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HNEPEBUBAEMAS IMHUSA KYJIBTYPbI KJIETOK TEITATOLHUTOB
N3 SMBPUOHOB KPbIC

3.C. XAIIUMOBA, M.K. CAJTAXYTJINHOBA, K.A. KAXOPOBA,
I0.1. OLIEITIKOBA, III.1. CAJINXOB

WucTutyT Omoopranmueckoii xumu AH PY3

ABtop ans nepenucku: malika.salahutdinova@mail.ru

BriBeniena HOBas mepeBHUBacMas KyJIbTypa KICTOK TelMaTOI[UTOB U3 3I0POBBIX SMOPHOHOB KPBIC U M3yUYCHA UyB-
CTBUTEJIBHOCTD JAHHOMN KJIETOYHOM JIMHUU K LIUTOTOKCUYECKUM KOMMEPUYECKUM IIpernaparaM U3BECTHOIO MEXaHU3Ma
JICHCTBUS, B TOM YHUCJIE BEUIECTB, C FENAaTONPOTEKTOPHON aKTUBHOCTHIO.

Knrwouesvie cnosa: renaTonuThl, IHTOTOKCUYHOCTD, KyJIbTypa KieTok, MTT-TecT.

N3ydenne BHOBb MOMYYEHHBIX OMOJIOTUYECKN aKTUBHBIX BEIIECTB, HE3aBUCHUMO OT JaJbHEHIIEH emu
WCTIOJIb30BAHUSA, TIPEATIONIATaeT OIEHUTh NX TOKCHYHOCTh. MOJIENH ¢ MCTIOIb30BaHUEM KYJIBTYPhI PAaKOBBIX
Y KJIETOK HOPMaJIbHOM TKaHH, B YaCTHOCTH T'eTaTOMTOB, HAXOIAT Bce Ooee MUPOKoe MPUMEHEHHEe B OHO-
XHUMHKO-TOKCHKOJIOTHIECKUX HMCCIEOBAHUSAX, BKITIOYAs MOWCK TeNMaToNpOTEKTOPHBIX coeanHeHuit [1-4].
[ledens sBISIETCSA KUIHEHHO BAXKHBIM OPTaHOM, YYaCTBYIOUIUM B PETYIISAIIINHA META00INYIECKOT0 TOMEoCTa-
3a. CrieqoBaTenbHo, JII000€ MaToIOTHIeCKOe N3MEHEeHHe (DYHKIIMOHAIBHOW M apXUTEKTYPHOUH CTPYKTYPHI
TeYeHN MOXKET TIPUBECTH K Pa3UIHbBIM 3a007eBaHMAM [5].

B oToi#i cBA3M Hamu OblTa TIOCTaBJIeHA 3a/1ada TOTy4YeHNe HOBOM CTaOMIIBHOH MepeBUBaeMOl JIMHUU
KJIETOK TETIaTOIUTOB /Il ONOMHIUKAIIMHM HOBBIX OMOJIOTHYECKH aKTUBHBIX BEIIECTB, MPOSBIISIONINX IIUTO-
TOKCHYECKYIO MJIM TeMaTONPOTEKTYPHYIO aKTHBHOCTH.

MarepuaJjnbl 1 METOIbI.

JL1st SKCTIepIMEHTA UCTTONTE30BaI OEPEMEHHYI0 OEITyI0 OECITOPOIHYIO KPBICY, KOTOPYIO COIepikaiach B
BHBapHHH Ha 00BIYHOI ueTe. Bee necnenoBanus MpoBOAUINCH B CTPOTOM COOTBETCTBUH C PEKOMEHIAIIH-
sMu EBporielickoil KOHBEHIIMH TI0 3aIIUTe TO3BOHOYHBIX KUBOTHBIX, UCTIONB3YEMBIX B KCIIEPUMEHTAX MIIN
npyrux nensx (Crpacoypr, 1986 ) m ARRIVE (https://arriveguidelines.org) n 6s1m1 oo6pensr Komurerom
o 6uosTuke MuctuTyTa 6Mooprannyeckoit xumun (IIpuka3 o cozmanmu Otrueckoro Kommrera Ne5/1a/x
ot 10 mas 2022).

Brigenennast 13 MaTKH KPBICHI aMHHOTHYECKUI MEIIIOK OBLT ITOMEIIIEH B paCTBOP X HKCA C COAePKAHU-
eM ka"amuiuHa (50 MKr/MIT). B CTepUIbHBIX YCIOBUSX OBITH W3BJICUCHBI SMOPHOHBI U3 AMHHUOTHIECKOTO
MEIIKa, a 3aTEM | MeYEeHb U3 YMOPHOHOB, KOTOPYIO TaKXKe OTMBIBAIA TPIIKIBI B pacTBOpe XIHKCA C KaHa-
munuHOM. Jlanee medeHs momemanu B pactBop mist pepmentaruu (0,25 % pacTBop TpUIICHHA U PACTBOP
Bepcena, B3siThie B cooTHOMIeHHE 1:1), romorenn3uposanu. [lociae 3Toro ocTaBisud TeaTonuTH B dhep-
MEHTHOM pactBope Ha 25-30 muH npu 37°C npu TOCTOSHHOM TOMENTUBAaHIHA Ha MAarHUTHOW MeEIIaJiKe.
[To ncTeueHun BpeMEHH TeTaTOUThI ABAXKIBI TIPOMBIBAIM PACTBOPOM XIHKCA IS yAAJECHUS TPUIICHHA.
I'emarounTs! nenTprdyrupoBanmu B Tedenue 5 muH npu 800 06/MHH, 0CaOK C KJIIETKaMHU IPOMBIBAIIN CPe-
noit RPMI-1640, conepxamuii aHTHONOTHK - aHTUMUKOTUK (Hi Media) mist ynanenust octatkoB (hepMeH-
Ta, MEHTPUPYTUPOBATIN U OCAJIOK C KJIeTKaMu pacTBopsuid B cpere RPMI-1640, conepxammii aHTHOMO-
THUK — aHTUMHKOTHK, J00aBsum L-rmytamuH (koHeuHas koHIeHTpamnust 400 MM) 1 CBIBOPOTKY IMOpHOHA
TeneHka (KoHeuHas koHientparus 20%). Kietku 3aceBanu B KyJIbTypalibHbIi (akoH B KomudectBe 10°
kyetok/mi. Cycnensus KieTok Kynstusuposasiack npu 37°C B CO, unky6arope. B teuenue nenenu otmu-
paronye KIeTKH yIalsuInCh CMEHOW CBEXEW CpeJoif, 3aTeM OCTaBIISUINCH J0 MOTYYSHHS KOJIOHUH KIIETOK.
ITocne 3amomaennst o0bema durakoHa 10 1/3, OBIT cAeman mepBhIi maccax. st 3TOro KJIETKH CHIMAJIUCh
¢ noBepxHoctH (hrakoHoB 1 MM D/ITA, nobasisim nurarensHyto cpexy RPMI-1640, cogepxamuii anTu-
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OMOTHK - aHTUMUKOTHK, L-rmyTamun u 20% Temsiubeil SMOpHOHAIBHON CHIBOPOTKU U CYCIICH3UIO KIETOK
MEPEHOCUIIN B MaTpall Ui KyJTbTHBHPOBAHHS.

LIUTOTOKCHYHOCTH OLICHUBAIN OMOXUMHYECKH ¢ ToMoInbio MTT- MeToaa 1 moJcyeTy KUBBIX KJIETOK
TPHUIIAHOBBIM CHHUM.

Jis onieHKH nuToTOKCHYecKoro 3ddekra nepeBrBaeMyro JIMHUIO KieTok ['en23 pacceBanu B 96-my-
HOYHBIC TUTAHIIETHI B KoruecTBe 25 Thic./ Mt B 100 Mkt cpeast RPMI 1640 ¢ 10% chiBOpoTKH SMOpHOHA
tenenka npu temneparype 37°C 8 CO,-unkybaropa. , mocie 4ero 00aBIsyIi UCCIIENyEMBIE MPENAPAThl B
no3ax 100, 10 u 1 mxr/mi. [{lutoTokcnyHOCTH ompenensuiachk ¢ momoinbo MTT-recra [6,7],

Onpenensiav ONTHYECKYIO MJIOTHOCTh MPH JAJINHE BOJIHBI 620 HM ¢ MOMOIIBIO TUIAHIIETHOTO aHaN3a-
topa EnSpire Multimode Plate Reader (Perkin Elmer, CLLIA).

KoHTponbHBIe KIeTKH HHKYOHPOBAIH B TOH jKe POCTOBOM cpefie 6e3 BO3ACHCTBHS BelecTB. B kayecTBe
MOJIOKUTETFHOTO KOHTPOJISI UCTIONB30BaK HuTocTaTHK «L{ncnmarnn — Kemonnar»y (Muaus), conepkammit
LUCTIJIATHH B KQYECTBE aKTHBHOTO KOMITOHEHTA.

JlaHHbIe, MOTYYEHHBIC B TPEX IKCIIEPUMEHTAX, BBIPAXKalli B BU/IE CPETHETO 3HAYCHUS TPEX U3MEpEHHN
JUTSL KayK10M KOHIIEHTpaIiu

BBDKHMBaEMOCTD KIIETOK B IPHCYTCTBUH UCCIIETYEMOTO COSAMHEHHS paccuuThIBaiy 1o ¢popmyse (COIT
onbITHBIX TyHOK — COIT cpenst / COII konTponbubix 1yHoK — COII cpeapr) x 100%, rone COII — ycpennen-
HBII TI0Ka3aTeNlb ONTHYECKOHW TNIOTHOCTH C TIOMOIIBIO TakeTa mporpamM “Microsoft Excel”. Bee nanubie
MIPUBEICHBI KaK cpeHee + cTanAaapTHas ommoOka cpeanero (SE) ans n sxkcnepumentoB. Ctatuueckyro 00-
paboTKy MOJTyYEHHBIX JAaHHBIX MPOBOIWIN C HCIOIb30BaHHEM f-Tecta CThrofeHTa. Paznuums cuuranuch
CTaTUCTUYECKH 3HaYMMbIMU Tipu P <0,05.

Pe3ynbrarel u o6cyxaenusi. [Ipu BeIBeIeHUH ITEpEBUBACMOM KYJIBTYPHI TE€NAaTOUTOB OBIITH U3BJICYE-
HBI SMOPHOHBI U3 aMHUOTHYECKOTO MEIlKa, Jajiee U3 IMOPHOHOB M3BIICUCHA MT€UeHb, KOTOPYIO TOMOTCHH-
supoBasiu B cpene RPMI-1640, cogepkaniuii aHTHOMOTHK — aHTUMUKOTHK, 100aBsu L-rmytamuH (ko-
HeuyHast KoHeHTpaust 400 MM) 1 CBIBOpOTKY SMOpHOHa TelleHKa (KoHeuHas koHnenTpauus 20%). Kinerku
3aCeBANM B KyJIbTYpasibHbIN (1akoH u Kyastueuposanack npu 37°C 8 CO, unkybarope.

UYepes 3-4 mecsna KyIbTHBUPOBAHUS KIETOUYHAS JIMHKS, Ha3BaHHAs HaMU [en23, mpuobpena craduiib-
HOCTb, KIICTKU MEpPEeCeBAINCH 2-3 pa3a B HEJEIIO C IIOTHOCTBIO 5% 10* kii/mit ¢ koaddurmeHTom paccesa
1:5 u ObLTH TONMHOCTEIO MEepeBeIeHBl Ha POCTOBYIO cpeay RPMI-1640, cogepkamuii aHTHOMOTHK - aHTHU-
MUKOTHK, 200MM L-rmytamun u 10% cbIBOpOTKH SMOpHOHA TEJICHKA.

[Ipu noceBe enMHUYHBIE KIETKH B MPOLECCE Pa3MHOXKEHUS JIETKO 00pa3yroT KOJOHHH, KOTOpPhIE 3aTeM
CJIMBAIOTCS ¥ 00Pa3yrOT KOH(IFOIHTHBIA MOHOCIION Ha 3-4 teHb. KIeTKH JIeTKo CHUMAIOTCS C TOBEPXHOCTH
pactBopom 1 MM D/ITA.

JKu3HecnocoOHOCTh KIIETOK TelaTOMTOB KOHTPOJMPOBAIM BU3YAIbHO C ITOMOIIBIO MHKPOCKOIA
(Nikon Eclipse Ti2) B pa3nuuHbie neproas BpeMeHHu (puc. 1).

S . : : Reil RN
Puc. 1. IlepeBuBaemas uHus KI€TOK renatonutoB (I'en23).
OO0pa3oBaHusI MOHOCJIOS KJIETOK, OK. X 10, 00. X40.
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[lepeBuBaemas KynbTypa kieTok ['en23 mpencrasieHa 3MUTETUONOA0OHBIMU OMUTOHATIBHBIMH KIIET-
KaM{ ¢ MHOTOYHUCIIEHHBIMU JIBYSIIEPHBIMH KJIETKaMHU.

Kynerypa knerok I'em23 3amoposkera Ha 40-om maccaxke mo 2% 10° keTok Ha KpHoGIakoH 00beMOM
1,8 M1 1 XpaHuTcs B 6aHKe KIETOYHBIX KynbTyp MHCTHTYTa Onooprannyeckoid xumuu AH PV3.

Jnist McTIoNb30BaHUs KYJIBTYpBl KIETOK B KaUECTBE MOJCIH JUISl M3yUeHHsT OMONOTMYECKH aKTHBHBIX
BEIIECTB HEOOXOIUMO OTIPENIENINTh, HACKOIBKO YyBCTBUTENbHA JaHHAS CHCTEMA K IEHCTBUIO KITMHUYECKHX
npenaparo [8-9]. B cBsi3u ¢ 3TUM HaMu OBLIO UCCIIENOBAHO ACHCTBHE HEKOTOPHIX KIMHUYECKHX MPOTHU-
BOOITYXOJIEBBIX MPENapaToB, a TAKKE MpenapaTsl, 00JIaJaroIne TPOTHBOBOCTIATHTEIbHBIMU ACHCTBHAMHU:
LUCTIIATHH — CHHTETUYECKHI MPOTHBOOITYXOJIEBBIN Mpemnapar, 00JaiaeT CBOHCTBaMH OM(yHKIIMOHATBHBIX
AIKHIIMPYIOLIMX areHTOB; METOTPEKCAT, IUTOCTATUIECKUI Mpenapar U3 TPyIIbl aHTUMETa00IUTOB, JOCKO-
PYOHLIMH, TPOTUBOOIYXOJIEBBII aHTHOMOTHK aHTPALMKIMHOBOTO psiia. XO(HUTOII, )KETYETOHHOE CPEICTBO
00J1a/1aeT renaronpoTeKTOPHBIMUM U MOYETOHHBIMH CBOWCTBAMHU.

Hamu n3ydeHo neiicTBre STUX Mpenaparos Ha iepeBrBaeMoi TiuHnH renarounToB (['en23). [Tonyyennsie
pe3yNIbTaThl 1aHbl B TAOJHIIC.

HHTOTOKCH‘IeCKaH AKTHBHOCTH KOMMep'{eCKHX npenapaTOB Ha KJIeTO'{HOﬁ JIUHUU IenaTonuToB
(Mm, n=3, P <0,05)

MKT/MJI Bxkarouenune MTT B knetkn, %
Obpasrb! 100 10 1
Ilucrmatun 49,76+2,6 67,78+3,5 90,98+6,1
MeroTpekcat 79,12+5,4 75,02+4,9 69,13+6,5
Jlokcopyounma 79,92+4,3 78,98+0,9 68,88+3,8
Xoduton 108,19£3,8 94,54+4.6 85,80+2,3

OmnperneseHre 4yBCTBUTEIILHOCTH IENaTOLMTOB K U3BECTHBIM IIPOTHBOOIYXOJIEBBIM IIperapaTaM — 3TO
Ba)KHBIN 3Tall B UCCIIEN0BaHUH 3PPEKTUBHOCTH U TOKCUYHOCTH ITPOTHBOPAKOBBIX ar€HTOB.

Kak cienyer u3 Tabnuibl Bce 3 MPOTUBOOIYXOJIEBBIX MpenapaTa MposBIISIOT aHTUIPOIU(EPaTUBHYIO
aKTMBHOCTH B npenenax 20-30%, Hanboee BbIpaKEHHBIH IUTOTOKCHYECKUH 3(PEKT NpOosBUI HUCTIIIATHH
npu koHueHtpauuu 100 mxr/mia (50%). Xodurton npakTHyecKy He IPOSBUI aKTHBHOCTB 110 OTHOLICHHIO
30POBBIM KJIETKaM MEUCHH.

Taxkum 00pa3oM renaroLuTsl MOTYT CIY>KUTh MOJICJIBIO JJISl M3YUEHHsI KaK MPSIMOTO MIPOTHBOOILYXOJIe-
BOro 3¢ ¢eKra npenaparoB, Tak ¥ UX NOTCHUUAIBHON I'ellaTOTOKCHYHOCTH.. [loyyeHHbIe JaHHBIE 1103BO-
JISIIOT OLCHUTh MOTEHIUAIBHYIO0 TOKCUYHOCTD 3TUX MIPENapaToB [UIsl IEUYEHH, a TAK)KE MOT'YT OBbITb I10JIC3HBI
JUIsl TaJIbHEHIIero u3y4eHusi MEXaHn3MOB ACHCTBUS NPENapaToB U pa3pabOTKU HOBBIX TEPANEBTUYECKUX
CTpaTeruii ¢ MUHUMaJIbHBIMHU TOOOYHBIMU P PeKTamu.

Konkpernslii Bkiaag asropos: 3.C. XamuMmoBa BbIBEJa [IEPEBUBACMYIO KYJIbTYpY, aHAJIU3UpOBaJIa
JaHHble M Hanucana crarbio, M.K. CanaxyTanHoBa mpoBena 3KCIEPUMEHT M aHaJU3UpoBajia JaHHbBIC,
K.A. KaxopoBa npuHumana y4yactue B aHalIM3€ JaHHBIX W noAroroBke crarbu, HO.M. Omenkosa u 111.1.
CanuxoB pyKOBOJWIIN SKCIIEPUMEHTAMHU, PEIaKTUPOBAIIN CTATHIO.
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KALAMUSH EMBRIONI GEPATOTSITLARI HUJAYRA KULTURASINING KO‘CHIRIB
O‘TKAZILADIGAN LINIYASI

Z.S. Khashimova, M.K. Salakhutdinova, K.A. Kaxhorova, Yu. I. Oshchepkova, Sh.I. Salikhov

Sog‘lom kalamush embrionlaridan gepatotsit hujayralarining yangi ko‘chirib o‘tkaziladigan hujayra liniyasi
olindi va bu hujayra liniyasining ta’sir qilish mexanizmi ma’lum bo‘lgan sitotoksik preparatlarga, shu jumladan
gepatoprotektiv faol moddalarga seziluvchanligi o‘rganildi.

Kalit so‘zlar: gepatotsitlar, sitotoksiklik, hujayra kulturasi, MTT test.

CONTINUOUS CELL CULTURE LINE OF HEPATOCYTES FROM RAT EMBRYOS
Z.S. Khashimova, M.K. Salakhutdinova, K.A. Kaxhorova, Yu. I. Oshchepkova, Sh.I. Salikhov

A new continuous culture of hepatocyte cells was developed from healthy rat embryos and the sensitivity of this
cell line to cytotoxic commercial drugs with a known mechanism of action, including substances with hepatoprotec-
tive activity, was studied.

Key words: hepatocytes, cytotoxicity, cell culture, MTT test.
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POJIb PA3BETBJEHHBIX AMUHOKHUCJIOT
B PABBUTHUU CAXAPHOI'O JUABETA 2 TUITA

'E.A. ITAH, 'B.D. IIOW, 'JI.H. KYPMAEBA, 'III.JK. HYPUINHOB,
3 JO. XAJIUMOBA, '/I.A. TATAUMOBA

TlenTp mepemoBBIX TEXHOIOTHIA;
’PecnyOIMKAHCKHU CIICIHATN3UPOBAHHbIN HAYYHO-IPAKTHIECKUI METUIIUHCKUI ICHTP SHIOKPHUHOJIOTHH
nMeHu akanemuka E. X. Typakynosa

AsTtop ms nepenrcku: alenkatsay@gmail.com

Caxapubrii quabet 2 tuna (C/12) — onHo u3 Hambonee pacpoCTPaHEHHBIX XPOHUIECKUX 3a00JIeBaHUH, CBSI3aH-
HBIX C HAapyIICHHEM MeTabonn3Ma TIIOKO3bl U WHCYIMHOPE3UCTEHTHOCTHIO0. Pa3BeTBIEHHBIC (JICHINH, W30JCHIINH,
BaJIMH) aMUHOKHCIIOTHI aKTUBHO M3YYalOTCS KaK MOTEHIMAIbHbIC OnoMapkeps! pucka passutus C/2. x ypoBHHU B
I1a3Me KPOBU aCCOIMHPOBAHBI C HAPYIICHUSIMUA MeTabonu3Ma. B maHHON cTaThe paccMaTpHUBAIOTCS KITIOUEBBIE pe-
3yABTATHl HCCIEAOBAaHUN pa3BeTBICHHBIX aMuHOKHUCIOT (BCAAS) 1 ero cBszu ¢ C/12.

Knitouegwie cnosa: caxapuniit nuader 2 tuna (Cl12), pazserBiénnbie aMuHOKUCIOTHI (BCAAS), MmeTabonnueckne
MapKepbl, HHCYTHHOPE3UCTEHTHOCTD.

Brenenue. Caxapusiii auadet 2 tumna (C/12) xapakrepusyeTcsi HapyIIeHHEM PETYIISIIH YIIIEBOIHOTO,
JIUTUIHOTO 1 OEIKOBOTO OOMEHA U SIBIIAETCS Pe3yJbTaTOM HAPYIICHHUS CEKPEIMH WHCYIINHA, PE3UCTEHTHO-
CTH K MHCYJIMHY WJIH KOMOWHAIIMH TOTO U Apyroro. Y3 Tpex ocHOBHBIX THMOB nuadera C/I2 BcTpeuaeTcs
ropaszo darie (coctarmsis 6omee 90% Beex cimydaeB), yem caxapHbrii guader 1 tuma (CI1) umu recramm-
OHHBIH nuaber [1].

C 1990 1o 2022 1. KOTUIECTRO JTIONEH, )KUBYIHX ¢ AuabeToM, BhIpocio ¢ 200 MuummoHoB 10 830 M-
JTUOHOB YeJOBeK [2].

Caxapubiii iuaber 2 tuna (CH2) sBisiercs MyasTH(HAKTOPHBIM 3a00JI€BaHUEM, PA3BUBAIOIINMCS O]
BIMSTHIEM T€HETHYECKOW MPEpacioiIoKeHHOCTH U (PaKTOpoB 00pasa xu3HH. KiTroueBbIMH IPEeANKTOpaMu
€ro BO3HWKHOBEHHS ABJISIOTCS MHCYJIHMHOPE3UCTEHTHOCTh, HAPYIICHUE YIIIEBOJHOTO OOMEHA M XpOHHYe-
CKO€ BOCIIAJICHHE, yCYTyOIsieMoe COMyTCTBYIOUIMMH 3a00JIeBaHUSIMHU U BO3IEHCTBHEM HEKOTOPBIX JIeKap-
CTBEHHBIX TIpernapatos [3].

Bausinue oopa3a :ku3uu Ha puck pa3Butus C/2. OnxanM u3 ocHOBHBEIX (hakTopoB prcka CI2 sBis-
eTcst 00pas xu3Hu. Cpenn Hanboee 3HAYUMBIX (DAKTOPOB MOKHO BBIJEIINTH:

*  Ou3HUECKyI0 HEaKTUBHOCTh M MAJIOTIO/IBIKHBINA 00pa3 )KM3HH, KOTOPBIE CHIKAIOT YyBCTBUTEIFHOCTD
TKaHE| K MHCYJIHHY, CIIOCOOCTBYIOT HAKOTUICHHIO BUCIIEPAIBHOTO KHMpa U HAPYIICHHIO METabonn3Ma
TJTFOKO3BI.

