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N3meHeHue xeMmoTakcuMca MOHOLUTOB
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C XPOHUYECKOU OOCTPYKTUBHOMU OOSE3HbLIO Nerkux
nop BNusHMeMm 6yaecoHmaa v asuTpoMULUMHA
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Pe3stome

Lenb uccnedosaHusi. OLeHUTb CNOCOBHOCTL KOMOUHaLMK ByaecoHnaa 1 a3suTpPoMULIMHA BMUSATb HA MUTPaLMI0 MOHO-
LUMUTOB U NMMEOLIMTOB KPOBU MaLMEHTOB C XPOHMUYECKO 06CTpyKTMBHOW 6oneaHbio nerkux (XOBI).

Mamepuanbl u MemoObl. MoHOHyKNeapHble KneTku nepudepudeckoi kposu naumeHtoB ¢ XOBJ1 (n = 8) nHkybupo-
Banu c rmokokopTukongom dyaeconnaom (10 HM), MakponuaHbIM aHTUOMOTUKOM a3uTPOMULUMHOM (10 MKr/MIT) nm ux
KoMBUHaLuen, nocne Yero NepeHoOCHNn B MUrpaumoHHbIe NnaHweTsl, cogepxatyme xemoknHbl RANTES (CCL5, 10 HM)
unu IP-10 (CXCL10, 10 HM). KneTku, MUrpupoBaBLUME B HUXHIOK KaMepy nnaHLieta, cobupanu, okpalumeanm MOHO-
KnoHanbHbIMK aHTUTENnamm k CD3, CD14, CD19, CD45 n nogcunTbiBan Ha NPOTOMHOM LIUTOMETpE.

Pe3ynbmamai. A3UTPOMULIMH CaMOCTOSATENBHO 1 B COMETaAHUU C ByAECOHMAOM NoAaBnsan Murpauunio T-nMMmdouUmMTOB 1
B-kneTok KpoBKM 1 yckopsn nepemelyeHme moHoumTtoB kpoBu K RANTES u IP-10. KombruHaumsa asutpomuumHa n byge-
COHunaa obnapana 6onee cynpeccupyoLmMm AencTBMeM Ha xemoTtakemc T- n B-numdouutos kposm k RANTES un IP-10,
yeM oavH 6yaecoHns. CoyetaHne asutTpoMuumnHa 1 ByaecoHnaa okasbiBano AenNCTBMe, CXOXKee C BIIUSHUEM OOHOro
asuTpomMuumMHa, Ha murpaumio T- n B-numdountos, a Takke MOHOLUTOB KpoBu NaumeHToB ¢ XOBJT.

3aknroveHue. Pe3ynbTaThl UCCNeAoBaHNS 4EMOHCTPUPYIOT CMOCOBHOCTb asTPOMULIMHA CaMOCTOATENIbHO MOAYNMPO-
BaTb XEMOTaKCMC MOHOLMTOB U MMMAOLMTOB nepudepryeckon Kposm nauneHToB ¢ XOBJ1 n oTcyTCcTBME NpenMyLLecTs
ero kKombuHauum ¢ yaecoHnaoM.

KnioueBble crnoBa: xemomakcuc, a3umpoMuyuH, 6y0ecoHud, MOHOUUMbI, UMGOUUMBI, XPOHUYECcKasi o6Cmpyk-
mueHasi 60ne3Hb neeKux
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Abstract
Objective. To evaluate the ability of a combination of budesonide and azithromycin to influence the migration of blood
monocytes and lymphocytes in patients with chronic obstructive pulmonary disease (COPD).
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Materials and methods. Peripheral blood mononuclear cells from patients with COPD (n=8) were incubated with
glucocorticoid budesonide (10 nM), macrolide antibiotic azithromycin (10 pg/mL), or their combination, and then
transferred to chemotaxis chambers containing chemokines RANTES (CCL5, 10 nM) or IP-10 (CXCL10, 10 nM). Cells
migrated to the lower compartment of the chamber were collected, stained with monoclonal antibodies to CD3, CD14,
CD19, CD45 and counted on a flow cytometer.

Results. Azithromycin alone and in combination with budesonide inhibited the migration of blood T-lymphocytes and
B-cells and enhanced the migration of blood monocytes to RANTES and IP-10. The combination of azithromycin and
budesonide had a more suppressive effect on the chemotaxis of blood T- and B-lymphocytes to RANTES and IP-10 than
budesonide alone. The combination of azithromycin and budesonide had an effect similar to azithromycin alone on the
migration of blood T- and B-lymphocytes, as well as monocytes in patients with COPD.

Conclusion. The results of the study demonstrate the ability of azithromycin alone to modulate the chemotaxis of
peripheral blood monocytes and lymphocytes in patients with COPD and the lack of advantages of its combination with
budesonide.

Key words: chemotaxis, azithromycin, budesonide, monocytes, lymphocytes, COPD

Author contributions. Kadushkin A.G.: research concept and design, reviewing publications on the topic of the article,
collecting material and creating a sample database, statistical data processing, editing, discussing data; Kolesnikova
T.S., Khadasouskaya A.V.: obtaining experimental data; Tahanovich A.D.: checking critical content, approving the
manuscript for publication.

Conflict of interests. Authors declare no conflict of interest.

Funding. This study was financially supported by the State Scientific Program “Fundamental and Applied Sciences for
Medicine” (research project No. 2.56).

For citation: Kadushkin AG, Tahanovich AD, Kolesnikova TS, Khadasouskaya AV. Effect of budesonide and
azithromycin on the chemotaxis of blood monocytes and lymphocytes in patients with chronic obstructive pulmonary
disease. Health and Ecology Issues. 2022,19(4):101-108. DOI: https.//doi.org/10.51523/2708-6011.2022-19-4-14

DOOOOOOOOOOOOOOBOODOBOOIOGOOIOOOOIOOOOIOOIOIOOOOOOOOOOIOOOOI OO OGO OGO OO OO OGO OO OOOOOOOBOD

BBeneHue

XpoHuyeckasa oBCTpykTMBHaAs OOne3Hb nerkux
XapaKTepuayeTcs MNepCcUCTMPYIOLLEN Bocnanutenb-
HOW peakuunen, pasBumBalOLLENCA B AblXaTeNbHbIX
NyTAX B OTBET Ha BAbIXaHWe BPeOHbIX YacTuL U ra-
30B, TAKMX KaK CUrapeTHbIN ObIM, NPOW3BOLCTBEH-
Hasi Nbiflb UM AbIM OT CKMraHus BMoopraHNYecKoro
TONMNMBa, YTO NPUBOAUT K NpOrpeccupyoLemy orpa-
HUYEHMIO BO3QYLUHOMO MOTOKA, (PMBPO3y HMKHUX
ObIXaTenbHbIX NyTen M passuTuio amdusemsl [1].
[o rmobanbHOW NaHAemMuu, BbI3BAHHOW BUPYCOM
SARS-CoV-2, XOBJ1 aenanacb TpeTben npuinHom
cmepTHocTh B Mupe. B 2019 r. 6bino 3admkcmpoBa-
HO 3,23 MIH CMepTenbHbIX MCX0O0B, 0ByCnoBneH-
HbIX 3TMM 3aboneBaHuem [2].

