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K 90-JJETUIO OCHOBATEJIA IKOJIBI BUO®PU3UKHN Y3BEKNCTAHA
AKAJIEMHUKA BEKJI)KAHA AMUBEKOBUYA TAIIIMYXAMEJIOBA

(27.01.1935-26.06.2020)

B atom roay ucnionusiercs 90 JeT co IHSA POXKIACHUS OCHOBATEIIsT Y30EKCKOU HIKOJIBI OMO(U3HKH, JIaype-
ara ['ocynapcreennoii npemun CCCP, naypeara ['ocynapctBennoit npemun PY3 umenn bepynu, akanemuka
Axanemnn HayK Y30eKHCTaHa, TOKTOpa OMOJOTHYECKHUX Hayk, mpodeccopa TammyxamenoBa bexmkana
AliGexoBHUa.

B.A. TammyxamenoB poauscs 27 suBapst 1935 rona B ropose TaikeHTe B ceMbe H3BECTHOTO y30€KCKO-
ro nucarenst Aiioeka. B 1953 . oH okoHUMII cpeHioro mKoiny B . Tamkente. B 1958 rony, okonuns 6mo-
JOTHYeCcKUi paxynbreT MOCKOBCKOTO TOCYIapCTBEHHOTO YHUBepcHuTeTa, b.A. TammyxaMenoB mOCTYITHI
B aCIHpaHTypy NpH Kadeape GU3NOIOTHH YenoBeKa U KHUBOTHBIX MI'Y, T1ie 1o pyKOBOJCTBOM KIIacCHKa
¢uznonornu npod. X.C. KomrosHua B 1962 1. 3ammTiil KaHAUIATCKYIO Tuccepranuio o teme «K cpas-
HUTETBHOHN (PU3HOIIOTUH ¥ HEWPO(PapMaKOIOTHU PELIETITOPOB PACTSKEHNS YICHHUCTOHOTHX (PakooOpa3HbIX
1 HaceKOMBIX )». [locine 3ammuTel kanauaarckon nuccepranuu b.A. TammyxaMen0B IpOIOIKUAT UCCIENO0-
BaHMsI BO3OYIMMBIX MeMOpaH ¢ NIMPOKHAM HCIIOIb30BaHUEM (H3HOIOTHUECKUX M OMO(U3NYECKUX TIOJI-
xonoB 1 MetozioB. B Uucturyre 6noxumun AH CCCP B.A. TammMyxamenoB oIHUM U3 TEPBHIX B CTPaHE
Hauajl UCCIe0BaHMs TpaHCTIOPTHRIX (pepmenToB — ATda3. Drta pabora Oblia Mpoao/rkeHa B TalllKeHTE B
TamrkeHTCKOM TOCy/lapcTBEHHOM YHUBepcuTeTe (HbiHe — HarmonanbHbIi yHHBEepeUTeT Y30eKnucTaHa uM.
Mup3so Yinyroeka).

[NepBbie maru 6Onopu3nku B Y30eKucTaHe cBs3aHbl ¢ OTKpeiTUeM Kadenpsr Onoxumun u 6nodusnkn
Ha (akynbTere bruosoruu TallkeHTCKOrO roCcyAapCTBEHHOrO yHUBepcuTeTa B 1962 roay, rae mpodeccop
(Bmocnencteun akagemuk AH PY3) 1.X. TypakynoB Hauan yuraTh o0muid Kypc onodusnku. Ha atoii xe
kadenpe B 1962 rogy HaunMHaI CBOIO JAEATEIBHOCTh U bekmpkan AlibekoBuu TamimyxaMe10B (JIOLEHT Ka-
denpsi ¢ 1965 rona u npodeccop kadenpst ¢ 1972 roga). B 1979 rony Kadenpa ouoxumuu u 6uodusuku
Obu1a paszzeneHa Ha JBe camocTosiTenbHble Kadenapsl: Kadenpy onoxumuu u Kadenpy 6uodusuku n ox-
paHbl okpyxatomiei cpeasl. B 1988 rony Ha ocHOBe OMOTEXHOJIOTHYECKOH TpynIibl Kageapsl Onoduznkn
(mpod. M.M. PaxumoB) Obuta opraHu3oBaHa camocTosTelbHas Kadenpa OMOTEXHONIOTMU U KIETOYHOM
ouonoruu, a Kadenpa 6nodusuku u oxXpaHbl OKpyxaroliei cpepl Obuia nepenmeHoBana B Kadenpy ouo-
¢usuku. B ToM e rogy npu kadeape Oblia OTKpbITa MpodiieMHas taboparopust «buodusrka memOpany,
JesITeIbHOCTh KOTOPOH OBblIIa IOJTHOCTBIO COCPEIOTOYCHA Ha HAYYHBIX UCCIIEIOBAHUX B 001acTH OMOIHED-
reTuku U Tpancnopra kainsiusa (AWM. Tarensranc, M.M. 3amapaeaBa), MeMOpaHO-aKTUBHBIX KOMILJIEKCO-
HOB M noHo(dopoB, Onodusnuku Mmonocnoes (Y.3. Mupxomxaes, X.@. AGmysaeB), TUraHI-peeITOPHBIX
B3aumosericTeuil (A.K. Tonkux). C MmomeHnTa opranusaiuu B 1979 roay u 10 1985 roma sty kadenpy
BO3TIABIISLT podeccop, a B mocienytomem akageMuk AH PY3 B.A. Tammyxamenos. B 1985-2001 rr. kxa-
(denpoii 3aBenoBan yueHuk Tammyxamenosa, nmpodeccop AnbOept MBanoBuu ['arenbranc — M3BECTHBIN
CHEIMATUCT B 00acTu Ono3HepreTuku u noHHoro tpancmopra. C 2001 kadenpoii 3aBenoBana mpodec-
cop M.B. 3amapaera, a B8 2005-2008 rr. — npodeccop (HbiHe — akagemuk) P.3. CabupoB, 00a BBIXOALIBI
u3 buopusnueckoit mkonel b.A. Tammyxamenosa. B nocnenyromem Kadenpy Bo3rmapisid KaHIUaaThl
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ounonornyeckux Hayk Jlesurkas FO.B. (2008-2013 rr.), Pamxaoosa I.I". (2013-2018 rr.). [Ipodeccop V.3.
Mupxomkaes, koTopslii iepemen Ha Kadenpy n3 Mucturyra onoxumun (Otaen 6uopusukn) B 1985 roxy,
Ha MPOTSHKEHUH MHOTHX JIET ABJsUICs KimoueBor durypoii Kadenpsr; on pykoBoaun eto B 2018-2020 . u
3areM repenan pykoBoacTBO K.0.H. Py3ubaeBy X.C., kotopsiii 3aBeayeT Kadeapoii mo ceromHsnHuii JIeHsb.

[IpakTuuecky, HaYMHASI ¢ MOMEHTA 3apoXKaAeHMsI, brodu3nueckas mkona gaga Ha4ajao MOIIHOMY IO-
TOKY (DyHIaMEHTalbHBIX UCCIeOBAaHUI HE TOJBKO B YHHUBEPCUTETE, HO U B AKaJIeMUH HayK Y30eKHCTaHa.
Tak, yxe B 1963 rony b.A. Tammyxamenos Bo3nasui coznannyto 1.X. Typakynoseim Jlaboparoputo paiu-
anroHHo# onodusuku B UnctutyTe sipepuoit pusuku AH Y3CCP. Ha 6aze atoii naboparopuu B 1965 romy
Obu1a coznana Jlaboparopus Onodusuku B Mucturyre 6moxummun AH PV3, xotopoii b.A. Tammyxamenos
3aBenoBal 10 1977 rona. B 1977 rony na 6aze atoii nadoparopun npu Uucruryre omoxumun AH Y3CCP
o611 coznan Otnen 6nodusmnku, kotopeiM b.A. Tammyxamenos pykoBoaui 10 1985 roma. B coctas atoro
OT/IeNa BoILIY JT1abopatopun onodusuku knetku (mpod. Yemanos I1.6.), monexynspraoit 6nopusuku (mpoo.
Bekmyxamerosa 3.V.) u buodusuku memopan (npod. ['arensranc A.I.), mpoBoauBIIME UCCIETOBAHUS 110
Ouonoruueckoil huznke, dMEKTPOoGU3NOIOTHN, MOJEKYIISIPHON OMOPH3HKE U (PU3NOTOTUIECKUM acleKTam
ounoxumuu. B nanpHeiimeM 3TH 1ab0paToOpuy BOILTH B cocTaB MHcTHTyTa usnonoruu u ouodusnkn AH
PVY3, xotopsiii b.A. TammyxamenoB Bo3mmasmsi B 1985-1992 rr. lupexkropom 3T0oro uHCTUTYTa ¢ 1992
rona seisuics yueHuk b.A. Tammyxamenosa, npodeccop I1.b. Yemanos. B 2012 rogy UnctutyT dhusnomno-
run 1 onodusuku AH PY3 Ob11 3aKphIT, a €ro coTpyIHHKH OblIH nepeBeaeHbl B UTHCTUTYT Onooprannye-
ckoit xumun AH PY3. Otkpbitne MacTHTYTa Onodu3nkn n Onoxumun npyu HanmoHnanbHOM YHUBEpCHTETE
V36ekucrana B 2018 roxy (aupexTop — akaa. P.3. CabupoB) MonoKMII0 Hauano HOBOMY 3Tally B Pa3BUTUU
Ixoner 6nopu3nKoB Y30eKucTaHa.

Hayunsiit myts bekmpkana AiiGexkoBuya OTMEUEH yBIEKaTEIbHBIMU UCCICOBAHUSAMHU U BBIIAIOIIIUMHU-
sl OTKPBITHAMU. Tak, uccienyss MONEKYIsIpHbIe U (QU3HOIOTHUYECKUE MEXaHU3MBI aKTUBHOTO TPaHCIIOpTa
nonoB Na™ u K* uepe3 mnazmaruueckue MmemOpansl, b.A. TamMyxame0B ¢ COTpYIHUKAMU OOHAPYKUITU
¢yHKoHaneHyI0 rereporeHHoCTh Na, K'-AT®a3sl B HepoHe U NPEATIOKMIA CXeMY TOPMOHAIBHOM
peryasun TpaHcrnopTa HOHOB B noukax (1968 ). B atu sxe roasl b.A. TaniMyxame10B HauMHAET HUCCIEN0-
BaHMs1 OMOIHEPTETHKH KJICTKH B CBs3U ¢ TpaHcnopToM Ca?’ B MUTOXOHIPUSIX U CAPKOILIa3MaTHYECKOM pe-
tukynyme. Utorom uccnenopanuii 1969—1970 rr. ssBunacek qoktopckas nucceptamus b.A. Tammmyxamenosa
«AKTUBHBII TPaHCIIOPT HOHOB Yepe3 OMOoIoTnYecKkrue MeMOpaHbl», KoTopas Oblia 3amuiieHa B THCTUTYTe
ouno¢usukn AH CCCP (r. Mockga) B anpene 1971 1. 3Banue npodeccopa 0bu10 nipucyxieHo B 1973 romuy.

[Tocne 3ammTe! JOKTOpCKO# quccepranuu b.A. TammyxaMmen0B BO3INaBiIsIeT UCCIIEA0BaHUS B 00IaCTH
¢uznonornyeckoil perymsiuun GyHKIUH MeMOpaH 1 B CBSI3U C THM MU3y4yaeT MEXaHU3Mbl ACUCTBHS (pusu-
OJIOTMYECKH aKTUBHBIX BEIIECTB (TOPMOHOB, CEP/ICUHBIX [TIMKO3HUIOB, 300- U (PUTOTOKCHHOB, MECTHIINIOB,
(hepOMOHOB HACEKOMBIX, MEMOPaHO-aKTHBHBIX KOMIUIEKCOHOB M T.JI.) HA MEMOpaHBbl M CIICHU(PHUYECKUE
MeMOpaHHbIe 00pa3zoBaHus. VM ObIIM MTPONOIKEHBI HCCICAOBAaHNS MEXaHU3MOB aKTHBHOTO TPAaHCIIOPTa
HOHOB Yyepe3 MeMOpanbl. K Hanbosee CyIiecTBeHHBIM JOCTHKEHUSIM 3TOT0 BPEMEHH CJIeIyeT OTHECTH pe-
KOHCTPYKIHIO MUTOXOHIPHAJIBHOTO TPAHCIIOPTA KAIBLHUS B UCKYCCTBEHHBIX (POCHOTUIUAHBIX MEMOpaHax,
HCCIIeIOBaHUSI MEXaHW3Ma JeHCTBHS HUTOTOKCHHOB U3 si[ia CpeTHEea3HaTCKON KOOPBI, OITy4YeHHE YUCTHIX
MeMOpaHO-aKTHBHBIX KOMIIOHEHTOB U3 5/1a Psia YWICHUCTOHOTUX U N3yUCHHE MEXaHU3Ma UX JIeHCTBUS Me-
Tomamu 3JekTpodusnonoruu. Ha mprMepe SpuTpOLUTOB MOKa3aHa BO3MOKHOCTh TpaHCopTa HoHOB Ca**
P TIOMOIIH KaJIbLMii-HaTPHEBOTO OOMEHa, KOTOPBIi (PYHKIIMOHUPYET MapajieibHo ¢ BbixogoM Ca?’ mo-
cpencrBom Ca-ATda3bl 1a3MaTHUECKUX MEMOPaH.

[ox pyxoBoactsoMm b.A. TammMyxamenoBa, 0CHOBBIBasICh Ha paboTax npogeccopa AitHncsl KapuMoBHBI
TammMyxamen0Boi (BBIIAIOIIETOCS XUMHIKa-OpTaHuKa B cynpyru bexmkana AifGekoBUYa) MO CUHTE3Y YHU-
KaJbHBIX COCIMHEHHH — MaKpOIMKINYECKUX KpayH-3(HUpOB, ObIJIO pa3paboTaHO HOBOE HANpaBICHHE B
0051acT! MPUKIAAHON MEeMOPaHOJIOTUH — UCKYCCTBEHHBIE MEMOPaHO-aKTUBHBIE HOHO(POPHI, KOTOPHIE OT-
KPBIBAIOT ITMPOKHE TIEPCTIEKTUBBI KaK B aHATMTUYECKOW TEXHHUKE (MOH-CEJIEKTHBHBIC AIEKTPOIbI, H30Mpa-
TeJIbHAs SKCTPAKIHS HOHOB U3 PACTBOPOB), TAK M B CEIILCKOM XO3SIHCTBE U OHKOJIOTHH.

B mporecce BwimonHeHMsT Bcecoro3HbIX nporpamm «HepBHbI nmmnynbe» n «MoHHBIN kanam» B.A.
TammMyxame0BbIM POBE/ICHA KIaCCUPHUKALINS TOKCHHOB-MOIU(PHKATOPOB U TOKCHHOB-KaHaJI0(OOMEPOB,
BBIJICJICH Psil HOBBIX TOKCHHOB, ICHCTBYIONIMX Ha JIUMUIHBIA 0CTOB MeMOpaH, OJIOKHPYIOLINX HATPUEBBIE
KaHaJIbl BO30YITUMBIX MEMOpaH, B3aMMOACHCTBYIOIIUX C TPECHHANTHIECKUMHU MeMOpaHaM# CHHAIICOB TO-
3BOHOYHBIX U WwieHHCTOHOTHX. [lox pykoBoacTBoM b.A. TammyxamenoBa oOHapy>KeH HOBBIN Kllacc HEw-
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POTOKCHHOB TIayKOB, KOTOpBIE crienn(uieckd U HeoOpaTUMO OJIOKHPYIOT MOCTCHHANITHYECKHE MEMOpPaHbI
DIyTaMaTIpPTUYeCKUX CHHATICOB MTO3BOHOYHBIX, PAKOOOPA3HBIX M HACEKOMBIX. [IpH MOMOIIN STHX TOKCHHOB
YAAJI0Ch BBIICIUTH U PEKOHCTPYUPOBATH Ha OMCIONHBIX MEMOpaHax ITyTaMaTHbIE PELENTOPI MO3Ta KPBIC,
HEPBHO-MBIIICYHBIX CHHANCOB KPaboB 1 capaHyH.

B 1985 r. 3a ceputo paboT 1o U3yYCHHUIO MeXaHU3Ma JeicTBus HelpoTokcnHOB b.A. TammMyxamenoB
ObL1 ynoctoeH 3BaHus naypeara ['ocynapcrsennoit mpemun CCCP. B 1989 rony b.A. TammMyxamenos cran
naypearoMm [ocymapcTBeHHOW MTPeMHUH IO HAyKe M TEXHUKE Y30ekucTana uM. bepynu. Beicokoii orieHkoi
Hay4YHOH W meparoruueckoit aearenbHoctd b.A. TammyxaMenoBa sSIBUJIOCH €0 H30paHKe YIeHOM-KOppe-
cnounentoM AH PY3 B 1979 roay u neiictButensHbiM uwieHoM Akanemun B 1987 rogy. B 1988 rony B.A.
TammMyxamenoB ObLT HarpakJeH Menanbio «Berepan Tpynay.

Cpazy mocine obpereHus He3aBUCUMOCTH, B 1992 roqy pyKOBOICTBOM Y30eKHCTaHa Tepel] aKaJeMu-
koM b.A. TammMyxamen0BbIM ObUT ITOCTABJIEH BOIIPOC O CO3JaHMMU B CTpaHe Briciiell aTTecTalnoOHHON KO-
muccun (BAK), kotopyto oH OnecTsiie pemmi 1 cam Bo3masisut ee 10 1995 roga. B 1995-1999 rr. B.A.
TammyxamenoB Obl1 peacenareneM bronorndeckoro oraeneHus AxajJeMun HayK Y30eKucTaHa.

B.A. TammyxaMe1oBBIM TOATOTOBICHO 17 JOKTOPOB Hayk M 46 KaHAWAATOB HayK 1Mo Ouodusuke, Qpu-
3uonoruu U onoxumun. MM omyonukoBano 6osee 400 HaydHBIX TPYIOB.

Uccnenoanus b.A. TammyxamenoBa MOMyYHMIM IIMPOKOE MPHU3HAHHE HAYYHOH OOIIECTBEHHOCTH
HE TOJBKO y Hac B CTpaHe, HO M 3a pyOexom. b.A. TammyxaMmen0B HEOAHOKPATHO MpPUINAIIAJCS IS
YTEHUS JICKUUH M JOKJIQJAO0B Ha pasziMyHbIe MEKIyHapOAHBIE KOHTpecchl M cumio3uyMbl (I'epmanus,
BenuxoOpuranus, CIUA, Ulsenwms, @panuus, [seituapus, [epy, Janus, Cunramyp), a Taxxe mpoBo-
JJT SKCIIEpUMEHTaIbHBIE (PU3HONIOr0-0no(u3niYeckne ucciaeJOBaHus B Pa3IHYHBIX JTa00paTopusx MUpa
(Yuusepcuret um. I'ymbonsara, bepnun, 1975 r.; Mepunenackuii yausepcuret, CILIA, 1978 r.; CoBercko-
[lepyanckast 6uonormueckast cranuus, Ilepy, 1988 r.; KemOpumkckuii yHuBepcureT, BennkoOpuranus,
1989 r.; Hanmonaneueiii Macturyt ¢pusnonoruu, Anonus, 2001, 2003 rr.).

Bexkmxan AiibexoBuu MHoro set Obut [Ipencenarenem @usnonoruueckoro odmecTsa Y30ekucraHa,
wIeHOM psifia HaydHbIX coBeToB AH PV3. B.A. TammyxamenoB sBISCS pyKOBOJUTENEM HayUHBIX TEM 10
¢uznonoruu u onopusrKe MeMOpaH, PyKOBOJAHUTEIEM MPOOJIEMHOTO COBETa MO (PU3NOJIOTHU 1 OMO(PU3UKE
AH PV3, unenom koopauHanronHoro cosera OraencHust obmied ¢uszuonorun CHI, wienom penkoruie-
run KypHaioB «buodusuka» (Mocksa), «KypHan 3BomounoHHON (u3nonoruu u onoxumum» (CaHkT-
[etepOypr), «buonornueckne memopans (Mocksa), «General Physiology and Biophysics» (bparucnasa).
MHorue ronsl cBoeit )xnu3Hu bekmpkan AOEKOBUY MOCBITII paboTe « Y30€KCKOTo OMOI0THYeCcKOro Ky pHa-
J1a» B KauecTBe [ TaBHOTO pefakTopa.

B kauectBe koHcynpranta b.A. TammMyxamen0B NpuHIMaJ aKTUBHOE yyacTue B paboTe APYrHxX Hay4-
HO-UCCIIE0BATEIbCKUX YUPEXKICHUH cTpaHbl. OH BBIIOIHSUT pabOTHI 1O POrpaMMaM JBYCTOPOHHUX JI0-
roBopoB ¢ MHcTuTyTamMn 6noopranndeckoid xumun uM. M.M. Lllemsaxuna PAH, Bruooprannueckoit xumuu
AH PVY3, ®apmH u 1. 1. b.A. TammyxaMes0B U €ro COTpYIHUKHU MTPOBOJIUIA COBMECTHBIE HCCIIEJOBAHUS
¢ corpyanukamu Mucturyta omodpusukun PAH, Mucrtutyra 6enka PAH, UHcTuTyTa mipobnem mnepenayu
nHpopmamu PAH, MI'Y um. M.B. JlomoHOCOBa.

Ha npotsskennn Muorux net b.A. Tammyxamen0B sIBIISJICS YIEHOM Y YEHBIX COBETOB IO 3alllUTE KaH-
JIUJIATCKUX U JOKTOPCKHUX JUCCEPTAIMiA IO OMOIOTHYeCKUM TUCIUIUIMHAM NPy AKazeMuu Hayk 1 Taml'V.

B.A. TammMyxamenoB y/iemss1 OrpOMHOE BHUMaHUE MOJITOTOBKE HAYYHBIX KaJpOB M BOCIIUTAHUIO MOJIO-
nexu. Tak, HaunHas ¢ 1965 1. oH, cHavyasa B TOJDKHOCTH JIOLIEHTA, a ¢ 1973 r. — mpodeccopa, yutai odIime
Kypchl 1o Onousuke, a Takke crenKypebl « DyHKIMOHAIbHAS ONOXUMUS», «30TOMHBIE METO/IBI B OHOJIO-
rum», «bruoxummuyeckre U OMohU3NIECKUe METOABI UCCIIENOBAHUSY, « INEKTPOONOTIOTHS» U JIP.

[ToMrMoO OCcHOBHOM Hay4HO-IIeAaroruueckon aesreabHocTd b.A. TammMyxaMe 0B akTHBHO MOMYISpH-
30BaJl HOBEHIIME TOCTHKEHHS HAayKH. OH ObUT TOCTOSHHBIM YYaCTHUKOM HAy4HBIX MEpead Mo TeJeBue-
HUIO, SIBJISUICS] aBTOPOM MHOTOUYHCIICHHBIX HAYYHO-TIOMYJISIPHBIX CTAaTeH B peCcIyOIMKaHCKHX Ta3eTax v xKyp-
Hanax. b.A. TamMyxame0B akTHBHO 3aHUMAJICS] OOLIECTBEHHOH IS TeTbHOCTHI0. OH SBISIICS aKTUBHBIM
YYaCTHUKOM 3KOJIOTHYECKOTO JIBHXKEHMS, MpejiceaTesieM DKOJIOTHYECKOro coBeTa npu I'ockoMIpuposs
PecriyOnuku  Y30ekucran, npezcenarenem HarmuonansHoro komwurera PY3 IOHECKO mo mporpavme
«Yenosek u bnocdepa» («Man and Biosphere», UNESCO).

kona OmodusukoB Y30ekucrana, cozganHas b.A. TammyxamemoBbIM, ChI'pana HCKIIOUUTEIb-
HYIO pOJib B MOATOTOBKE BBICOKOKBAJIM(HIMPOBAHHBIX HAYYHBIX KaApOB B oOmactu Omousuku. Tak, B
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€e paMKaxX BBIPOCIIH Takue M3BECTHBIEC yueHble, Kak akanemMukn KaceimoB A.K., Apumos T.®., Cabupor
P.3., noxTopa Hayk u mpocdeccopa bekmyxametosa 3.V., ['arensranc A.W., Yemanos 11.b., Paxumos M.M.,
Kpacunenukos O.B., MupxomxaeB Y.3., 3amapaea M.B., Mupcanuxosa H.M., laitnytaunos M.X.,
Tyitunbaes M.Y., AxmepoB P.H., Kamukynos /l., KazakoB W., Maxmynoa 2.M., AxmemxanoB W.I,
AraxysueB b.Y., Cadapos K.C., Akamaes P.H., Hopos I11.K., FOxenscon JI.5., Magssipos I11.P., MypatoBa
V¥.3., AcpapoB M.U., CanaxyrauHoB b.A., AradexoB N.Y., AbpamoB A.1O., I'm33zarynmuna 3.3., Hacupos
K.2., Mepansk [L.I., MonoB M.B., Kyp6annasaposa P.I11., [To3mroB M.K., AOxymmaesa I, Dprames H.A.,
Kam6yposa B.C., Adaymnaes U.®., kanaunate! Hayk u noktopa ¢mrocodun Ilkunes A.B., TeprHoBckuit
B.1., KaceimoB M.M., CansikoBa K.A., Tonkux A.K., Jlykun 1O., bonasipes B.K., Baruna O.H., I'opauenko
H., Mapenunosa O.A., Illaguesa H., becnansko H., JIlum T., Asumos P.P., Asumona P.K., Myparxomxaes
Ix.H., O1-Cydpu C., 3axunosa JI.T., becconoBa C.B., Mamamxkanos JI., Hacumona 3., Toxraesa 3.T.,
CyxoueBa O., OprrabaeBa 3., AdapammroBa E.B., Mamaroa 3.A., AcsamoBa C.A., AbmupoBa A.Y.,
Caticymmuna [JI1., ArumeB B.C., Konos B.B., Ucaes I1.1., IOpacosa T.®., HussmetoBa H.A., YcmanoB
K.X., Temupos C., MamarkynoB X.M., TammymnatoB 3., AnsuoexoB T.T., 3uamyxamenos P.A., MyxcumoB
®., Mybapaxoa ®.X., Axmenosa H.V., 3ustnunosa P.M., /[xonnacosa K.b., Axmenos K.J[x., Ucmanmos
N.N., IaiitnytnuaoB T.X., Hapxxumosa X K., Ummyxamenos P.H., Carnynnaes b., beckuna O.A., Spbiiukun
O.B., Tapunosa M.B., Jleuukas }O.B., bepasie b.K., HInenckuii B.I", JlykssiHoa C.B., Mup3aesa 10.T.,
Toitunes A.X., Kypranos 9., HUapeiunukosa O.C., baes A.I1O., Kymaes 1.3., Komunos 3.K., Pycramosa
C.1., Xamunosa O.2K., Iludeposa H.A., Daitzues [1./1., Paumosa I.M., Xommumor H.H., TomremupoBa " A.,
Pycramos I1.10., Ucamyxamenosa JI.P., DpHazapoB 3.M., cT. mpenonaBarens Ymaposa @.T., AGmymiaes
X.®., u MHOTHE APYTHE aKTUBHBIE UUCIIEOBATENN B 00IacTH OMO(DU3HUKH.

O BBICOKOM HayqHOM ypoBHe co3naHHoi b.A. Tammyxamenosim bruodusnaeckoii mkonsl Y30ekncraHa
CBUETEIBCTBYET TOT (PAKT, UTO 1MOCIIe 00peTeHUs] Y30€KHCTaHOM HE3aBUCUMOCTH €€ MPEICTABUTENN BEITH
Y BEAyT CBOW HAay4HbIe M3BICKaHUS B BEAYIIMX MHUPOBBIX IIEHTpaxX Haykd, Takux kak Kammdopruiickuit
yauBepcutet B Jloc-Amxkenece (Barnna O.H., Mapenunosa O.A., AsumoB P.P., AsumoBa PK., SIky6oB
WN.), Anabamckuii yauepcutet B bupmunreme (Mcemanmnos U.U., bepapies b., Kanukymnos /1.), Anonckuit
Hammonansneiit uHCTHTYT (prsmonornn (Cadupos P.3., Aoaymnaes 1U.®D., Toitune A.X.), YHUBepcHTET
Pecude B bpasunmnu (Kpacuneaukor O.B., FOnnamesa JI.H., Mepansak I1.I%), CBoOomnbIi yHUBEpCHTET
Bproccens (Lnenckuit B.I"), Jlonmorckuii Koponesckuii komemk (Adpamos A.1O.), benoctokcknii yau-
Bepcurer B [lombme (3amapaesa M.B.), Uactutyt 6nodpusuku PAH B [Tymmno (Teprnosckuit B.W.) u apy-
THe.

bexmkan AiibexoBud TammyxamenoB ObIT YYEHBIM BBICOKOW APYAHIIAN, TITyOOKO MPUHIMITAATHHBIM
Y TAJIAaHTIMBBIM HCCIIEI0BaTeNIeM, KPYITHBIM OpPTraHU3aTOpOM U TIOIyJIsIpu3aTopoM Hayku. Hawm, ero yuenn-
KaM, OH 3alTOMHHWJICS KaK OY€Hb OTKPBITHIH, AYIIEBHBIN U OT3BIBYMBBIN denoBeK. O0mamast SHIIUKIIONEIH-
YeCKUMH 3HAHUSAMH, OH OBII BCETJa TOTOB MPUHUTH Ha TIOMOIIb B PEIICHUH CJIOKHBIX TIPOOJIeM OMO(DH3UKH
u ¢usuonorun. C ero IMEeHeM CBsi3aHa 0co0asi aTMocdepa TBOPYECKOTO MObeMa 1 AEMOKPAaTUYHOCTH, KO-
TOpBIe OBUTH BCETNIa OTINYUTENbHOM YepToii brnodusmaeckoit mkomnsl. [llnpokre HaydHBIE U YeIOBEUECKHE
cBs3u bekmkana AiibexoBrnda ¢ yueHeiMu Poccnn u Bcero Coerckoro Coro3a crmocoOCTBOBAIH MIHPOTE
Hay4YHOTO Kpyro3opa npenactasureneit [lkomnsr 6nodusukoB Y3dekucrana.

Caemas mamsTh 0 bekmkane Aiibexopnue TammyxamenoBe OyeT BEUHO KHUTH B HAIIAX CEPALIAX.

Hupexrop UacTuTyTa 6MOGN3NKH 1 OMOXUMUH TIPU
HammmonanpaOM yHUBEpcuTeTe Y30ekuctana uM. Mup3o Ymyroeka,
akademux Cabupos P.3.
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UCCJIEJOBAHUE MEXAHU3MA JEVCTBUSA IPOU3BOJIHBIX KAPAKOJMUHA
HA INMTAAKOMBIIIEYHBIE KJIETKH AOPTbI

10.T. MUP3AEBA'?, II.Lb. YCMAHOB!

"Muctutyt 6nodusuku u ornoxumun npu HY'Y3;
*Yuusepcuret Alfraganus

ABTOp [T Iepenicku: Y mirzayeva@mail.ru

[IpuBeneHBI pe3ysIbTaThl HCCISIOBAHNS MeXaHn3Ma JieiicTBus |-O-0eH3omnkapakonuHa, |-O-aneTuikapakoInHa
u 14-O-6eH30UTKapaKoIMHa Ha COKPATUTEIBHYIO (DYHKITHIO TJIaJIKOMBIIIIEYHBIX KIETOK aopThl KpbIc. MccrnenoBanue
MIPOBOJIMIIOCH HA M30JMPOBAHHBIX AOPTAIBHBIX KOJBIAX KPBIC. AJKATIOUIBl JOCTOBEPHO M JJ0303aBUCHMO HMHTHOU-
pOBaM COKpalieHne KoJell aopTsl, Be3BaHHOE coxepkanneM KCl. B To e Bpems B 3THX YCIOBHSAX aJIKaJOUIbI
cymiecTBeHHO ymeHbiamn Ca’ -HHIyIHPOBAHHOE COKpAICHHE KOJIEIl a0pThI. PeakcaHTHOE ICHCTBHS alKalouI0B
MOXKET BKJIIOUATh mojasienue npurtoka Ca’’ yepes moreHnuan-3apucuMbie Ca’ -kaHaj, HO TPH STOM 3HAYUTEIBHO
MOJIaBJISIETCSI C BEpanaMuiioM B pactBopax Kpebca, He comepkamux Ca’".

Knioueswie cnosa: aopra, nonnsie kanansl, KCl, rankas Myckynarypa, alkaiou/Ibl.

BBenenue. bonesnu cepueuno-cocynuctoit cuctemsl (CCC) ABISIOTCS OTHOW M3 Hamboiee pacipo-
CTpaHEHHBIX MATOJIOTUH M 3aHUMAIOT OJTHO M3 BEIyIINX MECT CPEeIy MPUIUH CMEPTHOCTH U MHBAJIUAHOCTH
HaceJeHus: B pa3BUTHIX cTpaHax Mupa [1]. CormacHO cCOBpeMEHHBIM JaHHBIM, B PA3BUTHN 3a00JeBaHUN
CEepIEYHO-COCYUCTON CHCTEMBI HAOIIOMAIOTCS HapyIIeHUs (PyHKIIMOHUPOBAHUS TJIAAKOMBIIIEYHBIX KIle-
tok (I'MK), perymsiiuu Tpancnopra nonos Ca*', a Takke TOHyca KpOBEHOCHBIX cOCy/10B [2]. loHHbIe KaHa-
JIBI, BIUSIONIE HA MEMOPaHHBIIN MOTEHIINAN ¥ BHYTPUKJIETOYHYIO KOHIIEHTPAIHIO KaJIBIHsI KOHTPOIUPYIOT
BO30YIMMOCTD TJIAJIKMX MBIIII COCY/IOB. YINpaBisgeMble HalpsDKEHHEM KaJbIMEeBbIE KaHAJbI, CBI3aHHBIC
¢ nanpspreaneM (VGCC), kanansl nepexogHoro perentoproro noternuaia (TRP), manpsokenus (KV) u
Ca?*-akruBupyembie K kananst (BK) SBISIOTCS KITFOUEBBIMU PETYIIATOPAMU BO30YIUMOCTH M COKPATHMO-
CTH TJIa/IKFX MBIIII] COCYIOB. DTH KaHAJBI PETYIUPYIOTCS PA3INYHBIMU CUTHAJIAMH, BKJIIOYas IPOTEHHKHU-
Ha3wl ¥ hocdarazpl. DPPEKTH STUX MOCTOSTHHBIX CUTHATBEHBIX MOJICKYJI 9aCTO 00YCIIOBICHBI 00pa30BaHU-
€M MaKpOMOJIEKYJISIPHBIX KOMITJIEKCOB, KOTOPBIE CITy’KaT TUIaTGOPMOH ISt TOYHOTO HAMPaBIEHUS CUTHAJIOB
Y TIPOCTPAHCTBEHHOW OpraHU3aIliy B3anMOJEHCTBHN ¢ KOHKPETHBIMU cyOcTparamu [3]. MloHHbIE KaHAJBI
B COCYIMCTBIX TIAJKUX MBIIIIAX PETYIHPYIOT MHOTEHHBII TOHYC M COKPAaTUMOCTh COCY/IOB. B wacTHOCTH,
aKTUBAIMS KaJIbIIUK- U MOTEHIIHAI-3aBUCUMBIX KaJIUEBBIX KaHAIOB OOJBIION MPOBOJMMOCTH MTPHUBOANT K
BHEITHEMY TOKY, KOTOPBIH CMeIIaeT MEMOpaHHBIH ITOTEHITHAN B CTOPOHY 00Jiee OTPHUIIATENbHBIX 3HAYCHHH,
3aIrycKasi OTpUIIATETFHYI0 0OpaTHYIO CBSI3b HAa BBI3BAHHBIN JCTIONSAPU3AIINEH TPUTOK KaJIbIUI U COKpaIIle-
HUE TIAAKUX MBI [4].

B cBs13u ¢ 3THM, H3yUeHNE MEXaHN3MOB KOPPEKIINH 3TUX HAPYIICHHH, a TAK)Ke TTOUCK CITOc000B (hapma-
KOJIOTHYECKOM PETYISAINH COKPATUTENFHONW aKTUBHOCTH TJIaJIKUX MBI KPOBEHOCHBIX COCY/IOB, SIBISAETCS
aKTyaJbHOH MPOOIIEeMOi COBpeMEHHOH (PU3UO0JIOTHH U MeTUIMHEL. [Ipr 3ToM 0co0oe BHUMaHUe yAenseTcs
MIPUPOTHBIM OMOIOTUYECKH aKTHBHBIM COSAMHEHHUSIM PAaCTUTEIHHOTO TIPOUCXOKICHHS, 00T atoINM IIIH-
POKHM CIIEKTPOM (hapMaKoIOTHIeCKUX d(PPEKTOB M CETUPUICCKHA B3aUMOICHCTBYIOIINM C PAa3THIHBIMHU
TUTIAMH HOHHBIX KaHAJIOB.

JluteprieHOUIHbIE aNKaTOUIbl PA3IMYHBIX CTPYKTYPHBIX THIIOB, BBIIEICHHBIE M3 PACTEHUH POIOB
Aconitum, SBIAIOTCS TEPCHEKTUBHBIMU KaHAWIATaMH JUIS CO3JaHMs COSIMHEHUH CO CIIa3MOIMTHIECKOM
AKTUBHOCTBHIO Onaromapsi CBOUM OMOJIOTHYCCKUM CBOHCTBAM. JTH COCTUHEHUS B3aMMOICHCTBYIOT C pas-
JIUYHBIMY TUTIAMH MOHHBIX KaHAJIOB, PHaHOTUHOBBIMH PEIIETITOPAMH CapKOIUIa3MaTHIECKOTO PETHKYITyMa,
N-XOTHMHOBBIMHU peTienTopaMu U HelipoMeaunaTopHbIMU cuctemMamu [S]. Ilobodnbie 3G deKThH CyIecTBYO-
IIUX TpenapaToB, HE MO3BOJISAIONINE UCTIONB30BaTh MHOTHE U3 HUX JUISA JICUCHUS S3BBI JKEITY/IKa, TOYECTHOMH,
MIEYEHOYHON M CEpJIeYHON HEAOCTATOYHOCTH, apTePHAILHON THIIOTEH3UH, YTO U TOCITYHUIIO TOIYKOM K
MTOMCKY ¥ OTKPBITHIO HOBBIX CITa3MOJIMTHKOB.

Panee ObIJIO YyCTAaHOBJICHO, YTO AWTEPIICHOWIHBIN aKAJOWI KAapPAKOJIHMH, BBIICICHHBIA U3 pacTeHUH
Aconitum karakolikum R, obnagaer cnabbIM THIIOTEH3UBHBIM U aHTHAPUTMUAYECKUM JieiicTBueM [6,7]. Ilpu

7



Vabexckutl buonosuueckuii Kypuan 2025, Ne 1

9TOM ObIITIO OOHAPYKEHO, YTO 3aMEHA THIPOKCHIILHOM TpyMIbl y yraepoaHoro atoma C-1 kapakoinHa Ha
OCH30MIIBHYIO M alleTHIBHYIO TPYIITY YCHIIMBAET Y ero mpou3BoaHbIX 1-O-6en3onnkapakonuna (1-O-bK),
1-O-anerunkapakonuna (1-O-AK) u 14-O-6en3zomnnkapakonuna (14-O-bK) penakcantHyro aktuBHOCTB. C
LIEJIbI0 YCTAHOBJIEHNUS 3aBUCUMOCTH penakcanTHoH aktuBHOcTH 1-O-bK, 1-O-AK u 14-O-BK ot ux crpyk-
TYpPBI, HAMH OBLTH BHITIOTHEHBI CPABHUTEIBHBIC HCCIIEIOBAHMS ICHCTBUS alIKaIOHI0B Ha COKPATUTEIbHYIO
akTuBHOCTH [ MK a0opThI KpBICHI.

B xone uccnenoBanus MexaHU3Ma, JIEKAIIETO B OCHOBE PETAKCAHTHOTO JEHCTBHSI KapaKoJIMHA U €ro
MIPOM3BOAHBIX, X APQPEKTHI ObUIN H3YYEHBI B Pa3INYHBIX SKCIEPUMEHTAIBHBIX YCIOBHUSIX.

MeTonnb! ucciel0BaHus U MaTepuaJbl. B skcrieprMeHTax MCIOb30BaINCh H30JIMPOBAaHHBIE MTpeTa-
parhl IIaJKOMBIIICYHBIX CETMEHTOB aopThl Oenbix Oecropoaubix Kpbic (200-250 ). Kpeickr 3a0uBanmch
C MOMOIIIBIO IIEPBUKAIBHON JUCIOKAIlMH, BCKPBIBAJIM IPYAHYIO KJIETKY, U3BJIEKAIN aOpTy U MOMEIIAH ee
B (husnonoruueckuii pacteop Kpebca, crenyromero cocraBa (MM): NaCl-120,4; KCI-5; NaHCO,-15,5;
NaH,PO,-1,2; MgCI -1,2; CaCL-2,5; CH ,O-11,5; pH 7,4. AopTy ouuIanu OT >KUPOBOU U COEMHUTEIb-
HOM TKaHU M Hape3alMd Ha CETMEHTHI B BHUJIE KOJIell IUPUHON 3-4 MM.

[TpoToKOIBI SKCIEPUMEHTOB COOTBETCTBOBAIN CTAaHAApTaM M TPEOOBaHMSM I'YMaHHOTO OOpalieHus ¢
YKUBOTHBIMU U TIOJIOKEHUSIM DTrdeckoit komuccuu BB ipu HY'Y um. M. Viyroeka (I[Ipotokon Ne 7 ot 07.
04. 2022 r.) 00 ucnonbp30BaHUU TaOOPAaTOPHBIX )KUBOTHBIX. [Ipemaparsl H30IMPOBAHHBIX CETMEHTOB A0PTHI
nosyvanu 1o [8].

OTnpenaprpoBaHHBINA CETMEHT a0PTHI IIOMEIAJIN B CHIENMATBHYIO SKCIIEPUMEHTAIBHYIO KaMepy o0be-
MOM 5 M1, TJIe C TOMOIIBIO cepeOpsIHON MPOBOJIOKK (PUKCUPOBATIM MEKAY LITOKOM 3JIEKTPOMEXaHUIECKOTO
npeoOpazosarens (FT.03, Grass, CILIA) u ocHOBaHMEM KaMepbl. DKCIIEpUMEHTAIbHAS Kamepa nephy3upo-
Bajlach OKCMI€HUPOBaHHbIM Kapborenom (95%0,, 5% CO,) pacteopom Kpebca nmpu nocTosHHOM Temmnepa-
Type 37°C. Ilepen 3KkcIepMEHTOM CErMEHTHI a0PThI MPEBAPUTENBHO PAaCTIATUBAIN HAarpy3Kkoi 1 r u mpo-
MBIBaJIM (PU3MOJOTMYECKUM PacTBOPOM B TeueHHne 60 MUHYT JUIs JOCTHXKEHHS paBHOBecHs. COKpaleHus
MpenaparoB a0PThI BBI3BIBAIM BHECEHHEM B DKCIIEPUMEHTANbHYIO Kamepy penmmdpun (1MxM) unu ru-
nepkaiaueBbiM pactBopoM (KCI, 50 MM), mytem sxBumMonsipaoro 3amenienust M NaCl B pactBope Kpebca.
B skcnepuMeHTax TakkKe HCIOJIB30BAIUCh OeCKalbIMEBbIC pacTBOPHI, AJsl 4ero u3 pactBopa Kpedca
uckmodany noubl Ca*', a s csa3piBanust ux ciaeqoB g00asmsun DT TA (1 MM). CokpaTUTeNbHYIO aK-
TUBHOCTH TIPENaparoB aopThl peructpupoBaiu ¢ nomouipto yecunurens PIT (Grass, CILIA) u camonucua
Endim 621,02 (I'epmanus) [9].

B pabote ncnonb3oBanu Bepamamus 1 DI TA ¢upmsr Sigma (St. Louis, Mo., CIIIA). CtarucTuyeckyio
00pabOTKy JaHHBIX MPOBOAWIHN C TIOMOIIbI0 porpammel OriginPro 7.5 (Origin Lab Corporation; CILIA).
[Ipu sTOM aMmiauTyga COKpallleHWH BbIpaxkasachk B % OT MaKCHMaJIbHOTO COKpalleHMs (IPUHATOTO 3a
100%), "HAYMPOBAHHOTO THIIEPKAIHEBBIM PACTBOPOM H PACCUMUTHIBAIACH KaK cpeqHee apu(hMETHIECKOEe
3HaueHue 1151 4-5 pa3IMYHbIX SKCTIEPUMEHTOB. Bee maHHbIe MpUBEACHBI Kak CpeHee + CTaHJapTHas OIO0-
Ka A7 N 9KCrepuMeHTOB. CTaTUCTUYECKYI0 3HAYMMOCTh Pa3IMyuil MeX/ly KOHTPOJIbHBIMU U OIBITHBIMU
3HAYEHUSIMHU ONPEAEIISUIN JUIsl pAJia JaHHBIX, UCHIONb3Ys MapHbIi t-recT. 3HadeHus p <0,05 ykas3sIBaroT Ha
CTaTHCTUYECKH 3HAYUMBbIE pa3Inyusl.

Pe3ynbrarel M ux o0cy:xaeHue. B mpenBapuTenbHBIX KCHEPUMEHTaX aimkaiouasl 1-O-OeH3oni-
KapakoJiuH, 1-O-anetunkapakoind U 14-O-0eH30MIKapaKoIuH B IIMPOKOM JHAalla30HE KOHLEHTpalrui He
BIMSAIM Ha Oa3anbHBI TOHYC MPENapaToB aOPThI KPBICHL. DTH JAHHBIC CBHICTEIBCTBYIOT O TOM, 4TO B
COCTOSTHHHM TOKOSI HCCIIeyeMble alKaJOUabl HEe ACHCTBYIOT Ha (YHKIHOHAIBHYIO aKTHBHOCTH COKpAaTHU-
TEJILHOTO ammapaTa MaJKOMBIIIEYHBIX KJIETOK aopThl KpbIChl. OHAKO, UCCTeyeMble alKalouabl dhdek-
TUBHO pacciabisiid Tpernaparsl aopThl, MPEJBAPUTEIBHO COKPALICHHBIC THIIEPKaINEBBIMUA PACTBOPAMH,
T.e. 00Ja/Ial0T BBIpAKEHHBIM Ba3zopellakcaHTHBIM JeiicTBueM (puc.l). PemakcantHoe neiicteue 1-O-BK
HMEJO0 J1030-3aBUCHMBII XapakTep, U NP YBEJINYEHUH KOHIIEHTPAIUH ajlKkaionaa B quanasone 1 - 10 MM
CWJIa COKpaIlleHHsI TIpernaparta aopThl Kpbickl, nHAynMpoBaHHas 50 MM KCI camxanace ot 38,1+2,2 no
92,843,7% (puc.1). B ommmume ot 1-O-BK 3aBucumocts penakcantHoro jaerictBusi 14-O-BK ot ero xoH-
LEHTpanry OblIa MEeHee BhIpaKeHA U MaKCHMaJlbHOE pacciabieHue npemnapara aoptsl Ao 91,0+4,1% na-
Omromanock mpu koHueHtpauuu 60 MxM, Taxke 1-O-AK MakcuManbHOe pacciabieHne npenapara aopThl
no 64,1 +4,0% wabmonanoce npu konuenrpauuu 150 MxM (puc. 1). Ilpu sToM Bemuuunsl /C,, KOHIIEH-
Tpauun npu kotopsix 1-O-BK, 1-O-AK u 14-O-bK BbI3bIBanu pacciabiaenue npenaparos aoptsl Ha 50%,
coctaBisui 2,2 MKM, 16,8 1 83,1 MkM, COOTBETCTBEHHO.

8



Uzbek Biological Journal 2025, Ne 1

OTH IaHHBIE YKa3bIBalOT Ha TO, uTo 1-O-BK Oonee s dexTrBHEE paccnadnseT npenaparsl aOpThl B
YCIIOBHSIX TUIIEPKAJINEBON KOHTPAKTYPBHI.

T
50 100 150

Puc. 1. Bazopenakcantnoe neiicteus 1-O-bK, 1-O-AK u 14-O-bK nHayiupoBaHHBIX ITPEIBAPUTEITHHO
cokpamierabix KCI (50 MM;). ITo ocn opanHAT - cuiia COKpaIieHus KoJblia a0pPThI, HHAYIIHPOBAHHOTO
50 MM KCI, npunsras 3a 100%. I1o ocu aGciuce - KOHIIGHTpAIHs aJIKaJIOUI0B.

(*p<0,05, **p<0,01 B cpaBHEHNUHU C KOHTPOJIEM; N = 6).

