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CHHTeTHYHI MO3UTHBHI KOHTPOJIi iMyHO()epMeHTHIX HAOOPIB
nas susiBieHHs IgA ta IgM anrturin no Chlamydia trachomatis

O.10. Tankix', ¥0.B. Topiyros®, O.b. Becapab'

1 . . . ORI . . . . . .. " .
HaumHaJleuu MEXHIYHUU YHIeepCcUmenm YKpamu «Kuiscoxuil nonimexuiunuil IHCmumymy, Kul6, Ykpama

2 . . . .. . . .

Haykoeo-docmdnuu ma KOHCMPYKMmMOPCbKO-MEXHOJA0ITYHUU THCIMUNYM MICbKO20 zocnodapcmea, Kul@, YKpama

BaxnuBe miciie cepesi METOMIB KITiHIYHOT JTaO0PAaTOPHOT AIArHOCTUKH TIOCIIA0Th CEPOJIOTIUHI METO/IH, OCHOBaHI Ha BUSBJICHHI CEPOJIO-
TiYHUX MapKepiB iHeKuiiHnX i HeiHdeKuiiHMX 3axBoproBanb. HalOuiblr iHGOpMaTUBHUM, YHIBEPCAILHUM Ta IOIIMPEHHM METOIOM Ce-
POJIOTIYHHX JAOCIIIKEHb € iIMyHO(pEpMEHTHH aHai3. BaxnBa nepeBara JaHOr0 METOAY — MOXKIIMBICTD BUSBJICHHS CHICLM(IYHAX aHTHTLNI
Ppi3HHX KJIaciB, 10 J03BOJIsIE AU(EpPEHIiOBaTH MepBUHHMI iH(EKLiHIIT polec i HOro peMicito, 3aroCTPEeHHsI UM XPOHI3ALI0 3aXBOPIO-
BanHA. Ha manoMy mpuHImmi nmoOyaoBaHa AuQepeHIiiiiHa cepoioriuHa JiarHOCTHKa YPOreHITaIbHOTO XJIaMifio3y: Biapasy mHicis iHpiKy-
BauHs Chlamydia trachomatis B oprani3mi BitOyBaeThcsl yTBOpeHH: crieriganx [gM aHTHTLN, a 3r0I0M CHHTE3YIOThCS OCHOBHI ITPOEK-
THBHI aHTHTLIA K1acy IgG; mpy 3arocTpeHHI XpOHIYHOTO ypOreHITAIFHOIO XJIaMifio3y B OpraHi3Mi MOXYTb CHHTE3yBaTHCS crenudiuni
anTuTina Kacy IgA. KomriekcHe oOCTekeHHs MALlieHTIB Ha HAsBHICTH IyMOpaIbHOI iMyHHOI BimnoBini Ha Ch. trachomatis nepenbadae
TECTyBaHHsSI CUPOBATKH (TIa3MM) KPOBi HA BMICT CIIelM(iIYHUX aHTHUTLI yCiX TphoX KiaciB. CyTTEBOIO MPOOIIEMOIO y BUPOOHHIITBI iMyHO-
(epMEHTHUX HiarHOCTMYHNX HAOOPIB € OTPUMAaHH BiJIIOBIJHOTO TIO3UTHBHOTO KOHTpOr0. CrpoBaTtka (Tu1a3ma) KpoBi JIOMHHU 3 YMICTOM
crietiYHIX aHTHUTLT IEBHOTO KIIacy — BKpait neiluTHHN MaTepiall. 3armpornoHOBaHO METOJOJIOTTYHHMIT Mi/IXi/ 00 3aCTOCYBaHHS CHHTe-
THYHHX [TO3UTUBHUX KOHTPOJIB iMyHO(epMeHTHNX HaOOpiB st BusiBieHHs IgA ta IgM anrturin no Ch. trachomatis, suii ToJsTae y BUKO-
pHCTaHHI KOH foraty HopManbHUX IgM abo IgA moanHN Ta MOHOKIIOHAJIBHUX aHTHTLI 10 OCHOBHOTO OifIKa 30BHIIIHROT MeMOpaHH 30y-
HUKa ypOTCHITaJbHOTO Xiamimiosy. [lns BupimeHHA mpoOieMu MOXIHMBO BHKopucToBYBatH NHS edip-maneimin omocepenkoBaHy
KOH IOTalli0 Ta IepionaTHuii MeTos OiokoH forarii. CHHTeTHYHI ITO3UTHBHI KOHTPOJIi, OTPHMaHI Pi3HUMH METOJIaMH, XapaKTepU3yIOThCS
BUIIMM THTPOM, Ha BiIMiHy BiJl BUCOKOTHTpaXHIX IgM- Ta IgA-no3nTuBHHX cupoBaToK. Pa3oMm i3 1M, TIO3UTHBHUI KOHTPOJIb, OTPUMa-
Hu# 3a nornomoroto NHS edip-maseiMin ornocepeakoBaHoi KOH Ioramii XapakTepu3yeTbesi HAaWKpaIyM IpodiieM THTPYBaHHS (MEHIINM
CraJiaHHsIM aKTHBHOCTI B IMyHO()EPMEHTHOMY aHaJIi3i 32 HOro pO3BEACHHS) SIK HA MOMEHT HOro OTPMMaHHS, TaK i Micist Horo 30epiraHHs
YIPOIOBXK TXKHS 3a TemmepaTypu 37 °C.

Kmouosi cnosa: imyHodpepMeHTHNI aHaITi3; MO3UTUBHUI KOHTPOJIb; YPOTreHITAIBHUIA XJIaMiTio3; KOH forariis

Synthetic positive controls for ELISA test Kits for detection
of IgA and IgM antibodies to Chlamydia trachomatis

0.Y. Galkin', Y.V. Gorshunov?, O.B. Besarab'

!National Technical University of Ukraine “Kyiv Polytechnic Institute”’, Kyiv, Ukraine
?Research and Technology Institute of Urban Development, Kyiv, Ukraine

The enzyme-linked immunosorbent assay (ELISA) is the most informative and versatile method of serological diagnostics. The possibility
of detecting by ELISA specific antibodies of different classes allow to differentiate primary infectious process and its remission, exacerbation and
chronic disease (holding of differential diagnosis). This approach is implemented in the methodology for evaluation of patients for presence of
humoral immune response against the causative agent of urogenital chlamydiosis. As with other infections immediately after Chlamydia
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trachomatis infection the specific IgM antibodies are formed, and subsequently basic projective antibodies of IgG class are synthesized. How-
ever, at exacerbation of chronic urogenital chlamydiosis specific IgA antibodies can be synthesized. That is why comprehensive evaluation of
patients for presence of humoral immune response to Ch. trachomatis involves plasma testing of specific antibodies of all three classes.
The essential problem in the production of ELISA diagnostic kits is obtaining of positive control. The classic version of positive control is human
blood plasma containing specific antibodies. But specific [gM- and IgA-positive sera are deficit raw materials. This fact can significantly limit the
production of diagnostic kits, especially in case of large-scale manufacture. We have suggested methodological approach to use of synthetic
positive controls in indirect ELISA kits based on conjugate of normal human IgM (IgA) and monoclonal antibodies against major outer
membrane protein of Ch. trachomatis. It was found that it’s possible to realize such task by means of NHS ester-maleimide-mediated
conjugation (by sulfosuccinimidyl-4-(N-maleimidomethyl)cyclohexane-1-carboxylate) and reductive amination-mediated conjugation (by
sodium periodate). It was found that synthetic positive controls obtained by different methods are characterized by higher titer compared to IgM-
and IgA-positive high-titer serum. However, positive control obtained by NHS ester-mediated maleimide conjugation has the best titration
profile characteristics, at the release time and after one-week storage at 37 °C.

Keywords: ELISA; positive control; urogenital chlamydia infection; conjugation

Beryn

JlaboparopHa HiarHOCTHKA — HEBil'€MHA YacTHHA KITiHi-
YHOTO OOCTE)KCHHSI TaIlieHTa, a/pke 0e3 JTaHWuX Jaboparop-
HOTO OOCTE)KEHHS HEMOXIJIMBE HE TUIBKM BCTAHOBJICHHS
KITIIHIYHOTO JiarHo3y, a i KOHTPOIs 3a e(heKTUBHICTIO Tepa-
MIEBTUYHHX 3axofiB (Zupanec, 2005). Cepen ycporo Kom-
IUIEKCY METOJIB KIIIHIYHOT 1a00paTopHOT AIarHOCTUKK BaX-
JIMBE MICII€ TOCIIal0Th CEPOJIOTIYHI METO¥, OCHOBaHI Ha
BUSIBJICHHI CEpOJIOTIYHHX MapKepiB (aHTHUICHIB, ajepreHiB,
aHTHTL1) iHQEKUIHHUX (BIpyCHHX, OakTepialbHUX, TPUOKO-
BUX 1 Mapa3uTapHuX) Ta HeIHPEeKIHHNX (Y T. 4. ayTOIMyH-
HHX, aJIepriyHnX, CHAOKPUHHHUX 1 OHKOJIOTTYHHX) 3aXBOPIO-
BaHb. HaiiOinbi iHpopMaTHBHUM, YHIBEpCAJIBHUM i, SIK Ha-
CIIIJIOK, TIOIMPEHUM METOJIOM CEpPOJIOTTYHHX JOCHIDKEHb €
imyHoepmernTauii aHamiz (IDA) (Galkin, 2014). Moxu-
BICTh BUSBJICHHS 3a orioMororo IDA crienmdiqHnx aHTHTI
PI3HHX KJACiB T03BOJILE AU(EPEHIIIOBATH TIEPBUHHUNA iH-
(heKuifHmI Tporec 1 HOro PeMicito, 3aroCTPEHHS YU XPOHi-
3allil0 3aXBOPIOBaHHs, TOOTO MPOBOMUTH JH(epeHIIanbHy
miarHoctuky. Takuil MiAxing peamizyeTbesi Y MeETOHOJOTIl
00CTe)XEHHS MAIIEHTIB HAa HASBHICTh I'yMOPAJILHOI IMyHHOT
BINMOBiAI Ha 30yAHMK YPOTEHITAJIGHOTO — XJIAMiTio3y
Chlamydia trachomatis (Taylor-Robinson, 1997; Chernesky,
2005; Isakov et al., 2012; Kamel, 2013). fx i y Bunagky
iHomX iHdexuii, Binpaszy micmst iHdikyBanas Ch. tracho-
matis B OpraHi3Mi BillOyBaeThCsS yTBOPEHHs CrienU(pivHHUX
IgM aHTHTIN, a 3rOIOM CHHTE3YIOTHCS OCHOBHI IPOCKTUBHI
arTutina kmacy IgG. Pazom i3 THM mpu 3arocTpeHHi XpoHid-
HOTO YPOTEHITAIFHOTO XJIaMillio3y B OpraHi3Mi MOXYTb CH-
HTe3yBaTHCsl crienudivni anturina knacy IgA. Omxe, KOM-
IUIEKCHE OOCTE)KEHHS! MAIlIEHTIB Ha HASBHICTh T'yMOpaJbHOT
iMmyHHoi BimnoBini Ha Ch. trachomatis nepenbayae Tecty-
BaHHs CHPOBaTkH (IU1a3MM) KpOBi Ha BMICT crielu(iyHNX
AHTUTLI yciX TpboX KiaciB (Ossewaarde, 1994; Isakov et al.,
2012; Kamel, 2013).

3a miteparypaumu qanumu (Ossewaarde, 1994; Kamel,
2013), imyHo(epMeHTHI HaOOpH JUIsl BUSBIICHHS criendiy-
HUX aHTUTin Kinacy IgM ta IgA mo Ch. trachomatis y
chpoBarii (IUa3mi) KpOBi JIFOMMHM IOOyHOBaHI 3a
npuHouoM Hempsimoro [DA. CyrreBoro mpobiemor0 y
BUPOOHHMIITBI MOJIOHOTO POy MAIArHOCTUYHUX HAOOpIB €
orpuManHs mo3utuBHOrO KoHTpomo (I1K). Kiacumunwmii
Bapiant [IK — me cupoBarka (Iuiasma) KpOBI JIFOAWHA 3
yMicTOM crelu(iqHUX aHTHUTLI IeBHOro kiacy. Yacrora
BusiBNIeHHA IgM- Ta IgA-O3UTHBHUX CHPOBAaTOK HE3HAYHA.
Bkpaii gedinutHuil BiINIOBIqHKE OlOJIOTIYHUI MaTepial —
cuposuHa 111 orpumannst [1K. s o6craBrHa MoXe CyTTEBO

oOMeXXyBaTH  BHPOOHHMLTBO  JIarHOCTUYHHMX  HAOOpIB,
0COOJIMBO 3a YMOB MIMPOKOMACIITaOHOTO BHPOOHHILITBA.
Hamy  3anpormoHOBaHO — METONONOTIYHMH — MiAXid IO
BukopuctanHs cuHTeTHYHHX [IK B iMyHO(epMEeHTHHX
Habopax, MoOyIOBaHWX 3a MPHUHIMIIOM Henpsmoro [DA,
SIKMI TIONSITa€ Yy BUKOPUCTaHHI KOHFOTaTy HOPMAJBbHUX
iMmyHor100yiHIB Kinacy IgM (IgA) Ta MOHOKIOHANIBHUX
arTuTLT (MKAT) 10 OCHOBHOI'O O1J1Ka 30BHIIIIHBOT MEMOpaHU
Ch. trachomatis (major outer membrane protein, MOMP).

Mera 1i€l crarti — oOXapakTepu3yBaTH Pi3HI METOIu
OiokoH toramii Uil CHHTE3y MNO3UTHBHHMX KOHTPOJIB IS
iMyHO(epMeHTHHUX HaOOpiB Iij Yac BusiBIeHHS IgA Ta IgM
anTutin 1o Ch. trachomatis.

Marepiai i MeToau 10CTiTKEHD

NHS  eghip-maneimio  onocepedkosana  KoH to2ayis.
CuHTe3 KOH'IOraTy MPOBOAMIM 3a JIOIIOMOTOI 0a30BOTO
Merony (Hermanson, 2000) i3 BrmacHUMH MOIU(IKAIiIMH.
Ha nepmomy erami NMpOBOIMIM aKTHBALi0 HOPMAIBHOTO
IgM (IgA) momuuu (Nikolayenko et al., 2005) NHS edip-
MaJIeiMIZIHUM 3IIMBAJIBHUM areHTOM — CyJb(O-CYKIUHI-
Mi-4-(N-ManeiMiIoMeTHIT) IKIIoTeKcaH- | -kapOoKCcHIaTy
(cynbo-SMCC). BukopucroByBaiu 2-3 Mt po3uuny IgM
(IgA) (400420 mr/mi) y 0,1 M docharaomy 6ydepi i3 0,15 M
NaCl, pH 7,2 (®BP). [lo po3umHy iMyHOIJIO0YJIiHIB
nonasai 6 Mr cynbho-SMCC, po3milryBaiay 0 TOBHOTO
PO3YMHEHHS Ta BUTPUMYBIIM yIpoaoBxk 30 XB 32 KIMHATHOT
temmeparypu. Bimmimerns cymego-SMCC, mo He mpo-
pearyBas, IIPOBOAMIIN Ha KoJoHII 2,5 X 100 cM i3 cedakpu-
nom S-300, BuxopucroBytourn OBP. AkTHBOBaHI iMyHOTIIO-
OyJIHH €JIOIOBAIN 3 KOJIOHKH, PO3BOJIIIIN JI0 KOHLIEHTPALIii
20 mr/mMi Ta Bifpady BHKOPHCTOBYBAJIM JUIsl CHHTE3Y
KOH’Iorarta.

KoH’roraiiiro akTHBOBAHOTO HOPMAJIBHOTO IMYHOIJIOOY-
JiHy Ta MKAT 13 BiZIHOBJICHUMH CYJIB(IiAPHIEHUME TPyIaMU
MIPOBOAMIIM TaKUM YMHOM. BuxopucroByBamu pozunH MkAT
10 MOMP i3 konnenTpatieto 5 mr/mn y ®BP i3 10 Mmmons/n
ENTA. Jlo 3 mn po3unny MKAT nogasamu 18 Mr mepkarnro-
ermnaminy (MEA), inkyOyBamu 90 xB 3a Temriepatypu 37 °C.
st BimineHss pexykoBanux anTTil Bim MEA, mo He BeTy-
IIMB Y PEaKIliio, 3aCTOCOBYBATM XPOMATOrpadidHy KOJIOHKY
1,5 x 40 cm i3 cedpamercom G-25 (Pharmacia Biotech), Buko-
pucroBytourt OBP 13 10 mmons/n E[ITA. Eoriito peaykosa-
HUX AQHTUTLT MPOBOAWIM 31 IIBUIAKICTIO 2 MJ/XB. 30mpaiu
¢paxiii 06’emom 0,5 MiT 1 BUMIpIOBaJI ONITHYHY T'YCTHHY HIPH
280 um. 3iOpani ¢paxuii pemykoBaHnx MEKAT HeraiiHO
3MILIyBaJIM 3 aKTHBOBAaHUMH IMYHOIJIOOYJiHaMU (MOJISIpHE

4 Visn. Dnipropetr. Univ. Ser. Biol. Med. 2015. 6(1)



criBBigHoIeHHs IgM : MKAT cranoBuiio 1 : 4, a IgA : MKAT—
1 : 2). PeakuiitHy cymill BUTpHMYBAIK 2 TOJ 32 KIMHATHOI
Temrneparypi. OTpHMaHHi KOH 0raT MiUIaBaId OUMILEHHIO 32
JIOTIOMOTOI0  iMyHOaiHHOi Xpomarorpadii Ha KOJIOHII 13
cethaposoro 6-B, Ha sikiii immoOitizoBani MKAT 10 MOMP.

Ieptiooamnuii memoo ko roeayii. Kon’roramniro MKAT
J0 MOMP i3 HOpManbHUM IMYHOIJIOOYJIHOM JIFOJIMHH
3IIHCHIOBAJIM Y MOJISIPHOMY cHiBBifHOIIEHHI MKAT 1o IgM
1 : 1 merogom mepiomatHoro okucieHHs (Tijssen, 1985) i3
BIacHAMH MoaugikamisiMu. sl OKHCIEHHS IMyHOTJI00Y-
niniB momuHA (15 Mr/min) 3actocoByBamm 0,1 M 6ikap6o-
HarHuit Oydep, pH 8,3, monatoun Takuii xe 00’em 14 MM
BOJIHOTO PO3uMHY mepiogaty Harpito. Cyminn 1HKyOyBaiu
HpoTsroM 2 Toj 3a KiMHATHOI TemriepaTypu. OpepikaHuid
TAKAM YHMHOM pPO3YMH aKTUBOBAHOIO IMYHOIJIOOYIiHY
JIIOMHHM JIOJIABAII 10 PO34nMHy MEKAT, sKi TONEepeaHbo
mianizyBamm mporu 0,1 M kap6onatHoro posuunny, pH 9,2.
Cymim mepeHocwnM y XpomartorpadiuHy KOJOHKY Ta
nonasanu 1/3 wactuny cyxoro cedanexcy G-25, iHKyOyBanu
mpotsroM 3 Tof 3a KIMHATHOI Temrieparypu. [lo 3akiH4eHHi
IHKyOarii po3YMH KOH'IOTaTy EeIOIOBAM 3 KOJIOHKH Ta
3YIUHSUIM peakiito nomaBaHHsM 1/20 00’€éMHOI 4acTHHU
BojHOro po3unHy NaBHy (5 mr/mi), 3anumaroun Ha 30 xB
3a KIMHaTHOI Temmeparypu. [licis uporo me nogasamu 3/20
YaCTUHH PO3YMHY OOpriIpuay HaTpito, I1HKYOyBasu
nporsiroM 60 xB. OpepkaHuil po34MH  KOH IOraTy
nepesoin y 0,02 M docdarauit 6ydep 3 0,15 M NaCl
HUISIXOM JiaTi3y.

Henpsamuii I®A. Pexombinantaniit MOMP (Galkin and
Dugan, 2014) copbysamu B 0,02 M kapOonat-OikapOoHart-
HOoMy Oydepi B KOHUEHTpalii 2 MKI/MJI Ha 96-IyHKOBI
moJicTeposnoBi TuranmmeTn i IDA BHCOKOi cOpOIIHHOT
emHocti (Suzhou Conrem Biomedical Technology Co.,
Kurait). [Inammer inkyOyBamu mpotsrom 12 rox 3a 4 °C,
notim Tpuui BigmuBaiu 0,02 M docharaum Oydeprum

o
I:zN—O 0@
smce

R—NH,
Monekyna
3 aMiHOIPYNoK

SMCC akTURORAHMIA
peareHT

pogurHoM 13 0,15 M NaCl ta 0,2% T1BiH-20 (OBPT) Ta
BUTPHMYBAJI y PO3UMHI OMYavOr0 CHPOBATKOBOTO AlbOy-
miny (BCA) (10 mr/min B @BP) 1 rox 3a Temneparypu 37 °C.
[Ticns yotupupaszoBoro BinmuBanHsg OBPT syHku miiaHie-
Ta 3anoBHIOBaM 100 MK po34MHY KOH’IOraTy HOpMajb-
Horo IgM (IgA) tTa MKAT mo MOMP y peakuiiiHomy
6ydepromy pozumni (0,05 M tprc-HCI 6ydep, pH 8,0, 0,15 M
NaCl, 5 MM EATA, 0,5 mr/mMmn BCA, 0,2% TBiH-20).
[manmern inkyOyBamumcst 30 xB 3a Temneparypu 37 °C ta
BimmuBarm 4 pasu DCBT. Ilicna BigMUBaHHS BHOCHIIA
PO3YMH TIEPOKCHIA3HOTO KOHIOTaTy MOHOKJIOHAIBHHX
antutin g0 IgM (IgA) nmroguam (100 MKI/IYHKY), SIKHiA
iHkyOyBanu 30 xB 3a Temmneparypu 37 °C. Tpuui BinMuBau
®BPT i aBivi AUCTHILOBAHOK BOJOKO, MIC/S YOI0 BHOCHIIN
no 100 MK cyOCTpaTHO-XpOMOTEHHOI CyMilli (pO34rH
3,3’,5,5’-rerpamernnoenzununy 0,25 mr/mn y 0,1 M Hatpiii-
urtparsoro Oygepy, pH 4,5, i3 nomaannsim 10 Mk 33%
pO3YMHY TepeKHcy BOAHIO). Peakiito mposBisum 20 XB y
TEMHOTI Ta 3ynuHsiM, pomaoud 50 Mxa 2 M cipyaHoi
kucnote. ONTHYHY TYCTHHY BuMiproBaim 3a 450 HM/620 HM.

Pe3yabTaTi Ta iX 00roBopeHHst

Ipynryrouncs Ha madpx immmx asropis (Harlow and
Lane, 1988; Johnstone, 1997; Hermanson, 2000) Ta Biac-
Homy nocBizi (Galkin, 2010), Mu oOpanu JBa MPUHIMIIOBI
METOIOJIOTIYHI MiIXOM 10 CHHTE3y KOH’IOraTiB (opmary
«AHTUTIIO — AaHTHUTLION, SIKI IMIABAIM OI[HIY ISl CHHTE3Y
BinnosigHoro I1K (mecnetmdiuni IgM/IgA + MOHOKIIOHANB-
Hux anTuTi1 10 MOMP): 1) NHS edip-maneimin onocepe-
KOBaHA KOH'IOTallisl HAa WPUKIAM CyKIuHIMImI-4-(N-
MaeiMiIOMeTHIT) [UKIIOreKcaH- 1 -kapookcmmary  (SMCC)
SIK 3MIMBAJIBHOTO areHTa; 2) nepioparHuii MeTo] (BiIHOBHE
amiHyBaHH:) (puc. 1, 2).

30}

o 0

KoH'worar

Monexyna 3
cynedrigpuneHol
rpynoto

HS—R'

Puc. 1. Cxema onep:xanHsi KoH’oraris 3a gonomororo SMCC

3acTocyBaHHS 3a3HAUEHHX METOOJIOTTYHUX MPHHOMIB
MOXJIMBE uepe3 Taki nepemymoBu. NHS edip-maneimin
OrocepeIKOBaHa KOH'Iorallii MOXKIJIMBAa 3a y4acTi JIBOX
010MOJIeKYJI, OJTHA 3 SIKMX MA€ BUIbHI aMiHOTPYIIH, & JApyra —
BUIbHI cynbdrigpmibhi rpymu. OueBuaHo, mo i IgM (IgA)
JIFOJMHM, ¥ MHUIIAYl MOHOKJIOHAQJILHI aHTHTIIA MAaroTh

BIAMOBIZIHI Tpyny, sIKi MOXYThb OyTH 3aiisHI y JaHii
Meromuii. IloTeHmiiHA  MOXJIMBICTD  BUKOPHCTAHHS
NIEpHOJATHOIO METOAY 3YMOBJIEHA TUM, 110 MoJieKyiu IgM
ta IgA momuHu MicTste 7-12% BYIJIEBOIHMX 3aJIMILKIB
(Filippovich, 1999). Ile, y cBotO uepry, 103BOJISIE MPOBOIUTH
momudikaniro wmonekynn IgM  (IgA) 3  yTBOpeHHIM
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aKTHBHUX JIBJETIAHNX TPYIL, SIKi 3r0Z0M OymyTh pearyBaTv
3 aMiHOTPYNaMH aHTHTLI 3 yTBOpeHHsM ocHoBu llludda.
Aupnierigai rpynu y mosekysi IgM (IgA) yrBoprotoTses iz
4yac OKWCHEHHs IepHoIaTtoM Hartpifo iX BYIVIEBOIHHX
KOMITOHEHTIB, ~aMiHOTPYNH SIKOrO0  MOMepeqHso  abo
610koBaHi 1-rop-2,4-auHITpoOEH30JI0M, 200 MPOTOHOBaHI
(Hermanson, 2000). Takum umHOM, Ham ciix Oymno Ha
MIPAKTHIl OIIHUTH MPUAHATHICTH 3TaJaHUX METOIUK JUIS

HO OH

Mepokcupasa XpoHy 3
nonicaxapMaHUMK NaHUraMmu

YTBOpPEHHA KOH'loraTy B pesynkTari
BiAHOBNIOBaNbLHOro aMiHyBaHHSA

Nalo, HO
e 0
O 8—0
o) 4
0 o

NaCNBH,

cHHTe3y OIOKOH’IOraTiB (OpMaTy «aHTUTLIO — AHTHTLION.
Cunrernui [1K, oTpumaHi pisHIMH METOIAMH, OLIIHIOBAIH
IUIXOM 1X THUTPYBaHHS B IMyHO(EPMEHTHOMY aHai3i,
npu3HadeHoMy i BusiBieHHs IgM Tta IgA aHTuTin 1o
30y/IHUKA YPOTEeHITATLHOTO XJIaMinio3y. JlaHe MOCIimKeHHS
MPOBOJMIIM TMOPIBHSHO 3 THTPYBAHHSM BHCOKOTHUTPaXKHHX
CHPOBAaTOK 3 YMICTOM BINOBIAHUX cHElM(pIYHUX aHTUTLI, a
TaK0>X HEraTUBHOI CHPOBATKH (pHC. 3).

B pesynbrati oKMCNeHHA
YTBOPHHTECA BiNbHI
anbgerigHi rpynu

Monekyna aHTMTIina
3 amiHorpynow

Puc. 2. [lepiionaTHuii MeTO 0JepKaHHS KOH I0raTiB

N
3
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Po3BseneHHs

Puc. 3. THprBaHHH CUHTCTHYHHUX KOHTpOJ]iB, OTPUMAHHUX pi3Hl/IMl/I MeTOJaMu

Haiixpamum pesynsraroM xapakrepusysascs 11K, otpu-
MaHHH BHacniiok BukopuctaHHs SMCC sk 3IIMBaJILHOTO
arenta (NHS edip-maneimin ormocepenkoBaHa KOH TOTallis).
Cnamannst akTUBHOCTI y pasi possenenss [1K, orpumanoro
repiioaTHIM METOJIOM, BinOyBaiocs iHTeHCHBHime. Pazom
i3 1M, yci BapianTr cuHTe30BannX [1K xapakrepmsyBamcs
CHPUSITIIUBIIINM cuTHaoM y IMDA, aHDK BHCOKOTUTpaXKHI

IgM- Tta IgA-mo3uTuBHI CHUpOBaTKH. AHAJIOTIYHI JOCIIJ-
JKEHHS NPOBEJICHO IICIsl TECTy NMPUCKOPEHOi CTadLIbHOCTI
(30epiranHst ynponoBx TikHS 3a Temmeparypu 37 °C).
Pesynbraty BignoBinHMX BUNpoOyBaHb (puc. 4) cBigumy,
oo crajaHHsg akTHBHOCTI cuHTeTHmYHMX IIK BinOyBaeThes
MEHII TIOBUIFHO, HK MO3UTHBHUX CHPOBATOK, IO MICTATh
BIAMOBIAHI crieiudivHi aHTHTIIA.
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Puc. 4. TutpyBaHHSl CHHTETUHYHUX KOHTPOJIiB, OTPUMAHUX Pi3HUMH MeTOAaMM, micJjisi 30epiranss 3a 37 °C

Taki pe3yabTaT  3yMOBJIOIOTH  IE€PCIEKTHBHICTH
3aCTOCYBAaHHS OIMCAHOTO METOJOJIOTIYHOTO MNPHHOMY if
4yac pO3pOOJICHHSI Ta BUIOTOBJEHHS IMyHO(EPMEHTHHX
HaOopiB Uil JIIarHOCTUKH YPOTEHITAJIBHOTO XJIaMiJio3y.
OTpuMaHi HaMH Pe3yJIbTATH KOPEIIOTh 13 JaHUMH IHIIIHX
mpaik y YacTHHI MOMIIMBOCTI CTBOPEHHS KOH FOTOBAHHX
GiopeareHTiB, sIKi O XapakTepU3yBaIUCS KpaIMMH XapaKTe-
PHCTHKaMH, 30KpeMa CTaOUIbHICTIO Ta yyTmBicTio (Dhar et
al., 2012; Galkin and Gorshunov, 2014).

BucHoBku

OOrpyHTOBaHO METOMOJIOTIYHI MiAXOAN O OTPUMAHHA
CHHTETUYHUX TMO3UTHBHHX KOHTPOJIB JUIsi HEHPSIMOro
iIMyHO(EPMEHTHOTO aHaNi3y, PU3HAYCHOTO YISl BUSBICHHS
IgM Ta IgA aHTuTin g0 30yAHHMKA YPOTEHITAIBHOTO
xnamigiosy: NHS egip-maneimin onocepeakoBana KoH 1ora-
wist Ha pukiiai SMCC sk 3UIMBATBHOTO areHTa, repioaar-
Hui  Meron  Oiokon’roramii. CHHTETMYHI  ITO3UTHBHI
KOHTPOJTi, OTPUMAaHI Pi3HUMH METOIAMH, XapaKTePHU3YIOThCSI
BUIIMM THTPOM TIOPIBHSIHO 3 BUCOKOTHTPAXHUMH CHPOBAT-
Kamu, mo Mictath IgM Ta IgA anturin no Ch. trachomatis.
[o3uTHBHUI KOHTPOIB, OTPUMaHUii 3a goroMororo SMCC,
XapaKTepU3yeThCsl  HalikpammM  TpodineM THTpyBaHHS
(MeHIMM criagaHHsAM akTUBHOCTI y IDA min gac po3BerneH-
HS) SIK HA MOMEHT OTPHMAaHHS, TaK 1 ITicis Horo 30epiraHHs
3a I IBUILIEHOT TeMIIepaTypH.
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CTpykTypHMIi c1ix aganTanii y pyXoOBHX HEHTPAaX CHUHHOI0 MO3KY IIypiB
NPH rinoKiHesii 3 HACTYNMHUM (iI3MYHUM HABAHTAKEHHAM
y BiIHOBHOMY Hepioai

C.JL Tomnens', B.M. Munxan', C.3. KpaCHononLCLKHﬁz, L.B. Menbuuk’

1 o . o . . . . .

Tpuxapnamcokui nayionanenul yHisepcumem imeni Bacuns Cmeganuxa, léano-Dpankiscok, Ykpaina
2 . o . o o . . .
Isano-Ppanxiscokuii HayionanbHuli Mmeouynuil ynieepcumem, leano-Dpankiscok, Ykpaina

3aKOHOMIPHOCTI CTPYKTYPHOI 1epeOyI0BH CKIIJ0BHUX KOMIIOHCHTIB CITMHHOIO MO3KY 3a [iii Pi3HHX YMHHHKIB € TPEJAMETOM BHUBUCHHS
Garatbox mocimigHukiB. OHaK 3MiHH MOP(OMETPUYHHX MapaMeTpiB HEHPOLWMTIB PYyXOBHX LEHTPIB MPH TiMNOKiHE3ii 3aMIIaloThCs 1mo3a
YBaroro MIMPOKOro Kona aBTopiB. BusdyenHs MopdodyHKIioHATbHOI nepe0yJ0BH HEHPOLKTIB Ta X KPOBOHOCHOTO PYCiia CTal0 METOI0
naHoi pobotu. JlocTimKeHHsI BUKOHaHI Ha 55 mabopaTopHuUX rypax JiiHii Bictap. Marepianom ciyxumu L5-S2 cerMeHTH CIMHHOTO MO3KY.
3acTOCOBYBAIM TiCTOJIOTTYHI criocoOn 3a0apBIIeHHS IOMEPEYHHX 3Pi3iB CIIMHHOTO MO3KY Ta €JIEKTPOHHOMIKPOCKOIIIYHMI METOA IJIs BCTa-
HOBJICHHSI CTYTICHS CTIIKOCTI OKPEMHX JIAHOK HEHPO-TeMaTHYHOTo 0ap’epy 3a XapaKTepoM MPOXOLKEHHS YaCTOK KOJIOiXHOTOo 3010Ta (5 HM)
SIK MapKepa MPOHUKHOCTI KarnisapHoi cTiHKY. [Ipn 1oBroTpuBariii Tinokinesii y CIIMHHOMY MO3KY IIypiB CIIOCTEPIraroThCst MOPQOIOTivHi
3MiHH (POPMH Ta PO3MIPIB siziep, NepikapioHa HEHPOLUTIB MEPEIHIX POTiB YCIX OCHIDKYBAHNX CEIMEHTIB CIIMHHOTO MO3KY. 30LIbIIY€EThCS
KUIBKICTh TIOXPOMHHX, TIEPXPOMHHX HEHPOLMTIB 0e3 03HAK 1 3 03HAKaMH JECTPYKTUBHHX 3MiH, 3’SBILSIIOTECS KIIITHHH-TIHI Ta BUNAIKA
catenito3y Ta Heliponodarii. CrioctepiracTbesi 3HIKEHHs OUTOKCHHTETHYHOT (yHKIIi HEHpOLMTIB, PO 10 CBIIYaTh YIBTPACTPYKTypHI
3MiHH TX CyOKITITUHHUX KOMIOHEHTiB. CTpyKTypHa 1epebya0oBa HeHPOLMTIB BUKIIMKA€e 3aKOHOMIPHI 3MiHHM X KpoBoIocTayaHHs. BHactiiok
TTiIBUIICHHS TIPOHUKHOCTI CTIHKH MiKPOT€MOCYAMH IS YaCTOK MapKepa, KOH FOrOBAaHOTO 3 IPiIOHOMOJIEKYJIIPHUMH OLTKaMU IIa3MH KPOBi,
CIIOCTEPIraeThCsl HAOPSK SHAOTEIIOLHTIB 1 MEPUIUTIB, Oa3anbHa MeMOpaHa JIOKATFHO BTpava€e MPaBIIIbHY TPUILAPOBY OyIOBY, Ma€ 30HU
TOMOTreHi3allii Ta po3mapyBaHHs. [Ipu TpuBaiiii rinmokiHe3ii YacTKH KOJOITHOTO 30JI0Ta BUSABIIIOTHCS TAaKOX y MapaBa3albHOMY HPOCTOPI.
30-kpatHe (i3NUHEe HABaHTAKEHHS CEpelHBOI aepoOHOI MOTYKHOCTI (150-MeTpoBHit IPOOIT y TpeaMiTi JBiYi HA ICHB) CIPHSE YCyHEHHIO
X MOpGOQYHKITIOHATBHIX 3MiH y CKJIQJJOBUX KOMIOHEHTaX PYXOBHX sIiep CIIMHHOTO MO3KY.

Kmouosi cnosa: pyxoBa akTHBHICTB; PyXOBi HEPBOBI LICHTPH; HEWPOLUTH; JTa00paTOpHi TBAPUHU

Structural trace of adaptation in motive nuclei of spinal cord of rats
in hypokinesia and after physical loading in the recovery period
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The purpose of this paper is to study the morphological changes of neurocytes in spinal cord of rats in hypokinesia and subsequent
physical loading. Studies were performed on 55 laboratory rats of Wistar line. Materials of the research were the anterior horns of the gray
matter of L5-S2 spinal segments. Preparations stained by Nissl and Viktorov were examined histologically. Hypokinesia was modeled fol-
lowing on the author’s technique. It was established that during prolonged hypokinesia in neurocytes of spinal cord of rats morphological
changes in cell size and shape of the motor nuclei of all segments under study have been recorded. The number of hypochromic,
hyperchromic destructively unchanged and hyperchromic destructively altered neurocytes increase; shadow cells appears, as well as cases of
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satellitosis and neuronophagia. Decrease in of albumen synthetical neurocyte function has been recorded. Physical loading of the average
aerobic capacity leads to normalization of structural and functional state of neurocytes and enhances the reparative processes, as evidenced
by a number of positive changes in morphometric parameters: increase in the number of normochromic neurocytes and decreasing the
number of hyper- and hypochromic neurocytes with destructive signs, absence of pyknotic forms. Morphological parameters of neurocytes
and their nuclei after physical loading of average aerobic capacity do not differ from those in the control group of intact animals. In neuro-
cytes of this group of rats RNA concentration increases by 12.6% compared to animals after prolonged hypokinesia. Neurocytes of spinal
cord of rats after prolonged hypokinesia develop significant morphological changes which are characterized by emergence of a significant
number of hyperchromic neurocytes with signs of destructive changes and shadow cells, as well as and hypochromic neurocytes with signs
of destructive changes, reduction in size and change of shape of perikaryons of neurocytes and their nuclei. Morphological changes of
neurocytes after prolonged hypokinesia are accompanied by violations of biosynthetic processes, as evidenced by RNA decrease in the
cytoplasm of efferent neurocytes of spinal cord of rats. Physical loading of average aerobic capacity leads to normalization of structural and
functional state of neurocytes and promotes the reparative processes suported by positive changes in morphometric parameters.

Keywords: hypokinesia; physical loading; spinal cord; neurocytes; rats

Beryn

OnHi€l0 3 aKkTyalbHHX MpoOiIeM cydacHoi Oiomorii Ta
MEJMIMHA € BUBYCHHS 3aKOHOMIPHOCTEH MOPYIIEHHS CTpY-
KTypH CHHHHOMO3KOBHX HEHpOIWTIB TIPH IOBrOTPUBAIIN
rinokinesii (JII'K) (Smirnov et al., 2000). 3a narmvu BOO3,
Iepire  Micle cepell TNPUYHMH IePBHHHOI  1HBANITHOCTI
MOCIAlOTh TpaBMHM XpEeOETHOTO CTOBMA Ta ypayKeHHS
ciiuHHOr0 MO3Ky (CM). JliKyBaHHS TakuMX TPaBM 3aBXKIU
TOB’s13aHE 3 TPHUBAJIOK IMMOOLTI3AIEI0 BChOTO OPraHi3My.
3a maHuMu OKpeMux fociaHukiB (Stogov, 2009; Narymbe-
tova et al, 2011; Soubeyrand et al., 2013), ynacmimok
TPHUBAJIOI BUMYILICHOI HEPYXOMOCTI PO3BUBAETHCS CKIIATHMUIT
CHMIITOMOKOMIUIEKC, ~KJIIOYOBHMH JIAHKAMH  SIKOTO €
NpurHiueHHs y TkaHuHax CM aepoOHOro Ta akTHBaLis
aHaepOOHOTO MUIIXy YTWI3alil TIIOKO3W, 3HIDKCHHS
eHepro3ade3neueHHs], MOPYIIEHHS TPAHCIIOPTY Pi3HUX 10HIB
(Sazontova et al., 2007), 3MiHa KHCIOTHO-TY>KHOTO OajlaHCy
(Ivanov, 2002; Ciobica et al., 2010) Ha domi imemii, ska
BuHHUKae noctyno (Machovic et al., 2013), nediuuty KucH:o
(Mickan and Popel, 2001; Willis, 2011) Tta axruBamii
nporieciB  nepekucHoro okucieHHs miminiB (Kamskova,
2001; Cash et al., 2014).

Hagith xopotkouacHa imemis CM Beme 10 TIMOOKHX
TIOIIKO/DKEHb  HEMpOLMTIB Yepe3 HecTayy YTBOPEHHS
BaxuBMX MetabonitiB (Bagautdinov and Vasil’ev, 2005;
Polubinska et al., 2013), oxucumantaoro crpecy (Ciobica et
al., 2010; Sies, 2015), mopymerns cunaTesy 6inkiB (Mickan
and Popel, 2001; Jerastova et al., 2001; Sazontova et al.,
2007). 3a maammu Oarateox aBtopiB (Nechipurenko et al.,
2008; Stogov, 2009), yHacIIOK NeCTPYKIii BIacHUX OLIKIB
y M’SI30BHX BOJIOKHAX (sIka BUHHKA€ SK PEaKis Ha JCHpH-
BalLlll0 PyXOBOi AaKTHBHOCTI Ta BIJICYTHICTh agepeHTHOI
iMITynbcallii) BHHUKAE CEHCHOLNI3allisi OpraHiamy, IO
icroTHO BruMBace Ha craH HelpormTiB CM (Nepomnjashchih
et al., 2009).

[cHyroTh /1Ba KpUTHYHI DPiBHI MO3KOBOTO KPOBOTOKY:
niepunii (20 Mi/100 1/XB) — 151 Gi0€IEeKTPUYHOT aKTHBHOCTI
xiituH, apyrai (15 /100 1/XB) — 11t Gi0JIOTTYHIX HACOCIB
Ta miaTpuMaHHs ioHHOTO ToMeoctasdy (Nechipurenko et al.,
2008; Rakowska et al., 2012). Kimituau 3 00’eMHUM
KPOBOTOKOM, IO MICTUTBCS MK JBOMA IIMMH PIBHSIMH,
YTBOPIOIOTh 30HY ilIeMi4HOT «iBTiHI». [Ipn npomy GyHKIis
KIITHH THMYacoBO IIOPYIIYETHCS, ajleé CTPYKTYpPHHX
HE3BOPOTHUX MOIIKO/DKEHb e Hemae. [ mpodinaktiku
iMoOinmizauiiiHoro crpecy Ta imewmii Heiipouurie CM
HeoOxiZHe BifHOBNEHHs (YHKUIl M€l 30HM imeMiyHOT
«miBTiH (Matsuzaki and Sampath, 2007). [Ins npakTugHoi

MEJMIMHHA IHTEpEC CTAHOBJIATH HE TUIBKHM IATOr€HETHYHi
3miam npu [T'K Ta imewmii, a # Tak 3BaHi peaGinitamiiHi
HACJIJIKK BIUIMBY (DI3MYHOTO HABAaHTAXKEHHS PI3HOTO PIBHS
iarercuBHOCTI micns JII'K. BimHOBIEHHS KPOBOTOKY, SIKE
MOXe BIIOYTHCH SK y pa3i yCyHEHHS yMOB iMMOOii3arii,
TaK 1 micis (Pi3MYHOTO HaBaHTAXKEHHS CEpPeIHBOI aepoOHOT
notyxHocTi (PHCAII), BUKIHMKae KacKaj aJanTamiifHuX
MPOLIECIB, MOB’A3aHMX 13 MOCTIIMOKIHETHYHUM CHHIPOMOM
(Mickan and Popel, 2001; Narymbetova et al., 2011). IIpu
bOMY KPOB HaJXOJWUTh Y 30HY ilIeMil, B SIKIH CTIHKH
MIKPOCY/IMH MalOTh ITiIBUILEHY POHUKHICTb, OCOOJIMBO 15
JpiOGHOMOJIEKYJSIpHUX OUIKIB TuiasmMu kposi (Popel, 2013).
Ie BuKMKae CBiff KOMIUIEKC NMAaTOr€HETUYHNX MEXaHI3MiB,
SKMA TaKOX HEOOXIHO BpaXxOBYBaTH, pPO3POOIISIOUN
peabinitamiitai 3axomu. Ilicms JAT'K kuceHp, sSKuii BUTBHO
HaugxoIuTh y TKaHMHM CM, BKIIOYAETHCS y MPOLECH
BUIbHOPAJIMKAILHOTO OKHCIICHHS, SIKE 3YMOBIIOE PO3BUTOK
LUTOTOKCHYHOTO edekTy (Sazontova et al., 2007; Chugunov
et al.,, 2009), BHACIIIOK SIKOTO IMOCHJIOIOTHCS MEMOpaHHI
TIOIIKO/KEHHS, 3MIHIOETHCS BOJHO-CIEKTPOJIITHHI OanaHc
MDK 103a- Ta BHYTPIUIHBOKIIITUHHAM CEPEIOBUIIEM,
HapocTae CHeproAeilMT y 30HI IIIEMIYHOI «HAIIBTIHI»
(Bagautdinov et al., 2000; Wu et al., 2006; Machovic et al.,
2013). BpaxoByrouum 3HayHy pOJb  3aXBOPIOBaHb,
noB’s3anux 13 JAI'K, y marorenesi sIknx JeXuTh iIeMiYHAH
KOMIIOHEHT, B)KJIMBO BUSIBUTH MOP(MOQYHKI[IOHATBHI 3MiHH
reiipormTiB CM mpu JIT'K i B ymoBax ®HCAIL.

Mera nmaHOi cTarTi — OXapakTepu3yBaT MOPPOPYHKIIIO-
HallbHI 3MIiHH HEWPOUWTIB CIIMHHOTO MO3KY MIypiB TIpH
rinokKinHesii Ta HacTyHOMY (HI3MYHOMY HaBaHTaXKSHHI.

Marepian i MeToAH J0CTiIZKEHD

ExcriepriMeHTH MPOBEICHO Ha 55 1a00paTopHUX IIypax-
camusix Macoro 210-290 r. Tapunu nepeOyBaiu y criewi-
IBHUX KITKax-MeHalax B YMOBaX BIIBHOTO CIIOYKHMBAaHHS
KOpMy Ta NMUTHOI BOAM (CTaHIAapTHUH pariioH s jabopa-
TOPHMX IIYpiB). YcCi EKCIIEpUMEHTH CXBAaJIECHO ETHYHOIO
komiciero [TpuKaprnaTchKoro HaIiOHATBHOTO YHIBEPCUTETY
Ta mpoBereHo 3rinHO 3 «[IpaBHiaMu IOBOJDKEHHS 3
eKCIICPHMEHTAILHIMH TBapUHAMI» Ta «3araJbHAMH eTHY-
HUMHU TIPUHIIAIIAME EKCTIEpIMEHTIB Ha TBapHHax». BinOip
eKCIIEpHMEHTAIIBHIX TBAPHUH 3YMOBJICHHI CXOXKICTIO HEHPOHO-
aHrioapxitektoHiki CM LypiB 1 JIOAWHU.

TBapyH pO3AUTIM HA TPU TPYNU: I’SITh IHTAKTHUX
mypiB cknagaam konrtposbHy rpyny (KID); mo 25 mrypis
yBilinum 1o rpynu nopisasiaas (I'TT) Ta excniepumeHTanbHOT
rpym (EI). ¥V tBapun I'TI II'K MonemroBanu 3a METOIUKOIO

10 Visn. Dnipropetr. Univ. Ser. Biol. Med. 2015. 6(1)



B.M. Muiikana (Mickan and Popel, 2001). Piets ¢isudno-
IO HAaBAaHTKEHHS OOMPAIH 3TiHO 3 ABTOPCHKOI0 METO.H-
koto (Popel and Mickan, 2013) 3 ypaxyBaHHSIM pEKOMEH-
nanid B.A. JleBunpkoro Ta cniBasropiB (Levitc’kiy et al.,
2014). EBranazito TBapuH npoBoawii 4yepe3 240 ni6 micis
MMOYAaTKy MOJCMIOBaHH rinokinesii. Ilicis nekamitamii
tkannHy CM oikcyBamm B pimuni Kaprya, micns doro
Marepian 3HEBOIHIOBAIM B CIMPTAX 3POCTAIOYO] KOHIICH-
Tpallii, MPoCcoYyBaIl KCHJIOJIOM 1 mmoMimmany B mapadin. s
CBITJIOONTHYHOTO JIOCITIDKEHHS TOTYBAIIM CEpiifHI MOTepedHi
3pizu ToBImMHOW §—10 MKM i 3abapemroBamm 3a EliHapcoHOM
(Busnennst PHK), Hiccnem (Sengul, 2015), s BusiBneHHs
HEHpOLIUTIB 3 03HaKaMK JecTpykiii — 3a BikropoBum (Vic-
torov et al., 2000). [icronoriyHi Ta ricTOXIMi4HI Mpenaparu
BUBY&IM I cBimioBuM Mikpockoriom MC 300 (TXP,
Asgcrpist) Ta ¢ororpadyBamu 3a gonomororo Digital camera
for microscope DCM 900 (TXP, Ascrpist). Mopdomerpiro
3MIMCHIOBAIM HA BKa3aHMX Iperaparax 3a JOMOMOIOH
nporpamuoro 3abesneueHHs NIH USA «Image J» B
ABTOMATHYHOMY a00 PyYHOMY PEXXHMI 3 ypaxyBaHHSM 301Tb-
meHHS. Y Xomi MOp(GOMETPUYHOTO aHami3y BH3HAYAIN
po3mip i popMy HEHPOIHTIB Ta iX saep, KUIBKICTh HEHPOIUTIB
1 BigHOCHMIA BMICT (%) HOPMOXPOMHHUX, TIIOXPOMHHX, Tilep-
XPOMHHUX 0€3 03HaK JIECTPYKTHMBHUX 3MiH, TiEPXPOMHHUX 3
O3HaKaMH JECTPYKTUBHHUX 3MIH HEHPOLIUTIB 1 KITITHH-TIHEH.

CyauHu  reMoMikpouupkyssitopuoro pycna (I'MLIP)
CM BuBYanu Iin eiaeKTpoHHMM Mikpockoriom [TEM-100
(BO «SELMI», M. Cymu, Ykpaina). 30upanHst marepiary Ta
MIPUTOTYBaHHS IPENapaTiB UIsl €IEeKTPOHHOI MIKpOCKOIIIl
MPOBOIMIIM 32 3aralbHOMPUIHATAMY NpaBHiIaMu. Mapkep
CYIMHHOI TNPOHUKHOCTI (KOJIOIIHE 30JI0TO) TOTYBaIM 3a
aBTopcbkoro Merommkoro (Popel, 2013), 3 ypaxyBaHHIM
pexomennamiii Dykman and Khlebtsov (2012), xon’tory-
BaJTH 3 aJIbOYMIHOM ILIa3MH KPOBI Ta BBOJIMJIN Y KPOBOHOCHE
pYyCIIo Yepe3 XBOCTOBY BEHY 3 PO3paxyHKy 5,0 MiI/Kr MacH
tBapuH (1,25 mi 3a macu Tina urypa 250 r).

Jnst nopiBHSHHS MOP(OMETPHYHKUX MapamMeTpiB BUKO-
pHCTaHO HemapameTpu4yHuid Kputepii Manna—YitHi. Bin-

MIHHOCTI BBa)kastucsi Biporinanmu 3a P < 0,05. Craructuuny
00poOKy IaHMX 3AIHCHIOBAIM 13 3aCTOCYBaHHSIM IaKeTa
Statistica 6.0. Po3paxoByBanu cepeHe, MOXUOKY CepeIHbO-
IO Ta cepeaHbOKBaIpaTuyHe BinxuieHHs (Rebrova, 2006).

Pe3yabTaTi A0CHiTKEHD

Ticnst 240 ni6 13 mouarky monemroBanss JIT'K Ha ricro-
JIOTIYHMX TpernapaTax BiJHOCHA INUIBHICTH PO3TallyBaHHS
HeWpoIMTIB TOpiBHAHO 3 TBapuHamu KI' 3HauHO 3MiHIO-
eTecs. [Ipn boMy 30UTBITYETRCS KUTBKICTB TIIEPXPOMHHX 3
O3HaKaMH JECTPYKTHBHHUX 3MiH 1 TIIMOXPOMHUX HEHPOIUTIB
(puc. 1). Y tBapun I'T] criocTepiranics BUIAAKA CaTEIITO3y
ta HeipoHodarii (puc. 2). Ilpu upomy y nepemHix porax
cipoi peuoBnran CM BiZHOCHA KUIBbKICTH HOPMOXPOMHHX
HeWponuTiB 3MeHIryeTbes Ha 16,8% (P < 0,05). Tparmis-
FOTHCSI HEMPOLIMTH 3 PO3LIMPEHUM aliKaJIbHUM BiJPOCTKOM.
VY rinepXpoMHUX HEHpPOLMTaX 3 O3HAKAMH JIECTPYKTHBHHX
3MiH BiH clipaienofiOHo 3aKpyvyeThcs. Y LUTOILIa3Mi Jesi-
KUX HEWPOLUTIB CIIOCTEPIracThCsl YACTKOBHI J3UC XpOMa-
ToGiIEHOT peyoBHHU. Slmepus B sinpax OibIIoCTi HEHpo-
LIUTIB PO3TAIIOBaHI eKCIICHTPHIHO.

Knituaae Tio miKHOMOP(HUX HEHPOLMTIB XapaKTepu-
3y€ThCsl HETPaBIIBHOIO (opmoro. [lopiBHSHO 3 iHIIMMHA
BUAAMH HEHPOIMTIB iX sapa IKHOTHYHI, TilEPXPOMHI,
MalOTh MEHIIMI po3Mip 1 HaiiuacTillle He Bi3yali3yIOThCs.
AKCOH y IIMX KJIITHHAX HEPIIKO MiZJa€ThCsl IHTEHCUBHOMY
3a0apBieHHIO, Mae npsMy abo 3urzaronofiony Gopmy.
IHOMI B LEHTPI TaKUX KIITHH CIOCTEPIratOThCs UISHKU
3HIDKEHOT XpoMaTodiii.

[lin wac 3abapBieHHS TiCTOJOTIYHUX IpenapariB Iy
BUSIBIICHHSI HEHPOLMTIB 3 O3HAKaMH IECTPYKTHBHHX 3MiH
(Victorov et al., 2000) ycTaHOBIICHO, III0 BOHH TPAKTUIHO
BincytHi y tBapuH KI' (timekm 1,0-1,2%) 1 3’SBIsTIOTECS B
ycix tBapuH sk pu AT'K, Tak i mpu @PHCAIL Y CM TtBapux
I'TI mectpykTHBHO 3MiHEHI HEHpOLMTH CKIanaroth 27,9%
cepen ycix HeUpOLMTIB.

L W AN

Puc. 1. Ticroioriuna 0yioBa HeiipouuTiB MepeaHix poriB S; CHIUHHOr0 MO3KY IIIypa NMpH A0BroTPUBAJIii rimokixesii:
1 — rinepXpoMHUIA HEHPOIUT O€3 03HAK ACCTPYKIL, 2 — FMEepXPOMHHI HEHPOIMT 3 03HAKAMH JACCTPYKIIIi,
3 — TinOXpOMHUI HEHPOLUT, 4 — HelipoHodaris, 5 — caTeniTo3, 6 — KIITHHA-TiHb;
3abapeieHHs 3a Hicnewm; niHii 3HU3y prcyHKiB BinnosigaoTs 10 MM (a) Ta 100 Mxm (6)

Y wif rpymi TBapMH HEHPOLMTH BTPadalOTh CBOIO
cepuyHiCTh, PO IO CBIMYUTH 3MEHIIEHHS (hOpM-(pakTopa
Ha 11,4% nopiBasHO 3 KoHTpoem (P < 0,05). fAnpa

HEUPOLMTIB BUAOBXKYIOTHCS, NP0 11O CBIIYUTH 301IbIICHHS
YUHHUKA eNOHTalii Ha 4,8% 1 3MeHIIeHHS MiHIMAJIbHOTO
niamerpa siipa Ha 5,3% nopiBHsHO 3 KoHTposeM (P < 0,05).
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Hetipormtu npu JII'K 3MeHInytoThest B po3mipax, 1po 1o
CBIMUTH 3MEHIIEHHS IUIONM] HEHpPOLMTIB, MaKCHMAJIbHOTO
JliaMeTpa Ta rnepuMeTpa HOpIiBHSHO 31 3HAYEHHSIMHU TBAPUH Yy
KOHTpOJi. CTaTUCTUYHO BIpPOTiHO 3MEHIIYIOThCS ILIOLIA
sfep HeHpouuTiB, iX IepuMeTrp, MakKCHUMalbHUH 1
MiHIMaJIBHUH JliaMeTpH TOpIBHSHO 3i 3HaueHHsMH B KI.

KiitiHA BTpavaroTh CBOIO C(EPHUHICTH SIK ITOPIBHSAHO 3
KOHTpOJIeM, TakK i 3 TBapuHaMi EI” (OCKLIBKM 3MEHITyeThCs
(opm-dakTop), HEHPOLUMTH TPU LBOMY JjoBIli, HiX B EIl,
PO II0 CBIAYKTH 30UTBIICHHS YMHHKUKA eJoHrail (Tad. 1).
Slnpa HEHpOIMTIB TaKOXK 3MEHIIYIOTHCS, IpoTe (opma IX He
3MIHIOETECS (TallI. 2).

Tabruys 1
MopdomeTpuyHa XapaKTepHCTUKA HelpouuTiB cIHHHOIo Mo3Ky (M £+ m, n = 55)
[Tapamerpu Kontpons JATI'K OHCAII

ITnoma, MKM 2205125 179,1 £ 10,3* 165,0 £ 10,2*

dakrop enoHrarii 1,22 + 0,04 1,42 + 0,06 1,33 £0,05=*
Dopm-paxrop 0,85+0,11 0,84 £ 0,10 0,82+0,12

Dinax, MKM 20,6 = 1,32 18,2 + 1,14* 183+1,11*%

D in, MKM 13,6 1,38 12,5+1,23 12,0 + 1,15+*
ITepumerp, MKM 56,6 +£2,22 53,1 +£2,19 51,4+2,18%

pumitku: Dy, — MakCUManbHUE giametp, Dy, — MiHiMansHuid giamerp, JII'K — tpuBana rinokinesis, ®DHCAII — ¢iznune HaBaH-
Ta)KCHHsI CePeHbOI aepOOHOI MOTYKHOCTI, * — CTATUCTUYHO BiporiaHa pi3HMIs 3 KoHTpoaeM P < 0,05; = — cTatucTHYHO BiporiaHa
PI3HHMLI 3 TPYTIOIO TBApUH NpH rimokinesii P < 0,05.

Tabruys 2
MopdomeTprnyna XapakTepuCcTHKA siiep HelipouuTiB cHIMHHOro Mo3Ky mypis (M £ m, n = 55)
[Tapametpu Kontpons JATI'K OHCAII
Thioa, MKM 90,0 + 2,24 71,7 + 2,43% 70,6 + 2,24*
Do 12,4+1,12 10,9 + 1,07* 11,0+ 1,11
Doin 92+ 1,04 8,5+ 1,03* 8.9+ 1,02
IMepumeTp, MKM 36,0+2,01 32,3£1,97* 32,4+ 1,86%

[IpumiTku: * — cTaTUCTHYHO BipOTigHA PI3HUILI MOPIBHIHO 3 KOHTposeM P < 0,05.

Y nuronnasmi Heitpouutis TBapuH I T1 OPIBHSIHO 3 KOH-
TponeM Ha 23,5% 3menuryerscs Bmict PHK (P < 0,05)
(tabmn. 3). Ilpn 1poMy 30UIBLIYETHCS KUIBKICTH TiMOXPOM-
HHX, TIMEPXpOMHUX 0€3 IEeCTPYKTHUBHHX 3MiH, TilepXpoM-
HUX HEUpPOLMTIB 3 O3HAaKaMH JIECTPYKTHBHUX 3MiH 1
3’SBISETHCS 3HAYHA KUTBKICTh KITHH-TiHEH. [lpm 1mmomy
KUTBKICTh HEHpOIWTIB 3 O3HAKaMH JECTPYKTHBHUX 3MiH
(Victorov et al., 2000) 3pocrae B ycix npenaparax. [Ipote
3arajibHa IIUIHHICTh HEHPOLUTIB B 000X JOCIIIHUAX Tpynax
TIPH LIbOMY HE 3MIHIOEThCSL.

Tabnuys 3
Bwmict PHK y nutonsia3mi HelipoHiB CIMHHOTO MO3KY
1ypiB, 0. onT. wiibHocTi (M £ m, n = 55)

Konrpons JAI'K DOHCAII

0,22 + 0,004 0,16 +0,002* 0,21 + 0,003

IMpumiTka: * — CTATUCTUYHO BIPOTiMHA PI3HMI ITOPIBHSHO 3
koHTposiem P <0,05.

Ipu AI'K crocrepiratoThCs BHPaKeHI CTPYKTYpHI Ta
6ioximivni (BMict PHK y nmromnnasmi) nopyiueHHs Heipo-
uurie CM. Buieonucani 3MIiHHM CTPYKTYpH HEHPOLIMTIB
CYIPOBOJDKYIOTBCS BIATIOBITHOIO Iepe0yIOBOI0 MIKPOCY/IHH,
SIK1 3a0€31e4yI0Th X KPOBOIOCTaYaHHs. Y TepIy 4epry, MU
BIIMITHJIM 3MEHIIEHHS IPOCBITY npekanusipi (Ha 25,4%) i
reMokaniiipiB (Ha 29,1%), B iX IPOCBITI CIIOCTEPIratoThCs
€pHUTPOLMTAPHI clIaUKi (pHC. 2, a).

Le moB’s13aHO HE CTLTBKY 3 BA30KOHCTPHUKIIIEIO, SIK 13 Ha-
OpsIKOM €HIOTENOUWTIB. Y [HUTOIUIA3Mi IMX KIITHH
CIIOCTEPIratoThCS JBi TPYIH MIKPOITIHOIUTO3HUX ITyXHPIIB:
ceiti (miamerp 1 500 M) 1 TeMHi (HiamMeTp He MEpeBUIIye
800 um). Mo ix cxyamy BKIIOYEHO OaraTto YacTOK KOJOid-
HOTO 30JI0Ta, II0 CBIOYUTH MPO TMiJBHIIEHY MPOHUKHICTH

CTiHKM reMokaniisipis. [Ipu 11boMy CBITIII BE3UKYJIH HEPIIKO
00’€IHYIOTBCSL B TPAHCEHIOTENIabHI KaHAIBLI Ta MYJIBTH-
BE3MKYJIIPHI TUIBLE (JUB. pHc. 2 6). MopdomerpryHi napa-
METpH  MITOXOHIPIH  3MEHIIYIOTBCS, —CHOCTEPIraeThCs
(bparmeHTaIs KpuCT. Y TeMoKarispax pyxoBux sigep CM
mpu AT'K BinOyBaeTsCcs po3MIMpEeHHS MiKSHIOTENIATBHIX
3’€HAaHb, Yepe3 sIKi JIETKO TPOXOIATh OKpeMi YacTKU
KosoimHoro 3os0Ta (puc. 2 6). bazampbHa MemOpaHa Mae
JIOKaJIbHI MTOTOBIIEHHS Ta 30HU T'OMOT€HI3aLlii.

[Micns 30-pazoBoro ®HCAII y TtBapun EI' BimHOCHa
KUIBKICTh HOPMOXPOMHHX HEHPOILIMTIB 3aJIMILAEThCS Ha
piBui mokasuukiB KI' i cranoBute 53,7% 3aranbHOl
KiTbkocTi HefipormTie Ha 1 MM’ IUIOHI MOMEPEYHOro
mepepisy CM (P < 0,05). Ilpm mpoMy BiICOTOK
TiEepXPOMHHX 3 O3HAKAMU JECTPYKTHBHUX 3MiH HEHPOLWTIB
cknagae Tutbku 12,6%, a KiIbKICTh TINEPXPOMHHX KIITHH
0e3 03HaK JeCTpyKIii 3MeHIIyeTbesl Ha 14,5% mopiBHAHO 3
I'TI (P < 0,05).

TlopiBHSHO 3 KOHTpOJIeM MOP(OMETPHUYHI MOKA3HUKH
sfiep Ta HepUapioHy TilepXpOMHHUX HEHpOLMTIB Oe3 Ject-
PYKTHBHMX O3HaK HE MaJli CTAaTHCTHYHO BIPOTITHUX
Binminnocreit ani npu JAI'K, ani mpu ®HCAIL Ilpote
MiHIMaNbHUH Jiametp y TBapuH EI' cratucTuyno BiporigHo
30utbIIyeThest HA 17,1% mnopiBustno 3 T'IT (P < 0,05).
[NnoxpomHi 1eCTPYKTUBHO 3MiHEHI HEHPOLMTH CKIIAIalOTh
mene 10,0% (P < 0,05), mo cBigunTh Npo BUpaskeHy Npo-
tektopHy porms DHCAII momo mmiABUINEHHS CTiHKOCTI
meripormTiB 1m0  JI'K.  Mopdormoriuai  moKa3HUKA
HeripormTiB Ta ix smep micmst @HCAIL cratuctuaHo He
BIIPI3HSIOTHCS BiJl TAKUX Y KOHTPOJIBHIH rpyrmi. Y HeHpolu-
tax TBapuH EI' Bmicr PHK 306imbmryerscs na 12,6%
nopiBasiHO 3 ['TI (P < 0,05).
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OO0roBopeHHsI pe3yJIbTAaTIB JA0CTiZKEHb

[poBeneHe Hamu JTOCIIPKEHHS MIATBEP/KYE PE3ybTa-
TH, OTpUMaHi iHmMMH aBtopamu (Smirnov et al., 2000;
Jerastova et al., 2001; Bagautdinov and Vasil’ev, 2005;
Nepomnjashchih and Bakarev, 2009), siki BKa3yrOTh Ha Jie-
CTPYKTHBHHII XapakTep 3MiH y Pi3HHUX OpraHax i TKaHHHaX
mpu JAT'K. Mu mniatpumyemo iXHIO IyMKYy Mpo Te, IIO
pErpecHBHi 3MiHH B HEHpOLUTaxX € HecelM(piYHUM PHCTO-
CYBaHHSIM OpraHi3My JI0 YMOB TiNOKiHE3ii, sIKi CIPUYHHIO-
OTh OOMEXEHHsI afaNTallifHIX MOXIIMBOCTEH OpraHi3my
(Matsuzaki and Sampath, 2007). FimMoipHo, Takuii Xapaktep
MOP(QOJOTiYHIX 3MiH 3yMOBJCHHH HAKOINMYCHHIM ¥
KJIITHHAX HEJIOOKUCIIEHNX MPOJYKTIB METa0O0I3My Ta Bijlb-
HUX PaJIMKAIB, 110 IPOBOKYE CBOEPI/IHI JIAHIIOTOBI peakilii,
sIKi 3yMOBJIIOIOTh Jierpaaiito Heitpouuris (Ciobica et al.,
2010; Soubeyrand et al., 2013). Pe3ynbTatéi J0CTIKSHB
BKa3ylOTh HA Te, IO BUIbHI PAAUKAIA TMOPYIIYIOTh
LUTICHICTE MEMOpaH JI30COM 1 IMTiABUIIYIOTh iX MPOHUKHICTH
101 Hykiteas. OcTaHHI BUXO/AT Y LIMTOILIA3MYy Ta MOLIKO/I-
KYIOTh TEHOM KIITHH, IO Y3TODKYETbCS 3 YSBICHHAMH

Puc. 2. YabTpacTpyKkTypa CIHHHOTO MO3KY (@)
Ta CTIHKM CHMHHOMO3KOBOTI'0 reMoKamniisipa (0, 6)
HIypa npu TpuBaJii rinokinesii:

1 — TIMOXPOMHHU# «3MOPILICHHUIN HEHPOIIHT,

2 — epUTPOLHUT, 3 — SIPO SHJIOTEIIOIHNTA,

4 — mieniHOBI HEPBOBI BOJIOKHA, 5 — SIPO TEPHUIIKTA,
6 — HeHpoIIiNb, 7 — MyJIbTUBE3UKYIISIPHE TiIbLE,

8 — 6azanpHa MeMOpaHa, 9 — MUTOIIIa3Ma MEPHIINTA,

* — IPOCBIT reMoKaniisipa, ** — enoreniaabHO-
TIEPULIMTAPHUN KOHTAKT; CTPUIKAMH ITOKa3aHO
YaCTUHKU MapKepa CyMHHOI TPOHUKHOCTI
(kooinHe 30710T0); 36.: a —*6 000, 6, ¢ —*80 000

Oaratpox aBropiB (Wielgat and Braszko, 2012; Machovic et
al., 2013; Cash et al., 2014). IT'K cynpoBOKYETHCS TAKOX
AKTHUBI3AIII€I0 JIOKYCIB XPOMATHHY, SIKI BU3HAYaIOTh CUHTE3
AHTHUTUT HA NeBHUH BuA OUIKiB. Taki siBUILA 3yMOBJIIOIOTH
YTBOPEHHS B OpraHi3Mi aHTHTUI Ha BJacHi OUIKM Ta MOIL-
KOJDKEHHSI IMyHHHMH KOMIUIEKCAMHM OKPEMHX KIIITHH 1 TKa-
uuH (Udina et al., 2011; Raimondo et al., 2011).

Ha minTBepmKeHHs [HOTO Y BiTANICHI TEPMIHH EKCITe-
PUMEHTY MU BIIMITHJIA 3MEHILIEHHS KiJIbKOCTI HOPMOXPOM-
HUX HEHPOIWTIB 1 301TBIIICHHS YHCIIa HEHPOINTIB 13 SBUIIA-
MU JEcxpomii. BimoMo, mo mopymieHHS THHKTOpiabHUX
BJIACTUBOCTEH KJITHH € OMNHIEIO 3 MEPIINX O3HAK PO3BUTKY
JecTpykTHBHUX TipoueciB (Zhabotinskij, 1965; Weilgat and
Braszko, 2012).