* Kypenwue, cBsI3aHHOE C MOBBIIICHHON HWHCYJTHHOPE3UCTEHTHOCTHIO U XPOHUYECKUM BOCIIAIIEHHUEM, YTO
yCyTyOmseT MeTabonuecKie HapyImIeHUs.

*  UpesmepHOoe ynoTpeOIeHHE aJIKOTOMs, CITIOCOOCTRYIOIIEe TUCHYHKIINN NIEUYeHH, THIIEPTIIMKEMUN U Ha-
PYUICHHUIO CEKPEITUN HHCYITHHA.

*  OxwupeHwue, ABIAIONMIEECS TPHINHOHN 0KoJ10 55% cimygaeB C/12. BucnepanbHBIi KUp UTPAST KITFOUEBYIO
POTb B pa3BUTUH MHCYIMHOPE3UCTEHTHOCTH, TIPOBOLIMPYSI BOCIIATUTEIBHBIE MPOIIECCHl M HapyIIas pa-
00Ty OeTa-KJIETOK MOKETYIOUHOH JKeme3sl [4].
3a0osieBaHus, noppimaromue puck CJ2. I[lomumo obpaza KU3HU, CYIIECTBYET Psl 3a00JEBaHUMN,

CIOCOOCTBYIOIINX PA3BUTHIO WU TIporpeccupoBanuio CI2:

* AprepuanbHas TUIEPTEH3US — CBs3aHa C DHIOTEIHAIHLHONW TUCHYHKINEH W WHCYIWHOPE3UCTEHTHO-
CTBIO.

* ['mmepmunupeMus u Metabomudeckuii cuaapom (cuazapom PuBena, cuuapoM X) — KOMITJIEKC MeTa-
Oonmryeckrx HapyIIeHUH, BKIIOYAIONINN OKUPEHNE, TUCTUITHIEMHUIO, THIIEPTOHUIO I HHCYIHHOPE3H-
CTEHTHOCTb, SIBJISIETCS MPEAIIeCTBEHHUKOM IruadeTa.

*  DHAOKpUHHBIE HAPYIICHHS (aKpoMeranus, CHHApoM KymmHra, THpEOTOKCHKO3, (heoXpoMOoIIuToMa) —
BIIMSIFOT Ha YTICBOAHBIN OOMEH M MOTYT IOBBIIIATh YPOBEHH ITIOKO3BI B KPOBH.
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*  XpOHHMUYECKUI TMaHKpPEaTUT M HEKOTOPhIE OHKOJIOTHYECKHE 3a00JIeBaHHs, KOTOPbIE MPUBOAAT K JIUC-

(YHKIMH TOKETYIOYHOM KeTe3bl M CHIPKCHHUIO POAYKLIMHI HHCYINHA [5].

Bansinue nexkapcTBeHHBIX NpenaparTos Ha passuTHe CJI2. HekoTopble 1ekapcTBEHHbIE penapaThl
CHIOCOOHBI MOBBIIATH pUCK pazBuTHst CL12 3a cu€T BO3AEHCTBUS HA YIVIEBOAHBIM OOMEH, HHCYIMHOPE3HU-
CTEHTHOCTb U (YHKIHIO MOKENTYT0YHOH kene3bl. OCHOBHbBIC MEXaHU3MBI UX JACHCTBHS BKIIIOYAIOT:

*  YBeIMYEHHUE MACCHI TN, YTO MPUBOAUT K YCUIIEHUIO HHCYINHOPE3UCTEHTHOCTH.
* Hapymenue cekperuy HHCYIIMHA, TPOBOLUPYIOIIEE THIIEPIITUKEMHIO.
*  CHuXeHue YyBCTBUTEIBHOCTH TKaHEHW K MHCYIINHY, YXY/IIAIOIEe YCBOCHNUE TIIIOKO3bI.

K nekapcTBeHHBIM CpeacTBaM, CocoOCTBYOMMM pa3BuTuio C/2, oTHOCSATCS:

*  ['moxokopTHKOUABI (IPETHU30IIOH, IEKCAMETa30H) — YBEITUUMBAIOT YPOBEHB TIIIOKO3BI B KPOBU M CHU-

JKalOT YyBCTBUTEIBHOCTh TKaHEW K MHCYIIHHY.

*  TuasugHble TUYPETHKH (THAPOXJIOPOTHA3H) — MOTYT BBI3bIBaTh HAPYLICHUS YIIIEBOJHOTO OOMEHA.
*  bera-0Onokaropsl (aTeHOJIOM, POMPAHOIION) — CHUKAIOT YyBCTBUTEILHOCTh TKAHEH K MHCYIMHY U Ma-

CKHPYIOT CHMITTOMBI THITOITIHKEMHUH.

*  ATHUNUYHBIC AHTUTICUXOTHUKHU (OJaH3alMH, KBETHAIINH) — YBEJIIMYMBAIOT PUCK O)KUPEHUS M HAPYIICHHS

YIJIEBOAHOTO OOMEHa.

*  Muruburops! npoteassl, npuMeHsieMble pu BUY, — ciocoOCTBYIOT HHCYAMHOPE3UCTEHTHOCTH.
*  OpasnbHble KOHTPALENTUBBI C BEICOKOH /10301 3CTPOr€HOB — MOT'YT CHHKATh TOJIEPAHTHOCTb K TIIFOKO3E.

[Tpu HEOOXOAMMOCTH UTUTENFHOTO MPUMEHEHHUS TAKUX MPENapaToB PEKOMEHAYETCS! PETYISIPHO KOH-
TPOJINPOBATH YPOBEHB TIMIOKO3BI B KPOBH M OOCYKIATh C BPa4OM BO3MOXKHBIE MEPHI [0 CHUKEHHUIO PHCKA
CJ12, Brirovast KOppeKIuo 00pasa KU3HH 1 MOHUTOPUHT METa0OINYECKHX MOKa3aTenei.

Takum oOpazom, pazButie C/I2 00yclIOBICHO cOYeTaHHEM TEHETHUECKUX (DAaKTOPOB, 0COOCHHOCTEH
o0paza )KU3HH, HATMYUEM COITY TCTBYIOIUX 3a00JIeBaHUI U BO3/IEHCTBHEM MelnKaMeHTOB. OHUM U3 Hau-
Oosee 3(h(HheKTHBHBIX METOOB MPOPUIAKTHKH SBISCTCS MOBBIMICHHE (PU3NIECKON aKTHBHOCTH, KOHTPOJIb
Macchl TeJla ¥ PaHHsS TUarHOCTHKA METa0OIMYeCKUX HapyIIeHHH [6].

Mertaooauueckue nytu BCAA. BCAAs (JieHiuH, U30JCHIIMH U BaJIMH) — 3TO TPU OCHOBHBIC HE-
3aMEHHUMBble aMHUHOKHCIIOTHL. [locie mocTyrieHns ¢ nuiiei OHW BCachIBAIOTCS B KUIIEUHHKE depe3 Na'-
3aBUCHMBbIE TPAHCIOPTEPHI, 3aTEM MOMAJAIOT B KPOBb U TPAHCIIOPTUPYIOTCS B KIIETKH, ITIaBHBIM 00pa3oM
yepe3 LAT1 u 4F2hc. Ux nerpanmanms nauunaercs ¢ ydactust ¢pepmentoB BCAT (BCAT1 B nmro3orne,
BCAT2 B mutoxonpusix), kotopeie npespamaior BCAAs B ketokucnotsl (BCKAs). [lanee BCKAs me-
pepabateiBarorest kommiekcom BCKDH, cocrosimum n3 Tpéx cyObeInHHIL U HCIIOIB3YIOMINM KO(paKTOPHI,
Takue kKak TuamuHnupogocdar u FAD. Kommuieke pazgemenénno-yenoveunoi kemoxuciommou 0ecuopo-
eenazvl (BCKDH) — 5T0 MynbTU(QEPMEHTHBII KOMIUIEKC, KOTOPBIN KaTaln3upyeT HeoOpaTHUMBIii 3Tam KaTa-
Oosm3ma pa3BeTBIEHHBIX aMUHOKUCIIOT (JIeHMHa, H30JelInHa U BaJIMHA), IPEBpaIlasi UX B COOTBETCTBY-
IOIIKE Pa3BETBIEHHO-1IeTIOueUHbIC armiI-KoA.

B nanpnelimmeM mpoaykTsl pacnana (m300ytupui-KoA, 2-metunOytupuin-KoA u mzosanepuin-KoA)
BKJTIOUAIOTCS B LUK TpUKapOoHOBBIX kucI0T (TCA), npeBpamasics B nponmonmi-KoA, anetni-KoA wmu
cykunHuia-KoA. Dtot nponecc obecnieunBaet knetky snepruerd (NADH, FADH:) nu moxer y4acTBoBaTh
B CHHTE3€ )KUPHBIX KHCIIOT, XOJIECTEPHHA, KETOHOBBIX TEJ U TIIIOKO3BI B 3aBUCUMOCTH OT METa00INIECKIX
noTpeOHOCTEH opranmu3ma [7].

B otnrume ot G0NBIIMHCTBA aMUHOKHCIIOT, HaUaNbHBIN dTan katabonnzma BCAA He mporcxoauT B Tie-
YEeHU W3-32 HU3KOH MEYCHOYHOH aKTUBHOCTH aMHHOTpaHC(hepa3bl aMUHOKHCIIOT C Pa3BETBICHHON LIEIbIO
(BCAT), nepsoro ¢epmenta B mytr kKarabonusma BCAA. [Tostomy BCAA ObICTpO yBETHUMBAIOTCS B CHU-
CTEMHOM KPOBOTOKE TOCJIe MTpreMa Oeska U JIETKO TOCTYIHBI [ BHEIICUCHOUHBIX TKaHeH. DTO sSBICHUE
JaeT YHUKaJIbHOE MpeuMyIiecTBo popmynam nuranus Ha ocHoBe BCAA 1o cpaBHEHHIO C IpyTUMH, OCO-
OCHHO TeMH, KOTOPbIE HAIlEJICHbI HA MBI 1 MO3T.

BCAA cayxar cydcTparaMu Ut CHHTe3a Oellka MITH MPOU3BOACTBA YHEPTUH U BBITIOIHSIOT HECKOJIBKO
MeTa0OIMYECKUX M CUTHABHBIX (DYHKIMH, B YACTHOCTH, TOCPEICTBOM aKTHBAIIMH CUTHAJILHOTO ITyTH MU-
LIeHW panaMuirHa miekonuTaromux (mTOR).

Taxxxe BCAA oka3pIBaloT CTUMYNHpYIOIee ASHCTBIE Ha CHHTE3 OejKa 1 MHTHOupyolee AeHCTBHE Ha
nporeonu3. Dddekrsl peanusyrorcs camumu BCAA, 0COOCHHO JEHIIMHOM M UX MeTa0oiauTaMu. Jlewmn
CTUMYJHpPYET cuHTe3 Oeika uepes curHanbHbIi myTh mMTOR u dochopunuposanue GakTopoB MHUIHALTTH
TpaHCIAIUH U pubocoMabHbBIX OenkoB [8]. Ponb B anabonuueckoM qeiicTBUM OejKa JeHIHa UTPaeT Tak-
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K€ er0 CTUMYJHpYIOIIee AeiCTBUE Ha cekperuto nHCynuHa [9]. CyliecTBYIOT TecHbIE cBsi3u Mexk1y BCAA
U YPOBHSIMH TIIOKO3BI B 11a3Me. ToT ¢axTt, uro BCAA MOBBILIAIOT PETYISHUIO TPAHCIOPTEPOB IIFOKO3bI U
AKTHBHUPYIOT CEKPEIHMIO HHCYIIMHA, OBbUT ITMPOKO MPoAeMOHCTpupoBaH [ 10]. OxHako HECKOIBKO UCCIIeI0Ba-
TeNel MPEeNNoNIoKUIN, YTO Ype3MEpHOe MOTPeOIeHHEe aMUHOKUCIOT MOKET IPUBECTH K HHTHOUPOBAHUIO
nepeaayy CUrHajioB uucynauHa [11].

Poas BCAA B meTabou3me. AMUHOKHCIIOTHI C pa3BeTBiieHHOH 11enbio (BCAA: n3oneiuuy, neiuus,
BaJIMH) SBJISIFOTCS HE3aMEHUMBIMH aMHUHOKHCIIOTAMH, KOTOPbIe 0OBIYHO TIPUCYTCTBYIOT B OOTaThIX OSIKOM
MpoayKTax (HampuMmep, KpacHOM Msice, NITHIE, Siiax, ppioe 1 6000BBIX). YBETHUCHHE HUPKYIUPYIOLIHX
BCAA Haromak panee CBSI3bIBaJIM C pUCKOM nuabera 2 Tuma [12].

BCAA sBis10TCSl BOXKHBIMH PETYJISITOpAaMH METa0oJIM4Yeckux nporueccoB. OHM HE TOJIBKO YYacCTBYIOT
B CHHTE3€e OeJiKa, PerylsiH CUTHAIBHBIX IMyTel, Takux kKak mMTOR HO 1 BIUSIOT Ha SHEPreTHYECKHiA 00-
MeH. OJHaKo X N30BITOYHOE HAKOIUICHUE B KPOBH MOXKET OBITH CBS3aHO C HAPYIIEHUEM META00INIECKOTO
romeocrtasa. MccnenoBanue Newgard et al. (2009) nokazano, uto noseimeHHble ypoBHH BCAA 1 ux Me-
TaOOIUTOB KOPPETHUPYIOT C MHCYTMHOPE3UCTCHTHOCTBIO Y JIIOCH C OKUpEHHEM. ABTOPBI TIPEATOIOKHIIIH,
yro BCAA MoryT Hapymarh QpyHKIHIO MATOXOHAPHHA B CIIOCOOCTBOBATh HAKOIIJICHUIO TOKCHYHBIX MeETa-
OOJIMTOB, TAKMX KaK allMJIKAPHUTHHBL, YTO B KOHEUHOM UTOTe MPUBOAMUT K CHM)KEHHIO UyBCTBUTEIBLHOCTH
K HHCynuHy [13].

Bricokonpon3BoIUTENbHBIE METOIBI META00INYECKOT0 MpoduupoBanus BeIsIBUIN BCAA Kak moTeH-
nuanbHble OMOMapKepsl prucka nuadera 2-ro tuna. [loBeimennsie yposHu BCAA B 1utazme ObUIH CBSI3aHBI
C OXKHPEHHEM, PE3UCTCHTHOCTBIO K MHCYJIMHY, HAPYIICHUEM TOJIEPAaHTHOCTH K TJIIOKO3€ U AMa0eTOM 2-TO
tumna [14].

WccnenoBanusi, HanpaBJIeHHbBIC HAa U3y4YCHHE MeTabou3Ma, Takue kKak pabora Wang et al. (2011), mpo-
JEeMOHCTPHPOBAIIY, YTO TMOBBIIICHHBIE ypoBHH BCAA B 1iasMe KpoBH MOTYT CIYKUTh OMOMapKepaMu
pucka pazsutus C/12. B nanHom uccnenoBaniu ObU10 OOHAPYKEHO, UTO Y JIUIL C BEICOKMM ypoBHEM BCAA
PHCK pa3BUTHS qrabeTa OblI 3HAYMTEIBHO BBILIE, YEM Y T€X, Y KOTO YPOBHH 3TUX aMUHOKHCIIOT OBLIH B
Hopme. M3 2 422 o0cnenoBaHHBIX Jitojielt 0e3 nuadera y 201 yenoBeka pa3Buiics nuader 3a 12 et Haduro-
neHust. VX naHHbIe CpaBHUBAIMCH C KOHTPOJIBHOM TpyNmoi. B nccnenoBanum ObUIH BRISBICHBI KIFOUEBBIE
METa0OIHUTHI: M30J1eliIMH, JIeHIIMH, BAJTUH, THPO3UH U ()eHWIATAHUH — JJaHHBIC aMHUHOKHCIIOTHI OKa3a-
JIICh 3HAYMMO CBSI3aHHBIMH C PUCKOM Pa3BHUTHS TuadeTa.

Merabonut OR (Ha | cTanmapTHOE OTKIIOHEHUE) P-3naueHue
W3zoneinmn 1.70 (1.27-2.28) 0.0004
Jleinun 1.62 (1.20-2.17) 0.001
Banuu 1.57 (1.17-2.09) 0.002
denunnananuH 2.02 (1.40-2.92) 0.0002
Tupo3un 1.85(1.35-2.55) 0.0001

Kak BuaHO 13 TaOIM1IbL, BCE MSITh AMUHOKHUCIIOT (M30JICHIINH, ICHLIMH, BaJMH, (PeHUIaJaHUH U THPO3UH)
CTaTUCTUYECKH 3HAYMMO CBSI3aHBI C PUCKOM pa3BuTHs auadeta. x P-3nauenus <0.05, 4yto nmoaTBepkaact,
YTO 3Ta CBA3b HE CilydaiiHa. ABTOPBI Npeanonokuin, 4To BCAA MoryT ObITh He TOJIBKO MapKepaMu, HO U
AKTUBHBIMU yyacTHUKaMmu natorenesa C2 [15].

HccnenoBanus nokaseiBaioT, 4to ypoBHH BCAAs nu AAAs (apomaruueckue aMMHOKHCIOTBI) MOTYT
npeJicKasbiBaTh puck 12D 3amonro 1o KIMHWYECKOH nuarHoctuku. Tak, Hampumep, Rivas-Tumanyan et
al. (2024) BeIIBMIM, YTO y My3PTOPUKAHLIECB MOBBIIICHHBIC YPOBHU JICHIIMHA, BaJMHA U THPO3UHA acCO-
LUUPOBAHBI C YXyALICHUEM HHCYJIMHOPE3UCTEHTHOCTH U MOBBILICHHBIM pUCKOM 1uabera Ha 46%. B sTom
aHaJIM3e OHU OOHAPYKHIIU CHIIBHBIE accolUaIiy Mexy 0a3oBbiMu Metabomutamu BCAA u AAA u nu-
abeToM 2 THIIAa HA UCXOIHOM YPOBHE M NPH MOCIEAYIOLUIEM HAOMIOACHUH, MOATBEPKAas UX MOTCHLNAIIb-
HYIO IPOTHOCTUYECKYIO POJIb B Pa3BUTUH Juadera cpenu myspropukanues [16]. Taxke Chen et al. (2016)
MIPOJIEMOHCTPUPOBAJIH, YTO y KUTailieB ypoBHU BCAAs/AAAs nyuliie npecKa3biBaloT pucK AuadeTa, 4eM
TPaJULHOHHBIC META0OIMUYECKHE MapKePhl, TAKME KaK [II0K03a HaTtowmak [17].

3axuouenne. CoOBpeMEHHbIE METOABI BBISBICHUS META0OIMYECKIX MapKEPOB MO3BOJISIIOT HA OCHOBE
MeTa0O0IMYECKOro MpOoQuiIsi IPUMEHSATh IPEBEHTUBHBIC METOABI, CHU3UTh PUCK Pa3BUTHS CaXapHOTO AHa-
Oera 2 TMNa M yay4IIUTh paHHIO auarHocTuky. MccnenoBanust BCAAs mokaspIBaoT, 4TO UX YPOBHH MO-
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TYT CIIY’)KUTh HaJCKHBIMU WHMKATOPAMH METa0OJUYECKUX HApPYyIICHUH, IO3BOJISISI BpadyaM a/IaliTUPOBATh
cTpareruu npodunakTUku U jedeHus. B pasupix nomyssiiusx pausiaue BCAAs Ha puck nuabera MOXET
OTJIMYATHCS, YTO TIOAUSPKUBACT HEOOXOIUMOCTh JAIBHEHIIIMX UCCICAOBAHUHI U TEPCOHATU3UPOBAHHOTO
MOJIX0/1a K METUIIMHCKOMY MOHHTOPUHTY. bymyiiue paboThl JOMKHBI COCPEIOTOUUTHCS HAa WHTETPAIUd
ATHUX JaHHBIX B KJIMHUYECKYIO MMPAKTHUKY, YTO MOMOXKET pa3padorath 3(h(heKTUBHBIC CTpaTeruu Npe0TBpa-
LICHUS U YIIPABIICHUS TUa0beToM 2 TUTA.

Bkuaa asropos. 1[.B.2., K.J[.H., H.III.)K. — mpoBoauIu MOUCK U aHAIU3 aKTyalbHBIX cTarei, E.A.L]
— KOHIICTITyaJu3aIlus, Hanucanue u pefaktuposanue crathi, X.3.10., [I./1.A. - koopauHHpOBaIU padboTy u
peaaKTUPOBATIU OKOHYATEIHHBIA TEKCT.
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2-TOIFA QANDLI DIABET RIVOJLANISHIDA TARMOQLANGAN ZANJIRLI
AMINOKISLOTALARNING ROLI

Y.A. Say, V.E. Soy, D.N. Kurmaeva, Sh.J. Nuriddinov, Z.Yu. Xalimova, D.A. Dalimova

2-toifa diabetes mellitus (T2DM) glyukoza almashinuvi va insulin qarshiligining buzilishi bilan bog‘liq bo‘lgan
eng keng tarqalgan surunkali kasalliklardan biridir. Tarmogqlangan zanjirli aminokislotalar (leysin, izoldsin, valin)
T2DM rivojlanish xavfining potentsial biomarkerlari sifatida faol o‘rganilmoqda. Ularning plazma darajasi metabolik
kasalliklar bilan bog‘liq. Ushbu maqola tarmoqlangan zanjirli aminokislotalar (BCAA) va uning T2DM bilan aloqasi
bo‘yicha asosiy tadqiqot natijalarini ko‘rib chiqadi.

Kalit so“zlar: T2DM, tarmoqlangan zanjirli aminokislotalar (BCAA), metabolik belgilar, 2-toifa diabet, insulin
qarshiligi.

THE ROLE OF BRANCHED-CHAIN AMINO ACIDS IN THE DEVELOPMENT OF TYPE 2 DIABETES
E.A. Tsay, V.E. Tsoy, D.N. Kurmaeva, Sh.J. Nuriddinov, Z.Yu. Xalimova, D.A. Dalimova

Type 2 diabetes mellitus (T2DM) is one of the most common chronic diseases associated with impaired glucose
metabolism and insulin resistance. Branched-chain amino acids (leucine, isoleucine, valine) are actively studied as
potential biomarkers of T2DM risk. Their plasma levels are associated with metabolic disorders. This article reviews
key findings from studies of branched-chain amino acids (BCAAs) and their association with T2DM.

Keywords: T2DM, branched-chain amino acids (BCAAs), metabolic markers, type 2 diabetes, insulin resistance.
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HNCCIIEJOBAHHUE KOPPEJISAIUN UHOEKIIUN KOPOHABUPYCA SARS-COV-2
C BBIKUJABIIIIEM HA OCHOBE JAHHBIX AHKETUPOBAHUSA

A.A. ABIYPAXNMOB'?, 10.A. KAITPAJIOBA'?, 3.M. MUPAKBAPOBA'4, A.l. PAXMATYVYJIJIAEB'?,
M.B. HABUPOBA!, .. ATAMYPOTOBA', III.0. PAXMATOBA?, ®.I1. HUIIIAHOBA?,
A.A. ABIYJUIAEB?, LY. TYPAUKYJIOBA?

