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INPUMEHEHHUE JAHAIMA®THOI'O IINTAHUPOBAHUWA IS
PABI'PAHUYEHUA U/TUKEBAHCKOI'O TOCYJAPCTBEHHOI'O
3AKA3HUKA B JIECHBIX JJAHAIIA®TAX TABYHICKOI'O
PEI'TOHA APMEHHNU

0.41. CAAAAH, HA. APYTIOHSH, E.A. BAPJAHAH, I'' 1. ABETUCSH

Epesanckuii cocyHusepcumem, kagpeopa guzuueckou ceoepaghuu u 2u0OpomMemeopoouu
elmira.vardanyan22@mail.ru

CraThs TOCBSIICHA ONPEICICHUIO TpaHul] MIKeBaHCKOTO TOCYIapCTBEHHOTO 3aKa3HHKA
TaBymickoii obmactu PA, METOIOJIOTHYECKON OCHOBOI KOTOPOTO cTajla KOHICTIHs JTaHamadr-
HOTO TUIAaHUPOBaHHUS. 32 OCJICIHUE TO/Ibl YHUKAJIBHBIC U Pa3HOOOPa3HbIC JICCHBIC TaHAmAadThl 00-
JIACTH, BCJICCTBUE HEYCTOWYHUBOTO YIPABJICHUS PHUPOTHBIME PECYpPCaMHU, MOBEPIIIHCH aHTPOIIO-
TeHHBIM H3MeHeHHsM. TeM He MeHee, 3()(eKTHBHOE yIpaBlieHHE 3aKa3HHKOM MOXKET CIIOCOOCTBO-
BaTh COXPaHEHUIO OMOPa3HO0OPa3usl, a TAKKE CONCHCTBOBATh YCTOWYHUBOMY Pa3BUTHIO TYpU3Ma U
OPTraHUYECKOTO CEIBbCKOT0 XO3SHCTBa B PErHOHE.

Hooicesanckuii 3akasHuk — 1aHOWApmMHoe NIaHUposanue — GUOpazHooopasue —
JleCHble TaHOmaghmol

Innqwép uyppqwé £ 33 Swynph dwpgh boliwup whinwlwl wpgbuwdwinph uwhdwuutph
wnwldlwgdwup, nph hwdwp JGennupwlwywl hhdp £ hwlnhuwgb] jwunpwdunwht ww-
Lwynpdwl hwjGgwywpagp: “Enpghu tnwnhubph pupwgenid Jwngh Gquyh W pwquwqwu wunwnwihu
lwunpwdwnlbpp plwywl  nGuncpuutph wbuywynit Ywnwydwnpdwu  hGnbwleny  Bupwpyytp Gu
wlppnwngbU  thnthnfunipnilutph:  Wnnihwunbpé, wpgbwdwph wpryniuwybn junwywpnidp
Jwpnn £ bywuwnbp YELuwpwquwgqwuniejwl wwhwwuniejwlp, hugwtu bwle wowygh) nwnwéw-
2nowuh gpnuw2pgniEjwl W opguwlwywl gjninunbntuniejwl Ywjntt qupgugdwln:

boluwlp wpgbpwyuyn — jwunpwdunuwghl wjwbwynpnid — YELuwpwquwquunipint — wlnwnwihu
[wlnpwdinubn

The article dedicated to delineation of ljevan state sanctuary borders in the forest
landscapes of Tavush region of Republic of Armenia through the application of landscape
planning tool and methodology. In recent years the unique and diverse forest landscapes of Tavush
region are undergone anthropogenic changes due to un-sustainable management of natural
resources. However, effective management of ljevan state sanctuary can contribute to biodiversity
conservation as well as contribute to the sustainable development of the region's tourism and
organic agriculture.

ljevan sanctuary — landscape planning — biodiversity — forest landscapes

TaBymIckuii pernoH pachoiOXeH B CEBEPO-BOCTOYHOW HYacTH APMEHHH, €ro
wiommas coctaisier 2704 km?. OCHOBHBIMA BUIAMHU 3€MIIETIONB30BAHUS 110 LIEJICBBIM
KaTEropusaM SIBJISIIOTCS: JIECHBbIC JaHamadTel, 3aHuMaromme 42 % oT oOmiei miomaim,
cenbxo3yrosi-41 %, ocobo oxpansembie Tepputopun-12 %, HaceseHHbIe TyHKTHI-3,7 %
(puc. 1). 3emun, OTBEICHHBIC [TOJT HYKIbI TPOMBIIICHHOCTH, SHEPTCTUKH, TPAHCIIOPTA,
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BOJHBIX OOBEKTOB M T.I. COCTABISIOT 4yTh Oomnbiine 2 %-oB [1]. Hacenenue permona
cocraBngeT 124,5 TeicA4M 4YeNoOBeK, U3 KOTOPbIX 42,2 % NpOXUBAIOT B TOPOJICKUX
paiionax, a 57,8 % — B cenbckux oOmmHaX. [IMOTHOCTH HaceleHUs cocTaBisieT 46
yenoBek / KM (cpennss mmotHocth RA — 100,6 yemoBek / KMZ). Iloutn monoBuHa
(48,6 %) wacemenus permoHa XuBET Ha BbicOTe M0 800 M Ham yp. MoOps, 3aTeM
TUIOTHOCTH HACEJIeHHs YMEHbITaeTcst 10 BeicoThl 1800 M. [2].

Mamepuanst u memoosi. OCHOBHEIMH (haKTOpaMH M3MEHEHUS NMPUPOJHBIX JaHIma(TOB
SIBIISTIOTCS. HACEJIEHHBIC IMYHKTHI, HH(PACTPYKTYPHI, MPOMBIIUICHHOCTD, CEIbCKOE U JIECHOE XO-
351HCTBO.

JlanamadT HaceleHHBIX IMYHKTOB SIBISCTCS OQHOI M3 OCHOBHBIX PAa3HOBUIHOCTEI aHTPO-
MOTeHHBIX JIAaHAMA(TOB, MPOMCXOXKACHUE KOTOPBIX CBA3AaHO C CYLIECTBYIOLIMMHU B IIPUPOIHBIX
nmaHamadTaX paguKalbHBIMH INPeoOpa30BaHUSIMH, TAKUMH KaK €CTECTBEHHAs TpaHc(hopMaius
PaCTUTENBHOCTH, H3MEHEHUS B IIOYBE, KH3HU KHMBOTHBIX, BOJBI, TOIOrpa(ui 1 MUKPOKINMATA.

Benymeit oTpacnbio TpaHenmopTa B TaByIICKOM perMoHe sBisieTcsl aBToTpancnopt. Hera-
THUBHOE BIIMSIHUE aBTOMOOMJIBHOTO TPAHCIIOPTa Ha SKOJIOTHYECKOE COCTOSTHHE JIAHAMA(QTOB PEerro-
Ha BEIPAXKAeTCsl TAKXKE IPH CTPOUTEIBCTBE JIOPOT. MIHKeHepHBIe paboThl BO BpeMsI CTPOUTENNBCTBA
MIPUBOAAT K YBEIMYEHHIO TPOIECCOB HAa CKJIOHAX, PaspyIICHHIO IIOYBEHHOTO ITOKPOBA, HAKOII-
JICHUIO OTXOJI0B, U3MEHEHHIO BOJOCHA0KEHNUS U T. [I.

Benymas orpacins TaBymickoro pernoHa—InepepadaTbiBaoLias NUILeBasi IPOMbIILIEH-
HOCTb U JepeBooOpadorka. [Inmesas MPOMBIIIIEHHOCTh HPEACTaBICHA MPOU3BOJCTBOM BHHA,
KOHCEPBOB, ChIpa, XJIeOOOYIOYHBIX H3AEIHH, MUHEpalbHOH BoAbl. KpymHbie nepeBooOpadatsi-
BaIONIKME MPEANPHATHs obyacTh HaxozsTcs B Mmkesane, Junmmxkane, HoemGepsine. OnpenerneH-
HYIO CTETIeHb Pa3BUTHSI UMEIOT CIIEAYIOLIME OTPACiId IPOMBIIUICHHOCTH: TOYHOE MAIIHHOCTPOe-
HUe, POM3BOJICTBO CTPOUTENBHBIX MaTEPUAIOB, B YaCTHOCTH (enb3utoBoro Tyda (Hoembepsn-
CKH palioH), Mpamopa, OEHTOHHTOBOH IIMHBI U u3BecTH (M mkeBaHckuitl paiion). KoBposas mpo-
MBIIIUIEHHOCTH B PETHOHE 3aHIMAET JHANPYIOIIee MECTO 10 00beMy MPOU3BOJICTBA.

Wzyuenne BnusHUSA JOOBYU 1 00paOOTKH OCHTOHUTOBOW TJIMHBI, U3BECTH, TUTOTpaduyec-
KOTO KaMHS, JIOJIOMHUTa U (elIb3uTa HMEeT MPAaKTUIeCKoe 3HaUeHHE ISl M3MEHEHHs Ouonoruyaec-
KHX ¥ a0MOTHYECKUX KOMIIOHEHTOB JAHAMA(TOB. B 4acTHOCTH, OTIyKAAIOTCSI CEBCKOXO3SHCT-
BEHHBIE yro/ibsi, YIOOHBIE UL 3eMienenbsi. B aTMocdepy BEIOpackIBaeTCsS OrpOMHOE KOJIMYECTBO
IIBUIM ¥ XMMHKATOB, KOTOPBIE OCIA0JIIOT Mpo3pavyHocTh arMocdepsl. HakoneHHble MUHEpaITh-
HBIE OTXOJBI YBEJINYHBAIOT CHJIY CEIEBBIX MOTOKOB M CTEIEHb BO3MOXKHOTO MOBpeXIeHUs. Jlis
BOCCTAQHOBJICHUSI W MOAJEP)KaHWs OanaHca eCTECTBEHHBIX IIPOIECCOB TPeOYIOTCs Oonbluue
00BEMBI METTHOPATHBHBIX MEPOTIPHATHIA.

CeJbckoe X035 CTBO SBISICTCS OHOM N3 (OPM 3eMIICTIONB30BAHMUS, KOTOPOE MPUBOANT K
OUYECBHAHOMY B3aHMO/AEHCTBHIO YENIOBEKA U MIPHUPOJIBI C €T0 OTPUIATETEHBIMA U MOJTOKHTEITBHBIMH
cropoHamu [2], B TaBymickoM pernoHe mpeoOnanaroT arpapHble JaHamadTer. ['eorpadudeckoe
TIOJIO’KEHUE U KIIMMAaTHUECKUE YCIOBHS PErMoHa OJIaronpHsTHEI IS Pa3BUTHS pACTCHHEBOICTBA U
JKMBOTHOBOJCTBA. Bexymmmu oTpacisiMu B pacTeHHEBOICTBE SIBISIOTCS 3epHOBBIE U BHHOTpa-
napctBo. B 2016 roxy cenbckoxo3siicTBeHHble 3eman Obutn 110751,5 ra [2]. TIpuponHo-kima-
THUYECKUE YCIOBHS PErnoHa OIaronpusTHBI [UIS CaJ0BOJICTBA, OCOOCHHO JUIi KOCTOYKOBBIX IUIO-
J10B, 00OOBBIX, CyOTPONHMYIECKHX ILUIOJOB, SITOJ U BUHOTpana. [lepcrieKTUBBI pa3BUTHS BKIIOYAIOT
IIPON3BOJICTBO Tabaka M MPOU3BOICTBO KOPMOB.

Pedopmbl, poBeieHHBIE B CETECKOXO3SHCTBEHHOM CEKTOPE B COBETCKOE BPEMsI, BCE €IIe
OTPHUIIATETHHO BIMSIOT HA 3KOJIOTWIECKOe cocTosTHME JaHmadToB. [lo31Hee mpobaemMsl, BO3HHUK-
mye B TOABI HE3aBHCHMOCTH, OOOCTPHIIN 3KOJIOTHMYECKYIO CHTYalHIO: TPAaHCIOpTHas Olokasna,
9HEPreTHYECKUH KPU3KMC, HETaTUBHBIC IOCIEICTBUS OBICTPON INpHMBATHU3aLUHM 3€MJIH, Pa3phIB
MPEKHUX YKOHOMHYECKHX OTHOUICHHH M KpaiHe TsKEJOoe COIHANbHOE IOJOKEHHE Y CeNbCKOTO
HacelleHus! (0COOEHHO MPUTPAHUYHBIX M TOPHBIX OOIINH) MPHUBEIH K OMYCTHIHUBAHHIO TIPHBATU3H-
pOBaHHBIX 3eMenb U T. 1. TakuM 00pa3oM, CyIIECTBYIOT cepbe3HbIe MpoliIeMbl B 00JIacTH pa3Bu-
THSI CENTLCKOTO XO3HCTBA PETHOHA, ATy 10 UX MPEOI0JICHUIO ITOKA He 00ecTieunBatoT 3P PeKTHB-
HOCTB CEITbCKOXO035HCTBEHHOTO POU3BOICTBA, PallMOHATEHOE HCIIOJIB30BAaHUE 3€METIb CeITbCKOXO-
3SUCTBEHHOTO Ha3HA4YeHHUs [2].
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OcoGeHHocTH pacnpeneieHus JecHoro ¢onga. O0mas mionags JieccoB B TaBylickom
peruose cocrasisieT 118087 ra, u3 kotopsix 103957,6 ra unu 88% nokpeiTo gecamu. YIIpaBIeHUE
JecaMu ocyiectsisiercs yepes aecxossl “T’HKO Aitsarap” — “Umkesan” — 25512 ra, “CeBkap” —
20484 ra, “HoemOepsiH” — 29254 ra u “Apuabepn”, 42837 ra [1]. CioxxHas moIUTHYECKAs H CO-
IUaTbHO-3KOHOMHUYecKas cuTyanus B 1990-x rogax okaszaja OrpoMHOE IaBJICHHE HA JICCHBIE pe-
cypesl. Ilo omnenkam, 50 % TemnoBoit 3Hepruu, MOTPeOIIEMOI COCETHUMHU C JIECOM OOIIMHAMU,
OBLTO MCHOJIB30BaHO Ha ApoBa [2]. Heperymnspasie pyOku nponoinkaroTes cerogus. OHu 0cOOCHHO
OTACHBI IPH TIEPEBO3KE Ha CKIOHAX C yKIOHOM Goiee 30°, B BOZOOXpaHHEIX GY(hepHBIX 30HAX PEK,
a Takke Ha IOXKHBIX JKCIIO3MIMAX, TJe PaCTUTENFHOCTh Hanboee ysS3BHMa U JIeTpagupoBaHa OT
nepeBbnIaca. B HacTosimiee Bpems Jerpajanys JIECHBIX JaHAMAGTOB B PernoHe oOyCIIOBICHa
HEpeTyJSIPHBIMA pyOKaMH ¥ TUIOXO MPaKTUKOH BEACHHUS JIECHOTO XO3SIHCTBA.

OcHOBHOl 1ejbl0 pasrpaHuyeHue MakeBaHCKOro rocyJapcTBeHHOI0 3aKa3HHMKAa B
necHbIX JanamadTax TaBylmickoro pernoHa ApMeHUH Ha OCHOBE KOHCONUAAIMH, CYLIECTBYIO-
OIMX pPa30pBaHHO, CHJIBHO (PParMEHTHPOBAHHBIX TPEX 3aKa3HUKOB-“MeIBEeXHH OpelIHUK”,
“Umxesanckuii” n “T'aHa3akapCKuil”—sIBIsSeTCS COXpaHEHHE YHHKAJIbHOTO OuopasHoOpas3us jec-
HBIX JIAHAMA(TOB M yIydlIeHHEe MPUPOAHBIX YCIOBHH Pa3BUTHUS PACTHTEIBHOTO IOKPOBA M XKHU-
BOTHOro wmwmpa. Takas 1ieieBas NporpaMma IIOJHOCTBIO COBIAJaeT C IPHOUTETHBIMU
HaIpaBJICHUSIMUA CTPATETHYECKOro pa3BUTHs TaBynickoro pernoHa. CorjacHo NmporpamMmMe Io
COLHAIBEHO-9KOHOMHYECKOMY Pa3BUTHIO PETHMOHAM, NMPUOPUTETHBIMH HAIPaBICHUSMH SIBIISIOTCS
pa3BUTHE YCTOWYHBOIO TYpH3Ma W OPraHMYECKOrO CElIbCKOro xossiictBa [2]. OcHOBHas Ienb
aHHO# paboThI Takke coBmaaaet ¢ pemenneM [IpaBurenscrBa Apmennn N1029-U. ot 25.09.2014
“Crpaterust 0co00 OXpaHAEMBIX MPUPOAHBIX TEPPUTOPHH, TOCyJapCTBEHHas MporpaMma B
obJyiacTi OXpaHbl IPUPOJABI U MEpH M0 yTBepkaeHHunto Pecriyomukun Apmenus”. B wactHocTH B
MPWIOXKEHUH 3, MOA IIYHKTOM 3 INpeACTaBleH IUIaH TOCYIapCTBEHHBIX Meponpuatuil Ha 2014-
2020 nepuon, Bkiarouas noAnyHkt 3.3 “Co3nanue VMpaxkeBaHCKOro rocyapcTBEHHOI'O 3aKa3HUKA C
LIeJIbI0 COXPAHCHUS 1IEIOCTHOCTH 3KOCHCTEM .

Merox naHAMa@THOTO ITAHUPOBAHHS UCIIOIB30BAJICS TIPH MIPEACTABICHUH MTPEAI0KESHHI
[0 Pa3TPaHMYCHUIO M 30HHPOBAHHUIO I COXpaHEHWs OmopazHooOpasus “UmkeBaHCKOro rocy-
JTApCTBEHHOTO 3aKa3HMKA’, IPAaBOBOTO 0OECTICUCHHUS UCIIONb30BAHMS MPHPOAHBIX, KyIbTypPHBIX U
3eMEJbHBIX PECYPCOB U YHPaBICHUS APyTUMH KOMIIOHEHTaMH. OCHOBHBIM TPHUHIIUIIOM 3TOTO Me-
TOJA SIBIISIETCS OLCHKA PE3yJbTaTOB MHBEHTAPH3ALMUH MO KATCTOPHAM “3HAYHMOCTB” M “4yBCT-
BHTEJbHOCTH”, KOHEYHBIM PE3yJIbTaTOM KOTOPBIX SIBIISIETCS KOHLEIIHS KOMIUIEKCHOTO OCBOCHUS
Tepputopun[3-6].

IMox “3HAYUMOCTBIO” O ONPEAETCHHBIM KPUTEPUSIM OLIEHHBAETCSI CTEIEHb KOJOTHYEC-
KOTO COCTOSIHHSI HCIIOJIb30BAHUSI HMPUPOJHBIX KOMIIOHEHTOB, HEOOXOIMMBIX JUI pealn3alu
neneit “MmkeBaHCKOTO TOCYAapCTBEHHOTO 3allOBEJHUKA”, YTO ONpENeNsieTcss KOHKPETHBIMH
KPHUTEPHAMH AT KaXKI0TO KOMITOHEHTA.

“UyBCTBUTENIFHOCTH OIEHMBACTCS UIS MPUPOIHBIX IPOIECCOB, KOTOPHIE H3MEHSIOTCS
WITH TPAaHC(OPMHPYIOTCSI B OCHOBHOM H3-3a aHTPOMOTEHHBIX (pakTopoB. Kpurepnu gyBcTBHTEND-
HOCTH JUISl KXJJOT0 KOMIIOHEHTa OBUTH BBIOPAaHBI HAa OCHOBE WCIIOJIB30BaHMS (DYHKLUH IIEIEBOTO
HCTIOJIb30BaHMSI.

HUcxons u3 cnenuduky gaHAmadToB perioHa U UX OXpaHbl Obliia MPOBEAEHA OLIEHKA ITOYB
u Oropa3Ho00pasusl, KAk OCHOBHBIX XapaKTePHCTHK JUIs pasrpaHHueHust Tepputopun “NmkeBan-
CKOT'0 TOCY/IapCTBEHHOTO 3aKa3HUKA” (B COOTBETCTBHHU C 3aKOHOM 00 0c000 0XpaHsIEeMbIX IPHPOJI-
HBIX Tepputopusx Apmenus ot 2005 r.). B pamkax nccrnenoBaHus ObUIM MPOBENECHBI OLICHKA U
KapTHPOBaHUE COBPEMEHHOTO 3e€MJICTONB30BAaHMSA, YTO TTO3BOIMIO OOOCHOBATh ITyTH M CPEACTBA
I[EJIEBOTO HCIIOIB30BAHHUS TEPPUTOPUH, Ha KOTOPBIX MOXHO OyzmeT pa3pabaTeiBaTh JanbHEHIIHE
MEpONPUITHS 0 Pa3BUTHIO, KOTOPBIE IODKHBI OBITH BKIIOYEHBI B IUIAH YHPABJICHUs 3arlo-
BeZHUKamH (puc.l).

Pezynomamut u oocysycoenue. OueHka 3HAYMMOCTH MOYB [IPOBOJMIACH HA OC-
HOBE 1IeJIEBOTO HCIOJb30BaHus. B kauecTBe KpUTepusi 3HAUMMOCTH JIJIsl €CTECTBEHHOTO
PACTHUTEILHOTO MOKPOBa OBLIa HCIOIh30BaHA OUO-TIPOAYKINOHHAS 3P PEKTHBHOCTH pac-
TUTEIBHBIX cOOOMIeCTB. J[s JIeCHBIX JTaHAIMAPTOB HMCIIOJB30BAICS KOMIUIEKCHBIN IO-
KazaTenb-0oHUTeT Jieca. OlleHKa MPOBOAMIACHE HA HCTOPUKO-TEHETUYECKOW OCHOBE.
[Tnopopoane OBIIO YUTEHO IS CEMbCKOXO3IHCTBEHHBIX 3€MEIb.
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Puc. 1. CoBpeMeHHOE 3eMJICTIONB30BaHUe K 0c000 OXpaHsieMble Teppupopuu TaBymckoro
pernona

J1J1st OLIeHKH MOYBEHHBIX YCJIOBHIA OBUIM TaKXKe UCII0JIb30BaHbl TONOrpaduieckue
XapaKTepUCTUKH, BOJHO-TEPMUYECKHE YCIOBHSA, MHUHEpaTM3allsl M MEXaHWYEeCKHH
cocTaB Mo4Bbl. Ha OCHOBE 3THX XapaKTEpUCTHK ObUIM BbLieneHbl 3 rpynmbl: [1ouBbI
BBICOKOM 3HAYMMOCTH, KOTOPBIE MOAXOAAT JUIL JIECHBIX PAaHOHOB, TNl NPHCYTCTBYET
pasBUTBIH TYMYCOBBIH C€JOM W ULEHHBIH JaHgmadT; IMOYBBI CpEIHEro 3HAYCHHS
BKIIIOYAIOT CEIIbCKOXO3SIMICTBEHHBIE PAMOHBI, KOTOPBIE HMEIT OMNPEAEICHHOE ILIO-
JIOpOJUE U KOHKPETHYIO IIelIb HCIOJb30BAHUS, HU3KOE 3HAUYEHUE YJIENAETCS Kame-
HUCTBIM, SPO3UOHHBIM U 3arPsA3HEHHBIM TEPPUTOPHSIM.

YyBCTBUTEJIBHOCTh MOYBbI OLIEHUBAETCS MO KPUTEPHSIM, OTPAXKAIOIUM COBpE-
MEHHBIE SK30T€HHBIE MTPOLECCHI, KOTOPbIE HAPYILAIOT COCTAB U CTPYKTYPY 3eMeinb. B He-
KOTOPBIX ClTy4asx Jerpajalys HOYBEHHOTO MOKPOBA BbI3BaHA YPE3MEPHOM TypHUCTHUEC-
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KOM Harpy3KkoH, JIECHBIMH I0OYKapaMu, HeJleralbHbIMH pyOKaMu, obe3liecueM, upe3mep-
HBIM BBIIIACOM CKOTa U TaK Jajee.

UyBCTBUTENBHOCTh IOYBBI BBIPAXKAETCA TpPeMsl KAueCTBEHHBIMU YPOBHSMU.
Bricokas cTeneHb 4yBCTBUTEIBHOCTU OblIa YCTAHOBJICHA B pailoHax, Ize K30TeHHbIE
IIPOIECCHl MOTHOCTBIO PAa3pPyIIWIN €CTECTBEHHYIO CTPYKTYPY MOouBbl. CpenHss CTENEeHb
JyBCTBUTEIBHOCTH HAOMIOAETCS Ha OTACIBHBIX y4acTKaX, I/ie MPOHM30ILIN YaCTHIHBIE
U3MEHEHHsI B CTPYKType MOYBBI U €€ dneMeHTax. HU3kuil ypoBeHb 4yBCTBUTEIBHOCTH
ObLT yCTAHOBJICH B paliOHaX, 1€ COXPAHSIOTCSA MX €CTECTBEHHBIH COCTaB M CTPYKTYpa,
IJI0JOPOJME U IpYrUe CBOMCTBA.

Ounenka 0MoTONOB OBITa TPOBEACHA HA OCHOBE JAHHBIX O MECTOHAXOXKICHUHU
PEAKUX, PEIUKTOBBIX U YHAEMHUUYHBIX BHJIOB PACTEHUH U )KUBOTHBIX C YIETOM CTPYKTYp-
HBIX 0COOEGHHOCTEH pacTUTENBHOCTH, NPEICTABICHHOCTh U Pa3MEIIEHHs COOTBETCTBYIO-
IIUX Y4aCTKOB B JJAHHOM paioHe, a TaKXKe COCTaBa JKUBOTHBIX U UX AMHAMUKH.

ITo 3HaumMocTH OMOTONBI OBUTM pa3/ieleHbl Ha TPU IPYIMIBL: BBICOKOE 3Haue-
HUE, IIe NOTEHIHAI U CYLIECTBYIOIIKE YCIOBYs [IOUYTU COBIAJAIOT; CPEIHEE 3HAUYCHHUE,
IIPU KOTOPOM TEKYyIllee COCTOSHUE NMPUPOIHON Cpedbl MpUOIIDKaeTcd K CBOEMY MOTEH-
[Ually ¥ HU3KOE 3HA4Y€HHE, KOTJa TEKyIee COCTOSHUE OKPYXKAIOIIEeH Cpelbl HE COOT-
BETCTBYET MOTCHIUATY.

Brbicokasi 4yBCTBHTEJILHOCTh OHOTONOB TIPEIONPEIUIACTCS CUIBHON (parMeH-
TalyMell MeXAy apealaMH paclpOCTPaHEHWs BHAOB, IIEPEBBIIACOM MACTOWMIN U
CCHOKOCOB M JIeTpajialiieil HEKOTOPBIX JKU3HEHHBIX (hopM. CpemHss 4yBCTBUTEIHHOCTh
OMOTOIIOB OTHOCHTCS K TEPPUTOPHSAM, IZI€ COCTaB M CTPYKTypa OHMOLIEHO30B MOXKET
BOCCTAaHOBUTHCH, 6nar0ﬂapﬂ MUTI'pANUIO ) KUBOTHBIX U paCIpOCTPAaHCHUIO CEMSH. Huzkas
YYBCTBUTCJIIBHOCTDH Ha6HIOI[aeTC§I B apcajax, rac IIJIOXHUE YCJIOBUA MJIA PpasBUTUA
MI0’KapoB U Aerpajaliii OHOTOIOB.

I/IHTeraHI/Iﬂ OLCHKH ITOYBCHHBIX yCJ'IOBPIfI, 6I/IOTOHOB, ApYrux KOMIIOHCHTOB
J'IaHJIH_Ia(l)TOB IO KaTeropusaM 3HaAYMMOCTU U YYBCTBUTCIBHOCTH IMO3BOJIMJIA OMPCACIIUTD
LeJIM MCIOJb30BAHHUSI TEPPUTOPUM. Bplny ompeneneHbl TpU OCHOBHBIX THUIA LIEJIEH:
COXpaHeHMe, pa3BHTHE H yJIy4lleHHe.

3amava MepBOro THMNA - MOAAEPKUBATh TEKYIIEe COCTOSIHHE NMPUPOJHOMN Cpenpl,
KOIJa TEPPUTOPHS HE HCIOIB3YETCSl WU HCIOJIB3yeTCsl AIKCTEHCUBHO. BTopo# Tum ne-
JIeli- pa3BUTHE, OPUEHTHPOBAH Ha pa3BHTHE 00nacTh, KoTtopas oOecreunBaeT Kak dKC-
TEHCHBHOE, TaK M MHTEHCUBHOE Pa3BUTHE B COOTBETCTBHU C JEUCTBYIOIIUM 3aKOHO-
JaTCJIbCTBOM. B 3aBucumocTu oT THITA pa3BuUTHA, IIPU pe€aIn3alu 1CJIN UCTIOJIb30BaAHUA
TEPPUTOPUH TIOPAIOK ee MOJAEPIKaHuUs (COCTOSHUE OKPYIKAIOIIeH cpesibl) OCTaeTCs JIU-
00 HEM3MEHHBIM, JIMOO CHIKAETCS Ha OJMH YPOBEHb. TPETHH THII LU NpeJHa3HAYCH
TOJIBKO [JII KOMIIJICKCHOI'O YJIYYHICHUA MECTHOCTH. ODTO OTHOCUTCI K O6J'IaCT$IM,
KOTOPBIC MOABEPralvuCb HHTCHCUBHOMY HCIIOJIB30BAHUIO B ITPOIIIIOM.

IeneBass KoHuenuusl pa3sBuTHs. Peanusanus 1e1eBOM KOHLENLUU Pa3BUTHS
MO3BOJSIET OrPAaHUYUTH HCIIOJIb30BAaHME TEPPUTOPUU JUIA 3AILUTHI MPUPOJHON Cpembl
WIN COIMAJIbHO-3KOHOMUYECKOTO Pa3BUTHS, ONIPEEINTh paifoHbl ¢ HanboJee cephe3HbI-
MH 3KOJIOTHYECKUMH NTpo0JIeMaMy M T0Ka3aTh MyTH MX YJyUIICHHUS, ONPEIeNUTh Hall-
paBJIEHUE U KapKac Pa3BUTUS TEPPUTOPHH.

LleneBast KOHIENIHUS pa3BUTHS pa3paboTaHa Ui PABHOMEPHOTO U YCTOHYMBOTO
pa3BUTHs TEPPUTOPUH. B cilyuae HecoBNmajeHUs apeanoB, KOHCOIUAALUS TUIIOB OTpac-
JIEBBIX IesIel ObITa JOCTUTHYTa, Oyarojapsi MPUOPUTETHOCTH OCHOBHBIX IleNieil — cox-
paHeHue, a 3aTeM yJlydlleHue. TeppuTOpuM, HE BKIIOYEHHbIE B 3TH JBE TPYIIIBI,
MIpeJHa3HAYeHBl Ui pa3BUTHSA. B TO ke Bpemsl Kak BaXHbBIH (akTop OBIIO YYTEHO
LIEJIEBOE PA3rPaHUUYCHUE TEPPUTOPUM 10 COLUAIBHO-DKOHOMUYECKUM BOIpOCaM U
0COOEHHOCTSIM pecypcoB. B mrore momydaercs Kak TeppHUTOPHAIBHO-ONpEAesieMbIe,
TaK U ONpEJEIsieMble 110 KPUTEPUSIM TPAHULIBL.
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QuuLGrh ULPUUSU4UNraESUUL GY QULULNIOUYUL
uh2nsunnruuere 3usuusuuvntu Nk ruus u29a6snke3ntue
ALRY 24YLUGKUN3Ih YrU
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Swjwunnwuntd dyubph Yihdwywywndtgdwl W djuwpnidwlwl wphuwnwuputph wpnyniu-
pnid wndtpwynn dYUwuntuwyubph htwn Jhwuhtu wwwnwhwpwp hwjnbdbp G Lwle wyp nw-
nwéwngwllbnh punpn  dLUwwnbuwyutn, npnup UGpywynd Yihdwywdwnpdytb, W jwjunptu nw-
pwéytp Bu Iwjwunwuh gpwlwiubpnd: Upnyntupnid hwlpwwbunniejwt dyuwphuwphh Juadp 22
nbuwyhg hwub) E JhUsle 40-h: LJwu ghdwynd Iwjwuwwlh puhy dyuwbuwphh inbuwywihu
pwqUwquunijwl wwhwwunipintl wudhpwlwunptl 2wnyuwywé £ uwl dyutph Yhdwywdwp-
dtignudp W 4Uwihl inuinbuntpntliibnh whwgnpénidp ghinnwywu hhdptpny hpwywlwgutnt hbwn:

Quuphuwnh — Yihduwywdwpdbgnid —d4LuwpnLdnienil —Iwywunwl

[pu nenenanpaBiIeHHBIX paboTax 10 AKKIMMAaTH3aIMU PBIO U PEIOOBOACTBY BMECTE C LICH-
HBIMH BHJaMH PBIO CITy4aifHO MONAJaNCh OTIEIBbHBIC PHIOBI-BCEIICHIIBI, KOTOPHIE B HACTOSIICEe
BpeMsI aKKITMMaTH3UPOBAINCH M MIMPOKO PacIpOCTPAHIINCH [0 BogoeMaM ApMeHnu. B pesynbra-
T€ COCTaB UXTHO(AYHBI PECIyOIHKHA NOMOTHUICA UY>KEPOIHBIMHA BHIAMH PBIO, mocTHras ¢ 22-X
BuzoB 10 40. B maHHOI cuTyanun coXpaHEHHE BHIOBOTO PasHOOOpa3us HATUBHON MXTHO(AYHBI
ApMEHHY HampsAMYIO 3aBUCHUT TaK)Ke, OT BHIOJIHACMBIX Ha HAyYHBIX OCHOBAX aKKIMMAaTH3aLHOH-
HBIX U PHIOOBOJUECKHX MEPOTIPHATHIL.

Hxmuopayna — axknumamuszayus — pbl6o6o0cmeo — Apmenus

As a result of fish acclimatization and fish farming activities in Armenia, along with
valuable fish species, fish species typical of other regions have accidentally appeared, which are
currently acclimatized and widely distributed in Armenian reservoirs. Correspondingly, the
composition of the Republic's Ichthyofauna has increased from 22 species to 40. In such
circumstances, the preservation of the species diversity of the native Ichtyofauna of Armenia is
directly connected with the implementation of fish acclimatization and the operation of fish farms
on a scientific basis.

Ichthyofauna — acclimatization fish farming — Armenia

Quutpp 3wjwunwuh Iwlpwwtnnipjwl plwywu Eynhwdwywpgbph wupwdw-
utGh Jwuuhyu U W Fwywu Wpwlwynipntt nluEU gpwiywiuph EYyninghwywu hwgw-
uwnwynniintu nu wprynctuwyGunneeynill wwwhnydGine gnpénud: Uhwdwdwuwy wyju
yGunwuhubpp qowih Lpwuwynie)ntl NLUEU hwlupwwGunnipjwl wwnptUwhlu wugunwu-
gnLejwl wwwhnyuwlu gnpénd” hwunhuwlwiny  wgquplwygnipjwl  uwhwnwynigwihu
uliuinh Ywplnpwgnyu punwinnhg:
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Un puy wwwdwnny wnwuduwyh Ywplenpnigintu £ a6np pGpnud Jh LmrlLIhg‘
aULwht wwwpubph wwhwwunwdp W wybugnudp puwywl gpwywiutpned, dinwu Ynnuhg®
wnphGunwywl  wwjdwuuGpnud - wprynctbwygbun d4uwghu - inbnBunijwl dbuwynpnudp W
owhwgnpénudp’ wpryncupnud wiwwhndGinyd  pwpdp npwyph b wnwybjwgnuyu  pwlwyh
AUuwhu wwpwup' Sdwiuubph W Uhgngutph  Udwqugnul  Junbdwl  wwydwlubpned:
Swjwunnwund  Udwl  gnpédnLutBnienll hpwywuwglGine hwdwp  wugwé  wnwnphUubph
pUpwgentd punndbp £ Bpyne Swlwwwph'  pUwywl  spwywiubpnid wyp  Jwinptphg
uGpdntéywé inbuwyubph Yhdwjwdwnpdtgnidp W, Gpypnpn, dYUwpnidwpwllbph untn-
6nudu nL pwhwgnpénudp' windtewynp dyUwnbuwyutph pacddwlu hwdwp: Wn wohuw-
wnwlputph hpwywugdwll wju ywd wju swihnd wunpwnwpab U twpptbp henhuwyutp
hptug JGUwgpnieniulpnud W hnnqwéUbpnud [1-5, 9] Uwywjiu npwlgnud  ntnliu
wdpnnpwgywé £ Iwywunwunwd  dYubph  Yhdwywywpdbgdwu  no - YLwpniénijwl
opjtywnltph Jwuphu wnbnGywwnynieynilp, huswbu Lwl hwdwynndwuh quwhwndwd st
npwlg waqnbgnipintup 3wjwuwnwUh puhy dYuwphuwphh Jpw: GUGINY npwuhg' JGup
punhwupwgpt, U hwdwwwnhwy UepLyuwywgnptp Bup Swjwunwunad w)  nwpwéw-
2npwilibnh  dYuGph  Ylhdwjwdwndbgdwlu nu dYuwpnudnijwl opjEywnutph  Jwuhu
inbnGynLEntULEPp uyuwd XX nwph 20-wywl pywywlltphg: Uhwdwdwlwy, thnpabp Gup
qUwhuwwnbl, pE hug wanbgnieintl Yuwpnn G nluGLUw; onwn dYUwwnGuwyutnpp Iwjwunwuh
pUhY dYuwfuwnhh Ynw, hugu £ wyu wptuwnwlph hhduwywu Lwwwnwyu E:

Wohuwwnwuph Yuwnwnpdwl hwdwp Unie GU Swnwjb) huswtu yGpnugjwg, wjlwtu £
wjl gpwywl wnpjnipubp, npnup ULpJwé GU Iwjwunwluh dyuwuwphhtu UJhpdwé UG
JGlwapniejwl Jbe [5]: Pwgh wjn, ogunwgnnpéybp Bu Lwl JGp hGunwgw niuntdUw-
uhpniynlluGph wpnyniugutpp [6, 7, 10] W wudhgwywl nwownwihl nhinwpynidubpp®
Juunwpywé 1987-2020 pr. Iwjwuwnwlh Iwlpwwbwnniejwl nng tnwnwbdeniu:

Upmyniupltp L pUbwpynid:  Swjwunwunwd  d4ubph  Yhdwjwdwndbgdwl
wiwlwynpywé wphuwwnwuputbnp uyuyt) U nbnleu 20-pn nuinph 20-wywu pYwywlutphg,
Gpp NnLuwuwnwuh hjncuhuwghu 2pgwuliGpnud gunudnn Lwnngqw W 2nwn |66phg  Ulwliw
(hé E Ubpdnidytp  uhgp Coregonus lavaretus ' Uwwwwl nlutbwiny JGdwgub 16h
aUuwpnnibwygbnnepyniup W pwjwpwptbp plwygnejwu hwpwdn ywphpubpp pwpépn-
pwy aYuwduny [1, 3, 4]: Ubpywjnid uhgp nwpéb, B Ulwlw 86h  hhduwywu
AUUwpnntbwgnpéwywl Lpwuwynee)ntt nlubgnn nnGuwyp, npu Ewlywu wnbn £ gpuynid
Swjwuwnwuh  puwysnipjwu  ulunwywnpgned [3]: IGwnwagwynud  thnpdbp BU uwnwpybg
yihdwjwywndtgut] uhgp Lwl Iwjwunwlh wnwudhU spwdpwpuGpnud, Jwulw-ynpwwtu
LUGsnLinh gpwdpwpnid, uwywju wyu Uwhuwadbnunientll Ewywu  hwennniejnlu sh niukgty,
L UGpywynud ULwlw hép wju Jhwy epwywiu E, npintn uhgp hwgnnnipjudp
Yhdwjwywndyty E:

Ujnwu dJuwinbuwyp, npp 1930-wywl pywywlutphu 3wjwutnwund Jwiwnhw
hhqwunnrejwu ntd wwjpwpbint bwywwnwynyd thnpébp U Yihdwjwywpdtgut), Inippnyh
quupnighwl Gambusia holbrooki £ Wju thnephy* 4-7 ud Gpywnnigynit nlubgnn - d4uhyh
hwjpGuhpp 3jnLuhuwhu UWdGphywu £, W Upw ulunwywngh fwywu JwulwpwdhUuu Gu
Jwagunud  Jnéwyutbph® onnd  puwyynn  ppencputpp: Wn UwhuwdGnuniejniup  hw-
onnnLjwup £ wuwyyb, L Ywpd dwdwlwywhwwngwénd qudpnighwl' npwtu
dwiwphwih n6d  wwpewnh Ytluwpwlwywl dhgng, Yuwpnnwgb) E Uwwunbp wn
hhjwunniejwl tnwpwédwl ywlhpudwup Upwpwunjwl hwppwywpnud [1, 4] Lephjuynd
Inppnyh qudpnighwl wjunpEl nmwpwéywsé £ Upwpwnywu hwppwdwinph wdtUw-
wnwpptn spwywiutpnud’ gbntbpnud, gnwugeutpnid, espwupwnputpnid, dwudwn 1Gwy-
utGpnud W wyinep:

