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OUBNKO-XUMHUUYECKAS 5BOJIOLUA I[I/ICHEPCHOﬁ ®A3bI BOAbI ITPU EE
BBICBIXAHHUHU
Axno T.A.12, SIxno B.I'.1?

! UucturyT npuknannoit ¢pusuku PAH
ya. Yavanosa, 46, . Huscnuili Hogeeopoo, 603950, P®
2 HurkeropoJIckuii rocyiapcTeeHHbii yauepcuter um. H.U. Jlo6auesckoro
np. F'acapuna, 23, 2. Huocnuti Hoeézopoo, 603022, P®; e-mail: yakhtal3@gmail.com
IToctynuna B penaxmuro: 09.07.2019

AnHotanusi. PaccMoTpeHa nuHamMuKa (OPMHPOBAaHMS TEKCTYPbI BBICBIXAIOIIEI0 OCaJKa JWUCIIEPCHOM
¢daspr ([I®) Bomel. Panee Obuto mokasano, uro J[D, HaOmromaemas depe3 ONTHYCCKHIA MHKPOCKOTI,
NpeICTaBlIeHa arperataMy >KHIKOKPUCTALIMYECKUX cdep pasmMepoM ~ 10 MKM, Kaxpas M3 KOTOPBIX
chopmupoBana BokpyT Mukpokpuctamia NaCl u sBisercs ero runpatHoit obomoukoii. [Tocie necnapenns
cBOOOJHOW BOJBI LICHTPAJbHAs 30HA IUICHKU Ocalka Ae(QOpMHpPYeTCs M PACTPECKHBAeTCs, Mpuodperas
TEKCTypy TopHOro nanamadta. Mukpocgepsl, TpaHHYaIlie C TPEIIMHAMH, Pa3pyIIAOTCs, THUIPATHBIE
000JIOYKH JAUCCOLUMHUPYIOT U COJIEBOM pacTBOp MPOHHUKAET B TpemuHbl. OOpa3oBaHHe CBOOOIHOW BOJBI
obecrieunBaeT MpOIBMKeHHE M Kackaa pekpuctammsanuidi NaCl mo xony TpemuH (KaHaloB) IO HX
MOCTYIUIEHUS] B OOLIMH 00bEM — MECTO CIHsSHUS KaHaioB. Tam ¢opMmupyercs o0nacTb CKOIIICHHS
kpuctayuinueckoro NaCl. Takum o6pazom obecrieyrBaeTcst IPOCTPAHCTBEHHOE pa3/ielieHue KOMIIOHEHTOB
ocanka. [lo mepudepun BbICHIXAIOIIEH IJIEHKHM 00pa3ylOTCs PaAHAIbHO PACIIONIOKEHHbIE 3MEEBHIIHbBIE
L[ETIOYeYHbIe CTPYKTYPHI, ONIMCAHHBIE paHee JUIsS BBICHIXAIOIINX KOJUIOWAHBIX TUCIEPCHH KaK pe3yJbTaT
aaBexy, 1uddysun u kamusipHoro nputsokenus (Koneros u bapan, 2019). O6cysxaaeTcs cX0ACTBO U
pasnuune HabJII0IaeMbIX IPOIIECCOB C OMMCAHHEM CTAPEIOIIMX KOJUIOMIHBIX CUCTEM, a TaKkKe ¢ (pru3nkon
TEKTOHHYECKUX Pa3JIOMOB.

Knroueewie cnosa: sooa, oucnepcras ghasa, gvicvixanue, oegpopmayus, pazoeieHue KOMNOHEHMOS.

Harypdunocods! 1peBHOCTH BOCIPHHUMAIN MHUP KaK €IHMHOE IIE€I0€, Pa3MbIIUIAA 00 MCTOYHUKE U MEPBOHAYAIE
Bcero cymiero. B wactHocTn, @anec Muerckuit (VI Bek 10 H.3.) TakuM IepBOHAYATIOM CUHTAI Boxy: «Bce obpasyercs
u3 BOIBI IIyTeM €€ 3aTBep/AeBaHMA/3aMep3aHMs, a TakKe HUCIAPEHUs; NPH CTYLIEHHH BOJAa CTAHOBUTCA 3eMJIEH, IPH
UCIIapeHUN CTAaHOBUTCS Bo3mayxom» [1]. C TeyeHneM BpeMeHM IUIO Pa3BUTHE TEXHOJOTMH, CONPOBOXKIABIIEECS
pasoOrieHuemM, ApoOICHUEM U Y3KOH Crieluanu3alyel HayK. B Hamm qHU aKIeHT BHUMAaHUs uccienopareneit [Ipupos
CMecCTHJICS Ha HaHOypoBeHb. MIMeHHO B 3TOM Macmitabe, B YaCTHOCTH, NPHHSATO ceifyac paccMaTpHBaTh BOAY U €€
¢azoBbeie nepexonpl [2-6]. OnHAKO K HAcTOSIIEMY BPEMEHH C IIOMOIIBIO Pa3HBIX (PU3MUECKHX METOJOB MOIYyYEHO
JI0Ka3aTeNbCTBO CTPYKTYPHOM HEOJHOPOJHOCTH BOJABI W B MacumiTabe IECATKOB - COTEH Mukpometpos' [7-15].
HccnenoBanne TOHKOTO CJOSI TUCTHIUIMPOBAHHOM BOABI (~ 8 MKM) Yepe3 ONTHYECKHH MHKPOCKOI IO03BOJIHIIO
0oOHapyXUTh B HEW MPHUCYTCTBHE MHUKpodacTHI] AucriepcHor ¢as3wel (D) — mpo3padHblX chEepUIecKux SIIEMEHTOB
mramerpoMm ~ 10 MKM ¢ TeMHOU yacturei B meHTpe [16]. MukpodacThilsl OO AMHSIINCE B arperatsl pa3MepoM 0
HECKOJIBKUX COTEH MHUKpoMeTpoB. Kak mokasanu Halm MCCleoBaHUs, LEHTpallbHAs CTPYKTYpooOpas3yromas 4acTHia
IpeCTaBIAeT OO0 MUKPOKPUCTAILT XJIOpUIa HATPHS, @ OKpY’KaroIas ero cepa — )KUIKOKPUCTALINYECKYIO 000TI0UKY
rugpatHoil Boabl. CocTaB, u3nvecKkue CBOMCTBa M BeposiTHoe npoucxoxaeHue D Boabl oOcyxgaercs B padorax
[16, 17]. Tam xe paccMOTpeHa JUHAMHKA (a30BbIX MEPEXO0/I0B B BBHICHIXAIOLIMX TOHKUX IUIEHKAX BOJBI C 00pa3oBaHUEM
KPYIHBIX KPUCTAJUIOB XJIOPHA HATPHSI.

B paMKax [laHHOﬁ CTaTbu MbI XOTCJIHU 6bl IoACJINTBCA CBOMMU Ha6ﬂ}OHeHHﬂMI/I 3a (1)1/131/IKO-XI/IMI/I‘16CKI/IMI/I
nipeBparieHusIMu ciost J{® Bozbl, BEICKIXatoUIel Ha TBEPAOI IOUI0KKE, a TAKKE IOCIIe BO3EHCTBHS Ha Hee MOBBIIICHHON
temneparypsl (60 °C).

B kayecTBe UCXOAHOrO Marepuaia UCIOJIb30BaAIN AUCTUIIMpOoBaHHyI0 Boay TY 2384-009-48326337-2015, pH 7,
yAeNbHAs IEKTPOIPOBOAHOCTE — 4,5 MkCwm/cM. Boma ucmapsinachk ¢ TBepAOTENBHOM MOIIOXKKH (CTEKIIO, IIACTHK) Ha
OTKpPBITOM BO3/yX€e NPH KOMHATHBIX YCJIOBHUSIX WM M3 IIpenapara «pas3JaBlIeHHas Kaluld», IPU TeX e YCIOBHUIX, yepe3
OTKPBITHIE TPAHUIIBI MEXIY HMOAJIOXKKON M MOKPOBHBIM CTEKJIOM, IO NEpUMETpy npenapata. s obpazoBanus Ooiee
TOJICTOTO CJIOSl OCAJIKA YBEJIMUUBAIIHM BBICOTY KaMephl, 3alI0JIHAEMON BOAOH, yCTaHABINBAs YIJIbl HOKPOBHOTO CTEKJIA HA
IUTACTWIMHOBBIE INAPUKH BBICOTOM ~ 2 MM WM HpPEABAapUTEIBHO MOMEINasl B CyXyI KaMepy CTEKISHHbIE LIapUKU
muamerpom < 0,5 mwm. [Ipenmaparbl uccienoBanu nox MukpockornoM Levenhuk ¢ Bujgeokamepoii, compspkeHHOW ¢
KOMITBIOTEPOM, IpU nomouu nporpammbl ToupView. B paboTe ucronb30Bajiy NMpeAMETHbIE W HMOKPOBHBIE CTEKJIa
npousBocTBa ApexLab (Poccus), pasmepamu (25,4 x 72,2 MM x 1 Mm) 1 (24 x 24 x 0,6 MM), COOTBETCTBEHHO, YaIlIKH
Ierpu d = 35 MM (nmonmctupos, crepwibHble, MunnMen, Poccus). Beio CTeKIsIHHYIO M IUIaCTMAaccoBYIO HOCYAY
WCII0JIb30BAJIM HOBYIO, 0€3 IONOJIHUTEIbHON 00paboTKy.

! Bo u3bexanue TEPMUHOIOTHYECKOHN My TaHHIIbI, MUKPOCTPYKTYPOii OyIeM Ha3bIBaTh 31€Ch CTPYKTYpPY B MaciuTabe
MHKPOMETPOB (HO HE HAHOMETPOB).
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Pucynok 1. 1® aucTmiumpoBaHHON BOJBI MEXTY IIPEAMETHBIM M TOKPOBHBIM CTEKJIAMH: 2 — B TOHKOM CJIO€ BOJBI
(8 MKM); b — B mpormecce HCHapeHus XHUAKOH gactH Boxasl (L) m3 mpemapata [Id ocraercs Ha momnoxke (S);
C — KPYIHBIH arperar AUCIEPCHOH (ha3bl, 00pa30BABIIMICS BO3JIE IUIACTHIMHOBOTO IIAPHUKA (TEMHBIH CETMEHT
crpaBa) B IIpOLECCE HCIApEHUs JKUAKOH (a3bl Boxubl; d — KOHLEHTPUYECKHE CIIOM JUCHEpPCHOH (ha3bl,
o0pa3oBaBIIMecs BOKPYT CTEKIISIHHOTO IIapHKa B mporecce ucrnaperus. Mukpogoto. [llnpuna kaxmoro kaapa —
3 MM

B tonkoMm cnoe Boxer JI® npencraBieHa arperatamu cepriaeckux gactuil. [Ipu ncrapeHun cBOOOIHOI BOIBI yepes
Kpasi TpemapaTta «pa3maBieHHas Kamniy, [P ocraercs Ha moBepXHOCTH MOANOXKH (puc. 1 a, B). @opmupoBanue
Tosictoro ciosi JI® B BBICHIXaONIMX Mpernaparax [IUIo 3a CYET JOJTOro yAep)KaHHUs 3HAYMTENFHOTO 00beMa KHUIAKOCTH
BO3JIE BBEJICHHBIX BHYTPb IIPENapaToB MOCTOPOHHUX Mpenmeros (puc. 1 c, d).

OTHOCHTENBHAS Macca HEHCIIAPSIOIIETrocsl 0Caika AUCTUTMPOBAHHON BOJIBI ObLIA ONpesieNieHa IPaBUMETPHUECKH
(Becel TopcnonHbIe, 10 500 Mr) u coctaBuiia ~ 10%. Ilpu BeIcymmBaany 1 M1 JUCTHIUIMPOBAHHOM BOJBI 9E€PE3 OTKPBITYIO
MOBEPXHOCTH Ha MpeaMeTHOM cTekiie mpu 60°C B TedeHue 4-X 4acoB, Ha MOJUIOKKE OCcTaBajics HEOOIBLIOH MO TUIOMaan
oobem JI®. Ha pucynke 2 nokaszanbl (parMeHThl octatkoB J[® ranTteneBuaHoil HOpMBI, ¢ IBYMs 00jiee TOJICTHIMU
y4acTKaMH IO KpasM, COEJIMHEHHBIMH TOHKOW NepeMbldKod. [IOBEpXHOCTh TOJICTOrO y4acTKa HMeEeT OyrpuCThIN
CBETOpaccerBalONi MuKpopenbed (puc. 2 a), a TOHKas IEepeMblYKa BBIIAJUT KaK YEpHOE MOJIe C HEYETKUM
MUKpopenbedoM (puc. 2 ¢). B monsipu3oBaHHOM cBeTe YepHBIE TOHKHE YIACTKH COJIEP)KAT MEJIKHE CBETSIIHECs 00bEKThI
— MUKpOKpHUCTaILIBI conu (puc. 2 b, d).

PaccmoTpum mpeobpaszoBanue P npu ucnmapeHnu cBOOOTHON BOIBI B YCIOBUSIX OTPAHUYCHHOTO CBEPXY M CHU3Y
o0bema — B IIpenapare «pas3/iaBIeHHas KaIlish» - IPU IOCTEIIEHHOM HOBBIIIEHUH TeMIiepaTypsl 10 60°C 1 BBIIep)KUBaHUT
B ATUX YCIIOBHAX B TCUCHHUE 4X JACOB.

ITo kpasM npenapata BUIHBI 3MECBHIHbIE LIETIOUEUHBIE CTPYKTYPBI C «TOJIOBOIT», 0OpAIIEHHOH K Kparo mpernapara
(puc. 3). OTH CTPYKTYpbI pacIojOkKeHbl Ha OJHOPOJHOM MEIKO3ePHUCTOM TeMHOM (oHe. [Tomo0HbIe LenouedHbIe
CTPYKTYPBI B BHICBIXQIOIMX KAIUIIX KOJUIOWAHBIX KUAKOCTEH OTMEUEHBI HEOJTHOKPATHO, 8 MEXaHU3M HX (DOPMUPOBAHUS
ObuT onMcal HenasHO [18]. ABTOpBI NONAraroT, 4To 3TOT 3)(EeKT BBI3BaH KANWLISIPHBIM HPUTSHKEHUEM YaCTHIl, KOTOPOE
MIPOMCXOJIUT B Pa3HOE BpeMsl B TEX 00JIaCTSX KaIlld, I/Ie TOJIIMHA CJIOS )KUAKOCTH YMEHbIIAeTces 10 pa3Mepa yactuil. C
MOMOIIBI0O MaTEeMaTHYECKOM MOJeNn, KOTOpas YYHTHIBAET COBMECTHOE pPACCMOTpPEHHE aaBeKiuu, aupdy3un u
KaIllMJUIIPHOCTH, CIIPABEJIMBOCTE TAKOTO NPEAIIOI0KEHH s Obljla MOATBEPKICHA /ISl Kallellb, BBICHIXAIOIINX Ha TBEPIOH
0JUTOKKe. B Hariem cityyae, Ipy BBICBIXaHUU BOJIHOM ANCIIEPCHH, OTPAaHMYEHHON CBEpXY M CHU3Y CTEKJIAMH, UCTIapEHHE
MIPOMCXOMUT Yepe3 Kpas, MO MEepUMETpy Ipenapara. TaMm Takxke HEM30€XKHO Pa3BHBAIOTCS LEHTPOOEKHBIC TECUCHHS,
yBiIeKaromue 3a coboit HeOompmme ¢parmeHTsl Id ¢ NPHCOSIWHUBIIUMECS K HHM «XBocTamm» dactur O,
CKPEIUICHHBIMI MEXAY COOOH KalMUIAPHBIMHU CHJIaMH. B TONSPU30BaHHOM CBETE B 30HE «XBOCTOB» BHIHO CBEUCHHE
MHUKpPOKpHUCTAIIOB conu (puc. 3 b, d).
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Pucynok 2. Texcrypa JI® Boxbl Ha CTEKISIHHOM ITOJUIOXKKE II0CIIE BBICYLIMBAHUS IperapaTa B TEPMOCTATE IPH
60°C B TeueHHe 4X 4YacoB: a, ¢ — ()parMeHThI mpemnapara; b, d — Te ke QparMeHThl B MOJSPU30BAHHOM CBETE.
Muxpodoto. [llupuna kaxaoro kaapa — 3 MM

Pucynok 3. ®parmeHT KpacBoW 30HBI Ipemapara: a, ¢ — IEMNOYeYHbIE CTPYKTYDBI, PacIONOKEHHBIE MOBEPX
TEMHOTO MEJIKO3EPHHICTOTO aJICOPOIMOHHOrO ci1ost; b, d — COOTBETCTBYIOIINE M300paKEeHHSI B HOJIIPU30BAaHHOM
csere. Muxpogoto. lllupruna kaxkmoro xagpa — 3 MM
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Pucynok 4. ®dparMeHTH LEHTPAIBHOW 30HBI HpemapaTta: a, ¢ — IpH OOBMHOM oOcBemeHuyu, b, d — B
MOJISIpU30BaHHOM cBeTe. Mukpodoto. [llupuna xaxmoro kaapa — 3 MM

Penbed ocHoBHOM Maccer D, pacronokeHHON B IEHTPaJIbHOM 30HE mpemapara, COPMHPOBAH IO BIHSHHEM
pactymeii saepruu aedopmarn. B pe3ynbraTe HOSBISIOTCA KaHATIBHBIE TPEIIUHBI, CHIDKAIOHE 3Ty 3Hepruio [19]. ITpu
YBCJIMYCHUUN TOJLIUHBI CJI0A TPCUINHBL 06pa3y}0T H3BUJIMCTBIC JIMHUH, KOTOPLIC IPUBOAAT K YaCTUYHO CBSI3aHHOM CETH
[20]. ITpwu ere Gosbieii TOIIMHE HEpapXUIeCcKoe 00pa30BaHUE TPEIIUH JACITHT IJIOCKOCTh HA MHOTOYTOJIbHBIC CMEKHBIC
¢parmentsl. Cpeanuii pasmep (GpparMEeHTOB YBEJIMYHMBACTCS C TOJIIMHOW CIOS M 3aBUCHT OT ero xectkoctu [20]. B
COOTBETCTBMM C pa3Hoi TommmHON cnost JI®D, chopmupoBaBmieiics B mpenapare, U pasHOHW CTENEHBIO >KECTKOCTH
OTZAEJBHBIX yYacTKOB, TEKCTYpPa LIEHTPAILHOM 30HBI JOBOJIBHO pa3zHooOpasHa (puc. 4).

ITo xony TpemunH (KaHAJIOB) BHAHBI MHUKPOKpUCTALIBI coiu (puc. 4 b, d). Kanansr BexyT k Hanbosiee HU3KMM
(TeMHBIM) ydYacTKaM MOBEPXHOCTH, TIe BUIHBI KPYITHBIE KPUCTAJUIMYECKHE CKOIUICHHUS. YUYUTHIBas OCOOCHHOCTH
cTpoerust sneMeHToB 1D, ommcaHHBIE paHee, JOTHYHO IPEINOJIOKHUTh, YTO BO3HHKAIOIIHE B CIIOC HANPSDKEHUS U
MOCIIEAYIOIee PACTPECKUBAHIE MPUBO/IT K YACTUYHOMY Pa3pyLICHHUIO LEIOCTHOCTH Cdep, TUCCOLUALUH THAPATHON
BOJBI U PACTBOPEHHIO COJIEBBIX MUKPOKpHCTAIIOB. COIEBOI pacTBOP MOCTENEHHO MOCTYIACT B TPEIIMHEI U CTEKAEeT B
«HU3WHBI», TAE€ BHOBb KpHcTaum3yercs. 1lo mepe BBICHIXaHHS Tpernapara B KaHaJbl MOCTYNAeT MEHBIIE BIard, U
MHKPOKpHCTaJUIBI 00pa3yloTcsi BHYTpU TpewmH. Takum o0pa3om, jaeruaparaius BbichIxaromero maccua Jd
COIIPOBOKIAETCS pa3feleHUeM COCTaBIIIOIUX €€ XUMUYECKUX AJIEMEHTOB. AHAJOTHUYHBIE MPOLECCH! IPOUCXOJAT U B
MaKpoMupe: B HYaCTHOCTHU, I'COJIOTrO-rUApOAMHAMUYCCKHUE MOACIMW IOKa3bIBalOT, YTO THUAPOAMHAMHYCCKOE II0JIC,
BO3HMKAIOIIEE BHYTPH MAaHTHHHOTO IIOTOKa, JaXe INPH OTCYTCTBHH JPYyruX (akToOpoB, CIOCOOCTBYET
repepacIpe/elIieCHII0 MUHEPATBHBIX (a3 B COOTBETCTBHU C WX (PU3UUECKUMU cBovicTBamu [21]. B Teuenue 3x mecsies
XpaHeHUs npenapara MopQoJiornyeckasl KapTHHa €ro CyIIeCTBEHHO He N3MEHHIIAch.

[IpencraBnsio Takke HWHTEpPEC MPOCIEAWTh 3a TOBEINCHWEM CHCTEMBI IpU H00aBICHHM K HEH TOH ke
TUCTHLTHPOBAaHHONW BoAbI. C 3TOM IeNBbI0 Mpernapar norpyanu B 4amky [letpu ¢ Bomoit Ha HOUb. [TokpoBHOE CTEKIIO
TIPH 3TOM HE OTHCIIIIOCH Ollarofapst MpOYHOH aAre3nH K IMoAJIeKalleMy MaTepHray.

TeMHBII MEIKO3ePHHUCTBIA aaCOPOIMOHHBINA CIIOM Mo nepudepuu Ipenapara Mmoja ASHCTBHEM BOIBI MPHOOPEI
rpyboaucnepcHyo cTpyktypy (puc. 5 a, b). Ilo-BuaumMomy, ero MeJKHe MepecOXIIUe IPaHyJibl arperupoBaIU 10
JeicTBreM KamuIpHBIX cril. OctpoBku P Havamm AUCCOIMUPOBATE. 3MEEBUIHBIC IEIOYEUHBIE CTPYKTYPHI OCTaBHIN
CBOHM OTIICYATKHU B aJICOPOIIMOHHOM CJIOE, Ie3arperupoBajiy U ObUTH YHECEHBI TeueHHeM (puc. 5 ¢, d).

TeKkcTypbl IEHTPAIBHOM 30HbI, KAK MEJIKOCKJIa14athie (puc. 6 a, b), Tak U KpynmHOTpeIuHHbIe (puc. 6 ¢, d), Hauanu
pacIuIaBiIAThCs, HpeBpallasch CHOBa B BOJHYIO jaucnepcuto. Takum oOpasom, mporecc BbicymuBanus Jd Obur BO
MHOTOM 00paTHM, UCKJIIOYasi BOCCTAHOBJICHUE €€ Pa3pyIIeHHBIX MJIEMEHTOB. MBI IIpeonaraeM, 4To CoJIeBOH pacTBop,
CKaIUTMBAasCh B HAMOOJIee HIU3KUX yJacTKax Mpernapara, MOXKeT IPUBOIUTH K JIOKAJIbHBIM HEOOPATUMBIM U3MEHECHUSM 32
cuer Oollee CHIBHOM JeruapaTaliyl IMOAJIEkKAIIero cyOcTpaTra W TMOSBICHHIO HOBOH TEMHOW KPOIIKOBAaTOW (ha3bl.
[Ipupona sToit pa3sl TpeOyeT JOMOTHUTEIHHBIX HCCICIOBAHUI.
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Pucynok 5. @parmMeHTsl KpaeBoi 30HHI mpemapara a0 (a, ¢) u mocie godasnenus Boasl (b, d). Mukpodoto.
upuHa kaxxnoro kazxpa — 3 MM

Pucynok 6. ®parMeHTHI IEHTpANBEHOM 30HBI IpemnapaTa 1o (a,c) u mocie nodasienus Bogs! (b,d). Mukpodoro.
Mupuna kaxxaoro kazxpa — 3 MM
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Bo3Bpamasce k pa3MbllUIeHHAM ApeBHUX (uiiocodoB o Boxme u 3emie, cieayer oTMETHTh, YTO 3a MOCIEAHEE
JECATHIIETHE TPAAULMOHHOE IPOTHBOIIOCTABIICHUE 3THX CTHXHUH CTAJI0 MEHATHCS B CTOPOHY MX OJIM3KOTO POJICTBA.

Tak, B 1998 roay cosetrckuii reosior FO.A. KansicHHKOB BhICKa3ajl MHEHHE, YTO OOBIYHAS BOJA SBISICTCS, CKOpEe
BCEro, HEM30EKHBIM IPOAYKTOM TJIABHOTO IpOIecca B POXKACHUH CHIMKATHOW OOOJIOUKM 3eMIIH -IOJIMMEpPU3aliu
KPEMHEKHCIIOPOIHBIX TeTpadapoB [22]. CxemaTn4ecKkH mpouecc 00pa3oBaHus BOJbI aBTOPOM IPEICTABIICH TaK:

(Si0%)4- + 4H" = SiOy: + 2H0.

CyTb AEHCTBHUS 3/1€Ch CBOJWUTCS K OTPHIBY IPOTOHOM HOHA KHCIOPOAA OT KPEMHEKHCIOPOIHOTO TeTpasipa U
BBIHYK/IEHHOE COEJMHEHHNE IIOCIICTHETO C COCETHUM, YTO U €CTh COOCTBEHHO NMOJIMKOHASHCAHs. Hano ToNbKO yTOYHUTS,
4TO CHAYala BOJA IOSIBIIETCS B BU/IE THAPOKCHIBHOM IPYIIIBL, IIOCKOIBKY CHHTE3 MOJEKYIsipHOi Boasl u3 H u (OH)
HMMeeT MECTO JIMIIb IIPH CHIKEHUH TeMIepatypsl pacmiasoB 1o 700-600 °C, To ecTh, mpu 00pa30BaHAH yKe KOHEYHOTO
MPOAYKTA JTUTOCGEPHI - TPAHUTHOI MarMsel [22].

B 2014 romy mosiBHJIOCH 3KCIIEpUMEHTalIbHOE NoATBepkaeHHe mpenmnonoxenus FO.A. Kamsachuxosa. I'pymnna
STOHCKHMX MCCIIEIOBATeNel MOATBEpAUIa, YTO XuMH4eckas peakuust Mexay SiO» u xuaxum H> BeI3biBana oOpa3zoBaHue
H,O u SiH4 Pesynsrathl mokasanu, uto 4acth H, okucisercs ¢ obpasoBanmeM H,O, korma xommoneHTsl SiO; B
MaHTUHHBIX MUHEpAJIaX PacTBOPSIOTCS B XKHUIKOM Bojxopoae [23]. DT JaHHBIE BIIOCIEICTBUH OBIIH IOATBEP)KACHBI 1
MEXIyHapOAHOW KOMaHmoW wuccienosateneid [24]. MozenupoBaHue IOKasalo, 4TO Boja oOpasyercs BHYTPHU
CHJIMKaTHOH O0O0OJIOYKH, HO 3aTéM HE MOXET OTTyJa BBIPBATHCS, M II03TOMY JaBJIeHHE TaM Bo3pacTaeT. bouin
MIPOAHAIM3UPOBAHBl IUIOTHOCTh M CTPYKTypa 3axBaueHHOW BoAbl. OKaszanoch, YTO OHa HAXOAWTCS IOA BBICOKHM
nmasieaneM. OOpa3oBaHue U cOPOC M3OBITOYHOTO AABIICHHUS BOJIBI MOXKET OBITh PEabHBIM CITyCKOBBEIM MEXaHHU3MOM B
riry6okoi murocdepe Ui CBEpXIITyOOKHX 3eMIIETPSCCHNH, HHOT/AA PacIloI0)KEHHbBIX 3HAUNTEIbHO HIXKE KOPHI U B Oojee
KECTKUX YacTsIX IIyOOKHMX KOHTHHEHTAIbHBIX IUINT. Boga, oOpasyromascss B MAaHTHH, MOXKET AOCTUTaTh MOBEPXHOCTH
HECKOJIBKUMH Iy TSIMU, HallpIMeEDP, IEPEHOCUTHCSI MarMoi NpH BYJIKAHUYECKOH akKTUBHOCTH [25].

B nHamem nmabopaTopHOM 3KCIIEpUMEHTE IHOKa3zaHo, 4To JID BOIBI MpH BBICBIXaHMM BEAET CE0sl KaK TUIHMYHAS
KOJUIOMJIHASl KMIKOCTh: 00pasyeT TBepodasHble OTJIOXKEHUs, MOJBEPracTcs CTAPSHUIO U pacTpecKuBaHMIO. Panee
NOAO0OHBIE MPOILECCHl B KOJUIOMIHBIX cHCTeMax ObLIM paccMoTpeHbl B pabdore [20]. Tam ke OTMEYEHO MX CXOJACTBO B
MHKpPO- M MaKpOMHpE, BKIIIOYas >XMBOIIMCHBIE IOJIOTHA M reodusuyeckue siBieHus. Hamu mnokaszaHo, 4To cuiia
nedopmanmu Beickixatomero ciosi JAd Boapl, Beaymas K €ro HOBPEXKICHUIO, CTHMYJIMPYET HPOCTPAaHCTBEHHOE
pasfeneHue KOMIIOHEHTOB Ocaika. JTO BO3IECHCTBUE, IO CyTH, ABISETCA MexaHoxumuueckuMm. He Bce mponeccsl,
HaOJIIOaBIIMECs B yCIOBHSAX HAILETO AKCIIEPUMEHTa, ObIIIM 00paTUMBbI NpH J100aBJICHUH BOABL. DTOT BOIIpOC Tpedyer
JanbHeHmero uccienoBanus. [IpuBeieHHas TuTepaTypa CBUAETEIBCTBYET O TOM, YTO MHUP, B KOTOPOM MBI )KUBEM, CIIMH
1 camMonono0eH Ha pa3HBIX YPOBHIX Hepapxuu. | eHuambHbIE NOTagkd HAaTyppuiIocopoB BIOXHOBISIIOT HA HOBBIE
HCCIIEIOBAHMS.

Paboma evinonnena npu noodepacke Munucmepcmea obpasosanus u nayku P® (epanm Ne 14.Y26.31.0022).
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PHYSICAL-CHEMICAL EVOLUTION OF THE DISPERSED PHASE OF WATER WHEN IT DRYES
Yakhno T.A.!?, Yakhno V.G.!?
nstitute of Applied Physics of the Russian Academy of Sciences
Ulyanova str., 46, Nizhny Novgorod, 603950, Russia
N.I. Lobachevsky Nizhny Novgorod State University
Gagarin av., 23, Nizhny Novgorod, 603022, Russia; e-mail: yakhtal3@gmail.com

Abstract. The dynamics of the formation of the texture of the drying precipitate of the dispersed phase
(DP) of water is considered. It was previously shown that DP observed through an optical microscope is
represented by aggregates of liquid crystal spheres of ~ 10 um in size, each of which is formed around a
NaCl microcrystal and is its hydration shell. After evaporation of free water, the central zone of the sediment
film is deformed and cracks, acquiring the texture of the mountain landscape. The microspheres bordering
the cracks are destroyed, the hydrated shells dissociate and the salt solution penetrates the cracks. The
formation of free water ensures the advancement and cascade of NaCl recrystallizations along the cracks
(channels) before they enter the total volume - the place where the channels merge. A cluster of crystalline
NaCl is formed there. This ensures spatial separation of sediment components. On the periphery of the
drying film, radially arranged serpentine chain structures are formed, described earlier for drying colloidal
dispersions as a result of advection, diffusion, and capillary attraction (Colegov and Barash, 2019). The
similarities and differences in the observed processes with the description of aging colloidal systems, as
well as with the physics of tectonic faults, are discussed.

Key words: water, dispersed phase, drying, deformation, separation of components.
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BJIUAHUE YIABTPA®UOJIETOBOI'O - B U3JIYUEHUSA HA CTPYKTYPY
MNJIIASMATHYECKUX MEMBPAH KJIETOK I[PO)K)KEI;‘I
Kouapau H.K., I'ymmartosa C.T.
BakuHCckuii rocy1apCTBEHHbIN YHUBEPCUTET
yi. 3axuda Xanunosa, 23, 2. baky, AZ 1148, Azepbaiioscan, e-mail: sam_bio@mail.ru
[octynuna B pegaxnuro: 09.07.2019

AHHOTanHsA. YCTaHOBJICHO, 4TO yibTpaduoieroBoe — B (Y®-B) msnyuenne (280-320 HM) MHIYyIHUpYET
CTPYKTYPHOE M3MEHEHHE JHMITUIHOTO OUCIIOS U aHHYJSIPHBIX JIMIH/IOB [UIA3MAaTHYECKUX MEMOpaH KIETOK
nIposxxokeit. OObEKTOM MCCIIeIOBAHUS CITYXKIUTH KIIeTKH nposxokeit Candida guilliermondii BKMY-916. [lns
OLEHKH CTPYKTYpHOTO COCTOSIHUSI MEMOpaH OIpEACsIA  MHUKPOBSI3KOCTh — JUMUAHOW  (ha3bl.
OiryopeciieHIM0 nMpod m3Mepsin Ha crektpodortometp (Fluorescence spectrophotometer Varian Cary
Eclipse 2007) npu MakcuMyMe BOJHBI B30y kaatomiero cBera 334 u 275 HM U OIIEHKH MUKPOBS3KOCTH
Y TOJISIPHOCTH JIMIIMAHOTO OHMCIIOS U aHHYJSIPHBIX JIMITUIOB KIIETOK Apoxokeid. [Tuk QuyopecueHunu
9KcuMepa nupeHa Fp perucTpupoBany npu JUIMHE BOJIHBL dMuccHH 470 HM, a NUK (UIyopecleHIH
MoHoMepa Fn mpu mimHe BojHbl 3Muccur 393 HM. [laHHbIe TOJyY€HHBIE IPHU HCIOJIB30BAHUH
(IIyOpecueHTHOr0 30HJa IHUpPEHa CBUAETEIbCTBYET 00 M3MEHEHUHM HCCIeIyeMbIX IapaMeTpoB
CTPYKTYPHOTO COCTOSIHHSI KJICTOYHBIX MeMOpaH. Ha ocHOBaHWMH HaHHBIX 00 M3MEHCHHH MHUKPOBSI3KOCTH
MeMOpaH IPOXOKEH Tocie OONydYeHHsS MOXKHO IPEAIONIOKUTh, YTO MOAUGUKAIMS CTPYKTYPHI MOXKET
MPUBOJUTH K U3MEHEHHIO MOJISIPHOCTH JIUITUIHOTO OUCTIOS.

Knrouesvle cnosa: knemxu 0poicoiceil, MUKPOGIZKOCHb, NUPEH, Yibmpaguoienogoe - B uziyuenue, aunuo.

[Toxazano, 4To ¢ pocToM 10361 Y D-B n3nyyeHns yBennIuBaeTcsi MUKPOBS3KOCTh U MOJSIPHOCTE JIUITUAHOTO OHCIION
1 aHHYJBIPHBIX TUNHI0B. COTJIAaCHO TOJTYYEeHHBIM pPe3yiIbTaTaM, MPEAIOoI0raeTCs, YTO YBeIHIeHHE MHKPOBSI3KOCTH U
MOJISIPHOCTH JIMIIUIOB KJIETOYHOW MeMOpaHbl CBsI3aHO ¢ nepekrcHbIM okucieHueM junuaoB (IT0JI). CoBokymHOCT
IMOJYYCHHBIX AJAaHHBIX IMO3BOJIACT MPEAINOJJO0XKUTH, YTO IIOCJIC 06nyquI/m KJIETOK aponoxeﬁ HU3MCHCHUE BA3KOCTHBIX
XapaKTCPUCTHUK, YMECHBIICHUC TCKYUCCTU JIMIHUIHOIO KOMIIOHCHTA MeM6paH, ABJIAIOTCA OTPAXKCHUCM aJlallTallUOHHBIX
CTPYKTYPHO-(QDYHKIIMOHAJIBHBIX MepecTpoek. M3BectHo, uro npu crumyssiuuu [10JI B memMOpaHax yMeHbIIAeTCs
COJIEp>KaHUE JIMIUJIOB, TAKIKE MEHSETCS] MUKPOBA3KOCTb U AJIEKTPOCTATUYECKUH 3apsil.

BBEJIEHUE

MOHHUTOPHHTOBBIE MCCIIEA0BAHUS COCTOSIHUSL 030HOBOTO CJIOS (KaK 4acTh aTMoc(epbl), IPOBOJUMBIE B Pa3HbIX
qacTAX 3eMJIM, KOHCTATUPYIOT O MPOTPECCHPYIOUIEM DPAa3pyLICHUH O30HOBOTO CIIOS, CBSI3aHHOM C AHTPOIOTE€HHBIM
BO3ACHUCTBHEM HA OKpYXKAIOIIyl0 cpedy. BciencTBue 3TOro yBeIMUMBAETCS HHTEHCHUBHOCTh IPOHUKHOBEHHS B
TIpHU3eMHbIe clou aTMocdepbl Hanbosee onacHoro Buaa Y® uznyuenus - cpequeBonHoBoro (Y®P-B 280-320 um), uro
BEJET K LIEJIOMY Psiiy HETaTHBHBIX IOCJEIACTBUN AJIS 4eJIOBEKa: MPEXKAECBPEMEHHOMY CTapEHUIO, YUALICHUIO CIIydaeB
paka Koku (MeaHOMBI), KaTapakThl, OCIa0JeHNI0 UMMYHHUTETa. BO3HUKHOBeHHE Npu BozjelcTBUH Y D-n3itydeHus
MoJeKyssipHbIX oBpexkaeHni JJTHK, He ycTpanseMbIX (MM ycTpaHsIEMBIX HE ITOJHOCTBIO) peapaTHBHBIMU CHCTEMaMU
KIIETKH, a Takxke (PoTo-mecTpyKus OenkoB W OmomMeMOpaH OOYyCIOBIMBAIOT Pa3BUTHE JOBOJIFHO MHOTOYHCIICHHBIX
ounonorudeckux 3¢ dexron [1-4].

Kak n3BecTHO, NelicTBHE HOHM3UPYIOIINX M3TydeHUH U Y D-cBeTa Ha KIETKH BBI3bIBAET MOBPEXKICHUS HE TOIBKO
TEeHETUYECKUX CTPYKTYP, HO ¥ KJIIETOYHBIX MeMOpaH [5, 6].

C Bo3pacTaHHeM UHTEHCUBHOCTH YJIbTPa(UOIETOBOIO U3ITyYSHHUS M €r0 BIMSHHS Ha MPOLECCH, IPOUCXOISIINE B
Oouoctepe, BO3HMKAET HEOOXOIUMOCTh OLEHKH UUTO(PU3NOJIOTHYECKMX W3MEHEHWH B pacTEeHHsX, KOTOpbIE
UHIYLIHUPYIOTCS 3TUM (aktopoM. BozneiictBue ynbrpaduosnero” Bol paguanuu Ha pacteHus B quanasoHe 280-320 Hm
OXBaTHIBACT BCE YPOBHU OHMOOpraHu3anuu [7-9] a Takke CHTHAJBHYIO, PETYSITOPHYIO M SHEPreTHIeCcKyIo GyHKImu [7]
Y®-b momudumpyeT Bo3aeHCTBUE APYTHX HKOJIOTHIECKUX (PAKTOPOB, NEHCTBYS YacTo anauTiBHO [10].

B nonHOM crekTpe COIMHEYHOIO CBeTa, JOCTHUIArOIEro 3eMHOH moBepxHocTH, A0ias Y DB-uzmydenus, koropoe
¢uIbTpyeTCs 030HOBBIM ciloeM cTparoctepsl, coctaBiteT 1,5%. Omnako Y®B-(OTOHBI BBICOKOIHEPTETHYHBI, U
mostomy Y DB-m3nyueHne okaspiBaeT HamOoJee CHIBHOE MOBpEXKIAIOIIee NEHCTBHE Ha POCT M PAa3BUTHE PACTCHUIA.
BricokountencuBHoe Y DB-00mydeHne pacTeHU BBI3BIBACT PA3MUYHBIC MOJEKYISIPHBIE MOBPEXKICHUS B KICTOYHBIX
CTPYKTYpax, COIpOBOXKAaeMble HapymieHneM ux QyHKimi [11]. Ocoboe 3HadeHHE ¢ TOYKH 3pEHHS OMOIOTHYECKHUX
nocuencTBui aeiicteus Y ®B-u3nydenus va kiuetku umeet nospexxaenne JJHK, cBszanHoe ¢ oOpa3oBanueM B Heil psiia
(OTONPONYKTOB, TJIaBHBIM 00pPa30M MUPUMHIMHOBBIX JIuMepoB [12]. MouekysipHble MEXaHW3Mbl OTBETOB Ha
nospexaeHue JIHK u3ydeHsl B OCHOBHOM y Aposked U KUBOTHBIX. HelaBHO HayaToOMy A€TalnbHOMY HU3yUYEHHIO TaKUX
MEXaHHU3MOB Yy PacTeHHi, B TOM 4uciie npu AedcTBun Y DB-u3nydenus, crnocoOCTByeT CEKBEHHPOBaHUE T€HOMOB Y
HEKOTOpBIX U3 HuX. Ha OCHOBaHMU NMPOBENEHHOIO aHAIW3a y PAaCTCHUH BBISABICHBI MHOTHE FOMOJIOTH 3BOJIOLIMOHHO
KOHCEpBAaTUBHBIX KOMIIOHEHTOB CHCTEMBI OTBETOB Ha noBpexaenue JJHK [13].

YcranosneHo, uto ynbrpaduosnerosoe (YP) nznyuenue B-obmactu (YPB 290-320 HM) akTHBUpYET B KJIETKax
pacTeHHH pa3IYHbIe CHTHAIBHBIE MEXaHU3MBI, 3aITyCKaIOIIHE POLECCH POrPaMMHUPOBAHHON CMEPTH KIIETOK JIN0O0 NX
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3aIUTHI OT MOBPEXKIAIOIIETO NEHCTBHA ATOTO M3MydeHnss. OTMEUeHO, 9TO MEXaHU3MBI KJIETOYHOW CMEPTH IPU BBICOKHX
no3ax Y ®B-o6ryuenust cBa3anbl ¢ nopexaenrneM JJHK 1 okucnutenbHBIM CTpeccoM, MpuyeM B IIEPBOM CIIy4ae MOTYT
NPOUCXOUThH aKTHBalMs 4eKnoiHToB (checkpoints) nospexaenns: JJHK u ocTraHOBKa KJI€TOYHOrO LIMKIIA, BO BTOPOM —
BBIXOJI M3 MUTOXOHAPHU LIMTOXpOMa C W IMOCIEAyIoIas akThBalus Mmerakacra3d. OOHapyXeHo, 4yTo o0a MexaHH3Ma
uHayuupytoT ¢parmentauuio JJHK u apyrue TunudHble ajsi anoNTOTHYECKUMX KIIETOK WU3MEHEHHMs, a TaKkKe YTO
HU3KoMHTeHCHBHOe Y® B wusimyuenme mnocpeactBoM dotopenentopa UVRE uHHMIMHpYyeT B KIETKax 3alllUTHBIC
MIPOIECCHI, CHOCOOCTBYIONINE aKKIMMATH3AIIH PACTCHUI Ha COTHEYHOM cBeTy [11].

B 6rnomemOpaHax JMIUIHBIA KOMIIOHEHT, OPraHW30BaHHbBIN B (YHKIMOHAIBHO aKTHBHYIO MaTpHIy, HHTETPUPYET
BHEIIIHYE BIUSHASA M YYaCTBYET B 3allyCcKe MPOrpaMM KIIETOYHOTO yrpaBieHus. [masmaTindeckas meMmOpaHa oOagaer
YVHHUKAITBHBIMH PEICTITOPHBIMU, CHTHANBHBIMA (QYYHKIIMSAMH PETYISALINAN BOXKHEHITNX KIETOYHBIX IPOILIECCOB, TIOPAKEHUE
KOTOPBIX MOKET IMPUBECTH K THOeNn KiIeTkd. OT COCTOSHUS JIUITUAHON COCTaBIAIOMIEH MEMOpaHbI 3aBUCUT aKTHBHOCTh
CBSI3aHHBIX C HeW ()epMEHTOB, YYBCTBHUTEILHOCTh KJIETKH K FOPMOHAIBHOW M HEPBHOW peryssiuud. Docdonumnuipt
MOIICPKUBAIOT pabOTy BaKHEWUIIMX KICTOYHBIX MEXAaHHW3MOB, TAKMX KaK MOHHBIA OOMEH, BHYTPEHHSA PECIHpanus,
OMOJIOTMYECKOe OKHCIICHHE, BIMSIOT Ha (DMKCAIMIO DPH3UMOB B MUTOXOHIPUAX M OKHCIUTENbHOE (hochOpHIMpOBaHUE
[14].

CyliecTBeHHas POJib B PEryJISILIMU TPOLIECCOB, MIPOUCXOIAIINX B MeMOpaHax, MPUHAUICKUT UX MUKPOBS3KOCTH —
KOMIIIEKCHOMY TI0Ka3aTeli0, KOTOPBIH OTpakaeT KaK CTPYKTYPHBIE, TaK W (PYHKIMOHAIIBHBIE ACTIEKTHI JIMIUIHON
cocTasJsronieli MeMOpaHsbl. Vi3aMeHeHHss MEKPOBSI3KOCTH MEMOpPaHbI TECHO CBSI3aHbI C META00INYECKUMH U3MEHEHUSIMH,
MIPOUCXOJAIINMU B KIETKE.

OBBEKTBI U METO/bI UCCJIENOBAHUSA

OOBEKTOM HCCIIEAOBAHMS CITYKIIN KIeTKH Aposxokei Candida guilliermondii BKMY-916. crounukom Y®-B —
n3nydeHus: cinyxuia prytHas sammna [IPK-4, cnaGxkennas ceroduistpom Y®DC-2. Jlo3a obiydeHus: cocrabisiia
0,7-10%-4,5-10* spr/mm>. KoHnTpomem ciyxwia HeoOaydeHHas CycreHsus. [l ONEHKH CTPYKTYPHOTO COCTOSIHHS
MeMOpaH ONpeeNsUIM MUKPOBSI3KOCTh JIMIHUIAHON (a3bl. DiryopecieHIrio Mpod M3MepsuId Ha CHEKTPOoQIIyopuMeTpe
(Fluorescence spectrophotometer Varian Cary Eclipse 2007) npu MakCUMyMe BOJIHBI BO30Y>KIaroIIero ceeta 334 um s
OLIEHKH MHUKPOBS3KOCTHU JIMNUAHOTO Oucinod. [Iuk ¢uyopecueHnmn skcumepa nupeHa Fs perucrpupoBaiiv npu ajiuHe
BosiHBI aMuccuu 470 HM, a muk Quyopecuenun MoHoMepa Fn, mpu jumHe BonHb dMuccun 393 M. Koadduuuent
skcumMepuzaimu nupeHa Fo/Fn (334) orpaxarommii MHKpPOBS3KOCTH JIMIIMIAHOTO OMCIOS, BBIpayKajlk OTHOLICHUEM
BEJIMYMHBI MakcuMyMa (hIyopecleHIMH 3KCHMepoB NupeHa Fy (B OTHOCHTENBHBIX eIUHMIEAX (IyOpecUeHLIHH IpU
Assicenn = 470 HM) K BeTHIHHE MaKCUMyMa (DIIyopeCceHIINH MOHOMEPOB THpeHa Fy A svuccun = 393HM) 1ipu A BO3OYKICHUS
334 am. OTHOIIEHNE MHTEHCHUBHOCTH ()IyOpPECLEHINHA 3KCHMepoB K MoHoMepaM F»/Fn, oOpatHO mpomopunoHaibHO
MHKPOBSI3KOCTH JIMIMJHOTO OUCIIOS U IPSIMO MPONOPIIMOHAIBHO €T0 TEKYyUEeCTH.

[MonsipHocte  numumHoM  ¢aszel MemOpaH  (F372/F303(334)) oneHmBaii 1O OTHONIEHWUIO WHTEHCHBHOCTH
¢yopecueHIMu AByX MOHOMepHbIX (opM Fp, mupeHa mpu aiuHe BOJHBI BO30yxaAeHHUs 334 HM M NpH JUIMHAX BOJIH
smuccuu 372 u 393 um. IlonspHoCcTh 30H OenOK-TMNUIHBIX KOHTAKTOB (F37:/F393(282)) oueHnBaim 1o OTHOIIEHHIO
MHTEHCUBHOCTU ()IyOpECUEHIIMN JIBYyX MOHOMEpHbIX (opM Fn, B TOHKOM cCHeKTpe NHpeHa NpH JUIMHE BOJIHBI
B030Yy1eHHs 282 HM M IIpH JJTMHAX BOJH AMuccuu 372 1 393 HMm.

PE3YJIBTATBI 1 OBCYXXJIEHHUE

VcranoBnEeHo, uTo Y®-B 00IyueHne KIeTOK Apoxoked B mose 0,7-10%-4,5-10* spr/mm? cyas mo xodpduImenTy
9KCHMEPH3ALNY, NMPUBOAMIA K YBEIWYCHUIO MHKPOBS3KOCTH (YMEHBIICHUIO TEKy4eCTH) OOLIEro JIMIUIHOTO OUCIOs
MeMOpaH. AHaJIOTHYHBIE TPOLECCHl OTMEUYAINCH TAaKXKe B 00JACTAX aHHYJLIPHBIX (Ipu OenKoBbIX) mumunoB. [locie
o0yuenns BoICOKMMH jgo3amu (3,0-10%-4,5-10* ospr/mm?) VO-B nsnydenns HaGIIOmAETCS W3MEHEHHE MAPaMETPOB,
XapaKTepU3yOInX (U3NIECKOe COCTOSHHE JIMIMUIHOTO OHUCIION M AHHYJIAPHBIX JIMIHAOB MEMOpaH KIIETOK OPOXIKEH.
JlaHHBIE TIOJNy4YEeHHbIE IIPU HCIIONB30BaHMU (IIyOPECLEHTHOIO 30HAA IMPEHa CBUICTENLCTBYET 00 HM3MEHCHUH
UCCIIEyeMbIX TapaMeTPOB CTPYKTYPHOTO COCTOSIHMSI KJIETOYHBIX MeMmOpaH. Ha ocHoBaHuM NaHHBIX 00 M3MEHEHHUH
MHKPOBSI3KOCTH MEMOpaH JPOAOKEH Mocie 00JyYeHUs] MOKHO MPENIONIOKUTh, YTO MOAU(DHUKALUS CTPYKTYPhI MOXKET
MNPpUBOJAUTH K U3MCHCHUIO MOJIAPHOCTH JIMIIUIHOT'O oucios.

Jlist orpeniesieHusi MUKPOBSI3KOCTH 30H OENOK-JHMITUIHBIX KOHTAKTOB CYCIIEH3UIO KJIETOK COJEPIKaIlero pacTBOP
nupeHa GJrypoMeTpUpOBaJIM PH JUIMHE BOJHEI BO30Y K natomero csera 272 HM Fa70/Fos.

[MonspHOCTE OKpY>KEHSI 30HAa MUPEHa B JTUMHATHOM clioe MeMOpaH F275/F393(334) yBenumumBaeTrcs mpu o0ydeHHN
wietok mozoi 0,7-104-2,2-10* spr/mm?. IlpH OLEHKE MONAPHOCTH OOIIET0 MEMOPAHHOTO JHIIUAHOTO OHCIOS
YCTAHOBIEHO, YTO HpHM obmydeHmu B mose 3,0-10%-4,5-10* spr/mMm’> HaOMIOOanoCh HE3HAYUTENBHOE YBEIMYECHHE
MOJIIPHOCTH JIMITUIHOTO KOMIIOHEHTa MeMOpaH KJIeTOK. B jaunumHoM cioe MeMOpaHbBl M B 30HE OENOK-JIHITHIHBIX
KOHTAaKTOB IIOJIIPHOCTh HECKOJIBKO BO3PACTaeT, YTO COIJIACyeTCsl ¢ JAHHBIMHM O HAKOIUIEHMH B MeMOpaHax KIETOK
nepBUYHBIX TTpoaykToB [TOJL.
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Pucynok 1. CriekTpsl BO30y>KICHUS 1 SMHUCCHU ITUPEHA B KIIETKAX APOXKIKEit
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Pucynok 2. M3mernenne mukpossizkocta (470/393 um) u nomsprocty (372 /393 HM) 30H OEIOK-TUIHAIHBIX KOHTAKTOB
IUIa3MaTHYEeCKUX MeMOpaH KJIETOK Apoxkeit ot 1036l Y O-B uznyuenus (Bo30ysxaeHue mpu 275 HM)
@Konrpons, @0,3-10* spr/mm?,  @0,7-10% spr/mm?,  @1,5-10% apr/mm?, @2,2-10% spr/mm?

UzBectHo, uto mpu crumyisimuu [10J] B MemOpaHax yMeHBIIAeTCS COACp)KAHHE JIAMUAOB, TAaKXKe MEHICTCS
MHUKPOBS3KOCTB U AIIEKTpocTaTudeckuii 3apsin. [Ipu 6onee rirydoxoM okucieHun GochoIUIII0B HAPYIITAETCS CTPYKTYpa
JUNHATHOTO OHCIIOS ¥ TOSBILIIOTCA Je(eKTHbIE 30HBI B MeMOpaHax KJIETOK, a 3TO HapymaeT (pyHKIHOHAJIBHYIO
aKTMBHOCTB. Panee HamMu GBUIO YCTaHOBJIEHO, UTO ¢ pocToM 10361 Y D-B mzmyuenns (0,7-10%-4,5-10* spr/mm?) memOpane
KJIETOK JAPOOKEH MPOUCXOANT yBeImueHne KoHIeHTparuu M/IA, 9To CBUETENBCTBYET 0 pa3BuTun mporecca [10J1.

W3 nurepatypsl u3BecTHO, yTO B MeMOpanbl kietok Candida guilliermondii conepxxurcst 30% docdonunumaos B
coctaBe OOIMMX JUNUAOB [15] UMEIOTCS NaHHBIE O TCHIACHIMH YBEIUYCHUS AHTHOKCUIAHTHONH AKTUBHOCTH C
BO3pacTanueM cojepxanus pocopaununos [16]. Crenyer orMeTuTh, 4To npu Y D-B 00MydeHHH ¢ UIMHOW BOJIHBI
280-320 HM npoliecc MePEeKUCHOTO OKUCIICHHUS JINITUAOB B MEMOpaHax KJIETOK 3aBUCHT OT 103kl [17].

WNurencndukanus I10J] kieTouHbIX MeMOpaH BBI3BIBACT YIUIOTHEHHE JINOO pacriaj JIMIUIHOTO CIIOS, YBEINYEHHE
€ro MUKPOBSI3KOCTH, COKpaIlleHHe TUIOMAIH OEI0K- JIUITUIHBIX B3aUMO/ICHCTBUH, N3MEHEHNE aKTUBHOCTH (PePMEHTHBIX
CUCTEM, MEMOPaHHOH MPOHHUIIAEMOCTH W TMOBEPXHOCTHOTO 3aps/ia, HApYIIEHHE COCTOSHUS PEIENTOPHBIX KOMILIEKCOB.
3a cuér [1OJI munumHO-0eTKOBBIE KOMIIOHEHTHI CTAHOBATCS TOCTYITHBIMHA IS pocdomnummas u nporeas [14].

COBOKYITHOCTh TOJYYCHHBIX MAaHHBIX TIO3BOJIIET MPEIION0XKHUTh, YTO TIOCIe OOIydeHHUS KIETOK OPO}NOKen
W3MEHEHHE BS3KOCTHBIX XapaKTEPHCTHK, YMEHBIIEHHE TEKy4eCTH JHIIUAHOTO KOMIIOHEHTa MEMOpaH, SBIAIOTCS
OTpa’KeHHEM aIalITAIIMOHHBIX CTPYKTYPHO-(YHKINOHAIBHBIX IIEPECTPOEK.
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Pucynoxk 3. Usmenenme wmmkpoBsizkoctd (470/393 um) um momspHoctH (372/393 HM) nmmuaHOTOo OHCION
IUTa3MaTHYECKUX MeMOpaH KIIETOK Jpoxokel oT 10361 Y D-B m3nydenus (Bo30yxaenue npu 334 HM)
@Konrpons, @0,3:10* opr/mm?, @ 0,7-10% apr/mm?,  @1.5-10% opr/mm?,  @2.2:10* spr/mm?
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THE INFLUENCE OF ULTRAVIOLENT - B IRRADIATION ON THE PLASMA MEMBRANE
STRUCTURE IN THE YEAST CELLS
Kocharli N.K., Hummatova S.T.
Baku State University
Z. Khalilov str., 23, Baku- AZ 1148 , Azerbaijan; e-mail: sam_bio@mail.ru

Abstract. It was determined that, ultraviolet- B (UV-B) radiation (280-320) induces the structure changes
in the lipid bilayer and annular lipids of the plasma membranes of yeast cells. The object of the investigation
was the yeast cells of Candida guilliermondii CMU-916. For the evaluation the structural state of the
membranes, the microviscosity of the lipid phase was determined. The fluorescence of the samples was
measured on a spectrophotometer (Fluorescence spectrophotometer Varian Cary Eclipse 2007) at a peak of
the excitation light wavelength of 334 nm to evaluate the microviscosity and polarity of the lipid bilayer
and annular lipids of yeast cells. The fluorescence peak of excimer pyrene Fg was recorded at an emission
wavelength of 470 nm, and the fluorescence peak of the F, monomer at an emission wavelength of
393 nm. The obtained data while using a fluorescent probe pyrene indicate a change in the studied
parameters of the structural state of cell membranes. Based on the change in microviscosity of the yeast
membranes after irradiation, it can be assumed that a structure modification can lead to a change in the
polarity in the lipid bilayer. It has been shown that with increasing UV-B radiation, microviscosity and
polarity in the lipid bilayer and annular lipids increase. According to the obtained results, it is assumed that
an increase in microviscosity and polarity of cell membrane lipids is associated with the lipid peroxidation
(POL). The combination of the obtained data suggests that after irradiation of yeast cells, a change in
viscosity characteristics, a decrease in the fluidity of the membrane lipid component, are the reflections of
adaptive structural and functional rearrangements. It is known that, during the stimulation of lipid
peroxidation in the membranes, decreases the lipid content, microviscosity and electrostatic charge also
change.

Key words: yeast cells, lipid, microviscosity, pyrene, ultraviolet- B.
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O EHKA BUOJOI'MYECKHA AKTI/IB}IOfI KOH®OPMAIUHU JEJIbTOPO®UHOB U
ITOCTPOEHHUE ®APMAKO®OPHOU MOJEJIM JISA UX B3BAUMOJAEUCTBUSA C
o- PELHEIITOPAMHA

Axsepauena I'.A.
BakuHCkuii rocy1apcTBEeHHbIN YHHBEpCUTET, MHCTUTYT (hu3Hueckux mpobiem
ya. 3. Xanunoea 23, 2. baky, AZ-1148, Asepbatioxcan, e-mail: hagverdigulnara@gmail.com
[Moctynuna B pemakiuro: 09.07.2019

AnHotanus. B pabote MeTomamMu MOJEKYISPHOW MEXaHHWKH, MOJCKYISPHOW AWHAMHUKH W KBaHTOBOW
XMMHH C TIPUMEHEHHEM COBPEMEHHBIX KOMIIBIOTEPHBIX IIPOIPaMM HCCIEIOBaHbBl KOH(OPMALIOHHO-
JJICKTPOHHBIE ACIeKThl, BaKHBbIE U (YHKUMOHMpOBaHMA aenbTopduHa | w  nensropduna 1.
YcraHOBIEHO, YTO CTaOMIBHOCTh NPOCTPAHCTBEHHOW CTPYKTYPBI — HMCCIICJOBAHHBIX IENTHJIOB
OIIpeJIeTIsIeTCs] B3aUMHBIM paclosiokeHneM (apMako(OpHBIX 3JIEMEHTOB: O-aMUHOTPYIIIBI, (PEHOIBHOTO
KoJiblia ocratka Tyrl, apomariueckoro kosbla ocratka Phe3, oTpunaTenbHO 3apsKeHHBIX TPYII OCTATKOB
Asp/Glu n xapakrepusyercs CHeUU(pHUIECKUM paclpeie’IeHHeM dJIEKTPOHHOH IIOTHOCTH, YTO HIpaeT
BR)XHYIO POJIb NIPH B3aUMOJICHCTBHM C penentopoM. Ha OCHOBE NOIyYeHHBIX PE3yJBTaTOB W JIAHHBIX
CTPYKTYPHO-(DYHKIIMOHAJIBHBIX ~ OTHOIICHWH OLIEHEHbl OHMOJIOTMYECKH aKTHBHBIE KOH(opmanuu
JENbTOP(GUHOB U IMTOCTPOSHA MOJEINb (hapMakodopa A UX CBA3BIBAHUS ¢ d-perentopamu. [lokazaHo, 9To
OMOIOTMYECKN AaKTHUBHbIE KOH(GOPMAIMM 3THX MOJEKYJ XapaKTepH3YIOTCS IOJIYCBEpHYTOH (opmoii
ocHOBHOH mer: B HUX C-koHmeBoi ydactok Val-Val-Gly-NH, nMmeromuii BHITSAHYTYIO KOH(OpMAaImro,
Omaromapst o6paTHOMY IOBOPOTY Ha ocTaTtke Val5 cOmmkeH B MPOCTpaHCTBE ¢ N-KOHIIEBBIM CITUPATbHBIM
yuactkom Tyr-D-Ala-Phe-Asp/Glu, 4ro mnpumaer 3THUM MOJEKyJlaM KOMIIAKTHOCTb. MOXKHO
MPEAIOI0XKUT, YTO 38 aHATBIETHUECKOE JEHCTBHE NEIbTOP(GHHOB OTBETCTBEHHBI CTEPUUECKH BEPOATHBIE
MPOCTPAHCTBEHHBIC CTPYKTYPbI HX N-KOHIIEBOIO (PH3HOJIOTMYCCKH AaKTHBHOTO TETPAIEITHIHOTO
(bparMeHTa, CTaGl/IJ'II/I?)l/IpleLHI/IeCH COJICBBIMU MOCTUKaMU MECKIAY NPOTOHUPOBAHHBIM aTOMOM a30Ta U
aTOMaMH KHCJIOpOAa OOKOBBIX IIETICH OTPHUIIATENILHO 3apsDKEHHBIX OCTaTKoB Asp/Glu, a cBsi3biBaHHE C
peuenTopamMu OcylecTBiIseTcs (OPMHPOBAHHEM BOJOPOJIHBIX CBS3€H C y4acTHEM HOHH3HPYEMbIX
(YHKIIMOHAJIBHBIX IPYIIIL.

Knroueswvie cnosa: oenomopgunsl, 6uonocuvecku akmugras KOH@opmayus, apmaxopopuas mooen,
MemOoObl KOMNBIOMEPHO20 MOOETUPOBAHUA.

ITockonbKy OHOIOrHYecKasi akKTUBHOCTb HENITHIHBIX MOJIEKYJI CBA3aHA HETIOCPEICTBEHHO C UX MPOCTPAHCTBEHHON
CTPYKTYPOIl M XapaKTepU3yIOUIMMHU €€ IUHAMUYECKUMH M 3JIEKTPOHHBIMU CBOWCTBAMH, Pa3BUTHE IIPEACTAaBICHUH O
MEXaHU3ME WX JeHWCTBUS SBIAETCS BO3MOXHBIM Onarofgapst CTPyKTYypHO-(YHKLIMOHAIBHBIM HCCIEIOBaHHAM,
HPOBOJIMMBIM Ha MOJIEKYJISIPHOM ypOBHE. 3HAHUE IIPOCTPAHCTBEHHON CTPYKTYPBI OMOMOJIEKYJI SIBJISETCS TAKXKE OCHOBOM
JUIsl pa3paboTku 3(h(HEKTUBHBIX JIEKAPCTBEHHBIX CPE/ICTB.

Henbropdun 1 (H-Tyr-D-Ala-Phe-Asp-Val-Val-Gly-NH,) u nensropdusn 11 (H-Tyr-D-Ala-Phe-Glu-Val-Val-Gly-
NH,) sBsIOTCS 3HIOT€HHBIMH JIMHEHHBIMH MENTHIAMH, W30JMPOBAHHBIMH M3 KOXH JIATYIIEK, MPUHAUICKAIINX
cemeiictBy Phyllomedusa [1]. CBs3bIBasch C 0-ONMAaTHBIMH PELENTOPAMH, OHM BO3AEHCTBYIOT Ha IEHTPAIBHYIO U
nepuQepryecKyo HEpBHYIO CUCTEMY. B 1ocieoBaTenbHOCTh 3TUX MENTUIOB BXOAUT N-KOHLEBOH (DH3HOJIIOTHYECKN
aktuBHBIN Terparmentun Tyr-D-Ala-Phe-Xaa (Xaa — Asp B mempsropdune I, Glu — B menmeropdune II). densropdunast
SIBIAIOTCS.  OOBEKTaMHM KaK CTPYKTYPHBIX MOJM(UKAIMHA, Tak W KOH(MOPMAaIMOHHBIX wHcciefoBaHuid. CHHTE3 W
OMOIOTYECKOE TECTUPOBAHNE PA3TNYHBIX aHAJIOTOB JIENBTOP(YUHOB ¢ MOAN(PUKAINIMA aMUHOKHCIIOTHBIX OCTaTKOB B X
MIOCTIEAOBATENBHOCTSX OBUIN MPOBEAEHBI C LENbI0 U3YYCHUS CTPYKTYPHO-(DYHKIMOHAJIBHBIX OTHOLICHUH M IOJy4eHHUS
MOIIIHBIX aHAJIBI€THYECKHX TPENapaToB, YCTOWUMBBIX K PACIIETUITIONIEMy ASHCTBUIO aMuHONIeNTHAA3 [2-5]. Y cTaHOBIICHO,
YTO JIOKaJIbHbIE KOH()OPMAILIMOHHBIC OTPAHHYEHNUS, BBOAUMBIE B IO3ULHIHK 2 U 3, MOTYT IIPHBECTH K MOTepe OHOIOTHIEKOi
AKTUBHOCTH, L -aMHUHOTpYyIIa U (eHOIbHOE Koblo ocTtarka Tyrl, apomarnyeckoe koiblo octatka Phe3, orpunarensHo
3apsDKeHHBIE TPYIIBI aTOMOB ocTtaTkoB Asp/Glu siBnsirorcst apMako(OpHBIMU 3lIEeMEHTaMH, HEOOXOIUMBIMH IS
CBSI3BIBAHMS C ONMHOMJHBIM perentopoM. B paborax [6-8] Ha ocHOBe wmccienoBanuii Merogamu SIMP criektpockonuu
TIPEIUTOKEHBI MOJIENIN TIPOCTPAHCTBEHHOW CTPYKTYPBI AebTOpGHUHOB. [IpoBeneHbI Takke CIEKTPaIbHbIE HCCIEIOBAHMS
CTPYKTYpPBI HA/IKJIETOYHOTO KapMaHa peLienTopa, CBI3BIBAIOIIEToCs ¢ AenbTopdrHaMu [9]. OnHaKo 10 CHX IOp B3aUMOCBSI3b
KoHpoOpManuu AEeTFTOPPHHOB ¢ HX (H3HOIOTHYCCKON NEATENFHOCTRIO HE M3ydYeHa JOCTaTOYHO TiTyOoko. OCHOBHOM
Mpo0sIeMOl B PELIEHNH 3TOTO BOMPOCA SIBISIETCS BBISIBJICHHE KOH(GOPMALMA, OTBEYAIONINX (DU3HOIOTNYECKHA aKTUBHBIM
COCTOSHMSIM JJaHHBIX MOJIEKyJl1. OTMETHM, 4TO MOMH(YHKIMOHAIBHOCT M CIIOCOOHOCTh CTUMYJIHPOBATH C Pa3IMIHON
3((HEeKTUBHOCTBIO OTHU M T€ XKe MPOLECCH TPeOYIOT KOH(GOPMALOHHON JIAOMIBHOCTH MOJIEKYJI X HAJIMYUS B PABHOBECHH
00LMX A7 MENTUIOB JAaHHOTO CEMENCTBa CTPYKTYp. OUeBUIHO, YTO Ul MOHUMAHUS BaXKHBIX OMOJOTHYECKUX CBOICTB
JAHHBIX TIENTHIOB HEOOXOAMMO 3HATh MPEXKIE BCEro MOJIHBIM HAOOp HU3KOIHEPIeTHUECKUX CTPYKTYpP, OTPayKaroIInX
HOTEHLIMIO MOJIEKYJ K KOH(OPMAalMOHHBIM M3MEHEHHUSIM, YTO MOXET OBITh JOCTHIHYTO C HOMOILIBIO TEOPETHYECKOTO
HOAXO0JA.

B paboTe MeronamMu MOJIEKYJISIPHOM MEXaHUKH, MOJIEKYJISIPHONW TUHAMHKH M KBAaHTOBOM XMMHUH C NPUMEHEHUEM
COBPEMEHHBIX KOMIIBIOTEPHBIX IPOrPaMM HCCIIEOBaHbl KOH(MOPMAIMOHHO-3JIEKTPOHHbBIE AaCIEKThI, Ba)KHBIE IS
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¢dyHKIMOHMpOBaHUs AenbTopduHa I n nensropduHa II, 17 MOJIEKYIAPHOTO MOASIUPOBAHUS OBUI UCIIOIB30BAH IAaKeT
MIPUKJIAJHBIX KOMIbIOTepHBIX nporpamMm HyperChem (http:/www.hyper.com/) [10-13].

Ha mnepBoM »3tame wuccienoBaHuss OBIT MPOBEAECH CPABHUTENBHBIM aHAIM3 MNPOCTPAHCTBEHHBIX CTPYKTYP
(U3MOJIOTHYECKH AaKTUBHBIX N-KOHIIEBBIX TETPANENTHIOB JeIbTOP(OUHOB, BBISBIECHBI WX KOH(POPMAIMOHHBIE
O0COOEHHOCTH, a TaK)Ke OTBEYalOIIMe 3a MX aHAIbIeTHYECKYI0 aKTHBHOCTh 00LIMe KOH()OPMALMOHHBIE CBOWCTBA.
YcraHoBIEHO, YTO OoJiee MOJOBUHBI JOIYCTUMbIX KOH(OPMAIMK HMCCIEJOBAaHHBIX ()ParMEHTOB MENTHIHBIX MOJEKYII
(56-58%) uMeroT NMOIYCBEPHYTYIO WIIM TOJHOCTHIO CBEPHYTYIO (DOPMY OCHOBHOM Lienu, OJIM3KYIO K CIIMPAJIBbHOU, YTO
MOYET OOBSCHATHCS OJIArONPUSATHBIM YCIOBHEM JUIS PEAJIM3allii B HUX KaK B3aMMOJCHUCTBHI OOKOBBIX IeTel, Tak u
3¢ GEKTUBHBIX CTAOMIN3UPYIOMINX CTPYKTYPY AWCIIEPCHOHHBIX KOHTAKTOB aTOMOB OCHOBHOW LIEMH M3-32 CBEPHYTOCTH
(hopM OCHOBHOM IieTn BceX OCTaTKOB. MIMEHHO, B 3THX KOH(OPMAIMIX B3aMMOJICHCTBHS apOMAaTHUECKUX KOJIEI] IPYyT C
npyrom Hamboiee 3(pPEeKTUBHBI 1 UMEET MECTO CONIKCHHE IMOJIOKUTEIHHO 3apsHKeHHOW aMUHOTpymIel N- KOHIA ¢
OTPHIIATENIFHO 3apsDKEHHOW Tpymmod aToMoB OokoBoi memu octatkoB Asp wimm Glu, compoBokmaromeecs
9 }EeKTUBHBIMU 3JIEKTPOCTATHYECKUMH KOHTAKTaMH W YCTAaHOBJICHHEM BOJOPOIHBIX CBsized Mexny H-aromamu
N-KOHIIa, ¥ aroMaMH YKa3aHHbIX OOKOBBIX IleNeid. 3HAuWTEIbHBIA BKJIaJ B KOH()OPMALMOHHYIO 3HEPIHIO
TETpanenTUAHbIX (pParMeHTOB BHOCSAT TaKkKe HEBAJICHTHbIE B3aMMOJEHCTBHs OOKOBBIX 1ienei ocrarkoB Tyr u Phe,
Hecylue B OOKOBOH Ienu apoMaTHYecKHe KOJblia, O0JIaJalollue OINpPEAEIeHHONH MOOHMIBHOCTBIO. DTH OCTATKU
3¢ PEKTUBHO B3aUMOICHCTBYIOT KakK APYT C JPYTOM, TaK ¥ C aMHHOKHCIIOTHBIM OCTaTKOM B 4-01 IIO3UIINH, COAEp KaLM
OTpPHUIATENIFHO 3apsHKEHHYIO aTOMHYIO IpYHITy B 00K0BO# nenu. Kpome Toro, Takue CTpyKTYpbl CTAOMIM3UPYIOTCS TAKKE
WHTEHCUBHBIMH JIUCIIEPCHOHHBIMHA KOHTaKTaMH aTOMOB OCHOBHOW LENMHM W XapaKTepU3YIOTCS KOMITAKTHOCTBIO
MIPOCTPAHCTBEHHOTO CTPOCHHMS, O YEM CBHICTENILCTBYIOT 3HAUCHMS IUCTAHLIUI MEXAY TSDKEIBIMA aTOMaMH KOHIIOB
HCCNe0BaHHBIX (pparMeHToB. CieaylomuM 3TanoM HCCIECIOBAaHMSA, HEMOCPEICTBEHHO IMPEANIECTBYIOIINM aHAIHN3Y
MIPOCTPAHCTBEHHOTO CTPOCHMSI MOJIEKYJ JEeIbTOP(HHUHOB, OBII pacyeT KOH(POPMAIIMOHHBIX BO3MOKHOCTEH 00IIero s
Hux C-xonHuesororo ¢parmenra Val5-Gly7. PesynbraThl pacdera qaHHOTO (pparMeHTa MoKasajid, 4TO ONTHMAbHBIMU
JUISl TAHHOHW IOCIEAO0BATENbHOCTH SIBISIFOTCS KOH(OpManuy, XapakTepHu3yromuecs: cBepHyToi (opmoit C-KoHIEBOro
JUIENTHAHOTO Y4acTKa JaHHOTO TpuIenTuaa. [IpoctpaHcTBeHHOE cTpoeHHe MoseKy: aenbropdunos I u 11 6bu10 H3ydeHo
C y4YeToM KOH(OPMAIMOHHBIX BO3MOXKHOCTEH COCTABISIOIIMX HMX (DPU3HMOJIOTMYECKH AKTHBHBIX N-KOHIIEBBIX
TeTpanenTuaHbIX (parmMenToB, coorBerctBeHHO, Tyrl-Asp4 u Tyrl-Glu4, a Take CTaOWIBHBIX COCTOSIHHIA
C-koHnrieBoro Tpunentuaaoro ¢pparmenra Val5-Gly7. s nensrodunos I u 11, coctosiux, coorBerctBerHo u3 107 u 110
aToMoB, ObUIO TpoMHUHMMH3HpoBaHO cBbime 400 koH(popMauuii, nmpuHamIexammx 64 menaM MENTHIHOTO CKeleTa.
Bpamennto noxseprimch 35 w36 ABYrpaHHBIX YIJIOB, COOTBETCTBEHHO, aenbTopdmHa [ m pempropduua 1L
[IpocTancTBEeHHOE M300paXEHWE ONTUMAIBHBIX CTPYKTYP MOJIEKYJ AEIbTOPQHUHOB IPUBEIECHBI Ha PUCYHKax 1 u 2.
I'eomeTpuueckne mapamMeTpsl 3THX KOHGOpMaIMi MpUBEAEHBI B TabuIax 1-2. Pe3yprarsl pacuera BBISIBIIIN, YTO YKIIAIKA
TIOJUTIENTHIHOM LETTH, XapaKTepHast ISl ONTUMAIBHBIX KOH(OPMaNWii MCCIIeIOBaHHBIX MENTHIHBIX MOJISKYII, TPUBOAUT K
CTEpPUUYECKOMY CONMMKEHHIO YAAIEHHBIX II0 MMM OCTaTKOB, B TOM YHCIIE OCTaTKOB, OOJAJaIOIIMX MAaCCHBHBIMHU
HMOHU3HMPOBAaHHBIMHE OOKOBBIMH IEIISIMU. DTO OOCTOSITENBCTBO 00ECIIEUNBAET 3HAUUTEIBHOE YCHIICHHE JUCTIEPCHOHHBIX U
KyJIOHOBCKHX B3aUMOJIEHCTBUI, COPOBOKIAEMOE 3HAUNTEIBHBIM CHIDKEHHEM MOJIHOI 3Heprun Moiekyi. Kondopmanum,
COOTBETCTBYIOILME HanOoJIee BHINOIHOI B SHEPTETUUECKOM OTHOIICHUH YIIAKOBKE OCHOBHOM 1 OOKOBBIX LIETICH M3y4aeMbIX
HENTHI0B, 00ECIICUNBAIOT ONTUMAILHBIN OaJIaHC CTAOMIIM3UPYIOIINX BHYTPUMOJIEKYIISIPHBIX B3auMoeHcTBril. OTMETUM,
4r0 TpU (OPMHPOBAHHM IPOCTPAHCTBEHHBIX CTPYKTYpP MOJIEKYJ JICIBTOPQHUHOB PEATU3YIOTCS ONTHMAIbHbIE
KOoH(popManny X GpU3HOIIOTHIECKH aKTUBHOTO N-KOHIIEBOI'O TETPAlENTHIHOTO (pparMenTa, o0ecreunBaronye conmKeHne
TIOJIO’KUTEIIFHO 3apsDKEHHON aMMHOTpymIibl N-KOHIIA MOJIEKYJI ¢ OTPHLATENIbHO 3apsHDKEHHOM I'PYIIION aTOMOB OOKOBBIX
nerieii ocratkoB Asp wm Glu. OHu cTabmmmsupyrorcst 3(GQEKTHBHBIMH 3JIEKTPOCTATHYECKUMH KOHTaKTaMH U
XapaKTEepPU3yIOTCS COIEBBIM MOCTHKOM MEK/ITy TPOTOHHPOBAHHBIM aTOMOM a30Ta M aTOMaMH KHCIIOpoia OOKOBBIX Iienein
Asp u Glu, coorBerctBeHHO B nenmbropdune I u II. YcraHOBIIEHO, 9TO OTpUIATENFHO 3apsHKeHHBIH C-KOHIIEBOH XBOCT
JETbTOP(UHOB BXOIUT B OJIM3KHI KOHTAKT C MOJIOKHUTEIBHO 3apsHKEHHBIM N-KOHIIEBBIM Y9aCTKOM MOJIEKYJI M CBOPaIHNBACT
OCHOBHYIO LIeTIb, TEM CaMBbIM pacrojaras apomarideckue konsna Tyrl u Phe3 B cnermuiecknx opHeHTAINX, BEITOJHBIX
JUTSL CBSI3BIBAHUS C O-perenTopaMu. DTH pe3yIbTaThl COINAaCYIOTCs ¢ NaHHBIMU HccienoBanuiit IMP criektpockonuu [6-8].
Kpome Toro, Takue cTpyKTypbl CTAOMIM3HUPYIOTCS TAK)Ke HHTCHCHBHBIMH AUCIIEPCHOHHBIMHI KOHTAKTaMU aTOMOB OCHOBHOI
nenu. nst nensropduna Il peanusyercs: TakxKe MOTHOCTBIO CBEPHYTasl CTPYKTYpa, HENTUAHBII OCTOB KOTOPOH OJIM30K K
CIIMpalIbHOW. B onTHMabHBIX CTPYKTYpax MCCIEAOBAHHBIX MOJIEKYJI OOKOBas Lerb N-KoHIeBoro ocrarka Tyrl obOnanaer
BBICOKOH CTEIICHBIO MOIBIIKHOCTH, OOBACHSIOIICHCS ero JIOKaTU3aIiel Ha neprdepruu NenTHI0B 1 00eCIICYHBAIOIICH, KaK
MOXHO TIoJarare, B3ammogercrsue OH-rpynmbsl MMHAA30JI5HOTO KOJIBLIA C MOJIEKYJAMH OKpYXKAlOIIeH cpeabl Win
peuenrtopa. brarogapst n1abMIbHOCTH yKa3aHHOTO OCTaTKa OH ydacTByeT B 3((eKTUBHBIX M-, TPU-, TETPANEITHAHBIX
B3aMMOJEHCTBHUAX, COOTBETCTBEHHO, ¢ ocTatkamu D-Ala2, Phe3, Asp4/Glu4. Kak BugHO w3 Tabmmil 3 u 4, rie IpUBEICHBI
MaTpuIbl MEXOCTaTOYHBIX B3aMMOJACHCTBHH B ONTUMAIBHBIX CTPYKTypax HCCIEAOBAaHHBIX MOJIEKYJ, HanbOoiee
a¢¢eKkTuBHB B3auMoneiicTBus octatka Tyrl ¢ atomamm octatkoB Asp4 m Glu4, BKIIan OT KOTOPBIX COCTaBIISIET,
COOTBETCTBEHHO, OT -2,7 110 -5,6 Kkaj/Moib B aenbropdune I 1 ot -3,3 10 -9,7 kkan/mois B aeiapropdune I1.
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Pucynoxk 1. CrepeonzoOpaxeHusi onTuManbHbIX KoHpopmammii nensropduua I ¢ Eom. = 0,0 xkan/mons (a),
1,2 kxan/mons (b), 2,0 kkan/moms (c), 2,9 kkan/monb (d) u 2,9 kkan/mMoib (e)

Pucynok 2. Crepeonszobpaxenusi ontuManbHbix koH(popmanuii aensroppuna II ¢ Eom. = 0,0 xkan/mons (a),
0,2 kxan/momns (b), 0,3 xkan/mons (c), 1,1 kxkan/mons (d), 1,3 kkan/mons (e) u 1,5 xkxan/mons ()
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Tabauna 1. ['eomerpuueckre mapaMeTpsl (B Tpaj.) ONTUMAIBHBIX KOH(DopManuii Aensropduna I

AMUHOK. Kondopmauus, Eorn. B KKaJ1/M0JIB
OCTATOK 0,0 1,2 2,0 2,9 2,9
59, 56, 58, 63, 59,
179, 177, 178, 179, 179,
Tyrl 78, 71, 75, 80, 78,
180, 180, 180, 180, 180,
151, 142, 114, 129, 150,
-179 179 -176 —175 -179
76, 76, 88, 88, 76,
179, 179, 179, 178, 180,
DAla2 42, 42, 79, 70, 45,
178 178 175 171 178
-110, —146, -139, -109, -99,
58, 59, —62, 60, 62,
Phe3 89, 93, 90, 85, 87,
43, 163, -61, 158, 41,
-176 -179 177 -179 177
-82, -84, 96, -87, -84,
64, —65, 178, —64, 64,
Asp4 100, 90, 77, 89, 98,
-32, —64, 152, —63, 154,
-171 —175 —175 —178 -179
=77, —-112, —104, -112, -101,
177, -177, -179, —-178, 179,
Vals —-178, —-178, 178, —-178, -179,
178, -179, 180, 180, 179,
=52, —69, —64, —68, —64,
-174 180 -176 -179 -173
81, 103, -100, —-103, -98,
178, 179, 179, 180, 180,
Val6 -179, -176, -177, -176, —-178,
178, 178, 178, 178, 178,
=53, —66, —64, —65, —63,
176 -177 -179 -177 —175
-80, 86, 87, 87, -85,
Gly7 —74, 86, 86, 86, -80,
179 180 180 180 180

25

Ilpumeuanue: JIByrpanHbie yribl IPUBEICHBI B CISAYIOIIEM MOPSAKE O, (1, Y2, X3, W, O

Just TnobanbHON cTpyKTyphl nenbropduna I, B oTmuue ot nenbropduHa I, XapakrepHbl Takxke 3(GQEKTHBHbBIE
B3aUMOJEHCTBUSl THPO3MHA C OCTAaTKaMM BajMHA B 5-H M 6-H NMO3MLMSAX aMHHOKHCIIOTHOHM I10OCJIENOBATEIbHOCTH,
COCTaBJISIOLINE, COOTBETCTBEHHO -3,5 1 -2,5 KKaJ/MONb. OTa CTPYKTYpa XapaKTepu3yeTcss HOBOPOTOM MENTHAHON IETTH
Ha C-KOHIIEBOM TPHUIEHTHIHOM Yy4YacTKe MOJEKyJbl aenbTopduHa. Pacdersl mokas3pIBaroT, YTO B ONTHMAaJbHBIX
CTPYKTYypax 00euX MOJIEKYII ONpeIeIeHHON MOOMIPHOCTRIO 00TaaeT Tak)Ke aMHHOKHCIIOTHBIN octaTok Phe3, Hecymuit
apoMaTH4ecKoe KOJbIo B 60K0BoM 1enn. OH ydacTByeT B 3¢ (eKTHBHBIX B3auMoaeicTBusax ¢ Asp4 u Glu4.