[pu 1poMy TiMOXpoMisi Ta rinepxpoMisi HelpouuTiB 6e3
JICCTPYKTHBHUX 3MiH PO3IIHIOIOTHCS SK 3MiHH 3BOPOTHOTO
XapaKkTepy, a YTBOPEHHS «KIITHH-TIHEW», TilepXpoMiio 3
JIECTPYKII€I0 HEWPOLMTIB BITHOCATH JI0 «BaKKUX» HE3BO-
potHux 3MiH (Bagautdinov and Vasil’ev, 2005; Nechipuren-
ko et al., 2008). Mu BcranoBww, mo JI['K cyrreBo BrumBae
Ha MOpQOJIOTII0 «KIITHH-TIHEW»: X NepuKapioH HalyBae
PO3MHUTHX KOHTYPIB 1 XapaKTepH3yeThCs pIZHOMaHITHIM
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piBHeM xpomatodiiii. Inentudikaris siapa Ta saepis B Ta-
KUX HeHpoLuTax IOCUTh NpodJIeMaTHyHa, TOMY PsiJ aBTOPIB
(Matsuzaki and Sampath, 2007; Raimondo et al., 2011;
Willis, 2011) taxi kniTuan ineHtudikye sk GparmeHtH ae-
CTPYKTUBHO 3MIHCHHMX HEUPOLUTIB. MU TaKOX CXHJIbHI
MATPUMATH iXHIO yMKY TOMY, IO HEpPiZIKO CHOCTEpiraau
«KJTITHHM-TIHI» Ha TICTOJIOTTYHMX IIperaparax, a IIij 4ac
YABTPACTPYKTYPHOTO JIOCII/DKEHHS BOHHM BHSIBIIUIHCS Yy
BUTJIAII «3MOPIIEHUX» 1 (pPparMeHOBaHHUX KITITHH.

[MosiBa pizHOMaHITHIX (OpM HEHPOIWTIB Y PYXOBUX SJI-
pax CM mpu [AI'K cBimanTh TpO TepeHanpyKEeHHSI
METa0OTIYHUX TIPOIIECIB B OJHUX HEHWPOIUTAX 1 HE3BOPOTHI
3MiHHU B IHIIKX KIiTHHAX. [liqTBepHKEHHSIM IHOTO € 3HAYHE
30UTBIICHHS KUTBKOCTI aruIo(iIbHUX HEHpPOIMTIB. ANUI0-
(buTis CBIUKTH MPO BaXKKE MOIIKOKECHHST HEUPOIUTIB Ta X
octatouHy jereHepariiito (Zhabotinskij, 1965; Mickan and
Popel, 2001; Bagautdinov and Vasil’ev, 2005; Soubeyrand et
al., 2013).

Ipu AI'K crpykrypHa nepeOyaoBa MOEJHYETHCS 3 BH-
paxenumu Oioximivammu (BMict PHK 'y mmTommasmi)
3MiHaMu HefiporwTie CM, MmO CBITYUTH MPO TOPYIICHHS
OiocuaTeTMYHKX TporeciB (Chugunov et al., 2009).

PesynbraTi eKcliepMMeHTaIbHOIO BUBUYSHHS METa0oid-
HUX TOmMKOMKeHb CM [MO3BOJMMJIA BHIUIMTH TOCTPHHA 1
XPOHIYHHMI BapiaHTH PO3BUTKY 3MIH 1 BIJMOBI/HI CHEKTPH
CTPYKTYpHUX peakifiif. ['oCcTpi MOIIKO/PKEHHS HEHPOIMTIB
NOB’SI3aHI B OCHOBHOMY 3 IIIEMI€I0 Ta aKTHBALIEO
7i30COMHUX (DepMEHTIB. IX MOXHa yMOBHO NIOJIINTH HA JIBi
rpynu: BOrHMIIEBI Ta 1uQy3HI. OCKUIBKH BiJHOBJICHHS
CKJIaZHOI HelpoapxitekToHikn CM 1OB’si3aHe 3 BEIMKUMU
SHepreTHYHNMH BUTpaTaMH, 0arato 3 BOTHHILIEBUX IPOSBIB
JECTPYKLIl MarOTh MNPHCTOCYBAIBHO-aIANTUBHE 3HAYCHHS
(Ivanov, 2002; Udina et al., 2011).

[lig wac mocTymoBOro HapoCTaHHs IOPYIICHb EHepre-
THYHOTO METaboJi3My Iepllli aJanTHBHI peakilii po3BUBa-
IOTbCSI HAa PIBHI MITOXOHJPIaJIBbHOTO KOMIIAPTMEHTY Ta 3
Y4acoOM 3MIHIOIOTBCSI MOTO CTPYKTYPHOIO JICKOMIIGHCALIEIO.
[Nocunenns ¢parmeHTanii KpUCT MITOXOHIPIA MOXE MaTH
«IPEBEHTHBHUID) XapakTep, CIPUSIOYM YCYHEHHIO HE3BO-
POTHO TIOIMIKO/PKEHUX MITOXOHJIPIH, 1 MOXe pO3IIIsiIaTHCs
SIK Tepmmid («MeTaboJYHUI») eTan KIITHHHOI cTpareri,
CIIpsIMOBaHOI Ha OOMEXKEHHs MOIIKOpKeHHs. [Ipu 3arposi
TOTAJBHOTO PyWHYBAaHHS HEHPOIUTIB KPUTUYHE 3HAUCHHS B
cTparerii oOMexxeHHs HaOyBae iX «MeXaHidHa» (parmeH-
Tamis, MOB’s3aHa 3 JECTPYKTHBHIMH PEaKIlisIMU, a TaKOXK
TO3aKIITHHHI YMHHUKH, 110 3a0€3MeYyr0Th BUJATICHHS MOII-
KOJDKEHOro (hparMeHTa Ta pernapariio yTBOPEeHOro JedeKTy.
HemocraTHiCTh 1MX peakiiii abo eKCTpeMalbHHUI XapakTep
nii 'K Moxe CHpUYMHHUTH PO3MOBCIOKEHHS IOIIKOJI-
JKEHHSI Ha 3HAYHY 4acTHHY a00 BCIO JUITHKY PYXOBOTO siapa
CM. Taki 3MiHM CYNPOBOIDKYIOTBCS JIET€HEpALIEl0
HelporuTiB (Soubeyrand et al., 2013).

AKXTHBHICTh HEHPOLMTIB HEPO3PUBHO IIOB’53aHa 3 HaB-
KOJIMIIHBOIO MaKPOITIEID Ta MIKPOLMPKYIISITOPHUM PYCIIOM
(Shvalev et al., 2001; Popel, 2013). I3 gacy ommcanHs €AUHOT
HEWPOHO-TITiO-KamisipHoi MeTaboignoi cuctemu (Zhabotin-
skij, 1965) 3auikaBieHiCTb O B3a€MOBIIHOILIEHb il CKIIaJ0-
BUX KOMIIOHEHTIB HEBIIMHHO 3pOCTae. | Bce K MUTaHHA Ipo
ix cTpykTypHy nepeOymoBy 3a ymoB JII'K BucBitTiene He-
JIOCTaTHBO, Ma€ CynepewInBHi xapakrep (Smirnov et al.,
2000; Nechipurenko et al., 2008; Popel, 2013; Cash et al.,
2014). INoBinomieHHs TIPO HEHPOLMT-TIIIO-KaIUISIPHI B3ae-

mogiguomrenHst y CM npu JII'K npakruudo Bigcythi. 1o
CTOCY€TBHCSI KPOBOIIOCTa4aHHS PyXOBHX IIeHTpiB CM, My He
30BCiM 3rogHi 3 Okpemumu apropamu (Matsuzaki and
Sampath, 2007), siki CTBEpIKYIOTh, IO BOHO 3abe3rie-
Yy€ThCS TUIBKH T€MOKAILIPaMH, OCKUIBKH MU 3HAXOAWIIH B
HbOMY Bci cktanosi [ MIIP.

Bigmosigna mepebynosa MIIP y BimmameHi TepMiHH
JAI'K BimoOpaxkae IMOpYIICHHS PETryIsTOPHUX MEXaHi3MIB
MIKpPOIMPKYJIAILi, SKi JI&KaTh B OCHOBI  IIEBHOTO
TEMOJMHAMIYHOTO PEXHMY, 3YMOBIIOIOTh HEJOCKOHATICTH
IUIXIB TIEPEpO3NOALTY KPOBOTOKY, aIeKBaTHOTO Ta €KO-
HOMHOTO iX BHKopuctanHs (Machovic et al., 2013; Popel,
2013), mo CHOPUYMHIOE BUCHAKEHHS (DYHKIIOHABHUX
pe3epsiB I'MLIP (Rakowska et al., 2012).

3MEHILIeHHsT KUTbKOCTI reMoKanisipiB i3 Tepminom 'K
MOXKHa TOSICHATH TOPYILEHHSM 3B’SI3Ky MiX €HJIOTEIio-
muraMd. Mu BCTaHOBWIHM, MO (DiKcalliss MK OKPEMUMH
SHZIOTENIOUUTaMH 32 TaKUX YMOB TociabneHa. Braciimok
OO BOHM CTAlOTh MOOUIBHIIINMHY, MIXKKIITUHHI KOHTAKTH
PO3IIUPIOIOTHCS, IO BUCTYIIAE CBOEPITHUM MOP(OIOTIIHIM
MapKepoM TOpYIIeHHS Oap’epHOi (DYHKINi TeMOKamisipiB
(Nechipurenko et al., 2008; Popel, 2013).

Ha doni mnopyuieHoro remaro-HeBpalibHOro Oap’epy
IHTEHCUBHICTh IPOHUKHEHHSI IPIOHOMOJIEKYIISIPHUX OUIKIB Y
rapaBa3alibHUN TIPOCTIP 30UIBIIYETHCS, 110 OyJI0 HAMH MO-
kasaHo y panniii npami (Popel, 2013) Ha Mojeni MPOHUK-
HEHHs1 HAHOYaCTOK 30JI0Ta 4Yepe3 CyIuHHy cTiHKy. Take ca-
M€ SIBHILIE CIIOCTEpIrajii Pi3HI aBTOPU Y CIIHAIBHUX PyXO-
BUX LEHTPaxX Pi3HUX TBApHH, y TPIHUacTOMY T'aHIJIIT JIFOIMHH
Ta By3J1ax Ha Pi3HOMY PiBHI CUMITATHYHOTO CTOBOYpa Y BiBLI
Ta KilIK{, BHYTPIIIHEOM SI30BUX HEpBax COOAaKH Ta IIypa
(Breit, 2002; Arciszewski et al., 2006; Raimondo et al.,
2011; Rusu et al., 2011). Sk cTBepmKYIOTh 1Ii aBTOPH, HEWl-
POLIMTH B yMOBAaxX 3HIKEHOI adepeHTalii BUMAaraioth JJis
MATPUMAHHS BJIACHOI META0OMIYHOI aKTHMBHOCTI 3HAYHO
IHTEeHCHBHIIIOro KpoBomocradanus. Omuak mpu 'K mo-
PYLIYIOTBCSL TIiCHI HEPBOBO-TJIIO-KAIUIAPHI B3a€EMOBIJHO-
weHHst CM. OcKiIbKY Liel KoMIuTeKe nosiiMopdHuit i aAuHa-
MIYHMH, BiH 3QJIEKHWTH BiJ TeMOJMHAMIKH Ta MEXaHI3MiB
MIKpPOIMPKYJISLil, 3aKOHOMIPHOCTEH HEHPOHOApXITEeKTO-
HIKH, piBHS MeTaloMi3My Ta aKTHBHOCTI INHAIBHUX KIITHH
(Majovski and Breiger, 2009; Willis, 2011; Popel, 2013).
VY maHiit po0OTIi MU HE TPOBOIIIM CIEHIaFHOTO JOCTi-
eHHs cra”y Heripornii mpu AI'K, ane 3 manux miteparypu
BiZIOMO, IO EKCTPAIEIOMSIPHI TPOMDKKH TPENCTaBIICHI
MDKKTITHHHAMH IIUTHHAMY, SIKi 0OMEXOBYIOTBCSI MEMOpaH-
HUMH CTPYKTYpPaMH HEPBOBO-IJIIOKAMUIIPHIX KOMIUIEKCIB 1
PO3ITIANAIOTECS K Oe3MocepeqHsl JIaHKa IeMaTo-HeBpasb-
Horo Oap’epy (Rusu et al., 2011; Willis, 2011). bararo-
rpaHHICTh (Pi3I0JNIOTTYHHUX MPOIIECIB, SIKI TYT BiIOYBarOThCH,
3a0e3Meyye MiATPUMAHHS CTAJIOCTI MDKKJIITHHHOTO TPOCTO-
py. Bin mnpencraBnenuii pi3HUMH TIIIKO3aMiHOIJTIKaHAMHU
(Willis, 2011) 1 momoBHIOETBCS KiiTHHaMK (ibpoOmacThy-
HOTO psiTy, OKPEMHMH KOJareHOBHMH BOJIOKHaMH (Sengul,
2015). 3miHn KOHIEHTpalii Ta KoH(pOpMaIil IHX KOMIIO-
HEHTIB BH3HAYAIOTh BUHHUKHEHHA 3HAYHUX MOP(HOPYHKIIO-
HAJIBHUX 3pyIIeHb y pyxoBux Heripormrax CM 3a JAI'K. Kpim
TOrO, 3BEPTAETHCS yBara Ha HAABHICTH y LMX HPOCTOpax
MeIiaTopiB, HEHPOrOPMOHIB, TOPMOHIB MEPHU(EPUUHUX CHIIOK-
PMHHUX 32103 Ta IHIIMX OIOJOrYHO aKTUBHHMX PEYOBHH
(Nepomnjashchih and Bakarev, 2009; Soubeyrand et al., 2014),
SIKI aKTHBI3YFOTb TIpoLiecH Tiepe0ynoBr HeriporuTis pu JIT'K.
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TakuM YuHOM, MbKMEMOpaHHHUM BMICT Tpeba po3risiaaTH
OJTHOYACHO SIK IHTETPOBAHE Ta iHTErpyBaJbHE CEPEIOBHIIIE,
yepe3 SIKEe PeaTi3yoThCsl TyMOPATbHI MEXaHi3MH 00’ € THAHHS
BCiX ckiafoBux enemeHtiB CM B enune wije. MemOpanHi
CTPYKTYpH Ta MDKMEMOpaHHI MPOMDKKH SIBIISIFOTH €JMHHIN
KOMYHIKaIiifH1I KaHa, sIkuid 3a0e3nedye BHOIPKOBHI IBO-
OIUHMIA TPaHCIIOPT PEYOBHH 1 BIUIMBAE HA PIBEHb META0OIIU-
HUX TIpOLIeciB y HepBOBil TkanuHi (Bagautdinov and Vasil’ev,
2005; Raimondo et al., 2011; Soubeyrand et al., 2013).

[Tpu ®HCAII y micaarinokiHeTHIHOMY TIepiofii IpocTo-
poBa oprasizaisi Ta TiCTO-yIbTPacTPYKTypa HEHPOIUTIB Ta
ix I'MILIP 3a3Har0Th 3HAYHMX 3MiH. BOHH JI€)KaTh B OCHOBI
30UIBIICHHS IHTEHCHBHOCTI iX KPOBOIOCTAYaHHS Ta BimOO-
paxaroTh TIMOOKY TpaHC(OpMAIIito MPOLECiB MeTaboIi3My
y peabinitamiiinoMmy mepioai ekcriepumMenty (Ivanov, 2002;
Nepomnjashchih and Bakarev, 2009). Lle nposiBisieTsest 'y
3HAYHOMY 3TYLICHHI KPOBOHOCHOTO PYClia, SMEHIICHHI KiJlb-
KOCTI IJIa3MaTHYHKUX KallIsIpiB, BITHOBICHH] PIBHOMIPHOCTI
X KOHTYPIB 1 IUTICHOCTI KanIIpHUX eTens. Hami gani mpo
30UTBIICHHS 3aralbHOI KITBKOCTI TEMOKAILIIPIB HABKOJIO
OKpPEMUX HEHPOILMWTIB MiATBEPIKYIOTECS MOP(POMETPUIHH-
MU TOKa3HWKamu. [leBHI 3MIHM TeMOKamimIpiB Ta iX
B3a€MOBIJHOCHH 3 HAaBKOJMIIHIME TKaHWHaMu BinOysa-
IOTBCSI Ha YIBTPACTPYKTYPHOMY PIBHI, CBIYaTh Mpo MiJBHU-
LIEHHS GHEepro3ade3leyueHHss Ta  OUIOKCHHTE3yBaJIbHOT
¢ynkuii B Hevipoumrax (Ivanov, 2002; Nechipurenko et al.,
2008; Popel, 2013), akTuBi3ailit0 OPOIECIB TPAHCIOPTY pe-
yoBuH (Jerastova et al., 2001; Cach et al., 2014), a Takox
PO 3HIKCHHS MEPEKUCHOTO OKUCHEHHS JimiaiB. Taki sBH-
ma micist 30-pazoBoro @HCAII maroTh reHepastizoBaHui
xapakTep. BOHH OMOBHIOIOTHCS BITHOBIICHHSIM CTPYKTYPH
MDKEHIOTEMAIPHAX KOHTAKTIB, IO 3YMOBITIOE TTOJIITIICHHS
TeMOIMPKYIIAIi,  3MEHIIEHHS  SBHIN  TiMOKcii  Ta
CIIOCTEPIracThCs B IHINMX OpPraHax 1 TKAHHHAX HE TLIBKU
npu JI'K, a # y BigHOBHOMY mepiomi y Ui HH3MI
naronorivHux mporecis (Jerastova et al., 2001; Chugunov et
al., 2009; Nepomnjashchih and Bakarev, 2009; Ciobica et
al., 2010). Komruieke nepepaxoBaHUX 3MiH JIGKHUTh B OCHOBI
CTpyKTypHOro Ta (yHkuioHassHoro BBy ®HCAII Ha
CKJIaZIOBI remato-HeBpajbHOro Oap’epy (Mgjovski et al.,
2009; Popel, 2013; Machovic et al., 2013).

3actocyBanHsi 30-pazoBoro ®HCAII Bukivkae 3meH-
HIEHHA JUCXpOMIYHHX (GopM HerpormTiB. Mopdomoridai
MOKa3HUKU HerpormTiB Ta ix saep micimst @HCAIT craru-
CTHUYHO HE BiIPI3HAIOTHCS Bill TAKUX y KOHTPOIBHIH rpymi. B
ET" rinoxpoMHi JAeCTPYKTHBHO 3MiHEHI HEWPOLMTH CKIIajia-
totb MeHme 10,0%, a KUIBKICTh TiHEPXPOMHHX KIITHH
3MeHmtyeTsest 110 4,5% (P < 0,05), mo cBiquuTh Mpo MpOTeK-
topay poiab DHCAII, sika BUPaKAEThCA Y IiJBUIICHHI
criiikocti HelipoumtiB B ymoBax JI['K. V Helipormrax TBa-
pun ET" Bmict PHK 36inbmryersest Ha 12,6% nopisrsiao 3 I'T1
(P <0,05).

Psin aBropis (Kamskova, 2001; Ivanov, 2002; Sazontova
et al., 2007; Stogov, 2009) 3a3Ha4arOTh, MO PyXOBa aKTHB-
HICTh CYTTEBO BIUIMBA€ Ha OLTOKCHHTE3YBAIBHI IPOIECH Y
KIITHHAX PI3HUX OPTaHIB i TKAHWH. BiTHOBIEHHS CTPYKTYpH
nedporutie  micns  GHCAIT  3ymoBnroe  mosiniieHHs
HEUpOriCTONONTYHUX MOKA3HHKIB, 10 CBIYUTH PO 3HAYHY
IUTACTUYHICT CTPYKTYp HepBoBoi cucremu mpu PHCAII
micis JITK (Raimondo et al., 2011; Rakowska et al., 2012;
Sengul et al., 2015).

BucHoBku

1. ¥V HelipoiyTax CIIMHHOTO MO3KY LIypIB HiCJisl TpHBa-
J101 rinokiHe3ii po3BUBAOTHCS 3Ha4YHI MOP(HODYHKIIOHATBHI
3MIHH, SIKI XapaKTePU3YIOThCS MOSBOK 3HAYHOI KITBKOCTI
TiNepXPOMHHX 3 O3HAKAMU JECTPYKTHBHUX 3MiH HEHPOLUTIB
1 KIJITUH-TIHEW», @ TaKOX TIMOXPOMHHX 3 O3HAKAMHM JIECT-
PYKTMBHUX 3MiH HEHpOLMTIB, 3MEHLICHHSIM pO3MIpiB i
3MiHOIO (POpMHU ITepHKapioHiB HEHPOLMTIB Ta iX siIep.

2. Mopdomoriyai 3MiHH HEHPOIWTIB IICIIS TPUBATIOL
TIMOKiHEe3ii CYIPOBOMKYIOTECS MOPYIICHHAM OiOCHHTETHY-
HUX TIPOIIECIB, TPO IO CBimumTh 3HIKeHHA BMicty PHK y
LUTOIUIa3Mi  e()epeHTHHX HEeUPOLMTIB CIMHHOIO MO3KY
IIypiB.

3. Di3uyHe HABAHTAXEHHSI CEPEIHBOI aepOOHOT MOTYX-
HOCTI BUKJIMKA€ HOPMAJI3aI[l0  CTPYKTYPHO-(PYHKIIIO-
HAJIBHOTO CTaHy HEWPOIHTIB 1 CIPHSE MOCHICHHIO pernapa-
THBHHMX TIPOLIECIB, IO MiITBEPIDKYEThCS ITO3UTUBHUMHU
3MiHaMU MOP(OMETPUYHNX NTOKa3HHKIB.
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3a aii JoKkcopyOinuHy

S.B. Ba6ers', A.O. ITerpymenko', Al IlIesriosa’, I".0. Viakosa'

Ji . o . o . . . . .
Hinponempogcwruii Hayionanvruil yuisepcumem imeri Onecs I onuapa, J{ninponemposcuok, Ykpaina
Jlepoicasnuti 3aK1a0 «/[Hinponemposcoka mMeouuna akademisy, J[Hinponemposcok, Yxpaina

JlocrimkeHo piBeHb (iOPOHEKTHHY y MOJICII TOKCOPYOIIMH-1HIyKOBaHOI KapIioMionaTii Ta epeKTy 1bOro IUTOCTaTHKa Ha HiOpOHEK-
THH Pa30M 3 aHTHOKCHAAHTaMu pi3Hol pupou. OTpuUMaHi JlaHi BKa3yroTh Ha Te, 10 PO3BUTOK MOLIKOLKEHB CEpIIs 32 il JOKCOpYOILHHY
CYIPOBOIKYETHCS 3HIDKSHHSM KOHIGHTPALlii 3arajipHOro Oiika, MiIBUILCHHSIM piBHs (iOPOHEKTHHY B IIa3Mi KpOBI IIypiB Ta HOro 3HU-
XKEHHSIM Yy TOMOT'€HaTI CepLIeBOro M si3a. 3aCTOCYBaHHsI JOKCOPYOILMHY MPOTATOM 4 THXKHIB CITIUIBHO 3 1% 0-KeTorTyTapaToM y IUTHIN Bozi
a00 KOPBITHHOM (5 MI/KT Tiepes] yBeICHHSIM JOKCOPYOIlMHY ) CyTTEBO HE 3arodirae 3MiHi BKa3aHUX MapaMeTpiB. 3a BIUTMBY JOKCOPYOILHY
3HIDKCHHSI KOHLICHTpaLii (piOPOHEKTHHY B CepIli KOPEIIOE 31 3HIKEHHSAM KOHIIEHTpAlil 3arajJbHOro OiKa y Iia3Mi KpOBi Ta CEpLEBOMY
eKCTPAKTI, IO CBIIYUTH PO ITOPYIICHHS aHA00TIYHOT YacTHHN MeTabo1i3My OUIKIB 3a Aii JaHOTO aHTHOIOTHKA.

Kmouogi crosa: noxcopyOitms; GiOpoHeKTHH; 3arabHUA OLIOK; KapaiomaTist

Role of fibronectin
under conditions of doxorubicin action

Y.V. Babets', A.O. Petrushenko', A.L. Shevtsova®, G.A. Ushakova'

!Oles Honchar Dnipropetrovsk National University, Dnipropetrovsk, Ukraine
?“Dnipropetrovsk Medical Academy” State Enterprise, Dnipropetrovsk, Ukraine

There is no standard as to treatment of anthracycline chemotherapy complications. The reduction of cytotoxic drugs toxicity without
weakening of their antitumor action remains relevant. The extracellular matrix which key component is fibronectin is present in all tissues
and it continuously undergoes controlled remodeling. So, the purpose of our work was to study the level of fibronectin in the experimental
model of doxorubicin-induced cardiomyopathy and effects of this cytostatic and its co-administration with antioxidants of different nature.
The level of fibronectin was measured by ELISA using monospecific antibodies against fibronectin (Sigma, USA), secondary anti-IgG
labeled with horseradish peroxidase (Sigma, USA) and fibronectin standard (Sigma, USA). The study was conducted on Wistar male rats
with weight of 210 = 50 g which were divided into 4 groups by 8 animals in each group: 1 — control, rats receiving saline i/p; 2 — doxorubicin
1 mg/kg i/p once a week during 4 weeks; 3 — doxorubicin by the same scheme plus 1% 2-oxoglutarate in drinking water during 4 weeks; 4 —
doxorubicin by the same scheme and korvitin injection 30 min before doxorubicin application once a week during 4 weeks. Obtained data
indicate the effect of doxorubicin to decrease in index mass heart in 38% of animals compared to control animals; decrease in total protein
concentration by 8% (P < 0,05) and increase of the level of fibronectin by 67% (P < 0,001) in blood plasma of rats and decrease in the level
of fibronectin in the heart extract by 19% (P < 0,05) under development of doxorubicin-induced cardiotoxicity. Increased fibronectin
concentration in blood plasma had strong correlation with decreased total protein concentration in blood (r = 0,80) and heart extract (r = 0,59)
in rats with doxorubicin-induced cardiomiophaty indicating the sensitive reaction of fibronectin to development of metabolic disorders under
doxorubicin influence.

Keywords: doxorubicin; fibronectin; total protein; cardiomyopathy
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Beryn

[No3aKIiTHHHMI MATPUKC — AWHAMIYHA CTPYKTYpa, TpHU-
CYTHSI B YCIX TKaHHMHaX, sika Oe3repepBHO MPOXOIUTH KOH-
TpoNbOBaHe pemMozentoBanHs. I1in yac po3BUTKY Oyab-sKHX
HATOJIOTIH CKJIaJ] MDKKJIITHHHOTO MAaTPHKCY 3a3HA€ 3HAUHNX
3miH (Tiwari et al., 2013). KitouoBuii Gijlok ekcTpariento-
JISIPHOTO MaTpuKcy (hiOpOHEKTHH y TKaHHWHI 3a (izionoriv-
HHUX YMOB 3a0e3leuye CyTTEBI 3B’SI3KH 4Yepe3 IHTErpHHH Ta
IHII perenTopH, CHpwse KITHHHINA anaresii, mirparmii Ta
muepentiarii (Schwarzbauerand et al., 2011), Takox Gepe
y4acTh y 3IiMCHEHHI 3aXUCHUX peakmii opranizmy (Kelsh et
al., 2014). ®i6poOHEKTUHOBHMIA MaTPUKC — CKJIaIHA Mepexa
MONIMEPU30BaHNX BOJOKOH, SKI 3a3HAIOTh  BEJIMKHX
nepeOyIoB Ml Yac PO3BUTKY Ta BIITHOBJICHHS TKAHHH, a
TaKOX 3a MporpecyBaHHs OUTbIIOCTI 3axBoproBaHb (Kelsh et
al., 2014). ®ibpoHekTHH Oepe ydacTb y KaHIEporeHesi,
MOJTYJTIOI04H (POPMYBaHHS CY/IMH Ta PICT IMyXJIMHH 32 paxy-
HOK perymsinii KUIBKOCTI BacKyJIIPHOTO EHAOTETIaIbHOTO
¢akropa pocty (VEGF) (Naci, 2012; von Au et al., 2013),
CTIHKOCTI MyXJIMHHMX KJITHH O JIKYBaJbHUX areHTiB. Ha
OCHOBI BIacTHBOCTEH (HiOPOHEKTHHY 3apa3 pO3TILIIAETHCS
MOXIIMBICTb  CTBOPEHHS JIKYBaJbHHX AareHTiB, KOJIH
(IOpOHEKTHH € MILIEHHIO JUIsl JOCTaBKK (hakTopa HEKpO3y
MyXJiuH 110 HoBoyTBopeHb (Hemmerle et al., 2013).

EdextuBHe JKyBaHHS MyXJIMH AHTPALMKIIHOBHMH
npernaparamm 0OMeXyeThCsl TSHKKICTIO TTOOIYHMX e(eKTiB Ha
37I0pOBI TKaHMHM Ta OpraHH, HaiBaOXYUM CEpel  SKHX
BB)KAETHCS TOIIKO/DKEHHSI TKAHWH CEpLs 3 TMOAAIBIINM
PO3BHTKOM CEpIEBOI IMCQYHKIII, KapaioMmionarii, o B
KIHIIEBOMY TIJICyMKY HPH3BOIMTH JIO0 BaXKOi CepLEBOl
HezgocratHocTi Ta cMepti (Zhang et al., 2009). MexaHizmu,
BIMOBINABHI 32 JTOKCOPYOIIMH-IHIYKOBaHY KapAiOTOKCHY-
HICTh, HE ITOBHICTIO 3’SICOBaHI, ajieé BXKE€ BIZOMO, IO JIOKCO-
pyOILMH IHAYKY€E OKUCHHIA CTpEC, MOPYIIEHHS MITOXOHIpi-
anpHoi Ta sinepHoi JIHK, axtuBaliito anonrosy, HEKpo3y TOILO
(Distefano, 2009; Strigun et al., 2012; Babets et al., 2013).

HuHi Hemae HISKMX CTaHIApTIB JIKyBaHHs YCKJIAIHEHb
AHTPALMKIIIHOBOI XiMiOTeparii, TOMy NHTaHHS TPO 3MEH-
IIEHHs] TOKCHYHOCTI LIMX IMTOCTAaTHKIB O€3 3HAYHOI'O 3HU-
JKEHHS 1X NPOTHIYXJIMHHOI Jii 3aJIMIIA€ThCS aKTyaJIbHUM.
[IpuponHi aHTHOKCHAAHTH, SKi HE MAalOTh IOTCHIIWHO
LIKIZTIMBOTO BIUTMBY HA OPraHi3M HaIlieHTa, MO>KHA BBYKATH
TEePANeBTUYHUMH Ta NMPOQINaKTHIHUMU. [0 TaKHX PEYOBHH
MOYKHA BiTHECTH KOPBITHH (BOIOpO34MHHA (opMma Oioda-
BOHOIIy KBEpIETHHY) 1 O-KEeTOTITyTapar (MeTaOoIIT IHKITY
TpuKapOOHOBUX KHCNOT). Ilepmmii Mae aHTHOKCHAAHTHY
aKTHUBHICTb, APYTHHA O€3MOCEPEaHBO BIUTMBAE HA CHEPTeTHY-
Hul Merabomiam kiniTuH. [lopsia i3 THM, O-KeTorimyTapar
MOJKE BUCTYIIATH SIK JIETOKCUKAHT aKTUBHHX (POPM KHCHIO Ta
amiaky, ToOTO Mae aHTHOKCH/IaHTHI BiacThBocTi. HeBinomo,
SK I areHTH BIUIMBAIOTh Ha MeTa0oui3M (iOpoHEKTHHY B
cepli Ta KpOBi IiJ 4Yac 3acCTOCYBaHHS AHTPALMKIIHOBHX
nipernapartiB (Gordienko et al., 2014).

Omxe, Mera Hamoi poOOTH — BHU3HAYUTA PiBEHb
(iOpoHeKTHHY B TUIa3Mi KPOBi Ta €KCTPAKTI CepIlsT 32 YMOB
eKCTICpIMEHTANIbHOI MOJIeNi  TOKCOPYOINMH-1HAYKOBAaHHOT
Kapaiomionarii Ta e(eKkTy IbOro IHUTOCTATHKA Pa3oM 3
AQHTUOKCHIAHTaMU Pi3HOI IPUPOJIHL.

Marepian i MeToAH J0CTiIZKEHD

Teapunu. JlocHimKeHHS TPOBOAMIM Ha OUIMX Iypax-
camipsix JiiHil Bicrap Baroro 210 + 50 r. TBapun noaineHo Ha
YOTHPH TPYyIH 1O 8 0COOMH y KoXkHIH. TBapuH yTpuUMyBaIn
y BiBapii [I3 «/lHinponerpoBchbka MeIUYHA aKaAEMIis» Y
CTaHAAPTHUX YMOBAX i3 BUIBHIM CIIO)KUBAHHIM BOJIH Ta DKi
TIPOTSITOM YChOTO EKCIIEPMMEHTAILHOTO Nepioay. Bei excriepy-
MEHTAJIbHI MIPOTOKOJIH Ta TOBO/PKEHHS 3 TBAPUHAMHU CXBaJICHI
MICIIEBUM €TUYHIM KOMiTeToM (JIHIImponeTpoBChK, YKpaiHa).

Modenv dokcopybiyuH-iHOYKOBAHOT  KAPOIOMOKCUYHOCHII.
Hdo meprmroi Tpymu YBIWIDIM KOHTPOJIBHI TBapWHU, SIKi
OTpUMyBaIi 1H’€Kwil (i3ionoriyHoro po3umHy. Y Apyrid
TPyl IIypaM YBOAWIA BHYTPIIIHBOYEPEBHHHO JIOKCO-
pyOillH y 1031 1 MI/KT OfMH pa3 Ha TWXKICHb MPOTATOM
YOTHPHOX TIXKHIB. Tpers Tpyna oTpuMyBajia JOKCOpyOILH
3a TaKOK CaMOI0 CXEMOIo, SIK 1 Jpyra rpymna, Ta BOIHHIA
po3unH 1% o-KeTormyTapary y NWTHIH BOAI HPOTSATOM
ycporo excrepumMenTy. lllogHsi TBapuHM TpeThOi TpyNH
BxuBay 43 Ml nuTHOI pimmHM Ha | kr Baru. YerBepra
TpyIa TBAPHH OTPHMYBaJla BHYTPIITHHOUSPEBUHHO iH €Kil
kopBiTrHY (BoprariBcekuii XiMiKo-(hapMalleBTHIHII 3aBOI,
Vkpaina) y mo3i 5 wmr/kr 3a 30-60xB 10 yBemeHHS
JOKCOpYyOIMHY 3a HaBeleHow cxemoro. [licms 3akiH4eHHS
IT’ATOTO THKHS €KCIIEPUMEHTY BCIX TBapHH JCKAITiTYBaJIH 3
BUKOPHCTAHHSIM TIOIIEHTAJTy HATPIIO B 1031 60 MKI/KT 3TiqHO
3 BUMOraMu MDKHApPOIHOI KOHBEHIIIT 3 MPABMJI TYMaHHOTO
IOBO/IP’KCHHA 3 ,HOCJ'li[lHI/IMI/I TBapuHaMU.

Imynopepmenmuuii ananiz. 13 TKAaHUH CEPIIEBOTO M’si3a
BUJIUBSIM LIUTO30JbHY (pakwito OutkiB. CriouaTky TKaHUHY
TOMOTeHI3yBaM y criBBiHOMICHHI 1 : 10 y Oydepi A (Tpuc-
HC1 - 25 mM; pH 7,4; EITO — 1 MM; mutiotpeiron 0,01%,
CyMIII TpOTea3HuX iHri0iTopiB — 2 MM), TiCIIS YOTO HEHTPH-
¢yryBamm 3a 20000 g mpotsrom 60 XB, CylepHaTaHT
BIZIOKpEMJTIOBAIM I TOJAJIBLIOTO  aHawmizy. PiBeHs
(iOpOHEKTHHY BUMIPIOBAJIM 32 JIOTIOMOTOK0 iMyHO(epMeHT-
HOTO aHaNi3y 3 BUKOPUCTAHHIM MOHOCHEIM(DIYHIX aHTHTLI
npotu (idbponekTuny (Sigma, CILIA), BropunHux antu-IgG,
MIiYeHHX ITepOKCHAa30t0 XpoHy (Sigma, CILIA) Ta oumieHoro
¢idponekTHHy sk craHmapty (Sigma, CILA). BumiproBanHs
TIPOBOIMITH 32 JOTIOMOTOK0 iIMyHO(EPMEHTHOTO pifepa Antos
2010 (Dimmsamis) 3a 492 uM. KoHIeHTpamiro 3arajabHOTO
6ika Bu3Havam metonoM bpendopa (Bradford et al., 1976).

CraructiaHy 0OpoOKy pe3yibTaTiB 3/iHCHIOBAIN 3 BU-
KopHcTaHHAM t-kputepito CTeioneHTa. BiporigHuMuy BBaXka-
ym pe3yapratd npu P < 0,05.

PesyabTaTn Ta ix 00roBopeHHst

Y nmaHOMy JOCTIDKEHHI BH3HAYEHO 3HIDKEHHS MacH
cepus mypiB 3 1,3 £ 0,3 r y KOHTpOJIBHUX TBapHH 10 1,2 +
0,1 3a ymoB Aii toKkcopyOilMHy 1 MI/KI' HIOTHXKHS MPOTSTOM
YOTHPBOX TWXKHIB, a Y TepepaxyHKy Ha Bary Tila iHIEKC
MacH cepu 3a Jii JokcopyOinuHy 3HIKyBaBcs Ha 38% (P <
0,05) i ck1aB 4,6- 10 HOPIBHSHO 3 KOHTPOJILHIMY IIypPaMH,
THIIEKC MacH Cepls SKUX CKJIaB 7,5 107, 3acTocyBaHHS SIK O
KeTOIIyTapary, TaKk 1 KOPBITHHY NPOTITOM Iii JOKCO-
PYOIIIMHY BUKJIMKAIIO 3aM00iraHHs 3HIDKSHHS 1HIEKCY Macu
cepirt Ha 8% (P = 0,06) 3a nii o-kerormyrapary Ta Ha 13%
(P < 0,05) 3a nii kopiTuHy. Paniiie 6y0 BCTaHOBJIECHO, 11O
y pa3i BBeJIeHHs IOKCOPYOILMHY Y 11031 7 MI/KT BiiOyBaJIOCh
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3HAYHE 3HWKEHHS Macy CepIs BXKe 4depe3 JIBa TYOKHI TTCTst
3acrocyBaHHs npenapary (Lushnikova et al., 2011). ¥V Ha-
HIOMYy JIOCTI/DKCHHI BCTAHOBJICHO, IO BXE 3a J03U
JOKCOpYyOinMHy 1 MI/Kr Bard OAMH pa3 Ha TIDKICHb
TPUBAJIICTIO YOTHPH TIDKHI Maca ceplsl y IypiB BipOTiJHO
3HIDKYyBaJIacs.

3a yMOB BIUIMBY JOKCOPYOIIMHY HPOTSITOM YOTHPHOX
TIDKHIB YCTAQHOBJICHO BIPOTiJHE 3HWKCHHS KOHIICHTpAIIil

70 4

60

H

50 4

3aranbHHIT GiT0K, MI/MIT

3
S

ILnasma

3arajJbHOTO OlIKa B TUIA3Mi KPOBi JOCHIAHMX TBapuH Ha 8%
(P < 0,05, 55,9 = 1,9 mr/mn) (puc. 1). AHTHOKCHUIAHTHI
npenaparn Ha (oHi Aii JOKCOPYOIlMHY HE 3yMOBIIOBAJIN
JOCSTHEHHSI DIBHA 3araJibHOro Oilka B TIUa3Mi KpoOBi
JIOCHITHUX HIypiB. B excTpakTax i3 cepueBoro M’s3a TBapuH
yCIX JOCHIKyBaHUX TIPYIl HE BH3HAYEHO BIPOTIIHMX 3MiH
KOHIICHTpaIIil 3aralbHOr0 OLTKa sIK 3a il JOKCOpPYOIllMHY,
TaK 1 CIIIBHO 3 aHTHOKCUIAaHTHIMH pedoBHHaMH (puc. 1).

OHopma
O JToxcopy GiLHH
@ oxcopy SirpH+ aKT

Jokcopy SitHH+ KOp BITHH

EKCTPAKT 13 CepLIEBOro M'asy

Puc. 1. KonnenTpanis 3arajbHoro 0ijika B 1Jjia3Mi KpoBi Ta eKCTPAKTI i3 cepueBoro M’si3a mypis 3a HOpMaJbHUX YMOB,
BILIMBY JOKCOPYOillMHY NPOTAIOM Y0THPbOX TH:KHIB (1 MI/KI Tijla 0JMH pa3 HA THKIEHb) TA CIIJILHOI0 32CTOCYBAHHS
aokcopyOinmHy Ta a-kerorayrapary (1% y nuTHiii Boi IpoTSIroM 40THPbLOX THKHIB) 200 10KCOPYOILMHY Ta KOPBITHHY
(5 mr/kr 3a 30-60 xB 10 yBeeHHs JoKcopyOinmuy): n =8, * — P < 0,05

Iama kapTMHA coocrtepirajmacs I Yac BHU3HAYECHHS
CHiBBiTHOMICHHS (hiOPOHEKTHHY [0 3araJbHOTO OinKa y
mra3mi kposi (D/3B). Leit iHgekc 30i1bIryBaBcs Ha 79% 3a
YMOB YBEICHHS IIypaM IoKcopyOirmmy 10 4,7-107° (P <
0,05) BiTHOCHO KOHTPOJIBHOI TPyIH — 2,5° 10°*. 3a crinbHOrO
YBEIEHHS TOKCOPYOIIMHY Ta aHTHOKCHIAHTIB LIeH iHICKC He
3MIHIOBaBCS Ta 3amMmiaBcst Ha piBHi 5-10° 3a mii Kketo-
raytapary ta 5,3-107 3a mii kopsitiHy. 3aranbHuii GiToK
IUIa3MXA KPOBI — OJIMH 3 OCHOBHHUX IOKAa3HUKIB TOMEOCTa3y

@Di6p OHEKTHH, MKI/MIT

TTnaanva

KpOBi. 3HIKEHHS Horo piBHA Ta migBuieHHs iHAekcy O/3b
CBITUUTH TIPO TOPYIICHHS METa0O0Mi3My OLNTKIB, BUKIMKAHE
3aCTOCYBaHHSAM JOKOCOpYOImMHYy y mo3i | Mr/kr Baru
MPOTATOM YOTHPHOX THKHIB.

Busnauatoun piBeHb (BiOpOHEKTHHY y TU1a3Mi KpoBi JI0-
CIIITHUX IIypiB, YCTAHOBWIIM, IO 33 YBEIEHHS IOKCOPYOi-
IMHY y 7031 | MI/KT Bard Tina OJWH pa3 Ha TIXKICHb NPO-
TSATOM YOTHUPBOX THXKHIB piBeHb (PIOPOHEKTHHY 301IBIIHMBCS
Ha 67% (P <0,05) i cknaB 247,2 £ 16,4 mxr/mn (puc. 2).

OHopma
B JTokcopy SIlHH
8 Jokcopy SipH + aKT’

W Jokcopy GILEH + Kop BITHH

Puc. 2. Konnentpanis ¢iopoHekTHHY y NJ1a3Mi KPOBi LIypiB 32 HOPMATbHUX YMOB, BIUIMBY I0KCOPYOillMHY NPOTATOM
YOTHPLOX TH:KHIB (1 MI/KT Tijla 0/1MH Pa3 HA THKIEHb) Ta CIIJILHOI'O 32CTOCYBAHHSI JOKCOPYOillMHY Ta 0-KeTOIIyTapaTy
(1% y nuTHiii BoAi NPOTSroM 4Y0THPbLOX THKHIB) 200 N0KkcopyOiMHy Ta KopBiTHHY (5 MI/KT 32 30—60 XB 10 yBe/IeHHsI
JaoKcopyoimmuy): n =8, * — P < 0,05

Y HamoMy JOCHTIIPKEHHI B YMOBax 3aCTOCYBaHHS aHTH-
OKCHJIAHTIB CITUTBHO 3 JOKCOPYOIIMHOM piBeHB (hiOpoHEK-
THHY 3aIMIIABCs ImigpumieHnM Ha 61% (P < 0,05, 239,7 +
20,3 MKI/™MI) y BUNaaKy Iii o-kKeTortyrapary Ta Ha 71% (p <
0,05, 253,9 £ 27,3 MK/ Mu1) 3a il TOKCOPYOILIMHY Ta KOPBITHHY
BITHOCHO HOpPMAITBHUX TOKa3HUKIB (148,4 & 11,6 MKr/Mi).

[Tnasmaruynmii GiOPOHEKTHH CHHTE3YETHCS Y TIEUiHII Ta
He mictuth EDA nomeny. KiliTHHYM TKaHWH, y nepiy depry

¢$ibpobmacty, TOMIMEpU3yIOTh KITHHHUNA (HiOpOHEKTHH
IUIA3MH y CTPOMAIBFHOMY MAaTpHUKCi, OIHAK, Y BiIIOBIiOs Ha
TIOIIKO/DKEHHS a00 T Yac XBOpOOHW, Pe3WICHTHI KIITHHU
CHHTE3YIOTh KIITHHHUI (DIOPOHEKTHH, SIKUIl albTepHATUBHO
CIIAMCHMHIOBaHWI 1 BKIIFOYae AojaTkoBi gomenu, EDA 1
EDB. Tumm III nomeny EDA i EDB (EIIIA i EIIIB),
BipoOrijiHilIe 3a Bce, OepyTh y4acTb Yy CKJIaJaHHI MaTpHI,
KIITHHHIA ajaresii, mirpamii Ta au)epeHIialli, a Takox y
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mporeci KIITHHHOTO IMKIY Ta MITOT€HHINH mepenadi
curHaiy (Aziz-Seible et al., 2011). Txmui tunu I Ta I gomeny
cTaOUIBHILI 32 PaXyHOK HAasBHOCTI AWCYJIb(QIIHUX 3B’SI3KiB
ycepenuHi IoMeHy (hiOpOHEKTHUHY Ta OLIbINE BiANOBIIAIOTH
3a 1uTicHicTh (idpoHekTHHOBOro Marpukcy (Kelsh et al.,
2014). Iig gac po3sutky cepust, EDA i EDB ¢ioponextun
eKCIIPECYIOTbCSl B JOp3albHIN  aopTi, (apuHriansHuX
aprepisx i engokapmi (Xie et al, 2010; Lockhart et al.,
2011). MexaHi3mMu perysmii piBHSI (iOpOHEKTHHY B TUIa3Mi
KpPOBi Mayio 3pO3yMiJ, MPOTE BIOMO, IO KOHIICHTpAIis
(iOpoHEKTHHY 3a HOPMAJBHOTO CTaHy IIOKAa3ye HU3BKUI
piBenb. Ilix wac TpaBmu abo xBopoOu (Aziz-Seible et al.,
2011), y Tomy umnci cepus (Konstandin et al., 2013; Tiwari
et al, 2013) ioro piBeHp MiABULIYEThCA. Xoua U
OJIHO3HAYHO ITO3UTUBHOI BIJNOBINI MO0 JAIArHOCTUYHOT
3HaYMMOCTI piBHs (pibpoHekTHHy noHuHI Hemae (Nadashke-
vich et al, 1999), ioro Bce X BHKOPHUCTOBYIOTH SIK
JIarHOCTHYHHUH MapKep JEsSKHX IIPOLECIB MOIIKOHKEHHS
cepit (Konstandin et al., 2013; Tiwari et al., 2013).

DiOpOHEKTHH — TOMIZOMEHHUH 1 TOMi(YHKIIOHATHHUHA
OUIOK, IO 3B’SI3YETHCA 3 KOJAT€HOM EKCTPAIICIOIIIPHOTO
MaTPUKCY, B3a€EMOZIE 3 TE€NapuHOM, IMyHOTJI00yJTiHAMU Ta
IHIIMMY JTiraHzaMy Ta 3abe3nedye anaresito TUIY KITHHA —
MaTPHUKC Yepe3 IHTETPUHOBI PeLIENTOPH Ha TIOBEPXHI KITITHH.
3a BIUIMBY YIIKODKYBAJIBHMX (DaKTOPIB y MAaTpUKCY
3B’s3yBaHHS  (DIOPOHEKTMHY 3 PELENTOPOM  BHKIIMKAE
BMHKaHHS CHTHQJBHUX MEXaHI3MIB, 10 PETYJIOITh
KIITHHHY Tpodidepallito, BWKUBaHHS, audepeHwiaito Ta
peMoyientoBaHHsT MaTpukcy. KIliTHHHUN CHTHAIBHMM MULSIX
AKTHBYETHCS Y BIIIOBIb Ha HAJMIPHI MEXaHIYHI CUTHAIU Ta
¢dparmenTr ibporektrny (Tamura et al., 2000; Aziz-Seible
et al., 2011). 3a yMOB MaTOJIOTIYHMX CTaHIB MOCHIIIOETHCS
nerpanaris piOpOHEKTHHY, YTBOPIOIOTECS Horo (parMeHTH,
AKi TEHEPYIOTh CHT'HAI 4epe3 o531 iHTerpuHH, aKTHBYIOUN
Mpo3anajbHy Ta TNPOKaTabONiYHy BiATOBiIb, IO MOXE
CIIPMYMHIOBATH ITOJAJIBLIE TTOIKOKEHHS MATPUKCY.

VY pasi nopyieHHs poOOTH ceplisi, SIKE CIPHSIE PO3BUTKY
TiMOKCii Ta aKTWBALi MaTPUKCHHX METaJONpOTeiHa3, IO
nokazano Hamu pasime (Gordienko et al., 2014), moxe
BiIOyBaTUCs IMABUINCHHS CTYNCHSA Jerpajaiii Ta, sK
HACIIJIOK, KUTBKOCTI (pparMeHTiB Ta piBHs (hiOPOHEKTHHY y
wra3mMi kposi (Xie et al., 2010), oo i mixTBEpKYETHCS B
HamoMy AociipkeHHl. PiOpOHEKTHHOBA MATPUI UyTIIHBA

Dibp OHEKTIHH, MKT/MIT
w

JI0 TIpOTea3, SKi 3BUIHHAIOTH O10JIOTTYHO aKTHUBHI (parMeHTH
3 MaTpWIli 1 TUM CaMUM PETYIIOIOTh KIITHHHY aJresiro,
aronTo3 1 BHUBUIBHEHHS 3aNalbHUX MeEiaTopiB 1 mporeas
(Kelsh et al., 2014). ®iOpoHEeKTUH MOXE JerpamayBaTuCs
MaTpUKCHUMHU MeTasonporeinazamu  (Horstmann et al.,
2003; Xie et al., 2010), a pparmenTH PiOPOHEKTHHY MOXKYTh
Oyt cyOcTpaTtoM [UIsi MATPUKCHHX MeETaJloNpoTeiHas
(MMII-7, MM-9) (Loeser et al., 2014). Takox moBeneHO
MOXITHBICTD PETYIIALIL eKcIipecii (hiOpOHeKTHHY JeKiTbKoMa
MikpoPHK (Rutnam et al., 2013) i 3matHicTh aHTiOTeH3UHY 11
AKTHBYBaTH TPAHCKPUINIF0 TeHa (iOpOHEKTHHY depes
peuenrtop ATl nuixom axtuBamii AP-1 y cyauHHEX
KITHHAX miaaeHbKkux M’si3iB (Tamura et al., 2000).

®ibpoHeKkTHH icHye y IBOX (hopMax: pPO3UMHHIHM, IO
CHHTE3YEThCSl y MEUiHINI Ta CEKPETYEThCA y IUIa3My, Ta
KJIITUHHINA (TKAaHUHHIN), 1110 Oe3M0cepeTHbO CHHTE3YEThCS Ta
BUJIUSIETHCSL HA TIPUKPIIUICHUX KITITHHAX, TAKUX SK KIITHHH
IIafeHbKUX Msi3iB Ta ¢ibpobnactiB (Michel et al., 2009).
Txanuanuid  (iOpOHEKTHH IIBMANIE 32  IUIA3MOBHH
(pozunHHMIA) pearye Ha MeTaboMiuHi 3MiHM TKaHWH (Wang
et al., 2013).

LikaBa kapTWHA criocTepirajacs IiJ Yac BHU3HAYCHHS
KOHIIeHTpalil GpiOPOHEKTHHY B E€KCTPAKTI CEpIIEBOrO M’si3a
(puc. 3). VY meskux TBapuH 3a il TOKCOPYOImMHY
BiIOYBa€ThCsI 3HIDKEHHS piBHS (iOpoHekTnHy Ha 19% (P <
0,05, no 3,11 + 021 mxr/™mi). 3a cmitbHOT Jii  o-
KETOIJIyTapaTy Ta JOKCOpPYOIlMHY, HaBIIaKW, BigMidaiocs
niJBUILEeHHs piBHS (iOponektuny Ha 53% (P < 0,05, mo
5,93 + 0,45 MKr/mi) BiTHOCHO KOHTpOJIbHOI rpymu. ITicms
iH’eKIii  KOpBiTMHY Ta [ii JOKcOpyOilMHYy piBeHb
(iOpoHexTHHY 3aninaBcst Hu3bkuM (2,91 + 0,23 Mkr/mi).

Y kputmuHMil TepMiH niepediry xsopoou (Erturk et al.,
2014) abo 3a xpoHi3amii mMaToJyoOTii, HANPUKIAN, IIPU
YIIKO/DKEHHI TEeYiHKM Ta BTpari (YHKLIH HOpPMaJbHHX
TeTaToLNTIB, BIAMIYa€ThCI HU3BKUH piBeHb (HiOpOHEKTHHY
(Levitan et al, 1999; Erturk et al, 2014). ¥V cepui
(hIOpPOHEKTHH 3aTydaeThCsl I MOOLTI3AIli KapaiOMIOIHTIB
Ta iX iHTerpaii B micii ymkomkensas (Wang et al., 2013).
Excnpecist  knitiHHOrO (hiOpoHekTHHY Makpodaramu Ta
¢iOpobnactaMy  MAaKCHUMaIbHO  IHIYKYEThCS Il  dac
npomideparuBHOi a3y 3aroeHHs 3a yYMOB iH(papKTy
Mmiokapaa (Dobaczewski et al., 2009).

O Hopwma
B Tokcopy HilH
B Jokcopy SitpH+aKT

Jokcopy SiLHH+ Kop BITHH

EKCTpaKT I3 CepLICBOTO M'A3Y

Puc. 3. Konuenrpauisi piOpoHeKTHHY B eKCTPaKTi cepLieBoro M’s13a y mypis 3a HOPMAJbHUX YMOB, BILIUBY
JOKCOPYOilMHY MPOTSrOM YOTHUPHOX TH:KHIB (1 MI/KT Tijla 0AUH pa3 Ha THKAEHb) Ta CHIJILHOI0 32CTOCYBAHHS
aokcopyoinmHy Ta a-kerorayrapaty (1% y nurtHiii Boai IpoTsiroM 40THPbLOX THKHIB) 200 J0KCOPYOILIMHY Ta KOPBITHHY
(5 mr/kr 3a 30-60 xB 10 yBegeHHs 1oKcopyOinuny): n =8, * — P < 0,05

Paninre Mu miaATBEpIHIIH, III0 32 YMOB TPUBAJIOTO BILIUBY
JIOKCOPYOINMHY y 7031 1 MI/KT Tijla IMOTHIKHS MPOTSATOM

YOTHPHOX THDKHIB po3BUBaEThCs Kapmionaris (Gordienko et
al., 2012). [TopymieHHs poOOTH Ceplis CIIPUINHIOE PO3BUTOK
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TIMOKCIi, 32 SKOi BiAOYBa€ThCsl Kackaja OIOXIMIYHHX MOpY-
meHb: BTpata AT®, mopymeHHs MeTabomi3My TJIFOKO3H Ta
TPAHCHOPTY KHUCHIO, PO3Jiax POOOTH KIITHHHHX MEMOpaH,
akTuBamis (ocdoninazy, M0 BUKIUKAE JIMOMI3Y, BHBiIb-
HEHH$1 apaxiJIoHOBOT KUCJIOTH, IIyTamaTy Ta iHIIHX TOKCHY-
HUX HEHpOTpaHCMIiTepiB, IO 3a0e3NevyroTh AaKTHBALO
MPO3aNajbHUX NUISIXIiB, AKTHBAI METAIONpOTeiHa3 1
TIIBUIICHHS PiBHS (hiOPOHEKTHHY Y TIa3Mi KpOBI.

[NomKko/pKeHHsT TKaHWH Cepusi 3a BXKE PO3BUHEHOI
JOKCOPYOIMH-1HAYKOBAHOI TATOJOTII (AKa MiITBEepIrKeHa
ricromorivanmu 3pizamu (Gordienko et al., 2012)), crpusie
3HIDKCHHIO PIBHS 3arajlbHOro OLIKa B IUIa3Mi KpOBI Ta
€KCTPaKTi CepIIeBOTO M’si3a, SIKE Ma€ TICHHH KOPEJSAIiHHMIMA
38’130k (r = 0,80 Ta 0,59 BinmoBiAHO) 31 3HWKEHHSM PIBHS
¢iOpoHexTHHY B eKcTpakTi 3 cepueBoro M’sza. Lo came
CIIPUYMHIOE 3HWKEHHsI (iOPOHEKTHHY, NOHWHI HE 3pO3Y-
MLITO, TIPOTE BBAXKAKOTh, II0 3HMKEHHS KOHIIEHTpAIlii (idpo-
HEKTHHY BiIOyBa€THCS 3a PaXyHOK BUBLJIBHEHHS IUIa3MOBO-
IO Ta TKAHWHHOTO (hiOPOHEKTUHY 13 TKAHMHHM CepIIs 3a paxy-
HOK aKTHBAIlii MpoTea3 i Aerpanarliii eKCTparemoIspHOro
MaTPUKCY Y BiOIOBiNh Ha nomkopkeHHs (Lutay et al., 2004;
Dobaczewski et al., 2009).

3rigHo 3 jiteparypuumu ganumu (Yan et al., 2014),
JI0Ya PEYOBHHA KOPBITUHY — KBEpLETHH — 3arodirae
MIBUIICHHIO PiBHSI (DIOPOHEKTHHY, HANPHKIAA, Y MOJei
(GhiOpo3y HHUPOK, MPU SIKOMY 1HIYKOBAHO JUCIIITIIEMIFO.
Takosx paHiliie OKa3aHo, [0 KBEPIETHH 1HTI0y€e SKCIIPECiio
¢iOpoHexTHHY y (PiOpodIIacTax «KeNoiHOTo» IMOXOPKEHHS
(Phan et al., 2003).

[TinBuienHs KoHUEHTpalii QiOPOHEKTHHY B €KCTPAKTI
CEpIICBOTO M’si3a 3a CIIUTHHOIL JIiT JOKCOPYOIIMHY Ta 0-KeTo-
TIyTapaTy TOKH IO HE 3po3yMile, Xoda JiTepaTypHi
JDKepesia BKa3ylOTh, LIO 3aCTOCYBaHHS AHTHOKCHIAHTHHX
TNperiapaTiB BUKJIMKAe 3MEHIICHHS piBHs (DiOpOHEKTHHY /10
HOPMaJIbHUX 3HauYeHb 3a pi3Horo poxy narosorii (Liu et al.,
2014; Yan et al., 2014). Y HammoMy HOCTIIPKEHHI BUKOPHC-
TaHi 1031 aHTUOKCUJIAHTIB (KOPBITHHY Ta 0-KETOIIIyTapary)
Ha (oHi 1 1oKcopyOILMHY He 3ano0iraiy K MiIBUILEHHIO
piBHS (hiOpOHEKTHHY B IUIa3Mi KpOBi, Tak 1 3MiHi piBHs
(iOpOHEKTHHY B €KCTPAKTI CEPLIEBOTO M 5133, X04a YaCTKOBE
BiZTHOBJICHHSI CEPIICBOTO M’si3a 3a il 000X aHTHOKCUIAHTIB
Oyno nokazaHo panime (Gordienko, 2012), ne 3a xii KopBi-
THHY CIOCTEepiraBcsi HaHOUTBII BHUpaXCHUH penapaTHBHUN
edeKT Ha cepre Ha (POHI TOKCHYHOI Jii TOKCOpyOInuHy.

BucHoBku

Ipu  nokcopyOilMH-1HAYKOBaHIi KapaioMionarielo y
LIypiB CIIOCTEPIralOThCS PI3HOCHPSIMOBAHI 3MIHHM 3arajibHO-
ro myiy OUIKIB y IUTa3Mi KpOBI Ta Ceplii: y Iuia3Mi KpoBi
3HIKYETHCS KOHIICHTPAIIis 3arajibHOro OLTKa Ha (OHI IMijB-
UIIEHHS PiBHS (hiOPOHEKTHHY, a Y CepLEeBOMY M’si3i piBEHb
(iOpOHEKTHHY 3MEHLIYETHCS Ha TJI MPAaKTUYHO HE3MiHHOI
KOHIIEHTpalii 3arajibHOro OijKa. 3acTOCYBaHHS JOKCOPYOi-
LMHY TPOTITOM YOTHPBOX THDKIB CIUIBHO 3 1% 0-KeToriy-
TapaTtoM y THTHIN Bomi ab0 KOpBITHHOM (5 MI/KT mepen
VBEIECHHSM JOKCOPYOIIMHY) CYTTEBO HE 3aro0irae 3MiHi
BKa3aHUX MApaMeTpiB.
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CraH riyrationMeTa001i3yBajibHOI CHCTEMH
B YMOBaX TPAHCIUIAHTALII M 130BUX TKAHUH OJHOIOCJIi/IHUX IIypiB

0.B. Kyni6a6a', C.M. Koziukypr', 0.0. [Iy3enxo’, LJ1. Bouyk', C.A. ITetpos'
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HaBezieHo pe3ynbTaTd BH3HAUYCHHS KUTBKOCTI BiZHOBJICHOTO TIIYTAaTiOHY, aKTMBHOCTI INIyTATIOHPEAYKTa3H Ta IIIyTATIOHIICPOKCHIA3H
TTiCIIs TPAHCTUIAHTALT M’ I30BHX TKAHUH, Y3STHX Y IIypiB 3 OJHOro mociiny. IIpoBeneHo Ba BUM ONepaniifHOro BTpyYaHHs: TPaHCILUIAHTa-
110 M’S5I30BHX TKaHHH, y3ITHX 3 OJJHOTO TIOCIiIy y LIypiB, Ta omepaito 6e3 miacaaky. TpaHCIUIaHTALIO IPOBOJMIIN Ha OUTHX HENHIMHUX
mrypax-camipix Macoro 180-300 r. TBapuH BUBOMIM 3 KCIIEPUMEHTY IUIIXOM HPOIYCKaHHS ENEKTPHYHOTO CTPyMy uepe3 JOBracTHH
MO30K. JIJI1 OTpUMaHHS IOHOPIB IS TPAHCIDIAHTALIT BHKOPUCTAHI CaMIli 3 OHOTO MOCIiLy. Y TOPOCIHX Iy PiB-AOHOPIB BUTATAIN YEPEBHY
M’S30BY TKaHHHY, SIKY ITiIIIUBAIIH 0 TOMOJIOTIYHOI TKaHWHH IIypa-penuiieHTa. Taky K mpoueaypy IPOBOJMIIH 1 31 CTETHOBOIO M’ SI30BOIO
TKaHuHOIO0. Omepaniro 6e3 mifcaaKy 3AiHCHIOBANIM TS TTOPIBHSHHS BIUIMBY 3MIiH JOCIIDKYBAaHUX MOKAa3HHKIB 3a XipypriYHOTO BILIUBY.
KoHTposeM ciyryBajia TKaHHHA, sIKa HE ITiisirana HisKAM XipypriyHuM BTpyd4aHHsM. J[OCIIpKyBaHi MOKa3HHKH BH3HAYAIM HA IIEpILy,
TPETIO Ta CbOMY JI00Y IicIist TpaHCIUIanTanii. TpaHcIanTanist M 30801 TKAHUHH, B3SITOI Y TBAPUH 3 OJHOTO MOCIILY BUKIIMKAE JOCTOBIpHE
3MEHIIEHHS KUTBKOCTI BiZTHOBJIEHOTO IIYTATIOHY Yy CTETHOBIH M’S30Biif TKAQHHMHI PELIMITIEHTA Ta B YEPEBHIi M’S30Bil TKaHWHI JOHOpa Ta
peummieHTa i JOCTOBipHE 301IbIICHHS AKTUBHOCTI [Ty TaTIOHPEILYKTa3u y CTETHOBIM M’5130Biil TKAaHMHI JOHOpA Ta B YSPEBHIl M’s30Bii TKa-
HUHI JJOHOpA Ta PELMITIEHTA.

Knrouosi cnosa: TpaHCIIaHTaLis; BiTHOBICHHN TyTATiOH; TIIyTaTiOHPEIyKTa3a; [Ty TaTiOHIIEPOKCHIa3a

Glutathione metabolism system under condition
of transplantation of muscle tissue in rats

0.V. Kulibaba', S.M. Kozishkurt', 0.0. Duzenko?, LL. Vovchuk', S.A. Petrov'

'Mechnykov Odessa National University, Odessa, Ukraine
2Odessa National Medical University, Odessa, Ukraine

The paper presents the results of determining the amount of reduced glutathione, glutathione reductase and glutathione peroxidase
activity at transplantation of muscle tissue taken from rats from the same litter. During the work 2 surgical interventions were carried out:
transplantation of muscle tissue taken from the same litter of rats, and operation without replanting. Transplantation was performed on
nonlinear white male rats weighing 180-300 g. The animals were taken out of the experiment by passing electric current through the medulla
oblongata. For donor transplants males from the same litter were used. In adult donor rats abdominal muscle tissue was extracted and trans-
planted to homologous tissue of the recipient rat. The same procedure was carried out with femoral muscle tissue. Operation without
replanting was used to compare the effects of changes in the number of investigated parameters of the surgical exposure. Tissue not subject
to any surgery served as a control. Parameters under study were determined on the first, third and seventh day after transplantation.
Glutathione levels in tissues were determined by E. Butler, A. Dyubona, B. Kelly. Determination of glutathione reductase is based on the
reduction of NADPH registration. Glutathione peroxidase activity was determined by accumulation of oxidized glutathione. Surgery is
known to lead to expression of oxidative stress in the organs operated. Special role in antioxidant protection of the body is given to thiols.
Expressed hydrophilic properties provide their high content in water fraction of cells and ability to protect biologically important molecules
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(enzymes, nucleic acids, hemoglobin) from oxidative damage. Property of thiol compounds is known to inhibit both fermented and not
fermented free radical oxidation. For the first time it was found that transplantation of muscle tissue taken from animals from the same litter
lead to significant reduction of glutathione in the femoral muscle of the recipient and abdominal muscle tissue of the donor and recipient and
to significant increase in glutathione reductase activity in the femoral muscle tissue of the donor and in the abdominal muscle tissue of the

donor and recipient.

Keywords: transplantation; reduced glutathione; glutathione reductase; glutathione peroxidase

Beryn

Crpec — 0/IMH 3 aKTUBHO JIOCII/PKYBaHHUX (Di310JI0MUHUX
CTaHIB OpraHi3My, SKWil BIUIMBa€ Ha BCl piBHI HOro
opranizauii i, y rnepury 4epry, KIiTHHHHN. Benuky yBary y
cydacHii (i3ionorii KIITHH NPUAUBIIOTH PEaKIisiM MoJle-
KYISIpHHX CHCTEM, sIKi 3a0e3MeduyroTh CTIiHKICTh KIITHH 1
TKaHUH J10 Iii ctpec-pakropiB (Meerson, 1981). OcobmiBoi
aKTyallbHOCTI HAaOyBalOTh JOCIIIXKEHHS aHTHOKCUIIAHTHOTO
3aXUcTy oOpraHisMy. IIuTaHHS 3MIH IIOKA3HUKIB aHTH-
OKCHJIAHTHOI CCTEMH B TPAHCIUIAHTOJIOTIT M’ S30BUX TKAaHUH
He 3’SCOBaHe.

Anrrokeunantaa cuctema (AOC) — NOTYKHUI MEXaHI3M,
o 3aro0irac PO3BUTKY BUIGHOPAIMKAJIBHUX 1 MEPEKUCHUX
peaxuiit B opranizmi (Menshikova, 2006). Lls cucrema opra-
HI3MY i€ 3aB/ISKH HASBHOCTI aHTHOKCH/IAHTIB, ¥ CKJIAJI SIKUX
MICTUTBCS PYXJIMBUI aTOM BOJIHIO, 1110 JIA0LIFHO 3’ €HAHMHM 13
ByrneneM (C-H) a6o cipkoro (S-H). ¥V pesynbrati peakiiit
MDK MOJISKYJIaMH aHTHOKCHIAHTIB Ta BUIBHUMH PaIuKaIaMy
YTBOPIOIOTBCS CIIONYKH, SIKi HE € TIOTY)KHUMH OKHCITFOBAYaMH,
HE MOXYTb TPOJOBXKYBAaTH Iepedir BUIPHOPAIUKAIBHIX
peakiiii OKMCHEHHS. AHTHOKCHIAHTH 3HEIIKO/PKYIOTh BUIbHI
pajiMKalIH 11e JO MOMEHTY peatizartii X pyiHiBHOT mii. Takum
YHUHOM, OCHOBHa (DYHKIIisi QaHTHOKCHI@HTHOI CHCTEMH — IIe
3MCHIIICHHS KUTBKOCTI BUIBHHMX PaJMKaIiB 10 MiHIMAJIBHO
MokiuBoro pisast (Havinson, 2003).

