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Experimental study of action of autostrains Aerococcus viridans
on the model Pseudomonas infection

D. O. Stepanskyi, G. M. Kremenchutskyi, I. P. Koshova
Dnipro Medical Academy of Ministry of Health of Ukraine, Dnipro, Ukraine

Article info Stepanskyi, D. O., Kremenchutskyi, G. M., & Koshova, L. P. (2017). Experimental study of action of autostrains Aerococcus
Received 29.03.2017 viridans on the model Pseudomonas infection. Regulatory Mechanisms in Biosystems, 8(3), 313-316. doi: 10.15421/021749
Received g’o_rg;_’;f%o " The paper presents the results of a study of the action of Aerococcus autostrains on the model of a chronic blue pus
Accepted 23.05.2017 infection. For the study of the action of Aerococcus autosymbiont strains on Pseudomonas aeruginosa, three of the most
biochemically and antagonistically active isolates were selected: 1) Sm2015 (isolated from mice); 2) 3k2015 (isolated
Dnipro Medical Academy from rats); 3) 3ch2015 (isolated from humans). Experiments were conducted on 84 white outbred mice weighing 16-17 g,

of Health Ministry of Ukraine, 60 were used as the experimental, and 24 as the control group. In the experimental group of animals, infected wounds

Sq. Cathedral, 4, Dripro, were treated by Aerococcus autosymbiont strains once daily (0.2 billion ml™) till recovery. The drug was administered

49027, Ukraine. . . . . . . . .

il under the scab with a syringe. In the control animals the wound was treated by isotonic sodium chloride solution

koshevaya.ip@gmail.com (concentration 0.9%) with the same route of administration and for the same period of time. It was found that from the
very first days of application of Aerococci autosymbiont strains, perifocal inflammation was less severe in most animals in
the research group compared with the control group. Starting from the fourth day of usage of Aerococcus autosymbiont
strains the number of pseudomonades, contained in secretions from wounds in the experimental group of mice was
significantly lower than in the control animals. It was revealed that in case of application of Aerococcus strain (Sm2015)
isolated from mice, the animals had better indicators of recovery, dynamics of local clinical signs of inflammation and the
number of pseudomonades contained in the wound in comparison with other Aerococcus autostrains isolated from rats
and humans. The wounds purified from pus and covered with dry scab faster. For example, wounds completely healed
with dry scab rejection by the 11th day of observation in 44 of 58 surviving mice (75.9%). In the control group a similar
pattern was observed in only 3 of 17 mice (17.6%) by that period. The number of Pseudomonas aeruginosa (equivalent to
1 ml of secretions wounds), expressed in logarithms, was 5.00 = 0.16 on average on the 4th day in the treated mice, while
the control group had the same amount of pseudomonades detected in the wounds (Ig 5.22 + 0.38; 1g 5.12 + 0.30) only on
the 13—14th days of observation. We found different activity of strains, depending on the origin of microorganism and
type host. Aerococcus viridians autosymbionts showed higher rates in the study of their activity in terms of the blue pus
infection model in the treatment of the host and lower activity in treatment.of other species. The obtained data may
warrant further study of application of Aerococcus autostrains for treatment and prevention of wound infection caused by
pseudomonades.

Keywords: wound infections; Pseudomonas; autoprobiotics; Aerococcus

ExcnepuMenTajibHe BUBUCHHS il ayTomiTtaMiB Aerococcus viridans
HA Mo/ieJIi CHHBOTHIiHOI iHdeKIii

. O. Crenancekui, 1. I1. Kommosa, I'. M. KpemeHuytipkmii

Jninposcoka meouuna akademis MO3 Yxpainu, /[ninpo, Yxpaina

HaBeneHo pe3ynbTaTd BUBUEHHS [ii ayTOIITAMIB aePOKOKIB HAa MOZENI XPOHIYHOI CHHBOTHIIHOI iH(EKIi, BUKIMKAHOI IICEBIOMOHAAMH.
Jl1s1 excriepuMeHTy 3 BUBUCHHSI i1 ayTOCUMOIOHTHHX IITaMiB aePOKOKIB Ha Pseudomonas aeruginosa BAOPaHO TpU HalaKTHBHILI Y G10XiIMIYHOMY
Ta aHTaroHICTHYHOMY BifiHOWIEHHI 130ssTh: 1) SM2015 (Buainenmii Bin mumeit), 2) 32015 (Buninenuit Bix utypis), 3) 312015 (BuaineHuit Bix
JIEOMHY). Y OUIBIIOCTI TBAPUH JOCIIIHUX IPYII YKe 3 MEePIINX JHIB 3aCTOCYBAHHS ayTOCHMOIOHTHIX IITaMiB a¢POKOKIB MepH(OKaIbHE 3aNaleHH]
OyJI0 MEHIII BUP&KEHUM MOPIBHSIHO 3 KOHTPOJIBHOIO TPYIIOK MHUILEH, 8 KUIBKICTh TICEBIOMOHA]L, 1110 MICTHJIMCS y BUAUICHHSX paH JOCIIIHUX TPYII
MHUIIICH, TOYNHAIOYM 3 YETBEPTOl JI0OM 3aCTOCYBaHHS ayTOCHMOIOHTHHX ILITaMiB aepOKOKIB, rmepedyBajia Ha JOCTOBIPHO HIDKYOMY PiBHi, HDK Y
KOHTPOJIGHUX TBapuH. I1il yac 3acToCyBaHHS INTaMy aepokokiB 5M2015, BUIiIEHOro Bif MuIeH, y TBapHH CIIOCTEpIraiy Kpaili HOKa3HHKH
OJTy>KaHHS, IMHAMIKY PO3BUTKY MiCIIEBHX KIiHIYHUX CHMIITOMIB 3aIlaIeHHS Ta OLUIBITY KUIBKICT IICEBIOMOHA, SKi MICTIUINCS Y PaHi, IOPiBHSHO 3
IHIIMMH ayTOLITaMaMM aepOKOKIB, BHIUIEHMX Bil LIypiB i JIOAMHM. PaHM HIBHMAIIE OYMINATMCS BiJ THOIO Ta MOKPUBAINCSI CYXHUM CTPYIIOM.
Hanpuxian, no 11-1 1o6u crocrepeskeHHs paHH MOBHICTIO TOUINCS 3 BIITOPTHEHHSAM Cyxoro crpyna y 44 3 58 mumieid, mo Bwxumu (75,9%).
YV KOHTPOIIBHIi IPyIIi TBApHUH 10 3a3HAYCHOTO TEPMIHY aHAIOTIYHA KapTHHA crocTepiranacs jme y 3 i3 17 mumeii (17,6%). V jikoBaHHX MHIICH
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BXKE Ha 4eTBEpTy 100y KUIbKICTb CHHBOTHIMHOI AUk (y nepepaxyHKy Ha 1 M1 BUAUIEHb paH, BUpakeHa B JIorapu(Max) cKiaa B CepeHbOMY
5,0 £ 0,16, y KOHTpOJBHIH Ipymi Taka % KutbKicTh nceBaomonan (Ig 5,22 + 0,38; Ig 5,12 + 0,30) BusBisiiacst B panax jmie Ha 13-14-Ty 100y
crioctepexeHHs.. OXapakTepHU30BaHO 3aKOHOMIPHOCTI PIi3HOI aHTaroHICTUYHOI aKTHBHOCTI ayTOIITaMiB Aerococcus viridans, sika 3aleXKUTh Bil
TOXO/PKEHHSI MIKpOOpraHiaMy Ta BUIy rocrofaps. OTpuMaHi JaHi MOXYTb CIY)KHTH IIiJICTABOIO IUIs IMOJAAJIBLIONO BHBYCHHS 3aCTOCYBAHHS
ayTOILUTaMiB aePOKOKIB JUIsl JIIKyBaHHs paH, YCKJIaJHEHUX CHHbOIHIHHOIO iH(eEKIIi€0.

Kniouosi cnosa: panoBi iH}eKii; ICeBIOMOHAIN; ayTONPOOIOTUKH; aCPOKOKH

Beryn

THilfHO-3amaNbHI 3aXBOPIOBAHHA Ta MICIAONEpAIiiHi THIHHI
YCKJIaTHEHHSI — aKTyaJbHa IpodiieMa CydJacHoi KIIiHIYHOI Xipyprii.
HesBaykarouu Ha MOCTIHHE yIOCKOHAICHHSI METOJMK ONEPaTHBHUX
BTpYy4aHb, 4acTOTa IHPEKUIHHNX yCKIIaIHEHb Y Xipypril CTAaHOBUTH
y cepenHbomy 3—15%, a 3a maHuMu OKpeMux aBTOpiB csirae 30%.
Huni 35-40% XBopux Xipypri4Horo npogiito CTaHOBIATH NallieH-
TH 3 THiiiHO-3amaneHUMK 3axBoproBanHsMu (Leaper et al., 2010;
Marwick et al., 2011; Vil’canjuk and Hutorjans’kij, 2012; Gupta
etal., 2015; Nespor et al., 2015). OcoOnuBiCTb JIIKYBaHHS PAaHOBOI
H(eKIiT Ha cyJacHOMY eTalli — HOJIPe3UCTEHTHICTh 30y IHUKIB 110
antuoiotukiB (Riou et al., 2010; Narendra et al., 2017; Wei et al.,
2017), mwo MaroTh pi3Hi MoJeKyJsipHi MexaHi3mu ail. Lle 3mymrye
JKapiB 3aCTOCOBYBATH HOBI CXCMH JIKYBaHHsI, HATPUKIAJ, KOM-
6inauii anTrdioTHkKiB HOBHX nokoiHb (Drinka et al., 2012; Leaper
et al., 2010; Campos Furtado et al., 2007; McCay et al., 2010).

YV MHUTaHHSX BUBYEHHS TOCHITANIBHOI iH(EKIil mpodieMy maTo-
reHe3y Ta JIKYBAaHHS paH, YCKIaJHEHHX CHHBOTHIHHOIO iH(EKIiETo,
BiTHOCSITH J10 HalBaxxmBimmx (Hossam Mohamed, 2016; Zhao Yan
et al, 2016). JleranpHiCTh, MOB’S3aHA 3 THIHHO-CEITUYHIMH
3axBoproBaHusivMu (I'C3), 3ymoBnennmu Pseudomonas aeruginosa,
JocuTh Brucoka — 34-48% (Oliver et al., 2015; Suarez et al., 2010).

Bopotsba 3 paHOBOIO iH(]EKIE CTae Bee CKIAIHIIION TPo-
611eMO10, MOTPeOYE TOLIYKY Ta 3aTy4eHHs pernaparis, eeKTUBHUX
110 Ho3oKoMianmbHOT iH(ekmii. ChopMoBaHa CHTYaIlisl BUMArae ToIry-
Ky HOBHX 3aco0iB Ta MifXOAiB 0 JiKyBaHHA. OmHH 3 00rOBOpIOBa-
HHX B OCTaHHI POKH MiZXOJIB 10 MPO(UIAKTUKY Ta JIKYBAHHS KHIII-
KOBHX iH(eKnii — 3actocyBanHs npodiotukis (Lytvyn et al., 2016;
Olveira and Gonzalez-Molero, 2016).

CriekTp TNOKa3aHb ULl 3aCTOCYBAHHS HPOOIOTUKIB INMPOKUH: iX
BHKOPHCTOBYIOTb TSI CTUMYJBILIT KIITHHHIX 1 TYMOPQIbHIX YMHHHKIB
IMyHITeTy, aKTHBIi3aLil OOMIHHIX MPOLIECIB | HOPMATI3ALII TPaBJICHHS,
JIKYBaHHS Ta MPOMUIAKTUKKM JUCOAKTEPio3y, IILTyHKOBO-KUILIKOBUX
3aXBOpIOBaHb 1H(MEKWIHOI Ta amiMEHTapHOI eTIONOrii, HopMawTi3aril
MIKpOIOpH TPaBHOTO TPAKTY IiCHs JIKYBaHHA AHTHOIOTHKAMH Ta
IHIMMK ~ aHTHOAKTepiabHAMK ~ 3acobamit.  CHeKTp — 3aCTOCYBaHHS
TpoOIOTHKIB y KIIHIYHIN NPaKTHI MOXKe OyTH CYTTEBO PO3IIMPEHO 3a
PaxyHOK aHTUMIKPOOHOI Tepartii 30BHIIIHIX THIHHO-3aMaLHIX MPOIIECIB.
Baratbma JIOCITITHMKAMM BCTAHOBJIGHO BaKIMBY POJb HOPMAIBHOL
MiKpoQIIOpH OpraHi3My JIFOIMHU y HiATPHMaHHI Horo ¢izionoridHoro
CcTaHy, 3a0e3MeyeHHi roMeocTasy Ta )KUTTemisubHOCTI (Shenderov, 2011).

Haii6inpImoi yBary, Ha HaIl IO, 3aCIyTOBYIOTH ayTOMpo0io-
ke ([I'in et al., 2013; Shumikhina et al., 2015; Simanenkov et al.,
2014). OcobmuBy miKaBICTh BUKIMKAE Aerococcus Viridans, OCKUTBKH
BIH — IPEJICTABHHK HOPMATIBHOI MIKPO(IOPH JIFOIMHH. 3aCTOCYBaHHS
LIHOTr0 MiKPOOPraHi3My Mae I[iTy HU3KY MepeBar: BiICy THICTh MOOITHO-
TO BIUTMBY Ha OpraHi3M, BUCOKA aJ'e3MBHA 3/1aTHICTb, MOKJINBOCTI BH-
KOPHCTaHHS y CEHCHOLUTI30BaHKX /10 aHTHOIOTHKIB Ta XiMioTepares-
THYHKX [PeNapariB NAL€HTIB, IMyHOCTUMYJTIOBAIbHA [Iisl HA OpraHi3M
momuHA. Takox A. viridans Mae BApaKeHI aHTarOHICTUYHI BJIACTH-
BOCTI BiIHOCHO PI3HAX YMOBHO-TIATOTGHHHX 1 MTATOTCHHMX MIKpOOpra-
nizmiB (Kremenchutskiy, 2001).

Came TOMy MeTa IOCHTIKCHHS — OIIHHUTH IO ayTOIITaMiB
AEPOKOKIB Ha CHHBOTHIHHY MaJINUKY.

Marepiau i MeToau gocTiKeHb

Yacto BHUIpoOyBaHHS IpemapariB 3a CHHBOTHIMHOI iH(eKil
TIPOBOIVIIM HA MOJIENISIX, IO BiATBOPIOIOTH BUAM TOCTPHX IHTOKCH-
Kanii y 1ab0opaTopHUX TBapHH, a He H(EKIIHHUH mporec, i3 KM
HaifyacTilre CTHKArOThCs KIHIMMCTH. CripoOK CTBOPUTH XPOHIUHY

MO/Ie/Ib CHHBOTHIIHOI iH(eKLii 3 NepeBaKHIM MPOSIBOM MICLIEBUX
CHMITTOMIB 3aKiHUyBaJIWCS OTPHUMAHHSAM 3alalbHOI PpeaKilii, 10
po3BUBaIach yepe3 12 romuH micis iHOKYJISIIT MIKPOOPTraHi3MiB, sSKa
BIyXJIa Ha 7-9-Ty 100y BiJ MOMEHTY BBEJICHHS iH(IKyBaIBHOI JO3M.
Orxe, 11 BUBUCHHS Jiii ayTOIITAMIB apPOKOKIB OOpaHO MOJIEIb, SIKa
nprOM3HO BIATBOPIOBAJIA Mepedir XPOHIYHO! CHHBOTHIHHOI iH(EK-
11i1, TOOTO MaJia BOTHUIIIE 3allaJIeHHs Ta MPOJIOHTOBaHY JUIO0.

J1st CTBOpEHHSI eKCIIepUMEHTIBHOI MOJIEN OITiKiB, iH(IKOBaHHX
P. aeruginosa, TBapuHaM NpPOBOIMIIN 3arajibHy aHECTE3il0 TIONeHTa-
JIOM HaTpIiIO, TICIIS IIFOTO HA ICTIUTHOBAHY OOKOBY MOBEPXHIO TBAPUHH
HAHOCWIIM TPaBMY HYepe3 METAYHE KUTblie (JiameTp 2 CM) BaTHHM
TAMIIOHOM, 3MOYEHHM Y CIHPTI Ta IignaieHuM. Pany mincymryBamm
CTEpHUIIGHAM TAMIIOHOM 1 Yy IICHTp OMIKy BHOCHIH iH(IKYBaJIbHY 103y
P. aeruginosa (1 mit 10° Ki1iTHH), YeKalOYM HA TOBHE BCMOKTYBAHHSL.
Yepes 20-24 romuHu BApYTe YBOMIW P. aeruginosa Tiji yTBOPEHy 110
15010 uacy Kipky (1-2) * 10° MikpoGHIX KiTiTHH. BropHHHe yBeIeHHs
KyJIbTYpY CHHBOTHIIHOI HAJIMYKH B PaHy CIIPHSIIO TSDKKOCTI PO3BHTKY
TIATOJIOTIYHOTO TPOIIECY 3 TPUBAIIIMM MEPiOZOM NPOsBY KIHIYHIX
CHMITTOMIB 3aITaJICHHSI.

JUist 3apakeHHsS BHUKOPHCTOBYBQJIM [IBA BIPYJICHTHI IUTAMH:
Ne ATCC 27853 — myseitnuit mram i Ne 23, Buminenuit i3 pann
XBOPOTO 3 BAYKKOIO OIMIKOBOIO TPaBMOIo (Tabir. 1).

Ta6auus 1
XapaxrtepucTrka wramiB Pseudomonas aeruginosa

BractuBocTi miramis No ATCC 27853 Ne 23

JDxepeno oTpuMaHHs My3CHHHUH IITaM  KITHIYHUI [TaM
Y TBOpEHHsI MiOLiaHiHy + +
3abapsnenns 3a ['pavom - -
Timpoui3 sxenatnHy + +
‘YTBOpEHHS IUTOXPOMOKCHA3U + +
T'emori3 epuTpoLUTIB + +
Picrmpu 42 °C + +
DepMeHTAaLLis BYTJICBOJIB:
TIIIOKO3a K K
TaNaKkTo3a K K
MaHo3a K K
caxaposa - -
JIAKTO3a - -
MaJbTO3a -
MaHiT - -
KCHJIO3a K K
¢pykToza K K
BinHOBIIEHHS HITPATIB y HITPUTH + +
3ropraHHs MOJIOKa + +
Tinponi3 kaseiny + +
PyxnuBictb + +
Ceporpymna 2 6
LDs) (BHYTpILLIHBOYEPEBUHHE YBEICHHSI) 53°10° 4,0310°

Tpumimru: «+» — HASIBHICTb PEaKLii; «—» — BinCyTHicTh peakuil; K — yTBo-
PEHHSI KHCIIOTH.

I3 MeTor0 BMBYECHHS IMHAMIKM OOCIMEHIHHS iH(M)IKOBAaHMX paH
TICEBJOMOHAIAMH TIPOBOIIM OaKTEpIONIOriuHe JOCIIHKEHHS BMICTY
paH y pi3Hi TepMiHH ITiCJI1 BTOPUHHOTO iH(iKyBaHHs. Binbupam mpo-
OV TaKM YMHOM: JI0 IOBEPXHi PaHM NPHKIIaIaIK CTAaHIAPTHHIT UCK i3
(iTBTPYBATILHOTO APy, MOTIM MOMIIIATN HOro B 1 MIT 130TOHIYHOTO
PO3UHHY XJIOpHILY HaTpito (KoHLEeHTpawist 0,9%), peTesbHO CTpyILyBa-
s 10-15 XB i 3MMB MipHO 3aCiBajIi Ha CEJICKTHBHE CEPEIOBHILE — I10-
JKUBHHI arap i3 uetwnmepumuHiyM-xmnopuaoM (L[IX-arap). ITicms
48-romuan0i iHKyOarii 3a 37 °C BpaxoByBaIH KUTBKICTb KOJIOHIN P. aeru-
ginosa, 10 BUPOCITH Ha JKUBIIBHOMY CepeioBHIL. 11 eKcrieprMenTy
3 BUBYCHHS [ii ayTOCMMOIOHTHHX IITaMiB aepOKOKIB Ha P. aeruginosa
BifiOpaHO TpY HalaKTHBHINI y OiOXIMIYHOMY Ta aHTArOHICTHYHOMY
BiZTHOIIIGHHI i30J151TH aepokokiB: 1) SM2015 (Bupminenuit Bix murmeit),
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2)3k2015 (Buninenwii Bin uxypis), 3) 342015 (BuaUICHHH Bil JIFOIMHM).
ExcriepuMeHTH 3 BUBYEHHS Jii ayTOCMMOIOHTHUX INTaMiB aepOKOKIB
rocTaBieHi Ha 84 6e3nopomHUX GiMX Murax Macoro 16-17 r, i3 sikix
60 TBapuH CKJIANH JOCIIHY IPYITY, a 24 — KOHTPOJIbHY. Y JOCIIIHUX
TBapyH iH(IKOBaHI PaHH IIOJHS OIHOPA30BO OOPOOISIH ayTOCHMOi-
OHTHUMH MTamMamu aepokokiB (0,2 mipx B 1 M) O Omy:KaHHA
[perapar yBO/M/M Mif CIPYN 3a JONOMOIOKO IIMpHIA. Y KOH-
TPOJBHUX TBAPHH TaK caMo i y Ti X TEPMIHH paHy 00poOIsuH i30TO-
HIYHAM PO3YMHOM XJIOpHUY HaTpito (koHIeHTpartis 0,9%).

3a TBapHHAMH CIIOCTEPIraiy MpOTArOM TPhOX TIDKHIB. ITokas-
HHUKaMH [iii ayTOCUMOIOHTHHUX IITaMiB aepOKOKIB CITy KUJIH:

1) KinbKiCTb 3aruOIMX TBAPUH;

2) IHTEHCHBHICTD NPOSIBY MICIEBHX KIIHIYHHX CHMIITOMIB 3a-
ITAJICHHsI, BU3HAYCHA ITi/l Yac OTILITY PaH,;

3) KUTBKICTB IICEBIIOMOHA]T, SIKI MICTSTBCS B PaHi.

JUisl CTaTHCTUYHOTO aHAaNli3y BHUKOPUCTOBYBAIM MaKeT IIpH-
KJ1aiHuX nporpam Statistica 6.1 (StatSoft Inc., USA).

Pe3ysbTaTn T2 iX 00roBOpeHHs

Kapruna po3BuTKy Ta mepeOiry XpoHi9HOI CHHBOTHIHHOT 1H(eKIIi
TMPEZICTAaBIIeHa Y TPBOX cepisix nocrmimiB. HaBeneHi maHi cBimgaTh mpo
PO3BUTOK CHHBOTHIHMHOI iH(pekmii 3 pi3HMM CTyneHeM reHepamizaril
TIATOJIOTIYHOTO TIPOLIECY 3 WITKHM HMPOSIBOM MiCIIEBHX KITIHIYHIX CHUMIT-
TOMIB 3anajeHHs. [IoBTOpHE yBeleHHs! KyJbTYpH CHHBOTHIMHOI ITa-

Taoauns 2

ymukd B 17,1% BUIIAJIKIB NPU3BENIO JI0 MBHIKOTO PO3BUTKY CETICHCY
Ta 3aruberi murei. BomHouac, y 82,9% TBapyH pO3BHBABCS MiCIICBHI
3anaIbHUA TIPOLIEC, IEPEBAKHO PI3KO ab0 MOMIPHO BHPaKCHHUI
(65,9%; P < 0,001), Ta HOCTYNHMII CHIOCTEPEXEHHIO TPOTATOM JBOX
TIDKHIB (TaO. 2). | Xoua paHa 10 3a3HAYEHOTO TEPMiHY 3arOr0BajIach,
IIy’K€ 9acTo B il JUISHLI BUSBJIUIA OCYMKOBAHI THIHHI iH(UIBTpATH.
Kornonii P. aeruginosa BUSIBICHO Y BUIUICHHSIX PAHH aX JI0 TIOBHOTO 1i
3arOEHHS, B MAKCHMAIBHIH KUTBKOCTI — Ha 5—6-Ty 100y CIIOCTEepeKeH-
Hs1. OTKe, LT MOJIEITb BIITBOPIOE PaHOBY (hOpMy CHHBOTHIHHOT iH(EK-
L1l 1110 JI03BOJIMJIO BUKOPHCTATH il ISl OLIHIOBaHHS aKTMBHOCTI ayTo-
CUMOIOHTHHX IITaMIB MiJT 4ac A. Viridans-eKCIIepUMEHTAIBHOTO JIKY-
BAHHS CHHBOTHIMHOT iH(EKI1ii, 3aCTOCOBAHKX MiCLICBO.

[Tix gac BuUBYEHHS il ayTOCHMOIOHTHHX INTaMiB aCPOKOKIB Ha
MOJIEN CHHBOTHIHHOI iH(EeKIii y TBapuH YHPOAOBXK TPHOX TIDKHIB
YCTAaHOBJIEHO, 1110 B KOHTPOJIGHIH TPy HEJIIKOBAHNX MUIIIEH JacTile
HACTaBaJIa 3aru0eib TBAPHH Bill PO3BUTKY CHHBOTHIMHOTO CETICHCY, i
HIPY 1I5OMY B OUIBII paHHi TepMiHH (2-3-Ts 100a), HDK Y JOCITTHUX —
29,2% sumakis mpotu 0-5% (P < 0,05) (Tadmn. 3).

I3 manux Tabmie 3 Ta 4 BUAHO, M0 y OUTBILIOCTI TBAPHH AOCII-
HUX TPYII Y)Ke 3 TIepIIHX Ji0 3aCTOCYBaHHS ayTOCUMOIOHTHHX LIITAMiB
AEPOKOKIB MepH(OKATIbHE 3anaIleHHsT OyJi0 MEHII BHPayKeHIM TIOpiB-
HSHO 3 KOHTPOJIGHOIO TPYTIO MUIIeH. Pary mBre ounmanmcs Big
THOIO Ta TOKPHBAIICS CyxuM crpyrnoM. Hanpukman, no 11-i nobu
CIIOCTEPEKEHHSI PaHH TIOBHICTIO TOUIMCS 3 BIJTOPTHEHHSM CyXOTO
ctpyma y 44 3 58 murtiei, o Bk (75,9%).

P03BHUTOK MAaTONOTIYHOrO MpoLiecy B OUTMX MUILIEH 3a TBOKpaTHOro iH(iKyBaHHS paHH IICeBIOMOHanaMu (abc.)

. 3aranpHa P0O3BUTOK MiCLIEBUX CUMIITOMIB 3alIJICHHS] Y MHILIEH, 1110 BIKUIN
Cepist . I3 HUX 3aruHyIIO0 - - - Crpoxu
R —— KUIBKICTh IHTCHCHBHICTD 3allaJICHHSL: saroens paw, 106a

TBApUH Bchoro  3-ts1j00a 11-ta moba BCHOT'O HH =+ + + ’
1 15 3 2 1 12 4 5 2 1 12-16
2 14 2 1 1 12 5 4 3 0 12-16
3 12 2 2 0 10 4 5 1 0 12-16
Yeboro (abe./%) 41/100 7/17,1 5/12,2 2/4.9 34/82,9 13/31,7 14/34,2 6/14,6 124 12-16

Tpumimkuy: HTCHCHBHICTh MICLIEBUX KJIIHIYHMX CHMIITOMIB: ++++ — rinepemist Ta HaOPSIK TKAHMHH, II0 OTOYYE paHy, Pi3K0 BUPaKEHI; PSACHE BiIOKPEMITIOBAHE;
+++ — rinepemist i HaOpsIK BUpaXkeHi IIOMIPHO; MEHII PsICHE, CepO3HE, TeMOpariyHe BiIOKPeMITIOBAHeE; ++ — riliepeMist Ta HabpsIK BUPaKeHi cl1abKo; OBEPXHS PaHU
TOKPHUTA CTPYIIOM; + — HE3HAYHA rilepeMist HABKOJIO PaHH, IOKPHTOI CyXHM CTPYTIOM.

Ta6muus 3

[HTEHCHBHICTH PO3BUTKY MiCHEBUX KITIHIYHHX TPOSIBIB 3alajicHHs 32 CHHBOTHIMHOT iH(eKmil
y JOCTiIKyBaHHX 1 KOHTPOJIBHIN IpyTiax TBapHH (abc./%) 3a 3aCTOCYBaHHS ayTOCHMOIOHTHIX INTaMiB a8POKOKIB

PO3BHTOK I'HIIHO-HEKPOTHYHOTO POLIECY

I'pym Kinbkicts 3 HACTYTTHUM BHTY)KaHHAM

KinbKicTb TBapHH 31 CTPOKaMH 3ar0€HHsI paH Ha 100y

3aruHyIno == -
TBApHH TBApHH yohoro Y TOMY 9HCJIi 3 IHTCHCHBHICTIO

H++ A + 7 8 9 10 11 12 13 14 15 16
5M2015 20/100 —* 204100  10/50  6/30 2/10 2/10  9/*45 4420 2/10 15 - 15 210 15 - -
3Kk2015 20/100 1/%5 19/%¥95  8/40 735 15 3/15  7*35 4+20 210 155 /5 210 15 1/5 - -
342015 20/100 1/#5 19/%95  9/45 525 2/10 3/15 4/*20 4/+20 420 2/10 /5 15 15 /5 /5 -
KontpomsHa — 24/100 7292  17/708 9375 4/16,7 2/83 2/83 - - /42  2/83 3/125 1/42 283 283 283 4/16,7
VYcworo 84/100 9/10,7  75/893 36/429 22/262 7/83 10119 20238 12/143 9/10,7 6/72 56,0 56,0 6/72 56,0 334 448

Tpumimku: nuB. Tabi. 2; * — P < 0,05 HOpiBHSAHO 3 KOHTPOJILHOIO IPYIIOH0 (32 IBOCTOPOHHIM TOYHMM KpHTepieMm Dimepa).

Taoauus 4
Lg upciia CHHBOTHIMHUX MATMYOK B IiepepaxyHKy Ha 1 mi BuaineHb panu (M + m) Ta iHTeHCHBHICTD IIPOSIBY MICHEBHX KITiHIYHUX
CHMIITOMIB 3allaJIeHHsI 3aJIXKHO BiJ{ 4acy CIIOCTEPE)KEHHs Ta TPYIH TBAPHH IIiJ1 Yac 3aCTOCYBAaHH 2y TOCUMOIOHTHHX IITaMiB a8POKOKIB

I'pymm  Kinbkicts KinbKicTb 10 micist HOYaTKy JOCITy
TBapHH  TBAPUH 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
522 531 505  490% 444*%  420%* 403* 395% 382*% 340% 321*% 3,12% 290% 2,69% 243* 224*
5M2015 20 +021 +025 +£022 +£028 +0,19 +026 =+0,17 +021 +0,14 =+0,13 =+0,17 =*0,11 =*0,14 =+£0,12 +0,10 =+0,11
A+ A ++ + + + + + - —
552 543 535 500% 444*% 434% 4]12% 405% 392% 350% 332% 322% 306% 2,70 253*% 247*
32015 20 +029 +022 +£027 +024 +022 +023 +025 +020 =+01l16 =+0,19 =+0,15 =+0,18 +021 0,15 =+0,14 =+0,15
HH A At A A A A + ++ + + + + - —
532 547 545 510%  474% 434*% 425% 408% 396% 357% 343*% 322% 3,10% 288% 2,62% 254*
342015 20 +034 +031 +£032 +033 +£029 +027 +030 +024 +£022 +£024 =+£021 =+023 +020 =+0,18 +021 =+0,17
A+ A ++ + + + + + - —
Korpo- 562 555 548 674 654 677 654 630 602 597 563 58%*% 522 512 463 421
A 24 +036 +034 =+£033 +031 +039 +043 +037 +042 +035 +032 =+£033 +036 +038 +030 =+031 +028
e e e I e e = S e = e e o o o + +
Tpumimxu: nuB. TaoOIMI. 3.
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'V KOHTpOJBHIH TpyTi TBAPHH JI0 3a3HAYCHOTO TEPMiHY aHAJIOTYHA
KapTHHA crioctepiranacs e y 3 3 17 mumeit (17,6%; P < 0,001).
Hageneni B Tabiuui 4 pe3ynbraTé CBiI4aTh, L0 HE3AIEKHO Bil
TPy TBApUH y MIpYy 3arO€HHS PaHU 3HIKYEThCS 3a0pyIHEHICTb il
CHHBOTHIAHOIO MATHYKO0. BogHOUaC, KIIBKICTh IICEBAOMOHA/I, 110
MICTSTBCS Y BUAUICHHSX PaH JOCTIAHUX TPy MUIICH, TOYNHAIOUH
BIKE 3 IIEPIINX JHIB 3aCTOCYBAaHHS ayTOCUMOIOHTHHX IITaMiB aepo-
KOKIB, OyJI0 Ha HU3bKOMY DiBHI IIOPIBHSIHO 3 KOHTPOJIBHIMHY TBapH-
HaMmH. SIKIIO y JIIKOBaHUX MHILEH Bxke Ha 4-Ty 10Oy KUIBKICTh CH-
HBOTHIHHOI Nayuky (Y TepepaxyHKy Ha 1 M1 BUIUICHB 13 paH),
BUpaKeHa B Jiorapu¢max, ckiaia B cepeaubomy 5,0 + 0,16, To B
KOHTpOJIBHIN Tpymi Taka cama Kinbkicth riceBromonan (g 5,22 +
0,38; 1g 5,12 + 0,30) BusBisacs B panax jwie Ha 13—14-ty noOy
CIIOCTEPEIKECHHS.

V mrramy aepoKoKiB, BUAUICHUX B el (SM2015), Gy kpari
TIOKa3HHKH OJLy>KaHHSI, TMHAMIKa PO3BHTKY MiCIEBHX KITIHIYHIX CHMIT-
TOMIB 3alaJICHHSI T KUTBKICTh [ICEBIOMOHA, SIKi MICTIITUCS Y PaHi, T0-
PIBHSIHO 3 IHIIMMH ayTOLITaMaMH aePOKOKIB, BUIUICHUMH BiJl IIypiB
Ta yromaK. Lle Moyke CBiMUMTH PO Pi3HY aKTHBHICTH LITAMIB i 3aJie-
JKUTB BiJI IOXO/PKEHHST MIKPOOPraHi3My Ta BUIY TOCIIOZApst. AyTOCHM-
OGloHTHI 1ITaMu A. Viridans MaroTh BHII TTOKA3HUKH I1iJ] 9ac BUBUCHHS
X aKTHMBHOCTI B YMOBaX MOJENi CHHBOTHIHHOI 1H(EKIil y BHITaIKy
JIKyBaHHS TOCTOZApsi TAa MEHIIy aKTHBHICTH B YMOBaX JIKYBAHHS
IHIIMX BUJIB.

BucnoBku

BinrsoperHo Mozenb paHoBOl (pOpMH CHHBOTHIMHOT iH(EKLI], 1110
JIO3BOJIAJIO BUKOPHICTATH i JUTSI OLIHKHM AKTHBHOCTI ayTOCUMOIOHTHIX
mTamiB aepokokiB: SM2015 (Buaienuit Big mumeit), 3xk2015 (Bumine-
Huif Big miypiB), 342015 (BUAUICHMI BiX JIFOIMHM), 3aCTOCOBAHHX
MICIIEBO JUTSI eKCIIEPIMEHTAIBHOTO JIIKYBAHHS CHHBOTHIHHOT IH(eKIIii.

YV KOHTPOJIBHIN IPyIT HEMIKOBAHUX MHIINCH JOCTOBIPHO YacTiriie
CTaBaIacst 3ariOesb TBAPHH BiJl PO3BUTKY CHHBOTHIHHOTO CETICHCY Ta Y
OuTbLI paHHi TepMiau (2—3-T51 100a), HK Y JOCIITHHUX.

'V GUIBLLOCTI TBAPHH AOCIIIHUX IPYII Y7Ke 3 MIEPILNX JHIB 3aCTOCY-
BAHHS1 Ay TOCUMOIOHTHHX IITAMIB aePOKOKIB Tepr(OKaIbHE 3aITaleHHS
OyJ10 MEHIII BUpayKEHUM TTOPIBHSHO 3 KOHTPOJILHOFO TPYTIO0 MUILICH.

'V pasi 3acTocyBaHHA MTaMy aepokokiB (SM2015), BIieHOrO Bi
MMIIeH, y TBapHH Oy Kpallli MOKa3HHUKY OJTy>KaHHs, UHaMIKa po3-
BHUTKY MICLIEBUX KJIIHIYHIX CUMITTOMIB 3alTayIeHHsI Ta KUTBKICTB IICEB-
JIOMOHaJI, sIKi MICTWJINCSL Y paHi, HOPIBHSHO 3 iHIIMMH ayTOIITAMaMU
QAEPOKOKIB, SIKi BUJIUICHI BiJl IIIyPIB 1 JFOIMHU.

KinbKicTh TCEBIOMOHAM, L0 MICTWINCS y BHIUICHHSX i3 paH
JOCIIHUX TPYTI MHILICH, TTOYNHAIOYH 3 YETBEPTOI 00U 3aCTOCYBAHHS
AyTOCHMOIOHTHHUX IITAMIB aePOKOKIB, IOCTOBIPHO HIDKYA TOPIBHSHO 3
KOHTPOJIbHUMH TBapHUHAMHU.

BusieneHO pizHy aKTHBHICTB IITAMIB aCPOKOKIB, SIKA 3aJICKHTH BiJ
TIOXOJDKEHHSI MIKPOOPraHi3My Ta BUIy rocrozaps. AyTOCHMOIOHTH
A. viridans MaroTb BUIL TTOKA3HUKY I1iJ] YaC BUBYECHHS X aKTUBHOCTI B
YMOBAX MOJIeJTi CHHBOTHINHOI iH(eKwii y BUIaKy JIiKyBaHHs TOCroza-
s Ta MEHILTy aKTUBHICTh B YMOBAX JIIKYBaHHSI HIIIUX BHJIB.

OrtpuMaHi JaHi MOXKYTb CITy KHTH ITiICTABOIO TSl IOAAJIBIIIOTO BH-
BYCHHSI 3aCTOCYBAHHS ayTOLITAMiB aGPOKOKIB TSl JIIKYBaIBHO-TIPOhi-
JIAKTHYHUX 3aXOiB OO0 OOPOTHOH 3 PaHOBOIO 1H(EKIIEr0, BUKIHKa-
HOIO TICEBJIOMOHA/IAML.
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The impact of growth stimulators and retardants
on the utilization of reserve lipids by sunflower seedlings
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growth stimulators and Paclobutrazol and Chlormequat-Chlorid anti-gibberillin preparations is an efficient method of
reconstructing coordinate covalent bond during the germination of seeds of oil-bearing crops. It allows determination of
the role of the hormone factor in the utilization of reserve lipids over the heterotrophic phase of plant development.
Blocking the synthesis of gibberellins by retardants caused decrease in activity of lipase, hydrolysis of reserve lipids and
the meristem, which resulted in decrease in the energy of germination. Compared to the control, the impact of gibberellin
increased the content of butyric acid, and the impact of Paclobutrazol reduced the content of butyric acid. Linoleic acid
showed exactly the opposite changes. In relation to the control, a significant increase in the content of non-saturated
linoleic acid was observed in both variants of the experiment. Gibberellic acid stimulated and Paclobutrazol slowed the
usage of free higher fatty acids for the process of morphogenesis.
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BnumB cTUMYJIATOPIB POCTY TA peTapIAHTIB
HA YTIWII3allil0 pe3epBHOI 0J1il IPOPOCTKAMM COHSILLIHUKY

B.T'. Kyp’sta, I. B. Ilonpoupka, T. I. Poraga
Binnuysxuii deporcasruti nedazoziunuil ynieepcumem imeni Muxaiina Koyobuncokoeo, Binnuys, Ykpaina

CTBOpIOBaIH Pi3HE HAMPYKEHHs B CHCTEMi «IOHOP — aKI[ENTOP» y MPOLECi IPOPOCTAHHS HACIHHS COHSIIHKKY, BAKOPHCTOBYIOYH CTHMYJIISITOPH
pocty Ta aHTHTiOCpeNiHOBI HperapaTd pi3HOI XiMiyHOI OyJOBH. 3acTOCYBaHHS CTHMYJATOPIB pOCTy TiOepeliHy Ta TpenToleMy Ta
aHTHUTiOepeNTiHOBHX HpeIapaTiB NakIo0yTPas3olly Ta XJIOPMEKBATXIIOPUY — e(peKTUBHUN IIPHIIOM PEKOHCTPYKIIil JOHOPHO-AKIENTOPHUX BiTHOCHH y
Nepiosl MPOPOCTAHHS HACIHHS ONHHHMX KyJBTYp, IO JO3BOJISIE BCTAHOBHTH POJb FOPMOHAIBHOTO (hakToOpu B yTHII3ALil pe3epBHHX JMiAiB y
rerepoTpodHy a3y po3BUTKY pOCIHMHU. BrokyBaHHsS cuHTE3y riOeperiHiB peTapAaHTaMH CHPUYHHIUIO 3HWKEHHS aKTHBHOCTI JIIas, Tifpoiiy
pe3epBHOI oIif, 3HIDKCHHS aKTHBHOCTI MEPHCTEM 1 BIiIIOBiIHE 3HWDKEHHS CHeprii MpopocTaHHs HaciHHA. 3a nii ribepeniHy 3pocTas, a 3a nil
MaKIo0yTpa3oly 3MEHILYBABCS BMICT OJIETHOBOI KHCIOTH NPOTH KOHTPOIIO, MPOTHJISKHI 3MIHM BiIMIYeHO Ui JIiHONEBOI kucinoTH. CyTreBe
3pOCTaHHS BMICTY HEHACHYEHOI JIIHOJICHOBOI KHCJOTH BinOyBajiocsi B 000X BapiaHTax JOCHiAy TOPIBHSHO 3 KOHTposeM. [ibepernoBa KucioTa
CTHMYJIIOBAJIA, @ PETApIaHT AKI00YTPa30il YIOBLIEHIOBAB BUKOPHCTAHHS BUIBHUX BUIIHX XKUPHUX KHCIIOT Ha IIPoLiecH MOP(OreHesy.

Kmiouoei cnosa: Helianthus annuus L.; TOHOPHO-aKIIEIITOPHI BiTHOCHHY; peTapJaHTH; TOPMOHAIBHA PETYIIALLS; IPOPOCTAHHS HACIHHS

Beryn

Po3pobieHnst criocoOIB peryIisiiii JOHOPHO-aKIEIITOPHOI CHCTEMU
(crcTema «source — Sink») POCIMH Ma€e CYTTEBE TEOPETHYHE Ta TIpaK-
THYHC 3HAYCHHS, OCKUIBKH BiKPUBAE TEPCIICKTHBH CIPSIMOBAHOIO
MePEePO3IO/ILTY MOTOKIB ACHMUISTIB JIO TOCIIONAPCHKO-IIIHHMX OpraHiB
pociuun. Huni y npoykuiiiHoMy mporieci pocinH HaliKpalle BUBYCHi
nUTaHHs1 (DYHKIIOHAIGHOL Ta PEryJIITOpHOL B3aeMo/il pOTOCHHTE3y Ta
pocry (Kuryata, 2009; Kiriziy et al., 2014). BignosigHo g0 cydacHux
YSIBIICHB BHILIA POCIIMHA SIBIISIE COOOFO IUTICHY CUCTEMY, JIe IOHOP acH-
MUTATIB — (QOTOCHHTETHYHI OpraHH, TIEPIII 32 BCE JICTKH, 2 1HIII YacTH-
HH POCIIMHH BHCTYMAIOTH SIK akuenTop. OCHOBHI 3aKOHOMIPHOCTI (hyH-

KI[IOHYBAaHHSI IOHOPHO-AKIETITOPHIX BITHOCHH BHBYAIOTh, B OCHOBHO-
My, HiJl 9ac aHaji3y CHiBBIJHONICHHS IHTEHCHBHOCTI IPOIIECIB POCTY
Ta (D)OTOCHHTE3Y, JIe IPOLIECH POCTY BUCTYTAOTH SIK OCHOBHHUI aKLICTI-
Top, a (hotocuHTe3 — sk HoHop acumiaTie (Kuryata and Polyvanyj,
2015; Rogach and Rogach, 2015; Yu et al., 2015; Kuryata et al., 2016;
Rogach et al., 2016). I1ix acuminsTamMu py LIHOMY MAIOTh Ha YBas3i pi3-
Hi CIIOJTYKH, aCHMIJTbOBaHI POCITHHOIO Y Tporieci (JOTOCHHTE3y ByTJie-
10, Y TepIy Yepry TPaHCIOPTHI Ta 3anacHi (opMH BYIJIEBOIMIB —
OCHOBY CHEPreTUYHHX 1 METa0OMMIYHIX TPOLIECIB, @ TAKOXK «Oy/IiBEb-
HHI Matepia» y MpoLecax pocTy Ta PO3BHTKY Ha BCIX PIBHAX Opra-
Hizawii pociuaHOro opranizmy (Kiriziy et al., 2014). Buginsors tpr
THITH aTparyBalbHUX LIEHTPIB, SIKI BIIPI3HAIOTECS XapaKTepoM (yHK-
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LIIOHAIBHOI aKTHBHOCTI: TOUKU POCTY, MICLSl BiIK/IaaHHS PEYOBUH Y
3arac Ta MiCIlg aKTHBHOTO METaboIi3My, MPUYOMY BCTAHOBJICHO, 110
ICHY€ TIO3UTHBHA KOPEJBILISt MK KUTBKICTIO Ta aKTUBHICTIO LIHX aKIIeT-
TOpiB i (hOTOCHHTE3yBATHHOIO AKTUBHICTIO JIMCTKIB. Peryrmsiis mmx
BITHOCHH SIK CHCTEMH TIEpEepO3IOALTy aCHMUTITIB MDK OpraHaMi Ta
TKaHMHAMH POCJIMHH B OHTOT€HE31 MOXKE 3IMCHIOBATHCS Ha BCIX PiB-
HSX OpraHizamii 3a ydacti pisHnx MexaHi3sMmiB (Mohammad and Mo-
hammad, 2013; Ljung et al., 2015; Savage et al., 2015; Sugiura et al.,
2015; Bonelli et al., 2016).

V npakTHYHOMY IUTaHi ISt ONTHMI3ALil POCTOBHX HPOLIECIB 1 Ipo-
JyKTHBHOCTI POCITHH 3aCTOCOBYIOTh CHHTETHYHI PEryJisITOpH POCTY, B
ToMy umcni perapaantd (Ramburan and Greenfield, 2007; Kumar
etal, 2012; Tae-Yun and Jung-Hee, 2012; Pavlista, 2013; Yan et al.,
2013; Sang-Kuk and Hak-Yoon, 2014; Sardoei et al., 2014; Yan et al.,
2015; Panyapruek et al., 2016; Wang et al., 2016). Pazom i3 1w, 35a4-
HO MeHIIe iH(popMallii Ipo (yHKIIOHyBAaHHS L€ CHCTEMHU B TeTepO-
TpodHy (hasy pPO3BUTKY POCIMHH (TEpiof] MPOPOCTAHHS HACIHHS,
OyJ160, KOPEHEBHIL, IMOYIIHMH). Y 1Ieii 1epiofl BiIOyBa€ThCS BUKOPHUC-
TaHHs Ha NMOTpeOr MOpOreHe3y JENOHOBAHNX B OpraHax 3alacaHHs
PE3epBHIX CIOIYK Pi3HOI XiMIYHOI OyIOBH (BYIJICBOLIB, a30TyMICHHX
cronyk i omii). IcHyro4a iHOpMaITis CBITYHTH PO MOKIIHMBICTD Pery-
TSI IIBMIKOCTI YTHITRAL PE3epPBHIUX CIONYK Ha TOTPeOH pocTy Ta
PO3BUTKY 30BHIIITHIMH TA BHY TPIIITHIMHA YMHHUAKAMU.

[IBupKicTs pocTy cTelia 3aIeKUTh BiJl MEPUCTEMATHIHOI aKTHB-
HOCTI CyOariKaIbHOI 30HH, SIKa 3HAYHOKO MIPOFO KOHTPOJFOETHCS Tide-
peninamu (Minguet et al., 2014; Hedden and Thomas, 2016). ®oto-
MopdoreHe3 (PO3BUTOK Ha CBITIi) Ta CKOTOMOp(OreHe3 (PO3BUTOK Y
TEeMpsIBi) TIOTPEOYIOTh PI3HOTO PiBHS 3a0e3MeUeHHsT IIACTUMHIMU pe-
yosrHami (Golovatskaya and Karnachuk, 2007; Kutschera and Briggs,
2013; Wu, 2014; Franklin, 2016; Poprotska and Kuryata, 2017). [Tocu-
JIHHS POCTOBOI (DYHKIIil ITApOCTKAMH KapTOIUT y TeMPSIBi CyHpPOBO-
JKY€ETBCSI TTIBUIIICHHSM aKTUBHOCTI aMiJIa3d Ta IHTCHCHBHIIIAM BHKO-
PHUCTaHHSIM 3amacHoro kpoxmaio 0yms0 (Rogach et al., 2016). Cepen
BHYTPIIIHIX (haKTOpiB peryJisiii HarpyXeHHsT JOHOPHO-AKIIEITTOPHUX
BiZIHOCHH KJTFOUOBY POJIb Bifjirpae ropMoHaibHa cuctema. ditoropmo-
HM BKIIOYCHI B CHCTeMy TpaHCHOyKii cBitioBoro curHamy (Horni-
tschek et al., 2012; Zhang et al., 2014; Humplik et al., 2015; De Wit and
Pierik, 2016; Van Hook, 2016). 3okpema, 3a mii CBiT/a 3MIHIOETHCS
MeTaboi3M 1 Yy TIIHMBICTh POCIHH JI0 TibepeniHiB (Zhang et al., 2014).
IpopocTaHHst HACIHHS Ta OPraHiB 3artacaHHs, SIKi MICTSITh SIK OCHOBHY
PE3epBHY PEUOBHHY KPOXMAIIb, CYIIPOBODKYETECS IHIIIHOBaHNM ribe-
PEJiHOM CHHTE30M de novo Ta BHAUICHHSM 3apOJKOM B €HIOCIEPM
YOTUPBOX 130()epPMEHTIB O-aMiNa3H, [0 BUKIMKAE PO3LLIEIICHHS KPOX-
MAITIO Y KPOXMATIBHHX 3epHAX. 3aCTOCYBAHH €K30ICHHOIO ribepertiny
TaKOXK CIIPUYMHSIE MOCHICHHS X MPOLIECIB Ta CTUMYJMIIIO POCTY
MPOpOCTKa. 3 iHIIOro 00Ky, 3aCTOCYBaHHSI iHTIOITOPIB POCTY — peTap-
JIAHTIB, 5IKi 32 MEXaHI3MOM il — aHTHTiOEpeITiHY, T03BOJISIE 3MEHILITH
«3aIuD) HA aCHMUIITH BHACIIOK OJIOKYBAaHHS CHHTE3y TiOEpelNiHiB,
AKTUBHOCTI aMUTa3HOTO KOMIUTEKCY Ta 3HIDKEHHSI IHTEHCHBHOCTI (DyHK-
LIIOHYBAHHST MEPUCTEM.

YerepruHHi amoHieBi, (ocdonieBi Ta cyiboniesi com (AMO
1618, CCC, IXIB, docthon D) nepepuparots GiocHHTe3 TiOeperniHiB B
Ol JTAHI[ LHOTO TPOLIECY, 8 OCHOBA CHJIBHIIIOI PICTraNbMIBHOL i
TPHA30NIOXITHAX PeTapAaHTiB (MakmoOyTpa3ony, yHiKOHa30imy, BAS
111 Tommo) — OnMoKyBaHHS (PEpMEHTIB CHHTE3Y TiOCpENiHiB Ha TPHOX
erarax. Lli fani miarBepmoKyOTECS THM, IO peTapAaHTHI edekTH il
YETBEPTUHHHUX Ta TPHUA30JIOBUX CIIONYK YCYBAIOTHCS BBEICHHSIM K30~
renHoi ribepenoroi kucnotu (Kuryata, 2009). TakuM unHOM, 3’SIBIISI-
€TBCS1 MOXKIIMBICTh, BUKOPHCTOBYIOUH i Yac MPOPOCTAHHS HACIHHS
€K30reHHHIT CTUMYJIITOp pocTy (ribepestin abo peTapaaHT), 3MiHIOBaTH
HAIPYKEHICTh JIOHOPHO-AKLICITOPHUX BIIHOCHH Y POCIHHI HULIXOM
CTUMYJTIOBaHHsI a00 iHriOyBaHHS iHTEHCHBHOCTI POCTY IPOpPOCTKA.
30Kkpema, BUBUCHHS BIUTUBY TiOEpeiTiHy Ta aHTHIiOepeTiHOBOrO Ipera-
pary XJIOpPMEKBATXJIOPHY Ha Ia3000MiH Ta BUKOPUCTAHHS PE3CPBHHX
CIIOJTyK Y TIPOPOCTKIB TapOy3a y MpoLeci IPOPOCTaHHS HA CBITII Ta Y
TeMpsiBi MOKa3aso, IO 32 YMOB CKOTOMOP(OreHe3y y MpOpOCTKiB
rapOy3a MOCHIICHHS 00 rabMyBaHHsI POCTY CIPUYHHHIIIO TTi/IBHILICH-
HsI IHTCHCHBHOCTI JIMXaHHS. Y BUIA/IKy NEPEMUKAHHS TUITY JKUBJICHHS
Ha CBITJI 3 reTepoTpoHOro Ha aBTOTpOdHMIA 00podKa ribepesiHoM

30UIBLIyBa/Ia YACTKy ACUMUBILIMHHMX IPOLECIB Y BYIVICKHCIOTHOMY
ra3000MiHi POPOCTKIB, @ TAJIbMyBaHHsI POCTY PETApAaHTOM CIIPHYH-
HIOBAJIO 30UTHIICHHS IUXAJbHHIX BUTPAT.

DopMyBaHHSI POPOCTKAMH <«3AITHTY» Ha PE3ePBHI aCUMITATH 3
CIM’A/IONb BEJTMKOI0 MIPOI0 BHU3HAYAETHCS 3MIHOIO aKTHBHOCTI CyO-
armKaTbHIX MEPHCTEM, IO MPOSIBIIETHCS Y TPHCKOPEHHI MPOPOCTaH-
Hsl HACIHHSI, TIOCWJICHHI TICTOreHe3y 3a Jiii riOepertiHy Ta MocaOIeHHs
VX MPOLIECiB 3a BIUTMBY peTapranty (Poprotska and Kuryata, 2017).

IIBuaKicTs pocTy cTeONa 3aIeKUTh BiJl MEPUCTEMATHYHOI aKTHB-
HOCTI Cy0arniKaabHOI 30HH, SIKa 3HAYHOK MIPOIO KOHTPOJTFOETHCS Tide-
pesiHaMy. BCTaHOBNEHO TICHUI 3B’SI30K MK 3MiHAMH POCTOBHX Xa-
PAKTepUCTHK 32 JIii peTapIaHTiB i aKTHBHICTIO TOPMOHY: 33 BILIUBY
MAKII00yTPa3oTy, XIOPMEKBATXIIOPH/LY Ta IEKCTPETy BiIMiYEHO 3MEH-
IIICHHS aKTUBHOCTI BUTBHHX TiOEpEITiHIB Y aroHaX MaJIMHI B yMOBax
BETCTAIIIHOrO Ta MOJIBOBOTO JIOCIIIIB, Y TOH Yac sSK YBEACHHS €K30-
TeHHOI Ti0eperioBoi KUCIOTH CYTTEBO HiJIBUIYBAIO IX AKTUBHICTH Y
TKaHHHAX cTeOsa. PasoM i3 1M, 3BOIUTH POCTOBY PEAKIIIIO POCIIHH
JMIIE IO BMICTY Ta aKTHBHOCTI TiOeperiHiB Oyio 0, Ha Hally TyMKY,
HETIPaBIIIBHAM, OCKLTBKY BUPILIATBHY POk Biflirpae OGanaHc, CIiiBBi-
HOLLICHHSI Ta [IOCTi JOBHICTB J1ii Pi3HHX TPYII (PITOrOPMOHIB.

3acToCcyBaHHS PI3HHX TPy PETAPIAHTIB 32 TAIBMYBAaHHS POCTY
TIAroHiB MAJIMHA CYTTEBO 3MEHILMIIO BMICT BUIGHOI iHIOJIOITOBOL
xucroty (Kuryata, 2009). BimMidarmicst Tako)k 3MiHH y CIIBBIHOIICH-
Hi 3eaTHHPHOO3MY Ta 3eaTWHy 3a Jii MaxIoOyTpasony y Oik MeHII
AKTHUBHOI, TPAHCTIOPTHOI (JOpPMHU TOPMOHY (3€aTHHPHUOO3KTY ). 3aCTOCY-
BaHHsI XJIOPMEKBATXJIOPHTY Ta MAKI00yTPa3oity BIUIMBAJIO HE JIUIIE Ha
AKTUBHICTH (DITOrOPMOHIB — CTHMYJISTOPIB POCTY, @ 1 Ha BMIiCT aOCIu-
30B0i kucnot (ABK) y maroHax pociMH — 3pOCTaB YMICT BiIBHOL
(hopmu ditoropmony. [Ipr pOMy 3aCTOCYBAaHHSI €THJICHIIPOAYIICHTA
JIEKCTpeIy, SIKHii He BIUIMBAE Ha CUHTE3 TiOepeniHy, a OlOKye aKTUB-
HICTb YK€ CHHTC30BAHOTO T'OPMOHY, 3HAYHO MCHIIC BIUIMBAJIO Ha
pmict ABK. 36utbiienns BMicTy ABK y TkaHMHAX pOCIHH y Tiepiof
AKTHBHOTO POCTY 3a JIil XJIOPMEKBATXJIOpUIY Ta NaKIOOyTpasoly 3a
OJIHOYACHOTO 3MEHIIICHHSI BMICTY TiOCPETiHIB MOSICHIOETECS THM, IO
cuHTe3 abCII30BOI KUCIOTH Ta TiOepeniHiB — TiIKM €IMHOTO IUIIXY
YTBOPEHHsI TEPIICHIB, 1 B 000X BUMAIKaX IX CHHTE3 ifie uepe3 MeBa-
JIOHOBY KHCIIOTY. Y MeTaboii3Mi POCIIMHH iCHYe MeTaboiuHe po3ra-
Jy)KEHHS, HA KIiHIIIX SKOTO YTBOPIOIOTBCS TiOEpesiHM Ta aOcIm30Ba
KUCIOTa. Y IMX YMOBAaX 3aCTOCYBAHHS PETAPIAHTIB CIIPHUMHSAE 3Mi-
IICHHST CUHTE3Y TeprieHiB y Oik cuHTe3y cexcpiteprieHiB — ABK. Taki
3MIHH Y CHHTE3i TOPMOHAIFHOIO KOMILIEKCY Y TIEpio]l MPOPOCTAHHS
BHKJIMKAIOTh BiZIOBI/IHI 3MiHM CIIBBITHOIIICHHSI CTUMYJISITOPH / iHTI01-
TOPH POCTY Ta FAIbMYBaHHSI POCTOBUX TIporieciB. [Ipu oMy mopiB-
HSUTHHHIA BIUTHB CTUMYJIITOPIB POCTY Ta PETApIAHTIB Ha PICT IPOPOCT-
KIB 1 OCOOJMBOCTI BHKOPHCTAHHSI PE3ePBHOI OJIii HACIHHS ONIHHHX
KyJIBTYp T[] Yac TPOPOCTAHHS, Ha BIIMIHY Bill HACIHHS 3JIAKOBHX, SIKi
MICTSITh Pe3epBHHiT KPOXMaJIb, BUBYCHO HEIOCTATHBO.

V 3B’SBKYy 13 MM, MeTa M€l CTaTTi — BCTAHOBHTH OCOOJIMBOCTI
BHUKOPHUCTAHHS PE3EPBHIX JIITi[iB HACIHHS COHSIIHUKY ITiJ] Yac Mojie-
JIEOBAHHSI PI3HOTO HAIPY)KSHHS JOHOPHO-aKLEITOPHKIX BiHOCHH 32
BIUTHBY CTHMYJISITOPIB POCTY TiOEPENIOBOI KHCJIOTH Ta TPEITONIEMY Ta
IHTIOITOPIB POCTY XJIOPMEKBATXJIOPH/TY Ta HAKIIO0y Tpasoily.

MarepiaJ i MeToau 10CTiKEeHD

JIns BIUIMBY HA iHTEHCHBHICTH HMPOPOCTAHHS HACIHHS COHSII-
HHKY B PI3HHX BapiaHTax JOCII/Iy 3aCTOCOBYBAIM OOpPOOKY CTHMY-
nsTopamu pocty ridepenosoro kuciororo (I'Ks) 1 TpenTonemom, a
TakoX iHridiTopamu pocty xsopmeksarxyiopunoM (CCC) i nmaxio-
Oytpazonom (Py33). Y crarri ommcano Ttaki mpemapatu (Gry-
tsayenko et al., 2008; Kuryata, 2009).

IN6epenoa kucnora (C19Hx04) — Oia KpucTaniuHa pedyoBHHA
3 MOJICKYJSIpHOIO Macoro 346,2 Jla. Temmeparypa TmIaBiIeHHS
227 °C. PeyoBuHa TOraHO pO3YMHHA y BOJI Ta JOOpE PO3YMHHA B
OpraHiYHMX pPO3YMHHHUKaX. [i0epenoBa KHCIOTa MaJOTOKCHYHA
CIIONyKa, HAJIKHUTH JI0 3-T0 Kiiacy TOKCHuHOCTI. JI]Iso uist urypiB —
15 630 mr/kr.

TpenronemM — KOMIUIEKCHHU# Tpenapat 2,6-1uMeTuITipuInH-1-
okcuzy 3 OypiurtuHoBorO Krciotoro (50 r/i) Ta Emictumy C (1 r/m).

318 Regul. Mech. Biosyst., 8(3)



o npenapary y ckiani Emictumy C BXOISTh TakoXk (HiTOrOPMOHH
ribepeniHoBOl, ayKCHHOBO{, IIUTOKIHIHOBOI IIPUPOJIH, aMiHOKHCIIO-
TH, BYIJICBO/IH, MIKPOGJIEMEHTH, OTPUMAaHI IIUIIXOM KyJIbTHBYBaH-
Hsl TpUOIB — eHI0MITIB i3 KOPSHEBOT CHCTEMH POCIIMH HA IITYYHO-
MY JKMBHJIBHOMY CEPEJIOBHILI.

XnopmekBarxioprs (B-XIOpeTHITPUMETHIAMOHIMXIOPHA) —
TIOXi/[HA YETBEPTHHHHUX aMOHieBHX coiedl. lle Oima kpucramivuxa
pedoBHHa, MoJeKyysipHa Maca — 158,1 [la, Temneparypa poskia-
nannst — 300 °C, pozuunHicTb y Bomi — 74% mipu 20 °C. Jlo6pe pos-
YHHSIETHCS Y CIUPTaX, alleTOHi Ta OTaHo y ByriieBomHsX. JI 5o st
6inix narrokiB — 600—700 mr/kr, ManoTokcnunui st pud. [perna-
paT MaJOTOKCUYHMH, HE BUSBIISIE KaHLEPOTEHHUX i 61acTOMOreH-
HMX BJIACTHBOCTEHi, HE aKyMYJIFOETBCS 1 HE PO3KIIAJAEThCS B Opra-
Hi3Mi, gepe3 48 roauH BUBOIHUTHCS 3 HBoro. [lepion HamiBposnamy
y IPYHTI, 3QJISKHO BiJl TEMIIEPaTypH Ta BOJIOTOCTI IPYHTY, CTaHO-
BuTh 3-48 ni6. IMaxmoOyrpason (Ps3;) — 4,4-mumermn-1-(1,2,4-
Tpuazonii-1)-1-(4-xnopdenin)nenranon-3, noxigHa 1,2,4-tpuaso-
ny. XapaKTepu3yeThCs HU3bKOK PO3UMHHICTIO y Bomi — 0,035 1/,
Temmepartypa masieHsst 165-166 °C. JI[sy anst 6inmx marrokis 1356—
1953 mr/kr. Bucoka akTuBHICTH MakI00yTpa3oiy MoB’si3aHa 3i CTa-
OUTBHICTIO HOTO MOJIEKYITH.

Hacinns consmamka ribpumy Ceitou i copty ®marman 3amMo-
YyBallM PO3YMHAMH IIperapariB y wamkax [lerpi Ha ¢uIbTpyBaBH-
HOMY Harepi po3dnHaMu npenapartiB — ribepenosoi kucnoru (I'K;,
150 mr/m), tpenronemy (0,033 mur/m), xnopmeksatxinopury (CCC,
1% BomHuit po3unH) i naxnobyrpazoiry (0,05% BomHuMiA po3unH) i
npoporysaiu 3a 20 °C y Tepmoctati. KoHTponbHuMii BapiaHT Hpo-
polIyBany Ha AUCTUIBOBaHIN Boi. BiosnoriuHa MOBTOpHICTH 10-
CITiKEHB 1T’ ATHpa3oBa. Ha Tpetto 100y mpopoIyBaHHS BU3HAYAITH
eHepriro mpopocTaHHs. OCKUIBKM IHTEHCHBHHH TifpoJi3 ofii B
HACIHHI COHSIITHUKY BiIOYBAEThCS 3 MIOCTOI MO JBAHAAIATY 100y,
Ha IocTy 100y mpopoctku ¢ikcysanu 3a 105 °C Ta gocynryBamm 3a
65 °C 10 NOBITPSIHO-CYXOr0 CTaHy JUIsl HACTYITHOTO aHAJIi3y BMICTY
OJTii Ta KUIBKICHOTO aHaJli3y BMICTY BHIIMX XUPHUX KUCJIOT Y HIiil.
V npopocTarodoMy HaCiHHI COHSIIIHHKY Ha IOCTY J00y BH3HAYAIN
aKTHUBHICTh KMCJIUX 1 JIyXHHX JiNa3 METOIOM THTpyBaHHS. Jlis
CTBOPEHHS CIIA0KOr0 KKCJIOr0 CEepelloBUIA BHKOPHUCTOBYBAIN
arreratHuit Oydep i3 pH 4,7, a U1 CTBOPEHHS JIy)KHOTO CEPEIOBHU-
ma — OoparHuit Oydep i3 pH 8,5. g OLiHIOBaHHS MOMIIHBOL
TIPHCYTHOCTI KPOXMAJIIO TIPOBOJIUIN SIKICHY PEAKIIiI0 3 PEaKTUBOM
JIroroms. 3arampHuil BMICT Odii B HACiHHI BH3HAYAIM METOIOM
excrpakuii B armapari Cokcnera, sSIK OpraHiYHUHA PO3YNHHUK BHKO-
pucToByBanM rnerpoieiinuii edip i3 Temreparyporo KumiHHS 40—

Taoaums 1

65 °C. VY 3pa3kax BUAUIEHOI OJ1ii BU3HAYAJIHM il SIKICHI XapaKTepuc-
TUKH: KACJIOTHE YHUCIIO, YHCIIO OMUIICHHS, edipHe uucio (AOAC,
2010). AHasiTH4HA TOBTOPHICTB AOCIIPKEHB — I’ ITHPa30Ba.

Bwicr i sikicHuit cxian Bummx sxupHux kuciot (BXKK) BusHa-
YaJd METOZIOM ra3oBoi xpomatorpadii Ha xpomarorpadi «Kpm-
cran-2000» ¢ipmu Xpomartek (Pocis). YMoBH xpomarorpadyBaH-
HSL: CKJISIHI KOJIOHKH po3MipoM 1 500 x 2 MM, 3aroBHEHI COpOSHTOM
inTepromn-cynep +5% neoruekc 400, 3epHucTicts copbenty 0,16—
0,20 mm. Ta3-Hociii — a30T, IIBHIKICT MPOXOPKCHHS Tasy —
70 mi/xB. Temmepatypa kosonku — 200 °C, BunapoBysaya — 230 °C,
HoJTyM’ siHO-i10Hi3awilHoro fetekropa — 240 °C.

Pesysprati 1ociikeHb 0OpOOIISUTM CTAaTHCTUYHO 32 JOIOMO-
TOI0 KOMIT'10TepHOi mporpamu Statistica 6.0 (StatSoft Inc., USA).
VY TabnuIpix 1 Ha pUCYHKaX HaBEAEHO cepelHboapH(MeTHUHI 3Ha-
YCHHS Ta IX CTaHIAPTHI TIOXHOKH.

Pe3yabratn

[Ti3HaHHsS MeXaHi3MIB yTHTI3aLii Pe3epBHUX JIMiAIB BAKIIHBE
JUIsL pO3yMiHHST (DYHKIIOHYBAHHS JOHOPHO-aKIEITOPHOI CHCTEMU
POCTHH y reTepoTpodHHUIT TIEPio]] PO3BUTKY, OCKUIBKH caMe JIITiIH
BIIKJIAJIATIOTECS SIK OCHOBHA pPE3epBHA PEUOBHHA HACIHHA y 75%
BUJIB KBITKOBHUX POCIHH. ['iIpoI1i3 pe3epBHUX JIMIAIB 3AIHCHIOET-
cst 3a BBy Jina3z (K@ 3.1.1.3), ski poO3MIEILTIOIOTH TpHALHII-
IIIepyaM Ha DUIHHEpUH Ta B >KUpHI kucnotu. Lli mpomyktn
TiPOJTi3y MOXKYTh IIEPETBOPIOBATHCS Ha ITTIOKO3Y Y MpOLiecax IIIko-
KOHEOTreHe3y, BHACIIJIOK 4Oro 3a0e3NedyroThCs POLECH OpraHo-
Ta TiCTOreHe3y MpopoCTKiB. Pi3He HampyXeHHs JIOHOPHO-aKLem-
TOPHHX BIJHOCHH MDK 30HOIO JCTIOHYBaHHS PE3EPBHUX CIIONYK 1
30HOIO POCTY MPOPOCTKA CTBOPIOBAIIM B EKCIIEPHMEHTI, BUKOPHCTO-
BYIOUH CTHMYJLITOPH pOCTYy (TibepenoBa KHCIOTa, TPEHTONEM) Ta
IHTIOITOPY POCTY peTapaHTH XJIOPMEKBATXJIOPHA i MakiIo0yTpa-
3071, 110 CHPUYMHMIIO 3MIHH IIBUJIKOCTI NMPOPOCTAHHS HACIHHSA Ta,
BIJITOBITHO, BUKOPHUCTAaHHS Pi3HOI KUIBKOCTI OCHOBHOI pe3epBHOI
pEYOBHHH. Pe3ynbTaTi HOCHIDKEHHS CBII4aTh, 11O 3aCTOCYBAHHS
riGepernoBol KUCIIOTH, CHHTETUYHOTO CTUMYJISTOpPA POCTY TPEITO-
JeMy Ta iHTiOITOpIB POCTY XJIOPMEKBATXJIOPHAY Ta MaKiIoOyTpa-
30Ty BUKJIMKAJIO 3MiHH JIITITHOTO OOMIHY TPOPOCTKIB Ta IIBUKOCTI IX
npopocTtaHHs (Tabn. 1). Ha Tperto moOy mpopolryBaHHS HACIHHS
€Heprist MPOPOCTAHHS 3a Aii ribepestiHy Ta TpenToiIeMy J0CTOBIpHO
He BiApi3HSIacid BiI KOHTpomo. PasoM i3 1M, 3acTocyBaHHS
IHrIGITOPIB POCTY XJIOPMEKBATXIIOPHIY Ta MAKIO0yTpa3oly B 000X
COPTIB COHSIIHKKY BUKJIMKAIIO CYTTEBE il 3HKCHHS.

Jist cTuMyJITOpIB POCTY Ta PETApJAHTIB HA IHTCHCUBHICTH IPOPOCTAHHS, BMICT 1 SIKICHI XapaKTEPUCTUKH OJii Y TIPOPOCTKAX COHSIIHUKY (1 = 5)

O excr Bapiant ocity Enepris Buicr omif, % Ha Macy .AKI'I/[BHiC’I'I; KUCTHX  AKTHBHICTb JIy)XKHUX JIIa3,
NpOpocTaHHsl, %o CyXOI pEeYOBHHHU a3, vt 0,1 N NaOH/r w1 0,1 N NaOH/r

KOHTPOJIb 740+ 1,4 48,5+0,5 23+0,1 3,6+£0.2

Copr ®narman TPENToIeM 753+34 46,2+1,5 39+0,2% 40+0,2
CCC 60,7 +£2,2% 49,1£0,6 1,0+0,1* 2,1£0,1*

KOHTPOJIb 994+13 432+0,5 1,8+0,1 1,9+0,1

Ti6pun Ceitou 'K 99,8+ 1,1 429+04 1,9+£02 2,1£0,1
Py 93,6+ 1,2* 47,9+03* 1,3+0,1* 1,5+£0,1%

Tpumimxa: * — pizaus goctoipHa 3a P < 0,05.

AHai3 BMICTy O1ii Y IIpOpOCTKaX Ha MIOCTHI ICHb IPOPOLITyBaH-
HsI HaclHHA T0 BapiaHTax JOCTiAy CBIITYMTH NPO 3HAYHE HOro 3MeH-
LICHHS] B KOHTPOJI, 32 BIUIMBY 3aCTOCOBAaHHX CTHMYJIITODIB POCTY, 1
BHIIMI BMICT OJIii 3a JIil XJIOpMEKBAaTXIIOpHY Ta HakoOyTpasony. Lle —
TIOKa3HHUK YTOBUIBHEHHS yTWJIi3aLil pe3epBHUX JIIIIB il Yac Ipo-
pOocTaHHs HACiHHS 3a [l peTapiaHTiB. BukoprcranHs pesepBHOI onii y
epiol MPOPOCTAHHS HACIHHS OMMHUX KyJBTYyp BinOyBaeTbcsl 3a
ydacri Jina3. Jlinasu cUHTe3yI0ThCsl Ha MeMOpaHaX eHIOILIa3MaTHY-
HOTO PETUKYJTIOMY Ta TIEPEHOCATHCS Y BUIVII CEKPETOPHUX ITyXHPLIB
0o chepocoM CIM’SONb, NIe TMICHs pyHHYBaHHS MEMOpaHH KHCIia
Jlinasa po3IMIEIUTIOE TPUMTTILEPHM 0 IMINEPHHY Ta BHIUX KUPHUX
KHCJIOT. 3 iHIIOro OOKy 3araibHOBIZOMO, IO PO3IIEIUICHHS JIIB
MOXKe BiOYBATHCS 32 BILUIMBY JIY)KHHX JINA3 y THOKCiCOMax. AHAII3
AKTUBHOCTI KHCIIHX 1 JIY)KHHX JIila3 10 BapiaHTax JNOCIiAy CBITYHMTH

TIPO BUIIY IX aKTHBHICTB 32 [ Ti0epeyioBOi KUCIIOTH Ta TPEITONIEMY, Ta
3HIDKEHHS aKTUBHOCTI IMX (DEpMEHTIB 3a BIUIMBY 000X pETapIaHTiB
(puc. 1). ITpuBeprae yBary Toit (axT, M0 IHTCHCHBHICTh POPOCTAHHS
y KOHTPOJIi Ta y MPOLIECi 3aCTOCYBAHHsI CTUMYJIITOPIB POCTY JJOCTOBIp-
HO He Binpi3nsuiacs.. Ha Hanry aymKy, nie cBigauTh Ipo JocTatHe 3a6e3-
TICYCHHSI [POLIECY MPOPOCTAHHSI HACIHHS COHSILIIHUKY CHHTE30BAHUMHU
SHJOreHHUMH Ti0epestiHaMH, y 3B SI3KY 3 UMM JI0IATKOBE 3aCTOCYBAHHS
€K30reHHHX CTUMYJISTOPIB Majlo BIUIMBAIO HA MPOLEC. AHAJOridHa
CHTYyallisl BiIMiYaiacsi [UTsl BMICTY PE3epBHOI OJIii 10 IMX BapiaHTax
JOCITiAy — Pi3HHI OyJa MiHIMaJIbHOIO. PazoM 13 ThM, 3acTOCyBaHHS
PeTap/IaHTIB YETBEPTHHHOI aMiadHOI COJI XJIOPMEKBATXJIOPUY Ta TPH-
Q30JIIOXITHOTO TIPErapaTy MaKIo0yTpa3oily BHKIMKAIO OJNOKyBAHHS
CHHTE3y CHIOTCHHHX TiOCPEIiHiB, 1110, HA HAIIY TyMKY, CIIPUYMHIIIO
VIOBUIBHEHHS TIPOLIECY MPOPOCTAHHS TA BHKOPHCTAHHS PE3CPBHHX
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ninigiB. BinoMo, 1110 i 4eTBepTHHHI aMOHI€BI CLIONYKH, 1 TPHA30IIIOXi-
Hi IperiapaTy iHriOyroTh CHHTE3 TibepesiiHiB, IPUIOMy YiM Oifblie
JIaHOK Oil0CHHTe3y TiOeperniHiB BOHU OJIOKYIOTh, THM BHILA X aKTHB-
nicte. Tak, yerBeprunHi amoniesi crionyku (CCC, docdon [, AMO-
1618) iHriOyrOTh aKTUBHICTH CHT-KaypeH-CHHTA3!U TIi/l Yac yTBOPECHHS
xonasimipodocdary 3 repanirepanionarpocdary, a makIo0yTpason
TiepepyBaE CUHTE3 TibepetiHy 3pasy y TPhOX TOUKaX, i3 YiM I0B’sI3aHa
Horo Brmia aktrBHICTS (Kuryata, 2009).

3acTocyBaHHsI TICTOXIMIYHOI peakiiii 3 peaktiBoM Jlroronms Ha
KpOXMaJlb CBITYIJIO IIPO BIICYTHICTb LIHOTO MOJICAXapuay B Ipo-
pocrarouomy HacinHi. OTKe, 11 KyJIbTypH COHSIIHUKY MOCHJICHHS
IPOPOCTAHHS HE CYIPOBOPKYETHCS CHHTE30M amisias de novo, 110 Xa-
PaKTepHO I 3MAKOBUX KyIBTYp. Jl03piBaHHS Ta MPOPOCTAHHS HACIH-
HsI OJTIHUX KYyJIBTYP CYHPOBODKYIOTHCS CYTTEBIMU SIKICHUMH 3MiHA-
MM CKJIQJly BUIIUX XXUPHUX KHCJIOT, X0O4a MOCIIIOBHICT iX IepeTBo-
PEHHS Mijl Yac MPOPOCTAHHS HACIHHS 3aJIAIIAETECS 3HAYHOIO MIpOIO
HEBIZIOMOIO. AHAJII3 HU3KM SIKICHAX XapaKTEPHUCTUK OJIii, BUIUICHOI 3
HACIHHS Ha 6-Ty 7100y POPOCTAHHS 110 BapiaHTax JOCIY, Ta€ MOX-
JIMBICTh OLIHUTH 3araJIbHy CIPSIMOBAHICTh HPOLIECIB, SIKi CYTIPOBOIDKY-
I0Th MIPOPOCTAHHsT HACIHHS COHSIIHKKY. 30KpeMa, 3a aii ['K; i pizaux
THIIB PETApIAHTIB BiIOYBAIKCS 3MIHU KHCJIOTHOTO, JTy)KHOTO Ta eip-
HOTO YHCed OJ1i TOPIBHSHO 3 KOHTPOJIEM (TaddL. 2).

Taoauus 2
Mist I'K; 1 makno0yTpasoity Ha SIKiCHI XapaKTepPHUCTHKH OJIii
HACIHHS COHSIIHUKY TiOprmy CBiTo4 (6-a 1002 MPOpOCTaHHS, N = 5)

(Kuryata and Polyvanyi, 2015). OnHe 3 BaXJIMBUX NPaKTUYHHX
3aBJ[aHb — 3MEHIIICHHS B OJIil BMICTY JIIHOJICHOBOT KHCJIOTH, SIKA ITiJ{
yac 30epiraHHs Hazjae i ripkoro cMaky. PerapIaHTu BUKIHKAINA
3MEHIIICHHSI BMICTY ILIi€i KUCIOTH B PIlAKoBiii OJii, K€ CYIpOBOA-
JKyBaJIOCS, SIK MPABUIIO, 3POCTAHHSAM BMICTY JIHOJICBOI KHCIOTH
(Kuryata and Poprotska, 2016). [Turanss yrunizamii BXKK nHa mo-
TpeObu (opMyBaHHS NPOPOCTKAa B reTepoTpodHy (a3sy pPO3BUTKY
BHUBYCHI 3HAYHO MEHILIC.

V 3paskax COHSIIHMKOBOI OJii HaciHHs copTy CBIiTOY Ha INOCTY
JI00y TIPOPOCTAHHS TIPUCYTHI 9 BUIIMX YKHUPHUX KHCIIOT: MIPUCTHHOBA,
CTeapHHOBA, MTAJIbMITHHOBA, NAJbMITONIETHOBA, OJICTHOBA, JIHOJEBA, JIi-
HOJICHOBA, apaxiHoBa Ta OerexoBa. Cepen HeHacuuenux BXKK nominy-
BaJIM OJICTHOBA Ta JIIHOJIEBA KUCIIOTH, CEpel HACHYCHUX — MabMITH-
HOBA KHCJIOTA. 3aCTOCYBaHHs TOeperioBoi KHCIIOTH Ta MaKIo0yTpa3oy
3yMOBHMJIO 3MiHH BMICTY ITUX KHCJIOT B OJIii (Tabu. 3).

Ta6auus 3

Brumus ribepenoBoi KUCIOTH Ta MakIo0yTpa3ory

Ha )KUPHOKUCIIOTHUH CKJIaji o1ii HaciHHs copty CBiTou
iz yac npopoctanus (% Ha CUpy pedoBHHY, 1 = 5)

I'K;, INaxn06yTpazo,

TokazHuk Konrpons 150 sr/n 0.05%
Kucnorne uucio,
sr KOH/ onii 4,1+£0,2 39+0,1 3,6£0,2
Yucmo OMUICHHS, *
e KOH/T onii 172,2+£7,0 189,7+4,2 177,3 £ 5,1
Edipne uucio, "
wr KOHJr orif 168,1 +6,8 1858 +4,1 173,7+4.9
Honwe wucno, 1183+13 1286 +24* 121,521
r I/100 r omii

T'iGepenosa

HasBa xkucnoru Konrpomb KHOIOTA IMaxmnoGyTpazon
MipuctuzoBa 025+0,002 0,16+0,001* 0,15+0,002*
CreapuHoBa 4,05+0,06 4,41 +0,04* 4,02+ 0,05*
TlaneMmiTHHOBA 7,15£0,10 594 +0,15*% 6,77+0,11*
TanbMiToneinoBa 0,05+0,001  0,04+0,001* 0,05+ 0,002
Orneinosa 35,18+0,15 3569+0,11*% 34,29 +0,06%
Jlinonesa 52,55+0,25 52,19+0,09  53,17+0,06*
JlinoneHoBa 0,36+0,005 1,13£0,002*  1,16+0,004*
ApaxiHoBa 0,20+0,003  0,22+0,005*  0,19+0,005
Berenosa 0,21+0,002 0,22+0,001* 0,20+ 0,002*
CyMa HeHaCHYEeHHX KHCIIOT 88,1 89,1 88,7
CyMa HACUYEHHX KHCIIOT 11,9 109 11,3
CriBBiIHOLIICHHS HEHACH- 74 8.1 78

YeHi / HaCHYEeHi KUCIIOTH

Tpumimxa: * — pizaus goctoipHa 3a P < 0,05.

Kucnorne umcio xapakrepusye KUTBKICTh BiTBHHX BHIIHUX
JKHPHHUX KHCJIOT B onii. OTpuMaHi JaHi CBiq4aTh, IO 32 BILUIUBY
peTapiaHTy MakIo00yTpa3oly BMICT BUIBHUX XKUPHHUX KHUCIIOT B OJIIi
OyB MmeHmmM, HDK y Bapianti 3 I'K; 1 xonTtpom. Ile mo3Bomse
3pOOUTH BHCHOBOK IPO TOBUIBHIIIMI TifpONi3 OJii 3amacHux
TKAHWH HACIHHS 3a JIil [[bOr0 PICTIHriOyBaLHOIO Mperapary.

Yuiciio OMIUICHHS! Haii0OIbIie caMe Y BapiaHTi i3 3aCTOCYBaHHSIM
ribepesioBol KUCIIOTH, a BHILE 3HaUYeHHs eipHOro Yicia B OJIil 3a i
I'K; cBiqunTh, 04EBUIIHO, IPO YIIOBUTPHEHE BUKOPUCTAHHS TIILICPH-
Hy Ha YTBOpPEHHS IYKpIB Y MPOPOCTalOuOMYy HACIHHI Ha MEpPIINX
erarax pO3BHTKY, HK BUKOPUCTAHHS JUIsl LIbOTO YKUPHHUX KHCIIOT.

Tokazauk Bmicty HeHacmueHnx BXKK B omii — Homse wmco.
3a il mpenapatiB BinOyBalOTHCS 3MIHM IOTO MOKA3HHKA: HA O-Ty
J00y POPOCTaHHsI HOTHE YKCIIO 3pOCTAE Yy BapiaHTax i3 3aCTOCyBaH-
HSIM SIK TI0epEIIoBOi KUCIIOTH, TaK MAKIO0YTPa30I1y, IO CBITYUTH PO
BiIMOBI/HE MiBHILCHHS BMicTy HeHackueHnux BYKK B onil.

[ToBHile ysIBJICHHS MPO OCOOJIMBOCTI CKJIAQy COHSIIIHHKOBOL
onii 3a il mpenapatiB MoXke JaTH XpoMmaTorpadiuHe JOCTiHKESHHS
11 JKUPHOKHCIIOTHOTO CKJIay. 3aCTOCYBAaHHS pETapIaHTIB y Mepiof
OyTOHI3aMil CIpUIHHSE 3MiHN TPO(LITIO XKUPHHUX KHCIIOT 1 CIiBBiA-
HOLICHHS HCHACHYCHUX | HACHYCHHX JKUPHHX KUCIIOT y HaciHHI
ONUHUX KYJBTYp. 30KpeMa, BiIMiYCHO 30UTBIICHHS Y COHSIITHUKO-
Bili, piakoBii, COEBIH, JUIHII OMisSIX 3a3HAYCHOTO CITiBBiHOIICHHS
3a [Iii perapaaHTiB, 110 KOPENIOE 3i 30UIbIICHHSIM MMOKa3HUKIB HO/1-
HOTro 4Kcia. Y coi Iie CIiBBiJHOIICHHS 3MIHIOEThCS Yepe3 301ib-
[IEHHS BMICTYy HE3aMiHHOI JIIHOJIEBOI Ta 3MEHIICHHS MajJbMiTHHO-
BOI Ta CTEAPUHOBOI KHCIIOT. Y POCIMH COHSIIHUKY — T€ X 3a
paxyHoxk JiHoneBoi kucnotu (Kuryata and Poprotska, 2016).

V pociuH I50HY OJIMHOTO 3a [ii XJIOPMEKBATXIIOPULY TOCTO-
BIPHO 3pOCTaB BMICT oJIeiHOBOI Ta JyiHONeHoBoi kucior (Kuryata
and Khodanitska, 2012). Pazom i3 1iuM, y pociuH Maky OJIHHOTO
BMICT HACHYCHMX | HCHACHYCHUX JKUPHHUX KUCIIOT HE 3MIiHIOETHCS

Tpumimxa: * — pizHuLs KoctoipHa 3a P < 0,05.

3a zii ribeperniHy 3pocTas, a 3a il NakIo0yTpa3oiTy 3MEHIILYBaBCs
BMICT OJICTHOBOI KUCIIOTH TPOTH KOHTPOJIFO Ta TPOTHIIEKH] 3MiHH Bil-
MiYaJics T JTIHOMEBOI KUCHOTH. CyTTeBE 3pOCTaHHS BMICTY HEHACH-
YeHOI JIHOJICHOBOI KHCIOTH BiIOyBaIOCS TakoXX B 000X BapiaHTax
JIOCITiTy TIPOTH KOHTPOITIO. BIMIOBITHO 3MiHIOBATIOCS CITIBBITHOIICHHS
HenacuueHi / Hacudeni BXKK y miporieci mpopocTtansst 3a i mperia-
pariB. B 060X BapiaHTax n0ciiay BiOyBaocs MiIBUILIEHHS L{HOTO 10~
kaznuka. ODKe, 3aCTOCYBaHHsI €K30reHHOr0 TibeperiHy Ta aHTHrioepe-
JIHOBOTO MpenapaTy Nakio0yTpa3oity BUKIMBAE CYTTEBI 3MiHU Y BUKO-
PpHUCTaHHI pe3epBHOI 0J1il Ta il JKUPHOKHCIOTHOTO CKJIa/Ly Y TIepioz Ipo-
POCTaHHS HACIHHS COHSIIHHUKY.

O0roBopeHHst

3aCTOCYBaHHSI PErYJIATOPIB POCTY 3 MPOTHIIGKHAM MEXaHI3MOM
il JUTsl CTBOPEHHSI Pi3HOTO HAIPY)KEHHSI JIOHOPHO-AKIICIITOPHUX BiJl-
HOCHH Y POCIIHHI JJ03BOJISIE MPOAHATI3YBATH OCOOIMBOCTI TIEPEepO3IIo-
Ty aCHMAJISTIB 1 ICTIOHOBAHMX B OpraHax 3aracy pe3epBHUX PEYOBHH
Ha PI3HUX eTarax OHTOreHe3y. Takuid mixin y mepiiy 4epry J103BOJIsiE
IITYYHO NEePEPO3IIOAUIITH MOTOKH NIPOIYKTIB (JOTOCHHTE3Y JI0 TOCTIO-
JIAPCHKO-IIIHHMX OpraHiB, TOOTO ONTUMI3YBATH MPOAYKIIHUN MPOLieC
POCIHH cibehkorocmoapehkix Ky sTyp (Kuriata et al., 2016). 3acto-
CYBaHHSI pETAP/IAHTIB JIO3BOJISIE TAKOXK 3a0e3MeUnTH 30epiraHHs mpo-
nykiii. 3okpema, 00podka OysIb0 KapToIUTi MMAaKI00yTPa30IoM, XJIop-
MEKBaTXJIOPHZIOM CYTTEBO ralbMye HNPOPOCTaHHS, 1O CIpusie 30epe-
sxenro npoxykuil (Rogach et al., 2016).

3acTocyBaHHS IHOTO IMAXOAY Y TeTepoTpodHy (hazy po3BHTKY (Y
Tiepio] POPOCTAHHS) JO3BOJSIE BU3HAYHTH €(PEKTUBHICTH BHUKOPFC-
TaHHS 3aIlaCHUX PEYOBHH Y HACIHHI 3 PISHMM THIIOM PE3EPBHHUX CIIO-
JyK (KpOXMAJIo, OUIKIB Ta OI1ii) BCTAHOBHTH MOMKJIMBI PETYJITTOPHI
MeXaHI3MH LIbOTO Tporecy. IcHye TiCHMIT 3B’S130K MDK 3MiHAMH pOC-
TOBUX XapaKTCPUCTHK 3a [l PeTApIaHTIB i aKTHBHICTIO TiOCPEITiHIB.
3oKkpema, 3a BIUIMBY IHAKIO0YTpasolly, XJIOPMEKBATXIOPHAY Ta JEK-
CTpeTy BiIMIYEHO 3HaYHe 3MEHIICHHS aKTHBHOCTI BUIbHHX TiOepertiHiB
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y MaroHax MaJIMHA B YMOBaX BErCTAIIMHOIO Ta MOJBOBOTO JIOCIIIIB, Y
TO# Yac SIK YBEJICHHs CK30NCHHOI TiOepesyioBOl KUCIIOTH CYTTEBO MiBH-
LIyBaJIo iX aKTWBHICTh y TkaHuHax crebna (Kuryata, 2009). Panimne
HamH OyJI0 BCTAHOBJICHO, IO PICT MPOPOCTKIB rapOy3a HpHIHItyBaBCst
Ha CBITI, OJJHAK 00pOOKa MPOPOCTKIB TiOEPEIOBOIO KUCIIOTOO 3HAYHO
3HIMaJIa e()eKT, BUKITMKAHUN CBITIIOM.

VY pasi 3MeHIIeHHS CHHTE3y TiOepelliHy 3a BIUIMBY PETapIaHTy
picTranbpMiBHHI e(heKT CBIT/IA MOCIITFOBABCS, IO CBITYUTH PO TE, IO
ribepestiHg — akTUBHI MOTH(iKaTOpH (GOTOPEIICIITOPHOT CHCTEMH POC-
mmn (Poprotska and Kuryata, 2017). ®@opMyBaHHST IPOPOCTKAMH «3a-
MIUTY» Ha PE3CPBHI aCUMIIISTH i3 CIM’SII0JTb BEJTHKOIO MIpOIO BH3HAYa-
€TBCs1 3MIHOIO aKTUBHOCTI CYOAITKAIBHIX MEPHCTEM, 110 MPOSIBILSIETh
sl y IPUCKOPEHHI IPOPOCTAHHS HACIHHSL, TIOCHJICHHI TiCTOreHe3y 3a il
ribepeniHy Ta nociabIeHHs IHX MPOLIECB 3a il perapaanTy. Otpuma-
Hi pe3yJIbTaTH [I0/I0 BU3HAYEHHS BMICTY Pi3HUX ()OpM a30Ty Ta OJii B
CIM’SIIOISIX rapOy3a CBiIYaTh, IO TiOepeNtiHt — BaXUINBA JaHKa YHi-
KaJIbHOTO PEryJIITOPHOrO MEXaHi3My MOOLTI3aIi pe3epBHIX PEYOBHH
y HaciHHI, sIK€ TNPOPOCTAE, HE3AISKHO B iX XIMIYHOI HpUpOIM
(Kuryata and Poprotska, 2016).

Oco0mHBoCTi yTHITi3aLii pe3epBHOI OJIil, BULIMX JKUPHHUX KHCIOT
3a YMOB TIPUCKOPEHHS a00 YTOBUIGHEHHS IPOPOCTAHHS HACIHHSA OJTiif-
HHX KyJIBTYp 3a [iii TiOepestiHy Ta aHTHTiOepeTiHOBUX IpenapariB mo-
TpeOyIoTh MOMHOIeHOro BUBUeHHs. OTpHMaHi pe3yibTaTh CBITYaTh,
1110 HACIHHSI COHSIIITHUKY ITiJl Yac MPOPOCTAHHSI JOCTATHRO 3a0e3IeucHe
SHJIONeHHNMH Ti0epeiHaMK, BHACIIIOK 40T J0/1aTKoBa 00poOKa ioro
ribepesIoBOI0 KHCIIOTOK Ta TPENTONEMOM HE CHPHUHMHSUIA CyTTEBOIO
TPHUCKOPEHHST MPOPOCTaHHsL. Y THII3aLisi pe3epBHOI 01l B KOHTPOJ Ta
3a A1l CTUMYJBITOIB POCTY BiIOyBaiacst CyTTEBO iIHTEHCHBHIILIE, HDK Y
BapiaHTaX 13 3aCTOCYBAaHHSM PETAPIAHTIB XJIOPMEKBATXIIOPHAY Ta Ta-
Ki00yTpazony. Ha Hamty mymKy, iHTIOyBaHHS MPOPOCTaHHS Ta BUKO-
PHCTaHHS pe3epBHOI OMii Ha mporiecH MopdoreHesy 3a [l peTapIaHTiB
BI3HAYANIACS caMe OJIOKYBAaHHSM HIMU CHHTE3y €HIOTeHHHX Tibeperti-
HiB. JledilmT ropMOHY CIIPUYMHUB 3MEHILICHHS TiAPOIITHYHOI aKTHB-
HOCTI pe3epBHHX TKAaHWH BHACMIZIOK IHTIOYBaHHs CHHTE3y JIila3 i ak-
THBHOCTI MEPHUCTEM IIPOPOCTKIB, TOOTO 0OMEKYBaJIacs aKTHBHICTD SIK
JIOHOPHOI, TaK i aKIIENTOPHOI chepH POCIIHHIL

OrtpuMaHi pe3yJIbTaTH CBiIYaTh, IO PI3HULIL B YMICTI OJii B riepi-
O] IPOPOCTAHHS HAaCIHHA 34 JIii CTUMYJIATOPIB POCTY Ta KOHTPOIIO Oy-
Jla MEHILOK, HDK 3a [ii perapAaHTiB. AHAIOTIYHY 3aKOHOMIPHICTH
CIIOCTEpIrayvcsl MiJ Yac BHBYCHHSI IPOPOCTAHHS HACIHHS rap0Oysa 3a
Tif ribeperiHy Ta xJopMeKBarxiIopuay. IlosicHeHHs oMy (akTy 1mo-
JITa€ B TOMY, LIO Y TEpiOjl IPOPOCTAHHS BUKOPHCTOBYFOTBCS TAKOXK
IHIII CHOMYKH, Y TISpILy Yepry pe3epBHi a30TyMicHI pedoBunH (Poprot-
ska and Kuryata, 2017). IIpopocranss HaciHHs rapOy3a CyHpOBODKY-
€ThCSI HE JIMIIEC BUKOPHCTAHHSM DE3CpPBHOI ONii Ta a30TYMICTHHX
CIIONYK, @ W CYTTEBOIO TepeOyJOBOIO TOMICAXapHIHOIO KOMILIEKCY
KJIITHHHHX CTIHOK. [IpH IIOMy MO’KIIMBE BUKOPHICTAHHS SIK PE3EPBHOL
PEHYOBHHM NIEHTO3aHIB KIITHHHUX CTiHOK, BiIOYBA€THCS 3MiHa KOH(POp-
Mallil Ta YaCTKOBE 30UTBIICHHS MOJICKYJISIPHOI MacH riekTuHiB. [Iporiec
TOCIJTFOETBCS TiJT Yac CKOTOMOP(OreHe3y BHACIIZIOK IHTCHCHBHOTO
POCTY TIPOPOCTKIB 3a BiICYTHOCTI aBTOTPO(HOTO KUBJICHHSI Ta, SIK Ha-
CITiJIOK, TJIMOIIOT yTHITi3aLll pe3epBiB A0HOpA IUIACTUYMHUX PEUOBHH —
cim’sions (Poprotska, 2014).

Pesymbraty cBimyare, Mo 32 Aii aHTUTIOEPETIHOBOrO Mperapary
MAaKIIO0yTPa3oTy 3MIHIOIOTHCA SKICHI TIOKA3HUKH OJIii: 3MEHIIYETHCS
KHCJIOTHE YHICIIO, YMCIIO OMIUICHHS Ta e(ipHe YHCIIO TOPIBHSIHO i3
3aCTOCYBaHHsIM TibepesoBoi kucnory. Ha Harry ymKy, e — cBinden-
HSI TOTO, IO iHriOyBaHHS CHHTE3y TiOepeltiHiB 3a Aii perapaHTy BH-
KIIMKae 3MEHILEHHs 3aranbHoi Kitbkocti ButbHuX BXKK B omii, ymo-
BUTbHEHHsI TPOLIECIB TX OKHCHEHHSI Ta IHTCHCUBHILLIHIT TJIFOKOHEOreHe3
riteprHy. [TinBUIIeHHS BMICTY HEHACHYCHHX YKUPHUX KHCIIOT B OJi
MPOPOCTAIOYOr0 HACIHHA 32 il TiOepeyioBol KUCIOTH Ta MaKIo0yTpa-
30Ty TIOPIBHSHO 3 KOHTPOJIEM MOYKHA TIOSICHHTH Pi3HOIO IHTCHCHBHI-
CTHO BUKOPHCTAHHS OKPEMHX KHCJIOT Ha HpouecH MopdoreHesy Ta
npouiecy Jiecaryparii. Ha Hamry JyMKy, 3pOCTaHHS YaCTKH HEHACH-
yennx BXKK B omii mpopoctka 3a nii ribepenoBoi KHUCIOTH MOXe
BiZIOyBaTHCs 32 PaxXyHOK YacTKOBOI JiecaTyparii HaCHYEHHX KHCIIOT.
Ha TaKky MOXTHBICTb 30UTbLICHHS BMICTYy HEHACHUCHUX JKHPHHUX KHC-
ot B ol Bkasye Bezdudnaya (2005) mif yac BUBYEHHS 3MiH KHUPHO-

KHCJIOTHOTO CKJIay OJii Y MPOLIECi MPOPOCTaHHsI HACIHHS COi. Burimit
BMmicT HeHacraeHux BJKK B o1if mpopoCTKiB COHSILIHUKY 3a Ui TTaKIIo-
OyTpasoily MOXUIMBO MOSICHUTH YIOBUIGHEHHSIM BUKOPHUCTAHHS HEHa-
CHYEHHX KHCJIOT y TIpouecax MopdoreHesy, OCKUIbKHM BMICT ol y
TIPOPOCTKAX LIBOTO BapiaHTa 3HAYHO BHILHH (Tabi. 1), HK y KOHTpoI
Ta BapiaHTI i3 3aCTOCYBAHHSAM TiOEPEIOBOi KICIIOTH.