Swjwuwnwuh gnwywiubpnd dyutph Yhdwjwyjwnpdbgdwl hwenpn thnpép Yuwnwp-
ybL £ 1960 p., tpp Gpllwt pwnweh Undundnih thép (@nudwhu-gjn) julwswswdynidhg
UL dwhéwuwint Junwughg wquuwbint bywwwyny wjuntn £ UbGpdnudytp IGnwynp
UnlGieh qGwntph nu (@6ph puwyhs uyhwnwy wdnipp Ctenopharyngodon idella:

Gwnwagwyned, hwpyh wnubing wju dyUwwnbuwyh Juh hwdwhu pwpép wpdbep W
gnwpnijubpny uuybint hwugwdwupp, UGpdniéyt) nu Iwjwuwnwuh gpwdpwpubpnud pwg
GU ennUYEL uyhwnwy wdniph Jh pwuh dhthnU dwupwéncy [1]: Ywywjl, dhUg widd £ wju
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aUUwwnbuwyp sh Yihdwywdwpdyb) 3wjwunwuh epwywiubpned, pwlh np sh pwgdwuncd
puwywl wwjdwuubpnud, b Upw qpuwpwlwyu wjunbn wwppGpwpwn pwgynd E
wnhGunwywlu wwjdwulubpnud pnesywd dwlnpwayubph wywppbpwywl Ubpdnudnidutph
2unphhy: Uwhwwy wdniph htin dhwuhu Yihdwjwywpdtgdwl bwwwnwynyg Undundnih |hd
E UGpunwéytbp Lwle uwhwwy hwumwdwywnp Hypophthalmichthys molitix, nph hwyptuhep
unuwbu Gnwynp UplGeu E [1, 4] buswbu W uwyhunwy wdnipp, uwhunwy hwu-
wnwbdwlwwnp Unyuwtu sh pwquwlnud Iwjwunwlh puwywu gpwywubpned, W wjuntn W
hhduwywunwd  hwunhwnd £ wwwnwhwywunptl' d4Uwiht nuwnbunceyniitphg nplk
yGnpw uwynntint wpryntupnid:

Stuwywu W gnpéUwywl wnbuwuyniuhg hGnwepehp U Lwle 1960-wywu ER.
Uliwuh hptuwth Salmo ischchan GUupwwntuwlyubnhg Utyh' gbnwpeniune Salmo ischchan
gegarkuni  Yihdwjwywpdbgdwu thnpébpp pwpépiGruwiht, ubGthwywl adYuwphuwph gne-
utignn [66pnud (Rwph (hd, Ul thd) W wyl, npnup gunuyned U 6ndh Jwytplnyehg 2800-
3200 U pwpapnipjwl ypw: QUuywséd, gbnwppniupl - wjunbn sh pwquwuncd, uwywjl
nLubp wéh wybih wpwg wnbdwtn, pwl wuquu Ulwuw [gnud: Wju wnndny hwpy E UG,
nn gbnwpentuht 1930-wywl pR. hwennnipjwdp Yhdwjwljwpdyt, £ pnpguinwup
wnwpwéenud gunuynn buhy-unt [@nud W nwpdb] wjunbn wpnynituwgnpéwywu Upwlw-
UntpnLl ntlgnn dYuwwntuwy [4, 51:

Swjwuwnwuh tnwppbp gbnGpnud W gpwdpwputpnd 1960-wywu pR. wphbunw-
Jwunptu wnwpwét] U Lwl Ulwuh Ynnwyh Capoeta capoeta sevangi pppnLputpU nu
Jwupwayutpp: LEpYwynud wyu dyuwwnbuwyp, pwgh Ulwuh wywquwuhg, hwunhwnud £
Lwl 3wjwunwuh wy, gGnGpnd W onwidpwpubpned [5]:

JYEpnu2jw) bwywwnwywiht yihdwjwdwndtgdwl wpuwwnwupubphg quun hwpy E
Wt Lwl Swjwunnwuh gpwywiubpnid  wnwudhlu  dyUwwnbuwyubph  wWwwnwhwywl
yihdwjwywnddwu nGwpetpp: Unwehlu htpephlu nw ytpwptpnud £ wpSwpwthw)| ywnpwuhl
Carassius gibelio, npp wwwwhwywunpEu 1960-wlwlltph pupwgentd Upwpuwnjwl
hwpprwywiph  dyuwpniswnpwuutn £ ubpdnudyt, Ywpwh Cyprinus carpio dwupwayutnh
hGin dhwuhU: LhuGind wdBuwytn, wpwmwehu Jhswdwiph Uywndwdp  nswwhwlgynn
aUuwwntbuwy® wpbwewhw); Ywpwup Yund dwdwlwywhwwnywdnid jwjunntlu tnwpwéybi
E Swjwuwnmwuh nng wnwpwéenid® nunbwiny  wjuwinbn  wdtlwpwquwewlwy  a4uw-
wnbuwyubphg JGyp: 1980-wywuubpht wwwnwhwywunptU Ubnpdniddt) W hGnwagqujnud
yihdwjwywndyt; £ Ulwuw (anud, Unyuwbu nunlwiny wjuwntn pwguwpwuwy ayuw-
wnGuwy [3, 5] Unw dYUwwnBuwyp, npp puswbu W wpbéwpwhw) Jupwup, ww-
inwhwywunptu £ ubpdniéyt) 3wjwunwu pEpdwé uwyhnwy wdniph dwupwalutnh htw,
wuncpjwU Uppwaéntyu Pseudorasbora parva E: 3Gnwydnp UplGieh spwwiuGphu punpng wyu
dwup® Jpugle 10 ud Gpywpniggniu ndubignn d4uwnbuwyp Ubpyugnud Iwjwunwuncd
(wjunptl nwpwéyws £ [5, 11] W, huswybu np wpéwihwpew) Ywpwul E, hujwghy
dUuwwntuwy E:

Uj| yuwwntuwyutbphg, npnue Uwpuyhunwd ¢EU hwunhwb, Iwjwunwuh nwpwé-
pwihu  opGpnud W wjunthbnle hwjinuygbp U wyuinbn, Ywpbih £ Uk wpbwprwantyp
Leucaspius delineatus, nwnUwantyp Rhodeus amarus, wpnyhUjwlu pwnpwyp Gobio
artvinicus, wdwquwjhu gihywaéntyp Neogobius fluviatilis, UYndywujwl ghywantyp
Knipowitschia caucasica, qujuwéluwudwl wbtpyGup Sander lucioperca, unynpwywl
wtnytGup Perca fluviatilis [5, 7, 10]:

Ujdd wlnpwnwnUwlup Swjwunwunid dyuwpniénipjwl ninpinphl, npu - wjuntn
uyuby £ dbwydnnygbp nbnliu 1920-wlwt pwlwlltphg: Wjuwbu, 1923 . hhduwnpdb) £
Gplwuh dyuwpnbwywu Yuywlup, huy hGnwquined wnnigdb) U Qwdwnh (1924 ),
Ywnéwnpniph (1931 RE.), Ulwuh (1959 R.), Lhaph (1971 p.) d4uwihu gnpéwpwllubpp:
Apwlg hphdbwywl Uwwwwyu E GnG Ukwuh h2tuwbph  dyuyheh huynipwgndp L
pnRNLPUENH nL dwUpwayutph hGwnwgw UGpdnudnudp Ulwlw [he' wyn dyuwwntGuwyh
glhuwpwlwyh wytwgdwu nu Yuyntu wywpwnutph dLwynpdwl bywnwyny:

1965 p.-hg ujuwé' Iwjwunwuncd uyut] £ dlwynpybp dwywihu dyuwpnidnijwlu
hwdwywnagp: Unwghlu wwpwlpwjhu wnuwnbuniejnllubphg Ehu Gnbgunuinh Jupwwihu W
UlLwgh $npbjwjhu inunbuncenultpp, npnue uintindyty Bu 1968 [.-hu:

14




QUUE b ULPUUSUHMUNGESUUL G4 QUUUANFSULUL Uh2NSUNNFULENE 3USUUSULNFU NF APULS U2YESNFESNFLL. ..

IGwnwagquwynd ywnnigyb) U pwhwgnpddwl BU hwuduytp Uwuhuh d4uwhu Yndpp-
Uwwnp (1971 R.), Swahph YwpwwjhU wnuwnBunieiniup (1972 e.), Uugbnwyneh (1974 ) L
QtpunLyh dyuwhu gnpdwnwuutpp (1975 E.), Updwh Juwpwwihl wnuwnBunce)niup (1978
[.), Gnbquniinh gnuwy dYuwpnidwpwlp (1978 R.), Uqwunh (1987R.), «lunupnyh» (1989
p.) W Ubnnpnt (1991 r.) dnpGwihlu nlnbuncpnibutpp [8]: 1990-wywuutph uygphu®
fuU3U-h thinegnedhg  htnn, Swjwuwnwund  dGpnjwp  d4Uwiht - inunbunieinilutphg
2wwnbpp nunuwnt Bu gnpétinig, W npwlg thnfuwnBu h hwjnn BYGL nL wpniuwynid Bu
untindyt| pwauwrehy dwup nL UhghUu $GpUGpwihlu inbinGuntejntbltn: “Hpwug punhwunip
pwlwyp Ubpywynd wugunwd £ 350-hg, W npwug Jh Jwup nbnwywjwé £ 2w ph phy
snwnwwn gbnbph® Upthwih, Wnuwnleh, Ugqwwnh, Npnunwuh, 2YGpGnh, 2npugtkinh, Utdw-
Jnph, Npnunwuh, Ipwgnwup, Swyniph, lvudnpnunh W wy gbnbph wjwquuutpned:
Uwywji Swjwunwuh  dYuwpnidwpwlubph hpduwywl Jwup W wnwyb] punpnputnp
yEunpnuwgwsd 5U Upwpwnjwl hwppwdwipnd® hptug gnpénlutniejwl hwdwn onip
hwjpw)rbINY hhduwywund wnwnbgwu gptph hnpbphg: UnwudUwhwwnnly wtine £ UG
Lwl Iwjwuinwuh dyuwihtu nuwnbuncejntutph hwdwnp hwdtdwwmwpwp Unp ale hwl-
nhuwgnn gwugwdwunwywihu aYuwpnidnipiniup: WU unbnddt) £ «UllwUh hpfuwuh
wwpwputph ySpwywuquiwu b dyuwpniéniejwl qupgugdwly hhduwnpwdh Yynnuhg®
uyuwé 2013 R.-hg U Lwywwnwy ntuh Ubwuw |6h dGg tnEnwnpyué gwugwdwunwyutpnud
pnudt) Ullwuh hphuwuh Bpyne Gupwuntbuwyutp gbnwneniuntt W wdwnwihU h2huwU Salmo
ischchan aestivalis, huy pnLqwé hphuwlubnph npnp Jwup pug pnnutp Ulwlw |he® wjunkn
h2fuwuh puwywl wwpwpubp unknétint hwdwn:

Npwtu dYuwpnuéniejwl opjGywnutn® Iwjwunwu UEpUnLéywé wnwehu dyutnu Gu
Jwpuwp Cyprinus carpio W shwéwlwhuwjinp Oncorhynchus mykiss: Ywpwu wnwghu wugwu
ubpdnioyt £ 3wjwunwl 1966 p.-hu Ypwunwlhg: IGnwagw Uepdniénidubpp Yuwnwpdby
GU NnLuwuwnwuh REgnpnnh (1968 .), Onbuwih (1969-1971 ppR.) W Lnigwluyh (1972R.)
2nswllbphg, Ypwulnnwph Gpypwdwuhg (1972-1974, 1978, 1981, 1990, 1995pe.),
JYpwuwnwlhg (1969, 1973 pe.), Uninnwjhg (197 1R.): Shwéwuwhuwjinu hp htpehu ukp-
dniddb) £ Uphuwghwihg (1967, 1968, 1972-1982 pr.), ‘wlhwihg (1970 p.), 2bfun-
uinjwyhwyhg (1971-1972 pR.), Ywihuhugpwnhg (1987 R.), dnutgyhg (1987r.): 1987-
1992 pr. Uphuwghwihg W Ywihuhugnwnhg Ubpdniddt) £ wnnwwwwginitu uwnunup
(Shwéwluwhiwyn): Anruwytp  dyuwwnbuwyutpp (Uwhwnwy wdnipp, uwhunwy W fuwg-
wnwpnbn hwunwdwywwnltbpp) UGpdnudytbp U Qpuwunwluhg (1961 .), Ypwulnnwphg
(1971, 1972, 1978, 1980, 1988 pr.), Unnndwhg (1972 pr.), Uunpwhwuhg W
NigpGluwnwthg (1974-1977 ppE.): Ypwulnnwphg UGndnudyt) GU pnudwinu Ictiobus sp.
gbnh Gptp wbuwy (1978 R.), rhwywehpp Polyodon spathula (1990 fe.), ull wudnipp
Mylopharyngodon piceus (1990 p.), pRwnwthwhulGph pUwnwUhpehlu  Acipenseridae
wwwnywunn wnwlubdhtu wnGuwyutbp (1990-1991 pR.): Fwnwihwhuutph wnbuwyubp Gu
ubpdniéybp bwle wybh ywn Quwnpwhuwuhg (1981-1985 pere.) [8]:

2000-wywuutph uygpubphg wwppGpwpwn thnpdbp Bu Ywwwnybp poudtine |Gp-
JwuwnunUubph Salvelinus sp. L Clarius gbnhU wwuwywunn npnutp, huy 2010-wywl-
ubphg' odwadlwlup Anguilla anguilla: Uwywju, wjn pninp d4Uwnbuwyubph  pncddwiu
gnpépupwgnd UGS hwennnipjnillbn s6U gpwiugyb), sUwjwé odwdlyubph wnwldhu
wnwUdljwyutn  dYuwpnbwpwuhg  hwjnudb, Bu Upwpeu qbwnnd  [6], huy |6p-
Jwuwnunuutph ng UGS fudpwpwlwyubp ywawnyb| GU 3wjwuwnwuh d4uwjhl 2njuynid:

LUbpywjnud  Iwjwutnwlh  d4uwiht nuwnbuncginiuubpnud pnudynid BU- hGinlgwg
hpduwywu  dYuwwnbuwyutpp' Ywpwh  pGhnywdnp,  hwiblwiht, wuptthnly, Ynp
gbnwwntuwyutpp, uwphunwy hwunwbtwywup W fuwjnwpenbn  hwunwdwywwnp  Hypo-
phthalmichthys nobilis n. Upwug hphpphnutpp, uwhwnwy wdnipp,  Shwdwlwhuwjnp,
gbnwpnentuhl, wdwnwiht hptuwtp, Ywnpdpwpuwjnp Salmo trutta, unbpywnp Acipenser
ruthenus, pGintgwl Huso huso, uhphpjwU pwnwihp Acipenser baeri, nnLuwlwu pwnwihp
Acipenser guldenstaedti, ulLnjnLgwl Acipenser stellatus, ubwwnnils pwnwip Acipenser
nudiventris, pbiniqwh W unbpgwnh hhpphn pGuwnbpp:  Npn2 wbntpnud thnpakp Bu
Jwuwpynud  wphGunwywu  wwjdwuutGpnd  pnusdtGine bwle uhgp W Uliwuh  Yynnwy:
Unwudhu nbwpetpnd Yuwpwwihtu [gwyubpnwd thnpanud BU wdkgut, puwywu opwywiut-
nhg wjuwntn UEpuntdywé unynpwywl (nen' Silurus glanis W Gwlwp Luciobarbus capito:
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Swjwuwnwuh  dyuwihu  nuwnbunipynilubpnd - Ubspywndu pncdynn  hhduwywu
AUUwwnbuwyp Shwéwlwpuwynu £ Pwgh npwuhg, wnwyb] hwéwh pnudynd B Lwl
untGpywnp, Ywpwp, uyhnwy wdnipp b hwunwbwywnubpp: Cun npnd Ywpwp, uwh-
nwy wdnipp b hwunwtwywinp hwdwhu wabgunid U hwdwwntn' hwyyh wnutiny Upwug
ullnwnnipjwl wnwudUwhwwnynipiniubtpp' W unnwlnwd wytih 66 wpnniup yuwjhu
wnuwntGuntpjwl JGY Jhwdnp Jwytntbuhg:

Swwn nbwebpnud 3wjwuwnwund  gnpénn dYUwpnidwlywl  nuntunie)nllutpp
alwynpynud BU tnwpGpwjunpBu hwbwhu ¢gntubuwiny gnpénlubnipjwu ghinwywlu hhuptp:
Atwebph UJwu qupgwgnudp Ywpnn £ pugwuwywl wanbgnieintt gnpdtp 2nswyw
Uhpwywynh, dwulwynpwwbu wnbnwplwy dYuwwnbuwyubph  hwdwybgnipywu  Ypw:
Uwulwynpwwbu, puwywu gpwlwiutpnud  dYuwpnbwpwlubphg wju  juwd  wjl
wwwndwnny uwypnwé  Shwéwlwpuwintpp Jh Ynndhg dJbpwéynid BU - inbnwplwy
Yupdpwhuwnh Yepwiht Ungwygh® nntpu untiing Upw hp puwyniejwl wiptiphg, djniu
Unnuhg uuynd BU nGnwplwy djnu wnpdGewdnp dyubph Jwupwayubpnd, huswbu bwl
wj Jwln dyuwwnbuwyubpny: Iwjwuwnwuh gbntpnud, hwnywwtu Wpweunwd, Whunip-
juwuncd W gpwdpwnutpnud hwdwhiwyh GU nupabp ywnwh, hwunwswywwnubph, uwyhunwy
wuniph hwunhwJdwl nGwetpp: Gt uwhunwy wdnipp W hwunwdwywwnlbpu Ewywu
wgnbgnieinil s5U ennunud nbnwywu dyuwhuwphh Yypw, www Yupwbpu wpnbl nwu-
LUwdJjwyutn pwpnibwy huwswubpynud BU inbnwplwly éwéwuh hGn W wnwihu fuwnUw-
shuutp® thwuwnnpbu gEuGnhynpEU Ywubiny Jwyph tnbuwyp:

QUUwjhU nuwntunte)ntlubpnud d4ubph UGS Yninwynidubph b wlwulwwwhwywl
nL wuwulwpnidwywl Ywunulutphu shGunlbint wywwndwnny wjuintn hwéwpu Gu Lywwn-
Jdnwd dyuGph twpptp hhqwunnieyniubGp (Ywpdpney, fungwihu hhjwunneejnil, uuytnny
W Jwywpnyé npnbpnd Jwpwyywénienil, hhunhdnbphniu W wyjl), npnug tnwpwédynid
GU Uwl wjn dYUwihUu nlwnbuncenilltphl hwpwyhg nwpwépubnh epwywilGpnd W
Jwpwynwd inbnwplwy adyubphu’ npwtg quugwéwihu yupwyjwéniejwl W hbnwqw
huwpwynp nguswgdwl wywwndwn nwrlwny: Ujnwu Ynndhg, d4uwihtu inuintuncenilutph
[dwyutph onipp hwdwpu wnwpwuncd £, thnfuynd £ npw 9Epdwunhdwuwihu, phdhwywl
Ywaup W wn yhdwyny (gubiny gbunbp® wgnnwd £ ybpshUlubph  gnwybUuwpwuwywl
hwuwnyniejnilltph puwywunu  thnthnfuneeiniultGph ypw: Ldwu hpwyhdwyp sh Yunpnn
swanbl plwywu gpwywiubph YEunwlwywu W pnuwywu wphuwnhp, Jwulwynpwwbu
4YUwihu  hwdwytgnipiniuutph  Jpw® nuwnunwd, npwugnud  pwgwuwywl  thnthnpunt-
pinLLUGN wnwowglbind: Iwdwhu nw wwwbdwn £ hwunhuwund, np nbnwpbwy dyuw-
wnGuwyuGphu thnfuwphubine gt Yihdwjwjwpdywsd b wpunwehu ywydwlubph Uywun-
Jwdp ng wwhwlgynwn dyuwntuwyutn, huswhuhe Gu wpéwrwhw) ywpwup W wdnipjwl
UppwaénLyp:

Wjuwhuny, Iwjwuwnwuh dyuwphuwphp, wgeh ¢gpuyutiny utd puwquwquuntpjudp W
nlutLwin punwdtBup 22 puhy dYUuwwnbuwy [2], wugwé wnwphUubphu hwpunwgt) E
Yihdwjwdwndywé Ywd ywwnwhwywlnpbu Ueppwithwlgwd pnipg 20 inGuwyny [5, 7]: Wu
wnnudny wjwuwnnwlh puhy dYuwphuwphh nbuwlwihu pwgduquuncejwl wwhwywunt-
NLUU wudhpwywlnptl 2wnyuwywé E husgwbu Iwjwuinwuh gpwlwiutph EYninghwywl
Jhtwyh pwpGuddwl, wjuwbu £ Yihdwjwdwndbgdwl wphuwwnwlplubpp W dyuwihu
wnuwnGuntpintlutph 2whwagnpéndp ghinwywu hhuntupubpny hpwlwlwgUuGnt hun:

R6nhuwyu hp hunphu Gpwhunwghwnienlu £ hwjnunwtd E.U. Shgpwujwuhu®
wfuwwnwlph Juunwpdwu pupwgenid hwdwynnuwuh odwunwynipintl gnigwpbntinc
hwdJwp:
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The current study presents the results of in vivo separate and joint action of
chemotherapeutic drug cisplatin and sex hormone estradiol on content of total phospholipids and
their individual fractions in chromatin preparation from female rat kidney cells. It was shown that
the absolute quantities of all phospholipids individual fractions were decreased reliably after the in
vivo action of cisplatin. Individual fractions of phospholipids of rat kidney cells chromatin
preparations exhibit different sensitivity to estradiol alone treatment. The changes obtained in case
of combination of cisplatin therapies with sex hormone estradiol have a positive effect and may
be helpful for reducing the cisplatin toxicity.

Cisplatin — estradiol — chromatin from rat kidney cells — phospholipids

SYywy wphuwwnwupnid Ubpyujwgywd Bu phuhnpbpwwliinhy ntnwduheng ghuwjwwnhuh W
ubnwywu hnpdnU Eunnpwinhnih wnwbdhu nt hwdwwntkn in vivo wgnbgnipjwl Utpen Eg wnubwnutph
Gphywdwihu pehglutphg unwgywéd ppndwnphup wwwnpwunniyubpnud wnw  $nudnihwhnutph
punhwunip  wwpnibwynigjwu W npwlg  wnwbdht  $pwyghwlbph  pwlwywywlu  thnthnfunt-
RINLLUGNAU Jtpwptipnn nwilinp: Mwnqyti £, np nudnihwhnutinh pninp wnwldhl pwyghwtiph
pwgwnpdwy pwlwyutpp hwywuwnh Ypdwwnynid GU ghuwjjwwnhuh in vivo wgnbgniejwl wpnyniupned:
Eunnpwnhnh  wnwudht  Yyppwndwl  UJwwndwdp  wnUBnh  Gphywdwiht  pghgubphg  unwgywé
ppndwwinhuh nudbnihwyhnubpp twppbpwydwsd qguniunientt B gnigwpbpnud: Shuwwwnhuh W
uGnwywu hnpdnu Eunpwnhnih hwdwwnbn Yhpwndwu nGwpenid  gpuugqwé thnthntunce nlulGpp
npwywu puntjeh U W ywpnn BU ogunwywn |hut] ghuwwwnhuh tnnpuhyniejwl Lwabgdwl hwdwn:

Shuuwjjwinpl — Eunpwnpng — wnlbunh Ephlywdh pohelbinhg utnwgywé ppndwiinpli — $nudnihwyhnlbn

B HacrosIeM uccleJOBaHUH NPEJICTABIIEHBl PE3YJIbTaThl coAepkaHus ooumx ocdomnn-
MIUJIOB ¥ X UHIMBUAYaNbHBIX (paKkuil B mpernapaTax XpoMaTHHA KJIETOK MOYeK KPbIC CAMOK IIpH
OT/ICIBHOM M COBMECTHOM N ViVO MPUMEHEHHH IMCIUIATHHA U MOJIOBOTO TOPMOHA 3CTPajMoa.
ITokazaHo, YTO NPH OTAEIHEHOM iN ViVO IpUMEHEHHWH [UCIUIATHHA JOCTOBEPHO YMEHBIIAaeTCst abco-
JIIOTHOE KOJMYECTBO BCEX OTACIBHBIX (oCHOIUMUAHBIX (Qpakiuid. NHIuBHABYanbHbIE (HpaKIUK
(bochonmunuIoB NpenapaToB XpoMaTHHA KJIETOK MOYEK KPBIC MPOSBISIOT Pa3HYI 4yBCTBHUTEINb-
HOCTh K OTACJIBHOMY HPHMEHEHHIO 3CTpaauoia. VI3MeHeHus, 0OHapyKEHHbIE TPU COBMECTHOM
MIPUMEHEHHH IMCIUIATHHA U [TOJIOBOTO TOPMOHA 3CTPaIHoiIa, UMEIOT MOJIOKUTENBHBIN XapaKkTep U
MOTYT OBITB TOJIC3HBI JIsI CHIDKSHHUS] TOKCHYHOCTH [UCIIIATHHA.

Lucnnamun — s5cmpaouon — xpomamun Ki1emok no4ex Kpuic — pocgoaunuovt
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Cisplatin has been cited as being among the most used cytotoxic anticancer
medication due to its broader efficacy in the treatment of various types of cancers [3, 20
]. Cisplatin used to treat patients with bladder, ovarian, head and neck, lung, testicular,
cervical, esophageal, breast and brain cancers [3].

The drug is also characterized by various toxic side effects including
nephrotoxicity, cardiotoxicity, hepatotoxicity, neurotoxicity and nausea [9, 18]. Strong
evidence from research has demonstrated higher efficacy of combination of
chemotherapies of cisplatin together with other drugs in reducing toxic effects [ 11, 12].

Cisplatin, referred to by chemical name as cis-diamminedichloroplatinum (1), is
anticancer and DNA destroying agent that is square planar platinum (1) complex and
contains 2 ligands of chloride in a cis configuration orientation [3].

The mechanism of action of cisplatin is mediated by the interaction of this drug
with DNA in order to form DNA adducts. While this interaction is the foundation for
efficacy of cisplatin in the treatment of cancer, these platinum compounds, interaction is
the route cause for cytotoxic effect of cisplatin [3]. Cisplatin treatment has been linked to
various toxic side effects including nephrotoxicity, cardiotoxicity, hepatotoxicity,
neurotoxicity and nausea [15] . Nephrotoxicity is major undesirable side effect caused by
cisplatin treatment. High doses of cisplatin are linked to nephrotoxicity. It is therefore
important to note that nephrotoxicity is a dose limiting side effect [3, 9, 18].

Kidney plays an important role as the main route of cisplatin excretion.
Literature data has suggested that kidney has tendency of accumulating cisplatin to
higher levels compared to any other organ in the body including the liver [8,14 ].
However, when concentration of cisplatin within the blood is lower than those in the
kidney, it is an indication of toxicity [3]. It is also believed that the mechanism of
cisplatin-induced nephrotoxicity is the same as the tumor cytotoxicity. Both mechanisms
involve the formation of highly reactive equated platinum species that cross-link DNA
and is highly dependent on the availability and the concentration of ambient chloride
concentrations [1].

Literature data have demonstrated that when other compounds are combined with
cisplatin chemotherapy, there is reduction of undesirable side effects [15] . At the same
time it was shown that sex steroids are able to diminish some negative side effects of
cisplatin [11] .

At present it is well known that nuclear lipids are vital for cell life. The nuclear
morphology and function of intranuclear lipids are dependent on the exact organization
of the nuclear membrane, nuclear matrix and chromatin. Approximately 70-80% of
polar lipids and CHO-CHO esters are present in the nuclear membrane; the remaining
20-30 % resides inside the nucleus, associated with the nuclear matrix, nucleolus and
chromatin [2]. There are two pools of chromatin-bound lipids, namely loosely bound
lipids and tightly bound lipids. The tightly bound lipids are important for the direct
regulation of gene expression and RNA transcription [12, 13 ]. In some diseases, lipids
are also key molecules in nuclear transport independently of their role in chromatin
activity [2]. It seems impossible to exclude the significance of nuclear lipids including
chromatin bound ones quantitative alterations for implementation of cisplatin antitumor
effects as well as its involvment in molecular mechanisms of steroid hormones action.

This article will focus on cisplatin; one of the most commonly used
chemotherapeutic drugs to date and female sex hormone estradiol separate and joint
action on content of total phospholipids and their individual fractions in chromatin
preparation from female rat kidney cells.

Materials and methods. The investigation was performed on adult female albino rats (120-
150 g weight). The animals were kept in 20-22°C and 12 hours dark/light conditions with free
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access to water and food (animals were fed with commercial rat feed) in the animal house of
faculty of biology of Yerevan State University.

Experiences were fulfilled according to the “International Recommendations on Carrying
out of Biomedical Researches with use of Animals” (CIOMS, 1985), to the “Human Rights and
Biomedicine the Oviedo Convention” (CE, 1997), to the European Convention for the Protection
of Vertebral Animals Used for Experimental and Other Scientific Purposes (CE, 2005) and
approved by the National Center of Bioethics (Armenia).

The animals were divided into 4 groups. The group 1 was a control group of animals
without treatment. Animals of group 2 and group 4 received a single dose of cisplatin (8 mg/kg).
Cisplatin was injected peritoneal. Exposition time for cisplatin was 24 hours. The group 3 was
treated with estradiol (200 mcg/kg, injected peritoneal). Exposition time for estradiol was 4 hours.
Animals from the group 4 were received the same single dose of estradiol within 20 hours after the
cisplatin injection (4 hours before decapitation). All animals were killed by decapitation through
appropriate time after the anesthesia with chloroform. Then, animals were sacrificed, and the
kidney was extracted from each group of animals and used for isolation of nuclear fraction and
chromatin.

Nuclear fraction from kidney of each group of animals were isolated according to Blobel
and Potter [6].

The preparations of pure nuclei (all 4 variants) were used for the isolation of chromatin
[17]. Phospholipids of chromatin fraction from rat kidney cells were extracted by Bligh and
Dayer [5]. The fractionation of phospholipids was performed by micro thin layer chromatography
(microTLC) using 6x9 sm2 plates with silicagel L and chloroform — methanol — water in ratio
65:25:4 as a dividing mixture [16].

After the chromatography the plates with fractionated phospholipids were dried up at room
temperature and were treated by 15.6 % CuSO4 in 8% phosphoric acid. Then the elaborated plates
were heated at 180°C for 15 minutes [4].

The quantitative estimation of separated and specific died phospholipids was carried out
by special computer software Fujifilm Science Lab 2001 Image Gauge V42, which was designed
for densitometry.

Obtained results were treated by statistics and expressed as M+m (m Standard error of the
mean SEM) from 6 independent experiments. Statistical differences in the results between groups
were evaluated by the Student’s t-test.

Results and Discussion. The total quantities of phospholipids from rat kidney
cells chromatin preparations in baseline and after the cisplatin and estradiol separate and
joint in vivo action are provided in tab. 1.

The results confirm that cisplatin and estradiol were demonstrated opposite
effects on total quantity of chromatin phospholipids. The total amount of phospholipids
from rat kidney cells chromatin preparations decreased by 25% after the cisplatin in vivo
action. On the contrary, the estradiol separate injection leads to increase in total amount
of phospholipids in studied preparations by 18% (tab. 1).

Table 1. Total phospholipids content (in mcg/g of tissue) in chromatin preparations of rat kidney
cells in baseline and after the cisplatin and estradiol separate and joint in vivo action

*-p<0,05
Variants Phospholipids content
mcg/g tissue
Baseline 288,0+6,35
Cisplatin *216,0+5,48
Estradiol *340,0+11,77
Cisplatin+ Estradiol *254,0+8,54

The combined injection of cisplatin and estradiol decreased the quantity of
chromatin total phospholipids by 12 % in comparison to baseline, while in comparison

20



CISPLATIN AND ESTRADIOL SEPARATE AND JOINT ACTION ON PHOSPHOLIPIDS CONTENT OF CHROMATIN PREPARATION...

with estradiol received group of animals, it was reduced by 25 % (tab 1). In comparison
with cisplatin separate action increase of chromatin total phospholipids quantity by about
18 % was registrated (tab.1). Consequently in case of joint action of these drugs there is
competition, but the effect of estradiol is prevalent.

We’ve been fractioning lipids to identify individual phospholipid fractions
responsible for the total phospholipids quantities alterations in rat kidney cells chromatin
preparations. The fractionation of chromatin phospholipids from rat kidney cells by the
microTLC method in baseline and after the cisplatin and estradiol separate and joint
treatment showed the presence of five individual phospholipids (fig.1).

PhC—|
PhI —|
SM —J

1 2 3 4
Fig. 1. Chromatograms of fractionation of chromatin phospholipids from rats kidney cells
by microTLC method.

1 —baseline, 2 — after the cisplatin separate action, 3 —after the separate action of estradiol,
4 — after the cisplatin and estradiol joint action.

SM — sphingomyelin, Phl — phosphatidylinositol, PhC — phosphatidylcholine,

PhE — phosphatidylethanolamine, C — cardiolipin.

Sphingomyelin, phosphatidylinositol, phosphatidylcholine, phosphatidylethanolamine
and cardiolipin were obtained among the phospholipids of rat kidney cells chromatin
prepararations. The present results indicated that neither cisplatin nor estradiol separate
nor combined action cause qualitative changes of phospholipids. The relative content of
individual phospholipid fractions testified that phosphatidylethanolamine and
phosphatidylcholine were the major components and formed about 59 % of total
phospholipids amount in baseline, while the sum percent content of the other three
fractions is about 41 % (tab.2). It must be mentioned that the relative percentage content
of individual phospholipid fractions from rat kidney chromatin preparations undergo to
negligible changes after the cisplatin and estradiol separate and joint action (tab.2).

Table 2. The relative content (in percentage) of individual fractions of phospholipids in
chromatin preparations of rat kidney cells in baseline and after the cisplatin and estradiol
separate and joint action

*-p<0,05

N Phospholipids Baseline *Cisplatin Estradiol Cisplatin and

Injection injection est_ra_diol_ joint

injection

1 | Sphingomyelin 14,50+0,35 15,70+0,60 9,70+0,61 12,56+0,66
2 | Phosphatidylinositol 12,00+0,30 12,40+0,38 12,20+0,64 13,50+0,86
3 | Phosphatidylcholine 32,50+0,58 30,80+0,44 39,35+0,85 39,60+0,85
4 | Phosphatidylethanolamine 26,00+0,40 24.40+0,73 20,15+0,70 16,77+0,90
5 | Cardiolipin 15,00+0,28 16,70+0,50 18,60+0,66 17,57+0,60
Total content 100 100 100 100

*Gevorgyan et al; 2016 [10]
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Taking into consideration that the obtained changes in percentage content do not
represent the reality of alteration in real content of phospholipid individual fractions after
the drugs action, the necessity arises to determine the changed in absolute quantities of
individual fraction of lipids in all studied variants (tab.3 and fig. 2).

The absolute quantities of all individual fractions of phospholipids were
decreased reliably after the in vivo action of cisplatin [10] (tab.3). Diminution of
phospholipids in kidney chromatin preparations indicates the comprehensive action of
cisplatin on lipid metabolism in intranuclear structures which may some serious
prerequisites for alteration the functioning those processes where these lipids
participate, regulate or act [10, 12, 13].

Individual fractions of phospholipids of rat kidney cells chromatin preparations
exhibit different sensitivity to estradiol alone treatment. The quantity of three
phospholipid fractions was significantly increased, while the sphingomyelin and
phosphatidylethanolamine content was even decreased (tab.3).

Table 3. The absolute quantities (in micrograms per gram of tissue) of individual phospholipid
fractions in chromatin preparations of female rat kidney cells in baseline and
after the cisplatin and estradiol separate and joint action

*-p<0,05

N Phospholipids Baseline **Cisplatin Estradiol Cisplatin and

Injection injection estradiol joint

injection

1 | Sphingomyelin 41,76+1,00 *33,90+1,30 *33,00+2,07 *32,00+1,68
2 | Phosphatidylinositol 34,56+0,86 *26,85+0,82 *41,46+2,18 34,30+2,19
3 | Phosphatidylcholine 93,60+1,07 *66,55+1,00 *133,80+2,89 100,50+2,16
4 | Phosphatidylethanolamine 74,88+1,15 *52,70+1,58 68,50+2,40 *42,60+2,30
5 | Cardiolipin 43,20+0,81 *36,00+1,00 *63,24+2.26 44,60+1,52

*

*

Gevorgyan et al; 2016 [10]

The absolute quantity of phosphatidylinositol, phosphatidylcholine and
cardiolipin differed from their baseline content by 43 %, 46 % and 20 % correspondingly
(fig. 2).

Though among the rat kidney cells chromatin preparations phospholipids, the
phosphatidylcholine and cardiolipin exhibit great susceptibility to estradiol alone action
(tab.3, fig.2), cisplatin and estradiol joint treatment restored the baseline value of
phosphatidylinositol, phosphatidylcholine and cardiolipin (tab.3, fig.2). On the same
time the absolute quantity of sphingomyelin and phosphatidylethanolamine decreased
significantly after the joint action of cisplatin and estradiol correspondingly by 23,3 %
and 43% in comparison with baseline (tab.3, fig 2). It is well known that chromatin
phospholipids in dose dependent manner are capable of regulating DNA replication,
transcription and gene expression [1, 7, 12, 19 ]. It has been shown the involvement of
nuclear lipids in remodeling of chromatin and epigenetic regulation of gene expression
[7,12,19].

In light of these findings our results obtained on quantitative changes of rat
kidney chromatin phospholipids individual fractions take on considerable importance.

The data presented above indicated that in case of separate action cisplatin and
estradiol demonstrated its own abilities suppress or stimulate metabolic processes. The
quantitative changes in chromatin phospholipids in case of cisplatin alone action should
be considered negative side effects. The changes obtained in case of combination of
cisplatin therapies with sex hormone estradiol most likely have a positive effect and may
be helpful in reduction of undesirable side effects.
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Changes (in %) of absolute quantities of individual phospholipids of chromatin from rat kidney cells.
1 - baseline, 2 — after the cisplatin separate action (Gevorgyan E.S. etal, 2016) [10]),
3 — after the estradiol separate action, 4 — after the cisplatin and estradiol joint action

Thus, it can be concluded that in the cell nucleus, lipids are not a minor

component” of the intranuclear environment, but are key elements for the correct

functi

oning of nuclear processes [2].
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2018-2019pr. hGwnwagnuinipnilutpny hwuinnwwndwd £, np Bacillus thuringiensis inGuwyh
pwywnbphwlwl Jhpwwnwuwwuutpny gnnywéd W ggnnywé (unnighs) wuinwnwihu nwpguwgneu hn-
nGpnd gnpt gnpdqwsph pwjpwinudp ybgbinwghwih 2pgwiunud (hntlhuhg ubwwnbdptn) ypnud £
nhuwJhywywu thnthnfuncejntl® wnwybjwagnuu W ujwquwanyu  pwlwyneeynilutn  npulenptiny
hwdwwwwnwuhuwlwpwp hnihupu W hntuhuh:

UwnjnnBuinh tupuun-nd hwunnwndwé £, np ynt gnpéqwéeh pwjpwinidp Jtgbunwghwih
2nswund pwyinbphwywt Jhpwwnwuwwultbnny gnnwé W ggnndwé (uinnighg) wunwnwihl nung-
Uwanyu  hnnGpnud - wpdwUwhwywwnpBlu - Jhdjwughg  sh - wwppGpdnud:  dGpnujwp  hnnGpnud
wnéwlwagpwé £ gbyniing pwjpwinn Uhpunpwlywnbputph Gpynt inbuwl (Cytophaga aurantiaca W
Cytophaga lutea), UGpywjwgywd GU npwug Unpdninghwywl W $hghninghwywu npny wnwudlw-
hwuwnynipyncuutpp:

Bt wnbuwlh Upgwinwuwwiltn — wlinwnwihl nwpguwgniy hnnbin — Ynipk gnpéywodpe —
gnnnid — gbynLinq pwypwynn dwunpktubn

Uccnenoanmsimu, mpoBegeHHBIMH B 2018-2019rT., BBISABIEHO, YTO B HEOIMPBICHYTHIX
(KOHTpPOJIb) U OMPBICHYTHIX OaKkTepHanbHbIMK MHCeKkTHIMAamu Buma Bacillus thuringiensis (Bt)
KOPHUYHEBBIX JIECHBIX MOYBAX PAa3JOKCHHE JIbHAHOW TKaHH B MEPHOJ BereTaluu (C HIOHS IO
CeHTI0ph) MpeTepreBaio AMHAMIYECKUE U3MEHEHHs: MAKCUMaIbHOE U MUHUMAJIbHOE KOJNYEeCTBa
OTMEUEHb! COOTBETCTBEHHO B HioJNie U HioHE. C MOMOIIBIO tyyrepus CTHIONEHTA YCTAHOBIIEHO, UTO B
MIEPUOJL BETeTalMH Pa3JIoKEHNE JIbHIHON TKAaHH B HEOMPBICHYTHIX M ONPBICHYTHIX Bt Gakrepusmu
KOPHUYHEBBIX JIECHBIX NTOYBaX AOCTOBEPHO HE PA3IMYAIIOCh.