Crnemyer OTMETHTb, YTO ONTUMAIbHBIE CTPYKTYpBI JeNbTO(GHHOB, Kak M JEPMOpP(HHA, XapaKTEepU3yrTcs
CBEPHYTOCTHIO OCHOBHOMW WeH JurnentuaHoro cermenra Tyrl-DAla2, 4ro urpaer sKpaHHPYIOLIYIO pOJb JUIsl 3aIIHUTHI
[laHHOﬁ HeHTHZlHOﬁ CBA3U OT pacClICIIAIOIIETO HeﬁCTBHH AMUHOIICIITHU1a3. HO—BI/I}II/IMOMy, YKa3aHHOC€ MUHHUMaJIbHOC
CTPYKTYpHOE TpeOOBaHHE SBJISAETCS BaXHBIM Ui  (DU3UOJOTHUYCCKOW JCATEIBHOCTH ONUOUIHBIX MOJICKYJI U
o0ecrieunBaeT yCTOWYMBOCTh YKa3aHHOM XHUMHUYECKOW CBS3M K JEHCTBHIO ()EPMEHTOB B Ipoliecce MeTaboimu3Ma
nientu1oB. [lomyyeHHbIe TaHHBIE TOATBEP)KAAIOTCS pad0TaMH, yKa3bIBAIOLIIMMHU Ha TO, YTO NENTHIHAs CBs3b 1yrl-Xaa2
MOJeT OBITh OTBETCTBEHHOM 3a CBA3bIBAHUE ONMOUIHBIX MENTHIIOB C penentopoM [14].

Ha nocienyromem 3Tare HCCaeI0BaHUS METOJIOM MOJIEKYJISIPHON TUHAMHMKH C MCIOJIB30BAHHUEM CHIIOBOTO IIOJIS
AMBER 05110 TIpoCTIe:keHO H3MEHEHNE TEOMETPHUECKUX ITAPaMETPOB CTAOMIBHBIX COCTOSIHUIM MOJICKYJ IEETOP(HHUHOB
Ha npotspxenun 300 mnic. McenenoBana moABMXHOCTD (DYHKIIMOHAIBHBIX ()ParMEHTOB M AaTOMHBIX I'PYIIT B ONTHMAIbHbBIX
CTPYKTYpPax MCCIIEOBAHHBIX MOJIEKYJI. BbUIO N3ydeHO BIUAHIE BOAHOTO OKPYKEHHS HAa IMHAMHYECKHE XapaKTCPHCTHKU
nensropduHoB. IlomyueHHble pe3yabTaThl AEMOHCTPUPYIOT KOH(OPMALMOHHYIO JKECTKOCTh MHENTHAHOro octoBa N-
KOHIIEBOTO TETPANENTHAHOTO Y4acTKa MOJIEKYJ, CBEPHYTasi CTPYKTypa KOTOPOTO COXPAHSETCS Ha MPOTSHKEHHU BCETO
MozeupoBanusi. BeisiBiiena MoomnbHoCTh ocTatkoB Tyrl u Phe3, naroreii Bo3M0OXHOCTB UX (hapMOKO(QOPHBIM IpyIIIaMm
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Tab6uamnua 2. ['eomerpuyecKie mapamMeTpsl (B rpaj.) ONTHMAaIbHBIX KOH(pOpMaIuii nensropduna Il

AMHHOK. Kondopmanus, Eors. B KK2T/MOIB
ocraToK 0,0 0,2 0,3 1,1 1,3 1,5
78, 58, 67, 67, 67, 75,
63, 177, 179, 179, 179, 63,
Tyrl 87, 77, 84, 85, 84, 87,
180, 180, 180, 180, 180, 180,
165, 143, 135, 137, 137, 166,
-179 180 -172 -171 ~175 -176
79, 93, 79, 47 83, 90,
179, 179, 178, ; 178, 179,
DAla2 80, 55, 75, 17196_53’ 80, ~80,
173 180 161 164 176
145, 148, ~122, ~122, —123, ~139,
61, 58, 66, 69, 63, -60,
Phe3 90, 93, 88, 89, 88, 90,
65, 165, 156, 159, 154, -63,
175 ~178 -177 -179 -178 180
97, 88, ~105, —99, —104, ~100,
-77, —74, -72, -72, 71, 78,
Glud 60, 64, 63, 64, 64, 62,
80, 79, 62, 63, 62, 76,
-89, -72, -63, —54, 142, -104,
~175 ~173 -177 177 -177 -168
—104, ~107, ~108, 145, ~100, ~112,
78, 180, 180, 59, 177, 179,
Vals ~178, ~178, ~178, 176, 180, -179,
179, 180, 180, 180, 178, 179,
-63, —64, —66, 143, -62, —69,
~178 ~174 ~173 175 180 ~174
—99, —99, ~100, —94, —94, 93,
179, 179, 179, -179, 179, 180,
Val6 ~178, ~177, ~177, -179, ~179, -177,
178, 178, 178, 178, 178, 178,
-63, -63, —64, 94, -57, -63,
-179 -177 -176 ~175 78 175
87, 88, 89, 72, -83, 87,
Gly7 86, 86, 86, 60, -75, -84,
180 180 180 -179 180 -179

Ilpumeuanue: JIByrpaHHble yIiibl IPUBEACHBI B CASAYIOLEM HOPSAKE O, A1, Y2, X3, Vs O

MIPUHUMATh OIPEIEJICHHBIE MTOJIOKEHHSI B IPOCTPAHCTBE, BBHITOJHBIC [UIS CBA3BIBAHHS C O-pELENTOPaMH. Y CTAHOBIICHO,
yTt0o B ouimune oT Phe3 ammHOKMCIOTHEIA ocTtaTok Tyrl B Bakyyme Oojee AMHAMHYHBIN, HO TIPH MEPEXOe B BOIHOE
OKpYXXEHHE NTPOHCXOANT 00JIee MHTEHCHBHAS CTAOMIN3aLNs SHEPTHU ¥ YMEHBIICHHE aMIIUTY bl aTOMHBIX (DIIyKTyarmi.
MO>HO IPUITH K BBIBOJY, YTO aTOMbI B OOKOBOM LI€IIM THUPO3HHA, CBSI3aBIINCH C ONIPEEICHHBIM YHCIIOM MOJIEKYJI BOJBL,
OTPaHWYMBAIOT MOIBWXHOCTh JAHHOTO OCTaTKa M B IIEJIOM BCEH MOJIEKYJIbl. MOXHO TPEIMOJIOKHUTh, YTO MPHU
MHrHOMpoBaHuK (epMEHTOB O0KOBas uenb Tyrl, 0CBOOOXKAASCH OT MOJIEKYJ BOJbI, YYAaCTBYET B MEKMOJEKYIISPHBIX
KOHTaKTax B POJHM CyOcTpara. DTO MPEAINOJIOKEHHE MOATBEepKIaeTCs paboToit [2], B KOTOPOH Mpeamnonaraercs, 4Yro
THJPOKCUIIbHAS TPYIIa JAaHHOTO OCTaTKa MOXKET y4acTBOBaTh B POJIM JOHOpPA WM aKLenTopa npu (popMUpOBaHHU
BOJIOPOZHOM CBSI3U C MEHEE KHCIBIMU THAPOKCHIIBHBIMU TpyHIiaMu perenropa. OTMeTHM, 4TO OOKOBBIE 1IETTH OCTATKOB
Val5 u Val6 nposiBuiu onpeesieHHy 0 JMHaAMUYHOCTh B TIPOLIECCE CUMYJIMPOBAHUS MOJIEKYJIIPHON TMHAMUKH, KOTOPast
I03BOJISIET, TTO-BUIMMOMY, y4acTBOBaTh MM B PEIENTOPHON HM30MPATENbHOCTH MOJIEKYJ JenbTop(hUHOB. Bo3morkHas
Tororpaduyeckasl poib yKa3aHHBIX THAPO(MOOHBIX ocTaTKOB C-KOHIIEBOTO agpecHOTO IOMEHa, 3aKIIF0YAomasics B
CXO0XHX KOH(POPMAMOHHBIX d(h(hekTax nx OOKOBBIX Llemeid, 00CcyxkmaeTcs B padote [15].

Ha mocnemHem »stame wMccrnenoBaHHS —ONTHUMAajibHBIE KOH(OpPMAlMKM NEIbTOPGUHOB OBUIM  yTOYHEHBI
kBaHTOBOXMMHUueckuM merogqoM CNDO npu nomomu makera mnporpamm HyperChem. Ha ocHoBe 3HaueHuit
3¢ }eKTUBHBIX 3apsAA0B HA aTOMax, AUIOJBHBIX MOMEHTOB, aHAJIHM3a KapTHHBI PACIPEAENICHUS 3IEKTPOCTaTHIECKOTO
MOTEHLIMANIA, SHEPTETUIECKUX TapaMETPOB, XapaKTEPU3YIOLINX 3JIEKTPOHHYIO CTPYKTYPY, ObUTH M3y4eHBI JIEKTPOHHO-
KOH(OPMAIIMOHHBIC CBOMCTBA MOJICKYJIbI. BBISBICHO, YTO ONTHUMAJILHBIM KOH(POPMALHUAM JCILTOPPHHOB IMPHUCYIIE
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Tabanua 3. DHeprus BHYTPH- M MEXKOCTATOYHBIX B3aUMOJEHCTBUI (B KKaJ/MOJb) B ONTHMAJBbHBIX
KOH(popManusax aeasropduna I

AMHHOR. | 0| pAja) | Phe3 | Aspd | Vals | Vale | Gly7 Ne
0CTATOK KOH(.
1,7 33 27 38 0,2 0,1 0,1 1

1,5 3,0 32 2,7 -0,1 0,2 0,2 2

Tyrl 1.4 -1,9 1,1 5.6 2,0 0,2 0,2 3
13 2,3 2,3 47 0,2 0,1 0,1 4

1,6 33 1,8 3,7 0,1 0,0 0,0 5

12 0,6 1.4 1,2 1,3 0,2 1

1,0 2,1 0,3 0,0 0,2 -0,1 2

DAla2 1,5 2,1 -0,5 0,0 0,0 0,0 3
1,6 -1,0 0,2 0,0 0,0 0,0 4

12 -0,1 22 0,2 0,0 0,0 5

0,0 1,7 1.2 0,8 0,8 1

0,1 2,0 1,8 2,3 2,3 2

Phe3 -0,1 0,5 0,5 0,0 0,0 3
0,3 1,9 2,0 22 22 4

0,2 2,6 0,6 0,0 0,0 5

2.8 1.8 0,8 22 1

23 1,3 0,4 0.2 2

Aspd 2,5 2,5 1,6 1,3 3
23 1,2 0,5 0,2 4

35 1,8 -0,6 2,6 5

0.8 23 1,0 1

0,0 2,0 0,4 2

Vals 0,4 2,5 0,4 3
0,4 2,0 0,5 4

0.4 2,7 0,6 5

0,7 1,0 1

0,4 1,3 2

Val6 0,4 12 3
0,4 1,3 4

0,4 1,1 5

0,8 1

0,8 2

Gly7 0,8 3
0,8 4

0,8 5

Ipumeuanue: Homepa 1-5 0003HAYAIOT, COOTBETCTBEHHO, KOH(popMmanuu ¢ Eom = 0,0 xxan/monb, 1,2 KKai/Mob,
2,0 KKaJI/MOJb, 2,9 KKain/MoJIb, 2,9 KKajl/MOIb

crienuduyIecKoe pacrpe/esieHue JJIEKTPOHHOH IUIOTHOCTH, YTO OTpa)kaeTcs Ha 3HAYeHUsX S((GEKTHBHBIX 3apsaoB
aTOMOB (PYHKIMOHAJIBHBIX OCTAaTKOB. HabmromaroTcs pa3nuuusi B 3HAUEHMSAX 3apsJOB Ha aroMax OOKOBBIX Lerei
3apspKeHHBIX ocTaTKoB Asp u Glu, a Taxke KOHLEBBIX aTOMHBIX IPYIII, YTO AUKTYETCS CHEUM(HUKON MX B3aUMHOTO
pacIioyoXKeHHs B KaXKI0H MOJIEKYJIe. Y CTaHOBJICHO, YTO 3JIEKTPOHHAS CTPYKTypa ONTHMAIIBHBIX KOH(pOpMaIuii odenx
MOJIEKYJ T XapaKTepH3yeTcs B3HAYMTEIBHO MEHBIIMM JUIIONbHBIM MOMEHTOM B CPAaBHEHHMH C  OCTaJbHBIMH
HCCIICIOBAaHHBIMU CTPYKTYPaMH, YTO OOBSACHSAETCS PABHOMEPHOCTBIO PACIIPENCNICHNS] B HUX 3JIEKTPOHHOW IUIOTHOCTH,
OTPHULIATEIFHOTO U TOJIOKUTENBEHOTO 3apanoB. [1oxoxke, 4TO HaJW4ue OTPHLATENBHO 3apsHKEHHOW IPYIIBI aTOMOB B
MIOCIIEIOBATEIbHOCTH  IeNbTOPGUHOB HEOOXOAMMO IS SJIEKTPOCTATUYECKOTO MPUTSHKEHHS K  IOJOKHTEIBHO
3apsHOKEHHBIM CBSI3BIBAIOIIMM MECTaM 0-ONHMATHBIX perentopoB (Arg292) m 3JeKTPOCTAaTHYECKOTO OTTAIKHBAHHUS OT
OTPHULIATENBHO 3apsHKEHHBIX MECT L-PeLenTopa.

CpaBHeHreM KoH(opMmannoHHbIX mpoduiei mensroppuna I u nenpropduna II Obuia oleHeHa OMOAKTHUBHAS
KOH(OpMaysl JaHHBIX TIENTHJIOB, BBISIBIICHBI CTPYKTYPHBIE KPUTEPUH, HEOOXOJUMBIE IS X ONOIOTHYECKON aKTHBHOCTH.
Comnocrasnenye koH(popMaruii MoJIeKyJ1 ObLIO IIPOBEICHO Ha OCHOBE aHAJIM3a BEIMYHMH CPEAHEKBAAPATHYHBIX OTKJIOHSHUH
KOOpAWHAT aTOMOB U MEKAaTOMHBIX paCCTOﬂHHﬁ, BBIYUCJICHHBIX ITPH ONITUMAJIBHOM COBMELICHUN CPABHUBACMBIX CTPYKTYDP.
BusyasbHas npoBepka HaJIOKEHHBIX JPYT Ha Jpyra nap KoHdopMmauuii BeISBHIA, YTO KOH(GOPMALMU MOJIEKYJ CO Cpel-
HCKBaJIpaTUIHbIMH OTKIIOHCHUSMU HUKE 1A MOT'YT pacCMaTpUBaATLCA aHAJIOTUIHBIMU. CyHepI/IMHOSI/ILlI/IH MpearnoJiaracMbIx
OWOJIOTMYECKH AaKTUBHBIX KOH(OpMAalMii JaHHBIX NENTHUIOB II0Ka3aHa Ha HWKE PHCYHKE 3. YCTaHOBIEHO, YTO
OMOJIOTMYECKH aKTHBHBIE KOH(POPMAIMU AEIbTOP(GHUHOB XapaKTEPU3YIOTCS MOJIyCBEPHYTON (POPMOIi OCHOBHOM IIETIH: B
Hux C-koHIEBO# yuacTok Val-Val-Gly-NH, umeronuii BHITAHYTYI0 KOH(DOpMAaIHio, O61aronaps o0paTHOMY MOBOPOTY
Ha octaTke Val5 conmker B mpocTpancTBe ¢ N-KOHIIEBBIM criupanbHbM yaacTkoM Tyr-D-Ala-Phe-Asp/Glu, uro npunaer
9THUM MOJICKYJIaM KOMITaKTHOCTb.
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Tabanua 4. DHeprus BHYTPH- M MEXKOCTATOYHBIX B3aUMOJEHCTBUI (B KKaJ/MOJb) B ONTHMAJIbHBIX
KoH(popManusax aeasropduna Il

AMUHOR. | o 1| DAla) | Phe3 | Glud | Vals | Vale = Gly7 | Necond.
O0CTATOK

2,1 2.3 0,3 56 | <35 | 25 | 09 1

1,5 3,0 32 3,3 01 | -02 | -02 2

Tyrl 1.4 2,6 2,0 97 | -0,1 0,0 0,0 3

1,4 2,7 2,6 88 | -0,1 0,0 0,0 4

1,4 2.8 22 9,0 0,0 0,1 0,2 5

1.9 23 -1,0 5,5 22 | 19 | -10 6

1,6 2,1 0,4 0,1 0,7 | -09 1

1,0 2,1 0,5 0,0 0,0 -0,1 2

1,6 1,1 -0,7 0,0 0,0 -0,1 3

DAla2 1,4 40| 05 | 00 | 00 | 00 4

1,5 1,1 0,8 0,0 0,0 0,0 5

1,4 2,1 -0,5 0,0 0,0 -0,7 6

0,0 2,1 04 | 03 | -17 1

1,1 3,1 1,7 | 20 | 20 2

0,1 27 | -1 | -1l 1,6 3

Phe3 02 | 30 | -18 | -19 | 00 4

0,0 28 | -7 0,0 0,0 5

-0,1 23 0,3 0,0 22 6

45 09 | 05 | -03 1

45 21 | 05 | -02 2

43 21 | 05 | -02 3

Glu4 4.4 1,8 | -02 -0,1 4

4,7 16 | 05 | 23 5

43 0,9 04 | -18 6

0,4 24 | 05 1

0,4 2,6 | 05 2

0,4 24 | -04 3

Val5 1,5 2,3 32 4

0,4 29 | -06 5

0,4 27 | -08 6

0,4 1,3 1

0,4 1,3 2

0,4 1,3 3

Val6 0,7 -1,0 4

0,5 1,1 5

0,5 -0,9 6

-0,8 1

-0,8 2

-0,8 3

Gly7 -0,7 4

-0,8 5

-0,8 6

Ipumeuanue: HOMepa 1-6 0003HaUaIOT, COOTBETCTBeHHO, KOoH(opMmammu ¢ Eom = 0,0 xkan/momnp, 0,2 KKan/MoIb,
0,3 kkan/mounb, 1,1 kkan/monsb, 1,3 kkaia/Monb, 1 1,5 Kkai/MoJb

Ha ocHOBe mMoOJyueHHBIX pe3yJIbTATOB IIOCTpOeHa Mojelb (apmakodopa Uit CBA3bIBAHUS JIebTOP(PUHOB C
d-omuaTHBIMH perenTopamu (puc. 4.) Paccrosiaus mexay neHtpamu (papmakodOpHBEIX 00MacTel Ha NMPEACTaBICHHOM
pucynke mausl B A. Ilpennaraemas Mozeib ONpeseiseT HaluuMe OOMIMX CTPYKTYPHBIX YYacTKOB OHOMOINEKYI,
YYaCTBYIOUIMX BO B3aWMOAEHCTBUM C O-ONMATHBIMU pELENTOpaMHU M MOXET OBITh HCIIOJIb30BaHA [UIsl JU3aifHa
OIMMOUAHBIX INECIITUIOMUMETUKOB.

Takum 00pa3oM, MOXHO IPEAINOJOXKHUTh, YTO 33 AHAIBI€THYECKOE JEHCTBUE AeNbTOP(GHUHOB OTBETCTBEHHBI
CTEPUYCCKHU BEPOSATHBIC MPOCTPAHCTBEHHBIC CTPYKTYPhI UX N-KOHIIEBOTO (PH3UOTOTHICCKH AKTHBHOTO TETPAIICITHIHOTO
(parMeHTa, CTaOMIM3UPYIOIIUECS COJICBBIMA MOCTHKAMHM MEXIy INPOTOHHPOBAHHBEIM aTOMOM a30Ta U aTOMaMu
KHCIOpoAa OOKOBBIX IEMEeH OTPHIATENBHO 3apshKEHHBIX ocTaTkoB Asp/Glu, a cBs3pIBaHHE CO CHCIH(DUIIECKUMU
pelenTopamMu OCyIIECTBISIETC (POPMHUPOBAHUEM BOJIOPOJIHBIX CBSI3CH C y4acTHEM HOHH3HPYEMbIX (DYHKIHOHATBHBIX

TpyIIIL.
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Pucynok 3. CynepuMmosuius npeanoiaraeMplx OHOIOTHYeCKH aKTUBHBIX KoH(opMarwmii aensropduna I (kpacHsit
uBeT) u aensrophuna Il (cuHmii nBeT)

Pucynok 4. Mozaens dapmakodopa st CBS3bIBaHUS JeIBTOPHUHOB € S-perienTopamu

[Mosy4eHHbIe CTPYKTYPHBIE JaHHBIC HPEICTABISIFOT HHTEPEC Ui OOBSICHEHHST Ha aTOMHO-MOJICKYJIIPHOM YPOBHE
MeXaHu3Ma (U3UOJOTHYECKOTO JEHCTBHUS, IIEKAIler0o B OCHOBE aHaJbIeTHYECKOro 3¢ ¢eKTa OmMaTomogoOHBIX
MENTU/IOB, @ TAK)KE MOTYT OBITh UCIOJIb30BAHBI ITPH TPOSKTUPOBAHUH AHAJIOTOB, MPOSIBISIFOIMX YCTOWYMBBIN U CHIIbHBIN
aHambreTuaeckuil 3hdexr.
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ASSESSMENT OF BIOLOGICALLY ACTIVE CONFORMATIONS OF DELTORPHINS AND
CONSTRUCTION OF PHARMACOPHORE MODELS FOR THEIR INTERACTIONS WITH
6 - RECEPTORS
Akverdieva G.A.

Institute for Physical Problems, Baku State University
Z.Khalilov st.23, Baku, AZ-1148, Azerbaijan; e-mail: hagverdigulnara@gmail.com

Abstract. In the work the conformational-electronic aspects important for the functional activity of
deltorphin I and deltorphin II are investigated by the methods of molecular mechanics, molecular dynamics
and quantum chemistry using modern computer programs. It was established that the stability of the spatial
structure of deltorphins is determined by the mutual arrangement of the pharmacophore elements: a-amino
group, phenolic ring of Tyrl residue, aromatic ring of Phe3 residue, negatively charged Asp/Glu residue
groups and characterized by a specific distribution of electron density, which plays an important role in the
interaction with receptor. Based on the obtained results and data of structure-function relationships, the
biologically active conformations of deltorphins were assessed and a pharmacophore model was
constructed for their binding to - receptors. It is shown that the biologically active conformations of these
molecules are characterized by a semi-folded form of the main chain: in them the C-terminal fragment Val-
Val-Gly-NH2, which has an elongated conformation, due to reverse turn on the Val5 residue in space is
close to the N-terminal helical fragment Tyr-D -Ala-Phe-Asp/Glu, that makes these molecules compact. It
can be assumed that for the analgesic action of deltorphins the sterically probable spatial structures of their
N-terminal physiologically active tetrapeptide fragment which are stabilized by salt bridges between the
protonated nitrogen atom and the oxygen atoms of the side chains of negatively charged Asp/Glu residues
are responsible, while binding to the receptors is formed by the formation of hydrogen bonds with involving
ionizable functional groups.

Key words: deltorphins, biologically active conformation, pharmacophore model, computer modelling
methods.
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ACCOIUAIIMS PUBO®JIABUHA U HATPUEBOI'O D®UPA CAJIUIIATIOBON
KHUCJIOTBI B BOJHOM PACTBOPE
Bapanosckuii C.®., Yepubimes /I.H., fApomenko H.C., Kykienko C.A.

CeBacTOIOIBCKHUI TOCYTapCTBEHHBIN YHHBEPCUTET
yn. Ynusepcumemckas, 33, 2. Cesacmonons, 299053, P®; e-mail: sfbar@yandex.ru
ITocrynuna B penaxmuro: 11.07.2019

AHHOTAUMS. DKCIICPUMEHTAIbHBIC PE3yJIbTAThl MCCICIOBAHUS ACCOIMALMU MOJICKYJ puOodIiaBuHa |
CaIMIIMIIaTa HATPHS B BOJHOM pacTBOpPE METOJOM CHEKTPO(POTOMETPUU MPOAHATH3UPOBAHBI C
MPUMEHEHHUEM JUMEPHON MOJeNi. BBIMOTHEHO pa3iosKeHHe SKCIIEPUMEHTAIBHOTO CIICKTPa MOTJIONICHHS
CMECH TeTEePOIUKIMYSCKUX MOJIEKYJ Ha WHAWBHIYAIbHbIE KOMIIOHEHTBI C HCIOJIb30BAHHEM METO]a
peryispusaiun. [lonyueHa konn4ecTBeHHass HHOOPMALUSI O CTPYKTYPE MOJICKYISPHBIX KOMIUIEKCOB 110
JIAHHBIM OT/ICNIbHBIX KOMIIOHEHTOB CIIEKTPA: PACCTOSIHUSI M YIJIbI MEXIy TOYCYHBIMH JHUIIOJbHBIMU
MOMEHTaMH TIEPEX00B MOJIEKYJL.

Kniouesvie cnosa: cnexmpogomomepust, noenowenue, pubo@drasun, CAluyuiam HAmpus, MOHOMED,
oumep, OUMEPHAsI MOOelb, KOHCMAHMbI ACCOYUayuU, OUNObHLIL MOMEHM nepexood, CMmpyKmypHsie
napamempboi.

H3yyeHne 3aKOHOMEPHOCTEH ITPOIIECCOB AacCOLMALMM TeTEPOLMKINYECKUX MOJIEKYJ] B BOJHOM DacTBOpE,
CTPYKTYPHBIX 0COO€HHOCTEH MOJIEKYJISIPHBIX KOMIUIEKCOB BaXKHO JJIsl TOHUMAaHHsI B3aUMO/ICHCTBUSI TOZOOHBIX MOJIEKYJI
KaKk MeXIy coboil, Takx u ¢ Ouomomumepamu. PuGodnasun (PPH) — BurammH pocra — o0namaer pa3IMYHBIMU
O6uonornyeckumu nieiictBusMu [1], oOHapyxkeHo mporekropHoe neiictBue POPH mo orHomenwto k JHK [2, 3],
BBIpaKAIONIEECs] B 3HAUYUTEIHHOM YMEHBIICHHH CBA3BIBAHHS apOMATHUECKHX MYTarcHOB C HYKJIEWHOBOW KHCIIOTOH B
npucyrctBuu BuTamuHa. Cammmmnat Hatpus (HAC) — HaTpueBBld 3QUp CaIMIMIOBOW KHCIOTHI — COACPKUT B
OEH30JIbHOM s1/1pe KapOOKCHIIAaHWOH M THAPOKCHIIBHYIO IPYIINY, YTO JEJaeT ero XopoIo pacTBopuMbIM B Boge. HAC mo
(apmakonoruueckoMy JAEHCTBUIO OJNM30K K aleTWICAIMIMIOBONH KuciaoTe (acmupuny). CamuuuiaThl IIETOYHBIX
METAJUIOB HapsAy C Je4eOHBIMH OONagaroT THAPOTPOIHBIMH CBOWCTBAMH [4], 94TO MPOSBIAETCS B UX CIIOCOOHOCTH
YBEJIMYMBATh PACTBOPUMOCTH TEPANEBTUYECKHUX CpeAcTB [5, 6], B Tom umcine POH [7]. K mexanm3mam, jiexamum B
OCHOBE MX THIIPOTPOIHOrO AEHCTBUS, OTHOCSTCS Cre(pHUIecKoe B3auMOJIEHCTBHE C PACTBOPUTENIEM, COMOACCOLUALIUS
THPOTPOITHOTO areHTa U KOMIUIEKCOOOpa30BaHHE MEX/y MOJIEKYJIaMU THIPOTPOIHBIX U JIEKAPCTBEHHBIX CpencTB [§].

B nannoii pabote nzyuena acconuarust pudboduasuna 1 HAC naubosee 4yBCTBUTEIBHBIM METOIOM HUCCIIEOBAHMS
HEKOBAJIECHTHOTO CBS3BIBAHUS MOJIEKYJ — 3JIEKTPOHHOW CIIEKTPOCKOIIHEH, MO3BOJISIOIICH KOJIMYECTBEHHO OLIEHHUTH
napameTpsl oOpasyronuxcs acconuatoB [9, 10]. Ilpum uHTepnperanyn 3KCIIEPUMEHTAIBHBIX JAHHBIX HMCIOJIb30BaHA
JVMEpHas MOZETb, B KOTOPOW paccMaTpHBAIOTCA pEaKIWH JUMEPU3alMU Ui CaMOAacCOlMalMyd M 00pa3oBaHMS
KoMILIeKkcoB 1:1 npu rerepoacconaliii MOJIEKYI.

Hol == OH
HC == OH

HC— OH

HC — OH

|

CH,
HyC | COONA
S

\/ f/N /N\ﬁ

— o N H
H3C/ N/W
o

Pubodnapun Canuuuiar HATPHsI
METOJAUKA DKCIIEPUMEHTA

DJIEKTPOHHBIE CHEKTPHI IMOIJIOLIEHHUs] PACTBOPOB 3aperucTpupoBaHbl Ha crekTpodoromerpe CD-46 B BUAMMON
obmactu. POH ¢upmsr Serva Feinbiochemica GmbH (Heidelberg, Germany) m HAC ¢upmer Sigma (USA)
HCIIOJIb30BAIHCH 0€3 TOTIOJIHUTENBHON OUYMCTKH. B CBsI3M ¢ 4yBCTBHTENBLHOCTHIO K CBETOBOMY BO3/ICHCTBHIO (K TOIyOOMY
YUYacTKy CIIEKTpa) B3BEIINBaHUE IIPENApaTOB U IIPUTOTOBIEHHE X PACTBOPOB IPOBOMIINCH B 3aTEMHEHHOM TIOMELIEHHH.
PacTBOpel TOTOBMINMCH Ha OCHOBE OHIMCTHJUIMPOBAHHOM BOJABI HEMOCPEACTBEHHO TEpe] H3MEPEHUSIMH.
Ocymecteisuiochk tutpoBanne POH (0,1 M Na-docdartreiii Oydep, pH 6,86) camummnarom HaTpus B IUAIa30HE
konnenTpamuit 2:10% - 2:107" M. Konuentparms P®H B cMemaHHBbIX pacTBOpax IMOIEPKHBAIACH TTOCTOSHHON
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(10* M = const). M3mMepenuss TpOBOAMIMCH B KBApUEBBIX KIOBETAX C UIMHON onrmdeckoro mytd 1,02 cM mpu
temneparype T = (298 £ 0,25) K.

PE3YJIBTATBI U UX OBCY/KJIEHUE

Ha pucynke 1 mpezacraBiieHbl SKCIIEpUMEHTaIbHBIE CIIEKTPBI BOAHBIX pacTBopoB POH ¢ paznuyneiM conepxanueM
HAC. Kax Buano, TuTpoBanne POH canumuiaTom HaTpus NPUBOJUT K THHOXPOMHOMY 3(QQeKTy u 0aTOXpOMHOMY
C/IBUTY TIOJIOCHI TOTJIONIEHHS OTHOCUTEIBHO MakCMMyMa MoOHOMepHo# monocsl POH (446 HM) ¢ oIHOBpeMEHHBIM
MTOSIBIIEHIEM N300€CTHYECKIX TOUeK Ha JuinHaX BoiH 405 1 470 HM. DTH U3MEHEHHUS B CIIEKTPAX MOTJIOMICHUS (IaBUHA,
a TaKKe HAMMYIHEe N300eCTHUECKUX TOUEK CBUACTENBCTBYIOT O IPUCYTCTBHHU CIICIIM(PUIECKIX B3aUMOIeHCTBIH [9] Mex Ty
monexynamu POH u HAC u dopMupoBaHnr B BOJHOM pacTBOPE T€TEPOKOMITIIEKCOB B3aUMOJICHCTBYIOIINX MOJIEKYI.

JlnHamMHu4IecKoe pPaBHOBECHE B PACTBOPE MOJAEINPOBATIOCH CXEMOH:

P+P«Xe sp [ 4L B 51 Pl «XsPL,, (1

rae Kop u Ky u K — paBHOBeCHble KOHCTaHTHI auMepuszauuu moiekynl POH um HAC u ux rerepoaccouumanuu
COOTBETCTBEHHO; Pi, P, L u L, — moHoMepsl u guMmepsl Mmonekyn POH u HAC; LiP; — rerepokoMIUIEKC.
OKCHeprUMEeHTAIBFHO HA0II01aeMOoe MOTJIOIEHHE HCCIIEAYEMBIX PACTBOPOB OIMCHIBAETCS BEIPAKCHHUEM:

A= A1+ A, @)

rae A1 u A, — ONTHYECKUE TUIOTHOCTH CBOOOMHBIX U CcBsi3aHHBIX MoJieKysl POH u HAC mipu TosuHe MOMIOMAOIIEro
cios uccnenyembix pactopos 1 cm [10, 11]:

A =¢l[P1+ 265K [PT +€4[L ]+ 265K, [L,F +e,K[P][L)]. )

P _L

P L o i
3aech €ms €4 €89 — KO3 PHUIUEHTH MOJISPHOTO TOTJIOUICHUS JIMTAaHI0B P ¥ L B MOHOMEPHOH M JUMEPHOMH

(opmax COOTBETCTBEHHO; &) — KOI(QDUIIMEHT SKCTUHKIIMHU reTepokoMILIekca; [P;] u [L;] — KOHIEHTpalud MOHOMEPOB

P®H u HAC.

Acconuanus ucciIeIyeMbIX MOJIEKYJ CYIIECTBEHHO BIHIECT HA HHTCHCUBHOCTE U MOJIOXKEHHE ITOJIOC UX CIIEKTPOB
TIOTJIOIICHUS: OHU 3aBHCAT OT B3aMMHOTO PACIIONOKEHUS MOHOMEPOB B TUMEPHBIX KOMITIEKCAX, IIOATOMY M3 CIIEKTPOB
TTOTJIOMICHUS aCCOIIMATOB MOYKHO MOIYYUTh HHPOPMAITHIO O CTPYKTYpE AUMEPOB. J{JIsI OIIEHKH CTPYKTYPHBIX IIApaMeTPOB
MOJIEKYJIIPHBIX KOMIUIEKCOB HMCIOJIB30BAHBI MX CIIEKTPHI, BBIICICHHBIE U3 3KCIIEPUMEHTAIBHBIX CIEKTPOB (puc. 1), B
CoCTaBe IIATH KOMIIOHEHTOB (OBYX MOHOMEPHBIX U TpeX [AWMEpHBIX). VIHIUBUAyadbHBIE COCTABIISIOIINE

P _L P _L .
(€mi»€mi»€di»€di»Ex; ) TOMYUEHBI IPU COBMECTHOH 00pabOTKe IKCIIEPUMEHTATBHEIX JaHHBIX (puc. 1) ¢ MCmomb30Ba-

HUEM paBHOBECHBIX KOHCTaHT K, Kgp, Kq [9]. TloMCK CIeKTpaJIbHBIX COCTABISAIOMINAX, MPUHAICKANNH K KIACCy
OOpaTHBIX 3a7a4, OCYIIECTBIICH MyTeM MUHUMHU3ANN (YHKIIMOHAA!

0.6 7

02

0 T T T T T T T T T T T T T T T

390 430 470 510 A, =Hu
Pucynok 1. ChexTpbl MOTIOIEHHS BOIHBIX pacTBopoB pubognasuna ([POH] = 10* M = const), cogepxamux
pasinuHbIEe KOHIEHTpauy canumuiara marpus: 0 (1), 2:107% (2), 1,5-107 (3), 1,25:1072 (4), 3-1072 (5), 5-1072 (6),
1071 (7)
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I n
S =2 2 (A =4’ “)

j=1 i=1

5
rne A ji — OKCIICPHUMEHTAJIbHBIC ONTHYECKHE IIOTHOCTH PACTBOPOB, H3MEPEHHBIC C IOTPEIIHOCTEIO 0; Aji — pacueTHble

OIITHYECKNE IUIOTHOCTH PAacTBOPOB; j — HOMEp CHeKTpa (KOHIEHTpAalWu); i — HOMEpP ONTHYECKOW IUIOTHOCTH,
cooTBeTcTBYyIoMEeH A; . Konnenrpanuu [P;] u [L;] ontpenensiinu U3 ypaBHeHUH MaTtepruasibHoOro Oananca [10].

ITpu BBINOJHEHNM BBIYUCIUTENBHON IPOLEAYpPhl OOPaOOTKH AKCIEPUMEHTAIBHBIX CIEKTPOB 3ajada IOHCKa
WHMBHYaJIbHBIX COCTABISIFOLIMX (MJIM MUHUMH3ALMK QyHKIMOHAaNA (4)) 3aMeHs1ach HECKOJIBKUMH 3a/jauaMy MEHbIIEH
pasmepHoctd. CrieKTpasibHbIE XapaKTEPUCTHKU PacTBOpPA, COMIACHO MX (HU3MYECKOMY CMBICIY, OOBEAMHEHBI B TpHU

IPYINIbI, COJAEpKallke OAMHAKOBOE KOJMYECTBO mHapameTpoB. OJHOH rpynmoil napamerpoB &, ; OMCBIBAETCA

. P L .
TIOIJIOLIEHHE MOJIEKYl B aCCOLMMPOBAHHON (hopme, ocTanbHbIMK (€ ; U €,,; ) — NOIJIOIIEHUE MONEKY B CBOOOAHOM

¢dopme. MuHnMm3aiust (DyHKIMOHATIA BBINOJIHEHA BapbHPOBAHMEM CIEKTPAJIbHBIX MapaMETPOB KaXIOW TPyNIBl B
OTAEIBHOCTH BHYTPU (PM3MYECKU IOIyCTUMOW 00JIACTH MX M3MEHEHUs NpH (UKCHPOBAHHBIX MapaMeTpax OCTabHBIX

P L
TpymIL. Ha maganpHOM 3Tane MUHHIMHU3AIIHHI rmapamMeTpam gm' u gmi TIPUCBANBAINCH YMCIIOBBIC 3HAYCHU S, ITIOTTYYCHHBIC

1
paHee npu u3ydeHuu camoaccounanuu Mosexys POH n HAC [9]. ITapameTpsl & ,; BBIYMCIIEHBI ITyTEM HX BApbUPOBaHMs

JI0 TeX TOp, MMOKa OHHW HE CTaOMIM3UPOBAINCH NMPH HEKOTOPOM MHHHUMAJIBFHOM 3HaueHUH cyMMbl (4). Ha ciemyrommix
JTarnax MUHMMHM3ALUHUHA BapbUPYIOTCS APYTHUE CIIEKTPAIbHBIE XapaKTEPUCTUKH, a IBE OCTABIIHMECS IPYMIIBbI TapaMETPOB
¢ukcupytorcs. C ydeToM TMOJIOXKEHHUsI ONTUMyMa CyMMbl (4) B MHOIOMEPHOM IIPOCTPAaHCTBE CIEKTpalbHbIE

XapaKTEPUCTUKH &,;, OOOOIIEHHO OTpaXKAIOLIME ACCOLMALMIO MOJIEKYJ, TPEACTABIAIOTCA TPEMsS TIPyNnamu

. P L .
napamMeTpoB: &;;, €4; U €4; , OMUCHIBAIOLIMMH IIOTJIONICHUE MOJIEKYJI B COCTaBE AUMEPOB: P1L1, Pru Ly. Ilpu 3amene

HCXOJHOM 33a[jauy TISTHIO MO3aJa4aMH CyMMa KBaIPaTOB HEBS30K (4) MOTIOIHAETCS PETYILIPU3UPYIOMIAM WICHOM [ 12]:

[ n
S:ZZ(AjSi_Aji)2+reg(8§98298fa)a (5)

j=1 i=lI

rae o — KOB(I)(I)I/IIII/IGHT perynﬂpI/ISaHI/II/I. PeryJ‘IHpI/ISI/IpyIOHII/Iﬁ YJICH, COCTOHH_H/Iﬁ nu3 TpeX cJ1aracMabIX
P P P\ PPy PP 2 PP 2
1eg(€y,6,,,6 ) = 0((€,, = Epaae)” + (64 —Eaass)” + (6 —Erans)” s (6)

P _P _P
COJEPKUT KOI(D(MULIMEHT PEryNapU3alMy O, U YUCIOBbIE 3HAYECHUS MapaMeTpoB €., €4, € , MoNydYeHHbIe paHee [9]

P P P
Ha JUIMHE BONHBI 446 HM (€446 » €4446> Exaae)- PETYIApU3UpPYIONIEE 3BeHO AenaeT pyHKuuoHaN (7) Goee BEITYKIbIM,
MMO3BOJISIONIAM ~ TOYHEE OIpPEIeNUTh KOMIIOHEHTHI crekTpa moriomeHus cmecu PO®H wu HAC. Bribop
PEryJISIPU3UPYIOILETO PELICHHsT OCYNIECTBISIETCS IPU YCIIOBHH, YTO HEBSI3KH HE MPEBBILIAIOT 33J[aHHYI0 BEJTMYUHY O 1

reg(e, €. ,6,0) = min. 7

TakuMm 00pa3oM, Mbl IPUXOAUM K 33j[a4e 0 MUHUMH3AMK (yHKIMOHANA (5), periaeMoi Mpy KaKI0M 3Haue-HUH
Ko3(pdunreHTa Ol U COrJIaCOBAHHUH €T0 C MOTPEIIHOCTHI0 U3MEPEHHH J IO CYMME KBAJIPAaTOB HEBS30K

i i(Aﬁ —A;)* <nls” . ®)

j=1 =l

OT0 3HAuUT, 4TO Nepedupas pasynuHble 3HaYeHHs KoddduimenTa perynspusanuyd O, HEOOXOAUMO CIIEIUThH 3a
6 P L P _L
I0JTy4aeMBIMH HEBA3KAMHU U BHIOMPATh Takue perieHust (€, € mi»>Eqi>Eqi» Ek; ), KOTOPBIE YIOBICTBOPSAIOT KPUTEPUIM

(7) u (8), mpu 5TOM 3HAaUEeHHE O > 0, KaK PaBUIIO, YMEHBIIACTCS BIDIOTH 0 BIonHeHu ycioBwus (8). [Ipomnemypa moncka
Ol M MHIMBHIYAJIBHBIX COCTABIISIFOLIMX OCTaHABIIMBAETCS, KOT/1A BIIEPBBIE BHITIOJIHAETCSI HEPABEHCTBO (8), TOCKOIBKY HET
OCHOBaHMH MUHMMH3UPOBATH OTKJIOHEHUS OT JaHHBIX M3MEPEHHH 3a MpeJieJlaMi YPOBHS OIINOKH.

3ajaHHass TOYHOCTH PEUIEHUs JIOCTHTaeTcsi B XOJE IOCIEOBATEIHLHOTO YTOUHSIOMIETO IMTOHUCKA CIIEKTPAIBHBIX
XapaKTEePUCTHUK, COCTOSIIECTO U3 PEIICHUs IITH M0A3a1a4 MUHUMHU3auuy GpyHkauonana (5). I[lony4eHHOMY MUHUMYMY
(yHKLIMOHANIa COOTBETCTBYET HA0OP CIIEKTPAIbHBIX (MHIMBUIYAIBHBIX) COCTABISIOMINX KCIEPUMEHTAIBHOTO CIIEKTpa
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L L
(puc. 2). Ha pucynke 2 coctapusiomue €, U €4; HE IIPEICTABICHBI, TaK KaK B HCCIEAYEMOM JHANIA30HE JUIMH BOJIH

YHCJIOBBIC 3HAYCHUS MOJIAPHBIX KOSq)q)I/IHI/ICHTOB TIOTJIOIICHUA HAC B CBO6OHHOM U JUMEPHOM COCTOAHUAX Ha TpHU-

P

YeThIpe NopsigKa MEeHbIIC € m; » TO €CTh OLICHKA IIPOCTPAHCTBCHHBIX IapaMETPOB MOJICKYJIIPHBIX KOMILICKCOB IIPOBEICHA

P P
110 JaHHBIM Smi’ SkiI/I Sdi' W3 comocraBienus OKCIIEPUMEHTAJIBHBIX W PAaCYETHBIX HAHHBIX CJICAYET, YTO IIpU

Pa3HOPOJHOM AacCOMAlM MPOMUCXOJIUT CABHT TMoJochkl mnoriomennss POH. MakcumyM crekTpa NOTJIOMIEHHS
pubodaaBruHa, BXOAAIIETO B COCTaB reTepOKOMILIEKca, 1o/ BiustHueM HAC cMmelieH 0THOCHTEIBHO MOJIOCH! CBOOOTHBIX
monexyn POH (446 HM) B IIMHHOBOJHOBYIO CTOPOHY Ha 7 HM (KpuBas 2). IHTEHCHBHOCTD M PACIIONIOKEHHE IMOJIOC
TIOTJIOIIEeHUsT cBOOOHBIX Mouyiekysl POH U B cocraBe pasHOPOAHOTO IHMMepa CBUACTENBCTBYIOT O CTONKOOOpa3HOM
pacnonoxenun POH u HAC B coctase rerepokominiekca [13].

B TodYeYHO-TUMONPHOM NPUOMIDKEHUH IOJIOKeHHe monockl mornomenns POH (A = 453 BM) B cocraBe
TeTepOKOMILIEKCa MOYKHO TIPEACTaBUTh B BUae [13-15]:

_ 1 n ZX?RDH }\'HAC“?RDH l~l2HACG2 )
Mo O\‘f{AC - }\’IZ’CDH )hzc2 ’

> | —

IZie WpoH U HUHAC JUIIOJIbHBIE MOMEHTHI Iepexo0B MoHOoMepoB Monekyll POH n HAC na ajauHax BONH Apon M AHAc,
COOTBETCTBYIOIMX MaKCHUMyMaM IOTJIONICHHS MOJIEKYJl B CBOOOHOM COCTOSTHHH; C - CKOPOCTb CBETA; /i — OCTOSIHHAS
[Tnanka; G — reomerpudeckuil (HakTop, 3aBUCIIIUN OT B3aUMHOIO PACIIOJOKEHHS TUIOIBHBIX MOMEHTOB MEPEX0I0B
Pa3HOPOIHBIX MOHOMEDPOB B COCTABE TeTepOKOMILIEKCa: G = (cos @ -3¢0s Opar coS Orac )4 m6eR?, @ — yron Mexmy muro-
JIBHBIMU MOMeHTaMu nepexozoB Mosiekys1 POH u HAC B cocTtaBe retepokomIniekca; R — pacCTOSIHHE MEXKTy TOUEYHBIMU

JUIONBLHBIME MOMEHTAMH Hepexo0B Mojekyl POH u HAC, Opgp, Op4c — yrisl Mexay BextopoM R | coeaussiomum
UpoH M HUHAC, M BEKTOPAaMH STHX AMIOJIBHBIX MOMEHTOB, €, € — DJIEKTPUUYECKas IOCTOSHHAS U JUAJIEKTPUYECKas
MIPOHUIAEMOCTH CPEbI.

WHTeHCHBHOCTE TOJNOCH moriomatonmx Modekyn POH (f) B cocraBe reTepoKOMIDIEKCa MOXKHO OIMHUCATh
BeIpakeHueM [13-15]:

€, M lar!
2000 4
G000

4000 A

2000

0 ; : =
390 430 470 510 A, mu

Pucynoxk 2. Ote/bHbIE KOMIIOHEHTHI CIIEKTPA MOTIOMIEHHS. CMECH pUOO(IABMHA U CAIMIMIATA HATPUS B BOIHOM
pactope ([Po] = 104 M; [Lo] = 1,245-10°2 M): 1- monomepsl POH; 2 — pasnopommbie mumeps POH + HAC;
3 — onHopoansle numepst POH + POH

S :l+i_)"12)cpﬁ}”HAchiAcG

2 2
f POH he }\‘HAC - )\‘PCDH

-COSQ (10)

re f ¥ fpop— CHIIa OCHIJLIATOPA JICKTPOHHOTO epexoia Mojiekysl POH Ha minHe BoHBI MakcuMyMa noriomeHus POH
B COCTaBe reTePOKOMINIEKCA U Ha JJIMHE BOJHBI A poH .

[To maHHBIM MMOJIOKEHHSI U HMHTEHCUBHOCTH T0JIOC MOTJIOIIEHHs MOJIeKyJ1 cBoboqHoro PH®, a Takxke u B coctaBe
rerepokominiekca (puc. 2) (dopmynst (9) u (10)) MOKHO OLIEHUTH CTPYKTYPHBIE ITapaMeTPhl Pa3HOPOHOTO acCOLHaTa,
yuutbiBast [9, 13], uto npu dopmupoBannu rerepokomiuiekca PH® — HAC umeer MecTo CTIKMHT-B3aHMMOJIEHCTBHE
JIMTaHJ0B C 00pa30BaHUEM CTPYKTYPBI COHABHYEBOTO THMA. OLIEHOUHBIE CTPYKTYpPHBIE ITapaMeTpPhl TeTePOKOMILIEKCa:

Opon = Opac =12, p~35°, R~2,8 A.
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W3 naHHBIX MpencTaBIEHHBIX HA PUCYHKE 2 (COCTABISMIOMIMX SKCIEPUMEHTAIBHOTO CIIEKTPa) BHIHO, YTO CIEKTP
numepoB POH copep kUt aBe Monockl MOriIoUIeH s pa3HO HHTEHCUBHOCTHU Ha JUIMHAX BOJIH Z’N =423 u ﬂp =463 uMm,

CMEIEeHHbIE 0aTOXPOMHO M THIICOXPOMHO OTHOCHTENHHO MakcuMyMa moriomenus Monomepos POH. Cormacho [16],
HOJIOXKEHHE NoJIoC (pHUC. 2, KpuBast 3) 3aBUCUT OT PACCTOSIHUS MEXK/Ly MOHOMEPaMH, 00pa3yrOLMU AUMED, K OPUEHTALIUT
UX JUITOJIbBHBIX MOMEHTOB MEPEXOI0B!:

hc
he + (ﬁp@HlﬁPoDHz )Ré -3(ﬁP¢H]R12)(ﬁP<bH2R12)Ri;
Moo dre,e

Do = (11)

[lepBrril wieH B 3HaMeHaTesIe — YHEPTUs BO30YKICHHOTO COCTOSHUS CBOOOAHOTO MOHOMepa PDH, BTOpoiil — sHEpTHA

BSaHMOﬂeﬂCTBHﬂ MCXKIY MOJICKYJIaMU JUMEpPA, PAaCIlOJIOKEHHBIMU Ha PACCTOAHUU R12 1 UMCIOIIUMU JUITIOJIBbHBIC MOM-

CHTBI IEPEXOJI0B Upgy; U Upgp, 5 R12 — BEKTOD, HalIIPaBJICHHBIA OT aunojis MoHomepa POH; k qunomnro MoHoMepa

PO®H ,. [Ipnbnm3utensHO 0JMHAKOBAss HHTEHCUBHOCTH I0JI0C (puc. 2, KpuBas 3), onpeaenseMsix nepexogamu ‘Y — Py
u Y — Wp, no3BossET NpeanoNoXKUTh [16], 4TO MOHOMEPHI , B OCHOBHOM, JIEXKAT B OJTHOM IMJIOCKOCTH, IIPU ITOM YTOJI

MeXJTy BEKTOpaMH i pou; ¥ ﬁP@Hz paccunTanHbli o Gopmyte [16-18]:

o = 2arctg (12)

raeép, &y, ) P> 0 N — K03 HUIIHERTEI 9KCTUHKIIME MAKCUMYMOB 110710C P 1 N, 1 UX HOTyHIHPHHA, OIIH30K K 90°.

Hcnonp3ys MOJNIOKEHUE U MHTEHCUBHOCTH 1MOJIOC P 1 N, MOKHO OIICHUTh PACCTOSIHHE MEXITY TOYCYHBIMHU JTUIIO-
JIbHBIMH MOMEHTaMH MEePEX00B OJTHOPOAHBIX MOHOMEPOB B TUMEPHBIX KoMiuiekcax POH [19]:

3 9esz<I>H }\’PCDH)\‘NXP

R ~ 3 2
8n’g,eme AL

; (13)

rne AA = A, — Ay ; e, m — 3apsin u Macca 91eKTpoHa.
Pacuernble 3HaueHus napameTpoB o U R 17151 oqHOpoiHBIX AuMepoB POH npu naHHBIX yCIOBUSIX SKCIIEPUMEHTA U

CTPYKTYPHBIX 0COOEHHOCTSIX COCTABISAIOT MpuOmu3uTensHo 90° u 8,7 A.
3AKIIOYEHHUE

IIpu coBMecTHOW 00pabOTKE IKCIEPUMEHTANBHBIX CIEKTPOB MOTJIOIICHHSI CMECU TeTePOLUKIHYSCKIX MOJICKYIT
METOJIOM PEryJsipU3ali MPOBEIEHO PA3I0KEHHE HKCIEPUMEHTAJIbHOIO CHEKTpa Ha OTAeNIbHble KOMIIOHEHTHI. Ilo
JMAHHBIM WHIUBUIYAIBHBIX COCTABIMIOMMX crekTpa U dopmyn (9)-(13) monydeHBI CTPYKTypHBIE MapaMeTPhI
OIHOPOIHBIX W Pa3HOPOAHBIX IWMEPOB, B 3HAYHTENHHOW CTEIICHH 3aBHCAIMIAE OT CTPYKTYPHBIX OCOOCHHOCTEH
XpoMO(GOpPOB  aCCOIUPYIOIIUX MOJEKYJI H WX MOWIONBHBIX MOMEHTOB IIEPEXOAOB. AHANMA3 acCCOIUAINU
TETePOIUKINICCKIX MOJIEKYJ BaXKeH [UIA BBUICHCHHS CHKBEHC-CIICIIM(PUIHOTO B3aWMOICHCTBHS JUTAHAOB C
O6uonoarMepaMu. MOXKHO MPEIIOI0KHUTh, YTO OCHOBHOM BKIJIAJ B CTAOMIM3AalMIO T€TEPOKOMITIEKCa BHOCHT CTIKHHT-
B3aUMOJICHCTBHE MOJIEKYJI, OJHOBPEMEHHO SIBIISIFOLIIEECs] BAXKHBIM (hakTopoM ruapoTporHoro aeiicteus HAC na POH B
BOJHOM PacTBOpeE.
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ASSOCIATION OF RIBOFLAVINE AND SALICYLIC ACID SODIUM ETHER IN AN AQUEOUS
SOLUTION
Baranovskiy S.F., Chernyshev D.N., Yaroshenko N.S., Kuklenko S.A.
Sevastopol State University
Universitetskaya St., 33, Sevastopol, 299053, Russia

Abstract. Results of spectrophotometric research of the association of riboflavine and sodium salicylate
molecules in aqueous solution are presented. Experimental data was analyzed using a dimer model of
association of molecules. The experimental spectrum of absorption of a mixture of heterocyclic molecules
was decomposed into individual components by the means of the regularization method. The quantitative
information on structure of molecular complexes according to separate components of a range, specifically
distance and corners between electrical dipole moments of transitions of molecules is obtained.

Key words: spectrophotometry, absorption, riboflavine, sodium salicylate, monomer, dimer, dimer model,
association constant, transition dipole moment, structural parameters.
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CPABHUTEJBHBII AHAJIN3 NPOCTPAHCTBEHHOM U DJIEKTPOHHOI
CTPYKTYPBI TPHIIENTUIHBIX UHTUBUTOPOB AHTMOTEH3UH-
MPEBPAIIAIOIIETO ®EPMEHTA (ATI®)

AraeBa I'.A.!, Araesa V.T.!, I'omskaes H.M.!?
! BakMHCKMit rOCY/IaPCTBEHHBIH YHUBEPCHTET
ya. 3. Xanunoea, 23, 2. Baky, AZ-1148, Azepbaiioscan
2 BaKUHCKUH HHKEHEPHBINA YHUBEPCUTET
Cymeaumckoe wocce, 16 km, 2. Baky, AZ-0101, A3epbauoscan, e-mail: gulshen@mail.ru
IToctynuna B pegakuuto: 15.07.2019

AHHOTanusl. MeTtonaMu MOJIEKYJSIPHOH MEXaHMKH M KBAaHTOBO-XMMUYECKHX pAacyeTOB HCCIEJOBAaHO
MIPOCTPAHCTBEHHOE U 3JIEKTPOHHOE CTPOEHHE aHTUruInepTeH3uBHbIX Tpunentunos LPP, IPP, VPP, LKP,
LQP u LRP. OTu aHTUrHNEepTEeH3UBHbIE TPUIIENTHUIBl AECUCTBYIOT KaK HHTHOMTOpPHl AHTHOTEH3UH-
npespaiatomero gepmenra (AIID). Pacuer HCXOAHBIX CTPYKTYpHBIX BAPUAHTOB MOJIEKYJ TPUIIEITHIOB,
COCTaBJICHHBIX Ha OCHOBE CTaOMJIBHBIX KOH(OPMEPOB COOTBETCTBYIOIIMX MOHOIENITHIOB, BBISBHII
OTpaHWYCHHBIII HA0Op PHEPreTHYECKH NPEANOYTUTEIbHBIX KOH(POPMAIMOHHBIX COCTOSHHH MOJIEKYJ B
OINpEJICTICHHOM MHTEpBajJie »JHEpruu. B pe3ynprare pacderoB OBUIM  ONpPEAETCHBl  BEIHMYHHBI
SHEPreTHYECKUX  BKJIAJOB  BHYTPHUMOJIEKYJSIDHBIX ~ B3aUMOJCHCTBUH B HHM3KOJHEPreTUYECKUX
KOH()OPMALIMOHHBIX COCTOSHUSX MOJIeKy1. KoH(OpMaIoHHBII aHaIN3 TPUIENTHAOB ITO3BOJIMII BEISIBUTH
NPUPOY CHJI, CTAOWIM3UPYIOUIMX SHEPTETHYECKH HPEANOYTUTEIBHBIX MPOCTPAHCTBEHHBIX CTPYKTYP
MoseKys. Ha OCHOBE MONydeHHBIX PE3yNbTaTOB OBUIM OIPENENIECHBl SHEPIeTHUECKHE U JJIEKTPOHHBIC
XapaKTEPUCTHKH ONTHMANBHBIX IPOCTPAHCTBEHHBIX CTPYKTYP MOJIEKYJ TPUIENTHUAOB. B pesynbraTe
UCCIEOBaHNs ObUTM TaKXKe OIpPEAETICHbl HHEPreTHUECKH IPEANOYTUTENbHBIE OO0JIACTH BEIUYUH
JIBYyTPaHHBIX YIVIOB , BEJIMYUHBl SHEPreTUYECKUX BKJIAJOB MEKOCTATOYHBIX B3aUMOJEUCTBUN U
BOJIOPOJHBIX CBSi3eH, a TaKkKe B3aUMHOE PACIOJIOXKEHHE OCTaTKOB M HX OOKOBBIX Ilemel B
HHU3KOPHEPreTHYeCKNX KOH(pOpMalMsAX TpUnenTuaoB. Ha oCHOBe NOJyYyeHHBIX MNapamMeTpoB ObUIH
MOCTPOEHBI MOJICKYJISIPHBIE MOJIENTM HanboJjiee CTAOMIBHBIX KOH(GOPMAIMH TPUIENTHAHBIX HHTHOUTOPOB,
COIIOCTABJICHUE KOTOPBIX JaeT BO3MOXHOCTb BBIICJIUTH CTPYKTYPHBIE KPHUTEPHH, HEOOXOIMMBIE IS
CO37aHMsl JIEKAPCTBEHHBIX [IPENApaTOB IPUTOJHBIX I KIMHUYECKOIO UCIIOIb30BaHU.

Knrwouegvle cnosa: anmucunepmensusHvle NENMuUObl, AHUOMEHIUH-NPEBPAWAIOWUT  (hepMenm,
UHSUOUMOPYbL, KOHPOPMAYUS, MEMOO MONEKYAAPHOU MEXAHUKU, KBAHMOBO-XUMULECKUL MEMOO.

Kak m3BectHO, aHrHOTeH3MH-TIpeBpamaomuil pepmert (AIID) urpaeT OCHOBOIMOJIATAIONIYIO POJIb B CHCTEMax
KPOBSIHOTO JiaBiieHusl. DTOT (epMEHT NpeoOpa3oBbIBaeT aHrHOTeH3uH | B anruoreHsuH II, kotopslii criocoOcTByeT
pasButuio rurepronnd [1]. dapmaneBTHUECKHE JIEKApCTBA 3a4acTyI0 NPHUBOIAT K HEXKEIATEIbHBIM IOOOYHBIM
a¢pdexram. Heobxoaumo paspabarbiBaTh HOBbIE, 3PEKTUBHBIE U OE30IIacCHbIC IPUPOIHBIE 3aMEHbI, YTOObI YMEHbIIATh
NIPUMEHEHHE XMMHYECKHX JIeKapCcTB. B Hacrosmeidl pabore MeTosaMu MOJICKYJISIPHOM MEXaHHKH M KBaHTOBO-
XMMHYECKHX PacyeTOB MCCIICTOBAHO ITPOCTPAHCTBEHHOE U AJICKTPOHHOE CTPOEHUE aHTHIHIIEPTEH3UBHBIX TPUIIENTHIOB
LPP, IPP, VPP, LKP, LQP u LRP, BeineneHHbIE 13 TPOIYKTOB MUTAHUSA [2-4]. DTH aHTUTHIIEPTEH3UBHBIC TPUIICITHIHI
JIEHCTBYIOT KaK MHTHOMTOPHI aHTHOTeH3UH-peBpamatomero Gepmenta (AIID). Tpunentumasr Ile-Pro-Pro (IPP), Val-
Pro-Pro (VPP) u Leu-Pro-Pro (LPP) Ha3pIBaIOT IaKTOTPHUIIENITHIAMHE IIOCKOJIBKY OHH BHIPAOATHIBAIOTCS MIPOOHMOTHKAMHA
Lactobacillus helveticus wnm SBISIOTCS NPOAYKTAMH paclaga Ka3ewHa. PgaoM HMccienoBaHWN IMMOKa3aHO, YTO OHHU
obnamaroT aHTUrUnepTeH3uBHBIM dddexTom [5-8]. Mcmonp3yroT WX I TMONYYCHHS TMPOAYKTa, CHUKAIOIIETO
apTepuanbHyI0 JKECTKOCTh, M IS MOJIYYCHUS MPOAYKTa, YIYYLIAIOIIETO 3JIACTHYHOCTh KPOBEHOCHBIX COCYIOB.
JlakroTpunenTuasl 00Naal0T TaKKe CIIOCOOHOCTSMHU K CBSI3BIBAHHMIO ONMOUAHOTO PELENTopa M aHTUMHKPOOHBIMU
cBoicTBamu. 151 yIydIIeHHs 3JaCTHYHOCTH apTePHAIBHBIX COCY/I0B MHIMBUAYYMY BBOJST IPOJYKT, BKIto4atoui Ile-
Pro-Pro, Val-Pro-Pro w/wnmn Leu-Pro-Pro, s npumeHeHusi yka3aHHBIX OHOJIOTHYECKM aKTHUBHBIX MENTHJIOB.
HccrnenoBano Takke, YTO YKa3aHHBIC MENTHIBI CIIOCOOHBI HOPMAH30BaTh SHAOTEIHATbHBIC (YHKIMH, YIydllas
JIACTUYHOCTh KPOBEHOCHBIX COCYJIOB M IIPOTHBOAEHCTBOBATH KECTKOCTH apTepuid [8]. DHpoTennansHas AUCHYHKIMS
UrpaeT 3HAUYUTENIBHYIO POJIb B ONIPEIEIICHUH )KECTKOCTH MITH 3JIaCTHYHOCTH KPOBEHOCHBIX COCY/IOB, YTO, B CBOIO O4EPEb,
BEChMa BA)KHO TP MHOTHX TSDKENBIX 3a00JIeBaHHAX, HAIPUMEpP, UIIEMHYECKO OOJEe3HH cepAla, apTepHOCKIepo3e,
CTEHOKapIUH, TPOMOO3e KOPOHAPHBIX apTEePHi U XPOHUYECKOM 3a0ojeBaHUM Jerkux. ClieoBaTeabHO, CIIOCOOHOCTD
MTOBBIMIATE 3JACTUYHOCTH KPOBEHOCHBIX COCYIIOB SIBISETCS OCOOCHHO Ba)KHBIM CBOMCTBOM aHTHTHIIEPTCH3HBHBIX
TPHUIIENITHIIOB.

Tpunentun LRP (Leu-Arg-Pro) ¢ norenimansaoit AII® MHrHOUTOPHON aKTUBHOCTBIO OBLT BBIZICNIEH U3 OEIKOBOM
MOJIEKYJIbI ObIubero JjakTodeppuHa. Pe3ynbraThl OHOJIOIMYECKMX HCCIICAOBAHMI IOKa3aaw, 4ro LRP, momumo
AQHTUTUIIEPTEH3UBHOTO JICHCTBHSA, 00J1a1aeT IPOTHBOOKUCIUTEIFHON U IPOTHBOBOCIAIUTENLHOM akTHBHOCTHIO [7]. LKP
(Leu-Lys-Pro), Beinenennbiid u3 Oenka suuHoro Oenka oBoTpaHc(eppuHa, Takxke sBisercs uHruouropom AIlD [2, 8].
IIpumenenue LKP B ieueHnr TUNEPTOHUU CHUXKAJIO CPEHEE KPOBSIHOE aBiieHue Ha ~ 19 u ~ 30 MM PT.CT. U UBMEHEHUE
apTepHaIBHOTO JIABJICHHS COIIPOBOXKAATIOCH COXPaHEHHEM Ba30pelaKCalliy, 3aBUCSILEH OT OKCHIA a30Ta, U CHU)KEHHEM
ypoBHeil anruorensusa Il B rurasme. buonHpopMaMoHHbIN aHAIM3 TOCIEI0BATENLHOCTEH OENKOB XJIEOHBIX 371aKOB
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OOHApPYXXMJI TakXke TpUIenTHx ¢ u3BecTHOH AII® wuurnburopuoit aktuBHocThi0 LQP (Leu-Gln-Pro) [7, 8].
HNHrnburopHas akTHBHOCTh STHUX MENTHIOB OOYCIOBIMBAECTCS HU3KOW MOJEKYJSIPHOM Macco W aMHHOKHCIOTHOM
HOCJIE/IOBATENILHOCTEIO.  bonbimuHCcTBO — menTuaHbix  mHruoutopoB AIlD conmepxar B C-KOHLEBOW  yacTu
HIOCJIE/IOBATENILHOCTH OCTaToK mposnHa. [Tockomnbky ocymiecTBiieHHe U 3()(EeKTHBHOCTh OMOIOTHYECKOTO JAEHCTBUS
MOJIEKYJIbl MEeNTHAA, TaK WM HWHaue, CBA3AHBI C €ro CTPYKTYpHOH KOMIUIEMEHTApHOCTBIO C B3aWMOJIEHCTBYIOIIUMHI
MOJIEKYJIaMH, TO JUISl BBIICHEHHSI MeXaHH3Ma (DyHKIMOHAJIBHOTO NEHCTBHS MENTHIHONW MOJIEKYJIbl HEOOXOANMO 3HaHHE
MIPOCTPAHCTBEHHOT'O CTPOEHMSI M KOH(POPMAIMOHHBIX 0COOCHHOCTEH nenTuaa. B cBOIO o4epens MpOCTpaHCTBEHHOE U
JJIEKTPOHHOE CTPOCHUE MOJIEKYJbl TAKXKe TECHO B3aUMOCBSI3aHBL: INPU HM3MEHEHUM IIOJNOXKEHUS sApa MeHsSeTcs
JIEKTPOHHOE CTPOCHHE. 3aMEIIeHHE OJHHWX AaTOMHBIX TPYNI Ha JPyrHe MEHsET 3JEKTPOHHOE paclpencieHHe U
TE€OMETPUYECKHE IIapaMeTphl, B Pe3yJIbTaTeé MEHSETCS XapakTep B3aWMOACHCTBUS M (PyHKIMOHAIBHBIE CBOMCTBA
MoJeKyJbl. DIIyKTyaluy OTAEIbHBIX aTOMHBIX IPYNII B Ipefenax MEeNTHIHONW MOJIEKYJbl B 3aBHCUMOCTH OT 3apsija,
IEKTPOCTATUYECKOTO MOJISI MM KOH(DOPMALMOHHOTO M3MEHEHHUS UTPAIOT BaXKHYIO POJIb B ONPENEIICHUN CTPYKTYPHI U
CBSI3BIBAIOIMX CBOMCTB MOJIEKYJbl. OJEKTPOHHAs CTPYKTypa TENTUAHOW MOJIEKYJBl SIBIISIETCS KIIFOYOM ISt
MPOAYKTUBHOTO MENTHA-PELENTOPHOTO B3aUMOIEHICTBHUS.