BucHoBku

3acTOCYBaHHSI CTHMYJISATOPIB POCTY Ta aHTHTIOCPETiHOBUX Mpe-
napaTiB (peTapaanTiB) — epeKTUBHMIA IPUIHOM IITYYIHOI PEKOHCTPYK-
1i{ ZIOHOPHO-aKLENTOPHUX BiIHOCHH Y TePio/] IPOPOCTAHHS HACIHHS
OJIAHKX KYJBTYP, L0 JO03BOJISE BCTAHOBUTH POJIb TOPMOHAIBHOTO
(hakTopa B yTIIN3ALii pe3epBHUX JMgiB y rerepoTpodHy azy
PO3BUTKY POCIIHHH. BCTAHOBJICHO BiJICYTHICTB PE3CPBHOIO KPOXMa-
JIFO TiJ1 9ac MPOPOCTAHHSI HACIHHS COHSIIIHKKY. BIIOKYBaHHS CHHTE3Y
ribepertiHiB peTapAaHTaMy CHPUYHHIUIO 3HYDKEHHST aKTUBHOCTI KHC-
JIMX 1 JIy’)KHHX J1iNa3, YIOBUIGHEHHS TiIpOoITi3y Pe3epBHOI OJTil, CyTTe-
BHX 3MiH KHCJIOTHOTO YMCJIa TA YMCIIA OMIICHHS, HOAHOTO Yncia B
oJif i1 Yac MPOPOCTaHHsI, 3HKEHHS aKTHBHOCTI MEPHCTEM 1 Bimo-
Bi/IHE 3HIDKEHHS eHepril mpopocTaHHs HaciHHA. [lis ribepenoBoi kuc-
JIOTH Ta TPENTOJEeMY MPOTUIICKHA. Y 3pa3KaxX COHSIIHHKOBOI OJIii
HaciHHA copry CBiTod Ha mocTy 00y IPOPOCTAHHS HPUCYTHI
JIeB’STh BHIIHX XUPHHUX KUCIIOT (MIpHCTHHOBA, CTEAPHHOBA, TATIEMi-
THHOB2, MAIBMITOJICTHOBA, OJICTHOBIA, JIIHOJICBA, JIIHOJICHOBA, apaxi-
HOBa Ta OereHoBa). 3a fii ribeperniHy 3pocTas, a 3a Jiii makinooyTpa-
30Jly 3MEHIIYBABCSI BMICT OJISTHOBOI KHCJIOTH IPOTH KOHTPOJIO Ta
NPOTWIICKHI 3MIiHU BiAMidaiicst Ui JiiHOTeBol kuciotu. CyTreBe
3POCTaHHS BMICTY HEHACHYEHO] JIIHOJICHOBOI KUCJIOTH BiIOYBaIoCs B
000X BapiaHTax OCHiIy MPOTH KOHTpoIIro. ['ibepernoBa Kicnora CTu-
MyJIIOBaa, @ PETapIaHT MakKIo0yTpa3osl YIIOBUIHHIOBAB BHKOPHC-
TAHHS BUIbHHX BULLMX KHPHHX KHCJIOT Ha MPOLECH MOPQOreHesy.
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This article analyzes patterns of structural and functional organization of the parenchyma of different groups of
lymph nodes, structural features of their connective tissue frame and lymphatic sinuses. We studied superficial and deep
somatic (Limphonodi mandibulares, L. cervicales superficiales, L. axillares proprii, L. poplitei), somatovisceral
(L. retropharyngei mediales, L. iliaci mediales), visceral (L. mediastinales caudales, L. jejunales) features of mature
male dromedaries (Camelus dromedarius Linnaeus, 1758). We used a complex of traditional macroscopic and
histological techniques, and also immunohistochemical staining of lymph node sections for identifying the features of
localization of T- and B-lymphocyte populations in the parenchyma of the nodes. We found that the parenchyma of
camels’ lymph nodes is characterized by a spongy type structure in the form of a complex of partly concrescent round-
oval fragments of lymphoid tissue, surrounded by large lymphatic spaces (sinuses). The connective tissue frame of the
lymph nodes is represented by a two-layer (connective tissue-muscular) capsule and two types of trabeculae: two-
layered (connective-muscular, type I), which contain blood and lymphatic vessels, as well as lymphatic cysternas, and
single-layered, formed only by a smooth muscular system (type II). Intranodal lymphatic sinuses are subdivided into
subcapsular, peritrabecular and medullary sinuses. The subcapsular sinuses and sinuses related to trabeculae of type 1
and their branching is the most developed. At the tissue level, the lymph node parenchyma has a clearly manifested
lobular structure. Lymphoid lobules in the lymph node parenchyma are positioned diffusely (mosaically) and consist of
four main cellular zones: transit and cell-cell interaction (analogous to the cortical plateau), clonal proliferation of T-
and, respectively, B-lymphocytes (deep cortex units, lymphatic nodules), accumulation of plasmocytes and synthesis of
antibodies (brain cords). The lymphoid lobes (compartments) of the lymph nodes parenchyma are bipolar, their tops
formed by the zones of transit and cell-cell interaction, and also by the zones of proliferation of B lymphocytes, and the
bases by a complex of brain cords (zone of accumulation of plasmocytes and synthesis of antibodies). The zone of
T-lymphocytes proliferation is in intermediate position and underlies the subunits of the parenchyma. The tops of the
lymphoid lobes are located along the sinuses of the trabeculae of type I and the bases along the sinuses of the trabeculae
of type II, which form the efferent lymphatic vessels. The maximum relative capacity of all studied lymph nodes was
typical for zones of plasmocyte accumulation and synthesis of antibodies (19-27%), the minimum capacity was typical
for transit and cell-cell interaction zones (3—8%). The relative capacity of zones of clonal proliferation of T- and
B-lymphocytes in most lymph nodes was 1.5-3.0 times less than that of the zone of plasmocyte accumulation and
antibody formation and was, respectively, 8—-16% and 9-18%. The study showed that the structure of the lymph nodes
parenchyma of dromedaries is not absolutely unique. As in other mammal species, it is subdivided into specialized cell
zones which are connected in lymphoid lobules. Specific features of parenchyma structure include: diffuse (mosaic)
location of lymphoid lobules; absence of signs of regulated localization of lymphoid lobules relative to the capsule and
the sinus bordering the nodes.

Keywords: compartments; lymphoid lobules; lymphatic nodules; deep cortex units; medullary cords
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Ipoananmu3upoBaHa CTPYKTypa MapeHXUMBbI, COCIMHUTEIPHOTKAHHOIO OCTOBA M JIMM(ATHUYSCKUX CHHYCOB B JIMM(ATHYECKHX Y37aX CaMIOB
MoJI0BO3pesioro ozHoropdoro Bepomona (Camelus dromedarius Linnaeus, 1758). Vcrnons3oBaim KOMILUIEKC MAKPOCKOIMMYECKHX, KIIACCHYECKHX
TUCTOJIOTMYECKHUX METOAMK U MIMMYHOTCTOXMMHUYECKOE OKPAILIMBAaHUE CPE30B JIMM(PATHUECKHX y3JI0B. MaKpOCKONHYECKH MapeHXHMa JIMM(BATHIECKIX
Y3IIOB UMeeT I'yOKOOOPA3HBIM THII CTPOCHUS B BHJE OKDPYIVIO-OBAIBHBIX (PparMEeHTOB JIMM(OMIHON TKAaHH, Pa3NENCHHBIX IMMPOKUMH CHHYCAMH.
BHyTpry3/10Boii COSAMHUTEIFHOTKAHHBI OCTOB MPEZCTABICH TpaOeKyJaMH IBYX THIIOB: COCAWHUTEIHHOTKAHHO-MbIedHbMU (I THI) M rimamko-
mbiedHbiMd (11 Tum). JInMdatideckue cUHYChl TOAPA3CSIOTCS Ha HIMPOKHE MOIKATCY/IAPHBIE U NepHTpabeKyIsipHble Tpabeky: | Tuma, a Takke
MeHee pa3BUTbIe — MepuTpadeKysipHble Tpadekyi I Turma u Mo3roeele. Mukpockonmuecku JuMQonaHas TKaHb JIMM(ATHIECKUX Y3JI0B COCTOUT U3
U hy3HO pacTIoNOKEHHBIX (MO3AUYHBIX) CKOIUICHUH JUMQOHIHBIX JONEK, KaKIas U3 KOTOPBIX O0pa3oBaHa YETHIPbMS CCHMAIN3UPOBAHHBIMI
KJIETOYHBIMU 30HAMH. BepumHbl JIMMGOUIHBIX JOJeK MPEICTABICHbl 30HAMU TPAH3UTA M MEXKKJICTOYHOIO B3aMMOICHCTBUS M JUM(aTHYCCKUMHU
y3enkamu (B-30HbI), OCHOBaHHMS — KOMILIEKCOM MO3TOBBIX TSDKEH (30HBI aKKyMYJISILIFH TUIA3MOLIUTOB M AHTUTEI000pa30BaHus), LICHTPbI — IMHALIAMH
rry60Ko# Kopbl (T-30HBI). 30HBI TPaH3HUTA ¥ MEXXKIICTOYHOTO B3aMMOJICHCTBHS IMM(OHTHBIX JIOJIEK OPHEHTHPOBAHEI BIOJIb CHHYCOB Tpabekyi | Tuma, a
OCHOBaHHMsI JIOJIEK — BIIOJIb CUHYcOB Tpadekyn Il Tura. Hanbomnee pa3sBUTHIME KIIETOYHBIME 30HAMH JIMM(OMIHBIX JIOJEK SIBJISIOTCS MO3TOBBIC TSDKH
(oTHOCHTENBHEI 00BeM — 19-27%), a HaMMeHee — 30HBI TPAH3UTA 1 MEKKJICTOYHOTO B3aMMOJICHCTBHS (QHAJIOTM KOPKOBOTO ILIATO, OTHOCHTEIBHBIN
o0beM — 3-8%). O0beM 30H KIOHATBHOH nponudepaury T- u B-mamdonuros B 1,5-3,0 paza MeHblue oObeMa MO3roBbIX TsDKeH, 8-16% u 9-18%,

COOTBETCTBCHHO.

Kniouegvie crosa: KOMITapTMEHTbI; TUM(OUHBIE JOTBKH; TMM(ATHUECKUE Y3eIKH; eIHHULIBI TITyOOKOH KOPBI; MO3TrOBBIE TSDKH

Baenenne

Ha cerommsmamii neHp He BBI3BIBACT COMHEHHUS (DaKT, YTO I
TTAPEHXMMBI JIMM(DATHYECKHX Y3/I0B MIICKOIUTAOLIX XapaKTePHa BbI-
COKasl CTeNEHb YTIOPSIOYEHHOCTH, KOTOPAst 3aKITFOYACTCS B 30HATTLHOM
CHIELMATM3AIY 1 MHTETpaliy OTACBHBIX KietouHbX 30H (Kelly,
1975; Konenkov et al., 2008; Butler et al., 2016).

JIicKpeTHast CTPYKTypa MapeHXUMbI JTMM(BATHYECKHX Y3JIOB Mile-
KOIMTAIOIMX SIBJISAETCS MOPQOJIOrHMYECKUM TPOSBICHUEM LIEJION0
KOMIUICKCA [POLIECCOB, KOTOPBIC PAa3BUBAKOTCS BO BPEMsI PeaTi3aliiy
(GYHKIMH MMMYHOJIOTHYECKON PEaKTHBHOCTH: MHIPALMH, KOOIEpa-
WM, KIOHAITBHOH Npormepariyl paziiiiHbIX THTIOB MMMYHOKOMITE-
TEHTHBIX KIIETOK, a Taloke aHTuTenooopasosanmst (Kowala and Schoe-
fi, 1986; Konenkov et al., 2008; Margaris and Black, 2012).

OcobenHocTr MOPGODYHKIHOHATEHON TUDPEpEHIMAINN U UH-
TerpaLyy NapeHXUMBbI TUM(PATHIECKUX Y3/I0B 00YCIIOB/IEHBI B PAaBHOK
CTENEHH CTPYKTYPOH MX KPOBEHOCHOTO M JIMM(aTHYecKoro pyce.
KpoBernocHbIe cocyapl 00ecTIedrBaioT MpoLece OAHOCTOPOHHEH MU-
rparry TMMGOLIMTOB U3 KPOBU B TIAPEHXIMY Y3IIOB, a JIMM(paTHdecKre
COCYIIBI ¥ CUHYCHI — OCCIIPEIISITCTBEHHYI0 MHOTOBEKTOPHYIO MHTpa-
IO AHTHTCHIPE3SHTHPYIOMMX M IMMYHOKOMIICTEHTHBIX KIIETOK MEXK-
Jly TUM(DATIYeCKUMI TIPOCTPAHCTBAMH Y JIMM(OMIHBIMU CTPYKTYpa-
mu y3ioB (Ikomi et al., 2012; Chandrasecaran and King, 2014).

Tpansur mMMQOLMTOB Yepe3 CTEHKU BEHYJI C BBICOKMM SHIOTeE-
JIMEM OCYILECTBIIIETCS B MEPUPEPHUCCKUX yUacTKax ITyOOKOi KOpbI
TM(BaTHYECKHX Y37I0B (IIapaKOPTUKABHBIE TSDKH), 8 TAKOKE B KOPKO-
BOM IUIATO (MHTEp(OUHKYISIpHAs 30Ha). B 9THX ke 30Hax mapeH-
XUMBI OCYIICCTBISICTCS B3aUMOJICHCTBHE (TIPEMUPOBAHHE) JIM(OLI-
TOB C aHTHTreHnpe3eHTHpyrommME Kietkamu (De Bruyn and Cho,
1990; Platt and Randolph, 2013; Ruddle, 2016; Ager, 2017).

30HBI KJIOHATBHOM Mposmepariiil PeMHPOBAHHbIX JTMM(OLITOB
B MapeHXUME JIMM(ATHYCCKIX Y3II0B MPEICTABIICHBI ChepooOpasHbI-
MU CTIPYKTypamH ABYX Pa3IMYHbIX THIIOB: JUM(PATHYECKUMH Y3eJIKa-
mu (B-30HbI), KOTOpBIE (POPMUPYIOTCS BAOND JTMM(MATUYECKUX CHHY-
COB Ha OCHOBE KOPKOBOIO ILIATO X OTHOCHTENIBHO KPYITHBIMH OKPYTJIO-
OBWIBHBIMA OOpa3OBaHMSIMU WM COUHMIIAMH T[TyOOKOH KOpBI
(T-30HBI), PaCIIONOKECHHBIMU B LICHTPAIBHBIX y4acTKaX MapeHXHMBI,
KOTOpBIE HEMOCPEICTBEHHO HEe KOHTAKTUPYIOT C CUCTEMOH BHYTPHY3-
noBeix cuHycoB (Kaldjian et al., 2001; Katakai et al., 2004; Palm et al.,
2016). KoHrienTparmst 1a3MaTiyeckux KIETOK U aHTUTeI000pa3oBa-
HUE TNPOMCXOIMT B MO3IOBBIX TSDKAX, 3aHMMAIOLMX HPOCTPAHCTBO
MEXAy IITyOOKOH KOpOoi M BOPOTaMHU Y3JIOB U 00pasyIoLMX B COBO-
KyIHOCTH MO3IOBOE BEILEcTBO JimMaTudecknx y3moB (Andrian and
Mempel, 2003; Olson et al., 2012; Houston et al., 2016).

CIpyKTypHBIM IIPOSIBJICHISIM HHTETPATHBHBIX ITIPOLIECCOB B ITa-
peHxuMe IMM(ATUIECKUX Y3II0B SIBISIETCS (DOPMUPOBAHKE HA e Oc-
HOBE PsiJja MICHTUYHBIX [0 THCTOAPXUTEKTOHNKE 00PA30BAHMH, BKITIO-
YAIOIMX BCE BBIIICYKA3aHHbIC KJICTOYHBIE 30HBL. J[aHHBIE CYOBeMHU-
LBl B JIMM(ATHYECKUX y3/1aX MICKOIHUTAIOIMX O003HAYAIOTCS KaK

KOMITapT™MeHThI 1 JmMonsbie nonbku (Gretz, 1997; Willard-Mack,
2006; Sainte-Marie, 2010). [lompuatas cTpykTypa JMMQaTHIECKIX
y3710B (hopMHUpyeTCsl Y MIICKOIUTAIOIINXK B TIpoLiecce SMOpHOreHe3a B
pe3yJIbTaTe BHEPEHHS] MHOXECTBA ME3eHXMMHBIX T0YeK B HPOCBET
mmmarideckux curycoB (Mebius, 2003). B nedurumiBHOM JvMca-
THYECKOM Y37Ie KOKIION JIOIbKE €r0 NapeHXUMbI COOTBETCTBYET OIIMH
adepenTHbIii IMbaTryeckuii cocy (Sainte-Marie, 2010).

OOLLENPHHATOE Ha CEro/IHS MPE/ICTABICHIE O JIMM(OUIHOI OB~
ke (KOMMapTMeHTe) JUM(ATHYeCKHX y37I0B ObUIO pa3paboTaHo Ha
OCHOBE HCCJICZIOBAHHS 30HAIGHON CTPYKTYpPBI MapeHXHMbI JAHHBIX
OpraHOB y MPUMATOB M HEKOTOPBIX BHIOB JIA0OPATOPHBIX JKUBOTHBIX
(Belisle and Sainte-Marie, 1981; Ikomi et al., 2012; Butler et al., 2016).
XapakTepHbIMI YepTaMH CTPOSHVS! J]AHHBIX CYOBEIHMHHIL] SBISOTCS:
YeTKO BBIp@KEHHAsT MOPQOIOriyeckas MOJSIPHOCTE C JIOKATM3aer
TMM(aTHYECKUX Y3€IKOB M MO3IOBBIX TSDKEH Ha IPOTHBOIOJIOMKHBIX
THOJIIOCaX KOMIAPTMEHTOB M X YIOPSZIOYCHHOE JIMHEHHOE PacIiono-
JKEHHE BJIOJIb KPAEBOTO CHHYCA Y3JI0B, YTO MPUJACT MAPEHXUME JIMM-
(haTyecKHX y37IOB CIIOMCTYIO CTpYKTypy (Gunnes et al., 1998; Iwasaki
etal, 2016).

INpoBenenHHble BrocIeNCTBIAN OoJiee ITMPOKUE UCCIIEIOBAHMS 3a-
KOHOMEPHOCTEH CTPOSHHS MTApEHXUMBI JINM(ATHIECKUX y3/I0B y pa3-
JIMYHBIX BHJIOB MJICKOITUTAIONIMX C Pa3sHOH OpraHM3alfiedl OCHOBHBIX
JKI3HEOOCCIICUMBAIOIIMX CUCTEM TIOKA3ajlM, YTO BBILICYKA3aHHOE
THPEZICTABNICHNE O CTPYKTYPE KOMIAPTMECHTOB IIapeHXUMBI JMMQaTi-
YECKOT'0 Y3/1a HE SBJISCTCS yHUBEPCATbHBIM.

[pu nccnenoBanny JM(aTHYECKIX Y37I0B OBIKA JOMAIIIHETO YC-
TAHOBJICHO, YTO, HECMOTPS HAa HAIMYME B JAHHBIX OpPraHax SBHBIX
TIPH3HAKOB YTIOPSIOYEHHOTO IOJIEYATOrO CTPOSHHS APEHXNMBL, MOp-
(horormaeckast OJIPHOCTD B JIMM(OUIHBIX JTOJIbKaX He HaOMoaeTcs,
YTO CBSI3aHO C OCOOBIM XapaKTepOM JIOKATM3ALMN JIM(ATIIECKIX
Y3CJIKOB B IIpezenax KOMIIAPTMEHTOB, B KOTOPBIX Y3€JIKH (hOpMUpY-
JOTCS KaK Ha OCHOBE KOPKOBOTO IUIATO, TAK M B MApAKOPTHKAIBHBIX 1
Mo3roBbIX Tspkax (Gavrilin et al., 2013, 2017).

B OGonbiHCTBE paboT, MOCBSIICHHBIX OIMCAHHUIO CTPYKTYPbI
TAM(pATIIECKUX Y3TIOB BEpOITIO/a, MIICKOIUTAIOLIETO, OTIINYAIOIICTO-
C HaIMYMEM HanOoJiee COBEPILCHHBIX MEXaHW3MOB a[ANTALH B
YPE3BBIYAIHO CIIOXKHBIX TPHPOIHO-KITMMATHIECKUX YCIIOBHSIX, YKa3bl-
BAETCsL, UTO TAPEHXIMA Y3/IOB HOAPA3IEISIETCS Ha PST CIIEHUATZHPO-
BAHHBIX yYacTKOB, HO Kakas-JIMOO OIpesieNieHHasi 3aKOHOMEPHOCTb B
UX B3aMMOpACIIONIOKEHUH 1 JIOKAIM3ALMH B 1IEJIOM B IIAPEHXUME y3i1a
otcytcrByeT (Abdel-Magied et al., 2001; Zidan, 2002; Zidan and Pabst,
2012). WI3BecTHO TaKoKe, YTO Pa3sHOYPOBHEBBIA MM THE3IOBOM MPHH-
LI JIOKAJIM3ALMH KOMIAPTMEHTOB B JIMM(ATHYECKUXK y37laX CBUHBU
JIOMAIIIHEH CBs3AH CO CIEIM(UUYECKOH CTPYKTYpOH KarCyibl y3IIOB,
KOTOpast 00pa3yeT MHOTOUHCIICHHBIE CKJIAJKN M MHBarMHAIWWH, ITy-
OOKO BHEZIPSIOIINECS B MX IapeHXuMy. Kpome Toro, BHYTpH CKIaIoK
KarCyJIbl PacroiiararoTcst JIMM(paTHYecKue IUCTEPHbI U MHTpaTpadeKy-
JsIpHBIe IMMQaTHUecKie KaHAbI, KOTOpble 00SCIeUHBAIOT OHOMO-
MEHTHOE PAaBHOMEPHOE IOCTYIUICHHE JTMM(BI KaK B ITOBEPXHOCTHbIC,
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TaK ¥ B ITyOoKue ciHychl y3rioB (Hoshi et al., 1986; Gavrilin et al., 2014).
CyIIeCTBYIOIIME HA CETOMHS TPOTHBOPCUHS B OTHOIICHUM OOIIKX
3aKOHOMepHOCTel MOp(odyHKIHOHATBHOM AudepeHImaLmi 1 crie-
LUATM3ALMH  TIAPEHXUMBI JTUM(ATHUIECKHX Y3/I0B MIJIEKOMUTAFOILIMX
TIPETIITCTBYIOT PA3BUTHIO ¥ OKOHYATEIIFHOMY yTBEPKICHHIO B MOp(o-
JIOTHM KOHIICTIIH O €€ YHHMBEPCAJIBHOM JOIBYATOM (KOMIAPTMEHT-
HOM) CTPOGHHH, 4TO, B CBOIO O4epeb, HETATHBHO OTPAXKACTCS Ha I10-
HHUMaHUY ¥ MHTEPIIPETAIH N3MEHEHHI B JaHHBIX OpraHax B HOPME,
TIPY SKCTIEPUMEHTATILHBIX BO3ICHCTBISIX 1 Pa3BUTHH PA3NTHYHBIX [1ATO-
Joruii. Perienne naHHOM npoGiIeMbl 3aKIIF0YAETCs B POBEICHUH KOM-
TIIEKCHOTO CPABHUTENBHOTO aHAJN3a CTPOSHHS IMM(ATHUECKIX y3II0B
y TIpeJICTaBUTENEH BCEX OCHOBHBIX KOTOPT MIIEKONIUTAIOIINX C yUETOM
cTerneHn MOp(OIOTHYECKOH CIIOKHOCTH U SBOJIOLIMOHHON HEPAPXHUHL.

Lens nccnenoBanuii — ONPENEIUTh 3aKOHOMEPHOCTH CTPYKTYpbI
TIAPEHXUMBI JIMM(ATUIECKUX Y3JI0B TOIOBO3PEIIOT0 OJTHOrOpOOro Bep-
OJroza B CBSI3U ¢ OCOOCHHOCTSIMU CTPOGHHSI COSMHUTENTEHOTKAHHOTO
0CTOBA ¥ BHYTPHY3JIOBOTO JINM(AaTHYECKOT0 pyciIa.

Marepuas U MeToAbI HCC/IEA0BAHMI

OO6pasupl Wi WCCenoBaHusl MOMydeHsl oT 10 MOI0BO3pENbIX
TPEXJIETHUX KIMHAYECKH 3I0POBBIX CaMIIOB OJHOTOpOOro BepOioma
moce yOosl JKMBOTHBIX Ha MsCOKOMOMHare T. Yapria (Apkup).
Marepua uccieoBaHus — IMM(aTIIECKIe Y3IIbl PasiTIHOHN JIOKAIH-
3alH: TIOBEPXHOCTHBIE COMATHUECKHE: HIDKHEUEIOCTHbIE (Limpho-
nodi mandibulares), OBepXHOCTHBIC TehHbIC (L. cervicales superfi-
ciales); TTyOOKHe cOMaTHYecKue: oaMbIeunsle (L. axillares proprii),
niofoneHnsle (L. poplitei); BUCLEpaIbHBIE: KayIaIbHbIE CPEIOCTEH-
Hole (L. mediastinales caudales), Tomet xumxu (L. jejunales); cme-
ILIaHHBIC WM COMATO-BUCLICPAIbHBIC: MEAUAIbHBIC 3ariIOTOUHbIE (L.
retropharyngei mediales), MenuarnbHble iofs3nomssle (L. iliaci medi-
ales) (Zelenevsky, 2013). Beero uccnenoBano 140 opraHoB, Tak Kak
COMATHYECKHE U COMATO-BHUCLIEPATBHBIEC Y3IIbI SIBISIFOTCS TIAPHBIMH, a
BHCLICpTbHBIC — HETTAPHBIMU.

C LeNBIO BBIICHEHHSI OCOOCHHOCTEH CTPOCHHS U apXUTEKTOHHKH
CHCTeMbI JIMM(ATHYECKUX TPOCTPAHCTB JMM(pATHYECKHX Y3IIOB OCY-
LIECTBIISUTH HENPAMYIO MHBEKLMIO JIMM(ATHUecKoro pycia AucTaib-
HBIX OTZEJIOB I'PYJHOM M Ta30BOM KOHEUHOCTEH CYyCTEH3MeW YepHOU
Tyt Ha 3% sxenaraHoBoM rene (Kostiyk, 2008). ITocne HanommeHus
COOTBEICTBYIOLIEH KOHTPACTHOM MAacCOd CHHYCOB PEIMOHAIBHBIX
JIM(ATHYECKUX Y3JI0B KOHEYHOCTEH (TTO/IMBIIIICUHBIH, TIO/IKOJICHHBII)
OpraHbl PACCEeKATN B PA3NIYHBIX INIOCKOCTSIX M MPOBOVIIM MAKPOCKO-
TIMYECKYIO OLICHKY CTETICHH Pa3BUTHSI M OCOOCHHOCTE CTPOCHYIS BHY-
TPHY3JI0BOTO JTMM(ATHIECKOr0 pycCiia.

Ilpu otOope marepuwana i1 TMCTOJIOTMYECKUX MWCCIIENOBAHUM
YUUTBIBATI OCOOEHHOCTH MAKPOCKOIMYECKOW CTPYKTYpbI JIMM(aTH-
YECKHX y37I0B BepOIIIO/Ia, KOTOPhIE MPECTABISIIOT COO0H KOHTIIOMepa-
THI M3 YaCTUYHO CPOCIIMXCS MKy cO0OH CyOBeIMHUIL Oe3 onpejie-
JICHHOH 3aKOHOMEPHOCTH B MX B3amMopacronoxern (Gavrilin et al.,
2015). JInst uccreioBaHmiA OT KXKIO0r0 JIMM(BATHIECKOTO y371a OTOHpa-
JIM 110 6 HanOoJIee Pa3BUTBHIX M 000COONEHHBIX CyObemuHIL. 113 0T06-
PaHHBIX CYOBEAMHHLL BEIPE3ATH TOTAIbHBIE (PParMEHThI B CErMEHTAIb-
HoI1 miockocTH, (ukerposami B 10% pacTBope HelTpaibHOro 3a0y-
(eperHoro (opmamHa.

Tlocne ¢ukcarrm gacts pparmenToB (1o 3 ¢pparmeHTa) TMpaTH-
YeCKUX Y3VIOB 3aIMBaM B mapaduH (rucrorwiact). IlapaduHoBble
Cpe3bl TOMIMHON 3—5 MKM OKpaIUBaIM N'eMATOKCUIMHOM M 303HMHOM
(no Ban-I'm30H), a TarKe HCHONB30BATH U1 IMMyHOTHCTOXHMITYEC-
KUX MCCIIEIOBAHNH. FIMMYHOTHCTOXMMHIYECKHE HCCIIEI0BAHMSI TIPOBO-
o npsmeiM Metoziom Kynca mo meromuke Rodney and Miller
(Rodney, 2001). Hcrosp30Baiy MEepBHYHbIC KPOIMYbH MOHOKIOHATB-
HBIE aHTUTEA, KOTOPBIC JAIOT IEPEKPECTHBIC PEAKLIMH C JICHKOLTAMH
BepOmona (anturena k CD; antrreHy (obume T-mM@pormTs!) aHTH-
tena k CD,, antureny (B-mmmdormrsr)). ViMMyHOrHCTOXMMIYECKHIA
QHAJIN3 COCTOSUT U3 CJIEYIOIIMX OCHOBHBIX CTaMI: MHIHOHIIS SHIIO-
TeHHOI epoKcua3bl (THAPOreH IEPOKCH] B METaHOJIE); IEMACKUPOB-
ka antureHoB (Tris + EJITA), uHKyOaIwst ¢ TIepBIYHBIMA MOHOKJIO-
HaIbHBbIMU Kpormubivu aHTuTeaMu (CDj;, CDy); o6paboTka crpe-
NITAaBUAMHOM, KOHBIOTHPOBAaHHBIM C IIEPOKCHAa30i; obpabotka PBS

(pH 7,2), conepxarmm 0,05% 3,3-muamMIHOOSH3UIMHTETParupOXJIIo-
pun u 0,03% nepekuch BOIOPO/Ia; OKpacka reMaTokCiMHoM Maiiepa.

Jpyryto 4acts parMeHToB IMM(ATHYECKUX Y3IIOB UCTIOIB30BAIN
VTS M3TOTOBJICHYS 3aMOPOYKEHHBIX CPE30B HA MUKPOTOME-KPHOCTATe.
3aMOpO’KEeHHBIE CPE3bI IMITPETHUPOBAIIN HUTPATOM cepedpa 1o MeTo-
ke @yta B aBTopckoit Momudukamu (Gavrilin, 1999), uro nasano
BO3MOYKHOCTb JUISI OXHOBPEMEHHOH YeTKOH BH3yaJIM3aliM BCEX OC-
HOBHBIX KOMIIOHEHTOB TTAPEHXMMBI JIMM(ATHIECKHX Y37I0B, KOTOpast
00ycIoBlIeHa CHIELM(UIECKOM IS KOKIOH 30HBI MApEHXUMBI apXu-
TEKTOHUKOH ceTel PeTUKYIIIPHBIX BOJIOKOH.

HccnenoBanue rucTONpenapaToB MPOBOMMIN C MCIOIb30BAHHEM
ceetoBbIx MupockornoB Olympus CX-41 u Leica DM 1000 (okyssip
*10, o6BexTEBE *10, “40). B THCTONpEMApaTaX, OKpalIeHHBIX TEMATO-
KCWIMHOM U e€03uHOM, a3yp-1I eosunom, o Ban-I'm3oH, a Takxe um-
MYHOTCTOXUMIYECKU OHPEIEIUIN KOMIUIEKC KaueCTBEHHBIX Xapak-
TEPHUCTHK HCCIICAYEMbIX OPraHOB: CTENEeHb pasBUTUS U b depeHIm-
POBKHM CTPOMBI W NapEHXUMBI Y3JI0B, OCOOSHHOCTH THCTOAPXHTEKTO-
HUKH TapEHXUMBI, XapaKTep B3aHMOOTHOLICHHIT OTHEIBHBIX KOMIIO-
HEHTOB B MAPEHXUME Y3JI0B, IPHHLIMIIBI JIOKAIM3ALMK B MApEHXUME
y3710B romyssiiwii T- v B-mamgormTos.

B rucronpenaparax, IMIPErHUPOBAHHBIX HUTPATOM cepeldpa, Orl-
pelesu TIPOLEHTHYI0 OOBEMHYIO IUIOTHOCTD WUIM OTHOCHTENIGHBIH
00veM (V, %) crpomsl (karcyia, TpaOeKyJIbl), CHHYCOB M JMM(pOUTI-
HOM TKaHW B JIMM(ATHYECKHX y3/Iax B LIEJIOM, a TAKKe OCOOCHHOCTH
JIOKJIM3ALMH JIMM(OMIHBIX J0JIEK Ha BCeil TUIOMIAIM TOTATBHBIX Cpe-
30B M COBOKYIIHBII OTHOCHTEIIBHBIN 00BEM MX OTACIBHBIX CTPYKTYp-
HBIX KOMIIOHEHTOB: 30Ha TPaH3UTa M MEXKICTOUHOIO B3aHMMOJICH-
cTBUA (TIepudeprudecKre YIacTKU eIUHHI] TITyOOKOH KOpBI), 30Ha KO-
HanbHOU npormdeparmy T-TM¢pOIHTOB (EHTpaIbHas 30Ha SAUHHLL
IyOOKOH KOpBI), 30HA KIOHATBHOW Tpormdepammy B-mmmvdormro
('vMcaTieckye y3erKH), 30Ha aKKyMyJBIIIHN TDIA3MOLTOB U CHHTE-
3a aHTHTEN (MO3TOBBIE TSDKH).

KoymuecTBeHHBIH aHAIM3 BBIILIEYKA3aHHBIX KOMIIOHEHTOB IIPOBO-
AT METOZIOM «ToueuHoro cyeray (Avtandilov, 1990) ¢ ucmons3osa-
HUEM OKYJIPHBIX TECTOBBIX CHCTEM C HAHECEHHBIMH PaBHOY/IAJICH-
sbME ToukamH (100 Toyek) Ha Beei moram rictonpenapara. OTHo-
CHUTEJBHBIA 00BEM CTPYKTYPHBIX KOMITOHEHTOB JIMM(OHIHOM TapeH-
XUMBI JIMM(ATHYECKIX Y3/IOB BEIMUCIIUIN 110 (hopMyJIe:

V;=P/P,- 100%,
rae V; — OTHOCUTENBHBIA 00OBEM CTPYKTYPHOTO KOMIIOHEHTa, P; —
YUCIIO TOYEK, IMOMABIIMX HAa CTPYKTYPHBIH KOMIIOHEHT, P, — oluee
YHCJIO TOYEK TECTOBOH CHCTEMBI, MOIABIINX Ha THCTONPEIIapar.

HeoOxommMoe st MOMy4eHus J0CTOBEPHBIX JaHHBIX YUCIIO TO-
4eK fi (MUHIMATBHBIN pasMep BBIOOPKH, TP KOTOPOM BBIOOPOYHBIE
HaOMIONCHNST OTKIIOHSIOTCS OT 3HA4YCHWH U1 TCHEPAIBHOH COBO-
KyITHOCTH HE HIDKE 9eM Ha 5%), ONpeersiy 1o (opmyie:

=400 (100—n)/n,
TJIe 1 — YUCIIO TOYEK, MPUXOIIIXCS HA AHAIM3UPYEMBI KOMIIOHEHT
npu npesapuTensHoM mozcyere 100 touek (Avtandilov, 1990).

V3Mepenus poBOAMIM Ha CBETOBOM MHKpockore Olympus
CX-41 (o6bextuB *10/0,25; *40/0,65). MaxpodoTorpaum H3roras-
TMBaTM ¢ TioMonIbio (hotokamepsl Canon, a MukpodoTorpadum — ¢
YICTIOITb30BaHAEM MHKpockonos Leica DM 1000 (okynsp 4, o6bexTHB
*10/0,25, *40/0,65), MHTErPUPOBAHHOTO C TIEPCOHATBHBIM KOMIIBIO-
tepom 1 Olimpus CX-41.

Pe3ynbTatel uccnenoBaHuii CTATUCTHYECKH 00pabOTaHbI U MPE-
cTaBleHBI ¢ moMompio Statistica 12.0 (StatSoft Inc., USA). Beposit-
HOCTh Pa3HHIIBI 3HAYCHHIl B PA3IMYHBIX IPYIIaX JMMQpATHYECKHX
Y37I0B OIeHMBAIM Iipu nomouw t-kpurepust Crstonenta (P < 0,05)
TI0CTIE TIPOBEPKH HOPMAIBHOCTH PACTIPENENICHHST M PasHHIIBI MEXITY
TeHEPATbHBIMHU JTUCTICPCHSIMH.

PesyabTaTsl 1 UX 00Cy:KIeHHE

ITpy MaKPOCKOITIHYECKOM HCCIIEIOBAHNN TOTATBHUX CPE30B JIHIM-
(baTMyecKHX Y37OB TIOCE HANONHEHWS HMX JIMM(ATHYeCKuX Ipo-
CTPaHCTB (CHHYCOB) TYIIBEO YCTAHOBIICHO, YTO MAPSHXMMA JIAHHBIX Op-
TaHOB y BepOIIONa OTHOrOpOOro OTIIMYACTCSl YHUKAIBHOU TyOuaToit
CTPYKTYpoil. B ommiure ot GONBIINHCTBA BUJIOB MIICKOIHUTAFOLIIX, Y
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KOTOPBIX JIMM(OHIHAS TAPSHXUMA B JIMM(ATAYCCKHX Y371aX «KOHIICH-
TPUPYETCsH) BIONb KPACBOTO CHHYCAa W MaKCHMAIILHO MPUOIIDKEHA K
ycTbio addepeHTHBIX MM(ATHYECKUX COCYIOB, B COOTBETCTBYIOLIMX
opraHax BepOITIoJja OHa PABHOMEPHO Pacpe/iesieHa 110 BCeH IUIoLay
cpe3a y3/I0B M COCTOUT M3 KOMILIEKCA He3aBEPILICHHBIX IOJIEK H TDKeH
TMGOUTHON TKAHH, OTPAHMYCHHBIX IIMPOKAMH JIAM(PATHICCKUMU
TpocTpaHcTBamMH (puc. 1).

@DopMIpOBaHHE I'yOYaTO-OCTPOBKOBOM CTPYKTYPbI MApCHXUMBI B
JMM(aTHYECKNX y31ax OZHOropOooro BepOIona MoKeT ObITh 00yc-
JIOBJICHO OCOOBIM THIIOM CTPOCHHSI MX CTPOMAJIBHOIO KapKaca U BHY-
TPUY3I0BOro JMparnyeckoro pycna. CoeMHNTEIbHOTKAHHAS CTPO-
Ma y3/I0B IPE/CTAB/ICHA KAICYIOH U KOMIUIEKCOM €€ MHOTOYHCIICH-
HBIX TPOM3BOIHBIX MM Tpadekyn. Karcyma ymmdatnyeckux y3moB
BepOIMIOIa MMEET YETKO BRIPXKEHHOE IBYXCIIOIHOE cTpoeHHe. Ee BHe-
IIHUA CJI0M 00pa3oBaH, MPEUMYIIECTBEHHO, IUIOTHOH BOJIOKHUCTOM
Heo(hOPMIICHHOH COEMHHUTEIBHON TKAHBIO, @ BHYTPEHHNI — ITIaIKOH
myckynatypoit (Taher et al., 1989; Abdel-Magied, 2001; Zidan and
Pabst, 2011). TpabeKyJ1bl, B OTIIMUKE OT KAIICyJIbI, MOAPa3ieISIOTCS Ha

JIBa OCHOBHHX THITA: JBYXCIIOMHBIC (COCIMHUTEIIBHOTKAHHO-MBILIICY-
HbIC) M OJTHOCIIOMHBIC (MbIieuHbIe) (puc. 2). Tpadekysi | Trma oTxo-
JAT HETIOCPE/ICTBEHHO OT KaIlCyIbl B BHJIE €€ MOIIHBIX CKIAJOK W
MHBarMHaLMii, TTyOOKO BHEPSIOTCS B MAPSHXUMY Y37IOB, (GOpMHPYs
JIPEBOBH/IHBIC BHYTPHY3IIOBBIC pa3BeTieHws. Tpadekyrns! Il Thma mo-
TYT OBITH MPOM3BOHBIMHE BHYTPEHHETO CJIOS KaTICYJIbI WM KaIICyJIsip-
HbIX Tpabexy: I Tuma. OHu sBisOTCS GOJNee MENKMMU M MHOTOUNC-
neHHpiMU. Karicyna ¥ KancyisipHble  TpaOeKylibl JIMM(BaTHUYeCKHX
Y3II0B BEpOITEO/Ia COMPOBOXK/IAIOTCS IIIMPOKUMH, CYOKaICy IPHBIMU U
HepUTPaOEKyYIISIPHBIMK CHHYCAMH, YTO TIPHU/IACT [TAPEHXHME Y3/IOB Xa-
PAaKTEpHYIO IMCKPETHYIO CTPYKTYPY B BUZE KOMILIEKCA HE3aBEpILICH-
HBIX JIMM(OUIHBIX JI0JIEK, OKPY’KEHHBIX OTHOCHTENIBHO PABHOMEPHON
CETHIO IMPOKHUX JIMMaTHIecKnux MpocTpaHcTs. Ilpu HccnenoBaHun
JIMHAMHKH OTHOCHTEJIFHOTO 00bEMa CTPOMBI B IMM(ATHIECKUX y37Iax
YCTAHOBJICHO, YTO COC/IMHHUTEIIPHOTKAHHBIA OCTOB JIOCTATOYHO XOpO-
IO PA3BUT BO BCEX HCCIICAOBAHHBIX OpraHax. [Ipi 3T0M MakcHMaib-
HbII OTHOCHTEITBHBII 00BEM KarICyJIbl U TPAOCKy.1 XapaKTepeH yis CO-
MAaTHYECKHX, 0COOCHHO MOJKOKHBIX, TUM(ATHUSCKUX Y3IIOB (pUC. 3).

Puc. 1. CuHychl TOAKOIEHHOTO TMM(ATHIECKOr0 y3/1a OJHOropooro Bepooa,
3a0THEHHbIE KOHTPACTHON MacCoi (CyCTeH3Hs YepHOM TyIH Ha 3% >KelaTHHOBOM reje)

Puc. 2. TpaGeKyIibl COeIMHUTEHOTKAHHO-MBIIIIEYHOTO THITA B [IAPSHXIME HIDKHEUEIOCTHOrO JIMM(BATHUECKOro y3a: okpacka 1o Ban-I'uson
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B Gornee rityOOKHX COMATO-BUCIICPATHHBIX M BUCIICPATHHBIX JIHM-
(haTHYeCKHX y37aX OTHOCHTENBHBIA OOBEM CTPOMBI CYIIECTBEHHO
MEHBIIIE, YeM B COMATHUECKHX Y3/1ax O0OCHX TPYIII, 32 UCKIFOUEHHEM
MEIMATBHOTO TOJB3/IOIIHOTO Y3/1a, OTHOCUTEIBHBIN 00BeM KarCyIibl 1
TpabeKyI1 KOTOPOro JOCTOBEPHO HE OTIIMYAETCS] OT COOTBETCTBYIOIIETO
TOKA3aTeIsl ITyOOKHX COMAaTHYECKUX Y37I0B. YUHUTHIBas TOT (pakT, 4To
OCHOBHASI Macca CHHYCOB B JIMM(aTHUECKHX y3/Iax BepOmo/a pacro-
JIaraeTcst BJIOJb KarCyIsl M TpabeKys1, AMHAMUKA UX COBOKYITHOTO OT-
HOCHTEJIFHOTO 00beMa B y31axX Pa3IMYHbIX TPYIIT YETKO B3aHMOCBSI-
3aHa ¢ M3MEHEHMSMH 00beMa CTPOMBI JIaHHBIX OpraHoB. Tax, B O0Jb-
IIMHCTBE KaK COMATHYECKUX, TaK U BUCLIEPATBHBIX JIMM(ATHUECKUX y3-
JIOB OTHOCUTENTBHBIH 00BEM CTPOMBI M CHHYCOB TPAKTHUECKH PaBHO3HA-
YeH WIH He3HAYUTEIBHO OTIMIaeTcsy, B penenax 4—7% (puc. 4).

HckmouenneM SBJISIOTCS MEIMATBHBIN TTOAB3IOMIHBI TuMpa-
THYECKUH y3elT 1 JIMM(paTUIECKHii y3elI TOIeH KUIIKY, TJe OTHOCH-
TEJBHBI 00BbeM CHHYCOB B 2,0-2,5 pa3za MeEHbIIE, YeM 00beM Karl-
CyJIBI Y1 TPaOeKyII.

22— 26 r r r r
30 ]
241 ]
28 | ]
22 g
26 | 1
24| 1 20} 1
22 | ]
18 | J
20 } 1
16 } g
18t 1
16 1 1 1 1 14 1 1 1 1
1 2 3 4 1 2 3 4
a o

Puc. 3. OtHOCUTENBHBIN 00BbEM CTPOMBI (KAIICYJIBI U TpadeKyT)
Ha ITUIONIAaIN TOTAIBHBIX CPEIHMHHBIX CETMEHTAIBHBIX CPE30B
maMpaTraeckux y3i0B (n = 10): a — comaruyeckue mumpaTi-
YECKHE Y3JIbl: TOBEPXHOCTHBIE (/ — OIUETFOCTHOM, 2 — MOBEPX-
HOCTHBIH IICHHBIIT), ITyOoKHe (3 — IIOAMBIIICUHBIH, 4 — IIOAKOJICH-
HBII); 6 — BUCLIEpaJIbHBIE TUM(paTHIeCKUe Y375l (/ — KayRaTbHbII
CPEIOCTeHHBIH, 2 — TOILEH KUIIKH); COMaTO-BHUCLIEpAILHEIE (3 — Me-
JIMaJIbHBIN 3aIJI0TOYHBIN; 4 — MEIUAJILHBIN TTO/IB3I0LIHBII); TI0 OCH
abcuyice — IMMQaTHIECKUE y3JIbl, [0 OCH OPAUHAT — OTHOCUTEIb-
HbI 00beM cTpoMsl (%)

34 r r r r r r 30 r r r r
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Puc. 4. OtHOCUTENBHBIIH 00bEM CHHYCOB Ha IUIOIAAN TOTATBHBIX
CPEAMHHBIX CETMEHTATBHBIX CPE30B JIMM(ATHYECKUX Y3I0B (n = 10):
a — COMaTHYecKHe TUM(aTHIECKUE y37Ibl: HOBEPXHOCTHBIE (] —
TIO/TYEIIFOCTHOH, 2 — IOBEPXHOCTHBIH IIEHHbIN), TiryOokue (3 —
HOJMBIIIECYHBIH, 4 — MOJKOJIEHHBIN); 6 — BUCLIEpATIbHbIC JTUM(ATH-
yecKUe y3ibl (/ — KayaJbHbIi CPEeOCTEHHBIH; 2 — TOIIEeH KUILIKH);
COMaTO-BHCLIEpaJIbHbIE (3 — MeAUAIbHbIN 3a1I0TOUHbIH; 4 — Me-
QJIBHBIN TOJB3IOIIHBIN ); 110 OCH alcIrce — IMMpaTHUecKue y3ibl,
TI0 OCH OPJMHAT — OTHOCHUTENbHBIN 00beM CHHYCOB (%)

Regul. Mech

BcrencTBre 3HAYNTENBHOTO PA3BUTHS COSIMHUTEIEHOTKAHHO-
T'O OCTOBA M CUCTEMBI CHHYCOB OTHOCUTEJIBHBIN 00bEM MapeHXUMBI
B JIMM(aTHYECKHX y3/1aX PA3IMYHBIX TPYIII MPAKTHYECKU HE TIpe-
BBIIIAET 57% ¢ MaKCHMaJIbHBIM 3HaYE€HHEM JAHHOTO MOKA3aTeNs B
BHCLIEPATIGHBIX U COMATO-BUCLIEPAIBHBIX Y371aX, 1 MUHUMAIBHBIM —
B TIOBEPXHOCTHBIX COMaTHYECKUX (pHC. 5).
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Puc. 5. OtHocuTeNnbHBI 00BeM JIMM(OUTHOI TapeHXUMBI Ha
IUIOIIA/IN TOTAIBHBIX CPEIMHHBIX CETMEHTAIBHBIX CPE30B JIMMpa-
THYecKHX y310B (n = 10): ¢ — comaTiyeckue TMMpaTnIecKue
Y3IIbI: IOBEPXHOCTHBIE (/ — MOAYENIOCTHON, 2 — HOBEPXHOCTHBIN
LIeHHBIN), NTyOoKue (3 — MOAMBIIIECYHBIH, 4 — OAKOIECHHBIN); O —
BHUCLIEpAITBHBIE TUM(paTHYeCKHe y37bI (/ — KayJaJbHBIA cpe1o-
CTEHHBIIA; 2 — TOIIEH KUIIKH); COMaTO-BUCIIEpATBHBIE (3 — MEAab-
HBIH 3arJI0TOYHBIN; 4 — MEAUAITbHBIN ITO/[B3IOIIHBIN ); 10 OCH a0c-
IHce — IMM(aTHIECKIe Y3IIbl, 10 OCH OPJIMHAT — OTHOCHTENIBHBIH
00bem mmbonHOH napeHxumMsI (%o)

Ipy uccnenoBaHuN CEpUM THCTONPENApaToB JIMM(ATHICCKHX
Y3J10B, OKpAILIIEHHbIX T€MATOKCUJIMHOM U 303MHOM, 10 Ban-I'u3o0H,
a TaKKe MMIIPETHUPOBAHHBIX HUTPATOM cepebpa, HaMH yCTaHOBJIe-
HO, 9TO TIApEHXMMA JAHHBIX Y3II0B MMEET 30HATBHYIO CTPYKTYpY.
IIpu 3TOM OTIENBHBIE KIETOYHbIE 30HBI O0BEIUHSAIOTCS B HACHTHY-
HBIE TI0 CTPOCHHUIO TOJIBKH, XapaKTep JOKAIM3AIMH KOTOPBIX OIIpe-
JIEeNSIeTCsl OCOOCHHOCTSIMH PAa3BUTUSI M apXUTEKTOHUKU Pa3INIHBIX
THUIOB TPaOeKyJ ¥, COOTBETCTBEHHO, MEPUTPAOCKYISPHBIX CHHYCOB
(puc. 6). OcHoBaHust TMMGOMIHBIX JIOJIEK HAIPaBJICHEI B CTOPOHY
HepUTPadeKyIIIPHBIX CHHYCOB Tpabekyn | Tvma, a X mpoTHBOIO-
JIOXHBIE TOM0ca («BEPIINHBDY) TPAHUYAT C COOTBETCTBYIOIMMU
cuHycamu Tpabekyn 11 Tuma.

ApPXUTEKTOHUKA CeTell PpETUKYJSIPHBIX BOJIOKOH KpPaeBbIX
YYaCTKOB MAPEHXHMBI, KOTOPbIE HEMOCPSCTBEHHO IPAHUYAT C CH-
HyCaMH, PacHoJIOXeHHBIMH BIOJIb Tpabekyn | Twrma, anamorndna
PETUKYJIAPHEIM CETSIM B KOPKOBOM IUIATO (MHTEP(OIUIMKYIIIPHON
30HE) JIMM(ATHIECKUX Y3I0B Y OONBLINHCTBA JPYTHX BUIOB MIle-
konuTaromux. MarepdommkyispHas 30Ha BMECTe C MapaKopTH-
KaJIbHBIMU TSDKAaMH OTHOCHUTCS K 30HE TPAaH3UTa U MEXKKIETOYHOTO
B3aMMOJICHCTBYSA (B3aMMOJEHCTBHE JMM(OLUTOB ¢ AHTHICHIIpe-
3EHTUPYIOLMMH KJIeTKaMu). J{Jis1 TaHHO! 30HBI XapakTepHa Cpe-
HEMETINCTAs] PEeTUKYJIPHAS CeTh C HANMYNEM 3HAYHTEIBHOTO KO-
JIMYECTBA TPYOBIX BOJIOKHHCTBIX TSDKEH, KOTOpBIE IPOHH3BIBAIOT
niepuTpadeKyISIpHBIE CHHYCHI X JOCTUTAIOT BHYTPEHHETO CJIOS Tpa-
Oexyn. B 30He TpaH3uTa pacrioyiararotcsi MHOrOUHCIICHHBIE IITHPO-
KHE COCYIIbl, KOTOPBIE OTHOCSTCS K BEHYJaM C BBICOKHUM JHJOTeE-
ameM (De Bruyn and Cho, 1990; Ruddle, 2016).

BriryGb OT 30H TpaH3WTa U MEXKIECTOYHOTO B3aUMOJACHCTBUS
pactonararotres: chepooOpasHbIe YIacTKH JTMM(POUTIHOIN TapeHXUMBI,
PETHKYISIpHAsI CTPOMa KOTOPBIX MMEET PAaBHOMEPHYIO COTOBHIHYIO
KPYIHOIETIUCTYIO apXUTEKTOHHKY. Bonbiast 4acTs JM(OHIHBIX
KJICTOK JTaHHOH 30HBI OTHOCHTCS K T-KJIeTKaM, YTO CBUIETEIBCTBYET
0 TOM, YTO JJaHHBI y4aCTOK IapEeHXHMMBI IPEeJCTaBIseT co00i odar
KJIOHTBHOH Nposirdepariy COOTBETCTBYIONICH MOMYIISIMK JIMM(O-
utoB (puc. 7). B numbatideckux y3nax MpeacTaBuTeseld pasind-
HBIX BUJIOB MJIEKOIUTAIOLIMX C KJIACCHYECKOM CIIOMCTON CTPYKTYpO
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HapeHXHMBI 30Ha Hporpeparmy T-TMMGOLUTOB BMECTE ¢ ITapaKop-
THKJIBHBIMU TSDKaMH, KOTOPbIe HAXO/Tcs Ha MX nepudepun, dop-
MHPYIOT TaK Ha3blBaeMble emuHHULBI TiryOokol kopbl (Belisle and
Sainte-Marie, 1981; Vyrenkov et al., 1995). Enuuiip! ri1y0okoii Kopb
pacroararoTcs LIEOYKONH MEKIy KOPKOBBIM IIATO M MO3TOBBIMU

TSDKaMH U B COBOKYITHOCTH 00pasyloT IIIyOOKyI0 KOpy y3/oB. B ma-
peHxuMe JTUM}ATHIECKHX y3/I0B BepOIIOa aHAJIOTHYHbIE CTPYKTY-

PbI OTJIMHYAIOTCS MEHEE YHOPSIOUCHHBIM XapaKTePOM PaCIIONOKEHHUs
BJIOJIb IEPUTPAOCKYIIAPHBIX CUHYCOB TpabeKyi1 I Tirta 1 MX KpyIHBIX
BETBEil, OT KOTOPbIX OHH OIPAHMYEHBI 30HAMH TPAH3UTA M MEXKIIC-
TOYHOTO B3aMMOJEHCTBHS, KOTOPbIE OXBAaThIBAIOT JAHHBIC CTPYKTY-
pb! nomykonbioM (puc. 8). CBoOOIHBIA BHYyTPEHHMH yIACTOK €IH-
HHII ITyOOKOH KOPBHI TPAHWYHT C MO3TOBBIMH TSDKAMH M 00pasyer
KOPTHKO-MEJTy UIIPHOE COSIMHEHHE.

Puc. 6. JlumbouHbie TOMBKU B MAPEHXUME JIMM(PATHIECKOTO y371a BepOITFoIa: OKpacka reMaTOKCHIIMHOM U S03HHOM

Puc. 7. Cxomtenus T-mumdorwtos (CDa,) B mapeHXuMe TUM(pATHYECKOro y3ia:
HMMMYHOTHCTOXHMHYECKOE OKPAIIMBAHKE, OKpacKa reMaTOKCHIMHOM Maifepa

MOoO3roBble TSKHM UMEIOT XapaKTEPHYIO MEJIKOSYEHCTYIO CTPYK-
Typy PETHKYISIPHOIO OCTOBA, MEXIY MO3TOBBIMH TSDKAMH PACIIO-
JIAraroTCs. MHOTOYMCIICHHBIE y3KHE MO3TOBbIe CHHYCHL Ha ocHoBe
30H TpaH3uTa (OpMHUPYIOTCS JIMMpaTHYECKHe Y3eKH, OOoJbIas
YacTb KJIETOK KOTOPBIX OTHOCHTCS K MOMyJiiuuy B-mmmdonuros.
VHUKaJIBHOCTb CTPYKTYPBI IMM(ATUIECKUX Y3EJIKOB B JIMM(ATH-
YECKUX y3/aX BepOoaa CBs3aHa C HAIMYHMEM B COCTAaBe HX CTPO-
MBI MHOTOYHCIICHHBIX [TIaKOMBIIICUHBIX KICTOK, KOTOPBIC B y3el-
Kax CO CBETJIbIMH LICHTPaMH Pa3MHOXKEHHs QOPMHPYIOT crietudu-
YECKHE IJ1a[JKOMBIILICYHBIC KaIlCyJIbl, BEPOSTHO, 00MaAIOIIHe CO-

KpaTHTENBEHOW CIOCOOHOCTBIO. CeTH PeTHKYIISIPHBIX BOJOKOH B
MMGATHYECKUX y3eJKax pa3BHUTBI, MPEUMYLIECTBCHHO, Ha HX
nepudepry B MaHTUHHBIX 30HAX B BHJE PETHUKYILSIPHBIX «KOP3HU-
HOUeK». B LleHTpax y3e/nKkoB 00HAPY KUBAIOTCS PEAKHE KPYITHONET-
JIMCTBIC CETH WIIN OTJIENIbHBIC (DPArMEHTbI PETHKYJIAPHBIX BOJIOKOH
(puc. 9). Takim oOpazoM, apeHXUMa JTMM(ATHIECKHX Y3IOB BepOIIIo-
J1a IMEET 30HAIBHYIO CTPYKTYpY. OTACNbHbIC KICTOUHbIC 30HbI MHTE-
IPUPYIOTCS B JIMMQOUIHBIE JOIbKH WM KOMIAPTMEHTBI, apXUTEKTO-
HUKA W TPUHLKI PACTIONIOKEHHS KOTOPBIX MMEIOT PsiJl XapaKTePHBIX
ormamil. Tak ke, Kak ¥ B JUM(aTHIECKUX y3Iax J1ab0paTOpHBIX
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JKABOTHBIX U TPHMATOB, OCHOBOM KaXIOM JTUM(OUIHON NOJIBKA B
mM(baTHYCCKHX Y3ax BepOmona sSBISIHOTCS C(hepooOpasHbIe 30HBI
niporudeparmy T-MQonrToB, a UX neprdepust Ha OHOM 3 MO0~
COB TIPE/CTABIICHA 30HOW TPaH3WUTA M MEKKICTOYHOTO B3aUMOJICH-
CTBUSL M JIMM(ATHYECKAMH y3eJIKaMH, a Ha JPYTOM — KOMILIEKCOM
MO3TOBBIX TsDKeH. B To ke Bpemst iMQorIHbIe TOTBKU B IAPSHXAME
JM(baTIYECKHX Y3IOB BepOITtoia pacrioiokeHsl JuddysHo 63 Ka-
KHX-JII00 YETKHX MPU3HAKOB YHOPSIOYCHHOCTH, YTO HPHIACT NapeH-
XHUME XapaKTepHbI MO3auuHbIA pUCYHOK. Hapsimy ¢ mpoctpaHcTBeH-

HOH HEYTIOPSIOUEHHOCTBIO B TIAPEHXUME JTMM(PaTHIECKHIX y3IIOB Bep-
Omro1a HAOJTFOIAOTCS! ONPEJIENICHHbIE 3aKOHOMEPHOCTH B PACIIONIOKe-
HUM JTMM(OHIHBIX J0JEK OTHOCHTENBHO MEpUTPaOEKy SIPHBIX CHHY-
COB TpabeKyJl pa3mi4HbIX TUIOB. Hammm rccienoBaHus MOKa3bIBAIOT,
YTO TPAH3UTHBIC 30HBI TUM(OUIHBIX I0JIEK C JIMM(aTHUECKIMH y3eT-
KaMH{ OpHEHTHPOBAHBI, NPEHMYILECTBEHHO, BJIOJb MEPUTPAOEKYJIIP-
HBIX JIMM(DATHIECKIX CHHYCOB TpaOeKyJI | ThIia ¢ M pa3BeTBIICHISIMY,
a B 30HE PACIIOJIOXKEHNUST MO3TOBBIX TSDKEl HAXOIATCS B OCHOBHOM Tpa-
Oexysl I Trma.

Puc. 8. KommapTMeHT napeHXUMBI TOJYEIIFOCTHOTO JIMM(ATHIECKOr0 y371a: 30Ha TPAH3UTa M MEXKKJICTOUHOTO B3anMoeicTus (1),
% o X
nmmbaTHIecKuil y3enok (2), eIMHUIBI TTyOOKO# KOpEI (3), MO3roBbIe TSDKH (4); IMIIpEerHaIyst a30THOKHUCIBIM cepedpoM ~ 100

N
"

Puc. 9. Jlumparryeckre y3eIku B HapeHXUME CPEIOCTEHHOTO KayIATbHON0 JIMM(ATHYECKOr0 y3/ia: MMIIPErHALS 830 THOKUCIIBIM cepeOpoM

YcTaHOBIIEHHA HAMH MO3aMYHOCTb CTPYKTYPbI APEHXUMbI JINM-
(haTHHecKHX y37I0B BepOIOIa MOXKET OIPEACIISITECS PSIIOM MX CTPYK-
TYPHO-(YHKIIMOHATBHBIX OCOOCHHOCTEH. 3HAUMTEIILHOEC PasBHTHE B
Kapkace JUM(AaTHYeCKUX Y3JIOB BepONFOIA TIIAAKOH MYCKyJaTypbl,
BEPOSITHO, SIBIIETCS (haKTOPOM, 00ECTICUNBAIOIINM TIPOLIECC TIPHHY M-
TEJIBHOH BHYTPHY3/IOBOH JIMM(OLMPKYIIIUH, YTO AT BO3MOXKHOCTb
JUTs1 OBICTPOTO U TITyOOKOTO MPOHMKHOBEHHSI B TAPESHXUMY Y3JIOB aH-

Regul. Mech. Biosyst., 8(3)

TUICHNPE3EHTUPYIOIIMX KIETOK, B PE3YJIbTATe Yero O4ark KJIOHAIb-
Ho#t npormepatn T- 1 B-nmium¢pormtoB MoryT hopMHpOBaThCs Kak B
TIOBEPXHOCTHBIX, TaK M TIIyOOKHX Y4aCTKaX MapEHXUMBI.

C nmpyroii CTOpOHBI, MO3aUYHAsI CTPYKTYpPa MapeHXUMBI B JIMM(a-
THYECKHX Y37aX BEpOIIOa MOXKET OBITh CBSI3aHA C HAIMYHUCM Y JiaH-
HOTO BHJia MJIEKOITHTAIONIMX 0COOO0TO THIIA JIMM(OCHAGKEHNS, KOTO-
PBIii TAKOKE XapakTepeH st JIMM(ATHUECKUX Y3JIOB CIIOHOB, CTb(H-
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HOB, HocoporoB u cBuHeil (Cave and Aumonier, 1962a, 1962b;
Moskov, 1969; Hoshi et al., 1986). Beiieykazannblii TH TuM(pOCHA0-
KEHHS XapaKTepU3yeTcs HATMYMEM BHYTPH CHIBHOPA3BUTBIX KarlCy-
JISIPHBIX Tpabeky: | Tura iuMgaTHyecKrX ECTEpH U UHTpaTpabeKy-
JSIPHBIX JIIM(ATHYECKUX KaHAJIOB, KOTOPBIE OHOBPEMEHHO COO0IIa-
I0TCSL KaK € TOJKAIICYJISIPHBIM, TaK ¥ TIyOOKMMH WM BHYTPSHHUMH
cuHycaMH. B pesynbTrare 3TOro aHTHICHIPE3CHTHPYIONUE KIIETKH
TIPOHMKAIOT OJHOMOMEHTHO B IIOBEPXHOCTHBIC M IJIyOOKHE CIIOH
TIAPEHXVMBI, BBI3bIBAs PA3BUTHE OYAroB KIIETOYHOW MHpoimQeparmn
JIMMQOLIMTOB, KaK 1OJ] KAICyJIOH, TaK U B APYTUX, Ooree yIajeHHbIX
Y4acTKax MapeHXUMBbl, BIIOJIb CHHYCOB, CONPOBOKIAIOLIMX KaIICyJLp-
Hble TpaOeKyJibl. B To jke Bpems 30Ha aKKyMyJISLIMH IUIa3MOLIMTOB
CHHTE3a aHTHTEN (MO3TOBBIE TSDKH) (DOPMHPYIOTCS B0 CHHYCOB MbI-
IIeYHbIX Tpabeky:1 Il Turia, KOTOpbIe, BEPOSTHO, SBISIFOTCS HCTOKOM
U151 3 PepeHTHBIX JIMM(ATHYECKHIX COCY/IOB.

Hcxomst w3 BIIIeyKa3aHHOTO, (DOPMHIPOBAHIE BCECTOPOHHE 000C-
HOBAHHOI KOHIICTILIMM CTPOCHHUSI HAPEHXUMBI JIMM(aTHIECKUX y3II0B Y
BepOITIO/1a HEBO3MOYKHO 0€3 TIPOBEICHMS MCCIEAOBAHNH CTPYKTYpPBI U
B3aUMOOTHOILICHUSI BHYTPHY3/IOBOH CHCTEMbI JIMM(ATHIECKUX Ipo-
CTPAHCTB, KPOBEHOCHBIX COCY/IOB M MUKPOLIMPKYJIITOPHOTO PyCIIa.

Taxum 00pa3oM, OCHOBHBIMH OCOOCHHOCTSIMH BHYTpPHY3TOBOH
TMGOLMPKYIIAINA B JTMM(aTHIECKUX y3/IaX BepOJoa SBISETCs Ha-
JIMYMe B COEIMHHTEIBHOTKAHHOM KapKace y3JIOB COKPATHUTEIBHBIX
9IEMEHTOB, a TAKKE, BEPOSITHO, JIOTIOTHUTEHBIX CTPYKTYPHBIX MeXa-
HH3MOB, KOTOpbIE 00ECTIeUHBAIOT OHOBPEMEHHOE MOCTYIUICHUE aHTH-
TEHIPE3EHTHPYIONMX KIETOK KaK B TIOBEPXHOCTHBIE, TaK U TITyOOKHe
YYaCTKH NapeHXHUMBbI y310B. Hanbosee pasBUTbIM KOMIIOHEHTOM JIMM-
(OMHBIX JI0NIEK MApEHXUMBI JIMM(ATHYECKUX Y3/I0B HOJIOBO3PEIOro
0IHOrOpOOro BepOIFOA SIBISFOTCS 30HBI AKKyMYJISLINN TUIA3MOLIMTOB
¥ CHHTE3a aHTUTEI (KOMIUIEKC MO3TOBBIX TSDKEH).

Tabauna

COBOKYIHBIIT OTHOCHTEJIBHBIN 00BEM MO3TOBBIX TSDKEH B JMMda-
THYECKUX Y371aX Pa3iMHbIX TPYIII SIBISETCS] OTHOCHTENBHO CTaOMIIb-
HO BeMMUMHOMN 1 BapeUpyeT oT 19% 1o 24%, 3a UCKIIFoueHneM Noj-
KOJICHHOTO JIMM(aTH4ecKoro y3ia, 0ObeM MO3IOBBIX TSDKEH B KOTO-
pom nocturaet nodatu 37%.

30HBI KJIOHATIBHOH MpoNHQepaiy 00enx MOMyIILHi JTMPOLH-
TOB Pa3BUTHI B MCHBLICH CTENCHH, YEM MO3IOBBIC TSDKH, H HUMEOT
TIPAKTUIECKU OIMHAKOBBIEC TIOKA3aTeNM OTHOCHTEIBHO o0beMa. OTHO-
CUTEJIbHBIA 00BeM 30H KIOHAIBbHOW npormdeparym T-mmdornrro
BapbHpyeT oT 8% 10 16%, a B-mamorwros ot 9% o 18%. (tabm.).

B NOBEpXHOCTHBIX COMATHYECKUX M BUCLIEPATBHBIX JTMM(aTHdec-
KHX y37ax BepOio/a 30HbI KIOHATBHOM mpormdeparmu B-mumdo-
LIATOB PA3BHUTHI B HECKOJIBKO OOMbIneii crerneHy, yeM T-30HBI (Ha 1—
4%), a B TIyOOKMX COMATUYECKHX M COMATO-BHCIEPATBHBIX y3IIax,
Hao00pOT, peolIIaaroT 30HbI KIIOHAEHOK npormdeparym T-mmdo-
1mToB (Ha 2-3%). B 1eiom B GOJBIMHCTBE COMATIYECKUX U COMATO-
BHCIICPATHHBIX JIMM(PATHICCKUX Y3TI0B OTHOCHTEIILHBIA 00BEM 30H
npormdeparii 00CHX TOMyJIALHI JTMM(OIMTOB PUMEPHO COOTBET-
CTByeT 00BbeMy 30H aKKyMyJISLIMH IUIa3MOLTOB M CHHTE3d QHTHTEIL
To ectb creneHpb pa3BUTHS JIMMPATHUECKHX Y3€IKOB U €IMHHIL TITy00-
KO KOpBI COOTBETCTBYET CTCIICHH Pa3BHTHS KOMIUIEKCA MO3TOBBIX
TSDKel. B BACIIEpaITbHBIX TMM(ATHIECKUX Y371aX COBOKYITHBIH OTHOCH-
TEJBHBIA 00BEM 30H Tpormdeparmi 00euX OCHOBHBIX ITOITYJISIIAI
mmmormroB Ha 10-20% mpeBbIiaeT 06beM MO3TOBBIX TsDKeH. OTHO-
CUTEJIbHBINA 00BEM 30H TpaH3UTa X MEXKKIIETOYHOTO B3aUMOJICHCTBYS B
MCCIICZIOBAHHBIX JTMariieckux y3nax B 1,5-5,0 pa3 MeHblie, yem
00BeM MO3IOBBIX TsDKeH. BplneykazanHas 30Ha HanOomnee pa3BUTa B
COMATO-BHCLICPAIbHBIX JTMM(ATHYECKHX y3/IaX, HECKOIBKO MEHBILE B
BHCLICPATGHBIX M OOJBIIMHCTBE COMATUYECKHMX Y3JIOB, 38 HCKIIFOYC-
HHEM TOIMBIILICYHOT O, TZIE TaHHBIH ITOKa3aTellh MUHUMAJICH (4,2%0).

OTHOCHTEIBHBIH 00BEM OTAEIBHEIX CTPYKTYPHBIX KOMIIOHEHTOB (CIIEIUAII3UPOBAHHBIX KJIETOYHBIX 30H)
B IMM(OMIHBIX JI0JIBKaX JTUM(paTHdecKkux y3ioB Bepomona (V, %, M + m, n = 6)

JlumdounHbie 1OIBKH (KOMIIAPTMEHTHI)

30Ha TpaH3UTa U

30HA KIIOHAJTLHOM

30Ha KJIIOHAJTLHOU 30Ha aKKyMYJISIIUA

JInmdarnueckuit y3en MEXKIETOYHOIO npomdepanun npoiudepanuu IUIa3MOLUTOB,
B3aUMOJICHCTBUSA T-numdpormToB B-numdormro CHHTE3a aHTHUTell
11 111 v VII

Comarnyeckue TIOBEPXHOCTHBIE

T10q4EMIOCTHOMN a 5,00 + 0,414 11,05 + 0,415 12,78 + 0,58%<8" 19,63 + 0,55""¢

TTOBEpPXHOCTHBII IIEHHBII b 3,13 +£0,31%4" 8,05 + 0,314t 9,10 £ 0,354 " 22,98 + 0,74%"
Comarnyeckue rirybokue

TToMbIIeYHbIi c 4,83 +0,44%¢ 12,03 + 0,4354¢h 10,28 + 0,364 21,99 + 0,444

T10/IKOIEHHBII d 4,20+ 0,454 8" 9,99 + 0,36"*" 12,25 + 0,415t 26,95 + 0,53 "

Comato-BucClLIepaJIbHbIE

MeuanbHBIH 3arI0TOYHBII e 4,15+ 0,30"" 15,93 + 0,53 %% 13,93 +0,38" 7 20,95 £ 0,20%
Me/iaIbHBbI 10AB3I0IIHBIH f 6,10 +0,33"¢ 15,03 £ 0,35 12,10 + 0,48°¢¢8" 2428 + 0,314 0eh
BucuepanbHble
KaynanbHblil cpeiocTeHHBIH g 5,33 + 0,467 14,00 + 0,35 16,88 + 0,437 22,93 + 0,427

Tormeit KUKy h 5,73 +£0,28"¢ 14,15 + 0,43 17,93 £ 0,47 19,05 £0,37"¢

Tpumeuanue: natnHcKUMU OyKBaMH 00O3HAYEHA CTATHCTHYECKash BEPOSITHOCTH pasHULb! P < 0,05 otHOcHTensHOro oobema (V%) B mpeaenax OTACIbHBIX
TPYIII CTPYKTYPHBIX KOMIIOHEHTOB (I-VII) B pasmuuHbIX IMM(paTHIECKUX y31ax (a—h).

Taxim o0pazom, JIMMQoHIHAs TApEHXIMA B JIMM(PATHIECKHX Y3-
J1ax BepOIIro/1a, KaK ¥ COOTBETCTBYIOLIMIA KOMIIOHEHT JAHHBIX OPTaHOB
Y APYTHX BHZIOB MJICKOIUTAIOIIMX, HMEET YETKO BBIPKEHHBIC TIPH3HA-
KU 30HAIBHOM CHELMAIM3alMKU U UHTETPalMK. YYacTKU MapeHXUMBbI,
KOTOpBIE B psizic paboT 0003HAYAOTCS KAK AHOLYJISIpHAS TUIOTHAS JIMM-
(onmnas Tkanb (Abdel-Magied, 2001, Saliman and Mazher, 2005), sB-
JIFOTCS, TI0 CYTH, 30HAMH TPaH3UTa JMM(OLIMTOB M MEKKIICTOUHOTO
B3aUMOJICHCTBYS, B COBOKYITHOCTH C 30HAMH KIIOHAIBHON Npormdepa-
1w T-IMQOLTOB, IepBbIe U3 KOTOPBIX, KaK MPAaBIIO, NPAMBIKAIOT
K NIepUTpaOeKy IPHBIM CHHycaM TpaOeKyi | Trra, a BTopble pacrono-
JKEHBI B OoJiee ITyOOKHX ydacTkax napeHxumbl. [uddy3Has mmdo-
WIHAsT TKAaHb TPEJCTABISIET COOOW COBOKYITHOCTb MO3IOBBIX TSDKEH,
KOTOpbIE 00ECTIeUMBAIOT AKKyMYJIALIMIO TIA3MOLIMTOB M CUHTE3 aHTH-
Tel, a B JIMM(ATHYECKNX y3elKaX, KaK M3BECTHO, HPOUCXOIMT KJIO-
HanbHas nponmdeparst B-mmvdomitoB n 00pa3oBaHie KISTOK HaMst-
1 (Rouse et al., 1984; Palm et al., 2016).

Kak ¥ y Jpyrux MICKOIUTAIOLIUX, (QYHKIMOHABHBIC 30HBI HAPCH-
XUMBI JTIM(ATHYECKHX Y37I0B BEpOITOa MHTCTPUPOBAHBI B JTAM(OUI-
HBIE JIOJIBKU I KOMITApTMEHTBI, KOTOPbIC MMEIOT 0COOBI MO3amd-
HBII XapaKTep PAacloNIOKSHHsI, YTO CBS3AHO C PSZOM YHHKAIBHBIX
YepT CTPOCHHSI COCIMHHUTEIBHOTKAHHOIO OCTOBA Y37IOB, @ TaKXKE CO
crieuKoil TMQo- U KPOBOCHAOKEHHS Y3IOB M BHYTPHY3JIOBOH
TUM$O- ¥ TEMOMHAMUKOM.

BbIBOABI

OcHOBHBIMH MOP(O(YHKIMOHAIBHBIME  XapaKTEPUCTHKAMH T1a-
PEHXHMMBI TMM(PATHIECKUX Y3II0B OJHOrOpPOOro BepOIFO/IA SBIISFOTCS:
OTCYTCTBHE MOP(OJIOTHYECKOi MONSAPHOCTH M CIIOMCTOCTH JIAHHOTO
CTPYKTYPHOIO KOMIIOHEHTA, @ TAKOKE, COOTBETCTBCHHO, MPU3HAKOB
KOHLICHTPALIMH JTUM(OUIHON TKaH! B HANPABJICHUH YCThs adepeHT-
HBIX JIMM(ATIIECKUX COCY/IOB; TOTATBHBIN TyOKOOOPa3HBIN TIPHHLIAT
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CTpoeHMsI IMM(OMIHOM TKaHW B BUE KOMIUIEKCA HE3aBEPIICHHBIX
OKPYIVIO-OBIBHBIX IAPEHXMMATO3HBIX (DParMeHTOB, pa3feieHHbIX
LIMPOKUMHU JIMM(aTHYECKHIMHU TpOCcTpaHcTBamMu (cunycamu). Coempt-
HUTEJILHOTKAHHBIN OCTOB JIMM(aTHUYECKHX y3/IOB BepONIOzia OTIHYa-
€TCsl HUTMYUEM CHIIBHO Pa3BUTOM BHYTPUY3IOBON CHCTEMBI KallCyJIsip-
HBIX TpaOeKyJl AByX THIIOB — OCHOBHBIX HJIH JBYCJIONHBIX COC/IMHH-
TeBHOTKAHHO-MBIIICYHBIX (I THIT) ¥ IOYepHHX OHOCIIOMHBIX, TTIOCTPO-
SHHBIX 13 TIaKoMbIIedHbIX KieTok (II tum). TpaGexyss! I Tima co-
JiepKaT B CBOEM COCTaBe JMM(aTHIECKHe COCY bl ¥ TMM(aTHIeCKUe
mcTepHbl. CTeneHb pa3BUTHSI COSAMHUTENIFHOTKAHHOTO OCTOBA B y3-
JIaX PA3MYHBIX TPYII 3HAYUTEIBHO BapbUPYET, YTO MAaKCHMAIbHO
BBIPKEHO B [IOBEPXHOCTHBIX COMATHYECKUX JIMM(DATHUECKIX y3i1aX U
MUHHMAJIBHO — B BUCLIEPATGHBIX.

OcHoOBHast Macca JUM(ATHIECKUX IPOCTPAHCTB B IAapcHXUME
JIMM(ATHYECKUX y3IIOB, 33 UCKJIFOYEHAEM MO3TOBBIX CHHYCOB, PacIio-
JIaraeTcst BIOMb TPaOeKyl, HanOomee KPYITHBIME HPU STOM SIBIITIOTCSI
CHHYCBI, COPOBOMKIAOIIME TpaOeKyJIb! | THIIa, 3aTeM ClIey 0T CHHY-
bl Tpabeky 11 THma ¥ CHHYCBI, PacroyokKeHHbIE B MO3TOBOM BelLle-
CTBE TMM(OMIHBIX JONEK.

INaperxuma mMQaTHUeCKIX Y3710B BepOIIIOia NMEET YETKO BBIPa-
YKEHHYIO 30HAJIBHYIO CIICLMATH3ALMIO, & TAKKE JIOBKOBYIO (KOMIapT-
MEHTHYI0) CTpyKTypy. CTpyKTypHO-(DYHKIMOHATBHBIC SIMHHLIBI JIM-
(haTHHecKHX y3NIOB BepONIO/a YCTPOCHBI B COOTBETCTBHH C OOIIMIMU
MPHHIUIIAMA MOP(PODYHKIMOHATIGHON OpraHW3allii JaHHBIX CyObe-
JIWHUL Y MJICKOIIUTAIONMX C HAIMYMEM TPEX OCHOBHBIX THIIOB CIICLIHa-
JIM3UPOBAHHBIX 30H: TPAH3UTA M MEKKICTOYHON KOONEpaLWH, KJIO-
HaIbHOM npordepatmn T- ¥ B-iM(poLmToB, akkyMyIISIiH 1a3Mo-
LIMTOB U aHTUTEN000pa3oBaHus. OObEMHBIE KOJTMYECTBEHHbIE XapaK-
TEPUCTUKH OCHOBHBIX CTPYKTYPHBIX KOMIIOHEHTOB JIMM(OHIHBIX
JIOJIEK B y37IaX PA3IMYHBIX TPYIII SBJIIIOTCS OTHOCHTENIBHO CTaOMIIb-
HBIMU. MaKCHMAJTBHBIH OTHOCHTEIBHEI 00BEM NMEIOT 30HEI aKKYMY-
JISIVY TUTa3MOLIUTOB M aHTHTENI000pa30BaHus, 3aTeM CIEAYIOT 30HEI
KiIoHabHOM mpormdepari T- U B-mamdonyToB. MuHMMATBHBIA
OTHOCHTEJIbHBIN 00bEM XapaKTepeH Il 30H TPAH3UTA U MEXKKIIECTOU-
HOM KOOIepaLyy.

Tt nmuMonmHbIX  JoNeK  (KOMITAPTMEHTOB)  JIMM(ATHYECKUX
y370B BepOmoia xapakrepeH AubQy3Hbl (MO3aMUHbINA) HPHHIMAI
PACTIONOXKEHHS B TIPE/iesiax MapeHXUMBI B LIEJIOM, a TAKKE TIOMPHBIA
TIPUHLIMIT CTPOEHHUS C MPEUMYIIECTBEHHOM JIOKaIM3alMel 30H TpaH-
3UTA U MEKKJIETOYHOTO B3aNMOJICHCTBUS C IMM(ATUIECKIMH y3eIKa-
MH BJIOJb TIEPUTPAOEKyYIIPHBIX CHHYCOB TpaOeKyJI | Tnia U KOHIIeH-
Tparyeil MO3roBbIX TsDKeH (30H aKKyMYJISLIFH IJIa3MOLMTOB ¥ CHHTE3a
AHTWTEN) B HANpABICHWH IEPUTPAOCKyJSIPHBIX CHHYCOB TpaOeKyIl
I Tnra, KOTOpBIE, BEPOSITHO, SIBISFOTCS «HCTOKaMI» 3(P(HEpeHTHBIX
JM(ATAYECKUX COCYI0B. 30HBI KIOHAIBHOH npormdeparmn T-mm-
(hOLIMTOB HEMOCPEIICTBEHHO € TEPUTPaOCKYISIPHBIMA CHHYCAMH HE
TPaHMYaT ¥ KOHIICHTPHUPYIOTCS B TIIYOOKUX CJIOSIX HMApEeHXHMBIL, (op-
MHpYSL OCHOBY WJIH IIEHTPAJIbHYIO 30HY €€ KOMITapTMEHTOB. J{anbHel-
IIIVIe MICCIIEA0BAHMSI CTPYKTYPBI JTIMM(ATHIECKHX Y3/IOB Y OHOropooro
BepOmona OyIyT HanpaBlieHbl Ha BBLICHEHHE BO3PACTHBIX ACIICKTOB
nx MopdoreHesa, a TakKe 3aKOHOMEPHOCTEH CTPOEHHSI U B3aMMOOTHO-
LIEHHS BHYTPUY3/IOBOH CHCTEMbI JIMM(pATHYECKHX POCTPAHCTB U pa3-
JIMYHBIX TUIOB KPOBEHOCHBIX COCY/IOB.
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This study aims at an analytical review of scientific literature on the structure of the tongue of different animals and
humans, and also at studying the features of the structure of motor nerve endings in the tongue muscles of healthy rats
and rats that have undergone prolonged dehydration. Over 14 days, using histological methods we studied
neuromuscular endings and peculiarities of their distribution in the tongue muscles of 25 mature rats, both in normal
condition and under dehydration. The analysis of the results showed different structures of differentiated motor nerve
endings among the rats in normal condition, and also revealed the peculiarities and quantitative characteristics of the
components of the neuromuscular endings in relation to the duration of dehydration. The type of neuromuscular ending
reflects the morphologically interdependent structure of efferent neuromediators in relation to a part of the tongue. This
may determine the nature of the processes of prehension and chewing of food. The structure of neuromuscular endings
of the muscles of the tip of the tongue is the most differentiated, they are more numerous and larger. The tip of the
tongue of rats had a higher number of nuclei and larger size of the neuromuscular endings of the muscles than the other
parts. This, perhaps, is determined by the speed of the movements of the tongue due to eating different foods.
The number of nuclei and the size of neuromuscular endings are characterized by significant variations in the pattern of
axon branching, which is determined by the anatomical, physiological and biomechanical conditions of functioning of
the rats’ tongue muscles. The quantitative analysis of structural peculiarities of axomycin synapses showed that muscle
fibers of the tongue have neuroumuscular endings with regulated synaptoarchitectonics which is characterized by the
sprouting of the motor axon, a certain length and width of the active zones, number and size of the synaptic folds,
number of terminal neurolemmocytes, and the peculiarity in structure of the subsynaptic area. Muscle fibers in the body
of the tongue have the most complex special distribution of presynaptic pole of axomuscular synapses, they also have
the highest number of active zones and synaptic folds. We determined the main reactive and destructive processes while
distinguishing certain phases of morphologically-functional changes in the organism under total dehydration.
A complex analysis of the morpho-functional characteristics of the peripheral nervous apparatus of the tongue of rats
subject to total dehydration helped reveal the structural rearrangement of the neuromuscular endings over certain
periods. During first three days after the beginning of the dehydration modeling, a structural adaptation was manifested
in the reorganization of the neuromuscular endings, which was followed by their destructive changes in 6-9 days, and a
phase of exhaustion with disorders in the fine architectonics of neuromuscular endings after 14 days. The article
discusses the peculiarities of the efferent part of the motor unit of the tongue of rats subject to prolonged dehydration.

Keywords: nerve-muscle endings; tongue; muscle fibres; dehydration; rats

Oco0eHHOCTH CTPOeHHS IBUTATeIbHbIX HEPBHBIX OKOHYAHUH SI3bIKA
B HOpMe M NPHU JIerupaTalui OPraHu3Ma Kphbic

C. JI. llonenp*, O. T. bunoyc**, U. B. bunoyc*

*[Ipuxkapnamckuil HaYUOHATLHLIU YHusepcumem umenu Bacunsi Cmeghanvika, Heano-Dpanrosck, Yrpauna

**Heano-Dpankosckull HAYUOHATLHBIL MeOuyuHcKul yHueepcumem, Msarno-Opanrosck, Ykpauna

Lenb rccnenoBaHs — IPOBECTH AHATUTUYECKUH 0030p Hay4IHOI! JIUTEPaTyphI IO BOIIPOCY CTPYKTYPHI SI3bIKa Y Pa3HbIX )KHBOTHBIX H YEIIOBEKA,
a TalKe M3Yy4UTh OCOOCHHOCTH CTPOCHHS JBUTATEIBHBIX HEPBHBIX OKOHYAHHMI B MBIIIAX $3bIKa HHTAKTHBIX KPBIC TOCIE IUTEIbHOH
JerujpaTaryu. I'MCTONOTHYECKMMH METOaMH y 25 TIOJIOBO3PENbIX KPHIC W3ydald HEPBHO-MBIIIEYHbIE OKOHYAHUA M OCOOEHHOCTH HX
pactpesiesieHss B MBIIILAX SI3bIKa B HOPME U HPU JETHApAaTaluM Ha NPOTSHKEHMM 14 CyToK. AHanU3 MONYYEHHBIX NAHHBIX IOKA3al PasHYIo
CTpyKTypy Iud(epeHIHIPOBaHHBIX HEPBHBIX [IBUIATEIBHBIX OKOHYAHUI $3bIKAa KPBIC B HOPME, a TAKOKe BBIIBICHBI OCOOCHHOCTH M [aHA
KOJIMYECTBEHHAs XapAKTEPUCTHKA COCTABIIAIOLIMX KOMIIOHEHTOB HEPBHO-MBILIEYHOIO OKOHYAHMSI B 3aBUCUMOCTH OT IPOJIOJDKUTENLHOCTH
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Jeruaparaiuy. TUIl HEPBHO-MBIIIEYHOTO OKOHYAHHS OTPAKAET TECHYI0 MOP(OIOrHYECKYI0 B3aUMOOOYCIOBIECHHYIO CTPYKTYpPY 3(depeHTHbIX
HEPBHBIX MPOBOHMKOB B 3aBUCHMOCTH OT OT/ENA SI3bIKA. DTO MOXKET OIPEICIATh XapaKTep MPOLECCOB 3aXBATHIBAHUS U HEPEIKEBBIBAHHS MHILH.
CTpyKTypa HEPBHO-MBIIICYHBIX OKOHYAHMI MBIIII KOHYKKA s13bIKa Oosee mudpepeHImpoBana, OHU 00Jiee MHOTOYMCIICHHBI U OOJIBILIEro pa3Mepa.
ITpu 5TOM YMCIO SIEP U pa3Mep HEPBHO-MBILIEUHBIX OKOHYAHHIT MBI KOHUHKA SI3bIKa Y KPBICHI OOJIbILIE, YEM B IPYTUX OT/ENaX. ITO, BO3MOXKHO,
OIpEIeIISCTCSl CKOPOCTHIO JIBIDKCHUI sI3bIKA 0 MPUYMHE UX MMUTAaHWs pa3HOi muiiei. Uucio siiep U pasMep HEpPBHO-MBILICYHBIX OKOHYAHMI
OTJIMYAeTCSl 3HAUMTENBbHBIMU BapHallMsMH XapaKTepa Ppa3BETJICHHS aKCOHA, 4YTO OINPEAENseTcs aHATOMUYCCKUMH, (DU3HOJIIOTHYSCKUMH |
OMOMEXaHUYECKUMH YCIIOBHSMH (DYHKIMOHMPOBAHUS MBILIIL 3bIKa y Kpblc. Ha OCHOBE KOJIMYECTBEHHOrO aHAIM3a CTPYKTYPHBIX OCOOEHHOCTEH
AKCOMBIIICYHBIX CHHAIICOB YCTaHOBJICHO, YTO MBIIICYHBIC BOJOKHA S3bIKA UMEIOT HEPBHO-MBILICYHBIC OKOHYAHHS C 33[JaHHOM CHHANTOApXH-
TEKTOHUKOMW, KOTOpast XapaKTepU3yeTCsi CIPAyTHHIOM JIBUTaTeIbHOTO aKCOHA, ONPE/ICIICHHOM JUIMHOM 1 IIMPHHON aKTUBHBIX 30H, KOJIMYESCTBOM H
BEJIMUMHON CHHANTHYECKUX CKIIAZ0K, YUCIOM KOHEUHBIX HEHPOIEMMOLIMTOB, OCOOCHHOCTBIO CTPOSHHUSI CyOCHHAITHYECKOrO y4acTKa. MblleuHble
BOJIOKHA B TeJ€ sI3bIKa MMEIOT CaMyIO CJIOXHYIO IPOCTPAHCTBEHHYIO OPTraHM3aIMI0 MPECHHANTHYECKOro MOJIOCA AKCOMBIIEYHBIX CHHAIICOB,
OOJIBIIIE BCETO aKTHBHBIX 30H M CHHANTHYECKUX CKJIAJIOK. Y CTAHOBJICHBI OCHOBHBIC PEAKTHBHBIC M ICCTPYKTHBHBIC IPOLIECCH! B HEPBHO-MBILICYHBIX
OKOHYAHWSIX SA3bIKA, IIPOBEICHO MOP(oIornieckoe 000CHOBAHNE UL NIEPHOAM3AINN 3TUX IIPOLIECCOB C BBIIEICHIEM OTAEIBHBIX (a3 MopdodyHk-
HOHATBHBIX M3MEHEHHUIT TP 00IIel Aeruaparaue opranm3ma. KoMmruiekcHsiit aHamn3 Mop(odyHKIMOHATBHBIX MOKa3aTenei neprudepuieckoro
HEpBHOTO armapara s3blka Ipy oOLleH AernapaTaliy OpraHu3Ma IMO03BOJMI BBISIBUTH B OTIENIbHBIC CPOKHM CTPYKTYPHOH NMEPECTPOMKH HEPBHO-
MBIIICYHBIX OKOHYaHUMH, KOI/[a B IIEPBbIC TPOE CYTOK IOC/Ie Hayala MOZEITHPOBAHUS JETHAPATalK OpraHu3Ma CTPYKTYPHBIM CJICIOM aJallTaliH
SIBJISICTCSL TIEPECTPOIKa HEPBHO-MBIIICUHBIX OKOHYAHHUI, KOTOpas CMEHSETCS HMX ACCTPYKTHBHBIMH H3MEHCHHsMU uepe3 69 cyTok u (asoii
HCTOILCHHS C HAPYLICHUEM TOHKOM apXUTEKTOHHKH HEPBHO-MBIILICYHBIX OKOHUaHHH depe3 14 cyTok. OOCy»IarTcsi 0COOEHHOCTH 3P epeHTHOH

YaCTH JBUTaTEeIILHON €IMHUIIBI SI3bIKA Tipu JUTUTEIIbHON JAerujparanuu.

Kmoueswvie crosa: HEPBHO-MBIIICYHBIC OKOHYAHMS; SA3bIK; MBIIIICYHBIC BOJIOKHA; ACTrUApaTalyisl; KPbIChL

Baenenue

CrpoeHrIo nepr()eprUIeckoro HEpBHOTO Aarmapara CKENIeTHBIX
MBIIIIT OCBSIIEHO MHOTO pabot (Bayline et al., 2001; Slaughter et al.,
2006; Motoyama et al., 2009). B pe3ynbTare MHOIOUKCIICHHBIX UCCIIE-
JIOBaHUI1 CTPYKTypa JBUTATEJIbHBIX HEPBHBIX OKOHYAHWI M MHOHEB-
PAIBHBIX CHHAIICOB B Pa3HBIX CKEJIETHBIX MBILIIIAX U3Y4YeHa I0CTaTOu-
Ho xoporto (Mu and Sanders, 2010; Zciena et al., 2013).

Cy1iecTByeT MHOTO JIaHHBIX, B KOTOPBIX YCTaHABJICHA TECHAsI
CBSI3b MEXIy CTPOCHHEM [BHIATCIIBHBIX HEPBHBIX OKOHYAHHM C
(DYHKIMOHATEHEIME OCOOEHHOCTSIMM MHHEPBHPYEMOI CKEJIETHOI
meel (Pathi et al., 2012; Tankisi et al., 2013; Zghikh et al., 2014;
Simmons, 2017). OgHaKO HECMOTpsI Ha OOJIBIIIOE KOJIMYECTBO pa-
00T, KOTOpbIE MOSIBIJIUCH B MOCIEHEE BpEeMsl, CCIIEIOBaHUH, OC-
BEILAIOIIMX Da3JIM4HbIl XapakTep MOP(QOJIOrHH JIBUraTEIbHBIX
OKOHYaHUH s13bIKa, oueHb Maio (Ye, 2010; Hua, 2013).

Eme MeHbllle CpaBHUTENBHO-TUCTOIOIMUYECKUX HCCIIEI0BAHUMH,
KOTOpBIC JIAIOT BO3MOYKHOCTb CY/IHTh O XapaKTepe M3MCHEHHil MHO-
HEBpAIBHBIX CHHAIICOB B CBSI3U C NPOIECCAMI PA3BUTHS OpTaHI3Ma B
PpasHbIE TIEPHOIBI IIPe- 1 ITOCTHATATIGHOTO OHTOTeHe3a HITN afamTaryeit
JKUBOTHBIX K Pa3IMYHBIM YCJIOBUSIM CYILCCTBOBAHMS, a TaKKe NPU
pazmuHbIX Bujiax marosioruu (Bayline et al., 2001; Mu et al., 2013).
Yro Kacaercs CpaBHUTEIILHO-THCTOJIOTMYECKHX JIaHHBIX O Tiepudepy-
YeCKOM HEpPBHOM aImapare si3bIka MJICKONHUTAIOLIMX, TO B HAYYHOH
JIATEpaType OHM JOBOJBHO CKymHBI (Zciena et al., 2013; Dana and
McCaughey, 2015). Kpome Toro, ocoOblii HHTEpeC H3ydeHHe ABHTa-
TEJBHBIX OKOHYAHHH Y KPBICEI IMEET MOTOMY, YTO MX MOXKHO C OIIpe-
JICTICHHOH CTENEHBIO JIOCTOBEPHOCTH TIEPEHECTH Ha YeJIOBEKa, SI3bIK KO-
TOPOro 00JazacT HAKOOJIEE TOHKUMH U PAa3HOOOPA3HBIMH JBYDKCHHSIMA
B CBSI3U C €0 Y4acTHeM B apTUKyJsiimu pedrt (Amir and Grinfeld, 2011).

JIaHHBIX O Pa3BHTUM JIBUTATEIIbHBIX HEPBHBIX OKOHYAHWH B
MBILILAX s3bIKa HEMHOT'O. B 0CTYITHOM Ham JuTepaTtype BCTpETH-
JIMCh TOJIBKO OTZEJIbHBIE PabOThI, Kacaroluecs STHX 00pa3oBaHUI
y Memeit (Suzuki et al., 2012), komxku (Zhang et al., 2001), omra-
1 (Robin et al., 2013) u s13pIKka YeOBeKa B BO3PACTHOM acIeKTe
(Slaughter et al., 2006). B mociennee Bpemst MOSBUIICS LETbIH sy
cooOIeHnit 00 M3MEHEHMSIX Pa3HBIX TKAaHEH B YCIOBHSX JeTHapa-
Tanuy opraHu3Ma pasHoro reHesa (Mosendz and Mickan, 2012).
Ort/iesbHBIC aBTOPBI ITOCBSTUIA CBOY UCCIICIOBAHMS PEAKIMH CIIH-
3ucToil obomouku s3bika mpu aeruaparamun (Davidova et al.,
2016). Ocoboe MecTo cpeny NposIBICHUI JaHHOH aTOIOTHHY 3aHHU-
MaeT MOPaKCHHsI HEPBHO-MBIIICYHOTO armapara.

B ycloBusX Jeruapartalii MEHSETCS He TOJIBKO METaboi3M
mpin (Hooper et al., 2014), Ho u ux crpykrypa (Mosendz and
Mickan, 2012). K coxaineHuto, B JOCTYITHOW HAYYHOH JIUTEPATypE
MyOMMKanuid 0 BIWSIHMM OOIIEH Jernapartalyy OopraHu3Ma Ha
CTPYKTYpy M CBOWCTBa HEPBHO-MBILICUHOTO alIiapara s3bIKa MbI
He oOHapyxwm. K 3ToMy BpeMeHH KOMILUIEKCHO HE H3Y4aJiCh
nporieccbl MOPGHOPYHKIMOHATBHON NEPECTPONKH MBILICUHBIX BO-

JIOKOH U HEPBHO-MBIIICYHBIX CHHAIICOB B Pa3lIMYHBIC CPOKH IIPU
o01ei eruapaTanyiy OpraHusma.

Permenyie 3THIX BOIPOCOB MO3BOJMT BBISICHUTE MEXAHH3M U XapaK-
Tep SIBJICHHH, Pa3BUBAIOLIMXCS B NEpU(EPIUIecKOM HEPBHO-MBIIIICY-
HOM armapare, ¥ B 3HAYMTENBHOI CTETICHN BIVSITh HAa HUX ¥ KOPPEKTH-
POBaTh BOJHO-JIEKTPOJIUTHBII FOMEOCTa3.

KosmaecTBo >KHAKOCTH BIUSET HA pa3BUTHE OpraHU3Ma 1 oOecrie-
YUBACT ONTHMAIbHBIE YCIOBHS €ro (yHKIMOHHPOBAHMS, KOTOpBIE
HEPa3PbIBHO CBSI3AHbI C peayn3alyieil GMONOrMYECKUX U COLMATBHBIX
(hyskuwit genoeka (Bunn et al., 2014). Ona onpenenser HOpMaIbHBIH
poct u g depeHIAIITIO OCHOBHBIX CHCTEM OpraHU3Ma, CIIOCOOCTBY-
€T HauOoree MOJHON peaH3alyil TeHETHYECKOTo MOTEeHINANa, CTa-
HOBJICHUIO U (popMupoBaHuio BereratuBHbIX (yHkimii (Hooper and
Bunn, 2014). YpoBeHb ruzpaTaliiy HauuHas C paHHUX 3TaloB OHTOre-
He3a MOCTENCHHO YBEIMYMBACT alalTAlMOHHBIE PECYPChI OPraHu3Ma U
ero (yHKIMOHAIBHBIC BOSMOXHOCTH. B npezenax nomycruMoro Jwa-
Ma30HAa OHA CO3MACT OCHOBY, HEOOXOMMMYIO I (hOPMHPOBAHHS
aJlanTalyy, KOTopasi 00eCTIeYHBACT KU3HECTENBHOCT OpraHu3Ma B
YCIIOBISIX BHEIIHEH cpenpl. IIpy oTcyTcTBUM JOCTaTOMHOTO YpOBHS
MEKKIIETOYHOM JKHIIKOCTH TPOMCXOMWT 3a/IepyKKa POcTa M Pa3BUTHUS
opranm3Ma U JuddepeHImaimm ero QyHKImiA, YMEHBIIACTCS Pe3uc-
TEHTHOCTB OpraHK3Ma K BO3/IEHCTBIIO naToreHHsIX (axropos (Hooper
et al., 2014). OrzaesbHble aBTOPbI COOOIIAIOT O MOBPSKICHUH (YHK-
MM CKEJIETHBIX MBI B YCJIOBHSX JETMAPATALMM, YTO, OYEBHJHO,
00ycIIoBIeHO ociablieHreM MeXaHn3Ma (PHBHONIOTIYEeCKO pereHepa-
LUK TIOBPEKICHHBIX CTPYKTYP MBILICUHBIX BOJIOKOH U Hefiporpodu-
YECKOTrO KOHTPOJISI, KOTOPBI B 3HAYUTEIEHOM CTENCHU 3aBHCHT OT
CTPYKTYPHO-(DyHKIMOHATBHOTO TIOTCHIMANIA HEPBHO-MBIIIIEUHBIX CH-
HaricoB (Mosendz and Mickan, 2012). OmHako 3T0 TOJNOXKEHHE BO
MHOIOM OCTAeTCsl THIIOTETUHECKIM U TpeOyeT CBOETO MOATBEIKIe-
HUsI, 0COOEHHO MOP()OIOTHMYECKUMH METOIAMU KaK OJHUM U3 CIIOCO-
00B 00BEKTHUBU3ALIMYI HAay4YHbIX HCCIeoBaHui. Bee ckasanHoe mociy-
JKAJIO OCHOBOM /TSI aKTyaJT3aliK JaHHOU pabOThL

Lenp riccnenoBanus — U3yIUTh OCOOCHHOCTH CTPOCHHUS Tiepre-
PHHYECKOr0 HEPBHO-MBIILICYHOTO alllapata s3bIka MHTAKTHBIX KPBIC, a
TAKOKe JMHAMPKY €ro MOP(OJIOTUIECKOI MEepecTpOHKH B YCIOBHSIX
00111ero 06e3B0KMBAHNS OpTraH3Ma.

Marepunan 4 METO/AbI HCCIE0BAHUI

MarepuaioM HCCIeIOBaHMS MOCITYXWI S3bIK 25 KPBIC-CaMIIOB.
Kycoukn Opamm u3 KOpHs, Tefla M KOHYMKa O0SHX CTOPOH SI3bIKA.
IIpomsBoamrck MpofoibHBIE W TIONEpEYHble Cpe3bl. Marepuan
o0OpabatbIBasics 1o MeTony bribiioBckoro — [poc ¢ MOMOMHATELHOH
OKPACKOH siiep IeMATOKCHIMHOM U 3JIEKTPOHHOMUKPOCKOIMIECKUM
metoziom (Mosendz and Mickan, 2012). JIyist ycTaHOBICHHST 0COOCH-
HOCTeH JIBUraTe/IbHBIX HEPBHBIX OKOHYAHHH B SI3bIKE ONPEIEIISUIN IUI0-
I1{a/1b JABUTaTEIIBHOTO OKOHYAHMS KaK MPOM3BEACHHUE IMHBI HA IIUPU-
Hy, 4TO JJABAJIO BOSMOXXHOCTb CPABHMBATH MOJy4CHHBIE NOKa3aTeIN
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JIBUTATEITBHBIX OKOHYAaHMII BO BCE CPOKH HccienoBaHus. JmHa mo-
TOPHOM OJIIIIKY M3MepsUIach OT Hayasla JICJICHUs] OCEBOTO IMIMHApA
Ha TEPMHUHAIBHBIE BETOYKH O KOHIA CaMbIX JUIMHHBIX U3 HHX, BKITIO-
Yast ¥ Spa MOJOLIBBI, PAacIONIOKEHHbIE 10 X0y TepmuHanei. Lupu-
Ha ONpEZIEeIIach PacCTOSIHAEM MEX/Iy KOHI[AMH OOKOBBIX TEpMHHA-
JIe U UMEIOLIMMUCS 37€Ch SIpaMM IIBAaHHOBCKOW My, M3mepeHust
TIPOU3BOMIUIY OKYJIIPHBIM MHUKPOMETPOM oz MUKpockorioM MBH-1
(06BeKTHB — 40, oKymsp — ¥15). JIjisl BBISACHEHHs 0COGEHHOCTEH CTPYK-
Typbl JBUTATENBbHBIX OKOHYAHUH TOZICUMTHIBATH TEPMHUHAIBHBIE Be-
TOYKM M siiep mofoumBbl. Ha OCHOBaHMM TNOMYHYEHHBIX LU(POBBIX
JIAHHBIX BBIYVCIIUINCH CPEIHIE apru(MeTHIecKue.