B BbIIICYNOMSHYTHIX MMOYBaX 3a()MKCHPOBAHBI JiBa BHIA IEJUIIOJIO30PA3PYIIAOIINX
mukcobakrepuii  (Cytophaga aurantiaca u Cytophaga lutea), mpencraBneHsl WX HEKOTOpBIE
MopGoJIOTHIecKUe U PU3HOIOTHIECKAE OCOOCHHOCTH.

HHC@Kmul'{u()bl 6uoa Bt — KopuuHneeble JIeCHble No4Y6bl — JIbHAHASA MKAHb — ONPbICKUBAHUE —
yeanionosopaspywarowue MUKpoopcanu3mol

Upon the investigations conducted in 2018-2019, it has been proved that in the brown
forest soils sprayed with the bacterial insecticide of Bacillus thuringiensis type and in those left
unsprayed (control), dynamic changes are observed in the decomposition rate of the flax fiber
throughout the vegetation period (from June to September) providing maximum and minimum
quantities in July and June respectively. By the Student’s t-test it has been stated that there isn’t
any significant difference between the unsprayed (control) brown forest soils and those sprayed
with bacterial insecticides in terms of the decomposition rate of the flax fiber.
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In the abovementioned soils two types of cellulose-decomposing myxobacteria (Cytophaga
aurantiaca and Cytophaga lutea) are recorded and some of their morphological and physiological
peculiarities are introduced.

Insecticides of Bt type — brown forest soils — flax fiber — spraying —
cellulose-decomposing bacteria

Styntingp (Rwnwlrwlnte) pwquwpwewn £ Yuqdyws B-D-gyntlngh 2npwltinhg
[18, 22]: Wu pnyubph poowwwnh gfuwynp pwnwnpwdwu £ W Juqund E pnyubph
punhwuntp quugywéh 50-95 %-p: Uhupbquwl hp Jwupwnwpubpnd wjl gbpwquugned £
plwywu wy Jhwgnipentutph uhbuebgp [21, 22, 24]: Swunwwnydwé E, np $ninnuhlptgh
swuwwwnphny tnwnpGywl uhuptgynid £ 2npg 4 x 10 % (nnliliw gbyntng [15]:

8GynLingh UGs pwlwyniejntl nbnwpwhujwé £ hnnh Jwytplnyehu, npunkn hn-
nwplwly wbpnp JwupEuGpp' pwywnbphwbpp, ubytpp, wywnhundhgbunlbpp, wnwyb
wywnhynptl pwyntiphwlinp, hptlug huy Ynnuhg uhUptqyws wpnwpgewihl gtyntwg
PEpdGuinh - wanbgnigjwdp  pwjpwGind  gbyniingp, UGpwnnud B wjiu - wéhuwduh
2npwwyinnyuin [12]: SGyniwgp, wwwywubing hhnpniwqutph nwupl, Jwwwihgnd E
gtyuntingnud B (1,4) glhynghnwihl Yuwbiph dtnenidp” wnwgwgltiny guntyng Yud gein-
phng [6]: 8Gyniingh tGnenwdhg dbwdnpywé onpnd |ndbih pwpwnpubpu wbpnp wwy-
dwuutpnwd JwuptuGph ynnuhg thnjuwybpwynd Bu opuhpenlutph, npnup Wu opuh-
nwuwiny U6 pwuwynipejwdp EuGpghwih wuswwnndny yGpwéynid BU ybpguwuyniptnh
[12]: QUuwynpywé opuhpenUtpUu Eubpgbwhy (wy Uniebp BU Lwl wgnundhpunn
hnnwplwy Jwuptubph hwdwp: 86ynLingh pwjpwjdwl wypngGunid uhuptqywé nupnUwjhu
prRNLUGN, uwhwnwynigh htwn dhwuwny, dlwynpned BU nupnuwwpninthnwhtu Yndwbeu®
npwuny huy Jwulwygtiny hnudniuh uhbetghu [12, 19]:

Nnpn2 hGnhuwyutph wundwdp gGyningh pwjpwjdwu huntGuuhyniejnitup hwdwp-
ynwd £ hnnh pGpphniejwl W YyELuwpwlwywl wynhynipjwlu swithwuhy [10, 13] Npwtu
pGpphnLejwU  swithwuh?, Upqwéd gnigwlhpp wwppbp hnnwihtu - wwydwuuGpnud - (Yup-
wnndhind qpwnbgywd ultwhnntn, hubdnpEuhny qpwnbgywéd pwg pwgwlwywaniu L
Uhuw-wlwwwwnwihu gnn2 hnntp, wunwnwdéwsdy nhwhly ullwhnntn, Ulwuw 16h 9ntphg
wquwunywé wuinwnwéwél hnnwagpniuwn) wnwudht henhuwyutp nhunwpytp Bu hptug
hGwmwgnunipniulGpnud [2, 5, 14, 16]: 8Gyningh pwjpwjdwl huwnBuuhynipinup
wuwnwnwihu nupsuwagniu hnnGpnud wnwghl wugwd neuncduwuhnyty £ UGp Yynndhg, nph
wpnntupubnpu wdithnthjwé GU UEpYw w2huwnwlpned:

Qpwywl wnpnupubph hwdwéwju® Juwuwywn Jdhpwnubph nbd wwjpwnh Uww-
wnwyny ogquwgnpdywé huublynhghnutnh wlbpwl dwul £ fjungnid Juwuwwnniubphl, huy
hhduwywu swhwpwdhup (60-99%) wwnptp nwnhuGpny®  gnnbihu, wudnpliwgntpny
gnnywd  uwnuwppep Ywgytihu [20, 23], Jwhwgwd ppenipubph W hwpulywyubph
dwnuhuutphg [11] h yGpgn puyuncd E hnn;:

Utp hGunwgnunipiniuubpny pwgwhwjnywdé E, np YGuuwgbunghg JGp ynnuhg
wUgwinywé Bacillus thuringiensis (Bt) wnGuwyh Jhpwnwuwwl nwdlubpp gnndwu wp-
njntupnid wunwnwihu nunsuwagnuu hnn puyubhu pwlwyniejwl Ljwgdwl Jhunnwdny
wwhwwuynd BU 4 wdhu [3]: Nuwinh, GUGIN yepnupywédhg, fulunhp Bue npbp Gpywdjw
(2018-2019pR.) hGlnwgnuinLejnllutpny pwgwhwjnt, gnnUwu wprynitupnid hnn puywé
pwywntphwywl Uhgwnwuwwllbph wgnbgnientup hnnh pbpphniejwl gnigwupp® ynwpt
gnnpéywéph pwjpwdwl huntuuhynijwl Yynpw:

RGnwgnnniejwl wpryntupltpp huwpwynpneenu Ypudbntu punpGine Juwuw-
Jwn Jhgwwnlbph nbd YeUuwpwlwywlu pwpép wpnnibwyGunnipjwdp odnwé, Eynin-
ghwwtu wuynwug Bt nGuwyh pwyntphwywu Jhpwinwuwjwuubp:

Bt wmGuwyh pwywintphwywl 2inwdubnh (Btecys-68, Btechs-73, Btechs-92) YGLUuwpw-
Uwywl  wprynibwdbnnigjwt nyywiuGpp - Uepyuywgywéd  Bu wnwubdhu  hpwww-
pwyncduGpned [4, 25]:
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Untp L dEpnn: IGnwgnunniejwl Unie B hwunhuwgtbp JGp ynndhg YGuuwgbungh
wnwUdhtu wnwpptphg wnwbduwgywé Bacillus thuringiensis (Bt) wnbuwyh Uvhgwwnwuwywl Btecys-68,
Btecns-73, Btecns-92 pwluinbphwubnp, MnLuwuinwuh Ywplniejniuhg Uepypdwséd (Gwhnnghn (MW 3000
UUMg thnpnud)  wnliinpwiht - wwwnpwuwnneyp, Upwgwéninuh  Jwpgh  @npwginiu - hwdwjuphu
hwpwyhg Ywnuniin wlwnwnubph wunwnwihu nupsuwgnuu hnntpp (hnnh A™ 2-14 ud nunnwéhg
funpnipntuncd  hnednuh - wwpnibwyneejntup Ywaqutp £ 6,3 %, pH-p' 6,4), wuwnwnwihtu hnnnud
inbnwnpywé gbyniinquiht punyeh Unpt gnpéywépl nu gbyniing pwijpwjnn hnnwplwly dwupktubnpp:

8bynLingh pwjpwjdwu hunBuuhynieniup Bt tnbuwyh pwynbphwywlu dhpwinwuwwuubnny
wnwldhu gnnywé W ggnnyué wunwnwihu nupsuwgnuu  hnnGpnud npnpdtp £ wwyhywghwih
Gnwuwyny W wpunwhwjngty dnpt gnpéywéph quugywsh Ynpunng [9]:  Wuwnwnthnpawnk-
nwdwutpnd gnnywé Ynipinnepwy henniyh inhunpp (ruinneegnilp) tnbp £ 600 Uiu uwynp/dy, huy wp-
huwwnwupwihtu htnniyh dwhuup® 1000 /hw: Wuinwnnbnwdwutpnid gnnnudubpp yuwnwpytp U OBT-
1A Jwyuh2h  wpwynnpwihl, wnwUdhu nbwebpnud® Ozdesan Jwyuhph Jbeph upuyhsubpny;
Uunnwnwihu nwpsuwgniu hnnbphg wnwbduwgywé gbyniing pwjpwinn pwywinbphwutph Gplwy-
LUwywl swihtpp, 2wndnllwynieintup, uwynputph W Jdwnpwyubph hwjnuwptpnudp Uepydwu Gnw-
uwyny hpwywuwgyty U pun  nuundUwdbennuywl W gnpsbwywu  dGnuwpyubph [1, 17]:
Qhwnwthnpébph wpryntuplbpp Bupwnyyty U yhdwywgpwywlu Jbpnudnigjwtu [7], huy ynpb
gnpéywodeh pwpwqwéd quugywéh hwdbtdwnwywl quuhwunwlwup Bt tnGuwyh pwynbphwywu
Uhpwiinwuwwlubpny wnwldhu gnnywéd W sgnnwéd (unnighg) inwpptpwyutnh dhple tnpytg £ puwn W
REpUunwjuh [8]:

Upmyniupltp L puliwpyned: Gpywdjw (2018-2019 p.) hGunwgnunipnluutnny
hwuwnwwnywé E, np Bt nGuwyh puwyntphwywl dhpwinwuwwuubpny (Btecys-68, Btecns-73,
Btechs-92, |16whnnghn) wnwudhu gnnwé W ggnnyuwé (uinnighg) wlinwnwihu nwnguwagntju
hnntGpnud  nbnwnpjwé Unpt gnpéywédph pwjpwinudp pniuwdwywl  (YegGunwghwih)
2nswiuncd Ynnud £ Qwndplupwghy (nhuwdhywywt) thnthnfuniejniu (gSwwwiinytp 1):

QSwwwwnytn 1-h wnuiubphg Gpnwd E, np JGgGuwghwih 2pgwuncd  ynipb
gnpéywépp  wuwnwihu  nupsbwgnyu  hnnGpnud hwdGdwwnwpwn  phg W 2w
pwluwynipiniultpny  pwpwyyty £ hwdwwwwnwuhwuwpwnp hntuhuhu W hnhupu:
Ognuwnnuhg ubwwbdptp, bnihuph hwdbGdwwn, wpéwlwgndty B ynpt  gnpddwéeh
pwjpwjdwl hunBuupdnigjwlu  wunhdwlwpwnp  Ujwgnud:  @Ywihu - gnigwuhpUbpny
wnunwhwjinjwsd pwjpwpwé ynpt gnpdwédeh pwlwyp pllwpyjwsd nwpptpwyubpnud
hnLuhuhU, hnihuplu, ognuwnnuht L uGwwnGdpGphu twwnwudb) B hwdwwwnwuhiwUwpwn
0,48-0,59, 1,20-1,84, 0,72-0,86 W 0,52-0,70 gpwudh uwhdwluGpnid:

1,84

P
[
©

g 16
15 1,42
-
z 14 13 1,26f1,2
g = Uwnnighy
& 12 qn
‘:"u 1 BtecHs-68
=
Z 08 BtecHs-73
;- Mo 0,59
T op | 054087 (l ® Btecks-92
2 ) 0,48 1
£ o4 | H Ltwhnnghn
& |
02 i
0
Vi vil Vil X

Udhulitip

Qowwwwnytp 1. Bwpwyws ynpt gnpdywdeh pwliwynipjwl Gpywdjw
(2018-2019 pr.) Uhghlu gnigwuhputpp Bt inGuwyh pwywnbphwywu Uhpw-
nwuwwlltpny gnnywé L ggnnywé wunwnwjht nwpguwagntu hnnGpnud

Pwjpwjywd gnpdywéph Gpywdjw vhghu gnigwuhpubpp hntuhupU, hnihuhlu, ognu-
wnnuhl W uGwwnbBdpbphu Jhohtu hwpynd Ywqubp GU Guuunipwihu gnpéywdeph Uonh
hwdwwwunwuhiwuwpwn 12,1; 31,5; 18,0 L 14,2 %-p:
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Un. 1-h nywiubphg Gnlned £, np wbtnwnwihu nwpguwgneu hnntpnud 2018 e.-hu
pwipwiywsd ynt gnpéywodph quwugwép Bt wbuwyh  pwynbphwywl  Jhpwnw-
uywuubpny gnnywé W ggnnywé (uinnighy) wnwppbpwyuGpnd  hnilhuhu,  hnihupt,
ognuwnnuhl L ubwwnbdpGphu twnwuyt) £ hwdwwwwnwupuwuwpwn 0,456-0,578, 0,980-
1,206, 0,738-0,848 L. 0,532-0,7 18 gpwuh uwhdwuutnnLd:

Unyniuwy 1. Bt inbuwyh vhgwinwuwwlubpny gnnywé b sgnnywéd wuinwnwihu nuwnsbwagntju
hnnGnnwd Unipt gnpéywéeph pwipwiywé quugyuwsh yhdwywgnpwywl gnigwlhputpp (2018f.)

Swnpb- Innwudnty- Lwjpwy- Jhdwlwgpwywu gnigwuhpubn
nwyutn utph Jwé ynipt Pwnw- Swwnwu- Uhghu ®npah Uwnjnt-
Jbngubint gnpéyws- ync- dwu uhuwp uhuwip, ntuwnh
dwdytwnp ph Uhghu uwjhu qnpéw- % tawpuunh
Uz2hrp, ¢ 2tnnup Uhgn, huwpywn-
% Ywjhu
gnigwlihz-
utGpp
3nLUpu 0,480 0,046 9,58 0,021 44 1,478
Btechs-68 3nthu 1,206 0,063 5,22 0,028 2,3 0,665
Ognuwnnu 0,806 0,061 7,57 0,027 3,3 0,638
Ubwwnbuptn 0,532 0,052 9,77 0,023 43 2,181
3nLlpu 0,562 0,040 7,12 0,018 3,2 1,116
Btechs-73 3nLhu 0,980 0,110 11,22 0,049 5,0 2,469
Ognuwnnu 0,822 0,060 7,30 0,027 3,3 0,990
Ubwwnbuptp 0,574 0,050 8,71 0,022 3,8 1,245
3nLUhu 0,578 0,047 8,13 0,021 3,6 1,516
Btecrs-92 3nthu 1,100 0,067 6,09 0,030 2,7 1,077
Ognuwnnu 0,738 0,074 10,03 0,033 45 0,740
Ubwwnbuptp 0,680 0,050 7,35 0,022 3,2 1,198
3nLUpu 0,456 0,056 12,28 0,025 55 1,974
LGwhnn- 3nLhu 1.056 0,070 6,63 0,031 2,9 1,772
ghn Ognuwnnu 0,848 0,057 6,72 0,025 2,9 1,579
Ubwwnbuptn 0,718 0,045 6,27 0,020 2,8 2,140
Uwnnighg 3nLlhu 0,528 0,046 8,71 0,021 4,0 -
(sgnnywd) 3nLhu 1,166 0,102 8,75 0,046 3,9
Ognuwnnu 0,776 0,071 9,15 0,032 4,1
Ubwwnbuptp 0,628 0,071 11,31 0,032 5,1

BSwunpwgpnipjntl. «-» hwpgwnlubnpu hpwywuwgubihu unnighsh tnyjuiubpp Uepwnywé Bu
UwinjnnBuinh tswithwuh2-h pwlwalned, P0,95 n=5-h nbwgenid Uinjninbuinh tuguun-h wnntuwyuihu
gnighsn hwywuwn £ 2,57 1-h:

Un. 1-nud UGpYuwywgywé thnpdh upuwih (punhwunp wndwdp 2,3-55 %) W wnw-
wnwldwl gnpéwygh (punhwuntp wndwdp 5,22-12,28 %) gnigwuhutpny hwuwnwnywé E,
nn ghwnwthnpdbph  wprynibpblbpp hwdwuwnh  Bu: Unnple UGpLujugqwé £ ynptb
gnpédywéph pwjpwjdwl gnpdplpwgp Ytgbnwghwih 2ngwinud:

Poos W n=5 wwpwdtnptph ntwenud® |huting thnep Uinjninblunh tuguur-h wingnt-
uwywihu 2,571 gnghshg' hwuwnwwntG Gu, np Bt wnbuwyh pwywnGphwywl Jhow-
nwuwwuubpny gnnwé W ggnnywd  (uinncghg) wunwnwihu  nupguwgnuu  hnnGpnud
pwipwiwsd ynpt gnpéywodph Ynwjhlu gnigwuhpubph Uhole sw  wpdwuwhwywin
wnwnptpnipnlu:

3Gwnghuunuh htnniy ulunwdJhswywiph W $hiwinnt enreh wrywjniejwdp Bt tnGuwyh
pwywnbphwywl  Jhswwnwuwwulbpny  gnnywéd W ¢gnnywé  (unnighg)  wlwnwnwihu
nwpsbwgniu  hnnbphg, [wpnpwwnnp  wwdwlutbpnud Jep Yynnuhg wnwldlwgdb) Gu
Myxobacteriaceae punnwuhphU wwwnywlnn Uwnplugwagniu gnituwujnep uhUptgnn Cytophaga
aurantiaca Winogr. L Jwn ntnuwyncl gnilwljnie uhUptgnn Cytophaga lutea Winogr.
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gbynLing pwjpwinn nbuwyutnp: vbpghuutphu pohoutpp RERW Ynpuwgwéd BU W upwdwin
(hthywél): Ypwlg pohoutph  Jhgohtu  Gpywpnipynilubpp Ywaubp B hwdwwwwnwu-
huwlwpwp 5,8 L 5,2 Uyd:

Yhuwnydwl wpnyntupubnhg wwpqub) £, np Cytophaga-UGpp gnitbwUynieh wywnhy
uhlpbql  hpwywuwgpty EBu hGnny ulUnwdhgwdwiph W $hiwpt  pneh  hwdwlu
nbnwJdwunid: dbpnupjwp Jwuptubph  wwphpwynp wnwldujwyutpp  Jhypnghuwn gkl
wnwpwguntd. pphoutipp plbnutinhg stU Yupdwunwd W gunwéle inGuph s6U thnfuwnyyned:

LY. 1-5-nud UEpYuwjwgywé U Ynpt gnpdywdph inbupp Uhtg wunwnwiht hnnnud inknwinntip
(GruuynLpwihu gnpéywde) (1) W pwipwjywéd yhdwyp hntuhupu (2), hnihupt (3), ognuinnuh (4)
W uGwunbupbphu (5) Btecns-68 pwlyinbnhwywl vhgwinwuwwuny gnnnidhg hbinn

Uwupwnhunwywihu  hGwnwgnunigyniuubpny hwunnwndwd £, np wunwnwghu
nwpsuwgnuu  hnnGpnud wnyw  Cytophaga aurantiaca  Winogr. W Cytophaga lutea Winogr.
inbuwlutpp - dhiinpt pninep  pwjpwGlhu - pehsltpp - Gpywjlpny  nwuwdnpdty  Bu
gbynLinquihu rEIhYh wrwugehu hnphgnuwywi:

UUnwnwjhu nupguwgnyu hnntGpnud wpéwlwgnpwé Cytophaga aurantiaca-U W
Cytophaga lutea-U wbkpnp GU, uwynputp W Junpwyutp 68U wnwewguncd: Uwywju Lpdwd
JwupEutpp 2wpdnibwy GU, W npwug nbnwwndp (npénwd intinh £ nluGunwd peeh Yupnuy
nnpnedutnny:

Wjuwhund, hGnwagnuinigjwlu wpnyntupubphg GUGp Bup hGwnlnipjwu, np ynb
gnpéywédeh pwjpwindp ybgbinwghwih 2pgwuncd Ypned E nhuwdhlywywl thnthnfunieyniu,
UL wlUnwnwiht  nupguwgnyu  hnnGpnud — gGygniinqu wywnhynpbu pwjpwnud U
Jhpunpwywinbpubph Gpynt inGuwy:

Jhdwlywgpwywu yGppneéniejwlu wpryniuputpny  hwuwnmwndwd £, np ghunw-
thnpdGph wpnynituputnp hwywuwnh Gu, Bt tGuwyh pwynbphwywl JhgwinwuwwluGpny
gnnywé W ggnnywé wunwnwjihu nwpsuwgnuu hnnGpnud pwjpwjywé ynwpt gnpdywéph
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quugqwéltnh, huswbu Uwl gbgnyng pwjpwnn  Jwuptubph  dLwpwlwlywl W
$hahnnghwywl wnwlduwhwwnyniejntutph dhole sywl inwppbpniejncbutn:

10.

11

12.

13.
14.

15.
16.

17.

18.

19.

20.

aruvyuunre3nru

ensnilywl W.3., dwunwwl 3.3., Pwqnilywl p.L., Uwpqupwl W. W., Tnwyny 3nt.Q. Uwlntw-
pwunLRjwl (wpnpwwnnp wuwwnwupltbn (NtuntdUwdbennwywu deEnuwpy): Gplwl, 6M3, 314
kp, 2014:

Ywpuwwbuywl W. U. Bacillus thuringiensis inGuwyh dhgwunwuwwlutph wagnbgniejntup
Ullwlw 18h  wuwnwnwoéwdy hnnwgpniunubph  YELluwpwlwlwl  wynhyniejwl  Ypw:
Utndwaghp wwntUwhunu. Yuuwp. ghwn. pEYL. hw)g.: Gplwl, 21 kg, 2009:

Quwuwuwlywl 6.U. 8Snnnudhg htwnn Bt wnnGuwyh pwywnbppwywl Jhpwinwuwwulbph pwlwynte-
rjwU nhuwdhywl wunwrnwihtu nupguwagniu hnntpnud. IUWUR inbnGYwaghp, Gpliwu, N 3, kp
76-80, 2019:

Qwuwwlwl 6.UL., Uwpquuwl U.U. Bacillus thuringiensis wbGuwyh hhdeny wnbnwywl
pwywntphwywu dhpwnwuwwlutph YEluwpwlwywl wywnhynieintup ddtrwihu Gpypwswihh
rnRNLpUGNh nGU. Iwjwunwuh YEuuwpwlwywl hwuntu, Gplew, 3. LXX, N 4, kp 43-
49,2018:

Uwpquuui - U.U. 3nnujht htpphghnutnh - wanbgnueniup upnndhing - qpuntigywé
ulbwhnnGph  Yeluwpwluwywl wynhdnipjwl Yypw QGnwppeniupph Jwpgh wwjdwlutpned:
Utndwaghp wwntUwtunu. gjnLn. ghwn. pEYU. hwyg.: Gpluw, 25 kg, 2013:

Utdtingiwl 3.3., Ubdbpgwl b.3., UbdEngpwl Q.3., @ngnilywl W.3. Glwuneh wnpntph W npnp
dhahywehdhwywl gnpénulitph  wanbgnieniup  uuytph gbpniwah wynhynipjwl Jpw.
Swjwunwuh YEluwpwlwlwl hwuntu: Gplwl, 33 AUU «Qhunncentlyy, 3. LXXI, N 1-2, tp
152-158, 2020:

Awmapun U.I1., Bopobvee A.A. CTaTHCTHUECKHE METO/bI B MHUKPOOMOJOTHYECKHX HCCIIEI0BA-
Husx. JI., Menrus, 180 ¢, 1962.

bepucmaiin A. CripaBouHMK ctaTHCTHYeCKUX pemeHuid. M., Cratuctuka, 162 ¢, 1968.

Bocmpos U.C., Ilemposa A.H. OnpeneneHue OMONIOTMYECKON aKTUBHOCTH MOYBBI Pa3IMYHBIMU
meronamu. Mukpobuonorus, 30, B. 4, c. 665-672, 1961.

Tayspm B.U., Hannexoséa H.H., Xuenee B.A. CpaBHUTENbHAs OLEHKA IIOKa3aTenel buoaoruuec-
KO aKTUBHOCTH 4epHOo3eMoB ropHoro Anras. M3sectus CO AH CCCP, Cep. 6uoi1. 1 MeA. Hayk,
B. 3, 15, c. 31-35, 1977.

Iykacan A.B., Typanosa JILK., Capxucan M.A., Copoxuna A.I'. TIpogyKTHBHOCTH KPHUCTAJUIO-
00pa3yIoNMX MUKPOOPTaHM3MOB B JIECHBIX OuoreoneHosax. B ¢6.: Mukpodiopa 1 nepcreKTuBsl ee
HCTIOIb30BaHMs B TIOBBIIICHHUH MIPOAYKTUBHOCTH JiecoB. KpacHosipek, c. 3-18, 1978.

Edicos I''M. PyKOBOACTBO K MPAKTHUECKUM 3aHSATHSAM IO CEIBCKOXO3SHCTBEHHOW MUKPOOHOIOTHH.
M.: Beicias mikoia, ¢. 209-213, 1974.

Hmweneyxuii A.A. Muxpoouonorus nemnonossl. M.: AH CCCP, 438 c. 1953.

Kaszapsn H.I1. Bnusaue suromomnartoreHoB Buma Bacillus thuringiensis Ha OuojorHyeckyro
aKTHBHOCTh TIOYB SIOJIOHEBBIX CAJ0B AparanoTHCKoW obmactu: ABroped. muc. KaHI. OHOIL.
HayK, EpeBan, 21 c., 2007.

Keecmumaose I'.H., besbopooos A.M. Bsenenue B bmorexHonoruto. M., Hayka, 347 c., 2002.
Mecponsan A.P. Bmsane BTh n nermmnmornoa Ha MHKpoQIopy U (EepMEHTaTHBHYIO aKTHB-
HOCTPH 00JIeCEHHBIX THITMYHBIX YepHO3eMOB: ABToped. mmc. kaHz. Ouoin. Hayk. Epesan, 32 c.,
2011.

Hempycos A.U., Ezopoe M.A., 3axapuyx JIL.M. Tlpaktukym mo MukpoOuonoruu. M., UI]
Axanemust, 608 ¢, 2005.

Tumoxk B.B., Jleonmves B.H., Jledopenrxo U.B., Kyopuk C.B., IOpenxosa C.HU., Ipyweyrasn
3.E. buocuHTe3 LEIUTION03bI: COBPEMEHHBIH B3I M KoHuenimu. Tpyasl bemopycckoro
TOCYIapCTBEHHOTO YHUBEpCHUTETa, 2, Y. 1, c. 54-64, 2007.

Yepemucunos H A., boesa JL.U., Cemuxamosa O.A. TlpakTHKyM 10 MHKpOOHOIOrHn. M.:
Beiciras mikona, ¢. 90-94, 1967.

Yueapes I''A., Cmapocmun C.I1., Kanabuna M.H. CHOC NECTUIUIOB NPU UX NPUMEHEHUH.
bron. BHUI3P. JI., 27, c. 13-18, 1974.

30



LAUSRUSYUS YNFCE GNPOYUSRh RULUUNFRBNFLE WLSUNUSHhL HIMUUAGNFSL INAEMNFU BACILLUS THURINGIENSIS. ..

21. Hlapunoe III.P., Ymapos IIU., Kynboes T.A., Anumxynos C.O. llemmono3a- TriaaBHBII
CTpOPITeJ'IBHLIfI Marepuail pacTUTCIBHOIO MHUpa. Texauueckas OCIII0JI03a U €€ CBOMCTBA.
Moronoit yuenHslIi, 86, 6, c. 250-253, 2015.

22. Ilnecens I'. O6mas mukpoduonorus. M.: Mup, c. 348-352, 1972.

23.  Abnokos A. Vrpa nportus Bpenuteneit. [Ipasma, N 299, c. 3, 1987.

24. Berlioz S., Molina- Boisseau S., Nishiyama Y., Heux |. Gas-Phase Surface Esterification of
Cellulose Microfibrils and Whiskers. Biomacromolecules, 10, p. 2144-2151, 2009.

25. Chapanyan E., Sargsyan M. The biological efficiency of the local bacterial insecticide of
Bacillus thuringiensis species against the caterpillars of the brown-tail moth. Bulletin of
National Agrarian University of Armenia, Yerevan, N 3, p. 5-8, 2018.

Uinwgyty £ 14.09.2020

31



LwjwuinwOh GhunngntbOtph Uqquyht Ujwnbdhw Lwjwunwoh YEtuwpwlwwb <wOnbu
HauuoHaAbHas Akaaemus Hayk ApmeHuu BuoAnoruueckulu XypHaa ApMeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

sOnpédwnwpwlwl W inbuwlwl hnndwélbn *3xcnepumenmanvhvie u meopemuyiecKue cmampu®
*Experimental and theoretical articless

Buouor. :;kypH. Apmenuu, 4 (72), 2020

CE30HHBIE PA3JINYUSI COYETAHHOI'O BO3JIEMCTBUS
HUHTEPBAJIBHON HOPMOBAPUYECKOM T'MIIOKCHUU U
MEJIATOHUHA HA MOP®O®YHKIIMOHAJIBHOE COCTOSIHUE
IMUTOBUIHOM KEJIE3bI THIIEPTEH3UBHBIX KPBIC

P.B. AHKO

Huemumym ¢usuonoeuu um. A.A. Bocomonvya HAH Yrpaumwl
biolag@ukr.net

Lenpio naHHON pabOTHI OBLIO CpaBHEHHE BIUSIHUS KOMOMHUPOBAHHOTO BO3ACHCTBUS MH-
TEpBaTbHOW HOPMOOAPHUECKOI TMIIOKCUU U MEJIATOHWHA B pa3HbIC CE30HBI roja Ha MOpPopyHK-
LOHAIBHOE COCTOSIHIE MIUTOBUIHOM sxene3bl (IL[XK) cnoHTanHO-rHnepTeH3uBHEBIX Kpblc. Mccme-
JIOBaHKE BBITIONIHEHO Ha 48 kpbicax-camiax auHuM SHR. I'mnokcudeckyro razoByro cmech (12 %
O, n 88 % N,) exxeHeBHO MOABAIIH OJOIBITHEIM )KUBOTHBIM B IIPEPHIBUCTOM pexxume: 15 Mu-
HYT JCOKCUTeHaIys / 15 MUHYT pEeOKCHTeHAINs B TeUSHUE 2 J4acoB. MeaTOHUH BBOAWIIM HEpO-
paieHO B 03¢ 5 mr/kr B 10.00 4. O6mias mpoaoHKUTEIbHOCTS SKCIIEPUMEHTa COCTaBIIIa 28 THEH.
l'ucTonornueckue mpenapaTsl TOTOBIIIM IO CTaHAApTHOW Mmertoamke. ['mcromopdomerpuio mud-
POBBIX H300paKeHUI MPenapaToB IMPOBOAMIN C TOMOIIBIO KOMITBIOTEPHOH mporpaMMsl “Image J”.
[lokazano, yro MK kpric mo-pa3HOMYy pearupoBajia Ha KOMOWHHpPOBAaHHOE BO3JeiCTBHE
WHTEpBAJGHON T'MIIOKCHH W MEJIaTOHHHA B pa3sHOe BpeMs roja. [Ipu3HaKW akTHBHOCTH JKEJIE3bl
YCHIIMITHCh TIOCJIE BO3JCHCTBUSI TUIIOKCHM M MeJaToHHHA BecHOH. OO 3TOM CBHIETENBCTBYET
MEHbIIasl TUIOIAab (OJUIMKYIIOB ¥ KOJUIOH[A, OoJiblliee KOJMYECTBO THPEOLHMTOB B (OJUIHKYIIE,
MEHbIIIee KOJIMYECTBO MEX(OIUTHKYIISIPHON COCIMHUTENBHON TKaH! 110 CPABHEHHUIO C KOHTPOJIEM.
[MponomxuTensHOE BO3AEHCTBIE HHTEPBATBHOMN IMITOKCHY M METaTOHHHA OCEHBIO, HA000POT, yBe-
JHYIIIO IUTomans (OJUIMKYIIOB, KOJUIOWAA, BHYTPEHHHH IuaMeTp (OIMKYIOB, CHA3MWIO (OJIIH-
KyJISIPHO-KOJUIOUAHBIA MHIEKC M YBEIMYHMIO WHIEKC HAKOIUICHUS KOJUIOWAOB. DTO CBUAETEIb-
cTByeT 0 cHmkeHHH akTuBHOCTH 11K, Takum oOpas3om, BecHO MophodyHKIHOHANEHAS aKTHB-
HocTh 112K ymMepeHHO MOBBIIIAETCS, @ B OCSHHHU Meproi, HA000POT, CHUXKACTCS.

I/IHmepeaJleaﬂ CUNOKCUA — MeNIAMOHUH — wumoeuduaﬂ aJlcenesa — cunepmeH3u6Hble KpblCobl

Uniju whuwwnwuph bywwnwyu £ Bt hwdbdwunGp hunBpdwiwjhu Unpdnpwnhy hhwjopuhwih
W JUGjwwnuphuph hwdwygywsé wagnbgnieiniup hhwbpuntughy wnubnubph Jwhwlwale gbndh Jnp-
PndnLuyghnuw| yhdwyh Yypw* tnwpgw tnwppbp Gnuwuwyubphl: IGnwgnunnientlt hpwywuwgytb) £
SHR qéwjhu 48 wpwywl utnh wnUtwnUbph Ypw: Pnpdwytunwlpubpht wdtl on punhwwnynn
Ywpagny wnyby £ hhwopuhy /erywduwpwngwiht/ ququihl fuwnuncpn (12% 02 W 88% N2)' 15 nn-
wb nbgopuhgbluwgnid / 15 pnwt nbopuhgbUwgnid 2 dwdyw pupwgenid: UGwwnnupup wnpybp £
wbponpwy Gnwuwyny' 5 g / Yg swihwpwduny' wnwynunjwl 10:00-hU: dnpdh punhwuncp ilnnnt-
rIntUp Yuqut] £ 28 op: 3jntujwépwpwlwywl wywinpwunntyubpp ywnpwuwnytb) U uinwununan
dbpnnny: Mwwunpwuwnntyubnph pwiht ywwnytpubph hhuinndnpdndbinphwl hpwywuwgyb) £ Image J
hwdwywngswihu épwannd: 8nyg £ wpdb, np wnlGwnubph JwhwUwal gbnép wwppbp Yepw £
wnpéwagwupnid  tnwnpdw  wmwpptp dwdwlwlwhwwngwséubpnud  hunbpduiwiht - hhwopuhwih W
UGjwwnnUhuh hwdwwinbn wanbgnipjwlp: @Gndh gnpéniltniejwl wynhywgnidp nhndtb) £ qupuwup®
$nihynciubph W hhwopuhwih W UGwwnnuhuh wanbgnientuhg hGwnn: Wn Jwuhu Ehu JYwjned
thnpdwytunwuputph Jwhwlwale gbnanid dnihyniubph W yninhnh wybih thnpp dwytptultnp,
Pnihyncincd phpnghwnubph wydbih 66 pwuwyneenitup W dhgdnihyntjwjht 2wpwygwywl hjntujwéeh
wyblh thnpp pwlwynipiniup unnighs YEunwuhubph hwJuGdwwn: Wlwlup, hhwopuhwih W JGjw-
wnnuhuh Gpupwnle hunBpdwiwihu wanbgnipjwl wpnntupned, punhwywnwyp, nhnytp £ $nihync-
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ubph W Yninhnh Jwytbptuh dGdwgnid, $nihyniubph Ubpehu tnpwdwaghép Ubswgt) E, ujwagb) £ $nih-
yncwjht-yninhnwihu hunteup W wék) YninhnuGph Yniinwydwu hunteup: Wn thnthnpunienluutpp
Jywinud  BU JwhwuwadbL gbnéh gnpéniubinuywl wywnhynigjwl Ujwqdwl  Jdwupl:  Wuwhuny,
gunuwup JwhwlwadbL gtndh Unpdndniuyghnuwy wynhyniejnup swihwdnpn wybwund E, huy
wpUwp, punhwywnwyp, bJwagned:

bhumnbnyuwyuwyhl pprywdlwpwng — UbjuwnnUpl — Juwhwlwdle qtind — hhwtpunbughy wnlbnutn

The aim of this work is to compare the effect of the combination influence of interval
normobaric hypoxia and melatonin in different seasons of the year on the morphofunctional state
of the hypertensive rats’ thyroid gland. The study was carried out on 48 male rats of the SHR line.
The hypoxic gas mixture (12 % O, and 88 % N,) was daily given to experimental animals in
intermittent mode: 15 minutes deoxygenation / 15 minutes reoxygenation for 2 hours. Melatonin
was administered orally in a dose of 5 mg / kg at 10.00 a.m. The total duration of the experiment
was 28 days. Histological preparations were prepared according to a standard methodic.
Histomorphometry of the digital images of preparations was carried out using the computer
program “Image J”. It was shown that the thyroid gland of rats reacted differently to the combined
effects of intermittent hypoxia and melatonin at different seasons. So the signs of the gland activity
were increased after influence of hypoxia and melatonin in spring. It was evidenced by a smaller
area of follicles and colloid, a more thyrocytes in the follicle, less interfollicular connective tissue
compared to control. The prolonged exposure to interval hypoxia and melatonin in autumn, on the
contrary, increased the area follicles, internal diameter of the follicles, decreased the follicular-
colloidal index and increased the colloid-accumulation index. This indicated a decrease in the
activity of the thyroid gland. Thus, in the spring, the morphofunctional activity of the thyroid
gland is moderately increased, and in the autumn period, on the contrary, decreases.