B ocHoBe passutuss XOBJ1 nexuTt HecKombko
MEXaHU3MOB, TaKUX KaK OKUCIUTENbHbIA CTpecc,
aKTMBaUMsa BPOXOEHHONO MMMYHHOro OTBETa, ycu-
fleHne KMEeTOYHOrO CTapeHusl M PE3NCTEHTHBIN K
KopTUKOCTepomaam BocnanuTenbHbIn npouecc [1].
B pasBuTUM nocrnegHero NpuHMMarT yvyacTue Mo-
HouuTbl/Makpodparn, NMMGOLMUTLI U HENTPOUILI.
KonuyecTtBo aTnX KNeToK NOBLILLIEHO B NErkMX nauum-
eHToB ¢ XOBJ1 [3].

KntoyeByo pornb B Murpauumn  nmMmgoumnTos
U MoHoumMToB KpoBu naumeHtoB ¢ XOBJI B abixa-
TenbHblE MyTM OTBOAAT XEMOKMHOBLIM peLenTo-
pam CXCR3 n CCRS5 [4]. Ina nepemelleHus kne-
TOK, cHabxeHHbIX peuentopom CXCR3, Tpebyetcs
ux B3aumopgencteune ¢ xemoknHamm MIG (CXCL9),

IP-10 (CXCL10) unm I-TAC (CXCL11). OcHOBHbIMU
nuraHgamn peuentopa CCR5 gaenattca MIP-1a
(CCL3), MIP-13 (CCL4) n RANTES (CCL5) [5].

MHransiumoHHble KOpTMKOCTEpPOMAbl CMOCOOHbI
CcHwxkaTb Yactoty oboctpeHun XOBJ1, ocobeHHo Yy
NaLUMEHTOB C YacCTbIMU 0BOCTPEHUAMMU N TSHXKENOM 00-
CTpyKUMEN AblXaTenbHbIX MNyTEeN, HO OKa3blBaT MU-
HYManbHOe BINUSIHNE HA (PYHKLUMIO NErkMx 1 obbem
(popcrpoBaHHOTO BbIJOXa 3a nepsyto cekyHay (OPB,)
[6], uTo MpuBeno Kk OPMMPOBaHUIO NPeacTaBneHns
06 ycTonumMBOCTU KNeTok nauneHToB ¢ XOBJT k kopTu-
KocTepougam. SKCneprMeHTanbHble NCCreaoBaHus,
NPOBEAEHHbIE Pa3HbIMU Hay4HbIMW KOMMEKTUBAMM,
MO3BOMMIN NPELNONOXUTL CNOCOOHOCTL asuTPoOMU-
UMHa MOTEeHUMPOBaTh NPOTMBOBOCNANMUTENbHbIE 3g-
hekTbl rMIKOKOPTUKOMAOB, Ocrnabnas Takum obpa-
30M BOCManuTenbHyto peakuuto [7, 8].

A3NTPOMULIMH NpeACTaBnseT cobon CUHTETUYE-
CKUIA MakpomnuaHbll aHTUBMOTUK, KOTOPLIA addek-
TMBEH NPOTUB LUMPOKOrO cnekTpa OakrepuanbHbIX
N MukobakTepuanbHbiX MHGekumn [9]. OH Takke
obnagaet NpoOTMBOBMPYCHBIMU U MPOTUBOBOCMANN-
TenbHbIMM CBOWNCTBaMM, YTO MO3BOMNIIO UCMONb30-
BaTb €ro y NaumMeHTOB C KOPOHaBUPYCHOW WHMEK-
unent SARS-CoV-2 n MERS-CoV [9]. A3uTpomMnumH
NPOHUKaET B OOMbLUMHCTBO TKAHEN YernoBeka, nme-
€T JOBOJIbHO ANUTENbHBIN Neprog NofnyBbIBEAEHNS
(68 4), Gnarogaps 4Yemy NpoOAOIHKaeT OCTaBaTbCs
3P (PEeKTUBHBIM B TEYEHMNE HECKOSbKUX AHEN nocne
npuema nocrnegHen gossl [10].
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A3UTPOMULIMH  UHIMOUPYeT PaKkTopbl TpaHC-
kpunumm NF-kB, AP-1 n STAT1, BOBneYeHHble B
pa3BuTMe BocnanuTenbHon peakuum npu XOBJ
[11-13]. OTOT NnpenapaT Takke NogaBnsieT aKCrpec-
cuto mornekyn agresaun VCAM n ICAM, 3amennss Ta-
Knm obpasom murpaumto Hertpodunos [14]. Kpome
TOro, asUTPOMULNH CynpeccupyeT 3KCNpeccuo xe-
MokuHa IP-10 3a cyeT uHrnbuposaHus p65 NF-kB,
ERK-knHas (knHas, perynmpyemMbiX BHEKNTETOYHbLIMU
curHanamn) n JNK-knHas (c-Jun N-TepMUHanbHbIX
KnHaz) [15], 4To mpenaTcTByeT mMurpauumn nmmdo-
LUMTOB M MOHOUMUTOB, obnagarolimx peLenTopom
CXCRS3. BmecTte ¢ Tem cnocobHOCTb 3TOro npena-
paTta noTeHumMpoBaTb 3(pdeKTbl KOPTUKOCTEPOUAOB,
CBSI3aHHblE C N3MEHEeHNeM MUrpaumm MOHOLIUTOB U
numdounToB KpoBu naumeHToB ¢ XOBJ, paHee He
n3yyanacse.

LUlenb uccnepoBaHus

OueHnTb cNocobHOCTb KOMOUHaLMKN ByaecoHu-
[a 1 asuTpoMuLMHaA BNUSATb HA MUTpaLni0 MOHOLM-
TOB M NMdOUMTOB KpoBK nauneHToB ¢ XOBJ1.