OnHi€l0 3 BOXIIMBUX CHCTEM € CHCTeMa OOMiHY IiyTa-
tiony (Luzhnikov, 2000). Bona Gepe ydacts y peamizarii
HU3KH HaHBaXMBIMIMX (Di3I0TOTIYHHUX ITIPOIIECIB: NETOKCH-
KaIlii Ta aHTHOKCHIAHTHOTO 3aXUCTY, OI0XIMIYHHX TIePETBO-
pess BitaminiB C, E, minoeBoi KucimoTé Ta yOIXiHOHY, Y
peryssmii  Tion-mucynbQiaHOl  piBHOBarM, y  mporieci
TPAHCIIOPTY aMiHOKHCIIOT, y PEeryJisiiiil BYIJIEBOJHOTO, JIITi/I-
HOTro, OUTKOBOTO Ta HYKJIETHOBOrO OOMIHIB, Y MiJTpUMaHHi
reMOrJIO0iHy EepUTPOLMTIB y BIJHOBICHOMY CTaHi Ta
ONTUMAJIBHOTO CTaHy 1 (yHKUiK OioyoriyHMX MemOpaH, y
peryssiuii KmTHHHOI nposidepanii, B 0OMiHI psay eikosa-
HOIJIIB — POCTArJIaH/NHIB 1 JIeHKOTpieHiB. [TyTaTioH BUCTY-
Ta€e SIK pe3epB LUCTHHY B KIITHHI, Oepe yJacTsb y perysusiiii
(YHKLIOHAIGHOT aKTUBHOCTI JiMQOUUTIB 1 3abe3neyeHHi
iMyHHOI BinmoBizi opradizmy (Luzhnikov, 1988).

[ocTTpaBMaTrdHE BiTHOBJICHHS CKEJICTHUX M SI3iB — aK-
TyaJlbHa MEAMKO-0iooridHa mpobiema. Sk mpaBwino, Imicis
DIMOOKUX M A30BUX IOLIKO/DKEHb IOBHOLIHHOIO BiJHOB-
JICHHS TKaHWHU He BigOyBaeThcsi. DopMyeThesl TPyOOBOJIOK-
HHUCTWI pyOerb, IO CHPUYMHIOE TMOPYIICHHS (DyHKIIOHY-
BaHHS OpraHa. [CHyr0ul TeXHOJIOTIT KOPEKIIil JaHUX Te(eKTiB —
M’s30Ba  QyTOIUIACTWKA, aJIOIUIACTHKA, KCEHOIUIACTHKA,
KJIITUHHI TEXHOJNOTi Ta TEHHA Tepamis TPYIOMICTKI,
TpaBMaTH4HI Ta MOB’s3aHi 3 yckiagHeHHs M (Bulyakova,
2009). Y pa3i BHKOPUCTaHHS TaJOTCHHOIO Ty04acToro
Matepiay CIIOCTEpIraiocs BiTHOBICHHS CKEIETHOI M’ S30BOI
TKaHMHHU HA MICIIi BTpa4yeHoi, y TOH Yac sIK y KOHTPOJBHIN
rpym 0Oe3 3acTocyBaHHsA Oiomarepiamy — BimOyBaiocs

(OpMyBaHHS HEIMOBHOI[IHHOTO  CIIOJTYYHO-KUPOBOTKAHMH-
Horo perenepary (Lebedeva, 2014).

B ocranne pecsaTuniTrst B iMyHOIorii, eMOpionorii Ta
TPaHCIUIAHTOJIOTI{ YCHIIIHO PO3pOOIISIOTE METOAM TpaHC-
IUTaHTalii eMOpIOHANBHUX TKAaHWH 1 KIITHH, SKi MaloTh
VHIKQJIbHI BJIACTHBOCTI, XapaKTepHI TUIBKW I KIITHH 1
TKaHWH, IO TIepeOyBaroTh HAa pPAaHHIX CTAlifgX MUTO-
reHeTH4HOro po3Butky (Repin, 1996). Teparist 3a nomomo-
TOI0 eMOPIOHATBPHUX TKAaHWH BKITIOYAE crienudivHi (3aMicHi)
Ta Hecrieuu(iuHi MeXaHI3MH, sIKI IPYHTYIOTbCS Ha
MOJIJISIIT TIPOIIECIB pereHepariii, penapariii, nposmideparii
Ta AuQepeHIiloBaHHS Ta peali3yloThCsl Ha TEHETHYHOMY Ta
eMireHOMHOMY DIBHSAX. PO3KPUTTS LMX MEXaHi3MiB MoOXe
OyTH BHPIMIAIBHOK YMOBOIO U PO3POOKH HOBUX METOIIB
Tepamii MaToJIOriYHUX CTaHIB, MOB’S3aHMX 13 IOPYILIEHHSIM
Mop¢orenesy, i, Hacamriepes, OHKOJIOTIYHUX 3aXBOPIOBAHb
(Rodionov, 1996).

OyHKIIOHYBaHHS TIyTaTiOHMETa00Mi3yBAIbHOT CHCTEMH
B YMOBaX TpPAHCIUIAHTAIli CKeJeTHOI M’S30BOI TKaHWHH Y
IIypiB, Y34TOI 3 OTHOTO TOCIiTY, HE 3 5ICOBaHE, TOMY METOIO
HAIOTO JIOCHI/KEHHsT OyJio 3°CyBaTd 3MIHHM BMICTY
BIJIHOBJICHOTO TJIYTATIOHY, aKTUBHOCTI TJIyTaTIOHPEIYKTa3H
Ta NIIYTaTIOHNEPOKCHIA3H B IIUX YMOBaX.

Marepiau i MeToau q0CTiTKEHD

[poBenieHo 7Ba BHOM OINEPAIfHOTO BTPYYAHHS: TpPaH-
CIUTAHTALlisl M’S30BHX TKaHWH, Y3STHX 3 OJHOTO IOCITy Y
LIypiB, Ta oreparlis 6e3 miacanku. ExcrieprumenTr mpoBo I
Ha Oa3i maboparopii kadempm Oioximii OHY. Tpanc-
IUTAHTAINIO 3IIACHIOBAI Ha OUTMX HENMHIMHUX [Iypax-
cammsix Macoro 180-300 r. ¥V poGoti JOTpUMaHO BHUMOT
€BpONEHCHKOT  KOHBCHINI NP0  3aXWCT TBapHH, SIKi
BHKOPHCTOBYIOTECS 3 €KCIIEPHMEHTATIBHOI0 MeTor0. TBapHH
BHBOJIWJIM 3 €KCIIEPUMEHTY IUIIXOM IPOITyCKAHHS eJIeKTPHY-
HOTO CTPYMY 4epe3 JIOBIacTHil MO3OK.

Xipypriude BTpy4YaHHS BHUKOHYBIM Yy CTEPHJIBHHX
yMoBax. OnepatiifiHe rosie 00poOIIsUI PO3YMHOM Hono0aka.
Jnst oTpuMaHHsI IOHOPIB JUIsl TPaHCIUIAHTALlli BUKOPHCTAHO
caMmIiB 3 OAHOro Iociixy. Y JOpociuX MIypiB-IOHOPIB
BUTSITAJIM YEPEBHY M’S30BY TKaHWHY, SIKy MIAIIMBAIN JO
TOMOJIOTIYHOI TKAaHWHU IIIypa-perumieHTa. Taky camy Ipo-
Lenypy TPOBOIWIMA 31 CTETHOBOIO M’ S30BOKO TKAHHHOIO.
Omneparito 0e3 MmiacagKy 3IIHCHIOBANTH IS TTOPIBHIHHS
BIUIMBY 3MIH KUIBKOCTI JIOCII/DKYBaHMX MOKA3HHKIB Bijl
xipypriunoro BiuiuBy. KoHTposeM ciyryBana TKaHHHA, siKa
HE Tiyiirana HisSKuM XipypridHuM BTPyYaHHAM.

VY TKaHMHAaX BU3HAYaIU PIiBEHb BiIHOBJIEHOrO IIIyTaTi-
ony Mmeronom E. Barmepa, O. [dro6ona, b. Kemwt (Gor-
yachkovsky, 2005). BinHoBieHuii TiryTaTioH 3a B3aeMopil 3
peaktuBoM Enmana (5°,5-muriobic-2-HiTpoOeH30iHa KUCIIO-
Ta) YTBOPIOE CHONYKY (2-HiTpo-6-MepkanToOeH30iHa
KHCIIOTa), 3a0apBIeHy y JKOBTHH KOIIp, IHTEHCHBHICTH
3a0apBIICHHS MPOTIOPIIHA BMICTY TIIyTaTiOHY. Y IOCIITHY
mpo0ipky mommBamm 2,5 mim Na,HPO,, 0,3 mn peaktuBy
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Enmana Ta 0,2 M1 6e30inkoBoro nentpudyrary. Yepes 5 xB
JIOCIIZHY TPO0OY CrIeKTPO(OTOMETPYBAIM IPOTH KOHTPOJIb-
HOI mpoOu (0 He MICTUTh 0e30UIKOBOro (iIbTpaTy) 3a
JOBKUHU XBITI 480 HM.

Bu3HayeHHsT aKTUBHOCTI TIyTaTIOHPEIYKTa3d OCHOBAHE
Ha peectpamii 3meHmenHs HAJI®OH (Pereslegina, 1989).
BuxoprcroByBanu peaxiiiiHe cepeioBHIIE, SIKE MICTHTh 2
mi 0,05 M doctarnoro 6ydepa (pH 8,0), 0,2 M IMM
EJTA, 0,5wm1 7,5 MM GSSG, 0,1 ma 1,2 MM HAJIOH,
0,05-0,2 mn KCl-cynepraranta TKaHHUHH. AKTHBHICTh
(epmenty Bu3Hauanmm 3a 3MeHrreHHEsM HA JIOH npotsrom 5
XB 3a JOBXHUHU XBWI 340 HM.

AKTHBHICTh ~ TJIyTATIOHIIEPOKCH/IA3W BH3HAYAIM 32
HAKOIMYCHHSIM OKHCIIeHOTO TityTariony (Pereslegina, 1989).
Jo cxinamy peakmiiiHoro cepenosuia Bxomwm 1 it 0,3 M
¢docdarnoro Oydepa (pH 7,4), 12 MM a3uz Hatpito Ta 6 MM
ENTA, 0,5 mx 2,5 MM BimHOBICHOTO TTyTaTioHy, 0,5 Mt 1,8
MM H,0,, 20200 mxn KCl-cynepnaranra Tkannau. Peax-
L0 3IIMCHIOBAIM BHECEHHSM MEPEKHCY BOJIHIO Ta 3YIH-
nsum 4yepe3 2 xB 1 v 10% TXY. Iicns nentpudyryBaHHs
3a 3000 00./xB 15 XBWIMH BH3HAYAIA EKCTUHKIIIIO
OKHCHEHOTO TTyTaTiOHY 32 IOBXKWHH XBIUT 260 HM.

J1st OpIBHSIHHS pe3yJIbTaTiB IOCHIHKEHb PO3PAXOBYBAIH
cepenne apudmermane (M) Ta cepeIHbOKBAIPATHIHE BiIXH-
nennst (SD). Pesynbraru BBaxkamu nocroBipHumu 3a P < 0,05.

Pe3yabTaTn Ta ix 06roBopeHHs

3apeecTpoBaHO JOCTOBIPHE 3HWKCHHS PIBHSA BIiIHOB-
JICHOTO TIIYTAaTiOHY Y CTETHOBIH MS30BiH TKaHHWHI peLIi-
€HTa Ha CbhOMY /00y TiCis TpaHCIUIaHTalil BiZHOCHO
KOHTPOJIO (Tabi. 1). Y cTerHoBii M’sA30Biil TKaHUHI JOHOpa
JOCTOBIPHUX 3MIiH BIJHOCHO KOHTPOIIO HE BiIOYyBaJIOCA.
SIKmo TOpIBHATH PIBEHH BIJHOBICHOTO TIIYTAaTIOHYy MiX
CTETHOBOIO M’S30BOK0 TKAaHMHOIO JIOHOpA Ta PEIHITIEHTA, TO
JIOCTOBIPHI 3MiHH JIOCII/PKYBAHOTO MOKa3HHUKA BiOYBaIHCs
JIIIIE HA CbOMY JI00Y, ITiCIIs TPaHCILIAHTALII].

Posrisiparoun KiIbKiCTh BiJHOBJIGHOTO TJIyTaTiOHY IIpU
TpaHCIUIAaHTaIlli 4YepeBHOI M’S30BOI TKaHMHHM, MOXHA
NOMITHTH, WO SIK y TKaHWHI JIOHOpPA, TaK i B TKaHWHI
peLITieHTa HOro piBeHb JOCTOBIPHO 3HIDKYBABCS BITHOCHO
KOHTPOJIO B YCi TEpMIHM JOCTIIDKCHHS. Y CTCTHOBIH
M’SI30Bill TKaHWHI el MOKAa3HUK JIOCTOBIPHO 30LTBITYBaBCS
BiZTHOCHO KOHTPOIIO HA ChOMY J00Y JTOCHTiKEHHS (TalIL. 2).

Tabnuys 1

PiBeHb BiIHOBJICHOI'0 IJIyTATiOHY 32 YMOB TPAHCILIAHTALIT M’130B0I TKAHUHH,
B3ATOI y HIypiB 3 oaHoro nocaixy (MM/r Tkanunu, M = SD, n = 6)

TloGa CrernoBa M’ﬂ;om Crernoa M’s130Ba UYepesna M’ﬂ3QBa UYepeHa M’s130Ba
TKaHVMHA PeLITieHTa TKaHUHA JIOHOpa TKAHWHA PeLMIIEHTa TKaHUHA JIOHOpa

Kowtpous (6e3 mincanxm) 0,075+0,019 0,075+0,019 0,055 £ 0,001 0,055 £ 0,001
Iepmra noba 0,040+ 0,001 0,049 + 0,005 0,035 +0,003* 0,031 +0,001*
Tpers noba 0,043 + 0,003 0,031+0,012 0,023 +0,008* 0,015+0,001*
Croma ioba 0,017 +0,002* 0,036 & 0,003** 0,023 +0,008* 0,021 4+ 0,003*

Ipumitkn: * — MOCTOBIPHA PI3HHUIIS BITHOCHO KOHTPOIIHO, P < 0,05; ** — nocToBipHA Pi3HHIIT MiXK TKAHHMHAMH JIOHOPa Ta peruienTa, P < 0,05.

Tabnuys 2

PiBeHb BiIHOBJICHOI'0 IJIyTaTiOHY 3a YMOB onepauii 6e3 nigcaaxu (MM/r Tkanuau, M + SD, n = 6)

Joba Crernosa M’SfSOBa TKaHUHA YeperHa M’H"SOBa TKaHWHA
JIOPOCIIOi TBAPUHH JI0pPOCII0i TBAPUHH
Kontpons (6e3 mifcamkm) 0,075+0,019 0,055+ 0,001
[leprua go0a 0,033 + 0,003 0,023 +0,007*
Tpetst noba 0,055 + 0,009 0,037 £ 0,007*
Croma J100a 0,201 +£0,002* 0,220+ 0,015*

[IpumiTka: * — ocTOBipHA Pi3HULS BiTHOCHO KOHTpOIO, P < 0,05.

Y depeBHill M’s130Bil TKaHMHI IIypiB 3a YMOB Oreparii
0e3 mijcaTKy Ha IepIry Ta TPETI J00y JOCiiay BinOyBa-
€TBCS JIOCTOBIPHE 3MEHIIICHHS DPIBHS JOCIIDKYBAaHOTO TIO-
Ka3HHKa, a HA CbOMY 00y — 30UTBIIIEHHS BiTHOCHO KOHTPO-
mr0. TakuM 9MHOM, TPaHCIUIAHTALlISI M SI30BUX TKaHUH, y3s-
THX y IIYpiB 3 OJHOIO MOCIiJy Ha CbOMY 00y JOCHimy
BUKIIMKAE 3MEHIICHHS PIBHS BIJHOBJICHOTO IJIyTaTiOHy Yy

CTETHOBil M’S30Bifi TKAaHWHI PELMIIEHTa Ta Yy 4YepeBHIN
M’s130Bii TKaHWHI JOHOpa Ta perumieHTa. Ha chomy o0y
JOCIIy Vv pa3i onepartii 0e3 mifcaaki piBeHb BiIHOBICHOTO
TIyTaTiOHY 30UIBIITYBaBCs y CTETHOBIN Ta YepeBHIN M’ I30Bilt
TKaHWHI. Y HACTYIHIN cepil JOCTiAIB MU BHUBYAIM BIUINB
TpaHCIUIAHTAIlli Ha AaKTHBHICTh TJIYTATIOHMEPOKCHIA3H Yy
M’s130BIii TKaHHHI IIypiB JOHOpPA Ta peritienTa (Taoi. 3).

Tabnuys 3

AKTHBHICTH IJTyTATiOHIEPOKCHIA3U 32 YMOB TPAHCILIAHTALII M’ SI30B0I TKAHMHM,
B3ITOI y LIypiB 3 0iHOr0 nocJuiny (y.o./xs/mr 6iika, M = SD, n = 6)

Jloba CreraoBa M’;B_OBa CrernoBa M’s130B2 Yepesna M’;B_()Ba YepeHa M’s130Ba

TKaHHHA PELMITIEHTA TKaHHHA JIOHOpa TKaHWHA PELIMITIEHTA TKaHHHA JIOHOpa
Konrpois (6e3 migcaaxu) 0,052 + 0,004 0,052 + 0,004 0,074 + 0,005 0,074 + 0,005
Ieprua noba 0,011 +0,002* 0,022 + 0,006* 0,093 £0,015 0,052+ 0,012

Tpers noba 0,033 +0,004* 0,023 +0,004* 0,052 +0,003* 0,021 £ 0,006*
Cpoma 1062 0,031 +0,009 0,051 +0,004 0,091 +0,015 0,073 + 0,005

[Mpumitky: ouB. Tadm. 1.
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TpaHCIUIaHTALlisS CTETHOBOI M’SI30BOT TKAHMHK BHKJIHKAE
JIOCTOBIPHE 3MEHILECHHSI aKTHBHOCTI TJIyTaTIOHIEPOKCHAA3H
BIIHOCHO KOHTPOJIIO SIK Y TKaHHHI JIOHOpA, TaK 1 y TKaHWHI
aKIIeNTopa Ha MepIiy — TPETIo 100y JociimkeHH s (Tad. 3).
[pu TpancianTawii yepeBHOT M’I30B0i TKAHMHH HA TPETIO
00y JOCTI/DKEHHS BifOYBA€THCS JOCTOBIPHE 3MCHIIICHHS
AKTUBHOCTI TIIyTaTIOHIIEPOKCUIa31 BiTHOCHO KOHTPOJIIO SIK
y TKaHWHI JIOHOpa, TaK 1 y TKaHWHI perumieHTa. SIKIio
TOPIBHATH AaKTHUBHICTH JOCIHIKYBAaHOTO TIOKa3HMKA MIiX

TKQHWHAMH JOHOpPA Ta PEHHINEHTa, TO AOCTOBIPHI 3MIHK
BiIOYBaITKCS JIMILIE B YEPEBHIM M 5130Bii TKAHUHI JIOHOpA Ha
TpeTio 100y JociijkeHHs (IPUOJIN3HO YIBIYi AKTUBHICTH
[JIyTaTiOHIEPOKCUIa31 JOHOpA IIEPEBUIYBala Taky Yy
yepeBHI M’SI30Bill TKaHMHI peLMMiEHTa). Y CTErHOBIN
M’s30Biif TKaHWHI Ha Tepury ao0y rmicis omepauii 0e3
MJICAKK  aKTHBHICTh  TIIyTATIOHIICPOKCHIA3H  yTpUdi
MEPEBHIILYE KOHTPOJIbHI 3HAYECHHS, ajle HAa TPETIO — ChOMY
00y HOCTiay JOCTOBIpPHHX 3MiH HE BitOyBaiocs (Tab. 4).

Tabnuys 4

AKTHBHICTb IJIyTaTiOHIIEPOKCHIA3H 32 YMOB onepalii 0e3 mixcagku

(y.o./xB/mr 6inka, M £+ SD, n = 6)

TloGa Creraona M’Sf3OBa TKaHWHA UepeBHa M’SI?OBa TKaHUHA
JIOPOCIIOl TRAPUHU JIOPOCJIOi TBAPHHU
Kontposs (6e3 mizcaKi) 0,052 + 0,004 0,074 £ 0,005
Iepia noba 0,110+£0,015* 0,141 £0,015*
Tpers no6a 0,054 + 0,008 0,053 +0,010
Croma J100a 0,053 £ 0,005 0,024 +0,005*

Ipumitka: aus. Tabi. 2.

VY dyepeBHi M’s30Bili TKaHHHI MpW oreparii 0e3 mi-
cajky BIOOyBajoCsi JIOCTOBIpHE 30UIBLICHHS JOCIIKY-
BAHOTO TMOKAa3HWKA BIHOCHO KOHTPOIIFO Ha Meprry ao0y
JOCTI/DKEHHS, Ha CbOMY 100y AKTHBHICTH 3HHM3WIACS Ha
72% BITHOCHO KOHTPOJIIO. Y TaOiuili 5 HaBEJEHO pPe3yJibTa-

TH AKTUBHOCTI TIJIyTATIOHPEIyKTa3u IMpU TPaHCIUIaHTALT
M’s130BOT TKaHWHH, B3TOI y IIypiB 3 OJHOrO MOCIiay. 3 Ha-
BEICHHUX JAHUX MO)KHA BiMITHTH IOCTOBIPHE 301IbIICHHS
AKTUBHOCTI TJIyTaTIOHPEAYKTa3u BIJHOCHO KOHTPOIIO Y
CTETHOBIH MS30Bill TKAHUHI TIOHOPA.

Tabruys 5

AKTHBHICTb IIyTATIOHPEIYKTA3H 32 YMOB TPAHCILUIAHTALII M’5130BOi TKAHUHH,
B3ITOI y LIypiB 3 0iHOr0 nocJuiny (y.o./xs/mr oinka, M = SD, n = 6)

Jloba CreraoBa M’f[3.0Ba CrernoBa M’s130Ba YepesHa M’ﬂnga YepesHa M’s130Ba
TKaHHMHA PELMITiEHTa TKaHHMHA JIOHOpa TKaHHMHA PELMITiEHTa TKaHHHA JIOHOpa
Kontpons (6e3 mizxcamkm) 0,10+ 0,04 0,10+ 0,04 0,02+0,01 0,02+0,01
epma noba 0,08 + 0,01 0,11+0,02 0,48 +0,03* 0,23 £0,03* **
Tpers noba 0,10+ 0,01 0,17+0,01** 0,40 + 0,02* 0,31+ 0,01%* **
Cpoma 1062 0,15+0,01 0,21 £0,01* ** 0,35 +0,05* 0,70 £ 0,05% **

[pumiTku: qus. Tadm. 1.

VY 4epeBHI M’SI30Bill TKaHWHI aKTHBHICTb TIIyTaTiOH-
peaykrasu 301IbIIyBaIacs SIK y TKaHHUHI JOHOPA, TaK 1 B TKa-
HUHI PELUIIEHTA BiJTHOCHO KOHTPOJIIO B YCi JOCHTIIKYBaHI
CTPOKH. SIKIIO TOPIBHATH aKTHBHICTH TIyTaTiOHPEIYKTA3U
MK M’SI30BIMH TKaHWHAMH JIOHOPA Ta PELUITIEHTa, MOKHA

BIZIMITHTH, IO B YCIX JMOCIIDKyBaHHX TKAHMHAX JOHOpPA
AKTUBHICTH JIOCTOBIPHO IEPEBUIIY€E AKTUBHICTh TIIyTaTiOH-
peayKTa3y TKaHWH PEeLHITiEHTa Ha TPETIO — CboMY 100y J1o-
crimpkeHHs. Y TabnuIli 6 HaBENeHO pe3yNbTaTd aKTUBHOCTI
TIYTaTIOHPEAYKTA3M y BHIAKY OIeparlii Oe3 ImiIcaaKu.

Tabnuys 6
AKTHBHICTb [NIyTaTiOHPEYKTa3H 32 yMOB onepauii 0e3 nmiacaaku (y.o./xs/mr 6iika, M + SD, n = 6)
Jloba Crernosa M’SfSOBa TKaHUHA YepesHa M’ﬂ"3013a TKaHUHA
JI0pocIiof TBAPHHH JI0pocIioi TBAPHHH

Kontpons (6e3 mizxcamkm) 0,10+0,04 0,02 +0,01

[leprua go0a 0,31+ 0,04* 0,67 +0,03*
Tperst no6a 0,17 +0,02 0,36 £0,05*
CroMma j100a 0,13+0,01 0,28 +£0,02*

[pumiTka: qus. Tadm. 2.

Ornepartiss 6e3 MifcagKy BHUKJIMKAa€e JIOCTOBIpHE 301Ib-
LIEHHS] aKTUBHOCTI TJIyTaTIOHPEIYKTa3u BiJHOCHO KOHTPO-
JIFO y CTETHOBIiH M’30Biii TKAHMHI TOPOCIIO TBAPUHU JIHIIIC
Ha TIepIry 100y JOCTIUKeHHS. Y YepeBHiil M’ A30Biil TKaHUHI
TaKe 30UThIIICHHS aKTHBHOCTI CIIOCTEPIraiocs Ha BCi CTPOKA
JOCITiPKEHHS.

OrnepaTBHE BTPYYaHHS, SIK BiZIOMO, CIIPHYMHIOE BHHHK-
HEHHA y MPOOINEPOBAaHHX OPraHaX CTaHy OKCHIATUBHOIO
crpecy (Hebert, 2001). B aHTHOKCHIAHTHOMY 3aXHCTI

OpraHisMy ocoONMBE MicIle MOCIIaloTh TiONW. BupakeHi
Tipo¢iabHI BIACTHBOCTI 3a0€3MedyI0Th 1X BHCOKHH BMICT y
BOJHIM (paKilii KITHH i MOXIMBICT 3aXHCTy OIOJOTTIHO
BKIIMBHX MOJIEKYT ((PepMEHTIB, HYKIETHOBHX KUCJIOT, TeMO-
r00iHy) BiJ OKHCHOTO YIIKO/DKEHHS. Bimoma BIacTHBICTH
TIOJIOBUX PEYOBHH IHTIOyBaTH sik (hepMeHTHe, TaK 1 Hedep-
MeHTHE BUTbHOpamukaibHe okucHeHHs (Ferdinand, 2001).
[epeBaroro TioN-AUCYIBMIIHOI CHCTEMH € 3[aTHICTH TIOJIB
TPOSIBILITH SIK aHTUPAIMKAIbHY, TaK 1 aHTHIIEPEKUCHY [0, a
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TaKOXX OOOPOTHICTh PEAKIi OKUCHEHHs CYJb(IiIPHIBLHIX
rpyn y aucynbdinai (Ruggenenti, 2000). Benuky poms y
HECIIPOMOYKHOCTI (DepMEHTATHBHOI aHTUOKCHAAHTHOI CHUCTe-
MH Bizirpae neinuT MikpoeneMeHTiB — Miai Ta Ky (Ferrar,
2002). InreHcudikaris MpoueciB BUIbHOPAINKAIBLHOTO OKHUC-
HCHHS JIIIB 1 OUIKIB BUKITMKAE 3MIHH CKJIAy KIIITHHHHX
MeMOpaH, TOpYIIEeHHS iX IPOHUKHOCTI, TCcOanaHcy eIeKTpo-
HiB K, Na, Ca, Mg (Anderson, 1998; Ruggenenti, 2000;
Adamszak, 2002). OcoOmiBy poIb y CHCTEMi aHTHOKCHIAHT-
HOT'O 3aXWCTy BiirparoTh TIIYTaTioOH, TIIyTaTiOHPEAyKTa3a Ta
TIIyTaTiOHIIEPOKCH Ia3a. AHAJIOTIYHI 3MIHH IIMX TIOKAa3HHKIB 3
OKCHJIATHBHOTO CTpECy CIIOCTepirajucsi npu Hedpormnarii,
rinepreHsii 1 ISIKUX IHIIMX XBOpoOax.

BucHoBku

Yhepiie BCTAHOBJCHO, IO TPAHCIUIAHTAILSL M’S30BOT
TKaHWHH, B35TOI Y TBAPHH 3 OJTHOTO MOCiY, 3yMOBIIIOE:

— JIOCTOBIpHE 3MEHIIEHHS KUJIBKOCTI BiJHOBJICHOTO
IJIyTaTiOHy Yy CTETHOBIH M’SI30Biff TKaHWHI pELMITIiEHTa Ta
YepeBHil M’30Bii TKaHMHI JJOHOPA Ta PELUITIEHTa;

— JIOCTOBipHE 30UTBIIEHHS aKTWBHOCTI TIyTaTiOH-
peoyKTa3W y CTETHOBiM M’S30Biii TKaHWHI IOHOpa Ta
YepeBHIN M’ s30Bil TKaHWHI TOHOPA Ta PEIHIIEHTa;

— pIBHOBAary akTHBHOCTI TIJIyTaTiOHIEPOKCHIA3U Y
YepeBHil M’sI30Bil TKAHWHU IOHOPA Ta PELUITIEHTA.
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BB TpaHcmianTanii M’ 130B0i TKAHUHY B OJTHONOCJI/THUX 1IYPiB
HA 3arajibHy KiJIbKicTh (uiaBiHiB Ta ®AJ]

C.M. Kobunprux', L. BOB‘-IyKl, 0.0. ,Hy3CHK02, C.M. KO3iH.IKypTl, J.B. MoposoBal, C.A. HeTpOB1

b o . o . . .
Ooecvkuii HayionanvHutl yHigepcumem im. 1.1. Meunukosa, Odeca, Ykpaina
2 < . . . . .
Ooecvkuii HayionanbHuli meouuHuti yHieepcumem, Odeca, Ykpaina

JocnimkeHo 6ananc proodiaBiHy Ta ioro MeTaboITIB y M’ A30BHX TKAHMHAX JI0 Ta MICJIs TPAHCIUIAHTAILT B OTHOMOCIITHUX IIypIB Ta
3a YMOB oriepaitii 6e3 mizicagku. B ocHOBY Bu3HaueHHs (iaBiHiB okinaaeHo Meros FOnendpera. B ekcriepuMeHTI TpaHCIIIAHTAILiIO TPO-
BOJIMJIM HA OUTHX HeNiHIMHMX H1ypax-camipix Macoro 180-300 r. TBaprH BUBOAWIN 3 EKCHEPHUMEHTY LUIIXOM MPOIYCKAHHS SIEeKTPHIHOTO
CTpyMy 4epe3 JOBracTHil MO30K. B OIHOMOCHIIHMX IIypiB-JOHOPIB Opany YepeBHY M’S30BY TKAaHWHY, SIKY IiJUIMBAIN O TOMIJIKOBOI
M’A30BOi TKAaHWHHM penuitieHTa. Taky came Iporeaypy MpOBeJEHO 31 CTETHOBOIO M’ S30BOI0 TKAHWHOIO. Y pasi omepartii 6e3 mizcaaku mpo-
BE/ICHO TaKi caMi MaHIIyJIALlii, BUKIFOYAIOUH eTall TPaHCIUIaHTamil (U1 BU3HAUCHHS BIUIMBY XipypriyHoro BTpy4danHs). Konrponem ciyry-
BajIa TKAHWHA, sIKa He ITyIarajia XipypriYauM BTpydaHHsIM. J{oCIimKyBaHi MOKa3HAKY BH3HAYAIN HA MEPIIY, TPETIO Ta ChoMy JI00y icis
TpaHcIUIanTanil. TpaHCIUTaHTaIis M’ I30BUX TKaHUH HE BUKJIMKAIA 3MiH KUTHKOCTI 3aranbHuX (aBiiB. Ymict PO + ®MH nix gac Tpanc-
UTaHTALi] M SI30BOT TKAHHHH B OJHOTOCIITHHX IIYPiB 3yMOBJIIOBAB JJOCTOBIPHE 3MEHIICHHS [[OTO TIOKa3HHUKA Y CTETHOBIi M’SI30Biil TKa-
HHHI JIOHOpA Ta y YepeBHiH M’SI30Biif TKAHWHI PELMITIEHTa Ha TPETIO J00Y JOCHIDKEHHS BiTHOCHO KOHTPOIIO. TpaHCIUIaHTaMist M’ I30BUX
TKaHWH OJIHOMOCIIAHKX IIypiB BUKJIMKana 30utblieHHs KitbkocTi DAJ] Ha TpeTio 100y eKCIepUMEHTY y CTErHOBIK M’s30Bil TKaHHHI J0-
HOpa Ta peuumienTa. TaKUM YNHOM, TPAHCIUIAHTALlis CTErHOBOT M’SI30BOT TKAHMHU OJJHOIIOCIIHHX IIYPiB CHPHUSIE MPUCKOPEHHIO CUHTE3Y
DA/l 3 pubodnasiny Ta ©MH.

Knrouosi cnosa: Tpanciantanisy; puoodasin; ®MH; AL

Effect of transplantation of muscle tissue in rats
from the same litter on total number of flavins and FAD

S.N. Kobylnik', I.L. Vovchuk', 0.0. Dosenko?, S.N. Kozishkurt', D.V. Morosova', S.A. Petrov'

'Mechnikov Odessa National University, Odessa, Ukraine
Odessa National Medical University, Odessa, Ukraine

Riboflavin is a member of redox enzymes involved in fatty acid oxidation and energy generation. Important role of this vitamin is in
reproductive function. Exchange of transformation of riboflavin in animal tissues and cells of microorganisms include reactions that lead to
synthesis and subsequent collapse of FMN and FAD. It is involved in enhancing antitumor activity of many anticancer drugs, as well as
activation of the immune system to kill tumor cells. Issues of transport of riboflavin and its derivatives in animals have been studied enough.
Investigations of changes of the balance of riboflavin and its metabolites in muscular tissues before transplantation in rats from one litter and
at operation without replanting were conducted, based on the Udenfriend method of flavin determination. Transplantation in the experiment
was carried out on white non-linear male rats weighing 180-300 g. Animals were taken out of the experiment by passing electric current
through the medulla. Belly muscular tissue was taken from donor rats of the same litter, and that tissue was sewn to homological muscular
tissue of the recipient. The same procedure was carried out with femoral muscular tissue. In the course of operation without replanting the
same manipulations have been made except for transplantation stage (for determination of the effect of surgical intervention). Tissue not
subject to any surgical intervention served as a control. Parameters of the study were measured on the first, third and seventh days after
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transplantation. Transplantation of muscular tissue caused no changes in total flavin amount. Content of RF + FMN after transplantation of
muscular tissue in rats of the same litter decreased in femoral muscular tissue of the recipient. Transplantation of muscular tissues in rats
from the same litter lead to increase in FAD amount in femoral muscular tissue of the donor and recipient on the third day of the experiment.
Transplantation of femoral muscular tissue lead to acceleration of FAD synthesis from riboflavin and FMN.

Keywords: transplantation; riboflavin; FMN; FAD
Beryn

Bitamin B, (pubodmnapiH) BXOAWUTH IO CKIALy IBOX
koepmenTiB: ¢aBinMoHORYKIeoTH Yy (PMH) Ta ¢nasin-
anerinmuayKIeotnny (PAJl), mo € KOMIOHEHTAMH TaKHX
€H3UMIB SIK CyKIMHATICTiqPOTeHa3U, IUTOXPOMPEIYKTa3H,
JKOBTOTO JWXANBHOTO (epMeHTy, niadopasn, OKchaa3
aMIHOKHCIOT Tomo. PuboduaBiH BXOmUTH 1O CKIALY
OKHCHO-BITHOBHHX (pepMeHTIB, 1110 OepyTh y4acTh B OKKC-
HEHHI JKMPHHUX KHUCIIOT 1 yrBopeHHi enepril (Shpichka, 2011).
Takox BakJIMBa pOJIb LILOTO BITAaMiHY y PENPOIYKTHUBHIH
¢ynkuii (Shinagava, 1956). bepy4n ydactb y TKaHUHHOMY
JMXaHHI, BiTamiH B, 3a0e3nedye HOopMmasibHe (YHKIIOHY-
BaHHsI Oe3CY/IMHHMX (emiTeiaibHUX) TKaHWH, KpHUIITaIIKa
Ta TKaHHH, HANYYTIIMBINIMX 10 HECTadl KHCHIO (HAPUKIIAL
MO3KOBHX). Punbo¢uaBiH HeoOXimHMH I YTBOPEHHS
(BXOmMTP 1O CKIAMY TiOpoKCHiIa3W (heHLIaNaHiHy) Ta
pyHHYBaHHS (PEryjiiO€ aKTHBHICTh MOHOAMiHOKCHIA3H)
MoHoamiHiB sik y IJTHC, Tak i y nepudepiiiHiux TKaHWHAX.
Bitamin B, crpusie cHHTE3y epUTPOIOETHHY, 4epe3
YTBOPEHHS SIKOTO HEPBOBA Ta EHIOKPUHHA CHCTEMH
PETYIIIOIOTh KPOBOTBOPEHHS. AKTHBOBaHa PHOO(IABIHOM
HipHUIOKCaJIbKiHA3a MEPETBOPIOE MipUIOKCHH (BiTaMiH Bg)
Ha oro akTHBHY (opMy — nipugokcanbdocdar.

OcTaHHIM 9acoM Bce OUTBIIe MIiCIsI B METMKO-010JI0T9HIH
MPAKTHII TTOCITAIOTh Pi3HOMAHITHI METOJM TKAHWHHOI Tepa-
mii. JIoBeneHo, o CKelleTHa M’s30Ba TKaHHHA, TaK caMmo K i
JIesIK1 1HITI OPraHy, Ma€ BIACTUBICTH 10 peTlapaTHBHOI pereHe-
pauii (Danilov, 2007). ITutanss po3noniny proodiaBiHy Ta
HOro TOXiOHMX TIPU TpaHCIUIAHTAIll M’S30BOI TKaHWHU
OJIHOTIOCIIZTHKX HIypPiB Maike He JOCIIKEHI.

Merta naHoi crarTi — OUIHMTH OajaHc pubodmaBiHy Ta
HOro MOXIqHMX [0 Ta ITiCII TPAHCIUIAHTAITll M SI30BUX TKAHHH
B OJTHOTIOCJIIIHHX II[ypiB 32 YMOB Omepariii 0e3 miZcaaKu.

Marepiau i MeToau q0CTiTKEHD

JocimipkeHnst BUKOHaHI Ha 0asi Jlabopatopii kadenpu
oioximii OHY im. LI. MeunukoBa. TpaHCIUTaHTAIIFO TPOBO-
JIITH Ha OUTHX Oe3MopiaHuX Miypax-camipix Macoro 180-360 T.
VY poboti moTpuMaHO BAMOT €BpPOICHCHKOI KOHBEHIII PO
3aXUCT TBAPHH, KX BUKOPUCTOBYIOTH 3 €KIIEPHMEHTAIBHOKO
Metoro. JloHopaMi M’S30BOI TKAHWHH BHUCTYIATH LIypH 3
OJIHOTO TOCHiAY. Y IIYpIB-JOHOPIB BHIIYYEHO CTETHOBY
M’S30BY TKaHHHY Ta IiIIINATO 10 CTETHOBOI M’ 5130BO1 TKAHUHH
LIyPIB-PELMITIEHTIB. AHAJIOTIUHY IPOLEAYPY MPOBEACHO 3
YEpPEeBHOIO M’S30BOI0 TKaHMHOW. Orepariito 0e3 mizncaaxu
BHKOHAHO ISl TIOPIBHSIHHSI BIUTMBY XIPypri4HOIO BTPYYaHHs
Ha JIOCHi/KyBaHI NokasHuku. KoHTposeMm ciyryBajia TKa-
HHHA, sIKa He MiyIsirana XipyprivHiM BTPYYaHHSIM.

B ocHoBy Bu3HauyeHHS (IaBiHIB MOKJIAJEHO METOA
IOnendpenna (Judenfrend, 1967) 3i 3MiHaMu, 1110 BUHUKIIH B
pe3yJbTaTi Horo amamTariii 70 YMOB HAIIOTO €KCIIEPUMEHTY.
Becp anani3 (3a BUHSITKOM TiIpoJIi3y) MPOBOAMIIN Ha XOJIO],
3a temnepatypu 0...—4 °C. CBiXy TKaHHHY TOMOTEHI3yBaIn

Ha ¢izionoriunomy pozumHi (10 My/r TkaHuHM). 1 Mn
rOMOT€HaTy IEPEHOCHIIN Y POOIpKYy, 110 Mictiina 4 mit 11%
TXYVY, nepemimyBanu ta uepe3 15 XB neHTprudyrysamm 3a
3 000 obepris/xe. OnHY amKBOTHY TIpoOy (A), 0 MicTrma 2
MIT HAJIOCAJIOBOI PiIIMHM, TIGPEHOCIUIN B iHITY TIPOOIPKY 3 8 MIT
0,2 M pozunny KH,PO,, micnst nepeminryBansst pH po3unmy
cranoBuna 6,8. Il0 cymimn BUTpUMYBaIK y TeMpsiBi
mpoTsAroM Hodi. [Hny amikBoTHY mpoOy (A,), sIka Tak camo
MicTuma 2 M 3BUIBHEHOTO Bim Oilka eKCTpakTy,
MEePEHOCHIM Y TPOOipKy Ta 30epirajiy MpPOTArOM HOYl y
tempsiBi 3a 38 °C mis Toro, mo6 BinOyBes rinponiz A/,
micias mpOro Jo cymimi gomaBamd 8 mu 1 M posuuny
K,HPO,. ITicnst weiitpanizauii ¢raBiHM Iyke YyTIMBI /10
CBITJIa, TOMY JIO BUMIPIOBaHb iX 30epirain y TeMpsBi.

CraHgapTy TOTyBaJIM, BUKOPUCTOBYIOUH 2 MJI BiZIOMOTO
pozunHy pudodnapiny (Mictutb 0,03—-2 MKT prboQIaBiHy).

JIJ1st IPUTOTOBIIEHHSI KOHTPOITIO 3aMiCTh TOMOTeHaTy Opa-
T 2 MJT AUCTHIBOBAHOI BOIHM. BHKMKaHy (hTyopecueHIIiro
BH3HAYAJIM 32 JOTIOMOIOIO BiIIOBIAHMX (UIBTPIB.

Ilicnst BuMiproBaHb ()IABIHM BiIHOBITIOBAJIM, IOIA0YH
0,01 ma 10% po3uuny NaHSO; y 5% NaHCOs;. 3anuikoBa
He (haBiHOBa (hTyopeciieHIlis 3a3Buyail Oyia BUpaxkeHa; il
BifIHIMaK Bix oTpuManux BenuuuH. Konrentpariis @A/l y
KOXHIN npo0ipri fgopiBaioe (Ay—A,)/0,85. Koedirient 0,85
YBEJICHUH TOMYy, IO iHTEHCHBHICTh (uryopecuenmii DA/l
ckmagae  smme  15%  iHTeHcWBHOCTI  (hiryopecueHii
pudodumasiny. IlopiBHAHHA 3 aHaJIOTiYHO OOPOOGIEHIM
cragmaproM pubodmaBiny mae Bmict @AJl 3a pudodmapi-
HOM. A, — €KBIBaJIGHT 3arajbHOi KUTBKOCTI (pJIaBiHiB.
BaranpHi QuaBinm, 3a BubsTKOM DPAJl, — BMICT BUIBHOIO
pubodnaBiny pazom i3 OMH (mami mno3Ha4aeThCS SIK
¢pakuis PO + OMH). [ns mNOpiBHSHHS pe3yJbTaTiB
JIOCITIIDKEHb pO3paxoByBaiu cepeane apudpmernane (M) ta
cepelHbOKBagpaTHyHe BiaxuieHHs (SD).

Pe3yabTaTn Ta ix 06roBopeHHs

BusHavaroun BMicT 3aranbHUX ()JIaBIHIB 32 YMOB TpaHc-
IUIAHTAIIil M S30BUX TKAHMH OIHOIOCIITHUX IypIB, YCTaHO-
BIUTM, LIO TPaHCIUIAHTALsl HE BIUIMBAE HA EH IOKAa3HHK
(tabm. 1). 1 NOpIBHAHHA BIUIMBY TPAHCIUIAHTALI M’ I30BUX
TKaHWH ONHOIOCIIIHUX WIypiB TIPOBENCHO omepamii 0e3
miacajky. Y 1bOMY BUINAJKY HE CIIOCTEPIraocs: JOCTOBIPHHX
3MiH KOHIICHTpAIIil 3aralbHUX ()IaBIHIB BIIHOCHO KOHTPOJIIO.

VY tabnuui 2 HaBeICHO Pe3yJIbTATH BU3HAYCHHS KUIBKOCTI
P® + ®MH y Bunanky TpacruiaHTanii M’S30BHX TKaHWH B
OJIHOTIOCIIIHMX IIypiB Ta B pasi omeparii 0e3 miJcaaKu.
MoyKkHa BIIMITUTH JIOCTOBIpHE 3MEHILECHHS ITOKa3HHKIB
BIJIHOCHO KOHTpOJIIO Y CTETHOBIiii M’530Bili TKaHWHI JJOHOpa
HA TPETIO J00Y JOCITIHKEHHS. Y YepeBHIM M SI30Bii TKAaHWHI
pelwITieHTa JOCTOBIpHUX 3MiH KimbkocTi PO + ®MH Bin-
HOCHO KOHTPOIIFO HE BiOyBaeThes. JIOCIIMKYIOUN BIUIMB
omeparii 0e3 TMiACaTKN M’S30BOi TKAHWHH, CIIOCTEPIrain
nocToBipHe 3MeHIeHHs PO + ®MH Ha Tperio 100y mocmin-
JKEHHI SIK y CTETHOBIM, TaK 1 B YepeBHiN M’s130Bii TKaHUHI.
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Tabnuys 1

Konuerpauis 3aransnux ¢uiaBiniB 3a yMoB MiicaiKy TKAHUHHA OJHOMOCTITHUX HIYPiB Ta 0e3 migcaaku
(MM/r Tkanuau, M = SD, n = 6)

Konrpons

Bun oneparrii Bun ckeneTHOT M’30BOi TKAHUHH (63 mincancn) [epra noda Tpers no6a Croma J100a
CrernoBa M’s130Ba TKaHHHA JJOHOpa 11,1£1,2 10,3+£22 112+ 1,1 133+32
IMincanka Tkarman ~ CTerHoBa M’s30Ba TKAHMHA PEIMITIEHTA 11,1£1,2 12,1£13 152+23 133+£2,1
OJTHOMOCHITHKX NIypiB UepeBHa M’s30Ba TKAHHWHA JIOHOPA 10,2+£2,1 104+22 112+12 112+21
YepeBHa M’s130Ba TKAaHHHA PELMMTIEHTA 10,2 +£2,1 11,1£13 10,1£1,0 122 +4,1
Bes mizcamn CrterHoBa M’s130Ba TKAHUHA 11,1£1,2 92+3,1 92+1,3 142+23
UYepeHa M’s130Ba TKAHUHA 10,2 +£2,1 12,2+3,1 6,1+12 16,3 +£7.2%
[IpumiTka: * — TOCTOBIpHI BiAMIHHOCTI BiTHOCHO KOHTpOIIIO, P < 0,05.
Tabnuys 2
Kinbkicrs P® + ®MH 3a yM0B niicagku TKAHUHHM OTHONOCTIAHUX 1IYPiB i 0e3 mincagku (MM/r Tkanuamn, M + SD, n = 6)
Bun oneparii Bun ckeneTHol M’30B0i TKAHUHI (65303211;14) [epa noda Tpetsa noba Croma f100a
Crernoa M’s130Ba TKaHHHA JIOHOpA 10,113 7,1£1,3* 52+1.2% 93+21
IMincanka Tkanman ~ CTerHoBa M’s130Ba TKAHMHA PEIUTTIEHTA 10,1£1,3 8,1+22 82+22 72+23
OJHOIOCIITHUX IIypiB YepeBHa M’s30Ba TKAHHUHA JIOHOPA 112+£23 41+13 7,1+13 72422
YepeBHa M’s130Ba TKAHHHA PELIITIEHTA 112+23 52+ 14* 62+1,1* 6,3+1,2*
Bes mincaxit CrerunoBa M’s130Ba TKAaHUHA 10,1£1,3 62+22 52+1,3% 92+1.2
UepeBHa M s30Ba TKAHWHA 112+23 11,3+42 34+12% 102+7.2

IMpumitka: ous. Tabu. 1.

VY tabmuii 3 HaBEJCHO Pe3yJIbTaTH BU3HAYCHHS KUTBKO-
cri @A/l y pasi TpaHcIuiaHTalil M S30BHX TKAaHWUH Y LIypiB
OJTHOTO TIOCIIJTy Ta BIUIMBY Ornepanii 0e3 Imiicaaku M’ 30801
TkanuHA Ha Kitbkicth DAJ]. Kimbkicte @AJ] y cTerHOBiM
M’S30Bif TKaHWHI JIOHOpa Ta pELMIIEHTa JOCTOBIPHO
30iMBIIyBaNIach BITHOCHO KOHTPOJIO HAa TPETIO 00y
JIOCTIDKEHHS.. Y dYepeBHI M’s30Bilf TKaHWHI JOHOpa Ta

peLITieHTa JIOCTOBIPHUX 3MiH HE criocTepirajocs. 3a yMOB
oreparii 0e3 MiJCaKH CIIOCTEePIraEThCs TOCTOBIPHE 301/Tb-
meHHs KoHneHTpanii @AJl y cTerHoBiit M’s30Bill TKaHUHI
BIJIHOCHO KOHTPOJIIO JIIIE HA ChbOMY JI0OYy JOCIIPKESHHSI.
Y yepeBHill M’S30Bill TKAHUHI Ha TPETIO J00Y MOCIIHKECHHS
BimOyBayocsi JOCTOBipHE 3MEHIIEeHHS KoHueHTparii DAJ]
BIJIHOCHO KOHTPOJIBHOTO NMOKa3HHUKA.

Tabruys 3
Kinbkicts @Al 32 yMOB IiicaAKH TKAHMHU OJHONOCTiTHUX mypiB i 0e3 mincaakn (MM/r Tkanunu, M = SD, n = 6)

Bun oneparrii By ckeieTHOT M’130B01 TKAHUHU (66120;;1(’:?;[;4) [epra noda Tpers noba Croma go0a
CrerHora M’s130Ba TKaHWHA IOHOPA 4,1+13 41+12 72+ 13* 52+23
[Mincanka Tkarman ~ CTerHoBa M’s130Ba TKAHMHA PELMITIEHTA 4,1+13 52+1,3 92+2,1% 72+21
OJTHOTOCTIIHAX HIypiB UepeBHa M’s130Ba TKAHWHA JIOHOPA 72+21 73+13 53+1,2 52+23
UepeBHa M’s130Ba TKAHWHA PEIHITIEHTA 72+21 73+1,2 72+1,1 73+1,2

Bes mizcan CrerroBa M’s130Ba TKAHHMHA 4,113 62+22 52+1,3 944 12%
UepeBHa M’s130Ba TKAHHHA 72+2]1 83+21 22+04 72+1,3

Ipumitka: aus. Tabu. 1.

OOMiaHI TIepeTBOpeHHs prubo(dIaBiHy y TKaHWHAX TBa-
PUH 1 KITHHAX MIKpOOPTaHi3MiB BKIIIOYAIOTH PEaKIii, II0
BUKJIMKAIOTh CHHTE3 1 mopanbimid posnag ®MH i OAJ]
(Ochoa, 1939). PuboduaBin Takox Oepe y4acTh y pI3HHX
METa0OIYHNX OKHCHO-BITHOBHHX pEAKIisAX, MeTaboi3Mi
OJIHOBYIJICLIEBUX CHOJYK, SIKi SBIISIIOTH COOOI0 MEpexy
B32€MOIIOB’I3aHMX OIOXIMIYHHMX LUISIXIB, TEHEPYIOTh OIHO-
BYIUIELIEB] Ipyny, HeoOXinHi 1y (i3ioyoriyHuX Mporecis
(Ziegler, 2007). ITopymieHHs! OTHOTO METa0OJI3MY BYIJICLIO
MOJKe nepekouTy perutikaii, penapauii JIHK 1 perymsuii
eKcrpecii TeHiB 3a JOMOMOIOK METITIOBAHHS, IO MOXe
cnpuananTH KanneporeHes (Kim, 2004). Jedimur pubo-
(maBiHy Bifirpa€ BaKJIMBY POJIb Y TIPOTPECYBaHHI PI3HUX
BUIIB PaKy, a TaKOXX MiJBHIIEHHI BPa3IMBOCTI KIITHH IO
paky (Webster, 1996). Kpim Toro, BiH Oepe yduactb y
MIJBUIIEHHI ~ aKTHBHOCTI  0araTbOX  HPOTHITYXJIMHHHX
TperapaTis, a TAKOXK akTUBALil IMyHHOI cuctemu. [IuTaHHs

TpaHcnopTy pubodaBiHy Ta HOro MOXITHUX B OpraHi3mi
TBAapHH JOCIIDKEHI HETOCTATHEO.

BucHoBku

TpaHCIUIaHTAIliT M’SI30BMX TKAHHH — OXHOIOCIIIHHX
LIypiB HE BUKJIMKAE IOCTOBIPHUX 3MiH KUIBKOCTI 3arajbHHUX
¢naBiHiB. 3a yMOB TpaHCIUIAHTAIl M’S30BHX TKAHUH
ofHONoCHIHUX wIypiB ymict Pd + ®MH y crerHosii
M’SI30Bid TKaHWHI JIOHOpA Ta YepeBHiH M’Ss30Bifl TKaHWHI
pelMIieHTa Ha TPETI0 100y JOCITIIKEHHS JIOCTOBIPHO
3MEHIIYETHCS  BITHOCHO ~ KOHTPONIO.  TpaHCIaHTaLis
M’S30BUX TKAaHMH OJHOIOCTIIHUX IIYpiB 3yMOBIIIOE
30impmieHHss KoHmeHpamii ®AJl y CTeTHOBiH M’S30Biit
TKaHWHI JOHOpa Ta PELUIICHTa Ha TPeTi0 o0y eKCIiepH-
MeHTy. TakuM 9HHOM, TPaHCIDIAHTAIISI CTETHOBOI M’ SI30BOT
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TKaHUHH OJIHOTIOCIIHUX IIypPiB CIIPHUSIE IPUCKOPEHHIO CHH-
te3y DAJ] i3 pudoduaBiny Ta DMH.
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Ynockonanennsi Meroguku orpuManns Fe-gparmenris IgA nrogunn

0.10. Takin', ¥0.B. Topuryros?, B.d. Conosiioa’
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Hayionanvnuii mexuiunuii ynisepcumem Yxpainu «Kuiscokuii nonimexuiunuil incmumymy, Kuis, Yxpaina
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Hayxoso-0ocnionuti ma KOHCmMpyKmopcbKo-mexXHOoN02iuHULL iHCmumym micbkoeo 2ochodapcmsa, Kuis, Yxpaina
3 . . . o . . . .
Yxpaincokuil naykogo-oocnionuil incmumym xapyysanns, biomexnonoeii ma ¢papmayii, Kuis, Yxpaina

Merta cTaTTi — BUCBITIINTH YIOCKOHAJICHHS METOAVKY OTPHMAHHS Ta BuAUIeHHS Fc-dparmentis IgA mroquau. [t 1i0ro ontumizoBa-
HO YMOBH TiIpoOJi3y iMyHOIJIOOYIIHIB i3 HOJAIBIINM BHAUICHHSIM 1 ounmeHHsM Fc-gparmentiB. Po3pobiieHo ynockoHaIeHy METOIUKY
onepxanns Fe-dparmentiB IgA nmroauny, sika nependavae nanaiHOBHIA TiipoJii3 iIMyHOITIOOYJTiHIB y CEpPEIOBHILI a30Ty YIPOJOBXK 4 IO, 110
JI03BOJISIE JIOCSATTH MaKCHMaJIbHOTO BHX0Aay Fc-(parmentiB Oe3 ix momanmblioi aerpanaiti, BumiieHHs ta ounieHss: Fe-pparmentis IgA
LJIIXOM OJHOeTamHOI refb-¢iiprpanii Ha cedanexci G-100, KOHTPOIIb YMCTOTH LITLOBOTO MPOAYKTY B enekTpodopesi y momakpuiamii-
HOMY Teli 3 JOoIelIcyIb(paToM HaTpito Ta iMyHoauQY3iil 3a OyXTepioHi. 3acTOCYBaHHS 3alPOIOHOBAHOI CXEMHU JO3BOJISIE ONIEPIKYBATH
Fc-dparmenTn IgA moaunN BUCOKOTO cTyneHs uncToTH. Buxin Fe-¢parmeHTiB micist BCix eTamiB O9MIEHHS CKiIaB Omim3bko 18% modart-
KOBOI KUJIBKOCTI IMyHOTJI00Y TiHIB y nperiapari. MorexyisipHa Maca ofepskanux Fe-dparmentis IgA mmoquan ckitana 6mmssko 70 x/1a.

Kmouoei crosa: 1gA momunn; Fe-parmenTy; (hparmeHTaltist; nanai; res-(GuisTpartis; exeKrpodopes

Improvement of the method of obtaining human IgA Fc-fragments
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To address a number of fundamental and applied problems in immunology, molecular and cellular biology and biotechnology it is nec-
essary to obtain Fc-fragments of immunoglobulins. Fe-fragments may be used for studying of the effector functions of antibodies which are
mediated by these areas. They are often used as an immunogen to produce anti-specie (based on so-called secondary antibody) conjugate in
the development of serological tests for diagnostics (predominantly such conjugate based on monoclonal antibodies). The work is aimed to
develop improved methods of obtaining and allocation of Fc-fragments of human IgA. To achieve this objective, optimization of hydrolysis
of IgA with subsequent purification of Fc-fragments have been carried out. Improved method of obtaining Fc-fragments of IgA provides:
papain hydrolysis of immunoglobulin in the environment of nitrogen for 4 h, allowing to achieve maximum output of Fc-fragments without
their further degradation: isolation and purification of Fc-fragments of human IgA by one-stage gel filtration on sephadex G-100; control of
purity of the target product by electrophoresis in polyacrylamide gel with sodium dodecyl sulfate and Ouchterlony immunodiffusion.
Enzymatic hydrolysis was carried out at the optimal temperature of papain (37 °C). As the oxygen in the air may have inhibitory effect on
enzymatic hydrolysis reaction, the reaction mixture was incubated in the nitrogen atmosphere to prevent inactivation of papain. To reduce the
incident degradation of immunoglobulin molecules, papain hydrolysis was carried out without using an enzyme activator (cysteine). Usage
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of the proposed scheme allows obtaining Fc-fragments of human IgA of high purity. Outcome of Fc-fragments after all stages of purification
was about 18% of the initial amount of IgA in the preparation. Molecular weight from Fc-fragments of human IgA was equal to

approximately 70 kDa.

Keywords: human IgA; Fc-fragments; fragmentation; papain; gel filtration; electrophoresis

Beryn

Jo iMmyHOrI00YyI1iHIB HaeXaTh OUIKK TBapHH 1 JIOAWHH,
SIKI MalOTh aKTUBHICTh aHTHTLI, a TAKOXX IMyHOTJIOOYIIiHOBI
peuenTopu JTiMGOIMTIB Ta OUIKH, MOAIOHI OO AHTHTLI 3a
XIMIYHOIO CTPYKTYpOIO Ta AHTHUTCHHOIO CIIENU(IUHICTIO —
Mmienomui Outky, Oinku benc-J[koHca Ta cyOoauHMIN
iMyHOrJ100yiHIB. [lepBrHHA (YHKIIisI aHTHTLI — B3aEMOJIIS 3
KOMIUIEMEHTAPHOIO CTPYKTYPOIO aHTHI'€HYy — aHTUTCHHOIO
JIeTepMIHAHTO0, a BTOpUHHI (edexropHi) — dikcarlis KoMm-
IUIEMEHTY, OTICOHI3YBaJIbHUIA BIUIMB, [IATOTOKCUYHA, IMyHO-
perymsitopHa aii Tomo (Delves et al., 2011). Ctpykryphi
JITHKH MOJIEKYJ IMyHOTTIOO0YIIiHIB, BiIOBINANIBHI 32 edeK-
TOPHY AaKTHBHICTb, IPOCTOPOBO BiJUlajleHi BiJl aHTUIEH-
3B’S3YBAJIBHUX IEHTPIB 1 MICTATBCS, TOJOBHUM YHHOM, Y
Fc-obmacri. [30THmoBa MIHIMBICTE MOJEKYN IMyHOTTIO0Y-
JHIB TakoX 3yMOBJIEHAa AHTHTCHHUMH JeTepMiHAaHTaMU
Fc-¢pparmentis (Yakobysyak, 2004).

J1 BUKOHAHHA HM3KH (YHIAMEHTAJIBHHX Ta IPUKIAA-
HHX 3aBJaHb IMYHOJIOT11, MOJIEKYJISIPHOI Ta KJIITHHHOI 0i0JI0-
rii Ta 6i0TEXHOJIOTIT BUHMKAE TIOTpeda B oxepxanHi Fc-¢ppa-
I'MeHTIB iMyHoro0y:1iHiB. Hanpuknan, Fc-pparment Mox-
JIMBO 3aCTOCOBYBAaTH IS BHBYEHHS €(EKTOPHUX (PYHKIIIH
IMyHOTJIOOYJIIHIB, SIKI ONOCEPEIKOBaHI JaHUMH O0JIacTsIMU.
Yacto iX BHKOPHUCTOBYIOTH SIK IMYHOTEH JUISl OJICpXKaHHS
AQHTHBHJIOBOTO KOH’IOraTy (y TOMY YMCI Ha OCHOBI MOHO-
KIOHAJTBGHUX AHTUTLI) I 4Yac pPO3pPOOJEHHS TECTiB IUIA
cepoioriyaoi miarHocTHkd. OTprMaHi TIpH  PO3MICTUICHHI
iMyHOTITOOYiHIB FC-(pparMeHTH MOKITMBO BUKOPHUCTOBYBA-
TH TAaKOX i1 QHAI3y AHTHBHAOBHX MOHOKJIOHAIBHHX
AHTHUTUI, OJEP)KaHHA IMyHOa(iHHMX COpOEHTIB. AHami3
JITEpaTypHUX JAaHUX CBIMYMB TPO HASBHICTH JEKUIBKOX
HiJXO/IB 10 po3LIeIieHHs IgA monuHu GepmMeHTaMu 3 Me-
TOIO OTpUMaHHs BifnoBinuux Fc-dparmenri. Haityacrime
BOHM 0a3yloThCsi Ha BHKOpUCTaHHI mamainy (Paster et al.,
1989), Takox 3actocoByeTbcst nericuH Ta Tpuncul (Ketti,
1991). IlamaiHoBa (parmeHTamisi JO3BOJISIE OTPUMATH
crabunpHImm pesynprat (Wilson, 1971; Beale, 1985; Josi
and Lim, 2001). He3Baxkaroum Ha BENHKY KUIBKICTh
Mou(iKamiii METONWKH, 3HAYHA YacTWHA 3 HUX I[OTaHO
BIZTBOPIOETHCS, YacTO OpaKye AOCTOBIPHHUX CIIOCOOIB KOH-
TPOJIIO 32 (PepPMEHTATHBHMM pPO3LICIUICHHAM. JlaHi pi3HHX
aBTOPIB y 0araTb0X BHUIAJIKaX MICTATh CyTTEBI PO30IKHOCTI.

Mera 11i€i CTaTTi — BUCBITJIUTH YIOCKOHAIICHHS METO/IH-
KU OTpUMaHHs Ta BuaieHHs Fe-pparmenTis IgA mronunm.

Marepiau i MeToau q0CTiTKEHD

Ipenapam IgA nt00uru OTPUMAHO 3TITHO 3 METOUKOIO
(Nikolayenko et al., 2005). UncroTa npenapary nepeBipeHa
3a jonoMororo iMmyHoaudysii 3a OyxTepoHi Ta enekrpogo-
pesy y nomiakpmiaminaomy rermi (ITAAT) 3 momenwmncyib-
(arom Hatpiro (JICH). IgA mepeBommmy y peakimiiiamii Oy-
(bepHuit po3unH refb-GiIBTparicro Ha KoaoHm 1,5 X 20 cM
i3 ceamexcom G-25. Komonky 3piBHoBaxyBamu 0,1 M
¢docharaum Oydepom 3 pH 7,0, sxumit mictus 0,001 M

mucreiny Ta 0,001 M EJITA (Svehag et al., 1969).
Konnenrpanito ozpepkanux michast renb-(inprpanii  IgA
BHUMIPIOBAIM HA CHEKTPO(OTOMETpi 3a JOBXKHHH XBHWII
280 am (Paster et al., 1989). YMict iMmyHOTTTOOYIIHIB T0BO-
IV peakiitamM Oygpepom 1o 10 mr/mo.

Tanainosuui cioponiz 1gA moounu. s nposeneHHs dep-
MEHTATUBHOTO PO3IICIUICHHS BUKOPUCTaHO MamaiH (Sigma,
CHIA) y Burmsai kpucraiivyHoi cycrnensii B 0,05 M anerar-
HoMy Oydepi 3 pH 4,5 i3 nomaBanasm 0,01% Ttumony.
Peakunito posmerenns nposomwn y 0,01 M ¢ocharHomy
6ydepi, pH 6,5, sxuit mictus 0,002 M Nay-E[ITA. V peak-
uiiiHy cymim Ha 100 mr IgA BHocwimm 1 mr mamainy Tta
iHKyOyBamu 3a 37 °C B armocdepi a3ory st 3anoOiraHHs
IHaKTHBAIlii MamaiHy KACHEM TIOBITps. 3 METOIO BiTHAXO.-
JKCHHS ONTHUMAIBHOTO Yacy iHKYOyBaHHS 3 peakIliiHOl
cymimi Bimbupamu npodu gepes 30 xs, 1, 2, 4 ta 6 Tox. Bixg
noyarky peakuii. depmeHTaTHBHUIT TiapoIi3 y npodax 3y-
MIMHSUIN IUIIXOM iX 3aMOpPOXKyBaHHSL.

Tenv-gpinompayis. BUkopucToByBanu KOJIOHKY 13 ceda-
nexcom G-100, pozmipamu 1,0 x 100 cm, sIKy nepeBoanIN y
0,05M doctaruuii 6ydep i3 0,15 M NaCl i3 pH 7,2.
Enrowtiro mpoBoiiiv 31 MIBUAKICTIO 2 MII/XB, 30Mparoun KO-
nekropoM (paxuii, 00’emom 4 mi. O6’exHyBanuM Ti 3 HUX,
sIKi BimmoBimamu Buxoxmy mikiB. KoHieHTpartiito Oirka BU-
MIpIOBaJIM Ha CIIEKTPO(OTOMETPi 3a JOBXHUHM XBIITI 280 HM
(Paster et al., 1989).

Enexmpocgpopes poBoqmnm y BepTHKaIBHIN Kamepi y 15%
ITAAT 3a mpucytsocti JICH (Laemmli, 1970). fAx mapkepu
MostekyJsipaoi Macu (MM) 3acTocoByBalii OBOTpaHC(hEpUH
(78,0 xla), amsbymin (66,3 x/la), oBasOymin (42,7 x/la),
kapOoanriapasy (30,0 k/a), mior;obin (16,9 k/la) (Sigma,
CHIA). binku y remni dapOysanm Coomassi Blue R-250.

Imynooughysis 3a Oyxmepnoni. ImyHOmudy3i0 HPOBO-
i B 1,25% arapo3HoMy Telti, PUroTOBaHOMY Ha Oopar-
HoMmy Oydepi (pH 8,6). Buxopucrano monocrienmdiuni cu-
POBAaTKM MPOTH IMYHOTJIOOYJIHY JIIOAMHH, Aj- Ta Ki-JaH-
woriB  imyHoroOyniHiB (IIpennpusitie Mo NPOM3BOACTBY
GakrepuiiHbIx npenaparoB Llentpamsrnoro HUU BakuwH n
ceiBopotok M. WM. Meunnkosa, Pocis). Y neHTpaibHi
JYHKH BHOCHITH IMyHHI CHPOBAaTKH, y TIeprudepiliHi — po3urH
AHTHIeHy Y CepiHuX po3BeneHHsix. [ ¢dapOyBaHHS Ta
¢ikcarii remo Opaad po3YMH aMizoYOpHOro. BimmuBanHS
npoBoauiu 2% po3unHoM outoBoi kuciotu (Mihaylov and
Simirskiy, 1991).

Pe3yabTaTi Ta ix 06roBopeHHs

Ockibky, 32 JaHuMH pisaux asropiB (Wilson, 1971;
Beale, 1985; Josi and Lim, 2001), OimbIr BiATBOPIOBaHI pe-
3yJbTaTH OJEPXKYIOTh IPH TANaiHOBOMY TiIpoii3i iMyHO-
r100yIiHIB, MU 00pai came JTaHWH BapiaHT (hepMEeHTaTHB-
HOTO po3iervieHas IgA momuan. Ha meprmomy erami BH-
3HAYaJH ONTHIMYM 4acy iHKyOyBaHHA IgA 3 mamainom. Tem-
MepaTypHA ONTUMYM TiIPOJITHYHOI aKTUBHOCTI TamaiHy
cknazgae omuspko 37 °C (Ketti, 1991), Tomy inkyOauito IgA
JIOAVHY Ta (pEepMEHTY MPOBOIIM caMe 3a L€l TemIiepary-
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pu. OCKIIbKH KUCEHb MOBITPSI MOXKE YMHHUTH 1HTI0YBaIbHUIA
BIUIMB Ha peakiito QepmeHraruBHoro rigpomisy (Galkin,
2012), peakuiiiny cymim iHKyOyBamu B atMocdepi a3ory
JUIs 3aro0iraHHs iHaKTHBaLi NanaiHy. 3a JaHUMH Pi3HHX
aBropiB (Harlow and Lane, 1988; Goding, 1996), 3amus
3MEHILIECHHS  HEKOHTPOJIBOBAHOI  Jlerpajaiii  MOJEKYI
IMyHOTIJI00YJIiHIB X NanaiHOBUH T1pOJTi3 Kpalle IPOBOIUTH
0e3 BUKOPHCTAaHHS aKTUBAaTOpa (epMeHTy — 1ucTeiny. [Jani
pi3HHX aBTOpiB IOJO ONTHUMAIBHOTO Yacy TaKOTO
poTeoi3y BimayTHO pi3HAThes (Wilson, 1971; Beale, 1985;
Harlow and Lane, 1988; Goding, 1996; Josi and Lim, 2001).
Biarak i3 MeTow BiJHAXODKEHHS ONTHUMAIILHOIO 4acy
IHKyOyBaHHS 3 peakiiiHol cyMilii BiiOupanu npodu uepes
30 xB, 1, 2, 4 Ta 6 roA. BiJ MOYATKy MOCTAHOBKH PEAKIIii.
depMeHTaTHBHUI TiAPOII3 Y Mpodax 3yNUHSUIM IUIIXOM 1X
3amopoxkyBanHsl. [Iporiec hepMEHTATHBHOTO TiPOITi3y KOH-
TPOJIOBAJIN 3a JOTIOMOIOI0 BEPTHKAIBHOIO eNeKTpodopesy
y ITAAT 3 JICH (puc. 1).