Mucturyt buodusuku u 6noxumun npu HanmonansaoMm YHuBepcuTeTe Y30ekucrana, TalkeHT;
[leHTp MepeaOBLIX TEXHOIOTHIA, TallKeHT;

SPecryOiIMKaHCKHU# CIIEIIHATM3UPOBAHHbBIA HAYYHO-TIPAKTHYCCKUN METUIIMHCKHUIN IEHTP
AxyuepctBa 1 ['unekonoruu M3 PVY3;

‘IleHTpaIbHOA3HATCKHI YHUBEPCUTET, TaIIKEHT;

SHarmoHanbpHbIH YHUBEpCHTET Y30€KHCTaHa

ABtop s mepenncku: malikova.yu@mail.ru

Wzyuena cBsa3p Mexny nHpeknneit SARS-CoV-2 i paHHUMHU BBIKHIBIIIAMH Y KEHIIUH C TPUBBIYHBIMH ITOTEPSI-
MU OepeMEeHHOCTH B Y30ekucTtane. AHanu3 AaHHbIX 1826 skeHIuH mokaszai, 9to 37,15% (81 u3 218) manmeHTok ¢
MPUBBIYHBIME BBIKHIbIIIAMU TiepeHecan COVID-19. B anamuese 3apeructpupoBano 165 cinyyaeB morepu OepeMeH-
HOCTH. Pa3nuuns ¢ KOHTPOJIBHOM Ipymnmoi craTucTudecku 3Ha4uMbI (}2 = 32,8; p < 0,0001). ITuk 3apaxenuii npu-
mencs Ha 2021-2022 rozst (73% ciydaeB). YeranosieHo, uto COVID-19 Bo Bpemst GepeMEHHOCTH MOBBIIACT PHCK
BeIKHbIIIA (}* = 17,8; p = 0,0005); a >KeHITHMHBI C MPUBBIYHBIMH BBIKUBIIIAMH Ha PAHHUX CPOKaX OEpEMEHHOCTH B
aHamHe3se 3apaxkannuck SARS-CoV-2 3naunrtensHo yatie, yem apyrue 6epemennsie (x> = 23,8; p < 0,0001).

Knrouegwie cnosa: SARS-CoV-2, COVID-19, BBIKHBIIII.

BBenenune. SARS-CoV-2 mosiBuiics Kak HOBBIM KopoHaBUpYycC B KoHIe 2019 roma, ObICTpo pacrpocTpa-
HSISICh U BBI3BIBAS II00ABHYIO TTAHAEMHIO CBsi3aHHOTO ¢ HUM 3aboneBanmss COVID-19 [1]. KoporaBupycsr
—9T0 OOJIBIIIOE CEMEWCTBO BUPYCOB, MPUHAISKAINX K ceMelicTBy Coronaviridae, m3BectHoe ¢ 1960 romga
KaK BBI3BIBAIOIIEE PECIUPATOPHBIE HHPEKIIUN y YelIOBeKa M KUBOTHBIX [2]. DTH mMaToreHbl BUAHBI TpU
ANIEKTPOHHOW MUKPOCKOIIUY B BUE KPYTOB C IIUIIAMH, KOTOPHIE 3aKAHYMBAIOTCSI MEJIKIMH KarlIsiMH, T10-
SIBIITIOIIMMICS] HA €T0 TTOBEPXHOCTH, 10 popme, HarmomuHaromieit kopony [3]. SARS-CoV-2 coctout us
onHoi HATH monokuTensHoi PHK (prOOHYKIEMHOBOW KHUCIOTHI), OKPYKEHHON JIUTIONIPOTEMHOBOH BU-
pycHON 000JIOUKO#, B KOTOPOH PACTIONOKEH S-0CJIOK, aKTUBHUPOBAHHBIA KJIETOYHOM MpoTea3oi. bemok S
CIOCOOCTBYET MPOHMKHOBEHUIO BHPYCa B KIIETKU-MHIIIEHH, CBI3BIBASICH C KJIETOUYHBIM PEIETITOPOM, aHTHU-
oteH3uHNpeBpamamuM GepmeatoM 2 (AIID2). DTOT GepMEHT SBISIETCS KIFOUYEBBIM DIEMEHTOM ITyTH
pEHUH-aHTHOTEH3WH, KOTOPBINA PETYIHPYyeT TeMOCTa3 U apTepuanbHoe nasiaenue. Ogaako perentop ACE-2
BBICOKO IKCIIPECCHPYETCSI B TOHKOM KHIIIEYHUKE, MY>KCKOH H )KEHCKOHM PepOyKTUBHOM cHCTeMe, TToYKax,
Cep/Iie U MUTOBUIHOH JKelle3e, YMEPEHHO IKCIIPECCUPYETCs B JIETKHX, IE9eHH, MOYEBOM ITy3bIpe, TOJICTOM
KHIIIKE W HAJIOYCUHUKAX U HEMHOTO B MO3TE, CEJIe3¢HKE, KOCTHOM MO3Te U KJIETKaX KpoBH [4].

KoponaBupycHas nH(eKknns npormriach BOIHONW BO BCEM CIIOSM HACEJIEHHUsS, B TOM YHUCIIe U OepeMeH-
HBIM, TIPUBOJIS1 KO MHOTHIM OCJIOKHEHHSIM, TAKMM KaK BBIKH/IBIIIHN, T€CTO3BI, TPEIKIAMCHH, TIPEXKIEBPEMEH-
HEIE POJIBI, MEPTBOPOXKICHUS [5], [6]. Bo Bpems o601 snmaemMun OepeMEeHHBIE YKSHIITUHBI TPEICTABIISIOT
c000if Ype3BBIYAITHO YYBCTBUTENBHYIO TPYIITY HM3-32 (PU3NOJOTHYECKHX W MMMYHOIOTHYECKUX H3MEHe-
HUH, KOTOpBIE AENal0T UX 0oJiee BOCIIPUIMYUBBIMU K HH(EKITNH, a TaKkke Oornee Tsoxenoir nadexkmmn [7].
MHoOTOUNCICHHBIC BUPYCHI BBI3BIBAIOT BOCIIAJICHHE BOPCHH XOPHOHA M CaMOIIPOM3BOJIbHBIC a00pTHI [8].
[epBuunsrii perrenitop SARS-CoV-2, AIID2, sxcripeccupyeTcsi B pa3TUYHbIX THIAX MJIAIEHTAPHBIX Kile-
TOK, BKJTIO4ast TPOPOOIACTHl U CHHIUTHOTPO(OOTACTEI. DTH KIETKH SBISAIOTCS BAKHEHIIMMHU KOMITOHEH-
TaMU TUIAIIEHTApHOTO Oaphepa W WTPalOT BAKHYIO POJIb B OOMEHE MHUTATENbHBIX BEIIECTB W MPOU3BO/I-
cTBe TOpMOHOB [9]. [Ipu HHPHUITPOBAHUH BHPYCOM ITHX KJIETOK IMPOWCXOANT BOCIIAJICHUE TIIAIICHTHI, T0-
BpEXJIEHNE COCYIOB M TPOMOOTHYECKHE COOBITHS, KOTOPhIE MOTYT IMOBIHATH Ha 3710poBbe 1toaa [ 10]. Ipu
M3YYCHUH TUTAIICHTH MaTtepei, mHpumpoBanubix SARS-CoV-2 gacto obHapykuBaeTcst Manbiepdy3us
cocya0B, (GUOPUHOMIHBIN HEKPO3 M THIIEPTPOQHS apTePHOII aMHIOTHYECKO MEMOpaHbI, a TAaK)Ke 0OTMeda-
I0TCS UHTpaMypalibHbIe, HEOKKITIO3MOHHBIE TPOMOBI [11], mpuBoAsIIEe K HEJOCTATKy KPOBOCHAOKEHHUS 1
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rubenu ionaa [12].

Takum o6pazom, COVID-19 Bo BpeMsi OepeMEHHOCTH, CTaJl MPEAMETOM MHOTUX HCCIICIOBAHUN, B KO-
TOPBIX M3yYalUCh JIIOOBIE MOTEHIUANbHBIE HeOnaronpusTHeie 3¢ ¢exTsl [13]. Ilockonbky u cam BUpYC, U
CBEJICHHS O ero (P PeKTax MOCTOSHHO Pa3BUBAIOTCS, BIMSIHUE BUPYca Ha HCXOJbl OEPEMEHHOCTH BEChMa
HEOJTHO3HAYHBI. HeKOTOphIe CBI3BIBAIOT €r0 C MOBBIIICHHBIM PUCKOM MOTepu OepemenHoctH [14], [15],
[16], B TO Bpemsl Kak Apyrue NpUILIA K BBIBOLY 00 oTCcyTcTBHH cBsizu 3a0oneBanuss COVID-19 ¢ ocnoxk-
HeHussMu OepemenHoctH [17], [18]. A 3HaueHHe KOPOHABUPYCHOM MH(EKLIUH Yy KEHIIHH C MPUBBIYHBIMU
MOTEPSIMU OEPEMEHHOCTH MAJIOM3Y4eHO, B CBSI3M C OTHM LIEIbIO JAHHOTO MCCIICOBAHUS OBUIO BBISICHHTS,
CYIIECTBYET Jin cBsA3b Mexny uHpekuneit SARS-CoV-2 1 paHHUM BBIKHIBIIIEM CPEIH KEHIINWH C TPUBHIY-
HBIMH TTOTEPSIMU OEPEMEHHOCTHU B Y30eKHCTaHe.

MarepuaJjibl 4 METOIbI.

B PecnybnukaHCKOM CHeIMAM3UPOBAHHOM HAyYHO-IIPAKTUYECKOM MEAMIIUHCKOM IIEHTpPE aKyIliep-
CTBa M THHEKOJIOTHHU OBLITH COOpaHbl aHKETHBIE JaHHBIE U 00pa3ibl nepudepruueckoit KpoBu 1826 xKeHmuH,
JaBIIMX HHPOPMUPOBAHHOE cormacue. AHKeTa cocTosia u3 144 BOmpocoB, BKIIOYABIIUX HHPOPMAIIHIO O
3apaxkennn SARS-CoV-2 B nepuon 6epemennoctu ¢ 2020 o 2023 rozpl.

JKenmmne! ObUTH pa3feneHbl Ha TpU TPyNbl. B mepByto rpynimy Bonutd 218 sKeHIIMH ¢ MPUBBIYHBIMH
BBIKHIBIIIIAMU (IBa M OOJiee BRIKUBIIIEH). BTOpyIo, KOHTpONBHYIO, cocTaBuin 750 KEHIIMH, TPOIIEALTHX
Yyepe3 eCTECTBEHHBIE POAbL. A 858 JKeHIIHH, y KOTOPBIX ObUIH CIy4ad BHIKUABIIIA, HO TAKIKE UMEIOTCS 3710~
POBBIE I€TH, BBIACIWIN B TPETHIO TPYIIITY.

Bo3spact sxxeHmuH 1-i rpynmsl ¢ BBIKUABIIIAME COCTaBISLI OT 17 10 47 net (cpeanuii Bozpact 26,58+0,8;
Menuana 25,75), B To BpeMsl KaKk B KOHTPOJBHOH Tpymre oH BapbupoBajcs oT 19 mo 52 ner (cpeanuit
Bo3pact 22,43+0,3; menuana 21,43). B uccienoBanue BKITIOYATN JKEHIIUH 0€3 TSHKEIBIX COMATHYECKHX
3a00JIeBaHMH, XPOHUYECKUX YPOTCHUTAJIbHBIX WHPEKIMHA U aHOMAJINH Pa3BUTHS BHYTPEHHHUX IMOJOBBIX
OpraHoB.

CraTHCTUYECKUIl aHaNMM3 TPOBOAWICS C ucnojib3oBanueM Excel-2019 u kputepuss ®wumiepa.
CraTHcTHYeCKH 3HAYMMBIMU CUUTAIINCH pe3yasTaTsl ipu p < 0,05.

Pesyabratsl u uX o0cy:xkIeHne.

CornacHO aHKETHBIM JAaHHBIM, Y 81 u3 218 >keHIIUH ¢ MPUBBIYHBIMU BhIKHIABIIAMHU (37,15%) Obln
muarnoctupoBan COVID-19. DTu xeHIuHbI iepereciu 165 cayyaes noreps OepeMeHHOCTH. B miepuon
¢ 2020 mo 2023 roasl yactoTa BeIKUAGIIIEH cpean skeHiuH ¢ COVID-19 cocraBuna 16% B 2020 1., 23%
-B 2021 1, 38% - B 2022 1. u 24% B 2023 T., 4TO OBUIO BBIIIC [0 CPABHCHHUIO C KOHTPOJILHOM I'pyTITOH
(11%, 10%, 6% u 18% cooTBEeTCTBEHHO). Pa3anuusi OKa3anuch CTATHCTHUECKU 3HAYMMbIMK (> = 32,8;
p <0,0001).

Merananu3sl nokaszaind, uyTo y OepemeHHbIX xkeHmKH COVID-19 uwacto mporekaer 6ecCUMITOMHO
[19], [20]. OmHako BiausiHHE OSCCUMITOMHBIX WIIH JISTKMX WH(EKIUN Ha paHHUE BBIKUIBIIIN H3YYCHO He-
JIOCTATOYHO.

CornacHo or4yeram OpHTaHCKOW cHCTeMBbl HaOMrofeHus 3a akymepckumu ciaydasmu (UK Obstetric
Surveillance System), 99% rocrnuranu3upoBaHHbIX 6epeMeHHbIX ¢ cumnToMamu COVID-19 He Obutn Bak-
UUHUPOBaHHI [21].

EcTb KOoCBEHHBIE T0Ka3aTeIbCTBA BOBJICYCHHOCTH MlaneHThl npu nHpekunun SARS-CoV-2, uto MoxeT
OOBSICHHUTB CBSI3b MEXKIy paHHUM BeIkubieM 1 COVID-19 [22].

[Ipu ananm3e aHKETHBIX JaHHBIX YCTAHOBJIEHO, YTO B TPYIIIE KEHIIUH, IEPEHECIINX BHIKUIBIII BO Bpe-
Mst manaeMun COVID, 13 xenmuH OblT MHPUIMPOBAHbI JaHHOW MH(EKINEH, 1 y HUX 3a()UKCHPOBAHO B
oO1eit cnoxkHocTH 42 ciryyast BeIKubIma. V3 atux ciaydaes 18% npuxonsates Ha 2020 rox (mepuos Havama
nangemun), 36% — na 2021 rox, a 41% — ua 2022 rox (puc.).

U3 stux ciyuaeB 95 % (38 ciyuae) mpuxomsarcs Ha 2020-2022 roxel, xoraa mangemust COVID-19
Obu1a HanOoee HHTEHCUBHOM. YcTaHOBIEHO, uTo 3apaxkenne COVID-19 Bo BpeMst 6epeMEHHOCTH MOBBI-
maeT puck BeikuabIima (x2 = 17,8; p = 0,0005). YcraHoBIEHO, UTO 5KSHIIUHBI C TPUBBIYHBIMU BBHIKUIBIIIIAMU
B aHaMHeE3€ Ha paHHUX CpoKax OepeMeHHOCTH 3apaxainch SARS-CoV-2 3HaunuTeNnbHO Yalle, 4eM JIpyrue
oepemennsie (y> = 23,8; p <0,0001).

MuoxecTBo uccnenoBannii 0 SARS-CoV-2 y GepeMeHHBIX COCpPEeOTaqYMBaIOTCS] HA TOCITUTAITN3UPO-
BaHHBIX KEHIIMHAX C TOKEIBIMU OpMaMH HHPEKIMH BO BTOPOH MOJIOBHUHE BTOPOTO U B TPETHEM TPHME-
ctpax [23], [24], [25].
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Crnyuau 3apaxenus SARS-CoV-2 Bo Bpemsi OepeMEHHOCTHU Y KEHIIUH C BBIKUIBIIIIAMA
(2020-2023 romsl).

Uccnenoanue Sacinti et al. cpaBHMIIO yacTOTy BBIKMABIIIEH 3a 13-HeaenbHbIi nepuoa B 2019 u 2020
rogax. BeIsICHIIIOCK, 4TO 9acTOTa BRIKUBIICH yBemnuuiIach Ha 25 % Bo Bpems nanaemun SARS-CoV-2, ¢
o0mmM ypoBHeM B 11,8 % [26]. DTOT BBIBOJ COIVIacyeTCs ¢ HAIIUM HaOroeHeM, 9To nHpekims SARS-
CoV-2 yBennuuBaeT pUCK MoTepru OEPEeMEHHOCTH.

Bbaarogapuoctsb. [lanHas padoTa ObUta BIMIOJIHEHA pH Nozaepkke rpanToB NeNe @-OT-2021-158 ot
MuHHCTEpCTBa HHHOBAIMOHHOTO pa3BuTUs Y30ekucrana u REP-03032022 192 ®onja puHaHCUpOBaHUS
BcemupHoro 6anka.

KondaukT nntepecoB. ABTOpPHI 3asBISIFOT 00 OTCYTCTBUHM KOH(INKTA HHTEPECOB.

Bxaan aBropoB: AOmypaxumoB A.A. n Kanpanosa F0.A. Hanmcanu crareio, Mupakbaposa 3.M. n
Paxmarynnaes A.W. mpoBoaunu cratructuaeckuii ananus, Hazuposa M.b. cobupana nanHbie, ATaMypoToBa
I'I"., Paxmarosa 111.0. co3naBasu 31neKTpoHHYI0 0a3y aaHHbIX, Humranosa @.I1. ocyriecTsisiia KOHTPOIIb
3a cOopom naHHbIX, AOayiaes A.A., Typaukynosa 111 Y. pykoBoauiu SKCriepUMEHTaMK, aHATHU3UPOBAIIN
JIAHHBIC, PEIAKTUPOBAIIH CTATHIO.
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SARS-COV-2 KORONAVIRUS INFEKSIYASINING HOMILADORLIKNING TUSHISHI BILAN
BOG‘LIQLIGI BO*YICHA SO'ROVNOMA MA'LUMOTLARIGA ASOSLANGAN TADQIQOT

A.A. Abdurahimov, Yu.A. Kapralova, Z.M.Mirakbarova, A.l.Rahmatullaecv, M.B. Nazirova, G.G. Atamurotova,
Sh.O. Rahmatova, F.P. Nishanova, A.A. Abdullaev, Sh.U. Turdikulova

O‘zbekistonda homila tushish bilan SARS-CoV-2 infeksiyasi o‘rtasidagi bog‘liqlikni o‘rganildi. 1826 nafar
ayollarning ma’lumotlari tahlil qilindi. Odatiy homila tushish holati bo‘lgan bemorlarning 37,15% (218 nafardan
81 tasida) COVID-19 infeksiyasini boshidan kechirgan. Ularning anamnezida 165 ta homila yo‘qotish holati qayd
etilgan. Nazorat guruhi bilan farqlar statistik jihatdan ishonchli (y*> = 32,8; p < 0,0001) deb topildi. Kasallanish avji
2021-2022 yillarga to‘g‘ri kelgan (73% holat). Homiladorlik davridagi COVID-19 infeksiyasi homila tushish xavfini
oshirishi tasdiglangan (y*> = 17,8; p = 0,0005). Aniqlanishicha, homilasi tushgan ayollarda homiladorlikning dastlabki
uch oyida SARS-CoV-2 bilan infeksiyalanishi boshqa homilador ayollarga qaraganda ko‘proq bo‘lgan va SARS-
CoV-2 homila tushishiga xavf omil ekanligi tasdiglandi (y*> = 23,8; p < 0,0001).

Kalit so‘zlar: SARS-CoV-2, COVID-19, homilaning tushishi.

STUDY OF THE CORRELATION BETWEEN SARS-COV-2 CORONAVIRUS INFECTION AND
MISCARRIAGE BASED ON QUESTIONNAIRE DATA

A.A. Abdurakhimov, Yu.A. Kapralova, Z.M. Mirakbarova, A.l. Rakhmatullaev, M.B. Nazirova, G.G. Atamurotova,
Sh.O. Rakhmatova, F.P. Nishanova, A.A. Adullaev, Sh.U. Turdikulova

It has examined the association between SARS-CoV-2 infection and early miscarriages in women with recurrent
pregnancy loss in Uzbekistan. An analysis of data from 1,826 women showed that 37.15% (81 out of 218) of patients
with recurrent miscarriages had COVID-19. They had a history of 165 pregnancy losses. The differences with the
control group were statistically significant (y*>=32.8; p <0.0001). The peak of infections occurred in 2021-2022 (73%
of cases). COVID-19 during pregnancy was found to increase the risk of miscarriage (y*> = 17.8; p = 0.0005). Women
with a history of recurrent miscarriage in early pregnancy were infected with SARS-CoV-2 significantly more often
than other pregnant women (> = 23.8; p < 0.0001).

Keywords: SARS-CoV-2, COVID-19, miscarriage.
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BJIUAHUE HEOPTAHUYECKUX ITOJIUPOCPATOB U AT® HA COKPATUTEJIBHY IO
AKTUBHOCTb KAPIUOMUOLNUTOB HEOHATAJIBHBIX KPBIC

I'.B. MAKCUMYEBA', X.P. PYCTAMOB?, P.3. CABUPOB', A.10. BAEB**

"Mucturyt 6nodusuku u 6noxumuu nmpu HYY3 um. M. Yiyroeka,
leHTp MepeaOBLIX TEXHOIOTHIA;
‘HanmoHanbHbIH YHEBEpCUTET Y30ekucrtana uM. M. Yiyroeka

ABTOp st Mepenucku: baev.a.yu@gmail.com

W3BecTHO, uTO HEopranndeckue nomudocoarst (monu-D) MOTYT BEIACIATHCS U3 aKTUBUPOBAHHBIX TPOMOOIINTOB
1 y4acTBOBAaTh B MEKKJICTOYHOM CHTHAJIMPOBAHWU Yepe3 aKTHBAIIMIO MMyPUHEPTHUECKUX U JAPYTHX pelenTopoB. B
CBSI3U C TEM, 4TO MOJU-D PErymsipHO MOSBIAIOTCS B KPOBSHOM PyCl€ M MOTYT KOHTAKTHPOBATH C OKPYKAIOUTIMHU
KJIETKaMH, B TOM YHCJIE U C KJIETKaMH Cep/Iia, HAMU OBLIO H3yYeHO BIUSHUE BHEKJICTOUHBIX MOIH-D Ha COKpaTUTEINb-
HYI0 aKTMBHOCTh HEOHATAIbHBIX KapAHOMHOIMTOB. bblTo 00HapyXkeHo, uyTo pu fo6aBke monn-d KISTKH U3 OJHOI
TIOTYJISIIIMKA MOTYT OTBEeYaTh KakK MOBBIMICHUEM YacTOTHI KneTouHbIX cokpameHnid (UKC) n ux aMmmuTyasl, Tak U mo-
HkeHueM. [Ipu 3ToM, cXokre 0TBETHI Habmroganuch U npu nodaske AT®. CpaBHUTETBHBIN aHATTN3 MTOKa3all, 9TO IIPH
nobaske AT® nabmronanace TeHaAeHIH K yBenunueHnio YKC u aMInTy bl COKpaIIeHHi, Torna Kak qo6aska moiau-O©
npuBonmna kK cHmkennio YKC u aMImmTymsl.

Kniroueswie cnosa: Heopranuueckue nonupocdarsi, ATD, cokpaienne KapIuoMHOLIUTOB.

