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IMPROVING BEVERAGE TECHNOLOGY USING BALANCED COMPOSITION OF RAW
MATERIALS

Romanov A.
Karputina M.
Romanova Z.

COBEPHIEHCTBOBAHME TEXHOJIOI'NMA HAITUTKOB C UCITIOJIB30BAHUEM
CBAJTAHCHUPOBAHHOI'O 3A KOMIIOHEHTHBIM COCTABOM CBIPbA

Abstract

Pomanos A.C.
Kapnyrina M.B.
Pomanosa 3.H.

The composition and properties of malt extract as a basis for a non-alcoholic beverage were studied, optimal
ratios of malt extract, aqueous extract of strawberries, raspberries and the required amount of glucose-fructose
malt have been selected to produce a balanced, component composition of a beverage with harmonious taste.

AHHOTAN NS

WccnenoBan cocTaB M CBOMCTBA COJIOIOBBIX OKCTPAKTOB, KaK «OCHOBBI» 1A 0€3aJIKOr0JIbHOI'O HaruTKa, 110-
HOGpaHLI ONTUMAJIBHBIE COOTHOLICHHUSA COJIOAOBOI'O 53KCTpaKTa, BOOHOT'O OKCTpaKTa KJ'Iy6HI/IKI/I, MaJIMHEI U HEOO-
XO0AUMOI'0 KOJIMYECTBA FHIOKOSHO-(i)pyKTOZSHLIﬁ IMaTOK! IJid MOJYyYCHU C6aHaHCI/IpOBaHHOFO 110 KOMIIOHCHTHBIM

COCTaBOM HaIlMTKa C TapMOHUYHBIM BKYCOM.

Keywords: water extract of strawberry, raspberries, malt extract, stability, extraction, physicochemical indi-

ces, non-traditional raw materials, recipe.

KiroueBble cjioBa: BOHHLIﬁ OKCTPAKT KJ'Iy6HI/IKI/I, MaJIUHBI, COHOZ[OBLIﬁ OKCTPAKT, YCTOﬁqHBOCTL, OKCTpaK-
o, (bPISI/IKO'XI/IMI/I‘IeCKI/Ie IMOKa3aTeyii, HETpaANUIIMOHHAA ChIPbC, PEUCIITYpPA.

Heabio padoThl OBUIO OCYIIECTBICHHE OI00Pa
M UCCJICIOBAHUS COCTABA HETPAIUIIMOHHOTO CHIPhS 110
BO3MOYKHOCTH Pa3pabOTKH TaK HA3bIBAEMOW «OCHOBBI»
JUTsE 0€3aJIKOTOJIbHBIX HAITMTKOB CICIIMATBHOTO Ha3Ha-
YCHUS C UCIIOJIBb30BAHUEM COJIOAOBBIX OKCTPAKTOB.

OpHoM U3 BaXXHEHUIINX MPOOIEeM pa3BUTHS MTHBO-
0e3aTKOTOTFHON OTPACIH B HAIIE BPEMS SIBIIICTCS T10-
BBIIIICHHUE KAYECTBA BBIITYCKAEMOU IIPOIYKIIAH, €€ Map-
KETHHTOBOH KOHKYPEHTOCIIOCOOHOCTH, B IIEPBYIO OUe-
penp CHIDKCHHE Ce0SCTOMMOCTH U YIIy4IICHHE
accoOpTUMEHTa. B COBpEMEHHBIX SKOHOMHYIECKHX yCII0-
BUAX 3TOI'0 MOXHO JOCTUYD ITyTEM pa3pa60TKI/1 U BHC/I-
peHHUs CIIOCO00B MPOU3BO/ICTBA, HAMPABICHHBIX Ha CO-
KpamieHHUE MPOAOJIKUTEIIBHOCTH OCHOBHBIX ITPOU3BO/I-
CTBCHHBIX CTa}lHﬁ " YIY4YIICHUSA Ka4€CTBa HAIIMTKOB
0e3 3HAYNTETBHBIX 3aTPAT MaTEPHATBHBIX H YHEPTeTH-
yecKux pecypcoB. OIHIM W3 HaIpaBICHUI pEIIeHUS
JTAHHOM TPOOJEeMBI SBISETCS ONTHMHU3AIUS TEXHOJO-
run 0€3aJKOT0JbHBIX HAITUTKOB ITyTEM HCIIOJIh30BAHUS
TaK Ha3bIBAEMBIX «OCHOBY - 0a30BBIX MOIYIPOIAYKTOB,
YyacTel ¢ OCHOBHBIM HA0OPOM ITOITOTOBJICHHBIX HHTPE-
JUCHTOB, COBEPIICHCTBOBAHHE COCTAB  HAIIUTKA,
MPEJOCTaBIICHHE €My MPOQPUIAKTHICCKU-03JOPOBU-
TEJIbHBIX CBOHCTB OCHOBBI ISl HAIMUTKOB 3apyOexk-
HOTO MIPOM3BOJCTBA FOTOBST, B OCHOBHOM C HCIIOJIB30-
BaHUEM KOHICHTPHUPOBAHHBIX HNHUTPYCOBBIX COKOB.
[IprMeHsIOT 0OBIYHO MIECTUKPATHO KOHIICHTPHPOBAH-
HBI COK C COACpXAHWEM CYyXHX BemecTB 10 65%,
myJeITel He 6oitee 5%. [Ipn HeoOXOAUMOCTH B HETO JI0-
0aBISAIOT KPACUTEIH, KACIOTY ¥ KOHCEPBAHTHL.

KonuenTpatsl 1 0e3aJKOrOJBHBIX HAIHTKOB
OTEYECTBEHHOTO NMPOU3BO/ICTBA, KaK IIPABUIIO, COCTOST
UX 2-X dYacTeil: apoMaTHYecKOH M IKCTPAKTHUBHOM.
ApOMaTHYECKYIO YacTh A TOTOBST IIyTeM PACTBOPEHUS
a¢upHBIX Macen B ciupte. [IpouHOCTh apoMaTnuecKkoit
gactu A He MeHee 93%. DKCTpaKkTUBHYIO 4acTh b ro-
TOBSIT CMEIIMBAHUEM BOJHO-CIIUPTOBBIX 3KCTPAKTOB
TpaBbl 3Bep000s], KOPHS COJIOAKH, €IEeyTPOKOKKA (MIIN
JIEB3€H), KPacuTeJIsl M JIMMOHHOW KUCIOTHI. [lomyden-
HYIO CMECh YIapHBaIOT M0J BAKYYMOM JI0 COAEPKAHUS
cyxux BemecTB 80 + 2%. Coxpanstor o0e yacTu OT-
JIeTbHO, CMEIIMBAIOT HETOCPEACTBEHHO NEpe]] MPOU3-
BOJICTBOM HAIHMTKA. DTa TEXHOJOTHS SIBISETCS SHEPTO
u Matepuano3aTpatHoil. K ToMy ke TpeOyeT mIuTeib-
HOT'O BPEMEHH M OOJIBIIOTO IITaTa PaOOTHUKOB.

Pa3zpaboTka TexHOJOTHWH C MPUMEHEHHEM OCHOB
ABJISIETCS AKTyaJbHOM, IMOTOMY MX HCIOJBb30BAaHUE B
IIPOU3BOJICTBE HAITUTKOB SKOHOMUYECKU BBITOJHA, TaK
KaK YIPOIIAETCS TEXHOJOTHsI, COKpAIlalOTCsl MOTEpU
CBIPbSL.

3agaueid  uWccienoBaHuit  Obita  pazpaboTKa
HAIKUTKA C MCIOJIb30BAHUEM «OCHOBY JJISI U3rOTOBIIE-
HUsI 0€3aJTKOTOJIEHBIX HAITUTKOB C UCTIOJIb30BAaHHEM He-
TPaJUIIMOHHOTO PACTHTEIBHOTO CHIPbS W 3€PHOBBIX
9KCTPAKTOB, COOTBETCTBEHHO OTOOpPAHHBIX 33 COCTa-
BOM IIEHHBIX KOMITOHCHTOB.

BbIxo Ha pBIHOK cpa3y ABYX TMT'AaHTOB MUPOBOM
6e3ankoronpHo MHAYCTpUU - PepsiCo m Orangina
Group, JafOT OCHOBAHMS MPEATIONAraTh O TOM, 4TO Oy-
YT MPOJOJKATHCS CEPbE3HblE M3MEHEHHUsI B paccTa-
HOBKe cun JunepoB. Iponykius PepsiCo yxe naBHO
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MPE/CTaBICHA HAa YKPAaMHCKOM pPBIHKE, HO BOT COO-
CTBEHHOM MPOM3BOJICTBEHHOW 0a3bl B YKpanHe B KOM-
MaHWW HUKOTAa He Obuto. B mobom ciryyae BBEIUTPHI-
BAaeT MOTPEOUTEND, TIPEKAE BCETO 3@ CUET BHITECHEHUS
C PbIHKA HEKa4YECTBEHHOW NPOIYKIIHH.

C manpHEHIINM pa3BUTHEM PHIHKA B YKpanHE BCe
Ooutblie Oy/eT MOSIBISTHCS HUIIEBOW TPOTYKIIUH YKpa-
MHCKOMY TOTPEOHTEINIO YK€ XOPOIIO M3BECTHOM: XO-
JIOJHBIE YaW, dHepreThdyeckue HamuTku. Ho B TO ke
BpeMsI IIUPOKOE pa3HooOpas3ue (hyHKINOHAIBHBIX IPO-
JYKTOB, KOTOPBIM YK€ HE YAWBUIIb TOTpeOuTeei 3a-
nagHoit EBponel u CILA, ykpanHCKOMY MOTPEOUTEO
MO MpeXHEMy HeJNOCTaeThCs. B wacTHOCTH HuIIa
HAallUTKOB Ha IPSHO-apOMATUYECKOM CBIPBE, CIELHU-
JIPHOTO Ha3HA4YCHUS, (PYHKIMOHAIHHOTO Ha3HAYCHUS
ocTaercsi CBOOOTHOMN.

B pamkax paccMOTpEHHBIX TEHICHIMH 0COOYIO
aKTyalbHOCTb IPEACTABIAECT Pa3BUTHE Pa3IHMYHBIX
KOHLIEHTPUPOBAHHBIX OCHOB [UIsi 0€3aJIKOTOJBHBIX
HAIUTKOB.

Pemenue 3TUX 3a7a4 MOXKET OCYILECTBIIATECS IO
JIByM HalpaBJICHUSIM:

* co3nanue 3(pPEeKTUBHBIX TEXHOJIOTHI MO mepe-
pabOTKe PaCTUTETBHOTO CHIPhS, 00ECIICUNBAIOT MAKCH-
MaJIbHOE OOOTaIlIEHHE II0JyJaeMBIX HACTOEB M 3KC-
TPAKTOB NPUPOJHBIMU SKCTPAKTUBHBIMU BEILECTBAMHU.
Co3gaHne KOHIEHTPAaTOB HAa OCHOBE JSKCTPAaKTOB
JOJDKHO 00ecTiednBaThCsl pasHbIMH (OpPMaMH: JKHA-
KAMH, BBICOKOKOHIIEHTPHPOBAaHHBIMH, IacTO0OOpa3-
HBIX, IOPOLIKOOOPa3HbIMU, B BUJIE TPaHyI U Ap;

* oOoraimeHne KOHIIEHTPUPOBAHHBIX OCHOB HE3a-
MEHHMBIMH HYTPUEHTaMHU U UX IIPEMUKCAMH.

[locnenHee HampaBieHHE HMEET IPAKTHYECKOE
MIPUMEHEHHUE MPH pa3paboTKe 6e3aIKOroIbHBIX HAIIUT-
KOB pa3IMyHON (QYHKIIMOHAIHLHON HAIIPABICHHOCTH.

Taxum 00pa3zoM, TEHAECHINS Pa3BUTHA PHIHKa Oe3-
QJIKOTOJIbHBIX HAITUTKOB B YKpanHe JI0JDKHA OBITH OpH-
€HTHPOBaHa Ha MPOJYKTHI 3[0POBOrO MUTaHUS.

Co3gaHue M COBEPLICHCTBOBAHHME TEXHOJIOTUMI
KOHIIEHTPUPOBAaHHBIX OCHOB Ha HATYpaJbHOH OCHOBE
ABJISIETCS HEOOXOJMMBIM yCIOBHEM ISl CTAOMIIBHOTO
Pa3BUTHS OTCUYECTBEHHOTO IIPOM3BOJCTBA BBICOKOKA-
YECTBEHHBIX 0€3aJIKOTOJIbHBIX HATUTKOB. . [2,3,4]

BaxxHOoe 3HaueHHE MMEET KOMIUIEKCHOE HCIOJIb-
30BaHHE PACTUTENHHOTO CBHIPhA C U3YUCHUEM €ro Jei-
CTBYIOIIMX 1 MHHOPHBIX KOMITOHEHTOB, 00€CIIeUnBaio-
IIMX HarpasjeHue (PYHKIMOHAIBHBIX CBOMCTB KOH-
LEHTPATOB U HAIUTKOB Ha UX OCHOBe. [3,4]

Hmeromuecs ntutepaTypHble JaHHbIE CBUIETENb-
CTBYIOT, UTO BEreTaTUBHbIE YaCTU PACTEHUH coAepKaT
OMOJIOrMYeCKN aKTUBHBIX BEIECTB HE MEHBIIIE, @ HHO-
r7ia U OoIbllle, YeM IUIOJIBI, SSTOABI M OBOIIH, a UX HC-
MOJIF30BAHNE TIO3BOJISIET IOJy4aTh KOHIIEHTPATHl M
HaIlUTKA W3 HUX C MSTKUMH, THKAHTHBIMH, T'apMoO-
HUYHO-MHINBUAYAIEHBIMH BKYCOBBIMH M apoMaTHue-
CKUMH.

K coxanennto, mpobiemMa KOMIDIEKCHOTO TIpUMe-
HEHHS YKa3aHHOTO CHIPBS MPAKTHYECKH HE PEIIaeTCs.

Taxum 00pa3zoM, TEHAEHIINS Pa3BUTHA pHIHKa Oe3-
QJIKOTOJIbHBIX HAITUTKOB B YKpauHe JI0JDKHA OBITH OpH-
€HTHPOBaHa Ha MPOTYKTHI 3[0POBOrO MUTAHUS.

OpueHTHPYSCh HAa JUTEPATyPHBIC MCTOYHUKU U
OoraToe copepKaHUE IIEHHBIX KOMIIOHEHTOB, OBLIIO HC-
CJICIOBAHO JIUCThSI U CTEOIM CMOPOIMHBI, MaJMHBI U
00JIenTMXy Ha MPEeIMET UCTIONF30BaHMA T00aBKH K KOH-
HeHTpaTa 6€3aJIKOTOIHHBIX HAUTKOB [1,4].

MarnuHa eBporeiickas, MalauHa OOBIKHOBCHHAsS
w npocro manuHa (Rubus idaeus, mecTHble Ha3Ba-
HUSI: MaJIMHAa KpacHasl, MaJIMHHUK, ME/IBEXbs Srofa) -
KycT ceMmeiicTBa po3oBbIx (Rosaceae) 1-2 M BrIcOTOM ¢
TOZIOBBIMH BEr€THPYIOIUMH [T0OETaMU M OJPEBECHEB-
LIIMMH JBYXJIETHUMH CTEOJISIMH, KOTOpbIE 00pa3yloT
LBETOHOCHBIE TPOHBI.

B manuse comeprkarcs IEKTHHBI, KOTOPBIE IOMO-
TaloT BBIBOJUTH W3 OPTaHW3Ma Yepe3 KHIICYHUK pa3-
JIMYHbIC BPEJHbIEC BEIIECTBA, XOJIECTEPHH B TOM HHCIIC
1 paJHOaKTHBHBIC AJIEMEHTHI, TIO3TOMY MAJIHHY PEKO-
MEHIYIOT JIFO/SM, PaOOTAIOMIMM Ha PA3HBIX TSKEIBIX
npeanpuaTHix. KymapuHsl, comepkamux B MaJlMHE,
yIy4IIaloT CBEPTHIBAEMOCTh KPOBM, M CHHMXKAET ypo-
BEHb NpoTpoMOMHA. KyMapHHBI COCPEJOTOYCHBI B JIH-
CTBSIX U B BETBSIX. AHTOLIMAHBI YKPEIUISIOT KaluuIsphl,
1 YMEHBIIAIOT CKJIOHHOCTB K CKJIepo3y. PUTOCTEpUHBI
YMEHBINIAIOT BEPOATHOCTh Pa3BUTHSA aTEPOCKIEPO3a.
ConepxuTess B COCTaBE MAJIMHBI KU CIIOCOOCTBYET
YIIy4IICHAIO COCTOSIHUS JIFOAEH ¢ OOJBHBIM CEpALIEM,
TaK XK€ KaJdui JelcTByeT Kak MO4YeroHHoe. B manune
€CTh HOJl, KOTOpPBIH OJaroTBOPHO BIWSIET NPH OpOH-
XWTE, BBI3bIBAsI OTXapKUBaHHUE.

KiryOHuka - o4eHb pacmpoCTpaHEHHAs Sroja.
OpHa U3 OPTaHUYECKUX KHUCIIOT, KOTOPas COAEPIKUTCA
B KIIyOHHKe, HEeHTpanu3yeT pakoBbie 3 eKTs! pH Ta-
6axokypeHnH. 3a00JeBaHUS MMOYEK U MOYEBBIX MTyTeil,
peBMaTu3M U 3a007IeBaHNA IIeueHH, 60N B CyCTaBax U
MaJIOKPOBHE - MIPH BCEX ITHX OOIE3HAX MOXKHO CMEIO
yIoTpeOISITh KITyOHHKY.

OtBap muctheB (Folia) xryOHWKHM W3maBHA WC-
TIOJIb3YETCs] KaK XOpOLIee CPEACTBO OT OECCOHHMIBI.
KiyOnuka - xoporiee npouiakTHIecKoe CpeacTBO OT
aTepOCKIIepO3a U THIICPTOHUN, OHAa HOPMAJIU3YeT JlaB-
JIeHHe 1 OOMEH BEIIECTB.

Yaii ¢ ManWHOW, KITyOHHKOH WIH C MX JIUCTOY-
KaMH, 3aBapeHHBIC BMECTE C 3aBapKOHM YCIOKaHWBaeT
6oy B JKenlylIKe U B KHMIIEYHHKE HpHU ractpute. Ma-
JIMHA COMEP’KUT MHOTO MEJIH, a MEb BXOAUT B COCTaB
MHOTHX aHTUAETPECCAHTOB, IOATOMY MAJIMHY HYKHO
€CTb TeM JIIOJISM, ¥ KOTOPBIX paboTa cBs3aHa C 0OJb-
IIMM HEPBHBIM HaIpsDKEHHEM. 3a CYeT TOro, 4To Ma-
JuHa conepkut Butamud A, E, PP, C noBsimaercs to-
HYC U ylIydllaercs camouyscTBue. [1,5].

XUMHUYECKHI COCTaB JIMCTHEB MaJMHBI U KIIyO-
HUKH OOTraT: aHTOLMAHUMHBI ¥ aHTOI[MAHBI - BOJIOpac-
TBOpPHUMBIE (UIABOHOUABI (MOLIHBIE AHTHOKCHAAHTEI),
¢utocTepuHbl (Kemmdepoi), AyOUIbHBIE BEIIECTBa,
a(upHBIE Macia, OOPHEON, AHTOIIMAHBI: KaJUTHCTe()HH,
XpU3aHTEMUH, JIETyYle COSAMHEHHS: BEpOCHOH, IUT-
POHEIO0JI, MUPTEHOI, IBT€HOJI, BAHWJINH, OPTaHNIECKHE
KHUCJIOTH (JIMMOHHAs, A0JI0YHAs, KOpPUYHAs, THIPOK-
cuOEH30MHAas, TaNIOBas, XJIOPOTeHOBAs, CATUITUIIOBAs)
1 UX 3QUPBI, @ TAKXKE 3JUIAr0Bast KUCIOTY, KOTOpast sB-
JISIETCSl €CTECTBEHHBIM (DEHOJBHBIM aHTHOKCHAAHTOM.
AcKkopOHHOBasI KUCIIOTA, Wi BUuTaMuH C, CUIIBHBIH aH-
THOKCHIAHT M XeJIATUPYIOIMK areHT. B pesynbrare
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JUTEPAaTypHOTO 0030pa M YIHUTHIBAasT 3HAYHMOCTH HC-
MIOJIF30BAHUST PACTUTENBHBIX IKCTPAKTOB, NMPHILIA K
BBIBOZY, YTO HCIOJH30BAHNE MAJMHBI U KIyOHUKH, a

MMEHHO JKCTPaKTa JHCThEB W BETOYEK, OoraThix (e-
HOJIbHBIE KOMITOHEHTHI M KyMapUHbBI U BUTAMUHBI (BHT.
C, pytuH) OyIeT yMeCTHBIM IIPH U3TOTOBIICHUH Oe3all-
KOTOJIEHBIX HAITUTKOB (puc.1,2)
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Puc.2 3asucumocms CO()@pOIC(lHu}Z KOMNOHEHN 08 MAJIUHbL

Jis mpenBapUTENbHOM OLEHKU KauyeCTBEHHOTO
COCTaBa BOJHOW WJIM CIIMPTOBOM BBHITSDKKH MaJIMHBI
KIIyOHHKH (JINCTOYKH M TTOOETH) IPOBOAMIH O0IIenpH-
HATBIE KaYeCTBEHHBIE PEAKIHH C ITOCIEIYIOIINM OIpe-
JieieHneM (eHONBHBIX KOMIIOHEHTOB CIEKTPO(OTO-
MeTpudecKkuM MeTogoM. OmpenereHne CyMMBI TIOJIH-
(heHOJIOB  TPOBOAWIN  CIIEKTPO(HOTOMETPHUECKIM
METOJIOM TIYyTEM H3MEPEeHHs IMoKaszarenss abcopOiuu
UccleayeMoi mpo0Osl mociie qobasiieHus peaktuBa Oo-
muHo-Yekanbrey u 20% pactBopa Hatpus kapOoHaTa.

Onrtuyeckyro MIOTHOCTb U3MEPSIU B KIOBETE C TOJIIHU-
Ho# citos 10 MM Ha criektpodoTomerpe CD-46 mpu co-
OTBETCTBYIOLIEH MJIMHBI BOJHBL [lepecuer mpoueHT-
HOTO COJEpKaHHWA CYMMBI IMONH(EHOTIOB MPOBOIMIN
Ha XJIOPOTEHOBAs KUCIOTA. [ 4 ]

Conepxanue (EHOMbHBIX COEAWHEHUH, B TOM
YHcJie pyTHHY B OPOIMIKAX, TMOJXYYEeHHBIX C MAJMHBI 1
KITyOHUKH TIpeicTaBiIeH B Ta0numie 1.
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Ta6nuia 1
Conep:xaHue (peHOJTbHBIX COeTHHEHUIA.
Ne ITopomok ManuHbI ITopomok KITyOHHKH
006- BapuanT o6paboTku Cymma ¢e- Pyrun Cymma (eHos- Py
pasma HOJIBHBIX HBIX
OKCTPaKT BOIHBIH, ITOJAOTPETHINA 10
1 100°C, Brinepsxan 10 Mun. 2,3 1,02 15 0.3
OKCTPaKT BOAHBIN, TOBEICHHBIH 110
2 KATICHUS W TPOKUIITYCHHBIA Teue- 2,38 1,1 1,67 0,36
HHE 3-5 MuH.
BroimepxuBanme BJII B 55%
3 BOJIHO-CIIPTOBOW CMECH B TCUCHUHU 2,63 1,84 1,8 0,64
2-X CYTOK
BoinepxxuBanue BT B 70%
4 BOJTHO-CITUIPTOBOM CMECH B TEYCHUH 2,4 1,8 1,67 0,58
2-X CYTOK

Oopazenr No2, mpuHaAIeKaIIeH KCTPAKTY BOJ-
HOTO TIOpOIIKa M3 MOP(OJIOrHYECKUX YaCTHIl MAJIUHBI
U KITyOHUKH, JOBEJICHHBIN 10 KUIIEHUS U MPOKHUITTICH-
HBII TeUeHHUE 3-5 MUHYT IO COACPKAHUIO (PCHONBHBIX

KOMIIOHCHTOB U [0 apOMATy MOMOIIET A AadbHeH-
[IUX MCCIICIOBAHUI MOCKOIBKY CIIUPTOBBIC IKCTPAKTHI
MaTepHao3aTPaTHBL.

Jlanee TpOBOIUIIN HCCIEIOBAHHUS BPEMEHH 3KC-
TPaKIMK KHISTYCHUEM, O YeM CBHICTENbCTBYIOT JaH-
HBIE TaOJIHIBI 2.

Tab6muma 2
OpraHoienTH4eckue MOKa3aTeJad IKCTPAKTA MATHHBI IPU IKCTPATHPOBAHUM KHIISTYeHUEM
O6pa IIponoixku-Tens-
3611)1 HOCTb KUIIslYe- IIBer Apomar Bkyc
HUs1, MUH
CBEJIbIM, COJIOMEHHO-KEJITHIM, " clna0bIii, HEHACHI-
cl1a0bIi, C OTTEHKAMU .
1 1 ¢J1a00 HACHIIIEH, 0€3 TOCTOPOH- P UICH-HBIH, TpaBs-
HUX IOMYTHEHUHI HUCTBIN
CBETJIbI, COJJOMEHHO-)KEJIThIM, | CpEAHEN WHTEHCUB- | MPUSATHBIN, CpelHe
2 3 CpeIHel WMHTEHCHUBHOCTH, Oe3 | HOCTHUIPHUCYTCTBYIOT | HACBHIIIEHHBIE OT-
ITOCTOPOHHUX TOMYTHEHH; OTTEHKH CIHCIHUA ¥ | TEHKH JYTOBBIX
CBEKET0 CCHA; TpaB
HACBHITICHHBIH, COJIOMEHHO- | HHTCHCUBHBIH, SPKO | HACHINICHHBIH, C
3 5 JKEITHIH, C 3eJICHOBATHIM OTTCH- | BBIPaKCHHBIC OT- | JICTKOW TOPYHHKOIA,
KOM, 0€3 MOCTOPOHHHX IOMYT- | TEHKH MPSHOCTEH W | C SPKO BBIPAKEH-
HEHHH. CBEKETro CeHa HOW TEPIKOCTBIO.
HACBHITICHHBIH, COJIOMEHHO- . .
. WHTCHCUBHBIN, WpHU- | HACBIICHHBIA, C
JKEITHIH, C 3¢JIEHOBATHIM OTTCH- .
3 8 CYTCTBYIOT  OTTYyJa | HENPHATHOI rope-
KOM, 03 TIOCTOPOHHHX MOMYT-
. HKH TOPEJIOro YBIO M TEPIIKOCTHIO
HEHUIA;

Ilo naHHBIM NPOBEIEHHON OPraHOJENTHYECKON
OIICHKH HCCJIeyeMBbIX 00pa3lloB SKCTpaKTa MOPOIIKa
MAaJIMHBI, KOTOPBIE IPUBEACHHI B Tabi1.2, ObUI0 ompese-
JIEHO, YTO 9KCTPAKT, KOTOPBIA TOTOBUTCS IIyTEM KHIISI-
YEHHUS U3MEJIbYEHHBIX JINCTHEB U BETOUYEK B BOJC B TE-
yeHue 3 MUH, MUMEET Jy4Ylllhe OpraHOJEeNTHYECKUE

CBOWCTBA IO CPaBHEHHIO C IPYTMMHU o0pas3mamu , ciie-
JIOBATENLHO 3TOT PEXHUM MPUTOTOBIEHUS JKCTpPaKTa
MaJTMHBI SBJIIETCS ONTUMATBHBIM. KiTyOHUKY 13 3KCTIe-
PUMEHTA UCKJIIOYWIA M3 HACHIIICHHBIC TPaBSHBIC OT-
TEHKU B apOMaTe ¥ COOTBETCTBYIOLINI MPUBKYC.

