBaHNE OIMHUOUTHBIX
pelienTopoB, coenuHeHHBIX ¢ G-6emkom (GPCR), u,
KaK CJe[CTBUE, CHMKAET THUIIOCEHCUOMIN3AIIHIO,
BBI3BAHHYIO CIeNU(UUECKUM OIHOUIHBIM aroHU-
cTOM 3TOPpPUHOM © D-A1a2-D-Leu5-3HKe<panHH0M
(DADLE); 6iokupyer Bbixoy Ca** [24, 35]; Kak u
WHTUOUTOP  WHOBUTOJ-1,4,5-Tpucdocdar, rema-
pUH TOPMO3UT pa3BUTHE MOPGUHOBOM TOJIEpaHT-
HOCTH. Pa3zBUTHE JeCeHCUTU3ANHH, T. €. YMEHbIIe-
HHe YYBCTBUTEJIBHOCTH (TUIOCEHCUTU3AINA) U CO-
KpallleHhe YHCJIa PEIEenTOpOB Ha KJIETOYHOH ITo-
BEPXHOCTH (MHTEPHAIM3AISA), BBIABJIEHO HE TOJIb-
KO JIJIs1 OTIMOUHBIX PENEeNnTOPOB, HO U JJIs APYTHX,
Takke nmpuHazyexanux K GPCR, B uactHocTH [2- U
02-aJpeHEPTUYECKUX, JJI1 A1-aJIEHOBUHOBBIX U M2-
MyCKapUHOBBIX perenTopoB [26]. HeaBHO ObLTH 13-
yueHsl perienrtopbl FMRFa-nientuso [36], oHu Tak-

hibitor, heparin hampers the development of mor-
phine tolerance. The desensitization enhancement,
i.e. a decrease in sensitivity (hyposensitization) and
a decrease in the number of receptors on the cell
surface (internalization), was revealed not only for
opioid receptors, but for the others also belonging to
the GPCR, in particular f2- and a2-adrenergic, as
well as A1-adenosine and m2-muscarinic receptors
[26]. Recently FMRFa-peptide receptors have been
studied [36]; they also belong to the GPCR class.
Heparin is a non-specific protein kinase blocker for
opioid and [-adrenergic receptors. Perhaps, inter-
acting with this type of receptor, heparin inhibits
the desensitization process caused by the action of
synthetic agonists, thereby increasing the sensitivi-
ty of the receptors to analgesics, as a result of which
a lower dose is required to prolong the effect.

The study showed that heparin enhances the
analgesic activity of the opioid agonist fentanyl in
the tail flick test and paw licking test. This phe-
nomenon has a multicomponent character since it
involves both opioid and adrenergic mechanisms
which are possibly separated in time. High hepa-
rin level is a necessary condition for the long-term
functioning of the system through which the anal-
gesic effect of opioid agonists is realized. It can be
assumed that the endogenous heparin, the release
of which occurs upon activation of the adrenergic
system, affects the receptors of the opioid system
and does not determine the interaction with the
opioid agonist.
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ke otHocATcsA K kiaccy GPCR. TemapuH sBisercs
HecneruPUIecKuM OJIOKATOPOM ITPOTEMHKUHA3bI
JUIS1 OTIMOW/THBIX U -a[peHEPTUYECKUX PEIENTOPOB.
Bo3MO3kHO, B3aNMO/IEHCTBYsI ¢ JAHHBIM BUJIOM pe-
LIETITOPOB, T€IIADUH TOPMO3UT IPOIECC JECEHCUTHU-
3aI[1M1, BBI3BAHHBIA BO3/EHCTBHEM CHUHTETHUYECKHX
aroHUCTOB, TEM CAMBIM ITOBBIIIAS UyBCTBUTEIBHOCTD
PelenTOPOB K aHAJIIeTUKAM, BCJIEICTBHE UETO TpPe-
OyeTcst MEHbIIAs J103a JIJIs mpozieHust addeKTa.

IIpoBeneHHOE HcCeZIOBaHNIE TTOKA3aJI0, YTO Te-
MMApUH YCWJINBAET AaHAJIbIeTUYECKYI0 AKTHBHOCTH
OIHMOUJIHOTO aroHUCTa — (PEeHTAHWIA B TECTE OTBe-
JIEHUS XBOCTa U 00JIN3BbIBAHMSA JIATl. J[JaHHOE sIBJIEHHE
HOCHUT MHOTOKOMIIOHEHTHBIN XapaKTeP, TOCKOIbKY B
HeM 3a/Ie1ICTBOBaHbI KaK OITHOUHBIE, TAK U aIpEHEP-
THYECKHEe MEXaHU3MbI, KOTOPbIE, BO3MOKHO, pa3ob-
IIEHBI BO BpeMeHU. [0BBIIIEHHOE CO/IepKaHUe Trema-
puHa — HeoOXOIMMOe YCIOBHE JUINTEIBHOTO (PYHK-
[IMOHHUPOBAHHUS CUCTEMBI, Uepe3 KOTOPYIO peayin3y-
ercsi 06e300yIMBAIOIIEe JIECTBUE OIMOU/HBIX aro-
HHUCTOB. MOKHO IIPEAIIOIOXKUTh, UTO SHIOTEHHBIHN
rernapuH, BBIOPOC KOTOPOTO IIPOUCXO/UT IIPHU aKTH-
BaIlUU aJPEeHEPruYecKOd CHCTEMBI, BO3ZAEHCTBYeET
HA PEIEenTOoPhI OIHOJHOHN CUCTEMBI U HE OIIPEeZEIAeT
B3aUMOJIENCTBHE C OTMOHBIM arOHUCTOM.

Beicokuii ypoBenp pazmuuuit JIII POX wu
JIIT POJI, BOBMOKHO, CBSI3aH C TEM, YTO aHAJIbIre-
3UsA Ha CYyNpPaCIVHAJIBHOM YPOBHE O0OYCJIOBJIEHA
| -OIMOMHBIMHU DENENTOPaMM, a Ha CIHHAIbHOM
YPOBHE — L -perentopamu [26].

3AK/IIOYUEHUE

[TosryueHHBIE DKCIIEPUMEHTAJILHBIE TAHHBIE T10-
3BOJIAIOT TOBOPHUTH O CEHCUOWIUBUPYIOIIEM Jei-
CTBUM TellapuHa HAa MIO-OIMOW/IHbIE DPEIENTOPBI,
WHUIUAPOBAHHbIE arOHUCTOM — (EHTAaHUIOM, Ha
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The high level differences between TFL and
PLL are probably due to the fact that analgesia at
the supraspinal level depends on p -opioid recep-
tors, and at the spinal level — p -receptors [26].

CONCLUSION

The obtained data allow us to speak of the sen-
sitizing effect of heparin on the mu-opioid recep-
tors initiated by the agonist at the spinal and su-
praspinal levels. The pre-administration of the opi-
oid receptor antagonist naloxone reduces both the
antinociceptive effect of fentanyl and the analgesia
caused by the combined use of heparin and fentan-
yl. Protamine sulfate, blocking endogenous hepa-
rin, reduces the aversive reaction latency (TFL and
PLL) of rats to thermal pain stimulus, which indi-
cates the potentiating effect of endogenous heparin.
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CIMHAJIBHOM U CyIPAaCIHHAJIBHOM YPOBHAX. IIpen-
BapUTeJIbHOE BBeZleHUE AHTAarOHUCTA OIMOUHBIX
PEIEenTOPOB HAJIOKCOHA CHIIKAET KaK aHTHHOITUIIET-
TUBHBIHN 3 PeKT heHTaHMIIA, TAaK U AHAJIBIE3HIO, BBI-
3BaHHYIO COYETAHHBIM INpUMEHEHUEM TrelapuHa U
¢denranuna. Ilporamun cynabpdar, GJIOKUpPYA HO-
TeHHBIN TelmapyH, CHIDKAET aBEPCUBHYIO PEAKIIHIO
(JIIT POX wu JIII POJI) kpbIc HA TepMHUUecKoe OoJe-
BO€ BOBJIENICTBHE, YTO TOBOPHUT O IMOTEHIIUPYIOIIEM
JIeAICTBUY SH/IOT€HHOTO TrerapuHa.

KoH@IuKT HHTEpEeCcOB. ABTOPHI 3a5BJISIIOT 00
OTCYTCTBUU KOH(MIINKTA HHTEPECOB.
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IBOJIIOIMSA YCJIOBUH TPy/AA HAa MbLIEOIIACHBIX IPEANPUATHAX
3anmagHon CHOUpU: 50-JI€eTHHE TPEHIbI

[TorepsieBa E.JI.%, JlorBunenko 1.M1."2, Cmupuosa E.J1.!, Biacos B.I'.3

@I'6OY BO «Hogocubupckuil 2ocydapcmeeHHblil meduyuHckuil yHusepcumem» Munsdpasa Poccuu

*HHH mepanuu u npoguraxmuueckoii meouyursvl — guauan ®PI'BHY «DedepanvHulil uccredosamenvckuil yeHmp
Hnemumym yumoaoauu u eeHemuxu CO PAH» (Hosocubupck)

3sI'bY3 HCO «I'ocydapcmeennas Hogocubupckan KAuHuHeckas ncuxuampudeckas 6oavHuya NO 3»

Evolution of working conditions at dust-hazardous enterprises in
Western Siberia: 50-year trends

Poteryaeva E.L.!, Logvinenko I.I.>2, Smirnova E.L."2, Vlasov V.G.3

'Novosibirsk State Medical University
2Institute of Internal and Preventive Medicine (Novosibirsk)

3Psychiatric Care Hospital No. 3 (Novosibirsk)

AHHOTAIIUA

J171s1 BBISIBJIEHISI OCHOBHBIX 50-JIETHUX TPEH/IOB SBOJIIONMH YCJIOBUH TPY/a HA MBLJIEOMACHBIX IPEAIPUATUIX 3a-
nasiHoi CHbUpY IPOBE/IEH aHAIU3 CAHUTAPHO-TUTHEHNYECKUX XapAKTEPUCTHK YCIIOBUH TPy/ja paOOTHUKOB IIPH MO0~
3peHUH Y HUX TPO(EeCCHOHATBHOTO 3a00JI€BAHN S, BBIIAHHBIX TEPPUTOPHUAIBHBIMU OT/IeJIeHUAMHU PocroTpebHanzopa
447 maeHTaM C YCTAaHOBJIEHHBIM JIHAaTHO30M «ITHEBMOKOHHO3» B IIEPUOJ ¢ 1960 IO 2010 T., & TAK)Ke PETPOCIEKTHB-
HBIM aHAJIN3 TUHAMUKU U3MEHEHUH YCIIOBUU TPYy/a 10 JAaHHBIM OTYETOB O HAyYHO-UCCIIEA0BATEIBCKON pabore HUU
ruruens! (1. HoBocubupck) 3a neprof; 1930—1960 rr. Hanbosiee onacHble IT0 PUCKY Pa3BUTHSA CUJIMK03a YCJIOBUA TPY/a
B 1950-€ Tof[bl HAOJII0/IaJTUCh ¥ TIECKOCTPYHIIIMKOB, TIOJ[BEPTABIINXCS BO3/IEHCTBUI0 BHOBh 06Pa30BaHHBIX MOAUDUKa-
OUH KpeMHe3€éMa B KOHIIEHTPAIHAX 20—340 Mr/M3. C 1970-X roZj0B Ha IPOMBIIIJIEHHBIX IpeAnpusaTusax HoBocubupcka
u HoBocuOUPCKOI 06J1aCTH ITPOU3OIIIIO 3HAUUTETHLHOE CHUKEHUE YPOBHEN 3aIIbIJIEHHOCTH (B IECATKU U COTHU pa3) —
710 4—40 Mr/m3. B mocyiennee necatunerre XX B. Ha psjie MPEANPUATANR COKPATUIINCH 06'beM IIPOUBBO/CTB U CyMMap-
HOe paboyee BpeMs, B TeUeHHE KOTOPOTO IIPOUCXOAUIT HEIIOCPEICTBEHHBIH KOHTAKT C IPOMBIIIJIEHHBIMU a3P030JIMH,
a JIoJIs KJlacca yCJIOBUH TPyZaA 3.4 YMEHBIINIACH B 2.49 pasa (p < 0.001). [Ipon3onuio nu3MeHeHHe YCJIOBUU TPyZa HA
[IPOU3BO/ICTBAX OTHEYIIOPHBIX MAaTEPUAJIOB U KEPAMUUECKUX U3/enuil. Ha 3y1eKTPOCBaPIUKOB IIPU BCEX BU/IAX PYyIHOMN
CBapKH OKa3bIBAJIOCh KOMOMHUPOBAaHHOE BO3/IEHCTBYE BPETHBIX TPOQECCHOHATBHBIX (PAKTOPOB 6€3 CyIeCTBEHHBIX 13-
MeHEeHUH YPOBHEH TPOMBIIIJIEHHBIX a9P030JIell Ha pabourX MeCTax.

Karouegwvte ca068a: 3BOIONNSA YCIOBUN TPYZA, IBUIEONIACHBIE IPEIIPUATHSA, THEBMOKOHUO03, IIPOMBIIIJIEHHBIE a9PO0-
30JI4.

ABSTRACT

To identify the main 50-year trends in evolution of working conditions at dust-hazardous enterprises in Western Sibe-
ria, the sanitary and hygienic characteristics of working conditions of staff with suspected occupational diseases, issued by
the regional offices of The Federal Service for Surveillance on Consumer Rights Protection and Wellbeing (Rospotrebnad-
zor) to 447 patients with pneumoconiosis diagnosed from 1960 to 2010 were analyzed, as well as a retrospective analysis
of the dynamics of changes in working conditions according to the research reports of the Novosibirsk Research Institute
of Hygiene for the period 1930—1960 was made. In the 1950s the most harmful silicotic working conditions were observed
in sandblasters exposed to newly formed modifications of silica in concentrations of 20-340 mg/m3. Since the 1970s, in-
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dustrial enterprises in Novosibirsk and the Novosibirsk Region have experienced a significant decrease in dustiness levels
(by tens and hundreds of times) — up to 4—40 mg/m3. In the last decade of the XX century, at a number of enterprises,
the volume of production and the overall working time, during which there was direct contact with industrial aerosols,
decreased, and the proportion of 3.4 class working conditions over the last decade decreased by 2.49 times (p < 0.001).
There was a change in working conditions for the production of refractory materials and ceramic products. Electric welders
with all types of manual welding were exposed to a combined effect of hazardous occupational factors without significant

changes in the levels of industrial aerosols in the workplace.

Keywords: evolution of working conditions, dust-hazardous enterprises, pneumoconiosis, industrial aerosols.

BBEJAEHUNE

IlepcrieKTUBBI Pa3BUTHUS CTPaHbI, €e DKOHOMU-
YeCKUU POCT U TOBBIIIEHNE 6JIarOCOCTOSTHUS Hace-
JIEHUSI BO MHOTOM 3aBUCST OT YPOBHs (PU3UUECKOTO
U IyXOBHOTO 37I0POBB JIIOJIEN, X MPOGECCHOHATb-
HOU aKTHUBHOCTH W JIOJITOJIETHS, COXPAaHEHHE KOTO-
PBIX sSIBJISIETCSI OJTHOM 13 OCHOBHBIX 33/1au OOIIECTBa,
BOKHeHIIeH (PyHKIHEH rocy1apcTBa U OCHOBOU €Tr0
COIMAJIBHOU TIOJIUTUKU. JIJIsl OIfeHKU MephI BO3/IeH-
cTBUsSI (PaKTOPOB TPYAOBOU JIESATETLHOCTH U IIPEIY-
TIPEsK/IeHHsT UX HeOJIarONPUSATHOTO BIUSHUS Ha Op-
raHU3M pabOTAMIIMX HCIIOJIB3YeTCsI HOPMUPOBAHHE
BPE/THBIX TTPOUBBO/ICTBEHHBIX (PAaKTOPOB (YCTaHOBIIE-
HHe TIPeeIbHO JA0MyCTUMBIX KoHIeHTparui (I[T1K)
XUMHYECKHX BEIIECTB B BO3/yXe paboyell 30HbI).

OreHka ycyioBUi Tpyzaa Bo Bpemsa Bemmkoi Ot-
€4eCTBEHHOU BOMHBI U TIOCJIEBOEHHBIE TO/IBI 3aTPY/I-
HEHa, TaK KaK paHee B 0QUITHATbHBIX IOKyMEHTAaX HE
BCer/la YKa3bIBAJINCh peayibHble BEJIMUHNHBI KOHIIEH-
Tpanui meUTh. B TO 3Ke BpeMs yxke B 30—60-X rogax
XX B. IPOBOAWJINCH HAyYHbIE PAOOTHI 110 U3yUEHHIO
3aMbLIEHHOCTH Ha TMPEANPUATUSIX TOPHOI0OBIBAIO-
men [1, 2], MeTasyprudeckos [3, 4], sHepreTuye-
CKOU [5] MPOMBINIIJIEHHOCTH, MAaITMHOCTPOEeHUA [6],
MIPOM3BOJICTBA CTPOUTEIPHBIX MATEPHAIIOB [7].

Kpaiine BBICOKYIO 3aITbIEHHOCTD BO3/yXa (Ipe-
Boirenue [1/IK B 1ecATKH U COTHU pa3) B IUTEUHOM
¥ MapTEHOBCKOM IiexaX 00yCJIOBJIMBAIN IIPHUMEHSB-
mueca A0 60-X rogoB XX B. TEXHOJOTUUECKHE IIPO-
[IECChI, OTCYTCTBHE JIOJ?KHOU U30JIAIUUA U TEPMETH-
3anuu 060pymoBaHus, Hed(pHEKTUBHOCTh BEHTHIISI-
IMOHHBIX cucTeM [8, 9]. MexaHu3aIys U SHEPTOBO-
OPY’KEHHOCTh YTOJIBHOU ITPOMBIIIIJIEHHOCTH O00JIer-
YWJIH TPYJ, TOPHOPAObOUYMX, HO MIPUBEIN K BO3pacTa-
HHI0 (BO MHOTO pa3) yPOBHEH 3albUIEHHOCTH U I10-
BBIIIEHUIO TUCIIEPCHOCTH YTOJIBHO-TIOPOAHOU ITHLTH.
9TO U 00YCJIOBUJIO B 70-€ TO/bl XX B. PE3KUH POCT
3a00JIeBaEMOCTH ITHEBMOKOHHO03aMHU Y pabOTHUKOB
YTOJILHOY ITPOMBIIIIEHHOCTH [10].

OEJDb UCCJIEAJOBAHNA

BBISIBUTH OCHOBHBIE 50-JIETHHE TPEH/IBI HBOJIIO-
MU YCJIOBUM TPy/ia HA MbLUIEOMTACHBIX IPEATIPUATH-
Ax 3anagHor Cubupu.

INTRODUCTION

The prospects of the country’s development,
its economic growth and the improvement of the
human wellbeing largely depend on the level of
physical and mental health of people, their pro-
fessional activity and longevity the preservation
of which is one of the main objectives of society,
the most important function of the state and the
basis of its social policy. To assess the severity of
the impact of working activity factors and prevent
their unfavorable health effect in workers, the rate
setting of harmful occupational factors is used
(setting the maximum permissible concentra-
tion (MPC) of chemicals in the air of the working
area).

An assessment of working conditions during
the World War II and post-war years was difficult
since earlier official documents did not always indi-
cate the actual value of dust concentrations. At the
same time, already in the 30—60s of XX century a
scientific research on the dustiness in mining [1, 2],
metals [3, 4], energy [5] sectors of industry, ma-
chinery [6], construction materials production [7]
was carried out.

Technological processes used until the 60s of
the XX century, the lack of proper insulation and
packaging of equipment, and the inefficiency of ven-
tilation systems caused extremely high dustiness of
the air (exceeding the MPC by tens and hundreds
of times) in the foundry and open-hearth shop
[8, 9]. The mechanization and power availability of
the coal industry made the work of miners easier,
but led to an increase (many times) in the levels of
dustiness and the dispersion of coal rock dust. This
led to a sharp increase in the incidence of pneumo-
coniosis in coal industry workers in the 70s of the
XX century [10].

AIM OF THE RESEARCH

To reveal the main 50 year trends in the evolu-
tion of working conditions at dust-hazardous enter-
prises in Western Siberia.
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MATEPHUAJBI 1 METO/IbI

AHQJIM3UPOBAIN CAHUTAPHO-TUTHEHUYECKHUE Xa-
PaKTEPUCTUKHU YCJIOBUU TpyZa PabOTHUKOB IIPHU IIO-
JIO3pEHNN y HUX IpodeccroHasbHOrO0 3aboseBa-
HUsI, BbIIAHHBIE TEPPUTOPUAIBHBIMU OT/IEJIEHUSMH
PocriotpebHanzopa 447 mamueHTaM ¢ YCTaHOBJIEH-
HBIM JITUarHO30M «ITHEBMOKOHHO3» B IIEPHOJ, € 1960
110 2010 T.; OIeHUBaJIU MTPOdECCHOHAIBHBIN MapIi-
PYT, cTaxx paboThI U y/IeJIbHBIN BeC 3aHATOCTH pPabo-
Yero BpeMeHHU B YCJIOBUAX BO3/IENCTBUS BPEJHBIX Be-
IIECTB U HEOJIATOMIPUATHBIX IIPOU3BO/ICTBEHHBIX DaK-
TOPOB, IaHHBIE JTAOOPATOPHBIX I HHCTPYMEHTATHHBIX
HCC/IEIOBAHUI COCTOSTHHS ITPOW3BOJICTBEHHON Cpe-
Ikl Ha pabounx Mecrax. OOIas OIeHKa YCJIOBHH U
XapakTepa TpyzAa paboTaoNnuX IPOBEeIeHa COTTIACHO
P 2.2.2006-05 [11]. Takke nMpoBeieH PETPOCIIEKTHB-
HBIA aHAIU3 AUHAMUKU U3MEHEHUH YCJIOBUU TpyAa
HA MIBUIEOTIACHBIX MPEANPUATHAX 3anaHoi Cubupu
II0 JJAaHHBIM OTYETOB O HAYYHO-HCCJIE0BATEIbCKOM
pabore HUU ruruens! (r. HoBocubupck) 3a mepuost
1930—1960 IT.

CraTtucTuuecKUil aHaINW3 TIOJIyYeHHBIX /[JIaH-
HBIX IPOBOJIWJICS C KCIIOJIb30BAHUEM CTaHAAPTHBIX
MaTeMaTHUKO-CTaTUCTUYECKUX METOJIOB C IIPeZBapH-
TEJIHOW IIPOBEPKOM 3aKOHOB pacCIpeie/IeHUs Iie-
peMeHHBIX. J[oBepUTEIbHBIN UHTEPBAT > 95 % mpu-
HUMaJICA KaK CTAaTUCTHYECKU 3HAYUMBIN. Pazimuns
CUUTAJIUCH JIOCTOBEPHBIMH IIPH P < 0.05.

PE3YJIBTATBI 1 OBCYXKIAEHUE

V3yueHune cpefHHUX YPOBHEH IbLIEBBIX HATpy-
30K Ha pabouymx MecTax IaI[eHTOB, 3a00JIEBIINX
ITHEBMOKOHHO30M, BBISIBIJIO 3HAYMMBbIE Pa3JIUUKS B
3aBHCHUMOCTH OT BU/Ia BO3EHCTBYIONIETO ITPOMBIIII-
JIEHHOTO a3p030Jisi B JUHAMUKE 50-JIETHETO TIEPHO-
Jla: 3HAUYUTEJIbHOE CHUKEHHE BBICOKO- U YMEPEHHO-
(puGPOreHHBIX a’PO30JeH AEe3UHTErpPaIlUM, MPEBbI-
maromux ITJIK (8 5-350 pas) (p < 0.0001) (Tab. 1).

Ha 5J1eKTpOCBapIUKOB IIPU BCEX BUAAX PYYHON
CBapKH, OCYII[ECTBJISIEMOMU C TPUMEHEHUEM 3JIEKTPO-
0B «KoMcomosier-100», IOMUMO CBapOYHOTO a3-
POB30JIsA, COCTOSIIIIETO M3 OKHCJIOB MapraHIia, JKeje-
3a, MeIM, 030HA, TUOKCHUA a30Ta, PTOPUCTOTO BO-
nopojia, npessimatorero IIJIK B gecartku (2—57)
pas, ¥ BBICOKO- I YMEPEHHO-(DUOPOTEHHBIX a3P030-
Jiell KoHAeHcanuy (3HAYMMO He HU3MEHHUBIIHXCH),
BO3/IEHCTBOBAJI KOMIUJIEKC HEOJIArOMPUATHBIX (hak-
TOPOB, BKJIIOUAIOIIUH YIbTPadHOJIETOBYIO U HHpPa-
KpacHyI0 pafilanuio (BeJMuruHa HHTErPAIBLHOTO 0~
TOKa 400—1950 Kaji/cM? - C), TPOU3BOJICTBEHHBIN
myM (1o 110 AB) u BUOpauo, HeOIATOIPUATHBIA
MHKPOKJINMAT, BADbHPOBABIIHI B IIIUPOKUX IIPEZE-
JlaX, B 3aBUCUMOCTH OT TEXHOJIOTHUECKOTO IpoIiecca
U BPEMEHH TOJ1a.

MATERIALS AND METHODS

We analyzed sanitary and hygienic charac-
teristics of working conditions of employees with
suspected occupational diseases, issued by the re-
gional offices of The Federal Service for Surveil-
lance on Consumer Right Protection and Wellbe-
ing (Rospotrebnadzor) to 447 patients with the
confirmed diagnosis of pneumoconiosis from 1960
to 2010; evaluated the occupational history, years
of service and the proportion of working time em-
ployed under exposure to harmful substances and
adverse occupational factors, data from laboratory
tests and instrumental examination of the work-
place environment. The general assessment of the
working conditions and nature of the workers labor
was carried out according to the Guidelines [11].
A retrospective analysis of the dynamics of changes
in working conditions at dust-hazardous enterpris-
es in Western Siberia was also carried out accord-
ing to the reports of the Research Institute of Hy-
giene (Novosibirsk) for the period 1930—-1960.

Statistical analysis of the obtained data was
carried out using standard mathematical and sta-
tistical methods with a preliminary check of the
laws of distribution of variables. A confidence in-
terval of more than 95% was assumed to be statis-
tically significant. The differences were considered
significant at p < 0.05.

RESULTS AND DISCUSSION

The analysis of the mean levels of dust loads
at the workplaces of patients with pneumoconiosis
revealed significant differences depending on the
type of acting industrial aerosol in the dynamics
of the 50-year period: a significant decrease in the
high and moderate fibrogenic aerosols of disintegra-
tion exceeding the MPC (5—350 times) (p < 0.0001)
(Table 1).

In all types of manual welding carried out with
the use of “Komsomolets-100” electrodes, in addi-
tion to welding aerosol consisting of oxides of man-
ganese, iron, copper, ozone, nitrogen dioxide, hy-
drogen fluoride, exceeding the MPC by tens (2—57)
of times, and high and moderate fibrogenic aerosols
of condensation (not changed significantly), the
electric welders were exposed to a wide range of ad-
verse factors, including ultraviolet and infrared ra-
diation (the integral flow of 400—1950 cal/cm? - s),
occupational noise (up to 110 dB) and vibration,
unfavorable microclimate, which varied widely, de-
pending on the technological process and the time
of year.
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TaGauna 1. YPOBHM MbUIEBBIX HATPY30K Ha paboumMx MeCTax MAI[HEeHTOB ¢ MTHEBMOKOHHO30M B IMHAMHUKE 50-JIETHETO
(1960—2010 rT.) IEpHOa HabMIOIeHUs (MT/M3) B KpaTHOCTH mpeBbiieHus [1/K (pas)

Table 1. The levels of dust loads at the workplaces of patients with pneumoconiosis in the dynamics of the 50 year (1960—
2010) observation period (mg/m3) and the multiplicity of exceeding the MPC (times)

HaHI/IeHTI)I C IHEBMOKOHHNO3aMU, pa-

OOoTaBIIIKE B YCIOBUSX BO3IEHCTBUS  1960—1969 1970-1979 1980-1989 1990-1999 2000—2010
Patients with pneumoconiosis who (n=85) (n = 155) n=9y) n=171) (n=39)
worked under exposure to

CBapoOYHOTO a3p030JIs 14.0 £10.16  13.87 + 8.88 13.10 £ 9.83 16.12 £ 12.82  5.67 + 4.18
Welding aerosol (7—26) (5—42) (2—36) 4-57) (2—-12)
(n=75)

VYToIbHO-TIOPOTHOM TTBLITU 23.17£9.55 16.31 £ 11.57 14.92 £ 9.76 14.19 £ 9.62 7.89 £ 2.79
Coal rock dust (5-43) (5-73) (6—40) (4-50) (5-10)
(n=109)

BricokO- U yMmepeHHO-GUOPOTeHHBIX 66.81 + 81.11  74.03 £ 92.17  46.36 + 55.63 20.49 + 31.33 13.66 + 14.81
asp030JieH JIe3UHTErpauu (6—340) (3—300) (1—225) (1-130) (2-55)

High and moderate fibrogenic

aerosols of disintegration

(n=213)

BbICOKO- ¥ yMepeHHO-(PpUOPOTEHHBIX 23.10 + 13.59 16.59 + 6.63 15.80 £10.32 31.36 £ 34.33 20.00 £ 20.53
aspo30Jiel KOHJEHCAIIUH (4-55) (7-30) (2-36) (3-98) (4-63)

High and moderate fibrogenic

aerosols of condensation

(n=50)

Bcex sudos nvineit / All types of dust  51.59 + 69.31 43.80 £70.66 27.25+ 39.11 17.82 £21.12  13.12 + 14.69
(n=447) (4—340) (3—-300) (1—225) (1-130) (2-63)

IIpumeuanue. Bckobkax ykazaHa KpaTHOCTb npeBbiieHus I1/TK.

Note. The MPC exceedance factor see in parenthesis.

OreHKa 5BOJIIONMY YCJIOBHM TpyZia 3a 50-JIET-
HUH TIePUOJT TTO3BOJIMJIA YCTAaHOBUTH, UYTO HaubosIee
OTUYETJIIBO TPEH/| HA CHUIKEHUE IThLIEBBIX HATPY30K
(B 4.89 paza) mpocsiexuBasicsi Ha pabOYUX MecTax
MAlMeHTOB C IMTHEBMOKOHHMO3aMU OT BOB3JIEHCTBUSA
BBICOKO- M YMepPEeHHO-(OUOPOTreHHBIX a3pO30JeH
JIeBVHTETrPAaIliY, a caMble HeOJIATOIPUITHBIE YCIIO-
BUsI TPyZIa HAOJIIOIATUCH JI0 KOHITA 70-X ro/ioB XX B.:
peo61a1auT KJ1ace YCIOBUH TPYy/Ia 3.4, KOS KOTOPO-
O 3a IOCJIe/IHEE JIECATUIIETHE YMEHBIIUIACh B 2.49
pasa (p < 0.001) (puc. 1).

CBapouHBI a’p0o30Jb M  YTOJIBHO-IIOPOJIHAS
MBUIB TIOCJIE 2000 T. TPAKTUYECKU HE COJIEPIKAIIH CBO-
6OHOM IBYOKNCH KPEMHUs, & UX KOHIIEHTPAIIUH TIpe-
peimasia I1JIK He Gosiee yemM B 10 pas, Kjaacc ycjo-
BUH TPy/a 3.1 IPAKTHUECKH OTCYTCTBOBAJI. 3HAYMMbIE
pazyinuusi, 3aBUCSAIINE OT XapaKTepa IbLIEBOTO (ak-
Topa (p < 0.001), BBIABJIEHBI Y PAOOTAIOIINX B YCIOBU-
SIX KJ1accoB 3.4 (p < 0.0001) u 3.2 (p < 0.05) (puc. 2).

Hawubosiee He6GsaronpusATHbIE YCJIOBUS TpPY-
J1a (BBICOKHE KOHIIEHTPAIMHU IbUIU U ee ¢GUOpOreH-
HOCTbH), BBI3BABIIIME Pa3BUTHE ITHEBMOKOHHUO30B OT
BOBJIEVICTBUSL BBICOKO- U yMepPEeHHO-(DUOPOTEHHBIX
aspo30JIed Ae3NHTErPAIINH, [10 HAIIKM JJAHHBIM, Ha-
OJIIOTATUCH Y TIECKOCTPYUIIIMKOB, PAOOTHUKOB Ke-
PaMHUUYECKOT0 M OTHEYIOPHOTO IIPOU3BOJICTB, Ka-
MEHHBIX KapbepoB. [Ipm Ipom3BOJCTBE OTHEYIIOP-

An assessment of the working conditions evo-
lution over the 50-year period allowed us to estab-
lish that the most distinct trend for reducing dust
loads (4.89 times) was observed in the workplaces
of patients with pneumoconiosis from exposure to
high and moderate fibrogenic aerosols of disinte-
gration, and the most unfavorable working con-
ditions were observed until the end of the 70s of
the XX century: the proportion of the prevailing
3.4 class working conditions have decreased by
2.49 times (p < 0.001) over the last decade (Fig. 1).

After 2000, the welding aerosol and coal rock
dust hardly contained free silicon dioxide, and their
concentrations exceeded the MPC by no more than
10 times, the 3.1 class of working conditions was
almost absent. Significant differences, depending
on the nature of the dust factor (p < 0.001), were
found in workers who had the 3.4 class (p < 0.0001)
and 3.2 class (p < 0.05) of working conditions
(Fig. 2).

According to our data, the most unfavorable
working conditions (high dust concentrations and
its fibrogenicity), which caused the development of
pneumoconiosis from exposure to high and mod-
erate fibrogenic aerosols of disintegration, were
observed in sandblasters, workers of ceramic and
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Puc. 1. [[uHAMUKa KJIaCCOB yCJIOBHI TPY/Ia Y MAIUEHTOB € THEBMOKOHUO3aMH B TEUEHHE 50-JIETHETO IIEPHO/IA
Fig. 1. Dynamics of working conditions classes in patients with pneumoconiosis over the 50-year period

o, 80
70
60
50
40
30
20

10

78 |:| 3.1 class
. 3.2 class
. 3.3 class
. 3.4 class

I'pymnma 1 I'pynma 2 I'pynma 3 I'pynmna 4
Group 1 Group 2 Group 3 Group4

Puc. 2. YiebHBIN BEC KJIACCOB YCJIOBHIA TPY/IA Y MAIUEHTOB C THEBMOKOHUO3aMH B 3aBUCUMOCTH
OT BUZIa IPOMBIIIJIEHHBIX a3P030JIel
(rpymma 1 — paboTta B yCJIOBHUAX BO3/IEUCTBUS CBAPOYHOTO a3P0O30JIs;
rpyima 2 — paboTa B YCJIOBHUAX BO3IEUCTBUS YTOJIBHO-IIOPOIHOM IIBLIH;
rpymmna 3 — paboTa B yCJIOBUAX BO3IEUCTBUSI BBICOKO- U YMEPEHHO-(OHUOPOTeHHBIX a3P030JIEH JIe3UHTEr DALV
rpymna 4 — pabora B yCJIOBHUAX BO3/IEHCTBUSA BHICOKO- U YMEPEHHO-(PUOPOTEHHBIX a3P030JIel KOH/IEHCAIIHH )
Fig. 2. The proportion of the working conditions classes in patients with pneumoconiosis depending
on the type of industrial aerosols

(group 1 — work under exposure to welding aerosol; group 2 — work under exposure to coal rock dust;

group 3 — work under exposure to high and moderate fibrogenic aerosols of disintegration;

group 4 — work under exposure to high and moderate fibrogenic aerosols of condensation)

HBIX MaTEPHUAJIOB U KEPAMUYECKUX U3JETUN peru-
CTPUPOBAJIaCh BBICOKO-AUCIEPCHAs KBapIico/aepsKa-
masi mbuib (15—75 % CBOOOJHOM JIBYOKHCH KpEM-
Hus), npesbimamomas IIJIK (1.0—2.0 mr/m3) B fge-
CATKA U coTHH (0T 5 710 289) pa3 B coUueTaHUU C He-

refractory industries, stone quarries. In the refrac-
tory processing and ceramic ware, microsilica with
quartz (15—75% free silicon dioxide) exceeding the
MPC (1.0-2.0 mg/m3) by tens and hundreds (from
5 to 289) times in combination with an unfavorable
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6J1aTONPUATHBIM MHUKPOKJIUMATOM (BBICOKAs TEMIIE-
patypa Bo3ayxa pabouel 30HbBI) U TOKCHYHBIMH Ta-
3aM# (IPEUMYIIIECTBEHHO OKCH/ YIJIEPOJa U CEPHU-
cThIH Ta3). [Ipy KOHTAKTE ¢ OTHEYIIOPHBIMU MaTEPH-
anamu (IIaMoT, IMHac) B 50-€ roabl XX B. KOHIIEH-
Tpaluy MMbUIH B BO3/[yXe pabodell 30HBI IIPEBHIIIA-
s ITJTK B fecsatku u coTHH pas [8]. Hauboutee omac-
HbBIE [0 PUCKY Pa3BHUTHA CHJIMKO3a yCJIOBUS TPYA,
o mHenuio B.JI. Bounep, E.II. TanpimeBoi [12],
TaK’Ke OTMEUATUCh Y TIECKOCTPYUIIMKOB, IIO/{BEPTaB-
MIUXCS BO3IEHUCTBHIO BHOBh 00pa30BaHHBIX MOAUDU-
Kauil kpemHe3eMa (coziep;kaHue cBOOOTHOH IBYO-
KHUCH KpeMHUS He MeHee 90 %, II/IK mputu 1 Mmr/m3)
B HEITOCPE/ICTBEHHOU OJIM30CTH OT UCTOYHUKA IIbLIEe-
00pa3oBaHUs B KOHIIEHTPAIUIX 20—340 MT/M3.
HawnbGosiee BbICOKHE TbLIEBbIE HATPY3KU HAOJIIO-
JIAJTACH JI0 KOHI[a 70-X To/10B XX B. (p < 0.0001). Y/ieJ1b-
HBII Bec pabOYUX MECT MAI[UEHTOB C YCTAHOBJIEHHBIM
JINarHO30M «ITHEBMOKOHMO3», Ha KOTOPBIX KOHIIEH-
Tparuu npUTy npeBbimany [1/IK 6osiee yem B 20 pas,
YMEHBIITUIICSA B 4.81 paza v COCTaBUJI B IEPBOM JIECSTH-
neruu XXI B. 15.4 %. JloJist paGourx MecT, Ha KOTOPbhIX
KOHIIeHTpauuu nbuiu npesbimiany I[1/IK B 10—19 pas,
ObLIa JOCTATOYHO CTA0MILHOM B IMHAMUKE F COCTABH-
J1a B TIOCJIETHEM JIECATIUIETUU 56.4 % (puc. 3).
VYenbHBIH Bec paboOUYUX MECT, KOHIEHTpAIuu
IbUIN Ha KOTOpBIX npesbimanu [I/IK qo 5 pas, Bo3-
poc B 11.25 pa3a U COCTaBWJI B IEPBOM JIECATHIETHHI
XXI Beka 28.2 %. [Tocyiequuii coryyaii BIIEPBBIE yCTa-
HOBJIGHHOTO ITHEBMOKOHHO03a Yy IUTH(OBIITUKOB Cy-
xX0U NUTMGOBKU 3aPETUCTPUPOBAH B 2004 T. ATOMY
CII0COOCTBOBAJIO 3HAUUTEJIBHOE COKpAIlleHHEe IThI-

9% 100 -
90 -

80 -

74.1
70 -

microclimate (high air temperature of the work-
ing area) and toxic gases (mainly carbon monoxide
and sulfur dioxide) were recorded. In contact with
refractory materials (chamotte, ganister) in the
50s of the XX century, dust concentrations in the
air of the working area exceeded the MPC by tens
and hundreds of times [8]. According to V.L. Bon-
ner and E.P. Gladysheva [12], the most hazardous
silicotic working conditions were also observed in
sandblasters who were exposed to newly formed
modifications of silica (content of free silicon diox-
ide at least 90%, the MPC of dust of 1 mg/m3) in
close proximity of the dust source in concentrations
of 20-340 mg/ms.

The highest dust loads were observed until the
end of the 70s of the XX century (p < 0.0001). The
proportion of workplaces of patients with a con-
firmed diagnosis of pneumoconiosis, where dust
concentrations exceeded the MPC by more than 20
times, decreased by 4.81 times and amounted to
15.4% in the first decade of the XXI century. The
proportion of workplaces, where dust concentra-
tions exceeded the MPC by 10—-19 times, was quite
stable in dynamics and amounted to 56.4 % in the
last decade (Fig. 3).

The proportion of workplaces, where dust con-
centrations exceeded the MPC up to 5 times, in-
creased by 11.25 times and amounted to 28.2% in
the first decade of the XXI century. The last case
of newly diagnosed pneumoconiosis in dry grind-

—o—Jlo 5 pa3 / up to 5 times
== 6—19 pa3 / 6—19 times

20 pa3 u 6oJtee / 20 times and more

i 56,7 57.7
60 o

50.3
50 - r/k

J 1
40 45.8 35

30 - 23.9
23.5

20 A

u 56.4

/ 28.2

15.4

0 T T T
1960-e /s 1970-e/s

1980-e /s 1990-e/s 2000-e/s

Puc. 3. /luHaMuKa bUIEBBIX HATPY30K HA PA0OUYMX MECTaX MAIMEHTOB C THEBMOKOHMO3aMHU B TEYEHHE 50-JIETHErO [TEPUO/IA
Fig. 3. Dynamics of dust loads in the workplaces of patients with pneumoconiosis during the 50-year period
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JIEBBIX Harpy30K B CBAA3U C YXO/IOM B IIPOLILIOE IIPO-
HU3BO/ICTBEHHBIX IIPOIECCOB 0€3 MCIOJIb30BAHUS CHU-
CTeM TyMaHOOOpa30BaHUsA. YJIydIlleHHEe YCIOBHI
TpyZia IPUBEJIO K OTCYTCTBUIO THEBMOKOHHUO30B Y pa-
OGOTHHKOB KEPAMHUUYECKOTO IIPOM3BO/ICTBA U PaboUnX
KaMeHHBIX KapbepOoB.

B nacrosiee Bpems Hanb0s1ee KOHNO300IIACHBI-
Mu (13 UCCIIe/IOBAHHBIX) CJIEAYET CUNTATh 0OPYOHBIE,
3eMJIEIPUTOTOBUTEIbHBIE U (DOPMOBOYHBIE YIACTKU
JINTEWHBIX [I€XOB, OTHEYIIOPHOE, YYyTYHO- U CTAJIEIIH-
TelHOe ITPOU3BOJICTBO.

3AK/IIOUEHMHE

IIpoBeneHHOE HCCIEZ0BaHUE IIOKA3aj0, YTO B
TeyeHue 50-JIETHEr0 MePHO0Jia HAOJIOIEHUs] OTYeT-
JIMBO IIPOCJIEXKUBAETCSI U3MEHEHUE YCJIOBUM TpY-
Jla: HanboJsiee BHICOKUE IbLIEBbIE HATPY3KU HaOJIIO-
JTAJIACH 10 KOHIIA 1970-X rofioB XX B., cCaMbIli 3HA-
YUMBIA PUCK Pa3BUTHUSA CHJIMKO3a OTMEYEH Y IECKO-
CTPYHIIUKOB, MIPU IIPOU3BO/ICTBE OTHEYIIOPHBIX Ma-
TEPUAJIOB U KEPAMUYECKUX U3JIEJIU, a HA BJIEKTPO-
CBapIIIKOB IIPU BCEX BUAAX PYYHOHU CBAPKU OKA3bI-
BaJIOCh KOMOWHUPOBAHHOE BO3JIECTBHE BPEIHBIX
npodeccoHATBHBIX (aKTOPOB 6e3 CyIeCTBEHHBIX
U3MEHEHUH YPOBHEH IPOMBINIJIEHHBIX a3p030Jei
Ha pabounx MecTax.

Kondaukr nHTEpEeCOB. ABTODHI 3a5BJISAIOT 00
OTCYTCTBUM KOH(QIIMKTA UHTEPECOB.
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ing worker was registered in 2004. This was facili-
tated by a significant reduction in dust loads due to
the obsolescence of production processes without
the use of misting systems. The working conditions
improvement led to the absence of pneumoconiosis
both in ceramic industry and stone quarries work-
ers.

Currently, the fettling, sand preparation and
molding shops, refractory processing, iron and
steel founding should be considered posing the
maximum risk for coniosis development (of those
studied).

CONCLUSION

The conducted research showed that during
the 50-year observation period changes in working
conditions could be seen distinctly: the highest dust
loads were observed till the end of the 1970s, the
most prominent risk of silicosis development was
noted in sandblasters, in the production of refrac-
tory materials and ceramic ware, while the electric
welders with all types of manual welding were ex-
posed to a combined effect of harmful occupational
factors without significant changes in the levels of
industrial aerosols in the workplace.
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AHHOTAIIUA

TomeocTaTHYeCKUH UMMYHOJIOTHYECKHH «THAJIOT» MEKAY XO3IUHOM U €r0 MUKPOOHOTON SBJISETCA KPUTHUUECKH
BaKHBIM JIJ14 IIOJIZiep2KaHuA 3710pOBbA. [IponcxoAliee ¢ BO3pacToM ocabieHre opranusMa, 66JIplnas ero 3aBUCHMOCTD
OT BHEIIHUX YCJIOBUH KU3HHU JIEJIAI0T CTAPOCTh IEPHO/IOM HAaNOOJIbIIIeH 3a001eBaEMOCTH. B yCI0BHAX Iporpeccupyromie-
IO YBeJIMUEHU s IIPOJOJIKUTEIBHOCTH KU3HHU Bee OoJIblilee BHUMaHUeE IIPUBJIEKAET BO3MOXKHOCTD BJIMSAHUSA Ha 3/10POBbE
YyeJIoBeKa C IOMOIIBI0 IEPCOHUDHUITMPOBAHHBIX ITHUINEBBIX U TEPAIIEBTUUECKUX CTPATET U, HATIPABJIEHHBIX HA MOAU(HITH-
POBaHMe KUIIEYHOH MUKPOOHOTHI, K KOTOPBIM OTHOCAT HCIOJIb30BAHUE IIPO- ¥ TPEOUOTHKOB.