VY pemykyrounx yMOBaxX iMYHOTJIOOYJTiHH PO3Maaincs
Ha Baxki (H) ta merki (L) maxmrorn, ¢popMyroun IBi 4iTKi
cMyrH Ha piBHi 55 1 25 x/la. Ha enextpodoperpami mpob i3
peaKIiifHoOl CyMmimm 3’sIBJSUIMCS Ie Bl CMYTH — Ha piBHI
35k/la (BimnoBimae Fc-parMeHTaM BaKKMX JIAHIFOTIB
IgA,) Ta 20 x/la (BixnoBizae parMeHTy Ba)KKOTO JIaHIFOra
IgA,, mo wmictute pomenn CH;-VH). Komu 30inburyBanu
yac iHKyOauii 3 mamaiHoM a0 6 TOI., IOCTYIIOBO 3HHKaja
CMyTa, 3yMOBJICHA MPUCYTHICTIO Ba)KKHX JIaHIforiB. Lle min-
TBEPPKYBaJIO repedir GpparmeHTarii iMyHOII00yJiHIB. 3Ba-
JKAaIOYM HA Ty OOCTaBHHY, IO 30UTBIICHHS Yacy TiIpomizy
MoHax 4 rojl. He BUKJIMKAE 3HAYHOTO 30UIBIIEHHS BHUXOMY
Fc-¢pparmenTiB i 3pocrae HMOBIPHICTb YTBOPEHHS! HH3BKO-
MOJIEKYJSIDHUX ~ (PparMeHTIB ~ YHACTIZOK  MOAANBIIOrO
TiIpOIi3y OTpUMaHUX (parMeHTiB iMmyHOTIIOOYIiHY (Galkin,
2012), npuiHsITO pilIeHHS MPOBOAWTH pO3ILeIUieHHs [gA
TIPOTSTOM 4 TOI.

o0

=
=3

1 2 3 4 5 6 7
78 xlla
66,25 xlla
D S S 42,7 xlla
S N e e e 30 xMa
bl N R N1
— e . e e
16,9 xlla

Puc. 1. Eaexrpodoperpama npod
i3 peakuiiinoi cymimi Ta HaTuBHOrO IgA NI0AMHU:
1 —ipenapar IgA; 2, 3, 4, 5, 6 — npo6u, BigiOpaHi 3
peakuiiiHoi cymimi BianosiaHo yepes 30 xB, 1, 2, 4 Ta 6 rox.
TICIIs TOYATKy pO3LICTUICHHS; 7 — Mapkepu MM

IMicnsa  ¢parmenTamnii IgA mpoBomwmy BUIUICHHS Ta
ounieHHs1 Fe-parmentiB IgA. Ile 3aBmaHHsS BHKOHYBAITH
TIOCJIJIOBHUM BuUITy4eHHsM Fab-(parMeHTiB, MOHOMEpHHX
Fc-pparmentiB IgA monuuu. 3a JaHUMM JIiTEpaTtypu Ta
praciuM gocBiny (Goding, 1996), y upoMy BHIAAKy
e(eKTHBHIILIE 3aCTOCOBYBaTH Telib-QuibTpanito. OTmxe,
niciist 4 Tof1. (PepMEHTATUBHOTO TiAPOIII3Y peaKLiiiHy CyMill
MIPOIyCKAJIK Yepe3 KOJIOHKY 13 cedpanexcom G-100 (puc. 2).
Sk BUAHO i3 XpOMaTOrpaMy, peakiiiiHa CyMilll po3zimiiacs
Ha 1icth Qpakmii. [lepmmmMu 3 KOJOHKH Mald BHXOIHUTH
HedparmeHToBaHi IgA, sxi MaroTh HanOLbIry MM — 160
k/la, npyruit mik, iMoBipHO, yTBOproBamm Fc-pparmentu IgA
i3 MM o6mm3eko 70 x/la, Tpetiit — mBa Jerki JaHIora IgA,
MM 50 x/la, uerBepruii — Fab-dparmentu IgA; Ta IgA,
MM O6au3bko 45 k/la, m’ITHi — YacTUHA BaXKKOTO JIAHIFOra
IgA,, mo micturs gomenn CH;—VH MM 6nm3bko 20 x/la.
Hloctuii mik ¢opMyBaiik, HWMOBIPHO, HHU3bKOMOJIEKYJISIPHI
(dparmMeHTH, 0 € TPOAyKTaMH HebaxkaHol (parMeHTanji
IMyHOTJIOOYJIIHIB.

2 miK

3-4 niku

=
=

1 mik

Owrmea rvernna npn 280 nm

e

5 mik

6 MmiK

0 10 20 30 40 S0 60

70 80 90 100 110 120 130

Od'ex, M

Puc. 2. Ienp-dinsTpanist peakuiiinoi cymimi na ceganexci G-100

Jns anamisy nepumx Tphox (pakiiii 3aCTOCOBaHO BEpTH-
kastbHui enekrpodopes y [TAAT i3 JICH (puc. 3). Sk BuaHO 3
eniektpodoperpamu, Qpaxiiii Heproro Iika BiAINOBIIaIOTh
JIBi cMyTHY Ha piBHI 55 Ta 25 x/la, siki yTBOpEHi, BiAOBiIHO,
Baxkumu (H) Ta smerkumu (L) nmanmtoramm IgA. ®paxuii
JIPYTOro MiKa yTBOPIOBAJIM OZHY cMyTy Ha piBHI 35 k/la, mo
BiImoBimae MonekyisipHii Mmaci Fe-dparmentie  IgA.
O0’emHaHa (pakis TPETHOTO Ta YETBEPTOTO IIKIB YTBOPIO-
Basa JBi OJMM3BKi 32 MOJIEKYJIIPHOIO MAacOI0 CMYTH Ha piBHI

20-25 x/Ia, 110 CHIBBIAHOCUTHCS 3 MPUITYIISHHSM LIONO0 iX
BMicTy (nerki nanigord IgA, ta Fab-¢parmentu IgA).
@pakuis m’siTtoro MKy QopMyBaiia OIHY CMYT'y Ha piBHI
20 k/la, 1m0 MIiATBEPPKYBAJIO HAIIE MPHITYIICHHS II0J0
BMicTy naHoi ¢paxuii (4acTHHa BaXKKOTO JlaHIora IgA,, mo
mictuts nomenn CH,—VH).

Bumict Qpakmiif, OTpuMaHHX TiciA TeIb-PiIbTpaIlii,
JNOCIIDKYyBald TaKoXK 3a JIOTIOMOTOK  IMyHOIHU(y3ii.
Opakiis meproro mika yTBOpIOBANA JIiHII MPEHUITITAINT 3
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IMyHHUMH CHPOBATKaMH J0 IUTBHUX MOJeEKy’d IgA, Ai- Ta
K| -JIQHIIOTIB, IO JOAATKOBO IIATBEPIDKYE IIPHITYIICHHS
mono ii Bmicty (HedparmenroBani IgA). YV Toit ke uac
(pakuist Apyroro MKy yTBOprOBaJa JIHIT Ipel|ITiTaLii Jiniie
i3 CHpOBATKOIO /10 LiIbHOT Moniekysn IgA. Tle miarBepmxye
HasiBHICTH Fc-parmentiB IgA y ¢pakuii npyroro mika.
®pakiiiss TPETHOro Ta YETBEPTOrO IMIKiB JaBajia MO3UTHBHI
peakiiii aHajoriuHo 10 (pakiii mepuioro Imika, IO
TITBEPIDKYBAJIO TIPUITYLIEHHS IO/I0 BMICTY Y Hilf JIETKHX
nanmoriB IgA, ta Fab-pparmentiB IgA. @paxuist m’sroro
IMKa TpPOSBIsUIa IMYHOJIOTTYHY AKTHBHICTh, aHAJIOTIYHY
¢bpakmii gpyroro mika, TPOTe IHTEHCHUBHICTH  JIHIl
TpenumiTanii Oyia MOMITHO MEHIIIOK0, IO TiATBEpIKYBaJIo
MIPUCYTHICTh y HaHii (paximii aHTUTEHHUX eTePMiHAHT
BaYKKOT'O JIAHIFOTa Ta CBIMYIJIO MPO KOPEKTHICTH BHCIIOBIIE-
HHUX HaMH TPUITYIIEHb 100 BMICTY Yy JIaHii (pakiii yacTu-
HH BaXKOT0 JIaHItora IgA,, mo mictuts nomenun CH—VH.

1 2 3 4 5

78 rlla
66,25 glla
42,7 gda

30 xla

16,9 xa

Puc. 3. Enexrpodoperpama ¢pakuiii micJs rejib-
¢dinbTpanii peakuiitnoi cymimi Ha cedanexci G-100:
1 — dpakuis nepruoro mika; 2 — pakiis qpyroro mika; 3 —
(pakiist TpeTHOIo Ta YETBEPTOIO MiKiB;
4 — Qpaxuis nm’sAToro mika; 5 — Mapkepu MM

Uucrora orpumanux Fe-dparmentiB IgA Oyna 3a10Biib-
HOIO BXK€ IIICTISA TIePIIOro €Tary OYWIIEHHS, a BUXiJ OCTaH-
HIX MICII1 BCIX €TamiB OYHINEHHS CKiIaB Omm3bko 18%
MOYATKOBOI KUIBKOCTI IMyHOIIIOOYIHIB y mipenapari. Moste-
KyJsipHa Maca ojepkanux Fc-¢parmentiB IgA cknana
oim3eko 70 x/a.

BucHoBKH

Po3pobneHo ymockoHalleHy METONUKY ofiepkaHHs Fc-
(parmenTiB IgA mmonuawy, sika nepenbavac:

— TIaTaiHOBHMH TipOJIi3 IMyHOIJIOOYIIHIB Y cepeoBHIL
a30Ty YIPOJOBXK 4 ToJl., IO JO3BOJISIE JOCSATTH MaKCHMAIb-
Horo Buxofy Fc-(parmenTiB 0e3 iX momanpioi aerpaiarii;

— BUAUTEHHS Ta ounieHHs Fe-dparmentis IgA mmmsxom
OJHOETAaITHO] renb-(inpTpartii Ha cedanekci G-100;

— KOHTPOJb YHCTOTH LUIOBOIO  HPOAYKTY B
enektpodopesi B I[MTAAT 3 JICH Ta imyHomudysii 3a
OyXxTepJIoHi.

3acTocyBaHHs 3allpOIIOHOBAHOI CXEMH JIO3BOJISIE OZiEp-
xyBatn Fc-pparmMenTn IgA moaMHM BHCOKOTO CTyIEHS
yuctoTH. Buxin Fe-hparmenTiB micis Beix erarmiB O4MIIEH-
H cKiIaB Omm3bko 18% 1moyaTtkoBoi KUTBKOCTI IMyHOTIIO0Y-
JmHIB y mpenapari. MonekyispHa Maca  Ofep)KaHUX
Fc-dparmentiB IgA mromuan cknana 6mseko 70 x/la.
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Bnuius iMyHOMOY IITOPiB IPUPOIHOTO MOXOAKEHHSI
HA MOKA3HUKM KJIITHHHOIO iMyHITeTy KpOBi KypuaT-0poiijiepiB B yMOBax cTpecy

C.C. I'paGoscrkuit', O.C. IpaGoBchka’

Ji . o . o . - . o . . .
JlvsiscoKuil HayioHaTbHULL YHIBEpCUmenm semepunapHoi meouyunu ma biomexronoziii imeni C.3. Icuyvkoeo, JTvsis, Yipaina
Incmumym 6ionoeii meapun HAAH, Jlvsis, Ykpaina

JociipkeHo BiTHOCHY KUTbKICTB T- 1 B-niMoImTiB y KpoBi KypuaT-OpoiisiepiB y BUNAIKy 3aCTOCYBaHHS IMyHOMOIYJIATOPIB TBAapHH-
HOT'0 TIOXOJKEHHS 32 YMOB niepe3abiifHoro ctpecy. [T TocaiqHuX rpyI 3a I’ T ai0 10 320010 JOJATKOBO JI0 OCHOBHOTO PaIlioHy BBO-
JIAITH aePO30JIbHIM METOJIOM €KCTPAKT cene3inku (70° coupToBHii po3dunH 06’emMoM 1,4 Mt Ha Kypda), OJepKaHHMil i3 3acTOCYyBaHHIM 1 6e3
3aCTOCYBaHHsI y/IbTpa3ByKy. Kypuaram-6poiinepaM KOHTPONBHOI IPyIH 3a IT’ATh 110 10 320010 10 KopMy jfofaBamu 70% po3duH eTaHoTy B
AHAJIOTIYHOMY 00’eMi. Y LiTBHIHM KpOBi BU3HAYAIH BiJHOCHY KUTBKICTH T- 1 B-miM(OIMTIB Ta iX OKpeMuX MomyJisniil y peakiii CIOHTaHHO-
IO PO3ETKOYTBOPEHHSI 3 EPUTPOLUTAMH OapaHa, IPOBOJIIN JU(EPEHLIHOBAHUIA MiAPAXYHOK PO3ETKOTBIPHUX JTIM(OLUTIB i3 Pi3HUM CTyTIe-
HeM (yHKLIOHAJIbHOI aKTHBHOCTI. YBEICHHS KypyaTaM-OpoiinepaM iMyHOMOYJIATOPIB IIPUPOAHOTO TIOXOHKEHHS MAJIO CTUMYJIFOBAJIBHUIH
BIUIMB Ha KUTbKiCTh T- i B-nimdonurtiB i GpyHKnionansHy akTuBHICTS T- 1 B-kitiTHHOTO iMyHITeTY. SIK IMyHOMOIYJISITOPH Ta aHTUCTPECOPH,
HOJTiaMiHU 3 eKCTPAKTY CeJIe3iHKM MaJli HalOUIBIIHI BIUTMB Ha JesKi NOKa3HUKU T- i B-KIIITHHHOTO IMyHITETY — 3pOCTaHHSI BITHOCHOT Ki-
npKocTi T-XemmepHuX KITHH (32 paXyHOK CepeHbOABITHNUX Ta BUCOKOABIIHUX) Y KPOBi Kypyar-Opoiiiepis nepen ix 3aboem. PesynbraTy,
OTpHMaHi HAMH B €KCIICPUMEHTI Ha KypdaTax-Opoiiiepax, MOXyTb OyTH BUKOPHCTaHi Y JOCIIDKSHHSIX TOKa3HHUKIB KIIITHHHOTO iIMyHITETY B
CLIBCHKOTOCIIOIAPCHKUX TBAPHUH 13 METOIO ITiIBUILICHHS PE3UCTEHTHOCTI Oprai3My, KOpeKlii nepez3abiiiHoro crpecy.

Knrouosi cnosa: epen3abiiiamii cTpec; eKCTpakTh cere3iHky; T- 1 B-mimdonuty; momiaMiHy; MyTpecIiiH; CIIEPMiINH; CIIEPMiH

Influence of immunomodulators of natural origin on cellular immunity indices
in blood of broiler chicken under stress

S. Grabovskyi', O. Grabovska

!'S.Z. Gzhytskyj National University of Veterinary Medicine and Biotechnology, Lviv, Ukraine
*Institute of Animal Biology of NAAS, Lviv, Ukraine

The paper deals with researching of T- and B-lymphocytes relative quantity and functional activity in broiler chicken blood after using of
animal origin immunomodulators in conditions of pre-slaughter stress. The authors determined the relative amount of T- and B-lymphocytes
and their individual populations in the reaction of spontaneous rosetting with the sheep erythrocytes in blood. Besides, the differentiated
count of rosetting lymphocytes with the various degree of functional activity was conducted. The spleen extract (70% alcohol solution in
volume of 1.4 ml per chicken) was added to the diet of broiler chicken of experimental groups by aerosol method. This extract was obtained
with/ without ultrasound application. 70% alcohol solution in the same volume and using the same method was added to the diet of broiler
chicken of the control group five days before slaughter. The authors have not established probable increase of T-lymphocytes general
quantity in broiler chicken blood in both experimental groups. It is shown that pre-slaughter stress in broiler chicken caused by weaning has
immuno-suppressive effect on T- and B-lymphocytes in blood, which is accompanied by their quantity and functional activity decrease.
T- and B-lymphocytes amount and functional activity of T- and B-cell immunity was stimulated after adding immunomodulators of natural
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origin to broiler chicken diet. Spleen extract polyamines as immunomodulators and antistressors most effectively influenced on some of cell
immunity indices before slaughter — it is necessary to note the increase in T-helper lymphocytes in the broiler chickens blood caused by
lymphocytes with medium (6-10) — by 18% (P < 0.05) and high density receptors (M) — by 35% (P < 0.05) compared to the control. It is
shown that decrease of T-lymphocytes quantity in broiler chicken blood is caused by lymphocytes with law (3—5) — by 22% (P < 0.01) and
high (M) — by 11% (P < 0.05) density receptors with increase of medium density receptors (6-10) — by 15% (P < 0.05) compared to the
control. The results obtained in the experiment can be used in the investigations of cell immunity indices of farm animals in order to increase

the organism resistance and to correct their pre-slaughter stress.

Keywords: pre-slaughter stress; spleen extracts; T- and B-lymphocytes; polyamines; putrescin; spermine; spermidine

Beryn

I3 nitepaTypHMX JOKepeNl BiJOMO PO BIUIMB CTpeCy
pizHoro xapakrepy (Palme et al., 2000; Bristow et al., 2007)
Ha T- 1 B-xnitunnnii imysirer (Kiseljova et al., 2012; Groer
et al., 2013), npo MexaHi3M PO3BHUTKY peaKiiii roMeoCTaTny-
HHUX CHCTeM Ha 30BHIIHIN monpasHuk (Nezhinskaja et al.,
2006; Kaminska et al., 2008). CxnagHuii KOMITIEKC iMyHO-
KOMITETeHTHHUX KIITHH — OCHOBA IMYHHOI cUCTeMH. T-IiM-
oty 3maTHI PO3PI3HATH TIMBKH KOPOTKI TENTHAHI
(parmMeHTH OITKOBHX aHTUTeHiB, a B-mimdormTu 3matHi
pO3Mi3HABATH AHTUITEHH B PO3YMHI 1 3B’s3yBaTH OLIKOBI,
ToJTicaxapuHi Ta JinonporeinHi po3unnHi anturenn (La-
povets et al., 2014).

Astopu (Hermans et al., 2012; Maroufyan et al., 2012;
Rowland et al., 2015) nociimpkyBany BIUIMB HPEKIIHHUX 1
HeiH(EeKUIHUX 3aXBOPIOBaHb Ha IMyHHY BIAIOBIIb PI3HUX
TeHEeTHYHHMX JIiHIN Kypuar. [Hii podoTn npucBsUYeHi BIUTMBY
0i0JIOTIYHO aKTHMBHMMM DPEUOBMHAMHM Ha IMyHHHII cTaTyc
Kypel 13 BukopucraHHsM npikmkiB (Paul et al., 2013),
aprininy Ta Bitaminy E (Liu et al., 2014), nmpo6iotuxkis (Kim
et al., 2011), B-rmroxany (Paul et al., 2012) Ta pi3HUX iMyHO-
mMoxysiropis (Ganguly et al., 2009, 2010).

VY MozenpHOMY €KCHEepHMEHTI Ha IIypax MU BHBYAIH
BIUIMB TepeA3abiiHOTO CTpecy Ha KIITHHHUM IMYHITET.
BHeceHHs1 y KOpM LIypam iMyHOMOJYJISITOPIB IIPUPOAHOTO
MOXOJ/DKEHHS MaJI0 CTUMYJIFOBAILHHI BIUIMB Ha (DYHKIIIO-
HaJbHY akKkTHBHICTH T- 1 B-KIiTHHHOI JIAaHOK IMYHITETY
(Grabovskyi, 2014). Y KoHTposi BpOPKEHOI iMyHHOI
BIATIOBI/l Y BHIIMX XpPeOETHHX BaXJIMBY POJIb BiIIrpaioTh
ToNTiaMiHy (CHEpMiZMH, CIIEPMiH Ta ITyTPECLMH), SIKi MOXKYTh
CIIPHUATH PO3BUTKY BiINOBITHOI aalTHBHOI IMyHHOI peaKuii
(Minois et al., 2011; Maslyanko et al., 2013), normHaTHCS
T- i B-mimdormramu Ttomo. BiporimHo Oimpmmii BMicT
noniamiHiB OyB y KpOBi, MEYiHI[ Ta TPyIHOMY M’si3i y
Kypuar-OpoisiepiB, SIKAUM JI0 OCHOBHOTO PAlliOHy BBOJAWIIH
eKCTPaKT CeNIe3iHKH, OTPUMaHWi 13 3aCTOCYBaHHIM
YABTPa3BYKY, IO JI03BOJIMIIO BUKOPUCTATH LIeH cyOCTparT sk
IMyHOMOIYJISITOp Ta 3’sicyBaTWd #oro Jjito 1me H sk
antuctpecopa (Grabovskyi, 2013, 2014).

VY niTeparypi HENOCTaTHRO BHCBITJICHI ITUTaHHS IIPO
BIUIMB TIepe/3albiiiHOro cTpecy TBapUH HA OKPEMI ITOKa3HU-
KU IMyHITETy. Y JIOCIIPKEHHSIX MM BHKOPHCTaJIX OloJIoriy-
HO aKTHBHI PEYOBMHH NPUPOIHOTO MOXOIDKEHHS (EKCTPaKT
CeTIe31HKM) [UIS HiBEITIOBaHHS cTpecy. MeToro poboTr OyIno
BCTAHOBUTH, YW BIUIMBAE E€KCTPAKT CEe3IHKM Ha IMyHITET
KypuaT-OpoiisiepiB B yMOBax IepeazaliiiHoro cTpecy.

Marepian i MeToaH J0CTiIZKEHD

JHocunin nposenu Ha 15 Kypuarax-Opoiiepax, IKUX yTpu-
MyBaJli Ha cTaHaapTHoMy paitioni T30B «Benukosro0iH-

cpke» cMT. Benmkuii JIro6ine ['opomormpkoro paiiony JIbBis-
cpKoi obmacti. [ mocmimkeHHS copMyBaIn TpU TPYyIH
ITUL OJJHOMICSIYHOTO BIKY (I10 IT’SITh KypyaT y KOXKHikt).

Sk OloNOriYHO aKTUBHI PEYOBMHU Yy mepenzaliiHuil
niepiof (3a 1’k 110 10 3a0010) BUKOPHCTOBYBAIM CITUPTO-
BUM EKCTPaKT CeNEe3IHKH, OJEpXKaHWi i3 3aCTOCYBaHHSIM
ynbTpa3ByKy (I rpyma) Ta 6e3 3acTocyBaHHS yJbTPa3ByKy
(Il rpyma). ExcrpakTi HaHOCWIIM Ha KOMOIKOpM aepo30JIb-
HEUM MeTozioM (70% crimproBui po3unH 00’emoM 1,4 mi).
[Trrii KOHTPOIBEHOI TPYIM AHAIOTIYHO AOABAIN 1O KOPMY
70% po3umH eTaHONy y TakoMmy X 00’emi. KoHtpomns 3a
MOiTaHHAM KOMOIKOPMY 3HIHCHIOBAIM IIOAEHHO. 3abiit
IITULI IPOBOAWIN y PAaHKOBHH Yac.

YTpuMaHHS, TOIIBIIO, MOV Ta yCI MaHITYJISAIii 3
OTHUIICIO 3/IHCHIOBAITH 3TiTHO 3 €BPOICHCHKOK KOHBEHIIIEKO
«IIpo 3axucT XpeOeTHMX TBApWH, SIKI BUKOPHCTOBYIOTHCS
JUISL eKCTIepUMEHTaTIbHUX 1 HayKoBUX winei» (CrpacOypr,
1986 p.) 1 «3aranbHUX €THMYHHUX NPUHLMIIB EKCIIEPUMEHTIB
Ha TBapuHax», yxBajeHux [lepmmm HarionaasHuM KoHTpe-
com 3 Oioetnku (Kuis, 2001). ExcriepumeHTH TIPOBOAMIH 3
JOTPUMAHHSM NPHHIMIIB T'YMAHHOCTI, BUKJIAJICHUX Y JTHPEK-
tuBi €Bporreiicekoi CrimsHoTH (DIRECTIVE 2010/63/EU).

YV uineHii KpoBi Kyp4aT-OpoiinepiB BU3HAYAIH BiJHOCHY
Kutbkicth T- 1 B-nimM¢ormriB Ta X OKpeMux MOMyJsii y
Peaxilii CIIOHTaHHOTO PO3CTKOYTBOPEHHS 3 €PUTPOLITAMHE Oa-
paHa. 3a KUTbKICTIO SPUTPOLIMTIB, a7ICOPOOBAHKX OTHIM JTiM(O-
LIUTOM, CYZSITh IIPO CTYMiHb aKTUBHOCTI JimM(ouuTiB. BuzHa-
Yau BigHOCHY KimbkicTh 3aranbHuX (TE-PYJI — 3zarambhi
PO3ETKOTBIpHI JIIMGOLMTH) Ta aKTUBHMX [-rimdormTiB
(TA-PYJI — akTuBHI po3eTKOTBIpHi JiMdorwmTn). s Binmu-
BaHHSI JTIM(OIMTIB BUKOPHUCTOBYBaH 3a0ydepenuii ¢isiomno-
riganit posunH (pH posumny — 7,2-7,4 (7,3)). MoHOHYKITE-
apHy (pakuifo KITHH BHAUDLIA 3 TeMaprHI30BaHOI KpPOBi
Kyp4art-OpoiiniepiB. Masku BucyIyBaiy, (ikcyBaiyd MeTaHO-
nom, papOysamm 7-10 xB 3a PomanoBcekiM — I'im3a. Mikpo-
CKOIII0 Ma3KiB poOIM Tij iMepciero 3a 30umbimeHHs 90 x 7.
JlimgorwTy 3a KUIBKICTIO TIPUETHAHNX €PUTPOLIUTIB: HYJIHOBI —
HE MPUEHATIN JKOIHOTO, MATOAU(EpEHIIHOBaHI (HI3bKOABII-
Hi @00 KJITHHH 3 MAJIOKO IIUTGHICTIO TOBEPXHEBUX PEICIITO-
piB) — npueaHaM 3—5 epUTPOLUTIB, CEpeNHbOaBIIHI CyOIo-
myssinii — 6—10 eputponuTiB, BUucokoaudepeHLiioBati (Buco-
KOaBi/iHi) — po3eTkH 3 ronas 10 epurpouutis (M — Mopyia).

BuzHaueHHS BITHOCHOI KUTBKOCTI Teo(iLTiHpE3UCTEHT-
Hux JiM¢ormrie (T-xenmepis, Th) rpyHTYETBCS Ha TOMY, IO
1l KIIITHHA HECYTh Ha CBOIil MOBEPXHI PELENITOPH JI0 IMyHO-
roOymiHiB Kiaacy M, a T-cynpecopu — 10 iMyHOTTI00yTiHIB
xacy G. XenmepHi nimMbouuTa 30aTHI GopMyBaTH PO3ETKU
miciist iX iHKyOauii 3 TeoiiHOM (TeohiTIHPE3UCTEHTHI Kili-
tiaM). Kinbkicts Teodiminaymux giMmbormTis (T-cympe-
copis, Ts) Bu3HaUaH 3a pizHUIECIO MiXk KitbkicTio TE-PYJI
ta T-xenmepis.

BusHavanu BimHOCHY KuTbKicTh B-mimdormrie, mMeron
ileHTHgIKalLl SKNX TPYHTYETbCS HA HAsBHOCTI y HHUX
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MeMOpaHHHX IMYHOITIOOYJIIHOBHX PELENTOpiB, 10 3a0e3-
Tievye MpUeAHaHHs 10 B-nmiM(oIuTiB IHANKATOPHUX KITITHH,
SKi Ha CBOill IOBEPXHI MICTSTh KOMIUIEMEHT-aHTUIECH-
komiuieke (EAC-PYJI). SIk iHIMKaTOpHI KJIITHHH BHKOPH-
CTOBYBAJIM €PUTPOLIUTH OapaHa, CEHCUOUTI30BaHI aHTHTINA-
MH Ta KOMIUIEMEHTOM. J[Jisi NPHUrOTyBaHHS KOMILIEMEHT-
AHTUTECH-KOMILICKCY BUKOPHCTOBYBAJIM TOTOBY PifIKy TeMO-
nitnyHy cupoBatky (tutp 1 : 1200) Ta roToBHil Cyxuii KOM-
reMeHT Mopcbkoi cBuHKH (Vlizlo et al., 2012).
CratuctiaHy 00poOKy pe3ylbTaTiB BHKOHYBAIM 32
JOTIOMOTOI0 TIakeTa mporpam Statistica 6.0. Biporignicts
PI3HUII CepeHIX OIIHIOBAIH 3a t-KpuTepieM CThIOECHTA.

PesyabTaTn Ta ix 00roBopeHHst

AHanizyoun OTpUMaHi pe3yJIbTaTH JOCHIDKEHb OKPEMHUX
NOKa3HUKIB IMYHHOTI'O CTaTycCy OpraHizMy Kypuar-Opoiinepis,
HE BCTAaHOBIUIM BIPOTiIHUX PI3HMIIb KUIBKOCTI 3arajlbHUX 1
akTMBHUX T-miMGOLUTIB y KpoBI KypuaT-OpoiinepiB 000X
Jocmimaux Tpymn (tabi.). BigMideHO 3MEHINCHHS KUTBKOCTI
akTHBHUX T-1iM(OIMTIB 13 HU3BKOIO INUIGHICTIO PELIENTOPIB,
TOOTO HH3BKOABIIHUX (MayomudepeHniiioBannx) (3—5) Ha
22% (P < 0,01) Ta 3 BHCOKOIO IIUTHHICTIO PELIETITOPIB, TOOTO
BucokoaBimaux (M) — Ha 11% (P < 0,05) mpu 30umbIICHH]
cepenapoaBimax (6-10) Ha 15% (P <0,05).

Tabauys
Kinbkicts T- i B-mim¢ouuTis Ta ix pyHKIioHAJIbHA aKTHBHICTH Y KPOBIi Kypeii (o1., M = m, n =5)
[Tokaznuku I'pyna Tsapun

I 11 KOHTpOJIbHA
T-3aransui (TE-PYJI), % 23,6 £0,52 24,8 +1,36 23,8+ 1,39
HenudepeHmiiopani (0) 76,4 £0,52 75,2+ 1,32 76,2 £ 1,35
HU3bKO0aBiIHI (3-5) 6,0+2,71 52+1,13 4,6 +1,53
cepeanboaBiaHi (6—10) 11,4+ 0,63 12,8+ 0,46 14,2 + 1,81
BrCOKoaBinHi (M) 6,2 + 1,66 6,8 +0,81 5,0+ 1,02
T-aktusHi (TA-PVII), % 472+1,18 48,0 £ 4,04 48,2 +1,37
HenudepeHmiiopani (0) 52,8+ 1,19 52,0 £4,08 49,8 + 3,38
HU3bKO0aBiIHI (3-5) 11,4+0,51%* 14,0 £2,52 146 £2.71
cepeanboaBiaHi (6—10) 27,2+ 1,13* 23,8 +2,44 23,0+2,33
BrCcOKoaBinHi (M) 8,60,51* 10,2 + 3,46 10,6 £ 0,91
T-xenmepu (Th), % 34,6 £ 0,61 33,2+ 1,91 33,2+2,35
HenudepeHmiiopani (0) 65,4 +0,53 66,6 £ 2,18 66,8 +£2,38
HU3bKO0aBiIHI (3-5) 7,6 £2,22 8,0 £ 1,09 10,4 +1,81
cepenupoasiaHi (6-10) 18,2 +0,45* 14,6 £2,13 15,0 £ 1,02
BHCOKOaBiHI M 9,8 £ 1,64* 10,6 + 2,48 6,4+ 0,55
T-cynpecopu (Ts), % 12,6 £0,51** 14,8 £ 4,08 15,0+ 1,91
B-nimdountn, % 53,6 +£0,51** 52,2 +2,85 52,0 +1,43
Henubepeniiionani (0) 46,4 + 0,62%* 47,8 +£2,81 48,0 + 1,48
HU3bKO0aBiaHI (3-5) 21,0+2,73 20,2 + 3,05 20,6 +1,53
cepenupoasiaHi (6-10) 23,8+ 1,61 23,6 £2,52 224+1,71
BHCOKOaBigHI M 8,8 £1,62 8,4+1,18 9,0 + 1,45

[MpumiTky: craTUcTHYHA BiporimHicTs pisaumi * — P < 0,05, ** — P < 0,01 nopiBasHO 3 KoHTpoJeM; T-niMmdonntn ManoxudepeHmi-
HoBaHi (HM3bKOABiJHI a00 KIITHHU 3 MaJOIO INUIBHICTIO HOBEPXHEBUX PELENTOpiB) HpueaHanu 3—5 epurpouutiB; T-miMdorura
cepenuboaBinHi (6-10) abo KIITHHH 3 CepefHbOI0 INUIBHICTIO IOBEPXHEBUX pelenTopiB npueaHamy 6-10 eputporwmrtis; T-
nimdouutu BucokoaudepeHiiioBati (BUCOKOaBiIHI) yTBOpHIH po3eTkH 3 moHax 10 epurporuris (M — Mopyia).

Cuig BiIMITHTH 3pOCTaHHS BiTHOCHOI KibKocTi T-xen-
niepaux KiitaH (Th) 3a paxyHOK cepemapoaBinanx (6—10) Ha
18% (P < 0,05) ta BucokoaBimaux Ha 35% (P < 0,05).
Crocrepiraiy He3HAUYHE 3MEHILIeHHs BiJicoTKa T-cympecopiB
(Ts) y xpoBi Kypuar-Opoiinepis gocmigaoi rpymu (Ha 3%,
P< 0,05) i TeHmeHIif0 10 30UTBIICHHS KUIbKIiCTI B-smiM-
GoIMTIB 32 pPaxyHOK HHU3BbKOABIIHHX 1 CEPEIHBOABITHUX
KIITUH. [3 1MX IaHMX BUIUIMBAE, IO BHECEHHS €KCTPAaKTy
CEJe3IHKH Yy KOpPM KypyaTam-Opoiiepam IOCIIJHUX TPyl
Mae BIUIMB Ha (pyHKUioHanbHI BiracTHBOCTi T-nimdormris
KpOBi, 30KpeMa, Ha PELENTOPHUI amapaTr KIITHH, PO LIO
moBiTOMILTIOTE aBTOpH (Abbas et al., 2008), xotpi y pasi
im’exnii AKTD crnocrepiranu icTOTHE 3MEHIIEHHS JiM(o-
UTiB y KpoBi. OTprMaHi aHi BiZPi3HAIOTHCS BiJI TTOBIOM-
nenb (Gunchak et al., 2012), e BHIOIOBaHHS Kyp4aTam-
OpoiiniepaM HACTOIO 3 €BKAJIITY 3 J0JaBaHHsAM BitamiHy C
CTUMYJTIOBAJIO aKTUBHICTH T-B-KJIITHHHOT JIaHKK IMyHITETY.

Busiiieno Ounbiny kinbkicTs T- 1 B-mimdonuris Ta Buiy
(YHKLIOHAIbHY aKTUBHICTh IMyHOKOMIIETEHTHHX KIIITHH 32
PaxyHOK IEepepoO3NOALTY aBiHOCTI PEIENTOPHOrO arapary

T-i B-mim¢ormriB: 30UTBIIEHHS KUTBKOCTI JiM(OIUTIB i3
HU3BKOIO Ta CEPEIHBOI0 MILTHHICTIO PELIENITOPIB 1 3MEHIIICH-
HS HeM(epeHIiHOBaHNX Y (YHKIIOHAIBHOMY BiJTHOIICHHI
KJIITUH y KPOBI TYCEHST Ta IHIWYAT, SIKUM JO PalLlioHy BBO-
o Bitamin E. Tokodepona MaB CTUMYITIOBAJIbHHI BILIHB
Ha OnacroreHe3 T-mimQOIMTIB KPOBI IHAMYAT 1 TYCEHST
(Mudrak et al., 2012).

IMomibui gocmimpxenns nposencHo Liu et al. (2014), ne
BUKOPHCTAHO JUIsl CTUMYJIFOBAaHHSI IMYHITETY apriHiH, SIKHH €
cyOctparoM mojiamiHiB  (IyTpeclMHy, CIIEpMiHy Ta
CriepMiinHy). Y HalMX JOCIIPKEHHSX 3alpPOIIOHOBAHO BHU-
KOPHCTOBYBATH BJIACHE IOJIaMiHH, SIKI TPOSIBUIM IMYyHO-
MOTYITIOBAJIbHY JIiFO.

BucHoBku

BioJI0riuHO aKTHUBHI PEYOBHMHHM 1, 30KpEMa, IOJIiaMiHU 3
eKCTPAKTY CeJIe3IHKU SIK IMYHOMOJIYJISITOPH Ta aHTUCTPECO-
PH BIUIMBAIOTH HA MOKa3HUKH T- i B-KiliTHHHOTO iMyHITETY
KpOBi KypyaT-OpoisiepiB mepex X 3a00eM, MiIBHILYIOTH
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PE3UCTEHTHICTh OpraHi3My, KOPUTYIOTh Ta HiBEJIFOIOTh
BIUIMB CTPECY Iepen 3a00€M TBapHH.

[MepcreKTHBOO MOANBIINX PO3BIIOK CTaHE JIOCIiIKEH-
Hsl TOKa3HHKIB KIITHHHOTO IMYHITETY Y KpOBI CBHUHEW Ta
BEJIMKOI poraroi XyJno0u y pa3i BUKOPHCTaHHS IMyHOMOTY-
JSITOPIB Ta AHTUCTPECOPIB, SIKI MICTATBCS B EKCTPaKTi
CETIe31HKH, 32 YMOB IIEPeI3abiitHOTO CTpecy.
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Jucuminsiniitna cynbgarpenykuisa y 0akrepiit Desulfovibrio desulfuricans IMB K-6
3a BILUIMBY repOiuuaiB Yparan i Payngan

I'.L. 3Bip, O.M. Mopo3s, C.O. I'matymr
Jlvsiecvruil Hayionanvhuil yuieepcumem imeni leana @panxa, Jlvsis, Yrpaina

3’5COBaHO 3aTHICTH CyJb(haTBiIHOBMIOBANIBHUX OakTepiit Desulfovibrio desulfuricans IMB K-6 poct Ta BiTHOBIIOBaTH CyNb(haT-ioHH
JI0 TiZporeH cysbdimy 3a BIUMBY repOiuunis Yparan i Paynnan. Harpomamwkenns 6iomacu GakTepissMi y KOHTPOJII Ta 3a BIUTMBY repOilu-
JiB OyJI0 HAMBHILMM Ha YETBEPTY — LIOCTY 00y KyJbTUBYBAHHS, HIiCIIst 4Oro OakTepil mepexomiy y crauionapHy ¢asy pocrty. 3a BIUTHBY
repOitmaiB 6iomaca D. desulfuricans IMB K-6 Oyna BUIIO0 MOpIBHAHO 3 KOHTpoJieM. HarpoMamkeHHS 6i0MacH 3MiHIOBAIOCS BiATIOBITHO
JI0 3pOCTaHHs KOHIIEHTpaii repoinuaiB y cepenosumii. CynbgaTtsinHoBmoBaibHI Oakrepii D. desulfuricans IMB K-6 3a HasiBHOCTI cynbda-
TIB Ta OPraHIYHMX CHOJIYK y CEPEIOBHII 3/[IHCHIOIOTh BiTHOBJICHHS CYJIb(aT-ioHIB 10 TifporeH cynbdiny (IMCHMUTILIiHA Cyab(aTperyK-
1ist). Y KOHTPOJIEHOMY CEpEIOBHIII IPOLEC BiHOBICHHS Cyb(aT-ioHiB Gaktepismu D. desulfuricans IMB K-6 OyB HafiHTeHCHBHIIINM
YIPOJIOBIK MEPIINX YOTUPHOX Ii0. 3a IIMX YMOB y CEpPE/IOBHILII BUSBICHO MAKCUMAIIbHY KOHIIGHTpALIiO riporeH cyibgiay. BaeceHHs rep-
OILMIIIB Y CepeloBHILE KyJIBTHBYBAaHHs CTHMYJIIOBAJIO TPOLIEC BiTHOBJICHHS CyJb(haT-i0HIB 1 yTBOPEHHS TiaporeH cyabdiay cyabhaTBiHo-
BITfoBaNIbHUMU Oaktepismu D. desulfuricans IMB K-6. 3narnicts D. desulfuricans IMB K-6 narpomapkyBaTy Briii piBHi Giomacu Ta 3aiii-
CHIOBAaTH JIMCUMUBILIHHY CyJIb(aTpeayKiiio 3a BIUMBY YparaHy Ta PayHnamy Moxxe OyTH 3yMOBIICHa HasIBHICTIO y LIMX TepOilaax HeBH-
COKHMX KOHIIGHTpALii iHepTHUX KOMITIOHEHTIB (CyIb(aTiB), 110 MOXXYTh OyTH BUKOPUCTaHI OaKTEPisIMH SIK aKIIENTOPH eJIEKTPOHIB y CyJIbpa-
THOMY JTXaHHI.

Kniouoei cnosa: cynbhaTBiTHOBMIOBANIBHI OakTepii; AMCUMUTALIIHA cynbdaTpemyKIlis; CyIb(aT-i0HH; TiIPOTeH CyIbdin

Dissimilatory sulfate reduction in bacteria Desulfovibrio desulfuricans IMV K-6
upon influence of Uragan and Raundup herbicides

G.I. Zvir, O.M. Moroz, S.O. Hnatush
Ivan Franko National University of Lviv, Lviv, Ukraine

Objects of the study were sulfate-reducing bacteria Desulfovibrio desulfuricans IMV K-6, isolated from Yavorivske lake. This strain is
kept in the collection of microorganisms at the Department of Microbiology of Ivan Franko National University. Bacteria were grown in the
Kravtsov-Sorokin’s liquid medium with the following composition (g/1): Na,SO, x 10H,0 — 0.5, NaH,PO, — 0.3, K,HPO, — 0.5, (NH4),SO, —
0.2, MgSO, x 7TH,0 — 0.1, C3Hs03Na — 2.0. The bacteria were grown for 10 days at 30 °C under anaerobic conditions. In order to study the
sensitivity of the sulfate reducing bacteria to action of Uragan and Raundup herbicides, the cells of D. desulfuricans IMV K-6 were grown at
the concentrations of herbicides as follows: 0,28 mM, 2,8 mM (concentration recommended for use) and 5,6 mM. Biomass was determined
by photometric method. Concentration of hydrogen sulfide in the culture medium was determined by photo-colorimetric method.
Concentration of sulfate-ions in the medium was determined by turbidimetric method. Capacity of sulfate reducing bacteria D. desulfuricans
IMV K-6 to grow, reducing sulfates to hydrogen sulfide upon influence of Uragan and Raundup herbicides was studied. Accumulation of
bacterial biomass in the control and upon influence of herbicides was the highest on the fourth-sixth day of cultivation, and after that the
stationary growth phase began. It was shown that sulfate reducing bacteria upon influence of herbicides grew more intensively compared
with the control. It was discovered that the level of biomass changed depending on the increasing concentration of Uragan or Raundup
herbicides in the medium. Sulfate reducing bacteria D. desulfuricans IMV K-6 could reduce sulfates to hydrogen sulfide in the presence of
sulfates and organic compounds in the medium (dissimilatory sulfate reduction). Stimulatory influence of Uragan and Raundup on the
dissimilatory sulfate reduction process of D. desulfuricans IMB K-6 has been discovered. The formation of hydrogen sulfide correlates with
the usage of sulfate ions. The capacity of sulfate reducing bacteria D. desulfuricans IMV K-6 to grow, reducing sulfate ions to hydrogen
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sulfide upon influence of Uragan and Raundup may be caused by presence of inert components (sulfates) in these herbicides that can be used

by microorganisms as electron acceptors during sulfate respiration.

Key words: sulfate reducing bacteria; dissimilatory sulfate reduction; sulfate ions; hydrogen sulfide

Beryn

YHOpomoBK OCTaHHIX POKIiB cepel repOimmmiB 3a o0cs-
raMd BUKOPHCTAaHHS Ha 3eMJISIX CLITBCHKOTOCIIONAPCHKOTO Ta
HECLTBCHKOTOCTIONAPCHKOTO TPU3HAYEHHS AOMIHYIOTH IIpe-
napaTd Ha OCHOBI rmidocary. ['miocar — oauH 13 Haiirno-
LIMPEHIIINX HECENIEKTUBHUX CHCTEMHHX TepOiLHIiB, SKUi
3aCTOCOBYIOTh Uil OOpOTHOM 3 Oyp’siHamu, OCOOJIUBO
Oararopiuanmu. [Ipenapatn Ha ocHOBI ruihocaTy NpHIHI-
4yIOTh CHUHTE3 OlIKa y KIITHHAX POCIUH, YHACIIJOK YOro
BiI0YBa€THCS IHIIOYBaHHS CHHTE3Y XJIOpO(iTy 3 HACTYITHUM
BimmupannsiMm  pocimH  (Kuznetsova and Chmil, 2001;
Shushkova et al., 2012).

I'miocar MamOTOKCHYHUN IS TETUTOKPOBHUX TBAPHH i
mommau (Evans and Batty, 1986; Lund-Hoie and Friestad,
1986; Kuznetsova and Chmil, 2001; Nikolaichik et al.,
2011), mpoTe 3aBmae IMIKOAW KOMaxam, puOaM 1 TTaxam,
3HIKYE OJKUTTE3AATHICTE  a30T(IKCYBaJbHUX OakTepii,
IHrOyrOYM aKTHBHICTh (DEPMEHTIB, 110 OepyTh y4acTb Y
CHHTE31 aMiHOKHUCJIOT, IPUTHIYYE piCT MIKOPH3H, ITiIBHIIYE
YyTJIMBICTh POCIMH 10 30YyIHHKIB XBOPOO, CIIPUUMHSIE
kanueporeHanid BiumB (Kuznetsova and Chmil, 2001; Sara-
tovskich et al., 2007; Nedopytanska, 2011; Poznyak, 2011;
Belokon and Sklyar, 2012). BmimBaioun Ha IpyHTOBY
MiKpo0ioTy, TimiocaT MOKe 3MIHIOBATH TepediT PHPOTHIX
TIPOLIECiB B EKOCHCTEMAX 1 HaBiTh y Oiocdepi B oMy .

B Vkpaini 3apeectpoBano moHan 50 pi3HHX mpemapa-
THBHHX (OpM Ha OCHOBI riiocaTy, HANpPHUKIaA YparaH,
I'nidocar, Autubyp’sin, I'nidosit, TopHamo TomIo, SIKI Bi-
PIBHAIOTHCS CKIanoM. Kpim mir0uoi peyoBMHH BOHU MICTSITh
TaK 3BaHi «iHEpPTHI KOMMOHeHTW». Hampuxnan, Paynpan
MICTUTh 130IPONLIaMIHHY Ta COpOIHOBY KHCIIOTH, HaTpid
cynbdar, Kaniit rigpoKcu1, METHIIPOIIIMHOH, 1300yTaH, 3-
Hoy0-2-nponiHiOy THIKapOamaT, aMoHIH cynbdar i momi-
erokcwar Tanoamin (Poznyak, 2011). Hesanexni mocmin-
JKEHHS, IPOBEZICH] y JESKUX €BPOIEHCHKNX KpaiHax, SImoHii
ta CHIA, nokaszanu, mo repOinun PayHmam TOKCHYHIIINA,
HiX Horo miro4a pedoBuHA — riidocat. Yepes BUCOKY Oiomo-
TiYHy aKTHBHICTh, IIMPOKE 3aCTOCYBAHHS 30UIBIIYETHCS
BIPOTiHICTP HETATHBHOTO BIUIMBY IepOilMAiB Ha ypoXkan i
CTaH HaBKOJMIIHBOTO cepemosuiia (Kuznetsova and Chmil,
2001; Poznyak, 2011).

HesBakarouu Ha Te, 1110 Oioerpajaiisi NECTULUIIB BUB-
YaeThCsl IOCUTh IHTEHCHBHO, 3aJIMILAIOTHCS MAJIOOCIiIKe-
HUMH 3aKOHOMIpHOCTI (popMyBaHHS CTIHKOCTI MiKpoopra-
HI3MIB TIpyHTYy, 30Kpema, Oakrepiii muxiay cyiabdypy, IO
TOKCHYHOI i 3aco0iB 3axucTy pocnuH. ToMy Mera Haioro
JOCIIDKEHHS — 3’sCYBaTH BIDIMB TepOinmnmiB Yparad i
Paynpnam, mir09oro pedoBHHOIO SKHX € Tiidocar, Ha picT i
Tporec JUCHUMUBIIIAHOT cynbdaTpeayKii CyIb(aTBiqHOB-
JroBaNbHUX Oaxtepiit Desulfovibrio desulfuricans IMB K-6.

Marepian i MeToAH J0CTiIZKEHD

OO’eKT AOCIIPKEHHS — Cy/b(aTBITHOBIIOBAIBHI OaKTepii
Desulfovibrio desulfuricans IMB K-6. Baxrepii BupoliyBamu
y cepenouii Kpasiosa — CopokiHa Takoro ckimamy (T/i):

Nast4 X 10H20 — 0,5, NaH2P04 — 0,3, KzI‘IPO4 — 0,5,
(NH4)2804 — 0,2, MgSO4 X 7H20 — 0,1, C3H5O3Na — 2,0
[epen mociBom y cepenosuie BHocrH 0,05 MIT CTepIIIEHOTO
pozurHy Na,S x 9H,O (1%). pH cepenoBmma nopiBHIOBaNA
7,2. bakrepii BupontyBamu ynpoxosx 10 1i6 y Tepmoctari 3a
temneparypu 30 °C i aHaepoOHMX YMOB y Ipobipkax o0’e-
MOM 25 M, JOBepXy 3allOBHEHMX cepemoBuieM. I'ycTuHa
3aciey Oyna 0,05 r/m. I3 MeTor JOCIiDKEHHS YyTJIMBOCTI
CyJb(haTBITHOBIIOBATIBHUX OaKTepii 10 [ii repOinumiB Ypa-
raf i Paynnan BHOCHIM y mpoOipku y KoHueHTparisx 0,28,
2,8 MM (pekoMeHI0BaHa /10 BUKOPHUCTAaHHS KOHIIEHTPALlis) Ta
5,6 MM. Kontposem Oyno cepenoBuiie 0e3 repoirmais. bio-
Macy BuMiproBaid 4epe3 2, 4, 6, 8, 10 mi6 KyabTHBYBaHHS
(hotomeTpyBaHHSIM Ha (oToenekTpokooprmerpi KOK-3 3a A =
340 HM y KFOBeTi 3 ONTHYHUM IILUIIXOM 3 MM i pO3paxOBYBaA
3a (opmyoro: C (/) = Ezy * n+ K, ne Esy — eKCTUHKIIIS 32
nokuHn xBuii 340 HM, n — po3BeneHHs, K — KoediieHT
TiepepaxyHKy, OTPIMaHUH 3a KaTiOpyBaIbHOI KPUBOIO 3aIIEK-
HOCTI eKCTMHKUIT Bix cyxoi macu wimituH. s D. desulfu-
ricans IMB K-6 koeoinjent nepepaxyHky cranoButb 0,19.
KoHueHTparito rigporen cynbdiny y KyIbTypalbHIA piuHi
BU3HAYAIM (POTOKOJIOPUMETPUYHKM, CYJb(aT-ioHIB — TypOi-
qumerpuyaM Metoziom (Gudz et al.,, 2014). Crarucruyne
OTIPAIIOBAaHHS pE3YJbTATIB 3IMIMCHIOBATM 32 JIOMOMOTOIO
nporpamu Origin Pro 7.0.

Pe3yabTaTi Ta iX 00roBopeHHst

CynbdatBigHoBIOBaIBHI Oaktepii poxy Desulfovibrio,
SIKI BIJIHOBIIFOIOTH CYJIb(aTH 10 TiIporeH cyibginy, — Bax-
JIMBA JIAHKA y KOJI0O00Iry croiyk cyiabdypy y npupomui. Bonu
HE JIMILIE POCTYTh Y CEpEIOBHUILAX, 3a0pYyIHEHNX BaXKKUMHU
MEeTaJlaMi Ta IHIIMMH KCEHOOIOTMKaMH, a i MOXyTb OyTH
BUKOPHCTaHi JUIs peMenialii JOBKULIA, OCKUIbKM DPO3KIIa-
JIAI0Th TOKCHYHI CHOJYKH CKJIJHOI CTPYKTYPH /IO MaJlo-
Tokcnmuaux pedoBuH (Petrova et al., 2003; Butorova et al.,
2010). HocmimkeHo dyTIUBICTE OakTepiit D. desulfuricans
IMB K-6 no nii repbimmaiB Yparan i PayHmanm y pisHEX
KoHIeHTpanisax (puc. 1 A, B).

YHponox nepimx ABoX M0 KynsTuByBaHHS D. desulfi-
ricans IMB K-6 y cepenoBuii, ke HE MICTHIO TepOIlIiB,
6iomaca 3pocia 3 0,05 + 0,004 mo 1,79 + 0,20 r/n. Haii-
OLIBIIIO0 OioMaca Oyiia Ha 1ocTy 100y pocty (2,02 + 0,03 /).
BHecenHs repOIiLKiB y cepeJoBUIIE KYJIbTHBYBAaHHS CTUMY-
moBaio pict D. desulfuricans IMB K-6. Kpusi, 1o BimooOpa-
XKaroThb pict Oakrepiit D. desulfuricans IMB K-6 3a BBy
repOILKIiB, CX0Xi 3 KOHTPOJILHIM BapiaHTOM, IIpoTe OGiomaca
Oyya BHILIOIO B KOXHIM TOYL, B SIKiii TPOBOIMIIM BUMIpIO-
BaHHs. 3a BIUIMBY YparaHy y KoHieHTpartii 0,28 MM Harpo-
MapKeHHs 6iomacy 3pocio Ha 13% MOpIBHIHO 3 KOHTPOJIEM.
30UThIICHHS KOHIIGHTpaIlii Yparany 1o 2,8 MM cTuMyIrO-
BaJIO HarpoMa/pkeHHs1 Oiomacu B 1,6 pa3a MOpIBHAHO 3 KOH-
TpoeM. Y BHIaAKy 30UIBIICHHS KOHIIEHTpAMil repOiluay 10
5,6 MM Giomaca Maibke y/IBidi epeBUIIIa KOHTPOJIbHI BEJIH-
urHU. OTKe, BHECEHHS! y CEpeOBHILIE KyIbTHBYBaHHs D. desul-
furicans IMB K-6 repOinmay Yparan CTUMYITFOBAIO Harpo-
MaKEHHs1 OI0MACH Bi/IIIOBIIHO /10 KOHIIGHTPALIIT repOiluTy.
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Puc. 1. Harpoman:xenns 6iomacu D. desulfuricans IMB K-6
y cepenoBuili KpaBuosa — Copokina 3a BBy Yparany (A) ta Paynaany (b)

Paynnan, sik i Yparan, crumysttoBas pict D. desulfuri-
cans IMB K-6 BinnoinHO 10 KoHueHTpauil. BuecenHs y
CepelloBHIIe KyJIbTHBYBaHHA PayHnamy 3a KOHLEHTpaLii
0,28 MM crumymoBasio 3pocraHHsi Oiomack Ha 24%. 3a
30LIbIICHHS KOHIEeHTpawii repoinuay no 2,8 MM Giomaca
3pocia B 1,4 pa3a nopiBHsHO 3 KoHTposeM. Haiibubury 0io-
Macy Oaxrepii HarpoMa/pKyBajd 3a BHeceHHs 5,6 MM Payh-
JaIly Ha 4eTBepTy o0y KynpruByBaHHA (3,30 + 0,28 r/m).

CTHMYJIFOBaHHSL POCTY CyJb()aTBITHOBIIOBAFHUX Oak-
Tepiii 3a BIUIMBY TepOinuaiB Ha OCHOBI Tiidocary Moxke
OyTH 3yMOBJIEHHM 3[aTHICTIO IMX OakTepiii po3kIamaTté
MOJIEKyJIH TtiocaTy A0 MPOCTHX OPraHidHHX PEYOBHH i3
MOJIATBIIIAM BHUKOPHCTAHHSAM iX SIK JIOHOPIB €JEKTPOHIB 1
JoKepenl kapOoHy, HiTporeHy 4u ¢ochopy, abo crpHyu-
HATUCS THM, IO TepOIlUIN MICTSITh HE3HAYHY KUIBKICTh
CynbGar-ioHiB, SK IIe MOKa3aHo it Oakrepid Desulfomi-
crobium sp. CRR3 (Sholiak, 2014). Amxe no ckiamy
Paynpany BxonsTe Hatpid cyibgar, aMoHIl cyibdar, sKi
MOXYTh OyTH BHKOPHCTaHI JOCIIDKEHUMH OaKTepisiMH sIK
AKIENITOPH €JIEKTPOHIB y TIPOIIECi CYIIB(ATHOTO IXAHHS.
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A

CynbdatigHoBIoBabHI 0akTepil D. desulfuricans IMB
K-6 3a HasiBHOCTI Cynb(dariB i OpraHiyHUX CHONYK Yy cepe-
JIOBHII 3IIMCHIOIOTh JUCHMUAIINAHY CyJIb(haTpeayKiiito.
BoHHM BHKOPHCTOBYIOTH Cynb(aT sK KiHLIEBUI akKIenTop
€JICKTPOHIB, BIJHOBJIOIOYM HOTO 10 TiIpOreH Ccyabghimy
(Peretyatko et al., 2006; Kushkevych, 2012).

[Tin wac BupolIyBaHHS OaKTepii y cepeloBHIL, SKEe HE
MICTHIIO TepOIHAiB, HAHIHTEHCHBHIIINN TIPOIIEC BiTHOBIICH-
HS Cynb(]aT-I0HIB CIIOCTEPIrany YIPOMOBXK TEPIINX YOTH-
ppOX 1i0, YHACHIZOK YOr0 BMICT Cynb(aT-ioHIB y cepeo-
BUIIII 3HU3MBCS Ha Apyry 100y y 2,4 pasa, Ha YETBEPTY — Y
3,4 pa3a (puc. 2 A, b). 3a X yMOB y CEpEIOBHIIII BUSBICHO
MaKCHMaJIbHY KOHLEHTPALIIO TifporeH cynbdiay (puodim3-
HO 2,1 MM Ha uetBepTy 100Y) (puc. 3).

AHaJOriuHy 3aKOHOMIPHICTB BUSIBJICHO 132 YMOBH JI0/1a-
BaHHS 10 CEPE/IOBUIIA KYJILTUBYBaHH repOilmaiB. BHeceH-
Hs TepOILMiB y Cepe/IOBHIIE KyJIbTHBYBaHHS CTUMYJIIOBAJIO
TIPOLIEC BiTHOBJICHHS CyJb(haT-iOHIB 1 YTBOPEHHSI TiporeH
cynbdiny cynb(arTBinHOBIIOBAILHUME Oaktepismu D. de-
sulfuricans IMB K-6 (puc. 2, 3).
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Puc. 2. Bumicr cyabdar-ionis y cepenopuini Kpapuosa — Copokina
y npoueci BupowmyBanus D. desulfuricans IMB K-6 3a BniiuBy Yparany (A) Ta Paynpany (b)

3a BIMBY YparaHy BMICT CyJib(ar-ioHIB y cepeloBHILI
KyJIbTUBYBaHHs Oakrtepit D. desulfuricans IMB K-6 yxe Ha
Japyry no0y 3umsuBcst y 2,3, 3,1 ta 4,5 pasza, 3a BIUIMBY
Paynnmammy — y 2,4, 3,3 Ta 4,9 pasza BiANOBITHO O KOH-

HeHTparii repOinmay. Bmict rimporeH cymbdiny y cepe-
JIOBHILI 3 YparaHoMm 3pic, TOPIBHSHO 3 KOHTPOJEM, Y
1,2—1,4 pasa, i3 Payrnanom — y 1,2—1,3 pa3sa BimoBiHO 10
KOHIICHTpAIil TepOiluy.
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Puc. 3. Bumict rigporesn cyabginy y cepenosumi KpaBuosa — Copokina
y npoueci BupomyBauusi D. desulfuricans IMB K-6 3a BniinBy Yparany (A) Ta Paynpany (b)

[oniOHI 3MiHM KPHBHX POCTY Ta IPOLECY AUCUMIIS-
wiiiHOT cynbarpenykiii 3a BIUIMBY repOilHIiB HA OCHOBI
rmidocary MOXYTh CBIIYMTH TPO HASBHICTh y 1X CKIaJi
Cynb(har-ioHIB, sSIKi CTUMYJITIOIOTE PicT D. desulfuricans IMB
K-6 Ta BinHOBIEHHS KJIITHHaMHU CYJb(aT-I0HIB J0 TiIpOreH
cynbdiny. YTBOpeHuil CysbhaTBiIHOBIIOBAILBHUMU OaKTe-
pisMu TifporeH cynbgi BHCOKOTOKCHYHMH JUIS SKMBUX
opranizmiB (Beauchamp et al., 1984; Peretyatko et al., 2006;
Kushkevych, 2012). Mexani3Mm xii riaporeH cyiboigy noss-
ra€ y MOMIKODKEHHI MeTajlo- Ta AUCYIh(iqyMiCHUX mpoTei-
HIB, JeToJsIpu3allii MITOXOHIpIaTbHUX MEMOpaH eyKapioT
Tommo. ['iiporeH Cynbdin NpUTHIYYye TFOMIHECIIEHI0 y Vi-
brio fischeri, iHribye pict apxeOakTepiil Ta IiaHOOAKTEpIH
(Beauchamp et al., 1984). ToMy HEKOHTPOJILOBAHE BHECCHHS
y IPYHT repOinuaiB MoXKe MaTH HerependadyBaHWI Hera-
THBHHMI BIUIMB Ha IPYHTOBY MIKpPOOIOTY OLIBIIOI0 MipOO
yepe3 CTUMYJIIOBAIBHUI BIUIMB 1X CKJIAZOBUX Ha CyJb(ino-
TeHHY aKTUBHICTb OaKTepill, HDK 4epe3 TOKCHYHICTD JIF0401
pedoBuHHN npeniapaTiB (ritidocary). 3pocTaHHS YUCETBHOCTI
cynb(aTBiIHOBIIOBANIGHUX OakTepiii Moke OyTH iHIMKa-
TOPOM TIOTIPIIIEHHS €KOJIOTTYHOrO CTaHy 0iOTeOIeHO3iB yHAC-
JIOK QHTPOTIOTeHHOT'O HABAHTAYKCHHS.

BucHoBku

3a yMOBH IHTEHCHBHOI'O 3aCTOCYBAaHHS TepOil/IiB BUHH-
Kae HeOe3MeKa HaKONMMYEHHS Y IPYHTI iX [if090i peyoBHHU
rmidocary 4M HOro MeradoJIiTiB, SIKI MOXKYTh BIUIMBATH HA
JKUTTESUTBHICTD ISSIKUX IPYIT MIKpOOpraHi3miB. BHeceHHs y
CepeloBHIIIE NperapaTiB Ha OCHOBI TITi(ocaTy CTUMYITIOBAJIO
HarpoMaJDKCHHs OioMacH CyJb(haTBiTHOBIFOBAIEHIME OaKTe-
pismu D. desulfuricans IMB K-6. [ocnimkeri Mikpoopra-
HI3MH BITHOBITFOBAITH CYJIb(aT-ioHM JI0 TiiporeH cymbdiny He
JIMLIE 32 BIUIMBY PEKOMEHOBAHUX J10 BUKOPHCTAHHS KOHICH-
Tpamiif TepOinumiB, a i yapidi Bummx. CTUMYTIOBaHHS TIPO-
necy TUCHMUBILINHOI cymbdarpenykuii D. desulfuricans IMB
K-6 3a BBy Yparany Ta PayHmamy moB’si3aHe, Ha Hamny
JIyMKY, 3 HasIBHICTIO CyJIb(haTiB y CKJIa/i LHX IperapariB. YTBO-
peHuii cysb(aTBiTHOBTIOBATBHUME OaKTEPIsIMU TIAPOTeH CYJlb-
(bin Moxe MaTh OUIBIINI HEraTHMBHHI BIUIMB Ha IPYHTOBY
MiIKpoO0ioTy, HiX Tiidocar Ta MPOIYKTH HOTO PO3LIETUICHHSI.
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I'enernyeckue paxkropbl pucka passurus 0ose3nu Ilapkuncona B Ykpaune

A K. Kommal, T.B. HJ'IeTHeBal’Z, A.C. COCC,Z[KO3, M.A. qHBHHKﬂHﬁl, AM. BaﬁcepMaHl, HN.H. Kapa6aHI,1

1
T'ocyoapcmeennoe yupescoenue « Mncmumym ceponmonocuu um. J{.®@. Yebomapesa HAMH Yxpaunwi», Kues, Yxpauna
2 . .
YacmHoe svicuiee yuebHoe 3aeedenue «Kuesckuti meouyunckuil ynusepcumem YAHM», Kues, Ykpauna
3 .
Hucmumym svicokux mexronozutl Kuesckozo nayuonanvrozco ynueepcumema um. T. Llleguenko, Kues, Yxpauna

O6cenoBano 516 wenoBek, u3 KoTopsix 300 cocTaBIsIM KOHTPOJIBHYIO Tpymiry (cpemauii Bospact 67,0 + 0,4 net, 200 My»4uH H
100 >xeHmmH), a 216 — manyeHTs! ¢ AMarHocTupoBanHoi Gonesnbto IMapkuHcona (BIT) (cpemnmit Bospact 65,0 + 0,7 ner, 116 MyxunH n
100 »xenuun). [Ipoananu3upoBanbl 4acToTs! nonuMopdHbix Bapuantos reoB CYP1A1, GSTM1 u APOE B rpymie naumeHToB u rpyrre
HEBPOJIOTHYECKH 370POBBIX JIFOZIEH comocTaBUMOro Bospacra. Ilockoneky puck passutust 6ose3Hu [TapkiHCOHA 3aBHCHT Kak OT T€HETHYE-
CKUX (haKTOPOB, TaK U OT (haKTOPOB OKPYIKAIOLIEH CpPeIbl, IIPOLECCh OHOTPaHCHOPMALH KCEHOOMOTHKOB MIPAlOT HEMAJIOBAXKHYIO POJIb B
narorerese 3aboneBanus. ['enpt CYP1A1 nu GSTMI onpenensitor Geky, y4acTByroIye B MeTaboi3Me KCeHOOHOTHKOB. [IpomaykT reHa
APOE yuacTByeT B mporieccax cTapeHusi HeHpOHOB, YTO TaKKEe UTPACT HEMAIOBAKHYIO POJIb Kak (akTop pucka 3aboneBanus. Mccnemye-
MBI€ TPYIIIB OTINYaINCh YacToTaMu reHotumoB 1o reny CYP1AL. Ilpu stom OR st amenst A 6su1 1,76. J{nst rena GSTM1 nokazano
BIIMSTHHE HyJIEBOTO TCHOTHIIA HAa PUCK pa3BUTHs GonesHn. Kpurepuii cooTHOmEHHS M1aHCOB cocTaBmi 1,72. Takxke yCTaHOBJICHO HAJIMYHE
TIOBBILICHHOTO PHCKa pa3BUTHs 3aboneBanus y Hocurenei £4 awrens rena APOE. OR st amrens €4 cocrasui 1,97.