Tabmuma 3

Du3MKO-XUMUYECKHE M0KA3ATeIU IKCTPAKTA MAJTUHBI IPH IKCTPATHPOBAHUYN KMIISTYeHHEM B Tede-
HHe 3 MUHYT

Ne 06- IIponomKUTETbHOCT KUIITYEHUSI, MUH. pH Copepxanue CP, %
pasua

1 1 6,81 0,5

2 3 6,77 0,6

3 6 6,81 0,6

4 9 6,73 0,6

5 11 6,57 0,7
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BoaHblit 3KCTpaKT NPSHO-apOMATHYECKOTO ChIPhS
M3MeNbYalii, MPOCEUBAIN IO OJHOPOTHOW MAacChl W
Opanu HaBecku B konmaecTse 0,25; 0,5; 0,75; 1,0; 1,25
r Ha 100 cM® BOABI, KUIIATHIIN B TCUCHHUE 3 MUH.

JlaHHBIE CEHCOPHOTO aHanW3a 3aHOCHIU B Tab-
.4

Tab6muma 4
OpranosenTuyeckye NOKa3aTe/ M SKCTPAKTA JIMCTheB U BeTOYeK MaJTUHbI
Ne 06- Konmuecto .
Buewnuit Bug [Ipo3paynocTts Apomart Bkyc
pasiua 9KCTpaKTa, I
cojioMeHHbIH Tpo- | CosloMEH--HBIH,
UBET ~ CBETNO- | i Ges 3payHbIil, 6e3 | TpaBstHUC-THIH,
1 0,25 COJIOMEHHBIH olgaﬂﬁ . ’ ocajKka TpaBSHOU | ClIaOBIi npu-
MIPO3payHbIil apomMaT  JIECHBIX | BKYC TPaBbI
TpaB
. | mpo3paunslii, 06e3 . TPaBAROM TPaBi-
2 0,5 ConoMeH-HbIHI ocanKa TpaBSHOU HOM, apomar
JIECHBIX TPaB
N CITa)KEHHBIN Tpa-
56 TpaBsiHOH, Ooiee N
. Mpo3pauHbli, 0e3 . BSHOH C OTTEH-
3 0,75 STHTApHBIN WHTEHCH-BHBIN YeM
ocazika penELTy i KOM  JIyTOBBIX
p Y Tpas
4 10 SHTADHAL Mpo3pauHblii, 0e3 | TpaBsHOH, WHTEH- | VIHTCHCHUB-HBII
' P ocaJiKa CUBHBIH TpaBsHOM
5 1 25 WHTCHCUB-HBIA | MpO3payHbll, 0e3 | HHTCHCUBHBIH, TpaBsiHOM, C TOP-
' MEJIOBBII ocaaka CWJIBHO TPaBSIHOHU YUHKOM

OOmasi xapaKTepUCTHKA PacTBOPOB: C YyBelUUe-
HHEM KOHLICHTPal[Mi LBET CTAaHOBHUTCS OoJiee MHTECH-
CUBHBIM, BCE PAaCTBOPHI MPO3padHbl, 6€3 ocajka, apo-
MaT yCHJIMBAETCs, BKYC CTAHOBHUTCS 0oJiee MHTEHCHB-
HbIM. Ilo pe3ynpraTtam omelToB ycraHoBieHO: 0,75 r u
1,0 r B 100 cm® 5KcTpakTa MalMHBI Ty4llle YAOBIETBO-
psiet Hamm noTpeOHocTH. s ynoOcTBa IPUTOTOBIIE-
HUs pacTBOPoB oTOupaem obpaser; 1,0 r B 100 cm® (1%
BOJHBIN pacTBOp) [1,3, 4].

Jnst co3naHus OCHOBBI OBUIO NPEIOKEHO HC-
MOJIb30BAHUE TONUCONOAOBEIX dKcTpakta (I1CD).
Hamu Gb1 BEIOpaH MOJIMCOJIONOBBIE KCTPAKTHI: «30-
JoTeIe 3epHa» U «Hamexna» 11 U3y4eHus BOZMOXKHO-
CTH UX IIPUMEHECHHS B MPOU3BOJICTBE OE3aJIKOTOJIBHBIX
HaIMTKOB. [3,4].

[IpuroroBneHne BOJHOTO pacTBOpa MOJIHMCOJION0-
BbIX dKcTpakTa ([ICD): B cyxme XUMUIECKHE CTaKaHbBI
Opasi COOTBETCTBYIOIIME HABECKH IKCTPAKTa, 2, CO-
JEp)KUMOE CTakaHa KOJIMYECTBEHHO IIEPEHOCHIIN B
MepHyto konby Ha 100 cM® u 10BOMIIM TUCTHILIMPO-
BaHHOM BoJoM 10 MeTku. Onpenensiu OpraHoyienTu-
yeckue rokazarenu. O0mas XxapakTepucTHKa pacTBO-
pPOB: BCE pPacTBOpPHI 3aMyTHEHHBIE, 0e3 ocaaka He-
cMOTps Ha KonmyecTBo 3kcTpakTa (ot 0,25 mo 8,0 1),
MHTEHCUBHOCTH BO3pACTaeT C YBEIWYCHHEM KOJIHUe-
CTBa OJKCTpakTa. ApOMAaT YCHIHBACTCAI C pPOCTOM
HaBECKH, OHAKO €r0 OTTEHKH MEHSIOTCS: HaBECKH 10

5r Ha 100 cM3 xapakTepH3ylOTCS OTTEHKaMHU TpaBs-
HOTO ¥ MEI0BOTO, TTOCJIE ST - IPEUMYIIECTBEHHO COJIO-
JIOBBIE OTTEHKHM BKycCa. BKyC MeNOBBIN IIPUCYTCTBYET
BO Bcex obOpasnax. C yBenMueHHEM KOJIMYECTBA 3KC-
TpakTa ClaJoCTh PacTeT, OJJHAKO B 0Opa3iax mo3 9 u
10 4yBCTBYIOTCSI COJIOJIOBBIE PE3KHE OTTEHKH, KaK IO
BKYCY, TaKk U B apoMare.

Jis ormpenerneHust YyCTOMYMBOCTH BOJHOTO pac-
TBOpPA SKCTPaKTa JIyqIre o0pasis! (oOpasers ¢ Koiaude-
cTBOM 3KcTpakTa 3,0 r 1 0Opaser ¢ KOIMIECTBOM 3KC-
tpakTa 4,0 T) Aep>KUM B XOJOAMIGHUKE MPHU KOMHAT-
HOM Temmepartype 3 CyTOK.

B xonmogunpHUKEe 00paslibl CTanu MEHee 3aMyT-
HEeHHble. Brinmagaer He ycroituumsbil ocanok. Ilocne
(bUIHTPOBAHMS NOTYYHIN QUILTPAT YCTOHUMBBIIL, Oca-
JIOK He 00pa30Bajics NPH XpaHEHUH B TEUEHHE 3-X Cy-
TOK B XOJIOAMJIbHUKE.

Hamee ocymectBisu moxoop 1% BogHOTO SKC-
TpakTa Maaunbl Ha 100 cm® 3% -ro pactBopa monuco-
JIOJOBOT'O IKCTPAKTA.

B pesynbraTe Momy4ymsiv OCHOBY, COCTOSIIYIO U3
TIOJIMCOJI0I0BOTO 3KcTpakTa U 1% - ro pacTBopa ma-
JIMHBI, JUIS TTOACTAIICHUS BRIOpAJIH TITFOK030-PPyKTO3-
HBII CHPOII ONIPEECIEHHON KOHLEHTPALUU.

ITo pe3ynbTaTam mccaenoBaHnii mogoOpaHHas pe-
LENTypa HAIIUTKA «CO BKYCOM MeJay:
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Tabmuma 5
Penentypa na 100 gaa
Conepxanne
CopmepxaHne  CyxXux
Enunnna u3- | cyxux BeUlecTB Hopwma pac-
HazBanue crpbsi. N BEIIECTB 110 HOpMam
MEpEHHUs B CBIpBE,% xoJa o
pacxona,% macc
Macc.
['moko3HO-(pyKTO3HAA IATOKA r 65.0 38,00 24,70
(cupom)
[TorconoTOBBIN SKCTPAKT KT 75,0 75,18 56,39
Kucnora mumonnas KT 90,97 1,08 0,98
Hacroii ManuHbI (BETKH, JTH- r 0,30
CTbs1)
Apomaruzarop "lcunau" KT 0,20
KoanuecTBO KHUCIOTHI, BHECEH-
HOM ¢ TMONHCONOAOBBIX JKC- KT 0,05 75,18 0,04
TPaKTOM
Bona v 10 1000,00
Jwnoxcun yranepona KT 4,15
Bcero cyxux BemecTB B «r 82,07
HAIIUTKEC
BBIBO/IbI CIIMCOK JIMTEPATYPBI:

1. Inst pacmpeHus acCOPTUMEHTa 0e3aJIKOT0JIhb-
HBIX HAITUTKOB BO3MOXXHO M HEOOXOIMMO HCIIOJB30-
BaTh HETPaJULIMOHHBIC BHABI CHIPhSI TAKHME KaK JKC-
TPAKTHI JIUCTHEB MAJTUHBI, KITyOHUKH, OOJICTIHXH.

2. DKCTPaKTHI TOPOIIKA MATUHBI ¥ KITyOHHUKH - HC-
TOYHHK OMOJOCTYIHBIX aKTHBHBIX COCOUHEHUH (de-
HOJIBHBIX KOMIIOHEHTOB, KYMapHHOB, acKOPOHWHOBOI
KHCJIOTBI), KOTOphIE M3-3a CBOEH PAaCTUTENBbHOM MpHu-
POJIBI MATKO AEHCTBYIOT HA OPTaHNU3M HO HE BBI3BIBAIOT
MO0OOYHBIX 3P HEKTOB.

3. DKCTPAaKT JUCTHEB M BETOUEK MAJIMHBI - HETpa-
JUIIMOHHOE CBIPhE, 10 CUX MOP B IIPOU3BOACTBE HAIUT-
KOB HE HCIIOJIb30BAJICS.

4. TlpennoxeH HOBbIM Hanmutok: «CO BKycoM
Mena». B kauecTBe HETPaJMIIMOHHOTO CHIPBsI, KOTOPOE
UCTIONBb3YETCs /ISl IPUTOTOBIICHNS! HAIIUTKA SKCTPAKT
U3 BETOYEK U JIMCTHEB MAJMHBI, KOTOPBIA OTIMYAETCS
TIOBBIIIEHHBIM COJICP)KaHUEM OHOJIOTHYECKH aKTHB-
HBIX BewecTB. 5. IIpennoskeHHass TEXHONIOIUs IIPUrO-
TOBJICHHSI OCHOB JUISI HAIIUTKOB IO TIOA0OpaHHBIMHU pe-
HEeNTypaMH.

6. OnTuManbHas 7032 BHECEHMS SKCTpaKTa Io-
pOIIIKa JINCThEB MAJMHBI B KYMa)KHBIA CHPOI COCTaB-
nstet 3, Ocm3 1% - ro pacTBOpa TpaBhl.

7. IlpuroroBineHue KyHma)KHOTO CHpOIA HpPOBO-
JIVJTH XOJIOJTHBIM CIIOCOOOM, Tak Kak IMpH JaHHOM CIIO-
co0e COXpaHSIOTCS HaTypalbHbIH BKyC W apoMar Chl-
Pbsi, UCIIOIB3YEMOTO IS IPUTOTOBIICHNS! BHIOPAHHOTO
aCCOPTUMEHTA TOTOBOH MPOAYKIIHH.
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PAKOOBPA3HBIE U KOJIOBPATKH IIPYIA B PAMOHE UIIIIOJAPOMA B I'. CAMAPE

Abstract

I'epacumos FO.J1.
Kanouoam 6uonozuueckux Hayk

Jloyenm xkageoput 300r02uu, Camapckuii yHugepcumem

Urban ponds have a decorative meaning and serve as a place for recreation of citizens, therefore the sanitary
condition of urban ponds is very important for the population. Assess the state of the ecosystem of the pond is
possible by species composition and dynamics of the number of mesozooplankton. A small polluted pond near the
Hippodrome in Samara has been studied by standard hydrobiological methods. Twenty-two species of rotifers
from 11 families and 21 species of crustaceans from 7 families were found.

AHHOTAN NS

I'opoackue npyabl UMEIOT 1EKOPAaTUBHOE 3HAUEHHE U CIIy)KaT MECTOM OT/bIXa FOpO’KaH, IOITOMY CaHHUTap-
HO€ COCTOSTHHME TOPOJICKUX IPYI0B OYCHb Ba)XKHO AJIs HaceleHHsl. OLIeHUTh COCTOSHUE HKOCUCTEMBI IIPYia MOYKHO
10 BUJIOBOMY COCTaBY M ANHAMUKE YHCICHHOCTH ME30300ITaHKTOHA. HeOobI10#i 3arpsi3sHEHHBI MyCOpPOM TIPYA
Bo3ne Mnmoapoma B r. Camape u3ydeH CTaHAapTHBIMHU THIpoOHonornaeckuMu Meronamu. O6HapyskeHo 22 Buaa
KOJIOBpATOK U3 11-TH ceMeicTB 1 21 BUI pakoOOpa3HBIX U3 7-MH CEMEHCTB.

Keywords: Urban pond, Crustacea, Rotatoria, numerity, biomass.
KuaroueBblie ciioBa: ['opojckoit npyn, pakooOpasHbIe, KOIOBPATKH, YHCICHHOCTE, OHOMAacca.

BBenenue

[Ipyast UTparoT BayKHYIO POJIb B TOPOJICKON Cpeie.
OHH MOTYT OBITH JIEMEHTOM apXHUTEKTYypHOTO JIaH[-
mrayta, EHTPOM PEKPEAIIMOHHOMN 30HBI, UMETh X035Iii-
cTBeHHOE 3HaueHue. C MpUPOTOOXPAHHON TOUKH 3pe-
HUS TIPYABI MOTYT OBITh pedyruyMaMu, TIe COXpaHs-
I0TCS BUJIbI, UICUE3HYBILIHUE U3 APYrux Bonoémos [1,2].
Ho mns HaceneHus ropoia BaXKHO CAHUTAPHOE COCTOS-
HHUE BCEX MPYIOB HE3aBUCUMO OT UX HazHaueHU:. Ca-
HUTAPHOE COCTOSIHUE TMPYAOB 3aBHCUT KaK OT Xapak-
Tepa U UHTEHCUBHOCTH aHTPOIIOT€HHOTO BO3/ICUCTBUS
Ha HUX, TaK U OT MPOLIECCOB CAMOOYHUIICHHS B X TH]I-
poburornieno3ax. JIJis OIEHKH MPOIECCOB CaMOOYHIIIE-
HUsl He0OXOUMO 3HATh BHUJOBOW COCTaB THIPOOHOH-
TOB W JMHAMUKY YWCJICHHOCTH WX TOMyJsiuil. Bax-
HBIM  KOMIIOHEHTOM J1I00OTO  THApPOOHOIIeH03a
SIBJIIETCS 300IIAHKTOH.

N3yyenne 300IIaHKTOHA TOPOACKHX HEMPOTOY-
HBIX BOA0EMOB akTtuBH3upoBajock B CCCP ¢ 1980-x
ronoB [3] u nponomkunock B Poccuu [4,5]. B r. Ca-
Mape, IPOMBIIIJICHHOM LIEHTPE ¢ HaceJIeHrneM Ooee 1
MUJJIMOHA YEJIOBEK MHOTO MPYJIOB, KaK B pEKpEalluoH-
HBIX 30HaX, TaK U CPEIIN KUIIBIX TIOMOB. CHcTeMaTH4e-
CKO€ M3ydeHHUEe 300IUIAHKTOHA 3TUX MPYJIOB HAYAIOCh
B koHIIe 1990-X rooB [6,7] 1 pogoimKaeTcs 10 HACTO-
smiero Bpemen# [8,9,10,11].

Paiion nccinenoBanus

OnuH mX HEOOJNBIIUX TPYAOB pacroiaractcs B
Kuposckom paitone r.Camapsl Henoaan€Ky oT mepece-
yenust MockoBckoro mocce u [Ipocnexkra Kuposa.

ITo cBeeHUAM MECTHBIX KUTEJEH, Py T ObUT BBI-
komaH B 1930-e rofp! Kak MOXapHBIH BOJOEM MPH OT-
KPBITBIX B TO BPEMSI CEJIbCKOXO3SIHCTBEHHOM BBICTaBKE
u Unnoapowme. [locne nukBUgaMy BBICTABKU TEPPUTO-
pusi ObUIA 3aCTPOCHA YaCTHBIMHU JIEPEBIHHBIMH JOMaMHU
(m30amu) ¢ mpuycaneOHBIMHA ydacTKamu. J[Ba Takux
JloMa COXPaHWJIOCh 0 CHX MOp M MX HpuycaseOHbIe
YYACTKH BBIXOJAT Ha FOXKHBIA Oeper mpyna (2-5 M ot
ype3a Boabl 10 3abopoB). OcTaibHbIE IEpPEBSHHBIC
JoMa ObBUTH CHECEHBI, K IOTY BJIOJIb MOCKOBCKOTO
II0CCE€ IOCTPOCHBI aBTOCAJIOHBI, K CEBEPY - MHOIO-
sTaxkHbId Tapax (10 M ot Gepera mpyna). Bocrounee
MIpyAa — MyCTHIPb, a 332 HUM HIIIOJPOM, 3alagHee - Me-
TATTMYECKUE TapaKH.

Brons BepxHEro kpast KOTIIOBHHBI KOJIBIIO CTAPhIX
TOTIOJNICH, CHJIBHO 3aTCHSAIOUINX 3EPKaJ0 BOJIBI, M HMX
nojpocta. Pasmeps! kotinoBuHel 30M Ha 20 M, HO Ipy ]
oOMeJe ¥ KOTJIIOBMHA 3aIOJHSAETCS BOJOHW HE IOJTHO-
CTBbIO, TaK YTO pa3Mephl 3epKajla BOABI MEHBILE, U C
BECHBI J0 OCEHM €II€ YMEHBUIAIOTCS 3a CUET HCIape-
nust. A.B.11labaHoBa MpUBOINT CieqyIOIINE pa3MEpPHI:
26 M Ha 18 M [12]. 'myOunHa BecHo#t 1o 1,5 M, HO 3Ha-
YUTEJILHO YMEHBIIAETCS K OCEHU. beper ¢ 10:kHOoH cTo-
POHBI OTJIOTHM, C OCTaJbHBIX JIOBOJIBHO KPYTOH.
I'pynTsl cyrnunaucteie. Ha 1HE TOJICTBIN CIOH BSI3KOTO
WJ1a C MHOTOYHUCIICHHBIMH OTIaBIIFMH JINCTHSIMH U BET-
Kamu. V3 BOAHBIX pacTeHUH B MPYyay OOUTAIOT HUTYA-
ThIE BOAOPOCHH, 00pPa3yIolINe «IIOXYLIKM» Ha Jexka-
IIMX HA JHE KaMHSX U KyCKax OCTOHHBIX KOHCTPYKIIHUH.
[IpucyrcrByeT psicka Manasi B HEOOJIBIIOM KOJIMYECTBE.
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B cepenune neTa mpoUCXOAUT MacCOBOE PA3MHOKEHNE
CHHE-3€JICHBIX BOJOpOCIel (HaMH HIESHTUPHUITUPOBAH
Tonkko Microcystis aeruginosa), mpumatoriee Boze 3¢-
JIEHOBATHII OTTEHOK.

ITpyn pacronoxxeH TakuM 00pa3oM, YTO HE BUCH
u3faneKka U 0 HEM 3HAIOT, B OCHOBHOM, MECTHBIC JKH-
TENM M aBTOBJIAJEIbBLBI, IOJB3YIONIMECS TapakaMH.
Bepera ni1s otpixa Hey10OHbI (C BOCTOKa TyCTOH HOA-
JIECOK, C fora W 3amaja 3abopbl, ¢ ceBepa B METpe OT
Oepera pa3OUTHIIl U IPSA3HBII IPOE3]I, O KOTOPOMY Ya-
CTO €31T aBTOMAIINHbBI). PEI00I0BOB Ha Geperax Ml
He BUJIENIU HU pa3y. Tem He MeHee, Ha Oeperax 00Jib-
III0€ KOJIMYECTBO YNMAKOBOK M JPYroro OBITOBOTO MYy-
copa, 6oee MOJIOBHHBI AKBATOPHHU 3aHIMAET «OCTPOBY»
U3 TUTABAIOIINX HCIIOIb30BAHHBIX MAT-OyTHIIOK, AEpe-
BAIIEK U T.J., BETEP TOHAET 3Ty Maccy oT Oepera k Oe-
pery. JIHO pya HOYTH CIIJIOIIB IMTOKPBITO Pa3HOOOpa3-
HBIM MycopoM. Boxa >kentoBaTas ¢ 3aIaxoM IUIECEHU.
B Bomoéme mpoucxoauT pasMHOKEeHHE am(uOuii u B
Hayajie jera B HEM MHOTO TOJIOBAaCTUKOB.

JKutenu nepeBSHHBIX JOMOB BBIITYCKAalOT B MPYA
CTal0 Iycei, JIETOM BOJOM U3 IpyJa MOJIMBAKOT CBOU
OTOPO/IBL.

Corpynaukamu  CamMapcKoro — apXUTEKTypHO-
cTpoutenbHOTO YyHUBepcuTeTa B 2013 1. ObLI poBeIEH
THAPOXMMHYECKIH aHAIN3 BOJBI U3 Npyaa. Boma oka-
3a1ach CyNnb(haTHO-THAPOKAPOOHATHO-MAarHUEBO-KaJIb-

nyeBas ciaborpecHas. YPOBeHb MUHEpaIU3auu 00-
nee 1000 mr/i, sxecTrocTh 11-12 mr/skB. Benmmanna pH
ot 7,88 no 8,42. Bemnunna BIIKSs BeIme HOpMaTtnBa.
IIpeBpiiens! BennurHel [1/IK 10 KOHIIEHTpaLUy Cylb-
¢atoB, hocdaroB, HUITPUTOB, AMMOHHITHOTO a30Ta, 00-
miero xene3a, CITAB, HedrenpoaykToB, IitHKA, Map-
ranua, meau [12].

Jlo HacTosimero BpEeMEHH JKOCHCTEMa 3TOro
TIpyJia HUKOTIa HEe U3y4asach.

MeTtoauka

[TpoObl M3 mpysna oTOMpa M C KOHIA arpens Jo
KoHIa Hosi0pst 2013 1. 1-2 pasa B mecsan. OTIIOB Me30-
300ITAHKTOHA TPOBOAWIIH IUTAHKTOHHON ceTKoW (ra3
Ne 64) 1 2-muTpOBBEIM GaTOMETPOM Ha TPEX CTAHITHIX
mo obmenpuHATEIM MetoaukaM [13]. TIpo6sr obpaba-
THIBAJIUCH B J1a0OpaTopuu DKOJIOTHH U OXPaHBI THAPO-
OMOHTOB TpH Kadeape 300J0THH, TECHETHKH U 00IIei
sKkosoruu CaMapcKOro YHHBEPCHUTETA MO OOIIENpHHS-
TBIM MeToauKaM [ 14]. BunoByro npuHauIeKHOCTh KO-
JIOBPATOK M paKOOOPa3HBIX BBISICHSJIM C TIOMOILBIO 00-
MENPUHATHIX ompenenuteneit [15, 16, 17, 18]. Ilo-
MOIIlb B OMpe/eieHnn npeacrapureneii ki. Ostracoda
Ham okazasna JI.M.CemenoBa (MBEB PAH). Uucien-
HOCTH OECITO3BOHOYHBIX PACCUUTHIBAIN KaK CPEAHIOI0
o 3-M mpobam.

PesyabraTsl

Ha puc.] mokasaHel H3MEHEHHS TEMIIEPATYpHI
BOJIBI TIPYZA 3a Neprof 0TOopa mpoo.

24
20 A
16 -

Temneparypa, C

4 5 5 6 6 7

7 8 8 9 10 10 11 11

MecALbl

Puc. 1. Ce3onnvie usmenenus memnepamypsl 600ul 6 npyoy Unnoopoma

B npyny Unnoapoma BeisiBIIeHO 22 BUa KOJIOBpa-
TOK, OTHOCSAUIMXCA K 3-M oTpsimam, 11-Tu cemeiicTBam
1 15-tu pogam. CITUCOK BUAOB PUBOJIUTCS B TaOI. 1.
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Tab6muma 1.