Iesib HacTOsAIIEH pabOThI — KCCIIE0OBAHNE BJIUSHUSA Ipenapara «Be1abBuoTHuK», mpecTaBIIsIoNiero coboi opuru-
HaJIbHBIA KOMILJIEKC IIPOOUOTHKOB (JIno(puIn3upoBaHHas 6uoMacca JKUBBIX aKTUBHBIX OMUI006aKTepUii, JaKTOOAKTE-
puii, TepMOMGHUIBHOTO CTPENTOKOKKA), TPEOHOTUKOB (MUKPOKPHUCTAIIIIYECKA IeJIII0JI03a, JIAKTY/I03a) 1 ButaMmuHa C, Ha
KJIETOYHBIH IMMYHHBIH OTBET U (DyHKIIHOHAJIBHYIO aKTHBHOCTh UMMYHOKOMIIETEHTHBIX KJIETOK Y BO3PACTHBIX MJIEKOIIH-
TaIuUX (MBIIIEH-caMIIOB B BO3pacTe 10 Mec). YCTaHOBJIEHO, YTO Y BO3PACTHBIX MJIEKOIIUTAIOIINX KyPCOBOE BBEZIEHHE ITpe-
rapaTa IpUBOAUT K CTUMYJISALNH IposindepaTHBHON aKTUBHOCTH UMMYHOKOMIIETEHTHBIX KJIETOK M KJIETOYHOTO UMMYH-
HOT'O OTBETA, B TOM YHCJIE U IPH UHYIIMPOBAHHONU UMMYHOCYIIpecCHH (peaKIysa IUIepuyBCTBUTEIBHOCTH 3aMe/IJIEHHO-
'O THIIA TIOBBIIIAJIACH /10 YPOBHA, HAOII0ZJaeMOT0 Y MHTAKTHBIX KUBOTHBIX aHAJIOTHYHOTO Bo3pacTa). «BenabuoTuk» oka-
3BIBAET TAKIKe MOJIYJINPYIOIIee BIUSHUE Ha IPOIyKIIHIO IIUTOKWHOB, BHI3bIBAS CHIKEHIE IIPOBOCIIAIUTEIBHBIX ITUTOKH-
HoB NJI-1p u U®H-y 1 MOBbIIIIEH e TTPOTHBOBOCIATIUTETHHOTO ITUTOKKHA 1JI-10.

Takum obpazoM, npenapar «BegabuoTuk» okas3blBaeT MO3UTUBHBIM UMMYHOMOAYIUPYIOMIUN 3(pdeKT U MoxKeT
OBITH UCIIOJIB30BAH B KaUeCTBe OMOJIOTHUECKN aKTUBHOM 7I0OABKHU K ITHINE — B KAUECTBE HCTOYHHUKA TPOOHOTHYECKIX
MHUKPOOPIaHU3MOB — JIJISI CHUKEHHU ST HETATUBHBIX TOOOYHBIX 3 HEKTOB IUTOCTATUYECKOHN TePAITNH, & TAKKe JINIIAMHU
IIOKHUJIOTO BO3pAcTa JIJIA YAy4dIleHHU s KauecTBa )KU3HU U MPODUIAKTUKY PA3BUTHSA BO3PACT-ACCONMUPOBAHHON HATO-
JIOTHUU.

Kaoueawvle crosa: CTapeHnue, HpO6I/IOTI/IKI/I, HMMyHHLIﬁ OTBET, UMMYHOKOMIIETEHTHBIE KJIETKH, IIUTOKUHBI.
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ABSTRACT

The homeostatic immunological dialogue between the host and its microbiota is critical to maintaining health. The
weakening of the organism occurring with age, its greater dependence on the external life conditions, make old age the pe-
riod of the greatest morbidity. In the context of a progressive increase in life expectancy, more and more attention is being
paid to the possibility of influencing human health through personalized nutritional and therapeutic strategies aimed at
modifying the intestinal microbiota, which include the use of pro- and prebiotics.

The aim of this work is to study the effect of the VedaBiotic preparation, which is an original complex of probiotics
(freeze-dried biomass of live active bifidobacteria, lactobacilli, Streptococcus thermophilus), prebiotics (microcrystalline
cellulose, lactulose) and vitamin C, on the cellular immune response and functional activity of immunocytes in age-depen-
dent mammals (male mice at the age of 10 months). It was found that in age-dependent mammals, a course administration
of the drug leads to the stimulation of the proliferative activity of immunocytes and the cellular immune response, also in-
cluding the case of the induced immunosuppression (when the delayed-type hypersensitivity reaction increased to the level
observed in intact animals of similar age). The VedaBiotic also has a modulating effect on the cytokines production, causing
a decrease in the pro-inflammatory cytokines IL-1f and IFN-y, and an increase in the anti-inflammatory cytokine IL-10.

Thus, the VedaBiotic preparation has a favorable immunomodulatory effect and can be used as a nutritional supple-
ment — as a source of probiotic microorganisms — to reduce the negative side effects of cytostatic treatment, as well as by

elderly persons to improve the quality of life and to prevent the development of age-associated pathology.

Keywords: aging, probiotics, immune response, immunocytes, cytokines.

BBEAEHWE

MukpobruoTa KHUIIEYHUKA YeJIOBEKa SBJISIETCS
SBOJIIOIIMOHHO CJIOJKUBIIENCSA COBOKYIHOCTBIO MU-
KPOOPraHU3MOB, CYIIECTBYIONIEH KaK COaIaHCHPO-
BaHHAs MHKPOIKOJIOTUYECKAsI CHCTEMA, B KOTOPOM
CUMOHMOHTHAsI MUKpPOGJIOpa HAXOAUTCA B JIUHAMU-
YeCcKOM paBHOBecuU, GOPMHUPYeT MUKPOOHBIE acco-
[MaIY, 3aHUMAIOIINe B HEN OIIpeieJIEHHYI0 HKO0JI0-
ruJecKyo Hulry. KureyHnas MEKpOOHOTa OTHOCHUTCS
K CYIIeCTBEHHBIM (haKTOpaM, BJIHUIONIUM HAa MHOTHE
acneKThl (U3UOJIOTUH OPTaHU3MA U BBIITOTHSAIOIINM
BaKHele QYHKIIUN B COXpAaHEHUU 37I0POBbA Ue-
JIOBeKa, BKJII0Yasi METAOOIM3M HYTPUEHTOB, ITOIED-
’)KaHue QU3NO0JOTHIECKOTO TOMEeoCTas3a, Pe3UCTEeHT-
HOCTH K HMH(MEKIIMOHHOMY BO3JIEHCTBUIO IIOCDEe]-
CTBOM TECHOM B3aMMOCBS3U C KJIETKaMU OPTaHu3Ma
xo3suHa [1—3]. [ToaepsxaHue 3TOro paBHOBECHS I10-
3BOJISIET UH/YIIMPOBATh 3alIUTHBIE PeaKIuy Ha Ia-
TOTEHBbI U UCIOJIb30BATh PErYJSATOPHbIE IIyTH, yda-
CTBYIOIIIME B YCTOUUHBOU TOJIEPAHTHOCTH K Oe3Bpe-
HBIM aHTUTEHaM.

MukpobuoTa 1 UMMyHHAsI CHCTEMAa OpPTaHU3Ma
X03sIMHA TECHO CBS3aHBI Mekay cobor. Mukpobuo-
Ta urpaet GyHIaMeHTaIbHYIO POJIb B MHAYKIUH, 00-
pasoBanuu ¥ (YHKIMOHUPOBAHUM UMMYHHOH CHU-
CTeMbI X035IMHA. B cBOIO Ouepesn, IMMyHHAs CHCTe-
Ma XO035IMHA BbIPA0aThIBAET MHOKECTBO CPEJICTB, I10-
3BOJISIIONIUX TOZJIEP?KUBATh CBOU CHMOMOTHYECKHE
OTHOIIIEHUsI C MUKPOOHUOTOU [4]. PYHKIMHU KUIIEY-
HOH MUKPOGIIOPHI 110 OTHOIIEHHUIO K MaKPOOPTaHN3-
My pPean3yIoTCs KaK JIOKATbHO, TAK U HA CHCTEMHOM
VPOBHE, IIPH 3TOM Pa3JINYHbIE BUJIbI OAKTEPUN BHO-
CAT CBOM BKJIAJ] B 5TO BJIUSAHNE, MOAYIUPYIOT UMMYH-
HYIO0 CHCTEMY KHIIIEUHHKA XO3SMHA, OKa3bIBAs IIPO-
TUBOBOCIIAJINTEJIbHBIE U IIPOBOCHIAJIUTEIbHbIE (-

INTRODUCTION

The human intestinal microbiota is an evolu-
tionarily formed set of microorganisms that exists
as a balanced microecological system, in which the
symbiontic microflora stays in dynamic equilib-
rium, forms microbial associations that occupy a
certain ecological niche in it. The gut microbiota is
one of the essential factors that affect many aspects
of human physiology and perform essential func-
tions in human health protection, including nutri-
ent metabolism, maintaining physiological homeo-
stasis, and resistance to infections through close
interconnection with the cells of the host organism
[1-3]. Maintaining this balance makes it possible
to induce protective responses to pathogens and to
use regulatory pathways involved in sustained tol-
erance to harmless antigens.

The microbiota and the host’s body immune sys-
tem are closely related. The microbiota plays a fun-
damental role in the induction, formation and func-
tioning of the host’s immune system. In turn, the
host’s immune system produces a variety of agents
that allow it to maintain its symbiotic relationship
with the microbiota [4]. The functions of the intesti-
nal microflora in relation to the macroorganism are
realized both locally and at the systemic level, while
various types of bacteria contribute to this effect,
modulate the immune system of the host’s intestine,
providing anti-inflammatory and pro-inflammatory
effects. Such an effect, on the one hand, prevents
the development of a strong immune response to
the antigens of the symbiotic microflora, and on the
other hand, provides a rapid immune response when
pathogenic bacteria appear.
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(exTr1. Takoe BO37EICTBHE, C OJHOU CTOPOHBI, IIpe-
IIATCTBYET PAa3BUTHUIO CUJIBHON MMMYHHOH peakInu
Ha QHTUTEHBI CUMOWOTHYECKOH MHUKPOQJIOPHI, a ¢
ZIPyToil — obecrieunBaeT ObICTPHI UMMYHHBIH OTBET
IIPU MTOSIBJIEHUU [1aTOT€HHBIX OaKTEPUA.

B HacrosIee BpeMs MHTECTUHATBHYIO MUKPO-
OMOTY pacCcMaTPUBAIOT KAK OJINH U3 «OPTAHOB METa-
60s113Ma», 06eCIIeUnBAIOIIETO MHOTHE (DUB3HOJIOTH-
yeckue QYHKIUHU, a IEBUAIINHU B €€ COCTABe COITPOBO-
JKIAIOT Pa3JIMYHbIE TATOJIOTUYECKHE TTPOIecchl [3].
T'omeocTraTyeckuii UMMYHOJIOTUUECKUH «THAIOT»
MEXK/Iy XO3SMHOM H €ro MHUKPOOHOTOU SIBJISETCS
KPUTHUYECKU BAJKHBIM JJIA TOAAEPKAHUA 370pO-
BbA. HapyIeHne pelfUIIpOKHOTO PAaBHOBECHUS MeXK-
Iy MUKPOOHOTOH 1 OPraHU3MOM XO35IMHA B HACTOS-
11ee BpeMsI BJISAETCS BaXKHBIM IIPEAMETOM HUCCIIEI0-
BAHUA B PA3JIMYHBIX 00/IACTAX MEIUITUHBI IIPU U3Y-
YeHUU MaToTeHe3a MHOTHX 3a00J1eBaHUH, BKITIOUAS
ayTONMMYHHBIE, aJlJIepruyecKie, OHKOJIOTUIECKIe
3abosieBaHusA, 00JE3HU OOMEHA BEIEeCTB, a TaK-
JKe BO3PacT-aCCONMUPOBAHHYIO MATOJIOTUIO [5—7].
ITpu crapeHUn B OpraHu3Me PaBHOMEDHO Pa3BHU-
BAIOTCS U3MEHEHUs BO BceX PU3UOIOTHIECKUX CU-
CTeMax C MPUCHOCOOJIEHNEM K €r0 YMeHBITEHHBIM
BO3MOKHOCTAM. OcabieHne opraHu3Ma B epUoy
cTapocTH, 60JbIIas 3aBUCUMOCTh €r0 OT BHEITHUX
YCJIOBUH JKU3HU — BCE 9TO, JAKe MPHU HAWITYUIIIeM
cOO0JTIO/IEHN Y ITPABIJI TUTHEHBI, ZIeJIaeT CTAPOCTh I1e-
puosoM HauboJIbIIeH 3a001eBaeMOCTH. B TeueHue
IIOC/IETHUX JECATUWIETHH OJTHOBPEMEHHO C POCTOM
3HAHUH O POJIU ¥ 3HAYEHUU KUIIIEYHOH MUKPOOHO-
ThI 3HAYUTEJIBHO BO3POC MHTEPEC K MPOOHOTHKAM.
B ycioBuaX mporpeccupyIomniero yBeJIuueHus mpo-
JIOJDKUTEJIBHOCTU KU3HU Bce OOJIiblllee BHIMAaHUeE
[IpUBJIeKaeT BO3MOXKHOCTh BJIMSHUS HA 3/I0POBBE
YeJIOBEKa C IIOMOIIbI0 TEPCOHUDUIIMPOBAHHBIX ITH-
IIEBBIX U TEPATIEBTUYECKUX CTPATET NI, HATIPABJIEH-
HBIX Ha MOAUGUITMPOBAHNE KUIIEUHOH MUKPOOHO-
THI, K KOTOPBIM OTHOCSIT MUCIOJIb30BaHUE MPOOHO-
THKOB U IIpeOMOTHKOB [3]. OpUTrHHAIBHBIN ITpemna-
par Ha ocHOBe NpobuoTHKOB «Bemabuotuk» (BB),
B COOTBETCTBUH C HHCTPYKI[MEH MPOU3BOAUTEJIS,
IIocjIe KypcoBOT'O IIpHeMa IIOJAaBJseT POCT U pas-
BUTHE MATOT€HHBIX MUKPOOPTAaHU3MOB B KHUIIIEU-
HUKe, BOCCTAHABJINBAeT MUKPOGJIIOPY APYTUX Opra-
HOB U CUCTEM, YIJIEBOAHBIN U JKUPOBOI 0OMEH, CIT0-
cOOCTBYeT CHI)KEHUIO caXxapa U XoJjiecTePHHA B KPO-
BU, U30BITOYHOU MacChl TeJja, MOBHIIIAET HeCHell-
nGUIECKYI0 PE3UCTEHTHOCTh OPraHu3Ma. YKa3aH-
Hble cBoicTBa BB npennosiaraoT nepcnekTHBHOCTD
HCIIOJIb30BAHUS IIpernapara AJjIs YIydlleHus Kade-
CTBA XU3HU U NPOQIIAKTUKYA PA3BUTHSI BO3PACT-
acCONMHUPOBAHHON MATOJIOTUH, B CBA3HU C UeM OIIpe-
JIeJICHHBINI WHTepeC IPEeCTAaBJISIET HCCJIeIOBAHIE

At present, the intestinal microbiota is consid-
ered as one of the “metabolic organs” providing many
physiological functions, and deviations in its compo-
sition accompany various pathological processes [3].
The homeostatic immunological dialogue between
the host and its microbiota is critical to maintenance
of health. Disturbance of reciprocal balance between
the microbiota and the host organism is currently
an important subject of research in various fields of
medicine in the study of the pathogenesis of many
diseases, including autoimmune, allergic, oncologi-
cal, metabolic diseases, as well as age-associated pa-
thology [5—7]. With aging, changes develop uniformly
in all physiological systems of the human body with
adaptation to its reduced capabilities. The weaken-
ing of the body during old age, its great dependence
on the external conditions of life — all this, even with
the best observance of the rules of hygiene, makes old
age the period of greatest morbidity. During the last
decades, along with the growth of knowledge about
the role and significance of the gut microbiota, inter-
est in probiotics has increased significantly. In the
context of a progressive increase in life expectancy,
more and more attention is being paid to the possi-
bility of influencing human health through personal-
ized nutritional and therapeutic strategies aimed at
modifying the intestinal microbiota, which include
the use of probiotics and prebiotics [3]. The original
drug based on probiotics, VedaBiotic (VB), in accor-
dance with the manufacturer’s instructions, after a
course of supplementation suppresses the growth and
spread of pathogenic microorganisms in the intestine,
restores the microflora of other organs and systems,
carbohydrate and fat metabolism, contributes to the
decrease in blood sugar and cholesterol, overweight,
and boosts the nonspecific resistance of the body. The
indicated properties of VB suggest that the prepara-
tion is promising to be useful for the enhancement of
the quality of life and prevention of the age-associated
pathology, therefore, it is of certain interest to study
the effect of VB on the functional activity of the im-
mune system and its cellular elements during aging.

AIM OF THE RESEARCH

To study the effect of VB on the cell-mediated
immune response and the functional activity of im-
munocompetent cells in aged mammals.

MATERIALS AND METHODS

The research used the original complex prepara-
tion of a new generation VedaBiotic based on probiot-
ics and developed by Vector-BiAlgam JSC (Koltsovo

Journal homepage: http://jsms.ngmu.ru
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BiuAHUA Bb Ha QyHKIIMOHAIBHYIO aKTUBHOCTb M-
MYHHOH CHCTeMBI U ee KJIETOUHBIX 5JIEMEHTOB IIPU
CTapeHUH OpraHu3Ma.

IEJIb UCCJIEJJOBAHUSA

Nsyunts BausgHue BB Ha KIJIETOUHBIH MMMYyH-
HBIM OTBET U (PYHKIIMOHAIBHYIO aKTUBHOCTH UMMY-
HOKOMIIETEHTHBIX KJIETOK Y BO3PACTHBIX MJIEKOIIUTA-
IOIIUX.

MATEPHAJIBI 1 METO/bI

B wuccieoBaHuAX OBLUT KCIIOJIB30BAH OPUTH-
HIBHBIA KOMIUJIEKCHBIM IIpenapaT HOBOTO ITOKOJIe-
HHUSI Ha OCHOBe IMPOOMOTHUKOB «BemabuoTuk», pas-
paboraunbiii AO «Bekrop-buAsnsram» (p.m. Kosib-
oBo, HoBocubupckas 0071.) u OO0 «Benmalene-
trka» (r. HoBocubupck). B coctaB mpemapaTta BXO-
AT 11 MpoOHOTHKOB (O6ubuIO0aKTEpUU U JIAKTO-
GaKTepUU, MOJIOYHOKUCIIBIH CTPENTOKOKK) B TUTPE
4.6 x 10° KOE/r, a Taxke 3 mpebuoTHKA: acKOpOU-
HOBasl KHCJIOTA, JIAKTYJIO3a U MHUKPOKPHUCTAJLINYE-
cKas MeJUTI0J103a (CBUIETEIHCTBO O TOCPETHUCTPAITUH
RU.77.99.88.003.R.000658.03.20 0T 06.03.2020).

HcenenoBaHusi MPOBOAWIA HA 3JI0POBBIX MBbI-
max (CBAxCs57Bl/6)F1, cammax 10-MecsIHOTO BO3-
pacra, Maccoil 45—50 T, TOJIyYeHHbIX U3 MUTOMHU-
ka HUUM dapmakoyOTHH B PereHepaTUBHONU MeITu-
nuHbl uM. E.JI. Tonpabepra ToMckoro HanpoHa b-
HOTO HCCJIEIOBATEIHCKOTO MEAMITMHCKOTO IIeHTpa
PAH (r. ToMck). JKHBOTHbBIE COJIEPIKAIIUCH B YCIIOBH-
sax BuBapusa O®I'BHY «HayuHo-ucciieoBaTeIbCKUun
WHCTUTYT (PYH/IAMEHTAJIbHOU W KJIMHUYECKOU WM-
MYHOJIOTHH» B KJIETKaX MO 5—10 ocobel B KaKI0H,
Ha CTaH/JIAPTHOM paI[OHE MMUTAHUs, TP €CTECTBEH-
HOM CBETOBOM PE€KUME, CBOOOTHOM JIOCTYIIE K BOJIE
U TUIe. JKCIEPUMEHTATbHBIE UCCIET0BAHUS TIPO-
BOJIMJIUCH B COOTBETCTBUU ¢ EBpomelickoil KOHBEH-
[HMeH 0 3alUTe TO3BOHOUYHBIX JKUBOTHBIX, UCITOJIb-
3yeMBIX JIJISI DKCIIEPUMEHTATbHBIX M WHBIX HAYYHBIX
ueseit (Crpacbypr, 1986), «IIpaBuiaMu IpoBeIeHUs
paboT ¢ UCTOJIP30BAHNEM SKCIIEPUMEHTATBHBIX K-
BOTHBIX» COTJIACHO ITpHUKa3dy MUHHCTEPCTBA 37IpaBo-
oxpanenus P® N2 267 ot 19.06.2003 «0O6 yTBep:K-
JIEHUU TIPaBUJI JJaOOpaTOPHOU MPAKTUKU» U «PyKo-
BOJZICTBY II0 BKCIIEPUMEHTTHHOMY (JOKJIMHUYECKO-
My) UCCJIEJIOBAaHUIO HOBBIX (DapMaKOJIOTHUECKHUX Be-
mectB» (MockBa, 2005).

YuutpiBasg HaJW4YWEe B TMOMYJISIUA MBbIIIEN
(CBAxCs57Bl/6)F1 caMIioB ¢ aKTWBHBIM U I1aCCHB-
HBIM TUIIAMU TOBEJIEHUs, TPEICTABUTETN KOTOPBIX
XapaKTEPU3YIOTCSl  ONPENIEJIEHHBIMU  CTPYKTYPHO-
(GYHKIIMOHAIBPHBIME OCOOEHHOCTAMU HMMYHOKOM-
TTeTEHHBIX KJIETOK U PA3JINYHBIM U3MeHEeHUEeM (PyHK-
[IMOHAILHON aKTUBHOCTHU KJIETOYHOTO 3BEHA HMMYH-

settlement, Novosibirsk Region) and VedaGene-
tika LLC (Novosibirsk). The preparation contains
11 probiotics (bifidobacteria and lactobacilli, lac-
tic acid streptococcus) in a titer of 4.6 x 10° CFU/g,
as well as 3 prebiotics: ascorbic acid, lactulose and
microcrystalline cellulose (certificate of state reg-
istration RU.77.99.88.003.R.000658.03.20 dated
06.03.2020).

The studies were carried out on healthy male
mice (CBAxC57Bl/6) F1, 10 months of age, weigh-
ing 45-50 g, obtained from the nursery of the
Goldberg Research Institute of Pharmacology and
Regenerative Medicine (Tomsk). The animals were
kept in the vivarium of the Research Institute of
Fundamental and Clinical Immunology in cages
of 5—10 individuals each, on a standard diet, under
natural light conditions, and free access to water
and food. Experimental studies were carried out in
accordance with the European Convention for the
Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes (Strasbourg,
1986), Rules for Conducting Work with the Use of
Experimental Animals in accordance with the or-
der of the Ministry of Health of the Russian Fed-
eration No. 267 of June 19, 2003, On Approval of
the Rules of Laboratory Practice and Guidelines for
Experimental (Preclinical) Study of New Pharma-
cological Substances (Moscow, 2005)

Considering the presence of males with active
and passive types of behavior in the population of
mice (CBAxCs57Bl/6)F1, whose representatives are
notable for certain structural and functional char-
acteristics of immunocytes and various changes in
the functional activity of the cellular link of the im-
mune system after antigenic exposure [8, 9], with
the aim of forming homogeneous experimental
groups of animals, the type of behavior of all mice
was determined in the Open Field test. According
to the test results, only individuals with an average
type of behavior were included in the study.

The VB suspension was forcibly injected to the
animals at a basis of 80 mg/kg/day intragastrically,
for 14 days (experimental group). The control group
of animals in the same volume and regimen was
injected with the solvent — drinking water (nega-
tive control). A group of whole mice of the same age
was also used as a positive control. As a compari-
son group, mice with induced immunosuppression
were used, which were injected with cyclophosphan
(CP) (N-bis- (b-chloroethyl)-N-O-trimethylene
phosphoric acid diamide ester) (Baxter Oncology
GmbH, Germany), once intraperitoneally, in 0.5 ml
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HOH CHCTEMBI II0CJI€ aHTUT€HHOTO BO3AEHUCTBUA [8,
9], ¢ nenapI0 HGOPMHUPOBAHUA OTHOPO/IHBIX DKCIIEPH-
MEHTAJIbHBIX TPYIII 3KUBOTHBIX THII TOBEJIEHUS BCEX
MBIIIEN ObLT oripesiesieH B TecTe « OTKPBITOE TOJIe».
ITo pesysbraTaM TeCTUPOBAHHS B HCCJIEOBAHUE
0BT BKJIIOUEHBI TOJIBKO OCOOH CO CPEJHUM THUIIOM
[TOBEJICHUS.

Cycnensuio BB npuHYZIUTENIbHO BBOJIAIN KH-
BOTHBIM M3 pacueTa 80 MTI/KI WHTPAaracTpajibHO,
€KeJTHEBHO, B TeUEHUE 14 CyT (9KCIIepUMEHTATbHAS
rpymmna). KoHTpoJIbHOW TpyIilie »KUBOTHBIX B aHa-
JIOTHYHOM OOBbeMe U PeXUMe BBOIUJIU PACTBOPU-
TeJIb — IUTHEBYIO BOJY (HETaTUBHBIM KOHTPOJIB).
B KkauecTBe IO3UTHBHOTO KOHTDOJISA HCIIOJIb30Ba-
JIM TaKKe TPYIIYy WHTAKTHBIX MBIIIEH aHAIOTHY-
HOTO BO3pacTa. B KauecTBe TPyIIIbI CPABHEHUS HUC-
I10JIb30BAJIM MBIIIEH C MH/IYIIPOBAHHON HUMMYHOCY-
mpeccuel, KOTopbIM BBOAMIH IuKI0dochana (11P)
(N-6uc-(b-x10paTiun)-N-O-TpuMeTHIIEHOBBIH 3dbUp
nuamuzga docdopHoit kucsiorTsr) (Baxter Oncology,
GmbH, Germany), BHyTpUGPIOIIMHHO OJTHOKPATHO,
B 0.5 MJ1 0.9% NaCl Ha 14-e cyTKH II0CJIe Havasia BBe-
nenus BB, B 103e 250 Mr/Kr, OIIp€e/Ie/IEeHHOH B CEpUH
[peIBAPUTETHHBIX HKCIIEPUMEHTOB.

Ha 15-e cyTKU 4acTh *KUBOTHBIX BBIBOJIMJIA W3
SKCIEPUMEHTA JIeKAlIUTHPOBAaHUEM, B CTEPUJIbHBIX
VCIJIOBUAX 3a0Upajy cee3eHKY AJIs TTOJIyUYeHHUs Cy-
CIIEH3UU CIUIEHOIUTOB C MOCJIEAYIOIIUM HCCIIE0-
BaHUEM in vitro nposudepaTuBHON aKTHBHOCTH
KJIETOK CeJIe3eHKU U MPOAYKIIUU OCHOBHBIX IPO- U
[IPOTUBOBOCIIAJIUTENIBHBIX I[UTOKUHOB. OcCTaBIIN-
ecs KUBOTHBbIE OBLIN IIO/IBEPIKEHBI MMMYHU3AI[UN
T-3aBUCHUMBIM aHTUTE€HOM JIJIsI OIIEHKYM WHTEHCUBHO-
CTH KJIETOYHOT'O IMMYHHOT'O OTBETA 1N Viv0.

Jlns uccyienoBaHus MposudepaTHBHON aKTHUB-
HOCTH CILJIEHOI[UTHI BBIIEJISUIN IEHTPU(YTUPOBAHM-
€M CYCIIeH3UU KJIETOK CEJIE3eHKH B IPAJIUEHTe IIOT-
Hoctu ¢ukosia 1.078 r/cm2 (Lymphocyte Separation
Medium, MP Biomedicals GmbH, Germany) mpu
1500 006./MUH B TeueHHe 40 MUH. CIUIEHOIUTHI, CO-
O6paHHble U3 MHTep(}a3bl, TPEXKPATHO OTMBIBAIH B
cpene RPMI-1640 («Bexrop-BuAnbsram», p.m. Kosb-
LIOBO) U OCAXKIATU IEeHTPU(YTUPOBAHUEM. 3aTEM
KJIETKH B IIOJIHOU KYJIbTYPaJIbHOM CpeJie, COCTOAIIEH
u3 RPMI-1640, 5% WHAKTUBHPOBAaHHOU SMOpHO-
HaJIbHOH TeJITYheN ChIBOPOTKH, 2 MM L-ryrroTamuHa,
10 MM HEPES-6ydepa, 5 x 105 M 2-mepKamnrTos-
ta”osa (Sigma, USA) u 80 MKr/MJ TeHTaMHUIIMHA,
BHOCWJIU B 00'beMe 50 MKJI B 96-JIyHOUHbIE KPYIJIO-
nmouHble wiaHIieTsl (Linbro, USA) B KoHI[eHTpaIuu
105 CIUIEHOITUTOB Ha JIYHKY. B KauecTBe MUTOTEHOB
JUISL MHAYKIAY TIOJIMKJIOHAIBHON aKTUBAIIMH KJIETOK
ucnosb3oBaivch kKoukaBaIvH A (KorA) (Pharmacia
Fine Chemicals, Sweden) wu Jmmomnosucaxapuz

of 0.9% NaCl on the 14" day after the start of injec-
tion of VB, at a dose of 250 mg/kg, determined in a
series of preliminary experiments.

On the 15" day, some of the animals were re-
moved from the experiment by decapitation, the
spleen was taken under sterile conditions to obtain
a suspension of splenocytes, with subsequent in vi-
tro study of the proliferative activity of spleen cells
and the production of basic pro- and anti-inflam-
matory cytokines. The rest of animals were under-
gone to T-dependent antigen immunization to as-
sess the intensity of the cellular immune response
in vivo.

For studying the proliferative activity, spleno-
cytes were isolated by centrifugation of a spleen cell
suspension in a ficoll density gradient of 1.078 g/
cm? (Lymphocyte Separation Medium, MP Biomed-
icals GmbH, Germany) at 1500 rpm for 40 min. The
interphase splenocytes were washed three times in
RPMI-1640 medium (Vector-BiAlgam JSC, Koltso-
vo settlement) and precipitated by centrifugation.
Then the cells in the complete culture medium con-
sisting of RPMI-1640, 5% inactivated fetal bovine
serum, 2 mM L-glutamine, 10 mM HEPES-buffer,
5 x 1075 M 2-mercaptoethanol (Sigma, USA) and
80 pg/ml of gentamicin was introduced in the
volume of 50 pul into 96-well round-bottom plates
(Linbro, USA) at a concentration of 105 splenocytes
per well. Concavalin A (ConA) (Pharmacia Fine
Chemicals, Sweden) and lipopolysaccharide (LPS)
E. coli o111: B4 (Sigma, USA) were used as mito-
gens for the induction of polyclonal cell activation,
which were added to the cell suspension at subop-
timal concentrations (determined in the series of
preliminary experiments and were 3 and 5 pg/ml
respectively) in amounts of 50 pl and/or culture
medium to a total volume of 150 pl per well. Cells
were cultured in a CO,-incubator at +37°C in an at-
mosphere containing 5% CO, for 72 h. The prolif-
erative activity of splenocytes was determined us-
ing a vital dye (CFSE) on a flow cytometer. Data are
presented as a percentage relative to spontaneous
cell proliferation of the corresponding group.

Cytokine levels were determined in splenocyte
culture supernatant samples. For this, splenocytes
were cultured at a concentration of 2 x 10°/ml in
a volume of 2 ml in 24-well plates for immunoas-
say (Linbro, USA) in complete culture medium con-
taining RPMI-1640, 10% inactivated fetal bovine
serum, 2 mM L-glutamine, 10 mM HEPES buffer
and 80 pg/ml gentamicin, for 24 h to study the pro-
duction of IL-1 and TNF-q; within 48 h — to study
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(JITIC) E. coli 0111:B4 (Sigma, USA), koTopble 106aB-
JISUTH K CYCIIEH3UU KJIETOK B CyOOITHMAJIBHBIX KOH-
LeHTpaIUsAX (OMpPeAesIsIINCH B CEPUY ITPEJIBAPUTEITb-
HBIX 9KCIIEPUMEHTOB U COCTABJISITA COOTBETCTBEHHO
3 ¥ 5 MKT'/MJI) TI0 50 MKJI M/ WJTU KYJIbTYPaJIbHYIO Cpe-
Iy 710 TIOJTHOTO 00beMa 150 MKJI Ha JIyHKY. KyibTuBU-
poBanue k1eTok nposoauwnu B CO,-uHKybaTope nmpu
+37 °C B armocdepe, copepxaieit 5% CO,, B Tede-
Hue 72 4. [IponndepaTHBHYI0O aKTUBHOCTD CILIEHO-
[UTOB OIPEAEISIIA IIPU IIOMOIIY BUTAJIBHOTO Kpa-
cutessi (CFSE), Ha IpOTOYHOM HHUTOMIIyOPUMETPE.
JlaHHBIEe MPEICTABJISUIN B IPOIEHTAaX OTHOCUTEIHHO
CIIOHTAHHOU MPOoIHdepanuy KIETOK COOTBETCTBYIO-
el TPYTIIIbI.

VPOBHU LMTOKWHOB OIpPEAEsUIA B 00pas-
[aX KyJbTyPAJIbHBIX CYIIEPHATAHTOB CILIEHOIU-
TOB. JJI1 3TOTO CIJIEHOUMTHI KyJIBTUBUPOBAIH B
KOHIIEHTpAIU# 2 X 10°/MyI B 00beMe 2 MJI B 24-JIy-
HOYHBIX IUIAHINETaX ]I UMMYHOJIOTUYECKUX HC-
cnemoBauuii (Linbro, USA) B mOJHOM KyJbTypasib-
HOU cpejie, comepskaimedi RPMI-1640, 10% wHakTH-
BUPOBAaHHYI0 5MOPHUOHAIBHYIO TEJISTIBIO CBIBOPOT-
Ky, 2 MM L-rroramuna, 10 MM HEPES-6ydepa u
80 MKr/MJI TeHTaMUIIMHA, B TeUeHUE 24 U JJIs UC-
cnenoBanus nmpoaykiuu NJI-13 u ®HO-aq; B TeueHue
48 1 — s uceseioBanus npoxykiuu NJI-10 u NJI-6
U B TEUEHHE 72 U — JJIs1 OLIEHKU MPOAYKIINU CILIe-
"Horurtamu MOH-y. g uccieqoBaHUS MHUTOTEH-
CTUMYJIUPOBAHHOU IPOAYKIIUY ITUTOKUHOB B KYJIb-
TypasibHyI0 cpeay aobasysiiu JITIC E. coli 011:B4
st WI-1B, ®HO-a u MJI-6 u KoHA — st UOH-y u
NJI-10 B KOHIIEHTPAIlUAX, CTUMYJIUPYIONIUX CyDOII-
TUMAIBHYIO HPOAYKIHMIO KaXKJOTO U3 IIUTOKUHOB,
OTIpEe/IEJIEHHYIO B CEPUH IIPE/IBAPUTEITbHBIX SKCIIEPHU-
MeHTOB. [0 OKOHUaHUU KyJIbTHBUPOBAHUSA KJIETOU-
HYIO CYCIIEH3UIO COOMpPATH, KJIETKU OCAKIATU I[€H-
TpuyrupoBaHUEM, a KyJIbTYPAJIbHBIA CylIepHATAHT
HCIOJIB30BAIN I HcciaefoBaHus. OmnpesesneHue
YPOBHE IUTOKIHOB B MCCIIEAYEMBIX 00pasIiax mpo-
BOJMJIOCH METO/IOM TBepAodasHoro uMMyHoOdep-
MEHTHOTO aHaJIN3a C UCIOJIb30BAHUEM TECT-CHCTEM
dupmer Invitrogen (Austria), corsacHo mprtarae-
MO HWHCTPYKuuH. ONTHYECKYI0 IUIOTHOCTH HCCIIe-
JTyeMbIX 00pasI[0B U3MePsLIN IIPU IIOMOIIH CIIEKTPO-
doromerpa ¢ BepTUKAJIBHBIM IPOXOXKIAEHUEM CBe-
ta Anthos 2020 (Anthos Labtec Instruments GmbH,
Austria) pu jynHe BoJIHBI 450 HM. KosinuecTBeH-
HO€ COZiepKaHue [IUTOKUHOB BBIPAYKAJIH B TIT/ ML

VIHTEeHCUBHOCTh KJIETOYHOTO HWMMYHHOTO OT-
BeTa OLIEHUBAIM N VIVO IO BBIPAKEHHOCTH peak-
MU TUIIEPYYBCTBUTEIHHOCTH 3aMeZJIEHHOTO THIIA
(I'3T). Jna sToro Mplmed UMMYHU3UPOBATIU —
BHYTPUOPIOIIMHHO BBOJWJIN 3PUTPOLUTHI OapaHa
(0.5% — 0.5 mu1). Pazpelamiyo /103y yKa3aHHOTO

the production of IL-10 and IL-6 and within 72 h —
to assess the production of IFN-y by splenocytes.
To study mitogen-stimulated cytokine production,
E. coli 011:B4 LPS was added to the culture medium
for IL-1B, TNF-a and IL-6 and KonA — for IFN-y
and IL-10 at concentrations that stimulate subopti-
mal production of each of the cytokines determined
in a series of preliminary experiments. At the end
of the cell culture process, the cell suspension was
harvested, the cells were precipitated by centrifu-
gation, and the culture supernatant was used for
the research. Determination of the cytokine levels
in the test samples was carried out by the method
of enzyme-linked immunosorbent assay using test
systems from Invitrogen (Austria), according to the
attached instruction manual. The optical density
of the samples under study was measured using an
Anthos 2020 vertical light transmission spectro-
photometer (Anthos Labtec Instruments GmbH,
Austria) at a wavelength of 450 nm. The quantita-
tive content of cytokines was expressed in pg/ml.

The intensity of the cellular immune response
was assessed in vivo by the severity of the delayed-
type hypersensitivity reaction (DTH). For this, the
mice were immunized with the sheep erythrocytes
(0.5% — 0.5 ml) injected intraperitoneally. A resolv-
ing dose of the specified antigen (50% — 0.05 ml)
was injected under the plantar aponeurosis of the
hind foot after 96 h. The formation of the DTH reac-
tion was assessed 24 h after the injection of the chal-
lenging dose by the degree of paw swelling (change
in its thickness compared to the positive control
hind paw of the same animal, into which the RPMI-
1640 medium was introduced). The reaction index
(RI) was determined for each mouse by the formula
RI=(Rex — Rc) / Re, where Rex — the reaction in the
experimental group, Rc — the reaction in the control
group, and was expressed as a percentage [10].

For statistical processing of the actual mate-
rial, statistical analysis methods were used with
STATISTICA 10 software packages for Windows
(StatSoft Inc., USA). When analyzing quantitative
data, the normal distribution of actual data was
checked using the Shapiro-Wilk test. When making
comparisons of independent samples in the case of
normal distribution and equal variances in groups,
Student’s t-test was used; if the distribution devi-
ates from the normal, the Mann-Whitney test was
used; measures of central tendency and dispersion
are described by median (Me), lower (Q1) and upper
(Q3) quartiles. Differences were considered signifi-
cant at p < 0.05.
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aHturesa (50% — 0.05 MJI) BBOJIMJIU I10/T ATIOHEBPO3
3aJiHel CTOIIBI uepe3 96 4. DopMUpOBaHUE peaKIUuu
I'3T oneHuBasu yepes 24 4 IMOcCjae UHBEKIUU pas-
Ppelarolei 1036l 110 CTEIIEHU OIyXaHHU JIalbl (u3-
MeHeHUeE ee TOJIIIUHBEI [0 CPAaBHEHUIO C TO3UTHBHO-
KOHTPOJILHOU 33/THEH JIATION TOTO K€ JKUBOTHOTO, B
KoTopylo 6bL1a BBeZieHa cperia RPMI-1640). MHaekc
peakiiuu (MP) onpeniesisiyiv sl KasKI0W MBIIIH 10
dopmysie P = (Po — Px) / Pk, rie Po — peaknus B
ONIBITHOM TpyIine; Pk — peakiius B rpyIliie KOHTPO-
JIis, ¥ BBIPAXKQJIH B IIPOIEHTAX [10].

JI;is1 TIpoBe/leHUsI CTAaTUCTUYECKOU 00paboT-
KU (aKTUYECKOro MaTepuasa MPUMEHSIN MeTOJbI
CTAaTHCTUYECKOTO AHAIN3A C MCIIOJIH30BAHUEM IIPO-
rpamvHubix maketoB STATISTICA 10 mis Windows
(StatSoft Inc., USA). ITpu aHamu3e KOJIUYECTBEHHBIX
JIAHHBIX ITPOBEPKY HA HOPMAJIbHOCTD PACIIPEIeJIEHIS
(pakTUUeCKUX JJAHHBIX IPOBOAIIN C IIOMOIIBIO KPHU-
Tepus [llanupo — Yuika. IIpu nposeseHun cpaBHe-
HUI HE3aBHCUMBIX BBIOOPOK B CJIydae HOPMAaJIbHO-
TO pacmpesieyieHNs U PaBHBIX JUCHEPCUU B TPYIIIIaX
IpyUMeHsAIu t-kpuTepuil CThIO/IEHTA; IIPU OTKJIOHE-
HUU pacIpesiesieHus] OT HOPMaJIBHOTO — KPUTEPHI
MaHHa — YUTHU; MEPHI IIEHTPAJIBHOU TEHIEHITUU U
paccesinus onucanbl Meguanoi (Me), HuxkauM (Q1)
u BepxHUM (Q3) KBapTwiIAMU. Pazmuuus cuuTaau
3HAYUMBIMHU IIPH P < 0.05.

PE3YJIBTATDBI U OBCYXKAEHMUNE

IIpu crapenuu 3¢ deKTUBHOCTD (PYHKIIMOHUPO-
BaHUA UMMYHHOU CHCTEMBI, 3aKTI0YAIOIIASICS B IO/~
Jlep’KaHUU TTOCTOSTHCTBA AHTUTEHHOT'O COCTaBa Opra-
HHU3Ma, YMEHbIIAETCs. ITO MPUBOUT K OCJIA0IEHHUIO
KOHTPOJISA 32 BHyTPEHHEH CPEION OpraHu3Ma, IMMY-
HOJIOTHYECKOH PeaKTUBHOCTU U MCUYE3HOBEHUIO TO-
JIEPAHTHOCTU K aHTUTeHaM COOCTBEHHBIX OPTaHOB U
TKaHEeH U, KaK CJIeZICTBUE, ITOSIBJIEHUIO XapaKTEPHBIX
JUUI CTApeHUsI UMMYHOIIATOJIOTHYECKUX CHHPOMOB:
uMMyHoOZlepuIUTa M ayroarpeccuu. Bo Bcex 3THX
CJIydasX MPOUCXOAUT CHIKEHUE AKTUBHOCTU HM-
MYHHOTO OTBETa, KaK KJIETOYHOTO, TaK U IyMOpasb-
HOTO, ¢ masieHreM 3¢ derTa UMMYyHU3AIUH, TUTPOB
aHTUTEJI B KPOBU HIDKE 3AIIUTHOTO YPOBHS, YMEHb-
meHne 3¢@EeKTHBHOCTY KJIETOUHBIX UMMYHHBIX pe-
akruii. Cye/ICTBUEM 3TOTO SIBJISETCS TOBBIIIEHHBIH
YpOBeHb 3200JIeBAEMOCTH, CKJIOHHOCTh K XpOHUYe-
CKOM TaTOJIOTUU U OHKOIIATOJIOTHH, IpeobiaiaHue
JIeCTPYKTUBHBIX TporieccoB [11]. CoueraHHOe Ieii-
cTBUE OMOUIO- U JIAKTOOAKTEPUI B COCTaBE MYJIb-
THCHHONOTHKA BB, B COOTBETCTBUU C MHCTPYKIMEH
MIPOUBBOAUTEISI, CIIOCOOCTBYEeT BOCCTAHOBJIEHHIO H
IO/IZIEP:KAHUIO0 COOCTBEHHON MHUKPOQIOPHI KHIIIeY-
HUKA, BBITECHSAS YCJIOBHO-TIATOT€HHBIE M I1aTOTEH-
Hble DaKTePHUH, JIAKTYJI03a 00ECIIEYNBAET MUTATEIb-

RESULTS AND DISCUSSION

With aging, the effectiveness of the immune
system functioning consisting in maintainence of
the constancy of the antigenic composition of the
body decreases. This leads to a weakening of con-
trol over the internal environment of the body, im-
munological reactivity and the losing of tolerance
to the antigens of its own organs and tissues and,
as a consequence, the appearance of immunopath-
ological syndromes characteristic of aging: immu-
nodeficiency and autoaggression. In all these cases,
there is a decrease in the activity of the immune
response, both cellular and humoral, with a drop
in the effect of immunization, antibody titers in
the blood below the protective level, and a decrease
in the efficiency of cellular immune response. The
consequence of this is an increased morbidity rate,
a tendency to chronic pathology and oncopatholo-
gy, the predominance of destructive processes [11].
The combined action of bifidobacteria and lacto-
bacilli in the VB composition, in accordance with
the manufacturer’s instructions, contributes to
restoration and maintainence of its own intestinal
microflora, dislodges opportunistic and pathogenic
bacteria; lactulose provides a nutrient medium for
these probiotics when they enter the intestine, and
microcellulose effectively entraps products of bac-
terial decay, eliminating them from the body.

The in vivo study of the intensity of the cellular
immune response in aged experimental animals,
which, similarly to humans, are characterized by a
reduced response to immunization [8, 12—15], re-
vealed that after a course of the VB, the intensity of
the DTH reaction in 10-month-old mice exceeded
that of a control group of the same age intact ani-
mals (Table 1).

One of the possible mechanisms stimulating
the cellular immune response to the VB in aged
animals, may be due to the influence of the probi-
otic microorganisms, included in the preparation,
on the extrathymic generation of T-cells in the lym-
phoid tissue, associated with the intestine [16]. The
administration of CP, as expected, caused immuno-
suppression, showing a decrease in the intensity of
the DTH reaction; while the stimulating cell-me-
diated immune response effect of the VB was also
recorded in the setting of CP-induced immunosup-
pression: an enhancement of this reaction reached
the level corresponding to that of the intact animals
of a similar age (see Table 1), which indicates the
leveling of the CP-induced suppression of the cellu-
lar immune response under conditions of the prior
VB administration.
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HYIO Cpeay ISl yKa3aHHBIX IPOOUOTHKOB IIPU UX I10-
[aJIaHUY B KUIIIEYHUK, 4 MUKPOLEJIII0I03a 3¢ dek-
TUBHO COPOUPYET NMPOIYKTHI GaKTEPUATIHHOTO PacIia-
J1a, BBIBO/ISI MIX U3 OPTaHU3MA.