YuuThIBas TO, YTO COKpAIIEHHUS MPENapaToB aopThl KPBICHL, MHAYLIHPYEMblE THIIEPKATHEBBIMU pac-
TBOpaMH, OOECIIEUYMBAIOTCA B OCHOBHOM OJarojapst aKTHBAIMH ITOTEHIMAaI-3aBUCUMBIX Ca’’-KaHalloB
wiazmaiemmbl [ MK u moctyruieHuto mo HuM HoHoB Ca’’, HaOmromaemblie 3h(GEKThl UCCIIeayeMbIX alika-
JIOWJIOB, MOJKHO OOBSCHUTH MX B3aMMOJEHCTBHEM C 3TUMH KaHamamu. [Ipu 3TOM, ankamouasl, BO3MOXK-
Ho, 6okupyror Ca’*-KaHabl ¥ MOAaBISIoT moctymienne noHoB Ca?" B MK, uro Gymer compoBOXKIaThCsS
YMEHBIIEHHEM BHYTPUKJIETOUHOM KoHLeHTpauu ([Ca*']) B HUX U TOCTEIYIOIMM HHTHOMPOBAHUEM HX
COKpaTHTEIHHOTO ammapara. [lJi1 mpoBepKH 3TOTO MPENoI0KEeHNsI HaMH ObLTa UCCIIeIOBaHa 3aBICUMOCTh
sddexror 1-O-BK, 1-O-AK u 14-O-BK ot xonnentpaiwu noHoB Ca?* B cpene unkybarmn. CiemyeT oT-
METHUTb, YTO NP UHKYOAIIMH MpenapaToB aopThl B pacTBopax Kpebca He comepskamniux nonsl Ca?t, rumep-
KaJMeBasi CTAMYJIISIIHS HE BBI3BIBAET UX COKpAIIEHMS, a KyMyIsSTHBHOE H00aBienne Ca*" compoBoKIaeTcs
pasBUTHEM COKpaIleHns, KoTopoe obecmeurnBaercs noHamu Ca?', mocrymarornmmvu B TMK. Kak mokaszanu
Ppe3yaBTaThl 3TOW CEpUH IKCIIEPUMEHTOB, PH MHKYOAITH MTPETapaToB a0PTHl B OECKaIbINEBbIX pACTBOPaxX
Kpebca ¢ nccmemyeMpIMu ajkamonaaMu, 100aBku noHOB Ca’” Takyke BBI3BIBAIM COKPAIEHHUS, OAHAKO TI0
aAMIUTATYIE ATH COKPAIICHHS OBIITN 3HAYMTEIHFHO MEHBIIIE TI0 CPABHEHUIO C KOHTPOJIEeM. Tak B KOHTpoIe, B
npucytcTBud B cpene nakybanun 50 MM KCl, kymynsituBHOoe nobasienue nonos Ca’" compoBOXIanoch
yCHJIEHHMEM COKpAIeHHS MIperapara aopThl, KOTOPOE JOCTUTAI0 MAKCUMAIIbHOW KOHTPOIBHON aMITITUTYbI
(mpunstoit 3a 100%) mpu ero koHIEHTpanuu 2,5 MM. B aHaTOTHYHBIX SKCIIEPUMEHTAIBHBIX YCIOBHSX,
HO mpu Hanmuunu B cpene naKyOannu 1-O-bK (10 mxM), 1-O-AK (150 MxM) umn 14-O-BK (60 MxM),
nobasnenue 2,5 MM Ca?" BBI3BIBAIIO COKpAIIECHHSI, aMIUIATY/Ia KOTOPBIX cocTaBisuia 9,5+3,9%; 17,5+4,0%
u 30,1+4,2%, COOTBETCTBEHHO, OT KOHTPOJIA (puC. 2). DT JaHHBIE YKa3bIBAIOT HA TO, YTO PEIAKCAHTHOE
neiicteue 1-O-BK, 1-O-AK u 14-O-BK HemocpencTBeHHO CBS3aHO € MX BIMSHHUEM Ha TPAHCIOPT MOHOB
Ca?" uepe3 mra3Marnyeckyro Memopany MK, 4To MOXET CBHIETEILCTBOBATH O B3aWMOIEHCTBHU ITHX
AITKAJIOUIOB ¢ MoTeHIraI-3aBucnMbiMu Ca’t-kanamamu [ MK.

OnHUM U3 OCHOBHBIX HHCTPYMEHTOB M3yueHus: GyHkimii Ca’* L-KkaHAIOB SBISIOTCS pa3inyHbIC CHH-
TETHYECKHE OJIOKATOPBI, TP ITOM JIJIsl CEIEKTUBHOTO MOAaBIeHUs (PyHKUMH L-KaHaJIOB peKOMEHIyeTcs
WCTIOIB30BaTh OJIOKATOPBI M3 TPYIIIBl AUTHAPONMPHUINHOB (Bepanmamiui). [loatoMmy mis mpoBepku ponun
Ca?'L-kaHaJI0B B peai3alliy PelaKCaHTHOTO JACHCTBUS AlTKAIONUI0B U3ydain uX 3QGeKThl B IPHUCYTCTBUU
OroKaTopa 3THX KaHaJIoB Beparnamuia. Maruouposanue Bxoaa Ca?' B MK BepamaMiiom npuBOAMT K Ba-
30/IMJIaTallii ¥ CHUKEHUIO apTEepPHAIBLHOTO AaBlieHHs. B aTo cepun SKCIepuMEHTOB OBLIO TIOKa3aHO, YTO
Ha done 0,1 MkM Bepanamuna (KOHIEHTpAIKs, COOTBETCTBYIONIas ero IC,  conmpoBoxkaanock pacciadie-
HHEM Tpenapara aopTsl 10 50+£2,2%), ankamona 1-O-BK 2,2 MkM (KOHIIEHTpanHsi COOTBETCTBYIOIIAS €TI0
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100 ~ —@—Kontpoas KCI(50 mM) —
- —A—1-AK (150 MxM)
X 1 —v—1-BK (10 mxM)
= —&—14-0-BK (100 MxM)
=
=
=
[°)
g
=
=
<
]
<
]
=
=
©

100

10
Konuentpauusi (MKm)

Puc. 2. 3aBucuMOCTb Ba30penakCaHTHOTO ACHCTBHS ankajionaoB 1-O-0eH30uIKapaKonuHa,
1-O-anetunkapakonuna u 14-O-6ensounkapakonuna ot [Ca**] u cocrosuus Ca**| -kananos. Biusaue
1-O-BK (10mMxM), 14-O-BK(100 MxM) u 1-O-AK (150M&kM) Ha cokpamieHust a0pThI KPBICHI,
MHJTyIUPOBaHHbIE KyMyJIATUBHBIM no0aBiennemM CaCl, B pactBoper Kpebca He cojepkamnx HOHbI
Ca*. Ilo ocu abcuucc-konnentpamus CaCl,. [To ocu opuHAT - CHla COKpAIEHHs IPENapaToB a0pThl,
BBIp@KEHHAs B IPOLICHTAX OT cuiibl, uHAyupoBanHoi 50 MM KCI u npunsroii 3a 100%.
(*p<0,05, **p<0,01; n=5-6).

snadennro IC, ) Ha done sToro >ddexra Bepanammia, MPUBOIMIO K JONOIHUTEILHOMY PacCIableHHIO
mpenaparoB aopThl KpbIckl 10 19,3+3,2%. B otnunm ot 1-O-bK, no6asnenune 1-O-AK (83,1MxkM) u 14-O-
BK (16,8 MKM) B aHaIOTHYHBIX YCIOBUSAX, TAKIKE MPUBOIIIIO K JTOTIOIHUTEIILHOMY PacClabIeHHIO TIpera-
para aopThl KPBICHI B MEHBIICH CTENCHH, HO COXPAHSUIN ciocoOHOCTh MHruonposath KCl-unnynupyemsre
COKpalleHus aopThl. Tak, BHeceHHe B pacTBop Kpebca ¢ BepanamMHiIoM ankanaou10B MPUBOIWIO K OO
HUTEIBHOMY CHIDKeHHIO cuiibl KCl-MHIyIIMpOBaHHBIX COKpAIlCHUH mpenapaToB aopTel Ha 11,5+4,4 % u
16,5+4,7 % (puc. 3).

Pe3ynbrarsl 3THX 3KCIEPUMEHTOB MOKA3aJH, YTO B IPUCYTCTBUH B Cpeie MHKyOaluy BepanaMumia pe-
naxcanTHbIA 3 dekt 1-O-BK, 1-O-AK u 14-O-bK 3ameTHO cHUXaeTCs, HO HE MOAABISIETCS TIOIHOCTHIO U

AJTKAIIOWJIBI COXPAHSUTH CIIOCOOHOCTh PACcClabsiTh MPeTaparbl a0PThI B YCIOBHUSAX OJIOKa bl TOTEHITHAI-3a-
BucuMbIX Ca’’-kaHasoB.

100 + T I Konrpoas KCL (50 3:M))
- [ Bepanayaa IC, (0,1ukM)
X 1 I Bep. IC,, (0.1MxM)+1-0-AK (83,1 MeM)
-~ [ Bep. IC,, (0,1mKM)+14-0-FK (16,8 wehM)
B 754 @ Bep. IC,, (0.1 M) +1-0-BK(2.2 MiM)
= *
@ 4 ’—l
E *%
§-1 50 1
=]
@ J
=
3 25
& 251
0

Puc. 3. Biusinue Bepanammia (0,1 mxM) Ha BazopenakcanTHbIH 3¢ ekt 1-O-0eH30mIKkapakoiInHa,
14-O-6en3ounkapaxonuna u 1-O-auerunkapakonusa. (*p<0,05, **p<0,01; n=5).

HaHHLIC, IMOJIY4YCHHBIC B JTOHU CCPUHN IKCIICPUMCHTOB, Y6G,I[I/ITCJ'H>HO CBUACTCIBCTBYOT O TOM, 4YTO pC-
JIAKCAHTHBIN 3(1)(1)€KT HCCICAYCMBIX AJIKAJIOU0OB B YCIIOBUAX I‘I/Il'IepKaHI/IeBOﬁ KOHTPAKTYPBhI, ,Z[eﬁCTBHTGIIL-
HO CBs3aH C 6J'IOKa,Z[OI71 DOTCHIUAJI-3aBUCUMBIX CathaHaHOB, KOTOpas MpUBOAUT K IIOAABJIICHUIO IMOCTYTILJIC-

nus nonos Ca’* B 'MK, nocnenyromemy ymenbiuenuto [Ca*']. B HUX U MHTHOMPOBAHHIO UX COKPATUTEb-
HOTO anmnapara.
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OnHako, Kak OBUIO OTMEYEHO BHIIIE, BeparnaMiui HE MOJHOCTHIO MOAABIACT pelakcaHTHBIN 3¢ddekT
HCCIIEyeMBIX alIKaJIOJI0B U OHU COXPAHSUIM CHOCOOHOCTBH pacciabiarh Mpenaparsl a0pThl B YCIOBHIX
TUIEpPKATNEeBON KOHTPAKTYphl U B €ro MPUCYTCTBUH. DTH JaHHbIE YKa3bIBAIOT HA TO, YTO PEJIAKCAHTHOE
JeUCTBUE MCCIIEyeMbIX AJKAJIOHIIOB CBSI3aHO HE TOJIBKO C OJIOKMPOBAHUEM IMOTCHIMAI-3aBUCUMBIX Ca?'-
KaHaJIOB, HO M UX BIMSHUEM Ha JIpyrHe CUCTeMBbI TpancnopTa noHoB Ca** T'MK.

Takum 006pa3om, B HAIIMX UCCIEJOBAHUAX OBLIO YCTAHOBJICHO, YTO TUTEPIICHOUAHBIE anKanouasl 1-O-
BK, 1-O-AK u 14-O-BbK o6nanator penakcaHTHBIM JICHCTBUEM, B OCHOBE KOTOPOTO JIEKHUT KOMIUICKCHBIN
MEXaHU3M, BKJIIOUAIOUINH WX B3aUMOJEHCTBHE C MOTEHIHAT-3aBUCUMBIMH M PELENTOP-YIPABISIEMbIMU
Ca?*-xananamu miazmanemmsl ' MK. CriecTBHeM Takoro B3auMOJCHCTBHS, IO-BUAMMOMY, SIBIISICTCS O~
naBieHue TpaHcrnopra nonos Ca’’, B pesynbrare kotoporo ymenbiuaercs [Ca*']. B MK, uto u sBnsercs
MPUYMHON WHTUOMPOBAHMS UX COKPATHTENILHOTO anmapara u penakcanuu. CymnecTBeHHbIE OTINYUS B pe-
nakcantHolt aktuBHocTH 1-O-BK, 1-O-AK u 14-O-BK, oueBuaHO, CBSI3aHBI ¢ HATUYUEM B CTPYKTYpE IO-
clieiHero OEH30MIBHOM TPYIIIbI, O1aronapst KOTOPOH OH, BO3MOXHO, OoJiee 3 QEeKTUBHO B3aUMOJICHCTBYET
u onokupyet Ca?’-tpancnoprupytomue cucremsl [ MK.

Bbaarogapuoctu. [lannoe uccienoBanue ObIIO BHITIOIHEHO MPH noaiepxke rpantoB @-OT-2021-154.
MunucTepcTBa BICIIEro 00pa3oBaHusi, HAyKu 1 MHHOBanui PecryOonuku Y30ekucrtaH.

KonkpeTHnslii BkJax aBTopoB. Mup3aesa [O.T. - ygacTBoBasa B MpOBEAEHNHN BCEX IKCIEPHMEHTOB,
VYemanos I1.b. mpenocTaBui METOIUKH AT SKCIIEPUMEHTOB.
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KARAKOLIN HOSILALARINING AORTA SILLIQ MUSKUL HUJAYRALARIGA TA’SIR
MEHANIZMINI TADQIQ QILISH

Yu.T. Mirzayeva, P.B. Usmanov

Ushbu magqolada 1-O-benzoylkarakolin, 1-O-asetilkarakolin va 14-O-benzoylkarakolinning kalamush aortasining
silliq mushak hujayralari qisqarish faolligiga ta’sir mexanizmi bo‘yicha o‘tkazilgan tadqiqot natijalari keltirilgan.
Tadqiqot kalamushlarning izolyatsiya qilingan aortal halqalarida o‘tkazildi. Alkaloyidlar ishonchli va doza-bog‘liq
tarzda KCI bilan qo‘zg‘atilgan aorta halqalarining qisqarishini susaytirdi. Shu bilan birga, ushbu sharoitlarda
alkaloyidlar Ca®* ta’sirida induktsiyalangan aorta halqalarining qisqarishini ham sezilarli darajada kamaytirdi.
Alkaloyidlarning relaksant ta’siri potentsialga bog‘liq Ca*" kanallari orqali Ca** oqimini susaytirishni o‘z ichiga olishi
mumkin, ammo Ca*" siz Krebs eritmalarida verapamil ishtirokida bu ta’sir sezilarli darajada kamaygan.

Kalit so’zlar: aorta, ion kanallari, KCI, silliqg mushaklar, alkaloidlar.

STUDY OF THE MECHANISM OF ACTION OF KARAKOLINE DERIVATIVES ON AORTIC SMOOTH
MUSCLE CELLS

Yu.T. Mirzayeva, P.B. Usmanov

This article presents the results of a study on the mechanism of action of 1-O-benzoylkarakoline,
1-O-acetylkarakoline, and 14-O-benzoylkarakoline on the contractile function of rat aortic smooth muscle cells. The
research was conducted on isolated aortic rings from rats. The alkaloids reliably and dose-dependently inhibited the
KCl-induced contraction of aortic rings. Simultaneously, under these conditions, the alkaloids significantly reduced
Ca?*induced contraction of the aortic rings. The relaxant effects of the alkaloids may involve suppression of Ca**
influx through voltage-dependent Ca** channels; however, this effect is significantly diminished in Ca*-free Krebs
solutions with verapamil.

Keywords: aorta, ion channels, KCI, smooth muscle, alkaloids.
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AHAJIN3 ACCOLIMALIMY MTOJTUMOP®U3MA rs689 TEHA HHCYJIMHA C PA3BBUTUEM
JUABETUYECKOM HEVMPOIIATUH

T.C. CAATOB, C.A. ABIYPAXUMOB, 2.A. UBPAT'HMOBA, 3.3. UBPAT'UMOB

WuctutyT brnodwmsuku n 6moxumuu npu HY'Y3

ABtop mst mepenuckn: zafaribragimov2017@gmail.com

W3yueHa acconuariysi MeXIy MoJuMoppu3MoM rs689 reHa HHCYJIUHA U Pa3BUTHEM JIUA0CTHUCCKON HEHpomaTuu
(IH). CooTHomeHre 9acToT ajuieNieil ¥ TeHOTUIIOB 10 MOIMMOP(PHOMY BapuaHTy st 6ombHbIX ¢ JIH mokaszano cra-
TUCTHYECKH 3HAYMMOE YBEIMYCHHUE PHCKA PAa3BUTHSA JaHHOTO 3aboneBanus y Hocureneit T amnens (RR = 1,64; 95%
CI: 1,05-2,56), renorunoB AT (RR = 1,56; 95% CI: 1,0-2,44), TT (RR = 2,95; 95% CI: 0,57-15,3). [1okazaHo, uto
Hocurenu ayutens T u reHotunoB AT, TT umeroT moBbIIeHHBIN pucK pa3BuTust IH, B To BpeMs Kak HOCUTENH ajlIesst
A n reotuna AA — MOHMKEHHBIN PHUCK. HOJ’Iy‘[eHHBIe JaHHBIC MOTYT UMCTh BAXXHOC KIIMHUYCCKOC 3HAYCHHUC JId
NIpOrHO3upoBaHus pucka J{H.

Knrwouesvie cnosa: nabetrueckas HeWponarus, caxapHblil Auader 2 Tuma, r'eH, WHCY/IMH, TOTUMOp(U3M, re-
HbI-KaHIU1aThI.

BBenenue. JIlmaberndeckas ueiipormarus (JJH) — crmoxxHOE cOCTOSIHHE, BBI3BAHHOE HEJICUCHBIM WU
MO3/THEH AMAarHOCTUKOW CaXapHOro aradera, M MpeCTaBisieT co00i nereHepaTHBHOE MOpakeHNUE CEHCOP-
HBIX, IBUTATEIBHBIX U BETETATHUBHBIX YJICMEHTOB HEpBHOU cucteMmsl [1,2]. Hanbomnee pacnpocTpaneHHBIC
Y KJIMHWYECKN 3HAYMMBbIe HEHpOTAaTHH MpH nuadere 2 THMA BKIIOYAIOT YPEMHUYECKYI0 HEHpomaruio, 1me-
pudepryecKyro HeHponaTuio M BEreTaTHBHYIO KapIUaIbHYIO0 HEHpOmaTtvio. DTH HEHpOMaTHH Cephe3HO
BIIUSIIOT Ha Ka4ECTBO )KU3HU YeJIOBeKa U 3HAUYUTENFHO YBEINYUBAIOT puck cMeptH [1-3]. JTH MoxkeT BbI3bI-
BaTh OT IUCTAIBHOM 10 TPOKCUMAIBHOH MOTepH (PYHKITUH TTepUPEepuIecKuX HEPBOB U Taxe (pU3HIecKyto
WHBAJIMTHOCTH WM BO3MOXKHYIO 0016 [1,2,4]. B HacTosmee BpeMs HCCle0BaTEIbCKUE IIEHTPHI N3y9aroT
ydacTHe SKOJIOTHYECKUX M TeHeTHUecKnx (akTopoB pucka B marorenese J|H. Hanmpumep, renetnueckue n
9KOJIOTHYeCcKHe (DaKTOPBI MOTYT CITIOCOOCTBOBATh PA3BUTHIO ATOTO 3a00I€BaHNs, HETIPABIIIBHO HAITPABIIAS
pasiIrYHbBIe METa0OTMYECKHEe M MUKPOCOCYINCTHIE TTyTH, KOTOPBIE BIUSIOT HA MAaTOTeHEe3 AMa0eTHYeCKOn
Heiiponatuu [2]. B wactHOCTH, pOb METabOINIECKOTO KOHTPOIIS M ITINKEMHYECKOW M3MEHYNBOCTH NMEET
OoIbIIIoe 3HAYEHNE B 3TUX IMporieccax. Pa3snuans B CTpyKType HEPBHBIX KJIETOK MPH THIEPIIIMKEMUH TPH-
BEJICHBI HA puc. 1.

Healthy Neuron Neuron of a
Diabetic Person

Too much glucose
leads to

Glucose neurons bcoming damaged
: |- N
b [ b Dendrite ® ]
| Dendrite -~ ®
= !/ : Axon ° Soma Axon °
oma
N DL L — ° -
o e o—
kNucleus g Nucleus @ @@ /—
f = C‘I:) oL *7 e o g:) o® o °
L ] (N \ ] * .\

Myelin sheath Node of Ranvier [ ) Myelin sheath @ Node of Ranvier
Puc. 1. Paznuuus cTpyKTypbl HEHPOHOB MPU TUIIEPIIMKEMHUH. Bua 310poBoro HelipoHa 1 HeHpoHa

y 6ompHOTO Tuaderom (https://www.researchgate.net/figure/Sorts-s-of-Diabetic-neuropathy
fig2 361511930).
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HenaBno ObUT0 00HApYX)EHO, UTO psiji reHOB-KaHauaaros, Bkioyas AKR1B1, VEGF, MTHFR, APOE
n ACE, urparot BaxkHyto poins B pazsutuu JIH [3,6]. Kpome Toro, B HeJTaBHUX HCCIIE0OBAaHUSIX TOMEOCTa3a
IJIFOKO3BI B HEPBHOM CHCTEMeE, TaKkKe n3ydanach cBsi3b reHa uucyiuna (INS) ¢ passuruem JIH. 3menenne
KOJIMYECTBA MHCYJIMHA B KPOBU OONIBHBIX M MyTallM B TeHE WHCYJIMHA MOTYT OKa3bIBaTh BIUSHHUE Ha pa3-
sutue [IH [3,6].

MarepuaJnbl 4 MeToabl. B KauecTBe 00beKTa HCCea0BaHus ObUTH c(hOPMHUPOBAHBI BE TPYIIIBL: OC-
HOBHasl M KOHTpoJbHAast. OCHOBHAS IPyIIia cOCTOsIIA U3 66 MAMEeHTOB Y30eKCKOW HallMOHAIBHOCTH, HaX0-
JSIIIUXCST HA CTAIlMOHAPHOM JIeUeHHH B PecnyOnrKaHCKOM CHennann3ipOBaHHOM HAayYHO-ITPAKTHIECKOM
MEAMIIMHCKOM IIeHTpe dHAoKpuHOonornu M3 PY3 nM. akanemuka f1.X. Typakysnosa. B koHTponbHYIO TpyTi-
my BKJItOoUeHB! 78 sn 6e3 npusHakoB /IH. Ha ocHoBaHuM aHaMHECTHYECKUX M KIIMHUKO-OMOXUMUYECKHX
JaHHBIX OblJIa COCTaBJIeHAa TeHealoTn4ecKas aHkeTa. 3areM n3 o0pasuoB kposu Obuta Beienena JJHK s
MOJIEKYJSIpHBIX HccnenoBannii. Beinenenne JJHK npoBonunocs ¢ momomnisio Habopa Ammu Tect PUBO-
npen- npousBoacTBa OO0 «Hekctbuoy», Poccus, cormacHo nHcTpykuuu npousBoaurtens. Koauuectso n
kauecTBo BhIAeneHHON JIHK mpoBepsutock ¢ momornkto ciekrpodoromerpa NanoDrop. Jliist mpoBepku 1mo-
auMop¢usma 15689 rena INS ObuM CHHTE3UPOBAHBI CHICHUATBHBIC MPaiMEpbl U MPOTECTUPOBAHEI € TO-
Motipio amrunpukaropa Step One «Applied Biosystems» (CLLIA) 1o mpoTokoiny amieib-criennpuaeckon
[ILIP (Tad. 1).

Tabmuna 1
XapaKkTepHUCTHKA M0CJIeJ0BATECIbHOCTH CHHTE3HPOBAHHBIX OJIUTONIPAMEpPOB
T'en [Momumopduzm Ctpykrypa npaiimMepoB
Ipsimas ens 1 5—- GCTCAGCTGAACCTGGCTA -3
INS rs689 IIpsimas mems 2 5—- GCTCAGCTGAACCTGGCTG -3
O0paras uenb 5—- CTTTAACTTCTGGCTTTGCTAT-3

[ocne ammudukanyu npoBoauin MekTpodopes Ha 2,5% arapo3HOM Tene Uil BH3yallU3alud pe-
3yJbTaTOB. Pe3ynbTaThl HCCIIEIOBAHUS CTATUCTHUECKHU 00pabdaThIBaiv C MOMOIIBIO MporpaMMbl DoctorStat
2013, Bepcus 1.9. Ilpu npoBeneHNH SKCIEPUMEHTOB ObUIM COOJIONEHBI BCE MEKIYHAPOIHBIE ITHYECKHE
HOPMBI ITPOBEJICHHSI SKCTIEPUMEHTOB C JIFOIBMHU.

PesyabTathl u 00cy:kaeHue. PactipeseneHiie reHOTUIIOB B KOHTPOJIBHOM M OCHOBHOM Ipynmax 1o Imo-
aumopdusmy rs689 rena INS coorBercTBOBaIO paBHOBecHi0 Xapau-BaiinOoepra. HacToTa BcTpeuaeMoCTh
nukoro A amens reHa INS B OCHOBHOW M KOHTPOJBHOM rpymmax cocrasiseT 72,7% u 83,3%, cooTser-
crBeHHo. HeOmaronpusitHeild amiens T B MOMYNISAIMOHHONW BBIOOPKE BCTpPEYAJCsl peXke M0 CPaBHEHUIO C
ocHOBHOM rpynmoii (16,7% u 27,3%, coorBercTBeHHO) (puc. 2). Ilpu ananuze pacrpeenenus TeHOTUIIOB
BBISBJICHO, YTO HanboJiee pacrpoCTpaHEeHHBIM TEHOTUIIOM CPEIX 00CIeOBAaHHBIX 00CHX TPYII OKa3aJcs
romo3urotHbIil reHotun AA (51,5 % B rpynme 6onbHBIX U 69,2% B KOHTpOJIBHOM Tpymie). YacToTa re-
Tepo3uroTHoro renoruria AT, B BEIOOpKe OOJIBHBIX U B TPYIINE KOHTPOJIbHBIX cocraBuia 42,4% u 28.2%,
COOTBETCTBEHHO.

A annens

83,3 E= T awens

30-‘
Tﬂ;
60:
50-‘
40_- .....
30_- .....

204 -

Yacrora amneneii (B npouenrax)

04— : ]
OcHOBHAA TPYIMIA  KoHTDP0JILHAA TPYTIIA

Puc. 2. Yacrots! anneneit nomumopdusma rs689 rera INS B 0CHOBHOM U KOHTPOJIBHON TPYIIIAX.

14



Uzbek Biological Journal 2025, Ne 1

Yacrotsl pacnpenenenus rerotuna TT y 6onbubix ¢ JIH cocraBnstor 6,1%, a B KOHTpOJILHOU TpyTIIE
,070 .J).
2,6% cooTBeTcTBEHHO (puc. 3

AN TCHOTHN
AT renorin

B 1T renotin

602

104

YacToTa resoTHION (B OpONenTaX)

Ocuonian : KonTpoasnas
rpynia TPyITn

Puc. 3. Hactotsl reHOTHIIOB TToauMopdu3ma rs689 rerna INS B OCHOBHOW U KOHTPOJILHOM TPYIITIaX.

[lo pe3ynabraram usyueHus cBsizu nonumopdusma rs689 rena INS ¢ puckom passurus JJH Obiam BbIsB-
JICHbI Pa3JInyvs IPY CPaBHEHHUHM aijiesiei u reHoTunos B rpynnax JAH u kortpons (tad. 2).

Tabmuna 2
AccouuaTuBHas CBA3b Mexk1y nojaumMopguzmom rs689 rena INS ¢ puckom pazputus IH
Annenu n CraTucTuyeckoe pasnuyue
TEHOTHIIBI Risk ratio Odds ratio 5 value
RR 95% CI: OR 95% CI: X p-vaiu
A 0,87 0,77 - 0,99 0,53 0,30 - 0,94
T 1,64 1,05 -2,56 1,88 1,06 — 3,31 4,76 0,029
AA 0,74 0,56 — 0,98 0,47 0,24-093 | 4,72 0,030
AT 1,56 1,0-2,44 2,0 1,0 -4,09 3,89 0,049
TT 2,95 0,57-15,3 3,18 0,55-18,3 | 1,85 0,18

CooTHOIIECHNE YacTOT aJljIeield U TeHOTUIIOB 110 MoJuMopdHOMY BapuaHTy Ui OonbHbIX ¢ JJH moka-
3aJI0 CTAaTUCTHYECKU 3HAUMMOE YBEJIMUCHHE PUCKA Pa3BUTHUS JaHHOTO 3a00seBanus y Hocutenei T amens
(RR=1,64; 95% CI: 1,05-2,56, y*=4,76; p=0,29), rerotunioB AT (RR= 1,56; 95% CI: 1,0-2,44, v’=3,89;
p=0,049), TT (RR=2,95; 95% CI: 0,57-15,3, ¥=1,85; p=0,18). 13 noiy4eHHBIX PE3yIBTATOB CIIECAYET, YTO
Hocutenu amens T u renHotunoB AT UMEIOT NOBBILIEHHBIA PUCK pa3Butus JJH, B To BpeMst Kak HOCUTENU
amens A ¥ reHoTuna A/A — MOHIKEHHBIN PUCK Pa3BUTHS 3a00JICBaHMS.

3axuouenne. B nienom, pe3ynbrarsl OKa3bIBalOT, yTo ayuiensb 1 u reHotun AT nomumopdusma rs689
reHa INS MOTyT ¢y HUTb MOTEHIIMAIEHBIMHA T€HETHYECKNMH MapKepaMHy JUIs TPOrHO3UPOBAHUS Pa3BUTHUS
nuabernueckoi Heliponatuu. il MOATBEPKICHHUS 3THX acCOLMANMN M M3YYEHHs UX KIMHMYECKHX IO-
CJIC/ICTBUM HEOOXOAMMO JasibHEeHIIee TPOJOIKEHNE HAYyYHBIX UCCIICIOBAHUI.

Baarogapuocru. JlanHoe uccienoBanue ObUIO BBINONHEHO npu noanepxkke rpanra F-OT-2021-153
MuHHCTEpCTBa HHHOBALMOHHOTO pa3BUTHs PecryOnuku Y30ekucraH.

Bxaan aBropos. Caaros T.C. - copMynupoBail HccIe0BaTEIbCKYIO TPOOIeMy, pa3padboTai MeTo10-
noruto; Abaypaxumos C.A. - IpoBeICHUE KCIIEPUMEHTOB, coOpai naHuble; Moparumos 3.3 - uHTEpIpe-
TalMs pe3ybTaToB, CTAaTUCTUYECKUN aHanu3; Moparnmosa D.A. - mpoBena 0030p JIUTEPaTyphl, peaaKTh-
pOBaHHE CTaThbH.
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INSULIN GENINING RS689 POLIMORFIZMNI DIABETIK NEYROPATIYA RIVOJLANISHIDAGI
ASSOTSIATSIYALARI TAHLILI

T.S. Saatov, S.A. Abdurakhimov, E.A. Ibragimova, Z.Z. Ibragimov

Insulin genining rs689 polimorfizmi va diabetik neyropatiya (DN) rivojlanishi o’rtasidagi bog’liglikni ko’rib
chiqildi. DN bilan og’rigan bemorlardagi rs689 polimorfizmining uchrash chastotasi tahlil qilinganda allel va genotip
chastotalarining nisbati AT, TT genotiplari va T alleli tashuvchilarida DN rivojlanish xavfi ortishini ko’rsatdi (T alleli
uchun: RR = 1,64; 95% CI: 1,05-2,56), (AT va TT genotiplari uchun mos ravishda: RR = 1,56; 95% CI: 1,0-2,44;
RR =2,95; 95% CI: 0,57-15,3). A alleli va AA genotipining tashuvchilarida esa mazkur kasallikka chalinish ehtimoli
kamroq ekanligi kuzatildi. Olingan ma’lumotlar DN rivojlanishi xavfini oldindan aniqlashda muhim klinik ahamiyatga
ega bo’lishi mumkin.

Kalit so’zlar: diabetik neyropatiya, 2-tur qandli diabet kasalligi, gen, insulin, polimorfizm, nomzod genlar.

ANALYSIS OF THE ASSOCIATION OF INSULIN GENE rs689 POLYMORPHISM WITH
THE DEVELOPMENT OF DIABETIC NEUROPATHY

T.S. Saatov, S.A. Abdurakhimov, E.A. Ibragimova, Z.Z. Ibragimov

In this study, we examined the association between the insulin gene rs689 polymorphism and the development of
diabetic neuropathy (DN). The ratio of allele and genotype frequencies for the polymorphic variant for patients with
DN showed a statistically significant increase in the risk of developing this disease in carriers of the T allele (RR =
1.64; 95% CI: 1.05-2.56), AT and TT genotypes (RR = 1.56; 95% CI: 1.0-2.44; RR = 2.95; 95% CI: 0.57-15.3). It
was shown that carriers of the T allele and AT, TT genotypes have an increased risk of developing DN, while carriers
of the A allele and AA genotype have a reduced risk. The data obtained may be of important clinical significance for
predicting the risk of developing DN.

Keywords: Diabetic neuropathy, type 2 diabetes mellitus, gene, insulin, polymorphism, candidate genes.

16



Uzbek Biological Journal 2025, Ne 1

THE EFFECT OF RHODIOLA HETERODONTA ON PHYSIOLOGICAL ALTERATIONS
AND OXIDATIVE STRESS IN DIABETIC RATS

A.ABDULLAEY, U. GAYIBOYV, S. GAYIBOVA, N. VYPOVA, T. ARIPOV

Institute of Bioorganic Chemistry, Academy of Sciences of the Republic of Uzbekistan
e-mail: dr.abdullaev.scientist@gmail.com

This study addresses the pivotal role of oxidative stress in non-infectious pathologies and underscores the impor-
tance of precise regulation of cellular oxidative processes through endogenous and exogenous antioxidant systems.
Dysfunction in these systems often leads to pathological conditions, highlighting the therapeutic potential of antiox-
idants in restoring cellular function. Rhodiola heterodonta, renowned for its diverse biological effects including anti-
oxidation, anti-inflammatory properties, hypoglycemic effects, and organ protection, presents a promising avenue for
investigating its mechanisms, particularly in diabetes mellitus. In this research, we explore the impact of the ethanolic
extract of Rhodiola heterodonta on oxidative stress levels in alloxan-induced diabetes. This study contributes to the
growing body of literature on the potential therapeutic applications of Rhodiola heterodonta in managing oxidative
stress-related complications associated with diabetes mellitus.

Key words: Oxidative stress, reactive oxygen species, antioxidants, glucose, alloxan.

Introduction

The elevated glucose levels in the blood are independently associated with various pathologies, leading
to hyperglycemia. Additionally, they contribute to conditions such as hyperlipidemia, hyperinsulinemia,
hypertension, atherosclerosis, and even myocardial infarction [1-2].

Presently, epidemiological, biological, and clinical investigations have demonstrated the significant
role of cell membrane oxidation in the progression of atherosclerosis, cataracts, and complications of dia-
betes mellitus caused by free radicals.

It is believed that oxidative stress is elevated during diabetes and has been reported to play a crucial
role in the development of diabetic complications that result in damage to organisms. [3]. Reactive oxygen
species and the inflammatory response are generated as a result of hyperglycemia, contributing to many of
the secondary complications of diabetes. [4].

Natural antioxidants such as vitamin C, E, and B-carotene play significant roles in the prevention of
these complications. The biological activity of many plant extracts can be attributed to their antioxidant
activity (AOA) [5]. Antioxidant activity involves the transfer of electrons from one atom to another and
constitutes an essential aspect of aerobic life and metabolism, as oxygen serves as the ultimate electron
acceptor in the electron transport chain. However, problems may arise when the electron transport becomes
uncoupled, resulting in the transfer of unpaired single electrons and the generation of free radicals.

The use of herbal preparations for treating diabetes mellitus, cardiovascular diseases, and other ailments
is justified due to their high safety profile coupled with reasonable efficacy, the potential for long-term use
in chronic conditions, their widespread availability, and relatively low cost. While herbal remedies may not
always replace synthetic drugs entirely, they can often complement conventional therapy. In Uzbekistan’s
traditional medicine arsenal, numerous plants demonstrate positive effects on the cardiovascular system.
Additionally, they can serve as adjunctive therapy for conditions that are already present and progressing
within the body. For instance, Rhodiola heterodonta is utilized in modern scientific medicine as an alcohol-
ic tincture, functioning as a tonic and adaptogenic remedy for hypertension.

Materials and methods

Rhodiola heterodonta extract was kindly provided by “Bioton” LTD, Tashkent, Uzbekistan.

Experimental design

Alloxan (Sigma, 140 mg/kg body weight) was used to induce diabetes [6]. Alloxan, freshly prepared
and dissolved in cold normal saline, was administered intraperitoneally to the rats. Three days after alloxan
injection, fasting blood glucose levels were measured using the glucose oxidase method. Rats with blood
glucose levels higher than 300 mg/dL were considered diabetic. Thirty rats were divided into two groups
(n=15):
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e Group (N): Normal rats received daily 75 mg/kg of normal saline for 6 weeks via gavage.

e Group (NR): Normal Rhodiola heterodonta rats received every other day 75 mg/kg Rhodiola het-

erodonta extract for 2 weeks via gavage.

The animals were euthanized on the 24th day of the experiment [7] after being deeply anesthetized with
CO..

2All manipulations with the animals complied with the European Directive 2010/63/EU on protecting
animals used for scientific purposes (FAO. Directive 2010/63/EU on the protection of animals used for
scientific purposes. Off J Eur Union. (2010):33—79.). The protocol was approved by the Animal Ethical
Committee based on the Institute of Bioorganic Chemistry, AS RUz (Protocol Number: 133/1a/h, dated
August 4, 2014) [8].

1. Determination of antiradical activity.

The effect of Rhodiola heterodonta on the free radical 1,1-diphenyl-2-picrylhydrazyl (DPPH) was es-
timated according to the method described in reference [9]. An ethanol solution of the tested preparations
was added to a control cuvette containing 100 uM DPPH. The mixture was quickly shaken, and the kinetics
of its absorbance change were immediately recorded at 517 nm for half an hour.

2. Acute alloxan hyperglycemia

Acute alloxan hyperglycemia was induced by a single intraperitoneal injection of alloxan at a dose of
140 mg/kg. A decrease in blood glucose levels was determined 1 hour and 5 days after the induction of
hyperglycemia [9, 10]. Additionally, acute alloxan hyperglycemia was induced by a single intraperitoneal
injection of alloxan at a dose ranging from 1 to 3 grams. The decrease in blood glucose levels was assessed
1 hour and 2 days after the induction of hyperglycemia. [10].

The hypoglycemic effect (X) of the drug was calculated by the formula:

a-b
a

X= -100 ,
where a is the concentration of sugar in the control group, mmol/l; B- the average concentration of sugar in
the blood in mmol/I in the experimental group [10].

3. Data analysis

Statistical analyses were performed using the statistical package Origin 8.5 (OriginLab Corporation,
USA). The data were evaluated using parametric Student’s t-test, we expressed as M = m. Deemed authen-
tic results are expressed at * - P<0.05; ** - P<(.01; ***- P<0.001.

Results and discussion

Determination of antiradical activity of Rhodiola heterodonta by DPPH radical scavenging.

In this context, we investigated the anti-radical properties of Rhodiola heterodonta extract against the
DPPH free radical. To accomplish this, we employed a method reliant on the antioxidants’ capacity to
diminish the molecules of 2,2-diphenyl-1-picrylhydrazyl (DPPH) [8]. The kinetics of the compound’s in-
teraction with the stable radical DPPH were examined. Upon adding the studied compounds to an alcohol
solution of DPPH, there was a noticeable change in the solution’s color, indicative of DPPH transitioning
to a non-radical state. Figure 1 (experimental points) illustrates the kinetics of alterations in DPPH’s optical
density following the addition of the tested compounds.

To assess the antioxidant radical scavenging activity (ARA) of the Rhodiola heterodonta under inves-
tigation, we opted for a concentration from 10 to 50 pl of extract from an alcohol solution prepared at a
concentration of 1 mg/ml. Upon analysis of the results, it is evident that the optical density of the ethanol
solution containing DPPH decreases, signifying their antiradical efficacy. Based on experimental findings,
it can be inferred that the extract of RH under scrutiny exhibit a notable capacity to neutralize free radicals.
To quantitatively evaluate the antiradical potential, half inhibition concentration (IC, ). In the course of the
experiment to determine the antioxidant activity of Rhodiola heterodonta extract using the DPPH method,
the concentration required to achieve 50% inhibition (IC, ) was calculated. The obtained IC, value was
0.0145 mg/ml. This indicates a high antioxidant potential of the extract, which may be attributed to its bio-
active compounds.
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Fig. 1. Change in the relative optical density of a solution of DPPH in the ethanolic with the addition of
an extract of Rhodiola heterodonta at various concentrations. DPPH concentration 0.1 mM.

The effect of Rhodiola heterodonta extract on blood glucose level and rat body weight

The alloxan diabetes model allows for the reproduction of absolute insulin deficiency, classifying it un-
der the insulin form of diabetes mellitus. Consequently, it is unsuitable for studying the specific activity of
sugar-lowering drugs that only exhibit efficacy in the presence of residual secretory function of beta cells.

The literature indicates that the toxic effect of alloxan manifests within the first few minutes after ad-
ministration, with severe insulin deficiency developing over the subsequent days.

Table demonstrates that in the control group of animals, alloxan administration resulted in a 135%
increase in blood glucose levels after 1 hour, rising from 4.0+£0.4 mmol/l to 9.4+0.7 mmol/l. After 5 days,
glucose levels remained elevated, showing a 76% increase and reaching 7.1+0.6 mmol/I.

Rhodiola heterodonta also exhibited a hypoglycemic effect in the alloxan model, albeit less pronounced.
As depicted in Table, at doses of 100 and 200 mg/kg, it reduced blood sugar levels to 5.2 £ 0.41 and 5.2 +
0.41 mmol/l, respectively, within an hour, resulting in hypoglycemic effects of 42.6% and 43.6%, respec-

tively.

After 5 days, these figures were 5.4+0.4 and 5.3+0.6 mmol/l, respectively, with hypoglycemic effects
of 24.0% and 25.3%, respectively.

Influence of extract of Rhodiola heterodonta on the change in glucose content in rats with alloxan
hyperglycemia in comparison with the herbal preparation “Glukeyr” and dietary supplement
“Natural inulin concentrate” (M+m; n=5)

Initial Research time
Dose of lucose after 1 hour after 5 days
Preparation preparation & . Content of | Hypoglyce- | Content of | Hypoglyce-
concentration, . .
mg/kg mmol/l glucose, mic effect, glucose, mic effect,
mmol/l % mmol/I %
Control 4,0+0,4 9,4+0,7* 7,1+£0,6
Rhodiola 100 4,0+0,4 5,440,4%* 42,6 5,440, 4% 24
heterodonta
Rhodiola 200 4,0+0,4 5,340,4%* 43,6 5,340, 4% 253
heterodonta
Glukeyr 100 4,4+0,4 6,3+0,4** 33 5,0+£0,6%* 26
Natural inulin 200 4240.4 5.8:+0,4%* 40 4,2+0,2%% 43
concentrate

*P<0.05 in relation to the original group of animals,
*P<0.05 in relation to the control group of animals.
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The comparative drug “Glukeyr” reduced glucose levels 1 hour after alloxan administration from
9.4+0.7 mmol/l to 6.3+0.4 mmol/l, resulting in a hypoglycemic effect of 33%. After 5 days, this indicator
decreased from 7.1£0.6 to 4.2+0.2 mmol/l, with hypoglycemic effects of 33% and 26%, respectively.

The reference drug “Natural inulin concentrate” decreased glucose levels 1 hour after alloxan adminis-
tration from 9.4+0.7 mmol/l to 5.8+0.4 mmol/l, with a hypoglycemic effect of 40%. After 5 days, this indi-
cator decreased from 7.1+0.6 to 4.2+0.2 mmol/l, with hypoglycemic effects of 40% and 43%, respectively.

Table shows the influence of extract Rhodiola heterodonta on the change in glucose content in rats with
alloxan hyperglycemia, compared with the herbal preparation “Glukeyr” and dietary supplement “Natural
inulin concentrate” (M+m; n=5).

The alloxan diabetes model enables the reproduction of absolute insulin deficiency, categorizing it
under the insulin form of diabetes mellitus. Therefore, it is not suitable for studying the specific activity of
sugar-lowering medications that only exhibit efficacy in the presence of residual secretory function of beta
cells.

The toxic effect of alloxan is known to manifest within the first few minutes after administration, with
severe insulin deficiency occurring after several days.

As indicated in Table, the introduction of alloxan in the control group of animals resulted in a 135%
increase in blood glucose levels in the experimental animals after 1 hour, rising from 4.0+0.4 mmol/l to
9.4+0.7 mmol/l. After 5 days, the glucose content increased by 76% to 7.1+£0.6 mmol/l.

Rhodiola heterodonta also demonstrated a hypoglycemic effect in the alloxan model, albeit less pro-
nounced. As shown in Table, at doses of 100 and 200 mg/kg, it reduced blood sugar levels within an hour
to 5.2 £0.41 and 5.2 £ 0.41 mmol/l, respectively, with corresponding hypoglycemic effects of 42.6% and
43.6%. After 5 days, these figures were 5.4+0.4 and 5.3+0.6 mmol/l, with hypoglycemic effects of 24.0%
and 25.3%, respectively.

The comparative medication “Glukeyr” reduced glucose levels 1 hour after alloxan administration from
9.4+0.7 mmol/l to 6.3+0.4 mmol/l, resulting in a hypoglycemic effect of 33%. After 5 days, this indicator
decreased to 4.24+0.2 mmol/l, with hypoglycemic effects of 33% and 26%, respectively.

The reference medication “Natural inulin concentrate” decreased glucose levels 1 hour after alloxan
administration from 9.4+0.7 mmol/l to 5.8+0.4 mmol/l, with a hypoglycemic effect of 40%. After 5 days,
this indicator decreased to 4.2+0.2 mmol/l, with hypoglycemic effects of 40% and 43%, respectively.

As a result, the investigation into the hypoglycemic effect of Rhodiola heterodonta at doses of 100 and
200 mg/kg in the alloxan hyperglycemia model revealed its superiority over the herbal preparation Glukeyr.
Its efficacy was comparable to that of “Natural inulin concentrate.

Conclusion

Our findings represent the first investigation into the effects of Rhodiola heterodonta root extract on
physiological alterations in a diabetic rat model. The results indicate that the extract significantly reduces
blood glucose levels in comparison to the control group. Furthermore, Rhodiola heterodonta root extract
demonstrates notable antioxidant and antiradical activity. The observed improvements in physiological pa-
rameters among diabetic rats are likely attributable to the extract’s potent antioxidant properties.
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RHODIOLA HETERODONTA EKSTRAKTINING DIABET KALAMUSHLARDA FIZIOLOGIK
O’ZGARISHLAR VA OKSIDLOVCHI STRESSGA TA’SIRI

A. Abdullaev, U. Gayibov, S. Gayibova, N. Vipova, T. Aripov

Ushbu tadqiqot yuqumli bo’lmagan kasalliklarda oksidlovchi stressning muhim rolini o’rganadi va endogen
va ekzogen antioksidantlar orqali hujayra oksidlanish jarayonlarini tartibga solish muhimligini ta’kidlaydi. Ushbu
tizimlarning disregulyatsiyasi antioksidantlarning terapevtik salohiyatini ta’kidlab, patologik holatlarga olib kelishi
mumkin. Antioksidant, yallig’lanishga qarshi, gipoglikemik va organlarni himoya qilish ta’siri bilan tanilgan Rhodiola
heterodonta, alloksan bilan indutsirlangan diabet kalamushlarda oksidlovchi stressga ta’siri uchun tekshiriladi.
Bizning topilmalarimiz qandli diabet bilan bog’liq oksidlovchi stress bilan bog’liq asoratlarni davolashda Rhodiola
heterodontaning potentsial terapevtik qo’llanilishi bo’yicha o’sib borayotgan adabiyotlar to’plamiga yordam beradi
va keyingi tadqiqotlar uchun yo’llarni taklif qiladi.

Kalit so’zlar: Oksidlanishli stress, reaktiv kislorod turlari, antioksidantlar, glyukoza, diabet, alloksan.

BJIMAHUE SKCTPAKTA RHODIOLA HETERODONTA HA ®U3NOJIOTMYECKUE U3MEHEHUA
1 OKMCJINTEJIbHBIN CTPECC YV IMABETUYECKHX KPbIC

A. AGnaymnaes, V. I'aitn6oB, C. 'aiin6osa, H. Beimora, T. Apurios

B 9TOM HCCIEIOBaHMM H3y4aeTCsl KPUTHYECKAsh POJib OKHCIUTEIBHOTO CTpecca MpH HEUH(EKIHOHHBIX
3a00JIEBAHUAX U TOYEPKHUBACTCS BAKHOCTH PETYIUPOBAHUS KJIETOYHBIX OKHCIUTEIBHBIX MPOIECCOB MOCPEICTBOM
9H/IOTEHHBIX U 9K30T€HHBIX AaHTHOKCUIAaHTOB. HapyIiieHue peryisiuu STHX CUCTEM MOYKET PUBECTH K TATOJIOTHYECKAM
COCTOSIHUSIM, YTO TOJYCPKHUBACT TEPATICBTUYCCKHUN MOTEHIMAN aHTHOKCUIAHTOB. Rhodiola heterodonta, n3BecT-
Hasl CBOUMH AHTHOKCHJIAHTHBIMH, MPOTHBOBOCIAIUTEIBHBIMU, TUIOTJMKEMHUUYECKHMMH U OPraHOMPOTEKTOPHBIMHU
s¢pexramu, UCCIeNyeTCs Ha MPEIMET €€ BIUSHHS Ha OKUCIMTENLHBIA CTPECC y KPbIC ¢ TUa0ETOM, BBI3BAHHBIM
ajutokcanoM. Hariu pe3yibTaThl BHOCST BKIJIAJ B PACTYIIUI 00BEM JIUTEPATYPhI O OTEHI[HATHHOM TEPATIEBTHUECKOM
npumenernn Rhodiola heterodonta B nedeHun OCIOKHEHUH, CBI3AHHBIX C OKUCIIUTEIBHBIM CTPECCOM, CBSI3aHHBIX C
caxapHbIM JUa0eTOM, YTO Mpe/yiaraeT HAPaBICHUs JUTS JATbHEHIIINX UCCIIeIOBAHUI.