Buabl K0JI0BpPaTOK U YacTOTA MX BCTPeyaeMocTH B mpodax (%)

TakcoH % 1pob

Cem.Asplanchnidae

Asplanchna priodonta Gosse, 1850 43

Cem.Brachionidae

Brachionus angularis Gosse, 1851 10

Brachionus calyciflorus Pallas, 1776 36

Brachionus plicatilis rotundiformis Tschugunoff, 1921 33

Brachionus quadritentatus Hermann, 1783 12

Brachionus urceus (Linnaeus 1758) 26

Keratella cochlearis (Gosse, 1851) 12

Keratella quadrata (Muller, 1786) 88

Keratella valga (Ehrenberg, 1834) 7

Platias quadricornis Ehrenberg, 1832 19

Cem.Colurellidae

Colurella sp. 14

Lepadella ovalis (O.F.Muller, 1786) 5

Cem.Euchlanidae

Euchlanis dilatata Ehrenberg, 1832 19

Euchlanis meneta Myers, 1930 7

Cem.Filinidae

Filinia longiseta (Ehrenberg, 1834) 10

Cem.Hexarthridae

Hexarthra mira (Hudson, 1871) 10

Cem.Lecanidae

Lecane lunaris (Ehrenberg, 1832) 14

Cem.Notommatidae

Cephalodella catellina (Muller, 1786) 33

Eosphora najas (Ehrenberg, 1830) 5

Cem.Synchaetidae

Polyarthra major Burckhardt, 1900 21

Cem.Testundinellidae

Testundinella patina Hermann, 1783 17

Cem.Trichocercidae

Trichocerca pusilla (Lauterborn, 1898) 2

Tonsko Keratella quadrata Bcrpeuena 6onee, 1em
B moJjoBuHe 1mpo6, Asplanchna priodonta mo4ru B mo-
noBrHE Tpo0. YacToTa BCTPEUaeMOCTH 5-TH BHIIOB OT
20 1o 40% npo6. Trichocerca pusilla moiiman Beero 1
IK3EMIUTSP 32 Bech ce30H, Lepadella ovalis u Eosphora
najas HaiieHbl B IBYX Mpobax Kaxmas.

Bce nepeunciennsie B Tabm.1. BUIB paHee oOHa-
pykeHsl B Ipyrux npyaax r. Camapsl [10], moutu Bce
OOBIYHBI JUIA HaIIMX Topojckux Bogoémos [10]. Bee

OHH yKa3aHbI B CIIMCKE BUJIOB KOJI0BpaToK KyiObImes-
CKOro Bojoxpanwiuuia [19].

Mo uncnennoctn B npyny Mnmoxpoma pesko 110-
munupyet Keratella quadrata, eé¢ makcumansHas quc-
JeHHOCTh 25 Mas npessimana 1300 sx3./1. Cy6pomu-
HauT — Polyarthra major (MakcumanbHast Y4UCIICHHOCTD
259 sx3./m) (Puc.2).
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Puc.2. Cesonnasn ounamuxa wucnennocmu Keratella quadrata

Kax BugHo u3 puc.l. npoucxoauno 2 noabéma
YHUCJIEHHOCTU KOJIOBPATOK, IIPU 3TOM BTOPOH MOABEM
Keratella quadrata mnpowmsomén oceHpro, Korma y
OCTaJIbHBIX BUJIOB YHCICHHOCTh CTAOMIBHO yMEHbBINA-

J1ach.

Bricokas gucinensocTs Keratella quadrata obec-
MEYUBAET PE3KOE JIOMHHHUPOBAHHE IO YHMCIEHHOCTH

cem. Brachionidae (Puc.3).

octanbHble 7 cemericts il 0,92%

Notommatidae 1,21%

Asplanchnidae 2,94%

07 %

Synchaetidae

o

Brachionidae

88,96%
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Puc.3. Jlonu (%) cemeiicms xon08pamox no ucieHHOCmu 3a Ce30H

B npyny Mnnoapoma BeisiBiieH 21 Bz pakooOpas-
HBIX, OTHOCSIIUXCS K 7-MH ceMeiicTBaM U 18-Tu pomam.

CImcok BHIOB PUBOIUTCS B Ta0I.2.

Tab6muma 2.

Buabl pakooGpa3HbIX M YACTOTAa HX BCTpedaeMocTH B npodax (%)
TakcoH % 1pob
Cem. Cyclopidae
Cyclops vicinus vicinus Uljanin, 1875 31
Eucyclops serrulatus (Fisher, 1851) 62
Macrocyclops albidus (Jurine, 1820) 21
Mesocyclops leuckarti (Claus1857) 64
Microcyclops varicans (Sars, 1863) 50
Thermocyclops crassus (Fisher, 1853) 67
Cem. Eudiaptomidae
Eudiaptomus graciloides (Lilljeborg, 1888) 10
Cem. Bosminidae
Bosmina longirostris (O.F.Muller, 1785) 24
Cem. Chydoridae
Alona affinis (Leydig, 1860) 10
Alona rectangula Sars, 1862 10
Campocercus rectirostris Schoedler, 1862 2
Chydorus sphaericus (O.F.Muller, 1785) 7
Pleuroxus aduncus (Jurine, 1820) 5
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Pleuroxus uncinatus Baird, 1850 7
Cem. Daphniidae

Ceriodaphnia quadrangula (O.F.Muller, 1785) 88
Daphnia longispina O.F.Muller, 1785 86
Daphnia pulex (DeGeer, 1778) 50
Scapholeberis mucronata (O.F.Muller, 1785) 14
Simocephalus vetulus (O.F.Muller, 1776) 7
Cem. Moinidae

Moina micrura Hellich, 1877 7
Cem. Cypridae

Cypris pubera O.F.Muller, 1776 19
Ostracoda spp. 26

HawubGoree gacto B opyaust jioBa monaganu Cerio-
daphnia quadrangula u Daphnia longispina, emg 5 Bu-
JIOB BCTPEUCHHI O0Jiee YeM B IIOJIOBHHE MIP00. 6 BUIOB
BCTpeUEHbl Bcero mo 1-2 pasa 3a ce3oH. MHTepecHa
penkast Bcrpedaemoctb Chydorus sphaericus, kotopsiii
B OOJIBITMHCTBE IPY/OB SIBISIETCS MACCOBBIM BUIOM.

Bce nepeuncrienssie B Ta0J1.2. BUBI paHee 00HA-
pyxeHsl B Apyrux npynax r. Camapsr [11], mHOTHE
OOBIYHBI JUIS HAIIUX TOPOACKHX BomoémoB [10].
HammMenee pacmpocTpaHeHBl B CaMapCKUX MpyAax
Campocercus rectirostris u Mesocyclops leuckarti. Bce
BUJIBI M3 TIpyZAa Mnmoapoma yka3zaHbl B CIIHCKE BUIOB
pakxoobpa3nerx KyitObmmerckoro u CapaToBCKOTO BO-
Jnoxpanunui [9,19].

ITo uncnensocty B 2013 1. momuauposanu Daph-
nia longispina (MakcuManbHass YHCIEHHOCTH OoOJiee
400 >K3/71 B KOHIIE aBrycTa), Hayrumu (6oree 300 sK3/1
B CepeAMHE HIOHSA) W KOICMOTUTHI IUKJIOMNOB (Ooiee
300 ax3/x1 B koHIIe ceHTI0pst). CyOmomMuHAHTaMU OBLITH
Thermocyclops crassus (awagamo uroist), Ceriodaphnia
quadrangula (2-s momosuna uroust) u Daphnia pulex
(1-s1 momoBuHa Mas).

Cpenu ceMelcTB M0 YHCICHHOCTH Ipeodiaganu
npexacrasutenu ceM. Cyclopoidae u Daphniidae, Ho ux
YHCJICHHOCTh CUJIBHO MEHSUIACH MO X0y Ce30Ha (puc.
4).

YMNCIEHHOCTb, 3K3/N

400 ﬁ —&— Cyclopoidae
350 / \
300 / F\ — - B - — Daphniidae
250 —
/ / \ /\ ---A - - OcTanbHble 6

200 \ cemeincTB

/ n_ !/
150 7

=
100 __R'// e

MecAubl

Puc. 4. Cezonnan ounamuxa 4ucieHHOCmMu cemeicms pakooopasHuix

Hukinonsl mpeobiananu B cooOmiecTBe B 0OJb-
IIYIO YacTh CE30HA W TOJIGKO B KOHIIC MO — Hadale
ABr'yCTa UX YHCJIICHHOCTh PE3KO CHMYKAJIACh.

Bknag cemelicTB pakooOpa3HbIX B OOIIyIO0 YHC-
JICHHOCTB 3a CE30H I0Ka3aHa Ha puc.5S.
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Puc.5. Jonu cemeiicme pakoobpasuvix 6 CymmapHoi YUCIeHHOCU

IIpencraBurenu miecTH CEMENCTB COCTABUIIA Me-
Hee 2% YHCIICHHOCTH BCeX pakooOpa3Hbix. OcoOeHHO-
CTBIO IAHHOTO TIPYy/Ia OKa3anach OYeHb MaJICHbKAasl YHC-
JIEHHOCTS IpezicraButeneii cem. Chydoridae u Bosmin-
idae, xotopbie B OOJBUIMHCTBE IPYTrHX TOPOACKUX
TpyIoB oOecrieynBay 0ojiee CYIIeCTBEHHBIN BKIAI B
YUCIICHHOCTh PaKooOpa3HbIX. JJOMHHHpOBaHHE CEM.

Cyclopoidae 6bu10 pe3ynbTaToM HX aKTHBHOTO pas-
MHOKEHHS - YHCJIEHHOCTH HEMOJOBO3PENBIX CTaaui
UKITIONOB goxoauia 10 70% uucnennoctu Cyclopoi-
dae.

COOTHOIIIEHHE YHMCIICHHOCTEH KOJIOBPAaTOK U pa-
KOOOPAa3HbIX B ME30300IUIAHKTOHE TPY/Ia MIOKa3aHo Ha
puc. 6.
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Puc. 6. Cesonnasn Ounamurxa YucieHHOCmu KO108PAMOK U paKooOpasHvIx

B 1esoM KoIMUECTBO KOJIOBPATOK M PakooOpas-
HBIX B cOOOIIecTBe OBLIO MOYTH OJUHAKOBO: 47% U
53% cOOTBETCTBEHHO, HO AMHAMUKA YUCICHHOCTH pa3-
nmmyaeTcss. Hambonee KOTMYECTBO KOJIIOBPATOK OTME-
YEHO B Mae-HIOHE, YTO YaCTO HAOII0JaeTCs B BOJOEMAxX
HAIleTo perroHa [9], B OKTAOpe YHCIIO KOJOBPATOK

MIPEBBICHIIO YHCJIO PAaKOOOPa3HBIX 3a CYET pa3MHOXKeE-
uust Keratella quadrata.

Ce30HHBIE U3MEHEHHS OHOMAaCChI KOJIOBpATOK 11O
ceMelicTBaM ITOKa3aHbI HA pI/IC.7. HOCKOJ’II)Ky pa3ianius
mo 6uomacce ObUIM OYEHB BCJIMKH, MBI IIPOCYMMUPO-
BaJin 6I/IOMaC0y 9-TH MaJIOYNCIICHHBIX CEMEHCTB.
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Puc. 7. Cezonnas ounamuxa dbuomaccol KO108pamox
Ilo ©Owomacce pesko momuHHpoBano ceMm.  calyciflorus. Cpexn ocranmbHEIX 9-TH ceMeicTB He-

Asplanchnidae — 55% 6uomMacchl Bcex KOJOBPATOK, OJ1-
HAKO 3TO 00YCJIOBIEHO OYEHb OOJBIINM YBEITHUCHUEM
YHCIIEHHOCTH €IMHCTBEHHOTO MPECTABUTEIS
Asplanchna priodonta B koHIle aBrycTa ¥ KpPYIHBIMH
pasmepamu gaHHoro Buga. CyOmomMuHaHT — ceM. Bra-
chionidae (36%), 4bst GoMacca onpeessIach AByMsI
MaccoBeiMu Bumamu - Keratella quadrata u Brachionus

CKOJIbKO BbIIeNsifoTCs Synchaetidae (4%), npencras-
NeHHoe eauHCTBeHHBIM BuaoM Polyarthra major, u
Hexarthriidae (2%), Takxke mpeaACTaBICHHOE €IUH-
ctBeHHbIM BugoM Hexarthra mira. Cpenuss uHauBu-
nyanpHasi 6uomacca kojoBpaTok coctaBuia 0,00133
mr/me,

Cpenu pakooOpa3HbIX OCHOBY OMOMACCHI COCTa-
Bum cem. Cyclopoidae u Daphniidae (Puc.8).
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Puc. 8. Cesonnas ounamuxa buomaccol pakooopasuvix

Ce30HHBIC W3MEHEHHs AWHAMHKH YHCICHHOCTH
cem. Cyclopoidae He BHoONHE COOTBETCTBYIOT HMHA-
MHKE €ro 4YHCJICHHOCTH BCJIEACTBHE MNpeoliagaHus
HETOJIOBO3peNbIX cramuid. X nons B OMomacce Ko-
neno ObLTa UMb HEMHOT'O MEHBIIIE, YeM JI0JIsL B3pOcC-
nbIx 1ukionos. Jloms cemeiicts Bosminidae, Chydori-
dae, Eudiaptomidae, Moinidae u moakmacca Ostracoda
B cymMMe cocTapiset menee 0,5% obrmielt 6uomaccsl pa-
KOOOpa3HBIX.

CpenHsis MHAUBUAYaIbHAS OHMoMacca pakooOpas-
HBIX cocTaBuaa 0,03463 mr/m%, B OCHOBHOM 3a cyeT
0OJIBIIIOTO KOJIMYECTBA B3pPOCHBIX JadHUI B KOHIIE
JeTa.

MBI cpaBHWIM BKJAIl PaKOOOPa3HBIX M KOJOBpa-
TOK B OMOMaccy Me3000IUTIaHKTOHA. [10CKOJBKY pas-
HUIla OOMacChl pakooOpa3HBIX M KOJIOBPATOK OYEHBb
BEJIMKa, COOTHOIIICHNE MEXJy HHUMH IO XOAY CE30Ha
OBLJI0 BEIpaXkeHO B miporieHTax (Puc.9).
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Puc. 9. Ce3onnas ounamuka buomaccol KOI08pAmMoK u paKooOpa3HbIX

Benmunna wanexca llIeHHOHa TO YUCIICHHOCTH
MeHsTach B muamnaszone 0,93 — 2,96 our (cpennee 2,23),
o 6uomacce ot 0,42 mo 2,99 (cpemuee 2,07).

HawuGonpiias 1ot SHIEHOCHBIX 0coOel cpenu
KoJoBparok otmeueHa y B.calyciflorus (B cpemuem
31% ocobeii) u K.quadrata (B cpeanem 24% ocobeit).
Cpeau pakooOpa3HbIX HAMOOJBIIINE JOIH CAMOK C sIi-
namu O0butu 'y D.pulex (37% oco6eit) u D.longispina
(26% ocobeit). Bce mepeunciieHHBIC BUIBI BHECIH 3HA-
YUTEIBHBIN BKJIAJ B YUCICHHOCTH 300IUIaHKTOHA. B
TOITYJISIUSIX ITUKJIONIOB JIOJIS CAMOK C SHIIaMU He TIpe-
Bhimana 10%.

[o cmocoOy muTaHus cpeau KOJIOBPATOK MPeod-
najnan GuiabTpaTtopbl U BepTHdUKaTOphl, (97% BH-
JIOB), CpeIN PaKoOOpasHbIX (HILTPATOPOB MEHBIIE
(81% BumOB).

O6cy:xnenue

B npyny y Unmoapoma BeIsiBiIEHO 22 BHIA KOJIO-
BpaTok u 21 Bua pakooOpas3sbeix. [Io KomnuecTBy BU-
JIOB TOT IPYJI 3aHUMAET MPOMEKYTOYHOE TOJIOKECHUE
MEXIy MPYIaMH CO CTa0bIM aHTPOIIOTEHHBIM BO3AEH-
cTBHEM (TIpyabl B boTaHMueckoM caxy ¥ B IIPUTOPO/I-
HOM 3eJIeH0i 30He, B KOTOPHIX BbIsiBIeHO OoT 70 10 100
BUJIOB) U TIPyIaMH CPEIH KIITBIX ToMOB (110 20-30 Bu-
JoB) [10,11]. B Hem OoJibIiie BUIOB, Y€M B CXOJIHBIX 1O
pa3mepy, HO 60jIee MEIKOBOAHBIX U IIEPHOANIECKH TIe-
PECBIXAIONINX TOPOJICKUX BOJOEMax: B MPYyHAy Mapka
IToGenpr, B mpyamy Canaropus-IIpodunakropus
[20,21]. B npyny NUnmoapoma He 0OHApYKEHBI O0BIU-
HbIe I OONBIIMHCTBA APYTUX CaMapCKUX MPYIOB
OlIeJIONIHBIC KOJIOBPATKH, a TaKXKe IPEJICTAaBUTEIH
pozos Synchaeta u Trichotria. BumoBoii coctas pako-
00pa3HbIX, HanpoTuB, TunuueH [10,11], 3a uckiroue-
Huem Campocercus rectirostris (ctpeden emé B 4-x
npyzaax) u Mesocyclops leuckarti (ewé B 3-x npynax).
OpmHako 3TH 2 BHJA YKa3aHBI BO BCEX CITUCKaX 300-
rurankToHa i Kyiosimesckoro nu CapaToBCKOTO BO-
nJoxpaxmmui [9, 19, 22].

UucneHHOCTh ME30300IIaHKTOHA B MPYJaX, U3y-
yaBmuxcs Hamu B 2013 1. cubHO Bapwupyert. [1o pas-
MepaMm npyx y Vnmoapoma cxXofeH ¢ mpyaoM Ha yiI.
AdpOIPOMHOH, HO YUCICHHOCTh ME30300IIJIAHKTOHA B
MOCJIETHEM TIOYTH B 3,5 pa3 MeHbIIie, 6ojee 3a CUET Ko-
noBparok [21]. CBsi3aHO 3TO, BO3MOXKHO C MOIIHBIM
pa3BUTHEM HUTYATBIX BOAOPOCICH B Tpyny Ha VI
AdpOJIpOMHOI U CHJIBHBIM €ro BbICBIXaHHUEM. B 2-x

npyaax "Hermonanéky ot TL «[Tupammmay, KOTOpEIE MO
IUTOIIAAN TTOYTH BIBOE OOJIBIIE, YUCICHHOCTH ME3030-
OIJTAHKTOHA OBLIa eIle MeHbIIE (B II€YaTH), BEPOSITHO,
9TO CJIEACTBHE MPOBENEHHOW TaM Menropaimu. B 60-
nee (B 3 pa3a) KpYITHOM CHJIBHO BBICHIXAIOUIEM MPYIY
B 13-M MukpopaioHe YHCIEHHOCTh ME€30300IUIaHKTOHA
HaobopoT B 1,5 pa3 GoJbie (He OMyOJHKOBAaHO). DTO
MOJKET OBITh CBSI3aHO C HAJIMYHEM B HEM 3apocieit
BOJO-BO3IYIIHBIX W TOTPYKEHHBIX MaKpO(pHUTOB.
Cpemu KONOBpAaTOK, Kak MpPaBWIO, ITOMHHUPYIOT
IUTAHKTOHHBIC BU]IBI, HANOOIBIINI BKIIAl BHOCST IIPE/I-
crasutenu pojoB Keratella, Polyarthra. Menbmie B
npyay y WINoApomMa 3HadeHue pojaoB Brachionus,
Filinia, Hexarthra. Kak u B npyrux cna6o3sapacraro-
MIKMX MPyAax Maja YUCIIEHHOCTh BUIOB pojaa Tricho-
cerca [23]. JloMmuHHpOBaHME ITUKIONOB B COOOIIECTBE
pakooOpa3HBIX XapaKTEepHO IS psijia caMapCKuX Ipy-
108 [21,24]. B npyrux npynax r. Camapsl YMCICHHOCTh
KOJIOBPATOK, KaK MPaBHJIO, OObIIIe, YeM YHCIEHHOCTD
pakooOpa3HbIX [8, 9], B mpymy e Mnmoapoma gncieH-
HOCTh KOJIOBPAaTOK, HaoOopoT, MeHbine. [lo cpaBHe-
HUIO C TIPyAaMH B JPYTUX TOPOAAX, JaHHBINA MPY[ IO
YHCITY BUIOB COIIOCTaBHM C HEKOTOPBIMH IMPYAaMH T.
Bonorael [25]. OgHako B HEM 0OJIBIIIE BUIOB, Y€M B 3a-
MyIIeHHBIX MpyAax napka [lobenst B r. HoBOKy#OBI-
meBcke (36 BugoB) [26], B mpyaax r. TiomeHu (B «J10-
CTaTOYHO YHUCTHIX» 0 29-32 Buaa) [27] u BomoéMax T.
Caparoga [4].

3akii0yeHue

B npyny y Unmoapoma Gpocaercs B ri1a3a 3arpss-
HeHHe OBITOBBIM MYCOPOM, KOTOPBIH IIOYTH CILIOIIb
TIOKPBIBAET JHO MPUOPEKHBIX MEITKOBOIUH, N yZIOOHBIE
JUISL TTOJIX0J1a yJacTKu Oepera, IuiaBaeT B OOJIBIIOM KO-
JIMYECTBE MO MOBEPXHOCTU BOJABL. IIpyn 3arpssHsercs
TaK)ke CMBIBOM € OEperoB rpyHTa, B KOTOPOM MOT'YT CO-
JIepIKaThCsl yIOOpeHHs U SIIOXMMUKATHI C MpUycaned-
HBIX YYaCTKOB COCEIHUX JIOMOB, TOMETOM T'yceil, ¢ Jie-
CSATOK KOTOPBIX X035€Ba YacTO BBITYCKalOT B TPY.
OnpenenéHHbIl BKJIAJ BHOCAT OMNAaBIIas JMCTBA M
BETKH C OKPYXKAIONIUX NMPYA AepeBbeB. Co CTOPOHBI Ta-
paxeil mocTynaroT He(PTEPOAYKTH (MBI BUIEIH He-
OonpIe WX MSATHA HA TIOBEPXHOCTH BOJBI). IIpeBbl-
menbl [1JIK no BIIKs, cogepxanuto B Bome SO4, PO,
NO3z, NH4, Fe, CIIAB, wedrenpoaykros, Zn, Mn, Cu
[12]. CanuTapHO-3MUAEMHOJIOTHUYECKOE COCTOSIHHUE
IpyAa TaKKe HENb3sl CUUTATh yJOBIETBOPUTEIILHBIM,
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T.K. BenmmunHa KOE B HeM mpeBbIIIa€T HOPMATHBBI
[28]. [TockoybKY 10 CUX TIOP MIPY/I MTOCETIANICS JTFOIbMH
HE OYCHb AKTUBHO, palOHHAs M TOPOJCKasl aAMHUHH-
CTpaLMy HE IPUHUMAJIHU Mep 110 ero ouuctke. A.B.1lla-
6anoBa B 2013 r. oneHma npyn y Unmonpoma xax pe-
KpEeanoHHO Majo3HaunMBId [29], HO paiioH mpomon-
’)KaeT  3acTpauBaThCs, cTapble rapaxu u
COXpaHUBIIHECS ycalabObl cKopee Bcero OynyT cHe-
censl. B wactHoCcTH, Ha MecTe Mnnoapoma npexsara-
€TCsl MOCTPOIKa MHOTO3TaXKHOTO JKUJIOTO KOMILIEKCa,
B 3TOM clly4dae IpyJ MOXKET CTaTh 3JIEMEHTOM €ro pe-
KPEalMOHHON 30HbI U €T0 CAHUTAPHOE COCTOSHUE MIPU-
o0petéT Oonpmoe 3HaUueHNE. MBI mmoaraeM, 9To KO-
cHCTeMa Ipy/Ja COXpaHMIIA ONPEACIEHHBIN MOTCHIINAT
camoouniieHus. [IockombKy B HacTosmee Bpems 3a-
TpsA3HEHNE HOCUT HEOPTAaHW30BaHHBIN XapakTep, MpH-
BECTH 3TOT NPYA B MOPSJOK OTHOCHTEILHO HECJIOXKHO.
Heob6xoaumo yOpats Mycop, yOaauTh HaKOMUBIIHICS
JIOHHBIH WJI, YKpenuTh Oepera u cienatb OOpArop Ha
MPOXOAsAIIe MUMO MpyZa I0pore.
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Abstract
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This paper presents a comparative study different in nature and structure sorption materials, namely, carbon-
containing, clay sorption materials and nanocomposites based on them. All sorption materials were characterized
by scanning electron microscopy, adsorption-desorption of nitrogen, and their surface properties, such as zero-
charge point and cation and anion exchange capacity, were determined. It is shown that carbon-containing sorption
materials (both in raw form and after modification) belong to microporous sorption materials, and clay-containing
sorbents and nanocomposites based on them are mesoporous. Investigation of surface properties of carbon-con-
taining materials indicates their basicity, while clay-containing materials show increasing the acidity of the surface
of the native clay. The study of the sorption properties of carbon-containing and clay materials with respect to
cationic and anionic dyes in the range of low concentrations has shown that nanocomposites based on them are

perspective materials.

Keywords: carbon-containing sorbents, clay sorption materials, nanocomposites, dyes, adsorption

1. Introduction

The dyes production is associated with the use of
a huge amount of water, a significant portion of which
was previously discharged into the environment with-
out pre-treatment. On average, 1 ton of the dye con-
sumes about 225 tons of water. This leads to the for-
mation (in case of absence of treatment facilities) of
water wastes in tens and hundreds of tons, which con-
tain various mineral and organic compounds that break
the oxygen regime of water bodies, and also have a
toxic effect on flora and fauna [1-3].

Discharge of untreated industrial sewage contam-
inated with organic dyes into natural basins worsens the
water sanitary measurements. First of all, organoleptic
indicators deteriorate; the water gets an extraneous
color and an unpleasant after-taste. Biotransformation
of dyes in the natural environment can occur with the
growth of their toxicity, which affects banefully the in-
habitants of aquatic ecosystems: animals, birds, fishes.

Harmful and toxic substances enter the human body by
way of a food chain.

The ideal way to get rid of polluted wastewater is
to organize non-waste production when all compounds
are used. This is a very difficult task, therefore during
a certain period of time, the dye's production will not
become non-waste. Proceeding from this, the solution
to this problem is to treat wastewater to such an extent
when they can be returned to the production cycle. If
this is not possible or economically inexpedient, these
waters should be brought to such a degree of purity that
discharging them into natural water bodies will not
damage the nature.