MaTepManbl n MmetToabl

B nccnegoBaHum npuHAnM ydactue 8 naume-
ToB ¢ XOBJT (6 My>XYMH U 2 XeHLUHbI) co cTabunb-
HbIM TeyeHnem 3abonesaHus, ll-lll cteneHbo TH-
XecTn (B cooTBeTCcTBMM C Kputepuamm GOLD 2019,
mobGanbHOoM MHNLMATKBbLI MO XPOHUYECKON OOCTPYK-
TMBHOM 6onesHu nerkmx) [16] n NHAEKCOM KypsiLLEero
yenoBeka 6onee 10 nayka/net. BospacT obcneno-
BaHHbIX Nuy, coctasun 61,5 (59,0-68,3) ropa. M3 uc-
CcrnefoBaHUS UCKIIOYaNUChb NauneHTbl ¢ BpoHXmanb-
HOW aCTMOW, OHKOMOTMYECKMMM U ayTOMMMYHHbBIMM
3aboneBaHMAMN, HapyLUEHUAMW CBEPThIBAOLLEN
CUCTEMbI KPOBW, @ Takke MauueHTbl, MpUHUMaBLUE
CUCTEMHbIE ITIIOKOKOPTUKOMAbI NocneaHve 6 Heaenb
[0 npoBefeHus nccregoBaHus.

BeHO3Hyt0 KpOBb y MauneHToB 3abvpanu yTpom
HaTowak B obbeme 15 mn B Npobupky, cogepxa-
LYl remapuH HaTpus B KayecTBe aHTUKOarynsiH-
Ta. MOHOHyKNeapHble KNETKM KPOBW BbIAENSANN U3
nepudepruyeckon Kposu nyTem UeHTpudyrmposa-
HUA Ha rpagueHte nnotHoctn 1,077, ucnonbays
pactBop Lymphopure (Biolegend, CLUA). KneTku
pecycneHavMpoBanu B KoHueHTpauun 1 x 108/mn B
KynetypanbHoi cpeae RPMI 1640 (Gibco, CLUA) ¢
pobaeneHnem 1 % detanbHON TeNsYbEN CbIBOPOT-
kn (®TC, Capricorn Scientific, FepmaHus).

B unctble npobupku nomellanu 1 mMn cycnex-
3un knetok (1 x 10° MOHOHyKMNeapHbIX KIETOK Kpo-
BW) U WHKYOMpOBanu C [TOKOKOPTMKOMOOM Oyae-
coHngom (10 HM), asutpomuumHoM (10 Mkr/mn)
(Glentham Life Sciences Ltd, BenukobputaHus)

unn ux codetanuem npu 37 °C, 5 % CO,. Yepes
14 100 MKN cycneH3um KNeTok NepeHoCcunn B Bepx-
HWe KaMepbl NaHLweTa ¢ nopamMu AnaMeTpoM 5 MKm
(Costar Corning, CLUA). B HWkH1e Kamepbl nnaHLue-
Ta gobaensanm 600 mkn xemoTakcmnyeckoro bydepa,
cocTosaLero n3 KynsrypanbHon cpeabl RPMI 1640,
ob6orawieHHon 1 % PTC n xemokmHamm RANTES
(10 HM, R&D systems, CLWA) nnm IP-10 (10 HM,
Gibco, CLUA). TMnaHweTbl WHKYOGUpoBann npu
37°C, 5 % CO.,,. o okoH4YaHUM 2 Y KNETKX, MUrp1po-
BaBLUME B HWDKHIOW Kamepy, cobupanu, oTMbIBanm
npu nomoLum gpocdatHoro cornesoro bygepa (PChH,
Cell Wash, BD Biosciences, lNonblua) n pecycneH-
AvpoBanu B aToM Bydepe. BHOCUNM MOHOKIOHanb-
Hble aHTuTena CD3-FITC, CD14-PE, CD19-ECD,
CD45-APC Alexa Fluor 750 (Beckman Coulter,
®paHums; Exbio, Yexusa), nocne yero KNETKM MHKy-
OupoBanu B TemMHOTe B TeyeHune 20 MWH Mpu Tem-
nepatype 4 °C. B nocrniegytowiemM KNeTkn oTMbIBanu
npv nomowm 3 mn ®CB, cogepxatlero 0,2 % Gbluni
CbIBOPOTOYHbIV anbbymuH (BD Biosciences, CLLA),
n pukcmposanu nytem gobasnerHust 300 mkn 1 %
pacTtBopa napadopmanbiernga. Ha npoTtovHom
uutometpe Navios (Beckman Coulter, CLLA), Ha-
CTPOEHHOM Ha CPeHIOK CKOPOCTb MOTOKA KMNETOK, B
TeveHne 100 ¢ nogcumnTbIBaNM KonvyecTso numdo-
LMTOB 1 MOHOLIUTOB.

[Ons aHanusa o6pasuoB McnonbL3oBanu npo-
rpammHoe obecneyeHne Kaluza (Beckman Coulter).
T-numcountel  onpegensnm  kak  CD45*CD3*,
B-numdountel — CD45'CD19*, MOHOUMTbBI —
CD14* kneTkw.

Crartuctnyeckyto 06paboTky JaHHbIX OCYLLECT-
BNANM C mMcnonb3oBaHnem nporpaMmmbl GraphPad
Prism, Bepcua 7.00 (GraphPad Software, CLUA).
OueHKy pesynbraToB MCCNeAoBaHUsA MNpPOBOAMIM
MEeTOAOM OAHOMAKTOPHOIro AUCNEPCUOHHOIO aHa-
nn3a (ANOVA) ¢ nocnegywoLmmM anocTepuopHbIM
nonapHbIM CpaBHEHWEM MOKa3aTenen C MOMOLLbHO
KpuTepus Tbtoku. Mpu Bcex BUAax ctaTMcTUYECKOro
aHanmMsa KpUTMYECKOoe 3Ha4YeHue YPOBHSI 3HAYUMMO-
CTW NpyHUManu kak pasHoe 5 %.