Kniouesvie cnosa: OKUCIUTENBHBIN CTPECC, AKTUBHBIE (DOPMBI KHUCIOPO/1a, aHTHOKCHIAHTHI, TITI0K03a, a/UTOKCAH.
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BJUSIHUE BOJHO-3TAHOJIbHBIX SKCTPAKTOB BEPBJIIOKBEN KOJIOUKH
(ALHAGI PERSARUM) HA PET'YJISIHUIO OBPBEMA TUMOLIUTOB

0.K. XAMMIOBA"?, JI.X. ®PAW3YJIJIAEBA!, 3.K. XACAHOBA?®, C.1. PYCTAMOBA',
P.II. KYPBAHHA3APOBA'"* II.T. MEP3JISIK!, P.3. CABUPOB'*

Mucturyt 6nodusuku u 6uoxumun npu HYV3, Tarikenr;

’Kadenpa 6uodusuku, ornonornyeckuii paxynprer HY V3,

SHCTUTYT NPEeNPUHAMATEIbCTBA U MTe1aroruku JleHay;

*Kadempa npupoaHbIX COSTUHEHUI W TPUKIATHON XUMHIH, XUMUUECKHiA pakyinprer HYY3

Astop s nepernckn: ozoda_ 8114@mail.ru

B pabore mokazaHo, 4TO Cpeid SKCTPAKTOB M3YUCHHBIX YaCTeH pacTeHHsI BEpOIIOXKbs Komtouka (4Alhagi persarum),
9KCTPAKT M3 CEMECHHON KOXKYpbI, HarbojIee O0raTelii Ha OMOJIOTHYECKH aKTUBHBIC KOMITOHCHTHI ((pJIaBOHOMIBI, TTOJH-
(heHOIBI), TIPOSIBIISLT HAHOOJICE aKTUBHBIC TEMOJUTHYCCKUE CBOMCTBA M CHJIBHEE OCTANBHBIX MMOMABIISI PETY/ISIIHIO
0o0beMa TUMOIIUTOB C MOJYMAaKCUMAaIbHBIM JeiicTBueM 12—14 Mkr/mi. JlelcTBHE KCTpakTa CTeOIs HA PETy/ISIIHIO
00béMa KJIICTOK IMPOSIBIISIIOCH MPH KOHIIGHTPAIMSX, MMPEBBIIIAIOIIMX TeMOIUTHYCCKHE B 2,5 pa3a. Bece ocranbHbIe
SKCTPAKTHI TPOSIBISUIA MHTHOUPYIOIIEE CBOMCTBO Ha PETY/IHI0O 00beMa THMOIMTOB MPH CYOIMTHYCCKUX KOHIICH-
Tpausax. DTa pa3Huiia coctaBuia 1,6 pas nis ceMsiH, 5,4 pa3 s TUCTheB U 2,6 pasza st KopHs. MOXKHO Toiararhb,
YTO CeMEHasi KOKypa 00aaeT 0OYeHb aKTHBHBIMH HEJIMTHUYCCKUMHU KOMIIOHCHTAMH, HHTHOMPYIOIIMMHU PETYIIAIIHIO
KJIETOYHOTO 00BeMa.

Knioueswie cnosa: Alhagi persarum, BepOIIOXbsI KOJIOUKA, IKCTPAKTHI, (PIaBOHOUIBI, TOTU(PEHOIBI, THMOIIUTHI,
PEryJISITOPHOE YMEHbBIIICHHE 00beMa.

BBenenue. Paznmudaasie BUIBI BEpOITIOKbEH KOMOUKU A/hagi TpaTulinOHHO HCIIONB3YIOTCS B BOCTOU-
HOM HapOIHOW MEIWIIMHE B COCTaBE JIEKAPCTBEHHBIX CPEICTB JUIA JICUCHHUS pPeBMaTH3Ma, OPOHXHTA, acT-
MBI, TACTPOIHTEPUTA U S3BBI, 3a00JICBAHUI MTEUCHU, MOUYCBBIBOIINX MyTSH M JKETIHOTO MMy3bIps [1-4].
Henasuwe in vivo u in vitro ucciaenoBanns ONOIOTHYECKON aKTUBHOCTH pacTeHH pona A/hagi BeISBIIN
AHTUOAKTEPUATBHBIN, POTHBOTPHOKOBBINA, aHTHOKCHIAHTHBIN, aHTUIPOIH(EPATHBHBIN U CITa3MOJIHTHYC-
ckuit 3P dekTrI [5, 6]. Nishanbaev u ap. n3ydann OHOIOTHUESCKYIO aKTUBHOCTE (DJIABOHOWIOB W d(PUPHEIX
Macen dkcTpakta Alhagi Persarum, mpou3pacTaromiero B Y3oekucrane [3, 6]. B Hamem ncciaenoBaHuy MBI
TIPUTOTOBHITH SKCTPAKTHI M3 PA3IMYHBIX YACTEH PacTEHHs BEpOIIOKbS KOJTIOUKA M U3YUMJIN WX BIUSHHE Ha
peryasiuo o0beMa THMOITUTOB.

Marepuajnl 1 MeToabl. OOBEKTOM HCCIICIOBAHUS MOCTYXWI nukopactymuid Alhagi persarum, co-
Opanubiii B cenTs0pe B [lenayckom paitone CypxangapbuHckod oOmactu. Bua pactenns Alhagi persarum
ompenersii 1o (¢opme cTedis, MOPPOIOTHH JINCTHEB, IIBETKOB M TUIOJOB COIVIACHO ONPENEICTHIISIM:
1) [Imantapuym. Pactenns n numaitauku Poccun u compenenbHBIX CTpaH: OTKPBITHIN OHJAWH aTiac u
onpenenmutens pactennid (https://www.plantarium.ru/page/view/item/1826.html); 2) GBIF Backbone
Taxonomy. Checklist dataset(https://doi.org/10.15468/390mei). Bumoass mpuHaIISKHOCTh ObLIA TOA-
tBepkaeHa Ph.D. O.T. Typrunoseim (MucTuTyT 60Tannku AH PY3) myTem conmocraBnenusi coOpaHHBIX 00-
pasioB ¢ repOapHBIM MaTepuaiom, Xxpaasmumcs B Llearpansaom repbapun MuactutyTta 6oTanukn AH PY3.

CoOpaHHBIN pacTUTENBHBIN MaTepHaT Pa3aeIuiIn Ha 5 gacTeil: 1) KopeHs, 2) cTedens, 3) IucThs, 4) ce-
MEHHAas KOKypa, 5) ceMeHa. DKCTpaKIMI0 POBOAMWIN Kak onucano panee [7-9]. Bkparme, 0,5 T cyxoro
M3MEJIFYEHHOTO PACTUTENBHOTO CHIPhs (KOPEeHb, CTe0eINb, JINCThS, CEMEHHAsI KOXKYypa MITH CEMEHa) 3aJI1Ba-
mu 10 M 80% 3TaHOMa, BCTPSIXUBAIXW | MUH B KPYIJIOJOHHON KOJIOe 00beMoM 50 MiI, U 3aTeM TIOMEITaH
B yNIbTpa3ByKoByto OaHio Ha 30 MuH. B3Bech oTunbTpoBsIBanm yepe3 Oymakubiid (huiasTp. Onpenenenne
001I1er0 comep KaHms CyXoro 0cTaTka B 3KcTpakTax mpoBoamtn cormacHo ODC.1.4.1.0021.15 dapmakoren
P® ¢ HekoTopeIMH MOAN(DUKATIUAMU: 2 MJT KHJIKOTO IKCTPAKTA TIOMEIIAIN B CTEKJISTHHBIA COCY/T C TUTOCKUM
JTHOM W BBICYIIMBaNIN B TeueHne 3 9 mpu 102,5 + 2,5°C. 3areM cocy/ INIOTHO 3aKPBIBAITN KPBIIIKOH, OXJIa-
JKTAITH IO KOMHATHOM TeMITepaTyphl ¥ B3BEIIMBAIIH JI0 TOCTOSHHON Macchl. CoiepKaHne CyXoro BeIlecTBa
BBIp@YKAJI B MIJITUTPaMM Ha MIJUTHITUTP (MT/MIT) 9KCTpaKTa.
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Omnpenenenne o01ero cogepkanust (IaBOHOUIOB B SKCTPaKTaX ObLIO MPOBEICHO 1O KOMILIEKCO00pa-
30BAHHUIO C TPEXXJOPUCTHIM aTIOMUHHUEM, U ONpeelieHre 00IIero coaepKanus moaudeHoIoB B SKCTpaK-
Tax MPOBOAMIM ¢ oMokl MeToaa Donmuna-Yokanrey (Folin-Ciocalteau) mmo [8, 9] ¢ HEKOTOPBIMU MOJIH-
¢buKanusamu.

B nammx skcriepuMeHTax HoOpManbHbId pactBop Punrepa conepxan (MM): 135 NaCl, 5 KCI, 2 CaCl,,
1 MgCl,, 11 HEPES, 5 tmoko3sr (pH 7,4, 290 MOcwm/kr-H,O). I'mnotonnyeckuii pactBop (147+2 mOcm/
kr-H,O) roToBuics myTeM pasBeicHHsl HOPMOTOHMYECKOTO PacTBOpa B cooTHoenuu 3:4 H-Gydepom cie-
nyromtero cocrasa (MM): 5 KCl, 10 HEPES, 2 CaCl,, 1 MgCl,, 5 rmoko3ssl, pH 7,4 (40+2 MOcm/kr-H,O).
Bce peakTuBbl IMeny KBATU(UKAIMIO «X.4.)» WM «4.71.2.».

OmnBITB TPOBOJMIN Ha OEJIBIX OECIOPOAHBIX Kpbicax 6—8 HEAETHHOTO BO3PAacTa, KOTOPbIE COAepiKa-
JIMCh B BUBApUH Ha 0OBIYHOM aueTe. Bee mpoueaypsl mpoBoauiucs ¢ codmonenrneM EBpomnelickoil KoHBeH-
LIMU O 3aIIUTE TO3BOHOYHBIX JKUBOTHBIX, HCIIOJIB3yEMBIX JJISl 3KCIIEPUMEHTOB MJIM B MHBIX HAYYHBIX LIEJSIX
(CtpacOypr, 1986 1.), B cTporom coorBercTBuu ¢ pekomernamusimu ARRIVE (https://arriveguidelines.org)
u Obutn 3apanee omoOpensl Komuterom mo 6mostuke MHcTuTyTa Onodusukn n Onoxumun. TUMOLUTHI
BBIJICJISUIN IO CTaHapTHOU MeToauke [10].

B pabote ucnonb30Bagn METOA PETHCTPALMU KIETOYHOTO 00beMa MO BEIMYMHE CBETOIPOIYCKaHMUS
[9, 10]. 3meHeHnne ob6beMa KIETOK THMOLUTOB PETUCTPUPOBAIH B MPOXOASAILIEM CBETE C TIOMOIIBIO MH-
kpokoiopumerpa MKM®-1 (Poccust). icnionb3oBanu cBeTOGUIBTP ¢ MAKCHMYMOM TIpoITycKaHusi mpu 610
HM. BpIxoqHO# curHan ycunuBanu ¢ nmoMomisio yeunurens ¥Y5-11 (Poccust), oundpoBsiBaiy ¢ MOMOIIBIO
ananoro-uugposoro npeodpaszosarenst GO! LINK USB Data Acquisition Interface (Vernier, Beaverton,
OR, CHIA) u 3anuchkiBany Ha )KECTKUI IUCK KOMIIbIOTEpa ¢ TIOMOIIbIo mporpamMmMel Logger Lite (Vernier,
Beaverton, OR, CIIA). B xone skcniepumenta, 900 MKJI cpefibl, colepKalieli HOPMalbHBIA pacTBOpa
Punrepa (KOHTpOIB), THIIOTOHUYECKHH pacTBOP 0e3 (KOHTPOIIb) MK C 100aBKOH TeCTUPYECMBIX SKCTpPaK-
TOB B YKa3aHHBIX KOHLIEHTPALUAX, BHOCHIIM B CTEKJITHHYIO KIOBETY, TEPMOCTATHPOBAHHYIO C TIOMOIIBIO
MPOTOYHON OPOH30BOH pyOaIIKK, COSMHEHHOHN ¢ BOJSHBIM IUPKYISIHOHHBIM TepmocTatom LT Ecocool
100 (Grant Instruments, Cambridge, BenukoOputanus). [locie ypaBHoBemnBanusi B Tedyenne 10 MuH, B
stueiiKy BHOCHIIN alUKBOTY (100 MKIT) KJIETOYHOI CyCHEH3UU TUMOIUTOB 10 KOHEYHOW KOHIIeHTpauuu 10
MJTH/MJL.

PerymnsitopHoe ymenblenue oobeMa (mapamerp RVD) paccunThiBaics 1O claeaytouiei popmysie:

RVD=(T, —TJNT,k —T)*100% €
e T uT, — HadaibHOE M MAKCHMAIbHOE 3HAYEHHUS CBETONPOITyCKanus, T, — 3HaYeHHE CBETONPOITy CKa-
HUS1, N3MEpEHHOe Yepe3 15 MuH rmocie Hauana THIOTOHMYECKOTO CTpecca.

KoHneHTpannoHHpIe 3aBUCHMOCTH BIUSHUS HCIIBITYEMBIX BEIIECTB HA PETYISAINI0 00beMa KIETOK arl-
MTPOKCHMHUPOBAIN C TIOMOIIBHIO YpaBHEHHS XU CIEIYIONIETO BUAA:

RVD=RVD +(@RVD, -RVD )/[1+(C/C,)"] 2)

3nece: RVD, v RVD, —— MUHHMaJIbHAs U MaKCUMAJbHAs BEJUYMHbI PETYJIATOPHOIO YMEHBIICHUS

o0bema Ki1eTok (%), C — koHueHTpanus semectsa (MKr/mi), C, — KOHIEHTPALMs BEIIECTBA, OKa3bIBAKOIIAs
noJyMakcuMalbHbIH dhdexT (MKr/Mi), i — koaddumuent Xuma.

JlaHHBIC aHAJTU3UPOBAIMCH C UCIIOIb30BaHUEM ITporpammbl Origin, Bepcuu 8 (OriginLab, Northampton,
MA, CHIA). Bce nanHble mpuBeieHBl KaK CpeAHEe + cTaHAapTHas OmMOKa IS 7 SKCIEPUMEHTOB.
Craructudeckyto 00pabOTKy MOJTYYEHHBIX JAHHBIX MPOBOAMIM C MCIOJIb30BaHHEM f-Tecta CThIOJCHTA.
Paznuuus cuutanuch CTaTUCTUIECKU 3HAYUMBIMHU TTpH P<0,05.

Pe3ynbTarbl M o0cy:kaenune. Pe3ynbTarel onpeiesieHust CyXoro OCTarka, O0Iero coaepikanus ¢ia-
BOHOM/JIOB U MOJH(EHOIOB B HCCIIETOBAHHBIX IKCTPAKTaX BEPOIIOKbEH KOMIOUYKH OBUIH ITPHUBEACHBI HAMH
panee (cM. Tabmuiy 1 B [9]). Haubosbliee KoIM4eCTBO CyXOTo BelleCTBa ObLIO OOHAPYKEHO B CEMEHHON
koxype (16,64+3,0 mr/mi). B mMarepuane, moryueHHOM W3 BETE€TaTUBHBIX YAaCTEH PACTEHHMsI, CONlEPKAHNE
CYXOr0 BEIleCTBa B KOpHE cocTaBiisiio 7,64+3,0 mr/mi, B crebne 8,9+1,6 mr/mi, B sucthsx 9,2+1,1 mr/
M. Y3 ceMsiH ObLIO TIOJYYSHO IPUMEPHO B 4 pa3a MeHble (T.e. 4,5+1,0 MIr/Mi1) cyXoro BeIlecTsa, ueM u3
CEMEHHON KOKypbl. B Hammx ganpHEHIINX 3KCIIEPUMEHTAX OBIIM MCIIOIB30BaHbI KUIKHE IKCTPAKTHI, a
MX KOHIIEHTPAlU{ BBIPAXKAIUCH B ITEpecUeTe Ha CyXyI0 MacCy COIIaCHO paHee MPUBEIECHHBIM JaHHBIM [9].

B usoronnueckoii cpene (HOpMaibHBINA pacTBOp PuHrepa) o0beM TUMOIIMTOB OCTaBaJICs Ha MOCTOSH-
HOM ypoBHe B Teuenue 20 muH. [Ipu nonaganuy B THIOOCMOTHYECKYIO CPEly THMOLIUTBI CHadaa ObICTPO
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HaOyxaJiy, a 3aTeM BOCCTaHABIMBAJIM CBOM 00BEM 10 YPOBHS, ONM3KOTO K HCXOAHOMY, B TedeHue ~15-20
muH. [Ipu 15-MHHYTHOH MHKYOalMH KJIETOK B THIIOOCMOTHYECKOH cpele peryisToOpHOE YMEHBIICHHE
o0beMa JJisl KOHTPOJs B cpeqHeM coctaBuio RVD = 77,1£7,2 % (n=16). DKCTpaKT KOpHS PaCTEHHUS MPH
KOHIEHTpauuu 7,6 MKI/MJI CTUMYJIHPOBaN mpouecc RVD, T.e. yMeHbIIEHHE 00beMa KIETOK JI0CTOBEPHO
AKTUBHPOBANIOCHh U cocTaBsuio 83,5+4,4 % (n=5) mo cpaBHeHUIO ¢ KOHTpojeM. [Ipu yBenuyeHUu KOH-
LEHTPAIHN HKCTPAKTA MPOUCXOIUIIO J0303aBUCUMOE MOHMKEHHE CIIOCOOHOCTH KIIETOK BOCCTaHABIUBATH
CBOH 00BbeM, U TipH 03¢ 760 MKI/MII Ipoliecc MPakTHUECKH TTOJIHOCTRI0 HHruoupoBaics ¢ RVD ~ 13,4 %
(n=5) (puc. 1A). KpuBas 103a-0TBET XOPOIIIO OMUCHIBAETCS ypaBHEHNEM XUJuIa (2) ¢ MoJlyMaKCHMaIbHBIM
unrubuposanuem C_, = 43,5+£8,6 MkM u ko3 dunmenrom Xumia 5,2+4,7 (puc. 1B).
A) b)
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P | *

80
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E 60
>
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T T T T 1
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Puc. 1. BiusiHuE 3KCTPAKTOB, MOJyYEHHBIX U3 KOPHS BEpOIIFOKbEH KOTIOYKH, HA PErYJIISINI0 00beMa
TUMOIIUTOB B THTIOOCMOTHYECKOH cpejie. (A) — moKa3aHbl OPUTUHAIBI 3aITUCH PETUCTPAIIUN H3MCHCHUS
CBETOIPOITYCKaHUsI CYCIICH3UH KIIETOK BO BpeMeHH; (b) — moka3zaHna 3aBUCUMOCTB CPEIHHUX BEIINYHH
napametrpa RVD, onpenenennoro mo gopmyse (1), OT KOHIICHTpAIMK YKCTPAKTOB. *CTaTUCTHUSCKU
3HauuMoe otauuue mnpu P < 0,05.

B akcriepumenTax ¢ 9KCTpakToM cTeOIsl BEpOMIOKbEl KOTIOUKH MBI Takke Habmonanu apdexkTuBHOE 1
J10303aBUCHMOE TIOIaBICHUE CIIOCOOHOCTH THUMOLIUTOB PEryIHpOBaTh 00beM. DPPEeKT ObUT 3HAYUTETEHBIM
y3Ke TIpH 03¢ 8,9 MKr/mi, a npu 890 MKr/MII cliocOOHOCTh THMOLIMTOB PErYJIMPOBATh CBOI 00BEM MOIABIIS-
nack 10 RVD ~ 25% (puc. 2A, b). OnHako ciieayeT OTMETUTh, YTO NMPHU BBICOKUX KOHLIEHTPALUSAX IKCTPAK-
Ta cTeOJsl KHHETUKA U3MEHEeHUs1 o0beMa nuMenia AByX(a3Hblil XapaKkTep: HadyallbHOE C)KMMaHKUE CMEHSIOCh
MO3IHUM HaOyXxaHHeM NpH perucrpauuu 6omnee 7-8 muH. [loaToMy, MO-BHAMMOMY, 3HAYCHUS TTapaMeTpa
RVD, npuBeaensie 17151 OOJNBIIMX 103 IKCTPAKTa cTeOIIs, HECKOJIBKO 3aHMKEHBI. [lomyMakcuManbHbIl 3¢-
dexr nabmonancs npu C, ) = 133,132 mxr/mn npu kosdppunuente Xumna 1,2+0,4.

3HauUNTENbHOE BIMSHUE DKCTPAKTa JHMCTHEB PACTEHUSI BEpONIOKBS KOIroUKa Ha RVD Habmromanocsk,
HayMHas ¢ KOHUeHTpauu 9,2 Mxr/mi. [lpu yBenmueHnn KOHUEHTPAIUU SKCTpaKkTa 10 920 MKr/mi cuctema
KOHTpOJISi 00beMa KIIeTOK OiokupoBanach 10 RVD ~ 38,6% (puc. 2B). [lpu anmpokcuManyuu pe3yasraToB
ypaBHeHHEM XWIJia MoTyMakcuMalbHbIN 3 ekt okaszancs paBHbIM 33,4+10,4 Mkr/mia, a koaddumuent
Xwumna 1,5+0,7 (puc. 2I).

JleiicTBHE 3KCTpaKTa KOXKYPBI CEMSIH Ha KJICTKH THMOLIUTOB OBIJIO 3aMETHBIM YK€ MPH KOHIEHTPALIH 2
MKI/MJI 1 JOCTUTAJIO TUIATO TP J103€ 83 MKI/MIL, TPH KOTOPOH MaKCUMaIbHOE HHI'MOUPOBAHUE COCTABIISIIO
RVD ~ 31,6 %. Takum 00pazoM, 1axke MPH BHICOKOH KOHIEHTPALMHU SKCTpaTa KOKYpbl CEMSIH MOJTHOTO WH-
ruOupoBanus He HaOmonanock (puc. 3A, b). Ciaenyer oTMETUTD, YTO ITPHU KOHLETPALMSIX BhIIIE 83 MKI/MII,
TaK e, Kak U B CIIydae 3KCTpakTa cTeOs, Mbl HaOmoganu AByX(a3Hyro KHHETUKY U3MEHEHHUS CBETONPO-
MyCKaHUsI CYyCIICH3MH KJIETOK, KOTIa HadallbHOE CKUMaHUE CMEHSJIOCh BTOPUYHBIM HaOyXaHHEM, KOTOPOE,
M0-BUANMOMY, OTPaKaeT HapyLICHUE LEJIOCTHOCTH KJIETOYHOW MEMOpaHbI, ¥ TO3TOMY 3TH JaHHBIC HEJIb35
HWHTEPIPETHPOBATh OIHO3HAYHO, M OHM HE MPUBEIEHBI B JaHHOU cTaThe. Kpuas «mo3a-3ddexT» amst KoH-
LEHTpALKi 10 83 MKI/MJI XOPOILIO OMHMCHIBAETCS ypaBHEHUEM (2) € moyMaKcuManbHbM 3 dexrom mipu C,
= 11,3£2,3 mxr/mia u ko3 dunuentom Xwmmwia 2,4+0,9.

B 3THX Xe yCIOBHSAX MOJ BO3ACHCTBHEM IKCTPAKTA U3 CEMSH PACTCHHUSI BEpOIIOXKbS KOJIOUKA YCTa-
HOBJIEHO cHWKeHHEe RVD tumonutoB 10 35%. KoHnenTpanus moaymakcumMaiabHOro 3¢ dexra Obuia paBHa
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Puc. 2. BausHue 9KCTpakTOB, OJyUYEHHBIX U3 CTEOIISI U JINCTHEB BEPOIIIOKbEN KOJIOUKH, HAa PEryJILUI0
00beMa THMOLIUTOB B TUIIOOCMOTHYECKOH cpejie. (A, b) — moka3zaHbl OpUrHHAbI 3aIIUCH PETUCTPALIIH
M3MEHEHHsI CBETONPOITYCKaHUs CYCIIEH3MH KJIETOK BO BpeMeHH; (B, I') — mokaszana 3aBUCHMOCTb CpeTHUX
BeJINUMH napameTpa RVD, onpenenennoro no gopmyse (1), OT KOHUEHTPaLUH S3KCTPAKTOB. * - CTATUCTHU-
yeckH 3Hauumoe otiinuue npu P < 0.05.
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Puc. 3. BiustHuE SKCTPAKTOB, MOJYICHHBIX M3 CEMEHHOM KOXKYPHI 1 CEMSTH BEpOITIOKBEH KOFOUKH,

Ha PETYJHIINI0 00beMa THMOIIUTOB B THIIOOCMOTHYECKOH cpene. (A, B) — moka3aHbl OpUTHHAIIEI 3a-
MTUCH PETUCTPAINY U3MEHEHHS CBETOTIPOITYCKaHMs CYCTIeH3HH KJIeTOK BO BpemeHu; (b, I') — mokazana
3aBUCUMOCTH CPETHUX BEIMYWH mapamerpa RVD, onpenenennoro no ¢hopmyite (1), OT KOHIIEHTpaIuu

AKCTPAKTOB. * - CTATUCTHYECKN 3HaUMMOe oTauare rmpu P < 0.05.
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105,2471,3 mxr/mi, a koadduuuent Xuma 0,5+0,2 (puc. 3B, I'). [lonyuennslie B paboTte nmoarymakcuMab-
HbIC HHTUOUPYIOIINE KOHIICHTPAIMH, KOAQPHUINEHTH XWiJla 1 MAKCUMAIbHBIA MPOIIEHT HHIHOUPOBAHUS
CYMHMUPOBaHbI B TaONHUIIE.

AHanu3 JaHHBIX TAONHIBI MOKA3bIBACT, YTO, €CIM HCIIONb30BaTh B KayecTBe Mepbl 3(pheKTHBHOCTH
npenapara Beuuuny C, , T0 HauOOJEe aKTUBHBIM CJIEYET MPU3HATH OKCTPAKT CEMEHHON KOXKYPBI, 1T
KOTOPOTO 3TOT TMapaMeTp ObLI MUHUMAJbHBIM M cocTaBui 11,3£2,3 MKr/mil, 4To MpUMEpHO B TPH pasza
MEHBIIIE, YeM aHAJIOTUYHBIN TapaMeTp AJIs SKCTPAKTA JIUCTHEB, T.€. SKCTPAKT CEMEHHOM KOXKYPBI TPUMEPHO
B 3 paza OoJiee akTMBEH, YeM DKCTPAKT JTUCThEB. [Ipr 3TOM MOKHO CKa3aTh, YTO HKCTPAKT CEMEHHON KOXKY-
PBI IPUMEPHO B YeThIpe pasa 3pdekTuBHEE IKCTPAKTa U3 KOPHS, B ICBIThH pa3 d3PEeKTUBHEE IKCTPAKTA U3
CEMsIH U B JIECSITh pa3 dpQeKTuBHEE IKCTPaKTa U3 cTedns. B To ke BpeMsi, MaKCUMaJIbHbIH MPOIIEHT UHTU-
OupoBaHus ObIIT HAMOONBLIMM JUIS KCTpakTa KopHs (6osnbiie 80%), uto mpumMepHo B 1,5 paza Gonplie, yem
AHaJIOTHYHBIN TapaMeTp Ul SKCTPaKTa CEMEHHOM KOXYpbl. TakuMm oOpa3om, psii akKTHBHOCTH, COCTaB-
JICHHBIN 110 BETMYMHAM ITOJTyMAaKCUMAIBbHBIX 3 QEKTUBHBIX KOHIICHTPAIHIA, OyAET BBIIISACTh CICAYIOIINM
00pa3zoM: ceMeHHast KOKypa > JIMCThs > KOpPEeHb > ceMeHa > crebenb. P 2 pekTHBHOCTH, COCTaBICHHBIH
[0 MakCHMAaJIbHOMY TPOLEHTY WHTMOMPOBaHMSI, UMEET CIICAYIOIINI BUA: KOPEHb > cTeOeNb > ceMeHHas
KOXKypa = CEeMEHa > JIUCThSI.

ITapamerps! ypaBHeHus: XHJLJIA IS KPUBBIX 3aBUCUMOCTH apamerpa RVD
OT KOHIEHTPAIUH IKCTPAKTOB, MOJYy4YeHHBIX U3 Pa3JINYHBIX YacTeil BepO/IioiKbell KOJIYKH

No Yactu pacrenis C, Koadpumment MaxkcuMalIbHBIH MPOIEHT
(MKr/Mmi1) Xwumnna (h) uHruouposanus (%)
1 | Cemennas Koxypa 11,3+£23 2,4+0,9 56.5
2 | Jluctes 33,4+10,4 1,5+0,7 52.2
3 | Kopenn 43,5+8,6 52+47 84.0
4 | CemeHa 1052 +71,3 0,5+0,2 56.5
5 Ctebenb 133,1 +£32 1,2+04 67.3

3akarouenne. TakuM o0Opa3oM, Cpeau M3YUCHHBIX YaCTeH pacTeHUS BEpOIIOXKbs KOIIOUKA, CEMEHHAs
KOKypa Oblra Hanboee 6orara Ha OMOJIOTHICCKH AKTUBHBIC KOMITOHEHTHI, TAKUE KaK (DJIaBOHOWIBI M TIOJTH-
(heHOITBI ¥ IPOSIBISIIa HanOO0JIee aKTUBHEIC TEMOTUTHYSCKHUE cBoicTBa [9]. OHa Takke okazaach Hanboee
3¢ (eKTUBHOI 10 CBOEMY BIHSHHUIO Ha PETYISAINI0 00beMa THMOIIMTOB, a TIOJTYyMaKCUMAalIbHOE JeicTBHE
Ha PUTPOIUTHI M THMOIIMTHI HAOIOAJIOCh MPAKTHYECKH TP OIMHAKOBOHW KOHIIEHTPAIIUH, TO €CTh OKOJIO
12—14 Mxr/mi. JIeficTBHE SKCTpaKTa CTEOS HA PETYIAINI0 00bEMa KIIETOK MPOSBIISIIOCH TIPH KOHIIEHTPA-
LUSX, TIPEBBIIIAIOIINX TEMOIMTHYECKHE B 2,5 pa3a. Bce ocTabHBIE 9KCTPAKTHI MPOSBISLTA HHIHOUPYTOIIee
CBOMCTBO Ha PETYJISIHNI0O 00beMa TUMOIIMTOB MPH CYOIUTUYECKUX KOHIEHTPAIUAX, T.€. IIPH 033X, KOTO-
pBIe OBUTH HAMHOTO MEHBIIIE KOHIIEHTPAINi, HEOOXOAMMBIX JIJIS pa3pyIIeHNs YEIOBEUYECKUX SPUTPOIIUTOB.
Orta pasHuna cocraBmia 1,6 pa3 mis ceMsH, 5,4 pas I JIUCTHEB | 2,6 pasza s KopHsA. MO)XHO ToJ1ararh,
YTO CeMEHasl KOKypa 00aaeT 04eHb aKTHBHBIMH HEINTHYECKUMI KOMITOHEHTaMH, HHTHONPYIOIIAMHA Pe-
TYJIANAIO KIETOYHOTO 00BheMa.

Bnaronapuoctu. Jlanaoe nccaenoBanne OBIIO BRITOIHEHO TIPH noaaepxkke rpanto @-OT-2021-157
MuHncTEepCTBa BBICIIIETO 00pa30BaHs, HAYKH 1 WHHOBAIUH Pecryommku Y3oekuctan u REP24112021/41
MupoBoro OaHka.

Konkpertnslii Bkaaa aBropoB: O.0K. Xamumosa, 3.K. Xacanosa u JI.X. DaiizymraeBa IpoBeIn dKC-
niepumenTsl, C.U. Pyctamora n O.)K. Xamunosa ananu3uposanu garasie, O.0K. XaMumosa Hammcana crTa-
th10, P.ILI. Kypbannazaposa u [1.I. Mep3isak mpuHAMaNIH y4acTHE B OHU3aifHE HYKCIECPHUMEHTOB, aHAIN3E
TAHHBIX U TIOATOTOBKE cTarb, P.3. CabupoB pyKOBOIWII AKCTIEPUMEHTAMH, aHATTU3WPOBAJ JaHHBIE, PelaK-
THUPOBAJ CTATHIO.
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ALHAGI PERSARUM SUV-ETANOLLI EKSTRAKTLARNING TIMOTSITLAR HAJM
BOSHQARILISHIGA TA’SIRI

0.J. Xamidova, L.X. Fayzullaeva, Z.K. Xasanova, S.I. Rustamova, R.Sh. Kurbannazarova,
P.G. Merzlyak, R.Z. Sabirov

Ushbu maqolada yantoq (4lhagi persarum) o‘simligining o‘rganilgan qismlari ekstraktlari orasida biologik
faol komponentlarga (flavonoidlar, polifenollar) eng boy bo‘lgan urug® po‘stlog‘i, eng faol gemolitik xususiyatlarni
namoyon qilishi va timotsitlar hajm boshqarilishiga yarim maksimal ta’siri 12-14 mkg/ml bilan, eng faol ta’sir
ko‘rsatishi aniqlangan. Poya ekstraktining hujayra hajmini boshqarishga ta’siri gemolitik faolligidan 2,5 marta
yugqori konsentratsiyalarda namoyon bo‘ldi. Qolgan barcha ekstraktlar sublitik konsentratsiyalarda timotsitlar hajmini
boshqarishni ingibirlash xususiyatini namoyon qildi. Bu farq urug‘lar uchun 1,6 marta, barglar uchun 5,4 marta va
ildiz uchun 2,6 martani tashkil etdi. Urug* po‘stlog‘ini hujayra hajmini boshqarishni ingibirlovchi juda faol nolitik
komponentlarga ega deb taxmin qilish mumkin.

Kanum cysnap: Alhagi persarum, yantoq, ekstraktlar, flavonoidlar, polifenollar, timotsitlar, RVD hujayra hajm
kamayishi.

27



Vabexckutl buonosuueckuii Kypuan 2025, Ne 1

EFFECT OF WATER-ETHANOLIC EXTRACTS OF ALHAGI PERSARUM ON THE REGULATION OF
THYMOCYTE VOLUME

0.J. Khamidova, L.X. Fayzullayeva, Z.K. Khasanova, S.I. Rustamova, R.Sh. Kurbannazarova,
P.G. Merzlyak, R.Z. Sabirov

In the present study, it was shown that, among the extracts of different parts of the plant A/hagi persarum, the seed
coat, which was the richest in biologically active components (flavonoids, polyphenols), exhibited the most active he-
molytic properties and had the most active effect on thymocyte volume regulation with a half-maximal effect of 12—14
pg/ml. The effect of the stem extract on cell volume regulation was observed at concentrations 2.5 times higher than
its hemolytic activity. All other extracts showed the property of inhibiting thymocyte volume regulation at sublytic
concentrations. This difference was 1.6 times for seeds, 5.4 times for leaves, and 2.6 times for roots. It can be assumed
that the seed coat has very active nonlytic components that inhibit cell volume regulation.

Key words: Alhagi persarum, extracts, flavonoids, polyphenols, thymocytes, RVD regulatory volume decrease.
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MEXAHU3M JIUTUYECKOT'O U CYBJAUTUYECKOI'O JEMCTBUS DKCTPAKTA
CMOJIbI ®EPYJIbI TAJKUKCKOM HA SPUTPOLIUTHI YEJIOBEKA

121 ]1. PAW3HEB, >)C.X. HEBMATOBA, 20.7K. XAMHUJIOBA, '*P.III. KYPBAHHA3APOBA,
'IL.T. MEP3JISIK, '*P.3.CABUPOB

"Muctutyt 6nodusuku u Guoxumuu nmpu HYVY3;
?Kadenpa 6uodusuku, ornonorundeckuii paxynprer HYV3

Astop s niepernckn: diyor09@mail.ru

[IpencraBneHsl pe3yabTaThl MO0 M3YYCHUIO MEXaHU3Ma JCHCTBHS BOAHO-CITUPTOBOTO 3KCTpakTa cMoibl Ferula
tadshikorum Ha SpUTPOIUTHI YEIOBEKA. YCTAHOBIIEHO, UTO IKCTPAKT HHIYITUPYET GOPMHUPOBAHUE MTOP pagnycom ~3,3
HM B MeMOpaHe 3puTponuToB. [TokazaHo, 4T0 B HEOOMBIINX CYOIUTHIECKUX KOHIICHTPAIHUAX, HE BBI3BIBAIOIIUX TEMO-
JTU3a, SKCTPAKT CHIKAET YCTOMYMBOCTH KIETOK KaK K OCMOTHYECKOMY, TaK U K KOJJIOWAHO-OCMOTHUECKOMY CTPECCy,
BBI3BAHHOMY KaHaJ0(popMepoM HUCTaTUHOM. TOT (hakT, 4TO JTUTHYECKOE JACHCTBUE TPOUCXOHT MPU KOHIICHTPAIUU
<10 mxr/mi, a cyonutudeckue 3h(EeKThl MPOSIBISIFOTCS YKe MpH | MKI/MII, CBHIETENILCTBYIOT O KpaifHe BBICOKOH ak-
THBHOCTH OMOMOJIEKYJ B COCTaBE dKCTpaKTa cMoJbl Buna Ferula tadshikorum.

Knitoueswvie cnosa: Ferula tadshikorum, ocMOTHYECKHUI CTPECC, SPUTPOIMTHI, KOJJIOUTHO-OCMOTHYECKAS Pe3H-
CTEHTHOCTb, OTMATUIEHIIINKONE (T1OT).

Beenenme. Ferula — polil MHOTOJIETHUX I[BETKOBBIX TPAaBSIHUCTBIX PACTEHHH CEMEHCTBa 30HTHYHBIX
(Apeaceae), koTOpbIe OOBIYHO XapaKTEPHU3YIOTCS CBOCOOPA3HBIM PE3KMM YECHOYHBIM 3armaxoM. B mmpe
BcTpedaercs 6osee 180 BumoB depynsl [1], B OCHOBHOM OHH pacmpocTpaHeHsl B LleHTpansHoil A3nn, Ha
bmmxuem Boctoke, B Cubupu u FOxuoit Asun [2]. @epyna Tamkukckas (Ferula tadshikorum) sensert-
CsI TIPEACTABUTENIEM ITOTO POJAa U CUUTACTCS dHIASMUIHBIM BuaoM Cpennerr Asuu [3]. Depymna comepkut
MHOKECTBO XUMHUYECKUX COCIMHEHUH, B MEPBYIO O4epe/lb KyMapuHbl, 0COOCHHO CECKBHTEPIICHOBBIC KY-
MapuHbI, JIETYYHe Maciia, CepocoiepKallhe U apOMaTHIeCKUe COSJIMHEHNSI, KOTOPBIC TIPOSIBIISIFOT Pa3HOO-
Opa3Hyo OMOJIOTHYECKYIO0 aKTUBHOCTH [4, 11]. B HammMx nmpeapIaymux UCCaeI0BaHUsX, KOTAa MbI N3y
BIIUSIHUAC DKCTpPaKTa cMONbl Ferula tadshikorum Ha SpUTPOIUTHI YEJIOBEKA, IKCTPAKT MOKAa3ajd BBEICOKYIO
TeMOJINTHYECKYIO0 aKTHBHOCTH [5]. Llenmpio manHOoTrO MecinenoBanns ObUTO ONpeneieHne MEXaHn3Ma TeMo-
JINTUYECKOTO JIEUCTBHUSA SKCTPAKTA CMOJIbI Depysibl TAIKUKCKOM, a TAKkKE €ro JEHCTBUS HA OCMOTHYECKYIO
1 KOJUTOMJTHO-OCMOTHYECKYIO PE3UCTEHTHOCTD KJIETOK B CYOJIMTHYECKUX JI03aX.

MarepuaJnbl U MeTOABI. B kauecTBe 00beKTa HCCIeIOBaHUs ObLIa CIIOIb30BaHA CMOJIA, COOpaHHast B
OCEHHUH Mepro/T M3 HaI3eMHOM YacTh pacTenus Ferula tadshikorum, mponspacraromiero B Jlexxanabamckom
paiione Kamrkagapsuackoit obmactu. Bun pactenust onpeaensi ¢ moMomIsio mporpaMmsl Picture This —
Plant Identifier (WanChai, l'oakonr, Kuraif). Cmoma Osuta mpenoctasieHa ¢upmoit Pinnacle Worldwide
Exim Agro LLC (Y36ekucran). DKCTPaKT MOTydaId C UCIIOIb30BAaHHEM paHee OMHMCaHHOro MeTofa [6, 7]
¢ HeKOTOphIMH MoguduKarusimMu. 0,5 T pacTuTeabHON cMounbl 3anmBaiu 10 v 80% sTaHona, BCTpSAXUBAIN
1 MHH B KpyIJIOMOHHON KOJIOe 06heMoM 50 MIJI M 3aTeM TOMEIIAIH B yABTPa3BYKOBYI0 OaHio Ha 30 MuH.
[Tomyuennyto cycnensuto (pumsTpoBanu depes Oymaxubiil GuiasTp. OnpeneneHne Macchl CyXoro ocTtarka
B IKCTpakTe npoBoawin no npasuiam Papmakonen PO (OPC.1.4.1.0021.15). dys atoro 3 Mt )KHIKOTO
IKCTpaKTa TIOMENIAI B CTEKIISIHHBIA COCY] C IUIOCKUM JTHOM U CYIIMJIM B TEPMOCTATEe MPH TeMIIepaType
102,5+2,5°C B Tedenue 3 gacoB. BeICyIIEHHBIH IKCTPAKT OXJIAXKAAJIHM 10 KOMHATHOW TeMIIepaTrypbl MpU
TUTOTHO 3aKPBITOM KPBIIITKE W B3BEIIUBAIH JI0 TIOCTOSHHOTO Beca. Maccy cyXoro ocrarka BhIpaKald B MT
Ha | MJT DKCTpaKTa.

B nammx sxcriepumenTax HopMaibHbIi pactBop Punrepa conepxan (MM): 135 NaCl, 5 KCl, 2 CaCl,,
1 MgCl,, 11 HEPES, 5 rmrokosst (pH 7,4, 290 MOcm/kr- H,O). H-Oydep conepxan (MM): 5 KCI, 10 HEPES,
2 CaCl,, 1 MgCl,, 5 rmoxkossl, pH 7,4 (40+2 MOcwm/kr-H,O). I'nnotonnyeckue pacTBOpsI C yKa3aHHOU O¢-
MOJISIPHOCTBIO TOTOBHIIU ITyTEM CMEIUBaHuUs pacTBopa Punrepa ¢ H-OydepomM B pa3iniHbIX COOTHOIICHU-
sX. Bce peakTHBBI HMENU KBATU(PHUKAIUIO «X.9.)» WIN «9.]1.2.%.

KpoBb Opaynm u3 JIOKTEBOH BEHBI 37J0POBOTO TOHOPA-IOOPOBOIBIIA B HEOOXOAMMOM O0BEME C TTOMO-
IIBI0 CTEPWIIHHOTO TIIPHUIIA TT0 paHee onrucaHHoi Metoauke [§]. Bee mportiemypsl 1Mo BBIICIEHUIO 3PUTPO-
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LIMTOB Y€JIOBEKA MPOBOAMIIUCH B CTPOTOM COOTBETCTBUH ¢ XEIbCHUHKCKOM JeKiapanueil, B COOTBETCTBUU
¢ pexomennanusivu ARRIVE (https://arriveguidelines.org) u 0butn omodpensr KomureToM 1o OMo3THKe
WuctutyTta 6nodusuku u onoxumun (paspemenne Ne BEC/IBB-NUU/2019/01-2). LlenbHyto renapruHu3u-
posannyto (10 EJl) xpoBb pa3zBoawiu B cooTHomenuu 1:10 pacrBopom Punrepa. [Ipurorosnennyro cmech
uentpudyruposanu npu 3000 o6/mun (1000 g) B Teuenue 10 munyt. [Iponenypy nosropsin 3 pasa u
roTOBWIH 8%-HYI0 CYCHEH3UI0 KpOoBH. B nmyHKHN miatel Mukporutparopa BHocwin 200 MK HOPMaJIBHOTO
pacTtBopa Punrepa (koHTposb) nim pactBopa Punrepa, cojepxaiiiero SKCTpakT B yKa3aHHOW KOHIIEHTpa-
1y, 3aTeM B KKy JyHKy no0apnsum o 200 mkin 8%-HOW CyCHEH3UU 3pUTPOIUTOB (00Ul 00beM
cycnensun 400 mxi). Cmech nHKyOHpoBaiu B Teuenue 60 munyT npu 37°C. MukpoTutpatop, coaepxa-
LIMH CyCIIEH3UIO KPOBU, OCTOPOKHO BCTpsAXHMBAIU Kaxkable 15-20 munyT. Ilocie uHKyOanmu cycrneH3uio
kneTok nentpudyruposanu npu 3000 06/mMuH B Teuenne 10 muH. KonmuecTBo reMornoOnHa B cynepHaTaH-
Te n3Mepsin Ha Mukpokosopumerpe (MKM®-1, Poccust) npu juinne BonHel 540 HM. IIponeHT remomnmsa
paccuuThIBAIN IO GopMyIIe:

T'emonuz = (OI1/OI1,,) * 100% )

rae OI1 — onTuyeckas IJIOTHOCTh CynepHaranTa B onbite; O, — CpeaHss ONTHYECKas IIOTHOCTh Cy-
NepHaTaHTa B 3-X JiyHKax ¢ aerepreHToM TputoH X-100. I'emonn3, paccunTaHHbIN UId 3-X KOHTPOJIb-
HBIX JIYHOK, ITOKa3bIBa€T YPOBEHb CIIOHTAHHOIO I'EMOJIN3a MPH JAHHBIX DKCIIEPUMEHTAIBHBIX YCIOBHIX.
CrOHTaHHBIH JIU3KUC 3PUTPOLUTOB COCTABUI OKOJIO 1% npu 60-MuHyTHOM MHKYOauuu mpu 37°C.

Jlig onpenesieHust yCTOMYUBOCTH SPUTPOLIUTOB YEJIOBEKAa K OCMOTHYECKOMY CTPECCY B JIYHKH ILIAThI
MHUKpPOTHUTpaTopa 100aBis 360 Mk pacTBopa PuHrepa ¢ pasjinuHbIM OCMOTHYECKHM IaBJCHHEM, Oe3
WK ¢ J0OABKOH 3KCTPAKTa B YKa3aHHBIX KOHIEHTPALUIX. 3aTeM B KaKIAYI0 JyHKY BHOCHIN 10 40 Mk 40%
CYCICH3MHU PUTPOLUTOB, PEIBAPUTEILHO HHKYOUPOBAaHHOM NTPH KOMHATHOW TeMIieparype B Tedenue 30
MHUHYT, 0e3 WU ¢ J00aBKOW AKCTpPAaKTa B yKa3aHHBIX KOHIEHTpauusx. [lmarty mepeHocmiu B TEPMOCTAT,
nHKyOupoBanu npu 37°C B Teuenue 60 MUH U ONpEACISUIN YPOBEHb T€MOJIN3a MO CBETOMOIIOLICHUIO TIPU
540 HM.

Jlig onpenieneHns yCTOMYMBOCTH SPUTPOLUTOB K KOJUIOMIHO-OCMOTHYECKOMY JIN3UCY, B JIYHKH TJIAThI
MHUKpOTHTpaTopa BHOcHIH 1o 200 Mk pacTBopa Punrepa 6e3 mnu ¢ 100aBKoi SKCTpakTa M HUCTaTUHA B
KOHILEHTPALUsX, BIABOE MIPEBLIMIAIOIINX YKa3aHHbIE Ha Tpadukax. Bo Bce mynku BHocuau mo 200 mka 8%
CYCHIECH3MHU 3PUTPOLUTOB (IIPH 3TOM KOHLEHTPALUU HKCTPAKTa W HUCTATHHA JOCTHIaJld KOHEYHBIX 3HA-
YEeHUH, YKa3aHHBIX Ha COOTBETCTBYIOIIMX Irpadukax) u yepe3d 60 MuH nHKyOauuu npu 37°C onpeaemnsiu
YpOBEHb FEMOJIN3a 110 CBETONOMIONIEHNIO ITpH 540 HM.