IIpu mccremoBaHUY UHTEHCHBHOCTH KJIETOYHO-
r'O UMMYHHOT'O OTBETA iN VIV0 Y BO3PACTHBIX SKCIIEPHU-
MEHTAJIbHBIX JKHUBOTHBIX, KOTOPbIE, AaHAJIOTUYHO Ye-
JIOBEKY, XapaKTePHU3YIOTCS CHI)KEHHBIM OTBETOM Ha
UMMYHH3AIHIo [8, 12—15], BBISIBJIEHO, YTO ITOCJIE KyP-
coBoro BBesieHUsA Bb unTeHcuBHOCTH peakiuu I'3T y
MBIIIeH 10-MeCSYHOTO BO3pacTa IPeBbINIasa TaKo-
BYIO 10 CPABHEHUIO ¢ KOHTPOJIbHOU I'PYIIION HHTAKT-
HBIX ’KUBOTHBIX aHAJIOTHYHOTO Bo3pacra (Tab. 1).

OfHUM U3 BO3MOXXHBIX MEXaHU3MOB CTHUMYJIH-
pyIoIIero KJIeTOYHbIA MUMMYyHHBIH OTBeT ddderTa
BB y Bo3pacTHBIX 0cobell MOKeT ObITh BJIUSHUE BXO-
JAIUX B COCTaB IIperapara NMpOoOUOTUYECKUX MH-
KPOOPraHMU3MOB Ha IKCTPATUMHUYECKYIO T€HEPAIIIIO
T-k1eToK B TUM(OUTHON TKAHH, aCCOIIUUPOBAHHON
¢ KumeyHUKoM [16]. Beegenue 1@, xak u oxuga-
JIOCh, BBI3BIBAJIO UMMYHOCYIIPECCHUIO, BHIPABHBIIIYIO-
¢ B CHI)KEHUU MHTeHcuBHOcTU peaknuu ['3T, npu
5TOM CTHUMYJIUPYIOIIUN KJIETOUYHBIM UMMYHHBIA OT-
BetT 3ddekT BB perucrpupoBasica Takke U Ha QoHe
L ®-mHAYIIPOBAHHOW UMMYHOCYIIPECCHU: TIOBBIIIIE-
HUe TAaHHOM peaknuu HAOJOAAIOCH JI0 YPOBHS, CO-
OTBETCTBYIOIIETO TAKOBOMY Yy HWHTAKTHBIX >KHBOT-
HBIX aHAJIOTHYHOTO Bo3pacra (cM. TabJ. 1), YTO CBHU-
JleTeJIbCTBYET 0 HuBenpoBaHuu Ll O-uaaynupyemoit
CYIIPEeCCHH KJIETOUHOTO UMMYHHOTO OTBeTa Ha (hoHe
BBeneHus Bb.

Kak u3BecTHO, y 4esioBeKa 1 »KUBOTHBIX II07]aBJIe-
HHe UMMYHHTETA C BO3PACTOM HE CBSI3aHO CO CHIDKE-
HHEeM abCOJIIOTHOTO KOJIMYECTBA UMMYHOKOMIIETEHT-

It is known, that in humans and animals the
suppression of immunity with age is not associated
with a decrease in the absolute number of immuno-
cytes, which is supported by a homeostatic multi-
component mechanism, but depends on changes in
their functional activity [15—18]. Study of the func-
tional activity of immunocytes of aged animals in
vitro after a course of the VB revealed the stimu-
lation of the proliferative activity of splenocytes in
response to T- and B-cell mitogens (see Table 1).
As you see from Table 1, the course of the VB also
prevents the CP-induced decrease in the prolifera-
tive activity of spleen cells. VB stimulation of the
proliferative activity of immunocytes is also one of
the mechanisms of the above demonstrated effect
of this probiotic preparation in stimulating the cel-
lular immune response. The leveling of CP-induced
suppression of the cellular immune response and
the proliferative activity of splenocytes in case of
prior VB administration established in the present
study, makes it possible to use this probiotic prepa-
ration during cytostatic therapy in oncopathology
to reduce the negative side effect in the form of im-
munosuppression.

The functional activity of immunocytes of aged
animals after a course of the VB was also assessed
by the production of pro- and anti-inflammatory
cytokines. It was found that in aged mice, the VB
reduces the mitogen-stimulated production of pro-
inflammatory cytokines IL-1f and IFN-y by sple-
nocytes, while not significantly affecting the spon-
taneous production of these cytokines. In animals
which were exposed to CP, causing immunosup-

Ta6suna 1. MarencusHocTs peakiuu ['3T u nposindepaTuBHAsi aKTUBHOCTH KJIETOK CEJIE3€HKH BO3PACTHBIX MbIIIEN
(CBAxC57Bl/6)F1 ocie KypcoBOTO BBeJleHUs Ipenapara «Berabuotuk», %
Table 1. The intensity of the DTH reaction and the proliferative activity of spleen cells in aged mice (CBAxC57Bl/6)F1 after

a course of the VedaBiotic preparation, %

Wnnexc peakmuu I'3T

[ pyIIbI 3JKUBOTHBIX (Me (25 %; 75 %))

ITponudeparruBHasi AKTHBHOCTH CILJIEHOIIUTOB
Splenocyte proliferative activity

KouA-ctumynupoBannasa JIIIC-ctumynupoBaHHaA

Animal groups Index o£ DTP£ reaction o nudeparus nposnudepanusa

(Me (25%; 75%)) ConA-stimulated LPS-stimulated
proliferation proliferation

1. MuarakTHble / Intact 21.2 (17.6; 28.9) 149 161

2. Boya / Water 37.5 (20.0; 55.0) 150 160

3. 10® /CP 1.25 (0.0; 2.5)** 70% 56*

4. «Begabuotuk» / VedaBiotic 28.9 (25.0; 36.0)* 210% 240%

5. [I®, «Begabuotuk» / CP, VedaBiotic 20.0 (2.5; 21.0)* 127* 117*

IIpumeuanue. BKaxzmoi rpymie — OT 12 10 15 KUBOTHBIX.

* p < 0.05, ** p < 0.01 10 CPAaBHEHUIO C IPYIIIIAMU KOHTPOJIA 1 U 2; * p < 0.05 [10 CPABHEHUIO C TPYIIIOH 3.

Note. Each group had from 12 to 15 animals.

* p < 0.05, ** p < 0.01 compared to the control groups 1 and 2; * p < 0.05 compared to group 3.
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HBIX KJIETOK, KOTOPOE TIO/I/IEP>KUBAETCSI TOMEOCTATH-
YeCKUM MHOTOKOMIIOHEHTHBIM MeXaHU3MOM, HO 3a-
BUCHUT OT U3MeEHEHUsI UX QYHKIIMOHAIbHOU aKTUBHO-
ctu [15—-18]. IIpu uccaenoBaHuu QYHKITMOHATHLHOU
aKTUBHOCTU UMMYHOKOMIIETEHTHBIX KJIETOK BO3PaCT-
HBIX JKUBOTHBIX 1N VItro MOcae KypCOBOTO BBEJEHUS
BB BbIfiBNeHA cTUMYIANMA MPOIUQEPATUBHON aK-
TUBHOCTH CIUIEHOLIUTOB B OTBET Ha T- 1 B-kyieTouHble
MUTOTeHBI (cM. Tabs1. 1). Kak BUAHO U3 Pe3yJIbTaToB,
TIpe/ICTaBJIeHHBIX B Ta0OJI. 1, KypcoBoe BBeieHHe BB
Takke mpenorBpamaer ®-uHIyNMpOBaHHOE CHU-
’KeHue nposindepaTUBHOU aKTUBHOCTH KJIETOK ceJie-
3enku. Ctumysanusa BB mposmdeparnBHO akTHB-
HOCTH UMMYHOKOMIIETEHTHBIX KJIETOK TaKKe SIBJISeT-
Cs1 OJTHUM W3 MEXaHU3MOB ITPOIEMOHCTPUPOBAHHOTO
BbIIIe 3 deKTa JAHHOTO MPOOUOTUYECKOTO ITpernapa-
Ta B OTHOIIEHUY CTUMYJIAIUU KJIETOYHOT'O UMMYHHO-
ro OTBETA. YCTAaHOBJIEHHOE B HACTOAIIEM HCCIIEZIOBA-
HUU HUBestupoBaHue [[D-uHIynupyeMon Cyripeccuu
KJIETOUYHOTO MUMMYHHOTO OTBeTa U IposmdepaTusn-
HOU aKTUBHOCTH CILJIEHOIIUTOB Ha (hoHe BBesieHUs Bb
00yCIOBTUBAET BO3MOKHOCTH HCIIOJIb30BAHUS JIaH-
HOT'O ITPOOHOTHUYECKOTO Iperapara Mpy IMPOBEJIEHUH
IIUTOCTATUYECKOHN TE€PAITHU ITPY OHKOIIATOJIOTHH JJIsI
CHIDKEHUS HETaTUBHOTO MOO0YHOTO 3¢ deKTa B BUE
UMMYHOCYIIPDECCUU.

OyHKIMOHAJIbHAs aKTUBHOCTH MMMYHOKOMIIE-
TEHTHBIX KJIETOK BO3PACTHBIX KUBOTHBIX ITOCJIE KYpP-
coBOro BBeZleHUA BB oneHuBasach Takke IIO IIPO-
JYKIIUHA TIPO- W IIPOTHBOBOCIIAJIUTEHHBIX ITUTOKH-
HOB. YCTaHOBJIEHO, UTO y BO3PACTHBIX MbImieil BB
CHI)KAeT MUTOTeH-CTUMYJIMPOBAHHYIO ITPOAYKITUIO
CIUIEHOIIUTAMH TPOBOCHAJIUTEBHBIX ITUTOKUHOB
NJT-1p u UOH-y, npu 3TOM CYIIECTBEHHO HE BIIUS
Ha CIIOHTAHHYIO TPOJIYKINIO YKa3aHHBIX IIUTOKUHOB.
Y KUBOTHBIX, TIOJIBEPTHYTHIX Bo3/AercTBHUIO 11D, BbI-
3BIBAIOIIET0 UMMYHOCYIIPECCUIO, KAK U OKHUJAJIOCH,
perucTpupoBasioch IOZlaBjeHue MPOAYKIIMU BCeX
uceaenayemMbix mutokuHoB (WJI-1B, WJI-6, ®HO-a
NOH-y, 1JI-10), mpu 3TOM HaOJII0IA7I0Ch TOBBIIIIE-
HHE MHUTOTEH-CTUMYJIMPOBAHHON mpoaykiuu NJI-6
MPaKTUYECKH /10 YPOBHsA, Ha0JII0/JaeMOT0 Y UHTAKT-
HBIX KUBOTHBIX aHAJIOTHUYHOTO Bo3pacra (Tabi. 2).
[ToBbINIeHNE TPOJIYKIIUY 3TOTO ITUTOKHUHA, BO3MOXK-
HO, ABJISIETCA OJHUM U3 MEXaHU3MOB, IIOCPE/ICTBOM
koTopbIX BB mpeporspaman Bei3biBaeMoe 1P nH-
rubupoBaHue MPoIndepaTUBHON aKTUBHOCTH CILIE-
HOIUTOB. BB MpuBOiMII TaK:Ke K MTOBBIIIIEHUIO CIIOH-
TAaHHOU W MHUTOT€H-CTUMYJIMPOBAHHOHN ITPOYKIIUU
KJIETKaMU ceJle3eHKU MPOTUBOCIAINTEIBHOTO ITUTO-
kuHa MJI-10 y MHTAKTHBIX KUBOTHBIX, HE U3MEHsIs
TakoByo mocsie BBesienust L[ (cm. Tabir. 2).

CorjlacHO COBpeMEeHHBIM IIPEeJICTaBJIEHUAM pe-
TYJIAIUs [TUTOKWHOBOTO KacKajia TECHO CBsA3aHa C

pression, as expected, a suppression of the produc-
tion of all studied cytokines (IL-1B, IL-6, TNF-a
IFN-y, IL-10) was recorded, while an increase in
the mitogen-stimulated production of IL-6 was
noted practically at the level observed in intact ani-
mals of a similar age (Table 2). An increase in the
production of this cytokine is possibly one of the
mechanisms by which the VB prevented CP-inhi-
bition of the proliferative activity of splenocytes.
Inintactanimalsthe VB alsoled to anincreaseinthe
spontaneous and mitogen-stimulated production
of the anti-inflammatory cytokine IL-10 by spleen
cells, without changing it after CP administration
(see Table 2).

According to modern views, the regulation of
the cytokine cascade is closely related to the state
of the intestinal microbiota, with its qualitative
and quantitative changes, which, in particular, de-
termine the nature of systemic chronic low-grade
inflammation (SCLI) that is usual for the elderly
[2]. The SCLI is characterized by formation of rela-
tively compensated balance between the action of
the damaging factor and the systemic inflamma-
tory reaction, on the one hand, and the buffer sys-
tems of anti-inflammatory resistance, on the other.
It is considered that in age-associated pathology
the SLCI is that link between insulin resistance,
disorders of carbohydrate and lipid metabolism,
obesity, atherosclerosis, metabolic syndrome.
At the same time, it was found that some bacteria
of the intestinal microbiota are able to prevent the
SCLI development by suppressing microorganisms
that trigger inflammatory reactions, improving the
barrier function of the mucous membrane of the
gastrointestinal tract, or directly affecting the in-
flammatory response cascade through the produc-
tion of metabolites such as short-chain fatty acids,
which play a great role in the the immune system.
Short-chain fatty acids bind to the GPR43 protein,
which is involved in the regulation of the activity
of the immune system and inflammation, providing
intercellular communication in the immune system
necessary for the normal resolution of the inflam-
mation process [19].

Thus, the anti-inflammatory effect of butyric
acid is well studied, and is realized mainly due to
a decrease in the activity of histone acetylase and
suppression of the activation of the associated nu-
clear transcription factor kappa B (NF-kB) of colon
epithelial cells. Butyrate inhibits the activity of the
NF-kB factor, which controls the expression of im-
mune response genes and is responsible for the pro-
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TaGauna 2. [IpoayKIusa ITUTOKUMHOB (IIr/MJT) KJIETKaMH cesie3eHKH Bo3pacTHbIX Mbliei (CBAxC57Bl/6)F1 mocse kypco-

BOTO BBeZieHUs npemnapara «Bemabuotuk» (Me (25 %; 75 %))

Table 2. Cytokine production (pg/ml) by spleen cells of aged mice (CBAxC57Bl/6)F1 after the course of the VedaBiotic

preparation (Me (25%; 75%))

Cpynmoet ;xkuBoTHbIx  WJI-1f / IL-1 NJI-6 / IL-6 nJI-10 / IL-10 NOH-y /IFN-y  ®HO-a / TNF-a
Animal groups P 5 P 5 P 5 P 5 P 5
1. IHTaKTHBIE 3.1 6.74 32.4 111.92 24.1 195.17  6.42 64.47 20.09  31.00
Intact (2.27; (5.74; (25.1; (85.1; (18.5; (152.3; (4.21; (38.7; (16.1; (22.5;
3.58)  7.65) 41.8)  156.3) 27.6)  258.9) 9.14) 74.95) 287)  41.4)
2. Bosta / Water 3.24 6.84 30.6 111.94 22,19 201.3 6.42 64.77 22.43 32.74
(2.65 (5.48; (22.7; (64.5; (16.1;  (164.9; (4.14; (50.3; (7.24; (23.8;
3.91) 8.17) 41.8)  153.2) 32.5) 251.3) 7.85) 77.1) 29.76)  42.6)
3. 11® / CP 1.09 2.89 10.1 40.73 12.8 98.7 4.51 45.04 14.81 21.64
(0.76; (27, (711, (32.9; (9.5, (687,  (3.08; (34.6; (10.4; (175
1.38)*  4.0)% 13.56)* 52.3)* 14.3)*  129.4)* 5.9)* 59.2)* 19.8)*  29.6)*
5. «Begabuotuk» 3.0 3.37 33.6 132.11 42.68 298.3 6.14 34.77 19.23 30.61
VedaBiotic (2.2; (2.8; (25.3; (99.1; (34.6; (201.6; (4.3; (26.4; ((11.6; (19.3;
4.5) 5.3  457)  164.7) 53.8)* 365.2)* 8.1) 43.8)* 28.3)  44.6)
7. 1@, «<Bemabuotuk» 1.22 1.24 14.2 94.23 13.9 107.45 6.14 46.14 27.15 31.52
CP, VedaBiotic (0.8; (0.9; (9.7; (71.3; (9.5, (76.9; (414; (337 (19.7;  (23.6;
1.5) 1.5) 18.3) 128.9)**  18.1) 145.2) 8.1) 56.3) 32.1) 40.3)

IIpuMevyaHue. I — CIOHTAHHAS NPOAYKIUS IUTOKUHA; 2 — MUTOTE€H-CTUMY/IMPOBAHHAS MPOAYKIMA IUTOKUHA. B KaXmo# rpym-

e — 6 )KUBOTHBIX.

* p < 0.05 10 CPABHEHHUIO C TPYIIIIOH 1; ** p < 0.05 0 CPABHEHUIO C TPYIIIOH 3.
Note.1— spontaneous cytokine production; 2 — mitogen-stimulated cytokine production. Each group has 6 animals.
* p < 0.05 as compared to group 1; ** p < 0.05 as compared to group 3.

COCTOSTHEM MUKDPOOUOTHI KHUIIIEUHHKA, C €e Kade-
CTBEHHBIMHU U KOJIMYECTBEHHBIMU U3MeHEeHUAMH, KO-
TOpBIE, B YAaCTHOCTH, O0OYCIOBJIMBAIOT XapaKTep CHU-
CTEMHOTO HU3KOI'PA/[yUPOBAaHHOTO  XPOHUYECKO-
ro Bocraenus (CHXB), cBOHACTBEHHOTO [JIS MOKK-
soro Bo3pacta [2]. ITpu CHXB npoucxoaut dopmu-
pOBaHME OTHOCUTEJIBHO KOMIIEHCUPOBAHHOI'O pPaB-
HOBeCUs MeXIy JelCcTBHEeM IOBpexaaroero ¢akx-
TOpa U CUCTEMHOH BOCIAJIUTEIBHOM peakmuend —
C OZHOU CTOPOHBI U OyepHBIMU CHCTeMaMH IIPO-
TUBOBOCIAJIUTEIBHON PE3UCTEHTHOCTU — C JPYTOU.
Cumraercs, 4TO IIPU BO3PACT-aCCOIIMUPOBAHHOUN ma-
Tostorun UMeHHO CHXB sBjsieTcsa cBA3YIOIUM 3Be-
HOM MeXJy HHCYJIMHOPEe3UCTeHTHOCTbIO, Hapyllle-
HUSAMU YTJIEBOTHOTO U JIUIIUTHOTO OOMEHOB, O3KHpe-
HUEM, aTepPOCKJIEPO30M, MEeTabOJIMUECKUM CHUHIPO-
MoM. [Ipu 3TOM yCTaHOBJIEHO, UTO HEKOTOPHIE OaKTe-
pHU KUMIEYHONH MUKPOOHOTHI CIIOCOOHBI IIPETIATCTBO-
Bath pa3zsuTuio CHXB rocpezicTBOM OjaBJIeHUA M-
KPOOPraHU3MOB, 3aIIyCKAIOIINX BOCIIAJIUTEIIBHBIE Pe-
aKIUH, YIIy4IIeHus: 6apbepHOU (PYHKIIMH CITU3UCTOH
000JI0YKH KeJIyI0UHO-KHUIIIEYHOTO TPaKTa b0 He-
[IOCPEZICTBEHHOTO BO3/IEMCTBUA HA KACKAJl BOCIIAIU-
TeJILHOU PeaKIuU IyTeM MPOYKIINHI TaKUX MeTabo-
JINTOB, KaK KOPOTKOIIEIOYEYHBIE KUPHBIE KHUCJIOTHI,
Urpalre OTPOMHYIO POJIb B paboTe UMMYyHHOU CHU-
creMbl. KOpOoTKOIleIioueuHble )KUPHble KUCJIOThI CBA-
3piBatoTcsA ¢ 6esrkoM GPR43, KOTOpBIN ydacTByeT B
Pery/siiy aKTUBHOCTU UMMYHHOM CHCTEMBI M BOC-

duction of cytokines, which leads to a decrease in
the secretion of proinflammatory cytokines [20, 21].
The relationship between the state of the intestinal
microbiota and changes in the levels of serum amy-
loid A3 (SAA3) which is an essential factor in the
development of SCLI has been described [22]. The
relationship between the composition of the micro-
biota and the number of T-regulatory cells (Treg)
that perform suppressive functions was proved. In
particular, Treg prevent autoimmune disorders,
control the immune response against viruses, para-
sites, bacteria and fungi, prevent pathological im-
mune responses to host’s own microflora, and con-
trol antitumor immunity [23—25]. Treg express by
CD4+ and CD25+ receptors, a transcription factor
FoxP3 capable of inhibiting NFAT transcription fac-
tors (nuclear factor of activated T-lymphocytes) and
NF-kB, which is one of the mechanisms of inhibit-
ing the synthesis of proinflammatory cytokines and
suppressing the inflammatory process [26]. In con-
nection with the mentioned above, the modulating
effect of the VB on the production of cytokines by
immunocytes, which causes a decrease in the level
of proinflammatory cytokines IL-1 and IFN-y and
an increase in the level of anti-inflammatory cyto-
kine IL-10, can be interpreted as a positive effect of
the preparation aimed at reducing SCLI.

50

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



doi: 10.31549/2542-1174-2021-1-41-54

Markova E.V. et al. /Journal of Siberian Medical Sciences 1 (2021) 41—-54

majieHus, 00ecrevnBas MEXKKIETOTHYI0 KOMMYHHKA-
[IMI0 B UIMMYHHOH CHCTeMe, HEOOXOUMYIO /I HOP-
MaJIBHOTO Pa3pelleHus Ipoliecca BocraieHus [19].

Taxk, XOpoIII0 N3y4eH IPOTUBOBOCIATUTETbHBII
3(deKT MacIAHON KHUCTIOTHI, peayn3yeMblil B OCHOB-
HOM 3a CYeT CHIDKEHHS aKTUBHOCTH THCTOHOBOM
aneTmnsasbl U MHTHOMPOBAHUSA AKTUBALIMH CBSI3aH-
HOTO ¢ Hel s7iepHoro (akTopa TPAHCKPUIIIIMH Kall-
ma B (NF-kB) snuTeTMonuTOB TOJICTOH KHUIIKH. By-
TUpAT MOJABJAEeT aKTUBHOCTDH (pakTopa NF-kB, ko-
TOPBIN KOHTPOJIUPYET SKCIPECCUI0 TeHOB UMMYyHHO-
T'O OTBETA U OTBEYAET 32 MPOAYKIIHIO ITUTOKUHOB, UTO
IIPUBOJUT K CHIKEHUIO CEKPEITNHU IIPOBOCIIAJIUTENTb-
HBIX ITUTOKKHOB [20, 21]. OnrcaHa B3anMOCBA3b CO-
CTOSTHUSI MUKPOOHMOTHI KUIIIEYHUKA C U3MEHEHUSIMHU
YPOBHEH CHIBOPOTOUHOTO amuionzia A3 (SAA3), sB-
JIAIOIIErocs CyIIeCTBeHHBIM (aKTOPOM B Pa3BUTHU
CHXB [22]. [TokazaHa Tak»e B3aHMOCBA3b COCTaBa
MHKPOOHOTHI ¢ KOJIMYECTBOM T-PeryIAaTOPHBIX KJle-
ToK (Treg), OCyIeCTBIIAIOMIUX CYIIPECCOPHBIE (DYHK-
nuu. B gacrroctu, Treg mpenoTBpamjamoT ayTONM-
MyHHBIE PACCTPONCTBA, KOHTPOJIUPYIOT MMMYHHBIH
OTBET IIPOTUB BUPYCOB, IAPa3UTOB, OAKTEPUI U I'PU-
00B, MpeAOTBPAIIAIOT MATOJIOTUYECKHUE UMMYHHBIE
peaknuu Ha COOCTBEHHYI0O MUKPOGMJIIOPY M KOHTPO-
JIUPYIOT MPOTHUBOOIYXOJIEBBIA UMMYHHUTET [23—25].
Treg skcrmpeccupyioT penentopsl CDg4+ u CD25+,
TPaHCKpUNINOHHBIN dakTop FoxP3, ciocoGHbII NH-
rubupoBath dakTopsl TpaHckpunnuu NFAT (smep-
HBI (HAKTOP AKTUBUPOBAHHBIX T-TMQOIUTOB) U
NF-xB, uTo sBJIsIeTCA OJJHUM M3 MEXaHU3MOB UHTH-
OUpOBaHUSA CHHTE3a IPOBOCIIAJIUTETHHBIX ITUTOKH-
HOB U TI0/IaBJIEHHs BOCIIAJIUTEIHHOTO Tporiecca [26].
B cBs13U ¢ BBHIIEN3I0KEHHBIM MOIYJIUPYIOIIEE Jei-
crBue BB Ha NOpOAYKIIMIO WMMYyHOKOMIIETEHTHBI-
MU KJIETKaMU ITUTOKUHOB, BBI3BIBAIOIIEE CHIKEHUE
YPOBHS ITPOBOCHATIUTEIBHBIX NUTOKUHOB MJI-13 u
VI®H-y u moBblllIeHUEe YPOBHS NPOTUBOBOCIIAIU-
TeJILHOTO MUTOKHHA JI-10, MOXKHO TPAKTOBATh KaK
MOJIOXKUTENBHBIA 3¢ }EKT IMpemapaTa, HaIlpaBjeH-
HbIA Ha cHkeHne CHXB.

JlokazaHHOe BIUSHUE MUKPOOHOTHI KHUIIIEYHU-
Ka Ha UMMYHHYIO aJIallTallUI0 ¥ CTAHOBJIEHHUE TOJIE-
PpaHTHOCTU OpraHu3Ma K (akropam BHeEITHEH cpesibl
II03BOJIMJIO UCIIOJIB30BATh MUKPOOPTAaHU3MBI — CHM-
OMOHTHI YesIOBEKA I NMPOMUIAKTUKY U JIEUYEHUS
1esoro psizia 3aboseBanuii [27]. 1lenecoobpasHocTs
HCIIOJIb30BAHUSA MPOOUOTUKOB JIJIsI MOYJIAIINN M-
MYHHBIX PEAKIIHI YeJI0BeKa He BHI3bIBAET COMHEHMH
B CIJIy HEYKJIOHHO PacCIINUpsIIoIeiics JoKa3aTeIbHON
0a3wl, Kacarolelcsa ux 6e30MacHOCTH 1 UMMYHOKOP-
PUTUPYIOIIETO BIUSHUA. YCTAHOBJIEHHBIE MEXaHU3-
MBI MOJIEKYJISIPHOTO JIeHCTBUSA, JIaHHBIE PaHJIOMU-
3UPOBAHHBIX UCCJIEIOBAHUN U METAaHAJIN30B, a TAK-

The proven influence of the intestinal micro-
biota on immune adaptation and the development
of the organism tolerance to environmental factors
made it possible to use microorganisms — human
symbionts for the prevention and treatment of a
number of diseases [27]. The feasibility of using
probiotics to modulate human immune responses
is beyond doubt due to the steadily expanding evi-
dence base regarding their safety and immune cor-
recting effect. The revealed mechanisms of molecu-
lar action, data from randomized studies and meta-
analyses, as well as vast experience in the practical
use of probiotic preparation prove their effective-
ness for the prevention and reduction of the sever-
ity of a number of human diseases mediated or ac-
companied with immune imbalance.

CONCLUSION

When performing a study on the immune mod-
ulating properties of the probiotic preparation, Ve-
daBiotic in aged experimental animals, the follow-
ing was found:

1. A course of supplementation with the prepa-
ration stimulates the cellular immune response.

2. In CP-induced immunosuppression, this
preparation gives even a stronger effect, stimulat-
ing the immune response, and up-regulating the
DTH reaction to the level observed in intact ani-
mals of a similar age.

3. The VedaBiotic stimulates the proliferative
activity of immune competent cells, including the
case with the CP-induced immunosuppression.

4. The VedaBiotic has a modulating effect on
the production of cytokines by immunocytes, caus-
ing a decrease in the level of proinflammatory cyto-
kines IL-18 and IFN-y, and an increase in the level
of anti-inflammatory cytokine IL-10.

Thus, the VedaBiotic has a positive immune
modulating effect and can be used as a nutritional
supplement — a source of probiotic microorgan-
isms — to reduce the negative side effects of cyto-
static therapy, as well as to improve the quality of
life of elderly people and prevent the development
of age-associated pathology.
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K€ OTPOMHBIH OIIBIT IPAKTUYECKOTO HCIIOTH30BAHUS
MMPOOMOTUYECKUX TPEenapaToB JIOKa3bIBAIOT UX d(-
(peKTUBHOCTD JIUIs1 POPUIAKTUKY U CHUKEHUS Ts-
JKECTH IeJIOTO psifa 3ab0sieBaHUN UYesIOBEKa, OIIO-
CpeloBaHHBIX WU COMPOBOKAAIOIINXCI UMMYHHBIM
JucOaIaHCoOM.

3AKIIOYEHUNE

[Ipu npoBeieHUN UCCIIETOBAHNS UMMYHOMO/IY-
JIMPYIOIIAX CBOHCTB IPOOMOTHYECKOTO IIperapara
«BemabuoTHK» y BO3paCTHBIX SKCIIEPHMEHTAIBHBIX
JKUBOTHBIX OBLJIO YCTAHOBJIEHO CJIETYIONIEE:

1. KypcoBoe BBezieHHE ITpenapaTa CTUMYJIHPYET
KJIETOUHBIM UMMYHHBIH OTBET.

2. ITpu O-uaAynupoBaHHON MMMYHOCYIIpEC-
CUU JJAHHBIU IIperapaT OKa3bIBaeT ele OoJiee CUiIb-
HBIA 3P PEKT, CTUMYTUPYIOINHA UMMYHHBIH OTBET,
TOBBIIIas BBIpaKEeHHOCTh peaknuu I'3T 70 ypoBHA,
HAa0JII0/1aeMOT0 Y UHTAKTHBIX JKUBOTHBIX aHAJIOTHY-
HOTO BO3pacTa.

3. [Ipenapat «BegabuoTuk» cTUMYTUPYET IIPO-
srdepaTUBHYI0 AaKTUBHOCTh UMMYHOKOMIIETEHTHBIX
KJIETOK, B TOM uuncie U Ha ¢poHe I{O-nHIYIIMPOBAH-
HOU IMMYHOCYIIPECHH.

4. Ilpenapar «BemabuoTuk» okasbpIBaeT MOZY-
JIpyolee fieficTBYe Ha IPOAYKITHIO IIUTOKUHOB UM-

CIIMCOK JIMTEPATYPbBI

1. Landman C., Quévrain E. Gut microbiota: Descrip-
tion, role and pathophysiologic implications. Rev. Med.
Interne. 2016. Vol. 37 (6). P. 418—423. doi: 10.1016/].
revmed.2015.12.012.

2. Kamranosa /I.A., Ermatsn JI.B., TkaueBa O.H. Yua-
CcTHe MUKPOOHMOTHI KHIIIEUHHKA YeJIOBEKa B IIPOIEC-
cax XpOHHUUYECKOT'0 CUCTEMHOr0 BocrasieHus // KiuH.
MHUKPOOHOJIOTUSI U aHTUMUKPOOHAST XMMHUOTEpaITHs.
2015. T. 17, N2 4. C. 310—317.

3. Hukonosa E.JI., ITorosa E.H. Mukpo6uora. M., 2019.
256 c.

4. Belkaid Y., Harrison O.J. Homeostatic immunity and
the microbiota. Immunity. 2017. Vol. 46 (4). P. 562—
576. doi: 10.1016/j.immuni.2017.04.008.

5. Lin L., Zhang J. Role of intestinal microbiota and me-
tabolites on gut homeostasis and human diseases //
BMC Immunology. 2017. Vol. 18: 2. doi: 10.1186/s12865-
016-0187-3.

6. Agace WW., McCoy K.D. Regionalized development
and maintenance of the intestinal adaptive immune
landscape // Immunity. 2017. Vol. 46 (4). P. 532—548.
doi: 10.1016/j.immuni.2017.04.004.

7. barupos H.C., [letyxoB 1.H., Imutpues H.B., I'puro-
preBckas 3.B. MUKpo6uoM U pak: ecTh Ji cBsA3b? O0-
30p JIUTEpaTyphl // 3JI0KaYECTBEHHBIE OITYXOJIH. 2018.
T. 8, N¢ 3s1. C. 22—26. doi: 10.18027 / 2224-5057-2018-
8-351-22-26.

8. Mapkosa E.B. IMmmyHHas cucTeMa U BbICIIasA HepBHASA
JlesITeJIbHOCTh. MeXaHU3Mbl HEHPOUMMYHHBIX B3au-
MOJIEMCTBUH B peajin3aliiuy U PeryJIsiiuiy oBeieHue-
ckux peaknui. Saarbruken, 2012. 258 c.

MyHOKOMIIETEHTHBIMU KJIETKaMH, BbI3bIBasd CHUKE-
HUE YPOBHS TPOBOCIATUTEIBHBIX ITUTOKUHOB NJI-1[3
u UOH-y 1 nosblllleHNe YPOBHA NPOTUBOBOCIAIN-
TeJIbHOTO IuTOKuHA UJI-10.

Taxum o6pazom, penapat «BemabuoTuk» oka-
3bIBA€T TO3UTHUBHBIA MMMYHOMOYJIUPYIOIHUHA 3(]-
ekt u MoxkeT OBITH UCIIOJIB30BAH B KayecTBe OHO-
JIOTMYECKH aKTUBHOM /00aBKU K ITHIIE — HMCTOYHU-
Ka IPOOMOTUYECKUX MIUKPOOPTaHU3MOB — JIJIS1 CHU-
JKEHUs] HETaTUBHBIX MOOOUHBIX 3(P(HEKTOB ITUTOCTA-
TUYeCKOH Tepanuy, a TaKXKe JINIIAMU IO>KUJIOTO BO3-
pacra Jia yJIydllleHus KadecTBa JKU3HU U NPodu-
JIAKTUKYU Da3BUTHUA BO3PACT-ACCOLMMPOBAHHON IIa-
TOJIOTUH.

dunancupoBaHue. [lanHas pabora ¢puHAH-
cUpoBaJIach 3a cueT Oro/KeTHBIX cpenctB ®T'BHY
«HayuyHo-uccemoBaTessbckuii  UHCTUTYT — DyH/IA-
MEHTJIBHON W KJIMHWYecKou mMmyHosoruun» (Ho-
Bocubupck) u cpeacre OO0 «Bemal'enernka» (Ho-
BOCHOMPCK) HA OCHOBAaHWUH JIOTOBOpA O HAy4YHO-
IIPAKTHYECKOM COTPYZHUYECTBE OT 03.02. 2020.

KoH@IUKT HHTEPECOB. ABTOPHI 3asIBJISAIOT 00
OTCYTCTBUM KOH(JIMKTA UHTEPECOB.
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Pazpa0oTKa BOJIbTaMIIEPOMETPHUUYECKON METOANKN
KOJIMYECTBEHHOTO OIIpeiejeHuA 0eHAa30/1a THAPOXJI0puaa

Kepebmosa E.IO., TepentbeBa C.B., UBanosckas E.A., Illuako T.I.

®I'bOY BO «Hosocubupckull 2ocydapcmeeHtblll MeduyuHckull yHugepcumem» Munadpasa Poccuu

Development of the voltammetric method for the quantitative
determination of bendazole hydrochloride

Zherebtsova E.Yu., Terentyeva S.V., Ivanovskaya E.A., Shinko T.G.

Novosibirsk State Medical University

AHHOTAIIUA

B cBs13U € IUPOKO# 061aCThIO TPUMEHEHU T OeH/1a3071a THAPOXJIOPH/IA B METUIIMHE U €0 UCIIOJIb30BAHUEM B COCTA-
Be KOMOMHUPOBAaHHBIX JIEKAPCTBEHHBIX IIPENapaToB TpebyeTcs oreHKa 3(GEKTUBHOCTH MOJIYUEeHHbBIX JIEKApPCTBEHHBIX
dbopm u onpenesenne hapMakOKNHETHYECKHUX IapaMeTPOoB. /171 9TOro HeoOX0IUMO IOJIyYeHYe JaHHbBIX O KOHI[EHTPa-
[IMH HCCJIeZyeMOro IIpernapara B GM0JIOTHUECKUX KUJKOCTAX. 11es1b HacTOAIIero uccieoBaHus — pa3paboTKa BOJIbTaM-
IIepOMETPUYECKON METOTUKYU KOJTMUECTBEHHOTO OIIpeiesieHn s OeH1a301a Tuipoxsopuia. B xoze uceaeoBanus sxcne-
PUMEHTAJIBHO YCTAHOBJIEHBI OIITUMAJIbHBIE YCJIOBUSA 3JIEKTPOJIN3a: OTeHI1aa —1.8 B, Bpems 15 ¢, CKOPOCTD pa3BePTKU
noTeHnuasaa 50 MB/c. OnrumasnpHoe 3HaueHue pH 111 aekTpostusa 6eH1a3o1a ruipoxaopuaa 6—-7. Ilpeanaraemas me-
TOAMKA BaJHUUPOBAHA 110 TeCTaM: CIEeNU(PUUIHOCTU U JIMHEHHOCTH, IIpesiesia 0OHAPY KeHU; OlIpe/iesieHa aHAJIUTHYe-
cKkas 06J1acTbh METO/TUKH, €€ IPEIM3UOHHOCTD. TakuM 06pa3oM, pazpaboTaHHasI METOTUKA MOXKET IIPUMEHATHCS A5 KO-
JINYECTBEHHOTO OIIpe/ieIeHust OeH/1a3071a TUAPOXJIOpH/Ia B (papMaIieBTUYECKUX CyOCTaHITUAX.

Karoueswvte crosa: BOJIbTaMIIEPDOMETpPUA, 6eH/:(a3011a TUAPOXJIOPUM, 3JIEKTPOJIN3, 3JICKTPOJ, BaInJallus.

ABSTRACT

In connection with the wide field of application of bendazole hydrochloride in medicine and its use as a part of
combined drugs, an assessment of the effectiveness of the novel dosage forms and the determination of pharmacokinetic
parameters are required. For this purpose, it is necessary to obtain data on the concentration of the studied drug in bio-
logical fluids. The aim of this research is to develop a voltammetric method for the bendazole hydrochloride quantifica-
tion. In the course of the study, the optimal electrolysis conditions were established: potential was —1.8 V, time 15 s, and
potential sweep rate 50 mV/s. The optimum pH value for electrolysis of bendazole hydrochloride is 6—7. The proposed
method is validated by tests: specificity and linearity, detection limit; the range of the procedure and its analytical pre-
cision were determined. Thus, the developed method can be used for the quantification of bendazole hydrochloride in
pharmaceutical substances.

Keywords: voltammetry, bendazole hydrochloride, electrolysis, electrode, validation.

INTRODUCTION

Bendazole hydrochloride, a synthetic medici-
nal product, is one of the few successful Russian
developments that has been presented on the phar-
maceutical market for over 65 years. It has shown
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pbIHKe yike Oosiee 65 yer. OH 3apeKoMeH/I0BaI ceOst
Kak 3(pdexkTuBHBIA U 6e30MacHbIN JIEKAPCTBEHHBIN
npemapat [1]. [lepBoHauasbHO MpeTHABHAYEHHBIN
JUIS JledeHUsl MOBPeXIeHU! mnepudepruyecKux He-
PBOB, 6eH/1a301a THAPOXJIOPU/, ITOJIYYIT IPU3HAHNE
TaKkke B KauecTBe CIa3MOJIUTHYECKOTO, THIIOTEH3UB-
HOTO, UMMYHOCTHMYJIUPYIOIIET0 U aJallTOT€HHOTO
cpencrBa [2—4].

B cBA3U ¢ HIUPOKO# 0071aCTHIO IPUMEHEHUs OeH-
Jla30J1a THIPOXJIOPU/A B MEIUIIMTHE M €r0 UCTIO0JIb30-
BaHHEM B COCTaBe KOMOWHHPOBAHHBIX JIEKAPCTBEH-
HBIX IIpenaparoB TpedyeTcs oreHKa 3O GEeKTUBHOCTH
IIOJIyYeHHBIX JIEKAPCTBEHHBIX (POPM U OTIpeieIeHIe
(papMaKOKIHETHYECKIX IIapaMeTpoB. /171 aToro He-
00XOZIIMBI IaHHBIE O KOHIIEHTPAI[UH HCCIIEyEMOTO
mpemnapaTa B GMOJIOTHYECKUX JKHUIKOCTSX [5].

OmnpenesieHne GeHAA30J1a THAPOXIOPU/IA IIPO-
BO/IAT HECKOJIBKUMU MeToziamu. [IIupoko mpesicTas-
JIEHBI TUTPUMETPUUYECKHE METOABI KOJINYECTBEHHO-
ro ompenesieHus (HEBOJHOE TUTPOBAHUE, apTeHTO-
MeTpU, alUIUMETPHS, AJIKAJTUMETPH), OCHOBHON
HEJIOCTATOK KOTOPBIX COCTOUT B TOM, UTO OHU He-
MIPUMEHUMBI IS OMOJIOTUYECKUX YKUJIKOCTEH BBH-
Jly HEJTOCTaTOYHOTO IIpefiesia obHapyxeHus [6]. 13-
BECTHBI CIIEKTPO(MOTOMETpUUECKHE CIIOCOOBI OIpe-
ZeneHus 0eH1a3051a TUAPOXIIOPH/IA C IPUMEHEHHEM
0.1 M pacTBOpa KUCJIOTHI XJIOPUCTOBOIOPOTHOM [7].
BricokoaddekTruBHAA KUJIKOCTHASA XpoMaTorpadus
(B22KX) Takske MpUMEHSIETCS JIJIS OTIPEIeJIEHUS JTU-
6azosa. MeToz mpeArnosaraeT HCIOJIb30BAHHE He
TOJIPKO XJIOPHOU KUCJIOTHI, HO ¥ alleTOHUTPIJIA B Ka-
yecTBe ayr0eHTa [8].

VHTepec npezicTaBiseT MeTO/] BOJIbTaMIIEpOMe-
TPUU, [JIABHBIMH MIPEUMYIIIECTBAMU KOTOPOTO SIBJISI-
FOTCS JIENIeBU3HA TPUOOPHOU Oa3hl U PACXOHBIX Ma-
TEPUAJIOB B COUETAHUU C CEJIEKTUBHOCTBIO U IIpefie-
JIOM OOHapy»KeHusI, cormoctaBuMbIMu ¢ BAXKX [9, 10].

IHEJIb NCC/IEJOBAHUA

PaspaboTka BOJIBTAMIIEDOMETPUYECKONH METO-
JIUKM KOJIMYECTBEHHOTO OIpe/iesieHns OeHpmasosia
THAPOXJIOPHUAA.

MATEPUWAJIBI 1 METO/AbI

B kauecTBe 00bEKTa HCC/IENOBAHUA JJIS 000~
pa ONTUMAJIbHBIX YCIOBUM 3JIEKTPOJIN3A HCIIOTIh30-
Bastu cybcrannuio 6enymasona [2-(Penuamern)-1H-
OeH3UMUIa30J1a TUAPOXJIOPU/T], MOJIAPHOH Maccoi
244.73 T/MOJIb, C COZEPKAHUEM JIEHCTBYIONIETO Be-
mecTBa He MeHee 99.0 % (AO «Ycombe-CuOUpPCKUM
xuMmdapm3aBos»). IKCIEPUMEHTAIbHbIE JIAHHBIE
MOJIy4eHbl Ha IIOJIyaBTOMATHYECKOM aHaJIN3aTope
TA-2 (OO0 «HIIIT «Tombanaaut», . Tomck). B pa-
60Te UCIO0JIb30BAIH CTEKJIOYTJIEPOIHBIN DJIEKTPO/ B

itself to be an effective and safe drug [1]. Original-
ly designed for the treatment of peripheral nerve
damage, bendazole hydrochloride has been also
recognized as an antispasmodic, hypotensive, im-
mune stimulating, and adaptogenic agent [2—4].

Owing to the wide field of application of ben-
dazole hydrochloride in medicine and its use as a
part of combined drugs, an assessment of the novel
dosage forms’ effectiveness and the determination
of pharmacokinetic parameters are necessary. This
requires data on the concentration of the studied
drug in biological fluids [5].

The identification of bendazole hydrochloride
is carried out by several methods. Titration meth-
ods of quantitative determination (non-aqueous
titration, argentometry, acidimetry, alkalimetry)
are widely presented, the main disadvantage of
which is that they are inapplicable for biological
fluids due to the insufficient detection limit [6].
There are spectrophotometric methods for the
bendazole hydrochloride assay using a 0.1 M so-
lution of hydrochloric acid [7]. High-performance
liquid chromatography (HPLC) is also used for the
determination of dibazol. The method involves the
use of not only perchloric acid but also acetonitrile
as an eluent [8].

The method of voltammetry is of interest. Its
main advantages are the low cost of the instrument
base and consumables in combination with the se-
lectivity and detection limit comparable to HPLC
[9, 10].

AIM OF THE RESEARCH

To develop a voltammetric method for the
quantitative determination of bendazole hydro-
chloride.

MATERIALS AND METHODS

The substance of bendazole [2-(Phenylmethyl)-
1H-benzimidazole hydrochloride], with a molar
mass of 244.73 g/mol, with an active ingredient
content of at least 99.0% (Usolye-Sibirskiy Khim-
farmzavod JSC, Russia) was used as an object of re-
search for the selection of optimal electrolysis con-
ditions. The experimental data were obtained on
a TA-2 semi-automatic analyzer (NPP Tomanalyt,
Tomsk). We used a glassy carbon electrode as an in-
dicator and silver chloride (Ag/AgCl) as a reference
electrode. Polarization curves served as a source of
information.

For the quantitative determination of the ana-
lyte in standardized test solutions, the standard
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KadyecTBe WHJIUKATOPHOTO M XJIopcepeOpsHbIi (Ag/
AgCl) kak syekTpon cpaBHeHUs. VICTOYHUKOM WH-
opMmanum cIy:KUIN MOJAPHU3AMOHHbIE KDUBBIE.