Interval hypoxia — melatonin — thyroid gland — hypertensive rats

ApTepuaibHas TUIIEPTEH3Hs OCTAETCs OHOW U3 Hanbosiee 3HAYMMBIX METUIMHC-
KHUX U COLIMAJIbHBIX MpobieM. DTO CBSI3aHO KaK C IMHUPOKUM PACIIPOCTPAHEHUEM ITOM Ma-
TOJIOTHMH, TaK ¥ C TEM, YTO MOBBIIICHHOE JaBJICHUE CIIOCOOCTBYET Pa3BUTHIO CEPACYHO-
COCYUCTHIX 3a00JICBaHUM, KOTOPBIC MIPUBOIAT K BBICOKOW CMEPTHOCTH. B OOJBIIMHCTBE
cTpaH mMupa okono 50 % HaceneHus B Bo3pacte crapiie 60 JIeT cTpaJaroT MOBBIIIEHHBIM
apTepuaNbHBIM JaBiicHHEM [16]. BanmocBs3p Mexay muroBumHOU xene3or (LK) u
apTepuaNbHON TUNepTeH3Hel oueHb TecHas. [loBbIlIeHne apTeprUanbHOro JaBIeHUS MO-
XKeT HaOIoJaThCsl IO/ BIMSIHUEM THPEOUAHBIX TOpMOHOB. Ecim B pabore »xere3bl npo-
HCXOJAT HapyLIEHUs, TO 3TO YacTO MPUBOAUT K pa3BUTHIO runepTtoHuu. C apyroi cro-
POHBI, IPU JAJIUTENILHOMN U CTOMKOM apTepuanbHoi runeprensuu B ILDK MoryT Bo3HUKATh
HeoOpaTumbie MOP(OJIOTHUECKHE W3MEHEHHs, NIPUBOASAIINE K CYIIECTBEHHOMY CHIKeE-
HUIO ee (DYHKUIMOHAJIBHOW akTUBHOCTH [17]. B CBS3M C 3TUM BO3pacTaeT akTyalbHOCTh
pa3paboTK HOBBIX 3(P(PEKTHBHBIX METOJO0B NPOMUIAKTUKA M JICYCHUS HapyIICHHH
¢bynkumii 1K npu Hanmuuuu aprepuanibHO# runepteH3nd. CUUTAIOT, 4TO OJHUM U3 Ta-
KHX METOJIOB MOKET OBITh MCIIOJI30BAHNE HOPMOOAPUIECKOM THIIOKCUHN U METaTOHUHA.

WarepBanbHas HopmoOapuieckas runokcust (MHIY) mmpoko wcmosnbs3yercst B CoB-
pPEMEHHOH MEIMIMHCKOW NPaKTHKE JUIS JISYEHHS] W NPOQMIAKTUKA psta 3a00JeBaHUN
CEpIeUHO-COCYIUCTOH, IBIXaTeIbHOMW, 3HAOKPHHHOM M MMMYHHOH CHCTEM, a TakxkKe I
TIOBBIIIEHNS (PM3NUECKON BHIHOCIMBOCTH U a/IalITAlIMOHHBIX BO3MOXKHOCTEH oprann3ma [1].

MenaTtoHUH peryaupyer Meraboiandeckne, IMMYHHBIE M PereHepaTopHbIe Ipo-
LIECCBI, YIACTBYET B MEXaHU3MaX TEPMOPETYJISIUM U cTapeHuu. M3BecTHO, uTO MenaTo-
HUH peaNn3yeT cBOe ACHWCTBUE C IOMOIIBIO APYTHX XKeJle3 BHYTPEHHEH CEeKpelnH, TIaB-
HBIM 00pa3oM uepe3 THPEOnaHbIe TOPMOHHI [ 18].

Hayunsie pabotsl, mocsimennsie Biugauio MHI mmn MenatoHnHa Ha (QyHKITHO-
HabHYT0 akTUBHOCTH LI[DK, ManmouncieHHbIe 1 9acTO NMEIOT HEOAHO3HAYHBIE pe3yIbTa-
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ThI [3, 4, 12]. DTO MOXKeT OBITh CBSI3aHO C HCMOJIb30BAHUEM B SKCIICPUMEHTAX KUBOTHBIX
Pa3HbIX JTMHUI U BO3pacTa, paziuuusMu B pexumax nogauyu UHI', BnusHus runokcuu B
YCIIOBUSIX THIIO- WJIM HOPMOOApHH, TO3UPOBKOH MENaTOHWHA, CE30HHOCTBIO M MPOJIOJI-
XKUTENBHOCTU MPOBEJCHUS SKCIIEPUMEHTOB U Ap. BONBIIMHCTBO Hccae0BaHUM 10 JaH-
HOH npoOIieMe MPOoBeIeHO Ha HOPMOTEH3MBHBIX KpbIcax JuHUM Bucrap [3, 9]. Pabor, B
KOTOPBIX OBI MccienoBanock coderanHoe BimssHue VMHI n MenatoHWHA Ha COCTOSHHE
JKeIle3bl Y KUBOTHBIX WJIH JIIOACH ¢ apTepHaIbHOM THIIEpTEH3NEH HaMi He 0OHapYKEHO,
YTO IO3BOJISIET CYUTATH UCCIICOBAHMUS B ’TOM HAIIPABIICHUN aKTyalbHBIM.

Lenp paboTel — MccaenoBaTh M CpaBHUTH codertaHHoe BiusHue MHI u memaTo-
HUHa Ha Mopdonornueckne m3MmeHeHus LI[JK crioHTaHHO-THNIEPTEH3MBHBIX KPBIC B pas-
HBIE CE30HBI TO1a.

Mamepuanst u memoowt. ViccnenoBanue rnposeaeHo Ha 48 CIOHTAHHO-TUIIEPTEH3UBHBIX
(;maams SHR) kpricax-cammax B BeCEHHHH (arpens) U oceHHUH (0KTI0ph) meprnos! roxa. K xoHmy
9KCIIEpHMEHTa BO3PACT JKUBOTHBIX COCTAaBIJI 4 Mecsinma. ApTepuaibHOE HaBICHHE Yy KPBIC
H3MEpSUI B YCIOBHSX BUBApHs HEMHBAa3WBHBIM METOJOM Ha XBOCTOBOH apTepuu. Bce m3Mepenus
MIPOBOIUIIM C TIOMOIIBIO churmomanomerpa (S-2 “SHE” T'epmanus). B axcriepuMeHT Opanu Kpbic
nmuand SHR ¢ cucronmmuecknM gapineHneM He HIbke 145 MM pr. cT.

Kpric paznenmnu Ha 4 rpynmst: | u III — xorTponbHbIe )xuBOTHEIE, 11 11 IV — KpBICHI, MO~
Bepraslmecs couetaHHOMy BozzeicTBuio MHI 1 MenaToHuMHa B BECEHHUH M OCEHHUN MEPUObI
rojia COOTBETCTBEHHO. JKMBOTHBIC 00EUX IPYII HAXOIWINCh B YHH()UIHPOBAHHBIX YCIOBUIX CO
CTaHJapTHBIM PAIlMOHOM IUTaHMs. [ IpOBEIEeHHs eXEIHEBHBIX CEaHCOB THMIIOKCHYECKOTO BO3-
JIEWCTBUS KPBIC TOMEIIAIN B TePMETHUYHYIO KaMepy, B KOTOPYIO IOAaBaIH THIIOKCHYECKYIO ra3o-
Byto cMech (12 % kucimopona B a30Te) B HpephIBHCTOM pexume (15 MuHyT neoxcureHanus / 15
MHHYT PEOKCUTEHAIUs B TEUYCHHE 2 YacOB) C MOMOIIBI0 MEMOPAHHOTO Ta30paclpeaeInTeIbHOTO
anmemeHnTta. Jlpyroe Bpems cyTrok (22 wdaca) KpBICHI IBIIAIA aTMOC(EPHBIM BO3IYXOM.
IToONBITHEIM KUBOTHBIM TaKXKe €XKEIHEBHO IEPOPATBHO BBOJIMJINM SK30ICHHBIH MEIaTOHHUH
(“Unipharm Inc., CHIA”) 8 10.00 B 103e 5 mr / kr. JTMTEILHOCTD SKCIIEPUMEHTA COCTaBIIsLIa 28
cyTok. KpbIc AeKanmuTHpOBaM MOA JIETKMM 3(UPHBIM HapKo3oM. VcciemoBaHUsS HPOBOIMIN
COMJIaCHO C MoJoXkeHusMH “EBpomelickolf KOHBEHIIMH O 3allUTe I03BOHOYHBIX XHBOTHBIX,
HCTIOJIb3YEMBIX JUTS SKCIIEPUMEHTAIBHBIX U APYTUX HaydHbIX neneit” (CtpacOypr, 1985).

U3 tranm 1)K wM3roTaBnsumm rUCTONOTHMYECKHE Iperaparsl 110 CTaHAAPTHOW METOAUKE:
(UKCHUpOBAN B XHUIKOCTH BysHa, 00€3BOKMBAIM B CIUPTAaX BO3pacTaromiell KOHIEHTparuu (oT
70 mo 96°) m muokcane. [lomydeHHble 0oOpa3ubl 3anmBanu B mapaduH. [lapaduHOBBIE Ccpe3bl
TOJIIMHON 5-6 MKM, M3rOTaBJIsIM Ha CAHHOM MHKPOTOME, OKpaIlIMBAII reMaTOKCHIIMHOM bemepa
1 903UHOM. [ BU3yalM3alUK 3JIEMEHTOB COCIMHUTENILHON TKaHHU MPUMEHSIIH METOJIbI ABYX- H
TpeXIBETHON okpacku no Bau-I'm3ony u Maccony [5]. C ucmons3oBanneM Hu(ppoBOi KaMepsl
MmuKporpenapatbl ororpaduposanu Ha mukpockone “Nicon” (SImonus). Mopdomerpuro ocy-
LIECTBJISUIN C TIOMOIIBIO0 KOMITBIOTepHOH mporpammsl “Image J”.

Ha rucronorndeckux cpesax DK m3mepsin miomans momnepedHoro cedeHus: Gpoyummky-
JIOB, KOJUIOMJa ¥ (QOJTMKYJISPHOTO SIHTENHS, ONpeNesUIM BHEIIHUH U BHYTPEHHHIH AMaMETphI
(GOJTHKYIIOB, U3MEPSUIN BBICOTY (QOJUTMKYIISIPHOTO SMUTENHS M IIUPHHY MPOCIOCK MEX0JICBOH,
MEXJ0JIbKOBOH M MEX(OIUTUKYISIPHON COCIMHUTEIFHON TKAaHHU, MOACYUTHIBAIN KOJIWYECTBO TH-
peorToB B osutukye. Onpenensiian GpoMKyIsapHO-KOIOUAHBIA HHIEKC U MHIEKC HAKOTUICHUS
kosutonna [7].

CraTucTHyecKylo 00paboTKy OCYIIECTBIISUIM METOJaMH BapHallMOHHON CTaTHCTUKY C MO-
MOIIBI0 KOMIBIOTEPHOH mporpaMmbl Statistica 6.0. HopmansHocTh pactpeneneHust 1uppoBbIX
MacCHBOB INpoBepsuiu 1o kpurepuio [Tupcona. [Ipy HOpManbHOCTH pacnpeneneHus Ui OLEHKU
K03 GUIMEeHTa Pa3NUUUi JTOCTOBEPHOCTH PA3HUIBI MEXAY KOHTPOJBHBIMH W IIOJOIBITHBIMH
IpyNIamu, HCIOJIb30BaNM t-KpuTepuil CThIOJeHTa. Pa3HOrNacus CUWTaaM JTOCTOBEPHBIMH IIpU
p<0,05.

Pesynemamol u oocysycoenue. Pe3ynpraTsl HAIMX MCCIEIOBAaHUN TOKa3ald Ha-
JINYHE SIPKO BBIPAXKEHHBIX TUCTOMOpdomMerpruecknx paznuauii B XK KOHTpOIBHBIX
kpeic muHAE SHR B 3aBucnmocty ot cezoHa. Ocenpro 11K mmena moctoBepHO MEHb-
IIYIO IDIOINAb (POJUIMKYIIOB U KOJUIoua Ha 26 u 45 % COOTBETCTBEHHO, MCHBIITHIA BHEIII-
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HUHW ¥ BHYTpEHHUH auamerp ¢GosmkynoB Ha 15 n 28 % COOTBETCTBEHHO, OOJIBIIYIO
BBICOTY THPEOLMTOB Ha 15 %, OoJiee BHICOKUH (HOIITHKYISIPHO-KOJUIOMIHBIH HHIEKC Ha
67 % v MeHbIINH UHJEKC HAKOIUICHUs Kojutonaa Ha 37 % 1o CpaBHEHHIO C TAKHMHU e
MOKa3aTeJsIMU JKeJIe3bl KOHTPOJILHBIX JKUBOTHBIX BECHOM. B »kerese oLeHHBaIM COCTO-
SIHUE HE TOJIbKO IAapeHXWMAaTO3HBIX JJIEMEHTOB, HO M COCTOSIHHE COEIMHHUTEIHLHOMN
TKaHHU. YCTaHOBJEHO, 4yTo oceHblo I[DK mMeer nocroBepHO OONBIIYIO HIMPHHY MEX-
JIOJICBOM W MEXIOJbKOBOM COCAMHUTENbHOW TkaHU Ha 22 U 44 % COOTBETCTBEHHO, U
MEHBIIYIO IUPHHY MEX(OIUMKYISIpHON coeqUHNTENbHON TKaHM Ha 21 % mo cpaBHe-
HUIO ¢ BecHOM (Tabu. 1). [lomyueHHBIE TaHHBIC MMO3BOJSIOT CACNATH BBIBOJ, UYTO (DYHK-
nuoHanbHas akTHBHOCTE LI[JK oceHpro ObITa 3HAYMTEIHHO BHIIIE, YeM BECHOM. DTH MOp-
¢dodyrkmonanpHele paznnuns [LDK cnemyeT yauTsIBaTh Npyu NPOBEACHUH YKCTIEPHMEH-
TaJILHBIX HCCIICAOBAHUN B pa3HOE BPEMs roja.

Ta6anua 1. MoppomeTprueckre moKasaTesn HIUTOBUIHOM skese3sl (M+m; n=12)

Tloka3zarenu Becha OceHb
T'unokenst + Kontpoin T'unokeus +
Kontpons MenaToHuH MenatoHuH

TInomans, MKMZ:
doumkyna 2793 + 85 2462 + 103* 2062 + 68** 2429 + 92*
KOJUTOHIa 1362 + 86 1161 + 80* 751 £ 10** 933 +23*
(bOIUHKYISIPHOTO 1431+ 96 1301 + 99 1311+ 71 1496 + 72*
SMUTEINHS

Juamerp posutnkyia,

MKM 57,0 +2,8 56,4+1,3 48,7 + 1,8%* 53,713
BHEILHHIT 39,6 £ 1,5 382+1,2 28,7 + 1,6%* 32,7+ 1,1%
BHYTPEHHHI 65,7+3,0 655+ 1,7 58,7+19 64,2+1,5
¢ dexTuBHbI

Beicora tupeountos, Mkm | 8,7 £ 0,3 9,1+0,5 10,0 + 0,4** 10,5+0,3

KonndecTBo THPEOLUTOB 19,9+0,3 22,6 +0,4* 19,6 +£0,3 19,4+0,3

B (oJUIHKYIIe, IIT

DOIUTHKYJISIPHO- 1,05 + 0,08 1,12+ 0,04 1,75 £0,11** 1,60 + 0,07

KOJUIOMIHBINA HHIEKC

MHaeke HaKOIUIEHUS 2,28 +0,14 2,10+ 0,13 1,44 £ 0,11** 1,56 + 0,09

KOJUIOMzA

IIupuna npocnoex

COCIMHUTENILHOI TKaHH,

MKM 33,1 +1,8 36,0+2.0 40,4 + 4,1%* 26,5+ 2,6
MEXKI0JIEBOM 10,6 + 0,65 10,2+0,9 15,3 +0,6** 9,0+ 0,4*
MEXI0JIbKOBOI 2,3+0,2 1,6 £0,1* 1,81 + 0,16** 1,40 + 0,08*
MeK(OIUTUKYIISPHOI

Ipumeuanue: * - p<0,05 10CTOBEPHOCTDH Pa3IMUHii IO CPABHEHHIO C KOHTPOJIEM.
** - p <0,05 1O0CTOBEPHOCTH PA3INUHI 110 CPABHEHUIO C KOHTPOJIEM BECHOM.

IMapenxuma DK momombITHBIX KpbIC HOCHE codeTaHHOTO Bo3aencTBus MHI u
MEJIaTOHMHA, COXpaHWIa (U3HOJIOTHYECKYIO CTPYKTYPY, C YETKHM JeJIeHHeM Ha IIeHT-
panbHyI0 1 nepudeprnueckyto 30ub1. CHapyxu LK Obuta okpykeHa Kancyson u3 mioT-
HOHN (UOPO3HON COEANHUTEILHON TKaHH, U3 KOTOPOH COeUHUTEINbHOTKaHHBIE TpaOeKy-
JIBI TIPOHUKAIN BHYTPBH kele3bl. OHM HecIIM KPOBEHOCHBIE U JIMM(ATHUECKHE COCYbI U
HepBbl. TpabeKyInbl pa3ielisuid HapeHX UMY JKelle3bl Ha JOJbKH (puc.l).

Brnepssie BriABieHO, uTo IIJK CHOHTaHHO-THIEPTEH3UBHBIX KPBIC MO-Pa3HOMY
pearupoBasia Ha 28-1HeBHOe coueTtaHHoe BiausHue VHI' u MenaToHMHA B pa3HOE BpeMs
rozaa. IIIJK moonsITHBIX )KHUBOTHBIX COAEpiKalia (OJLIMKYIIBI IIPEUMYIIECTBEHHO OBAJIb-
HOW ¢opMBI M pa3HBIX pa3MepoB. Kommoua ¢ouHMKyIIOB >Kene3bl, IPH COBMECTHOM
st VIHIT 1 MenaToHmHa, OBIT yMEpEHHOH IUIOTHOCTH, PEXKe MEHUCTHIH C MHOTO-
YHCIICHHBIMHA BaKyOJsIMH (BECHOI) WM IUIOTHBIN (oceHbio) (puc. 1). BrrsmieHo, dro
X moonbITHEIX KPbIC BECHOHM MMeNa JOCTOBEPHO MEHBINYIO ILUIOMIAlb (OJITUKYIIOB U
KoyutonsoB Ha 12 1 15 % COOTBETCTBEHHO MO CpPaBHEHUIO ¢ KOHTposieM (Tadi.l). Drto
MOJKET YKa3blBaTh Ha MoBbleHue akTuBHOCTH LIDK 1 yBenueHne BbIBEJEHUS €€ TOPMO-
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HOB B KpoBb. Bozneiicteue MHI™ 1 MenaToHUHA OCCHBIO, HA000POT, TOCTOBEPHO YBEIIHU-
YHUJIO IO (POJUTHKYIIOB M Kojutona Ha 18 u 24 % coorBercTBeHHO. XKenesa conep-
KHT NPEUMYIIECTBEHHO KPYITHBIE (DOJLTUKYJIBI B MATOAKTUBHOM COCTOSIHUM M3-3a JIETIO-
HUPOBAHMSI TOPMOHOB BHYTPH (DOJUTHKYJIOB U YBEJMUeHUs1 0ObeMa Kostouna [7].

Puc.1. MuxpodoTorpadun OIUTOBHIHON 5Kele3bl KOHTPOIBEHOM KPBICH! (A) M KPBICHI
1ocJie COYETAaHHOTO BO3/ICHCTBUS HHTEPBAILHON HOPMOOAPUIECKOH TUIIOKCHH U
menatonnHa (b) B Becennuii nepuog. Okpacka mo Merony Ban-I'uzony. Yeemmuenue 400.

BHemnuii u BHyTpeHHHH quameTpbl ¢osukynos DK mononbsITHEIX KpbIC B Be-
CCHHUIA Nepro/1 ObIT Ha YPOBHE KOHTPOJIBHBIX 3HauUeHHH. [locie coueTaHHOTro BO3IeHCT-
Bust UHI" 1 MenaToHrHa oceHblo Habuoaanu yBenundenue BHemHero (Ha 10 %) v BHyT-
penrero (Ha 14 %, p<0,05) nuamerpa dosmkyaos (Tadi. 1).

@dopma THPEOIUTOB 3aBUCHUT OT (PYHKIHMOHAIBHOTO COCTOSHHUS >Keye3bl. [Ipu
HOPMOQYHKINH OHM HMMEIOT KyOmueckyio (opmy, NMpu TUIOQYHKIHH — CTAHOBATCS
IUTOCKHMH, a TIpU TUNEepQYHKINU — MPHOOPETAIOT IpU3MaTHIecKyto popmy. Bersneno,
gro THpeonnTsl LIDK KOHTPOIBHBIX KPBIC MMENH NPEHUMYIIECTBEHHO KYOH4IecKyto (op-
My. OTMEYEHO, YTO y >KHBOTHBIX BECHOH, MOABEPTIINXCS COYETAHHOMY BO3ICHCTBHIO
WHI u MenaToHHWHA, THPCOIUTHI UMEIU KyOMYECKYI0 U MPHU3MATHYCCKyr Gopmy, a
OCEHBIO — KyOUYECKYIO U IUIOCKYI0 hopmy. CpeaHee KOIMISCTBO TUPECOIIMTOR B (HOILITH-
KyJe JKeNne3bl y MOJONBITHBIX KMBOTHBIX BECHOW JOCTOBEpHO Bo3pocio Ha 14 %, a B
OCEHHHH MePHOJT He U3MEHSITOCH (Tabi.1).

DOUKYISPHO-KOJIIOUHBIA UHJEKC iU uHAeKkc akTuBHOCTH LI[XK (oTHOMICHME
romaaM GOILTMKYIISPHOTO SMUTEIHS K TUIOMIAAN KOJUIOK/A) Y TIOONBITHBIX KPBIC BEC-
HOW WMEII TeHICHIIHIO K yBenmdeHnto Ha 7 %. HampoTtus, oceHpro oH ObLT Ha 9 % MeHb-
mie, yeM B KoHTpode (Tadn.1). Kak mpaswmio, GyHKnuoHamsHast akTuBHOCTH LI[DK mpsmo
MIPOTIOPIIMOHANEHA OTHOCHUTEJIFHOHM TuIonmiagy (OJUTMKYISIPHOTO SIUTEIHs W 00paTHO
MIPOTIOPIIMOHANIBHA COJIEPKaHHMIO Koyutonaa. PoIIHKyIIpHO-KOJUIONAHBIA HHIEKC CHH-
KaeTcs NP CHIDKCHWN aKTHBHOCTH JKEJIE3bl M PacTeT NPH aKTHBAILMU CEKPETOPHOH aK-
TUBHOCTH OpraHa.

WHpaekc HaKOIICHHUS KOJUIOUOB (OTHOIIEHHE CPEIHEr0 BHYTPEHHET0 AUaMeTpa
¢onukyna k yaBoenHou Beicote snutenus LK) Takke nmen paznnuunst B 3aBUCUMOCTH
ot ce3oHa BozaeicTBusa MHI u menaronuna. Tak, y HOAONBITHBIX KPBIC BECHOM 3TOT I10-
KazaTesb ObuT MeHblle Ha 8 %. HanpoTus, oceHbto oH ObLT Ha 8 % OOJIBIINM 10 CpaBHE-
HUIO C KOHTPOJIBHBIMH KpbIcaMu (Tabi.1). OTo cBUAETENBCTBOBAIIO O TOM, UTO MOCTIE CO-
yeTaHHOro BozaeicTeus MHI' u MenaroHuHa CUHTETUYECKash aKTUBHOCTb KEJIE3bl YBE-
JIMYMBAJIACh BECHOM U CHM)KAJIACh OCEHBIO.

Wnreppommkynsapusie octpoBku LK conepkar manonuddepeHunpoBanHbie
(xaMOManbHBIE) KIETKH M SBISIOTCS MCTOYHMKOM 00pa3oBaHMs HOBHIX (oumkyios. B
CBSI3U C 3THM YE€TKO BHIPaKCHHAs! TEHICHIMS K YBEJIMUCHHIO KOJINYECTBA MHTEP (HOILIH-
KYJISIPHBIX OCTPOBKOB y MOJIONBITHBIX KPBIC BECHOH MOXKET CBU/IETEIHCTBOBATH 00 aKTH-
BalMy (PU3NOJIOTNIECKON pEreHepaIiH JKEJIE3bl.
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IIluToBuaHas ene3a MOMONBITHBIX KpbIC, MoABeprmuxcsa Bosaeicteuo MHIT u
MeJlaTOHWHA BECHOW, MMella JOCTOBEPHO MEHBIIYIO MIMPUHY MPOCIOEK MEX(OIUIHKY-
JISIpHOU coeAnHUTENbHON TKaHu Ha 30 % mo cpaBHEHUIO ¢ KOHTpoJeM. OCeHblo y T010-
IBITHBIX KPBIC OTMEYATIHM JOCTOBEPHO MEHBIIYIO IIUPUHY NPOCIOEK MEXI0JIECBOH, MEX-
JIOJIEKOBOM M MEX(OJUTUKYIISIPHOH CcoeaMHUTENbHON TkaHu Ha 34, 41 u 23 % coor-
BETCTBEHHO (Tabi.1). DTO CBUIETENBCTBYET 00 YMEHBIIEHHH KOJMYECTBA 3JIEMEHTOB
COCAMHUTENIFHON TKaHH B XKEJE3€, YTO MOXKET CIIOCOOCTBOBATh YITyUIIECHHIO TPAHCIIOP-
TUPOBKU TOPMOHOB B KPOBOTOK.

BonpmMHCTBO HCcIenoBaHU 10 BO3MENMCTBUIO THIOKCHYECKON ra30oBOH cMecH
Ha 1K mpoBoauinocs B rumobapuyeckux ycnoBusax. [lo nutepaTypHbIM JaHHBIM, B yC-
JIOBUSIX CPETHUX TOp aKTHBHOCTb JKeJIe3bl YBEINYMBAJIaCh, HO Ha OOJBIIMX BBICOTAX I10-
nasisuiack [3, 19]. TlokazaHo, 4TO B Mpollecce aJanTalud K YCIOBHUSIM BBICOKOTOPbS
(3200 M) pa3BuBanuch (hazHble n3MeHeHus GyHKIMOoHaNbHOU akTuBHOCTH 11K, TlepBhiii
— paHHHUI 3Tan BBICOKOTOPHOM amantaruu (1-7 aHei) cOmpoBOXAAnCs IMOBBINICHHUEM
TOPMOHAJIFHOM aKTUBHOCTH, a B cienayromuii (30-60 qHeil) — mpoucxoamia HOpMalin3a-
LUsl U TOPMOXKEHHE aKTUBHOCTH Kenesbl [6]. Ipyrue uccnenoBarenn OTMETHIIN TOJIO-
XKHUTEIbHOE BINSHIE HOPMOOAPHIECKUX THIIOKCHYIECKUX Ta30BBIX cMecel Ha (pyHKIHO-
HallbHOE cocTosHUE kene3bl. Tak, Ma Y. et al. oOHapy»uay, 4TO ACHCTBUE TO3UPOBAH-
Holt runokenu (5 % O,) yennusaer cunte3 HIF ¢akTopa, KoTopsIii cTuMynupyeT cuHTes
ropmonoB 11K [15]. IToka3aHo yBenMUeHUE SKCIIPECCUN MapKEPOB TPAHCKPUIILIUU TOp-
monoB 11K u yBenmdaenne nuddepeHIrpoBKY xKene3sl mpu rumokcu [20].

B GonpmmHCTBE IMyONMMKAILMKA MMOKAa3aHO yTHETAromee JeWCTBHE METaTOHWHA Ha
aktuBHOCTh LIDK [10, 12]. Bo3pacTHO# acmekT UrpaeT BakKHYIO pOJib NPHU H3YYEHUHU
BIIMSTHUS MEJIATOHMHA Ha JEATENBHOCTH JKeJe3bl. Y CTAaHOBJIEHO, YTO BBEJEHHE MeNaTo-
HUHA Kak B ¢usnonoruueckux (0,05; 0,5 mr / xr), Tak u B hapmakonoruueckux (2,5; 5;
10 Mr / kr) 103ax OKa3bIBaeT yrHETalollee AeUCTBUE HA aKTUBHOCTh THPEOUIHBIX TOPMO-
HOB Y MOJIOJIBIX ’KMBOTHBIX PEIPOIYyKTUBHOTO Bo3pacTa [14]. B To Bpems kak exeqHeB-
Hble MHBEKLUH MEJIATOHWHA CTapbIM KpbicaM Aaxe B ¢usnonorundeckux nozax (0,05 u
0,5 Mr / Kr), HaIPOTHB, CTUMYJIHPOBAIHN CHHTE3 W mponyknuto ropmonoB IIIK. Ilpu
9TOM YBEIUYUBAIOCh OTHOCUTEIBHOE KOJNMYECTBO THPEOLUUTOB C TUILIOMIHBIMH sApa-
MH, YTO MOKHO paccMaTpuBath kak “omonoxxkenue” 1)K [4]. Takoe ke noJ0KUTENbHOE
Bnusinue menatonnHa Ha DK ormeuanu u npyrue uccnenosarenu [11, 13].

Panee mb1 u3ywamu cocrostaue LK kpoic smann SHR Toro sxe Bo3pacra, koTo-
pble BECHOI U OCEHBIO HAXOAWIUCH 1O, pa3fesbHbIM BosaeicTeueM MHIT unu menaro-
HUHA. BhIsIBIICH pa3HOHANPABICHHBIN 3 (EKT Takoro BO3AECUCTBHS HA CTPYKTYPY U MOP-
(domerpuyeckue napamerpbl (GYHKIIMOHAILHOTO COCTOSHHS JKEJe3bl B Pa3HbIe CE30HBI
roga. Tak, 28-nueBHoe BozaelictBue VHI' mosoxuTensHO ckazanoch Ha MopdodyHk-
nnoHanbHOM coctosinuu LK BecHoit. O6 3TOM CBUIETEIHCTBOBATIO YBEIMYCHHUE BHICO-
ThI TUPEOIUTOB, CHIDKEHHE MHICKCA HAKOTUICHHUS KOJJIOWAOB U IINPHUHBI MEXJIOJIEBBIX
MEX(POUTHKYISPHBIX IPOCIOEK COCTMHNTEIBHON TKAaHH B JKEJIe3€ MOIONBITHBIX KUBOT-
HbIX [8]. AktuBHOCTH 12K KpBIC, MONMY4YaBIIMX TMIOKCHYECKYI0 CMECh OCEHbBIO, HAIPO-
TUB, cHIKanack. M3menenus 1K kpbic, nogBeprmmxcs BIUSHUIO MEIaTOHNHA, TaKXke
3aBHCENIN OT BPEMEHU rojia. BBeleHHe 9K30r€HHOr0 MEIaTOHWHA BECHOM MOBBIIIAJIO aK-
tuBHOCTH 111K, a oceHbto, HA000POT, cHIDKAIO €€ [2].

TaxuM 00pa3oM, aHaJN3 PE3yJIbTaTOB HAIIUX HCCIIEIOBAHUH MTO3BOJISIET HPEIIO-
JIOKHTh, YTO CE30HHBIC paznuuuns Bo Biusuud MHI u menatonnHa Ha MopGhohyHKITHO-
HasbHOE coctosiHne LI[DK croHTaHHO-THIEPTEH3WBHBIX KPBIC MOTYT OBITH CBSI3AaHBI C
0COOEHHOCTSIMH €€ (PM3UO0JIOTHIECKON aKTHBHOCTH BECHOM M OCEHBIO. BecHOii, B mepnon
MTOHMKEHHOW aKTUBHOCTH JKEJIE3bl, MPOJOHTHPOBAaHHOE KOMOMHUPOBAaHHOE BO3/IEHiCTBHE
WHI" 1 MenaToHNHA yMEPEHHO yBEINYUBACT €€ (QyHKIIMOHATbHYI0 aKTUBHOCTh. C apy-
TOif CTOPOHBI, OCEHBIO, B TIEPHO/]I IOBBIIIEHHON (H3Hoorndeckoi akrusHocTH 111K,
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prnusiaue MHI™ u MenaToHuHa cHiKaroT ee. TakuMm 00pa3oM, MCIOIB30BAHUE TIEPHO TU-
YEeCKOH HOPMOOAPHUIECKOM T'MIIOKCUU M MEJIATOHUHA TTO3BOJISCT CIUIAJNTh CE30HHBIC Pa3-
mnuns B aktuBHOCTH 1K, OmHako dusunonornveckoe 3HaueHue 3Toro ¢ exra tpedy-
€T JajpHEeHIIero u3yueHus u yrouHenus. [loaydeHHble JaHHBIE MOTYT UMETh HE TOJIBKO
TEOPETUYECKOE 3HAYEHHE, HO U MPEACTABIATH ONpEACSCHHBIH MPAKTHUECKU UHTEpec
npu ucrions3oBannu UHI u MenaToHmHA B 1e4e0HBIX M 03IOPOBHUTENBHBIX LENAX y Ta-
HUCHTOB C apTEePHANTBHON THITEpPTEH3NeH, NMeromuX Hapymerne GyHkauu LK.
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NruntdUwuhnyby B UEnwwntnl bwpnnuh (Lavandula angustifolia Mill.) UGpdniénidp W tnuyw-
Unieh wpwg pwquugndp Yinuwyp Jvhypnpwquwgdwl W hhnpnwynupy  hwdwygywéd  JGennny:
Mwpqyby £, np Yuineuwghtu  hjncujwépubphg wngtUnhy  puéninubph JGpwywugudwt  hwdwnp
Unpuwphgt W Uynigh ulunwdhpwdwipnid owwnhdwy U a-LRM-h' 0.5 dg/ L RUM-h* 1.0 Ug/
hunnipynulGpp: In vitro Wwynyeh wwjdwultpnd Jhypnpwgdwgnidp hbwnpwynp £ hpwywuwguby
wdpnng tnwpyw purpwgend* 66.7% wndwunwnwewgdwdp, huswbu bwl JBY Epuwyjwlinhg 9 wdujw
pupwgentd YwpGh £ unwlwp wybh pwu 30 000 Jhypnpniuwyutn: Ipnpnwnuhy wwydwuubpp
Jhypnpnuwyutph hwdwp wwwhnygb) U wuhpwdtun dhynpnyihdw, W wnwlg Yihdwjwywndbgdwlu
pnyubph Ywsnnwywuncpyntup wqut) £ 89 %: Mwnqgyby £, np dwnydwu thnened Uwpnnuh npwyp
wwjJwuwynpnn GrtGpwjninh  wwpnibwyniejntup (2.4 %) 1.7 wuqwd qgbpwquwlugt) £ hnnwjhu
pnujutphl: NwnhnghdhwywU nuncdUwuppneeynilubph wpnyniugnud wwnaqyty £, np hhnpnwnuhy W
hnnh wwjdwuutpnud unwgywdé pniuwhnidep nwnhntyninghwwtu wugunwug £, pwuh np npw
gndwpwiht B-nwnhnwywhynipiniup sh gGpwaquugt) 1,0 Ap/q uwhdwup [17]:

Lavandula angustifolia Mill. — Yuintu — Gp&pwynin — gnidwpuyhl B-nwnhnwlwnhynieinit —
in vitro — hhnpnwnUpyw

HccnenoBanuch WHTPOMYKHSIT M yCKOPEHHOE pa3MHOXKEHHE JIaBaHIBI Y3KOJIMCTHOI
(Lavandula angustifolia Mill.) conpspkeHHBIM METOIOM KJIOHAIBHOTO MHKPOPa3MHOKCHUS H
THAPONOHHUKH. BBIACHHMIIOCH, YTO JUIS pereHepaluy aJBEeHTHBHBIX MOOETroB M3 KauTyca B IHTa-
TenbHOUW cpene Mypacure m Ckyra ONTHMAaJIbHBIMH OKa3aduch KoOHHeHTpammu 0,5 wmr/in
a-HVK u 1,0 mr/n BAIL. B ycnoBusix Ky/ibTypsl iN Vitr0 MHKpOpa3MHOKEHHE BO3MOXKHO MPOBO-
JUTh KPYIIIBIA Tof1 ¢ 66,7 % pU30reHe30M, a TaKkKe B TeUeHUe 9 MecsIeB U3 OAHOrO SKCIUIaHTaTa
MOXHO TosrydnTb 6onee 30 000 MHMKpopacTeHWH. YCIOBUS THAPONOHMKHU JUIsi MHKPOPACTEHUI
obecneynii HeoOXOIUMBIH MHKPOKJIMMAT, T/ie BBDKMBAEMOCTh 0€3 aKKIMMAaTH3allH COCTaBUIIa
89 %. BhIsICHHIIOCH, 4TO B (hase IBETEHHs 10 cojiepkaHuio 3¢upHoro Macna (2,4 %) rumponoHu-
YecKHe pacTeHus B 1,7 pa3a MpeBBIIATN PAaCTEeHHS MOYBHL. B pesynbprare pagHoXMMHYECKUX HC-
CJIeI0BaHMH BBIACHHIIOCH, YTO MOTYyYEHHOE B THAPOTIOHWYECKHX U ITOYBEHHBIX YCIOBHSAX PACTH-
TEJIHOE CHIPhE PAAMOIKONOTHYEKH 0e301acHOe, MOCKONIBKY MX CyMMapHas B-paanoakTHBHOCTh
He npesbimrana npeaen 1,0 br/r [17].

Lavandula angustifolia Mill. — kawryc — agupnoe macno — cymmapnas B-paouoaxmuenocme —
in vitro — cuopononuxa

The introduction and accelerated propagation of narrow-leaved lavender (Lavandula
angustifolia Mill.) by conjugate method of clonal micropropagation and hydroponics was
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investigated. It turned out, that in the Murasige and Skoog nutrient medium concentrations of 0.5 mg/I
a-NAA and 1.0 mg/l BAP were optimal for regeneration of adventitious shoots in callus tissues.

In in vitro culture it is possible to do micro-propagation whole year with 66.7%
rhizogenes. 30 000 micro-plants and more were obtained from one explant during 9 months.
Hydroponics conditions provide the necessary microclimate for micro-plants where the survival
rate without acclimatization was 89 %. The essential oil content in hydroponics herb in blossom
phase was 2.4% and exceeded 1.7 times the plants of soil (1.4%). Radiochemical studies revealed
that the vegetative raw materials obtained under hydroponic and soil conditions are radio
ecologically safe, since their total -radioactivity did not exceed the limit of 1.0 Bqg/g [17].