Hommstunenrnukonu (I1917) ncnonp3oBanich B CASIYIONMX KOHLEHTPALMAX, CO3AAIOIINX TOTOTHH-
TenbHOoe ocmotrueckoe nasienne 40 mOcm/kr H O: TIDT'T500 (25 MM), 11212000 (25 mM), 1213000 (20
MM), [1214000 (15 mM), I12I'6000 (12 MM) u [121'12000 (10 MM). OcMOISITEHOCT PACTBOPOB U3MEPS-
T ¢ TMIOMOIIIBIO JieripecconHoro ocmomerpa OM 802 (Vogel, I'epmanus). [ unponnHaMudecke paanycol
(R,) ObLH B3sTHI M3 [9, 10].

JlaHHBIE OCMOTHYECKOH PE3MCTEHTHOCTH OBUIM allpOKCUMHPOBAHBI C MCIIOJIB30BAHHEM YPaBHEHHE
CJIEIYIOILIETO BUA:

L=L +(L

-L,)/A+d/1I)) 2
rie: L — ypOBeHb JIM3KUCa O9PUTPOUTOB uesoseka (%), L, u L — MHHUMAIBLHOE U MAaKCUMAJILHOE 3HaYe-
nue L, I1,,— 0CMONSIBHOCTD PACTBOPA, BHI3BIBAIONIETO MOTyMAKCUMANbHBIN JTM3UC Ki1eToK (MOcm/kr-H,O)
U § — TIapaMeTp KPYTH3HBI.

KpuBbie 3aBHCHMOCTH «103a-0TBET» allPOKCHMHUPOBAIHN YpaBHEHNEM XWJUTa CIEAYOMEro BU/A!
L=L +(L, —L )JI+C/C,)) 3)

sun
3nech: L — ypOBEHb JIM3KMCa SpUTPOLUTOB YenoBeka (%), L ¥ L _— MUHMMAaJbHOE U MaKCUMAJILHOE
3nayenue L, C — xoHueHTpanus Bemectsa (MKr/mi), C. ) — KOHIEHTPalKs BEIECTBA, OKa3bIBAKOLIas IOy~
MaKCUMAaITbHBINA 3P dexT (MKr/Mi), & — koddpunmenT Xuia.

JlaHHBIe aHATTU3UPOBAIKCH C NCTIOIB30BaHUEM ITporpammbl Origin, Bepcuu 8 (OriginLab, Northampton,
MA, CIIA). Bce nanHble MpUBENEHBI KaK cpenHee + craHaapTHas ommOka cpenHero (SE) mist n axe-
nepuMenToB. CTaTHCTHYECKyI0 00pabOTKy MONTYy4YEHHBIX AaHHBIX MPOBOAMIN C HUCIIOJIB30BAHUEM t-TecTa

CrproneHTa. Paznuuus cuutanuch CTaTUCTUUYECKU 3HAYMMBIMHU 1pu P<0,05.

max

max
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Pesyabrathl u o0cyxkaeHue. B npenpirymux ucciaeoBaHUAX HaMH ObUIO YCTAHOBJIEHO, YTO KOJIH-
YECTBO JKCTPAKTa, MPUBOJSAIIEE K IONYMAKCUMaIbHOMY remonusy, papHo C, = 7,8+2,4 mxr/mn [5]. B
HACTOSIIEM HMCCIICJIOBAHUU MBI OTIPEJICIINIIN, YTO Macca CyXOro BElIecTBa B AKCTpakre paBHa 7,2+0,9 mr/
MJI, UCXOJISl M3 YEeTO PACUUTHIBAIIM KOHILEHTpAIHUIO, mpuBosiyto K 100% remMonu3y B 9KCIEPUMEHTaX C
MTOJTUA TUIICHIITUKOJISIMH.

Jlig BBISICHEHHS] MEXaHM3Ma JINTUYECKOM aKTMBHOCTH SKCTPAKTA B IPUTPOLUTAX MBI MCIOIH30BAIU
TECT OCMOTHYECKON 3aIWThI, OCHOBAHHBII Ha MPEATOIOKEHUH, YTO HEMPOHHUIIAEMbIE HEIEKTPOINTHI,
IIpY BHECEHUH BO BHEKJIETOYHYIO Cpey B KOHIICHTPAIHSX, JOCTATOYHBIX JIUIsl YPABHOBEIIMBAHUS OHKOTH-
4ecKoro napneHus reMorioouna (~40 mOcm/kr-H,0), oka3bIBarOT 3alIMTHOE JICHCTBHE, BOCCTAHABIMBAS
JnBoiiHOe PaBHOBecue J[oHHaHa, KOTOPOE HApyLIAIOCh IIPU BBICOKON IPOHUIAEMOCTH IIA3MATUYECKOU
MeMOpaHbI IPUTPOILIUTOB A1l HEOOIBIINX OPraHUIECKHX M HEOPTraHMYECKUX OCMOJIMTOB. B Hammx skcre-
pPUMEHTaxX 0OCMOTHYECKAs 3aiuTa Hauunanack ¢ [1916000 (R, = 2,5 um) (puc. 1). Tot dakr, uro [TII'12000
OB criocoOeH OIOKUPOBATH JIN3KC IPUTPOIMTOB B MPUCYTCTBUU IKCTPAKTA B J103€, BABOC IMPEBBIMIAO-
wei 3nauenne C,, TO3BOJSET MPEITNONOKUTE KOJUIOMHO-OCMOTUYECKUI MEXAHU3M JIM3UCA SPUTPOLIH-
ToB. IlomymakcumanbHoe GIOKMPOBaHHE JIM3Uca Habmonanoch npu R,=3,3 HM (IlyHKTUPHBIE JIMHUM Ha
pucyske 1). DTy BeITMUHMHY MOKHO PacCMaTpUBarh Kak OLEHKY 2P (EeKTUBHOTO pazmepa rnop, 00pa3zyembix
JUTUYECKHUMHU KOMIIOHEHTaMH 3KCTPAKTa CMOIIBI (hepyibl.

nar nar nar nar nar
1500 2000 3000 4000 6000
100 — O
75 —
s
3]
s
8 50 -
s
[
25 —
0 - | | | | | | |

1,0 1,5 2,0 2,5 3,0 3,5 4,0
FmapoanHamuyeckun paguyc (HM)

Puc. 1. YpoBeHb remMoin3a 4enoBeuecKUX 3PUTPOLUTOB MOJT BO3IEHCTBUEM DKCTpaKTa (hepyibl
B IIPUCYTCTBUU B CPECIC MOJIUATUJICHTTUKOJIEN C Pa3INYHbIM TUAPOANHAMUYCCKUM PaJNyCOM.
Bce monmmeps! UCTIONB30BaHbl B KOHIIEHTPAIIUSX, CO3JAONINX H30BITOYHOE OCMOTHUYECKOE JIaBICHUE
cpenpt B 40 MOcm/kr-H, O (M. Teke).

Jlanee MbI MCCIIEOBAIIN BIUSHUE SKCTpakTa (epyisl Ha YyBCTBUTEIHHOCTh SPHTPOIIMTOB UYEIIOBEKA
K OCMOTHYECKOMY M KOJJTIOMJTHO-OCMOTHYECKOMY CTpeccy. B 3TuX sKcriepuMeHTax MbI HCIIOJIb30BAIM HE-
TreMOJINTHYECKHE KOHIEHTPAIIUU IKCTPaKTa. B KOHTPOIBHBIX 3KCIIEPUMEHTAX MPU MOHMKEHUH OCMOTHY-
HOCTH BHEKJIETOYHON CPEJIbl SPUTPOLIUTHI YEIOBEKA HAYMHAIM JIM3UpoBaTh HaunHas ¢ 110 MOcm/kr-H, O,
1 ypoBeHb remonusa gocturan 100% npu 40 MOcm/kr-H,O, a nosmymMakCHMasbHBINA JUM3UC HAOMHOAANICSA
npu 1, = 99,9+0,3 MmOcm/kr-H,O (n=4, puc. 2). B npucyTCTBUM KCTpakTa CyONIUTHYECKUX T03aX MBI
HaOTIOaH CYIIECTBEHHBI CIIBUT KPUBOW OCMOYYBCTBHTEILHOCTH B CTOPOHY OOJIBIINX BEJIWYHUH OCMO-
TUYECKOTO JaBIeHUS (pHUC. 2). DTOT pe3ysbTaT 03HAYaeT, 4TO B MPUCYTCTBUU SKCTPAKTA JIJISl JOCTHIKEHUS
AQHAJIOTUYHOM CTETeHH JIM3UCca SPUTPOIMTOB JOCTATOYHA MEHbIIAs BEIMYUHA OCMOTUYECKOTO TPaJIUeHTa.
Taxum 006pa3om, SKCTPaKT (epyiibl OKa3bIBAET OCMOTHYECKOE CeHCHOMIN3UpYIOIlee IeHCTBUE Ha IPUTPO-
LIMTHI YEJIOBEKA.
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Puc. 2. Bausnue sxctpakTa (epysibl Ha OCMOTHYECKYIO PE3UCTEHTHOCTD S)PUTPOLIUTOB YEIOBEKA.
(A) CraumoHapHBIN JTM3UC SPUTPOLIMTOB U3MEPSUIH TTocie 60-MUHYTHON HHKYOaluu KJIETOK B TUTIOTOHH-
YEeCKHUX pacTBopax PuHrepa B mpuUCYTCTBHHM SKCTPAKTA B YKa3aHHBIX KOHLIEHTpauax. CIUIOMHbIC TUHUN
COOTBETCTBYIOT anmnpoKcuManuu ypapuenueM (2). (b) Usmenenue /7, B 3aBUCUMOCTH OT KOHLIEHTPALUH

akcrpakTa. (* P<0,05; n — yuciio moBTOPOB).

B ommume oT namM3uca 3pUTPOLUTOB, MHAYLMPOBAHHOIO TMIIOTOHMYHOCTBIO, KOJUIOMIHO-OCMOTHYE-
CKHH JIM3HUC POUCXOAUT B U30TOHMUYECKUX YCIOBHSIX M 00yCIOBICH OHKOTHYECKUM T'PaIueHTOM, KOTOPBIH
HecOaJaHCUPOBAH BCJIEACTBUE HApYLICHUS] HOHHON NPOHUIAEMOCTH IUIa3MalIeMMbl U NIepexosia JBOHHON
JIOHHAHOBCKOM cucTeMsl B IpocTyro. Kimaccnueckum npumMepoM KOJUIOMIHO-0CMOTHYECKOTO JIM3UCA SIBIIA-
€TCsl TEMOJIN3, WHAYLMPOBAHHBIH MOPOOOPA3yIOIIUM MTOJMEHOBBIM aHTHOMOTHKOM HHCTaTHHOM. B kaue-
CTBE MHAMKATOpa YCTOMYMBOCTH KJIETOK K KOJJIOMJAHO-OCMOTHYECKOMY JIM3HCY MBI HCIOIB30Bau 3 dek-
THBHYIO KOHLIEHTPAIMIO HUCTaTHHa, BbI3biBaromyto 50% remomus (C,)). B HammMX 5KCepUMEHTAIBHBIX
ycnoBusix 3 eKTUBHAS MOTyMaKCUMalbHas KOHLEHTpalKs HUCTaTHHA, BbI3biBaromas 50% remonus, co-
crasuna C; = 137,844,7 MxM (n=4, puc. 3). JloGaBeHne 5KCTPAKTa BO BHEKJIETOYHYIO CPELY NPHUBOJIHU-
JI0 K OTYETIIMBOMY J0303aBUCHMOMY CIIBUTY KPHBOM KOHIICHTPALMOHHON 3aBUCUMOCTH B CTOPOHY Oosiee
HU3KUX KOHLEHTpauuid HucraruHa (puc. 3). [lomydeHHble JaHHBIE CBUACTEIBCTBYIOT O TOM, YTO KJIETKH B
MPUCYTCTBUH SKCTPAKTa CTAHOBUJIMCH MEHEE CIIOCOOHBIMU MPOTHBOCTOSITH KOJUIOMJHO-OCMOTHUECKOMY

cTpeccy.
A) B)
100 4 100
*
80 4 n=4
@ Hucratun P
oy S
é O 0,94 mkr/mn E *
P 60 - 18 |§ "
< ,8 MKr/Mn s
E v ~ 90
3,75 mkr/imn 2
S 40 )
|
*
20 §
0 T 1 80 -y T T T 1
100 1000 0 1 2 3 4
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cepynbl, MKriMn

Puc. 3. Biusinue sxcTpakTa hepylibl Ha 4YyBCTBUTEIBHOCTD SPUTPOLIMTOB YeJIOBEKa K KOJUIOHTHO-
OCMOTHYECKOMY JI3HCY, MHAYIUPOBAHHOMY HUCTaTUHOM. (A) BiusHue sSkcTpakTa Ha SpUTPOLMTHL,
WHKYOMpOBaHHBIE B TeueHHe 60 MUHYT B HOpMaJIbHOM pacTBope PuHrepa B cpezie ¢ pa3inuyHbIMU
KOHIEHTpanusiMu HuctatuHa. (b) — 3aBucumocts C ) HUCTATUHA OT KOHIEHTPAIUHU B CPEJIE IKCTPAKTA
¢depynbl. (* P <0,05, n — yucio noBTOpPOB).
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3akmouenne. TakuM 00pa3oM, HalllK IKCIICPUMEHTBI, IPOBEICHHBIE C DKCTPAKTOM CMOJIBI (epyIibl,
MOKAa3aJIH, YTO JIUTHYECKHE KOMIIOHEHTHI B €T0 COCTABE CO3/JIAI0T B MEMOpaHe SPUTPOLIUTOB MOPHI ¢ 3D hek-
TUBHBIM paguycoM R, = 3,3 uM. B HeOonbImX CyONMTUIECKUX KOHLIEHTPALHMSX, HE BBI3BIBAIOIIMX TEMO-
JIU3a, IKCTPAKT CHIXKAET YCTOMYUBOCTH KJIETOK KaK K OCMOTHYECKOMY, TaK M K KOJUIOMITHO-OCMOTHYECKO-
My crpeccy. Tor dakt, 4ro TUTHYECKOE JIeHCTBHE MPOUCXOMT MPH KOHIIeHTparuu <10 MKkr/mi, a cyonu-
TUYECKUE dPPEKThI NPOSBISIFOTCS YK€ MpH 1 MKI/MII, CBUACTEILCTBYIOT O KpaifHE BBICOKOW aKTHBHOCTH
OMOMOJIEKYII B COCTaBE DKCTpaKTa cMoJIbl Buna Ferula tadshikorum, kotopbie TpeOYyIOT HICHTU(DHUKAIINY B
JAbHEHIINX HAYYHBIX UCCIIEOBAHUAX.

BaaromapuocTu. [lanHoe uccnenoBanue ObIIO BBITIOIHEHO TpH nofiepskke rpantoB @-OT-2021-157
MuHHCTEpCTBa BBICIIETO 00pa30BaHus, HAyKu U nHHOBaImi Pecriyonuku Y3oekucran u REP24112021/41
MupoBoro 6aHka.

Konkpernsiii Bkian astopoB: [.JI. daizmeB m C.X. HewmatoBa mpoBenu skcrepumenTs, [1.J1.
daitzuer u O.0K. Xamuaosa aHain3upoBanu nanusie, J1.J1. daiisues Hanucan crarpbio, KypbanHaszaposa u
[L.I. Mep3nsk npuHUMAIIN y9acTHE B TU3aifHE SKCIIEPUMEHTOB, aHAJIN3€ TaHHBIX U MTOArOTOBKE cTaThu, P.3.
CabupoB pyKOBOIMII IKCTIEPUMEHTAMH, AaHATTU3UPOBAI JAHHBIE, PETAKTUPOBAII CTAThIO.
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FERULA TADSHIKORUM SMOLASI EKSTRAKTINING ODAM ERITROTSITLARI LITIK
VA SUBLITIK TA’SIR MEXANIZMI

D.D. Fayziev, S.H. Nematova, O.J. Khamidova, R.Sh. Kurbannazarova, P.G. Merzlyak, R.Z. Sabirov

Ferula tadshikorum smolasining suv-spirtli ekstraktini odam qizil qon hujayralariga ta’sir mexanizmini aniqlashga
doir natijalar keltirilgan. Ekstraktning eritrotsitlar membranasida ~3,3 nm lik pora hosil qilishi aniglandi. Gemoliz
chaqgirmaydigan past sublitik konsentratsiyalarda ekstrakt hujayralarning ham osmotik, ham kanal hosil giluvchi
nistatin tomonidan chaqirilgan kolloid-osmotik stressga nisbatan chidamliligini pasaytirishi ko‘rsatilgan. Litik ta’sir
<10 mkg/ml konsentratsiyada sodir bo‘lishi va sublitik ta’sirlar 1 mkg/ml da namoyon bo‘lishi Ferula tadshikorum
turi smolasi ekstrakti tarkibidagi biomolekulalarning juda yuqori faolligidan dalolat beradi.

Kalit sozlar: Ferula tadshikorum, osmotik stress, eritrotsitlar, kolloid-osmotik rezistentlik, polietilenglikol
(PEG).

THE MECHANISM OF LYTIC AND SUBLYTIC EFFECTS OF FERULA TADSHIKORUM RESIN
EXTRACT ON HUMAN ERYTHROCYTES

D.D. Fayziev, S.H. Nematova, O.J. Khamidova, R.Sh. Kurbannazarova, P.G. Merzlyak, R.Z. Sabirov

It has presented the results of studying the mechanism of action of the water-alcoholic extract of Ferula tadshi-
korum resin on human red blood cells. It was shown that the extract induces the formation on the plasma membrane
of pores with radius of ~3.3 nm. It was shown that at small sublytic concentrations, which do not cause hemolysis,
the extract reduces the resistance of cells to the osmotic and colloid-osmotic stress produced by the channel-forming
antibiotic, nystatin. The fact that the lytic effect takes place at a concentration of <10 pg/ml, and the sublytic effects
are already manifested at 1 pg/ml, suggests the extremely high activity of the biomolecules in the Ferula tadshikorum
resin extract.

Key words: Ferula tadshikorum, osmotic stress, erythrocytes, colloid-osmotic resistance, polyethyleneglycol
(PEG).
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BJIUSHUE CYITPAMOJIEKYJISIPHBIX KOMILIEKCOB INTMIIUPPETOBOM
KHNUCJIOTBI C CYIb®AHUIAMUIHBIMU ITPEITAPATAMUA HA PETYJISALHUIO
OBPBEMA TUMOLIUTOB

M.B. PAXUMOBA'S, P.C. 9CAHOB*, II.T. MEP3JISIK', M.b. TA®YPOB?S,
P.III. KYPBAHHA3APOBA'3, P.3. CABUPOB '*

Muctutyt 6nodusuku u 6uoxumuu npu HYV3;
MuctutyT Onooprannveckoi xumuu AH PV3;

SKadenpa 6uodusuku, bunonornyeckuii paxynprer HY V3,
*Xumnueckuii paxynsrer HYY3;

STamkeHTCKMiA MeXTyHaponHsIii yausepeuteT “KMME”;
‘T'ynucTaHCKUH roCyIapCTBEHHBIA YHUBEPCUTET

ABTOp JUIs IEPENMCKH: manzura.raximova.93@mail.ru

[Toxazano, 4To popMupOBaHKE CYTPAMOIEKYIIPHBIX KOMIUIEKCOB C CyIb(haHUIaMUIHBIMH ITpeTapaTaMy MPHUBO-
JIUT K 3HAUYUTEIBHBIM U3MEHEHHUSM B CIIOCOOHOCTH TIUIUPpeToBOi KUCIOTH (1K) HHruOupoBars perynsiuio o0b-
eMa TUMOIIUTOB TP THIIOOCMOTHYECKOM cTpecce. CpaBHEHHUE C BIUSHUEM 3THX K€ JIMTAHIOB HA TEMOJUTHYECKYIO
akTHBHOCTH [ K BBISIBUIIO CyIIIECTBEHHBIC OTINYMS: CYIb(arpHIa3iH 0ciadis1 00a TUIa aKTUBHOCTH, a CyJb(da-
METOKCa30J ¥ Cy/ib(aanMe3nH yCHIMBAIN UX, OJHAKO CyJb(ajeH ocnalisul HHrHOMpoBaHUE peryisiiun o0bema,
HO YCHJIMBAJI TEMOJHMTHUYECKYI0 aKTHBHOCTb, a ()Taja3oll OKa3blBaj JUAMETPAILHO IMPOTUBOMONOKHBIA I(PQEKT.
BrIpaxxeHHas pa3HOHANPABICHHOCTh BIMSHUS KOMIICKCOOOPAa30BaHMS Ha 3TH JIBa BUAA OMOJIOTHYECKONW aKTHBHO-
CTH, a TaKoKe OOJbIIas pa3HHIA B BeMunHax kodpuumenta Xwmia (1622 mist remonuza u 1,5-2,7 1i1st peryssiuu
00beMa) CBUACTENBCTBYIOT O IPUHIUITHAIEHOM PA3IHIUN UX MEXaHU3MA.

Knitouegwle cnosa: 18B-rmunupperoBasi KHCIOTa, PETYISINS KIETOYHOTO 00beMa, CyIb(paHuIaMuabl, CympamMmo-
JIEKYNAPHBIC KOMIUIEKCHI

BBenenue. MHOTHE THITBI KJIETOK CTIOCOOHBI COXPAHITHh CBOM 00BEM, YTO HEOOXOAMMO JIJISl X BBDKH-
BaHUS U JUUIS BBITTOJTHEHHUS UMH CBOUX OCHOBHBIX OnoJjorndeckunx ¢pyHkuuid. [loctosHcTBO 00beMa KIIETKH
3aBHCHT KaK OT M3MEHEHWH BHEKIJIETOYHOH OCMONAPHOCTH, TaK M OT KOHIIEHTPAIWH BHYTPHUKIETOYHBIX
MeTabOJINTOB, a TaK)Ke TPAHCTIOPTa BEHIECTB Yepe3 KIETOUuHYI0 MeMOpaHy. UToObI MPOTHBOCTOSTH KPH-
TUYECKUM M3MEHEHHSAM 00bheMa, KIETKH UCTIONB3YIOT Pa3InIHbIe MEXaHU3MBI €ro peryisannu. Tak, mocie
HaOyXaHUs KJIETKW 3TH MEXaHU3MBbl YMEHBIIAIOT BHYTPHUKIETOYHYIO OCMOJISIPHOCTD M COJEPKAHHUE BOIBI
B KJIETKE B IpoOIlecce, Ha3hIBAEMOM PETYISTOPHBIM yMeHblleHneM oowema (PYO) knetkn (mmm RVD —
Regulatory volume decrease). [Ipu cxxiMaHnM KIIETKH 3TH MEXaHW3MbI YBEITHYHUBAIOT BHYTPHUKIECTOYHYIO
OCMOJISIPHOCTP U KJIETOUHBIH 00BEM B IpoILiecce, Ha3bIBAEMOM PETYIISITOPHBIM yBenndeHneM oo0bema (RVI
— Regulatory volume increase) [1]. I3meHeHus1 00beMa KIETOK MOTYT IPEACTaBIATE COO0H CUTHAIIBI, KOTO-
PpBI€ 3aITyCKaIOT MUTPAIIHIO, TPOTU(EPAIINIO U BBICBOOOKICHIE TOPMOHOB M TPAHCMHUTTEPOB U3 KIETOK [2].

CynbaaunamMuIHbIe Tpenaparbl SBISIOTCS CHHTETHYECKUMH IMPOTHBOMHUKPOOHBIMU MperapaTraMu
IIMPOKOTO CIIEKTpa JeHCTBHSA, KOTOPHIE TaBHO M YCIICITHO MCTIONB3YIOTCS B MEIHMIIMHE B KQUYECTBE CPEICTB
JUTST JICICHUST OaKTepHATbHBIX HHPEKIINN YeIoBeKa U )KUBOTHBIX [3, 4]. CynbhaHuIaMUIbl HCTIOIB3YIOTCS
JUTS JIGYeHUSI TOH3WIIJINTA, CEeTCHca, MEHUHTOKOKKOBOTO MEHMHTUTA, OAKTepHAIbHOW AU3EHTEPHH U MHO-
X HHQEKIH MOYEBBIBOIAIINX MyTeH [5, 6]. B cTpykTypHOM OTHOIIEHUH CyIb(haHWIaAMUIBI SBISIOTCS
NPOU3BOJHBIMU APa-aMMHOOEH30CYIBL(YOKUCIOTEL U comeprkar rpymnmy -SO NH, unu -SO,NH- (t.e. onu
SBIISTIOTCS] CEPOOPTAaHNIECKUMH COCIMHEHUSAMH), a TAKKE 5- WU 6-4IIEHHBIE TeTePOIUKINYECKHIEe KOJbIIa
[7].

ObpazoBanne CynpamMOIEeKyIIPHBIX KOMITJIEKCOB CyThb(aHUIaMHUIHBIX TPENapaToB ¢ MIMIHPPETOBOM
kucnoror (InK, armukoH TMIUppU3NHA) U UX OMONIOTHYECKas aKTHBHOCTh NMPAKTUYECKH HE W3YyYEHBI U
SBIISTIOTCS TIPEIMETOM JTAHHOTO MCCIIEAOBAHUS.

MarepuaJnbl 1 MeTObl. B HalMX 3KCIIEPIMEHTAX UCITOIB30BAINCH PACTBOPHI CIETYIONIET0 COCTaBa!
1) HopmaneHbIii pacteop Punrepa (MM): 135 NaCl, 5 KCl, 2 CaCl,, 1 MgCl,, 10 HEPES, 5 moko3sl, pH
7,4 (290 mOcm/kr H,0); 2) H-0ydep (MM): 5 KCI, 2 CaCl,, 1 MgCl,, 10 HEPES, , 5 tmoko3sl, pH=7,4
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(40 + 2 MOcm/kr H,0). I'mnoronnueckuit pactBop (147 + 2 MOcm/kr H,O) roToBU/IM ImyTeM CMENUBAHUS
pactBopa Punrepa ¢ H-0yepom B coorHomennu 3:4. [nK nomyydanu rusponn3oM MOHOAMMOHHEBOH CONM
DIMLUPPU3UHOBOM KUCIIOTHI B 2,5% cepHoii kucioTe Kak onucano panee [8]. Komrmiekcrr [TK ¢ cynbda-
HWJIAMHUIHBIMH TIpeTapaTaMy Moyvaliy MMyTeM KUTSTYeHHs B a0comoTHOM 3TaHone 1 MM pactBopoB [K
U cyab(QaHUIaMUIHBIX MIPENapaToB Kak onmucaHo paHee [9].

DKCHeprUMEHTBI ObLTH TPOBEACHBI Ha OeNbIX OeCOpOmHBIX Kpbicax 6-8-HemenbpHOro Bodpacta (100-
150 1), HaxomsmMXcss Ha OOBIYHOM palMOHE B YCIOBUSIX BUBapHs. Bce mccrenoBaHusl MPOBOAMWINCEH B
CTPOTOM COOTBETCTBUU C peKOMEHJalusMU EBporeickoil KOHBEHIIMM MO 3alUTE MO3BOHOUHBIX KHU-
BOTHBIX, UCTIOJIb3YEMBIX B dKCIepUMeHTax uiu npyrux uensx (CtpacOypr, 1986 1) u ARRIVE (https://
arriveguidelines.org) u O0bun ooOpensl Komuterom no 6mostuke MHCcTHTYyTa OMODHU3UKU U OHOXUMUU
(paspemenne Ne BEC/IBB-NUU/2019/01-1 ot 03.10.2019 o).

KneTku THMOIMTOB BBLACISUTH M3 TUMYCa OENbIX KpbIC cTaHAapTHBIM MetoaoM [10]. B sxcriepumente
HCIIONIB30BAJICS METOJT PETUCTPAIIUU pa3Mepa KIETOK Mo cBeTomporryckanuto [11-13]. B sueiiky k rumoto-
HUYECKOMY pacTBoOpy, conepxamiemy 900 MK ITUIUPPETOBON KUCIOTHI U €€ KOMILIEKCOB C Cyab(aHua-
MUAHBIMU TIpenaparamu, go6asmsan 100 Mk (100 MitH/MIT) CycTieH3UH TUMOLIUTOB, U PETHCTPUPOBATN
CBETOINPOMYCKAaHNE MTOy4YEeHHON CYyCIIeH3UHM TUMOIMTOB B TeueHHe 15 MUHYT npu JynHe BOIHbBI 610 HM.
[Mapamerp RVD paccuuThiBaIH MO CIACTYIOIICH (hopMyIie:

RID = —5; —Li . 100%

MaEe T[‘ (1)
3nece T,u T, — HaYalbHBIA U MAKCUMAJIbHBIH IOKA3aTeNb CBETONPOIYCKaHusl, 7', ; — CBETONPOIYCKa-
HUe, U3MEpEeHHOoe Yepe3 15 MUHYT 1ociie Hayaia TMIIOTOHUYECKOTO CTpecca.

JlaHHBIE aHATTM3UPOBAIKCH C UCIIOIb30BaHKEeM nporpammbl Origin, Bepcuu § (OriginLab, Northampton,
MA, CIIA). Bce nanHble TpUBEICHBI KaK CpeAHee + cTaHAapTHas ommnbOka cpeanero (SE) mis n sxcnepu-
MEHTOB. Bennuuny KoHueHTpanuu noxymMmakcuManbHoro sdpdexra (C; ), MKM) Onpenensim myTeM anmpok-
CUMHPOBaHMS KOHIIEHTPAI[MOHHOW 3aBUCHUMOCTH NapaMmerpa RVD s KaJI0ro 3KCIEepUMEHTa ypaBHe-
HueM Xuia ¢ TOCIENYOIMM YCPEIHEHUEM MOy YeHHbIX Benn4uH C, u h. CTaTucTUYeCcKyo 06paboTKy
MIOJTyYEHHBIX JAHHBIX TPOBOJIMIIN C HCTIONIb30BaHUEM ¢-TecTa CThIOZIEHTA.

Pesyabratel u o0cykaeHue.

AHanu3z CTpyKTyp Cynib(haHUIaMH/I0B TIOKA3bIBAET, YTO OHU MOTYT ()OPMUPOBATH CYNPaMOJICKYISIPHbIC
kxoMmIiekcsl ¢ [TK 3a cueT HEeMOHHBIX B3aMMOJEHCTBUIM MEXy TEPIIEHOMIHBIMH KOJIBLIAMHU U apoMaTuye-
CKUMH (hparMeHTaMH MOJIEKYJ TuranaoB. B Hamelt npenpinymeii padore (Paxumosa u ap. 2024 [14]) mbt
HCIOIB30BAJIM OTKJIOHEHUE OT aJAUTUBHOCTH CIEKTPOB IMOMIOIIEHUS CYNPAMOJIEKYISIPHBIX KOMILJIEKCOB
«ImK-cynppanunaMuap mo cpaBHEHUIO ¢ cyMMoii criekTpoB [ K 1 MHAMBHyaNbHBIX JIMTaHAOB Oolee,
yeM Ha 10%. Takoe oTKIOHEHHS OBUIO OOHAPYKEHO AJISL 5-TH U3 JECSTH UCCIECJOBAHHBIX COCAMHEHHM.
[Tpu 3TOM, TS 8-MH HCCTIETOBaHHBIX KOMITJIEKCOB MBI 3a()MKCHPOBAJIM CTATHCTUYECKN 3HAYMUMOE OTIININE
TeMOJINTUYECKOI aKTUBHOCTH OT TakoBo# Jijist unuctoi [1K (Paxumosa u np. 2024 [14]).

B nanHoO# paboTe, MBI B MIEPBYIO OYepelb UCCICIOBATIH BIUSHUE CAMUX CYAb(QaHUIaMUIHBIX Tperna-
paroB Ha PYO TumouuToB. B KOHTpOEe yMeHblIeHHE 00beMa TUMOIIMTOB, HMHKYOUPOBAHHBIX B TEUCHHE
15 MUHYT B YCIOBHSIX THIIOOCMOTHYECKOTO cTpecca, cocTaBmio 76,3+1,3% (n=20). CynbhaHunamMuHble
mpemnaparbl JoOaBIsUIM B KOHLEHTpauusx ot 25 1o 200 MxM.

[Ipu koHuenTpauusx a0 25 MKM aelicTBue Cynb(haHUIAMUIHBIX MPENaparoB JOCTOBEPHO HE OTIIH-
4anoch OT KOHTpOJI. YMeHblLIeHUe napamerpa RVD mon neiictBueM cynbhaHUIaMUIHBIX PEnapaToB B
koHieHTpanuu 100 MkM OBUIO YK€ 3aMETHO U JIOCTOBEPHO OTINYAIOCh 0T KOHTpous (puc. 1B). [Tpu atom
JeiCTBUE CaMUX MPEnapaToB He OTIMYAIOCH JOCTOBEPHO APYT OT APYra, a MpOLEHT OnokupoBanust RVD
Kojebaics B mpeaenax ot 22% mo 38%.

[Ipu n3yueHnn 10303aBUCUMOTO BIUsiHUS KoMIuiekcoB [71K ¢ cynabdannnamMmuiHeiMu ipenaparaMu Ha
perysuuio oobemMa KIETOK ObII0 yCTaHOBJICHHO, YTO BCE OHH, Takxke Kak yucrtas [ 1K, momHOCThIO HHTH-
ouposanu npouecc PYO B yclnoBusSX THII00CMOTHYECKOTO cTpecca. B 9Tol cepun SKCepruMeHTOB, B KOH-
TPOJIBHBIX OMBITAX JUII THMOLIUTOB, MHKYOUPOBaHHBIX B TeU€HHE 15 MUHYT B THIIOOCMOTHYECKOH cpere,
HaO0I0IAI0Ch YMeEHbIIIeHHne 00bema ot 63% 1o 79%, B cpeanem 72,6+4,9% (n=45). BHeceHue B cpey HH-
kyOaru yuctoii [ 1K BBI3bIBAIO MOTHOE TOIABICHUE CIIOCOOHOCTH THMOIIUTOB PETYIMPOBATh CBOI 00beM
¢ C,,=10,5+0,8 MxM u kooppuumrentom Xumna 2,7+ 0,4 (puc. 2A u I, uepnbie kBaaparst). O61uas kapTu-
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Ha HHTHOMPYIOIIEro ASHCTBHS CyIpaMoJIeKyIsIpHbIX koMiutekcoB [71K ¢ cynbhamunamu Obuia cxoxel, kak
910 BuaHO U3 puc. 2 (b u B), ognako xonmuectBenHo 3 ekt oTnyanuck. M3 pucynka 2I° BunHO, 4TO
komiuieke [ MK+Cynbhaanmesnn ymenbiaet napamerp RVD ¢ 6onbiueii apdhexruBHOCTBIO, yeM cama [ 1K,
Toraa kak aercrue komriekca [ MK+Cynbhanupugasun 6su10 cinadee o cpaBHenuto ¢ [mK.

AT=5%

W3oToHuveckui pacTsop
Pl

KoHTponb

5 MuH

B

804

60

40|

)

1 2 3 45 6 7 8 9 10

Puc. 1. BiusiHue cynbp(anuiaMuIHbIX TpenapatoB B KoHeHTpauu 100 MM Ha mapameTp
RVD B ycnoBusix THIOOCMOTHYECKOTO cTpecca. (A) Iloka3aHpl opurnHaIbI 3anuceil N3MeHEHHS
CBeTONpoITycKkanus kieTounoi cycnensuu. (b) ITo ocu opaunar — napamerp RVD (%). Hudpamu Ha
rpadukax obo3zHaueHsl: 1 — Cynsdanupunasun; 2 — Cynsdaines; 3 — Hopcyasdazomn; 4 — Drazon; 5 —
Cynbrun; 6 — Cynsdanun; 7 — Crpentouun; 8 — Cynsdamerokcason; 9 — @ranazon;

10 — Cynbdagumesun. n = 20 st Konmpons u n =3 Ui Npenaparos.
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Puc. 2. J10303aBucruMOe BIUSIHAE TIIHLIUPPETOBOI KUCIOTHI M €€ KOMIUICKCOB C CyNb(haHnIaMUAHBIMA
npenapaTaMu Ha CUCTEMY PeryJisiud 00beMa TUMOLUTOB B YCIOBUSX THIIOOCMOTHUYECKOTO CTpecca.
[Toka3aHbl OpUrHHAIBI 3AIIMCH PETUCTPALIMY U3MEHEHHSI CBETONPOITYCKaHUS CYCIIEH3UHU KJIETOK BO
Bpemenu B ipucytcBue B cpene (A) [nK, (b) I'mK+Cynsdpanumesnn, (B) [mK+Cynbshanupuaazus.
(I') 3aBHCHMOCTB cpeTHUX BenudnH napametpa RVD ot xonneHTpanuu [ K u ee KoMIIIeKcos,
MOJTYYEHHBIX B 9KCIICPUMEHTAX, aHAJIOTHYHBIX ITOKa3aHHbIM Ha A, b u B.
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PesynbTarsl 9KCIEPUMEHTOB € JECSATHIO UCCIECJOBAHHBIMH KOMILJIEKCAMH CYMMHPOBAHBI B TaOJHIIE.
I'paduueckuii ananus Benmuun C, , MPUBEICHHBIA HAa PUCYHKE 3 TOKA3BIBAET, YTO HEKOTOPHIE U3 3THX
KOMIUIEKCOB OKa3bIBAIM CJ1a00e BIMSHUE HAa aKTUBHOCTH [ 1K, a HEKOTOPBIE — CUIIBHOE BIUSIHUE, TIPUYEM
€CTh Kak ycunusaromue Onokuposanue PYO (1. e. nonmxkaromue Benuuuny C, , 5T0 KOMILIEKCHI C CyJlb-
(amerokcazonom, (ranazonoM, cyabpaTiMe3HHOM), TaK U OCIa0MsSIoIne HHIHOMpoBaHue (Cynpamore-
KyJISIpHBIE KOMIUIEKCHI, B KOTOPBIX B Ka4eCTBE JIMTAaH/1a HCIIOIb30BaHbI CyIb()anupuaasit U cyibgalieH).

25 —
20 n=4-5
*
s 1 *
T
&
° 10 - %7_1_**
) =Lt
5
#| # %###
0 //
1 2 3 4 5 6 7 8 9 10

Puc. 3. IlonymakcumanbsHbie 3 heKTHBHBIC KOHIICHTPALMH KOMIIJICKCOB IIIMLUPPETOBOI KMCIOTHI
¢ cynb(haHUIaMUAHBIMU TIperapaTaMy. 3alITPUXOBAHHbIN CTOJIOUK MTOKA3bIBACT PE3YbTaT Il YUCTON
I'nK; 1) I'mK+Cynbsdanupunazus; 2) ['mK+Cynedanen; 3) ['mK+Hopcynbdazomn; 4) [mK+3Tazom;
5) I'mK+Cynwrun; 6) [mK+Cynbdanmr;, 7) ['mK+Crpentounn; 8) ImK+Cynbdamerokcaszon;

9) I'mK+®ranazon; 10) I'mK+Cynshagumesnn. CumBoiom # 0TMEUYEHBI BEIlecTBa, (popMupyromme
CYIIPaMOJICKYJISIPHBIN KOMIUIEKC 110 JaHHBIM CHEKTPO(OTOMETPUH. Y Ka3aHbl CpEIHUE BEIUYUHBI U3 4-5
skcriepuMenToB + SE. 3Be3noukamu (*) oTMedeHbl 3HAUCHUSI, CTATUCTHYECKU 3HAYMMO OTJIMYAIOIINECS OT
BEJINYNHBI Cm s I'nK mpu P < 0,05.

Crnemyer OTMETHTH, YTO BIUsHUE Ha wHrHOMpytomyto PYO akruBHocTh [TK He Bcerma coBmamaeT
C HaAJIMYMEM CHEeKTPO(POTOMETPHUYECKOTO JOKA3aTeNIbcTBA (POPMHUPOBAHUS CYIPAMOJICKYISPHBIX KOM-
mwiekcoB. Tak, cymbhanupuaasuH M0 JaHHBIM CIIEKTPO(POTOMETPUU 00pazyeT YCTOMYMBBIA KOMILIEKC
(K(\)=0,64+0,01 [14]), omnako cynbpamumesnn Het (K(A)=0,93+0,00), XOTsI OH U yCHUIUBAET JCHUCTBUE
I'nK nouru B 2 paza (puc. 3, Tabmn.). BioiHe Bo3M0OXKHO, 4TO Cylnb(haaiMe3uH 00pa3yeT KOMILIEKC, HO ATO
HE oTpakaeTcs Ha criekTpax rnonomieHus [ K. O0pasyrommii KoMIuieke cyiabgaieH ocaadiser HHruoupo-
Banue PYO, a cynbhameTokcazon u ranazoi, KOTOpble Takke POPMHUPYIOT KOMIUIEKC, YCHUIIHBAIOT.

Konnenrpanuu nosrymakcumanabHoro spdexra (C; ) u kodppuunentol Xuina (h)
A03032BHCHMMOI0 MHTHOMPYOLIEro JAeiicTBUSI KOMILIEKCOB IVIMIUPPETOBOIl KHCI0ThI
¢ cyab¢aHIaMHIHBIMHU NIPeNapaTaMu HAa CUCTEMY peryJisiiuu od0beMa THMOLMTOB
B YCJIOBHUSIX THIIO0CMOTHYECKOI'0 cTpecca

Ne Haspanue komiuiekca C., (uxM) h
I'nK 10,5+0,8 2,7£0,2
1 I'nK+Cynshanupunazun 16,2+0,9 1,6+0,1
2 I'nK+Cynbdanen 14,2+0,7 1,5+0,1
3 I'nK+Hopcynbdazon 12,4+0,8 2,2+0,1
4 I'nK+Drazon 10,9+0,8 2,3+0,2
5 I'nK+Cynerun 10,8+0,7 2,0£0,2
6 I'nK+Cynpbarmn 10,7+0,3 1,9+0,1
7 I'nK+Crpenrormua 9,4+0,5 2,0£0,2
8 I'nK+Cynbdameroxcazon 7,0+0,4 1,6+0,2
9 I'nK+®ranazon 7,0+0,9 1,8+0,3
10 I'nK+Cynbhannmesnn 4,9+0,3 1,8+0,1
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3akumouenne. TakuM 00pa3oM, MOTy4YEHHBIE HAMHU PE3yIbTaThl CBUACTENBCTBYIOT O TOM, 4TO (hOpMH-
pOBaHHE CYNPaMOJIEKYJISIPHBIX KOMILJIEKCOB C Cylb(aHMIaMUIHBIME MIPEnapaTaMyi MOXKET IPUBOANUTE Kak
K OCJa0JICHUIO, TaK M K yCHJIeHHIO criocoOHocTH [7K mHruOmpoBaTh perynanuio oo0beMa TUMOLMTOB B
YCIOBUSIX TUTIOOCMOTHYECKOTO cTpecca. Eciii mepBbIid THUI BIUSHHUS MOXKET OTpaskaTh YMEHbIIEHHE OHO-
noctynHocTd Monekyn [nK, To Bropoit THI BIUSHUS, MO-BUANMOMY, OTpa)kaeT U3MEHEHHUE CBSI3bIBAHUS
Monekyn [mK ¢ kimroueBbIME KOMITOHEHTaMU cucTeMbl PYO THMOIIMTOB, TaKUMH Kak IyTH BXO/a MOHOB
KaJblIUsl, KaJIbIUH-aKTHBUPYEMbI KaJlMeBble M 00bEM-3aBUCHMbIC aHHOHHBIE KaHaubl [15-17]. CpaBHeHHE
C BIMSHUEM 3THUX K€ JINTaHJIOB HAa TeMOJUTHYECKYI0 aKTUBHOCTh [ K moka3piBaet, 4To BIMSIHME Ha WH-
rHOMpPOBaHUE PETYISILUN 00beMa CHIIBHO OTiaM4aercs. Tak, X0oTs cyab(anupuaa3u ocnalmisui oba Tuma
AKTHBHOCTH, a CyJAb(paMeTOKCca30l U CynbhaauMe3nH yCUINBAIH UX, Cylb(daneH ocnadisl HHruOnpoBa-
nue [7K perymsuun o0bema, 1 HAOOOPOT, YCHIIMBA €€ TEMOJIMTHYECKYI0 aKTUBHOCTh. s ¢ranaszona
HaOmroascs AMaMeTpaibHO MPOTUBOMONOXKHEIH 3((dekT. BripaskeHHas pa3HOHANPABICHHOCTh BIMSHUS
koMmIuiekcooOpaszoBanus [nK ¢ cynpdannnamunamu Ha 3TH JBa BHAa OMOJIOTMYECKOW aKTUBHOCTH CBU-
JETENbCTBYET, a Takke OOJNbIIasl pa3HUIA B BelUUMHax Kodpduuuenta Xwmmwia (16-22 anst remonusa u
1,5-2,7 ans perynsauun o0beMa) CBUIETEILCTBYIOT O MPUHIUITHATIBHOM Pa3IMYiK UX MexaHu3Ma. Kak Mbl
MoKa3ajlM paHee, reMosu3 noj aeicTsueM K mponcxonuT no KoiTouIHO-OCMOTHYECKOMY MEXaHHU3MY
KakK pe3ynbTrar (OpMHUPOBaHMS BOIOHATIONIHEHHBIX MOp paauycoM okoio 2,3 um (Fayziev et all 2022 J
Herbmed). B To ke Bpems1, mogaBieHne peryisauni o0beMa sIBISeTCs ClIeACTBUEM HHTHONPOBAHUS aKTHB-
HOCTH 00beM-3aBucuMOro annonHoro kanana (O3AK) [18, 19]. 3nauenne kosppuunenra Xumna 1,5-2,3
6mm3ko k TakoBomy aist K (h=2,7) u roBopuT 0 TOM, 4T0 MexaHu3M nofasnenus PYO He MeHseTcs npu
KOMILIEKCOOOPa30BaHUU U TpeOyeT CBA3bIBaHMsI He MeHee ABYX MoJiekyln [ K mm ero cynbdanunamugHo-
ro xomiuiekca ¢ O3AK.

Bbaarogapuoctu. Jlannoe uccienoBanne ObIIO BBIMOTHEHO MpH nofepxke rpantoB @-OT-2021-157
MuHHCTEpCTBa BBICIIETO 00pa30BaHus, HAyKH U nHHOBami Pecriyonuku Y3oekucran u REP24112021/41
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GLITSIRRET KISLOTASINING SULFANILAMID PREPARATLARI BILAN SUPRAMOLEKULYAR
KOMPLEKSLARINING TIMOTSITLAR HAJM BOSHQARILISHIGA TA’SIRI

M.B. Raximova, R.S. Esanov, P.G. Merzlyak, M.B. Gafurov, R.Sh. Kurbannazarova, R.Z. Sabirov

Sulfanilamid preparatlari bilan supramolekulyar komplekslarning hosil bo‘lishi glitsirret kislotasining (GIK)
gipoosmotik stress sharoitida timotsitlar hajm boshqarilishini ingibirlash hususiyatini sezilarli o‘zgarishisha olib
kelishi ko‘rsatilgan. Aynan shu ligandlarning faolligini GIKni gemolitik ta‘siri bilan solishtirilganda sezilarli farqlar
aniqlandi: sulfapiridazin ikkala faoliyat turini zaiflashtirdi va sulfametoksazol hamda sulfadimezin ularni kuchaytirdi,
ammo sulfalen hajm boshgqarilishini ingibirlashni zaiflashtirdi, ammo gemolitik faollikni oshirdi, ftalazolning ta’siri
esa bunga teskari bo‘ldi. Kompleks shakllanishining biologik faollikning ushbu ikki turiga turli yo‘nalishda ta‘siri va
shuningdek Hill koeffitsienti qiymatlaridagi katta farq (gemoliz uchun 16-22 va hajm boshgqarilishi uchun 1,5-2,7)
ularning mexanizmidagi printsipial farqdan dalolat beradi.

Kalit so‘zlar: 18p-glitsirret kislota, hujayra hajm boshqarilishi, sulfanilamidlar, supramolekulyar komplekslar.
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EFFECT OF SUPRAMOLECULAR COMPLEXES OF GLYCYRRETIC ACID WITH SULFANILAMIDE
DRUGS ON THYMOCYTE VOLUME REGULATION

M.B. Rakhimova, R.S. Esanov, P.G. Merzlyak, M.B. Gafurov, R.Sh. Kurbannazarova, R.Z. Sabirov

It has shown that the formation of supramolecular complexes with sulfanilamide drugs leads to significant chang-
es in the ability of glycyrrhetic acid (GlA) to inhibit the regulation of thymocyte volume under hypoosmotic stress.
Comparison with the effect of the same ligands on the hemolytic activity of GIA revealed significant differences:
sulfapyridazine weakened both types of activity, and sulfamethoxazole and sulfadimezine enhanced them, however
sulfalene weakened the inhibition of volume regulation, but enhanced hemolytic activity, while ftalazol’s effect was
opposite. The profound difference in the direction of the effect of complex formation on these two types of biological
activity, together with a large difference in the Hill coefficient values (1622 for hemolysis and 1.5-2.7 for volume
regulation) indicate a fundamental difference in their mechanism.

Keywords: 18B-glycyrretic acid, cell volume regulation, sulfanilamide, supramolecular complexes
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B CELL EPITOPES OF RENOVAC — DIMER RBD PROTEIN SUBUNIT VACCINE
AGAINST COVID-19

M. MUMINOV!, N. TSIFEROVA'?, V. TSOY'!, A. ABDURAKHIMOV'? SH. TURDIKULOVA!
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Understanding vaccine mechanisms is vital for optimizing design and ensuring strong immune responses. This
study assessed RENOVAC, a COVID-19 vaccine, by mapping its linear and conformational B-cell epitopes to un-
cover its mechanism of action and efficacy. Linear epitopes were predicted with BepiPred-2.0, while conformational
epitopes were identified using Swiss Model and Discotope 2.0. Eighteen linear epitopes were identified, with 10 over-
lapping validated regions. Key conformational residues, such as 416469, 441-463, and 495-506, were associated
with ACE2 binding and antibody neutralization. RENOVAC’s epitope profile explains its strong inhibition rate and
immune activation, supporting its potential for further vaccine development.