JI711 KOJIMYeCcTBEHHOT'O OIpe/ieJIeHNs aHaJIU3U-
PYeMOTo BelecTBa B MOZIETBHBIX PACTBOPAX UCIIOJIb-
30BaJIM MeTO/I CTaHJAPTHBIX 006ABOK, COIVIACHO KO-
TOPOMY KOHIIEHTPALUA OIpesesseMOro BellecTBa
paccunTeiBaeTcs Mo ¢hopmysie

_ CCT'VL[06 . Ix ,
* (VO+V)106) (Isum_]x)

rae C, — KOHLEHTPaI|sA ONPEEIAeMOro BellecTBa,
r/MT;

C, — KOHIEHTpalMs CTaHAApPTHOTO PacTBOpa,
r/mu;

V. — 00beM /J00aBKK CTaH/@PTHOTO PAaCTBOPA,
MUT;

V, — obbem pacTsopa B ’ueliKe, MIT;

I — BesJIMUMHA CHTHAJIA OIIPEJIEJIAEMOTO Belle-
CTBa, MKA;

I — BeIMYMHA aHATUTHYECKOTO CUTHAsA JI0-
0aBKHU CTAaHAAPTHOTO PAaCTBOPA, MKA.

Kak/ioe 13 npuBe/IeHHBIX MUMPOBHIX 3HAUEHUN
SIBJISIETCS CPEHUM U3 TpeX uaMepeHui. CTaTuCTHYe-
CKyH0 00pabOTKy MOJIy4EHHBIX JAHHBIX BBITTOTHSIIN
cormtacao O®C 1.1.0013.15 «Cratucruueckas obpa-
00TKa pe3y/IbTaTOB KOJIUYECTBEHHOTO aHaIu3a» [11].

PE3YJIBTATBI 1 OBCY2KJIEHUE

[IpuHUMas BO BHUMAaHUE JIUTEPATYPHBIE JaH-
Hble 00 BJIEKTPOXMMUYECKOH AKTUBHOCTU Pa3/Idd-
HBIX (DYHKIIMOHAIBHBIX TPYIII, MbI [TPEAIIOIOMKIIIH,
YTO UMHUA30JbHOE KOJIBI[O B CTPYKTYPE MOJIEKYJIBI
OeH/a3071a TUIPOXJIOPHA HAuOOoJIee DIIEKTPOXUMHU-
YeCKHU aKTUBHO. YUUTHIBAsA, YTO KMUIA30JIbHOE KOJIb-
IO COJIEPKUT JIBA aTOMA a30Ta, KAKIBIH M3 KOTOPHIX
“MeeT CBOOOIHYIO Iapy SJIEKTPOHOB, MbI IIPEIIIOU-
JIM BapUaAHT KaTOIHOM BoJbTamiepoMerpuu. OnTH-
MaJIBHBIM 3JIEKTPOIOM ObLI TPU3HAH CTEKJIOyTJIe-
POZIHBIM, TaK KAaK TOJIBKO HA HEM ObLT BHISBJIEH CHUT-
Hau1 6eHytazona (puc. 1).

B xauectBe (POHOBOTO BJIEKTPOJIUTA BBHIOpa-
JI pacTBOP KaJus XJIOPU/Ia, KOTOPBIH 0becreurnBat
IIAPOKYIO 00J1aCTh, XOPOIIYI0 3JIEKTPOIIPOBOIHOCTD
U HeOoOXOAUMYIO IUIOIIAb i1 00pabOTKU CUTHAIA,
OB MPOCT B MPUTOTOBJIEHUH, TaK KaK SIBJISIETCS OJI-
HOKOMIIOHEHTHBIM, KPOME TOTO, MMEJ IIPOOJIKHU-
TEJILHBIN CPOK rofHOoCTH. ONTUMAaIbHAS KOHI[EHTPA-
ust GOHOBOTO BJIEKTPOJIUTA COCTABIIIA 0.01 MOJIb/JI.
B 6os1ee KOHIIEHTPHUPOBAHHBIX PACTBOPAX HE HAOJIIO-
JlaJId TIPUPOCTA OT JA0OABKU MIPU HAJTUYUHU OOJIBIIO-
T'O OCTAaTOYHOTO TOKA, TOT/Ia KaK pa3baBJieHHe ITPHUBO-
JIAJTO K CHUYKEHUIO [TPEIU3UOHHOCTU. BpiOpaHHas ke

addition method was used, according to which the
concentration of the analyte is calculated by the
formula

Cst i Vadd U

Cx —_— . X b
(VO +Vadd) (Isum _Ix)

where C_ is the concentration of the analyte, g/ml;

C,, is the concentration of the standardized
solution, g/ml;

V, is the volume of solution in the cell, ml;

V . 1s the volume of the standard solution
added, ml;

I is the value of the analyte signal, pA;

I 1isthe value of the analytical signal of a
standardized solution’s additon, pA.

Each of the given numeric values is the aver-
age of three measurements. Statistical processing
of the obtained data was carried out according to
general Pharmacopoeia monograph 1.1.0013.15
“Statistical processing of the results of quantitative
analysis” [11].

RESULTS AND DISCUSSION

Taking into account the literature data on
the electrochemical activity of various functional
groups, we assumed that the imidazole ring in the
structure of the bendazole hydrochloride molecule
is the most electrochemically active. Considering
that the imidazole ring contains two nitrogen at-
oms, each having a free pair of electrons, we pre-
ferred the option of cathodic voltammetry. The
glassy carbon electrode was found to be the optimal
one since the bendazole signal was detected only on
it (Fig. 1).

We chose a potassium chloride solution as
the background electrolyte which provided a wide
range, the high electrical conductivity and the
required area for signal processing, was easy to
prepare being one-component, in addition, it had
a long shelf life. The optimal concentration of the
background electrolyte was 0.01 mol/l. In more
concentrated solutions, no gain from the addition
was observed in the presence of a large residual
current, while dilution led to a decrease in preci-
sion. The chosen concentration provided the mini-
mum residual current and the maximum value of
the analytical signal.

When determining the optimal pH value of
electrolysis, we found that a pronounced and re-
producible signal of bendazole hydrochloride is
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Cusa Toka, MKA / Amperage, pA
o

= N WA NI © O
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Ilorennuai, B / Potential, V

—— ®@oH / Background electrolyte

1-107°r 6eHZ[aBOJ'Ia TUApOXJiopyujaa B BHeKTPOJIHTH‘{eCKOfl sIerKe

Ww NN

1-10°° g of bendazole hydrochloride in the electrolytic cell

- 107 T 6eH/1a30J1a TH/IPOXJIOPU/IA B BJIEKTPOJTUTUYECKOH sUeiike
-10°° g of bendazole hydrochloride in the electrolytic cell

- 107° r 6eH/1a30J1a TUAPOXJIOPUIA B BIIEKTPOIUTUYECKOM AYEKe
-10°% g of bendazole hydrochloride in the electrolytic cell

Puc. 1. BosprammeporpamMmma Jijisi pacTBOpa CTaHAapTHOTO 06pasia 6eH/1a30J1a THAPOXJIOPU/A B KOHIIEHTPAIHH 0.1 MT/JI
IIPH [10/1T00PAHHBIX YCIOBUAX (MHIUKATOPHBIN 3JIEKTPOJT — CTEKJIOYTIIEPOIHBIN; (OHOBBIN 3JIEKTPOJIUT — PACTBOP KAJIHS
XJIOPH/IA B KOHIIEHTPAIUU 0.01 MOJIb/J1)

Fig. 1. Voltammogram for a standardized sample of bendazole hydrochloride solution at a concentration of 0.1 mg/1
under selected conditions (indicator electrode is glassy carbon; background electrolyte is a potassium chloride solution
at a concentration of 0.01 mol/I)

KOHIIeHTpaIys obecrieynBasia MUHUMAJIBHBIA OCTa-
TOYHBIA TOK ¥ MAaKCHMAaJIbHYIO BEJIMYUHY aHAJIUTHU-
YeCcKOro CUrHasa.

[Ipu ompejiesieHUH ONTUMAJIBHOTO 3HAYEHUS
pH saekTposr3a yecTaHOBJIEHO, UTO BHIDAYKEHHBIN U
BOCIIPOU3BOIUMBIN CUTHA O€H/1a3071a TUIPOXIOPH-
J1a Haburroaerest mpu pH 6—7, Torja Kak B KUCJION U
IEJIOYHOU CpeJiax P Mo 00PaHHBIX YCJIOBUAX aHA-
JINTUYECKHI CUTHAJ 3HAYUTEIbHO CHIKAJICA. Takum
00pa3om, MPHUIILIH K 3aKJII0YEHHIO O I1eJIeCO00Pa3HO-
CTH HCITOJIH30BaHUsI (POHOBOTO HJIEKTPOJIUTA 6€e3 10-
6aByenus 6ypepHbIX pacTBOPOB npu pH 6—7.

IKCIIEPUMEHTAIBHBIM IIyTEM YCTAaHOBWIH U
JIPyTHe YCJIOBUs BJIEKTposin3a OeH/ia301a TUIPOX-
Jiopuzia. OnTUMabHOE 3HAUEHHE TOTEHIINAIA AJIeK-
Tposimsa cocTaBwio —1.8 B (puc. 2), cmeleHue Ko-
TOPOTO B 60JIEe MOJIOKUTETHHYIO I 60JIee OTPHUIa-
TeJIbHYIO 001aCTh IPUBOJAWIIO K YMEHBIIIEHUIO BETH-
YUHBI PETUCTPUPYEMOTO TOKA.

observed at pH 6-7, while in acidic and alkaline
media under the selected conditions, the analytical
signal significantly decreased. Thus, we concluded
that it is advisable to use a background electrolyte
without adding buffer solutions at pH 6-7.

Other conditions for electrolysis of bendazole
hydrochloride were also established experimen-
tally. The optimum value of the electrolysis poten-
tial was —1.8 V (Fig. 2), the shift of which to a more
positive or more negative area led to a decrease in
the value of the recorded current.

The electrolysis time was 15 s since a decrease
in this indicator led to a linear decrease of the an-
alytical signal. With an increase in the electroly-
sis time for more than 15 s, the saturation of the
deposit on the electrode occurred, and the ana-
lytical signal of bendazole also linearly decreased

(Fig. 3).
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Puc. 2. I'paduik 3aBUCHMOCTH BBICOTHI AHAJTUTUIECKOTO CUIHAIA GeH/Ia30J1a THPOXIOPU/IA OT HOTEHIINATIA HAKOTLJIEHUS
(KOHIIEHTpAIKs PACcTBOPA CTAHAAPTHOrO 06pasna 6eH/1a301a THAPOXJIOPHU/A B BJIEKTPOIUTHUECKOH sTuelKe 1.0 - 1075T/71)
Fig. 2. Dependency graph of the height of the bendazole hydrochloride’s analytical signal on the accumulation potential
(the concentration of a standard sample solution of bendazole hydrochloride in the electrolytic cell is 1.0 - 1075 g/1)

Bpemsi a1eKTposii3a COCTaBUIIO 15 C, TTOCKOJIb-
Ky YMEHbIIIEHIEe JAHHOTO M0Ka3aTesis IPUBOAIIO K
JIMHEHHOMY CHI)KEHWIO aHATUTHYECKOTO CHUTHAJIA.
[Ipu yBeIMUeHUU BPEMEHH 3JIeKTposin3a 6osee 15 ¢
IIPOUCXOIMIJIO HACBIIIEHNE OCajiKa Ha BJIEKTPOJE, U
AHAJIMTUYECKUN CUTHa/I OeH1as30s1a TakKe JIMHEHHO
cHmkascs (puc. 3).

JlJ1s1 oTipefiesieHHs ONITUMAaJIbHON CKOPOCTH Pas-
BEPTKHU MMOTEHIIWAJIA MCIIOJIb30BAIM 3HAUEHUA JaH-
HOTO [TapaMeTpa B IMana3oHe ot 10 710 150 MB/c. BbI-
cOoTa CUTHaJIa Bo3pacTaja MPOIOPIMOHAIBLHO YBEIH-
YEHUIO0 CKOPOCTH Pa3BEPTKH /0 50 MB/c, mocturas
MIPYU 3TOM MAaKCUMAaJIbHBIX 3HAUYEHUH BEJIUYUHBI pe-

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5

1.0 o

To determine the optimal potential sweep rate,
we used the values of this parameter in the range 10
to 150 mV/s. The signal height grew up in proportion
to the increase in the sweep rate to 50 mV/s, reaching
the maximum values of the recorded current, howev-
er, with a further increase in the sweep rate, a notice-
able decrease occurred, which negatively affected the
detection sensitivity of the test substance (Fig. 4).

Thus, it was possible to reveal the optimal pa-
rameters of the electrolysis of bendazole hydrochlo-
ride for its quantitative determination. Further, the
statistical processing of the obtained results was
carried out.

Cua Toka, MKA / Amperage, LA

0.5
0

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105 110 115 120 125130

Bpems Hakomienus, ¢ / Accumilation time, s

Puc. 3. I'paduk 3aBUCUMOCTH BHICOTHI aHAIUTHUECKOTO CUTHATIA O€H/1a301a THAPOXIOPUZA OT BPEMEHH JIEKTPOIN3a
(KOHIIEHTpanus PacTBoOpa CTaHAAPTHOTO 06pasiia 6eH/1a301a THAPOXIOPUA B SIEKTPOJITUTHIECKOH AUelike 1.0 - 1075T/J1)
Fig. 3. Dependency graph of the height of the bendazole hydrochloride’s analytical signal on the time of electrolysis
(the concentration of a standard sample solution of bendazole hydrochloride in the electrolytic cell is 1.0 - 1075 g/1)
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Cua Toka, MKA / Amperage, pA

10 20 30 40 50 60 70 80 90

100 110 120 130 140 150

Ckopocts pa3BepTkH, MB/c | Sweep rate, mV/s

Puc. 4. I'paduk 3aBUCHMOCTH BBICOTHI aHAJIUTHUECKOTO CUTHAJIA GEH/1a3071a THAPOXIIOPUA OT CKOPOCTH Pa3BEPTKU
(KOHIIeHTpanus PacTBopa CTaHAapPTHOTO 006pasia 6eH/1a301a rHIPOXJIOPHAA B SJIEKTPOJIUTHIECKOH AUeiike 1.0 - 1075T/J1)
Fig. 4. Dependency graph of the height of the bendazole hydrochloride’s analytical signal on the sweep rate
(the concentration of a standard sample solution of bendazole hydrochloride in the electrolytic cell 1.0 - 1075 g/1)

THCTPUPYEMOTO TOKA, OHAKO IIPHU IAJIbHEHIIIEM YBe-
JINYEHUH CKOPOCTU Pa3BEPTKHU IIPOUCXO/IUIIO 3aMET-
HOe CHUKEHHe, YTO OTPHUIIATETHHBIM 00pa30M CKa-
3bIBAJIOCh HA UYBCTBUTEJIHHOCTH OIIPEZEIEHUS KC-
cJIelyeMoro BelecTsa (puc. 4).

Takum 06pa3oM, yAasoch YCTAHOBUTH OIITH-
MaJIbHBIE TIapaMeTpPbhl 3JIeKTposin3a OeHja3osia r'u-
JIPOXJIOPHU/IA I €r0 KOJIMYECTBEHHOTO OIIpezieie-
Hus. Jlasiee TOJydyeHHbIE PE3YJIbTATHI IIOJIBEPIIIN
CTAaTUCTUYECKOH 00paboTKe.

JInHEeHHOCTh METOAUKH B aHAJTUTHYECKOH 00J1a-
CTU IIPOBEPSIIH SKCIIEPUMEHTAIILHO IpaUUecKUM U
PacYeTHBIM CIIOCOOOM.

I'paduuecknii cmocob 3aKIIOYaIcs B U3Mepe-
HUM BBICOTHl AHAJIMTUYECKOTO CHUTHAIa BEIECTBA
mpu 006aBJIeHUN PAaBHBIX 00HEMOB pacTBOpa CTaH-
JIapTHOTO 00pasna OmpefeIeHHON KOHIIEHTPAIIUN B
3JIEKTPOJINTHYECKYIO UelKy (puc. 5). I[losyueHHbIE
Pe3yJIbTaThI HATJISIAHO MPO/IEMOHCTPUPOBATH HAJU-
Yre IPSMOJIMHENHOU 3aBUCUMOCTH MEXKY KOHIIEH-
Tpanuen 6eHja301a THAPOXIIOPUIA B SJIEKTPOJIUTH-
YecKoU Aueiike U PerucTPUPYEMOU CHUJIOHN TOKA.

PacueTHbI!l cI0CO6 OLIEHKU JIMHEWHOCTH IIPHU-
MEHWIU JJIs IECSITU TPOO ¢ PA3IMIHBIMU KOJINYe-
CTBaMU OIIPeIeJIsIEMOro BelllecTBa. J{Jisi 3TOro roTo-
BIUTH JIECSITh PACTBOPOB HEIIOCPEICTBEHHO W3 CYD-
craHiu OeH/Ia30/1a THIPOXJIOPU/IA B MEPHBIX KOJI-
0ax 00bEeMOM 100 MJI, IIOCJI€ YEro BBIMOJIHSIIN KO-
JINYECTBEHHOE OIIpeZIeIeHIe UCIIBITYeMOro obpasia
B IIOJIyY€HHBIX PACTBOPAX B IIPE/JIaraeMbIX YCJIOBH-
SIX C TIOMOIIBIO BOJIBTAMIIEPOMETPUYECKON METO/IH-
ku (tabx. 1). KoadduiueHT KOPpesIun COCTaBUI
0.997, 4TO TOATBEPKIAET JIMHENHBIA XapaKTep KO-

The linearity of the methodology in the range
was determined experimentally by graphic and cal-
culation methods.

The graphical method consisted in measuring
the height of the analytical signal of a substance
when adding equal volumes of a standardized sample
solution of a certain concentration into an electrolyt-
ic cell (Fig. 5). The results obtained clearly demon-
strated the presence of a linear correlation between
the concentration of bendazole hydrochloride in the
electrolytic cell and the recorded amperage.

The calculation method for evaluating linearity
was used for ten samples with different amounts of
the analyte. For this, ten solutions were prepared
directly from the substance of bendazole hydro-
chloride in 100 ml volumetric flasks, after which
the quantification of the test sample in the obtained
solutions was carried out under the proposed con-
ditions using a voltammetric technique (Table 1).
The correlation coefficient was 0.997, which con-
firms the linear nature of the quantitative determi-
nation of bendazole hydrochloride using the pro-
posed method in the range from 1 to 10 mg. The free
term (a) tends to zero, therefore, the results are not
burdened with a systematic error.

To determine the limit of detection, samples
were tested with various known amounts (concen-
trations) of the analyte, and the minimum value was
detected, at which the result of the analysis could be
assessed visually [11]. This value was an estimate of
the detection limit (Fig. 6). The detection limit for
bendazole hydrochloride was 1 - 1079 g/ml.
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Puc. 5. 'paduk 3aBUCUMOCTH CHJIBI TOKA OT KOHIIEHTPAIIMY CTAaHAAPTHOTO 06pasiia B 3JIEKTPOIUTUYECKOH sTUeiKe TPH
MOI00paHHBIX YCJIOBUSX (KOHIIEHTPAIHSA 106aBIsIEMOTO PacTBOpa 100 MKT/JT)
Fig. 5. Dependency graph of the amperage on the concentration of a standard sample in the electrolytic cell under
the selected conditions (the concentration of the added solution is 100 pg/1)

JIMYECTBEHHOTO OTIPeJIeJIeHusT OeH1a30J1a TH/IPOXJIO0-
pHU/ia ¢ IOMOIIBIO IIPe/IyIaraeMoi METOAUKHY B JHaTIa-
30HE OT 1 710 10 MT. CBOOOIHBIN WiieH (a) cTpeMUTcs
K HYJIIO, CJIEZIOBATEILHO, PE3YJIbTAThI HE OTATOIIEHBI
CHCTEMATUYECKOH OIINOKOH.

Jl71s ompesiesieHusT Tpesiesia OOHapy:KeHHUs IPo-
BOJIWJIM HWCHBITaHUs O0Opa3IoB C Pa3JIMYHBIMU W3-
BECTHBIMU KOJIMYECTBAMU (KOHIIEHTPAIUAMU) OIpe-
JIeJISIEMOTO BEINECTBA U YCTAHABJIUBAIA MUHUMAJIb-
HOe 3HaYeHue, IPU KOTOPOM pe3yJIbTaT aHAIHu3a MO-

The precision of the method was evaluated for
90 samples in three series of concentrations — 0.993,
0.0993, 0.00993 mg/1, 30 samples for each. For this,
10 ml of a potassium chloride solution at a concen-
tration of 0.01 mol/l was placed in a 20 ml quartz
beaker. The electrolysis was carried out under the
following conditions: potential was —1.8 V, time 15 s.
A voltammogram was recorded at a constant current
form a potential sweep at a rate of 50 mV/s.

Taﬁmzma 1. PacueT u cTaTucTUyecKas oleHKa ImapaMeTpoB JIMHEWHOHN 3aBUCUMOCTHU KOJIUUECTBA 6eH,aa3011a TUAPOX-

JIOPHU/IA TI0 TECTY «BBEJIEHO-HAN/IEHO»

Table 1. Calculation and statistical evaluation of the parameters of the linear dependence of the bendazole hydrochloride

amount according to the spike recovery test

Hagecka GCHHaBOJ'Ia TUAPOXJIOpUAAa, B3ATaA

PeSyJIbTaTI)I OnpeneIeHu A

PacueT 0CHOBHBIX

No o KOJIMYECTBEHHOTO
JIJIsI IPUTOTOBJIEHU ST MOJIEJTBHOM CMeCcH, MT (X) CTaTHUCTUYECKUX MapaMeTpos [11]
/1 . . cozepkanus, Mr () . . o
Weight of bendazole hydrochloride for the Bt Calculation of basic statistics
No. . . . Results of quantitative
preparation of a standardized test mixture, mg (x) a e parameters [11]
etermination, mg (y)
1 1.0 1.2 X=5.5;y =5.62;f=8;
2 2.0 2.3 b =0.995; a = 0.147;
3 3.0 2.8
4 4.0 4.2 t[(p; f) mpu / at p = 95 %] = 2.23;
5 5.0 5.1 Ab = 0.056; Aa = 0.347;
6 6.0 5.9
S%=5.175-107%;r = O.
” 7.0 73 o= 5175 997
8 8.0 8.2 Sx (mpu / atn;=1,y,=y) = 0.164;
9 9.0 94 Ax = 0.365; Ax-100 = 6.64
10 10.0 9.8 x
X 55.0 56.2
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Tok, MKA / Amperage, HA

-0.6 -0.4 -0.2 0
ITotennuan, B / Potential, V
—— ®on / Background electrolyte

0.01 - 107'° 1 GeH/1a30J1a TUAPOXJIOPHU/IA B HJIIEKTPOJIUTHIECKON sTUetKe
0.01 - 107" g of bendazole hydrochloride in the electrolytic cell

0.02 - 107° T 6eH/1a30J1a TUAPOXJIOPHUA B DIIEKTPOTUTHUECKOH AUeiKe

0.02 - 107 g of bendazole hydrochloride in the electrolytic cell

0.03 - 107 r 6eH/1a30J1a THAPOXJIOPU/IA B ATIEKTPOIUTUYECKOU sTUeiike
0.03 - 107° g of bendazole hydrochloride in the electrolytic cell

Puc. 6. Boiprammneporpamma /iuist pacTBopa CTaH/IapTHOTO 00pasia GeH/1a301a MH/IPOXJIOPH/IA B KOHIIEHTPALIH
1- 1079 r/MJI IpU TOAOOPAHHBIX YCIIOBUSIX (MHIMKATOPHBIN 3JIEKTPOJ] — CTEKJIOYTJIEPOHBIH;
(OHOBBII BJIEKTPOTIUT — PACTBOP KaJIHsI XJIOPUA B KOHIIEHTPAIIMH 0.01 MOJIb/J1)

Fig. 6. Voltammogram for a standardized sample solution of bendazole hydrochloride at a concentration
of 1- 107 g/ml under selected conditions (indicator electrode is glassy carbon; background electrolyte is a
potassium chloride solution at a concentration of 0.01 mol/1)

JKeT OBITh OIlEHEH BHU3YaJIbHO [11]. 9TO 3HAUEHUE SIB-
JISITIOCHh OIIEHKOU TMpeziesia oOHapyxeHusi (puc. 6).
IIpenen obHapy:keHUs OeHIA3051a TUIPOXJIOPHA CO-
CTaBMJI 1+ 107° T/MJL.

ITpenu3nOHHOCTh METOAUKHA OLEHWIN I 90
po6 B TPeX cepusiX KOHIEHTPAIUKA — 0.993, 0.0993,
0.00993 MT/J1, IO 30 P06 A1 Kaxkaou. /i aToro
B KBapIEBbIH CTAKAHUYMK EMKOCTHIO 20 MJI IIOMeEIa-
JIX 10 MJI pacTBOPA KIS XJIOPHIA B KOHI[EHTPAIUU
0.01 MOJ1b/J1. [IpOBOIMIIN BIEKTPOJIU3 TIPH CIIEAYIO-
IUX YCAOBUSAX: TOTeHIuan —1.8 B, Bpems 15 c. Pe-

Statistical processing of the results was carried
out (Table 2) [11].

The calculated Student’s coefficients for three
series of concentrations do not exceed the table val-
ue, which indicates the absence of the method bias
and the suitability of this method for the quantifi-
cation of bendazole hydrochloride.

CONCLUSION

In the course of the development of a method
for the voltammetric determination of bendazole
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Tab6uauna 2. MeTpoJsioruyeckue XapakKTepUCTHKHU pa3pab0TaHHON METOUKU KOJIUUYECTBEHHOTO OIIpe/iesieHu s OeHja-
30J1a TUAPOXJIOpHU/A (YUCII0 CTeneHel cBo6OAb! f — 19; JoBepUTEIbHAS BEPOATHOCTD P — 95 %; 3HAUEHUE (-KPUTEPU

CrpiofeHTa — 2.09)

Table 2. Metrological characteristics of the developed method for the bendazole hydrochloride quantification (number of
degrees of freedom f — 19; confidence interval p — 95%; Student’s t-test value — 2.09)

- Koaddumnuent
HctunrHOE Cpennee Hucnep- CranpapT- [Tonymupuna OTHOCP(I,/TeJIbHaH rorpert CTm((i))g)eHI"lra
3HAYCHHE BEIOOpOU-  cus S? HOE OTKJIO-  JloBepuTens- — LOC¢TD, 70 . o lequHb;ﬁ
U3MepAeMOl HOe X The vari- HeHue S HOTO UHTEP- Relative error, % pacueTHBIM
BEeJIMYUHBI  Sample ance S* Stapda}rd Basia Ax OTAEJBHOH  CpeHero nyTem ¢
(mr/im) p mean value deviationS  Half-widthof . _ BeI
- PUAHTBI € PpE3YJIbTa Student’s

True value of x the confidence ST = .
th _ - 1 Ax O,f indi . Tae coefficient
an?ll?nelas/lll)r 1nterva vidual vari- ofmean®  ptained by

A ance.e calculation T,
0.993 9.927-107' 3.226-107 5.679-107% 1.187-1073 1.19 0.27 1.93
0.0993 9.929-102 7.116-107° 2.668-105 5.575-107° 0.56 0.12 2.01
0.00993 9.928-103 1.169-10™" 3.419-10°  7.147-107° 0.72 0.16 0.67

THCTPUPOBAIN BOJIBTAMIIEPOTPAMMY IIPH ITOCTOSH-
HOTOKOBOH (popMe pa3BepTKH MOTEHIIHAIA CO CKOPO-
cThio 50 MB/c.

ITosyueHHbIE PE3YABTATHI TOABEPIJIN CTATUCTH-
yeckou obpabotke (Tabs. 2) [11].

Paccunrtannsbie koadduiireHTs CThIOEHTA JJIs
Tpex cepuil KOHIEHTPAIUi He MPEBBINIAOT TabIuu-
HO€ 3HAaU€HUe, YTO TOBOPHUT 00 OTCYTCTBUU CHUCTEMA-
THYECKOU ONIMOKHA METO/Ia ¥ IIPUTOJHOCTH JAHHOTO
MeTozia JJ1A KOJTUUECTBEHHOTO OIpezieieHus: OeHa-
30J1a TUZPOXJIOPU/IA.

3AK/IIOYEHUE

B xoze pa3pabOTKU METOIUKHU BOJIBTAMIIEPO-
METPHYECKOTO OIIpeziesieHns GeH/1a301a TH/IPOXIIO-
puia B MOZETBHBIX PACTBOPAX HKCIEPUMEHTAIHHO
YCTaHOBJIEHBI ONITUMAJIbHBIE YCIIOBUS 3JIEKTPOJIN3A:
moTeHIUANI —1.8 B, Bpems 15 ¢, CKOPOCTh pa3BepTKHU
50 MB/c. B kauectBe (HDOHOBOrO 3JIEKTPOJIUTA OBLI
BBIOpAH PacTBOP Kajus XJIOPH/A ¢ KOHIIeHTpanuei
0.01 MoJtb/J1. O'THMasIbHOE 3HaueHue pH 71 sek-
Tposn3a 6eH/1a3071a TUAPOXIIOPHUIA COCTABUIIO 6—7.
ITpensaraemas MeTOAMKA BATUAUPOBAHA 110 TECTAM:
cnenupUIHOCTH U JIMHEHHOCTH, Tpejieyia oOHapy-
JKeHHSA; OIpeJieJieHa aHAINTHYecKas 00JIacTh Me-
TOJIMIKY, ee IPelIU3NOHHOCTh. Takum obpasom, pas-
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hydrochloride in model solutions, the optimal
electrolysis conditions were experimentally estab-
lished: potential was —1.8 V, time 15 s, sweep po-
tential rate 50 mV/s. A potassium chloride solution
at a concentration of 0.01 mol/l was chosen as a
background electrolyte. The optimum pH value for
electrolysis of bendazole hydrochloride was 6-7.
The proposed method is validated by tests: speci-
ficity and linearity, detection limit; range of the
method and its precision were determined. Thus,
the developed method can be used for the quanti-
tative determination of bendazole hydrochloride in
pharmaceutical substances.
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AHHOTAITA

BriepBble IPOBeZIEHB! SKCIIEPUMEHTATIbHBIE HCC/I€ZOBAHNS BIUAHUSA CAHUTAPHO-TUTHEHNYeCKOU 00paboTKU Ha COo-
CTOsIHUE IIOBEPXHOCTH IIPOOOK PE3UHOBBIX METUIMHCKUX HA OCHOBE OYTHUJIOBBIX U I'aJIOOYTUIIOBBIX KAYIyKOB C UCIIOJIb30-
BaHMEM MeTOJia OIIPeZieJIeHHs KPAeBOro yIjla CMauuBaHUA.

YcTaHOBJIEHO, UTO CAHUTAPHO-TUTHEHHYECKass o0paboTka MpoOOK, MPOBOAUMAS TEpPe]] YKYIIOPKOH CTEPHJIbHBIX
¢opwm sekapcTBeHHBIX cpesicTB (JIC), BKIIIoUaoas mpeAcTePUIN3aHOHHYI0 OYHCTKY MPOOOK (2-KpaTHOE KUIISTUEHHE B
TedyeHHe 30 MUH B 1% pacTBope TpuHaTpuiidocdara Uau eKOro HaTpa U OJJHOKPaTHOE KUIISTYeHNe B 0.1% pacTBOpe Co-
JISTHOM KHICJIOTHI B T€YEHUE 30 MUH) U ITOCIIEAYIONIYIO CTEPUIN3AIUIO B aBTOKJIaBe IpH ¢ = 130 °C, naBieHud p = 0.2 MIla
B TedeHUe 60 MUH, JIEHCTBYET JIECTPYKTUBHO HA COCTOSTHHE UX IIOBEPXHOCTH U COIPOBOKIAETCS YMEHBIIIEHHEM KPAaeBOTO
yra cMauynBaHusA (yBeIndeHneM ruipo(IIbHOCTH TIOBEPXHOCTH IPODOOK), UTO MPUBOAUT K 3HAUUTEIBHOMY BBIMBIBAHUIO
KOMIIOHEHTOB PE3MHOBBIX IPOOOK U 3arpsA3HEHUIO0 UMU pacTBopoB JIC.

OmpeziesieHde KpaeBOro yrja CMAauUBAaHMA II03BOJIAET BOCIPOU3BOJUMBIM HHCTPYMEHTAIBHBIM METOAOM Bblf-
BUTDH U KOJIMYECTBEHHO OLIEHHUTH IIPOIIECCHI JECTPYKIIUY IIOBEPXHOCTH PE3UHOBBIX IPODOOK, UCIOIb3YEMBIX IS YKYIIOP-
KU CTepUIbHBIX pacTBopoB JIC. JJaHHBIN OKa3aTeslb MOXKET OBITh UCIIOJIb30BaH /I OLEHKY BIUAHHUA GapMareBTHKO-
TEXHOJIOTNYEeCKUX (HaKTOPOB (CAHUTAPHO-TUTHEHNYECKOH 00paboTKH, CTEpUIN3AlNY, KOHTaKTa ¢ pacTBopamu JIC u zip.)
Ha COCTOSHHE ITOBEPXHOCTU PE3UHOBBIX IIPOOOK, /I KOHTPOJIA JIECTPYKTUBHOH YCTOHYNBOCTH YKYIIOPOUHBIX CPEZICTB U
IIPOTHO3UPOBAHMUS COJIEPIKAHIS IIOCTOPOHHUX IIPUMeCEH B CTEPIIBHBIX pacTBopax JIC.

Karoueenle caoea: KpaeBoH yrojl CMaulBaHUsA, PE3UHOBBIE TPOOKH.

ABSTRACT

For the first time, experimental studies of the influence of sanitary cleansing on the surface of pharmaceutical rubber
(butyl- and halobutyl-based) stoppers were carried out by measuring the contact angle.

It was found that the sanitary cleansing of stoppers, carried out before the closure of sterile dosage forms of medicinal
products (MP), including pre-sterilization cleaning of the stoppers (2-fold boiling for 30 min in 1% solution of trisodium
phosphate or sodium hydroxide and a single boiling in 0.1% solution of hydrochloric acid for 30 min) and subsequent ster-
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ilization in an autoclave at t = 130°C, pressure p = 0.2 MPa for 60 min acts destructively on their surface and is accompa-
nied by a decrease of the contact angle (an increase in the hydrophilicity of the stoppers’ surface), which leads to significant
leaching of the components of rubber stoppers and their contamination of drug solutions.

Determination of the contact angle allows by reproducible instrumental method to identify and quantify the destruc-
tion processes of the surface of rubber stoppers used for closing of sterile solutions of MP. This indicator can be used to
assess the influence of pharmaceutical and technological factors (sanitary cleansing, sterilization, contact with drug solu-
tions, etc.) on the rubber stoppers surface, to control the corrosive resistance of closures and to predict the amount of

impurities in sterile solutions of MP.

Keywords: contact angle, rubber stoppers.

BBEJAEHUNE

Pe3uHOBBIE MEIUITUHCKHE HTPOOKH KCIIOJIb3Y-
IOTCA [T YKYIOPKH (PJIAKOHOB CTEPUJIBHBIX JIEKap-
CTBEHHBIX (HOPM (MPPHUTAIUOHHBIX U WHBEKITHOH-
HBIX PACTBOPOB, TIJIA3HBIX Kallejib, JIMODUIH3UPO-
BaHHBIX IIOPOIITKOB AHTUOMOTUKOB U JIP.) B IIPOMBIIII-
JIEHHOM ITPOM3BOZICTBE U AITEYHOM H3TOTOBJIEHUU
JekapcrBeHHBIX cpenctB (JIC) Gosee 70 JeT, oHa-
KO IO HACTOSIIEr0 BPeMEeHH OTCYTCTBYIOT JJaHHbBIE O
BJIUSTHUY METO/IOB CAHUTAPHO-TUTHEHHYECKOI 06pa-
OOTKH Ha COCTOSTHHE ITOBEPXHOCTHU IMPOOKH, KOHTAK-
Tupyroieii ¢ JIC.

[ TpOM3BOJCTBA PE3HUHOBBIX NPOOOK WC-
MIOJIB3YIOTCsI PA3J/IMYHbIE BUBI KaydyKa: OyTHIKAy-
gyk (BK), xmopbyrmwikayuyk (XBK), 6pomOyTHiIKa-
yuyk (BBK) u zp. B cocraB pe3mHOBBIX cMecel, Kpo-
Me KaydyKa, BXOZAT TaKKe Pas3IudYHbIe BCIIOMOTa-
TeJIbHBIE BEIeCTBA: HAIOJIHUATEHN (MeJl CaCOS, JIA-
TONOH ZnS + BaSO4, TaJIbK MgSSi4OIO(OH)2, KaOoJINH
AL O, 28i0, - 2H,0, aspocun Si0,), aHTHOKCHAAH-
THI, IJIACTH(PUKATOPBI, aHTHPAAbl (ITOBBIMIAIOIIIE
CTOUKOCTb K BO3/IEICTBUIO MOHUBUPYIOUIUX U3JIyUe-
HHI), aHTHO30HAHTHI U JIp. [1], KOTOpbIE HAXOIATCS B
JIUCTIEPTUPOBAHHOM COCTOSTHUHY B ITOJIMMEPHOH OCHO-
Be U MIPAaKTUYECKU He BCTYIAIOT C Hel BO B3aUMO/IEH-
cTBHE [2], 0IHAKO MOTYT 3arpsA3HATH UHHEKIIMOHHbIE
pactBops! u npyrue JIC nonamu merasuios (Fe, Cu, Ti,
K, Na, Hg, Cd, Pb), a Takske Mn u As. FIcTOUHHKOM
MHUTPAIIU CEPOCOIEPIKATIINX COETMHEHUH 13 TPOOOK
B JIC sBIAIOTCA BYJIKAHU3yIOIIMe Tpymnsl [3]. Juist
BYJIKAHHU3AIUU PEBUHOBBIX cMecel Ha ocHOBe BK wc-
HOJIB3YIOT TIOJIMMEPHYIO cepy (S,), a A1 ycKopeHus
mpoliecca BYJIKAHU3AIUU — TeTPaMEeTHITUyPaMIU-
cynbduz (tuypam 1), KOTOPBIH OJHOCTBIO IIPETep-
IeBaeT MpeBpalleHuss ¢ 00pa3oBaHHEM 0oJiee TOK-
CHUYHBIX U KAaHIIEPOTEHHBIX BEIECTB: CEPOYIJIEPOZa
(CS,), cepooxucu yriepopa (COS), AuMeTHIAMTHO-
kapbamarta nunka [(CH 3)QNCSQ]QZn, TeTpaMeTUJITUO-
moueBuHbI (C 3H6NS) [4, 5].

B mpousBo/icTBE UMITIOPTHBIX MTPOOOK HA OCHO-
Be OyTHJIKaydyKa HCIIOJIB3YIOTCS 60Jiee TOKCUYHBIE
BYJIKAHU3YIOIIIME KOMIIOHEHTBI, 00JIajlatoniue KaH-
[IEPOTEeHHBIMU CBOWCTBAMH: MEPKANTOOEH30THA-

INTRODUCTION

Pharmaceutical rubber stoppers are used for
closing vials of sterile dosage forms (irrigation and
injection solutions, eye drops, lyophilized antibi-
otic powders, etc.) in industrial and pharmacy pro-
duction of medicinal products (MP) for more than
70 years, but there is still no data on the influence
of the sanitary cleansing methods on the state of
the stoppers’ surface that is in contact with the MP.

To produce rubber stoppers, various types
of rubber are used: butyl rubber (BR), chlorobu-
tyl rubber (ChBR), bromobutyl rubber (BBR), etc.
The composition of rubber compounds, in addi-
tion to rubber, also includes different excipients:
fillers (chalk CaCO,, lithopone ZnS + BaSO,, talc
Mg 3Si O (OH),, kaolin A1,O x 28Si0, - 2H,0, aerosil
Si0,), antioxidants, plasticizers, antirads (increas-
ing resistance to ionizing radiation), antiozonants,
etc. [1]. They are dispersed in a polymer base and
practically do not interact with it [2], however, they
can contaminate injectable solutions and other
MP with metal ions (Fe, Cu, Ti, K, Na, Hg, Cd, Pb),
as well as Mn and As. The source of migration of
sulfur-containing compounds from stoppers into
MP are vulcanizing groups [3]. The polymer sul-
fur (S,) is used for vulcanization of butyl rubber
compounds, and to accelerate the vulcanization
process, tetramethyl thiuram disulfide (thiuram D)
is used, which completely transforms with the for-
mation of more toxic and carcinogenic substances:
carbon disulfide (CS ), carbon oxysulfide (COS), di-
methyl dithiocarbamate zinc ([(CH 3) 2NCS,] 2Zn),
tetramethyl thiourea (CSHﬁNS) [4, 5].

In foreign-made butyl rubber stoppers, more
toxic carcinogenic vulcanizing components such as
mercaptobenzothiazole (captax), N-ethylamine (dia-
zoaminobenzene), N,N-dithiomorpholine are used
[6]. It is also known that butyl rubber and halobutyl
rubbers are not resistant to detergents [7].

Manufacturing of stoppers and their sanitary
cleansing before MP closing (cleaning by boiling
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3071 (kamrakc), N-stuamMuH (gua3zoaMUHOOEH30II),
N,N-gurromopdosun [6]. 3BecTHO, UTO OyTHIKA-
VUYyK U TaJ0-OyTIWIKAYIYKH HECTOHKH K MOIOIUM
cpencrBam [7].

WsrorossieHre MPOOOK U CAHUTAPHO-TUTHEHU-
yeckas 00paboTka mepe; ykynopkoi JIC (Moiika Ku-
[IYEHUEM B IIEJIOYHBIX U KUCJIBIX CPEJICTBAX U CTe-
puin3anysa HachlleHHBIM I1apOM B aBTOKJIAaBax [8,
9]) COMpPOBOKAAIOTCA TEPMOOKUCTUTEBHONR U TEP-
MOTHJIPOJINTUYECKOH JIECTPYKIINEH cOCTaBa PE3UHBI,
BCJIEZICTBUE YEro MPOOKU MOTYT CTaTh UCTOYHUKOM
3arpsasHenusa JIC 3a cueT MUTrpaliuyl UHIPEAUEHTOB
PEe3UHOBOM CMeCH, IPOAYKTOB JIECTPYKIUH, PACTBO-
PUMBIX U JIETYIUX OPTAaHUYECKUX COeTMHEHNHN.

IMEJIb NCCJIEJOBAHUA

I/IBY‘IGHI/IG BJIMAHUA HpeILCTepHJII/IBaHHOHHOfl
OYUHCTKH W CTEpUIN3allui OCTPbIM HACBIINIEHHBIM
IIapoM B aBTOKJIaBaX Ha COCTOAHHE ITOBEPXHOCTHU
HpO6OK PE3UHOBBLIX MEAUITUHCKHX.

MATEPHAJIBI 1 METO/AbI

B xauecTBe KpUTEPHUS OIEHKU JIECTPYKIIUH IIPO-
60K OBLT BHIOPAH IMOKA3aTeIh — KPAeBOH yTOJI CMaYH-
BaHUsA O, ONpe/IessIEMBIN 110 HAKJIOHY ITOBEPXHOCTH
KAIUTH JKUJIKOCTH K CMOYEHHOH YaCTH IOBEPXHOCTH
TBepzaoro Tesia [10]. 3HaueHue yriia © sBJIAETCS KO-
JINYECTBEHHOH XapaKTePUCTUKOU TUAPODIIIBHOCTH /
ruApoOOHOCTH TTOBEPXHOCTH HCCIEMyEMBIX 0Opas-
IIOB PE3UH, UCIIOJIb3yeMbIX B IIPOU3BOJICTBE MPOOOK
apmaneBTHUECKOTO HA3HAUEHUS JIJIA YKYIIOPKH Jie-
KapCTBEHHBIX IPENapaToB IMapEHTEPAILHOTO BBEJe-
Hus [11]. CuuTaercs, YTO KUAKOCTh CMAYHBAET II0-
BEPXHOCTH TBEPZOTO TEJIA, €CJIH KPAEBOH YTOJI CMaYHU-
BaHUS MEHBIIE Q0°, U HE CMAUUBAET, €CII BEJTMINHA
KpPaeBOro yIJia cMaunBaHusA 6osibiiie 90° [12].

AddexTUBHOE BINSHHE HA CMAaYUMBaHUE OKa-
3BIBAIOT COCTAB PE3MHOBBIX CMECEH, TeMIlepaTypa,
BJIQYKHOCTh, MOIOIIIME CPEJICTBA, B OCOOEHHOCTH —
MMOBEPXHOCTHO-aKTUBHBIE BerectBa (ITAB) [10]. IIpu
nobasnenny [TAB B BogHBIE pACTBOPHI KPaeBbIE YIJIbI
KareJsib Ha Tu/IpoOoOHBIX TOBEPXHOCTIX YMEHBIIIAI0T-
cs1 1 HabJTIoIaeTcsl TIepexoy] OT HeCMaYMBaHUA K CMa-
quBaHUIO. 111 YKYTIOPOUHBIX ITPOOOK, KOHTAKTUPY-
IOIUX InTesTbHOe BpeMs ¢ JIC, cTabrIbHOCTD MTOKa-
3aTeJisi «KPaeBOH YroJl CMAaYyUBaHUsS», XapaKTEPHU3Y-
IOIIleT0 U3MeHeHHUA MUKpopesbeda U ruipodubHO-
¢t/ TUIPo(POOHOCTH TTOBEPXHOCTH MPOOKK U YCTOM-
YHUBOCTh PE3UH K JIECTPYKIIUU BO BPEMS CAHUTAPHO-
TUTUEHUYIECKOH 00paboTKH MPOOOK, CTEPIIIN3AIUN 1
xpaneHus JIC, mmeer BayKHOe 3HAUEHUE.

MeToz; aTOMHO-3MUCCHOHHOM CIIEKTPOCKOIUU
II03BOJISIET TIPOBOJUTH 3JIEMEHTHBIN aHAIN3 HOHOB
MeTaJUIOB U HEMETAJIJIOB B IIPUCYTCTBUH PACTBOPEH-

in alkaline and acidic agents and sterilization with
saturated steam in autoclaves [8, 9]) are accompa-
nied by thermo-oxidative and thermo-hydrolytic
decomposition of the rubber, as a result of which
stoppers can become a source of contamination of
MP due to the migration of rubber compound in-
gredients, degradation products, soluble and vola-
tile organic compounds.

AIM OF THE RESEARCH

To study the influence of pre-sterilization
cleaning and sterilization with superheated steam
in autoclaves on the surface state of pharmaceutical
rubber stoppers.