Kmouesvie cnosa: ren nuroxpoma P450; ren anonmmnonporenna E; ren rimyratnon-S-tpancdepass

Genetic risk factors for Parkinson’s disease in Ukraine

AK. Koliada', T.V. Pletneva'?, A.S. Sosedko’, M.A. Chyvlyklyjl, AM. Vaiserman', LN. Karaban'

'D.F. Chebotarev State Institute of Gerontology NAMS of Ukraine, Kyiv, Ukraine
? “Kyiv Medical University of UAFM” Private Higher Educational Establishment, Ukraine
3 Institute of High Technologies, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

The paper focuses on the genetic risk factors for Parkinson’s disease (PD) such as polymorphisms in genes CYP1A1, GSTM1 and
APOE. A total number of 516 people were examined. 300 persons were in the control group (mean age 67,0 = 0,4 years; 200 males and
100 females) and 216 persons were patients with PD (mean age 65,0 + 0,7 years, 116 males and 100 females). Whole blood samples
collected from each person were genotyped using PCR-RFLP. Amplification and restriction results were assessed by conducting vertical
agarose gel electrophoresis. The study analyzed marker ¢.2452C>A in the CYP1A1 gene. In the control group, allele C frequency was 0.79,
and allele A frequency — 0.21. Genotype frequencies were: CC — 0.61, AC — 0.36, AA — 0.03. In the group of patients alleles C and A
frequencies were 0.64 and 0.36 correspondingly. Genotype frequencies were: CC — 0.35, AC — 0.58, AA — 0.07. There was a significant
difference between both groups in allele A frequency. It is considered that 0/0 genotype for the GSTM1 gene is a risk factor for PD. In the
controls, +/+ and 0/0 genotypes frequencies were 0.67 and 0.33 correspondingly. In the group of patients +/+ genotype frequency was 0.55
and 0/0 genotype frequency — 0.45. The difference was statistically significant. In the control group genotype frequencies for the APOE gene
were 0.715 (E3/E3), 0.077 (E3/E4), 0.009 (E4/E4), 0.167 (E2/E3), 0.031 (E2/E4) and 0.000 (E2/E2). In the group of patients with PD they
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were 0.634 (E3/E3), 0.148 (E3/E4), 0.032 (E4/E4), 0.157 (E2/E3), 0.023 (E2/E4) and 0.000 (E2/E2). E3/E4 genotype frequency was
significantly higher in the group of patients with PD than in the control group. Pathogenic allele ¢.2452C>A of the CYP1A1 gene is
associated with increased risk of PD (OR = 1.72). 0/0 genotype carriers have higher risk to develop PD (OR = 1.72). Allele ¢4 of the APOE
gene may be associated with increased risk of PD. Risk of the disease is higher in €2 allele carriers (OR = 2.35) and ¢4 allele carriers
(OR=1.97). People with genotype E4/E4 have chances to be affected by PD 3.48 times higher (OR = 3.48). Associations revealed in the
different human populations between genetic factors and PD may vary that is associated with the genetic heterogeneity and proportion of
environmental factors which affect people. Despite the results are sometimes controversial, they can be helpful in developing DNA-tests for

early diagnosis of PD.

Keywords: cytochrome P450 gene; apolipoprotein E gene; glutathione-S-transferase gene

Beenenne

[Tarorenes 6one3nn [lapkuHCOHA, Kak U APyrux HeHpo-
TeHHBIX 3a00JIeBaHMHA, 00YCIIOBIEH KOMIUIEKCOM MaTOJIOTH-
YECKUX MPOIIECCOB, BKJIIOYAIOUIMX MHTOXOHJPHAIBHYIO
TUCQOYHKIMIO, OKCHIATHBHBIA ¥ MPOTCOIUTHYCCKUIN
CTpeCChI, JIOKaJbHOEe BocraneHue, anonto3 (Karaban', 2011;
Carelli et al., 2015). B pasButuu Gone3nu IlapkuHcoHa
OIIPEJIEICHHYIO POJIb UTPaeT U JIN30COMaIIbHAs TUCHYHKIHS
(Bae et al., 2015). Ceifuac usBectHo, uro BII sBmsiercs
pacrpocTpaHEHHBIM HEHpOJETeHepaTHBHBIM 3a00IeBaHNEM,
KOTOpOE TOP)XKAET OIHOTO YENIOBEKa M3 CTa B BO3PACTHOM
rpymre crapme 60 ner. McciemoBatend HPOTHOZHUPYIOT
3HAUUTENFHOE yBenmueHne uncna 0oipHbIX BII B Ommkaii-
mee necsrwierne (Suhoverskaja, 2011). Ipenmosaraercs,
YTO B OCHOBE Pa3BHTHs 3a00JIEBaHMS JIGKAT BO3PACTHBIE,
reHeTH4eckue U cpeoBble (akropbl. Ha creneHb mposis-
JICHUSI CUMIITOMOB BJIMSIOT HE TOJIBKO OKpYXKarollas cpena,
HO u mmranue (Satake et al., 2009; Gopalai et al., 2014), B
YaCTHOCTH, TaKHe BEIIECTBA KAaK BHUTAMHHBI, (DIABOHOMIIBI,
ko(enn, ankorons u 1p. (Agim and Cannon, 2015).

B Hacrosiee Bpemst BII paccMaTtpuBaeTcs Kak MyJIbTH-
(akTopransHOE 3a0oNieBaHWE, HA Pa3BUTHE KOTOPOTO
BIMSIOT Pa3HOOOpa3HbIe TEHETHYEeCKHe OCOOEHHOCTH, a
Takxke (hakTopsl Okpyxaromei cpenpl (Verstraeten et al.,
2015). Ho 60% wmomonatndgeckux ciydaeB bII moxeT ObITH
o0bsicHeHo BiusiHueM reHotrna (Hamza and Payami, 2010).
OnHako 10 CUX MOp A0 KOHIA HE YCTAaHOBJIEHA TOYHAs
MOJIEKYJIIpHasl CTPYKTypa HacJeACTBEHHbIX (GopM Oose3HH
[Napxuncona (Abramycheva et al., 2012).

B 10 Bpems kak Npy HOPMAIBLHOM CTapEHHH OTMEYAETCSI
JIereHeparysl MeJaHMHCOACPIKaIllX HEHPOHOB YepHOH cyo-
CTaHIIMH, MHOTIa OOHAPY KUBAIOTCS Tenblia JIeBH, CHIDKaeTcs
YPOBEHb cCTpHapHOro godaMuHa ¥ IO0(aMIHEPIHIECKUX
peuerrropoB (Tykocki et al., 2013), y 6ompabIX BI1 HabIMO-
JaeTCs IIPOTPECCHpYIoLasl THOeNb HEHPOHOB, BEIpadaThIBaO-
nwx godamuH, 1 00pa3oBaHUE OOJBIIOrO KOJMIECTBA TeIel]
JleBu. B cBs3M ¢ 3TMM y NAPKMHCOHUKOB CHHTE3UPYETCSI
HE/IOCTATOYHOE KOJIMYECTBO J0(aMUHA, BCIEACTBHE 4YeEro
0asaibHbIE TAHIVIMM BIMSAIOT HAa KOPY TOJIOBHOIO MO3ra,
Hapymiass ACATCIIbHOCTL ABUIAaTCIIbHBIX LIEHTPOB, LCHTPOB
peun, 3penns 1 namsty (Jahno and Shtul'man, 2001). Takim
00paszoM, TohaMUHEPrUYecKasi CUCTEMa UIPAET BXHYIO POJIb
B OCYIIECTBIICHHH COLMAILHOTO B3aMMOJEIHCTBHS YeJIOBEKa
(Straulino et al., 2015). ITockompKy MPOLIECCHI, IMPOUCXO-
JSIIME B TOJIOBHOM MO3T€ IIPY HOPMAIBHOM CTapEHNH U TIPH
BI1, BO MHOTOM CXOMHBI, CYIIIECTBYET MHEHHE, YTO OO0JIe3Hb
INapkuHCOHa MOXKET OBITH JIOKAIBHO BBIPAXKEHHBIM CTapeH-
HEM TOMyJBIIUHA KJIETOK, KOTOpble HauOoiee YSI3BUMBI VIS
3TOro Tporiecca (MMEIOT OOJBIIIOE KOJIMYECTBO CHHATICOB U
MHTOXOHJPHH, HEMHEIMHU3UPOBAHHBIE aKCOHBI M Jp.)
(Rodriguez et al., 2015).

IIpoBeneHO MHOXKECTBO AITHIEMHOIOTHIECKIX HCCIIEeI0-
BaHMI C IENBI0 BELICHUTH BIHMSHHE (PAKTOPOB OKPY’Karomen
cpenbl U 00pasa KM3HU Ha pa3BUTHE O0Nie3HH. Puck pa3su-
tus BII pacrer npu JUIMTEIBHOM KOHTAKTE € IECTULIUAAMU
(repOunmel, nHcekTuIMAb!) (Punia et al., 2011). Amepukan-
CKHE HCCIIE/IOBATENN BBIICHWIIH, 4TO [UIsl (hepMepoB, KOTO-
pble HCHONB3YIOT MEeCTUIUIBI, pUCK 3aboseBanust bBIT
nobimaercsi Ha 70%, a Ui JIKL, KOTOPbIE HCHOJB3YIOT
WHCEKTHLMIBI 1711 OOPHOBI C JOMAITHUMU HACEKOMBIMH, — B
nBa paza (Williams, 1991).

BII umeer HepaBHOMEpPHBIN XapaKTep paclpeleeHus] B
pa3HBIX TeorpaUueckuX paifoHax, 9TO MOXKET OBITH CBS3a-
HO KaK C TPYZHOCTSIMU JUATHOCTUKH 3a00JI€BAHUS B Pa3BH-
BAIOIMXCA CTpPaHaX, TaK M C YCIOBHSAMH OKpPY’Karomien
cpensl. HaOmomancst Gonee BBICOKMI ypOBEHBb 3a00JieBa-
emocTH BIT B cebCKOI MECTHOCTH, YTO MOXKHO OOBSICHUTD
NpUMEHEHHEM pa3inuHbIX ynoopenuit (I1apksar, PoreHon),
a TaKXKe JUIMTEIIbHBIM YIOTpeOJICHHEM BOBI, HACBHIIIEHHON
COCIIMHEHMSIMU JKese3a. Takue XMMHYECKUE COeJMHEHHS,
KaK M3BECTHO, NPUBOIAT K YMEHBIICHUIO aKTUBHOCTH TPO-
LIECCOB OKHCIUTEIHFHOTO (hochOoprmmpoBaHys, BO3HUKHOE-
HUIO OKHCIIHTENIBHOTO CTpecca W THOenmn modamMuHepri-
yeckux HeripoHos (Karaban', 2011).

Tak xak B pasButuu bBII BaxHyr0 poiib uUrparoT
reHeTrdeckie (HakTopbl, BEAETCS aKTHBHBIN MMOUCK T€HOB M
X ajuieield, CBSA3aHHBIX C pa3BUTHEM Oose3Hd. B maHHOE
BpeMsl OIpesIelIeHO OKOMO 16 reHOB-KaHIMIATOB, MOJMMOp-
¢u3mbl KoTOpBIX accormupoBanbl ¢ BIT (Bagyeva, 2009).
HanbGonee BaXxHBIMM B TIIaTOreHe3e CEMEHWHBIX CIIydaeB
oonesnn [lapkunacona cumtarorcs rersl SNCA, PARK2,
PINK1, PARK7 u LRRK2, mist KoOTOpBIX 00OHAPYKEHBI OKOJIO
500 BapmantoB JIHK (Nuytemans et al., 2010). Taxxe
BBIIICNICHBI Ooniee 25 TeHeTwdecknx (akTopoB pucka bBIT
(Verstraeten et al., 2015). OmgHako ucciie[oBaTeNd MpoIobKa-
IOT TIOMCK MYyTAIlMi, KOTOpPBIE MOTYT OBITh CBSI3aHBI C Pa3-
HBIMH 3BEHBSIMU aToreHe3a 3abonesanust (Giljazova, 2004).

OpHOi W3 XapaKTepHBIX YepT HEHpOoJereHepaTHBHBIX
3a0oneBanmii, B TOM uwuciae W bIl, sBisgeTcs MHUTOXOH-
JpHasibHas JUCQYHKIMSA, KOTOpas MOXET IIPUBECTH K
BO3HMKHOBEHHUIO OKHCJIMTENIBHOIO CTpPECCa, 4YTO, B CBOIO
odepeb, MPUBOAUT K moBpexaeHmto HelipoHoB (Fischer and
Maier, 2015). BaxxHyto poJsib IIpH OKHCIIMTEIEHOM CTpecce
urpaet 3p(HeKTHBHOCTD YCTpaHEeHHs CYyNEePOKCHIHBIX Paau-
KaJOB, IETCPMHUHUPOBAHHAS TEHETHYECKH. BOJBIIMHCTBO
HccaenoBaHni C(hOKyCHpOBaHBI HAa HMCTOYHHKE (popMHpO-
BaHMs CBOOOTHBIX PaWKAIOB B MO3re MarueHToB ¢ bI1, B To
BpeMsI KaKk M3YYEHHIO BOCHPHHMYHBOCTH KIIETOK K Iepe-
OKHWCJICHHIO ¥ M3MEHEHMSIM JIMITUIHOTO COCTaBa YIEIACTCS
HermoctaTouHo BHUMaHUS. (COCTaB KHUPHBIX KHCIOT B
ONPCACIICHHBIX YYaCTKaX KOPbI 3HAYHUTECIIbHO Pa3jInvyacTCsa y
3[I0POBBIX JIFOIEH 1 y Jitosiel ¢ Oose3nbto [lapkuHcoHa (Ab-
bott et al., 2015).
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J11st GOJIBIIIMHCTBA TEHOB METa00JIM3Ma KCCHOOMOTHKOB
He OOHapyXeHO 4YeTKoil cBs3u ¢ pasButeMm bIl mmm sta
cBsa3p cnabas (Alonso-Navarro et al, 2014). UyscrBu-
TEJIBHOCTh K TOKCHHAM OKpY’Kalollel cpezbl, 00yCIOBIIEH-
Hasl TCHETUYCCKU U BO3HUKAIOIIAaA B CBA3HU C YMCHBIICHUEM
AKTUBHOCTH (DEPMEHTOB JETOKCHKAIIMH, MOXXET WIpaTh
3HAYMTENBHYIO poib B marorenese bII. Hamu mccnenoBano
mBa reHa: CYP1Al — ren | ¢aser merabonmsma KceHO-
onotnkoB 1 GSTM1 — ren, komupyromuid ¢pepment 11 pasbr
onotpancpopmar. CYPLIA1 — oquH w3 mepBHIX HaiineH-
HBIX IUTOXPOMOB, KOTOPBEIH METaOOIM3UPYEeT OOIIMPHBIN
CIIEKTp BEILIECTB, BKJIOYAs TaKOM H3BECTHBIA KaHIIEPOT€H
kak OensnupeH (Baranov et al., 2000). M3y4aemblit Hamu
nonMuMophH3M TeHa OOYCIIOBJICH TOYCYHOM MyTanueld B
CEIIbMOM JK30HE, NPUBOIAILEN K 3aMEHE M30JICHLMHA Ha
BQJIMH B MOJIUIICIITHTHOM IIeTH OeJTKa.

I'en GSTM1 oTtHOCHTCS K CEMENCTBY F€HOB IITyTaTHOH-
S-tpaHcdepas, NpHHMMAIONMX YydacTHE B  IIpoLecce
JICTOKCUKAIIUM MYTareHOB M JPYTMX KCEHOOMOTHKOB.
I'myratnoH-S-TpaHcepa3a KarammupyeT B3amMOACHCTBHE
TIIyTamara ¢ aTOMaMH yTIIepoa, a30Ta, Cephl i KUCIOpoaa B
LIMPOKOM CIEKTPE COCTMHEHHH.

He menee nnTepecHoi npeacTaBisieTcs: pojib JUIHIOB B
maroreHe3e 3aboneBaHMs. llepBple JaHHBIC, CBUICTEINH-
CTBYIOIIHE O BOMOKHOH cBs3u BIl u nmummaaOro 0OMeHa,
HOJIy4EeHbl B PE3yJIbTaTe PETPOCIEKTUBHOIO HMCCIIEIOBAHMS
UHJICKCA MacChl Tena y narueHToB ¢ bI1 B ¢uHCKOM Koropte
(Hu et al, 2008). B mpyrom KpymHOM HpPOCIIEKTHBHOM
HCCIIEIOBAHUN yCTaHOBJIEHO, YTO MOBBIIIEHHOE IMOTpedIte-
HHME XoJecTepuHa MoBblmaeT puck passutus BIT (Vance,
2012). OTn aHHBIE MOTYT TOBOPHUTB O CBSI3M METadOIM3Ma
JIUITAIOB C TIaToreHe3oM 3aboneBanus. [losToMmy mHTEpec-
HBIM Ul HAC BHIWTCA H3y4YCHHE IMOIMMOp(U3Ma TE€HOB
(ocobeHHO TeHa amonwmonpoTerHa E), BOBICUEHHBIX B
JIUMUIHBIA 0OMEH B BBHIOOPKAX MAIMEHTOB C HEHpoJercHe-
PaTHBHBIMH IPOIIECCAMH.

[IpennonoxeHre o0 BaHOM pojM TeHa arnoIMIONPOTENHA
E (APOE) B MexaHu3Max CTapeHHs HEHPOHOB OOYCIIOBHIIO
MHOT'OYHCIICHHBIE HCCIIEI0BAHMS, HAIPaBJICHHbIE HA aHAIIN3
TEHeTHYECKHX acCOLMaLii MEXITy pa3IMyHbIMU MOIMMOpd-
HeiMu BapuaHTtamu reHa APOE u HekoTOpbIMU Helponere-
HepaTiBHbIMH 3abosieBanusivu (Mata et al., 2014; Bras et al.
2014). APOE — OoraTblii apruHWHOM TJIMKOIPOTEHI,
COCTOAIIMH U3 299 aMUHOKUCIIOTHBIX OCTAaTKOB, F€H KOTOPOIo
comepkuT ToymMopd3M B 4-M 3K30HE, OOYCIIOBJICHHBIN
JBYMS HyKJICOTHIHBIMHU 3aMEHaMH, YTO TIPUBOAUT K 3aMEHaM
AMHMHOKHCJIOT IIMCTEMHA M apTUHMHA B TIOJNOXKEHWsX 112 u
158 momumenrtuanoit term. [pemmosaraercs, uto u3ogopma
Oenka, akcopeccupyeMas ¢ E4 amwiens, obmamaer Gosee
BBIPAKCHHBIM  aMWJIOWJIOI'€HHBIM  TIOTCHIIUAJIOM 6J'Ia.F oaps
BBICOKOMY CpOJCTBY K Odra-ammiouny (Schmechel et al.,
1993; Weisgraber et al., 1994; Schellenberg, 1995).

Lexnp Harrero muccienoBaHus — OLEHUTD YacTOTYy BCTpeya-
emoctu nommMopgmmoB TeaoB CYP1A1L, GSTM1 u APOE,
SIBIBTIOIIMXCS  (hakTopaMH pricka passutus BIl, B rpyrme
TIALIEHTOB U TPYIIIE HEBPOJIOTHIECKHU 30POBBIX JIFOMICH.

MarepuaJj 4 MeTObI HCCIe0BAHUI

T'enotunupoBanue mpoBoamwin meronom [TJIPD-ITLIP.
Hcnone3oBamu o6pasipl kpou 216 nmanuentos ¢ BIT (cpen-

Huit Bo3pact 65,0 + 0,7 mer, 116 myxunH 1 100 sxeHIWH) 1
KOHTpopHON Tpymmsl w3 300 yenoBek (cpemHmii BO3pacT
67,0 £ 0,4 net, 200 my>xunH u 100 >xeHiuH). Beiienenue
JIHK mpoBojmiy 3 IEIbHONH KPOBH C TOMOIIBIO Habopa
«IHK-Cop6 B» (Poccusi). Amrumidukanmo H3y4eHHBIX
JIOKYCOB OCYIIECTBIISUIM C HCHOJIb30BaHUEM CaWT-CIEIH-
¢uryecknx mnpaiimepoB Ha ammumdukarope «CorbettRe-
search PCR ThermalCycler» mnpoun3BoncTtBa KommaHHA
«Corbett LifeScience». PecTpHKIINIO OITy9IeHHBIX aMILTAKO-
HOB TIPOBOAWIIM B COOTBETCTBHH C PEKOMCEHIALMSIMHU
¢upmbI-ipomsBoauTens cnermpuueckux pecrpukras (Fer-
mentas). Pe3ysbraThl aMrimuUKauy U PECTPUKLIUN OLICHHU-
BaJlM MyTEM IIPOBENICHHs BEPTUKAIBLHOrO 3ieKTpodopesa B
3% arapo3HOM TeJie.

MareMaTudeckyr0 00pabOTKy pe3yJbTaTOB HCCICIO-
BaHUs MPOBOJAWIN C UCTIOJIB30BAHUEM MTAKETOB CTaTUCTHUYECC-
Kux nporpamm Statistica 5.5 [StatSoft Inc., USA]. Crenens
accolMalyii OLIEHNBAIM B 3HAYEHMSX ITOKA3aTeNei OTHOLIe-
Hus mancoB (odds ratio, OR). ®@akruueckyro (H,) u Teope-
tiaeckyto (H,) reTepo3uroTHOCT TOMYJSANWN BBEIYUCISITA
npu nomomu Merona Poccera — Paiimonna. IlaHmMukTHY-
HOCTPH TIOMYJISIWH PACCUUTHIBAIM IO (hOPMYIIE paBHOBECHS
Xapmu — BaitaOepra. s omnpeneneHust pasHUIBI MEXITY
4acTOTaMU aJUleNiell B KOHTPOJIbHOM M OIBITHOM IpyIIax
HCTIONIB30BAII KpUTEPUI xz.

Pe3ynbTaThl U HX 00CYKAEHHE

W3yueHbl noOMMMOpGHBIE MapKepbl B TpeX TeHax:
CYP1A1, GSTMI1 u APOE. IlepBslit uccnenoBaHHbIN I'eH —
CYPIA1 — orBeuaer 3a cunre3 muroxpoma P450 — Genka,
BOBJICUEHHOTO B IEpBYIO (hazy OnoTpaHchopMaryi KCEHO-
6uotnkoB (Gasser, 2005). [IpoBeneHO reHOTUITMPOBAHHUE 110
nomnMophHOMY Mapkepy ¢.2452C>A. B KoHTponbHOU
rpyme gactota aymenst C cocrasmia 0,79, wactora amtens
A — 0,21, a gactotsl reHotunos — 0,61 (CC), 0,36 (AC) u
0,03 (AA) (tabn.). B rpymme mammentoB ¢ BII gacrora
Bctpeuaemoctu ayuteneit C m A cocraBuna — 0,64 u 0,36
COOTBETCTBEHHO, @ YacTOThl BCTPEYaEMOCTH T'€HOTHIIOB —
0,35 (CC), 0,58 (AC) u 0,07 (AA). Pazmuune mexny
9acTOTOM BCTPEYaeMOCTH aiedss A B KOHTPOJIBHON U
HCCIEA0BaHHON rpymnmax coctaBisier 15,4%. Ilposepka no
KPUTEPHIO Yy’ TIOKA3aJ1a, YTO Pa3HHIA MEKLy KOHTPOIBHO
onbITHOM rpymmamu cymectByer (df = 2, P < 0,05), a
Pa3HHIA MEKILy TEOPETUIECKUMH U TIPAKTUUECKIMH 3Hade-
HUAMH BepHa. To eCTh MOMyJIAIMs HEMAaHMHUKTHIECKAs], YTO
YKa3bIBa€T HA PENPEe3eHTATUBHOCTh BHIOOpPKH. I[IpoBepka
TIOMYJISIUY HA MHOPUAMHT JJajla TaKHUE Pe3ysIbTaThl: 3HAUCHUE
F menpme 0 (F(k) = —0,096, F(pd) = -0,26), 3uauwmr,
WHOPUAVHI B TOMYJSIMM OTCYTCTBOBalL Ilocie wero obe
THOMYJISILIMK TIOJJIeKa M IIPOBEPKE Ha reTepO3UroTHOCTD. Tect
Poccera — PaiiMoHza nokaszan, 4To (hakTHyeckas reTepo3u-
rotHocth momyssiu (He) cocraBiser 45,4%, a Teoperu-
yeckas (H,) — 38,4%. PasHnna cratuctuyeckn BepHa, YTO
nioxTBepxaaeT Maitas BapuaHca (V = 0,0004). Takum obpa-
30M, JOKa3aHO BIIMSHME IATOICHHOTO AUIENs Ha pa3BHUTHE
OonezHn. Puck 3a001eBaeMOCTH TIpH HAIMYMH aliens A
cocraBisier OR = 1,72 (95% CI: 1,30, 2,39; P =0,003).

Hamm nanHHBIE NOATBEpPIKAAIOT paHee MOIyYeHHBIE pe-
3yJIBTATHI STIOHCKUX yYEHBIX, U3YUMBIINX |26 MammeHToB ¢
BIT u 176 3m0poBbIx mozei. YactoTa amtens A Obuia 3Ha-
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YHUTETHHO BBIIIE y MAIIEHTOB, YeM B KoHTpoue (44,4% u
34,9% cooterctBeHHO). Puck passutus BIl y manmenToB ¢
reHoturioM AA Obul B 6,54 pa3sa Bblllle, 4YeM y HOCHTeNen
HopMmauibHOTO reHotuna CC (P < 0, 001). B to »xe Bpems
npu n3ydenun cBsizu BI1 ¢ nomumopguzmom rena CYP1A1
cpenu skutened Kuras HEKOTOpBIMH HCCIElOBaTesIMU He
ObUI0 OOHapy)XeHO HocTOBepHbIX pazmmunidi (Wang et al.,
2000; Chan et al., 2002). B OpuraHckoM HCCIEI0BaHUH TIPH
TEHOTHITHPOBaHUH 176 GONBHBIX CcO cropamudeckor (op-
Mot BIT u 30 marwieHTOB ¢ cemeliHO# (opmoii 3aboeBaHMs
110 CPABHEHHIO C KOHTPOJIBHOW IPYIIION TaKKE HE BBIBUIN
pasmumii (Nicholl et al., 1999).

I'enbl cemeiicTBa riyTaTHOH-S-TpaHCc(hepa3 MOTyT TpHU-
HUMaTh ydacrue B mnaroreHese bII, mockonbky naHHbIE
(depmenThl  sBisiIOTCS  aHTHOKcuaaHtamu  (Hayes and
Strange, 1995), a npu BII BakHyI0 poJIb UTPAeT yCTpaHEHUE
(epMEHTaMH CYNEPOKCHIHBIX PAANKaJIOB M, KPOME TOTO,
rer GSTMI, kak mojararoT, CBsf3aH ¢ MeTabOJM3MOM JO-
¢amuHa (Baez et al., 1997), oOmen koToporo ocoOeHHO Ha-
pymaercst npu maronoruu. [loatoMy mccnemyeMbIM HaMu
reroM Opu1 GSTMI, xomupyroumii pepMeHT TIyTaTHOH-S-

TpaHchepazy. DTOT 3H3UM NPUHUMAET y4acTHEe BO BTOPOH
(aze HETOKCHKAIMM KCEHOOMOTHKOB. [IpMHATO BBIAEIATH
JIBa TEHOTHIIA 0 JaHHOMY reHy (+/+ u 0/0), npu 3TOM c4u-
Taercst, 4To HocuTeabcTBO 0/0 reHOTHNa MOBBIIAET PUCK
pa3inuHbIX 3200JIEBaHMI JIbIXaTebHBIX MyTel, HEBbIHAILIM-
BaHUsI OEPEMEHHOCTH, Pa3BUTHS OITyXOJIEH, a TakKe MOBBI-
maercst BepositHOCTh pa3Butus BII (Ahmadi et al., 2000;
Carlsten et al., 2008). Pe3ysibTaThl TeHOTHIIMPOBAHUS TTOKa-
3aJIM, 9TO YacTOTa BCTPEYaeMOCTH TeHOTHNA +/+ B KOHTpPO-
neHOM Tpymme coctaBmna 0,67, a reHoruma 0/0 — 0,33.
IIpu sToM y rpynmnsl nauuenToB ¢ Bl noka3arenu 3Haumnre-
JIBHO OTJIMYAJIHMCh: BCTPEYAEMOCTh HOCHTEIICH ajieseil +/+ u
0/0 cocraBmia 0,55 u 0,45 cooTBeTCTBEHHO. [I0OCTOBEPHOCTh
pasHMIBI TpoBepsitach kputepueM x> (df = 2, P < 0,05).
[lo pesynpraram aHanu3a COOTBETCTBUSI (PAKTUUECKHX M
TEOPETHYECKUX YacTOT YCTAaHOBJIEHO, YTO B JAHHOH IOITy-
JSIIMK MMEEeT MECTO CiTydaifHoe paclipe/iejleHne TeHOTHIIOB
B COOTBETCTBHH C 3aKOHOM paBHOBecust Xapau — BaituOep-
ra. Taxke moicYnTaHo, YTO PHUCK 3a00JIEBAEMOCTH Y HOCH-
teneit rerotuna 0/0 cocraBmsier OR = 1,72 (95% CI: 1,20,
2,49; P =0,0032).

Tabnuya
YacToTsl BCTPEe4aeMOCTH FeHOTHIIOB M aJljIeJIeil TeHOB B HCCJIelyeMbIX BIOOPKax
KoHTpons, BII, ¥ (df =2), OR (95% CI),
Ten Tommopusm | Tenorun yucio monei (%) yncio soneit (%) P rpasuuel, P
CC 184 (61,3) 75 (34,7) 3.69 1,76
CYPI1ALI 1382C>A AC 108 (36,0) 26 (58,3) p= O 0023 (1,30-2,39),
AA 8 (2,7) 15(6,9) ’ P=0,0030
+/+ 146 (67,5) 164 (54,7) 64.44 1,72
GSTM1 +/+, 0/0 _ 0 (1,20-2,49),
0/0 70 (32,5) 134 (45,3) P=0,008 P = 0,0032
E 3/3 231 (71,5) 137 (63,4)
E 3/4 25(7,7) 32 (14,8) 197
E 4/4 3(0,9) 73,2 54,55, -
APOE E4/E4 E2/3 54 (16,7) 34 (15,7) P=0,007 (11’7230 (3)’41768’
E 2/4 10 (3,1) 6(2,8) ’
E 2/2 0 (0,0) 0 (0,0)

B GonbimHCTBE paboT 3apyOSKHBIX aBTOPOB acCOIHa-
MU HYJIEBOTO T'eHoTHMa ¢ pa3ButueM BIl oOHapyxeHO He
obuto (Tison et al., 1994; Bandmann et al., 1997). B uccne-
noBanny ke Ahmadi et al. (2000) BbIsIBIIEHO, YTO Yy MalllieH-
TOB C HOPMAJIBHBIM T€HOTHIIOM 1/+ BO3pacT MpOsIBIECHUS 3a-
OomneBaHNs ObUT 3HAYUTEIHHO BHIIIE (68 JIeT), B TO BpeMsI KaKk
manpeHTsl ¢ reHoturioM (/0 mMenu Gojiee paHHHI BO3PAcT
Maaupecrarmu 3a6omeBanwst (57 net) (Ahmadi et al., 2000).

Wzyuaemsnit Hamu res APOE koaupyeT BaXKHBIN OeJIOK B
MeTaboIM3Me HEpBHOM TKaHU — amnosmnonporerH E, koTo-
pbIi OTBEYAeT 3a MUEIMHU3ALMIO HEPBHBIX BOJIOKOH. CHH-
Te3 aToro Oenka oOyciasimiBaer dkcipeccusi reHa APOE.
[omumopdusm E4/E4 310ro reHa npuBoIuT K HapyIICHHUIO
HEPBHOU IPOBOANMOCTH, a TAKKe CUMTAETCS, YTO ajliens £4
UrpaeT MOIUGHULIMPYIOLIYIO POJIb B Pa3BUTUM TaKHUX Jere-
HEpaTUBHBIX 3a00JIeBaHUi Kak 0oie3Hp Anbireiimepa u BIT,
HO JIaHHBIE O poin aytens e4 B pa3Butun Oose3Hn [lapkun-
coHa 10 cux mop mportuBopeunBsl (Harhangi et al., 2000;
Tan et al., 2000). Yactotsr reHoTrmoB 1o reHy APOE koHT-
POJBHOM IPYIIIBI OBLIN HPEICTABICHBI TAKUMH 3HAYECHUSIMH —
0,715 (E3/E3), 0,077 (E3/E4), 0,009 (E4/E4), 0,167 (E2/E3),
0,031 (E2/E4) u 0,000 (E2/E2). A nnst rpymibl MalKeHToOB ¢
BIT — 0,634 (E3/E3), 0,148 (E3/E4), 0,032 (E4/E4), 0,157
(E2/E3), 0,023 (E2/E4) u 0,000 (E2/E2). Yacrora BcTpeuae-

MocTH HocuTeneil renotunoB E3/E4 Obuta CylecTBEHHO
BBIILIE B TpyIIe naiueHTos ¢ bII, 4ro, Bo3MOXHO, cBUIETE-
JIBCTBYET O CBSI3M PENKOro aiens €4 ¢ pUCKOM pa3BUTHSA
BII. IIpoBepka Ha TeTEPO3UTOTHOCTD MOMYJISIMHN IO KPHTE-
puro Poccera — PaiiMona mokasaia, 4To reTepo3uroTHOCTh
KOHTPOJIBHOH TPYIIITBI MEHBIIE, YeM TPpymIThl namperToB (H, =
0,2987 £+ 0,0291 u H, = 0,4801 + 0,0291 cOOTBETCTBEHHO),
YTO JJaeT OCHOBAHUS T0JIaTraTh, YTO T€TEPO3UTOTHOCTD BIHSI-
er Ha (popMHpOBaHME HCCIEAYeMOro MpH3HaKa. Pazmmdams
JIOCTOBEPHBI 110 KpuTepmio i (df =2, P < 0,05).

Hcxons w3 HONyd4eHHBIX HAMH Pe3yIIbTaToB, PUCK 3a00-
JieBaHus MOBbIIIEH y HocuTene amutens €2 (OR = 2,35, 95%
CI: 1,23, 3,16; P = 0,0047) u €4 (OR = 1,97, 95% CI: 1,23,
3,16; P = 0,0047). Y nocureneii reHotuna E4/E4 manchbr
pa3BuTHs 3a00JICBaHMs TOBBIIICHKI B 3,48 paza (OR = 3,48,
95% CI: 1,23, 3,16; P = 0,0047).

JlureparypHble JaHHbIE 1O aHanu3y cBsa3u BII ¢ reHoM
APOE npotuBopeunBsl. [10 HEKOTOPHIM TaHHBIM, aJUIeNb £2
SIBISIETCS. TEHETHYEeCKUM (PaKTOpOM TOBBIIICHHOTO pPHCKa
BIT (Harhangi et al., 2000). B uccrienoBanuu, mpoBeIeHHOM
BO @paHIyK, TPOreHOTUITUPOBAHO 57 MALUEHTOB C ceMei-
HOM (hopMmoii u 46 co criopaauueckoii popmoii BIT. Hacrora
aenst €4 ObUla OJJMHAKOBOM B KOHTPOJILHON ¥ OTIBITHOM
rpymnmax, B TO BpeMsl Kak ajuiens €2, Obul 3HaYUTENIBHO 00-
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JIee YacThIM Cpeau criopaaudeckoi opmsr BII, ueM B KOHT-
pone. pyras rpymma uccienosareneii (Tang et al., 2002) mpu
usyuennu 68 ciayuaer criopaguueckoit BIT u 160 koHTposB-
HBIX CITy4aeB OOHapy’Kija, 4To B mommysinuu Kuras reHotin
E 2/4 sBnsiercs renorunom pucka st passutus bI1 (OR =
12,62). AHayM3 yacToT ayuieneld ¥ FTeHOTHIIOB B IAHHOM I'eHe
y 6ombHbIX ¢ BII B uHCKOH MOMyNsIiy He BBISBIII KaKHX-
MO0 JOCTOBEPHBIX OTIIMYMIA 110 CPAaBHEHHIO C IPYINION He-
BPOJIOTHYECKH 310poBbIX marwenToB (Eerola et al., 2002).

3aduKcUpOBaHHBIC B OMHUX TOMYJBIIAIX TEHETHIECKUC
accormarmu ¢ BIT He Bo BceX clTydasx MOTYT OBITh TTOATBEp-
MKIEHBI P UCCIIEIOBAHNY JPYIHX HOIMYJIILMI, 4TO, BEPOST-
HO, CBSI3aHO C CYIIECTBOBAHUEM MEKIIOMYIALIMOHHBIX Pa3/IH-
YUl aJIeNIbHBIX YacTOT HCCJICAOBAHHBIX I'CHOB, a TaKXKC C
OTNIMYMAMU YACJIBHOI'O BECa PA3HbIX I'CHETUYCCKHUX W BHEII-
Hux QaxropoB B narorexese bI1 (Williams et al., 1991). Xots
Ppe3yJIbTaThl acCOLMATUBHBIX UCCIIEIOBAHNI MHOTA CIIOPHBI,
OHH TIO3BOJISIIOT BBISICHUTB, KAaKOM BKJIAJ[ JIEJIAFOT ONpe/IeseH-
HBIE TeHBI M TIOJIMMOP(HBIE JIOKYCHl B MAHU(ECTALUIO U pa3-
BuTHE OOJIE3HH, a TaKXKe TOMOTaroT paspadorars Habop JJHK-
TECTOB JUISl MEIUKO-TEHETHYECKOTO KOHCYJIBTHPOBAHUS B
pazsbix rpymmax (Punia et al., 2011).

BruiBoabI

B pesynerate ncciaenoBaHus cpeny MAIFEeHTOB ¢ 0ores-
Hbto [lapkuHCOHA OOHapyKeHbI HOCHTENH MOJMMOP(HBIX
ayenedt mo reram CYP1A1, GSTM1 u APOE.

KoHTponbHas U OnbITHAs TPYIIBI OTIMYAINCH YacTOTa-
Mmu reHotunoB 1o reHy CYP1Al. B xoHTpoje 4acToThI re-
HOTHIIOB cocTaBum 2,67% (AA), 36,00% (AC), 61,33%
(CC), a B ombITHOM rpymme — 6,94% (AA), 58,33% (AC) u
34,72% (CC). IIpu atom OR st amnenst A 6bu1 paBeH 1,76
(95% CI: 1,30, 2,39; P = 0,003).

Just rera GSTM1 nokaszaHo BIFSTHAE MYTaHTHOTO HyJIe-
BOTO TEHOTHIIA Ha PUCK pa3BUTHs OOJie3HH. B KOHTPOIBHOM
rpyIme 4yacrora Berpedaemoct renotuna 0/0 Oblia Hubke
(32,5% (0/0), 67,5% (+/+)), uem B ombITHOH (45,3% (0/0),
54,7% (+/+)). Kpurepuii COOTHOIICHHS IIAHCOB JUIS HYJICBO-
ro reHotuna cocrasui 1,72 (95% CI: 1,20, 2,49, P =0,0032).

Uccnenopanue myrtarmii rena APOE mokazano 3Hauute-
JIBHYIO pa3HHIy YacTOT T€HOTHIIOB KOHTPOJBHOHM TPYIIIBI
(0,92% (E4/E4), 3,09% (E2/E4), 7,73% (E3/E4), 16,7%
(E2/E3), 71,51% (E3/E3)) u omsitHOM (2,27% (E2/E4),
3,24% (EA4/E4), 14,81% (E3/E4), 15,74% (E2/E3), 63,42%
(E3/E3)). OR mmsa amnens é4 cocrasmn 1,97 (95% CI: 1,23,
3,16; P =0,047).
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XpOMaTorpaq)nqecmle CIICEKTPbI CBOﬁOZ[HLIX oJiarocaxapuaon
IJaasMbl KPpOBH 00JILHBIX C CCleG‘IHO-COC}’I[HCTOﬁ HEeA0CTATOYHOCTBIO

N.1O. HI/ICBMGHGL{K&HI, T.J. EaTTepc2

1
T'Y «/[nenponemposckas meouyunckas akademusi M3V», [{nenponemposck, Yxpauna

2

Hnemumym enuxobuonocuu Oxcgopockozo yHusepcumema, Oxcgopo, Benuxobpumanust

CB0OOIHBIE OJTUTOCAXapH/Ibl — CTPYKTYPHBIE aHAIOTH INIMKAHOB INIMKOKOHBIOraTOB, KOTOPHIE BOSHUKAIOT HA PaHHUX dTarax Iporecca
N-IJIMKO3UIMPOBaHHs B XOJI€ aCCOLMHPOBAHHOM C SHJIOIUIA3MAaTHYECKUM PETUKYJIYMOM Jerpafalid abeppaHTHBIX IJIMKONPOTEHHOB U
paciueruieHUs TTIMKOKOHBIOTaToB B JIM30coMax. MIeMusi ¥ TurepTeH3usl BEI3BIBAIOT CTPECC BHYTPUKIICTOYHBIX OPraHeIUl, YTO NPUBOIUT K
HapymeHuo nx ¢yHkumid. JlaHHas paboTa MOCBAIEHA aHATINW3Y XPOMATOrpadHUYECKUX CHEKTPOB CBOOOIHBIX OJMIOCAXapHUAOB ILIA3MBI
KpOBH OOJIBHBIX C CEpACYHON HEAOCTATOYHOCTHIO. [10Ka3aHo, 4TO MIIEMHUS M THIEPTEH3Ms BHI3BIBAIOT H3MEHEHHMS B CIIEKTPax CBOOOTHBIX
TIIMKAHOB. Bo (pakimy HeHTpaIbHBIX OJUTOCaXapiI0B BBISBICHBI TPU MapKEPHBIX MUK, 8 BO (PPAKIIMH 3apsDKEHHBIX (KHCIIBIX) TIIMKAHOB —
XapaKTepHOE YBEIMUYCHHE TUIOMAN OJJHOTO M3 JIBYX TJIaBHBIX ITMKOB. Paclm(poBKy CTPYKTYpHI TIIMKaHOB MPOBOAMIH C MOMOIIBIO (ep-
MEHTaTUBHOM Jierpajaliiy, a TaKkoKe IyTeM CPaBHEHHS XapaKTEPUCTUK U3YUYaeMbIX CIIEKTPOB C XpOMAaTOIpaMMaMH BHYTPUKJIETOUHBIX CBO-
OOIHBIX OJIMTOCAXAPUJIOB U CO CTPYKTYpPaMHU TJIMKAHOB TJIMKOKOHBIOTATOB U3 JICKTPOHHBIX 0a3 aHHBIX. MapKepHbIe MUKH HEUTPATHLHON
(pakiuK MpeCcTaBIeHbI MOJUMAaHHO3HBIMU TIIMKaHAME ¢ 5—7 OcTaTKaMy MaHHO3bI M 1-2 ocratkamu N-alleTHITTIOKO3aMHHA, a OJTHH U3
IJIABHBIX [THUKOB 3apsDKEHHON (PPAKIMU — IBYXaHTCHHBIM KOMIUIEKCHBIM N-TJIMKaHOM C IBYMS OCTaTKaMH CHAJIOBOM Kuciotsl. Mccnenosa-
HHE CBOOOHBIX OJIMIOCAXapHUIIOB IUIa3Mbl KPOBH — HOBasl 00JIACTh U3YUECHUS HApYIUECHHUH TTIMKO3MWIMPOBAHUS MIPU CEPAECUHO-COCYIUCTBIX
3a00JIeBaHISX, KOTOPAsl OTKPBIBACT IIMPOKHE TIEPCTICKTHBBI IS TIONCKA PAaHHHUX AWATHOCTUYECKHUX U MPOTHOCTUYECKIX MapKepOB Cepaey-
HOHM HEJIOCTaTOYHOCTH.

Knrouegvie cnosa: cBobomHbIe onurocaxapuisl; BOYKX-criekTpsl; 1a3Ma KpOBH YeIOBEKa; CeplICUHAst HEIOCTATOYHOCTh

Chromatographic profiles of blood plasma free oligosaccharides
in patients with cardiovascular disease

L.U. Pismenetskaya', T.D. Butters”

! Dnepropetrovsk Medical Academy SI, Dnepropetrovsk, Ukraine
2Oxford Glycobiology Institute, University of Oxford, Oxford, OX13QU, UK

Free oligosaccharides (FOS) are unbound structural analogs of glycans of glycoconjugates. There are several sources of them inside the
cell: 1) multistep pathways of N-glycosylation, 2) the cell quality control and endoplastic reticulum-associated degradation of mis-
glycosylated and/or misfolded glycoproteins, 3) lysosomal degradation of mature glycoconjugates. Some of these FOS are the earliest
indicators of potential glycosylation alterations that would be revealed in the course of the cell quality control and the endoplastic reticulum-
associated degradation. Ischemia and hypertension cause stress of intracellular organelles leading to disruption of their functions. The main
objective of the work was the characterization of free oligosaccharides (FOS) in plasma obtained from patients with cardiovascular diseases
compared to those from healthy subjects to evaluate the potential of these compounds for diagnostics. Chromatographic profiles of FOS
composed of 4-12 monosaccharides were obtained and analyzed for quantitative and qualitative differences between the samples. After
plasma deproteinization and FOS purification the oligosaccharides were labelled with anthranilic acid (2-AA), separated into the neutral and
charged with QAE Sephadex (Q25-120) chromatography and analysed using high-performance liquid chromatography (HPLC). Glucose
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unit values were determined following comparison with a 2-AA-labelled glucose oligomer ladder derived from a partial hydrolysate of
dextran as an external standard. The data were collected and processed using Empower software. The charged FOS were digested with the
sialidase from Arthrobacter ureafaciens. 2-AA — labelled free oligosaccharides from transferrin were used as an external standard for the
structure decoding. The profiles obtained were compared with intracellular free oligosaccharides of known structures and with the glycan
structures and their descriptions in the databases GlycoBase and EUROCarbDB. These approaches allowed predicting a range of glycan
structures for each of the main peaks of HPLC profiles of plasma free oligosaccharides and managing ways for their future experimental
analysis. In the case of cardiovascular disorders, HPLC profiles of FOS revealed a changing pattern of heterogeneity, depending on the
severity of the disease. Three main enlarged glycan species in the netral fraction and one peak in the charged fraction distinguished the FOS
of the patients from those of the healthy volunteers. It has been revealed that the neutral marker peaks were represented by polimannose
glycans with 5—7 mannose residues and 1-2 residues of N-acetylglucosamine, and one of the major peaks of the charged fraction — by two-
antennary complex N-glycan with two sialic acid residues. The study of free oligosaccharides of blood plasma is a new field of glycobiology
allowing an evaluation of an organism state at the level of the cell organelle functional status and openning up broad prospects for finding

early diagnostic and prognostic markers of cardiac insufficiency.

Keywords: free oligosaccharides; HPLC-profiles; human plasma; cardiovascular diseases

BBenenne

[Iporeccr! cuHTE3a M paciiaga rIMKOKOHBIOIaToOB COIPO-
BOX/IAIOTCSl TOSIBJICHUEM TaK Ha3bIBAEMBIX CBOOOJHBIX
OJINTOCAXaPHIIOB — HE CBSI3aHHBIX C OSNIKaMU WX JIMIHIaMA
AHAJIONOB  YIJICBOAHOM YacTW  [JIMKONPOTEHHOB WM
[JIMKOJIMITU/IOB, X OMOCHHTETHYECKUX MPEAIICCTBEHHHKOB
U NPOAYKTOB JAerpaiaii. BHYTpH KIETKH CYIIECTBYET He-
CKOJIbKO MICTOYHHUKOB CBOOOHBIX OJIMTOCaXapuaoB: 1) cuH-
Te3 IJIMKAaHA-TIPEIIECTBeHHNKA B mporiecce N-IIIMKO3MIIN-
POBaHUSI OENKOB B SHAOIUIA3MATHYECKOM peTHKyiIyme (Su-
zuki and Harada, 2014); 2) accorpupoBaHHasi ¢ SHIOILIA3-
MAaTHUYCCKUM PETUKYIIYMOM J€rpajalysd BHOBb CHHTC3U-
PYEMBIX TIIUKOMPOTEUHOB, KOTOPHIE HE MPOILIA KIETOYHBII
koHTponb ¢osamara (Hirayama et al., 2010); 3) pacnan
3peIbIX MIMKOKOHBIOraToB B Jim3ocomax (Winchester, 2005).

OOpa3oBaHne TIIMKaHa-NPEIIECTBEHHNKA Ha paHHMX
stanax N-IJMKO3WJIMPOBAHKS MPUBOUT K MOSBICHHUIO CBO-
00omHBIX (ocOpIIHPOBaHHEIX WA HehochOpHUIHPOBaH-
HBIX OJIMTOCAXAPUJIOB ITOJMMAHHO3HOTO THUIA B PE3yJIbTATe
HX OTIIETJICHUS OT Jonnxolidocdara Ha Jr0OOM Tarne O1o-
cunte3a (Harada et al., 2013b), kak mosararot, u3-3a JIMMH-
THPOBAHHOI'O KOJIMYECTBA I3TOT'O JIMIIMAA-HOCUTECIIA B MCM-
OpaHe »SHIOIUIA3MAaTUYECKOTO PETHKYJIyMa M HeoOXOoau-
MOCTH €T0 y4acTHs B IPYTUX OMOCHHTETHYECKHX IpoLieccax
(Peric et al., 2010). Tax kak CHHTE3 IJIMKaHa-TIpel-
LIIECTBEHHUKA TIPOMCXOIHUT HA 00enX CTOpOHaX MeMOpaHbl,
CBOOO/IHBIE OJIMTOCaXapu/Ibl MOTYT OKa3aThCsl M B [IUTOILIA3-
Me, ¥ BHYTPH SH/IOIIa3MaTUYECKOr0 PETUKYTyMa. Briiaj Bo
BHYTPHSH/IOTUIA3MATHIECKYIO (DPaKIIO CBOOOIHBIX OJIATO-
CaxapuI0B MOXXET BHOCHTH TAKKe OJUrocaxapriarpancde-
paza (EC 2.4.1.119), xarammupyromas NepeHoC TIIMKaHa-
MPE/IIECTBEHHNKA HAa PACTYLIyIO MOJUMENTUAHYIO LEllb,
TaK Kak, COTJIacHO mocienHuMm uccienoanmsiM (Harada et
al., 2013), ona oOmamaer, kpome TpaHchepasHOH, eme U
Tl HﬂpOHHTH‘leCKOﬁ AKTHUBHOCTBIO.

Oco0bIii HHTEpEC TPEICTABIIIFOT CBOOOIHBIC OJIMIOCcaxXa-
PHIbI, BOSHHUKAIOLINE NPH aCCOLMUPOBAHHON C 3HIOILIa3Ma-
THYECKUM PETHKYIIYMOM JIETpaJialiiii, KoTopas HeoOxo1imMa
JUISL Pa3pyILIeHHs CHHTE3UPYEMBIX B SHIOILIA3MaTHYECKOM
PETUKYITyMe abeppaHTHBIX OETIKOB, HE MPOIIEIINX KIEeTOY-
HBI KOHTPOJIb M3-32 HEMPABUIBHOTO TIIMKO3MIMPOBAHMS,
HapyIIeHHOTo (QoNAWHra WIM COOpPKH B IOJMMEPHBIC
komiuiekcsl (Brodsky, 2012; Leitman, 2013). Takue nedexr-
Hble OCNKHM MEPeHOCATCs] Yepe3 MeMOpaHy 3HAOIDIa3MaTH-
YECKOr0 PETHKYJyMa B LIMTO30JIb, TJi€, IOCIE OTIIEIUICHHS
IIMKaHa, paspymiatorcs npoteacomoir S26 (Nakatsukasa,

2013; Lemus, 2014). Otu 6enky MOTYT COAEPIKaTh TIIMKAHBI
C M3MEHEHHOW CTPYKTYpOH M B KIIETKE OHH ITOSIBIISIFOTCS
paHblIe, YeM TIIMKONPOTENH C TaKKMM aOeppaHTHBIM IJIMKa-
HOM OKaXKeTcsi B MecTe (DYHKIMOHAJIbHOW aKTUBHOCTH (Ha
TTOBEPXHOCTH KIIETOK, B MEXKICTOYHOM IPOCTPAHCTBE HITH
B OMOJIOTHYECKHX KHUIKOCTAX). B HOpMeE 3TOMyY MpensTCTBY-
OT MEXaHW3MBI KIETOYHOTO KOHTpois ¢oxmuara (Rug-
giano, 2014), KoTopble HapYIIAIOTCS TIPU CTPECCE FHIOTLIAZ-
MaTHUYECKOTO peTHKyIyMa (Sano, 2013).

Paznuunbie (akTophl, Takve Kak OKCHUIATHBHBINA CTpece,
uiemMust, cOOl KalbI[MEBOTO TOMEOCTa3a, H30BITOYHBIH
CHHTE3 HOPMAJIbHBIX OEJIKOB WM OEJKOB C HapyILEHHOW
KoH(OpMalMel, NPUBOAAT K M3MEHEHHMIO M HapYLICHHIO
(YHKUIMH SHIOIUIA3MATHYECKOro peTukyiayMa (Minamino
and Kitakaze, 2010). 310 BBI3BIBaCT OTBETHYIO PEAKIIUIO
KJIETKH, HallpaBJICHHYIO Ha BOCCTAHOBJICHNE (DYHKIIMU PETH-
KyllyMa, TaK Ha3bIBAEMBIN OTKIIMK HECTPYKTYPHPOBAHHBIX
6enkos (unfolded protein response) (Chakrabarti, 2011).
Ecnm sxe Bo3IEHCTBHE cTpecca CIHIIIKOM BEITMKO U (PyHKIN
HEBO3MOJKHO BOCCTaHOBHTb, 3AITyCKAIOTCS MPOIECCHI arno-
nro3a kietkd (Sun, 2015). TlosBiseTrcss Bce Oombie
y6e[ll/ITeJ'H)H])IX JI0Ka3aTCJIbCTB TOro, 4YTO aJallTUBHBIC U
NPOAIONTO3HBIN IyTH OTBETHOH PEAaKLMK KJIETOK Ha CTpecc
SHJIOIIA3MATUYECKOTO PETHKYJIyMa WrpaloT (yHIaMeH-
TaJIbHYIO POJIb B Pa3BUTUH U MPOTPECCHPOBAHUH CEPJICUHO-
COCYIMCTBIX 3a00JIEBaHHH, B TOM YHCIIE CEPACYHON HEo-
CTAaTOYHOCTH, MIIEMHYECKOW OoNe3HH cepina W arepo-
ckireposa (Minamino et al., 2010; Guo, 2015; Li, 2015).

JIM30cOMBI — TIJIABHBIC YYACTHUKH ayTO(aruu, SBOJIO-
IMOHHO KOHCEPBATHMBHOTO TIpOIecca NErpajalliid BHYTPH-
KJICTOYHBIX KOMIIOHEHTOB, B TOM YHCJIE M DPAaCTBOPHUMBIX
MaKpoMOeKy1 (OeJKOB, yIJICBOIOB, JHIHIOB M HYKJICH-
HOBbIX kucior) (Mei, 2015). Ayrodarus BakHa [Uisi HOJI-
JIepKaHusl Cep/ICYHOr0 rOMEOCTa3a U MEXaHU3MOB BbDKUBA-
HHSl KapAMOLIMTOB BO BpEMsl CTpecca WM TOJOJaHMS.
PesynbraThl HccnenoBaHWM, MOJNyYEHHbIE B TIOCIEIHEE
BpeMs, CBHJIETEILCTBYIOT O TOM, YTO JIEPETyJIAlMs WIH
3aMe/UIeHne ayTo(aruy CBsI3aHbl C CEpIEYHOM HEH0CTa-
TOYHOCTBIO M CTapeHueM. AKTHBauus ayrodaruy, Kak
MIPABIJIO, SIBISICTCS KapAMO3AIMUTHEIM MEXaHM3MOM, XOTS
ype3MepHast ayTo(arust MOXKET TIPHBECTH K THOEIH KIIETOK U
arpoduu cepreunoit mpimel (Gatica, 2015; Orogo, 2015).

Takum oOpa3oM, peryssiiusi aJanTUBHBIX  IyTel
OTBETHOH PEaKIyy KIETOK Ha CTPECC SHAOIIIA3MATHIECKOTO
PETHKYITyMa X MOIYJISILMSL ayToariy MOTyT CTaTh IpUBJIe-
KaTCJIbHbBIMUA TEPAINICBTUYCCKUMHN TOAXOJAaMU B JICYHCHUUN
CepIevHO-COCYMCThIX 3aboneBanuil. [1oaToMy HecoMHeH-
HBII MHTEpEC MPE/CTaBIseT MOUCK MOJICKYJSIPHBIX MapKe-
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POB, OTPaAXKAIOIIMX COCTOSHUE AHAOIDIA3MATHYECKOTO PETH-
KyJIyMa ¥ SHIOCOMHO-JII30COMHO CHCTEMBI, B OHOJIOTHYeC-
KUX XKHUIKOCTAX.

OcHoBHOW 3ajiaveil JaHHOM pabOTBI cTalla XapakTepu-
CTHKa XpOMAaTOrpauuecKux CIEKTPOB CBOOOHBIX OJIMTOCa-
XapHIOB TUIa3Mbl KPOBH OOJIBHBIX C CEpIIEYHO-COCYUCTHIMU
3a00JIeBaHUSIMU M IX COIIOCTABJIEHUE C HOPMOMW VISl OLICHKH
MOTEHLMAIA 3THX CHEKTPOB B MCCIEAOBAHUSAX IOBEIECHUS
KJIICTOYHBIX OPTaHEIIT B CPECCOBBIX YCIIOBUSX TMPH UIIEMUH U
THIEPTEH3UN C LENBI0 TATBHEHIIEro WX HWCIIONB30BAHUS B
JIMATHOCTHKE, MOHUTOPHHTE U ITIOMCKE MEXaHW3MOB-MHIIICHEH
JUTS JISKAPCTBEHHOM Teparvu CepACYHON HEIOCTaTOYHOCTH.

MarepuaJj 4 MeTOIbI HCCJIeJ0BAHUI

IInazma KpoBH IALMEHTOB C CEPACYHOM HEAOCTATOYHO-
CTBHIO W NPaKTHYECKH 370POBBIX JOHOPOB ObLIa OTOOpaHa ¢
coryIacusi BCeX TPYMIl B COOTBETCTBUH C TPEOOBAHMSIMH 3TH-
yeckoro komurera B KY «JlHenpornieTpoBckas ooacTHast K-
HMYecKasi OONIbHMIIA UMEeHH MeYHHKOBa» 1 JII00e3HO Npesio-
CTaBJIeHa JUIsl UCCIEA0BAaHUM BpadoM-Kapauonorom A.A. Mu-
porHraeHKo. [armenTs ObUTH pa30HTHI Ha IBE TPYIIIEL:

1) ¢ cepmevHON HENOCTATOYHOCTBIO C COXPAHCHHEM
CHCTONIMYECKOW (PYHKIMH JIEBOTO SKEIyHodka ((ppaxmus
BEIOpOca > 45%) mepBhIX ABYX (DYHKIIMOHABHBIX KJIaCCOB —
TUIEPTOHUYECKAss OOJIE3Hb B COYETAHHH C MIIEMHYECKOH
Ooste3HBIO cepana 0e3 XPOHMYECKOW CepledHON HemocTa-
ToyHocTH (n = 10);

2) ¢ cepaeyHOl HENOCTaTOYHOCTHIO CO CHMYKEHHOM
CHCTOJINYECKON (YHKIMEH JIeBOro >keiynouka ((paxiws
BeIOpOoca <45%) Tperbero (YHKLIHOHAJIBHOTO Kiacca —
THIIEPTOHMYECKass OOJIE3Hb B COYETAHHMH C MIIEMHUYECKOH
00JIe3HBIO CepAlla ¢ XPOHMYECKOH CepleYHOM HeI0cTaTou-
HOCTBIO (n = 12).

Bospacrt mpakTtrudecku 3M0pOBBIX JOHOPOB (n = 15) coot-
BETCTBOBAJ BO3PACTHOM KaTeropuu OOJIBHBIX HCCIIENLYEMBIX
rpym — ot 41 o 65 ner.

Jliis HopMasibHO(a30BOH BBICOKOI((EKTHBHOM KHIKO-
CTHOI XpomaTorpadMy HCIOJIb30BAIN PEAKTHUBBI (DHUPMBI
VWR International, ocrajbHble XHMHYECKHE pEareHTHI
ObLIM noTy4eHsl oT pupmel Sigma-Aldrich.

Yoanenue 6enxoe nnazmwl. JlenpoTeMHU3AIMIO HATHB-
HOH IU1a3Mbl KPOBH NPOBOJMIM ITyTEM OCaKIACHHUS OCIKOB
10% TpUXJIOPYKCYCHOM KUCIIOTON C MOCHIEAYIOIUM LIETPU-
¢yrupoBanrem B Tedenne 10 munyT Tpu 3 000 06./MHH.
(Pismenetska, 2012). OcraTku 0eTKOB yIaTSUIA ¢ TIOMOIIBIO
¢upTpa ¢ THAPOGIIHHON MOMH(ITyOPOITIIICHOBOH MEM-
opanoii (Millex-LH, 0.45 pm, Millipore Corp., CILIA), B
COOTBETCTBHH ¢ MeToauKoi Alonzi et al. (2008).

Yoanenue entoxoszvr. MoHOCaxapupl U3 IIa3Mbl TIOCIIE
JENPOTEMHHU3AIMK  YIASUIM  aJICOPOLIMOHHON  XpoMaTo-
rpacdueil Ha OpUCTOM rpauTe C UCIOIb30BaHUEM KOJIOHKH
PGC (Thermo Electron Corp., Runcorn, UK) na 1 M
(25 mr/mm), kak onrcaHo B pabore Alonzi et al. (2008).

Mapkuposanue omueocaxapudos @ryopecyeHmmuoll mem-
xotl. CBOOOIHBIE OJHUTOCAXaPHIBl METIIIH 2-aMHHOOEH30i1-
HOH (aHTpaHUIIOBOH) KrcnoTo# (Sigma — Poole, Dorset, UK)
B COOTBETCTBUM C METOAMKOM, NPUBEICHHOM B CTaThe
Neville et al. (2004). MeueHble TIIMKaHBI OUHILAIA TBEPIO-
(azHoit akcrpakimeln Ha kononkax Speed SPE Cartridges
Amide-2 (Applied Separations, CIIIA) (Alonzi et al., 2008).

Paszdenenue mapruposanHvix 2aukanos Ha @pakyuu 6
sagucumocmu om 3apsAda. Ilyn MedeHBIX aHTPaHWIOBOM
KUCJIOTOM TJIMKAHOB METOJIOM HOHOOOMEHHOW XpOoMaro-
rpapun Ha QAE-cedamexce (Q25-120) pasmensiii Ha
HeUTpasibHble (He3apshDKEHHBIE) U OTPHULATENBHO 3apsDKEH-
HBle CBOOOIHBIE OJIMTOcaxapuibl. PacTBop IMKaHOB HaHO-
CWIIM Ha KOJIOHKY, INPOMBIBIM BOJOW M BIIIOUPOBAIN
HEWUTpaJbHBIE OJIUTOCaXapuibl YKCYCHOM KHCIIOTOH, a
3apsDKCHHBIE — aleTaToM aMMOHHS B COOTBETCTBUH C
metoaukoii (Neville et al., 2004).

DepmenmamusHoe pacujenienue cuanudasoil. [ n3y-
YeHUs CTPYKTYPBI OJIMTOCAXapUIOB 3apsHKCHHON (Dpakiyu
MPOBOIWIN 00paboTKy cuammnas3oii (Artrobacter ureafa-
ciens, OGS, BennkoOpuTaHus) B COOTBETCTBHU C (PHPMEH-
HOM wmHCTpyKumed k depmenty. 100 mxn 2-AA-mapku-
POBAHHLIX TJIMKAHOB BLICYHIMBAJIM B BAKYYMHOM KOHIICH-
tpatope SPD SpeedVac (Thermo Scientific), pecycrien-
JMpOBaJM B 5 MKJI (pupmeHHOTO Oydepa, 100aBIsum S5 MK
cuaniaassl 1 nHKyouposamu nipu 37 °C He menee 18 yacos.
OYHCTKY TAMKAHOB OT CHANWAA3Bl TPOBOIWIN IEHTPU(Y-
THPOBaHUEM depe3 KONOHKY Microcon ¢ ¢mibTpoM Ami-
con®Ultra 0.5 ml Centrifugal Filter (Millipore). Komnouky
npeasaputesbHo mpomeBaad 100 M Milli-Q™ H,0, uen-
tpudyruposasm 10 mun. mpu 15000 00./MuUH. U miEepeHO-
CHJIM B YHCTYIO MpoOHpKy. K cMecn rimkaHoB ¢ cranmnas3oit
no6asisu 90 mxa Milli-Q™ H,O u nosy4eHHbIH pacTBOp
NEePEeHOCHIM Ha KOJOHKY Microcon, neHTpudyruposamm
10 mun. ipu 15 000 06/mMuH. Ha xomnonky Microcon HaHO-
cumm ponoiautenbHbie 100 Mt Milli-Q™ H,O u BHOBB
uentpudyruposanu 10 muH. ipu 15 000 06/MuH. O6pazen
BBICYILIMBAJIM BaKyyMHBIM KoHIIeHTpaTtopoM SPD SpeedVac
(Thermo Scientific), a morom pecycrieraupoBamy B 100 Mk
Milli-Q™ H,0.

Hopmanvnoghazosas evicokospghexmusnas srcuokocm-
Hast xpomamozpagus (BIIKX). Omurocaxapuasl aHAIN3M-
POBaIM METOIOM HOPMAaTbHO(a30BO# BBICOKOI((EKTUBHOM
JKUJKOCTHOM Xpomatorpaduu Ha npudope ¢hupmer Waters
(BenmkoOpuranusi) ¢ kononkoit 4.6 x 250 mm TSK gel-
Amide 80 (Anachem, Luton, Beds, BenukoOpuranus) B
COOTBETCTBMM C METOJIMKOH, TNpHUBEAECHHOH B paboTax
Neville et al. (2004, 2009). ITuku XpoMaTorpamMmM BbIpaxaiid
B rmoko3Hbx emuHunax (I'E) myrem cpaBHeHmst c
XpOMaTOrpaMMOil  BHEILIHETO ~CTaHIapTa — YaCTUYHO
THPOJIM3UPOBAHHOIO JIGKCTpaHa, KaK OIMCAHO B CTaThe
Neville et al. (2004).

Komnviomepnas obpabomra oannwix. J{jis coopa xpoma-
Torpaduecknx JaHHBIX M HX OO0pabOTKH HCIOIB30BAIH
KOMITbIOTEpHBIE Tporpammbl Waters Millennium, Waters
Empower, Peak Time.

Pe3yabTaThl U HX 00CYKAEHHE

B nanHO# paboTe BriepBble ObUIM IONYYEHBI XPOMATO-
rpaddecKre CHEKTPhl OOIIEro IyJia, HEUTpaTbHBIX U
3apSDKCHHBIX (KUCIBIX) CBOOOHBIX OJIMTOCAXAPUIIOB TUIa3MBI
KpOBH OOJBHBIX C CEPAETHO-COCYIUCTHIMU 3200JICBAHMSIMU 1
TIPOBEJICHO WX CpaBHEHWE ¢ HOpMOW. OOImasi KOHIIEHTPAIHs
CBOOO/IHBIX OJIMTOCAXapPHIIOB IUIA3Mbl KPOBH OYCHb Malia W
cocraBuiia B HopMe — 9379 £+ 173,5 nkmonb/Mi, B rpyrie
OONIBHBIX C THIIEPTOHUYECKOW OOJIE3HBI0 B COUETAHUH C
HIIEMIYECKON OOJIe3HBI0 cepiia 6e3 XpOHUUECKOH cepled-
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HOM Hemocraroydoctd — 1245,1 + 191,7 nkMois/MiI ¥ B
rpymiie OOIBHBIX ¢ THIEPTOHUYECKOI OOJIE3HBIO B COUETaHNN
C MIIIEMHAYCCKON OOJIE3HBIO Ceplla U XPOHHYECKOH cepred-
HO¥ HemocTaroyHOCThIO — 1 360,8 + 187,8 mxmonb/mi. Kaxy-
mascd TEHIACHLMWA YBCIIMYCHUA KOHLICHTpAalUU CBO6OI[HI)IX
[JIMKAQHOB B 3aBUCHUMOCTH OT TSDKECTH Pa3BUTHUS CEpICUHOU
HEJIOCTATOYHOCTA HE Hallla CTATHCTUYECKOTO ITOJTBEPIK-
neHust. MccnenoBaich OJMTOCaXapyIpl, COCTOSIINE W3 Ye-
ThIpEX U 00JIee OCTATKOB MOHOCAXAPHU/IOB, TI0ITOMY aHAIU3Y
TO/IBEPrajIich XPOMATOrPaMMBbI Ha BpPEMEHHOM OTpe3ke ot 20
8
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AHam3 pe3yibTaToB XpOMATOTpa(uIecKoro pasaeneHus
TI0Ka3aJ1, YTO CIEKTPbI CBOOOAHBIX OJIMIOCAXaPHIOB ILIA3MBI
KpOBH OOJIBHBIX C CEPACYHOM HENOCTaTOYHOCTBIO OTJIMYA-
FOTCSI OT HOpMBI (pHC. I) TOBBITIEHHOW CTETICHBIO T€TEPOTeH-
HOCTH, SIPKO BBIPQXEHHOHW HMHIMBUIYaJIbHOCTBIO M, B OOJIb-
IIMHCTBE CJIy4aeB, IOJHOM IOTepell OCHOBHBIX 3aKOHO-

MEpPHOCTEM KOHTPOJISI — YETKO BBIPAKEHHOM CTPYKTYpBI C
TOJIABJISIONIAM TIpeBATMpOBaHUueM 4, 6 W 7-TO TIMKOB. JTa
TEHJCHIMSI OCOOCHHO YCIJIMBACTCS B CITydae XPOHHYECKOM
CeplieuHor HeZocTarogHoCTH. Kak U B KOHTpoIie, Oobiast
4yacTh CBOOOJHBIX OJIMTOCAXapHaOB IUIA3Mbl MALMEHTOB
npe/icTaBlieHa (pakuueil HeHTpaibHbIX IMKaHoB (puc. II).
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HmenHo 3Ta (hpakiyst B HAUOOJIBIIEH CTEEeHH 000CIICUNBACT
OCOOEHHOCTH XpOMATOrpaHIecKrX CIIEKTPOB OOLIETO ITyJia —
VHIVBUYalbHOE NIEPEPACIIPENEIICHNE TTIMKAHOB BCEX IHUKOB.
Beienenne (pakipy HEWTpaIBHBIX TIIMKAaHOB II03BOJIIIO
BBISIBUTH OOLIYI0 3aKOHOMEPHOCTh B CIIEKTpax CBOOOIHBIX
OJIMTOCaxapyIOB MalMeHTOB, OTIIMYAIONIYIO UX OT HOPMBI, —
pe3Koe yBeNMYEeHHEe KOHLCHTparmu 6b, 8 u 9-ro mHKOB.
@paxupst  3apspKeHHBIX  (KHCIbIX) mkaHoB  (puc. 1IT)
COCTaBISIET M0 KOHLEHTPAIMH JIMIIb HEOOINBIIYIO IO OT
001I1ero IMyia CBOOOIHBIX OJMTOCaXapHiIoB, KaK B HOPME, TaK
U TIPU WCCIIEAYeMBIX MATOJOTHSX. 3apshKeHHBIE CBOOOIHEIC
OJIMTOCAXapHUbl TIPEICTaBICHbI HEOONBIIMM KOIMYECTBOM
TIMKOB, OCHOBHBIE U3 KOTOPBIX 3, 5, 6b n 10a. CyIiecTBeHHbIM
OTJIMYMEM OTOH (pakuuy CBOOOJHBIX OJIMTOCaXapHIOB
IU1a3Mbl KPOBU OOJILHBIX OT HOPMBI 3aKJIFOYACTCsI B PE3KOM
YBEJIMYEHUH KOHLIEHTPALH 3-T0 THKa.