Lavandula angustifolia Mill. — callus — essential oil — total g-radioactivity — in vitro — hydroponics

Lbpyw  dwdwuwywppwund  wphuwphh  GeGpwjninuwnnubph - wpunwnpniejwlu
hwdwn oguwagnpéynd £ 60 wnbuwyh dpwynyh W Juyph Grbpwniqwwmne pnyubn,
npnughg wnwywwnwn wntkn £ gpwntgunid bwpnnup: Ywjnph yhdwyned bwpnnuu wénwd £
UheGnpypwywu ényh wyjwqwuncd, npinbn hwunhwnd £ 30 nbuwy: Upnntuwptpwywl
Lwwwwyny hhduwywund wodbgynid W oguw-gnpdynid £ Lwpnnu  UenwuwnGnlp
(Lavandula angustifolia Mill.), [9, 12]:

‘Lwnpnnuh pwuywndte GrEpwinuinu ntuh Jwupbwuwwl hwwnynipniu, oginwgnpéyncd
E YnudbGwhywih W obwutGihph pUwguwywnnid: Sebpwininp hhduwywunwd Ynenwyyned £
SwnyuwpnyGpnud® 0.8-1.6 %, huy wnGpllubpnud Yuaqunwd £ 0.4 W gnnnillGpnud Jhugle 0.2 %:
Grbpwininp hwpnwun uaqd ntuh, hhdbwywu pwnwnphsuGpu 6U - (hbwihjwgbuwwnp, o-
whutup, 1,8-ghutinp, Uhpgtup, a- W B-oghutlp, y-inGpwhutup, Ywphndhitup, pGpqudnuntup,
y- W d-jwpnhutup, a-ynLyntdbup, a-inbpwhubnip, gtpwuhnip, UGpnp, Ywddnpwl: Lwnnnuh
GrGpwjnnh npwyp wwidwluwynnpynwd £ huwhjwgbnwnh wywpniiwynijwdp: Rwpdpnpuy
GrGpwjNLNNLU |huw-{hjwgbunwwnp Yuaqund £ 40-42 %, W wju oguwgnnpdynid £ oSwltihputph
wwwpwundwl  hwdwn, Jdhght Ywngh Gebpwininnud wjiu Yuwaqund £ 35-40%, huy
gwénnnwyh nbwenwd* 35% -hg gwidn [12, 13, 16]:

Swnhyutpp wwpniuwynwd BU Lwle nwpwnwnietn (Uhugle 12%), nwnUwujncebn,
fubdtn, nLpuniweent, Ynwwnhu, gGpuhwnpl [13, 16]: Lwpnnuh dwnhyutpp W Grbpwjnnu
odinjwé GBu  pwqUwprhy pnwdhg  hwnyniggnilubpny' Jhqwidnin,  hwuguwnwgunn,
uwwagunihinpy, bwle Yuwpgw-ynpnud GU gunintnh wpjwu 2pgwlwnnieniup: Sptpwjninp
hwywyhpnuwiht, hwywpwywnbppw, b hwlwulywhu hwwnyneenu nluh, fupwund £
Jbpptph jwywgnudp: Ugwunwywu pdoynigjwl Jbe Uwpnnuh Grbpwininh uwyhpunwhu
(nLényRUEPU ogltnwgnnénud BU UhgpBuh, UlpwuwnGUuhwih, ndwunhquh, uhpun-wunpwihu
hhjwunnigynilutph nGwenwd: Lwpnnup bwle wy Jdenpwwne pnyu £, nphg unnwgyué
Jbnpp quwhwwnynwd £ pdoynipjwil Ute [9, 12]: IGwnwgnunnipjwlu hhdlwywu Uwywwnwlyp
ubnwuwtbple  Uwpnnuh  UGpdniéndp W wnbywlnieh - wpwg  pwquwgnudu £ Yyinbwg
UhynnpwgUwgdwl W hhnpnwnuhy hwdwygywé utpnnnd:

In vitro Yinuw Uhypnpwaqdwgnidp W hhnpnwnuhywl pnygutph watgdwl W wpunw-
npnipjwl dwdwlwywyhg YeUuwwntGhuuninghwywu nunnniejntllbphg BU, npnup wnwyb)
nwpwénd nluBl wpnynilwpBpwywl qupqugwd 2w Bpyputpnd: Yinuwp Jhypnpwa-
Jwgdwu wnbGhulninghwu oguwagnpdynid £ hwgywagniin, nddwp pwqdwgdnn, huswtu
Uwl wnlunbuwwbu wndbewynn pniuwwnbuwyutbph pwgquwgdwl Jwd Unp unpuintph
unwgdwu nbwenud [7, 8]: UGennh hhdpnud puywé £ pnyubph Gquyh wnnunhwnntbUn
huwpwynpnipjwu ogunwannénudp, Gpp hjneujwépubpp Eygngtu wgnwyutph wqnbgne-
pjwu hGnliwlpny uyhgp GU wwihu pniuwywu nne opgwuhquhu [3, 8, 15 Gy wju
ywplnp Gplenyeh 2unphpy £ priuwywt YELluwquugwéh Ywd nulywuneh wpunw-
npnLejwl wuwwnbgnd UbpnnU ntuh yhpwnwywl J6s Lpwuwynie)nil:

Ynip W dGpnn: In vitro ywjdwlubp UGpdniddwl Uywwnwyny hGunwgnunniejwu Ujnie Gu
Swnw)t| Uwpnnu UGnwuwntplh (L. angustifolia Mill.) Gphunwuwnn Yuuws pudninutpp, wnGpllubpp W
ubpdGpp: Epuwwunubpp W ubGpdbtpu whunwhwudbp B 96 %-wung Eehy uwyhpwng (1 pnwb),
0.1 %-wung nhwghnh [ntényyeny (10 pnwt) W gnpu wbqwd 15-wywl pnwt |ywgdb] Jwupkwqgbnéd
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onny: UGndbph gwlpp Ywwwndb E upquyubpnud W MGnphh pwubpnud 5 g/f wgwpny wwun-
nuunywsé dhgwywph Jpu:

IGnwgnnnynlllbpu hpwywlwgyty Bu in vitro wynyend punnitugwé hwdpunhwlncn
Uhpwnynn dtrennutnny [3, 8, 10]: Npwbtu hhuuwywu ulunwdhpwywn ogunwagnnédyt| £ Unpwuhgb-
Uyngp (UU), [14] Jbp Ynnuhg Ywwnwpywsd slwhnfunijudp (hwlpwihlU wnbph funnceginiup
pnnUBINY Unyup, Ywd Udwgbgubind Ypund swih (1/2UU)° wybugdtb, BU  wwppbp  hwpw-
pEpwygniRjwdp W funnuepjwdp Jhnwdhuutn (ehwdhl W whphnnguhl), wsdwU Ywpgwynphsutip (6-
ptughjwJdhtwwniphu  (RUM),  a-Lwdphpwgwhuweent  (@-LRE), hunnhlywpwgweene  (hUlG):
UphGunwywu fughyh wwjdwuubpnud wwhwwudtb, bW wwwhndytp Bu hGnljw] wwjdwuutpp®
sbnpUwunhéwlp' 25-26°C, [nLuwwwpptpwlwlnienilp 16 d., onh luntwynipjnilp® 60-70 %: Suyywé
Epuwjjwuwnutpny, Ywiniuubpny W Ywpnuubpnyg thnpdwunputpp inbnwinpdtp G 3000-8000 pnLpu
[ncuwydnpnijwl tnwy: enpatbpp uwnwnytby G 10 yplunnnipjwdp: Lwpnnuh Yupnuubpp W in vitro
%wjdwUUbnnLd wadkgywé Uhynpnpniuwyubpp tuywnyytp BU pwgorejw hhnnntunhhhwaU Ywjwuh 5

J° ubdwt Jwytptuny ybgbinnwghnu thnpdwdwngbnned, jnupwewlgnipp 6 pnLu/U? hunnLjwup:

Qhwnwthnpatpnd Yyhpwnyt) £ Q.U Ywypjwup Ynndhg wnwewnyywé ulunwinidnpp [6]:
Npwbu |gwujnie Yhpwndt) £ hpwphuwht uwpwdp: 3nnp Swnwjb| £ npwBu uinnighg, npncd hnedneup
Ywqut] £ 1,5-2,5 %, hwpniun £ $nudnpny W Ywihndny: Innuihu duiynyenid wwhwwuyb) Gu
wagnpnunGiulhywywu wunuutpp (hnnh thupbgned, dnjwhunintph hGnwgnid, wwppGpwpwn gnnwdun®
3-4 opp 1 wugwd, ywnwnunwgned):

Grbpwntnh wwpntlwynteintup pwnu pniuwhnidened pniutph swnydwu thnepned (hncuhu —
hnihu) npn2yti| £ Ghlgptingh dGennnd), [4, 5]:

Pnrutph gnudwpwihu B-nwnhnwywnhynipinitup npnayt) £ nwnhnphdhwywl Jgennny thnen
Pnuwjht YM®-1500 nwnhndtwnph vhgngny [11]:

Upmyniuplutp W pUlwpynid: In vitro wwydwlutp ubpdnuddwl  wpnniupnud
whunwhwudwu wpnntuwybwnnie)niup bwpnnuh Epuwwuwnutbph (puénunukn, wnbpllutn)
nGwpencd Yuqutl £ 75 %, huy uknpdGph® 90 % (wn. 1):

Unyniuwy 1. Epuyyjwunutph whuinwhwudwU wpnntbwyGunnceginiup

Uhunwhwlynn opjGlynn UhunwhwudwU wpnynctuwdGuinneeniu, %
Utnputp 90
CugjnLnubip, tnbpllutn 75

In vitro wwjdwuuGpnud L. angustifolia Yinuwy dhypnpwqdwgnidu hpwywuwgyt) £
Jhypnywpnuwynpdwl Gnwluwyny W wnwppbp Epuwwuwnubphg (0.2-0.6ud wnbplth W
gnnntuh  hwndwéltbp) unwgywéd veyniuwgywéd Ywintuwihtu  hjncujwépubphg wunen-
nwyh dwuwwwnphny ytpwywuguyt| GU wnyBuwnhy pudjninutn:

LY. 1. L. angustifolia Ywintuwjhu hjnLujwépubnUu wnytuwnhy puéjntnubnny
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Ywintuwjhu hjnujwépubph wnwgwgnudp nhngdtbp £ wmuywpyndhg 16 op hGwn:
hUswGu nGpllwhl, wjlwtu £ gnnnilwjhUu EpuwyjwunuGpp, pninp thnpdwnydwé wadwu
fupwuhgutnh  wnywjnipjwdp  wnwpwgnpty  GU  Yhuwthfupnl, nEnuwywlwswyntu
wintuwihU hjncudwéplbp LY. 1): Lwpnnuh gnnnibwjht Epuwwlnh Yuintuwagnjugdwl
hwdwp thnpdwnpyywéd Shuinnhnpdnuutnhg jwdwagniuu BU* a-LRM 1.5dg/, AUM 0.5dg/| L
a-LRM 0.5dg/, AUM 1.0dg/, huy nbpliwihu Epuwwuwnh nbwenid® a-LRME@ 0.5 Ug/, AUM
1.0dg/, L o-LRf 1.5dg/, AUM 1.0dg/| (wn. 2) punnnrejntlutpp: Uluunwdhowywinnid
0.5dg/| a-LRM[ W 1.0dg/ AUM wnywjnipintlp Ywintuwihu hjncujwépubpnud fupwlb) £
opguwungbubq’ wnyGuwnhy pugjninutph wnwewgdwdp LY. 1 W wn. 2):

Unyniuwl 2.L. angustifolia yuwinLuwnwgwgniup twnptn $hunnhnpdnultph
wgntgniejwl wwjdwuuGnnid

N Uadwl ywpgwynphsubn, dg/| YwnLuwnwyewgntu
a-LR( fUM wnGpliwhu gnnnLuwjhb Epuwywuwn
Epuyjjwuwn

1 0.5 0.5 ++ ++

2 1.0 0.5 ++ ++

3 15 05 ++ +++

4 2.0 0.5 ++ ++

5 0.5 1.0 +++ +++ (opqwlngtutq)

(opqwngtutq)
6 1.0 1.0 ++ ++
7 15 1.0 +++ ++

Pnru-ntgEUGpwuwUGnp in vitro wwjJwuubnpnd pwquwgdb) GU Jhypnywpnuutpny
Unupwgywé 12UV ullnwdhswdwipnd bu@ 0.1, 0.3 W 0.5 Jg/ wnywjnipjwdp:
Uhypnyunpnuutph wpdwwnwnwewgnidp nhinybl £ tnuywnynwdhg 14 op wiug (LY. 2):

LY. 2. L. angustifolia wpdwwnwywwé Jhypnpnijubpp

UhypnyupnuuGph  wpdwwnwwdwu  jwjwgnuyu  wmwppGpuwyu £ bule
0.3dg/l punniejntup, nph nGwenid Wywunyby B 66,7% wpdwwnwnwowgned,
hwJwwwwnwupuwUwpwn LY. 3):

UhypnyupnuuGph  wpdwunwywidwl  jwywagnuu tnwppbpwyu £ bUle
0.3Ug/| punnrpeintup, nph nGwenud Lywwnybp, B 66,7% wpdwwnwnwwgned,
hwJwwwwnwupuwuwpwnp LY. 3):
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LY. 3. L. angustifolia Uhypnywpnulutph wpdwwmwywindp
UU ulunwuJhpwywjpnid bY@ tnwnptn fuinncpjwu wwjdwuuGpnod

Quwpuwlp in vitro wébgywé Jhynnpniuwyubpp  wbnwihnfudtp G pwgopw
hhnpnwnUhy  wwdwlutn: - Uhynnpnyutiph - Yugnnwiunigniup - pugorejw - hhnpnwnlh-
Yuynud Ywquty £ 89 %, huy hnnwjhu wwdwuubpnd® 75 %: Ywnpnuutpny pwqUwgdwl
ntwentd hhnpnwnuhy wwjdwluGpnd wpdwnwywinudp uqut £ 39, huy hnnnud” 25 %:
Shnpnwnuhy wwjdwuutpnud Uwpnnup uyunwd £ dwnytp hnluhuh uygphl, huy hnnuwjhu
wuwdwuuGpnud® 20 on nu: Gnwgnninuejwl wpnyntupUbphg wwpgybp £, np dwnydwl
thnunwd - hhnpnwnupy  pnuwhnedenid (Swnhyubp W dwnhyubph gnnnilutp) LUwpnnup
npwyp wwydwuwydnpnn  GeGpwininh  wwpniuwynipyniup (0.8 %) 2.6 wugwd, huy
swnhyutpnid (1.4%) 1.7 wuqwd pwpéan E Gnbl hnnwjhu pniyuGph hwdGdwn (wn. 3):

Unyniuwl 3. L. angustifolia pppp W Gebnwjninh wwpniuwynieintup pwgorejw
hhnpnwnuhy wwjdwuuGpnid

Swppbpwy REpp, g/pniju Grbtpw)nLn, %

éwnhy | gnnntt | dwnhy+gnnnil | dwnhy | gnnniu | dwnhy+gnnniu
3hnpnunupyw 158.0 318.0 476.0 2.4 0.06 0.8
3nn (unntghg) 11.0 375 48.5 1.4 - 0.3

Un. 3-nud UGpyuwywgywé ngjwutpp Jywynd Bu, np hhnpnwnuhYuwjnwd pnyutinp
swnyuwu thnind wybih 2w swnywpnybp Gu dlwynnby, pwl hnnwihu wwyJwuubpnid:

Muwnqyty £, np bwpnnuh Gebpwjninh wdBuwpwnén wywpniuwynieiniup (2.2 b 2.4
%) qpwugyb] E Swnhyubpnud, npp Gpynt twpBywu pnyubph nGwenwd 40 wuquwd, huy
Gptp lwpblywl pnyutph nEwpenud 22 wugwd gbpwquugt) £ dwnywgnnniltphu Y. 4):

Nwnhnphdhwywl  nuunwUwuhpnoginiuGph wpyncupned wwipgyp £, np
hhnpnwynuhywnud  pnyubph b nwnhnunwythnubph (ML) UGppwthwugdwl wnpnp Gu
ublinwincényreh wwnpwundwu hwdwp ogunwagnndywé Glwjhu wpunbguu enipp W hw-
pwjhu wwpwpunwuntetpp, huy hnnwiht wwjdwuuGpnd® nnnghg onipp W hnnp [2]:
Lwnbih E Bupwnnbl, np hhnpnwnuhywjnud Wwywpnyubph dbe wnpdwwnubph dhengny NHU-
p pwihwlgt] BU ullnwinénye-untpunpwn-pnygup wpdww, huy hnnnud® nenghg enLp-
hnn-pnjuh wpdwwn 2npwutpny: Pwgh npwuhg, Ywnpth £ Gupwnpt, np W hnnnud, W®
hhnpnwnuhywjnwd, pnyubph  JGpgbunbyjw  opgqwluutbph  Jbe NL-h - wpunwpdwwnwihu
UGppwithwlugdwl punhwunip  uygplUwnpnp U hwunhuwgbp onwjhtu  wywquuhg
rwhywd dpUuninpunwhu intnnwdutnp, thnpht, unipp, wknpngniGnpp [1]: Mwnpqyt £, np hhn-
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pnwynupywjnud  wyjwéd Uwpnnuh  Wwywpnyubpp  gnudwpwiht - B-wywnhynipjwdp
gbpwaqulgt) Gu hnnwihu pnyutphu 2,1 wuquwd (wn. 4):

(¢t° hhnpnwnuhy, W RE® hnnh wwjJwuutpnd unwgywd pniuwhnudpp Ywnth £
hwdwnb) Eyninghwwtu wudwnwug, pwuh np, pun Unnnpwwwhnigjwl hwdw?huwnphwihu
uwquwybpwnigjwl, pnwuwhnwdpl Eyninghwwtbu wbdwnwug £, Geb npwund B
dwnwaguwjrenn nbhilwdhu W puwywl NU-h pwlwyp sh gbpwquiugned 1,0 Ap/q utnwlinwinun
uwhdwup [171]:

Unyniuwl 4. L. angustifolia gnedwnwjhu B-nwnhnwywhdnieintup hhnpnwnuhy W hnnwjhu

dwyntjencd
UV2wydwl Gnuwlwyp B-nwnhnwywnhynipjnil, Pp/Yg
Ihnpnwnuhyw 550 + 22
3nn 260 + 20
Ufdhu [17] 1000

UdthnthGiny  hGunwgnunince nlllGph wpnyniupUubpp® wnbih £ hwlgbp hGunlgwg
Gapwywgntpniuutnh:

Swunnwwnyb) E L. angustifolia in vitro dywyne UGnuniédwl, wnwnpbp Epuwjwln-
utphg Ywintuwghu  Ynepinnpwgh, opqwungbUtgh, nrhgnqbUubgh fupwudwu (66.7 %),
wnuywujnieh, hhnpnwnuhy pnyutbph wotgdwl, Grbpwininh unwgdwl  huwpwynpne-
pintup: Ipnpnwnupy W hnnh wwjdwulbpnud wébkgwé Uwpnnuh pnwuwhnedplu Eynpn-
ghwwtu wuywnwug E:
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From erythrocyte membranes (EM) and leukocyte membranes (LM) of human donor blood
of group Il the superoxide (O,)- producing associate of NADPH oxidase (Nox) with NADPH-
containing lipoprotein — NCL (Nox-NCL) was isolated and purified for the first time. Water solutions
of the Nox-NCL have weak opalescence at pH 9.5. The specific content of the Nox-NCL from EM
and LM is 3.6+0.04 mg/ml of erythrocytes, and from LM — 21.5+2.9 mg / ml of leucocytes (p<0.05,
n=6). The specific O,-producing activity of the Nox-NCL EM is 30.2+ 1,6 units/mg and 40,4+5,0
units/mg of these membranes, correspondingly (p<0.05, n=6). The mechanism of the production of
O, by these Nox-NCL associates contidioned by transfer of an electron from NADPH of this NCL to
Fe(+3) of heme group of the Nox, then to molecular oxygen, reducing itto O,

Thus, NCL associated with isoforms of the Nox on the surface of EM and LM is a cofactor of
this Nox for the production of superoxide radicals in heterogenous phase (on EM and LM) and
homogenous phase (in solution), and separated NCL as activator of immune cells Nox was indicated
for the first time.

Erythrocyte — leukocyte — membrane — NADPH oxidase — superoxide radicals —
associate Nox-NCL — immune cells, activation

UnwphUu wugqwd dwpnywjhu nnunpwywl wpjwl 1l fudph Eppepnghnltph pwnwlpUtnhg
(Ef@) nu [Glynghinubph pwnwupUtnhg (LG) wlpwwnyt) b Jwenyb) E untwbpopuhn (O,-)-gnjugunn
wunghwwn* Yuquywé LUAPH opuhnwghg (Nox) W LUYPH-wwnnilwynn (hwynwnnnthuhg-LNL (Nox-
UMNL): Nox-UNL wunghwwnh gpwjhu (neényeUtbpp pH 9,5-nud nlubu iy owwitugbughw: Nox-UNL-h
inbuwywpwnp pwuwyp E-Gpnud W L@-Gpnud hwdwwwwnwuhuwlwpwp ugdnud £ 3,6+0,04 Jg/u] W
21.542.9 dg/1J], (p<0.05, n=6). Ef@-tphg W LM-tphg wlpwwnwé Nox-UML-h wnbuwywpwp O,-.-
gnjugdwl wywnhynipniup hwdwwwwnwuppwlwpwp Yuqunid £ 30.2+1,6 J/dg W 40,4+5,0 J/dg
(p<0.05, n=6). Ujn wunghwwutpny O,- -gnjugdwl Uthuwuhgqup wwjdwuwynpgwé £ UNL-h LUNPH-
hg EGYnpnlh thnfuwlgdwdp nbwh pwnwupwihl Nox-h htdwihu fudph Fe(+3), nphg . nbwh
UniEyntjwjht prywshl’ yepnwywlqubiny wju vhusle O,- :

Wuwhuny, wnweht wugwy gnig £ wipdnud, np E@ W L@ Jwybplnyeht nbnwywusé W
Nox-h hGwn wunuwgywé UMNL-UY Yyndwlywnp £ Nox-h hwdwnp hGnbpngtl $wgnd (B W LG
dwybplnypht) W hndngbl  $wgnud  (inudnypned)'  untwtpopuhn  gnjugubint  hwdwn, huy
wnwldbwgywé UNL-U hwunhuwuntd E hunitbwhu pghgutinh Nox-h wywnhywwnnn E:

Ephnnghunuyhl — 16jinghunuypl pwnwlpltn — LUYMPH opuhnwq — wunghwwn Nox-UML, hdntlwghl
pghgltin — whywnhywgnid
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Brieprie U3 spurpommTapHsix MeMmOpan (OM) u neiikommTapHBIX MeMmOpan (JIM)
JOHOPCKO#T KpoBH 4enoBeka I rpymmbl BeiesieH U ouuiieH cynepokcun (O,)-mpoayupyrommuii
accormatr NADPH okcumassr (Nox) ¢ NADPH-conepxaumm nunonporerHom — HCJI (Nox-
HCIJI). Boxusie pactBopsl acconuara NOX-HCJI umeror crnabyro onanecuennuio mpu pH 9,5.
Vnensroe coaepxanue Nox-HCJI u3 OM u JIM cocrapmistor 3,6+0,04 mr/min u 21.5+2.9mr/mn
(p<0.05, n=6) coorBercTBenHO. YaenpHas O, -nmpoxyuupytomas aktusHocTh NOX-HCJI u3 OM u
JIM cocraeisier 30.2+1,6 en/mr u 40,4+5,0 en/mr (p<0.05, Nn=6) coorBeTcTBEHHO. MexaHU3M
npoayuupoBanuss O, atumu accoumatamu NOX-HCJI oOycrnoBieH mnepemaueil >JIeKTpOHA OT
NADPH w3 HCJI x Fe(+3) remomoit rpymmer Nox, gajee K MOJEKYISPHOMY KHCIOPO.LY,
BoccTaHaBimBast ero 1o O,

Taxum o0pa3om, BIiepBEIe TOKa3aHO, YTO acCOIMUPOBaHHEI ¢ NOX Ha moBepxHOCTH OM 1
JIM HCIJI sBnstercs kodaktopoM aust NOX mpH HpoaynHpOBaHHN CYIEPOKCHUIHBIX PaaHKalOB B
rereporeHnoil ¢aze (Ha OM u JIM) u romoreHHoii ¢asze (B pactBope), a oraeneHusiii HCJI
SIBIIIETCS aKTUBATOPOM NOX HIMMYHHBIX KIIETOK.

Opumpoyumapnuvie — netikoyumapHvie memobpanwvt — NADPH oxcudasza —
accoyuam Nox-HCJI — ummyHnvle kiemku — akmuseayus

It is known that lipoproteins are important structural and functional components
of the biomembranes and are involved in the synthesis of various bioactive compounds.
Types of lipoproteins are present in the plasmatic membranes and membranes of
intracellular formations of mammalian tissues and play an important role in the
regulation of ion channels (including Kv7.2/Kv7.3). In this case, the lipoprotein
cholesterol significantly modifies electrokinetic properties of human erythrocyte
membranes with chronic cerebral ischemia and detection of phosphatidylserine in the
erythrocyte membranes [1-3].

According to the currently available concepts, in the process of O, production
occurs combined electron transfer from cytosolic NADPH group of the cells with four
Nox isoforms to the terminal and active Nox1 and Nox2 isoforms localized on the
surface of the cell membranes for reduction of extracellular molecular oxygen to O, [4].

Is there on biomembranes an alternative source of electrons (NADPH-containing
component) for direct electron transfer to Nox isoforms for O, generation ?

NADPH-containing superoxide-producing lipoprotein (suprol), which is activated
by transition metal ions, was isolated from placental blood serum of women and
mammalian blood serum for the first time [5-7]. Isolation and purification methods of
NADPH containing lipoprotein associate with Nox of cell membranes of medicinal
plants already available, in particular from the leaves of Stevia (Stevia rebaudiana
Bertoni), and showed the stimulation phenomenon of O, -producing activity of Nox in
heterogeneous and homogeneous phases [8]. Therefore, it will be possible for isolation
and purification of the Nox-NCL associates from EM and LM.

The aim of the work to elaborate a method for isolation and purification of the
Nox-NCL associates from EM and LM, as well as to separate of NCL from these
associates and to determine the stimulation mechanism of NCL of the Nox and the
mechanism of O, production by these associates.

Materials and methods. The isolation and purification of EM and LM from donor
blood.

The plasma of donor blood Il group (20 ml each) was separated from red blood cells using
3% Dextrana-70 (“Loba Finchemie”, Germany), dissolved in saline [9]. After centrifugation and
washing the precipitated red blood cells with saline and repeated centrifugation (2000 x g,
10 min), the precipitated red blood cells were hemolyzed with water (1:5 v/v). Further, by adding
0.05 M of HCI, the pH of hemolysate was adjusted to 5.6, by addition of 0,01 M HCI and the EM
precipitated by centrifugation at 5500 x g, for 10 min. EM was washed with water (1:50 v/v) and
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after centrifugation was homogenized with water by homogenizer. Leukocytes from blood plasma
were also precipitated by centrifugation under similar conditions. After precipitation, the white
blood cells with saline were homogenized with water, and then were frozen and thawed, after
which LM were also precipitated at pH5.6 and collected by centrifugation. Traces of hemoglobin
from EM and LM were removed by treatment with the mixture of ethanol and chloroform by
volume ratios of 9:1. Separately, 1 ml of this mixture was added to 9 ml of membranes and
incubated for 30 min under mixing conditions.

Hemoglobin turbidity was precipitated by centrifugation. Further, the EM and LM were
centrifuged at 13.000 x g for 10 min, and the membrane precipitates were homogenized in water
(1:10 viv).

Isolation and purification of associates Nox-NCL from EM and LM

Associates Nox-NCL from EM and LM was isolated and purificated by universal method,
using human ferrihnemoglobin (Hb) for releasing of NCL and Nox from biomembranes [8]. In
particular, for the breakdown of hydrophobic bonds of EM and LM, responsible for the retention
of Nox- NCL on the surface of these membranes. Water mixtures of EM and LM were incubated
at pH 9.5 and 37°C for 1.5 hours in the presence of 50 mkM human Hb. After removal of
"liberated" biomembranes by centrifugation at 13.000 x g, 10 min pH of supernatant was adjusted
to 4.8 (by addition of 0,01 M HCI) and incubated at 4°C for 30 min. Precipitate of the fraction of
NCL from EM and LM was separately collected by centrifugation under presented conditions,
washed with water (1:50 v/v) and after recentrifugation of the obtained precipitate of Nox-NCL
associates from EM and LM was homogenized in water at pH 9.5 (40 ml for NCL from EM and
10 ml for NCL from LM). To remove possible traces of hemoglobin, these Nox-NCL associates
were fractionated with ethanol and chloroform as reported above. As a result, opalescent solutions
(at pH 9,5) of Nox-NCL from EM and LM were obtained. During ion-exchange chromatography
of these solutions, on a column with DE-52 cellulose (also at pH 9.5) the Nox-NCL associates do
not absorb on this column. Excess, non-NCL-associated total fractions of Nox1+Nox2 isoforms
from EM and LM were eluted with 0.2 M potassium phosphate buffer (PPB) at pH7.4. Gel-
filtration of Nox-NCL associates and Nox were carried out on separate columns with Sephadex
G-100 at pH9.5. After desalination, Nox and Nox-NCL associates were subjected to vacuum
Iyophilization and stored in closed containers, under nitrogen atmosphere at +4°C.

For separation of the NCL from Nox-NCL associates the Nox was inactivated by
incubation with 0.05 M hydrogen peroxide at pH 4.8, at 37°C for 20 min [10]. For removing of the
traces of hydrogen peroxide, the NCL precipitates were washed twice with water (1:100 v/v), and
adding 5x10(-7) M catalase and undergo ion-exchange chromatography on DE-52 cellulose, also
at pH9.5. Traces of catalase, unlike NCL, are absorbed on this column.

Electrophoresis of the Nox-NCL associates was carried out in 10 % PAAG
(Polyacrylamide Gel) for proteins of acidic or basic character.

The presence of a lipid component in the composition of these NCL was detected by
determination the product of lipid peroxidation (malondialdehyde). Hydrophilic (methanol,
ethanol, acetone) and hydrophobic (benzene, toluene, hexane) organic solvents were used to
dissolve (separate) the lipid component from NCL.

Determination of superoxide-producing activity of Nox-NCL associates.

The O, -producing activity of these associates was determined by adrenaline method,
which makes it possible to determine both prooxidant activity of associates and antioxidant
activity of NCL [11]. For a unit of O,-producing activity we considered the amount of associates,
which causes 50 % increase of the density of maximum absorption of adrenochrome (at 500 nm),
formed during adrenaline oxidation by superoxide radicals. Specific O,-producing activity was
expressed in the units/mg of associate. The reducing (antioxidant) activity of the NCL was
determined by the inhibition of the oxidation of adrenaline.

The presence of NADPH in the NCL was determined by the spectrofluorimetric method.
The NADPH emission peak in the composition of NCL was recorded at 430 nm, excited at
370 nm. NADPH solutions of a certain concentration were used as a control. Cellulose DE-52
(“Whatman”, England) and Sephadex G-100 (“Pharmacia”, Sweden) were used. During the
investigation the spectrophotometer “Cary 60” UV/VIS, spectrofluorimeter “Perkin Elmer”
(USA), centrifuge K-24 and K-70 (“Janetzki”, Germany) and homogenizer type MPW-302,
(Poland) were used. Statistical analysis of the results by variational statistics method of Student-
Fisher were carried out, determining the validation criterion (M+m, n=6).
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Results and Discussion. Associates Nox-NCL from EM and LM does not break up
during gel-filtration on the Sephadex G-100 and ion-exchange chromatography on DE-52
cellulose. As a result, excess of Nox isoforms from EM and LM, which are not part of the
associates, are separated. The specific content of Nox-NCL associates from EM and LM is
3,6+0,04 mg/ml of red blood cells and 21,5+2,9 mg/ml (p<0,05, n=6) of white blood cells,
respectively. Compared to the specific O, -producing activity of Nox-NCL associate from
EM (represented as 30.2+1,6 units/mg of associate), the associate Nox-NCL from
leukocytes is 40,4+5,0 units/mg (p<0,05, n=6). On the other hand, it is well known that the
content of erythrocytes exceeds that of white blood cells about 1000 times. This suggests
that the role of mature red blood cells is not limited only to the transfer of molecular
oxygen to the cells, but perhaps also to the stimulation of the immune system [12-13]. As a
result of the incubation of Nox-NCL associates with hydrogen peroxide the inactivation
(denaturation) of Nox, and decrease of the optical absorption of a, B and y bands, which
are specific for Nox isoforms [10]. As a result of the cleaning by the above mentioned
method, optical spectral indexes (Azgy/Asz0) OF Nox-NCL associates, from EM and LM no
longer decreased and ranged to 7.8 and 8.5, respectively. These Nox-NCL associates did
not undergo to PAAG during electrophoresis and remained on the enter of the gel tubes in
an aggregated state. Indirectly, the purity of these associates from EM and LM is
evidenced by the fact, that during electrophoresis of the opalescent solutions of these
associates on 10 % PAAG tubes strips of accompanying water-soluble proteins for acidic
and basic nature were not detected. On the other hand, the symmetry of the elution
diagrams of the Nox-NCL associates after gel-filtration through Sephadex G-100 also
shows the purity of these associates.

[
oo
R 3 nm
[l

360 -
410 -
418

Fig. 1. Optical absorption spectra of opalescent solutions of Nox- NCL associates from EM (1) or
LM (2) at pH 9.5. After reduction by sodium dithionite, the spectrum is obtained (3).

As indicated in fig.1, the optical absorption spectra of Nox-NCL associates from
EM and LM are an overlay of the Nox and NCL spectra, with characteristic maximal
absorption of Nox in an oxidized state (at 280, 360, 412, 530 and 560 nm), and after
reduction by sodium dithionite crystals at 280, 360, 418, 540 and 558 nm. Weak
absorption at 430 nm after removal of Nox isoforms is typical for associates (fig. 2).

At the same time, in oxidized and reduced states, the optical absorption spectra of
Nox-NCL associates is preserved. This fact indicates that Nox as part of an associate
retains its redox properties, acting as an electron transporter from NADPH of NCL on the
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membrane surface to molecular oxygen, reducing it up to O,". Interestingly, the color of the
opalescent solution of Nox-NCL associates from EM and LM does not change under
aerobic conditions. However, as a result of the reduction by electrons of NADPH of NCL
of heme iron Nox in the NCL in the absence of air (vacuum or nitrogen atmosphere)

the color of the opalescent solutions becomes crimson. This crimson color of associates
quickly disappears after aeration of the solution. This indicates that, indeed, during the
enzymatic production of O, by associates, a rapid reduction and oxidation of the iron in
the Nox heme group occurs. In fact, no irreversible chemical changes taking place of
Nox-NCL associates from EM and LM. Unlike other O,-producing systems, the
production of O,” by EM and LM associates in aerobic conditions in vitro occurs
continuously and stops under anaerobic conditions. On the optical absorption spectrum
of NCL from Nox-NCL associates of EM and LM, has a characteristic weak absorption
at 430 nm in the visible region of the spectrum (fig. 2).

A

12+
0.8

04

L I
430 650 nm

Fig. 2. Optical absorption spectrum of opalescent solution of NCL from associates of EM or
LM at pH9,5 of donor blood after influence of hydrogen peroxide and catalase and
ion-exchange chromatography on DE-52 (p<0,05, n=6).

NCL from associates of Nox-NSL of EM and LM due to NADPH in its
composition, has only reducing (or antioxidant) properties: reduces potassium permanganate
and suppresses the oxidation of adrenaline to adrenochrome. NADPH content in NCL from
LM is slightly different from that of NCL of EM (>15-16 %).

Due to NADPH group associates Nox-NCL from EM and LM has a characteristic
emission peak at 430 nm, with an excitation wavelength at 370 nm (fig. 3).

In the oxidized state, the optical absorption spectra of the total fraction of
Nox1+Nox2 isolated from EM and LM has characteristic optical absorption maximumes:
560 nm (o), 530 nm (B) and 412 nm (y-absorption band) and 360 nm (fig. 4).

F
60 |

40 +

20

340 430 520 nm

Fig. 3. Fluorescence spectrum of NADPH group as part of associates Nox-NCL from LM (1)
and EM (2) of donor blood. F- is a fluorescence in relative units (p<0.05, n=6).
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Fig. 4. Optical absorption spectra of total fraction of Nox1+Nox2 from EM (1) and LM (2) of donor blood
(at pH 7.4), not associated with NCL, after reduction by sodium dithionite on the optical spectrum of these
Nox, indicated the characteristic for the Nox absorption at 558 nm (a - band) (p<0.05, n=6).

Total fractions of Nox1+Nox2 isoforms from EM or LM are water-soluble
proteins and have no background absorption, as shown in fig.1.

As shown in tab. 1, produced O, by Nox-NCL associates from EM and LM
oxidizes epinephrine to adrenochrome. On the contrary, NCL from EM and LM
associates, as sources of electrons due to NADPH component, suppresses the oxidation
of adrenaline and was indicated antioxidant properties.

Table 1. Relatively changes (%) of the decrease of the absorption (at 500 nm) of adrenochrome
during oxidation of the adrenaline (2x10M) under influence of 0,11 mg/ml NCL from associates
of EM and LM or 2x10®M Cu,Zn-COJI and % of stimulation of the oxidation of adrenaline to
adrenochrome by associate Nox-NCL (0,10 mr/mn) from EM and LM, in comparison with the
100% controls (indicies at the abcence of NCL or Nox-NCL)

% of the suppression of % of the stimulation of the

Components adrenaline oxidation under adrenaline oxidation (or
the influence of NCL or | formation of adrenochrome)
SOD under the influence of
associate Nox-NCL
NCL from EM 92,7 -
NCL from LM 97,6 -
Associate Nox-NCL from EM - 64,2
Associate Nox-NCL from LM - 66,5

By means of Nox-NCL associate, as an O, producing system on the surface of
EM, the erythrocytes may also be components of the immune system. At the same time,
on the cell surface, in particular, on EM and LM, isoforms of Nox are localized not
separately, but with NCL, which plays both a functional role (produces superoxides) and
a structural role (preserve the hydrophobicity of EM and LM).

The NCL from EM and LM (purified from traces of Nox), due to electron of
NADPH group are activates the Nox isoforms of these membranes for the production of
O, both in a homogeneous phase (in solution) and in a heterogeneous phase (on the
surface of these membranes). At the same time, as a bridge for the transfer of electrons
from NADPH to O,, not only the iron of the heme group of these Nox, but also the free
Fe (111) ions, as in the case of suprol (superoxide-producing lipoprotein of mammalian
blood serum) [5]. In fact, in the homogeneous and heterogeneous phase, NCL from Nox-
NCL associates of EM and LM are the continuous source of electrons. Under aerobic
conditions, Nox-NCL associates from EM and LM are natural, energetic and continuous
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agents of O, production, both in homogeneous and heterogeneous phases. This greatly
elevated the prospects of using these natural associates to determine of the mechanisms
of O, action on various biosystems, including biomembranes, enzymes, RNA, DNA,
cancer cells and microorganisms, as well as Covid-19.

NCL on the surface of EM and LM are the closest cofactors of Nox. The lipid
component of these associates does not dissolve in hydrophobic or hydrophilic organic
solvents. However, this lipid component undergoes lipid peroxidation to form
malondialdehyde up to 1,5X10'6 M and 1,2><10'6 M (p<0,05, n=6) for EM and LM
associates, respectively. Nox 3-6 isoforms are also localized on the membrane surface of
intracellular micro- and nanoparticles (in particularly, ectosomes and exosomes), and
may produce O, by a direct mechanism.

By molecular weight, formation of opalescent solutions, lipid component (MDA)
[14] and NADPH content, NCL from EM and LM associates are high density
lipoproteins, as in the case of mammalian serum suprol [5, 6]. However, unlike suprol,
NCL from associates of EM and LM, as components of these membranes, practically do
not dissolve in hydrophilic and hydrophobic organic solvents and it is difficult to
characterize them objectively yet. Perhaps insolubility of these NCL in organic solvents
provides hydrophobicity of EM and LM [15].

Due to NADPH content, there are prospects for the use of NCL from EM and LM
as potential activators of Nox on the cells membranes of immune system at
immunodeficiency, when, as is well known, the superoxide-producing activity of
leukocytes of various types decreases [16]. Quantitative and qualitative changes of the
Nox-NCL associates from EM and LM can be used as new and sensitive diagnostic
markers for various pathological conditions in the experiment and in clinical practice.

Nox-NCL associates from EM and LM separately and NCL from these
associates EM and LM at pH 7.4 form an opalescent solution and practically do not lose
activity in the saline medium. This elevates the possibility of infusing NCL into the
blood stream in immunodeficiency in experiment.

Preparations of Nox-NCL associates from EM and LM, as well as NCL
practically do not lose their basic activity at lyophilized state in closed vessels in a
nitrogen atmosphere at 4°C. This is an important factor for long-term use.

Thus, NCL associated with isoforms of the Nox on the surface of EM and LM is a
natural cofactor of this Nox for production of superoxide radicals in heterogenous phase
(on EM and LM) and homogenous phase (in solution) and the stimulation of the O, -
producing activity of the Nox immune cells by NCL were indicated on the first time.
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Cancer cells have inverted pH; /pH, (intracellular and extracellular) gradient compared to a
normal cell. Higher acid extracellular microenvironment is a feature of cancer tissue. The pH
changes may affect the process of photodynamic therapy (PDT) of tumor. pH-dependent
complexation of porphyrins and metalloporphyrins with serum protein ceruloplasmin (CP) was
studied. The aim of the research was to model the low pH conditions of cancer cells in vitro. The
study showed that by decreasing pH from 6.9 to 6.0, as a result of the change of the
microenvironment of porphyrin/metalloporphyrin + CP complex, the conformational changes of
the protein occur. The porphyrins are mainly located in the inner parts of the protein. By
decreasing pH, the amount of porphyrins that bind to the surface of the protein increased, which is
also indicate the conformational changes of the protein.