MATERIALS AND METHODS

To assess the destruction of stoppers, as a cri-
terion, we used the contact angle ©, determined by
the slope of the drop surface to the wetted part of
the solid surface [10]. The value of the angle © is
a quantitative characteristic of the hydrophilicity/
hydrophobicity of the rubber samples’ surface used
in the production of pharmaceutical stoppers for
closing drugs for parenteral administration [11]. It
is considered that a liquid wets the surface of a solid
if the contact angle is less than 90° and does not
wet if the value of the contact angle is greater than
90° [12].

The composition of rubber compounds, tem-
perature, humidity, detergents, especially surface
active agents (SAA), have a significant impact on
wetting [10]. When surface-active agents are added
to aqueous solutions, the contact angles of drops
on hydrophobic surfaces decrease and a transition
from non-wetting to wetting occurs. For stoppers
that contact with a MP for a long time, the stabil-
ity of the contact angle is an indicator of great im-
portance, characterizing changes in the microrelief
and hydrophilicity/hydrophobicity of the stoppers’
surface and the rubber corrosion resistance dur-
ing sanitary cleansing of stoppers, sterilization and
storage of drugs.

The atomic emission spectroscopy makes it
possible to carry out elemental analysis of metal
and non-metal ions in the presence of organic sub-
stances dissolved in water, as well as to determine
the total content of polymer sulfur in the form of bi-
valent (S,) from sulfur-containing organic and or-
ganometallic compounds and silicon, passing into
aqueous extracts from rubber stoppers. It should be
borne in mind that only elemental analysis of metal
and non-metal cations is performed by the atom-
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HBIX OPTaHUYECKHUX BEIIECTB B BOJIE, 4 TAKIKE OIIPe/Ie-
JISATH 00IIee coieprKaHye MOJTUMEPHON CEPBI B BUJIE
ABYXBaJIeHTOH (S,) M3 cepocoziepKaIlux OpraHuye-
CKUX M META/UIOPTaHUYECKUX COEQUHEHUN W KpPeM-
HUsI, TIEPEXOAIINX B BOJHBIE BBHITSIKKH U3 PE3UHO-
BBIX MPOOOK. IIpu 3TOM CJIeZ[yeT YUUTHIBATh, UTO Me-
TOJIOM aTOMHO-3MUCCHOHHOHN CIIEKTPOMETPUU IIPO-
MU3BOJIUTCS TOJIPKO DJIEMEHTHBIH aHa/IN3 KaTHOHOB
METAJUIOB U HEMETAJLJIOB, a 00Ijee KOJIMYECTBO COe-
JUHEHUH, COZEPIKAIUX 9TU JIEMEHTHI, 3HAYUTEb-
HO 0oJIBIIIE.

OmnpeziesieHrie TUHAMUYECKOTO KPAaeBOTO YIJIa
cMauuBaHuA O nmposoguau Ha Tensuomerpe DCAT 21
(Tepmanwusi). B aHHOM TEH3HMOMETpPE HCIIOJIB30BaH
MeTo7; BambypHa, 0CHOBaHHBIN HAa U3MEPEHUH MIPHU-
pocra Macchl CMauMBAIOIIEH dKUAKOCTH Ha UCCIIEye-
MOM 06pasIie, yIep>KUBAEMOH €ro MMOPUCTOU ITOBEPX-
HOCTBIO TIOCJIe TIOTPY?KEHUS B JKUIAKOCTh B PE3YJIbTa-
Te KAMWUISPHBIX ABJIEHUU U aICOPOIIUY KHUTKOCTH.
[Tpu urcc/ieIOBaHUU KPAeBOro yIyia CMauMBaHUs UC-
moyib30Batl  «IIOpPOJIIOKC» — CTAaHZAPTHYIO >KH[I-
KOCTh C WU3BECTHOHM IUIOTHOCTHIO, BSI3KOCTBHIO M TIO-
BEPXHOCTHBIM HATSDKEHHEM W UCTWLINPOBAHHYIO
Bozmy. PesysbraThl HCCIIEZIOBAHMHN THUHAMUYECKOTO
KpPaeBoro yria cMayuBaHusi (OPMHUPOBATIUCH C KC-
[I0JIb30BAaHUEM IIPOTPAMMHOTO OOecrieueHus] TeH3HU-
ometpa DCAT 21.

O0OBEeKTaMU HCCJIEIOBAHUKA OBLIM MOJIE/IbHbBIE
IUIACTUHBI, W3TOTOBJIEHHbIE IIpeccoBaHWeM [13] Ha
OCHOBE PE3UHOBBIX CMecell Mapok 27-599/36 (100 %
XBK), 52-369/1 (80 % BK + 20 % XBK), 52-599/1
(100 % BK), TOIIMHON 2 MM B UCXOZ[HOM COCTOSTHUH,
MPOIIEAIINe CAHUTAPHO-TUTHEHUYECKYI0 00paboT-
Ky (IIpeICTepUIN3AI[HOHHYI0 OUUCTKY U CTEPUIN3a-
IHI0).

[IpuroTosyieHre MOIOIIUX CPEACTB 1 obpa-
OOTKHM IUTACTHH ITPOBOJUJIOCH B COOTBETCTBHUU C TpPe-
6oBanusimu [8, 9]. IIpeacrepuiu3aiioOHHasT OUKCT-
Ka MOJIEJIbHBIX IIJIACTHH COCTOSIIA M3 MX 00paboT-
KH JIByKPaTHBIM KHUIITYEHHEM B 1% pacTBOpe TPH-
Harputidocdara B TeueHre 30 MHUH U OTHOKDAT-
HBIM KHUIISTUEHHEM B 0.1% PacTBOpPe COJITHOU KUCJIO-
THI B TedyeHre 30 MUH. C IeJIbI0 MAaKCUMAaJIbHOTO CO-
XpaHEeHUs BBIMBIBAEMbBIX BEIIECTB (J1JIs1 UCKIFOUEHMUS
MIOTEPH MIPU ITPOMBIBKE) ITPU KOJIMUECTBEHHOM OITpe-
JIeJIEHUY KAaTHOHOB METAJUIOB U HEMETAJLJIOB OII0JIa-
CKMBaHUE MOJIEJIbHBIX IUIACTHH JI0 HEHUTPaJbHOTO
pH mnocsie 06paboTKH B KaXI0OM MOIOIIEM PacTBOpE
HE IIPOBOINJIOCH.

CTepun3aIiuio MOJIEJIbHBIX IIJIACTHH OCYIIECT-
BJISLJTA B CTEKJITHHBIX KOJIOAX, YKYTIOPEHHBIX aJTIOMH-
HUEBOU (OJIBrOU «II07] 0OBA3KY», B AUCTUIINPOBAH-
HOH BOJIe B COOTHOIIIEHHH IIJIACTHHA,/BOJA 1T : 10 MJL
OnHOBpEMEHHO C 00pasIlaMH IUIACTUH B aBTOKJIABE

ic emission spectrometry, and the total quantity
of compounds containing these elements is much
higher.

The dynamic contact angle ® was measured
using a DCAT 21 tensiometer (Germany). This ten-
siometer is based on the Washbourne method that
evaluates the increase in the mass of a wetting
fluid on a test sample held by its porous surface
after immersion in a liquid, as a result of capillary
phenomena and liquid adsorption. When studying
the contact angle, we used “Porolux” — a standard
liquid with a known density, viscosity and surface
tension, and distilled water. The results of stud-
ies of the dynamic contact angle were summarized
using the software of the DCAT 21 tensiometer.

The objects of studies were test plates made by
pressing [13] and based on rubber compounds of
27-599/3B (100% ChBR), 52-369/1 (80% BR + 20%
ChBR), 52-599/1 (100% BR) grades, 2 mm thick in
its original state. These plates underwent sanitary
cleansing (pre-sterilization cleaning and steriliza-
tion).

The preparation of detergents for treating the
plates was carried out under the requirements
[8, 9]. The pre-sterilization cleaning of the test
plates consisted of their double boiling in 1% triso-
dium phosphate solution for 30 min and once boil-
ing in 0.1% hydrochloric acid solution for 30 min.
To maximize the preservation of eluted substances
(to avoid losses in washing) during the quantita-
tive determination of metal and non-metal cations,
we did not rinse the test plates to neutral pH after
treatment in each detergent solution.

Sterilization of test plates was carried out in
glass flasks, closed with an aluminium foil strap-
ping, in distilled water at a plate/water ratio of
1 g : 10 ml. Simultaneously with the samples of
the plates, an equal amount of distilled water was
sterilized in an autoclave (control). The plates were
sterilized in an autoclave at t = 130°C, pressure
p = 0.2 MPa for 60 min. This mode of steriliza-
tion is mainly used for rubber stoppers 4C , which
are used to close liquid forms of MP, and is rec-
ommended for comparative experimental studies
[8, 14]. After sterilization, the plates were removed
from the flask, rinsed with distilled water until
reaching neutral pH, placed again in a flask with
distilled water (1 : 10) and sterilized in the autoclave
in the mode used for sterilizing liquid MP — for
30 min at t = 120°C, p = 0.11 MPa.

After sterilization, the aqueous extracts were
poured into clean flasks and studied for the content
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CTEPUJTU30BAJIM PABHOE KOJIMYECTBO JIUCTHJLIMPOBAH-
HOH BOzIbI (KOHTPOJIB). CTEPUIU3AIMIO IJIACTUH IIPO-
BOJIWJIU B aBTOKJIaBe IpH t = 130 °C, 1aBseHuu p = 0.2
MIIa B Teuenne 60 MuH. JJaHHBIA PEKUM CTEPIIIN3A-
MM UCIIOJIB3YETCSA B OCHOBHOM JIJIs ITPOOOK 411, KoTO-
pbIMU YKyTIOpHUBaIoOT *kuikue opmel JIC, 1 pekomeH-
JIOBAH JIJIs CPABHUTEJIBHBIX SKCIIEPUMEHTAIBHBIX HC-
cienoBanuii [8, 14]. Ilocite cTepru3aiuy IIACTHHBI
BBIHUMAJIM U3 KOJIOBI, OIIOJIACKUBAIN JMCTHJLIAPO-
BaHHOM BOJIOU /10 HEUTPAIBHOTO 3HaUeHUA pH, BHOBB
MOMEIAIN B KOJIOy C JIUCTHJUIMPOBAaHHOW BOJIOHU
(1:10) 1 CTEpHUIN30BAIM B aBTOKJIABE B PEIKHIME, ITPH-
MEHsIEMOM IIpU cTeprym3anu Kuakux JIC — B Teue-
HHe 30 MuH 1pu t = 120 °C, p = 0.11 MIIa.

BojiHbIe BBITSKKU TIOC/IE CTEPUIU3AIUU CJIH-
BJIM B YKCTBIE KOJIOBI U HUCCIIEZIOBAIIN HA COZIEPIKA-
HHE KaTHOHOB META/JIOOPTAaHUYECKHX M MEeTaJlJIO-
HEOPTraHUYECKUX COEIUHEHUH C WCIIO0JIb30BAHHEM
aTOMHO-3MHCCUOHHOTO crnektpomerpa iCAP 6300
Duo (CIITA) o meTosuke [15]. ITapayuiespbHO Hccie-
JTOBAJTU BOJTHBIE BBITSI?KKH, TIOJIyYeHHBIE U3 MOJIEJb-
HBIX IUTACTUH, He IPOIIE/IIINX IPe/CTePUITN3aIOH-
HYI0 OYHCTKY U IPOCTEPUIN30BAaHHBIX B aBTOKJIABE B
TedeHue 30 MuH 11pu t = 120 °C, p = 0.11 MIIa.

PE3YJIBTATBI 1 OBCYXK/IEHUE

B Tabs. 1 mpezacTaBiieHbl Pe3yJIbTATHI OIIpPEZie-
JIeHUsI JIMHAMHYECKOTO KpaeBOro yIyia cMaduBa-
Hus O uccaeayeMbIx 00pas3IoOB MOJIETLHBIX PE3UHO-
BBIX IUIACTUH B UCXO/THOM COCTOSTHUY U ITPOIIIEZIIIIX
CAaHUTAPHO-TUTUEHUYECKYIO0 00paboTKy (IpeicTepu-
JIN3ANMOHHYIO0 OUKCTKY U CTEPHIH3AIUIO B ABTOKJIA-
BE B TeueHre 60 MUH).

VcTaHOBIEHO, YTO B pe3yJibTaTe CAHUTAPHO-
TUTHUEHUYECKOH 06pabOTKU MOJIEIbHBIX PE3NHOBBIX
IUIACTHH ITPOVICXOAUT CHIDKEHUE KPAeBOTo yIyia cMa-
YMBaHUS, CBU/IETEJIbCTBYIOIIEE O IECTPYKIIUU UX I10-
BepxHocTU. HanboJibliiee n3aMeHeHHE KPaeBOTo yrjia
cMauuBaHUA — Ha 21.85° — OTMeueHO Jji Pe3UHO-
BBIX IIJIACTHH HAa OCHOBE OyTHJIKAyUdyKa.

IMonyueHHBIE pE3YJIbTATHI, CBUJIETEIbCTBYIO-
1Y€ O IECTPYKIIUH ITOBEPXHOCTU TPOOOK, TIO3BOJIS-

TaGauna 1. 3HaYeHU I TUMHAMUYECKOT0 YIJ1a CMAuYUBaHUS
Table 1. Dynamic contact angle values

of cations of organometallic and non-organome-
tallic compounds using an iCAP 6300 Duo atomic
emission spectrometer (USA) according to the pro-
cedure [15]. Simultaneously, we studied the aque-
ous extracts obtained from test plates that had not
undergone pre-sterilization cleaning and sterilized
in the autoclave for 30 min at t = 120°C, p = 0.11
MPa.

RESULTS AND DISCUSSION

Table 1 shows the results of measuring the dy-
namic contact angle @ for the test rubber plates at
the baseline and after sanitary cleansing (pre-ster-
ilization cleaning and sterilization in the autoclave
for 60 min).

It was established that the sanitary cleansing
of test rubber plates results in the contact angle de-
crease, which indicates the destruction of their sur-
face. The maximum change in the contact angle —
by 21.85° — was for butyl rubber plates.

The results obtained that indicate the destruc-
tion of the stopper surface, allow us by changes in
the values of the contact angle to assess the influ-
ence of sanitary cleansing on the microrelief and
hydrophilicity of the stopper surface. The data on
the change in the dynamic contact angle after sani-
tary cleansing of the test rubber plates were com-
pared with the results of the analysis of the con-
tent of migrating substances in aqueous extracts
obtained from autoclaving of the studied plates, by
metal and non-metal cations with the atomic emis-
sion spectroscopy (Table 2).

The data in Table 2 indicate that the sanitary
cleansing of stoppers (the test plates), designed to
ensure the microbiological and chemical purity of
sterilized solutions of MP, does not provide the pu-
rity of the solutions with respect to the content of
metal and non-metal cations, and in some cases
even increases the migration of cations from the
surface of the stoppers. So, from the test plates of

MarepuaJ njaacTHHbI (Mapka

VYron cmaunBauus O, rpaa.* / Contact angle O, deg.*

CHuKeHUe yTia

PE3UHOBOM cMecH)
Plate material (rubber compound

HcxomHble 1acTUHBI

cMauuBaHus O, rpas.

CTepI/IJ'II)HI)Ie IIJIACTUHBI Decrease in contact

grade) Baseline plates Sterile plates angle ©, deg.
27-599/3B | 27-599/3B 109.77 £ 0.17 99.57 + 0.13 10.50
52-369/1 110.53 £+ 0.04 95.64 £ 0.10 14.89
52-599/1 110.73 + 0.18 88.88 + 0.94 21.85

* Beero 6bLIO 3 TOBTOPHOCTH UCIIBITAHUH.
There were 3 replicates of the tests in total.
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0T TI0 U3MEHEHUSAM 3HAYEHUH KPAaeBOro yrja cMa-
YUBAHUSA OIEHUTh BJIIMSHUE CAHUTAPHO-THUTHEHU-
YecKkol 06paboTKH Ha M3MeHeHHe MUKpopebeda
U ru/IpOoUIBHOCTH IOBEPXHOCTH IPOOOK. /[aHHBIE
0 W3MEHEHUIO JMHAMUYECKOTO KpaeBOTO yIJia
CMaYyHBaHUs IMOCJIE CAHUTAPHO-TUTHEHUYECKOH 00~
paboTKU MOJETbHBIX PE3UHOBBIX IUIACTUH OBLTH
COTIOCTABJIEHBI € Pe3yJIbTaTaM{ aHaJN3a CoOJEpP-
JKQHWs MUTPUPYIOIIHUX BEIECTB BOJAHBIX BBITSKEK,
MMOJIyYEHHBIX IT0CJIE ABTOKJIABUPOBAHUS HCCIIETye-
MBIX IIACTUH, 10 KATUOHAM METAJJIOB U HEMETAJI-
JIOB METOJIOM aTOMHO-3MUCCUOHHOU CIIEKTPOCKO-
nuu (tabs. 2).

JlanHbple TabJI. 2 CBUAETEIIBCTBYIOT O TOM, YTO
CaHUTApHO-TUTHEHUYecKas o00paboTka mpoboK
(MozeIbHBIX IUIACTHH), IIpeIHA3HAYEeHHAs JJIA
obecrieueHuss MUKPOOHMOJIOTUYECKOH W XUMHUYe-
CKOHM YHCTOTHI CTepUJIN3yeMbIX pacTBopoB JIC, He
obecrieynBaeT YHUCTOTHI PACTBOPOB B OTHOIIEHUH
COJIEpPIKaHU KATHOHOB METAJUIOB U HEMETAJLJIOB, a
B psJie CJTydaeB Jake YBEJIUIUBAET MUTPAIUIO Ka-
THOHOB C MOBEPXHOCTH MpPOOOK. Tak, u3 Momenb-
HBIX IIJIACTUH MapKU PE3UHOBOU cMecH 27-599/3B
Ha ocHOBe XBK cymiecTBeHHO yBeJIMUMBAETCA TIepe-
XOJT B paCTBOP KaTHOHOB QJIIOMUHUS, JKejie3a, Map-
raHIia; U3 pe3NHOBOI cMecu MapkKu 52-369/1 (80 %
BK + 20 % XBK) 06oJiee MHTEHCUBHO BBIMBIBAIOT-
cs KATUOHBI jKeJie3a, MapraHila, HUKeJss, [UHKa, a
U3 IJIACTUH Ha OCHOBE PE3WHOBOU CMeCH 52-599/1
(100 % BK) ycuiuBaercss MUTpalisi KATHOHOB HU-
KeJIs U [UHKA.

the 27-599/3B ChBR-based rubber compound, the
migration of cations of aluminium, iron, manga-
nese into the solution increases significantly; cat-
ions of iron, manganese, nickel, zinc are leached
more intensively from the 52-369/1 (80% BR +
20% ChBR) rubber compound, and the increased
migration of nickel and zinc cations — from the
plates made of the 52-599/1 (100% BR) rubber
compound.

The data obtained confirm that the sanitary
cleansing which is used for the preparation of stop-
pers before closing the MP has a destructive influ-
ence both on the surface of the plates, and the plates
as a whole, which is accompanied by a significant
leaching of the rubber ingredients into aqueous
sterile solutions. This also makes it necessary to
control the amount of rubber ingredients in sterile
solutions of MP closed with rubber stoppers.

CONCLUSION

The technique used for the first time for mea-
suring the dynamic contact angle ® makes it possi-
ble to reveal and quantify the destruction processes
of the rubber stoppers’ surface that contacts with
sterile forms of MP with a reproducible instrumen-
tal method.

This method can be used to assess the influ-
ence of pharmaceutical and technological factors
(sanitary cleansing, sterilization, contact with solu-
tions of MP, etc.) on the surface state of rubber stop-

Ta6auna 2. CozieprkaHre XUMUYECKHUX 2JIEMEHTOB B HCCJIeAyEMbIX 0Opasmax (Mr/m, +10 %)
Table 2. The content of chemical elements in the test samples (mg / 1, + 10%)

Mapka pe3auHOBOI
cMecH
Rubber compound
grade

As B Ca Cd Cr Cu Fe

Li Mg Mn Na Ni P S Si Sr Zn

27-599/3b:

27-599/3B:

CI'O e mpoBoZMIIaCH 0.002 — 0.061 0.881 — — — —
without SC

CI'O npoBoauIach
with SC

52-369/1:

CI'O me mpoBOIMIIaCH 0.031 — 0.382 1.86 — — — —
without SC

CI'O mpoBozaunach
with SC

52-599/1:

CI'O He mpoBOZiMJIACh 0.050 — 0.649 2.69 — — — 0.006
without SC

CI'O npoBozaunach
with SC

0.004 — 0.041 0.815 — — — 0.001

0.012 — 0.121 1.84 — — — 0.001

0.022 — 0.273 274 — — — 0.001

0.043 — 0.613 0.001 0.701

0.069 — 0.154 0.002 0.739

0.026 — 0.086 0.001 0.215 — — 0.503 1.18 0.006 1.150

0.020 — 0.090 0.006 0.232 — — 0.339 075 0.007 0.462

4.62 3.44 0.011 0.313

0.044 — 0.449 0.002 0.512 0.002 — 1.60 159 0.013 0.542

3.12 5.52 0.012 0.220

0.046 — 0.161 0.001 0.445 0.013 — 271 2.36 0.013 0.604

IIpumeuanue. CI'O— caHUTApHO-TUTHEHUYECKAS 00pabOTKA.

Note. SC— sanitary cleansing.
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IlonmyyeHHble JaHHBIE IOATBEPXKAAIOT, YTO
CaHUTAPHO-THUTMEHNYecKass 00paboTKa, KOTopas UC-
IIOJTB3YETCST JIJIA TOJITOTOBKU TPOOOK TEpesl VKy-
OpKo# crepmabHBIX JIC, OKa3bIBaeT /IeCTPYKTHB-
HOe JlelicTBHE KaK Ha IOBEPXHOCTh IUIACTUH, TaK U
Ha IUTACTUHBI B I1€JIOM, UTO COIIPOBOK/IaeTCsA 3HATHN-
TeJIbHBIM BBIMBIBAHNEM UHIPEIUEHTOB pe3UH B BO-
JTHble CTEPUJIbHBIE PACTBOPBL. JTO OOYCIOBIHBAET
TaKke HeOOXOIMMOCTh KOHTPOJISI COAEPIKAHUS WH-
rPeIUeHTOB Pe3UH B CTepUJIbHBIX pacrBopax JIC,
YKYIIOPEHHBIX PE3MHOBBIMU ITPOOKAMH.

3AK/IIOYEHUE

BrepBble MCIIOIb30BAHHASI METOAUKA OIpPeEJie-
JIEHHSI JUHAMUYECKOTO0 KPAeBOro yIjia CMaduBa-
HUsA O MMO3BOJISET BOCIPOU3BOAMMBIM UHCTPYMEH-
TaJIbHBIM METO/IOM BBISIBUTH U KOJIUYECTBEHHO Ol1e-
HUTH IIPOIIECCHI JECTPYKIINH, BIUSIOIINE HA COCTO-
SHYE TIOBEPXHOCTH PE3UHOBBIX IPOOOK, KOHTAKTH-
pyemoii co crepusibHbIMEU hopmamu JIC.
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pers, control the corrosion resistance of closures,
and also to predict the amount of impurities in ster-
ile solutions of MP.
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CpaBHeHUE METOAUK KOJTUUYECTBEHHOTO ONpeaeieHuA
¢dapmalieBTUUECKOU CyOCTaHIIUH BUCMYyTa cyOcaumaara
MeToaMu YP-cneKTpodhoToOMeTPUHN U HHBEPCUOHHOU
BOJIBTAaMIIEPOMETPUU

Buzep A.A., UBanosckad E.A., JIurocraes A.B.

@I'BOY BO «Hogocubupckuil 2ocydapcmeettblit MeOuyuHcKuil ynugepcumem» Munazdpasea Poccuu

The comparison of methods for the quantification of the
pharmaceutical substance bismuth subsalicylate by UV-
spectrophotometry and stripping voltammetry

Vizer A.A., Ivanovskaya E.A., Ligostaev A.V.

Novosibirsk State Medical University

AHHOTAIIA

IIpencraByieHbl pe3ybTaThl CPABHUTEIBHOI'O UCCJIEJOBAHUA METOAUK KOJIMYECTBEHHOTO OIIpe/ieJIeHUs aKTUB-
HoU (apmarnieBTuueckou cyberannmuu (A®C) BucmyTa cybcanuiuiaara MetogaMu Y®O-crneKTpopoTOMETPUU U UH-
BepcHOHHOH BosibTamiepomerpun (MBA). IIpoBesieHa yacTHUYHASA BaJHAlUs CPABHUBAEMBIX METOIUK IO CJIENLY-
IOIIUM XapaKTePUCTUKAM: JINHEHHOCTB, IIpeJiesl OOHApYIKeHU s, IIpeJiesl KOJINYeCTBEHHOTO OIpe/IeJIeH s, IPaBUJIb-
HOCTb. B Xo/ie olleHKHU JINHEHHOCTH yCTaHOBJIEHBI 3HaUeHU:A KoadduinenTa Koppeasanuu MeTOAUK — 0.9987 1
V®-cnexkTpodoromerpun u 0.9982 111 UBA. Ilpenesn o6HAPYKEeHUS U IPeiesT KOJTUUEeCTBEHHOTO OIIpe/ieJIeHUs] IPU
Y®-cnekTpodoTOMETPUN PABHAJIUCH 2.35 U 7.12 MKT/MJI COOTBETCTBEHHO, TpU IBA — 1.16 1 3.52 MKT COOTBETCTBEH-
HO. [IpaBUJIBHOCTD OIIPeieIsIach 10 CBOOOTHOMY UJIEHY YPaBHEHUS JIUHEHHOCTH, KOTOPHIN ObLJI paBeH 3.34 % OT
3HAUEeHUs CepeINHbI UHTEePBaJjia IPU aHaIn3e MeTosioM YP-cnekTpodoTtomerpun u 1.93 % — meToziom M1BA.

Takum 06pazom, 06e METOAUKH MOTYT HCIIOJIb30BATHCSA AJIsI KOJTMYeCTBeHHOTO onpezieneHus ADC BucMmyTa cy6-
caJIdIujIaTa, OJHAKO, B CBA3HU C TEM, YTO B JIAHHOM CJIydae IIPeuMYIleCTBEHHO OllpesiesieTcs cofiepKaHue BUCMYTA,
Metoz IBA saBaseTca 6oJiee IpeAIOYTUTETbHBIM, TaK KaK II03BOJISAET AHAJIU3UPOBATh UMEHHO 3TY YaCcTh MOJIEKYJIBI.

Karoueewvte ca08a: KOJIMUECTBEHHOE OIIPe/Ie/IEHHEe, BUCMYyTa cybcamumuiaT, Y P-crieKTpodhOTOMETpHsi, HHBEPCUOHHAS
BOJITAMIIEPOMETPHS.

ABSTRACT

The results of a comparative study of methods for the quantitative determination of the active pharmaceutical
substance (APS) bismuth subsalicylate by UV-spectrophotometry and stripping voltammetry (SV) are presented. Par-
tial validation of the compared methods was carried out according to the following characteristics: linearity, detec-
tion limit, limit of quantification, accuracy. In the course of linearity assessment, the values of the correlation coeffi-
cient of the methods were established — 0.9987 for UV-spectrophotometry and 0.9982 for SV. The detection limit and
the limit of quantification for UV-spectrophotometry were 2.35 and 7.12 ug/ml respectively, for SV — 1.16 and 3.52 ug
respectively. The accuracy was determined by the constant term of the linearity equation, which was 3.34% of the
interval’s middle value when analyzed by UV-spectrophotometry and 1.93% by SV.

Thus, both methods can be used for the quantitative determination of the APS of bismuth subsalicylate; however,
due to the fact that the content of bismuth is mainly determined in this case, the SV method is more preferable since
it allows analyzing this particular part of the molecule.

Keywords: quantification, bismuth subsalicylate, UV-spectrophotometry, stripping voltammetry.
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BBEJAEHMUNE

AxTuBHas  (apManeBTHUeCKasd ~ CyOCTaHIIHSA
(A®C) BucMmyTa cybcamunuaaT aKTHBHO HCIIOJIB3Y-
eTcs B MeuIMHe ¢ Hadaia XX B. KaK CPEACTBO IIPHU
Pa3JIMYHBIX HApYMIEHUsAX GYHKIUHA KeIyZ0IHO-
KHUIIIEYHOTO TpakTa [1, 2]. B Bemymux papmakonesx
MHPA MPUCYTCTBYIOT YACTHBIE CTAThU KAK OT/IEJIHO
0 CyOCTaHIIUM, TAaK U [0 PA3JIMYHBIM JIEKAPCTBEH-
HBIM IIpeliapaTaM BHCMyTa CyOCAIUITHIIATA C OIKCa-
HHeM ITOKa3aTesIed KOHTPOJIsSI KauecTBa M HOPM B OT-
HOIIIEHUH STHX IOKazaTesel [3, 4]. OguuM u3 Hau-
00Jee BOYKHBIX 3TAIOB (papMaIeBTHIECKOTO aHAIU-
3a SIBJISETCS KOJIMUECTBEHHOE OlpeiesieHne. Pe3ysib-
TaThl KOJIMUECTBEHHOTO OIpeesaeHus Qapmares-
THUYECKOU CyOCTAaHIIMU HAINPSIMYI) BJIMSIOT Ha IIPO-
MU3BOJICTBO JIEKAPCTBEHHBIX IIPENAapaToB, TaK Kak
IIPY BBEJIEHUH B COCTAB JIEKAPCTBEHHOTO IIperapara
A®C craHOBHTCA JEUCTBYIOIUM BelecTBOM. Kpo-
Me TOTO, JOCTOBEpHAsi METOJUKA KOJNYECTBEHHOTO
OTIpe/ie/IeHUsI TIO3BOJISIET MPOBOJIUTDH (hapMareBTH-
YecKylo pas3paboTKy, BaJUAAIIUIO IIpoliecca IIPOU3-
BOJICTBA, MCCJIEJIOBAHUS CTAaOMIJIBHOCTUA CyOCTaHIIMH
C ompesieJIeHNeM ONTHMAJIbHBIX YCJIOBUN XpaHEHUS
U IpyTHE UCCIIeI0BATEIbCKIE PAOOTHI IIPU IIOATOTOB-
Ke K (hapMarieBTHIecKOMy IIPOu3BOACTBY. [Ipu pas-
paboTKe METOAUKHU BaXKHO YIUTBHIBATH U COITYTCTBY-
omye HaKTOpbl — IIPOCTOTY M CKOPOCTH BBITOJIHE-
HUs1, GUHAHCOBYIO ¥ PU3UUECKYIO IOCTYITHOCTb 000-
PYZOBaHUA, PEAKTUBOB U PACXOAHBIX MATEPHAJIOB,
Tak Kak OHA IIpeJlHa3HauYeHa [ PyTHHHOTO IIPOBe-
JIEHUs aHAJIN3a B YCJIOBUAX MPOMBIIIIEHHOTO IIPO-
HU3BOJICTBA.

B yactHbIX crathsax mo ADPC BucmyTta cybcanu-
[IWJIAT TPUCYTCTBYIOT METOAUKH KOJUYECTBEHHOTO
ompeziesIeHUsT METOJJAMU TUTPUMETPUH U CIIEKTPO-
¢oromerpun [3, 4]. HecmoTps Ha TO, UTO 3T METO-
UKW BOCIIPOU3BOAUMBI, Y HUX €CTh P OTPAHHYe-
HUH, 00YCIOBJIEHHBIX DUBUKO-XUMUYIECKUMU CBOM-
CTBaMU JIAaHHOTO coeuHeHUs. BucmyTa cybcanmumu-
JIaT, IPaKTUYECKU He PACTBOPUMBIN B BOJIE U STUJIO-
BOM CIIHIPTE, PACTBOPSIETCA B MHHEPAIHHBIX KHCJIO-
Tax c pasyoxkenueM [3]. Iloaromy /i1 iepeBoa Be-
II[ECTBA B PACTBOPEHHOE COCTOSTHYE TPEOYIOTCSA Kpaki-
He JKeCTKUe YCJIOBUS, TaKWe KaK CKUTAaHHE B My-
(esrpHON UM MM HATPEBAHME C PACTBOPAMY CUJIb-
HBIX KUCJIOT, UTO 3HAYUTEJIbHO 3aTPYAHSIET IPO0Oo-
IIO/ITOTOBKY U He IO3BOJISIET UCIOJIb30BaTh (papma-
KOIlelHble METO/IVKH JIJISI SKCIIPecc-aHaAIN3a.

B HacTosIIeM HCCIeTOBAHUM PACCMOTPEHBI JIBE
METOJIUKU KOJIMUYECTBEHHOTO OIIPEIeJIEHUs BUCMY-
Ta cyOcasmuiaaTa ¢ IpUMeHeHHeM MeTo/loB YO-
CHeKTpo(OTOMETPUM U UHBEPCUOHHOU BOJIbTaMIIE-
pomerpuu. Cnexrpodoromerpus B yiabTpaduoie-
TOBOW U BUJVUMOU O0JIACTH CIEKTpa — 3TO dapma-

INTRODUCTION

The active pharmaceutical substance (APS)
bismuth subsalicylate has been actively used in
medicine since the beginning of the 20th century as
a remedy for various disorders of the gastrointesti-
nal tract [1, 2]. In the leading pharmacopoeias of the
world, there are individual monographs both for the
separate substance and for various medicinal prep-
arations of bismuth subsalicylate with a descrip-
tion of quality control indicators and standards for
these indicators [3, 4]. One of the most important
stage of pharmaceutical analysis is quantification.
Results of the quantitative assay of a pharmaceu-
tical substance directly affect the manufacture of
medicinal preparations since, when introduced into
the formulation composition, the APS becomes an
active ingredient. In addition, a reliable quantifica-
tion technique allows to perform pharmaceutical
development, production process validation, sub-
stance stability studies with determination of opti-
mal storage conditions and other research work in
preparation for pharmaceutical production. When
developing a method, it is important to take into
account the accompanying factors — simplicity and
speed of execution, financial and physical availabil-
ity of equipment, reagents and supplies since it is
intended for the routine analysis under industrial
manufacturing conditions.

In individual monographs on the APS bismuth
subsalicylate, there are such quantitative tech-
niques as titrimetry and spectrophotometry [3, 4].
Despite the fact that these techniques are reproduc-
ible, they have a number of limitations due to the
physical and chemical properties of this compound.
Bismuth subsalicylate, practically insoluble in wa-
ter and ethyl alcohol, dissolves in mineral acids
with degradation [3]. Therefore, to transfer a sub-
stance to a dissolved state, extremely harsh condi-
tions are required, such as combustion in a muffle
furnace or heating with solutions of strong acids,
which complicates sample preparation significantly
and does not allow for the pharmacopoeial meth-
ods of express analysis.

This study considers two methods for the
quantitative determination of bismuth subsalicy-
late using UV-spectrophotometry and stripping
voltammetry (SV). UV-visible spectrophotometry is
a pharmacopoeial method that is widely used in the
analysis of drugs and allows to identify and quan-
tify many organic and inorganic compounds. Strip-
ping voltammetry is an electrochemical method
based on the plating of the analyte on the electrode,
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KOIIEWHBIA METO/I, MOJIyYUBIINH IIHMPOKOE IpHMe-
HeHUe B aHaJIu3e JIeKApCTBEHHBIX CPe/ICTB U I103BO-
JIAIONIUHN TPOBOAUTH aHAJIN3 MOJJIUHHOCTU U OIpe-
JleJIATh KOJIMYeCTBO MHOTUX OPTaHMYecKUX U Heop-
raHUYEeCKUX coeflMHeHnH. [IHBepCHOHHAas BOJIbTaM-
niepometpust (IBA) — 51€KTPOXMMUYECKUN METO/T,
OCHOBaHHBIU Ha KOHIIEHTPUPOBAHUU OIIPEJIEIIAEMO-
'O BelleCTBa Ha 3JIEKTPO/Ie C IIOC/IelyIOIIUM eTo pac-
TBOPEHUEM U perucrpanuei Toka pacrsopenus. He-
CMOTPS Ha TO, YTO MHBEPCUOHHAsA BOJIbTaMIIEpOMe-
Tpus He fABsAeTCS HapMaKONEeHHbIM MeTO/I0M, OHA
YacTo MpUMeHAETCA /I aHAIN3a TUIIEBBIX IPOAYK-
TOB, IIOYBBI, CTOYHBIX BOJ U T.ZI. Hasiuuue B CTPYKTY-
pe KaTuOHa BUCMYTA II03BOJIAET IIPEATIOIO0XKUTD, YTO
STOT METOJ, MOXKET YCIEITHO MPUMEHATHCA I KO-
JIMYECTBEHHOTO OIIpe/ieIeHNs CyOCTaHIINH DU IO/ -
60pe ONTUMAaIBHBIX YCIOBUN aHAIN3A.

IOEJDb NCCJIEJOBAHUA

CpaBHeHMe MeTOMK KOJIMYECTBEHHOTO ONpesie-
nennsa AOC BucMyTa cybcayummiar mMetogamu Y ®-
CneKTpopOTOMETPUN U MHBEPCHOHHON BOJIBTaMIIe-
pOMeTpHUHU MIOCPEICTBOM IIPOBE/IEHU YaCTUYHOHN Ba-
JIUIATAY JJ1S1 TJTbHEHUIIEero UCII0Ib30BAHMA B OIIEH-
Ke HOBOTI'O JIEKAPCTBEHHOI'O CPeJICTBa.

MATEPHUAJIBI 1 METO/bI

B xauecTtBe 00BEKTa HCCIIEOBAHUIN ITPUMEHS-
Jjach CyOCTaHITAS BUCMYyTa CyOcaUIUIaTa ITPOU3-
BozictBa ®I'BYH MHCTUTYT XMMUU TBEPAOTO Tejla U
mexanoxumuu CO PAH (HoBocubupck, HOMep ce-
puu 000001).

AHajIn3 METOZIOM HWHBEPCUOHHOHW BOJIbTAMIIE-
POMETPUU OCYIIECTBIIAICSA Ha DJIEKTPOXUMUIECKOM
anaimuzatope TA-4 (OO0 «HIIII «TompaHamUT»,
r. ToMCK) ¢ MCTI0Tb30BaHKEM IIPOTPAMMHOT0 obecrie-
uenuss VALabTX, mocrapisieMoro B KOMILIEKTe. 13-
MEpEHHUsI MPOBOJIWINCH B JIBYX3JIEKTPOJTHOU sTUEH-
Ke, B KauecTBe PabOUero 2yIeKTPojia UCIOIb30BATICS
PTYTHBIN TIEHOYHBIH 3JIEKTPOA (aMasIbraMHBIH), B
KayeCTBe 3JIEKTPO/Ia CPAaBHEHUS — XJIOpCePeOPSHBI.

CrHexTphl TOIJIOMIEHWSI W 3HAYEHUs OINTHYe-
CKOH IIJIOTHOCTHU TIOJIyYeHbl HA OJHOJIYIEBOM aBTO-
MaTU3UPOBAaHHOM crekrpodoromerpe CP-56 (OO0
«OKBb Cnexkrp», r. Cankr-IleTepOypr) mnpu JjuHe
BOJIHBI MaKCHMyMa IOTJIONIeHUs A = 312 HM. MeTo-
JIUKA CIIEKTPOGOTOMETPUIECKOTO AHATI3A SIBJISETCS
ajamnTaiyell MeToiuku, npezoxkennoi N.S. Shinde
et al. [5], ¢ UBMeHeHUEM YCIJIOBUU IPUTOTOBJIEHUS
pacTBOpOB.

Bce mpuMeHsieMble peaKTUBbI UMETN KBATUDU-
KaIlii0 «XUMHYECKH YKCThIe» (X.4.) MJIH «UHCTBIE
JUis aHaynmza» (4.7.a.). B KauecTBe pacTBOpHTEJIS
JUIA TIPUTOTOBJIEHUST PACTBOPA BUCMYyTa CyOCATUIIU-

followed by its dissolution and registration of the
dissolution current. Although stripping voltamme-
try is not a pharmacopoeial method, it is often used
to analyze food, soil, wastewater, etc. The presence
of a bismuth cation in the structure suggests that
this method can be successfully used for the quan-
titative determination of a substance when choos-
ing the optimal analysis conditions.

AIM OF THE RESEARCH

Comparison of methods for the quantification
of the APS bismuth subsalicylate by UV-spectro-
photometry and stripping voltammetry by means of
partial validation for further use in the evaluation
of a new medicinal product.

MATERIALS AND METHODS

As an object of research, we used a bismuth
subsalicylate substance produced by the Institute
of Solid State Chemistry and Mechanochemistry
(Novosibirsk, batch number 000001).

The analysis was carried out on a TA-4 electro-
chemical analyzer (Tomanalyt LLC, Tomsk) using
the VALabTx software supplied with the kit. The
measurements were carried out in a two-electrode
cell, a mercury film (amalgam) electrode was used
as a working electrode, and a silver chloride elec-
trode — as a reference one.

Absorption spectra and optical density values
were obtained on a single-beam automated SF-56
spectrophotometer (OKB Spectr LLC, Saint-Pe-
tersburg) at the maximum absorption wavelength
A =312 nm. The spectrophotometric analysis tech-
nique is an adaptation of the technique proposed
by N.S. Shinde et al. [5], with a change in the con-
ditions for the preparation of solutions.

All reagents used had the qualification “chemi-
cally pure” (purissimum) or “pure for analysis” (pro
analysi). An aqueous solution containing 0.2 M
nitric acid and 0.2 M sodium nitrate was used as
a solvent for preparing a solution of bismuth sub-
salicylate and the main supporting electrolyte. For
spectrophotometric analysis, the solutions were
prepared in a 0.5 M hydrochloric acid solution; the
same solution was used as a compensating solution.

Within the framework of the study, a partial
validation of analytical procedures was carried out
in accordance with the General Pharmacopoeia
Monograph (GPM) 1.1.0012.15, Validation of Ana-
lytical Procedures, according to the following char-
acteristics: linearity, detection limit, limit of quan-
tification, accuracy [5].
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JlaTa ¥ OCHOBHOTO (POHOBOTO 3JIEKTPOJIUTA IIPHMe-
HsJICSL BOJHBIN pacTBOp, coiep:kamuii 0.2 M a3oT-
HOHI KUCJIOTHI U 0.2 M Harpus HuTpara. s cuek-
TPOPOTOMETPUUECKOTO AHAIN3A PACTBOPHI OBLIN
IIPUTOTOBJIEHBI B PAaCTBOpPE XJIOPHUCTOBOIOPOHOM
KHUCJIOTHI 0.5 M, BTOT ke PacTBOpP HCIIOJIb30BAJICS B
KadecTBe KOMIIEHCUPYIOIIETO.

B pamkax mcciezoBaHuA IPOBOINIACH YACTHY-
Has BINJANNSA AQHAJTUTUYECKUX METOAUK B COOT-
BETCTBHH ¢ 00111el dhapmakoreiHoi cratbeir (ODC)
1.1.0012.15 «Baymjanusa aHAIUTHYECKUX METO/IHK»
0 CJIEAYIONIUM XapaKTEPUCTUKAM: JIMHEHHOCTD,
npezies1 OOHAPY:KEHUs, NpeZes KOJIUIECTBEHHOTO
OIpeJiesIeHusI, TPaBUILHOCTD [5].

JIMHEHHOCTh OIleHMBAJIaCh HA OCHOBAHUU pe-
3yJIbTATOB aHAJIN3a CEPUH PacTBOPOB. bputn moctpo-
€HbI I'PAGUKHU 3aBUCUMOCTH AaHATUTUYECKOTO CUTHA-
sa (omTuyecKas IJIOTHOCTB, BBICOTA ITHKA) OT KOH-
[EHTPAIUU PACTBOPA, OIIPEEIeHbI 3HAUEHU KO3(]-
(uryenTa KOppesANUY ' IO METOAY HaWMEHBIINX
KBaz[paToB (r = 0.99).

ITpenen obuapyxenus (I10) u npezaen xormae-
crBerHoro onpeznenerusa (IIKO) 6butH paccYnuTaHBI
10 BEJTMYMHE CTAH/IAPTHOTO OTKJIOHEHUsI CUTHAJIA U
yrioBoMy K03dduiireHTy rpaduka JHHEHHOH 3aBU-
cuMocTy (KaymbpoBoYHOTO TpadrKa) 10 ypaBHEHU-
am (1) u (2):

33 - S_ (1)

10 b~ S, (2)
r7ie S — cTaHJapTHOe OTKJIOHEHUE aHATUTHYECKOTO
CHUTHAJIa;

b — xo3dduIueHT UyBCTBUTEIBHOCTH, IMPE/-
CTaBJIAIONMN CcOOOW OTHOIIEHHE aHAJIUTHYECKOTO
CUTHQJIA K OIpe/ieisieMOl BesimurHe (TaHTeHC yria
HAKJIOHA KAJTUOPOBOYHOMN KPUBOM).

1151 oleHKH NMPaBUIBHOCTH NMPUMEHSICS IO/~
XOJl, OCHOBAaHHBIM Ha OIIEHKE Pe3yJIbTaTOB H3yue-
HUSA JJUHEHHOCTU BUIHANPYEMOIN METOAUKU — €CJTH
CBOOOIHBIH WIEH YPaBHEHUS CTATUCTUIECKH JIOCTO-
BEPHO HEe OTJIMYAETCS OT HYJIfA, TO HCIIOJIb30BAHUE
METOAUKHN 00ecreurnBaeT IOJIyYeHUe pPe3yJIbTAaTOB
6e3 cucremaTuyeckon omubku. Bel1 BeIOpaH Kpu-
TEPHUi, 10 KOTOPOMY YPOBEHb 3HAUUMOCTH OBLT pa-
BeH 5 %.

ITKO =

PE3YJ/IBTATDI 1 OBCY2KIAEHUNE

Jlunetinocmb. KanubpoBouHble rpaduku, IO-
JIydeHHbIE JJIsI PACTBOPOB BHCMYyTa CyOCaTHIUIaTA
[IPU UCIIOJIB30BAHUY METO/IOB CIIEKTPO(MOTOMETPHH

Linearity was assessed based on the results of
analysis of a series of solutions. The graphs of the
dependence of the analytical signal (optical density,
peak height) on the concentration of the solution
were constructed, and the values of the correla-
tion coefficient r were determined using the least
squares method (r = 0.99).