Jnst pacmm@ppoBKM CTPOEHHSI TIIMKAHOB CPaBHHBAIH
XapaKTEePUCTUKH TIMKOB H3y4aeMBIX XpOMarorpamMm ¢
IMMKaM{ BHYTPUKJIETOYHBIX CBOOOIHBIX OJIMTOCAXapu/IOB.
Jns aHanmm3a MCIONB30BANM JTAHHBIE O BHYTPHKICTOUHBIX
CBOOOIHBIX OJIMTOCaXaphiaX, KOTOPbIE ObUIH TOJy9YEeHBI B
AHAJIOTHYHBIX YCIIOBUSX Pa3JIeIeHHs, a UX IETAIBHOE CTPoe-
HHUE YCTAaHOBIICHO IOMOJHUTENFHBIMU MeTonamu (Alonzi et
al., 2008). Kpome TOro, ucrosb3oBaid HHGOPMALUMIO O
CTPYKTypax TJIMKAaHOB TNIMKOKOHBIOTATOB W3 3JIEKTPOHHBIX
6a3 nannbix GlycoBase (www.glycobase.nibrt.ie) u EURO-
CarbDB (www.eurocarbdb.org) 1yisi IONOTHEHUsI CTPYKTYD
[JIMKQHOB ~HEWUTpalbHOW (pakuMM W TMOHMCKA OJIUTO-
CaxapHIHBIX CTPYKTYP 3apsHKEHHOM (PpaKini.

Takoif mMOIX0J TOKa3ad, 4To (paKimus HEUTPaTBHBIX
TJIMKAHOB TIPE/ICTaBJIeHa MOJIMMAHHO3HBIMH CTPYKTYPaMH C
OJHAM WIIM JIBYMS OCTaTKaMu N-alleTHITIIOKO3aMHHA.
YacTb NIMKaHOB MOXKET COJEPKaTh OCTATKU IMTHOKO3bL. Eciu
B KOHTpOJI€ MPeodIaaatoT oIurocaxapuabl ¢ 4 u 5 ocratka-
MH MAaHHO3BL, TO TIPH CEPACYHOM HETOCTATOYHOCTU
TIOSIBIISICTCSL M30MEP C 5 OCTaTKaMH MAaHHO3bI, OTCYTCTBY-
fo1uii B HopMe (muk 6b), U MIMKaHbl ¢ 6 U 7 OCTaTKaMU
MaHHO3bI (kU 8 1 9). He 114 Bcex NMHUKOB yAaIoCh HAUTH
CTPYKTYPbI TIJIMKAHOB C COOTBETCTBYIOIIUM 3HAYCHUEM
TJIIOKO3HBIX eauHuL. Het noaxosieit ctpyKTypsl uist 2-1o
TIMKa HeUTpanbHON (ppakumy, a Takxe it 3, 5 ¥ 6-TO ITHKOB
3apspKeHHON (hpakuuH.

Jns neransHOTO aHAMM3a 3apsDKEHHON (pakimn ee o0pa-
0oTam cranMua3oi W CPaBHIWIM C BHEIIHHM CTaHIAPTOM
W3BECTHOM CTPYKTYpHI — YIJIEBOAAMHU TpaHcheppHHa 0 U
TOCIIe TAKOH ke 00pabOTKH. DTO TO3BOJMIIO BHISICHUTH, UTO
mik 10a mpezcTaBieH AByXaHTEeHHBIM KOMIUIEKCHBIM N-TiH-
KaHOM C JABYMsI OCTaTKaMH CHAJIOBBIX KHCJIOT, YTO TIOTBEPIK-
JIAJIO TIPaBUJIBHOCTH TPECKA3aHUs CTPYKTYPhI 3TOrO MHKa C
TIOMOIITBI0 0a3 TAHHBIX. MapKepHbIH 171 CIEKTPOB TMKAHOB
TU1a3MblI OOJIBHBIX C CEPIICYHOM HEIOC-TATOYHOCTHIO TIHMK 3 HE
M3MEHSUT TIOJIOKEHUST Ha XpoMaTorpamMme Iocie o0paboTKu
(hepMEHTOM, YTO CBHETENECTBOBAJIO O TOM, YTO OH HE COZIEp-
JKUAT OJIMTOCAXapHIIOB C CHAJIOBEIMH KHCIIOTAMH MITH 7K€ BKIIA]
TaKHUX TJIMKAHOB B OOIIIYFO IUTOIIA b TIHKA HE CITHIIIKOM BEJIHIK.

[TommmaHHO3HBIE CBOOOIHBIE ONMTOCAXapHUAbl 00pa3y-
JOTCS HA PAaHHUX CTaAMsIX N-TJIMKO3WIMPOBAHUS B PE3yib-
TaTte OTHICIUICHHS OT JIMITUIHOTO HOCHTENs B MeMOpaHe
SHJIOIUIA3MAaTUYECKOTO PETHKyIyMa. llostomy m3MeHeHHe
UX CIIEKTpa CBUJETENHCTBYET 00 W3MEHEHWH IPOLIECCOB,
MpoUCXoAdrX B OSHAOIUIA3MAaTHYCCKHUM PETUKYIIYME, U
OTpakaeT ero COCTOSIHUE W PEaKLMIO Ha CTPECCOBble (pakTo-

pbl. 3apsbkeHHbIe (KUCTIBIE) CBOOOTHBIE ONMIocaxapuabl 00-
PasyloTCs B JM30COMAX, MO3TOMY M3MEHEHHUS B MX CIIEKTpax
OTPXAIOT COCTOSIHME 3H/IOCOMHO-JIM30COMHOM ~CHCTEMBI.
[pu cepaeuHoit HEJOCTATOMHOCTH (COYETAHHH THIEPTOHH-
YEeCKOI 00JIe3HH cep/lia ¢ MIIeMUYecKol Oosie3Hbto Ha (oHe
XPOHMYECKOM CcepledHOl HelOCTaTOYHOCTH Win 0e3 Hee)
M3MEHEHHS XPOMaTorpaMuecKux CreKTPOB CBOOOIHBIX IVIH-
KaHOB TUIa3MbI CBUJIETENILCTBYIOT O 00J1ee TIIyOOKHX HapyIie-
HHSIX TIPOLIECCOB B SHIOILIA3MATUYECKOM PETHKYITyME, YeM B
Jm3ocoMaxX. Tak Kak OJHOM W3 BaXKHBIX OCOOEHHOCTEH
00pazoBaHU CBOOOIHBIX OJIMTOCAXapHUIIOB B SHIOILIA3MATH-
YECKOM PETHKYIIyMe SBIIETCS TO, YTO OHH IOSIBIIIOTCH
3HAUMUTEIIGHO PaHBLIE, YeM CHHTE3UpyeMble aOeppaHTHbIE
NPOTENHBI OKa3bIBAIOTCS B 30HE CBOETO (PYyHKLIMOHAIBHOIO
Ha3HAYCHUsA, TO UMEHHO CPCAU I3THUX MOJICKYJI MOTYT 6])IT])
Haii{JIeHbl CaMble PAaHHUE JMArHOCTHYECKHE MapKephl TAKOro
TPO3HOTO 3200JIEBaHNSI KaK Cep/IeYHast HEI0CTaTOYHOCT.

BoiBoabI

Brepeeie momyuenst BOXKX-criektpel  00mmx, Heid-
TPaJbHBIX M 3apsDKCHHBIX CBOOOAHBIX OJIMTOCAXapHIOB
IUTa3Mbl KPOBH OOJIBHBIX C CEPACUYHOM HEOCTATOYHOCTHIO.
OTH CIeKTphl OTIMYANCh Kak oT BOXKX-cmexTpoB B
HOpME, Tak W Mexmy coboit. IIpm cepmednoit Hemocra-
TOYHOCTH TIOBBIIIANIACH T€TEPOrCHHOCTh CIIEKTPOB, OCOOEH-
HO HeiTpaibHOW (pakimn. Cpeard HEUTPaIbHBIX OJIMroca-
XapUJIOB BBISIBJICHBI TP XapaKTEPHBIX JUISl JaHHOM TPYIIIBI
3aboneBanuii nuka: ramMkanbl ¢ 6,00 = 0,01 T'E (monmuman-
HO3HBIA THUII ¢ 5 ocratkamMu MaHHO3bl), 7,07 = 0,04 TE
(TIONMMMaHHO3HBIN THII € 6 OcTaTKaMK MaHHO3bI) U ¢ 7,83 +
0,04 TE (monuMaHHO3HBI THI ¢ 7 OCTATKAMHU MAaHHO3HI).
VX koHUEHTparsi 3HAYMTENHHO NpeBbILaja HopMmy. Bo
(paxuuy 3apsHKEHHBIX TIIMKAaHOB JJOMUHUPOBAIN JBA ITHKA C
4,43 £ 0,05 T'E memsBecTHO# cTypKTYpHI 1 € 8,62 + 0,02 T'E —
JIBYXaHTCHHBI KOMIUIEKCHBIA N-IMIMKaH ¢ OBYMS OCTar-
KaM{ CHAJOBBIX KHCJIOT, YTO COOTBETCTBOBAIO IIMKaM B
HopMme. OIIHaKo NP CepAEeYHON HEIOCTaTOYHOCTH KOHIIEH-
Tpalys MepBOro MyKa ObUTa 3HAYUTETHHO BBIIIIE HOPMBIL.

HccnenoBanne cBOOOTHBIX OJMTOCAXapUIOB IIA3MbI KPO-
BH — HOBasi 00JIaCTh M3YYEeHHs] HAPYLICHUH TNIMKO3MIMPOBa-
HUS TIPU CEPJIEYHO-COCY IUCTBIX 3a00JI€BaHMsIX, KOTOPAs 1103-
BOJISIET OLICHUTH COCTOSIHHE OpraHW3Ma Ha YpOBHE (DYHKIMO-
HJIBHOTO CTaTyca KIJIETOYHBIX OpraHeiul (3HoIuIa3Ma-
THYECKOTO PETHKYIIyMa M JIM30COM), UX PEaKIHil Ha CTPECCHI
NP JAaHHBIX 3a00J€BaHMSAX M OTKPHIBACT IIMPOKHE
MIEPCTICKTHBBI ULl TIOMCKa PaHHHWX IWArHOCTUYECKUX U
MPOTHOCTHYECKHX MapKEPOB CEPECUHON HEOCTATOUHOCTH.
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nenponemposckuii HayuoHanvHoill yhusepcumem umenu Onecs I onuapa, /[nenponemposck, Ykpauna
2
'Y «/Inenponempoeckas meouyunckas axademus M3 Yrpaunwvry, [{nenponemposck, Ykpauna

PazHooOpasue (hopM nposiBieHHi qUCcOaKTEepro3a, a TAKKE OrPAHNYEHHOCTD CHIEKTPA YIeIbHONH aKTHBHOCTHU CYLIECTBYIOLIMX MPOOHO-
THYECKHX TIPErapaToB JUKTyeT HEOOXOUMOCTh Pa3pabOTKU HOBBIX MPOOHOTHKOB. OCHOBHAsI Macca UMEIOIMXCS HA CEro/IHsI MPOOHOTHYE-
CKHUX IIPENapaToB SBJIAIOTCS OJHOKOMIIOHEHTHBIMH, B TO BPEMs KaK CO3/IaHHE CJIOXKHBIX aCCOLMMPOBAHHBIX MPOOUOTHKOB MO-TPEKHEMY
0CTaeTCsl aKTyanbHOI 3aayeil. Llenbro paboThl ObIIIO H3YYUTH COBMECTUMOCTE B €IMHOM Miperniapate B. subtilis u A. viridans, nX aHTaroHu-
CTHYECKYI0 aKTMBHOCTB 110 OTHOLICHHIO K Pa3HBIM LITAMMaM TECT-KYJBTYD, a Takke OOLIEro aHTaroHW3Ma, HAIPaBJICHHOTO Ha pa3HbIe
IpyNIbl OaKTepHii, IUIs IIOCIIEIYIONIEro CO3aH s aCCOLMaTHBHOIO NPOOMOTHYECKOTr0 KOMILIEKca. JIJis ITaMMOB a9pOKOKKOB XapaKTepHa
MIPOIYKIIMS IEPOKCHIIA BOAOPO/IA U CYTIEPOKCUIHOTO pajiKaiia, 00yciosieHHas (yHkunonnpoanreM HAJI-He3aBHCHMOI JIAKTATOKCH 1A~
3bl. AHTHOKCHIQHTHasI 3allUTa a9POKOKKOB OT JCHCTBHUS DHIOICHBIX M OKCKPETHPYEMBIX aKTHBHBIX (OpM KHCIOpoaa obecreunBacTCs
aKTHBHOCTBIO cynepokcuyticMmyTassl 1 GSH-niepoxcrnasel. st mramMmoB A. viridans 167 v B. subtilis 3 He BBISIBICHO B3aMMHOTO ITO/IaB-
Jstorero d¢dexra. YCTaHOBICHO MaKCHMAIIBHOE IPOSIBIICHHE aHTarOHUCTUYecKoro d¢dexra mrammoB A. viridans 167 n B. subtilis 3 B
OTHOLICHHH MY3€HHBIX M KIMHMYECKUX ILITAMMOB TECT-KYJIBTYD YCIOBHO-IIATOTCHHBIX MHKPOOPraHusMoB (Escherichia coli, Proteus
vulgaris, Klebsiella ozaenae, Citrobacter freundii, Pseudomonas aeruginosa, Staphylococcus aureus, S. epidermidis, Candida albicans) no
CPaBHEHHIO C aHTATOHUCTHYECKUM 3()PEKTOM KaXI0r0 U3 NCCIIEIOBAHHBIX IITAMMOB IO OT/AEIBHOCTH, YTO MO3BOJISICT PEKOMEH/IOBATh X B
Ka4yecTBE KOMIIOHEHTOB ISl CO3IaHHs HOBOI'O KOMILIEKCHOTO MPOOMOTHYECKOTO Hpernapara.

Knrouesvie cnosa: npodwotuku; Bacillus subtilis 3; Aerococcus viridans 167; anTaroHu3m; 1ucOno3

Biological properties of aerococci and bacilli
as a component of new associate-probiotic complex

S.I. Valchuk, D.A. Stepansky, T.N. Shevchenko, I.P. Koshevaya, S.A. Ryzhenko, G.N. Kremenchutsky

Oles Honchar Dnipropetrovsk National University, Dnipropetrovsk, Ukraine
"Dnipropetrovsk Medical Academy of the Health Ministry of Ukraine" State Establishment, Dnipropetrovsk, Ukraine

Dysbioses of the gastrointestinal tract are common among people of all ages and genders. Development of this pathology is associated
with a number of complications, from indigestion to occurrence of malignant disease. Therefore, there is a need in development of measures
of their prevention and correction. Probiotics are used as drugs against dysbiosis. Most of the presently known probiotics contain bacterial
cells of one species, although combination preparations feature higher efficiency. At the same time, there are difficulties in construction of
these drugs, primarily due to incompatibility of physiological properties of microorganisms and mutually antagonistic action of their
components. The aim was to examine the compatibility of Bacillus subtilis and Aerococcus viridans in a single preparation, their antagonistic
activity against different strains of test-cultures and general antagonism directed on different groups of bacteria for subsequent formation of
associative probiotic complex. Properties of aerococci strains were studied and A. viridans 167 strain was selected for inclusion into the
probiotic preparation. The tested strain showed the highest indicators of production of hydrogen peroxide, which is one of the mechanisms of
antagonistic effect against opportunistic pathogens. General study of biological properties of aerococci strains showed that producing of
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hydrogen peroxide and superoxide radical in them was conditioned by functioning of NAD-independent lactatoxidase. It has been
determined that antioxidant defense of aerococci from the action of endogenous and active excretable forms of oxygen was provided by
activity of superoxide-dismutase and GSH-peroxidase. The method of deferred antagonism found no depressing mutual action between
probiotic strains of B. subtilis 3 and A. viridans 167 at their joint cultivation. Inhibition of growth at the joint application of A. viridans 167
and B. subtilis 3 strains was recorded for both museum and clinical strains of test-cultures Escherichia coli, Proteus vulgaris, Klebsiella
ozaenae, Citrobacter freundii, Pseudomonas aeruginosa, Staphylococcus aureus, S. epidermidis, Candida albicans. Separate application of
A. viridans 167 or B. subtilis 3 against strains of these opportunistic pathogens was characterized by relatively less antagonistic effect of each
of strains under study. The results allow us to recommend the studied strains of B. subtilis 3 and A. viridans 167 for use as the components to

construct a new associative probiotic preparation.

Keywords: probiotics; Bacillus subtilis 3; Aerococcus viridans 167; antagonism; dysbiosis

BBenenne

MHOro Hay4YHO-IPAKTHYECKHUX Pa3pabOTOK, OCHOBAHHBIX
HAa WJIee HUCIIONB30BAHHUS MHKPOOOB-aHTArOHUCTOB, IOJY-
YUK TIOBceMecTHOE mpu3HaHue. C yCrexoM MpUMEHSIOTCS
Ouonpenaparbl, CO3IaHHbIE M3 KYJBTYp JIAKTOOAKTEpHH,
KUIICYHBIX MaI0oYeK, Oupumo0aKTeprii, MPOMUOHOBOKHC-
JIBIX OAKTEepHH, CTPENTOKOKKOB W JIPYIMX MHKPOOPTaHH3-
MoB. OnHako pasHooOpasue (opM mposiBiIeHHi aucOaKTe-
PHO30B, a TaKkKe OrPaHUYEHHOCTH CHEKTPa CIenU(pUIECKON
AKTUBHOCTH  CYILECTBYIOIIMX IPOOUOTHKOB  JIUKTYIOT
HEOOXOIMMOCT Pa3paboTKH HOBBIX Onorpernaparos (Vitetta
et al., 2014). OCHOBHBIM TIOJXOIOM K CO3/IaHHIO KOMIUIEKC-
HBIX MPOOMOTUYECKUX MPENapaToB, HMEIOMIUX IPEHMY-
LIECTBA Mepe/l MHOTOYHCIICHHBIM PSIOM YacToO HecOalaHCH-
POBaHHBIX MPOOHOTHKOB, SIBJISIETCS ONTHMAIBHBINA TOAO00D
UX KOMIIOHEHTOB Ha OCHOBE (DH3HOJIOTHYECKHX OCOOEeH-
HOCTEH, BXOIIIMX B HMX COCTaB KyJbTyp Oaktepuii. ITO
Kacaercsi, TPEXAe BCEro, MX CIOCOOHOCTH KOJOHH30BaTh
pa3HbIE DKOJIOTUYECKHE HUIIM, HE yrHeTas Apyr Apyra, U
SNIMMHHHUPOBATECS M3 MaKpOOpraHH3Ma B OIPEEIeHHOE
BpeMsi, 3aMelIasich HOPMAJIbHOM €CTECTBEHHOH MHKpOQIIO-
poii, Oonee ONMM3KOWH IO PELENTOPHONH MO3aMKE MaKpo-
opraam3my (Garcia-Mazcorro et al., 2015).

[Iupokoe pacrnpocTpaHeHne JUCOMOTUYECKHX COCTOSI-
HUH Cpeqy B3pOCIOr0 M JIETCKOTO HAacelIeHUs] 00YCIOB-
JIMBaeT HEOOXOMMOCTh TIPOBE/ICHHUSI KOPPEKLIMOHHBIX MEpO-
MPUSTANA, CBS3aHHBIX C BOCCTAHOBJIEHHEM HOpPMAaJIbHOU
MHKPO(IIOPBI BCEX OTKPBITHIX IOJOCTEH MaKpOOpraHW3Ma,
YTO 0COOEHHO aKTyaJbHO B OTHOILEHHH JKEITyJOUHO-KHIIIeY-
Horo tpakra (Blumstein et al., 2014; Schippa and Conte,
2014; Carding et al., 2015; Unger et al., 2015). Anamm3
OTEYECTBEHHOTO pBIHKA NPOOUOTHUKOB MO3BOJLIET CIEJIaTh
OJIHO3HAYHBIH BBIBOJ O IOMUHUPOBAHUM Ha HEM UMITOPTHON
MPOAYKIMY, 3HAYMTEIBHYIO [OJIF0 KOTOPOH COCTaBISIOT
npenapatbl «Jluaeke» u «bududopm». DT TMpemapatsi
OTHOCSITCS K OJTAKOMHOHEHTHBIM MPOOHOTHKAM-CUMONOTH-
KaM, KOTOpBIE, C TEOPETUYECKOH TOYKM 3PEHHs], JOJDKHBI
MPEBOCXOUTh MOHOIPENaparhl, TAK KaK CIIOCOOHBI OKa3bl-
BaTh KOPPUTHPYIOIEE BIHMSHUAE B Pa3HbIX OTHENAX KHIIIeU-
HOro OMOTOIIA.

Ilpu co3maHuM HOBBIX MPOOMOTHYESCKHX ACCOIMAIIUIA
JIOJDKHBI OBITh TIPOBEIEHBI TECTHI iR Vitro JI0 TMOCIEAYIOLIEro
Hayaia WCHbITaHMH Ha JKMBOTHBIX WIIM YENIOBEKE in Vivo
(Delgado et al., 2015; Vandenplas et al., 2015). Bribop
MPOOMOTUKOB JIOJDKEH OCHOBBIBATHCS HA JAHHBIX 00 HX
spdexktrBHOCTH U Oe3omacHocTH.  KoHCTpympoBaHme
MPOOMOTHKOB JIOJDKHO OCHOBBIBATHCS HA BHIOOPE LITAMMOB
¢ Haumbosee >P(EKTUBHBIMA XaPaKTEPUCTHKAMKM B IUIAHE
OKa3pIBACMOI0 M0JIeE3HOr0 3(deKTa W BBDKUBAEMOCTH B
OpraHu3Me, JUisl 4ero MPOBOASAT 00s3aTeNbHOE N3YUeHHE UX

OnoJormuecknx CBOMCTB. Hambomee BaXHBIM CBOHCTBOM
MIPOOHOTHYECKUX IITAMMOB OaKTEpHA SBISETCS MX aHTaro-
HUCTHYECKass aKTHBHOCTB, KOTOpas MOXKET TPOSIBIATECSA B
BHUJIC CaMbIX Pa3IMYHbIX Mexanu3MoB (Behnsen et al., 2013).
OmHMM W3 TaKMX MEXaHU3MOB MOXKET OBITh MPOIYKIIUSI
Mepokcuga BOAOpPOJa, BBIABJICHHAsA Y MHOI'MX MHUKPO-
oprannzmoB (Bukharin et al., 2014). Onnoi 13 yHKUMIA
MOJIEKYJIBI TIEPOKCH/IA BOJIOPOZA SIBIISIETCSI €€ CUTHAJIbHAs
COCTaBIISIIONIAs,, BTOPOIl HE MeHee BaXHOW (yHKumed —
aHTaronucruyueckass aktuBHOcTh (Kremenchutsky et al.,
2010), mo3TOMYy MHKPOOPTaHHU3MBI, CIIOCOOHBIE K TPOIYK-
UM TICPEKUCHBIX COSTUHEHHUH, SBIISIOTCS TTOTCHITAIEHBIMI
KOMITOHEHTaMH TIPOOMOTHUKOB. B 3TOi CBs3M mepcriek-
THBHBIMHU MPOOUOTUYECKMMH OaKTEPHSIMHU MOYKHO Ha3BaTh
AQ3POKOKKH, B OCHOBE OIHOTO W3 YCTaHOBJIEHHBIX
MEXaHMU3MOB AHTArOHHUCTHYECKOTO NEHCTBUS KOTOPBIX Ha
IpyrH€  MHUKPOOPTaHM3MBI  JIEKHUT  OKCKpelus  WMH
HEePOKCHa BOZOpOJA B IIPOLIECCE OKUCICHUS MOJIOYHOU
kucnoTel (Kremenchutsky et al., 2002). TIpomykius 3toro
COCIIMHEHUSI TP JETHJIPHPOBAaHWH JIAKTaTa BO3MOXKHA B
pe3yibTare QyHKIMOHUPOBAHUS ABYX PA3HBIX CHCTEM 3H3H-
MOB: a) OKHCIICHHE J1akTata a’dpoOHoit HAJI-HezaBucHMON
JAKTaTACTUAPOTEHA30H (JIAKTATOKCHIA30i) C OTHO- WIIH
JBYXAJICKTPOHHBIM BOCCTAHOBJICHHEM MOJICKYIISIPHOTO KHC-
jgopoma; ©) germapupoBanue Jjakrara HAJI-3aBucuMoit
JlaKTaTaeruaporeHazoi ¢ BoccraHoBieHueM HAJ[ u ero
MOCJIEAYIOIIUM OKUCIIEHUEM COOTBETCTBYIOIIEH OKCHIA30i
C BOCCTaHOBJIEHHEM MOJIEKYJSIPHOTO KUCIIOpOJia 0 MEepPOK-
cufa Bogopona. lM3yueHne MEXaHW3MOB IPOIYKLHUH
HepoKcHIa Bojoposa W (aKTOpOB AHTHOKCHIAHTHOW
3aIUTHl SBISIETCS OAHMM M3 3TalloB OTOOpA IITAMMOB B
MIPOONOTHUYECKHH TTperapar.

B nenom npenapaTsl MpoOHOTHKOB MOAPA3ICISIIOTCS Ha
MOHOKOMITOHEHTHBIE, MHOTOKOMIIOHEHTHBIE, KOMOWHHPO-
BaHHBIE (KOMIDIEKCHBIE). Ocoboe MecTo 3aHMMAIOT TIpera-
patel, CO3IaHHBIE Ha OCHOBE CaMOXIMMHUHHPYIOIIIXCS
aHTaroHucToB: Bacillus subtilis («bruocriopun», «Crnopodak-
Tepun»), Saccharomyces boulardii («3HTEpOI»). ITO TIpe-
mapatel KOHKYPEHTHOTO JEHCTBHS, HE OTHOCAIIMECS K
O0JMTaTHBIM TPEACTABUTENSIM HOPMAIBHOW MHUKPOQIIOpPHI
kumeynrka (Butel, 2014; Nieuwboer et al., 2014; Crouzet et
al., 2015). OHu MpeoI0NICBAIOT «KHUCIIBIN Oapbepy, HE pa3py-
[IAIOTCS aHTUOMOTHKAMH, OONagaloT NPSAMBIM M aHTaro-
HHUCTHYECKUM JIHCTBHEM MPOTHB MHOTHX YCJIOBHO MATOTeH-
HBIX MUKPOOPTaHU3MOB ¥ TIOBBIIIAIOT MECTHBIII IMMYHUTET
(Moreno de LeBlanc and LeBlanc, 2014). Ho 6ombImaHCTBO
MOJOOHBIX TIPETIapaToB COAEPKAT MOHOKYIBTYPY MHKPO-
opraHm3Ma-aHTaronncta. Hamu sxe ObUT mpeyioxeH Ipo-
OMOTHYECKUIT KOMIUTEKC, COCTOSIIINK U3 a3poboB B. subtilis 3
(xommioHeHT «brocmoprHay) U MUKpoadpouiioB Aerococ-
cus viridans 167 (KOMIIOHEHT «A-O0aKTepHHa»), B KOTOPOM
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€CTh BO3MOXKHOCTb COBMECTHTH M YCIJIUTH IOJIC3HBIC
CBOJICTBA JIBYX YHHKAJIBHBIX IIPEIAPATOB.

Llens paboOTBI — OIEHUTH COBMECTUMOCTh B €IHHOM
npenapare B. subtilis u A. viridans, iX aHTarOHUCTHYECKYIO
AKTHBHOCTh 10 OTHOIICHHIO K PAa3HBIM IITAMMAM TECT-
KyJIbTYp, @ TaKKe OOLIMI aHTArOHHM3M, HATpaBJICHHBIA Ha
pasHble TPYMIbI OAKTEpUid I MOCICIYHOLIETO CO3JaHHs
ACCOLMATHBHOTO MPOOUOTHYECKOTO KOMILIEKCA.

MarepuaJj 4 MeTOIbI McciIeJ0BAHMI

st cozmaHust KOMIDIEKCHOTO TTPOOHOTHYECKOTO TIpera-
para oIHMM W3 KOMIIOHEHTOB BBIOpaH mramm B. subtilis 3,
BBIICIEHHBIM W3 TPOOHMOTHYECKOro mpemnapara «buocno-
pun», brodapma, YkpanHa. B kauecTBe BTOPOTo KOMIIO-
HEHTa MPOBOAWIIM BBIOOP IITaMMa a3poKoKka. J1js 3Toro Ha
NIEPBOM 3Tare MCCIEAOBAHWH M3yUHIIM JIAKTATOKCHAA3HYIO
AKTUBHOCTB YETHIPEX KYJBTYP a9POKOKKOB, BBIICICHHBIX OT
YeJnoBeKa M BKIIIOYEHHBIX B KOJUICKIMIO KYJBTYp Kadeapsl
MHKPOOHOJIOTHH, BUPYCOJIOTHH, IMMYHOJIOTUH H SIIHAEMHUO-
soruu I'Y «/IHenponerpoBckas MeqUIMHCKas akaaemus M3
VYxpanHsy. BeineneHue, WICHTHHKAIMIO W TIEPBHIHOS
OIIpeieNICHNE OKUCIICHHSI MOJIOYHOM KHCIOTHI a9POKOKKAMH
TIPOBOMIMIIM COTJIACHO METONaM, TpeToKeHHbIM Kremen-
chutsky et al. (2009). Konuenrpanuto nepokcuia Bogopoa
B JKWJIKOW TNHTATeIbHOM Cpelie NpU pPOCTE a3pPOKOKKOB
OIIpeNieNsUIN Ha Ka3eWmHOBOM OynpoHE MeromoM Pozyn
(1951). Cpenu BbLIENECHHBIX a3POKOKKOB OTOMpAM KYJlb-
TYpBbI, Han0oJIee AKTUBHO OKHUCIISIOLIAE MOJIOYHYIO KHCIIOTY
(23, 45, 123, 167). 13 ynbTpa3ByKOBBIX JIM3aTOB KIETOUHBIX
KyJbTYp TOJTy4aind (pepMEeHTHbIE KOMIUIEKCHI C ITOMOILBIO
aMMOHUsI cyJb(ara C IOCIeIyIOIel OYMCTKOH, KOTOpbIe
HCTIONIB30BAIM B AaybHelmeM. CynepoKCHIHBIN pajuKal
ompenensumt MeTomoM Pigeolet et al. (1990). AxTHBHOCTB
cynepokcupmucmytassl  (COJl)  ompememsiii  METOOM
Kostiuk et al. (1990). AxruBHocte COJl BbIpaxkann B
MKMOJIb/MHH®MI | Gelka. AKTMBHOCTb IJTyTAaTHOHIEPOKCH-
nas3pl onpenensui metogoM Moin (1986). Benok onpenensi-
m1 MmerogoM Lowry (1951). B kadectBe KOHTPOJBHBIX
SH3UMATUYECKHX IPENapaToB IPH OIPEEICHUH TIPOIYKIUH
CYIIEPOKCH/Ia UCTIONB30BaH cynepokcuaucmytazy (COJI)
(K® 1.151I) — amodunbHO BBICYIICHHYIO OYHILECHHYIO
cucTeMy H30()epPMEHTOB, BBIIEICHHYIO M3 BPUTPOLUTOB
kpoBu uenoBeka (HITO «PocTamuakoMIuiekcy).

Ha cnenyromem srane nccnenoBaHuid MPOBOIMIIN OIIpe-
JIeTICHIe aHTarOHUCTUIECKON aKTHBHOCTHU IITAMMOB A. Viri-
dans 167 n B. subtilis 3 O OTHOWICHWIO APYT K IPYTY
METOZIOM OTCPOUYEHHOro aHTtaroHmsma. Ha MsconentoHHbII
arap (MITA), cpensi ['ayse-1 u I'ay3e-2 no quameTpy Jamrku
ITetpu mTpuxom (mymmHON A0 4 CM W MHMPHHOW 3—4 MM)
NPOM3BOJIMIIM BBICEB B3BECH KIIETOK CYTOYHOW KYJBTYpBI
A9POKOKKOB WJIM OaIMIT MCCIIENYEeMbIX INTaMMOB, COZEp-
xareit 1 x 10° knerox/mt. TToceB! HEKYOHpoBami 24 yaca
npu Temneparype 37 °C, nocie 4ero ITPUXOM HOACEBAIU
BTOpYIO KynbTypy. MHKyOHpoBamm 24, 48 u 72 yaca mpu
37 °C, otMedast XapaKTep BIVSHIS KYIIBTYP Ha POCT KYJIBTYP.

AHTaroHUCTHYECKYIO aKTUBHOCTh M3YYaeMBIX IITAMMOB
OakTepuii TIPOBOIIIM HA TECT-KYJIbTypaxX W3 KOJUICKIIUU
xadenpsr: Esherihia coli 374, Klebsiella ozaenae 390, Pro-
teus vulgaris 401, Citrobacter freundii 113/66, Pseudomonas
aeruginosa 1, Staphylococcus aureus 209p, Staphylococcus

epidermidis ATCC 14990 u Candida albicans 690, a Taxxe
Ha KIIMHIYECKHX U30JIITaX OAKTepHii TeX JKe BUJIOB.

J1J1s1 5TOrO MPOBOIWIIM BBICEB KYIbTYp B. subtilis 3, A. vi-
ridans 167 n nx cmecu Ha MIIA MmITPUXOM, KaK OIMCAHO
Boie. Yepe3 cytku mHKyOarmu npu 37 °C mpou3BOANIM
TIO/ICEB  TECT-KYJIBTYp IUTPHUXaMH, IEpPICHANKYIISIPHBIMU
pocry. ITocie noBropHO# cyrouHol MHKYyOanmu npu 37 °C
YUMTBIBAIM  30HBI  TOJABJIEHUS POCTa  TECT-KYJBTYp
(YyauTteiBasach 30Ha OTCYTCTBHSI POCTa TECT-KYJIBTYPHI OT
IITPUXa POCTA UCHBITYEMBIX IIITAMMOB).

Pe3ymnbTaTel 00padaThIBad CTATUCTHYECCKU: PACCUHTHI-
Banu cpexnee U omuoKy (M + m). s cpaBHEHHS BEIOOPOK
HCIIOJIb30BAIHM OMHO(DAKTOPHBIN AUCIICPCHOHHBII aHAITU3.

Pe3ynbTaThl U HX 00CYKIEHHE

Jnst BbIOOpa BTOPOr0 KOMIIOHEHTa KOMIDIEKCHOTO
NPOOMOTUYECKOTO TIpenapara M3y4eHbl CBOWCTBA YEThIPEX
IITAMMOB a’POKOKKa, BBIJIEICHHBIX OT JIOAEH M BKIIO-
YEHHBIX B KOJUICKLIHIO KYJIBTYp Kadeapbl MUKPOOHOJIOTHH,
BUPYCOJIOTHH, UMMYHOJIOTHH | sraemuosoruu 'Y «J{He-
MIPOTICTPOBCKAs MEIUIUHCKas akageMus M3 YkpauHbD).
OmnpeneneHo ONTUMAITFHOE BpeMs MHKYOAIiH a3pOKOKKOB C
LENbI0 TIONy4YeHnsT (DepMEHTHBIX KOMIDIEKCOB C HauOOIb-
el akTMBHOCTBIO, JUISl 4ero KyJbTYpPbl BBIPAIMBAId Ha
KazemHOBOM OyipoHe 24 wyaca. [lokaszaTeneM WHTEHCHB-
HOCTH POCTa BBICTyMNala KOHLEHTPALHMs TEPOKCHAA BOJO-
posa B Ka3eMHOBOM OyJIbOHE TIpU POCTE BBHIOPAHHBIX
KyJbTYp A. viridans (tadm. 1).

MakcumManeHbli ypoBeHb npoaykimu H,O, xapakrepen
st KynbTyp A. viridans 45 v 167 uepe3 10—12 gacoB uHKY-
6uposanust ipu 37 °C Ha Ka3enWHOBOM OYJIbOHE. DTH KyJlb-
TYpbl OBUTM OTOOpaHBI ISl MONy4YeHUs] (PEPMEHTHBIX KOM-
IUIEKCOB W JAITbHEHIIEro M3ydeHHs MX aKTHBHOCTH. B Tab-
JWIe 2 TPEACTaBIeHAa XapaKTEPUCTHKA JIAKTATOKCHIA3HOM
AKTUBHOCTH JIM3aTOB U (pepMeHTHBIX KominiekcoB (DPK),
TIOJTY4YeHHBIX U3 KyNIbTyp A. viridans 45 u 167. [1ns1 KoHTpO-
7151 cre(MIHOCTH ISUCTBHS JTaKTaTOKCHIA3bl ONPECIISIIN
KOHIIEHTPALIMIO HAKAIUIMBAIOIIEHCSl B PEAaKUMOHHOW cpene
IIUPOBUHOIPAIHON KHUCJIOTBL

Bosbluell JaKkTaTOKCHIa3HOM aKTHBHOCTHIO 00JaaatoT
(bepMEHTHBIE KOMIUIEKCHI UCCIIEJOBAaHHBIX KYJBTYP IO cpa-
BHEHHMIO C aKTUBHOCTBIO JIM3aTOB. VI3yueHue BIHUSHHUS 11epo-
KCHJIa BOJIOPO/Ia, BHOCHMOTO B CUCTEMY OKHCJICHHS JIaKTaTa,
Ha HaKOIUIEHHE MUPYBaTa, a TAkKe ero IeHCTBUS HAa XUMU-
YeCKHIl TMpyBaT, MOKa3alu CIIOCOOHOCTh IMHUpyBaTa peard-
pOBaTh C MEPOKCHIOM. DTO SIBICHHE UMEET OOJBIIIOE 3HAYE-
HHUE 11 TOHMMAaHMSI MEXaHW3Ma 3allUThl a3POKOKKOB OT
9KCKPETUPYEMOr'0 ITIEPOKCH/A BOAOPOJA, TaK Kak JaHHbBIC
MHKPOOPTaHU3MBbl JIMIIEHbI KaTala3bl M IEPOKCHIA3BI.
B pe3ynbrare 3KkCriepMMEeHTOB YCTaHOBJIEHO, YTO MPOIYKLIUSA
HEPOKCHIa BOJIOPO/ia a9POKOKKAMH SIBJISETCS (PYyHKIMEeN nX
JIAKTATOKCU/IA3HON aKTUBHOCTHU.

AXTHBHOCTh KCaHTWHOKCHIA3bl, aJIbJETHIOKCHIA3bl U
MHOTOUHCIJICHHBIX (pJIaBONPOTEHIOB CBsI3aHa ¢ 00pa3oBaHu-
eM cymiepokcraHoro pamukana (O, ) U mepokchIa Boropoaa
(H,0,). C nemnbio mpoBepKH MPEIITOTIOKEHNS O BO3MOYKHOC-
TH TIPOJYKIMH CYNEPOKCHIHOTO pajyKaja a3pOKOKKAMH B
TMIPOLIECCE OKHCIICHHS MOJIOYHOM KHCIIOTHI TIPOBEIEHBI HKC-
MIEPUMEHTHI C JIU3aTaMH KJIETOK a3POKOKKOB M YAaCTHYHO
OYHMIIECHHBIMH (DEPMEHTHBIMH KOMIUIEKCAMH C JIAKTATOKCH-
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Ja3HOW aKTHBHOCTBIO (Tabm. 3). YaempHas MpOXYKIWS Cy-
nepokcuza Belne y mu3ara 1 @K, momydeHHbIX U3 mTaMma
A. viridans 167, 4T0 MOKHO OOBSCHUTEL OCOOEHHOCTSIMU €0
MeTtabonu3Ma. B pesynbrare aHamsa MoJyYeHHBIX TaHHBIX

MOYKHO TPEIJIOKHTh, YTO HPOIIECC 00pa30BaHus MEPOKCHIA
BOJIOPOJIa Y @3POKOKKOB MIMEET ABOWHOM XapakTep: a) B pe-
3yJbTaTe MPSIMOTO JIBYXIJIEKTPOHHOTO BOCCTAHOBJIEHUSI
KUCIIOpo/ia; 0) 4yepe3 AUCMYTAIMIO CYIIEpOKCHIA.

Tabnuya 1
IIponykuus nepoxcuaa Bogopoaa mraMMamu A. viridans npu pocre Ha Ka3eHHOBOM 0yJIbOHe
Bpemst HHKY lg xonuvecTBa Hccnenyemeie kynbTyput
Oauum, 4 Oaxtepuil B 1 M 23 | 45 | 123 | 167
’ Cpennee komuuectBo H,O,, Mr/min
0 6,48 0,01 £0,001 0 0 0,01 £0,001
2 6,78 0,01 £ 0,001 0,01 +0,001 0,01 +0,001 0,02 £ 0,002
4 6,60 0,03 = 0,001 0,48 £ 0,001 0,03 + 0,005 0,51 + 0,002
6 7,18 0,08 = 0,001 0,25+0,010 0,04 + 0,003 0,33+0,011
8 7,74 0,20 = 0,001 0,57 +0,010 0,06+ 0,011 0,77 £ 0,011
10 7,73 0,26 £ 0,020 0,800,110 0,07 £0,010 1,06 0,120
12 8,62 0,26 £0,010 0,73 = 0,050 0,06 £ 0,009 0,99 £ 0,050
14 8,72 0,20 + 0,010 0,65+ 0,010 0,33 £ 0,001 0,85 + 0,020
16 8,63 0,22 +0,010 0,65 = 0,080 0,26 +0,010 0,87 = 0,080
18 8,59 0,20 £ 0,010 0,65 = 0,060 0,20+ 0,010 0,85 £ 0,080
20 8,60 0,17 = 0,003 0,510,110 0,180,010 0,680,110
22 8,77 0,180,010 0,57 = 0,020 0,17 +0,001 0,75 £ 0,030
24 3,38 0,14 0,020 0,65 + 0,080 0,11+ 0,021 0,79 + 0,100
32 7,23 0,15+ 0,020 0,54+ 0,010 0,14 + 0,020 0,69 £ 0,030
48 6,30 0,11 £0,020 0,44 £ 0,080 0,17 +0,031 0,55+ 0,100
72 5,90 0,06 £ 0,002 0,40 £0,010 0,17 £0,025 0,46 £0,012
Tabnuya 2
XapakTepucTHKA JAKTATOKCUIA3HOM AaKTHBHOCTH Pa3HbIX (pakuuii
KJIETOK CHMOHOHTHBIX 29POKOKKOB A. viridans 45 n 167
(DpaKIII/II/I ITAMMOB MKMO!JIb [TMpYyBaTa AXTHBHOCTH JJAKTaTOKCHA3hbI,
3a 1 yac Ha 1 Mr Oenka EJl aktuBHOCTH Ha 1 Mr Genka
Juzar 45 11,1 +0,8 60,2 5,6
@K 45 380,1 + 8,9 766,0 + 21,6
Jluzar 167 10,1 £2,1 69,2 +4,6
DK 167 132,8 +9,7 851,7 £ 36,9
Tabnuya 3

I[poaykuus cynepokcHIHOT0 AaHMOHA B MPOLEcCe OKUCIEHUS JIU3aTOM
u (pepMeHTHBIM KoMILTekcoM 0,045 M nakraTta auTust

Knerku u dppakimu

yI[eJ'ILHaﬂ AKTUBHOCTBb NNPOAYKIHUH CYIIEPOKCH A

Bnusiue Ha npopykiuo O, cynepokcu-

LITaMMOB (0y) Ha 1 mr Genka ®K 3a 1 muH. JIICMYTa3bl, MKMOJIb/MHH. MI OelKa
JInzar 45 1,35+ 0,02 0,95+ 0,23

DK 45 0,66 + 0,03 0,33 +0,01
JImzat 167 3,10 £ 0,80 1,20 + 0,06

DK 167 13,80 + 0,97 1,70 + 0,30

PesynbraTsl HccnenoBaHus aKTUBHOCTH (DEPMEHTOB aH-
THOKCHIAHTHOW 3allUThI a3POKOKKOB CYIEPOKCHAANCMYTa-
361 ©1 GSH-nepokcuaasel muzatoB 1 K mpencrapneHs! B
tabmuue 4. [TpuBeneHHbIe NaHHbIE YKa3bIBAIOT Ha Hanbosee
AKTUBHYIO TIPOJYKLMIO KYJIBTYpou A. viridans 167 Guomno-
TMYECKH aKTUBHBIX BEIIECTB (IIEPOKCHIA BOIOPOJA, CyIle-
pOKcHza), a Takke aKTHBHOCTH JIaKTaTOKCHIA3bI, CYNEpOK-
cugucMyTasel 1 GSH-nepokcruaasel, 4To MO3BOIMIO PEKO-
MEH/IOBaTh 3TOT IITAMM JUIs BKIIOUEHHMS B KAYECTBE BTOPO-
rO0 KOMIOHEHTa B HOBBIM KOMIUICKCHBIA TPOOHOTHICCKHIN
TpeTiapar.

Ha cnemyromem sTane u3ydanum aHTaroHU3M KyJIbTYp
OTHOCHTENBHO APYT APYTa, YTO MO3BOJIMIO OMPEAEIUTH BO-
3MOXKHOCTb CO3/IaHUsI Ha UX OCHOBE KOMIUIEKCHOTO Tpera-
parta. AHanu3 pe3yJIbTaToOB SKCIEPUMEHTA IT0Ka3all, YTo MpU
TNIOJICEBAHHUM B pa3Hble CPOKU MHKyOarmu A. viridans 167 x

B. subtilis 3 u nHaobopot Ha MIIA u Ha cpemax ["ayze-1 u 2
B3aMHBII aHTarOHU3M OTCYTCTBOBaJ (Tabdm. 5). [Ipum mccme-
JOBAHMH BO3MOKHOI'O aHTaroHmsmMa MCEXKIY KYJbTypaMu
A. viridans 167 u B. subtilis 3 na cpene I"ayze-2 nocne 24 n
48 yacoB MHKYOallMM aHTarOHM3M He HaOJoNaJICs, a Mocie
72 yacoB MHKYOAIMH MPY TOJICEBAHUN a9POKOKKa K Oarm-
JIe QaHTarOHM3M OKa3aJICs HE3HAUMTEIbHBIM, YTO YKa3bIBacT
Ha COBMECTHMOCTH IITAMMOB M BO3MOKHOCTH CO37IaHHS Ha
HX OCHOBE KOMIUTEKCHOTO MPOOHOTHYECKOTO TIperapara.
IoxazarernemM akTHBHOCTH TIPEMapaToB Ha OCHOBE MUK-
POOPTaHU3MOB — TIPEACTABUTENCH HOPMaJIbHONH MUKpOdIIO-
PBI SBJISIOTCSI QHTArOHUCTUYECKHE CBOWCTBA OakTepui, Ko-
TOpBbIE COCTaBIIIIOT OCHOBY IIPOOHOTHYECKOTO Iperapara
(Behnsen et al., 2013; Vandenplas et al., 2015), mostomy Ha
CIJICIYIOLIEM dTale WCCIIeJOBaHNi OIIEHUBAIN aHTAarOHHC-
THYECKYI0O aKTHBHOCTb IUTaMMOB A. viridans 167 u
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B. subtilis 3 1o OTHOIIEHWIO K KyJIbTypaM YCJIOBHO-
TIATOTEHHBIX MUKPOOPTaHU3MOB. D(PEKTUBHOCTh KOMILIEK-
CHOr'o npenapara nposiBisI€TCA B BO3MOKHOCTH ITOAABJICHU
POCTa YCJIOBHO-NIATOICHHBIX W IMATOIC€HHBIX MHUKPOOPIaHU3-
MOB Ka)K/IbIM W3 KOMIIOHEHTOB MperiapaTa 1o OTAeIbHOCTH

U NP COBMECTHOM KYJIBTHBHPOBaHHMU. l3ydeHue aHTaro-
HHUCTHYECKOH aKTUBHOCTH KaXKIOTO M3 BBIOPAHHBIX ILTaM-
MOB M0 OTAEIBHOCTU IOKAa3aJlo, YTO TIPU IOJCEBAHUH K
KyibType A. viridans 167 mocne 24 4 uHKyOalmu TecT-
KYJIBTYp UMEJIO MECTO YTHETEHHE HX pocTa (Tadi. 6).

Tabnuya 4
Cynepoxcuymucmyrtasias 1 GSH-nepokcunaznas akrusHoctu in3atoB 1 @K a3pokokkos
VY ienbHast aKTHBHOCTD CYTIEPOKCHIUCMY Ta3bl, VnenpHas aktuBHOCTE GSH-IIepokcuaassl,
ItamMMbl
MKMOJIb/MHH. 'MT" O€JIKa EJl Ha 1 mr Genka 3a 1 MuH.

JIuzar 45 5,45 +0,70 0,44 £ 0,04

DK 45 8,35 + 1,02 0,95 + 0,23
Jusar 167 11,10 = 0,80 1,20 £ 0,06

®K 167 14,35+ 0,97 11,70 + 0,30

Tabnuya 5

B3auMHasi aHTATOHUCTUYHASL AKTUBHOCTD A. viridans 167 u B. subtilis 3 na pa3HbIX NUTaTeJbHBIX Cpegax

Bpems unky6armn, a

B. subtilis x A. viridans

A. viridans x B. subtilis

[IutaTenpHble Cpebl

24 | 48 72 24 | 48 | 72

30HBI 3aJIEPKKH POCTa, MM
MITA - - - - - -
l"ayse-1 - - — — — -
Tayze-2 — — 40+1,0 — — —

Ipumeyanue: «—» — OTCYTCTBHE 30HBI 3aI€PKKHU POCTA; N = 6 I KaXKIOW MUTATENbHON Cpeibl

Tabnuya 6
AHTArOHUCTHYECKAsI AKTUBHOCTD A. viridans 167
K IITAMMAM TeCTOBBIX KyJbTYP (n=10)

YaeTcsl aKTUBHOE TIONIABIICHUE POCTAa BCEX TECT-KYNBTYp Oe3
HCKITFOYCHHSL.

Tabnuya 7
AHTaroHuCTHYeCKast aAKTUBHOCTH B. subtilis 3
K IITAMMaM TecT-KyJbTYp (n = 10)

30Ha 3aJep>KKU pocTa, MM
IIITaMMBbI TECT-KyJIbTYD My3eiHbIe KIMHUYECKHE

IITAMMBI IITAMMBI
Escherichia coli 15+4 13+4
Proteus vulgaris 12+4 9+4
Klebsiella ozaenae 13+1 11+1
Citrobacter freundii 13+3 11+3
Pseudomonas aeruginosa 11+£3 8§+3
Staphylococcus aureus 16 +2 14+2
Staphylococcus epidermidis 17+£3 15+3
Candida albicans 18+2 13+£2

MakcuManbHyt0 ~ QHTarOHUCTUYECKYIO  AKTHBHOCTh

mTamMM A. viridans 167 TIPOSBIII TIO OTHOIICHHUIO K IIITaM-
MaMm S. epidermidis, S. aureus, C. albicans v E. coli. K mtam-
MaMm TecT-Kynbryp P. vulgaris, C. freundii, K. ozaenae,
P. aeruginosa Habmonany MeHee BbIpQXKEHHBIH aHTArOHU3M.

M3yueHne aHTaroHNCTHYECKUX CBOMCTB LiTamMma B. sub-
tilis 3 TI0 OTHOIIEHHWIO K TECT-KYJbTypaM YCJIOBHO-IIATO-
T€HHBIX MUKPOOPTaHU3MOB TTO3BOJIWIIO BBISIBUTH OTJINYUS 10
CPaBHCHHUIO C JCHCTBHEM INTAMMa a’pOKOKKa (Tabm. 7).
tamm B. subtilis 3 nposiBISET MAKCUMAIBHYIO aHTarOHKC-
THYECKYI0O aKTUBHOCTb II0 OTHOIICHHIO K INTaMMaM
S. epidermidis n C. albicans, yMepeHHO BBICOKYI0 — K
S. aureus, E. coli, C. freundii, K. ozaenae, P. vulgaris v HII3-
KyI0 — K mramMmmam P. aeruginosa.

JI1s1 co3maHmst acCOLMUPOBAHHOTO MPOOMOTHYECKOTO KOM-
IUIEKCA HA OCHOBE OALILT M a39POKOKKOB HCCIIEIOBAIM X 00-
IIYIO aHTArOHUCTHYHYIO aKTHBHOCTH MO OTHOLIEHHIO K Mpeli-
CTABUTEJISIM  YCJIOBHO-TTATOTCHHOW MHKPOQIops!  (Tad. 8).
OO11ast akTHBHOCTb IITaMMOB A. viridans 167 v B. subtilis 3 B
1,5-2,0 pa3a Bbllle, 4YeM aHTAarOHUCTUYHAS aKTUBHOCTH KaXK-
JIOTO U3 3THX JBYX LITAMMOB B OT/EIBHOCTH, IIPUYEM OTMe-

30Ha 3aJIepIKKH pocTa, MM
[ITaMMBI TECT-KYJIBTYD My3eiHbIe KJIMHUYECKHUE

LITaMMBI IITAMMBI
Escherichia coli 12+3 11+3
Proteus vulgaris 11+£3 10+3
Klebsiella ozaenae 13+£2 12+2
Citrobacter freundii 13+1 10+2
Pseudomonas aeruginosa 8+1 7+1
Staphylococcus aureus 12+3 12+3
Staphylococcus epidermidis 15+3 14+3
Candida albicans 15+2 12+2

Tabruya 8

OO011as aHTArOHUCTHYECKAsI AKTUBHOCTD A. viridans 167
" B. subtilis 3 k mrammam tecT-KyJabTyp (n = 10)

30Ha 3aJep>KKH pocTa, MM
[ITaMMBI TECT-KYJIBTYP My3eiHbIe KIMHIYECKHUe

[ITAMMBI IITAMMBI
Escherichia coli 26+ 1 21+£2
Proteus vulgaris 26+ 1 24+ 1
Klebsiella ozaenae 24+£2 26+2
Citrobacter freundii 28+2 23+£3
Pseudomonas aeruginosa 2343 27=+1
Staphylococcus aureus 28+2 22+ 1
Staphylococcus epidermidis 29+1 25+£2
Candida albicans 28+3 20+£3

[NonmyueHHble pe3yabTaThl CBUAECTENBCTBYIOT 00 ycuie-
HHMHU aHTaroHHCTHYECKOTO JEHCTBHS a3POKOKKOB M Oalmiul

py HX

accopau 10 OTHOLICHUIO K  YCJIOBHO-

NaTOrC¢HHbBIM MHUKPOOPIraHnu3Mam, 0e3 OKazaHusI B3aUMHOI'O
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AHTArOHUCTUYECKOTO BO3JEICTBHS, YTO MO3BOJIAET PEKOMeE-
HIOoBaTh mTaMMbl A. viridans 167 u B. subtilis 3 B kauecTBe
KOMITIOHEHTOB HOBOTO BBICOKOI((EKTUBHOIO acCOLUATHB-
HOT'O MPOOUOTHYECKOTO KOMILIEKCA, COAEPIKAILEr0 B CBOEM
COCTaBe MPEACTaBUTENeH HOPMAIEHOW MUKPO(QIIOPBL.

BoiBoabl

Bce ucciiemoBaHHbIC ITaMMBI a9POKOKKOB, BBIIICIICHHEIC
W3 OpraHM3Ma YeJIOBEKa, MPOMYIHUPOBAIIM TEPOKCHI BOJIO-
pona mpu KyJIbTUBHPOBAHUH i1 Vitro. IIpomyKIus TIepoKCH-
Jla BOZOpONa W CYMEPOKCHIHOTO PaJuKaia Yy a’dpOKOKKOB
oOycnoBieHa  (yHKIOHUpoBaHWeM HAJI-He3aBHCHMOit
JIAKTAaTOKCHIa3bl. AHTHOKCHIAHTHAS 3aIIUTa a3POKOKKOB OT
JEHUCTBUS SHIOTEHHBIX M 3KCKPETUPYEMBIX aKTUBHBIX (OpM
KUCIIOpOJia 00ECIIeYnBaeTCsl aKTHBHOCTBIO CYNEPOKCHIHC-
MmyTa3sl 1 GSH-nepokcuaasbl.

ITammer A. viridans 167 u B. subtilis 3 He OKa3bIBAIOT
B3aUMHOTO aHTArOHUCTHYECKOrO 3((eKTa, YTO IMO3BOJISET
X COBMECTHOE KYJIBTHBHUPOBAHHE W BO3MOXKHOCTH OJIHO-
BPEMECHHOT'O HCIOJIL30BaHUS KaK CPEICTBA KOPPEKIIUH JIUC-
OMO030B.

Iokazana B 1,5-2,0 pa3a Gomee BbIcOKas 3(dexTus-
HOCTb COBMECTHOTO aHTArOHHUCTHYECKOTO ACHCTBHS IITaM-
MoB A. viridans 167 u B. subtilis 3 Ha Bce UCIIOIb30BaHHBIC
TECT-KyJIBTYPbI YCIOBHO-TIATOTeHHBIX MUKPOOPTaHU3MOB TI0
CpaBHEHHIO C 3(h(EKTUBHOCTBIO AHTATOHHUCTUYECKOTO BO3-
[leﬁCTBPIﬂ KaXXa0ro U3 MCCICAOBAHHBIX HITaMMOB IIO0 OTAC-
JIBHOCTH, YTO TO3BOJISIET CO3/IaTh HA X OCHOBE HOBBIN KOM-
TUICKCHBIN IPOOUOTHYECKHIA Iperapar.
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3MiHM IPOTea3HO-iHTi0ITOPHOTO OanaHCy
MPU OHKOreMATOJIOTIYHUX 32AXBOPHOBAHHAX

10.A. Topaienko', O.E. Ilaynschka', JLM. Jlsuenko', T.IT. Hikomaenko-Kammosa?, A 1. Ilesriosa’

13 «/Ininponemposcvka meouuna axademia MO3 YVrpainuy, [ninponemposcok, Yxpaina
K3 «/Ininponemposcvia micvka bazamonpodinena Kuiniyna tikapua Ne 4» Jninponemposcvkoi oonachoi paou,
Jninponemposcok, Yrpaina

JlocItipKeHO aKTUBHICTH TPUIICHHOIIONIOHMX €H3MMIB, MAaTPHKCHUX MeTanonporeinas MMII2 ta MMII9, Bmict a,-iHriGiTopa mpotei-
Ha3 1 0,-MaKpOIOOYJIiHY Y IUIa3Mi KPOBi XBOPHX i3 PI3HUMHU (OpMaMU OHKOTEMATOJIOTTYHHUX 3aXBOPIOBAHb JI0 Ta MICJIsl 3aCTOCYBaHHS 11U~
TOCTATHYHUX IPEnapaTiB JOKcOpyOilKHy Ta 1ayHopyOilmHy. BcTaHOBIIGHO, 1110 NPH NPOITihepaTHBHUX 3aXBOPIOBAHHSIX KPOBI Bill0yBa€Th-
Cs MOPYILIEHHS OAJIaHCy y CUCTEMI MPOTEOJTi3-aHTUIPOTEOJTI3, 10 3aJIXKUTH BiJl TUITY IpostidepyBabHUX KIITHH i repebiry 3aXBOPIOBaHHSI.
V XBOpHX i3 TOCTPUM MI€JIOJICHKO30M 1 MHO>KHHHOIO Mi€JIOMOIO KOHLICHTpALLis Hri6ITOPIB MifABHILCHA HA TJIi 30LIBIICHHST aKTUBHOCTI TPH-
TICHHOTIONIOHNX €H3UMIB Ta pi3HOCIpsMOBaHMX 3MiH MpoMMIIO. [Ipu xporiuHOMY TiM(OIEHK031 BMICT iHT10ITOPIB 3HIKYETHCS Ha TIIi
HOPMAaJIbHHUX 3Ha4Y€Hb aKTHBHOCTI TPUIICHHONOMIOHNX €H3MMIB 1 TocuiieHHs akTuBHOCTI MMIIO. [lin BImmBOM aHTPAIMKIIIHOBUX aHTHOI0-
THKIB IIeH OaJlaHC MOPYIIy€eThCS 32 PaXyHOK 3MiH SK aKTHBHOCTI POTEOTITUYHUX (DEPMEHTIB, TaK 1 KOHIEHTparii iX iHribiTopis.

Knuiouosi crosa: nerpapartist OUIKIB; TOCTpHIA Mi€JIONEHKO3; XPOHIUHHH JTiM(OJIeHK03, MHOXKHHHA Mi€JIOMa; aHTPALMKIIIHOBI aHTHOI0THKA

Altered balance between proteolysis and antiproteolysis
in oncohematologic diseases

LA. Gordiienko', O.E. Shaul’ska', L.M. Diachenko', T.P. Nikolayenko—Kamyshovaz, AL Shevtsova'

""Dnipropetrovsk Medical Academy of the Health Ministry of Ukraine" SE, Dnipropetrovsk, Ukraine
2"City Multi-Field Clinical Hospital 4 RSA Dnipropetrovsk” SI, Dnipropetrovsk, Ukraine

Destruction of malignant cell clones and search for markers of the effectiveness of chemotherapy in patients with hematologic
malignancies is an urgent direction of research. The purpose of this paper was to study plasma of patients with various forms of blood tumor,
the activity of trypsin-like enzymes, matrix metalloproteinases MMP2 and MMP9, content of o,-proteinase inhibitor and o,-macroglobulin
before and after the cytotoxic therapy by anthracycline antibiotics, doxorubicin and daunorubicin. It was established that concentration of
inhibitors and activity of trypsin-like enzymes increased in patients with acute myeloid leukemia and multiple myeloma against the backdrop
of multidirectional changes of proMMP9. Activity of the latter enzyme was reduced to 0,03 + 0,01 rel. u. in acute myeloid leukemia, and
after chemotherapy it increased 7 times. Reducing level of inhibitors and increasing activity of MMP9 were found in chronic lymphocytic
leukemia. The presence of the correlation between the ay-macroglobulin and gelatinase activity in the treatment indicates that the inhibitor is
an important mechanism for storing of gelatinolytic potential. Balance between proteolysis and antiproteolysis depends on the type of
proliferating cells and the course of the disease. Indicators of tissue destruction may be an additional criterion for monitoring the stage of
blood tumors and efficacy of treatment.

Keywords: degradation of proteins; acute myeloid leukemia; chronic lymphocytic leukemia; multiple myeloma; anthracycline antibiotics
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Beryn

IIpoTeoniTiyHI TPOIIECH BiIIrpatOTh HAA3BHYAMHO BaXK-
JIUBY POJIb Y JKUTTEISUILHOCTI KIIITHHH Ta ILTICHOTO OpraHi-
3My, 3a0e3ledyro4yr IPOLECHHT, I03PIBaHHS, OHOBJICHHS
OLIKIB, TIepeayy CUrHaTy y KIITHHY Ta MDKKJIITUHHI B3ae-
Mozii. BHyTpIlIHBOKITITHHHUNA TpoTeosti3 BigOyBaeTbcs y
LUTOIDIA3MI B JII30COMaX, SIKI MICTSTh BEIUKY KUIBKICTh
TpoTeas, MO3aKJITHHHUM — 3a Jiii MaTpUKc-JerpayBaabHUX
€H3UMIB Ta EKCKPETOPHHWX EH3WMIB, IO CHHTE3YIOTBECH Yy
(ibpobmacrax, renarormTax i kiituHax kposi (Hultberg and
Sjogren, 1980; Rozario and DeSimone, 2010). Y pasi po3Bu-
TKy OHKOTEMAaTOJIOTIYHHX 3aXBOPIOBaHb AESAKI 3 BHYTpIlI-
HBOKJIITHHHHAX TPOTEa3 MOXYTh CEKPETyBAaTHCh Y MIKKJIi-
THHHHUI npocTip 1 Opark abo mpsiMy y4acTh y pyHHYBaHHi
NO3aKJIITHHHUX OLUIKIB, ab0 OIOCEepe/IKOBaHy, BHACIIJIOK
aKTUBAlil CrenupiuHUX CH3UMIB IUIIXOM OOMEKEHOro
nporeonizy (Jarovaja, 2005; Wiedow and Meyer-Hoffert,
2005; Mecham, 2012). OcobmuBy yBary cepex OaraTbox
MIPOTEONITUYHNAX EH3UMIB KPOBI NPHBEPTAIOTH MAaTpPHKCHI
MeTayonpoTeiHasu 2/9 Ta TPUIICHHOMOIiIOHI €H3UMH, OCKi-
JBKA T (PePMEHTH 3[aTHI PYHHYBaTH KOJIareH 0a3allbHUX
MeMOpaH i CIPUATH TaKUM YHHOM METacTa3yBaHHIO ITyXJIH-
nu (Gajdamaka et al., 2009; Kessenbrock et al., 2010).

AXTHBHICTB POTEOTITHYHHX IIPOIECIB Y KPOBI 3aJICIKHUTH
HE TUIBKHU BiJ| KUIBKOCTI Ta (DYHKIIOHAIBHOI aKTUBHOCTI BijI-
TIOBIJTHUX CH3HMMIB, a 1 BiJl HASIBHOCTI OaraThoX (hakTopis, 10
CEKPETYIOThCSI TeMATOIMTAMH, CHIOTETIOIMTAMI Ta KIIITHHA-
MM KpoBi. Benyke 3Ha4eHHst MatoTh 1HTi0ITOpH MPOTEOITHY-
HHUX CH3WMIB, SIKI TaKOXX NPOIYKYIOTBCS LHMH KJITHHAMH
(Pamyrskyj, 2009). [TopymeHHs GanaHcy y CUCTEMI «IIpOTe0-
J3 — aHTHIPOTEONi3» NPH OHKOI'€MAaTOJIONYHHX 3aXBOPIO-
BaHHIX MOXKE OyTH OMHIEIO 3 TIPUYHH 3MOSAKICHOI TpaHcdop-
Marii KITITHH | HeaJleKBaTHOI BIIIOBI/II Ha JIIKYBaJIbHI 3aXOJIH,
aJe OCIIDKeHHS B IboMy Harpsimi oomexxeHi (Veremeenko
et al., 2000; Hidalgo and Eckhardt, 2001).

Mera crarti — CIHIBCTaBUTH aKTHBHICTH MAaTPHKC-
JICTPayBAIbHUX CH3UMIB 13 KUIBKICTHO HAHMOTYXHIIIUX
HecrienudivHUX 1HTIOITOPiB IMX (hepMEHTIB — o -iHTibiTOpa
NpOTETHA3 Ta O,-MaKpPOIJIOOYJIiHY MPH PI3HUX THUIAX OHKO-
reMaToJIOTIYHNX 3aXBOPIOBaHb 0 Ta IICIs XiMioTeparii i3
3aCTOCYBaHHSM MPOTHIYXJIMHHUX aHTHOIOTHKIB IOKCOPYOi-
LIMHY Ta IayHOPYOIiUHY.

Marepian i MeToau q0CTiTKeHDb

AKTHBHICTP MaTpUKC-ACTPaAyBaTbHUX €H3UMIB Ta iX
OKpEMUX HT10ITOPIB y IITa3Mi KPOBi BI3HAYAIH  TAIIE€HTIB
i3 PiI3HUMH BHAAMH MPOJTi(EepaTHBHUX 3aXBOPIOBAHb KPOBI
(n=151), sxi Oymu pO3MOIiIEHI IO TPYyTIaX 3aJI€XKHO BiJl THITY
ypakeHHS: rocTpuii Mienoneiiko3 (I'JIM, n = 15), MHOXUH-
Ha mienoma (MM, n = 14) Ta XpoHIYHMH JiM(oerHKo3
(XJUJI, n = 22). Jlo rpynu yMOBHO 3I0POBUX JOHOPIB
yBikinum 20 40JI0BiKiB Ta 12 KiHOK.

Jlist BU3HAYCHHS aKTHBHOCTI TPHUIICHHOIIONIOHNX CH3HMIB
(TTIE) 3acrocoByBaym Momuikamiro Merony Bepemeenko
(Veremeenko et al., 1988), cyTh sIkoro TOJSITae y po3IIernieH-
Hi iMH (hepMeHTaMH CHHTETHYIHOTo 6e30apBHOr0 cyocTpary
N-6em3oin-DL-aprinin-4-napanitpoaniiinrigpoxmopuny (BAHI)
3 YTBOPEHHSIM IN-HITPOAHUIIHY >KOBTOTO KONBOPY, CTYIIHB

3a0apBIICHHS SKOIO PEECTPYBAIM 32 JOHOMOroo (oromerpa
Human (Human, I'epmanist) 3a qosxunan xBuimi 410 aM. Kisb-
kicHy ouinky TIIE 3aificHIoBanM 3a JOMOMOIOI0 KaiOpyBa-
JIBHOTO Tpadika, J1st OO0y IOBH SIKOTO SIK CTAHIAPTHI PO3YUHU
BUKOPUCTOBYBAIIM Pi3HI PO3BEICHHS aHUIIHY, KM € KiHIe-
BUM TIpozykToM poserienHs BAHI 3a nii tpumncunonozio-
Hux eHsuMiB. [Tutomy aktuBHicts TIIE y ma3smi xpoBi BH-
3HAYAIH SIK KUTBKICTh MDKHAPOIHIX OJMHUIIL B 1 MIT KPOBi Ha
mr Outka (MO/Mitemr).