B nanHO# pabote pacueT cTaOMIBbHBIX KOH(OPMAIHiA MENTHIOB TPOBOAMIICS C IIOMOILBIO IIPOIPaMMBbl U CHCTEMBI
NOTEHIMAJIBHBIX (DYHKLUI, paHee ONHMCaHHBIX W NMPUMEHEHHBIX B pabote [9]. [Ipu obcyxaeHnn pe3yabTaToB pacyera
OblTa MCIOJB30BaHA NPHHATAsA Kiaccudukamys nenthaHbX cTpyKTyp [9]. KondopmammoHHOe cocTosHHE KaXKI0ro
OCTaTKa OTPEAENIAIOCh 3HAUYEHHUAMHU JIBYTPAHHBIX YIJIOB (), \y M ® OCHOBHOMW MU W %', GOKOBBIX Ienel. BreneHo
noHsTre (OopMBI OCTAaTKa, KOTOpOe XapakTepuszyet ooaacts (R,B,L unu P) 3HaueHuii yriioB @ 1 \y. YTIIBI @ U Y OCHOBHOM
end B KOH(POPMAIHUAX HAXOAATCA M3 HU3KODHEpPreTUYecKuX obnacTeil crepuueckoit kapTel: R (¢ ,y = -180°+ 0°),
B(@=-180°+ 0%y= 0°+ 1807, L(¢,y=0° =+ 180% u P(p=0° + 180°, y=-180°+ 0°). BEIGOp CTPyKTYpHBIX BAPUAHTOB IIPH
pacuere KOH(DOPMALHMIA OTJEIBHBIX TPUIETITHIOB OCYIECTBIISUICS HA OCHOBE U3BECTHBIX 3HAYEHH JIBYIPaHHBIX YIJIOB
(p ¥ ) COOTBETCTBYIOLIMX HU3KOIHEPreTHYECKUM 00jacTsM KoHpopMannoHHOH kapTel R,B m L s kaxmoro
MOHOIENTHAA, a JJIi MOHOIENTHIA MPOJMHA KoH(popMalmu BeiOMpanuch u3 nByX B u R oOmacreit [9]. Orcuer
JIBTPaHHBIX YIJIOB BPAILEHHUs @, \J , U 7' IIPOBEJIEH COTNIacHo obenpuuaToii Homenknatype [IUPAC-IUB [10]. Pacuer
CTaOMJIBHBIX KOH(OPMAIMK NENTHIOB TPOBOAMICS ¢ OMOIIBI0 nporpamMsl [11]. ITonck MUHUMYMOB IOTEHIMAIBEHON
SHEPrUU OCYLIECTBISUICS METOAOM COINPSDKEHHBIX I'paAueHTOB [11]. DnexkTpoHHOE CTpOEHHE MOJEKYJ TPUIENTUAOB
H3y4anoch ¢ HIOMOUIBIO MOJyIMIUPUYIECKOTO METOa KBAaHTOBOM xuMHuu AM 1, NO3BONSIOMEr0 KOJIUYECTBEHHO OLIEHUTh
CYMMAapHO€ BIIMSIHHE CTPYKTYPHBIX M3MEHEHHH Ha paclpelelIeHue 3IEKTPOHHOW MIOTHOCTH MOJEKYJBI B LEIOM U B
0001 ee yacT. PacdeTsl 3JIeKTPOHHOM CTPYKTYpPBI IPOBOAMWINCH C UCTIOIB30BAHHEM KOMIUIEKCA CEPBUCHBIX IPOTpPaMM
HyperChem v. 8.0, mo3BOJISIOMIET0 MPOBOANTE KBAHTOBO-XHMHUYECKHE PAaCcUIeTHI MOJIEKYT MeTooM AM1.

OmnpeneneHne IPOCTPAHCTBEHHOTO CTPOCHHS TUIIOTEH3UBHBIX TpHUIlenTHAHBIX Mojiekyn LPP, IPP, VPP, LKP, LQP
u LRP mpoBogmiock myTeM MHUHHMH3AIUHN MOTEHIMAIBHON SHEPTHH BBHIOPAHHBIX KOH()OPMAIIMOHHBIX COCTOSHHA,
HCXOJSl U3 OCOOEHHOCTEH, COCTABISIOIINX UX AMUHOKUCIIOTHBIX OCTaTKOB. [Ipn cocTaBieHNM CTPYKTYpPHBIX BApHAHTOB
TPUIETITHIOB OPUEHTAIIMU OOKOBBIX LIETNeH 0CTaTKOB OPaJIMCh C Y4ETOM BO3MOIKHBIX MEKOCTATOYHBIX B3aUMO/ICHCTBUM,
00pa3yeMbIX JJaHHBIMU OCTaTKaMu B KOH(OPMAaIMOHHBIX cocTosiHusX. B Tpunentunax LPP, IPP u VPP umerorcs nsa
CONPSDKEHHBIX OCTATKOB MPOJIMHA, KOTOPbIE ONPaHUYHMBAIOT KOH(POPMAIMOHHBIE BO3MOXXHOCTH MPEABIIYIINX OCTATKOB.
OcraTku TposiMHA, Kak u3BecTHO [12], oOmamaioT KOHGOPMAIMOHHBIM CBOeoOpa3ueM, Oyaronapsi ILHMKIMYECKOMY
CTPOSHHIO OCHOBHOH 11enn. OCTAaTKH MPOJIMHA OTPAaHUYUBAIOT KOH()OPMAIMOHHBIE BO3MOXKHOCTH ITPEABIIYIIEro OCTATKa,
JUIsl KOTOPOTO pealtn3yeTcst TONbKO B popma ocHoBHOI nenu. [ToaToMy Ju1st paccMaTpuBaeMbIX TPUIIETITHIOB CTEPHUYECKU
JOITyCTAM TOJIBKO OIMH CTPYKTYPHBIA THI: ee M omHa (¢opma ocHoBHoU mern BBB. Ilentumer LKP, LQP u LRP
COJEPKAT OJUH OCTATOK MPOJIHMHA U ITO3TOMY JUISl HUX CTEPUYECKHU JOIYCTHMO J1BA CTPYKTYpPHBIX THUIA Ul NENTUIHOTO
OCTOBa — ee W fe.

B pesynprare MHHUMH3ALUM  SHEPTUH  COCTABJICHHBIX CTPYKTYPHBIX BAapHaHTOB ObUIM  HaWAEHBI
HU3KOPHepreTuieckue koHpopmaiuu tpunentuanbix monexyn LPP, IPP, VPP, LKP, LQP u LRP. Jns kaxmnoi u3
paccuMTaHHBIX KOH(OPMALM TPUIENTHUIOB OIpeNesieHbl BKJIAIbl BCEX BHIOB OJHEPTUil BHYTPUMOJIEKYISPHBIX
B3auMo/ieiicTBuid. B Tabiuie 1 mpuBeneHbl SHEPreTHYecKUe napaMmeTpbl Hanboliee CTaOMIIBHBIX KOH(opMauuil s
Kakgoro u3 tpunentuaoB. Kak cieayer u3 Tadmuubl 1 sHepreTndecku Haubosiee MpeArnoYTUTEIbHBIMU IS KaXKIO0T0
TPUNENTHIA OKa3aJuCh KOH(POPMAIMM OJHOIO CTPYKTypHOro tuma c ¢opmoii ocHoBHOM wnenn BBB. Bcee
HU3KOIHEPreTHYeCKue KOH(POpMAalMU TPHUIENTHAOB (GOopMHUPYIOT Oera-u3rud MEeNTHIHOTO OCTOBA MOJIEKYJBL. OTH
KoH(oOpManMy OTIMYAIOTCS B OCHOBHOM JHEPreTHYECKHMM BKJIAJIOM 3JIEKTPOCTATHMYECKUX W JIUCIIEPCHOHHBIX
B3aUMOAEHCTBUH, T.€. B KOHEYHOM CYETE, IUIOTHOCTHIO YNMAKOBKH NMenTHAHON mernd. Camble HM3KO’HEPreTHUECKHE
KoH(poOpManuy TPUMIENTHIOB OTJIHYAIOTCA CTPYKTYPHOH OCOOEHHOCTBIO M OpHEHTalued OOKOBOH LEmH BTOPOTO
AMHHOKHCJIOTHOTO ocTaTka. CTPYKTYpHBIH aHaJIU3 TPHIENTHIOB IO3BOJSET CHAENaTh 3aKJIIOYeHHe, 4To Oyaromaps
HAJIMYHIO ABYX COMPSKEHHBIX OCTATKOB MpoirHa MoJeKysl Tpunentiaos LPP, IPP u VPP obnanatot cymecTBeHHON
KOH(OpMaMOHHOH OTpaHNYCHHOCTHIO. barogaps Hammuuio u3ruba NenTUAHON I , MOTy4YEHHYIO IBYMS OCTaTKaMU
npoJinHa, cradbuibHble KoHGopmanuu TpunientunoB LPP, IPP u VPP xapakrepusyercs oOpazoBanueM 3 GeKTUBHbBIX JH-
U TPUIENTUIHBIX MEXOCTAaTOYHbIX B3aumonencTsuil. it tpunentuna LPP caMoil HU3KO3HEpreTuuecKor okasanach
B2;BB kondpopmanus. B mpeamoyTturenpHOW KOH(GOpPMAIMKM 3TOTO TPHUIENTHAA BCE OCTAaTKH BOBJICUYCHBI B
s¢¢exTuBHble B3auMonehcTBui. CaMoil HHM3KODHEPreTHUeCKOM cTpykTypoi tpunentuna IPP sBusercs Bi,BB
KoHpopManusl.
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Tabéauua 1. DHEpreTHyecKue napaMeTpsl BHYTPUMOJIEKYIIIPHBIX B3aNMOICHCTBUN B IPEAIIOYTHTEIBHBIX
koHpopmanusix monexys [IPP, VPP, LPP, LKP, LRP u LQP

Ng HeHTHH KOH(bopMaHH;I 3HepFeTI/I‘leCKPI€ BKJIaJpbl, KKaJ’I/MOJ’II)

1. PP B,BB 2,9 42 1,7 5.4 0
2. VPP B,BB -1,3 2.8 1,0 3,1 0
3 LPP B, BB -4.7 3,6 1,4 6,9 0
1. LKP B1,B;B -11,5 1,1 3,8 8,8 0
2. LRP B1B;B -10,7 3,5 3,7 -10,6 0
3. LQP B.:B1,B -10,3 1,6 1,6 -10,3 0

Ota KoH(pOpMaNKs TPEBOCXOINUT CIEAYIOMIYIO 10 cTabmibHOCTH KoH(popMarmio B,,BB mumis Ha 0,5 kKan/Mois.
DHepreTUdecKu MPEeINOYTHTEEHOW CTPYKTYpoit A Tpunentuaa VPP okazamacs kordopmarms BoBB. K Tomy xe Bce
HU3KOYHEepreTrndeckue KoHpopMarwu (GopMHUPYIOT U3rHd menTuaHoro octoBa. OOpa3oBaHHE CHCTEMBI AMCIIEPCHOHHBIX
1 3JIEKTPOCTATHYECKUX B3aUMOACHCTBUI MEXY IIENTHAHBIMU 3BEHBbSIMH LIEIIN NMPHUIAET U3THOHON CTPYKType 0COOYyI0
MIPOYHOCTb. MOJIEKYJIApPHBIE MOAEIN 3HEPreTHUECKH MPEANOYTUTEIBHBIX KOHPOpMANuu MOJIEKyn Tpunentuaos LPP,
IPP u VPP, moctpoeHHBIE Ha OCHOBE PACCUMTAHHBIX BEIMYHH JBYTPAHHBIX YTJIOB, MPEICTABICHBI Ha PHUCYHKE 1.
HHSKO:)HCpFeTH'-ICCKI/Ie KOH(i)OpMaIJ,I/ll/I TpUNCHOTUAOB OTIUYAOTCA B OCHOBHOM 3Hepme171 JUCHEPCUOHHBIX U
3JIEKTPOCTATUYECKUX B3aUMOZICHCTBUI, T.€. B KOHEYHOM CUETE, IUNIOTHOCTBIO YIIAKOBKU IENTUAHOM nenu. IIpaktuyecku
caMble HU3KOPHEPreTH4ecKre KOH(OpManuy TPHIENTUIOB OTIMYAIOTCS APYr OT Apyra IojokeHHeM N-KOHILIEBOTro
ocratka. Pacuer koHpOpManuii aHTUTUIIEPTEH3UBHBIX TPUIETITHIOB MO3BOJISIET C/AENATh 3aKIIOUCHHE, YTO MOJICKYJIbI
00J1a/1a10T CyIIECTBEHHOW KOH()OPMALMOHHOM OrpaHMYeHHOCTHI0. B Tabnuiie 2 npencTaBieHsl BEIMUUHbI IBYTPAaHHBIX
yriaoB (Tpax) aMHHOKHCIOTHBIX octaTkoB Mmoinekyn IPP, VPP, LPP, LKP, LQP u LRP B HU3KO’HEpreTHYECKIX
koH(popmanusax, Ha pucynke 2 npuBeneHbl MOJICKYIISIPHBIE MOJENIN YHEPIETHUECKH NPEAIIOUTHTENFHON KOH(pOpMAIN
monekyn TpunentunoB LKP, LQP u LRP.

Tabéauua 2. BennauHbI ABYTPaHHBIX YIIIOB (TPajx) aMHHOKUCIOTHBIX ocTaTkoB mMonekyn [PP, VPP, LPP,
LKP, LRP u LQP. Huskosueprermyeckux koHpopmamusix I — By BB (Eow = 0 kkam/mois),
II — B, BB (Eowu = 0 kxkan/mons) , III — By BB (Eow = 0 kkaw/moins), IV — By BxB-
(Eom = 0 kxkan/monn), V — B21B23B- (Eom = 0 kxas/moiin), VI — B2 B312B- (Eom = 0 kKaJ1/MOJIB)

Kondop- OcHoBHas Lienb bokoBas nenb
Ilentun

Manus Q \ ol wu X2 X3 X4 xS
IPP I -80 150 186 59 188 170 185 -
VPP I -66 117 181 180 185 177 - -
LPP I -76 98 173 174 58 178 174 -
LKP v -60 146 177 181 70 179 176 -
LRP \% -70 141 178 178 70 180 178 -
LQP v -71 114 182 175 60 179 175 -
IPP I -60 163 177 - - - - -
VPP I -60 160 178 - - - - -
LPP I -60 162 177 - - - - -
LKP v -121 92 164 187 -63 189 179 178
LRP v -120 92 167 188 -80 190 180 -
LQP v -105 149 176 -68 69 -112 - -
IPP I -60 140 180 - - - - -
VPP I -60 139 180 - - - - -
LPP I -60 142 180 - - - - -
LKP v -60 83 180 - - - - -
LRP \% -60 167 180 - - - - -
LQP v -60 149 176 - - - - -
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Pucynok 1. MonexyisipHble MOAETN 3HEPreTUYECKH Haubojee MPEANOYTUTENbHBIX MPOCTPAHCTBEHHBIX CTPYKTYD
tpunentuaHbix uHrHOuTopoB AIID: LPP (Leu-Pro-Pro); IPP (Ile-Pro-Pro); VPP (Val-Pro-Pro) coorBercrBeHHoO.
[HupHoit nuHMEN yKa3aH NENTUAHbBIN OCTOB MOJIEKYJT

Pucynok 2. MonekyisipHbIe MOJENHN SHEPreTHYeCKH Hanboiee IPeaIIOYTUTENbHBIX TPOCTPAHCTBEHHBIX CTPYKTYpP
tpunentuaHbix nHruouTopoB AII®: LRP (Leu-Arg-Pro); LKP (Leu-Lys-Pro); LQP (Leu-Gln-Pro) coorBeTcTBeHHO.
upHoit MuHKEH yKa3aH NeNTUAHBINA OCTOB MOJICKYJI

Tabauua 3. DIeKTpOHHBIE XapaKTEPUCTUKU B SHEPT€THUECKU MPEAIOYTUTEIFHON KOHPOPMAIIIH MOJIEKY T
IPP, VPP u LPP, LKP, LRP u LQP

& g .
= % DHeprus =g DHeprus CyMMaprlfl
Ilonnas = 2 S L . JTUTIOIbHBIN
IlenTupn o3 H30JIMPOBAHHBIX = B3aUMOJEHCTBUS
SHEPrus = B ATOMOB N aep MOMEHT
o & = (Debay)
IPP -99555,7 -4720,3 -94,835.,4 -786398,1 686842.4 39
VPP -95998,4 -4474.8 -91523,7 -724156,6 628158,1 3,7
LPP -99515,5 -4680,1 -94835.4 -795246,6 695731,0 4,7
LKP -109194,9 -5328,8 -103866,1 -908392,7 799197.8 12,0
LRP -118774,1 -5572,5 -113201,6 -998493,7 879719,7 20,2
LQP -112108,9 -5053,5 -107055,5 -886981,4 7748724 4.6
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0)
PucyHok 3. PacmipesieneHus ONEKTPOHHOH IUIOTHOCTH B OHEPIETHYECKH HanOoiee  MPENTOYTHTENBHBIX
TIPOCTPAHCTBEHHBIX CTPYKTypax TpunentuaHbsix HHruoutopo AII®D: a) LPP (Leu-Pro-Pro); IPP (Ile-Pro-Pro); VPP
(Val-Pro-Pro), 6) LRP (Leu-Arg-Pro); LKP (Leu-Lys-Pro); LQP (Leu-Gln-Pro) coorBercTBeHHO

[Tpu pacuere 31€KTPOHHON CTPYKTYPhI MOJIEKYJI TPUIIENITHIOB CYMMAapPHBIN 3apsii CUCTEMBI OpaJicsi paBHBIM HYJIIO,
JUISL KQOKIOTO0 TPUIENTHIA YYUTHIBAJIOCH YUCIO DJIEKTPOHOB, KOJIMYECTBO 3aCEJICHHBIX YPOBHEHW M HMCXOIHOE YHUCIIO
opbutazneii. Ha pucynke 3 mpuBeieHbl pacnpeiesieHNs SIEKTPOHHON TUIOTHOCTH B SHEPTeTHUECKH MPEIIIOUTHTEIEHON
KoH(OpManny KaKA0ro0 U3 TPUIENTHIOB. PacyeThl 1MOKa3pIBalOT BHICOKYIO 3JIEKTPOHHYIO IFIOTHOCTH BOJIM3HM aTOMOB
KHCIJIOpO/ia KapOOHWIEHOH TPYIIITBI, PACIIONIOKEHHON B IENTUIHON LIETTH MEX Ty IByMs ocTaTkaMu Pro u camble Oosbive
OTpHUIATENbHBIE 3apsabl B TPUIENITHAAX CKOHIEHTPUPOBAHBI HA aTOMaxX KHCJIOpPOJa KapOOHWIBHOW TPYMIIEI M aTOMax
azora amuHOrpynnsl. Ilo Bcell BUAMMOCTH HaIW4YHME B TPUIENTHIAX BBICOKO3APSHKEHHBIX NMENTHUAHBIX TPYII MOXKET
WTpaTh CYUICCTBEHHYIO pOJb B WX PEAKIMOHHON CHOCOOHOCTH, T.e. OMONOTMYECKOH aKTUBHOCTH. B Tabmume 3
MIPUBE/ICHBI 3JIEKTPOHHBIE XaPAKTEPUCTUKU M BEIMYMHBI JUIIOIBHOTO MOMEHTA 3HEPreTHUYECKH MPEANOYTUTEIBHON
KOH(oOpManuy COOTBETCTBYIOUIEH MOJEKYJbl TPHUMNENTHAA. AHAIM3 3apsJOBBIX XapaKTEPUCTUK M 3JIEKTPOHHOU
IUIOTHOCTH HAa AaroMax HENTHIHBIX TPYNN MOJEKYJ TPHUIENTHAOB IIO3BOSIET CHENAaTh BBIBOJL, YTO OOJbIIEH
AJIEKTPOHOIOHOPHOM CIIOCOOHOCTBIO 00JIaIAF0T ATOMBI KUCIIOPO/1a KapOOHMIIBHOM IPYIIIBI 10 CPABHEHUIO C €€ IPYTUMHU
aTOMaMHM, T.€. HQJIUYUE BBICOKO3APSDKEHHBIX IENTUIHBIX IPYNIl HIPAET CYLIECTBEHHYIO pPOJb B PEaKLIMOHHOU
criocoOHocTH MoJiekybl. Ha prcynke 3 (a u 0) mpuBeeHb! paclpeesieHus] SJIEKTPOHHOM IUIOTHOCTH B SHEPTeTHYECKU
MIPEANOYTHTENFHON KOH(pOPMAIMK KaX0r0 M3 TPUIENTHIOB. B Hacrosmiee BpeMsi U3BECTHO, YTO €CIIM B MOJIEKYJIe
MENTH/Ia OTCYTCTBYIOT JpYrHe KOOPAWHALMOHHO-AKTHUBHBIE 3aMECTHTENH, TO B Ka4yeCTBE akIeNTopa IPOTOHA IpU
00pa3oBaHNM KOMIUIEKCOB BEICTyIaeT KapOOHWIBHBINA Kucimopond. Cesa3p C=0 menTHIHOW TPYIIBI SBISACTCS
3¢ (eKTUBHBIM aKIENITOPOM IIPOTOHOB, 00JIaJaeT BEICOKOH XUMHYECKONH aKTHBHOCTEIO M CIOCOOHOCTHIO K 00pa30BaHUIO
MEXMOJIEKYJIIPHBIX KOMIUIEKCOB. CpaBHEHHE PACCUMTAHHBIX BEJIMYHH JUITOJIBHBIX MOMEHTOB HCCIIETYyEMBIX MOJEKYIJI
LPP, IPP u VPP, cornmacHo Tabmuiisl 3, moka3sIBaeT, 4To O6osee BHICOKUM TUMOIBHBIM MOMEHTOM 00IagaeT MOJeKyia
tpunentua LPP, a mensiuee 3HaueHue y tpunentuga VPP, uTo BEpOsATHO CBA3aHO € pa3anuMsIMU IPUPOJHOTO CTPOEHUS
O6okoBo# 1ienn N-KoHIIeBOTO ocratka. Kak BuaHo m3 Tabmumbl 3 cpean TpunentugoB LKP, LQP u LRP BeicokumM
JMIIOJIbHBIM MOMEHTOM oOnanaer Moiyekynia tpunentuga LRP, Onarogaps UIMHHON MOJOXHTENBHO 3apsuKEHHON
OOKOBOIf IIeTIN OCTaTKa aprHHUHA.
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Takum 00pa3om, pe3ysibTaThl KOH(GOPMAIOHHOTO aHAINW3a aHTHTHIEPTeH3UBHBIX Tpunentuaos LPP, IPP, VPP,
LKP, LQP u LRP BbisiBWIM [UIi HUX OJUHAKOBYIO Pa3BEPHYTYIO (OPMY MENTHUAHOTO OCTOBA HU3KOIHEPrETHUECKUX
CTpyKTyp. Pacuer mokaszai, 4To JaHHBIE CTPYKTYPHO TOXOKHE TPHUIENTHIBI (GOPMHUPYIOT MPAKTUYECKH UIECHTUYHBIE
NPOCTPAHCTBEHHbIC KOH(OpPMAIMK, PA3IUYAONIMECS JIMIIb OpPHEHTAluell OOKOBBIX IIENEH OTIEIBHBIX OCTaTKOB.
[lony4eHHble BEJIMYMHBI OJHEPTETHMYECKUX M OJIEKTPOHHBIX I1apaMeTpoOB HauOosee CTaOMJIBHBIX KOH(pOpMaIHii
TPUNENTUIOB AAIOT MNPEACTABIEHUE O MNPEANOYTHUTEIBbHOM MPOCTPAHCTBEHHOW CTPYKType MOJeKyJ. B pe3ynbrate
pacdeToB OBUIM OINpPENEICHBl W COIMOCTABJICHBI BEJIMYMHBI JHEPIreTHYCCKUX BKJIA0B BHYTPUMOJICKYISIPHBIX
B3aMMOJICHCTBHI B HHU3KOIHEPIeTUYCCKUX KOH(POPMAIMOHHBIX COCTOSHHAX MOJIeKyl. [loydeHHbIE XapaKTepUCTHKH
MIPOCTPAHCTBEHHOU U AIIEKTPOHHOHN CTPYKTYPHI aHTUTUIIEPTEH3UBHBIX TPHUIICTITHIHBIX MOJIEKYJI MOTYT CIIOCOOCTBOBAThH
[IeJICHATIPABICHHOMY TIOMCKY d(()EeKTHBHBIX aHaJOrOB MOJEKYJd B KadecTBE JIEKAPCTBEHHBIX IIpenapaToB IS
CTHUMYJIUPOBAHHS WU OJIOKHPOBAHUS KOHKPETHOTO (DM3MOIIOTHYECKOTO BO3IEHCTBHSA B JICUCHHH psla CepAeIHO-
cocynucThIX 3aboneBanuil. [Ipeamomaraercs, 4To Cpean PAaCCUNTAHHBIX HHU3KOIHEPTETUYECKUX CTPYKTYP HAXOAUTCS
OMOJIOTMYECKH aKTUBHAsI KOH(BOPMAIIHsS TPHUIIEITHIOB, CIIOCOOHAs y4acTBOBATh B Hpoliecce nHrnouposanusi AIID.
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COMPARATIVE ANALYSIS OF SPATIAL AND ELECTRONIC STRUCTURE OF TRIPEPTIDE
INHIBITORS OF ANGIOTENSIN-CONVERTING ENZYME (ACE)
Agaeva G.A.!, Agaeva U.T.!, Godjaev N.M.!?
! Baku State University
Z. Khalilov str., 23, Baku, Az1148, Azerbaijan
2Baku Engineering University
Sumgqait Road, 16 km, Baku, Az010,1 Azerbaijan; e-mail: gulshen@mail.ru

Abstract. By means of molecular mechanics and quantum-chemical calculations have been investigated of
the spatial and electronic structures of antihypertensive tripeptide molecules. LPP, IPP, VPP, LKP, LQP
and LRP tripeptides act as angiotensin-converting enzyme ACE inhibitors in vitro. The conformational
study of molecules was carried out on base the low-energy conformations of its monopeptides. The
calculation show the values of all intermolecular interactions between residues of optimal conformations
in molecules. On the basis of obtained results have been determined the energy and electronic
characteristics of these tripeptides. Theoretical conformational analysis permit to found the forces,
stabilized the energy preferable spatial structures of molecules. As a result of this study were are also
determined energy preferred areas of the values of dihedral angles of the backbone and side chains, values
energy contributions of inter-residues interactions and hydrogen bonds, as well as orientations of the side
chains in the lowest energy conformations. On base got geometry parameters were built molecular models
the most stable conformations of tripeptide inhibitors, which collation enables to select the structured
criteria required for making medicinal preparation suitable to clinical use.

Key words: antihypertensive tripeptide, angiotensin converting enzyme (ACE), conformation, inhibitor,
molecular mechanics method, quantum-chemical method.
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NCCIEJOBAHUE TEPMOJJIEKTPUUECKHUX XAPAKTEPUCTHUK YTI'JIEPOJHbBIX
HAHOTPYBOK UIS1 PABPABOTKHW BUOCEHCOPOB
Cynoprun C.A., 3anukuna ML.A.

Boarorpanckuii rocyJapcTBEHHbIN arpapHblii yHUBEPCUTET
np. Yuusepcumemcru, 26, 2. Boneoepao, 400002, P®; e-mail: sergsud@mail.ru
IToctynuna B penaxmuro: 04.07.2019

AnHoTanusi. B naHHON paboTe HCCHEenylTCs TEPMOAIEKTPUUECKHE XapaKTEPUCTUKH YIIIEPOIHBIX
HaHOTPYOOK. bruta m3yuena nuddepennuanshas tepMo/C OIHOCIONHBIX YITIEpOJHBIX HaHOTPYOOK
THIIA «Zig-zag», KOTOPOE HAXOMIATCS BO BHEIIHEM IPOJOJILHOM ITOCTOSHHOM 3JIEKTPUYECKOM IIOJIE.
JrHaMuKa 3JIeKTPOHHOM HOACHCTEMBI TpyOOK ONHCHIBACTCS IPH HOMOLIH KBa3HKIACCHYECKOTO METOAA C
UCIIOJIb30BaHHEM KHHETHUECKOT0 ypaBHeHus bonbiimana. Tax jke BeiBeieHa popMmyia st Ko duunenTa
muddepennmanpaoii TepM0oD/IC U MoKa3zaHa HENWHEWHAas 3aBUCHMOCTH OT BETMYWHBI HANIPSKEHHOCTH
BHemHero mnoixd. Jling pacdera TEPMODIEKTPUYECKUMX XapaKTEPUCTUK YIJICPOAHBIX HAHOTPYOOK
HCIIOJB30BAJICS METOJ PA3JIOKEHUS HX IIEPUOANYECKOro 3aKoHa auctiepen B psax Pypee. C ero nomMonipio
OIIPENeNIIOTCS.  TPAHCIIOPTHBIE  XapaKTEPHCTHKH:  DJIEKTPOIPOBOJHOCTH, Kod(pduimeHt Xoia,
TEIJIONPOBOAHOCTD U Apyrue. [Ipu Beraucinennn kodpouunenra audpdepenuuanpaonr Tepmod/C Obuia
UCIIOJIb30BaHa METO/IMKA 110 U3YyYECHUIO 3aBUCUMOCTH auddeperpanbHoi TepMoI/C OT HapsHKEHHOCTH
BHCIIHCTO MOCTOAHHOI'O 3JICKTPUYCCKOIO ITOJIA AJI YTJIEPOAHBIX HaHOpr6OK THUIIA «3Ur3ar». B utore Bce
MOJyYEHHBIE Ppe3yJbTaThl MOTYT OBITh HCIIOJIB30BAaHBl JUIsI pa3pabOTKM OHMOCEHCOPOB Ha OCHOBE
YIJIEPOIHBIX HAHOCTPYKTYP.

Kniouesvle cnosa: nanompyoxu, mepmosoc, 21eKmponpoeooHOCHb, HAHOCMPYKIMYPbL, CEHCOPbI.

HccnenoBanue TpaHCTIOPTHBIX M POBOISIINX XapaKTEPUCTHK HOBBIX MAaTEPHAIOB — SIBIISIETCS OJTHOM U3 KIIFOUEBBIX
3a7a4d MpU MPOEKTUPOBAHUM M MOJAEPHHU3ALNHK KOMIIOHEHTOB HAHOAJICKTPOHHBIX YCTPOMCTB, B TOM YHCIIE CEHCOPOB,
CKOHCTPYHPOBaHHBIX Ha 6a3e HOBBIX MaTEePHAJIOB Ha OCHOBE yriiepoa: rpadena u HaHOoTpyOok. U rpadeH u yriaeponHsie
HaHOTPYOKH TaKK€ MOTYT HCIIOJIb30BaThCsl B KAYECTBE CBEPXUYBCTBUTEILHOTO CEHCOPA [UIsi OOHAPYKEHHS OTIEIBHBIX
MOJIEKYJI XUMHYECKHX BemiecTB [1]. M3y4eHHIO TEpMORIEKTPOABMKYILIEH CHIBI B HHU3KOPa3MEPHBIX CTPYKTypax
MOCBSAIICHO 3HAYUTEIBHOE YUCIIO Ty OIMKAIU#, JaJICKO HEIOIHBIN MePeYeHb KOTOPHIX MPEICTaBIICH B padoTax [2, 3].

Cnenyer OTMETHTb, YTO H3-32 MHOT000pa3usi CTPYKTYPHBIX OCOOEHHOCTEH TEPMODIJIEKTPUYECKHUE CBOWCTBA
yrneponHbix  HaHOTpyOOok (YHT) [4] xapakrepusyrorcsi 3HauuTelIbHBIM pa3OpocoMm. HaOmromarommecss B
MIOJYIPOBOIHUKOBBIX HAHOTPYOKax SIBJIICHHS JIOKAJIM3ALMM DJIEKTPOHOB, 3a4acTyl0 MPHUBOIAT K 3aBHCUMOCTH
TPaHCIIOPTHBIX KO PHUIIMEHTOB OT TEMIIEPATyPhl U HANIPSDKEHHOCTH JIEKTPUYECKOT0 T0JIsl, 0COOCHHO B 00J1aCTH HU3KUX
Temneparyp [2-4]. Bce BeimeykazaHHBIE OCOOCHHOCTH JENAIOT M3YyUEHHE TEPMOAIIEKTPHUYECKIX CBOMCTB CIIOXKHOU U
WHTEpeCHON 3amadeil. B pabore mpemmoskeH aHATUTHYCCKHA MeTon pacdera kodddummenta mauddepeHnanrsHon
TepMoIJIC yriiepoIHbIX HAHOTPYOOK THIIA «3Ur3ar» BO BHEITHEM CHIBHOM 3JIEKTPUIECKOM II0JIE.

3HavyeHNE TEPMOIJIEKTPOIBIDKYIIIEH CHIbI BBIPAKACTCSl 4Yepe3 JIOTapU(IMHUUECKYIO NPOU3BOAHYIO MPOJOIBHON
3JIEKTPONPOBOAHOCTH MaTepuaa npu nomony Gopmyis Motra [2]. BeLIicHeHO Takike, 4TO B pile Cily4aeB IPUMEHCHUE
9TOH (GopMynBl HE HaeT KOPPEKTHOrO pe3ylbTaTa, T.K. B PANe CUTyalMi MOBEACHUE TEPMOICKPOABIKYIIEH CHIIbI
OTJIMYACTCS OT MoKassiBaeMoro Gpopmyioit Motra [2]. Hanpumep, ObUTO BBISBICHO BO3PACTAHUE TEPMOIICKPOIBIKYIIICH
CIJIBI B METAUIMYECKUX CTPYKTypax IpH TeMIeparypax, Omuskux k temnepatype Konmo, a Takxke aHOMaJIbHOE
noseneHue TepMoI/IC npu 37IEKTPOHHBIX NEepexoax U OCUMIUISAIMY B CHIIBHBIX BHEIIIHUX MarHUTHBIX MOJIX [2].

B Hacrosiiiee BpeMsi HHTEpeC K UCCIIEI0BaHUIO TEPMOAJIEKTPUIECKUX XapaKTEPUCTHK YIIIEPOIHBIX HAHOCTPYKTYD
BBI3BaH TEM, YTO ITPH TOMOLIH TOCTOSHHOTO CHIIBHOTO 3JIEKTPUYECKOTO MOJIS MOSBUIIACH BO3MOXHOCTD YIIPABIISATH 3TUMA
CBOMCTBaMH M JOOMBATHCS MX 3HAYMTEIHFHOIO M3MEHeHHs. Pa3paboTaHHBII METOZ aeT BO3MOKHOCTH PAaCCUUTHIBATH
koapdunment auddepenmuansHol TepMoDC He TONBKO TPH CIAOBIX TONSAX, B KOTOPHIX BBIOJHEHO YCIOBHE
eEbr /hT <1, rne b — paccTosiHEe MeXITy aToMaMH yriepona B rpadese; 7 — BpeMs penakcamuu; T — aGCONIOTHAS
TeMIIepaTypa, HO ¥ MPH 3HAYNTEIHHO 00JIee CHIIBHBIX MOJISIX, CYIIECTBEHHO OOJBIINX, YEM T€, KOTOPHIE 33aHbl TAKHM
YCIIOBHEM.

AnHanutuueckas MOJAENb TEPMONIEKTPUUECKUX XAPAKTEPUCTHK YIJIEPOAHBIX HAHOTPYOOK MOCTPOCHA HA OCHOBE
KBa3UKJIACCHUECKOro MpuoOmmKeHus. Jucnepcnonnoe cootHomeHue 31eKTpoHoB B YHT moydeHo ¢ ucmoib30BaHIEM
KBAaHTOBO-MEXaHUYECKUX PAcCUYEeTOB DJICKTPOHHOW IWHAMHUKH C HCIIOJIb30BaHMEM MeToaa cuibHOW cBs3u [4]. Kak
NPaBWJIO 3JEKTPOHHOE CTPOEHHE YIJIEPOAHBIX HAHOYACTHI] OTPAKAET TOJIBKO JIBUKEHHE TT-3JIEKTPOHOB IPOBOJIUMOCTH
BHYTPM MHHH30HBI M HE YYHMTBHIBaET IIEPEXO/I0OB MEXIy OJHEPreTHYeCKHMH 30HaMH (NpuOIMKeHHe XIOKKes).
Hcnonk3yeM 3akOH AMCIEPCHH, OIMCHIBAIONIMN JJIEKTPOHHBIE CBOWCTBAa OJAHOCIOMHOrO rpadena, 0Oe3 yuera
JIEKTPOCTATUYECKOTO B3aUMOJIEIHCTBUS 3JIEKTPOHOB Ha OJHOM Y3JI€, HCIHOJIB3Ys CIIOCO0 CBOpayMBaHUs YIJIEPOIHOTO
JUCTa B LWIMHIP ¥ TPUMEHSST YCIOBHMS KBAaHTOBAaHMS KBasHHMMIIYJIbCA D II0 OKPYXHOCTH TPYOKH, ITOIyYUM
JMCIIEPCHOHHOE COOTHOIIEHHE JuIsl 3ur3arooopasueix YHT tuna (n, 0) [4]:

Axmyanvhvie 6onpocwl buonozuueckoul guzuxu u xumuu, 2019, mom 4, Ne 1, c. 46-50



MODELLING IN BIOPHYSICS 47

E(p) = i}/\/l t4cos(ap,) COS(E) + 40052(5)
n n , (1)

rae a =3b/27; b= 0,142 uM — cpeaHEe PacCTOSHHE MEXIy ATOMAMH YIJIEpoa B TpadeHe; p = (P, §) — KBA3HHMITYJIbC
3JIEKTPOHOB B YIJIEPOJHOM HAHOTPYOKe; py — MapajUieibHas OCH HAHOTPYOKH KOMIIOHEHTA KBasHUMITYIbca; s = 1,2, ...,
n — HyMepyeT KBaHTOBaHHE KOMIIOHEHTBI UMITYJIbCA 110 OKPYKHOCTH HaHOTPYOKkH; Y = 2,7 3B — uHTerpan nepeckoka
AJIEKTPOHOB MEX/y COCEIHHMH y3JIaMH peleTk Kpuctauia [S]. Pa3Hble 3HaKU B 3aKOHE TUCIIEPCHH OTHOCSTCS K 30HE
[IPOBOAMMOCTH U BaJICHTHOM 30HE COOTBETCTBEHHO. [10sIBIIeHNE Pa3HBIX 3HAKOB M0/ KOPHEM 10 CPABHEHHIO CO CIIEKTPOM
rpacdena [4] cBsI3aHO C TeM, YTO B eMeHTapHYyIo sueiiky YHT Bxomut 4 atoma yriepona.

Jnst pacdera TEPMODICKTPHUSCKUX XAPaKTEPUCTHK YIIICPOJHBIX HAHOTPYOOK HCIOIb3YeM Ppas3lioKEHHE HX
HEePUOIMIECKOT0 3aK0OHa auctiepcui B psiq @ypbe [6]. B paMkax KBa3HKIACCHIECKOTO MOAX01a (GYHKIHUS pacpe/ieIeH s

3JIEKTPOHOB fs(p,r)’ 3aBUCSIIASL OT UX UMITYJIbCOB U KOOPAMHAT, HAXOAUTCSA U3 PELICHUS KUHETHYECKOTO YpPaBHEHUS
Bomnpnmana [7], KOTOpoe MHUPOKO IPUMEHSIETCS IS N3yUEHHs POLIECCOB MEpPeHOca TeIIa M JIEKTPUIECKOTO 3apsia B
CUCTEeMax, B KOTOPBIX B3aMMOACHCTBHE MEXAY COCETHUMHU YaCTHLIAMH MOXKHO CUHTATh MpeHeOpexxnMo MansiM. C ero
MOMOIIBIO  ONPEJIENSIOTCS  TPAHCIIOPTHBIE  XapaKTEPUCTHKU:  AJIEKTPONPOBOIAHOCTh, KO3 duuueHt  Xosa,
TEIJIONPOBOIHOCTh U JApyrue. MHTerpan cToJIKHOBEHUI BRIOMpPAETCsl B BUJIE, HCIIOJIb3YEMOM B IIPHOJIMIKEHUH BPEMEHU
penakcarmu (T-IpUOMIDKEHUHN). MOXXHO CYHTaTh, YTO BpEMs peEllaKCallil MOCTOSHHBIM, T.K. JKCIIEPHUMEHTAIBHO
YCTaHOBJIEHO, YTO B HAHOCTPYKTypax yXe NpH TemiepaTypax nopsaka 40 K Bpems penakcanuu u CyIIECTBEHHO He
3aBHCHUT OT TeMmepaTypsl [4].

Kunernueckoe ypaBHeHue bonbliMaHa Ha HepaBHOBECHYIO (DYHKIIMIO paclpeleJIeHHUs 3JIEKTPOHOB OHOPOJIHBIX
YHT B T-npuOimKeHUH 3aUChIBACTCS B TPAIUIIMOHHOM BHIE [7]:

6fs (p,l‘) +F afx (par) — fs(par) — fos (p,l')
ot op r ’ @)

rae fi(pr) _ (GyHKIUS pacnpeneneHus 3JIeKTPOHOB, 3aBUCAINAs OT UMILYJIbCa M KOOPIMHAT; Jopor) paBHOBECHast
¢ynkuus pacnpenenenus ®epmu; F — anexkrpocraTudeckas cuiia, IeicTByIOIIas Ha 3JeKTPoH; E — HamnpspkeHHOCTh
BHEIIHET0 MOCTOSIHHOTO AJIEKTPHYECKOTO MOJIsA, B KOTOPOM HaXOAUTCS HAHOTPYyOKa.

IMpu Bbumciaenun kodpduuuenta muddepennuansHod  TepMoIC  HCHoONIB3yeM METOAMKY, IOXPOOHO
W3JI0KEHHYI0 B padoTe [§] M yCHemHo NpUMEHEHHYIO K pacyeTy YIEJIbHOW 3JIEKTPONPOBOJHOCTH M KO3 (HuuneHTa
i dys3un 31eKTpoHOB Oe31e(heKTHBIX ¥ IPUMECHBIX OHOCIONHBIX YIJIEPOAHBIX HAHOTPYOOK, OJTHOCIIOWHOTO rpadeHa

U JBYXCIIOWHBIX rpad)eHOBBIX HaHOJIEHT [6, 9, 10]. HeoOxomumo, uToObI (yHKIMS pacipeaeieH s 3JeKTPOHOB f(p.r)
JIOJDKHA YIIOBJIETBOPSIIA YCIOBHIO HENIPEPBIBHOCTH. I1TOTHOCT TOKa BBIYHCISIETCS IO OpMyJIe:

i(r)=eX_v,(p)/.(p.r)
: 3)

YuuTbIiBas 310, ypaBHeHUe bosbliMaHa ¢ HHTErpajioM CTOJIKHOBEHHH B IMOIYKIACCHYECKOM IPHOIMKEHHH BPEeMEHH
penaKkcaliy UCIONb3yeTCs B ONEpaTOpHOM BHJE. B cranmoHapHOM ciiydae HpPH OTCYTCTBMH HCTOYHUKOB 3apsijiOB,
divj(r)=0
JIMBEPreHIUs] TUIOTHOCTH TOKA JIOJDKHA ObITh paBHA HYJIHO ,
pacnpenenenus (2) mpuMeT BU;

U pEIICHNE ypaBHEHHS Ha (DYHKIHUIO

£ (por)= £ 2o (P:1)
’ T

“
[TpaBuiio HaxoxaeHns: obpatHoro oneparopa [8]:
A % _ t
Ly (p)=[w(pFp(r))exp| —— Jd

T

0 ; ®)

re P0) seisercs pelLIeHHEeM YpaBHEHHUS IBIXKECHHS dp/dt=F , C HAYaJIbHBIM UMITYJIbCOM PaBHBIM HYIIIO.
B nepBoM npuOaIKeHNH pa3noxKeHUs QyHKIUS PACHIPEeNICHNs] IMEET CIICTYIONIUN BUI:
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f.(p.r) =m0 L' g(p.r)= £ (p.r)+
(0) ..
+l, {—ff (Br )b —div(v(p)ﬂ")(p,r))}

en
: Q)
C y4eToM IOCTOSHCTBA KOHIIEHTPALMH 3JIEKTPOHOB IPOBOJUMOCTH 1 = CONSt B IEPBOM NPHUOIMKEHHH 110 BETHINHE
rpajueHTa v.T n3 ¢Gopmynsr  (6) BeIBeneHO BelpakeHue Uit koadduimenta  nuddepeHnnansHOR

TEPMOIJIEKTPOABIKYIIEH CHITBI YTIIEPOIHBIX HAHOTPYOOK BO BHEIIIHEM 3JIEKTPHUECKOM ITOJIE:
V4 2 2 1”2
0 E‘(m™+m)+1
S LY a3 Ay EC L
s ,,[aT m m' K(Eamam)
*[EmR(E,m,m',p.)+M (E,m,m', p,)]+

E’ (m'3 — 2m2m') +Em’
; T(E,m,m',p)}dp, +
K(Eamam ) (7)

o :
i R R R AT e

S -z

3/1eck BBEICHBI CIICAYIONINE 0003HAYCHUS:

K(E,m,m") = [E“(m4 +m't =2m*m') + 2E*(m* +m') + 1][E2m2 + 1}
P(E,mm')y=[ E*m® +1] [ E*m" +1]

R(m,m', p ) =cos(mp )sin(m'p )+ cos(mp )cos(m'p )—sin(mp )sin(m'p )
M (m,m', p.)=sin(mp,)sin(m'p )+ sin(mp_)cos(m'p )+ cos(mp )sin(m'p,) ’
T(E,m,m',p.)=[cos(mp,)cos(m'p,)— Emsin(mp,)cos(m'p,)] ’
F(E,m,m',p,)=[sin(m'p,)+ Emcos(m'p,)|* ’

*[sin(mpx) +2Emcos(mp,) — E*m’ sin(mpx)]

rne f — ¢ynkuus pacnpenenenus Pepmu-Jlupaxa; Ans g Aus — KO3()(OUIMEHTH Pa3JIOKEHUS] JANUCIIEPCHOHHOTO

PA3JI0KCHUA BJICKTPOHOB B PAI CDpre, OIpCACIIACMBIC I10 (I)OpMlee:

4, =+ ] \/1 +4cos(ap,)eos(Z2) + 4cos” (Z2) cos("ELygp,
X T J n n h (8)

W3zyuensl 3aBucumoctH muddepennmansHoii  TepMoDJC 0T HANPsDKEHHOCTH BHEIIHETO IIOCTOSIHHOTO
AJIEKTPUYECKOTO TOJIS JUIsl YIIIEPOJHBIX HAaHOTPYOOK THIIA «3Ur3ar». B jpaHHOM BelpaskeHWH [Uisi AudepeHraIbHoN
TepM03JIC HCHOINIB3YIOTCSI OTHOCUTENBbHBIE Oe3pa3MepHble €MHULBI (32 CAUHUILY BEJIMYHHBI, OTJIOKEHHOH 110 OCH Y,
npunsro 3Hauenue 3,1 B/K).

Juddepenunansuas tepmodIC onxHocnolHbx YHT HennHEeWHO 3aBUCHT OT HAaNpsHKEHHOCTH BHEIIHETO
MIOCTOSTHHOTO AJIeKTpuueckoro nois. I[Ipn yBenmueHnn 3Ha4eHnii HanpsHDKEHHOCTH BHEITHETo nouts auddepeHnnanbsaas
TepMoOJIC cHavana yBeIMYMBACTCS IO MOAYJIIO, a 3aT€M CHIIKAETCS M CTPEMHTCS K IOCTOSHHOM BenmuuuHe. Takas
3aprcuMocTh TepM0D/IC 0T HaPsHKEHHOCTH TOJISI HaOoqaeTcst A Beex paccMoTpeHHbX turoB YHT: (5,0), (10,0) u
(20,0). Ilpu temmeparype T = 300 K mmas YHT (5,0) tuma makcuManbHOE TIO aOCONIOTHON BeIMYMHE 3HAYCHUE
mudepernuansroil TepMoIJIC 3aduUKCHpOBaHO NpPH HAIpPSKEHHOCTH moist £ = 5,06:10° B/M M cocraBiser
26,4 MxB/K, mna YHT (10,0) tTuma — npu E = 3,12-10° B/m cocrasnsger 97,6 mxB/K, mia YHT (20,0) Tuna — npu
E = 1,94-10° B/m coctansier 347,2 MxB/K, 4To HaxoquTcss B Ka4eCTBEHHOM COTTIACOBAHMH C DKCIEPUMEHTAIBHBIMH
naHHbiMA [12-14]. Tun HocuTene#t 3apsaa onpenenseT 3Hak TepMoDJIC. Tak Kak 3TO 3JIEKTPOHBI MPOBOIUMOCTH, TO
muddepenunansias tepMod/IC umeeT 3HaK «MHUHYC». [IpM HampsHKEHHOCTH BHEIIHEro JIIEKTPHYECKOTO I10JIs
E > 1,2:107 B/M K03(p(HUIMEHT TEPMOIEKTPOABIKYILEN CHIIBI OAHOCTONHBIX YHT MOKHO CUMTAThH TPAKTHYECKH
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KOHCTaHTOM.

W3zyueHo BiusiHUE TeMIIEpaTypbl BHELIHEH cpeibl Ha KodppuiueHT auddhepeHInanbHOi TepPMO3IEKTPOABIIKYLIeH
CHJIBI OJTHOCJIOMHBIX OECHPUMECHBIX YIJIEPOJIHBIX HAHOTPYOOK, YTO MMEET OOJbIoe 3HAUeHHE NP IPOSKTHPOBAHUU
O6roceHcopoB. UKCIICHHBIN aHATU3 TeMIIepaTypHbIX 3aBucuMocter TepMoDJ]C monynposoauukoBsix Y HT nipoBeneH st
Tpy6ok Tumna (10,0). Miccnenosansl 3aBucumoctu auddepennuanbaoi tepmod/IC S(E) ot BenmmuuHbI HaripshkeHHOCTH B
BHEIITHETO MOCTOSHHOTO 3JIEKTPHYECKOTO IOJIsl IPH Pa3iIMYHbIX TeMneparypax. [Ipu Huskux temneparypax tepmol/IC
3HAYUTENBHO OOJbIe MO abCcoMroTHOM Benmumue. [Ipu yBenmmuenuu temmepatypsl oT 50 K mo 300 K aGcomorHbie
sHayeHuss TepMoDJ[C ymensmarotcst 6onee yeM B 30 pas, ¢ 3,36 MxB/K no 97,6 mxB/K mis YHT (10,0) tuna, grto
TIPOUCXOIIUT 32 cUeT COOCTBEHHOW MUHAMUKH HOcHTelNel 3apsma. Takoi xapakrep 3aBHcHMOCTH Au((epeHInansHON
TepmMoDJIC oT TemmepaTyphl B YIIIEPOIHBIX HAHOTPYOKaX MOATBEPIKIACTCS pe3ylbTaTaMi SKCIEPUMEHTAIBHBIX PadoT
[12-14]. dauHBI 23QQEeKT UrpaeT CYMIECTBEHHYIO POJIb MPH HU3KUX TEMIIEpaTypax, YTO MOXKHO HATJISAHO BUACTH Ha
pucynke 2. [Tono6nas 3aBucumocts quddeperunansHoit TepmoD/IC 0T aMILIUTYIbl BHELTHETO OISt HAOII0JaeTCsl v ISt
IPYTUX HHA3KOPAa3MEPHBIX CTPYKTYpP C INEPHOAMYECKIM W OTPAHWYCHHBIM 3aKOHOM IHCIIEPCHH, HAIpHUMeEp, Ui
cBepxpemieTok [8, 11], 4To MOATBEPKIAET KOPPEKTHOCTh MPEAOKEHHOM MAaTeMaTHYeCKOW MOJENH TEPMORJIEKTPH-
YECKUX CBOMCTB YIJIEPOIHBIX HAHOTPYOOK BO BHEITHEM 3JIEKTPUYECKOM I10JIE.

OkcnepuMeHTanbHble 3HaueHus: auddepenunansHoit TepMod/IC it OHOCIOWHBIX YITIEPOAHBIX HaHOTPYOOK
nocrurator 200-260 mMxB/K [12-14] npu komuatHoi Temmepatype (7 = 300 K). Hekoropas pasHuma JaHHBIX,
TIOJYYEHHBIX W3 YHCJIEHHBIX pacderoB 1o ¢opmyie (15) oT moaydeHHBIX SKCIIEPUMEHTAIbHO, MOXKET OBITh 00BSICHEHA
TEM, 4TO HCIIOJIb30BaHHAsS IIOJIyKJIACCHYECKast MOJIETIb COJEPXKUT psii NPUOIMIKEHHI: HE YYTEHO IIEKTPOH-(QOHOHHOE
B3aMMOJICHCTBHE, B3aNMOJICHCTBIE C MATHUTHBIM TI0JIEM, HAJIMYNE KOHTAKTOB U T.X. ClIeAyeT OTMETUTH, YTO SIEKTPOH-
(hOHOHHOE B3aMMOJICHCTBHE B YTIIEPOJHBIX HAHOTPYOKaX, KaK B OJHOCIOWHBIX, TAK U B MHOTOCIIOWHBIX, MIPOSBIIACTCS
moctaTouHo cinabo. B Takmx cucTeMax peanmm3yercs NPEHMYIIECTBEHHO OaTMCTUYECKHH pPEXHM TPaHCIOPTa
3JIeKTPOHOB [15].

Kpatko chopmynnpyemM OCHOBHBIE PE3yIbTaThl POBEJCHHOTO UCCIICAOBAHNS U BBIBOJBIL:

1. BrBemena ¢opmyna i auddepeHInaIbHOW TEPMOIIEKTPOABIDKYIIEH criibl 1 omHociHoWHeix YHT B
paMKax KBa3MKJIACCHUYECKOI'O IMOJIXO0Ja C MCIOJIb30BAHUEM NPUOIMKEHHUs] BPDEMEHH peJlakcalliid B CHJIbHOM BHEITHEM
3IEKTPUUYECKOM TOJIE.

2. HNudpdepenunanbuas Tepmod/C 0JHOCIONWHBIX HJEaJbHBIX YIJIEPOAHBIX HAHOTPYOOK HMEET 3HAaK MHHYC
BCJIEZICTBHE TOTO, YTO HOCHTEJISIMH 3apslOB B YIVIEPOAHBIX HAHOYACTHIAX SBISIOTCS OTPULATENIFHO 3apsDKEHHBIC
9JIEKTPOHBI; HETMHEHHO ¥ HEMOHOTOHHO 3aBHUCHUT OT aMIUIUTYZAbI BHEIIHETO MOCTOSHHOTO 3JIEKTPHYECKOTO I10JIs, a B
CHJILHOM TI0JI€ CTPEMHTCS K ITOCTOSTHHOMY 3HAUEHHIO.

3. C pocrom mumamerpa YHT muddepernmmansras tepmo/C Bo3pactaer mo aOCOMOTHOH BENHYHHE, YTO
OOBICHACTCS YBEIIMICHHUEM YHCIIa KBAHTOBBIX COCTOSIHHUI 3JIEKTPOHOB B 30HE IIPOBOJANMOCTH.

Paboma ewvinonnena npu noodepocke Poccuiickoeo onda ynoamenmanvnbix ucciedoganuti  (npoexkm
Ne 19-42-343001).
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INVESTIGATION OF THERMOELECTRIC CHARACTERISTICS OF CARBON NANOTUBES FOR THE
DEVELOPMENT OF BIOSENSORS
Sudorgin S.A., Zaichkina ML.A.
Volgograd State Agricultural University
University ave., 26, Volgograd, 400002, Russia, e-mail: sergsud@mail.ru

Abstract. In this paper, the thermoelectric characteristics of carbon nanotubes are investigated. The
differential thermo pods of single-layer carbon nanotubes of the "zig-zag" type, which are in the external
longitudinal constant electric field, were studied. The dynamics of the electronic tube subsystem is
described using the quasi-classical method using the Boltzmann kinetic equation. The formula for the
differential thermal EMF coefficient is also derived and the nonlinear dependence on the external field
strength is shown. To calculate the thermoelectric characteristics of carbon nanotubes, a method of
decomposition of their periodic dispersion law into a Fourier series was used. With its help, transport
characteristics are determined: electrical conductivity, Hall coefficient, thermal conductivity, and others.
When calculating the coefficient of differential thermal EDC, a technique was used to study the dependence
of the differential thermal EDC on the external constant electric field strength for carbon.

Key words: carbon nanotubes, thermopower, conductivity, nanostructures, Sensors.
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CTPYKTYPHASI OPTAHU3 AU ININITPOJIUHOBOM NEHTANIENTUIHOM
MOJIEKYJIbI
Hcmannosa JI.U., Ao6acasl P.M., Axmenos H.A.

bakunckuii ['ocynapcrBenHbiit yHuBepcuteT, MHCTUTYT u3ndeckux npoodiiem
yi. 3. Xanunoea 23, baxy, AZ-1148, Asepbaiioscan, e-mail: lara.ismailova.52@mail.ru
IToctynuna B pegaxmuro: 11.07.2019

AnHoTanusa. K perynsaTopHbIM NenNTHaM OTHOCUTCSI CEMEWCTBO TIMIPOIMHOB - KOPOTKUX IENTUMAOB,
AMHMHOKHCJIOTHBIE MOCJIEAOBATEIILHOCTH KOTOPBIX COAEPrKaT OCTATKH IJIMIMHA M MpoinHa. B HacTosmee
BpEMsI MEXaHU3MBbl ACHCTBHUS TIIMNOPOJIMHOB M MX MHIIEHH MaJlo M3ydeHbl. BakHOW 3amaueil Takxke
SBISIETCSI CO3JJaHNE CHHTETHYECKUX AHAJIOTOB TIIMIIPOIMHOB, MOJIEKYJIbl KOTOPBIX OTIMYAIOTCS! BHICOKOM
CTaOMIBHOCTBIO U 3(P(PEeKTHBHOCTBIO. AKTyalbHBIM MPEACTABISIETCS IPOBEICHUE CTPYKTYypPHO-
(DYHKIIMOHATIBHBIX MCCIIEA0BAHUN TIIUIIPOJIMHOB M UX CHHTETHYECKUX aHAJOTOB HA MOAEIBHBIX CHCTEMAaX
C TIOMOIIIBIO TEOPETUIECKUX METOI0B HcciieioBaHust. C IIOMOIIbIO METO/IA MOJIEKYISIPHOM MEXaHUKH OBLIO
OIPEJICTICH0  MPOCTPAHCTBEHHOE CTPOEHHE M KOH()OPMALMOHHBIE CBOMCTBA  IJIMIPOJIHHOBOM
neHranenTuaHoi Monekyibl Thr-Lys-Pro-Gly-Pro. [ToTeHunansHas sHEprus MOJIEKYJIbl OLIEHHBAJIAaCh Kak
CyMMa HEBAJICHTHBIX, J3JICKTPOCTATUYCCKUX, TOPCHUOHHBLIX BSaI/IMO)Iel‘/‘ICTBI/II‘/‘I U BHEPTUHU BOJOPOJHBIX
cBsi3eil. HalineHsl 7 HU3KORHEPreTHUECKUX KOH(OpMAaLMii ISt TTIMITPOJIMHOBOTO MIEHTAIENTH A, 3SHAYESHHS
JIBYT'PaHHBIX YIJIOB OCHOBHOW W OOKOBBIX IIeNei, OIleHeHa SHEpPrusi BHYTPH- U MEKOCTaTOYHBIX
B3auMozeiicTBuil. Pacuer moOKaszas, YTO HHU3KOPHEPIeTHUECKMMHM JUIS TCHTANENTHAA SBIIOTCS
MOy CBEPHYTHIE (hOpMBI OCHOBHOI 11eni. bokoBrie enu aMiuHOKUCIOT Thr 1 Lys B HU3KOHEpreTHIeCKuX
KOH(POPMALUAX OCYHIECTBISIIOT 3((QEeKTHBHBIE B3aMMOACUCTBUS ¥ SABIAIOTCA KOH(POPMALIUOHHO
Ta0MIBHBIMU AMUHOKHUCIIOTAMH, OHU COJIMKAIOT yYacTKH OCHOBHOM IIETIH X OOKOBBIE IEITH aMHHOKHCIIOT,
BXOJAIINX B IIEHTANENTH]I.

Knrouegvle cnoga: nenmanenmuo, KOHGOpMayus, MOAEKYIA, NPOCMPAHCIMEEHHAS CMPYKMYPA.

B Hacrosmiee BpeMsi aKTHBHO HCCIENYETCS POJIb PEryJISTOPHBIX MENTHIOB B JKH3HHU M JESTEIBHOCTH >KHBBIX
OpraHu3MOB. PeryisiTopHbIe IenTHIbl KOHTPOJIMPYIOT BCE OMOXMMHYECKHUE MTPOLIECCHl B )KUBOM opranusme. Cpeau HUX
KJ1acC TIIMIPOJIMHOB, KOPOTKHUX MENTHIHBIX MOJEKYJI, COCTOSIIMX U3 aMHUHOKHCJIOTHBIX OCTATKOB IUIMIIMHA Y TIPOJINHA,
MIPUBJIEKACT BHUMAHHWE YYEHBIX, TaK KaK OHM SBJIAIOTCS HCTOYHHMKAMH (hapMaleBTHYECKUX IPENapaToB, KOTOpPHIE
MIOCTABIISIET CaM OPraHM3M. | TMIPOJIMHBI — 3TO HEHPOXUMHUIECKNE MOJIEKYJIBI IICHXOTPOITHOTO ACHCTBUS, PEryIUPYIOT
CHCTEMY CBEpPTHIBAHHS KPOBH, BIHSAIOT HAa pab0Ty IMMYHHOI U HepBHOM cucteM [ 1, 2]. Co3aHne HOBBIX JIEKapCTBEHHBIX
[IperapaToB Ha OCHOBE INIMIIPOJIMHOB — COBPEMEHHOE HanpaBiieHue (hapMakonoruu. IIoHATh MeXaHU3MBbI JeHCTBHS 3THX
OHOMOJIEKYJI MOXHO, €CIIM PEIINTb 33afady MX CTPYKTYpHO-(QyHKIIMOHAIBHOW opraHm3aunud. Llenbio naHHOW paboThI
SIBJISIETCSL OIPE/ACJICHUE TPEXMEPHOM CTPYKTYpbl TJIMIPOJIMHOBOW MEHTANENTHUAHOM MOJIEKYJIbl C aMHHOKHCIOTHOM
nocienosarenbHocThi0 Thr-Lys-Pro-Gly-Pro.

HeHTaHeHTI/I[lHaﬂ MOJICKYJIa COCTOUT U3 ABYX TPUIICOTHAHBIX CAMOCTOATCIBHO aKTHBHBLIX MOJICKYJI TPUIICOITHAA
MakpodaraabHO-MUKpOIHaabHOro nHruoupyomiero ¢axropa (Thr-Lys-Pro) u rimmnponmzoBoro tpunentuaa Pro-Gly-
Pro. UzBectno, uro tpunentun Thr-Lys-Pro, mpencrasnstomuii yacts Broporo nomena IgG uenmoBeka, TOpMO3HT
¢ynko Makpodaros, a tpunentun Pro-Gly-Pro oOmamaer HelponpOTEeKTHBHBIMH CBOWCTBaMH, OOecIieuMBaeT
COXpaHEHHEe HOPMaJIbHOH (PYHKINHU MHCYJIIPHOH M IPOTHUBOCBEPTHIBAIOIIEH CHCTEM KPOBH Ha (hOHE pa3BUTHS nuadera.
Kondopmannonnsie cpoiictBa mneHrtanentuaa Thr-Lys-Pro-Gly-Pro paccuuTsBanuce (¢parmMeHTapHO: CHadania
M3ydJanach IMPOCTPAHCTBEHHas CTPyKTypa AByX TpunentunoB Thr-Lys-Pro m Pro-Gly-Pro, a 3atem Ha ocHOBe
MIOJY4EHHBIX PE3YIbTaTOB UCCIEN0BAIACH TPEXMEPHAs CTPYKTYpa BCEH NEHTANENTHIHON MOJIEKYJIBL.

KommneroTepHoe MOJEINpOBaHUE, OCHOBAaHHOE HAa HCIIOIb30BAHMU METOJAa TEOPETUYECKOro KOH(OPMAIIOHHOTO
aHAJIN3a U IIPOTPaMM, ITO3BOJIIOLINX MOJIy4aTh rpaduueckoe n300pakeHHe MPOCTPAHCTBEHHON CTPYKTYPbI MOJIEKYJIbI,
ObUTO  BBIMOSMHEHO [yt  MoJekyssl Thr-Lys-Pro-Gly-Pro cemeiictBa riunponnHoB. MeToJ TeOpeTHYEecKOro
KOH()OPMALIMOHHOTO aHalIN3a J1aeT BO3MOKHOCTh PAaCCUMTBHIBATD TPEXMEPHYIO CTPYKTYPY HMENTUIHBIX MOJIEKYJ HCXOJIs
U3 M3BECTHOM aMUHOKHCIIOTHOW mocienoBaresisHOCTH [3]. B pacuerax mcrosib3oBajiack pa3paboTaHHas creluaibHas
knaccudukanys (koHpopmanus, GopMa OCHOBHOM 1iemy, 1meii). @opmbl octaTkoB onpenessuiuck oonactsimu B,R,L u P
JBYTPaHHBIX YTJIOB OCHOBHOM 1ien ¢-y. [Ipu pacuere paccmarpuBaiiich pa3BepHyThIe (POPMBI AUTETITHIHON MOJIEKYJIBI
(BB, BR, LB, LR, RL, PL, PP - meiinie) u cBepryTHIe opmbl ocHoBHOM 1ierin (RB, RR, BL, LL, PR, PB - meiim f). {ns
TIIMIHA HaYaJlbHBIE MPHUOMMKeHUs (GOPMHUPOBAINCE M3 HU3KOXHEpreTmdecknx koHpopMmarmii (R dopma — ¢= -90°;
y=-90°% B dopma — ¢= -90°; y= 100°; L dpopma — ¢, v = 90°u P dopma ocHoBHOH memu — ¢= 90°; y= -90°). dus
AMHHOKHCJIOTHI ITPOJIMH YUUTHIBAIIKCH JBa nosioxenust (B ¢popma —y=130°u R popma — y=-50°). J{s1s1 aMUHOKUCIOTHBIX
ocratkoB Thr paccmarpusanuce R, B u L ¢popmbl ocHOBHO# nienu, a asst Lys Tonbko B u L ¢popmbl 0cHOBHOIT Lienu, Tak
kak R gopma sBIsieTCsl BBICOKOOHEPTeTUYHOM JUTsl OCTaTKa, cTosmiero nepen Pro. I[TonoskeHrss 60KOBOM 1M TPEOHUHA
OIIPEIETSIIACH TPEMS ABYTPAHHBIMU yIyaMu ¥ ', x>, %>, a Ul TM3MHKMHA - IAThIo yrmamu ¥ ', x2, 2, x* u .

Pacuer BBITTONTHSIICS B paMKaX MEXaHUIECKOH MOJIEITH MOJIEKYJI C y4ETOM HeBaleHTHBIX (Ey;), 37IeKTpocTaTHIECKNX
(E»n), TopcuonHbix B3ammopeictBuit (Erp) M sHeprum Bomopoansix cBsizell (Enc). KondopmanuonHnoe cocrosiHue
KaXJI0OT0 aMHHOKHCIJIOTHOTO OCTaTKa 0003Hadanock yepes Xij, rae X — xapaxkrepusyeT (opMy OCHOBHOMH IIETIH OCTaTKa

Russian Journal of Biological Physics and Chemistry, 2019, vol. 4, No. 1, pp. 51-56



52 MOJIE/JIHPOBAHUE B BUOPHU3UKE

(R,B,L,P), a cumBonmr ij = 11...,12...,13...,21..., ¥ T.I. OTBEYAIOT IOJOKEHUAM GOKOBOH 1tem (¥ !, x2,...).0603HaueHms
W OTCUETHl YTJIOB BPAIIECHHUsS COOTBETCTBYIOT INPHHATON MEXIyHapoAHOW HoMmeHkiarype [4]. Jias HaxoxneHus
MIPOCTPAHCTBEHHOTO CTPOEHHSI JaHHBIX MENTHIHBIX MOJIEKYJ UCIOIb30BaNach CIIEUANbHO pa3paboTaHHas IporpaMMa
[5]. PacueTsl TpexMepHOU CTPYKTYPhI MENTHIHBIX MOJIEKYJI TO3BOJISIOT OMPEIENIATh TEOMETPUUECKUE U DHEPTETUUECKUE
napaMeTpbl NENITUAOB, 3HAYCHUA ABYT'PAHHBIX YIJIOB OCHOBHOM nenu u 6OKOBI)IX uenel‘/i AMHWHOKHUCJIOT, BXOAJAIIUX B
MOJIEKYJLY, @ TAK)KE YHEPreTUYECKUE BKJIAbl BHYTPUMOJIEKYJIIPHBIX B3aUMOJICHCTBUM.

Tpunentuanas monekyna Thr-Lys-Pro npencrasnser coboii N-KOHIIEBOI y4acTOK EHTANENTHIHON MoseKyJbl. Ee
pacyeT BBINOJHSIICSA Ha OCHOBE CTaOMIIBHBIX KOH(pOpManii MOHOIeNnTHI0B N-aeTii-L-TpeonnHa, Tn3uHa 1 IpoJIvHa.
Jnst aMMHOKHCIIOTHI TpeoHHH yunThiBaiuch B, R n L ¢opmbr ocHoBHOM nenn. OCTaToK JIM3MHA B pacueTax UMeEN JBE
(hopmbl ocHOBHOI menu B u L, Tak kak R ¢popma 0CHOBHO¥ 1IeTT aMHHOKHUCIIOTHI, CTOSIICH TIepeT MIPOIMHOM, SBIISACTCS
BBICOKOHEPTeTHYHOH. [ aMUHOKHCIIOTH MPOJMH YYUTHIBATHCH ABE (opMbel ocHOBHOW memn B m R. TpumenTin
BKJIFOYAI B ce0sg 56 aTOMOB 1 17 IepeMeHHBIX IBYTPAHHBIX YTIIOB OCHOBHOW M OOKOBBIX IieTei. PacueT BBIABHII, UTO IS
tpunentuHoit monekysibl Thr-Lys-Pro Hu3kosHepreruueckumu sipisitotes koHpopmannu RBR u RBB ¢ nonycsepuyToii
(dhopmoii ocHOBHOM 1ien. B rimobanprHo# koH(GOpMarmu Rz B2ios R X014 OCHOBHOM 1emu MPUBOAMT K CONMKEHHOCTH
YYaCTKOB OCHOBHOW IIEMM M OOKOBBIX LENeH aMUHOKHCIOTHBIX OCTAaTKOB. BKiaj HEBaJCHTHBIX B3aHMMOJICHCTBHUN
cocTaByseT -8,8 KKall/MOJb, 3JIEKTPOCTATHUCCKUX B3aUMOJCHCTBUN 2,6 KKaJI/MOJIb M TOPCHOHHBIX 1,0 KKai/MOJIb.
D¢ deKTUBHBIME B 3TUX KOHPOPMAIUSX SIBISIOTCS M- U TPUIIENTHIHBIE B3auMoAeuTBHA. OnpeiesieHbl TeOMETPHYECKHE
nmapamMeTpbl — 3HAYCHUA ABYI'PAHHBLIX YIJIOB OCHOBHOH U 6OKOBI)IX ueneﬁ AMHWHOKHUCIIOTHBIX OCTAaTKOB, BXOJAIIUX B
TPUIENITHIHYIO MOJIeKyTy. Pacuer nmokasan sHepretuueckyto muddpepenunannio kondopmanuii mosexyist Thr-Lys-Pro.
Bce Hu3kosHepreruyeckne KOH(GOpPMAIMU B dHepreTudeckoM uHTepBasie 0 — 4 KKai/MoJb ObUTH BKITIOYEHHI B pacdeT
TICHTANENTHIHON MOJIEKYJIBI.

Kondopmannonnsie Bo3MokHOCTH Tpunientuaa Pro-Gly-Pro Obuti m3y4ueHBI Ha OCHOBE CTAaOMIBHBIX KOH(OpMAIHi
MoHonenTuaoB N-anetui-L-npomuaa n N-anerwni-L-rimnuHa. s faHHOTO TpUIenTHAa, coaepikamiero 39 atomoB u 7
MepPEeMEHHBIX JBYTPAHHBIX YIJIOB, BO3MOXHBI 4 Iedra, NpeAcTaBlIeHHBIX 16-f0 ¢opmamu ocHOBHOM menu. s
amMuHOKHCIOTH Gly paccMaTpuBanuch U TpaHUYHBIE 3HAYEHHS YIIIOB @ U . 113 16 paccuntanHbIX (GOPM OCHOBHOM LienH
camMoif HHM3KOPHeprerudeckoil sBiserca RRR, koTopas mmeer CBepHYTHI XOI OCHOBHOW Ienu. B rmobampHOI
koHpopmauun RRR (Eqw = 0 Kkain/mMonb) sHEprus HEBaJCHTHBIX B3aUMOJEHCTBHUII cocTaBisieT -4,3 KKan /MOb,
ANIEKTPOCTATUYECKHX -3,7 KKan/Mojb U TOpcuoHHbIX 0,7 Kkayu/Monb. [Ipu 3TOM OCHOBHOW CTaOMIM3MPYIOIIUI BKIIA
BHOCSAT JM- U TPUICHTHUIHBIC B3auMoJieiicTBus. Beero 1,1 kkan/Moiib mpoOUrpbiBacT KOHGOPMAIIUS C MOJYCBEPHYTON
¢opmoii ocHoBuoil mermu RPR. Takum o0pazom, IpoBENEHHBIH pacdeT HE OOHApYXKHJI PE3KOH BSHEpreTHYecKOon
middepennmanyy o meinam U popmaM ocHOBHOW nenu. B sneprernueckuii natepsan 0-3 kkan/moip nonajgamor 12
KoH(popManuii, MpUHaUIeKAMNX BCEM BO3MOXKHBIM Iueinam. Jlydmieli koHpopmaiueld ¢ MOJIHOCTBIO Pa3BEpPHYTOH
OCHOBHOH 1enbio sBisiercs RLR, a y npyroit moxycBepHyTOH (OPMBI OCHOBHOI 1en fe camoii HI3KOIHEpreTUIEeCKOi
siBisieTcs koHpopmanust BLR. Pacger BersBun 20 HU3K03HEpreTHdecknx KoHGopMarwmii ast tpunentuaa Pro-Gly-Pro.

HaiinenHble HHM3KORHEpreTHUeCKHe KOoH(pOpManuy [ABYX TPHUIENTHAHBI MOJEKYJI TOCITY)KWIN OCHOBOM JUIs
OTIpeIeIeHUs HadalbHBIX MPHONKEHNH Beel eHTanenTuaHoi Monekysl Thr-Lys-Pro-Gly-Pro. Monekyna coneprxana
77aToMOB U 22 IEpEMEHHBIX JIBYTPaHHBIX yIJIa OCHOBHOI 1 OOKOBBIX LIETIeH aMHHOKHCIIOT. BXOJSIIUX B 3TY MOJIEKYITY.
BokoBbI€e 11€NN TPEOHNHA M JIN3UHA JIAOWIBHBI, IPU4eM OOKOBas IIETb TM3HHA 00BEMHA U HECET MOJI0KUTEIbHBIN 3apsi.
[IposmuH uMeeT KecTKyto OOKOBYIO IIETlb, a MIIMIMH B KayecTBe OOKOBOW IENM MMEET TOJILKO OJWH aToM BOJOPO/A.
Cneun(lmxa 6OKOBbIX uenei& BCCX AMHHOKHMCJIIOT HeHTaHeHTHI{HOﬁ MOJICKYJIbI OIIpeAc/inia KOJNYCCTBO HadaJlbHBIX
npubmxenuii. Beero 0110 paccuntano 144 gopMbl OCHOBHOM LienH, NpUHAIEKAIUX 128 BO3MOXKHBIM HIeinaM. beuio
cocTaBieHO cBbile 250 HayaidbHBIX NpHONMKeHHH. Bece oHM OBIIM MPOMMHUMHU3HUPOBAHBI 110 3HEPTUH, OLEHEHBI MX
reoMeTpUYECKHEe U HepreTHyeckre napamerpsl. Huskosneprerndeckue konpopmarmn Monekyisl Thr-Lys-Pro-Gly-Pro
IIpeacTaBiIeHbI B Tabmume 1.

Pacuer BerstBuiL, uto Uit Montekyisl Thr-Lys-Pro-Gly-Pro B sHepretndeckuii maTepBan 0-5 KKajl/MONb IONamaloT
KOH(OpManny MoJTyCBEPHYTHIX MEWNOB. [l IeHTanenTH1a CaMbIMU HU3KO3HEPT€THUECKUMH OKa3aIrCch KOH(POpMaIn
¢ dopmoii ocHoshoit nmenmu BBBLB, BBBLR, RBBRR, RBBLR, RBRPR u.RBRRR. [l1s1 HH3KOIHEPreTHYECCKUX
koHpopmanniit nenranentuaa Thr-Lys-Pro-Gly-Pro B Tabnuie 1 npuBeneHbl SHEpreTHYECKHUE BKIIAbl HEBAJICHTHBIX
(Eus), anextpoctariueckux (E,q), TopcnoHHBIX (Eropc) B3aMMOJCHCTBHH, a Takke OOMIasi U OTHOCHUTEIbHAS SHEPTHUs
MOJICKYJIBI.

CaMoil HU3KO3HEpreTHYeckor KoH(opMalmel okaszanack ¢opma OCHOBHOHM memu Riz Baizzz RPR (mieiin feef),
KOTOpasi UMEET IOJYCBEpHYTHIH X0 OCHOBHOH Lenu. B rinoGanbhoit koHpopmanyu RBRPR (Eqm = 0 kkan/mons)
SHEprus HEBAJCHTHBIX B3aUMOJCHCTBUI cocTaBiseT -16,6 kkanm /Moib, 3nekTpocraTHueckux 0,3 KKaJI/MOIb W
TOPCHUOHHBIX 2,3 KKaJI/MouIb. [Ipy 5TOM OCHOBHO# cTaOMIIM3UPYIOIINI BKJIaJ BHOCAT IU-, TPH-, TETPa- U IIEHTalCITHIHbIC
B3aUMOJEHCTBUSI AMUHOKHCIOTHBIX OCTaTKOB.
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Ta6muuma 1. DHeprerryeckue MapaMeTpbl HHU3KOIHEPIeTHUYCCKUX KOH(DOpMAIM MEeHTAIenTHIHOMN

FHHHpOHHHOBOﬁ MOJIEKYJIBI

Kondopmanus
Ne (%et;m) E s E o E Tope E 061y E om
Mornekyna Thr-Lys-Pro-Gly-Pro

1 Bzzz Bz3222 BLB (eefe) —13,4 -1,0 2,7 -1 1,6 2,4
2 Bzzz 823222 BLR (eefe) —13,8 -1,4 2,5 -12,5 1,5
3 R122 Bz1222 BRR (feef) —13,6 -0,5 2,6 -11,5 2,5
4 R122 B32222 BLR (fefe) —15,0 -1,3 2,8 -13,5 0,5
5 R122 821222 RPR (feef) -16,6 0,3 2,3 -14,0 0,0
6 R122 B32222 RRR (feff) —16,2 1,9 1,7 -12,5 1,5
7 R122 B32222 BLB (fefe) -1 1,4 -0,2 2,4 -9,2 4,8

53

Bcero 0,5 xkan/mMoib IpourpeIBaeT apyras KOH(GOpPMaIus ¢ HOIyCBEpHYTOW GopMoii ocHOBHOW 1enu Rixn B3y
BLR (wueiina fefe). @opmsbl ¢ MOIHOCTHIO pa3BepHYTONH OCHOBHOW LIETBIO YCTYMAIOT 110 SHEPTHH OT 5 10 9 KKaJ/MOJIb.
Taxum 00pa3om, pacueT 0OHAPYKIIT pe3KyIo 3HepreTrdecKyto nuddepeHnuannto Koadopmaruii mo meinam u Gpopmam
OCHOBHOHM mernu. B sHeprermueckmii mHTepBan 0-5 Kkan/mMonp momamaroT 26 KoHpopManwii, NpUHAISKAIIAX &
BO3MOXKHBIM IIIeiimam. ['eomerprnueckue mapameTpbl (B Tpagycax) YeThIpeX HHU3KO’HEPreTHUECKHX KOH(pOopMarmi
nenranentuaa Thr-Lys-Pro-Gly-Pro npencrasienst B Tabunuiie 2.