PesynbraTbl U 06CyXaeHune

B HacTosiwem uccnegoBaHum GyaecoHug no-
AaBnan Murpaumio B-numdgouunToB B HanpaBneHum
RANTES, HO He oka3sbiBan BO3AEWCTBMS Ha nepe-
MeLLEHNE K 3TOMY XeMOKMHY T-nnmdounTos (pucy-
HOK 1). Cx0Xrnm 06pa3om rmroKOKOPTUKOMAbI BANSM
Ha xemoTtakcuc T- n B-numdgouunTos k IP-10. [Jobas-
NeHne a3anTPoOMULMHA K KIETOYHOW CYCMNEeH3UN npu-
BOAMIIO K CHWXKEHUIO murpaumm T- n B-numdountos
B HanpaeneHun RANTES wn IP-10. lpu saTtom asu-
TpoMuuMH obnagan 6onee Bbipa)XXeHHOW CNocoBHO-
CTbIO cynpeccupoBaTb MUrpaunto T-nMmMgounToB 1
B-kneTok, yem GygecoHua.
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PucyHok 1. BnusiHue asumpomutyuHa u 6ydecoHuda Ha xemMomakcuc T- u B-numgoyumos nepughepuyeckoll Kposu nayueHmos
€ XpoHu4eckol obcmpykmugHoU 6one3sHbto neekux Kk RANTES u IP-10: *p < 0,05 no cpasHeHuto ¢ KOHmMponem
(knemkamu Kposu, Haxoduswumucsi 6e3 nekapcmeeHHbIx cpedcms); *p < 0,05 no cpasHeHuto ¢ byd 10 HM
Figure 1. Effect of azithromycin and budesonide on the chemotaxis of peripheral blood T- and B-lymphocytes of patients with chronic
obstructive pulmonary disease to RANTES and IP-10 : *p < 0,05 compared with the control
(blood cells that were without medications);*p < 0,05 compared with Bud 10 HM

Ha pucyHke 1 npencrtaBneHbl rpadukn, OeMOH-
cTpupyowme BnusiHWe asutpomuuuHa (A3, 10 mkr/
mn), 6yneconvaa (bya, 10 HM) n nx covetaHusa Ha
murpauuio T- n B-numcoumToB, MHAYLNPOBAHHYHO
10 HM RANTES (A, B) n 10 HM IP-10 (B, I"). Pe3ynb-
TaTbl NpPeAcTaBneHbl B BUAE CpeaHero + ctaHgapT-
Has ownbka cpeaHero; n = 8.

KombuHauus asutpoMuumHa 1 ygecoHnga no-
hasnsna murpauuio T-numdountoB U B-kneTok k
RANTES un IP-10. Co4eTaHne aTux nekapCTBEHHbIX
cpeacTB okasanocb 6onee apEKTUBHBLIM B CHUXKE-
HUM xemoTakcuca T- u B-numcbountoB K RANTES u

IP-10, yem oguH ByaecoHMa, HO HE UMENO Mpenmy-
LLECTB MO CPaBHEHWUIO C AENCTBMEM OAHOINO a3nTpo-
MULNHA.

Kak n3BecTtHo, cpean T-nMmdouunToB Bbloens-
0T pasnuyHble cybnonynaumum, KOTopble OKasbiBakoT
cneundundeckoe BO3AENCTBUE Ha BOCNANUTENbHbIN
npouecc npn XOBJ1. Tak, untotokcmnyeckmne T-num-
douuTtbl 1 T-xennepsl 1-ro TMna NpoayumnpyoT dak-
TOp Hekposa onyxonu a (PHOaA) n nHTepdepoH y
(MDHy). ®HOa akTMBMpYET hakTop TPaHCKPUNLMK
NF-kB, koTOpbIN MHAYLUMPYET TPAHCKPUNLNIO rEHOB,
KOAMPYIOLLMX MNpOBOCNAnNUTENbHbIE LIMTOKUHBI, Xe-
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MOKWHbI 1 Mornekynbl aaresun [17]. U®Hy, B cBoto
ovepeab, MHAYUMPYET CMHTE3 NUraHgoB Ans pelen-
Topa CXCR3 (MIG, IP-10 u I-TAC) [5]. Kpome TorO,
uuToToKCMYeckme T-nmmdoLmnTel CEKPETUPYIOT Gen-
Ky nepdopuHbl U rpaH3vMM B, koTopble MHULUNPYIOT
anonTo3 WM HEeKpo3 anbBeonsipHbiX knetok [18].
T-xennepbl 2-ro TMNa npoayuMpyoT WUHTEPNenknH
4 (UJ1-4), N-5, UJ1-13 n B ganbHenwemM 3anycka-
0T 203MHOGMbHOEe BocnaneHne [19]. T-xennepbl
17-ro Tvna cekpetupytoT UJT-17A, KoTopbIn NHAYUK-
pyet akcnpeccuto UI-8 n rpaHynoumntTapHo-makpo-
daranbHOro KornoHuecTuMmynupytowero cgakropa B
anuUTENMarnbHbIX U SHOOTENUANbHbIX KIEeTKax, 4To
YyCUNMBAET NpuBreYeHne HEMTPOUIOB B o4ar BOC-
nanexus [20, 21].

B-nMumdounTbl, OKasaBWIMCb B ferkux nauu-
eHToB ¢ XOBJ1, cuHTesumpytot UJT-10, KOTOpbIN ak-
TUBMPYET NPOAYKLUMIO MakpodaramMmy MaTpPUKCHbIX
MeTannonpotenHas 9 n 12. 3t gpepMeHTbl Bbi3bl-
BalOT Aerpagaumio O6enkoB BHEKINETOYHOIO MaTpuK-
ca Merkvx, Y4To MpPUBOAUT K PasBUTUIO aMEU3EMBI
N OPMMPOBAHUIO HU3KOMOSEKYISPHbLIX peryns-
TOPHbIX NENTMOOB, MOMYYMBLUMX HA3BaHWE MaTpu-
KMHOB. [JaHHble nenTuabl M3BECTHbI CMOCOBOHOCTHLIO
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npuenekatb Hentpopunbl B nerkme [22]. Kpome
Toro, B-numdoumnTsl MoryT nponvdepupoBaTb U Co-
3peBaTb B Nfla3MaTnU4ecKmne KNeTkn, KOTopble Npoay-
LUMpYIOT aHTuTena K 6aktepmsam nnm cobCTBEHHBLIM
KOMMOHeHTam nerkux. Baavmopgencrteue ayToaHTu-
Ten Co CBOMMM aHTUreHaMu MHOYLIMPYET akTUBaLUIO
KOMMMEMEHTa 1 B NOCMEAYOLEM MUTPALNIO KNETOK
BOCMNaneHusi B NeroyHyto TkaHb [23].

MpuBeOeHHble B HACTOSILLEM WCCIEeaoBaHUN
OaHHblE B COBOKYMHOCTW CO 3HayeHuem T-num-
douunTtoB n B-knetok B naTtoreHese XOBJ1 patot
OCHOBaHWe nonaratb, YTO a3UTPOMULIMH Kak camo-
CTOSATENBbHO, TaK U B COBOKYMHOCTM C [NFOKOKOPTU-
Kongamm cnocobeH 3amMeansaTb NPorpeccMpoBaHme
XOBJ1 3a cyeT CHWXeHUst KonmyecTea MUrpUpPoOBaB-
wunx B nerkme T- n B-numcountos.