Heoprannueckune nommdocdars (moau-d) — 3T0 TOMOTOIUMEPHI, COCTOSIINE U3 OCTAaTKOB OpTOQOC-
(opHoit kucnoTel. lloan-® SABIAIOTCA €CTECTBEHHBIMH BHYTPHKIETOYHBIMH METAa0OIMTaMHU, KOTOPHIE
BHYTPH KJIETKH YYacTBYIOT B TpOIlecCcax KJIETOYHON OnodHepreTHkH [1, 2], cTabMIM3upyIOT TPETUIHYIO
CTPYKTYpy O€JKa moCpeICTBOM MIANIEPOHHOM akTHBHOCTH [3, 4]. B To ke Bpems ObuTO TTOKa3aHO, YTO TO-
1u-® MoryT BEIOpACHIBaThCSA U3 ACTPOIMTOB M TPOMOOITUTOB M Y4aCTBOBATh BO BHEKJIETOUYHBIX MpoIleccax
B KQUeCTBE CHUTHAJLHOUW MOJIEKYIHI [5, 6]. PaHee mokas3piBamock, 9To moau-O MOTYT BRIICISATHCS U3 aKTH-
BHPOBAaHHBIX TPOMOOITUTOB KPOBH BO BpeMsI Iiporiecca TpomOooOpazoBanus [6]. [lomumo ygactus B camom
TpoMO000pa3oBaHny, NOIH-P aKTUBHO B3aWMOJIEHCTBYET CO BCEMH KIIETKaMH, KOTOPHIE UMEIOTCS B KPOBO-
TOKE HJTH K€ BBICTUIIAIOT CTEHKH KPOBEHOCHBIX COCY/IOB ITOCPEICTBOM aKTHBAIIUH PA3IMIHBIX CUTHAIBHBIX
IyTEH, B TOM YHCIIE Yepes aktuBanuio P2Y | mypunopeuentopos [6, 7]. B cBsasu ¢ Tem, uto nonu-d Bbie-
JIIFOTCS B KPOBH HA TMIOCTOSTHHOM OCHOBE M MOTYT NMOTEHIIMAIBHO OKa3bIBaTh BIUSHIE HA COKPATHTEIHHYIO
AKTUBHOCTD CEP/IIIa, B CBOei paboTe MBI PEIINIIN OIICHUTH BIUSHUE SK30T€HHOTO mon-D Ha COKPATUTEINb-
HYI0 aKTUBHOCTD ITEPBUYHBIX KapIMOMHUOIINTOB, BHIZICIEHHBIX M3 CEpJel] HEOHATATbHBIX KPBICAT, a TaKKe
cpaBHUTE 3P PexT momn-D ¢ rddhexrom sx30reHHOT0 ATD — eCTeCTBEHHOTO arOHUCTA ITyPUHOPEIICTITOPOB.

MarepuaJjnbl 1 METOIbI.

Bce skcriepuMeHTsl TPOBOJIMIIUCH B CTPOTOM COOTBETCTBUH C peKOMeHIauusiMu EBporneiickoil KoHBEeH-
MU TIO 3aIIUTe TTO3BOHOYHBIX KUBOTHBIX, HCIIOJIE3YEMbIX B OKCIIEpUMEHTaX WiH Ipyrux 1ensx (Ctpacoypr,
1986 r.) mw ARRIVE (https://arriveguidelines.org) u 0bumn omo6penst Komurerom mo 6noatrke MHCTHTYTA
onodmsukn u omoxumun BEC/IBB-NUU/2024/12-1.

J1st paboTHI UCTIONB30BAJICS COATAaHCHPOBAHHBIN coeBoi pacTBop X3Hkca (HBSS), cinemyromero co-
crasa (8 MM) 156 NaCl, 3 KCl, 2 MgSO,, 1,25 KH,PO,, 2 CaCl,, 10 I'moko3a, 10 HEPES, pH nosonnnacs
1o 3HaueHu#t 7,35 npu nomormu NaOH.

Brigenenne u KyJIpTHBHPOBAaHNE TIEPBUYHBIX KapIHOMHUOIIMTOB TPOBOAMIIN MIPH TIOMOIIN Habopa s
BBIJIETICHHSI TTIEPBUYHBIX KapanoMuonuToB Pierce™ (Termo Fisher Scientific, CIIIA; xar. nomep 88281)
B COOTBETCTBHH C MPOTOKOJIOM MPOM3BOAUTENS. BKpariie, H30JIMpOBaHHbBIE CEep/illa HEOHATAIBHBIX KPBIC
V3MeJBYai Ha Menknue Kycodkd 1-3 mm. llomydennsie (parmMeHTHl TKaHW MHKYOMpOBAM B PacTBOpE
(hepmenToB B Teuenne 30-35 MuH npu nocTtossHHOM nepememBannn npu 37°C. Ilocne nakybannu, Ha-
JOCAJIOYHYIO JKUIKOCTh, COAEpIKAINTYI0 (PepPMEHT, YIajsuld, OCTaBIINEeCs (pparMeHThI TPOMBIBAITN ABAYKIBI
JIeSTHBIM cOaJaHCUPOBAHHBIM COJIEBBIM pacTBOpoM XoHKca. [lanee, (hparmMeHTHI akKypaTHO pa3Mensdain
nuneTuposanreM B cpenae JJMEM ¢ nob6asnennem 10% FBS (smOpronansHO# Obdbeli CHIBOPOTKH) U 1%
pactBopa aHTHOMOTHUKOB (Pen-strep). [lomydaeHHy0 CyCTICH3MIO KJIIETOK BHICEBAIHM HA MMOKPOBHBIC CTEKIIA
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3x10 mm u uakyoupoBanu mpu 37° C B atmocdepe 5% CO2. Yepes 24 vaca 3aMeHsUIN cpelly HA aHAJO-
THYHYIO, COJIEPKalIyI0 J00aBKy I POCTa KapIUOMHOLIMTOB, IPEAYyCMOTPEHHYIO ITPOTOKOJIOM JIJIsl BBI/IC-
JICHUSI.

PerucTpanuio CIOHTaHHBIX COKpAILEHU BEJH C IIOMOIIBIO0 TEXHUKH BHEOMHKPOCKOIIUHU B COYCTAaHUN
C MPOrpaMMHBIM OOECTIeUeHUEM ISl aHau3a n300pakeHni. Buaeoszanuck KcepruMeHTa MPOBOIWIN C
noMoIIpi0 Kamepsl cMapTdona Redmi Note 12 Pro B pexxnme 3aMeieHHONH ChEMKH, HETOCPEACTBEHHO
¢ akpana mukpockora EVOS XL lite (Life Technologies). CheMKy KcriepiMeHTa BEJIX HEMPEPHIBHO 110
U mocie 1o0aBleHHs BEIIECTB B MPOTOYHYIO A4YEHKy ¢ KieTkamu. [lanee, Buaeo3anucu B ¢popmare MP4
KOHBEPTUPOBaJH B popmar “.avi”’ ¥ yMEHbIIANN TUIOTHOCTH 3alMCH A0 12 KaJpoB B CEKYH/Y C TOMOIIBIO
ckpurnra Pyton (https://github.com/KhondamirRustamov/imaging/blob/main/video sampler.ipynb).

YacToTy cokpaleHni Takke KOHTPOJIMPOBAIH U OTIPeIeIsuid Bu3yaibHo. Llnpposyto 00paboTky dhpar-
MEHTOB 3anuceit mpoBoawu nporpammoit ImagelJ 1.52 (NIH, LOCI, Yausepcuter Buckoncun, CIIA) u
maruHa Myocyter v.1.3 [8]. CratucTuueckuii aHaiIM3 MOITYYEHHBIX PE3YyJIbTaToOB MPOBOAMIN C UCIIONb-
3oBanueM nporpammbl Origin Pro 2024 (Microcal Software Inc., Northampton MA). Craructudeckyro
3HaUUMOCTh OTIUYMI oleHnBaitn mpu nomoud meroga ANOVA u xputepust @punmana, sl 3aBUCHMBIX
BBIOOPOK, HE OTBEYAIOIIMX HOPMAJIBHOMY pacmpefefneHuto. OTAHYUs CYUTAINCh CTATUCTUYECKH JIOCTO-
BepHbIMU ITpu p<0,05. /laHHbIe IpeACTaBICHBI KaK CpeJHEe + CTaHIapTHAs OMNOKa, ISl N 9KCIIEPUMEHTOB.

Pesyabrathl u uX 00cy:KIeHne.

Ha 3 cyTku mocine BblAETICHUS, HEOHATATIBHBIE KapIUOMHOLMTHI KPBIC PHOOPETAI CIIOCOOHOCTD K
CIIOHTAHHBIM COKparieHusM. [Ipu 3ToM, Ha 4-e CyTKH YHCIIO0 CIIOHTAHHO COKPAIIAIOIIUXCS KIETOK COCTaB-
ssito 6omnee 50% ot obuiero yucia Kinetok. [loaToMy Halu 3KCIIepUMEHTHI TPOBOJMIIN Ha 4-€ CYyTKHU MOcIie
BBIJICJICHUSI, U aHAJIN3 AaHHBIX TPOBOAMIM TOJILKO Ha COKPAILAIOIINXCS KIIETKaX.

Kaparnomuonute! moMemany B cOalaHCUPOBAHHBIM CONEBON pacTBOP XOHKCA, I€ KICTKH COXPaHSIIN
CIOCOOHOCTH K COKPALICHHUIO, U IPOM3BOINIIN 3aIIUCh IKCIIEPUMEHTa. B Halmx sKkcriepuMenTax, Cokparie-
HUE KapJAHOMHOLUTOB BapbipoBajo oT 3 1o 30 pa3 B MHHYTY, OJHAKO JUI OOJNBIIMHCTBA KIETOK CPEAHUE
MOKa3areau cokpamieHus coctaBsuiu 14,9+0,7 pa3 B MunyTy (pucyHok 1 A, b).
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Puc. 1. Bnusiaue nonu-® Ha COKPATUTEIBHYIO aKTUBHOCTH KapAHMOMUOIUTOB. A. PenpeseHTraTuBHast
3amuck 3kcnepuMeHToB; b. Jlo6aBka monu-® B koHneHTparwu 10 pM NpUBOJUT K CHIKEHUIO
YacTOTHI KJICTOYHBIX COKpAIICHUH KapIuoMHOINTOB; B. Biusiare nonu-® Ha aMIUIHTYTy KIETOYHBIX
cokpamienwii; ['-J1. IIporieHTHOE cOOTHOIICHHE 3-X CyOOMyMSIUI KIIETOK, Pa3/Ie]ICHHBIX B 3aBUCUMOCTH
ot tuna m3meneHuit UKC u aMrutypl, BRI3BaHHBIX 100aBKO# moym-®. N=21, n=99 (N — xonu4yecTBo
Yaliek, N — KOJIMYECTBO KJIETOK, KOTOPHIC BOILIU B CTATUCTUKY. B CTaTUCTUKY BOIIN SKCIIEPUMEHTHI OT
10-TH HE3aBHCHUMBIX KJICTOYHBIX BBIJICICHNH ). UNCIICHHBIC 3HAYCHMSI CPEIHUX BEITMYNH YKa3aHbl HaJl
cTonbukamu auarpamm. *** — p<0,001, * — p<0,05, H3 — He 3HAUHUTENBHO.
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JHo6aska monu-® (1u1st paboTsl ucionb3oBajcs nmonu-d, conepxanuii 100 octarkoB opTodochopHoit
KHCIIOTHI) B KOHIeHTpau# 10 pM 10CTOBEpHO MPUBOAMIIA K CHUKEHHIO YaCTOThI KJIETOUHBIX COKpAIleHUH
(UKC) B cpennem Ha 40 %, HO He aMIITUTY Bl cokpaiueHuil (pucynok 1 b u B). [locnenyromas oTMbIBKa
KJIeToK oT noiu-® nmpuBoauna k Boccranosiennto YKC o 3nauennii 6a3oBoit muanu (pucyHok 1 B). Ilpu
aHaJiM3e JaHHBIX Mbl OOHAPYKMJIM, YTO OTBETHI KJIETOK Ha J00aBKy nonu-® HeomHoponHsl. Hamu Obu1o
00Hapy»XeHO, 4TO TpH A00aBke Moju-O cymecTByeT 3 CyOmomyssiiuy KIETOK, OTBEYAIONINX MO-Pa3HOMY
Ha go6aBky nonu-®. Hamu Obi10 00HapykeHo, 4To OoJbInas 4YacTh CyOIOMyIsIIMU KIETOK OTBevasa Io-
HmxenneM UKC n ammmutyas! (pucyHok 1 I' u ). OqHako NpUCyTCTBOBAIM KJIIETKH, KOTOpbIE OTBEYaIN
noseimeHrneM YKC U aMIIMTyIBl W KJIETKH, KOTOpBIE HE pearupoBaiy Ha A00aBKy monu-d (B JaHHYIO
CyOTIOMYJISIIMIO KIIETOK BXOJMIIN KJIETKH, OTBETHI KOTOPBIX, Mociie 100aBku noiu-@O, BapbupoBaiu B mpe-
nenax 5 % ot 6a3oBoii muuuK) (pucyHok 1 I u J1).

B crnenyromeit cepun SKCIEpUMEHTOB MBI OLIEHWIN BIUsiHUE BHEKJIeToUHOT0 AT® B koHneHTparyu 10
uM na YKC u aMmimuTyy cokpaiieHui kapauoMuonuToB. Jlobaska AT® npuBojmia K HE3HAYUTSILHOMY
yBennueHnto YKC u He okasbiBana BIMSHUS HA aMIUIUTYIy COKpPAIIEHHH KapIHOMHOIMTOB (PUCYHOK 2
A-B). [locnenyrommii aHanu3, Kak U B ciaydae ¢ monu-D, BeIABUI 3 CyONMOMyISAINU KIETOK, pa3indaB-
LIMXCS TI0 OTBETaM, OJHAKO €CNY B cirydae ¢ noiu-O npeodnagana cyOnomymsus KIETOK ¢ TIOHIKEHHEM
UKC, To B cimyuyae ¢ AT® 2 cyObnomynsiiuy KiIeToK (OTBeYaBIINE MOHM)KEHHEM U MOBBIIICHUEM) UMENN
MPUOIM3UTENBHO OIMHAKOBOE MPOLIEHTHOE cooTHOMeHHE (pucyHoK 2 [1). Iloxoxkee pacnpeneneHune ObUI0
U C KJIETKAaMH, pa3AeJICHHBIMU 110 aMILTUTY/E — 2 CyONOMyNIsUuK KJIETOK, OTBEYAIOIIUE MOHWKEHHEM H T10-
BBIIIIEHHUEM aMITJIUTY/bl UMENIN IPUMEPHO paBHOE MPOLIEHTHOE OTHOIIEeHHE (prucyHok 2 I).

st Toro, yto ObI JTydle pa3oOparbcsi B HaOmonaeMbIX dQQeKrax, Mbl pa3iaeiauin 3 CyOonmonyasuun
KJIETOK M IOCUHUTANIN YCPEAHECHHBIE [T0Ka3aTeu 0a30BOH JIMHUY, OTBETa HA arOHUCT U APdeKTa OTHIBKH.
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Puc. 2. Bmusane AT® Ha coKkpaTUTeNbHYIO aKTUBHOCTH KapIMOMHUOIIMTOB. A. Penpe3eHTaTuBHAas 3aMucCh
skcriepuMenToB; b. Jlo6aBka AT® B xoHnenTpannu 10 uM npuBOIUT K HE3HAYUTEFHOMY YBEITHUEHUIO
YKC xapauomuornuTos; B. Bmusane AT® na ammnuTyay kineTodnsix cokpamenwnii; I'-J1. IlporiertHoe
COOTHOIIICHHE 3-X CyOIOMyJIAIHUHA KJIETOK, pa3Ae/IeHHbIE B 3aBUCUMOCTH OT Tuma n3Menennit YKC u
aMIUTATY/IBI, BBI3BAaHHBIX 100aBKOi AT®. N=7, n=50 (N — Konn4ecTBO JaIek, n — KOJIMIeCTBO KIIETOK,
KOTOpBIE BOIILIM B CTATHCTUKY. B CTaTHCTHKY BOIIIIN SKCIIEPUMEHTHI OT 4-X HE3aBHCUMBIX KJIETOUHBIX
BbIienennii). H3 — He 3HaunTenpsHO. UnCIeHHbIe 3HaYeHNS CPETHUX BEIMYNH YKa3aHbl HaJl CTOJIOUKaMHU
JIarpaMm.
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AHanu3 JaHHBIX BBISIBUI HEKOTOPBIE 3aKOHOMEPHOCTH, & UMEHHO, HAMHU OBUIO TIOKA3aHO YTO KIIETKH,
KOTOpble M3HaYaIbHO MMenn Hu3Kyto UKC, vame Bcero orBeuanu noseimenneM YKC B orBet Ha nmonau-d
u ATO (pucynok 3 A u I'). Kinetku, kotopsie n3Ha4aabHO UMenn BhicoKyto YKC, oTBeuann moHmKeHHEM
(pucynok 3 b u J1). lnst xinetok, kotopble He oTBeTHIN M3MeHeHrneM YKC B oTBeT Ha 100aBKy aroHHCTa,
CTPOTHX 3aKOHOMEPHOCTEH BBISIBUTH HE yaanoch (pucyHok 3 B u E), BoaMoxkHO, n3-3a 6onbiroro pazopoca
JAHHBIX, & TAKXKE K€ MOTOMY, YTO TAKHX KJIETOK OBUIO HAMHOTO MEHBIIE [T0 CPABHEHHIO C ABYMS APYTHMHU

CyOTOMyJISIIUSMHU.
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Puc. 3. CpaBHUTEIBHBII aHATN3 PA3IUYHBIX CYOIIONYIISIUN KISTOK B OTBET Ha JO0ABKU
nonu-d (A-B, E) u ATO (I'-1, ) (nosicHeHHsI B TEKCTE).

[TogoOHbIE 3aKOHOMEPHOCTH MPOCIIEKUBAIUCH U C AMILTUTYIO0H OTBETA KIETOK — T€ KJIETKH, Y KOTOPBIX
0a3oBasi aMIUIMTY/Ia COKPAIEHWH Obl1a NOHM)KEHA, MMENT TEHACHIUIO K MOBBIILICHUIO aMIUIUTY/bI TIOCTIe
N00aBKH aroHUCTa U HA00OPOT (He NMOKa3aHO Ha pUCyHKax). Mcxons u3 JaHHOTO aHann3a, MOYKHO Mpe/o-
JIOKUTbH, YTO OTBETHI KJIETOK Ha 100aBKy noiau-® nu AT® numeroT ogrHaKoBBIH MAaTTEPH, OHAKO, UCXOMS U3
00IIMX YCpeAHEHHBIX JaHHBIX — 100aBKka noiu-® npusoamia kK 3HadutensHoMy cHmkeHno YKC (pucyHok
1 Aub), a nobaBka AT® npuBoauia k He3HaunTenbHOMY yBenuueHuto YKC (pucynok 2 A u b). [liis toro,
YTO OBl JTy4llIe MOHUMATh pa3nuuusi Mexny 3pdexkramu nonu-® u ATD, MbI mOCTOPUIIN TUarpaMMy pacce-
SIHUS1, yYUTBIBasi OTBETHI KJIETOK 1O 2-M mapaMeTpam ogHoBpeMeHHo — UKC n amrmuntyny. Takum oOpazom
y Hac oOpa3oBasioch 4 knacrepa kieTok: 1) orBedaBmme nosbimieHneM YKC 1 MoBBIIEHHEM aMIUTUTYbI
(rony6oe none Ha puc. 3E u XK); 2) nossiuennem YKC 1 oHMmKeHHEM aMILIUTY bl (cepoe nosne Ha puc. 3E
u XK); 3) noumxenrem UKC 1 mOBBIIEHHEM aMILTUTY/IbI (3e1eHoe nose Ha puc. 3E u XK); 4) nonmxenu-
em UKC u noHmskeHHeM aMILIUTY bl (po3oBoe nojte Ha puc. 3E u JK). Ananus nokasan, uto npu jo6aBke
nonu-P, 72 % KIeTOK OTBeYald MOHMKEHWEM aMIUIUTYIbl COKpAIlEeHHH (TOUKH PACIHONOKEHHBIE HUKE
JIMHUM HYJS 110 OCU OPAUHAT), TOr/a Kak B ciyuyae ¢ AT® Takux ki1etok 6b10 45 % (pucynok 3 E u XK).
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Urto aBTOMaTHUECKHU MOApa3zyMeBaeT, uTo B oTBeT Ha AT® ~ B 2 pa3za Oombllie KJIETOK OTBETHIIO TIOBBILIE-
HUEM aMIUIATY/IBI IO CPABHEHUIO ¢ 100aBKoi nonu-® — npuuem JaHHOE pacmpeielieHHe COXPaHUIOCh IS
000UX KIIACTEPOB KJIETOK, OTBETHBIIMX MOBBIIICHUEM aMIUTUTYIbI (CHHUI | 3eleHblid moist). OueHuBast
UKC, MOXHO yBHIETD, 4TO U Ha 700aBKy monu-O, u Ha ATD npuMepHO paBHBIM MPOLEHT KIETOK OTBETHII
nonmxkenrneM YKC (muHus Huoke Hys o ocu abenuce) — 59 % B cinydae go6aBku nonu-® u 66 % nocne
no6asku AT® (pucynok 3 E u )XK). Onnako B ciryuae nonu-® 6osblas 4acTh 3THX KJIETOK pacronaraerces
B knactepe co cHwkenneM YKC u ammuntynel, a Bemyyae AT® Gonblias 4acTh KJIETOK HAXOAWUTCS B Kila-
crepe co cumkenrneM YKC u nosbienreM aMmntysl (pucynok 3 E u JK kpacHble u 3eeHble G0KChI).

3akawuenne. B Hacrosiieir pabore HaMu OBUTIO M3YYEHO BIIMSHUE 3K30reHHOTO noyin-® u ATD Ha
CTIOHTAaHHBIE COKpAIllEHHs HEOHATATbHBIX KapIUOMHOLHUTOB. BT ycTaHOBIEHO, 4TO MpH 100aBKE U TO-
mu-®, u AT® kieTku U3 ofHOM MOMYNALNMN MOTYT OTBeuarh kak nosbimieHneM YKC u aMniauTyasl, Tak u
noHmxkeHrneM. CpaBHUTENBHBIN aHAIN3 TIOKazal, 4To 3 dekTsl monu-d u ATO umeroT HEKOTOphIE CXOKUE
MOMEHTHI (PYHKIIMOHUPOBAHHMSI, OAHAKO UMeeTCs U psia paznuuuid. Tak, Harpumep, npu godaske ATO na-
Omroganack TeHaeHnMs K ypenmuernto YKC n aMmuTynsl cokpalieHuii, Toraa kak gooaska nonu-® npu-
Bonmia K cHmkeHnto YKC u ammnutynel. OJHaKO CTOUT OTMETUTH, 4TO B 0TBET Ha AT® MHOrne KieTKu
OTBETHJIH JINIIb HEOONBIIUM CHIDKeHHEM HiiH noBbimerreM YKC n BU3yaibHO HAXOIUIIMCH OYEHD OJIM3KO
K HyJeBoi muHuH ocu opauHar (pucyHok 3 XX). Ecnu paccmatpuBars nomn-® u AT® B xadecTBe aronu-
CTOB ITypHHOPELETITOPOB, TO HAOII0AaeMble (PPEKTHI YKIaAbIBAIOTCS B COBPEMEHHOE TIOHUMAHHE YYaCTHS
IIypUHEPTUYECKOr0 CUTHAJIMPOBAHUS B IIPOIlEccaxX COKpallleH s KJIETOK cepAlia. A IMEHHO, paHee MOKa3bl-
BaJIOCh YTO aKTHBALMA OAHUX IMypHUHOpenenTtopoB npuBoauT K ysenudeHuto UKC nmm YCC, aktuBanus xe
JOPYTHX MOXET MPUBOIUTH K 00paTHBIM dddexram [9]. B cBsI3u ¢ STHM A7 OLIEHKH y4acTus ypUHEepruye-
CKOH cucTeMbl B HaOmoaambIx 3 dekrax, B qanpHeHeM miaHupyeTcs IPOBECTH MHTMOUTOPHBIN aHaAIIN3.

dunancuponanue. /lannas pabora Obula BBIIIOTHEHA TpH monaepkke rpanta Ne ©3-20200929214
(b.A.1O.) ®onna GpuHaHCHpOBaHMS HAYKH U MOAACPKKU HHHOBaMK PecryOnuku Y30ekucTaH.