ITomydeHHble pe3yabTaTbl MOTYT OBITH HCIOJB30BaHbI IUISi H3YyYCHUS TPOCTPAHCTBEHHOTO CTPOCHHMS
reKCanenTHIHBIX MOJIEKYJI IJIMIIPOJIMHOB, a TAKXKe UCCIIEA0BAHNU KOHPOPMALMOHHBIX BO3MOXKHOCTEH OOKOBBIX LieTIei
OpU B3aUMOJEHCTBHM C MOJEKYyJaMH penenTopoB. MOXHO CpaBHUTh pe3yJbTaThl pacueTa IJIHMIIPOIUHOBOMN
neHranenTuaHoi Mosekyssl Thr-Lys-Pro-Gly-Pro ¢ maHHBIMEH HpoCTpaHCTBEHHOW CTPYKTYPBI MOJIEKYJBI CEJaHK,
AMHMHOKHMCJIOTHAsI T1OCJIEI0BATEIbHOCTh KOTOPOIl MpeacTaBisieT codoii rentanentuanyo moiuekyny Thr-Lys-Pro-Arg-
Pro-Gly-Pro [6].

CenaHK SIBJISIETCSI CHHTE3MPOBAHHBIM TENTAIEITHIOM Ha OCHOBE MOJU(HKALMH CTPYKTYPbI MOJIEKYJIbI TaIMHa.
OTa MoJIeKyJa IMEeeT CTPYKTYpY, B KOTopoii Kk Terpanentuny Thr-Lys-Pro-Arg nonosnHen TpunenTHIHbIH yyacTok Pro-
Gly-Pro. Cauraercs, 9T0 IMEHHO 3TOT TPHUITEHTH/ 3aIIUINAET TENTANCNTHAHYI0 MOJIEKYIIy OT OBICTPOTO pacmajaa Toj
JNEWCTBHEM NPOTEONUTHYECKNX (EepMEHTOB. 3BECTHO, YTO WMMEHHO IPOCTPAHCTBEHHAs CTPYKTypa OIpeneisieT
(YHKIMOHATBHBIE CBOMCTBA MENTHIHBIX MOJIEKYI.

Mornexkyna renranentuaa BkiIrodanga B cebs 115 atomoB u 31 mepeMeHHBIH ABYTpaHHBIN YTOJI OCHOBHOM LIEIH U
OOKOBBIX IIeNEeH aMHHOKHCIIOT, BXOIIUX B Hee. PacdueT mpocTpaHCTBEHHOH CTPYKTYphl FeNTANENTUAHON MOJIEKYJIIbI
Thr-Lys-Pro-Arg-Pro-Gly-Pro Bemonssiics B nBa stana. CHavyana onpenesuiuch KOH(OPMalHOHHbIE BO3MOXKHOCTH
terpanentuaa Thr-Lys-Pro-Arg u tpunentuna Pro-Gly-Pro. Huskosneprernueckne KoOH(OpPMaLUH pacCUUTaHHBIX
Y4acTKOB OBUIM HCIOJB30BaHBl ISl HAXOXKAECHUS IPOCTPAHCTBEHHOM CTPYKTYpHI BCell MOJIEKYJBl CeJaHK. Bhio
cocrasieHo cBbie 400 BapuaHTOB, KOTOPbIE OBUIM NPOMHUHHMH3HPOBAHBI 110 3HEpruu. Pacuer oOHapyxui Hannune
pe3koii sHepreTryeckoil quddepeHnnanuy NpoCcTpaHCTBEHHBIX CTPYKTYp TenTanentuaHod Monekynsl Thr-Lys-Pro-
Arg-Pro-Gly-Pro.

ITpoBeneHHBIN pacueT OOHAPYXKWII, YTO JUII MOJEKYJbl CEaHK CaMbIMH HHU3KOYHEPTETHYECKUMH OKa3aliCh
koHpopmanmu ¢ (opmamu ocHoBHOW mermm RBRRBLR, RBRBBLR, RBRBBPR u BBRRBLR. I'moGamsHOH
KoH(popManueil renranentuaHOW Monekynsl sBiasercs RBRRBLR. Jlamnas koHpopMmamus SBISIETCS KOMITAKTHON
CTPYKTYPOIi, I0O3TOMY MEXly aMUHOKHCIOTHBIMU OCTaTKaMH MOJIEKYJIbl BO3HHKAIOT CHIIbHBIEC B3auMoaercTers. Huzkas
SHeprust 3Toil KoHpopMamuu OOyCIOBIEHAa HAJIMYMEM BCEX BO3MOXHBIX U1 TENTAleNTHIHOW MOJEKYIIBI
B3auMoaeicTBuid. B sneprernueckuii naTepait 0-7 KKaj/MOIIb MOmaaanT KOH(GOpMaIiy 4eThipeX GOPM OCHOBHOM LIEIIH.
[IpoBeneHHBIH pacueT NPOCTPAHCTBEHHOM CTPYKTYphl MENTHAHOW MOJIEKYJbl CEJaHK IO3BOJMI ONPEAEIUTh
TeOMETPUYECKUE U SHEpreTHdecKHue MapaMeTphbl NEeNTHAA, 3HAYCHHUS JBYTPAHHBIX YIJIOB OCHOBHOW LENU U OOKOBBIX
Hernel aMUHOKHCIIOT, BXOSAIINX B MOJIEKYITY, @ TAKXKE SJHEPreTUYECKHE BKIA bl BHYTPUMOJIEKYJIIPHBIX B3aUMOIEHCTBUI.
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Ta6umua 2. ['eomeTprdeckue mapaMerpsl (Irpa.) HU3KOIHEPreTHISCKUX KOH(DOpMAIIMi TIeHTAISITHIHOMN
monekyisl Thr-Lys-Pro-Gly-Pro

Vsl RBRPR RBBLR RBRRR BBBLB
Thrl o] -84 -83 -81 -138
1 57 57 57 -178
12 -179 -179 180 177
13 175 176 176 175
Wi -64 -61 -60 161
(o) 175 176 176 178
Lys2 02 -123 -121 -130 -124
e 177 -158 -61 -157
12 58 -58 -178 -57
% 172 179 180 178
x4 170 -178 180 -169
1's 179 176 180 -179
2 92 100 74 95
W2 177 176 177 178
Pro3 03 -60 -60 -60 -60
W3 -46 107 -51 126
W3 -176 183 181 -176
Gly4 o 141 74 -74 61
Wy -70 73 -73 67
W4 168 -178 -172 -178
Pro5 05 -60 -60 -60 -60
s -51 -54 -44 131
s 179 179 -177 180
DHeprus 0,0 0,5 1,5 2.4
EOTH
(kKan/mMop)

PacrionoxeHne aMHHOKUCIIOT B TPEX HU3KOIHEPreTnieckux KoHpopmanusx neHranentuna Thr-Lys-Pro-Gly-Pro
MIPEACTaBICHO HA pUCyHKax 1-3. VI3 mpuBeIeHHBIX PHCYHKOB MOKHO YBUJIETH COIMKEHHOCTD Y4aCTKOB OCHOBHOM LieTH
1 OOKOBBIX II€NeH AMUHOKHCIIOT, BXOSIIINX B TaHHYIO MOJeKyy. [ToaydeHHbIe pe3yapTaTbl MOTYT OBITh HCIIOJIb30BAHBI
JUISL M3y4YCHUS MPOCTPAHCTBEHHOTO CTPOCHUS aHAIOTOB IIEHTA- W I'€KCANCNTHIHBIX MOJIEKYJ TJIMIPOJMHOB, a TAKXKe
HCCIIEIOBaHM KOH(POPMAIMOHHBIX BO3MOXHOCTEeH O0KoBBIX Iereii Thr m Lys mpu B3amMoneHCTBHM ¢ MOJEKYIaMU
PELEnTOPOB.

Pucynok 1. HuskosHepreTnueckast IpocTpaHCTBEHHAs: CTPYKTypa Rizz B21222RPR nenranentuna Thr-Lys-Pro-Gly-
Pro

AxmyanvHble gonpocsl duonoeuuecko gusuku u xumuu, 2019, mom 4, Ne 1, c. 51-56



MODELLING IN BIOPHYSICS 55

Pucynok 2. Hu3kosHepreTuaeckast IpocTpaHCTBEHHAS CTPYKTypa R 122 B 32220 BLR menranentnaa Thr-Lys-Pro-Gly-
Pro

Pucynok 3. HuzkosHepreTuyeckas HpOCTPaHCTBEHHAs CTPYKTypa B2z B23222 BLB nenranentuna Thr-Lys-Pro-Gly-
Pro
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STRUCTURAL ORGANIZATION OF THE GLYPROLINE PENTAPEPTIDE MOLECULE
Ismailova L.I., Abbasli R.M, Akhmedov N.A.
Baku State University, Institute for Physical Problems
Z. Khalilov Str., 23, Baku, AZ-1148, Azerbaijan; e-mail: lara.ismailova.52@mail.ru

Abstract. Regulatory peptides include a family of glyprolines, short peptides whose amino acid sequences
contain glycine and proline residues. At present, the mechanisms of action of glyprolines and their targets
are poorly understood. An important task is also the creation of synthetic analogues of glyprolines, the
molecules of which are distinguished by high stability and efficiency. It seems relevant to carry out
structural and functional studies of glyprolines and their synthetic analogues on model systems using
theoretical research methods. Using the method of molecular mechanics, the spatial structure and
conformational properties of the glyproline pentapeptide molecule Thr-Lys-Pro-Gly-Pro were determined.
The potential energy of the molecule was estimated as the sum of non-valent, electrostatic, torsion
interactions and the energy of hydrogen bonds. 7 low-energy conformations were found for glyproline
pentapeptide, the values of structure the dihedral angles of the main and side chains, and the energy of intra-
and inter-residue interactions was estimated. It is revealed that low energy conformations of this molecule
have the half-folded type of backbone. The side chains of the Thr and Lys amino acids in low-energy
conformations carry out effective interactions and are conformationally labile amino acids, they bring
together the regions of the main chain and the side chains of the amino acids included in the pentapeptide.
Key words: pentapeptide, conformation, molecule, spatial structure.
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INPOCTPAHCTBEHHASA CTPYKTYPA MOJIEKYJIbI ACTH-(4-10)-PGP
Araea JI.LH., AogunoBa A.A., Axmeaosa C.P., Axmenos H.®., Axmenos H.A.

BakuHCcKkui rocy1apCTBEHHBIN YHUBEPCUTET
Azep0OaiiPKaHCKUI TOCY1apCTBEHHBIH 11€1arOrMUeCKUi YHUBEPCUTET
AzepOaiiKaHCKH teXHUIECKAN YHUBEPCUTET
ya. 3. Xanunosa, 23, 2. Baky, AZ-1148, Azepoaiioscan; e-mail: Namiq.49@bk.ru
[punsra B penakmuro: 11.07.2019

AHHOTauuA. B kadyecTBe menTuaoB, KOTOPHIE IO CBOSH HOOTPOITHOW M HEHPONMPOTEKTUBHON aKTUBHOCTH
He ycTynayi Obl ceMakcy, UCIbIThiBaNM pasnuunble pparmentst ACTH: ACTH-(7-10)-PGP, ACTH-(4-
10)-PGP, ACTH-(6-10)-PGP, ACTH-(5-7)-PGP. DkcniepuMeHTBI Ha )KUBOTHBIX MOKA3aJId, YTO OCOOEHHO
YCIIEIIHBIM C TOYKH 3peHusl Onosorndeckux cBoiicts okazancst ACTH-(6-9)-PGP. Oror nentun He ToIbKO
HPOSIBIST HOOTPOIIHYIO M aHKCHOJIMTHYECKYIO aKTHBHOCTH, HO TaK)Ke YBEJIMUYHMBAJI KM3HECIIOCOOHOCTH
KyJIbTHBUPYEMBIX KJIETOK TJIMH, OJIYYEHHBIX U3 KOPHI OOJIBIINX MOJIyIIapHid MO3Ta KPBIC ¢ MIIEMHUYECKIM
nospexuennem mosra. [Ipu nccnenosanun Binusaust ACTH-(4-10)-PGP nHa pa3mep HeKpoTHYECKOro ovara
y KpbIC OKa3aJloCh, YTO IAHHBIM TENTHA, KaK M CEMaKC, yMEHbBIIAeT pa3Mep HEKpo3a NPH Pa3BUTHH
MIIEMHYECKOTO HMHCYJbTa y KpbIc mpuOmusurensHo Ha 50%. Bce 3T mpemapaTsl IutaHupyeTcs
HCTIONIB30BaTh B KAYECTBE JICKAPCTBEHHBIX cpeAcTB. IIpy pa3HbIX crioco0ax BBEAECHNUS NCXOAHBIX IENTHIOB
oOpasyeTcst pa3HbIi Ha0Op MPOMYKTOB THAPOIM3a, NMPH 3TOM H3BECTHO, YTO OOpasyrommuecs Oonee
KOPOTKHE TMENTUABl YacTO HMEIOT COOCTBCHHYIO OHOJIOTHMYECKYIO AKTUBHOCTb. /[l HaxoxIeHMs
MPOCTPAHCTBEHHOTO CTPOEHMS 3TOH NENTHAHOW MOJEKYJbl HCIOJIB30BAICA METOXL TEOPETHYECKOTO
KOH()OPMALMOHHOTO aHAJIN3, TI03BOJISIOLIMN PACCUUTHIBATH TPEXMEPHYIO CTPYKTYPY OMOMOJIEKYI HCXO/Is1
U3 U3BECTHOM AMMHOKHCIOTHOM IIOCIIEJOBATEIbHOCTU. Pacuer BBINOJIHSICA B paMKaX MEXaHUYECKOM
MO/IEJIM MOJIEKYJI C yYETOM HEBAJIEHTHBIX, 3I€KTPOCTATUYECKUX, TOPCHOHHBIX B3aUMOACHCTBUH U SHEPTUU
BOJIOPO/IHBIX cBsizeil. HeBaseHTHBIE B3auMoeiicTBYSI ObLIN OLICHEHBI 110 noTeHnuany Jlennapaa-/Ixonca.
DJIeKTpOCTaTUYECKUE B3aUMOJCHCTBHUSI PAaCCUMTHIBAINCH B MOHOIIOJIEHOM IPUOIMKEHUH MO 3aKOHY
Kyiona ¢ ucnonp3oBaHneM HapuyalibHBIX 3apsiioB Ha aToMax. KoHpopManoHHbIe BO3MOXKHOCTH TaHHOM
MOJIEKYJIBI M3y4EHBI B YCIOBHAX BOJHOTO OKPY)KEHHS, B CBS3M C 9Y€M BEIMYHMHA IUAJIEKTPUIECKON
MIPOHHUIIAEMOCTH PUHSATA paBHOU 10. DHEpTus BOAOPOIHBIX CBA3EH OIIEHUBAIACH C IOMOIIBIO TTIOTCHIIATIA
Mopsze. [IpoctpanctBenHas cTpykTypa Monekyinsl ACTH-(4-10)-PGP (Met4-Glu5-His6-Phe7-Arg8-Trp9-
Gly10-Pro-Gly-Pro) wuccnenoBana ¢parmenrapuo. Ha mnepBom drame wu3yueHbl KOH(DOPMALMOHHBIC
BO3MOKHOCTH  N-KOHIIEBOro  TpunentumgHoro  ¢parmenra Met4-Glu5-His6 u  C-koHIIEBOTrO
renranentuaHoro ¢parmenta Phe7-Arg8-Trp9-Glyl10-Pro-Gly-Pro. Pacuer mokasan, 4TO BO3HHMKAET
CHJIbHAs HHepreTuyeckast tuddepeHuanus Mexy popmamMu OCHOBHOM 1enn. B mnMpokuii sHepreTHecKuii
unrepBan 0-15 kxan/mone mnonagaror koHpopmamuu 11 ¢opm ocHoBHoil nenu. I[lokazano, uTo
NPOCTPAHCTBEHHAs CTPYKTypa TeNTAIeNTUIHON MOJIEKYJIBl MOXET OBITh Ipe/ICTaBlIeHa OJUHHAALATHIO
HHU3KOPHEPreTHYecKMMy (opMaMH OCHOBHOW uenu. HaiineHpl HH3KOBHepreTuyeckne KOH(pOpMaIyn
MOJIEKYJIbI, 3HAYE€HUsI BYTPAHHBIX YIJIOB OCHOBHBIX M OOKOBBIX IIETIC aMHHOKHCIIOTHBIX OCTAaTKOB,
OLIEHEHa SHEPTHs BHYTPU- U MEKOCTAaTOUHBIX B3aMMOICHCTBHH.

Knroueswie cnosa: ACTH-(4-10)-PGP, meopemuyeckuii KOHpOpMAYUOHHBITR aHanU3, NPOCMPAHCMBEHHAS
CMpYKmypa. Kongpopmayus.

B kadecTBe nenTumoB, KOTOpPBIE 10 CBOEH HOOTPOIHOW M HEHPONPOTEKTUBHO AKTUBHOCTH HE yCTyHall Obl
ceMakcy, ucnbIThbiBaiu paznuynbie ¢pparmentel ACTH: ACTH-(7-10)-PGP, ACTH-(4-10)-PGP, ACTH-(6-10)-PGP,
ACTH-(5-7)-PGP. DxciepiMeHTHI Ha )KUBOTHBIX ITOKA3aJIM, YTO OCOOCHHO YCIICIIHBIM C TOYKH 3PEHUS OMOIOTHYSCKIX
cBoiictB okazasicsi ACTH-(6-9)-PGP. Dror mentua He TOJNBKO TNPOSBISI HOOTPOIHYIO M AHKCHOJIMTHUYECKYIO
AKTHBHOCTH, HO TaK)KE YBEJINYNBAJI JKU3HECTIOCOOHOCTH KYJIbTUBHPYEMBIX KJIECTOK IJIHH, OJTYYEHHBIX U3 KOPBI OOJIBIINX
MTONTyIapuii MO3Tra KPBIC C WIIEMHUYECKAM TOBpexaeHueM Mo3ra. [Ipu nccienoBannu Biustanss ACTH-(4-10)-PGP na
pa3Mep HEKpPOTHYECKOTO 04ara y KpbIC 0Ka3ajuoch, YTO JaHHBIM MENTHI, KaK U CEMaKC, YMEHBIIAET pa3Mep HEKpo3a Mpu
Pa3BUTHH UIIEMHYECKOTO MHCYJIBTA y KpbIC MpuOMu3uTensHo Ha 50%. Bee 3T npenapatsl IulaHUpyeTcest HCIOIb30BaTh
B Ka4eCTBE JIEKapCTBEHHBIX cpeAcTB. [Ipu pa3HbIX criocobax BBEAEHHs NCXOOHBIX MENTHIOB 00pa3yeTcs pa3Hblil HA0Op
MIPOLYKTOB THPOJIN3a, IPU 3TOM H3BECTHO, YTO 0Opasyromuecs 6ojiee KOPOTKHE MENTHUABI YaCTO UMEIOT COOCTBEHHYIO
OHMOIOTHYECKYIO aKTUBHOCTS [1].

JIng HaxoXIeHHs MPOCTPAHCTBEHHOTO CTPOEHUS MENTHUIHON MOJEKYJbl HCIOIb30BAJICS METOJA TEOPETHYECKOTrO
KOH()OPMALIMOHHOTO aHAIN34, [T03BOJISIOIINIT pACCYUTHIBATH TPEXMEPHYIO CTPYKTYPY OMOMOJIEKYJI HCXO/Isl U3 U3BECTHOM
AMHHOKHUCJIOTHOM IOCNIE0BAaTEIbHOCTH. PacdeT BBIMOJHSICA B paMKax MEXaHHYECKOM MOJEIH MOJIEKYN C y4eTOM
HEBAJICHTHBIX, JJIEKTPOCTATUYECKUX, TOPCUOHHBIX B3aUMOJEHMCTBUII U IHEPTUU BOAOPOIHBIX CBsi3eil. HepanentHbie
B3aMMOJEHCTBUSL ObUTM OlEHeHBl 10 noreHuuany JleHHapna-/KoHca. OJEKTpOCTaTHYeCKHE B3aMMOJCHCTBUS
PacCUNTHIBAIMCH B MOHOIIOJILHOM INPHUOJIKEHNH 10 3akoHy KylioHa ¢ HCIIOJIb30BaHHMEM IMaplUalIbHBIX 3apsoB Ha
atromax. KoHdopmarmonHsie BO3MOKHOCTH JaHHON MOJIEKYJIBI U3Y4YEHBI B YCIOBHUSX BOAHOTO OKPY)KEHHMS, B CBSI3H, C
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YeM BEIMYMHA AUAIEKTPHUUYECKOH MPOHUIIAEMOCTH MpHHATA paBHON 10. DHEprus BOJOPOAHBIX CBSI3CH OLIEHHBANIACH C
TOMOIIBIO MOoTeHIIMana Mopse.

[Tpu M3I0)KEHUN Pe3yNIbTAaTOB pacueTa MCIOJIb30BaHa KiacCU(PUKaMs MEeNTHIHBIX CTPYKTYP MO KOH(pOpMaLusm,
(opMaM OCHOBHOW LleNH U LIelnaM MenTUAHOro ckenera. KoH(popMalioHHbIE COCTOSHUSI IOJHOCTBIO ONPEIEIISIFOTCS
3HAYEHHUSMH JIByTPAHHBIX YIJIOB OCHOBHOM M OOKOBBIX LIENEH BCEX aMMHOKHCIOTHBIX OCTATKOB, BXOASIIUX B JTAHHYIO
Mosekyiy. Dopmbl ocHOBHOW mnenu ¢parmenra oOpasyrorcs coderanusmMu (opm R,B,L ocratkoB B naHHOH
rocienoBarenbHOCTH. PopMBI OCHOBHOM IETIM TUIENTHIA MOTYT OBITh pa3lelieHbl Ha JiBa Kilacca — cBepHyThle (f) n
pa3BepHyTHIe (€) GOpMBI, KOTOpbIE Ha3BaHHI leiinamu. Bee kondopMmanmy rpynmupyroTes no ¢opMam OCHOBHOM IIETIH,
a ¢opmMel — 1o mreinam. Jis 0003HaYeHNsT KOHPOPMAIIMOHHBIX COCTOSIHIH OCTATKOB MCIIOJIB30BaHbl UICHTU(HHKATOPHI
THIA Xij, rae X OnpeesserT HU3KOIHEPreTUUeCKUe obacti KOH(POPMALMOHHON KapThl

Q- :R(p,y =—-180°-0°), B(p=-180"-0",;y =0" —180°), L(p,iy =0 —180") u
P(p=0°-180°%w =-180°—-0°); ij..=11..,12...,13...,21... ompenenser TOJOXeHHe OOKOBOH  IEMH
(;(1’;(2 ...), TIPHYEM MHJIEKC | COOTBETCTBYET 3HAYEHMIO yria B pezenax ot 0 o 120°, 2 — ot 120° mo -120°,u 3 - ot -

120° mo 0°. OGo3HaYeHHA U OTCUETHI YIIIOB BpameHus cOOTBeTCTBYIOT HoMeHKiIatype [UPAC-IUB [2].

IMpocrpancrBenHas crpykrypa Monekyist ACTH-(4-10)-PGP (Met4-Glu5-His6-Phe7-Arg8-Trp9-Gly10-Pro-Gly-
Pro) uccnenoBana (hparMeHTApHO U SBISCTCS MPOJAOJKCHUEM HAIIMX HUCCICIOBaHUIN B 3TO# oOnactu. [2-3]. Ha mepeom
9Tarne u3y4eHbl KOH(POPMAIMOHHBIE BO3MOXHOCTH N-KOHIeBoro tpunentuaHoro ¢gparmenra Met4-GluS-His6 u C-
KOHIIeBOr0 renranentuaHoro gparmenta Phe7-Arg8-Trp9-Gly10-Pro-Gly-Pro.

Kondopmanmonnsiii  ananm3  tpunentupHoro  ¢parmenra  Met4-Glu5-His6  nposBeneH Ha  ocHOBe
HU3KOIHEPreTHYeCKUX KoH(popMarmii Metriaamuia N-anetni-L-meTnonnna, metmiamuna N-aneTi-L-riauraMruHOBON
KHCHOTBl U Mermwnamuaa N-anetun-L-ructuauna. W3 paccMmoTpenHbix cBbimie 200 CTpyKTYpHBIX BapHUaHTOB
TPUIIENTHIHONW MOJIEKYJBI, HEKOTOPhIE OKa3allUCh CTEPHUYECKH 3alpeIIeHHBIMH, OTHOCHUTEIbHAS SHEPTHs OCTaIbHBIX
pacupenenminace or 0 mo 10 kkam/monb. PesymbTaTel pacdera MOKa3BIBAIOT, YTO MPOUCXOTUT SHEPreTHIecKas
muddepernuanus mo KoHGopMamsiM U 1o (GopMaM OCHOBHOU mernd. B sHeprermueckuii maTepBan 0-4 Kkan/mMoib
omagaroT KOHpOpManuu deThipex (GopM oCHOBHOM Ieru. KoHdopMmaru 3Tux deThipeX (JOpM OCHOBHOM IenH ObLIH
BBIOpaHBI Kak Ha4yalbHBIE BapHaHTHI JUIA pacdeTra IPOCTPAHCTBEHHOH CTPYKTypsl Bceil monekynsl ACTH (4-10).
TpexmepHass crpykrypa C-koHieBoro rentanentunHoro ¢parmenta Phe7-Arg8-Trp9-Gly10-Pro-Gly-Pro Toxe
paccuntana ¢parmentapHo. Kak ormeueHo Bbwie ¢parment ACTH (7-10)-PGP Taroke sBisiercst OTAEIbHON
(YHKIIMOHHUPYIOMICH MOJICKYJION, JJIsi KOTOPOW HaMu OBUIM HCCICIOBaHA ¢ MPOCTPAHCTBEHHas cTpykrypa [3].
[TokazaHo, 4TO 3TOT ()parMEHT UMEET BOCEMb HH3KOIHEPreTHYEeCKUX (POPM OCHOBHOH LM, OTHOCHUTEIbHASI SHEPTHs
KOTOpPBIX H3MeEHseTcs B SHepretmdeckoM HHTepBasie 0-10 Kkan/Monb. OTH KOH(pOpMAIMHM, BKJIaJIbl HEBAICHTHBIX,
JIEKTPOCTATUYECKUX U TOPCHOHHBIX SHEPTUid, NX 00I1asi 1 OTHOCUTENIbHASI SHEPI MU NTpHUBEIeHBI B Tabmuiie 1.

Kak BugHO w3 Tabmmmer 2, N-KOHIIEBOH TETpameNTHUAHBIA (QparMeHT MOJEKYJBl IPEACTABICH YETHIPHEMS
meiimamu:fff - mein 4, eee — 3, fee — 3, eff meln - ogHO# KOH(MOpManmeli. C-KOHIIEBOH reNTanenTUAHBIA (parMeHT
MIPENCTaBIIeH 5 mednamMu menTuIHoro ckenera. LlenTpanpHas wacts Monekynsl Phe4-Gly7 sBisercs KoH(pOpMaIoHHO
naOWIIbHOM, TIpencTaBieHa S5 ieiinamu nenTuaHoro ckenera. C-koHUEBO# TpunenTuibelii ¢gparment Pro-Gly-Pro
ABIIseTCA KOH(OPMAIIMOHHO JKECTKMM M MPEACTaBICH TOJBKO cBepHyThIM mmieiinoM ff. Ha ocHoBe wermipex (opm
OCHOBHOMH 11e1 N-KOHIIEBOTO TPHUIIENTUAHOTO (pparMeHTa 1 BOCbMU GopM C-KOHIIEBOTO I'eNTanenTuaHoro pparmMmeHra
(dbopMHUpoOBaTUCh HayalbHbIe KOH(pOpManuu aekanentuaHol wmojekyiasl ACTH-(4-10)-PGP. Beutn  paccunTanbl
HECKOJIbKO COT KOH(OpManuii, 4acTb M3 HUX OKAa3aJIUCh CTEPHUYECKH HEBO3MOXKHBIMH, OTHOCHUTEJbHAS JHEPTHUs
OCTalIbHBIX KOH(OpMaLuii u3MeHsuach B 3HepreTuueckoM uHrepBasie 0-30 kkan/monb. Pacuer nokasain, 4To BOHUKAeT
CHJIbHAs SHepreTudeckas nuddepeHnanus Mexay GopmaMn OCHOBHOM Henu. B mmpoxuii sHepreTHyeckuii HHTEpBaj
0-15 xkay/monp monanatoT KoHpopMarmu 11 dopMm ocHOBHOM nenu. HeBaneHTHbIE B3auMOAEHCTBUS KOH(pOpMAIHH,
IIpecTaBieHble B Tabnuue 2, W3MEHSIOTCS B IIMPOKOM JHepreTnueckoM wuHTepBaie (-52,1)-(-36,2) kkan/moisb,
aneKTpocTarndeckue Bzaumozercteus 0,9-5,9 kkan/Moib, TOPCHOHHBIE B3auMoaeHcTBuA 4,3-6,6 KKaJI/MOITb.

B Ttabmume 3 mokasaHa SHEpPTrUs BHYTPH- W MEXKOCTATOYHBIX B3aMMOJICHCTBHHA B HH3KOIHEPTETHUECKUX
KOH(pOpMAaNKAX, a YUCICHHBIC 3HAYCHUS T€OMETPHUECKUX MapaMeTPOB THX KOH(QOPMAIUil mpuBeneHs! B Tabmuie 4.
Pacnonoxxenne aTOMOB B HU3KOPHEPTreTHIECKUX KOH(POPMAIHMSX MOKa3aHo Ha pucyHke 1 (a, b, ¢).
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Tadaunna 1. Oueprernueckue Briaabl HeBaNEHTHBIX (Uyes,) anekTpocTaTHuecKuX (Usy), TOpcHOHHBIX (Usqp)

B3aumoeiicteuii, 00mas (Uosuw) 1 oTHOCUTENbHASE (Uory) SHEPTHH ONTUMATIBHBIX KOH(POPMAIIU MOJIEKYJIbI

ACTH-(7-10)-PGP
No [eiin Koundopmarnus DHeprus

UHeB U3J'I UTO]J U06IH UOTH

1 feffff R2B3322R33RBPR —23,1 1,0 3,2 -18,9 0
2 efeeff BlR3122823BRRR —23,1 0,7 3,6 -18,8 0,1
3 feeeff R2B2122Bl3BBPR —21,0 0,4 3,5 —17,1 1,8
4 ffeeff R2R332QBllBBPR —20,3 0,5 3,1 -16,8 2,1
5 eeeeff BzB2122B“BBPR —20,7 0,4 4,1 —16,3 2,6
6 ffffee R2R3322R21RBPR —19,3 0,5 2,8 -16,0 2,9
7 efffff B]R3122R33RBPR —21,4 0,4 5,4 -15,5 3,3
8 eeffef BzB2322R11RRPR —17,3 0,1 5,5 -1 1,6 7,3

1.a) 1.b)

1.c)

Pucynok 1. Huskosneprermueckue xoHpopmarun moaekynsl ACTH-(4-10)-PGP (a, b, ¢)
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Tadanna 2. Oueprernueckue BriIaabl HeBaNEHTHBIX (Uses,) anekTpocTaTHueCKUX (Usy), TOpcHOHHBIX (Urop)
B3aumoeiicteuii, 00mas (Uosw) 1 oTHOCUTENbHASE (Uory) SHEPTHU ONTUMAJIBHBIX KOHPOPMAIU MOJIEKYJIbI
ACTH-(4-10)-PGP

No [eiin Kondopmanuu Uhes Usy Usop Uosi Uom
1 ffffeffff R2122R12R31R283322R33RBPR -52,1 5,2 6,6 -40,4 0
2 eeefeffff 82122833B31R283322R33RBPR -43,5 5,9 4,8 -328 7,6
3 fffefeeff R2122R12R3181R3122B23BRRR —43,6 0,9 6,4 -36,3 4,1
4 eeeefeeff B2122B33831B]R3122B23BRRR —40,0 2,6 4,4 -32,9 7,5
5 feeefeeff R2122B1281181R3122B23BRRR —39,7 2,4 5,1 -32,3 8,1
6 effefeeff B1222R12R3181R3122B23BRRR -3 8,0 4,9 6,6 -26,5 13,9
7 ffffeeeff R2122R12R31R282122813BBPR —45,3 4,4 6,2 -34,7 5,7
8 eeeeeeff 82122833B31R282122813BBPR —37,8 5,4 4,4 -28,0 12,4
9 feeeeeff R2122812B1 1R282122813BBPR —36,2 4,3 5,1 -29,9 13,5
10 feeffeeff R2122812B1 1R2R332281 1BBPR —39,2 4,2 4,3 -30,8 9,6
11 fffeeeeff R2122R12R31B28212281 1BBPR —40,0 4,6 5,2 -29,8 10,6
Tabmuma 3. DHepruss BHYTPH- U MEXKOCTATOYHBIX B3aUMOJICHCTBUM (KKAJI/MOIb) B KOH(pOPMALHUIX
monekynsl ACTH (4-10)-PGP: R»122R12R31R2B332:R33RBPR (Uory =0 Kkkanm/monb, mepBas CTpOKa),
R2122R12R31B1R3122B23BRRR (Uom‘:4-1 KKaJ'I/MOJIB), R2122R12R31R2B2122B13BBPR (Uom‘:5~7 KKaJI/MOJ'IB)
Met4 Glu5 His6 Phe7 Arg8 Trp9 Gly10 Proll Gly12 Prol3
0,8 -3,3 -3.5 -3.3 -3.1 -0.2 0 -0.7 -0.6 -0.2 Met4
0,6 -3,3 -3.4 -2.9 0.9 0 0 0 0 -0.1
0,6 -3,3 -3.5 -3.4 -3.3 -0.1 0 0 0 -0.1
3,8 -1.9 -0.9 -4.0 -1.9 0.1 0.2 -0.1 0.2 Glu5
3,8 -2.3 -0.5 -6.9 0.2 0 0 0 0.2
3,8 -1.8 -0.9 -4.1 -0.9 0.1 0 0 0.4
0,3 -1.1 -1.1 -2.6 0 0 0 0 His6
0,2 -1.3 -3.8 0 0 0 0 0
0,3 -1.1 -1.1 -1.1 0 0 0 0
-0,2 -4.9 -1.6 0 -0.1 0 0 Phe7
-0,2 -3.5 -2.8 -1.1 -0.2 0 -0.1
-0,3 -4.7 -2.0 0 0 0 0
0,1 -1.1 -0.3 -3.3 -0.3 -0.4 Arg8
0,2 1.7 0.2 0 0 0.2
0,1 2.2 -0.2 0 0 -0.2
-0,6 -0.3 -1.6 -0.2 -0.8 Trp9
-0,5 -2.7 -3.1 -0.4 -1.3
-0,8 -1.2 -2.9 -0.2 -0.6
1,4 -3.2 -0.7 -2.3 Gly10
1,2 -0.4 -0.8 -1.9
12 0.7 0.7 2.9
0,2 1.0 -1.4 Proll
0,3 0.6 12
0,3 1.1 1.4
13 40 | Glyl2
1,3 -3.2
1,3 -4.1
-0,5 Prol3
-0,6
-0,5
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I'no6anbhoi koHpopMmanueit mosekysl ACTH-(4-10)-PGP sBisiercst R21220R12R13R2B332,R33RBPR mieiina ffffeffff.
B oroit KkoHpOpMalMK BKIaa HEBAJICHTHBIX B3aWMOJCHCTBUH cocTaBister -52,1 KKai/MOJb, TOPCHOHHBIX
B3auMo/ieiicTBUi 6,6 Kkan/Moib (Tadu. 2). OHa, Onarofapsi HEBAJICHTHBIM B3aHMMOJICHCTBHAM, CTasla T100anbHON. N-
KOHIIeBO# TeTpanenTuaubiiiii pparment Met4-GluS-His6-Phe7 u C-koHieBoit nenranentuanbiii pparment Trp9-Gly10-
Pro11-Gly12-Prol3 cBepHyTHl B Bujae CHHMpaid, UX Ipyr OT Apyra oTnensier Arg8, kotopslii Haxoautcs B B ¢dopme
ocHoBHOHW 1ier. bokoBast membs Arg8 HampaBieHa K N-KOHIy MOJEKydsl M 3()(EeKTHBHO B3aMMOAEHCTBYET C
MIPEABILYIIMMHI OCTaTKaMH, BKJIal KOTOPBIX COCTaBIsET -13,1 KKain/MoJib, a C OCTAIBHBIMHM OCTaTKaMH B3aHMOJICHCTBHS
COCTaBJISIOT -5,4 KKay/Moub (Tadu. 3, puc. 1 a). B rmobansHoit kondopmarn N-KOHIIEBOH y4acTOK MOJIEKYJIbI 00pasyer
JIBE€ BOJIOPOHBIE CBA3M MEX/y aTOMaMH OCHOBHOH LIEIH IIEPBOTO U MATOTO OCTATKOB M BTOPOTO U MSATOTO OCTAaTKOB.

Bropoii HU3KODHEPTETHYECKON KoH(popManueit MOJIEKYJITBI ACTH-(4-10) PGP SIBIISICTCS
R2122R12R31R31B1B312:B23BRRR mreina fffefeeff ¢ ornHocurensHolt sneprueit 4,1 kkan/monb. B 310t koH(bOpMarmn
BKJIaJ, HCBAJCHTHBIX B3aUMOICWUCTBUI cocTaBisseT -43,6 KKai/MOJIb, 3JIEKTPOCTATUYCCKHX B3aMMOJCHCTBHIA —
(0,9) kKan/mMojb, TOPCHOHHBIX B3aUMOICHCTBUI — 6,4 KKaiu/Mojb (Tabm. 2). Ona, Giaromapsi 3JE€KTPOCTATHYCCKUM
B3aUMOJICHCTBUSIM CTalla HU3KOAHEPI'€TUUECKOH, AJIEKTPOCTATHUECKOE OTTAIKMBAHWE HauMeHbliee. [Ipu M3MeHeHnu
Cpe/ibl OTHOCHUTENbHAsI SHEPTusl 3TOH KOH(pOPMaHUy MOXET Pe3KO M3MEHUThCs. B aToi KoH(popManuu GokoBas 1ielb
Arg8 moBepHyTra K N-KOHIy M B3auMojeHcTBUS Arg8 ¢ MpeipIylMMH OCTaTKaMHu COCTaBisieT -14,2 KKajl/MoJb.
OO6pazyercsi BOIOPOIHAS CBA3b MEX/ly aTOMaMH OCHOBHOM II€IM NIEPBOTO H ISITOr0 aMUHOKUCIIOTHBIX OCTATKOB.

Pacnionoxenne atomoB N-KOHIIEBOTO TeTpanenTHIHOTO (GparmenTa n C-KOHIIEBOrO TPUIENTHIHOTO (hparMeHTa B
MIPOCTPAHCTBE TOYTH TaKHe K€, Kak M B II00anbHON KoHpopMarmu. OHU OTIMYAIOTCsl KOH(POpManne HeHTpatbHON
gactu Monekyibl Arg8-Trp9-Gly10 (tabm. 2, puc. 1 b).

Tperrseil HU3KOPHEPTETHUECKOW KOH(popManuei mcciaemryeMoi MoneKymsl saBisercs Roiz Ri2R31R2B212:B13BPR
meiina ffffeeeff, oTHOCHTEIEHAS SHEPTHA KOTOPOI paBHA 5,7 KKaJ/MOJIb. ITa KOHPOPMALIUS OT TII0OANEHON OTIHMYACTCS
koHpopmanueit Trp9-Gly10. B rnobanbHoi KOH(GOpMaIMK OHU 00Pa3yIOT CBEPHYTYIO (hOPMY OCHOBHOM 1IETH, a 3/1eCh —
pa3BepHyTyI0 (hopmy. [losToMy, B3aMOIEHCTBHS MEXK Ty aMUHOKHUCIOTHBIMH OCTaTKaMH N-KOHIIEBOI YaCTH MOJIEKYJIbI
OCTAIOTCS [TOYTH TAKUMH K€, KaK U B rI100anpHON KoHpopmanuu (tadi. 2, puc. 1 ¢).

Takum 00pazoM, HpocTpaHcTBeHHYIO CTpyKTypy Mosekyiasl ACTH (4-10)-PGP moxHO mnpeacTaBUTh Tpems
CTPYKTYPHBIMHU TUIIAMHU YU MOKHO MIPEANIOJIOXKNUTE, YTO MOJIEKYJIa CBOU (l)l/I?)l/IOIlOFl/I‘IeCKI/Ie (l)yHK]_II/II/l OCYIIECTBJIACT B OTUX
cTpykTypax. Ha ocCHOBE 3TUX CTPYKTyp MOKHO IIPUAYMATh €€ CHHTETUYECKUE aHAJIOTH.

Teopernueckuii koH(OpMAaMOHHBIA aHanmu3 xaekanentuaHoil Moiekyinsl ACTH-(4-10)-PGP mnpuBen k Taxoi
CTPYKTYPHOH OpraHM3allMid MOJIEKYJIbI, KOTOpas HE HCKIIOYaeT pPeaJIM3alrI0 MOJIEKYJIOH IIeJ0ro psifa (yHKIMH,
TPeOYIOIIMX CTPOTO CIeNU(PUISCKUX B3aUMOJEHCTBHHI C Pa3IMYHBIMU PELIEITOPAMH.

Tabmuna 4. Teomerpudeckne mapamerpsl (Tpad.) ONTUMAIBHBIX KOH(OpMAIMA  MOJIEKYIIBI
ACTH (4-10) PGP

Ocrarok Kondopmanuu
ffffeffff fffefeeff ffffeeeff
Metl -63 -51 178 -64 45 176 -64  -49 177
178 58 180 -178 59  -178 -178 59 179
179 180 179
Glu2 -62  -36 -173 -65 -38 -170 -63 -37  -174
68 -176 90 68 -176 90 68 177 90
His3 -70 -39 -176 <713 46 -176 -69 -38  -174
-58 92 -58 92 -58 91
Phe4 91 -50 177 -107 139 178 -92 150 178
-164 83 -178 89 -168 85
Arg5 -102 116 -177 -113 -63 -176 -102 113 179
-54 -63  -174 -75 79 172 -57  -63  -172
179 -177 -188
Trp6 99 56 174 -156 149 -179 -158 150 178
-60 94 180 74 48 -86
Gly7 -65  -67 176 -85 122 -176 90 122 178
Pro8 -60 122 180 -60 -53 179 -60 115 -179
Gly9 133 -79 167 -83 -719 -176 127 -76 169
Prol0 -60  -51 179 -60 -56  -178 -60  -51 179
U, 0 4,1 5,7
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SPATIAL STRUCTURE OF ACTH-(4-10)-PGP MOLECULE
Agayeva L.N., Abdinova A.A., Akhmedova S.R., Akhmedov N.F., Akhmedov N.A.
Baku State University
Azerbaijan State Pedagogical University
Azerbaijan Technical University
Z. Khalilov st., 23, Baku, AZ-1148, Azerbaijan, e-mail: Namiq.49@bk.ru

Abstract. As peptides, which by their nootropic and neuroprotective activity would not be inferior to
Semax, different fragments of ACTH were tested: ACTH-(7-10)-PGP, ACTH-(4-10)-PGP,
ACTH-(6-10)-PGP, ACTH-(5-7)-PGP. The animal experiments have shown that ACTH-(6-9)-PGP has
proven to be particularly successful in terms of biological properties. This peptide not only showed
nootropic and anxiolytic activity, but also increased the viability of cultured glial cells obtained from the
cerebral cortex of rats with ischemic brain damage. When studying the effect of ACTH-(4-10)-PGP on the
size of the necrotic focus in rats, it turned out that this peptide, like Semax, reduces the size of necrosis
during the development of ischemic stroke in rats by approximately 50%. All these drugs are planned to be
used as medicines. With different ways of introducing the original peptides, a different set of hydrolysis
products is formed, while it is known that the resulting shorter peptides often have their own biological
activity. To find the spatial structure of this peptide molecule, we used the theoretical conformational
analysis method, which allows us to calculate the three-dimensional structure of biomolecules based on the
known amino acid sequence. The calculation was carried out within the framework of the mechanical model
of molecules, taking into account the non-valent, electrostatic, torsion interactions and the energy of
hydrogen bonds. The non-valent interactions were assessed by Lennard-Jones potential. Electrostatic
interactions were calculated in a monopole approximation according to the Coulomb law using partial
charges on atoms. The conformational capabilities of this molecule are studied under the conditions of the
water environment, in connection with which the value of the dielectric constant is assumed to be 10. The
energy of hydrogen bonds was estimated using Morse potential. The spatial structure of the ACTH-(4-10)-
PGP molecule (Met4-Glu5-His6-Phe7-Arg8-Trp9-Gly10-Pro-Gly-Pro) has been studied fragmentarily. At
the first stage, the conformational capabilities of the N-terminal tripeptide fragment Met4-Glu5-His6 and
the C-terminal heptapeptide fragment Phe7-Arg8-Trp9-Gly10-Pro-Gly-Pro were studied. The calculation
showed that there is a strong energy differentiation between the forms of the main chain. The conformations
of 11 forms of the main chain fall into a wide energy range of 0-15 kcal/mol. It is shown that the spatial
structure of the heptapeptide molecule can be represented by eleven low-energy forms of the main chain.
The low-energy conformations of the molecule, the values of the dihedral angles of the main and side chains
of amino acid residues are found, the energy of intra-and inter-residual interactions is estimated.

Key words: ACTH-(4-10)-PGP, theoretical conformational analysis, spatial structure, conformation.
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ITPOCTPAHCTBEHHAS CTPYKTYPA MOJIEKYJI DK30P®UHA A4 u A5
AxmvenoB H.A., Araesa JI.H., I'ax:xkuena 1II.H., A66acasr P.M., Ucmaniaosa JI.H.

BakuHCkuii rocy1apcTBEHHbIN YHHBEpCUTET, MHCTUTYT (hu3HuecKkux mpobiem
ya. 3. Xanunosa, 23, 2. baky, Azepboaiioscan; e-mail: Namiq.49@bk.ru
[Moctynuna B pemakiuro: 11.07.2019

AnHoranusi. ONHOWIHBIC TENTHABI B HACTOSINEE BPEMsI CUMTAIOTCS HaMOOJee H3YyUYCHHOU IPYIIOn
CHTHAJIBHBIX BELIECTB NENTHIHOM npupoabl. OnuyM BbI3bIBacT 00€3001MBaHNE, YCIIOKOCHUE U 3aChINIAHNUE,
TaKXkKe SHUPOPHUYSCKOE COCTOSHHE W PsJ BEreTATHBHBIX peaknuit. ONHOWIHBIC IMENTHIBI OBIBAIOT
JKUBOTHOTO W PACTHUTEIBHOTO IPOUCXOXKICHHSA. PsJ 3K30ICHHBIX NENTHAOB, IOIYYaeMBIX C IHUIICH,
001amaroT OMUONAONOJOOHBIMI CBOHCTBaMHU. Takwe menTuasl OBUIH Ha3BaHBI dK30phuHAMU. MeTomoM
TEOPETHYECKOT0 KOHPOPMAIIMOHHOTO aHAITU3a UCCIIEI0BaHbl KOH()OPMAIOHHBIE BO3MOKHOCTH MOJICKYJT
sxk3oppuHa A4 u AS. IoreHnmanpHas (QyHKIHUS CHCTEMBI BBHIOpaHa B BHAE CYMMBI HEBAJICHTHBIX,
3JIEKTPOCTATUYECKUX W TOPCHUOHHBIX B3aUMOJICHCTBUA W HHEPTUM BOJOPOIHBIX CBsi3eld. HalineHbl
HHU3KOIHEPreTH4ecKrue KOHPOPMAIIMU 3TUX MENTUIOB, OLICHEHbI 3HAYCHHsI IByTPAHHBIX YTIJIOB OCHOBHBIX
M OOKOBBIX LieMeld aMHHOKHCIOTHBIX OCTaTKOB, BXOJSIIMX B MX COCTaB, OJHEPrusi BHYTPU- U
MEXOCTAaTOUHBIX B3auMojeicTBuil. Iloka3aHo, 4YTO IIPOCTPAHCTBEHHAs CTIPYKTypa HCCIIEIOBaHHBIX
MOJIEKYJI MOKET OBITh MpE/ICTaBICHA BOCEMbIO KOH(MopMalusiMu. [lomyueHHbIe pe3ysbTaThl MOTYT OBITH
WCIIOJIb30BaHbl JIISL BBISICHEHUS! CTPYKTYPHOH M CTPYKTYpHO-(PYHKIMOHAJILHOM OpraHU3alud MOJIEKYII
9K30p(HHOB.

Knroueswie cnosa: sxs3opun, onuoud, cmpykmypa, Kongopmayusi.

PerynstopHble menTHIBI, BIEpBbIE OOHAPY)KEHHBIE BO BTOPOH MONOBMHE XX BEKa, AKTUBHO H3Y4arOTCS Kak
¢uznomoramu, Tak W (PapMaKoJIOTaMH, IOCKOJIBKY O0JacTh OHMOJOTHYECKOW AKTUBHOCTH TICTITHIOB YPE3BBIYANHO
mmpoka. OHHU SBISIFOTCS] OZTHUM M3 TTIaBHBIX 3BEHBEB, 00BEINHSIONINX TPH IIaBHBIE PETYIISITOPHBIE CHCTEMBI OpraHu3Ma
— HEPBHYIO, SHIOKPHHHYIO U UMMYHHYIO B €IMHOE Iieioe. B HacTosIee BpeMs y pa3HbIX BHOB JKUBOTHBIX U y YEJIOBEKa
oxapaktepu3oBaHo yxe 6onee 9000 hpuznonornueck akKTUBHBIX MENTUAOB. ITO KOPOTKUE LETIOYKH aMHUHOKHCIOT (2-70
OCTaTKOB), BBIMOJIHSIONME (DYHKIHIO CUTHAJIBHBIX MOJEKYN. BOJBIIMHCTBO TaKMX IENTHIOB HEJb3sI C YBEPEHHOCTHIO
OTHOCHTH HU K HEWpOMeuaTopam, HM K TOPMOHaM, IOCKOJIbKY OHM CHHTE3UPYIOTCS KaKk HellpoHamH (TiepeaaBasi CUrHaj
Ha YpOBHE CHHAIICa), TaK M KJIETKaMu nepudepryeckux TKaHeil (mepeaaBasi curHail Ha Oosiee JajibHUE PACCTOSIHUS
1oJ00HO ropMoHaMm). JIJist peryJIiTOPHBIX MENTHIOB XapaKTepHO BO3IEHCTBHE Cpa3y Ha MHOTHE CHCTEMBbI OpraHU3Ma.
OnvownHbIe IENTHABI B HACTOSIIEE BPEMS CUNTAIOTCS] HanOoJiee N3y4YeHHON IPpyIol CUTHAIBHBIX BELIECTB METTHIHON
npuponsl. OnuyM BbI3bIBaeT 00e300JIMBaHME, YCIOKOEGHHE M 3achlllaHue, Takke 3H(OpPHYECKOE COCTOSIHUE U PsiX
BEreTaTUBHBIX peakiuid. ONMONIHbIE TENTHABI OBIBAIOT )KUBOTHOTO M PACTUTEIBHOTO MTPOUCXOXKACHUS. Ps1 5K30reHHBIX
MIENTU/IOB, MONYyYaeMbIX C MUIIEH, 00JaJaroT ONMMOWAONONOOHBIMH CBOMCTBaMH. Takue MENTHUAbI ObUIM HAa3BaHBI
sx3opduHamu [1].

Hamu ObutH HCCIen0BaHbI CTPYKTYPHO-()yHKIIMOHAIBHBIE OPraHU3aIMH PsJia ONMOMIHBIX NIENTHIOB U 3Ta paboTa
ABJISICTCA MPOJOJDKCHHUEM HAIINX MPEIBIAYIINX HCCIeIOBaHuUH [2-6].

Pacyer MoJteKyI bl BBIIIOJIHEH € IIOMOIIBIO METOJa TEOPETHYECKOT0 KOH(GOPMALMOHHOTO aHanu3a. IloTeHnuanpHas
(GYHKIMS CHCTEMbI BbIOpaHA B BHJE CYMMbI HEBAJCHTHBIX, DJIEKTPOCTATHYECKUX M TOPCHOHHBIX B3aWMOAEWUCTBUI U
SHEPruM BOJOPOIHBIX CBsizel. HeBaneHTHbIe B3auMoneicTBUs ObUIM OLiEHEHBI MO noreHuuany Jlennapna-/IxoHca.
3ﬂeKTpOCTaTM‘leCKI/Ie B3aMMO}1€l7[CTBH§I pacCYUThIBAJIUCh B MOHOIIOJIbHOM HpI/l6J'll/I)KeHI/II/l IO 3aKOHY KyHOHa C
HCII0JIb30BaHUEM MApLHUAIBHBIX 3aps0B Ha aToMax. KoHpopMaoHHbIE BO3MOKHOCTH MOJIEKYJIBI AK30p(HHA H3yYEHBI
B YCJIOBUSIX BOJHOTO OKPY>KCHHS, B CBS3M, C YeM BEIMYMHA JUIJIEKTPUIECKOW NMPOHUIIAEMOCTH NpuHsATa paBHOi 10.
DOHeprusi BOJOPOJHBIX CBsA3EH, OLIEHNBAJIACh C TOMOIIBIO0 OTeHIaIa Mops3e.

[Tpn n310X€HUN Pe3yNbTaTOB pacueTa MCIOIb30BaHa KIAcCH(PHUKAMA IENTHIHBIX CTPYKTYp MO KOH(pOpManusim,
(opmMaM OCHOBHOMW HENM W HIeHIaM MEeNTHAHOTro ckenera. KoH(OopMaIoHHbIE COCTOSHUS MOTHOCTBIO ONPEIEIISIFOTCS
3HAYEHUSIMH JIBYTPAHHBIX YTJIOB OCHOBHOM M OOKOBBIX LIETIE€H BCEX aMHHOKHCIOTHBIX OCTaTKOB, BXOISIINX B JaHHYIO
Morexyrry. @opMbel OCHOBHOH Iienmu (parMeHta obOpasyrorcs codertanmsmMu ¢opm R, B, L ocratkoB B maHHOU
rocnenoBarenbHOCTH. PopMbI OCHOBHOW IETIM JUMENTHIA MOTYT OBITH pa3[eicHbl Ha JBa Kiacca — ceepHyThie (f) n
pa3BepHyThIe (€) GOpMBI, KOTOPbIE Ha3BaHHI leiinamu. Bee kondopMmanuy rpynmupyoTes no ¢opMam OCHOBHOM IIETIH,
a ¢opmbl — 1o nreiinam. [ o0o3HaueHUst KOHPOPMAIIMOHHBIX COCTOSIHMI OCTATKOB HCIIOJIb30BaHbl UIEHTU(HHKATOPHI
THIIA Xij, rae X OmpeneisaeT HU3KOOHEPTeTUUECKUE obJiactn KOH(OPMAaLMOHHOI KapThl

@y : R(p,w =—180°—0°), B(p=-180"—0",y =0" —180°), L(p,y =0" —180°) "
P(p=0°-180°%y =—-180°—0°); ij...=11...,12...,13...,21... ompenenser mONOXKeHHe OOKOBOH  ILiENH
( X102 ...), TIPUYEM MHJIEKC | COOTBETCTBYET 3HAUEHMIO yria B npeznenax ot 0 mo 120°, 2 — ot 120° g0 -120°,u 3 - o1 -

120° o 0°. O6o3HaYCHHS U OTCUETHI YIJIOB BpallleHHs COOTBETCTBYIOT HoMeHKiIatype [UPAC-IUB [7].
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Tabauua 1. DuepreTudekoe pacrpeeienne KoHpopmanuii MoJekybl 3k30pdrHa A4

DHEpreTHYeCKHe HHTEPBaIbI (KKaj1/MOJIb)
lein ®opma
OCHOBHOI 0-1 1-2 2-3 3-4 4-5 >5
nenu

eee BBBB 3 - 2 2 2 -
LBBB 1 3 1 3 1 -

fee RBBB 2 2 1 2 2 -
PBBB 2 1 2 2 2 -

ffe RRBB - 1 2 3 1 2
PRBB - 1 3 3 - 2

efe BRBB - - 1 6 _ 2
LRBB - - 3 4 - )

[IpocTpancTBeHHas cTpykTypa Monekynbl sk3opduHa A4 (Glyl-Tyr2-Tyr3-Pro4) mccnemoBana Ha OCHOBE
HU3KODHEPTeTHUECKUX KOH(popMamuid MeTwiamuna N-aleTWITIUINHA, MeTmiamuga N-anetwn-L-tuposwHa U
Metmnamuna N-anetwi-L-nponmHa. PesymbraTel pacdera mokasaHel B Tabmumax 1 m 2. B tabmume | mpuBemeHO
SHEPreTHYECKOe PACIPEASICHHE PACCUUTAHHBIX KOH(pOpMAaLMii MOJIeKy bl 9K30pduHa A4.

PesynbraThl pacyera MoJieKyJIbl 9k30phuHa A4 OKa3bIBAIOT, YTO MPOMCXOMUT dHEpreTuydeckas nuddepeHumarms
1o xoudopmanusaM u 1o ¢popmaM OCHOBHOI nenu. B sHepreruueckuii mHTEepBan 0-1 KKaJl/MOJb HOMAmalOT BOCEMb
koH(opManuii yetbipex (Gopm ocHoBHO# nenu (Tadiu. 1). ['eomerprueckue mapaMeTpbl caMOl HU3KOIHEPreTUUECKON
KoH(opMaLuK K04 GopMbI TaHbl B Ta0IHLE 2.

I'nobGanbHol KoH(poOpMarmel Moinekyibl dk3opduna A4 ssisercs RB,Bs:B. B artoit xoHdpopmanmu Bkiaj
HEBAJICHTHBIX B3aMMOJACUCTBHI cocTaBiseT -10,4 KKaJ/MOJb, 3JCKTPOCTATHYSCKUX B3aumMOAEHCTBHIA -1,1 KKai/Moub,
TOPCHOHHBIX B3aUMOJAEHCTBHUI 1,5 KKkai/Monb. B 3Toli cTpykType Bo3HMKaIOT 3 QeKkTuBHbIe B3anmoaeicTsus Tyr2 c
Tyr3 n Pro4, xoropble BHOCAT BKJIaa B OOIIyI0 3HEPrHIO COOTBETCTBEHHO -3,5 KKan/Moiab M -1,5 Kkai/mMoub.
Bsammopeticteue Tyr3 ¢ Glyl BHOCHT BKItag B 00IIyIO 3HEPTHIO -3,4 KKaJI/MOIIB, a ¢ Pro4 -4,2 xkan/mMos.

Bo Bcex HU3KOPHEPTETHUYECKUX CTPYKTYpax MOJEKYINbI 3k30pdpuaa A4 6okosbie nenu Tyr2 u Tyr4 B oqMHAKOBBIX
MTONIOKEHMIX, O0KoBas memns Tyr2 HampaeineHa K C-KOHITy MOJEKYNbI, a O0koBas mems Tyr3 HampaBieHa K N-KOHITY
MOJIEKyJbl. B Takux monoxeHHsx oHM 3((PEKTHBHO B3aMMOJCHCTBYIOT APYT C APYTOM M aTOMaMHM OCHOBHOH LieTn
MOJIEKYJIBL.

Bropas Hu3kosHepreTnyeckas kKoH(popManus MoOJeKyibl 3k3ophuHa A4 seisercs BB;Bs;B ¢ oTrHocurensHOI.
sHeprueit 0,2 Kkan/mMoib. Jta KoH(GOPMAIIHS OT TJI00aTbHON OTJINYAETCS TOJBLKO OCHOBHOH 1ienbio Glyl.

Bkiian HeBaJI€HTHBIX, 3JIEKTPOCTATUYECKUX U TOPCUOHHBIX B3aUMOJICHCTBHH B OOLIYIO SHEPTHIO MTOYTH TaKoH ke,
Kak 1 B miobanpHON KoH(popmanmu. HaOmomaercs sddexruBubie B3ammozaentcBus Tyr2 m Tyr3 ¢ npyrumum
AMHMHOKHCJIOTHBIMH OCTaTKaMH.

Wx Bkiaj Takoi ke, KaK U B I1100anbHON KoH(opMaruyu. OTHOCUTENbHAsE SHEPrHsl KOHPOPMauy OCHOBHOM LieTn
BRBB u LRBB mieiina efe soime 2,0 kkan/moms (tadm. 1).

Tabmuuma 2. Teomerpudeckne mapameTpsl (Tpaid.) ONTUMANBHBIX KOH(OpMAIMA  MOJIEKYIIBI
sk3opduna A4
Kounbopmanuu
Ocratok RB2B3B BBzB3B RR2B3B BR2B3B
Glyl -75 -120 177 =71 125 -179 -74 -73 173 -79 120 180
Tyr2 -97 140 178 -92 147 174 -97 -48 -179 -99 -49 -178
177 87 0 171 87 -0.3 -171. 96 0 -177.95 0
Tyr3 -126 148 177 -132 143 179 -97 149 177 -98 148 177
-58 89 0 -58 85 0 -58 93 0 -58 92 0
Pro4 -60 131 180 -60 131 180 -60 131 180 -60 130 180
Uom 0 0,2 1,2 2,3

HpI/IMe‘IaHI/ICI 3HA4YCHUA ABYTI'PAHHBIX YIJIOB JaHBI B ITIOCIIEAOBATECIIBHOCTH @, Y, W, X1, 2.
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Tabsuua 3. OTHOCHTENBPHAS SHEPTHS W SHEPreTUYECKHE BKJIAJbI HEBAJICHTHBIX, AJIEKTPOCTATUYECKUX,
TOPCUOHHBIX B3aUMOJICHCTBHIA MIPENNIOYTUTENBHBIX KOH(OpMaLIUii MoeKyibl 3k30phuHa AS

Ne Ietin Kondopmanus Ubes. Usn Utope. Uoptm, Uomm
1 feee PB,B;BB; -15.3 -0.4 2.2 -13.7 0

2 RB,B;BB; -14.6 -0.4 1.8 -13.2 0.5
3 eeee BB,B;BB; -14.7 -0.3 2.1 -12.9 1.0
4 LB,B,BB; -14.6 -0.2 2.1 -12.7 1.0
5 ffee RR,B;BB; -12.5 -0.3 1.9 -10.8 2.9
6 PR,B3;BB; -12.4 -0.2 1.8 -10.7 3.0
7 efee LR,B;BB; -11.4 -0.3 1.7 -9.7 4.0
8 BR,B;BB; -11.0 -0.1 1.8 -9.4 4.3

TpexmepHass crpykrypa Monekyiasl dk3oppuna A5  Glyl-Tyr2-Tyr3-Pro4-ThrS wu3yuena Ha ocHOBe
HU3KO3HEPreTHYCCKUX KOH(OpMaIuii MoJieKyJibl dk30phuHa A4 u metwnamuaa N-aretwi-L-tpeonnna. HavyanpHbie
KoH(opManuy MEeHTANENTHIHON MOJIeKybl SK30phrHa AS (OpMUPOBAINCH U3 HU3KOIHEPIETUYECKUX KOH(pOpMaIui
MOJIEKYJIBI dK30pduHa A4, npuBeneHHbIX B Tabnuie 1 u tpex ¢gopm ocHoBHOW menu Thr ¢ yueToM Bcex BO3ZMOMKHBIX
0JI0KeHNH OOKOBOH 1ern. Pe3ynbraThl pacuera 1mokasajid, YTO BO3HUKAET dHepreTudeckas auddepeHnnanus MexLy
meinamMu, GopMaMi OCHOBHOW memu W KoH(popMmammsimu. B mmpokuit sHepretuyeckmii naTepBan 0-5,0 Kkan/mMoib
MIOTIAJAI0T BOCEMb KOH(OpMAIIHA, IPUHAJICKAIINX BOCEMH (JOPMaM OCHOBHOM IETH W YETHIPEM IIeHTIaM MTENTHIHOTO
ckenera. OTHOCHTENBHAs] SHEPTHS W DHEPTETHUECKHE BKIAABI HEBAJICHTHBIX, JJEKTPOCTATHUECKUX, TOPCHOHHBIX
B3aUMOJICHCTBUIT ATUX KOH(DOpMaLUii MoseKyJibl 3k30phuHa A5 moka3ansl B Tabiuie 3.

Kaxnplii miedin npejpctaBieH AByMs (QopMamMu OCHOBHOM 1enu. OJHEprusi BHYTPHU- W MEKOCTATOYHBIX
B3aMMOJICHCTBHM, T'€OMETPHYCCKHE IMapaMETPhl CaMbIX HH3KOIHEPIeTHUYECKHX KOH(GOpMAIMH Ka)XIoro Imieina
HpUBEJICHbI B Ta0Uuax 4 u 5.

[IpocTpaHCTBEHHOE PACIIONOKEHHE AMUHOKHCIIOT B HU3KO3HEpreTuyecknx koudopmarumsax PB,B;BB;, BB,B;BB,,
RR,B3;BB;, LR,B3;BB; npencrasieno Ha pucyske 1 (a, b, ¢, d).

Tadanna 4. DHeprus BHYTPH- M MEXKOCTAaTOUHBIX B3aMMOIEHCTBHMH (KKaJ/MOJIb) B KOH(OpMAIHMAX
Mosekyisl 3k3opduna AS: PB:B3;BB; (Uem= 0 kxammouns, 1 ctpoka), BB2B3BB: (Uom, = 0,8 kkanModb,
2ctpoka), RRyB3BB (Ugr. = 2,9 xkanmons, 3ctpoka), LR2B3BB1 (Uow.=4,0 Kkanmoins, 4 cTpoka)

..Glyl Tyr2 Tyr3 Pro4 Thr5

2,2 -1,0 -3,3 -0,1 0 Glyl

2,0 -1,0 -2,0 0,1 -0,1

2,9 -1,1 -2,5 -0,1 -0,6

2,9 -1,2 -1,4 -0,1 -0,1
1,4 -4,0 1,7 -1,7 Tyr2

1,5 -4,0 -2,3 -2,3

0,8 -4,7 -0,5 -0,5

0,9 -4,9 -0,5 -0,5
0,9 -3,5 -0,9 Tyr3

0,9 -3,6 -0,9

1,1 -3,9 -0,9

1,1 -4,0 -0,9
0,3 -1,2 Pro4

0,3 -1,1

0,3 -1,0

0,3 -1,1
-2,4 Thr5

-2,4

-2,4

-2,4
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Tabauua 5. ITeomerpudeckne mapamerpsl (Tpafd.) ONTUMAIBHBIX KOH(OpMAIMA  MOJIEKYJIBI
sk3opduna A5
OcTaTok Kondopmanuu
PB,B;BB; BB:B;BB; RR:B;BB; LR,B3;BB;
Glyl 76 -121 176 -70 126 -179 =73 -74 174 75 74 -179
Tyr2 -93 146 177 91 151 173 -95 -48 180 -96 -50-179
173 86 -0,7 172 86 -0,3 -172 97 0 -171 98 0
Tyr3 -129 148 -176 -130 145-177 -97 150 177 -96 149 176
-56 88 0 59 8 0 58 94 0 -60 94 0
Pro4 -60 134 -175 -60 134 180 -60 133 180 -60 135 176
Thr5 -106 149 180 -107 150 180 -108 150 180 -107 150 180
61 -178 179 60-179 179 60-179 180 60 -178 179
Uomm. 0 0.8 2.9 4.0

[Tpumeuanne: 3HaU€HNS ABYTPAHHBIX YIJIOB JIaHbI B TIOCIEIOBATEILHOCTH O, ,M,)1,)2.

a) b)

Pucynok 1. TIpocTpaHCTBEHHOE pACIIOJIOKEHHE aMUHOKUCIOT B HH3KOYHEPrEeTHYECKHX KOH(pOpMALHUIX
a) PB,B3BBi, b) BB2B3BB1, ¢) RR2B3BB1, d) LR2B3BB1
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SPATIAL STRUCTURE OF EXORPHIN A4 AND A5 MOLECULES
Akhmedov N.A., Agaeva L.N., Gadjieva Sh.N., Abbasli R.M., Ismailova L.I.
Baku State University, Institute for Physical Problems
Z. Khalilov str. 23, Baku, AZ-1148, Azerbaijan, e-mail: Namiq.49@bk.ru

Abstract. The opioid peptides are currently considered as the most studied group of peptide signaling
substances. The opium causes the pain relief, sedation and falling asleep, as well as a euphoric state and a
number of vegetative reactions. The opioid peptides are of animal and plant origin. A number of exogenous
peptides derived from food have opioid-like properties. Such peptides were called exorphins. The
conformational capabilities of exorphin A4 and A5 molecules were studied by the method of theoretical
conformational analysis. The potential function of the system is chosen as the sum of non-valent,
electrostatic and torsion interactions and the energy of hydrogen bonds. Low-energy conformations of these
peptides are found, the values of the dihedral angles of the main and side chains of amino acid residues
forming them, the energy of intra-and interactions are estimated. It is shown that the spatial structure of the
investigated molecules can be represented by eight conformations. The obtained results can be used to
clarify the structural and structural-functional organization of the exorphin molecules.

Key words: exorphin, opioid, structure, conformation.
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MATEMATHYECKASI MOJEJIb POCTA 30KAYECTBEHHOM OITYXOJIA

Hycaesa 51.M., Boronbsinos B.B.
Y duMckuii rocy1apcTBEHHBII aBUALIMOHHBIH TEXHUYECKUH YHUBEPCHUTET
ya. K. Mapkca, 12, 2. Ypa, 450008, P®,; e-mail: yanadusaeva@mail.ru
[Moctynuna B pemakiuro: 16.07.2019

AnHoTtauusi. B pmaHHOW crTaThe paccMaTpuBaeTCsl HMHBA3WBHAsS OIMYyXOJb, oOJamarormas OOJBIION
IUIOIIA b0 TIOPAKEHHS TKAaHHU U MAJIOH OTHOCUTEIBHON IIIOTHOCTHIO 3I0KaYECTBEHHBIX KJIETOK JIMHAMUKY
BOCHAJIUTENBHOTO Ipolecca KOJMYECTBEHHO OMMCHIBACTCS, CIIES 33 N3MEHEHHEM KOHLCHTPAIIMH KIETOK
— 4ucia KJIETOK B eauHMIe oObeMa TkaHM. B paboTe mpeanoskeHa MaTeMaTHdeckas MOAENb POcTa
3JI0KaYeCTBEHHOM omyxosid. B paccMmarprBaeMoll MOJeNu pocTa OMyXOJIM YYHUTHIBAaeTCS 3 BHJA KIETOK:
3JI0Ka4€CTBEHHBIE, 3/I0POBbIC U OeJIble KPOBSIHBIE KIIETKH — TUMGOUUTEL. CYUTAETCS YTO PacpOCTPaHEHNE
3JI0Ka4e€CTBEHHBIX, 37I0POBBIX KJIETOK M JMM(OLUTOB B MPOCTPAHCTBE MPOMCXOAUT 3a cueT nuddysun.
AnonTo3 (cMepTh KIETKH II0CJIE OINPENENICHHOIO 4YHCiIa JICNICHWH) Y 3JI0Ka4eCTBEHHBIX KIIETOK
oTcyTcTByeT. TO ecThb, 3JI0KAYECTBEHHBIC KIIETKH «OECCMEPTHBD». 3JI0POBBIE KIETKH MOTYT OBITH
«3apayKeHbI»: N3-3a Pa3pacTaHUs OIyXOJEBBIX KJIETOK CUTHAIBHBIE MOJIEKYJIBI HE IIOCTYMAIOT K 3/J0POBBIM
KJIETKaM, W3-3a YeTO0 OHM HAaYMHAIOT OECKOHTPOJIBHO pa3MHOXKaThesl. [locTpoeHHast MoJernb OblIa perieHa
YHCIEHHO METOJIOM MPEANKTOPa-KOPPEKTOpa. BBUIO paccMOTpEHO HECKOJIBKO CIy4aeB: MOAENb 0e3
3JI0Ka4E€CTBEHHBIX KJIETOK, CIIydail C HEAOCTAaTOYHBIM KOJIMYECTBOM JMM(OLUTOB M KOTAa MMMYHHOH
cucTeMe yraercs nooeauTs 0oe3Hb. Moenp mokasana XOpOLIylo CXOAUMOCTh ¢ SKCIIEPHMEHTaIbHBIMH
JAHHBIMH.

Knrouegvie cnoga: xemomaxcuc, 310Ka4ecmeenas Onyxoib, UMMYHOMEPAnus, MamemMamuyeckas MoOeb.

KﬂaCCI/I'-IeCKI/IMI/I METOAaMM JICUCHUA paKa ABJIAIOTCA XUMUOTEpAIiusA, rOpMOHaibHasA W TapreTHas Teparus (Bl/II[
MEIMKAMEHTO3HOTO JICUeHHs 3a00JICBaHUS, NMPU KOTOPOM OJIOKUPYETCS POCT TOJBKO PAaKOBBIX KIETOK, a HE MPOCTO
MPETATCTBYET PAa3MHOKEHHUIO BCEX JENANINXCS KIETOK). Bee BhINIenepeYrcIeHHbIe METOIBI IHO0 HAPSAMYIO YOHBAIOT
OITyXOJICBBIC KJIIETKH, THOO0 BMEIIUBAIOTCS B MIX MPOIECCHI, YTO TOXKE MPUBOJIUT K UX TUOETH. B MpOTHBOBEC MM CTaBUTCS
AMMYHOTEpanus, KOTopas He 00JIafaeT MPOTHBOOITYX0JIEBEIM 3(p(PeKTOM, a 3aCTaBIsAET COOCTBEHHBIC HMMYHHBIE KIICTKA
opranuzMa yOWBaTh OIMyXoilb. VIMMyHOTepamnus SIBISIETCS OJHOW W3 MEPCHEKTHBHEHIINX METOIOB JICUCHHUS paka; e&
HCCIICIOBAaHMSMH ceifuac akTHBHO 3aHMMatoTcs ydaeHnele. B 2018 romy HobeneBckyro mpeMuto 1Mo MEeAUIHE A ABYM
yaeHsiM — JDxkeiimcy Ommmcony m3 CIIIA u Tacyky Xowm3é w3 SlmoHmm 3a m300peTeHHE IpenapaToB, KOTOPHIE
3aCTaBIAIOT UMMYHHUTET aKTHBHO YHHUYTOXATH OITyXOJIIb.

B cBsa3u ¢ JOPOTOCTOAINIMMHU  SKCIICPUMEHTAMH 110 TMPOTHO3UPOBAHHUIO POCTA 3JIOKAUYCCTBCHHBIX onyxonei/'l,
MaTEeMaTHYECKOE MOJCIMPOBAHUE BeChMa MEPCHCKTHBHO. Ha MaHHBIE MOMEHT MOCTPOCHO COTHH MAaTEeMAaTHYCCKHX
MOJIeJIeHl POCTa 3JI0KAYECTBEHHOTO OOpa30BaHHUs, HEKOTOPhIC M3 KOTOPBIX CeHyac HCIOJIB3YIOTCS MpHU padboTe ¢
MAI[CHTAMH.

HyXHO OTMETUTH, YTO COTJIACHO HETJACHOMY 3aKOHY IPHPOJBI, BCE JKUBOEC CTPEMHUTCS U3 HEOJIArompHsITHBIX
ycIoBHid B Oojiee OiaronmpusATHBIC. DTO KacaeTcsl He TOJNLKO MHOTOKJICTOYHBIX OPTraHM3MOB, HO ¥ OTACIBHBIX KIETOK
OpraHu3Ma. JKCIEPUMEHTAIBHO JOKA3aHO, YTO MHOTHE THIIBI OIYXOJIEBBIX KIETOK, 0COOCHHO METAaTHYCCKH aKTHBHEIE,
obmamaroT xemorakcucoM. CyIIecTBYeT LENbI psan padoT Mo MaTeMaTHIeCKOMY MOJSITHPOBAHUIO POCTA W WHBA3UU
OITyXOJIH, HCHIONB3YOMMX Mozens Kemtepa-Crrena s yaeTa XeMOTaKCHCa.