KonTpomnbHas pymma cocTosiia U3 MATH MHTAKTHBIX KUBOTHBIX.
C uenpio M3ydeHHs BIVSHUS JETHApaTalid Ha COCTOsHHE Tiepude-
PHYECKOTrO HEPBHO-MBIIICTHOTO aIIapaTa si3bIKa IPOBOWIN TOTHOE
OrpaHHYCHHUE MIUTHEBOTO PEXXUMA B TeueHue 3, 6, 9 u 14 cytok. Benku-
BaHKE JIA0OPATOPHBIX KUBOTHBIX COCTABUIIO COOTBETCTBEHHO 96,0%,
56,0% wu 4,5%. 3abop marepuana MpoBOMMWIM coriacHo «IIpaBumam
T'yMaHHOT'O OOpAIIeHHsI C SKCIIEPUMEHTATBHBIMU KUBOTHBIMID).

Crartuctiueckyto 00pabOTKy AaHHBIX MPOBOAMIIA MNP TOMOLIH
TporpamMHoro makera Statistica 6 (StatSoft Inc., USA). Hcnons3oBam

HerapaMeTpUUeCcKe METOJIbI UCCIENOBaHMS (KpUTEpHii Y MIIKOKCOHA,
Manna — Yuran). [Tapamerpbl B TaOJHIIe ¥ TEKCTE MMEIOT Takue 0003-
HaueHus: X — cpennee, SE — cranpaprHas ormOka cpemtero. Craric-
THYECKHE M3MEHEHUS CYUTAIM BEPOATHBIMHU TOIZA NPU TIOIyYECHHOM
YpOBHE BeposiTHOCTH oT4rii P < 0,05.

PesyibTarnl

JlBuratenbHble HEPBHbIC OKOHYAHMS BCTPEUAIOTCS BO BCEX MbI-
IIEeYHBIX CIIOSIX KOpHS, TeNa M KOHUYMKA s3blka. Henb3s ykasath Ha
KaKHe-IMOO CyIIECTBCHHBbIE PazIMuMs B CTPYKTYpE NBHIATEIbHBIX
OKOHYAHMI, KOTOPbIE MOIJIH Obl OBITH MPUCYIIM OHOMY U3 OT/IEIIOB
WM OTIPE/IETICHHOMY MBILLIEYHOMY CIIOKO sI3bIKa. Besne ABurarenbHbie
OKOHYAHHSI PA3IMYHBI 1O (hOpME, THITY BETBIICHHUS OCEBOTO LIMIIMHIPA,
KOJIMYECTBY TEPMHHAJIBHBIX BETOYCK U sIIEP, & TAKKE MO pazMepam
OKOHYaHMiH. OIHAKO JBUTaTe/bHbIe OKOHYAHMS YAIlle BCEro BCTpeda-
10TCsL B TelIe si3bIKa. Bo Beex MccreoBaHHBIX OTZENaX si3bIKa HAOIO-
JAFOTCS YeThIPE THIIA BETBJICHHS OCEBOI0 LIAIMHAPA: IMXOTOMHYECKUI
(TIPOCTOM ¥ CIIOXKHBII), PACCHITHOM, MAarkCTPATIbHBIA U NEPEXOAHBIN

(puc. 1).

2

Puc. 1. OcHOBHBIE THIIBI BETBJICHHS OCEBOTO IIMIMHAPA S3bIKa TOJIOBO3PETIBIX KPBIC: d — IPOCTOH TMXOTOMHYECKUH, O — CIIOKHBIHA
JIMXOTOMHYECKHUI, 6 — MAarUCTPAIBHBIN, & — PACCHITHOM, 0 — IEPEXOAHBIN; UMITpErHanus 1o brubimosckoMy — ['poc

IIpocToii IMXOTOMUYECKUIA TUIT BETBIICHUS XapaKTEpU3YeTCs TEM,
YTO OCEBOM LIIMHJIP JAETUTCS TOJIBKO Ha JIBE TEPMUHAIBHBIC BETOUKH,
TOrZa Kak IPU CIOXKHOM JUXOTOMHUYECKOM THIIE OCHOBHBIE TEpMU-
HAJIA OTAAIOT OT celst ofIHy WM psif Oosiee MeskuX BeTouek. [Ipu pac-
CBIITHOM THIIE BETBIICHHS OCEBOM LIMIIMHAP Cpasy AEIHTCS HAa HECKOJb-
KO BeTouek. [Ipyu MarucTpasbHOM THIIE OT BETBH, SIBJISIOLLEHCS IV1aB-

HBIM HPOJIOJDKEHUEM OCEBOTO LIAIMHIPA, OTXOIAT OOKOBBIE BETOUKH C
OJIHOM WM JIBYX CTOPOH. Mesk[y STMMH OCHOBHBIMM THITAMH CYIIIE-
CTBYET IIEPEXOJHBII TUIT BETBICHHSI HEPBHBIX TepMuHaiel. Hanboms-
LW IPOLIEHT IBUTATEIIbHBIX OKOHYAHUH IPOCTOTO IMXOTOMUYECKOTO
THIa BETBIICHHS HaOmmoaercst B Kopue (76,0%), a HauMeHbLINI — B
KOHYHIKE s3bIKa (28,4%) (Tabm. 1).
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CyMMa JIBUTaTeIbHBIX OKOHYAHHMI, 00JaJaroIiX Haroonee aud-
(bepeHIPOBaHHBIMY THITAMH BETBJICHHS OCEBOTO LIWIIMHIIPA, OOJIbIIe
BCEro BeTpeuaercs B KoHumke (64,6%) 1 kopHe si3b1ka (75,5%). Camoe
OOJIBIIIOE KOJMYECTBO TEPMUHAIBHBIX BETOUEK TAKOKe HAOMIOAETCs B
KoHurke (4,73 £ 0,05), Heckonbko Menbie — B Tese (3,52 + 0,03) u
COBCEM MaJIO B KOpHe si3bIKa (2,12 + 0,02) (Tadu. 1).

Pasmeps! 1 opma sinep B ABUraTeNbHBIX OKOHYAHMSIX PasHO00-
pasHbl. Kavkioe syapo cozepykuT oJHo, pexxe JBa — TPH sipbika. Hav-
OOJIblIIee YHCIIO sIep KOHEUYHBIX HeHpONeMMOLIMTOB OOHAPY>KEHO B
xopHe (10,31 £ 1,15), a HanmeHblee — Ha GOKOBOIT TOBEPXHOCTH TeNa
(4,04 + 0,02) u xoruwmke (5,81 = 0,04) s3biKa. [Ipu 3TOM COOTHOIIEHNE
KOJIMYECTBA siiep B OJSILIKE B OJHOM OT/EJIC S3bIKA MMEET He3HauH-
TenbHbIe KosteOanws (ot 8,42 + 0,02 mo 8,71 £ 0,05) (Tadm. 1).

Yro KacaeTcs IIomaay OISIIKA, TO OHA TAKKE OKA3auach HaW-
Bonbimelt B KomumKe s3bika (1028,7 £ 68,2 M), Bombiinyio mwmoma
OJISIIIIKY, TIO CPABHEHUIO CO BCEMH VICCIIEIOBAHHBIMH OT/IENAMU SI3bIKa,
32 WCKIIOYCHWEM Tella, HMMEIOT OOKOBBbIE IOBEPXHOCTH BOJIM3U
KoHuHKa (738,9 + 23,4 MkM?) M TepesiHsist YacTh Tea si3bika (706,5 +
21,9 M), TTnotams GISIIKH IMeeT CaMble METKHE Pa3Mepbl B KOPHE
(361,0 + 82 Mx™M®) U B obiacTy 110x BAIMKOOOPA3HBIMU COCOYKAMH
CIIMBUCTOM 0001104KH s13b1Ka (381,6 £ 68,2 MKMZ) (tabm. 1).

Tlocre Tpex CYTOK IErnapaTtalii B MPETEPMUHATBHBIX YYacTKax
00pa3yIoTCsl HepaBHOMEPHBIE PACIIMPEHHS U Cy)KEHUST MHEIIHOBBIX
HEPBHBIX BOJIOKOH, YMEHBIIIAETCSI IUTONIA b Pa3BETBICHIS TePMUHAIb-
HBIX BETBEH JBHUIaTENBHOIO aKCOHA, KOTOPbIE 00pa3yIoT MPECHHAITH-
YECKHI1 MOJTFOC HEPBHO-MBIIIICUHBIX CHHATICOB (PHC. 2).

Bo3HHKHOBEHIE BapUKO3HBIX JIeOpMALIHii CBS3aHO C PacCIOCHHU-
€M MHUEIMHOBOM 0007104KH (puc. 26). ITpu 3ToM B siapax HelponeMmMo-
LIMTOB MPOMCXOAHT KOHICHCAIMS XPOMATHHA, YaCTHYHAST BAKyOIIH3a-
WSl [MTOIUIa3MBL. B aKcoruia3Me BO3pacTaeT IUIOTHOCTh MATpPHKCA
MUTOXOHIPHH, pacipsieTcsi IepUaKCOHATBHOE MPOCTPAHCTBO U He-
PaBHOMEPHO Cy»KaeTCst POCBET IPHJIETAFOIIIX TeMOKAITUIIPOB.

B HepBHO-MBIIIEUHBIX CHHAICAX YMEHBIIACTCS NEPUMETP TePMU-
HaJIel aKCOHa, JUIMHA CHHAITUYECKUX KOHTAKTOB, IIMPUHBI U JUTHHBI
AKTUBHBIX 30H [IPECHHANTHYECKON MEMOpaHBI, KOJIMYECTBO CHHANTH-
YECKUX BE3WKYJI, YIUIOTHSETCS. MAaTPUKC MUTOXOHIPHI 1 (pparMeHTH-
pyrotest KpucTbl. Co CTOPOHBI TOCTCHHANITHYECKUX CTPYKTYP HE00X0-
JMMO OTMETHTH YBEJMYCHHE DPACCTOSHUS MEKIY CHHAITHYCCKAMU
CKJIAZIKaMH, 4T0 OOYCJIOBICHO MX paspyiieHrneM. 110 cpaBHEHHMIO C
KOHTPOJIGHBIMH TIOKA3aTeISIMU TI0CNIe 6-CyTOYHOH JeTHIpaTaliid Me-
HsieTcs Tororpadust 3¢ epeHTHBIX MIETIHOBBIX BOJIOKOH, X OCOOSH-
HO HX TIPETepPMUHAIBHBIX OT/IEJIOB, PACTET YacTOTa U BEJIMYMHA HepaB-
HOMEpHBIX PaCIIMPEHUl U CyXKEHUH, YMEHbIIAeTCsl KaK IEpPBUYHBIH,
TaK ¥ BTOPHYHbIN CIIPAYTHH IBUTATEIBHBIX AKCOHOB.

Ta6mmma 1

Ipu 371eKTPOHHOMUKPOCKONNYECKOM HCCIISZIOBAaHHE OOHapykKe-
HO, YTO B MMENIMHOBBIX BOJIOKHAX PACLIMPSIETCS IepPUaKCOHATBLHOES
HPOCTPAHCTBO, B aKCOILIa3Me BO3PACTAET CTEIeHb arperaimu (uia-
MEHTO3HO-TyOy IIpHBIX CTPYKTyp. IIpu 3TOM B 1mTOIUIa3Me Heiipo-
JIEMMOIIUTOB 3HAYHMTENHHO YBEIMINBACTCS KOMMIECTBO BAKYOJeH, OT-
pakaroree KpUTHYECKHE MPOLIECCHI 3aXBaTa KOJIMIECTBA YKIIKOCTH 13
MEKKIIETOYHOTO TIPOCTPAHCTBA, a MUEIMHOBas OOOJOYKA ¥IMeeT
MHO>KECTBEHHBIE YYACTKU PACCIIOCHHS JIAMEIUT MHCIIHHA.

B HepBHO-MBIIIEUHBIX CHHAICAX O-CyTOYHAs AErHaparaiys Bbl-
3bIBACT JIC3MHTETPALMIO OOJIBIIMHCTBA CKJIAIOK ITOCTCHHAIITHYECKOH
MeMOpaHBbI, PaCIIMPEHNe CHHATITUYIECKOH MK U BPACTaHHE B HEE OT-
POCTKOB KOHEUHBIX HeHponeMMOoIToB (puc. 3). B akcoHanbHBIX Tep-
MHHABIX YMEHBIIIACTCS YUCIIO BE3UKYIT M CHHANTIYECKHX ITy3bIPBKOB,
OHHU TIPUOOPETAIOT PA3HYIO BEJIMUMHY, CPEIM KOTOPHIX MPeoOIatatoT
BE3HKYJIbl MAJIOTO aMeTpa. MHUTOXOHAPHH MaTOUNCIICHHBIE U, KaK
TIPABIIIO, UMEIOT MPOCBETICHHBIH MATPUKC W Pa3pyIIeHbIe KPHUCTBL
B nocreunanTiyeckom otzene ymenbinaercs (1o 64,8%) Koim4yecTBo
CHHAITHYECKX CKIIAJIOK, PACCTOSIHAE MEXIy HHMH YBEIMYHMBACTCH,
IMIMPUHA U JUTHHA aKTUBHBIX 30H YMEHBIIAIOTCS COOTBETCTBEHHO Ha
66,6% 1 46,7%. BpliieonycaHHble H3MEHEHHS XapaKTEPHbI I BceX
THIIOB MBIIEYHBIX BOJIOKOH SI3bIKa, ONHAKO HAHOOJBIIYIO YCTOHYH-
BOCTb K [TATOTEHETIIECKOMY BO3JCHCTBUIO JETHAPATALIH TIPOSBIIIOT
MEJUICHHBIE OKCHJIATHBHBIC MBIIICYHBIC BOJIOKHA, CAaMyIO0 HU3KYIO —
OBICTpBIC ITMKOJIMTHYECKUE, a OBICTPhIC OKHCIMTEIBHO-IIIMKOIITH-
YeCKHUE MBIIIICYHbIE BOJIOKHA 3aHHMAIOT IIPOMEIKYTOUHOE TOJIOKECHHE.
menHo nosToMy B Tabinmiie 2 npescTaBlIeHb JaHHbIE MOPHOMETpH-
YECKOTO aHHAIN3a OCHOBHBIX CTPYKTYPHBIX KOMIIOHEHTOB HEpPBHO-
MBIILIEYHBIX CHHATICOB TOJBKO OBICTPBIX TIIMKOIUTHYECKHX BOJIOKOH.

[Ipowienye cpoka MOIHOTO OTPAHWYEHMS! MUTHEBOM BOIBI 1O
9 CYyTOK TIPUBOAMT K JETEHEPaTHBHOMY paclagy OTACIBHBIX d(e-
PEHTHBIX BOJIOKOH Y TEPMHHAIIBHBIX Pa3BETBIICHHI JIBUTATEIBHOTO aK-
COHA, YTO BBI3BIBACT JICHEPBAIMIO MBIIIEUHBIX BOJIOKOH. [Ipu 5TOM B
00JIaCTH  HEPBHO-MBILIIEYHOTO KOHTAKTA YMEHBILIACTCS] KOJIMYECTBO
HEHPOIEMMOLIMTOB ¥ aprupoditis uX snep (puc. 4).

Cpensist IIOIAAb HEPBHO-MBIIIEYHOTO KOHTAKTa YMEHBIIACTCS
TI0 CPAaBHEHUIO C KOHTpOJIeM Ha 65,6%, a 10 CpaBHEHHUIO C JAHHBIMU
MPEIBIIYIIET0 CPoKa 3KcrepuMeHTa — Ha 33,2%. HepBHo-MbleuHbie
CHHAIICHI JIBHTATENBHBIX AKCOHOB B OBICTPBIX TIIMKOMUTUIECKUX MBI-
IIEYHBIX BOJIOKHAX IIEPETPY>KEeHBI CHHATTHYIECKIMU ITy3bIpbKaMH. MIx
KOJIMYECTBO Ha BECh CPE3 Yepe3 aKTHBHYIO 30HY CHHAIICA BO3PacTaeT
Ha 58,0% IO CpaBHEHMIO C KOHTPOJBHBIMU IOKA3aTesIMM U Ha
350,0%o Ooubluie, yeM Ha JTare 6-CyTO4HOM Aeruaparaimu. B cyocu-
HAITTHYECKOH 30HE BBIBIIICTCS MEHbILee KOJIMYECTBO PUOO- U TOJHU-
prbOCOM, a TAKKe MMHOLUTO3HBIX ITy3bIPBKOB.

OTtHOCHTENBEHOE pacnopeaeI€HUE Pa3HbIX TUIIOB BETBJICHUA OCEBLIX HAUJINHAPOB
Y COOTHOIICHUE COCTAaBHBIX €JICMCHTOB JIBUTI'aTCIIbHBIX OJISIIIEK B S3bIKE MHTAKTHBIX KpPBIC (]fl = 5)

T¥IIBI BETBJICHHSI OCEBOTO LIIHHAPA, %o

KomgectBo KommaectBo

= Inowam
Orpen si3pika JTMXOTOMUYECKHIH . . ., BETOYEK B siiep B e
- — PACCHITIHO  MArHCTpANbHBI  Tiepexomwbiii GsmiIKe OIIALLIKH, M]
POCTOM CIIOXHBIN JISILKE
Konunk 64,61 2,12 16,63 6,51 10,14 4,73 8,89 659,6
Teno 49,72 12,34 15,66 12,28 10,01 3,52 6,46 540,2
Kopennb 75,46 8,22 16,32 0,00 0,00 2,12 4,17 381,5
Taomamua 2
I'mctomeTprudeckas XapakTepUCTHKA HEPBHO-MBILIEYHBIX CHHATICOB OBICTPBIX ITIMKOIUTHYECKIX MBIIICYHBIX BOJIOKOH SI3bIKA
B pa3HbIC CPOKH DKCIICPUMEHTANIBHOM IeTHAPaTaIiK opranu3ma Kpeic (x = SE, n=15)

CTpyKTYpHBIE SJIEMEHTHI H MX TIapaMeTPhI Konrposns T cyrox I[gryr:gl]:}lom SKCHBBPEW;};? T4 cyrox
Tlepumerp Tepmunaneit, MKkM 7,23+0,81 4,02+0,34" 426+0,32 3,66+ 0,24 3224026
JlmHa CHHANTIYEeCKOT0 KOHTAKTa, MKM 2,88+0,22 1,42+0,24 0,83 +0,007 0,62 +0,002" 0,55+0,003"
KoruecTBo CKI1aj1oK IOCTCHHATITHYECKOH MeMOpPaHbI 10,64+ 1,26 6,11+1.23 3,87+0,9 1,51+£023" 1,11+£0,01"
PaccrosiHre MEKITy CKIIaIKaMU, MKM 0,21 +0,01 0,41+0,01 0,65+0,01 0,92 +0,01" 0,98+ 0,01
JlHa OTIeNBHOM CKITaIKU, MKM 2,87+0,15 2,22+0,12 1,61 +0,09" 1,25+0,03 1,12+0,02
IuprHa aKTUBHO# 30HbI, MKM 0,22 +0,01 0,19+0,01 0,17+0,01 0,16£0,01 0,14 +0,01*"
JIHa akTHBHO# 30HBI, MKM 0,85+0,03 0,57+0,01 0,45+0,01 0,27 +0,01 0,21 +£0,01*"
KouiuecTBo Be31KyI1 Ha BECh CPe3 Uepe3 aKTHBHYIO 30HY 1654+17,5 101,3+124" 71,2+16,8™ 32044522 120,0+30,2°
KosuecTBo BE3HKyYIT B 00JIACTH aKTHBHOH 30HBI 10,69 £0,47 6,24 +0,32 425+0,27 2,83+0.21" 2,11+0,14*"

Ipumeuanue: * — P <0,05; ** — P < 0,01 mo cpaBHEHHIO ¢ IPEeIbITYIIM TallOM SKCICPUMEHTA.
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a

Puc. 2. ['ucroctpykTypHas (@) ¥ yAbTpacTpyKTypHast (6) opraHu3aius nepudepruecKoro HepBHOIO anmapara COOCTBEHHBIX MBI sI3bIKa
yepe3 3 CyTOK I0ciie Hayasia MOASIMPOBAHNS ACTHUAPATAIMI: IMIperHaiws o bunsmoscekomy — ['poc: / — HeHpOIeMMOLUTEL,
2 — TepMUHAIILHBIC BETBICHIS; 3 — CY>KCHHUE MPEeTePMUHAIICH; 4 — BApHKO3HOE pacIIpeHHe peTepMIHaIeit; 5 — MUEIMHOBAs 000JI0UKa;
6 — aKCOH; 7 — IePUAKCOHAIBHOE MPOCTPAHCTBO; § — TEMOKAIILLP; 9 — OE3MHUETMHOBOE HEPBHOE BOJIOKHO

Puc. 3. YapTpacTpyKTypa akco-MBIIIETHOTO CHHAIICa epe3 6 CyTOK Mocie Hadana MOJEITHPOBAHS AETHAPATAIHIL:
1 — npecunanTraeckuid momoc AMC (KOHTYpbI 00BENICHBI ITYHKTHPHO# JIMHUEH), 2 — MUTOXOHAPHH, 3 — CHHANITHYECKUE BE3UKYJIb,
4 — IOCTCHHANTHYECKHE CKIIAIKH, 5 — MBILIEYHOE BOJIOKHO, 6 — HEHPOIEMMOLUT

Regul. Mech. Biosyst., 8(3) 337



Puc. 4. Hapy1eHne npaBuibHOr0 KOHTYPa MUEIMHOBOH 000JI0YKH B 00J1aCTH MPETEPMUHAJICH BUTATEIbHOTO HEPBHOTO BOJIOKHA
gepe3 9 CyTOK MociIe Havasra MOJIETMPOBaHus JETUAPaTalliK: UMIIPETHaIws 1o bunbmosckomy — I'poc

Tlpu 5TOM He3HAUNTENFHOE KOJIMYECTBO MMHOMTO3HBIX ITy3bIPh-
KOB, KOTOpBIC HAXOATCS B LIATOIUIA3ME, TIPOHUKAIOT Ty/Ia BCIICICTBHE
JICCTPYKIIMM  [IOCTCHHANTHYECKOH MeMOpaHblL [ 'mcromerprdeckuii
AHAIM3 ¥ UCCIIEJOBAHKS YIIBTPACTPYKTYphl HEPBHO-MBIIICIHBIX CH-
HAICOB OBICTPBIX OKHCIMTEIBHO-TJIMKOJIMTHYECKAX M MEICHHBIX
OKHCIIUTEIIBHBIX MBIIIEUHBIX BOJIOKOH IIOKa3l, YTO y HHX TOXE
TOSIBIISICTCS] TEHACHIMS K YMEHBIICHHIO KOJIMYECTBa IMMHOLMTO3HBIX
ITy3bIPHKOB, JUTMHBI CHHANITHYECKOTO KOHTAaKTa, KOJIMYECTBA CHHAITH-
YeCKHX CKIIAIOK, IMPUHBI U JTHHBI aKTHBHBIX 30H IPECHHANTHYECKOM
MeMOpanbl. Ha manHOM 3Tare skcriepuMeHTa HabmomaeTest popMupo-
BAaHUE TAaK HA3bIBAEMBIX aTPO(UUECKUX CHHAIICOB, JUI1 KOTOPBIX Xa-
PaKTEepHBIM IPU3HAKOM SIBJIETCS TTOJTHOE OTCYTCTBHE CKIIAZIOK B ITOCT-
CHHAITHYCCKON MEMOpaHe.

OcOOEHHOCTh CTPOCHHS HEPBHO-MBIIICYHBIX CHHATICOB OOJIBIIMH-
CTBa MBIIIEYHBIX BOJIOKOH SI3bIKa 3aKIIFOYACTCS B TOM, YTO IPECUHAII-
THYECKHIT TIONIFOC 00pa3oBaH OTAEIBHBIMU TepMUHASIMU. [locnenHue
coiep)KaT OTHOCHTEIIBHO MaJIO€ KOJIMYECTBO CHHANTHYECKUX ITy3bIPh-
KOB, OTCYTCTBYFOT YETKO C()OPMHUPOBAHHBIE aKTHBHBIE 30HBL [Ipu 3TOM
TEPMUHATN O0pa3ylOT PacIIMpeHHBIC aKCOH-HEHPOIEMMOLINTHEIE U
aKCOH-AaKCOHHBIE ITIEJICBU/THBIC KOHTAKTBL.

OrpaHuyeHre UTHEBOTO PeXHUMa B TeueHue 12 CyTok BeleT K
MACCHUBHOMY Pa3pYILIEHHIO HEPBHO-MBIIICYHBIX OKOHYAHHH, TOMOre-
HM3ALMH MUETHHOBBIX 000JI04eK 1 aTpO(HH TepPMUHATIBHBIX Pa3BETB-
JICHUIA aKCOHOB (pHC. 5).

AxcomiazMa ¥MEET IOBBIIECHHYIO 3JIEKTPOHHO-ONTHYECKYIO
IUIOTHOCTh, B HEll OTCYTCTBYIOT HEHpO(UIAMEHTHI U IPyTUe CICLH-
(reckie BKITFOUCHHS. B HEpPBHO-MBIIICYHBIX CHHAIICAX TEPMHHAIb-
HBIC BETBJICHUS Pa3pyIIArOTCs, B Pe3yJIbTaTe Yero MPecHHANTHIECKIH
TIOJTIOC HEPBHO-MBIIIIEYHBIX KOHTAKTOB MPEKPAII[AET CBOE CYIIIECTBOBA-
Hue. B a1ux ydacTkax HaOIMONAIOTCS OCTaTKH aKcoIuIa3Mel. B cBsizu ¢
TOTAJILHOM JIECTPYKIMEH YIIBTPAaCTPYKTYp aKCO-MBIILIEUHBIX CHHAIICOB
Ha JAHHOM 3Tale SKCIIEPHMEHTa T'MCTOMETPUYECKUE HCCIIeOBaHHS
TMPOBECTH HE yIaI0Cch. UTO KacaeTesi CHHAICOB aTPO(HYHBIX MbIILICY-
HBIX BOJIOKOH, TO IUI UX TePMHHAJICH XapaKTepHO MepHpepHIecKoe
PaciooKeHHEe CHHANTIYCCKUX ITy3BIPHKOB € OTHOBPEMEHHBIM 00pa-
30BaHHEM OOMMPHBIX MYCTOT B HEHTPATGHOH YacTH HEPBHBIX TEPMHU-
Hasteil. CHHAITHYEeCKHe BE3UKYJIbI Yepe3 TOBPEXKICHHBIE YYaCTKHU Ipe-
CHHANTUYECKOI MEeMOpaHbI MOMa/IaloT B CyOCHHAIITUYECKYIO 30HY, KO-
TOpast, KaK ¥ Ha MPEbIIYIIEM dTalle NCCIISIOBAHMS, IMEET IIPHMUTHB-

HYIO apXHTEKTYDy.

OdcyxaeHue

Jlanebie 00 SMOPHOHAIEHOM M IOCT3MOPHOHAIGHOM Pa3BUTUN
JIBATATeIIbHBIX HEPBHBIX OKOHYAHHUI B OPTraHH3Me )KHBOTHBIX H YeJIO-
Beka (Bayline et al., 2001) cBuzeTeBCTBYIOT O TOM, 4TO Hamboree
HPUMHUTHBHBIM THIIOM BETBJICHHSI OCCBOTO LIIMHAPA SIBIISETCS TIPOC-
TOU IMXOTOMUHUECKHUH, a 6oriee ArddhepeHIIMPOBAHHBIMU — PACCHITHOM
1 MarkCTpaibHbIi TUIT BETBJICHHS HEPBHBIX TEPMUHATICH.

Tlony4eHHbIe HAMH JAHHBIC CBUZIETEIBCTBYIOT O PA3HHLIE B CTPO-
CHHUU JIBUTaTeNbHBIX OKOHYAHMI B Pa3HBIX OTIENAX A3bIKA Y OHOTO U
TOrO YK€ YKHBOTHOTO. I1pr 3TOM GOJIBLIMHCTBO JBUTATEIBbHBIX OKOHYA-
HUI AMEeT TPOCTON IMXOTOMUYECKHi v BeteieHnst (76,0%), a ma-
TUCTpaIbHBIA U IepEeXOHbIA coBCceM OTCYTCTBYIOT. Ilo umerormest
JIAHHBIM JIUTEPATypbl, (JOpMa [BUTATEIIbHBIX OKOHYAHHI B MBILILIAX
s13bIKA y OOJIBIIIMHCTBA MIICKOUTAIOLIMX JI0OBOJIBHO 0fHO0OpasHa (Mu
and Sanders, 2010). Hanprmep, Knittel and Kent (2005), uccnenosas-
LIIME IBUTATebHbIE OKOHYAHMS SI3bIKa Y Hpe/iCTaBUTeNeil Kiacca phio,
TAKOKE OTMEYAET Y/IMBUTEILHOE CXOICTBO B MX CTPOCHHH.

OnHako aBTOPHI MHOTOYHICIICHHBIX PA0OT, MOCBSILEHHBIX M3yde-
HUIO JIBUTATEIIbHBIX HEPBHBIX OKOHYAHHH B CKEJICTHBIX MBIILIAX KK~
BOTHBIX, OMPAHHUYHMBAOTCS, KaK MPABIIIO, JMIIb OOLIMM OIMHCAHHEM
JIBUTATEITBHBIX OKOHYAHHI ¥ HE aHAIM3HUPYIOT X ToipoOHocTH (Sim-
mons, 2017). JTus cpaBauTeNnsHO HemaeHo Guttridge (2012) obpatin
BHMMAHHME Ha M3MEHEHHE KOJIMYECTBa CreLM(UUEcKUX sep JBUra-
TEJIBHOrO OKOHYAHUS [P PA3INYHBIX YCIIOBHSX JEATEIBHOCTH MBILLIL,

B paborax Zhang et al. (2001) u Zciena et al. (2009) ormicbBarotcs
y)Ke He TOJIBKO H3MEHEHHE KOJTYECTBA siiep, HO 1 YHCIA TEPMUHATBHBIX
BETOYCK, a TAKKEe OTMEYAOTCS BapHallMM Pa3MEpOB JBUIATEIIBHBIX
OKOHYAHHI M XapaKTepa BETBJICHHSI OCEBOIO IIIMHIPA B MBIILIAX,
PaATMYAOLIMXCS AHATOMHYCCKUMH, (DH3HOIOTHYECKUMH, Tororpadu-
YECKHMH M OMOMEXAHUYECKIMH YCIIOBUSIMU (DYHKIIMOHUPOBAHHS.

OcHoBbIBasich Ha paborax Bayline et al. (2001) u Zciena (2013),
MBI CYMTAEM, YTO JUTS1 BBISBICHHUS PA3HULIBI B CTPOCHUH JIBUTATEIIBHBIX
OJAIIIeK y psia JKMBOTHBIX HEOOXOIMMO TIIATENIHFHOE HCCIICIOBAaHNE
OTZENBHBIX CTPYKTYP IEMEHTOB, COCTABIIOLIMX OJIAIIKY, e pa3Me-
POB, XapakTepa BETBIICHHSI OCEBOTO IIUTHHApA. DTO TeM Ooree Heol-
XOJIIMO, YTO ¥ IO Pe3yJibTaTaM HalMX HAOTIOICHHI, PE3KUX BUOBBIX
PazMYMii B CTPOCHUH [IBUTATEIIbHBIX OKOHYAHHI HE OOHAPYKHBACTCS.
MBI cuntaeM, 4To IH(POBBIC JAHHBIC, TIOYYCHHBIC B PE3YJIBTATE Ta-
KOT'O MCCJIEJIOBAHHS, MOTYT, TI0-BHIMMOMY, XapaKTepH30BaTh CTCIICHb
b depeHIIPOBaHIIs BUTaTeIBHOIO OKOHYAHHSL.
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Puc. 5. CtpykTypa TepMHHAIBbHBIX PAa3BETBICHUI HEPBHO-
MBIIIEYHOTO OKOHYAHUS B KOHTPOJIBEHOU IPYTIIIE >KUBOTHBIX (@)
W X JIeTeHEepaTUBHBIIN pacnajn Ha 14-e cyTKH mocie
Havaya MOJICJIMPOBAHUS IETHAPATAINH (6):
nMnperHanyst o bunsmosckomy — 'poc

W3 pabor Gaffield et al. (2011) u Simmons (2017) u3BecTHO, 4TO B
HEpPBHO-MBILIIEYHOM CHHAIICE MPOKMCXOIWUT HM3MEHEHHe OOMEHa Be-
LIECTB TIPH Ilepezade BO30YKICHHH C HepBa Ha MBIIITY. AKTHMBHOCTD
MHUOHEBPAIBHOTO CHHAIICA 3aBUCUT KaK OT KOJIMYECTBA TEPMUHAIBHBIX
BETOYCK U siiep OJIIIIeK, Tak U OT ee pa3mepoB. OO 3TOM CBUIETENb-
ctBytoT padotsl Knittel and Kent (2005), mokazaBmmx, 9ro xapakrep-
HOH OCOOCHHOCTBIO JBHTATENIbHBIX OKOHYAHWH SIBIIETCS BBICOKAs
KOHIICHTpAIWsI ¥ aKTHBHOCTD JIOKATM30BAaHHBIX B HEH SH3UMOB IO
CPaBHEHHMIO C HEPBHBIMU M MBIIIEYHBIMU BoslokHaMH. [Ipu srom Mu
etal. (2013) momuepKHBarOT, YTO (EePMEHTHI, HCOOXOIMUMBIC ISl CIic-
LU(IIECKO NESTebHOCTH HEPBHBIX JJIEMEHTOB, PaCIIPEIeIIFOTCS
MPEHMYLIECTBEHHO B IPOM3BOIHBIX IBAHHOBCKOM INMH. B pesyins-
TaTe BETBJICHHMS OCEBOIO LIWIMH/PA 3HAYUTEIIBHO YBETIMUMBACTCS T10-
BEPXHOCTb HEPBHBIX BOJIOKOH, KOHTAKTHUPYIOLMX C IPOTOILIA3MOMN
IIBAHHOBCKOTO CUMILIACTA.

JlaHHbIE BBIIITyKa3aHHBIX ABTOPOB MOJTBEPKIIAFOTCS TAKKE DKCIIe-
puMeHTaMHu IpyTHX uccnenoatened (Johnson and Connor, 2011), xo-
TOpbIE OTMEYAIOT, YTO B 3aBUCHMOCTH OT PEXMMA MBIIICYHOMN st
TENBHOCTH TPOHCXOIWT YBEIMYCHUE WIM YMEHBIICHHE KOJIMYeCTBa
TEPMUHAIBHBIX BETOUEK, S7ep 1 IUIOLIA/IH IBUTATEIIBHOTO OKOHYAHMSL.

CpaBHyBas JaHHbIC Hay4HOU JiuTeparypbl (Motoyama et al., 2009;
Suzuki et al., 2012; Dana and McCaughey, 2015) u pe3ysnsrarsl cob-
CTBEHHOT'0 HCCIICIOBAHKS, MBI TIPUIIITH K BBIBOJLY, YTO, 110 CPABHEHHIO
C MBIILIAMH, JIBUTATeIbHBIC OJIIIKA sI3bIKa KPBICHI HMEIOT JIOBOJILHO
Oombime pa3Mepsl (cooTBeTcTBeHHO 212,3 + 4,8 11 540,1 £ 9,1 1\/11<M2),
coneprkar Oonbliiee KOMMYECTBO siaep (cooctBercBeHHO 4,9 + 0,05 1
63 + 0,07) u mapdepeHIMPOBaHHBIC THIEI BETBICHHS OCEBOTO
IIMHIIPA (PACCHITHOM M MATUCTPAIGHBIN).

Tlo muenmio Bayline et al. (2001), Gaffield et al. (2011) u Zghikh
etal. (2014), at0 pa3HOOOpa3¥e BapUalvii B CTPOCHHUH JIBUTATCIIBHBIX
OKOHYAHMI B S13bIKE MJICKOITHTAIOLIMX CBSI3aHO C TEM, YTO OT/CIIbHbIC
OTpSIIABI U BHJIBI 3TOTO KJTacca B HPOLISCCE IMBEPTEHTHOM BONFOLMN
MPUCTIOCOOMINCh K OMPEIE/ICHHBIM YCIIOBISIM  CYIIECTBOBaHUsL. B
CBSI3U C 3THUM PA3NIMYHOM OKA3bIBAaeTCS M (PYHKIMA s3bIKa. PaboTamu
MHOrHX aBTopoB (Suzuki et al, 2012; Simmons, 2016) Ha
Ppa3Ho0Opa3HOM (DaKTHYECKOM MaTepHaie IOKa3aHo, YTO M3MEHEHHe
(yHKIMM OpraHa BiiedeT 3a cOOOH M M3MEHEHHe ero CTpykTypsl. Ha
OCHOBaHHMH 3TOr0 MOYKHO HpEIIONOXKUTh, YTO CTPYKTypa JBUIa-
TENIBHBIX OKOHYAaHMIH B SA3bIKE TAIOKE CBI3aHA C OCOOCHHOCTBIO €ro
¢ynximn. OnHaKo HEOOXOAUMO MOTYEPKHYTh, UTO YUeCTh OCOOCHHO-
et PYHKIMH S3BIKA 3HAYMTEIIBHO TPYIHEE, YeM CKEJICTHBIX MBILII,
Tem OoJiee YTO B HAYYHOH JIMTEPAType TAKUE JAHHBIC OTCYTCTBYIOT.

UYro0BI MIMETH BO3MOXKHOCTB XOTsI OBl B OOIIHX YepTaxX CyIUTh O
(yHKUMH S13bIKA Y )KHBOTHBIX, MbI YYHTBIBAIIA HE TOJIBKO XapaKTep ero
JIBIDKEHYST BO BpEMsI ITUTAHMSL, HO M HAJIMYUE Psifia OTIOTHUTEIBHBIX
JieficTBUi. AHaIM3UPYS! JaHHBIE, KACAOLMECs CTPOCHUSI JBUTraTellb-
HBIX OKOHYaHHI1 S13bIKa KPBICHI, MPEK/IE BCETO YKAXKEM Ha SICHO BbIpa-
JKEHHBIE CYIIECTBEHHBIC TOMOrPauHUecKie pasinuus: ABUrATe/IbHbIC
OKOHYAHWSI KOHUHMKA sI3bIKa SBILTIOTCSL Ooree quddepeHIMpoBaHHHBI-
MH, TO €CTh B HUX MMEETCS 3HAYHMTEIIBHO OOJIbIe TEPMHHATIBHBIX Be-
TOUYCK M siiep B Opikax, yeM B KopHe. IDiomans nBHTaTensHOro
OKOHYAHWSI TakoKe 3HAYUTENFHO OOJIbIIe B Tele si3bIka. Kpome Toro,
OOJIBILIMHCTBO JBUTATEIIBHBIX OKOHYAHMH Tela s3bIKa 00J1aZaloT Hau-
Gonee i HepeHIMPOBAHHBIMA THITAME BETBIICHUSI OCEBOTO IWITHAH]I-
pa, B TO BpeMsi Kak B KOPHE OOJIBLIMHCTBO OJISILEK — IPOCTOrO IUX0-
TOMHYECKOI'O THIIA.

VI3 maHHBIX HAay4HOM JUTEpaTyphl U3BECTHO, YTO XapakTep MUTa-
HUS )KUBOTHBIX CYILECTBEHHO oTmdaercs.. Psm aBropoB (Amir and
Grinfeld, 2011; Simmons, 2017) yKka3bpIBaroT, 4TO 4eM CIIOKHEE MeXa-
HM3M 3aXBaTBIBAHUS WM, TeM Ooree ObICTpbIEe BIDKECHMS SI3bIKA
TpeOyroTcs 1 TeM OoJiee CIIOXKHBIN THIT BETBIICHHUST HEPBHO-MBIIICYHBIX
OKOHYAHMUH.

B crpoeHyy aBHraTenbHBIX OKOHYAHMIA SI3bIKA MCCIICNOBAHHBIX
Npe/ICTaBUTENel MTAPHOKOMBITHBIX TakoKe HAOMIOMAIOTCS PaNIHYMsL:
KOJIMYECTBO sIIEP M CPEMHsIs IO/ OSIIKH OKa3aIuch OOJIbLIe Y
ceunbl (Liu, 2009), yem y oBup! (Choy, 1986). Ilo-Bummmomy, 310
MOXXHO CBSI3aTh C TEM, YTO SI3bIK CBHHBH HIPACT POIIb XBATATEIIHHOIO
opraHa BO BpeMsl IIpreMa KOpMa, TOr/ia Kak Y OBLbI (DyHKIIMIO 3aXBa-
THIBAHUS [THLLH BBIIOJHSFOT IyOBL.

B cootBercTBUM € 3THMM JTAHHBIMH MHTEPECHBI Pe3yJIbTaThl UC-
cnenoBanus Pfeiffer et al. (2000) u Zciena et al. (2009), koTopsie Ha-
IUTH, YTO SIIPO MO/IBSI3bIMHOTO HEPBa M MBIILILIBI SI3bIKa 00JIee Pa3BUTHL
y KOPOBbI M CBHHBH, YeM Y JIOLIAJM, TyObl KOTOPOH BBIMONHSIOT
(hyHKLIIIO 3aXBaTHIBAHHS KOPMA, KaK 1 Y OBIIBL

CpaBHuBas IPEICTABUTENCH Pa3HBIX OTPSIIOB, HALPUMED, TPBI3Y-
HOB W XMIIHBIX, MO)KHO OTMETHTb, YTO JBUTaTe/IbHbIE OKOHYAHVS B
S3BIKE XUIMHBIX Oornee Ju(epeHIMPOBaHHBL. JTO, TO-BUIMMOMY,
MOYKHO CBSI3aTh C Pa3HOOOPAa3HBIM XapaKTepoM JESTEeTbHOCTH MBI
si3pIka. [IoMrMO OOBIMHON (DYHKIMH, XapaKTepHOH U BCEX YKUBOT-
HBIX, S3bIK XUIIHUKOB BBIIOJHSCT Psi JOTIONHHUTEIBHBIX JACHCTBHIL
Hanpumep, s3bIk KoKy, G6narogapss OporoBeBaHMIO HUTEBHIHBIX CO-
COYKOB, IIOMOTAET JKUBOTHOMY CIIMPATh MSICO C KOCTEH  YICP)KUBATH
JIOOBIY B POTOBOM MOJOCTH. SI3BIK COOAKH SIBIICTCS OTYACTH OPTaHOM
TEePMOpET YIS,

Uro KacaeTcs ABUTATENIBHBIX OKOHYAHHH S3bIKa YENIOBEeKa, TO MHO-
TU€ MCCIIEIOBATeN! MPEe/IIoNaraiy, YTo JBUraTesIbHbIe OKOHYaHHS B
SI3bIKE YEJIOBEKA B CBS3U C yYacTHEM €ro B aKTe WICHOpPa3IeIbHOM

peun OyayT Gonee b depeHIMPOBAHHBIMY, YeM Y IPYTHX HCCIIEH0-
BaHHBIX XUBOTHBIX (Motoyama et al., 2009; Johnstone et al., 2010).
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B 1eiiCTBHTENBHOCTH OKa3aioCh, YTO HAMOONbIICH crereHn mudde-
PEHLIMPOBAHHOCTH JIBUTaTE/IbHBIC OKOHYAHHS JOCTHUIAIOT y €Xa, CO-
BEPILIAIOLIETO YPE3BBIYANHO OBICTPbIC JBIDKEHUS S3bIKOM. BosHuKaer
TIPE/TIOJIOKEHHE, UTO YBEJMUCHNE KOJIMYECTBA BETOUEK, sEp U IUIO-
IAIY JBATATENBHOTO OKOHYAHHUS CBS3aHO, OUEBHIHO, B TIEPBYIO OUe-
peab ¢ OBICTPOTON M MHTEHCUBHOCTBIO, @ HE ¢ TOHKOCTBEO M Pa3HO00-
pasueM JBIDKCHMHA. DTU MOCIIeHUE 3aBHCST, BEPOSITHO, OT JCSTEIIb-
HOCTH BBICIIETO OT/ENA IICHTPATLHOH HEPBHOM CHCTEMBI — KOpBI
TOJIOBHOTO MO3ra.

Crienyer NouepKHy Th, YTO MPE/IOI0KEHHE O 3HAUYSHHH ObICTPO-
ThI ¥ MHTEHCHBHOCTH B COKPAIIEHUN MBI 151 (YOPMUPOBAHMS JABU-
raTesbHBIX OKOHYAHHH TpeOyeT ellie JanbHEHIIero MOATBEPKACHHS.

Taxum 06pa3oMm, 0OHAPY>KEHO TOCTENEHHOE YCIIOKHEHHE CTpOe-
HUSI IBHATATENBHBIX OKOHYAHMH S3bIKa B HOPME, UTO 3aBHCUT OT HX
Tonorpadun. [1o HameMy MHEHHIO, TaKast CJIOXKHOCTB M pa3HooOpasue
HEpPBHO-MBIIIEYHOTO arliapara s3bIKa Y KPbIC JOJDKHBI OTPA3UTHCS Ha
€ro Peaklyy Ha camble pa3HOOOpa3HbIe (paKTOphl KaK B HOPME, TaK U
nipu naronoruy. O6 9TOM CBHIIETENBCTBYIOT MOJTy4EHHBIC HAMH JIaH-
HbIE IKCTIEPHMEHTAIHOTO MCCIEA0BAHMUs, KOTOpbIE TOKA3aly, 4To
PEaKIWisi HEPBHO-MBIILIEUHBIX OKOHYAHMI Ha JIETHIPATALIHIO MPOSIBIIS-
€TCs Ha BCEX YPOBHSIX MX OPTaHM3ALIHH 1 IMEET YETKO BRIPKEHHYIO JIH-
HamuKy. CpaBHEHHE yJIBTPACTPYKTYPhI KOHEUHBIX HEHPOJIEMMOLIITOB
KOHTPOJIGHBIX ¥ TTOJJONBITHBIX KMBOTHBIX MOKA3aJI0 PSIT XapaKTEPHBIX
M3MEHEHMH, KOTOpBIE CBUIETENIECTBYIOT O Pa3BUTHH CTPECC-PEAKIIMH B
9TUX KIETKAaX B OTBET Ha jaeruiparaiyto. CpaBHUTENbHBIA aHATIH3
HAaIllMX JaHHBIX U JAHHBIX HAYYHOW JIATEPaTyphl MOKa3all, YTo KOM-
TIEHCATOPHO-TIPUCTIOCOOMTENBHBIE PEAKIIH HEHPONEMMOLIUTOB TIPH
JerH/paTalyy IPOSIBISIFOTCS THIOTPOdHei Takux MOPHOIOrHUeCKHIX
CIPYKTYp, KOTOpBIE O0ECIEUBAIOT JOCTATOYHBIA YPOBEHb CHHTETH-
YecKHXx nporieccoB B Hopme (Slater, 2015).

OOGHapy KeHHBIE HAMH 3JIEKTPOHHOMUKPOCKOIIMYECKU MPU3HAKH
JIECTPYKIIMY MHETIHOBBIX BOJIOKOH B BHIE PACIIMPEHHS ITEPHAKCO-
HaJIBHOTO IPOCTPAHCTBA H BbICOKAsI CTCIICHb arperariy (PUIaMeHTO3HO-
TyOYJIDHUX CTPYKTYp B aKCOILIa3Me I03BOJIIOT TOBOPUTH O HapyILie-
Hun akconHoro Tpaxcnopra (Kuznetsov and Kuznetsov, 2014). Arpe-
rays MUKpPOTPYyOOueK M HeHpO(HMIAMEHTOB MOKET IPOXOIUTh B
YCIIOBUSIX TIOBBILIEHHOM KUCJIOTHOCTH aKCOILIa3Mbl. Takoe «3akucie-
HHE», OYEBH/IHO, SIBILICTCS PE3YJIFTATOM MCKOKESHHOH (yHKIMH Heli-
POJEMMOIUTOB, KOTOPbIE HAXO/ATCS B HEA[ICKBATHBIX YCIIOBHSIX U BBI-
JIETSFOT B OKPY>KAIOIIyto cpemy kucnbiit 6enok (Gaffield et al., 2011).
[Ipu 5TOM B IIUrTOIITA3ME HEHPOIEMMOIMTOB U B aKCOILIA3ME HEPBHBIX
TepMHHAJICH 3HAUMTENBHO YBEJIMUMBACTCS KOJIMUECTBO BaKyOJIeH H Be-
3HKYJ1 Pa3sHOTrO MaMETpa, YTO CBUICTENECTBYET O KPUTHUECKOM yPOB-
He 3aXBaTa *UAKOCTH M3 MEXKJIETOYHOTO MpocTpaHcTsa. [Ipu stom
MMENIMHOBasi 000JI0YKAa UMEET MHOKECTBEHHBIE YUACTKU PACCIOCHUS
JIaMeIuT MUeIHHA. Takast erpaialis MACITIHOBOH 0OO0JIOUKH SIBIISIETCS
TOKa3aTesieM ITyOOKOoro HapyIeHus: ooMeHa (ochommmminos (Nawaz
etal.,2013).

‘YMeHbIIIeHIe KOIMIECTBA MUTOXOHIPHIA, CPe KOTOPBIX IPeod-
JIAJIAI0T OpPraHeNIbl ¢ MATPUKCOM HH3KOH 3JIGKTPOHHO-ONTHUYECKOM
IUIOTHOCTU ¥ PEyLIMPOBAHHBIMKM KPHCTAMH CIIEIlyeT TPaKTOBaTh KakK
TIPU3HAK HAPYIIEHNs] OKUCIUTEIbHOTO METAb0IM3Ma TIPH UTHTETbHOM
neruaparatun (Bunn et al., 2014). TIockonbKy B 3TOM IPOLIECCE MUTO-
XOHZIPHH NPUHAMAIOT HETIOCPECTBEHHOE yJacTHe, MOYKHO MPEIONo-
JKUTh, YTO aTPO(US MBIIIII S3bIKa 00YCIIOBIEHA HApYIIICHHEM aKTHB-
HOTO TpaHCIIOpTa HeHpoMemaTopa B pe3yJbTare Ae(hUIUTHOTO SHep-
roo0ecIIeYeHNST AKCO-MBIIIIEYHON Nepeiaur HepBHOTO MMITyJIbca. [Ipn
3TOM MOP(OJIOTHYECKHM CyOCTPAaTOM HApYLICHHS OKHUCIIMTEIBHOTO
(hochopuITUPOBAHKS SBIACTCS (DParMEHTAIMS U PEIYKIIUS KPHICT, KO-
TOpast MPOSIBIISIETCS CHIDKEHHEM aKTUBHOCTU CYKIMHATIETHPOTEeHA3bI.
Habyxanue MUTOXOHIpUIA B OTIENBHBIX YYacTKaX aKCO-MBILICYHOTO
CHHAIICa, OYEBHITHO, SIBISIETCS PE3YIIBTATOM KOMIICHCATOPHO-TIPHCTIO-
COOMTEIIFHOM PEeaKUyy, HAMpaBIeHHON Ha yCHIICHHME UX (yHKIMO-
HaybHOH akTuBHOCTH (Pathi et al., 2012). Tlogreeprkenre 3Toro nomo-
JKEHIS MOYKHO HaiiTi B Ooree paHHeit padore Holstege and Kuypers
(1987), roe aBropaaorpadIecKiM METOIOM BBISIBIICHO POCT CHHTE3a
JIHK B HaOyXIIIMX MHTOXOHJIPHSIX.

Ecimm ydecTs, 4T0 4MCIIO BE3UKYJ1 HEHpOMEIMaTopa U KOJINYECTBO
MHTOXOHZIPHI B IPECUHANTHYECKOH 00J1aCTH aKCOHA 3aBUCHT, C OTHOM

CTOPOHBI, OT CHHTCTUYCCKOW aKTUBHOCTH HeiipoHa (Mu, 2013), a ¢
Jipyroi — ot akconHoro TpaHcnopta (Kuznetsov and Kuznetsov, 2014),
BBIBIEHHOE HAMM CYIIIECTBEHHOE YMEHBILICHHE MIEpUMETpa TePMHHA-
Jeit ¥ JUIMHBI CHHANTUYECKOrO KOHTAKTa MOXKET BBICTYTATh B POIM
TPETBEro M He MeHee BAKHOTO (hakTopa, BIMSIOIIETO HA CHIDKCHUE
HMHTEHCUBHOCTH TIPOLIECCOB MEPEAAvH HEPBHOTO BO3OYKICHNUS B yCIIO-
BIISIX JICTH/IpaTaLH.

Bemreonmcannsie M3MeHeHNsT XapaKTepHBI JUIT BCEX TUIIOB MBI
IICYHBIX BOJIOKOH SI3bIKA, O/THAKO HAUOOJIBIIYIO YCTOIYHBOCTB K IIAaTO-
TEHETHYEeCKOMY BO3JCHCTBUIO JICTH/IPATALM TPOSIBISIFOT HEpBHbBIC
OKOHYAHMSI B MEJVICHHbIX OKCHIATUBHBIX MBIIIEUHBIX BOJIOKHAX, Ca-
MyIO HU3KYIO — B OBICTPBIX [JIMKOJIMTHYECKHX, & B OBICTPBIX OKHCIIU-
TENBHO-TINKOJIMTHYECKIX MBIIICYHBIX BOJOKHAX 3aHMMAIOT ITIPOMeE-
JKyTOYHOE TTOJIOXKCHHE.

INpoienrie cpoka MONHOTO OTPAHWYEHHS! IUTHEBOM BOIBI IO
9 CyTOK NPMBOIWT K JET€HEpaTUBHOMY pacriaiy OTACIBHBIX ddde-
PEHTHBIX BOJIOKOH ¥ TEPMHHAJIBHBIX Pa3BETBIICHHIT JIBUTATEIBHOTO aK-
COHA, YTO BBI3bIBACT JICHEPBAIMIO MBIIICYHBIX BOJIOKOH. [1py 3TOM HMX
IEJIOCTHOCTb HEKOTOPOE BPEMsT MOJKET MOIEP KIBATHCS] MEMOPaHHbI-
MU PELENTOpaMH MHCYJIMHA, KOJIMYECTBO KOTOPBIX BO3PACTAeT IpU
JeTAfpaTallid ¥ JICHEPBAIMH MBIIIEYHOro BostokHa (Johansson and
Amngqyist, 2006). OTMe4eHHOE HAMH YMEHBIICHHE KOJIITIECTBA HEHPO-
JIEMMOLIMTOB ¥ aprUPOQWIS UX siIep B 00JaCTH HEPBHO-MBIIIICIHOTO
KOHTAaKTa He SBIIETCS CHEI(IUEeCKIM SBICHHUEM, TTOCKOJIBKY MOXO-
skue mMmenennst HaOmonamm (Gaffield et al., 2011; Simmons, 2016)
IPY HapYIICHWSIX IPYTOro reHesa.

Crieztyer OTMETHTb, 4TO MPOrPECCHPYIOLIEe YMEHBIIIEHNE ILIOIIa-
]I HEPBHO-MBIIIEYHOTO KOHTAKTa B KOMILIEKCE C YBETHUEHUEM KOJH-
YeCTBa CHHAITHYECKUX ITy3bIPHKOB B HEPBHO-MBIIICYHBIX CHHAIICAX
OBICTPBIX INIHKOIUTHYECKUX TEPMHUHATICH BATATEIBHBIX aKCOHOB CBH-
JICTEJIECTBYET O XPOHMYECKOM HApyLICHHH MEXaHM3Ma 3K30LHITO03a
AIETIWIXONMHA Yepe3 NPECHHANTHIECKyI0 MeMOpaHy. AHAIOTHYHOE
SIBJICHHE HAOMIONAeTCsl NPY PasBUTHH MHACTCHUYECKOTO CHHAPOMA
(Tankisi et al., 2013).

I'ucromeTprueckuil aHaIM3 U UCCIENOBAaHUs YJIBTPACTPYKTYpbI
HEPBHO-MBIIIEYHBIX CHHAINCOB OBICTPBIX OKHMCIHTEIBHO-TIIMKOIUTH-
YECKUX M MEUICHHBIX OKCHUIATHBHBIX MBIILIEUHBIX BOJIOKOH MOKA3all,
YTO y HHX TOXKE TIOSIBIIETCS] TCHACHIWSI K yMEHBILICHHIO KOJIMYECTBA
TIMHOLMTO3HBIX My3bIPHKOB, CHHAITHYECKUX CKIIAIOK, IIMPHHBI U JUTH-
HBI aKTUBHBIX 30H IIPECHHANTHYECKOH MeMOpaHEI, a TakkKe K yMEHb-
IICHHUIO JUIMHBI CHHANTAYECKOT0 KOHTAKTA B IEJIOM.

Ha nanHOM 3Tare sKcrepiMeHTa Mbl Habmoaam (hJopMUpOBaHHe
TaK Ha3bIBACMBIX aTPO(UUYECKUX CHHAIICOB, JUI1 KOTOPBIX XapakTep-
HBIM TIPH3HAKOM SIBJISIETCS TIOJTHOE OTCYTCTBHE CKIIAIOK B IOCTCHHAI-
THYECKOM MeMOpaHe. YMeHbILICHHE CKIIa4aToCTH MEMOPaHBI BEIET K
CyXXCHHIO €€ TUIOMIAIH, & 3HAYHUT, K CHIDKEHHIO KOJIMYECTBA XOIMHO-
PELIENTOPOB, FICIE3HOBEHHIO JIOTOHUTENIHHOM INTOMIAAN [T NHAKTH-
BAlF ME/IMaTOpa C TIOMOIIBIO AlECTYIIXOMHACTEPA3bl 1 YMEHBIICHHIO
kormdectBa Na-K-ATd-a3b1, KoTopast 00ecieurBacT MECTHYIO Perio-
JISIPU3AIMIO TIocTCHaNTHYeckoi MeMOpansb! (Fritz and Miiller, 2007).
IpecunanTryeckass MeMOpaHa B 3TOM CHTyaluy O0OECIICYMBAET K30~
IUTO3 AlETWIIXOIMHA KAK B AKTUBHBIX, TAK U B HEAKTMBHBIX 30HAX.
IonoGHoe siBenue omicano B padote Rothman (2013) npu pefictBun
TOKCHHOB, KOTOPBIE OJIOKHPYIOT SK30LMTO3 MEIUaTOpa.

OcoOEHHOCTB CTPOSHHS HEPBHO-MBIIICYHBIX CHHATICOB OOJIBIIINH-
CTBa MBIIICYHBIX BOJIOKOH 3aKTIOYAETCS] B TOM, YTO HPECHHAITHIEC-
KHii TIoimoc 00pa3oBaH OTAEIBHBEIME TepMHuHAIMA. [locnenaue co-
JIepyKaT OTHOCUTEIIEHO MJIOe KOJIMYECTBO CUHAITHYECKHX ITy3bIPHKOB,
OTCYTCTBYFOT Y€TKO C(HOPMHPOBAHHBIC aKTHBHBIE 30HBI. [Ipy 3TOM Tep-
MUHAJI 00pa3yloT PacIlMPEHHbIE aKCOH-HEHPOIEMMOLIUTHBIE U AKCOH-
AKCOHHBIC IIIEIEBU/IHbIE KOHTAKTHL. YUWThIBAs JUHAMHKY OOpa3oBa-
HUST aTPO(MUECKHX CHHAIICOB U BBINICTIPUBEICHHbIC JAHHBIE, MOKHO
CJIeTIaTh BBIBOJ] O IIMPOKOM YJaCTHH HEHPOIEMMOLMTOB B IPOLIECCE
JIeTU/IpaTaliyl MBIIICYHBIX BOJIOKOH. MBI IpeArioNaraeM, 4ro 1ocie
Ppa3spyLLUeHHs] aKCOHHBIX TepMUHAIICH HEHPOIEMMOLITBI TOPMO3AT CHH-
Te3 M CTPYKTYPHUPOBAHKE B MATPUKCE CHHAITTHYECKOH 1N BEIeCTBA
WM BEILECTB, KOTOPBIE ONPEJIEISIFOT 3aITyCK MEXaHH3MOB POCTa aKCO-
Ha, a 3aTeM M er0 TOPMOXKEHHS TP KOHTAKTe C 6a3abHOM IUIaCTHH-
KOi ObIBIero cuHarica. TakuM (akTopoM MOXKET ObITh CHIDKCHHE
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KOHIIEHTpalwH BemecTsa P, (hakropa pocra akCOHOB ¥ IpyT¥X OHONO-
rudecky akTuBHBIX BetecTs (Moore and Goldberg, 2011). Omnako 06-
pazoBanye SQGEKTUBHBIX CHHAICOB M JUIMTEIBHOE NMOE)KAHNE HX
HOPMAJIHON CTPYKTYPBI B YCJIOBHSIX JETUAPATALME HEBO3MOXKHO, T10-
CKOJIBKY TpeOyeT BO3IEHCTBHS MPOTHOCTHYECKHX (PAKTOPOB pocTa —
MHOTPO(UHOB. B ycrnoBusxX momapieHus (pU3UOIOrHYecKoro 0OMeHa
MEKKIIETOYHOH YKUIKOCTH B MBIIICUHBIX BOJIOKHAX TIPH OrPaHIICHIN
TIOCTYIUICHHSI INTHEBO BOJIBI AKCOHBI, XOTSI M PEUHHEPBUPYIOT «CTa-
Ppyto» Ga3aIbHYO IUIACTHHKY, MPOOBIB HAa HEell HEKOTOPOE BpeMsl, Hcye-
3aI0T U3 30HBI OBIBILIETO CHHAIICA.

OrpaHiyeHre MMTHEBOIO PeXUMa B TedeHHe 12 CyTok Bemer K
MaCCHBHOMY Pa3pyILEHHIO HEPBHO-MBIILIECYHBIX OKOHYAHHI, ToMore-
HHU3AIMA MUEJIMHOBBIX 00OJIOUEK, aTpouH TEPMHUHATIGHBIX Pa3BETB-
JICHUIA aKCOHOB. AKCOIUIa3Ma 3J1eKTPOHHOIUIOTHAS, B HEll OTCYTCTBY-
FOT HelpouIaMeHTBI U ApyTHe crielmdidecKue BRIFOYCHIS. Takue
JIeTeHepaTHBHbIC M3MEHCHNS CBHIETEIIECTBYIOT O CyIIECTBEHHOM Ha-
PYILIEHNH B CHCTEME aKCOHHOTO TpaHctiopTa. Heltporpoduueckoe Biu-
SHIE MOTOHEHPOHA Ha MBIIIICYHbIC BOJIOKHA B 3HAYNTEIIBHOH CTEIICHH
3aBUCHT OT CHCTEMbl aKCOHHOTO TpaHcropra. Ha 310 ykasbiBaeT psi
HCCIeIoBaHMI TpU ero (apmaxonoruyeckoit ormokazne (Garcia et al.,
2013). [TosToMy necTpyKTypH3aIsi aKCOIUIa3Mbl TIPY JETHAPATALIN
CIIe/IyeT PACIeHUBATh Kak (HaKTop, KOTOPHIN ocnadmiser HeWpoTpodu-
YeCKUi KOHTPOJIb Ha MeMOpaHy MBIIIEYHOr0 BOJIOKHA. [l peaymsa-
MM HeHPOTPO(hHIECKOro KOHTPOIIsT OOMBIIIOE 3HAYECHIE UMEET CEKpe-
s anerwixonuHa (Bayline et al., 2001; Suzuki et al., 2012), koTopbrit
SIBIISICTCST 00s13aTENbHBIM (DAKTOPOM TSI BBIICICHHSI M3 TSPMHHATBHOM
akcoruiasmbl crietmraeckux Tpodoreros (Moore and Goldberg, 2011).

B HEpBHO-MBILICYHBIX CUHAICAX TEPMUHAIBHBIC BETBICHUS pa3-
PYLLIAIOTCS, B PE3YJIBTATE Yero NPECHHANTHYECKHH TTOJTIOC HEPBHO-MBI-
IIEYHBIX KOHTAKTOB MPEKPAIIACT CBOE CYILIECTBOBAHKE. B 3THX ydact-
KaxX HAOJNIONAIOTCS OCTaTKH aKCOIUIA3MBL [IOCTOSIHHBIM IpH3HAKOM
mpu BceX (hopMax U CTENeHsX Helpo- M MHUOIATHH SIBISIETCS. HEO-
CTaTOYHOCTh aKTHBHOM Iepe/jaud MMITYJIbCa B 30HE MPECHHAITHYEC-
kol MeMOpanbl (Mu, 2013). Pe3ynbTathl, MOTy9YeHHBIC HAMH, TOKa3bI-
BAIOT, YTO HPH ACTHAPATALMN K UMEIOILMMCS ICCTPYKTHBHBIM M3Me-
HEHMSAM TNPETEPMUHAIBHBIX BOJIOKOH M AKCOHHBIX TEPMUHAJICH IpH-
COCIMHSETCA HEAOCTATOYHOCTb IIepeiayk UMITYJIbCOB, KOTopas 00yc-
JIOBJICHA TTyOOKMMHM JIeTeHEPATHBHBIMKA M3MCHEHISIMU B TIOCTCHHAI-
THYECKUX MEMOpPaHaX, KOTOPBIE YCUIIMBAOT BIHSTHIE IPYTHX HeOIaro-
TIPUATHBIX (DAKTOPOB HA COCTOSIHHE IIOTICPEHHOIONIOCATHIX MBIIIIY
s3pIka. B CBSI3M ¢ TOTabHOM AECTPYKUMEH YIBTPacTpyKTyp aKco-
MBIIICYHBIX CHHAIICOB Ha JAHHOM JTalle SKCIEPHMEHTa THCTOMETPH-
YeCKHE MCCIIEI0BAHHSI IPOBECTH HE YAJIOCh.

BrIiBoabI

B s13b1KE KpBICHI HAOMIOIATOTCS CISYIOIIIE THITHI BETBIICHNUS OCe-
BOTO IWIMHJIPA JABHTATEIHHOTO OKOHYAHWST: JIMXOTOMUYECKHH (TIpoc-
TOH ¥ CJIOXKHBIH), PacCHITHOM, MarkCTpalbHEI U nepexoaHsrif. Cre-
TIeHb PA3BUTHS JIBUTATEIIbHBIX HEPBHO-MBILICYHBIX CHHAIICOB SI3bIKA
(KOMHMYECTBO TEPMUHAIBHBIX BETOUEK U SZIEP, A TAKKE IUIOMAh OJIsII-
KH) pa3idHa B Pa3HbIX OT/ENAX s3bIKa B CBSA3U C TEM, YTO B MPOLIECCE
JIMBEPTEHTHO} 3BOJOLIY OT/ICIBbHBIE YACTU SI3bIKA MIIEKOIUTAFOIIINX
TIPHCTIOCOOMIINCH K PA3IMYHBIM YCIIOBHSIM 3aXBaTa U MepPe/KeBHIBAHMUS
TIMIIY. YBEIMYEHHE KOJIMIECTBA TEPMUHAIBHBIX BETOUEK, SIEp U IIIO-
Ay JABUTATENIFHOTO OKOHYAHWMSI CBSI3aHO B IIEPBYIO O4epenhb ¢ Obl-
CTPOTOH, @ He ¢ TOHKOCTBIO U Pa3HOO0pa3neM JIBIDKCHHH HHHEPBUpYe-
MOT'0 OpTaHa.

IMaromopconornyeckye H3MEHEHHS! MY ACTHPATALN OpraHU3-
Ma OTPaKAIOT TECHOE B3aHMOJIEHCTBHE HEPBHO-MBIMIEYHBIX OKOHYA-
HHUI TIpy MeTabONMYECKOH, PEaKTUBHOM M IUCTPO(UUECKO Iepe-
CTpOIAKE MBIIIIEYHBIX BOJIOKOH TPX OOIIEH JAernIpaTalii OpraHu3Ma.
HeonunakoBast cTeneHb UX BEIPOKEHHOCTH CBSI3aHA C CYIIECTBOBAHH-
€M B COCTABE MBIIII] SI3bIKA PA3IMUHBIX MBIIICYHBIX BOJIOKOH, PHUYEM
TIpeo0IataloT MBIIICYHBIE BOJIOKHA TPOMEKYTOUHOTO THIIA, KOTOPBIE
HauOoJIee 1yBCTBUTENBHBI K PE3KOMY OIPaHUUEHHIO ITMTHEBONO PEKHUMA.

B MBIIIIEUHBIX BOJIOKHAX SI3bIKA BMECTE C W3MEHEHHBIMH MHTO-
XOHIPUSMH M MHOMMOPHIIIAMH HAXOZISTCS TOBPEXKACHHBIE Opra-
HEJUIbI B AKCO-MBIIIEYHbIX CHHAINCAX C TPH3HAKAMH KaK PEaKTUBHBIX,

TaK M JECTPYKTHBHBIX MPOLIECCOB, YTO yKa3bIBACT Ha TECHYIO MOp-
(o yHKIMOHATBHYFO B3aHMOCBSI3b MEXKTY STHMHU CTPYKTYPaMHU.
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The objective of this article is the grouping and clustering of maize inbred lines based on the results of SNP-
genotyping for the verification of a separate cluster of Lancaster germplasm inbred lines. As material for the study, we
used 91 maize (Zea mays L.) inbred lines, including 31 Lancaster germplasm lines and 60 inbred lines of other
germplasms (23 lodent inbreds, 15 Reid inbreds, 7 Lacon inbreds, 12 Mix inbreds and 3 exotic inbreds). The majority
of the given inbred lines are included in the Dnipro breeding programme. The SNP-genotyping of these inbred lines
was conducted using BDI-III panel of 384 SNP-markers developed by BioDiagnostics, Inc. (USA) on the base of
Illumina VeraCode Bead Plate. The SNP-markers of this panel are biallelic and are located on all 10 maize
chromosomes. Their range of conductivity was >0.6. The SNP-analysis was made in completely automated regime on
Tllumina BeadStation equipment at BioDiagnostics, Inc. (USA). A principal component analysis was applied to group a
general set of 91 inbreds according to allelic states of SNP-markers and to identify a cluster of Lancaster inbreds. The
clustering and determining hierarchy in 31 Lancaster germplasm inbreds used quantitative cluster analysis. The share of
monomorphic markers in the studied set of 91 inbred lines equaled 0.7%, and the share of dimorphic markers equaled
99.3%. Minor allele frequency (MAF) > (0.2 was observed for 80.6% of dimorphic markers, the average index of shift
of gene diversity equaled 0.2984, PIC on average reached 0.3144. The index of gene diversity of markers varied from
0.1701 to 0.1901, pairwise genetic distances between inbred lines ranged from 0.0316-0.8000, the frequencies of major
alleles of SNP-markers were within 0.5085-0.9821, and the frequencies of minor alleles were within 0.0179-0.4915.
The average homozygosity of inbred lines was 98.8%. The principal component analysis of SNP-distances confirmed
the isolation of the Lancaster group within the general set of analyzed inbred lines. Two-dimensional component
analysis showed that the first principal component (PCA1) accounted for 36.0% of total variation and divided the
investigated set of 91 inbred lines into two fractions, while all the inbred lines which are considered Lancaster based on
pedigree information were included in one of the fractions. The second principal component (PCA2), which accounted
for 12.1% of total variation, separated most of the Lancaster germplasm inbred lines from the others in this fraction,
although the overlapping of the locations of Lancaster and non-Lancaster inbred lines was observed. Qualitative cluster
analysis of 31 Lancaster germplasm inbred lines allowed to identify two clusters: the first one includes 23 inbred lines
of Ukrainian selection and the well known Mo17 inbred line (77.4% of total number of analysed lines) inbred line, and
the second cluster included 6 inbred lines of Ukrainian selection and the well known Oh43 inbred line (22.6% of total
number of analysed lines) inbred line. The isolation of two clusters within Lancaster germplasm indicates the genetic
diversity in this plasm. The evaluation of genome similarities through allelic states of SNP-markers can successfully be
used for classification and systematization of the gene pool of maize genetic resources.

Keywords: Zea mays; markers of single nucleotide polymorphism of DNA; principal component analysis; cluster analysis

I'pynyBanns Ta kjacTrepu3auis JiHill KyKypya3u
3apoakoBoi miiadmu Jlankacrep 3a pesyiabtatamu SNP-anamizy

K. B. lepkau*, T. M. Caraposa**, B. B. bopucosa*, B. 0. Uepuens*, b. B. JI3r06enpkuit*

*uemumym 3eprosux kynemyp HAAH Yxpainu, [ninpo, Yrpaina
**[Ininpoecwkuti Hayionanvhut yuieepcumem imeni Onecsi I onuapa, Jfninpo, Yxpaina

OxapaKTepu30BaHO PENpPe3cHTATHBHICTh MapKepiB oqHoHyKiIeoTHaHOro noxiMopdismy JJHK maneni BDI-III 3 384 SNP-mapxepiB mrt 91 ninii
KyKypy/3u JIHIIPOBCHKOI CeeKIIIHHOT MPOrpamMy Pi3HUX 3apOJKOBHX IUIa3M. [IpoBesieHo rpyIyBaHHs IOCHIDKyBAaHOTO MAacHBY JIiHiH 3a aIeIbHAM
cranoM SNP-mapkepiB Ta ifeHTHdiKalifo Kiactepa miasmu JlaHkactep cepen 3arajibHOi JOOIPKM JIiHIM HUISXOM TPOBENCHHS JABOBHMIPHOTO
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IIPUHIUIIOBOTO KOMIIOHEHTHOTO aHaJli3y. 3a pe3ysbTaTaMy sKiCHOTO KJIACTEPHOTO aHali3y METONOM IIOBHOIO 3B’SI3KY BiIMIYEHO T'CHETHYHE
Pi3HOMAHITTS BeepeauHi I1a3Mu JIaHkacTep 3a BapifoBaHHAM anenbHoro crany SNP-mapkepis. Cepen poaHaIi30BaHUX JIiHil 3apoKxoBof Iwa3Mu
Jlankacrep BuaiieHo nBa mimknactepu. [leprmit mimiactep o0’eanye 23 miHil ykpaiHChKol cenexiii Ta mupokoBizomy JiHito Mol7 (77,4%),
Jpyruii — 6 JIiHIH yKpaiHChKO] cenekii Ta mmpokoBinomy JiiHito Oh43 (22,6%).

Knrouosi cnosa: Zea mays; Mapkepu otHOHyKJIeoTHAHOTO nosiMop¢dismy JTHK; nprHIMIOBHiT KOMIOHEHTHHH aHaIi3; KIIACTEPHUI aHATi3

Beryn

BHyTpimHbOBHIOBA CHCTEMaTH3allisl TEHETHYHHX PECypciB
KyJIBTypPHHX POCJIMH — aKTyaJbHa IpodJieMa, 0COOIMBO sl MOHO-
THUITHUX POJIB, TAKHX SIK KYKypyxr3a (Zea mays L.). 3a paxyHok Oa-
raTOPivHOI CeJeKLil ycepearHi OHOTro BU/LY ICHYIOTh COTHI, THCS4l
1 HaBiTh MIJIbHOHM JIOKAJIGHUX TIOMYJISLIH, JiHil, TiOpHUAiB, COpTIB.
YropsiakyBaHHS 1i€i Macu MPEACTABHHUKIB TOTO Y iHIIOTO BHAY
KyJBTYPHHX POCIIMH 3aJISKHO Bifl iX TEHETHYHOI CIIOPiTHEHOCTI Ta
TeHOMHA XapaKTepHUCTHKa — HeOOXiJHI 3aBIAHHS MOJICKYJIIPHOL
TEHETUKU Ta G10TEeXHOIOT .

CyuacHa ceneK1list KyKypyZ3u OyIyeThesl Ha OCHOBI TeTepo3Hc-
HUX MOJICJICH 1 MOoJsrae y BUKOPHCTAHHI JIHIHOTO Martepiay pi3-
HHX THIIB 3apOJKOBOI 11a3mMu. TUITH 3apOKOBOI IUIA3MH — OKpeMi
IPYIH, 5IKi 00 €AHYIOTh 3HaYHY KUIBKICTh CIIOPIIHEHHX FEHOTHIIIB
KyKypYA3H, TOOTO THX, SIKI MAlOTh CITUIbHE TTOXO/DKEHHS, SIK Tpa-
BUJIO, IOXOMATD BiJl OJJHOTO BUXiTHOTO copty. [nst Ykpainu cemnek-
[ifHO HAWNepCHeKTUBHIMA Tpyna JHHIH KyKypyasd 3apoiKOBOI
riasmu Jlankactep. BupomtyroTsest Takoxk JIiHIT 3apOAKOBHX ILTa3M
Aitonent, Jlakon, Peiin. Jlinil miasmu JlaHkactep Bifpi3HSIOTBCS
BHCOKOIO KOMOIHAIIHOIO 31aTHICTIO, IHTEHCHBHUM CTapTOBHM
POCTOM, CEepeaHbOIO CTIMKICTIO 710 XBOPOO i, FOJIOBHE, 3HAYHOIO I10-
CyXO- Ta JKapOCTIMKICTIO, 10 aKTyallbHO B yMOBaX IJI00AIBHOTO
noterwtinas (Dzjubec’kij et al., 2012; Derkach et al., 2016).

Cy4acHi TEHOTHITH 3apOIKOBOI Ia3Mu JIaHKacTep MOXOAATH
BiJl BiTbHO3armwIeHoro copty Lancaster Sure Crop, sikuii cTBOpIIIa
pomnHa Hershey 3 oxkpyry Jlamkacrep, mrar IleHcuibBaHis
(CILA). Pomuna Hershey y 1860-1910 pp. npaiitoBasa 3 MiCIIeBUM
HaIiBKPEMEHHUCTHM COPTOM, SIKHIf XapaKTepru3yBaBCcsl MaIMMH TOH-
KAMH KayaHaMH JIaBaHZIOBOro (Oy3KkoBoro) komeopy. CrodaTtky
BIIOMpaNI 32 CEpeAHBOI0 JOBXKUHOIO KadaHa, J00pe J03piikM
HACIHHSM, HEypaXeHICTIO IuticHsBo0. [ocTiiiHO BinOupanu xava-
HM 3 KPEMCHUCTHMHM 3epPHAaMH, XOYa CXPELIyBaHHsS NMPOBOAWIN 3
Ti3HIME 3yOononioHrMu copramu. [1i3HinTe mix gac BinGopy moda-
JIM 3BEpTATH yBary Ha MIIHiII KopeHi Ta Oiibmi kadanu. Bini6-
paHuii 13 bOTO THUITY 3apOAKOBOI ITa3MH COPT KyKypy/I31 Ha3BaHO
Sure Crop yepe3 HOro paHHBOCTHUIJICTB 1 MOCYXOCTIHMKICTB, IO
3a0e3MeyuyBaio CTaauii BIICBHEHUH Bpoxail. OKpeMO CEeKINEr
BibHO3amuiIeHoro coprty Lancaster 3afimamacst pomuHa Richey
6inst Jla Cans, wtar DutiHotic, i3 1888 mo 1920 pp., crBopuBIN
copr Richey Lancaster. Haciaas copty Lancaster Sure Crop motpa-
MIJIO 10 HUX Yepe3 MIrpanTiB i3 MiHHECOTH, SIKi IPUBE3IH HOTO 3
IencupBanii. Cenexuiro Beny Ha OUTBITY JOBXKUHY KadaHa, OLTb-
Iy Macy HACiHHS, BUIILy BPOXAHHICTh Ta KPAIIly CXOXKICTh HACIHHSL
CydacHi JiHil ia3mu JlaHKacTep MepeBayKHO MOXOAATH Bil JBOX
JTiHIH MepIoro MUKy caMmo3anuieHHs copty Jlankactep — Oh40B
(Bix copty Richey Lancaster) Ta C103 (Big copry Lancaster Sure
Crop), Xxo4a MPaKTUYHOTrO 3HAYCHHs HaOyIH JIHIl APYroro LUKy
camozarmuiieHHst Mo17 (ig minii C103) Ta Oh43 (Big minii Oh40B)
(Bennetzen and Hake, 2009).

IcTopruHO CKIIaNOCS, 10 MPUHAIEKHICTD JiHIl KyKypya3u 10
TIEBHOTO THITY 3apPOJIKOBOI IUTa3MH, TOOTO BHYTPIIIHEOBHIOBA KIIa-
cuikaris, ska IOKIMKaHa OyTH (ilIOreHeTHYHOIO, IPYHTYEThCS Ha
JaHUX Teirpi (poJoBoAiB), TOOTO B3a€MOBIIHOCHHH JIiHiil OLIHIO-
FOTBCS 3QJIEKHO Bijl iX moxompkeHHs. Taka kiacudikaiis HETOCKO-
Hasa, 60 POZOBO/M MAIOTh TaKi HENOJIKH SIK Cy0 €KTUBHICTB, HIPO-
IMyCKH B 3alicaX, HEMOKIIMBICTh BITHOBJICHHS THX IX YaCTHH, SIKi
Hanexatb 10 XIX — mepmoi nonoBuHE XX CTOpIuYs, MIKCyBaHHS
HECTIOPITHCHNX TE€HOTHIIIB y TCHOTHIN Hamaaka. BHyTpimmHbo-
BUJIOBA KiacHu(ikamis KyKypy[I3H, OCHOBAaHA Ha OI[IHIOBaHHI, Ha-
TNIPHUKIIa]], KOMOIHALIHOT 31aTHOCTI (TI0I1T 3pa3KiB HEe Ha 3apPOJIKOBI
IUIa3MH, & Ha TETEPO3KCHI TPYIH), TAKOXK HE TOCKOHAJA, OCKIITBKH
MpOSIB 03HAaKK KOMOIHAIIHHOI 3aTHOCTI 3aJIe)KUTh HE TIJIbKH Bil

TEHOTHILY, a i Bix (axTopiB noBKULLL. [loain reHodoHTy KyIbTyp-
HOI POCIIMHH IO TpyIax ajanTarii 10 MiHJIMBHX YMOB IOBKULIS
3yCTPIYa€ThCS 3 THM, IO I'CHOTHIM OJHI€l Ipynu ajanrauii He
000B’s13k0B0 romoJIoriuHi 3a noxomkeHHsM (Dzjubec’kij et al.,
2012). Pa3om i3 1uM, BUKOPUCTAHHS Pi3HUX THIIB MOJIEKYJSIPHO-
TeHETUYHHX MapKepiB, 30KpeMa, MapKepiB OHOHYKIICOTHIHOTO IO~
nimopdizmy JTHK (single nucleotide polymorphism), To6to SNP-
MapKepiB, PO3IIIIAETHCA K NOTCHIIHHO e()eKTHBHUI IHCTPYMEHT
BHYTPILIHBOBHAOBOI KiacH(iKallii Ta chcTeMarusalii reHOQOoHITy
KyJIBTyPHHX POCIIHH, III0 BPAXOBYIOTh CHOPITHEHICTH 1 BAPIFOBaHHS
Ha pIBHI TEHOMIB, Ha BiIMIHy Bl METOZiB, sIKi 06a3yloThCs Ha
nopiBHsHHI 3a (eHoTHIIYHMMY o3HakamH (Elshire et al., 2013; Wu
etal., 2016; Zhang et al., 2016; Miki¢ et al., 2017).

V 3B’513Ky i3 IMM, MeTa HAIIOro JOCIIPKEHHS — IPYIyBaHHS Ta
KJIacTepu3allis JiHid KyKypymsu 3a pesyiabratamu SNP-reHoTH-
MyBaHHA I BeprQiKallii OKpeMoro Kjactepa JiHiH 3apoIKoBOL
wia3mu JIaHkactep.

Marepiau i MeToau 10C/IiTKEHD

MarepiaioM HOCHIDKEHHsT BUCTynamy 91 JHiS KyKypyH3u
(Zea mays L.), 30xpema, 31 minist 3apoakoBoi 11a3mu Jlankactep i
60 ninii iHmKMX 3apoAkoBHX IwasM (23 miHii miasMu AlogeHT,
15 miumiit mwasmu Peiin, 7 minii mwiasmu Jlakon, 12 miHiN mia3mu
Mike Ta 3 niHii exk30TH4HOi mw1a3mu). [lepeBakHa OUIBIIICTD JIiHIH
BXOJZIUTH 10 JIHINPOBCHKOI CEIEKLIHHOT POrpamHL.

SNP-reHOTHITYBaHHS [UX JIiHIH IPOBOAMIN 3a MaHewno BDI-
III 3 384 SNP-mapkepiB, po3pobienoro ¢ipmoro BioDiagnostics,
Inc. (CIIA) Ha ocHoBi [llumina VeraCode Bead Plate. SNP-mapke-
pu maneni BDI-III 6ianensbHi, po3raiioBani Ha Bcix 10 xpomocomax
KYKYpPY/A3H, MalOTh paHr koHcTpykTBHOCTI > 0,6 (Venkatramana
et al., 2012). SNP-aHaIi3 BUKOHaHO y TIOBHICTIO aBTOMATH30BaHO-
My pexxuMmi Ha oOmamHaHHI [llumina BeadStation Ha 6a3i dipmu
BioDiagnostics, Inc. (CILIA).

OuiHroBaHHs pernpe3eHTaTnBHOCTI SNP-MapkepiB it Habopy
3 91 minii kykypymasu npoomuan 3a Lu et al. (2009) 3a TakuMu
MOKa3HUKaMH: 4acTOTa MPOIYLIEHUX JaHUX, YaCTOTa MOHOMOP(d-
HUX Ta AUMOP(HUX MapKepiB, YacTOTAa MaXKOPHHUX Ta MiHOPHHX
aJieniB, MOKa3HUK 3CYBY T€HHOIO PI3HOMAHITTS MapKepa, MOKa3HUK
TEHHOTO PI3HOMAHITTS JIiHil, iHZeKc iH(GOPMATHBHOCTI, TOMO-
3UTOTHICTB 1 T€TEPO3UTOTHICTB 3pa3KiB.

YacToTy HpoIymeHnx JaHuX 3a MapkepoM i (%, missing data
points) po3paxoBYBAIH SIK MPOIEHTHE BiHOIIEHHS KUTHKOCTI 3pas-
KiB, 32 IKUMH HE BJIAJIOCS] BU3HAYHMTH AJICNIbHUI CTaH MapKepa i, 10
3arajibHOi KiIbKOCTI 3pa3sKiB, ISl SIKHX MPOBOMIM BH3HAUYCHHS
aJIeNIBHOTO CTaHy Mapkepa i. HacTtoTy MOHOMOpP(HHX MapKepiB y
JaHOMy Ha0opi 3paskiB (%) po3paxoByBaiy SK HPOLIEHTHE BiJIHO-
IICHHST KUTBKOCTI OiasiellbHUX MapKepiB, sIKi B JaHOMY Habopi 3pa3-
KiB BHSIBIUI MOHOMOP(HHI CTaH, 0 3arajbHoi KUTbKOCTI Oianemb-
HUX MapKepiB, 3a SKUMH MPOAHAII30BaHO JaHy CYKYIHICTb 3pa3-
kiB. YacToTy muMopdHHUX MapkepiB y JaHoMy Habopi 3paskiB (%o)
PO3paxoByBaNH SIK BITHOLICHHS KUTBKOCTI OlaJIeNlbHUX MapKepiB,
SKi B JTaHOMy Ha0Opi CeNeKUIMHMX 3pa3KiB BHSABWIM JUMOPGHUN
CTaH, JI0 3araJIbHOI KUJTBKOCTI OlaieIbHUX MapKepiB, 38 SKHUMH TPO-
aHaJi30BaHO Habip 3pa3kiB. YacToTy Ma)KOPHOIO anesis 3a Mapke-
poM i B aHOMy HaOopi 3pa3KiB PO3PaxOBYBaIM SIK BiIHOIICHHS
KUTBKOCTI 3pasKiB, B SIKUX BHSBICHO MaYKOPHHUI aleIbHUN CTaH 3a
MapKepoM #, IO 3arajibHOI KUTBKOCTI 3pa3KiB, MPOAHAI30BaHUX 32
MapkepoM i. JIaHuil OKa3HUK BU3HAYAETHCS B YACTKAX OJMHHII 1
3aBkM OuThImiA 3a 0,5. YacToTy MiHOPHOTO ajesst 3a MapKepoM i
B JJaHOMy Habopi 3paskiB (minor allele frequency, MAF) pospaxo-
BYBAJIM SIK BiZTHOLIIEHHS KiIbKOCTI 3pas3KiB, Y SIKUX BHSBJICHO MIiHOD-
HUIT aleNbHUI CTaH 32 MapKePOM i, JI0 3arajibHOI KiJIbKOCTI 3pa3KiB,
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NPOaHAaNi30BaHUX 32 MapKepoM . JlaHuii OKa3HUK BU3HAYAETHCS B
YyacTKax OJMHHMII 1 3aBK1 MeHIuii 3a 0,5.

[Toka3HMK 3CyBy TI'€HHOrO DI3HOMAHITTS [UIi Mapkepa i y
JlaHOMY Ha0opi 3pa3KiB PO3paxoBYBaAJIHU 3a (POPMYJIOLO:

o 1= + (i) |
Ie p; Ta p; — 4acTOTH AJIETCPHATUBHOTO CTaHy MapKepa i Ui Ha-
Oopy 3paskiB, IpOaHANI30BaHUX 3a JaHMM MapkepoM. [ToxaszHmk
BU3HAYAJIH B YacTKax onuHULI (B Mexkax 0,0-0,5).

Toka3HuK reHHOro pi3HOMAHITTA 3pa3ka k (gene diversity) Bu-
3HaYaIH 32 (POPMYIIOIO:

(HA‘I]A -1+ nrenr — 1+ nrenr — 1+ nypeny — l)/ZN'(N — 1),

e N, N1, Nr 1 Ny — KUTBKICTh MAapKepiB, SKi B MApKEPHOMY CaHTi
MICTSTh, BIIMOBIAHO, a/IeHIH, TUMiH, TyaHiH Ta OUTO3WH, N — 3a-
rajgbHa KUTBKICT MapKepiB, 3a SKHUMH JOCTiIKEHO 3pa3ok k. Ilo-
Ka3HHK PO3PAXOBYBAIM B YaCTKAX ONMHMI. MIOro 3HaueHHs Mo-
KyTb KonmBaTucs Big 0 1o 0,5 i 301IbITYIOTECS y pa3i IOCHICHHS
TEHHOT'O PI3HOMAHITTS JIiHiT.

Inzexc iHpopmaruBHOCTI Mapkepa i (polymorphism informa-

tion content value, PIC) po3paxoByBaiu 3a opMyJIoro:

L HEY @)1 12200 () .
Ie p; Ta p; — YacTOTH aIbTEPHATHBHOIO CTaHy Mapkepa i IUIs
3pa3KiB, IPOAHAJI30BaHUX 3a JaHUM MapkepoM. PIC BuzHagaeThCs
B YaCTKaX OAMHUII 1 3MiHroeThes Bix 0 1o 0,375.

T'omosuroTHicTs 3pa3ka k (%) po3paxoByBalM SIK IPOLEHTHE
BITHOIICHHSI KIJIBKOCTI MapKepiB, W0 BUSBIIA T'OMO3UIOTHHI
aNeJIbHUN CTaH y 3paska k, 10 3arajbHOI KUTBKOCTI MapKepiB, 3a
SKMMH TIPOaHaJIi30BaHO 3pa3ok k. I'ereposurorHicts 3paska k (%)
PO3paxoByBaIM SIK MPOLCHTHE BiIHOIICHHS KiJIBKOCTI MapKepiB,
[0 BUSBIUIA T€TEPO3UTOTHUN alleNIbHUI CTaH y 3paska k, /o 3a-
TaTbHOI KIJTBKOCTI MapKepiB, 3a SIKUMHU MPOAHAII30BaHO 3pa3oK.

3aBaaHHs TPYIyBaHHS JOCIIIKyBAaHOTO MACUBY JIiHii 32 ayeib-
HUM cTaHoM SNP-MapkepiB Ta ineHTH}IKALi KIacTepa JiHiH Ia3Mu
Jlankactep cepet 3araibHOI CYKYITHOCTI JIiHiil BUKOHYBAIH LUIIXOM
TIPOBEJICHHS NIPUHIMIIOBOIO KOMITOHEHTHOro aHaiizy. Lled aHami3
(PCA, merox ronoBHHX KOMIIOHEHT) J03BOJISIE IPOBECTH 3MEHILICH-
HsI KUTBKOCTI 00 €KTIB aHaJIi3y 32 paXyHOK HOBHX OCHOBHHX 3MiHHHX
BEJIYHH, JIOCSTTH CKOPOUYSHHS PO3MIPHOCTI OIHCY, 3MIHCHITH Bidya-
JT3aIir0 JaHUX Ta BUAUIATH 3HAUUMY iH(popMaito. OCHOBH IPHHIIN-
TOBOTO KOMITOHEHTHOTO aHami3y po3poOieHo B mparpax Abdi and
Williams (2010).

JU1s BcTaHOBIIEHHS i€papXii JIHIH y IpoaHati30BaHOMY MacHBI
MPOBENICHO SIKICHUI KIAacTepHUi aHami3 31 JiHIT KyKypyI3u Iuias-

0,8

mu JlaHkactep. MU 3actocyBaiy OAMH 3 i€EpapXidHHMX arjiomepa-
THUBHHX METOJIB KJIACTEPHOrO aHAIi3y — METOJ| TIOBHOTO 3B’SI3KY
(complete-linkage clustering, nasnexi cycigu) (Brereton, 2003; Sivo-
lap etal., 2011).

Jani B Tabmii HaBeneHO y BUNLIN X + m, ge X — cepenHe
3HAYEHHS MOKa3HMKa, m — goBipunii inTepai (P = 0,05).

PesyabTarn

Anani3z anensHoro crany SNP-mapkepiB y Habopi 3 91 ninil
KYKypYyZ3U JO3BOJIVB BH3HAUMTH TUIl HYKJICOTHIY B MapKEpHHX
caiftax y 97,8% mniniid. Yactka MOHOMOP(HHMX MapKepiB y IOCIiz-
JKyBaHOMY HaOopi miHii ckmana 0,7%, mumopdaux — 99,3%. Yac-
ToTot0 MiHOpHOTO anens (MAF) > 0,2 xapakrepmsysamucs 80,6%
JumopdHnx MapkepiB. CepeHil OKa3HUK 3CyBY T€HHOTO Pi3HO-
MaHiTTS Mapkepa i popiBaioBaB 0,2984, a PIC Buxopucranmx
MapkepiB y JaHoMy Habopi JiHiil y cepenuboMy csiraB 0,3144 3a
MOTEHIIIMHO MOXKJIMBOTO Jiana3oHy 3HadeHb 0-0,3750. Haseneni
THOKa3HHUKHM CBilYaTh PO BUKOHAHHS BUMOT, SKi BUCYBAIOTBCS [0
inpopmariBHuX SNP-MapkepiB, i MpaBOMOYHICTh BUKOPHCTaHHS
iH}opmarii, orpumanoi min yac SNP-anamizy.

OCHOBHI XapakTepHCTUKH Habopy 3 91 miHii KyKypya3u, BU-
3HaveHi 3a pe3ynbratamu SNP-renotumyBaHHs 3a nmaHewto BDI-
III, Taki: cepeqHs] TOMOZUTOTHICTD JOCIIDKEHUX JiHIA — 98,8%,
YacTOTH MakopHUX aneniB SNP-mapkepiB KOJIMBaIMCS B Mexax
0,5085-0,9821, a minopuux amenis — 0,0179-0,4915. Tloka3Huk
TEHHOr0 Pi3HOMAHITTsI JiiHil nmepebysaB y mexax 0,1701-0,1901
(3a moTeHwiiHO MoXJIMBOrO po3maxy Bin 0 110 0,5, MoKa3HUK 3011b-
LIY€ETHCS y pasi HOCUIICHHSI TeHHOTO PI3HOMAHITTS JIiHiT). 3HaYeHHS
PIC BuxoprcTaHnxX MapKepiB BapilOBalIO B MaKCHMAIBHO MOYKIIH-
BUX Mekax. [lomapHi T€HETWYHI JMCTAHINi MDK JOCIIHKCHUMH
niHissMy nepeOyBaiy B mianasoHi 0,0316-0,8000.

Pe3yspraTi NPUHIMIIOBOTO KOMIIOHEHTHOIO aHaNi3y TeHETHY-
HuX SNP-aucTaHmiii Mix yciMa JIHISIMM IIpOaHaIi30BaHOTo HAbopy
HaBEICHO Ha PUCYHKY 1. J[BOBUMIpHMII KOMIIOHGHTHHI aHaIti3
TMOKa3aB, 1110 nepumii npuHimnosuii komnoneHT (PCA1) mosicHioe
36,0% 3aranbHOro BapitoBaHHS Ta MOALUILE NOCIIHKYBAHUNH MacuB
3 91 minil Ha 1Bi ¢pakuii: A 1 b. Y3moexk oci OX ¢pakmis A
Bisyanisyerbes B iHTepBaii —1,0 — 0,2, a dpaxuis b — B inTepBanm
—0,2 — +0,8. IIpu mpoMy Bci JiHIT, sKi 3a HeAIrpi BBaXKAIOTHCS
Jlankacrep (011 KpyKeuKkH Ha pucC. 1), moTpamsiors y ¢pakuito b,
po3TaIloBaHy Ha BepXHbOMY (TpaBoMy) KiHmi oci OX.

06 |
04 -

02 - e

0,0 f L ]

PCA2~12,1%

02 b ® PS

04 b

06

-1,0 -0 -0,6 -04 0,2

0,0 0,2 04 0,6 0,8

PCA1~36,0%

Puc. 1. /[BoBuMipHa AiarpaMa MpUHIMIIOBOTO KoMITOHeHTHOTO aHami3y (PCA) nannx SNP-reHoTHITyBaHHS 91 NiHIT KyKypyA3u: OKpeMi JTiHil
TIpEZICTABIICHI KPY>KKaMU; OLTHM KOJIBOPOM BKa3aHO JIHi, sIKi 3a MeAirpi HayesxaTs 10 wia3mu Jlankacrep (L), a yopruM — miHii perrra
3apozkoBrx 1wta3M (NL); MacuB gocipKyBaHHX JIiHIH 3a IepivM npuHIpoBuM komroneHToM PCA1 posnanaersest Ha 11Bi paxuii (A ta b)

Hpyruit npunimnosuii kommoneHT (PCA2), sikuil mosicHIoe
12,1% 3aranpHOrO BapilOBaHHS, BIJIOKPEMJIIOE OUIBIIICTB JIHIN
Jlankactep (HkHil KiHens oci OY) Bin pewury niniit ¢pakuii b,
X04a Ma€ Miclie esKe MepeKpUTTs 30H posrauryBanss L- ta NL-

niHiA. TakuM YMHOM, IPUHIMIIOBHIT KOMIIOHEHTHHH aHai3 romnap-
HUX SNP-mguCTaHIN MiZKPECTIOE BiIOKPEMIICHICTh TPYNH JIiHii
Jlankactep y 3arajilbHOMy MacHBi poaHati3oBaHuX JiHii. s 3°s-
CyBaHHS TeHETHYHUX B3a€MOBIZTHOCHH MU IIPOBEIN KIJIACTEPH3ALIi0
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niHil 1wiasmu JlaHkactep 3a po3mipoM renermyHux SNP-mucran-
it 3a Sivolap et al. (2011), «xactepy» — rpyna 00’eKTiB, sKi Ma-
I0Th CIUIbHI BJIACTHBOCTI, @ XapaKTePHCTHKU «KJIACTEPa» — BHY-
TPILLIHST OIHOPIIHICTB Ta 30BHILIHS 130/1b0BaHiCTh. KitacTepHa mMoziernb
iepapxizamii 00’€kTiB nependayae, mo 00’ €KTH 3 MOMIOHIMH Bla-
CTHBOCTSIMH HaJIeKaTh IO OHOTO Kiactepa. HalfuacTimie BoHa Mae
BB AeHaporpamu. Ha prucyHKy 2 1moka3aHo IeHIporpamy reHe-
THYHUX B3a€EMOBIIHOCHH JIiHIi KyKypya3u Iuia3mu JlaHkactep 3a
pesynbratamu SNP-aHasi3y, mo0y/10BaHy METOIOM MIOBHOTO 3B’SI3KY.

Ha nennporpami (pric. 2) BUAUISIOTHCS J1Ba KIACTEPH, MEPIIH
3 sikux 00’enHye 23 JiHii yKpaiHChKol cesexuil miasmu Jlankactep
Ta BigoMy JiHito Mo17 (77,4% 3aranbHoi KUIbKOCTI ITpOaHaITi3oBa-
HUX JIiHI}), a Opyruii — 6 JiHii yKpalHCBhKOi cenekuii mia3mu Jlas-
KacTep Ta Bigomy niHito Oh43 (22,6%). Buninenns qBox KiIacTepiB
BKa3ye Ha Pi3HOMAHITTS TeHETHYHOTO MaTepiajly yCepeauHi JaHol
wia3Mu. JIBi 3 Tppox (eHoTHmivHO HonioHux minii JIK267, K212
Ta JIK6080, BiniOpani 3 BUXiJHOT NOMYJIAILi 32 y4yacTro JiHii Oh43,
mia yac kimactepusaiiii 32 SNP-maHuMu yBIHIUTH 70 KiacTepa,
crinbHOro 3 Oh43 (K267, IK212), a ninis JJK6080 morpamiia
1o kinacrepa 3 Mol7. Leit nikaBuii dakt MoXxe CBITUHMTH IIPO TE,
1o cepen npeakiB BuxinHux rerorumis JiHil JIK6080 oxpim Oh43
Morya OyTH MPUCYTHBOIO TakoX JiiHiA Mol7, i komIuieke came ii
aJeNBHUX BapiaHTIB MapKepiB MEpeHIlioB y CIAJIKOBICTH 0
JIK6080. Jinii JIK633266 ta JIK298, y pomoBoai SKUX HMPHCYTHI
ninii Oh43 Ta Mo17, BXoIsTh 10 OTHOTO Kiactepa 3 JiHiero Mol7,
TOOTO came Bijl Li€l JIiHil BOHM OTpUMAaIU OUIBIIY YacTKy CHeLH-
(biyHKX aneIpHUX BapiaHTIB MapKepiB, HX Bin minil Oh43.

izl
TK28
TK66M
TK3626
IKe
TK633266
TK6337C:M
THA0S)
TE2980:CMB

TKB3!
TES3CM
JK633
IEITCMB
Mol]
TK31C
633325

02 04 06 08 1,0 12 14

16

Mugxractepra BiicTans

Puc. 2. [lenaporpaMa reHEeTHYHUX B3aEMOBITHOCHH JIiHIM
KyKypyazu mwiazmu JlaHkactep 3a pesynsraramu SNP-aHamizy,
o0y I0BaHa METOJIOM TTOBHOTO 3B’ SI3KY

VY TabnuIii HaBEICHO ONIHKKA BapilOBaHHS OCHOBHHUX IIOKAa3-
HHKIB, III0 XapaKTepU3yIOTh OJHOHYKICOTHIHHI NoiMopdi3m Jii-
Hil ma3mu JlaHKacTep MOPIBHSHO 3 aHAJIOTIYHONO iH(OpMAalico
JUISL TPYTIN HeJIaHKACTEPiBCHKHX JIiHiM.

3arajoM 4acToTH MaxopHHX ajeniB SNP-mapkepiB KonuBay-
cst st L-miniii B Mexax 0,5238-0,9688, a mist NL-niniii — y mup-
mux Mexax 0,5085-0,9821 (1abn.). Cepennst yacToTa Ma)KOPHOTO
anens B rpymi L-niHi IOCTOBIpHO MepeBHIIyBana aHAJIOTIYHUMA
noka3HuK y NL-miHii i Oyma Ommk4or0 1o MemiaHd TOTCHIIHO
MO>JIMBOTO iHTEpBaTy 3HaueHb 4acToT MaxxopHuX anedis (0,7500),
Toxi sik y NL-JiHi 1ieif moka3HHK 3cyHyTHI y OiK MEHIIIMX YacTOT.
3a koeilieHTOM Bapiallii mi€i 03HaKH JOCTOBIPHUX BIIMiHHOCTEH
MDK JIBOMa TpyIIaMH JIiHiH He 3a(ikCoBaHO.