Bxkaang aBTopoB B padorty. M.I'.B. — BeIoHEHNE SKCIIEPUMEHTOB, TIOATOTOBKA PUCYHKOB, HalMHCaHUE
pyxonucu. P.X.P. — ananu3 naHHBIX, TOArOTOBKA pUcyHKOB, C.P.3. — KoHIenTyanu3anus, peJakTHpOBaHNE
pyxonucy; b.A.1O. — koHIenTyanu3anus U Ju3aifH SKCIEPUMEHTOB, aHAJIN3 JAHHBIX, TOJrOTOBKA PUCYH-
KOB, HAallICAHHWE U PEIaKTHPOBAHUE PYKOIHCH.
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NEONATAL KALAMUSHLARNING KARDIOMIOSITLARI QISQARISH FAOLLIGIGA NOORGANIK
POLIFOSFATLAR VA ATFNING TA’SIRI

G.V. Maksimcheva, X.R. Rustamov, R.Z. Sabirov, A.Y. Baev

Avvalgi tadqiqotlarda noorganik polifosfatlar (poli-F) faollashgan trombotsitlardan ajralib chiqishi va purinergik
hamda boshqga retseptorlarni faollashtirish orqali hujayralararo signal uzatishda ishtirok etishi ko‘rsatilgan. Poli-F
qon aylanish tizimida muntazam paydo bo‘lishi va atrofdagi hujayralar, jumladan yurak hujayralari bilan bog‘lanish
mumkinligini inobatga olib, biz ekzogen poli-F ning neonatal kalamushlarning kardiyomiositlarini qisqarish
faolligiga ta’sirini o‘rgandik. Tadgiqotlar shuni ko‘rsatdiki, poli-F qo‘shilganda bitta populyatsiyadagi hujayralar
qisqarish chastotasi (QCh) va amplitudasining ham oshishi, ham pasayishi bilan javob qaytarishi mumkin. O‘xshash
javoblar ATF qo‘shilganda ham kuzatildi. Taqqoslovchi tahlil shuni ko‘rsatdiki, ATF qo‘shilishi QCh va qisqarish
amplitudasining ortishiga ko‘proq moyil bo‘lgan bo‘lsa, poli-F qo‘shilishi QCh va amplitudaning pasayishiga olib
kelgan.

Kalit so‘zlar: Noorganik polifosfatlar, ATF, kardiomiotsitlarning qisqarishi.

THE EFFECT OF INORGANIC POLYPHOSPHATES AND ATP ON THE CONTRACTILE ACTIVITY OF
NEONATAL RAT CARDIOMYOCYTES

G.V. Maksimcheva, K.R. Rustamov, R.Z. Sabirov, A.Y. Baev

It was previously shown that inorganic polyphosphates (polyP) can be released from activated platelets and par-
ticipate in intercellular signaling through the activation of purinergic and other receptors. Since polyP regularly appear
in the bloodstream and can come into contact with surrounding cells, including heart cells, we studied the effect of
extracellular polyP on the contractile activity of neonatal cardiomyocytes. It was found that upon the addition of pol-
yP, cells from the same population could respond with either an increase or a decrease in contraction rate (CR) and
amplitude. Similar responses were observed upon the addition of ATP. Comparative analysis showed that ATP tended
to increase CR and contraction amplitude, while polyP tended to decrease CR and amplitude.

Keywords: Inorganic polyphosphates, ATP, contractility of cardiomyocytes.
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OBTAINING A RECOMBINANT BACULOVIRUS CONTAINING THE GFP GENE USING
THE BAC-TO-BAC PLATFORM

Sh.Sh. KHASANOY, A.H. MARDONOY, M.Sh. SHUKURJONOY, N.A. TOSHOVA,
D.B. TURDALIYEY, JM. ABDURAKHMANOY, O.N. ASHIROYV, S.A. SASMAKOY, Sh.S. AZIMOVA

Institute of the Chemistry of Plant Substances of the Academy of Sciences of the Republic of Uzbekistan
shuhrat.hasanov.0305@gmail.com

This study investigated methods for obtaining a recombinant baculovirus (rBmNPV-EGFP) harboring the GFP
gene using the Bac-to-Bac platform. The pFastBacl-polh-GFP plasmid was employed to successfully achieve GFP
gene expression in Bombyx mori (BMNT1) cells. Optimized co-transfection conditions were established using the
Cellfectin® II liposomal reagent, enabling the efficient production of recombinant baculovirus. The findings provide a
significant foundation for utilizing the GFP gene as a marker and for the future development of baculovirus expression
systems.

Keywords: GFP, DH10Bac™, Bac-to-Bac, BacMid, baculovirus/insect cells, pFastBacl, Bombyx mori, recom-
binant protein expression.

Introduction. Modern biotechnology and molecular biology recognize the production of recombinant
proteins as a key research direction. Recombinant proteins are widely applied in vaccine production, gene
therapy, cancer treatment, tissue engineering, and other fields [1]. One of the most efficient platforms in
this area is the baculovirus/insect expression system (BEVS), which enables the expression of high-quality
proteins by infecting insect cells with baculoviruses [2]. The BEVS system is distinguished by its ability to
synthesize recombinant proteins with functional and biological properties nearly identical to their natural
analogs, while also facilitating accurate post-translational modifications such as glycosylation and phos-
phorylation [3-5].

In the medical field, products developed using the BEVS platform include human and veterinary
vaccines, therapeutic proteins, and gene therapy vectors. For instance, in 2009, the U.S. Food and Drug
Administration (FDA) approved Cervarix, a vaccine for preventing cervical cancer, which was the first
human vaccine produced using the BEVS system [6-7]. To date, eleven BEVS-based products have been
approved, including four human vaccines (Cervarix, Flublok, Flublok Quadrivalent, and Nuvaxovid/
Covovax), two therapeutic agents (Provenge and Glybera), and five veterinary vaccines (Porcilis Pesti,
BAYOVAC CSF E2, PCYV, Ingelvac CircoFLEX, and Porcilis PCV) currently in use [4].

The success of the BEVS system largely depends on the types of baculoviruses used. Traditionally,
AcMNPYV has been the most commonly utilized baculovirus, widely applied alongside Sf9 and Sf21 cell
lines. However, in recent years, Bombyx mori nucleopolyhedrovirus (BmNPV) and its compatible Bombyx
mori cell lines (e.g., BMN1) have gained considerable attention [8]. The BmNPYV system is particularly fa-
vored due to the high protein synthesis capacity and genetic adaptability of silkworm (Bombyx mori) cells.
Compared to the ACMNPYV system, Bombyx mori cells offer higher expression levels in certain cases and
enable cost reduction, making them highly desirable for industrial-scale protein production [3].

The process of obtaining recombinant baculoviruses using the Bac-to-Bac platform consists of two
main stages: first, the construction of recombinant bacmid DNA, and second, the production of recombi-
nant baculovirus in insect cells using this bacmid. In our previous study on the first stage, the pFastBac]1-
polh-GFP plasmid was successfully constructed by inserting the GFP (Green Fluorescent Protein) gene
into the pFastBacl transfer vector, and the recombinant DH10Bac™-GFP bacmid was obtained [9]. These
constructs laid the groundwork for GFP gene expression in insect cells and served as a crucial foundation
for subsequent studies.

The GFP gene holds significant importance as a widely used marker in baculovirus systems. Its green
fluorescence property allows for the visual assessment of recombinant virus infection efficiency and pro-
tein expression levels. The use of GFP as a marker simplifies the rapid identification and purification of
viral colonies, saving time and resources compared to traditional methods. In recent years, GFP has been
employed in baculovirus systems to study protein subcellular localization, protein-protein interactions, and
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expression kinetics [10]. Moreover, GFP expression in Bombyx mori cells serves as a critical model for
evaluating the efficiency of the BmNPYV system and expanding its potential for industrial-scale applications.

This study aimed to produce a recombinant baculovirus (rBmNPV-EGFP) expressing the GFP gene
in Bombyx mori BMNI1 cells using the constructed pFastBacl-polh-GFP plasmid. The primary objective
was to optimize the recombinant baculovirus production process via the Bac-to-Bac platform, specifical-
ly by determining co-transfection conditions and comparing the efficiency of liposomal reagents such as
Cellfectin® II and Metafectene PRO.

Materials and Methods

In this study, the recombinant baculovirus was produced using the pFastBac1-polh-GFP plasmid, pre-
viously constructed in our earlier studies, and the recombinant DH10Bac™-GFP bacmid, which was chem-
ically transformed in E. coli cells. The plasmid contains the Green Fluorescent Protein (GFP) gene and is
adapted for expression in Bombyx mori cells [9].

Bombyx mori BMNI cell line was obtained from the insect cell collection of the Molecular Genetics
Laboratory at the Institute of Plant Substances Chemistry, Academy of Sciences of the Republic of
Uzbekistan. The cells were subcultured in Grace’s Insect Medium (Gibco, Thermo Fisher Scientific,
Catalog No. 11667037) supplemented with 10% Fetal Bovine Serum (FBS, Gibco, Catalog No. 10437028)
and 1% penicillin-streptomycin (Gibco, Catalog No. 15140122). For transfection, Cellfectin® II (Thermo
Fisher Scientific, Catalog No. 10362100) and Metafectene PRO (Biontex, Catalog No. T040-1.0) liposo-
mal reagents were used. The recombinant bacmid DNA was isolated using the PureLink™ HiPure Plasmid
DNA Maxiprep Kit (Thermo Fisher Scientific, Catalog No. K210017).

Isolation of Recombinant Bacmid DNA. Recombinant DH10Bac™/pFastBac1-GFP bacmid DNA was
isolated using the PureLink™ HiPure Plasmid DNA Maxiprep Kit following the manufacturer’s protocol
(Thermo Fisher Scientific, 2018).

Subculturing of Bombyx mori Cell Lines. Bombyx mori BMNI cells were incubated in Grace’s medium
(supplemented with 10% FBS and 1% penicillin-streptomycin) at 26°C. Cells were seeded at a density of
1-2x10° cells/ml in 25 cm? T-flasks (Corning, Catalog No. 430639). Subculturing was performed every 4-6
days, transferring cells to fresh medium at a 1:6 ratio.

Co-transfection of Bombyx mori Cell Lines. Co-transfection was performed in Bombyx mori BMN1
cells using 6-well plates (Corning, Catalog No. 3516). Cells were seeded at a density of 1x10° cells/well
and transfected upon reaching 85-88% confluency. DH10Bac™/pFastBac1-GFP bacmid DNA (1-3 pg)
was mixed with Cellfectin® II (8 pl) or Metafectene PRO (10 pl) in serum-free Grace’s medium (Gibco,
Thermo Fisher Scientific, Catalog No. 11595030). The mixture was incubated at room temperature for
30 minutes, added to the cells, and incubated at 26°C for 4—6 hours. The medium was then replaced with
Grace’s medium containing 10% FBS. After 72 hours, GFP fluorescence was evaluated under a microscope
(488 nm wavelength, 10x objective). Transfection efficiency was compared and optimized for Cellfectin®
IT and Metafectene PRO reagents.

Purification and Identification of Recombinant Baculoviruses. Recombinant baculoviruses were puri-
fied using the Plaque assay method. Bombyx mori BMN1 cells were seeded at a density of 2x10° cells in
6 cm Petri dishes (Corning, Catalog No. 430166). After 5-7 days post-transfection, the supernatant was
collected and diluted from 10* to 10°. The diluted virus was added to cells under a 1% agarose layer (in
Grace’s medium) and incubated at 26°C for 5-7 days. Viral plaques were identified via GFP fluorescence
under a microscope. Virus titer was determined using the TCID50 (Tissue Culture Infectious Dose 50)
method. Cells were seeded at 1 x 10* cells/well in 96-well plates (Corning, Catalog No. 3596), and the virus
was added in dilutions from 10! to 10%, followed by incubation at 26°C for 5 days. GFP fluorescence was
assessed in each well under a microscope. TCID50 values were calculated using the Reed-Muench method.

Results and Discussion

The DH10Bac™/pFastBac1-GFP bacmid DNA was successfully isolated using the PureLink™ HiPure
Plasmid DNA Maxiprep Kit. The presence of the GFP gene was confirmed through polymerase chain reac-
tion (PCR) using specific primers.

pUC/M13Forward 5- 'CCCAGTCACGACGTTGTAAAACG-3'

pUC/M13 Reverse 5'-AGCGGATAACAATTTCACACAGG-3

Analysis of the DH10Bac™/pFastBac1-GFP bacmid DNA revealed a 3014 bp amplicon, confirming
the correct integration of the GFP gene within the bacmid.
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Bombyx mori BMNI1 cells were subcultured in Grace’s medium for 5 days, reaching a density of 2.5 x
10° cells/ml. Cell viability, determined using the Trypan blue staining method, was 92 + 3% (n=3). The cells
were prepared for co-transfection at 85-88% confluency. Microscopic observations confirmed the normal

Fig. 1. Microscopic view of Bombyx mori BMNI1 cells.

The DH10Bac™/pFastBac1-GFP bacmid DNA was co-transfected into Bombyx mori BMNI1 cells us-
ing Cellfectin® II (8 ul, 1 ug DNA) and Metafectene PRO (10 ul, 3 pg DNA) reagents. After 72 hours, GFP
fluorescence was evaluated under a microscope (488 nm wavelength, 10x objective). In cells transfected
with Cellfectin® I, GFP expression was observed in 85 £ 5% of the cells, while with Metafectene PRO, it
was 65 = 7% (n=3, p <0.01, Student’s t-test). Virus-infected cells clearly exhibited GFP green fluorescence
(Figure 3 B, C), whereas no fluorescence was observed in control cells (Figure 2).

A B C
Fig. 2. Cells infected with the rBm-polh-GFP baculovirus.

Bombyx mori BMNI1 cells were observed under a microscope. (A) Uninfected control cells. (B and C)
Cells infected with the rBm-polh-GFP baculovirus, showing distinct GFP fluorescence.

In subsequent experiments, recombinant baculoviruses (rBmNPV-EGFP) were purified using the Plaque
assay method. Viral plaques were identified based on GFP fluorescence after 5—7 days of incubation. The
virus titer was determined using the TCID50 method, averaging 1.2x10% PFU/ml (plaque-forming units/ml)
(n=3). Purified viral colonies were further refined using the TCID50 limiting dilution method to achieve
genetic homogeneity (Figure 3).
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Fig. 3. Identification of  BmNPV-EGFP viral plaques and virus colonies using Plague assay and TCID50
limiting dilution methods.
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Bombyx mori cells infected with IBmNPV-EGFP exhibited GFP expression after 72 hours of incubation
at 26°C. Fluorescence intensity was maximal at a 488 nm wavelength and was uniformly distributed in the
cell cytoplasm.

Discussion.

This study successfully produced a recombinant baculovirus (rBmNPV-EGFP) expressing the GFP
gene in Bombyx mori BMNI1 cells using the Bac-to-Bac platform. The results demonstrated the higher
efficiency of Cellfectin® II compared to Metafectene PRO (85% versus 65%, p < 0.01), confirming the
optimized conditions for the co-transfection process. These findings align with results reported by Xing-wei
Xiang, Rui Yang, Lin Chen, Xiao-long Hu, Shao-fang Yu, Cui-ping Cao, and Xiao-feng Wu for the BmNPV
system in Bombyx mori cells, which also highlighted the superior efficiency of Cellfectin® II [11].

The significance of the GFP gene as a marker lies in its green fluorescence property, which enables
rapid and accurate identification of viral infection. Traditional methods for identifying viral colonies are
labor-intensive, but GFP significantly simplifies this process. The high intensity and uniform distribution of
GFP expression in our study indicate the strong expression potential of Bombyx mori cells in the BmNPV
system, consistent with the advantages of the BEVS system noted by Mishra, V. [10].

These results provide a critical foundation for our future studies to utilize the BmNPV system for ex-
pressing other therapeutic proteins (vaccine antigens or monoclonal antibodies) beyond GFP. Additionally,
testing Bombyx mori cells with other liposomal reagents or alternative transfection methods such as electro-
poration would be beneficial. These findings contribute to expanding the applications of the BEVS system
in vaccine production and gene therapy.

Conclusion. In this study, a recombinant baculovirus (rBmNPV-EGFP) expressing the GFP gene in
Bombyx mori BMNI1 cells was successfully expressed using the Bac-to-Bac platform. The pFastBac1-polh-
GFP plasmid was utilized. Cellfectin® II demonstrated higher efficiency compared to Metafectene PRO
(85% versus 65%). The viral titer reached 1.2x10® PFU/ml. GFP fluorescence simplified virus identification
and confirmed high expression in cells. The study highlighted the economic efficiency of Bombyx mori
cells and the biotechnological significance of the baculovirus expression system. The results provide a cru-
cial basis for obtaining other types of recombinant proteins and serve as a marker for GFP gene utilization.
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BAC-TO-BAC PLATFORMASIDAN FOYDALANGAN HOLDA O‘ZIDA GFP GENINI SAQLAGAN
REKOMBINANT BAKULOVIRUS OLISH

Sh.Sh. Hasanov, A.H.Mardonov, M.Sh. Shukurjonov, N.A. Toshova, D.B. Turdaliyev, J.M. Abduraxmanov,
O.N. Ashirov, S.A. Sasmakov, Sh.S. Azimova

Bac-to-Bac platformasidan foydalanib, o‘zida GFP genini saqlagan rekombinant bakulovirus (rBmNPV-EGFP)
olish usullari o‘rganildi. pFastBacl-polh-GFP plazmidasidan foydalanib, Bombyx mori (BMN1) hujayralarida GFP
geni ekspressiyasi muvaffaqiyatli amalga oshirildi. Cellfectin® II liposomal reagenti yordamida optimallashtirilgan
ko-transfeksiya sharoitlari aniqlandi, bu esa yuqori samarali rekombinant bakulovirus olish imkonini berdi. Olingan
natijalar GFP genidan marker sifatida foydalanish va kelgusida bakulovirus ekspressiya tizimlarini rivojlantirish
uchun muhim asos yaratadi.

Kalit so‘zlar: GFP, DH10Bac™, Bac-to-Bac, BacMid, baculovirus/insect cells, pFastBacl, Bombyx mori, re-
kombinant protein expression.

MNOJTYYEHUE PEKOMBMHAHTHOI'O BAKYJIOBUPYCA, COAEPXAIIET'O I'EH GFP,
C UCITOJIb3OBAHUEM ITIJIAT®OPMbBI BAC-TO-BAC

HI.II. XacanoB, A.X. Mapaouos, M.I1I. lllykypxounos, H.A. Tomosa, /I.b. Typnamues, )K.M. AGnypaxmMaHOB,
O.H. Auupos, C.A. Cacmaxos, III.C. A3umoBa

W3y4ensl MeTonb! MOTy4eHHs pekoMOuHaHTHOTO Oakynoupyca (rBmNPV-EGFP), conepxamero ren GFP, ¢
ucronp3oBanreM 1ardopmsl Bac-to-Bac. C nmpumenennem rurasmusl pFastBacl-polh-GFP 6buta yenemrso ocy-
mectBiieHa skcnpeccusi reHa GFP B xiretkax Bombyx mori (BMN1). OnTrmMusipoBaHHbIE YCIOBUS KO-TPaHCHEKIINT
OBLTH OITpEeIeIIeHBI C UCIOIb30BaHUeM JiurocomaibHoro peareHTa Cellfectin® I, uto mo3sonuiio a¢exTrBHO moIy-
YUTh PEKOMOMHAHTHBII OaKkynoBupyc. [lomydyeHHbIe pe3yabTaThl CO3/1al0T BaXKHYIO OCHOBY JUISl HCIIOJIb30BAHUS TeHA
GFP B xauecTBe Mapkepa ¥ JajbHEHIIEro pa3BUTHS CUCTEM JKCTIPECCHUH OAKYIIOBHPYCOB.

Kniwouegwvie cnosa: GFP, DH10Bac™, Bac-to-Bac, BacMid, OakymnoBupyc/kiaeTkn Hacekombix, pFastBacl,
Bombyx mori, sxcnpeccusi pPeKOMOMHAHTHBIX OCITKOB.
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COMPARATIVE EXPRESSION OF STABILIZED SARS-COV-2 SPIKE
AND DIMERIC RBD PROTEINS IN CHO CELLS FOR VACCINE APPLICATIONS

M. MUMINOV!, N. TSIFEROVA'?, E. PSHENICHNOV!, O. CHARISHNIKOVA/, V. TSOY',
A.ABDURAKHIMOV'? S. BOZOROV!, Y. LEVITSKAYA', D. DALIMOVA',
A.ABDULLAEV!, Sh.,TURDIKULOVA!

!Center for Advanced Technologies, Olmazor district 100174 Tashkent, Uzbekistan;
Institute of Biophysics and Biochemistry, National University of Uzbekistan, Tashkent, 100174

m.muminov(@cat-science.uz; muminov.imbio@gmail.com

The COVID-19 pandemic underscored the urgent need for scalable vaccine platforms. In response, we aimed to
express SARS-CoV-2 spike and dimeric receptor-binding domain (RBD) proteins in mammalian cells for potential
vaccine use. Synthetic genes encoding a stabilized spike ectodomain and tandem dimeric RBD were cloned into the
pcDNA3.4 vector and expressed in CHO-S cells. Analysis showed high-level expression of the dimeric RBD (~50-
55 kDa), consistent with glycosylation predictions. In contrast, spike protein expression was markedly lower, though
within the expected 135-200 kDa range. These results highlight the need for further optimization to enhance spike
protein yields for vaccine development.

Key words: SARS-CoV-2, Spike, RBD, Protein Vaccine, CHO cells, Expression.

Introduction.

The ongoing SARS-CoV-2 pandemic has emphasized the urgent need for effective and scalable vaccine
platforms to combat emerging infectious diseases. Among the various vaccine approaches, protein-based
vaccines hold particular promise due to their long history of safety, stability, and ability to elicit robust
immune responses. Unlike other platforms, such as DNA and RNA-based vaccines, protein-based vaccines
rely on the direct delivery of recombinant antigens, bypassing the requirement for in vivo antigen expres-
sion and thereby enhancing safety and immunogenic control [1].

The spike protein of SARS-CoV-2 and its receptor-binding domain (RBD) are the primary targets for
vaccine development. The spike protein facilitates viral entry by binding to the angiotensin-converting en-
zyme 2 (ACE2) receptor, making it the key antigen for eliciting neutralizing antibodies [2]. Furthermore,
the RBD, a critical subunit of the spike protein, is particularly important due to its central role in receptor
binding and immune recognition. Consequently, RBD-focused vaccines have been investigated as promis-
ing candidates for inducing protective immunity [3].

Protein-based vaccine development relies heavily on the production of high-quality antigens in scalable
expression systems. Mammalian cell lines, such as CHO-S (Chinese Hamster Ovary cells), are commonly
employed for the production of recombinant proteins due to their ability to perform complex post-trans-
lational modifications, including glycosylation, that are critical for proper folding and functional activity
of viral antigens [4]. Despite these advantages, the expression efficiency of full-length spike proteins in
mammalian systems often poses challenges due to their large size, complex structure, and glycosylation
requirements [5].

Materials and methods.

2.1. Designing and construction of expression vectors

The SARS-CoV-2 spike protein sequence was retrieved from GenBank (accession number: MN9089473)
and used as the foundation for designing vaccine constructs. To enhance stability and immunogenicity, 2P
stabilization mutations [6] were introduced at positions 986 and 987, and the furin cleavage recognition site
was truncated by removing the codons encoding arginine residues at the cleavage site. Also, the D614G
substitution were included as it was shown that all circulating strains worldwide including Uzbekistan con-
tained this mutation [7,8].

To improve secretion efficiency, the native signal peptide was replaced. Various signal peptides were
evaluated for their cleavage efficiency and secretion potential using SignalP 5.0 and Cell-PLoc 2.0 tools
[9,10].
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As the primary goal was to compare the expression levels of various vaccine candidates, four synthetic
constructs encoding full or partial fragments of the spike protein were designed (Figure 1). The key differ-
ences between the constructs focused on their C-terminal elements, structural modifications, and multim-
erization capabilities:

S _Ecto_T4: Encoded the spike ectodomain (amino acids 13-1213) and included a T4 foldon trimeriza-
tion domain at the C-terminus to promote stable trimer formation, essential for mimicking the native struc-
ture of the spike protein [11].

S _Ecto: Similar to the prior construct but lacked the T4 foldon sequence, allowing a comparison of
the trimerization domain’s impact on expression and antige: Included a truncated HR2 fragment and the H.
pylori ferritin protein, a well-established multimerization scaffold. This design aimed to enhance antigen
presentation by forming multimers, as previously described by Powell et al., 2021 [12].