Bynem paccmarpuBaTh MHBAa3WBHYIO OIyXOJIb, 00JaJafONIy0 OOJBIION IUIOMAAbI0 MOPaKEHUSI TKaHH W Majlon
OTHOCHUTEIIFHOW IIIOTHOCTBIO 3JIOKQUYECTBEHHBIX KIIETOK. XOPOIIO W3BECTHO, YTO KIETKH WHBA3WBHBIX OITyXOJei
o0amaroT GONBIION IMOABMKHOCTBIO, M €€ PacIpOCTpaHEHHWE MPOHUCXOAWT 3a CUYET CIYYalHOTO WM HAIPaBICHHOTO
Omy)KmaHusi KIETOK. Mbl OymeM paccMaTpuBaTh JIMIIb HAIMPABICHHOE JBIXKCHHE KIIETOK, HMCKIIIOYAs CIy4YalHYHO
COCTaBISIIOIIYI0. J[MHAMUKY BOCHAJIMTEIBHOIO MpOIlecca MOKHO KOJHUYECTBEHHO OIUCAaTh, CIEIS 33 M3MEHEHHEM
KOHICHTpAUN KJIETOK — YHKCJIa KJIETOK B CAUHULIC 061,eMa TKaHHU. KOHTpOIl]) Haa OCJICHUEM U SaHpOFpaMMHPOBaHHOﬁ
CMEPTHIO KJIETOK — arloNTO30M — OCYIIECTBISCTCS OMOXUMHYCCKUM IyTEM — «IOCTABKOI» K KIETKaM ONPEACICHHBIX
CUTHAJIBHBIX MOJICKYJ. B paccMarprBaeMoil MOJICIIM pOCTa OITyXOJH YYHATHIBACTCS 3 BHIIA KJIETOK: 3JIOKAYCCTBCHHEIE,
3JI0POBBIC U OEIIbIC KPOBSHBIC KIIETKH — JIMM(POLIUTHL. 3apUKCHPYEM CIICAYIOIINAC YTBEPKICHUS:

1. B HavampHBIH MOMEHT BpPEMEHH IDIOTHOCTH 3AOPOBBIX KJIETOK M IJUMQOIUTOB OJWHAKOBA BO BCEH O
OIacTH — MOJAEPIKUBACTCS PABHOBECHE MEKIY POKIAIOIIUMICS U YMHUPAIOIIUMH KICTKAMH.

2. AmonTo3 y 370Ka4eCTBEHHBIX KJIETOK OTCYTCTBYET. TO €CTh, 3710Ka4eCTBEHHbIE KIETKH «OeCCMEPTHEI.

B mpomnecce pocta mensmuecs: KISTKH, BBIACTAS TOKCHYHBIE BelIecTBa [2], OKa3bIBalOT OTPUIATEIHHOE BIISHHE HA
3I0pOBBIE.

3. 3)10p013b1e KJIIETKU MOTYT 6])ITI) «3apaXKCHbD»: U3-3a pa3dpacTaHusA OITYyXOJICBBIX KJIETOK CUI'HAJIbHBIE MOJICKYJIbI
HE MMOCTYTAIOT K 3/J0POBBIM KJICTKaM, H3-3a Yer0 OHH HAYMHAIOT OCCKOHTPOJIBHO Pa3MHOKATHCS.

4. Bynem cuMTath, 4TO PaCHPOCTPAHEHHE 3JI0KAYECTBEHHBIX, 3I0POBBIX KIETOK U JMM(OLUTOB B IPOCTPAHCTBE
MPOUCXOIUT 3a cueT auddy3un.

5. Ha HavanpHOM 3Tare pocTa KJICTOK HMMYHHAsI CHCTEMa Paclio3HAET 3JI0KAYCCTBEHHBIC KICTKH, W JTUM(OITUTEHI
HAYHMHAIOT X YOHUBATh.
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[ycte M (x,t) — IUIOTHOCTH 30OPOBBIX KIETOK, C(x,f) — 3J7I0KauecTBEHHbIX, Y (x,¢) — numdonuroB. C yyeTrom

BBCACHHBIX 0003HaYeHUI cucTeMa HI/I(l)(l)CpeHHI/IELTII)HI)IX ypaBHeHI/Iﬁ, OIMMChbIBAarOIasA JUHAMHUKY TPEX THUIIOB KJICTOK,
HUMECT BU/:

OM (x,1)
ot

E

_ M(x’t).{Mo—kM(x,t)(a_ C(x,1) j}_klazM(x,t)

Ky +M(x,1) K- +C(x,1) ox?

B

_ 7 2
V() _Yo—kY() 0 Yoo ), K %Y (x,1)
ot Y(x,0)+Ky Ky +Y(x,t) o’

Y =~ My —kM(x,t 2
GC(x,t) — —C(x,t) ,uC . C(xnt) . (x,t) +| - _ﬁ 0 ()C, ) +k3 a C(zxﬂt)
ot Cx,t)+Kgo | Y(x,0)+ Kyy Kypr +M(x,1) Ox
M, —kM
B mepBom ypaBHenme M (x,t) -M — CKOpOCTh «COOCTBEHHOTO» pOCTa 3IIOPOBBIX KIIETOK,
Ky +M(x,t)
C(x,1)
M(x,t)|a—f————| — CKOPOCTb MHIHMOMPOBAHHMS 3JI0OKAYECTBEHHBLIMH KIETKAMH 340pOBHIX. Craraemoe
K-+C(x,1)

Y, —kY(x,t

0—()6’) vC(x,t) OIIUCBIBAET MIPUPOCT JUMQOITUTOB npu HAJIMYUU NEIISIIIUXCS KJIETOK,

Y(x,0)+ Ky

Y)Y —kY(x0)
UKY +Y(x,t) Y(x,t)+ Ky

— yOBUTE TIM(OIMTOB B OTCYTCTBHE NEIAMIMXCS KIETOK. CKOPOCTh pocTa JeISIIHXCS

~ C(x,1)? Y(x,1)
KJIETOK B TPEThEM YpaBHEHHE MNPONOPUUOHAIBHO —O - fi--— ———, a —C(x,t)—————— — CKOpOCTh
C(x,t)+ K Y(x,0)+ Kyy
Cx,t)*> = My—kM(x,1)

YHHUYTOXKCHUSA 3JIOKQYECTBEHHBIX KIIETOK JII/IM(i)OL[I/ITaMI/I, — IepexXoa OT HOPpMAJIbHBIX

Clx,t)+Kge = Kypy +M(x,1)
KJIETOK K JCJSAIIUMCS (MyTHPOBaHHUE).
Jlnis pelieHust CUCTEMbl YpaBHEHU# OblIa HAMCaHA YUCICHHAS CXEMa METOJIOM IPEAUKTOPa-KOPPEKTOpa.
PaccmorpuM Heckonbko ciyvaeB. CHaganma TpoOBepuUM, KakK BEAyT ceOs 30pOBBIC KICTKH B OTCYTCTBHE
3apakeHHBIX.

1
time i

PI/ICyHOK 1. I[I/IHaMI/IKa pocTa 3J0POBLIX KIIETOK B OTCYTCTBUE 3JIOKAYECTBCHHBIX
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I N S

o o o T o L e e

=T S LFE PN, [ = Ty
T

time i 3 ap 0

PP[CyHOK 2. ,HI/IHaMI/IKa pocTa ﬂPIM(bOIIPITOB B OTCYTCTBHUC 3JIOKAUECTBEHHBIX KJIETOK

U3 rpadukoB ciemyer, 4TO B OTCYTCTBHE 3JIOKaYECTBEHHBIX KJIETOK 3J0POBBIE KJIETKH PaBHOMEPHO PacTyT, a
TUMGOLMTHI HAYMHAIOT NIOTH0ATh, TaK KaK JUI MX )KU3HEAESATEIbHOCTH HEIOCTATOYHO IIUTATEIbHBIX BEIIECTB.

Temnepp MycTh B TOUKE BO3HUKAIOT 3JI0KAYECTBEHHBIC KJICTKH, IIPH 3TOM HAYaIbHOE KOJIHMYECTBO JIUM(OIIMUTOB MAIIO
0 CPABHEHHIO C KOJMYECTBOM MYTHPOBABIINX KIICTOK.

= SohoSooas
LR Lo oo

1 4 b
1 3 3

BPEHA, JHA 3 =0

1
BPEMA, JHI

Pucynox 3. [lunamuka pocta HOpMaJIBHBIX KJIETOK (CJIeBa) M JIMM(OIUTOB (CIIpaBa)

25 r
2 -
Ly |

=]
oA
T

10 i 4 X
20 7 2
BPEMA, JHI 07 !

Pucynok 4. Jlunamuka pocrta 3apa’k€HHBIX KJIETOK
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Ofrem omyXonu
.
T

0 1 I 1
0 5 10 15 20 25 30 35

BpeMs, AHH
Pucynok 5. [lunamuka pocta o0beMa OIMyXOJH: CIUIOIIHAS JIMHHUS — PELICHHE YHCICHHOM CXEeMBbl, KpPEeCTHKaMH
0003Ha4YEHBI SKCIIEPUMEHTANIbHBIE JAHHBIE POCTa aIeHOKapLUUHOMBI Dpuxa 0e3 seueHus [1]

B nmannoMm ciydae nuMQOLMTHI CTEKAlOTCS B O0JNAcTh OIYXOJHM, OJZHAKO HE MOTYT CIPABUTHCS C POCTOM
3JI0Ka4E€CTBEHHBIX KJIETOK. [IJIOTHOCTB 37I0pOBBIX KJIETOK B OOJIACTH POCTA OIyXOJIM CHIIBHO IajaeT. 31I0Ka4eCTBCHHBIE
KJIETKH PacTyT M 3aHUMAIOT Bce OOJBLIYIO TeppuTOpuIo. Ha pucyHKe 5 mpuBeneHbI SKCIIepUMEHTaIbHBIC TaHHbBIE POCTA
aJIeHOKapLUHOMBI Dpuxa. U3 rpadMKoB BHIHO, YTO NOCTPOCHHAS MOJEIb JOCTATOYHO TOYHO ONHCHIBACT POCT JaHHOM
OIYXOJIH.

Tenepp paccMOTpUM Ciydai, KOrZJa KOJHMYECTBA JIUM(OLMTOB IOCTATOYHO JUIi IOAABJICHUS pOCTa
3JI0Ka4eCTBEHHOI'0 00Opa30BaHusL.

U3 rpadukoB BUAHO, 4TO TUM(OLUTH HAYMHAIOT aKTUBHO «COEraThes» K OIyXOJIH, ITPU 3TOM HaOIII0AaeTcs pe3koe
aJieHue UX MIOTHOCTH B 00JIaCTH 3I0POBOW TKaHU. 370POBbIE KJIETKH B 00JIACTH OIyXOJIH ITOTHOAIOT, OJJHAKO BO BCEH
OCTalIbHOM 00nacTH HaOMIOAaeTcss WX EeCTECTBEHHBIH pocT. IIOTHOCTH 3J70KaueCTBEHHBIX KIIETOK B 00JacTH
BO3HMKHOBEHUSI OITyXOJIM MaJaeT, OJHAKO OHM HAaYMHAIOT PacHpOCTPAHSATHCS 10 MPOCTPAHCTBY, 3aHUMast BCe OOJblie
MecTa M 3apakasi HOBBIE TKaHH.

[Toy4yeHHbIe pe3ynbTaThl MOKA3bIBAIOT, YTO JaHHAs MOZIENb MOXET CIY)KUTh OCHOBOM IS IOCTpOeHHs Ooiee
CIIOXKHBIX MOJEJIeH pocTa 3JI0KaYeCTBEHHBIX 00Pa30BaHUM, YUUTHIBAIOIIUX OOJIbIIE (hAKTOPOB.
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Pucynok 7. Jlunamuka pocra 3710Ka4€CTBEHHBIX KJIETOK
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MATHEMATICAL MODEL OF TUMOR GROWTH
Dusaeva Ya.M., Vodopyanov V.V.
Ufa state aviation technical University
K. Marx st., 12, Ufa, 450008, Russia; e-mail: yanadusaeva@mail.ru

Abstract. The article describes an invasive tumor with a large area of tissue damage and a small relative
density of malignant cells. The dynamics of the inflammatory process is quantitatively described, following
the change in cell concentration — the number of cells per unit volume of tissue. A mathematical model
for the growth of a malignant tumor is proposed. In this tumor growth model, 3 types of cells are taken into
account: malignant, healthy and white blood cells - lymphocytes. It is believed that the proliferation of
malignant, healthy cells and lymphocytes in space occurs due to diffusion. Apoptosis (cell death after a
certain number of divisions) in malignant cells is absent. That is, malignant cells are "immortal". Healthy
cells can be "infected": because of the proliferation of tumor cells, the signaling molecules do not flow to
healthy cells, which is why they begin to multiply uncontrollably. The constructed model was solved
numerically by the predictor-corrector method. Several cases were considered: a model without malignant
cells, a case with an insufficient number of lymphocytes, and when the immune system manages to defeat
the disease. The model showed good convergence with experimental data.

Key words: chemotaxis, malignant tumor, immunotherapy, mathematical model.
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MHIUBUTOPHI IIMKJIOOKCUTEHA3 TOJABJIAIOT Ca**-OTBETHI, BBI3LIBAEMBIE
XJIOPITPOMA3NHOM B MAKPO®AT'AX
Mmuaennna JI.C., Kpyrenkas 3.U., Autonos B.I'., Kpyreuxas H.U.

Cankr-IletepOyprckuii TOCyZapCTBEHHBI YHUBEPCUTET
Yuusepcumemcxas nab., 7/9, 2. Cankm-Ilemepoype, 199034, P®; e-mail: cozzy@mail.ru
Iloctynuna B penakiuro: 11.06.19

AnHoTanusa. HeliponenTuk nepBoro IOKOJIEHUS XJIOPIIPOMAa3uH, IIUPOKO IPHUMEHSEMBI B Tepanuu
mMHU30QPEHNH W JPYTMX [CUXMYECKHX 3a00JIeBaHUWM, OKa3blBae€T MHOTOIPaHHOE BIHMSHUE Ha
BHYTPUKJIETOYHBIE Mporiecchl. Tak, paHee HaMH OBLIO MOKa3aHO, YTO XJIOPIPOMa3HH BI3bIBACT YBEINYEHHE
BHYTPHUKJIETOUHOM KoHIeHTpannn Ca’" B mepuTOHEaTbHBIX MAaKpo(arax KphiC, CBA3aHHOE ¢ MOOUIH3AIHUET
Ca*" w3 BHytpuknerounsix Ca’’-memo m mocmemyrommm BxomoM Ca?' m3 mapyxkmnoit cpempl. OmHako,
MEXaHM3MBI, IOCPEACTBOM KOTOPBIX XJIOPIPOMasuH Bhi3biBaeT Ca’'-0TBeThl B Makpodarax, 10 KOHIA He
n3ydeHsl. B aktuBanuu n GyHKINOHHPOBAHMH HMMYHHBIX KJIETOK, B TOM YHCIIE Makpo(haros, BAXKHYIO POJIb
UrpaeT KackajJ MeTaboIM3Ma ITOJMHEeHACHIIIEHHON apaxiuJOHOBOM KUCIOTEL. B Makpodarax apaxumnoHoBas
KHCIIOTa OKHCIISAETCS PEUMYIIECTBEHHO € yYacTHEM LMKIOOKCHI€Ha3 M JIMIIOKCUTeHa3. B cBs3M ¢ 3THM,
MPEACTABISUIOCH  LIEJIECOO0pa3HbIM  MCCIIEAOBATh  Y4acTHE LUKIIOOKCHI'€HA3HOTO MYTH OKHCIICHHMS
apaxuIOHOBOM KHCIIOTHI BO BIMSHHMM HeipojenTuka (EHOTHa3MHOBOTO psla XJIOpIpOMa3uHa Ha
BHYTPMKIIETOUHYIO KoHLeHTpamuio Ca?’ B makpodarax. C ucnons3opanueM payopecuentaoro Ca’*-3on1a
Fura-2AM BmepBble T1OKa3aHO, 4YTO [JBa CTPYKTYpHO pa3JIMUHBIX WHTHOMTOpa LMKIOOKCHI€HA3
AUETUWICATUIIMIIOBAsS KUCJIOTa (ACIMpUH) W MHIAOMETAmMH mojaaBisioT Ca’’-OTBEThl, BBI3BIBAEMBIE
XJIOPIIPOMA3HHOM B TEPUTOHEAJBbHBIX Makpodarax Kpbichl. llomyueHHbIE JaHHbBIE CBHIETEIBCTBYIOT 00
YYacTHH IHMKJIOOKCHIeHa3 M (WJIHM) IPOAYKTOB LUKJIOOKCHICHA3HOTO IYTH OKHCICHUS apaxuIOHOBOU
KHMCJIOTHI BO BIMSHUY XJIOPIPOMA3MHa Ha BHYTPUKIIETOUHYIO KoHIeHTpammto Ca?’ B makpodarax. Yuactue
(depMeHTOB  Kackaja MeTabonu3Ma apaxUIOHOBOM KHCIOTBI BO BIMSHUM XJOpIpOMasWHa Ha
BHYTPHKJIETOUHYIO KOHIEHTpanuio Ca*" MOXKET OBITh OOBACHEHO MOJEIBIO BCTPAMBAHHA aM(OHQHIBHBIX
AQHTUIICUXOTHYECKUX areHTOB, B TOM 4HCiIe ()eHOTHA3HHOBBIX HEHPOJIENTUKOB, BO BHYTPEHHUH MOHOCIIOMH
MeMOpaHbl, B KOTOPOM JIOKIN30BaHbl aHHMOHHBIE (ochonmumuasl. ITO MOXKET IIPUBOAUTH K M3MEHEHHUIO
KHUJKOCTHOCTH MeMOpaHbl M (yHKIMOHMPOBaHHMS MeEMOpPaHOCBS3aHHBIX (EPMEHTOB, TaKUX Kak
¢dochonumnaza A,, 3amyckarolias Kackaa MeTadonM3Ma apaxuIOHOBOH KHCIOTHL. B cBOl odepens,
(EepMEHTHI /MM TPOYKTHl META00IU3Ma apaxMJIOHOBOH KHMCJIOTHl y4acTBYHOT B (opMuposanun Ca?'-
OTBETOB, BBI3BIBAEMBIX XJIOPIIPOMA3HHOM.

Kniouesvie cnosa: xnopnpomasun, YukioOKcu2eHasvl, eHympukiemounas —Kowyewmpayus —Ca’”,
nepumoHeanbHvle MaKpoPazcu.

BBEJEHUE

XnopnpomaszuH (ammHazuH) (XII) oTHOcWTCS K TIEpPBOMY IIOKOJICHHWIO THITMYHBIX  HEHPOJIENTHKOB
(AHTUIICUXOTHYECKHX areHTOB) ()EHOTHA3MHOBOTO Psila, MIHMPOKO NMPUMEHSEMBIX B Tepaluy MN30()PEeHHH U OPYrux
NCUXUYECKUX 3a0oeBanuii [1]. BeissBieno MHororpanHoe Biusaue X1 Ha BHYTPUKIETOUHBIE MPOLIECCHI [2].

MmuoxectBeHHOCTh 3 dexToB XII, kak U Apyrux (eHOTHa3MHOB, MOXKET OBITh CBs3aHa C ero aMm(puQuIbHON
npuponoi. bynyun ampuduibHbIM cOeIMHEHUEM, OH XOPOILO MPOHHUKAeT uyepe3 mMeMOpaHsbl. [IpeanoxkeH MexaHW3M
BcTpauBaHus (intercalation mechanism) amMmpuMIEHBIX aHTUIICUXOTUYECKUX areHTOB, B TOM 4Kcie ()eHOTHA3HHOBBIX
HEHPOJIENTHKOB, BO BHYTPEHHHH MOHOCIIONH MEMOpPaHbI, B KOTOPOM JIOKaJIM30BaHbl aHHOHHBIE (HOCHOIUITH/IBL, B IEPBYIO
ouepens pochounosutuasl [3]. brnaronaps stomy, XIT MoxkeT MOy THPOBaTh BHYTPUKIIETOUHBIE IIPOLIECCHI, TAKUE KaK
repeiaya CHTHAJIOB M BHYTPHUKJIIETOYHBIM TPAHCHIOPT.

Panee namu ObLUTO BriepBBIC MMOKa3aHO, yTo XI1 U qpyroii HeHpoIenTHK PEHOTHA3HHOBOTO psifa — TpUQIIyOIlepa3HuH
— YBEIHMYHMBAIOT BHYTPHKIETOUHYIO KoHHeHTpamuro Ca?!, [Ca®'];, BpmbpBas MoOmwmsamuio Ca’" w3 Ca’'-gmemo m
HOCTENYIOIMI eno3aBucuMbIil Bxon Ca?” B mepHTOHeanbHbIe Makpodard Kpbic [4, 5]. OmHAKO MEXaHW3MBEI,
HOCPENCTBOM KOTOPBIX (DEHOTHA3KMHEI BEI3BIBAIOT yBeaudenne [Ca’']i B Makpodarax, 10 KOHIA HE U3yIEHBI.

B aktuBauuu v QyHKIMOHMPOBAHUM UMMYHHBIX KIIETOK, B TOM YHCJIE€ MaKpo(aroB, BAXKHYIO pOJIb UTPAET KacKa/l
MeTaboJIM3Ma MOJIMHEHACHIIIEHHOH apaxuoHoBoii kuciiotsl (AK) [6]. AK BbicBoOOMKHaeTcsi U3 MEMOpPaHHBIX JIUITHI0B
noz aercteueM pocdonunassl A, (DJIA,) 1 najee OKHCISETCS B KIIETKE 110 TPEM OCHOBHBIM (DEPMEHTATHBHBIM ITYTSIM C
oOpa3zoBaHNeM OHOJOTMYECKH aKTHUBHBIX IPOAYKTOB — »Jiiko3aHongoB [6]. B wmakpodarax AK okucnsercs
MIPEUMYILECTBEHHO C y4YacTHEeM LHUKJIOOKCHI'€Ha3 M JunokcureHas [7]. Ha tpomOomurax uenoBeka ObUIO paHee
YCTaHOBJICHO, YTO ICUXOTPOITHBIE COSIMHEHHUS MOTYT MOJYJIMPOBaTh akTHUBHOCTh PJIA, M MpoayKIMIO METabOINTOB
OUKIOOKCUTEHA3HOTO U JIMITOKCUTeHA3HOTO myTel okucienus AK [8, 9].

B cBs3m c atuM, B HacTosmed pabore ObUIa IOCTAaBIEHA 3aja4ya HCCIENOBAaTh BO3MOXKHOE YYacTHE
LMKIOOKCUT€HA3HOro IyTH okucinenus AK Bo simsauu XI1 na [Ca’'); B Makpogarax.
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METOJUKA

DKCcnepruMEHTHI IIPOBOJIUIIY Ha KYJIbTUBUPYEMbIX PE3UJICHTHBIX IEPUTOHEAIBHBIX Makpodarax Kpsic JuHuKu Wistar
npu KoMHaTtHOW Temneparype 20-22 °C yepe3 1-2 cyT mocje Hadana KyJbTHBUPOBaHUs KieToK. [logpoOHo mpouenypa
KyJIFTUBHPOBAHUS Makpo(aroB U aBTOMaTH3MPOBAaHHAs yCTAHOBKA JUISl M3MEPEHHs] BHYTPUKIETOYHOW KOHLEHTPAIN
Ca?", [Ca?'];, na 6a3ze QpayopecuentHoro mukpockona Leica DM 4000B (Leica Microsystems, I'epMaHus) omicaHbl paHee
[5]. Jns usmepenus [Ca®']; ucnons3osanu QuyopecuentHbiii 3001 Fura-2AM (Sigma-Aldrich, CIIIA). Bo36yxneHue
(yopecueHH 00BEKTa MPOU3BOAMIH TIPH THHAX BOJH 340 1 380 HM, SMHUCCHIO PETrHCTPUPOBAIH MPU JITHHE BOJTHEI
510 am. s m30exanus pOTOBBITOpaHUS H3MEPEHUS MMPOBOAMIN depe3 Kaxisie 20 ¢, 00mydast 0ObEKT B TEUEHHE 2 C.
3nauennms [Ca*']; paccunTbiBay 1m0 ypasHeHHIo I puakeBnya [10]. CTaTHCTHYECKHI aHAIIM3 IPOBOIMIIA ¢ IPUMEHEHHEM
kputepus t CTerofenTa. JlocToBepHbIME cUUTANU paziandus npu p < 0,05.

Ha pucyHkax npuBefeHBI Pe3y/lbTaThl TUINNYHBIX SKCIIEPUMEHTOB. [laHHBIE NpEACTaBIEHbI B BHAE Ipaduka
W3MEHEHHs] OTHOILICHHS WHTEHCUBHOCTEH Quyopecuenunu Fura-2AM npu [uimHax BOJIH BO30Y)KIJAIOLIETO U3ITy4YEHUS
340 u 380 um (otHOMmEHHE F340/F350) BO BpeMEHHM, OTPasKaroIIero JMHaMUKy usMeHenus [Ca®']; B keTkax B 3aBUCHMOCTU
OT BpeMeHH u3Mmepenus [11].

JInist BBISBJIEHHUS y4acTUs IMKJIOOKCHIeHa3Horo myTtu okucienus AK Bo simsaum XIT Ha [Ca®']; B Makpodarax
WCIIOJIB30BAJIM CTPYKTYPHO DPa3iIMYHble WHTHOMTOPHI IUKIOOKCHI€HA3 aleTWICAUIMIMIOBYI0 KUCIOTY (acnMpHH) U
unjpoMeranuH [12, 13].

PE3YJIBTATHBI

B KOHTPOJIBHBIX 3KCIIEPUMEHTAX Mbl OOHAPYKHUIIH, YTO nobaBnenue 25 mMxr/mi XI1 k Makpodaram, HaXOISIIUMCS
B HOPMAIBLHOM (DM3UOJIOTHYECKOM DacTBOpPE, NPUBOIAMT K ObicTpoMy moBbimenuto [Ca?']; or 6a3albHOTO YPOBHS,
pasHOrO 92 £ 16 HM, 110 241 £ 22 HM, mocne yero HabnroaeTcs muTenbHas dasza «miato» Ca?-oteera (puc. la, 2a).

[TokazaHo, yto npenHkyOaus kiaerok ¢ 100 MM acnupuna (puc. 16) wimm 10 MM uHnomeranuHa (puc. 20) B
TeueHne 5 MMH 10 BBeseHMs 25 Mkr/mn XII npuBomuT K mojasieHuro ysenudenus [Ca?'];, BeisbiBaemoro XII, mo
CPaBHEHMIO C KOHTPOIBLHBIMM dKclepuMeHTamu. Ilonasnenue Ca’'-orBeros, muaymupyembix XII, acnmupuHoM u
WHAOMETauHOM cocTaBmio 27,9 + 8,1 u 38,2 + 9.4 % cooTBeTcTBEHHO (N = 9 I KaXI0TO U3 (hapMaKOJIOTHUECKUX
areHTOB).

F340/380, oTH. en.
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Pucynox 1. Biusinue acnupuna Ha Ca’'-0TBETBI, MHAYLMPYEMbIE XJOPIPOMA3MHOM B Makpodarax. 371ech U Ha
pHUCYHKE 2 TI0 OCH OpJIMHAT — OTHOLIEHHEe MHTeHcUBHOCTEH (uryopecuenin Fura-2AM Fsa0/F3s0 npu anmHax BoiH
B030y>xaaromiero usnyueHus 340 u 380 HM COOTBETCTBEHHO (OTHOCUTENbHBIE €ANHULIBL, OTH. €11.). [o ocu aberuce —
BpeMs. a — K MakpodaraMm, HaXxO[IMMCS B HOPMaJbHOM (DPHU3HOJIIOTMYECKOM DPacTBOpe, NOOABISUIM 25 MKI/Mi
xyoprpoMasuna. Ha ¢one pasusierocst Ca>"-orera Beomunu 100 MkM acrnupuna; 6 — KIETKH HHKYyOHpOBAIU C
100 MxM acripuHa B TE€YCHHE 5 MUH OO BBEICHHUS 25 MKI/MII XJoprpoMasuHa. Kakaas peructpanus moiydeHa s
rpymmnsl U3 40-50 kIeTok U npecTaBisieT co00H THITHYHEIM BAPHAHT U3 7 HE3aBUCHUMBIX HKCIICPIMEHTOB
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F340/380, OTH. /1.
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Pucynok 2. Biusuue mHmoMeTanmna Ha Ca’*-0TBETHI, MHIYIHPYyEMBIE XJIOPNMPOMA3MHOM B Makpodarax. a — K
Makpogaram, HaXOISIIIMCS B HOPMaJIbHOM (PU3HOJIOTUIECKOM PACcTBOpPE, HOOABIUTH 25 MKT/MII XJoprpomasuHa. Ha
doue paszsusuierocs Ca’'-orera BBogmiu 40 MkM umpoMeranuHa, 6 — KieTku MHKyOGuposamu ¢ 10 MxkM
HMHJIOMETalliHA B TEUYCHUE 5 MUH JI0 BBEACHHMS 25 MKI/MJI XJIOpIPOMAa3nHa

ObnapyxeHo Takxe, uto npu BeegeHnn 100 MxM acnimpuna (puc. 1a) wm 40 MxkM uHIOMeTanuHa (puc. 2a) BO
BpeMs pasBuBuerocs miato Ca?*-orsera, Bel3biBaeMoro XII, mpoucxoaut camkenue [Ca®']ina 32,5+ 84 % (n=8) u
40,1 £ 10,8 % (n = 6) COOTBETCTBEHHO.

[Tosy4eHHbIE JaHHBIE TIO3BOJISIOT MIPEATIOI0KUTD, YTO [IMKJIOOKCUT€HA3bI /WM UX MPOAYKTHI IPUHUMAIOT y4acTHe
B (popmuposannn Ca>*-0TBETOB, BhI3bIBaEMBIX X1 B IEPUTOHEATBHBIX MaKpoQarax.

WHruOuTopsl IMKIOOKCHI€Ha3 HMHAOMETAllMH W aclUpUH - HECTEPOMIHbIE NPOTHBOBOCHAIMTEIBHBIE areHTHI,
KOTOpBIE 001a1af0T MPOTHBOBOCIIATNTEIBHBIM, aHATBTETHUECKUM U JKaponoHmKatommM 3pdexramu [ 14]. IlomydeHHbe
HaMM pe3ylbTaThl CBHICTEILCTBYIOT O HEKENIATEIbHOCTH COBMECTHOTO KJIMHHWYECKOoro mnpumeneHus XII c
JIEKapCTBEHHBIMH CPEACTBAMHU HA OCHOBE MHOMETAIMHA WX acIIMpHUHA.

Vuactue depmenToB Kackana merabonusma AK Bo pamsiHum XII Ha [Ca®']i MokeT ObITE OGBACHEHO MOJENBIO
BcrpanBanus (intercalation mechanism) aMmpuPUIBHBIX AHTHIICHXOTHYCCKUX arcHTOB, B TOM YKC/C (DEHOTHA3HHOBBIX
HEWPOJICNITUKOB, BO BHYTPEHHHH MOHOCIOH MeMOpaHBl, B KOTOPOM JIOKaJM30BaHbl aHUOHHBIE (HOCHOIUITHIBL.
Tpunukinueckoe ruapododHoe KoIbio Mojiekyibl XI1 BcTpanBaercs B ruapodoOHyI0 a3y MeMOpaHbI, B TO BpeMs Kak
IKWIBHBIN (parMeHT ¢ TEPMHHAIBHON aMHHOTPYIIIION B3aUMOJIEHCTBYET C HOJISIPHBIMHU T'OJIOBKAMH KUCIIBIX JIUITHAOB
[3, 15]. DTO MOXKET MPUBOIUTH K N3MEHEHHIO JKUJAKOCTHOCTH MEMOpaHbl U (hYHKIIMOHUPOBAHUSI MEMOPaHOCBA3aHHBIX
(epMeHTOB, TakuX Kak (ocdonnmnasza A,, 3amyckatomas kackan merabonmsma AK. B cBoro ouepens, GpepMeHTs! n/mim
npoaykTel MeTabonmsma AK ydacteyror B popmuposanuu Ca**-0TBETOB, BhI3bIBaeMbIX XI1.

Cnucox aumepamypul / References:

1. Dilsaver S.C. Antipsychotic agents: a review. Am. Fam. Phys., 1993, vol. 47, pp. 199-204.

2. Sudeshna G., Parimal K. Multiple non-psychiatric effects of phenothiazines: a review. Europ. J. Pharmacol.,
2010, vol. 648, pp. 6-14.

3. Oruch R., Lund A., Pryme LF., Holmsen H. An intercalation mechanism as a mode of action exerted by
psychotropic drugs: results of altered phospholipid substrate availabilities in membranes? J. Chem. Biol., 2010, vol. 3,
pp. 67-88.

4. Kpyreukas 3.U., Munenuna JI.C., HaymoBa A.A., bytoB C.H., Autonos B.I'., Hozapauer A.Jl. Bnusnue
XJIOPHIPOMA3HHA HA BHYTPUKIETOYHYI0 KoHueHtpaumio Ca’’ B maxpodarax. Joxn. Axao. Hayk, 2017, 1. 474, Ne 1,
c. 116-118. [Krutetskaya Z.I., Milenina L.S., Naumova A.A., Butov S.N., Antonov V.G., Nozdrachev A.D. The effect of
chlorpromazine on intracellular Ca>* concentration in macrophages. Dokl. Bioch. Biophys., 2017, vol. 474, pp. 162-164.]

5. Munenuna JI.C., Kpyrenkas 3.1., HaymoBa A.A., byros C.H., Kpyrenkas H.W., Aaronos B.I'. THrHGuTops!
MeTaboIM3Ma apaxUIOHOBOM KHCIOTH IomaBiaoT Ca’'OTBETHI, BBI3BIBAEMBIE TPUMIYOIIEPa3sMHOM, B Makpogarax.
LHumonozua, 2018, 1. 60, Ne 2, c. 116-121. [Milenina L.S., Krutetskaya Z.I., Naumova A.A., Butov S.N,,
Krutetskaya N.I., Antonov V.G. Arachidonic acid metabolism inhibitors attenuate Ca?" responses induced by
trifluoperazine in macrophages. Cell Tissue Biol., 2018, vol. 12, Ne 4, pp. 315-322.]

Russian Journal of Biological Physics and Chemistry, 2019, vol. 4, No. 2, pp. 73-76



76 ME/TUITUHCKAA BHOPHU3HKA H BUOPH3HYECKAA XUMHWA

6. Needleman P., Turk J., Jacksick B.A., Morrison A.R., Lefkowith J.B. Arachidonic acid metabolism. Annu. Rev.
Biochem., 1986, vol. 55, pp. 69-102.

7. Brown G.P., Monick M. M., Hunninghake G.W. Human alveolar macrophage arachidonic acid metabolism. Am.
J. Physiol. Cell Physiol., 1988, vol. 254, pp. C809-C815.

8. Walenga R.W., Opas E. E., Feinstein M.B. Differential effects of calmodulin antagonists on phospholipases A
and C in thrombin-stimulated platelets. J. Biol. Chem., 1981, vol. 256, pp. 12523-12528.

9. Oruch R., Pryme 1. F., Holmsen H. Effects of psychotropic drugs on the thrombin-induced liberation of
arachidonate in human platelets. Saudi Med. J., 2008, vol. 29, pp. 1397-1407.

10. Grynkiewicz G., Poenie M., Tsien R.Y. A new generation of Ca?" indicators with greatly improved fluorescence
propetrties. J. Biol. Chem., 1985, vol. 260, pp. 3440-3450.

11. Xie Q., Zhang Y., Zhai C., Bonanno J. A. Calcium influx factor from cytochrome P-450 metabolism and
secretion-like coupling mechanisms for capacitative calcium entry in corneal endothelial cells. J. Biol. Chem., 2002,
vol. 277, pp. 16559- 16566.

12. De Witt D.L., El Harish E.A., Kraemer S.A., Andrews M.J., Yao E.F., Armstrong R.L., Smith W.L. The aspirin
and heme-binding sites of ovine and murine prostaglandin endoperoxide synthases. J. Biol Chem., 1990, vol. 265,
pp. 5192- 5198.

13. Mitchell J.A., Akarasereenont P., Thiemermann C., Flower R.J., Vane J.R. Selectivity of nonsteroidal anti-
inflammatory drugs as inhibitors of constitutive and inducible cyclooxygenases. Proc. Natl. Acad. Sci., 1994, vol. 90,
pp. 11693-11697.

14. Dubois R. N., Abramson S.B., Crofford L., Gupta R.A., Simon L.S., Van de Putte L.B.A., Lipsky P.E.
Cyclooxygenase in biology and disease. FASEB J., 1998, vol. 12, pp. 1063-1073.

15. Jaszczyszyn A., Gasiorowski K., Swiatek P., Malinka W., Cieslik-Boczula K., Petrus J., Czarnik-Matusewicz
B. Chemical structure of phenothiazines and their biological activity. Pharmacol. Rep., 2012, vol. 64, pp. 16-23.

CYCLOOXYGENASE INHIBITORS ATTENUATE Ca? RESPONSES INDUCED BY
CHLORPROMAZINE IN MACROPHAGES
Milenina L.S., Krutetskaya Z.1., Antonov V.G., Krutetskaya N.I.
Saint-Petersburg State University
Universitetskaya emb., 7/9, Saint-Petersburg, 199034, Russia; e-mail: cozzy@mail.ru

Abstract. Chlorpromazine belongs to the first antipsychotics generation widely used in treatment of mental
diseases. A multifaceted influence of chlorpomazine on intracellular processes has been revealed. Earlier
we have shown that chlorpromazine increases intracellular Ca?" concentration, causing Ca*" mobilization
from intracellular Ca®'-stores and subsequent Ca?'-entry from external medium, in rat peritoneal
macrophages. However, the mechanisms by which chlorpomazine causes Ca*'-responses are not fully
understood. In activation and functioning of immune cells, including macrophages, the arachidonic acid
metabolism cascade plays an important role. In macrophages arachidonic acid is oxidized predominantly
by cyclooxygenases and lipoxygenases. Therefore, it was useful to investigate the involvement of
cyclooxygenase pathway of arachidonic acid metabolism in the effect of phenothiazine neuroleptic
chlorpromazine on intracellular Ca**-concentration in macrophages. Using Fura-2AM microfluorimetry it
was shown for the first time that two structurally distinct cyclooxygenase inhibitors acetylsalicylic acid
(aspirin) and indomethacin attenuate Ca’'-responses, induced by chlorpromazine in rat peritoneal
macrophages. The data obtained suggest the involvement of cyclooxygenases and (or) cyclooxygenase
pathway products in the chlorpromazine effect on intracellular Ca?’-concentration in macrophages. The
participation of arachidonic acid cascade enzymes in the influence of chlorpromazine on intracellular Ca*
concentration can be explained by the model of embedding of amphiphilic antipsychotic agents, including
phenothiazine neuroleptics, in the membrane inner monolayer. This can lead to a change in membrane
fluidity and functioning of membrane-bound enzymes, such as phospholipase A,, which triggers
arachidonic acid cascade. In turn, the enzymes and/or products of arachidonic acid metabolism are involved
in the formation of chlorpromazine-induced Ca*" responses.

Key words: chlorpromazine, cyclooxygenases, intracellular Ca’*-concentration, peritoneal macrophages.
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MICROWAVES-ASSISTED CHEMICAL SYNTHESIS OF SILVER PHOSPHATE
POWDER, ITS MORPHOLOGICAL CHANGE AND PHOTOCATALYTIC ACTIVITY
WITH SUNLIGHT
Morales M.A., Velazquez de la Luz E., Galan Trujillo G.D., Luna-Flores A.,

Agustin Serrano R., Cervantes Tavera A.M., Hernandez Santiago A.A.
Meritorious Autonomous University of Puebla
Puebla, Mexico.
Received: 15.06.2019

Abstract. Three types of materials in silver phosphate powder were obtained by means of the microwaves-
assisted chemical synthesis method. Each type of material in powder have a particle size and morphology
characteristic, according has been subjected additional to thermal or surfactant treatment. The surfactant
employed is sodium dodecyl sulfate and the treatment temperature was 200 °C. The material in powder
obtained without any additional treatment, have size particle in micrometers and polyhedral morphology,
while with the surfactant treatment the size particle is nano metric and its pseudo spherical morphology.
The thermal treatment gives origin to powder particles with size micrometric and sub micrometric, buth
with morphology of polyhedrons with shape corners and edges. The photocatalytic activity of these three
materials is measure under sunlight to degradation of methylene blue in 10 ppm. The type of silver
phosphate powder more efficient are the obtained by microwaves-assisted chemical synthesis with
additional thermal treatment.

Key words: Polyhedral morphology, methylene blue, photoelectric effect.

INTRODUCTION

Heterogeneous photo catalysis is a promising approach for environmental technology improving biological
degradation due to high toxicity, a biggest XXI century problem. Today, powder material has been demonstrated an
easily-made and economical method to obtain carbon-doped amorphous TiO that is efficiency for the chains (thodamine
B) degradation under visible light from this photo catalyst [1]. The chains degradation using this powder material is
reached through a mechanism of water splitting accompanied by an adsorption process, which takes place in in the
presence of sunlight. Nevertheless, employing other semiconductor type in powder could be improved in the reduction of
photo degradation time of organic chains. In research recent [2-5] has been showed the obtaining of silver phosphate
(AgzPO4) by different variants of chemical reduction synthesis and its efficient of this powder to the degradation
methylene blue and rhodamine B. The improvement photocatalytic activity of Ag;PO4 powder is due to the following
underlying mechanism of splitting water: it is well known that any semiconductor exhibit the property known as
photoelectric effect that makes them to absorb photons and produce electrons owing to their intrinsic bandgap structure.
Even more, the morphology of the particles from semiconductor powder, favors the valence electrons (photo carriers)
transports to its surface, which has been demonstrated when the Ag;PO, particles have tetrahedral and cubic morphologies
[6]. This counterintuitive behavior is well known in recent studies using the same semiconductor [3, 7] and Ag-Ag;PO4
hetero structures powders [4, 5, 8] where to a low surface adsorption area have a high photocatalytic activity for the
Rhodamine B degradation. Although, the contact of dye molecules with AgsPO4 implies the photocatalytic gradual
deterioration as has been reported in elsewhere [7], as well improve of this aspect [9]. Therefore, in this research is
evaluated the photocatalytic activity of materials in Ag;PO4 powder under sunlight to degradation of methylene blue.
These powders are obtained by microwaves-assisted chemical synthesis method and thermal or surfactant treatment.

MATERIALS AND METHODS

Chemical reagents: All the chemical reagents used were of analytical grade. Ammonium acid phosphate
(NH4H2PO4, from JT Baker brand), Ammonium hydroxide (NH4OH from JT Baker brand), Silver nitrate (AgNO3, from
JT Baker brand), methylene blue (CisHisN3CIS from JT Baker brand), the surfactant sodium dodecyl sulfate (SDS from
HYCEL) and ultra-pure deionized water (also from JT Baker brand).

Preparation of AgsPOs: First procedure. Two solutions were prepared, one for silver nitrate (Solution A) and
another for acid phosphate for ammonium (Solution B), in concentrations of 0.15 and 0.10 respectively, after which
solution B was added to the solution A and remained in constant turmoil. The pH = 9 was adjusted with the help of
ammonium hydroxide by drip of the same. The final solution was brought to microwave exposure for a time of 7 minutes.
The solution obtained was centrifuged and washed with distilled water, the product in powder was decanted and dried for
a period of 30 minutes. Second procedure. To obtain powders with nano metric particle size, after mixing solutions A and
B, the surfactant SDS was added to 1% by weight of the total mixture, then proceed as in the first procedure. Finally in a
third procedure, the AgsPO4 powder that is obtained as in the first procedure was subjected to a heat treatment of 200°C
for a time of 30 min.
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Photocatalytic activity evaluation: In a typical solution of methylene blue (MB) at a concentration of 10 ppm, was
brought to sunlight exposure in a batch reactor with air pumping and with a ratio of 200 mg of catalyst per liter of solution.

Characterization methods: The characterizations of the materials in Ag;POs powder obtained were made by
Electron Microscopy of Dispersion (SEM), X-Ray Diffraction (XDR), UV Spectroscopy (ERDT).

RESULTS

The X—ray diffraction pattern obtained is shown in the image left of figure 1. The diffraction planes describe the
Ag3PO0O4 unit cell. The crystalline structure of Ag3PO, synthesized in a basic medium exhibits the characteristic diffraction
peaks of this material in angles of 20.9, 29.8, 33.4, 36,7, 42.7, 52,9, 55,0, 57.5, 61,9 and 63.9 degrees attributed to
diffraction planes (110), (200), (210), (211), (220), (310), (222), (320), (321), (400), (330) and (411), respectively
according to the JCPDS tab 06-0505. The FWHM was calculated with least-squares fit 0.06 degrees in equipment
precision value. Also, the synthesis optimal time is to 7 min. because to 5 min. the crystallinity formation starts, while to
the 10 min. it is destroyed.

In figure 2 is showed the morphologies obtained by three types of materials in Ag;PO4 powder. Figures 2a) and 2b)
shows the particle polyhedral morphology with micrometrical size of Ag;PO4 powder without any treatment, while the
effect of heath treatment decreases the particles size to sub micrometrical scale and change the morphology to polyhedrons
with shape corners and edges more pronounced, as can be seen in Figures 2¢) and 2d). Conversely, when the particles of
this semiconductor are treatment with the surfactant SDS, the morphology is very simple: the particle conglomerates are
pseudo-spheroids of Nano metric and sub micrometric size (Fig. 2e and 2f).

In the figure 3 are shown the results of photocatalytic activity evaluation, which can be observed the degradation
aliquots of the methylene blue dye in a concentration of 10 ppm for the Ag3;(PO4) powder with thermal treatment. During
the 35-minute span I reached a degradation of 41.55%. This taking into account that no type of lamp was taken, it was
simply done with the help of sunlight. For the case of Ag3;(PO4) powder with the surfactant SDS treatment, the degradation
is slightly smaller than the case previously said. While for the case of Agi(PO4) powder without any treatment, the
photocatalytic activity is slightly older. All these results can be confirmed by means of dye MB concentration degradation
curve, which can be seen in the figure 1b). An advantage that have the Ag;(PO.) powder with thermal treatment is their
stability improvement as has been reported in elsewhere [9].
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Figure 1. Left image represent the AgsPO4 DRX diffraction in basic medium showing diffraction peaks. Right image
represent a comparative graph of dye MB concentration degradation curve
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Figure 2. Images of AgsPO4powder obtained by SEM characterization. a) micrometric particles size and polyhedral
morphology to 1000 X without any treatment, b) the image is zoom of a) to 3000 X, ¢) micrometric and sub micrometric
particles size and polyhedral morphology with shape corners and edges to 500 X with thermal treatment, d) the image
is zoom of ¢) to 1000 X, e) particles conglomerates with pseudo-spherical morphology of Nano metric size to 5000 X
with surfactant SDS, f) the image is zoom of ¢) to 10000 X

- 25
a) 42,70, without treatment b) ALPO, thermal treatment a” FRE——
20+ Egmw 204 [ — U] 204
— —T5 - —— ! —T0
b ——TI0 : ——TI0 = -
3 15 - @ 151 TS 2 s o ]
3 120 g 1 T 7 15 —TIS ,
= —T28 @ 2 T |
© ] -~ T25 c [
< < ——T30 2 et A
] : el gl
3 2 104 = 5 10- (— n
< < H g i
05
0.0 T T T T ; ; 0.0
200 300 400 500 600 700 SO0 900 200 00 600 500 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 3. UV spectrum taken from degradation of Ag3(POa4)

CONCLUSIONS

According to the results obtained, it is concluded that the size and the modification of the morphology of the particles
of our three types of samples influence the photocatalytic activity.

The best result to perform the photo catalysis was with the sample to which a heat treatment was applied due to the
observations of the vitas morphology in the Scanning Electron Microscope.

In combination with Nano metric and sub micrometric size of polyhedral morphology with good results are obtained to
degrade the blue methylene dye.
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Abstract. Copper and silver phosphate was synthetized from chemical synthesis assisted by microwaves,
which allows obtain materials in powder with time of synthesis very short. These materials are characterized
by methods such as: Electronic dispersion microscopy (SEM), X-ray diffraction (DRD) and UV
spectroscopy (ERDT). Their photocatalytic properties were evaluated employing methylene blue dye at a
concentration of 10 ppm. The results show that these materials contribute greatly to the degradation of the
dye in both cases.

Key words: Microwave, Photocatalytic activity, Degradation, photoelectric effect.

INTRODUCTION

The high growth in the textile industries due to its high demand which has generated a serious environmental
problem, due to its toxicity, high content of chemical oxygen demand and resistance to chemical, photochemical and
biological degradation. The heterogeneous photo catalysis has generated great interest due to the resolution of said
problem and in turn to the conversion of solar energy. The pioneering work of Fujishima and Honda [1] has created a
great study gap in materials with a high photocatalytic activity, due to its particularity of the degradation of contaminants
of the textile industry, as well as the use of sunlight covering said activity in the visible region of the electromagnetic
spectrum (380-780 nm) [2]. A particular material as silver phosphate (AgsPO,) that has become an object of study due to
its extremely high capacity for the evolution of O, from H,O and the decomposition of organic dye under visible light
irradiation [3]. AgsPO4 has been generated by various synthesis routes such as; hydrothermal, precipitation, microwave-
assisted chemistry, where the latter has given to speak because of its rapid synthesis time and the ease with which its
microstructure is modified such as; branch, tetrapod, nano rod, triangular prism [4]. Another particular material is copper
phosphate (Cuz(PO4)2), which has become an interesting material due to the structural multiplicity, which gives rise to a
wide variety of structures observed in ternary and quaternary phosphates, as well as silicates [5]. Cus(PO4)2 has been
generated by conventional methods of high temperature, solid state precursors or hydrothermal techniques [6]. However
the chemical synthesis route assisted by microwaves has been studied, which promises to be an effective route due to its
low cost and time of preparation compared to the mentioned methods.

MATERIALS AND METHODS

The reagents used were: Ammonium acid phosphate (NH4H2PO4, from JT Baker brand), Ammonium hydroxide
(NH4O0H from JT Baker brand), Silver nitrate (AgNO3, from JT Baker brand), Copper nitrate (CuNO3, from JT Baker
brand).

Preparation of AgsPO4: Two solutions were prepared, one for silver nitrate (Solution A) and another for acid
phosphate for ammonium (Solution B), in concentrations of 0.15 and 0.10 respectively, after which solution B was added
to the solution A and remained in constant turmoil. The pH = 13 was adjusted with the help of ammonium hydroxide.
The final solution was brought to microwave exposure for a time of 5 minutes. The solution obtained was centrifuged and
washed with distilled water, the product in powder was decanted and dried for a period of 30 minutes. Finally, the material
was subjected to a heat treatment of 200 ° C and a time of 30 min.

Preparation of Cus(POa)2: Two solutions of copper nitrate (solution A) and another of ammonium acid phosphate
(solution B), in concentrations of 0.15 and 0.10 respectively, were prepared, after which solution B was added to the
solution A and remained in constant turmoil. Subsequent to this, microwave exposure was carried out for a period of 5
minutes. The final solution was centrifuged and washed with distilled water; the product was decanted and dried for a
period of 30 minutes.

Photocatalytic activity evaluation: In a typical solution of methylene blue (MB) at a concentration of 10 ppm, was
brought to exposure to sunlight in a batch reactor with air pumping, and with a ratio of 200 mg of catalyst per liter of
solution.

The characterizations of the materials powder obtained were made by Electron Microscopy of Dispersion (SEM),
X-Ray Diffraction (XDR), UV Spectroscopy (ERDT).
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Figure 1. Left image: X-ray diffraction spectrum of Cus(PO4)z, right image: X-ray diffraction spectrum of Ags(PO4)
RESULTS

The image left of Fig. 1 shows the characteristic peaks of Cus(PO4), obtained by X-ray diffraction, although, other
peaks are attributed to it due to the hydration of the material. The material was obtained directly, a thermal treatment must
be taken into account to improve the purity of the material, and eliminate the hydration obtained by the microwave-
assisted synthesis. While the image right of figure 1 shows the X-ray diffraction spectrum of Ags(POa), unlike copper
phosphate, the high purity of the material can be attributed due to the increase in pH with the help of Ammonium
Hydroxide.

Figure 2 shows the types of morphology reached for the case of silver phosphate, reaching a particle size in microns,
where you can see cubic type, dodecahedral and some other complex morphology, which are favorable for the activity
photocatalytic material. Furthermore, figure 3 shows the types of morphology obtained for the case of copper phosphate,
the main morphology found are flake type. Although, there are agglomerates of particles can be attributed to the hydration
of the material. This may be due to because in the case of copper phosphate the pH = 13 was not adjusted.

For the degradation tests the methylene blue dye (MB) in a concentration of 10 ppm was used, the tests were
developed in solar ray capture reactors, in the figure 4 the UV spectra of the degradations with each material. For the case
of Cu3(PQO4); for a time of 3 hours and for silver phosphate a time of 30 minutes. The difference in time is due to the great
efficiency that Ags(PO4) has presented in the literature [7].
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Figure 3. SEM images of Cus(POa)2 particles which shows the flakes type morphology obtained
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Figure 4. UV spectrum taken from degradation: left image for Ags(POa4) and right image for Cuz(PO4)2

Russian Journal of Biological Physics and Chemistry, 2019, vol. 4, No. 1, pp. 81-84



84 ME/TUITUHCKAA BHOPHU3HKA H BUOPH3HYECKAA XUMHWA

In the left image of figure 4, can be observed the degradation aliquots of the methylene blue dye in a concentration
of 10 ppm for the Ags(PO.) powder. During the 30-minute span | reached a degradation of 41.55%. This taking into
account that no type of lamp was taken, it was simply done with the help of sunlight. While in the right image of figure 4
is shows the degradation aliquots taken from the degradation of Cus(PO.), powder. This material was left for a longer
time to have a closer information about the times necessary for the complete degradation of methylene blue. For
comparative purposes degradation is observed at 30 min time in both cases, which is 70.34% for the Ags;(PO,) almost
double that obtained by Cus(POa.),. Nevertheless, there must be more factors when comparing such as the cost of raw
materials, since Silver nitrate is more expensive than copper nitrate. The synthesis time of the material Ags(PQO.,) is longer,
due to its thermal treatment, in addition to the pH adjustment, which can be the key to increase the efficiency of the
material.

CONCLUSION

The materials presented in this article show a desirable photocatalytic activity, although there are several points to
consider, be it the cost-benefit of the raw material, the time of exposure to degradation and not using lamps to perform
such tests. In general, the silver phosphate material has a better photocatalytic activity since degradation is faster in the
first 30 minutes, but running degradation tests in a longer time could increase the percentage of degradation. Otherwise
with copper phosphate, adjusting the pH = 13 could accelerate the photo catalysis process and thereby obtain a better
photocatalytic activity.
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BJIMAHUE ITOJTHCAXAPUTHOI'O HPEITAPATA «<MAMMEPAH» HA TEHEHUE
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AHHOTanus. B npoBeIeHHOM HCCIIEI0BAHUH U3y4allOCh BIMSHHE MOJIHCAXaPUAHOTO IIPOTUBOSA3BEHHOTO
pereHepaTopHO-penapaTopHoro npemnapara «MMmepan», sSKkCTparupoBaHHoro u3 Solanum tuberosum L.,
Ha TEeYEHHE S3BEHHOI1 0O0JIE3HH KeNy/IKa U ABEHAIaTUIIEPCTHOM KUIIKK B Mojenu Okabds y OesbIX KpbIC
nopoasl Wistar. BMmecre ¢ TeM n3yuanoch BIMSHUE MTOJUCAXapHUHOTO MIpenapara Ha ypoBEHb IUTOKHHOB
B CBIBOPOTKE KpoBH Kpbic. OOHapyxeHo, uTo «lMMepaH» MOIYIHMpYeT YpPOBEHb Ipo- U
MPOTHUBOBOCHAJIMTEIBHBIX IMTOKUHOB COTJIACOBAHHO C NIEPHOJIOM Pa3BHUTHsI OOJIE3HN — B AECTPYKTUBHOM
(aze u (aze 3aKUBICHUS SI3BEHHOTO nedekra. YpoBeHb IMTOKUHOB IL-1b u IFN-y Ha 4 nens TedyeHus
SI3BEHHOH OOJIe3HU SIBISIICS BBICOKHMM, a IL-4 — Hu3KkuM, BBeneHue npenapara «lmMepan» npuBoamio
obpaTHOMY 3((EKTy, YTO IMOJOXKUTEIHHO CKAa3bIBAJIOCh HAa pPaHO3aKHUBICHWH. [lapayuiensHo ¢ 3THUM
MPOBOAMIN THUCTOJIOTMIECKOE M3YUEHHE S3BEHHOro AedexrTa, Ha KOTOPOM OOHApy>KEHO 3HAUHTEIBHOE
M3MEHEHHE B MPOLIECCcaX PEreHepaIuy CIM3UCTON 000I0UKH JKETyIKa MO ICHCTBHEM IOJIMCAXaPHIHOTO
npenapara «MMmepan». B Tom uncie onpenensiiu s3BeHHBIN HHASKC M TATOMOP(HOIOTHYECKHE H3MEHEHHS
CTEHKH >KelynKa mocie 3a00si kuBoTHbIX. OOHapy)XeHo, 4TO NpuMeHeHue mnpenapara «Mmmepan» B
MOJIETIM XPOHUYECKON A3BbI JOCTOBEPHO YIIyUIIAET COCTOSHHE MOJOMBITHBIX MPU IBYX-, @ OCTPOH — MPH
TPEXKpaTHOM BBEJICHUH.

Knroueswvie cnosa: «mmepany, nonucaxapuo, szeennviii Oegpexm, IL-1b, IL-4, IFN-y.

BBEJAEHUE

SI3BeHHast OONE3Hb JKEJyJKa W JABEHAIATUIIEPCTHON KHUIIKK SIBISAETCS XPOHWYECKHM, PELUIUBHPYIOIINM,
MyJIbTH(AKTOPHBIM M OAHUM M3 IIHMPOKO PACTIPOCTPAHEHHBIX 3a00JI€BaHUM JKeyJOYHO-KUIIEYHOTo TpakTa. Hecmotps
Ha HEJJaBHUE YCIIEXH B M3yUCHHHU NAaTOTEHE3a TEUCHNUS SI3BEHHOW OOJIE3HU M CPaBHUTEIBHBIC YCIEXH B KyITUPOBAHUH U
JICYCHUH TPOSBICHUI $A3BEHHOW O0JIe3HM 3a00JICBaHME PACHPOCTPAHEHHOCTh JAHHOIO 3a00J€BaHMS B IOMYJISLMN
BecbMa BbIcOKa — 110 10% B cTpanax EBpormbl, a B HEKOTOPHIX cTpaHax Mupa Bbime [1].

CraHJapTHBIM [TOJXO0OM B JICUCHUH SI3BCHHON OOJIE3HU JKEITyIKa U JBEHAAATUIIEPCTHOM KUILKH SIBIIAETCS IPSIMOE
BO3JICHCTBYSI Ha Ipepaciiojiaraloliue U pasapaxaromue (GpakTopbl, TaKHe Kak: KHCIOTHOCTb JKeIylnka (MHIMOMTOPHI
NPOTOHHOW mOMIBI), KonuuectBo Helicobacter pylori (aHTHOMOTHKOTEpaIust), Pa3JpakKeHHOCTb CTEHKH >KENyJKa
(oOBoyakuBaroNIMe ¥ MPOTUBOBOCHAIUTENbHBIE cpeacTBa) U jp. [2] Ilpu 3TOM cxeMbl je4eHUs S3BEHHOH O0Je3HU
MHOTOKOMIIOHEHTHOM COUETaHHOI Tepariel Jalie BCero HapyIaroTcs allueHTaMH B CHITY TICHXOJIOTHYECKHX (PaKTOPOB
W HEraTHBHBIX IOOOYHBIX SBIEHMH. Bmecre ¢ TeM JIMIIb OTHOCHTENHHO HEJABHO CTaJl Pa3sBHBATBHCA ITOJXOJ
MMMYHOTEPAIIH SI3BEHHOTO Jle()eKTa, OCHOBAHHBI Ha PEryJMPOBAHHUHM YPOBHS NHPO- M INPOTHBOBOCHAIUTEIBHBIX
OUTOKWHOB B OpraHm3Me OOJBHOTO, a Tatke ypoBHe T-xemmepoB (Th) mepBoro u Broporo tumos [3-5]. Bmecte ¢ Tem
MIOKA3aHO, YTO TIOJINCAXAPHUIBl W3 MPHUPOAHBIX MCTOYHHUKOB MOTYT OKa3bIBaTh ONAaroTBOpHOE AEHCTBHE Ha MPOIECCHI
PaHO3XUBIICHUSI, HAaNpUMeEp, SKCTparupoBaHHbIEe monmcaxapuasl m3 Radix Hedysari MoryTt 3amyckars IpoIecCHI
pereHepanuu B nepuepuuecKUX HEWpoHax Kpbic [6], monucaxapuibl, BbIIENCHHbIE W3 (PYKTOB, OKa3bIBAaIOT
TaCTPONPOTEKTUBHOE M paHO3KMBIAIONIEE JAcicTBue [7], a monucaxapuawsl u3 Helianthus tuberosus L. —
KOJIOHHECTUMYJIUPYIOLIEE, paJioNpOTEKTOPHOE U HMMyHOMOAyIupyomiee aeicTteue [§]. B cBs3u ¢ 3TuM BO3HHKaeT
HeO6XO[lI/lMOCTl) TMOJIyUCHUSA 6I/IOJ'IOFI/I'-ICCKI/I AKTHUBHOT'O Mpef€riapaTa U3 CPaBHUTCIIBHO JACHICBOIO0 paCTUTCIIBHOI'O ChIPbA,
CIIOCOOHOI'0 K HOpMaJIM3allil UMMYHHOTO OTBETA ITPU SI3BEHHOW OOJIE3HU JKEITyJIKa, HU3KOTOKCUYHOTO U CIIOCOOHOTO
AKTHBHPOBATH MPOLIECCHI PEreHEPALIUH.

MATEPHAJIbI U METO/IbI

[Honucaxapuaueiii npenapat «IMMmepan» UMeET MOJIEKYJISIpHYIO Maccy okoJio 70 k[la, 1 UMeeT MOHOCaXapuaHbIN
cocTaB B Ipenenax: rimoko3a 57,3%, apabmno3a 14,7%; ramakrtoza 30,2%; ypoHOBEIX KuCIOT 6,4%, a Takxke B
MUHOPHBIX KOJIMYECTBaX KCHMIIO3BI 1 MAHHO3BI M COJIEPKHUT B CBOEM COCTaBE OKOJIO 5% Oenka.

OmnsiTel npoBoawd Ha 190-210 r kpeicax uann Wistar o6oero moia. IIpoussoaurens — hunmnan « AHapeeska» ['Y
«Hayunsiit nentp 6umomenumuuackux texaonoruin» PAMH. Kaxnas rpymma cocTosina U3 5 KHBOTHBIX. 32 CYTKH 0
orepalnyy NpeKpaaiach nojavya MUK ¢ COXpaHEHHEM CBOOOIHOTO J0CTYIIA K BOJIE, ITOCJIE ONepallii KOPM JaBaiu B
cranmaptHoM pexume. Uepes 3 u 10 cyTok Kpbic 3a0HBaii — TPYIIBI MOJCIH OCTPOH M XPOHHUYECKOW SI3BBI
COOTBETCTBEHHO.

[Monmucaxapunusit  npenapar «Wmmepan»  (JI[1-004128  2017-02-08) BBoamim uepe3 30HA B J103€
0.5 mr/xuBoTHOE Yepe3 30 MUHYT TOCIIE OIepalny — IIepBOE BBEJICHHE, B MOJICIIA OCTPOM SA3BHI: pa3 B CYTKH 3 pa3a u
OJHOKPATHO, B MOJIENIU XPOHUYECKOI1 SI3BBI: €XKETHEBHO 3 CYTOK U HA 5 CYTKU OJIHOKPATHO, ABYKPAaTHO — B MIEPBBIE U 6

Russian Journal of Biological Physics and Chemistry, 2019, vol. 4, No. 1, pp. 85-89



86 ME/TUITUHCKAA BHOPHU3HKA H BUOPH3HYECKAA XUMHWA

CyTKH. B rpynme KoHTpost BEIOpaHbI KPBICH! C BBeAeHHEM Ipemnapara «Coakocepun (eXeIHEBHO BHYTPUMBIIIEUYHO
21 mr/0,5 MJ1 Ha )KMBOTHOE) — MOJIOKUTEIbHBIH KOHTPOJIb U TpoekpaTHoe BBeaenue 0,9% pactBopa NaCl.

Jist u3ydenust neiictBus npenapara «MMMepan» ucnosibp3oBaiy Mozesb Oka0dd SKCHEepUMEHTAIBHOM aleTaTHOM
s3BbI [9]. YV KMBOTHBIX, HaXOJSIIMXCS IO OOIMIMM HAapKO30M, M3BJICKAJIHM JKEIYIKHM M HaKJIaJblBaIM KOJbla C
BHyTpeHHUM d = 0,5 cM, BHYTpb KoTOporo HaHocuiu 0,02 MJI KOHIIEHTPUPOBAHHOW YKCYCHOM KMCIOTHI Ha 25-30 cek.
[Tocie wero 3ammBany OPIOIIHYIO CTEHKY IOCIOIHO. B nanpHelmem, nocie 320051 )XKMBOTHBIX, JKEITyIOK HarmomHsM 1%
pactBopoM (popmanuHa. [IpOBOMIM OLIEHKY S3BEHHOTO MHJEKCA TI0 TUIONIAH MOPAKEHHOro ydacTka (cm?). Bmecre ¢
tem Habopammu ELISE-kit omeHMBaIM KOHLIEHTPAaLMIO IMTOKMHOB B CHIBOPOTKM KpOBH Kpbic. C 3TOH menbio
HCTIIOJB30BANH criekTpodoromerp Multiscan.

I'ncronornueckre nmpenapaTbl TOTOBHIIM U3 KyCOYKOB ITEPEIHEH CTEHKH JKelmyaKa. TKaH! MoMeInany B OAuH OJIOK,
JeKaIbIIMHAPOBAIM, TPOBOAWIN M TOMEIIAIM B pacTBop uemwtona-napaduua. Ilocne dvero momywamu cpessl ¢
HCIIONIb30BaHUEM MHKpoToMa. OKpalluBaHUE NPOBOIWIM T'€MAaTOKCHIMH303MHOM M0 BaH-I'm3oHy, mmk-peakununei,
QJIBIIMaHOBBIM CHHUM M TOJTYHIHMHOBBIM CHHUM.

PE3YJIbTATBI 1 BBIBObI

[Nony4eHHbIe JaHHBIC IEMOHCTPUPYIOT, YTO NPUMEHEHHE npenapara «iMmmepan» B pa3Hoii creneHu 3¢h(HeKTHBHO
BO BCEX 3KCIIEPUMEHTAIBHBIX IPYIIIAX.

B pesynprare nmpoBeeHHOIO SKCIIEPUMEHTa OBUTH TOyUYeHBI CleyIolre JaHHbIe, IPeCTaBICHHbIEe B Ta0IMIax
1, 2 u Ha pucyHke 1. B Mmozenu ocTpoil TOKCHYHOCTH HaWIy4YLIUil pe3yabTaT NpoAEMOHCTpUpoBal npenapaT Mmmepan
IIPY TPEXKPATHOM BBEIICHWH, YTO BBIPA3MIOCH B CTUMYJISIIIMM PAHO3aKUBIICHUS SI3BEHHOTO JedekTta moutu B 2,5 pasa
a¢dexTuBHEE, UeM Yy TpenapaTa cpaBHeHHs «CoKoceprn U modTH B 3,5 pasa 3pdexTrBHEe KOHTPOIIS.

BMmecte ¢ TeM B Mozmenum XpOHMYECKOW S$I3BBI JKeNMyAKa KpbICc mpemapar «VIMmepan» B CXeMe ABYKPaTHOTO
MIPUMEHEHHsT CTUMYJIMpOBall paHo3axuBieHne B 1,8 pasa addextuBHee mpenapara «Conkocepwi» u B 3,8 pasa
s dekTuBHee, UeM B KOHTPOJIbHOH rpymie. BBeaenue nonucaxapuaHoro npenapata «IMMepan» B YeThIPEXKPATHOM
CXEMe€ TaK Ke TIPUBOAMIO K YCKOPEHHOMY 3a)KHBJICHHIO SI3BEHHOT'O JieeKTa 110 CPABHEHHUIO C KOHTPOJILHBIMHU IPYIIIaMH.

JluHamuka 1okaszareneil ypoBHEil LIMTOKMHOB B CHIBOPOTKM KPOBH KpBIC Takxke Obula OlleHeHa. B pesyibrare
noixyueHo, uro mnpemnapar «MMmepan» Moaymupyer ypoBeHb KoHueHTpammu npo- (IFN-y, IL-1b) wu
MIPOTHBOBOCTIANIUTENBHBIX TUTOKMHOB (IL-4). Habmronanace ¢a3sHOCT M3MEHEHUH MX KOHIIGHTPAMU B 3aBUCUMOCTH OT
TIepUO/Ia PETeHePaTOPHO-PENAPATOPHBIX POLIECCOB B 3AKMBJICHUH SI3BEHHOTO JledekTa. Moaynupyromiee JIeiicTBIe Ha
MIPOBOCIIAINTENHbbIE [UTOKWUHBI, B CBOIO OYEpelb, NMPHUBOIUT K TOMY, YTO CHMXKAETCS IIMTOTOKCHUECKHH 3(QeKT,
WHTOKCHKAIUS U, KaK CJICICTBHE, yCKOPSETCS paHO3aKUBIICHHE.

C npyroil CTOpOHBI, KOHLEHTpPAIMs TNPOTHBOBOCIAINTENBHOTO NWTOKMHA IL-4 HaumHaeT Bo3pacTaTh W K
10 cyTkaMm JOCTHTaeT CBOEr0 MaKCHMyMa IpH MaJCHUH KOHIEHTPAIMM IPOBOCHAIUTENBHBIX LUTOKHHOB. Takue
pe3yJIbTaThl CBUAETENILCTBYIOT 00 MMMYHOOIIOCPEIOBAHHOM BO3ACHCTBUH MOJNMCAXapHIHOTO Ipenapara Ha TE4eHHE
A3BEHHOI OOJIE3HH, @ UMEHHO — PETYJISAIUY KJIETOYHOTO ¥ TyMOPAJIbHOTO UMMYHHUTETA, KOTOPbIE TUIIEPAKTUBUPOBAHBI 38
CUCT HNOBPCKACHUA TKaHeW. bonee Toro NEPUOANIHOCTD Bblpa6OTKl/I AHTHUTCII, T-xneroynoro OTBETAa, YBCINYCHUEC
nonyssauuu Th2 Tuna nnm Thl tuna paBHa 7 u 14 cytkam.

Tabsmua 1. SI3BeHHbIN HHIEKC IpU BBEAeHUH Ipenapata «MMepan» B MOeNIH OCTPOil A3BBL.

IIpenapar Cxema BBeJCHHUS U, cm?
1 | mmepan ExenneBHo, 3 pasza 0,121+ 0,03 P <0,05
2 | Ummepan OpHOKpaTHO B 1-e cyTKH 0,23 £ 0,04 P> 0,05
3 | ®us. pp ExenneBHo, 3 pasza 0,417+ 0,081
5 | Coakocepun ExenneBHo, 3 pasza 0,31 +£0,07

Tabauna 2. S3BeHHBIN HHIIEKC TIPU BBEeIeHUH IipenapaTa «IMMepan» B MOJIEN XPOHUYECKOH S3BHI.

I[Ipemapat CxeMma BBEIEHHUS SN, cm?

ExxenneBHo, 3 paza m OJHOKpAaTHO Ha 5-¢

1 | Ummepan 0,057 +0,01 P <0,05

CYTKH
2 | Ummepan OpmHOKpAaTHO Ha 6-€ CYTKH 0,063 + 0,012 P <0,05
P:1<0,05
3 | Ummepan JBykpaTHO B 1-€ 1 6-€ CyTKH 0,037 £ 0,007 P,<0,05
(c +-KOHTpOJIEM)
4 | ®us. p-p, Py JBykpaTHO B 1-€ 1 6-€ CyTKH 0,14 + 0,03
5 | Comkocepwi, P, JIBykpaTHO B 1-€ 1 6-€ CyTKH 0,068 + 0,008
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KOHLI,EHTpaLI,MH LNTOKMHOB B CbIBOPOTKN KPOBU KPbIC B NeEPUNOL,
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Pucynok 1. KoHueHnTtpauusi HUTOKHHOB B CBIBOPOTKE KPOBH B IEPUOA ASCTPYKUUH (4 CYTOK) M B MEpPHOL
pereHepaTopHoO-penapaTopHbIxX npoueccos (10 cyTok)

Ha pucynke 2 mnpencraBiieHbl XapakTepHblE THCTOJOTMYECKHME KapTHHBI JUIS JAHHOTO OKCIIEPHMEHTa.
I'mcTonormueckas KapTuHa B KOHTPOJBHOM T'PyMIIE OTIMYANACh TEM, YTO JTHO S3BBI OBIJIO OOIIMPHBIM C HEKOTOPHIM
KOJIMYECTBOM HEKPOTHYECKUX MacC, HU3KUM COJEPKaHNEM KOJUIareHOBBIX BOJIOKOH, IPaHYJISILIMOHHAs TKaHb HA PaHHEM
sTarne (HOpMHUPOBAHMS M HAXOAWUTCS IO HETATUBHBIM ACHCTBHEM HEKPOTHUYECKHX MacC, Takke OOHapyXeHO OOoJbIIoe
KOJIMYECTBO KUCT M PaCLINPEHUS KENE3UCTHIX MPOTOKOB 0 KPasM A3BEHHOTO Je(eKTa.

OIHOBpEMEHHO C O3THM B TIpyNIax MOAONBITHBIX JKMBOTHBIX, IONydYaBmIMX mpenapar «Vmmepan»,
naToMOp(OJIOTHYECKH TKAHM C S3BEHHBIMH JAe(eKTaMH 3HAYMTEIbHO OTIMYAINCH OT KOHTPOJS C BBEIECHHEM
¢u3noIOrnUecKoro pacTeopa. Tak oTMeuansoch yIioneHe S3BeHHOTo Ae(eKTa, CUIIbHOE HCTOHUYEHUE CII0S WIIH IIOJIHOEe
OTCYTCTBHE HEKPOTHUYECKHX Macc M ero oOuiIbHasi MHMIbTpaiys JeikounTamu. [Ipy 5ToM 3 1MMUHAIMS HEKPOTHYECKUX
Macc B OCHOBHOM IPOMCXOIMJIA B TPYIIAX ¢ BBEJCHUEM Ipernapara «IMMepan», 4eM B TpyIIIiax ¢ BBEACHHEM IIpenapara
«Conkocepwn». C Apyroil CTOpOHBI, OTMEYAeTCS YJIyYLIEHHE MHKPOLMPKYJUIIMOHHOTO NOTEHIMAala, 3a CYET
yBenuueHus: 4ucia (uOpoOIacToB M HOBOOOPA30BAaHHBIX COCYJOB B TPaHYJISIIMOHHOW TKaHW, B CPaBHEHHH C
KOHTPOJBHON Tpymmoil. B KoHTpombHOW Tpymnme HabOmromaizach KapTuHa oOpa3oBaHHsS (HUOPHHOMIHOTO HEKpo3a U
POCTOM KOJIOHHIT MUKPOOOB.

Pucynok 2. 'ncronornyeckast KapTuHa COCTOSHHS SI3BEHHOTO edekTa Ha 10-e cyTKH: a) KOHTPOJIb ¢ (PH3. pacTBOPOM,
0) BBeneHue npenapara «Vmvepam»
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IToMuMO mpoyero ciaenyeT OTMETUTh, YTO B ONBITHBIX TPYIIIAX IPOUCXOAMIIO HACIOCHHUE YIUIOIIEHHOTO SIUTENUs
Ha TOBEPXHOCTb JIHA SI3BEHHOTO AedekTa 1 (OPpMHUPOBAHUE CTPYKTYp MUiIopryeckoro tuna. OKpaiiMBaHue M03BOJIIIO0
O00HApPYKUTh BBICOKOE COJCP)KAHHE KHCIBIX U HEUTPAIbHBIX TJIFOKO3AMHUHIJIHKAHOB B JIHUTEIIMH, PACIIOJIIOKECHHOM
JCTaJIbHEE SI3BEHHOM SIMKH, TIOKPBITOH HOBOOOpa3zoBaHHOI cim3ucroi. Habmronanocs dhopmupoBanue (yHIaabHON
CIIM3UCTOM — YBEJIMYEHHOE COJAEpXKAHUE TJIABHBIX WM IMapUETalIbHBIX KJIETOK. ['MCTONOrMYecKH MOACIMU3UCTBIM CIIOM
JEMOHCTPUPYET OOJIBIIOE KOJMYSCTBO TOHKUX KOJUIATCHOBBIX BOJIOKOH W (uOpoOmactoB. Bce 3Tm mpusHaku
CBUJICTEIILCTBYIOT O 0oJiee OBICTPOM U HAJICKHOM 3a)KUBJICHUU.