IMoka3HNK T'eHHOro Pi3HOMAHITTA y JiiHii Iwiasmu JlaHkactep
komuBaBcst B Mexax 0,1701-0,1873, a y NL-miHiii — y Mexkax
0,1725-0,1901 (3a moteHwuiiiHo MoxwMBOro posmaxy Big 0 1o 0,5,
MOKa3HUK 30UIBIIYEThCS 33 TIOCHJICHHS TEHHOTO PI3HOMAHITTSI JIiHil).
Tobro melt mokasHMK B rpymax L- Ta NL-miHI KonmMBaBcs B
Omm3pkoMy miamasoni, BimmosimHo 0,0172 ta 0,0176, anme iioro
3HaueHHS B Ipymi L-miHid TOCTOBipHO MeHImi (B ceperHbOMy Ha
pieai 0,1774), mopismsiHo 3 Tpymoro NL-miHiii (B cepemuHboMy
0,1808). Ti cami 3aKOHOMIPHOCTI TIPOCTEIKEHO BITHOCHO CEPEIHBOTO
3HAuCHHS ITOKa3HHMKa 3CyBY F'€HHOTO pisHoMaHiTTs. Koedirientn Ba-
piarii BOX rpym Uil MOKa3HWKA TeHHOTO PI3HOMAHITTS OyJd HU3b-
KIMHA Ta JOCTOBIPHO He BiApi3Hsmcs. Jisl MOKa3HHKa 3CyBY
TEHHOTO PI3HOMaHITTA KoedimieHT Bapiamii Tpymu L-nmiHiil cyTTeBO
(B 1,72 pasa) mepeBHIIyBaB aHAJIOTTYHII TIOKA3HUK TPy NL-JTiHii.

Tabauus
BapiroBaHHS OCHOBHHX NTOKA3HUKIB
onHoHyKIeotHaHoro noiivopdizmy AHK y niHiif kykypyazu

I'pyma miHiit
XapaxTepucTuka L NL
KiIbKiCTh JOCITIJDKEHUX JIHIM, IIT. 32 59
YacTora MOXOPHOTO Lim'.”mm 0,5000-1,000
Anens. vacTia Lim 0,5238-0,9688 0,5085-0,9821
o i i X+m 0,7678 £0,0159  0,6977+0,0143
V, % 17,0+43 16,8 +3,1
TIOKa3HUK TEHHOrO Lim‘.”'mﬁal 0-0,5000
pisHOMAHITTS sl Lim 0,1701-0,1873 0,1725-0,1901
A — ? X+m 0,1774+£0,0015  0,1808 =0,0009
V., % 24+0,6 2,1+04
TlokasHuK 3CyBY Limyggentia 0-0,5000
TEHHOTO Pi3HO- Lim 0-0,5000 0-0,5000
MAaHITT$, YacTKa X+m 0,3045+0,0180  0,3866+0,0133
OJIMHHLI V, % 51,0+12,8 29.6+55
LM 0-03750
PIC, Lim 0-0,3750 0-0,3750
YacTKa OJIMHUITI X+m 02462 +£0,0132  0,3053 £0,0091
V, % 46,4+11,6 25,647
. . Limyogental 0-1,0000
oriapirererhai ' 0,0035-0,5333  0,0316-0,8000
s XEm 03377£00099  04229£0,0061
V., % 335+84 30,5+5,6

3nauenns PIC BukopucTaHmX MapkepiB B 000X rpymax JiHiid
BapiloBAI0 B MAKCUMAIBLHO MOMKIIMBUX Mexkax. Bumii 3nauenns PIC
BUSIBJICHO Yy OUTbI momiMopdHiit rpymi NL-miniit. Koedinient Bapi-
anii o3Haku y rpymi L-ninili Takox cyrreBo (B 1,81 pasa), mepeBu-
LMB [ei OKa3HUK Jutst NL-jminii.

V rpymi JNiHii HeTaHKACTEPIBChKUX IUIa3M Jliara3oH reHeTHd-
HUX auctaHuii Oy Oumbiumm (0,7684), nik y L-miniit (0,5298),
mimityn mwpni (0,0316-0,8000 nmpotu 0,0035-0,5333), a cepenne
3HaueHHs1 JocToBipHo BunmM (0,4229 + 0,0061 mpotu 0,3377 +
0,0099). MakcumansHa T€HETHYHA AUCTAHIS y rpymi NL-miHiit
3adikcoBana Mibk JiHissMuH B73 ta JJK/12725CB3M, a y rpymi
L-niniii — mixk Oh43 ta JIK8143. Koedinientn Bapiarrii 1aHOT 03HAKA
y JBOX TPYIH JOCTOBIPHO He pO3pi3HsuIMcs. ['eHeTnyHa aucTaHLis
MiX 1BoMa rpynam, L-miniit Ta NL-ninii, cknasa 0,4742.

IMopiBHsIHHS BapirOBaHHs 33 OCHOBHMMH ITOKa3HHKaMH OJTHO-
HyKIeotraHoro nomimMopdismy JHK miHi KyKypymsu O4iKyBaHO
CBITYUTE TIPO OLTBIIIE TeHETHYHE PI3HOMAHITTS TPYIIH JiHiH, 1e 3i0pani
TIPEJICTABHUKY JIEKUIbKOX HENAHKACTEPIBCBKUX IUIA3M, ajle BHSIBILIE
TAKOXK IICBHMIA PIBCHb PI3HOMAHITTS TPyTIH JIiHii JIaHkacTep.

OCKIIBKY CydacHi JIiHii yKpaiHCBKOI celleKnii CTBOpeHi Ha 6asi
HOMYJISILIN Pi3HOT CKJIAIHOCTI i3 3AIy4YeHHSIM Y TOMY YHCII KOMITO-
HEHTIB, SIKi HE HaJekath 10 rpyn Mol7 ta Oh43, omiHioBaHHS iX
noxibHocTi MK coboro 3a SNP-mapkepamu [103BOJUTH 00paTé
JOLIBHY CTpaTerito st BUOOPY ajJbTepHATHBHUX TCHOTHINB i3
METOIO iX BUKOPUCTAHHS y CHHTE31 BUCOKOT€TEPO3UCHHX T10pHUIIB.

TakuM YMHOM, OLIHIOBaHHS ITOMIOHOCTI T€HOMIB 3a BH3HAYe-
HHMH, KOHCTAHTHUMH CaliTaMH YX JIOKYCaMU MOXE CITyT'yBaTH iH-
(hopMaTHBHIM pKepernoM Uit Kinacu(ikamil Ta CHCTeMAaTH3aLlil Te-
HO(OHTY 3pa3KiB KyJbTYPHHX POCIIHH.
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Obrosopenns

V mpaui Semagn et al. (2012) 3 450 inOpeaHux niHii, 10CTiA-
xennx 3a 1065 SNP-mapkepamy, i npari Wen et al. (2012), ski
JocmimkyBamy 350 TeHOTHITB KyKypy3u pacu Tuxpeno, a Takox
3HaYHy KUTBKICTH JHIH 13 PI3HOMAHITHHX CENEKUifHUX Mporpam
CHIA 3a 1536 SNP-mapkepamy, 4acToTa IPOIYHICHUX JaHHX
cinama 10%. Xu et al. (2017) 3a crieriabHO 1iiOpaHOIO MTAHEIITIO
3 55 000 SNP-mapkepiB npoanaiizyBamy 593 niHil KyKypya3u Ho-
MIPHOTO Ta TPOIIYHOrO MOSCIB 1 IOBIIOMJIIOTH PO YaCTOTY
nporynieHux Jauux Ha piBHI 0,3-5,2% (y cepenubomy 1,83%).
Romay et al. (2013) mokazasnu, U0 KiIbKICTh MPOMYIIEHUX JaHUX
MOJKHA 3MEHILIHTH IIiJi 4ac MOBTOPHOIO CHKBEHYBAHHS, a TAKOX
BHUCJIOBJIFOIOTH TIPUITYLICHHS MPO 3aJICKHICTh KUTBKOCTI TPOITyIIe-
HMX JIaHHX BiJl TCHOTHILY JIiHil, 1[0 CHKBEHY€ThCsI. Tak, TeHOTHUIIH,
ONM3BKI 10 peepeHCHOTr0 TEHOMY, SIKMM € TeHOM JiiHil B73, naroth
HalMeHIy KUIBKICTh HporymeHnx naHux (no 20%), iHoi — 1o
30%, a ninist SA24 micnst 25-pa30Boro reHOTHITYBaHHS Majla JIMIIe
16% nponyieHnx AaHuX. Y HaloMy JOCHiDKEHHI YaCTOTOI0 Hpo-
IyLIEHUX JaHuX >20% XapaKTepu3yBaJIncs JIMILE IICTh MapKepiB.
BoHn BHKITIOUEHI 3 aHaNi3y Ta MOJAIBIIHNX PO3PAXYHKIB, ale iH-
(dopmariro mpo X ajenbHUil CTaH BUKOPHUCTAHO VIS JIiHIH, ¢ THIT
HYKJICOTH/TY OyJI0 BCTAaHOBJICHO.

CepenHsl TeTepO3UTrOTHICTH MPOaHANI30BaHUX 3pa3KiB CKJala
1,2%, y cepenusomy 0,0-0,4 rerepozuroranx SNP-caiitis Ha o1Hy
JIHIIO, IO CBITYUTH NP0 BUCOKY (Ha piBHI 98,8%) roMO3UrOTHICTH
JOCIIDKSHKX JTiHIH. Y HamoMy nociipkeHHi rerepo3urotai SNP-
JIOKYCH BHKJIIOYAIM 3 aHawi3iB i po3paxyHkiB. Wen et al. (2012)
MOKa3aJIy, 10 TeTEPO3UIOTHICTH 32 SNP-MapkepamMu KOMHBA€THCS
Bix 1% y minit CIMMYT no 36% y MiceBnx aMepHKaHCHKHX
TIOITYJISIIIH.

V npani Semagn et al. (2012) 3a narnvu SNP-reHoTHITYBaHHS
CIOpiHEHICTh Ha piBHI 5—50% Manm 79% mniHiit, a 94% nonapHux
TFeHETUYHMX JUCTAHIN BKIagamucs B aiana3on 0,3-0,4, oCKiIbKU
Maiu By3bKy reteriyny 6a3y 3 CIMMY T-niporpam st CxifHol Ta
[TiBgenHoi Adpuky. BiutblicTh JiHIM aBTOPY BBaXKAIOTh YHIKAIIb-
HUMH JUIs wi€el cenekuiiinoi nporpamu. Xu et al. (2017) mokasas,
0 y KYKypyA3d HOMIpPHOTO Ta TPOIIIYHOTO IOSCIB CIIOPiHEHICTh
59% mocmimxennx miHii mepeOyBana Ha piBHI 0-0,5%, a 25%
niHi} — Ha piBHI 5-20%, TOOTO MaHwmii Hablp CKIaJeHUH 31 3HAYHO
BIZITAJICHUX MK COOOK0 B TEHETHYHOMY BiTHOIICHHI, pPI3HOMAHIT-
HHX 1 HaBiTh YHIKJIBHHX 3pa3KiB. Y Hamomy Habopi JOCIiDPKEHNX
JiHIM, TepeBaKHA OUIBIICTh SKUX BXOMUTh 10 JIHIMPOBCHKOT
CeJIeKLIHHOI mporpamu, BU3Ha4YeHa 3a pe3yibratamu SNP-reHoTu-
IyBaHHS CHOPIAHEHICTH JIiHIN y miamaszoni 0-5% He 3apeectpoBa-
Ha, a HalOLIbIIA KUTBKICTH Hmap miHill (65,2%) Mae 3HaueHHS
criopizHeHocTi B inTepBati 40-60%.

Toka3HHK TeHHOTO Pi3HOMAHITTS JIiHIM J{HINPOBCHKOI Celek-
nilHoi mporpamu repedysaB y mianasoni 0,1701-0,1901. Lle 3na-
YHO MeHIIIe, Hix 1yt oy CIMMYT (0,2669) i miHiii i3 ipo-
rpamu US-GEM s posummpensst 3apoakoBoi miazmu CIIA
(0,3891), sixi BMILIyOTh 3HAYHI KOJIEKLIil, Y TOMY YHCIIi TPOIIYHHX,
asifichKuX, MiBICHHOAMEpUKaHChKHX renoTumnis (Wen et al., 2012).
Huspki 3Ha4YeHHS TOKa3HUKA TEHHOTO PI3HOMAHITTS JIiHiH Ta Horo
BY3bKHI Tialta30H MU OB’ A3Y€MO 31 crienu(piqHIM HaOOpOM JiHiH,
mo aHamizyBanu (iHIA J{HIIPOBCHKOI CeNeKmiifHoOI mporpammu),
TEeHEe3HC SIKMX NPOXOAUB Yy CHENU(IUYHMX i CYBOPHX BiTHOCHO HO-
CyXH Ta CHIEKH YMOBAX CTEIOBOI 30HH Y KpaiHu.

TakuMm 4HHOM, 3arajbHi XapaKTepPUCTUKH T'€HOTHITyBaHHS,
MPOBEICHOr0 Hamu 3a maHewto 3 384 SNP-mapkepiB mis 91 minii
KyKypyZ3H, OUTBIIICTh SIKMX CTBOpEeHa 3a J[HIIPOBCHKOO CENeKIiii-
HOIO IIPOTPaMOI0, BIATIOBIAAIOTH yCTaHOBJICHUM BIMOTaM i iepely-
BAaIOTh HA PiBHI, OTPEIMAaHOMY iHIIMMH aBTOPAMH IIijl Yac TeHOTH-
IyBaHHS LIIIXOM YaCTKOBOTO CUKBEHYBAHHS I'€HOMIB JIHIiH KyKy-
Pya3u pizHOTO MoxopKeHHs 32 SNP-manersiMu.

Wu et al. (2016), BuBunBom 544 ninii 3a 362008 SNP-map-
KepaMH 3a JONOMOIOI0 IPUHIMIIOBOTO KOMIIOHEHTHOIO aHallizy,
BCTaHOBUJIH, [0 MEPLIi ABI MPUHIMIIOBI KOMIIOHEHTH TIOSICHIOIOTH
32,8% (19,1% Ta 13,7%) 3aranbHOro BapitOBaHHs s BCHOTO Ma-

cuBy JiHil Kykypymsu, 31,0% (17,6% Ta 13,4%) — i1 rpynu HU-
3UHHMX TpomiuHux JiHii, 30,1% (18,1% Ta 12,0%) nis cyorporiy-
Hoi rpymu JiiHil cepennboi Bucotr Ta 30,8% (18,2% ta 12,6%) —
JUTSL TPOITIYHOI TipChKOT IPYIH JIiHIH. Y HaloMy JOCIiIKEHHI Tiep-
II1a Ta Apyra IPUHIUIIOBI KOMIIOHEHTH MOSICHIOIOTH pazoM 48,1%
3araJbHOTO BapiloBaHHA, MO Ha 15,3% Bume, HDK y mpami (Wu
etal., 2016). Semang et al. (2012) BusHaumm 237 anenis 3a 236
SNP-mapkepamy, siki Haiikpalue BiIIUBUIM TPH TPYIH JIHIA MK
coboto. [Neprmra Ta Apyra NPUHIMIIOBI KOMITIOHEHTH IIiJ| Yac aHaji3y
3a IUMH aresivu niosicHioBai 99,8% (93,6% Ta 6,2%) 3aranbHOro
BapiroBaHHs MacuBy 3 450 miHiit kykypymu. Ilin yac mocmimpkeHHs
po3noziny 770 moMipHuX i TpomiyHKX / cyOTpomiyHuX JiHii 3a 1034
SNP-mapkepamu BCTaHOBJICHO, IO TIEpIIa Ta APyra MPHHIAIIOBI
KOMITOHEHTH TOSICHIOIOTh Jmime 6,1% Ta 2,8% 3aranpHOro Bapiro-
Baues (Lu, 2009). MeTox NpUHIMIIOBOrO KOMITIOHCHTHOTO aHAII3Y
JIO3BOJIUB €PEKTHBHO PO3ILTHTH 346 TOCIIIKCHUX JIiHIl Ha YOTHPH
miarpymi: i rereposucHi rpymi (Iowa Stiff Stalk Synthetic Ta Non-
Stiff Stalk), rpyma TponiuHoi / cyOTpOIYHOI KyKypy/I31 Ta 3MilllaHa
rpyma (Li, 2017).

Miki¢ et al. (2017), nmpoanaiizyBaBiiu 96 niHI KyKypya3u
niomiproro nosicy IliBrerHo-CxigHol €Bporm 32 5 SSR-mapkepa-
MH, BUAUTIIIH 6 KITaCTepiB, Cepell IKUX KIACTEePH, 10 MiCTHIIU JIiHii
BSSS, Jlankactep i AfioneHT. ABTOpY JOBENH 3HAYHE Pi3HOMAHIT-
TS JIiHiH 11a3Mu JIaHKacTep i NepCHeKTUBHICTH 1i BUKOPUCTAHHS B
CENeKI[IHHOMY TIpOIIeci, a TaKOX Ul acOLaTHBHOIO KapTyBaHHS
iIb0BUX 03HaK. Smith et al. (2015) Ha ocHOBI reHoTHITyBaHHS 380
ninift Texacbkoi cenekuiitHol mporpamu 3a 766 SNP-mapkepamu
3AiiCHIIN iX TOJLT HAa TPYIH, SIKi BIAIOBIQIN TpynaM 3a Meairpi
BSSS, NSS, Afionent Ta Tpomiusiii rpymi. Pazom i3 M, Semagn et al.
(2012) He maTBEpHKYIOTH 3B’ 30K MK PE3YJIBTaTaMU TCHOTHITYBaHHS
3a 1065 SNP-mapxepamm 450 niHii KyKypyI3ud Ta MHOAIT Ha
TETEPO3UCHI TPYIH 32 KOMOIHAIIHOIO 3aTHICTIO, OI[IHEHOIO SIK Y
JaJIeNbHUX, TaK 1 B TECTEPHHUX CXPEIyBaHHSIX. ABTOPH MOSICHIO-
IOTh 1I¢ BIUIMBOM I'€HOTHITy OaThKIiBCHKHX KOMIIOHEHTIB, & TAKOXK
TecTepa Ha (DCHOTHITIYHHI TPOSIB KOMOIHALIMHOI 31aTHOCTI i ii He
30DKHICTh 3 pesyJbTaTaMi TeHOMHOro aHamisy. Ilin 4ac aHamisy
TeHETUYHOI CTpyKTypH 367 niHil KyKypya3u, nommpenux y Kurai
(Wu, 2014), 3a 56110 SNP-mapkepamu BUIIICHO [IBI BEJHKI IpY-
M1 10 TIEPIIOi 3 HUX YBIMIIIIK JIiHii MiCIIEBOT 3apOIKOBOI IIa3MH,
JI0 Ipyroi — IHTPOyKOBAHOI IUIa3MH, & TAKOXK I1’SITh MiArPyI, IO
BifnoBifamm pizHuM rereposucHuM rpymam (Reid Yellow Dent,
Lancaster Sure Crop, P-rpynma, Tang Sipingtou Ta Tem-tropical
rpyIa, BCEPEAUHI SKHX TAKOXK CIIOCTEPIraiy FeHeTHYHY reTepOreH-
HICTb, IPUYOMY HalMEHINIA TeTePOreHHICTh Bif3HAYEHa BCEPEIUHI
P-rpymu, a Haitbinbma — Beepeauni Tem-tropical rpymn). I'enerny-
Ha PI3HOPIAHICTD BimMmideHa Takox cepex 59 miHiii INERA, mpo-
anainizoBaHux 3a 1057 SNP-mapkepamu (Dao, 2014), i cepen 156
minii [liBaivHO-Kapomiacekoro [epskaBHoro yHiBepcutery (Nel-
son, 2015), i y 284 niniii cenexuii YHiBepcurery MinHecotu (Schae-
fer, 2013).

BucHoBkn

3aranbHi XapaKTepHCTHKA T€HOTHITYBaHHS, MPOBEICHOIO 3a Iia-
Hemto 3 384 MapkepiB omHOHYKIeoTHAHOTO omMopdismy AHK st
91 ninii Kykypymu JIHIIPOBCHKOI CeNeKUiHHOI MporpaMH, BifmOBi-
JIA0Th YCTAQHOBJICHUM BHMOTaM i 1epeOyBaloTh Ha PiBHI, OTPHMAHO-
My iHmMMEM aBTopamu y mpouici SNP-aHamizy JiHil KyKypym3u
PI3HOTO TIOXO/DKEHHS. Pe3yibraTé NpHHIMIIOBOTO KOMITIOHEHTHOTO
aHai3y MiATBEPKYIOTh HASBHICTH Cepe/] POaHaTi30BAaHOTO MACHBY
OKpeMOi TPyIIH JIiHiM, sIKi 32 NeAirpi HaJeKaTh 10 3apOKOBOI ILj1a3-
i Jlarkactep. Pesynbrary SIKICHOTO KJIacCTepHOTO aHai3y METOIOM
TIOBHOT'O 3B’5I3Ky CBiTYaTh IPO BapilOBaHHS BCEpEAMHI mua3mu Jlan-
KacTep, Jie BIJIUICHO JIiHii, OJm3bKi sk 10 Mo17, Tak i o Oh43.

References

Abdi, H., & Williams, L. J. (2010). Principal component analysis. Wiley
Interdisciplinary Reviews, Computational Statistics.

Regul. Mech. Biosyst., 8(3) 347



Bennetzen, J. L., & Hake, E. S. A. (2009). Handbook of maize. Genetic and
genomics. New York. Springer Science.

Brereton, R. G. (2003). Chemometrics: Data analysis for the laboratory and
chemical plant. Wiley, Chichester.

Dao, A., Sanou, J., Mitchell, S. E., Gracen, V., & Danquah, E. Y. (2014). Genetic
diversity among INERA maize inbred lines with single nucleotide polymor-
phism (SNP) markers and their relationship with CIMMYT, IITA, and
temperate lines. BMC Genetics, 15, 127-140.

Derkach, K. V., Abraimova, O. E., & Satarova, T. M. (2016). Reguljacija morfo-
genezu in vitro u linij kukurudzi grupi Lankaster [Regulation of in vitro
morphogenesis in maize inbreds of the Lancaster group]. Visnyk of Dnipro-
petrovsk Universitet. Biology, Ecology, 24(2), 253-257 (in Ukrainian).

Dzjubec’kij, B. V., Bodenko, N. A, Fed’ko, M. M., & Gusak, J. V. (2012).
Stvorennja seredn’opiznih gibridiv kukurudzi na bazi plazmi Lankaster
(Ci3) [Creation of medium-late hybrids of com based on Lancaster
germplasm (Cyo3)]. Bjuleten’ Institutu Sil’s’kogo Gospodarstva Stepovoji
Zony NAAN Ukrayiny, 3, 8-11 (in Ukrainian).

Elshire, R. J., Acharya, C. B., Mitchell, S. E., Flint-Garcia, S. A., McMullen,
M. D., Holland, J. B., Buckler, E. S., & Gardner, C. A. (2013). Comprehen-
sive genotyping of the USA national maize inbreds seed bank. Genome
Biology, 14(6), R55.

Li, X, Jian, Y., Xie, C., Wu, J., Xu, Y., & Zou, C. (2017). Fast diffusion of
domesticated maize to temperate zones. Scientific Reports, 7, 2077-2089.

Lu, Y., Yan, J., Guimaraes, C. T., Taba, S., Hao, Z., Gao, S., Chen, S., Li, J.,
Zhang, S., Vivek, B. S., Magorokosho, C., Mugo, S., Makumbi, D., Parento-
ni, S. N., Shah, T., Rong, T., Crouch, J. H.,, & Xu, Y. (2009). Molecular
characterization of global maize breeding germplasm based in genome-wide
single nucleotide polymorphisms. Theoretical and Applied Genetics, 120(1),
93-115.

Miki¢, S., Kondi¢-Spika, A., Brbakli¢, L., Stanisavljevi¢, D., Ceran, M., Trkulja,
D., & Mitrovi¢, B. (2017). Molecular and phenotypic characterisation of
diverse temperate maize inbred lines in Southeast Europe. Zemdirbyste-
Agriculture, 104(1), 31-40.

Nelson, P. T., Krakowsky, M. D., Coles, N. D., Holland, J. B., Bubeck, D. M.,
Smith, J. S. C., & Goodman, M. M. (2016). Genetic characterization of the
North Carolina State University Maize Lines. Crop Science, 56, 259-275.

Romay, M. C.,, Millard, M. J., Glaubitz, J. C., Peiffer, J. A., Swarts, K. L., Casste-
vens, T. M., Elshire, R. J., Acharya, C. B., Mitchell, S. E., Flint-Garcia, S. A.,

McMullen, M. D., Holland, J. B., BucKler, E. S., & Gardner, C. A. (2013).
Comprehensive genotyping of the USA national maize inbreds seed bank.
Genome Biology, 14(6), R55.

Schaefer, C. M., & Bemardo, R. (2013). Population structure and single
nucleotide polymorphism diversity of historical Minnesota maize inbreds.
Crop Science, 53(4), 1529-1536.

Semagn, K., Magorokosho, C., Vivek, B. S., Makumbi, D., Beyene, Y., Mugo, S.,
Prasanna, B. M., & Warburton, M. L. (2012). Molecular characterization of
diverse CIMMY T maize inbred lines from eastern and southemn Aftica using
single nucleotide polymorphic markers. BMC Genomics, 13, 113-124.

Sivolap, J. M., Kozhuhova, N. J., & Kalendar’, R. N. (2011). Variabelnost’ i spe-
cifichnost’ genomov sel’skohozjajstvennyh rastenij [Variability and specifici-
ty of genomes of agricultural plants]. Astroprint, Odessa (in Russian).

Smith, S. D., Murray, S. C., & Heffner, E. (2015). Molecular analysis of genetic
diversity in a Texas maize (Zea mays L.) breeding program. Maydica, 60, 1-8.

Venkatramana, P., Carlson, C., Blackstad, M., Bialozynski, R., Schultz, Q., &
Kaufman, B. (2010). Development and characterization of single nucleotide
polymorphism (SNP) panel for marker assisted backcrossing in com. Seed
Technology, 32(2), 153-154.

Wen, W., Franco J., Chavez-Tovar, V. H., Yan, J., & Taba, S. (2012). Genetic
characterization of a core set of a tropical maize race Tuxpefio for further use
in maize improvement. PLoS One, 7(3), €32626.

Wu, X, Li, Y., Shi, Y., Song, Y., Wang, T., Huang, Y., & Li, Y. (2014). Fine
genetic characterization of elite maize germplasm using high-throughput
SNP genotyping. Theoretical and Applied Genetics, 127, 621-631.

Wu, Y., San Vicente, F., Huang, K., Dhliwayo, T., Costich, D. E., Semagn, K., &
Babu, R. (2016). Molecular characterization of CIMMY T maize inbred lines
with genotyping-by-sequencing SNPs. Theoretical and Applied Genetics,
129,753-765.

Xu, C., Ren, Y., Jian, Y., Guo, Z., Zhang, Y., Xie, C., Fu, J., Wang, H.,
Wang, G., Xu, Y., Li, P., & Zou, C. (2017). Development of a maize 55 K
SNP array with improved genome coverage for molecular breeding.
Molecular Breeding, 37(3), 20-34.

Zhang, X., Zhang, H., Li, L., Lan, H., Ren, Z., Liu, D., Wu, L., Liu, H.,
Jaqueth, J., Li, B., Pan, G., & Gao, S. (2016). Characterizing the popula-
tion structure and genetic diversity of maize breeding germplasm in
Southwest China using genome-wide SNP markers. BMC Genomics,
17(1), 697-704.

348 Regul. Mech. Biosyst., 8(3)



Regulatory Mechanisms
mglslos%rstems

Biomorphology and rhythm of seasonal development
of the relic species Lobelia dortmanna in oligotrophic lakes of Tver region

A. G. Lapirov*, E. A. Belyakov* ** O. A. Lebedeva*

*I. D. Papanin Institute for Biology of Inland Waters RAS, Borok, Russia
**Cherepovets State University, Cherepovets, Russia

Article info Lapirov, A. G., Belyakov, E. A., & Lebedeva, O. A. (2017). Biomorphology and rhythm of seasonal development of
Received 18.06.2017 the relic species Lobelia dortmanna in oligotrophic lakes of Tver region. Regulatory Mechanisms in Biosystems,
Received in revised form 8(3), 349-355. doi: 10.15421/021754

14.07.2017
Accepted 20.07.2017 This article covers the morphology of the vegetative and generative sphere of a rare relic species, Lobelia

dortmanna L. (Lobelioideae). This is the first time that using the modular approach a study has analysed the shoot
1. D. Papanin Institute for Biology ~ System of this species and described the structures of all three categories: elementary (EM), universal (UM) and basic
of Inland Waters RAS, Borok, (OM). This paper describes the life form and analyses the rhythm of seasonal development of the species in the lakes of

gd‘,””z %Szt;lz ;; aroslavl Tver oblast, and provides data on the seed productivity. As a life form, L. dortmanna is a herbaceous polycarpic, un-
Tj}gfof;;(g_ 5472 40?2“1' clearly polycentric shallow-rooted plant with a fibrous root system and non-specialized morphological disintegration.

E-mail: lapir@ibiwyaroslaviru  1he sympodially growing shoot-system of the plant is formed by two types of different-aged anisotropic replacement
o shoots: dicyclic vegetative-generative semirosette and annual vegetative rosette shoots. The indicator of actual seed
g’s{; 222:3;2326 gjmv” SiLy, productivity equals on average up to 1621 + 451 seeds per single vegetative-generative shoot. The module structure of
Cherepovets, 162600, Russia L. dortmanna is presented by 10 variants of elementary modules. The main modules are formed on the basis of a
monocarpic dicyclic anisotropic monopodial shoot with the following morpho-functional zones distinguished: 1) the
lower zone of inhibition; 2) the recovery zone; 3) the upper zone of inhibition 4) the latent generative zone; 5) the main
inflorescence. The functional role of the first three morpho-functional zones of a monocarpic shoot is performed by a
minimum number of variants of elementary modules. In the rhythm of seasonal development, the authors distinguished
7 consecutive stages: 1) the period of relative rest; 2) vegetative phase; 3) the phase of budding; 4) flowering; 5) frui-
ting; 6) secondary activities. By the character of rhythm of seasonal development, L. dortmanna belongs to the group of
evergreen plants with a long growing season and middle-late summer flowering.
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Buomopdosiorusi 1 pUTM Ce30HHOTO Pa3BUTHUS
pesukToBOro BUuaa Lobelia dortmanna
B 0JIMToTpo(pHBbIX 03epax TBepckoi 001acTn

A.T. Jlatmpos*, E. A. Bensiko® **, O. A. JlebeneBa*
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PaccmotpeHbl Moposiorysi BereTaTHBHOM M T€HEPaTHBHOM Cepbl PEIKOro PeMKTOBOro Buma — jodenmuu [loprtManHa, Lobelia dortmanna L.
(Lobelioideae). BriepBble ¢ IOMOIIBIO MOYJIBHOTO MOAXO/A NPOAHATM3MPOBAHA [OOEroBasi CHCTEMa 9TOrO BHJA, ONPEIEICHEI CTPYKTYpPBI BCEX TpeX
Kareropuii MotyJeit: anemenTapHoro (M), yausepcansHoro (YM) u ocHoBHoro (OM). OrmmcaHa >xu3HEeHHast (popMa U PacCMOTPEH PUTM CE30HHOTO
Pa3BUTHSI 5TOTO BHIA Ha 03epax TBepckoii 001acTh, MPUBEIEHBI JAHHBIE IO CEMEHHOMN MpOoXyKTUBHOCTH. T10 xu3HeHHO# (opme L. dortmanna sisnsiercs
TPABSHUCTBIM TTOJIMKAPITUKOM, HESIBHOIOJMLIEHTPHYECKUM KOPOTKOKOPHEBHIIHBIM MAJIOJIETHUKOM BEreTaTUBHOTO MPOMCXOXKICHHS C KUCTEKOPHEBOM
CHCTEMOH M paHHeH HeCTelMaIn3upOBaHHON Mopdonorndyeckoil aesuHTerpampeil. Hapacrarormas CHMIOIUaibHO MOOEroBast CHUCTEMa PacTeHHS
o0pa3oBaHa JBYMsI THIIaMH Pa3HOBO3PACTHBIX AHM30TPOIHBIX MOOETOB 3aMEIICHHUS: JTUIMKIMYSCKUMU BEreTaTUBHO-TeHEPATHBHBIMU TI0JIypPO3ETOY-
HBIMH 1 OJTHOJICTHUMH BEreTaTUBHBIMU PO3CTOYHBIMU. BenmmunHa dakTrnueckoit ceMeHHOM MpotyKTHBHOCTH L. dortmanna B o3epax TBepckoit obnacty,
B cpexHeM, jgocturaer 1621 + 451 cems Ha OmMH BEreTaTMBHO-TEHEpPAaTWBHBIN 1o0er. MopynbHast cTpyktypa L. dortmanna mpencraBieHa
10 BapraHTaMK 3IeMEHTapHBIX Mofyneil. OCHOBHBIC MOIyNH (POPMHPYIOTCS HA OCHOBE MOHOKAPIIMHYECKOrO JIUIMMKIIMYECKOrO AHM30TPOITHOIO
MOHOIOIMAIBHOTO TI00era, B paMKax KOTOPOTO BbIENEH psit MOP(GODYHKIMOHABHBIX 30H: 1) HIDKHSIS 30Ha TOPMOXKEHHsT, 2) 30Ha BO30OHOBJICHHS;
3) BepxHsisi 30HAa TOPMOXKEHHs 4) CKpBITOIeHepaTUBHAs! 30Ha; 5) TIaBHOE couperre. [Ipn 3ToM (yHKIMOHATbHAS POJh TPEX MEPBbIX MOP(OPYHKIHOHATE-
HBIX 30H MOHOKapITMYECKOro 1odera o0ecrieynBaeTcsl MajlbIM YHCIIOM BApPHAHTOB IEMEHTApHbBIX Moty iel. [Ipy onmcaHuy puTMa Ce30HHOTO Pa3BUTUS
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aBTOpaM{ BBIJIEICHO HECKOJIBKO MOCIICIOBATENBHBIX JTaroB: 1) eproji OTHOCHTENIBHOrO IOKOs; 2) BererariBHas (asa; 3) ¢asza OyTroHM3ammy;
4) nBeTeHUs; 5) IIOOHOMICHNS; 6) BTOPUYHOM JesiTenbHOCTH. 10 XapakTepy pUTMa Ce30HHOTO PasBUTHA L. dortmanna OTHOCHTCS K TPYIIIE JUTHTCIIb-
HOBETCTHPYIOLINX JIETHE3UMHE3EIICHBIX PACTEHUI CO CPEIHE- U MTO3THEICTHAM MIEPHO/IOM [IBETCHUSL.

Kmiouesvie cnosa: Mmophonorus BereraTHBHOM 1 FeHePaTHBHOM c(epbl; YHHUBEPCATBHBIN 1 OCHOBHOM MOJTYJIM; PUTM Pa3BUTHS

Baenenne

Lobelia dortmanna L., no6enust JlopTMaHHa — UHAUKATOP OJIH-
TOTPO(HBIX O3EPHBIX SKOCHUCTEM, PEIKUI U NCUE3aIOIUi BUJI, 10~
MUHHUPYIOLIUH B PACTUTEILHOCTH OSHBIX IUTATEIbHBIMH BEILECT-
Bamu o3ep EBpomnsl u CeBepHoit Amepuku (Szmeja, 1987; Sand-
Jensen et al., 2005; Meoller and Sand-Jensen, 2011). B Poccun 310
pacTeHHe CIIopaJuiecKy BCTPEUaeTcsl B CEBEpHBIX o0macTax EBpo-
nieiickoii yactu; B Cpenueit Poccunt oTMeueHo JIUIb B HEKOTOPBIX
o3epax Teepckoit obmactu (Gubanov et al., 2004), rae cuuTanoch
SIIMHCTBEHHBIM IIpe/ICTaBHUTENIeM aTiiaHTH4Yeckux BuaoB (Nevskiy,
1956). OTOT BHI OTHOCUTCS K TPYIIIE TaK HAa3bIBAEMbBIX «H303TH-
JI0B» — CHeU(UIECKUX HOrPYKEHHbBIX PACTEHHIl ¢ HU3KUMH TPO-
¢ruecknmu  TpedoBanusamu (Lamentowicz and Milecka, 2004;
Sand-Jensen et al., 2005; Pulido et al., 2012). Mopdonoruueckue
XapaKTEePHCTUKU TUX PAaCTeHUH COMPSDKEHBI C POCTOM B O€IHBIX
YTIIEPOIOM OJUTOTPOGHBIX 03epax M XapaKTepH3YIOTCS PO3ETKON
KOPOTKUX JIUCThEB (<10 cM), IJIOTHOM, XOpOILIO pa3BUTOH KOpHe-
BOM CHCTEMOH, OOIIMPHBIMYI BO3/IyIIHBIMA BHYTPEHHHMH JIAKyHa-
MH B JIMCTBSIX M KOPHSX M XJIOpoIUIacTaMu BOIM3M JiakyH (Raven
et al., 1988 — 1. mo Pedersen and Sand-Jensen, 1992).

Hecmotpst Ha 10, 9T0 NM0GENMs lopT™MaHHA TaBHO MIPECTaBIIS-
et uHTepec st 6otaHukoB (Szmeja, 1987), ee Mopdonornueckue
0COOEHHOCTH ¥ PUTM CE30HHOTO Pa3BUTHS N3y4YEHEI HEIOCTATOYHO
nonHo.  MMmeromuecss Mop¢oJIoTHIecKkie paboThl, B OCHOBHOM
3apy0eKHBIX HCCIICJIOBaTENeH, OTHOCSTCS K ceperauHe XIX Beka,
Havyainy u 40-50-m rogam XX Beka (Buchenau, 1866; Tswett, 1907;
Aberg, 1943 — Bce uut. mo: Szmeja, 1987; Sylven, 1903; Ydrac,
1905 — Bce, mur. no: Woodhead, 1951; Armand, 1912; Gliick,
1924; Philipson, 1948). Kpatkue cBemeHus MO 3TOMY BOIPOCY
MIPUBOJIITCS B HEMHOTOYHMCIICHHBIX OTEYEeCTBEHHBIX padotax (Phi-
lippov et al., 2016; Markov, 2017). PaGor mo purmy ce3oHHOrO
pasBuTHs J00en TarKe Kpaitae Maio. IToapoOHbIe cBeeH S 110
PHUTMY CE30HHOTO Pa3BUTHS B OXHOM M3 OJUTOTPO(QHBIX 03ep Ha
cesepe [ompmm (Lake Wielkie Oczko), Bitrouaroriemy 8 deHoo-
ruueckux (bas, mpeAcTaBiIeHbI HOJILCKUM HCCIIeoBaTeneM Szmeja
(1987). Mo HacTosmIero BpeMEHH 3TO €OUHCTBEHHAs W3BECTHAs
HaM paborta momoOHoro 1aHa. OcTanbHBIE, B JIy4IleM ciydae,
OIMCBHIBAIOT JIMIIb OCOOCHHOCTH LBETCHHMS M IUIOJOHOLICHHS
(Woodhead, 1951; Farmer and Spence, 1987).

B cBs131 ¢ BEIIICH3NIOKEHHBIM, IIEJIb JAHHOH PabOTHI — OXapak-
Tepru30BaTh OHOMOP(OIOTHIO ¥ PUTM CE30HHOTO pasBuTHs L. dort-
manna B oUroTpodHbIX 03epax TBepckoit obmacT.

MaTepnaJI U METOAbI HCCIIeTOBAHUI

B ocHOBY paboThI MOIOXKEHBI MaTepHAIIbl OPUTHHAIBHBIX HC-
crienoBanuit L. dortmanna, nposeneHHbIx B 2014-2016 rT. Ha BO-
noemax TBepckoit obmactu: BeimHeBonmonkuit p-H — o3epa bems-
ckoe (6mm3 1. Beroe — 57°43'41" N, 34°14'07" E) u Smuno (6mm3
I SAmmeer — 57°41'11" N, 34°39'11" E); OcTamkoBCKUd p-H —
o3epa Cur (okpectHocTh jepeBeHb Kypsieeo — 57°0128,4" N,
33°06'36" E, Bykouau — 57°03'15" N, 33°11'02" E u Kpakmnoso —
57°0128" N, 33°06'38" E) n Cabpo (6mm3 1. 3Bsiruno — 57°09'56"
N, 32°54'19" E u moc. ly6se — 57°08'31" N, 32°53'06" E).

Ha nccienoBaHHbIX 03epax L. dortmanna pacter Ha TTyOHHAX
0,2—-1,2 M 1 Goree Ha TTECYaHOM HITH ITECYaHOM C HAWJIKOM IpyHTax
B BUJIE OTIEIBHBIX 3K3EMIUIIPOB, HEOOBIINX IPYIIT PACTEHHI WIN
oOumpHbIX IsiTeH (mwupuHOit Oonee S0 u mmHOM Goee 200 M,
03. besbckoe) ¢ BBICOKMM HPOEKTHBHBIM MOKphITHEM (10 100%).
I'pymnmupoBKH JaHHOTO BHAA COCPENOTOUYEHBI, B OCHOBHOM, B TPO-
CTHHMKOBBIX 3apOCIISIX, JTUOO0 Ha 3AIIMIIECHHBIX (PeXXe He 3aIlUIIeH-
HBIX) OT BOJIHOBOTO MACHCTBHSI OTKPBITBIX TMpocTpaHcTBax. [t
rccrenoBanus ouomopdorornu go6emnu J{opTMaHHa UCTIONB30BaA-

JIM MPEUMYILECTBEHHO XUBOH, (PMKCHPOBAHHBIH, a TaxKe repdap-
HbIi Martepuan ¢ounos IBIW, MHA u MW. Bceero npoananmsu-
poBaHo 90—100 moGeroB, HaXOAAIIMXCS B Pa3HBIX OHTOI€HETHYEC-
KHX COCTOSHHUSX. B KauecTBe OCHOBHBIX ITOAXOJOB IIPH IIPOBEJIE-
HHH UCCIIEZIOBaHUS BHIOPAHBI KIIACCHYECKUE METO/IbL: CPAaBHUTEIb-
HO-MOP(OIOTHYECKUA U PUTMOJIOTHYECKUH, MPUMEHSEMBIE MPH
H3YYEeHHUH BOIHBIX M IPUOPEKHO-BOAHBIX pacTeHuii (Savinykh and
Cheryomushkina, 2015).

JU1s1 BBISIBIICHUSI CE30HHBIX MOP(OIOTHIECKIX H3MEHEHHIT pa3 B
MecsILl Ha MPOTSHKEHUH BCEro BereralmoHHoro cezona 2014-2016 rr.
HPOBOJIWIIM HATYPHBIE MCCIIEIOBAHKS U COOPBI B JIBYX 03epax Mope-
HO-aKKyMYJIATUBHOTO IporcxoxkaeHns — benbcekoe u Cur (TBepckast
0011.). CoOpanHble 00pasibl OYMIAIM OT TPYHTA, YKJIAIbIBAIA B
TIOJIMATHIICHOBBIE [IAKEThI 1 JIOCTABISLIN B J1a0OPATOPHIO, I7I¢ TIPOBO-
i OMOMETpUYecKHil aHa3. B BereratnBHOH cdepe oTMedan
JUIMHY ¥ 9HCIIO MEXIOY3IMi MOOEroB, MOPSIOK X BETBIICHUS, M-
KOCTH TePMHHAJIBHBIX 1 OOKOBBIX IIOUEK; ONPENEISUIN YUCIIO JINCTh-
€B, UX JUIMHY U LIMPUHY, TTO/ICYUTHIBAIIM YKCIIO0 KOPHEH U N3MepsUI
MX MakCUMAIbHYIO iHy. [Tpy McciejoBaHi reHepaThBHOM cdepbl
y pacTeHHit U3MepsUIM UTMHY LIBETOHOCA U €r0 METaMepoB, OIpesie-
s (PaKTHYECKyI0 ceMeHHyIo mpoaykTuBHocTh (DCIT), Brmrouaro-
11yro odree urcio ceMstH Ha nobere (Vaynagiy, 1974). Vyer uucna
TCHEPATHBHBIX MOOETOB U KOJIMYECTBA CEMSIH Ha HUX B 3aBHCHMOCTH
OT TTyOWHBI IIPOM3PACTAHMS PACTCHHII MPOBOIWIIM C IOMOIIBIO
pamku momanso 0,25 M IToBTOPHOCTE TS KaXKHOH 13 TITyOHH —
3—5-kparHasi.

JKuznennast popma L. dortmanna onncana B COOTBETCTBHH C
ANIrOPUTMOM, MOKa3aHHbIM B pabote Savinykh and Cheryomushki-
na (2015), peHopuT™MOTHIT — COrNacHo Kiaccuuranuy GpeHoIoru-
YecKHX TUMOB pacTeHuil (Borisova, 1972). Ilpu xapakrepuctuke
PacTUTENBHBIX TPYIIHPOBOK C ydacTueM L. dortmanna aBTopsl OT-
MeYaJli THIT BOJHOTO OOBEKTa, SKOJIOTHIECKHE 0COOEHHOCTH Mec-
TOOOUTaHMS (XapaKTep IPyHTA, TIIyOHHY BOMIBI), COCTABILUIN CITU-
COK TAKCOHOB, BXOJIAIIMX B COCTaB OHoIeHO03a. B Texcre paboThl 1
B Ta0JIMLaX JaHHBIC MIPEJICTaBIICHBI B BUJE X + SD.

Pe3yabTaThl

MopdoJiorust BereraTHBHOI cepbl

CumromanbHas o0eroBasi CHCTEMa B3POCIION TeHEpaTHUBHOM
ocobu nobemmu JloptManHa 00Opa3oBaHa PO3ETOUHBIMH yJACTKAMU
HECKOJIBKHX TOPSAKOB BeTBIIeHU (puc la, 6), KOTOpBIE MOCTENEHHO
HOrPY’KAOTCSL B TPYHT Onaroiapsi HAIMYMIO TIPUJATOUHBIX KOpPHEH.
OHa npeJicTaBiIeHa IBYMsI TUIIAMH Pa3HOBO3PACTHBIX aHU30TPOITHBIX
MOOEToB: JULMKIMYECKAMH BET€TaTUBHO-TEHEPATHBHBIMU TIOTypO-
3€TOYHBIMU H OJJHOJIETHUMH BET€TATUBHBIMU PO3ETOUHBIMH.

Poserounsie mobdern konudeckue mmHon 1,8 + 0,9 u qnamer-
pom 0,4 + 0,1 cM. Ha BceM IpOTSKEHHH OHU HECYT OIHOTHITHBIE
JIMCTBS: CHSTIME JIMHEHHBIE IENBHOKPAHNAE C TyNbIM KOHUHKOM,
S-00pa3Ho-u30rHYTHIE, IUTMHOH 110 4,5 + 0,6 cM 1 mupuHoii — 0,3—
0,4 cm, cruntocHyteie g0 0,15-0,20 cM, TeMHO-3eeHOro 1BeTa,
Orectsmpe, 3uMytomme. JIMCTbsT XpyIKUe, ¢ ABYMs IOJOCTSMHU
BHYTpH. JIncTopacnonoxeHue crnupajibHoe B 4eThipe paaa. Yucio
JIMCThEB Ha IMoOerax BapbUPYeT B 3aBUCHMOCTH OT OHTOI€HETH-
YeCKOT0 COCTOSIHUSA pacTeHus1. Hampumep, Ha pO3ETOYHOM ydacTke
TeHepaTUBHOTO Tobera ¢opmupyercs B cpenHeM 21,5 + 3,5 (B o1-
JENBHBIX clydasix 10 30) JINCThEB, B TO BpeMs KaK y BEIe€TaTHBHBIX
moberoB — o 28,4 + 6,1. KpoMe TUIMMYHBIX, ONHMCAHHBIX BEHIIIE,
JIMCTBEB Y 9TOTO PACTEHMs] IMEIOTCS JIUCThsI BEPXOBOH (hopMarmm —
Opaxren. [lociennue nenbHBbIE, IUIOCKHE, CO ILNATEICBUIHON B
OYepTaHUH JIUCTOBOH IuIacTUHKON (utnHOH 10 0,25 1 mmpuHON —
10 0,18 cM) 1 ropog4aTEIM Kpaem.

B ma3zyxax OONBIIMHCTBA JUCTHEB OOKOBBIE TIOUKH HE 00pasy-
1otcst. PopMupoBaHue NaTepaabHBIX MOYEK (B Ma3yXax OIHOTO —
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TpeX TOCIECAHUX (CaMBIX BEPXHHX) JIICTHEB PO3ETOYHOTO Y4acTKa
nodera) y reHepaTHBHBIX 0COOEH MPOMCXOIUT B MEPUOJ 3aBepLLIe-
HHS 3aKIaJKM TePMHUHAJIBHOTO LBETOHOCA, MO0 HA HAYAIBHBIX
JTamnax ero pasBUTHA. DTH MOYKH TPOTaloTCs B poCT Oe3 meprozaa
TIOKO$1, 00pa3yst IOOErH CIIEAYFOIIEro Mopsiaka BeTBIeHUA (prc 1a, 0).
K ocenu, ¢ oTMupaHueM TEpMHHAJIBHOTO COLBETHSI, PO3ETOYHBIN

YYaCTOK BEreTaTHBHO-TEHEPATHBHOIO 1obera ocTaBiser 3a coboi
(yHKIMM 3amacaHus IUTaTeIbHBIX BEIIECTB. B Teuenue criemyro-
IIETO BETETAMOHHOTO CE30Ha M00EerH, Ha4yaBIINe CBOE PAa3BUTHE B
TPOLLIIOM TO[Ty, NOBTOPSIIOT )KM3HEHHBIH LIMKJI MATEPUHCKOTO Todera.
MareprHCKHIA y9acTOK pO3ETOYHOrO IModera #-ro MopsiIka mocTe-
TIEHHO OTMHPAET K HavaJly — KOHILY TPETHETO Iojia KU3HM.

Puc. 1. L. dortmanna: a, 6 — cTpyKTypa o0OEroBoii CHCTEMBI; 6 — YTOJILECHHS HA KOPHSIX: / — pO3ETOYHBIN y4acTOK modera 71-ro nopsaka
(MaTepHHCKHIT) C OTMEPILIMMH JIUCTHSIMU; 2 — PO3CTOUYHBIH YIaCTOK BEr€TaTUBHO-TEHEPATUBHOTO Nobera 71 + 1-ro mopsiika BETBICHHS
(JICTBS yHaneHsl); 3 — BEreTaTUBHBII PO3ETOUHBIA YIacTOK Ho0era 7 + 2-To Mops/Ika BETBICHHS (HBIHEIIHETO T0/1a)

C OTKPBITOH BEPXYIICUHOH MTOYKOI U JINCTHSIMI; 4 — COLBETHE, PEATH30BAHHOE B HBIHEIITHEM IOy

Kopuesas cucrema y L. dortmanna KMCTeBHIHAS, TIPEICTaBIIC-
Ha MHOTOYHMCIEHHBIMU (10 65,7 + 33,4 y BereratuBHbIX U 112,6 +
33,2 (unorma 1o 150-200) y BereTaTMBHO-TEHEpaTHBHBIX) cTeOe-
POIHBIMU TIPUIATOYHBIMH KOPHSMH, OOBIYHO HEBETBSILIUMUCH,
pexe BeTBsIMMUCA 10 7 + 1-ro nopsiaxa. JKuBele kopHH Oenoro
1Bera, 8,6 + 2,0 cM UTMHOH, 0 Mepe OTMHUPAHKS OHU 00ECLIBEYH-
BatoTcs. MIHTepecHO HalnMuue Ha KOHIAX HEKOTOPBIX KOpHEH crie-
muduygecknx ytomueHui (puc. 16). AKTHBHOE pasBUTHE TpHIa-
TOYHBIX KOpHEil B 0a3aIbHOM 9acTH PO3ETOYHOro 1odera Habmoa-
€TCsl B TEUCHHE BCEro BETeTAIIMOHHOIO CEe30HA, B OCCHHE-3MMHHMI
TNIEPUOJT UX Pa3BUTHE 3aMEUISETCSL.

Mopdosiorust renepaTuBHOM chepbl

Couperne L. dortmanna TpeACTABICHO MPOCTOi OpaKkTeo3HOit
kucThio. CpenHsia JUIMHA [IBETOHOCHOH ocu gocturaet 59,2 + 11,0 e,
muametp — 0,2-0,3 cM. B oTnenpHbIX citydasx IBETOHOCHAS OCh MO-
xket gocturatk 117 cm (Gliick, 1924). JlnnHa MeTamepoB ocH H3-
MEHSIeTCS 10 OJJHOBEPIIMHHOM KpruBoi. Ha nBeToHOCHOIT OcH (cHU-
3y BBEpX) pacIoJiararoTcsi CHavasIa JINCThsl CPEAUHHON (hopmarym
(HepenKo WX HIDKHSS 4acTh MPHPACTAcT K IIBETOHOCHOH OCH), 3a-
TeM Oparten. [Ipu 3TOM B HIDKHEH YacTH colBeTHs (B mazyxe IepBo-
'O — BTOPOTO JINCTA CPEAUHHOM (hOpMalii) NasyIIHbIe CTPYKTYPbI
(BereraTUBHBIC IMOYKH) MMEIOTCS JIMOO OTCYTCTBYIOT. Bblmie no
I[BETOHOCHOH OCH, B TTa3yXaX TPETHETrO — YETBEPTOro (pexke ele u
BTOPOTO) CPEAWHHBIX JUCTHEB, a TAKKE HAYINIMX 33 HUMH ABYX
HIDKHHUX Opaktel, 0OHapy>KeHbI 3a4aTOYHBIC COLBETUS, KOTOpBIC,
KaKk MpaBWIIO, B pocT He Tporatorcs. Emie Belme pacromaraercs

Y4JacTOK I[BETOHOCHOM OCH, Ha KOTOPOM M3 Ia3yX OpakTeil BBIXO-
JISIT PaCIIONIOKECHHBIC HA IBETOHOXKKAX (mmuHOi ot 0,5 10 1,0 cm)
OJIMHOYHBIE OHUKAIOIIHE [IBETKH.

LBetku oGoernonble 3UroMOp(HbIC IATHWICHHBIE C JBOHHBIM
OKOJIOLIBETHUKOM, CaMOOIIBUIAIOIIMECS, BEHUMK Toiay0oit mbo
6senHO-(roseToBbIH. Y 00eniy HepeaKo MOXKHO HAOIOAATh Ha-
JIMYKE KICHCTOraMHBIX LIBETKOB (B HIDKHEI! 4aCTH COLIBETHS, KOTO-
pas MoeT OBITh TTOTpY’KeHa B BoAy). [locetHue BRITISAAT TaKoKe
Kak OOBIYHBIE IBETKM U MOTYT (POPMHPOBATH IUIOABI C XOPOIIO
Pa3BUTHIMH ceMeHaMH. AHaIorudHoe siBieHne Hadmonan u Gliick
(1924) B npUpOAHBIX U KYyJIbTYPAJIbHBIX YCIOBHSX.

[Tnoxwt L. dortmanna npencTapisitoT coOO0i OBaJbHBIC TOHKO-
pebpucTbie Kopobouku ¢ aByms crBopkamu (Gubanov et al., 2004;
Lebedeva and Belyakov, 2016). ®opmupoBanue 1 co3peBaHue ce-
MSIH HPOUCXOJIUT HE OAHOBPEMEHHO. ITepBbIMH CO3PEBAIOT ILIOJBI,
pacnonararonecs: (HEpeaKo MO BOIOH) B HWJKHEH YacTH coLBe-
tis1. Kopobouka mmeer smmmnrideckyio gopmy (1,5 + 1,1 em mm-
HOM 1 0,4 cM IUaMeTpoM), pe3Ko CY’KalOILyIoCs B BEpXHel 4acTi B
cronbuk (o 0,4 cMm mmuHOM). CofepKuMoe IUiofia PasJIeicHo Ha
nBa THe3ma. Uncino co3peBIIMX KOpPOOOYEK C CeMEHaMH Ha OAWH
MOHOKapuieckuii mober nocturaer 3—6 mryk. YacTb BETKOB He
ycreBaeT cOpMHUPOBATH ILIO/IbL.

CemeHa npaBUIBHON druminTraeckoi hopmel (mmaHoi 0,4-0,6 1
mmprHOH 0,3-0,4 MM) ¢ GnecTsIel TeMHO- MO0 CBETIIO-KOPHYHE-
Boit cemeHHOM obomnoukoii (Lebedeva and Belyakov, 2016) ¢ xapaxk-
TepHOI OYTPHCTOH CKyJBITYpPOH; C MPSIMBIM 3apOABIIIEM H pa3BH-
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TBIM SHJIOCIIEPMOM. XapaKTepPHONH OCOOCHHOCTBIO CEMSH SIBIICTCS
TIOJIHOE OTCYTCTBUE Y HHX IUIABYYECTH, YTO IMPEISTCTBYET UX pac-
MPOCTPAHEHHUIO JAKe Ha HEOOIbILIE PACCTOSHUA B BojoeMe. Y pac-
TEHHI C HCCIIeMyeMbIX 03€p CpeHEee YUCIIO CEMSIH, MPUXOIAIIIXCS
Ha KopoOouKy, nocturaet 319 + 55, a cpenHee 9ncio ceMsH B OTHOM
raesne — 160 + 29. JInsa cemsH no0emin XapakTepHa HEOTHOPOJ-
HOCTB, CBSI3aHHAS C PA3IMUMSIMU B CTEIICHH MX Pa3BUTHS KaK B KaXK-
JIOM U3 THE3]l KOPOOOYKH, TaK M KOPOOOUKe B 1eNioM. B kopobouke
YHCJIO0 HOPMAIBHO Pa3BUTHIX CeMsH (B MOP(HOJIOrMYECKOM H (PH3HO-
JIOTHYECKOM CMBICIIe) B cpeHeM focturaeT 306 £ 58, Heopa3BUTBIX —
18 + 11, a B kaxaoM u3 THe3x1 Kopobouku — 147 + 35 u 10 £ 6,
COOTBETCTBCHHO.

Bemnunna OCII L. dortmanna B 03epHBIX 3KocHcTeMax TBep-
CKOHM 00JacTH IOXOIMT, B cpemHeM, 10 1621 + 451 cems Ha oguH
BeTeTaTUBHO-TEHEPATHBHEII MOOET ¥ 3aBUCHT OT YHCIIa KOPOOOUIEK
Ha nobere. B nomyssiim 1o6emmu Ha 03. benbckoe OCIT noctu-
raer 1726 £ 527 (ns pacteHuii ¢ 3—6 KopoOOYKaMu), B TO BpeMst
Kak Ha 03. Cur — 1428 + 395 (ms pactenuii ¢ 3—5 KOpoOOUKaMM).

B 3aBucumocTH 0T ITyOHHBI IPOM3PACTAHKS JTOOETHN H3MEHSIETCS
YUCJIO TeHEPATUBHBIX MOOETOB, a, CJIEO0M, U YHCIIO TPOAYLIMPYEMBIX
cemsH (Tabnm. 1). OnTuManbHOM Wi TMPOM3PACTAHMS PACTCHHI
sBistercst TTyouHa 50-70 cM, Ha KOTOPOH YHCIIO TPOAYLMPYEMBIX
CeMsIH JIOCTHTaeT MaKCHMAJIBHBIX BEJIMIMH Ha UCCIIEyeMyIO IUIONIaIb
(B Hamem crryuae — 0,25 M),

Tabsmna 1
VI3meHeHus duciia npoaympyeMblx ceMsiH Lobelia dortmanna
Ha eJIMHULLY IUIOLIA/H C BO3PACTAHUEM [Ty OUHBI

Hazpanue T'myOuna, Ywcno reHepatMBHBIX — YKCIIO MPOIYLMPYEMBIX
o3epa cM 10Geros, mr./0,25 M cemsi, /0,25 M
20 24,0+13,3 41424 +22 956
0. Bermbexoe 50-60 26,6+10,6 45912+ 18296
70 57,5+0,5 99 245 + 863
90-100 24,6+3,0 42460+5178
60 9,752 13858 +7429
O3. Cur 65-70 13,3+£3,0 19002 +4 286
75-80 5615 8001+2143
MopynbHasi CTpyKTypa

B crpoennu noberosoro tena L. dortmanna Beieneno 10 Ba-
PHaHTOB 3JIeMEHTapHBIX Momyiell (OM; kateropum Momynel mo
Savinykh (2007, 2008)):

1) ykopoUeHHOE MEXKIOY3IHE, Y3€Il C JIMCTOM CpeuHHON (op-
MalyH 1 CTe0NepOAHBIME MPHAATOYHBIMH KOPHSIMH MO0 03 HUX;

2) yKOpOUYEHHOE MEXI0Yy3JIHe, y3elI C JIUCTOM CpeMHHON dop-
MalHy, Na3yIIHOH ITOYKOH 1 cTeOIepoHBIMY IPHIATOYHBIME KOpP-
HSMM JIHOO 0€3 HUX;

3) YKOpPOUYEHHOE MEXIO0Y3IIHE, Y3€Il C JIMCTOM CPeMHHOM (op-
MalUH, BETETATUBHBIM TOOETOM M CTEOIEPOIHBIMU MPHIATOYHbI-
MH KOPHSIMH JIN00 0€3 HUX;

4) yIUTMHEHHOE MEXIOY3IIHUe, Y3€l C JINCTOM CpeIuHHOU (op-
Maluy;

5) yIIMHEHHOE MEXKIOY3IIHE, Y3€l C JIMCTOM CPEIUHHOMN (op-
MallMy U Na3yIIHOMN MOYKO;

6) yIUIMHEHHOE MEXIOY3JIHE, Y3l C JIUCTOM CPEIMHHON (op-
MalM¥ 1 Hepealn30BaHHON OOKOBOH I'eHepaTHBHOM OCBIO0 BTOPOrO
nopszaka (apakiaaiem);

7) yWIMHEeHHOe MEXKIOYy3NHe, y3ei ¢ OpakTeeil 1 Hepealnr30BaH-
HOI1 OOKOBO# TeHEepaTHBHON OCHIO BTOPOTO TOpsIAKa (TIapaKiiaaieM);

8) yanuHeHHOEe MEXI0Y3MHe, y3ei ¢ OpakTeei 1 IIonom;

9) yIIHMHEHHOE MEXIOY3ITHE, Y3€l C OpaKTeeil U IIBETKOM;

10) ymmiHEHHOE MEXXI0Y3IHe, y3el ¢ OpakTeeil 1 OyTOHOM.

Tonmy4eHHble TaHHBIE CBUACTEIECTBYIOT 00 OrPaHMYCHHOCTH U
MOCTOSTHCTBE yncia DM Kak B CTPYKType PO3ETOUHOI (BEereTaTus-
HOH), TaK U TeHEepaTUBHOM chep pacTeHus.

YuuBepcanbHblii Moy (YM) mpeacTaBieH MOHOKapIidec-
KUM JIMIOUKIMYECKAM aHU30TPOIHO HApPACTAIOMIMM MOHOIOIHAT-
HBIM [T0OETOM, HECYIIIIM TEPMHUHAIIBHOE COLBETHE (PHC. 2).

B ero crpoennn BeinersieM crenyronme MophodyHKIMOHATEHEIE
30HbL. Hmxwss 3omHa Topmoxerwst (H3T) mpencraBnena GasanbHOM

YaCTBIO PO3ETOYHOIO YYACTKA IMIMKIMYECKOTr0 MOHOKAPINYECKOro
nobera. B masyxax smictheB H3T OOKOBbIC MOYKH, Kak IMPaBHIO,
otcyterBytoT. OcHoBHast pynkiwst H3T — accumunupyromias 3arnac
MUTATENbHBIX BelecTB. 30Ha Bo30OHOBIeH!A (3B) pacronaraercs B
BEPXHEH TPETH PO3ETOYHOTO yJacTKa Iobera. 371ech 3aKIafbIBacTCs
1-2 masymHele MOYKH, Ha 0a3e KOTOPBIX (POPMHPYIOTCS HOBBIE
poserounsle nodern. Bepxmsist 30Ha TopMoskeryst (B3T) Brmouaer B
ce0st 2-3 KOPOTKUX MeTaMepa PO3ETOYHOrO yJacTka rmodera u 1o 1-2
JUIMHHBIX MeTaMepa ¢ HOpMaIBHBIMHE JINCTBSIMH, B I1a3yXax KOTOPBIX
HasylIHbIe CTPYKTYphl JIMOO UMEIOTCS, HO B POCT HE TPOTaroTCs,
mibo BooOmme orcyTcTByOT. CkpbiToreHepatuBHas 3oHa (CI'3)
npezacTasneHa 4-5 (6) UIMHHBIMUA METaMepaMH, B Na3yXax JMCTHEB
(OpakTeii) KOTOPBIX PaCIIONAralOTCs HE PEATU3YIOIINECs B HOpMaJb-
HBIX YCIIOBHSIX OOKOBBIE TEHEpaTHBHBIE OCH BTOPOTO TOpsi/IKa (ITapa-
wragun). CI'3 mpuHEMaeT yJacTue IpH BBIHOCE COLBETHS HaJl IO-
BEPXHOCTHIO BOJIBI, YTPAUHBasi TP 9TOM (DYHKIIMIO CEMEHHOH Ipo-
nykruBHOcTH. [naBHoe corperrie (I'C) mpencTaBIeHO OTKPBITOM
KHCTBIO, B COCTaBE KOTOPOW MOXKHO EMHOBPEMEHHO HaOMOaTh
KOpPOOOYKHM CO 3pebIMM CeMEHAaMH, LBETKH U OyToHbL. OCHOBHAs
(yHKIMSA 3T 30HBI — FeHEPATUBHASL.
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Puc. 2. MophodyHKIIOHATEHBIE 30HBI UIUKIMIECKOTO aHH30-
TPOITHO 1 MOHOIOMAJIFHO HAPACTAIOIIEr0 BereTaTHBHO-TEHEPATHB-
Horo niobera L. dortmanna: OM — 0CHOBHO# MOTyJ1b, YM — yHHBEp-

canbHbIi Moy, H3T — HipkHs1s 30Ha TopMOskeHus, 3B — 30Ha
B0300HOBNeHMs, B3T — Bepxusist 30Ha TopMokeHust, CI'3 — ckpbITO-
reHepaTiBHas 30Ha, I'C — II1aBHOE COLIBETHE; BCE CTPYKTYPBI,
obo3naveHnsbie dpamu 1-4, kak Ha puc. 1, 5 — couperue,
OTMepliIee B KOHIIE IPOLILIONO BEreTalMOHHOTO CE30Ha

OcnoBHoit Moy (OM) L. dortmanna o0pa3oBaH HapacTarommei
CHMITOJIAAIGHO CUCTEMOH TIOOETOB 3aMelleHus, (JopMUpyIOIeHcs Ha
OCHOBE OJIHOTO MOHOKAPITHYECKOro IOIypo3eTOYHOro mobera. Mo-
Jieib 00erooOpa3oBaHis — CUMIOAUAIBHAS MOy PO3ETOUHASL.

OIHUM M3 BOXHBIX CIIAaraeMbIX, HEOOXOIUMBIX IIPU PEILCHNH
BOIIPOCOB HCIIOJB30BAHUS €CTECTBEHHOTO I'eHO(OH/IA Ul MHTPO-
JyKIMH, a TaKKe OXpaHbl MOMYJALMI JaHHOrO BHZAA B IIPUPOAE,
SIBIISICTCS U3YYECHHE CE30HHOTO PA3BUTHSL PACTCHUS HA KOHKPETHOM
TeppUTOpHH. PUTM ce30HHOTO pa3BUTHS JIOOENHH Pa30UT Ha Ps
TI0CJIe/IOBATEIBHBIX ITATIOB.
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Tlepuoo omnocumenvbHo2o nokosi IPOTEKaeT B TCUEHNE OCCHH —
3UMBI HPOLLIOro rojia N0 KOHIA ampens HelHemHero. CuMmioau-
asbHas MoOeroBast cucTeMa 0Opa3oBaHa MPOIUIOrOIHAM MaTepHH-
CKUM PO3ETOYHBIM YYacTKOM IoOera (Kak MpaBWIIO, HECYILIUM
JIMCTBST), C OTMEPIINM TEPMUHATBHBIM IIBETOHOCOM M OJfHIM — JIBY-
MsI MOJIOABIMM OOKOBBIMH BETE€TATUBHBIMH PO3ETOUYHBIMH I00e-
ramy. OCHOBaHUS PO3ETOYHOM YacTH OOKOBBIX NMOOETOB, KaK Ipa-
BUJIO, IIOTPY>KEHBI B TPYHT. PocT G0KOBEIX 1100eToB y L. dortmanna
B TEYEHUE 3UMHEr0 MepUoJia MPOIOIDKACTCS, COIPOBOXKIASICH IIPU
9TOM 3aMeJUICHHBIM Pa3BEePTHIBAHMEM MOJIOABIX CBETJIO-3EJICHBIX
JIMCTBEB ¥ 00Pa30BaHNUEM CTEOIEPOTHBIX MPUAATOUHBIX KOPHEH.

Becemamusnas ¢pasza. Havano sereratmu L. dortmanna Ha-
OJofaeTcs Ha WCCIEOBAHHBIX BOJOEMAX C KOHIA ampelisi mocie
TIOJTHOTO TasHUS JIbJia. B 3TOT mepros HauMHaeTcs: akTHBHOE pa3-
BUTHE BEPXYIIEUHBIX ITOYEK MPOIUIOrOJHIX BET€TaTHBHBIX J0Yep-
HHUX PO3ETOYHBIX o0eroB. [Ipy 3TOM MaTepHHCKMI IPONLIOroa-
HHUI MOHOKapITMYECKUi 11o0er #-ro nopsiaka (C OTMEPLINM TepMH-
HaJIBHBIM COLIBETHEM) eIlle HeceT Ha ce0e YacTh JKMBBIX MPOILIO-
TOJHUX ACCUMHITUPYIOIIHX JINCTHEB.

Daza 6ymonusayuy. C Havana Mast y JOUEPHHUX PO3ETOUHBIX
1noberoB L. dortmanna HaOMIOMASTCS 3aKIIaIKa TEPMUHAIBHOTO CO-
ugerus. [Ipu 3ToM yXe B Hauajie NepBOM — BTOPON AEKa/bl Mas,
KOTJ]a TeMIIepaTypa MPHIOHHOTO cinosi Boas! (Tryouna 30-50 cm)
Bo3pacraer ¢ 7-9 no 19 °C, nporcxoaur 3aKkiiajika TepMUHAIBHBIX
comperuii (mpaktudeckd y 50% MOHOKApIUYECKHX IOOEIroB).
Takoe sBJIeHHE XapaKTepHO JUISI MHOIMX BOJIHBIX U IPUOPEKHO-
BozHbix pacreHuii (Lebedeva and Lapirov, 2009). V otaenbHbIX
JIOYEPHUX PO3ETOYHBIX MOOETOB Mepexo/ K (ase OyTOHU3ALMH MO-

XeT HaOJoziaTbesl B MIOHe — cepetHe urois. I1pu aTom 3akiajka
TeHepaTHBHBIX OPraHOB B BEPXYLICYHOM IOYKE U UX JajIbHeiIee
Pa3BUTHE MPOUCXOAUT Oe3 TEeprozia MOKOs, YTO MOYKHO XapaKTepH-
30BaTh KaK BapMaHT CHILIENCHCA. B 3TOT mepHos JIMCThs Ha HpOLI-
JIOTOJTHEM Y4YacTKe MaTepPUHCKOr0 MOHOKAapIMYEeCKOro modera n-ro
TIOpsiZIKa OOBIYHO OTMHPAIOT. Y OOKOBBIX TIOOETOB (C TPOHYBIIMMUCS
B POCT TCPMUHAIBHBIMH I[BETOHOCAMH) B Ta3yXaxX OIHOIO — JBYX
TIOCJIETHIUX JINCTHEB, PACTIONIOKEHHBIX B BEPXHEH YacTH PO3ETOYHOTO
no6era, OTMEYEHO HAJIMYHE Ma3yIIHBIX MOYeK ¢ 3 £ 1 JIMCTOBBIMU
3ayaTkamy. OHM pa3BUBAIOTCS CWUICNITHYECKH M OOECTICUMBAIOT
JlanbHelIee BeTBIIeHHe mobera 1o 7 + 2 nopsiaka. Eciu B TeueHne
BETETAlMOHHOrO NEPHOZid B TEPMUHAIBHON TNOYKE BEreTaTMBHOTO
PO3ETOYHOr0 T00era TeHepaTUBHBIC OpraHbl HE 3aKJIA[bIBAIOTCA,
o0er MPOAOIDKACT HAPACTaTh MOHOIIOAMATIBHO M OPTOTPOITHO.

Daza ysemenus. Havamy nBeTeHHs J00€THH INPEIIICCTBYET
OBICTpBII POCT METaMEePOB COLBETHS B JUTHHY, BCIIEICTBUE YETO Te-
HepaTHBHBIC YaCTH MOSBILIIOTCS HaJl TOBEPXHOCTBIO BOIbL. [1osB-
JIeHHE [IBETOHOCOB HaJl IOBEPXHOCTBIO BOZIBI Yy J100€NN HalOoa-
ercsi 0ObIYHO K Hayaily IepBOil eKa bl HIOHS, KOI/ia TeMIieparypa
Bozpl nocruraer 20-21 °C. LipereHne mponoipkaeTcss B CpeJHEM
okonio 4047 cytok. Bmecte ¢ nBeTeHreM HaOIOIaeTCsl aKTHBHOE
pa3BUTHE OOKOBBIX OOETOB.

Dasa nrodonowenus. Co3peBaHUe MEPBBIX KOPOOOUEK ¢ ceMEeHa-
MH Y JIOOe/MH HaOJFO#aeTCs B KOHIIE TIepBOi Jekap! morst. Hagamo
(hasbl IUIOIOHOIIEHNS COBMAACT C IMKOM IBereHust. K KoHIly BTO-
POl — Tperbel JeKa[pl aBrycra BEpXYLIKH LBETOHOCOB 3aChIXAIOT,
KOpOOOYKH ¢ ceMeHaMu paspyiuatorcst. Mopdonoruueckie oco0eHHO-
CTH [TOOETOB B OCCHHHH MEPHO]] IIPEZICTABIICHBI B TaOMHMIIE 2.

Taomamua 2
MopdomeTpraeckue XapaKTepHCTUKH MATEPHHCKOTO U JOYEPHHUX PO3ETOUYHBIX MOOETOB L. dortmanna
YHCII0 JINCTHEB . Poserounas yacth nodera Ewmxocts
Tun noGera Yncno xopHeit N
B pO3eTKe JUTHHA JMaMeTp  BEPXYILIEUHOH IIOYKH
KOHEI BTOPOH JIEKaIbl aBrycTa
MarepuHckuii HoGer /7-To Nopsiika ¢ OTMUPAFOIIMM COLBETHEM 17,5+33 95,0+8,0 22403 0,6+0,1 —
Jlouephue 6okoBbIe oberu # + 1-ro nopsiaxa 3,0+1,0 €IMHAYHBI 03+0,1 02+0,0 72+0,7
TIepBast IeKajia CEHTSIOPst
MarepuHcKuii HoGer 7-Io Nopsiika ¢ OTMUPAFOIMM COLBETHEM 21,5+3,5 139,5+44,0 2,8+0,6 04+0,1 —
JouepHue 6okoBbIe roberu # + 1-ro nopsiaka 63+1,7 11,7£29 0,5+0,2 0,3+0,1 6,1 +0,9

Ilpumeuanue: «—» — BepXyIIedHast IOYKA OTCYTCTBYeT.

Oxkonuanue gecemayuy. TeMIbl Pa3BUTHS JOYEPHUX MOOETOB
3aMEUISIOTCS NPU HACTYIUICHUM TPETheH [eKa/pl aBrycTa, 4To
MPUBOJIUT K CHIXKCHHIO EMKOCTH MX TCPMUHAIBHBIX HOYeK. Boi-
HOBOE BO3/ICHCTBHE IPUBOAKMT K OOJAMBIBAHUIO JINOO MOJICTaHHIO
LIBETOHOCOB M JIJIbHEHIIEMyY MX OTMUPAHHIO U pasnoxenuto. Ot-
MEYaloTCs IPOLECChl OTMUPAHKS PO3ETOYHOTO Y4acTKa IPOLLIO-
TOJIHEr0 BereTaTHBHO-TeHepaTHBHOro nobera. ITocinenHee HepeaKo
COIIPOBOXKIIACTCS HECIICLMAIN3UpOBaHOl Mopdosornyueckoit aes-
HHTETpalyel, IpUBOIAIIEH K MOJHOMY OOOCOOICHHIO JOYEePHHX
ICHEPATHBHBIX MOOErOB. DTOT MPOLIECC MOXKET HACTYHAaTh U B 6O-
Jiee paHHUE CPOKH.

Daza emopuunou dessmenvHocmu. B TedeHne OCCHHE-3UMHETO
nepuozia oOer NPOAOIDKAET BBIIOJIHATh (YHKIMIO aCCUMUIIALIN
W 3allacaHMsl IIMTaTeNbHBIX BellecTB. Hapsmy ¢ sTuM, XoTd U B
3aMeICHHOM TeMIle, MpOomoDKaeTcsi (hopMHUpoBaHUe CTeOIepos-
HBIX MPHIATOYHBIX KOpHEil U pa3BepTHIBAHME JIUCTHEB JIOYCPHHUX
OOKOBBIX TOOETOB.

TakuM 06pa3oM, MO XapakTepy PHUTMa CE30HHOIO PasBHTHUS
(Borisova, 1965) L. dortmanna MOXXHO OTHECTH K IPYIIIE JUTUTENb-
HOBETETHPYIOLINX JICTHE3UMHE3EICHBIX PACTCHUM CO CpelHe- U
TO3/IHEJICTHUM TIEPHO/IOM LIBETCHHSI.

Oocy:x1enue

Kisnennyro ¢opmy nodemmu JJoptmanHa B «bromorugeckoit
¢uope bpuranckux octpooB» Woodhead (1951, p. 485) onuckiBa-
€T JIOCTaTOYHO TIPOCTO: «PO3ETKOOOPA3yIOMMi MHOTOJIETHHK,
00BIYHO TTOTPYKCHHBII B BEr€TaTUBHOM cocTosiHUIY. Panee Gliick
(1924) Bemensin e «dopme: f. ramosa Murbeck — Gonbroe

TIOTPY’KEHHOE TIBIIIHOE pACTeHHE ¢ BeTBAmMMCS crebmeM u f.
terrestris Gliick — Ha3eMHOe, CHJIBHO PeIyLHPOBAHHOE U MaJICHb-
Koe pacrenue. Penkast popma paniculata Prahl — ¢ conetuem, Bet-
BSIIIMMCSI B €T0 HIDKHEH YacTH, OTMedeHa HeMelkuM ydeHbM Hegi
(mo: Woodhead, 1951). Hecmotpst Ha 310, Pedersen and Sand-Jen-
sen (1992) nmokaszanu, 4To MOTrpyXKEHHAst U Ha3eMHas (OpMBI CO-
XPaHSAIOT OJWHAKOBBIM THUI MOP(OIOTHH, CKOPOCTH pocTa U (-
3uonornd. B Hacrosmelt pabote paccMaTpuBaeTCs MOTpYy:KEHHAS
(manbonee pacnpoctpaHeHHas1) Gpopma To0esHm.

Philippov et al. (2016, p. 86) xapakTepH3yIOT OCHOBHYIO JKI3-
HeHHyto dopmy L. dortmanna Kak «BHYTPHBOIHO-CTOJIOHHOE KHC-
TEKOPHEBOE MHOT'OJICTHEE IOJIMKAPIMYECKOe TPABSHKUCTOE pacTe-
HHE ¢ YepeloBaHueM IBYX (heHOOMOMOp(d: JUIMTEIBHON BereTaTus-
HO HEMOJBWKHOM MOHOLIEHTPUYECKOM KUCTEKOPHEBOW M KpaTKO-
BPEMEHHOW BEreTaTUBHO IOJBWXHOW SIBHONOIMLIEHTPUUECKON
BHYTPUBOJIHO-CTOJIOHHOM». OTMETHM, YTO Ha MHOTOYHCICHHOM
TIIATEIBHO ITIPOCMOTPEHHOM JKHBOM M TepOapHOM MaTepHaie
HaMH HE OOHApY)XCHO HAIMUME «KIIATAIOMINX» YUTMHEHHBIX
BEreTaTHBHBIX MOHOLMKINYECKHUX d(eMEepHBIX IT00EroB, Hapacra-
IOIMX B TOJNIIE BOABI (BHYTPHBOIHBIX cTONOHOB)» (Philippov
etal., 2016, p. 86).

Ha ocHoBaHMM COOCTBEHHBIX MaTepUaoB IO MOP(HOIOIUU U
MO/IyJIbHOH CTPYKTYpE, C MCHOJIB30BAHUEM aJIrOPUTMa, IPUMEHSIE-
MOTO B COBPEMEHHBIX OHOMOP(OIOTHYECKHX HCCIETOBAHUIX
(Savinykh and Cheryomushkina, 2015), MpI XapakTepu3yem Ku3-
HEeHHYI0 GopMy L. dortmanna kak TpaBSHUCTBII IOJIVKAPIIHK, He-
SIBHOIOJIMIICHTPUYECKUH KOPOTKOKOPHEBUIITHBIM MaJIOJICTHHK Be-
TeTaTUBHOIO MPOHUCXOXICHUS C KMCTEKOPHEBOW CHCTEMOH M paH-
Heil HeclelMaI3UPOBaHHON MOP(OIOrnyecKoi Ae3nHTerpalyei.
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V 3eneHbIX aCCHMIIIHPYIONIHX JIUCTHEB JIOOETINH, KaK OTMeva-
10T Pedersen and Sand-Jensen (1992), npakTudecku OTCYTCTBYIOT
yCThHIA (KpOME HE3HAYMTEBHOTO KOIMYECTBA HA aJaKCHATbHON
CTOpOHE, OJNIM3KONW K OCHOBAHHIO JIMCTA), B OTIMYME OT OpakTew,
HMEIOIIX MHOTOUYHCIIeHHbIe yeThuna. HecMotpst Ha 3710, Opakten
WTPAlOT HE3HAYUTENBHYIO POJIb B KOPOTKOW YacTH >KH3HEHHOTO
mukia (Pedersen and Sand-Jensen, 1992). Hanm naOmomenust He
TIOATBEPXKAIOT ToUKy 3peHus Moeller (1978), uro B TeueHue oce-
HH | 3UMBI JIoOenus JIopTMaHHa He MPOAYIMPYET HOBBIC JIUCTHSL
B oroit cBsizu cnipaBeymBo Muenue Hutchinson (1975), koTopsrit
CUHTAET, YTO 00pa30BaHUEe U Pa3BUTUE JIUCTHEB B 3UMHUH MEPUOT
HJIET MEUICHHEE, YeM B JpyTHe ce30HbI. lccrnenoBartens o0bsc-
HSIET 3TO TEM, YTO CYIIECTBOBAHWE MHOTHX BOIHBIX PAacTCHHI B
YMEPEeHHOM KJIMMATHYECKOM T0sice 3aTPYAHEHO M3-3a YPEe3MEPHO
HHU3KHX 3MMHUX TeMIIepaTyp U yMEHBIICHNS MHTCHCUBHOCTH CBETa
13-3a JIbJIA U CHEXHOTO OKpoBa. TakuM 00pa3oM, HaIMIKe 31MHe-
3eneHocTn y L. dortmanna sIBISIETCs], TIO-BUIMMOMY, CIIEACTBHEM
peanu3anyy HacJIeICTBEHHO OOYCIJIOBICHHBIX PUTMOB JKHM3HEIEs-
TENBHOCTH, COXPAHHBILIMXCSA «KaK PENHKTOBBIN MPHU3HAK TPUHAI-
JIOKHOCTH TIPEIKOBBIX BHIOB K ()JIOpaM CE30HHBIX KIMMATOB IIPO-
mmoro» (Mihalin et al., 2010, p. 119).

Kak mokazano mamu, ¢opmupoBanue moderos #n + 1 mopsaka
BeTBIICHNS (OOKOBBIE PO3ETOYHBIC ITOOETH) HMPOUCXOAUT B KOHIIE
TIeprosia 3aKiIaKH TEPMUHATFHOTO COLBETUS WIM Ha HAYaIbHBIX
sTamax ero passurus. Hampumep, Ha 03. Benbckoe B Hauaine BTO-
poii nexazsl Mast 2016 roga oOHapyKEHBI PaCTeHHs, UMEIOIHE 3a-
yatouHoe couserre (mmHoi 0,5-0,9 cm) u Hecynme 1-3 GOKOBBIE
104Ky (JutrHO# 10 0,9 MM ¢ 2—4 TUCTOBBIMU 3a4aTKaMH) B Masyxax
BEPXHHUX aCCHMUIIMPYIONMX JUCThEB. B qanbpHeleM u3 3Tux mo-
4eKk (QopMHUPYIOTCST OOKOBBIC MOOETH, MPEACTABIIONINE COOOM
BETETAaTUBHBIC JIUACIIOPEL. AHAJIOTMYHBIC CTPYKTYPHI OIHCAHBI Y
nobemu Szmeja (1987). OngHako WX pa3BUTHE, 1O €O MHEHHIO,
TIPOMCXOJUT B MOCTTEHEPATHBHYIO (a3y M CONPOBOXKIACTCS YBSI-
JIaHHEM L[BETOHOCA U BCEX JINCThEB. [10-BHINMOMY, CPOKH (hOpMH-
poBaHusA OOKOBBIX HOOETOB HANPSAMYIO 3aBUCAT OT reorpaguiec-
KUX Pa3Inyuil B PacronoKEHHHU 03€p.

OOHapyxeHHble y J00enuu ¢ TBepckux o3ep crienuduyueckue
YTONIICHNS] KOPHEH (Yallle B amMKaTbHOW YacTH, peke Mo Bcei
TIOBEPXHOCTH) CBSI3aHBbI C HAJIMYHUEM BE3UKYILIPHO-apOYCKYIAPHOI
mukopm3bl (vesicular-arbuscular — VA), BrepBble ommcaHHOH B
koH1e 1970-X TOIOB y M303TU/IOB B JATCKHUX OJUTOTPO(HBIX 03€-
pax (Sendergaard and Laegaard, 1977). [To matepuaiam, moxydeH-
HBIM U3 I0KHBIX 03ep LlIBermu, cymmapHas JiMHa KOpHEH Jiobe-
JINH, KOJIOHW3UpOBaHHAs rpubamu, xonebnerca ot 34% mo 85%,
TIpK 3TOM apOyCKyJsIpHast KonoHu3arwst — 28-83%, Be3uKysApHas —
6—65% (Nielsen et al., 2004). ITogoOHBI CHMOMO3 IPE3BBITANHO
BaKEH I M303TUOB, M, B YACTHOCTH, JUIS JIOOEIHH, TTOCKOIBKY
TIO3BOJISIET €M CYINEeCTBOBATH IIPH HU3KOM TPO(UUECKOM ypOBHE
03€pHBIX CEIUMCHTOB.

PaccmarpuBas reHepaTHBHYIO cepy pacTeHHs, 3aMETUM, YTO
(opMupoBaHye T0OETOB U3 BEreTaTHBHBIX I0YEK B HIXKHEH YacTH
comgerus (B Masyxe IepBOro — BTOPOro JIMCTA CPEAMHHOM (popma-
LIM1) MBI HE HaOJIOAIH, XOT$, 3TO, I0-BUAUMOMY, BO3MOXHO. Taxk,
Makavicitté and Sinkeviciené (2011) y nobemmu Jloptmanna (o3e-
po Camunuc, JlutBa) 0OHapYKIIM MOJIOIOE BETETATHBHOE pacTe-
HHE B HIDKHEH 9acTy colBeTHs (Ha PacCTOSHHUM 25 MM OT OCHOBa-
HHS IIBETOHOCHOH ocH). ITono6HOe sBIICHHE, TI0 MHEHHIO 3THX aB-
TOPOB, CBSI3aHO CO CHELM(UYESCKUMHU YCIOBUSIMU OKpYIKaroIien
cpelpl (3aTeHeHUe U IOrpy)KEHNe PacTeHUI B OCAJIOUHBIE CJIOW, a
TAKOKe HPUPOJIHOE ¥ AHTPOIIOIeHHOE SBTPO(YHUPOBAHHE).

B ommume ot cemsin no6enuu u3 LoTnannckux o3ep, 60mb-
IIMHCTBO M3 KOTOPBIX OKa3ajgock HexusHecnocoOHeMH (Farmer
and Spence, 1987), B Moy suusix, U3yY9eHHBIX HAMH, YHCIO TO-
JOOHBIX coCTaBIsUIO 0KoJo 10%. CpaBHUBas TIOIMYJISIIMY JI00EIIN
B 03epHBIX dKocHcTeMax TBepckoit obmacty u B benopycckux o3e-
pax (o3epo Bpenno (Marozau, 2013)), OTMETHM, YTO YKCIIO 3PEIBIX
TIOJTHOLIEHHBIX CEMSTH B IUIOJIE Y HEPBBIX 3HAUUTEIIHHO BBILIE, YEM Y
BTOpBIX (306,4 + 57,6 u 155,4 + 4,9, COOTBETCTBEHHO).

Kak u B cimyuae ¢ xanunco u apeminkoM (Chuprakova and

Savinykh, 2012), y snobemuu [loprMaHHa (yHKIHMOHAIBHAS POJIb
OCHOBHBIX 30H HOOErOBOr0 KOMIUIEKCA OOECIeYnBACTCS MUHH-
MabHBIM guciaoM (ot 1 o 3) BapuantoB OM. Ilpu sTom camoii
npoctoit cTpykrypoit obianatror H3T, 3B u B3T, Bxmoyaromue B
ceOst He Ooniee OMHOTO — IBYX BapuanToB DM. OTCyTCTBHE CIIsi-
LIMX MOYEK B Ma3yXax JUCTHEB SBISCTCS INIABHBIM (aKTOPOM, HC-
KITIOYAIOIIMM KaK CTPYKTYPHYIO, TaK ¥ OHTOTCHETHUECKYIO ITOJH-
BapHaHTHOCTB Pa3BUTHS 9TOT0 pacTenws. [locnenHee oOycioBieHO
JKECTKOW aJianTaiyell pacTeHus K yCIOBHSIM BHEIIHEH CPeibl, YTo
TOBOPUT O €r0 YSI3BUMOCTH.

B nenom, putm cezoHHOTO pasBuTHs J00eauu B TBepckux o3e-
pax CXOJIeH C TaKOBBIM B OJJHOM U3 OJMIOTpoGHbIX o3ep [lonbim
(Szmeja, 1987). OgHako B UCCIEIOBaHHBIX HAMH MOMYJISLUIX Ha-
Omrofaercst ciBuT psifa (eHomormaeckux (a3 pacrenuii Ha Oomee
panHue cpoku. Hampumep, 3akiajgka IBETOHOCOB y JOOEIMH B
o3epax TBepckoii 00IacTH MPOMCXOUT B Hadale Masl, a B HOJb-
CKHX HOIYJIILHSX 3TOr0 pacTeHus — B KoHIE Mast. [Ipu aToM mmk
[BeTeHMs1 U (pa3a IUIOJOHOLICHHS HACTYNAIOT B OJM3KUE CPOKHL.
3T0 moATBEp)KAACT paHee BhICKa3aHHYIO TOuKy 3penus (Voroshi-
lov, 1960) o ToM, YTO B OTHOIICHHWH NpPU3HAKA PHTMA Pa3BHTHUSI
MeXIy OMM3KUMH (OAMHAKOBBIMHI) BUIAMHU HAOIIOMAIOTCS KAk dep-
ThI CXOJICTBA, TaK U YEPThI PA3TUYHSL.

BrIBOIBI

CornacHo pe3ynbTaTaM HCCIIeZIOBaHMs, 110 KU3HEHHOH (opme
L. dortmanna — TpaBSHUCTBIA MOIMKAPIIMK, HESIBHONOIMUIIEHTPHU-
YECKUI KOPOTKOKOPHEBHIIHBIA MAJIOJIETHUK BETETATUBHOIO IIPO-
HCXOX/ICHUSI C KMCTEKOPHEBOM CHCTEMOM M paHHEN HecTelHalIi-
3UPOBAHHOW MOpQOIOrMyecKoil ae3uHTerpammeil. Hapacrarormas
CHMITOIAJIEHO TI00EroBasi CUCTEMA PacTeHUs IIPEICTaBIICHA IBYMS
THIIAMH PA3HOBO3PACTHBIX AHU30TPOIHBIX MOOErOB 3aMEICHUS:
JULMKIMYECKUMH BETreTaTUBHO-TCHEPATHUBHBIMU I0JIyPO3E€TOUYHBI-
MH U OZHOJICTHUMH BET€TATUBHBIMH PO3ETOYHBIMH.

Hanuume cienmduueckux yToMIEHNH, KaK B CpeIHEH, Tak U B
anvKaabHOM YacTsX KopHei JoOeruu JlopTMaHHa, cBsizaHo ¢ ¢op-
MHPOBAHHEM 3JIECh BE3UKYIIAPHO-apOyCKyIAPHON MUKOPHU3BI, TT03-
BOJISIFOIIEH PACTEHHUIO CYIIECTBOBATH B BOZOEMAX C HI3KUM TPO(H-
gecknM ypoBHeM. Bemranna OCII L. dortmanna B 03epHBIX KO-
cucremax TBepckoit obacTy B cpetHeM pocturaer 1621 + 451 ce-
MSH Ha OJWH BEreTaTHBHO-TEHEpaTHBHBIM moder. OnTnMaabHON
TIIyOWMHOM 1S IPOM3pAcTaHusl 3TOro pactenus seisiercs 50-70 cwm;
Ha 3TOH TITyOWHE YHCIIO F'eHEePAaTUBHBIX IT0OET0B, a, COOTBETCTBEH-
HO, ¥ YHCIIO TPOYLMPYEMBIX CeMsTH Ha romay 0,25 M I0CTHTa-
€T MaKCUMalbHBIX BENMUMH. MoOMyNbHas CTPYKTypa JI00eTHn
npencrasiera 10 Bapuantamu M. OM dopmupyeTcss Ha OCHOBE
MOHOKapITHYIECKOT0 IUIUKINYECKOrO aHW30TPOIHOTO MOHOIIOAH-
anmpHOrO mobera, HECYIIEro TepMHHaIbHOE conserue. DyHKIwo-
HaJIbHAsI POJIb OCHOBHBIX 30H MOHOKapIMUYecKoro rmobera obecrre-
YyMBaeTCsS MUHUMaJIbHBIM uucioM BapuantoB OM. Ilo xapakrepy
pUTMa CE30HHOrO pa3BUTHS L. dortmanna OTHOCHTCS K TpyIIe
JUIMTENTbHOBETETUPYIOIINX ~ JIETHE3UMHE3EeHbIX PacTeHHui  co
CpeziHe- U MO3IHETIETHUM TIEPUOIOM IIBETEHHUSL.

TloneBble paboTHI BHINOIHEHBI NMPH YaCTHYHON (DMHAHCOBOW MOICPIKKE
TIporpamms! GyHIaMeHTaNBHBIX HecaenoBanuii [Ipesumiryma PAH «OKusas
TIPUPOJIA: COBPEMEHHOE COCTOSIHYE ¥ IPOOJIEMBI PAa3BUTHUSD, IIOIIPOrpamMma
«bropaszHoobpasue: COCTOSIHUE U IUHAMHUKAY.
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Our experiments studied changes in lipid compound of bile of non-purebred male rats under the condition of social stress
while the preparation “Korvitin” was used against the stress. Using the method of thin-layer chromatography, we determined
the concentrations of phospholipids, cholesterol and its esters, free fatty acids and triglycerides in the animals’ bile, which was
obtained through vivesection a day and a month after the rats were first subjected to chronic social stress (model of social
defeat), and also in the bile of the animals which were treated intragastrically with “Korvitin” against the stress (1 mg/kg,
7 days). In the bile of the male rats which experienced chronic social stress the concentration of free cholesterol decreased and
the content of its esters increased both immediately after the initiation of stress and after a month of exposure to stress.
The concentration of free fatty acids in the bile decreased after modeling chronic social stress, but increased in liver secretion,
taken a month after the animals had first experienced stress. In the bile of male rats immediately after the procedure of

exposing the animals to stress, the content of phospholipids decreased. Using “Korvitin” during the modeling of social stress
caused decrease in the content of phospholipids in the rats’ bile and caused significant increase in the concentration of free
fatty acids, triglycerides and cholesterol esters in the liver secretion. The study found significant changes in the concentration
of lipids in the bile and in their distribution in the organism of male rats under the conditions of experimentally induced
chronic stress. The effect of stress on the bile of rats requires further study for determining its pathogenic role.

Keywords: liver; bile cholesterol; bile phospholipids; bile fat acids; bile triglycerides; Korvitin; social defeat

Jliniau »xoB4Yi camMuiB LIypiB B YMOBaX XPOHIYHOI0 COLIAJTBHOIO CTPECy

A. M. Jlsmiesny, . 1. TyGanbiiera, €. M. Pemetnuk, C. I1. Becenbebkuit, O. B. Bonnapenko, M. FO. Makapuyk

Kuiscokuut nayionansnuil ynisepcumem imeni Tapaca [llesuenxa, Kuis, Yxpaina

B excriepumeHTax Ha OE3MOPOHMX CaMIIX IIYpiB JOCTI/PKEHO 3MiHM JIMIJHOTO CKJIaay JXOBYi 3a XPOHIYHOTO COLIAJBHOTO CTpECy Ta
3aCTOCYBaHHS KOPBITHHY 32 IIMX yMOB. MeTOIOM TOHKOIIapoBOi xpomarorpadii BH3Ha4eHO KOHIEHTparil ¢ocdomimimis, XonecTpory Ta Horo
eTepiB, BUIBHHX KUPHUX KHCJIOT 1 TPUITIIIEPUIIB y 5KOBYi, 3i0paHill y FOCTPUX JOCHigax depe3 100y Ta depe3 MiCsIlb MICIA TOro, sIK IIypi 3a3HAIH
XPOHIYHOTO COLIAIBHOrO cTpecy (y MOJIENi COLiaNbHOI MOpa3KH), a TAKOXK Y TBAapHH, K y TMPOLECi CTPeCyBaHHsS OTPHUMYBAJIM iHTPAracTpajibHO
kopBituH (1 Mr/kr, 7 1i6). Y jx0BUi caMIiB LIypiB, 5IKi 3a3HAJIN EKCIIEPUMEHTAIBHOTO XPOHIYHOTO COLIIATILHOTO CTPECY, 3HM)KYBaJlacs KOHICHTpALis
BUIFHOTO XOJIECTEpONly Ta 30LIbIIyBaBCS BMICT MOro eTepiB sK Ofpasy ICIs 3aBEpIICHHS CTPECyBaHHS, TaK 1 4yepe3 MicsIb HICIs HBOTO.
KoHueHTpalist BUIbHUX JKUPHUX KHCIIOT Y JKOBYI 3HIDKYBAJIACS TICIIs 3aBEPILECHHS MOJICIIOBAHHS XPOHIYHOTO COLIAJIBHOTO CTPECy, alle 3pocTaia y
MEYiHKOBOMY CEKPETi, 310paHOMy uepe3 MiCsILb IO TOMY SIK TBapHHH 3a3HAJIM CTPECOBOIO BILUTMBY. Y YKOBYI CAMIIIB LIypiB OJjpa3y MicJIs 3aBEePIICHHS
MPOLIEypH CTPECYBaHHS 3HWKYBaBCS BMICT (pocomimmiiB. 3acTocyBaHHsS KOPBITHHY IIii Yac MOJICIIOBAHHS COLIAJBLHOTO CTpecy y IIypiB
3aro00irano 3HWKEHHIO BMICTy (hocOimiiB y KO0BUi Ta BUKIMKAIO ICTOTHE 30LIbIICHHS KOHIEHTpPAILli BUIBHUX XUPHUX KHUCIOT, TPUIVIHIICPULIB 1
eTepiB XONEeCTePOITy y TEeUiHKOBOMY CeKpeTi. BusiBeHi CyTTeBi 3MiHM KOHLIEHTpALIi JIIIIB y JKOBYi, a OTXKe, 1 IX pO3MOALTY B OpraHi3mi camiiiB
LIypiB B YMOBaX €KCIIEPUMEHTAILHOTO XPOHIYHOTO CTPeCY NOTPEOYIOTh MOIAIBIION0 BUBYEHHS UIS 3 sICYBaHHs iX MaTOreHETUYHOT poJIi.

Kmouosi cnosa: iediHka; XonecTepor xoBui; ()oCHOITIITiH 5KOBYI; YKUPHI KUCIIOTH HKOBYI; TPUTITILIEPHIH HKOBY; KOPBITHH; MOJIEIb COLIATBHOI OPa3KH

Beryn

YKoy six yHikaybHa 6i0JI0Ti4HA PiMHA MICTUTH Pi3HI CKJIaI0B1
Ta BUKOHY€ YHCIICHH] Bay<InBi QyHKUil B opranizmi (Boyer, 2013).
JKoBuoyTBOpeHHs Bifirpae KIIOYOBY pOJib Yy MeTadomi3mi
XOJIECTEPOITY, BUCTYNAIOYM OCHOBHHM LIISIXOM HOTO eKCKpeLi K
Y BUIVISIII CHHTE30BaHHUX i3 HBOTO B TEHNATOLUTAX KOBYHHUX KHCIIOT,
TaK 1 foro BimbHOI Ta ereprdikoBaHoi Gopm. I xoua xomectepo-
JIOBHIA FOMEOCTa3 He OOMEXYETCSI CHHTE30M XOJIECTEPOILy B Tela-

TOLIMTAX Ta HOro BHUBEICHHSM Y CKIaJi >KOBYi, IOPYIICHHS HOro
HaJIXO/PKEHHS 110 ’KOBYi CIPUYHMHIOE CEpHO3HI PO3JIaIH )KOBUIOCEK-
peTopHOi (yHKLIT Ta MaToJOrIYHI CTaH! renaTo-OiTiapHol cucTeMu
(Hsmiogullari et al., 2007; Wang et al., 2009; Tyazhka et al., 2015).
Jlo OCHOBHHIX JIMIJHUX CKJIAZOBHX >KOBUI KPIM XOJIECTEpOTy Ta
JKOBYHHX KHCJIOT Hajiexath (ochoimiau (mepeBaxHo mauuidoc-
(atnmwIxomniH). 3aBIIKH JIETCPIEHTHUM BIIACTHBOCTSM >KOBUHI
KHCJIOTH 3a0e3MeuyI0Th HaJIXO/DKEHHS JImiaiB (mepi 3a Bce ¢oc-
(aTHANIXOMiHY) 3 KaHATIKYJISIPHOTO JOMEHY IUIA3MaTHYHOI MeM-

356 Regul. Mech. Biosyst., 8(3)



Opanu remaroruTis 110 xoBui (Boyer, 2013; Eckstein et al., 2015;
Linton, 2015). ¥V cBoro uepry, ¢ocdomimiay »xoB4i BHKOHYIOTH
3aXMCHY (YHKIIIO, 3MEHILYIOYM JeTepreHTHI e(eKTH XoJaTiB
(Nicolaou et al., 2015). 3a ¢iziosnoriuHoro crany B )KOBYI JIFOAUHA
Ta IHIIMX CCABIIB KOBYHI KUCIOTH Ta (HOCQOIITIIN yTBOPIOIOTH 13
XOJIECTEPOJIOM KOMILIEKCH — MilleNIH. Y BHITQJIKY HOPYILECHHS CITiB-
BIJIHOIICHHS KOHIICHTpALiii IIMX KOMIIOHCHTIB y OBYi CTBOPIO-
IOTBCSI YMOBH IS BUITIAJaHHS XOJIECTEPOITY B OCaJl Ta HOro Kpucra-
nmizamii (Hsmiogullari et al.,, 2007; Wang et al., 2009), mposBisi-
FOThCSl TOKCHYHI e(ekTH KoBYHUX KucioT Tomo (Linton, 2015;
Nicolaou et al., 2015).