Cancer — porphyrins — ceruloplasmin — photodynamic therapy — pH

Pwngytinwihl pehgutinl nLuBU 2nedwid pHue/PHuwnn (UNPRRWINLU. W winnwipgewihl) gpwnh-
Guin® hwubdwwnwd Unpdwy pghoubph hGwn: Pwpép rrUywihu wpunwpeswihu Jhypndhgwywipp pwn-
gytnwjhu hjncugwéeh punpn hwwnwuhpu £ pH thnthnfuniynilp Ywpnn £ wgnbp nienigpltph
$nininnpuwdhy rEpwwhwih (3) gnpéplupwgh Upw: Whuwwnwupnid niuncdUwuppdby £ wnp-
dhphuubph  nL JGnwnwwnpdhphttbph  pH-hg  Ywhujwsé  YndwGpuwnwewgnidp  2hénLyuwihu
uwhwnwyneg gbpneinwwquhup (8M) htwn: NuncdUwuppnipjwl Uwwwnwyu £ JnnGudnpbp pwng-
yenwjhu pghgubnph gwép pH-h wwydwlubpp in vitro: NundUwuhpneeintp gnyg £ wdb, np
Ujwabglbiny pH-p 6.9-hg 6.0° winpdhphl/ UGtnwnwwnpdhpht + 3N Yndwteuh Uhynnuhgwdwiph
thnthnfuntpjwu wpnynitupnd inbnh BU nctBUnLd uyhwnwynigh Ynudbnpdwghwih thnthnpunte)nlultn:
Mnpdhphultpp hhduwywund nGnwywywsé Bu uwhwnwynigh ginpneth Uepphu hwnywédubpnid:
LJwgbgutiny pH-p* uwyhinwynigh dwytpbupt yuwywsd wynpdbhphllbph pwlwynieniup uGéwuncd k,
npp UntjuwGu yywyned £ uwhuinwynigh Ynudnpdwghwih thnthnpuntejwu dwuhl:

Luwngltn — wnpdhphluitn — gbpnunwyjwqupl — $nuinnnpliwdply ppwuihw — pH

PakoBble KIETKH MMEIOT HHBEPTHPOBaHHBIA rpaaueHt pH; / pHe (BHYTpHKIETOUHBIH 1
BHEKJICTOUHBII) [10 CPABHEHUIO C HOPMAJIbHOM KJIeTKOH. bosiee BbIcokas KUCIIOTHAsI BHEKIETOYHAS
MHKpOCpe/ia SBIIeTCs 0COOEHHOCTBIO paKkoBoil TkaHH. V3mMeneHus pH MoxkeT BIHATH Ha Hporecc
¢doromuaammueckoit repanvu (OAT) omyxomu. B pabote nsydanace pH-3aBUCHMOCTH KOMITIEKCO-
o6pa3oBaHus MOP(HUPHHOB U METAIONOPGHUPHHOB C CHIBOPOTOUHBIM OEIIKOM IepYJIOINIa3MIHOM
(IT). Lensio mccenoBaHMs SBISETCS MOISIHPOBAHUE YCIOBHI HU3KOTO pH B pakoBBIX KIETKax
in vitro. MccnemoBanue mokasano, 4to npu cHmwkenun pH ¢ 6,9 10 6,0 B pe3ynbTaTe H3MeHEHHS
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MHKPOOKPY)KEeHHsI KoMIuiekca nopdupuHa/meramonoppupuna + III-a npoucxomst kKoHop-
MalOHHBIE H3MEHEHUS OeKa.

IMopdupuHel B OCHOBHOM PacIoN0KEHbI BO BHYTPEHHUX YacTAX Oenka. [Ipu ymeHbuieHun
pH yBenmumBaeTcst KONUUECTBO MOPGHUPUHOB, KOTOPHIE CBSI3BIBAIOTCS C MOBEPXHOCTBIO OETKa, YTO
TaKKe yKa3bIBaeT Ha KOH(OPMAIIMOHHBIE H3MEHEHHs Oenka.

Pax — nopgupunvr — yepynonnazmun — pomoounamuyeckaa mepanus — pH

Cancer remains a worldwide problem, being the disease with the highest impact
on health [2]. PDT has proven to be an effective cancer therapy [17] and is a promising
alternative treatment for controlling malignant diseases [2]. It based on a photochemical
reaction between a light activatable molecule or photosensitizer (PS), light, and
molecular oxygen. When these three harmless components are present together, reactive
oxygen species are formed. These can directly damage cells and/or vasculature, and
induce inflammatory and immune responses [17]. To overcome PDT limitations
including its undesirable side effects, PS’s have been conjugated with biological
molecules to achieve a more specific delivery and accumulation in cancer tissue [13].

The therapeutic success rate of current anticancer drugs is quite low, especially
for solid tumors. The main reason is that most of the conventional or traditional
anticancer agents are low molecular weight drugs that tend to diffuse indiscriminately to
all tissues and organs, thus causing serious adverse effects. However, biocompatible
macromolecules with a molecular mass, larger than 40 kDa, showed preferential
accumulation in solid tumors compared with normal tissues or organs. This phenomenon
is known as the enhanced permeability and retention (EPR) effect [10]. The protein
carriers are inherently biocompatible and enjoy the benefits of a nanometric size object.
The main advantage of these interactions is that they provide a favorable environment to
keep the PS in the monomeric, photoactive state. Protection of the bound PS from the
solvent may also result in enhanced chemical stability of the compound [1].

The microenvironment of the PS will undoubtedly change upon conjugation to a
large protein, and this may result in increased PS aggregation and lower yield of excited
singlet and triplet states [12]. The use of endogenous transport systems for drug delivery
is very promising, as it will reduce the uptake of drugs by macrophages and allow
intracellular delivery of biologically active molecules [8].

The pH, of cancer cells is more acidic than normal cells (fig. 1), which is
correlate with cancer cell survival [9, 4]. Generally, pH, values of the normal tissues
(brain tissues, subcutaneous tissues, etc.) are in the rage of 7.2-7.5. However, pH, of
tumor cells is mildly acidic in the range of 6.4-7.0. pH. of cancer cells is 0.3-0.7 pH
units lower than that of corresponding normal cells [4].

The main purpose of the present research is to model of pH the extracellular
conditions of tumor in vitro and study the effect of pH changes on complexation ability
of cationic porphyrins and metalloporphyrins with serum protein ceruloplasmin (CP). CP
is a a2-glycoprotein that contains 90 % of circulating copper in the body [6]. It is a 132-
kD protein containing six copper atoms [7]. In this study the CP serves as a carrier of
porphyrins, given the phenomenon of EPR effect and complexation studies of other
serum proteins with PS’s that already conducted by other research groups [13, 1, 12, 8,
18]. The pH dependence of complexation is important for better understanding the
mechanism of drug uptake by cancer cells microenvironment.

Materials and methods. Protein: Human ceruloplasmin was obtained from the blood
plasma of a donor. The protein was additionally purified by method of gel filtration
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chromatography on column with a Sephadex G-150. The CP was obtained in monomeric form in a
homogeneous state with a high spectral index of purity: | = Aygy /Ag10 < 20 [15].
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Fig. 1. The comparison of average extracellular pH values of different tumors with normal tissues [4]

Photosensitizers: The cationic porphyrins and metalloporphyrins, that are synthesized in
Armenia and UK, selected here as objects of study (Fig. 2). They are as follows: 1) meso-tetra [4-
N- (2’-oxyethyl) pyridyl] porphyrin (TOEt4PyP) (peripheral group R = -CH , -CH , -OH), 2)
meso-tetra [4-N-butyl pyridyl] porphyrin (TBut4PyP) (peripheral group R = -CH, -CH , -CH , -
CH 3), 3) Zn-TOEt4PyP and 4) Zn-TBut4PyP. Also, we studied the interaction of ceruloplasmin
with commonly used PS anionic chlorin eg.

M= Hp, Ag (1), Zn (I1), Co (II), Fe (Il), Cu (1), Mn (1)

R= CHz-CHz-CHz-CH3
R= CH-CH2-OH
R= CH2-CH=CH:
R= CH.-C(-CHz)=CH:

TBut4PyP r—

N* N\
TOEt4PyP N
TAll4PyP N*

TMetAll4PYP N ¥

Fig. 2. Cationic porphyrins and metalloporphyrins. R- peripheral groups
in the 4th position of the pyridyl ring, M- metal
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Spectral studies: The complexation study was carried out by absorption and fluorescence
spectroscopy methods in accordance with the work of Gyulkhandanyan A., et al [5]. The
absorption spectra of porphyrins and their complexes with ceruloplasmin were recorded on a
Shimadzu UV-VISIBLE Recording Spectrophotometer UV-2100 spectrophotometer (Japan) in a
quartz cuvette (0.1 or 1 cm), in the range 200-800 nm. Changes in the absorption spectra were
recorded for the Soret band (425-445 nm) of the porphyrin absorption. Fluorescence spectra were
recorded on MPF 44 spectrofluorimeter (Perkin Elmer, USA). The luminescence kinetics of
singlet oxygen was recorded on an FP-6500 spectrofluorimeter (JASCO, Japan) or Perkin-Elmer
(USA) in a quartz cuvette (0.1 or 1 cm). All measurements were carried out at room temperature.

Changes of medium pH: The pH of the solution (0.01 M phosphate buffer /PBS/ pH 7.2)
upon binding of PSs to CP was changed by adding a dilute solution of phosphoric acid (0.01 M or
0.001 M) to obtain the desired pH (from 6.9 to 6.0).

Results and Discussion. The study of complexation with CP for cationic
porphyrins/metalloporphyrins and chlorin eg with a change in the medium of pH in the
acidic region was carried out. As we can see from fig. 3, the decrease of pH causes the
decrease of Soret band absorption in case of cationic and metalloporphyrins. But in case
of chlorin eg, the Soret band’s absorption is slightly increases. These kinds of changes
indicate the present of conformational changes of the protein.

B chlorin e6+CP
BTOEAPyPHCP
BZnTOE4PYP4CP
BZnTButaPyP+CP
BITButaPyPCP

pH

Fig. 3. Changes in the absorption (A) of complexes (CP +PS) at different pH values
for the Soret band (425-445 nm)

A monomeric free-base porphyrin H,-P in aqueous solution can add protons to
produce mono Hs-P* and dications H,-P?" at very low pH, or loose protons to form the
centrally monoprotic H-P~at pH about 6.0 or aprotic P> species at pH > 10. The change
in spectra upon addition of acid or basic substances can generally be attributed to the
attachment or the loss of protons to the two imino nitrogen atoms of the pyrroline-like
ring in the free-base of porphyrin. The N-protonation induced a red-shifts [3]. In our
study the absorption red shift is observed in case of cationic porphyrins and
metalloporphyrins (from 1 to 10.5 nm) so it’s possible that the N-protonation phenomena
is the reason of this bathochromic effect (tab.1).

The aggregation and dimerization of porphyrins and metalloporphyrins is
dependent strictly on ionic strength, pH and solvent composition, and so on. As
predicted by Kasha, in case of J-type aggregates (side-by-side) the red-shift of spectra is
observed, and in case of H-type (face-to-face)- blue-shift of the porphyrin absorption
occurs [3, 16].
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Table 1. The shift of Soret band peak for various PSs at different pH values (6.9 to 6.0)

A of Soret TOEt4PyP ZnTOEt4PyP TBut4PyP ZnTBut4PyP Chlorin es+CP
Band, +CP +CP +CP +CP

PH6.9-60 ["AX=1050m | AA=1nm AL=5.5nm AL =5nm AL=-4nm

So, the bathochromic (red shift) effect of cationic porphyrins absorption band can
be a explained by the formation of J-type aggregates within the complex, and in case of
anionic chlorin eg the hypsochromic shift (blue shift) indicates the formation of H-type
aggregates.

The shift of absorption indicates that chromophores that located in the inner part
of the protein in response to changes of pH are relocated to the surface of the protein
globule. The opposite effects in case of anionic and in case of cationic PSs can be
explained by the charge differences. Due to this the location of PS’s with different
charges in/on the protein is differ (fig. 4).

a
]

B Chlorin e6+CP
BTOESPyP+CP
BIZnTOE4PYP+CP
BZnTButdPyP+CP
BTButPYPHCP

Bound porphyrins on the protein surface, in %

Fig. 4. Binding of porphyrins on the protein surface in complexes at different pH values, in %.

According to our study, the porphyrins are mainly located inside the protein
globule. With decrease of pH the amount of porphyrins on the surface was increased
which also indicate the pH-dependence conformational changes (fig. 4). It is important
to note, that the complexation and the decrease of pH does not cause the dimerization of
the protein according to chromatographic studies.

Thus, it has been shown that with a decrease of pH from 6.9 to 6.0 the
conformation changes of the CP occur. The porphyrins are mainly buried in the cavity of
the protein. Addition of acidic or basic substances (pH change) can lead to the
attachment or the loss of protons to the two imine nitrogen atoms of the pyrroline-like
ring in the free base of porphyrin.
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In this work the study of the effect of millimeter range electromagnetic waves (MM
EMW) on the complexes of human serum albumin (HSA) with methyl violet (MV) has been
carried out at the different frequencies, using the methods of fluorescence and thermo-
denaturation. It was shown that MV binds to HSA, forming a complex, and increasing of the
intensity of the protein own fluorescence takes place, meanwhile the stabilization of HSA
increases. MM EMW irradiation of HSA by various frequencies invokes additional changes in the
protein structure. Thus, at the protein irradiation with the frequency 41.8 GHz the protein
stabilization increases as well as hydrophobicity around the tryptophan rises, while at the
irradiation with 51.8 GHz the stabilization is expressed less and the hydrophobicity enhancement
around the tryptophan can be neglected.

Human serum albumin — methyl violet — irradiation — denaturation parameters —
fluorescence spectra

Whuwwnwupnid hpwywuwgyty £ UhihdGupwihu inhpnyeh ElGGunpwdwgqUhuwywu wihputph
(UU EUU) wagnbgnipjwl niuncduwuhpnieintt dwpnne 2héntywihu wipnedhup (UCW) hGwn JGeh|
Jwunwywanyuh (UU) 4ndyteuttph dpw nwpptpn hwawpunientbubph wgnbgnipjwu nGwencd®
Uhpwntiny $nenpbugbughwih W gGpdwnGUwwnnipughwih JGennutpp: Snyg £ wpdb, np UU-U
Juwwynd £ USU-h hbin' wnwewglbind Yndwibeu, pun npnud wknh E niuGund uwhwnwynigh
ubGthwywu $nnpbugbughwih hunBUupynipjwu wé, huy uwhwnwynigh Yuyniuwgnudp Juwdwl
nGwpenud wénwd E: UCU-h UU EUU dwnwgwjpwhwpnidp tnwpptn hwowpunienitlutpny (pugnighs
thnthnfunientliubp £ wnwpwgund uwhwnwynigh Ywnnigwépned: Wuwbu, 41.8 Q3g hwbwlunt-
rjwdp uwyhunwynigh dwnwgwjpwhwpdwl ntwpenid uwhwnwynigh Yuwjntbwgndu wéanwd E, huswGu
Uwl wénwd E hhnpndnpnipintup tnphwywnndwh 2nipgp wjt nGwened, Gpp 51.8 Q3g hwwfuntpjudp
Swnwauwjewhwntihu Ywjnibwgnudu wyblh phs £ wpunwhwndwé, huy inphwwnndwuh onipgp
hhnpndnpnipjwl wah ESEYP Yunbih £ wlnbub):

Uwnnnt phdncyuhl wipnidpl — JGph dwunwpwluwagnyl — dwnwquypwhwpnid — nEuwwnnipwghuwyh
wwpwdtwnpbn — $nnpbugblghuwyh uwElunpubn

B paboTe ncciemoBaHO BIMSHHE 3IEKTPOMAHUTHBIX BOJH MIJIIMMETPOBOTO JHAla3OHa
(MM 5MB) Ha KOMIUTEKCHI CBIBOPOTOYHOTO anbOymuHa denoBeka (CAY) ¢ MeTHiIbHBIM GHONETO-
BbIM (M®) npu pa3IM4HBIX YacTOTaX BO3/CHCTBHS, C HCIIOIL30BAaHUEM METOJIOB (ITyOpECHCHIINN
u tepmoneHarypauun. [Tokazano, uro M® ceazeiBaerca ¢ CAY, o0pa3yst ¢ HUM KOMILIEKC, MPH
9TOM TPOUCXOIUT YBEJIMYCHHE MHTCHCHBHOCTH COOCTBEHHOW (uiyopecieHunu Oenka, a crabu-
nmu3anus Oenka mpu cBs3biBaHMM pacteT. O6mydenne CAY MM DOMB pasHbIMEH 4YacTOTaMH
BBI3BIBACT JOTIOJHUTENBHBIE H3MEHEHHS B CTPYKType Oenka. Tak, mpu o6mydeHnn Oenka gacToToit
41.8 I'T'y crabunm3zanus Oenka pacTeT, a TAKKe YBETHYUBACTCS THIPOPOOHOCTH BOKPYT TPHUII-
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TohaHa, B TO BpeMs Kak npu oOiydeHnd dactoToit 51.8 I'T1 crabuim3anus BeIpakeHa MEHBIIIE, a
yBeIHYEHHEM T'HAPOGOOHOCTH BOKPYT TPHIITO(haHa MOXKHO IIpeHeOpeds.

Cvi60pomouHblil anbOYMUH 4el08eKd — MEMUIbHbIL (UoIemosvlil — 001yueHue —
napamempol deHamypayuu — CReKmpbvl PIryopecyenyuu

Human serum albumin (HSA) is known as one of the most spread and well-studied
proteins in the circulatory system. HSA in the blood has various important functions,
including transport of endogenous and exogenous compounds [1-5]. Its role in
establishment of osmotic pressure is not big, but it also exists. Albumin is known as a chief
transport protein for drug preparations that binding to HSA attain to their destination point.
Crystallographic studies revealed that this protein contains 585 amino-acids and consists of
three homologous domains, possessing a-helical structure. Though, HSA contains only
one tryptophan residue (Trp-214) [6-9]. HSA, having the aforementioned structure,
reversibly binds to many low-molecular and bioactive compounds and contributes to their
transport by circulatory system. It should be mentioned that HSA binds to hydrophilic as
well as hydrophobic compounds by different binding centers that is why a necessity of
study of formed complexes emerges.
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Fig. 1. Chemical structures of methyl violet (a) and methylene blue (b).

From this point of view the interaction of different drugs with HSA is important,
because they change a structure and function of HSA differently, provoking alterations
of its physical properties [5]. In the present work methyl violet (MV) was chosen as a
sample of low-molecular compound, since MV is also known as a crystal violet and it is
an external drug preparation for skin diseases (fig. 1a) [10-12]. However, MV possesses
a good sterilization, low toxicity and hormesis.

Nowadays, the effect of various ecological external factors on biological systems,
being on different levels of organization should be mentioned. One of these factors is an
electromagnetic background, accompanying all living material on The Earth. Millimeter
range electromagnetic waves (MM EMW) are separated on the scale and their intensity
directly increases, which is connected to scientific-technical progress. MM EMW takes
the interval of 30-300 GHz and has wavelength 1-10 mm. MM EMW affects biological
objects, being on various levels of organization [13-15].

In the presented work the effect of MM EMW on HSA complexes with MV was
studied at different frequencies of the influence, applying the methods of fluorescence
that is a powerful tool to study the complexes, formed between biomacromolecule and
low-molecular compound. The results were compared to those for methylene blue (MB)
complexes with HSA, obtained in our laboratory earlier [15].
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Materials and methods. Human serum albumin solution (1 %) and methyl violet (“Sigma”,
USA) were used in experiments. MV concentration was determined spectrophotometrically, using
the following value of extinction coefficient for MV £55,=87000 M*cm’™.

1 %-solution of HSA was irradiated by MM EMW frequencies 41.8 GHz and 51.8 GHz.
Generator G4-141 (“Istok”, Russia) served as a source of MM EMW with working intervals of
frequencies 37.5-53.5 GHz and power flux density 64 p\Vt/cm? The sample is on the distance 180
mm from waveguide and the electromagnetic field was homogeneous. Irradiation of the samples
was carried out in Petri dishes, covered by thin transparent cellophane layer to avoid water
evaporation during the irradiation. Width of the irradiating solution was ~1 mm. Samples were
irradiated during 60 min. Temperature of the irradiated samples does not change due to the low
specific absorption power.

Thermo-denaturation of the complexes was carried out using PYE Unicam SP-8-100
spectrophotometer (England) with automatic heating of thermostating cells with rate 0.5°C/min.
Heating was realized by program device Temperature Programme Controller SP 876 Series 2.
Values of temperature and absorption at each increment were taken on PC monitor in program
medium LabVIEW 6.0. After obtaining of data the denaturation curves were constructed by the
method, described in [15, 16]. From the denaturation curves the denaturation temperature and
width of the denaturation interval were determined. The concentration ratio MV/albumin was
equal to 1/10.

Fluorescence spectra of HSA and its complexes with MV were obtained by
spectrofluorometer Cary Eclipse (Australia). Excitation of the samples was carried out at the
wavelength 280 nm and the spectrum was registered in the interval 300<A<500 nm. After
obtaining the fluorescence spectrum of the pure albumin, the titration of HSA solution by the
solution of MV was carried out from the concentration ratio 1/2 up to 1/10. Measurement error
was equal to 5-10 %.

Results and Discussion. Interaction of MV with HSA was studied using the
method of thermal denaturation. Denaturation parameters, i.e. denaturation temperature
and denaturation interval width were presented in tab. 1. As it is obvious from the tab. 1,
binding of MV with HSA results in protein stabilization, which is indicated by the shift of
denaturation curve toward higher temperatures. Meanwhile, at the irradiation of albumin
solutions by MM EMW with 41.8 GHz a destabilization of the complexes of HSA-MV
occurs, as compared with the non-irradiated complex. At the irradiation by MM EMW
with the frequency 51.8 GHz a destabilization strengthens, moreover, as compared to the
denaturation curve of pure protein, the stabilization effect is preserved.

Thus, it is revealed from the tab. 1 that the irradiation leads to the fact that a
destabilization of the HSA-MV complex takes place, as compared to the non-irradiated
complex. For the comparison the denaturation temperature and denaturation interval width
of the complexes of HSA with methylene blue (MB) at the irradiation by 41.8 GHz and
51.8 GHz are presented in tab. 2 [15]. As it is obvious from tab. 1 and 2 in the case of MB
the irradiation of HSA leads to the counter-effect, the stabilization strengthens in spite of
HSA-MV complexes, that is the binding of MV and MB to HSA differs. Irradiation of
HSA at the binding of MV leads to decreasing of the complex stabilization, as compared to
the non-irradiated protein; at the binding of MB to the irradiated HSA an increase of
stabilization occurs in comparison to the non-irradiated protein complex with MB.

From the presented data in tab. 1 it is shown that the complex-formation of HSA
with MV results in complex stabilization, since an enhancement of both the denaturation
temperature by 6.0°C and the denaturation interval width by 2.1°C is observed.

The study of the complexes HSA-MV at the irradiation by MM EMW with
different frequencies becomes interesting. At the irradiation of HSA with 41.8 GHz
frequency the stabilization effect of MV on HSA weakens, as compared to the non-
irradiated complex, but it is preserved comparing to pure HSA. This is indicated by the
thermo-denaturation data.
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Table 1. Values of temperature and interval width of denaturation of HSA and its
complexes with MV in both presence and absence of MM EMW irradiation

Denaturation Interval width of
temperature, °C denaturation, °C
HSA 80.1+0.3 9.5+0.5
HSA-MV 86.1+0.2 11.6+0.5
HSA-MV (at the irradiation
MM EMW with 41.8 GHz) 83.9+03 11.7+0.4
HSA-MV (at the irradiation
MM EMW with 51.8 GHz) 81502 11.240.5

Denaturation temperature at MM EMW effect with the frequency 41.8 GHz is
equal to 83.9°C, while the denaturation interval width does not relevantly differ from
that of the non-irradiated complex. At MM EMW irradiation of HSA by the frequency
51.8 GHz the weakening effect of MM EMW strengthens, as the denaturation
temperature decreases more, than at the irradiation by 41.8 GHz. In this case the
denaturation temperature is equal to 81.5°C and the denaturation interval width — 11.2°C.
Proceeding from the data, presented in tab. 1, MV can play a role of stabilizer, leading to
increasing of resistance to thermo-denaturation. MM EMW irradiation, vice versa, leads
to decreasing of HSA stability, which is connected to MV. It means that MM EMW
irradiation weakens the stabilization effect of MV, while binding to HSA.

Table 2. Values of denaturation temperature and denaturation interval width of MB
complexes with non-irradiated and irradiated albumin [15]

T °C AT, °C

MB-albumin 76.7+0.2 4.0+0.4
MB-albumin (41.8 GHz) 78.4+0.2 5.24+0.4
MB-albumin (51.8 GHz) 79.7+0.4 5.540.5

To reveal the complex-formation peculiarities of HSA-MV, the studies were
carried out by the fluorescence spectroscopy method as well. Fluorescence spectra of the
albumin and its complexes with MV were obtained and they are not presented here. It is
obvious from tab. 3 that the increase of fluorescence intensity occurs at the HSA solution
titration by MV solution. This increase may indicate a conformational change of HSA,
though the shift of the wavelength, corresponding to fluorescence maximum is not
observed (354 nm). But in any case the rise of fluorescence maximum means that the
hydrophobicity increase around the fluorescing tryptophan takes place, as a result of
which its fluorescence intensity increases. Moreover, at the irradiation of the protein the
fluorescence intensity increasing takes some variations.

For both non-irradiated and irradiated HSA the fluorescence intensity was equal
to 480 a.u. From the tab. 3 it can be considered that the difference between intensity
maxima of HSA-MV complex in the end of the experiment and pure protein is equal to
65 a.u., at the HSA irradiation by 41.8 GHz this difference is equal to 94 a.u. The fact is
interesting that at the MM EMW irradiation with 51.8 GHz the aforementioned
difference is equal to 21 a.u.

This experimentally obtained result indicates that the protein irradiation by MM
EMW with the frequency 41.8 GHz leads to more pronounced increasing of HSA
fluorescence intensity that is bound to MV. Based on this fact one can note that the
irradiation of HSA by 41.8 GHz leads to such changes of the protein structure that HSA
becomes more available to MV molecules that increase the hydrophobicity around the
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tryptophan and the fluorescence intensity raises by 94 a.u. In contrast, the protein
irradiation with 51.8 GHz leads to less change of the fluorescence intensity — by 21 a.u.
This result indicates that HSA irradiation with 51.8 GHz leads to the fluorescence intensity
irrelevant change, which means that the protein screening by water molecules occurs in
such way that after MV binding to HSA the intensity does not change sharply.

Table 3. Maximal values of the fluorescence intensities in the fluorescence spectra
of HSA-MV complexes in the presence and absence of the irradiation
(maxima are observed at 354 nm)

Fluorescence maxima (a.u.)
HSA 480
HSA-MV 545
HSA-MV at the MM EMW irradiation by 41.8 GHz 574
HSA-MV at the MM EMW irradiation by 51.8 GHz 501

Thus, generalizing the obtained results of thermo-denaturation and fluorescence
spectra, one can conclude that the binding of MV to HSA results in changing of HSA
structure, meanwhile a stabilization of the protein is observed, which is indicated by the
denaturation temperature values. On the other hand, it is obvious from the fluorescence
spectra that the intensity of the formed complex enhances, as compared to the pure protein,
which means that MV binding to HSA leads to the change of the protein in such way that
the fluorescing tryptophan enters deeply into hydrophobic environment. At MM EMW
irradiation of the protein with 41.8 GHz the following scene is observed: the denaturation
curve of the complex irradiated protein-MV is shifted to lower temperature region
comparing to that of non-irradiated protein-MV, meanwhile compared to the pure protein
the stabilization takes place. According to the fluorescence spectroscopy data the
fluorescence intensity of the irradiated protein enhances along with titration of ligand, by
about ~94 a.u. From these data one can conclude that the irradiation of HSA with 41.8
GHz invokes the protein structure compacting and at the further binding to MV, the
changes result in hydrophobicity increasing around the tryptophan due to which the protein
fluorescence rises. At the protein irradiation with 51.8 GHz the complex stabilization
decreases, remaining higher, than at the non-irradiated pure protein. Moreover, the
fluorescence intensity does not increase relevantly, based on which one can insist that MV
binding to the irradiated HSA with 51.8 GHz invokes such structural changes, which
means that the protein screening by water molecules surely protects itself from alterations
caused by MV. It can have a biologically important value for binding and transferring of
drug preparations, since the irradiation results in some destabilization of HSA-MV
complexes.

Resulting from the obtained data one can conclude that MV binds to HSA, forming
a complex and increasing the own fluorescence intensity of the protein, on the other hand,
the protein stabilization rises. MM EMW irradiation of HSA with different frequencies
induces additional changes in the protein structure. Thus, at the protein irradiation with
41.8 GHez its stabilization enhances as well as a relevant hydrophobicity increase around
the tryptophan occurs, while at the irradiation with 51.8 GHz the stabilization is expressed
less and the hydrophobicity enhancement around the tryptophan can be neglected.
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Spnpnwnuhy W hnnwjhu Wwynyend shuwywl yunwdph (wWwy-gny)) wbdh, qupgugdwu W
wpryntbwydbuinneejwl Yypw Gpyne yegbunwghnu 2pgwuiliGpnud (Jwnwn-hntupu W ognuwnnu-hnyunGuptn)
pwpblwwunn  wwjdwllbp £ wwwhnyty 30 pnyu/d® wbwpyh  funncegniup: Unwgwéd pwnd
pnruwhnidep Gind gGpwqulgt) £ 40 W 50 pnyu/d® hunnigjwl tnnwppGpwyutnp, wnwghu 2npwuncd®
1.1-1.5, Gpypnpn 2ppwiuncd® 1.1-1.8 wuqwy: Uhwdwdwuwy Gpypnpn yGgGunwghnu 2pgwuncd pninn
wnwnpGpwyubpnud pnubpu wgeh Bu puytp pwpéan peppwwnyniejwdp (1.4-3.2 wuqwd): Ca-h L Mg-h
pwpép pwlwynieintt W hhnpnwnuhy (1,7-3,0 W 3,0-3,5 wuquwd), W hnnwjhu pnyubpnud (1,1-1,3 L
1,1-1,4 wugqwu) gpwugyt| £ 30 pnLju/u? ibbwipyh funnuejwl wwdwllGpned: Cun np Ca-h hwidt-
Jwwnwpwn pwpap pwbwynceintt nhinyty £ hnnwghu pngutbpned (1,1-4,3 wuquid):

MNwly-ny— hhnpnwnUpyw —inLlwnplyp futnnieinil — Ca — Mg - pippwiunynieintl

BraronpusTHOE yclIoBHE IS POCTa, PA3BUTUS M NPOMYKTHBHOCTH KHTAWCKON KaIyCTHI
MaK-490H, KaK B THAPOIIOHNYECKOH KyIbType, TaK U B IIOUYBEHHOH obecnednia rycToTa mocaaku 30
pactenuii Ha KBajpaTHbIH MeTp. [lo BBIXOIy CBEXEro ChIpbsl JaHHBIA BAapUaHT IPEBBICKI
BapranTH 40 1 50 /M, B mepBoM meproze 1.1-1.5 pasa, Bo Bropom meproze 1.1-1.8 pasa. B Toxe
BpeMs, BO BTOPOM MEpHOJIe BEreTallny BO BCEX BapUaHTAaX HaOJ0/aack BBICOKAs YPOXKAHHOCTH
(1.4-3.2 pa3za). Beicokoe conepxanue Ca u Mg u B ruapononuke (1.7-3.0 u 3.0-3.5 pasa), u B
nousenHbx pacrennsx (1.1-1.3 u 1.1-1.4 pasa) nabmoxnanocs B Bapuante 30 p/m2. CpaBHUTENHHO
6osbiioe konnuaecTBo Ca 6bUTO B IOUBEHHBIX pacTeHusx (1.1-4.3 pasa).

Tax- uoii — cudpononuka- cycmoma nocaoku - Ca — Mg- ypoorcatinocms

In hydroponic and soil culture the 30 plant/m? plant density provides favorable conditions for the
growth, development and efficiency of Chinese cabbage (pak-choi) during two vegetation periods
(March-June and August-October). It exceeded 40 and 50 plant/m? variants with the output of the
received fresh plant raw material: 1.1-1.5 times during first period and 1.1-1.8 times during second
period. At the same time, during the second vegetation period in all variants plants exceled with
high yield (1.4-3.2 times). High content of Ca and Mg was recorded in conditions of 30
plant/m? planting density in both hydroponic (1.7-3.0 and 3.0-3.5 times) and soil (1.1-1.3 and 1.1-
1.4 times) plants. Herewith, comparatively high content of Ca is observed in soil plants (1.1-4.3
times).
Pak-choi — hydroponic — planting density- Ca — Mg — yield

67


mailto:hydrop@netsys.am

U3, _rUIGYNUSUL, 2.U. ULGRUULSUY, UW.3. NYUUUSUL, U.u. WMSUAUN, WU, USEeUL3UL

Pwlpwpwiht Wwywpniutph nGuwywunt punjwjuncdp Uywuwnned £ puwysnipjwu
uuunh hwpdte L pwquwplnye |huGintu, nphu YwpGh £ hwult] wpunwnpniejwu Jbg Unn
wnGuwyutbph, phs nwpwédywsd, ng wjwlunwywl wywpnyutph nbnliu phs  hwjunup
wnwpwwnbuwyubnh W unpnbph UGpnpdwu  hwpdhu: bPuswGu hwunup £, puGlwgh W
wpfuwwnwutn  shuwghutnu wphuwphht Udhptp BU  jnipwhwnnly  hwnyneenlulipng
odinjwd pwqlwehy pnoyubn: Hpwug pwpenid Yupbih £ onwubp Junwhwu shuwywl
Jwnwdpp Ywd wwy-snp, npp 2QhLwuwnwuh wdGUwhhu  dwlwpnyubphg JGUu £ L
hwdwnpynwd £ ghuwywl, YnpGwywu L dwwnuwywl funhwungubph  hwupwhwjn
pwnuwnnhs Jwup: WU ogunnwgnnpéynd t pwpd, 2ngthuwpwé Yud tnwwywywsd, wdbjwugynid
wuwnipubph  JGg, Uwl JwphUwgynd E UnwUduwunwd E hp hjnupwihnigjudp W
Uppwhwdnipjwdp: LUepYuwynwdu wyu hwywpnyup UGé wnbn £ gpwynud  WJGphyuwygh,
Uuhwih, Nncuwuinwuh W Gypnwwih dh pwne Gpypubph pwlgwpwpncéneejwu Ute:

Lwnwdpwgghubpu wdtUwwnwpwéywsd L Jwpnne wenng ulbnwywpgnid wdtUw-
gnpéwoéwywl pwlswnwpniubphg BU, npnup Wwyynud BU gpbrt pninp Yihdwjwywl
gnwnhubpniy:

Qhtwywu nbpllwihtu Yunwdpp wwwnywunwd £ JunwdpwaqghUtGph (Brassicaceae)
puwnwlhehl, Brassica gtnhu, chinensis inGuwyhu: Wu Jhwdjw, Yupé yegGunwghw nlutgnn
pwlywnwpntu £ (35-45 op): 2h Ywaqunud Juwnwdpwaginihu, wy hwuwn gnnniulGph Jpw
dLwynpdnd BU hwpp, pwg Ywlws, hiniewih, Unipp inbpllubp: 8GpGlwihu dwdtph
nlnnnientll wgnned £ wyu pnyup wéh ypw, wjuwtu® Yund ontpp Uwwuwnnwd GU pniuh
ybgbwnwinhy wahu, huy Gpywp optpp® swnyuwup:

NruncdUwuhpniggnlUuGpp hwutwnt, Gu, np wnGpllwhu - YunwdpwagghUGph
awnenud, ublnwjhu W YGLluwehdhwywt  Ywadnd  wdtUwwpdtewynpubnhg  JGyp
hwdwpdnd £ wwy snyp [7]: WU wwpnibwynwd E uwhwnwynegltn, $rwynunhnutn, Jté
pwlwynipjwdp Jhunwdhultn (A, B, C, K, PP), hwupwjhu Uncetp Ca (105 Jg/100 g), Mg,
Fe, Mn W Na [6, 11, 12]: Odwnjwé £ hwywopuhnwuwnwihu hwwnyniejniuubnny [8, 10, 13, 14],
wuwnniuwynwd £ hwywepwngybnuihu U gynynghunjwn [10]:  Aukbwind  gwép
Jwinphwywunipntt (13 yywy)' ogunwgnnpédnd £ wnnng ulunwywngned, Ujwgbgunwd E
Jwwn funjGunGphuph  pwlwyp wpwu Jbp, hugpp UGS nbp B huwnnud  wunpUGph
wprbpnuylpngh  wypndhjwywnpywh W pniddwt dwdwuwy [9, 15]: 3wpnun £ pw-
nwurwujnteny (gbyntinqu), Jwupwetihyutpny, wnpdwnpdnd £ bwl. wdhUwpene |hghuh
wwpniuwynepjwdp [4]:

Wu duwywpnyuh hneeU ndup JwupEwuwwU  hwwnyneeniu, hush  2unphhy
ogunwgnnénd BU unnwdnpuh fungh, yGpetnh, wpdwéplubph pniddwt dwdwuwy [8]: b
wnwppGpnLe Nt wpuwphh Jh 2wpe Gpyputph’ Jbp  hwupwwGnneeniuncd wyynn
pwUpwpwpnyutph Yuqunud pugwywynd Bu win dwywpenyup W npwt udhpdwé gh-
wnwywl nplE inBnGYywnynipncu:

Swpdh wnubiny wju hwugqwdwlep® JGp 4nnuhg wnweht wuqwd Iwjwunwl E
ubpdniéyty W hhnpnwnupyuwywt  Jhwynyend nuuncdUwuppytby wpdtpwynp  pwlsw-
pwpniju wwy-gnjh wakgdwl huwpwynpnipiniup: Lywwnwy £ npdtp wuhnn wynyph
wuwjdwuutpnd nundbwuhpbine uudwu Jwybpbuh wgnbgnieintll wju dpwwpentjuh
wéh, qunpqugdwl W wpnynctuwyGunneejwu ypw:

Unip W dEpnn: 3wpyh wnlbin wju hwuqwdwupep, np wwy-gnjp ntuph yGgbunwghnu Ywna
dwdwlwywpnowl, niunnh wnbywpyytbp £ Gpynt wugwd' qunpuwup (Jwpunh dGpght) W wdnwlup
(ognuwnnuh Utpgh): ®npatpp nputi Bu hhnpnwnuhywlwl Yegtnwghnl wungutpnwd (2 U?) 30, 40,
50 an]u/u2 wnuywpyh hunniejwdp, hpwphuwhu fuwpwd + guuewp (1:1) [gwyniend: Rnyutpp
uunigytp BU opwywu 2 wugwd “Ywypjwlh ulUnwiniényeny [2]: Unnighs £ Swnwjtp hnnwjhu
duwynyep (0.5 dz)‘ wwhwwuGiny punniujwéd  pninp - wgpnuinGhulhywywu  YwunulGpp  (hnnh
thupGgned,  Unpwpunintph  Jdwepnud, wwppbpwpwn  gpnudutp,  wwpwpunwgnad W wyb), [5]:
Pnuwhnudpnd Ca-h W Mg-h wwpnibwyneejntup npnadt £ pun Quuwwpwuh [1]: Unwgywé
nywiutnp Gupwnyytp U yhtwywagpwlwl yywydwl® pun Ynuwbhunyh [3]:
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LY. 1. Mwy-gnjp hhnpnwnuhy (w, p) W hnnwjhu dwynyeh () wwjdwuuGpnod

Upmyniupltpn W pUlbwpynid: Qhunwhnpdbph  wpnyniupltpp gnuyg Bu wndbg
(wn. 1), np Bpynt YEgbwnwghnu 2ppwuliGpnid® shuwywl Juwnwdph wéh nt qupqugdwu,
huswbu Uwl  pwpép  wprynibwybnngjwu  hwdwp W hhr}nnu.unhhu, U hnnwjhu
dwynypnid pwnptUwywun wwjdwuubp £ wwwhnytp 30 pnyu/d® tnuyuinyh funnepniup:
JYGgbGunwghnu wnwehu 2pswuncd shuwywu uwnwdpp pwnd pniuwhnideny gGpuquiligh)
E hhnpnwnuhy Ujnwu tnwppGpwyutphu 1,3-1,5, huy hnnwjhu pnyubphu® 1,8-2,6 wugwd,
Jhugntn yGgGwnwghnu Gnypnpn 2pgwuncd® onepg 1,1 W 1,5-1,8 wugqwd, hwdwwwinwu-
huwlwpwp:

Unyniuwy 1. 2ptwywt Ywnwdph wpryntbwydGnnieniup tnuwnyh tnwppbp
huwnnie nLuutph wwjdwuuGpnud

Suywnyh UnwghU Y&gtinwghnu 2pguwl Bnupnpn - Ybghunwghnu 2pguwi
funntnili, " hhnpnunlnlw hnn (unntah) hhnpnwnlplw | hnn (unnghy)
pnLUAT pNLUW- wndww, | pniw- |wpdwuwn, | poloiw- | wpdwan, | pniuw- - | wpdwan,
hnidp,q | g hnulp, g | g hnulp, g | g hnulpg | g

30 127,2 12,1 72,3 6,8 3114 13,4 137,5 8,4

40 99,1 11,2 65,2 6,1 285,2 11,2 90,1 6,3

50 85,7 8,4 48,1 3,6 275,2 10,1 76,5 47
UESes 16,4" 33,6"

# - hupduwnyp uwnwnyby £ dhwyt pniuwhnedeh hwdwn

Uhwdwdwuwy hEwnwgnuniejntllbph wpnntupbbphg wwnpqg E nwnpab, np Gpypnpn
Jbgbwnwghnu 2pgwuncd  thnpdwnpydwd pninp tnwppbpwyutpned, 1 pnyuhg unnwgywé
ptppny shuwlwl Yuwnwdpp gbpwquugt] £ wnwehu ybgbunwghnu ppgwlncd utnwgywé
pGnehl, hhnpnwynuhjwywu dwynypnud* 2,4-3,2, huy hnnwjhunwd® 1,4-1,9 wugqwd: Un. 1-h
Jepinénipintuhg wwpgltbp £ bwl, np Gpyne yGgbunwghnu oppwllbpnud £ ghuwywil
Jwnwdph pniuwhnwdph  pwpp ninpn hwubdwunwywl £ wpdwwnh  pwhl, wjuhUpl®
wndwwnwiht hwdwywnpgh qwugywéh Jtdwgdwlup qnigpUewg Uywwndb) £ dGpGpypjw
quugwéh puwph dGbéwgnud: QupUwup wuywé pnyubpp Ybgbunwghwih  gGpenwd
uGndwywi ) GU, pun npnud uGpdGph pwi2p 1 pnuhg hhnpnwnuhy nwppGpwyubpnud Gnb £
12-14 g, huy hnnwjhuntd* 5-7 g:

Un. 2-h nywiubphg wwngdby £, np wwy-snjh pwpd wnbpuubpnud Ca-h W Mg-h
pwpép pwuwyniejntu hhnpnwnuphyh nbwenwd 1,7-3,0 W 3,0-3,5; hnnwjhu pnyutpnud® 1,1-
1,3 b 1,1-1,4 wugwd gpwugytp £ 30 anJu/LI2 wnuywnyh punnigjwl ywdwuuGnned:
Uhwdwdwuwy wtwpe £ UG, np Ca-h hwdtdwwnwpwp pwnan pwlwynientu nhunyty £
hnnwjhu pnyuGpnud, npp gGpwquwugtby £ hhnpnwnuhy Jjpu wtwippGpwyutppu 1,1-4,3
wlgquwu:
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UnynLuwy 2. Suwpyh nwpptn funnejnilubnh wgnbgnientup shuwlwl Yunwdph

pnruwhnidenid Ywighnidh W dwgltghniuh wwpnibwynipjwu W Gih ypw

Uwydwu Suywnyh Ca Mg
wwjdwuutnp fuinniejnLln,
pnLju/u? Uq% dg/ pnyu | Ug% dg/ pnju
30 4,0+0,09 85 4.2+0,08 90
Ipnpnwnupyw | 40 2,0+0,03 28 1,8+0,04 26
50 3,0+0,06 49 1,8+0,03 31
30 5,0+0,11 120 3,0+0,05 72
3nn (uwnnighg) 40 4,5+0,08 109 2,8+0,04 52
50 3,8+0,07 96 3,1+0,05 65

Ujuyhuny. shuwywl Ywnwdph pwnép pGppwwnynipjwl hwdwn W hhnpnwnuhy,

W hnnwjhu Bawynyencd, Gpynt yegGunwghnu 2ppwtlibpnd, pupGuwwun ywjdwuuGp £
wwwhnyb| 30 an]u/LI2 wnuywpyh punncpniup, npntn pwpU nbplllupnud nhnybp £ bwl
Ca-h L Mg-h pwpép pwlwynienil: Uhwdwdwluwly wbwne £ UG, np hnnwjhUu pnyubpu
wgph U puyty Ca-h hwdbdwwnwpwn pwnép wwpniuwyniejwdp:
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The possibility of brewery wastewater treatment by Parachlorella kessleri and Chlorella
vulgaris microalgae strains and the efficiency of wastewater treatment depending on different
concentrations of inoculum volume have been studied. The prospects of using brewery wastewater
as a substrate for fatty acids production were also investigated in the framework of this research.