B Hawen pabote OygecoHung yckopsin nepeme-
LweHne MoHoumtoB K xemoknHam RANTES wn IP-10
(pPMCYHOK 2). A3UTPOMULIMH Takke MHAYLMPOBan Mu-
rpaumo MOHOLIMTOB K 3TUM XeMOKuHaMm. KombuHa-
uns OygecoHvaa M asMTPOMMLMHA akTMBMpoBarna
XEMOTaKCUC MOHOUMTOB B HanpaeneHun RANTES un
IP-10, HO He oTnMyanack no curne OeNcTBUst OT 3TUX
npenapartoB, BHECEHHbIX K KIeTKaM Nno OTAENbHOCTMW.

IP-10
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PucyHok 2. BnusiHue asumpomuyuHa u 6ydecoHuda Ha XeMomakcuc MOHOUUMOo8 repugepuyeckoli Kposu nayueHmos
¢ XpoHu4eckoli obcmpykmugHoU 6one3Hbro neekux K RANTES u IP-10: *p < 0,05 o cpasHeHUto ¢ KOHmMpoiem
(knemkamu Kposu, Haxoduswumucsi 63 fiekapcmeeHHbIX cpedcms)
Figure 2. Effect of azithromycin and budesonide on chemotaxis of peripheral blood monocytes in patients with chronic obstructive
pulmonary disease to RANTES and IP-10: *p < 0,05 compared with the control
(blood cells that were without medications)

Ha pucyHke 2 npuegeHbl rpaduvku, OEMOH-
cTpupyowme BnusHue asutpomuumHa (A3, 10 mkr/
mn), 6yneconnga (bya, 10 HM) 1 ux coyeTaHust Ha
MUrpauuio MOHOLMTOB, MHAyuupoBaHHyto 10 HM
RANTES (A) n 10 HM IP-10 (B). Pesynbsratsl npea-

CTaBneHbl B BUAE CpedHero £ ctaHgapTHas olimbka
cpegHero; n = 8.

I3BECTHO, YTO MIOKOKOPTUKOMALI MOTYT UHAOY-
LMpoBaThb NONYMALMI0 NPOTMBOBOCMANMUTENBHbLIX MO-
HOLMTOB, KOTOPbI€ MUTPUPYIOT B MECTa BOCMNarneHus,
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CVHTE3UPYIOT MPOTMBOBOCMANMUTENbHBLIE LIUTOKUHBI
N MMEIOT MOBbILIEHHYHO (harounTapHyt akTUBHOCTb,
4YTO CMOCOOCTBYET NoAaBMNEHMIO BocnaneHus [24].
OcCHOBbIBasACb Ha 3TUX AaHHbIX, Mbl NonaraemM, 4To
yCUrneHne XemoTakCcMca MOHOLMTOB K XEMOKUHaM
RANTES wu IP-10 nog BnusiHiem bygecoHmaa v asu-
TpOMULMHA, NPOAEMOHCTPUPOBAHHOE B HACTOSILLEN
paboTe, MOXeT ObITb 00YCINOBNEHO aKTUBUPYIOLLUM
OEVCTBUEM JTEKAPCTBEHHbIX CPEACTB Ha MpPOTMBO-
BOCMaNUTENbHbIE MOHOUWTLI, YTO B JalbHenwem
MOXET CynpeccupoBaTh BOCNANUTENBHYHO PeaKLmHo.
[aHHoe npegnonoxeHue TpebyeT npoBepku B Oyay-
LLUMX MCCrefoBaHUsIX nyTeM onpeneneHns heHoTu-
na v CBOWCTB MUIPMPOBABLUNX MOHOLMTOB.

B npeabigywnx nccnegoBaHmsax Mbl NPO4EMOH-
CTpUpOBanu, YTo0 COBMECTHOE UCMornb3oBaHue Oy-
OEeCcoHVAa 1 a3uTPOMULIMHA NPUBOANIO K CHVXKEHUIO
CMHTEe3a TUMUYECKOr0 CTPOMaribHOro fMMdonoaTu-
Ha, NN-4 n WNJ1-8 MOHOHYKNeapHbIMW KreTkamu ne-
pudepuryeckon kposu bonee acpHeKTUBHO, YEM TtO-
6o 13 aTux Npenapartos Nno oTaenbHocTU. Mpu aTom
codeTaHune rMHKOKOPTMKOMAOB M a3uTPOMULIMHA MO
CPaBHEHMIO C OOHVMM MakKpOnuaHbIM aHTUOMOTUKOM
MUMENO CXOAHYK CMOCOBGHOCTb MHIMOMpoBaThL MpPO-
aykuuio UIN-5 n UN-13 [7]. Takne gaHHble B cove-
TaHWM C pesynbTaTamMn HacToSLLEro UCCrneqoBaHns

CBMUOETENbCTBYOT B MOJb3Yy M36MpaTeJ'IbHOl7I cno-
cobHocTH asnTpoMmnumHa BIUATb Ha YyBCTBUTEIb-
HOCTb KJ1ETOK K ITTIOKOKOPTUKOUOaM.

3akntoyeHue

JobaBneHne K Knetkam KpOBM MNaLMEHTOB C
XOBJ1 nekapcTBeHHOro cpeactsa asUTPOMULIMH
(10 mKr/Mn), CamMOCTOATENBHO U B COMETAHUU C fe-
KapcTBeHHbIM cpeacTtBoM OyaecoHugom (10 HM),
npmBoguT K nopasneHuto murpaumm k RANTES
n IP-10 T-numdouunToB 1 B-kneTok, a Takke yCKo-
PEHUIO NepeMeLLEHNs K 3TUM XeMOKMHaM MOHOLU-
ToB. KomMOuHaumsa asutpomuumHa u GygecoHuaa
obnapgaet Gornee cynpeccupyoLwmMM AEACTBUEM Ha
xemotakcuc T- n B-numdountos kposn Kk RANTES un
IP-10, yem oguH 6ygecoHna. CovetaHve asuTpomu-
unHa n BygecoHuaa okasbiBaeT AeNCTBUE, CXOXee
C BMUSIHUEM OAHOMO asMTPOMULMHA, HA MUrpaLmIo
T- n B-numcoumnTtoB, a TakKke MOHOLUTOB KPOBU
nauneHtoB ¢ XOBJl. B coBokynHOCTM pesynbra-
Tbl MCCNeoBaHUsA [EMOHCTPUPYIOT CNOCOBHOCTb
asuTpoMULMHA CaMOCTOATENbHO  MOAynupoBaTb
XEMOTAKCUC MOHOUMTOB U NMAOUUTOB nepude-
pudeckon kposu naumeHtoB ¢ XOBJ1 n otcytcTBMe
npenmyLLecTB ero kKomomHaumn ¢ 6yaecoHnaoM.