Of the known wastewater treatment methods, the
most interesting are those that allow the extraction of
substances contained in wastewater for their further
use. It can be extraction, sorption, ion exchange, re-
verse osmosis and other methods [4-8]. Among these
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methods, sorption has a great perspective as post-treat-
ment methods, which are distinguished by their sim-
plicity of organization and low cost [9-11]. However,
the use of traditional sorbents, such as activated carbon,
natural clay minerals, and others, does not always allow
to remove the dyes completely [12-14]. Because of this,
such wastewater containing small amounts of dyes can-
not be fed to biological treatment, since during their
aeration in biological treatment plants activated sludge
can swell, which disrupts the operating mode of the aer-
ation tanks [15]. In addition, many dyes during biolog-
ical treatment undergo only nonadvanced transfor-
mations. As a result, there is a need to create new ma-
terials that would be much more effective than
traditional sorption materials. According to own re-
searchers and literature data, such materials can be
modified traditional sorbents or composites (nanocom-
posites) based on them [16-18].

Thus, the purpose of this work was to create com-
posites based on activated carbon and clay minerals
(saponite), to study their structural-adsorption charac-
teristics and to compare sorption properties when re-
moving dyes at low concentrations.

2. Experimental

2.1. Carbon-containing and clay sorption ma-

terials

The birch activated carbon (BAC) and a nanocom-
posite based on it were used as carbon-containing
sorbents. The synthesis procedure is presented in [19].
Homogeneous chemical deposition of zirconium salt on
activated carbon followed by thermal treatment of the
resulting precipitate was at the heart of the synthesis.
This composite contained up to 30% of nanostructured
zirconium oxide. Also, the rank of active carbon F300
and its composite, modified by the method of its im-
pregnation with iron oxides, obtained from secondary
raw materials (red mud of alumina production) were
used. The method of preparation of such a composite is
given in [20].

Clay sorption materials were sorbents based on
saponite of Ukrainian origin: directly native clay and
nanocomposites with its participation. The first clay-
containing nanocomposite was synthesized by the
method of impregnation of native clay with a magnetic
fluid [21]. The third and fourth by the method of seep-
age of native saponite clay with a magnetic fluid and
micro-dispersed and nano-dispersed molybdenum di-
sulfide, respectively, whose characteristics are de-
scribed in [22].

The phase composition and names of all sorbents
samples are given in Table 1.

Table 1

Sorption materials

Ne Sample description Sample names Phase composition
The birch activated carbon (BAC) AC 100 % AC
2 The activated carbon-zirconium(1V) AC-ZrO; 71,5 % AC
oxide 28,5 % ZrO,
3 The activated carbon (Filtrosorb) F300 100 % AC
4 The activated carbon (Filtrosorb) F300/FexOy 90 % AC
modified with iron oxides 10 % FexOy
5 Saponite clay Sp 100 % native saponite clay
6 Saponite clay modified by magnetite Sp/Fes04 93 % native saponite clay
7 % Fe30q4
7 Saponite clay modified by magnetite Sp/Fes0a/ 92 % native saponite clay
and micronic molybdenum disulphide m-MoS; 7 % Fe304
1 % micro MoS;
8 Saponite clay modified by magnetite Sp/Fes04/ 92 % native saponite clay
and nanodispersed molybdenum di- n-MoS; 7 % Fe304

sulphide

1 % nano MoS;

2.2. Characterization of sorption materials

The morphologies of the synthesized composite
sorbents were observed using a scanning electron mi-
croscope (SEM 106 M). Determination of structural-
adsorption characteristics of the investigated materials
was carried out by the method of isothermal adsorp-
tion/desorption of nitrogen at a boiling point of nitrogen
(T = 77 K) on Quantachrome Autosorb (Nova 2200g).
The surface areas were calculated through the Lang-
muir and Brunauer-Emmett-Teller (BET) equations.
The micropore volume Vnicro and the external surface
area St were identified from the t-plot method. The

value of total pore volume Vi Was estimated from the
maximum adsorption at relative pressure close to the
saturation pressure. The pore size distribution of meso-
pore and micropore was determined from the BJH (Bar-
ret-Joyner-Halenda) and  Dubinin-Radushkevich
method, accordingly.
2.3. Characteristics of dyes
To study the adsorption properties of sorbents of
different nature, aqueous solutions of cationic (meth-
ylene blue) and anionic (kongo red) dyes were used.
The characteristics of dyes are presented in Table 2.
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Table 2
Characteristics of dyes
Dye Structural formula Nature dye D, nm
L X MI _
Methylene blue cationic 1,30
I c,H3
S
\S'r O~ Ma*
Kongo red —.—.— anionic 2,52

//
0" oNa*

Using the program Hyperchem, 3d models of the
dyes molecules were constructed and their geometric
optimization was carried out (Fig. 1). The characteristic

¢ o
[ % : b
&tﬁ:}ﬁ \
&

(@)
—C:- @ —N:-

._.H-_..._.(:);.

size of the molecule (D in Table 2) was taken to be its
largest linear size [23].

s
A

N

(b)
—S:- @—Na

Fig.1. 3D models of dyes molecules: a — methylene blue; b — kongo red.

2.4. Method of determining zero point charge
and cationic, anion exchange capacity
To determine the value of the zero point charge
(ZPC), solutions of 0.1 M KCI with pH values of 2 to
10 were used. All solutions were prepared using
bidistilled water. To the resulting solutions, sorbents
samples were added, shaken for 4 hours and left for 24
hours. After the settling process, the filtrate was care-
fully transferred to a potentiometric cell of a pH meter
and the concentration of hydrogen ions was deter-
mined. Based on the difference of pH before and after
adsorption (pHo and pHys), a change in the acidity of the
medium (ApH) was calculated. Then a dependency
graph of ApH versus pHo was plotted, at which the
point of intersection of the line with the abscissa axis
corresponded to the value of ZPC. The determination
of the cationic static exchange capacity (CSEC), the an-
ionic static exchange capacity (ASEC) was carried out
using the Bem's method [24]. Cationic and anionic
static exchange capacities (mg-g™*) were determined us-
ing the following formula:

(Co-Co)V

SEC= 1000m '’ (1)

where Cpand Ce are the initial and equilibrium
concentrations of the solution used for neutralization

(mg/l); V is a volume of solution used for neutralization
(ml); m — sample of sorbent (g).
2.5. Adsorption procedure

Comparative analysis of sorption properties of all
samples was carried by constructing of adsorption iso-
therms of dyes removal of methylene blue and kongo
red at low concentrations. The choice of such concen-
trations is due to the necessity for the determination of
sorption capacity at the post-treatment.

For sorption studies, a series of 250 mL glass
flasks were filled with 100 mL of model wastewater so-
lution of different initial contaminant concentrations
(1-10 mg-LY). A fixed amount of sorbent material (0.1
g) was added into each flask and stirred (350 rpm) for
5 hours at thermostatic water bath shaker (2042 °C) to
ensure complete sorption equilibrium. After adsorp-
tion, spent sorption materials were separated by centrif-
ugal separation. The equilibrium concentrations of dyes
in the solutions after adsorption treatment were deter-
mined by the photometric method using UV-5800PC
Spectrophotometer. The equilibrium adsorption capac-
ities (Qe) were calculated according to the following
formula [25]:

(Ce-Co)V

Qe: ’ (2)

m
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where Co and C. are initial and equilibrium con-
centration of dye in solution, respectively, mg-L!; V is
model solution volume, L; m — mass of sorbent sample,
g.

3. Results and discussion

3.1. Characterization of sorption materials

The SEM images of composite samples AC-ZrOy,
F300/FexOy, Sp/Fe30, are shown in Fig. 2. Images of
matrices, as well as composites based on clay and mag-
netite with molybdenum disulfide, were not shown be-
cause of their prevalence in the literature (in the case of
matrices) and being inappropriate because of its pres-
ence in small quantities (in the case of composites with
molybdenum disulfide).

WD=16 e
Fig.2. SEM i
3.2. Adsorption-desorption
Figure 3 shows adsorption-desorption isotherms
for nitrogen for carbon-containing sorbents. As can be

seen from the figure, all presented isotherms are re-
ferred to Type | (according to the International Union

mages of AC-ZrO; (

The image of the sample AC-ZrO, described in
Fig. 2(a) shows that the zirconium (IV) oxide aggre-
gates are evenly distributed over the surface of the ac-
tivated carbon and have a size in the range 1-100 pum.
In addition, ZrO, forms polydisperse aggregates of ir-
regular shape, that is typical to the thermal synthesis
method. According to the image of the sample
F300/FexOy (Fig. 2(b)), the iron oxide aggregates are
uniformly distributed on the surface and within the
pores of activated carbon which has a size of about 50
um. The obtained SEM images of the Sp/FesO4 sample
(Fig. 2(c)) show that the magnetite on the surface of
saponite particles deposited nonuniformly. Uneven
subsidence of magnetite on saponite is associated with
the heterogeneity of the structure of natural clay.

D0k Uun
a), F300/FexOy (b), Sp/Fes04 (C).

of Pure and Applied Chemistry (IUPAC) classifica-
tion). Thus, all carbonaceous sorbents are microporous
materials. However, the sorbents based on BAC, all the
same, have a small mesoporosity as indicated by a
small hysteresis in the region P/Po about 0.5-0.95. The



Norwegian Journal of development of the International Science No 25/2018

23

structural-sorption characteristics of these sorbents are

given in Table 3.
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Fig.3. Nitrogen adsorption—desorption isotherms for AC (a), AC-ZrO- (b) F300 (c), F300/FexOy (d).

As can be seen from the Table 3, carbon-contain-
ing sorbents are characterized by high specific sur-
faces. Wherein, the BAC specific surface in the case
of madification with zirconium oxide increases
slightly (from 860 m?/g to 917 m?/g), and in the case
of madification of F300 with iron oxides decreases

(from 1663 m?/g to 1491 m?/g). The diameter of mi-
cropores for all carbon sorption materials is approxi-
mately the same and is in the range 1.32-1.46 nm.
However, the volume of micropores for sorbents
based F300 and BAC varies: for F300 it is almost 2
times larger than for sorbents with BAC, which causes
the difference in specific surfaces.

Table 3
Characteristics of the porous structure of sorbents samples
Parameter AC AC-ZrO; F300 F300/ Sp Sp/Fes04 Sp/Fez04/m- Sp/Fe30a4/n-
FexOy MOSZ MOSZ
Surface area LangmuirLangmuirLangmuir Langmuir BET BET BET BET
R? 0.995 0.994 0.995 0.997
S, m?/g 860 917 1663 1491 35 54 57 59
V-t method
R2 0.903 0.908 0.930 0912 0.932 0.917 0.980 0.968
Sext, m?/g 43 74 103 89 7 9 10 12
DR method
R? 0.789  0.775 0.85 0.86
Micropore
volume,cm®/g 0.268 0.284 0534  0.483 - - - -
Mesopore vol-
ume, - - - 0012 008 0.087 0.119
cm’/g
Average pore
diameter 45 146 140 132 436 3.88 4.13 3.24

d, nm
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Figure 4 shows adsorption-desorption isotherms
for nitrogen for clay sorbents and composites based on
them. According to the IUPAC classification, the iso-
therms of clay-containing sorbents belong to type 1V
(with the presence of a hysteresis loop in the P/P, range
from 0.4 to 1.0, associated with capillary condensation
taking place in mesopores). Thus, these sorbents are
characterized by a mesoporous structure, with the aver-
age pore diameter in the range of 3.24-4.36 nm, as can
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be seen from Table 3. In addition, an increase in the
specific surface area of native saponite (35 m?/g) can
be observed when it is modified with both magnetite
(54 m?/g) and magnetite with molybdenum disulfide in
both cases in a microdisperse (57 m?/g) and nanodis-
perse (59 m?/d) condition. Also, with the saponite mod-
ification, the volume of mesopores grows, which
causes an increase in the specific surface area.
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Fig.4. Nitrogen adsorption—desorption isotherms and pore size distribution plots for Sp (a), Sp/Fes04 (b),
Sp/Fe304/m-MoS; (c), Sp/Fes04/n-MoS; (d).

3.3. Surface properties

The surface properties of all studied sorption ma-
terials, such as the zero point charge (ZPC), cationic
(CSEC) and anionic (ASEC) static exchange capacities
are shown in Table 4.

According to the presented data, in pure carbon-
containing sorbents, ZPC is close to neutral pH. When
BAC is modified with zirconium oxide, ZPC is signifi-
cantly reduced (from 7.1 to 2.9). Modification of F300
also leads to a decrease ZPC however not significantly
(Table 4).

The ZPC of native clay is also in the neutral area.
The modification of clay by magnetite and molyb-
denum disulfide increases ZPC from 7.1 to 7.2 for
Sp/Fes04 and to 7.7 for Sp/Fes04/m-MoS;, and for
Sp/Fes04/n-MoS; to 8.5.

Based on these data, it becomes evident that in
aqueous solutions close to pH 7, the initial carbon ma-
terials, the F300/FexOy composite, the initial saponite
clay and the nanocomposite based on it Sp/Fes0., have
surface charge close to zero. And only the AC-ZrO;
nanocomposite is negatively charged in the neutral me-
dium, and the three-phase  nanocomposites
Sp/Fes04/m-MoS; and Sp/Fez04/n-MoS; are positive.
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Table 4

Surface properties of sorption materials

Zero point Cationic static exchange Anion static exchange
Sorbent sample of charge capacity capacity
(zPC) (CSEC, mg-g!) (ASEC, mg-g?)

AC 7.1 0.24 0.42
AC-ZrO, 2.9 0.31 0.88
F300 7.5 0.25 0.77
F300/FesOy 6.8 0.30 0.50
Sp 7.1 0.41 0.42
Sp/Fes04 7.2 0.45 0.41
Sp/Fes04/m-MoS; 7.7 0.48 0.41
Sp/Fes04/n-MoS; 8.5 0.82 0.42

The exchange capacitances shown in Table 4 by
cations and anions of samples of carbon-containing
sorbents indicate that the nature of their surface is pre-
dominantly basic. However, it should be noted that the
modification of carbon, in this case, leads to an increase
in the cation exchange capacity (from 0.24-0.25 to
0.30-0.31 mg-g') and to an ambiguous effect on the an-
ionic exchange capacity (in the case of modification of
AC by zirconium oxide, it increases in 2 times, and the
modification of the F300 leads to its reduction in 3
times.

Modification of saponite clay leads to an increase
in the acidity of its surface (CSEC increase from 0.39
to 0.82 mg-gt), however, its anion capacity practically
does not change. The data obtained are consistent with
the ZPC values.

3.4. Adsorption experiment

Fig. 5 shows sorption isotherms of methylene blue
and kongo red on carbon-containing sorbents in the
range of small concentrations of 1-10 mg/l. The choice
of this range of dye concentrations is due to the follow-
ing considerations. Wastewater, formed in textile enter-
prises, in its composition contain dyes of different
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types, but in a concentration not exceeding 10 mg/I.
This fact is connected with the impossibility of separa-
tion in the technological cycle of waters after dyeing,
where the concentration of dyes reaches 100 mg/l, from
drains after such operations as warm and cold triple
washing. Also, general wastewater includes streams af-
ter special stages of fixing the dye on the surface of the
material followed by a final two-time rinsing after each
stage.

As can be seen from Fig. 5, the composite AC-
ZrO2 has a high affinity for both methylene blue and
kongo red. As a result, these isotherms can be classified
as type H and, according to the nature of the curves,
they obey Henry's law. The high efficiency of sorption
of AC-ZrO2 with respect to methylene blue is due to
electrostatic forces of attraction, and in relation to
kongo red is due to high anion exchange capacity. Ac-
tivated carbon BAC is characterized by the lowest af-
finity for these dyes because of the lower values of the
cationic and anionic exchange capacity, and its iso-
therms correspond to type L2.
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Fig.5. Adsorption isotherms for AC, AC-ZrO,, F300, F300/Fe,Oy toward to methylene blue (a) and kongo red

The adsorption isotherms of dyes on the activated
carbon F300 and the composite on its basis can be re-
ferred to type C, which is typical for adsorption on mi-
croporous adsorbents. The better adsorption capacity of
the F300/FexOy composite to methylene blue compared

(b).

to F300 is due to its greater cationic capacity, and like-
wise, the greater sorption activity of F300 to kongo red
is explained by the greater anion exchange capacity
than its composite.
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Thus, analyzing all isotherms showed in Fig. 5, it
can be concluded that among the carbon-containing
sorbents presented, the most effective for cationic and
anionic dyes in the low-concentration region is the
modified activated carbon with zirconium oxides,
which is characterized by a high specific surface and
micro-mesoporous structure, low ZPC, and sufficiently
large cationic and anionic exchange capacities.

Fig. 6 shows adsorption isotherms for a series of
clay sorption materials (for both initial clay and nano-
composites based on it). As can be seen from Fig. 6 all

adsorption isotherms of methylene blue on different
samples of clay-containing materials have a similar
character and belong to the type H, i.e. obey the law of
Henry. In this case, the best removal of methylene blue
is by the Sp/FesO4/n-MoS; nanocomposite, then
Sp/Fes04 and Sp/Fe304/m-MoS;, followed by saponite
clay. The obtained results are primarily related to the
cation exchange capacity of these materials, which also
increase in the above order.
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Fig.6. Adsorption isotherms for Sp (a), Sp/Fes04 (b), Sp/Fes04/m-MoS; (c), Sp/Fes04/n-MoS; toward to meth-
ylene blue (a) and kongo red (b).

The relatively high sorption activity of all materi-
als is also observed with respect to kongo red, but in
this case the most effective are saponite clay and
Sp/Fes04/n-MoS,, which also agrees with the anion-ex-
change capacities

Analyzing the isotherms in the region of small
concentrations of cationic and anionic dyes on clay-
containing sorbents, it can be concluded that the most
effective sorption material is native clay. Nevertheless,
because of the colloidal dispersion degree of clay ma-
terials when they are used in sorption processes, they
have an inherent drawback, namely the difficulty sepa-
rating of used clay sorbents. To this end, they are mod-
ified, in particular, by magnetite for better extraction
after the sorption process. Thus, the best among those
considered is the nanocomposite clay sorbent
Sp/Fe304/n-MoS;.

4. Conclusion

In this article, a comparative study of the struc-
tural-sorption and surface-adsorption properties of
sorbents of different nature, such as carbon-containing,
clay, and composites based on them was made. Struc-
tural-sorption properties indicate that carbon sorption
materials, including those after their modification, are
microporous structures with large specific surfaces.
Clay sorbents, as well as nanocomposites based on
them, are mesoporous materials, while the modification
of native clay leads to an increase in the surface area
and volume of mesopores. It is shown, that carbon-con-
taining sorbents are the base materials, native clay is
practically neutral material, and nanocomposites based
on it are acidic sorption materials. Among the carbon-

containing sorption materials, the nanocomposite AC-
ZrO, was the most promising for the removal of cati-
onic and anionic dyes in the low-concentration range,
and the Sp/Fes;04/n-Mo0S; nanocomposite among the
clay-based sorbents.
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Introduction

The study of the pathogenesis of myasthenia is rel-
evant, which is determined by the most powerful argu-
ment - an undoubted increase in the number of patients
from 3-5 people per 100 thousand population in the 70s
of the last century to 20 — at present [1, p. 160; 2, p.
193; 3, pp. 222-223; 4, p. 414; 5, pp. 18-19]. Myasthe-
nia is an autoimmune neuromuscular disease, clinically
manifested in the form of weakness and pathological
muscle fatigue [6, pp. 973-975]. In some patients, my-
asthenia is revealed to have structural-functional disor-
ders in the thymus - the central organ of immunity [1,
p. 174; 2, p. 157; 7, pp. 109-110]. In accordance with
structural disorders of the thymus gland, myasthenia is
divided into thymus-independent - without a defeat of
the thymus, and thymus-dependent, which can occur on
the background of thymic hyperplasia or accompanied
by the presence of locally spread thymoma [8, p. 27].

Myasthenia is a classic autoimmune disease, the
pathogenesis of which is associated with the production
of antibodies to molecular targets of the neuromuscular
synapse and muscle (nAChR, ryanodine receptors, ty-
rosine kinase MuSK receptors), and as shown by some
authors, more rarely to postsynaptic antigens — LRP4,
Agrin, ColQ and extrasynaptic antigenic proteins - titin,
actin, filamin, actinin [9, p. 10-12; 10, p. 1045; 11, pp.
561-564]. In addition, in some patients with myasthe-
nia, a number of antibodies are determined: to gangli-
osides, interleukin-12, interferon alpha-2, and others,
whose role in the pathogenesis of myasthenia is still not
precisely defined [12, pp. 154-157].

It is assumed that the cause of the diversity of au-
toantibodies is a violation of the positive selection of
autoreactive lymphocytes and the presentation of its
own antigens, resulting from an expression lack of the
autoimmune regulatory gene (AIRE) and selective loss
of T-regulatory cells [13, pp. 504-507]. A known factor
in tissue alteration is the proteins of the complement
system, the increase in opsonizing activity of which can
lead to changes in peripheral antigenic structures.

Modern approaches to the treatment of myasthenia
include the use of a standard therapeutic protocol,
which includes anticholinesterase drugs, corticoster-
oids, plasma exchange; surgical treatment — thymec-
tomy, thymomectomy [1, pp. 162-165].

Surgical removal of the thymus, which is both the
source and target of autoimmune aggression, does not
always allow you to get away from anticholinesterase
drugs, and sometimes leads to the development of my-
asthenic or cholinergic crises, especially in older pa-
tients. Complex treatment of myasthenia is effective,
but not always, only 45 % of patients have clinical im-
provements.

It is known that the debut of the disease in young
patients can manifest itself in the form of myasthenic
syndrome on the background of thymus-independent
myasthenia. In young women under the age of 40, my-
asthenia gravis often develops on the background of
thymic hyperplasia. The progression of the disease in
patients of the older group can lead to the development
of thymus-dependent myasthenia, occurring against the
background of thymoma, and surgical intervention in
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this category of patients does not give adequate clinical
effect, and sometimes can lead to complications and
death [1, p. 172; 8, p. 27].

It is necessary to search for specific biomarkers,
with the help of which in patients with autoimmune my-
asthenia it is possible to predict the further course of the
disease, including the formation of thymoma. These
can be markers of the self-tolerance loss of central or
peripheral genesis.

Materials and methods

98 patients with myasthenia were examined. The
examined patients were divided into 3 groups: first
group included 53 patients with thymus-independent
myasthenia (M) without thymus damage between the
ages of 14 and 72, of whom 31 were women and 22
were men; the second group of patients with thymus-
dependent myasthenia with thymus hyperplasia (MH)
was 17 patients aged from 20 to 40 years, all female
patients; the third group with thymus-dependent myas-
thenia on the background of thymoma (MT) included
28 patients aged 21 till 68 years, from them 12 women
and 16 men. For the differential diagnosis of clinical
phenotypes of myasthenia, which can generally be clas-
sified as neurological sensory neuropathy, an algorithm
for examining patients was used, including an assess-
ment of central and peripheral mechanisms of self-tol-
erance loss.

To determine the main pathogenetic link in synap-
tic transmission disorder in myasthenia, the presence of
antibodies to the a1 and a7 subunits of nAChR in blood
serum was investigated using a test system for indirect
enzyme immunoassay on solid-phase carrier. The
method is based on the specific interaction of al and a7
nAChR, sorbed on a polystyrene plate, with autoanti-
bodies to al and a7 nAChR contained in the studied
serum. The resulting antigen-antibody complex was de-
tected using a conjugate, the peroxidase of which cata-
lyzes the cleavage of the substrate (hydrogen peroxide),
causing a change in the indicator color. The intensity of
staining is directly proportional to the content of anti-
bodies to the al and a7 subunits of nAChR. Optical
density measurement was performed at a wavelength of
450 nm on a Stat Fax 3200 immunoassay analyzer.

A comprehensive assessment of the presence and
severity of polyclonal immunoactivation and immuno-
suppression was performed by an immunoenzymatic
method for determining autoantibodies (AAbs) to anti-
gens of various tissue systems of the body using ELI-
Viscero-Test 24 test kits (manufactured by Immuncu-
lus, Russia). This method allows polyparametric deter-
mination of the serum content of AAbs. The serum
samples revealed the relative content of IgG autoanti-
bodies to 24 tissue and cellular antigens of the main hu-
man organs and systems: Fc — 1gG immunoglobulin
fragment (Fc), beta 2-glycoprotein 1 (B2), membrane
antigens of myocardial cells (Com), myocardial 1-
adrenoreceptors (BAR), platelet membrane antigens
(TrM), anion proteins of vascular endothelium
(ANCA), cytoplasmic renal tissue antigens (KiS),
membrane antigens of the renal tissue (KiM), mem-
brane antigens of lung tissue (LuM), cytoplasmic lung
tissue antigens (LuS), membrane antigens of gastric

mucosa cells (GaM), membrane antigens of small in-
testinal mucosa cells (1tM), cytoplasmic liver tissue an-
tigens (HeS), hepatic mitochondrial antigens (HMMP),
thyroglobulin (TG), TSH receptors (TSH-R), insulin
(Ins), insulin receptors (Ins-R), membrane antigens of
adrenal cells (Adr), membrane antigens of prostate cells
and spermatozoa (Spr), protein S100 (S100), protein of
astrocyte intermediate filaments (GFAP), basic protein
myelin (MBP), native DNA (DNA). Low levels of an-
tibodies to most or all tested antigens indicate a de-
crease in overall immunoreactivity.

At the next stage, in order to identify serum spe-
cific antibodies to nuclear structures (ANA) in all pa-
tients with thymus-independent (M) and thymus-de-
pendent myasthenia (MH and MT), a multispecific
screening test was performed by indirect quantitative
ELISA testing. To do this, the diluted patient serum was
incubated in the wells of a tablet coated with a mixture
of purified antigens SS-A (52 kDa), SS-A (60 kDa), SS-
B, RNP-70, Sm, RNP / Sm, Scl-70, Centromere B. Pa-
tient serum bound to specific antigens were identified
using an enzyme conjugate containing antibodies
against human IgG. Next, a substrate-chromogenic re-
agent was added to the wells, which is converted into a
colored product under the influence of the enzyme
component of the conjugate, peroxidase. To calculate
the content of ANA in the serum of patients we used
the formula with the standard containing a known
amount of ANA (Reagent Kit ANA screen, Orgentec).
In the case of obtaining a positive result of such a
screening examination, an additional visual determina-
tion of the type of antinuclear antibodies and the nature
of their binding to various peptide fragments of cell nu-
clei was performed using the indirect immunofluores-
cence method. The results were evaluated using a fluo-
rescent microscope, taking into account the type of
glow (Euroimmun reagent kit).