Microalgae — brewery wastewater — treatment — fatty acids

Nruntduwuhpdb) £ qupbeph wpunwnpnipjwlu pwhnuubph Jwepdwl  huwpwynpniejniup
Parachlorella kessleri . Chlorella vulgaris uhypngphdninutph pwnwdubph ogunipjwdp, huswbu Uwl
hnupwentph  Jwepdwl  wprynibwybunneegniup® Yuhudwé  hunyniwnh wnwppbp dwjwiubphg:
RGwnwagnndt) BU Lwle quptoph wpunwnpniejwu pwthnuutph Yhpwndwu hGnwulwnpuGpp' nputu
swnwwrpeenLUGNh wpnwnpnLejwl unLputnpwinutn:

UhynpngnhunLnUbn — quintisgpnh wpunwnpnipywl pwthnUlbn — Jepwidpwlnid — swpwwpenLlbn

W3ydeHa BO3MOKHOCTb OYHMCTKH CTOYHBIX BOJ ITMBOBApPEHHBIX 3aBOJOB IITAMMaMHU
mukposogopocieit Parachlorella kessleri u Chlorella vulgaris, a taxke adhdexruBrOCTS OYHCTKH
CTOYHBIX BOJ B 3aBUCHMOCTH OT Pa3JMYHBIX KOHICHTpAIHi 00beMa HHOKYIATa. Takxke HCCie/0-
BaHA BO3MOXKHOCTh HCIIOJNIB30BAHHSI CTOYHBIX BOJ MHBOBAPEHHOIO MPOM3BOJICTBA B KaueCTBE
cy0cTpaTa Iuist IPOM3BOCTBA UPHBIX KHCIOT B pAMKaX TAHHOTO UCCIICJOBAHMS.

Muxposodopociu — cmounvie 600bl RUBOBAPEHHO20 NPOUBOOCMNEA — OUUCIIKA —
JHCUpHBLE KUCTOMbL

Microalgae seem to be an alternative to the traditional biodiesel feedstocks such
as edible vegetable oils or animal fats and other residual products from the economic,
social and environmental point of view. Their high potential of biomass and fatty acids
production and the possibility of using nutrients from waste streams (wastewaters and/or
CO, flue gas emissions) can help reduce the environmental impacts and costs of
cultivation. Moreover, microalgae are a feedstock for production of feeds, fertilizers,
other fuels and chemicals.
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Microalgae have an important role in the processes of industrial wastewater
treatment. They are increasing the efficiency of removing biogenic elements, heavy
metals, as well as eliminating pathogenic microflora. Microalgae can also utilize carbon
dioxide released during the respiration of bacteria and produce oxygen necessary for
heterotrophic aerobic bacteria to mineralize organic compounds.

The most important advantage of photosynthetic aeration is the cost reduction of
the treatment facilities operation and the reduction of the high risk of volatile pollutants
leakage that are associated with artificial aeration. Brewing is mostly a batch process. It
is characterized by the so-called "burst emissions", when the concentration and amount
of wastewater are liable to significant hesitations over time. The pH values of
wastewater also fluctuate quite significantly, but usually remain neutral. During burst
emissions wastewater is being enriched with used detergents and disinfectants, because
of which the pH value can exceed 9.

Brewery wastewater usually has the following composition: residues of the final
product, grains of barley, sprouts of malt, and particles of hop. The most polluted
wastewater comes from grain soaking, hop extraction and yeast washing. They make up
27 % volume of all brewery wastewater. The yeast secessions of brewing give effluents
with the following indexes: suspended solids - 500-2000 mg/L; BODs (biological
oxygen demand) - 1200-3000 mg O./L; nitrogen - 60-254 mg/L; phosphorus - 100
mg/L; potassium - 480 mg/L; pH 4-7.2.

Nitrogen in wastewater mostly comes from organic proteins and yeast income to
the wastewater, and a small part of nitrogen comes from ammonia and nitrates. The
quantitative content of nitrogen and phosphorus allows doing effective biological
treatment of wastewater without the special addition of supplementary chemical
reagents. The BODs / nitrogen ratio in the total brewery effluent is 60-100, and
BODs/COD (chemical oxygen demand) is approximately 0.6-0.7. These indicators are
conducive for biological treatment processes of wastewater, which are based on nutrients
removal mechanisms.

Microalgae have been used for wastewater treatment for several decades. At the
same time, in recent years, a new direction has been developed for the organic and non-
organic substances removing from wastewater by their accumulation in algal biomass,
which is considered as an economically effective method of wastewater treatment [12;
13]. Microalgae are single-celled organisms that can be found in various aquatic
environments. They are responsible for more than 40 % of the global carbon fixation,
and are becoming more interesting nowadays because of their potential in biotechnology
[1]. The growing interest is due to the fact that all microalgae have the capacity to
produce energy rich oils especially in media with limiting substrates. These oils can then
be used in production of renewable fuels, namely biodiesel, which can be obtained in a
process called transesterification. Besides fatty acids, they also produce different
products such are antioxidants, carotenoid, different polymers and peptides, which are
used in different industrial products [14]. Microalgae can be cultivated in bioreactors and
in open cultivation systems and there are several factors affecting their growth; light
intensity, carbon source, temperature and different microelements and these are just a
few of them. Among the aforementioned, temperature is one of the most important
factors affecting the growth and which is very hard to control, especially in large—scale
outdoor systems. The temperature oscillations in open pond or other types of cultivation
systems can greatly affect lipid production. Certainly, different microalgae have different
optimal temperatures for the growth but most of the species are able to withstand
temperatures between 5-35°C. One possible way to overcome this problem is to have
closed control systems, photobioreactors, which can be used to increase bioprocess
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yields and efficiency [8]. Due to their capability to accumulate lipids, microalgae are
becoming popular in developing solutions for the replacement of fossil fuels which are
becoming scarce. So far it has been shown that different substrates can be used for their
cultivation especially wastewaters from different industries [5, 16, 18]. Some research
has been done with the consortium of microalgae and bacteria [11] with promising
results. Application of microalgae is slowly increasing so that some strains found their
application even in human medicine, namely photodynamic therapy in treating tumor
patients [9].

Chlorella and Parachlorella species are unicellular immotile green microalgae
classified in the Trebouxiophyceae, which have spherical cells less than ~10 pm in
diameter containing a chloroplast. Recently, these species have been used in many
investigations where they showed good results for their lipid production. It has been
shown that P. kessleri is able to accumulate lipids when sulphur source is a limiting
component in cultivation media [17]. Besides, limitations in starch as carbon source,
show similar results in experiments with this strain [6]. Another interesting fact about P.
kessleri is that this microalga is also capable of producing H,. Namely, by regulating
light intensities and carbon source one strain was able to produce this alternative biofuel
[7]. Ch. vulgaris on the other hand is a green eukaryotic microalgae in the genus
Chlorella. 1t was discovered in 1890 by Martinus Willem Beijerinck as the first
microalgae with a well-defined nucleus. As it contains a lot of protein, these microalgae
have also found their application in human nutrition [2]. Japanese people are being
recognized as the biggest consumers of Chlorella, especially because of its medical and
health-improving properties. The protein content of Ch. vulgaris varies from 42 to 58%
of its biomass dry weight [3] and they are considered to have a good nutritional quality,
because algae are capable of synthesizing both essential and non-essential amino-acids
[15]. Recently, these microalgae have also become interesting in the field of biofuels
production. [10].

The aim of this study was to evaluate the prospects of primary treatment of
brewery wastewater using different types of green unicellular microalgae, as well as the
usage of wastewater as a nutrient medium for microalgae growth.

Materials and methods. Microalgae strains

Two types of microalgae cultures: Parachlorella kessleri and Chlorella vulgaris (Culture
collection of the Laboratory of Alternative Energy Sources of the Scientific and Production Center
“Armbiotechnology” NAS RA) have been used within this research.

Nutrient media

The following nutrient media have been used during this experiment:

1. synthetic, chemically defined Tamiya's nutrient medium, with the following
composition (g/L): KNO; - 2.0; KH,PO, - 0.3; MgSO,-7H,0- 0.3; trace element solution - 1ml;
Ca(NO3), solution (14,4g/L) — 1ml. Trace element solution (g/L): FeSO,7H,O - 5.0;
Co(NO3),6H,0 - 0.02; CuSO,5H,0 - 0.01; ZnSO,4 -7H,0 -0.04; MnSO,4 -H,0-1.12; H3BO; - 0.6;
(NHg)sMo0,0,4 -4H,0 - 1.062; Na EDTA -7.5. pH was adjusted to 9 using NaOH solution.
Autoclaving: 1 atm., 121°C, 20 min;

2. chemically undefined complex media: sterilized and non-sterilized brewery wastewater
from "BEER OF YEREVAN" CJSC (Yerevan, Armenia).

Microalgae cultivation

40 MI of previously cultivated microalgae (Parchlorella kessleri and Chlorella vulgaris)
was added to 400 ml of nutrient media. Bubbling of cultural fluids was performed by aeration Kits.

For the second part of experiment 10%, 30% and 50% v/v of inoculum was added to 200
ml of unsterilized wastewater. Flasks were cultivated on a rotary shaker at 28°C and 150 rpm,
exposed to artificial light source, respectively. Flasks were kept under the constant illumination
(1500-1800 lux) at room temperature.
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Determination of microalgae growth on the basis of spectrophotometric measurements

Growth rate was evaluated according to the samples optical density by spectrophotometric
measurments at the wavelength of 540 nm. The samples for analysis have been taken every second day.

Dry biomass obtaining

After two weeks of cultivation, the algal cells were harvested using centrifuge (6000 rpm,
10 min). Then, the wet biomass was dried in thermostat (40°C) until constant weight was obtained.

Lipid extraction

The extraction of lipids was performed by Bligh and Dyer method [4] using 50 mg sample.

Determination of fatty acid content

The composition of fatty acids was determined by gas chromatography. Prior to GC
analysis, the samples were re-suspended with 1 ml of hexane and transferred into 3 ml Eppendorf
cuvettes. For this analysis we had to obtain fatty acid esters by adding 1 ml of methanol.1uL of
sample was used for the analysis of fatty acid composition. The fatty acid methyl esters have been
determined by the Shimadzu GCh-2010 gas chromatography saturated with DB-5-MS capillary
column in the 80-2904°C temperature range. The temperature of the column was increased
40°C/min. The temperatures of injector and detector were 250 and 230°C, respectively. Carrier gas
flow was 1.2ml/min.

Amino-acid composition analysis

The amino acid range of brewery wastewater was determined by amino acid analyzer
“Shimadzu Nexera X2” (Japan). For separation of amino acids Novo-Pak C 18.4 um, 3.9-150 mm
chromatographic column was used. It was carried out in a gradient elution mode. The following
reagents were used as the mobile phase: A). acetonitrile: methanol: water (45:40:15 -v/v); B).
phosphate buffer pH = 7,0; flow rate was 0.5 ml / min, detection was carried out at a wavelength
of ex350-em450 nm, column temperature — 300°C, injection volume - 10 pl; chemical reagents
and eluents: MeCN, MeOH, Na,HPO,, NaH,PO,, HCI, ortho-phthaldialdehyde reagent CAS: 643-
79-8 (Sigma-Aldrich with purity> 99.9 %).

Determination of the total content of organic and non-organic matter in brewery
wastewater

The total content of organic and non-organic substances in the wastewater was determined
by the following method: 5 ml of wastewater samples were placed in pre-weighed crucibles. The
crucibles with the samples were put in a thermostat (80°C). After 24 hours the crucibles were
weighed, the operation was repeated until obtaining the constant weight. To determine the total
inorganic content, the sample was placed in a muffle oven (550°C, 1 hour), and the experiment
was repeated until the constant weight was obtained.

Results and Discussion. The analysis of the total content of organic and non-
organic matter in brewery wastewater showed that the dry matter content (organic + non-
organic) in the studied wastewater sample was 4.4+0.24 mg/ml and the ash content (hon-
organic matter) was 1.12+0.0 mg/ml. That is, the content of organic matter was 3.28 mg
/ml. Prior to cultivation, amino acid analysis of wastewater has been done. The results
showed that only 3 amino acids were present in brewery wastewater (fig. 2).

<Chromatogram>
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Fig. 1. Chromatogram of amino acid analysis of wastewater The calculations showed the following
content of determined amino acids (ug/ml): Glycin-4; L- Threonine-3; L- Alanine-6.
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The microalgae growth assessment has been done for 14 days, and then the
cultivation was stopped. The results of spectrophotometric measurements were
summarized and the kinetic curves were established (fig. 2 and 3).
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Fig. 2. Growth curves of P. kessleri in
1-1.Tamiya's nutrient medium, 1-2. Sterilized wastewater, 1-3. Non-sterilized wastewater
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Fig.3. Growth curves of Ch. vulgaris in Tamiya;s nutrient medium
2-1. Tamiya's nutrient medium; 2-2. Sterilized wastewater; 2-3. Non-sterilized wastewater

According to the presented data the microalgae growth was observed in all
samples. However, the results do not still allow to draw any definite conclusions,
especially about the growth of microalgae in non-sterile wastewater samples. The
accompanying microflora in the wastewater may interfere with obtaining correct results
and the optical density changes can be caused by the growth of other microbes, present
in wastewater, including the growth of residual yeast. However, the experimental results
suggest that P. kessleri microalga grows better on wastewater, which may be due to
several reasons: higher rate of this alga growth, when the bacterial growth was simply
suppressed, and the chemical composition of wastewater, which was more optimal for
this species. The analysis of the results showed that sterilized wastewater was a better
medium for the growth of Ch. vulgaris, while P. kessleri microalga showed similar
growth in both sterile and non-sterile ones. This means that the use of P. kessleri for
wastewater treatment may be more promising, since the usage of non-sterile effluents for
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the cultivation of microalgae can significantly reduce the cost of bioprocess, especially
on a large-scale, which is a valuable research result.

The importance of the inoculum volume on the growth rate of microalgae was
studied in the next step of the research. 10; 30 and 50 % v/v of inoculum volumes were
taken and added to 200 ml of non-sterilized brewery wastewater. The microalgae growth
rate was monitored within 16 days. The results of the spectrophotometric measurements
are summarized in figures 4 and 5.

P kessleri-10% P kessleri-30% P kessleri-50%
10 10 10
% 3 5 5
=
o ! o | o |
0 200 400 o] 200 400 o 200 400
t (hours) t (hours) t (hours)

Fig.4. Effect of different inoculum volumes on P. kessleri growth in non-sterilized wastewater

According to the data obtained, the increasing of inoculum volume leads to
suppression of the growth of external microflora and, as a consequence, to an increase in
the growth rate of microalgae.

The analysis of the results showed that for P. kessleri the best results were
obtained in the experiment with 50 % v/v of added inoculum. In the case of adding 30 %
v/v of inoculum quite good results were also observed. In the stationary phase of the
growth of P. kessleri showed almost the same growth rate as with 50 % inoculum.

Similar results were obtained in the experiments with Ch. vulgaris (fig. 5), where
once again the experimental data show that the larger the volume of inoculate, the more
efficient the growth of microalgae, and consequently, the treatment of wastewater.

10 Ch. vulgaris-10% 10, Ch. vulgaris-30% w0 Ch. vulgaris-50%
&
0 0 0
0 200 400 0 200 400 0 200 400
t (hours) t (hours) t (hours)

Fig.5. Effect of different inoculum volumes on Ch. vulgaris growth in non-sterilized wastewater

The main goal of this investigation was to determine the potential of brewery
wastewater as a substrate for algal biomass production, and therefore the potential for
algal fatty acid production. Based on our results, the best media for algal growth was
sterilized synthetic Tamiya’s nutrient medium, so it was expected to have the highest
fatty acid content in this medium. In this chemically defined nutrient medium different
types of fatty acids were detected using gas chromatography: lauric, myristic, palmitic,
stearic, oleic and linoleic fatty acids. The most abundant fatty acids were palmitic acid
(25 %) and linoleic acid (18 %).

In the case of P. kessleri cultivation in both sterilized and non-sterilized
wastewater, the total amount of fatty acids was significantly lower which was in
correlation with spectrophotometric measurements. However, palmitic acid in these
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samples was also the most abundant (50 %). In the case of sterilized wastewater oleic
acid (10 %), linoleic acid (30,9 %) and stearic fatty acid (9,1 %) were also determined.
The analysis of these results once again shows that the obtained high OD values
are probably the result of growth of accompanying microflora.
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Fig.6. Chromatogramm of P. kessleri microalgae biomass fatty acid composition
(non-sterilized wastewater, 50% inoculum)

The total amount of produced fatty acids was less in the case of Chlorella
vulgaris compared to P. kessleri. The highest concentrations of fatty acids found in
cultivated in Tamiya’s nutrient medium samples. There were palmitic, oleic and linoleic
acids, with 58.8 %; 14.7 % and 26.5 % concentrations, respectively. Similar results
concerning the composition of fatty acids were also obtained in the case of cultivation in
sterilized brewery wastewater. The only difference was the detected concentration of
stearic fatty acid with 10.5 % in total fatty acid content. The obtained results are also in a
correlation with spectrophotometric data. The lowest amount of produced fatty acids was
observed in the experiment with non-sterilized wastewater: only two fatty acids were
detected with very low concentrations.

Regarding the studying of the fatty acid composition of biomass obtained in
different volumes of inoculum, it turned out that in the case of 30% inoculum Ch.
vulgaris was a better fatty acid producer than P. kessleri (palmitic acid: 77.5 %, oleic
acid: 9.1 %, stearic acid: 8.3 % and linoleic acid: 5,1 %). At the same time in the case of
50 % of inoculum P. kessleri was a better fatty acid producer than Ch. vulgaris (the
contents of myristinic and stearic acids were almost equal, linoleic acid was found only
in biomass of P. kessleri, and in both samples palmitic acid was predominant).

Based on the results of this research, it can be concluded that both: the chemically
defined nutrient medium and brewery wastewater are good media for microalgae growth,
and therefore are valuable substrates for the production of fatty acids. The obtained
results of research have shown that even non-sterilized media can be used for the
cultivation of microalgae but a larger volume of inoculum should be used. These results
suggest that sterilization step may be skipped and therefore it could reduce the energy
requirement of the bioprocess.
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The aim of this work was to investigate the dynamics changes in mitochondrial ATPase’s
activity and in lipid peroxidation in conditions of 30-day hypokinesia. It was shown that maximum
lipid peroxidation level was observed in the kidneys and brain in the 20th day of stress, exceeding
the norm by 20.87 % and 75.2 %, respectively. The maximum activity of Mg?"-dependent proton
FoF1-ATPase of mitochondria was promoted in the liver of rabbit after 20-day of stressful effect by
48.8 % compared to unstressed animals. Thus, the analysis of the nature of changes in the lipid
peroxidation processes and in the activity of mitochondrial ATPase can be the basis for identifying
pathological processes caused by hypokinesia and for creating various means to prevent them.

Hypokinesia — malonic dialdehyde — lipid peroxidation — the FoF;-ATPase

30-onjw hhwnyhubghwih wwydwuutpnid neuncdUwuphnyty £ Jhinngnunphnudwihtu UWedwgh
wywnhyniejwu W hwhnutph gtpopuhnwgdwl gnpépUrpwgutnh thnthnfunie)nilubnh ophbwswithnt-
pJntlUGPh punypep: Snyg £ wpdG, np thwhnubph gbpopuhnwgdwl wnwybjwagniu Jwlwnnwy
nhundnd £ dwgwph Gphywdubpnid W nunbnnud uppbuh 20-onjw wgnbgnipjwu ntwentd* Unpdwlu
gbpwqulgtiny hwdwwwwnwupuwlwpwn 20.87 % W 75.2 %-ny: Uhinngnunphncdwihu Mg?*-Yuwihujuwg
wpninnuwjhu FoF.UBdwagh wywnhynipjwl  wnwybwgnuyu  upwund  puwywunu - wwydwl-UGph
hwutJwwnnLpjwup nhinynid £ upnbuh wgntgntejwl 20-nn onp Swgwph pwpnnid'48.8 %-ny:

Lhwhnutph gbpopuhnuwgdwu gnpépUrpwgutph W dhnnpnunphnidwiht UWedwagh wywnmhyne-
Rjwl thnthnpunipinLllbph punyeh dGpinuénieintup ywpnn £ hhdp hwunhuwuw| hhwnyhubghwjny
wuwdwuwynnywsé wpunwpwuwywl gnpéplpwglbnh pugwhwjndwl W npwlg Ywuhuwpgbdwlu
nLnnnLejwdp tnwnwpuntje Uhgngubph unbnédwl hwdwp:

Uwlwduwpwndnipnil — dwinuwyhl Gpywin&hhn — thuwyhnubnh gtnopupnuwgnid — FoF1-UEDwWq

Wzyuen xapakrep U3MEHEHHI IPOLIECCOB MEPEKUCHOTO OKMCICHUS JTUMUA0B U aKTHBHOCTH
MuToxoHapuansHoi AT®a3sl B ycnoBusx 30-nHeBHOI runokuHesuu. IlokaszaHo, 4To MakCUMalb-
HBIIl YpPOBEHb MEPEKUCHOTO OKHCIICHUS JIMITHIOB HAOJI01aeTCsl B MOYKaxX U B Mo3re mpu 20-aHeB-
HOM cTpecce, npesbimas Hopmy Ha 20,87 % u 75,2 % cooTBeTCTBEHHO. MakcHUMalbHasi CTUMYJISI-
1Ml aKTUBHOCTH Mg2+-3aBI/ICI/IM0ﬁ MUTOXOHApUabHON FoF AT®a3bl 0 cpaBHEHHIO ¢ HOPMOW
HaboaeTcst B meueHn kKponrka Ha 48,8 %. Taknm oOpa3oM, aHAIIN3 XapaKTepa H3MEHEHHH 1po-
1IECCOB TMEPEKHCHOTO OKUCIIEHHUS JIMIUAOB U aKTUBHOCTH MUTOXOHIpHaIbHON AT®a3zpl Moxer
CITy>KAT OCHOBOW TSl BBISIBIICHHUS MTATOJIOTHYECKHUX TIPOIIECCOB, OOYCIOBICHHBIX TUIIOKUHE3NEH, U
CO3JIaHMs B NAIbHEHWIIEM Pa3IMYHBIX MMPEJOTBPAIIAONINX CPEICTB.

Tunokunesus — ManioHO8bII OUATLOE2UO — NEePEKUCHOe OKUCIeHue aunudog — FoF1-AT®aza
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CHANGES OF ATPASE ACTIVITY AND LIPID PEROXIDATION IN CONDITIONS OF LONG-TERM HYPOKINESIA

For organisms normal functioning, motoric activity is required, which enhances
the production of energy, supplying the organism with oxygen, has a beneficial effect on
the normal course of the physiological functions. Deficient motor activity causes stress
reactions. Stress is a biochemical, physiological and mental specific reaction of body to
the effects of various factors that cause tension in functions and ensure the mobilization
and homeostasis of the body for adaptation to the different conditions [11]. Currently,
one of the urgent tasks of medical physiology is the study of tissues and organs
responses to these conditions, including changes in protein’s, carbohydrate’s and lipid’s
metabolism.

The fastest response to various stressful conditions is the activation of lipid
peroxidation, the main substrates of which are lipoproteins and polyunsaturated fatty
acids that are part of the cell membrane. In result of this the modification and
inactivation of membrane enzymes as well as the increasing of membrane's ion-
penetration and disturbance of the lipid bilayer stability can happen [5].

During stress the body, at first, strives to provide the tissues, especially nervous, with
energy, so that is why researchers are interested in studying the body energy-ensure
substrates and systems. In aerobic conditions, the main metabolic pathway of ATP synthesis
is the oxidative phosphorylation, the final reaction of which catalyzes by the FoF;-ATP
synthase (3.6.1.4). It is one of the most common cell membrane enzymes, widely detected
in the biological world, including microbe cell membranes, the inner membrane of the
mitochondria in animals and in the thylakoids of chloroplasts in plants. Enzyme catalyzes
the synthesis of the ATP from adenosine diphosphate (ADP) and inorganic phosphorus
using the electrochemical potential of membrane. When the electrochemical potential is
insufficient, the enzyme may act in the opposite direction: to hydrolize the ATP and transfer
the proton through the membrane by the released energy [2].

Different diseases may bring structural and functional changes of the FoF;-ATP
synthase. [4,8,10,12,13,15,16]. In the available literature studied, we did not meet
discussions about the effect of prolonged hypokinesia on rabbits. Prolonged hypokinesia
causes a range of violations affecting almost all body systems. In the medical literature
resulting changes are defined as "hypokinetic disease" [14].

Therefore of this work was to investigate the dynamics changes of mitochondrial
ATPase activity in organs and lipid peroxidation under conditions of 30-day
hypokinesia.

Materials and methods. The experimental protocol was made according to the norms
established by the National Committee of Bioethics (Armenia), as well as the recommendations of
the European Convention for the Protection of Vertebrate Animals Used for Experimental and
other Scientific Purposes (Strasbourg, 2 December 2005). The experimental animals had the same
gender (male) and weight (2.5 kg) Oryctolagus cuniculus domesticus rabbits, which were in the
same conditions of nutrition and care during experiments. For limitation of mobility they have
been kept in the experimental boxes during 22 h daily, for 30 days. After 10, 20 and 30 days of
stress influence the animals were decapitated and the malonic dialdehyde (lipid peroxidation
product) content and ATPase activity were determined in the liver, kidneys, heart and brain.

Malonic dialdehyde amount was determined by the spectrophotometric method [9].

ATPase activity was determined by increasing of inorganic phosphorus in the incubation
medium by the method of Taussky and Shorr using a spectrophotometer Genesis 10s UV-VIS, as
described [1]. Mitochondrias were isolated by the method [3]. Isolated mitochondria’s were treated
with the inhibitor 0.2 mM N,N'’-dicyclohexylcarbodiimide for 10 min, which almost completely
inhibited ATPase activity, thus confirming the presence of the FoF,-ATP synthase [1].

Protein content determination was made by the method of Lowry [1].

The obtained data were subjected to statistical analysis with the computer program
"BIOSTAT". Trust was determined by the “‘t** criterion of Student.
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Results and Discussion. One of the risk factors for development of pathological
processes in the body is hypokinesia, which suppresses the adaptive capabilities of
organism and changes it‘s responses to various extreme factors. The adaptation of
organism largely depends from energy metabolism and synthesis of macroergic
compounds.

In stress conditions as energetic substrates fatty acids and lipids can also be used,
including the polyunsaturated fatty acids contained in the membranes, so that is why in
stress conditions it is particularly important to study the lipid peroxidation. Taking this
into account, the aim of this work was to study the nature of changes in the amount of
the final product of lipid peroxidation-molonedialdehyde (MDA) during hypokinesia.
Obtained data are presented in fig. 1.
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Fig.1. Malonic dialdehyde content (nmol/g) in the various organs of rabbits in conditions of
prolonged hypokinesia (n=3, *p<0,05, **p<0,01, ***p<0,001 -is for difference between the
data of the serie and those of unstressed animals)

Studies have shown that lipid peroxidation in the liver is gradually activated with
an increase of stress duration: in the 10", 20" and 30" days of hypokinesia it exceeds the
norm by 10 %, 29.4 % and 70.58 % respectively. Significant changes in lipid
peroxidation in the heart were not observed, only after 20-day stressful effect it increased
by 12.7 % compared with the norm. The maximum lipid peroxidation level was
observed in the kidneys and brain in the 20" day of stress, exceeding the norm by
20.87 % and 75.2 %, respectively. Further increase of stressful effect led to decrease of
malondialdehyde content, which probably confirms the emergence of adaptation
mechanisms, which was also shown in literature [7]. Hypokinesia causes oxidative stress
- the inbalance between processes of lipid peroxidation and antioxidant system in the
body, and thus becomes the cause of the formation of various structural and functional
disorders in different organs [15], which is associated with the need of prevention and
correction of stress reactions [11].

For implementation a wide range of such endergonic reactions, a large amount of
ATP is required. This requirement may increase in stressful conditions. Therefore we
studied the effect of 30-day hypokinesia in mitochondrial ATP-synthase activity in the
liver, heart, kidney, and brain of rabbit. The results are presented in tab. 1.
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Table 1. The activity of ATPase (umol Pj, /s in g protein) of mitochondria in the various organs of
rabbit in condition of long-term hypokinesia

The studied The activity of ATPase
organ Unstressed 10-day stress 20-day stress 30-day stress
animals
. 8.28+0.41 9.29+0.46 5.35£0.26
Liver 6.24+0.31 p"<0.01 p<0.05 p>0.5
. 2.32+0.11 2.7£0.13 2.83+0.14
Brain 1.94+ 0.09 p<0.01 p<0.05 p<0.05
6.52+0.32 7.75+0.38 6.34+ 0.31
Heart 5.46+0.27 p<0.05 p<0.01 p<0.05
. 5.36+0.26 7.7+0.38 2.14+£ 0.1
Kidney 4.38+0.21 p<0.05 p<0.01 p<0.01

*p is for difference between the data of the serie and those of unstressed animals (n=3)

Data analysis showed that in long-term hypokinesia the directed changes in the
activity of membrane - bound enzymes in the rabbit organs are different. Thus, after 10
and 20 days of stress in the liver, the Mg?*-dependent FoF;-ATPase activity increases by
32.7 % and 48.8 %, respectively, and in the 30" day it decreases by 14.2 % compared
with unstressed animals. ATPase activity in the brain gradually increases with increasing
duration of stress so that in the 10", 20™ and 30" days it exceeds the norm by 19.6 %,
39.2 % and 45.8 %, respectively. Changes in ATPase activity in the heart and kidneys
are similar to changes in the liver. The maximum ATPase activity was observed in the
kidneys and heart after 20-day stress effect, respectively, exceeding the normal level by
75.8 % and 41.9 %.

In the studied organs, the activation of ATPase in the 10" and 20" days of
stressful effects can probably be explained, on the one hand, by the features of the
respiratory chain in different organs and, on the other hand, by not uniformly using of
free fatty acids as energy substrates. In the studied organs a similar change in ATPase
activity in 20 days of stress was associated with the activation of enzymes
phospholipase, lipase and lipid peroxidation due to the limitation of mobility, what in
turn changes the lipid circles of membrane enzymes, especially changes in the activity of
ATPase. During prolonged hypokinesia observed enzyme activity’s reduction in the liver
can be explained by a decrease in the protein content in mitochondria [13]. Mounting
evidence has revealed that mitochondria become damaged and dysfunctional during
prolonged hypokinesia of muscles, and this mitochondrial dysfunction is a causal event
in the initiation of muscle-inactivity induced atrophy [6].

However, the specific mechanisms employed by dysfunctional mitochondria that
enact disease have yet to be fully elucidated.

During stress, lipid peroxidation processes in rabbit kidney, liver and brain are
gradually activated. In long-term hypokinesia, in the mitochondriums of different organs
the dynamic changes in the FyF;-ATPase activity have stepwise character and are
evidence of mitochondrial functional disorders, and hence changes in cells energy
exchange.

Analyzing the patterns of lipid peroxidation and the change in activity of the
mitochondrial ATPase, we can conclude that enzyme activity‘s changes are probably due
to the reduction of amount of the fatty acids present in the membrane due to lipid
peroxidation, which can lead to structural changes in mitochondria. Elucidation of the
nature of changes in enzyme activity influenced by various factors can become the basis
for the creation of new therapeutic agents for the treatment of diseases caused by
reactive oxygen species.
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Lbpunwdywd pwnép gbinwqunn Swnwpniubph wwnunhquihu dlph pwgdwgdwup udhpdwéd
Lwwwnwywihtu  nunwlbwuppnepyntluGn Bu ppwywluwgdtp  Splwlh pnluwpwlwywl — wigne
wwdwuutpned® npwilg hwywpewsdnit hwdwiptint W hwpunwgutine Uwwunwyny:

Pwgwhwjinyt) £, np wwpunhquihu dubph pwgqdwgnudu wytih wpryntbwdbun £ Yyunpnuwynp-
Jwu nbwenid, nph dwdwuwy npwug wpdwunwywintdp tnwwnwuynd £ 60-90% -h uwhdwuGpned:
Utndtpny pwquwglbihu 65 wuntt wwpwnhquwiht dibphg 27-p 6incbwy gbu Bnb|, huy duwgwéd 38-h
Sntbwynipjwl gnigwuhpp tnwwnwuyned £ wyBih jwiu wdwhunncnung® 10-90%:

Swnwpniyu — wwpinhquiyhl &b — pwquwgnid — wwindwuwn — hwpdwnynnwlwuncenil

IIpoBeneHbI LieIeHATIPABICHHBIE UCCIIEI0BAHMS, TIOCBAIICHHBIE OCOOCHHOCTSM Pa3MHOMKe-
HUSI CaJ0OBBIX WHTPOIYIMPOBAHHBIX JAPEBECHBIX PACTEHHU B yCIOBUsIX EpeBanckoro Goranmuec-
KOTO CaJia C [EITbIO MOTIOTHCHUS X KOJUICKIIUH.

BeusiBneno, uyto Hanbonee 3G HEeKTUBHBIM CITOCOOOM Pa3MHOXKCHHUS CaJOBBIX (HOPM — de-
PEHKOBaHHME, MTPU KOTOPOM YKOpeHeHHe Konebiercs B mpeaenax 60-90 %. IIpu cemeHHOM pa3m-
HOXeHUHU 27 n3 65-TM HaUMECHOBAaHUH ObLTM HEBCXOXUMH, a Y 38 mpeacTaBUTeNeil MmoKa3aTelin
BCXO0’KECTH KoJiebamich B IUpoKux mnpenenax — 10-90 %.

Jlpesecnvie pacmenus — caoosas popma — pasmuodicenue — NPUBUSKA NPUCNOCOOIAeMOCHb

The targeted research of breeding of high ornamental garden forms of woody plants in
conditions of Yerevan Botanical Garden in order to supplement their collection were carried out.

It was found that propagation by cutting is the most effective method of breeding for
garden forms, during which the rooting of cuttings fluctuates in the range of 60-90 %. In case of
seed reproduction 27 from 65 garden forms were not germinated, and the index of germination
with the remaining 38 fluctuates in very wide range — 10-90 %.