BBIBO/IbI

IMpenapar «MMmepan» o00mamaer SApKO BBIPAKCHHBIMH  pPET€HEPATOPHO-PENapaTOpHBIMH  CBOWCTBAMH,
OOYyCJIOBJICHHBIMH ~ BJIMSIHUEM HAa  MMMYHOKOMIICTEHTHBIE  KIETKH, KOTOpbIE  NPOAYLHUPYIOT Tpo- U
MIPOTHBOBOCIIATIMTEbHBIE UTOKUHEL 17151 3 )eKTHBHOrO 3a)KMBJIECHHS S3BEHHOIO Ne(heKTa B MOAEIHN «OCTPO» SI3BBI
JOCTaTOYHO TPEX BBEJCHUIL, a «XPOHHYECKOW» - IBYX U HE TPeOyeT exeJHeBHOro mpuema. [Ipu 3ToM pereHepatopHbie
IPOIIECCHl B CIIM3UCTON Pa3BUBAIOTCS ObICTpee, ciam3ucTas Ooijiee MU QepeHIMpoBaHa, 00HAPYKUBAIOTCS IIEMEHTHI
BOCCTAHOBJICHUsI KEJIE3UCTON TKaHH M COCYAMCTOHM CETKH, YTO YJIy4lllaeT KPOBOTOK M TpPOQHKy TKaHeW. Bmenenue
npenapara «/MMepan» IpUBOANT K H3MEHEHHIO ITyOHHBI SI3BEHHOTO Ae()eKTa U OTCYTCTBHIO Ipy0Ooii pyOLIOBOIl TKaHH,
YTO CYIIECTBEHHO CHIKAET PUCK pennanBa 1 3 QeKTUBHEE BOCCTaHABIMBAET paboTy oprana. bojiee Toro npumeneHue
npenapara «lMMepaH» NPUBOANT K 3HAYUTEIHLHOMY CHIDKEHHIO IIPOBOCHAIMTENFHBIX IUTOKHHOB C OJHOBPEMEHHBIM
TIOBBIICHUEM IIPOTHBOBOCIIAJIMTENBHBIX LUTOKHHOB, 4YTO COIJIaCyeTcs C HM3MEHEHHEM S3BEHHOTO WHIEKCA U
aTOMOP(OJIOTHUECKON KapTUHON S3BEHHOTO e(eKTa.
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EFFECTS OF THE IMMERAN POLISACHARIDE DRUG ON THE COURSE OF THE PERSONAL
ACCIDENT OF THE STOMACH AND THE DUALCYTHERNAL TABLE
Generalov E.A.
Lomonosov Moscow State University
Leninskie Gory, Moscow, 119991, Russia, email: generalsl179@gmail.com

Abstract. In the conducted study the effect of the polysaccharide anti-ulcer regenerative-reparatory drug
«Immerany, extracted from Solanum tuberosum L., on the course of gastric ulcer and duodenal ulcer in the
Okabe model in Wistar white rats was studied. At the same time, the effect of the polysaccharide preparation
on the level of cytokines in the serum of rats was studied. «Immeran» has been found to modulate the level
of pro- and anti-inflammatory cytokines consistently with the period of development of the disease — in the
destructive and healing phases of the ulcer. The level of cytokines IL-1b and IFN-y on day 4 of the course
of peptic ulcer was high, and IL-4 was low, the administration of «Immeran» resulted in the opposite effect,
which had a positive effect on wound healing. In parallel with this, a histological study of the ulcerative
defect was performed, on which a significant change was found in the processes of regeneration of the
gastric mucosa under the action of the polysaccharide preparation «Immeran». Including determined the
ulcer index and pathological changes in the stomach wall after slaughter of animals. It was found that the
use of the drug «Immerany in the model of chronic ulcer reliably improves the condition of the experimental
patients with two, and acute - with a threefold administration.

Key words: Immeran, polysaccharide, ulcerative defect, IL-1b, IL-4, IFN-y.
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TPUDPJITYONEPA3ZUH MOJAYJUPYET TPAHCIIOPT Na™ B KOXE JISAT'YIIKHA
Menbnunkas A.B., Kpyrenkas 3.U., Kpyrenkas H.H., Autonos B.I'.

Cankr-IlerepOyprekuii rocy1apcTBEHHBIH YHUBEPCHUTET,
Yuueepcumemckas nab6., 7/9, e. Cankm-Ilemepbype, 199034, P®,e-mail: avmelnitskaya@yandex.ru
[Moctynuna B pemakiuro: 04.07.2019

Annoranusi. Koxa amdubuii u Jpyrue H30JUPOBAHHBIC OSMHUTEIHAIBHBICE CHUCTEMBI SIBISIFOTCS
KJIACCHYECKUMH MOJICTIbHBIMU OOBEKTaMH IS UCCJICJOBAHUS MEXaHM3MOB TPAHCIIOPTA MOHOB dYepes3
6uonoruyeckne MemOpaHbl. [10 COCOOHOCTH K TPAHCIOPTY 3JEKTPOJIUTOB U PEAKIUH HA HEKOTOPHIE
TOPMOHBI KOXa ¥ MOYEBOW Iy3bIpb aM(pHOMl CXOIHBI C AUCTAIBHBIMHU OTAEIAMH MOYEYHBIX KaHAJIbIIEB,
YTO MO3BOJIACT HUCIIOJIb30BATH JAaHHBLIC, IMOJYYaCMbIC Ha 3THUX O6'I)€KTaX, JUIA BBIACHCHUS MEXAaHU3MOB
TpaHCIOpPTa BOABI M MOHOB B KJIETKax MOYKH. PerenTopsl curma-1 npejacTaBisitor coOol yHUKaIbHbIE
JIMTaHAPETYJINPYEMbIE MOJICKYJISIPHBIE IIAlepOHbl, JIOKAIN30BaHHBIE B TUIA3MaTHYEeCKOW MeMOpaHe W B
MeMOpaHe 3HAOIUIa3MAaTHUECKOTO PETHKYJIyMa Ha TpaHHIEe ¢ MUTOXOHIpusMH. OJHAKO poib curma-l
peLenTopoB B peryssiiiu TpaHcmopTra Na' B SMUTeNHanbHBIX CHCTEMax MPaKTHYECKH HE H3ydanach. B
CBSI3U C 3TUM, TPEJICTABISIOCH 1[EJIECO00Pa3HBIM UCCIEI0BATh YIACTHE CUTMa-1 PElenTOPOB B PETYIISIUM
TpaHcropTa Na* B KOXe JATYIIKH. B 9KCIlepuMeHTax MCIOIb30BaId aHTATOHHUCT CHTMa-1 perienTopos —
HeliponenTuk (QeHoTnaswHOBOTO psina Tpudmyonepasud. C HCIOIB30BaHHEM MeTona (hHUKCAINH
MOTEHIIMAaJa MOKa3aHo, 9To 00paboTka KOXKH JIATYIIKH 20 MKT/MII Tpu(Iyonepa3siHa CHIKAET TPAHCIOPT
Na' B koxe msirymmku. OGHApYKEHO TaKKe, 4TO HHIHOUPYIOIIHi 3 ekt TprdiryornepasinHa Ha TPAHCIOPT
Na' paznudaercst B 3aBHCHMOCTH OT MPHIIOKEHUS areHTa CO CTOPOHBI aAlIMKAITBHOM Wi 6a3071aTepanbHOi
MOBEPXHOCTH KOXXH, U XapaKTepH3yeTcs IBYX(Pa3HOW KHHETHUKOIN N3MEHEHHS TOKa KOPOTKOTO 3aMBIKaHHS
NPY TIPHIOKEHUH TPUQITyoIlepa3uHa CO CTOPOHBI alTMKAIBLHOW MMOBEPXHOCTH KOXH JATYIIKH. CXOIHBIE
Ppe3yJIbTaThl 6])1.]'[1/1 TMOJIYYCHBI HAMU paHEC IPHU UCCIICTOBAHUM BJIIMAHNA HA TPAHCIIOPT I\IElJr B KOXK€ JIAT'YIIKHU
Jpyroro aHTaroHMcTa CcurMa 1 penenTopoB, TakXke HeHponenTuka (EHOTHAa3MHOBOTO pslga —
xJytoprnpomMasuHa. Takum 006pa3om, B HaCTOsIIIEH paboTe 1 paHee, HaMH II0Ka3aHO MOy IMPYIOIIee BIUSHNE
CTPYKTYPHO Pa3INYHBIX aHTATOHKCTOB PELENTOPOB CUrMa-1 Ha TpaHCIMUTEIHANbHBIN Tpancnopt Na*, uro
CBHIETEIBCTBYET 00 yJaCTHH CHIMa-1 perenTopoB B PETYIAIMH TpaHcmopta Na® B SIUTENUH KOXKH
JSITCYLIKH.

Kniouesvle cnosa: rooica nscywku, mpanconumenuanshuoiil mpancnopm Na't, cuema-1 peyenmopoi,
mpug.ryonepasu.

BBEJIEHUE

Koxa am¢pubuii U npyriue M30JIMpPOBaHHBIC SMUTENHAIBHBIE CHCTEMBI SIBJISIOTCS KIACCUYECKHMMHU MOJIENIbHBIMU
00BEKTaMH JUIsl UCCIICAOBaHUsI MEXaHU3MOB TPAHCIOPTa MOHOB uepe3 Ononorunueckre Memopansl. [lo ciocoOHOCTH K
TPAHCIIOPTY DJIEKTPOJIUTOB W PEAKIMH Ha HEKOTOphlE T'OPMOHBI KOXKa W MOYEBOW ITy3bIpb aM(pHUOHMH CXOIHBI C
JUCTalbHBIMM OTJENaMH IOYEYHBIX KaHajiblieB [l], 4TO MO3BOJIIET HMCHOIB30BATH JAHHBIE, MOMy4YaeMble Ha 3THUX
00beKTax, Ul BBUICHEHHS MEXaHM3MOB TPAHCIOPTa BOABI M HMOHOB B KIETKax Mo4kd. Tpancmopt Na® B
OCMOPETYJIUPYIONINX SIUTEINAX MPEACTAaBIsIET COOOH CIIOKHYI0, MHOTOKOMIIOHEHTHYIO CHCTEMY, paboTa KOTOPOH
o0ecrieunBaeT CO3aHue U MOJIEPKAHUE NIEKTPOIUTHUECKOTO M BOJHOTO TOMEOCTa3a. besKkoBble KOMIIOHEHTHI 3TON
CHCTEMBI SIBJISIOTCS MULIEHBIO JUIS ISHCTBUS MIMPOKOTO CIEKTPAa TOPMOHOB U (DapMaKOJIOTHYECKUX areHTOB.

KimroueByto posp B Tpancmopre Na' B peaGCopOHPYOIINX SHHUTENHSIX HIPAIOT aMUIIOPUI-1yBCTBUTEIBHBIC
smutenuanbhsie  Na'-kaHanel  (ENaC). ENaC  sBisioTcs  TIpe[CTaBUTENSIMH  OOGIMHPHOTO — CylepceMeiicTa
nereHepunbl/snutenuansabie Na'-kananet (Deg/ENaC), oObeauHstoliero iurana-ymnpasiseMbie Na'-npoBosiiune
KaHaJbl, OJIokupyeMble aAuypetnkoM ammiopunoM. Deg/ENaC yHuBepcabHBI Uit BCEX MHOTOKJIETOUYHBIX OPraHM3MOB;
9KCIPECCUPYIOTCSI B Pa3MUHBIX BO30YAUMBIX M HEBO30YIMMBIX TKaHAX M y4YacTBYIOT B TakuX Pa3zHOOOpa3HBIX
mpolieccax, Kak 0oJieBasi 4yBCTBUTEIBHOCTh, MEXaHOUYBCTBUTEILHOCTD U HarpasieHHblll neperoc Na' [2]. Hecmotpst
Ha TO, 4To mpencraBurenu cynepcemeiicrBa Deg/ENaC ¢GyHKIMOHAIBHO Te€TEpPOTEHHBI, OHM O0JIaAaloT CXOIHBIMU
61oU3NIECKUMHU CBOMCTBAMHU M CTPYKTYPHOW OpraHu3anuei.

Curma-1 penenTopsl IPEACTAaBISIOT COOOH YHHKaJIbHBIE JHMIAHAPETYINPYEMbIE MOJEKYJISIPHBIC INAIEepPOHBbI,
JIOKJIN30BaHHBIC B IUIa3MaTH4YeCKOW MeMOpaHe M B MeMOpaHe HSHJIOINIA3MAaTHYECKOr0 PETHKYIyMa Ha TpaHHLE C
MHUTOXOHIPHAMH. JTH PELENTOPHI MNUPOKO IKCIPECCHPOBAHbI B LIEHTPAIBLHON HEPBHOH cucTeMe U B Iepu(eprIecKux
TKaHsIX, B TOM 4YHCIE€ B KJIETKax IMOYKM M nedeHu [3, 4]. VX nuraHmamu SIBIAIOTCS SHIOTCHHBIE CTEPOUJBL,
AHTHIETIPECCAHTHI, AaHTUIICUXOTHYECKHE, TPOTHBOCYIOPOXKHBIE U aHAJIbreTndeckue cpeacTna [5]. Curma-1 penentopsl
B3aUMO/ICHCTBYIOT C MHOTOYUCIICHHBIMH O€JIKaMU-MHUIICHSIMH, BKIOYash MOHHBIE KaHAJIbl W PELENTOPbl, a TaKXKe
Y4acTBYIOT B MOIYJISILIMM MHOTHX KJIETOYHBIX IpoleccoB [6, 7]. B mocnennee BpeMs MOSBIAIOTCSA JaHHBIE O TOM, YTO
curma | penenTopsl y4acTBYIOT B MOAYJIAILIMHM aKTHUBHOCTH IPOTOH-aKTUBUPYEMbIX HOHHBIX KaHaoB (ASICs) — oqHoro
u3 npexacrasureneil cynepcemeiicta Deg/ENaC. Ha kmerkax sMOpuoHanmbHOW mouku yenoBeka (uHus HEK-293)
MI0Ka3aHo, YTO CUI'Ma-1 penentops! NpsiMo B3anMoaencTByIoT ¢ ASICs, 00pasyst KoMIIIeKe co crexuomerpueii 1 curma-
peuentop / 1 cyopenununa ASIC [8]. B cBs3u ¢ 3THM, IPEACTaBISUIOCH 11€1ec000pa3HBIM HCCIIEI0BATh yU4acTHE CUTMa-
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1 peuentopoB B PEry/SIIAM TPAHCIMUTENHANbHOTO Tpancrmopta Na“ u aktuBHoctn ENaC B koxe msarymkd. B
SKCIIEPUMEHTAX HCHOJB30BAIM AHTATOHHUCT CHUTMa-1 penentopoB — HEHposenTHK (PEeHOTHA3WHOBOTO psia
tpudayonepasus (TpudTazuH, crenasux) [9].

METO/JUKA

OKcneprMEHTHI POBOJVMIIN HA caMLax JIATYIIKKA Rana temporaria B nepuon ¢ Hos0ps no MapT. Koxy ¢ Oprorika
JSTYIIKM Cpe3ayii W nomernany B xkamepy Yccunra («World Precision Instruments, Inc.», ['epmanust) ¢ nnamerpom
BHyTpeHHero otBepctus 12 mm. Kamepy 3amonssim pactBopoM PuHrepa i X00IHOKPOBHBIX, coepkamumM (B MM):
110 NacCl, 2,5 KCl, 3 CaCl,, 5 Tris HCL, pH 7,4. OnbITel npoBOAMIM P KOMHATHOH Temmepatype (22-23 °C).

Jlist M3MepeHusl 3IEeKTPUYECKHX MapaMeTpPoB KOXKH JITYIIKH HCIIOJIB30BATHM ABTOMATH3MPOBAHHYIO YCTAHOBKY
¢uKcauuy MOTEHIWada W PETHCTPALlid BOJNBT-aMIEPHBIX XapaKTepUCTHK. 11 H3MepeHHs BOJIBT-aMIIEPHBIX
XapaKTepUCTHK Ha KOXKY ITOJIaBaNIY IMHEHHO N3MEHSIIoIIeecs HanpsbkeHue (ramp) co ckopoctsio 20 MB/c. B mHTepBanmax
MEX1y M3MEPEHHUSIMH BOJBT-AMIEPHBIX XapaKTEPUCTUK TPAHCAMUTEIHANbHBIN MoTeHIMan (Vr) KOXH NOAJepKUBaIId
npu 0 MB (pexxuMm KOpPOTKOro 3amblKaHusl) WIM Opu HoTeHuuaite OoTkpbiToil uenun Voc (Voc = Vr npu
TpaHcanuTenuanbHoM Toke It = 0). I3 BonbT-aMIepHbIX XapaKTePUCTHK ONPEAEIUIN JIEKTPUUECKUE TapaMeTPhl KOXKHU:
TOK KOpOoTKOT0 3aMbIkanus Isc (Isc = It mpu Vr=0), Voc 1 TpaHCIMUTETHATEHYIO TPOBOIUMOCTb L.

Tpancnopt Na* oieHHBaIKM Kak aMAIOPHI-4yBCTBUTENBHBIH Isc. B CBSA3H ¢ 3TUM, B KOHIIE Ka)KI0r'0 IKCIICPHUMEHTA
B PacTBOpP, OMBIBAIOIIMHA AaNMKaIbHYI0 IOBEPXHOCTh KOXH, no0aBmsutn Onokarop ENaC ammmopun (20 MxM).
Ucnonp3oBamu peaktuBbl ¢upmber Sigma (CIIA). dapmakonorndeckne areHTH MO0ABISUIM K ANUKAIBHOW WA
6azosaTepabHON MOBEPXHOCTH KOKH. CTaTUCTHYECKHH aHAIM3 MPOBOAWIN C IIPUMEHEHHEM t-KpuTepust CThIOEHTA.
JlanHBIe IpeACTaBICHBI B BUIE X + §y. Ha prcyHKe IpUBENEHBI PE3yIbTaThl THIIMYHBIX SKCIEPHIMEHTOB.

PE3YJIBTATHI U OBCYXXJIEHUE

3HaveHHs DIIEKTPHUYECKUX XapaKTEPUCTUK KOXKH JIATYILIKH B KOHTPOJIE B cpeiHeM (110 JaHHBIM 10 3KCIIEpUMEHTOB)
coctaBisoT: Isc =47,32 + 5,11 MxA; Voc =-81,42 + 10,04 mB; gr = 1,73 + 0,44 MCwm.

[TokazaHo, uTOo 00pabOTKa KOXKH JISTYIIKH OJOKAaTOpOoM curma-1 perenTopoB TpHQIIyolepa3sHHOM CHHXKAET
tpancnopT Na' B koxe marymkd. OOHapyXKeHO TakKe, 4TO CTeNeHb M KHHETHKA HWHTHOMPYIOLIEro IeHCTBUS
TpudayonepasnuHa Ha Tpancnopt Na' pasnuyaercs B 3aBUCHMOCTH OT MPUJIOXKEHHUS areHTa CO CTOPOHbI alTUKAIbHOMN UITH
0azosaTepabHOW NOBEpXHOCTH KOXH (pucyHok 1). B cpemnem (nmo maHHbiM 10 3KCIIEpUMEHTOB), M3MEHEHHE
IEKTPUYECKHUX XAPAKTEPUCTUK KOXKH JIATYIIKH nocie godasienns 20 Mkr/mi tpuduryonepasuHa 66110 cinexyomnm: Isc
ymenbmmics Ha 9,13 + 3,45 wmm 29,79 + 11,34 %, Voc ymenpmmics Ha 28,06 = 10,13 wmm 31,79 + 14,16 %, a gr
yMmeHbImiIachk Ha 21,84 + 9,42 wnm yBenuuminace Ha 6,89 + 1,56 % npu npuioxeHnn TpuQIyonepasnHa co CTOPOHBI
anuKanbHON MK 6a30s1aTepaabHON MOBEPXHOCTH KOKH, COOTBETCTBEHHO. Pe3ynbTaTel, MpeICTaBICHHbIE HA PUCYHKE 1,
CBHJICTENBCTBYIOT O TOM, UTO IPUIIOKEHUE TPU(ITyorepa3uHa K allMKalbHON TOBEPXHOCTH KOKHU BBI3bIBACT ABYX(hazHOE
usMeHnenue Isc: nmopasnenue Isc, Habmogaemoe B TeueHue 30-40 MUH TOCNe MPUIOKEHHsI areHTa, CMEHSIOIIeecs
HEKOTOPBIM yBelMUeHUueM [sc, HaOIII01aeMbIM B TEUSHHE BTOPOTO Yaca Ioce NpHiIokeHus Tpudiyonepasuna. B ciuyuae
nobasyieHus TpudIIyoriepasiHa CO CTOPOHBI 0a30JaTepaabHON MOBEPXHOCTH KOXKH, HAOJIOMACTCs MOCIE0BATEIILHOE
cCHIXeHHe Isc B TedeHWe IepBOro yaca Iocie NpHIOXKeHHs areHTa. Pas3pl yBenmmueHus I[sc B 3TOM ciiyyae He
HaOJIr01aI0Ch.

Pe3ynbraThl, NMpeacTaBiIeHHbIE B HACTOSIIEH paboOTe, COIACyIOTCs ¢ JaHHBIMHM, IOJyYSeHHBIMH HAMH paHee Npu
CPaBHUTEIBHOM WCCICIOBAaHWM BIWSIHHS Ha TpaHCmopT Na® B KOXE JBITYIIKH [ABYX CTPYKTYPHO DasIHYHBIX
AQHTaroHMCTOB CHTMa | penenTtopoB — HeHposnenTHka (PEeHOTHAa3WHOBOIO psifia XJIOPNpOMa3WHa M HMPOHU3BOIHOTO
OyTHpodeHOoHa — TajonepuaoNa. XJIOpIpoMa3suH (aMHHA3HH), TaKKe KaK M TPUQIyonepa3uH, OTHOCUTCA K TIEPBOMY
NIOKOJICHHIO  THIMYHBIX  HEHPOJENTUKOB  (EHOTHA3MHOBOTO  psila, INHPOKO MNPUMEHAEMBIX B  KauecTBe
AQHTHUIICUXOTUYECKUX, MHOPENAKCUPYIOIINX, CEJaTHBHBIX CPEACTB, a TaloKe Ui JICYEHWs IUM30(QPEHHHM M IPYIux
ncuxuyeckux 3abosesanuii [ 10]. Panee Hamu ObLI0 MOKa3aHO, YTO 00pabOTKa KOXKH JSITYHIKK 50 MKI/MIT XJIOpIIPOMa3HHA
CHIDKAET TPAaHCOMUTENUanbHbIN TpaHcnopT Na' B koxe ssarymiku [11]. TIpu 3ToM 00HApYXEHO, YTO HHTHOUPYIOIIHIA
3¢ QeKT XJIopHnpoMazuHa pas3liMuaeTcsi B 3aBHCUMOCTH OT IPHJIOXKEHHS areHta CO CTOPOHBI alHMKaJIbHOW WIH
0azoylaTepaJbHON TIOBEPXHOCTH KOXKH, U TaKXKe XapakTepusyercs IByx(a3HOW KHHETHKOH wu3MeHeHHs Isc npu
TIPUIIOKEHHUH XJIOPTIIPOMA3HHA CO CTOPOHBI AlIMKAIBHON MIOBEPXHOCTH KOXKH JISATYILIKH.

[TonydeHHbIE pe3yNbTAaThl TaKKe COINIACYIOTCS C AAHHBIMH JIMTepaTrypbl. Tak, OOHapy>KeHO, YTO NPHIIOKEHHE
100 MxM Tpudyorepa3uHa co CTOPOHBI OazonaTepalbHOW MEMOpaHBI, BBI3BIBACT CHIDKEHHUE Isc 1 Voc B MOYEeBOM
my3sipe xabwr [12]. JIByxda3zHoe mo30-3aBucHMOe M3MEeHEHHUe Isc mox mericTBHeM TpuQIyorepa3wHa TOKa3aHO VIS
M30JINPOBAaHHON KokH JArymkd Rana esculenta [13, 14]. Omnako B 3TOM ciydae, mo0OaBieHue TpudIyorepasrHa
BBI3BIBAJIO CTHMYJLILMIO TpaHcmopra Na' depe3 KOXy JUTYIIKH. B HUTHpyeMbIXx paboTax TakKe BBICKA3bIBACTCS
MPEIIOJIOKEHHE O TOM, YTO MOJIEKYJISIPHBIE MEXaHH3MBbI, BOBJICYEHHbIE B PETyJILHUI0 TpUQIyoepasnHoM TPaHCIOpTa
Na' B KOXe JUITYIIKH, PAa3IMYalOTCs B 3aBHCHMOCTH OT HPHJIOKEHMS areHTa K aliKalbHOMY M 0a3onarepaabHOMY
JIOMEHY TOJISIPHBIX KIJIETOK JnuTenus. Tak, HauOojee BEpOSTHO, 4TO BIMsHUE TpuduiyonepaswHa Ha Isc B ciydae
NPUIOKEHUS areHTa K anuKaJbHON MOBEPXHOCTH CBA3aHO ¢ Moxynauueil aktuBHoctd ENaC [14] unu ¢ u3MeHeHneM
BHYTPHKJIETOYHON KoHUeHTpauun uonos Ca?' [13], Torna kak BiausHue TpuduiyoriepasviHa Ha Isc MpH NpUIIokKeHHs
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Pucynok 1. KuHetrka n3MeHEHHUsI TOKa KOPOTKOTO 3aMbIKaHUs Isc 4epe3 KOy JATYLIKA B OTBET Ha HPHIIOKCHUE
Oiokatopa curma-1 penentopoB TpuduiyonepasuHa, JOOABIEHHOrO €O CTOpPOHBl amukanpHOW (1) wmim
GazonarepaibHOi (2) MOBEPXHOCTH KOXH JIATYLIKH. B KOHIE KaXIOro SKCIEPHMEHTa B PAacTBOP, OMBIBAIOLINIL
aNUKaIbHYI0 [OBEPXHOCTh KOXH, H00aBISUTH GJIOKATOP aMHJIOPH/I-4yBCTBUTEIBHBIX SMHUTEIHATIBHBIX Na'-KaHaIoB
(ENaC) — amunopuz (20 MmxM)

arenTa K 0a30NaTepanbHOM MOBEPXHOCTH KOXKH, omnocpemyercss Ca’’-3aBHCHMBIM CHHTE30M M MOCIELYIOLNIM
BBIJICNICHNEM U3 Oa3onaTepanbHOM MeMOpaHbl MpocTarjanguHa Ej, 4To, B CBOIO 0Yepenb, MPUBOAUT K CTUMYJISLUN
Tpancropra Na’ uepes koxy marymku [13, 14]. UssectHo, 4T0 TpUdIIyolepasun sBIseTcs anTaromucTom Ca®'-
CBA3BIBAIOIIET0 Oellka KalbMOyJIMHA, UIPAIOLIEro KIIOUEBYIO PoJib B peryianuu npoueccos Ca’ -curnamusanuu [15].
OpnHako, JaHHBIE O TOM, YTO Pa3jIM4HbIe POU3BOJHBIE (heHOTHA3MHA (XJIOPIPOMa3uH U TpudIIyorepasuH) o0i1anaoT
CXOJIHBIM BITHSIHHEM Ha sc, CBUICTENBCTBYET O TOM, YTO BIMsAHHE TpH(ITyornepasrHa Ha TpaHcopT Na* B KOKe JIATYIIKA
OCYILECTRIIAETCS, O-BUAUMOMY, 6e3 yyacTus komruiekca Ca?*-kansmoynun [14].

Tpancropt Na* B 3IUTENHAX MPEACTaBIACT cO00I CI0XHYI0, MHOTOKOMIIOHEHTHYIO CHCTEMY, B paboTe KOTOPOW
NPUHUMAIOT yYacTHe MHOrovucieHHble Na'-TpaHcnopTupyroniue OelKy, JOKaau30BaHHbIC B Pa3MYHBIX MeMOpaHax
kneTkn. OTHaKoO BBEIGHHE B KOHIIE KAXJIOTO HKCIIEPUMEHTA B PACTBOP, OMBIBAIOIINH AMTMKAJIbHYIO TIOBEPXHOCTD KOXKHU
narymkd, onokaropa ENaC ammmopuaa (20 MkM) BEI3BIBAIO MOJTHOE Mo1aBiIeHUE Isc (PUCYHOK 1), 9TO CBUAETENHCTBYET
O TOM, 9YTO BIHMSHHE aHTArOHHCTa cHrMa-l penenTopoB Ttpudiyornepasuna Ha TpaHcnopr Na® cBs3aHo,
MIPEUMYIIECTBEHHO, C Moy el aktuBHOCTH ENaC.

Takum oOpa3oMm, B HacTosIel paboTe U paHee, HaMH [OKa3aHO MOIYJIUPYIOIIee BIUSHUE CTPYKTYPHO PA3THYHBIX
AHTArOHKUCTOB PEIENITOPOB CHUIMa-1 Ha TPAHCIMUTEIUATBHBIN TPAaHCTIOPT Na', UTO CBUIETENBCTBYET 00 YIaCTHH CHIMa-
1 perenTopoB B perymsaiuu Tpancmopta Na' B smuTendu KOXH JArymikd. [lonmydyeHHbIe NaHHbIE MO3BOJSIOT TaKKe
MpCANoJIOXNUTb, UYTO BIIUAHUC aHTAarOHUCTOB curma-1 PEUCITOPOB HA TPAHCIIOPT Na* B KOXC JIATYIIKU OCYHICCTBIACTCA
MIPY YYacTUH PA3IMYHBIX OEJIKOBBIX M JIMIHUIHBIX CUTHAIBHBIX KOMIUIEKCOB, aCCOLMMPOBAHHBIX C ANMKAIBHBIM WIIN
6azoylaTepaibHBIM JOMEHAMH HOJISIPU30BaHHBIX SHHUTEINAIBHBIX KiIeTOK. IloiydeHHble HaMW JaHHBIE O BIWSHHUU
TpuduIyoniepasiHa Ha TPAHCONUTENHANbHBIM Tpancmopt Na® chnocoGcTByroT 0oJiee JeTalbHOMY IIOHUMAHHIO
MOJIEKYJIIPHBIX MEXaHU3MOB (hapMaKOJIOTHUECKOTO JEWCTBHS IIPON3BOJHBIX (PEHOTHA3HHA.
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TRIFLUOPERAZINE MODULATES Na* TRANSPORT IN FROG SKIN
Melnitskaya A.V., Krutetskaya Z.1., Krutetskaya N.I., Antonov V.G.
Saint-Petersburg State University
Universitetskaya emb., 7/9, Saint-Petersburg, Russia; e-mail: avmelnitskaya@yandex.ru

Abstract. The skin of amphibians and other isolated epithelial systems are classic model objects for the
study of ion transport mechanisms through biological membranes. By the ability to transport electrolytes
and by the response to certain hormones, the skin and bladder of amphibians are similar to the distal renal
tubules, which allow the data obtained on these objects to be used to determine the water and ion transport
mechanisms in kidney cells. Sigma-1 receptors are unique ligand-regulated molecular chaperones located
in the plasmalemma and endoplasmic reticulum membrane at the boundary with mitochondria. However,
the role of sigma-1 receptors in Na* transport regulation in epithelial systems is not fully understood. In
this regard, it was appropriate to study the involvement of sigma-1 receptors in Na* transport regulation in
frog skin. In the experiments, we used the sigma-1 receptor antagonist — the phenothiazine derivative
neuroleptic trifluoperazine. Using voltage-clamp technique, we have shown that preincubation of the frog
skin with 20 pg/ml trifluoperazine inhibits Na* transport in frog skin. It was also observed that
trifluoperazine inhibitory effect on Na* transport depended on the application of the agent from the apical
or basolateral surface of the skin and was characterized by biphasic short-circuit current changes upon
application of trifluoperazine from the skin apical surface. Similar data were obtained by us earlier when
studying the effect of another sigma-1 receptor antagonist phenothiazine neuroleptic chlorpromazine on
Na' transport in frog skin. Thus, in this study and earlier we showed that structurally different sigma-1
receptor antagonists modulate transepithelial Na* transport, indicating the involvement of sigma-1 receptors
in regulation of Na* transport in frog skin epithelium.

Key words: fiog skin, transepithelial Na™ transport, sigma-1-receptors, trifluoperazine.
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POJIb MUTOXOHIAPUAJIBHO-HAITPABJIEHHOI'O AHTUOKCHUJIAHTA SkQ1 B
PEI'YJISIIINA CUTHAJIBHOM CUCTEMBI KEAP1/Nrf2/ARE U ATIOIITO3A B
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ya. Yexosa, 41, e. Pocmos-na-Iony, 344006, P©
ITocrynuna B penakuuto: 08.07.2019

AnHoTanus. B paboTe nccnenoBaHo BiIMsSHIE MUTOXOHAPHAIBHO-HAIIPABIEHHOI0 aHTHOKcHaanTa SkQ1
Ha ypOBEHb JKCIpeccun reHa (akropa Tpanckpunmu Nrf2, Nrf2-3aBUCHMBIX T€HOB aHTHOKCHAAHTHBIX
tdepmenToB, reHa CASP3 m aKkTUBHOCTH ()EPMEHTOB, KOAUPYEMBIX HCCIECAYEeMBIMH TE€HAMH, B KOpE
OospImMX ~ MONMymIapuii  Mo3ra  KphIC  IIPU  OKHCIHTENHOM  CTpecce,  HHIYLIHPOBAHHOM
runepbapookcurenanueii (['O). YcranosieHo, uTo B huznonoruueckux yciopusix seegenue SkQ1 B nose
50 HMOJNB/KI B TEYEHHE S5 JHEH NPHBOAUT K 3HAYMTENbHOMY IMoBbIneHHI0 ypoBHs MPHK dakropa
TpaHckpunuuu Nif2 u Nrf2-uHIynnpyeMsIx reHOB aHTHOKCHAAHTHBIX GepmertoB SODI, SOD2, CAT,
GPx4 na done 6azanpHOTr0 ypoBHs 3Kcrpeccun reHa CASP3 B kope OONbIINX TOJIyLIIapuid MO3Ta KpbIC.
[Tpu >TOoM HaONOAAaeTCs aKTUBALMS AHTUOKCHAAHTHBIX (PEPMEHTOB - cynepokcuaaucmyrassl (SOD),
katana3bel (CAT), rimyrarmonnepokcunassl (GPx), riyratnon-S-tpancdepassl (GST) u mnoBbimieHue
KOHLICHTPALMK BOCCTaHOBJIEHHOTO riyTatnoHa (GSH), aktuBHOCTE Kacnassl-3 He u3Mensiercs. [Ipu ['BO-
MHIYIMpOBaHHOM okuciurensHoM crpecce (0,5 MIla, 90 muH) ormeueHo cHmxeHue ypoBHs MPHK
¢axTopa Tpanckpunuu Nrf2, 3HaUMTEIbHOE IOBBINIEHHE 3Kcnpeccud reHa CASP3, Torma Kak He
BBISIBJICHO JIOCTOBEPHBIX pa3lIM4Mii B TPAHCKPUIIMOHHOH aKTHBHOCTH Nrf2-peryiampyeMbIXx T'€HOB
aHTHOKCUAAHTHEIX (QepMmenToB (SODI-3, CAT, GPx4) B xope OONBIIMX MOIYIIapuid Mo3ra Kpwic. B
YCIIOBHUSIX THIIEPOKCHM HaONIOJAaeTCsl MOBBIIMICHHE WHTEHCHBHOCTH IEPEKHCHOTO OKHCIICHWS JIUMNIOB
(ITOJI) ua pone narndupoBanmus CAT u ymepennoit aktuBarmu GST, coxpaHeHUS CTAIITMOHAPHOTO YPOBHSA
aktuBHOCTH SOD m GPx m CcymiecTBeHHOH aKTHBAIlMM Kacmas3bl-3 B OOJBIINX MOIYIIAPHAX MO3Ta KPBIC.
[MpenBaputensHoe npumenenune SkQ1 nepen ceancom I'BO mpuBogut k nosbimenuto ypous MPHK
(axropa Tpanckpunuuu Nrf2 u Nrf2-perynupyembix reHOB aHTHOKCHIAHTHBIX pepmenToB SODI-2, CAT
u GPx4 v nonyepxanuro 6a3aibHOTrO YpoBHs 3kcnipeccuu reHa CASP3 B kope 00JIbLIMX MOJTyLIapuii Mo3ra
IIPU OKUCIIUTENBHOM cTpecce. OHOBPEMEHHO HAOJIONAeTCs YBEIMUEHHE aKTUBHOCTH aHTHOKCUAAHTHBIX
(hepMeHTOB, cofepKaHnsI BOCCTAHOBJIIEHHOTO IIIyTaTHOHA U TOAJep)KaHHe OJIM3KOH K HOPME aKTHBHOCTH
kacnaspl-3. [Ipennonaraercsi, 4ro 3amuTHeId 3¢ddext SkQl B ycmoBusx I'BO-mHIynMpoBaHHOTO
OKHCIIUTEIBHOTO CTPECCAa MOXKET PEasIM30BaThCsl MOCPEACTBOM MPSIMOTO aHTHOKCHIAHTHOTO ACHCTBUS, a
TaKXKe IMyTeM CTUMYJLIIHU pPeIOKC-3aBUCHMON curHambHOU cucteMbl Keapl/Nrf2/ARE u aktuBarmm
AHTHAMONTOTHYECKUX MEXaHU3MOB.

Kniouegvie  cnoga:  oxuciumenvhvlii  cmpecc,  2UNEPOKCUs,  MUMOXOHOPUANbHO-HANPAGIEHHbLI
AHMUOKCUOAHM, 20JI06HOU MO32, IKCHPECCUSL 2eHO8, AHMUOKCUOAHMHbIE hepMeHmbl, KACna3a-3.

OKHUCIUTEIbHBIN CcTpecc, BbISblBaIOLHI/Iﬁ TMOBPEIKACHUEC KIICTOK MO3ra, BHOCUT Cy].lleCTBeHH]:-Iﬁ BKJIaJ B IIaTOI'CHE3
MHOTMX 3a00JeBaHMII HEPBHOW cucTeMbl. B mocienHee BpeMsi B KaueCTBE YYBCTBHUTEIILHOTO CEHCOpa M peryisitopa
OKHCJINTEIBHOTO CTpecca paccMaTpuBaercsi curHanbHblil yTh Keap1/Nrf2/ARE, koTopblii BoBlieueH B MOJIEKYJISIpHbIE
MEXaHM3Mbl MHOTHX HaTOJIOTMYECKUX IpoueccoB [1]. YcraHOBIEeHO, YTO TpaHCKpHNIMOHHBIN ¢akTop Nrf2 u ero
penpeccop Keapl perynupyroT ceTb LMTONPOTEKTOPHBIX I'€HOB, BKIIOYAIOMIMX OK0JIO 1% reHoma [2]. Dkcnpeccus
tpaHckpunuuoHHoro ¢akropa Nrf2 B [THC paccmarpuBaercst Kak BaKHBIN 3JIEMEHT OTBETHOW PEaKLUH IPH OCTPHIX U
XPOHHYECKHUX IIaTOJIOTHSX HEPBHOW CHCTEMBI, CBS3aHHBIX C OKHCIUTEIbHBIM cTpeccoMm [3]. M3BecTHO, dYTO
OKHCIIUTEIBHBIA CTpecCc BBI3BIBACT PA3NUYHBIC (POPMBI THOENH KIETOK, B TOM YHCIIE, alloNTO3, KOTOPBIH SBIAETCS
Ba)XKHEHIIEH NPUYMHONW MOTEPHU HEUPOHOB MPHU HEHUPOJETEHEPATHUBHBIX PACCTPOMCTBAX, MIIEMUHU U TPABMATUYECKHUX
MOBPEXKIACHUSIX TOJIOBHOTO Mo3ra [4, 5]. K pacmpocTpaHeHHBIM MOJENSM OKHCIHMTEIHHOTO CTpecca OTHOCHUTCS
runepbapookcurenarus (I'60), mocpeacTBOM KOTOPOH UCCIEAYIOTCS MEXaHU3MBI HApYIIEHHSI CBOOOIHOPAINKAIEHOTO
roMeocTasa U NporpaMMHUPOBAaHHOM TMOENM KJIETOK B HEPBHOM M JIPYrux TKaHAX opraHumima [6]. YcTaHOBJIEHO, YTO
OKUCJIUTEJIbHBINA CTPECC, PA3BUBAIOLIUUCS NPU TUIEPOKCHUU, HHIYLHUPYET MUTOXOHIPUAIbHBIA U PELIENTOPHBIN IIyTH
arorTo3a, 4YTO pacCMaTPUBAIOT KaK BaXXHEHIIMK MexaHu3M noBpexaatomiero neicteus I'bO [6].

Lens paboTHI — MCClIeIOBaHUE BIMSHNS MUTOXOHAPHAIBHO-HAIIPABIEHHOT0 aHTHOKcHaanTa SkQ1 — kaTHOHHOTO
MIPOM3BOAHOIO IUIACTOXMHOHA — 10-(6'-1uracToXxuHOHW)AeITpr(eHIIPOCHOHNsT — Ha YPOBEHb DKCIIPECCHH TI'€HA
¢axTopa TpaHckpunuuu Nrf2, Nrf2-3aBHCHMBIX TI'€HOB AHTHOKCHIAHTHBIX (epMEeHTOB, a Takxke reHa CASP3 u
AKTUBHOCTh (PEPMEHTOB, KOIUPYEMBIX HCCIETyeMBIMA TE€HAaMH, B KOpe OONBIINX IMONYIIApHHA MO3ra KpBIC TIPH
OKHCIIUTEIHHOM CTpecce, HHAYIHPOBaHHOM Turiepbapookcurenarmeit (I'bO).
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MATEPHUAJIBI U METO/IbI

OKCIepUMEHThI MPOBOAMIN Ha OECHOpOIHBIX Kpbicax — camuax Rattus norvegicus maccord 180-200 r. Bce
MOJIONBITHBIE JKUBOTHBIE OBUIM pa3fefeHbl Ha dYeThlpe Ipynmel: | rpymnma (KOHTPOJdb) — WHTAKTHBIE >KUBOTHBIE,
COZIepJKalliecs] B CTAaHJIAPTHBIX YCJIOBUSIX BUBApHsl; 2 TPYIIIIa — KPbICHL, KOTOPBHIM B T€UYEHHE 5 THEH BBOAMIN Ipernapar
SkQ1 B noze 50 mmons/kr, (rpynna «K+ SkQ1»); 3 epynna — xuBortHble, noaseprayteie aeicteuio 'O (0,5 MIIA,
90 muH) ¢ nocnenyrouieii nekanuranuer yepes 12 1 nocne 'O (rpynmna «I'BO»). ITIog0NBITHRIX )KUBOTHBIX ITOMEILAIIN
B Oapokamepy oobemoM 60 71, CHaOKEHHYIO IETOYHBIM TOTIOTUTENEeM YIIeKUCIOTH. [locne 3-MUHYTHOH BEHTHIISAIAN
YHCTHIM KHCIOPOAOM B Oapokamepe co3masainock mapienne 0,5 Mlla. Kommpeccnio u IeKOMIIPECCHIO TTPOBOIUIN CO
ckopocthio 0,2 MIla/mun, m3onpeccus cocrapisuia 90 muH. Jlanusrii pexxum I'BO (0,5 MIla 90 MuH) BBI3BIBACT OCTPHIi
OKHCIUTENBHBIN cTpecc [7]. 4 rpymiry cocTaBWIM KUBOTHBIE, KOTOPEIM B T€UeHHE 5 nHel BBoawmm npenapaTt SkQ1 B
no3e 50 HMOJIB/KT, a 3aTeM depe3 1 gac mocie mocieaHero BBeacHus moasepranu aeicreuio ['6O (0,5 MIIA, 90 mun) ¢
nocieaymoomei nexanuranueid yepes 12 4 mocine ceanca 'BO — rpynma («SkQ1 + I'BOw»). Ilpenapar BBOMIM B
paccunTaHHOHW 1103e, pactBopeHHoi B 100 Mk 0,2%-HOro pacTBopa 3TaHoja B 3allleUHble MEIIKH XKMBOTHBIX. BpIOOp
J03bI U CXEMbI BBCJICHU MpeTiapaTa NpoBOJAUIIN COIJIaCHO PEKOMCHAAUAM [8] u CO6CTBGHHI)IM HUCCJICAOBAHUAM.

[Tpn nccnenoBaHUM HKCIIPECCHN I'E€HOB KOJIMYECTBO XKMBOTHBIX B KaXKAOHM M3 YEThIpEX IPymI cocTaBmio: 18-22, B
OMOXMMHUYECKIX M ONO(U3NIECKHX HCCIIeIOBAaHUAX KOJIMYECTBO XKHUBOTHBIX BO BCEX rpynmax — 12.

Bce mpoueaypsl, BBINOJIHEHHBIE HA JXHMBOTHBIX, IMPOBOAWINCH C COOJIONEHHWEM NPHHIUIIOB EBpomeiickoit
KOHBEHIIMY O 3aIUTE MO3BOHOYHBIX JKUBOTHBIX, UCIIOJIB3YEMbIX B 3KCIIEPUMEHTE WM B HaydHbIX 1emsix (CtpacOypr,
18 mapra 1986 r.) u monmoxxerusamu dupextuBsl 2010/63/EU Eponetickoro [Tapmamenta nu Coera EBponeiickoro Coro3a
ot 22 centsops 2010 T. 0 0OXpaHe KUBOTHBIX, UCTIONB3YEMBIX B HAYYHBIX IeIsX (cTaThs 27).

Anamm3 skcnpeccun MPHK mpoBoamimm ¢ momomipio MeTofa OOpaTHOW TPAaHCKPHIIIUHM C IIOCIEAYIOMIeH
nosmMepasHoit nermnoi peakuueit (OT-ITLP) co cneruduaeckumu npaitmepamu. J{ns uccnenoBanus 6pamu 30 Mr KOpbl
OonpmMX Tonywapuid romoBHoro mosra. Cymmaphyto PHK Beimemsnm MmeronoM TryaHHAWH-THOLMAHAT-()EHOI-
XJIOPOPOPMHOM IKCTPAKIUU C TOMOIIbI0 KoMmMepueckoro Habopa «PUBO-30mb-B» (000 «UutepJlabCepsucy,
Poccust). KauectBo BeimenenHoit PHK onenuBanm mpu momomu siektpodope3a B 1,2%-HOM arapo3HoM rene,
konuuecTBO BoiaeneHHo PHK onpenensiu nmo ontudeckoi wiotHocty npu 260 um. s cunte3a kK IHK ucnons3oBanu
Habop peareHTOB Is oOparHOi Tpanckpunuuu («Syntol», Poccus), comepxammit MMLV-RT (peBeprasy Bupyca
neifikemun MeImei Momonn), npaiimep Random-6, cmeck nezokcupudonykieotun tpudocdaros (ANTP), muariOuTOp
PHKas.

HccnenoBanme ypoBHS 9IKcmpeccHn TeHOB  (Qakropa TpaHckpummm Nrf2  (Nrf2), wu3odepmeHTOB
cymepokcuamucmyTassl — Cu,Zn-COZl (SODI), Mn-COJ] (SOD2), skcrpanemmonspraoir COL — D-COJl (SOD3),
katanas3el (CAT), royratuonnepokcuaassl 4 (Gpx4), xacmnasel-3 (CASP3) semonasmn Metogom I[P B peampHOM
Bpemenu (IIL[P-PB) B mpucyrctBuu unTepkamupytoiiero kpacutenss EVA Green («Molecular probes», CILA) c
HCIIOJIb30BaHueM Habopa pearentoB ais nposenenus [11IP-PB nmpoussoactBa «SYNTOL» (Poccus). [lyist mpoBeneHust
[L[P-PB ucnoms3oBaincs npudop iQ5 real-time PCR detection system («Bio-Rad Laboratories», CIIIA). B kayectse rena
cpaBHeHus ucnonb3oBainu B-aktuH (BACT). Crnenuduueckue mpaiimMepsl MoaoUpaiy ¢ MOMOIIBIO MporpaMmbl Primer
BLAST u Primer 3.

[MLIP-PB mpoBoaniy npu yenoBusx: 1-i atarn — 95 °C 300 ¢, 2-i# atan — 58(60) °C 50 ¢ (nerexums dayopecueHnyn),
3-it atan — 95 °C 15 ¢ ¢ nepexonom Ha mar Ne 2. Otan 2 u 3 nosropsanu 40 pa3, Iocie 3aBeplleHNs] JaHHO! onepanuu
noiaydanu rpadUKd  W3MEHEHMs (QuyopecueHIMH co BpeMeHeM. CrHenuuyHOCTh IOJy4aeMOro IpOJIyKTa
aMIUIA(UKaIIHU TPOBEPSUTH € TIOMOIIBIO KPUBBIX IUTaBiaeHUs npoaykTos [TLIP.

TkaHp MO3ra rOMOTEeHH3HPOBaIH B cooTHomneHnH 1 : 10 (macca/o0wem) B Oydepe, cocrospmem u3 100 MM Tris-
HCI, 150 mM NaCl, pH 7,4, 0,5 MM D/ITA B romorennsarope Potter S (Tedmon-cTexio) co ckopoctsio 1500 06/MuH.
YacTe moyueHHBIX ToMOTreHaToB oOpabareBamym Triton X-100 (konewynas xonuentpanus 0,1%) u uHKyOMpoBamn B
teuenne 10 muH mpu 37°C, 3arem ueHtpudyrupoBanmu 15 mun npu 3000 o6/mun. TlomydyeHHBIH cynepHaTaHT
HCIIOJIb30BAJIM TSI OTIPEZICTICHHUs] aKTHBHOCTH (DEPMEHTOB.

O COCTOSIHUM aHTHOKCHJAHTHOM CHCTEMBI CYAMJIM IO aKTUBHOCTH cynepokcuaaucmyTassl (SOD) [9], xaranassl
[10], rmyTaTHOH-3aBHCUMOI1 aHTHOKCUIAHTHOM cucteMsbl [11]. Onpenensiim akTHBHOCTB ITyTaTnoHnepokcuaassl (GPx),
nirytatuoH-S-tpancgepassl (GST), comepkanue BoccTaHoBieHHoro Tiyratnona (GSH). OnpernencHue akTHBHOCTH
Kacnasbl-3 MpOBOAMIM C MoMoIbio Habopa «Caspase 3 Assay Kit, Colorimetric» («Sigma», CIIIA). B romorenarax, He
00paboTaHHBIX JIETEPreHTOM, ONpEeIsUId HHTEHCHBHOCTD NepekucHoro okucnenus sunuaos (I10JI) nmo HakomieHuro
MoneKyIsApHbIX mponaykToB [1OJI — mmenoBeix kowsbioratoB (JIK) [12], mamonoBoro mmampaermma (MIA) [13],
i QoBeix ocHoBaHU [ 14]. XmopodopMHBIii 3KcTpakT roToBmian mo Metoxy Bligh u Dyer [15].

CraTucTHYecKUi aHaIU3 JaHHBIX IIPOBOAMIICS TIPH IIOMOIIH TTakeTa mporpamm Statistica 10 «Stat-Softy. [IpoBepka
HOPMAaJIBHOCTH paclpeeseHus] IPOBOAMIACH C HCIONIb30BaHHeM kputepus [llanmpo—Ywunka. g cpaBHeHus Tpymi
WCIIOJIb30BAIM JIBYX(aKTOpHBIH aucnepcuoHHblit anann3 ANOVA ¢ mnocneayronMy TMONapHbIMH CPaBHEHUSIMU
rpymmoBeix cpepHux (Newman—Keuls test). MHOXECTBEHHYIO JIMHEHHYIO pErpecCHi0, C BKIIOYCHHEM BCEX
IIPEIUKTOPOB, UCIIOIb30BAIIN JJIS OLIEHKH IOTEHIUAIbHOM B3aUMOCBS3H MEX/y 3aBUCUMON IIEPEMEHHOM — SKCIIPECCUEH
rena CASP3 — u akcnpeccuedt reHa Nrf2 n Nrf2-KOHTpOJIMpYyeMbIMU T'€HaMH aHTUOKCHAAHTHBIX (epmeHToB (SODI,
SOD2, GPx4, CAT). Pa3znuuus cuutanu focropepHsiMu npu p < 0,05. IIpu 0,05 < p < 0,1 paccMaTpuBanu TeHISHLUIO K
JIOCTOBEPHOCTH PA3NUYUI.
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PE3YJIBTATHI U OBCYXXJIEHUE

B mpoBeneHHOM WCCIENOBaHWM YCTAHOBJEHO, 4YTO B (DU3MOJIOTMYECKMX YCJIOBHsX mpumeneHue SkQl
(50 HMoOB/KT, 5 AHE) NPUBOJMT K MOBBILICHUIO OoJiee, YeM BIBOE, TPAHCKPHUIILIMOHHOW aKTUBHOCTH TeHa Nrf2 B Kope
OousipInx momymiapuii Mosra kpeic. Bimsiaue SkQ1 Ha ypoBens MPHK daxropa TpaHckpumimu B yCIOBHSX HOPMBI
cratucTiHuecku 3HaunMo u Ha 121% (F = 13,95; p = 0,001) npeBslmaer KOHTposIb. B 3THX ke ycnoBusx HabmomaeTcs
noseinienne yposHsi MPHK renoB antnokcunantueix pepmenros: SODI —na 41% (F = 13,95; p = 0,0004), SOD2 — na
50% (F =9,7; p < 0,003), CAT — na 62% (F = 10,66; p < 0,002), GPx4 — na 58% (F = 7,81; p = 0,007) na ¢done
crannonaproro ypoHs MPHK rena SOD3.DT0 cBHIOCTENHCTBYET O TOBBIICHHH YPOBHS SKCIPECCHH TeHa Nrf2,
CIIOCOOHOTO PEryJIMpoBaTh COOCTBEHHYIO TPAHCKPHIILMIO U TPAHCKPHUITIHIO Nrf2-3aBUCHMBIX T€HOB aHTHOKCHIAHTHBIX
¢depmentoB. Kak Obuto mokazano panee [16, 17], SkQI1 mnoBblmaer skcmpeccuto reHa Nrf2 B nekonuTax
nepuepuyeckoll KpOBH KpbIC B (DM3HOJOTMYECKUX YCIOBHAX M IPH OKHUCIHTEIBHOM CTpecce, MHAYLHPOBAHHOM
THIIEPOKCHUEH, TEM caMbIM OKa3bIBasi CTUMYJIMPYIOILee JeCTBHE Ha curHaNIbHYI0 cuctemy Keapl/Nrf2/ARE.

B Hacrosiiee BpeMsi OTKPBITHI pa3jinuHble MHIYKTOpPbl Nrf2, cpeinm KOTOpBIX BaxkKHEHIIas rpyrnna — XHHOHBI
HPUPOJTHOTO MPOUCXOXKICHUS ((h1aBOHOMIBI, KYPKYMHH, PECBEPATPOJI, IUIACTOXUHOH U Ap.) [6, 18]. MHorue aBTOpHI
yKas3bIBaroT, 4ro Haimuuue OH-rpynm B OpTO- M mapa-mojioKEHUH B CTPYKTYpe (DEHONBHBIX aHTHOKCHIAHTOB
00ycJIoBNIMBaeT MX cTUMyiHpytomee BiustHue Ha Nrf2 [18]. MimenHo takoe mosnoxeHne OH-rpymmn xapakTepHO Aus
SkQ1, cogmepxamero B CBOEM cocCTaBe IUIACTOXWHOH (mpomsBogHoe 1,4-Oenzoxunona) [19]. Kak wu3BecTHO,
AQHTHOKCH/IAaHTHBIC CBONCTBA (DEHONBHBIX COETMHEHHH CBSA3aHbI, B MEPBYIO OUEpenb, C HAIMYHEM B UX cTpykType OH-
rpymn. MoXHO mTonaratb, 4ro Oxarojapss XWHOHHOW cocTaBigomer B Monekyrne SkQ1, mocnmemnuii mMoxker
nHaypoBath Nrf2. BakHO mMOmuepkHyTh, 4TO B MPOMOTOpPHON oOmactu reHa Nrf2 mmetorcs nse ARE-momoOHbIe
HoclieIoBaTeNIbHOCTH. Benenctue atoro Nrf2 criocodeH perynupoBaTh COOCTBEHHYIO TPAHCKPHIILMIO U TPAHCKPUIILIUIO
Nrf2-3aBUCUMBIX T€HOB aHTHOKCHIAHTHBIX (PEpPMEHTOB Uepe3 aHTHOKCHIAHT-PECIIOHCHBHBIE 311eMeHThl (ARE), koTopble
cojiepkarcsi B mpomoropax kak Nrf2, tak u ARE-konTponupyembix reno [20, 21]. Hanuuue netin mosioKUTENbHON
oOpaTHO# cBsi3u BHYTpU curHaibHOro mytu Keapl/Nrf2/ARE cyliecTBeHHO TOBBIIAET YYBCTBUTEILHOCT CUCTEMBI U
MOIITHOCTH KJIETOYHBIX 3aIIUTHBIX MEXaHU3MOB [22].

U3zBectHo, uto Nrf2 (NF-E2-related factor 2) otHocurcs k cemetictBy Cap’n’Collar (CNC), BXoAuT B OOJIBIIYIO
rpymny JIHK-cBs3pIBaronux OenkoB ¢ «ieHnnHOBOW MoiHue» bZIP [1] u mmupoko s3kcrpeccupyercsi B pa3iIMyHbIX
TKaHsIX, U, B TOM 4Hcie, B Mo3re [23]. Nrf2 koHTposnmpyeT Kak 06a3aibHyI0 SKCIIPECCHIO T'eHOB B YCIOBHUIX TOMEOCTasa,
TaK W HHAYUMOGNBHYIO OKCIPECCHI0 MHOXKECTBA T€HOB NpHM HapyUIEHHSX peloKc-OallaHca W Pa3BUTHH
OKHCIUTEIBHOTO/3TIEKTPOPIIFHOTO cTpecca [3].

HeiictButensHO mHAynupoBaHHOe SkQ1 moBeimeHne skcrpeccuu Nrf2 B Kope OONBIINX MONyIIApHHA MO3ra B
(U3HOJIOTMYECKUX  YCIIOBUSX — CTHUMYJIHpyeT yBenawueHue conepkanuss MPHK — Nrf2-perymupyemsix  reHos
AQHTHOKCH/IQHTHBIX (DEPMEHTOB, YTO MOXKET CIIOCOOCTBOBATH IOBBILIEHUIO aHTHOKCHAAHTHOTO IIOTEHIHMAaNa KIETOK
HEpPBHOM TKaHU. Y CTAaHOBIIEHO, YTO BBEJIeHHE KUBOTHBIM SkQ1 B TeueHue 5 Hel B yCIOBHUAX (HU3HOIOTHYECKOH HOPMBI
NPUBOJIMT K aKTUBALIMK aHTHOKCHIAHTHBIX (DEPMEHTOB B OOJIBIIUX MOJyIIapusix mosra. [Tokazano, yro akruBHOCTE SOD
nosbimaetcs Ha 50% (F = 32,86; p < 0,0001), karanassl — Ha 53% (F = 41,2; p < 0,0001), GPx — Ha 63% (F = 23,6;
p <0,0001), GST — na 55% (F = 23,0; p < 0,0001) OTHOCHTEIHHO KOHTPOJIS, [P 3TOM YPOBEHb BOCCTAHOBJICHHOTO
rimyrarnona (GSH) Bospacraer Ha 39% (F = 10,77; p = 0,002). 310 uMeer ocoboe 3HaUCHHE, TaK KaK MO3I BECbMa
YyBCTBUTEJICH K OKHCIUTEIBHOMY CTpecCy, M OKHCIHMTENbHas MOAM(HUKANWsS KOMIOHEHTOB KJIETOK HEPBHOM TKaHU
MOJKET Pa3BUBAThCS KAaK IIPHU OCTPBIX MOBPEXKICHUAX, TaK U XpoHUYeckux paccrpoiicteax [IHC [23].

[omy4eHHbIE pe3ynbTaThl TOKa3bIBAIOT, UTO MpuMeHeHne SkQ1 B TeueHne 5 qHel B yCIOBUSIX HOPMBI HE BBI3BIBAET
n3MeHeHus uHTeHcuBHOCTH [1OJI B OONBIIMX MOTyIIApUsIX MO3Ta.

B manHOM nccnenoBanmnu nocie [’ BO-uaaymmmpoBanHoro okuciuTensHoro crpecca (0,5 Mlla, 90 MuH) BEIIBICHO
camxenne Ha 23% (F = 11,83; p < 0,001) TpaHCKpHUIIIIMOHHOW aKTUBHOCTH reHa Nrf2 B Mo3sre kpbic. B Haiueit padbore
[17], BbIONIHEHHO#! paHee, TaAKXKe MOKa3aHO MHIMOUPOBaHUeE dKcripeccuu rena Nrf2 B neiikonurax kpoBu Kpbic ipu ['BO.
CHIKeHHe DKCIPECCHH I'eHa (paKTopa TPAHCKPHUILMK [PU TUIIEPOKCUH BCIEACTBHE IOBBIMICHHON nerpananuu Nrf2, B
CBOIO 0Yepe]b, HEM30€)KHO YMEHBLINUT €Tr0 CIIOCOOHOCTH K ayTOAKTUBALIMK U ayTOPETYJISLUY, CBSI3aHHbBIE C HAJTMYHEM B
ero mpomoropHoM peruone ARE-anementos [20]. B uccienopanuu [24] Ha xpoMocome 2 ObLT UACHTU(DHUIIMPOBAH JIOKYC
1, 9yBCTBUTENBHBINA K THIIEPOKCUH, COAEPIKALIUN TeH-KaHauaaT Nrf2, KOAUPYIOIUi TpaHCKPUIIIMOHHbIH (akTop Nrf2.
JlokazaHo, 4TO MBIIIM C HOKAyTUPOBAHHBIM I'eHOM Nrf2 Oojee YyBCTBUTENBHBI K MOBPEXKICHUIO JIETKUX M KIETOYHOU
ru0esy, MHAYLMPOBAHHBIX IMIIEPOKCUEH, YeM MUKHUI THI )HUBOTHBIX [25]. B To sxe Bpems npu ['BO conepxkanne MPHK
TeHOB aHTHOKCHIAHTHHIX (epMeHTOB (SODI-3, CAT, GPx4) He3HaYNTENbHO M3MEHSETCS OTHOCHUTEIHHO KOHTPOJIA.
Crenyer OTMETHTB, YTO B MCCIIeIOBaHUM [26] npu neiicTBun HopMobOapudeckoi runepokcnun (95% 02, 18 1) taxke
OOHApY)KEHO CYIIECTBEHHOE CHIKEHHE OKCIIpPEeCCMH TeHa Nrf2 W OTCYTCTBHE W3MEHEHHH TPAaHCKPUIIIMOHHON
AKTUBHOCTH T'€HOB aHTHOKCHIAHTHBIX (pepmentoB (SODI, SOD2, CAT, GPx1, HOI) B mo3re camioB Meimeii CBA/H.
OueBHHO, YTO YPOBEHb IKCIIPECCHH T'€HOB, PETyIHPYIOIINX COCTOSHUE aHTHOKCHIAHTHON CHCTEMBI, B 3HAUMTEILHOMN
CTENCHNU 3aBUCUT OT BBIPAKEHHOCTH OKHUCIHUTENBHOTO CTpecca, THNA TKaHW, €€ MeTabOoIM4ecKoro craryca,
B3aUMO/ICHCTBUSI CUTHAJILHBIX IyTEH 1 MHOTHX JPYTHX (akTOpOB.

[Tpu oxkucnurensHoM ctpecce, Bbi3BaHHOM ['BO (uepe3 12 4 mocie Bo3xeiicTBusl), Ha ()OHE HE3HAYMTEIILHBIX
u3Mmenenunit akruHoctu COJI nabmonaercs cHmkenue Ha 18% axtuBHoctu karanassl (F=11,49; p <0,001), nosslienue
Ha 18% axtuBHOCTH GST (F = 8,06; p < 0,01) OTHOCHTENLHO KOHTPOJBHOM TPYNITBI KUBOTHBIX, T.€. HAaOJIOAAETCS
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J1cOaTaHc KOMIIOHEHTOB aHTHOKCHIAHTHOH cuctembl. Kak mpaBuiio, HapyIeHne CONPsKCHHOCTH (DyHKIIMOHHPOBAaHUS
AHTUOKCUJIAHTHON CHCTEMBI B MO3T€ M JPYTHMX TKAaHAX BBIPAKEHO B 3HAYMTENBHO OOJNbIIEl CTEMEHH cpasy Iocie
JIEHACTBUS TUIIEPOKCHUH, YEM B T€UEHHE MOCTTUIIEPOKCHUECKOTO nieproaa [7].

IMocne 'BO-UHAYIIMPOBAHHOIO OKUCIHUTEILHOTO CTPecca B MO3re KpbIc HaOmonaetcs uareHcudukanus [10J1. B
rpynne «I'bO» copepkaHue MepBUYHBIX MOJEKYIIPHBIX IpoXykToB ITOJI — q1eHOBBIX KOHBIOTATOB — MOBBIIIAETCS HA
30% (F = 18,93; p < 0,0001), mpomexxyrounoro npoaykra [10JI — MJIA — Ha 42% (F = 12,95; p < 0,001), KOHEYHBIX
npoxykroB [1OJI — mmddoBeix ocHoBanmii — Ha 18% (F = 7,02; p = 0,015) oTHOCHTEIIEHO KOHTPOJIS.

[Ipensapurensnoe BBeaenne SkQIl (50 HMoub/Kr) B TewueHue S5 mHell mepen ceancom ['BO mpuBoaut X
noctoBepHOMY NoBEIeHHI0 ypoBHs MPHK kak rena Nrf2, Tak u Nrf2-3aBUCUMBIX T€HOB aHTHOKCHAAHTHBIX (DEPMEHTOB
B KOpe OOJBIINX MONYIIapHii Mo3ra. Y craHoBIeHO, uTo B rpymie «SkQ1 + I'BO» ypoens MPHK Nrf2 moBsimaercs va
41% (F = 16,14; p < 0,0003) o cpaBHEHUIO C KOHTPOJIEM U BIBOE IPEBBIMIACT €€ COAEPKAHNE OTHOCUTEIHHO TPYTIITHI
«'BO» (F = 7,12; p = 0,0012), B KOTOpO#l HEe MPUMEHSUICSA TpemapaT mepen IeHCTBHEM Tumnepokcud. IloBwIeHme
sKcnpeccur Nrf2 B MOCTTUIIEPOKCUYUECKHN TIEPHOJI COMPOBOXKIAETCS JOCTOBEPHBIM Bo3pactanueM ypoBus MPHK Nrf2-
KOHTPOJIMPYEMBIX I'€HOB aHTHOKCUAAHTHBIX (epmenToB: SODI — Ha 54% (F = 9,04; p = 0,005), SOD2 — na 48%
(F=5,12; p =0,03), CAT — na 39% (F = 3,08; 0,05 < p <0,1), GPx4 — ua 44% (F = 3,97; p = 0,05) OTHOCUTEIHHO
koHTpoisi. Ciienyer orMetutb, uro yposeHb MPHK renoB antuokcunmantHbix ¢epmenroB SODI, SOD2, CAT, GPx4
JIOCTOBEpHO Bo3pacTaeT Ha 29-72% OTHOCHTENBHO TPYHIBI JKMBOTHBIX, KOTOpbIM He npumeHsun SkQI1 mepen
BozzelicteueM I'BO (rpynma «I'BO»), 4to cBupeTenbcTBYeT O cTUMYyJMpylomeM sddekre mpenapara. [Ipu stom
coaepxanue MPHK SOD3 B 3Tux yciaoBusix u3MeHsETCS HE3HAUYUTEIbHO.

[MoBeimenne ypoBHs 3xcnupeccuu Nrf2 um Nrf2-perynupyeMbIx TeHOB NP BBEACHUHU XUBOTHBIM SkQ1 B TedeHue
5 nme#t nepexn ceancoM I'BO mpUBOAWT K aKTHBAIMM AHTHOKCHAAHTHBIX (DEPMEHTOB B OOJIBIINX MONYIIAPHSIX MO3TA.
[Moxazano, uro aktuBHOCTH SOD BO3pacraer Ha 43% (F =22,72; p < 0,0001), xatanazer — Ha 27% (F = 7,95; p = 0,01),
GPx — ma 65% (F = 29,78; p < 0,0001), riryratuoH-S-tpancdepasst — Ha 25% (F = 13,76; p < 0,001) u ypoenr GSH
yBenmuuBaercs Ha 35% (F = 10,76; p = 0,003) B 60bIIHX MOTyIIAPUSIX MO3Ta KPBIC OTHOCHTENBHO KOHTPOJIsL. I1pu aToM
B jgaHHOW rpymne xuBoTHBIX («SkQ1 + I'BO») akrtuBHOCTH aHTHOKCcHMAaHTHBIX (epmentoB (SOD, CAT, GPx)
JIOCTOBEpHO yBennuuBaeTcs Ha 27-55% u B ;1Ba pa3a Bo3pactaeT ypoBeHb GSH mo cpaBHenuto ¢ rpymmoit «I'bO»,
KOTOpOH IpeBaputesibHO He npumensiin SkQ1, 4ro ykaspiBaeT Ha a(dekT npenapara. DTO CyLIECTBEHHO MOBBIIIAET
AQHTUOKCHUJIAHTHBIH IMOTEHIIMAJ MO3Ta B MOCTIUIIEPOKCUUECKUI TIEPHOJ U CIIOCOOCTBYET MOJIEPKaHHIO CTALIMOHAPHOTO
yposHs [IOJI, uyto cBuaerenscTByeT 00 3ddexrrBHOCTH MpuMeHeHHuss SkQ1 B yCIIOBHSIX OKHCIMTEIBHOIO CTpecca,
BBI3BAHHOT'O THIIEPOKCHEN.

ITpu I'BO B rpynmne ¢ npensapurensHsiM BBenenneM SkQ1 nareHcnBHOCTH [TOJ] B G0NBIIMX HOMyIIapHsIx MO3ra
MOJIEPKUBACTCS HA CTALMOHAPHOM YPOBHE, HO JIOCTOBEPHO CHIXKAETCS OTHOCHUTENbHO rpymnmsl «['BO», T.e. rpymms
KHUBOTHBIX, He noiy4daBmmx SkQ1 nepen ceancom runepokcun. Yposenb K camxaercs Ha 24% (F = 6,46; p = 0,015),
MIA — na 25% (F = 6,39; p = 0,015), B conepsxanuu 11O nabmomaercs Teaaernus K cHmkernio (0,05 < p < 0,1) no
cpaBHeHmio ¢ rpymmoid «I'BO». Takum 00pazoMm, AMCIIEPCHOHHBIA aHAJIH3 IOKA3bIBAET JOCTOBEPHBIC DPA3IUUUs B
cogepkannu npoxaykros [1OJI: yBenuueHne MX ypOBHS OTHOCHUTEIBHO KOHTPOJISA NPH TMIEPOKCHH U CHIDKCHHE HMX
coaeprkanus B rpymre «SkQ1 + I'BO» no cpaBHenuto ¢ rpymnmoii «I'BO», uTo cBUIETEIBCTBYET O TOCTOBEpHOM dddekTe
SkQl.

Takum oOpa3om, npeaaputeabHoe npuMeHeHne SKQ1 B 1o3e 50 HMOJIB/KT B TeueHHE S5 THEH B (PU3UOTIOTHUCSCKIX
ycioBusix W mepen aedcrBueM ['BO crumynmpyer 3amurtHyro curHaneHylo cucremy Keapl/Nrf2/ARE myrtem
CTUMYJISILIMK 3KcIpeccuy reHa ¢akropa Tpanckpunuuy Nrf2, Nrf2-3aBUCUMBIX T€HOB aHTHOKCHIAHTHBIX (DEPMEHTOB U
TIOBBIIIECHUS UX aKTHBHOCTH.

B npoBeieHHOM HCCIIeI0BaHNH YCTAHOBIIEHO, YTO B (PM3HOJIOTHYECKUX YCIOBUSAX MPUMEHEHHE MUTOXOHIPHAIIBHO-
azpecoBaHHOTO aHTHOKcHIaHTa SkQ1 He mpUBOANT K M3MeHeHHIo YKcnpeccru reHa CASP3 1 akTUBHOCTH Kacrasbl-3 B
KJIETKaX KOpBI TOJIOBHOTO Mo3ra kKpeic. Kacmaza-3 — BHyTpuriietounass sddexropHas mporeasa, copaepxamias
aKTUBHPOBAHHBII [IUCTEWH BHYTPU BBICOKO KOHCEPBATHBHOI'O aKTUBHOTO CaliTa, YTO ONPEAEISIET CBA3bIBaHNUE CyOCcTpara
W €ro ruaponu3 mnocne acnaprata. OEpMEHT JOKAIN30BaH B IIMTOIUIA3ME U MEKMEMOpPaHHOM IIPOCTPAHCTBE
MHTOXOHJIPHH, OH SIBIAETCS LEHTPAIbHBIM 3(P(PEKTOPOM MHOTHX alONTOTHYECKHX MyTed U (GaKkTopoM TepMUHAIBHOH
CTaJM1 allONTOTUYECKOW rHOe HEPBHBIX U IHaIbHBIX KieTok [27]. 'en CASP3 nokain30BaH B 4ETBEPTOH XpOMOCOME
(4935.1), ero npomotop smiieH TATA-Ookca M CONEPIKUT CAMTHI CBS3BIBAHMS PAa3IMYHBIX (PAKTOPOB TPAHCKPHIILMH,
peryJiupyromux JKchpeccuio reHa [28]. BblsBieHa MHOTOypOBHEBas PpEryisaLus aKTHBHOCTH Kacla3, BKIIOYas
TPaHCKPHIILUIO, IPOTEOJINTHIECKUH IPOLIECCHHT, MOTYJISILINIO SH3UMAaTHYECKOH (DYHKIIMHK U Aerpafanuio [27].

[Tpu oxucimrensHOM cTpecce, BeizBaHHOM ['BO (0,5 MIla, 90 muH, uepe3 12 4 mocie neiicTBHs) B KIETKaX KOPBI
OouspImx nosymapuit Mosra conepxxanne MPHK CASP3 ysennumBaercs Ha 57% (F = 9,96; p = 0,0002) mo cpaBHeHHIO
C HOPMOH. ITO MOXKET CBUICTEIIECTBOBATE O CTUMYJISIIIH IKCIIPECCHH TeHa 3P PEKTOPHOM Kacmasbl-3, KoTopas crmocoOHa
K pacUIEeTUIEHHI0O MHOXKECTBA JKU3HEHHO Ba)XKHBIX OEJKOBBIX CyOCTpaToB KieTKH B ycnoBusx I'BO-mHmynupoBaHHOTO
OKHCIHUTENbHOTO cTpecca. [Tpu aTom B yenosmsix ' BO Hatineno gocroBeproe yBenndenue Ha 89% (F =62,15; p <0,0001)
aKTMBHOCTH KacIlasbl-3 B KOPE MOJIyIIapHi MO3ra OTHOCUTEILHO KOHTPOJIS.

OueBHIHO, 4YTO MOBBILICHHE TPAHCKPUIILMOHHON aKTUBHOCTH TeHa 3(QQEKTOpPHOH Kacmasbl-3 B YCIOBHAX
OKHCJIUTEIBHOTO CTPecca MOXKET OBITh CIIEIICTBUEM PA3IMYHBIX IPUYUH, CPEAH KOTOPHIX BAXKHOE MECTO NMPHHAICKHUT
(bakTopaM TPAHCKPHIIIUK, PETYJIHPYIOUIMM DKCIPECCHIO TeHa. AHanu3 mpomortopa reHa CASP3 BBIABUI CaWThHI
CBSI3BIBAHMS ISl PA3IMYHBIX (PAKTOPOB TpaHCKpHmyu: kiactepoB Spl, Ets1-nogoOusix anementos [28], AP1, NF-kB,
p53 u ap. [29]. B To xe BpeMsi B YCJIOBHSX T'MIEPOKCHM ITIOKa3aHa aKTHUBALMUS 3THX M JAPYTHX TPAHCKPUIIMOHHBIX
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(axTopoB, KOTOpbIe MOTYT akTHBUpOBaTh reH CASP3 1 criocoOCTBOBATH MOBBIIICHUIO HHTEHCUBHOCTH arnonTo3a [30].
CHIDKeHHE TPAaHCKPHUITHMOHHOW aKTUBHOCTH I'eHa Nrf2 B Kope 0oJbIiuX nosyiapuid Mo3ra kpeic pu 'O Taxoke moxer
CIIOCOOCTBOBATh YCHJICHHIO MPOTPAMMHPOBAHHONW rHOenu KieToK. [1oCKONbKY HM3BECTHO, YTO aHTHAIIONTOTHYECKUE
Oenku cemeiictBa Bcl-2 (Bcl-2, Bel-xL) B cBoux mpomotopax coxepxar ARE-nocnenoBaTenbHOCTH, ¢ KOTOPBIMHU
CBSI3BIBACTCSl TPAHCKPUIILMOHHBIA (akrop Nrf2, perymupys ux skcnpeccuro [31]. JledpuuuT aHTHANONTOTUYECKHX
OenkoB cemelictBa Bcl-2 MoXeT NMpHUBOAWTH K ITOBBILIECHHWIO NMPOHHULAEMOCTH HApy>KHOH MeMOpaHbl MHTOXOHIpPHH
(MOMP), BbIXOIYy HIHMTOXpOMa ¢, OOpa30BAHMIO AaIONTOCOMBI M 3allyCKy Kaclla3HOro KacKala ¢ IIO0CIETYIOIMINM
paclIeIUIeHHEM U aKTHBaIMei Kacmasbl-3.