Jli1s1 BU3HAYCHHS BiTHOCHOT aKTUBHOCTI MaTPUKCHUX Me-
tanonporeinas MMII2 ta MMII9 3actocoByBam MeTOI
JKeJaTHH-3uMorpadii, skuii 0a3yeTbcs Ha MPOBEACHHI BEp-
THKAJIBHOTO eJekTpodopesy y 7,5% mnomiakpramMigHoMy
redi, KOMoNiMEepH30BaHOMY 3 JKEJIATHHOIO K cyOcTparoMm i
3a TIPUCYTHOCTI JOJICLICYNIb(AaTy HATPIIO K JAEHATypyBa-
npHOTO areHra (Shevcova et al., 2013).

oy-Iariditop mporeinaz (al-II1) Ta o,-mMaxpornoOysiH
(02-MI') Bu3Ha4YanM 3a MiKpoBapiaHTOM MeToay BepemeeH-
ko (Veremeenko et al., 1988).

CraructiyHy OOpOOKY pe3ysbTaTiB MpOBOMIN i3 3a-
CTOCYBaHHSIM TAKeTiB MPHKIAIHUX IporpaM Statistica 6.0,
Statwin. AHali3 3a1€KHOCTI TIOKa3HUKIB TPOBOIMIIA 32 J0-
roMororo kKoeimienTis kopeswiii [Tipcona (Glanc, 1999).

PesyabTaTi Ta ix 00roBopeHHst

B ymoBax OHKOreMaroJIOTiqHHX 3aXBOPIOBAHb MAIOTh Mi-
CIIe Pi3HOCIIPSIMOBAHI 3MIHH aKTHBHOCTI JOCIIDKYBaHHUX Ma-
TPUKCHHUX MeTtajonpoteinas (abo sxenaruHas). Jlo jikyBaHHs
AHTPAIMKITIHOBUMU aHTHOIOTHKAMH OCHOBHI 3MiHU aKTUBHO-
cTi TopKatoThcs JlateHTHOI hopmu MMIIO. [pu mienonpoi-
(eparii neil oKa3HUK 3HIKYETHCS, a MpH JiiMdorpotidepa-
THBHHUX 3aXBOPIOBAHHSX 3a3HAE PI3HOCTIPSIMOBAHMX 3MiH: HE
3MIHIOETBCS TIPH XPOHIYHOMY JIIM(OIIEHKO31 Ta CYTTEBO TiI-
BUIIYETHCS TIPH MHOXKHMHHIH MieToMi (Tad. 1).

TIpoBeaeHi TOCTIIKEHHST JO3BOIMIN TAKOXK OL[IHUTHU 3a-
rajlbHy TPHUIICUHOMNOMIOHY aKTUBHICTh IUIa3MHU KpOBI HpH
O3HAUCHUX MATOJIOTIYHMX CTaHaX. [3 HaBeneHUX y Tabmmmi 1
JaHUX BHIHO, 110 akTuBHiCTh TIIE y mocmimkyBaHUX rpy-
nax JIo Kypcy XiMioTepariii BiIpi3HsuIach BiJl HOPMH i, X04a
MIIBUIIEHHS aKTHBHOCTI y mamieHTiB i3 TMJI i MM vy
1,4 pa3a Oyno CyTTEBUM, CTaTUCTHYHO 3HAUYMMHX 3MIiH He
BinOyBaiock. Y rpyni xBopux i3 XJIJI akrusnicts TIIE Oyna
AQHAJIOTIYHOIO TaKil B KOHTPOJILHIH rpyi.

Ha ¢omni Teparii mpu I'MJI i XJIJT ciocrepiraioch cyt-
T€BE TOCHWICHHSA AKTUBHOCTI TPHUIICHHOMOMIOHHX EH3UMIB
TIOPIBHAHO 3 TMAIi€HTaMH 10 JIiKyBaHHS. CTaTHCTHYHO 3HA-
yyie nizBuieHHs aktuHocTi TITE Binmiuene nuie y rpy-
i 3 TMUJL Tpu XJUL, He3Bakarouu Ha BEIMKY PI3HULIIO MIXK
MOKa3HUKamu 110 Teparii Ta micast (y 1,5 pasa), BiporigHux
3MiH He BusiBJIeHO. O/HI€IO 3 MPUYMH 1MX 3MIH MOXe OyTH
PO3BHTOK Ae(IlUTY €HJIOTeHHOro iHribiTopa TpoMOiHY (aH-
tutpomOiny 1II) 3a BrmBy xiMiorepartii. ¥ pesysbTaTi pi3ke
3pocranHs aktuBHOCTI TITE Moxe BinOyBaTHCh 32 paxyHOK
ITiIBUIIICHHSI aKTUBHOCTI TPOMOiHY. 3 1HIIIOTO OOKY OJIHIEIO 3
BaroMUX JIAHOK MPOTEOJIITHIHOrO KacKaay € CepHHOBA TPH-
TICHHOTIOIOHA TIpoTeiHa3a — aKTUBATOP IUIa3MIHOTEHY Ypo-
KiHa3HOTO TUITY (UPA), 110 BUKITMKA€e YTBOPEHHS 1HIIIOT IPO-
Te{Ha3W 3 TPUIICHHOMOAIOHOIO AKTHUBHICTIO — IUIa3MiHY
(Parfenova et al., 2006). Kpim TOr0, 3705KICHI KITITHHH CHH-
TE3yIOTh CHELU(IYHY KalbLIil-3aIe)KHy [UCTETHOBY MPOTEi-
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Ha3y, sKa OTpUMAlla Ha3By «PAKOBUI IPOKOATYJISTHTY.
s npoteinasa aktuBye (hakTop 3cimaHHs KpoBi X, L0 Ta-
KOX € TPUIICHHOTOAIOHUM eH3umoM (Butylin et al., 2007).
JocnijpkeHHs] TIOKa3HHUKIB aHTHIPOTEa3HOI CHCTEMH Y
XBOPHX 13 MpostihepaTUBHUMH 3aXBOPIOBAHHSIMU KPOBI MO-
KazaJio, 1o JIo0 XiMioTteparii koHueHTpamis o-1I1 y mmasmi
xBopux Ha 'MJI Gyna BipOriHO MiABUINCHOIO Ta CKJIaJalia
326,9 + 13,9 mxmouns/n (puc. 1). Iicns ximiorepanii BMicT
mporo iHridiTopa Aemo 3HWwKyBaBcsa. Kopemnsmiiiauii anaii3
eKCTICpIMEHTANIbHUX JTaHUX BHUSBUB CIAOKWI 3BOPOTHHI
3’30k MK oy-IIT Ta akruBaictio TIIE (r = —0,56) y miit
rpymi xBopux. [Ticist 3actocyBaHHsI XimioTeparii Kopessiii

MDK JOCHIDKYBaHUMH [TapaMeTpaMy He BU3HA4aIoch. Y XBO-
pux i3 MM konuentpaiis o,-II1 iHriditopa y kposi Oyna
TaKoXX 30UTbIIIeHa 10 268,2 £ 42,7 MKMOJIB/JT MOPIBHSIHO 3
HOpMOIO (229,4 + 9,6 MKMOJIB/JT), ane pi3HHI Oyiaa HeIo-
crosipHoto. Citift 3a3HaYMTH, O XiMiOTeparisi He BILIMBaja
Ha piBeHb 1poro iHribiTOpa (Shevcova et al., 2014). Xapax-
TepHO, 110 pr MM 30epiracTbcsi BUCOKHIA KOSPILIEHT KO-
pemsmii mix oy-II1 Ta akrusHicTio TIIE, skwii cknanae 0,89,
TTCTIs XiMioTepartii KOpeysiIlis MPakTHIHO BincyTHs. OTxe,
30impmenns TIIE npu MM cymipoBomKy€eThCs 301TBIIEHHM
KOHIIHTparil iHTi0iTOpa, a MUTOCTATHYHA TEPaIisi CIPHYH-
HSI€ TIOPYLICHHS LIBOTO B3a€MO3B’SI3KY.

Tabnuys 1
AxtuBHicts MMII2 Ta MMII9 y nauieHTiB 3 0HKOreMaToJI0TiYHUMH 3aXBOPIOBAHHSIMH /10 Ta Micjs XiMioTepamii
.. BifHOCHA aKTHBHICTb, YM. O]I. .
I'pyna namieHris HpoMMITO NIMITO NIMIT2 TIIE, MO/mi-mr Oitka
KoHTpons, n =32 1,02£0,12 0,99 + 0,04 1,03 0,05 0,0020 & 0,0003
110 XimioTeparii
Toctpwii Mienoneiikos, n = 15 0,03+0,01" 1,01 +0,02 1,04+ 0,04 0,0027 + 0,0003
MHOXHHHA Mi€enoma, n = 14 2,76 +0,06 1,14+0,04 0,90 0,01" 0,0028 + 0,0007
XpoHiuHmit miMporneiikos, n = 22 0,95+ 0,07 1,26 +0,06" 1,04 £ 0,01 0,0021 % 0,0005
Ticys ximioTeparii
TocTpuii Mienoneiikos, n = 15 021+0,06 % 1,79 £0,247 1,160,037 0,0036 = 0,0001" /°
MEHOXHHHA MieToMa, n = 14 0,17 40,107 3% 1,46 +0,15 S 0,89 + 0,20 0,0021 +0,0001
Xponiunuii niMporneiikos, n = 22 0,250,107 5% 01:£0,02 0,88 0,027% 0,0032 +0,0003"

Ipumitku: " _ cTaTHCTMYHA 3HAYYLIICTh BiJHOCHO KOHTpoio P < 0,05, " _P<0,01,™-P< 0,001; ¥ — crarucruuna 3HAUYILICTh
BiTHOCHO MOKa3HHKIB BIINOBIAHUX TPy A0 XimioTtepamii P < 0,05, ¥ _P<0,01, % - P<0,001; MMII - MaTPUKCHA METAIONPOTE-

Ha3za, TIIE — TpurncuHOnoAiOHI eH3UMH.
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Puc. 1. Konuenrpauist o,-inriéiropa nporeinas y miasmi kpoBi Xxsopux i3 nposidgepaTuBHIMH 3aXBOPIOBAHHSIMH KPOBI:
« . e . . . .. ses FE ekk
1 — o ximioTeparnii aHTPaIMKIIHOBUMH aHTUOIOTHKAaMHU, 2 — micns Ximiotepanii; —P <0,01, —P <0,001 — cratuctiyna
3HAUYILiCTh BiHOCHO KoHTpoto; 'MJI — roctpuil mienoneiikos, MM — MHOxxuHHa Mienoma, XJIJI — xponiunuil nimdoneiikos

[Mpu XJUJT otpuMaHi iHIII JaHi: 10 JIiKyBaHHS PIBEHb 0~
I y namientiB OyB BIpOTiZHO 3HIKEHUM. 3acCTOCYBaHHS
AHTPALMKIIIHOBUX AHTHOIOTHKIB 3YMOBIIIOBAJIO 3pPOCTaHHS
JTAHOTO TOKA3HWKA, aJic BUSBJICHI 3MIiHM OYJIM HEBipOTiTHU-
mu. [Ipu oMy BU3Ha4aBCs CITAOKMIT HETATUBHUMA KOpEIIsi-
miitamif 38’5130k piBHA o4-1I1 3 akTuBHIicTIO TIIE (1 = —0,59),
SIKAHA, 3HOB-TaKH, sk i B pa3i [MJI i MM, nopymryBaBcs Tiic-
JIS IPOBEICHHS XiMiOTepartii.

VY maiieHTiB i3 XpOHIYHKAM JTIM(OJICHKO30M 10 Tepartil
BUSIBJICHO BIpOTiAHE 3HIKEHHs KOHIeHTpamii o;-1IT Ha T
sHmwkeHoi aktuBHOCTI TTIE, Xoua mpu 1poMy 30epiraerbest
Oananc Mixx oboma mporiecamu. [luTocrarnuna Teparis BU-
KJIMKaJIa MOPYIISHHS IbOTO OanaHCy B yCiX Tpymax MalieH-
TiB, IO CBIIYMIO TIPO aKTHBAIIO HE TUIBKH IIPOLECIB JIe-
rpanaiii, a i MeTaboii3My KIITHH y minoMmy. Pesymbraru

BU3Ha4YeHHs op-MI' y BHIIenepeniyeHnx rpynax HaBelleHO
Ha pucyHKy 2. Y xBopux i3 I'MJI i MM no ximioTepariii Bu-
SIBJICHO CTaTUCTHYHO 3HAYMMe ITABHIIEHHS BMIcTy o-MI,
SIKWM Maibke yTpudi nepesuinye Hopmy (4,60 + 0,07 r/m) i
BiANOBiHO fopiBHIOE 14,25 + 249 ta 14,06 + 0,50 1/m.
Ipu XJUI meit moka3HUK BiIIOBiTaB KOHTPOJIHHUM 3HAYCH-
M (4,50 £ 0,98 /).

[Ticnst 3acTocyBaHHSI aHTPALMKIIHOBHX aHTHOIOTHKIB
BMicCT 0p-MI" 3MiHIOBaBCS 3aJIXKHO BiJ| THITY 3aXBOPIOBAHHS:
y pa3i I'MJI i MM BiH [e110 3MeHIIIyBaBcs, & y BUIAAKY
XJUIL, naBmakw, 3poctaB 10 6,17 + 1,89 r/n. Cratuctudso
3HAYYIl 3MIHU CHIOCTEPIrajIkCh Juile y namieHTis i3 MM, y
SIKHX KUTBKICTB 0p-MI™ Oyia Hrk4oro y 1,6 pasa i 1opiBHFO-
Bana 8,66 + 2,10 /1. Ciix 3a3HAYUTH, IO 1Ii 3MiHU KOPEJTFO-
Baym 3 aktuBHicTiO TIIE (r = 0,83).
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Puc. 2. KonuenTpauist a,-Makpor;i00yJiiHy y njiasMi KpoBi XBopux i3 HpO.]Ii(l)epaTHBHI/IMI/I 32XBOPIOBAHHSAIMH KPOBI:

1 — micns ximioTepanii gayHOpyGimmHOM i axpubmacTirOM, 2 — 10 XimioTeparii;  — P < 0,01,

sk

—P <0,001 — cratuctruna

3HAYYILICT TIOPIBHSHO 3 KOHTPOIEM; | — P < 0,05 — CTATHCTHYHA 3HAYYIICTH BiIHOCHO ITOKA3HKKIB JI0 JIIKyBaHHS,
I'MJI — roctpuii mienonetiko3, MM — mHoxxuHHa Mienoma, XJLJT — xpoHiunuit nimMdoneiiko3

ChiBCcTaBieHHST KUIBKOCTI  0p-MIT 3 aKTHBHICTIO
MMII9/2 nokazano, 10 32 yMOB OHKOTEMAaTOJIOTIYHHX 3a-
XBOPIOBaHb OAJIAHC MK IIMMH MOKA3HUKAMHU 3aJICKUTh Bill
THIy npodidepyBaibHUX KiiTHH. Y Tpymni 3 I'MJI mo niky-
BaHHs BUSBIICHO HAasBHICTh CJJA0KOrO HETaTUBHOIO KOpEJIsi-
HiifHOTO 3B 513Ky MiX akTHBHICTEO MMII9 Ta KoHIEHTpaIli-
er0 op-MI" (r =—0,40). ITimBrmenns BMicTy o,-MI o 14,25 +
2,49 r/n Ha T HOpMaNbHUX 3HaYeHh MMII9 3a TMJI moxe
CBITUUTH TIPO Te, IO HA IIilf CTail MporpecyBaHHs XBOPOOH
OpTaHi3M, OCHITIOI0YHN CHHTE3 iHTi0ITOpa, MATPIMYE aKTH-
BHicTh MMII9 y Mexax, nocratHix Jyist peanizarii diziono-
rigyaux QyHkuii. [Ticns npoBeneHHs JTiKyBaHHS BiOYBa€Th-
Csl 3HHULIEHHS 3JIOSIKICHUX KIIITHH 1, SIK HACJIJIOK, TOCTYIIOBA
HOpMaJti3alliss KPOBOTBOPEHHS y KicTKOBoMy MO3Ky. Ha oc-
HOBi OTPUMAHHMX JAaHUX MOKHA CTBEPKYBATH, 110 B YMOBax
I'MJI y kpoBi 30UIBLIYETBCS KUIBKICTh 3pUTMX HEUTPODLIb-
HHX TPaHyJIOLUTIB, 30aTHUX 10 cuHTey MMIT9.

V¥ xBopux i3 XJUJI cyberpaToM myximHH € TpaHcdopMmo-
BaHi JIM(OIUTH, HE 3[JaTHI TOBHOLIHHO BHUKOHYBAaTH CBOI
¢yHKIii, anme BOHHM MOXyTh cuHTe3yBaTH MMIIO. V miit
rpymi xBopux piBHI ipoMMII9 Ta 0,-MI" 1o JiKyBaHHS Tie-
peOyBanu y Mexxax HopMu. AxtuHicth MMII9 nepeBuiiry-
BaJia HOpMy, CKJIanaroun 1,26 yM. OJl., IIpU LILOMY CIOCTEpi-
raBCsl MO3UTHBHUIN KOPEISIIAHMI 3B’ SI30K MK PIBHEM aKTH-
BHOCTI JJaHOrO (hepMmeHTy Ta BMicToM op-MI™ (r = 0,83). Ha-
SIBHICTh TAKOTO B32a€MO3B’SI3KY MOXKE OYTH CBIIUEHHSIM IO-
CTYINOBO 3POCTAIOYOT0 MPOTEOJIITUYHOIO MOTEHLIATy YIpo-
JIOBXK 3aXBOPIOBAHHS, SKHH JKOPCTKO OOMEXYETHCS II€r0
iHri0iTOpiB. 3a HAIIMMH JAQHUMH, aKTHBHICTH mpoMMII9
3HAYHO 3MCHILYETHCS INCIsl Teparii AHTPALUKIiHOBUMH
aHTHUOIOTHKAMM BHACIIIOK 3HHUIIEHHS JIEMKO3HHX KIITHH,
110 MPOIYKYIOTh IIeH (hepMEeHT.

MM 6inem arpecuBHa, Hixk XJIJI, xoua oOumBa 3axBo-
PIOBaHHS HaJIeXkaTh 10 JiMdonpotideparuBaux. [TopiBHIH-
HsI TOKa3HUKIB aKTHUBHOCTI fociipkyBanux MMII i3 piBaem
op-MI" nokasye, mo y xgopux i3 MM no ximioreparii Ha T
PI3KOr0 TIOCHIIEHHS! aKTUBHOCTI JIaTeHTHOT Ta 3pijol MMII9
HiJBUILYETCS BMICT 0p-MI. Xapakrep 3miH y wi€i rpynu
XBOPHX TICIIS JKyBaHHS (HasBHICTH ITO3UTHUBHHX KOPEIs-
LIfHUX 3B’S3KIB Ha TJI 3HIKECHHS aKTUBHOCTI YCIX JOCIIi-
mokyBaHuX MMII Ta kinbkocTi 0p-MI') Moxe BimoOpakatu
SIK TIPUTHIYEHHSI CHHTE3Y KeJIaTHHa3, TakK, BIAcHe, 1 iX iHTi-
OiTOpiB 3a il HUTOCTATHYHUX TIPENapartiB. 3 iHIIOTO OOKY,

MOXKHA TIPUITYCTUTH, 1O NpHrHideHHs aktuBHOCTI MMII
BiJIOYBA€THCSI 3aBIKK BIUIMBY Ha HUX CICHU(IYHUX 1HTIOI-
topiB — TIMII, siKi TeX € perynsTopamu Jii xenaTuHas.

BucHoBku

[Tpu nporidepaTiBHUX 3aXBOPIOBAHHAX KPOBI (IOCTpHiA
MI€NONEHKO3, XPOHIYHMI JTiM(DOIEHK03, MHOXHWHHA MI€JNO-
Ma) 32 YMOB IPOBEJEHHS XiMioTepamii MpeBaIoody poJb
Bifirpae o,;-iHTi0ITOp TMIpOTEiHA3.

HasBHiCTE KOpeIIii MK 0,-MaKpOTJIOOYIIIHOM i aKTHB-
HICTIO JKeJIaTHHA3 y TPOIIeci JIKyBaHHSA BKa3ye Ha Te, M0
el 1Hri0ITOp — BaXKIMBUIT MEXaHI3M CTPUMYBAHHS JKeJ1aTH-
HOJIITHYHOTO OTEHIAITY.

Ilpu OHKOreMaToJOriYHMX 3aXBOPIOBAHHIX OalaHCc y
CHCTEMI MPOTEOJTi3-aHTHIIPOTEONI3 3aJIKHUTh BiJ] THILY MPO-
niepyBanbHUX KIITHH 1 TIepe0iry 3aXBOpIOBaHb. 32 BILIUBY
AHTPAIMKITIHOBIX aHTUOIOTHKIB e OanaHC MOPYIIyETHCS
3a PaxXyHOK 3MiH SIK aKTHBHOCTI HNPOTEOJIITUYHUX (hepMeH-
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3B’S13KH KPOBONOCTAYAHHS F0JIOBHOI0 MO3KY CTY/CHTIB
3i CTAHOM BereTaTHBHOI HEPBOBOI CHCTEMH Ta (PAKTOPAMH PU3UKY

JI.A. Kopogina, T.M. 3anopoxerib
Buwuii 0eparcasnuti Haguanvuuil 3ax1a0 Yrpainu « Ypaincoka meouuna cmomamonoiuna akademisny, [lonmasa, Ykpaina

Mertoto ociikeHHs OyJIo BU3HAYCHHS PiBHS KPOBOIIOCTA4aHHS FOJIOBHOIO MO3KY y CTYZEHTIB MOJIOJIIMX KypCIB MEAMYHOI aKaeMil
Ta BH3HAYCHHS HOr0 3B’SI3KIB 31 CTAHOM BEreTaTHBHOI PeryJIsLiil, HOBEIIHKOBUMH Ta ajiMeHTapHuMH (akropamu. [TpoBeneHo peoenueda-
aorpadidHe JOCIIPKEHHS CTaHy BEreTaTUBHOI HEPBOBOI CHCTEMM Ta AHKETYBAHHS CTY/CHTIB MOJIOJUIMX KypCIiB MEIMYHOI aKajeMmil.
VY cTyneHTiB 3pOoCTaHHS iHAEKCY Macd Tula IMiIBHIILYBAJO iIMOBIPHICT TOTIPIIAHHS KPOBOIIOCTaYaHHS TOJIOBHOTO MO3Ky. HampyskeHHs
MEXaHI3MIB aJianTanii CynpoBOIKYBaJIOCS 3MEHILIICHHAM peorpadidHoro iHaekcy. Buiie KpOBOHATIOBHEHHS CYMH TOJIOBHOTO MO3KY Bif-
TIOBIIJIO BUIIIOMY BiTHOIICHHIO «XBHJIMHHHIT 00’ €M KPOBI / HAJIOXHHI XBIJIMHHUN 00’ €M KPOBI», SIKC BU3HAYATIOCS 3 YPAXyBaHHSIM CHCTE-
MHOT'0 apTepiajbHOro THCKy. PakTopoM pH3HKY 3HIDKEHHS KPOBOHAIIOBHEHHS € 3HIDKEHHS PI3HOMAHITHOCTI PaIlioHy, KOJIM IPOIYKTH pi3-
HUX TPYII BKIIOYAIOTHCS JI0 PAIiOHY PiJIiiie, HiX JIBIUi Ha THXKIICHB, a00 B3aralli BUKIFOYAIOTHCS 3 PallioHy. 30UTBIICHHS CTaXy PEryJIsipHOTO
B)KMBAHHS! QJIKOTOJIIO CIIPUYMHSE 3HIKEHHS! KPOBOIIOCTAYaHHS FOJIOBHOTO MO3KY Ta IMOCHJICHHS AaCUMETPIiii MTOKa3HHUKIB KPOBOIIOCTAYAHHSI.
Edexr ankoromo OyB CyTTEBUM, HE3BaXKAIOUX HA MOJIOAWN BiK OOCTEKEHMX Ta HU3bKUH PIBEHb BYKMBAHHSI AJIKOTOJIIO. 30UIBIICHHS CTaXY
Ta IHTEHCHBHOCTI MAJIIHHS CYNPOBODKYBAJIOCS TOTIPLICHHIM MOKA3HUKIB KPOBOMOCTa4aHHs MO3KY. CTYIEHTH i3 KpalliM KpPOBOIOCTaYaH-
HSIM MaJTH Kpallly YCIIIIHICTh HaBYaHHS. MHOKHHHI KOPEJIii TOKa3HUKIB KPOBOIIOCTAYAaHHS 3 MOBEIIHKOBIMH (PAKTOpaMU JO3BOJISIOTH
CTBEpKYBaTH, 110 3MEHILIECHHA (aKTOPiB PH3UKY — KOHTPOJIb 32 MAacOO Tija, 3a0e3MeUeHHs PI3HOMAHITTS Ta MOBHOIIHHOCTI PaIlioHy, 00-
MEXEHHS BKMBAHHS AJIKOTOJII0 HAaBITh HU3BKHX 103, SIKI HA CHOTOJHI BB)KAIOThCS OE3MEUHNMY, BiZIMOBA BiJ| MAIIHHSI — BCE IIe J103BOJIMTH
TIOJIIIIATH KPOBOIIOCTAYAHHS TOJIOBHOTO MO3KY.

Kmouoei cnosa: peoennedanorpadiss; BereraTUBHUIT iHIEKC; XapuyoBe Pi3HOMAHITTS; aJIKOT0JIb; Maca Tijia

Relations between blood supply of brain of students
and condition of autonomic nervous system and risk factors

L.D. Korovina, T.M. Zaporozhets
“Ukrainian Medical Stomatological Academy” Higher State Educational Institution of Ukraine, Poltava, Ukraine

The purpose of our research was to estimate the brain blood supply level by rheoencephalography method in junior students of the
Medical academy and to determine the blood supply links with the autonomic regulation state, behavioural and alimentary factors. Rheo-
encephalographic study, research of the autonomic nervous system state, heart rate regulation and questioning of 17-29 year-old students
have been conducted. Basic hemodynamic indices were normal in all surveyed students. Increase in body weight index enhanced the
probability of the brain blood supply deterioration. Adaptation mechanisms tension was accompanied by reduction of the rheographic index.
Higher blood filling of the brain vessels corersponded to higher ratio “blood minute volume / due blood minute volume” defined taking into
account the system arterial pressure. The quantity of links with indicators of the autonomic nervous system state was limited. Nonlinear
dependence of the rheographic index on the Kerdo vegetative index was observed: the rheographic index value was the lowest in students
with the autonomic balance by the Kerdo vegetative index; it was the highest in the group with the sympathetic prevalence. Risk factor of
blood filling decrease was the reduction in the diet variety when foodstuffs of different groups were included into the diet less than twice a
week, or they were excluded from the diet completely. Positive correlation of blood supply was observed more often with frequent consump-
tion of fish, vegetables, and fresh fruits. Increase in the regular alcohol intake experience promoted decrease in brain blood supply and
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increase in asymmetries of blood supply indicators. The effect of alcohol was essential, despite young age of surveyed students and low level
of alcohol consumption. Increase in the experience and intensity of smoking was accompanied by deterioration of brain blood supply
indicators. Students with the best blood supply had the better academic progress. Observed multiple correlations of blood supply indicators
with behavioural factors allowed to assert that reduction of risk factors (control of body weight, variety and full value of a diet, refusal of
smoking, alcohol restriction even below doses which are considered safe) would allow to improve the brain blood supply.

Keywords: theoencepalography; vegetative index; food variety; alcohol; body weight

Beryn

CydJacHi yMOBHM HaBYaHHS CTYJICHTIB, OCOOJIMBO MEINY-
HUX CHEIATbHOCTEeH, BKITIOYAFOTh HE JIMIIE BICOKI HABYAIBHI
HaBaHTaXXEHHS, a 1 3HIWKEHHs (Di3NYHOI aKTMBHOCTI Ta 3011b-
IICHHS YacTOTH CTPECOBHX CHTYallild, IOB’s3aHE, HacamIie-
pex, i3 mepexooM Ha KPeIUTHO-MO/IYJIbHY CHCTEMY HaBUYaH-
ai1. ComianpHi po06IeMu, TIOCTIHHI 3MiHH €KOHOMIYHIX YMOB
BHUKJIMKAIOTh 3MIHU TPOLIECIB aJaNTallii JO HABYaHHS y BY3I.
KpoBoroctayanHss MO3KYy MOXe 3alexard BiJ PpI3HHX
YMHHUKIB i, Y CBOIO Yepry, BIUIMBAaTH HA SIKICTh KHUTTS Ta
HaBuabHOI AisutbHOCTI. ocmimkennst M.C. ['onuapeHko Ta
cniBaBTopiB (Goncharenko et al., 2000), sk 1 HHM3KA IHIIHKX,
Bi3HA4YarOTh HU3bKUH CTaH 3/I0pOB’Sl CTYJEHTIB, SIKUH
CIIOCTEPIraeThCs  OCTAHHIM  YacoM. BHCOKI  HaBYaNbHI
HABAHTAXXEHHSI BUMAraroTh BUCOKOI e(DEeKTHBHOCTI MO3KOBOI
JUSUTHHOCTI, @ 1€ 3aJICXKUTH BiJl PIBHS KPOBOIIOCTAYAHHS MO3KY
(Baevskij et al., 1984; Kucherov et al., 2011).

CraH cepleBO-CYIMHHOI CHCTEMH TICHO TIOB’s3aHUH 3i
CTaHOM BETETATHBHOI HEPBOBOI cucTeMu. B3aeMogis ceprie-
BO-CYJIMHHOI Ta HEPBOBOI CHUCTEM BU3HAUYa€ XapakTep po3-
BUTKY NOJAJIBIIMX afanrauiiHux peakuii (Baevskij, 1979;
Baevskij et al., 1984; Berezin, 1988). AkTuBHICTh HeipoBe-
TeTaTUBHUX peaKlild BiloOpakaeTbcs (DYHKIIOHAIBHUM
CTaHOM CEpLEBO-CYAUHHOI CHUCTEMHM, SIKUH XapaKTepu3ye
aJanTaiiiiHy akTHBHICTh opraHiaMy B 1istomy (Kucherov et
al., 2011; Goncharenko, 2006). Ayie HaBiTh y Cy4acHHUX IIpa-
[ISIX BIUIMBH BETeTATHBHOI HEPBOBOI CHCTEMH Ha CTaH Iepe-
OpaJpHOTO  KpOBOOOITY  3alMINAOTBCA  YITKO — HE
BuzHadeHnMH (Goadsby, 2013).

Peoenmedanorpadis — MeTon, SIKAi Ja€ MOXKIIHUBICTD Oe3-
MIEYHOTO HEIHBA3MBHOTO JIOCTIDKEHHS KPOBOIIOCTAYaHHS
pi3HKX oprauiB i TkanuH. 3a qanumu M. Bodo Ta F.J. Pearce,
med Meron e(eKTHBHHMI HAaBITh IMOPIBHAHO 3 JIa3CPHOIO
JIOTUICPIBCBKOIO  (DIIOYMETPI€r0, OCKUIBKH BimoOpakae He
JIOKJIbHI  OCOOJIMBOCTI  KPOBOTOKY, a KpOBOIIOCTAauaHHS
JIOCTI/KYBaHOTO periony B 1iiomy (Bodo and Pearce, 2004).
e minrBepmxyersest 1 B iHmmX gocmimpkeHHsx (Perez, 2014;
Bodo et al., 2010).

Mera Hamioro MAOCTDKEHHS — BHU3HAYUTH PIBEHb
KPOBOIOCTAYaHHSI FOJIOBHOT'O MO3KY y CTY/ICHTIB MOJIO/IIIIHX
KypciB MeIMYHOI akameMii MeTofoM peoeHedanorpadii,
OLIIHUTH HOTO 3B’S3KH 3i CTAaHOM BEreTATHBHOI PETyIIALi,
MOBEJIHKOBUMH Ta AJIIMEHTAPHUMH YMHHUKAMU.

Marepian i MeToaH J0CTiIZKEHD

VY cTyneHTiB IBOX KYpPCiB HPOBOJIIIIN JOCIIPKEHHS KPO-
B00OIry MeTozioMm peoeHuedanorpadii. Ooctexmm 40 roHa-
KiB 1 37 niByat BikoM 16-29 (cepenniii Bik 18,8 £ 0,1) pokiB.
VYci obcTexeHi CTyIeHTH iy 3ro/y BiIIOBIAHO O BUMOT
Tokiiicpkoi aexnapanii BeecBiTHROT MemuuHOI acoriarrii ta
IHIIMX YCTAaHOBYMX JIOKYMEHTIB 3 0l0eTHKH. Y HHX IPOBO-
JUTA  aHAMHECTHYHE AaHKETYBAaHHS 3 METOK OJICp)KaHHS

JIAHUX TIPO CIIOCIO JKUTTS Ta HASBHICTH IIKIIMBUX 3BHUYOK.
Takox BU3HAuYaJIM apTepiayibHUN TUCK, YacTOTY CEpLEBHX
CKOpPOYEHb, PO3PaxoByBaIM TIOXIHI NOKa3HUKH, BU3HAYAIN
iHIeKke amanramiiiHoro noteHmiamy 3a P.M. bBaeBchkmm,
JIOCII/DKYBAJI CTaH BETETATUBHOI PEryJIsilii CHCTEMH KpO-
BooOIry 3a BereratmBHUM iHmekcomM Kepmo (BI),
pe3yibTaTaMy aKTHBHOI OpTOCTaTHYHOI MpoOM Ta Tpodu
Jan’ini — ArmHepa, NMPOBOIWIM KapaioiHTepBasorpadito.
CraTUCTHYHUI aHali3 OTPUMAaHMX pe3yJIbTAaTIB BKIIFOYAB
BU3HAYCHHS MMAPHHUX KOPEISIIIHHMX 3B’SI3KIB OTPHMAaHHX
JIaHUX: po3paxoByBaIM Koedinientn kopemsuii r [Tipcona
(1st HOpMaJIbHO PO3MOJIIIEHUX MOKa3HUKIB) Ta T Kennena
(K110 X0ua O OJIMH i3 MOKA3HUKIB HE BIIIOBIIAB HOPMAIb-
HOMY pO3IOJUTY), AHATI3YBIM MHOXXHMHHI KOpEILSILIHHI
3B’S3KU. Y BHIIAJKY BH3HAUYCHHS MHOXKMHHOTO KOPEJIAIlii-
HOT'O 3B’SI3Ky PO3paxoByBaJIl KOe(illieHT MHOKMHHOI KOpe-
TSI T Ta 71T KOKHOTO HE3aJIeKHOTO TTOKa3HWKa CTaHaap-
TH30BaHi KoedirieHTn 3B’s13Ky P = 0,49. MHOXUHHY KOpe-
JSIIIFO BBYKAIM CTATUCTHYHO 3HAYMMOIO, SKIIO MTOKA3HUKU
3HauumocTi P koeditienTis r i f Oyau menmimu 0,05.

PesyabTaTn Ta ix 00roBopeHHst

Amnaii3 pe3ynpTatiB peoeHuedanorpadii mokasas, 1o B
00CTEeXEHUX CTYJEHTIB 4acTO CIOCTEPIrallicsl BiJIXWICHHS
BH3HAYEHMX MOKAa3HMKIB Bij HOpMU. B 000x oOcrexeHnx
OaceliHax (BHYTPIIIHBOT COHHOI apTepii Ta XpeOeTHOI apTe-
pii) B 000X MiBKyJsSIX 3HaYeHHs peorpadiqHOro iHAEKCY
Oyno BHMIIMM Yy JiBYaT, HDK Yy IOHaKiB: y OaceiHi
BHYTPIIIHBOI COHHOI apTepii niBopyd 1,81 £ 0,10 ym. oxm. y
niyar i 1,24 + 0,08 ym. ox. y ronakiB (P < 0,001), y Oaceitni
BHYTPIIIHBO1 COHHOI apTepii mpaBopyd — 1,22 = 0,06 ym. ox.
y miguar i 1,70 £ 0,09 ym. ox. y ronakiB (P < 0,001), y
Oaceitni xpebernoi aprepii miBopy4 — 1,37 £ 0,09 ym. ox. y
niBuar i 1,04 £ 0,09 ym. ox. y ronakis (P < 0,02), y Gaceiini
xpebeTHOT apTepii mpaBopyd — 1,33 + 0,09 ym. ox. 1 1,00 £
0,06 ym. oam BimnoBizno (P < 0,002). 3nauenns
JMKPOTHYHOTO 1HJEKCY B PI3HUX OOCTEXEHUX OaceifHax
komuBaimcs Bix 62,8% no 70,1% y roHakiB Ta Bix 69,7% no
76,5% y niyar. Jliacuctoniuamii iHaeKc ckianas Big 71,6%
1o 82,5% y ronakiB Ta Bin 71,8% mo 81,7% y niByar.

OCHOBHI TeMOAMHAMIYHI TIOKa3HUKH BiIIOBIIAIA HOPMi
B ycix obctexenux crynentiB. Cepenne 3HadeHHs Bl Kepmoo
y 1oHakiB craHoBmwio 0,56 £ 1,69 ym. ox (He3HayHa
repeBara IapacMMIaTU4HOTO TOHYCY), y AiB4ar — 7,25 +
1,54 yMm. on. (mepeBara CUMIATUYHOTO TOHYCY), 3HAYMMICTb
PI3HHUIN MDK MOKA3HWKAMHK FOHAKiB Ta miBdar — P < 0,001.
Inmi nokasuuku crany BHC roHakiB Ta fiByar He Majiu
CTAaTUCTUYHO 3HAYUMOi pi3HHLI. 30YIMBICTH CHMIIATHY-
HOro Bijuimy BereraruBHOi HepBoBoi cucremu (BHC) 3a
JIAHUMH OPTOCTATUYHOI 1podu y 61,1% cryneHTiB Biammosi-
nmama HopMi, a v 32,5% Oyna mimBuimeHoro. BereratuBHa
peakTuBHICTh TapacuMmatidaoro Bimnimy BHC 3a mpo6oro
Han’iHi — AmHepa y 37,7% obcrexeHnx Oyiia HOpMaIbHOIO,
a B 35,1% — 3HmKeHOI0. BU3HAUCHO 32 JaHVMU KapaioiHTep-
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Banorpadii Buxinauii BereraruBHui ToHYyC (BBT): efironito
(30ayiaHCOBaHMIl CTaH PEryJSTOPHUX CHCTEM BEreTaTHBHOI
HEpBOBOI CHCTeMH) crocTepirain y 52,7% cTyneHris,
BarotoHio — y 40,5% oOcrexennx. BereraruBHa peakTis-
Hicth (BP) Oysia CHMIATHKOTOHIYHOI (HOPMOTOHIYHOIO) Y
43,2% obcrexennx, v 33,8% — acHMIIaTHKOTOHIYHOK, Y
23,0% — TINepCUMITATUKOTOHIYHO. 3a CITiBBiHOLICHHIM
BBT Ta BP y 58,1% o0cTekeHMX BUSBHIM HE33I0BLIBHY
aJarrariro.

3BOpOTHI TapHi KOPEJLIIii y3aradbHEHOTO ITOKA3HUKA
KPOBOHAIOBHEHH: y OaceiiHi BHYTPIIIHBOI COHHOI apTepii Ta
y OaceiiHi XpeOTOBOI apTepii BU3HAYAIMCS 3 Macok Tiia
(t=-0,39, P < 0,001 ta t=-0,30, P < 0,001 BimmoBimHo).
Peorpadiuni iHIEKCH 3BOPOTHO KOPEIMIOBAIMA 3 I1HICKCOM
macu Tita (IMT): y OaceiiHi BHyTpIIIHBOI COHHOI apTepii
niBopyu r=-0,29 (P <0,02) Ta npasopy4 r =-0,25 (P <0,05),
y Oaceiini xpederHoi aprepii npasopy4 r = —0,25 (P < 0,05).
B oobcrexeniii rpymi IMT ckimamas 21,8 + 04 ym. on.
(miriMmym — 16,0, makcumym 33,9 ym. on.). Takox peorpa-

VY daceiini BCA JiBopyu

TapacHnITaTHYIHA ITeperara

IIapacHnMIIaTIHA IIepepara HOopPha

PIBHOBATA

CIIMOITATIIHA IIepepara HOpPha

CHMITATIUHA ITepekpara

(hiuHI IHIEKCH 3BOPOTHO KOPETIOBAIM 3 IHICKCOM a[alTarlii-
Horo moteHmiany 3a P.M. baeBcbkuM, 10 BimmoBigae
3poctanHio Pl 3 mominmieHHsM craHy ajganrauii: y OaceiiHi
BHYTPIIIHBOI COHHOI aprepil niBopy4 r = —0,20 (P < 0,05) Ta
npasopyu 1 = —0,16 (P < 0,05), y Oaceiini xpebeTHOi apTepil
nipaBopy4 r =-0,18 (P <0,05).

CryniHb KpOBOHANOBHEHHs Yy OaceiHi BHYTpIIIHBO
COHHOI apTepii TaKoXX NPsIMO KOPEJIOBAaB i3 BiJHOIICHHIM
«XBWIMHHAA 00’€M KpOBi / HaJeXHUA XBWIMHHUA 00’€M
kpoBi» (1= 0,35, P <0,001).

KinbkicTb 3B’S3KIB 13 MOKAa3HUKAMH CTaHY BEreTaTHBHOL
HEpBOBOI crcTemMu Oyna oOMexeHor. CTaTUCTUYHO 3HAYUMY
KOpeJsILit0 peorpadiuHoro iHAEKCY 3 BEreTaTHMBHUM 1HJICK-
com Kepzo Bu3Hauamu Tibky y GaceiiHi BHYTPILIHBOT COHHOT
aprepii niBopyd — r = 0,24 (P < 0,05), mo nosicHIOETbCS
HEJTHIMHOIO 3aJISKHICTIO MDK IIMMH NTOKa3HUKAMU: BEJIMYMHA
PI Gyna HalHIKYOIO y CTYZIEHTIB i3 BEreTaTWBHOIO PIBHO-
Baroro 3a Bl Kepro, HaiiBuIo0 — y rpymi i3 CHMIATHIHOO
TIepeBaroro B 000X JOCIIPKEHUX OaceiHax (puc. ).

V daceiini XA mipopyu

0 1

Peorpagiununii iHaeKc, yM.0A.

2 0 1
Peorpadiunuii iHaexc, yM.of.

Puc. Betmunna peorpadiunoro ingexcy
Y CTYAeHTiB i3 pi3HuM BereraTuBHUM ToHYycoM 3a BI Kepno y 6aceiinax BHYTpilIHBLOI COHHOI apTepii Ta XpedeTHOI apTepii:
* — pI3HHIIA CTATHCTHYHO 3HAYMMA TIOPIBHSHO 3 TPYIIO0 3 BETETaTHBHOI PIBHOBAr OO

AHaIi3 TOKa3HHUKIB KPOBOIIOCTAYAHHS MO3KY HE BHSBHB
X 3aJIeKHOCTEH Bif] BETETATHBHOI PEaKTUBHOCTI MapacHMIIa-
tuHoro Bigauty BHC 3a mpoboro [aw’ini — Amnepa.
BysHaunTH 3a€XKHOCTI KpOBOIIOCTAYaHHS BiJl IOKA3HHKA
30ymBocTi cummnaridHoro Biytity BHC 3a oprocrariiHoro
po0Oor0 OYJI0O HEMOXKIIMBO, OCKUIBKHM a0COJIFOTHA OUIBIIICTh
00CTeKEHUX MaJla HOpMaJlbHY 30Y/ITUBICTb.

Jiacucroniunmii iHAEKC y npaBiii MiBKyIi KOpETOBaB i3
BUPaXEHICTIO BEreTOCYIMHHOI auchyHKUii: y Oacelini
BHYTpIlIHB0i coHHoi aptepii r = —0,20 (P < 0,01), y Oaceiini
xpeberHoi aprepii r = —0,36 (P < 0,002). Takoxx ToHYC
IpiOHUX apTepiif, AK 1 TOHYC BEHYN i HAsBHICTb O3HAK
TIOPYILIEHHsS] BEHO3HOTO BIATOKY y OaceifHi xpeOeTHOI apTe-
pii, KopemoBamM 3 Pa3’oBOI0 03010  BXKMUBAHOIO
aOCOJIFOTHOTO €TaHOTy Ha OMHHIEO0 Macu Tina (T = 0,27, P <
0,01,7=0,20, P <0,05 Tat= 0,29, P <0,01 BiANOBiIHO).

Tonyc BeHyn y OaceliHi BHYTpIIIHBOI COHHOI aprepii
KOPEJIIOBAB 13 CEPEIHBOI0 TPHUBATICTIO CEPIIEBOTO LHUKITY, 1110
BU3HAYAM SIK Y KJIIHO-, TaK 1 B OPTOMNOJIOKEHHI, a TAaKOX 13
MoOJIOr0 B 000X TonoxkeHHsax (T = 0,25, P <0,01;1=0.23,P <
0,02; t=0,23, P <0,02; T = 0,24, P < 0,02 BigmosigHO), Ta
3BOPOTHO — 3 IHJIEKCOM HampyxeHHs T1a IBP y
kiiHonomoxkeHHi (t = —0,20, P < 0,05 ta t=-0,22, P < 0,05
BimmoBinHO). ToHyc BeHynm y OaceliHi xpeOeTHOI aprepil

KOPEIIFOE 3BOPOTHO 3 NMOKAa3HUKOM BETETATHBHOI PEaKTHB-
HocTi (1=-0,19, P <0,05).

KpoBorocrayanHsi MO3Ky Majio 3B’SI3KH 13 30BHIIIHIMH
YUHHUKaMHA Ta CrocoboM KUTTA. CTymiHb KPOBOHAIIOB-
HEHHsI y OaceiiHi XpeOeTHOI apTepil MPsSMO KOPENIOBaB i3
KUIBKICTIO TICHXOTPaBM 32 OCTaHHil pik xwurTa (T = 0,23, P <
0,05), BiTHOMICHHSIM «XBUJIMHHHN 00’€M KPOBi / HAJICKHUI
XBIJIMHHUI 00’eM kpoBi» (T = 0,24, P < 0,01) Ta 3BOpoTHO
KOPEITFOBAB i3 POCTOM 1 CHCTONIYHHAM apTepiabHIM THCKOM
(t=-0,45,P <0,001 Tat=-0,22, P < 0,02 BiAIOBIiTHO).

Otpumani 3a pe3yibTaTaMHd aHKETYBaHHS JaHi IIO/IO0
0CcOOMBOCTEH XapayBaHHS Ta CIIOCO0Y JKUTTS MAJIH 3B SI3KH 3
KpOBOIIOCTa4aHHsAM MO3Ky. Tak, Pl y OaceiiHi BHyTpIiIIHBOI
COHHOi apTepii JBOPYY 3pOCTaB i3 POCTOM BXKWUBaHHS
MOJIOYHOKHUCIIMX IPOIYKTIB i 3MEHIIYBaBCSl 3 POCTOM Hacy
3aHATH crioptoM. Peorpadiunmii iHaeke y OGaceiiHi BHYTpilll-
HBOI COHHOI aprepil NpaBOpyd MaB BUPHKEHHMH JIUIIE
3B’s3kM 3 Macoro Tina (r = —0,28, P < 0,001), i3 gacToToro
BKUBaHHA pocimuHol ol (t = 0,22, P < 0,02), i3 yactoToro
BXKUBaHHs cBKUX (PpykTiB (t= 0,21, P <0,02) Ta oBouiB (T =
0,19, P <0,05), ane cicreMy BOHM He (POPMYBaIH.

B o6crexeniit rpyni namm 51,3% 1OHAKIB 1 TUIBKH OJ1-
Ha JIiBUMHA. BUSABMIN HEraTHBHI KOPEJSIIIl CTaXYy TANIHHS 3
peorpadiyanM iHAEKCOM y OaceifHi BHYTPIIIHBOI COHHOI
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aprepii (iBopyd T =—-0,21, P < 0,05, mpaBopyd — t =—0,21,
P < 0,05), i3 peorpadiunum iHgexkcom y Oaceitni xpedeTHOT
aptepii (mpaBopyd t = —0,19, P < 0,05). Craxx KypiHHS
KOpEJIIOBaB 13 YaCOBMM MOKa3HHKOM CYAWHHOIO TOHYCY Y
OaceiiHi BHYTpIIIHBOI COHHOI apTepil Ta OaceliHi XpeOeTHOT
aprepii npaBopyu (t = 0,23, P < 0,02 Ta t = 0,22, P < 0,05
BimmoBimHO). Taki cami 3B’s3ku OynM 3 IHTCHCHBHICTIO
mamiaag (t = 0,23, P < 0,02 Ta T = 0,23, P < 0,02
BIJIIIOBIJTHO).

TwkHeBa 1032 aOCONIOTHOTO €TaHONy KOpeoBaja
HETaTUBHO 3 peorpadiyHuM iHIeKcoM y OaceifHi xpebeTHOl
aprepii JiBopyd (t = —0,21, P < 0,02), 38’430k mpaBopyd He
OyB CTaTHCTUYHO 3HAYMMUM, 3 AaCHMETPIEI0 YacOBOTO
NOKa3HHMKa CyJJMHHOTO TOHYCY y OaceiiHi xpebeTHol aprepii
(t=10,34, P < 0,02) Ta aMIUITyTHOTO TIOKa3HHUKA CYHMHHOTO
TOHyCy y Oacelini xpeberHoi aprepii (t = 0,19, P < 0,05).
Pa3oBa 1032 abCOIOTHOTO €TaHONIy Majla YiTKilli 3B’SI3KH 13
TIOKa3HMKOM TOHYCY JIPIOHHX Ta cepesHix aprepii (T = 0,25, P <
0,02) Ta BenosHoro BinToky (T = 0,29, P < 0,01) y OGaceiini
XpeOeTHOI apTepii, a pa3oBa 032 aOCONFOTHOIO €TaHOIy Y
PO3paxyHKy Ha KiIOrpaM MAacH Tila BHSBISUIA JOAATKOBO
3B’S3KM 3 TIOKa3HUKOM TOHYCY BEHYIN y OaceiiHi xpeOGeTHOi
aprepii (t = 0,20, P < 0,05), npibHux i cepemHix aprepiil y
GaceitHi BHyTpimHbBOI corHoi aptepii (t= 0,21, P <0,05).

Takox TPOBENIEHO aHaNli3 MHOXKHHHUX KOPEJSAIIHHIX
3B’SI3KIB /I BUAUICHHS YHHHUKIB, SIKI MOXKYTh BIUIMBATH HA
KpoBoroctayanHs Mo3ky. Crocrepiranacsi MHOXHUHHA
Kopessitisi BenmmunHM Pl y OaceiiHi BHYTpIIIHBOT COHHOL
aprepii paBopy4 (R = 0,55, P < 0,001) i3 daxropom crari Ta
PIBHEM CTpeciB: CTaHIApTH30BaHi KoeiieHTH 3B’ 513Ky Oyin
1 axropa crati (= 0,49, P <0,001) Ta piBas crpeci (B =
0,25, P < 0,02). TobTo 3pocTaHHS KUTBKOCTI CHTYaIlil, sKi
eMOLIIHO CTIpUAMANCS K CTPECOBi, Y AIBUAT BHUKIMKAIO
migBuiieHHs Benuunbu Pl y OaceiiHi BHYTpIIIHBOT COHHOT
aprepil npaBopyu. Y OaceiiHi XpeOTOBOI apTepii KOpeJIsLis 3
piBHEM CTpeciB OyJia HEIOCTATHHO 3HAYKMMOLO, a JIIBOPYY HE
criocrepirasiacs.

Peorpadiunnit iHmexc y OaceitHi xpeOToBoi aprepii
NpaBopyd MaB 3aJIOKHICTh BiJl Mach TiIA Ta YacTOTH
BXXMBAaHHS  MOJIOYHOKMCIMX  mponykriB.  KoedimienT
MHOXKMHHOI Kopemsiii ckmae R = 045 (P < 0,001).
CranpapTizoBaHi Koe(illieHTH 3B’ 43Ky OyJIM JUIs MacH Tijia —
B =-0,38 (P < 0,001), m11 9acTOTH BXKWBAaHHSA MOJOYHO-
KuCIUX npoaykTiB — = 0,27 (P < 0,02).

V3aranbHeHUH MOKa3HUK KPOBOHAIIOBHEHHS TaKOXK MaB
PsII 3B’SI3KIB 13 YMHHUKAMH cTIoco0y xuTTd. Crioctepiranack
npsiMa KOPEJISLlisl y3arajJbHEHOro TOKa3HWKa KPOBOHAIIOB-
HEeHHsS y OaceiHi BHYTPIIIHBOI COHHOI apTepii 3 4acTOTOIO
B)XXUBaHHs puOH, OBOUiB Ta CBOKUX (pykTiB (T = 0,24, P <
0,05; t=0,34, P <0,002; T= 0,33, P < 0,002 BiamnosiaHo), Ta
3BOPOTHO — i3 4acTOTOK BxkwuBaHHs canma (t = —0,21, P <
0,05). YV Oaceitni xpeOToBoi apTepii KpOBOHAIIOBHEHHS
TaKOX KOPEITFOBAJIO 3 YaCTOTOK) BXKMUBAHHS OBOYIB i CBIKUX
¢pykriB (1= 0,23, P <0,05; t = 0,26, P < 0,02 BimnoigHo),
KUTBKicTIO BkuBaHoi pudu (T = 0,37, P < 0,001). Takox
CTYIIiHb KPOBOHAIIOBHEHHS y OaceifHi XpeOeTHOi aprepil
KOPEJIIOBaB 13 TTOKA3HIKOM PI3HOMAHITTS Xap4dyBaHHS (T =
0,21, P < 0,05). Iloka3HHK pI3HOMAHITTS XapdyBaHH:I
PO3paxoByBald 32 CYMapHOIO HYacTOTOK) BXKMBAHHS BCIX
OCHOBHHMX TPyl TPOAYKTIB XapyyBaHHsS, BKa3aHHX B
aHkerax. /Jlnsi y3araJlbHEHOro pIiBHA KpPOBOHAIIOBHEHHS
(TmiBUIIEHMH, HOPMA, 3HWKEHMH), SIKMIl JiarHOCTOBAHO 3a

MOKa3HUKaMU peoeHIiedanorpamMu y 0OaceliHi BHYTPIIIHBOT
COHHOI aprepil 0e3 ypaxyBaHHs JIaTepPAIbHOCTI, BU3HAYEHO
MHOYXHHHUH KOPEJIALIAHIN 3B’30K i3 MacOK Tijia, CTarTIo,
XapUOBHMM PI3HOMAHITTSIM 1 CTaXKEM PEryJisIpHOTO BXKHUBAHHS
ankorommo. KoedinieHT MHOXXMHHOT Kopersiwii ckias r = 0,67
(P < 0,001). CranmaprrzoBani kKoedilieHTH 3B’5I3Ky 3apeecT-
poBani s macu Tuta B = —0,24 (P < 0,05), xapuoBoro
pizHOMaHiTTs B = 0,25 (P < 0,01), crari B = 0,37 (P < 0,002)
Ta CTaXy PEryApHOro BxwBaHHA aikoromo B = —0,20 (P <
0,05). Edexr anmkoromo OyB CyTTEBUM, HE3BKAFOUH HA MO-
JOMM BiK OOCTEKEHHMX Ta HU3BKHI PiBEHb BYKMBAHHS aJIKO-
romo (TepeBaXHO CNAab0ATKOTONILHUX HAaroiB). Y OaceiiHi
XpeOeTHOT apTepii MHOYKUHHUM KOPEJIIMHIN 3B 130K CITO-
CTepiraBcs 3 IHIEKCOM MAacH Tija, MOKa3HHUKOM CTaTi Ta Io-
Ka3HMKOM Xap4yoBOro pisHoMaHiTTsi. KoedirieHT MHOXHUHHOT
koperii ckiaB r = 0,49 (P < 0,001). CranmgaptusoBaHi
KoeiIieHTH 3B’S3KY 3apeeCTPOBaHi TS iHICKCY MAcH Tia 3 =
—0,25 (P <0,02), xapuoBoro pizHoMaHiTTs 3 = 0,27 (P <0,02),
crari f =-0,27 (P <0,02).

Peorpadiuni iHmekcn i B OaceifHi BHYTpIIIHBOI COHHOI
aprepii, i B OaceliHi XpeOTOBOI apTepii KOPENFOBaIH i3 cepen-
HiM 0aJioM YCITIIHOCTI: ¥ OaceliHi BHYTpIITHBOI COHHOI apTe-
pii miBopyd r = 0,26 (P < 0,05) i mpaBopyd r = 0,33 (P < 0,01),
y Gaceiini xpebeTHoi aprepii — mpaBopyu r = 0,27 (P < 0,05).

Y Hamomy AOCITDKeHHI BU3HAYEHO BITHOCHO HE3HAYHi
3B’S13KM KPOBOIIOCTAYaHHs TOJIOBHOIO MO3KY 3i CTaHOM
BEreTaTHBHOI HEPBOBOI CUCTEMH Ta BEJIMKY KUIBKICTB 3B’SI3KIB
3 QTMCHTAPHAUMU YWHHUKAMU, BHPAKCHICTIO IIKITHBUX
3BMYOK, TOBEJIHKOBUMH (akropamu. Lle ysromkyerscs 3
JIAaHUMH IHIIMX aBTOPIB, IO 32 HOPMAJIBGHUX (Di3i0JIOTTYHIX
YMOB BIUTMBH CUMITATHYHOT HEPBOBOI CUCTEMH Ha PETYJIALII0
MO3KOBOTO KPOBOOOITY BiirparoTh BITHOCHO Mally pPOJib HA
T JOMIHYBaHHSA XIMIYHAX 1 MeTaOONIYHMX MEXaHI3MiB
BazomotopHoi peryismii (Traystman and Rapela, 1975; Zhang
et al., 2002; ter Laan et al., 2015), i Jimiiie y BUNaKax BaKKHX
MATOJIOTIYHUX ~CTaHIB, TAKUX SIK IHCYJBT, 3HAYMMICTb
CHMITATUYHOTO KOHTPOJIFO MO3KOBOI'O KPOBOTOKY 3pOCTa€e
(Traystman and Rapela, 1975; Goadsby, 2013). Omnak € i
KJIACH4HI, 1 Cy4acHi JIOCIIJDKEHHS, Y SKHX JOBEICHO BXKIIMBY
POJIb BEreTaTHBHOI iHepBallii y nepeOpaibHiil ayToperyssii
(Harper, 1972; Mitsis et al., 2009). Huzkoro mociipkeHb
MOKa3aHO, IO e(EeKTH CHUMIIATUYHOI HEPBOBOI CHCTEMH
TIPOSIBIIIOTECS. B PETYJAIl 3MiH MO3KOBOTO KpPOBOTOKY,
BHUKIIMKaHUX TeMmoauHamiyanmu 3Minamu (Hamner, 2010;
Perez, 2014).

AHaimiz  KOpelsIiHUX ~ 3B’S3KiB, SKI  yTBOPHOBAIH
peorpadivHi MOKA3HUKK 3 JOCHTIDKEHUMH YMHHUKAMH, JIaB
MO>KJIMBICTD BUAUIATH PsAJ] XapaKTePHUX 3aieKHOCTEH. Taxk,
MIIBUIICHHS 1HACKCY MacH Tijla € (paKTOPOM PHU3KKY IIOJI0
3MEHILIEHHS. KPOBOINOCTaYaHHs MO3Ky. HeratuBHuil BIUIMB
migsuiends IMT Ha cran BHC Ta cucremu kpoBooOiry
BU3HAYEHHH y nmocmimkeHHi mimiTkiB [LA. bepceneBoro Ta
E.1O. bBepceneBnm, $IK 1 B IOCHDKEHHSX IHIIMX TPYII
mamieHTiB (Berseneva and Bersenev, 2008; Chang, 2012;
Soares-Miranda et al., 2012).

[ligBUIIEHHS] CyJMHHOTO TOHYCY BHACTIJOK B)KHBAHHS
QJIKOTOJIIO, IO CIIOCTepirajocsi B 00CTEKEHUX, 30iracThCs 3
maamvu H.D. Sesso Ta cmiBaBTOpiB, sKi Big3HAYaIH
3POCTaHHS PH3UKY TiNEPTeH3ii Yy CHOKMBAYIB AJIKOTOIIIO
(Sesso et al, 2008). HeratuBHi edekTH BXKUBaHHSI
c11a00AJTKOTOJIBHUX HAIOIB TAKOXK BiJ3HAYAFOTH JOCIITHUKH
(Zhuk, 2011). Takox Bij3HauYeHO e(EKTH MiIBHIIECHHS a00
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3HIDKCHHS CHMIIATHYHHX BIUIMBIB BHACIIZOK BYKUBAHHS
QJIKOTOJIIO, XapaKTep SKHX 3aJie)kaB Bifl IO3M Ta CTAXY
BxuBaHHs (Spaak, 2010). Iliguiuenns 1epeOpaIbHOTO
KPOBOTOKY, SIK€ BiJ[3HAYAIOTh JTOCIIIJIHHUKH, CIIOCTEPIra€Thest
sk egekt rocrporo BBy ankoromo (Gundersen, 2013),
TOIi SK XPOHIYHUMH S(PEKTAMH BXKHBAHHS AJKOTOJIO Ta
KypiHHS € 3MeHIIeHHs 1iepeOpainbHoi nepdysii (Gazdzinski,
2005, 2006).

BronmBu  BereraTuBHOI  HEpBOBOI  CHCTEMM  Ha
KPOBOIIOCTAYaHHS MO3KY HE iIEHTHYHI, III0 BUPAKAETHCS B
OOMEeKeHil KUTBKOCTI HANIMHUX KOPEJALIMHIX 3B’S3KIB.
IIpore  cmocrepiranucs 3B’S3KM 3 aTIMCHTAPHHUMU
yuHHUKaMH. Lle  y3romkyerscs 3 JaHUMH  IIOZO
NO3UTHBHOTO BIUIMBY KOMIUIEKCY BITaMiHiB i3 pUO’sunM
KHUPOM 1 MIHEpaJIbHUMHU JT00ABKaMM Ha KpPOBOIIOCTA4aHHS
MO3KYy Ta HEHPOICHXOJIOrIYHI MMOKAa3HUKH, OTPUMAHUMHU Y
nociimpkeHHi Amen et al. (2013). BrumBu aniMeHTapHHX
YUHHUKIB Ha aBTOHOMHY HEPBOBY CHUCTEMY IOKa3aHi TaKOX
y nocnipkenHsax Luyer et al. (2011).

3B’30K peorpadigHOro 1HAEKCY 3 YCIIIIHICTIO HABYaHHS
BKa3ye Ha Te, [I0 3aCTOCYBaHHS 3aXOAiB, CIPSMOBaHMX Ha
TIOJIIIICHHS] KPOBOIIOCTAYaHH MO3KY, HE JIUIIE MOXE MaTH
TepaneBTHYHN e(peKT, a 1 [ae MOMUIMBICTH ITiABHILUTA
e(eKTUBHICTh HABYATFHOTO MPOIIECY.

BucHoBku

B oOcrexeHnx CTyIeHTIB 3pOCTaHHs IHAEKCY Macu Tija
iJBUILYBAJIO IMOBIPHICTb TajlbMyBaHHSI KPOBOIIOCTaYaHHs
TOJIOBHOTO MO3KY.

Harpy>xeHHst MexaHi3MiB afanTarii CyrnpoBOIKYBaJIOCS
3MEHILEHHSIM peorpadiqHoro iHIeKCy.

Bume KpOBOHANOBHEHHS CyJMH TOJIOBHOTO MO3KY
BI/IMOBIAIIO BUITIOMY BiZHOIICHHIO «XBHJIMHHUNA 00’ €M KpOBi
/ HaNEKHWA XBUJIMHHUA 00’€M KPOBI», SIKE BH3HAYAIOCA 3
ypaxyBaHHSM CHCTEMHOTO apTepiaIbHOTO TUCKY.

@akTopoM pPUBHMKY 3HWKEHHS KPOBOHAIIOBHEHHS €
3HIDKEHHSI PI3HOMAHITTS PAlliOHY, KOJHM MPOAYKTH PIi3HHX
TPyl BKJIOYAIOTBCS IO PalioHy pimmie, HDK B4 Ha
TIKJICHb, 00 B3araji BUKIFOYAIOTHCS 3 PAIliOHY.

Kpaie kpoBonocrayaHHsl OJIOBHOTO MO3KY ITiABHIIYE
YCHIIIHICTG HaBYaHHA. 3MEHLIEHHS (aKTOpiB pPHU3HKY
(KOHTpPOJIb 32 MAacoro Tijia, 3a0e3MeUeHHs Pi3HOMAHITTS Ta
TIOBHOLIIHHOCTI pallioHy, NPUIIMHEHHS KypiHHS, OOMEXSHHS
B)XMBAHHS QJIKOTOJIIO HAaBITh HAMHIDKYMX 103, SKI Ha
CBOTOJIHI BBXKAIOTHCSI OE3IMEYHUMH) JTO3BOJIUTD TOJIIIIIUATH
KPOBOIIOCTaYaHHsI TOJIOBHOTO MO3KY.
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Kopexkuist nncéakTepio3y mixBu 3 BUKOPUCTAHHAM NPOOIOTHKIB

C.I. Banpuyk, T.M. llleBuenko, B.A. llleBuenko, O.C. Boporkoa, A.l. BinHikoB
Jninponemposcokuil HayionaneHutl yHieepcumem imeni Onecs I onyapa, [{Hinponemposcok, Yxpaina

Topy1eHHs MikpoOiOLIEHO3Y BIKPUTHX MOPOKHUH OPraHi3My JIIOJMHH, 3HaHI SIK MCOAKTEPio3, BUpaXaroThest Y (opMyBaHHI TOMiHY-
BaHHS Yy CKJIaJi MiKpO(IOpH YMOBHO-TIATOreHHUX OakTepil, sKi BUTICHSIOTH HPEICTABHUKIB HOPMAIBHOI MIKpPOQIOpH, IO CHPUYHHSE
BHHHMKHEHHS PO3JIaJIiB i MOTIpIIEHHs CTaHy 310poB’st. JIucOaKTepiosu MXBU cepesl BAXKKHX HACIIAKIB MOXKYTh BKJIIOUATH MiJABHILICHHS PH-
3UKy iH(iKyBaHHS TATOr€HHUMH MIKpOOpraHi3MaMH, 4epe3 BiICYTHICTh e(eKTy KOJIOHI3aIiHOI PE3UCTEHTHOCTI, y Psi/Ii BUMAKIB MOXYTh
OyTH CIIPOBOKOBAHI HaBiTh BTPATH BariTHOCTI Ta 03T Y BUMAAKY PO3BUTKY OHCOAKTEPiO3iB BUHUKAE HEOOXIOHICTH TX KOPEKIi, s
YOro 3aCTOCOBYIOTH aHTUOIOTHKM Ta TPoOiOTHYHI Mpenapatyu. [HoAl 3acTocyBaHHs aHTHOIOTHKIB OOMEKEHE, TOMY MOTpiOHA Taka cxema
KOpeKIii, 3 BUKOPHCTaHHSIM SIKOI MOJKHA OyJ10 0 13 BUCOKOIO €(DEeKTHBHICTIO BiJHOBIIIOBATH CKJIaJ] MiKpo(Iopy. Mera 1i€l cTaTTi — OLiHUTH
e(heKTHBHICTH CXEMH IOCIIIIOBHOTO 3aCTOCYBaHHS JIBOX MPOOIOTHYHMX IIperapariB Ha OCHOBI CHIOPOBUX OaruiI 1 taktobakTepiid. 3amporo-
HOBAHO METO KOPEKIIi MiKpOOHOT €KOCHCTEMH ITIXBU MHUILIEH B yMOBAX EKCIIEPUMEHTAJIBHOIO AUCOAKTEio3y i3 3aCTOCYBAHHSM JIBOXETAIl-
HOTO YBeIEHHs Npo0ioTHyHMX mnpenapatis. CxeMy anpoOOBaHO HA MOJENI eKCIIEPHMMEHTAILHOTO AucOakTepiody mixsu Mumnieil. Haiie-
(ekTHBHIIIA KOPEKILis AUCOAKTEPio3y BiAOYBAEThCS 32 YMOB MOCTIZIOBHOTO 3aCTOCYBaHHsI OIOCIIOPHHY Ta Barijiaky: MOBHE BiJHOBJICHHS
MikpodopH mixBu peectpyBain Ha 20-Ty 100y 3 HOYaTKy yBEICHHs MPOOIOTHKIB, 110 HA 5 i0 IMIBHALIE HOPIBHIHO 31 CTAHAAPTHUMU
CcXeMaMH, SIKi BKIIFOYalOTh aHTHOIOTHK 1 TPOOIOTHK. BigHOBIEHHS CKiTaay MiKpO(IOpH MiXBU MHUIIEH BUPaXKaJlocs y 3pOCTaHHI KIJTbKOC-
Ti JTaKTOOANMII, 3HIKEHHI KUTBKOCTI YMOBHO-TTATOTEHHUX OaKTEpiid, a TAKOXK Y 3POCTaHHI BITHOIICHHS «aepoOu : aHaecpoOm» 10 TMoKa3-
HHKIB KOHTPOJIBGHOI FPYIIHL.