Woody plants — garden form — breeding — graft — adaptability

Ubpuntédwl wphuwwnwuglbph wplnp gnpdwnenyputbphg £ pnyubph wédwu no
qunqwuguwl wnwUuduwhwwnyneejnilutph ntuntdbwuppnieinitup gnjnijwu Unp wwjJwu-
ubpnud® Lwwuwnbint npuug wwhwwuniejwll nu yGpwnunwnpneejwln:

Lwl Swnwpnyutn, npnue s6U wunnwptpnud, nwihu Bu ng |hwpdbe ubpdtp, n Gu
duinunwd winnwpBpdw 2pswil, puntpwagnynid GU ubpdtph Juwn §intbwynipjwdp yud
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wlwwnnin, BU, ntuBU ubpdtph hwuguunh Gpwpwnle dwdwuwywhwnywé, ubpdniddwl
wnryntupned dbnp BU pbpkp Unp winpdtpwynp hwwnywuhputbp, Jwyp pnyubn, npnughg Yw
Jhwju UGy ophuwly Ywd vhwubn BU, bwl wwpwnhquwihu dlkn, npnug Unuin 2w hwéwpu
ubpUuwiht pwquwgdwl dwdwlwy nhunygnud £ 6bnenwd: Lepdnwbdwu W Yhdwjwdwp-
dbgdwl dwdwluwy yGpp pdwpyywsé pnyutph pwquwgndu wyliu puunhp gk Ujn k-
uwyutpp 2w hGunniejwdp Yunkih E pwquuglt) yegGunwnhy Gnwlwyny [9]:

Mwpunhquiht  dubpu  hpGlug  Jdnpdninghwywl  wnwldUwhwwnynienllubph
(yuwyh, meplutnh, Swnhyutph W wwninutph Ywnenigdwodeny, élnd, swihknnd, gnijuny
W wju) 2unphpy UGS wwhwugwpy W Yhpwenigniu niubU UGpYwihu  Yulwswwwn
wfuwwnwupubpned:

Gplwlh priuwpwlwywl wignid, ufuwé 1980-wywu pYwywlltphg, Swnw-
pnijubiph Ubpdnuddwu W Epuwnghghnu nGunpnhwywpwéniubph unbnédwup gnigwhtn
Uwwuwnwywihu  nwunwuwuppniegnitlubn B uwwpdb, bwle wwpnhquihu - dLGph
YGUuwEyninghwywl wnwldlwhwwnyniejntlutph b pwquwgdwl hbwnpwynpnienluutph
pwgwhwjundwl ninnniejwdp [4, 5, 8] Upnntupnid wwnqdbl £, np wywnpwhqwihu dlkpp
npwbu Jwunu pwgdwunwd Bu YyGgbunwunhy dwuwwwphny (Wwwnywuwn, Yunpnuwynpnid
W wunuwihu)' Robinia pseudoacacia "Compacta”, Saphora japonica "Pendula”, Acer platanoides
"Globosa”, Ulmus foliaca "Globosa™ “pwlg 6upnn JGSwdwulnieiniup  (Robinia
pseudoacacia "Compacta", Acer palmatum "Globosa") unynnwpuwn utputp s6U wnwewguntd,
Ywd £ wnwowgwd ubpdbpp YGuuntbwy ¢EU (Picea pungens "Argentata”, Viburnum opulus
"Roseum”, Thuja occidentalis "Globosa", Quercus robur "Pendula"): Iwqywnby Gu ubGpdbpny
pwqUwgnn wwpwhqwihu dubpp (Cupressus sempervirens "Stricta”, Quercus robur "Pyra-
midalis”, Robinia pseudoacacia "Pyramidiformis™): PwqUwdjw nruntduwuhnniejnlultpny
pwgwhwjnyb £ Uwl, np wwnpunhquiht dlbph ubpdtpny pwquwgdwlu nGwpenid 6Gnpnid
E wnbnh nwubunwd, nph wpnniupnud  s6U Wwhwwuynd wwnunhqwihu éWhu punnpn?
hwwnywuhpubpp: Ophuwy, fduyh hwgblwwnbple nEnUwhiwjwnwpnBunh  (Acer negundo
"Aureo-variegata") Unin ubpdtnph 90%-p thnig BU Yud ng YEuuntuwy: UGpdGnh hiph 10 %-
U nLlUBU nGnhu Ywu Ywuwg pwphiutp: ShiEph nEnhu wehiutpp npwtu Yuwunu Jwhwunwd
GU, huy Ywuwgutpu £ Gt wonwd Gu, www ntnhu pétpp pwgwywnud Bu: @uyh Yens-
unuhwwnbple Lenwninhh (deer pseudoplatanus "Leopoldii”) utGpdGph npny Jwup wwh-
wwunwd U puwjnwpnGunieniup, uwlwju wpu nbwenud £ wdu £ 2w nwlnwn
pupwunty [2]:

Lwnpnuutph wpdwwnwywdwl wpwgniejwl ypw wagnnn hhduwywl gnpénuutpu
GU' Yupnuwynpdwl dwdyGuwnutpp, Jwip pnyup ubnp, Jhypnyhdwjwywu wwydwuutnp,
hnnwhu  Ywaqdp: dbGpp Wwéd  gnpénultph  wanbgniejwl  hwdwwwpthwy
ncuncduwuppniejwl - wpryniupned, pnyubph UGpdneddwl hGin Yuwywsd th wnwihu
hwnpgtph [nwénud JEdwwtu wywpgbgywé E:

Unip I d&pnn: Uwjn nbuwyutph hwdtdwnnipjwdp wwpunhqwihu lbpu wnwan g6u dwn-
ynud L wwnuwptpned, npnp dwup Unguhuy wunnenubp sh wnwihu: Lhwebpe dwnhyubp nulubgnn
wuwnunhquwihu dlkpp, npwtu Ywunu, ubpdtp s6U wnwewglnid (uquh, nbighw, upugtuh, Gnpliwuh),
huy qunwéle uwnwpr nubgnnutph Jnw, Gebt wuqwd uGpdwwydnieintl nnbnh £ nluBunud, www
npwup YGuuntwy g6U |huncd (rhuyh, rEnh, rnphuhw Yendwywghw, unth), [1]: Wn wwwndwnny E
hhduwywuntd  pwquwund  Bu yGgGunwwnhy  Gnwuwyny'  Yupnuwygnpnud b wywwnygwun
(wgpwwwwnywunn W Yurpnuwwwwnywuwn):

Utn nruntduwuhpnieniuuGpnud yGgGunwnhd pwquwgdwl wfuwnwuplbn hpwywuwglGine
hwdwp  Guune U éwnwitp Splwuh  pruwpwlwlwl  wigne  Eynpnguwhuwphwgnuywu
hnnwdwubphg W hwpwyhg Ywlws wnwpwéplbphg ybpgywéd gbnuqunn wwpunhquihu dubph
yunpnuubpp b wwwndwunh hwdwp wuhpwdtn  ywnwunwunepp: UGpduwihtu pugqdwgdwl
hwdwn npwtu hnedp ogunwgnpdyty Bu wpwnbpyphg (QGpdwupw, Ypwuwnwl, Uhshqwl, Intuquiphw,
Lwwnyhw, Nntuwunnwu W wyil) ubpdeph thnpuwbwydwu gnigwyutph dhgngny unwgywé W Gpliwtih
pnLuwpwlwywl wignig hwywedwé ubpdtpp:

YUunpnuwynpdwu  hwdwp Guunie U hGnljw, wwpunhqwihu  dubppt Ghhh shuwywu
huwjinwpnbwn (Juniperus chinensis "Variegata"), &. unynpwywl hnpwunwywl (J. communis "Hibernica”),
Q. yuwqwywywu undhwwnbple (3. sabina "Cupressifolia”), [@nLjw wnpledinjwl ppqwale (Thuja occidentalis
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"Fastigiata"), Ybluwéwn wplbywl qunwale (Biota orientalis "Globosa”), Udnfunip unynpwlywu
Jwnupwuwntpl (Berberis vulgaris "Atropurpurea”), Yinnytuh ulk uwyhwnwywhiwjnwpenbun (Sambucus
nigra "Albo-variegata”), 4nwnytuh ule Yunpndwé wnbpliwynn (Sambucus nigra "Laciniata”), blGuh
Swwnuwywl nGnUwhuwjinwpntbun (Euonymus japonica "Aureo-variegata”), Dwwyh uwhwnwy uwhunw-
Ywhuwjwnwpntwn (Cornus alba "Argenteo-marginata) W wyj|u:

Muwunyjwundwl whuwwnwuplbp Ywwnwpdb) U hbnlyw) Swnwpnyubph dnin® Ywpwguilw
SwnwudwU (wgnn (Caragana arborescens "pendula”), Nnphupw Ybndwlwghw qunwaéle (Robinia
pseudoacacia "compacta"), Uquh Uhwdwpuwun Jwnpnwanju (hptpe (Crataegus monogyna "Flore rosea-
plena”), BrEUW uwhwnwy |wgnn (Morus alba "Pendula”):

Utndtpny pwadwgdwl thnpébpp Ywwnwnytby Bu hEnlywp wwpunhquihu dutph dnin® @nyw
wpdwnjwt pwgnn  (Thuja occidentalis  "Pendula”), (3. wpldnjwl pGwUdwl (Thuja occsidentalis
"Filiformis"), YGUh hwwwwwnuwiht Uppwaqbn (Taxus baccata "Elegantissima”), Y. hwwnwuunnwihu
ppqwéle (7. baccata "Fastigiata”), Y5ghw funpnnipnpn Jwpnwgnuu Jwqugniyuwwun (Deutsia scabra
"Plena"), Mhpwywlpw dJwn Ywpdhp UwpUugwaniu thwyntu  (Pyracantha coccinea "Orange Glow"),
UdntunLp Sniuptingh REpGh (Berberis thunbergii "Babette”), 4. Snilupbngh Ywuwg gnpg (B. thunbergii
"Grin Carpet"), ‘nuwhunwéwn unynpuywl Ywpdpwynil (Cotinus coggygria "Purpureus”), RauinhjuuyunnLn
prUshwwnGnle nEnuwyniu (Physocarpus opulifolius "Luteus”) W wyu:

Upmyniuplutp L pUlwpynid: Swnbph nu plhbph dupnn  JGdwdwulnipiniup
pwqUwunwd £ uGpdGpnd: Wjn dwuwwwphny unbnéywd nuywpyubpu wytbih nhdwgyniu
GU, Gnywpwywg W YEuuntuwy:

Swnuwpnyutpp vhugle hhduwywlu nuywpynd wabgubu wuhpwdtwun £ Uwpuopng
pwqUwgut] hwwniy hnnwdwutpnud, Jwulwghinwgywd nunbuncencbutpned, npunkn
wniw BU Ywd unbndjwéd Bu puwpbUwwun wwjdwuutn bW wwwhnynd Bu pwdwnpwn
wagpnunBhuilhywywu vhgngwnnidutn: Ywlwswwwndwl ypwynmhywnwd, npwbu wunu
ogunwgnpdyntd U tnuywpwund wakgywé 2-5 (6) nwntlwl, hwgywnbw Uwle 6-10 (12)
wnwnBlywlu wnuyhubp [3]:

MNuwpunhquihu ébph Uninn pulnhpp pninpndhu wyp £, pwuph np wju nGwenid 2w
phg innynut £ pwquwlncd ubpduwihu dwuwwwnphny, UGdwdwuwdp ubpdtpp §intlwy sku,
2wuwntnh Unwn £ nhuinynud E aGnencd:

Swlpuh wptuwwnwlpubpp yuwwnwnybp G Gpyne dwdytnng' qupuwlwihu (4-7/1V) W
wplwlwihu (25-30/X): Glubiny wwnwunhquwihu dlbph wnwuduwhwunynipjntlltnhg ubndtph
gwlphg Uhlg djwpéwynud, (wnwehl shiGph nnupu quip) Yupnn £ wnll) Jh pwh ophg
Jhusle Jh pwlh wdhu: UbpdGph incbwiyneeyniup wwhwwuygnud £ JdhUgle Gpyne twinh:
Ophuwy, Tillia platyphyllos "Laciniata"-h W wubnUwwntGpliwynp npn2 inGuwyuGph Unwn utp-
Jbnp 6161 U Epypnpn tnwpnud: 3wdtdwwnwpwn pwpan dintbwyniejwdp wgeh Bu puyt) ht-
nljw) wwpinhqwihu dWbnp' Thuja occidentalis "Filiformis", Berberis thunbergii "Babette”, B.
thunbergii "Green Carpet", Deutsia scabra "Plena”, Pyracantha coccinea "Orange Glow", Hibiscus
syriacus "Monstrosus”, H. syriacus "Totus-albus® W wjl, dhehu  &ntuwynipjwdp
hGwnlywiuGnp® Thuja occidentalis "Pendula”, Th. occidentalis "Yellow Ribbon", Taxus baccata
"Aureovarigata”, Juniperus communis "Pendula", Viburnum opulus "Xantocarpum” W wju: buy
gwén Snclwynipntu U gnigwipbpl] hEinljw; wwpunhquihu dubpp' Thuja occidentalis
"Dumosa", Taxus baccata "Erecta Adpressa”, Chaenomeles speciosa "Semperflorens", Tillia
platyphyllos "Laciniata", Pyracantha coccinea "Soleil d’or", Exochorda racemosa "Grandiflora" W
wjl: Q61wé ubpdtnh pwliwyp 2w wytih UGé E, pwl ybpp pqwnyywsdubnhup (Taxus baccata
"Elegantissima”, T. baccata "Fastigiata”, Juniperus chinensis "Monarch", Thuja occidentalis
"Aureospicata", Chaenomeles superba "Nicoline", Viburnum lantana "Aurea", V. opulus
"Variegatum" W wjl):

Un. 1-hg Gpnud E, np wwpunhqwihtu dubph J66 Jwuh §inclwyneejwl tinynup
gwép E, punbph ubpdtpp Yebuntbwy ¢Gu:

MNuwpunhquiht  uGpu wydbh  wpyniuwybnn pwquwunwd  Bu YGgGunwnhy
Swlwwwphny® yinpnuutpny, wwnyjwuwnny: Yegbnwunhy pwquwgdwl wnwybiniejntul
wju £, np wwhwwuynwd GU dwyp pnyuh pninp gGnwiqupn hwnywuhpubpp, W dGnend
wintnh sh ntuGunLd:

LwjuwwnbplLwydnputnh  qupuwuwihb  Yunpnuutpp ybpgdbp Gu Jdwjp  pnyubph
Uwpunpn tnwpyw puéjninhg’ htug Yupnuwydnpdwl opp, npnughg Yunygt, Gu 8-10 ud
Gpywpniejwl Ywnpnuutn * Bpynt, Gpee hwugnygutpny W tnepllubpny:
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Unynuwy 1. Lepdnidgwd wyuwnunhquwihb dlbph upduwihu pwgquwgdwl

wnpryniugubipp

g . | o=

= 5 ol

[=3 1 [=]

Awpunhquwjhlu du s = c
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35 £l 3

S & E 3

55 3 g

=] D ©

212 1 2 3 4

1 Acer platanoides "Stollii" InLtugwphw 4-7/IvV -
2 Aesculus hippocastanum "Nana" QGpJwlhw 4-711V 10-20
3 Alnus incana "Aurea” MNnLuwunwu 4-7/IV 10-20
4 A. incana "Gold Fountain" Uinqwypw 4-7/IV 10-20
5 Berberis thunbergii "Babette” Lwuwnyhw 4-7/IV 70-80
6 B. thunbergii "Dart’s Red Laddy" EuwnnUhw 4-7/IV 10-20
7 B. thunbergii "Green Carpet” Lwuwnyhw 4-7/IV 80-90
8 B. thunbergii "Orang Rocket" Lwuwndhw 4-7/IV 50-60

9 B. thunbergii "Powwow" Lwuwndhw 4-7/IV -

10 Betula pendula "Oycoviensis" uuL 4-7/IV -

11 Catalpa bignonioides "Aurea"” Ypwuinwlu 4-7/IV -
12 Chaenomeles speciosa "Semperflorens” Qbpdwlhw 4-7/IV 10-20

13 Ch. superba "Nicoline" Ypwuinwu 25-30/X -
14 Cotinus coggygria "Purpureus" Lhindw 4-7/IV 10-20

15 Cratargus monogyna "Variegata” NnLuwuinwiu 4-7/IV -
16 Deutsia scabra "Plena” NnLdhupw 4-7/IV 70-80
17 D. scabra "Siboldi" NnLdhupw 4-7/IvV 70-80

18 Euonymus japonicus "Macrophyllus” 25-30/X -
19 Exochorda racemosa "Grandiflora” Inqwnhw 4-7/IV 10-20
20 Forsythia intermedia "Beatrix Farrand" Lhinjw 4-7/IV 10-20
21 F. intermedia "Helios" Lhindw 4-7/IV 10-20
22 F. intermedia "Karl Sax" Lhinjw 4-7/IV 10-20
23 Hibiscus syriacus "Hamabo" QGpdwlhw 4-7/IV 20-30
24 H. syriacus "Monstrosus" Uduwnphw 4-711V 70-80
25 H. syriacus "Totus-albus" Uduwnphw 4-711\V 70-80

26 Ilex opaca "Bountiful Uuuu 4-7/IV -

27 Juniperus chinensis "Ketelerii" QGpdwlhw 4-711\V -

28 J. chinensis "Ketelerii" QGpdwlhw 4-7/IV -
29 J. chinensis "Leeana” Qbpdwlpw 4-711V 10-20

30 J. chinensis "Monarch" Ypwuinwu 25-30/X -
31 J. communis "Pendula" QGpdwlhw 4-7/IV 40-50

32 J. virginiana "Pseudocupressus" Qbpdwlhw 4-711\V -

33 J. virginiana "Glauca" Ypwuinwu 4-7/IV -

34 J. virginiana "Pseudocupressus" Qbpdwlhw 4-711\V -

35 Parthenocissus tricuspidata "Veitchii" Uuuu 4-7/IV -
36 Physocarpus opulifolius "Diabolo” NnLuwuinwu 4-711V 20-30
37 Ph. opulifolius "Luteus” QGpdwlhw 4-711\V 50-60
38 Pyracantha coccinea "Orange Glow" Ypwuinwu 25-30/X 70-80
39 P. coccinea "Soleil d’or” Jpwuwnwlu 25-30/X 10-20

40 Rhododendron canadense "Alba" Lhndw 4-7/IV -

41 Rh. caucasicum "Roseum” Lhindw 4-711V -
42 Sambucus nigra "Laciniata Nana" hunwhw 4-7/IV 10-20

43 Taxus baccata "Elegantissima" Ypwuinwu 25-30/X -
44 T. baccata "Aureovarigata” Lwwndw 4-71\V 40-50
45 T. baccata "Erecta Adpressa” Lwwndw 4-711V 20-30

46 T. baccata "Fastigiata" Ypwuinwu 25-30/X -
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47 T. baccata "Imperialis” QGpdwlhw 4-7/IvV 50-60
48 T. baccata "Linearis" QGpdwlhw 4-711V 10-20
49 T. baccata "Nissen’s President" Lwuwndhw 4-7/IV 10-20
50 T. baccata "Overeynderi” InLtugwphw 4-711V 10-20
51 T. baccata "Semperaurea” Lwuwnyhw 4-7/IV 20-30
52 T. X media "Hicksii" MNnLuwuinwu 4-7/IV -
53 Thuja occidentalis "Filiformis" Lwwnydhw 4-711V 70-90
54 Th. occidentalis "Dumosa” Lwuwndhw 4-7/IvV 10-20
55 Th. occidentalis "Malonyana™ NnLuwunwu 4-711V -
56 Th. occidentalis "Pendula” QGpJwlhw 4-711V 50-60
57 Th. occidentalis "Spiralis" Ypwuinwu 4-7/IvV -
58 Th. occidentalis "Yellow Ribbon" Lwwnydhw 4-711V 40-50
59 Tillia platyphyllos scop. "Laciniata" QGpdwlhw 4-7/IvV 30-40
60 Ulmus parvifolia "Dynasty" uuu 4-711V -
61 Viburnum carlesii "Compactum" Uuuu 4-7/IV -
62 V. lantana "Aurea” NnLuwunwiu 4-7/IV -
63 V. lantana "Variegatum" NnLuwuinwu 4-7/IV -
64 V. opulus "Variegatum" MNnLuwuinwu 4-7/IV -
65 V. opulus "Xantocarpum" Lhinjw 4-7/IV 40-50

Uwnnphu JGYy Ywd Gpynt inbGplep hGnwgynid E: Ynpnuwydnpnudp Yuwwnwndtb) £ Jun
qwpuwup® JhUsle pnyutnh hjnupwpwndnp:

UuGnuwuwnGpliwynpubph Jwuwg YunpnuuGpp ytpgdt) Bu 2-3 wnwpBlwu Ynnwjhu
puntnutphg: Ypwup Yunpdbp Bu ng rE Jypwwh oguniejwdp, wy dtnph’ wnybiny
wjuwBu, np puwthwyinh Yenlh Uh thnep Jwul £ hGwnp (huh:

Jdbpgywd  Ywpnuubph  hjncudwéputph - wnwybjwagnuyu  funbwdwgdwu  hwdwp
npwug 1/2-1/3 dwup 18-24 dwd wlnnnipjuup wwhyty U eoph Ywd Yuwihnudh
wepdwugwuwwnh pwg Jwpnwagniu nudnyeh Jbp, nphg hGunn wnbnuwhnpudtb uwnp
Uhpwdwin W wwhyb] untwy wdwgh Jge: UpdwuwnwihU hjntudwéeubnh dlwynnybiinig
hGwnn pniuwyp inbnwithnpuytl £ hnnh Uty [6]:

Unwytb J&6 Yhpwnniejntu nlup ddtnwihUu Yupnuwynpnudp, nph dwdwlwy
ogquwagnnpéynd BU Jhwdjw (Gpywidjw), GppGdu bwle pwguwdjw puéjnenutGpp (wn. 2):

Npn2 wwpwhqwihu éubp pwqdwgyt, BU wwwnyjwuwnh dhgngny: MNwwnyjwuinh
pwquwprhy éubphg Jbp ynndhg oguwgnpédby £ YupnUwwwwnygwuwnp: Mwnygwuinp
gwulywgwsd JUbpnnh Yhpwnuwl nbwpend unwgywé wprynilpp  hhduwywund  wwj-
Jwuwynpywsé £ ywindwunwgnih b ywwndwunwlwih YEluwpwlwywl wnwudbwhwn-
ynrpinilutpny, hwuwynd, dnpdbninghwywt Ywrenigwéend, $hghninghwywu Yugdny,
huswbu Uwl wju bwwwwyny W puunpny, npnuep JGp wngle npGp Gup: Ywpnn £ Jh nbw-
pnud  |hubp 2wwn wpnnibwyGun, huy JGY wy nbwenud® punhwywnwyp: Ophuwy,
wunwuwnt inbuwyubph nbwend wnwyt], nwpwdjwéd W Lywnwlwhwpdwn JdGenn £
wgpwwwwnywuwnp: Atnwquwnn  wilwntple  dwnwpenyutph  dGdwdwulnipjwu.  hwwn-
Juwwbu qunwaél, hnjwungwal., [wgnn, ppqwédl W wy jnipwhwnndy vwnuwnph au
nlubgnnuEph nGwpenud  wgpwwwwnmywuwnp, wuywhu gnhwglnn wnynuhg, ndjwp pEL
Ywpbh £ hwdwnt] wpnniuwytun Gnwiwy:

LUbpywhu  dwdwuwyutGpnud  wywwyjwuwnh  wprynitbwyGuninegpjwl huwpw-
dnpnipynilp  pwpdpwglbine hwdwp ulub) BU oguwgnpét) $hghninghwywl  wywnhy
Ujnietn (HUL), npnlp hupwunid BU yEpwywuqudwl gnpdplrwgp, Gpp SUL-p pdo2jwlywlu
UGpwnyhsh vhgngny UGpwnpyyned £ Jhwénidwu gnuinh: UpwgwgutGind yEpwywugudwl
gnnpéplpwgp, npwtu wwwnywuwinwgnt huwpwynp £ oguwgnnédtp ng Uhwju UGy pnnpnep,
huswbu wgpwwwnywuinh nGwencd, wjp Uwle nwpbywu pudninh Uh dwup® 2-4 pnnpngndy,
huy §nunwwwnywunh ntwpenid® pudnnu wdpnngniejwdp Ywd dwjnp pnguh Bpync, Gptp
U wyth nmwnpBywu hwndwéutnp [7]:
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Unyntuwly 2. Mwpunhquiht duBph thwjunwgwd Yunpnuutpng
pwaUwguwl wnpryntugutnp

= X

= ol R

= B 5

Awpwnhquwjhlu du 55 =y "5'.

23 3 g

2|2 | £

22 | B E!

(== 3 E

L 15 3 —_

=] 7] 'e]

33 1 2 3 4

8 Berberis vulgaris "Atropurpurea” 1 11- 1V 70-80
7 Biota orientalis "Globosa" 2-3 V-V 80-90
15 Buxus sempervirens "Aureo-variegata” 3-4 -1V 70-80

33 1 2 3 4
16 B. sempervirens "Rotundifolia” 3-4 -1V 60-70
11 Cornus alba "Argenteo-marginata” 1 11- 1V 80-90
1 Juniperus chinensis "Variegata" 2-3 V-V 80-90
2 J. communis "Hibernica" 2-3 V-V 80-90
3 J. sabina "Cupressifolia” 2-3 V-V 80-90
4 J. sabina "Spicata-aurea” 2-3 V-V 80-90
9 Sambucus nigra "Albo-variegata” 1 11- 1V 80-90
10 S. nigra "Laciniata" 1 -1V 70-80
14 Spiraea japonica "Llittle Princess" 1 -1V 80-90
5 Thuja occidentalis "Fastigiata" 2-3 V-V 80-90
6 Th. occidentalis "Aurea” 2-3 V-V 80-90
13 Viburnum opulus "Roseum" 1 11- IV 80-90
12 Weigela florida "Variegata" 1 -1V 70-80

Npwtu wwwnjwunwujnie oginwgnndyty U ng UGS swithh hwuguwnh 2pswuncd
gwnuynn Yupnuutn® 1-5 pnnpngupnd:

LYwwwnjwéd thnpdtph W unwgwd  wpnyntpUubph  hhdwu  ypw  Jupbh E
Ganpwywgutl, nn wwpwnhqwihtu dlbpu wytih wpnyniwytbun £ pugdwgut) yGgGunwmnhy
swuwwwphny, pwuh np wjn nGwpenwd YunpnUubph wpdwwnwywinidp pwnép £, nwwnwu-
Unwd £ 60-90 %-h uwhdwuubpnud: UbpdGph Sintuwiynipjwu gnigwuhpubpp 2w wybih
gwdp BU* 10-90 %, pwwn nbwpetpnud £ pninpnyhl pugwyuyned Gu:

Lnp qbnwquwpn wwpunhqwiht dlkph UGpdnisdwl, pwquwgdwl wuwwnwup-
ubpp pwpnibwyynud Bu, W unnwgdwd Unp wpnyniupUubpp YwdithnthdBu JBp hGunwquw
w2huwinwuputpned:

aruuuunre3nru

—

Qnhgnpywl Upé.U. Qbnwqwnn wywpunhquagnpénienlu, 3MU3I, Gpluwl, 276 kg, 2010:

2. Qphgnpwl U.U. Swnwpniubph wwpunhquiht ubpp 3wjwuwnwuh  pniuwpwlwywu
wjghuGpnud W nEunpnwwpytpnud,  §AnLuwpwluwywu  ghnnigintup dwdwlwywyhg
wphuwnhnud» Gplewl, kg 291-295, 2015:

3. dwpnwlywl d.3. Swnwpnyubph wébkgdwl W gbnwqupn wnuwpyubph  unbnédwl
wnwudluwhwwnynipintlutpp Iwjwutnwuncd, Gp., 208 kyp, 2020:

4. Bapoausn JK.A. Haydnble OCHOBBI MHTPOAYKLHH JPEBECHBIX PACTEHHH B ApMEHHH.
Epesan, 400 c., 2012.

5. Bapoausn KA., I'pucopan A.A., Tapxanau 3.T., luwsan I'.I". CanoBbie GOpMBI qpeBec-

HBIX PacTE€HHMH M IEPCIIEeKTHBB MX HCIIONB30BAaHMS B 3€JEHBIX HacaxkaeHmsx Epesana.

Marep. mexa. Hayd. KoH}. “AkTyansHble pobieMbl 6otanuku B Apmerun”, Epeaw, c.

344-348, 2008.
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6.

Bapoanan JK.A., Manacsan I'.T., I'ampuan I'"M., I'pucopan I.A. OcoOEHHOCTH pa3MHO-
JKCHUSI HEKOTOPBIX IeKOPATUBHBIX JPEBECHBbIX pacTeHuil. 13B. I'oc. ArpapH. YHuB. Ap-
Menuw, 1, ¢. 20-25, 2011.

Kpvemes M.T., Bonoopuna H.A., [lpomac C.A. bruonornaeckne 0CHOBBI IPUBHUBKH JIpe-
BECHBIX paCTEHHI MPH UHTpOoAYKUuH. M., c. 164, 2014.

Xauampsan JLA. O co3maHuU KOJJIEKIMU KyJIbTHBAapoB B EpeBaHCKOM OOTaHHMYECKOM
cany. Te3. mok. XXIV ceccun coBera 60T. camoB 3akaBkasbsi, Towucw, c. 82-83, 1990.
Komarov |.A. Vegetative reproduction of arboreal plants and its importance for
introductin. Biology of woody plants, Slovak., p. 321-327, 1973.

Uunwgyty £ 13.11.2020
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LwjwunwOh GhunneyntGGtph Uqquihlt Uywnbdhw Lwjwunwih YEtuwpwlwywb {wGnbu
HauuoHaAbHaa Akaaemus Hayk ApmeHuu Buoanoruueckulu XypHaan ApMeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

Swjwuwnwlh YEuuwp. hwunbu, 4(72), 2020

ahSnNr@3ULL UvLuuusnra LdhMP4US Y3ULR
(ypndLGunp Q.3. dwunujwlh hhawwnwyhl)

Yjwuph 90-nn tnwpnd hp Jwhywuwgniu Yuptg
Gplwuh wbtunwywu hwdwuwpwuh Yeuuwdbhghywih
wdphnuph  wwwywdnp Jwnphs, YeUuwpwuwywl gh-
wnnentluGph  nnywnp, wpndbunp, ghunnipjwl  Jwu-
wnwywynn gnpdhg, hudnun L uppdwé  Jwuywywnd
QGpwuhd (Qwpbghtu) Iwpnientuph dwunujwln: LhUk-
(N ghwnbwyuwl hp nng Entejudp, funp ghwnthpltn ni-
utignn Jwn wuhwwnwywlunipinil, Yhpe, uygpniupwihu
W hwjpbuwubp  Junwynpwywuh' Uw  wdpnne gh-
nwygwywl Ywupp udhnpbg hp uhpwéd gnpshl® gh-
nwdwuywywpdwywl gnpénlubnipjwlp:  Mpndtunn
Q3. owlunywluh UGpnpnwp  hw)  YeLuwpwlwywlu
ghunwywl Jwnph qupgugldwl, Iwjwunwund YGuuw-
pwunipjwl  dwdwluwywyhg plwgwywnlbph® hwwn-
Juwwbtu YGuuwdhghywih W dniGyniwihtu  YUuwpw-
unipjwlu gény dwulwgbunlbph wwwnpwundwlu gnp-
onud, nddup bt gbpwgUwhwuntG: Iwpnipwynp Gphinwuwpn Yebluwpwulbp BU Ypreyby,
YGUuwpwUh hpBug Jypwiniejntup  uwnwigb]® nluyunptGind wypndtunp  G.3.dwunujwuh
pndwunwywihg nwuwfhununteintlutbpp, 2thyGind win hwabh W pwuhdwg ghwnbwywuh
hGwn, huy Jh pwlh wnwuljwyp Upwughg hptug ghunwywl ninhu wugb) U wpndGunph
wudhpwywl wowygnipjwdp b nEYwdwpnipjwdp:

QGpwuhd Iwpnipintuph dwunujwup duytp £ Unuyywynud 1930 pwywupl: 3wpp’
Rwpnieintt Ywpwwbnh dwunujwup, 2hdhy gjninwpewnwehg tn (Upldinjwl Iwjwu-
inwl), gbnwuwwuniintuhg Jwquuwnips tnwd, wlwubih nddwnnipyniulbp  hwnpw-
hwpwé, ny, hwuubing Uplbpwl Swjwuwnwl, unwlwiny pwpdpwgnuu  Ypeneentu
nuwpdwy hwjinuh Jwupbwpwl, hunwqwind 3wjwunwuh ghinncpyniubtph wywntdhwgh
rnrwyhg wunwd: YEepghtu, wutlwju hwywuwywunipjwdp, hp waqntgniejntlu £ nlubgt|
Gphuiwuwpn  QGpwupd  dwlnuwuh  Jwulbwghinnwywl  Ynndunpnpdwu  JGp: 1953
rYywywuhu LUw, thuwyntt quwhwwnwywultpny wywnpunbin Gplwuh wEwnmwywlu hwdwi-
uwnpwuh YEuuwpwlunipjuwl  dwyninbwnp, Jeyund £ Unuyyw® unynpbint wbunwywl
hwdwpuwpwuh  wuwhpwuwnnipwyned, fungnp $hghning, wnwewntd W Unpwpwnp gh-
wnuwywl, vU3U QU pnerwyhg wunwd mwswwnnip UBpgGh Ununinjuiugh nGlwyw-
pnijwdp: 1957 pqwywuhu QGpwupd dwlnujwup Unuyywynud ywunwwund £ RGY-
LUwoéniwywu - wnblwhununepyntup, npp udppqwé Ep wyn dwdwuwyyw  hpwnwy
hwpgtphg UGyhu' ydwhupwihu dywulubph vhnulcpwy uhbwwunid wgbuihihunihU-funihuku-
rGpwq hwdwywngh nbphu: RGEL wwblwhinunipjwl  pGJwl  $hghninghwlywl  Ep,
lhutdind YGuuwphdhwywlu dhghninghwih puwgquywneh nwunwuwuppnieinll, wiu wu-
JhpwywunpGu  wnUgynud Epn wyn dwdwuwy nbnlu Unp dLwdnpynn  UniGyncwihu
YGluwpwlwywl  wwwytpwgnwdubphl:  Gphnwuwpn &3, dwunuywuh  wdtuonjuw
wudhswywu 2thndutpp bu.U. Unpunjuiigh hGw, Upw dwunpwgnudp Gpllbih ghnbw-
ywuubp 9. Eugbigwpnunh, WUL. RGingGpuynt W Jjnwulbph ophghlUwy niunidUw-
uhpniejnlulGnphu, Unuyywih wytunwywu hwdwiuwpwunwd wyn tnwphutphu inhpnn dniG-
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Unriwihtu Yebuwpwunipjwl «JdUninpupy UGS nbp uwnuwghu &.3. dwunujwuh hGuwgu
Jwulwghunwywlu Ynnuunpnadwl, ghunwywl hGwnwepepnieiniulbph dlwynpdwu gnp-
ond: dbpghupu Uwwuwnbg Uwle Upw® 1961-1963 pUwywulbph  wphuwwnwlpwihu
gnpénlutnuentup WURU AQU wnihndhGihinh W EugE$dwihinh huunhwnnunncd® hwjinup
Jhpnruwpwtu ypndbunp 4.b. Ugnih jwpnpwnnphwjned:

1963 pqwywupu Q3. dwunujwlp hpwyhpynd E Swjwunwl W hhduwnpnud
Gnplwuph wtnwywu hwdwuwnwuh yeuuwdbhghywih wdphnup, npp nEYwdwpnud £ 2nipg
28 wnwnh: Wn twphutphu Uw hpGu npulenpnud £ bwle npwybu ghinwdwlywywpdwywu
gnpéniubniejwUu hunun Yugquwytpwhs: Wn Jwupu Gu Jyuynud 1977 pywywuhu Upw
Lpwlwynwp Spbwuph whnwywl hwdwuwpwuh ghnwywl  wphuwnwlpubph gény
wnnrEYwnnph wwwnnuned, huswbu bwl, JGY tnwph wlg, Upw huquidjw gnpéniutiniinilup
Gplwlh wbnwywl  wlwulwpnidwywl-wlwulwpnidwlwl  huunphwnninh rEYnnph
wwunnunwd: Wn wwunwuppiwuwwnne ywnnund bw fwwbu pwpGluytbg huuinpunncnh
pwpnjwhngGpwlwywl  JpUninpup, wuhwpun  wwpwnp Jnbtg Gnwéd pwgwuwlywl
GplnypeUEph nbd: 1983 pywywuphlu Q.3. dwunujwlup unwldunwd £ Iwjwuwnwuh QU
thnpéwpwnpwywl  Yeuuwpwuniywl  huunhnniinh  nGYwywpndp, Uwwuwnnd  huuwnp-
wnnuinnud hpwywuwgynn dniGyncjwiht yEuuwpwluwywl punyeh hGunwgnunnientlutph
qunqwugdwup® wwwaqujnud  Upw® Uniyniwiht Yeluwpwunigjwl huunhwnnwnh yGpw-
thnfudwp: Odwnywé |hutiny utnd, hwjwuwpwyphn, vhwdwdwlwy fuhuwin uygpnitupwihu
puwynpnipjwdp, jwquwybnwswywl Ywpnnnipniubutpnd, Ubw Ywpnnugwy hwgnnnt-
pjwdp |nét] Gpywp wwnphubp huunhnnnnud weyw 2wn hhduwhwpgbn: 1986 pyw-
ywupu Q.3. dwlnuwup YyGpwnwnunwd £ hp hwpwqwun hwdwiuwnpwu, hp hhduwnpwéd
wdJphnu, nph wwwnywynp ywnhg ELpwuwyynd 1997 pywlwluhg:

MNpndtunp Q3. dwlnuywlh  nuuncdUwuhpnienlUUGNU nRwnpnLEjwu — Bu
wnpdwlwgtbl ng Jhwju Iwjwunwund W Uwhuyht vUIU ghnwywl ppgwllbpned, wyle
wpunwuwhdwljwl  wnwewwnwn  ghunwywu  Yeunpnuubpnwd: 1966 pqwywuht Uw
hpwyhpynwtd E LnunnUh  Nienigewpwlnijwl  yeuwnpnu, npntn 10 wdhu  hGnw-
gnunipinllltn £ hpwywlwgunid wypndtunp Pwwnitph gihuwynpwé jwpnpwnnphwjned,
1972 pywywupht whuwwmnd £ UUL-nd® Ywihdnnuhwih  wnGhuuninghwlwlu  huuwnp-
wnnunnud® wypndbunp  2.AnLLGPL  (wpnpwwnnphwyned, huy 1976 pqwywupl® UGS
Pphuinwuhw)nid, Mnpunudnih wnihnGhuuhywywu huuinhunnunncd® wypndbunp RpGnptphh
[wpnpwwnnphw)nLu:

Lwjl E wpndbunp Q.3. dwlnujwlh hbGinwepepnieintlltph 2ppwuwyp’ ppndwnhup
U Upw pwnwnpwdwubph, hwnywwbu YUE-h W hhunnuubph, Yuenigywédpwdniuy-
ghnuwy hGwnwgnuinienlultp, gbUwht - wywnhynipjwu  hnpdnuwihu - upgwynpned,
qtunuh dpw YyGUuwpwunpBu wywinhy wy vhwgniejntulbph wanbgniejwl dGhuwuhquutph
pwgwhwjinnud b wju: Lpqwéd hhduwhwpgbph hGnwgnundwl opjGywnubp BU dwnw)bi
wnwpptp  YEuuwhwdwywpgbn® dhpnwitep W $wabp, pwywnbphwltp, pnyubp, Yeu-
nwuhutp, Unpdw| W nienigewjhu pghoutn, huy nruntdUwuhpnientlubpu hpwywuwgytl
6U dhghninghwywl, Ysuuwephdvhwywl, Yeuuwdbhghywywl, huntuninghwywl, Jwlpkbw-
pwlwlywl, UnGYncjwihtu YEuuwpwlwywl JGpnnutph Yhpwndwdp:

VJwé hGunwgninienillbph Jph Jwup punbwupwgyt, U Q.3. dwlnujwlh
«hunnuutph npn2 hwwnyniyntuutph W $nilyghwubph hGunwgnunieiniupy pEUwNY
nnyunnpwlwl wnbuwhununiejwlu Jbp, npp wywunwwlbg 1973 pywywuhl, huswbu bwl
«Qhuwnnuutph  Ywnnigdwéepp W $nilyghwl» npwgpwy  Jebwgpnipjwu Jbp (1978
pywywl), nph Ywplenpnepyniup #6E° Jwulwgbwnutph, W pE° nuwunnnipjuwl  hwdwp
wuhuwp £ gGpwgUwhwwntG: Lw 300-hg wybih ghnwywu wphuwwnnepiniultph hEnhuwy
E, wn pynid* 2 JGLwgpnipjwu, Utéwehy ghinwywl hnnqwsutph, npnup hpwwnwpuwyybg
6U hUswtu Swjwuwnwluh W Lwhypt UV ghrnwywl  wduwgpGpnud, wjuwtu £
wpunwuwhdwljwlu  henhtwywynp  wwppbpwywultpnd: Mpndtunp .3, dwlnujwlh
wudhpwywl wewygnipjwdp 6M3 YeLuwdbhghywih wdphnund hpwywlwgdb) b wwpwn-
wwuydbp U 3 nnyunnpwywu wwnbbwhununienlbutp, bw nGYwdwnb] £ 2nupg UGy nL Yeu
nwuljwy pEYUWENLWYWU wntUwpununipintbutn, npnue Uhpdwé Bu YEuuwdhghywh W
UniGynciwht Yuuwpwuniejwu pwqdwplne hwnpgGphu:

Sunphwywwn ghinuwywup, uhpywé, Juwunwywwwn Jwuywywndu hp pwuquwdjw
whuwwnwuph W hwy ghinwywl dinphu dwinnigwéd dwnwjnipjntbutnh hwdwn pwquhgu
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wwnpqlwwnytbp £ venwubpnd bW wwwynagptpny, huy 1981 pdwywlhlu wnpdwlwgb E
Swjwuwnwuh ghnniejwl Juunwywynn gnpésh wywnygwynp Yngdwl: Lyhpjwy ghinbwywu
W ghunipjwl hunun Yuwquwybnwhg, hwjpGuwubp pwnwpwgh QGpwuhd Iwnnieinituph
dwunujwlh hppwwnwyp Jdhpinn Jun Yuuw Upw wpwytGpnutph W Upwl dwlwsgnnubph
upwnnd:

M3 LELuwpwlUnipwl $wlyntintinp nbhwl* 33 QUU pnpwlhg wunwd E.U.Qlnpgjuwl
&EM3 LELuuwdhghluyh wdphnUp Juphs' wypndbunn N.3. Dwpnliwlywl
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