Key words: SARS-CoV-2, RBD, Protein Vaccine, Immunogenicity, B cell Epitopes.

Introduction.

The global impact of the COVID-19 pandemic has necessitated the rapid development of effective vac-
cines to control the spread of SARS-CoV-2. Among the various vaccine platforms, protein subunit vaccines
have garnered significant attention due to their safety profile and adaptability. These vaccines use specific
components of the virus, such as the spike (S) protein or its receptor-binding domain (RBD), to elicit a tar-
geted immune response without introducing the live virus. This approach provides a precise and controlled
immunological stimulus, minimizing adverse effects while maintaining efficacy [1].

The spike protein of SARS-CoV-2, a trimeric glycoprotein responsible for viral entry into host cells
via the angiotensin-converting enzyme 2 (ACE2) receptor, has emerged as the primary target for neu-
tralizing antibodies [2]. Its critical role in infection makes it an ideal candidate for vaccine development.
Additionally, the receptor-binding domain (RBD), a smaller region within the spike protein, represents a
highly immunogenic and antigenically focused target. Recent advancements have also explored the poten-
tial of dimeric RBD structures, which enhance antigenicity by mimicking the natural multivalent presenta-
tion of the spike protein [3].

Spike, monomeric RBD, and dimeric RBD protein subunit vaccines have demonstrated varying degrees
of immunogenicity and efficacy in preclinical and clinical studies [4]. RBD-based vaccines, on the other
hand, offer advantages such as smaller size, ease of production, and reduced risk of eliciting non-neutral-
izing antibodies. Dimeric RBD vaccines further enhance immune responses by improving B-cell receptor
cross-linking and antigen presentation, resulting in higher neutralizing antibody titers and broader pro-
tection against emerging variants. In this context, our research is centered on the development of a novel
dimeric receptor-binding domain (RBD)-based vaccine, RENOVAC, specifically designed to enhance im-
munogenicity and confer broad-spectrum protection against SARS-CoV-2. RENOVAC employs a highly
optimized dimeric RBD antigen, formulated with an alum adjuvant system, to elicit robust humoral and
cellular immune responses. The dimeric RBD structure enhances antigen stability and improves receptor
mimicry, facilitating efficient immune system recognition and activation. Preclinical studies have demon-
strated significant IgG production and surrogate virus neutralization along with robust activation humoral
immune pathway, and an acceptable safety profile [5].

This study focuses on evaluation of the immunogenicity of RENOVAC, leveraging computational in
silico tools to identify and analyze linear and conformational B cell epitopes as vaccine demonstrated
strong activation of B-cells to provide humoral immunity. By integrating bioinformatic approaches, we
aim to characterize the immune targets of the vaccine, providing insights into its mechanism of action and
guiding its further optimization for clinical application.
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2. Materials and methods.

2.1. Identification of linear B cell epitopes

To analyze potential linear cell B cell epitopes within the RENOVAC protein, which consists of tan-
demly repeated SARS-CoV-2 receptor-binding domain (RBD) sequences linked by a 5xGS linker and
lacking the signal peptide, the protein sequence was processed using the BepiPred-2.0: Sequential B-Cell
Epitope Predictor tool [6]limited advancement has been achieved over the last decade in the accuracy of
epitope prediction methods, especially for those that rely on the sequence of the antigen only. Here, we
present BepiPred-2.0 (http://www.cbs.dtu.dk/services/BepiPred/. BepiPred-2.0 utilizes a Random Forest
algorithm to predict B-cell epitopes based on a comprehensive analysis of protein sequences. This pre-
diction model has been specifically trained using amino acid data derived from both confirmed epitopes
and non-epitope residues, as determined through crystallographic structures. The algorithm assesses the
sequence for regions likely to be recognized by the immune system, aiding in the identification of potential
linear epitopes within the RENOVAC vaccine antigen.

2.2. Identification of conformational B cell epitopes

To identify potential conformational B-cell epitopes, four structural models of the RENOVAC-Dimer
RBD protein were first generated using the Swiss Model tool [7]. Swiss Model is an automated server for
protein homology modeling that generates three-dimensional structures based on known protein templates.
Following the prediction, the model with the highest GMQE (Global Model Quality Estimate) score, which
indicates the best overall quality and reliability of the predicted structure, was selected for further analysis.
This high-quality model was then uploaded to the Discotope version 2.0 platform [8], which specializes in
predicting discontinuous B-cell epitopes. Discotope uses structural data to identify regions of the protein
that are likely to be recognized by B-cells in a three-dimensional context, thus aiding in the identification
of conformational epitopes that are crucial for effective immune responses.

3. Results and Discussions.

3.1. Linear B cell epitope prediction

Identifying B-cell linear epitopes of the SARS-CoV-2 spike protein, particularly within the recep-
tor-binding domain (RBD), is critical for vaccine development, therapeutic antibody design, and diagnostic
assay creation. These epitopes are key targets for the immune response and have been mapped in previous
studies using experimental techniques such as ELISA, peptide arrays, or computational predictions validat-
ed with experimental data.

In this study, we employed the BepiPred 2.0 tool to analyze potential linear B-cell epitopes within the
spike protein, focusing on its RBD region. BepiPred 2.0 predicts linear epitopes based on a combination
of amino acid propensity scales and machine learning algorithms, providing a threshold score of 0.5 for
epitope identification.

Our analysis revealed that RENOVAC, our RBD-based vaccine, contained 18 predicted epitopes with
scores above the threshold (0.5). The predicted epitopes were distributed across various regions of the RBD

protein (Figure 1).
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Fig. 1. Predicted linear B cell epitopes in RENOVAC vaccine. (A) Predicted linear B cell epitopes
using BepiPred 2.0. (B) Schematic representation of the RENOVAC dimer RBD vaccine sequence, with
positions aligned to the SARS-CoV-2 spike protein.
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Comparison with previously confirmed linear epitopes in the literature showed a high degree of overlap
with 10 predicted epitopes of RENOVAC. (Table). For example, key epitopes within residues 450—460 and
470-490-regions known for their immunogenicity and neutralizing antibody targeting—were also identified
in RENOVAC.

Predicted RENOVAC epitopes overlapping with confirmed epitopes

Ne | Start | Stop | Predicted RENOVAC eptiope amino | Spike protein | Overlapping epitope
acid sequence position study reference
1. 26 45 ATRFASVYAWNRKRISNCVA 344-363 [9]
2. 55 60 SFSTFK 373-378 [9]
3. 86 | 109 | GDEVRQIAPGQTGKIADYNYKLPD | 404-427 [9,10]
4. 122 | 188 | NLDSKVGGNYNYLYRLFRKSNLKP | 440-506 [9-11]
FERDISTEIYQAGSTPCNGVEGFNC
YFPLQSYGFQPTNGVGYQ
3. 201 | 216 HAPATVCGPKKSTNLV 519-534 [9]
6. 258 | 276 NATRFASVYAWNRKRISNC 343-361 [9]
7. 318 | 342 RGDEVRQIAPGQTGKIADY- 403-427 [9,10]
NYKLPD
8. 355 | 382 | NLDSKVGGNYNYLYRLFRKSNLK- | 440-467 [9-11]
PFERD
9. 384 | 420 STEIYQAGSTPCNGVEGFNCYF- | 469-504 [9-11]
PLQSYGFQPTNGVGY
10. | 434 | 452 HAPATVCGPKKSTNLVKNK 519-537 [9]

Furthermore, the distribution and accessibility of these epitopes were evaluated in the structural context
of the spike protein. This analysis ensured that the predicted epitopes are surface-exposed and likely to
interact with B-cell receptors or antibodies in vivo. The identification of these epitopes emphasizes their
potential relevance for inducing a robust immune response, making RENOVAC a promising candidate for
further development in vaccine and antibody-based therapeutic strategies.

3.2. Conformational B cell epitope prediction

Conformational epitopes are essential for understanding targets of neutralizing antibodies, as a majority
of B-cell epitopes in native proteins are conformational rather than linear. Studies suggest that approxi-
mately 90% of B-cell epitopes fall into this category [12]. This predominance highlights the critical need to
focus on conformational epitopes when developing vaccines and therapeutic antibodies.

To identify potential conformational B-cell epitopes within the SARS-CoV-2 receptor-binding domain
(RBD), the RENOVAC-Dimer RBD protein structure was analyzed. A 3D structural model was generated
using the Swiss Model tool, achieving a GMQE (Global Model Quality Estimate) score of 0.72. The se-
lected model exhibited high structural similarity to the crystallographic structure SMTL ID: 7th0.1, which
represents two neutralizing nanobodies in complex with the SARS-CoV-2 spike receptor-binding domain
(Figure 2A).

The model with the highest GMQE score was subsequently analyzed using the Discotope 2.0 platform
for discontinuous epitope prediction. Discotope 2.0 integrates structural data and epitope propensity scor-
ing to identify regions likely to be recognized as conformational B-cell epitopes. The analysis revealed
several potential epitopes distributed across key regions of the RBD, particularly those critical for ACE2
receptor binding and structural stability (Figures 2B and 2C).

The RENOVAC protein harbors several conformational epitopes that overlap with previously con-
firmed immunologically significant regions, as detailed below:

1. Residues 416—469: A region vital for ACE2 receptor binding, including key residues such as lysine
(K417), which stabilize interactions with the receptor. This epitope is targeted by neutralizing antibodies
like LY-CoV555 [13].

2. Residues 441-463: Contains a key loop essential for ACE2 interaction. Critical residues within this
segment are prominent targets for neutralizing antibodies such as REGN10933 [14].

3. Residues 495-506: A receptor-binding hotspot, particularly around residue N501, which is critical
for receptor affinity and frequently targeted by antibodies like CB6 [15].

44



Uzbek Biological Journal 2025, Ne 1

DiscoTope Prediction

—— Threshold = -3.7 B Positive prediction Negative prediction ]

0 20 40 60 8’0 100 120 140 160 180 260 220 240 260 280 300 320 340 360 380 400 42‘0 440 460
Position
Fig. 2. Predicted 3D structure and conformational B cell epitopes in RENOVAC vaccine. (A) Predicted
3D model of RENOVAC protein antigen with highest GMQE score. (B) Visualization of predicted
conformational B-cell epitopes in the RENOVAC vaccine in 3D model view. (C) Predicted
conformational B-cell epitopes in the RENOVAC vaccine represented as a chart view.

The identified epitopes correspond to regions directly involved in ACE2 receptor interaction, highlight-
ing their critical relevance in vaccine and therapeutic antibody design. These epitopes likely contribute
significantly to the high inhibition rate observed with the RENOVAC vaccine.

Conclusion. This study highlights the immunological potential of RENOVAC, a dimeric RBD-based
subunit vaccine designed to combat SARS-CoV-2. Through bioinformatic analysis, multiple linear and
conformational B-cell epitopes critical for ACE2 receptor binding and antibody neutralization were iden-
tified. These epitopes contribute to the high inhibition efficacy observed in preclinical studies. The over-
lapping epitopes with experimentally validated regions further validate its immunogenicity. These results
underscore the importance of epitope mapping in vaccine design and position RENOVAC as a strong can-
didate for further studies and development.
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RENOVAC - DIMER RBD OQSIL SUBBIRLIK COVID-19 VAKSINASINING B HUJAYRA EPITOPLARI
M. Muminov, N. Tsiferova, V. Tsoy, A. Abdurakhimov, Sh. Turdikulova

Vaksinalar samaradorligini tushunish ularni optimallashtirish va kuchli immun javobini ta’minlash uchun juda
muhimdir. Ushbu tadqiqotda RENOVAC - COVID-19 vaksinasining ta’sir mexanizmi va samaradorligini ochib berish
uchun uning chizigli va konformatsion B-hujayra epitoplari xaritasi tahlil qilindi. Chiziqli epitoplar BepiPred-2.0
yordamida bashorat qilindi, konformatsion epitoplar esa Swiss Model va Discotope 2.0 yordamida aniqlandi. 18
ta chiziqli epitop aniqlanib, ulardan 10 tasi oldin tasdiglangan epitoplar bilan mos kelgan. Muhim konformatsion
eptoplar, jumladan 416469, 441-463 va 495-506 aniqlanib, ular ACE2 bilan bog‘lanish va antitana neytrallashuvi
bilan bog‘liq. RENOVAC epitop profili uning yuqori ingibirlash darajasi va immun faolligini tushuntiradi va uning
vaksina sifatida keyingi rivojlanishini qo‘llab-quvvatlaydi.

Kalit so’zlar: SARS-CoV-2, RBD, Ogsil vaksina, Immunogenlik, B hujayra epitoplari.

B-KJIETOYHBIE OIIUTOIIBI PEHOBAK — JUMEPA BEJIKA CYBBEJIMHUILIBI RBD BAKIIMHBI
[MPOTUB COVID-19

M. Mymunos, H. Ludeposa, B. Lloii, A. AGxypaxumos, 11I. Typaukynosa

[ToHrMaHMe MEXaHU3MOB AEHCTBUS BaKI[MH UMEET PELIarolee 3HauCHHE JUIsSl X ONTUMAJIBHOTO IPOEKTUPOBAHUS
n obecrieueHns CHIILHOTO HMMYHHOTO OTBeTa. B JaHHOM HcciieioBaHNM ObLIa MPOBEIEHA OIEHKA BaKIIMHBI TPOTUB
COVID-19 RENOVAC nyTteMm KapTHpOBaHHMs €€ JIMHEHHBIX W KOH(POPMAIMOHHBIX AIIUTONOB B-KIileTok, 4To0OBI pac-
KPBITh MeXaHHU3M e€ ieHcTBuS U 9 (heKTHBHOCTD. JIMHEIHBIE SNUTONBI TPOTHO3UPOBAINCH ¢ TToMoIbio BepiPred-2.0,
a KOH(OPMAIIMOHHBIC AITUTOIIBI ONPENEISLTNCH ¢ Hcoib3oBaHueM Swiss Model u Discotope 2.0. beuiu BeisiBiIcHBI 18
JMHEHHBIX SNHUTOMNOB, 10 N3 KOTOPBIX COBIAIIM C paHee MOATBEP)KICHHBIMH perrnoHamu. KioueBsie KoH(opMaIu-
OHHBIE OCTaTKH, Takue Kak 416-469, 441-463 u 495-506, cszanbl ¢ BaumoneicTBueM ACE2 u Helfrpanuzanueit
antuten. dnutonHsii mpoduias RENOVAC 00BsICHSIET ero BBICOKYI0 MHIHOMPYIOIIYI0O aKTHBHOCTh M aKTHUBAILIUIO
MMMYHHOTO OTBETa, 4TO ITOJTBEP>KAAeT €ro MOTEHIHAI sl JallbHEHIIeH pa3padoTKH.

Knroueswvie cnosa: SARS-CoV-2, RBD, GenkoBasi BakIinHa, IMMYHOTCHHOCTb, IUTOIBI B-KJIETOK.
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OLIEHKA AKTUBHOCTH KCAHTUHOKCHUJIA3BI IPH OCTPOM TOKCUYHOCTHU
YI'APHBIM I'A30M

P.X. MAVKUJOBA', O.C. HAPBIIITHUKOBA', A.}IO0. BAEB'*

TlenTp mepemoBBIX TEXHOIOTHIA,
’HannoHanbHbINA YHUBEPCUTET Y30ekucrana uM. M. Yiyroeka

ABTOp sl Iepenucku: baev.a.yu@gmail.com

OTpaBieHNs YTapHBIM Ta30M UMEIOT CePhE3HbIC TOCIEACTBHS B IIEJIOM JUISI BCETO OPraHW3Ma, U B MEPBYIO O4e-
pens, IS IeHTPaTbHOM HepBHOU cucTeMbl. HemaBHIE MiccaeJ0BaHMS MOKA3aIIH, 9TO PEOKCUTESHAIIHS TTAlleHTOB HOP-
MOOapUYECKUM KUCIOPOAOM TAK)KE MOXKET TIPUBOANTH K TOKCHYECKOMY TTOBPEkKACHUIO HEHPOHOB TOJIOBHOTO MO3Ta,
Pa3BUBAIOIETOCS 110 MEXaHM3MaM AaHAJOTWYHBIM pernepdy3MOHHOMY CHHIPOMY, BO3HHKAIONIEMY NpH HMHCYJIbTe. B
HacTosmeil pabore, HaMu BIepBbIe, B Y30eknucTaHe, oTpaboTaHa U BHEIPEHA in Vifro MOAETh TOKCHYHOCTH YTapHBIM
ra3oM Ha MEePBUYHBIX KYNbTYpax HEHPOIIHAIbHBIX KJIETOK, BBIJCICHHBIX U3 TOJOBHOTO Mo3ra KpbsIc. MeTtonoM (iry-
OPECIICHTHON BH3yaJH3aIMN OBICTPBIX (PU3NOJOTHYECKUX MPOIECCOB, MPOBEICH aHATIH3 aJIeKBaTHOCTH MPEIOKEH-
HOM HaMH MofieH. B paMkax HacTOSIIETO UCCIEIOBAHUS MPOBEICHA OIICHKAa CKOPOCTH MPOAYKIIMH aKTUBHBIX (hopM
kucaopona (ADPK) nponcxoasuux Ha KJICTOYHOM YPOBHE U BOBJICUEHHOCTh KCAHTHOKCH a3kl B ipoaykunio ADK nmpu
OTPAaBJICHUAX YTapHBIM ra30M B YCIOBHUSIX THIIOKCHU M PEOKCUTCHAIINH.

Kniroueswie cnosa: yrapusiii raz, AOK, umemus, penepdy3ust, KCaHTHHOKCHA3a, OKUCIUTEIIBHBIN CTpecc.

BBenenune. OTpaBicHUE B pe3yiabTare TOKCHYECKOTO JEUCTBHS OKWCH yriiepona (yrapHsii raz, CO)
SBIISIETCS] OMHON M3 HambOoJlee pacpOCTPAHEHHBIX M TSDKEIBIX (opM xummdeckor maronorun. CO, oOpa-
3YIOIIMICS TIPY HETIOTHOM CTOPAaHUH OPTaHWYECKUX BEIIECTB, HAKAITUBACTCS B BO3LYXE U, PH BIBIXaHUN
obpasyeT CTaOMIbHBIN KOMIUIEKC C TEMOITIOOMHOM - KapOOKCHUTEMOTIIOONH, TEM CaMbIM, CHIYXKAs CII0CO0-
HOCTH 3PUTPOLMTOB TPAHCIIOPTHUPOBATH KHUCIOPOJ, YTO MPHUBOAUT K TUTIOKCHU TKaHEH, ¥ B MEPBYIO OYe-
penn, HanboJiee TyBCTBUTEIBHBIX K Ne(PHUIINTY KUCTOPO/Ia, TAKUX KaK TOJIOBHON MO3T U CEp/IIe.

Toxcudeckoe BO3ACHCTBUE yrapHOTO Ta3a Ha IEHTPATLHYI0 HEPBHYIO CHCTEMY NMPUBOIUT K THOETH
HEHPOHOB WJIM yTpaTe X (YHKIMH, 4TO MOXET BBI3BaTh Pa3BUTHE OTCPOUYEHHBIX HEBPOJIOTHUECKHUX HAPY-
MIEHUH, KOTOPBIC POSIBIIAIOTCS uepe3 2—40 aaei mocie orpaBieHus. Jaxe mpu CBOEBPEMEHHOM JICUCHUH
ITOJTHOE BOCCTAHOBJICHNE HE BCET/IA IOCTIKHUMO.

B nmemusnpoBaHHBIX HeMpOHaxX (KJIE€TKaX TOJOBHOTO MO3Ta) HApyMIAETCs] MUTOXOHAPHAIBHOE JbIXa-
HUE, YTO MPHUBOAUT K IHEPreTHYECKOMY AepHuuuTy. B yCIOBHSIX TMITIOKCHH IS BOCCTAHOBJICHHUS KHCIIO-
pOoIHOTO OOMEHA M HOPMAIM3AIMK KJIETOYHBIX (DYHKITHA, TPOBOIUTCS PEOKCUTEHAIINS C UCTIOIB30BAHUEM
HOpMOoOapuueckoro kuciopoza (100% kuciopona). [Io60IHBIM MPOTYKTOM PEOKCUTEHAITUHN SIBIISIETCS 00-
pa3zoBanne akTHBHBIX Gopm Kucnopona (APK), KoTopsle MOTYT CIIPOBOIIMPOBATh HEWPOTOKCHUYHOCTH U
rubenp ki1eTok. HenaBHue muccrienoBanus mokasanu, 9to aktuBanust AQK sBiseTcst OqHUM U3 KITFOUEBbIX
MEXaHU3MOB ITOBPEKICHHS KJIETOK B 3TOM IPOIIeCcCe.

Henasuue nccienoBanus Ha MOACIISX i Vitro TOKCHIHOCTH YTapHBIM Ta3oM mokazand, yto CO uHay-
nupyet reHepannio AQK u3 Tpex pa3nuyHbIX BHYTPUKIIETOUHBIX NCTOYHUKOB. llepBas Bomra ADK mpo-
IyLIHPYEeTCsl MUTOXOHAPUSAMH B TiepBbie 15—-20 MUHYT mocie Hayaia TOKCHYECKOTO BO3JIEHCTBUS yrapHO-
ro raza. Cryctst 20 MUHYT POUCXOIUT aKTHUBAIMS KCAHTHHOKCHIA3bl, YTO BHI3BIBAET BTOPUYHYIO BOIHY
ADK, compskeHHYIO ¢ €€ akTHBHOCTBIO. B mportiecce perepdy3nn BO3HUKAET TpeThs BoHa pocta ADK, B
OCHOBHOM CBsi3aHHas ¢ akTUBHOCTEIO HA JIOH-okcnmas3el. MTaTHONpOBaHIE KITIOYEBHIX 3BEHHECB, OTBEUAIO-
X 3a HakorieHne ADK npu uiemMun, BEI3BAHHON KHCIOPOHBIM TOJI0aHNEM HITH TOKCHYHOCTBIO yrap-
HOTO Ta3a, pacCMaTpUBAETCS KaK MMOTEHIIMAIbHAS TeparieBTUYeCKas CTpaTerus Mpyu HHCYIbTax, HH(papKTax
1 OTpaBJICHUSIX yrapHbIM Ta3oM [1, 2]. B nanHoit paboTe MBI HCTIONB30BATH KJIETOUHYIO MOJIETh TOKCHIHO-
CTH yTapHBIM T'a30M TSI OIIEHKH aKTHBHOCTH KCAHTHHOKCHIa3bl, B KAU€CTBE MOJICKYISIPHOTO HHCTPYMEHTA
JUTSE CKpUHIHTA OMOJIOTHYECKH aKTHBHOCTH COEIMHEHH.

Kcantunokcnaasa (XO) npeacrasnseT coboit pepMeHT, yJacTBYIOINI B KaTabonn3Me MypruHOB, Tpe-
Bpalas TUTIOKCAaHTHH B MOYEBYIO KHCIIOTy depe3 KcaHTuH. Hecmotps Ha T0, uto XO sBiseTcs 3HAYH-
TEBHBIM UCTOYHUKOM CYTIEPOKCH/Ia, 0COOCHHO MIPH JIETKOW TUTNoKcuu [3], JaHHBIE O €€ PONH B pa3BUTHUU
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MaToJoruid Mo3ra orpanndeHbl. OcHoBHast MH(oOpManusi 0 e€ poiu B pa3BUTUU HEHpPOAETCHEPATHBHBIX
Kacka/IoB ObljIa MOTy4eHa ¢ IOMOIIbI0 HHTHOUTOPHOTO aHaJn3a, KOTOPhIH NMOKasal, 4To HHruouTopsl X0,
TaKWe KaK aJuIOMypUHON U OKCHITYPUHOIN, MOTYT CHIKaTh renepariio ADK npu 6onesnn XaHTHHITOHA U
OKa3bIBaTh HEMPOMIPOTEKTUBHBIHN 3(h(heKT B KJIeTOUHBIX Moze X Oone3nu [lapkuncona n Anbureiimepa [3].

Marepuannl 1 MeToabl. OObEKTOM HCCIIEIOBAaHUS SBISUIMCH MIEPBUYHbIC HEHPOTHATBHBIC KICTKU
B KYJIBTYp€, BBIICICHHBIX M3 KOPBI OOJNBIIMX MOMyIIapuii HeOHATANBHBIX KpbIC [4] OCTpy0 TOKCHYHOCTh
yrapHbIM Ta30M BBI3BIBATH BHECEHHEM K KynbType kietok 60 uM CORM-401 (CO releasing molecule -
onna monekyna CORM-401 npu pactBopenun B Bozie BeaessieT 3 Monekyinsl CO). [Ipoxykimro ADK peru-
CTPUPOBAIIM B HarpyKEeHHBIX (Qyopodopom aeruapostuanymoM (HEt) — Bo3Oyxaenune 500 HM, sMuCCHS
582 uM. Curnai ¢uyopecueHMH PEeruCTPUPOBaIN Ha (IyOpEeCIEHTHOM HHBEPTUPOBAHHOM MHUKPOCKOIIE
EVOS FL COLOUR. Kuneruky nponykiun ADK pernctpupoBanu pazaenbHo Ui HEHPOHOB U aCTPOLH-
TOB, YYUTBIBasi UX MOpP(OIOrniIecKre u GyHKIHOHATbHBIE pa3nudus. POTOIOKYMEHTHPOBAaHUE Pe3yIbTa-
TOB OCYIIECTBIISAIN Kaxkzple 20 ceKyH B MPOLECCce 3aliCH HKCIIEPUMEHTA.

Cmamucmuueckuti anaiu3 1 o0pabOTKy 3amucell SKCIepUMEHTOB Aeianu B mporpamme Origin Pro
2021. lanHble MpeacTaBIeHbl Kak CpeiHee 3HaueHHE BEIOOPKH + CpeIHEKBaApaTHUHAas! OIIMOKa CPETHETO.
J171s1 OLIEHKH CTaTHCTUYECKON 3HAYMMOCTH 3aBUCUMBIX IaHHBIX (Pa3sHHLA MEXKIy CKOPOCTSAMH 0a30BOM Ju-
HUU U pa3HbIX (a3 Bozaeiicteust CO) ucnonbzoBaniack ANOVA ¢ nmoBTopHbIME n3MepenusMu (One-Way
Repeated Measures ANOVA) ¢ post-hoc Tectom Trroku. [{iist cpaBHeHUs 3¢ ekToB ayomypuHoia (puc. 3)
ucnonb3oBaics TecT CThIoneHTa sl He3aBUCUMBIX BBIOOpOK (Two-Sample t-Test).

Pe3yabTarbl U ux odcy:xaenue. /s onpenenenus: 6azoBoro yposHsi pocta ADK, nepseie 5 MuUHYT
9KCIIEPUMEHTa TPONUCHIBAIN cKopocTh okucienus HEt mpu ¢usnonorndyeckux ycnoBusix. OKuciIeHne
HEt nponcxoauT B OCHOBHOM 3a CUET CYNEpPOKCHJ aHHOHA, B CBSI3U C 3TUM YBEJIMYEHHE MHTEHCHUBHO-
ctu ¢pyopecuenimn HEt mpuauMany 3a sxkBuBaiieHT ckopocTu oopazoBanust AOK. CkopocTh NPOAYKIUH
A®DK npu puznonorndeckux ycnoBusx (6azosas nuHus) npuauMany 3a 100 %, Bce mocneayromue pacue-
ThI IPOU3BOIMIIN OTHOCHUTENBHO JJAHHOTO MoKa3ares. s OleHKH BIMSHMSI yTapHOTO Ta3a Ha MPOAYKIUIO
A®K B HepBHBIX KiIeTKaX, B cucteMy BHocuiu 60 puM CORM-401. B teuennu nepsbix 20 MUHYT DKcCIIe-

pumenTa (1-s1 ¢aza umemun), CKOpoCTh
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(y3un) crkopocth npupocta ADK yBenmumnace Ha 260 %/MuH B HelipoHax u Ha 475 % B acTponurax,
OTHOCUTENbHO 0a3oBoii uHuM (puc. 1 A u b). Penepdysus (ormbiBka kietok or CORM-401), npuBoauia
K yBenn4eHuIo ckopoctd nponykunu ADPK na 1285 %/Mun B Heliponax 1786 %/MuH B acTpouuTax, OT-
HocuTeNbHO 6a30Bo# muHKH (puc 1). CkopocTh pocta ADK oleHrBa y npu moMouy GyHKINU THHEHHON
perpeccuu B KaxJ101 KIIETKe, YTO BU3YaIbHO OTOOpasKeHO B KaueCTBe KacaTeNbHbIX Ha pucyHke | B. Takum
00pa3zoM, B CEpUH IKCIIEPUMEHTOB HaM YJallOCh BOCIIPOM3BECTH MOJIENIb TOKCHYHOCTH YIapHBIM Ta30M B
KyJBTYpe HEHpPOITIHaIbHBIX KIETOK, BBIACICHHBIX M3 KOPHI OONBIINX MOJYHIAPHHA MO3Ta HEOHATaTbHBIX
kpslic. [TarTepn n3mMenenus ckopoctu pocra AQK nosHOCTHIO COBMA/IAN C TAKOBBIM, OITMCAHHBIM B JINTEPA-
Type [1], oMHAKO CTOUT OTMETHTBH, 4TO CKOpocTh pocTa ADK B acTponurax, B HAIMX SKCIIEPUMEHTAx Obla
3HAYUTENIBHO BBILIE, IO CPABHEHUIO C HEHPOHAMHU.

B cnenyroteii cepun SKCIIEPIMEHTOB HaMH OBIITH IIPOBEACHBI aHAIOTUYHBIC TPEABAYIIEH KOHPHUTYpa-
LUK MOJETH TOKCUYHOCTH YTapHBIM Ta30M DKCIICPUMEHTBI, Ha ()OHE MHTUOUTOPa KCAHTHHOKCH1A3bl aJJI0-
nypunona. [IpennkyoupoBanue kietok ¢ 20 pM amionypuHoIa He OKa3blBaJIO 3HAYMTEIBHOTO BIMSIHUS Ha
niepByto (azy uremun — B iepebie 20 munyT nocie 1o6asku CORM-401, Hu B HelipoHax, HU B aCTPOIUTAaX
(puc. 2). Onnaxo, ckopocth npoaykiun ADK Bo Bropoii gaze nmemun (20-40 MmunyT) Ha QoHE ammonypu-
HoJa OblJ1a TaKoM ke, Kak ¥ Ipy nepBoii (pase, Kak B HeWpoHax, Tak U B acTpouuTax (puc. 2). [Ipu penepdy-
3 TaKXKe, KaK U B KOHTPOJIe, HAOII0aI0Ch 3HAYUTEIBHOE YBEIMYCHNE CKOPOCTH pocTa poaykuun ADK
10 CPaBHEHHIO ¢ 0a30BOM JIMHUCH.
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Puc. 2. Biusnue anmnonypunona (20 uM) ma CO-unaynupoBannyio nponykuuio ADK B Heliponax u
actpouurtax PenpeseHTaTHBHAS 3aIMCh OHOTO 3KCIIEPUMEHTA, KaX/1asl TIMHUSL OTOOpaKaeT CUTrHaJI OT OJl-
HOM KJIeTKU B HeHpoHax (A) u actpouutax (b); YepenHeHHBIH curHai ot Bcex KJIETOK PENpe3eHTaTUBHO-
r'0 9KCHEPUMEHTA, BEPTUKAJIbHBIC TMHUU OTOOPaKAIOT CTaHAAPTHOE OTKJIOHEHHE BBIOOPKH IJIs1 HEHPOHOB
(B) u actporuroB (I'); CraTtuctuyeckas oleHKa Bcex JHEH dKcrepuMeHToB. N=9; n=187 11 HeWpOHOB H

n=186 mis acTporutoB; (N - KOJI-BO YallleK, N-KOJIHYECTBO KIETOK). *p<0,05; ***p<0,001.
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Kak B KOHTPOJBHBIX SKCIIEPUMEHTaX, TaK U Ha (JOHE aJuIomypuHOIa, pernepdy3us NPUBOANIA K HaH-
OonbrreMy 1o ckopoctu pocty npoaykiuu ADK (puc. 1 u 2), 3HAYNTENBHO OTIAMYaromeiics oT 6a30BoM
JIMHUY ¥ Beex (a3 umemun. MHTEepecHo, BO3AeHCTBHE alIoNypHHOIIA TPUBOAMIO K 3HAUUTEIILHOMY yBe-
mruennto nponykuun ADK npu gpuznonornueckux ycinoBusx (6azosast TMHUS — puC. 3 A).
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Puc. 3. CpaBHUTEIBHBIN aHATN3 KOHTPOJIBHBIX SKCIIEPUMEHTOB M HKCIIEPUMEHTOB Ha (hOHE
amornypuHona. A. M3amenenne ckopoctu pocta ADK ripu 6a30Boii TMHNHN, CHTHAIT HOPMAITU30BaH MO/T
KOoHTpoIb; b. Ouenka saddexra annonypunona ckopocts pocta ADK B Heliponax; B. Onenka addexra

aiornypuHoia ckopocTs pocra ADK B actponurtax. *p<0,05; **p<0,01; ***p<0,001.

OnHako, Ha CErOJHSIIHNUN IeHb HE YCTAHOBJICHO, BBI3BIBACT JIM 3TO OKHUCIUTEIBHBIN CTpecC B Iallb-
Heimem. CpaBHUTEIBHBIN aHaIM3 MOKa3aJjl, 4TO aJUIOIYPHUHON JOCTOBEPHO CHUKAET CKOPOCTH MPOIYKLINU
A®K B0 BTOpO#i (paze uiieMnu Kak B HEHpOHaAx, Tak U B acTpouuTax (puc. 3 b u B). Ongnako B mepBoii daze
nieMun HaOonancs HeOonbLIoH pocT ckopocTH npoaykunu ADK Ha ¢oHe mprMeHEeHUs aJuIoNyprHOIIa,
IIPU 3TOM 3TOT 3 PEKT OB TOCTOBEPHBIM TOJIBKO B HEHPOHAX, B TO BPEMsI KaK B aCTPOLIUTAX U3MEHEHUIN
He Obuto (puc. 3 b u B). MbI cBsi3bIBaeM 3TH pe3ynbTaThl ¢ TEM, YTO CaM AJUIOMYPHHOJ CHOCOOCTBYET
yBenn4deHuro ckopocty nponykinu ADK (puc. 3 A). Bimsaue ammonypunona Ha dazy pernepys3un okasza-
J0Ch IBOSIKUM. B HelipoHax HHruOMpoBaHUE KCAaHTHHOKCHAa3bl HE OKa3bIBAJIO 3HAUNTEILHOTO 3 dekra Ha
ckopocTb pocta ADK npu peniepdys3un, B TO BpeMsi Kak y aCTpOLMTOB ObLI0 3a(MKCHPOBAHO JOCTOBEPHOE
cHmkenue npoaykuun ADOK (puc. 3 b u B).

OCHOBBIBasICh Ha JJAHHBIX PE3y/bTaTaX MOXHO C/ENaTh MPEIION0KEeHNE, YTO B HEHPOHAX U acTpOLH-
TaX TOKCUYHOCTh YTapHBIM I'a30M MOXKET HMETh HECKOJIBKO OTJIMYHBIC MEXaHU3MBI.

3axuouenne. B pesynsrare mpoBeieHHOM paOOThI BIIEpBbIE B Y30E€KHUCTaHE yAAJIOCh pa3padoTaTh Kie-
TOYHYIO MOZIEb TOKCHYHOCTH yrapHbIM Ia30M Ha MEPBUYHBIX KyJIbTYPaX KOPTUKAIbHBIX HEMPOTIIHATbHBIX
KJIETOK, & TAKXKE OLIEHUTH POJIb KCAHTHHOKCHU/IA3bl B PA3BUTHH OKHUCIUTEIIFHOTO CTpecca IpH AaHHOH (op-
M€ TOKCUYHOCTH. Halu sKcrieprMeHThI MOATBEP)KIAI0T PaHee MOdyYeHHbIE JaHHbIE O MEXaHM3Max pocTa
A®K npu TOKCUYHOCTH yrapHbIM razom [1].

Bonee Toro, Mpl 0OHAPYKWIJIM, YTO AJJIOIYPHHOJI CIIOCOOCH BBI3BIBATh YBEIMUCHHUE CKOPOCTH MPOIYK-
uun ADK, 4To MOXKET yKa3bplBaTh HAa NOTCHLUMAIBHBINA PUCK PA3BUTHUSI OKMCIUTEILHOTO CTpecca MpH JUIH-
TEJILHOM IIPUMEHEHUH 3TOTO Tpenapara. Takxke ObUTo TOKa3aHO, YTO MHTMOWPOBaHKWE KCAHTHMHOKCHAA3HI
cHIXKaeT ckopocth npoaykuun ADK B actpouurax B nepuoa penepdysun, 4To paHee He ObIJI0 MPOAEMOH-
CTPUPOBAHO B APYrHX padoTax.
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BaaromapuocTu. JlanHOE HcCiie10BaHKEe ObLIO BBITIOIHEHO IpH nojieprkke rpanta Ne A-MPB-2021-465
(b.A.1O.) ArenrcrBa MHHOBanmoHHOTO pa3BuThs PecnyOnuku Y30ekucraH. Bripaxkaem OnaromapHOCTb
Hebecnoii K.C., koTopas oka3aia MoMoIlb B BbIIEJICHUN U BEJCHUH NTEPBUYHOMN KYIBTYPBl HEPBHBIX KIIe-
TOK.

Konkpernsiii Bkaaa aBropoB. H.K.C. — npoBezieHne (QyHKIIMOHATIBHBIX DKCIIEPUMEHTOB, aHAIIU3
JMaHHBIX, ToAroToBKa prucyHKoB; Y.0.C. - pecypcsl, kornentyamm3anus; b.A.1O. - koHnenTyanu3anus u
JIM3aiiH SKCTIEPUMEHTOB, IPOBEJICHNE (DYHKIIMOHAIBLHBIX AKCIIEPUMEHTOB, aHAJIN3 JIAHHBIX, IOITOTOBKA PHU-
CYHKOB, HallICAHWE M PEIaKTHPOBAHUE PYKOIIHCH, PECYPCHI.
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IS GAZI BILAN O‘TKIR ZAHARLANISHDA KSANTINOKSIDAZA FAOLLIGINI BAHOLASH
R.X. Majidova, O.S. Charishnikova, A.Yu. Baev

Is gazi bilan zaharlanish organizm uchun xavfli bo‘lgan oqibatlarga olib keladi. So’nggi paytlarda olingan
yangi ma’lumotlarga qaraganda bemorlarni normobarik kislorod bilan reoksigenatsiyasi gilish inson organizmi nerv
hujayralariga insult vaqtida kuzatiladigan sindromlarga o’xshash toksik ta’sir qilishi mumkinligi aniglandi. Ushbu
tadqiqotda biz birinchi marotaba O‘zbekiston Respublikasi sharoitida kalamushlar miyasidan ajratilgan birlamchi
neyroglial kulturalarda is gazi bilan zaharlanish modelini qo‘lladik va amaliyotga tadbiq qildik. Olingan modelning
muvaffaqiyatini tezkor fiziologik jarayonlarning fluoressent tasviri yordamida kislorodning faol shakillari (KFSh)
ishlab chiqarish tezligi nuqtai nazaridan baholadik, shuningdek, Is gazi bilan zaharlanishda KFSh ishlab chiqarishda
ksantioksidazaning ishtirokini baholadik.

Kalit so’zlar. Uglerod monoksidi , KFSH, ishemiya, reperfuziya, ksantinoksidaza, oksidlovchi stress.

ASSESSMENT OF XANTHINE OXIDASE ACTIVITY IN ACUTE CARBON MONOXIDE TOXICITY
R.X. Majidova, O.S. Charishnikova, A.Yu. Baev

Carbon monoxide poisoning has dire consequences for our bodies. Recently, it was shown that the reoxygenation
of patients with normobaric oxygen can also have toxic effects on nerve cells, due to reperfusion syndrome, similar
to the processes observed in strokes. In the present work, we developed and introduced a carbon monoxide toxicity
model in primary neuroglial cultures isolated from the brains of rats in the Republic of Uzbekistan. We assessed the
model by measuring the rate of production of reactive oxygen species (ROS) using fluorescence imaging technic and
also evaluated the role of xanthine oxidase in the production of ROS during carbon monoxide poisoning

Key words: Carbon monoxide, ROS, ischemia, reperfusion, xanthineoxidase, oxidative stress.
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CHARACTERIZING THE MUTATIONAL LANDSCAPE OF
SARS-COV-2 NON-STRUCTURAL PROTEINS

G. ESONOVA'2, A. ABDURAKHIMOV'? SH. IBRAGIMOVA', M. MUMINOV |, V. TSOY/,
J. GULOMOV', A.ABDULLAEV', D. DALIMOVA', SH. TURDIKULOVA!

!Center of Advanced Technologies, Tashkent, Uzbekistan;
Institute of Biophysics and biochemistry at the National University of Uzbekistan
named after M. Ulugbek

e-mail: esonovagulnoza96@gmail.com

Since the emergence of the COVID-19 pandemic in 2019, caused by the novel SARS-CoV-2 virus, it has had
a significant impact on a global scale. Our previous studies focused on analyzing mutations in the Spike protein of
SARS-CoV-2 genomes, providing insights into the spread, evolution, and genetic diversity of the virus in Uzbekistan.
In this study, we aim to investigate the most prevalent mutations in the Open Reading Frame 1ab (ORF1ab) locus of
the SARS-CoV-2 genome. The ORF1lab locus encodes non-structural proteins (NSPs), which play a crucial role in
the virus’s life cycle, including RNA processing, viral replication, and evasion of the host immune system. Analyzing
mutations in this genomic region will help us better understand the evolutionary trajectories of SARS-CoV-2 and
explore opportunities for managing and preventing the disease in the context of Uzbekistan. Furthermore, the findings
may contribute to the design of vaccines targeting SARS-CoV-2 and its variants.

Key words: SARS-CoV-2, ORF1ab, Non - structural proteins (NSPs), NSP 13, P323L.

Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) was discovered for the first time in
Wuhan, China’s Hubei Province, in December 2019. Since then, the World Health Organization (WHO) has
identified this virus as the cause of the coronavirus disease 2019 (COVID-19) pandemic, which was for-
mally announced on March 11, 2020 [1-3]. The rapid global spread of SARS-CoV-2, affecting more than
200 countries worldwide, has prompted an unprecedented scientific and public health response to mitigate
and resolve the crisis. The pandemic’s impact has been profound, with over 770 million reported cases and
approximately 6.9 million deaths globally as of October 31, 2023 [4].

Coronaviruses exhibit a spherical virion shape with a diameter ranging from 80 to 120 nm, character-
ized by the presence of “spikes”—trimers of the Spike (S) protein [5,6]. As a beta-coronavirus, SARS-CoV-2
shares similar morphology and structure with its beta-coronavirus relatives, with a genetic similarity of
79% to SARS-CoV and 51.8% to MERS-CoV. The SARS-CoV-2 virus possesses a positive-sense RNA
genome, which is enveloped and ranges in size from 26 to 36 kilobases. The viral genome has a 5’ cap and
a poly(A) 3’ tail, allowing it to serve as messenger RNA for translation by the host cell machinery. At the
5’ end of the genome, there are the open reading frame (ORF) la and 1b replicase genes, which encode
proteins that are subsequently cleaved to yield 16 non-structural proteins (NSPs). These NSPs, encoded by
the ORF1ab region, play crucial roles in the viral life cycle. In addition to the structural proteins (S, E, M,
N) located at the 3’ end of the genome, the NSPs also mediate other essential functions, including viral rep-
lication, translation, post-translational modification, assembly, and host immune evasion [5]. These NSPs
are not components of the viral particle but are nonetheless indispensable for the virus to successfully infect
and replicate within the host cell.

In our previous studies [7,8], we focused on the specific mutations in the Spike protein, in this study, we
tried to focus on the most common mutations occurring in the ORF1ab region since the NSPs play a crucial
role in the virus life cycle. By investigating the mutations in this region, we can further our understanding
of the virus’s evolution and potential implications for its management and prevention.

Materials and methods

Samples included in this research were obtained from COVID-19-diagnosed patients with mild, mod-
erate, and severe symptoms who were being treated at the State Hospital Zangiota-1 and Zangiota-2.
Nasopharyngeal and oropharyngeal specimens were collected in 3 mL of the viral transport medium tube
using flocked swabs and sent to the Biotechnology laboratory of the Center for the Advanced Technologies
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at a cold temperature (2—-8°C) within 72 hours post-collection. All the swab samples were stored at -80°C
until further analyses. SARS-CoV-2 RNAs were extracted from patients’ swabs using QlAamp® Viral
RNA Mini Handbook kit (QIAGEN) according to manufacturer’s protocol. The concentration and purity
of the isolated RNA samples were measured using a BioSpec-nano spectrophotometer (Shimadzu Biotech,
Japan). To detect SARS-CoV-2 viral infection, a one-step Real-Time PCR assay was performed using
Novel Coronavirus (2019-nCoV) RT-PCR detection kit (Shanghai, People’s Republic of China) on the
QuantStudio™ 5 Real-Time PCR System (Applied Biosystems, Foster City, USA) as per the manufactur-
er’s instructions. Based on the Real-Time-PCR assay analysis, samples that were reported as Real-Time
PCR positive for SARS-CoV-2 were chosen for the next - Sanger sequencing and Next generation sequenc-
ing (NGS) analysis.

Sanger sequencing was performed to verify the accuracy of the analysis results and determine the target
mutations of SARS-CoV-2 variants, while NGS was performed to identify SARS-CoV-2 variants and mu-
tations that are specific to each new variant. [llumina COVIDSeq RUO Kit (1000000126053 v05 Jun 2021)
as well as CleanPlex SARS-CoV-2 Panel (version UG4001-04, Jan 2021 and UG4004-06 Feb 2022) were
used according to the manufacturer’s instructions.

Whole genome analysis of SARS Cov-2
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Schematic diagram representing several stages starting from sample collection to analysis.

After libraries were generated, the generated pool was purified using [llumina Tune Beads as per pro-
tocols provided by the manufacturer (Illumina, Inc., San Diego, CA, USA). Finally, the purified pool was
quantified using Qubit 2.0 fluorometer dsDNA HS Assay Kit (Thermo Fisher Scientific, Waltham, MA,
USA). Sequencing was performed on a MiSeq instrument (Illumina, San Diego, CA, USA). The entire
procedure used in this study is presented in Figure.

Results

According to the whole genome sequencing analysis, the SAR-CoV-2 genomes had multiple mutations
in every region. Of the 347 amino acid level variants found, the ORF1ab region had the highest frequency
of mutations, consisting of 159 mutations (113 and 46 mutations in ORF1la and ORF1b, respectively).

Non-structural proteins (NSP1-NSP16) encoded by the ORF1ab region of the SARS-CoV-2 genome
are proteins that are not components of the virion but are transcribed and translated during host cell infec-
tion and play an important role in viral replication, translation, post-translational modification, assembly,
evasion of the host immune system and other important functions [9]. Among these NSPs, the highest
number of mutations was observed in NSP3 (the largest protein of the virus, which plays an important
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role in virus replication), NSP2 (s a relatively small protein which involved in the replication process of
the virus), and NSP13 (a multifunctional protein which acts as a helicase), with 41, 19, and 17 amino acid
substitutions, respectively. Interestingly, no mutations were identified in the NSP11 gene, suggesting that
this non-structural protein may be under stronger evolutionary constraints or play a more critical role in the
virus’s life cycle, limiting the accumulation of mutations.

Notably, the P323L substitution in the NSP12 protein was the most frequently detected substitution,
identified in 98% of the samples (n = 108). NSP12 plays a crucial role in SARS-CoV-2 genome replication
and transcription [ 10]. Another frequently observed substitution was the T4921 substitution in NSP4, which
was detected in 73% of the isolates (n = 80). The all-amino acid substitutions of non- structural proteins
(ORF1ab) are illustrated in the Table.

The S135R mutation in the NSP1 protein of SARS-CoV-2 (found the most fequent mutation with 55%)
is believed to enhance the virus’s ability to evade the host immune system, potentially leading to increased
immune evasion and escape. This mutation may also alter NSP1’s structure or function, impacting viral rep-
lication, transcription, and overall fitness. Additionally, it could influence the virus’s severity and clinical
manifestations of COVID-19. Its presence, particularly in the Omicron variant and its subvariants, suggests
a possible selective advantage for the virus.