Cnucok nutepatypbl

1. Barnes PJ. Inflammatory mechanisms in patients with
chronic obstructive pulmonary disease. J Allergy Clin Immunol.
2016 Jul;138(1):16-27.

DOI: https://doi.org/10.1016/j.jaci.2016.05.011

2. Solidoro P, Albera C, Ribolla F, Bellocchia M, Brussino
L, Patrucco F. Triple Therapy in COPD: Can We Welcome the
Reduction in Cardiovascular Risk and Mortality? Front Med
(Lausanne). 2022 Mar 23;9:816843.

DOI: https://doi.org/10.3389/fmed.2022.816843

3. Wang Y, Xu J, Meng Y, Adcock IM, Yao X. Role of
inflammatory cells in airway remodeling in COPD. Int J Chron
Obstruct Pulmon Dis. 2018 Oct 12;13:3341-3348.

DOI: https://doi.org/10.2147/COPD.S176122

4. KagywkuH Al TaraHosud ALl, Moe4yaH J1B, 3adpaHckas
MM, OagunykmHa OB, Wman TB. MNonynsiuMoHHash nepecTpoika
B-nnmdounToB, 3KCMPEeccUpyrLmnX XEMOKUHOBbIE peLenTopbl,
y NaLUMEeHTOB C XPOHWYECKON OBCTPYKTUBHOWM OOME3HbI0 MEerkux.
BromeanuuHckas xumus. 2022;68(2):134-143.

DOI: https://doi.org/10.18097/PBMC20226802134

5. Henrot P, Prevel R, Berger P, Dupin I. Chemokines in
COPD: From Implication to Therapeutic Use. Int J Mol Sci. 2019
Jun 6;20(11):2785.

DOI: https://doi.org/10.3390/ijms20112785

6. Tashkin DP, Strange C. Inhaled corticosteroids for chronic
obstructive pulmonary disease: what is their role in therapy? Int J
Chron Obstruct Pulmon Dis. 2018 Aug 27;13:2587-2601.

DOI: https://doi.org/10.2147/COPD.S172240

7. Kadushkin A, Tahanovich A, Movchan L, Talabayeva
E, Plastinina A, Shman T. Azithromycin modulates release of
steroid-insensitive cytokines from peripheral blood mononuclear
cells of patients with chronic obstructive pulmonary disease. Adv
Respir Med. 2022 Jan 24;90(1):17-27.

DOI: https://doi.org/10.5603/ARM.a2022.0002

8. Kobayashi Y, Wada H, Rossios C, Takagi D, Charron
C, Barnes PJ, et al. A novel macrolide/fluoroketolide,
solithromycin (CEM-101), reverses corticosteroid insensitivity via

phosphoinositide 3-kinase pathway inhibition. Br J Pharmacol.
2013 Jul;169(5):1024-1034.
DOI: https://doi.org/10.1111/bph.12187

9. Oliver ME, Hinks TSC. Azithromycin in viral infections.
Rev Med Virol. 2021 Mar;31(2):€2163.
DOI: https://doi.org/10.1002/rmv.2163

10. Kong FY, Rupasinghe TW, Simpson JA, Vodstrcil LA,
Fairley CK, McConville MJ, et al. Pharmacokinetics of a single 1g
dose of azithromycin in rectal tissue in men. PLoS One. 2017 Mar
28;12(3):e0174372.
DOI: https://doi.org/10.1371/journal.pone.0174372

11. Stellari FF, Sala A, Donofrio G, Ruscitti F, Caruso P,
Topini TM, et al. Azithromycin inhibits nuclear factor-kB activation
during lung inflammation: an in vivo imaging study. Pharmacol
Res Perspect. 2014 Oct;2(5):e00058.
DOI: https://doi.org/10.1002/prp2.58

12. Haydar D, Cory TJ, Birket SE, Murphy BS, Pennypacker
KR, Sinai AP, et al. Azithromycin Polarizes Macrophages to an
M2 Phenotype via Inhibition of the STAT1 and NF-kB Signaling
Pathways. J Immunol. 2019 Aug 15;203(4):1021-1030.
DOI: https://doi.org/10.4049/jimmunol.1801228

13. Bosnar M, Cuzié S, Bosnjak B, Nujié K, Ergovié G,
Marjanovi¢ N, et al. Azithromycin inhibits macrophage interleukin-
18 production through inhibition of activator protein-1 in
lipopolysaccharide-induced murine pulmonary neutrophilia. Int
Immunopharmacol. 2011 Apr;11(4):424-434.
DOI: https://doi.org/10.1016/j.intimp.2010.12.010

14. Khezri MR, Zolbanin NM, Ghasemnejad-Berenji M, Jafari
R. Azithromycin: Immunomodulatory and antiviral properties for
SARS-CoV-2 infection. Eur J Pharmacol. 2021 Aug 15;905:174191.
DOI: https://doi.org/10.1016/j.ejphar.2021.174191

15. Kuo CH, Lee MS, Kuo HF, Lin YC, Hung CH.
Azithromycin suppresses Th1- and Th2-related chemokines IP-
10/MDC in human monocytic cell line. J Microbiol Immunol Infect.
2019 Dec;52(6):872-879.
DOI: https://doi.org/10.1016/j.jmii.2019.10.001

108



Mpobnembl 3gopoBba 1 akonorun / Health and Ecology Issues

2022;19(4):103-110

16. Singh D, Agusti A, Anzueto A, Barnes PJ, Bourbeau J,
Celli BR, et al. Global Strategy for the Diagnosis, Management,
and Prevention of Chronic Obstructive Lung Disease: the
GOLD science committee report 2019. Eur Respir J. 2019 May
18;53(5):1900164.
DOI: https://doi.org/10.1183/13993003.00164-2019

17. Moe KT, Khairunnisa K, Yin NO, Chin-Dusting J, Wong
P, Wong MC. Tumor necrosis factor-a-induced nuclear factor-
kappaB activation in human cardiomyocytes is mediated by
NADPH oxidase. J Physiol Biochem. 2014 Sep;70(3):769-79.
DOI: https://doi.org/10.1007/s13105-014-0345-0

18. Caramori G, Casolari P, Barczyk A, Durham AL,
Di Stefano A, Adcock |. COPD immunopathology. Semin
Immunopathol. 2016 Jul;38(4):497-515.
DOI: https://doi.org/10.1007/s00281-016-0561-5