Determining the concentration of C3 and C4 com-
plement fragments was performed using the FENOX
Medical Solution (Bilorus) kits. The method is based
on the interaction of the protein with specific antibodies
with the formation of immunocomplexes, the precipita-
tion of which leads to an increase in the turbidity of the
solution at 340 nm in proportion to the concentration of
the component of complement C3 and C4 in the sam-
ple. The concentration of C3 and C4 complement frag-
ments was determined immunoturbidimetrically at a
wavelength of 340 nm on a Stat-Fax 1904 biochemical
analyzer.

Results and discussion

Autoantibodies to the o1 and a7 subunits of the
nicotinic acetylcholine receptor (nAChR). When ex-
amining patients with various clinical phenotypes of
myasthenia in all groups — M, MH, MT revealed serum
antibodies to the a1 subunit NAChR, which are, accord-
ing to many authors, the main pathogenetic link in the
loss of self-tolerance during myasthenia [9, pp. 8-12].
The maximum increase in AAbs to the al subunit of
the nAChR was observed in the MH group and was
0.389 units E (at 0.180 units E in the control group).
The concentration of AAbs to the a7 subunit of NAChR
was increased only in 20% of young patients with M
and in all elderly patients with MT.
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Autoantibodies to antigens of the main human
organs and systems. A further search for markers of
self-tolerance loss revealed a wide range of organ-spe-
cific antibodies to additional targets in various clinical
phenotypes of thymus-independent (M) and thymus-
dependent myasthenia (MH, MT): to cellular organoids
and specific proteins. For each clinical phenotype of
myasthenia a characteristic specific repertoire of organ-
specific antibodies was determined.In all three groups,
an increase in the relative content of AAbs to thyroid

stimulating hormone receptors and thyreglobulin was
detected (Fig. 1, 2, 3). The highest values of these indi-
cators were found in the MH group: the rise in the rel-
ative content of AAbs to the TSH receptor was 84.7 %,
and to thyroglobulin — 119.6 %. In patients with MH,
the autoantibody spectrum was 2 times less than in the
M and MT groups, and differed in the nature of anti-
genic targets: unique AADbs to insulin and a specific as-
trocyte protein were detected (Fig. 1).
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Fig. 1. Characteristic spectrum and concentration of AAbs in patients with thymus-independent myasthenia (M)

In patients with groups M and MT, additional tar-
gets for AAbs were identified that are identical in these
groups: membrane antigens of gastric mucosa cells,

membrane antigens of small intestinal mucosa cells,
liver mitochondria, B2-glycoprotein, membrane and cy-
toplasmic lung tissue antigens, DNA (Fig. 2, Fig. 3).
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Fig. 2. Characteristic spectrum and concentration of AAbs in patients with myasthenia and thymoma (MT)

The increase in the relative content of AAbs to
membrane antigens of small intestinal mucous mem-
brane cells (ItM) and to B2-glycoprotein | was more
pronounced in patients of group M and was 49.4 % and

56.4 %, respectively, and for DNA, membrane and cy-
toplasmic lung tissue antigens (LuM, LuS) in the MT
group (Fig. 2, Fig. 3).

140
120

119.6

100

84.7
80

60

40

The level of AAbs, %

206
Z9:0

20

34.3

0

TSH-R TG

o

GFAP

Fig. 3. Characteristic spectrum and concentration of AAbs in patients with myasthenia on the background of thy-
mus hyperplasia (MH)

Anti-nuclear autoantibodies (ANA). Screening
studies of antinuclear antibodies ANA revealed their
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presence only in patients with thymus-dependent my-
asthenia on the background of locally distributed thy-
moma (MT), which was 4 times higher than the control
level (and averaged 4.7 units E). The various compo-
nents of the cell nucleus in these patients (with MT)
were additional targets for autoantibodies. To visualize
the nature of the binding of antinuclear antibodies im-
munofluorescence microscopy was used.

In elderly patients with thymomas, a centromeric
type of luminescence was detected — discrete coarse-
grained spots (centromeres): granules of small and ap-
proximately the same size (46 or 92 centromeres per
core). In interphase cells, these granules are evenly dis-
tributed in the nucleus, whereas in mitotic cells they
form a ribbon-like structure — one in the middle of the
nucleus (at the metaphase stage) or two parallel (at the
anaphase stage) (photo 1).

Photo 1. AAbs to chromosome centromeres in patient
K., 37 years old with thymoma (MT) (FITC staining of
standard antigenic substrates Hep2 after interaction

with serum antibodies).

It is known that many systemic diseases are char-
acterized by the formation of immune complexes with
various components of the nucleus, chromatin and pro-
teins. This type of autoantibody causes tissue damage.
Anti-nuclear antibodies (ANA) can be detected against
polynucleotides, ribonucleotides, histones and other
nuclear agents. It is known that a high titer of autoanti-
bodies ANA is characteristic of mixed diseases of con-
nective tissue. In rheumatoid and pseudorevmatoid dis-
eases, antibodies against histones are formed, in sys-
temic sclerosis, scleroderma antibodies are detected
against certain proteins (fibrilorin and RNA polymer-
ase) and against centromeres of chromosomes, to the
Golgi apparatus, titin, vimentin. SS-a antibodies are de-
tected in billiard cirrhosis and autoimmune hepatitis.
Antibodies to mitochondria are detected with cirrhosis
and polymyositis. High titers of autoantibodies against
U1-nRNP are characteristic of mixed connective tissue
diseases. The diagnostic value of determining the level
of autoantibodies associated with mitosis has not been
established.

Concentration of C3- and C4 complement com-
ponents. In patients with various mechanisms of central
and peripheral self-tolerance loss, the concentration of
the C3 fragment of complement — the activator of the
alternative pathway of complement activation and the
concentration of the C4 fragment of complement in-
volved in the classical pathway of activation of the

AAbs was also detected for the centromeric pro-
tein F (CTNPF), as evidenced by the binding pattern of
the patient's serum antibodies to the standard antigenic
nuclear substrate HEP-2 —a motley nuclear pattern with
pronounced intensity variation with the strongest stain-
ing in the G2 phase and weak, as well as negative stain-
ing in the G1 phase of the cell cycle. Centromeres are
positive only in prometaphase and metaphase, and are
visible on the preparation in the form of several small
and weak points of the same size. Prometaphase cells
show weak staining of the nuclear membrane. During
anaphase and telophase, intense staining is observed in
a ring located in the middle zone, where the separation
of daughter cells occurs. The surrounding cytoplasm of
mitotic cells is diffusely colored (photo 2).

Photo 2. AAbs to the centromere (CTNPF) in pa-
tient N., 67 years old with thymoma MT (FITC
staining of standard antigenic Hep2 substrates af-
ter interaction with serum antibodies)

complement system — were investigated. The concen-
tration of the C3 component of complement was at the
level of control values in the M and MH groups, and
slightly higher (by 20 %) in the MT group. The concen-
tration of the C4 component of complement in the M
and MH groups was higher than the control by 10 %
and 20 %, respectively, and in the MT group — lower
than the control by 5 %.

Thus, they revealed the presence of similarities in
additional mechanisms of self-tolerance loss in young
patients with M and in patients with MT of the older
age group in the biomarkers studied. Myasthenia gravis
is a clinically heterogeneous disease with a pronounced
polymorphism of etiological and pathogenetic factors
that determine the age debut, severity, development of
remission or exacerbation of the disease.

Conclusion

1. In all examined patients with thymus-independ-
ent (M) and thymus-depend myasthenia (MT and MH),
the main pathogenetic factor of myasthenia and anti-
bodies to the a1 subunit of NAChR, was detected. The
maximum value of antibodies of this type was found in
patients with thymus hyperplasia (MH), which was 2.5
times higher than the control value.

2. In some young patients (20 %) with thymus-in-
dependent myasthenia (M) and in all patients with MT,
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a high titer of antibodies to the a7 subunit of NnAChR
was detected.

3. Organospecific antibodies in patients with my-
asthenia on the background of thymus hyperplasia
(MH) had other cellular targets and were represented
by the following localization: AAbs for insulin protein
and a specific protein for astrocytes.

4. In patients with thymus-independent myasthe-
nia (M) and with thymus-dependent myasthenia, on the
background of thymoma (MT), identical additional tar-
gets for autoantibodies were found: membrane antigens
of gastric mucous membrane cells, membrane antigens
of mucous membrane cells of the small intestine, liver
mitochondria, B2-glycoprotest, membrane and cyto-
plasmic lung tissue antigens and DNA.

5. In all examined patients with thymus-independ-
ent myasthenia (M) and with thymus-dependent myas-
thenia, antibodies against DNA were detected against
the background of thymoma (MT). The highest titer of
antibodies to DNA was detected in patients with myas-
thenia on the background of thymoma.

6. Further search for additional autoimmune tar-
gets revealed only in patients of the MT group the pres-
ence of specific antinuclear antibodies — to centromeres
and centromeric protein F.

7. The prognosis of myasthenia progression and
development of remission can be made using the iden-
tified markers of self-tolerance loss.
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Abstract

This article highlights the issues of facial neuropathy, modern approaches to treatment and rehabilitation.
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AHHOTaNMSA

B manHO# cTaThe OCBEIICHBI BOIIPOCHI HEBPOMMATHUH JIUIEBOTO HEPBA, COBPEMECHHBIC IMTOAXO/AbI K JICHCHUIO U

peabmnTanuy.

Keywords: facial nerve, facial nerve neuropathy, neuromedin, prevention
KiroueBble cji0Ba: IMIEBOH HEPB, HEBPONATHS JIUIIEBOTO HEPBA, HEHPOMEIIH, IPOPHUIAKTHKA.

Beenenmue.

KomnpeccroHHO-HIIIeMUYecKast HEBPOMATHUS
(TYHHENBHBIN CHHIPOM, TYHHEIIbHAsI HEBPOMATHS, JI0-
BYIIICUHAsl HeBpomnatus) HeBpomaTus TUIICBOrO HEpBa
— 3T0 3200JICBaHKE, TP KOTOPOM BOCHAJISCTCS O/THA U3
BEpBEH IMLEBOro HepBa. [Ipu 3TOM BO3HUKAET Hapes3 u
naxe mapanmd nieBsix Meimi. [E.W. T'yces., A.H. Ko-
HoBasoB, B.W. CkBopmosa , 2015 c. 508].

AKTYaJIbHOCTb.

Hespomnarus aumeBoro HepBa BcTpedaeTcss Hanbo-
Jiee 9acTo cpeau 3a00JIeBaHMi epruepUIecKOil HepB-
HOM cucteMbl. OHa 3aHUMaEeT BTOPOE MECTO TI0 YaCTOTe
cpeau Bcex 3abolieBaHUil Mepudepryeckoil HepBHOM
cuctemsl [XKyneB H. M. u coast., 2005]. 3aboneBae-
MOCTh cocTaBisieT B cpenneM 20-30 cmyuaeB Ha 100
000 Hacenenus B roa. HeBput nuiieBoro HepBa BO3MO-
JKCH B JIIOOBIX BO3PACTHBIX TPYIIIAaX, CPSIHIA BO3PACT
3aboneBmux — 40 1et. My>X4HUHBI U KESHIIUHBI B IIe-
J0M OOJICIOT OAMHAKOBO 4acTo. [Ipu HeBpomaThu JH-
[IEBOr0 HEpBa OTMEYACTCS IUKIUICCKUN M Ce30HHBII
pocT umcia 3a00eBaHUIl ¢ MPOMEXKYTKOM B 4 roja,
40% mpuxonuTcs Ha MapT-anpens, 27% - Ha AeKadpb
[Kosopes B.H., Koszopes JI.B., 2013]. Bcnencrue
3TOr0 M3YYEHHUE IAHHOW TEMBbI SBJISIETCS B HACTOSIICE
BpEMsl aKTyajIbHBIM.

enns: ncnenoBaHue COBPEMEHHBIX METOJIOB JieUe-
HUS OOJIBHBIX C HEBPUTOM JIMIIEBOTO HEPBA.

3anaun:

1. PackphiThb OCHOBHOE TMOHSTHE HEBPOIIATHH
JIUIIEBOTO HEpPBaA.

2. PaccMoTpeTh OCHOBHBIE CIIOCOOBI JICUCHUS U
peabmuTanuu OOBHBIX.

3. H3yuutp mpo¢uinakTuky OONBHBIX C HEBPH-
TOM JIMIIEBOTO HEPBa.

4. PaccMOTpeTh OCIOXHEHHUS MPH HEBPOIATHU
JIUIIEBOTO HEPBA.

OCHOBHOE TOHATHE HEBPONATHUH JIUIEBOIO
HepBa.

HeBpomarus nuiieBoro HepBa — 3TO BOCIANH-
TEJNBHBIC N3MECHEHUS OJTHOTO WM HECKOJIIKUX HEPBOB
nuna. [Ipu 3ToM BO3HUKAET Mapes U Iaxe mapaind Ju-
LEBBIX MBI, B OCHOBEe MOpa)KeHHs OTAEIBHBIX He-
PBOB HaIlIe JISKUT BHELIHSS TpaBMa JIN00 KOMIIEPECCHs
HEPBHOTO CTBOJIA, peke ObIBacT MH()EKIMOHHAS TPH-
pona 3a0o0eBaHHUS.

IIpenpacnonararomumu (hakTopamMu CIyKaT Mo-
BEPXHOCTHOE PACIIOJIOKEHHE HEPBA MIIU €T0 MPOXOK-
JICHHE B Y3KHX KOCTHBIX, MBIIICYHO-CBSI30YHBIX KaHa-
nax. Ilpu aTepeckinepose, caxapHoM anabene, y3eiaKo-
BOM [CpUAPTPUUTE W  IOPYIHX  KOJIareHO3ax
MOHOHEBPOIIATHU OOYCIIOBIIEHBI TMOPAXEHUEM COCY-
JOB. 3a00JIeBaHUE IO MPOHCXOXKICHUIO MOXET OBITh
BOCHOJIUTENIbHOE, KOMIIPECCUOHHOE, HIIEMUYECKOE.
OTpe30K HepBa KOTOPBIH PACIION0XKEH B Y3KOM H3BU-
TOM KaHane mauHHOM 30-33 MM, sBiseTcs HambOosee

YSI3BUMBIM, TJI€ BCJIEICTBHE OTEKa, BEI3BAHHOTO BOCIA-
JICHUEM, MOXKET HACTYIUTh €ro ciaBieHue. 3aboneBa-
HHUE MPOBOLUPYIOT MEPEOXJIOKICHUE, TpaBMa U HWH-
¢exuumst. Tak ke HEBpONATHs JIMIIMBOTO HEPBA MOXKET
SIBJISITHCSI OCJIO’KHEHUEM OTUTA, ME30TUMIIAHUTA, 1apo-
TUTA, BOCTIAJIUTEIHHBIX IPOIIECCOB B MO3TE, HO MOXKET
OBITH M PE3YIIBTATOM HEHPOTPOITHOH BUPYCHOM HH(EK-
uu (OTOSICHIBAIOIIETO TepIieca).

Hespomnartus muieBoro HepBa NMeEET 3aTsDKHOE Te-
4yeHue. B cpeaHeM mpuaercst MpoBECTH B CTallMOHApe
20-30 nueii. Ha momHOE BOCCTaHOBIICHHE TOTPEOyeETCS
ot 3 10 6 mecsueB. Ho, k coxanenuto paboTa JIMIEBBIX
MbIII y 5% nrofeil He BOCCTaHABIMBAIOTCS, BCIEH-
CTBUM OITYyXOJKM MO3ra HWJIn ‘IepeHHO-MO3FOBOﬁ
TpaBMbl. B 10% cimyyaes peructpupyercsa penuaus. B
3aBUCHMOCTH OT TOT'O KaKOW OT/EN HepBa MOBPEX/ICH,
Ha KaKkylo ITyOWHY M Kak OBICTpPO HAdaTo JICUYEHHE,
TIPOSIBIISIETCS TSDKECTh OOJIE3HN M CPOKHU BBI3IOPOBIIE-
HUSL.

Kannuyeckue nposiBieHus.

[TopaxxeHUsI JTHLIEBOrO HEPBa CONPOBOXKIACTCS
OCTpPO Pa3BUBIIMMCS NMAPATUIOM HIH Iape30M MHUMH-
4yecKoi MycKynaTypsl. 3a 1—2 nHS 10 pa3BUTHS ABH-
raTelibHbIX PacCTPOUCTB MOT'YT ObITh OONH B 00JIaCTH
yXa M COCLEBUIHOO OTPOCTKA, €CIIH MOPakeH JIUIEBOI
HEPB 70 OTXOXkJeHus OapabanHOW cTpyHBI. OCc0OEHO
CHJIbHBIE 00JIH OTMEYAIOTCS IIpU MOPaKECHUU JINLIEBOT'O
HepBa Ha ypoBHE y3J1a KoJieHla. Kimnanueckas kapTuHa
OyneT 3aBHUCETh OT YPOBHS IOPaXKEHHS JIMIIEBOTO He-
pBa. [Ipy mopaxeHUM KOpeIIKa JUIEBOro HEpBa B 00-
JIACTH BBIXOJA €r0 U3 MO3TOBOT'O CTBOJIA KIIMHUYECKAs!
kapTuHa HeBponatun VII HepBa coueraercs ¢ CUMITO-
MaMH TOpaXEHHUsI TPOHHUIHOTO U BECTHOYJIOKOXIIeap-
HOTO HEPBOB.

[TopaxceHre THIEBOrO HEpBa B KOCTHOM KaHale
JI0 OTXO0XKJCHUS OOJIBIIOT0 KAMEHHCTOTO HEpBa, KpoMe
napaggya MUMUYECKOM MYCKYJATyphl, HIPUBOJUT K
YMEHBIICHUIO CIIOHO- U CJIE300TAETICHHUS, BIUIOTh 10
CyxocTH ria3a  (Kcepo(TambMUs)  CHIDKEHHEM
Ha/IOPOBHOTO M KOPHEAIHLHOTO pedIIeKkcoB, paccTpoii-
CTBOM BKYca, T'MIIepaKy3HeH.

[TopaxxeHue 10 OTXOX/IEHHSI CTPEMEHHOTO HepBa
JIaeT Ty e CUMIITOMaTHKY, HO BMECTO CyXOCTH IJla3a
TIOBBIIIAETCS CIIE300TAEIEHHE, €CIIN JIULEBOI HEPB I10-
pakaeTcst TUCTAIbHEE OTXOXKICHUSI CTPEMEHHOTO He-
PBa, TO TMIIEPAKY3Us OTCYTCTBYET.

IMopaxxenne OapabaHHOW CTPYHBI HPUBOIUT K
HapyUIEHUIO BKYCOBOM YYBCTBUTEJIBHOCTH Ha OJHO-
MMEHHBIX nepeqHux 2/3 s3pika. B cmywasx, koraga mm-
LIEBOIl HEPB MOPAXKAETCS B MECTE BBIXO/1a U3 HIUJIOCOC-
LIEBUIHOTO OTBEPCTHA, npeo6nana}oT JABHUIaTCIBHBIC
paccTpoicTaa.

MenukaMeHTO3HOe JiedieHHe HeBPUTA JIHIe-
BOTO HepBa.

ITpn oCTpBIX MOpaXEHWSIX JMIEBOTO HEpBa B
NIepBYIO O4Yepeb Ha3HAYAIOT
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* TopMoOHanBHBIEC TpenapaThl (MIPEAHU30I0H B
cyrouHo# 03¢ 30-60 MT Ha MIPOTSHKEHUH 7 JTHEH C TI0-
CIIEIYIOIIeH IMOCTENEeHHOW OTMEHOH B TeueHm: 3-5
nmHe) [IpuMeHSIOTCS TpH BBIPAKEHHBIX CHMIITOMAax
HEBpUTa. MexaHu3Ma IEeHUCTBUS — aKTUBaLUs HEWpO-
MEINATOPOB, YIYYIIAONIMX IIPOBEJCHUE HEPBHOTO
UMITyJIbCA.

*  HWuruburop xomunscrepassl (Heilipomenun
B/M 5-15 mr 1-2 paza/cyt B Teuenue 10-15 nHeil., 3aTem
no 1 rabnerke 2-3 pasa B cytku. Kypc nedenust — ot
10-15 nmeit npu octpom HeBpute, 10 20-30 nHEe —
npu XpoHu4yeckoM. [Ipu HeoOXoauMMoCTH Kypc Jede-
HUS IOBTOPSIIOT 2—3 pasa ¢ HHTEepBaIOM 2—4 Hel 10 J10-
CTHXKEHUS TepaneBTHUecKoro sddexra) - Hemocpea-
CTBEHHO CTHUMYJIHpPYET TIPOBEACHHE WMITyJIbca B
HEPBHO-MBIIIIEYHOM CHHAIICE U B IIEHTPAIbHOW HEPB-
Hoit cucteme (LTHC) BcneacTBue O0Kaabl KaaHEBBIX
KaHaJIOB MEMOpPaHBI.

= Hectepounansie IIPOTUBOBOCIIOIUTEIbHbIC
cpenctea (MHgoMeTanuy HayanbHas 103a - 1o 25 Mr 2-
3 paza/cyt. Ilpu HegocTaTOUHOU BBIPAXKEHHOCTH KIIH-
H14eckoro 3ddekra n03y yBennuuBaioT o 50 mr 3
paza/cyt IIpu noctmkennu ¢ dekra JeueHne Ipomao-
JKaIOT B TeUEHUE 4 HEJleNb B TOM K€ UM YMEHbIIEHHOM
J03€.) - HEOOXOUMBI IS YMCHBIICHUS BOCTIATUTEIb-
HOTO ITpOoIIecca, CHATHS 00N M YMEHBILICHUS OTEKA.

= JI7st 3aIIMTHl JKETyIOYHO-KHIIEYHOTO-TPAKTA
(HrEOUTOPHI IPOTOHHO MOMIBL: paHUTHIUH 150 Mr 2
pasa B IeHb MM oMenpa30i1 20 Mr B CyTKH)

= JIporuBooteunas tepamnus (Jlazukc 0,4 mr mo
1 Tabnetke 1 pa3 B ieHb yrpom). CriocoOCTBYIOT BbIBE-
JICHUIO JIMIIHEH >KUJKOCTH U3 opraHuszMa. B nepsyro
ouepenb BBIBOAUTCA COACPAKHMMOE OTEUHBIX TKAaHEH.
Cna3monutnueckue cpencrea (Cnazmanron 20-80
mr/cyt). Ha3HauaroTcst ajist yCTpaHeHUsl Ype3MepHOTo
MBIIIEYHOTO COKPAIIEHHUS TIPH CUMIITOMax HEBPUTA U
JUTSL pacciabieHns] CTEHOK KPOBEHOCHBIX COCYIIOB, UTO
yJIydiaeT KpoBOCHaOXeHHe TKaHeH

*  AHTHOKCHIAHTHI (anb(a-IuIoeBas KHUCIOTa
pazoBas g03a cocrasisieT 600 Mr 3a moxiyaca 10 yro-
Tpebnenus numu. Kypc sedenus 1 mecsn, 3ateM 1o
300 mr B JIeHb, KaK MOAJIepKrBatotee cpeactro. Cie-
JyeT MPOBOANUTH NMOBTOPHBIE KYpPCHI JIEUCHUS TaHHBIM
CPEICTBOM C TPOMEXYTKOM B | Mecsm.) yiydriaer
MUKPOIIPKYJISAIUI0 W  PEOJIOTHYECKHE CBOWCTBA
KPOBH.

* [IporuBoBUpYyCHBIE JeKapcTBa (AIMKIOBUP
400-800mr 5 pas/cyt kaxaple 4 4, 32 UCKITIOUCHHUEM TIe-
pHOJAa HOUYHOIO CHA, Kypc JIEUEHHs] COCTaBIseT 5
nHel). TopMo3sT npoliecc pa3MHOKEHUsSI BUpyca rep-
neca — OJIHOM U3 IPUYMH HEBPUTA.

*  Bwuramunsl rpynmns! B (Tuamuna 6pomuga, Lu-
aHokoOamaMuH, [IMpUmIOKCHHA THAPOXIOPUI TPHUHH-
MaTh 1o 1-2 TabneTku mocie eapl 1 pa3 B genb. Kypc
neueHust 1-2 Mecsiia) — HEWPOTPONHBIE BHUTAMHUHBL,
MPUHUMAIOT yJacTHe B MeTabosm3Me HepBHOH TKaHH.

PeaOuauranusi npu HeBpHTe JIMILEBOr0 HepBa

B panHem nepmojie Ha3HAYAIOT JICUYCHHE MOJIOXKE-
HHEM, KOTOPOE BKIIIOUAET CIEAYIOIINE PEKOMEHAALUN:

" cnarh Ha 00Ky (Ha CTOPOHE MOPAKEHHUS), B TE-
genue 10—-15 munyt 3—4 pasa B 1eHb CUIETb, CKIIOHHB
TOJIOBY B CTOPOHY IOPaXXEHUs, MOIIECPAKUBAS €€ ThLIb-

HOHM CTOPOHOM KHCTH (C OTIOPOH Ha JIOKOTH), TIOJIBS3HI-
BaTh IUIATOK, NMOATATHBAS MBIIIIEI CO 3A0POBOM CTO-
POHBI B CTOPOHY HOpayKeHHS (CHHU3Y BBEPX), CTPEMSCH
IIPY 5TOM BOCCTAHOBHTH CUMMETPHIO JIHIIA.

= Jlnsg ycTpaHEHHsS aCHMMETPHH JIMIA IPOBO-
JUTCSL TIEUKOTIIIACTBIPHOE HATSKEHUE CO 3JOPOBOM CTO-
poHbl Ha 0oibHYIO. JIeHKOIIACTHIPHOE HATSKEHHE B
nepBble CyTKH NpoBoAiT no 30-60 munyT 2-3 pasa B
JICHb, TIPEUMYILECTBEHHO BO BPEMsI aKTHBHBIX MUMH-
YeCKUX JeHCTBUH (HanmpuMep, MpU pasroBope H T. I1.).
3aTeM BpeMs JIeYEHUS YBEIUIUBAETCs 10 2—3 4acoB.