[pensapurensHoe npumenenne SkQ1, KaTHOHHOTO MPOM3BOJHOTO IUIACTOXMHOHA, B TEUCHHWE 5 mHEH mepen
JeHCTBHEM TUIEPOKCHH CITIOCOOCTBYET COXpaHEHUIO YPOBHsI 3Kctipeccuul TeHa CASP3 1 akTHBHOCTH KacIasbl-3, KOTOpBIE
XapaKTepHBI Ul HOPMBI. DTOT pe3yJibTaT 3acilyXHMBaeT O0COOOro BHHMAHHMS, BCIEACTBHE TOTO, YTO MOIJIEp)KaHHE
0a3a1bHOTO YPOBHS aKTUBHOCTH Kacla3 B yCIOBHAX OKHCIUTEIBHOTO CTPECCa OTHOCUTCS K IEPCTIEKTHBHBIM CTPATErHsAM
Helponporekuuy. MoXKHO TojiaraTh, 4YTo OJHOM W3 NPUYMH HOpManu3yromero BiausHus SkQ1 Ha sKkcnpeccHio reHa
CASP3 v akTUBHOCTH (hepMeHTa B MO3re KpbIC Ipu [ BO-HHAYIIMPOBAHHOM OKHUCIIUTEILHOM CTPECCE SIBIIACTCS aKTUBAIUS
TPaHCKPHUIILMOHHOM akTHBHOCTH reHa Nrf2 m Nrf2-KOHTpoIMpyeMbIX I'€HOB aHTHOKCHAAHTHBIX (pepMeHTOB. JTO, C
OJIHOM CTOPOHBI, MPUBOJUT K CHIDKEHUIO YPOBHS OKHCIMTEIBHOrO cTpecca, Bbi3BaHHOro ['bO, m Hopmanuzanmu
TPAHCKPUNLUUOHHOW aKkTuBHOCTU TreHa CASP3, KOTOpbIH, Kak W3BECTHO, aKTHUBUPYETCS PEIOKC-4yBCTBUTEIBHBIMU
(axTopamu TpaHckpunuuu. C Ipyroi CTOpoHbI, HOBBIIIEHHE KCIIPECCUH aHTHANONTOTHYeCKUX OenkoB Bel-2 u Bel-xL,
peryiaupyembix Nrf2, npenoTBpainaer GopMHpOBaHUE arlONTOCOMBI, TI€ IO MEXaHU3MY WHIyLIUPOBAHHOTO COJIMDKEHHMS
aKTHBHpYETCA Kacnasa-9, akTUBUpYIOLIas 3aTeM Kacrnaszy-3.

Takum oOpaszomM, anTHanmontorndeckuit 3pdext SkQ1 B TkKaHM MO3Ta IPU TUTIEPOKCHU CBSI3aH C MIPEIOTBPALICHHEM
MOBBITIIEHUS Kcripeccul reHa CASP3 B kope u akTUBHOCTH 3()(eKTOPHOH Kacmasbl B KOPTUKAIBHBIX OTAETaxX MO3Ta.
IIporekropuoe neiicreue SkQ1 npu ['BO-MHIYIUPOBaHHOM CTpecce OMOCPEyeTCsi Pa3HOOOpa3HbIM CIIEKTPOM
AQHTHOKCUJIQHTHBIX 3P ()EKTOB U CTUMYIILMEH aHTHAIIONTOTHYECKUX (haKTOPOB.

Jlanee ¢ moMoIIbI0 TWHEHHOW MHOKECTBEHHON perpeccuy ObLT MPOBEIEH aHAIW3 MOTEHIIMATBLHON B3aUMOCBSI3H
Mexay akcrpeccueit rena CASP3 w ypoBHsiMu skcripeccun Nrf2 1 Nrf2-KOHTpOJIMpYeMbIX T€HOB aHTHOKCHIAHTHBIX
¢depmentoB (SODI, SOD2, Gpx4, CAT) B xauecTBe BO3MOXHBIX IpeaukropoB. Hanbonee 3naummoii (R = 0,750,
R? = 0,562) U3 BceX BO3MOXHBIX PETPECCMOHHBIX MOJIEJIEH OKa3anach MOJENb, B KOTOPOil OILIEHMBAIOCH BEPOSTHOE
BIIMSIHUE NPEANKTOPOB HA YpOBEHb dKcnpeccuu reHa CASP3 B runepokcuyeckux yciaoBusx (tabum. 1). M3 tabmmmsr 1
BUJIHO, YTO M3 ISTH T€HOB-NIPEAMKTOPOB 3HAYMMOE BIIMSIHUE Ha ypoBeHb dKcrpeccuu CASP3 npu rurnepoKcHy MOTYT
OKa3aTh JIBa — TPAHCKPUIIIUOHHBIN ypoBeHb TeHOB CAT u Gpx4. Ilpu stoM, ¢ aktuBanuei sxcnpeccun CASP3 cBs3aHO
cHmkeHne skcnpeccun reaa CAT (B =-3,43; 95% CI (-6,74 u -0,13), p = 0,043) 1, HaIpOTHB, MMOBBIIIIEHUE SKCIIPECCUU
resa Gpx4 (B = 0,16, 95% CI (0,04 u 0,27), p = 0,013). OcransHble MpOaHAIN3UPOBAHHBIE PETPECCHOHHBIE MOJICIN HE
BKJIIOYAIN 3HAYMMBIX MPEAUKTOPOB U XapaKTEPHU30BAIUCH HU3KMMH Koddduumentamu nerepmuHanuu. [Iposenenue
PErpecCHOHHOT0 aHaIM3a MO3BOJIMIIO BBIIBUTH OINPENIEIIEHHYIO B3aUMOCBA3b YPOBHS 3Kcipeccun reHa CASP3 v reHoB
AHTHOKCHIAHTHBIX pepMeHTOB. OOpaTHas 3aBCUMOCTh Kcipeccuu reHoB CASP3 u CAT tpu rUIepOKCHH MOKET OBITh
o0yciioBiieHa BakHeled poisbto ruzaponepokcuna (H,O,) B mumykumu amonrtosa [32]. C apyroil CTOpOHBI, He
UCKIIIOUEHO, YTO IpsMasi B3aUMOCBs3b Mexay 3kcnpeccueil reHoB CASP3 u Gpx4 sBinseTcs KOMIIEHCATOPHOM peakuueit
reHoMa Ha OKHCIUTENBHBIN cTpecc Npu runepoxcuu. M3sectHo, uto Gpx4 cuHTe3upyercs kak kopotkas (20 k/la) u
umHHAs (23 k/la) n3odopmbl, mpuyeM MOCIEAHss JOKATN30BaHa B MUTOXOHPHUSIX U UTPAeT BEAYIIYIO pOJib B 3aIUTE
KJIETKH OT OKHCIIMTENBHOro cTpecca 1 anonTo3a [33]. [Tokas3ano, uro aeneuns reHa Gpx4 y MbllIel BBI3BIBAET HE TONBKO
SMOPHOHAIBHYI0 M HEOHATAJIBHYIO JIETaIbHOCTb, HO M T'MOENbh B3pPOCIBIX J>KMBOTHBIX. Kpome Toro, y Mplme,
nepumutHeIX 10 Gpx4, HaOmromamack MUTOXOHAPHANbHAS AWCQYHKIWS, TOBBIIICHHBIH YpPOBEHb aronro3a u
Heliponerenepanus [34].

Takxum o0pazom, 3ammtHEIN ddpdext SkQ1 B yemouax ['BO-nHAYIIMPOBaHHOTO OKHUCIHATEIFHOTO CTPECCa MOXKET
peann3oBaThCsl MOCPEACTBOM MPIMOI0 aHTHOKCHIAHTHOTO ACHCTBUS, a TaKKe ITyTEeM CTUMYJISILIUHM PEIOKC-3aBUCHMON
curnanbHoM cuctemsl Keap1/Nrf2/ARE u akTHBanuy aHTHAIONTOTHYECKUX MEXaHH3MOB.

Tabnauua 1. Pe3ynbraThl perpecCUOHHOTO aHAIU3a: MO/IENb, B KOTOPOIl 3aBUCUMOM MIEpEMEHHOMN SIBISIETCS
ypoBeHb 3kcipeccunt reHa CASP3 mpu IHINEepOKCHH, B Ka4eCTBE HE3aBHCHMBIX MPEAUKTOPOB — YPOBHH
akcnpeccun reHoB Nrf2, SOD1, SOD2, Gpx4 v CAT

I[peaukTop B- SE(B)! B- t P 95% CI nis B
K03 punmeHT ko3 purmeHT Hiokass Bepxasis
rpaHuna rpaHuLa
(Koncranra) 0,149 0,036 4,164 | 0,001 0,071 0,227
Nif2 -3,371 3,176 -0,215 -1,061 | 0,309 -10,290 3,548
SODI 0,059 0,091 0,126 0,642 0,533 -0,140 0,257
SOD2 -0,320 0,241 -0,445 -1,329 | 0,208 -0,844 0,204
CAT -3,431 1,517 -0,542 -2,261 | 0,043 -6,736 -0,125
Gpx4 0,156 0,054 0,819 2,894 | 0,013 0,038 0,273

*3HaunMble IPEANKTOPBI BbIIENeHbI )KUPHBIM mpudToM (p < 0,05)
' — Crangaprhas ommnbka B-ko>dpunmenTa
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THE ROLE OF MITOCHONDRIA-TARGETED ANTIOXIDANT SkQ1 IN REGULATION OF SIGNAL
SYSTEM KEAP1/Nrf2/ARE AND APOPTOSIS IN THE BRAIN UNDER OXIDATIVE STRESS
Vnukov V.V.!, Gutsenko O.L!, Milyutina N.P.!, Ananyan A.A.!, Kornienko L.V.%, Plotnikov A.A.!
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Abstract. The administration of SkQ1 (50 nmol/kg for 5 days) significantly increased mRNA level of
transcription factor Nrf2 and Nrf2-controlled genes encoding antioxidant enzymes SODI, SOD2, and CAT
with inconsiderable changes in mRNA level of SOD3 and GPx4 in the cerebral cortex of rat brain. This
was accompanied by the activation of antioxidant enzymes (SOD, CAT, GPx, GST) and increase in reduced
glutathione level. Hyperoxia-induced oxidative stress (0.5 Pa for 90 min) decreased the mRNA level of
transcription factor Nrf2; the changes in transcriptional activity of Nrf2-induced genes encoding antioxidant
enzymes (SODI-3, CAT, GPx4) were insignificant in rat cerebral cortex. Hyperoxia resulted in increased
lipid peroxidation intensity, inhibition of CAT, and increase in GST activity, and maintenance of stationery
level of SOD and GPx activity in rat cerebral cortex. Pretreatment with SkQ1 before hyperoxic exposure
lead to increase in mRNA level of transcription factor Nrf2 and Nrf2-induced genes encoding antioxidant
enzymes SOD1-2, CAT, and GPx4; SOD3 expression was unchanged in the cerebral cortex under oxidative
stress. The activity of these antioxidant enzymes (SOD, CAT, GPx, GST) and reduced glutathione level
were concurrently increased. The effect of the mitochondria-targeted antioxidant SkQ1 on the level of
expression of the CASP3 gene and the caspase-3 activity in the cortex of the cerebral hemispheres was
studied in normal conditions and in HBO-induced oxidative stress. It was found that under physiological
conditions the applying of SkQ1 (50 nmol/kg, 5 days) does not lead to a change in the expression of the
CASP3 gene and caspase-3 activity in the cells of the cerebral cortex. In HBO-induced oxidative stress (0.5
MPa, 90 min), a significant increase in the mRNA level of the CASP3 gene and caspase-3 activity in the
cortex of the cerebral hemispheres was revealed. The preliminary applying of SkQ1 before the HBO session
promotes maintaining the basal level of expression of the CASP3 gene and the activity of the enzyme in the
cells of the cerebral cortex and also leads to the normalization of caspase-3 activity. We suggest that the
protective effect of SkQ1 under hyperoxia-induced oxidative stress may be realized via direct antioxidant
activity, the activation of defense system Keap1/Nrf2/ARE and stimulation of antiapoptotic mechanisms.
Key words: oxidative stress, hyperoxia, mitochondria-targeted antioxidant, brain, gene expression,
antioxidant enzymes, caspase-3.
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BO3MOKHOCTb IPUMEHEHMUSA JIEKAPCTBEHHBIX ITPEITAPATOB ITIOCJIE
OBJYYEHUSA UMITYJIbCHBIM MATHUTHBIM ITIOJIEM BHICOKOM
HAIIPAKEHHOCTHU

Poaenko H.A., BacnaseBa T.U., beasiesa U.A.
Camapckuil yHUBEPCUTET
yi. Mockosckoe wocce, 34, 2. Camapa, 443086, PO e-mail: t.rodenko@mail.ru
[Moctynmna B penakiuro: 09.07.2019

AnHotanusi. B pabore paccmaTpuBaeTcs ~ M3MEHEHHE  AHTHOAKTEPHATbHON  aKTHBHOCTH
OCH3WINCHNIWIINHA HATPHEBOW COMM M AHTHArPETAallMOHHON aKTHBHOCTH IEHTOKCHU(WUIMHA TIPH
BO3ZCUCTBUM Ha JICKAPCTBEHHBIE IIpEraparhl HWMITYJIbCHBIM MarHUTHBIM moiem (MMII) Beicokoit
HanpspkeHHOCTH. OOHApY)KEHO YCHJICHHE aHTHOAKTCPHAIBHBIX CBONCTB OCH3WINCHUIWUIMHA H
aHTMaI'peFaHHOHHOﬁ AKTUBHOCTHU HGHTOKCI/l(l)I/lﬂ.HI/IHa, o6nyquH1>1x HUMITYJIbCHBIM MarHUTHBIM IIOJIEM ITPpU
OINPCACTICHHBIX 3HAYCHUAX HAIPAKCHHOCTU, YACTOThI U KOJIMYCCTBA HUMITYJILCOB. B])I}IBI/IHyTa TUIoTE3a
MOBBIIIEHUs] aHTHOAKTEpHAIbHOH M aHTHArPETallMOHHONW AKTHBHOCTH OOJyYEHHBIX JIEKapCTBEHHBIX
IpenaparoB, SBIISIONIMXCS aHTUMETa0OJIMTaMH, CBS3aHHAs C M3MEHEHHEM KOH(pOPMAaIHH MOJEKYN H
YBEJIMYEHWEM MX CpOJCTBAa K AaKTHBHOMY IIEHTPY COOTBETCTBYIOIIMX (epMeHTOB. IIpoBeneHb!
WCCJIECOBAaHNS II0 M3YyYEHHIO Oe30macHOCTH oOnydeHHs OCH3WINEHHIWIINHA HAaTPHEBOW CONMM H
neHTokcupmwumaa VMII. M3ywamiche BIMSHHE WMITyJ-CHOTO MAarHHTHOTO TOJS HA BO3MOXKHOCTB
00pa3oBaHMs CBOOOIHBIX PaJUKajOB JaHHBIX JIEKAPCTBEHHBIX IPETAPATOB U OCTPOH TOKCHYHOCTH IPH
BHYTPUOPIOIIMHHOM BBEICHUU MbIIIAM OCH3WINEHUIMIUINHA HATPHEBOH COIM U MEHTOKCU(DUIUIHHA 10 U
nocJe 00pabOTKH UMITYJILCHBIM MarHUTHBIM TIOJIEM C PaCUeTOM H COIOCTaBICHUEM HoKazaTenei LDso.
Kntouesvie cnoea: OensunneHuyuriuHa HAmpuesdas colb, NEeHMOKCUDUITUH, aAHMUOAKIMEPUATLHAS
AKMUGHOCMb, AHMUASPE2AYUOHHAS, AKMUBHOCHb, UMNYIbCHOE MAZHUMHOE noJle.

B Gospuiom xonuvecTBe pabOT NPEICTAaBICHBI JaHHbIE O BO3/ICHCTBUH IMOCTOSIHHOTO M NIEPEMEHHOT0 MarHUTHOTO
TI0JIs Ha MIPOCTBIE MOJIEKYJIBI, BOAY, OJIUMEPHI U ApYyTrue OHoornueckue cucremst [1-8].

B nocnenHee Bpems B TeXHHUKE 1oiry4aroT npumenenre MIMIT aist ocyiecTBieHns onepamuii ITaMIoBKH, COOpPKH,
cBapku [9]. B aTux TexHOMOTHSIX Hcnoib3yrorcs MMII, Bo3HHKAOMME B pe3yabTaTe pa3psaa 0ataper KOHICHCATOPOB
Ha HHAYKTOp (KatymKy) [ 10]. Bokpyr BUTKOB TOKOIPOBOJa HHAYKTOPa BO3HUKAET U pactpoctpansercs UMIIL.

[Ipu peanm3any MarHUTHO-MMITYJIECHBIX TE€XHOJIOTHH HCIIONB3YIOT MHOTOKPAaTHOE HArpyKeHHE OTHOKPATHBIMH
HMITYJIbCAMH CHHYCOUIAILHOM (DOPMBI C pa3IMYHbIMU BPEMEHHBIMU HHTEPBAJIAMH B MAUKe.

Hean HacTosIIEr0 Hccaen0BaHMsA — n3ydeHne BiusaHus IMII Beicokoit HanpsHKEHHOCTH HAa aHTHOAKTEPHATIBHYIO
Y aHTHATPETAIIMOHHYIO aKTHBHOCTH JICKAPCTBEHHBIX MPETapaToB U UCCIIETOBaHNE O€30MaCHOCTH IPUMEHEHUS.

beH3wImeHNUMIIMHA HAaTpUeBas COJNb M TNMEHTOKCU(WUIMH OO0JIy4allCh HMITYJIbCHBIM MarHUTHBIM MOJEM C
napamerpamu HampsbkeHus oT 0,45 no 6,14 xJDk ¥ pa3aMyHOM KOJIMYECTBE UMITYJIbCOB, HCIOJB3YS MHIYKTOPHI —
OJIHOBUTKOBBIN 1 MHOTOBUTKOBBI.

Ha pucynke 1 mpencraBinena cxema BosaeiictBus MMII Ha nexapcTBEHHBIE Ipenaparthbl, pa3MELIEHHBIE B
craniaptHoM ¢utakone. CTeH I 7Sl HPOBEPKH MPEIIaraeMoro crocoda, CoNep HUT HHIYKTOp |, reHepaTop UMITYJIbCHOTO
TOKa 2, maTduk uMmmyiabcHoro marHutHoro mons (MMII) 3 u ocmmmiorpad 4. Jdatuuk MMII 3 nogximroueH K
ocumwmiorpady 4. B uanykrop 1 ycTaHaBIMBaOT BHATY 5 ¢ OCH3WINMEHUIMIUIMHA HATPHEBOH CONBIO (6), mMOCie 4ero
mpoBoauTcs e€ obpadoTka MMII.

OreHKa aHTHOAKTEPHAIbHOI AKTHBHOCTH 0€H3MINEHHIINIJIMHA HATPHEBOI COJIM OCYIIECTBIIIACH METOJIOM
muddy3un arap [11]. IlocrenoBarenbHOCTs MpoLecca MOATOTOBKH W TPOBEICHHUS SKCIEPUMEHTOB C OOIy4eHHOU
OCH3WITICHNIIIUINHA HATPUEBOH CONBIO IIPUBE/ICHA HAa PUCYHKE 2.

3 5
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Pucynok 1. Cxema Bozaeiicteus UMII Ha OeH3MINCHUIIMIUTHHA HATPUEBYIO COJIb
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B ozgeiicTEme Paspegermpe aHTHOMOTMES Ao Pazmenierme gucEcE Pasnenresne Hsnepere
HMII Ha EIYIHEIOR KOHLIEHT [ a IE, Ha TIOE &% HO CTH wamrer IleTpH B FOHTHIHCA.
MOPOMIDE MM P ACII g BT BHHe o UANRM M HAHECeHHE TEPMOCTAT pe
PACTEOR MOBEPXHOCTH Hanmw [leTpr Ha 10 nE; TEMIIEPATYRE
ARTHAMOTHE. mo 0,1 mm MHOKYTLAHT & pacTEopa 30 °C 5 reusmmte

Escheribiacoli. anTHOHOTIEE . 18 wacos.

PPICyHOK 2. Hpouecc TMOATOTOBKHU U IIPOBEACHUSA DKCIICPUMEHTOB

AHTHATrperaMoOHHAasi AKTHBHOCTb MNeHTOKCU(HUIIMHA U3ydyarach METOAOM TpomOoamactomeTpuit [12].
OueHuBanaoch BIUSHUE OOPaOOTKM MAarHUTHBIM IIOJIEM Pa3HBIX XapakTEPUCTHK IEHTOKCHU(UINHA HAa H3MEHEHHE
MEXaHUKO-(QU3MYECKUX XapaKTEePHCTHK IPOYHOCTH CTYCTKa METOJOM TpomOosnactorpaduuil. DKCHEPHMEHTHI B
YCIIOBHSIX iM Vitro BBINIOJIHEHBI HA KPOBH 3/I0POBBIX JOHOPOB-MYKUHKH B Bo3pacte 18-24 jer. OOIiee KOIMYeCcTBO JOHOPOB
cocTaBmiIo 12 yenoBex.

N3y4yenune nosiBjieHusi CBOGOTHBIX PAIMKATIOB B 00/ Iy4eHHBIX NPeNapaTax OLEHUBAIM B IPOCTHIX MOJIEIILHBIX
crcTeMax, MMHTHPYIOIIMX HanboJjee pacipoCTpaHEeHHbIE Peaki CBOOOIHO-PaANKaIbHOTO OKHCIICHHS B OpraHU3Me 1
B cpejiax, B KOTOPBIX MHUIIMUPOBAIOCH 00pa3oBaHKME aKTHBHBIX (POPM KHCIIOpPOJa M PEaKIUH MEPEKHCHOIO OKHCIICHHS
munuaoB. Perucrparmio cBedeHust npoBoamid Ha xeMmiumtomuHoMepe «XJIM-003» (Poccus). B kauectBe mpemnapara
CpaBHEHUs ObuIa BEIOpaHa aCKOPOMHOBASI KUCIIOTAa C aHTHOKCHIAHTHOM aKTHBHOCTBIO. J{7Is BBIABICHUS aKTUBHBIX (opm
KHCJIOPOAa HWCIOJIB30BAM IJIOMUHON (5-aMHHO-2,3-meruapo-4-graxasuHanoH), KOTOPBI OKHCIIEeTCS M 0o0pasyer
JIEKTPOHHO-BO30YKIEHHbIE KapOOHWIbHBIE XPOMO(OPB! C BHICOKUM KBAHTOBBIM BBIXOJOM, B PE3YJIBTATE YETO PE3KO
NOBBIIIACTCS ~ MHTCHCHBHOCTh  CBEUYEHHs, CBA3QHHOTO ¢  00pa3oBaHMEM AaKTHUBHBIX  (OPM  KHCIOpOZA.
XEeMUITIOMUHECIICHINIO PETHCTPUPOBANIN B TEUCHNUE 5 MUHYT.

Jlnst uHAUIIMAIMY aKTUBHBIX (OpM Krcaopozaa (Monaens 1) ucrons3osanu 20 Mt ¢pochatHoro Oydepa ¢ 1od6aBiecHIEM
mutpata u momuHona. Cocra Oydepa: 2,72 r. KH,PO4, 7,82 r. KCL, 1,5 r. mutpara natpus C¢HsO7Naz*5,5H,0 Ha
1 noutp aucTUNIMpOBaHHOW BoAbl. Bemmumny pH mnosmyueHHoro pactBopa noBoawiau Ao 7,45 ea. TUTpOBaHHEM
HacbleHHsM pactBopom KOH u no6asnsuiu 0,2 Mt Marousoro pactsopa omunona (10° M). O6paszosanue ADK
MHUIMKPOBaNK BBeneHrueM 1 mi 50 MM pacTBopa CEpHOKHCIIOrO JKeesa.

J1J1st OLIeHKH IeHCTBHSI COSAMHEHUH Ha IEPEKHCHOE OKHUCIICHHE JTMIHIO0B (Mozensb 1) M3 KypHHOTO enTKa FOTOBHIIH
JTUTIONIPOTEHHOBEIE  KOMIUIEKCHL. JKenrtok cmemmBamm ¢ (ocdaraeiM  OydepoM B cooTHOmeHHH  1:5,
3aTeM TOMOTCHHU3UPOBAIH. XEMILTIOMUHECIICHIINIO HHUIIMHPOoBay nodasienuem 1 M 50 MM pacTBopa CEpHOKHCIOTO
XKeJe3a, 3aIlyCKaBIIero IPOLEecC OKHCICHWS HEHACHILCHHBIX JKHPHBIX KHCIOT, BXOSMIMX B COCTaB JIMIIHJIOB.
[To MHTEHCHBHOCTHU Pa3BUBAIOLIETOCS CBEUCHHUS CYIUIIHN O MIPOLECCAX MEPEKHUCHOTO OKUCICHUS JIUITUIOB.

ITpoBeneHnEe TOKCHKOJIOTHYECKHX HCCIEA0BAHUI B YCIIOBUSX i1 Vivo OCYIIeCTBIsUIN Ha 80 OeNbIX MBIIIax camIax
B BO3pacTe 2 MeCsAIEB co cpeaHei maccoi Tena 20-21 r. mpu BHyTpUOpIOIIMHHOM crioco0e BBeeHus. JKMBOTHBIE TPOIILTH
KapaHTUH B TedeHue 14 1qHell B yCIOBHSX OTAENbHOrO OoKca BHBapus. TeMneparypHblid pexkuM MOMEIEHUS] BUBApUs
noanepxkuBaics ot +18 mo +22°C. OcpelleHue BUBapHsl COBMENIEHHOE (€CTECTBEHHOE M JIIOMUHECHEHTHOE).
E>xeHenenbHO B MOMeEIEHUH BUBapHs npoBoamwiach 20 MUH. OakTepuuuaHas o0paboTka CTal[MOHAPHBIM HACTEHHBIM
GakTepuIUAHEIM oOydaTeneM. JKUBOTHBIE UMEIH KPYTJIOCYTOYHBIH CBOOOIHBIA TOCTYH K IOMJIKaM, MoIy4and Habop
HaTypaJIbHBIX NPOJIYKTOB (OBOIIM, 3€PHO) M CTAaHIAPTHYIO AWETYy, MPEACTAaBICHHYIO B BHIE OIKCTPYAMPOBAHHOTO
TPaHyJIMPOBAHHOTO KOpMa ISl COJIep KaHHs TabOPaTOPHBIX )KUBOTHBIX (MBIIIEH, KPBIC, XOMSKOB).

ITpn mpoBeneHnn uccienoBaHNi Ha OebIX OECIIOPOHBIX MBIIIAX MPU BHYTPHOPIOIIMHHOM BBEIICHHH BEIIECTBA
uccienoBanu B go3ax 100, 150, 200, 250, 275, 300 mr/kr. KommdecTBO BBOIUMOTO BEIIECTBA PACCYUTHIBAIIH IT0 00BEMY
BBEJICHHOTO PacTBOpa B 3aBHCUMOCTH OT MAacChl TeJla C Y4ETOM MAaKCHMAalbHO AOIyCTUMOTO KOJIWYECTBA JKHIKOCTH.
KonTtponpHast (MHTaKTHas) TpyINa >KMBOTHBIX BKIIOUEHA B AKCIIEPUMEHT Ul MPOBEICHUS] CPABHUTENBHON OLEHKU
COCTOSIHMSI M TIOBE/ICHHS 3TUX 0COOEH M IOAONBITHBIX )KUBOTHBIX. [laHHAs TpyNna KUBOTHBIX 110 OKOHYAHHUHU NEPBBIX
CYTOK HaOJII0IeHUI HCKITIoYaliach U3 dKcrepuMenTa. HabimoaeHre 3a onbITHBIME TPYIIaMH IIPOBOIUIIOCH B TeueHue 14
CYTOK.

PE3YJIBTATBI HCCJIEJOBAHUA

[pu o6padoTre UMII nopomkooOpa3HOro OCH3WITNICHAIIMIDINHA HATPUEBOW COTM HAOIOIACTCS POCT TUAMETPOB
mi3uca Ha 12-24% wm, cienoBaTeNbHO, MOXKHO KOHCTATHPOBAaTh yBEIWYECHHE €€ aHTHOAKTEpPHAIbHOH aKTHBHOCTH
(puc. 3).

B pesymprare 3KCIepHMEHTANBFHONW PaOOTHI MO W3YYECHUIO aHTHATPETallMOHHOH aKTHBHOCTH yCTAHOBJIICHO, YTO
00paboTka neHTOKCH(UIUIMHA UMITYJIbCHBIM MarHUTHBIM roJieM ¢ HanpspkeHrneM U = 3 kB criocoOcTByeT yIUIMHEHUIO
mokaszaTtenss R, OTBETCTBEHHOro 3a KJIOTTHHTOBYIO YacTh Koarysiuud, Ha 23,4% OTHOCHTEIFHO HMHTaKTHOTO
meHTokcupmwumeaa (p < 0,05). Cryctok 1o MexXaHHKO-(QH3MUECKHM XapaKTEePUCTHKAM CTAHOBHUTCS PBIXJIBIM,
HETIOJIHOIICHHBIM — MoKa3aTesib G CHuxaercs nmpakTiuecku B 1,5 pasza (p < 0,001), 4To IpUBOIUT K CMEIICHUIO 00IIEro
KOAryJsiMOHHOTO TIOTeHIIMANIa B cTopoHy runokoaryssiiuu (Cl mpuHUMaeT oTpunaTeabHOe 3HaueHue) (Tadi. 1).
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Pucynok 3. [luamerps! 30H moxaBieHus pocta E. coli mpu Bo3aeiicTBUM OCH3WINEHHLUWIIMHA HATPUEBOH COJIH,
MOPOIIOK, KoTtoporo obmywanun MMII c smeprusimu ot 0,45 no 6,14 x/[k mpu komuuecTBe MMIYJIbcoB 1 ¢
OJHOBHUTKOBBIM MHIYKTOPOM

IIpumedanne: * - oTnHuMA AMaMeTpa 30HBI MOJABICHUS pocTa E.coli mpu BO3AEHCTBHM OCH3WINCHUIMIINHA,
obiygernnoro IMII, oT KOHTpOJISt JOCTOBEPHHI ¢ YpoBHEM 3HauuMocTu P < 0,05

[TpoBeneHsl MccineAOBaHUS W3Y4YEHUIO OE€30MaCHOCTH JIEKApCTBEHHBIX IpernaparoB. M3ywanock oOpa3oBaHue
CBOGOJIHI)IX paaukKajioB OGHy‘leHHbIX JICKapCTBCHHBIX IpEriapaToB METOAOM XEMUJIIOMHUHECICHIIUU. 3KCHepI/IMeHTbl
OCYIIECTBIISUIN Ha MPOCTBIX MOJAENBHBIX CHCTEMaX, UMUTHUPYIOLIIMX HanboJiee pacpoCTpaHEeHHbIE PEaKLMK CBOOOIHO-
paluKalbHOTO OKHCIIEHHMS B OpraHM3ME M B Cpelax, B KOTOPBIX MHMIMHPOBAJIOCH OOpa3oBaHUE aKTHBHBIX (OpM
KHCJIOPOJIa W PEaKkIuy MEePEeKUCHOTO OKHCIIEHHS JINIMHUIOB. PerucTpaiyio cBeuyeHus IPOBOJMIN Ha XEMUIIOMHHOMEpE
«XJIM-003» [13].

YcraHoBieHO, 4TO 00paboTKa WMITYJIbCHBIM MArHUTHBIM TOJIEM JIEKAPCTBEHHBIX MPENapaToB HE BBI3bIBAIA
AKTHBAIMIO XEMHJIIOMHHECLIEHIIMM 110 CPaBHEHHUIO C KOHTPOJIEM, a 3HA4UT OOpa3oBaHUS CBOOOJHBIX PaJMKAIOB HE
MIPOUCXOTUIIO.

W3ydanocs m3MeHEHHE OCTPOH TOKCHYHOCTH [14] OEH3WIMEHNIMIMHOBON COJIH 1O/ BO3IACHCTBHEM MarHUTHOTO
nois nposereHbl Ha 80 OenbIX MbIIIAX caMiiax B BO3pacTe 2 MecsleB co cpeaHeil maccod tema 20-21 r. npu
BHYTPUOPIOLIIMHHOM clioco0e BBe/IeHHs1. Pe3ybTaThl 3KCIIEpUMEHTOB ITPEACTaBIIeHbI B Tabauuax 1 u 2.

Tadanna 1. Ilokazarenn TpomOo3nacTorpaduu Npu JEHCTBUM NMEHTOKCU(IUIMHA B YCIOBUSIX in Vitro,
00paboTaHHBIM MarHUTHBIM MOJIEM

[Tokazarens Kontpons [ent [ent U=4 kB [ent U=3 kB [ent U=1 kB
R. min 12,8 14,6 13,8 17,5 13,4
’ (10,3-15,6) (13,2-15,8) (11,6-14,2) (16,3-19,1)* (12,6-14,3)
Anele. de 44,7 33,7 32,5 33,1 34,7
ge, deg (39,8-49,4) (29,6-35,2)* (31,5-35,3)* (31,4-36,5)* (32,1-36,5)*
MA, mm 573 41,8 43,1 42,6 40,5
’ (54,2-61,2) (39,8-45,6)* (40,8-46,9)* (39,2-44,1)* (38,6-42,3)*
G. dvn/om? 5,7 4,1 3,7 2,8 3,9
i (4,5-8,1) (3,6-4,4)** (3,5-4,6)** (2,6-3,1)**F (3,9-4,7)**
I 1,4 0,5 0,7 -0,9 0,8
(1,1-1,5) (0,2-0,7)** (0.3-0,9)** (-1,1]-0,5)**P (0,5-1,0)*

%p <0,05; Pp < 0,001- INenr. B cpaBHenuu c Ilent. 06myd. *p < 0,05; **p < 0,001- B cpaBHEHHH C KOHTPOJIEM.

Ta6muma 2. [Tokazarenn OCTPOH TOKCHYHOCTH OCH3WINICHUIWLINHA HATPHEBON COJHM JO W IOCTE
06pabotku antuOnoTrKa UMII npy BHYTpHOPIOIIMHHOM BBEAEHHH MBIILIAM

BeH3mmeHnuIUIMHA HaTPUEBAs COJIb
BenswimennnuiuIMHa HaTpUEBask CONb
Iudp (noporoK) (TIOpo1IOK) ITpY HANPSKEHHOCTH
P H =3418-10° A/m
LDso, Mr/kr 145,7 1443
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Tab6mma 3. [Tokazarend OCTPO TOKCHYHOCTH MEHTOKCH(DMILIMHA 10 M MOCiIe 00pabOTKH aHTHOMOTHKA
WMII npu BHyTPHOPIOIINHHOM BBEISHHH MBIIIIAM

udp [Nenroxcndumux (pactBop) HeHT?{KiHZ?:‘HIJg'Hf& (X?;TBOP)
LDso, Mr/kr 2534 2479

VYcraHoBeHO, YTO 00pabOTKa MarHWTHBIM JIEKAPCTBEHHBIX MPENapaTroB HE COIMNPOBOXKIAETCS YyBEIHIECHHEM
TOKCHYHOCTH.

BbIBO/IbI

1) OGHapyKeHO yCHJICHHUE aHTHOAKTEPUAILHOTO BO3ICHCTBUS OCH3MITICHUIIMIINHA, 00IyYeHHOTO UMITYJILCHBIM
MarHUTHBIM I10JIEM TIPU ONPEAEICHHBIX 3HAUCHUSX HAMPSHKEHHOCTH, YaCTOTHI M KOJMYECTBA UMITYJIBCOB.

2) Ilpu oOmyuennu nenrokcupmumaa UMIT 3adukcrpoBaHo yBeMueHne aHTHArPETAMOHHON aKTHUBHOCTH.

3) B mpemnaparax OeH3WJINEHHLIMIUIMHA HATPUEBOH CONM M NEHTOKCUQWIUIMHA mnocie ux obmyuennss VIMII
CBOOOITHBIX PaIUKAIOB HE 0OHAPYKEHO.

4) BoszaelicTBre UMITYJIbCHBIM MAarHUTHBIM ITOJIEM Ha OCH3WINECHUIWIINHA HATPUEBYIO COJIb U MIEHTOKCU(HILUINH
HE CONPOBOXKIACTCS yBEIMICHUEM TOKCHIHOCTH.
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POSSIBILITY OF APPLICATION OF MEDICINES AFTER THE IRRADIATION OF THE PULSE
MAGNETIC FIELD OF HIGH STRENGTH
Rodenko N.A., Vasilyeva T.I., Belyaeva L.A.
Samara University
st. Moscow highway, 34, Samara, 443086, Russia; e-mail: t.rodenko@mail.ru

Abstract. This paper discusses the change in the antibacterial activity of of benzylpenicillin sodium salt
after the exposure of a pulsed magnetic field (IMP) of high intensity. An increase in the antibacterial effect
of benzylpenicillin irradiated by a pulsed magnetic field at certain values of intensity, frequency and number
of pulses were found. The impact of a pulsed magnetic field was carried out both on powdered
benzylpenicillin sodium salt, and on the antibiotic, which is in solution. In addition, the effect of the storage
time of irradiated powdered benzylpenicillin on the change in the diameters of growth suppression zones
was studied. The object of the study was the bacteria Escherichia coli. Evaluation of the antibacterial effect
was assessed by an increase in the lysis zones of E. coli compared with the control (not irradiated) material.
Studies have been conducted to study the anti-aggregation activity of pentoxifylline irradiated with IMP.
An increase in antiaggregation activity was recorded. The hypothesis of an increase in the antibacterial and
antiaggregational activity of drugs under the influence of IMP, associated with a change in the conformation
of molecules, has been put forward. The researche has been conducted to study the safety of exposure of
benzylpenicillin to sodium salt and pentoxifylline IMP. The effect of the pulsed electromagnetic field on
the antioxidant activity of drugs was studied. The acute toxicity was studied when intraperitoneal
administration of benzylpenicillin sodium salt and pentoxifylline to mice before and after treatment with a
pulsed electromagnetic field with the calculation and comparison of LDs indices.

Key words: benzylpenicillin sodium salt, pentoxifylline, antibacterial activity, pulsed magnetic field, agar
diffusion method.
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BJIMUSTHUE UMITYJIbCHBIX MATHUTHBIX ITOJIE HA COPBIIMOHHBIE
CBOHCTBA BAKTEPUAJIbHBIX HEJUIFOJIO3HBIX IIJIEHOK
Bacuasesa T.U., [llaposa T.B., XpeHoBa A.A, I'nymenkos B.A., KiienoBa H.A.

Camapckuii yHUBEPCUTET
yi. Mockosckoe wocce, 34, e. Camapa, 443086, P®; e-mail: vastaty@rambler.ru
IToctynuna B penaxmuio: 09.07.2019

AnHoTanus. VccrienoBaHo BIUSHUE UMITYJIBCHOTO MAarHUTHOTO TIOJIS IPH OIIPEIeNIEHHBIX €ro MapaMeTpax
(manpspkeHHocTH H, yacrore f, Koau4yecTBe HMITYJILCOB 1) HA B3aUMOJIEHCTBHE ()JIABOHOMIOB U3 BOJHOTO
PacTUTENIBHOTO 3KCTPaKTa C MaKpOMOJIEKYJIaMH OaKTepHaJIbHOM LEeJUIION03HOW miieHKH. O TOoM, 4YTo
MPOM30IILIO CBS3bIBAHUE MOJIEKYJT (DIIABOHOMIOB C IEIUTIOI030H, CYUIH IO IOCTOBEPHOMY YMEHBIICHHIO
KOHLICHTPALlMH ()pIaBOHOMOAOB B PAcTBOPE PACTUTEIBHOTO SKCTPAKTa IIOCIE BO3ACHCTBHS HA HETO
UMITYJIbCHBIMH MarHUTHBIMH IIOJISIMH, @ TaKXX€ 10 JAJTbHEHIIEMY BBIMBIBAHWIO JaHHBIX OMOJIOTHYECKH
AKTHBHBIX BEIIECTB U3 BBICYIICHHBIX MIICHOK OaKTEpPHaJIbHOM LEJII0N03bl. bbla BRIIBUHYTa rUIoTeE3a 00
YCHUJIEHHH COPOIMOHHBIX CBOMCTB OaKTEpHAIbHBIX ILIEJUIIOJIO3HBIX IUICHOK B YCIIOBHAX BO3ICHCTBHSA
UMITYJIbCHBIX MarHUTHBIX TOJIEH N3-3a YBEIMUYCHUS MTOJIBIKHOCTH MUKPOGOOPHILT LETUTIONIO3bI.
Knroueguie cnosa: umnynvcrnoe maznumnoe none, pnagonoudsl, 6aKmepuaibHas nieHKa, Yeanono3d.

B HaCTOAIECC BpEMA MOABUIIOCH JOCTATOYHO 60.]'1])11106 KOJIMYECTBO pa60T IO BJIMAHUIO UMITYJIBCHBIX MAarHUTHBIX
rojied Ha XUMHYECKHEe M OHOJIOTHYECKHE CHCTEMBI, TaK B CHJIbHOM MAarHUTHOM IIOJI€ BO3PacTaeT COpOLMOHHAs
CIIOCOOHOCTH T'a30B Ha IMOJMMEpPHBIX IuleHKax [1]. OOHapyxeH 3dexT ynpouHeHHus MOANGHIMPOBAHHON JpEeBECHHBI
Gepe3bl 1ocIe UMITYJILCHOM 00paboTku B ciiadom (10 0,5 Tir) MarHUTHOM I0JI€ C BOSHUKHOBEHHEM KOBAJICHTHBIX CBS3EH
C—O-C mexay OOKOBBIMH TPYyIIIIaMH MaKpOMOIIEKYJI IeJUTt003kl [2]. bakTepuanbHas 1einrono3a IMeeT YHUKaIbHOE
CTPOCHHE, YTO MO3BOJISIET B HEe BBOANUTE Pa3HOOOPa3HbIE CHCTEMBI C COXPAaHEHHEM BBICOKOM IIPOYHOCTH HA Pa3phIB, OHA
OTIIMYACTCS XAMUYIECKOH YUCTOTON, HATMYMEM MEJIKUX, PABHOMEPHO PACIOJIOKECHHBIX TIOP, OTCYTCTBUEM TOKCHIHOCTH
U aJyIepreHHoCTH [3,4]. @IaBOHOUABI KaK BEIIeCTBa 71 aOCOPOIMU MPEACTABIIAIOT COO0M 0COOBII MHTEpEC, TaK KaK OHU
001aaf0T aHTHOKCHIaHTHBIM, TPOTHBOBOCIIATUTEIBHBIM, KaIMUIIPOYKPEIUIIONIM JeicTBHEM [S].

Henpro Hactosimedr paboTsl Opio u3ydeHwe BiuusHus VIMII BbicOKOH HAmpspKEHHOCTH HAa HWHTEHCHBHOCTH
B3aUMO/ICHCTBUSA (HJTABOHOUIOB C MATPHUIICH — OaKTEPHAIBHOH 1IEJUTIOI03HOM TICHKOM.

DKCIEePUMEHTHI TPOBOIMINCH HAa HAYyYHO-TEXHHUYECKHX 0a3zax jabopartopuil kadeapsl «O0paboTka METaIOB
JaBJICHUEM» U Kadeapbl OMOXUMUK, OHOTEXHOIOTHN 1 OnonHkeHepuu CaMapCcKOro YHUBEPCUTETA.

MATEPHAJIBI U METO/IbI
Ha pucynke 1 npexncraBiena cxema Bo3zaeiictBus MMII Ha pacTUTENBHBIH AKCTPAKT M OaKTepHATbHBIC IUICHKH,
pa3MenEéHHbIE B CTAaHIAPTHOM (IIaKOHE.

[Ipu >TOM HCHONB30BaTACH MATHWTHO-MMITYJIbCHAs ycTaHoBka MUY-15 [6], mapaMeTpbl KOTOpO NMPHUBEICHHI B
tabmmme 1.

r-‘:.| BUana
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% PACTHTEMbHBI
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s R T T L P
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N

Pucynok 1. Cxema Bozaeiicteusa MMII Ha pacTUTENBHBIH SKCTPAKT C LEILIIOJIO3HON IICHKOM

Taoéuna 1. [Tapamerpst MUY-15

3anacaemas Hanpsoxenue CO6ZEB§H:M
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Ilpurotoenenne Hobaenenue B BosgeficteHe Hamepenue
PACTHTENEHEIE pPacTEop | HMII #5a pactop KOHIEHTRAHHE
SKCTRAKTOE HIH _>63KTEpHaJILHOﬁ EE baxTepHantHoR | |7 pyTHHAE
PacTEOpRCE PYTHHA INEHEH HVEHOH METMFI oS HOH PACTEOpE

LI oI H IIeHKECH

Pucynok. 2. [Iporecc moArOTOBKH U MPOBEACHHUS YKCIIEPUMEHTOB

Tabsmua 2. [Tapamerpst Bo3neiictsua IMII Ha pacTuTenbHbIE 3KCTPAKTHI

W, xJIx 0,45 1,83 4,11
U, kB 3,0 6,0 9,0

H (o1HOBUTKOBBIIH
uHIyKTOp), A/M 10° 0,09 0,37 0,82
f xI'y 10
N 1

CuHTe3 0aKTepHaIbHON IIEJUTIOJI03HOM IMJICHOKH OCYIIECTBIISUIM MO METOAHKE [7] ¢ MCIONb30BaHMEM IITaMMa
6akrepuit Gluconacetobacter sucrofermentas H-110. [TutatenbHas cpesia cojeprkana BOAHbINA pacTBop ¢ D-ritoko30it —
20 1/11, APOXKKEBBIM 3KCTpakToM — 5,0 1/, nentonoMm — 5,0 /1, Na,HPO4 — 2,7 r/n, numonHo# kucnotoi — 1,15 /i,
npu pH 6,0. KynbTuBHpoBaHHME NpPOBOAWIN B IIeHKepe-WHKyOaTope B TEUYEHHE TpPeX CYTOK CO CKOPOCTHIO
nepememuBanus 150 06/mMun npu Temmeparype 30°C, 3aTeM CTaMOHAPHO B TEUYEHUE CEMU CYTOK IIPH TOM XKe
TeMIlepaType, 1O IOSBJICHHUS IOBEPXHOCTHOM IUIEHKH OaKTEepHalIbHOM LEJUTION03bl. bakTepHalbHylo LEIUII0NIo3y
OTIENSNM OT KyJlbTypalbHOW cpeapl U nepuoandecku npomsiBamu 0,5%-BogubiM pactBopoM NaOH, 3arem
JucTHuIMpoBaHHoit Bogoi U 0,5%-Mm pactBopom HCl 1 BHOBB ITUCTHIUIMPOBAHHON BOAOH 70 HEHTPabHOM pEaKIHH.
3aTeM 00pas3Ipl MOMEIAN HAa POBHYIO TIOBEPXHOCTH M CYIIHMIIN IPH KOMHATHOM TEMIIEpaType 10 ITOCTOSTHHON MacChl.

Konuenrpamuo (praBoHOMIOB ONPENEIsUIN C TOMOIIBIO CIEKTPO(POTOMETPUYECKOTO aHAIN3a UX KOMIUIEKCOB C
XJIOPUAOM aJIFOMHHUS B HHTEPBAJE Amax = 408-420 M [5]. B xadecTBe cTanmapra ciy Xl pyTuH (4.1.4.).

CrartucTrdeckyto oOpabOTKy IOJIyYEHHBIX JaHHBIX MPOBOAWIN CTAHAAPTHBIM CIIOCOOOM C IMOMOILBIO t-KpUTEpHs
CreionenTta. CTaTUCTUYECKH 3HAYMMBIMH CUUTANN pa3ianyus ¢ ypoHeM p < 0,05 [8].

[TocnenoBarenbHOCTH MpoIiecca MOATOTOBKH U IIPOBEIEHHS SKCIIEPUMEHTOB MPHUBEIEHA HA PUCYHKE 2

HccnenoBanue npoBoauiau npu Bo3aeiicreun UMII ¢ Hanpsbxenuem B quanasone U ot 3 kB 1o 9 kB (tabi. 2) npu
yactoTe f =10 kI'11 (OAHOBUTKOBBIN MHIYKTOP) M KOJIMYECTBE UMITYJILCOB N = 1.

PE3YJbTATbI UCCJIEJTOBAHUI

[To cTarmapTHOH METOIMKE KOIMISCTBEHHOTO ONpeAeTeHHs (pIIaBOHOUIOB UCIIOIB3YIOT CIIMPTOBBIC PACTUTEIFHBIC
sKcTpakThl [9]. CimpToBOM pacTBOp OoJiee aKTHBHAS PEaKIIMOHHAS CPela, YeM BOJIa, TOATOMY H3MEPEHHS KOHIICHTPAINN
(h1aBOHOWIOB NMPOBOAMIN KaK B CIIUPTOBOM PAcTBOpPE, TaK M BOJHOM PAacTBOpE, YUUTHIBASI TO, YTO PYTHH OTHOCHUTCS K
TJIMKO3WJINPOBAHHBIM (utaBoHomAaM [10], KOTOpBIE pacTBOPSIOTCS B BOJE, OCOOCHHO MPH HATPEBaHUH.

Brun momy4eHs! CIEKTPHI TTOTIIONICHNS BOJHOTO M CHHPTOBOTO PACTBOPOB PYTHHA C aJTFOMUHHUS XJIOPHIOM U OBIIO
BBISIBIICHO, YTO MaKCHMYMBI MOTJIOMIEHUS (Amax) komiuiekca pyTuHa (koHI. 0,2 Mr/mi) ¢ 2% XJIOpPHIOM aJIOMHHUS
CIMPTOBOTO M BOJHOT'O PAaCTBOPOB COBIAJIAIOT M HAOMIOJArOTCS i Amax = 415 um. [l 3TOH AJIMHBI BOJHBI OBLTH
HOCTPOEHBI KATMOPOBOYHBIE IPaQUKU OTIEIBHO JUIS BOJAHOIO U CIIMPTOBOTO PACTBOPOB, TI0 KOTOPBIM B IpoLiecce padoTh
HaXOJUJIH KOHIICHTPALUIO pPYTHHA.

Jst BBIOOpa 00BEKTa MCCIIEIOBAHMS U PACTUTEIILHBIX SKCTPAKTOB CPABHUBAIN KOHIEHTpPAWH (pJIABOHOUIOB B
BOJIHBIX 3KCTPAKTaxX Pa3IMYHOTO PACTUTEIBHOTO ChIPbs. J{jIs TanbHEeHIINX SKCIepIMEHTOB ObUT BEIOpaH YKPOII Maxy4yui
(Anethum graveolens), cogepkanuii JOCTaATOYHO BBICOKOE COAEPIKaHUE PACTBOPHUMBIX B BOJIE (DIIABOHOMIOB.

W3ydeHne BIMAHWS WMITYyJIBCHBIX MAarHUTHBIX TOJEH Ha B3aMMOACUCTBHE ()IABOHOMIOB W3 PACTHTEIBLHOTO
9KCTpaKTa YKpora (COHPTOBOTO W BOTHOTO) ¢ OaKTepHaIbHOM HEIUTI0N03HON TNIEHKON TI0Ka3aj0, 9TO B3aUMOJICHCTBHE C
IUICHKOM CIHMPTOBBIX PACTBOPOB BBI3BIBAECT 3HAUHTENHHOE YCHIICHHE JKEJITOW OKpPAacKH pacTBopa (puc. 2), MOITOMY
JaTbHEeHINe UCCIeTOBAaHNUS MBI MMPOJOJDKUIIN ¢ BOTHBIMH PACTUTEIBHBIMHI SKCTPAKTaMH, a TaK)KE HEITOCPEICTBEHHO C
BOJHBIM PACTBOPOM PYTHHA.
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PP[CyHOK 2. Biusiaue HUMITYJIbCHOI'O MAarHUTHOI'O I10JI1 HA KOHLUECHTpALUIO Q)HaBOHOI/IZ[OB CBEXKCTO YKpOIla BOAHOT'O U
CIIUPTOBOI'O SKCTPAKTOB, COACPKAIIINUX 6aKTepnanLHy}o LCJUIIOJIO3HYIO IIJICHKY

B ycnoBusx BO3IEHCTBHS MMITYyJIbCHOTO MAarHUTHOTO IOJS Ha KOHLEHTPAIMIO (IaBOHOMIOB YKpOIla BOIHOTO
9KCTpaKTa, coleprkamiero Oymary (kanpka) W OakTepUalbHYIO LEUIIOJI03HYIO IUICHKY HAOMIOAanud TEHICHIHIO K
CHIDKEHUIO (pIIaBOHOMIIOB IIPH ATHX XK€ HarpshkeHun 6 kB (puc. 3).

JlanbHelIe SKCIepuMEeHTbI MBI IpoBoAMIM ToJibko pu UMIT ¢ HanpsbkenueM 6 kB, HO OakTepHabHYIO IUICHKY
Opaiu ¢ pa3sHOH IJIOIIAbIO.

[Tpn BnustHuM uMIyabcHOro MarauTHOro noist (U = 6 kB) Ha koHueHTparuio (IaBoHOMIOB yKpoIla B BOJAHOM
SKCTPaKTE, COAEpKALIEM OaKTepHaIbHYIO IIE/UII0I03HYI0 IeHKy pasHoi mwromam (S = 0,8 cm? u S = 1,6 cm?) ObuIH
MIOy9YEHBI Pe3YIIbTaThl, IPEICTABICHHbBIC HA PUCYHKaX 4 1 5.

Bb110 00HApYKEeHO NOCTOBEpHOE CHIDKEHNE KOHIEHTpauuu (raBoHOMIOB Ha 37 % B BOJHOM pacTBOpE yKpoIa,
CoNIEpIKAIMM GaKTEPHATBHYIO HEJUTFONIO3HYI0 TUIEHKY Gonbimeit miomamm (S = 1,6 ¢cm?), npu Boszueiicteun UMII ¢
HanpspxeHneM 6 kB.
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Pucynok 3. BiusiHue MMITyJIbCHOTO MarHUTHOTO IIOJISI HA KOHICHTPANUIO (DIIaBOHOUIOB CBEXKEr0 YKPOId BOJHOTO
9KCTPaKTa, cojepiaiiero Oymary (kajnbka) U GaKTepHAIbHYO LIEIUTFOI03HYO IICHKY
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Pucynok 4. BiusiHEE UMITyJIbCHOTO MATHUTHOT'O T10JIS1 HA KOHLEHTPALHUIO (IIaBOHOU/IOB YKpOIIa B BOJHOM DKCTPAKTE,
cozieprkaleM OaKTepUATbHYO LEIUTIONO3HYI0 WIeHKY (S = 0,8 cm?)
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Pucynoxk 5. Bnusiaue umnynscaoro marautHoro noist (U=6 kB) Ha koHIeHTpauunio ¢GpIaBoOHOUIOB YKpOIa B BOAHOM
SKCTPAKTE, COJEPKAIIEM OaKTEPUAIbHY O LIE/UTIOI03HY IO IUIEHKY pazHoi miomamm (S = 0,8 cm? u S = 1,6 cm?)

UroOBl MCKIIOYUTH Pa3JIMUHBIC BEIIECTBA, COACPXKAIIMECS B PacTBOPE YKPOINA, NAIBHEHIINI SKCIIEPUMEHT MBI
MIPOBOAMIM C BOAHBIM pacTBOPOM pyTuHa mpH KoHueHtpamun 0,2 mr/miu. Ilpu W3ydeHMH BIMSHUS HMITYJIbCHOTO
marautHoro moist (U = 6 kB) Ha KOHIEHTpalWiO pyTHHa B BOJHOM pAacTBOpE, COAepkKalieM OakTepHalbHYIO
LEJUTIONIO3HYIO IUICHKY DPAa3HOM IUIOIIAIH, IMOJTYy4YEeHBl NOJOOHBIE PE3YNbTAaThl: CHIDKCHHE KOHIEHTPALMH PYyTHHA B
pacTBope, comepKameM OaKTEPHATBHYIO IEJUTIONO3HYIO INIEHKY ¢ miomansio 0,8 cM%, B ycnosusax Bosaeictsus UMII
npuMepHo Ha 8%, a B pacTBOPE, COJEPIKAIIEM IIIEHKY Gobiuei mwiomanu 1,6 cm?Ha 13% (puc. 6).

0,25
S
=
=
s
0,2
* *
0,15 ——
0,1 +—
0,05 +—
0
KOHLL. UCX. p- KOHTpO/b  onbIT S=0,8 KoHTponAb onbIT S=1,6
pa $=0,8 S=1,6

Pucynok 6. Bimsinue nmiysnbscHoro marautHoro nosst (U = 6 kB) Ha KOHIEHTpalMio pyTHHa B BOJHOM PacTBOpeE,
cozeprKaiieM GaKTepPUATLHYO LEJUTIOIO3HYIO IIEHKY pasHoi mwiomam (S = 0,8 em?> u S = 1,6 cm?)
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Pucynok 7. Konuenrpanus pyTuHa mociie 3aMaylBaHUs B BOJHOM PAaCTBOPE OOIy4EHHBIX INIEHOK Pa3HOH IOl
(S=0,8cm’u S=1,6 cm?)

Be3 BosmetictBus MMII OaktepuwanbHBIC IUICHKH TAaK)KE BIUTHIBAIM B Ce0s PacTBOP C PYTHHOM, O 4YeM
CBUJICTEIIECTBYET CHIDKCHHE KOHIICHTPAIINH PYTHHA OTHOCHTEIBHO CXOJHOTO PAacTBOpa ¢ KOHIeHTpamuen 0,2 Mr/Mi B
cpennem Ha 10% (puc. 6).

[Mocne 3amaumBaHWs B BOJHOM PacTBOPE BBICYIICHHBIX OOJIyYEHHBIX IUIEHOK Pa3HOM IUIOMIaNN KOHICHTPAIHS
pYTHHA OKa3ajach JOCTOBEPHO BBILIE TaM, TJe IJICHKH C MeHblIel ruiom@ansto oonydanick B UMII, uto BuaHo Ha
pucyHKe 7. DTO CBHAETENBCTBYET O TOM, YTO PYTHH HE CBA3BIBAETCS C MOJICKYJIaAMH LIEJTIOIO3bI IICHKH, a PACIIONaraeTcs
MEXY LEJUTIOJI03HBIME BOJOKHAMH. MIMITyJIbCHOE MarHMTHOE CHOCOOCTBYET OOJIbILEH alicopOIMU MOJIEKYJ pacTBOPa,
BO3MOYKHO M3-3a YCHJICHUS IBIKEHUSI MOJIeKyJ. [Ipu yBennyeHnu miiomaay ieHKy B 2 pa3a KOHIEHTpaIusi pyTHHa B
pacTBOpe, KOTOPBIA MOJBEPraics OONYyYCHHIO, HE OTJIMYACTCS OT KOHTPOJS, YTO CBHUJCTCILCTBYET O HEOOJIBINOWN
3amepKe (PIaBOHOMIOB BHYTpH IUTeHKH. CXema, IMOKAa3bIBAOM[As YCHJICHUE BIIMTHIBAEMOCTH OaKTepUAILHOU
LIEJUTIOJIO3HOM MJIEHKHU B ycnoBusix BozaeiicTeusi IMII Ha pacTBOp ¢ MJIEHKOM, IpeICTaBIeHa Ha PUCYHKE 8.

Takum 00pa3oM, MOTYYCHHBIC PE3yIbTATHl CBUICTEIBCTBYIOT O TOM, YTO PYTHH HE CBS3BIBACTCS C MOJEKYJIAMHU
LEJUTION036l  IUICHKH, a pACIoNiaraeTcsi MEXAy IeJUTFONIO3HBIMH BOJIOKHAMH. A HWMITYJIbCHOE MarHUTHOE II0Je
CIOCOOCTBYET OOJBIIEMY BITUTHIBAHHIO MOJICKYJI PACTBOPA, BO3MOYKHO H3-32 YCHUIJICHUS IBHKCHUS MOJIEKYIL.

BbIBO/IbI

1. OOHapy)eHa TEHACHIMS K CHWKEHHIO KOHIEHTpAaUuu (IAaBOHOMIOB IPHU BO3ACHCTBUM HMMIYJIbCHBIX
MAarHUTHBIX IOJICH ¢ HampspkeHHeM 6 KB Ha BOJHBIN 9KCTPAKT YKpOIa, COACPIKAIIMA OaKTePHAIbHYIO ICIUTFOIO3HYIO
IUICHKY W JOCTOBEPHOE CHIDKCHHME KOHICHTpanuu (IaBoHOUIOB Ha 37% B BOIHOM pacTBOpE YKPOIa, COACPIKAIIUM
0aKTepUaNbHYIO LIeJUII0N03HYI0 [IEHKY IUIomasio 1,6 cM?, npu Bosaeiictsun UMII ¢ HanpsixeHueM 6 kB.

2. BBIABICHO HOCTOBEPHOE CHIKCHHE KOHIICHTPALMU PyTHHA Ha 7,3%, B €ro BOJAHOM PAacTBOpPE, COJACpIKAIIEM
0aKTepHAaNbHYIO IIE/II0I03HYIO IIeHKy Iuomansio 0,8 cm? u Ha 11 % c mwiomansio 1,6 cM?.

3. BnuTeiBaromas CriocOOHOCTh OaKTEPUANBHBIX IEIUTFOJIO3HBIX IUICHOK 3aBHCUT OT WX IUIOMIANH, YeM OOJbIe
IUIOMAAb BBINIE COPOIMOHHEIE CBOMcTBa. Ho m3 mueHok menbmei mwiomamm (0,8 cM?), 06pabOTaHHBIX MMITYIbCHBIM
MarHUTHBEIM IIOJIEM, PYTHH BBIMBIBANCSA IIONHOCTBIO, @ W3 INIEHOK Oonpmed muomamu (1,6 cm?), BeOmemmmas
KOHIICHTPALUS PYTHHA, HE OTIMYAIACh OT KOHTPOJISL, YTO CBHIETEIBCTBYET O 3aJAEPIKKE MOJIEKYJ (hIIaBOHOMIOB BHYTPH
IJICHOK.
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Pucynok 8. Cxema, mokasplBarollas yCHJICHHE COPOLIMOHHBIX CBOMCTB OaKTepHalIbHOW LIEJIIIONIO3HOW IJICHKH B
ycnoBusix Bozaeiicteus UMII Ha pacTBop ¢ miieHkon
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EFFECT OF PULSED MAGNETIC FIELDS ON SORPTION PROPERTIES BACTERIAL CELLULOSE
FILMS
Vasilyeva T.I., Sharova T.V., Khrenova A.A., Glushenkov V.A., Klenova N.A.
Samara University
Moscow highway st., 34, Samara, 443086, Russian Federation e-mail: vastaty@rambler.ru

Abstract. The effect of the pulsed magnetic field at certain parameters (intensity H, frequency f, number
of pulses n) on the interaction of flavonoids from the aqueous plant extract with macromolecules of the
bacterial cellulose film was studied. The fact that there was a binding of flavonoid molecules with cellulose
was judged by a significant decrease in the concentration of flavonoids in the solution of the plant extract
after exposure to pulsed magnetic fields, as well as by further leaching of these biologically active
substances from the dried films of bacterial cellulose. The hypothesis was proposed about the strengthening
of the sorption properties of bacterial cellulose films in the conditions of influence of pulsed magnetic fields
for increasing the mobility of microfibril cellulose.

Key words: pulsed magnetic field, flavonoids, bacterial cellulose film.
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GREEN CHEMISTRY: USING THE AQUEOUS EXTRACT OF THE LEAVES OF A
MEXICAN OAK (QUERCUS RUGOSA; FAGACEAE) FOR SYNTHESIS OF SILVER
NANOPARTICLES
Oropeza D.R., Reyes Ramirez L.A., Garcia M.C., Morales G.C., Cervantes Tavera A.M.,
Hernéandez Santiago A.A., Arzola Flores J.A.

Meritorious Autonomous University of Puebla
av. San Claudio, S/N Col. San Manuel, Puebla, Pue. C.P. 71590, Mexico, e-mail: ximikad09@mail.ru
Received: 10.07.2019

Abstract. Currently, the silver nanoparticles (AgNPs) are highly recurrent in medicine due to its magnetic
and optical properties, becoming important antimicrobial, antiviral and anticarcinogenic agents;
nevertheless, the synthesis of said nanoparticles is based on chemical methods, applying reducing and
stabilizing agents that are highly polluting to environment and harmful to health. However, plant extracts
can be used as a "green" method alternative to chemical conventional synthesis. In the present work, the
aqueous extract of the leaves of an Oak native to Mexico (Quercus rugosa, Fagaceae) was used as a
reducing and stabilizing agent in AgNPs synthesis using silver nitrate as a precursor. Different tests were
performed by varying the volume of the aqueous extract and the concentration of silver nitrate. Through
UV-vis spectroscopy, the presence of biomolecules, such as polyphenols and flavonoids, was identified.
The AgNPs were characterized by the identification of their plasmonic response.

Key words. mexican oak; quercus rugosa, fagaceae; silver nanoparticles.

INTRODUCTION

Nanoparticles of noble metals, mainly gold (AuNPs) and silver (AgNPs) exhibit interesting optical properties that
can be utilized on medical applications in radiotherapy systems and thermal ablation; and given its nature of biocompatible
materials, do not pose significant risks to human health and the environment [1]. AgNPs application in clinical treatments
involves no side effects to health, since they have reported remains of silver in despicable concentrations in different
organs and systems of rats [2]; nevertheless, the synthesis of said nanoparticles is based on the implementation of reducing
agents and chemical stabilizes which may lead to the emergence of some toxic chemical species absorbed and
consequently, generate counterproductive effects in medical applications [1]; inducing side effects on health and
negatively impacting the environment. However, synthesis AgNPs through microorganisms or plant extracts could
mitigate the effects of these problems, making the nanoparticles potentially more biocompatible and respectable with the
environment [1, 3, 4].

It has been shown that the secondary metabolites of plants, such as flavonoids, polyphenols and terpenes, that could
be closely related to the immune system of plants by having bactericidal and bacteriostatic properties [5-9], act as reducing
and stabilizing agents in the synthesis of AgNPs, being a powerful "green" resource alternative to the conventional
chemical synthesis of metallic nanoparticles [10].

In recent years, concern for the environment and human health has increased considerably, so in many investigations
the extracts have been applied mainly leaves of different plants in the biosynthesis of metal nanoparticles for medical
applications, particularly for their antimicrobial qualities: Shankar and collaborators in 2004 used the leaves of the neem
of India in the synthesis of gold and silver nanoparticles [1], as well as Shakeel and collaborators in 2016 [11]. Mostafa
and collaborators in 2014 used olive leaves in the synthesis of AgNPs to test their antibacterial effect; while Logeswari
and collaborators in 2015 applied in the biosynthesis of AgNPs, the extracts of the leaves of different plants of medical-
food interest (purple basil, eggplant, asiatic centella and orange tree). Bagherzade and collaborators in 2017 used the
extract of saffron in their "green synthesis" experiments of AgNPs [12]. Researches on nanoparticle biosynthesis focuses
principally on commercial plant species and in Mexico, these studies are precarious despite the great diversity of plants
we possess; having a broad field of research poorly exploited in our native species with potential applications in bio and
nanotechnology. The white oak (Quercus rugosa: Fagaceae Née, 1801) is a tree species endemic to Mexico that dwell in
wooded regions with temperate climates [13], this tree possess bactericidal properties and its leaves have been used in
traditional Mexican medicine to fight infectious diseases and wounds [14]. For all the above, the objective of the present
study was to use the aqueous extract of white oak leaves as a reducing and stabilizing agent for the biosynthesis of AgNPs
from silver nitrate as precursor.

METHODOLOGY

1. Aqueous extract preparation. The dry leaves of white oak were collected of a mature specimen in the state of
Puebla, Mexico. The leaves were ground to a fine powder and 2 grams of the vegetable powder were weighed and mixed
with 10 mL of deionized water at 80-95 °C in a test tube and vortex was immediately applied for 5 minutes; subsequently
it was centrifuged at 2500 rpm at 37 °C for 10 minutes. Again, 15 mL of deionized water at 80-95 °C was added to the
tube with the mixture and vortexed for 5 minutes. Finally, it was centrifuged at 2500 rpm at 37°C for
15 min. The supernatant liquid was separated of the mixture to be applied immediately in the biosynthesis of the AgNPs.
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2. Aqueous extract characterization. The characterization of the aqueous extract for the determination of the
biocompounds with reducing and stabilizing effect was carried out by UV-vis spectroscopy [15].

3. Silver nanoparticles biosynthesis.

3.1 Tests of variation of the aqueous extract concentration. We based on the chemical synthesis method of
Creighton [16], solutions of 20 mL of 0.3 M of AgNOs concentration were prepared to mix them with different volume
of plant extract (1, 2, 3, 4 and 5Sml) and were shacked at room temperature for 10 min. The formation of silver nanoparticles
was determined by the change in the coloration of the solutions and the UV-vis spectrum. The solutions were monitored
for 5 days to study their stability.

3.2 Tests of variation of silver nitrate molarity. In this case, the molarity was modified and solutions of 20 mL of
1,2, 3,4 and 5 M concentration of AgNO; were prepared to mix each with 3 ml of the aqueous extract of the white oak.
The mixtures were shacked at room temperature for 10 min. The formation of AgNPs was determined by the change in
coloration of the solutions and the UV-vis spectrum. The solutions were monitored for 5 days.

4. AgNPs characterization. The characterization of the nanoparticles obtained was carried out by UV-vis
spectroscopy [21] for the identification of surface plasmon resonance reported from 400 to 470 nm [17, 18] for 5 days

RESULTS AND DISCUSSION

1. Determination of the vegetal biocompounds in the aqueous extract with reducing and stabilizing activity.
To be able to use the aqueous extract of Q. rugosa, it was necessary to determine the presence mainly phenolic compounds,
biocomponents with reducing and stabilizing effect in the biosynthesis of AgNPs. Aleixandre-Tudo and Du Toit in their
research on the release of phenolic compounds from the solid parts of the grape berries during the wine making process
published [19] report the absorbance peaks for different phenolic compounds ( malvidin-3-glucoside, malvidin-3-
pcoumarylglucoside, catechin, gallic acid, caftaric acid, coutaric acid, rutin, quercetin) that absorb in the range from 200
to 400 nm approximately (except for malvidin-3-glucoside and malvidin-3-pcoumarylglucoside, which range up to 600
nm), with slight variations depending on the identity of the phenolic compound. In this context, the resulting spectrogram
for the aqueous extract white oak presents an absorbance peak in approximately 310 nm (Fig. 1), which suggests that
some phenolic compounds that possess the fruits of the grape, are also present in the leaves of the tree used in this study.
However, it is necessary to carry out the characterization by FT-NIR to confirm the presence of said bio components.
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Figure 1. UV-vis spectrogram of the aqueous extract of Q. rugosa. A peak of absorbance is observed in approximately
310 nm, at which point they absorb some phenolic compounds, plant biocomponents that have reducing and stabilizing
properties in the biosynthesis of AgNPs
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2. Determination of surface plasmon resonance of AgNPs.

2.1. Tests of variation of the agueous extract concentration. There are multiple investigations on the synthesis of
AgNPs in which plant extracts are applied as reducing and stabilizing agents; however, the way in which the variation in
the concentration of those extracts influences, as well as the concentration of the precursor in the growth of the AgNPs
over time, is poorly studied and probably also depends on the plant species used. When the concentration of the precursor
was set to 3 M, favorable results were observed in growth and surface plasmon morphology from the third day on all
concentrations applied, especially in volume greater than 2mL of the extract (Fig. 2), but when the concentrations of the
extract are little, in this case 1 and 2 mL, the growth stops in the fourth day, as the availability of the bio compounds with
the reducing and stabilizing effect is probably finished (Fig. 2 A and B) At higher volume of the aqueous extract (3, 4 and
5 mL), the definition of the surface plasmons resonance improves over the time and greater growth is observed (Fig. 2 C,
D and E).
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Figure 2. UV-vis spectrograms of 1, 2, 3, 4 and 5 mL of the aqueous extract of Q. rugosa with 3 M of AgNO; evaluated
for 5 days (A, B, C, D and E respectively). The surface plasmon morphology is adjusted from the third day with marked
in growth depending on the volume of the aqueous extract
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2.2. Tests of variation of the silver nitrate molarity. When the concentration of the AgNO; is varied and the
volume of the aqueous extract is set at 3 mL, a greater growth and better morphology of the surface plasmon resonance
is observed on the third day, especially in concentrations greater than 1 M; however, the growth decreases in the fourth
day and increases again to the fifth day. This phenomenon is probably due to the nanoparticles are broken and formed
again due to their instability (Figure 3 A, B, D and E). In the case of the 3 M concentration of AgNO3, the growth increases
gradually without showing backs, which suggests that the nanoparticles are more stable and grew steadily during the 5
days; this indicates that 3 M is the ideal concentration of AgNOs for the adequate synthesis of nanoparticles (Fig. 3 C).
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Figure 3. UV-vis spectrograms of 1, 2, 3, 4 and 5 M of the AgNO3 with 3 mL of the white oak aqueous extract evaluated
for 5 days (A, B, C, D and E respectively). The highest growth is observed on the third day, with a decrease in all
concentrations in the fourth day (A, B, D and E) except for the 3 M concentration that presents a gradual
growth (C)
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CONCLUSIONS

Due to the aqueous extract of white oak leaves contains phenolic compounds, is an excellent agent with reducing
and stabilizing effect, being a viable alternative friendly to the environment and human health that can be applied in the
"green synthesis" of AgNPs.

The formation and particularly the growth of the nanoparticles over time is determined by the volume of the aqueous
extract and the concentration of the precursor; being lower in low volume; in addition, the better defined surface plasmons
resonance were obtained from the second day in high concentrations of both elements in the biosynthesis of AgNPs;
however, the concentration of 3 M of the AgNOs is the most adequate, and the high concentrations of the aqueous extract
can vary in the 3 M colloidal solution to obtain the successful biosynthesis of AgNPs. However, it is necessary to carry
out the characterization by transmission electron microscopy to study the average size of the AgNPs.

It is highly recommendable to continue with researches on the potential applications of endemic plant species in
biotechnology so that the manufacturing processes are more respectful with the environment and human health.
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BJIMAAHUE KABHTAHHOHHOﬁ OBPABOTKH BOAbI HA POCT T'MIPOBUOHTOB
Bap6un H.M.!, Anexcees K.C.!, Bepmuunun B.JI1.2
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[Moctrynuna B penakimro: 20.05.2019

AunHoTamusi. B paGote paccMOTpeHO BO3/IEHCTBHE BOIBI MOCIIEC KABUTAITMH HA 30JI0THIX PHIOOK M IITOPIIEBBIX
nsarymek. OmnucaHa yCTaHOBKA JIIsl KaBHTAI[MOHHOH 00pa®oTku Bombl. OOHApyKeHO, YTO TIOCIE
KaBUTAI[MOHHOW 00pa0OTKM y BOIBI NPOUCXOAUT u3MeHeHwe pH wu smexTpomposoanoctu. Ilokazatenu
MPUPOCTA MACCHI TeJIa Y PhIO OMBITHON IPYIIbI MPEBHIMIAIOT aHAJOIUYHBIE MTOKA3aTEeMH Y PhIO KOHTPOJILHOM
rpymnmbl. Pa3BejieHue JIAryiieKk B KABUTAHOHHO-00pab0TaHHOM BOJIE BEIET K MPUPOCTY MACCHI TEJA.
Knroueswie cnosa: kasumayusi, 06pabomra 600vl, 30j10mvie pulOKU, WNOpYesble A2y UKU.

B Hacrosiiiiee BpeMsi MPEACTABISIET WHTEPEC METOJ| KaBUTAIIMOHHOTO BO3JCHCTBHS Ha BOAy. MCIOIb30BaHHIO
KaBUTALMOHHBIX TEXHOJOIUH mocBsiieHbl pabotel [1-4]. TlpemyiaraoTcs pas3indyHble KaBUTAIIMOHHBIC YCTPOMCTBA [UIst
BOJOIIOATOTOBKH, B KOMMYHAQIIBHBIX CIYXK0aX, IPU OYHCTKE OBITOBBIX M CTOYHBIX BOJ [5, 6].

KaBuranueii Ha3pIBaeTCsl Mpollecc 00pa3oBaHKs B KalelbHOM KUAKOCTH IMy3bIPHKOB, 3aIOJHEHHBIX Ta30M HIIH
MapoM, BBIJCIMBUIMMCS M3 JKHUAKOCTU TPH YMEHBIICHHH CTATHYECKOTO NABJICHHS 1O HEKOTOPOTrOo KPUTUYECKOTrO
3HaueHus [7].

Kputnueckoe naBjeHHE COOTBETCTBYET B PEaJbHBIX YCJIOBHAX MaBICHHIO MPEOOpPA30BaHUS WK NABJICHHUIO
HACBIIECHUS JUI1 PACTBOPEHHOIO B KHIKOCTU ra3a. [lyjabcaliiud pPe30HAHCHBIX MY3bIPHKOB KOTOPBIC MPOHCXOISAT C
OONBIION AMIUIUTYIOW B ONPEACICHHBIX YCIOBHSX, U Pa3pyllICHHE KAaBUTAIMOHHBIX IMOJIOCTEH MOTYT MPHUBECTH K
¢usnko-xummdecknm dpdekram [8]. [Ipu cxironbpIBaHIH KaBUTAIMOHHBIX ITY3BIPEii, 32 0YEHb KOPOTKOE BpeMs (ITOpsIKa
HECKOJIBKUX MHKPOCEKYH]I) Pa3BHBAETCs BHICOKOE NaBieHue (Mukpoynap) 1o 400 MIla, a TemmeparypHbIid TpaHeHT B
MECTE CXJIOTIbIBaHUS KUAKOCTH NoBkimaercs 10 S00-800°C [8].