19. Barnes PJ. Targeting cytokines to treat asthma and
chronic obstructive pulmonary disease. Nat Rev Immunol. 2018
Jul;18(7):454-466.
DOI: https://doi.org/10.1038/s41577-018-0006-6

20. Honda K, Wada H, Nakamura M, Nakamoto K, Inui T,
Sada M, et al. IL-17A synergistically stimulates TNF-a-induced

IL-8 production in human airway epithelial cells: A potential
role in amplifying airway inflammation. Exp Lung Res. 2016
May;42(4):205-216.
DOI: https://doi.org/10.1080/01902148.2016.1190796

21. Yuan S, Zhang S, Zhuang Y, Zhang H, Bai J, Hou Q.
Interleukin-17  Stimulates STAT3-Mediated Endothelial Cell
Activation for Neutrophil Recruitment. Cell Physiol Biochem.
2015;36(6):2340-2356.
DOI: https://doi.org/10.1159/000430197

22. Polverino F, Seys LJ, Bracke KR, Owen CA. B cells in
chronic obstructive pulmonary disease: moving to center stage.
Am J Physiol Lung Cell Mol Physiol. 2016 Oct 1;311(4):L687-L695.
DOI: https://doi.org/10.1152/ajplung.00304.2016

23. Kato A, Hulse KE, Tan BK, Schleimer RP. B-lymphocyte
lineage cells and the respiratory system. J Allergy Clin Immunol.
2013 Apr;131(4):933-957.
DOI: https://doi.org/10.1016/j.jaci.2013.02.023

24. Ehrchen JM, Roth J, Barczyk-Kahlert K. More
Than Suppression: Glucocorticoid Action on Monocytes and
Macrophages. Front Immunol. 2019 Aug 27;10:2028.
DOI: https://doi.org/10.3389/fimmu.2019.02028

References

1. Barnes PJ. Inflammatory mechanisms in patients with
chronic obstructive pulmonary disease. J Allergy Clin Immunol.
2016 Jul;138(1):16-27.

DOI: https://doi.org/10.1016/j.jaci.2016.05.011

2. Solidoro P, Albera C, Ribolla F, Bellocchia M, Brussino
L, Patrucco F. Triple Therapy in COPD: Can We Welcome the
Reduction in Cardiovascular Risk and Mortality? Front Med
(Lausanne). 2022 Mar 23;9:816843.

DOI: https://doi.org/10.3389/fmed.2022.816843

3. Wang Y, Xu J, Meng Y, Adcock IM, Yao X. Role of
inflammatory cells in airway remodeling in COPD. Int J Chron
Obstruct Pulmon Dis. 2018 Oct 12;13:3341-3348.

DOI: https://doi.org/10.2147/COPD.S176122

4. Kadushkin AG, Tahanovich AD, Movchan LV, Zafranskaya
MM, Dziadzichkina VV, Shman TV. Population rearrangement
of B-lymphocytes expressing chemokine receptors in patients
with chronic obstructive pulmonary disease. Biomed Khim.
2022;68(2):134-143. (In Russ.).

DOI: https://doi.org/10.18097/PBMC20226802134

5. Henrot P, Prevel R, Berger P, Dupin |I. Chemokines in
COPD: From Implication to Therapeutic Use. Int J Mol Sci. 2019
Jun 6;20(11):2785.

DOI: https://doi.org/10.3390/ijms20112785

6. Tashkin DP, Strange C. Inhaled corticosteroids for chronic
obstructive pulmonary disease: what is their role in therapy? Int J
Chron Obstruct Pulmon Dis. 2018 Aug 27;13:2587-2601.

DOI: https://doi.org/10.2147/COPD.S172240

7. Kadushkin A, Tahanovich A, Movchan L, Talabayeva
E, Plastinina A, Shman T. Azithromycin modulates release of
steroid-insensitive cytokines from peripheral blood mononuclear
cells of patients with chronic obstructive pulmonary disease. Adv
Respir Med. 2022 Jan 24;90(1):17-27.

DOI: https://doi.org/10.5603/ARM.a2022.0002

8. Kobayashi Y, Wada H, Rossios C, Takagi D, Charron
C, Bamnes PJ, et al. A novel macrolide/fluoroketolide,
solithromycin (CEM-101), reverses corticosteroid insensitivity via
phosphoinositide 3-kinase pathway inhibition. Br J Pharmacol.
2013 Jul;169(5):1024-1034.

DOI: https://doi.org/10.1111/bph.12187

9. Oliver ME, Hinks TSC. Azithromycin in viral infections.
Rev Med Virol. 2021 Mar;31(2):e2163.

DOI: https://doi.org/10.1002/rmv.2163

10. Kong FY, Rupasinghe TW, Simpson JA, Vodstrcil LA,
Fairley CK, McConville MJ, et al. Pharmacokinetics of a single 1g
dose of azithromycin in rectal tissue in men. PLoS One. 2017 Mar
28;12(3):e0174372.

DOI: https://doi.org/10.1371/journal.pone.0174372

11. Stellari FF, Sala A, Donofrio G, Ruscitti F, Caruso P,
Topini TM, et al. Azithromycin inhibits nuclear factor-kB activation
during lung inflammation: an in vivo imaging study. Pharmacol
Res Perspect. 2014 Oct;2(5):e00058.

DOI: https://doi.org/10.1002/prp2.58

12. Haydar D, Cory TJ, Birket SE, Murphy BS, Pennypacker
KR, Sinai AP, et al. Azithromycin Polarizes Macrophages to an
M2 Phenotype via Inhibition of the STAT1 and NF-kB Signaling
Pathways. J Immunol. 2019 Aug 15;203(4):1021-1030.

DOI: https://doi.org/10.4049/jimmunol.1801228

13. Bosnar M, Cuzi¢ S, Bo$njak B, Nujié K, Ergovié G,
Marjanovi¢ N, et al. Azithromycin inhibits macrophage interleukin-
18 production through inhibition of activator protein-1 in
lipopolysaccharide-induced murine pulmonary neutrophilia. Int
Immunopharmacol. 2011 Apr;11(4):424-34.

DOI: https://doi.org/10.1016/j.intimp.2010.12.010

14. Khezri MR, Zolbanin NM, Ghasemnejad-Berenji M, Jafari
R. Azithromycin: Immunomodulatory and antiviral properties for
SARS-CoV-2 infection. Eur J Pharmacol. 2021 Aug 15;905:174191.
DOI: https://doi.org/10.1016/j.ejphar.2021.174191

15. Kuo CH, Lee MS, Kuo HF, Lin YC, Hung CH.
Azithromycin suppresses Th1- and Th2-related chemokines IP-
10/MDC in human monocytic cell line. J Microbiol Immunol Infect.
2019 Dec;52(6):872-879.