= CrenyanpHble YIPaXHEHHUS ISl MUMHYECKUX
MBI

1) mogHATE OPOBH BBEPX;

2) HamopmuTh 6poBH ("XMypuThCA");

3) 3aKpHITH I71a3a (IIOCIEeI0BATENEHOCTD BBIOI-
HEHHS 3TOTO YIPaKHEHUS: IOCMOTPETh BHU3; 3a-
KPBITh T71a3a, IPUICPKUBAst BEKO MaJbLIaMH Ha CTO-
POHE MOPaXEHUsI, ¥ JePKaTh IJIa3a 3aKPbITHIMU B Te-
YEHUE MUHYTBI; OTKPBITh M 3aKPBITh IJ1a3a 3 pas3a
nozapsn);

4) ynpI0aThCs ¢ 3aKPBITBIM PTOM;

5) mypHuThes;

6) OIyCTHUTB TOJIOBY BHH3; CAENATh BIOX M B MO-
MeHT BbIoxa "¢eipkaTs" ("BUOpHpOBaTE TyOaMu'");

7) CBUCTETH;

8) pacmmpsaTs HO3IPH

* Maccaxx HaYMHAIOT Yepe3 HEeAEeNI0, CHadania
3/I0POBOH CTOPOHBI M BOPOTHHKOBOH 30HBL [Ipmemsl
Maccaka (TorIaKMBaHKUe, PaCTUPAaHUE, JIETKOE Pa3MHU-
HaHWe, BUOpanus) MPOBOIAT IO OUEHb A e MeTO-
JIMKe

= Tak e peKOMeHIyeTcs:

Dnextpuueckoe nojae YBY

IlepemenHoe none

Urnopeduexcotepanus

Ecnm nmomHOro BOCCTAHOBJICHHS JIMIIEBOTO HEpBa
B TCUCHHWE MNEPBBIX 2-3-X MECSIEB HE IPOU3OILIO,
HA3HAYAIOT JIMIA3y U OHOCTHMYIIATOPHI (2103, DUEC).
[Ipn mosiBNEeHUN KOHTPAKTYp MPOW3BOIAT OTMEHY aH-
THUXOJHMHACTEPa3HbIX IPENapaToB, HAa3HAYalOT MEJO-
KaJIM, TeTpeTo.

Xupypruueckoe JeueHHE IIOKa3aHO B Clydae
BPOXKJICHHOTO HEBPHTA JIUIIEBOTO HEPBA WIIM IOJHOTO
pa3pbIBa JUIIEBOTO HEpBa B pe3ynbTaTe TpaBMEL. Ilpu
oTcyTcTBUH 3 (HeKTa OT KOHCEPBATUBHOW TepaIuy ue-
pe3 8-10 Mecs1eB 1 BBISIBICHUH 3JIEKTPOMH3HOJIOTHYe-
CKHX JIaHHBIX O NEPEPO’KACHUN HEpBa TaKke HE0OXo-
VMO peIlaTh BONPOC O MPOBENCHHUU Olepanuu. Xu-
pYpruyecKoe JieueHHe HEBPUTA JINIIEBOI0 HEPBA HMEET
CMBICIT TOJIKO B TEYEHHE IEpPBOIO roja, TaK Kak B
JajbHEeHIeM HacTynaeT HeoOpaTuMast aTpodyst MUMH-
YECKUX MBIIIL, OCTABIINXCS 0€3 MHHEPBAIMH, H UX YKE
HEBO3MOXXHO OYIET BOCCTAHOBHTb.

IpoduaakTuka GOJLHBIX ¢ HEBPUTOM JIMIle-
BOT0 HEpBa.

[IpenynpexaeHue TpaBM U NEPEOXJIAXKIECHUHN,
aJIeKBaTHOE JICUCHNE BOCHAIHUTENbHBIX U HHPEKIINOH-
HBIX 3200JIeBaHUH yXa 1 HOCOTJIOTKH, CBOEeBPeMeHHOe
JledeHHe BUPYCHBIX 3a00J1eBaHNii, IPaBUJIbHOE NH-
TaHHe M NMPHeM BHTAMHHOB II03BOJIIIOT H30€kaTh
pa3BUTHE HEBPHTA JIMLIEBOTO HEPBA.

OcoxxaeHAs
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IIpu nérxkmx Qopmax HEBpHTa JIMIIEBOTO HEpBa
€ro CHMIITOMBI O€cCIeIHO MCYE3al0T B TEUCHHE Me-
csta.

Tsokénple GOpPMBI MOTYT BBI3BIBATH CIEIYIOIIHE
OCJIOXKHEHHUSI:

- HeoOpaTHUMBIE ITOBPEKICHIS JTUIIEBOTO HEPBA;

- HENpaBWJILHOE OTPacTaHHE HEPBHBIX BOJIOKOH,
YTO MPUBOJUT K HEMPOU3BOJIHHOMY JIBH)KEHHIO OJTHUX
MBIIILI, KOT/Ia YeJIOBEK ITBITAETCS HCIOIB30BaTh APYTHe
- cuHkuHe3us. Harmpumep, korza 4esnoBex yibioaercs,
y HET0 MOT'YT HEIIPOM3BOJILHO 3aKPhIBATHCS IJ1a3a.

- YaCTHYHAs WM TI0JIHAsI IOTePsl 3peHNs], BBI3BaH-
Has HEBO3MOXXHOCTBIO OITyCKaTh BEKH W, KaK CIel-
CTBHE, N30BITOYHON CYXOCTBIO TJIa3.

3aki0uenue

1. HeBpuTh! 1MLIEBOIO HEPBA BCTPEYAIOTCA C Pa3-
JMYHON YaCTOTON B PErHMOHAX CTPAHBIL, B IFOOOM BO3-
pacTte, OAMHAKOBO YacTO Y JIAI 000ETro Ioa.

2. 3ab0neBaeMOCTh pa3BUBACTCS OJJUHAKOBO Y
JIMI] MOJIOJIOTO, M IOXKHJIOTO BO3pacTa.

3. Haubomee yacThiM (hakTOpOM, BEIYIIMM K 3a-
60J1eBaHUIO JIUIIEBOTO HEPBA, BEJET IepEOXIIaxKICHHE.

4. Ecniu cBOeBpEeMEHHO 00paTUTHCS 32 IIOMOIIBIO
K Bpady ¥ BOBPEMS HA4aTh JICICHHE, a TAKKE COOIIIO-
JaTh IPOQIIAKTHKY, TO MOXHO H30eKaTh OCIOXKHE-
HUI HEMpONAaTUH JMLIEBOIO HEPBA.
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Abstract
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The article deals a process of preparing a primary culture of cells from the human metastatic breast cancer
isolating line clones to investigate a clonogenic and proliferative activity.

Keywords: cancer cell, cell lines, human breast cancer.

Within the framework of the modern paradigm of
development of medicine, the emphasis in the study on
the development and selection of effective means of
cancer therapy is shifting towards the selection of per-
sonalized treatment methods. The creation of the latter
is implemented in several directions. Thus, the devel-
opment of anticancer vaccines provides for the intro-
duction of genetic structures into cells that ensure
recognition of these cells by the patient’s own immune
system. At the same time, the great attention of re-
searchers is attracted by the use of local chemotherapy,
which requires testing of therapies on cell lines from

the tumor tissue of patients when cultivated in vitro.
Meanwhile, the development of these areas is ham-
pered by the difficulty of obtaining a stable line of hu-
man tumor cells. Therefore, the development of the al-
gorithm for obtaining a culture of transformed cells is
the main task of the initial stage of creating personal-
ized anticancer drugs.

The purpose of the study was to develop a method
for obtaining a culture of human breast cancer metasta-
sis cells.

Materials and methods

Explant
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The material for the study was obtained from the
tissue of a remote metastasis of patient H., born in 1952,
observed with the diagnosis: “Metastasis of breast can-
cer in the body of the L3 vertebra with an epidural com-
ponent, spinal cord compression of 2-3 degrees”. Com-
prehensive treatment of breast cancer was performed in
2013 (mastectomy, course of PCT). At hospitalization:
left radicular pain syndrome L3; peripheral moderate
paresis L3 root on the left; lumbodynia; condition after
laminectomy, TPF L2-L4. In the conditions of the in-
patient unit of the hospital, the Sverdlovsk Regional
Oncologic Dispensary was administered a planned sur-
gical treatment: total corpectomy L3, spinal fusion
MESH implant. The histological conclusion of the sur-
gical material: metastasis of glandular-skirroznogo
breast cancer. In addition, several tumor fragments
were intraoperatively placed in sterile saline and deliv-
ered to the laboratory within 4 hours from the time the
tissue was taken at + 4 ° C for research.

Primary culture

Under laminar flow conditions, the fabric was
treated with 70% ethanol for 30 seconds, washed with
phosphate buffer. After mechanical grinding, frag-
ments up to 4 mma3 in size were distributed into culture
flasks containing DMEM culture medium (Sigma Al-
drich), fetal bovine serum (9: 1, Sigma Aldrich) and an-
tibiotics in a standard concentration (penicillin 100U /
ml, streptomycin 100 pg / ml).

Cultivation was carried out at 5% CO2 in a Sanyo
incubator. Disaggregation of the fragments was per-
formed on day 3 using a solution of crude collagenase
at a concentration of 200 units / ml. Cells were washed
from the enzyme three times by reprecipitation in phos-
phate buffer (150g, 5 minutes). Cell suspension was
transferred to new culture flasks, which were placed in
an incubator for cultivation at 37 ° C, 5% CO2, 95%
humidity with daily macro- and microscopic control us-
ing an inverted Olympus CX41 microscope at x40,
x200. The medium was changed every 3 days at 60%
of the total volume [1]. Solitary cells adhered on the
surface of the culture flask were noted already 24 hours
after washing from the enzyme.

The first subculturing was carried out when the
culture reached 80% confluence on day 6 after enzy-
matic disaggregation by the standard method [3]. 2/3 of
the total number of cells in the form of a suspension
was transferred to a new culture surface.

Isolation of clones

To isolate clones, a cell culture was used at the
third passage. Cells were sown at a seeding concentra-
tion of 20 cells per 1 cm2 of area and cultured under
standard conditions for 2 weeks - until visualization of
the colonies visible to the naked eye. Each colony was
isolated with a metal ring inside which cells were re-
moved and subcultured using a standard trypsinization
technique. The manipulations were repeated until three
proliferatively active clones were obtained.

Clones, after increasing the required cell volume,
were characterized by the efficiency of seeding and
cloning. For this, cells of each cell clone were planted
at a low seed concentration (20 cells per 1 cm2). The
control of adherent cells was made 6 hours after the
passage, the control of clonogenic activity — in two
weeks, the intermediate microscopic control — every
three days. The calculation was made according to the
formulas:

N2 /N1 x100=PE and N3/ Ni x 100 = SE,

where: N1 is the number of seeded cells, N2 is the
number of formed colonies, N3 is the number of adher-
ent cells, PE is the efficiency of cultivation, SE is the
efficiency of seeding.

Morphological assessment

For the morphological study of clones, cells were
sown on Petri dishes (Sarstedt), in 4 replications for
each clone. After the culture reached the log phase and
70% confluence, the cells were fixed with 80% ethanol
and stained according to the Romanovsky method.

Growth curve

To construct a growth curve [2], cells of the iso-
lated clone were planted on 10 culture flasks (Orange),
with a seed concentration of 5 x 103 cells per cm2. To
carry out cell counting, one culture flask was removed
from the experiment every day, from which cells were
removed using a 0.25% trypsin solution. Cell counting
was performed on a Fuchs-Rosenthal camera in 10-fold
repetition. Based on the data obtained, a growth curve
was constructed and analyzed.

Statistical processing of the data was carried out
using Excel. In constructing the growth curve, the
Mann-Whitney test was used.

Results and discussion

Clonogenic activity

Upon receipt of cell culture from the tissue of me-
tastasis of the breast, three cell clones were isolated. To
obtain the characteristics of viability and proliferative
activity of the obtained lines, the efficiency of cultiva-
tion and seeding was evaluated (Table 1).

Table 1

Comparison of the viability of transformed cell lines obtained from different clones of the same cul-

ture in terms of the efficiency of cultivation and seeding

Clone | The number of Seeding The average The cultivation Sowing
Petri dishes concentration number of efficiency,% efficiency,%
(cells / cm2) colonies in a
Petri dish
1 10 20 1,0 0,52 85
2 10 20 11 0,57 88
3 10 20 14 0,73 93

As follows from the table, the obtained cell lines
showed moderate clonogenic activity: when the seed

concentration was 20 cells per 1 cm2, the average num-
ber of colonies in different clones ranged from 1to 1.4
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per dish. At the same time, the obtained cell culture
demonstrated high seeding efficiency: from 85 to 93%.

Morphological analysis

The analysis of the primary culture revealed a
weak morphological heterogeneity of the cells. The cul-
ture is represented by monomorphic large cells of a
spindle-shaped, process and triangular shape with a
large nucleus and several nucleoli. Cell contacts are
mild.

The study of the morphology of the obtained
clones revealed the morphological differences of cell
lines. Clones 1 and 2 are characterized by the predomi-
nance of functionally active cells with an oval, well-
contoured nucleus, pronounced cellular contacts and
the presence of no more than 3 nucleoli. The cells had
a predominantly fusiform and process shape. In the cy-
togram of clone 3 culture, an increase in cell polymor-
phism was observed with an increase in confluence,

50 -
40

which is typical of cultures obtained from tumor tis-
sues. Culture is represented by cells with one or two
nuclei and the presence of at least two nucleoli. Cell
contours and cell contacts are distinctly expressed. Af-
ter the culture reached more than 70% of confluence,
numerous clusters of small rounded cells with a lower
optical density of the cytoplasm appeared. These colo-
nies were surrounded by larger cells with one or two
large processes. Between such colonies were located
large and small cells of the spindle-shaped, triangular
and growth forms with one or two nuclei containing at
least three nucleoli.

Growth curve

In the course of the research, data were obtained
on the basis of which the growth curves for cultures ob-
tained from various clones were plotted (Fig. 2).

30

= clone No1

20

10 -

= clone No2

m ClOne No3

0 | 1 1 1 1 1

cell number (thousand
per cm?)

0

24 48 72 96 120 144 168 192 216 240

hours

Figure 2. Growth curve of cell cultures derived from breast cancer metastasis tissue.

An analysis of the growth curve made it possible
to determine the duration of the cell growth phases and
compare these indicators with the obtained lines. As
follows from the graph, the output to the lag phase for
all lines was observed by 24 hours. In this case, already
by the example of the log phase, noticeable differences
can be traced: for lines 1 and 2 of the clones, it was 168
hours, and in line 3 of the clone, the log phase lasted
less than 144 hours. The Plateau phase, in which the
number of cells stabilized, was achieved by 8 and 7
days, respectively. The minimum average doubling pe-
riod was demonstrated by 3 clone culture and was 33.8
hours. For cultures 1 and 2 clones, the doubling period
is from 35.9 to 37 hours. The maximum number of cells
also differed. Thus, registered in culture from 1 clone
to 9 days, it amounted to 40.72 thousand cells per cm?.
A comparable result for this indicator was obtained for
cells of the 3 clones: 39.64 thousand cl / cm2 on the 7th
day of the experiment. However, the maximum number
of cells in culture 2 clones was significantly lower:
32.54 thousand cells / cm2 for 8 days.

The presented differences indicate the heterogene-
ity of the cellular composition of the tumor, which con-

firms the well-known ideas about the different clono-
genic and proliferative activity of clones isolated from
a single tumor sample. It is important that different cell
lines of one tumor may differ in immunogenicity gen-
erated in the process of creating an antitumor vaccine.
Accounting for these data will also help to more effec-
tively determine the individual sensitivity of the patient
to the planned antitumor therapy.

Accounting for these data will also help to more
effectively determine the individual sensitivity of the
patient to the planned antitumor therapy.

Conclusion

1. Clonogenic and proliferative activity, as well as
the morphology of cell lines isolated from different
clones of one tumor differ, which suggests a different
inducible immunogenicity.

2. The developed algorithm can be used to obtain
cell cultures from tumor tissues to create an antitumor
vaccine, to study the additional expression of genes on
transformed cells, to increase the effectiveness of per-
sonalized therapy for cancer patients.
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Abstract

The problem of obesity is one of the most pressing in modern medicine. Nowadays the method of choice for
treatment of morbid obesity is surgical. There is currently no single ideal bariatric surgery, which would be effec-
tive and safe for all obese patients. The early postoperative period is dangerous by the development of life-threat-
ening complications, which must be diagnosed in time. Multislice computed tomography nowadays is a reference
method of imaging that allows you to comprehensively assess the anatomical features of each person, to identify
associated diseases and to diagnose early postoperative complications in time.

Keywords: obesity, bariatric surgery, multislice computed tomography, postoperative complications.

Introduction

The problem of obesity is one of the most pressing
in modern medicine. Obesity is a chronic disease man-
ifested in excessive fatty tissues in the body which is
prone to progression leading to complications and high
risk relapse after a course of treatment.

Currently prevalence world obesity has gained
scale pandemics [4], [5], [6], [8], [9]. Every year, the
number of people with both overweight and obesity in-
creases. According to WHO data for 2017 the world's
official obesity statistics totals about 1.9 billion over-
weight people. More than 640 million people are exces-
sively full.

In Belarus according to WHO data for 2017 60.6%
of the population are overweight, including 25.4% of
people who are obese. Visceral obesity was diagnosed
in 42% of men and 63.5% of women.

Obesity is the root cause of such serious diseases
as hypertension, ischemic heart disease, early vascular
atherosclerosis, diabetes mellitus 2 types, hormonal
disorders, significantly increasing the risk of disability,
disability, premature death, often in a young age.

For an objective assessment of the trophological
status, the BMI is used, developed by the Belgian soci-
ologist and statistician A. Ketele in 1869. According to
the WHO recommendations, in the normal state BMI is
from 18.5 to 24.99 kg / m2; overweight, or pre-obesity,
is considered for a BMI of 25 kg / m2 to 29.99 kg / m2;
with BMI from 30 kg / m2 to 34.99 kg / m2 - | degree
of obesity; BMI from 35 kg / m2 to 39.99 kg / m2 - 1l
degree of obesity; BMI> 40 kg / m2 - 111 degree of obe-
sity [6], [7], [8].

Using non-invasive methods of treating this pa-
thology, unfortunately, are ineffective, since more than
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95% of patients cannot achieve results, let alone keep a
clinically significant weight loss, and in severe obesity,
the effectiveness of conservative therapy does not ex-
ceed 5-10%, and therefore the method of choice in mor-
bid obesity treatment is a surgical [1], [2], [3], [4], [11].

Bariatric surgery is the most effective method of
achieving significant and long-term weight loss in pa-
tients with morbid obesity. In morbid obesity, the fol-
lowing main methods of bariatric surgery are per-
formed:

e intragastric balloon;
adjustable gastric banding (AGB);
sleeve gastrectomy (LSG);

Roux-en-Y gastric bypass (RYGB);
mini gastic bypass (MGB)

e hiliopancreatic division (BPD).

Indications for the surgical treatment of obesity
are [3], [4], [7]:

-IMT more than 40 kg/m2, so called morbid obe-
sity;

- with a lower BMI - from 35 to 40 kg / m2, but in
the presence of concomitant diseases or complications
that dramatically worsen the prognosis and are associ-
ated with obesity: diabetes, uncontrolled arterial hyper-
tension, heart failure, etc.;

-effectiveness of previous conservative treatment.

Contraindications for surgical treatment of obesity
are: decompensated comorbidity (cardiac, hepatic, re-
nal, pulmonary insufficiency); exacerbation of gastric
ulcer and duodenal ulcer; pregnancy; drug addiction,
alcoholism, mental illness; oncological diseases; pa-
tients younger than 18 years old (in the absence of pa-
rental consent) [3], [4], [7].

MSCT is one of the leading modern imaging
methods, which has several advantages that make it
possible to identify the complications, both early and
remote, and evaluate the results of surgical treatment.

MSCT is the most informative method for exam-
ining patient data, since the large body mass and the
amount of subcutaneous adipose tissue reduces the ac-
curacy and makes it difficult to carry out other methods
of medical imaging, such as X-ray examination (fluor-
oscopy with oral contrast) and ultrasound of the ab-
dominal organs.

Early postoperative complications are complica-
tions identified in the first 30 days after surgery [10],
[12].

In the early postoperative period, computed to-
mography makes it possible to identify various compli-
cations such as anastomotic failure, intestinal obstruc-
tion, abscesses and fluid flow into the abdominal cav-
ity, deep vein thrombosis, hiatal hernia, esophagus
dilatation, infection of wound, etc.

Materials and methods

In the period from June 2014 to August 2018, 170
different types of bariatric surgeries were performed at
the Minsk Scientific Practical Center for Surgery,
Transplantology and Hematology in Minsk with the
aim of reducing body weight in patients suffering from
obesity 1-3 degree.

The study included 37 patients- 11 men (30%) and
26 women (70%), aged from 18 to 64 years, median age
of 42 years (36-52 ), who underwent various types of
bariatric surgical procedures, 19 patients (51.4%) have
undergone sleeve gastrectomy, 13 (35.1%) — mini gas-
tric bypass, one (2.7%) — gastric plication, one (2.7%)
— Roux-en-Y gastric bypass, in three patients (8.1%),
combined surgical treatment was performed. During
bariatric surgery, two patients also underwent chole-
cystectomy, one patient had fundoplication, and one
patient had a hernia repair of the umbilical hernia. For
the diagnosis of postoperative complications, patients
underwent MSCT of the abdominal cavity with oral
contrast according to standard protocols (Toshiba Ag-
uilion One 640). Scanning parameters: slice thickness -
1mm image matrix - 512x512, tube voltage - 120 kV,
current strength - 100 wt.

Using post-processing of CT data , the stomach
pouch volumetry , assessment of the state of anastomo-
ses and internal organs, assessment of the amount of
subcutaneous fat were also conducted for further com-
parison in the late postoperative period and evaluation
of treatment results in the future.

Results and discussion

Of the 37 patients enrolled in the study, 31 patients
underwent one CT scan in the early postoperative pe-
riod, three patients underwent two CT examinations,
two - four CT studies, one - five CT studies.

Seven patients were diagnosed with early postop-
erative complications: (Figure 1 - 9) in three patients
after SG and after gastric plication failure of the suture
line was detected, of which one patient - with the in-
complete gastric fistula, intestinal fistula, peritonitis
and wound infection. In the second patient - undergone
gastric pouch and peritonitis were recognized; the third
patient had undergone gastric pouch, peritonitis and
pleural effusion on the left. In one patient after MGB
afferent loop syndrome and wound infection were iden-
tified. In three patients, after a SG and after combined
surgical treatment, a hematoma near the stomach pouch
was identified with no signs of failure of the suture line.

Two patients in the postoperative period were
identified to have developed hiatal hernia, which were
not diagnosed before surgery and intraoperative

Four of the seven patients with complications re-
ceived re-operations.
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The number of complications for the study period

Hiatal Hernia
20% _\ Failure of the
suture line

30%

Postoperative
hematoma near
stomach pouch-

20%

Wound infection
10%

Postoperative

liquid near
Pleural effusion - stomach pouch-
10% 10%

Figure 1 - The percentage of identified complications over the study period

-
T -
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Figure 2 - Patient D, 18 yes old, after sleeve gastrectomy

When MSCT with contrast is determined leakage
of contrast into the abdominal cavity due to the insol-
vency of the area of the suturing of the stomach (arrow)

Figure 3 - Patient D., 47 years old, after gastric plication

An intestinal fistula with an infected leakage into
the anterolateral abdominal wall on the left and into the
abdominal cavity (arrow) has formed
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Figure 4 - Patient K., 55 years old, after sleeve gastrectomy

One of the complications was pleural effusion and
left-sided lower lobe pneumonia (arrows)

Figure 5 - Patient M., 53 years old, after mini gastric bypass

A wound infection has been identified in this areas
(arrows)

-——ars

Figure 6 - Patient B., 52 years old, after combined surgical treatment (adjustable gastric band removing+ mini
gastric bypass)

The limited accumulation of the contents of the
hemorrhagic density paragastrally was found without
signs of failure of the suture line (arrow)
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Figure 7 - Patient P., 30 years old, after sleeve gastrectomy

The limited accumulation of liquid density with a

bubble of air is paragastrally determined without signs

Figure 9 (a, b) - Patient A, 44

A hiatal hernia was detected, which was not diag-

nosed before surgery and intraoperative (arrows)
Conclusion

The problem of being overweight and obesity is
extremely common in the modern world.

The applied non-invasive methods for the treat-
ment of morbid obesity are practically ineffective, and
therefore the method of choice for the treatment of this
pathology is surgical.

There is currently no single ideal bariatric surgery
that would be effective and safe for all obese patients,
so a differential approach should be taken to selecting
the type of surgery based on age, BMI, presence of con-
comitant diseases, food preferences, treatment motiva-
tion and financial possibilities of patients.

AN
years old, after sleeve gastrectomy

of insolvency in the area of the suturing of the stomach
(arrow)

s

The early postoperative period after bariatric sur-
gical treatment is dangerous by the development of life-
threatening complications, which should be diagnosed
in time.

Of the 37 patients included in our study, compli-
cations were identified in seven patients, including fail-
ure of the suture line, complicated by peritonitis, wound
infection, pleurisy with effusion, and pneumonia. Two
patients had hiatal hernia, which were not diagnosed
before surgery and intraoperative. The most frequent
and most severe complication is the failure of the suture
line, which requires re-operation.

MSCT today is a reference method of research that
allows us to comprehensively assess the anatomical
features of each person, identify associated diseases
and diagnose early postoperative complications in time.
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Abstract

Work is dedicated to studying the effect of BCAAs on hematological parameters and cellular mechanisms of
cytokine synthesis in order to assess their immunomodulating activity in Wistar male rats on a modified Ferhulst-
Pearl mathematical model with cyclic starvation. The study found that the addition of BCAA to the diet of rats
provides a statistically significant increase in the content of lymphocytes in serum compared with this indicator in
rats of group O-2 (without the addition of BCAA). Consumption of rats BCAA for 60 days with cyclical starvation
causes a decrease in the level of IL-10 and an increase in the levels of 1L-1a and IL-2 due to the activation of
signaling pathways that regulate the switching of the Th2 immune response to predominant production cytokines
Thi.