Amino acid substitutions of Non- Structural Proteins

ORF NSP1 NSP2 NSP3 NSP4 NSP5 NSP6
1a
S135R, R27C, K8IN, | G489S, T24I, P1469S, P1228L, T4921, P132H, G107del,
K47R, P129L, E563D, | A488S, P822L, H1274Y, S126L, T3271, K90R, S106del,
G8&2D, K142R, E374G, 11412T, T1831, A1711V, L264F, A193V, F108del,
M85del, K554E, L550F, A579V, AB90D, E1799G, V167L, A260V, T77A,
D139Y, D23Y, D43Y, | T731, T7711, A1310V, A1892T, A446V, T2251 | V149A, L75F,
F143del, G339S, 1295V, | E113D, G1716S, I1388T, K38R, L438F, F34S, G277S,
G133C, MI141R, L1266I1, L632F, M3751, P822S, T96I, 1189V,
K141del, P129S, Q585H, R568H, S1265del, Al46V, L105del,
QO66R, Q376K, S1670F, S403L, S692F, T1036I, D279N, L237M,
R124C, Q395R, T1866A, V11391, V1243F, E141G, L260F, T101,
R24C, R119K, S348P, | V15221, V6651, V9291, Y103N 1110V, T1811, V149I,
S142del, T5471, T5901 T1891, V152F
V86del T2141
ORF | NSP7 | NSP8 | NSP9 | NSP10 NSP12 NSP13 NSP14 | NSP15 | NSP16
lab
L56F | N118S, | T241 155T P323L, R392C, P77L, 142V, E56D, | K160R,
NI192K, G6718, T127N, S36P, A394V, | G286C, | K182N
V160L A423V, S38L, 1399V, A85P, | P46L, | H234Y,
L648F, P227L, F24S, G206C, S461P, | S147G
P323F, T2251, L2951, L297F, A471V, | T112I,
V7921, VIool, M2331, N102S, AlS, V1651,
Y273H, N268S, T481M, D144N, | V320L,
Y479N V169F, Y217H E204D | V66L

In NSP3, the G489S mutation, which is specific to the Omicron variant, was observed with a high
frequency of 60% across all Omicron subvariants detected in Uzbekistan. Meanwhile, the T4921 mutation
in the NSP4 protein was identified as the most frequent mutation, occurring at a rate of 73%. As a type I
interferon antagonist, NSP5 is the primary protease that is crucial for SARS-CoV-2 [11]. In this study, the
mutation P132H in NSP5 which might affect enzyme activity, was observed in all subvariants of Omicron.
Representing a frequency rate of 65%, the G107del and S106del mutations identified in NSP6 may change
the conformation of the spike protein, potentially impacting its ability to bind to the ACE2 receptor on host
cells. This alteration can affect the virus’s entry into cells.
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Only a mall number of mutations with a frequency rate of roughly 1% were found in the NSP7, NSP§,
NSP9 and NSP10 areas.

The following novel mutations, which may be significant for understanding COVID-19, were found in
the NSP12 region of the SARS-CoV-2 genome. Since NSP12 encodes RNA-dependent RNA polymerase,
it is crucial for the transcription and replication of the SARS-CoV-2 genome [12]. According to earlier
research, the P323L substitution in NSP12, which was found in 98 percent of our samples, may cause struc-
tural alterations, and impair proofreading when the SARS-CoV-2 genome replicates [11].

A key enzyme in coronaviruses, NSP13 is a highly conserved RNA triphosphatase that unwinds dou-
ble-stranded RNA in a 5’ to 3’ orientation [9]. One study suggested that the RN A Nucleoside Triphosphatase
of the NSP13 helicase may be impacted by the R392C mutation, which is found in the Recl A domain.
According to another study, this mutation may modify the protein’s secondary structure and result in minor
modifications to protein folding [5].

Conclusion

In summary, our study highlights the significant mutations occurring within the ORF1ab region of the
SARS-CoV-2 genome, particularly focusing on the NSPs that play critical roles in the virus’s life cycle.
The high frequency of mutations, especially in NSPs such as NSP3, NSP12, and NSP13, underscores the
dynamic nature of the virus and its ability to adapt to host environments and immune responses.

Understanding these mutations provides valuable insights into the evolutionary trajectories of SARS-
CoV-2, informing public health strategies and interventions for disease management and prevention in
Uzbekistan and beyond.

Author Contributions

Investigation: Esonova G, Abdurakhimov A, Ibragimova Sh, Muminov M, Tsoy V, Gulomov J,
Abdullaev A. Funding acquisition: Dalimova D, Turdikulova Sh. Writing — original draft: Esonova G.

REFERENCES

1. Chiara M, D’Erchia AM, Gissi C, Manzari C, Parisi A, Resta N, et al. (2021) Next generation sequencing
of SARS-CoV-2 genomes: challenges, applications, and opportunities. Brief Bioinform. 22:616-30.
DOI: 10.1093/bib/bbaa297

2. LuR, Zhao X, LiJ, Niu P, Yang B, Wu H, et al. (2020) Genomic characterisation, and epidemiology
of 2019 novel coronavirus: implications for virus origins and receptor binding. Lancet Lond Engl.
395:565-74. DOI: 10.1016/S0140-6736(20)30251-8

3. WuF, Zhao S, Yu B, Chen Y-M, Wang W, Song Z-G, et al. (2020) A new coronavirus associated with
human respiratory disease in China. Nature. 579:265-9. DOI: 10.1038/s41586-020-2008-3

4. John G, Sahajpal NS, Mondal AK, Ananth S, Williams C, Chaubey A, et al. (2021) Next-Generation
Sequencing (NGS) in COVID-19: A Tool for SARS-CoV-2 Diagnosis, Monitoring New Strains and
Phylodynamic Modeling in Molecular Epidemiology. Curr Issues Mol Biol. 43:845-67. DOI: 10.3390/
cimb43020061

5. Mingaleeva RN, Nigmatulina NA, Sharafetdinova LM, Romozanova AM, Gabdoulkhakova AG,
Filina YV, et al. (2022) Biology of the SARS-CoV-2 Coronavirus. Biochem Biokhimiia. 87:1662—78.
DOI: 10.1134/S0006297922120215

6. Bai Z, Cao Y, Liu W, Li J. (2021) The SARS-CoV-2 Nucleocapsid Protein and Its Role in Viral
Structure, Biological Functions, and a Potential Target for Drug or Vaccine Mitigation. Viruses. 13:1115.
DOI: 10.3390/v13061115

7. Esonova G, Abdurakhimov A, Ibragimova S, Kurmaeva D, Gulomov J, Mirazimov D, et al. (2024)
Complete genome sequencing of SARSCoV-2 strains that were circulating in Uzbekistan throughout
four pandemic waves. PLoS ONE 19(11): €0298940. https://doi.org/10.1371/journal.pone.0298940

8. Esonova G., Abdurakhimov A., Ibragimova Sh., Kurmaeva D., Rakhmatullaecv A., Rakhmonkulova A.,
Abdullaev A., Dalimova D., Turdikulova Sh. (2024) Mutations of the SARS-CoV-2 omicron variant
spike protein. O’zbekiston Biologiya Jurnali, 3-son Tashkent-2024 9-15 betlar.

9. Nieto-Torres JL, Verdia-Baguena C, Jimenez-Guardefio JM, Regla-Nava JA, Castafio-Rodriguez
C, Fernandez-Delgado R, et al. (2015) Severe acute respiratory syndrome coronavirus E protein

55



Vabexckutl buonosuueckuii Kypuan 2025, Ne 1

transports calcium ions and activates the NLRP3 inflammasome. Virology. 485:330-9. DOI: 10.1016/j.
virol.2015.08.010

10. Rabi FA, Al Zoubi MS, Kasasbeh GA, Salameh DM, Al-Nasser AD. (2020) SARS-CoV-2 and
Coronavirus Disease 2019: What We Know So Far. Pathogens. 9:231. DOI: 10.3390/pathogens9030231

11. GuanY, Zheng BJ, He YQ, Liu XL, Zhuang ZX, Cheung CL, et al. (2003) Isolation and characterization
of viruses related to the SARS coronavirus from animals in southern China. Science. 302:276-8.
DOI: 10.1126/science.1087139.

12. Han H-J, Yu H, Yu X-J. (2016) Evidence for zoonotic origins of Middle East respiratory syndrome
coronavirus. J Gen Virol. 97:274-80. doi: 10.1099/jgv.0.000342.

SARS-COV-2 NING STRUKTURAVIY BO'LMAGAN OQSILLARIDAGI
MUTATSION LANDSHAFTINI TAVSIFLASH

G. Esonova, A. Abdurakhimov, Sh. Ibragimova, M. Muminov, V. Tsoy, J. Gulomov, A. Abdullaev,
D. Dalimova, Sh. Turdikulova

2019yildayangi SARS-CoV-2 virusi tufayli COVID-19 pandemiyasi paydo bo’lganidan beri global miqyosda katta
ta’sir ko’rsatdi. Avvalgi tadqiqotlarimiz SARS-CoV-2 genomlarining Spike ogsilidagi mutatsiyalarni tahlil gilishga
qaratilgan bo‘lib, bu virusning O‘zbekistonda tarqalishi, evolyutsiyasi va genetik xilma-xilligi haqida ma’lumot
berildi. Mazkur tadqiqotda esa SARS-CoV-2 genomining Open Reading Frame 1ab (ORF1ab) lokusidagi eng keng
tarqalgan mutatsiyalarni o’rganishni maqgsad qilganmiz. ORF1lab lokusi nostruktur ogsillarni (NSP) kodlaydi, ular
virusning hayot siklida muhim rol o‘ynaydi, shu jumladan, RNKni qayta ishlash, virusning replikasiya qilinishi va
Xujayraning immun tizimidan qochishi jarayonlarida ishtirok etadi. Ushbu genom mintaqasidagi mutasiyalarni tahlil
qilish SARS-CoV-2 evolyusiyasi yo‘nalishlarini chuqurroq tushunishga hamda O‘zbekiston sharoitida kasallikni
boshqarish va uning oldini olish bo‘yicha imkoniyatlarni o‘rganishga yordam beradi. Bundan tashqari SARS-CoV-2
virusi va uning variantlariga vaksina dizaynida foydalanish mumkin.

XAPAKTEPUCTUKA MYTALIMOHHOI'O JIAHAITA®TA HECTPYKTYPHbBIX BEJIKOB SARS-COV-2

I'. Dconora, A. Aonypaxumos, 111. 6parumosa, M. MymunoB, B. Ioii, XK. ['ynomos, A. Aoayuiacs,
J. Hanumosa, III. Typaukynosa

C momeHTa nosiBiieHust HoBoi nanaemun COVID-19 B 2019 roay, Bsi3BanHol Bupycom SARS-CoV-2, ona oxa-
3aja 3HaYMTEIbHOE BIHMSIHUE Ha II00aJbHOM ypoBHe. Hamm mpeabiyiye ncciaeaoBanusi ObUTM COCPEAOTOYEHBI Ha
aHanmu3e mytaruid B Oenke Spike reroma SARS-CoV-2, 4To mO3BONMIO HOMYyYUTh HHGOPMAIIUIO O PACIPOCTpaHE-
HUH, SBOJIONUH U TEHETHYECKOM pa3HOOOpa3un BUpyca B Y30ekucTane. B HacTosIeM nccieJo0BaHnU MBI TOCTaBUIIN
LIeNIBI0 M3yYeHHe HauboJiee pacrpoCTpaHEHHBIX MyTaluil B JIOKyce OTKPBITOW paMkn cuutbiBaHus lab (ORFlab)
renoma SARS-CoV-2. Jlokyc ORFlab komupyer HectpykrypHble Oenkn (NSP), koTopble UrpaloT BakKHYIO pOJIb B
YKM3HEHHOM ILIMKJIe BHpYca, BKIo4as mporeccel 0opadotkn PHK, permkanmn Bupyca u yKIOHEHHS OT IMMYHHOMR
CHCTEMBI KJIETKH. AHAJIM3 MyTallMii B ’TOM T€HOMHOM PETHOHE MOMOXKET IITyO)Ke MOHSTH HANpPaBJICHUS 3BOJIOINN
SARS-CoV-2, a Takke U3y4nTh BOZMOXKHOCTH JUIsl yTIPABJIEHUs 3a00J€BaHNEM M €ro NMpOQUIaKTUKH B YCIOBHSX
V36ekncrana. Kpome Toro, pe3yasrarsl MOTYT OBITH HCIIONIB30BaHbI P pa3padorke BakiuH npoTB SARS-CoV-2 n
€ro BapUaHTOB.
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THE ROLE OF CA* -CHANNELS IN AORTIC SMOOTH MUSCLE CELLS IN
THE RELAXANT EFFECT OF SOME INDOLE ALKALOIDS
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This article studies the relaxant effect of vincanidine ethyl iodide and vincanidine methyl iodide indole alkaloids
on the smooth muscle preparation of rat aorta. The contraction activity of the smooth muscle cell of the blood vessel
was recorded using the FT-03 device (Grass Instrument Co., USA). The relaxant effect of vincanidine ethyl iodide and
vincanidine methyl iodide indole alkaloids was found to be associated with the blockade of voltage-dependent Ca*
channels located in the plasma membrane of smooth muscle cells, resulting in a decrease in the influx of Ca*" ions
into the cytoplasm.
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Introduction

One of the main causes of cardiovascular diseases is hypertension, and the treatment and prevention
of this condition significantly reduce the risk of heart and vascular diseases [1]. It is known that the de-
velopment of hypertension is primarily associated with the disruption of several ion transport systems that
maintain the Ca?* homeostasis in smooth muscle cells [2]. In the regulation of Ca?" homeostasis in smooth
muscle cells, the calcium transport system of the sarcoplasmic reticulum, along with the voltage-dependent
Ca* -channels in the plasma membrane, plays an important role. [3,4]. The modulation of these Ca*" trans-
port systems with biologically active substances for the treatment of cardiovascular diseases is currently
one of the most relevant issues in cardiology and pharmacology [5]. It is known that some alkaloids have a
broad pharmacological effect. In particular, the F-25 alkaloid has been found to exert a strong vasorelaxant
effect, and the mechanism of this effect involves the blockade of Caz*L and Caz*R channels located in the
plasma membrane of smooth muscle cells [6]. Furthermore, it has been determined that the pyrazoline alka-
loid exerts a positive inotropic effect on the contraction force of the rat heart papillary muscle preparation,
and this effect is associated with the activation of the Ca**| channel in cardiomyocytes [7]. Considering this,
the aim of this study was to investigate the effects of vincanidine ethyl iodide (12-hydroxynorfluorocurarine
ethyl iodide) and vincanidine methyl iodide (12-hydroxynorfluorocurarine methyl iodide), indole alkaloids,
on the voltage-dependent Ca*" channels of aortic smooth muscle cells.

Material and methods

White rats were anesthetized with sodium pentobarbitol (40 mg/kg), the chest was opened, the aorta
was isolated, and 3-4 mm aorta preparations were prepared by removing excess fatty tissue and placing
them in a special container. Prepared aortic drug Krebs solution: (in mM) NaCl - 118; KCl -.8 ; MgCO, —
1.2; KH,PO, — 1.2; CaCl, - 2.5; NaHCO,-25; glucose - 11; (pH = 7.4) was placed in the cell. Temperature
stability (t = +37 °C) was ensured by U-8 ultrathermostat. The contractile activity of the aortic vascular
preparation was connected to the FT-03 sensor (Grass Instrument Co., USA) in isometric conditions using
hooks made of platinum wire and recorded using a standard method (mechanography) using a special com-
puter program through a signal amplifier device (Grass Instrument, USA). Initially, the rat aorta preparation
was incubated with a tension of 1 g (~10 mN) for 45—60 min until normalization. The aortic preparation was
then reduced with KCI1 (50 mM), and the relaxant effect of the indole alkaloid under study was examined.
Statistical processing of the obtained results and drawing of pictures were carried out using the OriginPro
7.5 computer program. All data are presented as the mean + standard error for n experiments. The statistical
significance of the differences between the control and experimental values was determined for a series of
data using the paired t-test. p-values <0.05 indicate statistically significant differences.

The experimental protocols complied with the standards and requirements for humane treatment of
animals and the regulations of the Ethics Committee of the IBB at the National University of Uzbekistan
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named after M. Ulughbek (Protocol Ne. 7 dated April 7, 2022) regarding the use of laboratory animals. The
preparations of isolated aortic segments were obtained according to [8].

Results

It is known that the contractile activity of the aorta preparation induced by KClI is determined by the
activation of voltage-dependent Ca** channels located in the plasma membrane of smooth muscle cells.
In this case, an increase in the concentration of K* ions in the medium alters the membrane potential,
leading to the activation of voltage-dependent Ca*" channels. This results in an increase in cytosolic Ca**
concentration, which causes muscle contraction [9]. From this perspective, the effects of vincanidine ethyl
iodide and vincanidine methyl iodide indole alkaloids, on the contraction activity induced by KCl (50 mM)
in aortic smooth muscle preparations were studied. In the initial experiments, the relaxant effects of the
vincanidine indole alkaloids on the isometric contraction activity of rat aortic blood vessels were studied
under in vitro conditions. It was found that the indole alkaloids vincanidine ethyl iodide and vincanidine
methyl iodide, had a significant relaxant effect on the contraction force induced by KC1 (50 mM) at concen-
trations of 5-150 uM and 5-125 uM respectively. When repeating this experiment with vincanidine methyl
iodide, it was found that at a concentration of 5 uM, the aortic preparation reduced the contraction force
by 7.2+3.4%, and at 125 pM, the reduction was 79.8+2.3%. The EC concentration values of vincanidine
ethyl iodide and vincanidine methyl iodide indole alkaloids, which reduced the contraction force induced
by KCl by 50%, were found to be 63.11 uM and 54.34 uM, respectively (Figure 1).
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Fig. 1. A. Dose-dependent relaxant effects of vincanidine ethyl iodide and vincanidine methyl iodide
indole alkaloids on the contraction activity induced by KCI (50 mM) in rat aortic smooth muscle
preparations. B. Original recording. The contraction force induced by KCI1 (50 mM) was taken as control
(100%) (* —p <0.05; ** —p <0.01; n =4-5).

Considering that the contraction of the aorta preparation induced by KCI occurs as a result of increased
activity of Ca*| channels and the subsequent increase in cytosolic Ca** ions, the relaxant effects of these
indole alkaloids may be related to the partial inhibition of voltage-dependent Ca?* channels located in the
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plasma membrane of smooth muscle cells. To test this hypothesis, in the subsequent experiments, we used
Krebs-Henseleit physiological solution with a [Ca®*]  range of 0.5-2.5 mM. It is known that in the absence
of Ca?" ions in the Krebs solution, an increase in KCI concentration does not induce contraction in the aor-
tic blood vessel preparation. However, in this condition, the addition of Ca*" ions to the Krebs-Henseleit
solution leads to contraction of the aortic preparation [10]. In our experiments, the aortic preparation was
incubated with vincanidine ethyl iodide (150 uM) and vincanidine methyl iodide (125 puM) indole alka-
loids. KCI (50 mM) was then added to the medium, followed by the addition of Ca?* (0.5-2.5 mM), which
resulted in contraction of the aortic preparation. It was found that the relaxant effect of vincanidine indole
alkaloids is dependent on the [Ca®']  concentration. That is, under the incubation conditions with indole al-
kaloids, the contraction force of the aortic preparation was found to decrease by 68.3+4.2% and 71.8+3.9%

compared to the control (Figure 2).
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entry through Ca?* channels, which are associated with the potential located on the smooth muscle cell
membrane. In our next experiments, studies were conducted in the presence of the specific blocker of
these channels, verapamil, to clarify the involvement of voltage-dependent Ca*" channels in the relaxant
effect of the indole alkaloids under investigation [11]. In these experiments, the half-maximal effective
concentration of verapamil, /C, = 0.1 uM, was used. In the incubation medium, the effects of vincanidine
ethyl iodide (63,11 uM) and vincanidine methyl iodide (54.34 M) on the contraction of aorta preparations
induced by KCI (50 mM) were examined in the presence of verapamil at an EC_  of 0.1 uM. In this case,
it was observed that the indole alkaloids under investigation further decreased the contraction force of the
aorta preparations by 8.7+3.1% and 11.5+3.7%, respectively (Figure 3).
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Fig. 3. The effect of vincanidine ethyl iodide and vincanidine methyl iodide, indole alkaloids, on
the contraction activity induced by KCI (50 mM) in mouse aorta smooth muscle preparations under
incubation conditions with the specific Ca**| channel blocker — verapamil (/C,,= 0.1 uM). The
contraction force induced by KCI (50 mM) was taken as the control (100%) (* — p<0.05; ** p<0.01; n=5).
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These results further confirm that vincristine indole alkaloids have the ability to block Ca?* channels on
the plasma membrane of smooth muscle cells.

Conclusion.

Based on the obtained experimental results, it can be concluded that vincanidine indole alkaloids have
a strong relaxant effect on the contraction activity of aorta preparations induced by KCI1 (50 mM). In this
process, the blockade of the Ca**| -channel located on the plasma membrane of smooth muscle cells reduces
the entry of Ca?* ions into the cell, leading to muscle relaxation. This hypothesis is further confirmed by the
results obtained using the voltage-dependent Ca** channel specific blocker, verapamil.

Authors’ contribution: Ibragimov E.B. - participated in conducting all the experiments. Zaripov A.A.
- participated in conducting some experiments and checking the article for spelling errors. Usmanov P.B. -
supervisor, provided the methodologies for the experiments, and explained the correct approach to working
with them. Jumaev 1.Z. - checked the article for spelling errors. Adizov Sh.M. - participated in the isolation
of vincanidine ethyl iodide and vincanidine methyl iodide indole alkaloids.
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AYRIM INDOL ALKALOIDLARNING RELAKSANT TA’SIRIDA AORTA SILLIQ MUSKUL
HUJAYRALARI CA* -KANALLARINING ROLI

E.B. Ibragimov, A.A. Zaripov, P.B. Usmanov, I.Z. Jumaev, Sh. M. Adizov

Vinkanidin etil yodidi va vinkanidin metil yodid indol alkaloidining kalamush aorta qon-tomiri silliq muskul
preparatiga relaksant ta’siri o‘rganildi. Qon tomir silliq muskul hujayrasining qisqarish faolligi FT-03 (Grass
Instrument Co., AQSh) qurilmasi yordamida qayd qilindi. Vinkanidin etil yodidi va vinkanidin metil yodid indol
alkaloidlarining relaksant ta’siri, silliq muskul hujayralari plazmolemmasida joylashgan potensialga bog’liq Ca**
kanallarini bloklanishi natijasida sitoplazma Ca?" ionlari kirishi susayishi bilan bog‘liqligi aniglandi.

Tayanch iboralar: aorta, vinkanidin indol alkaloid, Ca*" -kanal, relaksant.

POJIb Ca* | -KAHAJIOB B I'NTAJJKOMBIIIEYHBIX KJIETKAX AOPTbI B PEJJAKCAHTHOM JIECTBUH
HEKOTOPBLIX MHIOJIBHBIX AJIKAJIOMIOB

3.b. Ubparumos, A.A. 3apumnos, [1.b. Yemanos, 11.3. XKymaes, 111.M. Anuzos

HccnenoBano pacciadsioniee eiicTBHe BUHKaHWAWHA METWI-HOMUA M BUHKAHWMHA STHI-HOAN ajKaJouaa
Ha TIOJI'OTOBKY IVIaJIKOM MYCKYJIaTypbl 20pPThI KPBICHI. AKTUBHOCTD COKpAIIEHHUS TJIIKOMBIIICYHBIX KJIETOK COCYI0B
Obuta 3adukcupoBana ¢ nomornbio yerpoiictBa FT-03 (Grass Instrument Co., CILIA). Paccnabnstoniee nelictBue
BUHKaHUAWHA YTWI-HOUJT 1 BUHKAHHWIMHA METHII-HOIU]T MHIOJIBHBIX aJIKaJOH/IOB CBS3aHO ¢ OJIOKMPOBKOI MOTEHIIH-
an-3aBUcUMbIX Ca’" KaHallOB, PACMONIOKEHHbBIX B MIIA3MOJIEMME T8 JKOMBIIICYHBIX KJIETOK, YTO MPUBOIUT K CHHKE-
HUIO TTOCTYIUIeHUsI HOHOB Ca?* B IUTOILIA3MYy.

Kniouesvie cnosa: aopra, nH01-aKkanon10B BUHKaHuAMHA, Ca’' | -KaHAIl PEAKCaHT.
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BJIUAHUE INOJIUPEHOJIA ANK-1 1 DKCTAPKATA ITL-2 HA CUCTEMY 'rEMOCTA3A
Y KPbIC IPU DKCIIEPUMEHTAJIBHOM JIMABETE

I M. PAUMOBA', 3. K. HACUPOB', C. C. XOJl’KUEB!, JI. H. BBIIIOBA?,
K.H. MAXMVYJIOBA', P. . MAXMYJIOB?

b

Agtop s nepennckn: guliraimovalll@gmail.com

Hapymem/m CUCTEMBI T€EMOCTas3a y OOJIBHBIX caxapHbIM JII/Ia6eTOM BKIIFOUAKOT aKTUBAIIUIO €CTCCTBCHHBLIX MEXa-
HU3MOB CHCTEMBI KOAryJisiliiu, ojaBieHue GUOPHHOINTHYSCKON aKTUBHOCTH, @ TAK)Ke HAPYIICHUS] (DYHKIIUU TPOM-
601TOB. B CBA3M 3THM aKTyaldbHOM MPOOIEMOil SIBISETCS UCCICAOBAaHNE JAHHOW MPOOIEMBI ¥ TOUCK HOBBIX JIEKap-
CTBEHHBIC BEIIECTBA, MPEIIATCTBYIOMNX JalbHEHIIIEMy IPOTrPECCHPOBAHMIO CAXapHOTO ArabeTa 2- TUIA B Pa3BUTHIO
€ro OCHO)KHCHHﬁ, Ha CUCTEMY Tr€éMocCTasa. B nammx HUCCICAOBAHUAX BBISIBJICHO, YTO HOHI/I(I)GHOII BBI)ICJ'[CHHHﬁ u3
pactenus Pistacia vera v 9KCTpaKT U3 Isatis tinctoria L. 00nagaroT MPOTUBOANA0ETHUECKON  aHTUTPOMOOTHIECKOI
AKTHBHOCTHIO. BBUTO MOKa3aHO, 9TO 3TH MOTM(EHOB! YIyqIIal0T ITMKEMHUYECKUH KOHTPOJb Y IKCIIEPHUMEHTAIBHO
CMOJZICIIMPOBAHHBIX KPBIC CaXapHbIM JII/Ia6eTOM 2 THUIIA, a TAK)KE CHMKAIOT YPOBCHD TpOM6OTI/I'-IeCKI/IX OCJIOKHEHUM.

Knitouegwvie cnosa: Caxapupiii quadet 2 Tumna, MOIYJIUPOBAHUE CaxapHOTO auadera, cucTeMa reMocTasa, Tuias-
MEHHBIC 1 OMOXUMHUYECKUE TTOKa3aTeIN KPOBH, OIN(EHOIBI.

BBenenue. [1pu caxapaom nuadeTe cTpagaroT MPAKTHISCKH BCE 3BEHBSI CHCTEMBI T€MOCTa3a, UTO TPHU-
BOJIUT K HapyIICHUSAM KOArysiud, (rUOpPHHONN3A, aHTUKOATYITHTHONW CHCTEMBI, (PYHKITUH TPOMOOITUTOB
[1]. OTH dakTopbl MPUBOIAAT MPOTPECCHPOBAHUIO aTEPOCKIIEPO3a U CEPACTHO-COCYAUCTHIX 3a00IeBaHII
[2]. OgaMMY W3 TIaBHBIX TPUYHH JAHHBIX M3MEHEHUH SBISIIOTCS: HMHCYTHHOPE3UCTEHTHOCTD, THIIEPHHCY-
JMHEMHUS U HeyJJOBJIETBOPHUTEIbHAS KOMIICHCAIINS YTIIEBOAHOTO oOMeHa [3]. B HacTosmiee Bpemst IS yiryd-
IIeHNS YIIIEBOAHOTO OOMEHA M CHCTEMBI TeMOCTa3a MPUMEHSIOTCS TaKne JICKapCTBEHHBIE MPeraparhl Kak
Huabeton MB, merdopmun u apyrue. [Ipenapar {nadberon MB (rmmknazun MonnuuIimpoBaHHOTO BEICBO-
OOKJIeHNs) HOpMAIM3YeT HE TOJIBKO YTIIEBOJHBIM 0OMEH, HO M YITy4IIaeT MPOTPOMOOTHIECKOE COCTOSHUE
[4]. Anaberon MB B cpaBHEHHH ¢ APYTUMH MIpETIapaTaMy dTON TPYIIIBI yIydIIaeT mepByto ¢a3y CeKpernnn
WHCYIIMHA B JIEHCTBYET Ha BTOPYIO (Da3y CeKpeIuu, UMeeT MEHBIIINE PUCKH Pa3BUTHS TUTIOTIIMKEMHH, CHH-
JKAeT CEKPEIMIO0 TIIOKO3BI MEUYeHBIO [5]. B momonHeHnn K BBIMIETICPEUHCIICHHBIM CBOMCTBaM, JmabeTon
MB cHmXaeT aAre3uio U arperanuio TpOMOOIIUTOB, a Takke yBeauanBaeT hudpunonus [4]. pyroi mpe-
napar MeT(QpOpPMHH 3aMETHO CHH)KAeT yPOBEHb TKaHEBOTO aKTHBaTropa rurasMuHoreHa PAIl — 1 u Biamsier Ha
axtuBanmio gaxropa XIII n mommmepuszamuio ¢pudbpuHa [6]. UHTEepecHbIM NMpernaparaMy B IJIaHE WX BIUS-
HUS Ha YIJIEBOAHBIN 0OMEH M CHCTEMY TeéMOCTa3a SBISIIOTCS IINKIa3ua U noenknamua. [Ipu cpapaennn
BIMSTHYS TJIMKIIa3H/1a ¥ TTHOSHKIIAMHU/Ia Ha YTJIEBOAHBIN KOHTPOJIb U KOATYISIINIO ObITO MOKa3aHo, 4To 00a
9TH TIperapara B XoAe 6-MeCSIHOTo MprueMa CHIKAIN YPOBEHb INIMKUPOBAHHOTO TeMOTIO0NHA. Y TaIleH-
TOB B TpyTIIe, MOTyYaBIIel IMKIAa3H]l, HAOII0IAI0Ch CHIDKEHHE arperaiui TPOMOOIINTOB 1 MOBBIIIIEHHE
ypoBHs anTuTpoMOmHa III, B TO Bpemst Kak B TpyITie, MOMydaBIIeil MUOEHKIAMU/I, YPOBEHb arperamnun
TPOMOOITUTOB HE M3MEHHIICS, OoJyiee Toro, ypoBeHb anTuTpomOuHa Il camsuncs [7, 8]. JlekapcTBeHHBIC
BEIIECTBA CHHTETUYECKOTO WJIM PACTUTENLHOTO TIPOUCXOKICHHS, a TakK)Ke Mperaparkl, JaBHO MPUMEHse-
MBIC B MEIUITMHCKON TIPAKTHKE, 0071a1af0T CITIOCOOHOCTRIO TIPETISITCTBOBATE TAIbHEUIIIEMY TTPOTPECCHPO-
BaHmio caxapHoro nauadera (CJ]) U pa3BUTHIO €TO OCIO)KHEHHU. AKTyaJbHOU MPOOIEeMON COBPEMEHHOM
(hapMakoJIOTHH TIPOOIDKAET OCTABaThCSA B TMOMCKAX HOBBIX aHTHAMA0CTUYECKMX TpenapaToB, o0magaro-
IIMX BBICOKOM TEPareBTUYECKOH aKTHBHOCTBIO M CTIOCOOHOCTDH MPEMSATCTBOBATH JajbHEHIIIEMY Pa3BUTHIO
HapyIeHus KpoBoobparieHwus. Llenb HacTosIero ncciaenoBanus — u3ydeHue BIusaus noaudenona ANK-1
n okcrpakT ITL-2 Ha moka3aTreny yriieBOJHOTO OOMEHa M CHCTeMY reMoCTas3a y KpbIC, MOTYITHPOBAHHBIX
caxapHbeIM nuadeTtom Il Tuma.

MarepuaJibl 1 MeTOaBbI: MccrenoBanns mpoBeeHb! Ha 30-TH ITOJI0BO3PEIBIX OCCITOPOTHBIX OCITBIX KPBI-
cax-camiax ¢ Maccoi tena 280-340 1, KOTopbIe COEePKAIHCh B YCIOBUSAX BUBAPHIX. DKCIIEPUMEHTAIBHAS
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MOJIeTIb caxapHoro nuadeTa TUMa 2 MPOBOJMIN B €CTECTBEHHBIM CBETOBBIM PEKHME Ha MOTHOPALTUOHHON
cOaJaHCUPOBAHHOM 110 COJIEPKAHUIO MMUTATEIBHBIX BELIECTB AUETE ISl TaOOPATOPHBIX KUBOTHBIX.

Bce npoBezicHHBIC SKCIIEPUMEHTBI COOTBETCTBYIOT TpeboBaHMsIM BcemupHoro oOriecTa mo 3ammre
KHBOTHBIX U EBponeiickoii KOHBEHIMH T10 3alUTE MMO3BOHOYHBIX KMBOTHBIX, UCIIONB3YEMBIX JJISI SKCIIe-
PUMEHTAJILHBIX U JPYTHX HAaydHBIX Heneil (EBponeiickas KOHBEHIHS 1O 3aIIUTE TTO3BOHOYHBIX )KHBOTHBIX,
HCIOIB3YEMBIX JIJISl 3KCIIEPUMEHTAIBHBIX U APYTHX HayuHBIX 1enei, 1986 1)

CTpenTo30TOUHOBBIN AUA0ET MOJETUPOBAIN KOPMIICHHEM B TeueHHe 60 CyTOK BBICOKO )KUPOBOMU /N~
€TOM M OTHOKpaTHON MHbeKIHEN cTpenTo3oTonHa. Ha 61-e cyTku skcniepumenTa nocie 12-4yacoBoro ro-
JIOJaHUs BBOIMJIM OTHOKPATHO BHYTPHOPIOIIMHHO CBEKEMPUTOTOBICHHBIN pacTBOp CTpenTo30TonuHa (35
mr/kr B 0,1 M murparHom 6ydepe ¢ pH 4,5). [locie nHbEKIMH )KUBOTHBIE JOJKHBI TIOTYy4aTh BOAY U MUILY
B JOCTaTOYHOM KOJIMYECTBE UIS TOTO, YTOOBI MPEJOTBPATUTh Pa3BUTHE TUIONIMKEMHYECKOH KoMbl. [log
BJIMSIHUEM CTPENITO30TOLMHA Y KPBIC Pa3BUBACTCS OCTPBII HEKPO3 OeTa-KIETOK U yIalIeHUE U3 HUX UHCYII-
Ha, BbIpaXKCHHas THIIEPITIMKEMHUS pa3BUBaeTcs yepe3 24-72 4 1 coxpaHsieTcs npo1oJbKUTeNbHoe Bpems [9].

Ha 3 cyTku y ®KMBOTHBIX U3 KOHBIOHKTHBBI I71a3a KPBICHI 3a0Mpaiy KarneiabHO KPOBb B aNMHAOP(DEL. bes
crabunu3zaropa 1o 50 MK AJisl U3y4eHHs aHTUTPOMOOTHUECKON aKTUBHOCTH U 110 0,5 MJT KpOBH Ha LUTpa-
Te 1:9, mocnennero xopomro nepemenmBany u neatpudyruposanu (OITH-8 porop PY 180 JI8000 rp) npu
3000 06. B Teuenue 10 munyT [9]. UccnenoBanu cieayromue mokasaTeln KoaryJaorpaMMbl: TPOTpoMOu-
Hooe Bpewms ([1B), akruBupoBanHOe yacTHuHOE TpoMOoIutacTuHOBOE BpeMs (AUTB), pexanbiuduranus
wia3mbl (PID), cek, pudbpunoren (P) [9] na koarynomerpe (CYANCoag, Belgium.CY003, SN:5400439) ¢
niomoribio HabopoB pupmer CYPRESS DIAGNOSTICS, I'epmanusi.

Jnst onpenienieHust aHTUTPOMOOTHYECKON aKTUBHOCTH CBEkUe TpoMOBI (50 M) 3anuBanu 0,5 M dus.
pacTtBopoM u cTaBuiId B TepMoctar npu 37°C. Uepes 1 yac u3mepsiiin aTHTpOMOOTHYECKYIO aKTHBHOCTD TI0
Pa3BUTHIO OKPACKH, 3ICOPOLINY CyliepHaTaHTa (CTyCTOK + (hu3. pacTBOP) HA CIEKTPO(HOTOMETP MPU MAKCH-
MaJbHOM JUIMHE BOJIHBI oromeHus npu 410 am u remneparype 22-24°C (AA = okpacka cynepHaHaTaHTa
OTIBITa/OKpacKa cymnepHaHaTaHTa KOHTpous). [locne mHKyOammy 00pa30BaBIIMICS CTYCTOK B3BEIIMBAJIH.
WNurnbuposanne wim unnynupoanue cryctka (MC) paccuntsiBanu cinegytommm obpazom: CUC (%) =
(Macca crycTka y KOHTPOJIsl — Macca CryCcTKa oOIbITa) / (Maccy crycTka kouTpos) X 100.

BroxuMuyeckne mokazareny OnpeaessuTy [0 COACPKaHHIO TIIOKO3bI, MMOJIB/J; obmiero 6enka (OB), 1/
JUT; alaHUH - ¥ acnapTar - amunotpancdepas (AnAT, AcAT) U/E, obuiero xosiecreprHa, MMOJI/J, TPUIIIHILIC-
PHIIBI MMOJI/TT B CBIBOPOTKE KPOBH, Ha TIOJTyaBTOMAaTHUECKOM OnoxuMuieckoM aHanuzarope «CYANSmart»
C MOMOIIBI0 TecT HabopoB, pupmer Cypress Diagnostica, Belgium.

B pabore wucnonb3oBanbl monudenonsHbie coeauHeHust (ANK-1) w3 pacrenwit Pistacia vera
C48H36030 Monekynspnas Macca-109 u ITL-2 skcTpakT U3 IUCThEB Isatis tinctoria v penapar cpaBHe-
Hus Juarmmsung ®MR tadnetku o 30 mr, mpousBoautenb «Dapmaky, YkpanHa.

JlaHHbIe, TIOJTyYEHHBIE B XO/€ SKCIIEPUMEHTOB, 00padaThiBasin cTaTucTiuecku. OO6paboTKy NaHHBIX U
oopmIteHIE MITIOCTpaLKi OCYIIECTBIISUTN C TOMOIIBIO KOMITbIOTEpHOH nporpammsbl Origin 7.1 (Microsoft,
CILIA). dnst cpaBHEHHUSI HE3aBUCHMBIX BBIOOPOK, MOTUHUHSIOIINXCS 32KOHY HOPMaJIbHOTO pacipeeeHus,
WCTIOJIb30BAJN MapaMeTpuieckuil Kputepuilt CTblofieHTa. 3HaueHHUs t-KpUTepHUsl HAXOIMIH U1 95% ypoB-
Hs1 3HauumoctH (p < 0,05).

Ha rucrorpammax u B TaONMUIax MpUBEACHBI CpeJHHE apUPMETHUECKUE U X CTaHJapTHBIC OIINOKH U3
3-5 He3aBUCHMBIX IKCTIEPUMEHTOB.

Pesyabratel u uX o0cyxKIeHne

[Tpu moxpenupoBanun caxapubiM aunadetom 2-tuna (C/I 2) y Kpbic, BBISABICHBI U3MEHEHUS HapSITy €
OMOXMMHUYECKIMHU U TeMOCTaTHIEeCKHE NTOKa3aTelH, YTO BBIPAXKaJoCh B JOCTOBEPHOM YBEIMUYCHNUHU Y KOH-
TPOJIbHBIX KMBOTHBIX Ha 3-M CYTKHU TOCJIE OAHOKPATHOTO BHYTPUOPIOMIMHHOTO BBEJCHHUS CTPENITO30TOLIH-
Ha CONepKaHus TITIOKO3bI U APYTHX OMOXUMHUYECKUX MOKa3zaTesel 0 OTHOMICHUIO K HHTAKTy M THIIEpKOa-
TYISIHH.

Kak BuHO 13 IpUBeIeHHBIX B Tabnuile | JaHHBIX B KOHTPOJILHOU TPy )XKUBOTHBIX OBUIO YBETUUEHO
cojiepkaHue TIoKo3eI B 3,5 paza (p=0.0001), ACT u AJIT 8 3,2 (p <0,01) u 2,2 (p <0,01) pa3a mo orHo1Ie-
HuUto K uHTaKTy (3,1£0,12 MmMmomnw/m, 31,5+4,2 u 49,242,1 U/n), Takxke Ha 17% OBLIO yBEIIMYCHO COACPIKA-
HUE XosnecTepuHa u Ha 27,6% tpunmnepuaos (p <0,01).
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Tabnuna 1
H3menenust 60MoXMMHYeCKUX MOKa3aTeJeld KPOoBH y KOHTPOJIBHBIX KpbIc ¢ CJI 2 Tnna (M+m, n=5)
?CC;IESOB&T@JILCKI/IG O6 it AJIT, ACT, I'okosa, SOGH;I;I;/IG o l"\l;ilz)rguuepnn
Py 6enok, /i |U/n U/n MMOJ/T1 3 PHH, v
MMOJI/T
WuTakt 65,4+2,8 | 31,5+4,2 | 49,242,1 3,1+£0,12 1,8+0,08 0,87+0,02

KonTpons Ha 3-u 64+1,3 | 97,3+6,8* | 64,1+5,2* 10,9+0,8* 2,1+0,12%* 1,11+0,1*
cytku ¢ CI1 2

*p <0,01 Mo OTHOWIECHNIO K MHTAKTHOM I'PYIIIE )KUBOTHBIX;

OnHOKpaTHOE IOAKOXKHOE BBEICHHME CTPENTO30TOLMHA IIPUBEIO K JOCTOBEPHOMY COKpAIIEHUIO
nporpomOuHOBOTO BpeMeHu (I1B), akTHBUpOBaHHOTO YaCTHYHOTO TPOMOOILTacTHHOBOTO BpeMenn (AUTB)
u BpeMmst pekanbiudukanuu mwiasMel (BPID), a takke yBennuenue conepkanusi pudpunorena (OHB) B
CPaBHEHHHU C MHTAKTHBIMU KUBOTHBIMH.

Tabmuia 2
HN3menenus nokaszareJieii koaryjaorpammal y kpbic ¢ C/I 2 tuna (M+m, n=6)
OKCIEpUMEH- ITokazarenu koaryjaorpamMmbl AA CcucC
TAJIbHBIC I'PYTIIIBI I1B, cex AUYTB, cex BPII, cex ®UB, mr/an
WHTaKT 22,0+1.4 40,6+3,0 46,4+2.5 325,824
Konrpons va 3-u| 12,9+1,15° 21,7+1,9 24,3423 625,0+35" 1,46 74,1
cytku ¢ C/] 2

*p <0,01 MO OTHOWICHNIO K MHTAKTHOM T'PYIIINE )KUBOTHBIX;

W3 naHHBIX IPUBEACHHBIX B TAOIHUIIE 2 BUIHO, YTO CTPENTO30TOIIMH B KOHTPOJIBHOM TPyIIIE >KHBOTHBIX
BBI3BIBAET TMIIEPKOATYIISIUIO, UTO BEIPAYKAETCS B JOCTOBEPHOM COKpAIleHHe Ha 3-1 CYTKH BBEIEHUS CTpeIl-
To3oTonMHa, [IB KOTOpBIi XapakTepu3yeT BHEUIHH MyTh cBepThiBaHU KpoBH Ha 70,5% (p=0,001) mo ot-
HOIIEHHIO K HCXOIHBIM JaHHbIM (22,0+1,4 cex), Bpems AUTB, koTopblil XapakTepu3yeT BHYyTPEHHUH MyTh
CBEPTHIBaHUSI KPOBH JIOCTOBEPHO M3MEHSIFOTCSI U B HANOOJBIICH CTEIIEHU OTPaXKaroT NeUIUT (akTopoB,
YUYaCTBYIOIIMX BO BHYTPEHHEM MEXaHU3Me 00pa30BaHUs IPOTPOMOHMHA3EI, 4 TAKKE KOJIMUECTBO PHOPHUHO-
reHa, TPOMOOIIMTOB U UX (DYHKIIMOHAIBHON aKTUBHOCTH cokpatwics Ha 87,1% (p=0,001) o oTHOIIEHUIO
UHTaKTy 46,4425 cex. Bpemsi pekanbuudukanmuy ria3Mbl B HAHOONBIICH CTEIEHH OTpa)kaeT ACQUIUT
(haKTOpOB, YYaCTBYIOIIMX BO BHYTPEHHEM MEXaHU3Me 00pa30BaHUsl IPOTPOMONHA3EI, & TAKIKE KOJINIECTBO
¢ubdpuHorena, TpoMOOIUTOB U MX (DYHKIIMOHAIBHOW aKTUBHOCTH cokparuics Ha 50,4% (p=0,0001) mpu
3TOM coziepkanue GpuOprHoreHa yseauuminock Ha 91,2% (p=0,0002) koutpons CJI 2 325,8+24mr/m.

Uccnenoanue npodunakrudeckoro neicteus momudenona ANK-1 u sxcrpakra ITL-2 B cpaBHeHUH ¢
Juarnusnnom Ha GMOXUMHUYECKHE MoKa3zaTenu KpoBu Kpbic, ¢ CIl 2 Tuna, BBISIBUIIO, JOCTOBEPHOE YMEHb-
IIEHUE CoAepKaHus TTIoK03kI B 1,66 paza (p <0,01), ACT u AJIT B 1,6 (p <0,01) u 3,1 (p <0,01) paza no
CPaBHEHUIO C KOHTPOJIbHOM rpynmoi skuBoTHBIX (10,94+0,8Mmonb/i, 31,5+4,2 u 49,2421 U/n) usmeHnenue
OCTaJbHBIX IMOKa3aresell OMOXUMHUH KPOBHU OBLIO HE JO0CTOBEpHO (Tad. 3).

[Ipu uccnenosannu npoduinakrudeckoro neiicreust momudenona ANK-1 u skcrpakra ITL-2 B cpas-
HEeHHs ¢ AeiicTBueM /lnarmmsnuaoma B TecTax Ha CBEPTHIBAEMOCTH KpoBH Yy Kpbic ¢ CJI 2 Tuma, BhIsBIEHA
HOpMaJTU3allys TeMOCTaTUYECKUX TToKazatenei ( puc.l u puc.2).

UzBectHO, uTo TecT AUTB ykassiBaeT Ha eUIMT WU HHTHOMpoBaHKe oHOTOo U3 (akropos XII, XI,
IX, VIIL, X, V u II [8]. Takxe [IB-tecT onpenensieT mpoTpoMONHOBOE BpeMsl, OTCYTCTBUE WIIM aKTUBHOCTD
(hakropos nporpomouHoBoro komruiekca (VII, X, V, I1) BHeniHero mexanu3ma cBeptbiBanus kposu [10-11].
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Tabnumna 3

BuoxuMmnueckne nokazaresii Kposu npu npopuiaakrudeckom npumenennu ANK-1, ITL-2
u J{uaramsuaa kpoic ¢ C/l 2 tTuna (M+m, n=6)

[penaparer | O6mwmit 6enok | AJIT, U/m | ACT, U/n | ['mrioko3a, OOmmit Tpurnunepu st
/1 MMOJI/JT | XOJIGCTEPUH, MMOJI/T
MMOJI/TT

Hurakr 65,4+2.8 31,5442 49,2421 3,1+£0,12 1,8+0,08 0,87+0,02
CI 2 na 3-u 64+1,3 97,3+6,8* | 64,1+52* | 10,9+0,8* | 2,1+0,12* 1,11+0,1%*
CYTKH

ANK-1 65,0+£2,1 41,5+4,2%* | 48,243 8%* | 6,4+0,4%* 1,9+0,11 0,89+0,07
ITL-2 65,4+2.8 46,7+£3,2%* | 40,8+3,2%* | 7,0+0,57** | 1,8+0,08 0,97+0,02
Juarausun 64,1+1,1 45243 4%* | 41,6+£2,8%* | 8,0+0,67** 1,7£0,07 0,98+0,02

*p <0,01 1o OTHOIIEHNIO K MHTAKTHOHN TPYyTITE )KUBOTHEIX; **p <0,01 1Mo oTHOIIEHHUIO
K KOHTPOJIbHOI rpynme »KuBOTHBIX ¢ CJ[ 2.

BB 8 B

AYTB (cer)
o

1 2 3

[—J1-Hemakr

T2

4 3

Puc. 1. (A)-UccnenoBanue BIusHUS TOMU(EHOIOB U IIpernapaTa CpaBHEHHUS Ha MPOTPOMOMHOBOE BPEMS
(ITB). (B)-HccnenoBanue BiusiHUS MOTUQPEHONOB U npenapara cpapaeHust Ha AUTB. *- p<0,05; **-
p<0,01; ***- p<0,001. (n=6).

[podunaktrueckoe npumeHeHue npenapata ANK-1 mpuBeno k moctoBepHoMy yBenuueHuio [1B
Ha 52,0% (p=0,009) mo orHomenuio k KoHTpoiro 12,9+1,15 cex, AUTB Ha 84,0% (p=0,001) xoHTpOIH
21,7+1,9 cek, BPII yBenuuninock va 207% (p=0,01), B kortpose 33,0+£2,3 cek., a conepkanue GuOpUHO-
reHa cokpatmioch Ha 74,7 % (p=0,01) (konTposns 641,039 Mr/mn).