HanxomkeHHs JimigiB 10 *O0B4i Ta MiATPHUMAaHHS MEBHOTO iX
CHIBBITHOLIEHHS y TIEYiHKOBOMY CEKpeTi — BaXJIMBHH (iziomoriu-
HHU{ TIporiec, IO 3HAYHOI0 MIpOI0 BimoOpakae rmepedir JiMiaHoro
0oOMiHy y KIITHHAX NEYiHKH Ta B opraHi3mi B mitomy (Tyazhka
etal., 2015). 3minu 0OMiHy JIMiTiB i TOB’sI3aHi 3 HUMH IATONOTII
XapakTepHi JIsl pi3HUX GOpPM CTpeCy, BOHH BUSIBISIFOTHCSL Y TBAPHUH
pisHux BuiB i oaunu (Zahayko et al., 2008; Chuang et al., 2010;
Han et al., 2016). Bigomi npsiMi edeKkTi rocTporo TeIoBoro crpe-
cy Ha jinoni3 Ta sinorene3 B amunonurtax (Faylon et al., 2015).
ComiaybHUIA CTpec CIPUYHHSE OXUPIHHSA Ta CYMyTHI 3aXBOPIOBAHHS
(Scott et al., 2012). XpoHiuHHi1 cTpec BUKIHUKA€E )KUPOBE MEPEPOI-
JKCHHSI TICYIHKH 3 OJJHOYACHOIO BTPATOIO BicIepalibHOTO )upy (Liu
et al., 2014). BigmivaroTbcs K MIBUIKI (OKCHIATHBHUI CTpec, 3a-
MaJIeHHs1), TaK 1 TpuBaii (MeTaboNiuHi pO3Naayn, aKTHBALls OKpe-
MHX JIAHOK MeTa0OJIIYHUX IePETBOPEHb KCEHOOIOTHKIB Ta JIMIAIB,
BHYTPIIIIHBOMEYIHKOBE HAKOIMYCHHS TPUITLIEPH/IIB, JTiM(oLuTap-
Ha iH(LIBTpaLLisl, aCHKUT TOLIO) HOPYLICHHS CTPYKTYpH Ta (yHKILio-
HyBaHHS NE4iHKH, BUKJIMKaHi HOCTTPABMaTHYHIM CTPECOBUM PO3-
JIagoM, IO 3yMOBIIIOE BHHUKHEHHS IHCHimizeMii Ta merabomiu-
Horo cuaapoMy (Gautam et al., 2015).

Cepeql cy4acHUX MEIUKO-Ol0JIOTYHAX JOCHIHKEHD JIITiTHOTO
00MiHYy, T'ilo- Ta rinepxoiecTeprHeMil Ta MOB’SI3aHKX i3 HUMH Me-
TabONIYHOTO CHHAPOMY, aTePOCKIICPO3y, IIIEMIYHOT XBOPOOH cep-
11 YiIbHE MiCIle MOciia€ BUBUCHHS BiMOBIIHHX JIKYBaJIbHUX 3a-
co0iB (Dlyaboha, 2012; Liashevych et al., 2017). 3okpema, Gioduia-
BOHOIIM 3MIHIOIOTH JIiMITHU# CKJIaJ] KPOBI Ta KOBUI, BIUIMBAIOTh Ha
JKOBUOCEKpETOpHY (pyHKIit0 medinku JadopatopHux TBapuH (Lia-
shevych et al., 2016; Vovkun et al., 2016). Kputuuna pomns ctpec-
[HIyKOBaHMX IOPYLICHh META0OMNI3My JIMIIIB y PO3BHTKY Oara-
THOX TIATOJIOTIYHUX CTaHIB, HEBUIIPABIAHO Maya KUTBKICTh Cydac-
HHX JIOCIIDKEHb YKOBUOCEKPETOPHOI (DyHKIUIl MEYiHKH B yMOBax
COLIAJIGHOTO CTPECY Ta aKTyaJIbHICTh MOLTYKY e(peKTUBHUX Iperapa-
TiB 11 KOPEKLIiT aTOJIOT9HO 3MiHEHOT'0 JIIiTHOr0 OOMiHy 3yMOBH-
JIM METY L€l CTaTTi — BUSIBUTH BIUTHB XPOHIYHOIO COLUAJILHOTO CTpe-
Cy Ha JIMTHANA CKJIaJ JKOBYI CaMINiB LIypiB Opa3y MO 3aBepIIeHHI
TMPOLIEYPH CTPECYBAaHHS, y BiIJAICHOMY IIepiofi 4acy (depe3 Mi-
CsIIb) Ta i/l 9ac 3aCTOCYBAHHS KOPBITHHY y CTPECOBAHUX TBAPHH.

Marepiai i MeToau A0C/IiTKEHD

Hocmimpkennst npoen Ha 48 Oimux OE3MOPOIHMX LIypax y
BiBapil HHI] «IuctutyT Giosorii Ta Meauuunm» KuiBcbkoro Hartio-
HaJbHOTO yHiBepcuTeTy iMeHi Tapaca LlleBuenka. Bci excrepu-
MEHTH ITPOBOIMIIH BiIIOBITHO 10 iCHYIOUMX MDKHAPOJHUX 1 HAIIiO-
HAJIBHUX BHMOI i HOPM T'YMaHHOT'O MOBOJDKCHHS 3 CGKCIICPUMEH-
TaIBHAMY TBapHHaMH. TBapyH YTPUMYBAIH y IUIACTHKOBHUX KIIT-
Kax i3 IpaT4acTiM 3aJli3HMM BEpXOM iHMBITyaIbHO (EKCHepHMEH-
TaJlbHI TBAPUHHU) a00 rapeMoM (OJMH caMellb pa3oM i3 2—4 camu-
wiMu). PexuM ocBiTieHHs y BiBapii — MpUpOIHHA. YTIPOAOBXK
YChOTO €KCIICPUMEHTY ITiATPHUMYBAIM HAIKHUN TeMIIepaTypHHI
pexum. TBapuHH OTpUMYBaIM CTAHZAPTHHH paIioH (KoMOIKOpM
It tabopatopHuX IypiB Biramekc, YkpaiHa), Maiau BUTbHUH 10-
cTyn 1o Boau Ta ki. ITics onepskaHHS TBapuH iX IHIWBITyaIbHO
MOMIYali UIIXOM HAHECCHHs IIEPMaHCHTHUM MapKepoM HOMepa
Ha XBICT. BiJl mepIoro 10 ocTaHHBOTO JHS OCHIDKEHHS! KOHTPO-
JIFOBJIM Macy TiJla eKCIIEPUMEHTAIEHUX TBAPHH.

JBamats opuH nryp macoro 0,20 + 0,03 Kr BUKOpHCTaHHUIT SIK
IHTpyIep Ui CTBOPEHHSI XPOHIYHOTO COLIAJIBHOIO CTPecy — Mo-

JieTib comianbHOT mopasku. [xmmi 21 mryp macoro 0,35-0,40 kr, Kox-
HOTO SIKHX YTPHMYBAIH pa3oM i3 2—4 CaMHUILIMH, CIYTYBaId SIK
JIOMECTHUKY B 11iii Mogeni crpecy. Llypu-intpynepu (n = 21) 3a3na-
BaJIM BIUIMBY XPOHIYHOTO COLIAJIFHOIO CTPECY B MOJEII COLiaIbHOT
mopasku ynpoaosx 14 mi6. [I’arepo 3 HUX i3 cbOMOT IO YOTUPHAI-
ATy 100y TpOoLeypH CTPECYBaHHS OTPUMYBAIIM IHTpAracTpalibHO
KOPBITHH y 7031 1 MI/KT MacH Tiia TBapuHH. TBapHHM KOHTPOJIBHOI
rpym Macoro 0,20 + 0,03 xr (n = 6) TaKOXK OTPHMYBAJIN CTaHJAPTHHH
paIlioH 1 MM BUTBHHI JOCTYII JI0 BOIM, ajl¢ HE 3a3HABAIM BIUIUBY
XPOHIYHOTO COIATLHOTO CTPECY B MOJICIT COMIATTBHOT TTOPA3KH.

Bukopucrana y Halomy OCIHIDKEHHI MOZENb COLaIbHOIO
crpecy (MoJelb COLianbHOI Mopas3ky) 3ade3neunia HabyTTs iHTpy-
JiepaMH CyOOPIMHAHTHOTO CTATyCy Ta Majia IOCTaTHIO TPUBAIICTh
Ut GOPMYBaHHS Y HUX BiIIOBITHOTO MOBEIIHKOBOTO CTEPECOTHITY.
MomudikoBaHa MOJIENb XPOHIYHOTO COIIAIBHOTO CTPECy pPo3pod-
JIeHa JUII MUIIeH, y Hilf cTpec CIIPHYMHSB TIOBTOPHHMIA JOCBIM COL-
AIBHKX MOPA30K y LIOJEHHHUX MiXcaMueBUX KoH(ponTauisx (Ku-
dryavtseva, 1991; Horid’ko et al., 2017). IIponenypa comiaabHOTO
CTpecy MOYMHANIACS 3 TIDKHEBOI 130J1Uil LIypiB-iHTPYIEpiB Uit
YCYHEHHs 1X HOIMEepeIHbOro CoLianbHOro aocBimy. Hamani mrypis-
IHTPYIEpiB MPOTATOM YCHOTO Yacy MOCHiAY YTPUMYBAIH iHIWBI-
IyaJbHO (B OKpeMHX KIiTKax). 3a TpH JOOW IO TOYaTKy CTpecy
TECTYBAJM IIypPiB-JOMECTHKIB Ha HAasSBHICTh arOHICTUYHOI ITIOBEIIIH-
KU IIUBIXOM ITiJICA/DKYBaHHS 10 HUX Y KIITKH IHIU(EPESHTHUX IITy-
PiB, sIKi HE BXOMIIH JI0 CKJIaTy eKCIIEpUMEHTAIBHOT Tpyi. Jlomec-
THKIB, SIKi HE JICMOHCTPYBAJIM arpeCUBHOI MOBE[IHKH, BUKIIFOUAIH 3
eKCIIEPUMEHTY.

CTpec CTBOPIOBAIM ILJOJJCHHUMH arOHICTHYHIMH B3a€MOJISIMU
MK TBapuHaMU. 3a 10 XB 10 MOYATKy arOHICTHYHHUX B3a€EMOZIH 13
KIITOK IIypiB-IOMECTHKIB BifcapKyBaiu camMoK. KoskHoro mHs
ynpozoBx 14 11i6 y 3aTeMHeHiH KiMHATi, y JpyTii IOJI0BHUHI 100U y
KIITKY JI0 TOMECTHKA IifIca/pKyBaiy iHTpy/epa Ha 10 XB st aro-
HicTHYHKX B3aemoiit. [Ticist mboro Ha 20 XB y KIIITII BCTAHOBJIIO-
BaJIM NIPO30py IepdopoBaHy MeperopoKy, 10 JaBaia MOXKIMBICTh
Bi3yaJIbHOTO, HIOXOBOT'O Ta CIIyXOBOT'0, aJie He (Di3HIHOr0 KOHTAKTy
MDK IIypOM-iHTPYAEPOM i LypOM-IOMECTHKOM. AKTHBHICTH 10-
MECTHKIB Ta KUIBKICTb iX aTak migpaxoByBaiy. OHOYACHO BiACIIA-
KOBYBaJIM TIOBENIHKY IHTpyIEpiB Min yac mepeOyBaHHA B OIHII
KITITI 3 JOMECTHKOM.

JIst JOCTIiIKEHHST TPUBAJIOCTI MOMKIIMBHX €(DeKTIB XPOHITHOrO
COIIAJILHOTO CTpeCy Ha JIMiAHUN CKJIAJ >KOBYI TBAPHUH IUTAIH Ha
IBi rpynu: y nepuiiit (n = 10) 3a0upaHHs JKOBYI IPOBOAWIM Yepe3
o0y Ticisi 3aBepICHHS MPOLEAypH cTpecyBanHs (rpyma I), a 'y
apyriit (n = 6) — uepe3 micsup micist vel (rpyna II). Camui nrypis
rpyn 11 yrponoBx Micsiiis micist MOJGITIOBAaHHS B HUX XPOHIYHOTO
COLIAJIBHOTO CTpeCy MepeOyBald y MPUMIIICHH] BiBapil0 B OAHIN
OKpeMili KIITII, OTPUMYBAIIM CTaHIAPTHUI PAIliOH 1 MAJTK BUIBHUIA
JIOCTYII 10 Boay Ta ki, TBapuHH, sIKi iHTparacTpaibHO OTPUMYBa-
JIM YTIPOJIOBX JIPYTOTO TYDKHS CTPECYBAHHS KOPBITUH Y 71031 1 MI/KT
MacH TiJia, CKJIafiaiM ekcriepuMenTanbHy rpymy I (n = 5). 3pazku
»koBui Binoupanu B rpymi I11 y Toii sxe 4ac, mo it y rpymi L.

JKoBuocekperopHy (GyHKIIIO HIypiB-IHTPYASPiB TOCIIHKYBaIN
in vivo B TOCTPUX EKCIIEPMMEHTaX, BAKOPUCTOBYIOUH JUIsl HAPKOTH-
3arii TioneHTan HaTpiro B 1031 60 Mr/kr Macu Tija TBapuHH. [lepen
OTIEPaTHBHUM BTPYYaHHIM, HEOOXITHIM /Il OTPHIMAHHS MEYiHKO-
BOTO CEKPETY, TBapHH IiU[aBaJIM XapyoBiil AerpuBalii yrnpogoBx
oztHi€l 106u, aje IPH LIbOMY BOHM MaJli BUIBHHI JOCTYII JO BOJIH.
ITicns namapoToMii KaHIOJIFOBAIM XKOBYHY IIPOTOKY, i yepe3 30 xB
crabinizanii cTaHy TBapUHH 3IIHCHIOBAIM NPOTSITOM HACTYIHHX 3
TOIMH rocTporo nociigy 3abupanus 18 10-XxBUIMHHKX POO HKOB-
yi. Kokri Tpu 10-XBHIMHHI TOpLiil >KOBYI 30Mpand 0 OZHOTO
eneHaopda, Hafam METOIOM TOHKOIIAPOBOI Xpomarorpadii, Mo-
IhiKOBaHAM y HaIii iaboparopii, BU3HAYAIHA BMICT JKOBYHHX
kuciot, (ocdomiminiB, XoaecTepoiry Ta Horo erepis, BUIBHUX XKHUpP-
HHX KHCJIOT 1 TPUITHIEPHUIIB Y BCIX MIBIOJWHHUX 3pa3Kax ITEUiHKO-
Boro cekpery (Vesel’s’kyy et al., 2001).

3a KOHIIGHTpAUisIMH OKpeMHX (paxuii JIminis (xomecrepor,
€TEepH XOJIECTEPOILY) T4 CyMapHHX JKOBYHHUX KHUCIIOT PO3PaxoByBa-
JIM XOJIaTO-XOJIECTePOsIoBUii KoedimieHT (KoedillieHT TITOreHHOCTI
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JKOBUi), KoedillieHT eTepudikamii XoaecTepory (CIiBBiJHOIICHHS
BUILHOIO XOJIECTEPOJTy JI0 HOro eTepiB) Ta CIiBBiIHOIICHHS (oc-
¢omnimigis mo 3aransHOro Xosecrepoiy xosui (Hanytkevych et al.,
1985). Cratuctiyny 0OpoOKy JaHUX MPOBOAWIIHM 3 BUKOPHCTAHHIM
maketa Statistica 7.0 (StatSoft Inc., USA) 3 ypaxyBaHH:IM t-KpuTe-
pito CTproZieHTa 32 HOPMAJIBHOTO PO3MOAUTY TaHHX 1 HemapameT-
puaHOTO KpuTepito Mana — YiTHi — 32 HCHOPMAJIGHOTO PO3IIOLTY.
HopMmaibHicTh po3mnoily OLIHIOBAIX 3a ToroMororo tecty [llarmi-
po — Vinka. CTaTHCTUYHO 3HAYYNIMMHU BBXKAIU BiIMIHHOCTI 32 P <
0,05 (Filimonova et al., 2004, 2005).

PesyabraTu

OyHKIIii )KOBYI SIK TPABHOTO CEKPETy BUKOHYIOTHCS HEIO JIUIIE
3a YMOBH HEOOXifHOT KOHIIEHTpAIlil B Hilf BiOBITHNX OpPraHiqHIX
KOMITOHETIB, TIEPII 32 BCE, JKOBYHHMX KHCIIOT 1 JIMiAIB, Ta 3a MiITPHU-
MAaHHHSI HAJISKHOTO CITiBBIJHOILICHHS [IUX PEUYOBHH Yy TIEUiHKOBOMY
CEeKpeTi. 3a XPOHIYHOTO COLIATBLHOTO CTPECY Y TEUiHIl CaMITiB IITy-
piB BifOyBaroThCsi MeTabOIYHI MPOLECH, SKi BUKIHKAIOTh 3MiHH
JimgHOro CKiamy oBdi. [IpoBeaeHe onpasy Mo 3aBeplICHHI MPo-
LeIypH XPOHIYHOTO COLIAIIBHOTO cTpecy (MOAENi coLianbHOi Imo-
PasKu) IOCTiHKEHHS JKOBUI CaMIliB MIypiB Tpymu | BUABHIIO 3HU-
JKEHHsI KOHIIEHTpAIliii BUIBHOTO XOJECTEPONy, BUIBHHX >KHPHUX
KHUCIIOT i, B OCTaHHI Ipo0i NeYiHKOBOTO CEeKpeTy, — (hochomimiaiB
oyl (Tadu. 1, 2). Konnenrparist gocdominini y mocriii npobi
»koBYl I1ypiB rpyny | 3meHnryBsasnacs Ha 11,7% (P < 0,01) nopiBas-
HO 3 KOHTpoJIeM (Tab. 1).

Yepes Micsiip MICAs CTPECYBaHHS y IIypiB HE CHOCTEpiraiu
CYTTEBUX 3MiH BMICTy (HOCQOIIITIIB y ’K0OBYI TOPIBHIHO 3 KOHTPO-
neM. Ilig "ac 3acTocyBaHHS KOPBITHHY YIPOIOBK OCTaHHBOTO 3
JIBOX TIDKHIB IPOIIEYPH CTPECYBAaHHS BMICT (hOC(hOIIIMIIIB Y 5KOB-
4i camIiB nrypiB rpymu Il craTHCTHYHO 3HAYMMO HE BiJpi3HSIBCS
Bifl KOHTpOIO (TabI. 1).

Taoauns 1

KoHueHTpartis JiMiziB y >KOBYi [IypiB CAMIB ITi] 4aC XPOHI4HOTO
COLIaJIEHOTO CTPECy Ta 3aCTOCYBaHHs KOpBiTHHY (1 MI/Kr)

(M £SD, mr%, n=21)

Tpallisl BUIBHUX JKHPHHMX KHCJIOT Yy »KOB4i 3pocna. Tak, y moctii
1po0i BMICT BUIBHUX JKUPHHUX KHUCIOT 30utbmBest Ha 37,9% (P <
0,001) mopiBHsiHO 3 KOHTpOMEM. [IpH 1BOMY SIK Y KOBUI, 3i0paHiii y
TBapUH OIpa3y MiCJs MOIENIOBAHHS XPOHIYHOIO COLHaIbHOIO
CTpecy, TaK 1y 3pa3Kax, B3STHX 4epe3 MICsILb MiCls HbOro, KOHIICH-
Tpamis TPHUTJILEPUAIB HE 3MIiHIOBAJIACS MOPIBHIHO 3 KOHTPOJIEM.
HatomicTb y TBapHH, sIKi 3a3HAJIM COLIAJILHOT MOPa3KU Ta OTPUMY-
BaJIM KOPBITHH, KOHIICHTPALis BUIBHUX )KUPHHUX KHCIIOT 1 TPHTIIILE-
puAiB 3pocia MOpPIBHSIHO 3 KoHTposteM (Tabi. 1). Hanpukinni roc-
Tporo focniny (mocra npo6a) y rpymi III BMiCT BUIBHHX >KMPHHX
KHUCIIOT y JKOBYI BHIUMK BiJ KOHTpoito Ha 65,8% (P < 0,001), a
Tpuriitepuais — Ha 51,0% (P <0,001).

Tadmuns 2

KonnenTparis xonectepoiy Ta Horo eTepiB y *OBYi IIypiB CaMIIiB
IIiJT 9ac XPOHIYHOTO COLIANBHOTO CTPECY Ta 3aCTOCYBAHHS
xopsituRy (1 mr/kr) (M £ SD, Mr%, n=21)

Dpaxiii JimizIiB )KOBYL

Hp061f1 Cepis BinbHuii Ta erepudikoBaHUii X0IECTEPOI KOBYL
JKOBY1 XOJIECTEpOIT €TepH XONeCTepoLy
KOHTpOJIb 28,60+ 3,87 2,64 +0,49
1 rpyma | 21,24 £3,15%* 3,18 0,68
rpyma Il 23,27 +3,63* 2,73+0,67
rpyna I 20,90%* 3,34*
KOHTPOJIb 28,83 +3,82 2,51+045
5 Tpyma 1 20,97 &+ 1,65%* 2,88+0,58
rpyma Il 24,13 £2,59* 2,95+0,62
rpyna III 21,94%* 3,60**
KOHTpOJIb 27,113,221 2,53+0,46
3 rpyma | 21,23 +3,44%* 2,95+0,48
rpyna I 23,35+ 1,40% 3,03+£0,50
rpyma III 22,10%* 3,88%*
KOHTPOJIb 26,06 +4,86 2,39+048
4 rpyma | 19,10 +2,10%* 3,00+ 0,43*
rpyma Il 22,10+ 1,09 2,83+0,51
rpyna I 22,58 3,78%**
KOHTPOJIb 24,54 +4,84 2,39+0,55
s rpymal 16,96 + 127+* 279+ 047
rpyma Il 20,53 + 1,67 2,65+047
rpyma III 20,96 3,54**
KOHTpOJIb 24,16 4,76 2,50+ 0,60
6 'pyma I 16,79 + 1,94%** 2,60+0,48
rpyma Il 20,45+ 1,07 2624057
rpyna I 19,58 3,64%*

Cepist — — - -
JKOBUI tocoimiay  BiIBHI XKUPHI KUCIOTH TPHIIILEPHIH
KOHTPOJIb 69,74 + 6,66 12,14+2,15 2,33+093
| pyma I 71,21+7,51 10,01 £2.24 2,05+0,26
rpyma Il 69,68 +7,70 21,03 £2,52*%**  290+0,55
rpyna Il 67,96 19,82%%* 226
KOHTPOJIb 68,73 6,05 12,59+2,51 2,30+0,61
, tpymal 72,01 £7,63 9,81+ 1,77+ 2,04+031
rpyma Il 70,85+ 6,32 20,65 +2,99%*%*  2,65+0,46
rpyma III 70,24 19,28%* 2,60
KOHTPOJIb 67,19+4,15 12,57 +£2,02 229+0,83
,  yml 68,97 +7,02 11,20+2,03 2,150,229
rpyma Il 68,17+5,11 20,68 £2,35%** 2724040
rpyma 11 70,80 18,78** 2,52
KOHTPOJIb 66,31 +3,76 1237+ 1,64 2,19+0,68
4 Tpyma I 66,38+ 6,33 10,46+ 1,67* 2,03+0,30
rpyna I 65,72+5,16 19,72 £221*%**  2524+0,51
rpyma 11 70,98 18,62%* 2,66
KOHTpOJIb 64,10+ 4,44 12,74+ 1,52 1,96 + 0,69
5 Tpyma I 60,42 +6,49 9,39 £2,22%* 1,85+0,24
rpymna Il 62,97 +5,61 18,48+ 1,92%*%*  242+0,35
rpyma III 66,78 20,98** 2,78*
KOHTPOJIb 62,67+4,01 12,97 +1,59 1,96 +£0,63
6 rpyna I 55,35 +4,83%* 824+ 1,13%*  173+0,24
rpyma Il 60,53 £4,49 17,88+ 1,71%** 238+ 041
rpyrma 11 63,38 21,50%** 2,96*

Hpumimru: * — P < 0,05, ¥* — P < 0,01, *** — P < 0,001 craTucTu4HO
3HAYKMMI BiZIMIHHOCTI ITOPIBHSTHO 3 KOHTPOJIEM.

MaxcuMalbHe 3HWKEHHSI KOHLICHTPALIIT BUIBHUX KUPHUX KHC-
1ot Ha 36,5% (P < 0,001) BusiBieHe y mioctiit npo0i xoBui H1ypiB
rpynu I (tabm. 1). | HaBmaku, yepes MicsIb Micis 3aBepIICHHS POo-
LeIypH XPOHIYHOTO COLIATHFHOIO CTPECy Y CaMIIiB IIypiB KOHIICH-

Tpumimxu: nuB. Tadn. 1.

3a XpOHIYHOr0 COLIATBHOIO CTPECY Y IenaTolUTax CaMIIiB IILy-
pIB MEpPEBaKHO NPHUTHIYYIOTBCS MPOLIECH, 5K 3a0€3MeUyIOTh Hajl-
XODKEHHSI y TICPBHHHI >KOBYHI KaHAIBI CTEPOIMHMX JIMiTHUX
KOMITOHEHTIB >k0Bui. CriocTepiraiy OUTbIIe 3HKEHHS KOHIICHTpAIIil
XOJIECTEpONTy B YCIX 3pasKax »OBUi TBapuH rpynu I (ompasy micis
MO/ICITIIOBAHHSI COLiAJIEHOTO cTpecy). KoHueHTpauist xoectepoiy y
nepmiit mpo6i »xoBui rpynu I mMenmia Ha 25,7% (P < 0,01) Bix xoH-
TPOJIIO, & B OCTaHHiM, 1rocTiit mpobi — Ha 41,3% (P < 0,01; abmn. 2).

VY camuiB 11ypiB rpymu I BMiCT BUTBHOTO X0OJIECTEpOITy B JKOBUI
y mepii — TpeTiit mpobax MeHImit 3a KOHTpomb Ha 18,7% (P <
0,05), 16,3% (P < 0,05), 13,9% (P < 0,05), BixnoBiaHo, ane rami
(y "eTBepTiif, I’sTiH Ta MIOCTIH Npobax) Horo KOHLEHTparis CTa-
THCTHYHO 3HAUMMO HE BiJIPI3HSIETHCS Bijl HOKA3HUKIB KOHTPOJIBHOL
rpymu (tab6u. 2). ITix yac yBeneHHs CTpecCOBaHUM TBapHHaM KOPBIi-
THHY HOJIOHMM YMHOM MPHUTHIYY€THCS HaIXODKEHHS BUIBHOTO XO-
Jectepoiy y skoB4Hi KaHanbi. Y rpymi Il koHueHTpawis xonecte-
poiTy y HepIIOoMy 3pa3Ky >KOBYi MEHIIIA 3a KOHTPOoIb Ha 26,9% (P <
0,01), y mpyromy — 1a 23,9% (P < 0,01), a y Tpetbomy — Ha 18,5%
(P < 0,01). Crnin BiZIMITHTH TiABHIIEHY TOPIBHSIHO 3 KOHTPOJIEM
KOHIICHTPAIII0 €TepiB XoJecTepory y >koBdi ImrypiB rpymu III
(tabm. 2). Y mepmii miBroguHHINA 1po0i sxoui rpymm I BMicT
eTepiB XOJIECTEepOIy 3pOCTaB IIOPIBHSIHO 3 KOHTponeM Ha 26,5%
(P <0,05), a B ocTanHii, mocriii, — va 45,6% (P < 0,01).

TakuM YMHOM, )KOBY CTPECOBaHMX ILIypiB rpynu I maia Taxi
BIIMIHHOCTI 32 BMiCTOM JIITi/{iB TOPIBHSIHO 3 KOHTPOJIEM: Yy TIEpIIIiit
mpo0i B Wil TPyII YacTKa BUTFHUX KUPHHUX KHUCIOT CKJIA/Ia€ JIMIIE
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9%, a xonectepony — 20%, Tomi sk docdomiminiB — 66%, a erepis
xonectepory — 3% (puc. 1).

Yepe3 Micsmp Mmicis HPOBENCHHS MPOLECAYPU CTPECYBaHHS
(rpyma II) y >k0OBdYi BHSBJISIETHCS POTIIICKHUIT OPIBHSHO 3 TPY-
moto | geHoMeH: y mepmioMy 3pasKy >KOBUI YacTKa BUTBHHX KHP-
HHUX KHCIOT cepen mimiaiB mocsrae 18%, a docdomimiaiB aemo
3meHmIyetsest (58%). Ilpu mpomy xomecrepoiny, sk 1y rpymi I,

O @ocdomimmn Xonecrtepon
EBinsHi upHI kucotH O Tpurminepuan
B Edipu xonectepony

mmmaersest 20% (puc. 1). Ckinan nepruoi mpo6u yKoBdi, OTPHMAHOT
y rpymi 111, mokasye, 110 yBeieHHs! KOPBITHHY ITiJ] 4ac MOJIEIIIOBaH-
HsI COLIAJIbHOI MOPa3KH Y CaMIiB-IHTPYAEPiB BUKIMKAIIO 301IbIICH-
Hs YaCTKM BUIBHMX JKMPHHX KHCIOT 10 17% i eTepiB xonecrepoiry
10 3% 3 OJHOYACHMM 3MEHIICHHAM YacTKU BUIBHOTO XOJIECTPOILY
10 18% Ta migTpuMaHHSIM BMICTy (oChOIMiaiB Ha TOMY K PiBHI,
10 # y KoHTpodi (puc. 1).

O docdomimmn Xomectepon
O BinbHi upHi kucnotd O Tpurminepuan
B Edipu xomecTepomy

O ®ocdonimian

B XonecTepon
B BinpHi skupHi kucnotn O Tpuriminepuin
m Edipu xomectepony

O @ochonimian BAXonecTepon
B BinbHi skupHi kucnotH U TpurmepHn
B Edipn xonmectepomy

Puc. 1. CriBBiTHOLIEHHS JiMIiB Y TepIiii Tpo0i )KOBYi caMIliB LIypiB MiJ Yac XPOHIYHOTO COLIAIBHOTO CTPECY Ta 3aCTOCYBaHHS
KOPBITHHY: BKa3aHO BiJICOTKOBY YacTKy KOKHOI JIITiqHOT (pakuii B KoHTpodi (a), rpynax I (6), II (6) Ta I1I (2); n =21

3HAYHO MIpPOFO BILTHB COMIAIBHOIO CTPECY HA JIIMIHHIA CKIIa
JKOBUI BUSIBILIETECS Y PI3HIH AMHAMIIY TTiTPUMAHHS CITiBBLIHOIICHHS
PIi3HHX JIIAIB y TIEYiHKOBOMY CEKpETi BIPOIOBX I'OCTPOIO JOCIIy.
Xoua KoHLeHTpaLlist (pocormimiziB y mocTiit npooi sxkoBui rpymm I Oy-
JIa MEHILIOIO 33 KOHTPOJb (Tabm. 1), yacTka LpOro JIMiJHOrO KOMIIO-
HeHTa cKi1asa 65% 3aralbHOro BMICTY JIMTiZIiB Y NE4iHKOBOMY CEKpETi,
a YacTKa BUIBHHX XHPHUX KUCIOT Jmnmiacs Hu3bkoro (10%). Sk y
KOHTpOI, TaK 1y rpymi | y mocTiif mpobi 9acTka XoecTepory ceper
YCIX IHIIVX JIMiTHIX (DPaKLii cTaBaa MEHIIIOO TTOPIBHSHO 3 TIEPIIOI0
TIBrOJIMHHOO MPOOOFO JK0BYi. BificoTok TpHTTinepraiB cepen ycix Jii-
TIi/1iB KOBYI JIMIIIABCST HE3MIHHMM YTIPOIOBXK YCHOTO FOCTPOTO JAOCIIiTY
SIK 'y KOHTpOJT, TaK 1y rpymi I — 2% 1 3% BimmosinHo (puc. 2).

V rpymi II yactku docdonimiaiB, XonecTepoly Ta TPUITLEPULIB
cepen ycix BU3HA4YeHHX (ppakiiil JIMiTB y [IOCTOMY 3pa3Ky JKOBUI
JIAIIAIIACS THKAMH, SIK 1 y TIepIiid mpo0i, YacTka BUIBHUX YKUPHUX KH-
cnot zemo 3meHmmacs (17%), a gacTka erepiB XonecTeporty 301Tb-
mmtacst 10 3% (puc. 2). Y 1rypiB-iHTpYIepiB, sSKi OTPHIMyBAIM KOPBi-
THH, Y IIOCTIiH 1po0i MKOBYI 3MEHIIIIACS JIIIE YacTKa (hocomirmiis:
57%, nopiBasHO 3 60% y mepriii mpo6i. [Tpu oMy y mocTiii mpobi
skoul rpynu [ 30utemmmmcs 10 19% i 3% 4YacTKy BUTBHUX SKUPHIX
KHCJIOT 1 TPUIJILIEPUIIB, BiIOBIIHO. BincoTok xonectepory Ta ioro
€TepiB cepe/l YCIX BU3HAUCHHUX JIilTi/IiB yKOBYi y 1IocTii rpo0i rpyr 111
JIAIIIABCS TAKMM CaMUM, SIK 1y TIepILii mpo0i (puc. 2).

Oi3uK0-XiMiYHI BIACTUBOCTI KOBUI, 30KpeMa, 1i KOJOiIHa CTadib-
HICTb Ta JIITOTeHHICTh MOXyTh OyTH YCIIIIHO OILUHEHi 32 Bi/{IOBITHH-
MH CITiBBITHOIICHHSMH Pi3HHX JIITTHAX KOMITOHCHTIB. Y CaMIlB IITy-
piB rpymu [ xonato-xonecteponoBuii KoedillieHT JKOBYI IepIIoi Ta

Jpyroi poG BHIWMIA Bif KOHTpoio Ha 27% Ta 25% (P < 0,05) Bixmo-
BifHO. TaKoX X0JIaTO-XONIECTEPONIOBHIA KOS(ILi€HT KOBYI Y TIepIiii Ta
JpyTiii pobax 30LIbIIYBaBCs TOPIBHSIHO 3 KoHTponeM Ha 33% (P <
0,05) Ta 32% (P < 0,05) y 1rypiB camiliB 3a XpOHIYHOTO COLIATHHOTO
cTpecy Ta 3actocyBaHHs kopsituHy (rpyma III). Haromicts y rpymi 11 B
YETBEPTOMY, I1’SITOMY Ta LIOCTOMY 3pa3Kax >KOBUI XOJIATO-XOJIECTepO-
noBrii KoediriieHT OyB MeHIIMM Bif KoHTpomo Ha 21%, 20% (P <
0,05) Ta 28% (P < 0,05; Tabn. 3). OmKe, 3a po3paxyHKaMH XOJIATO-
XOJIECTEPOJIOBOTO CIIBBITHOIICHHST GaukMO, 11O JITOreHHI BIIACTUBOC-
Ti %KO0BYI (3pOCTaHHS HIMOBIPHOCTI YTBOPEHHS XOJIECTEPOJIOBHX JKOBY-
HUX KaMeHIB) BUSIBIIFOTECS Yepe3 MICSLb 110 TOMY SIK TBApUHH 3a3Ha-
JIM COITIATIBHOTO CTPECY.

Koediuient erepudikauii xoB4i mrypiB y rpymi | MeHmmii 3a
KOHTPOJIb y BCiX IIecTH mpobax, Binosinuo Ha 40% (P < 0,01),
38% (P < 0,05), 36% (P < 0,01), 44% (P < 0,001), 44% (P < 0,01)
Ta 31%. ¥ rpymni II xoedinienT erepudixamii koBdi camuiB IIypiB
3a XPOHIYHOIO COLIAJBHOTO CTPECY TAKOXK MEHIIHI 3a KOHTPOJIb
MIPOTSITOM yCBOTO TOCTPOro JOoCHiAy (miicTs mpob) Ha 26%, 31%
(P <0,05), 34% (P < 0,01), 32% (P < 0,05), 31% (P < 0,05), 20%.
V TBapHH, SKi iHTPAracTpaibHO OTPHMYBAIH BIPOIOBX IPYroro
TIDKHS cTpecyBaHHs1 KopBiTiH (rpyma III), koediuient erepudikarii
OyB MCHIIMM Biji KOHTPOJIIO y LIECTH 3paskax »xoBui Ha 42% (P <
0,05), 47% (P < 0,01), 52% (P < 0,01), 42% (P < 0,01), 46% (P <
0,01) Ta 45% (P < 0,01; Tabm. 3). Ockinbku KoedimieHT erepudika-
i PO3paxoBYETHCS SIK CHIBIIHOMIEHHS BUIHOIO XOJECTEPOILy N0
erepr(hiKOBaHOTO, 3MEHIICHHSI {0r0 3HAYCHHS BKa3ye Ha MOCHIICH-
HsI TIpOLIeCiB eTepudikaliii Xonecteporny y KIiTHHAX IEYiHKH SK B
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YMOBAaX CTpECY, TaK i 3a 3aCTOCYBaHHS KOPBITUHY. CITiBBiHOIIICHHS
(ocdomimizi i xonecrepoity >kOBYI LIypiB camiiB y rpymi I y Beix
1mecty pobax OyJ1o Oinbiie KoHTpoto Ha 33% (P <0,01), 36% (P <
0,01), 29% (P < 0,05), 36% (P < 0,01), 37% (P < 0,05), 30% (P <
0,05). ¥ camui mypiB rpymu Il cmiBBimHOmEeHHS (hochomimigiB i
xoJiecTeporny Oyio y meprriid i apyrii mpobax »KOBYi CTATHCTHYHO
3HauMMo Oubine KoHTpoiro Ha 21% (P < 0,05) i 19% (P < 0,05)

BinosinHo (tadn. 3). ¥ rpymni III cniBBinHomenHs ¢ocomimiais i
XOJIECTEPOITY JKOBYI IIYPIB Y TEPIIOMY 3pa3Ky OLIbIIIEC KOHTPOIIIO HA
26% (P <0,01), y npyromy — Ha 25% (P < 0,01), Tpetromy — Ha 20%
(P < 0,05; Tabn. 3). BusiBiieHe 30iIbIICHHS OMMCAHOTO CITiBBIIHO-
IIIEHHSI TI0B’s13aHe He 3 TOCUJICHUM HaIXOMKEHHM (hocOimiaiB 10
JKOBYHHX KaHAIIBLIB, & 31 SMEHIIICHHSM BMICTY XOJIECTEPOIY B )KOBUL
CTPECOBAHUX CaMILIB IIIypiB.

O @ocdomimian Xomectepon
O ButbHI KHpPHI KHCIoTH O TpHrTineprIn
B Edipu xonectepony

O®@ocdomimion

B XonecTepon
EBinbHi KUpHI KHCIoTH O TpHITLEpHIN
B Edipu xomectepomy

O®ochomiman Xonectepon
B BineHi xKupHI kucnoTH O Tpurminepunn
B Edipu xonectepory

- 4

| 18%

74

O®ochomimian B XomecTepon
EABinbHI xupHI Kicnoti O TpHIuepHIn
B Edipu xomecTepory

Puc. 2. CriBBigHOLICHHS JIi/iB Y IIOCTi# mpo0i )kOBYi LIypiB caMLiB I1i/l YaC XPOHIYHOTO COLIaTFHOTO CTPECY Ta 3aCTOCYBAHHS
KOPBITHHY: BKa3aHO BiJICOTKOBY YaCTKy KOKHOT JiirtiHO1 (paxuii B koHTpodi (a), rpynax I (6), II (6) Ta I1I (2); n =21

O0roBopeHHst

V TBapuH, fKi TIUIBKH-HO 3a3HAlM NPOLIEAYPH CTPECYBAHHS,
TIediHKa He 371aTHa 3a0e3nedyBaTy BMIicT (hocoiIiiB y skoBUi Ha
JIOCTaTHHOMY PiBHI BIPOIOBXK YChOIO CKCIICPHMEHTY Ta HAIPHUKiH-
Il TOCTPOTO JOCHiAy KOHLEHTpALs [MX CKJIaJOBHX HME4iHKOBOTO
CEKPETY 3HIDKYETHCS. 3 OIJIAAy Ha 3HAUCHHs (GocGoimiiiB ®KoBuyi
SIK T JHIHUX KOMITOHEHTIB, 1110 3aXUIIAI0Th KIITHHU CTIHOK Tiep-
BHHHHUX JKOBYHHX IPOTOKIB Ta BChOrO OiiapHOro IepeBa Bif jie-
TeprenTHHX BIUMBIB XonatiB (Nicolaou et al., 2015) Ta cTabimi3y-
IOTh KOJIOIOHY CHCTEMY KOBYi, YTPUMYIOUH (Pa3oM i3 YKOBYHHMH
KHCJIOTaMH) XOJIECTEPOJT Y CKIIAJI Milel 1 TAKUM YHMHOM 3arrodira-
rouu Horo BumnananHio B ocan (Wang et al., 2009, Boyer, 2013; Lin-
ton, 2015), 3mMeHIIeHHs1 KoHLEHTpaLii ocdoininiB y nediHKoBo-
My CEKpeTi MOKHA BBaXKATH III¢ OJHHM MATOJOTIYHAM HACIIIKOM
COLIAJIBHOTO CTpecy. Al il 3ayBaxuTH, o docdomimia mno-
TPAIUISIIOTH 0 YKOBYi BHACIIZOK JETEPreHTHOrO BILTMBY XOJIaTiB Ha
KaHAIIKYJSpHI IUTLTHKY IIa3MaTHYHIX MeMOpaH rermatonuris (Bo-
yer, 2013). Hagmipae 3pocTaHHS iX KOHIIEHTpaLlii MOKIIMBE JINILE
3a 301IBLICHHS BMICTY B )KOBYHMX KaHAIbLSIX QHOMAJIBHHX YKOBY-
HHX KUCJIOT. Y TAKOMY BHIT4JIKy BHHUKATHMYTh PO3J1aau QyHKIIO-
HyBaHHS Ta CTPYKTYypH MEMOpaH KJIITHH MEYiHKH Yepe3 MOopyIIeH-
Hsl X HOpMaJIbHOTO cKiany. OCKUIBKY criBBiHOIICHHS (ocoti-
MgiB 10 XOJNECTepolly Ta XOJIATO-XOJIECTepOJIOBHH KoedilieHT
JKOBYI CTPECOBAHHX TBapUH 30UIBIIYBAJINCSA, B yMOBaX CTBOPEHOI
HaMH MOJENI XPOHIYHOTO COLIaTbHOTO CTPECy HE 3pOCTaB PHU3HK
xonenitiazy. OfHaK 4epe3 MicsIb MICs MPOLEIypH CTPECyBaHHSI

criBBigHOIIEHHS (DOCQOMIMAIB 0 XOJNECTepoy 3aIUIIA€ThCS
BUIIMM KOHTPOITIO, aJIe XOJIATO-XOJIECTEPONIOBHIA KOC(ILIIEHT KOBUL
3HIKYETBCS, @ OTIKE, MOTIPIIYIOTHCS CONMFOOLTI3AIIINHHI BIACTUBOCTL
TIEYIHKOBOT'O CEKPETY.

CuHres i erepudikallisi X0JIeCTepoiTy MPUTHIYyEThCS 3a Pi3HUX
YpaXeHb MEYiHKH, 30Kpema, Xxonecrasy. HaiOinmplue 3pocTaHHs
XO0J1aTo-X0JIecTepoioBoro koedinienra came y rpymi Il mixrepa-
JKy€ TIPUIYIICHHS] MPO MOXJIMBI AHTUXOJENITHYHI BIACTUBOCTI
kopBituHy. [locunennst erepudikaliii xoaecTepoiny, siKe CIocTepi-
TaeThesl B LIMX YMOBAX, CIPHSIE HOrO YTPUMAHHIO y )KOBYHHUX Mille-
nax. Pa3oM i3 Tim, cItin 3a3HauYMTH, IO 3MIHU Koe(ilieHTa eTepu-
¢ixanii y rpynax I i II BKka3yroTs Ha MOCHIIEHE YTBOPEHHS €TEpIB
XOJIECTEPOITy B yMOBAaX COLIAJIBHOIO CTPECY Ta Yepe3 MiCSIb Micis
cTpecyBaHHs. 3O0UIbIIEHHS B KPOBI PIBHS €TepiB XoJecTepoiy 3
HACHYCHHMH T4 MOHOHCHACHYCHHMH KHUPHUMH KHUCJIOTAMH CIIPH-
YHHIOE MOTIPLICHHS HOro TPaHCMEMOPAHHOTO TPAHCTIOPTY 10 KITi-
THH 1 MOCHJICHOI KpHCTati3alii, a BiATaK, HOro HAKOIHMYCHHS Y
CYAMHHOMY PYyCJi 3 HACTYIIHUM BiIKJIAJCHHAM Ha CTiHKAaX CYAWH
(Dlyaboha, 2012). s 3’sicyBaHHS TAaTOTEHETUYHOI POJIi BUSIBIIE-
HOTO HaMH TOCWJICHHS eTepHdikallii X0NecTepoiy B yMOBax Xpo-
HIYHOTO COLAJIEHOTO CTPECY NOTPiOHI MONANBII IOCHIHKEHHS, 30-
KpeMa, )KUPHOKHUCIIOTHOTO CKIIaJTy €TepiB XOJIeCTepoIy.

3MEHILECHHS KOHIICHTpALli BUIBHHX JKHPHHUX KHCIIOT y KOBUi
CTPECOBAHHUX ILYPIB, SIKE CIIOCTEPIranocs OApa3y IMicis 3aBeplieH-
Hsl TIPOLIYPH CTPECYBaHHs, MOXKE BKa3yBaTH Ha iHTCHCH(IKaIlito
BUKOPUCTAHHS X PEYOBHH Yy PEAKIisAX SHEPreTHYHOrO OOMiHYy B
opradismi TBapuH. VIMOBIpHO, IO iCTOTHE 3GiMBIICHHS BMICTY
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BUIbHUX JKMPHUX KHCJIOT Y 1typiB rpymu II Moxke OyTn noB’si3ane 3
MOCHJICHHSIM 1X BHXOJY 3 BiIIOBIJHHX JIENO, IO HE CYHPOBOIKY-
BaJIOCs] HAJIOXKHOIO YTIUTI3ALIEI0 B TKAHUHAX opraHizmy. Taki po3-
Nagd MOXYyTh OYyTH HACIIIKOM XPOHIYHOTO MCHXOCOLIaTbHOIO
CTpeCy, OCKUIBKM HOTO XapaKTepHA pHca — JiMiJHA JUCPETYIILIis
(Gautam et al., 2015). BusiBieni ocoOIMBOCTI JIimiAHOTO OOMiHY Ta
’KOBYOYTBOPEHHSI 3a COLIAIBHOIO CTPECY, 5K | BUKIIMKaHE KOPBITH-
HOM 30UITBIIEHHST KOHIICHTpALii BUIBHUX XUPHUX KHUCJIOT 1 TPUIJIi-
nepuiB y sxoBui mypiB rpymu III, morpeOyrots perensHOro mo-
JAIIBIIOrO BUBYCHHs. JIOCIi/KCHHSI JKOBYI TBAPUH B YMOBaX €KC-

Taoaums 3

HEePUMEHTAIBHOTO COLIAJIBHOIO CTPECY J03BOJIMTH HE TINBKU PO3-
IIMPUTH ICHYIOUI YSIBJICHHS IPO MOPYIIEHHS JIiMiJIHOr0 OOMiHYy B
CTPECOBHX CHTYaLIisX, a i BiIKPUTH HOBI aClIEKTH y4acTi rernartooi-
JapHOI CUCTEMH y TATOreHe3i CTpec-iHIyKOBaHUX 3aXBOPIOBAHb.
XpOHIYHMIA COIaNBHUI CTpeC BHKIMKA€E MEBHI 3MiHU CIIiBBiIHO-
IIEeHHS JIITIB y YKOBYI, IO CITi/I BpaX0OBYBaTH LIS KOPEKIIii cTpec-
IHIYKOBaHHX MATOJIOTiH. 3Bakatoun Ha OTPUMaHi HaMH pe3yJibTa-
TH, HEOOXIJHO MPOBOJMTH TONAIBII OCIIPKEHHS JUIS MOUIYyKY
e(heKTUBHUX TeMAaTOTPOIHKX MPENapariB Ui HAJAHHS KOMILICKC-
HOT JIOIIOMOTH B yMOBAaX XPOHIYHOI'O COLIAIBHOTO CTPeCy.

Xomnaro-xonecteposioBuii koediieHT, koedilieHT erepudikarii Ta criBBigHOIICHHs GocdomimiaiB i XonecTepoity KOBYi LIy piB CaMIiB 3a
XPOHIYHOTO COLIAIBHOTO CTPECy Ta 3acTocyBaHHs KOpBITHHY (1 Mr/kr, Me [Q,s; Q75], Mr%, n=21)

CniBsigHomteHHs (ocoimi B

TIpo6u >xoBui Cepist Xonaro-xoJecTeposioBril Koe(irieHT Koeoitient erepudikarrii 10 xoTeCTepOITy
KOHTPOJIb 15,06 [14,36; 15,78] 11,03 [9,10; 13,13] 2,16 [2,02;2,56]

| rpyma [ 19,05 [16,75; 19,47] 6,58 [6,35; 7,01]** 2,87[2,76; 3,05]**
rpyma Il 17,57 [15,38; 18,54] 8,21 [7,64;9,95] 2,62[2,55;2,871*
rpyma 11 19,98 [18,51;20,35]* 6,45 [5,69; 7,07]* 2,73[2,71;2,78]**
KOHTPOJIb 14,49 [14,18; 15,62] 11,60 [9,96; 14,05] 2,18 [2,04;2,50]

5 rpyma [ 18,12 [17,13; 19,05]* 7,24 16,58;7,90]* 2,97[2,83;3,23]**
rpyma Il 14,90 [13,78; 16,79] 7,98 [7,39;9,91]* 2,59 [2,53;2,70]*
rpyma 11 19,16 [18,03; 19,73]* 6,19 [5,62; 6,75]** 2,72 [2,69; 2,77]**
KOHTPOJIb 14,96 [14,00; 16,94] 11,34 9,69; 12,39] 2,24 12,06;2,57]

3 rpyna [ 15,78 [14,73; 18,52] 7,24 [7,06; 7,62]** 2,38 [2,66; 3,08]*
rpyma Il 13,34 [13,01; 13,49]* 7,51[7,21; 8,72]** 2,61[2,45;2,67]
rpymna I11 18,98 [18,49; 19,22]* 549 [5,24; 6,88]** 2,68 [2,67;2,791*
KOHTpOJIb 15,21 [13,82; 17,55] 11,24 [9,64; 13,65] 2,21(2,14;2,79]

4 rpyma [ 15,05[11,82; 13,01]* 6,35[6,15; 6,61]*** 3,01[2,86; 3,13]**
rpyna II 12,05 [13,50; 16,60] 7,61[7,09; 8,71]* 2,61(2,58;2,72]
rpyma 11 17,65 [15,62; 18,56] 6,58 [4,94; 6,60]** 2,77[2,68;2,77]
KOHTPOJIb 14,97 [13,74; 18,27] 10,70 [7,94; 12,22] 2,25(2,17;2,79]

5 rpyma [ 15,61 [13,79; 17,46] 5,97 [5,73; 6,70]** 3,09 [3,05; 3,05]*
rpyma II 11,91[11,18; 12,66]* 7,42 [7,00;9,32]* 2,72(2,59;2,87]
rpyma 11 16,81 [15,80; 17,20] 5,82 [5,24; 6,88]** 2,72[2,16;2,64]
KOHTPOJTh 14,53 [13,24; 17,02] 9,41 [8,24; 12,96] 2,24 [2,15;2,64]

6 rpyna [ 15,25 [14,26; 16,40] 6,52 [5,54; 7,09]** 2,90 [2,64;3,07]*
rpyma Il 10,44 [9,67; 10,90]* 7,55[6,31;9,09] 2,58 [2,56;2,69]
rpymna I11 14,98 [14,84; 15,35] 5,19 [4,82; 6,22]** 2,76 [2,69; 2,77]

Tpumimxu: nuB. Taom. 1.

BucnHoBok

V camuiB 11ypiB, sIKi 3a3HalIH SKCIIEPUMEHTAIBHOTO XPOHIYHO-
'O COLIAJILHOTrO CTPeCy, MOPYILYBAIKCS MPOLIECH OOMiHY X0JecTe-
POy B MEUiHII, 10 BUKJIMKAJIO 3HIDKEHHS KOHIICHTPALii BUTEHOTO
XOJIECTEPOITy B JKOBUI Ta OCHJICHHS HOTO eTeprikarii B KIITHHAX
MEYiHKH, SIK Ofipa3y IiCIis 3aBEepIUCHHS CTPECYBaHHS, TakK i 4yepe3
Micsnb micst Heoro. KpiM Toro, ompasy Miciist CTpecyBaHHS CaMIIiB
LIypiB y 1X XKOBYI 3MEHIIyBaBcst BMIicT (hocoimiaiB. 3acTocyBaH-
Hsl KOPBITHHY OJIHOYACHO 3 MOJEINIIOBAHHSM COLUAJIBHOTO CTpPECY
BUKJIHKAJIO 3MCHILICHHS BMICTY BUIBHOTO XOJECTEpONYy Ta 30iib-
LICHHSI KUTBKOCTI HOT0 eTepiB y )OBYi CaMIliB LIypiB i3 ITiATpHIMaH-
HsIM KoHLeHTpauii pocdoniniaiB Ha KOHTpoIbHOMY piBHi. [Tocue-
HE BHUKOPUCTAHHS KUPHHUX KHCJIOT y METalOONYHMX PEaKIisx B
OpraHi3Mi CTPECOBAHMX TBAPHUH BUKIIHKAJIO 3HKECHHS X KOHIICHTpAIIil
y JKOBUI OfIpa3y ITiCIIsT MOZIENIOBAHHS XPOHIYHOTO COLIATBHOTO CTPECy.
AJie yepe3 MiCsIIIb 110 TOMY SIK TBAPHHH 3a3HAIIA EKCIIGPUMEHTAIEHOTO
XPOHIYHOTO CTPeCy KOHIICHTPALLisl BUIbHHX JKMPHUX KUCIIOT Y TEYiHKO-
BOMY CEKpETi 3pocTaia. Y »KOBUI IIypiB, SIKI 3a3HABATM COILATBHOL
MOpa3KK Ta OTPUMYBAJIM KOPBITHH, KOHLICHTDALIis BUIBHHX >KMPHHX
KHCJIOT 1 TpUDTILepHiB 30ublyBanacs. BuspieHi 3MiHN KOHIGHTpa-
Lii JIMTAiB Y 5KOBYi BKA3yIOTh HA CYTTEBI 3MiHHM iX PO3MOILTY B Opra-
HI3Mi CaMIIiB IIypiB 32 YMOB €KCIICPUMEHTAIBHOTO XPOHIYHOTO COLli-
AJIBHOTO CTPECY Ta 3aCTOCYBAHHS y TPOLIECi CTPECyBAHHS KOPBITHHY.
3HauHa TPUBAIICTH 1 crelmdiyHa IUHAMIKa B Yaci 3MiH JIITIHOTO
CKJIay JKOBYI 33 XPOHIYHOTO COLIAJIBHOIO CTpecy IOTpeOyrOTh I10-
JJIBLION0 BHBYEHHS Uil 3'SICyBaHHS iX NATOreHETHYHOI poni Ta
TOIIYKY e(heKTHBHHX 3aC00IB KOPEKLL.
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Mopddotoriuni Ta 6ioxiMiuHi MeXaHI3MM 3MiH OyKAJbHUX eMiTeJIOIHUTIB
Ta EPUTPOLMTIB y JiTel 32 ICUX0EMOLIHHOI0 CTPecy
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HaBeneHo excriepuMeHTaibHI JiaHi MPO BIUIMB IICHXOEMOLIHHOTO CTPECy Ha LMTOJOTiYHI, MOp(OMETpHYHi, IMyHONIOTIYHI Ta OloXiMmiuHi
MoKa3HKUKH y aitei 7—11 pokiB. Obcrexeno 100 mitel MOJIOIIIOTO MIKIIBHOTO BIKY, SIKMX MOJUTAIIM Ha OCHOBHY rpymy (50 aiteii, mepeceneHux i3
30HH 0OIfOBHX Jiif) 1 KOHTpONBHY Ipymy (50 niTei, sKi HOCTIiHO NPOXHBarOTH y M. IBaHO-DpaHKiBChK). BukoHaHO MopdooriuHi (CBITIOONTHYHE
Ta eJEeKTPOHHOMIKPOCKOIIYHE) Ta MOPHOMETPUYHE TOCIIHKEHHS OyKaJIbHOTO CITENiI0 Ta epUTPOLIHTIB nepudepiiiHoi KpoBi, Oi0XiMiuHE BUSBICH-
HS1 TIPOJYKTIB MEPEKUCHOTO OKMCHEHHSI JIITI/iB, LIepyJIOMia3MiHy Ta (epUTHHY 3a 3aralibHONPUHHATAME MeToaMi. MopdonorivHuMu MeToiaMu
JOCIIJUKEHHST BCTAHOBJICHO, IO 3 IICHXOEGMOLIMHOTO CTpecy IUIOIIA sAep i UTOIIa3MU OyKaJIbHUX CIITEITIONNTIB 3HAYHO 3MEHILYEThCS, a iX
SJICPHO-IUTOILIA3MATHYHE CIIIBBIHOIICHHS 3MiHIOEThCS Ha KOPUCTh YACTKH IUTOILIA3MU, TIPH [IbOMY IOKA3HHUKU KoedilieHTa (popMu OyKalbHIX
CIITEeIIONMUTIB BKa3yIOTh Ha 3HauHy AedopMoBaHicTh IMX KiIiTHH. [lozmiOHI 3MiHM BinOyBaloThCs B epuTpoLmTax nepudepiitHoi kpoBi. Y KpoBi
criocTepiraeTbes 36inbirenns kounenTpanii CDos' miMdounTi. Bupakeri 3MiHE MOpP(ONOTriaHHX i MOP(HOMETPHUHNX MOKA3HHKIB GYKATHHOIO
eIiTeNiIo Ta epUTPOIMTIB 3a 36iTbmenHs pisHsa CDys  JTiM(OIMTIB BKAa3yIOTh Ha PO3BMTOK CHCTEMHOI PeaKilii aronTo3y BMBYEHHX KIITHH 3a
IICHXOeMOLiHHOTO cTpecy. IIpn oMy criocTepiraroThesl BUpaxeHi 3MiHH KoedillieHTa (GOpMH epUTPOLMTIB, iX VIO Ta IIEPHMETa, MiIBUIIY€ThCS
KUIBKICTh 3BOPOTHO- Ta HE3BOPOTHO 3MIHEHMX KJITHH, IO Ha T IMOCHICHHS BUIBHOPAIMKAILHOIO OKHMCHEHHS CBITYMTH NPO IOPYLICHHS
AHTHOKCHIAHTHOI CUCTEMH 3aXKCTy OpPraHi3My B LIJIOMY Ta TIOTPeOy€e MaToreHeTHYHO 0OrPYHTOBAHOI IPOrpaMH JIIKYBaHHSI YCKIIaIHEHb, TTOB sI3aHKX 13
TICHXOEMOLIHHIM cTpecoM y JiiTelt 7—11 pokiB, siki Oy BUMYIIICHO NepecesieHi i3 30HH BeieHHs 00HoBuUX it Ha Cxoxi YKpaiHu.

Kniouosi cnosa: epekucHe OKUCHEHHS! JIIIJIB; aHTHOKCUIAHTHUHN 3aXKCT; OyKaJIbHI SITTeNTiONUTH; ePUTPOLIMTH; arloITo3
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Beryn

3a [ICHXOEMOLIIHOTO CTpecy B Pi3HHX TKAHHHAX BHSBIISIOTHCS
rnboKi GiOXIMiuHI MOPYIICHHS Ta 3MEHIICHHs KUIbKOCTI Je3iH-
TOKCHKAHTIB, III0 3yMOBIIIOE aKTUBALIi0 TpomeciB muromizy (Gloire
et al., 2008; Ahmad et al., 2011). BHyTpilIHOTKaHHHHA TIMOKCIist
CYIPOBODKYE TICHXOEMOIIIHHI peakilii pi3HOi eTiojorii Ta 4acto
MPOSIBIISIETBCS. HA CIM30BHX 000J0HKaXx. OCOOIMBO YyTIIHMBI JIO
TIMOKCIii MTOBEPXHEBI CMITETIONUTH. AHATI3YIOUM CTaH CMiTETiOIH-
TIiB, JOCIITHUKA LUTOJONYHOTO Marepialy 4acTo OOMEKYIOTh X
BHUBUCHHS 32 PaXyHOK OLIIHIOBAHHSI HEKPO303aIaibHOI aKTHBHOCTI 32
crcreMoro Metavir i BCTAaHOBJICHHSI iHIEKCY TiCTOJIONTYHOI aKTHBHO-
cti 3ananpHOro mporecy 3a Knodell (Godin et al.,, 2009). 3oBcim
He3HauHa KUTBKICTh MpaIlb CTOCYEThCS OTPUMAHHS JaHUX, sIKi 0asy-
I0ThCSL Ha JIOKA30BHX MOP(OMETPHYHMX METOZAX, LIO JO03BOJIIE
JaTH 00’ €KTHBHY OLIHKY CTaHy OYyKaIbHHX EMITeIOLHTIB y pi3-
HOMaHITHI{ MaTONOTiYHIN 1, IO BaXKIMBIIIE, HA HAITY JYMKY, Ie-
peanaroioriyHiii cutyarii. 30KpemMa, OCTaHHIMH POKaMH OKpeMi
ABTOPH HPOBENH MOiOHI CIpoOH MiJ Yac BU3HAYCHHSI [UIOL sijiep
SMITEIONUTIB 1 mojan 00’ €KTHBHY OLIHKY [bOTO MOKA3HHKA 3a
pidEux craHiB opraHisMy (Moscicka-Studzinska et al., 2009;
Nikolovski et al., 2017).

Ha mymxy Sundaramoorthy et al. (2016) i Zotti et al. (2016),
HAasIBHICTB PI3HHUX MEPe/aToNIOTIYHNX 1 ITAaTOJIOTIYHNX MIPOLECIB, Y
TOMY YHCHI IMTONITHYHHUX, OE3MOCEPENHBO BiTOOPaKAETHCS HA
CTPYKTYpi MeMOpaHH epHTPOLHTIB. 3a IICMXOEMOMLIIHOTO CTpecy
BiIOYBaeThCst Kackas (yHKIIOHAIBHUX 3MiH, sIKi BiZOOpPaXatOThCs
Ha pi3HOMY piBHI opraHizarii >kuBoi Marepil. BogHouac 3a Taknx
YMOB 0arato aBTOpIB BHSBIUIM aKTHBALIIO MPOIIECIB MEPEKUCHOTO
OKHCHEHHSI JIMiAIB 1 3HIKEHHS (QYHKLIH CHCTEMH aHTHOKCHIAHT-
Horo 3axucty (Swanepoel et al., 2011; Das et al., 2012). Oxpemi aB-
TOPHU BKa3yIOThb Ha IepeOUIBIICHHS YABIYI — YTPH4l BMICTy MaJIOHO-
BOTO JiajibJICTily 3a Takoro crany. Y cBow uepry, Gloire et al.
(2008) i Choi (2016) Bka3yroTh, IO TIilIOKCist — OJWH 3 OCHOBHUX
(akTopiB 3armycky mporecis anonro3y. OqHak 1i JaHi moTpedyoTh
YTOYHEHHSI, 1[0 BU3HAYMIIO aKTYaJbHICTh HALIIOTO IOCIIIKSHHSI.

Merta 11Oro JOCTIIKEHHS — OXapaKTepru3yBaTH MOPQOJIOTivHi
Ta MOP(OMETPHYHI 3MiHH OYKaJTbHUX CMITETIONUTIB Ta EPUTPOLIH-
TiB Ha TIi Bu3HaueHHs piBHA CDys' miMdormTis i mponecis nepe-
KHACHOTO OKHCHEHHS JIIMIJIB 32 MCUXOEMOLIMHOTO CTpecy B AiTeH
7-11 poxkiB.

Marepiai i MeToau A0C/IiTKEHD

O6ctexxeno 50 miteir Bikom 7-11 pokiB, mepecencHHX Ha
[puxapnarts i3 30HM OoloBHX niii Ha Cxomi Ykpainm. B ycix
IITeH MiJ 9ac KIiHIKO-TICHXOJIOTIYHOTO OOCTEKEHHS CIIOCTEPIraii
03HAKH [ICHXOEMOLIIHHOrO cTpecy. Li miT BimHeceHi 10 OCHOBHOL
rpymu obcrexxeHHs. KoHTpomsHy TpyIy ckianaroTs 50 IpakTHIHO
3IIOPOBHIX JITEH I[OTO BIKY, SIKi MPOXKUBAIOTH MOCTIifHO B M. [BaHO-
@DpaHKIBCBK 1 SIKUM IIPOBOIIIN OOCTEKECHHS B MeXax Hpodiyak-
THYHOT'O OISy B OPIaHi30BaHUX JAUTAYMX KOJICKTHBAX.

Iuronoriunuii aHami3 OyKalbHUX EMITETIOLUTIB y KUTBKOCTI
500 omHOAEpHMX KIITHH HpOBOAMIM Ha Mikpockomi Leica CME
3a JIOMOMOTOI0 aHaji3aTopa 300paxeHb (Bimeokamepa Sony
ExwaveHad SSC-DC58AP). MophomerpidHe TOCIiHKEHHS IPo-
BOAWIM 3 BUKOPUCTAHHAM 0asd IIpOrpaMHOTO 3a0e3NedeHHs
UTHSCSA Image Tool® (Mishra et al., 2017). J[nst nporo rorysa-
JIM LUTOJIOTIYHI NpenapaTH-BiIOMTKY IMIIYHOI ITOBEPXHI CIN30BOL
00OJIOHKM TOPOKHMHU POTa Ta 3a0apBioBamy ix 3a PomaHoB-
chkuM — ['im3a 3a pexomenparisimu Tredoux et al. (2015) i Klegarth
(2017). Busnauanu taki MOpOMETPHYHI TOKa3HUKHU EMiTETIONUTIB
SIK TUTOIIA TPOQLTIO UiIOT KIITHHH Ta i sApa, CIiBBiIHOMICHHS MiX
wIomiero npodimo emiTeniomyTa Ta npodineM i sapa, koedimieHT
(hopmu emitermiormra Ta ¥oro siapa (Moscicka-Studzinska et al., 2009).

MopbodyHkitioHaTbHII cTaH He MeHIIe Hixk 300 epuTpoLHTiB
y AiTel OLIHIOBAIM HAa Ma3Kax, 3a0apBieHnx 3a PoMaHOBCHKHM —
IimM3a. AHani3 MpOBOJMIIM 32 TAKUMH MOP(OMETPUYHHMH TIOKa3-
HHUKaMH: [UIOLIA, IEPUMETp Mpodinto, koedimieHT hopmu.

Pi3Hi Bumm nedpopmartii epuTPOLUTIB BUSBISIII 32 JIOIIOMOTOO
CKaHYBaJIBHOTO EJEKTpOHHOrO Mikpockona JEOL-25M-T220A
(SInowist). [Tpenapati KpoBi Ayist CKaHyBaJIbHOI €IEKTPOHHOI MiKpO-
CKOTIIi{ FOTYBaJIN 3araJIbHONPHHHATHM METOIOM.

CraH mpo1eciB NePEeKUCHOTO OKWCHEHHS JIMIIiB OLIHIOBAJIHA 3a
KUTBKICTIO MaJIOHOBOT'O JiaJibJerify, aKTUBHICTh KaTasla3u, TpaHC-
(epuH 1 epyIoIUIa3MiH BU3HAYAIH 3 ypaxXyBaHHAM PEeKOMEH AL
Godin (2009).

V nmiteit y Tecti iMmyHo(IIyopecuieHIli BU3HAYATH (HEHOTHI
nimpormTiB nepudepiiiHoi KpoBi 3a ineHTUdIKALEIO audepeHLi-
HOBaHMX aHTHUTCHIB i3 3aCTOCYBAHHSIM MOHOKJIOHAJIBHUX aHTHTII,
AKi HasexaTh 10 Kknactepa mupepenmiarii CDys™ (Fas/CDys) — amo-
niro3y Jimdorutis (Debatin et al., 2009; Choi, 2016).

JIns OLiHIOBaHHS CTYIEHS BIPOTiMHOCTI PE3yJNBTATiB IOCIiA-
JKEHHsI TIPOBOAWIIM BapialliifHUil aHaji3 OTPUMAaHWX pe3yJbTaTiB.
VYci KiTbKiCHI TIOKa3HHKW HaBeleHI y BuDyai M £ m, ge M —
cepenHe apudMeTHYHe, M — IIOXKUOKa CepeIHbOr0 apu(pMETHIHOTO.
Biporignicts pi3HHUII BH3HAYAIM MIC/SA TEPEBIPKA HA HOpMasb-
HICTB po3nofiny 3a t-kputepiem CtoroaenTa. Kopemsuiiiauii aHais
MPOBOIMIIH 32 JOMOMOTrot0 KoediuienTa kopessii [Tipcona.

PesyabTarn

Ha nuronoriunux mpemnapaTtax BHSIBIJIM JECTPYKTHUBHI 3MiHH
enitemionuTiB (puc. 1). Y GaraTbox emiTenionurax BUSBICHO IIpO-
1eCH, SIKi CBIIYaTh Mo Tinpomniuny auctpodito. B okpemux Mikpo-
npernaparax 3yCTpiYaeThCsl HE3HauHA KUIBKICTh CIiTENiOLUTIB, B
Apax SKUX BHABJIAIOTHCS IMIMOKHM KOHJEHCOBAHOIO XPOMAaTHHY 3
MapriHATbHUM PO3TalryBaHHIM. [Ipu bOMy MOBHICTIO 30epeKeHa
LiTICHICTB siaepHO1 00070HKY. LuToIa3sMa B TaKuX eMiTeionuTax
VIIIBHEHA. Y ISSKUX CHITETIONUTAX BU3HAYAIOTHCS BEJHKI aIlUjI0-

(inbHI rpaHyH.

Puc. 1. [uronoriuna kapTrHa OyKaTbHOTO CIITENIIO Y JIITel OCHOBHOT
IPYIH 3 BUPKCHUMH O3HAKAMH [ICHXOEMOLIIHOTO CTpecy

ITig yac MOpHOMETPUIHOTO AOCIIIKEHHS BUSBICHO 3MEHIIICH-
HS CepelHBOl IUIOMI MpOdiT0 HUTOIUIa3MH ETITENIONUTIB Ta iX
smep Ha 17,5% (Bimmosimmo 3 1,49 + 0,03 MM’ y KOHTPOIBHIlA
rpymi miteit 1o 1,23 + 0,01 Mxm’ B ocroBwiit rpymi (P < 0,05). Lle —
TpHYUHA 30UTBIIECHHS CIIBBIHOMEHHS MK IDIOIICIO IUTOILIa3MU
OyKaJIbHHX eIiTeNIOUTIB Ta iX sep, [0 1ocsArae B OCHOBHIN IpyTi
miteii 0,19 + 0,003 (P < 0,05). 30unbmieHns Koedirienta Gopmu
emiTeioMTIB Ta X smep BiamosiaHo 1o 1,25 £ 0,07 (P < 0,05) i
1,18 + 0,06 (P < 0,05) cBig4uuTh PO Te, 1O TX KOHTYPH CTAIOTh
MEHIII OKPYTJIMMH Ta OuTbII HepiBHOMipHMMH. HaBemeni cepemHi
TOKA3HUKH OIL[HIOIOTh CTaH OyKaJIPHUX EMITETIOHTIB 3arajioM.
Posrisiatoun 30kpemMa IpeiCTaBHALTBO OYKaIbHUX CIITeITIOHTIB
i3 pI3HMM METPHUYHUM PO3IMOALUIOM IX IUIOINI, MU 3ayBaXKHIIH, IO
HANGLIbIA KiTBKiCTs i3 HEX (77,9%) Mae mromy 80160 Mxm?,
TOZI SIK y JiTeil KOHTPONBHOI FPYIIH BOHA CTAHOBHTS 100250 MicM’
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(85,6%) (puc. 2). [TIprbaHU3HO Taki 5K CIiBBITHOMICHHS BCTAHOBIICHI
Mg yac BU3HAYeHHs mwionl sapa (puc. 3). 85,4% saep MaroTh
mromty 15-30 Mim? (y miTei KOHTPOIBHOI rpymu — 78,5% KiiTHH
MatoTh sipa muiomero 20-50 mxm?). ITix dac meHxoeMoriitHoro
CTpecy TicTorpaMa pO3MOAUTY CIIBBIAHOIICHHS IUIOLI sapa A0
IUIOIIi KIITHHH JIEMIO 3MIITyeThesl BpaBo. [Ipu mpoMy BemmdmHa
IKIB 3MEHIIYEThCS, ajle 3’SBISEThCA OUTbIIe KITHH i3 BUCOKHMH
3HauCHHSMH [IHOTO TIOKa3HUKa (puc. 4). Komisanns nocsrarots 0,05—
0,30 (77,8%), Toqi SIK y AiTeil KOHTPOJIBHOI IPYIIH BOHH CTaHOBIISTH
0,10-0,30 (66,6%). KoHTypH emiTeioUTiB 3MIHIOKOTECS B HATIPSM-
Ky 30UIBIICHHS KUTBKOCTI 1e(h)OpMOBAHMX KITITHH, PO LIO CBITYHTH
METPUYHHMI IePePO3MOILT KIITHH: Pi3KO 3MEHILY€EThCS KUTbKICTh KiTi-
THH 13 HAHHIDKYMMH 3HaueHHSAMH KoedilieHTa Gopmu, Ha TpETUHY
30UIBIIY€ETHCS BIACOTOK KINTHH BermumnHOW 1,20-1,39, ydersepo —
KIITHH 31 3Ha49eHHsIM KoedimienTa dopmu 1,40-1,59 1 3’smisteTsest
TIOMYJBIiST KIITHH i3 BHINMMHU 3HAUEHHSIMHU KoedilieHTa (hopmu
(puc. 5). Ilpn pOMy NEBHA KUIBKICTh KIITHH AedOpMOBaHa Ta Ma€e
koediient popmu 1,70-2,39 (7,4%). Taxux KITHUH y AiTeH KOH-
TPOJIGHOI TPYIH HE BUSIBIICHO, a INiJ Yac MCHXOEMOLIHHOrO CTpecy
TMOKa3HHK 1x Koedinienta popmu nepedinbiiye 1,80.

Dopma siIpa TAaKOXK BHABILSIE 3HAYHY AeopMallito (puc. 6), mo
XapaKTepH3y€eThCs 30UIbIIeHHsIM Koedimienta ¢opmu 3 1,30 1o
1,59 (y nireit koHTpONBEHOI rpymH — He Ounbmie 1,29).

VY nitefi OCHOBHOI Ipymy INiJ 4ac NCHXOEMOLIHHOTO CTpecy
IIIOIIA ePUTPOLKTIB 3MeHmyeThest 10 40,1 + 0,43 miv® (Y KOH-
TPOJBHIN Tpymi BoHA CTaHOBUTH — 47,4 + 0,26 MKMZ, P < 0,05).
IIpu 11pOMyY B OCHOBHI# TPy IiTeH MPOCIIIKOBY€EThCS MOpdoMeET-
PpHUYHKI IepepO3MOIi ePUTPOLIUTIB, OCKUIBKH HepeBaXKaroTh Kili-
THHH 3araIbHOIO TUIOMICKO 35,2-55,3 MKM-.

Tlepumerp eputpormriB 3MeHIIyerses 10 24,2 + 0,16 MM i
89,4% ycix eputponuTiB MaroTh nepumerp 21,8-25,2 MM, Toxi SIK y
JiTel KOHTPOJIBHOI TPYIIH IieH IOKAa3HHUK CTaHOBUTH 22,6-30,9 MKM.

Cepe/l epUTPOLIUTIB HAMOUTBINI BiIXMICHHS CIIOCTEPIraroThCs
3a MOKA3HMKOM KoedilieHTa X (OpMH: y CepelHbOMY BiH 3HAYHO
3HIKYeThest 10 1,04 £ 0,002 (y KOHTpOJIBHI# Ipymi foro 3Ha4eHHs
cranoiath 1,10 £ 0,003, P <0,05).

Tpu upoMy TiK TicTOrpamu PO3MOIiTy SpPUTPOLIUTIB 3a MMOKa3-
HUKOM (OPMH Yy IITEH Mij Yac MCUXOEMOIIHHOTO cTpecy nepely-
Bae B Mexax 1,10-1,15 (58,1% ycix epurpomuTiB, Tomi K y
KOHTPOJIBHIN IPyTIi TaKi €pUTPOLUTH BUSBIIIIOTECS TUIBKH B 9,6%).

Mo Toro x y 91,4% niTeif KOHTPOIBHOI IPYIH JIOCTaTHEO Oa-
raTto CpPUTPOIUTIB MAOTh IEeH TOKa3sHUK y miamasoHi 0,95-1,05
(P <0,05), a mig yac ncuxoemoriiitnoro crpecy (89,3% mireii oc-
HoBHOI rpymn) — muiue 0,91 (P < 0,05).

Boganouac, mig uyac BusHaueHHs crtany mnporeciB [1OJI ta
AOC3 yCcTaHOBIICHO, IO y IUX CaMUX JiTeH 3a IICHXOEMOMIHOTO
CTpecy BMICT MaJIOHOBOTO MiaJIbJETioy MiABHUILYEThCS 10 6,36 +
0,02 aMOITB/J1 (Y KOHTPOJIBHI TPy el HOKA3HUK CTAaHOBUTH TiJlb-
ku 3,86 £ 0,02 HMOITB/JT), TOOTO 32 MCUXOEMOLIIHOTO CTpecy Horo
piBeHb 36inbInyeThes B 1,64 paza (P < 0,05). TIpu 1isoMy KOHIIEGH-
Tpawis KaTajgasy y JiTei 3a ICHXOeMOLIITHOTO CTpecy TakoX Miji-
Buntyersest 10 75,4 + 3,3 mr HyOo/n (y KOHTpOINBHIM rpymi neit
MOKA3HUK CTaHOBUTH TiIbKH 66,1 + 2,5 Mr H,O,/n, P < 0,05). V mi-
Teld OCHOBHOI TPYyNH MiJ 4Yac TNCHXOEMOLIHHOrO CTpecy 3HAYHO
3MEHIIYETHCS BMICT IIEpyYIIOIUIa3MiHy Ta TpaHcheprHy (BIAMOBIIHO
mo 10,11 = 0,17 1 0,19 + 0,003 mMmonb/71; y IiTel KOHTPOIBHOL
TPYIH 1Ii TIOKa3HUKH CTAaHOBJIAITh, BIIOBIAHO, 28,95 + 0,81 Ta 0,26
+ 0,002 mmonw/n, P < 0,05). Ha Takomy ¢oHi Gi0XiMIiUHHX MOKa3-
HUKIB y JiTeli OCHOBHOI IpyIH BiIOyBa€eThesl eopMallis epuTpo-
LIMTIB 1 3MEHILICHHS iX IUIOIL Ta iepumerpa (puc. 7).

3a TCUXOEMOLIMHOTO CTpecy y [iTell OCHOBHOI IPYNH pIBSHb
CDys" imcpormuTi pisko 36imsmIyBascs 10 7,1 £ 0,33 (P < 0,05), Toxi
SIK y KOHTPOJIBHIH TPyTIi BiH CTAaHOBUTH Jumie 2,17 + 0,23 (Tabi.).

JlaHi mpo CHIBBITHOIMICHHST aHTHOKCH/IAHTHOI CHCTEMH IO PIiBHS
CDys" iMdorHTiB y AiTeft OCHOBHOI TpyTH (pHC. 8) BKA3yFOTh Ha iCHY-
BaHHS MIPSIMOTO KOPEJISALIIHOTO 3B’513Ky MK KOHIICHTPAITIEI0 MAJIOHO-
Boro giabaeriay (r=0,78) Ta karanasu (r = 0,75) Ta cepemHbOro 0oep-
HEHOTO KOPEJBILIHHOIO 3B’513Ky MDK [IMMH MOKa3HHKAaMH Ta BMICTOM
uepyJtomiasminy (r =-0,45) ta tparcepuny (r=-0,45).

O0rosopenHst

VY mpoueci MOp(OIOriYHOro JOCIIIKEHHST BHUSIBICHO IOPY-
1ieHHs1 popMHu KITITHH OYKalbHOTO CMiTeNifo Ta iX siaep, o Xapak-
TepHO 1 nepiuoi crazii anonto3y (Nikolovski et al., 2017). I3 na-
Hux jiteparypu (Mishra et al., 2017) Bigomo, 1o 3mMiHa popMu Kii-
THHHM Ta i sapa, a TaKOXK HAasBHICTH anuIo(UIBHUX TpaHyll CBiI-
YaTh IPO aIONTO3, TOMY IO 33 HEKPO3y y KIITHHHHX MeMOpaHax
(30kpeMa, siipa Ta KIITHHHII 000JI0HIL) BiIOYBa€ThCS IECTPYKTUB-
Hi 3MiHH 1HILIOTO XapaKTepy.
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Puc. 2. Iicrorpama po3noiiTy IO AeCKBAMOBaHUX OyKaJIBHIX
eMITEeIONUTIB (MKM") y AiTel KOHTpOIIBHOI (n = 50)
Ta 0CHOBHOI Tpy1I (n = 50)
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Puc. 3. Ticrorpama po3mo/ity BeIMYUHH IUTOLLI sIpa
JICCKBAMOBAHNX OYKANBHIX CTTEOLUTIB (MKM) ¥ AiTeH
KOHTPOJBHOI (n = 50) Ta ocHOBHOI rpy (n = 50)
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Puc. 4. icrorpama po3no/ity CHiBBiAHOLIEHHSI ILIOLLI sapa
Ta LATOITA3MH JIeCKBAMOBAHHX OYKATBHHX EIITeIIOMHTIB (MKM?)
y zitet KoHTpobHOI (n = 50) Ta ocHOBHOI rpy (n = 50)
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Puc. 5. Ticrorpama posmnoiny koediuienra Gpopmu
JICCKBAMOBAHHX OYKATBHIX eITe/iOHTIB (MKMY)
y miteit KoHTpopHOI (n = 50) Ta ocHOBHOI rpymH (n = 50)
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Puc. 6. I'icrorpama po3mnoziiy koedirienta popmu siapa
JIECKBAMOBaHUX OYKaJIbHUX CITENIONUTIB (MKM ) y AiTel
KOHTpOoJBHOI (n = 50) Ta ocHOBHOI rpyn# (n = 50)

Puc. 7. 3mina ¢popmu (a) Ta po3MipiB (6) EPUTPOLUTIB y AITEH 3a ICHXOEMOLIHHOTO CTPECY: CKaHyBaJIbHA NICKTPOHHA MIiKPOCKOIIs

Tadommus

BMmicT (hepMeHTIB aHTHOKCHJIAHTHOT CHCTEMH, POLKTiB NIEPEKUCHOTO OKMCHEHHS JIiTTiziiB Ta piBenb CDys " stiMdoruTin

B €PUTPONUTAX JIiTell KOHTPOIBHOI Ta OcHOBHOI rpytl (M + m, n = 50)

TlokazHuku
I'pyna MAJIOHOBHI TiaIbAeris, KaTanasa, LepyJIOILIa3MiH, TpaHchepuH, CDys" nim¢pormuris,
HMOJIB/TT mr H,Oo/n MMOJIB/TT MMOJIB/TT YM. OJL.
KonrporbHa rpyna 3,86+0,02 66,12 +2,48 28,95+0,81 0,26+ 0,002 2,17+£0,23
OcHoBHa rpyna 6,36 +0,02* 7544 +£3,32% 10,11 +0,17* 0,19 +0,003* 7,10+0,33*

Ipumimka: * — P < 0,05 BITHOCHO KOHTPOJIBHOT TPYIIH.

Tak camo, sK i1 1HIIII aBTOPH, MU BB2YKAEMO, 11O ITiJT Yac IMpoBe-
JIEHHSI MOP(OMETPHYHOTO JIOCITI/KEHHS EMITEITIOIMTIB HiBEIIFOETh-
sl BIUIUB Cy0’€KTUBHHX (AaKTOPIB HA OL[IHFOBaHHS MOP(OIOTiTHNX
3miH (Tredoux et al., 2015; Zotti et al., 2016).

Junamika MOp(OMETPHYHMX 3MiH U0 OyKaJIbHUX eriTesio-
LIMTIB Ta iX siAep Y HALIMX JOCHIDKSHHSX 30iraeThesi 3 pesysibTara-
MU iHImX aBTopiB (Moscicka-Studzinska et al., 2009), siki Bu3Ha4a-
T MOP(OJIOTIYHY XapaKTepUCTUKY OpraHi3My TBAapuH 3a IICHXO-
€MOLIIHHOTO CTpecy 3a JaHNMH 3MiHAMU B eMITeATBHIX KIIITHHAX
IHIIIMX OpraHiB.

Busizeni HaMy 3MiHH OCHOBHHX JIBOX MOKa3HHUKIB (MaJIOHOBOTO
JHanbJeriny Ta Karajgasy) CBiT4aTh PO ITOCHJICHHS IPOLIECIB Iie-
PEKUCHOTO OKHCHEHHSI JIIIIB 3 YTBOPEHHSIM MiZBHIICHOT KUTBKOC-
Ti BUTbHHX paukaniB. Ha ¢oni 3MiH 1epynomna3miny ta tpascde-
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pasu L 3pylIeHHs BKa3yroTh Ha roripimeHHs crany AOC3 y niTeit
3a [ICHXOEMOLIIITHOTO CTpecy.

Ha nymxy Ahmad et al. (2011) i Ellis et al. (2012), 36i1b1meHHs
BMICTY (hepUTHHY Ta 3aii3a Ha ()OHI 3MEHILICHHs KIIbKOCTI TpaHc-
(epuHy y KpOBi BiANOBIJa€e 32 aKTUBHICTb JECTPYKTHUBHOTO TIPOLIC-
Cy 3a NCHUXOEMOLIMHOro CTpecy y KIITHHaX YChOrO OpraHi3my.
Le, 3a mannmu iHmmMx aBTopiB (Bergamini et al., 2004; Karle, 2009;
Bianchini et al., 2013), crae MOXXJIMBAM 32 YMOB 3[aTHOCTI IHX
KOMITOHEHTIB JI0 THIYKIIii IPOIIECIB MEPEKHUCHOTO OKUCHEHHS JIilTi-
IIB 1 OClaONICHHsT aHTHOKCHAAHTHOI CHCTEMHU 3aXHCTY OpraHi3My.
V cykymnHOCTI 1i (haKTOpH CTBOPIOOTH HA KIIITUHHI MEMOpaHU CH-
CTEeMHUH BIUIMB, 110 CHPUYMHSIE BTpATy iX CTifKOCTI 10 il BUTBHUX
PajIMKaiB i YHEMOXJIUBIIIOE OIIp iHIIMM KOMIIOHEHTaM OKHCHOTO
CTpecy 3a TaKUX YMOB.
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3BaKaro4u, 110 EPUTPOLIUTH Y CKaHyBAJEHOMY €JIEKTPOHHOMY
MIKPOCKOIIi MArOTh BHIJIS JMCKOLMTA 3 HEBEIMKUMH BiIXHIICH-
HSIMH BiJl OKpYIJI0i ()OpMH, IO BiOOpa)keHO y MOKa3HUKY Koedi-
mienTa 1x (opMmu, pe3ysbTaTH, SKi MH OTPUMAIH, CBiTYaTh PO
3HaYyHI 3MiHA (POPMHU EPUTPOLIMTIB 3a MCUXOEMOLIKHOTO CTpecy.
Ha mymxy Garatsox apropiB (Godin et al., 2009; Reinhart et al.,
2009; Ellis et al., 2012), e moB’s3aHO came 3 MiJBUIICHHSM PO-
LIECIB NMEPEKUCHOTO OKUCHEHHS JTiMiliB Ha ()OHI 3HIKEHHS CHCTEMU
AQHTHUOKCHJIAHTHOTO 3aXHCTY OpTaHi3My.

ToOTO MOCUIICHHS BUTLHOPAIMKAIBLHIX PEaKIlii Ta 0cnableHHs
AHTHOKCHJIAHTHOTO 3aXMCTYy Ta 3MiH y OyKaJlbHHX MiTeTiouTax i
epuTpoLMTax HeprepruyHOl KPOBi MOB’si3aHi Mk coboro. PaHire
e Oyno TOKa3aHO Min 4Yac BHBYCHHS MOpGhOoQyHKIIOHATBHIX
CPUTPOLIUTIB JIIOIMHHU Ta TBAPHH 32 MOJICIIFOBAHHS PI3HUX MaTOJIO-
rigaux crasiB (Sprague et al., 2010; Ahmad et al., 2011; Swanepoel
etal, 2011; Das et al., 2012).

°
>
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o
N

°

Masonosuii  Karanasa
JMAbIEri

Koediuient kopeswii, r

* *
epynomnnasminl pancdepasa

0, CD9Smiveh

Puc. 8. KopernsmiitHa 3aJ1eXHICTh MK TOKa3HUKAMA
AQHTHOKCHJIAHTHOI CHCTEMH Ta KOHLICHTPALII€IO IIPOIYKTIB
MEPEKUCHOTO OKMCHEHHS JIIMi/iB B OCHOBHIM
rpymi aitei (n = 50) 3a ICHXOEMOLIiIHOTO cCTpecy:

* — BiporiHicTh Koedirienta kopesiuii P < 0,05

OcTaHHIMM POKaMH BENIMKA yBara HPUIUIAETBCS aroNTo3y
KJITHH IMyHHOI CHCTEMH TIi/I 9ac IICHX0eMoliitHoro crpecy (Zhang
et al., 2008; Zotti et al., 2016).

Humni anonTo3 po3rispaerses sIK pe3yibTar Jii BHYTPINIHBO-
KJTITUHHOI TeHEeTUYHOI MPOrpamMy He3aJIeKHO Bil NMPHYUHU (HOp-
MaJIbHOI a00 MaToJIOTiYHOI), M0 BHKIMKaNA 1i BUHUKHEHHS. [lin
Yac arnonTo3y sPo Ta MUTOILIa3Ma i IAl0ThCS MKHO3Y, & KIIITHH-
Ha 000JIOHKA «TePMETH3YEThCSD) 3 SKCIIO3UIIEI0 Ha 30BHILIHIN T0-
BEPXHI JIMIZHOTO YMHHHKA, IO BHUKIHMKA€E MIBUAKHII (harouuTos
Makpodaramu 0e3 po3BUTKY 3amaibHOI peakiyi. Lli gani miarsepa-
JKYIOTBCSL HAIIMMH MOP(GOMETPHYHIMH 3HAXIAKAMU SIK y OyKaib-
HHX EHITEeJONUTAaX, TaK 1 B epUTPONUTAX IeprAQepiiHOi KPOBi.

Mmu TakoX MiATBEPDKY€EMO, IO aIlONTO3 MPHHIHIIOBO Bipi3-
HSIETBCS Bil HEKPO3Y, Mijl 4ac SIKOTO BilOyBAaeThCsl HAOyXaHHS Ta
PO3pHB KJITHH i3 HEMHUHYYHM PO3BUTKOM 3allajieHHs. 3a TaKHX
YMOB Makpodaru He HPOIYyKYIOTh IPO3anaibHi LUTOKIHY T1iJ{ 4ac
(aro1yTo3y AroNTOTHYHUX TiJIELb, IPOTE 30LIBIIYIOTh MPOIYKIII0
AHTH3ANAIBHIX NUTOKIHIB. HaifBa)kimuBila oO3HaKa amomnTo3ly —
iHTepHYKIIeocoManbHui posnan saepHoi JIHK, mo mae moxmm-
BICTh BUSIBJIITH QIONTHYHI KIITHHH 71 Sifu 32 JOTIOMOTOKO PEaKIlii
TUNEL. V po3BUTKY anonrto3y KJIIOYOBE 3HAUCHHS MAlOTh Kaclia-
3, 10 CyOCTparTiB SIKHX BIJHOCSTH JKHTTEBO BKIIMBI OUIKH sipa.
Tomy BusBIICHI HaMH MOP(OJIOTYHI 3MiHH B /1pi OyKaJbHUX erliTe-
JIOLUTIB MOXYTb OIOCEPEKOBAHO CITyXKHTH JIOKa30M allOITHYHO-
IO CLIEHapIIO 32 ICUXOEMOLIIHHOTO CTpecy.

BaxuBy poiib y PO3BUTKY allONTO3y BUKOHYE ITOLIKODKEHHS
MITOXOHIPIH 13 BUXOZOM 13 HUX Y LUTOILIa3My MOTY>KHOTO aKTHBa-
Topa Kacma3 — ruroxpomy C. Lle sBuIe moB’s3ane 31 3MIHOIO eKc-
nipecii reniB poaunau Bcl-2, mo nepeGyBaroTh mix KOHTpOJIEeM reHa
P53, aKTUBHICTB SIKOTO BU3HAYAE BCTYII KIIITHHH HA IUISIX alIONTO3Y
(Sagan et al., 2010). 3aBepiiieHHs: 6araThb0X IMyHOJIOTIYHUX TPOILIC-

CIB aronTo30M 3yMOBJICHE B3aemoyiero perierrropa Fas (CD95/APO-1)
i #ioro niranza FasL, ImpoKko po3rnoBCIODKEHNX Y KIIITHHAX IMyH-
Hol cuctemi. Lleil MexaHi3M camoCTiifHO ab0 pa3oM i3 mepopuH-
IPaH3MMOBHM KOMIIOHEHTOM — TOJIOBHI IIUIAXH LIUTOTOKCHYHOTO
KUTiHTY, o 3aiiicHioeThest T- 1 NK-kmitnHamu. EnmiMinamis mux
KITTHH, 0 B)K€ BUKOHAITM CBOIO (DYHKIIIIO, TAKOXK BiAOYBa€ThCS 3a
norniomororo FAS-omocepenkoBanoro armorrosy (Choi, 2016). Kito-
HaJIbHA Jerenis He3pumx T-KIiTHH y BHIIOUKOBIi 3a503i BinOyBa-
etbest Oe3 yuacti Fas/FasL cucrtemu. Amonto3 3MiHCHIOETBCS MijT
Yac TAaKMX IMYHOJIOTIYHHMX peakuiif sk neneris B-miMdouwutis y
TePMIHTATHBHHUX LIEHTPAX 3a aKTHBALlii aHTUICHOM 1 3aXUCT IMyHO-
NpHBIJICHOBAHUX OpraHiB. 3a aJeKBaTHOI PEryJiiil amonTo3y BiH
MATpUMY€E KIITHHHY piBHOBary B iMyHHil cuctemi. OciabneHHS
a00 TOCHWJICHHS TEMIIB aronTo3y iHAYyKye MaTOJIOTiI0 iMyHHOL
cucremu (Gloire et al., 2008).

Hamni nani Bka3yroTs Ha Te, 10 32 IICHXOEMOIIIIHOTO CTpecy y
JiTeif OCHOBHOT TpyTH pi3ko 36ibuTyeThCs piBens CDos miMponu-
TiB, IO CBiMUUTH Mpo Fas-3anexxnuii anonto3. MexaHi3mu, sKi 3y-
MOBJIIOIOTh Tinepekcrpecito Fas i migBuilieHHs piBHS anomrosy,
MOB’s13aHI 3 PO3BUTKOM BHYTPIIIHBOKIIITHHHOTO OKCHAATHBHOIO
CTpecy Ta iHIYKIIE€I0 MOHOOKCHTEHYBaHHS y KiitHHax (Shelton et
al., 2013; Sundaramoorthy et al., 2016). 3a taHIM# X aBTOPIB, 32
IMX YMOB Yy PI3HUX KJIITHH OPraHi3My pO3BHBAIOTECS MOP(OIIOTid-
Hi Ta MOp(OMETPHUYIHI 3MiHH, HOJIOHI JO BUSBICHUX HAMH, Hepe-
OyloBa CTPYKTYpH OYKaJIbHUX CIITEIIONMUTIB i SPUTPOIUTIB Y Jii-
Tell OCHOBHOI IPYIIH Mifl Yac TICMXOEMOLIIHOTO CTpecy.

V 3B’s13Ky 3 BUKJIQICHHM BHILE MH 00pajy came Iiei BiKOBHii
KOHTHHIEHT IiTeH, Y SKHX Ie JOCHTh J00pe MpaLoioTh 1i MeXa-
HI3MH y BWJIOYKOBIH 3411031, a BUSBJICHHI HaM{ MiJBUILECHUN pi-
BeHb CDys ' TiM(OIHTIB I1i{ Yac ICHXOEMOLIHOro CTpecy BUMAarae
TIO/AJIBIIOTO JOCIPKEHHSL.

Jlani, oTpuMaHi MiCIIST IPOBEACHOTO KOPEJBILIHOTO aHAI3Y MK
TMOKAa3HUKAaMH QHTHOKCHIIAHTHOI CHICTEMH, PIBHEM IPO/IyKTIB EPEKIC-
HOTO OKHCHEHHI JliiniB i piBaeM CDos' JIM(OIHTIB, IIEBHOIO MipOI0
Y3rODKYIOTECSL 3 Pe3yJIbTaTaMy JOCIIDKEHb, OTPUMAHHMH [HILIMMH
ABTOPaMH BiIHOCHO TOTO, IO JIFO 3 BUPKESHUMH HACITIIKAMH TICH-
XOEMOLIHIIHOT TPAaBMU MAIOTh 3HAYHO BUILUI PIBEHb POIYKTIB MOJIH-
(hikOBaHOTO OKMUCHEHHSI OLIKIB Ta JIIi/IB, 32 BUPAKEHOTO MOHIDKEHHS
TAKUX AHTHOKCHAAHTHUX (DEPMEHTIB SIK CYIEPOKCHIIMCMYTa3a Ta
Karajiasa, y pasi 3MEeHIIICHHs] BMICTY BiJJHOBJICHOT'O IIIyTaTiOHy Ha (hOHi
3HIDKEHHST aKTHBHOCTI Iy TaTiOHPEIyKTa3! Ta Ty TaTiOHIIEPOKCHIA3H
(Baskevich, 2017).

BucHoBkn

3a TCHXOEMOLIHOrO CTpecy BHSBIAIOTECS MOPQOIOTiuHi
3MiHM OyKaJIbHUX CTITEIIONUTIB, SKi MATBEPKYIOTHCS MOPPOMET-
PUYHUMH TIOKA3HUKAMH 1 CBIIYaTh PO 3MEHIIEHHS ILIOII poO0Y0l
TIOBEPXHi KJIITHH, IHAYKIIIIO arloNTo3y, IO OB S3aHO 3 aKTHUBALIIEI0
HPOLIECIB MEPEKMCHOTO OKUCHEHHS JIiMiIiB Ta HIPUTHIYCHHSIM (QYHK-
I[IOHAJIBHOT 371aTHOCTI aHTHOKCUJIAHTHOI CUCTEMH 3aXUCTy OpraHiz-
My giteit 7-11 pokiB. Mopdomerpuuti 3MiHH eUTPOLUTIB Heprde-
PUYHOI KPOBI, SIKi TIPOSIBISIIOTHCS] 3MEHILICHHSIM IUTOLL, epUMeTpa
Ta Pi3HOrO BHAY Ie(OpMAaLisiMH, BiIIIOBIIaIOTH MOPQOIOTIYHEM
3MiHaM OyKaJIbHUX EMITETIOUTIB, IO Y TOETHAHHI 3 Pi3KUM 30116~
mrerEsM piBast CDos' TIM(OIHTIB CBiTIHTE TIPO CHCTEMHHH Xapak-
Tep 3MiH B OpraHi3mi JiTeil 11 9ac MCUXOEMILHHOTO cTpecy.

VYcranoBneHi 3MiHM MOP(OJIOTIYHOTO Ta MOP(HOMETPHIHOrO
CTaHy OYKaJbHHX CIITEIOUUTIB 1 SPUTPOIUTIB CBiA4YaTh, IO B
KOMIUTCKCHHX JIOCIIDKEHHSIX i KIIITHHH MOXYTb 3aCTOCOBYBAaTHCh
SIK MOJICNIbHI 00’€KTH MiJl YaC YCTaHOBJICHHS CUCTEMHHX peaKiiid
OpraHi3My Ha BIUIUB Pi3HHUX MATOJOTIYHUX (aKTOPIB.