AHHOTANHSA

Pa6ota mocssiena usyuenuto Biusiaust BCAA (branched-chain amino acids) va rematonorunueckue mokasa-
TCJIU U KJICTOYHBIC MC€XaHU3MbI CHHTE3a HUTOKHMHOB C LICJIbXO OLICHKU HUX I/IMMyHOMOL[yJ'II/IpyIOHIeﬁ AKTUBHOCTH Y
KpBIC-caMIIOB JIMHUH BucTtap Ha MomuduurpoBaHHOI MaTeMaTndeckoi moaenn depxronbcra-Ilupna ¢ mukmmge-
CKUM TOJIOaHNeM. B pe3ynbpTare ncciiefoBaHuS YCTaHOBIICHO, 9TO HoOaBieHne B pannoH kpeic BCAA obecrre-
YWI0 CTaTUCTUYCCKU JOCTOBEPHOEC MOBBIMICHUE COACPKAHUA JII/IMCI)OI_[I/ITOB B CBIBOPOTKE KPOBHU 11O CPAaBHCHUIO C
JIaHHBIM TTOKa3ateneM y kpbic Tpymmbl O-2 (6e3 modasnenus BCAA). [Totpebnenne kppicamu BCAA B TeueHwme
60 el Ha (hOHE MUKIUIHOTO TOJIOJaHMs BRI3BANIO CHIDKeHHUE ypoBHS IL-10 u Bo3pacTanue yposHeit IL-1a u IL-
2 3a CYeT aKTHBAIMU CUTHAIBHBIX MyTeH, PEryJIUPYIOIIUX MepeKioueHrue Th2-UMMyHHOTO OTBETa Ha MPEUMY-

I[IECTBEHHYIO MPOIYKIIUIO IUTOKUHOB Thl.

Keywords: immunity, cytokines, lymphocytes, Ferhulst-Pearl model.
KaioueBble ci10Ba: MMMYHUTET, IUTOKHUHBI, TUM(POLUTHL, Mojenb Depxronbera-Ilupaa.

Cpemu OCHOBHBIX ITUPOKO HUCTIONB3YEMBIX B CIIOP-
TUBHOM ITUTAaHUH KOMITIOHEHTOB CIICIIHATH3NPOBAHHBIX
mumeBsIx mpoaykTos (CIIII) nim B kauecTBe OHONIOTH-
YECKH aKTHBHBIX M00AaBOK K MHIINEC MOXXHO BEIICIHTH
AMHUHOKHUCIIOTHI C Pa3BETBICHHOM IIETTOYKOH MOJICKYIIBI
(branched-chain amino acids - BCAA): BanuH, neii-
1uH, u3ojeinun. Hapsmy ¢ oOumpHo# qoka3zaTenbHON
6azoii addexruBHOCTH MpuMeHeHus aanubix CIIIT B
CIIOPTUBHOW TPAKTHKE, HMEIOTCS pa3pO3HEHHBIC U
HEOJIHO3HAYHO WHTEPIPETUPOBAHHBIC PE3YJIbTAThl UX
HMMYHOMOTYJTUP VIOIIIETO BIUSHHSL.

Heab nccienoBanus - usydenue pamstausg BCAA
Ha FeMAaTOJIOTHYECKHUE MOKA3aTeIH U KICTOYHBIC MeXa-
HU3MBI CHHTE3a IUTOKWHOB C [ENBI0 OLICHKH UX UMMY-
HOMOIYIHUPYIOIIEH aKTHBHOCTH Y KPBIC-CAMIIOB JTHHUHU
Bucrap Ha MOTUpHUIMPOBAHHON MaTeMaTHYECKONH MO-
nemn Depxronbera-Ilupna ¢ OUKIMYECKUM TONIOAA-
HUCM.

Marepuaj ¥ METOABI HCCIIET0BAHUSI. JKCIICPH-
MEHTAJIbHOE MCCIIEJI0BaHNE [UIMTEIbHOCThIO 60 nHei

BBINTOJTHEHO Ha KIIMHWYECKH 3/I0POBBIX KPbICaX caMIax
nuHuM Bucrap, ¢ maccoit tena 250+5 r. Bee KUBOTHBIE
ObuTH paszaeneHsl Ha 4 Tpynnsl (10 10 KpBIC B KaX IO
TpyIIe): KpbIchl KOHTpoIbHOU rpynmsl (K-rpymnma) mo-
Jy4aJHd CTaHIapTH30BaHHBIN COATaHCHPOBAHHBIN Ja-
OopaTopHBII KOPM I8 TpPHI3YHOB IPOM3BOACTBA
dupmer OO0 «Jlabopatopkopm» (Poccust) ad libitum.
1-oit onsITHOM rpynme (O-1-rpymnmna) KOpM JaBajiy MO
cxeme: iepBbie cyTkd — kopm ad libitum, Bropsre cytku
—ronoanue (cuctema KopmiteHust 1-1), 2-0it onbITHO#
rpymue (O-2-rpynia) KOpM JaBajiu Mo CXeMe: NepBbie
cyrku — xopm ad libitum, Bropeie u TpeThu CyTKH —
JIBOE CYTOK ToyioaHus (cucreMa 1-2) 6e3 moOaBieHUs
BCAA, 3-eit onsITHO# Tpymme (O-3-Tpymma) KopM aa-
BaJIU 110 cxeMe: nepBbie cyTku — kopwm ad libitum, Bro-
pBI€ ¥ TPETBH CYTKH — JIBO€ CYyTOK T'OJIOAaHH (CHcTeMa
1-2) ¢ mobaBnernem BCAA B mo3mpoBke 70 Mr/kr
Macchl TeJla B CYTKH.

Tabnumna 1

JAu3aiiH 3kcnepuMeHTa.

I'pynnst PexxuM KOpMIIEHHS! JKUBOTHBIX

KonTpoiss xkopmiterne — ad libitum

Ot 1 kopmitenue — 1 cytku - ad libitum — 1 cyTku - roson

OmpiT 2 kopmitenue — 1 cytku - ad libitum — nBoe cyTok — ronox 6e3 nobasnenus BCAA
OmebiT 3 kopmitenne — 1 cytku - ad libitum — nBoe cyTok — ronox ¢ nobasnennem BCAA

B pabome ucnonv3osanu ciedyrowue memoowl.

1. Meroa MyJbTHIIJIEKCHOTO HMMYHOAHAIN3A.
s onpenenenus yposHs nutokuHoB: GM-CSF, INF-
v, IL-10, IL-12p70, I1L-13, IL-1a, IL-1B, IL-2, IL-4, IL-
5, IL-6, TNF-0. B chIBOpOTKE KPOBH KpBIC HCIIONIB30-
BaJIM KOMMEPYECKUH HaOOp AJIsl MyJIbTHILIEKCHOTO M-
MyHoaHanu3za Bio-Plex Pro Rat Cytokine Th1/Th2
Panel 12-Plex («Bio-Rad Laboratories, Inc.», CIIIA).
W3mepeHust BBIMOMHSIN HA MYJIbTUILICKCHOM aHAH3a-
Tope «Luminex 200» («Luminex Corporationy, CIIIA).

2. T'emaToJIOTMYeCKHE NMOKA3ATEIH ONPEICIIsUIH
Ha remMartoJyiorndaeckom aHammsarope «Coulter ACT™5

diff OV» mpoussoactea pupmsr «Beckman Coulter Int.
S.A». OnpeznenseMble TapaMeTPhI: COJICPKAHUE IPUT-
POLIUTOB, JICHKOIUTOB, TPOMOOIIUTOB, KOHIICHTPAIIHS
reMOTJIO0NHA, TeMATOKPHUT, CPEIHUA OO0BEM 3PUTPO-
UTa, CpeJHee COJCpKaHUE TeMOTIIOOWHA B 3PUTPO-
UTE, CPEIHSS KOHIICHTPALUS TeMOTIIO0WHA B 3PUTPO-
uuTe, JeWkonuTapHas QopMyna, CpemHUN 00BeM
TpOMOOINTA, OTHOCUTENBHBI 00beM TPOMOOIIMTOB B
oOpa3stie 1ebHOM KPOBH.

3. CraTucTHYecKHe MeToIbl 00paboTKH MoJy-
YeHHBIX pe3yJbTaToB. CTaTHCTUYECKYIO 00pabOTKY
pE3yJIbTATOB TPOBOIUIIN C HCIOJIb30BAaHHEM [aKeTa
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npukiaaaeix nporpamm IBM SPSS Statistics Version
20. PacueT BKJIFOUYA ONPECICHIE BHIOOPOYHOTO CPeI-
HET0, CTaHAAPTHOH OMIMOKH, BEPOSITHOCTH MPHHSITHUIL
HYJIb-THIIOTE3Bl O COBMAJCHUH PACIPEeSICHIH CpaB-
HUBaeMbIX BBIOOPOK coriacHo Kputepuio CThIOACHTA,
Manna-Yutan 1 ANOVA. Pazmuunst npusHaBaiy J10-
CTOBEPHBIMU IIpU ypoBHE 3HaunMocTtH p<0.05.

B skcneprMeHTaNbHOM HCCIIeJOBAaHUU B COOTBET-
CTBHHU ¢ MoJuduIMpoBaHHON Mojenbto DepxrobeTa-
[Mupna (MM®IT) [1, 2] paccunTbiBain KO3PPUITHESHTH
anmnetuta A (koaddunmentst MM®II). {nst Berumcie-
Hus ko3 durenta MM ®II Ob11a paspaboTana cieay-
romas  popmyna: A=m?-(k-e*-1)/(e*-1), rae k —
(Mo/m)?, At — NPOJOKUTENLHOCTh TONOJAHUS, M —
yaeIpHOE MOTpedIeHHe KOpMa )KHBOTHBIM B CYTKH T10-
CJIe TOJIOJIAaHHS U3BECTHOH MPOAOIDKUTEIBHOCTH, Mo -
yAeIbHOE TTOTPeOICHHE KOPMa )KHBOTHBIM B CYTKH IIPH
ad libitum. Bruonoruueckuii CMbICT U 3HAYUMOCTH MO-
Jnenu MMOII cBoauTCs K OLICHKE BO3AECHCTBUS HCCIIE-
JIyemMoro (aktopa Ha UCIBITYyeMOe KUBOTHOE B DKCIIe-
puMeHTe iN ViVO ¢ MOMOIIBI0 pacyeTHOro Kodddumu-
eira MMO®II. Ecimm mnpu  OuoMopenupoBaHUH
TOJIOJIAHUS UCCIIeyeMbIid (hakTop MPUBOIHUT K OTKJIO-
HeHno kKodpdunrerra MM®II ot u3BecTHOTO qHIana-
30Ha HOPMBI, TOT/Ia JaHHOE BO3JICHCTBHE CIIEAYET pac-
[ICHUBATh KaK IaToJIormdeckoe. [ moKa3aTenbcTBa
BEPHOCTHU MOJICTIH CIIEAYET JOKa3aTh IBA TE3HCA: TE3UC
0 TIPUHITAIE CTAaOMIFHOCTH KO3 (GUIMEHTa U TE3HC O
TOM, YTO TPH HAPYIICHWH NPUHIHIA CTAOWIBHOCTH
BCEr/la ClIelyeT MHTEPIPETUPOBATh SKCIEPUMEHTAIIb-
HOE BO3JIEHCTBUE Ha MOJIEIBHBIA 00BEKT (J1abopatop-
HOE XHBOTHOE) Kak marojorudeckoe. /lokasarenbcTra
CBOJSTCSA K IIOATBEPXKACHHUIO PsJia YCIIOBUM. Y CIIOBUEM
crabmwipHOoCcTH KO3 durmenta MMOII  sBisercs
HaxXOXJIEHHE XOTs Obl IBYX PEXKHUMOB KOPMIICHUS

OIIBITHBIX TPYMI, MPU KOTOPBIX 3HAYEHHA K03 uuu-
€HTOB HE MMEIOT JOCTOBEPHBIX OTIUYUM. YCIOBUEM
HapyIIeHHs MPUHINIA CTa0MIFHOCTH K03 duimenTta
MMO®II cnemyer cunTath HaxOKACHHE XOTSA OBI O-
HOTO peXHMa KOPMJICHHS, JUIS KOTOPOTO 3TOT IPHH-
U He coOmromaeTcst. Y CJI0BHEM OQHO3HAYHON HHTEP-
IpeTany MNPUCYTCTBYIOIIEr0 MaTOJIOIMYECKOIO BO3-
JCUCTBHS TIPU HApYLICHUH IMPUHIMNA CTaOMIBHOCTH
koa(duieHTa SBISETCS YCTaHOBJIEHHE JOCTOBEPHO
OoJIbIlIei BEDKMBAEMOCTH TPYIII, /ISl KOTOPBIX MPHH-
LUI CTAOMJIBHOCTH HE HapyIIeH 110 CPABHEHUIO C IPyTI-
II0H, [l KOTOPO# 3TOT IPUHLKI HapyleH. IIpu 3ToM,
Cpenu TpymIl, Ui KOTOPBIX IPHHIUI CTaOHIBHOCTH
coOoaeTcs, TOJDKHA OBITH XOTS OBl OJHA TPYIIIA,
BBDKHBAEMOCTb KOTOPOH HE IMEET CTAaTUCTUYECKH 3Ha-
YUMBIX OTJIMYUI OT TPYyMNIBI, CHCTEMa KOPMIICHHS KO-
topoit ad libitum (koutponsHas rpymma).

Pe3yabTaTsl H 00cy:K1eHMe.

Kosgppuyuenmor annemuma A 6 moouguyupo-
sannot mooenu Pepxronvcma-Ilupna (MM®II). B sxc-
NIEPUMEHTAIBHOM HCCIICIOBAaHUM B COOTBETCTBUH C
MoauduimpoBanHoli Monensio Depxronbera-Ilupna
(MM®II), paccunTbiBaiguch KO3QQUIMEHTHI anneTHTa
A (xoxpdpunmenter MMOII). TIpu cpaBHUTETEHOM
aHamm3e kodpdummenror MMO®II Ha mepBoM 3Tame
9KCIIEPUMEHTa C HCIOJIb30BAHUEM OTHO(DAKTOPHOTO
JVCTIEPCHOHHOTO aHanu3a, {-kputepus u F-kpurepns
OBIIO YCTaHOBJIEHO, YTO MEXXAY PEKHUMAMHU TOJOIAHUS
cuctemsl 1-1 u 1-2 HaOmMOMAIOTCS TOCTOBEPHBIE OTIIH-
yus Kak 0e3 nobasinenus BCAA, Tak u ¢ 100aBiIeHEM
BCAA. TIpu stom no6asneane BCAA B ucnomns3ye-
Mot to3upoBke (rp. O-3) He NPUBOAAT K CTATUCTHYE-
CKH 3HAYUMBIM OTJIHYUSIM Kodduenra MMOIT nnst
AHAJIOTHYHOT'O PEeXHMa KOpPMIJICHHUS, HO 0e3 ero 1o0as-
neHus (OIBIT 2).

Tabmuma 2

Koagpdpuunent MMPII.

Cxema 1-1

Cxema 1-2 6e3 BCAA

Cxema 1-2 ¢ BCAA

5,0+0,1 7,4+0,3!

7,4+0,3"

1 — AOCTOBEpHOE OTIAMYHE OT PEKIMA KOPMIICHUS
o cxeme 1-1 mpu ypoBHe 3Haunmoctu p<0,05

Bnusnue BCAA na eemamonozuueckue noxkasa-
menu Kpulc Npu paziuyHblx peicumax 20100anus. Pe-

3YyJbTAaTbl IrEMATOJIOTNYCCKUX I/ICCJ'IC,I[OBaHI/If/’I u UIIKOo-
CTpaly1 K HUM IPEACTABJICHBI B Tabm. 3 u Ha pUCYHKax
1-5.

Tabmmma 3

IemaToJIOTHYECKHE MOKA3ATETH KPbIC.
ITokazarenu KOHTPOJIb Omnpit | Ompit 2 Ompit 3 Hopwma [3]
Ofmee  KOMMUECTRO | g 53, 1) 8,36+0,29 740802612 | 741201712 | 44-89
SpUTPONUTOB, 107/
KoHueHTpauus remo- | 447 4,1 149,0+4.2 132,643,712 | 1333+3,112 86-173
raoouna, /i
I'ematokpur, % 44,2+0,5 45,0+1,4 40,0+1,212 40,2+0,9%? 31,4-51,9
Cpenmii 00bem 5put- | 531, g 53,8:0,6 54,0:0,5 54.3:0,3 50,6-93,8
pOIHTa, MKM
Cpennee conepxanne | 45 4. - 17,940,2 17,9+0,2 18,0+0,1 13,4-26,1
Hb B spuTporuuTe, nr
CpenHsisi KOHLEHTpa-
1y 333+1 332+2 332+2 331+1 247-368
Hb B sputpouute, r/a
JleitkonuTsl, 1091 7,3+0,4 8,5+0,8 6,5+0,7 6,4+0,4 1,4-34,3
Bbazodwiel, % 0,70+0,16 0,65+0,11 0,57+0,10 0,60+0,13 0-1
Do3uHoduisl, % 2,38+0,23 2,76+0,32 2,90+0,33 2,71+0,30 0,0-5,5
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Heiirpodusr, % 21,8+1,7 24,7+4,9 32,2+4,3 26,6+2,3 0,4-53,8
Jlumdorurer, % 68,6+1,3 63,4+4,6 54,7+2,11 61,6+2,7%2 42,3-98,0
MoHorwuTsl, % 6,54+0,52 8,54+0,68' 9,57+1,00! 8,230,321 8,1-16,8
Tpom6onutsl, 10%/1 588+8 61524 692+40 68427 409-1250
Cpenuii obvem = g 11,0 oy 6,04+0,12 5,89+0,11 6,14+ 0,17 5,0-8,0
TPOMOOITNTA, MKM
Tpom6Gokput, % 0,35+0,05 0,37+0,11 0,41+0,02 0,36+0,01 0,2-0,5

ITpumeuanue: 1 — 7OCTOBEpHOE OTIIMYUE OT KOH-
TPOJIBHOM TPYIITEI IpU YpoBHE 3HaguuMocTH p<0,05

2 — JOCTOBEpPHOE OTIMYHE OT 1-0if OIBITHOM
TPYIIIEI TIpu ypoBHE 3HaunMocTH p<0,05

3 — J0CTOBEpHOE OTJIMYHE OT 2-Oif OMBITHOMN
TpymIE Ipy ypoBHE 3HaunMocTH p<0,05

Obuwee KOAMYECTBO IPUTPOLIUTOB

1000000000000/ n

1,2
T

8,5 £ T
8 |
1,2
7,5 - T
. . I
6,5 - T T 1
K o-1 0-2

0-3

Puc. 1. Obwee konuvecmeo spumpoyumos y Kpvlc KOHMPOIbHOU U ONLIMHBIX 2PYIA.

1 — nocroBepHOEe OTIMYME OT KOHTPOJBHOH
TPYIIBI IpH ypoBHE 3HaunMocTH p<0,05

2 — JIOCTOBEPHOE OTJIMYME OT 1-0if ONBITHOM
TpynIsl IpH ypoBHE 3HauuMocTH p<0,05

160

155

KoHueHTpauua remornobuHa

r/n

150 T
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140

135

130
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115 :
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I T
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Puc. 2. Konyenmpayus eemoeniobuna y Kpolc KOHMPOIbHOU U ONbIMHBIX 2PYIN.

1 — nocroBepHOE OTIMYME OT KOHTPOJIBHOU
Tpynnsl Ipu ypoBHe 3HauuMocTt p<0,05

2 — JIOCTOBEpHOE OTIMYHE OT |-0i OIBITHOM
Tpymnsl Ipu ypoBHe 3HauumocTtu p<0,05
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Puc.3. Benuuuna eemamoxpuma y Kpvic KOHMPOAbHOU U ONBIMHBIX SPYAN.

1 — nocroBepHOE OTIMYME OT KOHTPOJBHOU
oBHe 3HaunMocTH p<0,05
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Puc. 4. Omnocumenvrhoe cooepacanue TUMPOYUmMo8 y Kpblc KOHMPOAbHOU U ONbIMHBIX SPYNN.

1 — nocroBepHOEe OTIMYME OT KOHTPOJBHOH
TPYIIBI IpH ypoBHE 3HaunMocTH p<0,05
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2 — JIOCTOBEPHOE OTJIMYUE OT 1-0if OMBITHOM
Ipymnnsl Ipy ypoBHe 3HauuMocTtH p<0,05

3 — IOCTOBEpHOE OTIMYHME OT 2-OW OIBITHOM
TpynIsl Ipy ypoBHe 3HauuMocTH p<0,05

Puc.5. Omnocumenvroe codepoicaniue MOHOYUMOS Y KPbIC KOHMPOIbHOU U onvimHubix epynn. 1 — docmosephoe
omaudue om KOHMpPOIbHOU 2pynnsl npu ypoeue 3Hauyumocmu p<0,05
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B pe3synbpTare uccie10BaHus yCTAHOBIIEHO H0CTO-
BEPHOE OTIIMIUE MEXITY KOHTPOJIBHOU | 1-0# OTBITHOM
TPYINON TOJIBKO B OTHOIIEHWH COJEPIKAHHMS MOHOIH-
TOB: COAEPKAHNE MOHOLUTOB B KOHTPOJBHOW TpyIIe
6b110 Ha 31% MeHbIIe, 4eM B 1-0if ombITHOH rpyme
(O-1) (tabm. 3, puc. 5).

CucteMHbIE OTIMYHS ObIIIM YCTaHOBJICHBI KaK JIIs
KOHTPOJIBbHOM, Tak U A 1-0M ONBITHOM Ipymmsl Npu
cpaBHeHHH cO 2-0i1 (O-2) m 3-eii (O-3) OmbITHBIMU
rpynnaMy B OTHOILIEHUH TTOKa3aTelel, XapakTepH3yo-
Myl ypoBeHb reMoryioOnHa B KpoBH. Tak, KOHTPOIIb-
Has U 1-asg ONbITHAs TPYMNIBI IO KOHIEHTPALUU 3PUT-
pOLIMTOB, TeMOTI00NHA U reMaTokpuTa Ha 10% mpeBsI-
LIy [0 BEJIWYMHE aHAJIOTHYHBIE TI0KA3aTeNn 2-0H U
3-it ompITHEIX Tpym (Tabm. 3, puc. 1-3). YcraHoBIeH-
HBI JOCTOBEPHBIM CTATUCTHYECKUN OTKIMK OJHO-
3HAYHO YKa3bIBA€T Ha CYIIECTBYIOLINIA 3HAYNMBII OHO-
norndeckui 3pQexT B OTHOLICHNH CHHTE3a I'eMOIJIOo-
OuHa B YCIOBMAX TOJOJAaHMA, TPH KOTOPOM
CTaTUCTUYECKH JOCTOBEPHO U3MEHSETCS BeJIMUHMHA KO-
s¢ppunrmenta MMOII. VcraHOBICHO, YTO MEXKIY KOH-
TPOJNBHON U 2-0¥ U 3-H ONBITHBIMM TPyMIaMH CyIIe-
CTBYET JJOCTOBEPHOE OTIIMYHUE MO YPOBHIO COAEPIKAHUS
TMQOLUTOB: OTHOCUTEIBHOE COJEPIKAHNE JTUMPOIH-
TOB B KOHTPOJIbHOH rpymme 0110 Ha 20% Gosplie, 1em
BO 2-0if ombITHOH rpymme u Ha 10% Gosplre, yem B 3-
i ombITHOM rpymme (Tadm 3, puc. 4). JobaBieHue
BCAA B palyoH KpbIC IPUBENIO K CTATUCTUYECKHU J10-
CTOBEPHOMY MOBBILIICHHIO OTHOCHTEIBHOTO COMEpXKa-
HUS JTUM(QOLUTOB MO CPaBHEHUIO CO 2-OW OINBITHOM
rpymnmnoi (tabi. 3, puc. 4).

OTHOCHUTENBHOE COAEPIKaHIEe MOHOLIUTOB Y KPBIC
BCEX OIBITHBIX IPYIII CTATHCTHYECKH JOCTOBEPHO IIpe-
BBILIAJIO JJAHHBIN MOKa3aTelb y KpPbIC KOHTPOJIbHOU
rpynisl (Tabu. 3, puc. 5).

Pe3ynbraThl MPOBEIEHHOTO aHaH3a IMO3BOJISIOT
OJTHO3HAYHO BBISIBUTH OHMOJIOTMYECKH 3HAUYMMOE BO3-
JIEHCTBHUE peKUMa roJIolaHus 1o cxeme 1-2 Ha remMaro-
JIOTUYECKUE IT0KA3aTeNN, CBS3aHHBIE C TPAHCIIOPTOM
KUCJIopoaa (yMEHBIICHHE KOHLEHTPAIMH T'eMOTJIo-
OWHa, TeMaTOKpUTa ¥ COJCPKAHWIO SPUTPOIMTOB).
Tem He MeHee, HM OJTUH U3 HCCIIeTyeMbIX ITOKa3aTenei
HE BBIIIET 3a Mpenaeibl HOPMBI, YTO IO3BOJISET pac-
CMaTpuBaTh JTAHHOE BO3JCUCTBHE KaK OMOJOIMYECKH
3HAa4YMMOE€, HO B NIpejesiaX aJanTallMOHHOTO MOTeHIIH-
arna opranm3ma. [lpu cpaBHeHHU 2-0 U 3-H OMBITHBIX
TPy, JOKa3aTeNbHO YYUThIBAsi 3HAUUMOE TOHMKEHHE
aJaNTallMOHHOIO0 MOTEHNMAaNa B Hpeenax HOpMallb-
HOTO JIMarna3oHa KoyiebaHHsl hCCilelyeMbIX TeMaToso-
THUYECKUX MOKa3aTeleH, BBISIBIEHO CTATUCTUYECKH J10-
CTOBEPHOE MOBBIIIEHHE OTHOCUTENILHOIO COAEP KaHUs
JTUMQOLUTOB MEXIY aHAJIM3UPYEMBIMH 2-0M u 3-i

TpyIIaMH, 9TO CBHICTEIBCTBYET 00 aKTUBHPYIOIIEM
Biusiaun BCAA Ha myn muMmdonuTo. Takxke U3 K-
MIEPUMEHTa CIIEAYET, YTO 3HAYNMOE OMOJIOTHYECKOE
BIMSIHHAE PEXXHMMa TOJIOJAHMA MO0 cxeMe 1-2 cratucTu-
YECKU JOCTOBEPHO OTIIMYAIOCH OT cXeMbl 1-1 mpu
cpaBHeHIH K03 ¢purrenTa MM®II, uro yka3siBaeT Ha
aJIEKBaTHOCTbH MPEJIOKEHHOIN MOJIEIH B YCIOBHAX all-
MapaTHOTO MHTEPIPETUPOBAHUS CTATUCTUYECKOTO OT-
KJIMKa ¥ CYIIECTBYIOILET0 OMOJOTMYEeCKH 3HaYMMOTO
a¢dexra.