DOI: https://doi.org/10.1016/j.jmii.2019.10.001

16. Singh D, Agusti A, Anzueto A, Barnes PJ, Bourbeau J,
Celli BR, et al. Global Strategy for the Diagnosis, Management,
and Prevention of Chronic Obstructive Lung Disease: the
GOLD science committee report 2019. Eur Respir J. 2019 May
18;53(5):1900164.

DOI: https://doi.org/10.1183/13993003.00164-2019

17. Moe KT, Khairunnisa K, Yin NO, Chin-Dusting J, Wong
P, Wong MC. Tumor necrosis factor-a-induced nuclear factor-
kappaB activation in human cardiomyocytes is mediated by
NADPH oxidase. J Physiol Biochem. 2014 Sep;70(3):769-79.

DOI: https://doi.org/10.1007/s13105-014-0345-0

18. Caramori G, Casolari P, Barczyk A, Durham AL,
Di Stefano A, Adcock |. COPD immunopathology. Semin
Immunopathol. 2016 Jul;38(4):497-515.

DOI: https://doi.org/10.1007/s00281-016-0561-5

19. Barnes PJ. Targeting cytokines to treat asthma and
chronic obstructive pulmonary disease. Nat Rev Immunol. 2018
Jul;18(7):454-466.

DOI: https://doi.org/10.1038/s41577-018-0006-6

20. Honda K, Wada H, Nakamura M, Nakamoto K, Inui T,
Sada M, et al. IL-17A synergistically stimulates TNF-a-induced
IL-8 production in human airway epithelial cells: A potential

109



2022;19(4):103-110

Mpobnemsbl 3gopoBba 1 akonorun / Health and Ecology Issues

role in amplifying airway inflammation. Exp Lung Res. 2016
May;42(4):205-216.
DOI: https://doi.org/10.1080/01902148.2016.1190796

21. Yuan S, Zhang S, Zhuang Y, Zhang H, Bai J, Hou Q.
Interleukin-17  Stimulates STAT3-Mediated Endothelial Cell
Activation for Neutrophil Recruitment. Cell Physiol Biochem.
2015;36(6):2340-2356.
DOI: https://doi.org/10.1159/000430197

22. Polverino F, Seys LJ, Bracke KR, Owen CA. B cells in
chronic obstructive pulmonary disease: moving to center stage.

Am J Physiol Lung Cell Mol Physiol. 2016 Oct 1;311(4):L687-L695.
DOI: https://doi.org/10.1152/ajplung.00304.2016

23. Kato A, Hulse KE, Tan BK, Schleimer RP. B-lymphocyte
lineage cells and the respiratory system. J Allergy Clin Immunol.
2013 Apr;131(4):933-957.
DOI: https://doi.org/10.1016/j.jaci.2013.02.023

24. Ehrchen JM, Roth J, Barczyk-Kahlert K. More
Than Suppression: Glucocorticoid Action on Monocytes and
Macrophages. Front Immunol. 2019 Aug 27;10:2028.
DOI: https://doi.org/10.3389/fimmu.2019.02028

NHdopmauumsa 06 aBTopax / nformation about authors

KapywknH Anekcen leHHagbeBUY, K.M.H., JOLIEHT kadhe-
Opbl 6uonornyeckon xumum, YO «benopycckuin rocynapcteeH-
HbI MEeAMLMHCKUIA YH1BepcuTeT», MuHck, benapycb

ORCID: https://orcid.org/0000-0002-1620-8477

e-mail: kadushkyn@amail.com

TaraHoBuY AHaTonuu MutpueBuY, 4.M.H., npodeccop,
3aBeqyowmn kadegpown buonoruveckon xmmnm, YO «Benopyc-
CKUI rOCYQapCTBEHHBIN MEAVMLMHCKUA yHMUBEPCUTET», MUHCK,
Benapycb

ORCID: https://orcid.org/0000-0002-0668-2888

e-mail: taganovich@bsmu.by

KonecHukoBa Tatbsina CepreeBHa, CTapLuMii HayYHbIN
COTPYAHUK nabopatopun BMOXMMMUYECKMX METOLOB UCCrenoBa-
Hus, YO «Bbenopycckuii rocyaapCTBeHHbIV MEOULMHCKWIA YHUBEP-
cuteT», MuHck, Benapycb

ORCID: https://orcid.org/0000-0002-2961-0465

e-mail: tanyakolesnikova@list.ru

XopocoBckasi Enena BsivecnaBoBHa, cTapLumin Hay4HbIi
COTPYAHUK nabopatopun BMOXMMMUYECKMX METOLOB UCCrenoBa-
Hus, YO «Bbenopycckuii rocyaapCTBeHHbIV MEOULMHCKWIA YHUBEP-
cuteT», MuHck, Benapycb

ORCID: https://orcid.org/0000-0003-0840-6729

e-mail: lenodka_579@mail.ru

Aliaksei G. Kadushkin, Candidate of Medical Sciences,
Associate Professor at the Department of Biological Chemistry,
Belarusian State Medical University

ORCID: https://orcid.org/0000-0002-1620-8477

e-mail: kadushkyn@gmail.com

Anatoli D. Tahanovich, Doctor of Medical Sciences,
Professor, Head of the Department of Biological Chemistry,
Belarusian State Medical University

ORCID: https://orcid.org/0000-0002-0668-2888

e-mail: taganovich@bsmu.by

Tatsiana S. Kolesnikova, Senior Researcher of the
Laboratory of Biochemical Research Methods, Belarusian State
Medical University

ORCID: https://orcid.org/0000-0002-2961-0465

e-mail: tanyakolesnikova@list.ru

Alena V. Khadasouskaya, Senior Researcher of the
Laboratory of Biochemical Research Methods, Belarusian State
Medical University

ORCID: https://orcid.org/0000-0003-0840-6729

e-mail: lenodka_579@mail.ru

ABTOp, oTBeTCTBEeHHbIN 3a nepenucky / Corresponding author

KapywkuH Anekcen NeHHagbeBUY

e-mail: kadushkyn@gmail.com

lMocmynuna e pedakyuto / Received 03.10.2022
lMocmynuna nocne peyeHsuposaHusi / Accepted 17.10.2022
lMpuHama k nybnukayuu / Revised 19.11.2022

Aliaksei G. Kadushkin,
e-mail: kadushkyn@gmail.com

110