3anporoHOBaHi MiIXOAH i3 3aCTOCYBAHHAM MOP(POMETPUIHHIX
METOJIB y JIOCHI/UKEHH]I OYyKaIbHUX CHITENTIONHTIB Ta PUTPOLHTIB
i3 BU3HAYEHHSIM CTaHY IPOIIECIB MEPEKUCHOrO OKUCHEHHS JIITIIB 1
AQHTUOKCHJIAHTHOI CHCTEMH 3aXUCTy — 00’€KTHBHE Ta CyTTEBE JO-
MOBHEHHS JUISI BUSIBJICHHS O3HAK IICHMXOEMOIIIHOTO cTpecy Ta
HPU3HAYECHHS [TATOTCHETUYHO OOIPYHTOBAHOI IIPOrpaMK MeIMYHOT
peabimiTarii.
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Accepted 29.07.2017 One of the leading roles in treating diabetes mellitus belongs to chrome ions therapy (I1I), especially in the complex
with selenium (IV). Currently selenium is obtained from unicellular algae, which contain biologically active substances
Volodymyr Hnatiuk Ternopil and which are capable of accumulating exogenous microelements. By incubating unicellular algae Chlorella vulgaris

National Pedagogical University, ~ Biej. in the conditions of aquaculture with sodium selenite (IV) and chromium (III) chloride, we obtained a biologically
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TZI?; 8.007.275. 3;_122 metabolism of animals exposed to experimentally induced diabetes mellitus. The diabetes was caused by modeling

E-mail: lukashivs@gmail.com obesity of the animals with further injection of streptozotocin in the amount of 65 mg/kg and nicotinamide at the dose of
230 mg/kg. The rats were intragastrically injected with 1 ml of 1% starch solution which contained a selenium-chrome-
lipid complex extracted from the Chlorella containing 0.6 pg of selenium, 1.05 pg of chrome and 0.5 mg of lipids for
prophylactic, therapeutic and prophylactic-therapeutic purposes; the other group of rats for therapeutic purposes was
injected with starch solution with the same composition of microelements in inorganic form — sodium selenite (IV) and
chromium chloride (III). This paper presents the results of our study of the impact of organic and inorganic compounds
of chrome and selenium on the energetic metabolism of rats exposed to experimental diabetes mellitus. The analysis
determined that in the rats’ organism, the selenium-chrome-lipid complex from the Chlorella improved the indicators of
the energetic metabolism — in the group of rats which received it for therapeutic purposes, we observed an up to 7.5 fold
increase in the activity of succinate dehydrogenase compared to the rats which did not receive therapeutic treatment.
The increase in the activity of succinate dehydrogenase corresponded to the increase in the activity of cytochrome ¢
oxidase to 17.2% — in the group of rats injected with the substance for therapeutic purposes. Also, the selenium-chrome-
lipid complex activated NADPH-glutamatedehydrogenase in groups of rats which received it for prophylactic and
therapeutic-prophylactic purposes. A decrease in NADPH-GDH was observed in all groups of rats which were injected
with the Chlorella complex, and its activation was observed only in the group of rats injected with inorganic forms of
selenium and chrome. In rats injected with the Chlorella complex, we observed change in the ratio of NAD and
NADPH-GDH towards increase. This indicates the intensification of the energy metabolism in the animals’ liver by
using aminoacids as energetic substances. In the conditions of injecting inorganic forms of selenium and chrome, the
ratio of NAD/NADPH decreased. Therefore, the results allow us to consider the algal complex obtained from Chlorella
to be effective for regulating the energetic metabolism of subjects suffering from diabetis mellitus compared to the use
of inorganic forms of chrome and selenium.
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BB cesenxpomiinianoi cyocranuii i3 Chlorella vulgaris na eHepreTHIHMIA
MeTa00.1i3M y HIypiB 32 eKCIIEPUMEHTAJIBHOI0 YKPOBOIo AiadeTy

O. 4. Jlykamris, B. B. I'py6iako

Teproninvevkuil HayioHabHUL nedazociunuil yHisepcumem imeni Bonooumupa I'namioka, Tepronine, Yipaina

VYHacninok iHky6auii onHokiTHHHOI Bonopocti Chlorella vulgaris Biej. B yMoBax akBaKy/IbTypH 3 HaTpiil cenenitoM i xpoM (III) xmopunom
OTPHMAHO Ta BUAUICHO CTaOUIbHY CENeHXPOMIIIMIHY CyOCTaHIIil0, BUBUEHO I BIUIMB Ha IIYpiB 3 EKCIIEPUMEHTATBLHIM IyKpoBUM Hiaderom I Tumy
Ha T OXHpiHHA. [liabeT BUKIMKAIM B [[Ba €TAIH: CIIOYATKY MOJICIIOBAIN AlIMEHTapHE OXKHUPIHHS 3a JOMIOMOIOI0 BHCOKOKAIOPIMHOI Ji€TH Ta
HATPiI0 NIyTaMaTy yIpOAOBK YOTHUPHOX THKHIB, HACTYITHAM €TallOM BiATBOPEHO MOJIEIb I[yKPOBOTO JiabeTy IUIIXOM BHYTpPIIIHEOOYEPEBHHHOIO
YBEIIGHHS CTPENTO30TOLHMHY (65 MI/KT) i3 TonepeaHiM yBeneHHsIM HikoTuHaminy (230 mr/kr). Llypam 3 ekcriepuMeHTAIBHUM [1iabeToM YBOIMIIH
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BHYTPIIIHBOILTYHKOBO OUMILEHY CEIeHXPOMIIMNIHY cyOCTaHIiIo i3 xyopeny, mo mictuiaa 0,6 Mxr ceneHy, 1,05 Mxr xpomy Ta 0,5 Mr jimiais, y
cxmagi 1% BORHO-KPOXMAIBHOI cycreHsil B KUTBKOCTI 1 MiI i3 IPO(LUIAKTHYHOIO, JTIKyBAIBHOIO Ta JIKYBaIbHO-TPO(LIAKTUIHOW MeTOro. [HImiif
TPyIIi UIypiB i3 JiKYBaJIbHOK METO BBOAWIM BHYTPILIHBOLULTYHKOBO HeopraHiuai ¢opmu xpomy (I1I) ta ceneny (IV) y BUDIISIII XpoM XJIOpUIy Ta
HaTpiil CeJNeHITY B iAEHTHW4HIN KimbkocTi. HaBemeHO pe3ynbTaTél JOCIIIPKEHHS BIUIMBY OpPTaHIYHUX (CEJICHXPOMIIIMIAHOTO KOMIUIEKCY) Ta
HEOPraHIYHUX CIIOIYK XPOMy Ta CENIEHY Ha CHEPreTHYHHII METaOoi3M LIypiB 32 eKCIICPUMEHTATIBHOrO IyKpoBoro miadery. ITix yac BKUBaHHS
CEJICHXPOMIIMITHOTO KOMIUICKCY i3 XJIOpENH B OpraHi3Mi IypiB OLIBIIOI MIpOIO HOMIIMIITyBAJIMCS MOKA3HUKH SHEPreTHIHOro oOMiHy, 30KpeMa
AKTUBHICTh LIITOXPOMOKCHU/IA3H, CYKIIMHAT/IETIIPOreHasy Ta TIlyTaMaT/eriiporeHasy. PesypTaTi 103BOJISIOTE BBXKATU OTPHUMAHMI BOJIOPOCTEBUH
KOMILIEKC 13 XJIOpeH epEeKTUBHIIINAM TTOPIBHSHO 3 HEOPraHIYHUMU (POpPMaMHU XpOMY Ta CEJICHY.

Kniouogi cnosa: MIKpOBOZOPOCTi; 0OMiH PEYOBHH; MIKPOEIEMEHTH; CTPEIITO30TOLMH; HIKOTHHAMI]

Beryn

IIpornoHoBaHe MOCIIDKEHHS — MATOBUBYEHE B HAYKOBIH JiiTepa-
Typi, @ TOMY CTaTTsI IPETEHJIy€ Ha OPUTIHAIBHICT. YTIPOIOBX OCTaH-
HIX POKIB HE OITyOJTiKOBaHO KOTHOI IPYHTOBHOI Mpalli, IO CTOCYETHCS
el npoOneMaTuky. BitumsbsHi Ta 3apyObkHI BUeHi 3[€OLTBLIONO
aHATTI3YBATHN BIUIHB Heoprauiusoro xpomy (Cr') Ha oOMiHHi mporieck
3a LYKPOBOTO Jia0eTy, a TaKOK BUBYAIN TIEPCTICKTHBH BUKOPUCTAHHS
mikpoBonopocti Chlorella vulgaris Biej. y nIypiB 3 eKcIiepuMeHTaIb-
HHM J1iabeToM.

Emigemiunuii XapakTep MOLIMPEHHS 3aXBOPIOBAHOCTI Ha I(yK-
posuii miader II trmy (L] 2), o cynpoBOmKy€eThCS OXKUPIHHSIM, —
BaKIMBa rpobnema memuimay. bimspko 80% xBopux Ha L1/] 2 ma-
F0Th HaJMIpHY Macy Tina (Aguirre et al., 2011), 10 Toro x y Jrozeit
i3 MOMIPHUM CTYIICHEM OXKHPIHHS YacToTa Iiabery 3pocTae yd4er-
Bepo, a 3 pisko BupaxkeHuM — y 30 pasis. Jlocmi/ukeHHsT OCTaHHIX
POKIiB BKa3yIOTh Ha 3Ha4HE MOIIMPEHHS OKUPIHHSA, K€ BHUCTYIIAE
OCHOBHHM (PaKTOPOM PH3HKY HE TUIBKH IyKpoBoro aiadety Il tu-
1y, a i aTepocKIIepo3y, CepLIeBO-CYIMHHUX 3aXBOPIOBAHB 1 ASSIKHX
iHmmx maronoriii (Vlasenko et al., 2011; Laakso and Kuusisto,
2014; Reaven, 2011). Oxwupinns Bu3HaHe BceecBiTHROIO opraHiza-
LII€F0 OXOPOHH 37I0pPOB’s SIK HOBa HeiH(ekiiina emigemis XXI cro-
TiTTs. Y 3B’S13KY 3 HU3BKHMM PiBHEM (Di3UYHOI aKTUBHOCTI, 301/1b-
LICHHSIM y PalliOHi BUCOKOKAJIOPIMHUX NPOIYKTIB, 8 TAKOXK HEKOH-
TPOJILOBAHMM BXKUBAHHSIM Xap4yOBHX 100ABOK, HAIPUKIAJ, IIIyTa-
MaTy HaTpiro, MOHAJA TMOJIOBHHY IOPOCIOTO HACENeHHS YKpaiHh
Mae HaJMipHy Macy Tila. OCTaHHIMHE POKAaMH BiAMI4arOTh MOCTii-
He 30UIbIIEHHs KUTBKOCTI OCi0 i3 HAUIMIIKOBOIO Macolo Tila Ta
nykpoBuM niaderom Il Tury, 0cobnKMBO cepen mpares3 aTHOro Ha-
cenennst, Tomy LI/1 2 ta oxupiHHS — aKTyasibHi IPOOIeMH MEINLIH-
uu (Vlasenko et al., 2011; Kharroubi and Darwish, 2015). To Toro
K, AiaberT i OKHUPIHHS CYIPOBOUKYIOTHCSI PO3BUTKOM CKJIAJHUX
CYIYTHIX 3aXBOPIOBaHb 1 PAaHHBOIO IHBANIIHICTIO, & TAKOX BHCO-
koro cMeptHicTio (Islam and Loots, 2009).

CydacHi IOrsIIM HA €TIONOTII0, MEXaHi3M PO3BUTKY Ta JIKY-
BaHHsI IyKkpoBoro naiabery II Ty B OCHOBHOMY CKOHILICHTPOBaHI
Ha JIOCNI/DKEHHI pOJi IHCYJIHOPE3HCTEHTHOCTI Ta ITOPYIICHHS
(byHKIIT B-KIITHH DiIUTyHKOBOI 3a51031. OJJHAK HEOCTATHS yBara
MPUIUBIETBCS HIIIAM aCTICKTaM MaTOreHe3y, 30KpeMa 0COOIHUBOC-
TSIM €HEPreTHYHOr0 0OMiHY, IO 3yMOBJIIOIOTH BECh CIIEKTP KIIiHIY-
HMX HPOSBIB 11bOIO 3aXBOPIOBAHHS.

EdextnBHICTb QYHKIIOHYBAHHS €HEPreTUIHUX CHCTEM B OPraHi3-
Mi — omuH i3 KpuTepiiB ycmimmHocTi JikyBanas LIJ] (Stancic et al.,
2017). BuB4eHHsI eHepreTHYHOTO 3a0e3MeYCHHS MOYKE SIK TIOCITYKUTH
OCHOBOIO IS BU3HA4YEHHsI Horo poni B matorenesi L] 2, Tak i Oytu
TIZICTABOIO JUTST PO3POOIICHHST HOBUX METOIB JIKYBAaHHS Ta MPO(iIaK-
THKM [bOTO 3aXBOPIOBAHHs 32 JIOTIOMOIOI0 KOpEKIIi BHSBICHUX
nopy1ieHb (Tatsumi et al., 1998; Inzucchi et al., 2012). 3a giaGety Ha
T aKTHBALL OKCH/IATUBHOTO CTPECy B OpraHi3Mi BiIOYBarOTHCS 3HAY-
Hi 3MiHH MOJICKYJIIPHOI CTPYKTYPH MeMOpaH MITOXOHZPIH, 1110 3yMOB-
JIFOE TIOPYIICHHS (PYHKIIOHYBaHHS (PepPMEHTHHUX KOMIUIEKCIB XA~
Horo Jaxmora (Mokryy et al., 2016) i, six HaciooK, Gl0eHEPreTHYHIX
TIPOLIECIB Y KJIITHHAX, OCKUIBKH BYIJICBOM HE MOXKYTh BHKOPHCTOBY-
BATHCS JUIsSI CHEPIECTUYHUX MOTPEeO MEYiHKOK, CKEJICTHUMH M SI3aMH,
ceprieM, HUpKamu (Zanozyna et al., 2010; Stancic et al., 2017).

HesBakarouu Ha JIOCHTH LIMPOKHI apCeHa CyYaCHHX aHTHjia-
OeTyHUX 3ac00iB, TpobieMa peanbHOI KOMIEHcALil IyKpOBOIro
niabeTy 3ayHIIAeThCsl HEBUPIIICHOMO, 10 OOIPYHTOBYE TOIIYK i
CTBOPEHHS HOBUX €(DEKTHBHUX i, BOZAHOYAC, MAJIOTOKCUYHHX aHTH-

niabeTraHmX 3aco0iB. OuH i3 HAUTIEPCIIEKTUBHIIINX CTIOCOOIB IPo-
(PLTaKTHKY TOpYIIeHs 0OMIHY PEUOBHH — BUKOPHCTAHHs G10JI0TIHHO
axtBHHX 100aBoK (BAJI), B SIKMX MiHEpaJbHi PEUOBHMHH HPUPOI-
HOTO TIOXO/DKCHHSI TTepeOyBar0Th y 3B°s13aHiil (opMi y MPHPOIHOMY
KOMIUICKCI 3 OIKaMH, BYTJICBOJIAMH Ta JIiMiaMu. 3HAUHUI iHTepecC
CTaHOBILITH KOMILICKCH CelIeHy Ta i OIONIOriYHO aKTUBHUX METajliB
(Lukashiv et al., 2016).

Cernen i xpoM (III) — BaskIIHBI MIKpOEIEMEHTH TSl OOMiHY pe-
yoBuH (Vincent, 2012a, 2012b, 2013), 60 6epyTh y4acTb y KIITHH-
HOMY 3aXHUCTI BiJl BUIbHOPaJUKAJIBHIX PEAKLii 1 TOMy KOPHUCHI JUIs
3arr00iraHHs 3Ha4HOI KUTBKOCTI XBopoO 1 ix mikyBauHs (Vincent,
2012b; Selenium, 2003). Xpom (III) Gepe ywacts y momimmueHHi
MeTaboTi3My B JKHBUX OpraHi3Max, ajpke BiH PErylltoe BYIJICBOII-
HHUH, npoTelHOBHH Ta ninmimuuii oOminu (Brownley et al., 2015;
Ganguly, 2016). Uucnenni gocnimpkenns (Jain and Kannan, 2001;
Cefalu and Hu, 2004; Cheng et al., 2004; Jainet al., 2007; Huaet al.,
2012) mokazaiu, Mo XpoM KOPHUCHHH I JHKyBaHHS 1HCYJIHO-
PE3UCTEHTHOCTI Ta IyKPOBOTO AialeTy y Jozaei. Y pasi Hemocrar-
nporo HagxompkeHHs Cr (III) B oprani3Mi BUHMKAIOTh MeTaOOMIUHI
MOPYLICHHS, CHMIITOMH SIKHX CXOXIi Ha Ti, [0 BUHUKAIOTH 3a [lia-
bery Ta cepreBo-cynmuHHuX 3axoproBanHsx (Cefalu and Hu,
2004). Cr (IIl) Bimirpae BaJIMBY pOJb y IIATPHMAHHI HOp-
MAJIBHOTO PiBHsI [JTIOK03H B KpoBi (Sundaram et al., 2012), 3umken-
Hi PiBHSI XOJIECTEPOITy Ta TPHALMITILEPOIIB Yy IUIa3Mi, MPUrHIYeH-
Hi Cekpelii 3amallbHUX LUTOKIHIB, 2 B KOMIUICKCI i3 CEJICHOM —
Hri0y€e pO3BUTOK OKCHUAATHBHOrO ctpecy (Jain et al., 2007; Gangu-
ly et al., 2017). Xpom minrpuMye HOpMaibHY (QYHKINIO iHCYIIHY,
CIIPHSIE€ TPAHCIIOPTY TJFOKO3U 3 KPOBI B KIITHHU MEYiHKH, M SI3iB 1
JKUPOBOI TKAHUHH.

[Ilono XpoM- i ceneHyMiCHUX IHpenapariB, CHOXKUBAHHS CeJIeH-
YMICHHX TpPOAYKTIB HE MOXKE MOBHICTIO 3a[OBOJILHUTH MOTPeOU
JIO/IMHY B CeJIeHi, SIK 1 B 0ararboX iHIIMX MIiKpOEneMeHTax, 0co0H-
BO B 1X KOMIUIEKCi. barato cydacHux 100aBOK, OTHAK, € CHHTETUYHH-
MH aHAJIOTaMH BITaMiHiB 1 MiHEpAIBHIX PEUYOBHH, BOHM HE 3B’5I3aHi y
610JIOTTUHI KOMIUIEKCH Ta MOXKYTh MaTH HIITy CTPYKTYpy, HDK HaTy-
pasIbHi HyTPi€HTH, @ TAKOXK BOHU YacTO HU3bKOS(EKTUBHI Ta MOXYTb
BUSIBISITH MOOI4HI (eKTH.

OcTaHHIM YacoM SIK JDKEPEIo CeJIeHy Ta IHIINX MiKpOEJIEMEHTIB
BHKOPHCTOBYIOTh OJJHOKJIITHHHI (hOTOCHHTE3yBaJIbHI BOIOpocTi (Zo-
lotor’ova et al., 2008) sik pKepeno GioNOriYHO-aKTHBHUX PEYOBHH,
YTBOPEHHUX 32 paxyHOK BHYTPIIIHBOKIITHHHOTO 0I0CHHTE3Y, IO MO-
JKyTh TOIJIMHATH Ta HAKOMWYYBAaTH EK30TCHHI MIKpPOCIEMEHTH,
BKIJIFOYAIOYH 1X JI0 CKIIa[Ty, HacaMIiepe, irMeHTiB, OLTKIB Ta JIMiiiB
(Minyuk, 2000). Jocuts no0pe 3apekoMeHyBaIu cede, HaIpUKIIa,
TIpETapaTH 3 XJIOPEJH, He TUIBKH SIK JuKepera 0i0JIOTiYHO JOCTYIHO-
r0 XJI0podiTy, HU3KU BITAMIiHIB, aMiHOKHCIIOT, @ ¥ KMPHUX KHCIIOT,
110 MaroTh antutokcnunanii (Kim et al., 2009; Lee and Kim, 2009) un
antuckiepornunnii epexru (Lee et al., 2008). YV monepenuix mocmia-
JKEHHSIX YCTaHOBJICHO ONTHUMAJIbHI yMOBH HAKONMYEHHS CEJICHY Ta
MIKpOEJIEMEHTIB KJIITHHAMH XJIOPEN B akBakyisTypi (Vinjarska
etal., 2014).

bioxiMiuyHO BHIpaBgaHe OTPUMAHHS JIIIJ-CEJIEHOBUX CyO-
CTaHIIH 13 XJIOpeny NpoTSroM 7 1i0 BHPOIILYBAaHHS BOJOPOCTI y
cepenosu 3 10,0 mr Se*/nv’, a orrumanbHe U OCTiKE D i
HEPCTIeKTUB BUIUICHHS XPOM-JIMITHOI CyOCTaHIi i3 XJopenu
BHKOPHCTAHHS KOHLEHTparii xpomy 5,0 mr/am’ (Vinjarska et al.,
2014). Y 310poBHX LIypiB CEICHXPOMIIIIIIHA CyOCTAHIIis 30LTBLITY-
BaJla CyKLMHATICTIAPOreHa3Hy Ta LUTOXPOMOKCHIA3HY aKTHBHO-
CTi, TIyTaMaTAETiAPOTeHa3HUH NUIIX YTBOPEHHS TIyTamaTy, IO

370 Regul. Mech. Biosyst., 8(3)



CIIPHSUIO YTBOPEHHIO Ta aKTHBHOMY (DYHKIIIOHYBaHHIO KOMITOHCH-
TiB anTHOKCHIaHTHOT cuctemu (Lukashiv et al., 2016).

Buxomsuu i3 1pOro, Mera HaIIoro JAOCIIHKEHHS — OLIHUTH
CTaH SHEPreTHYHHX MPOLECIB y HIYpiB i3 IyKPOBUM JiabeToM 3a
BIUTHBY CEICHXPOMIIMIAHOTO Komiuiekey 13 Ch. vulgaris, a Takox
MOPIBHATH BIUTMB HEOPTaHIYHHX 1 OPraHiYHUX CIONYK XpOMY Ta
CeJIeHy Ha eHepreTHYHHI MeTaboIIi3M y IILypiB 3a Ii€] maToorii.

Marepiai i MeToau A0C/IiIKEHD

BionoriyHo akTUBHY CyOCTaHILIO0 OTPUMAH HIBIXOM KyJIBTH-
BYBaHHsI MiKPOIIOIYJISILIiT abrojoridto 4yncroi Kynstypu Chlorel-
la vulgaris Beij. CCAP-211/118B B yMOBax HaKOIMYEHHS Y cepeio-
puii Ditmpkepansaa B moaudikanii Lernepa ta I'opxema Ne 11
3a temmeparypu +22...+25 °C ta ocsitrenns 2 500 i1k 16/8 rox
(Topachevskyy, 1975). Jlo KynsTypu BOIOpOCTEH HOIaBAIM BOA-
Huii posuns Na,SeO; y pospaxynky Ha Se** — 10,0 mr/am’, Ta Bo-
Huii posuns CrCls « 6H,0 3 ymicrom Cr' — 5,0 mr/mm’. Biomacy
JKUBHX KIITHH BiIOMpai HA CbOMY 100y Ky/bTHBYBaHH:. KoOH-
TPOJIb — KYJIBTYpa, SIKY BUPOLILYBAJIN Y CEPEIOBHILI O3 CeNeHITY Ta
10HIB XpOMy.

Jlimimy 3 BKIFOYCHHIMH B HMX aTOMaMHU CEJICHY Ta XpOMY Yy
Tporeci MeTadoi3My in vivo 3 6i0Macy BOJIOPOCTEH eKCTparyBain
XJI0po(hOpM-METaHOJIOBOKO CYMIIIIIIIO y BitHOIIEHHI 2 : 1 MeTomom
®omua (Hokin and Hexum, 1992): mo ojHi€i MacoBoi 4acTKu
BoJIOroi Oiomacu mofaBamy 20 MacoBHMX YacTOK €KCTparyBaslbHOL
cyMilii Ta 3anuimany Ha 12 rof., a HeMiMiIHi JOMIIIKA 3 eKCTPaKTy
BUJasU BiqMuBaHHAM 1% posunHom KCl. 3aranbHy KinbKicTb
JMiIB BU3HAYATM BAarOBUM METOOM IIiCTISL BIITOHKH EKCTpary-
BasbHOI cymimti (Keyts, 1975). BmicT ceneny B JtimigHOMY eKCTpak-
Ti Ticns ¥oro o3oseHHs HiTpatHOW Kuciororo (HNO;) B repme-
THYHUX Orokcax 3a 120 °C ympomoBK IBOX TONWH BH3HAYAITH
CHEKTPOPOTOMETPHIHO 3 O’ -(DeHIICHAIaMIHOM 3a JIOBKHHH XBHJIi
335 um (Dedkov and Musatov, 2002), a XpoMy — IiciIsi 030JICHHS
nimigHoro excrpakty cyminmno HitpatHoi (HNOs) ta cysbdarHoi
(H,SO,) KucnoT y repMeTHIHUX OFOKCaxX BU3HAYAIH CHIEKTPO(dOTO-
METPHYHO 32 JOTIOMOIO XpOMa3ypoiy S 3a JOBKHHU XBUI 556 HM
(Yatskiv et al., 2009).

Tocmanoska excnepumenniy. O0’€KT nOCIIKEHb — Ol Oe3no-
pomHi 1xypu-cammi (125 TBapuH) modatkoBoro macoro 160-180T.
Y TprMaHHS TBapHH Ta MAHIITYJIII 3 HUIMH IPOBOVIIM BiIOBITHO
JI0 TIOJIOXKEHb «3arajlbHAX €TUYHMX IPUHLMIIB eKCIIEPUMEHTIB Ha
TBapHHAX», YXBAICHHUX [lepInM HalioHAIBEHUM KOHTpecoM i3 0io-
eruku (Kuis, 2001), a Tako)x KepyBaIucs MOJIOKEHHAMH «EBpoTIei-
CBKOT KOHBEHILIii IPO 3aXUCT XPEOCTHUX TBAPHH, SIKi BUKOPHUCTOBY-
FOTBCS [UTSl eKCIIEPUMEHTAIIPHIX Ta 1HINX HayKOBHX wineih» (Ctpac-
Oypr, 1985). TBapuH yTpuMyBaimM y 3BHYAWHMX YMOBAX BiBapilo.
Iypw amanrroBani 10 1i6 y mociigHii KiMHATI, TOBa)KeH Ta ITOALIe-
HI Ha CiM TpyITL:

I — xonTpoINBEHA rpyna — 310poBi nrypu (K);

[I-VII - tBapyHY 3 eKCIIepUMEHTATEHUM LyKpoBHM JtiaberoM (ELLT):

11— tBapunu 3 ELI], BuBeneHi 3 excriepumenty Ha 21-my 106y (LT 1);

IIT — tBapunm 3 ELJ], BuBeneHi 3 excriepumenTy Ha 35-1ry 100y (L] 2);

IV — tBapunu 3 ELJI + npodinakTidHe yBeIeHHS CeNIeHXPOMITIITIHO-
ro xkomiwtekcey (L] + IT);

V — tBapunn 3 EL|J] + yBeeHHsI CeIeHXpOMITIITITHOTO KOMILIEKCY 3
JiKyBasbHOIO MeToro (LT + JI 1);

VI — tBapunu 3 EIJ] + nikyBabHO-NPO(MITaKTHYHE YBEICHHS Ce-
JeHxpomtinigHoro komruiekey (LI + T+ JI 1);

VII — tBapunn 3 ELJI + yBenenns xpom xiopuny CrCl; « 6H,O Ta
Hatpiii cenenity Na,SeOjs 3 ntikyBanbHO0 Metoro (1] + J12).
Taka KUTBKICTh €KCTIEPUMEHTANIFHUX TPYII UTypiB JOLLIbHA, OC-

KUTbKM JIa€ 3MOTY HE JIMINE IOCITIIUTH JIKyBajbHI BIIACTHBOCTI

CeNeHXPOMIIIITIHOTO KoMIutekcy i3 Ch. vulgaris 3a 1ykpoBoro fiade-

Ty II TEmy, a ¥ BuB4MTH Horo mpodiakTHIHy Aif0 MpH (axTopax

Ppu3KKy AiabeTy, MOpPIBHATH JiKyBaJIbHHIA BIUIMB MPETIapaTy i3 XJope-

1 3 fiiero Heopraniunmx cronyk Cr't i Se** 3a 1p0ro 3axBoproBaHHSL.
Huni BimoMO mMOHax IecsATh EKCIEPUMEHTAbHHX MOJIesIei

LyKpOBOro Jiabery, siKi 3aCTOCOBYIOTBCS B HAayKOBO-MEIHYHIN

npaktuni. Haiimomymsiprinmm metozom MozpemoBaHas 1] B exc-
HEPUMEHTAIBHUX TBAPUH LIIIXOM YBEICHHS iM IEBHUX XIMIYHHUX
PEUYOBUH BHU3HAHO BHKopucTaHHsA cTpentozotoruHy (CT3) (Gryt-
siuk et al., 2014). Ilig yac BHOOpY EKCHIEPUMEHTAIBLHOI MOJIEIL
CTPENTO30TOLMHOBOTO IYKPOBOTO JiabeTy Opaiu 3a B3ipelb PeKo-
meHpatii Spasov et al. (2011) ta Hu3ku iHmMX gocmigaukiB (Islam
and Wilson, 2012), siki mokasay, o y pasi IPeBeHTUBHOIO BBe-
neHHst HikotnHaminy (HA) mimsuiyersest CTIlKICT B-KIITHH OCT-
piBuiB JlanrepraHnca 0 MOIIKODKYBAIBHOI i CTPENTO30TOLMHY.
15t Mozenb 1a€ 3MOTy 3MOZIEIIOBATH CTaH, MAKCUMAJIBHO OJIN3BbKUN
1o uykpoBoro miadery I Tumy, IO MPOSIBISETHCS PO3BHTKOM
rinepriikemii, TIFOKo3ypil 0e3 sIBHIL aluI03y.

Buxomsun 3 aHanizy niteparypuux mkepen (Nolan and Feerch,
2012), My BEpIIIIHA 3MOJIETIFOBATH IyKPOBUIA JiabeT y ABa eTany,
TOOTO 3MOJEIIOBaTH Aia0eT Ha Tii O>KUPIHHA B €KCIIEPHMEHTAIIb-
HUX TBapuH. ITepumii KPOK — MOJICIIFOBAHHS ATIMEHTAPHOTO OXKHU-
PIHHS, @ HACTYITHUH — BIATBOPEHHS CTPENTO30TOLMH-HIKOTHHAMI -
iHyKoBaHoi Monemi 111 2.

O>KMpIHHS MOJEMIOBAIH HUIIXOM 4-THKHEBOTO TPU3HAYCHHS
BHCOKOKAJIOPIHHOI I€TH, [0 CKJIaLy SIKOI BXOAWIN CTaHAapTHA Dka
(47%), cononke KOHIIEHTPOBaHE MOJIOKO (44%), KyKypyA3sHa odist
(8%), pociuHHMIt kpoxmMans (1%) 3 momaBaHHAM ITyTamaTy HaT-
pito y cmiBBimHomenni 0,6 : 100,0 (miera #C 11024, Research
Dietes, New Brunswick, NJ) (Marushchak and Krynyts’ka, 2012).
Il Mopens 103BOJNsSE BUKJIMKATH AliMEHTApHE OXHUPIHHA, NPH
[IbOMY 3MEHIIY€EThCSI PU3KK 3aru0elti TBapHH I1iJ] 4ac eKCIIepHMEeH-
Ty (He et al., 2008; Luz et al., 2010). TBapuHI KOHTPOIBHOI IPYyIIH
YIPOJOBK YChOTO IIEPiOly SKCHIEPHMEHTY OTPUMYBAIM CTaHIAPT-
Hy DKy Ta Manmu BUTbHHH mocTyn 1o Boau. [Iporec BinTBOpeHHS
ATIMEHTAPHOTO OXXKHUPIHHSA KOHTPOIOBAIM IUISIXOM 3BaKyBaHHS
TBapHH, BUMIPIOBaHHS Ha3aJIbHO-aHAIIBHOI JIOBKUHH Ta PO3PaxyH-
Ky inzmexkcy Macu Tima (IMT) — nineHHs Macu Tina B rpamax Ha
JIOBXXHHY B CaHTHMeTpax y kBanpari (Jeyakumar et al., 2006). Bes-
HOCEPEIHBO 33 MePeIHIMU KIiHIIBKAMU TBAPUHHM BHMIPIOBAIN OK-
pyxHicTb rpynuoi kiitku (OI), nepen 3aqHiMU KiHI[IBKaMH BU3HA-
yany okpykHicTb xuBota (OXK). BumiproBaHHs POBOMIIM CAHTH-
METPOBOIO CTPIYKOIO 3 TOUHICTIO 10 | MM.

Jpyruii eTan — 0OJHOPa30BE YBEACHHS Aia0ETOTCHHOTO Tpemna-
paty crpenro3ororuHy ¢ipmu «Sigma» (CILLIA) BHyTpilIHEOOYE-
PEBHHHO IICIIS TTONEPeHBOr0 24-TOJMHHOTO iX TOJIOAyBaHHS 3a
BUIBHOTO JOCTYIy JIO ITHTHOI BOIM 3 PO3PaxyHKy 65 MI/KT (IpHro-
TOBJICHOTO Ha IUTpaTHOMY Oydepi) i3 momnepentiM (3a 15 xB) iHTpa-
MIEPUTOHCATFHAM YBEICHHSIM HIKOTHHaMIY y 71031 230 mr/kr Ha ¢i3-
po3unHi. KOHTPOIBHIMM I1lypaM YBOIMIIM TUTBKH LIATPATHHIT Oydep.

Teapunam IV rpynu, noumHarouu 3 NEpIIOrO JHA BBEICHHS
LUTOTOKCHHY INOAHS YNpomoBX 21 100K BHYTPIIIHBOILTYHKOBO
BBOAWIM 1 M1 1% BOJHOTO KPOXMAJIBHOTO PO3YHHY, SIKHIf MICTHB
y co0i BUIIIEHUH i3 XJIOPEJIH Ta OYMINCHHH BiJMHBAHHSIM XJIOPO-
(opm-MeTaHooBOIO cymimmo (2 : 1) ta 1% po3unMHOM Kaiito
XJIOPHUTY JIMIAHUN eKCTPakKT, mo MictuB 0,6 MKT ceneny, 1,05 Mxr
xpomy y 0,5 Mr JiimiziB, 0 CHiBBIXHOCHTHCS 13 IOJICHHUMH (i3io-
JIOTiYHUMH HOPMaMH CIIOXKMBaHHS X MikpoenemeHrtis (Forcevil-
le et al., 1998; Iskra and Vlizlo, 2013).

TeapunaM V rpynu BBEICHHS CEEHXPOMIIIITIIHOTO KOMITIEK-
cy nounHaM 3 21-1 10OM 3 MOMEHTY BBEJICHHS LIUTOTOKCHHY TPO-
TsroMm 14 1i6.

lypam VI rpynu cycnieH3iro npu3Havalii 3 IEpIIoro JHS BBe-
nennst CT3 ynpogosx 35 mi6.

Teapunam VII rpymu 3 21-1 o 35-1y 100y BBOIMIIE KPOXMaIb-
HHIl PO3YMH HATPIil CENeHITY Ta XpOM XJIOPHUIY, SIKHil y mepepa-
xyHKy Ha fomu Se* i Cr'* MicTuB ineHTHuHy 10G0BY 03y ITHX MiK-
POCTIEMEHTIB.

Jlnst yncrotu ekcniepumenty TBapuHam I ta Il rpyn ynponosxk
21 nobu BBOOWIH per os Qisionoridamii po3uwH, TBaprHaMm I rpyrm —
BpoznoBxk 35 ni6. Esranasito urypis I, II Ta IVrpyn 3xilicHioBamm Ha
21-nry no0y eKCreprMEHTY I TIOHNEHTAJIOBHM HAPKO30M, €BTa-
Hasio 11, V, VI ta VII rpyn BuKoHyBam aHaioriqHo Ha 35-Ty no0y.

Jns mociimkeHsb Opainy MeviHKy Ta CHpOBAaTKY KPOBI TBapWH.
ITeuinky (500 Mr) BUKOPHCTOBYBAJIM [UTsl OTPUMAHHSI TOMOTEHATY
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METOZIOM JU(EPEHIIHHOT rOMOreHi3allii, sIKy MPOBOIMIN IiCIIs
norrepenHboi nepdysii 3 5,0 mi ¢isionoriunoro pozunny. Kpos
3abupanu i3 cepus TBapuH, ueHTpudyryBamu 3a 3 000 00./xB
npotsiroM 30 XB U1 OTPUMAaHHS CHPOBATKH.

Po3Butok mykposoro miadety Il THITy KOHTpOIIOBAIN 32 BMic-
TOM TJIFOKO3M y KPOBi (MMOJB/I), SIKY BH3HAYaJIH TIIOKOMETPOM
«Accu-Chek Active» dipmu «Roche Diagnostics GmbH» (Himeu-
4ynHAa), piBHEeM ¢pykro3amidy (Johnson et al., 1982) y cuposarmi
KpOBI, HasIBHICTIO ITIOK03H («I ImoKoTecT», %) Ta KETOHOBHX Till Y
cedi («ALETOHTeCT», MMOJIB/NI), sIKI BHU3HAYAIM 3a JONOMOIOIO
inaukatopuux cmyxok «[1BIT «Hopmay.

I'mroxo30TONEpaHTHHUIA TECT MPOBOAMIM Ha 14-Ty 100y po3BHT-
xy LIJI. KpoB mist nociimkeHb BiZOUpaH i3 XBOCTOBOI BEHH Iy PiB.

VY mediHIl BH3HAYAIM AaKTUBHICTH CH3MMIB CHEPTETHYHOTO
Metabomismy: cykuuHatraerigporenasu (CAL, K® 1.3.99.1) — 3a
OKHCHEHHSIM CYyKIMHATYy 10 (ymapary (epHIiaHiioM Kalio, 1o
peeCTpyBaIM CHEKTPOPOTOMETPHYHO 33 JOBKHHU XBWI 420 HM
(Prohorova, 1982); muroxpomoxcuznasu (110, K@ 1.9.3.1) — 3a xon-
JeHcaieo o-Hadrony Ta n-(eHUICHAIAMIHTi IPOXIIOPULY 3 yTBO-
penrsiM denony (540 um) (Straus, 1954); riryramaraerigporeHasu
A, K& 1.4.1.2) — 3a mBuakictio oxucHenus HAJIH a6o
HAJI®H, sike dikcyBanu 3a 340 aMm (Sof’in et al., 1984).

Kinbkicts OikiB Bu3Hauanmm 3a Lowry et al. (1951).

OrtprmaHi f1aHi 06poOIISITN METOJAMH BapiamiifHOI CTATHCTHKH
Ha ocHOBI 8—13 noBropiB. CratucTH4Hy 00pOOKY TaHHX 3AiHCHIO-
BaJIH 32 JIOMIOMOT'O0 TPOrpaMHOro makera Statistica 6.0 (StatSoft,
CLIA). ObuucmoBaiu cepene apudmernane (M) Ta cTaHAapTHY
MoXHOKy cepeaHboro apupmerrndHoro (m). JJOCTOBIpHICTh pi3HHUILIL
MOKa3HUKIB OLIHIOBAIM 3a JOMOMOroto t-kpurepiro CThlozeHTa
TTiCIIA MATBEPIHKEHHS HOPMAIBHOCTI PO3MoiTy Bubipku. Biporia-
HOIO BBKAJIM Pi3HMINIO Mk BHOipKkamu 3a P < 0,05.

PesyabraTn

XpomarorpadiuHuii Ta Mac-CIIeKTPOMETPHYHHI aHalli3 CesleH-
ymicHux nininiB Ch. vulgaris (Perales et al., 2006), BuporieHX 3a
BUCOKHX KoHIeHTpaliit Se (IV), mokasas, 110 celieH NpUCYTHIH y
BCiX (hpaxmisx JimiaiB, MexaHi3M BKITIOUCHHS eJIEMEHTa JI0 iX CKla-
Iy TIOKH IO He 3po3ymimii. OfHaK BKIIOYEHI B JIIAM CENEH i
METAaJH 3B’SI3yIOTHCS 3 HUMH MIITHO, OCKUIBKH B pe3yJIbTaTi Ipore-
Iyp¥ BHJIUICHHS B X CKJIa/i BUSIBIISETHCS 3HAYHA KUTBKICTH IHX
MiKpOesIeMeHTIB. MOXUIHBO, 11e — pe3yJIbTar iX BKIIOYEHHSI 10 CKIIajy
MOJIEKYJT JHIIJIB 32 MICLIEM IOJBIHHOrO 3B’SI3Ky Y HEHACHYEHHX
JKUPHUX KHUCIIOTax abo 3a paXyHOK MDKMOJICKYJISPHOI B3a€MOii
koopmuHawiiiHo (Selenium, 2003), 110 THM caMHUM J03BOJISIE BBaXKa-
TH 11l KOMIUIEKCH (Di310JI0TTIHO aJeKBaTHUMH Ta 30aJJaHCOBAaHNUML.

YV monepennix excnepumentax (Lukashiv et al., 2016a, 2016b),
SIKI 3/IMCHIOBAJIMCH HAa 3[0POBUX IIypax-CaMILIX i3 Macolo Tilla
160-180 r micist BBEAESHHS KPOXMAIEHOTO PO3UHHY CEICHXPOMIII-
MiTHOTO KOMIUIeKey, 1 Mt sikoro mictuB 1,85 Mkr ceneny, 1,1 Mxr
xpomy, 0,5 Mr nimigiB omuH pa3 Ha 100y ymnpomosx 14 ni6, B
OpraHi3mi IIypiB He BUSBJICHO IHTOKCHKALlil, 00 BMICT CepeIHbOMO-
nekymsipaux nentuais (MCM) sumkyBaBes: MCM, — B 1,6 pasa,
MCM,; — B 1,4 paza. Y nediHIi Ta CHpOBATIli KPOBi TBAPHH 3HIKY-
BaJTMCS BMICT MaJIOHOBOT'O JialbJICTiNy Ta Ji€HOBUX KOH IOTaTiB, a
TAaKOX IIiJ[BHIIYBaBCSI CHEPreTUUYHUI CTaTyc (30UIBIIyBanacs ak-
THBHICTb CyKIIMHATICTIAPOreHa31 Ta IUTOXPOMOKCH/IA3H), aKTHBY-
BAaBCS IVIyTaMaTACTiAPOreHa3sHHH LUIIX YTBOPSHHs INyTamary,
3pociia aKTUBHICTB KaTalas3u Ta BMICT BiJHOBJICHOTO TJIyTaTiOHY.

[TporsiroM Tepioy MOJETIOBAHHS ATIMEHTAPHOTO OXKHPIHHS
BiIMivasIocs 30UTbILICHHST MacH Tijla TBapUH. 30KpeMa, aHajl3 oc-
HOBHHX aHAaTOMO-(i310JIOTIYHHX MOKa3HUKIB Ha 28-11y 100y eKcrie-
PYMEHTY BKa3ye Ha IOCTOBIpHE MiABWILECHHS MacH Tijia IIypiB J0-
ciiiHol rpynu Ha 46,6% Ta iHnekcy mMacu Tita — Ha 33,3%, mopsn
31 3pOCTaHHM OKPY)KHOCTE#l )KUBOTa Ta IPYIHOI KJIITKH, OPiBHS-
HO 3 KOHTPOJIBHOI Ipyror (Tabim.). TakuM 4uHOM, JTOCTOBIpHE
3pOCTaHHsl OIOMETPUYHHX IOKA3HMKIB ILIypiB IOCIIIHOI TpyIH
CBIYUTH MPO PO3BUTOK OXKUPIiHHS. BHU3HAuCHHS BMICTY TIIOKO3U
Ta (pykTo3aMiHy B KpOBi, a TaKoX MPOBEICHHS IJIIOKO30TOJE-

PaHTHOrO TECTy — OIHI 3 BH3HAYAIBHHUX MapKepiB IyKPOBOTO
niabery. TIpoBeaeHi HAMK JOCTI/PKEHHS TIOKA3aJd, 10 Ha TPETHO
100y y TBApUH 3 EKCIICPUMEHTAJIBHUM I[yKPOBHM J1iabeTOM PiBEHb
rikeMil 3pic y 3,8 pasa MOpIBHSIHO 3 KOHTPOJBHUMH TBapHHAMU
(15,9 + 0,33 mmons/m). I3 14-1 06U piBeHH IIFOKO3U y KPOBI 3HHU-
3uBcs 10 8,9 + 0,23 MMOIB/TT 1 10 KIHIIA CTIOCTEPEKEHHS Maibke He
3MiHIOBaBCs. Takoxk y TBapHH i3 aiabetoM Ha 21-mry 1oy iHmyKmii
1T crioctepirany iCTOTHE MiIBUIIICHHS KOHIIEHTpaLii (Gpykrozami-
Hy y cuposarui kposi (B 1,9 pasa, rpyna [/[1), mo cBigunuts npo
AKTHBALI0 MPOLIECIB HECH3UMHOTO TITIKO3HITIOBAHHS, a TAKOXK PO
HOCWJICHHs MeTtabormizanii INIIOKO3M T'eKCO3aMiHOBHM LIIIXOM
(TOOTO 3 YTBOpEHHSIM (PYKTO3M) B iIHCYJIIHOHEUYTIIMBUX TKAHUHAX
(Reznikov, 2003).

Taoauus
Biomerpuuni napamerpu tBapus (M + m)

TlokazHuku Ipymi mypis -

KOHTpOJIb, N =16 oxupinns n = 109

Maca tina, r 192,1+1,3 281,7+2,0%
JloBXKuHa TiJIa, CM 20,02 +0,96 20,98 + 0,44
THIeKC MacH Tina, r/eM> 0,48 +0,02 0,64+0,01%*
OKpy>KHICTb TPYIHOT KIITKH, CM 11,18+ 0,53 15,21+0,51
OKpY>KHICTb )KMBOTa, CM 12,76 £ 0,41 18,3+0,55
OxpyskicTs sxuBota / 1,14+ 0,04 1,20+0,03

OKPY)KHICTb I'Py/IHOI KJIITKH

Tpumimka: * — pi3HALL JOCTOBIpHA MOPIBHSIHO 3 KOHTPOJILHAMH TBApPHUHA-
mu 3a P <0,05.

V 310poBHX TBapuH PiBEHb ITIIOKO3H y cedi ckmanas 0%, micms
BBEJICHHSI INTOTOKCHHY Ha 3—7-My 100y 3pic 10 0,5%, mani nokasHuK
cranoBuB 0,1%. I3 7-i mobu micis eBeneHHss CT3 KeTOHOBUX Tl y
cedi He 3HalneHo. OTpUMaHi pe3yiIbTaT! BKA3ylOTh HA BIICYTHICTh
KETOaLHI03Y, XapaKTePHOro UL IyKpoBoro aiabety I Tumy.

IpoBeneHuil MOKO30TOIEPAHTHUI TECT I10KA3aB, 10 Y TBAPUH
3 ekcriepuMeHTanbHuM L] piBeHb riikemil Yepe3 /Bi TOAMHU 3 MO-
MEHTY BBEICHHSI [JIFOKO3U cTaHOBUB 13,4 + 0,52 MMOJIB/11, y TBApHH
KOHTpOJBHOI TpymH — 5,6 £ 0,62 Mmons/m1. PesysbTary cBimgats Ipo
TIOpYIIEHHS TOJIEPAHTHOCTI 10 TIIFOK03H y 1rypiB 3 ELJL.

OcHOBHI 0i0XiMi4HI TIpoLecH, 110 MalOTh BiTHOIIEHHS /10 €He-
preTuaHOro 0OMiHy Ta BiIOYBArOTHCS B MITOXOH/PISIX, — LUK TPHU-
kapOoHOBHX KHCITOT (1K1 Kpebca), f-OKMCHEHHS )KHPHHUX KUCIIOT,
KapHITHHOBUI LIHKJI, TPAHCHIOPT EJICKTPOHIB Y JAMXaJIbHHMN JAHIOT
i okucHe (ochopuroBanHs. KoxeH 3 HUX MOXe OyTH TPUYHHOIO
mitoxonzapianeHoi aucdynkuii (Morino et al., 2006; Grattagliano
etal., 2012). BpaxoByroun BeNHKy KUIbKICTh €H3UMIB, 10 OepyTh
y4acTh y TeHepyBaHHI €HEprii B KIITHHI, y HAIIOMY IOCITIHKEHHI
BU3HAYCHO AKTHBHICTH KIFOYOBOTO CH3MMY LMKy TPHUKAPOOHOBHX
KHCJIOT (CYKLUMHATAETIIPOreHas ) Ta eNeKTPOHOTPAHCIIOPTHOT'O JIaH-
Iora (IIMTOXPOMOKCHIA3H), @ TAKOXK INTyTaMaT/eriipOreHas Hy aKTUB-
HICTB, sIKa TIOB’s13y€ €HepreTHYH Ta OI0CHHTETHYHI IIPOLECH B KIIITHHI.

AJieKBaTHE BiZIOOPQKEHHS BUPOKCHOCTI IUCMETA0OMIYHHX TPO-
IIECIB 1 CTAHy €HEPreTHYHOro 0OMiHY — aKTHBHICTh CYKLMHATICTIPO-
rerasu (CT). CAI" HatexuTh A0 CyKIMHATOKCUIA3HOI cucteMu dep-
MEHTIB, 00’ €IHaHUX Y JIaHItor y MiToxoHApisx. CII" — neprmii eH3um
i€l CHCTeMH, IITOXPOMOKCHIIA3a — OCTAHHIl. X aKTHBHICTS BinoGpa-
JKa€ eHEePreTHIHHI MTOTEeHIlia KITITHHY, (hyHKIIOHATBHHHA CTaH 1 KiTb-
KiCTh aKTUBHMX MiToXOHApIH. Jlesiki aBropu (Readon et al., 1992) 3a-
3HAYaloTh, 1110 L{/] Mae neprue micue cepe eHIOKPUHOMATIH, BHSIBIIC-
HUX 33 MITOXOH/IPITbHOI MaToyIorii. 31 CHIOIOYH OKUCHEHHS B Opra-
Hi3mi, C/I[" Gepe y4acTb y 3HEIIKOKCHHI TOKCHHIB i HETOOKHCHEHHX
HPOJIYKTIB, IO 3’SBISIIOTECS Y XBopux Ha LIJI. AKTHBHICTH LIbOTO
€H3UMY — IIOKa3HUK OKHCHOTO MeTa0OoIIi3My y KIIITHHAX J11a0eTHKIB
(Ferreica et al., 2003).

'V tBapuH Ha 21-1y 100y poseutky L] axruerHOCTI LIO Ta CAT Y
TieviHmi 3HM3ImCs BimmosiaHo Ha 20,0% i 10,5%, MOpiBHIHO 3 KOH-
TposbHOIO TpyToto (puc. 1). ITpu /] 2 3 okupiHHSIM BHYTPIIIHBO-
kiitTuHHAK piBeHb HAJI®H, sk mpaBuiio, MiIBUIIYIOTHCS, M0 BH-
KIIMKA€ 30UIBIICHHS MPOIYKLII CYIEPOKCUI-PAIUKAIIB, TOCHICHHS
OKCHJIATUBHOTO CTPECY Ta MOSBY JECTPYKTUBHHX NPOLECIB Y TKaHU-
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Hax (Gupte et al., 2009). ¥V Hammx JOCIIPKEHHSX y LIypiB i3 miade-
ToMm aktuBHicTb HAJI®OH-T'IT" (prc. 2) 3pocia y4eTBepo HOPiBHIHO

80

3 koutposieM, HAJTH-I'IT" 3um3unacs ymiie Ha 2,3%, a CHiBBij-
nomenust HAJTH-TIT/HAJI®H-T' AT 3menmmnocs B 4,1 pasa.
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Puc. 2. Aktusnicte HAJTH- Ta HAJI®H-rnyTamataeriaporeHas i ix CriBBiHOIICHHS Y MEYiHIIl NIy PiB MiCIIs 3aCTOCYBaHHS
CeITeHXPOMITITITHOTO KOMITTEKCY Ta BBEICHHs Heopraniunamx ¢popm Cr' ta Se** (M = m; n = 8—13): pisHHIIs IOKA3HHKIB
nocrosipra (P < 0,05) BigHocHo: * — kontponsnoi rpynu (K), | — BigHocHo rpymu LI, # — BigHocHo rpymnu LIJT 2

BusiBrieHi 3MiHM BiATIOBIAIOTH KITHIYHIN KAapTHH, IO CYIPOBO-
JKy€ PO3BHTOK /TiabeTy Ta Y3rOKYEThCS 3 METAOOMIUHIMH TIOPYILEH-
HMH Y XBOPHUX Ha iHcymniHHe3anexuuit LJ]. 3a BBeZIeHHS ceneHXpoM-
JIIITHOrO KOMIUIEKCY BiIMIYaeThest mimBuieHHs aktuHOcTi CJII
(puc. 1), 30kpema, y rpymi LIJI + JI 1 1i akTuBHICTS 30UTHIIUIACS Y
7.5 pasza nopiasiHO 3 rpymoro 1)1 2, y rpymi LT+ JI 2 30inbiueHHs
BinOyocs jmie Ha 3%, a'y rpymi LI+ T+ J11—y 5,2 paza.

TlifBuUILeHHST CYKIMHATACTIAPOreHa3HOl aKTHBHOCTI Y3rO/DKYETh-
Cs1 3 T ABHUILICHHSIM aKTUBHOCTI [ITOXpOMOKcuasu: y rpymi LT+ J1 1
BinMmidaeThes momimmuensst aktuBHOCTI IO Ha 17,2%, y rpymi LI+
JI12—-na49,1% tana 7,0% y rpym LI+ I1+J1 1 (puc. 1). AkruBHicTS
CAI' i IO y mrypis, SIKMM YBOHIIM CENEHXPOMIIIITITHUH KOMIUICKC i3
PO LIAKTHIHOK METO0, HE3HAYHO 3HU3MIIACS.

HAJTH-riytamat/ierinporeHa3Ha akTUBHICTh 3a il CENICHXPOM-
JIITITHOTO KOMILIEKCY 13 XJIOPEIH JI0CTOBIpHO 3pocia Ha 80,6% y rpymi
L1 +IT nopiBustHo 3 rpymoto LT 1, y rpym LA+JT 1 ta I+J12
(3a BBeeHHs Heopraniunmx (opm Cr'' ta Se*') axrupmicrs HAJTH-
Al 3am3unacs Ha 43,0% 1 39,8%, BimmosinHo, a y rpym L]+ 11+ J1 1

3pocina Ha 90,3% oo nokasHuka TBapuH rpymm LUI2 (puc. 2).

Axtunicts HAJJOH-I'I" 3a BBeAEHHS IIypaM CEeIeHXPOMITi-
TITHOTO KOMIUIEKCY i3 XJIOPEIN TaKoX CYTTE€BO 3MEHIIyBajacs y
rpymi LT +IT (8 2,1 paza BigHOCHO rpymu LI 1), a 3a cioxuBaHHs
IypaMy CeeHXpoMITiiHOro Komintekey rpyr L1+ JI 1 ta II/] +
I1+ JI 1 gocroBipHo 3um3macs B 2,3 Ta 1,9 pasa, nuiiie 3a BBEICH-
Hs Heoprasiunnx dopm Cr'* Ta Se*" mokasmux 3pic B 1,9 pasa mo-
JI0 TIOKa3HuUKa y TBapuH rpymu LIJ1 2 (puc. 2).

B excrieprMeHTi criocTepiraiy 3poCTaHHsI TOKa3HKKA CITiBBIIHO-
mennst HAJIH-TAT/HAJI®-T AL (puc. 2) B ycix rpymax TBAPUH, KM
YBOMIIM CEJICHXPOMIIITITHAN KOMIUIEKC, OUTBILIOI0 MIpOI0 y TpyIi
I3+ I1-8 3,7 paza (mozno rpym L/11) tay rpyni LI+ 1+ J11 -8
3,5 paza BimHocHO rpym LI/12. 3pocranns crissimmomenns HAJTH-
TAT/HAJI®-T' AT cBimuuTh PO aKTHBI3AIi0 KAaTATITHYHOT JIAHKH HiT-
POrCHOBOIO MeTabOoMi3My B OpraHi3mi TBaprH. CyTTeBE 3HIKEHHS T10-
kasnuka criBBigHowentss HAIH-TAT/HAA®-TAI Bimmivanocs y
TPy LIypiB, SKIM yBOIIH Heoprauiuri dopmu Cr'™ Ta Se** BimHoc-
Ho rpymm LI/1 2, a'y rpymi LIJT + JI 1 mokasHuk 3pic B 1,2 paza.
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OTpuMaHi pe3yJbTaTd CBiMYaTh MPO AKTHBI3AI[IO CHEPreTHY-
HOTro MeTaboIi3My 3a BBEJICHHSI CEJICHXPOMIIIITITHIX KOMIUIEKCIB i3
xyopenu Ha doui [IJ] 2 sk Ha piBHi mukity Kpebca, Tak B Tepmi-
HaJIbHIH (a3l AMXaJbHOTO JIAHLIOra, 8 TaKOXK MPO BUKOPHCTaHHS
AMIHOKHCIIOT SIK €HEPreTHIHOTO CyOCTpaTy.

OoroBopenHst

ExcriepumenTanbHO BigTBopeHni mykpoBuid miader 11 tumy Bin-
3HAYAETHCS TOPYILIEHHSIM MeTaboIIi3My B Oprai3mi IIypiB, IO M-
TBEP/DKYETHCS Pe3yIbTaTaMy KOMILUICKCHHX OiOXiMIYHUX JOCIIiDKCHB.
I'mOOoKi po3najiy eHepreTHYHOro 0OMiHY BUHHKAIOTH 32 [iiabeTy, KO
3HAYHO 3MEHIIYETHCS BUPOOJICHHS MaKPOEPTIUHKX CIIONYK Y 3B’513KY 3
TIOPYLUCHHSM JIMXaJIBHOTO JIAHIIFOTa, 3MOBJICHUM OOMEKEHHSM I10-
Ty>kHOCTI MKy Kpeoca (Ferreica et al., 2003).

AJiekBaTHE BiIOOpaKCHHS BUPKEHOCTI IACMETA0OMIYHAX TPO-
LIECIB 1 CTAHYy €HEPreTHYHOrO OOMiHY — 3MEHITICHHST aKTHBHOCTI ITHTO-
XPOMOKCHUITa3H, CyKimHataeriaporeHasy, HAJTH-rmyramarnerinpore-
HasW, aktuBizamis misuibHocTi HAJIOH-T/IT, a Takok 3HIDKEHHS
criBgigHorennst HAJIH-I'JIT/HAID-T'IT.

CropsIMOBaHICTh TJTyTaMaTACTiIPOreHA3HOI peakilii, HampsaM
sIKoi BU3HAUYAETHCS HasiBHICTIO Koepmenty (HAI-3anexxHa — npsi-
ma, HAJI®D-3anexHa — 3BOPOTHA), 3yMOBIIIOE HAIIPSIM METa0b0ITi3My
(Metzler, 2003; Dudina, 2005). YV npswmiii peaknii BinOyBaeTbCs
Jie3aMiHyBaHHs IJTyTaMaTy 3 YTBOPEHHSM 2-OKCOIJTyTapary 3 Io-
JIBIINM HOTO BUKOpPHCTaHHSIM y Imkii Kpebca abo iHmmx mera-
0OJIIYHMX CHCTEMaX, BUKOHYIOUH eHepreTHdHy ¢yHKio. Y 3BO-
POTHI# peakiii pepMeHT crpsiMOBYe MeTaboi3M y ik GiocHHTE3Y
AMIHOKHCIIOT (CHHTETa3HMH NUBIX). 3aKOHOMIPHOCTI aKTHBHOCTI
riyramatzerigporenasu 3 HAJ[" ta HAJI®' cBinuats nmpo nepesa-
JKaHHS YTBOPEHHS [VIyTamary HaJ HOro jae3aMiHyBaHHSM, TOOTO
AKTHUBI3AIIIIO 3B’SI3yBaHHS aMiaKy sSIK OJIMH i3 JII€BUX JETOKCHKAITii-
HHUX MEXaHi3MiB, SIKHH PO3BHUBAETHCS TiJl 4aC BUKOPUCTAHHS aMiHO-
KHUCJIOT SIK EHePreTUYHHUX CYOCTpaTiB y CTPECOBHX i MATOJIOTTYHNX
cranax (Grubinko and Arsan, 1998).

Pe3ynbraTét OCHI/DKSHb CHIBBITHOCSATHCS 3 JaHUMH OKPEMHX
astopiB (Shibata et al., 2003; Jeong et al., 2009) mpo Te, 1110 XJI0pena
MOke OYTH KOPUCHOIO I IPO(iTaKTHKY AiabeTy Ta pO3BUTKY Hia-
OCTHYHHX YCKJIAHEHb, 4 TAKOXK BOJIOJIE TIMOTTIIKEMIYHIM €(PEKTOM.
3apmsixu BnactuBocTsIM Ch. vulgaris akyMyJTIOBaTH i3 CepeIOBHIA
KyJIbTHBYBAaHHS 10HM HEMETaJiB I METAJIB, a TAKOXK HAKOIMIyBaTH
€K30r€HHI MIKPOCJIEMEHTH, BKITFOYAIOYX 1X Yy 3HAYHIN KUTBKOCTI JI0
CKJIaNy JIMiiB, aHTHAiaOeTHYHa Jis XyIopeny nocumoetsest. [lep-
OpaJIbHE BBEZICHHSI B OPraHi3M JIabOpaTOPHUX IIypiB 3 eKCIIepUMEH-
TanbHAM JiabeToM ceneHxpominiaHoro koMiekey 3 Ch. vulgaris
TIOKPAIIIIIO €HEPreTHYHUI CTATYC LTypiB.

3 oy Ha jaHi, BinoOpaxkeHi B pUCyHKaxX 1 Ta 2, MOXHa y3-
ToIMTH iX 13 TBepmKeHHsMu, HaBeneHMu Cefalu et al. (2004) po
Te, IO BIMOBiAb OpraHi3My Ha 0 Cr' Ta Se* sanexus Bi
(opmu Horo BeneHHs1. JI00aBKH XpOMy BUKOPHUCTOBYIOTh y BUTJISIL
HEOpraHiyHMX (B OCHOBHOMY Li€ XJIOPHI XPOMY) Ta OpraHIYHHX
(HIKOTHHAT XPOMY, MIKOJIIHAT XPOMY, LIATPAT XPOMY, aLleTaT Xpomy)
CIIONYK, a TAaKOXK Yy BHIVIIOI XPOMyMICHHX IpbKmKiB. Ha mymky
JESKUX JOCTIAHHIKIB, HEOPraHiYHi CIIOIYKH XPOMY MalOTh HIDKUIUI
piBEHb 3aCBOEHHS IIHOTO €JIEMEHTa B OpraHi3Mi MOpIBHAHO 3
OpraHiYHAMU CIOJyKaMH, He 3B’s3aHi y O10JIOTiUHI KOMIUIEKCH Ta
MOXXYTh MAaTH IHIIy CTPYKTYpY, HDK HaTypalbHi HyTPi€HTH; BOHU
YacTO MPOSIBIISIOTh HU3bKY €(DEKTUBHICTH i MOXYTh BHSBILSITH I10-
6iuni edextu. 3rigHo 3 nanumu Vincent (2012), 6i03acBOEHHS Xpo-
My 3 HEOpraHIYHHMX CIOJYK HeBHCOKE (110 1%), OfHaK BOHO 3poc-
Tae 210 25% 3a HAAXODKECHHS XPOMY Y BUIVISI OPTaHIiYHHX CIIOIYK
(miKoMiHATH, HIKOTWHATH, IUTPaTH). TakuM YHHOM, pe3yJIbTaTH
JOCTIDKEHb JTO3BOJITFOTH 3pOOWTH OOTPYHTOBaHMH BHCHOBOK TPO
Te, IO BUKOPHCTAHHS CEJICHXPOMIIIMITHOTO KOMIUIEKCY, BUALICHOTO
I3 XJI0peny, fae HabaraTo OUTBIINIA TeparneBTUIHAN eeKT IpH 3MOo-
nensoBaoMy LIJ1, i € edeKTHBHIIIMM, NOPIBHSIHO 3 HEOPraHIYHHMU
CIIOJTyKaMH, 3aCBOEHHSI SIKUX B OpraHi3Mi Habarato HypK4e.

BucHoBkn

JIOCIi/DKEHHS I03BOJIMIIO BIIEPLIE IPYHTOBHO BUBUMTH BILIMB
ninigis Ch. vulgaris 3a cimsoi mii Cr'' Ta Se** Ha enepreruunmit
MeTaboIi3M Iy piB 3a 3mMozensoBaHoro L1 2. Cenenxpomitini THmi
KOMIUICKC TPOSBIISIE BIUIMB HAa OOMIHHI MPOIECH B OpraHi3Mi
TBapHH 3a €KCIIEPUMEHTAJIEHOTO I[yKPOBOTO Jia0eTy.

OtpuMaHi pe3ynbTaTH — 3pOCTaHHS PIBHS (pyKTO3aMiHy, IJli-
KeMii, TJIFOKO3ypil, BiICYTHICTh KETOHYPIl, a TAKOX OLiHKa JIMHa-
MIKH DITIKEMIT Tijl Yac MPOBEICHHS OPATbHOT'O TECTY TOJICPAHTHOCTI
JI0 TJIIOKO3H Y IIypIB, 3a SIKOTO PiBeHb IITiKeMii yepe3 2 TOuHH Bil
MOMEHTY BBEACHHS INIFOKO3U 3IMIIABCS BULIMM 3a 13 MMOmb/I,
CBiTuMIH Tpo po3BuUTOK LIJ] 2 y mypiB.

I3 Ch. vulgaris B yMOBaX aKkBaKyJIbTypH BUALICHO CTaOLIBHUIA
CEJCHXPOMIIIIITHAN KOMILIEKC, 32 BBEICHHS SKOTO IITypaM 3 eKc-
TIePUMEHTAIIFHAM IyKpOBHM JiabetoM y mo3i 3 0,6 MKT ceneny,
1,05 Mkr xpomy B 0,5 Mr minigis Ha 1 M 1% BOIHO-KPOXMATBHOL
CycCIieH3il y MediHIl BigOyBasocs MiJBUIICHHS aKTUBHOCTCH CYK-
LIMHAT/ETIIPOreHa3H Ta LIUTOXPOMOKCUIAa3H. BUHATOK CTaHOBIATH
JIMILE Ti TPYIH TBAapHH, SKHUM YBOAWINA CEJICHXPOMIIIITIHHNA KOM-
TIEKC 13 MPOQITaKTUIHOO METOI0, Y HIX aKTHUBHICTD TOCIIKEHIX
€H3HMMIB HE3HAYHO 3HU3MIIACS.

Cenenxpominiguuii komiuiekc aktuByBaB HAJIH-riryramar-
JIeTiiporeHasy y Ipymax HIypiB, SIKHM HOTO BBOAIUIN 3 NPOQiIaK-
THYHOIO Ta JIKYBaJIbHO-NIPO(UIAKTUYHOIO MeTo0. BinOynocs 3uu-
sxxernst HAJIOH-I'IT y Bcix rpymnax LIypiB, sSIKUM YBOIHIN KOM-
mwiekc i3 Ch. vulgaris, ioro aKTUBaMLiIO BiIMIiYajiy JHIIE y TPyII
IIypiB, SIKKM YBOJAIIN HEOpraHiuHi (OPMHU CeJeHy Ta XpOMy.
3a BBEICHHS CENICHXPOMIIIITITHOTO KOMIUICKCY 3 MIKPOBOZOPOCTL
BifOynacst 3MiHa criBBigHOmeHHs aktueHocTi HAJ[™ Ta HAJI® -
T'T" y 6ik 3pocrannst (mo 3,7 pasa y rpymi LIJI + IT), mo cBigquurh
PO TIPHCKOPEHHSI y TEYiHIli eKCIIEPUMEHTAIBHUX TBapHH CHEepre-
THYHOTO MeTaboNi3My 3 BUKOPHCTaHHSIM SIK CHEPreTHYHHX CyO-
CTpaTiB aMiHOKHUCIIOT. 32 BBE/ICHHS HCOPTraHIYHUX (OPM CEIICHY Ta
xpomy criBginsoruensss HAJTH/HAJI®H 3umkyersest.

Pesysprati mokasaiy MO3MTUBHHII BIUIMB CEJICHXPOMIIIIIHOTO
komruiekey 3 Ch. vulgaris Ha eHepreTHyHN OOMIH IIypiB 3 eKCIIepH-
meHTaTpHAM LJ] 2 Ham HeopraniuHkMH (HOpMaMU XpOMY Ta CEICHY.
Le no3BoIsiE BBaYKATH TAHWIA KOMIUIEKC 13 XJIOPEH MEPCIICKTHBHIM
PETyISITOPOM EHEPreTHIHOTO MeTaboIi3My 3a ITyKpOBOTO Aiabery.
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Harpalus rufipes (De Geer, 1774) is a trans-palearctic, polyzonal, habitat generalist species, which is usually the
most numerous ground beetle species in agricultural ecosystems and forest plantations. In laboratory conditions, 50
H. rufipes imagoes were placed in separate containers, each individual being fed over several days with seeds of a
single species of plant, the total number of plant species being ten. Then the content of the beetles’ intestine were
analyzed using Lugol’s iodine stain for visualizing starch granules. Native agents of ground seeds of plants and also of
seeds treated by a fermentative agent from a mammalian pancreas were used for control. Granules of starch from seeds
of Triticum aestivum L., Hordeum vulgare L. and Secale cereale L. were only insignificantly broken down by enzymes
in the intestines of H. rufipes. The starch granules of Avena sativa L., Panicum miliaceum L., Sorghum drummondii
(Steud.) Millsp. and Chase, Fagopyrum esculentum Moench and Sinapis arvensis L. were also insignificantly affected
in the beetles’ intestine compared to the agent affected by enzymes of vertebrate animals. Starch granules of Beta
vulgaris L. seeds affected by the enzymes became deformed and fragmented. Sometimes only their fragments
remained. Seeds with a high content of fats such as seeds of Juglans regia L. were digested poorly in the intestine of
H. rufipes (drops of fat could be seen surrounding certain food particles, which obstructed their digestion). The results
of microscopic study of the intestinal content of mixed phytophage ground beetles of agricultural environments will
help in identifying mechanisms of regulation of trophic chains by polyphage species, and will help advance the study of
gregarine infection rates among ground beetles.

Keywords: intestinal content; ground beetles; digestion; starch; mixed phytophages

Introduction

Identifying the dietary components of mixed phytophage ground
beetles is an interesting and promising area of ecological research.
Ground beetles which feed on plant seeds can consume both cultivated
species of plants, therefore causing damage to agriculture, and weed
seeds, which is beneficial to agriculture (Honek et al., 2003; Fawki and
Toft, 2005; Klime$ and Saska, 2010). Studying the diet of different
species of ground beetles which feed on plants in the conditions of
natural ecosystem and agricultural landscapes is interesting both from a
theoretical (evaluating the structure of trophic chains, identifying the
mechanisms of regulation of phytocoenosis structures, etc.), and from a
practical perspective (identifying mechanisms of limiting the population
of the most harmful species of weed, qualitative evaluation and
quantification of seed stock of weeds in agrocoenoses, etc.).

One such mixed phytophage-species is Harpalus rufipes (De
Geer, 1774), a trans-palearctic polyzonal species inhabiting fields,
typically the most numerous species of among the ground beetle in
agricultural ecosystems (Kryzhanovskij et al., 1995; Hurka, 1996;
Freude et al., 2004; Kataev and Liang, 2015). The biology of
H. rufipes in natural conditions has been studied in some detail
(Lindroth, 1986; Midtgaard, 1999; Porhajasova et al., 2009; Harrison
and Gallandt, 2012). H. rufipes consumes agricultural pests, and also
causes damage to cereal cultures. H. rufipes is usually found in culti-
vated lands, pastures, in gardens, in polluted areas, in ruderal commu-
nities (Lindroth, 1986; Davies, 1953). In most habitats, H. rufipes

lives together with 3—7 species of the Harpalus genus, generally
being numerically dominant and attaining the maximum size among
the entire group of ground beetles with a mixed (vegetative and
animal) diet (Thomas et al., 2001). The life-cycle of H. rufipes varies
(Matalin, 2007): in the north of its range, a generation develops over
two years, in the south part — during one year. Imagoes are seen from
late March — April to late September — November. Oviposition takes
place from early Mach to July. In the two year development cycle,
larvae and imagoes hibernate (Lindroth, 1986).

In spring and in early summer, H. rufipes migrates over quite
large distances, moving 10-15 m a day. H. rufipes can make
significant migrations by land and by air, with clusters of dozens and
hundreds of individuals per square meter in areas with optimum
hygrothermal regimes and concentrations of trophic objects (vege-
tative and animal). In the areas, where individuals concentrate, they
can significantly affect plantings of agricultural crops (Lindroth,
1986; Currie et al., 1996). Studying the trophic chains between this
species and seeds of different plant species is valuable agriculturally
and scientifically for developing the methods of general calculation of
the population of any species in an agrocenosis. Selectively consu-
ming seeds, the beetle can cause a much stronger effect upon the
structure of a phytocoenosis than it would by consuming the vegeta-
tive parts of plants (Honek et al., 2003; Saska et al., 2010). On the
other hand, it is possible that individual preferences exist among
different individuals within populations (Korolev and Brygadyrenko,
2014), therefore the availability of certain types of food is interesting for
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studying intra-populational trophic and morphological polymerphism of
a H. rufipes population (Brygadyrenko and Reshetniak, 2014a).

In the conditions of steppe zones, beetles are common in forest
plantations and natural forests of different types Brygadyrenko
(2014, 2015). Consuming seeds of different plant species and inver-
tebrates of different species (Monzo et al., 2011; Reshetniak and
Brygadyrenko, 2013), they are able to survive through unfavorable
periods of droughts, when they concentrate on the edges of grain
crop fields and limit the seed yield both for cultivated cereals and
weeds in the fields (Faly and Brygadyrenko, 2014; Faly et al.,
2017). The factors which cause the imagoes of this species to
migrate (including mass migrations) have been insufficiently
studied (Midtgaard, 1999), but certainly apart from beetles’ activity
related to mating and oviposition in the most favorable conditions,
the main factor is searching for a sufficient amount of seeds of
optimum quality and of optimum species composition, including in
agrocoenoses (Zhang et al., 1997; Hartke et al., 1998; Porhajasova
et al., 2009; Bohan et al.,, 2011; Harrison and Gallandt, 2012).
Clusters of H. rufipes imagoes attract a great number of predators
(Thiele, 1977; Churchfield et al., 1991), which drives the movement
of energy in ecosystems further up the trophic chains.

Field studies have indicated a high extent of infection of H. ru-
fipes with several species of gregarines (Brygadyrenko and Reshet-
niak, 2016). The influence of the dietary components of different
beetle individuals upon these species of protozoan parasites remains
unstudied. It is another interesting and important practical research
area where microscopic identification of the beetles’ diet components

Table 1

has a significant value. Experiments on seed consumption by H. rufi-
pes have been conducted for a large spectrum of agricultural crops
(Hartke et al., 1998; Shearin et al., 2008; Brygadyrenko and Reshet-
niak, 2014b). The seeds of plants are the main source of energy for
H. rufipes, which the beetle specifically searches for. For example,
H. rufipes selectively eats out the seeds of strawberries (Briggs,
1965). The species provides great interest for studying the process of
breakdown of starch in the intestines of polyphage insects.

Therefore, the objective of this paper is to evaluate the possibility
of determining the content of the diet of H. rufipes using the visual
characteristics of their intestinal content in laboratory conditions.

Materials and methods

H. rufipes individuals were collected using pitfall traps in August
2015 in corn fields around Dnipro (central part of Ukraine). The beetles
were collected from a population with a low level of gregarine infection,
and indeed not a single gregarine specimen was found during the course
of the experiment. 50 H. rufipes individuals were used in the research.
The beetles were put in separate containers (to prevent cannibalism)
with no food, but with access to fresh water and were kept for two days
for cleansing their intestines from undigested food remains. Then each
H. rufipes imago was kept separately in a rectangular container (8 X
12 cm and 8 cm height) with one type of food for 5 days. Overall, the
H. rufipes imagoes were fed with fruits and seeds of 10 species of food
plants (5 beetles for each food plant species). Each beetle was offered
one food type in excess quantity (Table 1).

Brief characteristics of food substrates of H. rufipes beetles in the laboratory experiment

Family Species English name Part of plant Processing method
Avena sativa L. Oat
Secale cereale L. Rye .
solid

Poaceae Hordeum vulgare L. Barley

Sorghum drummondii (Steud.) Millsp. and Chase  Sudan grass

Panicum miliaceum L. Proso millet fruits cleaned from shell

Triticum aestivum L. Bread wheat solid
Polygonaceae Fagopyrum esculentum Moench Buckwheat cleaned from shell
Chenopodiaceae Beta vulgaris L. Sea beet solid
Juglandaceae Juglans regia L. Persian walnut cleaned from shell
Brassicaceae Sinapis arvensis L. Field mustard seeds solid

The numbered containers were arranged randomly on the labora-
tory table, which was not exposed to direct sunlight. The temperature in
the laboratory fluctuated from +22 °C in the night to +28 °C in the day,
relative air humidity was 38-54%. The entire laboratory part of the
study was completed in 5 days, from 08-13.08.2015 (in the period of
maximum mobility of the beetles common in Ukraine’s steppe zone).

The intestines of the beetles were removed and placed on
microscopic glass in physiological solution. Then 5-6 transversal
incisions by scalpel were made, extruding the content of the middle
section of intestine. The elements of digested food were stained
using Lugol’s iodine for detailed visualization of starch granules.

For comparison of the intestinal content with standard samples,
the samples of all the fruits and seeds used in the experiment were
ground in a porcelain mortar, then placed on the microscopic glass in
the physiological solution heated to 36 °C with fermentative prepa-
ration from the human pancreas. The preparation was also stained
using Lugol’s solution. The control samples of raw fruits and seeds
were also ground in a porcelain mortar, and then put on a microscopic
glass in physiological solution and stained in a similar way.

The studied material was photographed using a digital camera
with 5 megapixel resolution. The observations were made using a
microscope with *5, *10 magnification and *40 planochromatic
microscope objectives.

Results

No differences were found among the five specimens in each
group which consumed a particular plant species, the content of their
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intestine being monotypic. However, significant differences were
found in intestinal content of the beetles which were fed with different
types of food (Fig. 1-4). Starch grains in the content of the middle
section of the beetles’ intestine and in the preparation treated with hu-
man digestive enzymes did not significantly differ in form or in size.

Starch granules in wheat seeds are oval, 2-5 pm in diameter
(Fig. 1a—c). By contrast, starch granules of rye are on average larger
(3-7 um), most often round (Fig. 1d—f). Starch granules of barley
are smaller, most often round rather than oval (Fig. 1g—i). Fermen-
tative preparation breaks down granules of these cereals more
intensively than the enzymes of H. rufipes intestines.

Starch granules of oats (Fig. 2a—) are much smaller than the
granules of the above-mentioned cereals (0.7-1.8 pm). Starch gra-
nules of millet (Fig. 2d—f) are larger (1.5-2.8 um). Starch granules
of sorghum (Fig. 2g—i) are the same size as starch granules of
wheat — 2.0-4.5 pm. In the beetles’ intestines they were not affected
compared with the preparation affected the enzymes of vertebrate
animals.

The starch granules of buckwheat (thombic, 2.5-4.0 um length,
Fig. 3a—) and mustard (irregular shape, 1.5-5.0 um, Fig. 3d-)
remained unaffected in the intestines of H. rufipes. Starch granules
in the seeds of beet (thombic, 2.5-4.0 um length, Fig. 3g—i) affected
by enzymes of H. rufipes intestines became deformed and fragmen-
ted, often only small particles of them were left.

Seeds with high fat content (for example Persian walnut) were
digested poorly in the intestines (Fig. 4) of H. rufipes beetles. Drops
of fat (more than 10-15 pm in length) were visible around separate
particles, which impeded their digestion.
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Fig. 1. Influence of fermentative preparation from the human pancreas and intestinal enzymes of H. rufipes upon the seeds of wheat (a—c),
rye (d—f) and barley (g—): a, d, g — ground seeds, b, e, 1 — ground seeds processed using fermentative preparation, c, f, i — seeds taken out
of the middle section of intestines of H. rufipes; staining on all preparations was done with Lugol’s solution; bar — 10 pm

Discussion

In our previous research we analysed the digestion of different
plant foods by H. rufipes (Brygadyrenko and Reshetniak, 2014b) and
found that fat — rich foods were consumed less and caused a decrease
in the beetles’ body mass. By using food mixtures containning several
species of plant foods we found the optimum combination for food
consumption and increase in the beetles’ body mass — for the most

efficient digestion of food. The current research is a continuation of
our previous series of experiments on finding optimal conditions for
keeping beetles in a laboratory, including the provision of artificial
types of diet (Reshetniak and Brygadyrenko, 2013). In the
photographs of the intestinal content of the beetles which are fed on
the seeds of Persian walnut (Fig. 4) fat drops around food particles
could be clearly distinguished, which impeded the beetles’ normal
digestive process.
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Fig. 2. Influence of fermentative preparation from the human pancreas and intestinal enzymes of H. rufipes upon the seeds of oat (a—),
millet (¢—f) and sorghum (g—i): a, d, g — ground seeds, b, e, i — ground seeds processed using fermentative preparation, c, f, i — seeds taken
out of the middle section of intestines of H. rufipes; staining on all preparations was done with Lugol’s solution; bar — 10 um

The second aspect of this research was the influence of the
structure of the content of the central section of the intestine of
H. rufipes on morphological variability of the single cell parasites
which we often find in the course of our research (Reshetniak, 2015).
We have found that gregarines change their morphology in different
beetles (Brygadyrenko and Reshetniak, 2016). The morphology of
gregarines is the main indicator in identifying their taxonomic

position. However, we have found no research in the literature on the
influence of the content of partially digested food on the
morphological characteristics of gregarines, parasites of insects. Even
though no gregarines were found in the intestines of the beetles
collected, this article is the first attempt at visual assessment of the
environment for gregarines in a laboratory experiment with the hosts
feeding on a single type of food. H. rufipes is not a pure phytophage;
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apart from plants, the beetles consume dozens of species of inver- Changes in the structure of starch grains occur in the rear part
tebrates, which impedes morphological study of the beetles’ intestinal of the central section of the intestine of H. rufipes. Therefore, we
content. found no morphometric changes in the form of starch grains.

-

Fig. 3. Influence of fermentative preparation from the human pancreas and intestinal enzymes of H. rufipes upon the seeds of buckwheat (a—),
mustard (¢-f) and beet (g—i): a, d, g — ground seeds, b, e, i — ground seeds processed using fermentative preparation, c, f; i — seeds taken out
of middle section of the intestines of H. rufipes; staining on all preparations was done with Lugol’s solution; bar — 10 um

Identifying plant species whose traces were found on the stone 70% of their dry weight (Arraiz et al., 2016). The starch from seeds of
tools of cavemen is only possible using the methods of identifying the Avena sativa was resistant to the effect of different HCI concentra-
peculiarities of morphometric and optical properties of starch granu- tions at temperatures of 25 °C and 50 °C (Bet et al., 2016). Cleaned
les. Starch is the main component of any plant seed — it can make up seeds of buckwheat also are a rich source of starch for H. rufipes
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beetles (Dziadek et al., 2016). The results we obtained indicate that
using microscopic analysis of beetles’ intestinal content allows the
qualitative composition of their diet to be identified, which enables

the most significant components to be determined and the variation
of the diet for different H. rufipes individuals to be assessed (Bryga-
dyrenko and Reshetniak, 2014b).

Fig. 4. Influence of fermentative preparation from the human pancreas and intestinal enzymes of H. rufipes upon the seeds of Persian walnut:
a — ground seeds, b — ground seeds processed using fermentative preparation, ¢ — seeds taken out of the middle section of intestines;
staining on all preparations was done with Lugol’s solution; bar — 10 pm

Conclusion

Usage of visual analysis of beetles’ intestinal content is a possible
additional method of analysis, which is promising for employment
together with PCR-methods. Studying the trophic chains of H. rufipes
and other species of ground beetles in particular agrocoenoses and
natural ecosystems enables interesting mechanisms of regulation of
trophic chains by polyphage-species to be determined. This research
method will be a significant addition to parasitological methods of
studying ground beetles’ intestinal content when investigating their
infection with gregarines, nematodes and other parasitic species.
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Prevention of foodborne diseases is a priority for the world health system. In the process of manufacturing milk and
dairy products, the most important factor compromising their safety is seeding with a conditionally pathogenic and
pathogenic microflora. Salmonella, Escherichia coli, Listeria and other microorganisms that reproduce in dairy
products without changing their organoleptic properties are a particular danger. Staphylococcus aureus is an
opportunistic, conditionally pathogenic microorganism that often contaminates raw milk and dairy products. The aim of
the research presented in this article was to determine the dissemination of S. aureus in milk and milk products of
household production in the western regions of Ukraine, to identify the biotypes of S. aureus, production of enterotoxins
and the presence of methicillin-resistant strains. S. aureus was isolated on BD Baird-Parker Agar. The biotypes of
S. aureus were determined according to Meer. The determination of MRSA was carried out on the chromogenic Agar
chromID MRSA ("Biomerioux", Russia). The mecA gene was determined using the LightCycler MRSA Advanced
Test with LightCycler 2.0 primer (Roche Molecular Biochemicals, Germany). To determine staphylococcal
enterotoxins, the test system RIDASCREENSET A, B, C, D, E (R-Biopharm AG, Darmstadt, Germany) was used.
We isolated saprophyte staphylococci from milk of raw and dairy products in western regions of Ukraine in 82.7—
97.4% of samples. S. aureus is much more rarely isolated from these dairy products, so it was isolated from sour cream
at 62.8 + 0.9%, from milk at 35.5 + 1.3% and cottage cheese at 23.0 £+ 1.6%. Of the most well known biotypes of
S. aureus present in milk of raw and dairy products of domestic production, two ecological types were distinguished:
human and cattle. In this case S. aureus var. hominis was isolated more often than in S. aureus var. bovis. This gives
grounds to believe that the main source of contamination with milk staphylococci of raw and dairy products of domestic
production is people. Enterotoxin type A, which causes foodborne toxemia, was produced by S. aureus in 40.0 + 0.5%
of cases. Consequently, home-produced dairy products can spread staphylococcal toxicity caused by S. aureus var.
hominis. It was found that 17.8 + 0.6% of S. aureus var. hominis were resistant to methicillin, which is 1.8 times greater
than that of S. aureus var. bovis. This gives grounds to consider that there is a risk of MRSA infection to consumers of
home-produced dairy products. All methicillin-resistant staphylococci studied produced enterotoxins.

Keywords: staphylococci; biotypes; MRSA; enterotoxins

buoTHUOBbIE XAaPAKTEPUCTUKH 30JI0TUCTHIX CTAPUITOKOKKOB,
BbI/ICJICHHBIX M3 MOJIOKA U MOJIOYHBIX MPOAYKTOB JOMAIIHEr0 MPOMU3BOACTBA
B 3aIIa{HBIX PErHOHAX YKpPauHbI

H. A. Kyxtem*, 0. B. 'oprox**, B. B. I'oprox**, T. S1. SIpomenkxo***, O. 1. Buuako*, O. C. Ilokotuno*

*TepHononbcKkuil HaYUOHAbHBLI MexHuYecKkull yHusepcumem umenu Usana Iymos, Teprononw, Yxpauna
**lodonbekuil 20cyO0apcmeeH bl aspapHo-mexHudeckutl yHusepcumem, Kaveney-Ilooonsckuil, Yxpauna
***Teprononvbckuil 2ocyoapcmeentvii meouyunckuil yrueepcumem umenu M. A. Fopbaueeckoeo, Tepronons, Yrpauna

MonoyHble MPOTYKTHI AOMAIIHETO MPOM3BOCTBA, KOTOPBIE PEAIM3YIOTCS HA PhIHKAX B 3alla[HbIX PETMOHAX YKPAUHbI, HE MCCIEYIOTCS O

MUKPOOHOIOTMYECKUM TI0Ka3aTes M B MOIHOM o0beMe. T103ToMy neproaryecky 3Ta MpoyKIis CTAHOBUTCS NIPHYMHON BOSHUKHOBEHUS Y JIIO/ICH
Pa3NMYHBIX MHINEBBIX OTpaBIeHHH. Yale Bcero NpH yrnoTpeOIeHHH MOJIOYHBIX MIPOJyKTOB JOMAIIHETO IPOM3BOACTBA, KOTOPBIE PEeaH3yIoTCs 6e3
COOMIOZEHNST CAaHUTAPHO-TUTHEHHYECKUX TPeOOBaHHI, BO3HUKAIOT CTAa()HIOKOKKOBBIE TOKCHKO3bL Cpely 3HAUUTENBHOrO KOJNHYECTBA BHIOB
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CTaQHITOKOKKOB SHTEPOTOKCHHBI MPOYLIPYET B OCHOBHOM 30JI0THCTBIN CTaQHIOKOKK. B cTaThe MpUBeIeHbI TaHHbIE 00 00CEMEHSHHOCTH MOJIOKa
1 MOJIOYHBIX IIPOYKTOB JIOMAIIHET0 MPOU3BOJCTBA CTAPUIOKOKKAMH, HX OHOJIOTMYECKOe TIPOUCXOXKICHUE, TIPOIAYKIIUS SJHTEPOTOKCUHOB, HATMYNE
METHLWUIMH-PE3UCTEHTHBIX Staphylococcus aureus (MRSA). OnpeneneHo Hanuuue 3010TUCTHIX CTa(MIOKOKKOB B MOJIOKE ChIpOM B 35,5%
cllyyaeB, B cMeTaHe U TBopore — B 23,0-62,8% ciy4aeB. buotunupoanue S. aureus 1mokasano, 4TO W3 MOJIOKA CHIPOTO YEIOBEYECKHH HKOBAp
BBIZIENICH B 56,5% cily4aeB, U3 MOJIOYHBIX MPOAYKTOB (cMeTaHbl U TBopora) — 67,2-90,6%, a u3 pyk npoxaBioB — B 93,2%. /laHHBIC UccIeI0BaHMS
YKas3bIBAIOT, YTO TJIABHBII HCTOYHUK OOCEMEHEHHUSI MOJIOKA M MOJIOUHBIX ITPOYKTOB 30JI0TUCTBIM CTA(UIOKOKKOM — JIFOAH, KOTOPBIC MPOU3BOIAT
peau3yloT HpOAyKIMio. B 3HauMTeNbHO OOJBIIEM KOJIMYECTBE OINPEAETICHO HAJIMYME METHULMIUIMH-PE3HCTEHTHBIX KyJbTYP Y 30J0THCTOrO
CTaHIOKOKKA YeJIOBEYECKOro OMOTHIIA 10 CpaBHEHHIO C OMOTHIIOM KpyMHOTo poraroro ckota. 17,8% xymeryp S. aureus var. hominis ObuH
YCTOMYMBBI K METULIIJUIMHY, YTO B 1,8 pasa GoJiblle 10 CpaBHEHHIO C KyJbTypamu S. aureus var. bovis. 9T0 1aeT BO3MOKHOCTb IIPE/IIOararh
UHOUIPOBaHHE MOTPEOHTENe MOJNOYHBIX TMPOAYKTOB aoMariHero mpousojactBa MRSA. DHTepoTokcHH Tuma A, KOTOPBIA BBI3BIBACT
CTa(hMIIOKOKKOBBIH TOKCHKO3 Y JIFOJIEH, IPOAYLIMPYET TOJILKO 30JI0TUCTBII CTAQUIOKOKK YeI0BEYECKOro OHOTHUIIA.

Knrouesvle cnosa: cradmnokokku; Onotumnsl; MRSA; s3HTEpOTOKCHHEL

Baenenue

IpodunakTrka 3aboneBaHKil MUIIEBOTO MPOUCXOKICHHS OT-
HOCHTCSI K IPHOPUTETHBIM 33/1a4aM CHCTEMbI 3[paBOOXPAHCHHS BO
Bcem mupe (Cremonesi et al., 2007; Wang et al., 2009; Ateba et al.,
2010; Thaker et al., 2013; Basanisi et al., 2017). B nporiecce usro-
TOBJICHHSI MOJIOKA M MOJIOYHBIX HPOJYKTOB IJIABHBIM (HaKTOPOM
OIACHOCTH SIBJIACTCS OOCEMEHEHHE NaTOTCHHOM M YCIOBHO-TIATO-
reHHo# Mukpoduiopoit (Doulgeraki et al., 2017; Mehli et al., 2017).
Oco0yt0 OIacHOCTh MPECTABISIOT CAIbMOHEIUIbI, KHILCUHBIC T1a-
JIOYKH, JINCTEPHH U IPYrHe MHKPOOPTaHHU3MBI, KOTOPBIC Pa3MHO-
JKAFOTCS B MOJIOYHBIX MPOJYKTaX, HE MEHSS X OpPraHOJCHTHYCC-
xux cBoiictB (Lowy, 1998). 30m0THCTBIA CTaHIOKOKK SBIISIETCS
OIIMOPTYHUCTHYECKUM YCIIOBHO-TIATOTEHHBIM MHKPOOPIaHH3MOM,
KOTOPBIH 4acTo0 00CEMEHSET ChIPOE MOJIOKO M MOJIOYHBIC TIPOYK-
oI (Jaber et al., 2015; Carfora et al., 2015; Basanisi et al., 2017).

Cpem GOJIBIIOro KOJIMYECTBA BUOB CTA(IIOKOKKOB B OCHOBHOM
S. aureus TPOIYLMPYET SHTCPOTOKCHHBI THIIA A, BbI3bIBAIOIINE ITHILIC-
Boit Tokcrko3 (Cremonesi et al., 2007; Thaker et al., 2013; Habib
etal., 2015; Al-Ashmawy et al., 2016; Macori et al., 2016). B To xe
BpEMsl, SHTCPOTOKCUTECHHBIC LITAMMBI S. aureis, N30JIUPOBAHHbIC
OT J0Jieit, 0 HEKOTOPBIM CBOMCTBAM OTJIMYAIOTCS OT IITAMMOB S.
aureus, BBIICICHHBIX OT JKUBOTHBIX. IlO3TOMY ONpEIEISIOT
HECKOJIBKO 3KOBapoB (OMOTHIIOB) S. aureus B 3aBUCUMOCTH OT
OUOIOTHYECKOTO TPOUCXOXKICHUS: S. aureus var. hominis, S. au-
reus var. avium, S. aureus var. canis, S. aureus var. bovis (Fournier
et al., 2008; Jaber, 2011; Bardiau et al., 2013). B Ykpaune Hay4HBIX
paboT, MOCBSIIECHHBIX U3YYSHHIO OHOTHUIIOB 30JI0THCTOTO cTaduIo-
KOKKa, BBIICJICHHBIX U3 MOJIOKA M MOJIOYHBIX TIPOIYKTOB, IPAKTH-
YECKH HeT. YueHble OIpaHUYMBAIOTCS KOHCTaTaluel (axra Haau-
4usg 3THX OaKTepuii B MOJOYHBIX IPOAYKTaX Oe€3 OIpeneneHHs
HCTOYHHMKA 3apa)kKeHHS, YTO HE JJaeT BOSMOXHOCTH HPEIIPHHAMATE
LieJICHAIIPaBIICHHbIC TPOQUIAKTUYECKUE MEPBL.

Taxoke akTyaJbHBIM OCTAaeTCS M3YYCHHE PACIIPOCTPAHEHHOCTH
METHIWUIHH-Pe3UCTeHTHOro cradunokokka (MRSA) B monoke n
MonouHbIX mpojaykrax (Kwon et al., 2005; Crago et al., 2012;
Wang et al., 2014; Doulgeraki et al., 2017; Hamid et al., 2017,
Macori et al., 2017). Huskuii ypoBeHb €ro BBIACICHHS U3 MPOIYK-
TOB IIUTaHUS B YKPauHE HE OTPaXKaeT pealbHOH curyaruu. BHu-
MaHue yzensercss HHQOPMAIMKM O YyBCTBUTEIBHOCTH KYJBTYP K
AQHTHOMOTHKAM C LETIBI0 TIPOBEACHUS JIeUeOHO-TPOPUITAKTHIECKIX
MEpOIPHSTHIA, B TO 5K€ BPeMsl, PaCIPOCTPAHEHNE SHTCPOTOKCHICH-
HBIX LITAMMOB HE HCCIIC/IYETCS.

Taxum 06pa3zom, 11es1b paboThI — OIPEIETNTh HCTOYHUK KOHTa-
MHHAIMH MOJIOKa ¥ MOJIOYHBIX IIPOJyKTOB JIOMAIIIHEro IPOU3BOI-
CTBA B 3aMaJHBIX PErMOHAX YKPaWHbI 30JIOTHCTBIM CTAa(UIOKOK-
KOM, €ro CrocOOHOCTH IPOAYLIMPOBATH SHTEPOTOKCHHBI, HCCIIEI0-
BaTh €ro METULLIMH-PE3UCTCHTHBIC [ITAMMBI, YTO JACT BO3MOXK-
HOCTB pa3paboTaTh HOBBIE MOAXOIBI K OLIEHKE MUKPOOHOIOrHYec-
KOl O€30ITaCHOCTH ATHX MPOJYKTOB 33 CUET YCOBEPIICHCTBOBAHMS
HOPMATHUBHO-METOAMYECKON 6a3bl KOHTPOJISL.

Marepnas 1 METO/IbI HCCJICI0BAHUIT
Hccnenoana 71 mpoba mosoka ceiporo, 212 mpob cMeTaHsbl,

65 1po0 TBOpPOTra JAOMAIIHEro MPOM3BOJCTBA, KOTOPhIE peaan30Ba-
JIMCh Ha IPOJOBOJILCTBEHHBIX PHIHKAX 3aIa/IHBIX PETHOHOB YKpanu-

bl (TepHomonbekas, XwmenbHunKkast, JIbBoBckas, UepHoBuIKas
obmacti) 1 57 CMBIBOB C PyK IPOAABLOB 3THX HPOIYKTOB. Bine-
JICHO U UJICHTUUIPOBaHO 247 KynbTyp S. aureus.

Mzonayus u udenmughuxayust 3010MUCMo20 CMAQUIOKOKKA.
Muxkpobuosnorndeckyro 00paboTKy 00pasLoB I BBIIETICHUS S. au-
reus TIPOBOAIUIH ¢ ucnonb3oBanrem BD Baird-Parker Agar no cran-
IApTHOW MeTomuke. [lecsTUKpaTHBIE pa3BencHUs NPo0 MPOLYKTOB
BBICEBAIM HA YaIlIKH U1 TEPBHYHON M30JMIMK. VHKyOupoBanu B
a9PpOOHBIX YCIIOBUAX B TeueHne 4248 1 mpu Temmeparype 36 + 1 °C
U Jiernaiy nojcyer uepes 1824 n 4248 vyacos.

Mopgonoeuyeckue  xapaxmepucmuxy.  MHUKPOCKOTHYECKUN
Hpernapar M3roTaBIIMBAIM C U30JMPOBAHHON KyJBTYpPhl HA YHCTOM
MPEAMETHOM CTeKJIe U OKpammBaiy 1o ['pamy. OkpaleHHbIH Ma30K
HCCIENIOBAIIM O] MUKPOCKOTIOM: HAOMIOAI TPAMITOTIOKHUTEIbHbIE
chepraeckre KIETKH, HOXOXKHE Ha TPO3/Ib BUHOTPALIA, PACIIONOKEH-
HBIE B HECKOJIBKUX TUIOCKOCTSIX.

Buoxumuyeckoe uccnedosanue. I TIONTBEPIKICHIS HAIHIHS
S. aureus ACTIONB30BAIM TECTHI HA KaTanasy, Koaryiasy, OKCHIa3y,
Ha (epmeHTaimio D-mannurona, nponykimro JIHKaserl, areronna
(Maurin, 2004).

Onpeoenenue buomuna. Y KyJbTyp, IpUHAUISKAMX K S. aureus,
OHMOTHII ONPEIEIISIN UCTIONB3Ys CXEMY: OIpe/iesieHNE BETa IMTMEHTA,
Hamm4ue Oera-reMoin3a, aKTHBHOCTh KOarysiasbl B ObIMbeH IUTa3Me,
POCT Ha cpezie ¢ KprcTauIeckiM ¢uoseropsM (Mayer, 1999).

Onpedenenue  MemuyumIUH-pe3UCMENMHbIX  CIMAPUIOKOKKO8
(MRSA). s onpenenernss MRSA UCHONB30BaI XPOMOTCHHYIO
cpeny Arap chromID MRSA («Biomerioux», Poccust). Onpenene-
HHE TeHa MeCA MPOBOIWIIH C HCIOJIB30BAHUEM TECTOBOM CHCTEMBI
LightCycler MRSA Advanced Test ¢ mnomompto mnpaiimepos
LightCycler 2.0 («Roche Molecular Biochemicals», I'epmans).

Obnapydicenue cmaguiokokkogulx sumepomorcunos (SE). s
BBISIBJICHHS SHTCPOTOKCHHOB IIITAMMBI KYJIGTHBHPOBATH B 10 cM° -
TarenbHOro OynboHa («Merck», ['epMaHust) B TedeHHE CyTOK B a9p00-
HBIX ycinoBusix nipu 37 °C. CynepHaTaHTb! GaKTepHaTbHOH KyJIBTYpPBI
cobupam neHTprdyrupoBandem 1pu 4000 o0./MHH. B TeueHHE
10 mun. [l ompeneneHnst SHTEPOTOKCHHOB cTaduiokokka SEA,
SEB, SEC, SED u SEE ncrionssosanmi Tect-cricreMy Ridascreen®Set A,
B, C, D, E («R-Biopharm AG», I'epmanus). AHam3 HpOBOIWIH
COIVIACHO C METOIMYECKIMH yKasaHwsivu 4.2. 2429 — 08 «Metor onpe-
JIeTIeHUS! CTa(hFUIOKOKKOBBIX SHTEPOTOKCHHOB B TIHIIEBBIX MPOAYKTAX).
Cpe/IHHi HIDKHHIA TIpesierT 00Hapy»KeHHs aHamisa coctariisut 0,1 Mr/chr.
Bce sxcriepnMeHThI BEITONHSUTICH B TPEXKPATHOM HOBTOPEHHH.

Pe3ysbTaTsl

HccnenoBaHo MOJIOKO ChIPOE W MOJIOYHBIE HPOIYKTHI JAOMalll-
HEro MPOU3BOJICTBA, PeAIM3yeMble Ha PHIHKAX 3aIla/IHbIX PETHMOHOB
YkpauHbl, Ha 00CEMEHEHHOCTh TPENICTABUTEISIMI pona Staphylo-
coccus B €r0 KOaryJia3onooKUTETEHBIM BHIAOM — S. aureus (Ta0m. 1).
Baxrepuu pona Staphylococcus 110 4acToTe BBIIENCHHUS MOXKHO OT-
HECTH K CIIEIM(PUIECKOH MUKPO(IIOpe MOJIOKA CBIPOTO M MOJIOY-
HBIX TPOIYKTOB JIOMAIIHETO IPOU3BOJICTBA, TaK KaK OHH BBIIEIS-
yck B 82,7-97,4% cityyae. B To ke Bpemsi S. aureus B 3THX 1po-
JyKTax 0OHapy KMBAJICS 3HAUUTEIIBHO pexke. Halle Bcero ero Bblze-
JSUTA U3 CMeTaHsl: 62,8% citydaes, uto B 1,8 paza (P < 0,05) 60mb-
1I1e TI0 CPaBHEHHUIO C IPOOaMH MOJIOKa CBIPOTo U B 2,7 pa3a Oonblue
(P <0,05) mo cpaBHEHHIO C TBOPOTOM.
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B Momoke chIpOM U MOJIOYHBIX HPOYKTaX JOMAIIHETO MPOH3-
BoZICTBA (TalJI. 2) HMPKYJIMPYIOT JBa OMOTHIIA 30JI0THCTOrO cTadu-
JIOKOKKa: S. aureus var. bovis (OMOTUII KPYITHOTO POTaToro cKoTa)
u S. aureus var. hominis (denoBedeckuii 6uotun). OHAKO OIS UX
BBIZICTICHUS M3 TaHHBIX NIPOAYKTOB pa3Hast. [13 MoJIoKa ChIpOro BI-
nensma 43,5% KynbTyp 30JI0THCTOTO CTa(MIOKOKKA, KOTOPBIE
OTHECEHB! K OHOTHIy KPYITHOIO pOratoro ckora, a 56,5% — x
4esnoBeuecKoMy dKoBapy. M3 cMmeransl BbLIEsIoCh 67,2% KyJbTyp
S. aureus var. hominis, uro B 2,0 pasa (P < 0,05) 6osnbiie, mo cpas-
HEHUIO co S. aureus var. bovis. C TBOpora, B OCHOBHOM, BBIIICIIS-
ek Oaktepuu S. aureus var. hominis. VIX xomumdecTBo ObUIO B
1,6 paza (P < 0,05) Gonblie, yem B Monoke. KonuuecTBo Gakrepuii
S. aureus var. bovis B TBopore Obu10 MeHbIIe B 4,6 pasa (P < 0,05)
10 CPaBHEHHUIO C MOJIOKOM. J[OMUHHPOBAHHE YEIOBEYECKOTO KO-
Bapa B TBOPOTE CBA3aHO ¢ 00CEMEHEHNEM €ro IT0CIIe H3TOTOBIICHHS
(mpm ymakoBke 1 peanm3armn). Crenuduka H3roToBIeHHs TBOpOra
B JIOMAIIIHKUX YCJIOBMSIX 3aKJIIOYACTCSl B JUTUTEILHON TePMUYECKON
00paboTKe CKBAIIEHHOTO MOJIOKA, TIPU KOTOPOH Horudaer npaxkT-
YECKH BCsI BEreTaTHBHAs MUKPO(IIOpa, B TOM YMCIIE U 30JI0THCTBIA
cradunokokk. Ha pykax mpoiaBLOB mpeobiafaia 4YenoBeYSCKHit
OuoTHn, KOTOpBIi Beiemsuics B 93,2 + 1,4% ciydaeB, 3TO yKasbl-
BAa€T HA TO, YTO JIFOJX — ITIABHBIH HCTOYHUK OOCEMEHEHHsI MOJIOY-
HBIX IIPOyKTOB 30JIOTUCTBIMHU CTa()HIIOKOKKAMH.