Taxum 00pazom, MOKHO C(HOPMYITHPOBATH CIEIY-
IOLIMH BBIBOJ: €CIIM PEXKUM TOJIOJAHUS BBI3BIBACT CTa-
THCTHYECKHN JOCTOBEpHOE M3MEHEeHne Koddduimenrta
MMO®II, Toraa Takoil peKuUM TrOJONAHUS TIPEACTAB-
JIeT cO00H CaMOCTOSTENBHBIN (PaKTOp OHOIOTHIECKH
3HAYUMOT0 BO3JEHCTBUS HA UCTIBITYEMBIN opranusm. B
9TOM Cily4ae, HCIIOJIb30BaHUE MOAM(MUINPOBAHHON
mareMaTuueckoid Mozenn depxronscra-Ilupna npen-
cTaBisgeT co0OW MepPCIEeKTUBHBIA HHCTPYMEHT IIPH Op-
TaHU3aluH U INIAHWPOBAaHUS MHOTO(aKTOPHOTO KCIIe-
PUMEHTA 110 THUILy «CEpOTro SLIMKa» C MPUMEHEHHEM
METOJIOB ITOJTHOOJIOYHBIX MOJENeH TIIaHUPOBAHUS 110
CXeMe JIATHHCKOTO KBaJpaTa.

Bruanue BCAA na yumoxunogulii npoguns Kkpuvlc
NpU PA3TUYHBIX PEHCUMAX 20100AHUA.

He cmotps Ha TO, 4TO 3 PEKTH pasIHIHBIX aMHU-
HOKHCJIOT Ha (YHKIUM WMMYHHTETa INPEACTaBIITIOT
6onbiroi uatepec, Biussane BCAA Ha QyHKIHOHATE-
HOE COCTOSIHHE MMMYHHOH CHCTEMBI OCTaeTCsl Mallo-
n3y4eHHbIM. KylbTypaibHble HCCIIEIOBaHUS IOKa-
3aiu, uto npucyrcteue BCAA abconmoTHO HEoOXo-
numo numborutam amst cuaTe3a 6enkos, PHK n JTHK
B OTBET Ha CTUMYyJHpYollee Bo3ueiictBue. Kpome
toro, BCAA y4acTByloT B MeTaboJIM3Me JPYrux Kie-
TOK, MPUHUMAIOIINX Y4acTHe B PEryJsMA HUMMYHH-
tera [4].

B 0030pax murepaTypbl IPUBOAUTCS JOCTATOYHO
MHOTO CBHJICTEIGCTB WMMYHOTPOITHOTO BIMSHHUS H
€IMHUYHBIEC MCCIICAOBAHUS, OINHUCHIBAIONINE BIMSIHUE
BCAA Ha poayKIMIO ITUTOKWHOB Y JKUBOTHBIX U Ye-
noBeka [5, 6]. B cBs3u ¢ 3THM 1eNbI0 MPOBEAEHHOH pa-
60TBI OBUIO HCCIIEOBAHHE CHUCTEMHOTO BO3AEHUCTBUS
BCAA Ha yposau nutokuHoB Th1/Th2 y camiios kpbic
nvHuM Bucrap.

Ipu oreHKE U3MEHEHUH ITUTOKHHOBOTO MPOMHIIS
Th1/Th2 He GbLTO BBISIBICHO JTOCTOBEPHBIX Pa3IHUHiA
JUTsL OOJIBIIMHCTBA MOKa3aTelei (Tadmn. 4). 3smeHeHus
oOHapyxeHbl TOIbKO B ypoBHe |L-10 mexmy ombiT-
HBIMH Tpynnamu, B ypoBHe |L-1a mexny KoHTposieM 1
rpymmoit BCAA (ronon+ BCAA) u B yposre IL-2
MEXAy KOHTpOJIEM U Tpynmnoi 2 (ronox) (tadun. 4, puc.
6 a, d, c).
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Tabnnma 4
YpoBens nuTOKHHOB (pg/ml) y camuoB auHuu Bucrap
NPHU UMKJIMYHOM I0JIOJAHMH B TeyeHue 60 nHeii.
Ioka3arenu: KOHTPOJIb rpynna Q-2 rpynna O-3
GM-CSF 0.130 £ 0.083 0.120+0.078 0.110=+0.083
IFN-g 0.220+0.131 0.230 +0.084 0.200+0.117
1L-10 0.270+0.119 0.260+0.116 0.210 £ 0.087** (*)

IL-12(p70) 1.560 £ 0.423 1.790 £ 0.801 1.390 £ 0.745
IL-13 0.640+0.171 0.650 = 0.525 0.640 +0.441
IL-1a 0.240 +0.091 0.250 = 0.062 0.290 +£0.103*
IL-1b 0.180+0.119 0.220 £ 0.166 0.180+0.119
IL-2 4,370 £ 1.843 3.230£0.678* 3.660 £ 1.962
IL-4 0.090 + 0.038 0.090 £+ 0.035 0.090 = 0.057
IL-5 6.310+2.041 5.350 £1.762 5.400 + 1.861
IL-6 1.420 £ 0.581 1.570 £ 0.539 1.390 = 0.549
TNF-a 0.740 £ 0.272 0.750 = 0.429 0.790 £ 0.312

[pumeuanue: * - P<0.05 B cpaBHEHHH ¢ KOHTPO-
nem; ** - P<(0.05 B cpaBHCHHUN MeXTy 2 B 3 TPYIIIaMH.

Camo rononanue (rp.0-2) He3HAYNTEITBHO BIUSIIO
Ha copepkanue |1L-10 B CBIBOPOTKE KPOBH JKUBOTHBIX.
[Motpebnenue kpricamu BCAA criocoO6cTBOBAIO yMe-
peHHOMY cHIKeHuio ypoBHs |L-10 mo cpaBHeHHIO €
KoHTpojeM u rp.0O-2 (puc. 6a). ['onoraHue Takxe 3Ha-
4Y¥MO HE BIIMSUIO Ha yposedb IL-1a (puc. 6b). Ho mo-
Oasienne B parion BCAA BbI3BajIO TOCTOBEPHOE YBE-
JMYEHUE YPOBHS ATOTO IIUTOKHHA B CBIBOPOTKE KPOBU

B 3-i1 rpymme xkuBoTHBIX (O-3) (puc. 6b.). Ha nuua-
muky |L-2 Bimusane BCAA Takke 0ka3aioch IMOJIOXKH-
TenbHEIM. ['ONoTaHue MpUBENO K 3HAUNMOMY CHHXKE-
HUIO ypoBH: |L-2 B CBIBOPOTKE KPOBH IO CPAaBHEHHIO C
kouTposem. JlodaBnenne BCAA B pamuoH crmoco0-
CTBOBaJIO yBeJIuueHHIo ypoBHA |L-2 B 3-if rpynme (O-
3) ¢ OTCYTCTBHEM JIOCTOBEPHBIX pasziIHuHil 10 CpaBHe-
HHIO C KOHTpOJIeM (puc. 6C.).

0,4 - 0,4
6
03 1 03 5
pr—— 4 1

0,2 4 0,2
3
7

0,1 4 0,1
14

0 T T O T T 0
Control Gr2 Gry#* Control Gr 3 Control 2 3

a- IL-10 b- IL-1a c-IL-2

Puc. 6 a, b, c. Usmenenue yposneii yumokunog Ha (pone YUKIuuHo20 20100aHUSL.

Mo ocu Y - ypoBeHb 1uTokuHOB pg/ml;

Control - koutponbHas rpymmna; Gr2 - HUKIHIHOE
ronopanue (0-2); Gr3 - IUKIMYHOE TOJIOJAHHE Ha
¢done nobasnenus B parmon BCAA (0O-3).

* - P<0.05 B cpaBHEHUU C KOHTPOJIEM.

** - P<0.05 B cpaBHEHHUH C KOHTPOJIEM M TPYTIION
0O-2.

OOuIen3BeCcTHO, YTO NCPUIIMT MAKPO- U MHKPO-
HYTPHCHTOB MPHU T'OJIOJJAHUH BbI3bIBACT aTPODHIO JTUM-

(houmHON TKaHH. DTO 03HAYAET YMEHBIICHUE KOJIHUe-
CTBa IHMPKYJIUPYIOMUX JUMQOIUTOB, UYTO SIBIIACTCS
cineacrBueM yruerenusi cuHre3a JIHK u kmerounoi
nponudeparui. CHIWKEHHE T'yMOPaJbHOIO HMMYHH-
TETa TAKXKe MMPOUCXOIUT 33 CUET COKPAIICHHS MTOMYIIsI-
MU AaHTHTEJIONPOIYIICHTOB M CHIKCHHS CHHTE3a MM-
MYHOTJIOOYJIMHOB. DTO MPHUBOIUT K PA3TMYHBIM UMMY-
HOJE(UIIMTHBIM COCTOSHUSIM. CHIDKCHHE KOJIMYECTBA
CD4+ ooinee 3naunmo, CD8+ - ogHako MeHee BbIpa-
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JKeHo. B pe3ynbpTare 3HaUMMO yMEHBIIAETCS COOTHO-
mrenre CD4+/CD8+, cBUIETENBCTRYIOIIEE O HapacTa-
omme uMMyHocyrnpeccuu. [lpoucxoauT pemyKuus
npoAyKIH T-KIeTOYHBIX HUTOKHHOB M TIrMQOIHTEI
JIEMOHCTPHUPYIOT CHIDKCHHE aKTHBHOCTH B OTBET Ha
UTOKHHOBYIO CTHMYJiiuio. CHIDKaeTcs YpOBEHb
KOMIUIEMEHTa, U (haroliTo3 TAKXKe UCTIBITHIBACT Hera-
TUBHOE BIIMSIHKE JeUIMTa POTEHHOB. DTO NPUBOIANUT
K pa3iNYHBIM MMMYHOAE(HUIUTHBIM COCTOSHHAM [7,
8]. B Hamem ucciae0BaHNuH IOJI0N Y )KUBOTHBIX BBI3bI-
BaJl U3MCHEHHS YPOBHEH psiga nutokuHoB: IL-1a, 1L-2
u IL-10 (ta6u. 4, puc.6 a, b, c).

B ycnoBmsax rojomaHus noOaBieHHE B PAlMOH
BCAA MoOXeT oOKa3blBaTh OINpPEAeNICHHOS HMMYHO-
TPOIHOE JEHCTBUE 3a CUET BIISTHUS Ha CHHTE3 OCIIKOB,
PHK u JIHK B oTBer Ha cTumynupyroliee BO3IeH-
cteue. BCAA y4acTByIOT B MeTaboMHM3Me MpaKTHUC-
CKH BCEX KJIETOK, IPUHUMAIOIINX y4acTHe B PEryinsi-
LI UIMMYHHOTO OTBeTa [4, 5, 9]. IloBbIIeHHEe ypOBHS
BCAA, nHyKIUsI OKUCITUTENBHBIX POLIECCOB B KIIET-
KaX, BBI3bIBAIOT akTHBaLi0 MTOR cHrHanesHOTO myTH
u crnocoOcTByeT cHkeHuto ypous 1GF-l, IL-6, u
IL-10 [9]. DTOT MexaHU3M MOXKET OOBSICHUTH CHUKE-
aue ypoBHA |L-10 mpu no6asnennn BCAA 1o cpaBHe-
HUIO KOHTPOJIEM M TPYIIIOW KpBIC, HE TONyYaBIIUX
CcMecCh aMHUHOKHCIIOT (puc. 6a). Ha aToM ¢oHe akTnBa-
U CHTHAJIBHBIX ITyTeH CIOCOOCTBYET NEPEKITFOUCHHIO
Th2-uMMyHHOTO OTBETa HAa MPEUMYIIECTBEHHYIO MPO-
JIYKIHIO MUTOKUHOB Th1 u cynpeccun Treg-kieroxk [5,
10]. Pesynprarom >Tux Biausauii BCAA craHoBHTCS
yBenuuenune yposast |L-1a (puc. 6b) u BoccranoBnenue
B 3-if rpynme (O-3) 10CTOBEpHO CHM)KEHHOTO BO 2-i
TpyIIe TIpH TOM0JaHUM KHUBOTHBIX IL-2 (puc. 6¢) o
YPOBHSI Y KOHTPOJIbHBIX KHUBOTHBIX.

Takum o0Opa3oMm, MO pe3ynpTaTaM 3KCIIEpPUMEH-
TANBHBIX UCCIEIOBAHUNA MOXKHO CIENaTh CIICAYIOIIHE
BBIBOJIBL:

1. CTraTHCTHYECKH JOCTOBEPHOE OTIHYHE KOA(]-
¢dunmerra MMOII npu pexxuMax roJoJaHus KPBIC IO
cxeme 1-1 u 1-2 yka3bIBaeT Ha aJIeKBaTHOCTb MPEJIO-
JKCHHOM MOJICNI B YCIIOBHSX allapaTHOTO HHTEPIIpe-
TUPOBAHMSA CTATUCTUYECKOTO OTKJIHMKA M CYIIECTBYIO-
Iero OGMOIOTHYECKU 3HAYUMOTo 3P dexra.

2. Pe3ynpTaThl IPOBEICHHOTO UCCIIEAOBAHMS CBH-
JIETETbCTBYIOT O OHMOJIOTHYECKHM 3HAYUMOM BO3JCH-
CTBHH peXMMa roJOaHus KPBIC TT0 cxeMe 1-2 Ha rema-
TOJIOTUYECKHE TOKA3aTeNH, XapaKTepHU3YIOIe COCTO-
SHUE O3PHUTPOUUTOB (YMEHBLIEHHE KOHIEHTpalUU
TeMOTJIO0MHA, TEMAaTOKPUTA U COJICPIKAHUS IPUTPOIIH-
TOB).

3. Huknuueckoe rojogaHue Kpoic o cxeme 1-1 u
1-2 BBI3BIBAaET MOBBIMIEHNE OTHOCHUTEIBHOTO COJEpIKa-
HHSI MOHOLIUTOB B Tepu(epUuecKOil KPOBH U CHHKeE-
HHE OTHOCHTENILHOTO COJiepKaHHsl JTUMQOIMTOB MPU
pexxume rojomanus 1-2. JlobaBieHHe B panuoH KPBIC

BCAA (rpynma O-3) o0ecrnednBaeT CTAaTUCTHUECKH
JIOCTOBEpPHOE MOBBILICHUE COJACPXKAHUS JTUM(OLUTOB
10 CPABHEHHUIO C JAHHBIM MIOKA3aTeIeM Y KPbIC IPYIIIIBI
0-2 (6e3 modaBnenust BCAA).

4. TTorpebnenne kppicamu BCAA (rpymma O-3) B
TeueHue 60 aHel Ha PoHE MUKIMIHOTO TOOJAHHMS BhI-
3BIBACT CHIKeHUE ypoBHs |L-10 u Bo3pacTanue ypos-
Heii |L-1a u IL-2 3a cyer akTUBAaLMK CUTHAJIBHBIX ITy-
TEi, PEryIUPYIOIIUX MEpeKToYeHne Th2-uMMyHHOTO
OTBETa Ha MPEUMYIICCTBCHHYIO MPOAYKIIUIO ITUTOKH-
nos Thl.
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Upon receipt of a sedative action liquid extract based on valerian root, motherwort herb, hop seedballs and
peony roots by percolation the influence of a number of factors extractant (ethanol) concentration , extraction ratio
and infusion time before the extraction process on the yield of extractive substances and active components (hy-
droxycinnamic acids in terms of chlorogenic acid) has been studied. The studies have been carried out using math-
ematical planning by a three-phase fractional experiment plan based on a 4x4 Latin square. According to the data
obtained, the optimal conditions for the extraction are the use of 70% ethanol, the extraction multiplicity 4, the

process of infusion 24 hours before actually percolation.

Keywords: Mathematical planning of the experiment, extract, hydroxycinnamic acids, the yield of extractive

substances, factors.

To date, worldwide trends are increasing towards
the use of medicinal products based on medicinal plant
materials (MPM). These drugs have several advantages
over synthetic ones, the main of which can be called the
minimal side effects on the patient's body with possible
high therapeutic activity. However, the therapeutic ac-
tivity of a medicinal product based on plant raw mate-
rials depends not only on the raw material itself, but
also on the technology for obtaining and isolation of
active components for their further use in the prepara-
tion of finished dosage forms. Particularly important
the technology for the production of active substances
(complexes of substances) is in the development of
preparations of complex compositions, comprising sev-
eral types of MPM [1,2].

We have carried out a study of the pharmaceutical
market of Ukraine, on the basis of which it was pro-
posed to develop a line of ready-made dosage forms of
sedative action with the content of the extract obtained
from valerian roots, motherwort herb, hop seedballs
and peony roots [2].

Extracting is a complex pharmaco-technological
process, in which a significant number of factors affect
the yield of the finished product .The main factors are:
method of extraction (percolation, maceration, ultra-
sonic extraction, etc.), type and nature of the raw mate-
rials used (humidity, degree of grinding, initial content
of active substances in the raw material), nature of the

extractant (its polarity, concentration), extraction con-
ditions (temperature, pressure, process intensification),
etc.

Taking into account the preliminary research and
analysis of the instrumentation of pharmaceutical en-
terprises in Ukraine, we have chosen percolation
method with presoaking and infusion of raw materials.
Using as unchanged factors the moisture content of the
raw materials, the degree of grinding and standard per-
colation conditions (temperature 25 ° C, pressure 740
mm Hg) of the total mixture of components for obtain-
ing the liquid extract, we have been tasked to determine
the effect of the extractant, the extraction multiplicity
and the time of raw material infusion on the yield of
extractives and active components of the extract (the
presence of hydroxycinnamic acids in terms of chloro-
genic acid).

Variation of variable factors in the analysis of ex-
tract production can lead to a significant amount of re-
search, which will affect the development time of the
drug and its cost. It is advisable to use mathematical
planning of the experiment when conducting this study.

For the study 12 factors were selected, in 3 groups:
the concentration of the extractant, the multiplicity of
raw materials extraction, the time of infusion before the
process of actually extraction (Table 1). To study the
influence of 3 factors, each of which was taken at 4 lev-
els, a three- phase fractional design of the experiment
was used based on the 4x4 Latin square (Table 2)
[3,4,5].
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Table 1

Factors and their levels, which were studied in the process of the extract production technology opti-
mization

Factors

Factor levels

A - concentration of the extractant

a1 - ethyl alcohol 40%
a 2 - ethyl alcohol 50%
a 3 - ethyl alcohol 60%
a 4 - ethyl alcohol 70%

B - the multiplicity of raw materials extraction

b 1 - the multiplicity of extraction = 2
b » - the multiplicity of extraction = 3
b 5 - the multiplicity of extraction = 4
b 4 - the multiplicity of extraction = 5

C - time of infusion before the extraction process

c1-12 hours
C 2 - 24 hours
c 3 - 36 hours
C 4 - 48 hours

Table 2 shows the research data obtained from the
extraction of raw materials using various combinations
of factors and their levels.

Table 2

Three-phase fractional experiment plan based on the Latin 4 * 4 square and the results of the of ac-
tive components presence

No. A B C y! y?
1 ai b1 C1 0.025 2,150
2 ai b, C» 0,033 8,220
3 ai bs C4 0.092 12,140
4 ai b4 C3 0,100 10,130
5 ar b1 C» 0.050 6.110
6 ar b, C1 0.056 2,240
7 a2 b 3 Cs 0.085 11,750
8 ar b4 Ca4 0,120 10,150
9 as b C3 0.075 9,800
10 as b, Ca 0.108 12,280
11 a3 bs Ci1 0.114 13,080
12 as b4 Co 0.130 14,750
13 a4 b, Ca4 0,102 13,600
14 a4 b, C3 0.118 13,200
15 a4 bj Co 0.148 21,240
16 a4 b4 Ci1 0.135 13,800
Note. extract when using alcohol with a concentration of 50-

y 1 - hydroxycinnamic acids content in terms of
chlorogenic acid, %;

y 2 - the content of extractives, %;

The dispersion analysis of experimental data with
regard to comparison using the Duncan multiple crite-
rion showed the dependence of both extractive and ac-
tive substances yield on the extraction factors [3].

As can be seen from table 2, the content of hy-
droxycinnamic acids in the resulting extract varies in
the range of 0.025-0.148%. According to the statistical
data processing, the acids content significantly depends
on the concentration of the extractant and the multiplic-
ity of the raw material extraction (factors A and B).The
effect of factor A (the concentration of the extractant)
can be described by the inequalityas=asz>a,=au,
according to which the use of ethyl alcohol 70% and
60% is optimal. In this concentration range, there is al-
most equal content of hydroxycinnamic acids. The
smallest amount of active ingredients is observed in the

40%.

The dependence of changes in the raw materials
extraction multiplicity on the yield of hydroxycinnamic
acids corresponds to the following inequality: b 4 =b 3
> b, =b 1. The most optimal is the use of the extraction
multiplicity 4-5. The content of the active components
in the extract at extraction multiplicity of 4-5 signifi-
cantly exceeds the parameters of the extract at 2-3 times
extraction.

The results of analysis of variance to determine the
presence of hydroxycinnamic acids when changing
such a factor as the time of infusion (C) showed statis-
tical insignificance, since F exp. <F o.05.

The content of extractives in the obtained extracts
ranged from 2.150% to 21.240%. In the study of this
parameter, it was determined that all factors affect the
yield of extractive substances.
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The maximum yield of extractives, as in the exam-
ple with hydroxycinnamic acids, is observed when us-
ing ethyl alcohol 70% as an extractant (a4 >asz>a2=
ai1). The lowest yield of extractives is at alcohol concen-
tration of 40-50%.

Unlike the presence of hydroxycinnamic acids,
where the maximum yield was in the experiment with
the extraction multiplicity 4 and 5, the yield of extrac-
tive substances is maximum at the extraction multiplic-
ity of 4.A decrease or increase in the extraction multi-
plicity does not lead to an increase in the yield of ex-
tractive substances (b s >bs>b2=b1).

A slight difference in the yield of extractive sub-
stances depending on the infusion time of 48, 36 and 24
hours (¢ 4=c 3= 2> c 1) and the minimum yield at the
infusion time of 12 hours allows us to conclude that the
effective infusion time is 24 hours. It is at this time, as
the experiment showed, the yield of extractive sub-
stances will be optimal and will not lead to a delay in
the process of extract production.

Conclusion. The influence of technological fac-
tors on the extraction of medicinal plant materials in the
obtaining of a liquid extract of sedative action has been
studied. According to the data obtained, the optimal
conditions for the extraction are the use of 70% ethyl
alcohol, with extraction multiplicity as 4 and the pro-
cess of infusion before actual percolation for 24 hours.

REFERENCES:

1. Kyxrenko O.C. AKTyalbHICTh PO3pOOKH TIpe-
mmapaTiB CeTaTUBHOI Iil HA OCHOBI POCIHMHHOI CHPO-
BuHH / O.C.Kyxrenko, €.B. I'magyx // CoBpeMeHHBIE
JOCTIDKEHUST (hapMaIieBTHIECKON TEXHOJOTHH B Ono-
TexHosorun: Marepiamu [V Hayk.-mpakT. KoH(. 3
MixHap. yuactio (Xapkis, 16-17 sxoeths 2014 p.) - C.
183.

2. Kyxtenko O.C. MapKeTHHTOBI JOCIKCHHS
CY4acHOTO PHHKY CEJaTHBHUX JIKapChKUX 3aco0iB
/0.C. Kyxtenko, €.B.I'manyx, A.C.Hemuenko // East
European Science Journal — 2018. — Ne7(35). — C. — 58-
62.

3. MareMaTuuHe IUIAaHYBaHHS EKCIICPUMEHTY
IIpHU TIPOBEACHHI HAYKOBUX IOCII/HKCHb B (apMariii /
T.A. I'powosuii, B.I1. Mapuentok, JI.I. Kydyepenko ta
. — TepHomins : Ykpmenkaura, 2008. — 368 c.

4. Typeesa C.M. locnimkeHHs (hapMaKo-TEXHO-
JIOTIYHHMX 1 Olo(hapMaleBTUUHUX MOKa3HHUKIB SKOCTI
tabnetok amizony / C.M. I'ypeeBa // ®dapmakom. —
2013p. —Ne2. — C. 20-24.

5. Japayni H. II. BuxopucraHHs TpylIaHKH
KPYIJIONUCTOT B MEJMIMHI Ta (apmariii, IepcreKTHBU
CTBOPCHHS HOBUX JIIKaPCHKUX 3ac00iB Ha ii ocHOB1 / H.
I1. Hap3ymi, T. A. I'pomoswii / ®itoteparis. Yacommuc.
—2015. — Ne 3. — C. 55-58.



Ne25/2018
Norwegian Journal of development of the International Science
ISSN 3453-9875
VOL.2
It was established in November 2016 with support from the Norwegian Academy of Science.

DESCRIPTION
The Scientific journal “Norwegian Journal of development of the International Science” is issued 12 times a year
and is a scientific publication on topical problems of science.

Editor in chief — Karin Kristiansen (University of Oslo, Norway)

The assistant of theeditor in chief — Olof Hansen

James Smith (University of Birmingham, UK)

Kristian Nilsen (University Centre in Svalbard, Norway)

Arne Jensen (Norwegian University of Science and Technology, Norway)
Sander Svein (University of Tromsg, Norway)

Lena Meyer (University of Gothenburg, Sweden)

Hans Rasmussen (University of Southern Denmark, Denmark)
Chantal Girard (ESC Rennes School of Business, France)

Ann Claes (University of Groningen, Netherlands)

Ingrid Karlsen (University of Oslo, Norway)

Terje Gruterson (Norwegian Institute of Public Health, Norway)
Sander Langfjord (University Hospital, Norway)

Fredrik Mardosas (Oslo and Akershus University College, Norway)
Emil Berger (Ministry of Agriculture and Food, Norway)

Sofie Olsen (BioFokus, Norway)

Rolf Ulrich Becker (University of Duisburg-Essen, Germany)

Lutz Jancke (University of Ziirich, Switzerland)

Elizabeth Davies (University of Glasgow, UK)

Chan Jiang(Peking University, China)

and other independent experts

1000 copies
Norwegian Journal of development of the International Science
Iduns gate 4A, 0178, Oslo, Norway
email: publish@njd-iscience.com
site: http://www.njd-iscience.com



mailto:publish@njd-iscience.com
http://www.njd-iscience.com/