Dimer RBD: This construct encoded tandemly repeated RBD sequences linked by a 5xGS linker to
increase antigen density and enhance immune recognition. A modified version of this construct additionally
encoded 6 His tag at the C terminal side of the target protein to facilitate purification.
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Fig. 1. The schematic structure of the constructs created and used in this work.

To maximize expression efficiency, the sequences were codon-optimized for mammalian systems.
Additional regulatory elements, including a Kozak motif to enhance translation initiation and double stop
codons to ensure termination of translation, were incorporated. Restriction sites for Xbal and Aflll were
introduced at the 5’ and 3’ ends, respectively, to facilitate cloning into the pcDNA3.4 vector. The synthetic
genes were synthesized and sequence-verified by GenScript Inc. (USA) to confirm their fidelity and readi-
ness for downstream applications.

2.2. Plasmid propagation, purification and identification

The generated plasmids transformed into Top10 E.coli strain and positive clones were selected and col-
onies were transferred to 5 ml LB broth and were grown overnight. 0.1 mL of this culture further transferred
to LB broth and grown for around 16-18 hours. After, culture was centrifuged and plasmids were purified
with Qiagen Maxi plasmid purification kit. To map plasmids 600 ng plasmids were treated with 10 U of
Mfel (Sibenzyme, Russia) according to the protocol from the manufacturer. Purified plasmids and products
from restriction were analyzed using 1% agarose gel in electrophoresis.

2.3. Protein expression in CHO cells.

All variants of the recombinant proteins were expressed in ExpiCHO-S cells according to the manu-
facturer’s instructions [13]. Briefly, the cells were grown in sterile Erlenmeyer-shaped flasks with plain
bottoms with vented screw caps in incubator at 110 rpm (an orbital diameter of 50 mm) at 37°C and 8%
CO,. ExpiCHO-S cells were passaged and split every 2—3 days when cell densities reached 0.3x10° to
6x10° viable cells per mL. Cells were allowed to reach a density of 7-10x10° cells per mL on the day of
transfection, with a viability of at least 95%. Further, the cells are diluted to a final density of 6x10° cells
per mL in a plain bottom Erlenmeyer flask. Finally, for protein expression we followed a protocol described
by Herrera et al. 2020 [14].

2.4. Gel electrophoresis and western blot

To evaluate the expression culture supernatant subjected to SDS-PAGE electrophoresis with 7.5% Tris-
glycine gels [15]. SARS-CoV-2 Spike Protein (RBD) Polyclonal Antibody was used as the primary antigen
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was used as first antibody. Anti-Rabbit [gG AP antibody produced in goat (Merck, Germany) were used as a
secondary antibody and the proteins were stained with NBT/BCIP Stock Solution Roche (Switzerland). The
dilution of antibodies was conducted based on vendors’ recommendations whereas the rest of the procedure
was conducted according to common techniques [16].

3. Results and Discussions.

3.1. Bioinformatics analysis, generation of constructs and plasmid mapping

Among the constructs, all proteins—except S Ecto Fer—were predicted to be efficiently secreted into
the culture supernatant when directed by the BM-40 signal peptide (MRSLWLLLGLGLLLALSHVQA),
known for its strong performance in mammalian systems. Therefore, the native SARS-CoV-2 spike signal
peptide was replaced with BM-40 in these constructs. For the S _Ecto Fer construct, which features an
H.pylori ferritin scaffold, the synthetic SEC-R signal peptide was selected for its strong secretion potential
and structural compatibility. Signal peptide prediction tools confirmed proper cleavage at designated sites,
while solubility assessments indicated all constructs were highly soluble and unlikely to aggregate (Table).

Details of designed ORFs and bioinformatics and restriction analysis

Construct name | Signal Cleavage Predicted | Predicted | ORF | Vector | Restriction Target
Peptide site and localization | solubility | size size fragments | protein Mr
probability (AA) (bp) (bp) weight
S Ecto T4 BM-40 | VQA-SQ. Secretive Soluble 1245 | 9748 8474;1274; | 137,9 kDa
Probability:
0.9719
S _Ecto BM-40 | VQA-SQ. Secretive Soluble 1218 | 9667 8393; 1274; | 134,9 kDa
Probability:
0.9719
S _Ecto_Fer SEC-R | VWA-VN. Secretive Soluble 1315 9940 8678; 146,4 kDa
Probability: 1274;
0.9692
Dimer RBD BM-40 | VQA-RV. Secretive Soluble 476 7441 5420; 53,1 kDa
Probability: 941;
0.9486 699;
381;
Dimer RBD BM-40 | VQA-RV. Secretive Soluble 482 7459 5438; 53,9 kDa
6xHis Probability: 941,
0.9486 699;
381;
pcDNA3.1-CAT | - - - - - 6217 | 6217 -

The last plasmid - pcDNA3.1-CAT (Invitrogen, USA) used as control for the Mfel treatment that has
only one recognition site. N/D — Not detected, N/S- not studied.

Size (bp)

6 5 4 3 2 1 M 1 2 3 4 5 6

—— 15,000
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8,000
— 7,000
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Fig. 2. Plasmids on gel before and after Mfel treatment. 1 - S _Ecto T4,2-S Ecto, 3 -S Ecto Fer, 4
- Dimer RBD, 5 - Dimer RBD 6xHis, 6 - pcDNA3.1-CAT, M — DNA marker. Left side from the marker —
uncut plasmids, right side from the marker — plasmid cut with Mfel enzyme.
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Digestion with Mfel was expected to produce two distinct DNA fragments, corresponding to the spe-
cific cut sites within the plasmid and the inserted spike gene sequence. Similarly, digestion of the dimeric
RBD constructs was anticipated to generate four distinct fragments, reflecting the tandem arrangement of
the RBD encoding sequences along with the plasmid backbone (Figure 2).

The results of the restriction digestion confirmed the successful cloning and proper orientation of the
genes.

3.2. In vitro expression analysis

One major challenge in protein-based vaccine development is efficiently producing active recombi-
nant forms of complex proteins like the SARS-CoV-2 spike, a heavily glycosylated glycoprotein (~180-
200 kDa). Its proper folding and glycosylation are essential for function and immunogenicity but difficult
to replicate in recombinant systems.

Expression analysis revealed that, with the exception of the S_Ecto_Fer construct, all other constructs
demonstrated adequate levels of spike and dimeric RBD protein expression. The molecular masses of
the expressed proteins corresponded to their theoretical values, confirming proper translation and initial
post-translational modifications. For example: The molecular masses of the spike constructs were within
the expected range of 135-200 kDa, aligning with their calculated values of 137.9 kDa and 134.9 kDa,
depending on the specific modifications included. The dimeric RBD protein exhibited a molecular mass of
approximately 50-55 kDa, consistent with predictions for its tandem RBD arrangement and glycosylation.

Interestingly, the dimeric RBD protein exhibited significantly higher expression levels than the spike
constructs, which, despite reaching the expected molecular mass, showed relatively low production yields.
The superior expression efficiency and scalability of the dimeric RBD made it a strong candidate for further
development. Based on this construct, our team developed the RENOVAC protein-subunit vaccine. This
candidate was subsequently evaluated in preclinical studies, demonstrating a favorable safety profile and
the ability to induce a robust immune response [17].

Conclusion. The study highlights the potential of CHO-S cells for producing recombinant SARS-
CoV-2 antigens. Among the tested constructs, the dimeric RBD protein showed the highest expression
and scalability, making it a strong vaccine candidate. In contrast, full-length spike protein expression was
limited, indicating a need for further optimization. These findings support continued development of pro-
tein-based vaccines, with the dimeric RBD forming the basis of the RENOVAC vaccine, which has shown
promising safety and immunogenicity in preclinical studies. Future efforts will focus on improving spike
protein expression and advancing production strategies for broader vaccine availability.

Funding. The project was funded by the Ministry of Higher Education, Science and Innovations of
Uzbekistan in the framework of capacity building fund for national vaccine development. Project number
M-2021-1.
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VAKSINA SIFATIDA QO‘LLASH UCHUN STABILLASHTIRILGAN SARS-COV-2 TOJDOR VA DIMER
RBD OQSILLARINING CHO HUJAYRALARIDAGI SOLISHTIRMA EKSPRESSIYASI

M. Muminov, N. Tsiferova, E. Pshenichnov, O. Charishnikova, V. Tsoy, A. Abdurakhimov, S. Bozorov,
Y. Levitskaya, D. Dalimova, A. Abdullaev, Sh. Turdikulova

COVID-19 pandemiyasi keng ko‘lamli vaksina platformalariga bo‘lgan dolzarb ehtiyojni yana bir bor ko rsatdi.
Shu munosabat bilan, biz SARS-CoV-2 virusining spike (tirqish) va dimerli retseptor bilan bog‘lovchi domen (RBD)
ogsillarini sutemizuvchilarning hujayralarida ifodalashni magsad qildik. Barqarorlashtirilgan spike ektodomeni va
tandem dimerli RBD ni kodlovchi sun’iy genlar pcDNA3.4 vektoriga klonlanib, CHO-S hujayralarida ifodalandi.
Tahlillar dimerli RBD (~50-55 kDa) ogsilining yuqori darajada ifodalanganini ko‘rsatdi, bu glikozillangan shakllarga
mos keladi. Aksincha, spike ogsili pastroq darajada ifodalandi, garchi u kutilgan 135-200 kDa massasi oraliqida bo‘lsa
ham. Bu natijalar spike ogsilining hosildorligini oshirish uchun qo‘shimcha optimallashtirish zarurligini ko‘rsatadi.

Kalit so‘zlar: SARS-CoV-2, Spike, RBD, Ogsil vaksina, CHO hujayralari, Ekspressiya.

CPABHUTEJIbHA A OKCITPECCHA CTABUJIM3MPOBAHHBIX BEJIKOB IIHUITA SARS-COV-2
N JUMEPHOI'O RBD B KJIETKAX CHO JJJIs1 BAKIHMHHBIX ITPUMEHEHNHN

M. Mywmunos, H. Iludeposa, E. [Tmeranunos, O. Yapsinukosa, B. Lo, A. A6ypaxumos, C. bo3opos,
10. JleBumikas, J1. JJlamumona, A. A6mymnaes, L. Typaukynosa

[Margemust COVID-19 nopdepkHysaa oCTPy0 HEOOXOANMOCTh B MacIITaOMpPyeMbIX BaKI[MHHBIX I1aTgopmax. B
CBSI3M C 3TUM MBI CTPEMIJIMCH DKCIIPECCHPOBaTh craikoBbii 0e0k SARS-CoV-2 u auMepHbIi perenTop-cBs3biBa-
toumit fomeH (RBD) B kiteTkax MIIGKOIMTAIONIUX YISl TOTEHIIMAIBHOTO MPUMEHEHHs B BakMHaX. CHHTETHYeCKne
TeHBI, KOJMPYIOIIUE CTa0MIM3MPOBAaHHBIN SKTOIOMEH CHaiika ¥ TaHJeMHBIH nuMepHblii RBD, Obutn KIIOHMPOBaHBI B
BekTop pcDNA3.4 u skcnpeccupoBansl B kiaetkax CHO-S. Ananu3 noka3san BEICOKHN yPOBEHb SKCIPECCHH TUMEp-
Horo RBD (~50-55 x/la), 4To COOTBETCTBYET IMpeAIonaraeMbIM (opMaM ¢ INIMKO3UIMPOBaHueM. B oTianyme ot aToro,
9KCIIPECCHsI ITOITHOTO CTIAMKOBOTO OeNKa Oblila 3HAYMTENHEHO HIKE, XOTS U HaXO/WJIach B OXKMJAEMOM JTHaIla30He MO-
nekynsapHoit Macce (135-200 k/la). DTu pe3ynnbTarhl MOTYCPKUBAIOT HEOOXOAMMOCTh TajbHEHUIICH ONTUMHU3AIIH JIJIS
TIOBBIIICHUS YPOBHSI SKCIIPECCUH CHalKa ¢ IeIbI0 Pa3padOTKH BaKIHH.

Knroueswvie cnosa: SARS-CoV-2, Spike, RBD, 6enkoBast BakimHa, kietku CHO, skcnpeccust.
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AHTHOKCHUJIAHTHBIE U AHTUPAJIUKAJIBHBIE CBOMCTBA NOJIU®EHOJIOB
TFEKCATAJIVIONJI-TVIFOKO3bI U TENITATAJIJIONUJI-TVIFOKO3bI

I'.B. ABIYJIXAKOBA', 3.7K. KOMHMJIOB', H.A. SPTAIIIEB', P.P. MAXMYIOB?, M.i. ACPAPOB!'

"NuctutyT 6nodusuku u onoxumun npu HY'Y3;
2 Muactutyt 6noopranuueckoit xumun AH PY3

ABTOp /U1 nepenucku: nazira.2713@mail.ru

OreHUBACTCS BIMAHUE MONUGEHONIOB TeKCAraUTOMI-TIFOKO3bI M TeNTaraIONI-TIIFOKO3bI, BBIACICHHBIX U3 JIH-
cTheB pacrenue Pistacia vera L., Ha IPoIieCcC TEPEKMCHOTO OKKMCIIEHHS JTMITUI0B HHIyIUpoBaHoro Fe?*/ackopOarom,
HpOTeKa}OI_HI/Iﬁ B MUTOXOHAPHAX, a TAKKC aHTHUPAIUKAIBHOC CBOMCTBO ATHX l'IOJ'lI/I(i)eHOJ'[OB 110 OTHOLLICHUIO K lII/I(i)e-
HUINAKPUITUAPA3HILY.

Kntouegwle cnosa: rexcarauIoWITIIIOK03a, TENTaraJUIOMITITIOK03a, MUTOXOHIpun nieuenn, [1OJI, ADIIT .

BBenenue. MuUTOXOHIpUN — KIIETOUYHBIE OPTaHENJIbl, KOTOPHIE BHIPAOATHIBAIOT YHEPTHUIO B KIETKE U
KOHTPOJIMPYIOT MPOIECCHI allONT03a. JTO 3aBUCUT OT CTPYKTYPHI MEMOpaHBI 1 JIUIHUTHOTO COCTaBa MUTO-
XOHApHUH. JIunmabl, 0OHapyKeHHbIE B MEMOpaHax MUTOXOHIPUHN, y4aCTBYIOT B ITOJAEPKaHNH [IEIOCTHOCTH
opranesuiel  cuaTeze AT®, a Takke B perymsinuu nponudeparum, MeTabonn3Ma, BOCTIAICHUS U allonTo-
3a KJIeToK. Hapyrienne mumuaHoro roMeocTasa mpruBOIUT K HApyIIEHUIO SHEPTETHIECKOTO MeTabommn3ma,
OHMONIOTHYECKOMY CTapeHHUIO M Pa3BUTHIO BO3PACTHHIX 3a0oieBanuii [1; 2]. Takum oOpa3oM, BO3pacTHBIE
3a00eBaHMsI CBA3AHbBI C AUCPYHKIMEH MUTOXOHAPUH W M30BITOYHON BHIPAOOTKOW aKTUBHBIX (POPM KHC-
nopona (ADK). Xors mporiece nepekrucHoe oxkucienns munuaoB (I10JI) sBisercss omHAM W3 TIPU3HAKOB
OKHCIIUTENILHOTO CTPECCa, OH aKTHBHPYET (hochomumnassl ¥ CTUMYIUPYET CUTHAIBHBIC KacKaJbl B KHU3-
HEHHO BaXHBIX Ipolieccax kKieTku. [Ipu HeliponereneparnBHBIX 3a00eBaHISIX HaOMOmaeTcsi 00pa3oBaHue
paaukanoB kuciopona u ctumyisinus nporecca [1OJI Taxke BbI3pIBaeT. b0 mokasaHo, 4TO MPOILYKTHI
ITOJI sBISIFOTCS ITyCKOBBIM MEXaHH3MOM HEKPOTHUICCKOM M allonTOTHYecKoi rudenu kietok [3]. IIpomecc
[1OJI mpoucxoaut B pe3ysibTare aTaku CBOOOAHBIX PaIWKajoOB HA ABOWHBIC yIIEPONA-YIJIEPOIHBIE CBA3H,
O0COOCHHO JIMTIUIOB, COAEPIKAIINX MOJMHEHACHIIIEHHBIE KUPHBbIE KHUCIOTH. COrTacHO OMOXHMHUYECKOMH
KOHIICTIITNH, MajToHOBBIH nuansaerun (MA) u 4-runpoxcuaonenans (4-1'H), oOpasyromuecs B mporecce
[1OJI, neficTBYIOT KaKk CUTHAJIbHBIE MOJIEKYJIBI, CTUMYIHPYS IKCTIPECCHIO TEHOB M KU3HECTTOCOOHOCTH KITe-
TOK, TOTJIa KaK IMUTOTOKCUYHOCTH MMPUBOIUT K MHTHOUPOBAHUIO DKCIIPECCHH T€HOB M THOCIIH KIIETOK [4].

Br1mo o6HAapykeHO, 9T0 (HOChHONHUITHIIEI, COACPKAIINE TUAAI-TIOTHHEHACHITICHHBIC )KUPHBIC KUCIIOTHI,
B3aUMOJICHCTBYIOT C MUTOXOHIPHAIHHON METBI0 TIEPEHOCA AIEKTPOHOB U ITpon3BoauT ADK s uHUINN-
posanus [10JI. Kpome Toro, cBA3bIHHBIE C eppOnTO30M 3TH (HOCHOTUIHIBI CHUKAIOTCS MTPH CTAPSHUH U
0oe3Hn XaHTUHITOHA. AHTHOKCHIAHTHI, BIISIONINE HA MUTOXOH/PUH, 3AIIUIIAIOT UX OT OKUCIUTEIHHOTO
crpecca. [5] u ObLIO0 OKa3aHO, YTO OHU CBsI3aHbl ¢ Fe?'-3aBucHMOi rHOebio KIETOK, T.e. pepponTo3oMm [5;
6]. IlonnHeHackIIEHHBIE JKUPHBIE KHCIOTHI, PACTIOI0KEHHBIE B MUTOXOHIPHAIFHOW MeMOpaHe, sBISIOT-
Csl OCHOBHBIMH MHIICHSIMH 151 H30bITOUHON mponyKimn ADK B pe3ynsraTte OKMCIUTENBHOTO CTpecca U
araxu 3tux A@K. IIponecc [10OJI B MUTOXOHIPHSIX MPUBOANUT K HAPYIICHUIO WX IIETOCTHOCTH M (PYHKITUU
7 B KOHCYHOM HTOTE K Pa3BUTHIO Pa3IMYHBIX MATONOTHH [7]. B mocneanne BpeMs 4acTO HCIOIB3YIOTCS
nonu¢eHOIHHBIE BEIIECTBA C aHTHOKCHIAHTHBIMU U AaHTUPATUKATHHBIMHI CBOMCTBAMHU TTPH JICYEHUH U TIPO-
(bMIaKTHKY HEHpPOIETeHEePaTUBHBIX U IPYTUX 3a00/IeBaHUIX.

B cBsi3u ¢ 3TUM, Ha OCHOBaHWH BBIIEH3TIOKEHHOTO, OBUTM U3y4YeHBl AaHTHOKCHIAHTHBIC W aHTHPAIH-
KaJIbHBIE CBOMCTBA MOJIM(EHOIIOB TeKCAraJIOMII-TITFOKO3BI M TENTaraIONI-TIFOKO3bI, BBIJICIEHHBIX U3 JIH-
cteeB Pistacia vera L.

Marepuajnsl U Metoabl. [lommdenonsr rekcaramuioni-rmoko3a (6-O-mauramionn-1,2,3,4-tetpa-0-
rayutomn-0eta-D-rmoko3a) U renraraymown-nroko3a (3,6-O-guramioni-1,2,4-tpu -O-ramionn-6era-D-
IJTIOK034a) JIF00E3HO MpeIocTaBieHbl IHCTUTYTOM OHMOOpraHnYecKol XUMHUK AKajaeMun Hayk PecryOonukn
Y36ekuctan. Ix XuMudecKue CTpyKTyphI MPEACTABICHBI Ha pucyHKe 1. UnucTora BemecTs cocTaBiseT 60-
aee 90%.
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Puc. 1. Xumnyeckasi CTpyKTypa reKcaraljoni-IIItoKo3s! (A) U renTaranions-riokossl (Bb).

HccnenoBanue npoBoauin Ha Oenbix 6ecnoponHbiX Kpbic Maccoii 180-200 1. Bee nponenypbl, mpoBoy-
MBIE C JKHBOTHBIMH, COOTBETCTBYIOT TpeboBanusim Jleknaparmu Cosera EBpomnetickoro Coroza 86/609/EEC
U TIPOTOKOI 1o 6noatnke Muctutyta Onodusnkn u omoxumun npu HY Y3 ¢ Noe BRC/IBB-N44/2024/75-1.

MHUTOXOHIPUH U3 TIEYEHH KPBIC BRIACISUIN 10 MeTony AuddepeHuanpHoro neHTpudyruposanus [8].
Cpena Boienenus coaepxaina 250 MM caxaposy, 1 MM DJITA, 10mMM tpuc-HCI, pH 7,4. Ha nepBom 3ta-
e HeHTpuyrupoBaHue MPOBOJMIN Ha YIIIOBOM poTtope B neHTpudyre PC-6ML] npu ckopoctu 1500 06/
MUH B TeueHue 7-8 MuHyT. Ha BTOpOoM 3Tane neHTpudyrupoBaHie NpOBOJUIN B TeUeHHE 15 MUHYT IpU
ckopoctu 6000 06/MuH. MUTOXOHIpHH CYCIICHIUPOBAIU B cpezie BoiaeieHus: 6e3 DJITA B COOTHOIIEHUU
10:1. Bo Bpemsi 3KcliepuMeHTa CyCIICH3MsI MUTOXOHIPHI XpaHHJIach B JesTHON OaHe. benok onpenensiu
o MeToxy ouypeta [9] ¢ ucronb30BaHNEM ObIUYBETO CHIBOPOTOYHOTO albOyMUHA B Ka4€CTBE CTaH/AapTa.

JInst ompesesieHuss aHTHOKCHIAHTHBIX CBOWCTB ATHX T'aJUIOTAHMHOB MCIONB30Bau Fe*'/ackopbar-3a-
sucumoro I1OJI. B cycnensusx Mutoxonapuii HaOyxanue Bbi3biaiu qob6asnenuemM 10 mkM FeSO, u 600
MKM ackopbara u peructpupoaiu Ha criekrpodoromerpe V-5000 mpu 540 um. MukyOanuonHas cpena
cozpepxkana 125 MM KCIl, 10 MM tpuc-HCI, pH 7,4. Conepkanue 6eika MUTOXOHIpUH cocTasisuio 0,5 Mr
Ha 1 M cpenbl MHKYOAK. YCTaHOBJICHHAS paHee JMHEHHAs KOpPEISIIMOHHAS B3aMMOCBSI3b MEXK/Y MH-
TeHCUBHOCTBIO nporieccoB [10JI, mHAyIMpOoBaHHBIX cucTeMoii Fe?'/ackopOart, 1 CKOPOCTBIO BHICOKOAMILITH-
TYJHOTO HaOyxaHusi MUTOXOHApUH [10], MO3BOJIIET IO UHTCHCUBHOCTH HAOyXaHUs CYJUTh O COCTOSIHUU
peaxnmii [1OJI 1 ncnonb30BaTh 3Ty MOJEINb KaK TECT-CHCTEMY JJISl U3YUCHUS TOIN(EHOIBHBIX aHTHOKCH-
JTAaHTOB.