SKCIHEPUMEHTAJIBHAS YACTb

B OI'VII HUU «I'epmecy (PakeTHO-KOCMHYECKOE areHTCTBO, I'. 3JIaTOYCT) pa3paboTaHO OOOpYIOBaHHE IS
MEXaHN9IeCKOi 00pabOTKH KUIKOCTEH THAPOyAapaMu U KaBUTarmei [9].

YcTraHOBKA BBITIOJIHEHA B HACTOJIBHOM BapUaHTEC. Ero ocHOBHBIMH 4acCTSAMHU SIBIISIFOTCS pOTOpHO-CTaTOprIﬁ y3eia cC
BEPTHKAJIbHBIM PACIOJIOKEHUEM Bajla U 3JIEKTpoJBUraresib. [Ipu paboTe pOTOPHO-CTATOPHBIA y3ein pa3Mellaercs B
€MKOCTH C 00pa0aThiBaeMOi JKUIKOCThIO. [Ipoxonst depe3 3TOT y3el, JKUAKOCTh IOJBEpPraercs TIHIPOYAapHO-
KaBUTALMOHHOMY BO3aeHcTBUIO. KOHCTPYKIMS yCTaHOBKH ITPHUBEAEHA Ha PUCYHKE.

PoTopHO-cTaTOpHBIN y3en COCTOUT M3 cieaylomux yactei: nsurarens (1), Bana (2), nepxkarens (3), poropa (4) n
craropa (5).

Ha Bepxmeii mmute (6), pasmemaercs kponmrtedH (7) ¢ amektpoxsurareneM (1), kormeHcatopamu (8),
niepekirogareneM (9), maypom muranus (10) ¢ BUIKOH U1 BKITIOYEHUS B AIeKTpoceTh. CHU3Y K BEpXHEH IUTUTE KPEITHTCS
nepxarenb (3), Ha KoTropoM YykperuieH cratop (5). Ha Bam gBuratens ycraHaBimBaeTcs Banl (2) ¢
poTopom (4).

Potop (4) m cratop (5) uMerOT crenuanbHble Ma3bl. JlepkaTenb, poTOp, CTATOP W BaJ M3TOTaBIWBAIOTCS W3
Hepkaseromei ctamu 12X18H10T. B mporecce paboTI OHE HAXOSTCA B eMKOCTH € BoJoH. Bona k poropy (4) u craTtopy
(5) mocrynaer uepe3 okna (11) mepxkatens (3). Ilnuta (6) 3akpemsiercs Ha croiike (12) BOKpYT KOTOPOil OHa MOXET
noBopauuBatkcs Ha 50°. Ctolika ycTaHaBIUBaeTcs Ha OCHOBaHUU (13).

Pucynok 1. HacronpHas ycTaHOBKa AJ1s1 KABUTALMOHHOH 00paOOTKH BOABI
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O06pabarsiBaeMbIil 00bEM BOIBI COCTABISLI 5 tuTpoB. [Ipu BimtodeHnu B ceth (220 B) poTop HaumHa BpalleHHe C
gactoToii 2750 06./mMmuH. Bona, moctymas B MOIyJIb depe3 CIielalbHbIe OKHA, HMOoABepraiachk KaButauuu. [Ipu stom B
COCYJIE CO3/IaBajiach BUXpEBasi BOPOHKA.

PE3YJIBTATbBI 1 UX OBCYKIEHHUE

Bony cnemyer paccmarpuBarh Kak CHOCOOHYIO K CaMOOpIaHHM3alMM HEPaBHOBECHYIO THHAMHYECKYIO CHCTEMY,
YyBCTBUTEJIbHYIO K CJIA0OBIM BO3JCHCTBHSAM pa3lIMUHON NMPHUPOABL. B BOIHBIX cHCTeMax HEpa3pbIBHO COCYILECTBYIOT
XMMHYECKHE U CTPYKTypHBIE NIPEeBpaIieHus. byaydn nepBrnaHON MHUIIEHBIO cIa0bIX, B TOM YHCIIE 3JIEKTPOMArHUTHBIX U
MEXaHWYECKUX BO3JCHCTBHH, BOJAa IPOAYLHUPYET aKTUBHBIE (DOpMBI KHCIOpOJa M a30Ta, HEIOCPEACTBEHHO
BO3/ICHCTBYIONIME HA PELENTOPbl KIETKH, a Takke o00pasyeT eIuHbIH BOJHO-JTHITHIHO-OCIKOBBIM KOMILIEKC
Omosornaeckoil MeMOpaHsl, Ipeodpa3yrontwii ciadble BHEITHHE CUTHAIBI B M3MEHEHHE MaKPOCKOIIMYECKOW YIPYTrOCTH
MeMOpaHBbl, CONPOBOXIAIOIINECS MOIYJSALMEH XapaKTepUCTUK WHTErpanbHbIX OenkoB. VI3MeHeHWe CBOMCTB
MeMOpaHHBIX OEJIKOB IPUBOAUT K U3MEHEHHIO (DYHKIIMOHAIBHBIX CBOMCTB XMBOU KiteTku [10].

Panee ObuIO MCCIIEOBAaHO BIIMSIHAE BOJBI, MOABEPTrHYTOH KaBHTalmMu, Ha pocT pbid [11], yHUUTOXEHHE
naduuii [12], Ha cocTaB kpoBu cobax [13].

B nanHO#1 paboTe oObeKTaMu HCclief0BaHusI OBUTH 30JI0ThIE PHIOKH U IIITOPLEBbIC JATYIIKU (Xenopus laevis).

1. 3on10muie pvioku.

Bb110 co3nano aBe rpynibl pplOOK: ONBITHAS U KOHTpoJbHAs 110 10 pbIOOK B Kaxn0i. Bbuti co3aHbl naeHTHYHbIE
YCIIOBHSI COZIEPKAHUS, KOPMIICHHS, TEMIIEPATypHOTO PeKUMa. EMMHCTBEHHBIM OTJIMYHEM CTaJIO: B aKBAPUYME C OIBITHON
TpyTIIOi OBLIAa BOJIA, TOABEPTHYTAs THAPOTUHAMUYIECKOI 00paboTKe.

B nporecce skcniepuMeHTa MpOM3BOAMIACH PETYIAPHAS 3aMEHA BOJBI N3 akBapruyMoB B oobeme 30 % B kaxaoMm. B
OTIBITHBIA aKBapUyM MOOABIIACH KaBHTAI[MOHHO-00paboTaHHAs BOJA, a B KOHTPOJBHBIN m00aBisuiack Boma 0Oe3
o0pabotku. s 0bomx akBaprmyMoB 3a00p BOABI MPOM3BOIWICSA U3 OJHOTO MCTOYHMKA — TOPOJICKOTO BOJIONPOBOJA.
[leproanyHOCTH 3aMeHBI BOJBI COCTaBmia 1 pa3 B 3 CyTOK.

Kopmiienne ppi0 MpoM3BOAMIOCH CHELUAIbHBIM KOPMOM [UIsl 30JI0THIX PbIOOK. OOBbEM KOpMa M IEPUOJUYHOCTD
KOPMJICHHUS! JUIsi KOHTPOJIBHOM W ONBITHOW rpymil ObUIM MICHTHYHBI. B3BelnBanne mpou3BoAMIOCh Ha 1a00paTOPHBIX
anekTpoHHBIX Becax MASSA-KBK-600 ¢ nepronnunoctsio 1 pa3 B 7 1HEH.

B mpouecce skcrneprMenTa Bejlack aBTOMaTH4YecKas 0€30CTaHOBOYHAsS 3alMCh M3MepeHuid pH n okucimtensHO-
BOCCTaHOBHTEIILHOT'O MOTEHIIMAA BOJBI B KOKAOM U3 aKBapuyMoB. [IJisi M3MepeHHH UCIIONb30BAINCH: IPUOOp cepun
AHMOH-4100, nmpennazHayenHslit s u3Mepenus JOJC, pH (pX), MomspHOH, MaccoBOW KOHLEHTPALMH HOHOB,
YIEIBHOHN 3JEKTPUIECKOH MPOBOIMMOCTH M COJIECOEPKAHUS, & TAKKE CHHXPOHW3UPOBAHHBIM ¢ HUM MEPCOHAIBHBINA
KOMITBIOTEP VISl 3alIMCH MOJTYYEHHBIX PE3YJIbTaTOB.

B mpomecce skcnepuMeHTa MNPOUCXOAWIO H3MEHEHHE (DU3MKO-XMMHYECKHX CBOWMCTB BOJXBI, MPOIIEIIIeH
KaBUTallMOHHYI0 O0Opa0OTKy B ONBITHOM aKBapHyMe, B OTIMYHE OT BOABI B KOHTPOJBHOM akBapuyMme. B ombiTHOM
aKBapuyMe HAOIIONAEeTCsl pAcTAHYTOE€ BO BPEMEHM YyBEIWUYCHHE TMOKa3aHUM pH M CHIDKCHHME OKUCIUTENBHO-
BOCCTAHOBUTENIBFHOI'O TOTEHIMaja BOJbl. BoAOpoaHBIM TOKa3aTenb OKa3blBaeT CYIIECTBEHHOE BIMSHUE Ha
Ouonoruyeckue U OMOXMMHUYECKHUE IMPOLIECCHl M MOITOMY MMEET OYeHb Ba)KHOE 3HAYEHUE B JKU3HM PHIO, OCOOEHHO B
HEepUoJI pocTa U Pa3BUTHSL.

[MTokazaTenu 1Mo JUHAMHYHOCTH IIPUPOCTa )KUBOW MACCHI TeJIa y PHIO ONMBITHOM IPyMITbl IPEBBILIAIOT aHAJIOTMYHbIC
MI0Ka3aTeNN y pbl0 KOHTpOJbHOW rpynmsl (Tabm. 1). Habop mMaccsl B KOHTPOJIBHOW TpyIine mpekparwics Ha 17 nHer
pasble, yeM B onbITHOW. CpelHsist AIHA PO B ONBITHOM Tpymnme oTiaudaercs Ha 10,5 + 2 % ot koHTpossHO# [11].

2. HInopuegwie nazywiku.

B nanHOi#T paboTe 00bEKTOM UCCIIEIOBaHHS OBLTH IITOPIIEBEIC IATYIIKH (Xenopus laevis).

[TpounsBonmiace peryisipHas 3aMeHa BOJBI B akBapuymax, oobemMoM 50% OT eMKocTH Kaknoro. B ombITHOM
aKBapuyMe 00aBIsIach KaBUTAIIMOHHO-00paboTaHHas BOZa, a B KOHTPOJIBHOM J00aBisIack Boxa 6e3 obpadorkm. s
BCEX aKBapUYMOB 3a00pP BOABI IPOU3BOAMICS U3 OJHOTO MCTOYHUKA — FOPOACKOTO BOJIOIIPOBOAA MOCHIE OTCTAUBAHUS B
TeueHne 7 CyTOK. 3aMeHa BO/bI MPOU3BOIUIACh | pa3 B ceMb CYTOK.

KopmiieHnne nsrynmiek MpOM3BOAMIIOCH — CIICLMAIM3UPOBaHHBIM KOpMOM s pbi0. KommuectBo kopma
NEePHOIMYHOCTh KOPMIICHHMS JUII KOHTPOJILHOM U ONBITHOM TPy ObUIH MJICHTHYHBI.

W3 nmannbix mo uzmeHeHHio pH ciieqyer, 4To B OMBITHOM akKBapuyme C PEryJspHON T00aBKOM KaBUTAIIMOHHO-
00paboTaHHO BO/bI 3HaUeHHE pH IIIaHOMEPHO MOBHIIATIOCH WIIH, IPYTHMH CIIOBaMH, IPOUCXOIIJIIO 3allleslauiBaHue, B
TO BpEMsI KaK OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIA IMMOTEHIMAN IIAHOMEPHO TOHMXaJcsi. BomoponHblii mokaszarens

Tab6auna 1. Paznuure quHAMUKA IPHPOCTA MACCHI PHIO

Bpewms uzmepenus, 1Hu Pa3nuua Maccel My ONBITHON U
KOHTPOJILHOH rpynmnamu, %
15 445
30 13,57
45 15,36
60 12,65
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Tabéauua 2. Paznuune qrHaAMUKH IPUPOCTA MACCHI JISTYIIEK

Pa3nuua Maccel MeX Ay ONBITHON U

Bpewms uzmepenus, nHu .
p p 5 KOHTPOJIbHOM rpynnamu, %

7 5,21
15 8,13
22 15,17
29 18,10

OKa3bIBACT CYHICCTBECHHOC BJIMAHUEC HA OMOJOrMYECKUE U 61/10ngqu01<1/16 MpoUECChI, 1 MO3TOMY MMECT OUYCHb BaKHOC
3HAYCHUC B )KU3HU JIATYUICK, OCO6€HHO B I[ICpUOJ pOCTa U pa3sBUTUA.

B xone skcnepuMeHTa NpOU3BOAMIOCH B3BEIIMBAHKE, YaCTOTOM pa3 B HEJEI0, Ha JaOOPaTOPHBIX JIEKTPOHHBIX
Becax MASSA-KBK-600. Taxxe Bemach aBTOMaThdeckas 3aluch ToKazatened pH u  okucnurensHo-
BOCCTaHOBHTEIILHOT'O MOTEHIIMAIA BOJBI B KAXK/JOM U3 aKBapHUYMOB.

PasBenenne narymex B KaBUTAIMOHHO-00paOOTaHHOH BOJE BEJET K M3MEHEHHUIO MPHPOCTa MAcchHl Tena (Tadur. 2).
[TokazaTenu mpupocTa >KUBOH MAacChl TeNa Y JIATYIIEK ONBITHOW TI'PYIIIBI MPEBBIIIAIOT aHATOTHYHBIE MOKAa3aTeNu y
JISTYIIEK KOHTPOIbHOHU rpymmbl. Habop Maccsl B KOHTPOJIBHOM rpymiie mMpekpaTuics Ha 21 JeHb paHbIlle, YEM B ONIBITHOM.

MosxHO cnenatb BbIBOA 00 3¢ (HEKTUBHOCTH NPUMEHSEMOW METOIWKH COAEP)KaHUS THAPOOMOHTOB B BOJE,
MPOIIEIIei KaBUTAIHOHHYIO0 00paboTKy.

Cnucoxk numepamyput / References:

1. UBuenko B.M., Kynarun B.A., Hemuun A.®. Kasumayuonnas mexnonocus. KpacHosapck: uza-so KI'V, 1990,
170 c. [Ivchenko V.M., Kulagin V.A., Nemchin A.F. Cavitation technology. Krasnoyarsk: Izdatel’stvo KGU, 1990,
170 p. (In Russ.)]

2. Kymarun B.A. TlepcmekTBbl pa3BUTHS KaBHTALMOHHBIX HAHOTEXHOJOTHH. [Ipogeccopckoe cobparue
Kpacnospckoeo «kpas: pecuonanvuas obwecmsennas opeanusayus. Pexxum poctyma: http://www.professors.ru/
A Kulagin.html. [Kulagin V.A. Prospects for the development of cavitation nanotechnologies. Professorskoe sobranie
Krasnoyarskogo kraya: regional 'naya obshchestvennaya organizatsiya. Available at:
http://www.professors.ru/A_Kulagin.html. (In Russ.)]

3. ®enorkun U.M. Hnumencugurayus mexnorocuueckux npoyeccos. Kues: Bumia k., 1979, 205 c. [Fedotkin .M.
Intensification of technological processes. Kiev: Vishcha shkola, 1979, 205 p. (In Russ.)]

4. ®epotkun U.M., Hemuun A.®. Hcnonvzosanue xasumayuu 6 mexunonozuyeckux npoyeccax. Kues: Bumia mik.,
1984, 190 c. [Fedotkin I.M., Nemchin A.F. The use of cavitation in technological processes. Kiev: Vishcha shkola, 1984,
190 p. (In Russ.)]

5. NBamenko A.T., Ps3anneB A.A., YconsueBa H.b. I'enepamop cudpodunamuueckux xonrebanuii: nart. 2269386
Poc. ®enepanyst, MIIK B06B 1/20; 3asiBuTens u nareHToobnanarens Cudup. roc. yH-T nyteid coodmenus (CI'YIICO);
3asBi. Ne 2004113935/28, 05.05.2004; omy6n. 10.02.2006, brom. Ne 4, 5 c. [Ivashchenko A.T., Ryazantsev A.A.,
Usol’tseva N.B. Generator of hydrodynamic vibrations: patent 2269386 Russian Federation, Int. Cl. BO6B 1/20; patent
applicant and proprietor Sibirskii gosudarstvennyi universitet putei soobshcheniya (SGUPS); application
Ne 2004113935/28, 05.05.2004; date of publication: 10.02.2006, Bull. no. 4, 5 p. (In Russ.)]

6. KpuBomyuxwii A.C. IIpumeHeHne KaBUTAIITHOHHOM TEXHOJIOTHH B OBITOBOM BoAoCHaOkeHUU. Tpyosr KI'TY, BhIII.
2-3. Kpacnosipck: UIIL KI'TY, 2006, c. 148-154. [Krivolutskii A.S. The use of cavitation technology in domestic water
supply. Trudy KGTU, Iss. 2-3. Krasnoyarsk: Izdatel’sko-poligraficheskii tsentr KGTU, 2006, pp. 148-154. (In Russ.)]

7. Mupcon U. Kasumayus. M.: Mup, 1975, 95 c. [Pearsall J. Cavitation. Moscow: Mir, 1975, 95 p. (In Russ.)]

8. Saksena T.K., Nyborg W.L. Sonoluminescence from stable cavitation. J. Chem. Phys., 1970, vol. 53, no. 5,
pp. 1722-1733.

9. Sxno T.A., YBapos B.M., Canun A K., Kazakos B.B. I'nnpoynapHo-kaBUTallMOHHOE BO3AEHCTBHE HA BOJY.
Mamep. V cvezoa dbuoghuzuxos Poccuu, Pocro-nHa-Iony, 2015, T. 2, ¢. 339. [Yakhno T.A., Uvarov V.M., Sanin A.K.,
Kazakov V.V. Hydraulic-cavitation impact on water. Proceedings of V Congress of Biophysicists of Russia, Rostov-on-
Don, 2015, vol. 2, p. 339. (In Russ.)]

10. Jlo6emme B.M., dyOposckmii A.A., MyxaueB A.f., Comoseit A.b. Boma — mepBu4Has MUIIEHb clIaOBIX
BO3IEHCTBUH Ha Owuosormueckue cuctemMbl. B ¢0. «llpobremvr  Ouonoeuueckou  ¢usuxuy, c. 245-263.
Pen. B.A. Teepauciios. M.: URSS, 2010, 320 c. [Lobyshev V.I., Dubrovskii A.A., Mukhachev A.Ya., Solovei A.B. Water
— primary target of slight impacts on biosystems. Book of abstracts “Problemy biologicheskoi fiziki”, pp. 245-263. Edited
by V.A. Tverdislov. Moscow: URSS, 2010, 320 p. (In Russ.)]

11. bapoun H.M., Anekcees K.C., Uupkor A.A. OcoOeHHOCTH POCTa PhIO B KaBUTAIIMOHHO-00pabOTaHHOW BOJIE.
Hayunvie mpyowt VIII Meacoynapoonozo konepecca « Cnadvle u céepxciabbvie nois u usiyueHus: 8 Ouonoeuu u MeouyuHey,
CII6., 2018, T. 8, c. 6. [Barbin N.M., Alexeev K.S., Chirkov A.A. Characteristics of fish growth in cavitation-treated
water. Collection of research papers of VIII International Congress “Slabye i sverkhslabye polya i izlucheniya v biologii
i meditsine”, St. Petersburg, 2018, vol. 8, p. 6. (In Russ.)]

12. Bapour H.M., AnexceeB K.C., UupkoB A.A. Bo3gelicTBHe KaBHTallii Ha BOJHBIE MHUKPOOPTaHU3MBL
Axmyanvubie gonpocsi buonoeuyeckou guzuxu u xumuu, 2018, T. 3, Ne 4, c. 910-912. [Barbin N.M., Alexeev K.S.,
Chirkov A.A. Effect of cavitation on aquatic microorganisms. Aktual nye voprosy biologicheskoi fiziki i khimii, 2018,

Axmyanvhvie 6onpocwl buonozuuecko uzuxu u xumuu, 2019, mom 4, Ne 1, c. 120-123



ECOLOGICAL BIOPHYSICS 123

vol. 3, no. 4, pp. 910-912. (In Russ.)]

13. bap6oun H.M., YupkoB A.A. N3MeHeHne mokaszarenell KpoBH co0ak MpH HUX MOCHHHU BOJOW, MPOIIEIIIeH
THIPOIMHAMHUYCCKYIO 00pabOTKY. Akmyanvhble 8onpocel buonoeuveckou gusuxu u xumuu, 2017, 1. 2, Ne 1, c. 423-425.
[Barbin N.M., Chirkov A.A. Changes in blood values of dogs which drink hydrodynamically treated water. Russian
Journal of Biological Physics and Chemistry, 2017, vol. 2, no. 1, pp. 423-425. (In Russ.)]

EFFECT OF CAVITATION WATER TREATMENT ON THE GROWTH OF HYDROBIONTS
Barbin N.M.!, Alexeev K.S.!, Vershinin V.L.2
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Abstract. The work deals with the effect of cavitation-treated water on goldfish and clawed frogs. An
installation for cavitation water treatment is described. It was found that after cavitation treatment, pH and
electrical conductivity of water have changed. Indices of body weight gain of the fish in the experimental
group exceed those of the fish in the control group. Rearing of frogs in cavitation-treated water leads to the
body weight gain.

Key words: cavitation, water treatment, goldfish, clawed frogs.
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SYNTHESIS OF ZNO BY THE HYDROTHERMAL METHOD USING DIFFERENT
PRECURSORS FOR THE DEGRADATION OF METHYLENE BLUE
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Abstract. Photo catalysis has become a very important area in the processes of wastewater treatment for
the degradation of organic compounds. The most used photocatalytic are TiO2 and ZnO due to their low
toxicity, chemically inert in the degradation processes, easy to obtain and relatively inexpensive. Although
they have been widely used, methodologies for obtaining these materials to increase their photocatalytic
activity are still being developed. Due to their nature, TiO2 and ZnO have a band gap of 3.2 approximately,
which makes them activate only with energy that corresponds to the wavelength of ultraviolet light. The
synthesis of ZnO it does by the hydrothermal method using different zinc precursors (acetate, nitrate and
sulfate). The results show the obtaining of hexagonal crystalline phase in all cases with a variation in
morphology. Its photocatalytic activity is evaluated in the degradation of methylene blue. ZnO obtained
from zinc acetate shows greater photocatalytic activity by eliminating 66% of methylene blue. In this work
the importance of the choice of the precursor in the synthesis of ZnO for specific applications is shown. In
the case of the hydrothermal method, when using zinc acetate in the synthesis of ZnO, the material obtained
has a greater photocatalytic activity for the degradation of methylene blue (25% more) compared to that
obtained from zinc nitrate and zinc sulfate.

Key words. hydrothermal, photo catalysis.

INTRODUCTION

In recent years, photo catalysis has become a very important area in the processes of wastewater treatment for the
degradation of organic compounds. The most used photocatalytic are TiO, and ZnO due to their low toxicity, chemically
inert in the degradation processes, easy to obtain and relatively inexpensive [1]. Although they have been widely used,
methodologies for obtaining these materials to increase their photocatalytic activity are still being developed [2]. Due to
their nature, TiO, and ZnO have a band gap of 3.2 approximately, which makes them activate only with energy that
corresponds to the wavelength of ultraviolet light. Many efforts have been made to develop techniques to obtain materials
that are active with wavelengths corresponding to visible light and thus take advantage of solar radiation [3].

EXPERIMENTAL PART

Synthesis of ZnO. The synthesis of ZnO was carried out as follows: in 50 mL of distilled water, 500 mg of the zinc
precursor (acetate, nitrate and sulfate) were dissolved. The solution is placed in a ball flask and treated thermally at
80 ° C for 2 hrs. keeping the system closed. After the heat treatment the resulting powder is rinsed with water and dried
at 80 ° C for 30 min. Finally, the photocatalytic powder is obtained. The materials were labeled as ZnO-S, ZnO-N and
ZnO-A for the ZnO obtained from zinc sulfate, zinc nitrate and zinc acetate, respectively.

Tests of photocatalytic activity. Photocatalytic tests are performed in a system previously described [4]. For each
test, 15 mg dispersed in 60 mL of a solution of methylene blue (10 ppm). The process is monitored by UV-vis aliquots at
regular intervals of time for 90 min.

RESULTS

In Figure la the x-ray diffractogram of the synthesized materials shown. In all cases, ZnO presents a hexagonal
crystalline phase according to the reference standard PDF 04-020-0364. The images obtained by SEM are shown in Figure
1b. In this figure we can see the great dependence that exists on the morphology and the precursor of ZnO. In the case of
ZnO-N and ZnO-A, although both have flower-like morphology, the size of the ZnO-A structures is slightly larger.
However, ZnO-S has a leaf type morphology of little more than 1 pm in size.

In Figure 2a the UV-vis absorption of the photocatalytic powders is shown. Although the three photocatalytic have
a strong absorption below 400 nm (corresponding to the UV region), ZnO-A, unlike ZNO-S and ZNO-N, has a slight
absorption around 500 nm (corresponding to the visible region).
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Figure 1. a) XRD of synthesized materials. b) SEM of the photocatalysts obtained
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Figure 2. a) DRS for synthesized photocatalytic. b) Degradation of methylene blue using the different photocatalytic

obtained

In figure 2b the photocatalytic activity in the degradation of methylene blue of the materials obtained is shown. In
this figure we can distinguish two regions: the first one corresponding to the adsorption of the material (dark) for which,
once the photocatalyst is dispersed in the methylene blue solution, it is placed in the reactor with air bubbling but with
the lamp off, allowing the adsorption-desorption equilibrium to be reached. Once this process is reached (approximately
10 minutes for our material) the radiation source is turned on and the degradation stage begins (second stage). Despite
the difference in morphology presented by the photocatalyst synthesized (Fig. 1b), all three absorb practically the same
amount of dye (15%, approximately). However, in terms of material degradation, ZnO-A shows a greater percentage of
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elimination of methylene blue (66%) in 90 min than ZnO-S (42%) and ZnO-N (38%). The increase in photocatalytic
activity of ZnO-A can be deviated from the slight absorption present in the visible region as can be seen in figure 2a.

CONCLUSIONS

In this work the importance of the choice of the precursor in the synthesis of ZnO for specific applications is shown.
In the case of the hydrothermal method, when using zinc acetate in the synthesis of ZnO, the material obtained has a
greater photocatalytic activity for the degradation of methylene blue (25% more) compared to that obtained from zinc
nitrate and zinc sulfate.
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Abstract. The compost is a biological process of degradation of organic matter that has different
applications in agriculture and the remediation of soils. Use of the package for data mining Orange was
possible the development of an artificial intelligence algorithm, which was carried out through the treatment
of images and their classification in the middle of the methods Logistic Regression, Neural Network,
Random Forest, Support Vector Machine (SVM) and k-Nearest-Neighbors. With the algorithm, the stage
of the compost process is identified by comparing the images of compost under controlled conditions.It is
possible to create a supervised learning algorithm to be able to predict the stages of the composting process
using only photographic images of the compost. Because of this, the algorithm that best performs the
classification is the multilayer perceptron neural network. This result will allow the development of a
portable device that allows identifying the quality of the soil.

Key words: machine learning algorithms, composting.

INTRODUCTION

The composting process is known to be an excellent alternative as a final disposal of organic waste: microorganisms
degrade waste under aerobic conditions, transforming them into a homogenous and assimilable material for plants.
Different applications for compost are known as organic fertilizer in agriculture, horticulture, landscaping, erosion control
and soil recovery, depending on the stage of the process. According to the variation of temperature, there are three main
stages in a composting: mesophilic phase, thermophilic or hygienic phase and cooling or mesophilic phase, in addition to
a maturing stage of variable duration [1].

In the previous project, "Monitoring and control of a compost using Arduino”, the monitoring and control of a
composting system and the collection of images for 2 months was carried out [2]. Now the use of these images is proposed
to generate an artificial intelligence algorithm to identify each stage of the composting process. An artificial intelligence
algorithm is defined as the simulation of human intelligence processes by machines, especially computer systems. These
processes include learning (the acquisition of information and rules for the use of information), reasoning (using the rules
to reach approximate or final conclusions) and self-correction [3].

For the development of the project the Orange package was used, a computer program to perform data mining and
predictive analysis developed in the computer faculty of the University of Ljubljana. It consists of a series of components
developed in C ++ that implement data mining algorithms, as well as preprocessing operations and graphical
representation of data. It is an open source tool for data analysis and visualization where data mining is done through
visual programming or by Python code. It has components for Machine Learning, additions for bioinformatics and text
mining [4].

The development of the algorithm aims to streamline and facilitate the identification of the stage of the composition
process, the use of compost can be used in other applications.

METHODOLOGY

For the training of the algorithm the images of the compost under controlled conditions of the previous project were
used. The treatment that was given to them has the following order:
Data acquisition
Embedded images
Matrix construction
Multilayer Perceptron Neural Network
Training
Testing
Prediction

NougkhwpE
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Figure 1. Models of supervised learning for the classification of images obtained from the composting process

The images were imported, and the embedding was performed, which reads the images and uploads them to a remote
server or evaluates them locally. Machine learning models are used to calculate a feature vector for each image and return
an improved data table with additional columns (image descriptors).

Then, 6 models were used to make the classification:

1. Logistic Regression: Learn a logistic regression model from the data. It only works for classification tasks [5].

2. Neural Network: Uses sklearn's (Python) multilayer perceptron algorithm that can learn nonlinear and linear
models [6].

3. Random Forest: Build a set of decision trees. Each tree is developed from a bootstrap sample from the training
data. When developing individual trees, an arbitrary subset of attributes is drawn (hence the term "Random"), from which
the best attribute for division is selected. The final model is based on the majority vote of individually developed trees in
the forest [7].

Table 1. Accuracy of the different supervised learning algorithms

Test & Score Tue May 28 19, 23:12:16

Settings

Sampling type: Stratified 5-fold Cross validation
Target class: Average over classes

Scores
Method AUC CA F1 Precision Recall
kNN 0.690 0.243 0.233 0.234 0.243
Tree 0.566 0.158 0.156 0.166 0.158
SVM 0.526 0.174 0.185 0.353 0.174
Random Forest 0.775 0239 0.228 0.227 0.239
Neural Network 0.846 0332 0321 0.315 0.332
Logistic Regression 0.828 0.377 0.379 0.394 0.377
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1. SVM: Support vector support machine is a machine learning technique that separates the attribute space with a
hyperplane, thus maximizing the margin between the instances of different classes or class values [8].

2. Tree: It is a simple algorithm that divides data into nodes by class purity. It is a precursor of the random forest.
Tree in Orange is designed internally and can handle both discrete and continuous datasets [9].

3. k-Nearest-Neighbors: Use an algorithm that searches for "k" closest training examples in the feature space and
uses its average as a prediction [10].
For the training and testing of the algorithms the cross-validation with 5 folds was used. The above, to ensure that the
training models do not show overfitting [11].

RESULTS AND DISCUSSION

The 247 images divided into 23 categories were imported, corresponding to each one of the days in which the images
were acquired. Subsequently, the cross-validation with 5-folds was applied for the training of the algorithms. Table 1
shows the accuracy (AUC) obtained by applying each of the 6 supervised learning algorithms.

The multilayer perceptron neural network has the highest accuracy. That is, the neuronal network with a hidden
layer of 1000 neurons can perform the best classification of the images (AUC = 0.846), followed by the logistic regression
(AUC =0.828). Therefore, it is possible to make the prediction of the day in which the composting process is only using
a photograph of the compost.

CONCLUSIONS

It is possible to create a supervised learning algorithm to be able to predict the stages of the composting process
using only photographic images of the compost. Because of this, the algorithm that best performs the classification is the
multilayer perceptron neural network. This result will allow the development of a portable device that allows to identify
the quality of the soil.
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Abstract. In living organisms are produced reactive oxygen species (ROS) which are oxidizing elements
of cells. They are commonly produced because of cellular metabolism, as well as the consequence of toxic
agents, such as tobacco smoke, ionizing radiation and carcinogens, to name a few. The negative effect of
ROS on the biochemical pathways of cells is called oxidative stress. The methodology used in this study
could guide the study of different genetic regulatory networks, in order to identify possible therapeutic
targets. The co-expressed genetic complex network of SOD1 in Homo sapiens was obtained from the
database Functional protein association networks, which is made up of the following genes: ATP5H,
ATP50, PSMB3, PSMB1, PSMA5, PSMB4, PSMB6, ATP5D, SOD1, MDH1 and HSD17B10. For each
gene in the network the following functional properties were obtained: central score (hub), authority score,
and grade, clustering coefficient and betweenness centrality. The properties were calculated using two types
of network, directed and non-directed. When carrying out the study of the genetic network of SOD1 using
the Theory of complex networks, it was shown that possibly its functional properties of the SOD1 gene are
not completely related to its structural chemical properties, that is, the function of the SOD1 gene within
the Genetic network should be studied from a holistic approach and not from a reductionist perspective.
Key words: genetic complex network, statistical analysis.

INTRODUCTION

In living organisms are produced reactive oxygen species (ROS) which are oxidizing elements of cells. They are
commonly produced because of cellular metabolism, as well as the consequence of toxic agents, such as tobacco smoke,
ionizing radiation and carcinogens, to name a few. These elements can become harmful depending on the concentration
and the biochemical process they trigger [1]. ROS are extremely reactive molecules, have a limited time of existence,
capable of oxidative modifying any biomolecule, which results in a series of chain reactions causing damage. In
pathological conditions or not, when the quantity of these molecules increases, the essential macromolecules can be
modified oxidative and consequently affect the signaling pathways that are controlled by the cellular redox state. The
negative effect of ROS on the biochemical pathways of cells is called oxidative stress [2]. The organisms exposed to an
atmosphere with a large amount of oxygen, developed macromolecules of enzymatic origin, able to regulate the amount
of ROS and inhibit their reaction with biological molecules [3]. The components of the antioxidant system of the cells
are diverse, it can be mentioned the primary antioxidants that eliminate ROS or prevent the formation of these molecules.
The primary function of primary antioxidants is to convert ROS into less reactive species. For example, some enzymes
that are part of the primary antioxidants are the enzymes of the superoxide dismutase (SOD) family. SOD1 is a soluble
protein of 32 kDa, discovered for the first time in 1969 by Mc Cord and Fridovich [4]. It can be in the cytosol, in the
nucleus and in the mitochondrial intermembrane space. Immunocytochemical studies have shown that it can also be found
in lysosomes and peroxisomes [5]. The importance of this enzyme is such that in genetic diseases such as Down syndrome
(DS) and the familial form of amyotrophic lateral sclerosis (ALS) have been described alterations in the functions of one
of the components of the family of SOD, in Particularly Cu-Zn cytosolic superoxide dismutase (Cu / Zn-SOD1 or SOD1),
so that currently many investigations have been developed with the aim of deepening the role of this antioxidant enzyme
in the pathogenesis of these genetic diseases [4]. An alternative to study the importance of these enzymes at the cellular
level, is by analyzing the interactions between enzymes, proteins and genes from the computational context, analyzing
the networks of chemical interactions, which can be modeled using the Theory of complex networks. With this approach,
the chemical species participating in a series of chemical reactions can be modeled as nodes and the connections between
them can represent physical, chemical or functional interactions between the biomolecules [6].You can compare networks
that are derived from a macromolecule, that is, modeling changes in the topology of the network, for example, removing
nodes or modifying the direction of the information flow (directed or unguided network).

Because of its importance in pathologies and its function as an antioxidant, the SOD1 enzyme has been studied in
different aspects, from the thermodynamic aspect at the molecular level [7], its relation with diseases of the nervous
system [9] and also in studies at the cellular level [8]. However, from within the context of the Theory of complex
networks, until now an analysis for the gene that encodes the enzyme has not been implemented. Therefore, the objective
of this paper is to statistically describe and analyze the SOD1 genetic network and correlate its functional properties with
its genetic properties, in order to study whether the functional properties of a gene are actually related to its structural
chemical properties.
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METHODOLOGY

Construction of a complex SOD1 network. The co-expressed genetic complex network of SOD1 in Homo sapiens
was obtained from the database Functional protein association networks, which is made up of the following genes:
ATP5H, ATP50, PSMB3, PSMB1, PSMA5, PSMB4, PSMB6, ATP5D, SOD1, MDH1 and HSD17B10. For each gene
in the network the following functional properties were obtained: central score (hub), authority score, and grade, clustering
coefficient and betweenness centrality. The properties were calculated using two types of network, directed and non-
directed.

Subsequently, to encompass all the properties of the genes and obtain a representative value, the model of Bickerton
et al. [10], which consists of an attractiveness index that allows identifying the most important nodes in the network by
weighing on all the structural properties of the network, the model is as follows:

Index = exp ( ~iln di),

1
n
where n is the number of structural properties of the network, d; corresponds to each of the statistical properties of the
network for each i-th node.

Obtaining the genetic properties of the SOD1 network. The genetic properties of the SOD1 network of the
GeneCard database were obtained; the obtained properties are the following: gene of origin, beginning of the sequence in
pb (pairs base), term of the sequence (pb), size of the gene (pb), gift and score. On the other hand, the number of
nucleotides in each gene of the National Center for Biotechnology Information database was obtained, the nucleotides
used were: Adenine (A), Thymine (T), cytosine (C) and Guanine (G). He again evaluated the attractiveness index.

Statistical analysis. The statistical analysis was carried out using the programming language R V3.6.0. To obtain
the construction and modification of the network, the following libraries were used: dplyr, tidyr, data.table, igraph,
bipartite, network and textclean. Because not all the genetic and functional properties of the genes had normal distribution
errors, nonparametric statistical tests and a generalized linear model were used. To compare the index between the two
types of SOD1 network (directed and non-directed network), a wilcoxon analysis was performed for dependent groups.
To compare the values of the index by removing the most important nodes both in the directed network and in the non-
directed network, a generalized linear model of two factors with Gamma error was performed for independent groups,
since the data had a high coefficient of variation, on the other hand, to evaluate the devolution, the car package was used.
To study the similarity between the functional properties of the SOD1 networks (directed and non-directed, without
modifications) and the genetic properties, a clustering with Euclidean scale was generated and of the average type with
the vegan library. To correlate the attractiveness indexes obtained from the matrices with functional properties of the
SOD1 networks (directed and non-directed without modification) and the genetic properties, a multiple Spearman
correlation was performed using the libraries: Hmisc and corrplot. An alpha value of 0.05 was considered.

RESULTS

Analysis of the complex network of SOD1. Figures 1 and 2 show the value of the attractiveness index for each of
the nodes of the directed and non-directed networks, showing that in both cases the node with the highest value of the
index in SOD1, because it shows a greater degree of functional importance in both networks. On the other hand, the
average value of the attractiveness index for the directed network is 1.39 + 0.03 and the median value was 1.40. The non-
directed network had on average a value of 1.41 + 0.04 and a median with a value of 1.39, no statistical differences were
found between the networks (fig. 3). The genes with the highest value of the attractiveness index in the directed and non-
directed network were SOD1 and PSMB4 (directed: 1.71 and 1.44, non-directed: 1.84 and 1.48, respectively), which
confirms the importance of the SOD1 gene in the network. By removing both genes from the networks, their structure is
modified (fig. 4 and 5), because the SOD1 gene functions as a link between two groups of nodes in the network, showing
the formation of two modules in the network. On the other hand, the value of the index also changes, due to the removal
of the nodes with the highest value of the attractiveness index (tab. 1). Marginally significant differences were found in
the value of the indexes when removing nodes (tab. 2 and fig. 6).
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Figure 1. Values of the attractiveness index of the nodes (genes) in the directed SOD1 network. The highest values are
observed: SOD1 and PSMB4 and the lowest value: HSD17B10 (1.24)
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Figure 2. Values of the attractiveness index of the nodes (genes) in the directed SOD1 network. The highest values are
observed: SOD1 and PSMB4 and the lowest value: HSD17B10 (1.25)

Tablel. The descriptive statistics are shown when modifying the SOD1 network. The highest values are
observed in the networks without changes (original). The lowest values in both networks are observed when
removing the nodes SOD1 and PSMB4

Network type Directed Non-directed
Chance Nodes Mean + SE Median Nodes Mean * SE Median
Original 11 1.39 £ 0.03 1.40 11 1.41 +£0.04 1.39
SOD1 10 1.30 £ 0.03 1.32 10 1.32 +£0.04 1.33
PSMBA4 10 1.35+0.04 1.36 10 1.38 £0.05 1.37
PSMB4 and SOD1 9 1.29 £0.02 1.30 9 1.30 £ 0.02 1.38
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Table2. Generalized linear model devolution table with Gamma distribution error. It is observed that when
removing nodes there is a tendency to find differences in the value of the index. *% = Percentage of
variation explained in the model

Deviance analysis

DF X2 P %%
1 0.4161 0.51 0.56
3 77208  0.052 10.40
3 0.0081 0.99 0.01
70 66.21 89.24
77 74.19
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Figure 3. Graph showing the median with the minimum and maximum values of the attractiveness indexes in the types
of the SOD1 network (directed and non-directed). No significant differences were found W = 16, P = 0.14
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Figure 4. The different topologies of the SOD1 network of directed type are shown. By removing the nodes (SOD1
and PSMB4), the HSD17B10 gene node disappears
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Figure 5. The different topologies of the SOD1 network of non-directed type are shown. By removing the nodes (SOD1
and PSMB4), the HSD17B10 gene node disappears
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Figure 6. Graph showing the median with the minimum and maximum values of the attractiveness indexes when
modifying the SOD1 network. The lowest values can be seen when removing SOD1 and PSMB4
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Correlation of the SOD1 network and its genetic properties. When calculating the attractiveness index obtained
from the genetic characteristics of the nodes (genes) that make up the SOD1 network, we obtained an average value of
6.18 + 0.25 and a median of 6.35. When clustering, only a similarity pattern is observed between the directed and non-
directed network (both without modifications), on the other hand, the genetic network differs from these two (fig. 7). A
high correlation was found between the two SOD1 networks (directed and non-directed). However, none is correlated
with the genetic properties (fig. 8), this difference is possibly due to the fact that the particular characteristics
(physicochemical properties) of the genes do not reflect their functional properties within genetics, that is, it is necessary
to study the genes from a holistic approach and not from the reductionist perspective.
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Figure 7. Graph showing the dendograms corresponding to the unmodified network of SOD1 (directed and non-
directed) and their genetic properties. A pattern of two groups is observed in general for the dendograms
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Figure 8. Graph showing the multiple correlation coefficients of attractiveness indices between the two SOD1 networks
(directed and non-directed) and their genetic properties. SOD1 networks have a high correlation (P < 0.001). However,
none is correlated with its genetic properties
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CONCLUSIONS

When carrying out the study of the genetic network of SOD1 using the Theory of complex networks, it was shown
that possibly its functional properties of the SOD1 gene are not completely related to its structural chemical properties,
that is, the function of the SOD1 gene within the Genetic network should be studied from a holistic approach and not
from a reductionist perspective. The methodology used in this study could guide the study of different genetic regulatory
networks, in order to identify possible therapeutic targets.
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BUOTYPHAIIA U USMEHYNBOCTDb AKYCTUYECKHUX XAPAKTEPUCTHUK
HHEPEXOJHOI'O CJIOA JHA MEJIKOTI'O MOPs
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AHHOTanusi. Mopckoe ITHO MMeEET CIOXKHYIO CIOHCTYIO CTPYKTYpY, B KOTOpOHl MOXHO BBIIEIHUTH
TpaHUYaIIUN ¢ BOJHBIM IEPEXOAHBIN CI0H HEKOHCOIMAUPOBAHHBIX MOPCKHX 0CaKOB. IlepexonHblii coH,
B OTJIMYHE OT 3ariyOJICHHBIX CJIOEB SBISIETCS «JESTENbHBIM». BHOTypOaluss OCHTHYECKHUX YKHUBOTHBIX
OKa3bIBaeT INTyOOKoe BO3AeHCTBIE Ha (PH3MUYECKUE H aKyCTHYECKHE CBOHCTBAa MOPCKHX 0caiKkoB. MH(payHa
— Pa3HOBUIHOCTH OCHTOCA, OPTaHU3MBI KOTOPOTO OOWTAIOT HETOCPEACTBEHHO BHYTPH JOHHBIX OCAIKOB
peK, o3ep, IPyIOoB, MOpEH. 3aKaIbIBaHHE, [TPOIIIATHIBAHNE, NIEpEBAPUBAHNE, Ie(EKaIHs, CTPOUTEIBECTBO
TpyO, HOp M3MEHSIOT MOPHUCTOCTh, pa3Mep 3€pHA, W KaK CIEICTBHE, O0BEMHBIE M CABHIOBBIE CBOHCTBA
ocazkoB. B craTbe paccmaTpuBaeTcs BO3eHCTBHE HEKOTOPBIX BUIOB HH(ayHbI Ha Qu3Myeckue cBoicTBa
ocankoB. B pamkax GSEC Teopun pacnpocTpaHEeHUs yIPYTHX BOJIH B MOPCKHX OCaJKax IO U3MEPEHHbIM
YaCTOTHBIM 3aBUCHMOCTSIM CKOPOCTH 3ByKa M Ko3(puIeHTa 3aTyXaHusl BOCCTaHABIMBAIOTCS (PH3UIECKUE
cBolcTBa cpenbl. Pu3MYECKUe CBOWCTBA Cpelbl CBS3bIBAIOTCS ¢ OuorypOaumeil. [lokassiBaercs, 4To
OnoTypOanus no-pasHoMy BIUSET Ha (PU3NUECKHUE XapaKTEPUCTUKHU CPEbl, OTPEIEIISIOIINE aKyCTUIECKUE
CBOICTBa IMPOIOIILHOM 1 TIoNIepeyHO BostH. [TokaspiBaeTcsl, 4TO BISIBICHHE OMOTYpOAalliK B OCHTHYECKOM
MTOTPAaHUYHOM cJ10e Ha (poHE ero o0IIeli ruapoJMHAMUYECKOH M3MEHUMBOCTH SIBIISIETCS CIIOKHOH 3a1adeid.
Knrwouesvle cnosa: mopckue ocaoku, oucnepcusi Qasosou CKOpOCMU, MeNCCPAHYIAPHOe MmpeHue,
Koauyuenm zamyxanus, ungayna, buomypoayus.

BBEJIEHUE

Mopckoe THO UMEET CI0KHYIO CIOUCTYIO CTPYKTYPY, B KOTOPOH MOYKHO BBLIEIUTh HENOCPEACTBEHHO MPaHnYaIlui
C BOJHBIM, IEPEXOJHBIM CIOM HEKOHCOJMAMPOBAHHBIX MOPCKUX OcCaakoB. IlepexonHblil cioW, B OTIMYUE OT
3aryyOJICHHBIX SIBISIETCS «ACATEIbHBIMY. [IpHIIMBBI, MOPCKHE TEUEHHS, INITOPMBI, ABHKEHHE JTOHHBIX PbIO, ONOTYpOarms
U apyrue (pakTopbl MOTYT HapyIIaTh IIOKOW YaCTUYEK IEeCKa, WIIa, TIIMHBI, CJaralolIuX epexo/HbIH CIION.

B pabore mpuBOIATCS M aHAJIM3UPYIOTCSA PE3YJBTATHl PsiJa SKCHEPHUMEHTAIBHBIX HCCIECJOBAaHMN KacaloLIMXCs
BIIHMSIHUSI OMOJIOTHUECKHUX (haKTOPOB Ha PU3NIECKUE U aKyCTHYECKUE XapaKTEePUCTHKH ITEPEXOTHOTO CII0s. AKYyCTHUECKHE
XapaKTEPUCTHUKU — 3TO CKOPOCTb 3ByKa, KOO QUIIMEHT 3aTyxaHusl ¥ UX YaCTOTHBIE 3aBUCUMOCTH [1, 2]. AKycTHueckue
XapaKTEePUCTUKU 3aBUCAT OT MHKPOMEXAaHWYECKHMX XapaKTEPHCTHK TPEHUS MEXKAY YacTHUKaMHd M (QHU3WIECKUX
XapaKTEePUCTHK CPe/bl: IOPUCTOCTH, THIAPABINYECKON NMPOHUIIAEMOCTH M MUKPOXapaKTEPHCTHK 1MOp — 3()(HEKTHBHOTO
pasMepa u u3BIIACTOCTH [ 1, 2]. I3BUIIMCTOCTh MOXKET OBITh M3MepeHa 10 «(pakTopy GOpMUPOBAHIS HITH «IIAPaAMETPy
mopucroctn», FF = pg/py — OTHOIICHUIO AIIEKTPHYECKOTO COMPOTUBJICHUSA HACBHIIICHHOTO OJIIEMEHTa CpeIbl K
COIIPOTHBIICHHUIO TAKOTO K€ AIIEMEHTA, 3aII0JIHEHHOTO MOPCKOH Booi. DakTop (hOPMBI 3aBHCUT TOJIBKO OT IOPHCTOCTH
U U3BUIIMCTOCTH.

TepMuH «OHOTYpOAIHS» YACTO UCTIONB3YETCA IS OIMCAHMS TOTO, KaK )KUBBIE OPTaHU3MEI BIUSIOT Ha CyOCTpar, B
KOTOPOM OHH XHUBYT. MH(ayHa — pa3HOBHIHOCTH OE€HTOCA, OPTaHU3MBI KOTOPOTO OOUTAIOT HEMOCPEACTBEHHO BHYTPH
JIOHHBIX OCaJIKOB PeK, 03ep, MPyA0B, Mopel. BkirtouaeT MHOTHE BH/IBI MOJUTFOCKOB, UTJIOKOKHX, KOJTBUATBIX U KPYTIIBIX
yepBel, INYMHOK HACEKOMBIX, HEKOTOPBIX PhIO, KAMHETOUIEB M JPEBOTOYIIEB. B 3aBHCHMOCTH OT IpyHTa BBIACISIOT
nenopuibHyo (B mie), ncaMMouiIbHyIo (B mecke), TUTOQMIBbHYIO (B KaMHAX), apriyuIoQuiIbHyo (B TiIMHE) HHpayHY
[3]. BuoTypOarust 6eHTHYECKUX XKHUBOTHBIX B 0CaJKaX OKa3bIBACT TIIyOOKOE BO3JCHCTBUE HA UX CBOMCTBA. broTypOarus
— T.e. B30aNThIBaHME, NEpEMENINBAaHNE, 3aKalbIBaHUE, NPOTJIATHIBAHUE, TepeBapuBaHue, aedeKanus, CTPOUTEIbCTBO
TpyO, OMoocaxkeHne, IEMEHTALUIO 1 METa0OINYECKUE NeHCTBHUS N3MEHSIOT OPUCTOCTh, pa3Mep 3epHa, IUIOTHOCTD,
KECTKOCTh M CXXHMMAEMOCTh OCaJIKOB. BOJIBIIMHCTBO OpraHM3MoB HMH(pAyHBl HaWIEHO B BEpXHHX 25 CM Ocajka,
M3BECTHOTO KaK OCHTHYECKUI MOTPaHUIHBIN CIIOi [4].

COCTOSHHME ITPOBJIEMbI

Ha pucynke 1 moka3aHbl MecTa OOMTaHHS TpeX BHAOB WH(pAYHBI, BIUIIOMINX Ha T€0aKyCTHUECKUE CBOWCTBA IHA.
Arenicola marina (Mopckoit meckoxun — uepBb) U Corophium arenarium (MeNKHe paxooOpa3HBIE) YMEHBIIAIOT
KECTKOCTh 0CalKOB. Arenicola Marina co3naet Gombirue HOpHI B BepxHeM cioe (10-15 cMm), BchencTBue ObIXaHUSA U
NPOKAYKH BOJIbI PA3KMIKAET M PHIXJIUT HOBEPXHOCTH CIIOSL, YTO IMTPUBOJINUT K YBEIMUYCHHUIO MOPUCTOCTH. Arenicola Marina
MIPEANOYUTAET CYyOCTpaT B BUJIE CPEIHEro IecKa, KPYIMHBIN CIMIIKOM BEJNUK JJIs MPOTJIATHIBAHUS, B MEJIKOM HEJIOBKO
cTpouTh HOpBL. DekanbHble 0TIOXKEHHs A. Marina MOTYT BIMATH Ha MeX3epeHHOe TpeHue [5].
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Pucynok 1. Mopckas uadayHa (a1anTHpoBaHO ¢ UCTIONB30BaHHEM [5])

Poromne Corophium arenarium ctpourt B mecke moiisie U-o0pa3Hbie HOpBI, pazMepoM oT 30 1o 50 MM, OTKPEITEIC €
o0ounx xoHNOB. pyroit Bun, Corophium volutator o4eHb NOX0X, HO BBIOMpaeT MOPCKYIO Ipsi3b. Co3/laHne OTKPBITHIX
HOpP YMEHBIIAET CKOPOCTh CABUTOBBIX BOJH NPH YBEIHMUECHNH YHCICHHOCTH Opranusma [5].

Haobopor, Lanice conchilega (necyanslii KAMECHHBIN YEPBb), NMEET XapaKTEPHYIO BBICTYIAIONIYI0 0axpoM4aTyio
TpyOy. TpyOka BHeApsieTCS B OCAJKH M IOKPBITA MPOYHBIM, 3JIACTUYHBIM, OJHOPOIHBIM CIM3UCTBHIM cioeM. TpyOka
CBSI3BIBACT OKPY’KAIOIINE 3€PHA, YBEINYNBACT KECTKOCTb CPEJIbl, HA YTO YKa3bIBAET yBEJIMUCHUE CKOPOCTH IONEPEYHON
BOJIHBI, KOTJa MOSABISAETCS OOJblLIe OPraHu3MOB. Bce Tpu BHIa BBEI3BIBAIOT CHIDKEHHE YIEIBHOTO SJIEKTPHYECKOTO
COIIPOTHBIICHHUS, YTO CBHAETEIBCTBYET 00 U3MEHEHHUAX B OOBEMHOI HMOPUCTOCTH, H3BUIIUCTOCTH, H, CIEA0BATENEHO, O
W3MEHEHHH CKOPOCTH 3BYyKa. [Ipoliecc CTpOUTENbCTBa HOP, BKIIOYAMOLIUNA 0TOOP 3epHa 10 pa3mepy U (opme NPUBOIUT
K U3MEHEHHIO CTPYKTYPHI U CBOWCTB OCaJIKOB MEXIy HOpaMmu [5].

MHorue opraHu3mbl MH(AYHBI NPOM3BOMAT CIM3HMCTBI MaTepHaj, Ha3blBaCMbli BHEKJICTOUHBIM IOJIMMEPHBIM
MaTepHaioM. Y HEKOTOpPBIX MOpcKux Oecro3BoHOYHBIX 80% oOmiero pacxopma SHEPrUM JKUBOTHBIM COCTaBIISIET
MPOU3BOJICTBO CIM3H. MsTKasi OpraHnYecKas [IEMEeHTAIMsI (CKICUBaHUC) YaCTHUI] 00pa3yromIeiics HHPY3HOHHOMN CITU3BI0
3aKyIlIOpUBAacT IOpPHl M CHIKAET NPOHUIIAEMOCTh OTJIOKeHHH. JlabGopaTopHble HCCIEIOBAaHMS IIOKa3alH, YTO
reTepoTPOQHBIE MUKPOOPTaHU3MBI MOTYT YMEHBLIATh NPOHUIAEMOCTh OTJIIOKCHUH Ha TOPSAIOK, YTO MOXKET OKa3bIBaIOT
CIIO)KHOE BIIMSHHE HA CKOPOCTh 3BYKa M 3aTyXaHHE HM3-32 U3MCHEHHUH B ITOJBIKHOCTH MOPOBOH KHAKOCTH. [loseBbie
M3MEPEHHs MTOKA3aIH, YTO OOBEMHAS TUIOTHOCTH OTJIOKECHUH YMEHBIIACTCS B PE3YJIbTaTe YBEIMUYCHHUS IOJIM BOJBI U
coziepkaHus (eKaNbHBIX TIpaHyN. ['ps3u ¢ BBICOKOH CTENEHbI0 OMOTYpOalMy MOTYT HOCTUrath 92% IOPHCTOCTH.
BepxHue HECKONBKO CaHTHMETPOB aOMCCAJbHBIX OTJIOKEHHWH, KOTOpble HHTCHCHBHO IepepabaThIBaroTCs
IIIyOOKOBOJHBIMH OSHTUUECKMMH JKUBOTHBIE, UMEIOT TopuctocTs OoT 60 10 90% [4]. DT0 NPUBOIUT K YMEHBILIEHUIO
CKOpOCTH 3BYKa.

Ha pucyHke 2 npuBeieHbl pe3yJibTaThl U3MEPEHUH CKOPOCTH MOTIEPEYHON BOJHBI B 3aBUCMOCTH OT KOHIIEHTPAI[N
Arenicola Marina, Corophium arenarium, Lanice conchilega [5].

B pabote [4] mpuBoaMTCS pe3ynbTaT Bo3neicTBHs OmoTypOaruu Nucula annulata (Menkas pakyinka — puc. 1):
m3mMeHenue nopucroctu 70/86 %, o0vemHOr0 Moayis ynpyroctu 3,4¢9/2,8e9 Ila, casurooro momayns 1,6e8/0,4e8 Ila,
00bemuO# miotHOCTH 1510/1250 Kr/M3, 9TO MEHAET CKOPOCTH KOMIPECCHOHHOM BOMHBI ¢ 1547/1514 m/c, casurosoi
325/179 m/c, 3atyxanue Ha yactore 3,5 k't 0,35/0,2 nb/m. [l pacueTa ObUTH MCIOIB30BaHbI MPOCTHIE IMITUPHUIECKOE

Gopmyst: ¢, = 2455.9 — 21.716P + 0.126 P2, m/c; o = 0.7602 — 0.01487P + 0.000078 P*f, nb/m, re P — nmopucrocts, %,
f—uacrora, k1.
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Pucynok 2. CkopocTh CABUTOBOM BOJIHBI B 3aBUCHMOCTH OT KOHIGHTpaLiu nHbayHsl. Bocrponsseneno us [5]
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MIPUJIOKEHUE GS+EC TEOPUU PACITPOCTPAHEHHSA 3BYKA B MOPCKUX OCAJKAX

B mpocreiiem cityyae, npeHebperas MeXIPaHyIIPHBIM TPEHHEM H TUCIICPCHEH CKOPOCTh 3BYKa B 0CAIKAX MOXKHO
orpeaenuts 1o hopmyiie Byna
_ | Kn
co=.—.
Pm

I _ P 1-P
Km(ean) Kf K

(ha3bl COOTBETCTBEHHO.

rme , pn=Ppr+ (1 — P)pg, pre, Kig — TNIOTHOCTH W MOMYJIH YIIPYTrOoCTH (UIOWAA W TBEPIOH

g

Cornacuo teopun GS+EC [1,2] koMruiekcHast Gpa3oBasi CKOPOCTh MPOJOIBHOM BOIHBI OTIPEEISIETCS YpaBHEHHEM

~2 —bi\/b2—4ac
Cp =7 > (1)

2a
(Pg—Pf)

PgPr
C Me)KrpaHyJ‘IHpHBIM BSaHMOﬂCﬁCTBHeM, Ha, n — I1oKasarelJib CTpeCC-peﬂaKcaHI/II/I; (I) — HepKOHHHI/IOHHaﬂ HOpI/ICTOCTL —
BHYTPEHHHH TTapaMeTp TEOPHH;

rae a = pm; b =— (Kn(1 +0.330pndFc) +yD); ¢ = 0.330K,, yDAFc;, A = ; D = (iw)"; Y — KECTKOCTb CPeIbl
p p Y Y Y P

27,632 w)
Few)=1-—=7 3/2..°
7wl (@ w)
2
a pf
w= o ; Jo1 — pynkimu Beccens; @ — pamuyc 1op; 1 — JMHAMAYECKAs BA3KOCTD KHIKOCTH, [1a-C.
n

KommuexcHast pa3oBasi CKOPOCTh CABUTOBOM BOJHBI MOKET OBITH OmpezenieHa mo hopmyre

2

e Peff =Pm op fF ¢ (W) - 5hdeKTUBHAS IOTHOCTB; Y5 — CIBUTOBAs KECTKOCTb, [1a; m — CABUIOBBIA MOKA3aTEb

CTpecC-penaKCaliy.
BermmecTBeHHbIE CKOPOCTH MPOJOIBHON U MONEPEYHON BOJH Cps U KOI(D(OUINEHTH 3aTyXaHUS (s MOTYT OBITH

ol _
TOJTY4€HBI W3 KOMILICKCHBIX (Ja30BBIX CKOPOCTEii: ¢, ¢ = (Re(c p,ls )) Oy =—0 Im(c p}s‘) , Hi/m.

PaccmoTrpum mansbie [5], npuBeneHable Ha puc.2. UaBepTHpYS dhopmyy (2), mpeamnonaras OTCYTCTBHE TUCTICPCHH,
OIIpeIeNIB PAaBHOBECHYIO IFIOTHOCTh M3 CTATUCTHYECKUX KOPPEJIILUI ¢ IMaMeTpOM IpaHyl (puc. 3)
MOKHO BBIYHCIINTD H3MEHEHHE MEKTPAHYJISPHOM )KECTKOCTH 3a CUET BIMAHUSA OHOTypOaluu:

Y5 =C5Pm> 3)
aro gaer: Touka D (d = 2,29, pn = 1950 xr/m*) ys = 2,97 MIla — et Guorypbarmu, vs = 2,12 Mlla — MakcuMasbHas
ourypbarus; Touka F (d = 3,07, p,, = 1910 xr/m*) ys = 3,88 MIla — net Guotypbarun, s = 2,21 MIla — MakcumanbHas
ourypbarms; Touka H (d = 2,69, p,, = 1935 kr/m®) ys = 5,44 MIla — mer 6motypOanmn, ys = 9,21 Mlla — MakcuManbHas
outypbauusi. Kak BUAHO M3 pacueToB, B HEPBBIX JIBYX Cllydasx OHOTYpOalusi CHIKAeT MEXIPaHyJsIpHOE TPEHHE, B
MOCJICTHEM — YBEJIMYHMBACT.
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Pucynok 3. CraTuctuyeckre KOppensiauu Mex1y 00beMHON MJIOTHOCTHIO M JMaMEeTPOM I'paHy (U eAnHHIT)
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PucyHok 4. 3aBHCHMOCTh CKOPOCTH 3BYKA, 3aTyXaHHs, OPUCTOCTH, MPOIEHTA COACPKAHUS TPA3U OT IIyOWHBI, 3aTyXaHHE,
TIOPUCTOCTB, MIPOLEHT I'Ps3H, MACCOBAsl INIOTHOCTH HH(AYHBI M MACCOBasl INIOTHOCTH TBEPIBIX YepBIUHBIX TPyO. YacToTta 100
x['n. Badro us [6]

PaccmoTpuM nmaHHBIE, NpHUBeneHHBIE B [6]. 31ech M3Mepslach BEPTHKAIBHOE paclpeieieHne aKyCTHUYECKHUX,
¢u3nueckuX U OMOJIOTMYECKUX XapaKTEPHCTHK B MEPEXOJHOM ciioe Ha riiyOuHy no 18 cm. JlaHHbIe mpuBeAeHBI Ha
pucynke 3. Kpome Toro, B IByX TOUKax ObUIM H3MEPEHBI YaCTOTHBIE 3aBUCHMOCTH (Pa30BOI CKOPOCTH 3ByKa M 3aTyXaHHMs
Ha JBYX ITyOuMHax: 2 CM - IIPUIIOBEPXHOCTHBINH CIION ¢ HauOOJbIIEH IIIOTHOCTEIO OMOTYpOanuu U riryouHa 18 cm — ¢
HaMMeHbIIEH ITIOTHOCTBHIO.

B o6oux Toukax riryouHa Bogsl 5 — 7 M. Bxogusie manable as npumenenuss GSEC teopuu crnepyrommue. Touka 1
(cunmit): pg= 2560 kr/m®, Ky = 3,8:10'° Ta, py= 1020 xr/m?, K= 2,37-10° Ta, n = 11073 Ta-c, P = 0,55 mist rory6unsr 2
cM u P = 0,66 msa riryounsr 2 cMm. Touka 2: P = 0,65. Brauane npoananm3upyeM (pu3ndecKre XapaKTepUCTHKH CpeI B
IBYX TOYKAX Ha JBYX TITyOMHAX.

Jloxamums | (cummit). OTa TOYKa yOMBHUTEIbHA TEM, YTO MOPHCTOCTH C POCTOM IIIyOWHBI Bo3pacTtaer (puc. 4).
YBenndeHne MOpUCTOCTH OOBSICHAETCS] BO3pAaCTaHUEM IO MEJIKOIUCIIEPCHOTO «Mycopay. HecMoTps Ha yBennueHue
MTOPUCTOCTH, MPOHHUIIAEMOCTE CPEBI JOJDKHA yMEHBIIAaThCs. CKOPOCTh 3BYKa B IIOJTHOM COOTBETCTBHUH C (hopMmyIoi Byna
¢ pocToM TyOMHBI yMeHbIaeTcs u Ha yactore 100 k[l cpaBHMBAETCS ¢ ¢y — CKOPOCTHIO 3BYKa B Boje. Cremyromas
HeO6bI'-lHOCTI) B TOM, 4TO 60J'IbH_IaH CKOPOCTbH 3BYyKa COOTBCTCTBYCT 60.m>meMy 3aTyXaHUIO — B MPaBUJIbHBIX, MJIOTHBIX
MOPCKHUX OCaJKax JOJIKHO ObITh HA000poT. DTOT 3(PdeKT CyIIecTBEeHHO HEOMHOPOIHOIO JHA KOHKYPHPYET C
YMEHBIIEHNEM TUIOTHOCTH OMOTYpOalny 1 3aTpyAHSET BISBICHHE €€ IOCIIEICTBHH.

Jlokaums 2 (opamkeBblif). 3aeck AHO OoJiee OHOPOIHO, HOPUCTOCTH, CKOPOCTh 3BYyKa M 3aTyXaHHE NPaKTHYECKH
MIOCTOSTHHBI (HAIOMHMM, YTO MOKA Pedb HJET O OJJHOH 4acToTe).

PaccmoTpuM Temepp BOIpPOC O TOM, YTO MOXKHO CKa3aTh O OHMOTypOamuM W3 TUCIIEPCHOHHBIX KPHBEIX. [lomck
HAWITYYIIIeT0 COOTBETCTBUS OCYIIECTBIIICS TI0 COBMAICHHUIO TUCTIEPCHOHHBIX KPUBBIX C SKCIIEPUMEHTAIBHBIMHA TOYKAMU
%pCp

TaHTeHca TOTepsh 3 p= , TIOCKOJIbKY 3Ta BEIWYMHA 3aBUCHT M OT CKOPOCTH M OT 3aTyXaHHA. Pe3ynbTarsl

HWHBEPCHUU TPUBCICHBI B Ta6J'II/IIIC 1, JAUCIICPCUOHHBIC KPUBBIC HAa PUCYHKEC 5.

Tab6auua 1. Pe3ynsTaThl HHBEpCHU

[TapameTp

Touxka, a, MKM ) v, Ila n K, a co, M/c P K, M?
riryOuHa

JzIZfaaum b 3,68 03 | 656:10° | 0362 | 4,10-10° 1547 0,55 5,09-10
o b 3,68 | 0,08 | 6,66:10° | 0371 | 34810° | 1502 0,66 1,36-10°"
ngaaum ? 3,68 02 | 2,72:105 | 0414 | 3,58-10° 1508 0,64 3,39-10°"
o ? 368 | 02 | 09710° | 0492 | 3,5810° | 1508 0,64 | 33910
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PI/ICyHOK 5. I[I/ICHepCPIOHHI)Ie KPUBBIC, BOCCTAHOBJICHHBLIC 10 3KCHNEPUMEHTAJIbBHBIM TOYKaM. Jlokanus 1 — BCPXHAA
IaHCJIb, JIOKALUs 2 — HWKHSS TIaHEeTb

OBCYXJEHHUE PE3YJIBTATOB

B Mmopckux ocaakax mucnepcust (pazoBol CKOPOCTH M YacTOTHAs 3aBUCHMOCTh 3aTyXaHHs OOYCIIOBJICHBI IBYMS
MIPUYMHAMU: BHYTPEHHUM (MEXKy YacTHIIaMH) U BSI3KHM (IIPY OTHOCHTENILHOM JIBHXKEHUIO BOJIbI) TpeHUEM. BHyTpeHHee
TPEHHE MOKA3BIBAET YACTOTHYIO 3aBUCHMMOCTD 3aTyXaHWs o ~ fl, B 9TOM Cllydae TAaHTEHC MOTEPh MOCTOSHEH, BA3KOE
TpPEHHE Ha BBICOKHX 4acToTax jaaeT o ~ f2. B peanbHoil cpeje, Tjie IPUCYTCTBYET U BA3KOE U BHYTPEHHEE TPEHHE B
3aBUCHMOCTH OT OajlaHca MeX/y CHJIaMH ITOKa3aTellb B CTEIICHHOM 3aKOHE 3aTyXaHus OyJer Oosnblie %2, HO MeHbIue 1.
YMeHbIIIeHHE TI0Ka3aTelss COOTBETCTBYET MPOIOPIMOHAIEHOMY YBEIHUYCHHIO JIOJH BSI3KOTO TPEHHUS U TIEPEXOY CPEJIbI
B COCTOSIHME cycrieH3nH. Ha pucynke 5 3akoH o ~ f BbIIENCH cepoit TuHneH. Jlucepenst CKopocTH 3ByKa TaK XKe HMEET
JIB€ KOMIIOHCHTHI, 00YCJIOBJICHHBIC BHYTPEHHUM M BSI3KUM TpeHHEM. BHyTpeHHee TpeHue JaeT ciabyro AUCTIEPCHIO BO
BCEM JMana3oHe YacTOT, BA3KOE TPEHHE — 3HAYMTENFHYIO JTUCIIEPCHIO B OKPECTHOCTH PETAaKCAIlMOHHON YacTOTHI, I/Ie
MEHSETCS XapakTep TEYeHHWs B IOpax M BMECTO BSI3KMX CWJI HAa HM3KMX YacTOTax (MsTKas CpeAa) HauMHAIOT
TOCIIO/ICTBOBAaTh HHEPIIMOHHBIE CHIIBL. JKHUIKOCTE HE YCIIEBACT BBHITEKATh U3 IIEJICH MEXIy IpaHyJIaMH, Cpe/ia CTAHOBUTCS
GoJiee KECTKON U CKOPOCTh 3BYKa BO3PACTACT.

Teopus GSEC mo3BosisieT OIIeHUTh KOMIIOHEHTHI TUCIIEPCUU TIO Pa3JIeIbHOCTH.

Jloxanus 1. B mpunoBepXHOCTHOM cJio€ MOKa3aTeNnb B CTENIEHHOM 3aKOHE 3aTyxaHus < 1, OCHOBHOW BKJaja B
JUCIIEPCHI0 CKOPOCTU BHOCHUT YIPYrocTh (Iroua, mepkojsiiuonHas mopuctocts 0,3. C pocToM riTyOHHBI M TOPHOTO
JIaBJICHUS Cpe/ia YIIOTHSETCS, NEPKOJISIINOHHAS TIOPUCTOCTH M IIPOHUIIAEMOCTh CHIDKAETCS (XOTsI 00bEeMHAas HOPUCTOCTh
pacrer — puc. 4), OCHOBHOW BKJIaJ B JUCIIEPCHIO CKOPOCTH 3ByKa BHOCHUT YK€ BHyTpeHHee TpeHue. [lokazaTens B
CTENICHHOM 3aKOHE 3aTyXaHus IpHUOIKaeTcst K 00bIdHO enunauIe. TeM He MeHee, cpefia «MsTKash, T0Ka3aTellb CTpecc-
penmakcaruu (TIOKa3aTenb HenmuHeWHocTn cpeabl) n = 0,37. W3 tabmumbl 1 HETpyAHO BHICTh, YTO IApaMETPHI
MEXTPaHyISIPHOTO TPEHHUsS BAOJIb BEPTUKAIN MEHSIOTCS HE3HAYMTENHHO. AKYCTHUECKHE XapaKTEPUCTHKH CPEIIbI
CYIIECTBEHHO M3MEHSIOTCSI HCKIIIOYHUTENHHO M0 NPHYMHE KOHKYPHPYIOIIETO YBEIWYEHHS OOBEMHOH HOPHUCTOCTH
(ompenensieT cp) U yMEHBIICHUS MEPKOJSAIMOHHON MOPHUCTOCTH (3aBUCUT OT THAPABIMYECKOH mpoHHIaeMoctH). Ha
riryOuHe 18 cM TaHTeHC moTeph co caadoil TeHICHIINEH K pOCTy — CIIEACTBUE MEXTpaHyJsipHOTro TpeHus. Kak ciencraue,
MOJKHO TPEJICTaBUTh, YTO PACCMOTPEHHBIN 37€Ch BUJ OMOTypOanuu HE MEHSIET MHUKPOCKONNYECKHE XapaKTEPUCTHKU
MEXIPaHYJSIPHOTO TPEHHUS, HO MEHSET MaKpOXapaKTepUCTHKHM Cpelbl, KACalOIIMecs OTHOCUTEIBHOIO JBIKEHUS
¢monna. HachleHHOCTh TPUIIOBEPXHOCTHOIO CJI0S TpyOKaMM M HOpaMH 4YepBeH pa3KIKaeT CJIOH, yBETUYUBAET
THPABINYECKYIO TIPOHUIAEMOCTh CPEIBI.

Jlokarms 2. 31eck cuTyauus IPOTHBOIIOJIOKHASL. DKCIIEPUMEHTAIbHbBIE TOYKH, COOTBETCTBYIOIIHE ABYM IIyOHHAM
MPaKTHUECKH COBIIAZAIOT, 3a HCKIIOYEHHEM EJMHCTBEHHOW — KO3((GHUUIMEHT 3arTyxaHusi Ha OoJblued riryOuHe
OKa3bIBaeTCsl OOJbIIE HAa CIUHCTBEHHOH YacToTe (XOTS B NMpEZeax JOBEPHTEIBHOTO MHTEpBana pasnuyuid Her). s
HOPMAaJIBHON CpeJbl TOJDKHO OBITh HA000poT. EAMHCTBEHHBIN BBIBOJ, KOTOPBII MOXHO CAENATh - OMOTYpOaIust 31ech
YMEHBIIAET BHYTPEHHEE TPCHUE.
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Cpe[[l/l (1)aKTOp0B FHHpOJII/IHaMH‘{eCKOﬁ N3MCHUYMBOCTU TIICPEXOJHOI0 CJI0Od MOPCKUX OCaJIKOB 61/10Typ6au1/151
3aHUMAaeT HE TJIaBHOe MecTo. Hane)XHo BBISBUTL M OLICHUTH BKJIA KOHerTHOﬁ I/IH(l)ayHbI Ha HW3MCHYHBOCTH
AKYCTHYCCKUX XAPAKTCPUCTUK HECKOHCOJIUAUPOBAHHBIM MOPCKUX OCAaJAKOB BO3MOXHO TOJIBKO MOCJIC HOIMOJTHUTCIBHBIX
TPYAOCMKUX HCCJICZ[OBaHI/Iﬁ. Baxxnoe mecto B 3THX HCCJIICAOBAHUAX JOOJLKHO HMMETh H3MEPCHUC JTUCCUIIATUBHO-
JUCIICPCUOHHBIX XaPAKTECPUCTUK CPCJI B MAKCUMAJIIBHO BO3MOXKHOM IIIPIpOKOfI I10JIOCE 4acCToT.

Hccneoosanue evinonneno npu gunancosoti noodepixcke PODU u copoda Cesacmonoiv 68 pamkax HAyYHO20
npoexma Ne 18-42-920001.
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BIOTURBATION AND VARIABILITY ACOUSTIC PROPERTIES TRANSITIONAL LAYER OF THE
BOTTOM OF THE SHALLOW SEA
Lisyutin V.A., Lastovenko O.R.
Sevastopol State University
Universitetskaya Str., 33, Sevastopol, 299053, Russia; e-mail: viisiutin@mail.ru

Abstract. The seabed has a complex layered structure in which one can distinguish a transitional layer of
unconsolidated marine sediments bordering on the water. The transition layer, unlike the bury layers, is “active”.
Bioturbation of benthic organisms has a profound effect on the physical and acoustic properties of marine
sediments. Infauna is a type of benthos, whose organisms live directly inside the bottom sediments of rivers, lakes,
ponds, seas. Burrowing, ingestion, digestion, defecation, tube building, change the porosity, grain size, bulk and
shear properties of sediments. The article discusses the impact of certain types of infauna on the physical properties
of precipitation. Within the framework of the GSEC theory of the propagation of elastic waves in marine
sediments, the physical properties of the medium are restored from the measured frequency dependences of the
speed of sound and the attenuation coefficient. The physical properties of the medium are associated with
bioturbation. It is shown that bioturbation affects differently the physical properties of the medium, which
determine the acoustic properties of the longitudinal and transverse waves. It is shown that the identification of
bioturbation in the benthic boundary layer against the background of its general hydrodynamic variability is a
difficult task.

Key words: marine sediments, phase-velocity dispersion, intergranular friction, attenuation coefficient, infauna,
bioturbation.
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