The detection limit (DL) and limit of quantifi-
cation (LoQ) were calculated from the signal stan-
dard deviation and the slope of the linear depen-
dence (calibration curve) using equations (1) and

(2):

DL =22 ", ()

Log = 22 5 (2)
b
where S — the standard deviation of the analytical
signal;

b — the sensitivity coefficient, which is the
ratio of the analytical signal to the determined val-
ue (the slope of the calibration curve).

To assess the accuracy, an approach was used
based on the statistical evaluation of the results of
studying the linearity of the validated method — if
the constant term of the equation does not differ
significantly from zero, then the use of the method
provides results without bias. The criterion was
chosen according to which the level of significance
was equal to 5%.

RESULTS AND DISCUSSION

Linearity. Calibration curves obtained for
bismuth subsalicylate solutions using spectropho-
tometry and stripping voltammetry are shown on
Fig. 1 and 2. The results of statistical processing
are presented in Table 1 and 2. The values of the
correlation coefficient r obtained using the meth-
ods of spectrophotometry and stripping voltamme-
try were 0.9987 and 0.9982 respectively. In both
cases, the result of linearity determination met the
requirements of the General Pharmacopoeia Mono-
graph (|r| > 0.99). The linearity for both meth-
ods was calculated within the optimum operating
range of the devices, the optical density values did
not exceed 1.0, and the peak height — 3.5 pA. For
this reason, as well as due to the peculiarities of the
measurement, characteristic of each method (with
UV-spectrophotometry, the optical density of the
solution in the cuvette is measured; with stripping
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Y UHBEPCUOHHOM BOJIbTAMIIEDOMETPUH, IIPEICTABIIE-
HBI Ha pHUC. 1 ¥ 2. Pe3y/IbTaThl CTaTUCTUYECKOH 06pa-
OOTKH TIpe/iCcTaBIeHbI B Ta0JI. 1 1 2. 3HAUEHUS KO3 (]-
(durrenTa KOPPEIALINH ', IOJIYIEHHBIE IIPH UCIIOJIb-
30BaHUU METOIOB CIIEKTPODOTOMETPUU U MHBEPCHU-
OHHOUM BOJIBTAMIIEPOMETPHUU, COCTABWIN 0.9987 u
0.9982 coOTBEeTCTBEHHO. B 0001X CcIydasx pe3yabTaT
OIIpe/ieIeH s IMHEHHOCTH COOTBETCTBOBAJI TPEOOBA-
HUAM 0011Iel papMaKoOTeHHOH CTaThH ( | r | > 0.99).
JIuHEeWHOCTD JIIs1 00EnX METOJIMK PACCUUTAHA B JIH-
arma3oHe ONTUMAJIBHOTO (DYHKIIMOHUPOBAHUS IIPHU-
0OpOB, 3HAYEHHUS ONITUYECKOU IJIOTHOCTU He TTPEBbI-
IIAJTH 1.0, BBICOTHI TUKa — 3.5 MKA. 1o 3To¥ mpuau-
He, a TaK’Ke M3-32 0COOEHHOCTEl MPOBEIEHUS U3Me-
PpeHUs, XapaKTePHBIX 7T KaXKA0ro Metoa (mpu Y-
CreKTpo(hOTOMETPUY U3MEPSETCS ONITUYECKAs ILIOT-
HOCTb PacTBOpPa, HAXOAIIETOCS B KIOBETE; IIPU HH-
BEPCUOHHOU BOJIPTAMIIEDOMETPHUU — BBICOTA ITHKA
pacTBOpEHUs] Ha BJIEKTPOZIE B CPeZie BJIEKTPOJINTA,
HCIIBITYEMBIA PACTBOP BHOCUTCS B DJIEKTPOXUMUYE-
CKYI0 STYEHKY aJIMKBOTAMH) HCCJIEZIOBAaHHbBIE Jiiara-
30HBI OTJIMYAIOTCS 110 BEJIUYMHAM U €UHHUIAM H3-
MepeHUs.

IIpeden obHapyceHUA U npeden KOAUHeCmeeH-
HO20 onpedeneHUss METOAUKH aHaIN3a METOIOM
CreKTpoOTOMETPUM COCTABUIIU 2.35 U 7.12 MKT/MJI
COOTBETCTBEHHO, METO/IOM UHBEPCUOHHOU BOJIBTAM-
[IepoMeTpun — 1.16 U 3.52 MKI COOTBETCTBEHHO (CM.
Tabj1. 11 2).

IIpasuavHocmb 06eUxX METOAUK KOJIUUECTBEH-
HOT'O OIp€JIeJIEHUsI YCTAHOBJIEHA B COOTBETCTBUH C
nyHKToM «B» O®C «Bamupanus aHaJIUTHYECKHUX
MeToauK». OTKJIIOHEHWe CBOOOJHOIO YjieHa ypaB-
HEHUs OT HyJIA COCTABUJIO 3.34 % IIPHU HUCII0Ib30Ba-

1.2
a
5 1.0
g
£ g
= g 0.8
[}
; S
=
% S 0.6
) -
:-1 Q‘
5 O
=)
E 0.4
o
0.2
0

voltammetry, the height of the dissolution peak at
the electrode in the electrolyte medium, the test
solution is introduced into the electrochemical cell
by aliquots), the studied ranges differ in values and
units of measurement.

The detection limit and the limit of quantifi-
cation of the analytical procedures by method of
spectrophotometry were 2.35 and 7.12 pg/ml re-
spectively, by stripping voltammetry — 1.16 and
3.52 ug respectively (see Tables 1 and 2).

The accuracy of both methods of quantitative
determination was established in accordance with
the paragraph b of the General Pharmacopoeia
Monograph, Validation of Analytical Procedures.
The deviation of the constant term of the equation
from zero was 3.34% when using the spectropho-
tometry, and 1.93% — stripping voltammetry, which
corresponds to the chosen criterion of 5%.

When evaluating the considered validation
characteristics of the two compared methods, satis-
factory results were obtained, which makes it possi-
ble to use both methods for the quantitative determi-
nation of the APS bismuth subsalicylate. But at the
same time, it is necessary to note some features of
both methods. Spectrophotometry is based on mea-
suring the absorption of light of a certain wavelength
by a substance; in this case, the absorption maxi-
mum of bismuth subsalicylate is in the ultraviolet
region (A = 312 nm). This indicates the absorption of
the organic part of the subsalicylate bismuth mole-
cule which has a complex structure, has not yet been
studied precisely [7]. In addition, the standard for
the assay of bismuth subsalicylate is usually based
on the determination of the bismuth ion, therefore,

Y = 0.0358x —0.0255
r2 =0.9987 )

15 20 25 30

KonIneHTpamus pactBopa, MKT/MJI
Solution concentration, pg/ml

Puc. 1. I'paduk TMHEHHON 3aBUCHMOCTH ONITUYECKOH IUIOTHOCTH OT KOHIIEHTPAI[UX PACTBOPa BUCMYTa CyOcahIiuIaTa
Fig. 1. Graph of the linear dependence of optical density on the concentration of a solution of bismuth subsalicylate
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Puc. 2. I'padvk TUHEHHON 3aBUCUMOCTH BBICOTHI ITUKA OT COZEPKAHUA BUCMYTa CyOCAIMIIIIIATA B TIEHKe
Fig. 2. Graph of the linear dependence of the peak height on the content of bismuth subsalicylate in the cell

HUM METO/a CIIEKTPOGOTOMETPHUU U 1.93 % — METO-
Jla MHBEPCUOHHOH BOJIbTAMIIEPOMETPHUU, UTO COOT-
BETCTBYET BHIOPAHHOMY KPHUTEPHUIO 5 %.

ITpu oleHKe pacCcMaTPUBAEMBIX BaHAIHOH-
HBIX XapaKTEPUCTUK JIByX CPABHUBAEMBIX METO/IMK
OBLITH [TOJTyYEHBI Y/IOBJIETBOPUTEIbHBIE PE3YJIBTATHI,
YTO [TO3BOJISIET UCIIOIH30BATh 00€ METOIUKH JIJIsI KO-
JmyecTBeHHOTrO onpeziesienus AOC Bucmyra cybea-
smnpuiata. Ho mpu 5T0M HE06X0IUMO OTMETHTD He-
KOTOpble ocobeHHOCTH 060MX MeTo/10B. CIeKTpo-
doromerpusi ocHOBaHAa Ha H3MEPEHHH IIOIJIOIIIE-
HUSI BEIECTBOM CBETA OIMpEIEIEHHOM JJIMHBI BOJI-
HBI, B /IAHHOM CJIy4ae MaKCHMYM ITOTJIONIEHUS BUC-
MyTa cyOcasuIuIaTa HaxOAUTCS B yJsbTpaduosie-
TOBOI o6stactul (A = 312 HM). DTO yKa3bIBaeT Ha IO-
[JIOIIEHVE OPTaHHUYECKON YaCTH MOJIEKYJIbI BHCMY-
Ta cyOCcauIiIaTa, KOTOpas UMeET CJI0KHYIO CTPYK-
TYpy, TOYHO /10 CHUX IOp He u3ydyeHHyIo [7]. Kpome

the analytical procedures by spectrophotometry in
the ultraviolet region, may not meet all the require-
ments, despite the great advantages.

When analyzed by stripping voltammetry, the
analytical signal arises from redox reactions on the
electrode surface. Metal ions enter into such interac-
tions, that is widely used in their determination in
various media, therefore, in quantitative analysis of
bismuth subsalicylate in a substance, it is the current
of bismuth dissolution that is measured. This fact, in
combination with other advantages of the technique
(simplicity of implementation, the possibility of
modifying the analysis to select optimal conditions
and simultaneous determination of several analytes
in the sample) distinguishes it as the most effective
for the quantification of the active pharmaceutical
substance bismuth subsalicylate.

Tao6suna 1. Pe3ysibTaTsl YaCTHIHON BATUAAIUHA METOIUKH KOJIMYEeCTBEHHOTO onpesiesieHuss ADPC BucMyTa cybcaTumm-

J1ata MeTO/IOM CIeKTPOGhOTOMETPHH

Table 1. Results of the partial validation of the quantitative analysis of the APS bismuth subsalicylate by

spectrophotometry
KounenTpanusa Koaddbunuent
pacTBOpa, MKI/MJI g;gf;ggfsﬂ KOppeJAnuu I10, mxr/mn ~ IIKO, mxr/mn  I[IpaBusibHOCTB, %
Solution concentration, . g Correlation DL, ug/ml LoQ, pug/ml Accuracy, %
Optical density .
ug/ml coefficient
16 0.539
18 0.624
20 0.695
22 0.764 0.9987 2.35 7.12 3.34
24 0.825
26 0.903
28 0.977
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Ta6una 2. Pe3ypraThl YaCTUYHOU BaJTHAIIMU METOAUKU KOJTHYECTBEHHOTO onpenesienust AOC BucMyTa cybcaTuiu-

JlaTa MeTOA0M PIHBepCPIOHHOfI BOJIbTaMIIEpPOMETPUN

Table 2. Results of the partial validation of the quantitative analysis of APS bismuth subsalicylate by stripping

voltammetry
BHecenHOe KOJITUECTBO BhICOTA IIHKA Koadduruent
BHCMYyTa CyOCaNUITHIaTa, MKT MKA i KOppeJIAuu I10, mxr IIKO, mxr  IIpaBuyibpHOCTB, %
Introduced amount of bismuth ] Correlation DL, ug LoQ, ug Accuracy, %
: Peak height, pA -
subsalicylate, pg coefficient
10 1.510
12 1.764
14 2.008
16 2.308
18 2.619 0.9982 1.16 3.52 1.93
20 2.926
22 3.101
24 3-542
26 4.174
TOr0, HOpMa KOJIMYECTBEHHOI'O OIpe/esIeHUus BUC- CONCLUSION

MyTa cyOcanunuaaTa oObIYHO OCHOBAaHA Ha OIpesie-
JICHUW WUMEHHO WMOHA BHCMYTA, IO3TOMY METOJIMKA
aHaIN3a METOZOM CHEKTPOMOTOMETPUU B YJIBTPA-
(uoseToBoii obacTu, HeCMOTpsA HA GOJIbINIKE TIPe-
HMMYIIECTBA, MOXKET HEe OTBEYATh BCEM IpPEAbIBIIsIE-
MBIM TPeOOBAHUIM.

IIpu aHaM3€e METOZ0OM UHBEPCUOHHON BOJIBT-
aMIIEPOMETPUU AHATUTUYECKUN CUTHAJI BOSHUKAET
3a CYeT OKUCIUTEIbHO-BOCCTAHOBUTEJIPHBIX PEaK-
U Ha MOBEPXHOCTH 3J1eKTpozia. B mosjobHbIe B3a-
UMOJIECTBUS BCTYMAIOT HOHBI METAJJIOB, UTO IIIH-
POKO TNIpHMeHsIeTCA IPU WX OIpPeeeHUH B pas-
JIMYHBIX CpefiaX, I03TOMY IPH KOJHMYECTBEHHOM
ompeziesIeHUH BUCMyTa cybcamumuiara B cyocTaH-
OUU U3MepPseTCs] UMEHHO TOK PacTBOPEHUS BHUC-
MyTa. DTOT PaKT, B COBOKYIHOCTH C APYTHUMHU IIpe-
UMYIIECTBAMH METOIUKH (IIPOCTOTA BBIMOJIHEHUS,
BO3MOXKHOCTh MOAUGUKAIINY aHAIN3A I 10700~
pa ONTUMAIBHBIX YCJIOBUH M OHOBPEMEHHOTO HC-
CJIeIOBaHUS HECKOJIBKUX AaHAJTU3UPYEMbIX BEIECTB
B mpobe) BbIZeJIsIET ee Kak Hambosee spderTun-
HYIO /I KOJINYEeCTBEHHOTO OIpesieIeHUs aKTUB-
HOU dapMaIeBTUUECKOH CyOCTaHITUHN BUCMYyTa Cy0-
cayarumiara.

SAK/TIOYEHUE

IIpoBeneHHOE CpaBHUTENIBHOE HCC/IE0OBAaHUE
JIByX METOAWK KOJIMUeCTBEHHOTO omnpezeneHusa AOC
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AHHOTAIIMA

IMenb. OueHka NpuMeHEHUS aHTUMUKPOOHBIX mpenapaTos (AMII) B myJIbMOHOJIOTHUUYECKOM OT/I€JIEHHH MHOTO-
npoduasHoro cranuonapa (MII®C) Pecriybiuku TaKUKUCTAH.

MaTtepuansl U MeTozbl. [IpoBefieH peTpPOCIEKTUBHBINM aHaIN3 BpaueOHBIX Ha3zHAUEHUH y IaIHeHTOB,
IIPOXO/IUBIINX JIeYeHHE B IIyJIbMOHOJIOTUYECKOM OT/AeseHUU COrauickod 06JIaCTHOW KJIMHUYECKOH OOJIBHUIIBI
(r. Xymxxann, Peciybsiuka TamxukucTad) B 2011—2018 1. OnieHUBaJIu Ucosib3oBanue AMII B COBOKYITHOCTH, 10
rpyIIIaM B COOTBETCTBUH ¢ HHAeKcoM ATC/DDD BO3: neHUIUIIHHBL, Ile(aIoCIOpUHBl, aMUHOTJIUKO3UIBI, GTOP-
XUHOJIOHBI, TETPAIIUKJIUHBI, APYyTHe aHTUOMOTUKHY, a TaKXKe OTJeJIBbHO 10 MeXJYHAapOAHBIM HelaTeHTOBAHHBIM
HaUMEHOBaHUAM JIeKapCTBEeHHBIX cpe/icTB (JIC). B KauecTBe eJUHUIBI U3MEPEHUA HUCIOJIB30BAJIOCH KOJTUYECTBO
rpaMMOB aKTHBHOT'O BEIECTBA, C IOCIEAYIOIMIUM pacyeToM nokasarteseil «DDD/100 KOHKO-THENH» U «IPOILEHT OT
061eit DDD».

Pe3ynbTaThl. BolAB/IEHDI CyllleCTBEHHbBIE H3MeHEHUs CTPYKTYpbl AMII, mpuMeHseMBbIX A1 CTapTOBON aHTH-
6akTepHabHON Tepanuy HHPEKIUH JbIXaTeJIbHBIX ITyTel 3a HccieyeMblil mepuos. OTMeuyeHa BRIpaKeHHAsA TEHAEeH-
U K CHUIKEHUIO UCTI0JIh30BaHusA AMII meHUuIUITMHOBOTO psi/ia U MaKPOJIU/IOB, C IIEPEX0/IOM Ha MOHOTepamnuio eda-
JIOCIIOPHHAMH 3-T0 HOKoJIeHU (e TPHaKCOH) ¥ YaCTUYIHO HDTOPXUHOJIOHAMU.

3aknwuenue. Mouutopunr npumeHenuss AMII B oTfiesieHusIX cranuoHapa ¢ ucrnosab3oBanuem ATC/DDD-
METOIOJIOTHH TI03BOJIAET IPUHUMATh CTPaTerHyecKue pelleHns OTHOCUTEIPHO TAKTUKU aHTHOAKTepHaJIbHOU Tepa-
IIUH, OTIPEJIEJIATh HallpaBJIeHUe a/IMUHUCTPATUBHBIX MeP U B TAJbHEHIIIEM YIYUIIUTh ACCOPTUMEHT aHTHOAKTepHaIh-
HBIX [IPENIapaToB C BBeJIEHUEM B IPAKTUKY cOBpeMeHHBIX 3 deKTuBHbIX JIC.

Knaouesuvle caosa: GapMakosNuAeMUuoIoTHueckui ananus, DDD-aHanus, myJbMOHOJIOTHYECKOe OT/ieIeHre, MHOTO-
IIPOGUIBHBIN CTAIIMOHAD, AHTHMHUKPOOHBIE IIPEIapaThl.
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ABSTRACT

Aim. Assessment of the use of antimicrobial drugs (AD) in the pulmonary department of a multifield hospital (MH),
the Republic of Tajikistan.

Materials and methods. Aretrospective analysis of medical prescriptions of patients who were treated in the
pulmonary department of the Sughd Regional Clinical Hospital (city of Khojend, the Republic of Tajikistan) in 2011—2018
was carried out. The use of AD was evaluated in total, by groups in accordance with the WHO ATC/DDD index: penicillins,
cephalosporins, aminoglycosides, fluoroquinolones, tetracyclines, and other antibiotics, as well as separately by interna-
tional nonproprietary names of drugs. The measurable unit was the number of grams of an active substance, followed by
the calculation of the indicators DDD/100 bed-days and percentage of total DDD.

Results. Significant changes in the structure of AD used for the initial antibacterial therapy of respiratory tract
infections during the study period were revealed. There is a marked tendency to reduce the use of AD of the penicillin fam-
ily and macrolides, with the transition to monotherapy with cephalosporins of the 3™ generation (ceftriaxone) and partially
with fluoroquinolones.

Conclusion. Monitoring the use of AD in hospital departments on basis of the ATC/DDD methodology allows to
make strategic decisions regarding the tactics of antibacterial therapy, determine the orientation of administrative mea-
sures and improve the range of antibacterial agents with the introduction of the modern effective drugs into practice in the
future.

Keywords: pharmacoepidemiological analysis, DDD analysis, pulmonary department, multifield hospital, antimicro-

bial drugs.

BBEJAEHMHNE

Ha ceropssAmHui IeHb AHTUMHUKPOOHBIE ITpera-
patbl (AMII) oTHOCSTCS K YHCTy HanboJiee BOCTpe-
OOBAaHHBIX JIEKAPCTBEHHBIX CPEJICTB B KIMHUYECKOH
npakTuke. [Ipu 3TOM Ba?KHO OTMETHUTD, YTO Ipernapa-
THI JAHHOU TPYIIIBI HA3HAYAIOTCS U HCIIOJIB3YIOTCS
Kak Ha aM0OyJIaTOPHOM, TaK U HA CTAllHOHAPHOM 3Ta-
TIe JIEUEHHs, UTO U MOBHIIIAET ONIaCHOCTh HEOOOCHO-
BaHHOT'O U HEPAIIMOHAILHOTO UX ITPUMeHeHUs [1—3].
Kak wu3BecTHO, Uype3MepHOe U HEKOHTPOJIUPYEMOE
npuMmeHnenne AMII npu nHQEKITMOHHBIX 3a00JieBa-
HUAX CYI[ECTBEHHO CHMKaeT 3(PPeKTUBHOCTDH IIPO-
BOAMMOU (apMakoTepanuy, MOBBIIIAET PUCK pas-
BUTHS HeXKeJIaTeJTbHBIX PEaKINi, YBETUIUBAET CTO-
MMOCTh JIEYEHUS U, UTO OCOOEHHO Ba)KHO, CIIOCOD-
CTBYET POCTY U PACIPOCTPAHEHUIO AHTUOMOTUKOpE-
3UCTEHTHOCTH [2].

B macrosmee Bpemsa mo gaHHbIM BO3 okosio
50 % Bcex Ha3HAUYEHUU JIEKAPDCTBEHHBIX CPEJICTB SB-
JIAI0TCA HEPAIUOHAIBHBIMH, IpU 3TOM g1 AMII
STOT IMOKasaTesasb gocturaer 80 % [4]. ITo maHHBIM
MunucrepcTBa 37ipaBooxpaHeHusi P® B Poccun
20-75 % ciydaeB ucnosib3oBanus AMII cuuratorces
HepaluoOHAJIBHBIMU [3, 5]. 9T HUPHI CBUAETEIb-
CTBYIOT O TOM, YTO B MUPOBOH MEJUIIMHCKON ITpaK-
THKE CyIIECTBYeT psifi Mpo0JieM, CBA3aHHBIX C Ha-
s3HauenreM AMII. [1epBbie pe3ysibTaThl MacIITaOHO-
ro eBpomnerickoro mpoekra European Surveillance of
Antimicrobial Consumption (ESAC) mokasasu, 4To
CEeroJIHS CKOPOCTh aJIallTallUll MUKPOOPTaHU3MOB
K AMII 3HAYUTENHHO TpeBBIMaeT 3(PGHEKTUBHOCTD
60pBOBI ¢ HUMH, YTO MOYKET BHOBbB CJI€JIaTh YeJIOBe-
yecTBO 0e33alUTHBIM Iepes WHQGEKIUSAMH, MOTpy-
3UB €0 B IOCTAaHTHOUOTHYECKYIO 2py. [loaTBep:KIe-
HHUEM 3THX ONACEHUH ABJIAETCS TOT (PaKT, UTO B MO-

INTRODUCTION

Nowadays, antimicrobial drugs (AD) are
among the most popular medicines in clinical prac-
tice. At the same time, it is important to note that
drugs of this group are prescribed and used both
at the outpatient and inpatient stages of treatment,
which increases the risk of unjustified and irratio-
nal use of them [1—3]. As it is known, excessive and
uncontrolled use of AD in infectious diseases sig-
nificantly reduces the effectiveness of pharmaco-
therapy, increases both the risk of adverse reactions
and the cost of treatment and, most importantly,
contributes to the growth and spread of antibiotic
resistance [2].

Currently, according to WHO, about 50% of all
drug prescriptions are irrational, while for AD this
indicator reaches 80% [4]. According to the Minis-
try of Health of the Russian Federation, in Russia,
20-75% of cases of AD use are considered irrational
[3, 5]. These figures indicate that there are a number
of problems associated with the prescription of AD
in the world medical practice. The first results of the
large-scale European Surveillance of Antimicrobial
Consumption (ESAC) project showed that today the
rate of microorganisms’ adaptation to AD signifi-
cantly exceeds the effectiveness of controlling them,
which can once again make humanity defenseless
against infections, plunging it into a post-antibiotic
era. Confirmation of these concerns is the fact that
in recent decades, when the acquired bacterial re-
sistance increased, an extremely limited number
of novel AD have entered clinical practice, which is
largely due to a decrease in the research activity of
pharmaceutical companies in this direction [1, 4].
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CJIeTHUE JecATIIeTHs Ha GOoHe pocTa IpHoOpeTeH-
HOHM OaKTepUajbHOW PE3UCTEHTHOCTU B KJIMHUYE-
CKYIO IIPaKTHKy IOCTYIWJIO KpailHe OorpaHUYeHHOE
KosimdecTBO HOBbIX AMII, 4TO BO MHOIOM CBA3aHO CO
CHIDKEHHEM Hay4YHO-HCCJIeI0BATeIbCKON aKTHBHO-
ctu dhapMaleBTUYECKUX KOMIAHUI B 9TOM HaIlpas-
JIEHUH [1, 4].

B Pecniy6siuke Taf»KUKUCTaH K MHPOBBIM IIPO-
61emaM 706aBJISIOTCA MECTHbIE HETATHUBHBIE 0CO-
OEHHOCTH NPUMEHEHUS aHTHOAKTEPHUAJIbHBIX IIpe-
maparoB: B Hacrosiee Bpemst AMII cBo60/1HO TTpo-
JIAl0TCS B alTeKaX, HeCMOTPsl Ha 3aKOHOJATeJsb-
HO YCTAaHOBJIEHHBIH WX PEINENTyPHBIN OTIYCK;
He CyIIecTBYeT CHUCTEMBI HaJ[30pa 3a YCTOMUYHUBO-
cThi0 BO3OyauTeneir Kk AMII; Bo MHOTUX JileueOHO-
nmpoduIakTuUYecKuX yupexaenusax (JIIIY) orcyt-
cTByeT J1abopaTopHas 6a3a /115 UCCIIe0BAHU A Ty B-
CTBUTEJIBHOCTU BO30YyAUTENSI K AHTHOMOTHUKAM.
VIMeHHO IT03TOMY CyIIecTBYyeT IpaKTHUKa Ha3Haue-
HHUA Ha IlepBoM aTane jedeHus AMII ¢ mupoxum
CIIEKTPOM JEeHCTBHSA, YTO CO3/JAeT MIPEeJIOCHUIKA
Il (pOPMUPOBAHUSA PE3UCTEHTHOH MUKPOMJIIOPHI
U cHUXkaeT 3P PeKTUBHOCTh MPOBOAUMON (apma-
KOTepaIuu B MOCIIEAYIONEM [3, 5].

Vcxons U3 CI0KUBIIEHCS CUTYaI[UN BechbMa aK-
TyaJbHBIM 1 PecryGivky Ta/pKUKUCTaH SBJIAET-
cA aHaJIM3 TUHAMUKY ucnosb3oBanusa AMII u ompe-
JleJIEHUsI OCHOBHBIX 3aKOHOMEDHOCTEH WX Ha3Ha-
4JeHHuA KaK Ha yPOBHE CTPaHbl, TaK U Ha JIOKAJIbHOM
YpoBHe oTAenbHO B3AToro JIIIY. Ananus HazHade-
Huii AMII Ha ypoBHE OTZEJIEHUH CTAIlMOHApPA BbI-
ABJIsIeT MPOOJIeMBl, CBSI3aHHBIE C UX UPe3MepHBIM
WIN, HAIIPOTUB, HEJAOCTATOUHBIM HCIIOJIB30BAHUEM.
Kpowme Toro, B ycjI0BUAX IIOCTOSIHHOT'O pOCTa IIeH Ha
MeZuKO-(apMareBTHIeCKue YCIyTH, HeyCTONINBOH
COLIMAJIBHO-9KOHOMHUYECKON CUTYallU U TOTAJIbHO-
ro HeJoOUHAHCUPOBAHUA CHUCTEMBI 37[paBOOXpaHe-
HUA IPUOPUTETHOH 33jjauell ABIseTcsA obecrieueHre
KayecTBa (papMaIeBTUUEeCKOH IMOMOIIY KaK ¢ TOYKHU
3peHusi ee 3(GHEKTUBHOCTH U OE€30IIaCHOCTH, TaK U
paroHaJIbHOCTH pacxonoB. B Pecmybiuke Tamxu-
KHUCTAH TOMOOHBIE HCCIIEOBAHUS MAJIOUHCIIEHHBI,
a nadopmarnusa o norpebiaenun AMII Ha ypoBHe pe-
Cry0JIMKY, PETHOHOB U OT/IEJIbHBIX CTAI[MOHAPOB HO-
CUT OTPBIBOUHBIN U pa3pO3HEHHBIN XapaKTep.

HNmenHo nostoMy ¢apMako3nuieMuoJIoTnye-
ckad 1 papMaKOIKOHOMHUYECKas OIleHKA peaJIbHOTO
cocrossaus norpebsienuss AMII B Pecy6ouke Taz-
JKUKUCTAH SBJISETCS aKTyaJIbHOU U CBOEBPEMEHHOM.

OpnuM U3 MeToZ0B (PapMaKO3MUAEMU0JIOTAYe-
ckoro aHanuza spisercsi ATC/DDD-merososiorus,
M03BOJIAOIIAA IIOJIydaTh KOJIMYECTBEHHbIE JIaHHbIE
o norpebaerun AMII 1 cOITOCTaBIIATh UX MEX/TY pas-
JUYHBIMU OTAeneHuamu, JIIIY, peruonamu, ctpasa-

In the Republic of Tajikistan, local negative as-
pects of the use of antibacterial agents are added
to the world problems: currently, AD are freely sold
in pharmacies, despite the legally established pre-
scription release; there is no system for monitoring
the resistance of pathogens to AD; in many health
care facilities (HCF), there are no laboratory fa-
cilities for pathogen’s antibiotic susceptibility test-
ing. Therefore, there is a practice of prescribing of
broad-spectrum AD at the first stage of treatment,
which creates prerequisites for the formation of re-
sistant microflora and reduces the effectiveness of
pharmacotherapy afterwards [3, 5].

Based on the current situation, it is very rel-
evant for the Republic of Tajikistan to analyze the
dynamics of the use of AD and determine the main
patterns of their administration both at the country
level and at the local level of a HCF. Analysis of AD
prescriptions at the level of hospital departments
reveals problems associated with their excessive or,
on the contrary, insufficient use. In addition, in the
context of the constant increase in prices for medi-
cal and pharmaceutical services, the unstable so-
cio-economic situation and the total underfunding
of the health system, the priority task is to ensure
the quality of pharmaceutical care, both in terms
of its effectiveness and safety, and the expenditure
rationality. In the Republic of Tajikistan, such stud-
ies are not numerous, and information on the con-
sumption of AD at the level of the republic, regions
and individual hospitals is fragmentary and mis-
cellaneous.

Therefore, the pharmacoepidemiological and
pharmacoeconomical assessment of the real state
of AD consumption in the Republic of Tajikistan is
relevant and timely.

One of the methods of pharmacoepidemiologi-
cal analysis is the ATC/DDD methodology, which
allows us to obtain quantitative data on AD con-
sumption and compare them between different de-
partments, HCFs, regions, and countries. It is the
ATC/DDD methodology that is the international
standard for research on the use of drugs since
1996 [2, 6]. The DDD (Defined Daily Dose) is the
average defined dose of drug for an adult weighing
70 kg, calculated by the WHO Collaborating Cen-
tre for Drug Statistics Methodology [2, 7]. The DDD
analysis is a method of evaluating the rationality of
drug prescribing, which gives an overall picture of
drug consumption and allows making appropriate
management decisions [6, 8]. The DDD monitoring
of AD makes it possible to obtain real data on their
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mu. UmenHo ATC/DDD-meromosorusi ¢ 1996 T. sB-
JISIETCA MEXK/TYHAPOJHBIM CTaHAAPTOM HCCJIEI0BA-
Huii o npumenenuio JIC [2, 6]. DDD (Defined Daily
Dose) — aTo cpenHss ycraHoByeHHas no3a JIC s
B3pPOCJIOTO UeJIOBeKa MAaccOd 70 KI, PacCUHUThIBae-
maa Ilentpom BO3 mo meTomosoruu JieKapCTBEH-
HOM CTATUCTHUKH [2, 7]. DDD-aHaiIn3 sABIAETCSA METO-
JIOM BKCIIEPTHU3bI pallMOHAJIBHOCTH HazHaueHusd JIC,
KOTOPBIH /TaeT 001y KApTUHY JIEKADCTBEHHOTO 0~
TpeOJIeHUs U TTO3BOJISIET IPUHUMATh COOTBETCTBYIO-
e yIupaBJjieHuYecKue pemenus [6, 8]. IIpoBenenue
DDD-monuTtopunra AMII f1aeT BO3MOKHOCTD HOJIy-
YaTh peayibHbIE JJAHHBbIE 00 MX IPUMEHEHUH U Olle-
HUBATh TEHJIEHIIUU WCIOJIHb30BAHUA STOU TPYIIIbI
MIPENapaToB B OT/EJIFHO B3SITOM CTAI[IOHAPE WU €TO
[IO/Ipa3zieJIeHNH B KaKOU-JTNO0 BPEMEHHOU IEPHOZ,
[2,7,9]

IEJIb UCCJIEJOBAHUMNA

Onenka ucnonb3oBanust AMII B my/IbMOHOJIO-
TUYECKOM OT/IeJIEHUH MHOTONPOMUIBHOTO CTaIo-
napa (MII®C) Pecmy6auku Ta»KUKUCTAH C ITOMO-
b0 DDD-MmeTo0 10THH.

MATEPUWAJIBI 1 METO/AbI

HcenenoBanue TPOBOAMIIOCH HA 6ase IMyJIbMO-
HoJioruueckoro oraesieHus Corguiickoir o6JacT-
HOU KJIMHWUYecKou OospHUIBI (T. Xymkana, Pecmy-
6nmka Tamxukucran). [IpoBeneH aHaiu3 Bpaued-
HBIX Ha3HAUEHUH y MAI[UEeHTOB, TIOJIy4YaBIIUX Jiede-
HHE B JJAHHOM oT/esieHnn. Ho3oornueckasi CTpyk-
Typa CJIyuyaeB TOCIUTAIIU3AIIN B OT/IeJIEHUE, TPeDy-
IOIIUX IMPOBEJIEHUST aHTUOAKTEPHUATBHOW TEpaIvi,
BKJTIOYaJIa BHEOOJIPHUYHYIO ITHEBMOHHUIO B 000CTpe-
HHE XPOHHYECKHX OOCTPYKTHBHBIX 3a00JI€BaHUI
Jnerkux. VcenenoBaHuye MpOBOJIUIOCH B IMHAMUKE, B
TeueHne 2011—2018 rr. O1eHnBaJIN UCI0JIb30BaHUE
AMII B COBOKYITHOCTH, IO TPYIIIaM B COOTBETCTBUU
¢ ungekcom ATC/DDD BO3 [9]: meHUIIMJUTHHBI, 11e-
(¢asocnopuHbl, aMHUHOIJIUKO3UABL, (QTOPXUHOJIO-
HBI, TETPAMKIUHBI, IPyTHe aHTUOMOTUKH, a TAKXKe
OT/IEJIBHO TI0O MEK/IYHAPO/HBIM HEIaTeHTOBAHHBIM
nHanMmeHoBaHuAM JIC. B kauecTBe e[UHUIIBI U3MEPeE-
HHS HCIIOJIB30BAJIOCh KOJIMYECTBO T'PAMMOB aKTHB-
HOTO BEINEeCTBa, C TOCJIEAYIONINM PacyeToM IMOKa3a-
teneit «DDD/100 KOWKO-/IHEN» U «IIPOIEHT OT 00-
merd DDD». [I1a yueTta pe3ysbTaToOB UCCIeI0BAHMS,
PacUeToB OIUCATETLHOU CTAaTHUCTUKH, ITOCTPOEHUS
JIMarpaMM HCIIOJIb30BIH IPOTPAMMHbBIE PECYPCHI
naxera Microsoft Office Excel, 2007.

PE3YJIBTATBI 1 OBCYXKJIEHUE

IIpoBenennsiii DDD-aHamus mokasas, 4To B Iie-
som nnpuMeHeHne AMII B ;JaHHOM ITyJIbMOHOJIOTHYE-

use and evaluate trends in the use of this group of
drugs in a particular hospital or its unit in any time
period [2, 7, 9].

AIM OF THE RESEARCH

Assessment of the use of AD in the pulmonary
department of a multifield hospital (MH) of the Re-
public of Tajikistan using the DDD methodology.

MATERIALS AND METHODS

The study was conducted on the basis of the
pulmonary department of the Sughd Regional Clin-
ical Hospital (city of Khojend, the Republic of Ta-
jikistan). The analysis of medical prescriptions in
patients treated in this department was carried out.
The nosologic structure of cases of hospitalization
in the department requiring antibacterial therapy
included community-acquired pneumonia and ex-
acerbation of chronic obstructive pulmonary dis-
eases. The study was conducted in dynamics, dur-
ing 2011—2018. The use of AD was evaluated in the
aggregate, by group, in accordance with the WHO
ATC/DDD index [9]: penicillins, cephalosporins,
aminoglycosides, fluoroquinolones, tetracyclines,
and other antibiotics, as well as separately by inter-
national nonproprietary names of drugs. The mea-
surable unit was the number of grams of the active
substance, followed by the calculation of the indi-
cators DDD/100 bed-days and percentage of total
DDD. To account the results of the study, calculate
descriptive statistics, and plot diagrams, the soft-
ware resources of the Microsoft Office Excel, 2007
package were used.

RESULTS AND DISCUSSION

The DDD analysis showed that in general, the
use of AD in this pulmonary department increased
significantly from 2011 to 2018, and in the peri-
od of 2016—2018 was in the range of 19.75—-21.56
DDD/100 bed-days, while in the previous five years
this indicator was only 0.67-1.9 DDD/100 bed-
days. In addition, the structure of the use of AD in
the pulmonary department of the MH has changed
significantly (see Table 1).

Thus, if in 2011 cephalosporins and fluoroqui-
nolones and, to a much lesser extent, penicillins
were the basis of antimicrobial therapy for respira-
tory tract infections (RTI), then in 2015—2018 the
vast majority of prescriptions were for AD from the
cephalosporin group. It should also be noted that in
recent years, the range of AD used for the treatment
of RTT has expanded significantly, primarily due to
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CKOM OTJIeJIEHUH € 2011 10 2018 T. CyIlleCTBEHHO yBe-
JIMYUJIOCHh U B NIEpHOJ, 2016—2018 IT. HAXOJWUJIOCH B
npezenax 19.75—21.56 DDD/100 KoHKo-7HEH, B TO
BpeM: KakK B IIpeJbIAyIIye [IATh JIeT 3TOT [TI0Ka3aTesb
COCTaBJISTT JIUIIL 0.67—1.9 DDD/100 KOWKO-IHEH.
Kpome TOro, cymecTBeHHO M3MEHWJIach CTPYKTYpa
npuMeHeHuss AMII B MyJIbMOHOJIOTHYECKOM OTZEIe-
"y MIT®C (tabi. 1).

Tax, ecyii B 2011 T. OCHOBY aHTUMUKPOOHOU Te-
panuu uHGEKNuH npixateabHbix myted (MJII1) co-
CTaBJIAIN 11e(asloCIOPUHBI U (PTOPXUHOJIOHBI U B
3HAUUTEIbHO MEHBIIEN CTeleH! NMeHUIIUINHBI, TO
B 2015—2018 IT. mojasssgmwoiee OGOJIBIIMHCTBO Ha-
3HaueHNU oTHOCUTCA K AMII 13 rpymms! redanocno-
puHOB. CienyeT TakKe OTMETUTD, UTO B IOCJIEHUE
oAbl CyIeCTBeHHO paciupuics crekrp AMII, npu-
MeHsAeMbIX 11 iedeHusa W/II1, B mepByio ouepensp 3a
cUeT BKJIIOUEHUS B CXeMbI (hapMakoTepanuu 3aboJie-
BaHUH HIDKHUX JBIXATEJIbHBIX IIyTEH MaKPOJIUIOB U
AMUHOIJIMKO3U/IOB.

Kax BuziHO U3 puc. 1, 32 BeCh aHAIU3UPYEMBbIH
mmeprosi Hanboyiee HA3HAYAEMBIMH IIperapaTaMu
66111 AMII 13 rpymisl 11edayoCIoOpUHOB, IPOIEHT
ot 06mieii DDD KOTOPBIX HAXOAWJICSI B Tpefesax
57.7—93.8. JlocTaTOuHO BOCTPEOOBAHHBIMU IIPU JIe-
venuu U/II1 66111 AMIT 13 rpyminbl GTOPXUHOJIOHOB,
KOTOpBbIe 3aHUMAIOT BTOPOE MeCTO I10 IPUMeHEHHUIO B
MII®C (6.9—-38.6 % ot o6mieit DDD). IIpu s3TOM OT-
MeuaeTcs cTabWIBHO BBICOKUM MHTepeC K Iperapa-
TaM JJAHHOTO KJIacca B 2015—2018 IT.: B 3TOT MepU-
0/l UX IPUMEeHeHue BBIPOCJIo B 5.6 pasa. Jlocratou-
HO cTabwibHO HazHavanuch AMII u3 rpymmnsl amMmu-
HOIJIMKO3U/IOB, Y/IEJIbHBIN BeC KOTOPBIX B CTPYKTYpe
AMII, ucnoswssyemsix npu jgedenuu /11, B pasiany-
HbIE TOABI cocTaBisieT 3.15—26.4 % or obmeir DDD.
CrenmyeTr OTMETUTh HeEperyJaspHOe, CIOpafudHOe
npumerHeHue AMII w3 rpynnsl NeHUOWUINHOB U
MakposuioB. JlaHHBIHA (akT Tpebyer yryryOsieHHO-
ro aHaIN3a C TOUKU 3PEHUs PallMOHAIBHOCTU (ap-

the inclusion of the macrolides and the aminogly-
cosides in the pharmacotherapy regimens for lower
respiratory tract diseases.

As can be seen from Fig. 1, for the entire ana-
lyzed period, the most prescribed drugs were the
AD from the cephalosporin family, the percent-
age of total DDD was in the range of 57.7—93.8.
AD from the fluoroquinolones family were quite
popular in the treatment of RTI, and occupy the
second place in the use of MH (6.9—38.6% of the
total DDD). At the same time, there was a consis-
tently high interest in drugs of this class in 2015—
2018: during this period, their use increased by 5.6
times. AD from the aminoglycosides family were
quite steadily prescribed, the proportion of which
in the structure of AD used in the treatment of RTI
in various years was 3.15—26.4% of the total DDD.
It should be noted the irregular, sporadic use of AD
from the penicillin and macrolide families. This
fact requires an in-depth analysis from the point
of view of the pharmacotherapy rationality, taking
into account the fact that the drugs of these groups
are considered in international guidelines as first-
line AD for the treatment of infectious diseases of
the lower respiratory tract. According to these rec-
ommendations, the initial antibacterial therapy of
pneumonia should be carried out using AD from
the penicillin or macrolide families (if atypical flora
is suspected) or protected penicillins or cephalo-
sporins of the 3™ generation, as the frontline drugs
for severe RTI [10].

It is necessary to note a fairly high interest in
the pulmonary department of the MH to AD from
the aminoglycoside family (6.17—-26.4% of the total
DDD) (see Fig. 1). Given that AD of this family are
not the frontline drugs for RTI, this choice can-
not be considered rational. It should be considered

Ta6auna 1. [[uHaMuKa TPUMeHEeHH I aHTUMHUKPOOHBIX mpenaparoB (DDD/100 KOHKO-/THEl) B TyIbMOHOJIOTHYECKOM

OT/IeJIEeHMH MHOTOITPOMUIBHOTO CTaIlMOHApa

Table 1. Dynamics of the use of AD (DDD/100 bed-days) in the pulmonology department of the multifield hospital

I'pynma npemapatos / Drug group 2011 2012 2013 2014 2015 2016 2017 2018
Menununnuns / Penicillins 0.07 0.16 — — — — — 0.26
Ledanocmopunst / Cephalosporins 1.09 0.50 0.55 0.76 2.39 16.54 12.61 4.13
Amunormuko3uasl / Aminoglycosides — 0.28 — 0.05 0.90 0.68 1.42 0.50
®ropxunosionbl / Fluoroquinolones 0.73 0.073 0.13 — 0.52 3.03 4.81 3.20
Jluakocamuet / Lincosamides — 0.034 — — — — — —
Maxkposausbl / Macrolides — 0.011 — — 0.053 1.31 0.91 0.31
B yesaom no epynne AMII 1.9 1.06 0.68 0.81 3.86 21.56 19.75 8.4
In general in AD groups
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Puc. 1. DDD-aHau3 rpymn aHTUMUKPOOHBIX [IPEIapPaTOB, IPUMEHSEMBIX B Iy IbMOHOJIOTUYECKOM OT/IEJIEHIH
MII®C B 2011—-2018 IT.
Fig. 1. DDD analysis of AD families used in the pulmonary department of the multifield hospital in 2011-2018

MaKOTepaIuy, YUUTHIBas TOT (HAKT, YTO IpernapaThl
VKa3aHHBIX TPYHII B MEXAYHAPOIHBIX PEeKOMeEH/a-
[IUAX PACCMaTPUBAIOTCA B Ka4ecTBe cTapTOBhIX AMII
I1 JledeHus 3a00s1eBaHUN HIDKHUX JIbIXaTeJIbHBIX
myTeil MHGEKINOHHOro TreHe3a. CoryiacHO ykasaH-
HBIM PEeKOMEH/IallMAM, CTapTOBasi aHTUOAKTEPUATIb-
Has Tepanus ITHEBMOHUU JOJDKHA IPOBOJUTHECA C
ucrnosib3oBanueM AMII 13 rpynmbl MeHUITULUTHHOB
WIN MaKpoOJIuAOB (IIpU MOIO3PEHUN HA ATHITMIHYIO
(sopy) win 3amUIeHHBIMY TeHUIWIHHAMY WJIH
nedasocopruHaMu 3-TO MOKOJIEHHs, KaK Ipernapa-
TaMmu BeIOopa rpu Tsikensrx UATI [10].

Heobx0muMO OTMETHTH JOCTATOYHO BBICOKUU
UHTEepec B MyJIbMOHOJIOTHYecKoM oTzeseHur MIIOC
K AMII 13 rpymmpl aMUHOTJTUKO3UIO0B (6.17—26.4 %
ot o6mieit DDD) (em. puc. 1). YuutsiBas, uro AMII
JTAHHOU TPYTIbl HE SBJIAIOTCA MperapaTaMu BbIOO-
pa mpu U/ITI, naHHbIi BEIOOD HEIB3S CIUTATH PAIlU-
OHAJIBHBIM. [TO3UTUBHBIM CJIe[lyeT CUUTATh TO, YTO
VZIeJIbHBIN Bec IperapaToB JaHHOrO Kjacca (Ipo-
neHT oT obmeir DDD) B cTpyKType mpUMeHEHHBIX
AMII 32 aHAIM3UPYEMBIH IT€PUOJ] CHU3WJIICSA IIOUTH B
5 pas, ogHaKo 1o konudectsy DDD nHTEpec k mpemna-
paraM JIaHHOTO KJIacca OCTAETCsS IPUMEPHO Ha OJIH-
HaKOBOM ypoBHe (cM. TabJI. 1).

positive that the proportion of drugs of this class
(a percentage of the total DDD) in the structure of
AD used for the analyzed period decreased by al-
most 5 times, but in terms of the amount of DDD,
the interest in drugs of this class remains approxi-
mately at the same level (see Table 1).