Tadauna 1

OO6CEMEHEHHOCTh CTAMIOKOKKAMU MOJIOKA M MOJIOUHBIX
MPOJIYKTOB JOMAIITHETO POU3BOJICTBA B 3aIIa/IHBIX PETHOHAX
Yxpaunst (%, n = 348)

CTauIIOKOKKA TPOAYIHMPYIOT IECTh aHTUTCHHBIX BapHAHTOB
sHteporokcuHa: A, B, C, D, E u F. B ocHOBHOM muIi1ieBo# TOKCHKO3
BBI3bIBACT HTEPOTOKCHH THIIA A, peske — D (Normanno et al., 2007).
Hamu ornpeneneHb! IpoayKIms SHTEPOTOKCHHOB U MX TUIIBL y OaKTe-
puii S. aureus var. bovis u S. aureus var. hominis (Ta0. 4).

Tao6umma 3

YacroTa BBIIEICHHUS METUIMILUTUH-PE3UCTEHTHBIX IITAMMOB
30JI0TUCTOTO CTA(IIIOKOKKA M3 MOJIOKa M MOJIOYHBIX MPOTYKTOB
JIOMAIITHEro MPOU3BOJICTBA B 3aMaIHBIX PETHOHAX Y KPaHHbI

(%, n=247)

Buorunst Staphylococcus ~ VccnenoBaHo KyabTyp KommuectBo MRSA
aureus n % n %

S. aureus var. hominis 185 100 33 17,8*

S. aureus var. bovis 62 100 6 9,6

Tpumeuanue: MRSA — METHIIMIUTMH-PE3UCTEHTHBIIA 30JI0TUCTBIN cTaduiio-
KOKK; * — P < 0,05 1o cpaBHeHuto ¢ S. aureus var. bovis.

Tab6suna 4

Ture! SHTEPOTOKCUHOB, KOTOPBIE MPOLYLIUPOBAIIH 30JI0THCTHIE
cTa(hHIOKOKKH, BBIJEICHHBIE 13 MOJIOKA X MOJIOUHBIX POTYKTOB
B 3aMa{HBIX perrnoHax YxpauHsl (%, n = 247)

S. aureus var. hominis S. aureus var. bovis

Yacrota BblieNeHUs CTaUIOKOKKOB

Obuexr nocteoBarKi Staphylococcus spp. S. aureus
Moioxko ceipoe, n= 71 974 35,5
Cwmerana, n=212 98,7 62,8*
TBopor, n = 65 82,7 23,0

3HTepT0TP[cr)[12MHOB UCNE/I0BAHO ~ BTOM YMC/IC  WCNIEJOBAHO B TOM HHCIIE
KyJBTYp, % MRSA, % KyJBTYp, % MRSA, %

SHTEPOTOKCHHOB

HE MPOAYLIUPYIOT 42,7 0 512 0

SEA 40,0 85,1 0 0

SEB 0 0 0 0

SEC 12.4* 43 9,7 333

SED 4.9* 11,1 12,9 12,5

SEC/D 0 0 242 60,0

Tpumeuanue: Staphylococcus spp. — Bce Buabl poma Staphylococcus;
* — P < 0,05 1o cpaBHEHHUIO € TPOOAMU MOJIOKA CBIPOTO M TBOPOTa.

Taémuma 2

buorunsl S. aureus, BbIICTCHHBIC U3 MOJIOKA 1 MOJIOYHBIX
TIPOTYKTOB JOMAIITHEr0 POU3BO/ICTBA B 3alIaHBIX PETHOHAX
VYxpaunst (%, n = 247)

Buorunsl Staphylococcus aureus

OOBEKT HCCIIeIOBAHUI Hcenenosario S. aureus S. aureus
YIBIP ot hominis var. bovis
Moroko ceipoe 51 56,5 435
CwMmerana 97 67,2% 32,8
Tropor 43 90,6" 94
CMBIBBI € PYK IPOJIABLIOB 56 93,2 6.8

Tpumeuanue: S. aureus var. hominis — YenoBedecKuii OHOTHII (9KOBap);
S. aureus var. bovis — GHOTHII (3K0Bap) KPyIHOTO poraToro ckota; * — P < 0,05
10 CPaBHEHHIO C S. aureus var. bovis; # — P < 0,05 110 cpaBHEHHIO C MOJIOKOM;
A—P <0,05 110 cpaBHEHHIO C MOJIOKOM.

Takum 00pa3oM, MOTy4eHHbIE JaHHBIE OMOJIOTMYECKOTO THITH-
POBaHMS 30JI0THCTOTO CTAa()MIIOKOKKA, KOTOPBIH BBIIEISIIH M3 MOJO-
Ka CBIPOTO M MOJIOUHBIX IPOAYKTOB JOMAIITHETO MPON3BOAICTBA B 3a-
TIAJHBIX PETHOHAX YKpPauHbI, YKa3bIBAlOT Ha HAJIMYME ITOCTOSHHOTO
HCTOYHMKA OOCEMEHEHHSI MOJIOUHBIX TIPOYKTOB OakTeprsiMu S. au-
reus var. hominis OT IPOU3BOUTENEH 1 IIPOABLIOB ATHX IPOIYKTOB.
310 TpeOyeT MOCTOSHHOTO MUKPOOMOJIOTHYECKOro 00CIe0BaHHs
TIPOM3BOAUTENEH M MPOJIABLIOB IS BBIABICHHS UX HOCHUTENBCTBA U
JICYEHUS! C LENbI0 MPO(IAKTUKY MUIIEBBIX TOKCHKO30B CTa(mio-
KOKKOBOM 3THOJIOTUH.

OrmpeneneHre MTaMMOB CTa(HIOKOKKOB, YCTOIYMBBIX K METH-
mUUMHY (Tabn. 3), mokasano, 4to 00a OMOTHIIa PE3UCTEHTHBI K
aHTHOMOTHKAM OeTa-JTakTamMHON rpyrmsr: 17,8% kynsryp S. aureus
var. hominis yCTOWYMBBI K METUIIMILTMHY, uTo B 1,8 pasa (P < 0,05)
0OJIBIIIC TI0 CPABHEHHUIO C KyJIbTypaMu S. aureus var. bovis. 1o naetr
OCHOBaHME I0JIaraTh O BO3MOXXHOCTH MH(ULIMPOBaHMS MOTpeduTe-
Jiel MOJIOYHBIX IIPOIYKTOB IOMALIHEro Mpor3BozcTBa MRSA.

Tpumeuanue: SEA — sutepotokcunsl Tuna A, SEB — SHTEpOTOKCHHBI THIIA
B, SEC — sureporokcunst tuna C, SED — suteporokcunst tina D, SEC/D —
cMenranHbie sHTepoTokcuHbl Tuna C u D; * — P < 0,05 no cpaBHeHuIo ¢
S. aureus var. bovis.

KomuectBo mrammoB S. aureus var. hominis v S. aureus var.
bovis, KoTopble BOOOIIIE HE TPOLYLIMPOBAIIM SHTEPOTOKCHHOB, COCTaB-
JIs11a COOTBETCTBEHHO 42,7% 1 51,6%. CriocoGHOCT NMPOTyIMPOBaTh
SHTEPOTOKCHH THMa A oOHapyxwm Tomeko B 40,0% OGaxrepuii
S. aureus var. hominis. KomraectBo Gakrepwit S. aureus var. hominis,
KOTOpbIE TPOIYIMPOBATH SHTepoToKcHH Trma C, coctaBmsuio 12,4%,
qro B 1,3 paza (P < 0,05) Oonblue mo cpaBHeHHIO co S. aureus var.
bovis. Dureporokcrn Trmna D Gakrepun S. aureus var. hominis TIpozty-
1upoBan B 2,6 pasa (P < 0,05) menbliie, yeM Oaktepuu S. aureus var.
bovis. CMmeraHHbIe THTTBI SHTEPOTOKCHHOB C/D Moy IHpOBaTH TOIb-
Ko Gakrepun S. aureus var. bovis B 24,2% ciydaeB. Bee BblneneHHbIe
MRSA — sHTepoTOKCHTreHHBIe. Takim 00pa3oM, SHTEPOTOKCHH TUIIA
A, KOTOpBIIf B OCHOBHOM BBI3bIBAET MHILEBOE OTPABJICHHUE, IPOMYIH-
pYeT B MOJIOKE M MOJIOYHBIX IPOIYKTAX 30JIOTHCTBINA CTAa(HIOKOKK
YeJIOBEYECKOTO TIPOUCXOXKICHUS.

Oocy:xaenue

Iourn 100% Hamuue Gaktepuii pona Staphylococcus B podax
MOJIOYHBIX TPOIYKTOB JIOMAIIIHETO IMPOW3BOICTBA MOXHO OOBsC-
HHTb TEM, YTO STH MOJIOYHBIC MPOIYKTHI H3rOTABIMBAIOTCS U3 Chl-
pOro TepMHYECKH He 00pabOTaHHOIO MOJIOKA KOPOB € HapyLICHHEM
CaHUTAPHO-THTMEHUYECKUX HOPM U paBiil. CTa(UIOKOKKH COCTaB-
JSTFOT TaK HA3bIBAGMYIO PE3UIICHTHYIO (IIOJIE3HYI0) MUKPO(IIOpY KO-
KM BBIMEHH KOPOB U TIOYTH BCET/(a HX MOXKHO BBIICIIUTH U3 CHIPOTO
moroka (Febler et al., 2010; Anderson et al., 2012; Mahmmod et al.,
2017, Kukhtyn et al., 2017). I[ToatoMy canpouTHBIE CTaUIOKOKKH
YacTO BBIIEJISIOTCS U3 HEOOPaOOTAHHBIX MOJIOYHBIX MPOIYKTOB J10-
MAIIHErO MPOU3BOJCTBA. 30JIOTUCTbIC CTA(DHIOKOKKH, 10 JAHHBIM
HCCIIEIOBAHNH, 3HAYMTEIIBHO PEXE BBIIEISIIOTCS € TIOBEPXHOCTH KO-
K COCKOB M MOJIOYHOI! JKeJe3bl y 340poBbIX kopoB. Oxomo 20%
KJIMHIYECKH 30POBBIX KOPOB SIBIISIFOTCS MX HOCUTEIISIMH Ha TOBEPX-
HOCTH KOXU COCKOB U 10 5% — B MOJIOUHOH >xene3e. OmHAKoO MX
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KOJIYECTBO CYILLIECTBEHHO BO3PACTACT B CHIPOM MOJIOKE TIPH MacTH-
Te, HAUIMYUK paH, LApariH U 3po3uil koxu cockoB (Graber et al.,
2009; Anderson et al., 2012; Carfora et al., 2015). Taxum obpazom,
HEKOTOpas OOCEMEHEHHOCTh MOJIOYHBIX IPOJYKTOB JOMAIIIHErO
MPOM3BOICTBA CaNPO(UTHBIMU KOAryJa300TpULIATENEHBIMU CTau-
JIOKOKKaMH — 3TO 3aKOHOMEPHOCTb, KOTOPYIO HENb3s H30exkaTh, Tak
KaK OHH IIPHCYTCTBYIOT Ha KOKE COCKOB KOPOB U B MOJIOKE CBHIPOM.
B T0 ke Bpems1 BbIIeIICHHE 30JI0THCTOTO CTA(MIOKOKKA, B YACTHOCTH,
OMOTHIIA KPYITHOTO POraToro CKOTa, Oy/IeT CBHIETEIILCTBOBATH O HATU-
Y1y 3a007IEBaHHI KOYKU BBIMEHH MJTA MOJIOYHOM JKeJIe3bI KOPOB.

U3 Hanbonee W3BECTHBIX OMOTUIIOB 30JI0THCTOTO CTA(HIOKOKKA
(S. aureus var. hominis, S. aureus var bovis, S. aureus var. avium,
S. aureus var. canis) (Fournier et al., 2008; Jaber, 2011; Bardiau et al.,
2013), ¢ MOJIOKa CBIPOr0 M MOJIOYHBIX POIYKTOB JIOMAIIIHETO TPO-
M3BOJICTBA BBIJEIISUIH J{BA SKOBApa: YEJIOBEUECKHIT 1 KPYITHOTO pora-
Toro ckora. Ilpu atom S. aureus var. hominis BBIIEISUIN Yalie 110
CPaBHEHHIO €O S. aureus var bovis. OTO aeT OCHOBAaHHE CUMTATh,
YTO IJIABHBIM MCTOYHHUKOM OOCEMEHEHHs CTa(UIIOKOKKAMHI MOJIOKA
CBIPOTO U MOJIOYHBIX HPOYKTOB JOMAILIHErO IPOM3BOJICTBA. SIBIISS-
0TCS JIFO/IH, KOTOPBIE HE COONIOAAIOT HaVIe)KAILeii TUTUeHbI U CaHH-
TapUK BO BPEMs1 IIPOU3BOJICTBEHHBIX MPOLIECCOB: IOCHHS KOPOB, IIep-
BUYHOI 00pabOTKH MOJIOKA, H3TOTOBIICHHS M PEATTU3ALH MOJIOYHBIX
nponykToB. Takast 3HaUMTEbHAs 0OCEMEHEHHOCTh KOaryJa3oIoo-
JKUTEBHBIMH CTa(DIIIOKOKKAMH HE MOXKET OCTaThCsl 0€3 BHIMAHHS
13-32 BO3MOXKHOCTH MX Pa3MHOXKAThCsI X TIPOYLIMPOBATE SHTEPOTOK-
CHHBI, KOTOPBIE CIIOCOOHBI BBI3bIBATH NHUIIEBbIE OTpaBieHus. Cunta-
€TCsl, YTO MOJIOYHBIC MPOAYKTHI KOHTAMUHMPOBAHHBI MPEHUMYILIEC-
TBEHHO CTa(HIIOKOKKaMU OHOTHIIa KpyIHOro poraroro ckora (Nor-
manno et al., 2007; Jaber et al., 2015; Bharathy et al., 2015), B o xe
BpeMs OOJBIIMHCTBO CTy4YaeB CTA(HIOKOKKOBBIX MHIIEBBIX TOKCH-
KO30B BBI3BIBAIOT SHTEPOTOKCHHEI THIIA A U D, KOTOpBIE POyIHpYy-
10T CTaMIOKOKKH deroBedeckoro Owormma (Davis et al, 2004;
Argudin et al., 2010; Doulgeraki et al., 2017).

CunTaeTcsl, YTO MyJIETUPE3UCTEHTHBIH 30JI0TUCTBIH CTA)HIIOKOK
SBIIETCS OJHUM W3 HauOojee paclpOCTPaHEHHBIX BO30YyIUTENeH
HO30KOMHHAIBHBIX HH(ekuuii B EBporie n mupe (Paterson et al.,
2014; Sergelidis and Angelidis, 2015; Basanisi et al., 2017). B nacro-
siee BpeMsl B YKpauHe HeT Hay4yHbIX Pe3yJIbTaToB UCCIEA0BAaHUM O
PAacIpOCTPaHEHHOCTH 3TOTO BO3OYAMTENs B MOJOYHBIX MPOIYKTaX
JIOMAIIHETO Npon3BozcTBa. [IpoBeneHHbIe HAMU HCCIIEIOBAHUS TI0-
KazajM, 4To 00a Ouotuna S. aureus var. hominis v S. aureus var.
bovis ObUTM PE3UCTCHTHBIMUA K AHTHOMOTHKAM OeTa-JTaKTaMHOMN
rpymsl. B 17,9% ciaydaeB MRSA 1Men uenoBedeckoe IPOUCXOXK-
JieHue, 4to B 1,8 pasa Gomblue 10 CPaBHEHUIO ¢ OMOTHIIOM KPYITHOIO
poraroro cKora. JTo0 JIaeT OCHOBAHHME I10JIaraTh O BO3MOXXHOCTH HMH-
(rmpoBaHUsT TTOTpEOUTENCH MOJIOYHBIX TPOAYKTOB JOMAIIHETO
nporsBozcTBa MRSA, MOCKONBKY BCE HCCIIENOBAaHHBIC KYJIBTYphI
MRSA npoympoBaiy SHTEPOTOKCUHBL.

IIpoBenennsie ncceoBaHMs TOKA3aIIH, YTO SHTEPOTOKCHH THIIA
A TIpomyIMpoBai ToibKo S. aureus var. hominis. Cpemy Bcex dHTe-
potokcrtoB Tl A Beiensuics B 40,1% citygaes. Kynbryps! cradu-
JIOKOKKOB OHOTHITA KPYITHOTO POraToro CKOTa IMpOoAyLIMPOBaIH, B OC-
HoBHOM, Tokcuubl TunoB C, D u C/D, 4to, ckopee BCero, CBUACTE b
CTBYET O NPOSIBIICHMAX KIMHIAYECKIX M CyOKIMHIYECKUX (hOpM Mac-
tToB y KopoB (Febler et al., 2010; Habib et al., 2015). CienoBarens-
HO, MOJIOYHBIE IPOIYKTHI JIOMAIIHETO IPOM3BOJCTBA MOTYT OBITH
TIPUYMHON BO3HUKHOBEHIS! CTAa(hHIIOKOKKOBOTO TOKCHKO3a, KOTOPBIH
BBI3BIBACT S. aureus var. hominis.

Tlony4eHHble HOBBIE IAaHHBIE 00 UCTOYHMKAX 0OCEMEHEHHUs MO-
JIOKA W MOJIOYHBIX IPOJYKTOB JIOMAIIHErO MPOU3BOJCTBA SHTEPO-
TOKCUT'CHHBIMH LIITAMMaMH 30JIOTHCTOTO CTa(MIOKOKKA YesIoBeyec-
KOro OMOTHIIA YKAa3bIBAIOT HA HEOOXOAMMOCTh KOMIUIEKCHOTO TOJ-
X0J1a K pa3paboTke MUKPOOHOIOTMYECKIX KPHTEPHEB OE30TaCHOCTH.
Wndopmariist 0 BO3MOKHBIX HCTOUHHKAX 0OceMeHeHHs! HeoOpaboTaH-
HBIX MOJIOYHBIX HPOYKTOB JOMAIIHErO IPOM3BOJCTBA 30JIOTHCTBIM
CTa(WIIOKOKKOM M HMX KOHTPOJIb SIBILTIOTCS 3a0roM S({EeKTHBHON
TIPO(UIIAKTUKH MUIIEBBIX TOKCHKO30B CTa(MIOKOKKOBOH STHOJIOTU.

BbIBOIBI

U3 Monoka 1 MOJIOYHBIX TPOAYKTOB JOMAILIHETO [POU3BOJICTBA
B 3aI1a/{HBIX PETHOHAX YKpPaHHbI BBIICIIOTCS [1Ba OMOTHIIA 30JI0THC-
TOro CTaUIIOKOKKA: S. aureus var. hominis u S. aureus var. bovis.
30M0THCTBIN CTAQUIOKOKK YEIOBEUECKOr0 OMOTHIIA COIACPIKHUTCS B
9THX NPOJYKTaX B 3HAYMTEIIHHO OOJIBIIEM KOJIMYECTBE U TIOMAJIAcT B
HHX C PyK NPOM3BOAUTEINEH W MPOJABIIOB PU HECOOIONCHNH TIpa-
BIJI TUrueHbl. 17,8% Kynwstyp S. aureus var. hominis yCTOWUHMBBI K
METUIIUTHHY, 9T0 B 1,8 paza (P < 0,05) Oosbliie 10 CpaBHEHHIO C
KyJIbTypamu S. aureus var. bovis. DHTEPOTOKCHH THIA A, KOTOPBIHA
BBI3bIBACT CTA()MIIOKOKKOBBIN TOKCHKO3, IPOIYLHPYIOT TOJBKO
KyJBTYpBI S. aureus var. hominis. Y4UTbIBasl yCTAHOBICHHbIC HOBBIC
HCTOYHHKN OOCEMEHEHHS 30JI0THCTBIM CTA(QHIOKOKKOM MOJIOYHBIX
TIPOIYKTOB JIOMAIIIHETO IIPOM3BOJCTBA M C LENBIO NPO(PIIAKTHKA
TIMIIEBBIX TOKCHKO30B CTAa(hMIOKOKKOBOM 3THOJIOTUH, HEOOXOIUMO
YCOBEPIICHCTBOBATh CHCTEMY KOHTPOJISI 3THX INPOJYKTOB OT H3rO-
TOBJICHHMSI JI0 PeaTU3aLIHHL.
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Obstructive sleep apnea syndrome (OSAS) is a chronic disease characterized by recurrent episodes of complete or
partial obstruction of the upper airways during sleep and results in sleep fragmentation, night hypoxemia, and daytime
sleepiness. The aim of this study was to investigate the state of left ventricular diastolic function in patients with first
diagnosed COAS and obesity and to define the determinants of diastolic dysfunction in this category of patients. There
were 46 patients (33 men and 13 women) with OSAS and obesity and 52 patients with obesity without OSAS enrolled
in the study. The control group included 22 practically healthy individuals. Each patient underwent assessment of body
mass index (BMI), 24-hour ambulatory blood pressure monitoring, cardiorespiratory monitoring, transthoracic
echocardiography. We found that patients with OSAS and obesity had significant impairment of diastolic function in
comparison with patients with obesity without OSAS, which manifested itself in decreasing of E/A ratio, increasing

deceleration time and increasing isovolumic relaxation time. Increasing body mass index and increasing level of
hypoxia lead to impairment of diastolic dysfunction. Diastolic dysfunction was diagnosed in 4 obese patients without
OSAS and in 17 patients with OSAS and obesity. All patients with diastolic dysfunction had second or third stage
obesity and severe OSAS. Left ventricular hypertrophy was diagnosed in 9 patients with OSAS and obesity. Patients
with concentric hypertrophy had significantly lower E/A in comparison with patients without hypertrophy or with
concentric remodeling. We found that the deceleration time has positive correlation with body mass index and
desaturation index and negative correlation with min Sa0,. Isovolumic relaxation time correlated only with desaturation
index. According to the results of univariable regression analysis, five variables were allocated: body mass index, age,
desaturation index, index apnea-hypopnea and left ventricular mass index. The multivariate analyses, after adjustment
for age and sex and stepwise regression, showed that only the desaturation index was an independent predictor of left
ventricular diastolic dysfunction in patients with OSAS and obesity. Obstructive sleep apnea syndrome combined with
obesity leads to a deterioration of the diastolic function of the left ventricle even in patients without cardio-vascular
diseases. The state of the diastolic function of the left ventricule worsens with an increase in the severity of hypoxic
disorders in the syndrome of obstructive sleep apnea and with the degree of obesity. In multivariate regression analysis,
the desaturation index was a predictor of left ventricular diastolic dysfunction in patients with obstructive sleep apnea
syndrome and obesity.

Keywords: dystolic dysfunction; echocardiography; overweight; chronic disease

Cran giacronivyHol pyHKIil JTIBOr0 NIYHOUYKA
Y XBOPHX i3 CHHAPOMOM OOCTPYKTHBHOI'O AIIHOE CHY TA 0KMPIHHAM

4. O. Auppeesa, O. 1. TokapeHko

3anopizvka meduyHa akademis NICIAOUNIOMHOTL ocsimu, 3anopiscocs, Yrpaina

JlocnmimkeHo cTaH aiacTonivHoi (yHKIIT J1iBOro IUTYHOYKA Y MAIJEHTIB 3 yeplue JiarHOCTOBaHUM CHHIPOMOM OOCTPYKTHBHOTO AITHOE CHY
(COAC) ta oxHpiHHSAM 1 BU3HAYEHO JETEPMIHAHTH PO3BUTKY Jiactoiniunoi auchyskuii (JI/1) y wmiel kateropii XBopux. Y HOCITIKEHHS BKIIOUCHO
46 nmanientiB 3 COAC i oxupiHesaM i 52 manienTu 3 oxupinasaM 1a 6e3 COAC. KoHTponsHy Ipymy ckiamd 22 HpaKTUYHO 30pOBi 0coOu. YciM
y4YacHUKaM JIOCIIJDKEHHS BU3HAYAIU PIBEHb ICHHOT COHJIMBOCTI, IHAGKC MAcCH TiJla, POBOAMIN A0OOBHIT aMOyIaTOPHUI MOHITOPHHT apTepiajIbHOTO
THUCKY, KapZio-peciipaTopHUii MOHITOPUHT, exokapaiorpadiro. /I/ miarHocToBaHo y TphOX MalieHTiB 3 oxkupiHHsaM Ta y 17 narientiB 3 COAC Tta
OXVpIHHAM. 3a JONOMOIOI0 KODEIILIHOrO aHayli3y BCTAHOBJICHO NMO3WTHUBHUN KOPEIALIHHMHA 3B’S30K MK 4acOM YIOBUIBHEHHS KpPOBOTOKY
PaHHBOTO J[IACTOJIIYHOTO HAIIOBHEHHS JIIBOTO IIUTyHOYKA, HIEKCOM MAacH Tilla Ta iHAEKCOM JiecaTypallii, HeraTUBHUI KOpeANiHHMI 3B’430K — i3
min Sa0,. [Toka3Huk E/A xopemoBaB TUIbKM 3 IHAEKCOM MacH Tila. Y 0araro(akTopHOMY perpeciiiHoMy aHai3i NPOJEMOHCTPOBAHO, 10 TUIbKH
iHmekc necarypauii — Hesanexxnuit npeaukrop JJ{ y xBopux i3 COAC i oxwupinasiM. CHHAPOM OOCTPYKTHBHOTO alHOE CHY Y TO€THAHHI 3
OKHPIHHAM 3yMOBIIIOE NOTIPIIEHHS AiacTONYHOI (yHKIIT J1iBoro nutyHouka. CTaH AiacTonigHoOi (yHKIT MioKapza JIiBOTo IUTYHOYKA IOTiPIIYETHCS
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31 30UIBIICHHSIM CTYIEHS TSDKKOCTI TIMOKCHYHMX TIOPYIIEHb 3a CHHIPOMY OOCTPYKTHBHOTO alHOE CHY Ta OXHpIHHA. Y OararodakropHOMY
perpeciifHOMy aHaI31 iHEKC JiecaTyparlii — IPEIUKTOpP AiaCTONIYHOI JUC(YHKIT y XBOPHX i3 CHHAPOMOM OOCTPYKTHBHOI'O alHOE CHY Ta OXXUPIHHSM.

Knrouosi croea: niactoniuna qucdyHKIis; exokapaiorpadist; HaMipHa Bara Tijla; XpOHIYHI 3aXBOPIOBAHHS

Beryn

Cuaapom obcrpykriBHOro anHoe cHy (COAC) — XpoHiuHe 3aXBO-
PIOBAHHS, L0 XapaKTEPH3YETHCS TOBTOPHAMH €Mi30JaMH TTOBHOI a00
YACTKOBOi OOCTPYKINi BEpXHIX AMXAIGHUX NUBIXIB IJ Yac CHY.
e cripravasie (pparMeHTaIiro CHy, HiYHY TIEPIOIYHY TIIIOKCEMIFO Ta
nerHy cormBicTh (Jordan et al., 2014). COAC — naituacTinmii po3naj
CHY y cBiTi. [lonmpeHicTs y JOpOCInMx KOJIMBAEThCS B Mexkax 9-38%
(Peppard et al., 2013; Maeder et al., 2016; Sia et al., 2017). ITonaz 80%
prnakis COAC 3aMIuaroThesl HeliarHOCTOBAaHUMH, OCOOJIMBO Cepert
xiHok (Heinzer et al, 2015; Senaratna et al., 2017). [Toumpenicts
COAC 30ibIIyeThCs cepest 0cid MOXIIOrO BiKy Ta Cepel YOJIOBIKIB
(Senaratna et al., 2017), oci6, sixi cTpaxknaroTs Ha oxupiHas (Hamilton
etal., 2017). Cepen inmmx daxropiB prsuKy po3Butky COAC Bunit-
F0Th [EpH- Ta MOCTMEHONAY3TBHHUI TEPIOM Ta HASIBHICTH YEPEITHO-
JIMILOBUX aHOMATIH. OKUPIHHS BBOKAETHCS HAUTIOTY KHIIAM (haKTo-
pom pmuky po3urky COAC (Hamilton et al, 2017). [loseneno
TICHHUI 3B’5130K MK 3pOCTAHHSIM Bard Ta 30UTBILICHHSM LIAHCIB PO3BUT-
ky COAC (Peppard et al., 2013; Heinzer et al., 2015; Sia et al., 2017).
Jo 58% COAC cepenrboi TSHKKOCTI Ta TSDKKOTO CTYHEHsI 3yMOBIICHO
oxupinasM (Hamilton et al., 2017; Senaratna et al., 2017). [Ipotsirom
OCTaHHIX POKIB JIOBEJICHO JTBOHAIPABJICHHI ITATOTCHETUYHHI 3B’ 30K
Mk COAC 1 oxupinasM. OXHUpiHHS 30UTBIIYE PH3HK PO3BHTKY
COAC, mpu oMy COAC MOTEHIIHHO CIPUYMHSE MBHIIIIEC 301Th-
LICHHSI Bark T 3aJTy4CHHI JI0 TOPOYHOTO LMKITY <«30UIBIICHHS Bark Ta
noripieHHs: COACy. JlikyBanHst 000X CTaHIB HEOOXiHe sl MOJiIT-
LICHHSI pe3yJIbTaTIB JIIKyBaHHs NalieHTiB y oMy (Ong et al., 2013).

COAC i1 oxupiHHS — (PAKTOPH PU3UKY POSBUTKY TAKUX CEPLIEBO-
CYIMHHUX YCKJIQ[THEHB SIK CEpLieBa HEOCTATHICTh, TOCTpUIA iH(apKT
Miokapa, (hiOprIsLii Iepezicepab, apTepiaibHa TinepTeHsis, JIereHeBa
rineprensist Ta iHCyisT (Reis et al., 2014; Wang et al., 2015; Korcarz
etal.,, 2016; Maeder et al., 2016). YcranopieHo 38’530k Mixk COAC i
PO3BUTKOM TiepTpodil JTBOro MUTyHOUKA — OIMH i3 (aKTOPIB ITiBH-
IIEHHS CePLIEBO-CYIMHHOIO PU3HKY Ta (DaKTOp PU3HKY PO3BHTKY Ta
nporpecyBanHst cepeBoi HenocrarHocti (Korcarz et al., 2016). Icny-
FOTB NIEPEKOHITHBI JIOKA3H BIUIMBY O>KHPIHHS Ha PO3BHTOK TinepTpodii
JIBOTO MUIYHOYKA Ta AiacTOMYHY IMCQYHKINIO JIBOrO MITyHOUKA
(Reis et al., 2014; Rider et al., 2014). AJie 1aHi PO BILIHB MOETHAHOTO
niepebiry COAC 1 OXHpIHHS Ta NEPBUHHI MEXaHi3MU BIUIMBY LIHX
TIATOJIOTiH Ha JIBHH LITYHOYOK Joci cynepewmBi. [latodisionorivuni
etextn COAC 1 0XHpIHHS Ha CEpLIEBO-CY/IMHHY CHCTEMY BKJIIOYAIOTh
KOMIUIEKC MEXaHIYHHX, TeMOAMHAMIYHHX, HEHPOryMOPAJIbHUX, 3a-
TMAJIbHIX, CHIOTEMATBHUX 1 OKUCHHX MexaHi3MiB (Baguet et al., 2012).
Jleski DOCTTHWKA BBaXKAIOTh, IO CTPYKTYpHI Ta (yHKIIOHATBHI
3MiHH JIIBOTO IITyHOYKA Y TIEPILLY Yepry HOB s3aHi 3 HASBHICTIO Y Talli-
enra Takux yckiagHenb COAC Ta OXHPIHHSA SIK apTepiaibHa Tirep-
TeH3is, IHCYJIIHOPE3NCTEHTHICTh, IykpoBHii miaber (Korcarz et al.,
2016; Sharma et al., 2017). 3 iHmoro 60Ky, iCHYrOTh TOBIZIOMJICHHS
NP0 PO3BUTOK CHCTOJIYHOI Ta AjacToyivHoi JucdyHKii B ocid i3
COAC i oxupiHHSM HaBiTh Oe3 ceprieBo-CyHHOI nartonorii (Altintas
et al., 2012; Baguet et al., 2013), ane 1i IOCITIDKEHHsI TIOOMHOKI Ta
PE3YIIBTATH 1X CyIEpPEUIIHBI.

Mera 11pOro JOCIIHKEHHS — OLIHUTH CTaH TIaCTOMIYHOI (hyHKIHT
JIBOTO IIUTYHOUKAa y marieHTiB 3 ynepuie miaraoctoBanuM COAC i
OXKUPIHHAM, BH3HAUNTH JICTCPMIHAHTH PO3BUTKY JHACTONIYHOI JC-
(yHKi{ y BKa3aHOI KaTeropii XBOpHX.

Marepiai i MeToau A0C/IiIKEHD

VYV nocnimkenni Opamu ydacte 98 maiieHTiB (OCHOBHA IpyTia),
SIKAM 33 Pe3yJIbTaTaMH BHM3HAYECHHS JCHHOI COHJIMBOCTI HPOBEACHO
KapIio-pecipaTopHUii MOHITOPUHT Yy Tiepiox i3 ymcromana 2011 mo
ceprieb 2016 poxy. JIociipKeH s IPOBOVIIH Y Ty IbMOHOJIOTTYHOMY
BinninenHi LenTpansHoi nikapai KomyHapcekoro paifony m. 3amopix-
1. [IpOTOKON JIOCII/DKEHHSI 3aTBEPPKCHO E€TUYHUM  KOMITETOM

J13 «3amnopizbka MequyHa akazaeMist micssumuioMHoi ocBitd MO3 Vi-
pait. JIoCIiDKeHHsT IPOBE/ICHE BINIOBIIHO 0 OCHOBHHX Oi0€THY-
HHUX HOpM [ enbciHchKoi Aeknmapartii BeecBiTHROI MemuaHOl acomiartii
TIPO ETUYHI MPHHLVIH POBEICHHS HAYKOBO-MEUYHIX JOCII/DKEHB 13
niorpaBkamu (2000, 3 orpakamut 2008), YHiBepcatbHOI AeKiIapartii 3
Gioervku Ta mpas smoauHU (1997), Konsermii Paqu €Bporm 3 mpas
momman Ta Oiomemuiman (1997). TTinceMoBa iHpopMOBaHa 3rofa oT-
pUMaHa BijI yCiX YYaCHHKIB.

Kpurepii BKIIOYCHHS y JOCIIDKSHHS: OXHUPIHHS (IHISKC MacH
tina, IMT — nonaz 30 1<r/M2), TMO3UTUBHA OLIHKA PIBHS JICHHOI COHJIH-
BocTi 32 EnBopr (noHax 9 GaniB), HasBHICTH iH(POPMOBAHOI 3r0IM HAa
y4acTh Y IOCIIDKEHHi.

Kpurepii BUKITIOUEHHS 3 OCIIPKEHHST: HAsIBHICTD CEPLIEBO-CY/IHH-
HHX, CHJOKPHHHHX 1 HEe()POJIOTIYHHMX 3aXBOPIOBAHb, LIEHTPAIBHOTO
armHoe CHY, JIMCITIIIIIEMIT, HEATKOTOJILHOT KHPOBOi XBOPOOH MEUiHKH,
TSDKKI HTEJICKTYTbHO-MHECTHYHI TIOPYIIICHHS.

OCHOBHY TpyIly Nalli€HTIB MOJUICHO Ha JIBi IPYIH, BIOBIIHO O
Pe3yJIBTaTiB KapIio-peciipaTopHoro MoHitopusry: I rpyma — 46 narii-
enriB (33 yonosiku Ta 13 xinok) i3 COAC (IAT" > 5) Ta OXXUpIHHSIM
(IMT — rionaz 30 kr/vP); 1T rpyma — 52 marienTn 3 oxupirsm (IMT —
noraz 30 kriv?) Ta 6es COAC (IAT < 5). KOHTpOIBHY rpyITy CKITaimi
22 mpakKTIYHO 370poBi ocobu. KonTpornsha rpyna Maa noniOHwmi Bi-
xoBuH (38,5 + 3,6 pokiB) Ta crareBwii (16 JOJOBIKIB Ta 6 JKIHOK) CKJIA,

KoxxHOMY y4acHUKY OCII/KCHHS KpiM BH3HAYCHHS PIBHS JCHHOT
COHJIMBOCTI 3a IKanow Emsopr, BusHaueHHs IMT i kapmio-pecripa-
TOPHOTO MOHITOPHHTY, TIPOBE/ICHO exoKapaiorpadiro 3 porieporpadi-
€10 Ta 1000BHiT aMOyJIaTOPHIIT MOHITOPHHT apTepiaIbHOIO THUCKY.

BizHaueHHs1 piBHS JCHHOI COHJIMBOCTI MPOBOMMIIM 32 IIKAJIOK
EmBopr BimmoBizHO 10 pekoMeHpamii po3poOHHKIB Imkamu (Johns,
1993) Ta pexomennamiii AmeprkaHcpKoi acomianii cHy (Mansukhani
etal.,, 2014): 0-8 GaniB — HOpMaTbHE 3Ha4YeHHs, 9—12 OanmiB — Jerka
COHJIHBICTB, 13—16 — cepeIHiii piBeHb COHIMBOCTI, MOHAT, 16 — TSHKKHIA
PIBEHb COHJIMBOCTI.

JI1s1 TOCTOBIPHOTO BUKITFOYCHHS MaCKOBAHOI apTepiaibHOI Tirep-
TeH3il yCiM XBOPHX MPOBOAWIN [000Be MoHiTOpyBanHs AT BiaroBiz-
HO JI0 peKoMeHatiii €BporeichKol acomiarii apTepiabHOI TinepTeH-
3il MO0 METOAMKH aMOyJIaTOPHOTO MOHITOPYBAHHS apTepialbHOTO
tHcKy (2008). HocmimkeHHs npoBomwmM Ha amapari ABPM-04
(Meditech, Yropumnaa). BrizHayamu cepeHRONO00BHI CHUCTOMIYHHIA
aprepianbauii THCK (CAT ,5) Ta cepeIHpOI000BHIA TiaCTONIYHMIA apTe-
pianbauit THCK (AT ). HasiBHICTB apTepiaibHOi rineprensii Bu3Ha-
Yasm stk aprepianbhuii Thck (AT) > 125/80 MM pr. ct. 32 J060BOTO MO-
HITOPYBAHHS apTepiabHOIO THCKY ab0 3aCTOCYBAHHsI aHTHTIEPTeH-
3uBHUX mpenapariB. IMT po3paxoByBaiM SIK BiIHOIICHHS Barv 10
KBazpara 3pocTy (kr/M’). CTYTIiHb OKMDIHHS BH3HAYATH BiTIOBIHO
1o wiacugikanii BO3 i Mbknapommoi rpymm 3 oxwupinas (WHO,
2014): T crynizs — 30 < IMT < 34,9 o/, 1T crymins — 35 < IMT <
39,9 kv, 1 erymiss — IMT > 40 Ko/,

Kapaio-pecripaTopHuii MOHITOPHHI TIPOBOMIIIM Ha arapati Som-
nocheck 2.0 (Weinmann, HimMeudriHa) BiATIOBIZHO O PEKOMEHAITi
Awmepurkancbkol acorgariii cxy (2007). [Haeke anHoe-TinomnHoe Br3Ha-
YaJii SIK KUTBKICTP €ITi30/1iB altHoe Ta TiMOMHOE 3a TOIMHY cHy. [Hzekce
Jiecatyparlii BU3HaYaIH SIK KUTBKICT TIEpiOiB AecaTyparlii MpoTAroM
YCBOTO TIepiofy OKcHreMoMeTpii 0e3 apredakTiB. Takok BU3HAYAIH
cepe/Hiii piBeHs carypariii (mean Sa0,) MpOTAroM AiarHOCTUYHOT HOYL
Ta MiHIMAJIBHY caTyparito (min Sa0,) IPOTATOM J{iar HOCTIYHOI HOi.

Xeopux 13 COAC moaiiiim Ha TPU MiATPYI BiMOBIIHO 10 CTY-
nierst TsokkocTi COAC. Tsoxkicts COAC kiacudikoBaHa 3riiHO 3 pe-
KOMEH/IALISIMI AMeprKaHChKoi acowiartii cHy (Mansukhani et al., 2014).
V1A miprpymy ysiinum natentr 3 COAC nerkoro cryrens (5 <IAT <
15 mon./roxm) — 18 ocib, no IB miarpynu — nawienta 3 nomipanm COAC
(15 < IAT" < 30 mox./rom) — 17 ocib, mo IC minrpymi — 3 B&XKOIO
COAC (IAT" > 30 moxi./rom) — 11 oci6.

TpaHcTopakanbHa exokapriorpadis mpoBezeHa 3a JIOMOMOTOIO
amapary Siemens Acuson X300 3 natunkom 1,75 MI't1 B M-MonanbHo-
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My Ta JBOBUMIPHOMY PEXKHMMaxX y CTAHIAPTHHX eXOKapmiorpagiuHux
TMO3MIIISIX i3 BUKOPHUCTAHHAM IMITYJIECHOI Joruieporpadii Ta Koiapopo-
BOTO JIOTUIEPIBCHKOIO KapTyBaHHs. OLHEHO OCHOBHI PO3MIpH JIBOTO
riepencepas Ta JIBOro IUTyHOYKA B JHACTONY Ta CHCTOIY, TOBLUMHY
MDKIIUTYHOYKOBOI TIEPETUHKU Ta 3aJHBOI CTIHKH JIIBOTO HDTYyHOYKA,
Macy MiOKap/a JTiBOro IUTyHOUKA. Y Ci BUMIPFOBAHHS IPOBOIIIIN B M-
PEeKnMi 3riTHO 3 peKoMeHALsIMA €BPOIEHCHKOT acowiartii exokapzio-
rpadii (2014). Takox po3paxoBaHO HIEKC Mach MiOKap/ia JIBOTO IILTy-
Houka Ta (ppakiiro Bukuay. [inepTpodiro JiBOro NUTyHOUKA JHarHo-
CTyBa/I 32 {HACKCY MACH MiOKap/ia JHBOTO IUTyHOuKa > 125 r/v?. Bu-
JUICHO YOTHpH THMH rineprpodii JTiBOro MUTyHOYKA: HOpMasbHA
CcTpyKTypa (iHmeKe Mack MioKapa JHBOro MuTyHOUKa < 125 r/M” i ToB-
IIMHA 33/THBOI CTIHKM JiBOro IuTyHOUKa < 0,45), eKCIeHTpIYHA Tirep-
Tpodpist (iHIeKe Mack MioKap/a JBOro MuTyHouKa > 125 /M i ToBIm-
Ha 3aJIHBOI CTIHKH JIiBOro NutyHouka < 0,45), KOHIICHTPHYHE peMoyie-
moBanHs (iHIEKC MACH MiOKAp/a JIBOro muyHouKa < 125 tAr i ToB-
[MHA 3aJIHBOI CTIHKU JIBOro mutyHouka > 0,45) 1 KOHLCHTPUYHA
rineprpodist (iHzexc Macu Miokapna IiBoro mutyHouka > 125 /v i
TOBILMHA 33/1HBO] CTIHKH JTIBOTO IUTy4HO4Ka > 0,45).

OL{iHIOBaHHST TPAHCMITPAIBHOTO KPOBOTOKY TPOBE/ICHE B PEXKUMI
IMITyJTECHOTO JOIUIEPA 3 BEPXIBKOBOI YOTHPHKAMEpPHOI mo3milil. s
OLIHIOBAHHS JIaCTOMIYHOI (hyHKIiT BUMIPIOBAIIM TaKi IBHIKICHI T Ya-
COBI OKA3HHKHY: MaKCUMaJIbHA IIBIIKICTH KPOBOTOKY PAHHEOTO Jiac-
ToniuHoro HarioBHeHHS (E), MakcHMarbHa MIBUIKICTE KPOBOTOKY ITijT
Yac MepeICepIHOl CHCTOIH (A), Yac YIIOBUTbHEHHS KPOBOTOKY PAHHBO-
O JIIaCTOJIYHOrO HANOBHEHH JiiBoro 1utyHouka (DT), yac i30BoIro-
metpuunoro poscrnabienns (IVRT) i chiinHomensst E/A. liactomiy-
Hy JMC(YHKIIIO BCTAHOBIIOBATH 32 30UIBLICHHS 4Yacy i30BONIOMET-
puaHOro poscnadneHnas > 160 Mc, 30UTBIICHHS Yacy YIOBUTGHEHHS
KPOBOTOKY PaHHBOTO IaCTOJIYHOTO HATIOBHEHHS JIIBOTO HITyHOYKA
> 220 mc, 3MeHIIeHHs criBBinHOmIeHHs E/A < 1. s muadepeHtiams-
HOI JTIarHOCTUKHU TICEBIOHOPMANI3allii TPAHCMITPAJIGHOIO KPOBOTOKY
Ta HOPMAJIGHOI JiiacToniyHol QyHKIIT poBom poly Basbcanbsn.
IIpoOy BBaKa/M MO3WTHBHOKO 33 3MEHINCHHS CIIBBiTHOMICHHS E/A
OutbLue Hibk Ha 40% micnst i TPOBEIeHHSL.

Bignosizgso 1o pexomenzatiit Nagueh et al. (2014) BunisoTs
TPH THITH HOPYILEHb AjacToiiunoi GyHkiil Miokapza JILII ceprys:

I Tum — crioBibHEHOT penakcartii — rineprpodiunmii (E/A = 0,7—
0,9; yac ymoBiUTEHEHHS KPOBOTOKY PAHHBOTO AiaCTONIYHOTO HAITOBHEH-
Hs1 JIIBOT'O IIUTYHOYKA ITi IBHILCHIIN);

II Tim — niceBnonopmansauit (E/A = 1,2-1,3; yac ynoBUIGHCHHS
KPOBOTOKY PaHHBOIO IiaCTOJIYHOTO HAMOBHEHHs JIIBOTO IILTyHOYKA
TTiJIBUIIICHUIA);

III v — pectpukTiBhMiA THN HanoBHeHHs JILL (E/A > 2; yac ymo-
BUIBHEHHSI KPOBOTOKY PAHHBOTO AiaCTOJIIYHOTO HAMOBHEHHS JIBOTO
LIUTYHOYKA 3HIDKEHHIN).

Ha moyatky [OCIimKEeHHs NepeBipsuid HOPMAIBHICTh PO3IIOILTY
JAHUX. Y BHITAJIKy HOPMJIBHOIO PO3NOALTY TIEPEXOMMIIA JI0 MOAAb-
II0TO aHATi3y. SIKIIO0 PO3HOALT JAHKX BIPi3HSABCS BiJ HOPMAIBHOTO,
CIIOYATKy BUKOHYBAIM IpoLeAypy nepeTBopeHHs bokca — Kokca 3
TIEPEXOIOM JI0 HOJAIBIIOro aHai3y. KiTbKicHI 3MiHHI IpeJCTaBiIeHi
SIK Cepe/THE 3HAYCHHS + CTaHIapTHA MoxuOKa cepentporo (M + SE).
Kareropianbhi 3MiHHI HaBeeHI y BifICOTKaX. BiIMIHHOCTI KOXKHOT
3MIHHOI OL{HIOBaIK 3a jaornoMororo t-tecty CreiozeHTa uisi Gesre-
PEpBHIX 3MIiHHHX Ta TeCTy 7 /15 KATEropianbHIX 3MiHHIX. CriiBBiz-
HOIIICHHS] MDK TTapaMeTpaMH OLIHIOBAIIH 32 JIOTIOMOTOI0 KOPEIISLIiiHO-
ro aHanizy [lipcoHa Ta ogHO(MAKTOPHOTO perpeciifHoro aHanmzy. bara-
TOaKTOpHUIA perpeciiHuii aHai3 i3 BUKOPHCTAHHSM CTaTUCTUIHO
3HAYYyIMX 3MIHHAX 3 OHO(AKTOPHOTO aHAJIi3y NPOBENCHHI UL BU-
SIBIICHHSI 3MIHHUX, SIKI OyJIM HE3aJIeKHO TIOB’S3aHI 3 MOKA3HUKAMH
niactomiyHol nucyHKuil (criBBimHOmeHHsT E/A). Pesyssratn BBaykamu
JnoctoBipHIMH 32 P < 0,05. Po3paxyHke HPOBOIMIIH 33 IOTIOMOTOKO TPO-
rpamsoro 3abesreuettst SPSS (Bepcist 22.0; SPSS, Chicago, CILIA).

Pesyiabratn

[auienTn 3 TsoKKUM COAC Oy CTapIIMMHE, MaJTH BHUIII CUCTO-
JYHWHA Ta JIaCTONIYHUN apTepiabHUN THCK, ae I 3MIiHH He OyiM
JIOCTOBIpHI T1iJ Yac MOPIBHSHHA 3 INokasHukamH [A Ta IB mimrpym.
3apeectposano goctoBipHe 36ibients IMT y IC miarpyri nopiBHIHO
3 IA migrpynoro. Tlpu oMy 9 mawientiB i3 miarpymu IC mamu 111
CTYIiHb OXHpIHHA, a 2 mamieHTd Mam 1l cTymiHe OXupiHHA. Y
miarpymni IB 14 namientis mam 11 crymine oxxupings, a 3 marienta — [
cryminb okupiHHs. Y IA yci mamientn Mam | CTymiHb OXXUPIHHSL
PiBeHb JICHHOT COHITMBOCTI, OIiIHEHHMIT 3a KoK EmBopT, 0CTOBIpHO
He Binpi3msaecs Mbk [ ta II rpymamu. JlocToBipHi BinMiHHOCTI [y1st
IIHOTO TIoKa3HMKa BeraHoBneHi Mk IC minrpyroro Ta Il rpymoto, a
takox Mk IC mizrpynoro ta IA ninrpyroro.

Sk 1 OUiKyBa/M, [IGHHA COHJIMBICTB, IHJIGKC alHOE-TIMOMHOE Ta
innexc aecarypauii HaiiBui y IC miarpymi (P < 0,01), a piBeHs cepen-
HBOI Ta MiHIMaTbHOT Sa0, HaitHwKunii y mii rpymi (P < 0,01). 3adik-
COBaHO JIOCTOBIPHI 3MiHH iHAEKCY amHoe-TinormHoe Ta min Sa0, y IC
TIATPYTi TIOPIBHSHO He TUTbKY 3 A, a i 13 IB migrpymoro. JloctoBipHi
BiMIiHHOCTI Ti/t 9ac TopiBESTHES | Ta Il rpyIr i3 KOHTPOIIBHOIO TPYTIO0
BCTAHOBJICHO JUTsI JIeHHOT corkBocTi Ta IMT (Tatu. 1).

Taoaums 1
Kuiniuna xapakreprctika odcrexenux ocio (M + SE)
KontposnsHa rpyma, I rpyna, n=46 I rpyna,

Towasimi n=22 TA rpyma, n= 18 IB rpyma,n=17 IC rpyma,n=11 n=52
YoJoBiKK/KIHKI 16/6 12/6 13/4 8/3 38/14
CepeHiil BiK, poxu 38,5+3,6 36,5+£6,8 37,7+52 42,6462 35,6 £6,1
PiBenb aeHHoi cornmuBocTi 3a EnBoprt, 6ami 1,4+0.3 11,4 +£2,6% 143 +3,1* 164+3,8% 12,2 +0,6*
IMT, kr/m® 23,1+33 332+£53* 359+5,6% 39,5+ 4,6%° 31,6+72*
Jlo6oBwit crCTOMIYHMIT apTepialIbHUIA TUCK, MM PT. CT. 1123+6,9 116,3+10,6 1172+7,7 122,3 +£10,6* 1147113
J100oBHiT AiacTOMYHIIT apTepiaIbHIIT THCK, MM PT. CT. 73,1+£6,2 729+6,5 773+54 79.4+93 74,7+5,8
IHaekc armHoe-TinonHoe, eI1./rom 25+1,0 11,2+33% 243 +4,1% 33,8 +£3,3% 28+14
Tnpexc necarypattii, ym. of1. 1,L1£04 10,5+ 5,4%r 25,9 +4,5% 28,6+ 5,8%1 1,3+£0,5
MinSa0,, % 974+15 89,4 £4,5% 873+ 1,5% 80,3 £ 6,4%*N 98,4+1,6
MinSa0,, % 983+1.2 945+32 92,4 +£3,5% 89,9 +£3,6*° 974+18

Tpumimxu: * — MOCTOBIpHA PI3HUI 3 KOHTPOIJIBHOIO rpymoto (P < 0,05); © — nocroipHa pisnuis 3 1A migrpynoto (P < 0,05);  — nocrosipHa pizHuus 3 1B

miarpynoto (P < 0,05); ¥ — nocroBipna pizaui 3 II rpymoro (P < 0,05).

BpaxoByroun KiIiHIYHI XapaKTepPHCTUKH 0OCTEXEHHX 0ci0 (1ocTo-
BipHE NONIMOJIEHHS TINOKCUYHUX 3MiH 3i 30iubienssM IMT), My Bu-
PN TIPOBECTH MOPIBHSUIBHUM aHANI3 KIIHIYHUX XapaKTePHCTHK Y
rari€eHTiB | rpymu 3a1eKHO Bin cTymeHs: oxxupiss (tadn. 2). [Mamientn
3 PI3HUM CTyTICHEM O’KHPIHHS JOCTOBIPHO HE BIAPI3HIHCH 32 BIKOM 1
crartio. CHCTOMYHMI Ta MIaCTOMIUHHMI apTepialbHAA THCK Oy
punivu 32 Il cTymeHst oxupiHHS, aje [i 3MIHH HE JOCTOBIPHI.
HaiibinsImi pecriipatopHi 3mian 3agikcoBaHo 3a 11 cTymens oxxupinms.
JleHHa COHIHBICTS 32 K100 ENBOPT HOCTOBIPHO NepeBuIiyBaa 1o~
KazHUKH TpymH 3 | crynenem oxupinnas (Ha 34,6%, P < 0,05). Innekc

arHoe-TinonHoe y natienti 3 111 cTyneHeM oXUpiHHS TOCTOBIPHO Iie-
PEBUIIyBaB TIOKa3HUKU HE TUTHKH 3a | cTymeHs oxupinas (Ha 59,8%,
P<0,05),ai3all (na31,7%, P <0,05). [nnexc necarypariii i min SaO,
3a [ cTymeHs: OKUPiHHST JOCTOBIPHO MEPEBHILLYBATH TIOKA3HUKH TPYIT
31 1a Il crynenem oxupiHHSL

3a I0noMOT 010 aHai3y exoKapAiorpadiuHIX JaHUX YCTaHOBJICHO,
0 CHCTOMYHA (YHKIIS B YCIX OOCTEKEHUX OCi0 HOpMallbHa, BOHA
JIOCTOBIPHO HE BIJI3HSAETHCS Bif IMOKAa3HHKIB KOHTPOJIBHOI TPYIH.
Cepen CTpyKTypHHUX 1 QYHKIIIOHATBHUX MOKA3HUKIB JIIBOTO IILTyHOYKA
y PI3HUX IpyIax YCTAHOBJICHO JIOCTOBIPHI 3MiHH (Ta0IL. 3).
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Taoauns 2

Koiniuna xapakreprcrrka xBopux i3 COAC 1 03KMpIHHAM 3a1e)KHO Bix cTyneHs oxupinast (M + SE)

XBopi i3 COAC i oxupinssiM, n =46

Howasii I crymine oxupinest, n =21 11 crynine oxupiHes, n = 16 111 crynise oxupiHEs, n =9
YoJ10BIKH/KIHKH 15/6 13/3 5/4
CepenHiit BiK, pOKH 375+6,3 38,1 +6,1 36,7+5,7
OuiHKa piBHs ICHHOT COHJIMBOCTI 3a EnBopr, Gami 11,5+3,1 15,7+3,7 17,6 +3,9*
IMT, kr/m’® 32,6+438 36,3+6,1 41,1 4,1
Jlo6oBuit crCTOMIYHMIT apTepiallbHANA TUCK, MM PT. CT. 113,2+9,3 116,1 £6,2 121,3+83
Jlo6oBwit MiacTosiuHKi apTepialIbHUI THCK, MM PT. CT. 68,3+5,2 73,1+5,5 772+83
IHaekc armHoe-TinonHoe, eI1./ro 13,7 + 6,8%r 233+£5.2% 34,1 +£4,1%
THpexc necarypautii, ym. of1. 11,2 +£5,8% 26,2 +4.4% 30,1 £4,8%
MinSa0,, % 88,6 £52% 86,2+ 1,5% 79,3 £4.4%
MinSa0,, % 95,3+2,6 91,3+3,5% 88,2 £4,1*
Tpumimxu: * — 1OCTOBIpHA Pi3HHUL 3 IpyIoo | crynens oxupinss (P < 0,05); ¥ — nocroBipHa pizuuis 3 rpynoto 11 crynenst oxupinns (P < 0,05).
Taoanus 3
Jani exoxapmiorpadii B oocresxennx xopux (M = SE)

KontposnsHa rpyma, I rpyna, n=46 I rpyna,

Horass n=22 IArpyna,n=18 IBrpyma,n=17 ICrpyna,n=11 n=>52
E, cm/c 732+53 68,7 +8,7* 63,5+9,6 55,4+ 11,0%° 68,4 +3,6*%
A, em/c 564+9,5 62,4+ 12,1 642+92 68,3+ 13,5% 54,1410,
E/A, ym. o 1,30+0,26 1,09 +£0,42 0,92 +0,33* 0,82 +0,28* 1,32+0,31
Hlac ynoBLILHEHHS KpOBOTOKY PAHHEOIO JACTOMIMHOO 1773+156 1993+204%  2087+164%  2154=143% 1963+ 11,6*
HATIOBHEHHSI JIIBOTO ILTYHOYKA, MC
Yac 130BOIOMETPUYHOTO PO3CIIA0IIEHHS, MC 76,4+ 10,2 86,7+9,5 90,2 +6,9*% 96,8 + 10,4*r 81,3+7,6
ODpaxiiist BUKULY, %o 56,5+3,1 56,2+29 558+2,5 55,1+32 533+3,1
Po3mip JtiBoro niepezaceps, cM 2,66+0,23 3,19+0,44 3,26 +0,64* 3,48 £0,64* 2,95+0,61
Maca miokap/ia JIiBOro IIUTyHOYKA, T 127,5+21,7 156,7+22,9 162,9+26,3*  189,4+33,4% 143,6 £27,3
THnexc Macu Miokap/ia JIiBOTo IIUTyHOYKA, hi 61,1+11,3 72,1+£12,5 842+251 96,2 +22,1*r 69,2+10,2
ToBILMHA 33/IHBOI CTIHKH JIBOIO ITYHOYKA, CM 0,79+0,12 091+0,12 0,95+0,14 1,13+£0,18% 0,88+0,11*
ToBIlMHA MDKIIITYHOUKOBOI IEPETHHKH, CM 0,76 +0,13 0,88+0,14 1,03+0,12* 1,14 +0,14* 0.84+0,11

Tpumimxu: * — NOCTOBIPHA PI3HHUL 3 KOHTPOJIBHOIO rpymoro (P < 0,05); ° — nocrosipHa pisuuL 3 IA rpymoro (P < 0,05); ~ — nocrosipHa pisuuis 3 IB rpymoro

(P <0,05); ¥ — moctoBipHa pizaum 3 Il rpynoro (P < 0,05).

JlocToBipHa Pi3HULT MK (DyHKIIOHATEHAMH MOKa3HHKAMH JTIBOTO
LITyHOYKa B KOHTpOIBHIH Ta II rpyrax ycraHOBJICHA JIMILE JUTsl Yacy
YIOBUIBHEHHSI KPOBOTOKY PaHHBOTO JHaCTONIYHOTO HAIllOBHEHHSI JIiBO-
ro 1utyHouka Ta mika E (P < 0,05). ¥V I rpymni BcTaHOBJICHE TOCTOBIpHE
TIOPIBHSHO 3 KOHTPOJIBHOIO TPYTIOI0 3HWKEHHS CriiBBiHOLICHHs E/A
(na 35,1%, P < 0,05), HigBHILEHHS Yacy YNOBUIBHEHHS KPOBOTOKY
PaHHBOTO AiACTOJIYHOTO HATIOBHEHHS JIBOro mutyHo4ka (14,8%, P <
0,05) Ta gacy i3oBomomerpraHOro poscnadnensst (16,3%, P < 0,05).
IopiBusas nokasaukiB 1 i II rpym BsBIIO TOCTOBIpHI 3MIiHM 3a
TiokasHIKamy E/A, 9acoM ynoBUTBHEHHST KPOBOTOKY PaHHBOTO JiacTo-
JIIYHOTO HATIOBHEHHSI JIBOTO IIUTyHOYKA Ta YaCOM 130BOJIOMETPHYHOTO
Ppo3crabneHHs.

3a J0MOMOTOI0 aHAITI3Y MIaCTONIMHOT (QyHKIIIi JHBOTO HLTYHOYKA Y
miarpynax | rpymu BusiBieHo Taki 3MiHH. CTaTHCTUYHO IOCTOBIpHI
BIIMIHHOCTI BCTAQHOBJICHO MDK IMOKA3HHKAMHU MiATPYIH TALUEHTIB i3
cepemHbOTSDKKIM 1 TDKKM COAC 1 TOKa3HIKaMy KOHTPOJIBHOL TPy-
. Y mamieHTiB i3 cepenHpoTsoKKUM Tiepedirom COAC ycTaHOBICHO
3HIDKCHHS TIOTOKY IIBHIKOTO KpOoBOHATOBHeHHs Ha 13,3% (P < 0,05)
TIOPIBHSTHO 3 KOHTPOJIBHOIO TPyTIoro Ta Ha 11,1% IMopiBHsHO 3 Mokaz-
nukamu [l rpymu (P > 0,05). V namientis IC migrpymu nik E Hyokuit
Ha 24,3% (P < 0,05) nopiBHAHO 3 KOHTPOJILHOIO IPyHOIo Ta Ha 22,4%
niopiastHO 3 11 rpymoto (P < 0,05). TlopiBusnust nokasuukis 1B i IC
MATpYN 13 MOKa3HWKamMH [A miarpynu JOCTOBIPHHX BiAMIHHOCTEH
susiBiiIo (P > 0,05). [Tik A 30inbIIyBaBcs B yCiX Ipymax MOPIBHSIHO 3
KOHTPOJIGHOIO TPYMOIO (JOCTOBIpHI I 3MiHM Tuthku y IC mimrpymi).
MakcuMarbHa NIBAIKICTh KPOBOTOKY IIif 4ac MEpesicepIHOl CHCTOMH
(A) y xBopux i3 TpKKOI0 COAC mnepeBuILlye NOKa3HUK KOHTPOJIBHOL
rpymu Ha 17,4% (P < 0,05). Bigsomennst E/A 3nmwkyetsest 31 301016
mienssM TspkkocTi COAC: BoHo Haiimerrnie B IC mimrpyrmmi (Ha 36,9%
HIDKYE MOPIBHSHO 3 IPyTolo KoHTtpoimo, P < 0,05, Ta Ha 37,9% nopis-
nstxo 3 11 rpymoro, P < 0,05). Yac yroBiibHEHHS KPOBOTOKY PaHHBOIO
JIACTOJIYHOTO HAITOBHEHHS JIIBOTO IUTyHOUKa Yy XBopux IB 1 IC rpyn
migsrmeHnii Ha 15,3% 1 17,7% MopiBHAHO 3 KOHTPOJIEM, BiTIOBIIHO
(P <0,05). MocToBipHa pi3HHII TAKOXK YCTAHOBIIEHA MK 3HAYCHHSIMI
Yacy yHOBUILHEHHSI KPOBOTOKY PaHHBOTO JTIACTOJIIYHOIO HATIOBHEHHS

niBoro nuryHouka y IC Ta II rpynax (P < 0,05). ITix gac anamizy gacy
I30BOJTIOMETPHYHOTO PO3CIIA0JICHHST BCTAHOBJICHE TTiIBHIIICHHS TIOKA3-
Huka y xBopux IA, IB i IC minrpyn Ha 11,9%, 15,3% i 21,2%, Binmo-
BIJTHO MOPIBHSHO 3 KOHTPOJBHOKO rpymioro (P < 0,05). Takox yac i30-
BOJTFOMETPHYHOTO po3ciabieHHst foctosipHo pisauBes y IC ta Il rpy-
nax (P < 0,05). Takum umHOM, FiacTONiYHy IUCQYHKIIIO AlarHOCTO-
BaHO y 4 (8,0%) martienTiB i3 Il rpymu XBopux 3 OXHUpIHEAM Ta y 17
(36,9%) naienTis i3 I rpymm xBopux 3 COAC i oxxupinssM (7 i3 HUX i3
IB miprpyrm (15,1%), a 10 oci6 (21,7%) — 3 IC niarpyrm). B ycix marien-
TiB JIIArHOCTOBAHO JHacToNmiyHy aucdyHkuio I Tumy (mopymeHss pe-
JaKcartii).

Hesnauny munatariito JBOro mepesiceprs MarHOCTOBAHO Y Talli-
enriB IB ta IC miarpym (P <0,05). V nauienris [A migrpymu ctpykryp-
Hi 3MiHH JIIBOTO TePEZICep/isl MOPIBHSHO 3 KOHTPOJIBHOIO TPYIIOK0 He-
noctoBipai. Cepesi CTPYKTYpHHX 3MiH MiOKapfa CITiA BIIMITATH J0-
CTOBipHE 30UIBILIECHHS TOBIIMHM 33[IHBOI CTIHKH JBOrO ILTYHOYKA,
TOBIIMHY MDKITYHOUKOBOI TIEPETUHKY, Macl MiOKap/ia JIiBOTO IITy-
HOYKa Ta IHJEKCYy MAacH MiOKapja JIBOrO IUTyHOYKA y MAIli€HTIB 13
pkknM COAC i oxxupinasm (IC miarpyna) MOpiBHSHO 3 TPYTIOIO KOH-
Tpomo. Y IB miarpymi crioctepirai J0CTOBIpHE 30UTBIIICHHS TOBIIIH-
HU 33[HBOI CTIHKM JIBOIO IIUTyHOYKA. [HII ITOKA3HUKK TaKoXk Oyim
BHILLMMH TIOPIBHSHO 3 KOHTPOJBHOIO Ta A minrpynamu, ane 1ii 3MiHA
HEIOCTOBIPHI.

[lixg yac mocmimKeHHS CTPYKTYPHHX 3MiH JHBOTO HUTyHOYKA Yy
9 marieHTIB 3 yCiX 00CTEKEHUX TPYII HArHOCTYBAIU TIEpTPOMIFO JIiBO-
ro nntyrouka. Li marieatn Mam soxkuii COAC (iHIEKe arHoe-Tino-
mHOe (43,6 + 8,4 er./rom). KoHIleHTprYHE peMOICITFOBaHHSI IiarHOCTO-
BaHe y 8 XBOpHX, a KOHIICHTPUYHA TinepTpodist — B OHOTO Malli€HTa.
Tineptpodito iBoro nutyHouka y nauieHtis Il rpynm He BcTaHOBIICHO.

Takox TpOBe/IeHO aHasli3 MaHuX exokapmiorpadii B 00CTexKeHNX
TALIEHTIB 3JIKHO Bill CTYICHsT OXKUPIHHS (Ta0M. 4). Y XBOPHX 3 OXKH-
piaasM I Ta II crynens 6e3 COAC DoCcTOBIpHHX 3MiH MOPIBHSHO 3 KOH-
TPONIGHIMH TIOKa3HMKaMH HE BUSBJIICHO. Y TPyIHi Oci0 3 OXXUPIHHAM
IIT crynens 1/t yac MOpiBHSHHS 3 KOHTPOJIBHUMH 3HAYCHHSIMU BHSIBIIC-
HO JIOCTOBIPHI 3MiHH TIOKa3HUKIB jiacTomyHoi GpyHkil. Y 43,0% xBo-
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PHX [iarHOCTOBAHO JIaCTONIYHY AMCHYHKLIO, IPY 1IbOMY BCl HALli€H-
TH MM giactoiuny aucdyskuiro I umy. Y miel kareropii XBopux
criocTepirany 30UIbIIeH s Mmika A Ta 3MeHIIeHHs mika E, a Takox

Taoauns 4

criBiHoweHHs E/A. I1lofo cTpyKTypHUX 3MiH MiOKap/a y MallieHTiB
3 oxupinasiM 6e3 COAC 1oCTOBIpHI 3MiHH BCTAHOBJICHO JIHILE JUIS
TOBILMHK MDKILTYHO4KOBOI rieperraky (P < 0,05).

[ani exokapziorpadii B 00CTEKeHHX TAIEHTIB 3aJISKHO BiJ cTyneHs oxupinas (M + SE)

Xsopi 3 COAC i oxxupinmsv, n =46

Xgopi 3 oxkupinasim 6e3 COAC, n=52

J — 1 cryminp 1I crynine III crynize I cryninb Il crynisb [Merynine  KontponsHa
OXKHUPIHHSA, OXKHPIHHS, OXKHPIHHS, OXKHPIHHSA, OXKHUPIHHSA, OXKHPIHHS, rpyma,n=22
n=21 n=16 n=9 n=26 n=19 n=7
E, em/c 67,7+£8,6 63,5+9,6* 554+£9,1%  728+68 743+58 66,8 +5,2% 732+53
A, cm/c 613+92 659 +8,7* 704 +£9,1* 572+85 582+11,1 632 +9,6% 564+95
E/A, ym. on. 1,18+0,42 1,08+0,23* 0,80+027* 132+024 1,26 +£0,31 1,01+0,22* 1,30+0,26
H1ac ynoBUTbHCHIT KpOBOTOKY PAHHEOTO 197,1£172  2106+17,1% 2193+162% 1812+143 1931119 2014£153* 1773+156
JACTONIYHOTO HATIOBHEHHSI JIBOTO IILTYHOYKA, MC
Yac i30BOIFOMETPHYHOTO PO3CIIA0NICHHS, MC 842+92 883+72%  98,7+104* 79,1+88 824+69 88,3+6,5* 764+102
Dpaxiiist BUKALY, %o 579+34 563+32 550+39 62,1+4,1 613+38 582+48 56,5+3,1
Po3wmip niBoro nepernceprs, cMm 309+032  328+055% 3,52+0,54* 259+021 29240,33 3,04+0,22% 2,66+0,23
Maca Miokap/ia JHBOTO LLUTYHOUKA, T 15324264 1599+204% 1832+£255% 1294+186 13324264 1393+223 1275217
Trziexe Macy MiOKapia JBOTO IITYHOUKA, I/M 712+£12,7°  82,1+£112*% 97,1+£181*  64,0+10.2 642+11,1 699+13,1 61,1113
ToBIIMHA 33JHBOT CTIHKH JIBOTO LITYHOYKA, CM 0,89+0,11 091+0,13 1,15+£0,14*  0,77+0,14 0,82+0,10 0,86+0,12 0,79+0,12
TOBIMHA MDKIIITYHOYKOBOI TIEPETHHKH, CM 089+0,10 1,03+0,11* 1,18+£0,10* 0,75+0,11 038+0,11 091+0,12*  0,76+0,13

Tpumimku: * — NOCTOBIPHA Pi3HHMII 3 KOHTPOJIBHOO rpymoro (P < 0,05); ° — nocrosipra pishui 3 1A miarpynoro (P < 0,05); » — nocroBipHa pisuuis 3 1B

miarpynoro (P < 0,05); ¥ — nocrosipsa pizaui 3 Il rpymoro (P < 0,05).

TlopiBHrOrOUM TOKa3HUKH Y | rpyTIi, BUSIBIUIH TIOTIPIICHHS AiacTo-
JIi9HOT (DYHKIIT JIIBOTO IUTYHOUKA 31 30UTBIICHHSAM CTYTICHS O’KHPIHHSL
Tax, y maienTiB 13 I crynenem oxxupinast Ta COAC He criocTepiraim
JIOCTOBIPHHX 3MiH JTIACTOJIYHOI (DYHKITI ITi/] 4ac 3iCTABJICHHS 3 BiIIIO-
BimHMMH nokasHukamu y 11 rpyni xBoprx 3 oskupinHsM I crymenst Ta
KOHTPOJIBHOO Ipytioto. [t naienTis 3 11 cTyneHeM oxupiHHs HOpiB-
HSTHHS 3 KOHTPOJIGHOFO TPYTIO0 BCTAHOBWJIO 3HIKEHHSI MAKCHMATBHOT
LIBUAIKOCTI KPOBOTOKY PaHHBOTO /TiACTOJIYHOTO HATTOBHEHHS Ta ITiIBU-
LIEHHS MaKCUMAJIbHOI IIBUIKOCTI KPOBOTOKY ITifI Yac IMepeacepaHol
CHCTOJH, 3HIDKEHHSI CIIiBBiTHOIIEHHS E/A, TiBUIIIEHHS Yacy YIOBLUIb-
HEHHS KPOBOTOKY PaHHBOTO [IIACTOJIIYHOTO HATIOBHEHHSI JIBOTO IILTY-
HOYKA Ta 4acy i30BOIOMETPHIHOTO po3ciabieHHs. JliacromuHy wc-
¢yskmito marsoctoBano y 51,0% xBopux i3 COAC 1 0xUpiHHM
I crymenst. Ane NOpIBHSHHS NOKa3HUKIB JiacTONYHOT (DyHKIIIT y XBO-
pux 13 II crynenem oxupinns y I ta Il rpynax ocToBipHUX 3MiH He
BusiBwio (P > 0,05).

Cepen CTPYKTYpHHX 3MiH MiOKap/ia JIIBOTO IITYHOUKA Y TIALUEHTIB
1 rpymm 3 oxxupinasM 11 cTymieHs TOPIBHSHO 3 KOHTPOIBHOIO TPYTIOKD
BCTAaHOBJICHE JIOCTOBIPHE 30UTBIICHHS TUTHKH TOBLIIMHA MDKILTYHOY-
KOBOI NepeTHHKH. [Ipyn 11boMy HasiBHICTH TinepTpodii J1iBOro ILTyHOU-
Ka BCTaHOBJICHA B OJTHOTO (6%) XBOPOTO i3 1€l TpyImH. AHANI3 MOKa3-
HuKiB y | rpyni xBopux 3 oxxupinssam 111 crynieHst BUSBEB TOCTOBIpHI
3MIHH JiacTONIYHOI (yHKIIi MOPIBHSHO 3 TIOKA3HUKAMK KOHTPOJIBHOT
rpymu Ta nokasaukamu 11 rpymm 3 oxwpinmsim 111 crymens. Cepen
CTPYKTYPHHUX 3MiH YCTaHOBJICHO 30UTBIICHHS MacH MiOKapza JiBOro
[IUTyHOYKA, HAEKCY MacH MiOKap/a JIBOroO IILTyHOUKA, TOBIIWHH 3a]-
HBOI CTIHKH JIIBOTO IITyHOYKA Ta TOBIIMHM MDKIIUTYHOYKOBOI Iiepe-
mraEd (P < 0,05). T'ineprpodist siBoro HuIyHOUYKAa BCTAHOBJICHA Y
8 xBopux 3 wiel Tpymu (1 XBopHii MaB KOHLEHTPHYHY TinepTpodiro i
7 — KOHLIGHTPHYHE PEMOZICITIOBaHHS MiOKap/ia JIiBOTO [IUTyHOUKa).

V Hamomy J0CHiIKEHHI TIOPIBHSHO CTaH JHacTomvHoO! QyHKI y
TALIEHTIB 13 TrinepTpodi€ero JiBoro muTyHOUKa. MakchuMaibHa LIBHI-
KiCTh KPOBOTOKY PaHHBOT'O JIIaCTONIIMHOTO HAMOBHEHHST 3HIDKCHA Y ITa-
LIEHTIB i3 KOHLIEHTPUYHIM PEMOJCITIOBAHHSIM 1 KOHIICHTPHYHOIO Ti-
niepTpodiero MOPIBHAHO 3 TamieHTaMu Oe3 TimepTpodii JIBOTO MITy-
HOYKa. 3apeecTpoBaHO 3HIDKEHHS BiqHoMmeHHs E/A, 0co0/MBO 32 KOH-
LEHTPHYHO] TinepTpodii, ane 3HaYeHHs Yacy yHOBUIGHEHHS KPOBOTOKY
PaHHBOTO JTIaCTOTIYHOTO HAIIOBHEHHS JIIBOT'O IUTYHOYKA TA Yacy i30BO-
JIFOMETPHYHOTO PO3CIIa0JICHHS IOCTOBIPHO HE BiPI3HSIHCE.

TopiBusHHs cniBBiHOMEeHHsT E/A y rpymax xBoprx 6e3 1 3 Tinep-
Tpodi€ro JIBOro LUTYHOUYKA BUSBWJIO JOCTOBIpHE mimsuiieHHs E/A,
aste E/A Mix rpyrnamy 3 KOHIICHTPUYHHAM PEMOJICIIFOBAHHSM 1 Tirep-
Tpodhi€ero JOCTOBIPHO HE BiPI3HAIOCS.

Kopemsmiiiamii anami3 mokazas, mo IMT TicHO Kopesroe 3 iHaeK-
COM aIHOEe-TIIOIHOE Ta iHIeKcoM Aecarypartii (r = 0,712, 0,722, Bizmo-
BimHO, R < 0,05). V namienTis I rpynm yac yHoBUIbHEHHST KPOBOTOKY
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PaHHBOTO /TiaCTOMIYHOTO HAMTOBHEHHS JTIBOTO IILTyHOUKA Ma€ TIO3UTHB-
Huit 38”30k 3 IMT Ta iHmekcom mecarypauii (r = 0,332, 0,481, Bimmo-
BimHO, P < 0,05) 1 HeratuBamii — 13 min Sa0, (r =-0,418, P <0,05), a
Yac 130BOJIOMETPHYHOTO PO3CIAOICHHST KOPENIFOE TUTBKH 3 IHAEKCOM
necarypanii (r = 0,612, P < 0,05). INokasauk E/A xopemoe Titbku 3
IMT (r = 0,455, P < 0,05). KopesrswiiiHi 38’s13kM MK CTPYKTYpHIMI
MOKA3HUKAMH Ta CTAHOM MiacTOMIYHO! (YHKIi JIBOrO MUTyHOYKA
nokazay, 110 y natieHTiB 3 COAC i 0XKHpIHHSM 1HAEKC MacH MiOKap-
J1a JIIBOrO LIUTYHOUKa Kopertoe 3 E/A, yacoM YNOBUIbHEHHST KPOBOTOKY
PaHHBOTO AIACTONIYHOTO HATIOBHEHHS JIIBOTO ILTYHOYKA Ta YacoM i30-
BOJIOMETpUYHOTO po3ciabnenns (r = —0,572, 0,484, 0,612, Bianosin-
Ho, P < 0,05). Inmexc Macu Miokapyia JIBOTO IUTYHOUKA KOPEJIOE 3 iH-
JIKCOM aITHOe-TINoIHoe, iHaeKkcoM aecarypamii Ta min Sa0, (r =
0,582, 0,535, —0,317, BimnosigHo, P < 0,05) y martientie [ rpymm.
V nartienTis I rpymu BcTaHOBIEHO KOpersiiiiiHi 38’ s3ku Mixk IMT, ua-
COM YIIOBUTGHEHHSI KPOBOTOKY PAHHBOIO JIIAaCTOJIYHOTO HAIIOBHEHHS
JBOTO IUTYHOYKA Ta YacOM 130BOJIFOMETPHYHOIO PO3CiabieHHs (I =
0,622, 0,484, BigmosimHo, P < 0,05). Kopemsmiiiai 3B’S3KM MDbK
TIMOKCHYHAMH Ta (YHKLIOHABHUMH Tapamerpamu y Il rpymi =He
BcTaHoB/eHL. OMHO(MAKTOPHIM PEerpeciiHiM aHATi30M YCTAHOBIICHO,
10 BIK, IHJIEKC alHOe-TINoIHoe, iHaeke necaryparii, IMT Ta iHmekc
MacH MiOKap/a JIBOIO LUITYHOYKA — HE3ICKHI HPEIUKTOPH 3MIiH
nokazHuka E/A (Tabm. 5).

Tabuuunsa 5
PesynbTatit 01HO(MAKTOPHOTO PErpeciiHoro aHaizy

YHiBapiaHTHUII perpeciiiHuii aHa3

TTokazauku

BILI (J1 95%) P

Bik, poku 1,14 (0,95-1,33) 0,001
YosioBiua CTaTh 0,71 (0,44-0,98) 0,283
IMT, kr/v? 1,05 (0,99-1,28) 0,001
IHzAeKC armHOe-TINOIHOE, eI1./TOT 1,07 (0,88-1,12) 0,016
IHzeKe aecaTypaltii, yM. of1. 1,09 (0,87-1,56) 0,042
Cepenst Sa0,, % 0,80 (0,52-1,14) 0,324
Minimamsha Sa0,, % 0,74 (0,44-1,03) 0,161
HloGosuit crcront 0,99 (0,95-1,66) 0,021
apTepiabHUiA THCK, MM PT. CT.

Hoboutii niactostivuit 0,96 (0.84-1,22) 0,010
aprepiajIbHUi THCK, MM PT. CT.

IHKe MacK MiOKapyia JIiBOro 1,13 (102-122) 0,004

LIUTYHOYKA, v

Lli 1r’sITh 3MIHHUX IPOTECTOBAHO Y OaraTohakTopHii perpeciiHiit
Moner. Jlns moOymoBH KiHIIGBOI MOJIENI 3aCTOCOBYBAIM TIOKPOKOBE
YBEZICHHSI 3MIHHUX 7O perpeciitHoi mopmeni. [licisi xoperyBaHHS 3a
BikoM, ctarTio Ta IMT KiHLeBa perpeciiiHa MozIeib IPOIEMOHCTPYBa-
JIa, IO TUIBKYU iHIEKC JecaTypallil — He3aIKHHI MPEIUKTOp AiacTo-
migroi muedyrkuii JI y xBopux i3 COAC i oxxupiaasM (Ta0i. 4).
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Taoauus 6
Pesynsrati 6ararohakTopHOro perpeciitHoro aHamizy

BararodakropHuii perpeciiinuii ananiz

IokazHuku BIL (11 95%) P

Bik, poku 1,08 (0,96-1,26) 0,005
IMT, kr/m 1,04 (0,96-1,22) 0,037
THIeKc arHoe-TiNoIHOE, €I1./To 0,95 (0,82—1,20) 0,084
IHnexc necarypattii, ym. of1. 1,12 (1,09-1,42) 0,023
IHmexc Macu Miokapjia JliBoro 1,06 (1,04-131) 0,062
IUTYHOUKA, I/M

O0roBopeHHst

Jiactonivna WcgyHKIis TiBOTO IITyHOUKA PO3IIIIIAETHCS SIK JI0-
KITIHIYHA CTajlist CepIIeBOl HEOCTATHOCTI, 1ie (PaKTOp PU3UKY PO3BHTKY
Ta NPOrPECYBAHHS CEPLIEBO] HEAOCTATHOCTI, 1110 JIOCTOBIPHO 3MEHIITYe
BIDKHBAHHSI HABITh 32 Ge3cumIrroMHoro mepediry (Bibra et al., 2016).
V Halmomy IOCTiIHKESHHI MPOBEACHO OLIHIOBAHHS 3MiH JaCTOMIYHOI
(yHKIT JIIBOrO IUTyHOYKA y MALIEHTIB i3 HOEAHAHAM MepediroM CHH-
JPOMy OOCTPYKTHBHOTO aItHOE CHY Ta O’KHUPIHHSM, 3HAYCHHS SIKUX Y
PO3BHTKY AiacTONIYHOL IMCQYHKITT ToBeeHe. /111 BUKITIOUEeHHS BIUTH-
BY JIOIATKOBHX (DaKTOPIB PH3HKY TIACTONIYHOI JUCHYHKIIT Ha JOCTO-
BIPHICTb Pe3yJIbTaTIiB aHai3y MALEHTIB 13 CEPIIeBO-CYAMHHOIO, CHIIO-
KPHMHHOIO, He(hPOJIOTYHOIO TIATOJIOTIEN0, 3 HEATKOTOIBHOIO JKHPOBOIO
XBOPOOOFO IEYiHKH Ta AUCIMIAEMIEI0 He JIOCITiDKYBaJIH.

AHai3 crady mactoniyHoi QYHKI Y XBOPUX 3 OXKHPIHHAM 6e3
COAC i mpaKTu4HO 370pOBHX OCI0 13 HOPMAIBHOIO Baroko Tijia BHs-
BUB JIOCTOBIPHI BiZIMIHHOCTI TUTPKM MDK 3HAYEHHSMH 4acy YTIOBLIb-
HEHHS KPOBOTOKY PaHHBOTO [IACTOJIIYHOTO HATIOBHEHHSI JIBOTO IILTY-
HOUKa Ta Tika E, 1m0 3a BiicyTHOCTI 3MiH 1HIIHX MOKA3HHKIB (QYHKIIIO-
HAJIGHOTO CTaHy JiBOTO IIUTYHOUKa HE € JJOCTOBIPHIM KpHTEpieM jia-
cromiunol aucdynkiii. Jliacromvry mUchYHKIIO 1iarHOCTOBAHO TiTb-
i1y 4 (6,0%) mauientiB i3 I rpymm xBopux. AHasi3 MOKa3HHKIB
JacTONYHOT (DYHKLT 3aeKHO BiJl CTYTICHS O)KHPIHHS BUSBUB JI0CTO-
BipHi 3MiHK [yt Beix nawtieHTiB i3 11 crynenem oxHpiHHS MOPIBHSHO 3
KOHTPOJBHOO Tpymoto. Y 57,0% xBopux 3 oxupiamsmm I cTymens
BUSIBJICHO AiacTONIYHY AMCQyHKIF0. Kopersiiiianii anami3 moKa3Hu-
KiB y Iil TPyTIi XBOPHX BHSIBUB CIUIbHI 3B’s13KkH Mk IMT 1 wacom ytio-
BUIBHEHHSI KPOBOTOKY PaHHBOTO JiACTOJIYHOTO HAMOBHEHHS JHBOTO
nwtyHouka (r = 0,622, P < 0,05). Otpumani pe3ysisTaTd MOXKYThb BKa3y-
BATH HA MOTIPIICHHSI HACTOMIYHOI (PYHKII y pa3i 30UTBIICHHS CTYTICHS
O)KHPIHHSI, HABITH Y IALIIEHTIB MOJIOZIOTO Ta 3PLIOro BiKy 0e3 ceprieBo-
CYJMHHHX 3aXBOPIOBaHb. Pe3y/bTaTi HAIIOTO OCITi/DKESHHS 30iraroTh-
cs1 3 pesyssTatamu Wang et al. (2015).

Ilix yac owiHIOBaHHS CTaHy JiaCTOMIYHOI (hyHKIIII JIIBOTO IIUTyHOY-
Ka y xBopux 3 oxupiHasam Ta COAC nerxoro crynens (IA minrpyma)
TIOPIBHSHO 3 KOHTPOJIBHOIO TPYIIO0 CTATUCTHYHO JIOCTOBIPHI BiMiH-
HOCTI BCTAHOBJICHO MDK 3HAYEHHSIMHU Yacy YTIOBLUIBHEHHS! KPOBOTOKY
PaHHBOTO MiaCTOJIIYHOTO HANOBHEHHS JIBOTO NUTyHOUYKAa Ta Tika E.
TopiBHsHES 3 TOKa3HUKamu 11 rpyrv OCTOBIpHUX BiIMIHHOCTEH He
BUSIBIJIO.

IMopiBrstaus mactomiuHoi ¢yHkil y miarpynax IB, IC Ta II rpymi
BUSIBWIO JIOCTOBIPHI BIIMIHHOCTI MK yciMa MOKA3HUKAMH J1aCTOIIY-
Hoi mucdynkuii y IC migrpymi Ta I rpymi Ta BimMiHHOCTI Mk E/A,
YacoM YTIOBUIGHEHHS! KPOBOTOKY PaHHBOTO AIaCTOJIIYHOTO HATIOBHEH-
HsI JIBOTO MUTyHOYKA T4 YacOM 130BOJFOMETPUYHOTO PO3CIAONICHHSL.
Ile BKa3ye Ha MOTipIICHHSI TiaCTOMIYHOT (PYHKITIT y TIAIEHTIB 13 cepe/i-
HBOTDKKNM 1 TsDKKnM COAC. Pesynbratyt aHaizy JtiacTonivHol yHK-
1ii 3a moeHanoro nepediry oxupinHs Ta COAC 3aIeKHO Bl CTyTICHs
O)KHPIHHS BCTAHOBWJI CTATHCTHYHO JIOCTOBIPHE MOTIPIICHHS AiacTo-
TivHOI (yHKUIi J1iBoro mutyHouka y mamieHtiB 3 Il Ta I ctynenem
OXUPIHHA. AJie Maibke Bl naientH (kpim 3) 3 IB Ta IC miarpymn mMammi
II ta II crynine oxwupinas. Kopenmsmiiauii aHami3 BHUSBHB TICHI
38’m3ku MbKk IMT Ta rinokcHdHMMH mapameTpamu (IHIEKC armHoe-
TiNOIHOE Ta iHAEKC JecaTypartii). AHaJI3 JaHUX BUMIpIB JIIBOTO Iepest-
CepIis BUSBUB PO3LIMPEHHS JIBOTO TIEPECep/Is Y MAIEHTIB i3 cepeji-
HpOTDKKNM 1 TsDKKuM COAC, 1110 HH3Ka aBTOPIB BBXKAE MApPKEPOM
niacromivsol aucdynxuii (Nagueh et al., 2014). HasiBHicTh 03Hak mia-
cTomvHOl AucGhyHKIIl BIsIBIEHO y 36,9% XBOpHX 13 CHHIPOMOM 00-

CTPYKTHUBHOTO aITHOE CHY Ta OXHUPIHHAM Ta y 8% XBOPHX 13 OXKHUPIH-
HsIM 0€3 CHHIPOMY OOCTPYKTHUBHOIO artHOE CHY. TOOTO KUTBKICTh Malti-
€HTIB i3 JjarHOCTOBAHO JIIACTOJIYHOK UCHYHKIIEI 30UIBLIIIACH
Maibke yderepo 3a npueaHanss COAC. Yci mauieHTH 3 iarHocToBa-
HOIO iacTOMYHO0 AucyHKIiero Mamu | trm aucdyHKi, mo BKkazye
Ha MOpYIICHHS pellaKcallii MiokapZa JIiBOro IUTyHO4Ka. BifmosigHo 1o
IMX pe3yJbTaTiB MokHa ctBepmKyBaty, o COAC noripuye (yHk-
LIOHATBHUN CTaH JIBOTO IIUTyHOYKA Y XBOPHX 3 OXKUPIHHSAM, TIPH
IIOMY 30UIBLICHHS CTYMEHs TIOKCHYHUX HMOPYILEHD 1 CTYTICHST OXKH-
PIHHS BUKIIMKAE IPOrPECYBaHHS ACTOMYHOT TUCHYHKIIII.

IMpoBeneHo HU3KY JOCIIHKEHb, Y SKUX BUBYCHO 3B’SI30K [HACTO-
niuHoi aucyHKT 3 rinokcrunnMe rokasaikamu COAC. Pesyssratu
HAIIIOTO JIOCIT[PKEHHS YaCTKOBO 30iratoThCs 3 pe3yIbTaTaMy LIHX aBTO-
piB. Hanpuxoian, y nocmimkerni Wachter et al. (2012) BcraHOBIIEHO,
10 HasBHICTH cepeHboTspKKoro Ta Tsokkoro COAC acoriroeTses 3
JUACTONIYHOO JCYHKIIE. [Ipy 1EOMY CTYIHB TOpYIIEHb Iiac-
TOJIYHOI (yHKIIIi KOPEITIOBAB TUIBKH 31 30LIBIICHHSM IHIEKCY arHoe-
TIMONHOE, HAa BIIMIHY BiJ HAIOrO JOCIT/DKEHHS, € BCTAHOBJICHO
KOPEJIILIAHMIA 3B’ 130K MDK YaCOM YTIOBUIBHEHHS KPOBOTOKY PaHHBOTO
JIACTONIYHOTO HAMOBHEHH! JIBOT'O IILTyHOYKA, YaCOM i30BOJIIOMETPHY-
HOTO CKOPOUYEHHS Ta IHAEKCOM JIecaTypallil Ta MibK 4acOM yIOBUIBHEH-
HsI KPOBOTOKY PaHHBOTO JIIACTOJIIYHOTO HATIOBHEHHS JIBOTO IITyHOYKA
i min Sa0,. Takox y mocmimkenni Wachter et al. (2012) gactuna
rarieHTiB i3 TsokkuM COAC maa 11 tvm piactomyHol chyHKILi, Ha
BiZIMiHY BiJl pe3yJIbTaTiB HAILIOTO JIOCII/DKEHHS], e BCI NALEHTH Mad
I'tvmn miactomiunol ucdynkiii. Crix 3a3HAYKMTH, 10 Y JOCIIDKCHHS
Wachter et al. (2012) BrmroueHo ocib, siki Manu (HaKTopu pH3HKY po3-
BUTKY [HacTOMYHOI MUCQYHKIi, a came apTepiaibHy TillepTeHsito,
LYKpOBHI1 AiabeT, QUCIIITIAEMIO, 110 MOIJIO BIUTMHYJIO Ha PE3yJIbTaTH
JIOCITi/DKEHHS Ta 3yMOBHUTH BIIMIHHOCTI Y pe3yJIbTaTax JOCII[KCHb.

V nocrimkenni Wang et al. (2015) mpoBenieHo aHai3 3MiH /1iacTo-
TiyHOi (yHKIIT JTIBOTrO IMUTyHOUKA 32 PI3HUX THIB PEMOJETIOBAHHS
miokapra y xBopux i3 COAC. 3a pe3ynsrataMu IbOro JOCIIHKCHHS
BCTaHOBJICHO, 1110 XBWI E Oya 3HaYHO HIDKYOIO B IPyIi XBOPHX i3
KOHILICHTPUYHUM 1 EKCLEHTPUYHUM THUIIOM TirepTpodii JiBoro muty-
HOYKa; criBBinHOIeHHs E/A, T0CTOBIPHO HIDKUE 32 KOHLICHTPHYHOTO
PEMOJICITIOBAHHST MiOKap/ia Ta KOHLEHTPHYHOI Tineptpodil JiBoro
LUTyHOYKA. 32 JaHWMH KOPETSILIHHOTO Ta PErpeciiHOro aHawiizy B
nocmimkeHHi Wang et al. (2015), BCTaHOBJICHO TiCHHI B3a€MO3B’ 130K
MDK CTPYKTYpPHUMH 3MiHAMU MiOKap/ia Ta IOKa3HUKAMH J{aCTOIIIHOT
mucyHknii. 1l naHi 4yacTKOBO 30IraroThCs 3 pe3yibTaTaMH HAIOro
JIOCIT/DKEHHS], e B YCIX MAI€HTIB 13 KOHIICHTPUYHOIO TirepTpodiero
Ta PEMOJIENIOBAHHSM JIBOTO IUTYHOYKA CIOCTEPIray IMOTIPIICHHS
JiacTomivHol (yHKii. Y perpeciiHoMy aHasTi3i B HAILIOMY JIOCITi/DKEH-
Hi B33€MO3B’ 530K MDK CTPYKTYPHHMH 3MiHaMK MiOKap/a JTiBOTO IILTy-
HOUKA Ta AiacTOMYHO0 (PYHKIEr0 He ToBeeHo. Po30KHOCTI MOKYTh
OyTH 3yMOBJICHI BKJIIOYEHHsM y nocrmimkeHHs Wang et al. (2015)
TIAIIEHTIB 3 apTepiayIbHOIO TiNEepTeH3i€lo, sSKa Ma€e 3HAYHNH BIUIMB HA
CTPYKTYpHi Ta (DyHKITIOHAIGHI 3MIHH JTIBOTO IIUTYHOUKA.

3a pe3ynbTataMy OTHO(PAKTOPHOTO PErpeciiiHoro aHai3y Bimiopa-
HO 5 3minHux (IMT, iHmekc amHOe-TiMOMHOe, IHICKC JecaTypariii,
IHJIEKC Macy MiOKap/ia JTiBOTO LITYHOUKA, BiK), [1Bi 3 SIKHX — [IOKA3HUKH
rinokcii 32 COAC. Tlicnst koperyBaHHss MOJEJIi 32 BIKOM, CTarTIO Ta
IMT Tinbku iHIEKC AecaTypallii ToKa3aB MPeaUKTOPHY 30aTHICTh JUTS
TIPOTHO3YBAHHSI IACTONIYHOI MCQYHKILL. TaKkuM YMHOM, MO>KHA TIpH-
nycruty, o COAC i OXXUPIHHS — NPEAUKTOPY MOYaTKOBUX CTaIiH
JHACTONIYHOI TChYHKIIIT, aJie qIarHOCTHKA IMX CTaHIB BUMAra€e 4y Ti-
BIIIIMX METOJIHK, SIK, HATPHKIIA]T, CTPEC-TECT.

V nocmimxkenni Bodez et al. (2016) 3actocyByBai IIo0abHEIA
CTaHJAPTU30BAHMI IMi/IXiZl IO OLIHIOBAHHS IEPBHHHOI [aCTOMIYHOL
nucdynkii y xoropri narientiB i3 COAC i oBenM HasIBHICTb iacTo-
migHoi auchyHkil y 37% mnamientiB i3 COAC. TIpore moka3HUKY Ti-
mokcii 33 COAC He TpOAEMOHCTPYBAIH JOCTATHIO TMPEAUKTOPHY
3MATHICT IS AIACTOMIYHOI JUCQYHKINI JTiBOTO IUTyHOUKa y Gararo-
(hakTOpHOMY perpeciiiHoMy aHaii3i, Ha BiIMIHY Bill HAIIOTO JOCITi/I-
JKEHHI, JIe 1H/IeKC Jiecarypailii OyB HE3aICKHUM TPEUKTOPOM JiacTo-
niyHoi wedynkuii. Y nociimkenni Bodez et al. (2016) innexc armHoe-
TIMONHOE JIOCTOBIPHO KOPEJIOBAaB 3 00’€MOM JIBOIO Tiepeacepas, Ha
BiZIMiHy BiJ HAIIIOrO JOCTI/DKEHHS, JIe JOCTOBIPHUX 3MiH MDK LIIMH
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MOKA3HUKAMH HE BCTaHOBJCHO. [IpHrmyckaeMo, 1o po30KHOCTI Mik
Ppe3yJbTaTaMH JI0CIIPKESHb MOXKYTh OyTH 3yMOBIICHI BIIMiHHOCTSIMU B
METO/IMLI eXOKapiorpadiHOro 1OCIi/HKESHHSL.

3MiHH CepLIEBOi TeMOIMHAMIKH 32 IHTePMITYIOUOI TiHOKCIi Ta 0XKu-
PpiHHS 0Ope JOCTiHKEHO Ha IIypax. Pe3ynbTaTd 1MX TOCIiHKEHb OI0-
CEPEIKOBAHO MOXKYTh TIOSICHUTH 3HAWZICHI B HAIIIOMY EKCIIEPHMEHTI
exokappiorpagiuni 3miHu. 3a maruvu Danica et al. (2014), icroTauit
BHECOK B YpaKeHHsI Miokapza JiBoro muryHouka 3a COAC poGurs
TTiIBUINCHHST TPAHCMYPAIBHOTO THUCKY B JTIBOMY TIEpPEICEp/i Ta JIBOMY
LITYHOYKY BHACJIJIOK KOJIMBaHb BHYTPIIIHBOTPYIHOTO TUCKY, IO Bill-
OyBa€ThCS MIPOTATOM EIi30/y AIHOE-TIIOMHOE SIK PEe3yJIbTAaT MapHUX
JMXATBHUX 3yCWiIb. Y BUMAIKY OKUPIHHS OHMM 13 TPOBIIHKX I1aTO-
TeHETUYHHX (PAKTOPIB YBAKAETHCS 30UIBIICHHS 00’ €My IMPKYIIFOIOUOL
KpOBI, IO CIIPHYMHIOE TIEPEHABAHTAKEHHS JIIBOro muTyHouka (Leo-
poldo et al., 2010; Usui, 2013). Mo)xHa OpHUITyCTHTH, IO TPHABA KO-
JIMBaHHS TUCKY Ta 00’eMy 3a nioeqHanoro nepediry COAC 1 oxxupiHHSI
3yYMOBIIFO€ CTPYKTYPHI Ta (DYHKIIOHATbHI 3MIHH y HITYHOYKAX CEpIId,
1[0 CTIPUYKHIOE TIOTIPIICHHS HACTOMYHOI (PYHKITIT Ta CEpIIeBOi HEM0-
cratHocti y mux xBopux (Wang et al., 2015). Omicani excriepumeH-
TaTbHI PE3yJIBTATH MOSICHIOIOTh 3HAM/ICHI Y HAIIOMY JOCII/DKEHHI 03-
HaKW JUJIaTallii JIIBOrO Tepencepas, IepeBaHTAKEHHS Ta TOTIPIICHHS
Ppernakcariii JIiBOro IUTyHOUKA.

Hespaxkaroun Ha Jiesiki NpeBard, Hamle JTOCHTIHKEHHS Mae HU3KY
obMexeHb. [lepur 3a Bee, 116 HEBENHMKHET 00CSAT BHOIPKH, IO HE JI03-
BOJIMB MPOBECTH TIOBHOLHHE CTATHCTHYHE ONPALFOBAHHS Y JACSKHMX
miarpynax. [lo-mpyre, e BiICYTHICTh JaHUX TKQHMHHOI JIOILIEpOrpa-
il piOpO3HKX KiNelh MITPAILHOTO Ta TPHKYCITIIATBHOIO KITanaHa, ski
MOXYTb JIaTH JJOAATKOBY iH(OPMALLiIO PO CTaH IIaCTOMYHOT (PyHKIL.
Ha gac moyatky 1p0ro JOCITiHKEHHS 11l BAMIPIOBAHHS HE PEKOMEHII0-
BaHi JUTsI OLIHIOBAHHS CTaHy Hiactomivnoi ¢yHkuii. [lo-Tpete, BKIFO-
YeHHs1 Y JIOCITHKEHHS TUTBKH 0ci0 3 yrepire miardocroBanrM COAC
00MEKYe MOXKIHBICTH OIIHIOBAHHS TPHBAIOCTI 3aXBOPIOBAHHS, IO
TAKO’K MOYKE BIUTHBATH Ha PE3YJIBTATH JOCII [DKCHHSL.