B rpyne )xuBOTHBIX ¢ IpoduIakTHIecKuM npruMeHeHneM [TL-2 BBISBIIEHO TOCTOBEPHOE yBEITHMUCHHE
I1B na 102,0 %(p=0,01) no oTHOMmIEHUIO K KOHTPOJIBHBIM Kpbicam ¢ CI2 15,2 +1,17 cex, AHTB - na 76,0
% (p=0,001). BPII yBenuuuniock Ha 144,0 % (p=0,01), B koHTpOJIE, a copepkanne GUOpPHUHOreHa COKpaTH-
nock Ha 60,1 % (p=0,01).

Ha ¢done npemapara cpaBuenus Juarmusug 1B yBe-
muuniaock Ha 163,4 % (p=0,01), AUTB Ha 63,6% (p=0,01)
10 OTHOILIEHHUIO K KOHTpoito. Bpems PII yBennuunock Ha
255% (p=0,01), a conepxanne HUOPUHOTEHA COKPATHIIOCH
Ha 30,3 % (p=0,01)

Puc. 2. (A)-MccnenoBanue BIUSHUS MOIH(EHOIOB
u mpenapata Juarmusug ga PII Bpemst. (B)-HccnenoBanue
BIIMSTHUS TTONIM(EHOIIOB U Tipernapara Ha OubpuHoreH
Tect. *- p<0,05; **- p <0,01; ***- p <0,001. (n=6).

DuGpAHHOTEH(MI/1T)
ARARARARRARRARR:

B 1-HHTAKT
2

B 3 ANK-1
B 42
Bl 5 Taarmsan
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Taxum o6pazom, BPIT u AUTB Ha 3-u cyTku Ha oHE N3yUSHHBIX MIPENapaToB U MpenapaTa CpaBHEHUS
HU3MEHSUTICH HE TOCTOBEPHO IO OTHOIIEHHIO K KoHTpomo. Coxepkanue puOpHHOTEeHa B OMBITHBIX IPYII-
nax NpHOIMKATIOCh K HCXOAHBIM ITOKa3aTeNsiM U TOJBKO B IPYIINE C MpenaparoM CpaBHEHHS MPEBHIILATIO
HCXOJHBIE IaHHBIE.

O6 aHTUTPOMOOTHUYECKOM ACUCTBUH UCCIIEYEMBIX IPENapaToB CYIUIIU 10 ONPENEICHHUIO JeTpagaiun
50 MK cBepHYyBIIelca KpbICHHOM KpoBH. Uepes 3 cyTKM mocie BBEACHUS CTPENTO30TOLMHA B KOHTPOJIb-
HOM TpyIIe )KUBOTHBIX OKpacka cHuzmiack Ha 44% (p <0,001) mo oTHOWIEHHIO K MHTAKTHOM TpyTIIe Ku-
BoTHBIX (0,64+0,05). B onbITHBIX Tpymnmnax Ha GoHe ncciieayeMbIX penaparoB yBenuumiack Ha 117,5 %(
p <0,001),) mo otHomeHuto K koHTpO0 (0,36+0,03).

B koHTpONBHO# rpymIe >KMBOTHBIX Bec TpoMOa yBenmmuwmiics Ha 74% (p <0,001) mo oTHOLIEHHUIO K UH-
takTHOH rpynme (16,2+1,0 mr). Beeaenue Ha (oHe ncciienyeMbIx MpenaparoB NPUBEIIO K HHTHOUPOBAHUIO
Beca TpoMOa Ha 38-55% (p <0,001) mo cpaBHEHHIO C TOKa3aTeJIIMU B KOHTPOJIBHOH rpymie (28,2+1,8mr).

Takum 00pa3om, MpoBeIEHHbIE UCCIIEIOBAHUS TO3BOIMIIH CACTATh CIEAYIONINE BHIBOIBL:

1. B KOHTpONBHOH TpyINIIE >KUBOTHBIX B TEUEHUE BCETO SKCIIEPUMEHTA JIOCTOBEPHO OBUIH yBEITHMUCHBI
Takue Onoxumuueckue nmokazatenu kak ACT, AJIT, ['roko3a, cofep:kaHue TPUTITULEPHIOB U XOJIECTEPHHA

2. Y KpbIc ¢ caxapHbIM Jua0eToM 2 Tumna HaOMroJaeTcsl THMEPKOAryJsus, BbI3BaHHAS BBEICHHEM
cTpenro3otounHa no BHemHeMy ([1B) u BHyTpennemy (AUTB) myTtu cBepThIBaHHA KpOBU. UTO MPUBOIUT
k cokpaienuto [1B, AUTB u BPII u yBenuuenue conepxkanusi uOpuHOTEHA.

3. Bce uccnenoBaHHBIE Tpenaparsl NpU MEPOpalbHOM BBeACHHMHM B go3ax 10 MI/KrT yxke TpHu
MpoPUIAKTHYECKOM BBEICHHH PUBOAT K HOPMAJIM3alUH MPOLecca CBEPTHIBAHUS KPOBH.

4. Haubonee BbIpakeHHOE aHTUTPOMOOTHYECKOE JieiicTBUe mposiBuioch y npemnapatoB ANK-1 u ITL-
2.

Konkpertnblii Bki1ajg aBTopoB. Panmosa M.I'. — 0CHOBHOM HCITOTHHUTEIB HCCIE0BaHMS U 0(QOpMIICHHE
crarbro. Hacupos K.O. — popmynuporanue unero uccinenosanus. Beimosa JI.H., Xomkues C.C., Maxmy o
P.P. — ucnionHuTENN UCCAENOBAHMUS.
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EKSPERIMENTAL QANDLI DIABETDA KALAMUSHLARDA GEMOSTAZ TIZIMIGA ANK-1
POLIFENOLI VA ITL-2 EKSTARKATINING TA’SIRI

M.G. Raimova, E.K. Nasirov, S.S. Hodjiyev, L.N. Vipova, K.N. Mahmudova, R.R. Mahmudov

Qandli diabet bilan og‘rigan bemorlarda gemostaz tizimining buzilishi koagulyatsion tizimining tabiiy
mexanizmlarining faollashuvi, fibrinolitik faollikning pasayishi, shuningdek, trombotsitlar funksiyasining buzilishini
o‘zichigaoladi. Shumunosabat bilan Qandli diabet 2-tipining yanada rivojlanishi va gemostaz tizimidagi o’zgarishlarga
tosqinlik qiluvchi yangi dori vositalarini izlash dolzarb muammo hisoblanadi.

Tadgiqotlarimizda Pistacia vera o‘simligidan ajratib olingan polifenol va Isatis tinctoria L. o‘simligidan ajratib
olingan ekstrakti diabetga qarshi va antitrombotik faollikka ega ekanligi aniqlandi. Ushbu maqolada polifenollar
qandli diabet 2-tipi bilan eksperimental modellashtirilgan kalamushlarda glikemik nazoratni yaxshilashi, shuningdek,
trombotik asoratlar darajasini pasaytirishi ko‘rsatildi.

Kalit so’zlar: 2-tip qandli diabet, qandli diabetning modulyatsiyasi, gemostaz tizim, plazma va biokimyoviy qon
parametrlari, polifenollar.

THE INFLUENCE OF ANK-1 POLYPHENOL AND ITL-2 EXTRACT ON THE HEMOSTASIS SYSTEM
IN RATS IN EXPERIMENTAL DIABETES

M.G. Raimova, E.K. Nasirov, S.S. Hodjiyev, L.N. Vipova, K.N. Mahmudova, R.R. Mahmudov

Hemostasis system disorders in patients with diabetes include activation of the natural mechanisms of the coag-
ulation system, suppression of fibrinolitic activity, as well as disruption of the function of platelets. In this regard, the
study of this problem and the search for new drugs that prevent further progression of type 2 diabetes and the devel-
opment of its complications in the hemostatic system is a pressing issue.

Our research revealed that the polyphenol isolated from the plant Pistacia vera and the extract of Isatis tinctoria L.
exhibited antidiabetic and antithrombotic activity. It was shown that these polyphenols improve glycemic control in
experimentally modeled rats with type 2 diabetes, as well as reduce the level of thrombotic complications.

Key words: Type 2 diabetes mellitus, modulation of diabetes mellitus, hemostasis system, plasma and biochemi-
cal blood parameters, polyphenols.
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BUO®U3UNYECKUMN MPO®UJIb OFbEM-3ABUCUMOI'O AHUOHHOI'O KAHAJIA
B KJIETKAX THUCTOLIUTAPHOMI JTUM®OMbI YEJIOBEKA U937

127 ]. PAV3HUEB, *T.B. MAKCUMYEBA, >*H.A. IU®EPOBA, *P.III. KYPBAHHA3APOBA,
'ILT. MEP3JISIK, '*P.3.CABUPOB

Mucturyt 6nodusuku u 6uoxumuu npu HYV3, TamikeHr;
*Kadenpa 6uodusuku, hakyaprer 6nosaoruu u skoaorud HYY3;
SI{eHTp TEPEIOBBIX TEXHOJIOTUI ITPU MUHHUCTEPCTBE BBICIIETO0 00pa30BaHKs HAYKH U HHHOBAIHH

Agtop s nepernckn: diyor09@mail.ru

[Toxa3aHo, 4TO B OTBET Ha OCMOTHYECKOEe HaOyXaHHE B IUIa3MaTHYECKOM MeMOpaHe KJIETOK TMCTHOLUTapHON
auMpomsl yenoBeka U937 akTuBupyetcs Oonblas aHHOHHAS IPOBOIUMOCTE C BBIPAKCHHBIM Hapy>KHBIM BBITIPSM-
JICHWEM M TIOTEHIHAI-3aBUCUMOM MHAKTHBALKEH MpH OOJBINNX MOJOKHUTENbHBIX MOTCHIIMANaX. Pe3ynsTaTel 1030-
3aBHCHMOTO JCHCTBUS CEJIEKTUBHOTO HHTHOUTOpa 00BEM-3aBrcHMOro aHnoHHOTo kKanana DCPIB mokasanu, 9to oH
9 PEKTUBHO U MOTECHIMAI-HE3aBUCUMbIM 00pa30M MOJABISIET 00beM-3aBUCUMBII TOK B ATHX KJIETKaX C IOJYMAaKCH-
ManbHON nHrubupyromei kouuentpamuen C,, = 4,04 MkM u kosdpuuuentom Xusa, pasusim 2,02.

Knroueswie cnosa: U937, DCPIB, 00beM-3aBucuMbIi annoHHbIH kanair, O3AK.

BBenenue. O0nem-3aBucuMbie annoHHBIE KaHabl (O3AK), mpeacTaBisioT co0o0il Kitacc MeMOpaHHBIX
MOHHBIX KaHAJIOB, UTPAOMUX (DyHIAMEHTAIBHYIO POJIh B KJIETOYHOM ToMeocTtase [1]. DT kaHaasl aKkTH-
BHPYIOTCS B OTBET Ha HaOyXaHHE KJIETOK M YYaCTBYIOT B BaXKHBIX (PM3NOIOTHIECKUX MTPOIleccax, BKITIOUas
PEryISIIIII0 00beMa KISTOK, MUTPAITHIO KIIETOK, pordepanuto 1 aronto3s [2, 3]. HemaBHo Obl1a ycTaHOB-
JIeHa MOJIEKYJIsIpHas UAeHTHIHOCTh KaHanoB O3AK, kotopsie o6pa3zoBansl u3 OenkoB cemeiictBa LRRCS
(A, B, C, D u E), cpenn xotopsix mapanor LRRCSA sBnseTcss 06auratopHbIM, a OCTalbHbIE MOIYIIHPY-
10T ero OMo(u3NIecKre mapamMeTphl, TaKue Kak MPOHUIIAEMOCTh M MOTEHIINAI-3aBUCUMOCTH [4, 5]. Otn
KaHaJbl TPOSIBIIAIOT HEOOBIYaiHYI0 YHUBEPCATBLHOCTD, PEarupyIOT Ha pa3jlyHbIe KJIETOYHBIE CTPECCHl U
WTPAIOT BAKHYIO POJIb B (PM3HOIOTUH MMMYHHBIX KJIETOK, HSHPOHHOM CUTHAIM3AINH 1 AMHAMUKE PAKOBBIX
KJIETOK [6].

Knerkn U937 (nuHMS KIETOK THCTHONMTAPHON JTUM(OMBI YeloBeKa) MIUPOKO MUCTOIB3YIOTCS B MM-
MYHOJIOTHYECKHX HCCIIEOBAHMIX M3-3a MX CIIOCOOHOCTH K AU PEPEeHIIMPOBAHUIO U PEarupoBaHUIO Ha
pasnuuHbIe pasapaxkutend [7, 8]. OmHako, netaabHbIC dMeKTpodu3nomorndeckne xapakrepuctuku O3AK
B kieTkax U937 ocTaroTcsi B OCHOBHOM HEHCCIIEJOBAHHBIMH.

DCPIB (4-(2-butyl-6,7-dichlor-2-cyclopentylindan-1-on-5-yl) oxybutyric acid) sBnsieTcst xopomro u3-
y4eHHBIM U ceneKTuBHbIM HHruoutopoM O3AK [9]. On addextuBno 6mokupyer aktuBHOCTh O3AK, B3a-
MMOJICHCTBYS C 00NAaCThIO TOPHI KaHaja, TEM CaMbIM MHTHOMpPYs 00beM-3aBHCHMbIE aHHOHHBIE TOKH U
MpeIoTBpaIas ocMoTHYeckoe HaOyxanue B runoronndeckux ycnosusx [10]. Llens manHOTrO Mcciemosa-
HUS — u3ydenne onodusmaeckoro npoduns O3AK u mo3ozaBucumoro Aeiicteust DCPIB Ha »TH kaHaBI B
kyeTouHoi muan U937.

Marepuanni u metoabl. Hopmanbueiii pacteop Punrepa comepaxan (MM): 135 NaCl, 5 KCl, 2 CaCl,, 1
MgCl,, 10 HEPES, 5 rmrokossr (pH 7,4, nosenennbiii NaOH, 290 mOcwm/kr-H, O). Iuneto4nsiii pacTBop B
3KCIIEpUMEHTax MaTY-Kinami conepskai (MM): 125 CsCl, 2 CaCl,, 1 MgCl,, 3 Na ATP, 5 HEPES, 10 EGTA,
50 maunutona (pCa 7,65, 320 mOcwm/kr-H, O, pH 7,4 nosenen CsOH).

DCPIB no6asisiii w3 KOHIICHTPHPOBAHHBIX UCXOMHBIX PACTBOPOB B auMeTwicynbhorcuae (JJMCO).
Koneunas xonnentpanus JJMCO ne npessimana 0,1%, mpu 3Toi KOHIIEHTPAIUK PacTBOPUTENH HE OKa3bI-
BaJl CyIIECTBEHHOTO BIMSHUSA Ha MOJTy9aeMble JaHHbIE.

Kietkn U937 xynsruBupoBanuck B cpeaec DMEM (Sigma-Aldrich) ¢ no6asnenuem 10% smOpuonas-
HOM ceiBopoTkH Tenenka, NaHCOs;, antnObnoTrukoB u riryramuHa. KieTku MHKyOMpOBaJIUCh TMPH TeMIIe-
patype 37°C B atmocdepe 5% COz. Jlns mpoBeaeHus! AMEKTPOPUZHOIOTHICSCKUX IKCTIEPUMEHTOB KJIETKH
MOJIICPKUBAITUCH B CYCIIEH3MOHHOM KYJIBTYPE C OCTOPOKHBIM TIEpEMEIINBaHNEM U MCTIOIB30BAJINCh B TE-
yeHne 3—5 4acos.
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DNEeKTPOPU3NOIOTHUSCKHE IKCIIEPUMEHTBI MPOBOIMIM, Kak omucaHo panee [11, 12]. TI3ry-kmamn
ANEKTPObI OBUIN W3TOTOBICHBI U3 OOPOCHIMKATHOTO CTEKJIA C HCIOIb30BAHHEM MEXaHMYECKOW Ky3HHUIIBI
PP-830 (Narishige, Slmonus) 1 uMeny, mocie 3arnoJHeHUs TUIIETOYHBIM PaCTBOPOM, CONPOTUBIICHHE KOH-
yrka 2—5 MQ. BeicTpble 1 MeUIEHHbIE eMKOCTHBIE OTOPOCH! PEryIsipHO KOMIIEHCUpoBanuch. [pu 3anmcu
TOKa IIETIBIX KJIETOK COTMPOTHBIICHKE 10CTyma He mpeBbimano 10 MQ u 6110 ckoMneHcupoBano Ha ~80%.
MeMOpaHHbBIe TOKH H3MePSITHCH ¢ ToMolnbio cucteMbl Patch-Clamp EPC-9 (Heka Electronics, Lambrecht/
Pfalz, I'epmanust). MemOpaHHBIN MOTEHIMAT KOHTPOIUPOBAJICS IMyTEM CMEILICHUs] MOTEHINAIA MTHIIETKU
W CUUTAJICS TIOJNIOKUTEIBHBIM [T KoH(uTypanuu whole-cell. Toku gunsrpoBanuck npu yacrore 1 k' u
oun¢poBbIBaNIUCH pu yactore 5—10 k[ 1. 3anuck 1 aHaIu3 JaHHBIX TPOBOIMINCH C TOMOIIBIO TPOTPaMM-
Horo obecrieuenust Pulse+PulseFit (Heka Electronics, I'epmanus). [loTeHInanbl >KuIKOCTHOTO KOHTAKTa
paccuuThIBaIMCh ¢ ucnonb3oBaHueM nporpammsl pCLAMP 8.1 (Axon Instruments, Foster, CA, CIIA).
HenpeppiBHast 3amuch KWHETUKW aKTUBALMK W OJOKMPOBKM TOKa OCYIIECTBISUIACh C MOMOUIBIO aHaJo-
ro-uugposoro npeodbpazosarerns GO!Link USB Data Acquisition Interface u mporpammer Logger Lite 1.3.2
(Vernier, Beaverton, OR, CLLIA). DxcniepuMenTanbHas sueiika (~0,3 min) nepdy3upoBanack ¢ TOCTOSHHOM
CKOPOCTBIO ~2 MJI/MUH. Bce skcriepuMeHThl TPOBOIWIINCH ITPU KOMHATHOH Temmeparype (23-25 °C).

JlaHHBIE 1032-0TBET OBUIH alPOKCHMHUPOBAHBI C TIOMOILBIO YPaBHEHHsI XUIIIa CIICAYIOIIETO BUAA:

[ = I,mmdl—([,\mx - I,ruun)/[] +(C / C50)h] (1)

3nech: I — OTHOCHTENBHBIA TOK B (%); [ W[ —MHHAMaIbHOE U MAKCHMAIbHOE 3Ha4€HHUs [, COOTBET-
ctBeHHo; C — KoHUeHTpanus BemecTsa (MKkM); €, — KOHIEHTpaNKs BEIIECTBA, OKa3bIBAKOMIAS MTOTyMAKCH-
MaJbHBIN HHrHOUpYyowi 3¢ ekt (MKM); # — koapdurmenT Xumia.

JlaHbIE aHANMM3WPOBAIMCH C WCHONBb30BaHUEM mporpammer  Origin, Bepcuir 5-8 (OriginLab,
Northampton, MA, CIIIA). Bce nanHbie puBeIeHBI KaK CpeAHee & CTaHIapTHAs OIIMOKa I 7 DKCIIe-
pumeHToB. CpaBHEHHS MEXKAY ABYMS SKCIIEPUMEHTAIFHBIMU TPYTIIIaMU MTPOBOIMINCEH C UCTIOIh30BAHUEM
t-recta CtbronieHTa. Pa3nuuus cuuTaiuch CTaTUCTUYECKH 3HaYUMbIMU TIpu P<0,05.

Pesyabrarhl u uX o6cy:kaeHHe. B Hammx sKcriepruMeHTaX MATY-NMUATIETKH 3aIlONHSIIA ITHITETOYHBIM
PacTBOPOM C HECKOJIBLKO 00JIee BHICOKUM 3Ha4eHreM 0CMOTHYHOCTH (320 MOcm/kr H,O), 4To0bI BBI3BATH
HaOyXxaHHe KJIETOK B KoH(purypanun whole-cell, xkax ornmcano panee [13, 14]. [locie oOpa3oBanus whole-
cell xoH(UTYpaIUK, KIETKH HAYMHAIHN TOCTENEHHO HA0yXaTh, YTO MOJKHO OBLTIO HAOIIONATh BU3YAIbHO C
MTOMOTIBIO (Pa30BO-KOHTPACTHON MHUKpOCKOTIMU. HabyxaHue KIIeTOK COMPOBOXK/IAaIOCh aKTHBAIIUEH MaKpO-
CKOTTMYECKUX TOKOB (puc. 1A). B HawaIbHBINT MOMEHT BpeMEHH IpH Moaade morennuana + 40 MmB MbI He
HaOIIoaMH yBemn4eHne 0a30B0ii IPOBOAMMOCTH, OJTHAKO C TEYEHHEM BPEMEHH, 110 Mepe TOTO, KaK KIIETKH
YBEIMYUBAINCH B 00BEME, MBI PETHCTPUPOBAIN TIOCTENEHHBIN pocT poBoAuMocTH. [locie Toro, kak mpo-
BOJIMMOCTH JIOCTHTaIa CTAIIMOHAPHOTO COCTOSTHHAS MBI CTUMYJIUPOBAIIH KJIIETKHU ITyTEM IT0/Ia4u CEPUU TECTO-
BbIX uMIybcoB 0T —100 MB 10 +100 MB ¢ unteppanom 20 MB, 4To BBISIBUIO YMEPEHHYIO HHAKTHUBALIAIO
pu OOJNBIIMX JETIONAPHU3YIONINX MOTEHIIHAIAX W BHIPAKEHHOE HAPYKHOE BBINIPSIMIICHUE C aMIUTUTYION
BBIXOJISIIIIETO TOKA, HAMHOTO TPEBBIIIAIOIIETO MMOTOK MOHOB BHYTPb KieTkH (puc. 1b). Onucannsie HaMu
Omo¢m3nyecKkre CBOMCTBA TIO3BOJISIIOT 3aKITIOUNTh, YTO 3aPETUCTPUPOBAHHAS HAMU 00BEM-aKTHBHpYyeMas
MIPOBOJIMMOCTH TI0 CBOMM CBOMCTBaM COOTBETCTBYET XapaKTePUCTHKAM, OITMCAHHBIM paHee B JTUTeparype
s O3AK [15, 16].

Uccnenosanne Bnusans DCPIB B kornenTpanum 10 MKM Ha 00beM-3aBHCHMBIN MaKpOCKOTTHYE CKUH
TOK TOKa3ano pe3koe momasieHue akTuBHOCTH O3AK (puc. 1). DddexT ObUT MOTHOCTHIO 0OPATUMBIM.
Hecmortps Ha 1O, uro maTHONpOBaHne O3AK OBLIO TPAKTHYECKH TOTHBIM, HEOONBIIONH OCTaTOYHBIA TOK
Bce erre o0raar Hapy>KHBIM BBITIPSIMIICHHEM.

WonHBII TOK TOAABIISIICS KaK IMPH MOJIOKHUTEIHHBIX, TAK U TP OTPHUIIATENbHBIX ITOTEHITHAIAX, 9TO YKa-
3BIBAJIO Ha TO, 9TO 3P EKT ABISUIICA TOTEHIMAI-HE3aBUCHMBIM. MBI IPOBENN IeTAIbHOE N3yUeHUE 3aBH-
cumoctH omokupoBanus TokoB O3AK ot kormnenTpanuu DCPIB. Ha puc. 2 nmpuBeneHbI BOJIBT-aMIIEPHBIC
XapaKTePUCTHKH 00bEM-aKTHBHPOBAHHOTO TOKA MPH Pa3IUIHBIX KoHIIeHTpammsx DCPIB.

DKCIEepUMEHTHI 10 UccieaoBaHuto go303apucumMoro BiusiHuga DCPIB na npoBogumocts O3AK B au-
amazone koHueHTpanuii 0—20 MKM Tokasanu, 9To KOHIIEHTpaus MmolyMakcuManbHOTo 3 dekra mpu +40
MB cocrasnser C, = 4,04+0,5 MmkM ¢ koo puumnenrom Xumna i = 2,02+0,5, a npu -40 MB — C; = 4,05+0,4
MKM ¢ kooppunuentom Xumna o = 2,24+0,4 (puc. 3). [lomyuennsie Hamu 3nadenus C, ) oueHb OIM3KH K
nosy4enHomy panee sHauenuro (C, = 4,1 MxM) st Toka O3AK B IMHHM KJIETOK SHIOTENHNS JIETOYHOH ap-
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tepun CPAE [17]. 3nayenune kodddunuenta Xuia, Onmzkoe K 2 o3Havaet, uto Juist onokupoBanus O3AK
HEOOXOMMO CBSI3bIBAHUE HE MEHEE JIByX MOJIEKYJ OJI0KaTopa.

KonTponsk ; 10 mkM DCPIB
300 nA |

A) 3 MuH

+40 mB

-40 mB

B) +100 mB

600 nA |_

100 mc

: —

-100 mB

Puc. 1. Biusaane DCPIB Ha 06beM-3aBUCUMBIIf aHHOHHBIN TOK, aKTUBUpPYeMbIi B kineTkax U937 B
OTBET Ha UX ocMoTHYecKoe HaOyxaHue. (A) Peructparus n3MeHeHH MaKpOCKOITUYECKOT0 TOKA B
koHurypauun whole-cell, B orBet Ha TecToBblif uMmynbc £40 MB ot 0 MB (xaxnsie 10 ¢). (b) Kunernka
nnaktuanmu O3AK B 3aBUCHMOCTH OT MEeMOPAHHOTO MOTEHITHANA. MOMEHTHI TTO1a9U TECTOBBIX
HMMITYJIbCOB OTMEUEHBI Ha (A) CTpeKamu.

400 9nA/MD 100
=~ Kontpons
-1 mkM
—A-25ukM 300 80
¥ 5 mxkM
- 10 mxM
-4-20mM 200 60 -

40 -

20 —
20 40 60 80 100

OTHOCUTENbHbIN TOK Npu +40 mB

mB
1007 0 T T T 1
0 5 10 15 20
-200 - KoHueHTpauusa (MkM)
Puc. 2. BonpTammnepHsie XapaKTepUCTUKH Puc. 3. 3aBucumocts uaruduposanus O3AK ot
Makpockonuueckoro Toka 0 (Koutpomns) u mocie konnentparuu DCPIB. n — gucio noBTopos,
nobasku DCPIB B yka3zaHHBIX KOHIICHTPAIIHSX. * P <0,05 OTHOCUTEIILHO KOHTPOJISI.

Takum 06pa3om, HAMU MOKa3aHO, KIETKU TUCTHOLUTapHON TruMdombl yeroBeka U937 skcnpeccupyror
0o0JIbIIIOE KOJTMUYECTBO aHUOHHBIX KaHaioB Onogusnueckoro gpenoruna O3AK c papmakonorueit, 61u3Koi
K TaKOBOM, OITMCAHHOH paHee Il JPYyTUX TUIIOB KJIETOK.

Bbaarogapuoctu. Pabota BeinoiHeHa npu nojaep:kke MUHHUCTEPCTBA BBICIIETO 00pa30BaHus, HAYKH U
nHHOBamii PecryOnuku Y30exucran (rpant Ne FZ-202009216/F-OT-2021-157).

Konxkpernslii Bki1ag apropos: ®daiizues /I.J[. nmpoBen skcepUMEHTHI, aHAIU3UPOBAJ JaHHbBIE, Ha-
nucan cratbio, Makcumuesa I.B., Ludeposa H.A., Kypbannazaposa P.ILI. u Mep3zusik I1.I. npuanmanu
ydacTue B JU3aiiHe SKCIIEPUMEHTOB, aHAJIN3€ JaHHBIX U OArOTOBKe cTaThh, P.3. CabupoB pyKOBOIUII IKC-
NepUMEHTaMH, aHATU3UPOBAJl JAHHBIE, PEJAKTUPOBAJI CTATHIO.
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INSON U937 GISTOSITAR LIMFOMASI HUJAYRALARIDA HAJMGA BOG‘LIQ ANION
KANALLARINING BIOFIZIK PROFILI

D.D. Fayziyev, G.V. Maksimcheva, N.A. Tsiferova, R.Sh. Kurbannazarova, P.G. Merzlyak, R.Z. Sabirov

Odam U937 gistiotsitar limfomasi hujayralarining plazmatik membranasida osmotik shishishga javoban kata
anion o‘tkazuvchanlik aktivatsiya bo‘lishi va bu o‘tkazuvchanlik tashqi to‘g‘rilanishi va yuqori musbat potensiallarda
inaktivatsiyaga uchrashi ko rsatilgan. Hajmga bog‘liq anion kanalining selektiv ingibitori bo‘lgan DCPIB moddasining
dozaga bog‘liq ta’siri natijalari shuni ko‘rsatdiki, u yarim maksimal ingibirlovchi konsentratsiya C,, = 4,04 mkM va
Hill koeffitsiyenti 2,02 ga teng bo‘lgan holda ushbu hujayralardagi hajmga bog‘liq tokni samarali va potentsialga
bog‘liq bo‘lmagan tarzda ingibirlaydi.

Kalit so‘zlar: U937, LRRC8, DCPIB, hajmga bog‘liq anion kanallari, HBAK.

BIOPHYSICAL PROFILE OF VOLUME-SENSITIVE ANION CHANNELS IN U937 HUMAN
HISTIOCYTIC LYMPHOMA CELLS

D.D. Fayziyev, G.V. Maksimcheva, N.A. Tsiferova, R.Sh. Kurbannazarova, P.G. Merzlyak, R.Z. Sabirov

It has demonstrated that in response to osmotic swelling in the plasma membrane of human U937 histiocytic
lymphoma cells, large anion conductance is activated with pronounced outward rectification and voltage-dependent
inactivation at high positive potentials. The results of the dose-dependent effect of the selective inhibitor of the vol-
ume-dependent anion channel, DCPIB, showed that it effectively suppresses the swelling-activated current in these
cells in a voltage-independent manner with a half-maximal inhibitory concentration of C,, = 4.04 uM and a Hill co-
efficient of 2.02.

Key words: U937, LRRC8, DCPIB, volume-dependent anion channels, VDAC.
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CTATUCTUYECKHI AHAJIN3 ®PAKTOPOB PUCKA B AHAMHE3E
PUA NPUBBIYHOM NOTEPE BEPEMEHHOCTHU B Y3BEKUCTAHE

10.A. KATIPAJIOBA'?, A.A. ABIYPAXUMOB'?, 3.M. MUPAKBAPOBA>¢, A.I. PAXMATYJIJIAEB'?,
M.B. HABUPOBA?, C.III. HUITAHOBA?, M.M. PEKATIOBA'!, C. AKPAMXOHOBA',
M.O. COOAUKOBA!, I'.T. ATAMYPOTOBA?, ®.I1. HUIIAHOBA?, A.A. ABYJIJIAEB ',
LY. TYPAUKYJIOBA!, I.A. JAJIUMOBA'

TlenTp mepemoBBIX TEXHOMOTHIA, TalkeHT;

MuctutyT Onodusuku u bnoxumun npu HanmonansaoMm YHUBepcuTeTe Y30ekucrana, TalkeHT;
SPecmyOIIMKAHCKHU# CTIEIHATN3UPOBAHHbIN HAYYHO-TTPAKTHYSCKUN MEITUIIMHCKUIN IEHTP AKYIIEpCTBa
n 'maexonornu M3 PV3;

‘IleHTpaIbHOA3MATCKHUI YHUBEPCHUTET, TalkeHT

ABtop [t iepenncku: malikova.yu@mail.ru

HeBpinammBanme 0epeMEHHOCTH OCTAETCsl OAHOM M3 3HAUUMBIX MPOOJIEM B aKyIIEPCTBE U TMHEKOIOTHH, BIUASA
Ha 3/I0pOBBE JKEHIIMH U X ceMei. Llenb maHHOTO McClneaoBaHus — aHATN3 KIMHUKO-aHAMHECTHYECKUX 0COOEHHO-
CTel MaIMeHTOK ¢ MpUBbIYHON ntotepe 6epemennocTH (I116) s BeIsiBICHHS (aKTOPOB pHcKa. B ocHOBHYIO rpymimy
BKJTIOUEHBI 163 >KEeHITHEI C IBYMS U OoJiee MOCIeA0BaTeIbHBIMU BBIKH/IBIIIAMI HEN3BECTHON ATHOJIOTHH, a B TPYII-
Iy CpaBHEHUS — 614 3M0pPOBBIX JKEHIIUH C MOJOKUTEIBHBIM aKyIIEPCKUM aHaMHE30M. YCTaHOBJIEHO, YTO BO3PACT
JKCHIITMHBI SBISCTCS 3HAUUMBIM (PaKTOPOM PHCKA, YBEIMYUBAIOIIUM BEPOATHOCTH BHIKHABIIIA Toce 30 jetT. 85 %
BBIKU/IBIIICH MTPOUCXOIAT B TIEPBOM TPUMECTpe OEpeMEeHHOCTH, a ¥ 42 % MaIieHToK 3a(UKCHPOBAHBI TPU U Oonee
TTOBTOPHBIX MOTEPh OEPEMEHHOCTH. ACCOITHAIINSA MEKAY ITO3HUM HA49aJIOM MEHApXe U MOBBIIICHHBIM PUCKOM BBIKHU-
JIBIIIA TIOATBEPKICHA BEICOKHM KoddduierTom mancoB (OR =2,091; p = 0,00002).

KuroueBble c/10Ba: HEBBIHAIIMBAHUE OCpeMEHHOCTH, MpUBBIYHAA moreps Oepemennoctu (II11B), BBIKMBI,
(axTopbl prcka.

BBenenue. HepbiHammBaHue OSpeMEHHOCTH OCTaeTCsl aKTYyalIbHOW aKyIIePCKO-THHEKOJIOTHYECKON
npobnemoii. ParnHee npeppiBaHNe OepeMEHHOCTH (BBIKUIBIIT ) — KIIMHUYECKast motepst 1o 20 Helenb recra-
nuu. CormacuHo pexkomernnanusm ESHRE [1] u ASRM [2], npubranas notepst 6epemennoctu (I1116) — 3to
2 u OoJee MoCIeI0BaTeNIbHBIX CIIOHTAHHBIX abopTa. [IpuuuHBI BEIKUIBIIICH pa3HOOOPA3HBI U TIOIAI0TCS
nedeHuro, Ho okoiio 50% ciydaes [1I1b ocrarorcst HeBbIsicHeHHBIMU [ 1]. Okono 15-25% OepemenHocTEH
3aKaH4YMBaeTCs J0 12 HeAenb recTalyy, 4acToTa Bo3pacTaeT ¢ Bo3pactoM Matepu [3]. CpenoBbie U moBe-
JICHYECKHE (PaKTOPHI, TAKUE KaK BO3ICHCTBUE TSKEIBIX METAJUIOB, XUMHUECKHUX BEIIECTB, KypeHHE, YIIO-
TpeOieHne KoeruHa U allkoroJsl, SKCTpeMasibHble 3HaueHus: UMT, moBslmaroT puck BeIkubima [4], [S].
BoIkupIn — Tsken0e CoOBITHE IS )KEHIIUH | UX ceMeid. M3ydeHne pakTopoB prucka caMOIpOU3BOIBLHOTO
BBIKUJIBIIIIA MOXET TIOMOYb B pa3paboTke Mep 3amuThl SMOproHa [1]. B cBsi3u ¢ 3TUM IpoBe/icH aHAU3
KIIMHUKO-aHAMHECTUYECKUX 0coOeHHOCTeH narueHTok ¢ [1I1b mist BeisiBieHus (hakTopoB pHCKa.

Martepua u MeTOIbI HCCIeT0OBaHMA. VcciaeqoBaHue OCHOBAHO HA AHHBIX 777 KEHIUH Y30SKCKOH
HaIMoHaJ bHOCTH, 00cnenoBanHbix B PCHIIMI] AkymepctBa u ['mrexkonorun M3 PV3. [lanmenTtku pas-
nenensl Ha 2 rpynnbl. OcHoBHas rpymma: 163 sxenmunsl (19—47 net, cpeanuit Bo3pact 27,8+5,99 roxa) c
MIPUBBIYHBIMU TIOTEPSIMU OCpEMEHHOCTH (JIBa M 0OJIee BBIKUJBIIIA HEU3BECTHON ATHONOTHH). Kputepun
WCKITIOUCHUS: TSDKEJIBIE COMMyTCTBYIOMIHE 3200JIEBaHMS, XPOHUYECKUE MH(PEKITUH YPOTCHUTATIBHOTO TPAKTA,
aHOMAJINH MTOJIOBBIX OpraHoB. [IpoananusupoBansl 414 ciyuyaes BeikuabIei. [ pynmna cpaBHenus: 614 310-
poBbIx xeHmuH (19—-65 ner, cpeanuii Bo3pact 31,15+6,8 rona) ¢ ognum miu 6osee pedenkom. CocTaBieHb!
WHJUBUYaJIbHBIC aHKEThl C ATHUYECKUMHU, TaCIOPTHBIMU, aHTPOMOMETPUYECKUMU JTaHHBIMU, CBEICHUS-
MU 00 00pa3oBaHuu, paboTe, BpeAHOCTSIX, aHAMHE30M 3a00JieBanmii U bepemeHHocTH. [loanucano uadop-
MHUPOBaHHOE coriacue, 0JJo00peHHoe JIOKaIbHBIM 3THYECKUM KOMUTETOM. JlaHHBIE IeNIepCOHATN3NPOBAHBI.
[IpencraBneHbl peTpOCNEKTUBHBIC JaHHBIC AHKET C aHAJIU30M COILUANbHBIX U KIIMHUKO-aHAMHECTHUUECKUX
XapaKTepUCTUK. AHAIN3 BBIIMOJIHEH METOJaMU OMUCATEIbHON CTAaTUCTUKY, KaUeCTBEHHbIC TIPU3HAKU TIPE/I-
CTaBJICHBI a0COFOTHBIMY M OTHOCUTEILHBIMU 3HaueHUsIMU (%). CTaructudeckast o0paboTKa MpoBe/icHa B
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Excel-2019, paznuuust Mexay TpyIIIaMy OLIEHEHBI TOYHBIM KpuTepueMm duiiepa, 3HAUMMBIMH CYUTAINCH
p <0,05.

Pesyabratel u ux o0cy:kaeHne. AHaNN3 JaHHBIX 163 KeHIIUH U3 1-¥ rpynmsl okasal, 4To cpetHui
BO3PAcT Ha MOMEHT IepBoi OepemeHHOCTH cocTtaBui 23,414+4,43 rona, B rpymnme cpaBHeHus — 22,84+3,51
rona (puc.1).

Bospact 3auatus siBisieTCsT HE3aBUCHMBIM (DaKTOPOM pHCKa TOTEpH OepeMeHHOCTH. Puck cierka
MOBBIIIACTCS Y MOJOABIX MaTepel U 3HAUYUTENBHO Bo3pacTaeT ¢ Bo3pacToM [3]. CormacHO pyKOBOICTBY
Kopomnesckoro koiiemka akymepcTsa 1 THHEKOJIOTHH, PUCK MOTEpU OEpEMEHHOCTH COCTaBisIeT: <19 ner
—13%, 20-29 nmet — 11-12%, 30-34 net — 15%, 35-39 net — 25%, 40—44 net — 51%, >45 net — 93% [6].

B nccrnenoBanny BBISBICHO, YTO BO3PACT BIUSET HA PUCK BRIKHbIIIA. JKEHITUHBI cTapiie 35 JeT npu
MepBOi OEPEMEHHOCTH Yallle BCTPEYaIMCh B OCHOBHOM rpyme (5,5% npotus 1%, p=0.0024, OR — 5.425,
CI - 1.813-16.97). Y xenmun crapime 30 JeT Takke OTMEUeHO Tpeodiananue B OCHOBHOM rpymme (9,6%
npotuB 4,5%, p=0.0163, OR — 2.2, CI - 1.066—4.4).

Cpenu 414 naronoruii mioaa y 163 skeHIIUH OCHOBHOM TpyNIIbL: 3amepiias OepeMeHHocTh — 51,6%,
MepTBOpOXKIeHHE — 7,6%, CIOHTaHHBIN BRIKUABIIT — 34,2%, BHEMaTOUHasi OepeMeHHOCTh — 2,84%, IpepsI-
BaHHE [0 MEIUIIMHCKUM MoKazaHusM — 3,72%. (puc.1).

2,84% 372%

7,60% ‘

51,60%

34,20%

=36 =CB =MF -BE =MA

Puc. 1. Pacnipenenenue uncia BEIKUAIBINICH cpeau uccieayeMbix skeHmmH ([1b — norepu 6epemMeHHOCTH).

HauGosnee yacThIM NaTOJIOTHYECKUM COCTOSIHMEM ObLia 3amepiiasi 0epemeHHocTh (51,6%). Ee mpu-
YHHBI BKIIIOYAIOT TeHETHUECKUE (PaKTOPbl (MMMYHOJIOTHYECKass HECOBMECTHMOCTh, MYTAIlMN) U CPEIOBBIE
BIMSAHUS (3a00eBaHMs MaTepu, XUMUYecKHe U puzndeckue Bo3aecTeust) [7].

Boikupim coctaBui 34,2% ciydaes, dale BCEro M3-3a ITEHETHMUYSCKUX U XPOMOCOMHBIX abeppariuid,
HapyIIeHWH Pa3BUTHS TUIAICHTHI M KPOBOCHAOKEHUSI TUIOAHOTO siidla. BakHyro poiib UrpaoT BOCIANH-
TEJIbHBIE MPOLECCH B YHIOMETPUH, HEIOCTaTOUHAsI TOPMOHAIbHAS CTUMYJISIIHMS AMOPHUOHA M TIEpBUYHAS
IJIaIeHTapHAst HEOCTATOYHOCTS [7].

MepTBOpoXKAeHHs OTMEUEeHBI B 7,6% ciy4aes, yTo TpeOyeT ymydlIeHus IepUHaTaIbHON MOMOLIIH.

Bnemarounas 6epeMeHHOCTb, 3apETUCTPUPOBAHHAS B HAIIEM UCCIIe0BaHUH y 2,84% KCHIIUH, SBIIS-
€TCsl OCHOBHOM NMPUUNHON MaTepUHCKONW CMEPTHOCTH B mepBoM TpumecTpe (5—10% ot ob1iero ymcia Bcex
CMepTeH, CBSI3aHHBIX C OEpEeMEHHOCTHI0). Ee quarHocTuka 3arpyqHeHa u3-3a Heclelu(puIecKnx CUMIITO-
MOB, TaKUX Kak 0O0JIb B )KUBOTE U KPOBOTECUCHHUS [§].

B 3,72% cnyuyaeB GepeMeHHOCTh Obliia MpepBaHa MO MEAUIMHCKUM MOKa3aHUSIM. JTH JTaHHbIC TOA-
YEpKUBAIOT BaKHOCTh PAHHETO BBISBICHUS OEPEMEHHOCTH, TPOMUITAKTUKY U JICYCHHUS TTaTOJIOTHH, a TAKKe
MOBBIIIICHHUS KAUECTBAa METUIIMHCKUX YCIYT ¥ YPOBHS 3HAHHUI O PEMPOTYKTUBHOM 3/I0POBBE.

Cpenn uccienyembix y 58% >xeHIUH ObUTO JBa BRIKUABINA, ¥ 20% — TpH, y 11% — wersipe, y 7% —
mecTb, y 4% — 1Atk u 6onee. JKeHIIUHBI ¢ Tpems U Oosiee OepeMeHHOCTAMHU cocTaBisiioT 42% (puc. 2).
MHOTOKpaTHbIE BHIKU/IBIIIN 3HAYUTEIBHO BIUSIOT Ha PePTUIIBHOCTD, 00IIee 3/J0POBLE U ICHXOJIOTHYECKOE
cocrosiHe. PHCK mocnenyomux norepb nocie Tpex u 0onee BeIkubiiel gocruraet 50% [9].

VY skeHIIUH ¢ OECIUIONMEM TMOBBIIICH PUCK BBIKUJBIIIA, 0COOCHHO MPHU 3a4aThu, TpeOyrolieM Oosee 6
mecsies [9].

AHanu3 CpOKOB BBIKHJBIIICH MmoKasai, uto 85% mpepriBatores a0 12 nenensb (puc. 3). Y 70% Bbiku-
JBIIICH B IEPBOM TPHMECTPE BBISIBIICHBI TOHKAsl M ()parMEeHTHPOBaHHAS IUTOTpodobdIacTHueckast 0007104-
ka o Bceit mianente [10]. Hemocrarounast naBaszus Tpodo01acTa BI3bIBACT HEMOIHOE 3aKyIOPHUBAHUC
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CIHMPAJIbHBIX apTepHid, MPEkKACBPEMEHHYIO IIIalEHTAPHYIO Mepdy3Hio U OKUCIUTEIBHOE MOBPEKACHUE
BOPCHUH, CO3/1aBasi HEOIArONPUATHYIO AeluayanbHyto cpeny [11]. ITocne ycTaHOBIEHUS MaTOYHO-IIIALIEH-
TapHOTO KpoBoOOpaleHus K 12 HesesnsiM pUCK BBIKUABIIICH pe3Ko cHukaeTcst [3].

7,00%
4,00%

11,000 _"7

58,00%

=2ME =3ME =406 =5ME =G67E

Puc. 2. Pactipenenenne guciia BRIKHIBIIICH cpenn uccienyeMsix skeHmuH (I1b — motepu 6epeMeHHOCTH).
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Puc. 3. Pacnipenenenue noteps OepemennoctH 1o cpokam. (I1b — morepu 6epemennoctn).

Menapxe — Hauano oByIsinuu U peprunbHOCTH. [1031HMI Bo3pacT MeHapXe CBsA3aH ¢ HeOIaronpusTHBI-
MU UCXO/IaMU O€PEeMEHHOCTH, TAKUMH KaK BBIKHIGIIH [12].

Hame uccrnenoBanue mokasano, 4To y 55% >KEHIIMH C BBIKHIBIIIAMHM MEHapXe HacTymwuio nocie 14
neT, uto Ha 17,6% Oonbiie, 4eM B KOHTpOibHOU rpymme (37,4%) (Tabmn.). Paznuuus craTucTidecky 3HaYH-
MbI (p=0.00002, OR=2.091, CI=1.47-2.96).

Pacnipenenenne Bo3pacta MeHapXe B HCCJIeAyeMbIX IPyNnax

Bospact menapxe Ciyuait KonTpoins
Ho 14 ner 45% 62,55%
ITocne 14 net 55% 37,5%

3agepKKa MEHapXe MOXET ObITh BBI3BaHA FOPMOHAIBHBIMU U3MEHEHUSIMU, TEHETHYECKUMHU (pakTopa-
MH, BO3/ICHICTBUEM CPEbl, MUTAHUEM U 3a00JI€BaHUSMHM, YTO MOKET MOBJIMATH HAa PENPOAYKTHBHOE 3/10PO-
BbE M IIpOoTeKaHue oepeMeHHocTH [13].

3akinoueHne

Hcxons u3 mpeacTaBlIeHHBIX JAHHBIX, MOXKHO CENaTh HECKOJIBKO BaKHBIX BBIBOIOB. Bo3pact Matepu
SIBIISIETCS. 3HAYMMBIM (DAaKTOPOM PHCKa BBIKMABIIIA, HE TOJBKO mocie 35 jet, Ho u mocie 30. 85 % Bcex
BBIKH/IBILICH POUCXOAUT B IIEPBOM TPUMECTPE OEpEMEHHOCTH. Y UCCIIeI0BaHHbBIX JKeHIIUH B 51,6 % ciy-
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yaeB ObLIO 3aMKCUPOBAHO TMPEKpaIleHue pa3BUTHs TIoAa, a B 34,22 % ciny4aeB — BbIKUAbI. [Ipu u3y-
YEHUH YacTOTHI OBTOPHBIX BBIKU/BIIIECH OBUIO YCTaHOBJICHO, UTO y 42 % >KeHIIHNH, MEPEKUBIIUX TOTEPIO
OepeMeHHOCTH, OH MpoucxoAua 3 u Oornee pa3. beula ycTtaHoBieHa accouuanus MeKAy MO3IHAM Hada-
JIOM MEHapXe M BBIKUJBIIIAMU. JTO MOATBEPKAACTCS BBICOKUM Kod(pdunmenTom mancos (OR —2,091) u
cTarucTudeckoit 3HauuMocThio (p=0.00002). DT naHHBIE MOAYEPKUBAOT HEOOXOAUMOCTH TIIATEIHHOTO
HaOTIOACHUS ¥ TIONACPKKH KEHIIMH C MOBBIIICHHBIM PUCKOM BBIKH/IBIIIA, OCOOCHHO B CTapIlIeM PEIpOAyK-
TUBHOM BO3pacTe U MPH HAJHYUU 33€P>KKH MOJIOBOTO Pa3BUTH.

Bbaarogapuoctse. [lanHas pabota ObLta BeIMoJHEHA pH noaepkke rpantoB NeNe @-OT-2021-158 ot
MuHHUCTepCTBa MHHOBAIIMOHHOTO pa3BuTus Y30ekucrana u REP-03032022 192 ®onna ¢puHaHCHpOBaHUS
BcemupHoro 6anka.