JUist OLICHKM aHTUPAAUKAIbHOW aKTHBHOCTH HMCIOJIB30BAIN METOJ CIIEKTPOPOTOMETPHUECKOTO U3ME-
PEHHSI KMHETHKH BOCCTAHOBIICHHS MOJICKYJl CTaOWIbHOTO pajgukana 2,2-audeHu-1-nmukpuaruapasuna
(HADIIT) ¢ antuokcuaantamu [11]. CBoboanstit paaukan (DI B3auMoaeiCTBYeT ¢ HEUETHBIM IEKTPO-
HOM, JlaBas CUJIbHOE moriomieHue npu 517 am [12]. DkcnepuMeHTHI MPOBOAMINA B CIIUPTOBOM PACTBOPE
J®IIT" u B pactBope xonuentparus DI cocrapmsuia 100 MkM.

Craructrdeckyto o0paboTKy MOMYyYEHHBIX PE3yNbTaTOB MPOBOAMIIN C TMOMOIIBIO Tporpammbl Origin
6.1 ¢ BeUKCICHUEM cpenHelt apudmernyeckoil BenuuuHsbl (M), cTaHIapTHOM OMIMOKH (71), U TTOKa3aTess
JIOCTOBEPHOCTH (p) ¢ ucnonb3oBanueM t-tecta Creionenta. Benmuuuny p<0,05 paccmarpuBaid Kak moKa-
3areiib JOCTOBEPHBIX Pa3INYUil.

Pe3ysabTarsl U uX ofcy:kaeHne. B mpoBeseHHBIX SKCIIEPUMEHTax OBbLIO MOKAa3aHO, YTO MOIU(EHOI
reKcarajutonyI-ImoKo3a naruoupyet nporecc [TOJI B MUTOXOHAPHSX, HHAYyIIHPOBaHHbIH Fe?/ackopbarom,
B 3aBUCHMOCTH OT KOHIIeHTpauuu (puc. 2, A, b). B aTom ciydae npu nobdasnenuun Fe?'/ackopbara B MH-
KyOalMoHHY0 cpeny Habmronanock nporekanue npouecca [10J1 B MUTOXOHIPHUSX, TPU STOM OTMEYAIOCh
CWIbHOE HaOyxaHue MUTOXOH Ipui. Tor/a moj BiAMsIHUEeM KOHIIEHTPALMU TeKCaraJUIOWINITIOK03bI 2,5 MKM
npouecc [TOJI, uaayupoBannbiii Fe?/ackopbarom, ycunusancs Ha 13,60+0,83% mo cpaBHEHHIO ¢ KOH-
TpoJieM, a moja BiusHueM KoHmeHtpauuu 5 MkM mpornece [1OJI ycunusancs ua 29,6+1,4%. % mo cpas-
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HEHUIO ¢ KoHTposieM. B konnenTpanuu 7,5 MxM npouecc [1OJI 6bput uarnouposan Ha 40,90+£2,15%, a B
koHneHTpauuu 10 MxM nHa 79,90+2,59%.
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Puc. 2. Biusnue rexcaraimous-ritoko3sl (A, B) u renraramnounn-riatoko3ssl (B, I') Ha nponece T10JI
B MUTOXOHIPHSIX, HHAYIIMpOoBaHHbIN Fe?*/ackopbarom (** - P<0,01, *** - P<0,001; n=3-5).
Koutpons — Fe**/ackopbar nnaytmpoBantsie [10J] B MUTOXOHIPHUSIX
Y pa3NUYHbIe KOHIIEHTpanuu nonudenona, pnustomnmii Ha [TOJI.

Taxum 00pazom, rekcaraIonInToko3a nHruduposaia mporecc [1OJI qake B HU3KUX KOHIIGHTPAIUAX
Y TIPOSIBIISUIA BBICOKHE aHTHOKCHIAHTHBIC CBOMCTBA. [lomynHrnOMpyromas KOHIIEHTpalus TeKCarauIonI-
roko3bl 1715 mpouecca [1OJI coctapuna IC 0= 8,12+0,38.

B nocnenyromux skcriepuMeHTax ObLIO U3yUeHO BIMSIHAE PA3IMYHBIX KOHIICHTPAIUX MOTU(EHOIa TeTl-
TarayutonrTroko3sl Ha npouecce [TOJI, uaaympoBanusiit Fe?'/ackopbarom (puc. 2 B, T'). Pesynbrarsl oka-
3alli, Y4TO TeNTaraJjIOWINIIOKo3a B KOHIIeHTparun 2,5 MkM naruduposana mpotecc [10JI va 13,3+2,59%
10 CPABHEHHIO C KOHTPOJIEM, a B KOHLEeHTpauu 5 MKM — Ha 36,84+1,39% 7.5 YcraHoBiI€HO, UTO B KOHLCH-
tparuu 10 MxM on uarnouposan nporecc [10JI va 50,4+1,27%, a B konneHTpauu 10 MKkM oH UHTHOU-
posai npornecc [1OJI Ha 89,4+1,91% 1o cpaBHEHUIO C KOHTPOJIEM.

Taxum 00pa3om, renTarauIowI-TIIFOKO3bI TAK)KE MPOSBUII BRICOKHE aHTHOKCHJIAHTHBIE CBOWCTBA, aHa-
JIOTUYHBIE TeKCaraUIOWI-TItoKo3e. [Ipn 3ToM, morymMakcuMabHast HHTHOUPYIOIas KOHIICHTPAIHs TenTa-
rajions-rokossl cocrasisia /C, =7,30+0,24 MkM.

PesynbraThl moka3piBaroT, 4T0 00a MoNu(eHONBHBIC BEIIECTBA MPOSBISIOT BHICOKYIO aHTHOKCHIAHT-
HYIO aKTHBHOCTb 4epe3 cucrtemy Fe’'/ackopOar. OueBuaHO, 4TO MOA00HO TOoMy, Kak Fe*'/ackopbar ycu-
muBaet npouecc I10JI B MUTOXOHIpPUSAX, OH TakXkKe, Kak ObLJIO MokazaHo, nHaynupyet nponecc 110JI B
JPYTUX KIETKaX U TKAaHAX, YTO MPUBOJHT K MOBBINICHUIO YPOBHSI MAJOHOBOTO JUANBJETH/IA, CHUKEHUIO
AHTHOKCHU/IAHTHOW 3allIMThI, TIOBBIIICHUIO YPOBHS CYIIEPOKCHIIECMYTa3bl M CHIDKEHUIO YPOBHS TIIyTaTH-
oHItepokcuaasbl. [Ipu 3ToM HaOMOMaNach MOBBIIICHHAS PETYISIIAS BOCIATUTEIHHBIX MPOIECCOB, aKTH-
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Banueld ¢axropa Tpanckpunuuu NF-kB (suxancep B-kimertok - simepHoro gaxropa Kanma-jierkoi Lemnw),
0oJiee BBICOKOU MPOIYKIMEH UHTEPICHKUHA-6 U IIMKIOKCUTeHa3bI-2, a Takke cHkeHue kB (uHrudutop
kamnma B-kunazsn) [13].

B nocnenyromumx skcepruMeHTax aHTHpaanKaibHast aKTHBHOCTb TaJUIOTAHWHOB I'eKCaraijonyI-TIII0KO-
3Bl ¥ TeNTaraJuIoNI-IJIF0K036I Oblia uccienoana Ha JIDIII. M3yueHa kuHeTHKA HEUTpaIM3alluu pajiuKalia
JA®DII ¢ pa3nu4HbIMH KOHLEHTPALMSIMH MOMU(EHONa TeKcaraiomI-Iioko3sl (puc. 3, A). Pe3ynsraTs
IIOKAa3bIBAOT, YTO IIPU M3YUYEHUU BIMSHUS I€KCAraIOWI-ITIIOKO3bl HA HeWTpanu3auuio paaukana JOIIT
B KoHIeHTpauuu 3—15 MKkM ona HeliTpanuzoBana 54,1+3,15% npu xoHueHTpanuu nonudpenona 3 MkM,
TOTJIa KaK Mpu 0oJiee BEICOKOIM KOHIIEHTpaluH, T.€. 15 MKM KoHIIeHTpauu OblJI0 0OHAPYKEHO, YTO OH Hel-
Tpanuzyet 83,6+8,83%, NeMOHCTpUPYS BBICOKYIO aHTHPAJIUKAJIbHYI0 aKTUBHOCTh. BBIIO MoKa3zaHoO, 4TO
OJTyMaKCUMaJIbHasi IHTMOMPYIOIIask KOHIEHTPAIKs 3TOro rajuioTanuuna cocrasuia /C,=3,39+1,5 MxM.
Bru1o o6HapykeHo, 4TO MOMU(EHON renTaraioniI-noko3sl (puc. 3, b) nefitpanusyer pagukan JOIII" Ha
46,2+2,45% npu xoHuenTpauuu 3 MkM 1 Ha 85,9+9,36% npu koHueHTpauuu 15 MxM. [lonymakcumanbHas
MHTHOUPYIOIIasi KOHIIEHTPAuUs 3TOTo noyimdeHosa cocrasmia /C =4,80 = 1,2 MxM.

Pesynbrarsl MOKa3bIBaIOT, YTO 00a UCCIIEAOBAHHBIX MOMM(EHOA MPOSIBISIOT BEICOKYIO aHTUPAAUKAIb-
HYIO aKTUBHOCTb. [0 JaHHBIM JUTEepaTypsl, HOIM(PEHOIbHBIE BEIIECTBA, B YACTHOCTH (JIaBOHOUIBI, PO-
SIBIISIFOT OoJiee cyiabyro aHTHpaIUKaIbHYI0 akTUBHOCTBH [14; 15], ObU1o MOKa3aHo, YTO rayjio- M AJUIard-
TAHHHUHBI MPOSIBISIIOT O0Jiee BHICOKYIO aHTUPAAMKaJIbHYIO0 aKTHBHOCTb, 4eM (maBoHouusl [15; 16; 17;].
[Tokazano, 4To MOTyMaKCUMalbHas MHTHOMPYIOIIasi KOHLIEHTPALUs TauI0- U DJUIATUTAHHUHOB 3aBUCHT OT
KOJIMYECTBa TaJNIOMJIBHBIX TPYIII U Kosiebsercst B penenax 1—15 MM, Toraa kak nposiBJICHUE aHTUPaIu-
KaJbHOM aKTHBHOCTH (pJIABOHOUAOB 3aBHCUT OT PACIIONOKEHHUS M KOINYECTBA THIPOKCHIILHBIX TPYIIIT B HX

CTPYKTYpE.
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Puc. 3. lI3MeHeHne OTHOCUTENBHOM onTuieckoil motHoct pactopa DI (0,1 MM) B aTHIOBOM
CIHpTe NpHu 100aBIECHUH NOIH(EHOIOB TeKCaraionI-TIoK03bl (A) U TeNTarauIoMI-TIII0K036I (B).
Bo Bcex cnyuasx P<0,05; n=3.

OueBuAHO, YTO THIPOIU3yeMble TAaHHHBI O0JANAIOT CHJIbHBIMM AHTUOKCHUIAHTHBIMU WM aHTHUPAAHU-
KaJbHBIMU CBOMCTBaMH, a TakKe, KaKk ObUIO MOKa3aHO, 001aqaoT aHTUMUKPOOHBIMH, TPOTHBOPAKOBBIMU
U yNy4IIAroIIUMK JUIUAHBINA 0OMeH cBoiicTBaMu. [1oquepKuBaeTcs, 4TO OHM CHIKAIOT OKHCIUTENbHBIN
CTpecc, HEUTPAIU3YIOT CBOOOIHBIC paJuKallbl, MOAYJIUPYIOT aHTHOKCHIAHTHBIE ()EPMEHTBI U MOJABISIOT
HaKoIJIeHUe JTunuioB [18].

3akarouenue. V3yueHbl aHTHOKCUJIAHTHBIE U aHTHpaJUKaJIbHbIE CBOMCTBA THIPOJIN3YEMBIX TAHUHOB
reKCaraJlJIOWI-IIFOKO3bI U TeNTarajulIonI-II0KO3bl, BBIICICHHBIX U3 JINCThEB pacteHue Pistacia vera L.

UccnenoBanus in vitro moxkaszaiu, 4To TOIA(EHONIbI TeKCaraijIonI-TIIOKO3bI U TeNTaraIOn-IITIOKO3bI
MPOSIBISIIOT aHTHOKCHUAAHTHBIE cBOMCTBA, MHrHOupys [10J1, Bei3BanHbIe Fe?'/ackopOaToM B MUTOXOHIPUSIX
MIeYeHH KpBIC, M HeWTpanu3yst cBoboauble paankansl JOIII. beuto oOHapykeHo, Y4TO renTaramionI-TIo-
KO3a TPOSIBISAET Oosiee CUIIbHBIE AaHTHOKCHUIAHTHBIE CBOWCTBA, YEM IeKCAaraJUIOMJI-TIIOK03a, B TO BPEMs
KaK reKcarajuIoMiI-IJII0K03a IPOsBISIET 0oJiee CHIIbHYI0 aHTUPAJUKAIbHYIO0 aKTHBHOCTb, YeM TellTaraio-
HJI-TIIIOKO34.
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Bxnanx aBropoB. ['B. Aoxynxakosa u 3./[x. Komuios — npoBeieHne 1a00paTopHBIX 3KCIIEPUMEHTOB,

oopMIIEHIH PE3YNIbTaTOB W HamucaHue crarby; H.A.Dprames npuHUMan yqactue B aHaIU3€ JAaHHBIX U
noarotoBke cratsy; P.P. MaxmynoB Beaensit nonudenonos; M.M. AcpapoB pyKOBOIWII SKCTIEPUMEHTAMH,
aHAJIM3UPOBAIl ITaHHBIEC U PENAKTUPOBAJ CTAThIO.
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JIGAR MITOXONDRIYALARIDA GEKSAGALLOIL-GLYUKOZA VA GEPTAGALLOIL-
GLYUKOZANING ANTIOKSIDANT VA ANTIRADIKAL HUSUSIYATLARI

G.V. Abdulxaqova, E.J. Komilov, N.A. Ergashev, R.R. Maxmudov , M.I. Asrarov

Magqolada Pistacia vera L. o‘simlik barglaridan ajratilgan geksagalloil-glyukoza va geptagalloil-glyukoza
polifenollarining mitoxondriyalarda sodir bo‘ladigan Fe**/askorbat bilan chaqirilgan lipidlarning perekisli oksidlanish
jarayoniga ta’siri hamda ushbu polifenollarni difenilpikrilgidrazil bo‘yicha antiradikallik xossalari baholandi.

Kalit so‘zlar: geksagalloil-glyukoza, geptagalloil-glyukoza, jigar mitoxondriyalari, LPO, DFPG.

ANTIOXIDANT AND ANTIRADICAL PROPERTIES OF HEXAGALLOYL-GLUCOSE AND
HEPTAGALLOYL-GLUCOSE IN LIVER MITOCHONDRIA

G.V. Abdulkhakova, E.J. Komilov, N.A. Ergashev, R.R. Makhmudov, M.I. Asrarov

The article evaluates the effect of hexagalloyl-glucose and heptagalloyl-glucose polyphenols isolated from
Pistacia vera L. leaves on the Fe?*/ascorbate-induced lipid peroxidation process occurring in mitochondria, as well as
the antiradical properties of these polyphenols against diphenylpicrylhydrazyl.

Key words: hexagalloyl-glucose, heptagalloyl-glucose, liver mitochondria, LPO, DPPH.
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U3YYEHME CTPYKTYPHOM JUHAMUKHA BUOJIOTMYECKOI'O PASHOOBPA3MSI
AJIBIO®JIOPbI HEKOTOPBIX BOJJOEMOB BYXAPCKOM OBJIACTH

I1L.B. )KYMAEBA '?, M.U. MYCTA®AEBA '*

'Byxapckuii rocy1apCTBEHHbINH MEAUIIMHCKUI HHCTUTYT, byxapa;
’Kadempa MeauIIMHCKON OHOIOrHH, OMOMeanIIMHCKII (akyasTeT Byx MU

ABTop ans nepenucku: mamlakatm@mail.ru

IIpencraBiacHbl JaHHBIC MO OICHKE OCHOBHBIX XapaKTEPHUCTUK (PUTOIIAHKTOHA B MCCIICOBAHHBIX yYacTKaX I10-
BEPXHOCTHBIX BOIOEMOB Byxapckoii 001acTH, TOCKOJIBKY OHH BO MHOI'OM OIPEICIISIOT BHENIHUN BH[ BOIOCMOB.
Bunosoii cocraB Bojopocineii BomoeMoB B Y30ekuctane u LleHTpanbHoit A3uu onpeaesnsieTcsi THAPOIOTHICCKUMHU U
THIPOXUMHYCCKUMHU XapaKTEPUCTHKAMU BOJ0EeMOB. [10ydeHHBINH MaTepral MOXKET ObITh UCIIOIb30BAH IS TPAKTH-
YECKOTO MMPUMCHCHHS B CEIILCKOM XO3SHCTBE U APYTHX OTPACIISX.

KiroueBble cj10Ba: DKOJIOTHS, TOBEPXHOCTHBIC BOAOEMBI, THAPOOHOIOTHS, (PUTOIUIAHKTOH, BOIHBIN pecypc, 00-
1I1asl YUCIICHHOCTh U Ouomacca (PUTOIIAHKTOHA.

Beenenue. Ponb rupoOMOHTOB B )KHU3HU Pa3IMYHBIX BOJOEMOB orpoMHa. OHU MPUHUMAIOT Y4acTHE
B KPYT'OBOPOTE BEIIECTBA U SHEPTHHU, B HAKOIUICHUH JOHHBIX OTJIOKEHUH, a TAKIKE UMEIOT OOJIBIIOE MEJIU-
KO-COIIMaJIbHOE 3HAYEHNE M3-3a NCIIOJIB30BAHNA MHOTOUYHCICHHBIX TIOBEPXHOCTHBIX BOJIOEMOB IS XO3SH-
CTBEHHO-TIUTHEBBIX U KyJIBTYpHO-OBITOBEIX 1enel [1, 3]. I1o aToit npuunne onpeaeneHue GpUTOIIIaHKTOHA
spisieTcs oos3arenbHBIM 1o O°zDSt 950-2011 «Boga nuteeBas. I urnenndeckre TpedboBaHMs ¥ KOHTPOIb
3a kagectBoM» (I'OCT) u O°zDSt 951-2011 «VcTOUHUKH EHTPATH30BAHHOTO XO3SHCTBEHHO-TTUTHEBOTO
BonocHaOxeHus. [ urueanyeckre, Texauueckre Tpedbosanus u npasuia Beroopay (I'OCT) [11, 12].

Lenbio paGoThl HACTOAIIETO HCCIETOBAHNS SIBIJIOCH U3yUEHHE U OIlEHKA XapaKTepUCTHK (PUTOILIAH-
KTOHA B MCCIJIEZIOBAHHBIX YYaCTKaX IMOBEPXHOCTHBIX BOZOEeMOB byxapckoii obmacTy.

Marepuajsl 1 MeToabl. HamMu ObITH MCCiteZI0BaHBI TOBEPXHOCTHBIE BOI0OEMBI byxapckoil obmactu -
Bonoxpanmmiie Tymakyns n Kytomazapckoe BOJOXpaHUIINIIE, UCIIOIB3YIOMINECS B X031 CTBEHHO-TTUThE-
BBIX, KyJTBTYPHO-OBITOBBIX M MPPUTAIIMOHHBIX LEsIX. VccnenoBanus mpoBeAeHbl BecHON U jJeTom 2023-
2024 rona. beutn ucciemoBansl 23 P00, B3ATHIX ¢ Pa3HBIX MECT YKa3aHHBIX BOJOEMOB.

B Guonornyeckux ucclieoBaHmIsIX HanboIee HaAS)KHBIM H TPUEMIIEMBIM METOIOM 0TOOpa pod GpuTo-
TUTAHKTOHA W3 BOJIBI IIOBEPXHOCTHBIX BOJIOEMOB CUUTACTCSI OATOMETPUICCKHIA METO/I.

Jia xagecTBeHHOTO cOOpa (PUTOITAHKTOHA MPUMEHSITN TUTAHKTOHHYIO CETh U3 IIEKOBOTO Ta3a Ne76.
st «msTROiY (hrkcammw po0d (PUTOTUTAHKTOHA UCTIONB30BaH pacTBOP JIForous (10 c1aboKenToro IIBeTa)
¢ mocienyromumM nodasnenneM 40%-noro ¢popmanuaa (10 Mt 40%-mnoro Gopmanmaa 11t 0,5 71 IpOOHI).

Co6op mpoO PUTOIIIAaHKTOHA TTPOBOMJIICS IO OOIIETPHHSITHIM aJIBTOJIOTHIECKIM METOTUKaM [4, 7], mist
AIeHTU(UKAIIMHA BHIOBOTO COCTaBa MUKPOBOIOPOCIIEH UCTIONB30BaIH onpenenutenu [9, 10].

OtoOpanHast B MONMATHIICHOBYIO OyTHUIKY Mpoba dukcruposanack 40%-HbM (pOpMaIIMHOM U PacTBO-
pom Jlroross, cHaGXkanach dTHKETKOW (HOMEp MpOOBI, maTa, BOAHBIA OOBEKT, KeM B35Ta, B MPUCYTCTBUHU
KOTO B3siTa Tpoba). CTaHgapTHEIC TOPU3OHTH 0TOOpA P00 Bokl coctarisuin: 0 (moBepxHOCTH); 0,5; 1,0;
2,5; 5 m.

B ycnoBusax s mpo6 (pUTOMIaHKTOHA MCIIONB30BANICS 0CAI0UHBIA METO/I.

KonmaectBennyro 00paboTKy MaTepuasia MpoBOAMIIH IO OOIIETTPUHATON aJTbIrOJIOTUYeCKONH METOIHMKE B
kamepe TopsieBa o6bemom (0,001 mm?) mu B kamepe Dykca-PosenTains oobemom (3,2 mm?). JlambHeiimme
HCCIIEIOBAHNS TTPOBOAMIINCEH B JaOOPATOPHUH C UCIIOIB30BAaHUEM CBETOBOTO MHUKpockona MEIJI.

buomacca n3ydeHHOTO (DUTOILIAHKTOHA OIpeaesiIach OOIMETPUHATEIM pacdeTHBIM crtocodom [3, 8].

B xone nccnenoBanmii onpenersii HIDKECIEAYIONHNEe KaYeCTBEHHbIE U KOMMYECTBEHHBIE XapaKTepH-
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CTUKH (DUTOIIIAHKTOHA: BUJIOBOM COCTaB (PUTOIIIAHKTOHA; YKCJIO BUAOB B KaXK/I0H OCHOBHOM IpyIIIe; TaK-
COHOMUYECKHIT cOCTaB (PMTOIUIAHKTOHA; YUCICHHOCTh M OMOMacca BUJIOB U OCHOBHBIX I'PYII (pUTOILIAH-
KTOHA - YUCIICHHOCTh KIIETOK X 10°.

Pe3yabratel n o6cyxaenne. [Ipoosr puTomnankTona u3 ozepa Tynakyns u Kyromazapckoro Bogoxpa-
HUJIHIIA OTOMPAJIH COOTBETCTBYIOIIMMHU METOIaMHU. B X0/1e peKOrHOCIIMPOBOYHOTO BbIe3/1a ObLITH OTOOPaHO
poObI GUTOIIIAHKTOHA, B KOTOPBIX 0OHAPYKEHO 89 BUAOB, pa3HOBUAHOCTEH U (OPM BOAOPOCIIEH: 1raTo-
MOBBIX (Bacillariophyta) - 35 Bunos; 3enensix (Chlorophyta) - 25 Bunos; cune-3enensix (Cyanophyta) - 22
Buza; AmHopuTOBEIX (Dinophyta) - 7 BUA0B; 3BIIeHOBBIX (Euglenophyta) - 1 Bun,.

Haubonee BbICOKYIO OOIYI0 YHCICHHOCTh (PUTOMIAHKTOHA B MPOOAaxX BOIBI 00EHX BOJOEMOB COCTa-
Buu Cyanophyta, a Haubounblas ouomacca puroriankToHa otmeueHa y Bacillariophyta w Chlorophyta.
[Tpu sTom Englenophyta w Dinophyta B Bonax Kytoma3zapckoro BOIOXpaHUIHIIA HE OOHAPYKEHBI.