In the course of further analysis of the AD pre-
scription, it was found (Fig. 2) that an increase in
the use of cephalosporin antibiotics over the speci-
fied period of time was primarily due to cephalo-
sporins of the 3 generation, namely ceftriaxone.
Thus, in 2011, the proportion of ceftriaxone was
16.44% of the total DDD, and by 2016 this indicator
had increased almost 4.3 times (Fig. 2).

In the future, the analyzed indicator tends to
a decrease, but remains at a fairly high level. In
other words, an increase in the use of the cephalo-
sporins during the study period was solely due to
the 3™ generation cephalosporin — ceftriaxone, the
proportion of which in the overall structure of AD
use in 2016 was 70.25% of the total DDD. Interest
in the first-generation cephalosporin, cefazolin, by
2016 was almost lost (1.75% of the total DDD), with
a slight trend towards an increase in this indicator
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B xozme nmaspHelmiero aHaysnsa NpPUMEHEHUSA
AMII 66110 ycTaHOBJIEHO (PHUC. 2), UTO yBEJIMUEHHE
HCITIOJIH30BAHUA 11e(pasIoCIOPUHOBBIX AHTHOMOTHKOB
3a YKa3aHHBIN I1epUo/i BpEMEHHU IIPOU3O0IILIO B IIep-
BYIO OUepeJIb 3a cueT I1eayOCIIOPHHOB 3-TO IIOKOJIe-
HUs, 2 UMeHHO IedTpuakcoHa. Tak, B 2011 T. o
nedTpHUAKCOHA cocTaBJsiia 16.44 % ot obmert DDD,
a y>Ke K 2016 T. 3TOT II0Ka3aTeJb yBeJIMUUIICA IPaK-
TUYECKH B 4.3 pasa (cM. puc. 2).

B naspHeleM aHAJIU3UPYEMBIH ITOKa3aTeslh
UMeeT TEH/IEHIMIO K CHIDKEHMIO, OJTHAKO OCTaeTCs
Ha JIOCTaTOYHO BBICOKOM YpOBHe. IIHBIMU cJI0BaMu,
POCT HCIIOIB30BaHUS 11e(aIOCIOPUHOB 32 HCCIIENY-
eMBIl TIEPHOJ], IPOU30IIIesT UCKIIOUUTENIFHO 32 CUeT
nedasocnopuHa 3-To OKoJIeHus — 1nedTPUaKCoHa,
V/IeJIbHBIN BeC KOTOPOTO B ODIIEN CTPYKTYPE IIpUMe-
Henre AMII B 2016 r. cocTaBuiI 70.25 % oT o01Iei
DDD. NnTepec k 11e¢ayocIopuHy IEPBOTO MTOKOJIe-
Hus nedas3oynHy A0 2016 T. ObUI IPAKTUIECKHU yTPa-

in 2018. At the same time, there was an uneven use
of cefepime in different years, more often sporadic.
Only in 2014—2015, its proportion in the structure
of drugs for the treatment of RTI was quite high,
which may be due to the peculiarities of the drug
procurement in the MH and the distribution of AD
by departments.

The frequency analysis of the prescription of
fluoroquinolone family antibacterial agents, which
are quite often used for the treatment of RTI, showed
that in all follow-up periods, drugs from this family
occupied the second place among all AD used for the
treatment of RTI. There is a clear decrease in inter-
est in the representative of this family ofloxacin over
the analyzed period. So, if in 2011, 2013 the percent-
age of the total DDD of ofloxacin was 38.36-18.56,
then in 2016—2018 this indicator was in the range
of 2.42—4.34% of the total DDD. At the same time,
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Fig. 2. DDD analysis of the use of AD in the pulmonary department of the multifield hospital in 2011—-2018
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ueH (1.75 % ot obmieit DDD) ¢ He3HAYNTEILHOU TH-
HAMHUKOH K YBeJWYEHHUIO /JAHHOTO IIoKas3aTess B
2018 1. B TO xe BpeMs Hab/I0Aa7I0Ch HEPABHOMED-
HOe UCIIOJIb30BaHue ledenuMa B pa3jIudHble IOJibl,
yaie cropajiuueckoe. JIMmp B 2014—2015 IT. IO
JlaHHOTO Tpenapara B cTpykType JIC nia jedyenus
W/III O6bpLta JOCTAaTOYHO BBICOKOHM, YTO MOKET OBITh
o0ycioBiieHo ocobenHocTsasmu 3akynku JIC 8 MITOC
U pacupe/ieJieHUeM UX I10 OT/IeJIEHUAM.

YacTOTHBIM aHAMIN3 NPUMEHEHUs aHTHOaKTe-
PUaJIBHBIX [IPEnapaToB U3 IPYIIIbI GTOPXUHOIOHOB,
KOTOPBIE JIOCTATOYHO YaCTO UCIIOJIB3YIOTCA JUIA Jie-
venus /1T, mokazaj, 94To BO BCE MEPUOBI HAOJIO-
JleH!s IpernapaTsl JaHHOUN IPYyIIbl 3aHUMAaJIH BTO-
poe mecto cpenu Becex AMII, mcnoib3yemMbIx AJ14 Jie-
yenua W/III. YeTko IpocieKuBaeTcsa CHUKEHNE HH-
Tepeca K IpeICTAaBUTENTI0 JAHHOTO Kjacca odJiokca-
[IUHY 32 aHUIN3UPYyeMbIi nepuoj. Tax, ecyin B 2011,
2013 IT. IporeHT oT obuieit DDD odiokcanuaa co-
craBisi 38.36—18.56, To B 2016—2018 IT. 3TOT IOKa-
3aTesIb HAXOAWICS B TIpeniesiax 2.42—4.34 % oT 00-
meit DDD. IIpu sToM nunpodIIoKcand MIpUMeHsI-
¢ JIAIIb B 2016—2018 1T. (11.65—33.81 % oT 006111€ei
DDD). [Ipyrue AMII u3 gaHHOH Ipynimbl B IIyJIbMO-
HOJIOTUYECKOM OT/IeJIeHUU He NpuMeHAnnch. [1oxo-
’)Kas KapTHHA OTMedasach W IIPH aHajJu3e YPOBHSA
npuMmeHeHusa AMII 1aHHOM T'PYNIIBI 110 KOJTUYECTBY
DDD/100 xotiko-guel (puc. 3, 4). BolsgBiaena Boipa-
JKeHHas TeHJIEHIIUA K CYIeCTBEHHOMY CHIKEHUIO
WCIOJIb30BaHUs O(pIIOKCaIIHA U IEPEXOY K (hapMa-

ciprofloxacin was used only in 2016—2018 (11.65—
33.81% of the total DDD). Other AD from this family
were not used in the pulmonary department. A simi-
lar pattern was observed when analyzing the level
of AD administration in this family by the DDD/100
bed-days parameter (Fig. 3, 4). There is a pronounced
tendency to significantly reduce the use of ofloxacin
and switch to pharmacotherapy with ciprofloxacin.
The data obtained require careful analysis, taking
into account the fact that the causative agents of re-
spiratory infections are not very sensitive to drugs of
this family, with the exception of the so-called respi-
ratory fluoroquinolones.

The study showed that since 2015, there has
been a tendency to a decrease in interest in anti-
biotics from the aminoglycosides family. During
2011—-2014, of the drugs of this family, just genta-
micin was used. And only since 2015, in the clinical
practice of the pulmonary department, the use of a
new generation aminoglycoside — amikacin (4.40—
11.98% of the total DDD) was noted. At the same
time, the value of the DDD/100 bed-days indicator
of amikacin in the specified period was 0.52—0.37
(see Fig. 3, 4). The stable and rather high interest in
the AD of this family, amikacin in particular, can be
explained only in terms of the results of the antibi-
otic susceptibility tests since this family of drugs is
not included in any of the lists of guidelines on the
empirical antimicrobial therapy of RTI.
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Fig. 3. Dynamics of the use of AD in the pulmonary department of the multifield hospital in 2011—2015
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Fig. 4. Dynamics of the use of AD in the pulmonary department of the multifield hospital in 2016—2018

KoTepamuy unpodiokcaruaoM. [TosyyeHHble 1aH-
HbIe TPeOYIOT TIATEIbHOTO aHAJIN3Aa, YUUTHIBAsI TOT
daxkt, yTO BO3OYAUTENN PECTUPATOPHBIX WHQEKIIHI
MaJIOUyBCTBUTEbHBI K IIperaparaM JaHHOH TpyI-
IIbI, 32 UCKJIIOUEHEM TaK Ha3bIBAEMbBIX PECITHPATOP-
HBIX (PTOPXUHOJIOHOB.

HcenenoBaHue MOKas3asio, u4To ¢ 2015 I'. OTMeua-
€eTCsI TEHIEHITUS K CHIYKEHUIO MHTepeca K aHTUONOTH-
KaM U3 TPYIIIBI aMUHOTJINKO3UAOB. B Teuenne 2011—
2014 IT. U3 MPENAapaToB JAHHOU TPYIIIBI UCIIOJIb30-
BQJICS JIUIITH TeHTAMUIUH. 1 TOJIBKO ¢ 2015 T. B KJTU-
HUYECKOU NpaKTHUKe Bpauel ITyJIbMOHOJOTHYECKOTO
OTJIeJIEHUSI OTMEUYEHO MTPUMEHEHNEe aMUHOTJIMKO3H-
Jla HOBOTO TIOKOJIEHUsA — aMuKaruHa (4.40-11.98 %
ot obmeir DDD). ITpu sTOM 3HaUeHHE TOKA3aTesIs
«DDD/100 KOWKO-ZTHEel» aMHUKallFHA B YKa3aHHbBIN
MepUOJ, COCTABISLIIO 0.52—0.37 (cM. puc. 3, 4). Cra-
OWIBHBIA U JIOCTATOYHO BBICOKMU MHTepec K AMII
JIAHHOU TPYIIIbI, B YACTHOCTH K aMHUKAIIMHY, MOXKET
OBITH OO'BSICHEH TOJIBKO C TOUKU 3PEHUS PE3YJIbTaTOB
TecTa Ha YyBCTBUTEJIBHOCTb MUKpOGIIopsl Kk AMII,
TaK Kak JaHHas rpymma JIC He BXOJUT HU B OJIMH U3
repevyHell peKOMeHJAUN 110 SMIIUPUYECKON aHTH-
MUKpOoOHOU Teparuu UJIIT.

AMUHOIJTMIKO3U/IBl UMEIOT CPABHUTEIHHO Y3KUU
CIEKTp JeHCTBUs, HANPaBJIE€HHbII B OCHOBHOM Ha
rpaMOTpPUIATENIbHYIO (BJI0py, aHAa3poOOB, cTaduIo-
KOKKOB U T.7I. Kak ImpaBmjio, OHE MaJIO aKTUBHBI B OT-
HOIIIEHUU ITHEBMOKOKKOB, TeMO(MWIbHON HaJIOYKH
U BHYTPUKJIETOUHBIX BO3OYAUTENIEH, T.€. B OTHOIIIE-
HUY HanboJsiee yacthix Bo3Oyureen /I, Ileneco-
00pa3HOCTh MCIOJIb30BAHUs OTHX IIPErapaToB BO3-
HUKAET TOJIBKO IIPU TKEJIOM TeueHUH 3a001eBaHus

The aminoglycosides have a relatively narrow
spectrum of action, aimed mainly at gram-negative
flora, anaerobes, staphylococci, etc. As a rule, they
are not very active against pneumococci, Hemophi-
lus bacillus and intracellular pathogens, i.e., in re-
lation to the most common pathogens of RTI. The
expediency of using these drugs arises only in the
severe course of the disease or in the presence of
concomitant diseases and risk factors that worsen
the prognosis of the disease or are associated with
gram-negative microflora and anaerobes [10].

Noteworthy is the low interest in AD from the
penicillin family, the proportion of which in the
structure of AD consumption in the pulmonary de-
partmentwas 1.37-9.9% of the total DDD (see Fig. 1).
We would like to note the unreasonably rare use of
drugs of this group as an initial therapy for RTIL.
Taking into account the available data and inter-
national guidelines for the treatment of RTI, today
it is penicillins, in particular amoxicillin, that are
recognized as the most effective drugs for the ini-
tial empirical antibacterial therapy of the broncho-
pulmonary system diseases in which S. pneumoni-
ae is the most frequent and significant pathogen
with high susceptibility to AD from the penicillin
family [11]. This trend is typical for most European
countries, where the proportion of the inhibitor-
protected penicillins in the total structure of peni-
cillins consumption exceeded 50% [5]. The data
obtained require an analysis of the situation in the
Republic of Tajikistan, taking into account the re-
gional features of the susceptibility of microflora
to AD.
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WY TIPU HAJIUYIUU COIYTCTBYIOIIUX 3200JIEBAaHUN U
(haxTOpPOB pricKa, KOTOPBIE YXY/IIAIOT IIPOrHO3 32060~
JIeBaHUs WJIH aCCOITUUPYIOTCS C TPAMOTPHUIATETbHON
MUKpodI0po# u aHaspobamu [10].

O6pamaer Ha ce6si BHUMaHUE HU3KUM UHTEpeEC
K AMII u3 rpynmns! MEHUNIJUIMHOB, T0J1 KOTOPBIX B
cTpykType notpebsnenns AMII B mysibMOHOJIOTHYE-
CKOM OT/IEJIEHHH COCTaBJIsIa 1.37—9.9 % OT o01ei
DDD (cMm. puc. 1). XoTesoch 6bI OTMETUTHh HEOOOCHO-
BAHHO PEZIKOE HCIIOJIb30BaHUE IIPENApaToOB JAaHHOH
TPYIIIBI B KauecTBe cTapToBoi Tepamuu WU/II1. Yuu-
THIBasi UMEIOIIHECs JaHHbIE U MEXIyHAPOJHbIE pe-
KoMeHpanuu 1o JieueHuto MJII, cerogHs MMeHHO
[IeHUIWJUINHBI, B YaCTHOCTH aMOKCHUIWJLINH, IIPU-
3HaHbI HanboJsiee 3(PHEKTUBHBIMU MPerapaTaMu JIJist
CTapTOBOU SMIMPUIECKON AaHTHOAKTEPUAIBHOU Te-
panuu 3a00JieBaHUE OPOHXOJIETOYHON CHCTEMBI,
IIPU KOTOPHIX S. pneumoniae siBjsieTcsi HanboJtee ya-
CTBIM ¥ 3HAYHUMBIM 3THONATOTEHOM C BBICOKOH UyB-
CTBUTENBHOCTHIO K AMII 13 rpynnsl MeHUIUINHA
[11]. Takasa TeHAeHIMA XapaKTepHA s OOJIBIITHUH-
CTBa €BPOIIEUCKUX CTPaH, I7Ie YAEIbHBIA BEC HHTUOU-
TOPO3ANIHUINEHHBIX TEHUIIWIJINHOB B O0OIIEN CTPYK-
Type motpebisienusi nanHou rpynnsl AMIT mpeBsbI-
man 50 % [5]. Ilonyduennsbie jaHHbIE TPEOYIOT AaHATN-
3a CUTYyaluH, cyIoxkuBIericsa B Pecnybiuke Tamku-
KHUCTaH C YUeTOM PErHOHAIBHBIX 0COOEHHOCTEN UyB-
CTBUTEJIBHOCTU MUKpPOdJIopel K AMIT.

Takum 06pa3oM, MOJIyUeHHBIE JIAHHBIE €Ile pa3
IIOJITBEPXK/IAIOT CYIIECTBEHHOE M3MEHEHUE TIOAX0/I0B
K CTapToBOU aHTHOakTepuasbHOU Tepammu WJIII B
dapmakoreparuu N/II1 B Pecrrybmke Tapxukucras,
C MIPEUMYIIIECTBEHHBIM HUCIOIF30BaHIEM I1eatoco-
PHHOB 3-TO IIOKOJIEHNsI, 3 IMEHHO I1e(TPUAKCOHA.

SAK/IIOYEHMWE

DDD-aHanu3  NOpuUMeHEHUs  aHTHMHKPOO-
HBIX IIpenapaToB B IIyJbMOHOJIOTHYECKOM OTAesIe-
HUH MHOTOIPOQUIBHOTO cranuoHapa Pecmy6iau-
ku Ta/PKUKHCTaH MOKas3asl CyIlecTBEHHbIE U3MeHe-
HUS CTPYKTYPHI TOTPeOIIeHNsT aHTUMUKPOOHBIX IIpe-
[1apaToB, HCIOJIB3YEMBIX JJIsI CTAaPTOBOW aHTHUOAK-
TepuanabHOH Tepanuu WHGEKIUH bIXaTeJbHBIX ITy-
Tell B mepuoy; 2011—2018 IT. BrisiBjieHa BpIpa:KeHHAA
TEHZIEHITNS K CHIDKEHHIO IPUMEHEHN S aHTUMHUKPOO-
HBIX IIperapaToB MeHUITUIJINHOBOTO Psiia U MaKpo-
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Thus, the data obtained once again confirm a
significant change in the approaches to the initial
antibacterial therapy of RTI in the Republic of Ta-
jikistan, with the predominant use of cephalospo-
rins of the 3 generation, namely ceftriaxone.

CONCLUSION

The DDD analysis of the use of AD in the pul-
monary department of the multifield hospital in the
Republic of Tajikistan showed significant changes
in the structure of the AD consumption used for the
initial antibacterial therapy of respiratory tract in-
fections in the period 2011—2018. There is a clear
trend towards a decrease in the use of antimicro-
bial agents of the penicillin and macrolide families,
with the transition to monotherapy with cephalo-
sporins of 3" generation (ceftriaxone) and partially
with fluoroquinolones.

Monitoring the use of AD in the departments
of the MH using the ATC/DDD methodology allows
to make strategic decisions regarding the tactics of
antibacterial therapy, determine the direction of
administrative measures and further improve the
range of antibacterial agents with the introduction
of modern effective drugs into practice.
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aHTUOAKTEPUAIBHON Tepaluu, OIMpe/esATh HalpaB-
JleHWe aJIMUHUCTPATUBHBIX MEP U B JaJIbHeUIIeM
VJIYYIIUTh ACCOPTUMEHT AHTUOAKTEPUATBHBIX IIpe-
[1apaToB C BBEJIEHUEM B IIPAKTHUKY COBPEMEHHBIX 3~
¢exTuBHBIX JIC.
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New aspects of the etiology and pathogenesis of HIV infection

(literature review)
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AHHOTAIIVA

B 0630pe 1aHBI COBPEMEHHBIE IIPE/CTABIEHN 00 STHOIOTHH U naToreHe3e BUIYU-nHdeKInY, 0CBEmal0TCA BOIPO-
CBI IMMYHHOT'O OTBeTa IIPH JJAHHOM 3a00JIeBaHUH, a TaKKe MPobJIeMbl pe3ucTeHTHOCTH BIY K cOBpeMEHHBIM JIeKap-

CTBEHHBIM IIperapaTam.

Kmouesnte crosa: BUU-undeknus, CITN/I, nHbeKInoHHBIE 060I€3HH, pe3ucTeHTHOCT, BUY, mMMyHomaTorene3 BITY.

ABSTRACT

The paper presents the review on current ideas about the etiology and pathogenesis of HIV infection. It highlights the
issues of the immune response in this disease, as well as the problems of HIV resistance to modern drugs.

Keywords: HIV infection, AIDS, infectious diseases, HIV resistance, HIV immunopathogenesis.

BUY-undekIus ABISETCI aKTyaaIbHOI MpobJie-
MO 3IpaBOOXpPaHEHMS BO MHOTHX CTpaHaX MUpa.
CoryiacHO JJaHHBIM BceMUpHOU opraHM3auy 37pa-
BooxpaHenusi (BO3) Ha Hauasio 2019 T. B MUpe Ha-
CUUTHIBAJIOCH NPUMEPHO 37.9 MJH desna. ¢ BUY-
nHbpeknued. K olHIM M3 caMbIX IMOPa’KEHHBIX pe-
THOHOB OTHOCATCSA CTpaHbl AMPUKAHCKOTO KOHTH-
HeHTa (25.7 MuH uen.) [1]. Ha Havaso 2019 T. oT
BUY-uH(peKINN U ee OCTOKHEHUHA 10 BCEMY MHPY
CKOHYaJI0Ch Oojiee 32 MuH uesl. [2]. B Poccutickoi
deseparyy, 1Mo COCTOSTHUIO Ha 31 JeKabps 2019 T.,
Mpo’kuBaeT 1 068 839 des. c y1abopaTopHO HOA-
TBEPsK/IEHHBIM JuarHo30M «BUY-undekiusa» [3].
3a 2019 1. B P® BbIsIBIEHO 94 668 HOBBIX CIIydaeB
BUY-unpeknmu. IlokazaTess 3a001€BaEMOCTH CO-

HIV infection is an urgent health care problem
in many countries around the world. According to
the World Health Organization (WHO), about 37.9
million people were suffering from HIV infection
around the world at the beginning of 2019. Among
the most affected regions are the countries of the
African continent (25.7 million people) [1]. By the
beginning of 2019, more than 32 million people
have died from HIV infection and its complications
around the worldwide [2]. As of December 31, 2019,
1 068 839 people in the Russian Federation were
living with a laboratory-confirmed HIV infection
[3]. In 2019, 94 668 new HIV cases were reported
in the Russian Federation. The incidence rate was
64.5 per 100 000 people. The highest level of prev-
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CTaBWI 64.5 Ha 100 ThIC. HaceseHus. Haubosee BbI-
COKHH YPOBEHBb IOPAKEHHOCTH HAOJIIOAETCS Cpemu
COIMAJIPHO-aKTUBHBIX TPAKJAH B BO3PACTHOU IPYII-
11e oT 30 JI0 44 JieT. B 2019 T. Ha J10JI10 TI0JIOBOTO Te-
TePOCEKCYIbHOTO KOHTAKTa MPHUILIOCh 62.7 % city-
vaeB uHupoBanus BIY, 4to cBUETETBCTBYET O
BBIXO/Ie MH/IeMUU 32 IIpe/iesibl yA3BUMBIX IPYIII Ha-
CeJIeHUsL.

Ha ceroHAIIIHIH I€Hb C TIOMOIIBI0 AHTUPETPO-
BUPYCHBIX IIpeIlapaToB, HAIIPaBJIeHHBIX HA UHTUOU-
poBaHue pasjUYHbIX (HEPMEHTOB, YUACTBYIOIIUX B
maroreHeze BUY, ynmaercsa obecnieuuts 3pdexTun-
HOe IojiaByeHue perumkanuu BUY u yiaydiieHue
COCTOSIHUSI OOJIBHBIX, HO BUPYCY yZaeTcs OBICTPO
aZanTUPOBAThCA K JEHCTBUIO JIEKAPCTBEHHBIX IIpe-
naparoB. 'eHeTndeckas M3MEHYHBOCTh BHpyCa Cy-
I[eCTBEHHO CHIKAeT 3 (PEeKTUBHOCTh AHTUPETPOBHU-
PYCHBIX IIPerapaToB U 3aTPyAHSAET pa3paboTKy IIpo-
dunaxktuueckux cpenactB (BakiuH) [4]. Haubosee
pacupoCcTpaHeHHBIMHU TPUYHHAMHU BaprabeTbHOCTH
BUpYyca UMMyHOJlepuLIUTa YesoBeKa ABJIAIOTCA: U3-
MeHeHUe pepMeHTa 00PaTHOH TPaHCKPUIITA3bI, IIPO-
Teasbl U uHTErpassl BUY [5]; ObicTpast BUpycHast pe-
IUIMKAIYs, B pe3y/IbTaTe KOTOPOH 00pasyercs 601b-
1I10€e KOJINYEeCTBO BUPUOHOB B IeHb Y NTHPUIIUPOBaH-
HOTO YeJioBeKa [6]; BOBHUKHOBEHHE ITPOIIECCOB pe-
KOMOWMHAIIMY MEXKIY ABYMS HJIU O0Jiee pa3TMYHBIMU
mraMMaMu Bupyca BUY BHyTpU OJTHOTO U TOTO XKe
UHOUITUPOBAHHOTO UHAUBUJIyyMa.

ITocTosTHHOE COBEpIIIEHCTBOBAHME 3HAHUU O
CTPYKType, U3MEHUYMBOCTH U peruinkanuu BUY nme-
eT Ba)KHOE 3HaUYeHUe /I yTOUYHEeHUS BUPyCcoJIoruye-
CKHX 1 UMMYHOJIOTHYECKUX MEXaHU3MOB IIaTOreHe-
3a BUY-undexnuu. [losyueHHble cBe/leHUS MOTYT
OBITh WCIOJIB30BAHBI JJISI YCOBEPIIEHCTBOBAHUS U
pa3paboTKu HOBBIX METOZOB Tepaluy U IPODIIaK-
tuku BUY-undekiuun.

Imuoaozusn BUY-ungexyuu. B 1983 r. B
naboparopusix JI. Montanbe (®pannus) u P. Tamwio
(CIITA) ot 60mbHBIX CITH]T 6BLT BBIZIEJIEH HOBBIH pe-
TPOBUPYC, Ha3BaHHBIN cooTBeTcTBeHHO HTLV-III 1
LAV. C utons 1986 r. oH HocuT HazBanue HIV/BUY
(Human Immunodeficiency Virus/Bupyc uMMmyHO7I€e-
¢unura gyemoseka) [7].

B nacros1ee BpeMs pa3nyaloT iBa THIIa BUpyca
umMMmyHozeduiura yenopeka: BUU-1 u BUY-2, koro-
Ppble OTJINYA0TCSA [T0 CBOUM aHTUT€HHBIM CBOMCTBAM U
CTPYKTYPHOU opranusanuu. BI1Y-1 siBjisieTcsi OCHOB-
HBIM B030y/iuTesieM 3a001eBaHHs BO BCEM MUPE, B TO
BpeMs Kak pacnpocTrpaHeHHOCTb BIU-2 orpaHuue-
Ha HEKOTOPBIMH PerroHaMu 3amnafHou u llenTpais-
Holt Adpuku. BUY oTHOCHTCA K IOJICEMENCTBY JIEH-
THUBUPYCOB CEMENCTBA PETPOBUPYCOB. OCOOEHHOCTHIO
PEeTPOBUPYCOB SBJISIETCS CIIOCOOHOCTD OCYIIIECTBIIATD

alence is observed among 30—44 year-old citizens
who are leading an active social life. Heterosexual
contact accounted for 62.7% of HIV cases in 2019.
It indicates that the epidemic has moved beyond
the vulnerable groups of population.

To date, with the help of antiretroviral drugs
aimed at inhibiting various enzymes involved in
the pathogenesis of HIV, it is possible to effectively
suppress HIV replication and improve the condi-
tion of patients, but the virus manages to quickly
adapt to the action of drugs. Genetic variability of
the virus significantly reduces the effectiveness of
antiretroviral medications and complicates the de-
velopment of preventive measures (vaccines) [4].
The most common reasons for the variability of the
human immunodeficiency virus are the following:
the change of reverse transcriptase, protease and
integrase HIV enzymes [5]; the rapid viral replica-
tion resulting in daily formation of a large number
of virions in an infected person [6]; emergence of
recombination processes between two or more dif-
ferent HIV strains in the same infected individual.

Continuous improvement of knowledge about
the structure, variability and replication of HIV
is important to clarify the virological and immu-
nological mechanisms in the pathogenesis of HIV
infection. The findings can be used to improve and
develop new methods of treatment and prevention
of HIV infection.

Etiology of HIV infection. In 1983, a new
retrovirus was isolated from patients with AIDS at
L. Montagnier (France) and R. Gallo (USA) labora-
tories, and named HTLV-IIT and LAV respectively.
Since July, 1986, this name has been known as HIV
(Human Immunodeficiency Virus) [7].

Today, 2 types of human immunodeficiency
virus are distinguished: HIV-1 and HIV-2 that
are different in their antigenic properties and the
structural organization. HIV-1 is the main caus-
ative agent of the disease around the world while
the HIV-2 prevalence is restricted to some regions
of the Western and Central Africa. HIV belongs to
the Lentivirinae subfamily within the Retroviri-
dae family. Retroviruses are characterized by their
ability to perform the reaction of matrix synthe-
sis in the reverse direction from ribonucleic acid
(RNA) to deoxyribonucleic acid (DNA) [8]. The
genome of retrovirus consists of two identical cop-
ies of single-stranded RNA molecules that encode
12 proteins and enzymes [8]. The main HIV RNA
structural proteins are: Gag (group-specific anti-
gen), Pol (polymerase), Env (envelope). HIV-1 and
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PeakIuio MaTPUYHOTO CUHTe3a B 00PaTHOM HaIpaB-
JieHnH ot puboHykienHoBoi kuciaotel (PHK) k mes-
okcupubonykienHoBoi kuciore (JIHK) [8]. T'enom
peTpoBHpyca COCTOUT U3 JIByX WUIEHTHYHBIX KOIUH
oniHoIenIoueuHbIX Mosiekys PHK, xoTtopble Konupy-
10T 12 6eskoB U pepMeHTHI [8]. OCHOBHBIMU CTPYK-
typHbIME Oekamu PHK BUY sapisiores: Gag (group-
specific antigen), Pol (polymerase), Env (envelope).
Bupycel BUU-1 u BUY-2 paznmyaiores 1o opraHusa-
MU CBOETO TeHOMAa, HO OCHOBHAs CTPYKTYypa (T.e. Ha-
JINYUE TPEX CTPYKTYPHBIX TeHoB, Gag, Pol u Env) oju-
HaKOBA JIJIs BCeX BUPYCOB [9].

B HacTosiImIee BpeMs B MUpe Bce Yallle MOsIBIIs-
IOTCS TaHHBIE O PA3JINYHBIX MyTallUAX B TeHeTHue-
cko#l cTpykrype BIY, KOoTOpbhle TPUBOJIAT K MOBBI-
IIEHUIO0 BUPYJIEHTHOCTH, O0Jiee GBICTPOMY ITpOrpec-
cUpoBaHUIO 3a0oJieBaHusA U Hedh EKTUBHOCTU aH-
TUPETPOBUPYCHOU TEPAIINH.

J.Y. Wang et al. B 2018 1. omnucanu nosiBjieHUe
HOBOTO ITUPKYJIMPYIOIIEro peKOMOMHAHTHOTO IIITaM-
ma BUY-1 CRF65 B lIzunune (Kuraii). Bupyc CRF65
OTJIMYAJICS OT BCEX U3BECTHBIX IOATUIIOB U CO37a-
BaJI OT/IEJIBPHYIO BETBb Ha (PHIOTeHEeTHYECKOM Jiepe-
Be [10]. Taxke B KuTae B 2017 r. onrcaHoO MOSIBJIEHUE
elI1e IByX HOBBIX peKOMOMHAHTHBIX IITaMMOB BITY —
CRF87_cpx u CRF88_BC [11].

®paHIy3cKUMH yYeHbIMU u3 HaruoHayibHO-
ro neHTpa uccienoBanuii BUY-undeknuu B 2018 T.
omnucaHa 6oJsiee TsoKesasg KIMHUUYECKAs KapTHHA Te-
vyeHusi BUY-uadekum y marueHToB, HHQOUITAPO-
BaHHBIX PEKOMOMHAHTHBIMH IIITAMMaMH [12].

S. Ogawa et al. coobmialoT 0 peKOMOMHAHTHOM
mramve BIIY-1 CRFo1_AE (gag p17), CXOZHBIM C
CRF69_01B. JlaHHBIU IITAaMM XapaKTEPU3YeTCs BbI-
COKOHU JIEKAPCTBEHHOH YCTOWUYMBOCTHIO, B OCOOEH-
HOCTU K MHTHOUTOpAM 0OpaTHOU TPAHCKPHUITA3hI U
npoteassl BUY [13].

B uccnemosanuu fA.C. YIbIHOBOI U COaBT., II0-
cBsAlleHHOM ocTpoi BUY-undexknuu Ha TeppuTO-
puu HoBocubUpCKOi 061acTH, YCTAHOBJIEHO, UTO Y
ManueHTOB, WHOUIMPOBAHHBIX HOBBHIM DPEKOMOU-
HaHTHBIM InTamMmoM BHU-1 CRF63_02A, 3aboje-
BaHUE IPOTEKaeT ¢ OOJIBINEHN JJIUTETHHOCTHIO JIH-
XOpaJIKU U reHepaJn30BaHHBIM IIOpaKeHHEeM JIHM-
(daTrueckux y3JI0B IO CPAaBHEHHIO C cyOTHUIIOM A
BU1Y-1[14].

Myranuu B reHeTHUeCcKod cTpyktype BUY cBu-
JIETEJIBCTBYIOT O BBICOKOH BapuabeIbHOCTH BHpYyca
U crocoOHOCTH K GBICTPOMY (POPMHUPOBAHUIO PE3U-
CTEHTHOCTH K JIEKAPCTBEHHBIM IIperapaTam, uTo Tpe-
OyeT WX JETATHPHOTO U3YUEHUA U pa3pabOTKU HOBBIX
MeTo/10B JieueHus BUY-undekiumn.

Ilamozene3z BHUY-unghexyuu. Ilporpeccu-
poBanue BUY-uHOEKINN OT CTaAUN HHKYOAIUU 10

HIV-2 viruses differ in the organization of the ge-
nome, but the basic structure (i.e. presence of three
structural genes, Gag, Pol and Env) is identical to
all viruses [9].

Nowadays, the findings in various mutations
in HIV genetic structure leading to increased vir-
ulence, faster progression of the disease and inef-
ficiency of antiretroviral therapy are appearing in
the world with increasing frequency.

In 2018, J.Y. Wang et al. described the emer-
gence of a new HIV-1 circulating recombinant HIV-1
CRF65 strain in Jilin (China). CRF65 virus differed
from the all known subtypes and has created a
separate branch on the phylogenetic tree [10]. Also
in China in 2017, the emergence of two more new
recombinant HIV strains, CRF87_cpx and CRF88_
BC was described [11].

In 2018, the French scientists from the French
National Reference Centre for HIV described more
severe clinical course of HIV infection in patients
with recombinant strains [12].

S. Ogawa et al. reported a recombinant strain of
HIV-1 CRFo1_AE (gag p17), similar to CRF69_ 01B.
This strain is characterized by high drug resistance,
in particular to inhibitors of reverse transcriptase
and HIV protease [13].

The research of Ya.S. Ul'yanova et al. devoted
to an acute HIV infection in the Novosibirsk Region
established, that in patients infected with the new
recombinant strain of HIV-1 CRF63_02A, the dis-
ease proceeds with the longer duration of fever and
generalized damage of lymph nodes compared with
HIV-1 subtype A [14].

Mutations in genetic structure of HIV show
high variability of virus and ability to rapid devel-
opment of drug resistance, which requires their
detailed study and development of new methods of
treating HIV infection.

Pathogenesis of HIV infection. The HIV
infection progression from incubation period to
profound immunodeficiency is a consequence of the
pathogenesis and immune response of the patient’s
body to a virus.

HIV cannot survive outside bloodstream or
lymphatic system. Besides, the virus is easily inac-
tivated with common detergents and disinfectants.
HIV transmission strongly depends on biological
properties of virus isolate, its concentration in the
infected liquid of the body and, finally, the suscep-
tibility of the host [15].

In case of contamination as a result of het-
erosexual intercourse being the most common
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IyOOKOT0 NUMMYHO/Ie(PUITUTA ABJISAETCS CIIECTBHEM
natoreHe3a BUY-undeknuuyn U MMMYyHHOI'O OTBeTa
opraHmsMa IamueHTa Ha BUpYyC.

BUY He cnocobeH BEIKUTH BHE KDOBOTOKA HJIH
suMmbarndeckol cucreMmsl. Kpome TOro, BUpYC JIETKO
WHAKTUBUPYETCS IPHU BO3AEHCTBUM OOBIYHBIX MOIO-
MUX U Je3uHPUIupyomux cpeacts. [lepemaua BUY
CUJIBHO 3aBUCHUT OT OMOJIOTUYECKUX CBOWUCTB U30JIA-
Ta BUPYyCa, €ero KOHIEHTpAlu B UHPUIIUPOBAHHON
JKHJIKOCTH OPTaHHM3Ma U, HaKOHeIl, BOCIIPUUMYHBO-
CTH X0351MHa [15].

B ciyyae undunupoBaHua B pe3ysbTaTe reTe-
POCEKCyasbHOTO ITOJIOBOTO aKTa, KOTOPBIHN SIBJISETCS
HauboJiee PaCIPOCTPAHEHHBIM IIyTeM Ilepefaduu UH-
dexnuu Bo BceM MUpe, CIU3UCTAsT 000JIOUKA IIEH-
KU MATKU SIBJISIETCA NEPBOU MHPUIIUPYEMOH TKAHBIO
[16]. 3nech nennputHbie KaeTku U CD4+ aumdbonu-
THI MOTYT OBITh MH(MUITIPOBAHBI UEPE3 PELENTOP3a-
BHCHMBbIE MEXaHU3MbI U IT03BOJIAIOT BUPYCY PacIpo-
CTPaHATHCA B PerHOHApHBIE JUM@aTHUECKUe Y3IIbI,
a 3aTeM B KpPOBOTOK. Perutukarnus Bupyca B iumda-
TUYECKOH TKaHU WHOUIITPOBAHHBIX CIIM3UCTHIX 000-
JIOUeK U PErHOHAPHBIX JUM@PATHIECKUX y3JI0B IIPO-
HCXOJIUT YK€ Ha paHHUX crafusx uHbekmuu [17].
B wacTHOCTH, BUPYCHBIE YaCTUIIBI MOTYT OBITH OOHA-
PYy?KeHBI B IEHAPUTHBIX KJIETKaX, Makpodarax u ak-
TuBUpPOBaHHBIX CD4+ T-KJleTKax, KOTOpPbIE SABJIAIOT-
cs OCHOBHBIMU MullleHAMU UHpeknuu. Mubunmu-
pOBaHHBIE KJIETKH MOTYT IIO/IBEPTAThCS JIUBUCY WU
CJIY’KUTHh TIOCTOSSHHBIMHU «pe3epByapaMu» BHPYCa,
¢opmupys Tax Ha3bpIBaeMbIe Jiero Bupyca [18, 19].
C. Wallet et al. B cBoeM ucciieioBaHUH OOHAPYKHU-
Jiu BUY B MUKPOTTHQTBHBIX KJIETKAX W Makpodarax
LIEHTPAJIbHON HEPBHOM CHCTEMBI Y YMEPIIIETO MaIu-
€HTa, KOTOPHIN /JINTEJIBHO IIOJIydasl aHTUPETPOBU-
PYCHYIO TEpAIIUIO ¥ IMeJI HEOIIpe/iesiieMbl YPOBEHD
BupycHoi Harpy3ku (PHK B11Y) [20]. 9To mpencTas-
JisteT 000 6OJIBIIIOE IPETATCTBHUE JIA [TOJTHOH BJIH-
MHHAIIM{ BUpyca U3 OpraHu3Ma, IIOCKOJIbKY I103BO-
aAeT BUY noCcTOAHHO IIEepCUCTUPOBATh B OPraHUu3Me
4yeJIOBeKa, 1a’ke HeCMOTPS Ha BBICOKO3(PHEKTUBHYIO
AHTUPETPOBUPYCHYIO TEPAIHIO.

Uepes 10—12 gueti mocyie 3apakenus PHK Bupy-
ca oOHapy)KHBaeTcsi B KPOBH METOZIOM IOJINMEpPa3-
HOM IIeITHOH peakund [ 21, 22]. [Tokazaresb BUpeMUIH
PHK BUY 6bICTPO MOBHIIIAETCSA /IO TTKOBOTO YPOBHA
60J1e€e 100 MJIH KOIIUH, UTO IIPUMEPHO COOTBETCTBYET
¢daze cepokoHBepcHUM aHTUTEN [23, 24].

BrIcokuli ypoBeHb BUPEMUH, KaK IIPABIJIO, HO-
CUT BpeMEHHBIH XapaKTep, IIOCKOJIBKY B De3ysIb-
TaTe HMMYHHOTO OTBeTa TeHEepPUPYIOTCA BUPYC-
HEUTPaTU3YIOIINE AHTUTEJIA, KOTOPbIE ITO/IABJISAIOT
peIuKaIiio BUpyca. B TeueHne nocsieayonmx He-
JleJIb YDOBEHDb BUPYCHOM HAarpy3KH CHUKAaeTCsd Ha He-

route of HIV transmission worldwide, the cervical
mucous membrane is the first to be infected [16].
Here, dendritic cells and CD4+ lymphocytes can
be infected via receptor-dependent mechanisms
and allow a virus to invade into regional lymph
nodes, and then into bloodstream. Virus replica-
tion in the lymphatic tissue of the infected mucous
membranes and regional lymph nodes already oc-
curs at the early stages of the infection [17]. In par-
ticular, viral particles can be detected in dendritic
cells, macrophages and activated CD4+ T-cells
which are the main targets of infection. The infect-
ed cells can undergo lysis or serve as permanent
reservoirs of the virus, forming the so-called virus
depots [18, 19]. C. Wallet et al. in their study have
found HIV in microglial cells and macrophages of
the central nervous system in a deceased patient
who had been receiving long-term antiretroviral
therapy and had an undetectable viral load (HIV
RNA) [20]. This is a big obstacle for the full elimi-
nation of the virus from the human body as it en-
ables HIV to persist in the organism constantly,
even despite the highly effective antiretroviral
therapy.

In 10—12 days after contamination, the viral
RNA is detected in the blood by polymerase chain
reaction method [21, 22]. The indicator of HIV vire-
mia quickly rises to a peak level of more than 100
million copies, which approximately corresponds to
the stage of antibody seroconversion [23, 24].

As a result of the immune response, the high-
level viremia is temporary as a rule, due to the for-
mation of neutralizing antibodies which suppress
virus replication. Within the next weeks, the lev-
el of viral load decreases by several digits until it
reaches a lower steady-state level or falls below the
detection threshold [25].

Several factors related to the innate and ac-
quired antiviral immunity can influence virus repli-
cation and an establishment of “stabilization” phase
of viral load. However, the role of the virus-specific
cell-mediated immune response, in particular, the
specific cytotoxic activity of CD8+ T-cells, seems to
be key in the initial control of virus replication at
this stage of the infection, before the appearance of
virus-neutralizing antibodies [26, 27]. In some pa-
tients, in the presence of congenital immunopathol-
ogy or hematologic diseases, the viral load stabili-
zation phase is absent, and HIV infection proceeds
without the formation of specific antibodies. So,
A.M. Spivak et al. describe several cases of sero-
negative HIV infection lasting for several years in
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CKOJIBKO IIOPS/IKOB, ITIOKA HE IOCTUTHET O0JIee HU3KO-
I'0 YCTOHYMBOTO YPOBHS WMJIN HE YIIa/IeT HIKe YPOBHS
obHapyxeHus [25].

Heckospko (pakTOpoB, CBA3AHHBIX C BPOXKIECH-
HbIM M TNPUOOPETEHHBIM IPOTHBOBUPYCHBIM HM-
MYHUTETOM, MOTYT BJIMATH HAa PEIUIMKAIUIO BUPY-
ca ¥ ycraHOBJIeHHE (pas3bl «CTAOWIM3AIUN» BHPYC-
HOU Harpysku. OJIHaKO poJib BHUpYCHeNudUIecKo-
ro KJIETOYHO-OIIOCPEIOBAHHOTO UMMYHHOTO OTBETA,
B YaCTHOCTH CITENU(PUIECKON [TUTOTOKCHYECKOH aK-
tuBHOCTH CD8+ T-KJIeTOK, MO-BUAUMOMY, SIBJISIET-
cA KJII0YeBOH B ITEPBOHAYAIIBHOM KOHTPOJIE PEIpo-
IYKIIIU BIpPYyca HA 3TOU CTaINH UHQEKIIHH, /10 MTOSIB-
JIEHUS BUPYC-HEUTPIUBYIOIUX aHTUTEN [26, 27]. Y
HEKOTOPBIX HAIMeHTOB, IPH HAJIMUYUU BPOKJIEHHOU
MMMYHOIIATOJIOTHH WU TeMATOJIOTUYECKUX 3a00J1e-
BaHUH, $aza «crabuinusauu» BUPYCHOW HArpy3KH
otcyTcTByeT, a BUU-unbekus nporekaer 6e3 o6pa-
3oBaHus crenuduyeckux anrures. Tak, A.M. Spivak
et al. oKMCHIBAIOT HECKOJIBKO CJIyYaeB TEUEHUsS CEPO-
HeraTuBHOM BUY-uHbeKknum Ha NpPOTSKEHUU He-
CKOJIBKUX JIET Y MTAIIEHTOB ¢ MUEJIOMHOH 00JIe3HBIO,
XPOHUYECKUM JINMQOIEHKO30M, MUEIOAUCIIACTH-
YecKUM CHHIpoMoM [28].

®aza octpoit BUY-unHbeKInu mporekaer ot He-
CKOJIBKUX JTHEH 710 HECKOJIBKUX HeZlesIb [ocyIe 3apa-
>kennst BUY y 6obIrHCTBa HHPUITUPOBAHHBIX JIIO-
neti. OCHOBHBIMU CHMIITOMAaMH SIBJISIIOTCS: BBICOKAS
JINXOpajiKa, MakKyJolamysie3Has Chlllb, CTOMATHT,
auMdajieHoIaTusA, apTpairus, GapuHrUT, HeZJOMO-
raHue, IoTeps Beca U MUAJITHSA [14, 29].

ITo pesysbTaTaM MHOTOYHCJIEHHBIX HCCIIENO0-
BaHUU YCTaHOBJIEHO, YTO IporpeccupoBanue BMY-
uHpeknuu 10 craauu CIIM/]a 3HaYUTEBHO OBI-
CTpee HACTyIIaeT y MAIUEHTOB C TsKeJIBIM TeUeHHeM
octpoit BUU-undekiuu [30, 31]. Knuauyeckue mpo-
siBieHus octpod BUY-uHdeknuu B cpegHeM JJisT-
cs1 0T 7 10 18 JTHe! 1 pe/iKo IIPEBBIMIAOT 21 JIeHb. Bo
Bpemsi octpoii BUYU-undeknuu xomuuectBo CD4+
T-KJIETOK pe3KO CHIKAETCsI, YTO CBS3AHO C BBICO-
KHM YPOBHEM BHPEMUH JI0 HadasIa IPOTUBOBUPYCHO-
ro UMMYHHOTO OTBeTa [14, 29, 32]. ITocyie BbIpaboT-
KU crenuUIecKux BUPYC-HEUTPATU3YIONIUX aHTU-
TeJl YpOBEHb BUPYCHOU Harpy3KU CHIDKAeTCA U Iyl
CDg4+ T-xieTok BoccTaHaBiuBaeTcs. BoccraHoBIie-
Hue mysna CD4+ 1uM@OnuTOB IIPOUCXOAUT JI0 YPOB-
Hs HIKe, yeM Jio nHdunuposanus BUY, uto cBa3a-
HO C IlepcucTenIyeil Bupyca. Kpome toro, Bupyc us-
nyuupyetr auchysknuioo CD4+ T-kineTok U Ipyrux
KJIETOK IMMYHHOU CHCTeMBI [33, 34].