Knrouosi cnosa: dGammini; makTo0aig; MiKpoOioeHo3

Correction of vaginal dysbiosis with the use of probiotics

S.I. Valchuk, T.N. Shevchenko, V.A. Shevchenko, O.S. Voronkova, A.l. Vinnikov
Oles Honchar Dnipropetrovsk National University, Dnipropetrovsk, Ukraine

Disbacteriosis of open cavities of the human body ic connected with the formation of opportunistic bacteria dominance in the
composition of the microflora, displacing the representatives of normal microflora which leads to disorders and aggravation of health.
Among serious consequences of vaginal dysbiosis are increased risk of infection with pathogens through lack of effect of colonization
resistance; in some cases it may result in pregnancy loss and infertility. The most common vaginal dysbiosis forms are due to predominance
of staphylococci and enterobacteria, that actively colonize the lower genital tract. Therefore, disbacteriosis needs a correction for which
antibiotics and probiotic preparations are used. Sometimes antibiotics are not effective, so the correction scheme is required which would be
highly efficient in restoring the microflora composition. The aim of research was to investigate the efficacy of scheme of sequential use of
two probiotic preparations, based on spore bacilli and lactobacilli. The method of correcting the microbial vaginal ecosystem of mice with
experimental dysbiosis with the use of two-stage administration of probiotic preparations (biosporin and vagilak) was proposed. One of these
preparation contains spore bacilli with high antagonistic potential, and the second one contains lactobacilli which are typical representatives
of this habitat. The scheme was tested in the experimental model of vaginal dysbiosis of mice, created by intravaginal administration of cell
suspension of Staphylococcus aureus culture. Cell suspension of probiotic microorganism cultures was administered intravaginally to
animals, each preparation for 5 days in succession. It was found that the most effective correction of dysbiosis occurred by sequential use of
Biosporin and Vagilak preparations: full renovation of vaginal microflora was recorded for 20 days from the start of probiotics use, that as,
5 day faster than when following the standard schemes, including antibiotic and probiotic. It was shown that renewal of vaginal microflora of
mice was expressed in increasing number of lactobacilli 2.88 times returning to the level of control for the 20th day, reducing the number of
staphylococci and enterobacteria 2.81 and 5.13 times, respectively, on the 10th day of the experiment, as well as increasing the ratio of
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aerobes/anaerobes — 1/58 to that of the control group — 1/60. The results demonstrated the benefits of high efficiency of the proposed scheme,
which allowed to recommend this method in further research to develop a framework for practical use.

Keywords: probiotic bacilli; lactobacilli; microbiocenosis
Beenenue

Cepenl OCHOBHHIX TIpOOJIEM OXOpPOHH 3IOPOB’SI BAYKIIBE
MICIIE TIOCITa€ PEMPOIYKTUBHE 3M0POB’S — OJWH 3 OCHOBHHUX
YUHHYKIB CTAJIOTO PO3BHTKY CYCILIBCTBA. PerpoiyKkTHBHA
cucrema (PC) >iHKH BiIPI3HSETHCS OCOOJIMBOIO Ty TIIMBICTIO
0 il HECTPHATIMBHX YHMHHHKIB SIK CGK30T€HHOTO, TaK I
eHzgorennoro noxomkeHns (Voronin et al., 2011; Andosova et
al., 2013). OnHuM i3 HAKBIZOMINIMX MPOLIECIB, 1110 3a4iMalOTh
€KOJIOTYHy piBHOBAry mixBH, € JucOaxrepio3 (Bodnaryuk et
al, 2011). Lleit cran BHUpaXaeTbCs SIK 3MIHM CKJIamy
Mikpodutopy nieBHoro 6iororry. OOOB’sI3k0Ba yMOBa UL BH-
HUKHCHHS JUCOAaKTEePio3y — HASBHICTh KOHKYPEHTHOTO POCTY
OJTHOTO 200 JNEKITHPKOX YMOBHO-IIATOTCHHUX MIiKPOOPTaHi3MiB
(Rudakova et al., 2008; Hamoshina et al., 2009). V pasi
TIOPYIIEHHS KOJOHI3AIIHHOI pe3UCTEHTHOCTI (TOOTO CTIHKOCTI
J0 KOJIOHI3aIlli CITM30BOi OOONOHKH YMOBHO-ITATOT€HHUMH
a00 MaTOreHHNMH OaKTepisIMU) 3MEHIITYETHCS KOHIIEHTPAIILSA
GaxTepiii, 0 B HOPMI MIePeBAXKAIOTh (IS JAHOTO 0i0TOIy 11e
nakrobaumn) (Andosova et al., 2013; Bengmark, 2013), i
3pOCTa€ PI3HOMAHITTS Ta KOHIICHTPAIis MMOTCHIIHO HeOe3-
MEYHUX MIKPOOPTaHi3MiB, Yy JESIKWX BHIJKax HaBiTh
BiIOYBAETHCS X TPaHCIIOKalisl y BHYTpIILHI OpraHy, 30KpeMa
y TIOpPOKHHMHY IIXBM Ta IUTYHKOBO-KHMIIKOBUM TpaKT
(Hamoshina et al., 2009; Nahorna and Starushchenko, 2009).
VY cBoro wepry, 3miHa ckiamy MikpoOiorieHo3y PC kiHKH
MOX€ CIPHUYMHHUTH TIOPYIIEHHS (hi3ionoriyHoro mepediry
BariTHOCTi, ii 3pWB, a TAaKOX HETaTHBHO BIUIMHYTH Ha
OpTraHi3M JIUTHHH TIiJ1 9ac MPOXOPKEHHS Yepe3 POIOBI MIUISIXH
marepi (Dovhoshapko et al., 2009; Veropotvelyan et al., 2009;
Voronin et al., 2011; MacIntyre et al., 2015).

OcTaHHIMH POKaMH JUIsl KOPEKLii TUCOIOTHYHMX po3Jia-
JIB BCE YaCTillle BUKOPHCTOBYIOTH OaKTepioTepaneBTHYHI
nipertapat — npodiotrku (Gopchuk, 2009). IIpobioTnku —
TIpeTiapaTH, 10 MICTSTh JKUBI KIITHHNA MIKPOOPraHi3MiB abo
MIPOAYKTH iX MeTaboi3My, SKi CIPUATIMBO BIUIMBAIOTH Ha
OpTaHi3M JIFOAWHA NUITXOM O3I0POBICHHS 1i Mikpodiaopu
(Yankovskiy and Dyiment, 2008). IIpobioTHku mepeBaxao
(hopMyroThCsl Ha OCHOBI OipinodaxTepiit, TaKTOOAIIIT i KOJTi-
6aktepiit. CpOroHi CrieKTp motped 3HAYHO OUTHIIHI 1 TOMY
BUHHUKJIM HOBI IIperapard Ha OCHOBI CIOPOBHX aepOOHHMX
OarI, PHKIPKIB, CHTEPOKOKIB, aSPOKOKIB TOIIIO.

BpaxoBytoun BimoMocTi Tpo MiIKpouiopy JIFOIHMHH,
MOKHA TIepea0ayYnTH, 110 HAMOUIBIIMN AHTHIMCOIOTHYHUI
edexr OyoyTh CHpaBISITM IIperiapaTH, CIPSIMOBaHI Ha
BijiHOBNIEHHs OakTepiit poniB Bifidobacterium ta Lactobacil-
lus (Mastromarino et al., 2014; Castro et al., 2015).

[IpobGioTrkoTepartist — He nuIIe eeKTUBHUM, a 1 TOBOIMI
Oe3rneyHnii 3aci0 KOpeKIii Ta MPOQIIaKTHKA AUCOIOTHIHIX
MOpYILEHb, @ TOMY JOCIIUKEHHS IbOTO HAIpsMYy IepCIieK-
tuBHI (Yankovskiy and Dyiment, 2008; Gopchuk, 2009;
Voronin et al., 2011). IcHyroTs maHi 00 BAATIOTO 3aCTO-
CYBaHH:I IIPOOIOTHYHHX IIPerapaTiB A1 KOPEKIIii MOpyIIeHb
MmikpoOionenosy mixsu (Kravchenko et al., 2002).

[TpobioTHKK HA OCHOBI CIIOPOTBIPHUX OAlMI BUKOPHC-
TOBYIOTH IEPEBAXKHO YISl KOPEKLii NUCOIOTUYHMX SIBUILI Y
KHIIICYHWKY, ajJi¢ BiZIOMO, IO BOHU BOJIOJiIOTH OaraTbMa

BJIACTUBOCTSIMH, SIKI MOXKYTh 3HAYHO HOLIUPHTU CIEKTP iX
3actocyBaHHs. [IpoOiOTHKN Ha OCHOBI CHIOPOTBIPHUX Oarut
MAarOTh BHCOKi (DEpMCHTATHBHY Ta aHTATOHICTUYHY aKTHB-
HOCTI TIPOTH MATOT€HHUX 1 YMOBHO-TIATOT€HHUX MIKpoopra-
HI3MIB, BOHHM, /0 TOTO >, 3[JaTHI KOPHUTYBaTH IMyHHY
Biamosiak (Kravchenko et al., 2002; Sorokulova et al., 2008).
[Ipo MOXIMBICTE BUKOPHUCTaHHS Oalpin JUisl KOPEKLil JTuc-
0aKTepio3iB TAKOXK CBIMUUTH TE, IO IPEICTABHHUKIB acpod-
HHMX CIOpOTBIPHHMX OakTepiil BHUSBILUIM Yy MIKpoOioLeHO3i
3JI0POBHX MOPOJIL/Ib i HOBOHAPOKEHUX Y KibkocTsix 10—
10° KYO/r npo6u (Redelinghuys et al., 2015). V Toii %e uac
HAroJIONIYEThCS, IO Ii OakTepii € TPaH3UTOPHUMH MIPE[I-
cTaBHHKamMH Mikpodopu. Born He 3matHi 1o amresii mo
KJITHH ETITENiI0 TIOPO’KHUH OPraHi3MY 1 3 4acOM CaMOBLTHHO
eNMmMiHyOTECS 3 MakpoopraHismy (Castro et al., 2015).

Haii6uremn 3acTocoByBaHi MPOOIOTHYHI OAIIIN — IITAMH
Bacillus subtilis Ta B. licheniformis, siki Oynu BimiOpaHi st
BKJIFOUeHHS B mipenapar «biocmopuny. JlaHi, oTpuMaHi B pi3-
HHX KITIHIYHUX 3aKJIaaX 010 3aCTOCYBaHHs «bioCTIOpHHY»,
CBIZTYaTh, 1[0 HA BCIX BUBYCHHX KOHTUHI'CHTAX XBOPHX Bijl-
3HaYCHO HOro HEIIKiIMBICTh, J00pY IEPEeHOCHMICTh Ta
BHUCOKY KJIIHIYHY e(eKTHBHICTb. [10Ka3aHO 3HAUHE 3HIKESHHS
KUIBKOCTI 200 TIOBHY eJMIHALiI0 YMOBHO-TIATOT€HHHX
eHTepoOaKTepiif Ta CTaiIOKOKIB, a TaKOXK TPHOIB pomy Can-
dida 3 BiTHOBIICHHSIM TTOKA3HUKIB HOpMOOioneHo3y. bakTepii,
0 BXOISITh A0 CKIany «biocmoprHy», BONOMIFOTE CHOPII-
HEHiCTIo 3 JlakTtobaktepisimu. Le nae mincraBy 1is eexTHB-
HOTO 3aCTOCYBaHHS LIbOTO Mperiapary Mpy iH(eKIIHHNX riHe-
KOJIOTTYHMX 3aXBOPIOBAaHHSX (KaHAWI03, OaKTepialbHUI Bari-
HO3). 30KpeMa, BUCOKA KJTIHIYHA e(heKTUBHICTb «blocropuHy»
NPOJIEMOHCTPOBAHA y TiHEKOJIOTIYHIH IPaKTHIl, OCOOJIMBO
JUIS JIIKYBaHHS BYJIbBOBAriHAJIBHOTO KaHIWIO3Y, OaKTepi-
aJIbHOTO BariHo3y Ta BariHiTy (Sorokulova et al., 2008).

IcHye mima HM3ka cxem Kopekuii amcOakTepiody, sKi
MOXXYTh BKITFOUATH TTeBHI IPOOIOTUKH. Y TOM JKE Yac €IHHOI
3araJIbHONPHIHATOI CXeMH He icHye, 00 BHOIp TMPOOIOTHKIB
TIOBMHEH 3MIMCHIOBATHCS 3 YpaxyBaHHAM e()eKTHBHOCTI iX il
B KOXKHOMY OKpeMoMy Bumanky (Mastromarino et al., 2014;
Castro et al., 2015; MaclIntyre et al., 2015). Omxe, O4eBUIHO
Te, 10 ICHY€e HEOOXIHICTh MOJANBIIONO BUBYEHHS Ta PO3PO-
OJIeHHs1 HaNPSIMIB KOPEKLi IMCOaKTEPio3iB i3 BUKOPHCTAHHSIM
npoOIOTMYHMX TpenapariB yis HopMatizawii ado mpodi-
JIAKTHKH CKOJIOTIYHOI PIBHOBATH MPEICTABHUKIB MiKpodiopu
ITXBH.

ToMy Merta HaIloi CTaTTi — OLIHUTH €PEKTUBHICTH CXEMHU
TIOCTIJIOBHOTO 3aCTOCYBAHHSI JIBOX IMPOOIOTHYHMX Mperapa-
TiB Ha OCHOBI CITOPOBHX OAIIWII 1 JIAKTOOAKTEPIi.

Marepian i MeToau q0CTiTKeHb

MogemoBasHS IECOAKTEPio3y MIXBH 3IIHCHIOBAI Ha
OUIMX J1aOOPATOPHMX MHUIIAX, HULIXOM IHTpaBariHaJBHOIO
YBEIEHHS CyCIeH3ii KIITHH 000B0i KylIeTypH Staphylococ-
cus aureus, o mictiwia 1 X 10° KYO/mi B 06°emi 50 MKIL
Tam S. aureus, BUKOPUCTAHUI JUTS JTOCITIIPKCHb, BXOJUTh
JI0 KOJIEKITii KyJIbTyp Kadeapu MikpoOioorii, Bipycoorii ta
6i0TexHOJIOTIi JIHIMPOIETPOBCHKOTO HAIIOHAILHOTO YHIBEP-
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curery iM. Onecs ['onuapa. Horo OyJ0 BUIIEHO 3 BiJO-
KPEMJTFOBAHOTO ITIXBH YKIHOK 13 IUCOAKTEPiO30M.

Jnst mpoBeJieHHsT €KCIIEpPUMEHTIB TBapHH IOICHO Ha
TPHU IPYyINHU:

—rpyna 1 (KOHTpoJIb) — 3710pOBi TBapHHH, n = 10;

— rpyna 2 (KOHTpOIb ucOaKTepiosy) — TBApHHU 3 AUCOI-
030M, ISl SIKUX HEe 3aCTOCOBYBAIM KOPEKIIiiHI 3axomu, n = 12;

— rpyna 3 — TBapHHH 3 JHCOaKTEpPio30M, SIKMM MOCIIi-
JOBHO YBOAWIIM OakTepii, OTprMaHi 3 mpemnapariB «biocto-
pun» i «Barimak», n = 10.

TeapuHaM i3 IEIcOaKTEpPio30M TIPOTSATOM 5 1i0 OmHOpa-
3080 BBOAWIM S50 MK CycreH3ii KITHH 13 mpernapary
«biocropumy, mo mictima 1 x 10° writne/mr. Yepes 5 1i6
TICJIs 3aBEPIICHHS YBEICHHS NpeTiapary TBapHHaM HOYHHAIIN
BBOJIMTHU (OZHOPA30BO, POTIroM 5 J1i0) CycHeH3ito KIITHH i3
npobiotrka «Barimak», mo B 00’emi 50 Mkn Mictuia
1 % 10° wriTas/m.

JocimipkeHHst 3MiH CKJIagy MiKpoOiOLeHO3y MiXBH 3a
BIUIMBY NPOOIOTHKIB BiICTEXXyBaIM 33 3MIHAMH SIKICHOTO Ta
KUTBKICHOTO BMicTy OakTepiil. [neHTndikamiro 6akTepiit po-
BOJIVITM BiJITIOBITHO 70 TIEPENTiKy O3HAK, HaBeIeHNX Y BisHau-
HUKy Oakrepiit bepmxki (Krieg, 1984) ta 3a MeTomikamu, Ha-
BeneHnmu y Hakazi Ne 535 «O0 yHudukanmu MuxpoOHo-
JIOTHYECKHUX (OaKTEPHUOIOTHYECKHX) METOIOB MCCIICIOBAHUS,
NPUMEHSIEMBIX B KJIMHUKO-IMAarHOCTHYECKUX J1a00paTOpHsX
nieueOHO-NpoUIaKTHYECKUX yupexaeHni» Bin 22.04.1985 p.
(Ob unifikacii..., 1985). Basarrs marepiany B ekcriepuMeH-
TaJIbHUX TBAPUH NPOBOAWIM HUIIXOM BiOOpY BHILUIEHD
TTiXBH yHI()IKOBaHUM CTEPHUIILHIM BaTHUM TaMIIOHOM, TIPOBO-
JWJIK 3MHB 13 HBOTO B 1 MJI CTEpPWJIBHOTO PO3YHMHY HATpIrO
xJopuy (MacoBa yactka coni — 0,5%). 3 oTpuMaHOro 3MuBy
3IiHCHIOBaIM BHCIB amikBOT (Mo 50 MKJI) Ha CepemoBHINA
Exno, makrobaxarap, crailoOKOKOBHI arap, CTPEITOKOKOBHIA
arap, M’sicorenToHHui arap. J{yist Bu3Ha4eHHs: OakTepii poiy
Gardnerella BuciBaim 3pa3oK Ha M’ SCOIENTOHHHI OyJbHOH
(MIIB) i3 nonaBaHHsM Jti3oBaHoi KpoBi (3%), rirokosu (1%)
ta Tpunrrodany (0,2%); Ha M’siconienrtonHoMy arapi (MITA) i3

cupoBaTKoro sl BusHaueHHst Corynebacterium. [Iiist mopams-
ol ineHTr(IKaIil Ta BUBYCHHS IEIKMX BIACTHBOCTEH BHIII-
JieHnX OakTepii TPOBOAWIM TIEPECiBM Ha CEpElOBHIIA
YucroBuua, MITA 13 momaBanusaM kposi (3%), na MITA i3
xenartnioro (15%), MIIb i3 momaBanHsM Tpunrtodany Ta
HiTpaTiB, Ha cepenoBrIla ['icca 3 IHAMKATOPaMH Ta IyKpaMHu
(Troxo3a, J1aKTO3a, MaHIT), Ha Jiy>kHe cepenosuiie, MIIA i3
xoBuro (40%) (Eschenbach, 2007; Hay, 2009). Bakrepii
KyJbTHBYBJIA B EKCHKATOpI 31 CBIUKOIO (32 IIABHIEHOTO
mapuiansHoro Tacky COy).

Jns BU3HauYCHHS aHaepoOiB MPOBOIIUIM BHUCIB aNlIKBOT
(mo 50 mxu) i3 po3BEIECHHb 3MUBY 10210 (Dyachenko et
al., 2000) Ha TIOrJIKOJCBE CepeIOBHIIE, JTaKToOaKarap, Ha
cepenoBuiia Kitr — Tapomi ta braypoka ta Ha 5%
KpOB’siHUH arap i3 pomaBaHHsM Hitpaty (1%) Ta dymapary
(1%). KynbriByBaHHs aHaepo0iB IPOBOJIMIIN B aHAEPOCTATI,
3aIlI0BHEHOMY 1HEPTHHMM T'a30M.

Pesynbratit  AOCHIIPKEHb KUIBKICHOTO CKJIaay MIKpO-
(JIopy MiXBU HABEJICHO y BUIVISAAI CEPEIHBOTO 3 TIOXUOKOIO
(M £m).

Pe3yabTaTi Ta iX 00roBopeHHst

3azBuuail ST KOpeKwili cTaHy MIKpo(uIopH BHKOpPH-
CTOBYIOTh OJIMH TpoOioTuHmii npenapar (Mastromarino et
al., 2014; Castro et al, 2015). Mu 3anpononysau
eKCIIEPUMEHTAJIbHY CXEeMY KOpeKIil 1UcOio3y, sIka BKIIIOYaE
3aCTOCYBaHHs JIBOX Ipernaparis mocmiib. Ha nepriomy erami
BBOJIWJIM NIPOOIOTHK «BiocrioprH», KOMIIOHEHTAMH SIKOTO €
CIIOPOBI OalWiIM, SIKI MalOTh aKTUBHY aHTaroHICTHYHY JIIO.
Ha npyromy erami BBogwimm «Barimak» — mnpoOioTHK,
OCHOBHMM KOMIIOHEHTOM SIKOTO € JiakroOamwm. Llei
TperiapaT BUKOPUCTOBYBAIM JUISl BiJHOBJICHHS HOPMaJbHOT
KUTBKOCTI JIakTOOaKTepiil 10 mokasHuKa Hopmu. OTpuMmaHi
pe3yJIbTaTH KOPEKIil cTaHy MIKpO(IOpH MiXBA MHUIIICH Ha-
BeJleHO y Tabmmisix 11 2.

Tabruys 1
Yacrora BusiBJIeHHs OaKkTepiii, BUAiIeHUX i3 MXBU MUILIEH 3 eKcIlepHMeHTAILHUM AucOaKTepio3oM
J0 Ta micJisl ABOXETAIHOI0 BBeJeHHs npodioTukis «biocnopun» i «Barinax» (Ig KYO/mn)
I'pyna 3 (kopuryBanssi qucbaktepiosy), n= 10
I ) yBeZIeHHS IPO0iOTHKA YBeZeHHS IPOOiOTHKA
I'pyma 1 pyna I'pyma 3 «biociopum» (5 1i0) «Barinax» (5 1i0)
Bakrepii (KOHTpOJIB), (KOHTPO.H b (micOakTepios), | TepMiH yBelleHHs Ta “uac Hic/s 3aBepIUeHHs BREICHHs IPENapaTiB
n=10 ””C6a‘<:rell’2‘°3y>’ n=10 5458 [ 515" | 25"
" 11002 BiJI [TOYATKy eKCEPUMEHTa
10-ta 20-Ta 40-Ba
Staphylococcus 10/100 12/100 10/100 10/100 10/100 10/100
Enterobacteriaceae 1/10 12/100 10/100 5/50 6/60 1/10
Bacillus 2/20 6/50 4/40 10/100 3/30 2/20
Lactobacillus 10/100 9/75 6/60 8/80 10/100 10/100

I3 HaBeseHMX y TaONMMISIX JAHWUX BHAHO, LIO JHcOak-
TEepio3 y KOHTPOJIBHIH Ipymi 2 Ta y pociindiil rpymi 3 MaB
3HAuHy MOJIOHICTD IOKA3HUKIB, IO CBIAYUTH MPO BiITBO-
proBaHicTh oTprMaHoi Mozedi. IIopiBHSHHS JaHWX TI0 TPYII
3, OTpUMaHUX TMICIA KOPEKIIHHUX 3aXOMiB 3 Y)KHBAHHIM
JIBOX MPOOIOTHYHMX IPEHAPaTiB, i3 KOHTPOISIMA HOPMH Ta
IMcOio3y TOKasano, [0 YacTOTa BHSBICHHS YMOBHO-
NAaTOreHHUX 1 TPAH3UTOPHHUX OakTepidl y pasi 3acTOCYBaHHS
3aIPOIOHOBAHOT CXEMH 3HI)KYBAJIACsi IOPIBHSHO 3 IPYIIO0

TBApWH, SIKUM HE BBOAWIM NpenapaTd Uil KOPEKLil
JucOakrepiosy. Haii3HauHimie 3HWKEHHSI YaCTOTH BHSIBIICH-
Hs1 3adikcoBaHe 11 eHTepodakTepii: 31 100% no 50% micns
3aBepieHHs BBeieHHs «biocropuay» (5-Ta m006a), Tomi SIK y
KOHTpOJII Ha TOW XK€ Yac YacTOTa BHUSBIICHHS E€HTEpOOaK-
Tepii He 3HWKyBajacs. Yacrora BHSBICHHS MIKpOaepo-
¢binbHEX nakTobarm 3pocraia 3 60% mpu qucbakTepiosi 10
80% micns BBeneHHs «biocopuny» i 1o 100% micinst BBe-
neHHs «Barimaky», Tomi SK 3a CaMOBUIBHHX 3MiH Yy
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MIKpOOIOIIEHO31 MXBU TBApHH IpyIu 2 el MOKa3HUK CTa-
HoBMB 75%. Cnif 3a3HauuTH, IO IMCIIs BBEAEHHS «biocmo-
puny» 3pocia 1o 100% uacrtora BUsIBIIEHHsT OakTepiil poay
Bacillus, a na 20-ty 100y eKCliepHUMEHTY MiCis YBEACHHS
«Barinaky» 3HauHO 3HMKyBanacs (10 30%), mo € 100poro
03HaKor. HatomicTh 4acToTa BUSIBJICHHs CTa(piIOKOKIB JIH-
mranacst Bucokoro (100%), mo, 3 orsiay Ha Taky K BHCOKY
YacTOTy 1X BUSBJICHHS Y 3M0POBUX iIHTAKTHHX TBAPUH, MOXKE
BBQKATHCSI HOPMAJIBHHM.

VYBe#eHHS 3aCTOCOBaHMX TMPOOIOTHYHMX —IIperapariB
CTIPUSIIO TAKOXK 3HIDKEHHIO KUTBKICHOTO TIOKa3HHKA YMOBHO-
nmaTtoreHHux Oakrepii. KimbKicTh X OakTepiil modana 3HH-
JKyBaTHCs Bxe Ticisi 3acTocyBanHs «biocriopuny». IHnekc
«aepobu : aHaepoOW» craHOBMB 1 : 54, KOmM mpu JauC-
OakTepio3i ioro 3HadYeHHs Oyso y rpymi 2 — 1 : 137, y rpymi 3 —
1 : 110, a B xoHTpOIBHIK Tpymi — 1 : 60. OnHaK KiIbKICTh
cra(hiJIOKOKIB TIOPIBHSHO 3 jucOakTepio3oM (rpyma 2) Oyna
MeHmoro Ha 10-ty o0y —y 2,81 pasa, a eHTepodaxrepiii — y
5,13 paza. Ha 20-ty moOy eKcHepuMeHTY IiCiisi BBEICHHS

«Barinaky» KibKicTh cTa)iJIOKOKIB 3MEHIIMIACS Maibke J10
TMOKa3HHKa KOHTPOIIIO, a Ha 40-By 100y OyJia TpOXH MEHIIa 32
KOHTpOJIb. KiIbKICTh eHTepoOaKTepiii TakoXK 3MEHIIMIIAcT Ha
40-By 100y, asie OyJ1a OUTBIIIOO 32 KOHTPOIIh. [Ticist 3acTocy-
BaHHS mepiuoro mnpoodiotrka 3i cxemu («biocnopuHy») He
BiIMIYaQJI BIITHOBJICHHS KUTBKICHOTO TOKa3HHWKA MiKpoaepo-
¢impHMx maktobamr: Ha 10-Ty MO0y eKCIepHMEHTY ITicist
BBezieHHs «biocroprmy» BiH craHoBuB 1,65 + 0,80 1g KYO/mi,
o OyJo MEHIIe 3Ha4eHHs1 KOHTPOJIBHOI TPYIH Ta 3HAYCHHS
mpu  aucOaktepiodi (koHTpos 2) y 398 ta 135 pasa
BimmoBinHO. Asie Bxke Ha 20-Ty 00y eKCIepHMEHTY ITiCis
BBeZIeHHs «Barinaky» KiIbKICHHIT TTOKa3HUK MIKpoaepodiib-
HHX JIakToOarn 30UThbMBCs y 2,88 pasa MOpIBHSHO 13 1o-
Ka3HMKOM IpH 1ucOakTepio3i Ta craHoBuB 2,24 + 0,98 Ig
KYO/Mit 1 maiike AocsT KOHTPOJILHOTO TOKa3HHMKa 2,25 +
1,03 1g KYO/mn. Ianeke «aepobu : aHaepoOm» Bxke Ha 5-Ty
J00y TTicyIs1 3aBepIIeHHs BBeieHHs «Barinaxy» craHoBuB 1 : 59,
a Ha 25-ty noOy — 1 : 58, 1m0 BiIOBIgIO 3HAYEHHIO KOH-
TponbHOi rpymu 1 : 60.

Tabnuys 2

KinbkicHuii cki1aj 6axrepiii, BuaizeHnx i3 nixsu Muineii 3 eKcriepuMeHTAILHUM AHcOaKTepio3oM
110 Ta MicJIsl IBOXETAHOro BBeleHHs MpodioTukiB «biocnopun» i «Barinax» (Ig KYO/mu)

I'pyna 3 (xopurysaHnHs mcOakTepiosy), n= 10
T'pyna 2 YBEICHHs np06imka YBEJICHHS npo6iqm1<a
I'pyma 1 (KOHTPOI I'pyma 3 «biocniopuny (5 1i0) «Barinmax» (5 1i6)
Baxrepii (KOHTpOJB), . (TMCGaKTEPio3), | TepMiH yBeIeHHS Ta “Uac ITCIIs 3aBepIICHHS BBE/ICHHS IIPETAPaTiB
n=10 Z‘“°6a’“_Telp21°3Y)’ n=10 5458 [ 5+5° ] 25"
" J100a BiJf TOYATKy eKCIeprMe
10-ta 20-ta 40-Ba
Staphylococcus 2,11+0,83 2,72+ 1,49 2,57+125 2,27+1,05 2,13+0,78" 2,09+0,92"
Enterobacteriaceae 1,60* 246+141" 2,61+0,98 1,75+0,81 1,73+1,12 1,78*
Bacillus 1,30* 2,08+ 1,09 242+120 1,88 +0,88" 1,64 +0,87" 1,60*
Lactobacillus 225+ 1,03 1,78 +0,88" 1,70+ 0,65 1,65+0,80 2,24 +0,98 2,25+0,99

Ipumitku: * gaui, oTpuMani st 1-2 TBapuH; X BU3HAYCHO CTATUCTUYHO JOCTOBIPHI BiAMIHHOCTI BiJHOCHO KOHTPOJIbHOI Ipynu 1.

VY mincyMKy cimif 3a3HaYWTH, IO TIPOBENICHI HA OCTaHHIO
(40-By) n0o0y eKCIepHMMEHTY BUCIBH MOKA3aIH, 110 BiOyI0Ca
BITHOBJICHHSI CKJIaJly MIKpO(JIopy MiXBH MHIlEH. 32 yMOB
JIBOXETAITHOTO YBeZeHHs Mpo0ioThkiB «biocnopuny» 1 «Bari-
JIAK» 3MEHIIYBABCSl 4ac BiJHOBJICHHs CKIIaay MikpoduiopH,
IO CBIIYMTH TPO TNepeBard MpOIoHOBaHOI cxemu. Yac
BiHOBJIEHHsI cTaHoBUB 20 1i0, poTu 25 1id y pasi BUKOpH-
CTaHHS CTaHIApPTHOI CXeMH, 1[I0 BKJIIOYAE 3aMiCTh
«blocniopuny» aHTHOIOTHK KIiHIaMilMH. [HIEKC «aepodu :
aHaepoOmW» csiraB 3Ha4eHb HOpMH — 1 : 58, 3a mokasHHKa
KOHTpOJIBHI IpynH 1 : 60. KoHTposibHEe BUBUEHHSI KIJIBKICHOTO
TOKa3HMUKa Jlaktooarmi Ha 40-By 100y eKCIIEpIMEHTY JT03BO-
JIAITO BY3HAYUTH, IO KUTBKICTh MIKpOaepoLIbHIX JIAKTOOA-
IIMJT BiTHOBITIOBAJIACS IO PIBHS HOPMH.

s cradinokokiB 3a(hiKCOBaHO IMMOBEPHEHHS KiIbKic-
HOTO MOKa3HHUKA J0 3HA4YeHHs KOHTPOJIIO, IPHIOMY Y Tpymi
TBAapWH, I SKHX 3aCTOCOBYBAIM TMOCITIZOBHE YBEICHHS
JIBOX MPOOIOTHKIB, 3HIKEHHSI KUIBKOCTI CTa(iIOKOKIB BHSI-
BIJIOCS. MakCHMaJIbHO e(eKTHBHMM: IX KUIBKICTh cCTaja
MEHILOIO 32 KOHTPOJIbHY. Jlyist eHTepobakTepiii TakoXX HOKa-
3aHO 3MEHILECHHS YacTOTH BUSIBJICHHS: y BHIIAJKY 3aCTOCY-
BaHHs cxemu «biocriopun + Barinak» ix BUSBIICHO JivIIe B
onHiel TBapwHH, SK 1 B KOHTpoiui. OTxke, crmocid Kopekmil
ICOaKTepio3y MIXBH MHIIEH IDIIXOM JIBOXETAITHOTO BHKO-
pucranas npobioTHkiB «biocnopur» i «Barimak» moxaszaB
BUCOKY €(DeKTHBHICTb LI0JI0 BiJIHOBJICHHS] HOpMOO103Y.

e pa3 BaIMBO 3a3HAYMTH, IO OALIM € TPAH3UTOP-
HUMH TIPEACTaBHUKAMH MIiKpO(IIOpH ITiXBH, BOHU TTOCTYIIO-
Bo Mmaroth 3Hukatu (Redelinghuys et al., 2015; Suarez,
2015), ocoOuBO SKIIO 10 CUCTeMH OyIie BBEIEHO OakTepii,
SKi  BOJIOHIFOTH OUIBII BHPKECHHM  KOJOHI3AI[IHHIM
MOTEHINAIOM, HAIPUKIIAJ, JAKTOOAIWIN, IS SIKAX ITiXBa —
tunoBuii 6iotom (Sidorova et al., 2005; Kaewsrichan et al.,
2006; Hamoshina et al., 2009; Balkus et al., 2011). Otxe,
BUKOPUCTaHHS caMux OGalsIpHUX ~ TIPOOIOTHIKIB,
BUpILIyI0OYM TpoOIeMy 3 BHIAJICHHSM HATOTEHIB, JIMIIAE
BIIKPHTHM THTAHHS [PO BiJHOBJCHHS JAKTOOALMISPHOTO
KOMITOHEHTa MIKpO(IOpH MiXBH, TOMY OOMEXKHTHUCH BHKO-
pUCTaHHAM CaMHUX Oarl Ui TIOBHOI KOPEKIil CKIIaxy
MiKpO(IOpH pEenpoTyKTHBHOI CHCTEMH HEMOKITHBO.

BucHoBku

1. Po3pobieHo meron KopeKiil MIiKpOOHOI eKOCHCTEMHU
HiXBM MHUILIEH B YMOBaX €KCIIEPUMEHTAIBHOTO IUCOAKTEPIO3y
i3 3aCTOCYBaHHSIM [JJBOXETAITHOTO YBEJEHHS MPOOIOTHYHHX
Tpernaparis.

2. HaitedexTuBHira KopeK1ist AMcOaKTepio3y BiOyBaeTh-
cs 'y pasi 3actocyBaHHsl «biocrioprHy» 3 HACTYIIHUM YBEZCH-
HiIM «Barinaky»: HOBHE BiIHOBJIEHHSI MIKpO(JIOpH MiXBH
peectpyBatocsi Ha 20-Ty 100y 3 TIOYATKy YBEICHHS
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NMpoOIOTHKIB, IO Ha 5 mi0 IIBHIIIE MOPIBHIHO 31 CTaHIAPT-
HHMH CXEMaMH, SIKi BKJIFOYAI0Th aHTHOIOTHK 1 MPOOIOTHK.

3. BigHOBNEHHs cKiaxy MiKpo(IIOpH ITIXBU MUILIEH BH-
pakanocs y 3pOCTaHHI KUIBKOCTI JIAKTOOAIMI IO 3HAYCHHS
Hopmu Ha 20-Ty 100y, 3HKEHHI KUTBKOCTI CTa(iJIOKOKIB Ta
eHrepobakTepiit y 2,81 ta 5,13 pasa BianosigHO Bxke Ha 10-
Ty 100y EKCIEpUMEHTY, a TaKOX Y 3pOCTaHHI BiJHOIICHHS
«aepobu : aHaepoOm» — 1 : 58 10 MOKa3HUKA KOHTPOJIBHOT

rpym — 1 : 60.
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BnuiuB MeTo/1iB BUMIPIOBAHHS €JIEKTPUYHOIO iMIIEJaHCY
HA BiATBOPEHHsI IBOBUMIPHOI TOMOrpaMu 0i0JIOriYHUX TKAHUH

€.M. Cuixko, M.M. Mimux, E.M. I'acanos
Jlninponemposcokuil HayionaneHutl yHieepcumem imeni Onecs I onuapa, [{Hinponemposcok, Yxpaina

JociipkeHo pi3Hi METOIM 1HXKEKIii 3MIHHOrO CTpyMy depe3 Iapy €JIeKTPOIB, SKi PO3TAIlloBaHi M0 MEPUMETPY JOCIIHKYBAHOIO
00’exTa. BumiproBany noTeHIia M Ha HIIHUX €IEeKTPOIaX, PO3TAILIOBAHUX [0 EPUMETPY, LIS OIePKAHHS BHYTPILLIHBOIO PO3HO/UTY IIPOBi-
JIHOCTi OIOJIOTYHMX TKAHUH METOJIOM eJIeKTpoiMIenaHcHol Tomorpadii. BUkopucTOBYBamy makeT 004MCIICHb PO3MOALTY HOTCHIIANB Ta
BiaTBopeHHs1 300paxkeHs EIDORS. O0uncnenss mpoBeneHo Mg 16 eneKkTpoaiB, po3TaliOBAHUK HA OJJHAKOBUX BIJICTAHSX IO MEPUMETPY.
VYcepemuHi 00°€kTa 3 OAHOPIIHOIO MPOBIIHICTIO PO3TALIOBAHI ZBI 00JACTi MiABUINECHOI MPOBiAHOCTI. ONIiHEHO BIUIMB METOMIB IHXKEKILT
CTpyMy Ha TOYHICTH BiITBOPEHHS JBOBUMIPHOTO PO3MOALTY MPOBITHOCTI BCepeyHi 00’ €KTa ISt alTOPUTMIB aOCOTIOTHOTO Ta PI3HUIIEBOTO
METOJIIB PO3paxyHKy TOMOrpaMu. BcTaHOBIIEHO mepeBary, HeIOMIKY Ta Taily3i 3aCTOCYBAHHS IUITOIBHOTO (HA CYCLITHI €IeKTPOJIH), TTOJISIp-
HOTO (Ha IPOTHJICHKHI IEKTPO/IH) Ta JOAATKOBOrO (Ha €IEKTPOJIH, SIKi 3MIIlleHi YBepTh KoJla) MEeTOAIB irmkeKuil crpymy. HaBeneHo mopis-
HsUTbHA Jiarpama IoXUOOK MaKCUMAaJIBHOTO BIIXMJICHHS Ta CepeIHbOKBAAPATHYHHUX OXMOOK BiITBOPEHHS PO3IOILITY IPOBITHOCTI.

Kmouosi cnosa: enexrpoimmnenancHa Tomorpadisi; METo KiHIIEBHX eJIeMEHTIB; 300paxketHst nposiaHocti; EIDORS; enexrponu

Effects of electrical impedance measuring methods
on two-dimensional tomogram recovery of biological tissues

Y .M. Snizhko, M.M. Milykh, E.M. Gasanov
Oles Honchar Dnipropetrovsk National University, Dnipropetrovsk, Ukraine

The purpose of electrical impedance tomography is to obtain the electrical impedance distribution in the domain of interest by injecting
the currents or applying voltages and measuring voltages or currents via a number of electrodes that are mounted on the boundary of the
domain. We investigated the influence of various alternating current injection methods on conductivity allocation recovery in biological
tissues. We used 16 electrodes allocated uniformly on a circle perimeter. The research technique includes the mathematical modeling by
finite element method with 576 nodes. The current injection was performed through two electrodes located nearby (dipole assignment),
opposite (polar assignment) or with a shift by 3 electrodes (a quarter of circle). We registered the potential differences between other
electrodes for calculation of the internal conductivity allocation by the finite element method. The study revealed that dipole current injection
impoved the sensitivity of the method, and polar injection refined the resolution capability. We used the absolute and difference calculation
methods implemented in the programming package of potentials allocation and image reconstruction EIDORS (Electrical Impedance and
Diffuse Optical Tomography Reconstruction Software). EIDORS is an open source software system for image reconstruction in the
electrical impedance tomography and diffuse optical tomography, designed to facilitate collaboration, testing and new research in these
fields. Several numerical examples with inclusion of various convex and non-convex smooth shapes (e.g. circular, elliptic, square-shaped)
and sizes are presented and thoroughly investigated. The experiments revealed phantoms at round form discontinuities of conductivity. As an
accuracy criterion, we selected mean-square and maximum deviation values of the reconstructed image from the true conductivity allocation.
The study showed the advantages, lacks and application fields of dipole, polar and other methods of the current injection. The experiments
demonstrated the optimal parameters for reconstruction of internal conductivities at various methods of stimulation. The model with polar
electrodes showed the best results by the criterion of maximum deviation. The model with electrodes shifted on a circle quarter revealed the
best results by mean-square error criterion.

Keywords: electrical impedance tomography; finite element method; resistivity images; EIDORS; electrodes
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Beryn

Enexrpuuna iMrenancHa ToMorpadis — nepereKTHBHUIMA
METO/I BIITBOPEHHS 300paKeHHsI Y 3pizax OiOJOTIYHUX TKa-
HHMH 32 JIOTIOMOT'OI0 €JIEKTPUYHOTO 30HIYBaHHS Ta PEKOH-
CTpYKUii po3nofity imrenaHcy. 3aBIsKd TOMY, IO Pi3Hi
TKaHWHU MAalOTh PI3HHMI IMIEaHc, iCHye MOXIIMBICTD
Ju(epeHLioBaTH X 300paXkeHHs Ta BUSBIATH (izionoriuni
3miam (Colton and Kress, 1992; Kim et al., 2004; Bera and
Nagaraju, 2012). IIpoBinHICTP TKaHHH 3yMOBJEHa IBOMAa
MexaHi3MaMH. J[J11 IOCTIHOTO CTpyMy Ta CTpyMy HH3BKOI
Y4acTOTH (O MEKITBKOX NECATKIB KLUTOTepI) eNeKTPUIHHN
CTPYM YTBODIOETHCS 32 PAaXyHOK PyXy IO3UTHBHHUX 1 Hera-
THBHHX IOHIB Y3IOBX CHJIOBHX JIiHIf 30BHIIIIHBOTO €JIEK-
TPUYHOTO 1MOJIst. BioJIoriuHI TKAHWHYM MAalOTh CKIIAAHY OyI10-
BY, B HUX MICTATBCS SIK 10HH, TaK 1 BEJIMKI OpraHiuHi MoJie-
KyJId, sIKi HE POOJISATH BHECKY JIO CTPYMOIIPOBIJHOCTI, aje
MArOTh BENIMYE3HUN KOe(IlieHT moJisIpr3anii Ta GopMyroTs
CTPYM 3MIllICHHS, 3aJICKHUI BiJl YacTOTH. 3MIHHE EJICK-
TPUYHE I10JI€ MIHATAME 3 TIEBHOIO YACTOTOIO SIK IIPOCTOPOBY
OpIEHTAIII0 MOJEKYN, SIKi MOJSIPU3YIOTHCSA, TaK 1 HAIpsSM
npeiidy 9acToK, IPHYOMY OZIHA i Ta caMa JacTKa MOXe Opa-
TH y4acTb B 000X mporecax. BHecok cTpyMmy 3MileHHS 10
CyMapHOi BEJIMYMHU CTPYyMY 3pOCTae y Mipy 30LIbLICHHS
YaCTOTH 30BHIIIHBOTO MoJisl. [IpHIycTHMO, 1O 30BHILIHE
TI0JI€ 3MIHIOEThCS] CHHYCOTTaJIbHO:

U = A -sin(Znft)
ri_if= A 2w «cos@mSTL)
dt ,
L=¢ vd2uf vcos@uft)

TakuM 4YMHOM, y pa3i CHHYCOINAJIbHOTO 30BHILIHBOTO
HOJIL CTPYyM 3MILICHHS JIHIHHO 3pOCTa€ 3i 30UIBIICHHAM
4acToTH. AJle [Ie TaK TUIBKH Y TOMY BHII3JIKY, KOJIH EMHICTh
HE 3aJIeKUTh BiJl 4acTOTH. [ OloJOriYHMX 00’€KTIB IS
BUMOTa HE BHKOHYETBCS, OCKUIBKM ICHYE HeIiHii{Ha
3aJICKHICTD J1i€JIEKTPUYHOI IIPOHUKHOCTI TKaHWH BiJ| 4acTo-
ti. KpiM TOTO, IS Pi3HUX TKAHWH I 3aJISKHICTH iCTOTHO
Bifpi3HAEThCA. IS OMICY MACHBHUX EJIEKTPHYHUX BIIACTH-
BOCTEH JKMBHX TKAaHMH JOCUTb OXapaKTEpU3yBaTH iX
JUENeKTPUYHY TPOHUKHICT 1 MUTOMHUK ENEKTPUYHHUIA OIip
(mpoBigHicTs). OCKUTBKM OOMIBI BEIMYMHH 3aJICIKATh Bif
(YHKLIIOHAILHOTO CTaHy TKaHWHH, 3 SIBIISIETHCSI MOYKIIUBICTh
JUIsL TIarHOCTHMYHUX JIOCII/DKEHb Ha OCHOBI OLIIHKU ITacHB-
HHMX €JIeKTPHMYHHMX BJIACTUBOCTEH OIOJIOTIYHMX OO’ €KTIB.
Xoua HalTOYHINIE BUMIpPIOBAHHS JOCSTAETHCS TUIBKH 3a
YMOBH PO3paxyHKy KOMIUIEKCHOI Ta JIMCHOI CKIJIaJIOBOi,
JIOCTaTHIM Oyne 3HaWTH Xo4a O PE3NCTUBHY KOMIIOHEHTY
iMIlejaHcy, 3a  yMOBM, W10 BHKOPHCTaHO IIPaBWJIBHI
niama3oHd 4acToT. Ha HHMBBKMX YacToTax 3a HOPMAaIbHOI
TeMITepaTypy MPOBiAHICTE 3MiHIOETRCA Big 0,02 (KicTkH) 10
0,70 Cm/™M (xpoB).

Tlepmie imMmeqaHcHe 300pakeHHsT oxepykamd B 1978 porr
R.P. Henderson ta J.G. Webster, ane BoHo He OyJio ToMorpa-
¢iynnm. 13 1990-x pokiB enekTpoimIieiancHa ToMorpadist
iHTeHcHBHO po3BuBaeThes (Kim et al., 2004; Balleza-Ordaz et
al,, 2015; Zhao et al., 2014). 3nayHuX ycmixiB y po3po0ieHHi
MEJMYHUX 3aCTOCYBaHb IOCSTHYTO B Tajly3i HEOHATOJIOTIi,
ITyJIBMOHOJIOT 1], OHKOJIOTii, Helpodiziosorii, a Takox (izio-
norii pociuH. [ ofepykaHHS 300payKeHHST 3MIHHUIA CTPyM
IDKEKTYIOTh Y TKAHMHH Yepe3 eNEKTPOMIH, PO3TAIOBaHi TI0
TIePUMETPY, Ta BUMIPIOIOTh CHHXPOHHO TOBEPXHEBI ITOTEH-

miam. Ile ae MOXIIMBICTH Ofiep»aTd CYKYIHOCTI JIaHHX
pO3MOIiTy IMIEaHCy, SIKi 32 JIOIIOMOTOI0 KOMIT FOTEPHHX
ANTOPUTMIB 3a0€3Me4yIOTh BIITBOPEHHS IMITEJAHCHOTO TOMO-
rpagiuroro 300paxenHs (puc. 1).

CTpyMm, MNpOTIKAlO4M Yepe3 CepefoBUIE, CTBOPIOE
00’€MHUMI PO3IOALT ENEKTPUYHOTO MOTeHIary. 30ymKy-
BaJIbHI €JIEKTPOJIM MOXYTh OyIH CyCiIHIMM (JHUIONIbHA iH-
JKEKIIis1), IlaMeTpaJIbHO MPOTHIICKHUMH (IIOJISIPHA THXKEKIIis )
abo Marm iHme po3ramryBaHHS. [lOTeHITan 3MEHIITYeThCS
Y3IOBX JIiHII CTpyMy B Mipy BHAAJIICHHS BiJl aKTUBHOTO
eNeKTpoaa. 3MEHIICHHS HAlpyrd Ha OAWHHLIO JOBXHHH
NPOTIOpLIifiHE BENIMYMHI CTPyMy Ta OINOpPY CEpeNoBHIIA
(BimmnoBigHO 110 3akoHy Oma). BuMipiorouu 3MeHIIeHHs Ha-
NPYTH Ta 3HAIOUH CTPYM, MOYKHA OOUHMCIIUTH BEJIMYUHY OIIO-
py- Tomorpadiunuii anropuT™ peKOHCTPYKLIT JO3BOJISIE BH-
KOPUCTOBYBATH HalpyTd, BUMIPIOBaHI TUILKH Ha MOBEPXHI
TiNa, U1 OOYMCIIEHHS IPOCTOPOBOTO PO3MOJULY ITHTOMOTO
oropy (abo eNeKTPONpPOBIAHOCTI) ycepearHi HbOTO.

Puc. 1. IMnegancHa TomorpaMa HMKHbOI KiHIiBKH:
1 —M’s3m, 2, 3 — KiCTKH

[Mepuri  anroput™Mu pPEKOHCTPYKIIii  eJIeKTpoiMIIeIaHC-
HOTo 300pakeHHs Ta nepii 300paskeHHs, 10 3aCTOCOBYBa-
JIM JITOPUTM 3BOPOTHOI mpoexii, po3pobiieno D.C. Barber.
et anroputm ajmantyBaiw Hamajdi JO METOMY KOMIT FO-
TEpHOI PEHTTeHIBCEKOI ToMorpadii. B enexrpuuHiit imre-
JaHCHII ToMorpadii mepudepraHiii mpodinb — e MHOKIHA
ENIEKTPUYHUX HAMPYT MDK Mapamu eNeKTPOMIB ISl KOXKHOT
napu 30yIDKyBaJbHHX €JIEKTPOMIB. bynab-skuii posmomin
€JICKTPOIPOBIZHOCTI B PETiOHI, OOMEKXEHOMY JBOMa EKBi-
NOTEHI[IaJIbHUMU JIHISIMH, KOPEJIOE 3 PI3HMIICIO EJIEKTPUY-
HOT HAIpyr'W MK €JIEeKTPOJaMH 32 HOPMOBAaHWUMH JIHISIMH.
Po3mofin enekTponpoBiIHOCTI MiXK IBOMa €KBIOTCHIIIATb-
HUMH JIHISIMH TIPOTIOPLIMHMI TPafi€eHTy ENeKTPHYHOI Ha-
MIPYTH BiIIOBITHUX MEX.

Ji1s opepykaHHS ENEKTPUYHOTO IMIIEIAHCHOTO 300pa-
JKCHHS 3aIIPOIIOHOBAHO JICKUJIbKa METOIIB, SIKi 3BENICH] y JIBi
KaTeropil: craTndHe Ta AudepeHtiansHe 300paxeHns. Cra-
THUYHE 300pakeHHS TIOJIrac B ONep)KaHHI 300paskeHHs a0-
COJIFOTHOTO PO3MOJUTY IMIEAAHCY YCepequHI IUISHKA Tina,
TOOTO y pe3yibTaTi (OPMYyEThCS aHATOMIYHE 300paKeHHS
obnacri, sika ckanyetbes. JudepenuiaipHe abo nuHAMIUHE
300paXkKeHHs! TOJISIrae y BIATBOPEHHI 3MiH €JIEKTPOIPOBIJI-
HOCTI MIXK JIBOMa CEepisiMU BUMIPIB.

Mera crarTi — OL[IHUTH BIUIMB METOJIIB IHXKEKLi CTpyMy
i1 4ac NPOBEAEHHs eNeKTpoiMInenaHcHoi Tomorpadii Ha
BiATBOpEHE 300pasKEeHHSI.
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Marepian i MeToAH J0CTiIZKEHD

BumiproBanHs 0i010TiYHOTO iMIIEJaHCY BHMArae Ipo-
XOJIDKEHHS €JIEKTPUYHOIO CTpyMy 4epe3 0i0JIOoriYHy TKaHH-
HY TiJ] 4ac JoCiipkeHHs. [l nporo ciij oOpatu Tuil, Be-
JIMYMHY Ta 4acToTy cTpymy. [IpoTikaHHs HOCTIHHOTO CTpY-
My uepe3 OIOJIOTIUHI TKaHHHH, CYNPOBOJDKYEThCS HEO0O-
POTHMMH XIMIYHHMH pEakUisIMH Ha eJleKTpoiax. Tomy B
MeauuHil giarHoctuni (Cao et al., 2007) BUKOPHCTOBYIOTb
TUTBKH 3MIHHIA €JIEKTPUIHAN CTPYM JOCHTH BUCOKOI 9acTo-
TH (K mpaBwiio, Bume | xI'1). EnekrpornpoBigHicTs pisHIX
TKaHWH Tia JIOMUHW 3MiHIoeThes Bim 0,02 (kicTka) 10
0,70 Cm/Mm (xpoB), T0OTO y 35 pasis.

[punycruMa BenuuMHa CTpyMy oOMexeHa itoro Gioso-
TYHOIO JTi€I0, BOHA ITIJBUILYETHCS 31 3pOCTAHHSAM YacCTOTH.
3a cnabkoi crumyJisiiil (0,3—-10,0 MA) BiMIYa€eThCS TUTBKA
TaKTWIbHE BIMIyTTs. Y mmpokux Mexkax (10-100 MA) Hep-
BU Ta M’SI31 MIAJAIOTECS CHJIBHIN CTUMYJIALII, pe3yJIbTaToM
SIKOT € CKOpOYeHHSI, O1Tb 1 cToMiteHHst. CTpyM CHIIOIO TIOHA[
15 MA (3aeXHO BiJ IUIXY MPOXOIPKEHHS CTPYyMY) MOXe
BUKJIMKATH 3YIMHKY JMXaHHS, IIOMITHE CTOMJICHHS Ta
inTercuBHU OUTh. 1lle BHINI 3HAYEHHA CHIM CTPyMy MO-
JKYTh BUKIMKATH TPHUBaJIi CKOPOUYEHHS MioKapna (KOHTpaK-
TYpH) Ta BaXKKI OITIKH.

3acTocyBaHHsI €JIEKTPUKH Ha OyIb-SKId UISHIN IIKIpH
Mae sIK Pe3yJIbTaT CTUMYJISLIIO PI3HUX THINB PELENTOPIB Jep-
MH. BenmurHa enekTpuyHOro CTpymy, BUKOPHUCTOBYBaHa JIst
OIOJIOTIYHMX  IMIIEIAHCOMETPUYHHX JIOCII/KEHb, TOBUHHA
3aBK/IM OyTH HIDKYOKO 32 MAKCUMAIBHO JIOIyCTHMY (TaliL. ).

Tabnuys
3asieKHiCTh MAKCHMAJILHOI CHJTH CTPYMY Bill 4acTOTH

YacroTta 3MiHHOTO MakcumansHa aMILTITy ia
cTpyMy, KI'1t CTpyMy, MA
<1 0,1
1-100 0,1 - f, ne f—gacrora (k['m)
> 100 10

Jnst BINTBOPEHHS €IEKTPOIPOBIIHOCTI TKAHUH 3aCTOCO-
BYIOTb ~ METOJl  3BOPDOTHOTO  IIPOEKTYBaHHS  Y3IOBX
eKBINOTEHIiaJIeH, KUK 3aCTOCOBYETHCS MiJ| 4ac abCoNoT-
HHUX Ta JM(EpeHIlitHNX BUMIPIOBAaHb 32 PI3HHX II0JOXKEHb
30yIDKYBaJIbHHX €JIEKTpoiB. Po3mozin npoigHOCTI MOXHA
obuncuTH 32 (GopMyIIOL0:

N=-1

56,00 = ) Wil @2 (N0 (x) = @il 0]

b

Jie  — HOMep Tapu aKTUBHUX €JIeKTPOiB, W1 8} — reomer-
pyuHi Koe(ilieHTH, SIKi BH3HAYAIOTBCS JUISL OJXHOPIJHOTO
Tima Ttakoi camoi Qopmu, A(X) — JIHIMHA IHTEPHOJSLIS
MOTEHINAIB JUIS [TapH BUMIPIOBAJIBHUX €JICKTPOiB, Pilr) —
PO3IOALT OTEHIIATY Y3I0BXK [PaHUIIl OHOPITHOTO 00’ €KTa
takoi camoi ¢opmu, @@} — po3moaLT MOTEHLiATy
BCEpeIHi 00 €KTa.

CKJIaIHICTE MaTEMaTHYHOTO 3aBIaHH (K aHAJI3Y, TaK i
CHHTE3y) TOJIrae, Ha BiIMIiHY BiJ aHAJOTIYHUX 3aBIaHb
PEHTTEeHIBCHKOTO, TaMMa-, SIIEPHOTO MAarHiTHOTO Pe30HAHCY,
YABTPa3BYKOBOI TOMOrpadii, y TOMy, 1[0 CTPYMH MIX €JIeK-
TPOAAMH MPOTIKAIOTh 10 BCiH IUIONMHI Ta 00’ €My, a HEe 110
npsiMiii JmiHil Mk enextpogamu (Cheng et al., 1989; Kim et
al., 2004). IIpsiMy 3a7ady MOXKHA PO3B’s3aTH JBOMA IILIIXa-
mu. [lepimii nUIsIX — aHAIITHYHUN, APYTHil — BAKOPUCTAHHS
YHCIIOBUX METO/IB, TAKUX SIK METOJ KIHIEBHX EJIEMEHTIB

ab0 MeToj IpaHHYHMX eJIeMeHTIB. 3BOpoTHa 3amada EIT
MOTaHo 3yMOBJIeHa. PO3B’ 130K 3BOPOTHOT 3amadi Moxe OyTn
YKpaii HeCTaOUIbHIM, HABITh HEBEJIMKUH IIIYM MOXKE 3HAUYHO
HOCUJIUTHCSI Ta IPUBECTH B HENPUIATHICTH YBECH PE3yJIbTar
obuucienp (Adler and Guardo, 1996; Asfaw and Adler,
2005). Otpumarn maHi 0e3 IIyMy HEMOXIIMBO, OCKUIBKU
MalOTh MICIIE TaKi SBHINA SIK 3MiHA PO3MOJULY MPOBIIHOCTI
LIKIpY B MICHSIX NIPUKPIIUICHHS €IEKTPOIIB, PyX €JIEKTPO/IIB,
HEMOJITUBICTh TOYHOTO (BIiIIIOBITHO IO MOJETi) 3aKpil-
JICHHS eNEKTPOJIiB, a TAKOK IIyMH BiJ €IEKTPOHHUX elle-
merTiB (Kim et al., 2014). V 3B’s13Ky 3 00MeXEHHSIM PO3MIipy
CIICKTPOMIB 1 MCBHUMH BHMOTaMH 10 iX PO3MIIICHHS
KUIBKICTh HE3QJIC)KHUX BHMIPIOBAHb 3aBXKIM Ha0araTto MeH-
1113, HK YUCIIO EJIEMEHTIB 300paKeHHs], SIKi ITOTPiOHO OTpH-
Mmatu. KpiM icTHHOrO icHye 0arato «(paHTOMHHX» DillIeHb.
Jnst peKoHCTpPYKILiT 300pakeHHs Y IIOraHO 3yMOBJICHUX CHC-
TeMax NOTpiOHa perynspusanis. Meromu perymsipusanii
MOAUIIIOTh HA TPU TUIN: METOJ 3BOPOTHOI IpOEKIii,
ITepaTHBHUI METOXl 1 METOJ] OIHOKPOKOBOI JIiHEapwu3arlii.
Pe3ynbraTti 3acTOCYBaHHS LUX AITOPUTMIB 3aleXaTb Bil
METOIIB IHXKEKIIil CTpyMy B JOCIITHHI 00’ €KT.

Jnst ToMorpadiqHAX po3paxyHKIB 3aCTOCOBAHO BiOMMIA
maker nporpam EIDORS, sxuii 103BoJsE pO3B’SI3yBaTH SIK
npsiMy 3aJ1a4y (pO3paxyHOK MOTEHIIIAIIB Ha TIOBEPXHI 00’ €xTa
3a JIAHMMU TIPO €JIKTPOIPOBIIHICTD 1 30yPKyBaIbHUI CTPYM),
TaK 1 3BOpPOTHY (PO3paxyHOK PO3IOJILTY ITPOBIHOCTI 32 MOTEH-
IiayaMy Ha roBepxHi). J{yist mpoBeaeHH ST MOJETBHUX JIOCHI-
JKEHb 3aCTOCOBAHO 16-eJIeKTPOIHY MOJIEIb 13 576 KiHIICBUMHU
eNleMeHTaMU. 30UTBIICHHST KUTBPKOCTI KIHIIEBHX CIIEMCHTIB HE
BUKIIKAE TIOJIMIICHHS BUXITHOTO 300paXKEHHS, TUTHKA
TIOJIIIIIYE BiJOOPKEHHSI MEX 30H MPOBITHOCTI. CTUMYIISILIIS
CTPYyMOM 1 3HIMaHHS HAIPYTH TPOBOVIIN TIO CYCIIHIX eleK-
TpoAaX, MPOTHICKHUX EJIEKTPOJaX 1 €JIeKTpomax, sKi
BIZICTOSITh OJMH BiJ OIHOrO0 Ha TPU eNeKTpomd. KimbkicTh
iTeparii mopiearoBasia 1, 3, 5 ta 10. BigHocHa pi3HuI 3Ha-
YeHb MAKCUMAJIBHOI Ta MIHIMAJIBHOI TIPOBIAHOCTI CKIaqaia 20,
npu TOMy, WO ()OHOBAa NPOBIIHICTH JIOpiBHIOBana 1.
OrnTuMarbHi 3Ha4YeHHS rineprapaMeTpa Ta KUIbKOCTI iTepartii
HIyKaJId LUBIXOM aHali3y rpagikiB 3aIeKHOCTI MapaMeTpiB
SIKOCTI BiJI TIEpENTiYeHUX BUIIE (DaKTOPIB.

Jlnst 30UTBIIEH ST BUIKOCTI PO3PAaXyHKIB 1 3MEHIIICHHS
KUTBKOCTI MOXJIMBHX TOMMJIOK CTBOPEHO IIporpamy 3a Jo-
TTOMOTOF0 MaTeMaTi4yHoro makera Matlab (Polydorides and
Lionheart, 2002; Ledger, 2012). 3 ii gomomororo MoHa
3a7aTH PO3IOIUT TIPOBITHOCTI B 00’ €KTaxX pi3HOI (opMH Ta
po3paxyBaTv 3BOPOTHY 33jauy, 3aaloud NPy [bOMY pi3Hi
napameTpu. Mojienb KiHIIEBUX €JIEMEHTIB OIUCYEThCS BY3-
JIaMH, eJIeMEeHTaMH Ta TpaHuLero. EnekTpomy BU3HAYaroThCst
BEKTOPOM 1 MalOTh KOHTaKTHHI iMrieianc. KoxkeH enekTpon
TPENICTABIICHUI BY3JIaMH, JI0 SKUX BiH IPHEIHAHUA HA MEXKI
Mozieni. 3a JONOMOIOK IMX EJICKTPOIIB 3aJaH0 MOJCIh
CTUMYJIIOBaHHA Ta OTpUMaHHS JaHuX. KoxkeH 00’exT
CTUMYJISL{I Ma€ MONs CTUMYJIAL{I, MOZEIb CTUMYIIFOBAHHS
Ta MOJIETIb BUMIpIOBaHb. [1olie CTUMYJIALIT BU3HAYAE CTHUMY-
JIOBAIBHY BEJIMYHHY, TOOTO BEJIMYUHY CTPYMY.

Pe3yabTaTi Ta iX 00roBopeHHst

[IpoBeneHO MoOIENBHI EKCHEPUMEHTH U1 BHUBYEHHS
BIUTMBY METOJY 1HXKEKLIT CTPyMy Ha Yy TJIUBICTb 1 PO3ALIBHY
3IATHICTh BiATBOPEHHS IPOBITHOCTI (pHC. 2).
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Puc. 2. IIpuxjiag po3paxoBaHoro po3noiinty nNpoBigHocCTi:
IPOBiIHICTE GoHY — 2, 06°€KTa y BepXHill yacTuHi — 1,5,
Y HWOKHIH 9acThHiI — 3
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Pe3ysbTat BIATBOPEHHS OLIHIOBAIN Bi3yabHO Ta 32 JIO-
TIOMOT'OFO JIBOX KUTbKICHHX MOKa3HHMKIB: CEPEIHbOKBAIPATHY-
HOTO Ta MaKCUMAJILHOTO BiJIXIIeHHs1. B 000X Tumax airopur-
MiB (Pi3HHIEBHX 1 aOCOJIOTHHUX) 3HANICHO apTedhakT Iif Jac
pO3paxyHKy 3BOpOTHOI 3amadi (puc. 3). Ilix yac crumyio-
BaHHS CTPYMOM 1 3HIMaHHsI HAaIIPYT 13 POTHCTaBJICHHX EJIeK-
TPOAIB BiIOyBa€ThCS BiU3EPKATICHHS PO3NOUTY ITPOBIIHOCTI.
Takwii edexT crioctepiramu Takox iHmm apropu (Chakraborty
et al., 2013; Javaherian et al., 2013). /IumonsHa MOEIb, TIO-
3Ha4eHa sk | Ha PpUCYHKY 4, i3 ABOMA 30y/DKYBATEHUMU €IIEK-
TPOIAMH, PO3TALIOBAHUMH IOPYY OAMH OJIHOTO, IOKa3aia
Cepe/IHI pe3yJbTaTH SIK 32 MAKCHUMAIIbHUM, TakK 132 CepelHbO-
KBaJIpaTUYHUM BiIXWIeHHsM. Halikpariuii pe3ynbrar 3a Mak-
CUMaJIbHUM BIJIXWJICHHSIM [OKa3aja MOJsApHa MOIENb 2, y
SIKIM 30yIDKYBaJIbHI €JIEKTPOAM PO3TAILOBaHI HAa TPOTHIIEHK-
HUX Mo3uiisix (o miamerpy). Momenb 3 3 enekTponam,
3MIIICHUMH Ha YBEPTh KOJIa, BUSBWJIACH HAIKpAIIO 3a ce-
PEIHBOKBAIPATUYHIM BiIXIJICHHSIM.

=

ot

S
7y
i
[X]
th

=

=
et
5

-2

-1 08 06 04 D2 0 02 04 06 08 1

Puc. 3. Apredpaxru, siKki BHHUKAKOTh Yy PO3PaX0BAHOMY PO310/iJli IPOBiIHOCTI (J1iBOPYY) Ta icTHHHUI po3noaii (mpaBopyy)
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Puc. 4. MakcumanbHe BinxusieHHsi (Cipuii CTOBITYHK)
Ta cepeIHbOKBA/IPATHYHA MOXHOKA (0l/IMii CTOBIYHUK) 1JIs1
Pi3HUX THNIB iHXKeKIii CTPyMy Ta peecTpailii Hanpyru:

1 — nuToNTbHA MOJIENh, 2 — MOJISIPHA MOJIEINb,

3 — 3MillEHHS Ha YBEPTH KOJia

Po3paxoBaHO TakoK ONTUMAIIbHI TAPAMETPHU AIITOPUTMIB
Juisi aOCOJIFOTHOTO Ta PI3HUIIEBOTO METOJIB PO3PaXyHKIB.
PiznuueBuii anroputm notpedye OLIBIIOI KUTLKOCTI 00uHc-
JIFOBAJIBHUX peCypciB, 00 oMy MOTpIOEH PO3B’SI30K UL
«ImycTOro» (paHToMa Ta 32 YMOB OIIHKH a0COJFOTHOT
Bapiamnii i3 3aCTOCYBaHHSAM METOAY BHYTPIIIHIX TOYOK
MOTPiOHA KUIBKICTh iTepaliif 3pocTae BiTHOCHO aOCOIOTHO-
r0 ajIrOPUTMY 3 THM CAMHM METOJIOM peryJisipu3anii. Ase i
Ppe3yJIbTaT TaKMX 00UMCIIEHb Ma€ OUIBIY KOHTPACTHICTb.

BucHoBkn

BusiBiieHO 3aJ1e)KHICTh SIKOCTI BiTHOBIIEHHSI PO3MOILTY TIPO-
BIIHOCTI pO3THHY O0’€KTa BiJ| TAKMX MApaMeTPIB K MOZEN
CTHMYJIAILIT CTPYMOM, BUMIPIOBAHHS! HAIIPYTH, KUTBKOCTI iTepa-
1Iii, 3Ha4eHb PEryJIPU3YBAIBHOTO ApaMeTpa Ta BiZIHOIICHHSI
3Ha4eHb MAKCHMAJILHOI Ta MiHIMaIBHOI poBinHocTi. Kpure-
piEM SIKOCTI CIYTYBamd 3HAYEHHS CEPeIHBOKBAIPATHIHOIO
BIJIXIUICHHSI 32 MACHBOM KiHIIEBHX €JIEMEHTIB 110 BCHOMY PO3-
THHY 00’€KTa, 30HAX, IO INKABIATH i 1032 MK 30HAMHU.
TakoxkK KpHUTEPIEM € 3HAYCHHS MaKCHMAJIBHOTO BiIXHJICHHSI
BIJI 331aHOTO PO3IOJLUTY Ta PO3PAXOBAHOTO PO3IOILTY TPO-
BimHOCTI. Pe3ynbTaTn Takok OLIHEHO Bi3yaJbHO B YMOBHHX
KOJIIbOpaxX. BHsBIEHO TOsBY Takoro apredaxty 300pakKeHHS
SIK BiI3ePKAJICHHS PO3IOALUTY TIPOBIJHOCTI 32 YMOB CTHMY-
JIIOBAHHA Ta 3HIMAHHS HANpPYT 3 IPOTHCTABICHHX EJEKTPO-
niB. Ha OCHOBI OTpHMaHMX JaHUX 3HA[EHO ONTHMAIIbHE
PO3B’s13aHHsI IPSIMOT Ta 3BOPOTHOT 3a71au IMITEJ]AHCHOT TOMO-
rpadii I pi3HUX MOJETICH CTUMYJISILIT Ta aIrOPUTMIB Bif-
TBOPEHHSI. BIUTHB HEONTUMAITBHIX TTAPAMETPIB 3IATHHIA 3HAY-
HO TOTIPIINTH SIKICTh BiZTHOBJICHOI KapTUHH 200 CIIOTBOPHTH Ti.
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