Bxaan aBropoB: Kampanosa FO.A. u AbaypaxumoB A.A. Hanmcanu crarbio, Mupakbaposa 3.M. n
PaxmarynnaeB A.M. npoBonwim cratuctuueckuii ananu3, Hasuposa M.b. u Humanosa C.111. cobupanu
nanueie, PexxamoBa M.M., Axpamxonosa C., ConukoBa M.O., Atamypotosa ['.I. cozmaBanu 3neKTpoH-
Hyto Oa3y nanHbix, Humanoa @.I1. ocymiecTBisiia KOHTPOJIb 3a COOpOM OaHHBIX, AOmymiaeB A.A.,
Typauxynosa I11.VY., Jlanumosa J[.A. pyKoBOAWIN SKCTIEPUMEHTAMHU, aHAJTU3UPOBAJIM JJaHHbBIE, pEIaKTHPO-
BaJIM CTaThIO.
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O’ZBEKISTONDA TAKRORIY HOMILADORLIKNING YO’QOLISHI TARIXIDAGI
XAVF OMILLARINING STATISTIK TAHLILI

Yu.A. Kapralova, A.A. Abdurahimov, Z.M. Mirakbarova, A.l. Rahmatullacv, M.B. Nazirova, S.Sh. Nishanova,
M.M. Rejapova, S. Akramkhonova, M.O. Sodiqova, G.G. Atamurotova, F.P. Nishanova, A.A. Abdullaev,
Sh.U. Turdikulova, D.A. Dalimova

Homilani tutib turolmaslik akusher-ginekologiyada ayollar hamda ularning oilalari salomatligiga ta’sir qiluvchi
muhim muammolardan biri bo‘lib qolmoqda. Ushbu tadqiqotning maqgsadi — takroriy ravishda homilasini yo‘qotgan
(TRHY) bemorlarning klinik-anamnestik xususiyatlarini tahlil qilib, xavf omillarini aniglashdir. Asosiy guruhga
etiologiyasi noma’lum bo‘lgan ikki yoki undan ortiq ketma-ket homilasi tushgan 163 ayol kiritildi, taqqoslash guruhiga
esa homilasi tushmagan, tabiiy tug‘rigni o‘tkazgan 614 ayoldan iborat bo‘ldi. Ayollarning yoshi 30 yoshdan oshgach,
homila tushish xavfi oshishi kuzatilgan. Tushgan homilalarning 85% homiladorlikning birinchi uch oyida sodir
bo‘lgan, va 42% ayollarda uch yoki undan ortiq takroriy homila tushishlar kuzatilgan. Menarxening kech boshlanishi
va homila tushish xavfining oshishi o‘rtasidagi assotsiatsiya mavjudligi aniglandi (OR = 2,091; p = 0,00002).

Kalit so‘zlar: homiladorlikni tutib turolmaslik, takroriy homiladorlik yo‘qotilishi (THY), homila tushishi, xavf
omillari.

STATISTICAL ANALYSIS OF RISK FACTORS IN HISTORY OF RECURRENT PREGNANCY LOSS
IN UZBEKISTAN

Yu.A. Kapralova, A.A. Abdurahimov, Z.M. Mirakbarova, A.l. Rahmatullacv, M.B. Nazirova, S.Sh. Nishanova,
M.M. Rejapova, S. Akramkhonova, M.O. Sodiqova, G.G. Atamurotova, F.P. Nishanova, A.A. Abdullaev,
Sh.U. Turdikulova, D.A. Dalimova

Pregnancy loss remains a significant issue in obstetrics and gynecology, impacting the health of women and their
families. This study aims to analyze the clinical and anamnestic characteristics of patients with recurrent pregnancy
loss (RPL) to identify risk factors. The study included 163 women with two or more consecutive miscarriages of un-
known etiology in the main group and 614 healthy women with a positive obstetric history in the comparison group.
Age was identified as a significant risk factor, with an increased likelihood of miscarriage after 30 years. A total of
85% of miscarriages occurred in the first trimester, and 42% of patients experienced three or more recurrent pregnancy
losses. An association between late menarche onset and an increased risk of miscarriage was confirmed, with a high
odds ratio (OR = 2.091; p = 0.00002).

Keywords: pregnancy loss, recurrent pregnancy loss (RPL), miscarriage, risk factors.
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CYTOTOXIC ACTIVITY OF ALKYL DERIVATIVES OF ALKALOID CONVOLVINE

M.R. UMAROYVA, U.B. KHAMIDOVA, N.A. TOSHEVA, E.O. TERENTEVA, E.G. YUSUPOVA,
G.A. PIYAKINA, D.R. MANSUROY, D.B. KADIROVA, S.F. ARIPOVA, SH.S. AZIMOVA

Institute of Plant Chemistry named after academician S.Yu. Yunusov, Academy of Sciences, Tashkent
Corresponding author: mukaddasu06@gmail.com

It has studied the alkyl derivatives of the tropane alkaloid convolvin - 3,4-dimethoxybenzoyloxy-nortropane were
synthesized by interaction with a homologous series of alkyl halides and their cytotoxic activity. The structures of the
synthesized compounds were proven based on IR and NMR spectroscopy data. The cytotoxicity of the synthesized
compounds was studied on both cancer cell lines and healthy cell lines. Among the 6 derivatives, N-nonyl convolvin
and N-decyl convolvin samples were found to be cytotoxically active.

Key words: Convolvulus subhirsutus, alkaloids, N-alkyl derivatives of convolvin, cancer cells, cytotoxicity.

Introduction. Cancer is currently the second leading cause of death worldwide [1]. The increasing risk
of drug-resistant cancers and adverse drug reactions highlights the need to develop new, more effective and
safer anticancer agents [2].

Convolvulus plants exhibit various biological activities, including cytotoxicity [3]. For example, almost
all parts of C. arvensis had antiproliferative effects on human rhabdomyosarcoma (RD) cancer cells and rat
embryo fibroblast (REF-3) cell line [4]. Extracts from Convolvulus were also tested on human hepatoma
cell line (HepG2) [5], CACO (colorectal carcinoma) and HCT-116 (colon cancer) cancer cells and showed
high efficacy [6].

Convolvulus subhirsutus plant, growing in various regions of Uzbekistan, Kazakhstan and Tajikistan,
contains significant amounts of tropane alkaloids, the main one being the alkaloid convolvine (3,4-dime-
thoxybenzoyloxy-nortropane), a derivative of nortropine [7]. In order to find substances with valuable
pharmacological properties, we synthesized several synthetic derivatives ofconvolvin and studied their
cytotoxicity. [8, 9]. It was found that N-benzylconvolvin and N-chloroacetylconvolvin showed the greatest
activity against laryngeal and cervical cancer cells [10]. In this regard, the synthesis of new derivatives of
the alkaloid convolvin and biological activity were studied.

Materials and methods. Alkyl derivatives of the tropane alkaloid convolvin - 3,4-dimethoxybenzoy-
loxynortropane were synthesized by interaction with a homologous series of alkyl halides 2a-g [11]. It was
found that all reactions occur with heating at the boiling point of the solvent with yields of 60-85%. The
structures of the synthesized compounds were proven based on IR and NMR spectroscopy data. For hydro-
chlorides of N-hexyl, N-octyl and N-nonyl derivatives of convolvin, the spatial structure was established
by X-ray diffraction (XRD) [12].

Cell lines

The cytotoxicity of the synthesized compounds against 4 lines of cancer cells (epithelial carcinoma of
the cervix HeLa, adenocarcinoma of the mammary gland HBL-100 (ATCC HTB 124) and adenocarcinoma
of the larynx HEp-2 (ATCC:CCL-3), T-lymphoblastic leukemia CCRF-CEM (ATCC:CCL-19) and 4 lines
of healthy cells on hepatocytes [14], mononuclear cells [15], fibroblasts [16] and Vero B (African green
monkey kidney cells (ATCC:CRL-1587) was studied in vitro.

HeLa, HBL-100, HEp-2 cells were obtained from the Central Bank of the Cell Culture Collection of
the Institute of Cytology of the Russian Academy of Sciences, CCRF-CEM cells — from the University of
Heidelberg, Germany), Vero B cells - from Research Institute of Virology, Russian Academy of Medical
Sciences. Cell lines were cultured in RPMI-1640 or DMEM/F12 media (Capricorn scientific, Germany)
with the addition of 10% bovine fetal serum (Sigma, USA), 2 mM glutamine and 1x antibiotic-antimycotic
solution (Lonza, Belgium) in 5% CO, and 37°C[17].

MTT-based cytotoxicity assay

The cytotoxicity of N-alkyl derivatives of convolvin was studied using the colorimetric MTT method
- a quantitative determination of cell survival and proliferation, based on the cleavage of MTT (tetrazoli-
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um salt: 3-4,5-dimethylthiazol-2-yl-2,5-diphenyl-2n-tetrazolium bromide) by the mitochondrial enzyme
succinate dehydrogenase of living cells, with the formation of a blue formazan product, which crystallizes
inside the cell [18,19].

100 ul cell suspension (2x10* cells/ml) were seeded at 96 microplate and incubated for 24 hours
(37°C,5% CO, air humidified). The substances were dissolved in DMSO (0.8% of the volume) and in-
troduced into the cells, at a concentration of 100 uM. The cells with the substances were incubated for
24 hours. After, 20 pl of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) solution (5
mg/ml) (Acros organics, Belgium) were added to the cells and incubated for 4 hours. After the incubation
period, the medium was removed from the plate and 100 pl of DMSO was added to each well to dissolve
the formed formazan crystals. The optical density was determined at 630 nm using a Rayto RT-2100C
Microplate Reader (China). Each concentration of the substance was analyzed in 3 wells and repeated 3
times.

The percentage of cell survival was calculated based on the following formula. The percentage of cell
survival in the negative control (cells without substances) was taken as 100 [20]. The cytotoxic effects of
the studied substances were compared with the well-known antitumor drug Cisplatin-Naprod (India).

%Cell Survival =100- % x 100
A : Absorbance of tested concentration, o
A, : Absorbance of blank,
A : Absorbance of negative control

Statistical analysis

Data obtained in 3 independent experiments were statistically processed using «Origin 8.6» and ex-
pressed as the mean value for each concentration (+) standard error of the mean.

Results and discussion. The scheme shows synthetic alkyl derivatives of the tropane alkaloid con-
volvine-3,4-dimethoxybenzoyloxynortropane, synthesized by interaction with a homologous series of alkyl
halides [11].

H;CO_ .
3y 2 ] H;CO
CH50 c-0—= 4] K,CO5
3 '
E i ‘MSLS + Br—(CHonCH; —» CH;0 ¢-0
5or 2 Ne 0 \
\
(CH)NCH

n=4,5,6,8,9, 10
Sheme of N-alkyl derivatives of convolvin

We wanted to study the in vitro cytotoxic activity of alkyl derivatives of the tropane alkaloid convolvine,
differing in the length of the methylene chain. Accordingly, N-butyl convolvin consists of 4 -(CH2)- frag-
ments, N-isoamyl - of 5, N-hexyl convolvin - of 6, N-octyl - of 8, N-nonyl - of 9, N-decyle convolvin - of
10 methylene chain fragments[11].

Table 1
Cytotoxicity activity of compounds at a concentration of 100 pM against cancer cell lines
Compound Cell growth inhibition, %
P HEp-2 [ HeLa [ HBL-100 | CCRF-CEM

N-Butyl 10.9+0.1 7.4£02 39.3£0.3 20.8£0.7
Convolvin (4)
N-Isoamyl convolvin (5)* 13.9+0.3 29.7£1.0 19.9+0.5 0.0£0.0
N-Hexyl convolvin (6)* 19.5+0.5 25.1+£0.8 33.2+0.1 42.6+0.5
N-Octyl convolvin (8)* 55.2+0.4 51.9+0.7 9.840.4 14.2+0.3
N-Nonyl convolvin (9)* 82.8+0.5 98.9+0.3 100.0+0.2 77.4+1.1
N-Decyl convolvin (10)* 77.3«1.1 93.7+0.4 100.0+0.2 78.4+0.9
Cisplatin 77.6x1.1 98.9+0.3 75.1+0.5 67.6+0.1

* - number of fragments in the methylated chain -(CH,)-.
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As can be seen from Table 1, the new derivatives with 4 and 5 fragments at 100 uM did not show cyto-
toxicity in all cell lines. The cytotoxicity of derivatives increases with increasing of chain length -(CH,)-.
In this case, the 6-fragment derivative (N-hexylconvolvin) showed selective cytotoxicity only on HBL-
100 (33.2%) and CCRF-CEM (42.6%) cells. In contrast, N-octylconvolvin (8 methylene chain fragments)
showed weak cell growth inhibitory activity against HEp-2 and HeLa, respectively 55.2 and 51.9% (table
1). Moreover, the elongation of 9 and 10 methylene chain fragments to the convolvin molecule (N-Nonyl-
and N-Decyl convolvin) under the same conditions resulted in both an increase in cytotoxicity. Thus,
N-Nonyl convolvin caused the death of an average of 77.4-100% of the cells of the investigated cell lines,
N-Decyl convolvin - 77.3-100% of all the presented cell lines. Moreover, HBL-100 breast adenocarcinoma
cells and cervical epithelial carcinoma HeLa cells were found to be more sensitive to the action of these
convolvin derivatives.

Compounds that showed cytotoxicity on cancer cells were studied under the same conditions on healthy
cells (primary cell culture) of — liver, blood, kidneys and skin. These tissues and organs are among the first
targets of drug toxicity, as drugs are distributed throughout the body, metabolized in the liver, and excreted
through the kidneys and skin.

The results on the cytotoxicity of convolvin derivatives are shown in Table 2.

Table 2
Results of cytotoxicity of compounds on normal cell lines
Cell growth inhibition, %
Compound X .
Hepatocytes | Mononuclear cells Vero B Fibroblasts (skin cells)
N-Nonyl convolvin 53.5+1.2 35.8+0.6 67.6+0.4 86.9+0.5
N-Decyl convolvin 53.8+0.8 42.3+0.2 72.5+0.1 98.8+0.8
N-Octyl convolvin 45.5+0.2 36.4+0.6 60.0+1.3 96.2+0.2
Cisplatin 12.3+0.3 6.9+0.1 14.6+0.6 13.2+0.3

According to the results of Table 2, the cytotoxicity of N-decyl-, N-nonyl and N-octyl derivatives of
convolvin was also preserved on healthy cells — the suppression of skin cell growth was 86.9-98.8%, kidney
cells — 60-72.5%, liver cells — 45.5-53.8% and blood — 35.8-42.3% compared to control values.

Conclusions.

A study of the cytotoxicity of synthetic derivatives of convolvin on the cancer cell lines HeLLa, HBL-
100, HEp-2 and CCRF-CEM showed that the sequential addition of methylene chain fragments to the
alkaloid molecule leads to an increase in the activity of the investigated substances and a decrease in the
selectivity of their action. At the same time, the high cytotoxicity of these compounds is also maintained on
healthy cells of the body, which does not allow them to be offered for further in vitro and in vivo studies as
antitumor agents.

Thus, further search for new convolvin derivatives that exhibit high anticancer activity and are harmless
to healthy cells is necessary.

Specific contribution of the authors: Umarova M.R, Khamidova U.B, Tosheva N.A carried out the
experiments. Mansurov D.R, Kadirova D.B isolated alkaloids from plants. Aripova S.F., Azimova Sh.S
general consultations and advised on experimental design and edited the article. Terenteva E.O, Yusupova
E.G and Piyakina G.A planning experiments, summarizing results.
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CONVOLVIN ALKALOIDI ALKIL HOSILALARINING SITOTOKSIK FAOLLIGI

M.R. Umarova, U.B. Khamidova, N.A. Tosheva, E.O. Terenteva, E.G. Yusupova, G.A. Piyakina, D.R. Mansurov,
D.B. Kadirova, S.F. Aripova, Sh.S. Azimova

Tropan alkaloidining alkil hosilalari konvolvin-3,4-dimetoksibenzoiloksi-nortropan gomologik qator alkil
galogenidlar bilan o’zaro ta’sir qilish natijasida sintezlangan va ularning sitotoksik faolligi o’rganildi. Sintezlangan
birikmalarning tuzilishlari IQ va YMR spektroskopiyasi ma’lumotlari asosida isbotlangan. Sintezlangan birikmalarn-
ing sitotoksikligi saraton hujayralari va sog’lom hujayralar qatorlarida o’rganildi. 6 xil hosilalar orasidan sitotoksik
faol namunalar N-nonil konvolvin va N-detsil konvolvin bo’ldi.

Kalit so’zlar: Convolvulus subhirsutus, alkaloidlar, N-alkil konvolvin hosilalari, rak hujayralari, sitotoksiklik.

OUTOTOKCHUYECKAA AKTUBHOCTD AJIKUJITTPOU3BOJHBIX AJIKAJIOMJJA KOHBOJIbBBUHA

M.P. Ymapoga, V.b. Xamunosa, H.A. Tomesa, E.O. Tepentsena, 3.1 FOcynona, I'.A. ITusikuna, J[.P. Maucypos,
J.b. Kaguposa, C.®. Apunosa, I11.C. Asumoa

W3yueHbl ajJKUIMPOU3BOIHBIC TPOITAHOBOTO alIKaJOWJIa KOHBOJIBEBHHA - 3,4-IMMETOKCHOCH30MIOKCU-HOPTPO-
MaHa, CUHTE3UPOBAHHBIEC MMyTeM B3aUMOJICHCTBUS C TOMOJIOTMYECKUM PSJIOM aJKUITaJOreHUIOB, U UX UTOTOKCHU-
yeckas aKTUBHOCTb. CTPYKTYpbl CHHTE3MPOBAHHBIX COEIUHEHHI J0Ka3aHbl Ha ocHoBaHWUU AaHHbIX K- u SIMP-
CHEKTPOCKONMH. L{IUTOTOKCMYHOCTh CUHTE3UPOBAHHBIX COCTUHEHHUM N3ydaslach KaK Ha JTUHUSIX PAKOBBIX KJIETOK, TaK
Y HA JIMHUSIX 3I0POBBIX KIIETOK. Cpemu 6 MpOu3BOIHBIX 00pa3isl N-HOHIIKOHBOJIBUHA U N-/ICIIUIKOHBOJIBUHA OKa-
3aJIMCh IUTOTOKCUYCCKH aKTUBHBIMU.

Knroueswvie cnosa: Convolvulus subhirsutus, ankamou isl, N-aJIKWI IIPOU3BOIHBIC KOHBOJILBUHA, PAKOBBIC KIICTKH,
IIUTOTOKCUYHOCTb.
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BJIUAHUE JUOEHUJIBHOI'O MTPOU3BOJHOI'O 1,2,4-TPUA30JIA
HA PEI'YJAIOUIO OPBEMA TUMOLMTOB U KJIETOK U937

V. K. PUBAKVYJIOB!, HA. IU®EPOBA'S, I'.B. MAKCUMYEBA', A.A. 3USIEB*, 0.2K. XAMHJIOBA'?,
C.HM. PYCTAMOBA!, B.H. BABAEB?, P.Ill. KYPBAHHA3APOBA'*3, II.T. MEP3JISIK', P.3. CABUPOB'*

Mucturyt 6nodusuku u 6noxumuu npu HYV3, TaikeHr ;

?Kadenpa 6uodusuku, brnonorndeckuii paxynprer HY V3,

’Kadenpa npupoaHbIX COSTUHEHUI W PUKIATHON XUMHUH, XUMHUYECKHi pakyapTeT HYVY3;
*MIHCTUTYT XUMUH PacTHTEIbHBIX BemiecTB AH PVY3;

I{eHTp mepeoBbIX TEXHOIOTHI TP MUHHCTEPCTBE BhICIIETO 00pa30BaHUsl, HAYKA U WHHOBAIMH

ABtop st mepenucku: rizaqulovumrbek@gmail.com

[TpoBeneHo nuccnenoBanue 10303aBUCUMOTO IeHCTBUS 3-aMua0-(N,N-- 110y THIKapOOMOMIMETHIICHTHO)-4,5-11-
¢benmn-1,2,4-tpuasona (bOPT) Ha cucTeMy peryasiuu 00beMa THMOIIMTOB KPBICHI U JIMHUH KJIETOK THCTUOIUTAPHOM
nmuMdomsl yenoBeka U937. YeranoieHo, 4to nosymMmakcumanbhelid apdext bOT Ha peryssnuio odbeMa THMOIMTOB
cocrapser C,, = 10,8+2,3 MM, a kosppuument Xumna pasen 1,140,3. Tlomymakcumanbubiii oddekt BemecTsa 1y
paxoBeix Knetok U937 cocraun C; = 12,9444 MxM, a koah¢urpent Xwura 0,7+0,1, T.e. 1T HHTHOUPYIOIIETO
s¢dexra BOT Tpebyercst He MEHEE OHON MOJIEKYJIbI BEllecTBa. YCTaHOBICHO, 4YT0 BT npakTuuecku He obnamgaet
TEMOJIMTHYCCKON aKTUBHOCTBIO.

Kniouegwie cnosa: 1,2 4-rpuazon, tumonutsl, U937, kpacHbIe KPOBSHBIC KJIETKH Y€JI0BEKa, THTIOOCMOTHYECKHIA
CTpecc, perymsnus oobemMa KISTKH, TEMOJIH3.

BBenenue. B Hacrosiiee Bpemst BbISIBIIEHHE HOBBIX CHHTETHUECKHX W MPUPOTHBIX COSTUHEHUHN € d(h-
(beKTUBHBIMA MEXaHW3MaMH JEWCTBUS B JICUEHUH PA3TUYHBIX WH(EKINOHHBIX 3a00JIeBaHUI OCTaeTCs
OJTHOW M3 MPUOPHUTETHHIX mpobieM. CoeqUHEeHNs, COIePIKaIFe TPUA30IbHOE KOJIBIIO, SBISIOTCS T€Tepo-
IUKIMYECKIMH BEIIECTBAMH C BBICOKOH OMOJOTHYECKOW aKTHBHOCTHIO M IMIMPOKUM CIEKTPOM JCHCTBHUSA,
KOTOpBIE UMEIOT OOJBIIIOE 3HAUEHHE MPH JIeYeHUN OaKTepHaIbHBIX, TPUOKOBBIX M BUPYCHBIX 3a00I€BaHUN
[1]. K TakuM BemecTBaM OTHOCATCS XUMHUYECKHE COSTUHEHNS, CO/IEpIKaIllfe B CBOE OCHOBE 2 pa3TUIHbIX
BapuaHTa TPHUa30JILHOTO KoJbla: 1,2,3- u 1,2,4-Tpra3oisl, OTIMYAIONTHAECS PACTIONOKCHIM aTOMOB a30Ta B
MOJIEKYJIe TeTeporukia [1-2].

N3BecTHO, 94TO TPHA30JIBI HE TOJNBKO TOAABIISIOT POCT MATOTE€HHBIX MUKPOOPTaHU3MOB, HO TAaKKe JeH-
CTBYIOT M Ha KJIETKH MakpoopranmiMma. Tak, B JIUTepaType MMEIOTCS CBEICHHS O MPOTHBOCYIOPOKHOM,
00e300MBaroIIel, MPOTHBOBOCIATUTEIHHON 1 IPOTHBOOITYXOJIEBON aKTHBHOCTH HEKOTOPBIX COSAMHEHUI
Ha ocHoBe 1,2,4-Tpua3zona [3]. Tem He MeHee, OMOIOTrHYECKast aKTUBHOCTD BEmIeCTB ¢ 1,2,4-Tprua3oinbHbIM
KOJIBIIOM M3y4eHa KpaifHe HeocTarouHo. Panee Hamu ObUTO OKa3aHo, 9To 3-amMuao-(N,N-mulytriakapoo-
MOWMJIMETHIIEHTHO)-4,5-mudennn-1,2,4-tpuazona (bOT) ahpexTnBHO MOmaBiseT peryssanuio oobemMa TH-
MOIIMTOB KPBIC B YCIOBHUSX THTIOOCMOTHYECKOTO CTPecca, SBISFOIIErocsi OAHUM M3 TAaKWX COeNMHEHHH, Ha
CUCTEMY PEerylisiliii 00beMa THMOIUTOB KphIc [4]. B manHoii paboTe MBI MOATBEPIMIIN U YTOUHIIIH paHee
MoNTydeHHbIe TaHHBIE, a Takke TpoBenu uccienosanne bOT Ha perymsmnio o0beMa pakoBbIX KJIETOK TH-
cTronUTapHoi JruMQomsl yemoeka U937.

MarepuaJj U MeTObI:

CranmaptHeiii pactBop Punrepa mmen cienyrommii coctaB (MM): 135 NaCl, 5 KCl, 10 HEPES, 2
CaCl,, 1 MgCl,, 5 tmoko3a, pH 7,4 (290+2 mOcwm/kr H,0). Cocras H-Oydepa (MM): 5 KCI, 10 HEPES,
2 CaCl,, 1 MgCl,, 5 mmoxkossl, pH 7,4 (40+2 MOcm/kr H,O). I'Mnotonn4eckunii pacTBOp TOTOBMIICS ITy-
TEM pa3BeJeHUs CTaHaapTHOTO pacTBopa Punrepa u H-Oydepa B cootHomenun 3:4. Bee peakTHBBI HMENH
KBAJTM(UKAITUIO «X.4.» WK «4.1.a.». [Ipy IpUTOTOBIIEHUN pacTBOPOB MCTIONB30BAJH AUCTHIIIMPOBAHHYIO
Boxay. Coemunenue 3-amuno-(N,N-1u0yTHIKapOOMOMIMETHIICHTHO )-4,5-mudenni- 1,2,4-tpra3on, uCIob-
30BaHHBIN B JAHHOM HCCIICIOBAaHHUH, OBIIO CHHTE3UPOBAHO KakK OMUCAHO paHee [5].

OnbITH TPOBOAMIIUCH HAa 6—8 HeNIeNbHBIX OECIIOPOAHBIX KpbIcax-camiiax ¢ maccoit Tena 100-150 r. ITpu
pabote ¢ m1abopaTOpPHBIMHU JKHBOTHBIMH B HCCIICIOBAHUAX COOMOMAINCEH TToJIoKeHus nexnaparui ARRIVE
(Animal Research: Reporting of In vivo Experiments: https://arriveguidelines.org), B CTpOTOM COOTBET-
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CTBHH C peKOMeHIausIMu EBponeiickoli KOHBEHIIMH O 3aIUTE TO3BOHOUHBIX KMBOTHBIX, UCTIONB3YEMBIX
B 9KcnepuMeHTax win apyrux nensx (CrpacOypr, 1986 1) u 6bun onobpenst Komurerom mo 6mosTu-
ke Mucruryra 6modusnku u omoxumun (paspemenne Ne BEC/IBB-NUU/2019/01-1 ot 03.10.2019 1.).
TuMOLUTHI BBIIENSIINCH, Kak onucano panee [6-8]. Koneunyro cycnensuto, cogepxauryto 100 mun/Mi u
XpaHWJIH B pacTBope Punrepa n ucrnonbs3oBaiu B TeueHue 3—5 d.

JIunuto KIeToK ructuounTapHoi muMdombl yenoBeka U937 xympruBupoBanu B cpeae RPMI-1640
(Sigma-Aldrich) ¢ no6asnennem 10% smOpronanbHON chiBopoTkH Tenenka, NaHCO,, miyraMuna u an-
THOMOTHKOB (MEHUIMIIMH U cTpentomuiun) npu 37°C B atmocdepe 5% CO,. KoHleHTpaluro KIETOK B
CYCIICH3MHU OTPEIEIsUIA C MOMOIIBIO AIIEKTPOHHO-ONTHYECKOTo cueTurnka kieTok Corning Cell Counter
(Corning Inc., CHIA). 55t mpoBeneHus 3KCIEPUMEHTOB 110 PErHCTPALUH KIETOYHOTO 00beMa KISTKH IIeH-
tpudyruposaiuck 5 MuH npu 1000 06/mun (200 g). CynepHaraHT (cpeaa KyJIbTHBHPOBAHHSI) CIMBAIIH,
KJIETKH PECYCIICHIMPOBAIN B CTAaHAAPTHOM pacTBope PuHrepa n KoHIEeTpanuio KIeTok gooauiau 1o 100
MiH/MIL. KNeTku XpaHHWIIMCh MPpH KOMHATHOM TeMIlieparype J0 Hadajla SKCIepHUMEHTa, HO He Oonee 3—4
4acoB. JKn3HecnocoOHOCTh KIETOK OMPEACISUI MO HCKITFOYCHUIO TPUIIAHOBOTO CHHEro. B Hammx skcre-
PUMEHTaX KOJIMYEeCTBO MOTHOIINX KIETOK HE MpeBbIao 5%.

B pabore ucnonb30Bagn METOHA PETHCTPALMU KIETOYHOTO 00beMa MO BEIMYMHE CBETOIPOIYCKaHMUS
[6-9]. B xone akcniepumenta, 900 MKJ cpesibl, cofepkalield HopMalbHbIM pacTBopa PuHrepa (KOHTpOIIb)
W PACTBOP, COAEPIKAIIUI COOTBETCTBYIOILYIO KOHIIEHTPALIMIO BEIIECTBa, BHOCHIIN B CTEKIISIHHYIO KIOBE-
Ty. [locie ypaBHOBeIMBaHHS B KIOBETY BHOCHIIM JTHKBOTY KiIeTOUHOM cycrieH3un (100 MKIT) THMOLIUTOB
nin kietok U937 10 KOHEYHOH KOHIICHTpAI|K KJIeTOK 10 MITH/MIT.

PerynsitopHoe ymenblenue oobeMa (mapamerp RVD) paccunThiBaics O claeaytoueid popmysie:

RVD =(T, —TJNT, —T,)*100% 1)
e T nT, — HadasbHOE M MAKCHMAIIBHOE 3HAYCHHE CBETOIPOITyCKaHus, T, — 3HA4E€HHE CBETONPOIYCKa-
HUS, I3MEpeHHoe yepe3 15 MuH rmociie Hadaia THITOTOHMYECKOTO cTpecca.

KonneHnTpannoHHapie 3aBUCHMOCTH BIUSHUS HCIIBITYEMBIX BEIIECTB HA PETYISALNI0 00beMa KIETOK arl-
MTPOKCUMHUPOBAIIH C TIOMOIIBIO YpaBHEHHS XWJIIa CIEAYIONIeTO BUAA:

RVD =RVD,  +(@RVD,K —RVD )/[1+(C/C,)"] 2)

3neck: RVD - w RVD — — MUHUMalbHAas ¥ MakCMMajbHas BEJIUYMHA PETYISATOPHOIO YMEHBUICHUS

o0bema kiretok (%), C — KoHIeHTpanus BemecTsa (MKr/mi), C -, — KOHIIEHTpAIIUs BENIECTBA, OKa3bIBaoIast
MoJTyMaKCUMaNbHBIH A ekt (MKM), i — ko3 PunmenTt Xumra.

Jnst ompeneneHrss TeMOJIUTHYECKOH aKTMBHOCTH, KPOBb Opasin y JOOPOBOJIBLEB (COTPYOHHMKH Ja-
Oopatopuy) MO OOLICIPUHATOW METOAMKE C HCIIOIb30BaHHUEM TIeMapuHa B KadecTBE AHTHKOATYIISHTA
(10 en/mm) [10]. Bee mporenypsl BBIIEICHHUS SPUTPOIUTOB YEIOBEKa MPOBOAMIUCH B COOTBETCTBHH C
XenpCHHKCKOM JieKnapalyeii, B coorBerctBuu ¢ pekomeHmanusamMu ARRIVE (https://arriveguidelines.org/)
u opoopensl Komurerom o 6nostuke MuctutyTa Onodusnkn n 6noxumun HaunonaiasHOro yHuBepcure-
Ta Y30ekucrana. LlenbHyto KpoBb pa3Boamin B cootHomeHnu 1:10 pactBopom Punrepa u nentpudyrupo-
Banu ripu 3000 06/muH (1800 g) B Teuernn 10 MuH, 3aTeM 3PUTPOIUTHI OTMBIBAIIA aHAJIOTHYHBIM 00pa3oM
3 pasa B pactBope Punrepa u rotoBuin 8% CyCHEH3UIO 3pUTPOLIUTOB.

st onpeneneHns: TeMOJIUTHYECKONH aKTMBHOCTH BEILECTBA B M300CMOTHYECKUX YCIIOBHUSIX, B JTYHKY
IUIaThl MUKpPOTHTpaTopa 3anuBanu no 200 Mk pactBopa Punrepa. JlyHKH nmepBOro psiga OCTaBISIIM AJIS
KOHTpoJs. Bo BTOpoil psia B epByto ayHKY nomerianu 400 MK MaKCUMajdbHOM KOHLIEHTPALUU UCCIEAY-
€MOT0 BELIECTBA H OCTOPOXKHO MEPEMEIINBAIN C TIOMOIIBIO MUMETKU. 3areM Opanu 200 MKJI ¥ IIOMEIIau
BO 2-10 JIyHKY, lIEpEMEIINBAJII, MOBTOPSUIM 3TOT MpOLecC A0 KOHLA psija. Takum oOpa3oMm B Kaxkao# mo-
CJICAYIOIIEH JTyHKEe KOHIEHTPALHs BEIICCTBA YMEHBIIACTCS BABOE MO CPABHEHUIO € Mpeablayieil. B tpu
JTyHKH no0asisin 1%-i pactBop aereprenta Tputona X-100 mist nomnoro paspymenust kiaetok (100 %-i
reMoiu3). 3aTeM BO Bce JyHKH BHOcuM 1o 200 Mk 8% cycneH3un 3pUTPOLUTOB (KOHEUHAs! KOHIICHTpa-
LS KJIETOK TpH 3ToM coctaBuia 4%) u nakyouposanu npu 37°C B teuernne 60 MuH. 3aTeM KIETKU U3
JYHOK NEpEBOHOCKIIM B YHCTBHIE MPOOUPKH, copepskamue 1 M pactBopa Punrepa m neHTpudyrupoaiu
pu 3000 06/mun (1000 g) B Teuenue 10 munyT. Copepskanue reMorsioonHa B CylepHaTaHTe ONpPEAeIsIn
o ceeronononennio npu 540 um. [IporeHT remosn3a paccUUTHIBAIN MO clieayromei hopmyie:

TI'emonus = (OI1/ OI1,,)*100% 3)
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rae OIl — 310 onTHYecKas IIIOTHOCTh CynepHaranTa B ombire; Oll,  — cpenHsis ONTUYECKas IIOTHOCTh
cymepHaTaHTa B 3-X JyHKax c aerepreHToM TputoH X-100. ['emonu3, paccuuTanHbIil A7 3-X KOHTPOJIb-
HBIX JIYHOK JlaeT YpOBEHb CIIOHTAHHOI'O I'€MOJIN3a MPH AAHHBIX SKCIIEPUMEHTAIBHBIX YCIOBUX, KOTOPBIN
00BIYHO He mpeBbian 1-2%.

JlaHHBIE aHATTM3UPOBAIKCH C UCIIOIb30BaHKeM nporpammbl Origin, Bepcuu § (OriginLab, Northampton,
MA, CHIA). Bce nanHble mpuBeieHBl KaK CpeAHEe + cTaHAapTHas OMMOKa IS /7 SKCIEPUMEHTOB.
CpaBHEeHMsI MEXIY JBYMS SKCHEPUMEHTAJbHBIMU T'PyHIaMH MPOBOAMINCH C MCIIOIB30BaHUEM f-TeCTa
CroronenTa. Paznuunst cautanuch cTaTUCTUYECKU 3HAYUMBbIME 11pu P<0,05.

Pesynbrarsl u ux aHanu3. B Hammx npeaBapUTENbHBIX SKCIEPUMEHTaX Mbl M3YUHIIH J10303aBHCHMOE
neiicteue BOT Ha cuctemy perymsauuu oObeMa THMOIMTOB B YCJIOBHUSIX T'MIIOOCMOTHUYECKOTO CTpecca
(147£2 mOcm/kr H,O). B nsoronndeckoii cpeie 00beM KIETOK OCTAaBaJICS HEM3MEHHBIM B TedeHue 15
MUHYT. [Ipr BHECEHUH KJIETOK B THIIOTOHHYECKYIO Cpey KJIETKH BHaudase ObICTpo HaOyxamu (acCUBHBIN
OTBET), a 3aTeM B TeueHHe |5 MUHYT BOCCTaHABIMBAJIM CBOM 00BbEM JI0 YpOBHS, OJIM3KOrO K HCXOAHOMY
3HAuUEHHIO (aKTUBHBIN OTBET). B KOHTpOJIE perynaTopHoe yMeHblIeHne 00beMa THMOLUTOB B OTBET Ha TU-
IMOOCMOTHUYECKHH cTpecc cocTaBuiio B cpeaneM RVD = 71,6+£3,0% (n=3) (Puc. 1A).

[Tpu uccnenoBanuy BIUSHUS pa3NuiHbIX KoHUeHTpaunid BOT Mbr HaOmonan HHrHOMpoOBaHUE CUCTE-
MBI pETYJISIINU 00beMa THMOLIMTOB, HadrHas yke ¢ 5 MKM BemectBa (RVD = 44,542 .3%; n=5). [Ipu noBbI-
LICHUH KOHIICHTpanuu BemiecTa 110 25 MkM RVD 0Obut pasen 29,0+4,3%. [1pu 50 MM u 100 MM bOT
MOJTHOCTBIO OJIOKMPOBAJ CUCTEMY PETYISLUN 00beMa TUMOIIMTOB, ¥ BennuuHa RVD cocrasuna 2,6+2,6%
u -2,7£3,7% coorBercTBeHHO (1n=5). Heboublioe oTpuiiarenbHoe 3HaYeHHe napamerpa RVD orpaxkaer
HeOO0JIbIII0e HA0yXaHUE KIIETOK IPH OOJIbIIION KOHIICHTPAIIUY BEIIeCTBA.

[Tpu anmpoxcuManuy MOTY4YEHHBIX Pe3yJbTaToB ypaBHEHHEM Xuiia ObLIO YCTaHOBIEHO, YTO MOIY-
MakcuMaibHbIl dddext cocrabnser C,, = 10,8+2,3 MxM, a koo unment Xuna pasen 1,1+0,3 (puc. 1).

KoHTpons

5%

AT

N30TOHMYeCKnn pacTBop
ooy

0 20 40 60 80 100
5 MUH KoHueHTpauusi (MkM)

Puc. 1. Biussnue BOT Ha perynsTopHoe yMeHbIIEHHE 00beMa TUMOIIUTOB ITPH THITIOOCMOTHYECKOM
cTpecce. (A) — MoKa3aHbl OPUTHHAIIBI 3aITMCH PETUCTPALINN U3MEHEHHS CBETONPOITYCKAHUS CYCTIeH3UH
KJIETOK BO BpeMeHH; (b) — mokazaHna 3aBUCUMOCTh CPEAHUX BEJIMYMH NapameTpa RVD, onpeaeseHHoro no
dopmyiie (1), ot kounenrparuu bOT B cpene, n — wucio sxcnepumenmos. (*) — CTaTUCTUUESCKUA 3HAYUMO

otauyatoTcs ot KoHTpois npu P < 0,05. CritomrHas TMHUS COOTBETCTBYET allPOKCUMAIINK ypaBHEHHEM
Xumna (2).

B Hammx cieayronimx 3KCIepUMEHTaX Mbl UCCIEN0BaAIN 10303aBucumoe jeiictBue bOT Ha cuctemy
perynsuuu o0beMa pakoBbIX KIIETOK TUCTHONUTapHOH TuMdomMbl yeroBeka U937. B m3oToHmueckoit cpesie
00beM KIIETOK OCTaBajics HEM3MEHHBIM B TedueHue 15 munyT. KoHTpoibHoe 3HaueHue napamerpa RVD B
TUIIOTOHUYECKOH cpene Obl1 paBeH 88,0+2,8% (n=5). Ilpu 100aBIcHUH B 3KCIIEPUMEHTAIBHYIO CPEy pa3-
naHBIX KoHTeHTpanuii bOT, yxxe Hagnnas ¢ 0,5 MkM, MOXHO ObUTO HAOTIONATH BUANMOE TIOJABICHHUE CHU-
cTeMbl perynsnun o0bema kietok U937, XoTs 3 PeKT He TOCTUra)l YPOBHS CTATUCTHUECKOW 3HAYMMOCTH
(RVD = 74,5+2,8%; n=5). llpu Gosee BHICOKMX KOHLIEHTPALUAX BEIECTBA HHTMOMPOBAHNE yCUINBAJIOCH,
unpu 100 MM RVD =1 2,6+1,9% (n=5), a ipu 150 MxM RVD = 14,1+£2,3% (n=5). IIpu nocTH>xeHUU KOH-
neHtpanun 200 MKM perynsiiys KJIeTOYHOTo 00beMa MOJTHOCThI0 OCTaHABIMBANIACH, a ToKasarenb RVD
CTAHOBWJICS CJIETKA OTpHUIATEIbHBIM C RVD = —3,4+3,1% (n=5), BcieacTBrue HEOOIBIIIOTO OCTATOYHOTO
HaOOXyHHS KJIeTOK (cM. opuruHai 3amucu npu 200 MkM Ha puc. 2A).
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Puc. 2. Biusuaue bOT Ha perynsropHoe ymeHbleHHne oobeMa ki1eTok U937 mpu rurnoocMoTHYECKOM
cTpecce. (A) moka3zaHbl OpUTHHAIBI 3aITUCH PETUCTPAIIUN U3MEHEHNS CBETOIIPOMYCKaHNS CyCIIEH3UN
KJIETOK BO BpeMeHH; (b) moka3zana 3aBUCMMOCTh CpEIHHX BeU4MH nTapameTpa RVD, onpenenentnoro
no ¢popmyuie (1), ot koHneHTpaun 3-amuno-4,5-nudennn-1,2,4-tpuazona B cpejie. n — YUCIO

9KCIIEPUMEHTOB. (*) — CTATUCTUYECKH 3HAYMMO OTIMYAIOTCS OT KOHTpois npu P < 0,05. CrimomrHas

JIUHHS COOTBETCTBYET alMpOKCHUMAallNK YpaBHEeHHEM Xuia (2).

[pu anmpoKkcHMAaIMY TTOJTyYSHHBIX Pe3yJIbTaTOB YpaBHEHHEM XWJlia, OTy-MakCUMatbHas () (eKTHB-
Has KOHIICHTPAIIUS WHTHOMPYIOIIETO BEIIECTBA COCTABHIIA C50= 12,9444 mxM, a ko3ddunuent Xusmia
obu1 paBeH 0,7+0,1, T.e. as unrudupyromiero agdexra BOT, Tak ke, Kak ¥ BCIy4yae TUMOIMTOB, JOCTATOU-
HO OTHOW MOJICKYJIBI BelecTBa (puc. 2).

B cnemyromieli 9acTu HaIIUX MCCIEAOBAHUN OBLIO M3YYEHO IUTOTOKCHYecKoe neiicTBue bOT Ha kpac-
HBI€ KJIETKM KPOBH YEJIOBEKA B yCIIOBHIX M300CMOTHUYECKOTO cTpecca. CIIOHTAaHHBIN TeMOJIN3 3PUTPOIIUTOB
YyeJioBeKa, NHKyOHPOBAaHHOTO B M300CMOTHYECKUX YCIOBHUAX npu Temneparype 37°C B Teuenune 60 MUHYT,
coctasun 1,6+0,1% (n=3). TonpKko pu BEICOKOU KOHIIEHTpaluu BemecTsa (500 MxM) MBI HabTIOMATH HE-
3HAYUTEIHHOE MOBBIIIEHHE YPOBHS remonusa 10 3,4+0,5% (n=5). XoTa ypoBeHb TeMOon3a CTaTUCTUYECKU
3HAYMMO OTIIMYAJICS OT KOHTPOJISA, €r0 HEBBICOKHUI ypOBEHb CBUETEILCTBYET O TOM, 4To BT He obnanaer
UTOJIUTUIECKUMH CBONCTBAMH.

3akiiouenue. B yCIIOBUSX THITOOCMOTHYECKOTO cTpecca coenuaenne 3-amuno-(N,N-audyTrikap6o-
MOWJIMETHIICHTHO)-4,5-mndenni-1,2,4-Tpuazonl B MUKPOMOJISIPHBIX J103aX C IPUMEPHO PaBHOM AP PeKTHB-
HOCTBIO MHTHOMPYET CUCTEMY PErysiMi 00beMa KaKk TUMOIUTOB, TaK M PAKOBBIX KJIETOK JimHMH U937,
brmzocth koapdunmenTa Xuna K eIMHUIE CBUJCTENBCTBYET O TOM, YTO JUIsi HHTHOMpYIomiero ¢gdekra
BODT tpebyercsa He MeHee OHOM MOJIEKYIbI BemecTBa. Ero nHrudupytomiee neicTBUe MOXKHO O0BSICHUTH
OJIOKMPOBKON TpaHCIOPTHOM cucTeMbl K'/Cl KOTpaHCIOpPTa, KaJbIUEBBIX, KAJTUCBBIX W/WIM aHUOHHBIX
KaHaJIOB, IPUHUMAIOIINX Yy4acTHe B CUCTEME PEryJIsIHM KJIETOYHOTO 00beMa THUMOIUTOB (HOpMaJbHbBIE
knetkn) u kinetok U937. bramsocts Benmvann C;) u koo puimenta Xumna 1y 000MX THIIOB KJIETOK MO-
JKeT CBHUJETEIHCTBOBATh O TOM, YTO, HECMOTPS Ha Pa3IMYHYIO MPHUPOIY U MPOUCXOKICHHE, OHU HMEIOT
OJIMHAKOBYIO TOUKY NpHiIokeHust (MecTo cBa3biBanus) st bOT. lomydeHHble HaMu pe3ysbTaThl MOTYT
MOCITY>KUTh OCHOBOH /11 TIOMCKA HOBBIX CHHTETHYECKHX MMMYHOMOMYISTOPOB M IPOTHBOOITYXOJEBBIX
IperaparoB Ha OCHOBE MPOM3BOAHBIX 1,2,4-Tprazona.

Bbaarogapuoctu. [lanHoe uccienoBanue ObUTO BBIMOJIHEHO TpH mojyepxkke rpanra @-OT-2021-157
MuHHCTEpCTBA BHICIIET0 00pa30BaHMsl, HAyKH M MHHOBaMK Pecnyonukn Y30ekucras.

KonxkpeTnslii Bkjaax aBropoB: Y.OK. PuzakynoB npoBel 3KCTIEpUMEHTBI, aHaTU3upoBa JanHele, H.A.
Hudepora u [.B. MakcumueBa KynbTHBHpOBaIN KiteTouHyto sinauio U937, A.A. 3usies, b.H. babaes cun-
tesuposainu BemectBo, O.K. Xamumgosa, C.1. Pycramosa, P.I1I. KypOanna3zaposa, I1.I. Mep3misak npuau-
MaJId y4acTHe B In3aliHe HKCIIEPUMEHTOB, aHaJIN3€e JaHHBIX U MOAroToBKe cTarbu, P.3. Cabupos penakru-
pOBall CTaThIO.
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DIFENIL 1,2,4-TRIAZOLNING TIMOTSIT VA U937
HUJAYRALAR HAJM BOSHQARISH TIZIMIGA TA’SIRI

U.J. Rizakulov, N.A. Tsiferova, G.V. Maksimcheva, A.A. Ziyaev, O.J. Khamidova, B.N. Babaev, S.I. Rustamova,
R.Sh. Kurbannazarova, P.G. Merzlyak, R.Z. Sabirov.

3-amido-(N,N-dibutilkarbomoilmetilentio)-4,5-difenil-1,2,4-triazol (BFT) ning kalamush timositlari va inson
gistiotsitik limfoma hujayra liniyasi U937ning hajm boshqarilish tizimiga dozaga bog’liq ta’sirini o’rganildi. BFTning
timotsitlar hajmi boshqarilishiga yarim maksimal ta’siri C,, = 10,8+2,3 mkM, Hill koeffitsienti esa 1,140,3 ekanligi
aniqlandi. U937 saraton hujayralari uchun moddaning yarim maksimal ta’siri C;, = 12,9+4,4 mkM, Hill koeffitsienti
esa 0,7+0,1ga teng. Ya’ni, BFTning blokatorlik ta’siri uchun moddaning kamida bitta molekulasi talab qilinadi.
BFTning gemolitik faolligi deyarli yo’qligi aniglandi.

Kalit so’zlar: 1,2,4-triazol, kalamush timotsitlari, U937, odam qizil qon hujayralari, gipoosmotik stress, hujayra
hajm boshqarilishi, gemoliz.

EFFECT OF DIPHENYL DERIVATIVE OF 1,2,4-TRIAZOLE ON VOLUME REGULATION OF
THYMOCYTES AND U937 CELLS

U.J. Rizakulov, N.A. Tsiferova, G.V. Maksimcheva, A.A. Ziyaev, O.J. Khamidova, B.N. Babaev, S.I. Rustamova,
R.SH. Kurbannazarova, P.G. Merzlyak, R.Z. Sabirov.

The dose-dependent effect of 3-amido-(N,N-dibutylcarbamoylmethylenethio)-4,5-diphenyl-1,2,4-triazole (BFT)
on the volume regulation system of rat thymocytes and human histiocytic lymphoma U937 cells has investigated. It
has found that the half-maximal effect of BFT on thymocyte volume regulation was C;, = 10.8+2.3 uM, and the Hill
coefficient was 1.1+0.3. The half-maximal effect of BFT on U937 cancer cells was C,, = 12.9+4.4 uM, and the Hill
coefficient was 0.7£0.1, i.e. at least one molecule of the substance is required for the inhibitory effect of BFT. It was
found that BFT has virtually no hemolytic activity.

Keywords: 1,2 4-triazole, rat thymocytes, U937, human red blood cells, hypoosmotic stress, cell volume regula-
tion, haemolysis.
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