TakcoHOMUYECKas CTPYKTypa (pUTOIUIAaHKTOHA BooeMoB Byxapckoii o6mactu mpecraBiieHa Ha puc. 1.

20
18
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10 |

. I I I m
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Puc. 1. TakcoHOMHUECKast CTPYKTypa GUTOIIIAHKTOHA UCCIIEIOBAHHBIX yUYaCTKOB BOJJOEMOB
Byxapckoii obmacTu.

JIOMMHAHTHBIH KOMIUIEKC (PUTOIIAHKTOHHBIX COOOILIECTB UCCIIEI0OBaHHBIX YIaCcTKOB o3epa Tynaxkyns u
Kyromasapckoro Bogoxpanuiniia OblT PeICTaBICH B OCHOBHOM NpoayueHTamu. Cpeayn HUX HanOoubIie-
IO Pa3BUTHS U pa3HOOOPa3Hs JOCTUIIIN AUATOMOBBIC BOAOPOCIH, 3€JICHbIC M CHHE-3€JICHbIE BOIOPOCIH, a
TaKXe C HeBBICOKMM o0mueM (1-5 BUI0B) OTMEUYECHBI JMHO(PUTOBBIE U 3BIVICHOBBIE BOJOPOCIIH.

Huatomossie (Bacillariophyta) u 3enensie (Chlorophyta) Bonopociu B mpodax o3epa Tynakynb BbISB-
JSUTACH 4are, 4eM apyrue: coorBerctBeHHO 13 (31,0%) u 14 (33,3%) BUIOB.

Cune-3enenslie Bogopocnu (Cyanophyta) B npo0ax (DUTOIUIAHKTOHA HMCCIICOBAHHBIX YYaCTKOB JaH-
HOTO BOJIOeMa TPEJCTaBIIeHBI Ci1a0o, Bcero 9 Bumamu, uto coctaBuio 21,43% ot obmiero yucia BUIOB.
[Ipeobnagany MUPOKO pacpoCTpaHEHHBIE IUTAHKTOHHbBIE KOJIOHUAIbHBIE M HUTYAThIe ()OPMBI BOIOPOCIIEH
ponoB Merismopedia, Microcystis, Gloeocapsa, Gomposphaeria u Buapl cemeiictBa Oscillatoriacea.

HauOonee nokazareabHOe KOJTMUECTBEHHOE PAa3BUTHE CHHE-3€NIEHBIX Bofopocie (Cyanophyta) otme-
4eHo B po0e u3 03epa Tyaakyib. YHCICHHOCTh CHHE-3€JIEHbIX 3/1eCh B Tpobe cocTaBmia 6500,00+15,01x103
KII/71, a bnomacca - 58,694 mr/n. HanmensIiee pa3BUTHE CHHE-3€IIEHBIX BOJAOPOCIEH OTMEYEHO B TIpobe
n3 Kyromasapckoro BOIOXpaHIIHIIA: YUCIEHHOCTD - 706,250+5,12x103 ki/n nmpu 6uomacce 11,150 mr/n
(tabm., puc. 3, puc. 4).

[To TakcoHOMHYECKOMY pPa3HOOOPa3HI0 TUATOMOBBIE Bofopociu (Bacillariophyta) 3aHuMany TOMUHH-
pytoliee rnojaokeHue B npodax ¢urorutankrona (34 Buaos, 45,33%) uccnenoBaHHBIX OTKPHITHIX BOJOEMOB.

B uronbckux npobax ¢puTomaHkToHa o3epa Tymakyiab npeobiagain MIaHKTOHHBIE IPECHOBOAHO-CO-
JIOHOBaTOBOAHBIE (opMBI b-Me30canpoOHbIe Buabl ponoB Melosira, Cyclotella, Fragilaria, Synedra. B
pobe (uTorutankToHa KyroMazapckoro BomoXpaHWIIHINA TPE00IIaTaii COIOHOBATOBOIHbBIE (ME30Tao0b)
b- u b-a-me3ocanpobusie popmbl Bomopociei u3 ponos Cocconeis, Achnanthes, Gyrosigma, Amphiprora,
Navicula, Bacillaria, Nitzschia (puc. 2).
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KoummyecTBenHnoe pa3Burue puTONIAHKTOHA UCCIEJOBAHHBIX YYACTKOB BOJ0EMOB
Byxapckoii 06;1acTi (YMCJIEHHOCTH KiIeTok X107)

Taxcon soroxpammme | sororpummme
Cyanophyta (cuHe-3eneHbIe) 6500,00 £15,01 706,250 £5,12
Bacillariophyta (mnatromoBbIe) 162,500+8,12 193,750+ 7,10
Euglenophyta (3BrieHoBbIe) 12,500+ 3,05 0
Dinophyta (nuao¢puTOBBIC) 150,625+ 11,05 0
Chlorophyta (3eneHbie) 756,250+ 6,10 87,500 +4,15
OO611as YucaeHHoCTh KiIeToK X 103 kn/n 7581,875 987,500
7000
6000
5000
4000
3000
2000
1000
_/
° Cyanophyta Bacillariophyta Euglenophyta Dinophyta Chiorephyta
—_— TYAIKYALCHOE

KyWmasapcroe

BOAOXPIHUAKILE BoAoxpanMnMme

Puc. 2. KonruecTBeHHOE pa3BHUTHE TIAHKTOHA HA N3Yy4YEeHHBIX ydacTkax (10° Koian4ecTBo KIeToK).

[Ipu equHUYHOM BCTPEYaeMOCTH AUATOMOBEIE Bogopochu (Bacillariophyta) n3-3a 60NBIINX pa3MepoB
KJIETOK COCTABIISUIM OOJTBIY 0 OroMaccy. UUCIEHHOCTh TMaTOMOBBIX B Tpo0ax cocraBmia 162,500+8,12x10°
i/ u 193,750+£7,10x 103 kn/n, a 6rnomacca cooTBeTcTBEeHHO - 61,344 Mmr/im u 187,800 mr/m.

3enensie Bogopocau (Chlorophyta) B npo6ax ucciae0BaHHBIX BOJJOEMOB MPEACTaBICHBI yMepeHo - 20
BHJI0B Wi 26,67%, GopM U pa3HOBHIHOCTEH, KOTOPHIE B OCHOBHOM ITPEJICTABIICHBI IIUPOKO - PACIIPOCTPA-
HEHHBIMU b-Me30canpoOHBIMU BUIaMU U3 POAOB Ankistrodesmus, Oocystis, Chlorella, Chlamidomonas,
Scenedesmus, Cosmarium u ap. UuCIEHHOCT 3€JE€HBIX BOAOPOCIeH B MpoOax (PUTOIUIAHKTOHA COCTaBUIIA
756,250+6,10%10° ki/nm u 87,500+4,15x10° kn/n, a 6ruomacca coorBercTBeHHO - 188,400 mr/m u 31,500

MI/I.

s Cyanophyta = Bacillariophyta » Euglenophyta m Dinophyta  m Chlorophyta

Puc. 3. KonmuuecTBenHoe pa3BuTHE (PUTOINIAHKTOHA HA M3YYEHHBIX yYacTKaX BOJIOEMOB
Byxapckoii obnactu (bnomacca, Mr/i).

B mpobax ¢uroruiankroHa u3 o3epa Tynakyib OTMEYEHO XOpolIee pa3BUTHE AUHOPHUTOBBIX BOIOPO-
cieit - Dinophyta (5 BUI0OB), KOTOpbIE IPEICTaBIeHbI B OCHOBHOM poaamu Glenodinium, Peridinium u c
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€JIMHUYHON BCTPEUAEMOCTBIO OTMEUCHBI IBIVICHOBBIC - Thahelomonas. UNCIEHHOCTh TMHOPUTOBBIX BOJIO-
pocneii coctaBuna 150,625+11,05%10° ki/m, a 6umomacca - 211.125 mr/a. ITpu 3ToM AUHODUTHBIE U 3BITIE-
HOBBIE BOJIOPOCIH B 1pobax BoJbl KytoMazapckoro BOIOXpaHMIIMIIA He 00HApYKeHBI (puc. 3).

B T0 ke Bpemst B mpobax Bojbl Kylinmazapckoro BogOXpaHHIHUILA He ObLTH O0OHAPYKEHBI TUHO(PHUTHBIC
Y 3BIJICHO(UTOBBIC BOJIOPOCIH (pHC. 4).

m Cyanophyta wmBacilliophyta = Euglenophyta = Dinoplyta = Chloroplyta

Puc. 4. KonmnaectBeHHOe pa3BuTHE (PUTOIIAHKTOHA HA M3YYEHHBIX y4acTKax
Ky#tnmazapckoro Bomoxpanuiuia (Onomacca, Mr/i).

BunoBoii coctaB Bogopocieil OnomornaecKux Mpya0oB OYUCTHBIX COOPYKEHHH T. byxapa mMmeeT Heko-
TOPYIO OOIIHOCTH ¢ (pr1opoii mpymoB Y30ekucrana u CpenHeit Aznn. Haunem HaImm conocTaBiIeHHs IPYI0B
V36ekucrana u Cpenneit Azwum. [Ipu cpaBHEHUHN GIIOPH BOIOPOCCH B OMOJOTHICCKUAX TIPYAaX OYHCTHBIX
COOpPYKEHHH ¢ HEKOTOPBIMHU JIPYTUMH MecTaMu Y30eknctaHa n CpenHeill A3UM MOXKHO BHJIETh, YTO OHA
AMeeT MHOTO 00111eTo ¢ IIopoil IPyTUX PETHOHOB.

KadecTBeHHBIII W KOMWYECTBEHHBIM COCTaB BOMOpOCied B mpymax pbidxo3a Kamran Ywupuwk
TamrkeHTCKO# 001acTH, a TaKKe EPUOTUIHOCTH €T0 PAa3BUTHS 10 ce30HaM rofa 0wt n3ydeH I11.H. Cakcen
(1965) m onpeneneno 522 TakcoHa, U3 KOTOPBIX CHHE-3EJICHBIX — 87, 30JIOTUCTHIX — 6, THaTOMOBBIX — 209,
TUHO(PHUTOBBIX — 6, IBIVICHOBBIX — 37, KENTO3CICHBIX — 4, 3eNIeHbIX — 172.

B crmcke ob6Hapy)eHHBIX Bofopociieit pproxo3a Kanran Ynpuwnk, 56 BHIOB BOJOpOCIEi aHATIOTHYHBI
HaIllMM HccienoBanusaM. Tak, Hanpumep, Merismopedia punctata, Gomfhosphaeria lacustris, Pediastrum
duplex, Psimplex. Tetraedron minimum, Ankistrodesmus densus, Scenedesmus acuminatus, Pandoriuna
morum 7 Apyrue oOHapyKeHBI TaK)Ke BECHOI, IETOM M OCEHBIO B OMOJIOTHYECKUX MPYIaX OYUCTHBIX COO-
pyxennii . byxapa. Uzydas anerodiopy B npynax xomxo3a nmeHu Cabupa Paxumona Jlenayckoro paiiona
CypxaanapeuHckoi obmactu A.D. Dprames (1974) obnapyxwun 111 BumoB u hopM Bomopociei, 13 HAX
cuHe3eneHple — 17, nmaroMoBeIe — 77, 9BIIICHOBBIC — 1, 3eneHbIe — 16.

Brimire, 13 yka3aHHbBIX BUAOB 24 ObLTH OOHAPYKEHBI B OMOJIOTHYECKHX TMPYAaX OYMCTHBIX COOPYKEHUH
. byxapsr: Oscillatoria amoena, O.amphibia, O.tenuis, Achnanthes lanceolata, Cumbella affinis, Navicula
cincta, Dictyospsvaerium pulchellum, Scenedesmus acuminatus, Stigeoclonium tenue u apyrue.

Tarxoke A.D. OprameBbimM (1974) Oputa m3ydeHa amproduiopa IMpyaoB Koixo3a WM. KammHnHa
Slkkabarckoro pariona KamrkamapsiHckoit obmactu. B pesynsrate 00pabOTKH COOpaHHOTO albroioTuye-
CKOTO MaTtepuasa HaijeHo 118 TakcoHOB, U3 HUX CHUHE3eNIeHbIe — 38, TuaToMOBbIEe — 68, IBIIIEHOBBIE — 12,
3€JIeHbIE — 2.

CXOomHBIX HamMMH BHAaMU oKazajochk 32: Oscillatoria lacteirens, O.grinceps, O.woronichinii,
Phormidium tenue, Gloecapsa tarrgida, mastogloia smittii, M.baltica, Nitzshia sigina, N. Signoidea,
N.trublionella, Euglena oxyuris, Chlorella vulgaris n npyrue.

[Tomyuennast runpoOHoIOrHYeckas HHPOPMaIIKs TI0 CCIeIOBaHHBIM BotoeMaM byxapckoil oOmactu
CBUETEIBCTBYET O TOM, YTO aHTPOIIOTEHHBIE (PAKTOPHI, 0COOEHHO 3arpsi3HEHHUE, BHI3BIBAIOT U3MEHEHHS B
COCTaBe, CTPYKTYpe M IKOJOTHYECKOM COCTOSTHUW BOIHBIX OMOIEHO30B PAa3TNYHON TITyOWHBI, BRIpaXKaro-
IIFecs B CMEHE JOMHUHHUPYIONUX KOMIUIEKCOB OPTaHU3MOB, YIIPOIIEHHUH SKOJIOTHIECKOW CTPYKTYPHI, TIOSIB-
JICHUH CarpOOHBIX BUJIOB.

BeiBoabl. B mpobax (QHUTOMIAHKTOHA, B3SATHIX COOTBETCTBYIOIIMMH METOAaMHA W3 BOJOEMOB
Tymaxynbckoro n KytoMazapckoro BOZOXpaHHWIHUIN ObIII0 0OHApYXeHo 89 BUIOB pasHOBHIHOCTEH U (HopM
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BOJOPOCIIEH: Yallle BCero BCTpeYaIucCh AMATOMOBEIE Bogopociu Bacillariophyta - 34 Buna, 3eieHbie BO-
nopociu Chlorophyta - 25 BunoB, cune-3enenbie Bogopociu Cyanophyta - 22 Buja, pexe TUHOPHUTOBBIC
- Dinophyta - 7 BunoB u sBriieHoBbie Englenophyta — Bcero 1 Bun. HanbGosee BbICOKyI0 00IIyIO YHCIICH-
HOCTh (DUTOIJIAHKTOHA B ITPO0Oax BOABI 00eux BogoeMoB coctaBwiiu Cyanophyta, a HanOospias Onomacca
¢uroriankrona ormeueHa y Bacillariophyta w Chlorophyta. llpu atom Englenophyta v Dinophyta B Bonax
Kyromazapckoro BogoXpaHHIIUINA HE OOHAPYKCHBI.

dunancupoBanue. J[aHHoe Hcciie0BaHUE OBUIO MPOBEICHO MIPH MOIACPIKKE IPOrPaMMBI, CO31aHHON
B COOTBETCTBHH C 3aKOHOM PecnyOnuku Y30ekuctan «O rocynapcTBEHHOM KOHTPOJIE 32 HCIOIb30BaHUEM
U OXPaHOU BOIY.

Bxaan aBropos: 111.b. XKymaesa u M.I. MycradaeBa: mpoBeieHHE 1 TU3aiH SKCIIEPUMEHTOB , aHAIIN3
JAHHBIX, TOATOTOBKA CTaThU.

JINTEPATYPA

1. AnmaroB b.M., Hypamues H.A., Kyp6anosa C.JO. Iloce3oHHas nuHAMHKAa W3MEHEHUS MHUKPOOHO-
IO COCTaBa BOJbl HEKOTOPBIX BOAOXpaHWIUI] Y30ekucraHa // MikpoOionoriuynuii xypHai. - Kues,
VYkpauna, 2016. - Tom 78. - Ne2. - C.95-102. // Almatov B.I., Nuraliev N.A., Kurbanova S.Yu.
Posezonnaya dinamika izmeneniya mikrobnogo sostava vodi nekotorix vodoxranilish Uzbekistana //
Mikrobiologichniy jurnal. - Kiev, Ukraina, 2016. - Tom 78. - Ne2. - S.95-102.

2. T'muarymnmmna E.H. 3oommaHKToH TpaHCOPMHUPOBAHHBIX MHHEPAIM30BAaHHBIX 03ep Y30eKucTaHa:
JICCepTallMs Ha COUCKaHUe yueHol crenenu k.0.H., LAP Lampert Academic Publishing, Saarbruecken,
2013. - 141 c. // Ginatullina Ye.N. Zooplankton transformirovannix mineralizovannix ozer Uzbekistana:
dissertatsiya na soiskanie uchenoy stepeni k.b.n., LAP Lampert Academic Publishing, Saarbruecken,
2013.- 141 c.

3. MycradaeBa M.U., l'adapor C.M. Buoskosoruueckas XxapakTepuCTHKa BOJOPOCIICH OUOIOTHUECKUX
npynoB ropoaa byxapsl // Yuensiii XXI Beka. - 2016. - Ne 5-4 (18). - C.15-17. // Mustafaeva M.L.,
Gafarov S.M. Bioekologicheskaya xarakteristika vodorosley biologicheskix prudov goroda Buxari //
Ucheniy XXI veka. - 2016. - Ne 5-4 (18). - S.15-17.

4. Mycragaesa 3.A., Mup3zaes V.T., Kamunos Bb.I'. MeTob! ruipoOHONIOr14ecKOro MOHUTOPUHTA BOIHBIX
00beKTOB Y30ekucTana // Meronuueckoe nocooue. - Tamkent, HaBpys. - 2017. - 112 ¢. // Mustafaeva
Z.A., Mirzaev U.T., Kamilov B.G. Metodi gidrobiologicheskogo monitoringa vodnix ob'ektov
Uzbekistana // Metodicheskoe posobie. - Tashkent, Navruz. - 2017. - 112 s.

5. Hypamues H.A., I'nnarynnuna E.H., Anmaros b.1. Metoanueckue yka3zaHus o ruipoOoHoIorn4ecKo-
My aHaJIu3y BOJHBIX OOBEKTOB MUTHEBOTO M PEKPEAIIMOHHOTO HazHaueHusl / MeToquuecKue yKa3zaHus
Ne012-3/0269. - Tamkent, 2015. - 28 ¢. // Nuraliev N.A., Ginatullina Ye.N., Almatov B.I. Metodicheskie
ukazaniya po gidrobiologicheskomu analizu vodnix ob’ektov pitevogo i rekreatsionnogo naznacheniya
// Metodicheskie ukazaniya Ne(012-3/0269. - Tashkent, 2015. - 28 s.

6. HypamueB H.A., Carnymnaesa b.O. Teoperndeckue v MpakTHUECKHE OCHOBBI CAHUTAPHONH MUKPOOHO-
sioruu // YueOHo-MeToauueckoe mocoodue. -Tamkent, 2014. - 45 c. // Nuraliev N.A., Sagdullaeva B.O.
Teoreticheskie 1 prakticheskie osnovi sanitarnoy mikrobiologii // Uchebno-metodicheskoe posobie.
-Tashkent, 2014. - 45 s.

7. Tamsckux B.H. Metoabl ruapoOHOIOrHYECKOr0 MOHUTOPHHIA BOJIHBIX OOBEKTOB pEruoHa
HentpansHoit A3um // Meroguueckue pekoMmeHpanuu. — Tamkent, 1997. - 53 c.// Talskix V.N.
Metodi gidrobiologicheskogo monitoringa vodnix ob’ektov regiona sentralnoy Azii // Metodicheskie
rekomendatsii. — Tashkent, 1997. - 53 s.

8. ®enmopos B./I., KankoB B.U. IIpaktndeckas rumpoOUonorus MpecHOBOIHBIX dKOCHCTEM. - MOCKBa,
MIY, 2006. - 365 c. // Fedorov V.D., Kapkov V.I. Prakticheskaya gidrobiologiya presnovodnix
ekosistem. - Moskva, MGU, 2006. - 365 s.

9. Xamunos C.A., lllosikyoor P.II., Temupor A., Toxxubaes T.)XK., Kazupaxumona H.K. YinorpukcoBbsie
Bojopociiu Y30ekucrana. - Hamanran, 2012. - 216 c. // Xalilov S.A., Shoyakubov R.Sh., Temirov A.,
Tojibaev T.J., Kaziraximova N.K. Ulotriksovie vodorosli Uzbekistana. - Namangan, 2012. - 216 s.

10. Xamunos C.A., lllosiky6o P.ILL., Mycradaesa 3.A., Opramesa X.0., Kapumos b.K., Toxxubaes T.JK.,
AnumxanoBa X.A. Onpenenutens BOIbBOKCOBBIX Boopocieit Y3oekucrtana. - Hamanran, 2014. - 215

43



Vabexckutl buonosuueckuii Kypuan 2025, Ne 3

c.// Xalilov S.A., Shoyakubov R.Sh., Mustafaeva Z.A., Ergasheva X.E., Karimov B.K., Tojibaev T.J.,
Alimjanova X.A. Opredelitel volvoksovix vodorosley Uzbekistana. - Namangan, 2014. - 215 s.

11. O°zDSt 950-2011 «Bona nutkeBas. [ uruenndeckre TpeOOBaHUS M KOHTPOJB 3a KadyecTBOM» // O‘zDSt
950-2011 «Voda pitevaya. Gigienicheskie trebovaniya i kontrol za kachestvomy.

12. O‘zDSt 951-2011 «McTOYHMKH IIEHTPAIM30BAaHHOTO XO3SHCTBEHHO-IIUTHEBOTO BOJIOCHAOKEHUSI.
'urnennyeckue, TexuHuueckue TpeboBanus u mpasuia Beioopay // OzDSt 951-2011 «Istochniki sen-
tralizovannogo xozyaystvenno-pitevogo vodosnabjeniya. Gigienicheskie, texnicheskie trebovaniya i
pravila viboray.

BUXORO VILOYATINING AYRIM SUV OMBORLARIDA ALGOFLORANING
BIOLOGIK XILMA-XILLIGINING TARKIBIY DINAMIKASINI O‘RGANISH

Sh.B. Jumaeva, M.I. Mustafaeva

Magqolada Buxoro viloyati ochiq suv omborlarining tadqiq etilgan ob’ekt nuqtalarida fitoplanktonning asosiy
xususiyatlarini baholash bo‘yicha ma’lumotlar keltirilgan. Suv omborlarining suv o‘tlari o‘rganildi, chunki ular
ko‘p jihatdan turli ob’ektlardagi ko‘rinishni aniqlandi. Suv havzalaridagi suv o‘tlarining tur tarkibi O‘zbekiston va
Markaziy Osiyodagi boshqa suv havzalari o‘rtasidagi farq ajablanarli emas, chunki suv havzalarining gidrologik
va gidrokimyoviy xususiyatlari flora tarkibiga ta’sir qiladi, bu ularni gishloq xo‘jaligi va boshqa sohalarda amaliy
qo‘llashning nazariy imkoniyatlarini asoslaydi.

Kalit so‘zlar: ekologiya, ochiq suv omborlari, gidrobiologiya, fitoplankton, suv resurslari, fitoplanktonning
umumiy soni va biomassasi.

THE STUDY OF THE STRUCTURAL DYNAMICS OF THE BIOLOGICAL DIVERSITY OF
ALGOFLORA IN SOME RESERVOIRS OF THE BUKHARA REGION

Sh.B. Jumaeva, M.I. Mustafaeva

The article presents data on the assessment of the main characteristics of phytoplankton in the studied areas of
surface reservoirs of the Bukhara region. Algae of reservoirs have been studied, since they largely determine the ap-
pearance in various objects. The difference in the species composition of algae in reservoirs from other reservoirs in
Uzbekistan and Central Asia is not surprising, since the hydrological and hydrochemical characteristics of reservoirs
affect the composition of the flora. which substantiates the theoretical possibility of their practical application in agri-
culture and other industries.

Keywords: Ecology, surface reservoirs, hydrobiology, phytoplankton, water resource, total abundance and bio-
mass of phytoplankton.
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