Uepe3 HECKOJIBKO HeZleJb IOCJae PpPa3BUTHA
octpodi craguu BUY-uHdpekuu OGOIBITUHCTBO HH-
(puIpoBaHHBIX BCTYHAIOT B JIATEHTHYIO CTaJuIoO,
0COOEHHOCTSIMU KOTOPOU SABJISIIOTCS OTCYTCTBHUE KJTH-

patients with myeloma, chronic lymphoid leukosis,
myelodysplastic syndrome [28].

The phase of acute HIV infection proceeds
from several days to several weeks after HIV con-
tamination in most infected persons. The main
symptoms are: high fever, maculopapular rash, sto-
matitis, lymphadenopathy, arthralgia, pharyngitis,
malaise, weight loss and myalgia [14, 29].

According to the results of numerous studies,
the progression of HIV infection to the AIDS stage
is much faster in patients with a severe course of
acute HIV infection [30, 31]. On average, clinical
manifestations of acute HIV infection last from
7 to 18 days and rarely exceed 21 days. During
acute HIV infection, the number of CD4+ T-cells
decreases abruptly, being associated with a high
level of viremia before the onset of the antiviral
immune response [14, 29, 32]. After the produc-
tion of specific virus-neutralizing antibodies, the
level of viral load decreases and the CD4 + T-cell
pool is restored. The restoration of the CD4+ lym-
phocyte pool occurs to a level lower than before
HIV infection, which is associated with the virus
persistence. Besides, the virus induces dysfunc-
tion of CD4 + T-cells and other cells of the immune
system [33, 34].

A few weeks after the development of the acute
stage of HIV infection, most of those infected en-
ter the latency stage, featuring in the absence of
clinical manifestations and low viral load. This is
explained by the antiviral action from both innate
and adaptive immune responses [35]. In particu-
lar, antibodies bind to HIV antigens specifically,
causing neutralization of the virus [36] or promot-
ing elimination of the infected cells by a mecha-
nism known as antibody-dependent cell cytotoxity
(ADCC) mediated by T-lymphocytes and natural
killer cells [34, 37]. Besides, HIV-specific T-cells
recognize viral antigens on the surface of the in-
fected cells and contribute to their elimination by
the antigen-specific cytotoxic mechanisms [38, 39].
During the whole asymptomatic stage, HIV is con-
tinuously replicating, counteracting antiviral im-
munity and promoting a state of systemic chronic
inflammation.

There are several reasons for antiviral immu-
nity to be unable to ensure complete HIV elimi-
nation. Among them, the most significant is the
persistence of the integrated virus in lymphoid de-
pots. The low expression of viral antigens and the
high frequency of mutations in the virus genome
contribute to the formation of immune tolerance.
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HUYECKUX INPOSIBIEHNH M HU3KHUU YpPOBEHb BHUpYC-
HOH Harpy3ku. ITO OOYCJIOBJIEHO ITPOTUBOBUPYC-
HBIM JIEVCTBUEM, OKa3bIBAEMBIM KaK BPOKJIEHHBIMU,
TaKk U aJJATUBHBIMYU UMMYHHBIMHU peakIusaMHu [35].
B uacTHOCTH, aHTUTEA CTIENU(UIECKH CBA3BIBAIOTCS
¢ aHTureHamMu BWY, BbI3bIBas HEUTPAIHBAIUIO BU-
pyca [36] wiu cioco6CTBY S SIMMIHAIIMEI HHPUITUPO-
BAaHHBIX KJIETOK C ITOMOIIBI0 MeXaHU3Ma, N3BECTHO-
r'0 KaK QaHTUTEJI03aBUCUMAsI KJIETOUHAS ITUTOTOKCHY-
Hocth (ADCC — antibody-dependent cell cytotoxity),
omocpesioBaHHas T-uMponuTaMu U eCTeCTBEHHBI-
MH KWUIEPHBIMHU KJeTKaMu [34, 37]. Kpome Toro,
BUY-cnenudpuueckre T-1umM@onuTsl pacrno3HamT
BUpYCHBbIE AQHTUTEHBI HA IMOBEPXHOCTU WHOUIIPO-
BaHHBIX KJIETOK H CIIOCOOCTBYIOT MX SJIMMUHALINY aH-
TUTeHCIIeNTN(PUIECKUMHU ITUTOTOKCUYECKIMU MeXa-
HuszMami [38, 39]. Bero 6eccumnromuyio dazy BUY
HEIIPEPHIBHO Pa3MHOKAETCs, IPOTUBOEUCTBYS IIPO-
TUBOBHPYCHOMY UMMYHUTETY U BBI3BIBAs COCTOSIHLIE
XPOHHYECKOTO CICTEMHOTO BOCIIAJIEHYIS.

Cy1iecTByeT HECKOJIBKO IMPHYHH, IO KOTOPHIM
MIPOTHUBOBUPYCHBIN MMMYHHUTET HE CIIOCOOEH obecrie-
4uTh NMOJHYI0 snumuHauio BUY. Cpenn Hux Hau-
0oJlee 3HAUMMOU SBJISETCS TTEPCUCTEHITNS UHTETPHU-
PpOBaHHOTO BUpYyca B IUMGOUAHBIX «7eno». Huskasa
SKCIIPECCUS BUPYCHBIX QaHTUTEHOB U BHICOKAs 4aCcTOTA
MyTaIuii B TEHOME BHpyca CIOCOOCTBYIOT (DOPMHPO-
BaHUIO UMMYHOJIOTHUECKOH «TOJIepaHTHOCTH». Ta-
KM 00pa3oM, peIuThKaIus BUPyca MPOJOJIKAETCS B
JUMGOUIHOM «JIEMI0O», C SIIU30/IaMH TPAH3UTOPHBIX
[IMKOB BUPEMUU (BUPYCHOW HArpy3KH), MOJJIEPIKH-
Bas TEM CaMbIM CHUCTEMHOE XPOHHYECKOe BOCIIaJIe-
HUe, UCTOIIAs pe3epBbl HMMYHHOU cucTeMBI [18, 20].

Y Hexkoropbix BUY-uHQUITMPOBAaHHBIX Nalu-
€HTOB YpOBEHb BUPYCHOU HATPY3KU OCTAETCS HEO-
mpesesisieMbIM 0e3 IpPUMEHEHUs] aHTHPETPOBHUPYC-
HOU Tepanuy B Te4eHNe MHOTHX JIET, UTO CBU/IETEIIb-
cTByeT 00 3(pheKTHBHOM UMMYHHOM OTBeTe [40, 41].
B uccnenoBanuu N.Y. Gebara et al. onucano He-
CKOJIPKO IIalIIEeHTOB C HeOoIIpesiesisieMblM YPOBHEM
BUPYCHOU HArpy3kH B TeUeHHe 5 U HoJiee JIeT mocye
uHbunuposanus BNY [42].

B snatenTHO# cragun BUY-uadeknuy ypoBeHb
CD4+ muM@dOIUTOB MOCTENEHHO CHUKAETCS U pas-
puBaercsa ux auchysknusa [35]. IIporpeccupoBa-
Hue 3a00JIeBaHMS XapaKTEPHU3yeTCs DPaspylIeHueM
CTPYKTYPbI TUMGOUTHOU TKAHU, UTO SBJISIETCS CIIE]I-
CTBUEM DPEIUITMKAIINN BUPYyCa U XPOHUYECKOU AKTHU-
BaIlMY KJIETOK UMMYHHOH CHCTEMBI. OTO IPUBOJUT
K YBEJIMUEHUIO IPOHUKHOBEHMUS BUPYCA B OKPYKAIO-
e CD4+ T-xieTku u 671aTOIPUATCTBYET JaTbHEN-
meMy pacnpoctrpaHenuto BUY. Jrta cragusa BUY-
MHGEKITUN aCCOIUUPYETCS C OOMIMPHON PenpoayK-
[Fed BUpyca B CJIU3UCTON O0OOJIOUKE KUIIIEYHHKA U

Thus, the virus continues to replicate in the lym-
phoid depot with episodes of transient peaks of
viremia (viral load), maintaining chronic systemic
inflammation, exhausting the immune system
[18, 20].

In some HIV-infected patients, the level of vi-
ral load remains undetectable without antiretrovi-
ral therapy for many years, indicating the effective
immune response [40, 41]. In the study of N.Y. Ge-
bara et al., several patients with undetectable level
of viral load within 5 years or more after contami-
nation with HIV are described [42].

At the latent stage of HIV infection, the level
of CD4+ lymphocytes gradually decreases and their
dysfunction develops [35]. The disease progression
is characterized by an impairment of lymphoid tis-
sue structure, being the consequence of viral rep-
lication and chronic activation of immune system
cells. This results in increased penetration of the
virus into surrounding CD4+ T-cells and promotes
the further HIV propagation. This HIV stage is as-
sociated with extensive virus reproduction in the
intestinal mucosa and submucosa, as well as in
draining lymph nodes with local depletion of the
CD4+ T-cell pool [43, 44].

Further progression of the disease depends on
the ability of the infected human body to restrain
viral replication and restore the pool of CD4+ lym-
phocytes. With a progressive increasing in viral
load, further immune system destruction occurs,
and the number of CD4+ T-cells continues to de-
cline to less than 200 cells and lower. A critical re-
duction of CD4+ lymphocytes leads to the develop-
ment of opportunistic infections: bacterial, viral,
fungal and parasitic, as well as contributes to the
emergence of tumor and its progression, indicat-
ing to a serious immune system disorder [45, 46].
The most widespread AIDS-defining opportunis-
tic infections are caused by Pneumocystis carinii,
Candida albicans, cytomegalovirus, herpes zoster
or enteropathic parasites (Criptosporidium and
Giardia, Isospora belli spp.), and can be character-
ized by the development of severe forms against the
pronounced immunodeficiency, and lead to serious
life-threatening complications [46].

The stage of secondary diseases is usually
characterized by diffuse edema of lymph nodes,
pronounced weight loss, fever and respiratory and
gastrointestinal symptoms. Progressive encepha-
lopathy caused by HIV or other opportunistic in-
fections is also associated with an increased risk
of mortality. Neoplastic diseases such as Kaposi’s
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MIO/ICTTU3UCTON 000JI0UKe, a TAKXKe B IPEHUPYIOIIIX
JauMdaTHIecKUX y3j1aX ¢ JIOKAJIbHBIM HCTOILEHUEM
mysna CD4+ T-kieToxk [43, 44].

JlanpHelilnee mporpeccupoBaHue 3a00JI€BAHUA
3aBUCHUT OT CIIOCOOHOCTH MHOUIIMPOBAHHOTO Opra-
HHU3Ma CAEepP>KUBATh PEILUIMKAIIMIO BUPYCa U BOCCTa-
HaBauBaTh Iys1 CD4+ siumdonnTos. Ilpu nporpec-
CUDYIOIleM HapacTaHUU BUPYCHON HATPYy3KU IIPO-
HCXOJIUT JNaJIbHelIee pa3pylieHne UMMYHHOU CH-
creMbl, U kosmuecTBO CD4+ T-kjeTok mpojiosrka-
€T CHIDKAThCS /10 YPOBHSA MeHee 200 KJIETOK U HIKe.
Kpuruueckoe cHmkeHue ypoBHsA CD4+ aumdonu-
TOB IIPUBOJUT K PAa3BUTUIO OMIOPTYHUCTUYECKUX
vH(peKIui: OaKTepHaJIbHBIX, BHUPYCHBIX, TI'DPUOKO-
BBIX U TAPa3UTAPHBIX, a TaKKe CIOCOOCTBYET BO3-
HUKHOBEHUIO U IIPOTPECCUPOBAHUIO OITyXOJIEBBIX 3a-
60JIeBaHMI, UYTO CBU/IETEIHCTBYET O CEPHE3HOM Ha-
pylieHnu B GYHKIMOHUPOBAHUY UMMYHHOU CHCTe-
MEI [45, 46]. Haubosiee pacripocTpaHEeHHbIE OIIIOP-
TYHUCTHUYEeCKHEe WHQEKINY, OIpesiesIAoIie cra-
quto CIIN]la, BBI3BIBAOTCA Pneumocystis carinii,
Candida albicans, UTOMETAaIOBUPYCOM, OIIOSICHI-
BAIOIIUM TepIIecOM HJIM BHTEPOINAaTHYeCKUMHU Iapa-
sutamu (Buzbl Criptosporidium u Giardia, Isospora
belli), koTOpBIE MOTYT XapaKTEPU30BAThCSI PA3BUTH-
eM TsoKeJbIX (popM Ha (GoHe TIIyOOKOro HMMMYHO7Ie-
duruTa U TPUBOIUTH K CEPhE3HBIM KU3HEYTPOKAIO-
LIMM OCJIOXKHEHUAM [46].

Craziiisi BTOPUYHBIX 3a00JI€BaHUH OOBIYHO Xa-
paxrepusyerca Aud@y3HbIM oTekoM JsHuMdaruye-
CKUX y3JIOB, BBIDQ?KEHHBIM CHI?KEHIEM MAaCChI TeJa,
JIMXOPAZIKOM U PECIUPATOPHBIMU U 3KeJyZOYHO-
KHUIIIeYHbIMU cuMnToMamu. [Iporpeccupyiomas sH-
nedasonarus, BeI3BaHHad BUY wuinu gpyrumu on-
MIOPTYHUCTUYECKUMU NHQEKIUAMY, TaKXKe CBA3aHa
C TOBBIIIIEHHBIM PUCKOM cMepTHOcTu. Heortactu-
yeckue 3a00yieBaHMsA, TAKKe Kak capkoMa Kamomu u
JUMOMBI, yallle BCEr0 BO3HUKAIOT BCJIECTBUE IJIy-
6okxoro uMmmMmyHozedunuTa [47].

Pe3ucmenmnuocmsv BUY k aexapcmeeH-
HbiM npenapamam. C TOMOIIbI0 COBpeMeHHBIX
AHTHUPETPOBUPYCHBIX IPENApPAaTOB, HAIIPABJIEHHBIX
Ha WHTUOMPOBAHUE PA3JINYHBIX (PEPMEHTOB BUDPY-
ca, ymaercss OBICTPO IOMABUTH perviukamuio BUY
U YJIYYIIUTh COCTOSIHHE IMAIIMEeHTOB, HO CJIOXKHAs
CTPYKTYpHAasi OPTaHU3aIus BUPYCa MO3BOJISIET MY
OBICTPO a/IaITUPOBATHCA K JIEHCTBUIO JIEKAPCTBEH-
HBIX IPEINaparoB. B mociiesHue 7ecATh JeT 0TMe-
JaeTcs pocT ycroiunBocTu BUY K XumMuonpernapa-
TaMm.

Ilepenaua yCTOHYUBBIX K JIEKAPCTBEHHBIM ITpe-
naparam mramMmMoB BUY-1 nanueHTaM, pasee He II0-
JIy4aBIINM aHTHPETPOBUPYCHYIO TEPAIMIO, IIPUBO-
Ut K HedDEeKTUBHOCTU IEPBOU JINHUU TEPAuU U

sarcoma and lymphomas develop most often due to
advanced immunodeficiency [47].

HIV drug resistance. With the help of mod-
ern antiretroviral drugs aimed at inhibiting various
viral enzymes it is possible to quickly suppress HIV
replication and improve the condition of patients,
but the complex structural organization of the vi-
rus allows it to adapt to the effects of drugs quickly.
HIV resistance to chemotherapy has increased over
the past decade.

Transmission of drug-resistant strains of HIV-1
in patients naive to the antiretroviral drugs leads to
ineffectiveness of the first-line therapy and the dis-
ease progression [48, 49]. According to the WHO, in
the countriesof Western Europeand the USA, thelev-
el of primary resistance makes 12—23% (the USA —
19—23%, France and the UK — 14%, the Nether-
lands — 13%, Spain — 12%) [50].

According to the Federal Scientific and Meth-
odological Center for the Prevention and Control of
AIDS, in the Russian Federation in 2019, the preva-
lence of HIV-1 drug resistance in patients naive to
the antiretroviral drugs in the Far East Federal
District was 7.6%, in the Siberian — 7.0%, in the
Ural — 1.7%, in the North-West — 3.9%, in the Cen-
tral — 5.7%, in the Volga — 2.8%, in the South —
5.1%. Among the most common mutations resistant
to drugs from the class of protease inhibitors are
M461/L, 158V; to nucleoside reverse transcriptase
inhibitors — M184V/I, M41L; to non-nucleoside
reverse transcriptase inhibitors — K103N, G190S,
K103S [51].

Since 2009, in the world there has been an in-
crease in detection of multidrug resistant strains
[52, 53], which are characterized by the lack of
complete virological response to almost all modern
antiretroviral drugs.

Features of immunopathology and cel-
lular metabolism in HIV infection. Cells of
the immune system exist in two functional states:
dormancy and activation. Their metabolism is
closely related to their activation, and therefore to
their functions. Recognition of an antigen induces
activation and proliferation of T-lymphocytes and
leads to changes in cellular metabolism. For ex-
ample, HIV-induced changes in metabolism of im-
mune cells contribute to immune activation, main-
tenance of chronic systemic inflammation, and
depletion of the CD4+ lymphocyte pool. The study
of C.S. Palmer et al. described pathological changes
of metabolism in immune cells in HIV infection,
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IporpeccupoBaHuIo 3abosieBanus [48, 49]. ITo man-
veiM BO3 B crpanax 3anazaou Esporst u CIIIA ypo-
BEHb MEPBUYHOU PE3WCTEHTHOCTH COCTABJIAET 12—
23 % (CIIA — 19—23 %, ®paunus u Besukobpura-
HUsA — 14 %, Hunepmanasr — 13 %, Vicnaausa — 12 %)
[50].

ITo narHBIM D€e/1epaIbHOTO HAYYHO-METOIIEC-
KOTO IIeHTpa 1o podmiakTuke U 6opbbe co CITNU/T
B Poccuiickoit @epepanyu B 2019 T. pacpocTpaHeH-
HOCTb JIEKAPCTBEHHOH ycToiunBoct BUY-1 y mamu-
€HTOB 0e3 OIbITa MPHeMa aHTHPETPOBUPYCHBIX IIpe-
mapaToB B J[aJibHEBOCTOUHOM (he/IepaIbHOM OKpyTe
cocraBuia 7.6 %, B CHOMPCKOM — 7.0 %, Y paJIbCKOM —
1.7 %, CeBepo-3anmagaom — 3.9 %, lleHTpasibHOM —
5.7 %, IIpuBomxkckom — 2.8 %, OxxHOM — 5.1 %.
Cpenu Hanbosiee 4acTO BCTPEUAOIIUXCsS MYyTAIlUH,
YCTOHYMBBIX K IIperapaTtaM U3 Kjaacca HHTHOHUTOPOB
npoteadsl — M461/L, 158V; K HyK/JI€O3UIHBIM HH-
rubutropaM ob6paTHOU TpaHCKpumTassl — M184V/I,
M41L; ¥k HEHYKJI€O3UITHBIM UHTUOUTOPAM 0OpaTHOM
TpaHckpunTasbl — K103N, G190S, K103S [51].

C 2009 T. B MHUpe OTME€YaeTcsi POCT BbIABJIE-
HUs IITAMMOB C MHOXKECTBEHHOU JIEKAPCTBEHHOU
YCTOHYUBOCTBIO [52, 53], KOTOpbIE XapaKTepU3YIOT-
¢ OTCYTCTBHEM IIOJIHOTO BHUPYCOJIOTUYECKOTO OTBE-
Ta MPaKTUUYECKU HA BCE COBPEMEHHbBIE AHTUPETPOBH-
PYCHBIE IIpENapaThl.

OcoGeHHOCIMU UMMYHONamMoao2uu u
KaemouHoz2o memabdoausma npu BHY-um-
dexyuu. KneTku MMMyHHOU CHCTEMBI ITPEOBIBAIOT
B JIByX (DYHKITMOHQIBHBIX COCTOSHHUAX: ITOKOSA U aK-
TUBanuu. X MeTab0oIu3M TECHO CBSI3aH C UX aKTHBA-
IHMEeH, a crezioBaTeIbHO — (QYHKIHUAMU. PacrosHaBa-
HHE aHTUTeHA WH/IyIIUPYET aKTUBAIHIO U Mposude-
paruio T-1uM@OIUTOB M TPUBOAUT K U3MEHEHUSIM
B KJIETOYHOM MeTabosim3me. HanprumMep, BEI3BaHHBIE
BUY uzmeHneHnus B MeTaboIn3Me HMMYHHBIX KJIETOK
CIIOCOOCTBYIOT aKTHUBAIIUM WMMYHUTETA, MOJIEPK-
K€ XpOHUYECKOTO CHCTEMHOTO BOCITJIEHUS] U HCTO-
mennio nyna CD4+ sumdonuTos. B uccaegoBanun
C.S. Palmer et al. ommucasbl MaTOJIOTUYECKUE U3MEHE-
HUS MeTaboJIM3Ma B KJIETKaX UMMYHHOH CHCTEMBI Ha
¢one BUY-uHbekIN, KOTOPBIE IPUBOJAT K UX IVC-
yHKIIMH ¢ TToCIeayomuM (opMUPOBAHUEM TIy0O-
KOro uMMyHozeduura [17].

[TaTorene3 BUY-uHdeKuu TeCHO CBsI3aH C IO-
BBIIIIEHHBIM ypoBHeM IL-7 B miasme KpoBu [54]. B
OospIIHCTBE cirydaeB BUY wHUUIUMpyeT akTUBHU-
pOBaHHBIE, 8 HE HAXOJAIINECA B COCTOSIHHU IOKOS
CD4+ muM@OIHUTHI, YTO YKA3bIBAET HA BAYKHYIO POJIb
U3MEHEHUS KJIETOYHOTO MeTaboIM3Ma B MaToreHe3e
BUY-undexkiuu [55]. B 2012 1. S. Loisel-Meyer et al.
MEPBBIMHU YCTAHOBWJIM POJIb TPAHCIIOPTEPA TJIIOKO-
3p1 Glut1 B perynsanuu npornkHoBenuss BUY B CD+

which lead to their dysfunction and subsequent se-
vere immunodeficiency [17].

The pathogenesis of HIV infection is closely re-
lated to the increased levels of IL-7 in human blood
plasma [54]. In most cases, HIV infects activated
rather than resting CD4+ lymphocytes, which in-
dicates an important role of changes in cellular
metabolism in the pathogenesis of HIV infection
[55]. In 2012, S. Loisel-Meyer et al. were the first to
establish the role of Gluti-mediated glucose trans-
port in the regulation of HIV penetration into CD+
cells and thymocytes [56]. Subsequently, Glut1 was
revealed to be an important metabolic marker of
the activation of HIV+ effector CD4+ lymphocytes
and monocytes, the level of which was increased in
HIV patients [17]. T-cell function is closely related
to the cellular metabolism [57]. Immune cells use
two main pathways of energy production: glycolysis
and oxidative phosphorylation. Metabolic transi-
tion from the resting state to the activation is medi-
ated, in particular, by an increase in Glut1 expres-
sion [17].

High glucose metabolic activity correlates with
depletion of the CD4+ lymphocyte pool, and in-
creased glycolytic activity is associated with T-cell
activation in HIV-infected individuals, as the study
of J.A. Hollenbaugh et al. has confirmed [58]. It has
been experimentally found that inhibition of gly-
colysis reduces the viral load [56].

Glut1 is the main transporter of glucose to
macrophages. As a result of HIV infection, macro-
phages are transformed. These macrophages are
characterized by increased Glut1 expression and
glycolytic metabolism contributing to the high pro-
duction of proinflammatory mediators, including
IL-6, TNF, IL-1 [59].

Further study of the pathogenesis of HIV-in-
fection, in particular immunometabolism of cells,
is important for the development of new etiotropic
therapy methods. Despite the fact that the current
antiretroviral therapy significantly reduces the
level of viral load and slows down the progressive
decreasing of the CD4+ lymphocyte pool, the per-
manent activation of T-cells and the maintenance
of chronic inflammation contributes to the further
exhaustion of the immune system. Thus, the devel-
opment of drugs that block T-cell hyperactivation
(in particular, associated with Glut1) is a promising
research method.
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KJIETKU U TUMOIUTHI [56]. BriocsencTBru nokasaHo,
yto Glut1 siByIsIeTcA BaXKHBIM MeTab0JIMYECKUM Map-
kepoM aktuBanuu BUY+ «addexropapix» CD4+
JAUMQOIUTOB U MOHOLIUTOB, yPOBEHb KOTOPOTO IIO-
BbIllleH Y BUY-UHGUITUPOBAHHBIX MAIEeHTOB [17].
OyHKIYA T-KIETOK TECHO CBA3aHA C KJIETOYHBIM Me-
tTabonuaMoM [57]. VIMMyHHbIE KJIETKH HCIIOJIb3Y-
IOT /{BA OCHOBHBIX ITyTH BBIPAOOTKHU SHEPTHH: TJIUKO-
U3 U okucauTeNbHoe dochopunupoBanue. Mera-
60IMYECKUI IEPEXO/T U3 «CIIOKOMHOTO» COCTOSHUA B
a3y akTUBAIUU OIIOCPEJOBAH, B YaCTHOCTHU, YBEJIH-
yenuneM skcipeccuu Gluti [17].

Bricokas meTabosuyeckas aKTUBHOCTH TJIIOKO-
3bl KOoppenupyeT ¢ ucromienuem nyna CD4+ aum-
¢onuToB, a NOBBIIIEHHAA IJIMKOJIUTHYECKasd ak-
THUBHOCTH CBsi3aHa ¢ akTuBanueid T-kinetok y BUY-
UHOUIUPOBAHHBIX, UTO MOATBEPKAEHO B HCCIIENI0-
Banuu J.A. Hollenbaugh et al. [58]. 9kcnepumen-
TaJIbHO YCTAHOBJIEHO, YTO MHTUOMPOBaHUE TITUKOJIH-
3a CHHIKaeT BUPYCHYIO HArpy3Ky [56].

Glut1  siBisieTcsT  OCHOBHBIM  IIEPEHOCUH-
KOM TIJIIOKO3bI B Makpodaru. B pesynprare BIIU-
UHOUITUPOBAHUSA TPOUCXOAUT TpaHchopMaIusa Ma-
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kpodaros. JlaHHBIe Makpodaru XapakTepusyloT-
¢ TIOBBILIIEHHOH 3Kcnpeccueidt Glutl u mmukonuTH-
YeCKUM MeTabO0JIM3MOM, CHOCOOCTBYIOIUMU BBICO-
KOU IPOAYKIIUH ITPOBOCIAJIUTEIFHBIX MEIHATOPOB,
Bxsouas IL-6, TNF, IL-1 [59].

JanbHeliee wu3yyeHue martoreHe3a BUY-
nHOGEKINH, B YacTHOCTH MeTabosm3Ma HMMYyH-
HBIX KJIETOK, MMeeT Ba)KHOe 3HaueHUe I paspa-
OOTKHU HOBBIX 3TUOTPOITHBIX METOIOB JeueHus. He-
CMOTpS Ha TO, YTO NIPUMEHEHHE COBPEMEHHOU aH-
TUPETPOBUPYCHOHN Tepanuy 3HAYUTEIHHO CHUKAET
YPOBEHb BUPYCHOUM HAarpy3KH U 3aMeJJIseT IIporpec-
cuBHOe cHMkeHMe mmysna CD4+ aum@onuTos, nocTo-
sAHHaA akTuBanusa T-KJIeTOK U Mojfep:KaHue Xpo-
HHUYECKOTO BOCHAJIEHUS CIOCOOCTBYET JayIbHEHIIIe-
My HCTOILIEHHUIO UMMYHHOU cucTeMbl. Takum ob6pa-
30M, pa3paboTKa Ipernaparos, 0JIOKUPYIOIIHNX THITe-
pakTuBanuio T-ki1eTok (B YaCTHOCTH, CBSI3AHHYIO C
Glut1), siByisieTcs IEPCIIEKTUBHBIM METO/IOM HCCJIE-
JIOBAHUS.

KoH@IUKT HHTEPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUM KOH(MJINKTA UHTEPECOB.
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CBEJEHUA NJIAd ABTOPOB

TPEBOBAHUA K IIPEJOCTABJIEHUN IO
MATEPHAJIOB QJIA IIYBJINKAIIN N

B JOURNAL OF SIBERIAN MEDICAL
SCIENCES

B Journal of Siberian Medical Sciences (gaiee —
JSMS) nyb6iuKyI0TCS HayYHbIe 0630PbI U CTAaThH IO
MEJIUITMHCKUM HayKaM, [TOITOTOBJIEHHBIE TI0 MaTe-
pUasiaM OpUTHHAJIbHBIX HAyYHBIX HCCJIEOBAHUH.
JSMS BBIXOAUT 4 pasa B rof,.

TpeboBaHusi, MPEIbABISIEMblE K IyOJIUKAIU-
aMm B JSMS, chopmynupoBaHbl ¢ yuyeTomM TpeboBa-
HUU, TPEbSIBISEMBIX K PEIIEeH3UPYEMbIM HAy YHBIM
WU3/TAaHUAM, B KOTOPBIX JIOJI?KHBI OBITH OITyOJIMKOBA-
HBI OCHOBHBIE HAyUHbIE PE3YJIbTaThl JUCCEPTAIUN
Ha COWICKAaHUE YUYEeHOU CTENEeHM KaHJuJaTra U JOK-
TOpa HayK.

CraTbu, OTIIpABJIEHHbIE aBTOPAaMH B IPyTHe U3-
JaHWsA U/UIN HalledyaTaHHbIE paHee B HUX, K OIy-
OJIMKOBAHUIO HE TPUHUMAIOTCS.

I[Ipy omnucaHUM HAYYHO-UCCIIEA0BATETbCKUX
KJIMHUYECKUX paboT C MpHBJeYeHHEM YesIOBeKa
B KauecTBe 00BEKTA HMCCJIEIOBAHUSA aBTOPHI JOJIXK-
HBI YKa3aTh, COOTBETCTBOBAJIM JII OHU MEXKJIyHa-
POIHBIM M POCCUHCKHM 3aKOHOJIATEJIbHBIM aKTaM
0 IOPUJIMYECKUX U DTUUECKUX MMPUHITUIIAX MEeTUKO-
OMOJIOTHUECKUX UCCJIeIOBAHUH Takoro poza. He mo-
IyCKAeTCs HCIOJIb30BaHUEe (DaMUJINH, WHUIUAJIOB
0OJIBHBIX M HOMepPOB uctopuil 60se3uu. [Ipu omu-
CaHUM SKCIIEPUMEHTOB Ha JKHUBOTHBIX HEOOXOIH-
MO yKa3aTh, COOTBETCTBOBAJIO JIU COJIEPKAHUE U UC-
MMOJIb30BaHUeE JIA0OPATOPHBIX }KUBOTHBIX ITPABHUJIAM,
MPUHSATHIM B yUPEKJIEHUH, PEKOMEHIAIUAM HallH-
OHAJIBHOT'O COBETA II0 HUCCJIEIOBAHUAM, HAI[LIOHAJIb-
HBIM 3aKOHAM.

ABTOpCKHE ITpaBa co0JTI0IAI0TCS B COOTBETCTBUU
¢ I'paxkganckum koziekcom Poccutickoit ®esepamun
(4. 4) ¥ APpYTUMH JIEHCTBYIOIUMUA HOPMATHBHBIMU
JIOKYMEeHTaMU. ABTOPBI HECYT IOJHYIO OTBETCTBEH-
HOCTb 3a COJIEp>KaHUE CTaTewn.

B penmakuuioo JSMS aBTOpHI JIOJIKHBI TIPEIOCTA-
BUTD:

1) 2/1eKMpPOHHYI 8epculd cmambvu, TMOATOTOB-
JIEHHYIO B COOTBETCTBUU C TPeOOBAHUAMHU K 0OPM-
JIEHUIO CTaTeH, N3JI0KEHHBIMU HUKE;

2) opu2uHa1 cmambu B TIEYaTHOM BUJIE C yKaza-
HHUEM TOPOJia, AaThl, GaMUJINH € MOAMUCHI0 KaKI0-
ro aBTopa (Ha MocJIeJIHEH cTpaHUIlE), BU3oU «B me-
YaTh» W MOAIHKCHI0 (HA TIEPBOU CTpPAHUIIE) 3aBEIY-
o1ero kadepoi UM WHOTO IOJIKHOCTHOTO JIUIA
opraHusaIuy, Ha 6a3e KOTOPOH BBITIOJIHEHO HCCIIe-

JIoBaHUE. ABTOPBI IIPEIOCTABJIAIOT CTAThH B PEIaK-
W0 JINYHO UJIY II0 IOYTE;

3) coenacue Ha MyOJTUKAITUAIO cTaThu B JSMS 1 06-
paboTKy IepCcOHAIbHBIX TAHHBIX AaBTOPOB (3aITOJTH -
eTcs KaK/IbIM aBTOpoM) (cM. Ha catite HTMY: www.
ngmu.ru/cozo/mos);

4) nnsa corpyaaukos ®I'bOY BO HI'MY Muns-
npasa Poccuu (manee — HI'MY) — axcnepmnoe 3a-
KAlOHeHUue OTfiesia KOOpPAWHAINU  (elepaabHbIX
MporpaMM, KOHKYPCHBIX IIPOEKTOB U WHHOBAITUOH-
HOTO Pa3BUTHs YIIPABJIEHUS 10 HayKe, MHHOBAIIH-
saM u nuabopmaTtuzanuu HI'MY (em. www.ngmu.ru);
JUIS CTOPOHHUX aBTOPOB — HANpAsAeHue Ha ony-
6auxogaHue Ha GUpPMeHHOM OJIaHKe OpraHU3allNH,
Ha 6a3e KOTOPOU BBIIIOJIHEHO OPUTHHAJIPHOE HAyd-
HOE HCCJIeJIOBAaHUE, 32 IOAIHCHI0 OTBETCTBEHHOTO
JTOJI?KHOCTHOT'O JIUTIA.

IIPABUJIA O®POPMJIEHU A
PYKOIIUCEM

1. TexcT cTaTpu HaOUpaeTcs B TEKCTOBOM PeaK-
tope Microsoft Word, Open Office u mp., Bce mosis
2 cM, mpudt Times New Roman, kerip 12, Mex-
CTPOYHBIA WHTEpBaJ 1,5. TeKCT cTaTbu HEOOXOIH-
MO HaIlpaBUTH B pefakiuio JSMS B Bujie OT/IeIbHO-
ro ¢aiina c ykazanuem OO nepBoro aBropa — IBa-
HoB M. tekct.doc. Jlomyckaercst oTipaBka ¢aiioB
B ¢hopmarax doc, docx.

2. ®MO aBTOpOB HAOUpAETCSA CTPOUHBIMU OYKBa-
MU KypPCHBOM Ha PyCCKOM fA3bIKe. VIHUIIMAJIbI TOMe-
maTesa nepest pamuineit apropa. Ilopsanok, B KOTo-
poM OyZyT yKa3aHbI aBTOPBI, OIIPEIEIIAETC UX CO-
BMECTHBIM pelleHHEM.

3. Topon u HazBaHume MecT pabOTHI aBTOPOB
0hOPMJIAIOTCSI CTPOYHBIMH OyKBaMH KYPCHBOM
Ha PyCCKOM sI3bIKe.

4. Crarpsi [OJKHA COZEPXKATh AHHOTAITUIO
Ha PYCCKOM f3bIKe. B aHHOTanmu KOKHBI OBITH U3-
JIOKEHBI IeJIM HCCJIeJIOBAHUSA, OCHOBHBIE IIPOIle-
ZypbI, Pe3yJIbTaThl OPUTMHAJIBHBIX HCCIIEOBAHUN
u BeIBOABL [lo1 aHHOTAmMel moMenaeTcs MoA3aro-
J1I0BOK «KittoueBble c10Ba», IOCJIe HEro /10 10 KJIoue-
BBIX CJIOB WJTU KOPOTKHUX (pas, KOTOpble OYIyT CIIo-
coOCTBOBATh NPAaBUJIBHOMY WHJIEKCUPOBAHUIO CTa-
ThU B IIOMCKOBBIX CHUCTEMAax M CHUCTEMAaxX ITUTHUPO-
BaHUsA. AHHOTAI[UIO HEOOXOAMMO HAIIPABUTh B pe-
gaknuioo JSMS BMecTe ¢ TEKCTOM CTaTbHU B BUJIE OT-
nesipHOTO (paiina ¢ ykazanuem @O mepBoro aBTo-
pa — WBauos M.U. annorarus.doc. Takxke mpeno-
CTaBJIAIOTCA CBEZIEHUA 0 KaXKJ0M U3 aBTOPOB: (paMu-
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JIVsI, M5, OTUYECTBO (IIOJTHOCTHIO HA PYCCKOM SI3bIKE
U B TPAHCJIUTEPAINN), yUeHbIE 3BaHUs U yUeHas CTe-
TIeHb, OJIKHOCTh, MECTO PaboThl, pabounii TeredoH
U aJipec 3JIEKTPOHHOH mmouThl (e-mail). CBeneHus He-
00X0TUMBI /17151 00paboTKU MyOnKauil B 6ase 1aH-
HBIX POCCHHCKOrO WHIEKCa HAy4YHOTO ITUTHPOBA-
HUS U IPYTUX CHCTEMAaX UTUPOBAHUSA. AHHOTAIHS,
KJIIOUEBBIE CJI0Ba, nHGOopMaIus 06 aBTopax 1 Ha3Ba-
HUe yUIPEXKJAEHUN JOJKHBI OBITh TaKKe IIPETOCTAB-
JIEHBI Ha AaHTJIMHCKOM sI3BIKE.

5. TabuIel MOMeEIATCSA B TEKCT cTaThu. Ta-
OJIUIIBI AOJIPKHBI OBITH ITPOHYMEPOBAHBI IIOCJIE0-
BaTEJIbHO B COOTBETCTBHUH C IMOPSIKOM, B KOTOPOM
OHU YIOMHHAIOTCA B TeKcTe (Hampumep, Tabi. 1,
TabJ. 2 U T. 71.).

6. PHUCYHKU BCTaBJISIOTCA B TEKCT CTATbU, a TaK-
JKe TIPEZIOCTABJIISIIOTCS. B BUJIE OT/EJIBHBIX IPOHyMe-
poBaHHBIX (daiiyioB ¢opmarta .jpg unu .gif ¢ paspe-
IeHueM He MeHee 300 dpi. PUCYHKU TOJKHBI OBITH
KOHTPACTHBIMU U YETKUMU, OYKBbI, IUGPBI U CUM-
BOJIBI Ha HUX JIOJIKHBI OBITH PA3JIMYUMBbI. PUcyHKa-
MU CYUTAIOTCA I'padUKU, peHTreHorpaMMbl, GhOTo-
rpadun Uy JoOble Apyrue rpadudeckre oObeK-
ThI. ®oTOrpadu el He TOKHbI ObITh Y3HaBae-
MBIMH, JITNOO K HUM JIOJI>KHO OBITH ITPHUJIOZKEHO ITUCH-
MEeHHO€e pa3pellleHre Ha UX IMyOJIuKaIuo. PucyHku
JIOJI’KHBI OBITh IIPOHYMEPOBAHBI IOCJIEIOBATETHHO
B COOTBETCTBHUU C MOPSAIKOM, B KOTOPOM OHHU BIIEP-
Bble YIIOMHUHAIOTCS B TEKCTE — PHC. 1, PUC. 2 U T. .
[Moamucy pasMermalTcs B TEKCTE IOl PUCYHKAMU.
B moamucsx k MukpodortorpadusM yKasbIBaeTCs
CTelleHb YBeJTMYEHU s U CIIOCOO OKPACKH.

7. B TEKCTe CTaThU UCITOJIb3YIOTCS CIIEAYIOIIUE 3a-
TOJIOBKHU: BBeJIEHUE, IIeJIh FCCJIEZIOBAHUS, MaTepHa-
JIBL I METO/TbI, PE3YJIBTAThI U 00CYK/IeHUE, 3aKITI0Ue-
HUeE, CIIUCOK JINTEPATYPHI.

8. Hcronb3yloTess TOJBKO CTaHJAPTHBIE OOIIe-
NIpUHATHIE COKpaleHus (ab6pesuatypsol). He mpu-
MEHSIOTCSA COKpAllleHWsI B Has3BaHWHU cTaThu. Iloj-
HBIN TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpAIIe-
HUeE, JIOJI’KEH IIPEIIIECTBOBATH IIEPBOMY HCIIOJIb30-
BAHUIO 3TOTO COKPAIIEHUS B TEKCTE.

9. O6Gs13aTeIPHO HAJIMYUE CITHCKA JIUTEPATYPBL.
Bbubuorpaduveckue CChIIIKU B TEKCTE CTATHY TAI0T-
cs apabckuMu nudpaMu B KBaJIpaTHBIX CKOOKaX, B
IIOJTHOM COOTBETCTBUM C HyMepaIluel CIUCKa JIUTe-
patyphbl. CChIJIKH B TEKCTE CTAThH JIOJIKHBI IaBAThCS
MOCJIEI0BATEIBHO 10 Bo3pacTtanumo: [1]...[2]...[3]... »
T. 7. Pa3BepHyTOE OIMCAHKE UCTOYHUKA B CITHCKE JIH-
TepoaTypsl npegocrasisaoores no I'OCT 7.0.5-2008.
Coucok JUTepaTyphl JIOJKEH COflepKaTh Iy0siu-
KaIlU¥ 3a IOCJeIHue 5 JeT. B crucke JuTepaTyphbl
Bce MH(POPMAIOHHBIE UCTOUHUKHU TIEPEUUCTISIOTCS
B IIOPSIZIKE UX IIUTHPOBAHUS.

10. Pegaxnus JSMS Gepet Ha cebss mpucBoeHUE
KaXk/Io mybsnKyeMo# cratbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO IIEPEBO/Ia CTAThH HA AHIVIMH-
CKUU A3BIK.

11. CTaThy, HE COOTBETCTBYIOIINE YKA3aHHBIM pe-
JIaKIFed TpebOBaHUAM, K OIyOJIMKOBAHUIO HE IIPU-
HHUMAIOTCA.

IMOPAAJOK PEITIEH3MUPOBAHUA
PYKOIIUCEM, IPUHUMAEMBIX /1141
IIYBJINKAIINN

1. Pykomnucu crare, HOCTyNIUBIINX B PeJaKIUIO,
HAIIpaBJIAIOTCA JJIs1 PEeLleH3UPOBaHUA 4YJeHaM pe-
JIAKIIMOHHOTO COBETA C I[eJIbI0 UX DKCIIEPTHOU OIleH-
KU Ha IpeaMeT COOTBETCTBUsA TpeboBaHUAM JSMS
u Bplcuieil arTecTaniMOHHON KoMuccUU Ipu MuHU-
cTepcTBe 00pa3oBaHus U HayKu PO.

PerteH3eHTB! yBeZOMJIAIOTCA O TOM, UTO B LIEJIAX
obecrieueHNsI aBTOPCKUX U APYTUX HEUMYIEeCTBEH-
HBIX [IPAaB IPUCJIAHHbIE PYKOIIMCH He TIOJIJIeKaT pas-
IalleHUI0, KOIIMPOBAHUIO, paclpocTpaHeHuio. Pe-
[IeH3UPOBaHUe IIPOBOIUTCA AaHOHUMHO.

IIpu oTka3e B HaIIpaBJIeHUM Ha pelleH3upOBaHue
Ipe/icTaBJIEHHON aBTOPOM PYKOIIMCH peJlaKIvs Ha-
IpaBJjisieT aBTOPY MOTUBUPOBAHHBIN OTBET B BJIEK-
TPOHHOM BUJIE.

Pepaknusa >kypHasia 10 NHCbMEHHOMY 3aIlpocy
HAIIpaBJIsieT aBTOpPAM peleH3UN Ha I[OCTyIHBIINE
MaTepUaJIbl B 3JIEKTPOHHOM BH/IE. ABTOPHI 00s3aHBI
y4ecTh 3aMeYaHHUs PelleH3eHTOB U BHECTU B CTaThIO
COOTBETCTBYIOIIYE UCIIPABJICHU S NI IIPEJIOCTAaBUTD
MOTHUBHUPOBAHHBIA OTBET O HECOIJIACUU C 3aMeYaHU-
SIMU pelLleH3€eHTa.

PepaknnonHas KoJjlerus IMPUHUMAET pelleHue
0 BO3MOXKHOCTH IIyOJIMKAIIMH CTATHH WJIU OTKJIOHS-
€T e€ 110 pe3yJIbTaTaM pelleH3UPOBAHUS.

Peniensuu xpaHATCA B peflaKLiuU JKypHaJa B Te-
JeHUe 5 JIET C MOMEHTA ITyOINKaTIH.

2. Peflakiiuieii He IOMyCKAIOTCA K ITyOJIMKAIIAH:

— CTaThH, TeMaTHUKa KOTOPBIX HE COOTBETCTBYET
Hay4YHOMY HaIllpaBJIeHUIO XKypHaJIa;

— CTarb{, aBTOPBI KOTOPBIX OTKAa3bIBAIOTCH
OT TEXHUYECKOH I0pabOTKHU CcTaTel;

— CTaTbhbU, aBTOPBI KOTOPBIX HEe BHECIIU KOHCTPYK-
THUBHBbIe 3aMeYaHHs pelleH3eHTa B TeKCT CTaTbu
U He IPeI0CTaBUIIN MOTUBUPOBAHHBIN OTBET O HECO-
IJIaCHU C 3aMeYaHUAMU pelleH3eHTa.

B cityuae OTKJIOHEHU CTaThU peJaKLs HAllpaB-
JIsileT aBTOpPY MOTHUBHUPOBAHHBINA OTKa3. Pepakius
JSMS He XpaHUT PYKOIIUCH, He IPUHATHIE K ITe4aTh.
Pyxonmcu, mpuHATHIE K IMyOJINKAIIUY, HE BO3BpaIla-

IOTCA.
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