BucHoBkH

CuHzpoM 0OCTPYKTHBHOIO aIHOE CHY B TIOEIHAHHI 3 O)KUPIHHIM
BHUKIIMKAE TOTIPIICHHS AiacToivHOl (hyHKii J1iBoro mutyHouka. CraH
JiacTomivyHoi (DYHKIii MiOKap[a JHBOTO ILTYHOUYKA TOTIPIIYEThCS 31
30UTBIICHHSM CTYICHS TSDKKOCTI TMOKCHYHKX TIOPYIIEHb 32 CHHIPO-
My OOCTPYKTHBHOTO AIHOE CHY Ta CTYIICHS OXKHUPIHHSL.

TIposieu miactomiunoi mucyHKi 3adikcoBano y 36,9% XBOpHX i3
CHHJIPOMOM OOCTPYKTUBHOTO alHOE CHY Ta OXKHPIHHM 1y 8,0% xBo-
PHX 3 OXKUPIHHSIM 03 CHHAPOMY OOCTPYKTHBHOIO arHoe cHy. Bci ma-
LIEHTH 3 YCTAHOBJICHOIO JIACTOMIYHOIO UC(HYHKIIIEIO MaU AiacTOMiY-
Hy AUCYHKIIIO 32 THTIOM TOPYIIEHHS peJlaKcarli.

YV mamieHTiB 13 CHHIPOMOM OOCTPYKTHUBHOTO alTHOE CHY Ta OXKH-
PIHHSM YCTAQHOBJICHO TTO3WTHBHMI KOPEIILIHHNN 3B’SI30K MDK 9acoM
YHOBUIGHEHHSI KPOBOTOKY PaHHBOTO JHACTONIYHOTO HATIOBHEHHSI JIiBO-
O IUTyHOYKA, IHICKCOM MAacH Tijla Ta iHIEKCOM JecaTypallii Ta Hera-
THBHHH KOPEJLILIHHMIT 3B°5130K i3 min Sa0,. Yac 130BOIOMETpHYHOTO
Ppo3crabIieH s KOPEIIoBaB TIIBKH 3 IHIGKCOM JeCaTypaLlil, a OKa3HUK
E/A —3 innexkcom Mac Tina.

YV GaratohakTopHOMY perpeciiiHoMy aHaj3i iHAEKC AecaTypari
OyB IPEIMKTOPOM AiacTONIYHOI MUCHYHKILII y XBOPHX i3 CHHIPOMOM
00CTPYKTHBHOTO aITHOE CHY Ta O>KHPIHHSIM.
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MexaHi3M 3MiH y nepupepuuHOMY HEPBOBO-M’SI30BOMY anapari si3uKa
32 eKCIEePUMEHTAILHOI0 CTPENTO30TONMHOBOIO IYKPOBOIO AiadeTy

M. A. Jlyunncekuii, B. M. Jlyuuncekuii, B. B. Illep6a, A. €. Jlemkosuy, IO. 1. Jlyuunceka
Teproninbewvkutl OeporcasHuil meouynui ynieepcumem imeni 1. A. I'opbauescorkoeo MO3 Yrpainu, Teprnonine, Yrpaina

HaBe/ieHO XapaKTepUCTUKY JMHAMIKH MOP(HONOriYHIX 3MiH HEPBOBO-M’SI30BHX 3aKiHUEHb SI3UKA 33 EKCIIEPUMEHTAIBHOIO CTPENTO30TOLMHOBOIO
LYKpOBOIO Jiiabery. Y pe3ylibTari ricTo-yIbTPacTpyKTYPHOIO IOCII/HKEHHS OKa3aHO MaToMOPGOIIOriuHi 3MiHH B Pi3Hi TEPMIHH €KCIIEPHMEHTAIBHOTO
LKpOBOIO Jiabery, a iX 3aKOHOMIPHICTh BKa3y€e Ha TICHHIl KOHTAKT HEPBOBO-M SI30BUX 3aKiHUYEHD 1 €JIEMEHTIB M’S30BOi TKAHHHH. 32 eKCIIePHMEHTAIb-
HOTO CTPEITO30TOLIMHOBOIO I[yKPOBOTO JiabeTy BiI0YBAETHCS MOETHAHA CTPYKTYpHA Iepe0y/ioBa M’S30BHX BOJIOKOH, MIEJTIHOBUX HEPBOBHX BOJIOKOH i
MIKPOLMPKYJIITOPHOTO Pycia s3MKa 3 MOPYLICHHSM HEPBOBO-M’S30BUX 3aKiHUCHb. Y AMHAMIL NiabeTHYHOro Ipolecy BUIUICHO Tpu dasm: dasy
PEaKTUBHO-TUCTPOGIUHNX 3MiH 13 MAKCHMAIBHOIO BHP@XKCHICTIO dYepe3 [Ba TIDKHI BiI IOYAaTKy MOJCNIOBAHHA CKCIIEPHMEHTATBHOTO
CTPENTO30TOLMHOBOIO IKpOBOro mHiadeTy, (asy AecTpyKTUBHO-AMCTPO(QIUHMX MPOLECIB, KA MOYMHAETHCS IMICIS YETBEPTOTO TIDKHS Bil MOYATKY
MOJICITIOBAHHSI €KCIIEPHMEHTAIILHOTO CTPENTO30TOLMHOBOIO IyKPOBOTO Jia0erTy, JereHepaTHBHO-IeCTPYKTUBHY (hasy, sKa PO3BUBAETHCS IICIS 6-TO
TIKHs fociiny. IIpyu pOMy JMHaMiKa 3MiH Y CAMHX HEPBOBO-M’S30BHX 3aKIHUCHHSX TAKOXK 3aISKUTh Bil TPUBAIOCTI IyKPOBOrO miabery, siki
IIPOXOJIATE Y JIBi CTajil: y mepmiiit craii (o 4 TIDKHIB) CIIOCTEpIraloThCsl PeaKTHBHI, y ApyTiit (6—8-i Tiwkai) — muctpodivni nponecy. HeonHakoBuit
CTYIIHB iX BUPKEHOCTI MOB’SI3aHUH 13 PEaKIi€l0 BIACHOTO MIKPOLIMPKY/IITOPHOIO Pycia HEPBOBO-M SI30BUX 3aKIHYEHb 1 KOMITO3MLIIEIO M’SI3iB SI3HKA.
Haii6inbiiry uyTHBICTh 10 TinepriiikeMii BUSBIISIOTH M’S30B1 BOJIOKHA IIPOMDKHOT'O THITY.

Kniouosi crosa: ykpoBuii 1iadet; HEPBOBO-M’S30Bi 3aKIHUCHHST; SI3UK

Beryn miamizargi (Sanders and Mu, 2013; Pourlis, 2014). 3a marmmvu Popel”

etal. (2017) ycraHoBIEHO, IO HEPBOBO-TPO(MITHMIT KOMITOHEHT Bifti-

CTpyKTYpHO-(yHKITIOHATBHI OCOOIMBOCTI SI3UKA BH3HAYAIOTH Pi3- Tpac BOKIMBY POJIb Y IATOreHe31 AUCTPO(IYHIX 1 3aMalbHIX YPaKeHb

HOMaHITHI KJIiHIYHI BapiaHTH HOro 3MiH 3a 0araTrbOX COMaTHYHMX  S3MKa 3a IyKpoBoro jaiabery I Tuiry, ane MexaHi3MH PO3BHTKY LIHX
3aXBOPIOBAHb 1 16 BXKE JIaBHO IIPHBEPTAE yBAry BUCHHX PI3HUX CIIe- TPOLICCIB BUBYCHI HEIOCTATHBO.
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PO3BUTOK EKCIIEPHMEHTAIIBHOTO LyKPOBOrO Jiabery I trity moze-
JTFOIOTh IUIIXOM BHY TPILIHHOOUESPEBHOTO BBEICHHS CTPEITO30TOLIHHY,
IO CYNPOBODKYETHCS TIMEPIIIKEMIEI0 PI3HOIO CTYIEHS BaXXKOCTI.
IIpoGriemi BIUMBY rirepriiikeMii Ha pi3Hi OpraHy Ta TKAHHHH OpraHi3-
My JIOIMHM Ta TBApHH IPHCBSYCHA HM3KA HAYKOBUX JIOCIII/DKCHb
(O’Reilly and Long, 2008; Meo, 2009; Abdel-Reheim et al., 2014;
Rukavina, 2016). I'inepritikemist 3MiHIOE He TUTBKH METa00Ii3M MsI3iB,
a i ix crpykrypy (Westfall et al., 2015). OcoGuBe micne ceper mpo-
SIBIB IyKPOBOTO Jia0eTy MOCi/Ia€ ypayKeHHsI HePBOBO-M s130BOIO ariapa-
Ty Ta CyIMH MIKpoImpKyssitopHoro pycna (Rezki et al., 2016). Huni
BIZIOMOCTI PO 3MiHH PyXOBUX HEPBOBO-M’SI30BUX 3aKiHUCHb SI3MKA Ta
X MIKpOLMPKYJIATOPHOTO PycCiia 32 EKCHEPHUMEHTAIBHOIO CTPEITO-
30TOLIMHOBOTO IYKPOBOTO AiadeTy (pparMeHTapHI Ta BUMAraroTh y3a-
rapHeHHs (Uemura, 2009; Jackowiak et al., 2014).

JloHuHI HEe CTBOPEHO CHUTBHOI TOYKH 30pYy BITHOCHO XapakTepy
MATOJIOTIYHUX 3MiH MI€JIHOBUX HEPBOBHX BOJIOKOH 32 J1iaOCTHYHOrO
miocutry (Byrd et al., 2003; O’Reilly and Long, 2008). Omsi gocsmimmHu-
KU IOTPUMYIOTBCST JyMKH, 1110 Taki 3MiHN — nepBraHi (Nwayyir, 2017;
Rehman and Akash, 2017), iHmii BiTHOCSTB X 10 BTOPUHHHX, SIKi PO3-
BHBAIOTHCSl BHACJIIOK TMOPYIIECHHsT MiciieBoro kpoBooOiry (Tooke,
2003; Uemura et al., 2009), TpeTi — JOTPUMYIOTECS TEOPIi MOPYIIICHHS
HEHpOryMOpaTbHOT PErysimii MiCIEBOrO MeTadoINi3My Mi€JIIHOBHX
HepBOBHUX BOJIOKOH (Pertseva et al., 2013). ITpu 1i50My Bci 0HOCTAHHO
BUBHAFOTH HIBAIKOILUTHHHICTG 1 3BOPOTHICTH MPOLIECIB 32 BUPAKEHOIO
XapaKTepy NEeCTPYKIIil CKIIaIOBAX KOMIIOHCHTIB HEPBOBHX MPOBIIHI-
kiB (Westfall et al., 2015). IIpu 11soMy BiICYTHI JiaHi PO 3MiHU PyX0-
BHX 3aKiHYCHB Y BIACHUX M’sI3aX SI3HKa.

ToMmy, y CBITIIi Cy4aCHHX 3aIMUTIB MPAKTHYHOI HEHPOCTOMATOJION I,
BUBYCHHA MEXaHI3MIB CTPYKTYPHO-aIAlITHBHAX 3MiH B OKPEMHX
CTPYKTYPHHMX KOMIIOHEHTAX SI3MKA 32 EKCIIEPUMEHTAIIBHOIO CTpErl-
TO30TOLIMHOBOTO ITyKPOBOTO Jia0eTy CTAHOBJISITH 3HAYHWIA iHTEpecC
(Abdel-Reheim et al., 2014).

Mera i€ cTarTi — OUIHATH AMHAMIKY MOP(OJIOTIYHIX 3MiH Hep-
BOBO-MSI30BUX 3aKiHUCHB SI3UKA, TX MIKPOIMPKYJISTOPHOIO pyclia 3a
EKCIEPUMEHTAIBHOTO CTPENTO30TOLMHOBOIO IyKPOBOIO Jiabery.

Marepian i MmeToau 10C/TKeHb

JocnimxyBanu s3uk 45 nabopaTopHux IypiB JiHii Bicrap. Kon-
TpoJbHA Ipyma ckiananacs 3 20 inraktaux TBapuH. L{ykpoBuit niaGer
MOJICITFOBITH LIUTIXOM BHY TpIIIHBOYEpeBHOrO BBezIeHHs 0,1 Mt po3un-
Hy crperrro3oronuHy (Colev, 2008; Semenko and Savytskyi, 2017).
JUnst ociipKeHHsT HEPBOBHX 1 M’SI30BHX BOJIOKOH $I3MKa 3aCTOCOBY-
BAIM TICTONOTYHKIT (3a0apBieHHsI TeMATOKCWIIHOM 1 €O3MHOM,
iMmpersaris 3a binbmioBebkum — I'poc, Meromom Mapki) Ta
€JIeKTPOHHO-MIKPOCKOIIYHII MeTOH. Bei MienliHOBI HEpBOBI BOJIOKHA
3a po3MipoM moaisu Ha api6Hi (1,0-4,0 mxwm), ceperai (4,1-7,0 Mxm)
i Bermuki (moHay 7,0 Mxm). [HIeke g BU3HaUam 3a OpMyJIo g = 4 , e

d
a— JiameTp akcona, d — miamerp riioro MHB.

TBapuH y Tepio JOCIIPKCHHS YTPUMYBAIH Ha CTAHIAPTHOMY
pAaLLioHi BiBapilo Ta BUBOIWIIN 3 EKCIIEPUMEHTY depe3 2, 4, 6 1 8 TivkHIB
Bl [I0YATKy MOJIEIIOBAHHS EKCIIEPUMEHTAIIBHOIO CTPEHTO30TOLIMHO-
BOTO LKpoBOro aiabery 3rigHo «IIpaBri ryMaHHOTO MOBODKEHHS 3
CKCIEPUMEHTATEHUMH TBAPUHAMID T «3aralbHIMI €THYHAMH IIPUH-
LIATIAMH eKCTICPIMEHTIB Ha TBAPUHAXY.

Pesynbrari nocsimkeHHs 00poOIieHi 3a J0MOMOTOkO TTaKeTa pH-
KJIaHIX TIPOrpaM sl MeMKO-010JIONYHIX ToCipkeHb Statistica 6.0
(StatSoft Inc., USA). BiporinHicTs pi3HHIi MK BUOIPKaMHU OLIHIOBATN
3a t-kputepieM CTBIOJICHTA, 3 MEPEBIPKOI0 HOPMATBHOCTI PO3MOJILTY.
PizHuiro BBaKasM BiporigaHoo 3a P < 0,05.

PesysbTatn

V mepiri ABa TIDKHI MCTS TIOYATKy MOACITIOBAHHS CKCIIEpUMEH-
TAIBHOTO CTPENTO30TOLMHOBOTO IyKPOBOTO Aia0eTy B TEPMIHATBHIX
Mi€JIIHOBHX HEPBOBHX BOJIOKHAX YTBOPIOIOTHCS BAPHKO3HI PO3IIMPEH-
Hl, 1110 Ha YJIBTPAcCTPYKTYPHOMY DIBHI IIOB’SI3aHO 3 PO3IIApyBAHHIM
MI€JTIHOBOI OOONIOHKH. BinOyBaeThesi BaKyomi3allisi IMTOIIIA3MU HEli-

POJIEMOLITIB, @ B aKCOHAX 3MEHIIYEThCS IIUTBHICTE MATPHKCY MITO-
XOHZPIM 1 PO3IIMPIOETHCS TIepHUaKCOHAIBHMI TpocTip. [Tpy 1pomy y
NPETEPMIHATBHAX JAUBTHKAX 3MEHILYEThCS KUIBKICTh PO3TaTy)KeHb
PYXOBOIrO aKCOHA. Y HEPBOBO-M’SI30BHX 3aKIHYEHHSX 3MEHILYEThCS
TIEpUMETp TePMiHAMII aKCOHA, JOBKWHA CHHAIITUYHUX KOHTAKTIB, IIN-
pYHA aKTUBHHX 30H, KUIBKICTh CHHAIITUYHHX ITyXHpLIB, (parMeHTy-
IOTBCSL KPUCTH MITOXOHJIPIH, 30UIBIIY€ETECS BiICTaHb MDK CHHAITTHY-
HHUMH CKJIaIKaMH (prc. 1).

UYepes 1Ba TIDKHI Bl TI0YATKy MOJICIOBAHHS EKCIIEPUMEHTAIb-
HOTO CTPENTO30TOLIMHOBOIO IyKPOBOIO Jjabery siapa M’sI30BUX BOJIO-
KOH MAaloTh MHO)KHMHHI iHBAriHaI{i KapiojeMu, XpOMaTHH KOHICHCO-
BaHHI HepeBOXHO Ha mepudepii HykIeomwasmu. [Ipyu oMy capko-
TUIa3Ma Ma€e 3HIDKEHY eJIEKTPOHHO-ONTHYHY IIUIBHICTD Ta MICTHTB Be-
JIMKY KUTBKICTh BaKyOJiel, YaCTKOBO BTPA4a€ThCs MOMEpedHa CMyTac-
TicTb. Taxi 3MiHM XapaKTepHi MepeBaKHO [T M S30BHX BOJIOKOH IIPO-
MDKHOTO THITY.

UYepes 4OTHPH TIDKHI TTICIIS TTOYATKY MOZEITIOBAHHS EKCIIEPHMEH-
TAJIBHOTO CTPEITO30TOLMHOBOIO IyKPOBOIO AjabeTy B OKPeMHUX Mi€JTi-
HOBHX HEPBOBHX BOJIOKHAX APIOHOTO Ta CEPeIHBOIO JiaMeTpa CIocTe-
PIraroThCs MEPUAKCOHATBHI 3MIHK y BUIIIAI HAOPSKY Ta YacTKOBOIO
pyHHYBaHHS Mi€JIIHOBOI OOOJIOHKM. BHACTINIOK IHOTO BUSBIISETHCS 1X
HepiBHOMIpHE 3a0apBieHHs. [linTBep/mKeHHs IHOTO — iX METPUYHHI
Tepepo3noaiT (30UTBIICHHST KUTBKOCTI CEpEeHIX 1 BENIMKHX 33 3MCH-
IICHHS KUTBKOCTI JPiOHNX HEPBOBHX BOJIOKOH) 1 3MEHINICHHST TIOKA3HH-
ka g 110 0,32 yM. of1. (Y KOHTpOJTi MOKA3HKK g CTaHOBUTH 0,48 yM. o11.).
TpeTepMiHaTBHI JUTSTHKA PYXOBUX aKCOHIB YTBOPIOFOTh JIOKAJIBHI 3BY-
JKEHHSI Ta BApUKO3HI PO3ILIHPEHHSL, 3MEHILYETHCSI IUIOIIA iX TepMiHATb-
HUX PO3TaTy KeHb.

B axcormmazmi TepMiHATBHUX Mi€JTIHOBIX HEPBOBHX BOJIOKOH TIO-
PAA 13 BUIIE3raJaHIMK 3MIHAMH 3pOCTA€ CTYIIHB arperamii (iameH-
TO3HO-TYOYJSpHUX CTpYKTYp. [Ipu 1pOMy BHHMKae Ie3iHTErpariis
OUIBIIOCTI CKIIAJIOK MOCTCHHAITUYIHOI MeMOpaHH, PO3IIMPEHHS CHHAI-
THYHOI IIUTMHU Ta BPOCTAHHS B HEl BIIPOCTKIB KIHIICBUX HEHpOIeMO-
1uTiB (puc. 2). Y HepBOBO-M’SI30BHX 3aKIHYCHHSIX 3MEHILY€ETHCS KiTb-
KICTh CHHANTHYHUX MyXHUPLIB Ta MITOXOH/PIii, BOHM MAlOTh IPOCBIT-
JICHHH MaTpHKC i 3pylHOBaHi KpHCTH. B 11eil TepMiH 3 MoYaTKy mMozie-
JIOBAHHS! EKCIIEPHMEHTATIBHOIO CTPENTO30TOLMHOBOIO LyKPOBOIO Jlia-
0eTy CyMPOBOKYETHCS 3MEHILICHHSIM TIEpHMETPa TePMiHaTI Ta JOBKH-
HH CHHAIITHYHOTO KOHTAKTy BimmoBimHo Ha 39,7% 141,9% (P <0,05).

OrtpuMaHi JaHi CBiT4aTh MpO 3HIDKEHHS HTCHCHBHOCTI IUX IPO-
IIECiB 32 EKCIICPHIMEHTAIFHOTO CTPENTO30TOLMHOBOTO ITyKPOBOTO fja-
Oery. Y MOCTCHHANTAYHOMY BiUTiTi 3MEHIITY€THCS 110 64,9% KITBbKICTh
CHHAITHYHUX CKJIAZIOK, BIZICTAHb MK HUMH 3pocTae B 1,7 paza, mmpu-
Ha akTUBHUX 30H 3MeHIIyeThes Ha 41,6% (P < 0,05).

Yepes 4OTUPH TYDKHI HICIIS I0YATKY MOJIEIIOBAHHS €KCIIEPUMCH-
TAIBHOTO CTPENTO30TOLMHOBOTO IyKPOBOTO /IiabeTy B M’SI30BHX BO-
JIOKHAX HapOCTae HAOPSIK CapKOILIA3MH, SIKMI BHKJIHKAE PO3LIApyBaH-
B3 MioQiOpwiL. Y 25,5% BumazkiB y M’SI30BUX BOJIOKHAX MPOMDKHOTO
THITy CTIIOCTEPIralOThCS sIpa 13 3HAYHIM 3MEHIIICHHSIM OCMiO(LUTEHOCTI
HyKJICOILIa3MH.

V 1eii TepMiH NOYMHAE SICKPABO HPOSIBIITHCH PEAKLIist KPOBOHOC-
HOT'O pyClia y BUIJISIIL 3BY)KCHHS TPOCBITY CYAHH MIiKPOLIMPKYJISTOP-
HOTO pycJia, 30UTBLICHHSM KIUTBKOCTI (DyHKIIIOHYIOUMX apTepiono-Be-
HO3HHMX aHACTOMO3IB. Yepe3 me 3MEHIIYeThCS KUIBKICTh BHYTpIII-
HBOCTOBOYPOBHX KaIlJBIPiB Ta IX CyMapHa €MKIiCTh BIATIOBIIHO Ha
26,5% Tta 12,7%, ToHi K IUIOMA «30H BaCKyJSPH3AIliD» OTHAM BHY-
TPIMIHEOM 'SI30BUM T€MOKAIUIIPOM 30UTBIIYEThCS B CEPEIHEOMY Ha
12,2% (P < 0,05). 1le Bukmnukae 30ibieHHs Ha 22,5% KUTbKOCTI M’si-
30BUX BOJIOKOH, SIKi IPHIIAJAIOTh HA OJUH TeMOKAIULIP, PO3TAIIOBa-
HUM y 11ild 30Hi.

Kapruna nepeOynoBu nepu)epiHOro HEPBOBOTO anapary si3UKa
Yepe3 LICTh TWXKHIB TTCIS MTOYaTKy MOJICNIFOBAHHS EKCIIEPUMEHTAb-
HOTO CTPENTO30TOLMHOBOTO ITyKPOBOTO /1ia0eTy JOCUTH CTPOKATA, IO
TIPOSIBIIIETHCST TIOMITHIM HAOPSIKOM 1 HEPIBHOMIPHOIO IMITpErHaIti€elo
Mieniny y 28,1% Mi€TiHOBIX HEpBOBHX BOJIOKOH, TOAL SK B IHIIINX
BostokHaX (18,2%) 3MiHHM CTOCYIOTBCS OUTBIIIOIO MIPOIO aKCOHIB SIK Mi€-
JIHOBHIX, TaK 1 OE3MieJIIHOBUX HEPBOBHX BOJIOKOH. OOpoOKa Mi€sTiHO-
BHX HEPBOBUX BOJIOKOH METOOM Mapki N03BOJISE€ BUSIBUTH 3HAYHY
KIUJIbKICTh HeZIOOKHCHEHHUX IIPOIYKTIB po3nay MieniHy (y 15,4% miexi-
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HOBHUX HEPBOBUX BOJIOKOH). I1le o/1Ha rpyTia MieJIiHOBHX HEPBOBHX BO-
nokoH (10,2%) xapakTepu3yeThcsl BUPOKSHIM HAaOPSIKOM 1 BaKyoJTiza-
L€k MiesTiHOBOT 000s0HKH. Ll — mpuimHa il HepiBHOMIPHOTO 320apB-
JICHHSI 32 PaxyHOK TIOpYIICHHs IPiOHOKOMIPKOBOI CTpYKTypH. B okpe-

MHX MI€JTIHOBUX HEPBOBUX BOJIOKHAX, sIKi CKIIanaroTh 8,3% Bin iX 3a-
TJIbHOI KUIBKOCTI, BIIOYBA€ThCS JIOKAIbHA JECTPYKLS Mi€NiHOBOL
000JIOHKH Ta cerMeHTapHe orosientsi akcoHiB. 1lle 19,8% miemiHoBrX
HEPBOBHX BOJIOKOH 3AJTUIIAFOTECS IHTAKTHIMH.

Puc. 1. YapTpacTpykTypa HEpBOBO-M SI30BOT0 CHHAIICY SI3MKA LIypa Yepe3 [ABa THIKHI MiCIIs OYaTKy MOISIIOBAHHS CTPEITO30TOLMHOBOTO
LYKPOBOTr0 [iabeTy (CTpiikaMu MoKa3aHi MOCTCHHANTHYHI CKIIaAKN): / — IPECHHANTHYHHMIT TOMTIOC, 2 — MOCTCHHANITUYHUIA TTOJTIOC,
3 — KiHIEBHIT HEUPOIEMOLIHT, 4 — CapKoIUI1a3Ma, 5 — MITOXOHPI, 6 — eHIOMi3ii

Puc. 2. YipTpacTpyKTypa HEpBOBO-M SI30BOT0 CHHAIICY SI3HKa LIypa Yepe3 YOTHPH TYIKHI IICIIsI T0YaTKy MOJICIIOBAHHS
CTPENTO30TOLMHOBOIO IyKPOBOTO AiabeTy (CTpilKaMu MoKa3aHi MOCTCHHANTUYHI CKJIAAKK): | — IPECHHANTHYHHUHN HOJIIOC,
2 — NOCTCHHANTHYHHUH MOITIOC, 3 — BIIPOCTOK KiHIIEBOTO HEUPOJIEMOLIUTA, 4 — CApKOILIa3Ma, 5 — MITOXOH/PIL, 6 — eHIOMI3ii

MophomeTpruHmii aHami3, POBEICHII Ha MpenapaTax, 3a0apB-
nieHux 3a KynpuripkuM, 1MoKasas, 10 Ha Iiony 1 TIOTIEPEYHOTO
Tiepepi3y S3MKa BHACHIOK JeMi€NiHi3amii aKCOHIB 3MEHIITYEThCS 3a-
raJlbHa KUTHKICTh MIi€JTIHOBAX HEPBOBUX BOJIOKOH.

Cepeast IIoma HEPBOBO-M SI30BHX 3aKiHUCHb 3MEHIIYETHCS TI0-
PIBHSHO 3 KOHTpOJIeM Ha 56,1%, a OpIBHSHO 3 JAHUMH MOIEPEIHHOTO
TepMiHy eKcriepuMenTy — Ha 25,6% (P < 0,05). Akcoruiazma nepeBaH-

TKEHA CHHATITHYHAMM MYXMPIAMA. X KiTbKiCTh HA Bech 3pi3 depe3
AKTHBHY 30HY CHUHAIICY 3pocTae B 3,6 pa3a MOPIBHAHO 3 KOHTPOJIBHUMH
TOKa3HUKaMU Ta Ha 37,8% Ouiblle, HDK Ha €Talll YOTUPHOX TIDKHIB
ITCIISE TIOYATKY MOJIENFOBAHHS CKCIIEPHMEHTATBHOIO CTPEITO30TOLH-
HOBOTO ITyKpOBOTO Jiabery. Y CyOCHHANTHYHINH 30HI BH3HAYACTBHCS
3MEHIIICHHSI KUTBKOCTI pHOOCOM 1 MOMIpHOOCOM, ayie 30LIBIIYEThCS
KUIBKICTh MIHOLMTO3HUX ITyXHUPLIB. [Ipy I1bOMYy 3MEHILYETHCS Killb-
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KICTh CKJIAJIOK TIOCTCHHANTAYHOT MEMOpaHH, a OTke 1 il rwioi. Y neit
TEPMiH EKCIIEPIMEHTY HPOJOBXKYFOTHCS TPOLIECH JACCTPYKIILii OKPEMIIX
MIETIHOBHX HEPBOBHX BOJIOKOH. [IpH 1IOMY B IUISTHIII HEPBOBO-M 5130~
BHX 3aKiHYCHb 3MCHIIYETHCS KUIBKICTh HEHpPOJIEMOLTIB, 30UIBLIY-
€Thes apripodiist i smep.

VY meii Wac 3a paxyHOK pPO3BHTKY BHpPaKCHOI Ba30KOHCTPHKLII
BIIOYBA€THCS. PO3PIIHKEHHS CyIMHHOI CITKU SI3HIKA, il KansIpHi IeTi
30UTBIIYFOTECS y po3Mipax 10 100-140 x 70-80 MKM, a KUTBKICTb BHY-
TPILIHBOM’ S30BUX TEMOCY/IMH 3MEHIIYeThC 10 53,2 + 2,14 Ha 1 MM’
TIONIEPEYHOTr0 TIepepi3y si3MKa. BHACIINOK 3MEHIIeHHS liaMeTpa Ipo-
CBITY CKJIQ[IOBHX YaCTHH TeMOMIKPOLIMPKYIISITOPHOTO PyCJia sI3MKa Bill-
OyBa€ThCS] METPUUHHH TTepepO3IIOIL TeMOKAITUBIPIB: 3HAYHO 3MEHILLY-
€TBCS KUTBKICTh BEJIMKUX Ta 30UTBIIYETHCS APIOHMX 1 CepeHiX 3a dia-
METPOM MIKPOCY/IMH. YHACIIOK 3MEHIICHHS AiaMeTpa MPHHOCHHX
CyIHH TeMOMIKPOLIPKYJIITOPHOIO PyClia YacTHHA KPOBi CKUIIAETHCS
Yepes3 BIIKPUTI apeTepiorio-BeHO3H IITyHTH.

'V 3B’S13Ky 31 3MCHIIICHHSIM KUTHKOCTI BHYTPIIIIEOM SI30BUX TEMOKa-
TIUBIPIB BiIIAIb MK HHMU Ta pajilyc X KPOBOIIOCTa4aHHs ITOPIBHSHO 3
TBAapUHAMH KOHTPOJIBHOI TPy 30UIbLIYy 0TECA Ha 14,6%, 1110 BUKIIH-
Kae PO3LIMPCHHS «30H BaCKYJIIPU3ALLD» KOXHOTO 3 HUX Ta 30UIbIICHHS
KUTBKOCTI HEPBOBUX BOJIOKOH B iX Mexax. [IOpiBHSHO 3 TBapHHAMHU
KOHTPOJIBHOI TPYIH Yy IIypiB CKCIICPHMEHTATBHOI TPYIH CyMapHa
€MHICTP KPOBOHOCHOTO pycla 3MEHINyeThes Ha 25,5% 1 ckiamae
9954 Mir.

Yepes BiCIM TWKHIB MCIISI TIOYATKy MOJICITIOBAHHS €KCIIEPHMEH-
TaTBHOTO CTPEMTO30TOLMHOBOTO IyKPOBOIO JIiabeTy Mi€jio- Ta aHrio-
APXITEKTOHIKA s13UKa 3HAYHO BIJPI3HSETHCS Bill TAKOI y TBAPHH KOH-
TpobHOI rpym. [Topsi i3 M 3arasibHa KiTbKICTh Mi€JTIHOBHX HEpBO-
BHUX BOJIOKOH TIOPIBHSIHO 3 MOTIEPEIHIM TEPMIHOM (X04a He BipOTiIHO)
BCE XK 3ammmaeTbess MeHmor (P > 0,05). MeHrre, MOPIBHSIHO 3 KOH-
TPOJILHOIO TPYIIOI0, HAPAXOBYETHCS MIENIHOBHX HEPBOBHX BOJIOKOH
BEJIMIKOTO JiaMeTpa, TOMi SK KUIBKICTh JPIOHMX HEPBOBHX BOJOKOH i3
BUTOHUYEHOIO MI€JTIHOBOIO 00O0JIOHKOIO OlTbINIa, 1110 MATBEPIDKYE iCHY-
BaHHS TIpoIieciB nemieniHizariil. [Ioka3HUK g 3MEHIIYEThCS B YCiX MET-
PHYHKX TPYTIaX MI€TIHOBUX HEPBOBHX BOJIOKOH i ckitazae 0,28 ym. ox.
HeiiposeMOIMTH Takux HEPBOBHMX BOJIOKOH MICTSITh siipa APiOHOIO
PO3Mipy 3 MapriHaIbHO PO3MIOILICHAM XPOMATHHOM.

V 11eld TepMiH BUSIBISIFOTBCSL MACOBI PYIHYBaHHS HEPBOBO-M 5130~
BHUX 3aKiHYCHb, TOMOTEHI3allisi MiEJTIHOBUX OOOJIOHOK, aTpodist TepMi-
HaJIbHUX PO3TaTy’KEHb aKCOHIB. AKcCOIUIa3Ma CJICKTPOHHOLIUIBHE, B
Hiif BIICYTHI MIKpPOTPYOOUKH.

V' HepBOBO-M’SI30BUX 3aKIiHUECHHSIX TEPMIHAIBHI PO3raTy’KEeHHS
PYHMHYIOTECS, B Pe3yJIbTaTi YOro NPeCHHANTHYHUI TIOJFOC BiICYTHIN.
VY mpX IUBHKAX CIOCTEPIralOThCs 3AIMIIKH akcoruiasmu. Ha mpomy
eTarti eKCIIepUMEHTY criocTepirani (PopMyBaHHS Tak 3BaHUX aTpodid-
HHX HEPBOBO-M SI30BUX 3aKiHYEHb, IS SIKUX XapaKTepHa O3HAKa — I1e-
pudepruHe po3TalIyBaHHS APiOHIX CHHANTHYHKX ITyXHPLIB 3 YTBO-
PEHHSIM BENMKHX OE3MyXHpPLEBHX 30H Yy ICHTPAIBHI 9acTHHI akco-
TUTa3MH Ta TIOBHA BIJICYTHICTB CKJIaJIOK TIOCTCHHAITTITYHOI MEMOpaHH.

Tinepriiikemisi, sika PO3BUBAETHCS I1i1 YaC MOZICITIOBAHHST €KCIICPH-
MEHTIBHOTO CTPENTO30TOLMHOBOIO ILIyKPOBOTO JIia0ery, MpOTAroM
BOCBHMH TIDKHIB, BUKJIMKAE IECTPYKLIIO MiO(LTaMEHTIB, 110 CYTIPOBO/I-
JKYETBCS IOPYILEHHSIM CTPYKTYpU M- i Z-niHiit y mioioprnax. Mito-
XOHJPIl 3MEHIIYIOTECS B PO3MIpax, X MaTpuKC Mae HU3bKY €IeKTPOH-
HO-ONTUYHY MIUTbHICTB, KPUCTH JIe30PiEHTOBAHI, BKOPOUCHI, (parMeH-
TOBaHL. Y CapKOIUIa3Mi MEpeBaKHO M’S30BHUX BOJIOKOH HPOMDKHOTO
THITy CIIOCTEPIracThCsl 30UTBIICHHS KUTHKOCTI BKIIFOUECHD PI3HOI €JICKT-
POHHO-ONTHYHOL IIITEHOCTI.

'V KpOBOHOCHOMY PYCITi SI3MKA Y TICH TePMiH 30epiracThcsi TCHICH-
L1is1 10 3MEHILICHHS TIPOCBITY #0ro ckiiaoBux dactuH. [Ipu npoMy mia-
METp MPOCBITY CY[MH apTepiajbHOl YaCTUHH BIPOTiTHO BiIPI3HSAETHCS
Bill HOPMH, TOZ] SIK IOro BEHO3HA YaCTHHA 3TUILIAETHCS POSLIMPEHOIO.
Bce >x MOp(hoMeTpUYHO BCTAHOBIJIEHO 3MEHIIICHHS KUTBKOCT] BEJIMKHX 1
CepeIHIX Ta 30UIBIICHHS YUCIA APIOHIX TeMOKAIUIIPIB, 30UTBIICHHS
CepeHBOrO pajiiyca Ta IUIOMTi 30H! KPOBOIIOCTAYAHHSI KOYKHOTO 3 HHX,
3MEHIICHHSI CYMapHOI €MHOCTI KPOBOHOCHOTO pycia. ITpu 1soMy Biji-
HOCH2 KUTBKICTb Mi€JTIHOBHX HEPBOBHX BOJIOKOH Ha OJIIH FeMOKAIILISP
Ta iX KUIBKICTh y «30HaX BacKyJsipu3aLiii» MeHiua Ha 10,6%, Hik y mo-
TiepeHii TepMmiH, 1 Ha 37,2%, HX y TBapuH KOHTpoibHOI Ipymu (P <

0,05). Mibk KiJIbKiCHAM 1 SIKICHAM CKJIaJIOM Mi€JTIHOBUX HEPBOBHX BO-
JIOKOH 1 TeMOKAITUBIPIB BiIMIYa€THCS HU3bKA KOPEIBILIiHA 3aJIeKHICTD
(r=0,28), 1110 CBITYHUTH PO 3MEHIIICHHST B3aEMO3YMOBIICHOCTI Mi€JIO- Ta
AHTI0APXITEKTOHIKH SI3KKA 32 CTPEITTO30TOLIMHOBOTO [IyKPOBOTO /Tia0eTy.

O0roBopeHHs1

Huni HakormdeHO 3HaYHI 3HAHHS Ta OMyOJTIKOBAHO JOCTAaTHIO KiTb-
KICTh pE3YJIBTaTiB JIOCHI/DKEHb, MPHUCBIYCHUX MOP(PODYHKIIIOHATb-
HUM, TiCTOXIMIYHIM 1 YJIETPacTPyKTyPHHM OCOOIMBOCTSIM OY/I0BH pi3-
HUX TKaHWH JIOMHM Ta TBAapUH 3a Iykposoro madery (Meo, 2009;
Abdel-Reheim et al.,, 2014; Rukavina, 2016; Rehman and Akash,
2017). OnHaxk i3 110l HU3KY TTHTaHb, TI0B’I3aHUX i3 PEaKII€r0 HEPBO-
BO-M’SI30BHIX 3aKiHUEHP Ta iX MIKpOLMPKYIATOPHOTO pyciia Ha Tirep-
TJIKEMiF0, HEMA€ CITUIBHOI yMKH, a 0arato acrieKTiB 1€l mpooIeMi
TIOTPe0YIOTH IIOAIBIION0 BUBYECHHSI.

PesynbTati 10ciimKeHb, MPOBECHHUX OKpeMiMuy aBTopamu (Gar-
cia et al., 2013; Ignacio and Felix, 2016), Bka3ytoTh Ha Te, IO I{yKpO-
BHIi1 [ia0eT BUKIIMKAE CTPYKTYPHI 3MiHH HEPBOBO-M’S30BUX 3aKiHUCHb,
IMOMHA SIKMX 3aJIKUTh Bil TpUBaoCTi Tinmepriikemil. Popel’ et al.
(2017) nokazaim, 110 MIBUIICHNAN BMICT TIIIKO3WIHOBAHOTO TEMOTJIO-
OiHy HaBITh HA KOPOTKUI TEPMiH CHPUUMHSE BApHKO3HI PO3IIMPEHHS
Mi€JTIHOBHX HEPBOBHX BOJIOKOH, 3MEHILICHHS TLIOLi HEPBOBO-M’SI30BHX
3aKiHYCHb, a TAKOXK IOBKHMHH akcoHHMX TepMiHaneil (Konur and
Yuste, 2004).

YcraHopseHe HaMH 3MEHIICHHS 3araIbHOI KUTBKOCTI Mi€JIIHOBHX
HEPBOBHX BOJIOKOH, BHSIBIICHE MOP(GOMETPUYHHM aHATI30M Hperapa-
TiB sB3UKa, 3a0apBiieHX 3a KysbuuibKrM, BKazye Ha JEMI€STiHI3ALIO
AKCOHIB Y>Ke uepe3 YOTHPH TIDKHI TTICII MOYaTKy MOJICIIOBAHHS eKCIIe-
PUMEHTATBHOTO CTPENTO30TOLMHOBOTO IIyKPOBOTO IiadeTy, o Mid-
TBEPIDKYETHCS TaHUMH iHIMX aBTopiB (Ohnishi et al., 1983), sxi Bus-
BIUIM TIOZIOHY KapTHHY B IHINMX M’s13aX 3a IfykpoBoro miabery I ta
Il tnry. MeHIIa KiIbKiCTh MIi€JTIHOBUX HEPBOBHX BOJIOKOH BEJIMKOTO
JiameTpa Ta 30UTbLICHHs KUTBKOCTI IPIOHMX HEPBOBUX BOJIOKOH i3 BH-
TOHYCHOIO MI€JTIHOBOIO OOOJIOHKOIO TOPIBHSHO 3 TBAapHHAMH KOH-
TPOJIBHOI TPYIIH MiATBEPIDKYE iCHYBAHHS MPOLIECIB ASMIETiHI3aLIT BKe
Yyepe3 LIICTh TIDKHIB ITCIS MOYaTKy MOJICTIOBAHHS SKCIICPHMEHTATb-
HOTO CTPENITO30TOLIMHOBOTO IIYKPOBOTO JTia0eTy.

XapaKTepHOO KapTHHOIO 33 TAKOT'O Jia0eTy BBAYKAEMO BHSIBIICHHS
TIABUINEHOI  arperarii  (UIAMEHTO3HO-TYOyISIPHHX —CIPYKTYyp B
AKCOIUIa3Mi TepMIHAIBHIIX MI€TIHOBHX HEpBOBHX BoJIoKoH. Westfall et
al. (2015) moB’s13yr0Th 3pOCTaHHS CTYICHs arperaiii (iIaMeHTO3HO-
TyOyJSIpHHX CTPYKTYp B aKCOIUIa3Mi TEPMIHAIBHMX MI€TIHOBUX
HEPBOBUX BOJIOKOH 13 TIOPYILIEHHSM aKCOHHOTO TPaHCIOPTY.
Arperargist MiKpOTpyOO4OK i HeHpoQiIaMEeHTIB MOXXE TPOXOAHTH B
MICIISX TIABHMINEHOI KHCJIOTHOCTI aKCOIUIa3MH. Take «3aKHCHEHHSD,
OYCBHIHO, — pE3YJbTAaT 3MiHEHOi ()YHKUIi HeHpONEeMOLMTIB, SIKi
iepeOyBarOTh Y HEaJeKBATHUX YMOBAX I BUAULIIOTH Y HABKOJIMILHE
cepenoBuie kucnmii Oitok (Rosengren et al., 1977; Bera and Nandi,
2014). Ilpm 1poMy B IMTOIWIA3Mi HEHPOIEMOLWMTIB  3HAYHO
30UTBLIYETHCS KUIBKICTh BAKyOllb, L0 BKA3y€ Ha KPUTHYHI IPOLIECH
CIIOXKMBAHHS PIIMHU 3 MDKKJIITHHHOTO TPOCTOPY, SIKi CHOCTEpiraan
JOCIIIHUKY B IHIIMX TKAHWHAX 3a IyKpoBoro miabery (Zhou et al.,
2011). Ilpn mpoMy MieiHOBa OOONOHKA Ma€ MHOKHHHI AUTSHKH
PpO3IIapYBaHHS JIaMeJl Mi€JTiHy — TOKa3HHK TJIMOOKOTO IOPYIICHHS
obminy (ocdomniniis (Grigoletto et al., 2017).

'V HepBOBO-M’SI30BHIX 3aKIHUEHHSIX 3MEHIITY€THCS KUIBKICTh CHHAI-
THYHHX ITyXHPLUB Ta MITOXOHAPIH, SIKi MAIOTh MPOCBITJICHNH MaTPHUKC i
3pyiHOBaHI KpHCTH. [Ipu 1bOMY HEHpPOIEMOIMTH TAaKUX HEPBOBHX
BOJIOKOH MICTATB JPiOHI TeTepOoXpOMAaTH30BaHi sIpa, IO, Ha TyMKY
Kuznetsov et al. (2016), cBimuuth mpo MMOOKE HOPYILICHHS MITOTHY-
HOI Ta OLJIOKCUHTE3yBAIBHOI aKTUBHOCTI KITITHHH.

3MEHIIECHHST KUTBKOCTI CKJIAJIOK MOCTCHHANTHYHOI MEMOpaHH —
BaKKE YCKJIAIHEHHS TieprIKeMil, IO Mopsiy i3 3MEHIICHHsM 1i 3a-
TAJIGHOI IUION CHIPHYMHSIE 3HIDKEHHS KUIBKOCTI XOJIHOPELENTOpIB
(Jonsson and Eriksson, 2007). SIkiiio BpaxyBaty, 10 IPH [EOMY aKCO-
IU1a3Ma [IePEBAHTAKCHA CHHAITTHYHAMH My XHUPLFSIMH, 1€ B CyKYITHOCTI
CBIIYHTH NPO 3HAYHE MOPYILCHHS MEXaHi3My €K30LMTO3Y alleTHIIXO-
TiHY Yepe3 cuHanTu4HI MeMOpanu (Azam et al., 2003).
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BusiBriena HaMH AeCTPYKIIist OKPEMUX Mi€JIIHOBUX HEPBOBUX BOJIO-
KOH BHKJIMKA€ JICHEPBALIO M’S30BHX BOJIOKOH, LIO MpPOSIBISIETHCS
3MEHIICHHSIM KiTbKOCTI HSHPOJIEMOLIUTIB Y UISHII HEPBOBO-M SI30BHX
3aKiH4YeHp 1 apripodimiero ix simep. Taki 3MiHM criocTepirand iHim
JOCITTHUKY 32 TIOPYIICHHS CTPYKTYpPH HEPBOBO-M’SI30BHX 3aKIHYCHB
SIK TIpH IfyKpoBoMy miaberi (Bril, 2014; Ignacio and Felix, 2016), Tak i
3a 3aXBOPIOBaHb iHIIOro reHesy (Muntoni, 2012; Oyebode et al., 2012;
Silinsky, 2013).

Busienenit Hamu HaOPSIK CapKOILIA3MH, SIKUH BUKJTMKAE PO3IIapy-
BaHHs Mio(iOpHIT BXKe Yepe3 YOTHPH TYDKHI HiCIIsT [OYaTKy MOZIEIIO-
BaHHS EKCIIEPUMEHTATIBHOTO CTPENITO30TOLIMHOBOTO IIyKpOBOTO fiabe-
Ty TOpsi 31 3HAYHMM 3MEHIICHHSIM OCMIO(LTFHOCTI HYKIICOIUTa3MHU Y
M’SI30BHX BOJIOKHAX MPOMDKHOTO THITy MOXKHA PO3IVIIIATH SIK MPOSIB
(yHKUiOHANTEHOTO BUCHaKeHHS simpa (Shekorbatov et al., 2010).

SIKIIO BpaxyBaTH, IO 32 CKCIICPUMEHTATIBHOTO CTPEIITO30TOLIMHO-
BOTO ITyKPOBOT'O JTia0eTy TIOPYILYEThCsT OKHCHUI MeTabomiaM (Rehman
and Akash, 2017), B sikoMy Ge3rocepeHio y4actb 6epyTh MITOXOH/PIT
(Leem and Koh, 2012), To MoXxHa IpUITyCTHTH, IO aTtpodist M’s3iB
3yMOBJICHa TOPYIICHHAM aKTUBHOIO TPAHCIOPTy Heifpomeniatopa B
pe3ysbTarti AeilMTHOro eHepro3ade3neueHHs akco-M 'sI30BOI repeiadi
HEpBOBOIO imMIynbecy. [Ipu mpomy Bimomo, o Mopdororiyamii cyo-
CTpaT MOpYILEHHsT OKHCHOTO (ocoprroBaHHs — (hparMeHTarlist Ta
PEIyKList KPUCT, SIKa HPOSIBIISIETHCS 3HIKCHHSIM aKTUBHOCTI CyKLIMHAT-
nerinporenasu (Carette et al., 2011; Nwayyir, 2017). Kiipkicts Mikpo-
BE3UKYJI 13 HeHpOMeZiaTopoM 1 KUTBKICTh MITOXOHZIpIH y NpecHHan-
THYHUAX TEPMIHAX AKCOHA 3aJICKHUTh, 3 OIHOTO OOKY, BiJ CHHAI-
THYHOI akTHBHOCTI HeiipoHa (Crone and Sharma, 2011), 3 ixmioro — Bix
1BUIKOCTI akcoHHoro TpaHcnopty (McKelvey, 2014).

TlocriiiHa o3Haka 3a BCiX (OPM i1 CTYTICHIB HEHpO- Ta MiOmaTiii —
HEIOCTATHICTh aKTHBHOI Tepesiadi IMITYJIbCY B 30HI MPECHHAITTHYHOL
MemOpanu (Bril, 2014; McKelvey, 2014). Pesynsrarn, otprMaHi Hamu,
TIOKa3yk0Th, 1110 38 EKCIECPHMEHTATBHOIO CTPEHTO30TOLHHOBOTO IyK-
poBoro miabery 10 HasBHUX IECTPYKTHBHHX 3MiH IPETCpPMIHAIBHUX
HEPBOBHX BOJIOKOH 1 aKCOHATIBHUX TePMIHAICH TIPUETHYETHCS HEIOC-
TATHICTH Tepeadi IMITyJIbCiB, YHACIIIOK TIMOOKHX JIereHepaTHBHHX
3MiH y HOCTCHHANTUYHUX MEMOpaHaXx, sIKi TIOCHITIOIOTh BIUIMB HIIIMX
HECTPSITIIMBAX YNHHHKIB Ha CTaH M’S30BUX BOJIOKOH. OCKITBKH Ha
KIHIIEBIM CTaii JOCIIHKEHHS CIIOCTEPIra€Thesl TOTAJBHA ECTPYKLIIS
HEPBOBO-MS130BUX 3aKiHUYCHb, MOP(OMETPHUYHII aHaJIi3 TIPOBECTH HE
BIIAJIOCHL.

Tlopsiz i3 MM 3MEHIIICHHS KUTBKOCTI BHYTPIIIEOM SI30BUX TEMOKa-
ITISPIB BUKJIMKAE 3HAYHE PO3LIMPEHHS «30H BACKYJISpU3aLlii», 110, 32
nannvu Popel’ et al. (2017), Bkasye Ha noriprieHHs Tpo(iku BCIX TKa-
HUH SI3UKa, SIKi BXOJSITH [0 L€ 30HU. 3OUTBIICHHS YUCEIBbHOCTI (yH-
KIIOHAJIBHIX apTepioyio-BEHO3HUX aHACTOMO3iB 3yMOBIIOETHCS €0
Ba30aKTUBHUX PEYOBHH, Cepe/ SIKMX HecTielr(iuHi MeTa0oIiTH, TicTa-
MiH, CEpOTOHIH, KiHiHH, 10 y BEJHKIH KUTBKOCTI YTBOPIOIOTECS Y pasi
TOpYIICHHS B OpraHi3Mi yTwiizamii rmoko3u (Pertseva et al., 2013;
Nwayyir, 2017). ITinsuirene cKuIaHHs apTepianbHOI KpoBi y BeHH de-
pe3 apTepio-BeHO3HI aHACTOMO3H CIIPUYMHSIFOTH 3MEHILICHHS apTepio-
BEHO3HOTO IPajlieHTa KOHICHTpALIil KUCHIO, MOPYLICHHS OKHCHO-Bi/l-
HOBHHX TPOLIECIB 1 PO3BUTKY alI03y B HABKOJMILHIX TKaHHHAX (Xie
etal., 2014), 10 SKOTO Yy T/IMBILI Mi€JTIHOBI HEPBOBI BOJIOKHA MOPIBHS-
HO 3 Oe3mieninoBuME (Brownlee et al., 1986; Jin et al., 2008; Ishibashi
etal, 2016).

BusiBreni HaMu CTPYKTYpHO-(yHKIIOHATBHI 3MIHA MIKpOCY/IUH-
HOIO pycCja HEPBOBO-M’SI30BHX 3aKIiHYCHb 33 EKCIICPUMEHTAIBHOIO
CTPENTO30TOLMHOBOTO IyKPOBOTO 1jabeTy TOPKAKOTHCS HE TUTBKH 3MiH
SHJIOTETIOLWTIB, a 1 IX MOP(QOMETPUIHOIO Mepepo3noALTy. 3MEHIIeH-
HI JTlaMeTpa MPOCBITY CKJIAJI0BUX YaCTHH TeMOMIKPOLMPKYJIITOPHOTO
pycina si3uka miarBepmkyersest qanumu Tooke (2003) i Popel” et al.
(2017), s1Ki BKazyroTh Ha BUPAXKEHHI METPHYHHUI TIEPEPOINOILT FeMO-
KaIUIIpiB BIACHUX M’SI3IB SI3MKA 332 EKCIEPUMCHTAIBHOTO CTPENTO-
30TOLMHOBOTO IKPOBOTO JiabeTy. BHACIIIOK 3MEHIICHHS Jliamerpa
BOHH TICPEHIOBHIOIOTECS (DOPMEHHMMH €JIEMEHTaMH  KpOBI, IO
BHKJIMKA€ BEHO3HO-KaNuLIpHUH cra3. Ha mymky oxpemux asropis (De-
midova, 2010), TpuBama BeHO3HA TimepeMis Ta CTa3 3yMOBJICHI
3aTpUMaHHSIM HPOAYKTIB po3aay MiesiHy Ta 3HmkeHHsM pH cepemo-
BHIL[A, B SIKOMY 3aKOHOMIPHO [i/IBUIIY€ThCSl KOHLIGHTpALlisl KiHiHIB

(Wagner et al., 2008; Xie et al., 2014). BoHn BUKIHKAIOTh Tape3 apTe-
PO, ITiABMINCHHS MPOHUKHOCTI CYJIH, MOPYIIYOTh MiCIieBi (epmeH-
TATHBHI CHCTEMHU Ta IiIBUILYIOTh YyTJIMBICTH TKAHHH [0 KHCHEBOTO
ronoaysanss (Demidova, 2010).

[Micias 6-8 TIWKHIB MiCHA MOYATKy MOJEIIOBAHHS CKCIICPHMEH-
TIBHOTO CTPENTO30TOIMHOBOIO IYKPOBOTO Tia0eTy BHUSBIICHA HAMH
JIECTPYKIIisi HEPBOBO-M'SI30BHX 3aKiHYCHb MOPSII 13 TOMOTCHI3AIIE0
MIETIHOBHX OOOJIOHOK 1 aTpo(hi€lo TepMIHAIBHUX PO3TaTyXKEHb aKCco-
HIB MOXE OyTH pe3yJIbTaToM BTPATH HEHPOTPO(IYHOTO BILIMBY MOTO-
HEHpOHa Ha M’SI30Bi BOJIOKHA, 110 3QJICKUTh BiJl CTYIEHS MOPYILICHHS
AKCOHHOTO TpaHcIopTy. Ha 1ie Bkasye Hi3Ka JI0CII/DKEHb i1 Yac Horo
(apmaxororiunoi 6rokamu (Borer, 2006; Garcia et al., 2013; McKel-
vey, 2014). ToMy AeCTPYKLiIO aKCOIUIa3MHU 33 EKCHEPUMEHTAIBHOTO
CTPENTO30TOLMHOBOIO ITyKPOBOTO /TiabeTy CIIi/l pO3LIHIOBATH SIK (hak-
TOp, SIKUI TI0C/IabIroe HeHpOTpO(IYHIIT BIUIMB HA MeMOpaHy M’s130-
BHX BOJIOKOH.

BucHoBku

ITpoBezieHe HaMM JOCIIIDKEHHS J1a€ ICTAIbHY YSIBY TIPO JIMHAMIKY
CTPYKTYpHO-(DYHKIIOHAIBPHAX 3MiH HEPBOBO-M SI30BUX 3aKiHUECHb Yy
pi3HI TEpMIHM BiJ TOYaTKy MOJETIOBAHHS EKCIEPUMEHTAIBHOTO
CTPENTO30TOIMHOBOIO ITyKpOBOro Aiadety. B muHamini mporo mpore-
CY BUSIBISIFOTECS /1B (hasu: (pa3a peakTHBHO-aJalTalliiHIX 3MiH i3 MaK-
CHUMAJIBHOKO BUPAXKEHICTIO uepe3 4 TIKHI eKCIIEPUMEHTY Ta JIeCTPYK-
THBHO-JICTeHepaTiBHa (ha3a, sIka PO3BHBAETHCA Yepe3 6—8 THKHIB IiCIs
TIOYATKy MOJICITIOBAHHS EKCIIEPUMEHTAIBHOIO CTPENTO30TOLMHOBOIO
IlyKpPOBOTO JjabeTy.

[Maromopdororiuni 3MiHE BiTOOPaKAIOTH CTPYKTYPHO-(YHKLIO-
HAJIBHY B3a€MO3YMOBIICHICTH HEPBOBO-M SI30BUX 3aKIHUCHB 1 OKPEMIX
CIIEMEHTIB iX MIKPOIMPKYJIITOPHOTO PyClia, IO TPOSBISETHCS X
TIO€JTHAHOIO PEAaKIIi€r0 B Pi3Hi TEPMIHH eKCIIEPUMEHTATBHOTO CTPEITTO-
30TOLIMHOBOIO IyKPOBOTO JiabeTy. 3MIHH B IIUX CTPYKTYpPax CIIPHUH-
HIOIOTh TJIMOOKY MOP(OJIOriuHy mepeOyI0By M SI30BUX BOJIOKOH Pi3-
HOro (hbeHOTHITy 32 eKCHEPHUMEHTAIBHOTO CTPEHTO30TOLIMHOBOTO IyK-
poBoro niabery. Pe3ynbraTét HAIMX JOCIIMKEHb MOKA3yIOTh, LIO B
M’SI30BHX BOJIOKHAX SI3MKA Pa3OM 3i 3MiHCHHMH MITOXOHIPISIMH Ta
Mio(hiOpIIaMi MICTSITBCS TIOIIKO/DKEHI OpPraHed B aKCO-M S30BHX
CHHAIICaX 3 O3HAKAMH SIK PEAKTUBHHX, TaK 1 IECTPYKTHBHUX IIPOLICCIB.
e Bkazye Ha TicHMIT MOpGhO(YHKIIOHATHHUI B3a€EMO3B’SI30K MK
MU CTPYKTypaMH.

3a eKCIepUMEHTATIBHOTO CTPENTO30TOLIMHOBOTO IyKPOBOTO Jtiabe-
Ty BitOyBa€ThCS CTPYKTYpHA IepeOy/10Ba Mi€JIIHOBUX HEPBOBHX BOJIO-
KOH 1 MIiKpOLIMPKYJIITOPHOTO Pyciia si3HKa 3 MOPYILIESHHSIM OpraHi3aii
HEPBOBO-M’S130BHX 3aKiHUEHb.
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In the course of field experiments conducted during the 2015-2016 vegetation seasons, retardants Medax Top, 1.0 I/ha
(prohexadione-Ca and mepiquat-chloride), appeared more effective than Terpal, 1.5 I/ha (mepiquat-chloride and ethephon),
on field plots with high-yield varieties. Foliar application of Megafol promoted the productivity of winter wheat varieties
Smuglyanka and Podolyanka and reduced the negative influence of retardants on the wheat plants in the vegetation seasons
which were characterized by moisture deficit. The influence of modern retardants — prohexadione-Ca + mepiquat-chloride
(Medax Top) and mepiquat-chloride + etefone (Terpal, both BASF, Germany) on the accumulation of some macro- and
micronutrients in winter wheat plants was determined. The assays were performed on an ICP-MS Agilent 7700x mass
spectrometer (Agilent Technologies, USA) with ICP-MS Mass Hunter WorkStation. Samples of winter wheat plants were
taken in the phase of flowering and grain ripening. The samples were dried, homogenized, 0.400 g of weight was dissolved
in ICP-grade nitric acid in the Milestone Start D (Milestone Inc., USA). All solutions were prepared on 1st class water (18
MQ cm ') obtained on the Scholar-UV Nex Up 1000 (Human Corporation, Korea) water purification system. The ICP-MS
Complete Standard IV-ICPMS-71A was used as the external standard, and the internal standard was Sc, both of Inorganic
Ventures, USA. According to the ICP-MS results of plant samples of winter wheat of Smuglylanka and Podolanka, it has
been shown that, in conditions of wheat growing on light soils of Polissya, modern compositional retardants affect the
ionome of plants during the vegetation season, as well as change the content of inorganic elements in the grain. It was found
that winter wheat of the middle-stem intensive Podolyanka type reacted more responsively to retardant treatment than the
short-stem highly intensive Smuglyanka type. At the same time, there was an increase in the content of nutrients in winter
wheat of the Podolyanka variety. It should be noted that wheat grain of the Smuglyanka variety contained a significantly
higher pool of macro- and trace elements than the Podolyanka variety. It was established that the treatment of Podolyanka
winter wheat varieties by mepiquat-chloride and ethephon (Terpal, 1.5 Vha) positively influenced the accumulation of
potassium, magnesium and calcium and manganese, copper and zinc in the grain. We found that foliar application of
compositions of amino acids simultaneously with retardants can reduce the negative action of PGRs on formation of the
harvest in conditions of drought and influence the maintenance of composition of inorganic elements in the plants and in the
grain. The composition of retardants with the content of cyclohexadione derivative (Medax Top) also significantly
influenced the changes in the content of inorganic elements in plants and grains. We note the significant increase in the
content of magnesium in the leaves and in grain due to the action of Medax Top. These differences in reaction of winter
wheat varieties to the action of retardants of the class of cyclohexadione are important for clarifying the systems of nutrition
of crops in intensive growing technologies, especially in the conditions of drought and high temperatures. Reduction in the
pools of a number of inorganic elements in plants, for example iron, by the action of retardants may be due to the
constraints on the entry of these elements from the poor soils of the Polissya zone and should be compensated via foliar
nutrition. Also, the peculiarities of the activity of plant growth regulators have been shown to indicate a close relationship
between signal systems of plants and changes in ionome.

Keywords: wheat; amino acids; retardants; ICP-MS; ionome

3MiHM €JIEMEHTHOI'0 CKJIAAy POCJMH IIIEHUII 03UMOI
3a il Meradgosy Ta peTrapaaHTiB

I. M. Mipomanyenko, T. 1. Makoseiiuyk, JI. M. Muxanbkceka, B. B. [lIBapray

Incmumym ¢hizionoeii pocaun i ecenemuxu Hayionanvnoi akademii nayk Yxpainu, Kuis, Ykpaina

VY mosnpoBHX Ta BHUPOOHMYMX JOCTiax BererauiiiHux ce3oHiB 2015-2016 pp. Ha mociBax BHCOKOIPOIYKTHBHHX COPTIB IIICHHUII O3MMOL
perapmant Menakc Tom, 1,0 j/ra (mporekcanion Ca + meniksar) BusBuBCs edexruBHinmM, Hibk Tepran, 1,5 n/ra (Meniksar xyopup + eredoH).
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ITo3akopeneBe 3acrocyBanHs Meradoiy MiiBHILYBaiI0 BpoxaiHicTh mireHuni coptiB CMmyrisiHka Ta [lononsHKa Ta 3HWKYBaJIO HETATHBHY M0
peTapiaHTiB Ha POCIMHY IIICHHUII y BETETAIHIX CEe30HAX, SKi XapaKTepH3yBaICs HeCTauero BOJIOTH. 3a pesynbraTamu ICP-MS ananizis 3paskiB
pocnuH miieHui o3umoi coptie CMmyrisiHka Ta [ToonsHka BCTaHOBIEHO, 1110 32 YMOB BUPOIILYBAaHHS IMIIICHULI Ha JerKux 1pyHTax [lomices cydacHi
JOOpHBa 3 YMICTOM aMiHOKHCIIOT i KOMITO3HULIHHI peTapaHTH BIUIMBAIOTh HA €JIEMEHTHHUI CKJIaJ POCIIMH IPOTATOM BEreTallii, a TAKOXK 3MIHFOIOTh
BMICT HEOPTaHIYHUX eJIeMEHTIB y 3epHi. O31Ma M’siKa MIIEHHI CepeHbOPOCIIoro copry [loossiHKa IHTEHCUBHOIO THITy YYT/IMBIIIE pearyBaia Ha
00poOKy peTapaHTaMH, HiXK KOPOTKOCTEOIOBUI BUCOKOIHTEHCHBHUM copT CMyryHKa. [Ipy oMy criocTepiramy MifBUILIICHHS BMIiCTY €lIEMEHTIB
JKMBIICHHS Y 3€pHI 03UMoi mieHuLi copty [logomnsaka. Kommosuiis peTapaaHTiB 13 MOXiAHUM anuinukiorekcaaiony (Menakce Torr) Takox cyTTeBO
BIUIMBAJIA HA 3MiHH €JIEMEHTIB i0HOMY, MiJIBUILYIOYM BMICT Mg Ta IHIIMX €JIE€MEHTIB Y POCIMHAX i 3epHi. [lo3akopeHeBe 3acToCyBaHHS KOMITO3MLIiH
aMIHOKHCIIOT OJTHOYACHO 3 peTapfaHTaMH MOXKE 3HIDKYBATH HeraTuBHYy Aito PPP Ha (opMyBaHHS BpoXaro 3a IOCYXH Ta BILUIMBA€E Ha 30€PeKCHHS
CKJIa[ly HEOPraHiYHMX ENIEMEHTIB i yac BereTaiii Ta y 3epHi. L{i BiqMIHHOCTI y peakiyii COpPTiB MIIECHUII 03MMOI Ha IO PETapIaHTIB KIacy
AIWIIMKIIONeKCaIiOHIB Ta IHIIMX MAOTh 3HAYCHHS VISl yTOYHEHHS CHCTEM >KHBJICHHS ITOCIBIB KYJIBTYPH B IHTCHCUBHHX TEXHOJIOTISIX BUPOIILYBaHHS,
30KpeMa, B yMOBaxX IIOCYXH Ta BUCOKHX TeMIepaTyp. 3MEHIIEHHs ITyJliB psifly HEOPraHiUHMX €JIEMEHTIB y poCiMHaX (HarpHKiIaj 3ajiza) 3a mii
peTapiaHTiB Moxke OyTH I10B’s3aHE 3 0OMEXKEHHSIMHU HAIXOKEHHS [IUX eJIeMEHTIB i3 OiHuX IpyHTIB [Tomichkol 30HH Ta IOBUHHO KOMIICHCYBAaTHCS
M03aKOPEHEBUM [Mi/DKUBIICHHSAM. YCTaHOBJIEHI OCOOJIMBOCTI MPOSIBY aKTUBHOCTI PETYJISATOPIB POCTY POCIHH CBIiAYaTh MPO TICHHH 3B’SI30K MDK
CUTHAJIbHUMU CHCTEMaMH POCIIMH Ta 3MiHAMH i0HOMY.

Knrouosi cnosa: menuns; amiHokucnoty; perapaanty; [ICP-MS; ionom

Beryn

«3enieHa  PEBONIOLISY CYTTEBO IiJBHIIIIA PIBHI BPOXAHHOCTI
TIICHUIT TA HIIHMX 3ePHOBUX KOJIOCOBHX KYJIBTYP Y CBITi. 3pOCTaHHS
BHPOOHHMIITBA BUCOKOSIKICHOTO 3€pHA 3QJIMILIAETHCS TOJIOBHUM HAIIpsi-
MOM Cy4acHOTO 3ePHOBMPOOHMIITBA Ta OJHIEIO 3 OCHOB BHCOKOIO
PiBHSI peHTa0eIBHOCTI pocnMHHMLTBA B Yipaiti (Morgun et al., 2010,
2015; Reynolds, 2011, 2012). [Ipore 3pocTtaroui 1031 BHECEHHST MiHe-
PATBHUX a30THUX JOOPHB IIiJ BUCOKONPOAYKTHBHI KOPOTKOCTEOIOBI
Ta CEpPeIHBOPOCII COPTH MIICHHUII YacTO BHMAraroTh 3aCTOCYBaHHS
perapraHTiB JUIT NMpoTHil BrniraHHIO rociBiB (Berry et al, 2004;
Espindula et al., 2009; Morgun et al., 2010, 2015; Merry et al., 2015).
BinpliicTs CydacHUX peTapiaHTiB 32 MEXaHi3MOM Jii HalexaTb J0
Kiacy iHribitopiB GiocuHTesy ridepenminiB. Cepen BiIOMHX i3 KiHII
1970-x pokie PPP xnopmekBarxsiopuz (a00 XJIOPXOJiHY XJIOPHZ, Ui
2-x110p0-N,N,N-TprMeTiieTaHaMiHOXJIOpH ), MemikBar (ado 1,1-mame-
THIIIEPUINHY XJIOPUL), KUl BUKOPUCTOBYIOTH Y (OpMi XIIOPHIY
abo menTadopary, xyophoHiyM (abo TpuOyTII|(2,4-mmxsIopodeHin)-
metui|ochorito) y dopmi xiopury, AMO-1618 (5-rinpokcukapa-
KPWI)TPUMETHIIAMOHIFO XJIOpHJT 1-minepuanHy kapookcuar). Lli crio-
JIyKd 1HTIOYIOTh TEpPETBOPEHHsI repaHirepanimmipodocdary mo ent-
KaypeHy. HacTynHe nepeTBOpeHHS 10 ent-KaypeHaTy KaTalli3yeTbCs
mToXpoM-P-450 3anexHMMH MOHOOKCHTeHa3amu. Peraprmanty Ha-
CTYITHOTO TIOKOJIHHS Ha OCHOBI N-TeTepOIMKIIIB: aHIMMIION (O-IIHK-
JIOTIPOITUT-0-(4-METOKCU(EHLIT)-S-MipUMi IMHMETaHOoN,  (ITyprIiprMiIon
(o~(1-mernnermn)-o-[4-(TpudityopoMeToKcH ) peHLT |- 5-TTiprmMi uHMe-
tanon, Termuiiacue (3aR4R.4aS,6aR,7R,7aS)-rel-1-(4-xmopodeHin)-
3a4,4a,6a,7,7a-rexcarinpo-4,7-metano-1H-[1,2]-niazeto-[ 3,4-f]-6emz0-
Tprazon, maknodytpazon  ((oR,PR)-rel-B-[(4-xmopodenin)mer]-o-
(1,1-mamernsernn)-1H-1,2 A-tpuazon-1-erano), yaikonason-P (BE)-
B-[(4-xnopodenimmerien]-o-(1,1-mumernnerun)-1H-1,2,4-tprazon-
1-eranon Ta iHabeHdin N-[4-xmnop-2-(rinpokcudeninveTi)benin]-4-
MipUaMHKapOOKcaMisl iHrIOYIOTh Ti cami ()epMEHTH YTBOPEHHS ent-
KaypeHy Ta ent-kaypeHaty. B ocranHi necsupivqus eeKTHBHI perap-
JIaHTH TaKOXX 3HAXOIATH Cepe]l MOXITHUX BIIOMOTO PaHillle BIHAijIe-
HOIO TIPHCYTHICTIO IpaMiHIIMIB Ki1acy muksorekcanionis (LITT), 3o0-
kpema — atnt-1IJ, sii edpekTrBHO OMOKYHOTH LTSI OiocunTesy 'K,
3MEHIIYIOTh BMiCT akTuBHUX TibepeniniB ['K; i 'Ky i mmpoko Buko-
PpHUCTOBYIOTECS Y cydacHoMy pociuuuunTBi (Evans, 1999; Matysiak,
2006). AL npuraivyrots ¢isanshi cramii 6iocuntesy T'K, a
came Tigpokcumosans ['Kyy B ['K;. Tprurekcanak-eTuiI, mporekcai-
oH-Ca Ta JaMiHO3MI iHTIOYIOT MEPEBXHO 3[-TIOPOKCIITIOBAHHS Ta
YTBOPCHHSI BHCOKOAKTHBHUX TiOCPENHIB 13 HEAKTHBHUX TOXITHIX
(Rademacher, 2000; Morgun et al., 2010; Rademacher, 2010; Schwar-
tau et al., 2013). Lle minTBEpHKYETHCS NCTATBHAME JOCIIDKCHHIMHI
mexanizmy il arn-1{I/] (Evans, 1999), skuMu BCTAHOBJICHO, 110 32
CTPYKTYpPOIO MOJIEKYJ1a HPOreKCalioHy MoziOHa [0 2-OKCOITyTapoBOl
KHCJIOTH (KO-CyOCTpaT JEOKCHIeHa3, 110 KaTali3yoTh I1POKCHITIOBAH-
B3I Mi3HIX ctanii 6iocunTesy ['K). Tomy nepBuHHAM caiftoM aii mpo-
TEKCa/TiOHy KalbLil0 MoXke OyTd came 3P-TimpokchmoBaHHS. Y pe-
3yJIBTaTi 3aCTOCYBAHHS IIPOTEKCAIOHY BiOYBAECTHCS 3HIDKESHHS PIBHS
HaxormaeHHs 'K (BucokoakrusHOro PPP), 1o BHKIMKae aKyMyJIo-
BaHH! #oro nonepentyka — ['Kyy (HeaktreHOT (hopmu). [Tpu isoMy Ha

TEHETUYHO ONM3BKOMY N0 TIIEHWIN Ta IHIIHMX 3ePHOBHX KOJOCOBHX
KyJIBTYp BHJIl — KyILIOHDKII TBOKOJIOCKOBIH (Brachypodium distachyon
L. P. Beauv.) nokasaHo BiJCyTHICTb TPaHCKPHUIILIIHHOI BiIOBI HA [0
(iToropmoHiB, y ToMy umcii nporekcaniony-Ca (Kakei et al., 2015).

Peraprany knacy noximunx awi-1I /1 jerko 3acBOIOIOTHCS ve-
Pe3 JIMCTKOBY MOBEPXHIO Ta NEPEMILILYIOTECS 10 POCINHI [IEPEBAXKHO
AKpOIeTAIBHO, OasHIeTATBHII pyX oOMexeHHid. BoHn MOXyTs OyTH
eeKTMBHUMI SIK 32 BHECEHHs y (ha3l KyILHHS, Ha IOYaTKy BHUXOIY
pociuH y TpyOKy, Tak 1y (hazi mpanopreBoro JMCTKa, KOJM aKTHBY€ETh-
Cs PICT OCTAaHHBOTO MTIIKOJIOCOBOTO MDKBY3ISL. BaskivBo, 1110 y 1iei rie-
piof yci eneMeHTH Kojoca BKe 3aKyIajieHi, TOMy BHECEHHS TTOXIiTHHX
L'/ He Mae BHPaKEHOrO HETATWBHOIO BIUIMBY Ha HPOIYKTUBHICTH
pocrun (Morgun et al., 2010, 2015; Espindula, et al., 2009). Ist oco6-
JIMBICTH TPOSIBY PETapIaHTHOI aKTHBHOCTI HOBHX PPP mae 3naueHHs
I1I010 3MEHIIICHHSI 3aJI)KHOCTI TEXHOJIOTii BUPOLILYBaHHs 3ePHOBHX KO-
JIOCOBUX KYJBTYP Bill HECHPHUATIMBHX YMOB BETETAIifHOTO CE30HY,
30KpeMa IeiUTy BOJIOTH, BUCOKHX TEMIIEPATYP MPOTATOM JIPYTOi Mo-
ToBUHH BereTartii. Came HeCHIPHSTIIINBI YMOBH BET€TANIHIX CE30HIB B
OCTaHHI POKM YacTO 3HWKYHOTh €()EKTHBHICTH 3aCTOCYBaHHS peTap-
JIAHTIB KITACy OHIEBHX CIIOJYK, 10 HA OKPEMHX COPTaX 3¢PHOBHX KyJlb-
TYp CIPUYNHSIE HABITH 3HIDKEHHS PIiBHIB YPO)KAHHOCTI.

Mexani3M fii GiTOropMOHIB OB sI3aHMA 31 3MiHAMK BMICTY HEop-
raHiYHUX eneMeHTiB y pocimaax (Marschner, 1995; Chen et al., 1998;
Bray et al., 2000; Battal et al., 2004; Marschner, 2012). I'K ctumymtoe
PICT 1 PO3BUTOK POCIIHH, a Came MPOPOCTaHHS HACIHHS, TIepeXif i3 Bere-
TaTUBHOT'O JI0 TCHEPATHBHOIO PO3BUTKY, Bi/l FOBEHLTBHOTO 110 chOpMO-
BaHOTO JINCTKA, BU3HAUYae Iepedir reHepaTHBHOI (asu Ta PO3BHUTOK
3epHa TIOPsII i3 B3AEMOZIEIO0 Pi3HUX (PAKTOPIB HABKOJIHMILIHBOTO CEPEIo-
BHIIIA — CBiT/Ia, Temreparypu Ta Bosoru (Hedden, 2016). Takox Bizo-
MO PO B3aEMO3B’S30K MDK HposiBoM Oionoriunoi aktuBHocti ['K i
BMICTOM HHM3KH MiKPOEJIEMEHTIB y pOC/IMHAX, 30kpeMa — 3amiza (Rade-
macher, 2000; Bray et al., 2000; Battal et al., 2004). Hanpukuan, ycra-
HOBJICHO 3MiHU BMICTY 10HIB y POCIMHAX 3a Aii noximHoro amwt-L{I'/]
TpHHEKCANaK-eTIITy Ha rmieHuy o3umiit (Virych et al., 2012).

Ipu mpomy iH(OpMANis MIOKO BIUIMBY CyYacHHX pETapaHTiB,
Hacamriepen noximaux ari-L{I'/1, Ha BMiCT GiONIOTIMHO BaXKTMBUX HE-
OpraHivHUX €JIEMEHTIB MPAKTUYHO He JociipkeHa. [Hdopmartis mozo
3MiH I0HOMY Ma€ 3Ha4eHHs1 U1t JOPMYBaHHSI CHCTEM >KHBJICHHS KYyJIb-
TYPH [UTs1 IOCSTHEHHSI BUCOKUX PIBHIB YPO)KaifHOCTI 32 BHECEHHS pery-
JSITOPIB POCTY POCIIHH, Y TOMY YHCIT i 32 HECTIPHSITIIMBHX IPYHTOBO-
KJTIMaTAYHIX YMOB BUPOLTYyBAHHS IIICHHILT.

CyTreBe OOMEKEHHS I0JI0 BUKOPHCTAHHS PETApAAHTIB y TEXHO-
JIOTISIX OTPUMAHHSI BUCOKHX BPOYKalB 36PHOBHX KOJIOCOBHX KYJIBTYD —
ix iHribyBaibHA [1ist HA (OPMYBAHHS BpOXKaro 3a ety BOJIOTH Ta
BHCOKUX Temriepartyp. s noximuux kiacy ami-1ITT s 3anexHicTs
TPOSIBJIATHCS Y JICIIO MEHILIOMY CTYTICHI, MOPIBHSHO 3 XJIOPXOJIHXJIO-
punom abo ereoHOM. 3 ypaxyBaHHIM MOXIIMBOCTI 1X 3aCTOCYBAHHS Y
mi3Him a3y po3BUTKY, Y TOMY YHCIIi Ha MOYATKy T€HEPATHBHOIO PO3-
BUTKY, JIOLUTEHA 00poOKa peTapJjaHTaMH Y KOMITO3ULISIX OTHOYACHO 3
IHIIIMMH arpoxXiMikaTaMy 3 METOIO JIOCSTHEHHS CHHEPTiIHOI a00 aty-
THBHOI B3aeMoftii. PaHiiie Oyiio mokas3aHo, 1110 3aCTOCYBaHHS a]1 FOBaH-
TiB MOCWJIIOE PETapIaHTHY aKTHBHICTb XJIOPMEKBAT XJIOPHIY Ta Ipo-
rekcamiony-Ca Ha mociBax mmenu (Stachecki et al., 2004). Omun i3

404 Regul. Mech. Biosyst., 8(3)



BOKIIMBHX 010 3HIDKCHHS (HITOTOKCHYHOI JIil arpoXiMiKaTiB CKIIajio-
BHX OTPMMAaHHSI BUCOKHX BPOXKaiB — JI0OPUBA 3 YMICTOM aMiHOKHCJIOT,
30kpema Meradon Tolwo, y 1mo3akopeHeBoMy 3acTocyBanHi (Morgun
etal., 2010, 2015; Petrozza et al., 2014). Takoxx 3acTocyBaHHs JOOPUB 3
YMICTOM aMiHOKHUCIIOT, Ha BiIMiHY BiZ MiHEpaIbHUX JOOPUB VIS TIO-
3aKOPEHEBOTO MiLKHUBJICHHS, MOMKIIMBE 1 32 HIZBKUX PiBHIB AedimTy
BOJIOTH, 10, OJHOYACHO, MOXKE TIOCHIIFOBATH peTapranTy aito PPP.
[pu oMY 3MiHH €IIEMEHTHOT'O CKIIaTy POCIIMH HPOTSATOM BEreTarlii 3a
JUil peTapIaHTiB i aMIHOKUCIIOT MOXKYTh OXapaKTepU3yBaTh B3aEMOJIIO
X KJIaciB arpoXiMIKarTiB, MPOTE J0 I[HOT0 Yacy BOHH HE JOCIiHKCHI.
Tomy Mera IOCIIDKEHb — 3’5ICYBaTH BIUIMB HU3KH CYYacHHX perap-
JIAHTIB — KOMIUIEKCIB HA OCHOBI NOXifHOro amui-1J] Ta iHImx, KoM-
TO3WIIH aMiHOKHICIIOT, Ha TpuKiiagi Meragoiy, Ha HAKOITMYEHHS Jie-
SIKIX MaKpO- Ta MIKPOEIEMEHTIB Y POCIIMHAX BHUCOKOMPOTYKTUBHUX
COPTIB TIIICHHLII O3AMOI.

Martepian i MeTo4 JOCTIKEHD

ITonboBi OCIIM MPOBOMIIM HA copTax meHur o3umoi (7riti-
cum aestivum L.) Cmyrsika Ta [logomsiaka Ha 6a3i JlocmiaHoro citb-
CBHKOTOCTIOAPCHKOr0 BUPOOHHUIITBA [HCTHTYTY (hizionorii pociiH i re-
sHetukn HAH VYkpaian B cmt ['eBaxa BacunbkiBeskoro pariony Kuis-
cbKoi o0macti y Bererauiiiiux cesonax 2015-2016 pokis. Ipynt tem-
HO-CIpUiA OITiA30JICHAH, IMIIAHO-CYTJIMHKOBUI 32 MEXaHIYHHM CKJIa-
oM. Tnoma minstery ckiagana 12,95 m2, o6mikosoi — 10,00 M2 Tlos-
TOPHICTB IOCITTHUX BapiaHTiB — 6—8-pazoBa. DoH — NiPgoK 4.

Bupobuuumii focmin mpoogwu y 2016 powi Ha nomix TOB
«[TonimnsiJIatluBect» (TuBpiBchkuii paiion Binnwipkol oonacri).

JocnimkyBanu [it0 peTapanTiB mporekcamion Ca + Memiksar
xytopuz (npenapatr Menake Tor) Ta Memniksar xiopun + eredon (Tep-
riai), oomyBa BupoOHmirBa BASF (Himewtima), siki BHOCHIIM OTHOpa-
3080 HasecHi y pazy GS39 (Zadoks, 1974) y nozax 1,0 i 1,5 w/ra Bin-
TIOBI/THO; @ TAKOXK BOJIOPO3YMHHOTO KOMIUICKCY aMiHOKHCIIOT, OTpHUMa-
HHX TiIponi3oM Bozopocteii — Meragon, BupoOHHUITBa KoMIaHil Va-
lagro, Itamis. TIpotsirom Beretawii pocaiay 00po0sm QyHrilmaamMu
Ta IHCEKTHIIMIAMH, 30KpeMa, Y (ha3y KyIL[iHHs, IBITIHHS Ta 110 Iparop-
LIEBOMY JIMCTKY. [IpOBOIMIM MiDKUBICHHS POCIMH 1 (heHOOridHi
CIIOCTEPEKCHHSL.

Bwicr Oinka Ta kiefikoBuHH y 3epHi BizHadamy Ha [Y-crektpo-
metpi Inframatic 8600 (Perten Instruments, ITIBeris).

BusHaueHHsS BMICTY HEOpraHIYHMX EIIEMCHTIB y 3pa3Kax IpOBO-
JIAJTA HA Mac-CIICKTPOMETPI 3 IHIYKTHBHO 3B’s13aHOI0 1U1a3Moro ICP-
MS Agilent 7700x (Agilent Technologies, CIIIA) 3 ICP-MS Mass
Hunter WorkStation (Ta6ut. 1). 3pa3ku pocinH HIISHHUL 03UMO]T BiIOH-
pamu y a3y noyaTKy LBITIHHS Ta TIOBHOI CTHIVIOCTI. 3pa3Kyl BUCYILITY-
BaJIM JI0 TIOCTIiHOT MacH, ToMoreHi3yBay, HaBaxky 0,400 r o3ommoBa-
M B a30THiH KucToTi kBaigikarii ICP-grade B MikpoXBIITBOBIH cHCTe-
Mi ipoGomiaroropku Milestone Start D (Milestone Inc., CILIA). ITicist
OXOJIOIDKEHHS 3pa3Kyl PO3UMHSIIM, KoedilieHT po3seneHHI — 250X.
Vi posumHK roTyBaH Ha Bojii nieprioro kiacy (18 MOm-cm ), orpu-
MaHiit Ha cuctemi ouniierns Bomu Scholar-UV Nex Up 1000 (Human
Corporation, Kopest). SIk 30BHIlIHIi KamiOpyBaIbHIIT CTAHAAPT BUKO-
pucroByBaym  poboui  pozumun ICP-MS Complete Standard V-
ICPMS-71A, a BHYTpimHBOrO cranmapty — 1 ppb Sc, odumsa BUpoO-
auirea dipmu Inorganic Ventures (CLLIA).

Tabmmus 1
OcHOBHI HaJIAIIITYBaHHs Mac-criekTpomerpa Agilent 7700x
JUTS aHAITI3Y HEOPraHIYHUX CICMCHTIB

ArN a6o ArO 3 inummu i3otoramu 3amiza. AINH ta KO moxyTh
MackyBaty Mn, a Ba™ — Zn. Vi 6 i3otomis Ca MOXyTb B3a€MOJIISITH 3
O, H Tta Ar, mo copuunssie Hetourocti y Busnauenti Cu, Fe, Sc, Se.
Xoua Mizb 10Ope ioHi3yeThest B aproHoBii mwiasmi (90%), BU3HAUEHHS
i3otory “Cu yexmanrroeTses B3aemonicio NaAr Ta mikamu P, a Cu
niepekprBaeTbest SOy/SO,H; Takoxk 130TOmH Mifil iHTEpQEPyIOTH 3 OK-
CHIIAMH KaJIbLIiFO Ta TUTaHy. TOMy BU3HAYCHHS POBOWIH Y PEXKHMI
TIPOYBAHHSI TeJTi€M, IO e(heKTUBHO BHAIISIE 3rajiaHi MaTpHHHi Ta eJle-
MeHTHI iHTepdepeHiLii.

CrarrcTryHi 00paxyHKH MPOBOIMIIN Y IPOrPAMHOMY 3a0€3IICUCH-
Hi ICP-MS Mass Hunter WorkStation. 3actocoByBamu aucrepciitauii
aHaJTi3, BIIMIHHOCTI MDK CepeHIMU 3HAYCHHSIMU BBKAIU BIPOTiIHHU-
mu 3a P <0,05. Y Tabmmiisix HaBeneHo cepeiHi apruhMeTHIH] 3HAYCHHS
Ta iX CTaHZAPTHI OXUOKHL

Pe3ysbTaTi T2 iX 00roBOpeHHst

EdexrrBHICT peTapiaHTiB Ha N0CIBAX MILICHHUL 03UMO] 3HAYHOIO
MIpOIO 3AISKUTH SIK BiJ] OCOOIHMBOCTEH COPTY, BMICTY MiHEpaIbHHX
MOKMBHHX KOMIIOHEHTIB arpo(iToLeHO3y, TaK i Biji MOroHO-KIIiMa-
THIHUX YMOB. PPP MokHa 3acToCOBYBaTH 32 Ie(ilMTy BOJIOTH 3 Me-
TOFO ONTHMI3allii BOJHOTO Oanancy KynbsTypHHX pociuH (Rokhafrooz,
2016). Tlpore y BUpOOHMIITBI X BHUKOPHCTAHHS 33 HECHPHSTIMBHX
YMOB BHPOILILYBaHHS 4aCTO HE CIIPHSE ITi/IBHILICHHIO BPOXKAiB 3ePHOBHX
KOJIOCOBHX KYJIBTYP.

Haiisaskmsiin KIIMATHYHI YMHHUKHY, 110 BIUIMBAIOTH HA JI0BXKU-
Hy KoJIoca, — TeMIIeparypa HOBITpsI, TPUBATICTh (HOTOIEPIozy, HasB-
HICTh MPOJYKTHUBHOI BOJIOTH B METPOBOMY Iuapi IpyHTY. Po3BHTOK
KOJIOCA Y 36PHOBHX HPUCKOPIOE TPUBATMI (hOTOTIEPiO] 1 BUCOKI TeMITe-
patypu. 3a BHCOKOI TeMIIEpaTypH, 110 3HA4HO TepepuiTyBana 25 °C'y
2015 porii, paHire chopMyBaBcst BEpXIBKOBHI KOJIOCOK 1 IeperdacHo
TPUIIMHUBCS HOTO PO3BUTOK, y PE3yJIBTATi YOr0 KOJIOC YTBOPHBCS KO-
porimii. I3 migBumeHHsM Temneparypu Bxe 3 15°C no 25 °C npu-
IIBU/IIYETHCS PICT 3ePHIBKY, CKOPOUYETHCS MEepiojt Bix il 30UTBIIECHHS
JI0 TIOBHOI CTUIVIOCTI, IO CIIPUYHHSE 3HIDKEHHS BPOXKat0. 3a HEA0CTAT-
HBOI'O BOJIOrozade3rieyeHHs: cpOpPMOBaHi 3epHa TAKOXK HE PO3BUBAIOTH-
cs1. Br3bkuii 32 piBHEM BHCOKHX TEMIIEPaTyp i HecTadi BOJIOTH TaKOXK
BererariiHuii ce30H 2016 poky.

3a HeCpUATIIMBHAX TOroaHMX yMoB ce3oHiB 2015 1 2016 pokis
(Tabu1. 2) BrustraHHs mreHnn coptiB CMyrysiHKa Ta [omorsiaka y o-
criiax He crioctepiran. [TiBUIIeHHsT BPOXKato Ha KOPOTKOCTEOIOBO-
My copti CMyTIIsHKa 32 BHeceHHs Tepnany He BrsiBiieHo. HaiiBrmx y
JIOCITi/Ii PIiBHIB YPOXKar0 JOCSITHYTO 32 CIUIBHOTO BHECCHHS aMiHO-
KHUCIIOT 1 perapiantiB. CriijibHa 3a BHeceHHs Meragony 3 Tepriaiom
TEHJICHLIIsI 10 3HIKEHHsI BPOXKAlO 32 BHECEHHs peTapiaHTy Ha (oHi
KOPOTKOTPHBAJIHX TTOCYX HE BCTAHOBJICHO.

Tadmmns 2
Brms perapaantis Ta Meragoity Ha BpokaiHICTb
mueHnni o3umoi (t/ra, JICB IOPI HAH VYkpainn, Kuiscbka 0611.)

Bani CMyrisHKa Tononsxka
P 2015 p. 2016 p. 2015 p. 2016 p.

Konrpons 7,35 8,11 7,09 7,55
Teprai, 1,0 w/ra 7,31 8,18 7,12 7,11
Menakc Tom, 1,0 ji/ra 7,64 8,40 7,76 781
Merador, 1,5 /T 7,55 8,45 7,51 7,70
Tepma, 1,0 /ra +

Meradon, 1,5 wra 744 8,51 7,32 740
Menaxkc Tor, 1,0 ji/ra +

Meragor, 1.5 1/r 7,75 8,48 7,51 7,90
HIP (05 0,15 0,11 0,16 0,18

TokazHuk [Mapamerpu 3HayeHHs
KuBnenus ToryxHicTs reseparopa, W 1550
Haaurrysanss Tlorik rasy-Hocis, JU/XB. 16,0
AproHOBOI [UIA3MU ToTik resifo, J/XB. 0,2

CeO'/Ce" (%) 1,114
ABIOH — Ce'/Ce" (%) 1,867
> Uy mmBICTb, iMITYII6CIB Li (62700), Y (92920),
3a CeKyHIy JI0 MI/1I TI (87080)

B aproHoBiii ma3mi BUOpaHi Makpo- Ta MiKpOSJIEMEHTH MOXYTh
yTBOproBaTH XKOHi mixkn. Hanprxaz, pisri 3a Macoro CaO Ta *Fe, un
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s 3anexHicTh criocTepiranacs i B yMoBax BAPOOHUYOTO JIOCIT Ty
y Binnnupkiit obnacti. Perapmantr Menake Tor, sk 1 y MOMBOBHX
J0CTTiax, BUSBUBCS eheKTHBHIIMM mopiBHsHO 3 Tepnagom. B ymo-
BaX BEreTaLiiHOTO CEe30HY 3aCTOCYBAaHHS PETapAaHTIB ab0 HE BILIHBA-
70 Ha 3poctaHHs Bpoxkaro (Tepmarm), abo He3HAYHO IiIBHIIYBAIO
BpoKaiHicTh. [Ipy IBOMY CIOCTEpiraii CTATUCTHYHO JOCTOBIpHE
3pOCTaHHs SIKICHUX TOKA3HUKIB 3epHa. Lle, MOBIpHO, TIOB’s3aHO 3
ONTUMI3ALIIEI0 apXITEKTOHIKK MOCIBY Ta 3POCTAHHSM KOHKYPEHTHOL
31aTHOCTI POCJIVH TIIEHHMII BiTHOCHO Oyp’sHIB, 30KpeMa 10 METIIOTY
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3BHYANHOTO (Apera spica-venti L.), 10 MPOTSTOM MEPIOy TICIS BHE-
CCHHSI PETAP/IAHTIB CIIOCTEPIraN Bi3yaIbHO.

Ta6aunsa 3
BB perapaanTiB Ha BpOKalHICTb ITILICHHMII 03UMOI COPTY
Axtep (TOB «loninns/IatlaBect», Binaumpka obnacts, 2016)

Bapiantu Bpoxai, T/ra . BI},/HCT
i Oiska/KIIEHKOBIHH, Yo
Kontposs 6,660 13,1/31,1
Tepna, 1,0 /ra 6,649 13,9/31,8
Menaxc Tom, 1,0 w/ra 7,061 14,0/32,2
HIP 5 0,101 0,5/0,9

be3 oHOBOrO 00MpPHCKYBaHHS IPaMiHILMAMH JIMILE HA TUISTHKaX
BHPOGHIYOr0 JOCIY, J¢ BHOCWIM PETAPHAHTH, POCIUHH METIOrY

Taoauns 4

3BHYAHHOIO HE MiTHIMAIKCS HaJl TIOCIBOM IICHHIT. 3POCTAHHS SKIC-
HUX TOKA3HUKIB BPOXKAI0 MO)KIIMBE TAKOXK 3a TIOCHJIGHHS PO3BUTKY
KOpeHEeBOi CHCTeMd TueHumi 3a mii peraprantiB (Morgun et al.,
2010, 2015).

3acToCyBaHHSI PETapIaHTIB HA O3UMii MIIeHHIT copTy CMyTIISTHKa
cnabKo BIUIMHYJIO Ha 3HIDKEHHSI BUCOTH TOJIOBHOTO TaroHa (Tad. 4).
TIpu 1poMy GiuHI TArOHY HAOIIDKAIOTHCS 32 JOBKUHOIO JI0 TOJIOBHHX
Ta BI3yaJIGHO CIIOCTEpIraiy CyTTEBE BUPIBHIOBAHHS MOCIBIB. Perapian-
i (Tepran, Menaxc Tor) cnabko 3MEHIITyBaIH JIOBKHHY YETBEPTOrO
MDKBY3/Is1, OpieHTOBHO 10 20%, 1 1’sttoro — Ha 3—7%. 3acTocyBaHHS
Meradoity BUKITHKAIO BUPIBHIOBAHHSI CTEOJIOCTORO, TIPH LIEOMY CIIO-
CTepIraii CTATHCTAYHO JIOCTOBIPHE MOCWJICHHS PETAPIAHTHOI aKTHB-
HOCTI. 32 BHECEHHS pETApaHTIB IIOCTe MDKBY3IISI He chopMyBaiocs,
Ha BIIMiHY BiJl BapiaHTa i3 BHeCeHH:IM Meragoity.

B perapaantis i Meradoiny Ha 6i0MeTpryHi IOKa3HHKH TOJIOBHHX MArOHIB POCIIHH 03UMOI MIeHHL copTy CMyTsiHKa

(ACB I®PI" HAH VYxpainu, 2015 p., M £ m, n=30)

. KinbKictb mpoyK- Bucora nponyx- JIOB)XHMHA MIDKBY3IIIB, CM
Bapiantu . .

TUBHUX IArOHiB, IIT. THUBHHMX IaroHiB, CM 1 2 3 4 5 6
Konrpois 34+0,5 924+7,6 60+1,8 87+25 169+40 29,1+4,1 351+43 -
Tepnau, 1,5 /ra 32+04 86,6 +2,9 62+1,8 91+23 119+27 20,5+3,5* 32,6+3,1 -
Menaxc Tom, 1,0 w/ra 34+0,7 86,3+6,9 6,1+£22 85+25 12,8+£35 22,1+64 336+24 -
Meradorm, 1,5 w/ra 32+04 99,1+2,6 63+26 95+24 151+09 299+3,5 345+59 283+46
Tepnau, 1,5 w/ra+ Merador, 1,5 /ra 3,004 853+24 46+1,5 80+15 13,1+3,5 214+3,8* 352+19 -
Menaxkc Ton, 1,0 w/ra+ Merago, 1,5 w/ra 32+04 83,7+3,8 52+£21 77+£33 13743 21,1+34* 350+32 —

Tpumimxa: * — TYT 1 B HACTYITHUX TaOJHISIX BiAMIHHOCTI IIOKAa3HHKIB 1010 KOHTPOJIIO Biporizi 3a P < 0,05.

Ta6muus 5

Brums perapnanti i Meragomny Ha 6i0MeTpHU4HI TOKa3HUKH TOJIOBHHX MArOHiB POCIIMH 03MMOI MIeHHIH copty [logonsHaka

(ACB I®OPI" HAH Vkpainy, 2015 p., M+ m, n=30)

. Kinbkicts npomykTiB-  Bucota npoayKTHB- JIOB)XHHA MDKBY3IIB, CM
Bapiantu ; .
HHX [1araroHiB, IIT. HUX [IaroHIB, CM 1 2 3 4 5
Konrpois 32+04 103,9+44 6,1+22 109+2,7 165+42  280+4,5 376+21
Tepra, 1,5 n/ra 34+0,5 99,3+6,3 6,2+3,1 11,3+3.2 148+39  22,1+63* 327+51*
Menaxkc Tom, 1,0 iw/ra 32+0,5 92,3 +6,5* 43+23 99+3,0 16,7+4,8 273+82 363+19
Merador, 1,5 /ra 33+0,5 102,1 £6,6 51+14 112+1,5 17,7+43  286+47 370+14
Tepma, 1,5 n/ra+ Meracdom, 1,5 w/ra 33+0,7 97,7+42 47+£09 9,6+14 13,5+1,7% 229+18* 384+33
Menakc To,1,0 5/ra + Meradou, 1,5 n/ra 34+0,5 95,5+7,0 44+31 98+3.2 143+42 252+74  36,6+5,6

3acTocyBaHHs peTap/iaHTiB Ha copti ITo/0MHKa BUKIMKAIIO JIEsKe
3MEHIIICHHSI BUCOTH POCJIMH, TOPIBHAHO 3 KOHTposieM (Tabi. 5). O6-
pobka pociua nporekcamionoM Ca i MeiKBATOM 3HIDKYBAJIO JOBKHHY
crebma Ha 11,2%, toai six Tepmanom, 1,5 n/ra — na 3,9%. Ilpore
HalBHIIIMI PIBEHb CKOPOYEHHS TPETHOTO — IT'SITOrO0 MDKBY3ITIB BHSIB-
JieHo Ha BapiaHTax i3 TepmamoM. 3acTocyBaHHS Ha TOCIBaX O3WMOL
TIITCHALI KOMIIO3HII perapanTiB i3 MeraonoM Tex CHpUsUIo 3HH-
KEHHIO BUCOTH POCIIMH, OCOOJIMBO 32 PaXyHOK TPETHOTO — YETBEPTOro
MDKBY3JTIB.

KopotkocTe6moBuii copt mieHuii 03uMoi CMyTIISIHKA XapakTe-
PH3YEThCST BUCOKUMH PIBHSAMU PEYTHITI3ALIT [UTACTHYHUX PEUOBHH Yy
npyry nonosuHy Bereratil (Mogun et al., 2010, 2015). Tomy, Ha Binmi-
Hy Bin BapiaHTiB i3 coprom [lonomsHka, 3a BHeceHHs Meradoiy Ha
KOPOTKOCTEOIOBOMY COPTI C(HOPMYBAIIOCS TIOCTE MIKBY3ILSL.

TaxuM 9rHOM, B yMOBaX BHPOOHIYOTO Ta MOJBOBUX JOCIIIB 3a-
crocyBaHHs perapaanty Memake Torm cyTTeBO mepeBaxkaio 3a edek-
TuBHiCTIO Tepras, BHECCHHSI SIKOT0, [IEPEBAXKHO, HE BUKIIMKAIO ITi/IBH-
IIIEHHS BpOXKalo y BereraniiHux cezonax 2015 ta 2016 pokiB. Edex-
THBHICTh 3acTocyBaHHs Meragoiy Oyia Jeio BUIIOK Ha CEPEITHBO-
pociomy copri IMomonstka. 3actocyBanus Meradoiy 3 TepnanoM y
KOMIIO3HLI{T Mi/IBUIIYBaJIO e(heKTHBHICTh OCTAHHBOTO II[O/I0 BILIMBY Ha
PIBEHB YPOJKaro MIICHHIT.

Benmka KibKiCTh 10HIB METaIiB BXOJUTb JI0 CKJIALy HA3KU OLTKO-
BHX MOJIEKYJI SIK KO(hepMEHTIB, KODaKTOpiB ab0 MPOCTETHYHHX TPYIL.
YacTiHa 3 HAX TIPOSIBIISE BIIACTHBOCTI YHIBEPCAIBHUX BTOPUHHHUX I10-
cepemukis (Ca*"), gopMmye enexrpoximiumi rpamientu MemGpan (K,
Na'), € oIHUMH 3 BDKIMBHX €NEMEHTIB Nepebiry eHepreTHuHuX i
mracTHaHEX TponeciB (Mg?). 3MiHK iOHOMy POCTHH TEHETHUHO Je-
tepminoBaHi (Pokhylko et al., 2016), MOXyTb 3aexaTy Bift Jil arpoxi-
mikatiB (Kabata-Pendias et al., 1989). 3actrocyBanHs perapmaHTiB —

CJIEMEHT TEXHOJIOTIH BUCOKHX BPOXKAIB 1 HE PO3IIISIAETECS Oe3 BiMo-
BiZTHUX PiBHIB (hOHY a30THOTrO uBIeHHs nociBiB muennti (Shekoofa,
2008). € BimomocTi Mo B3a€EMO3B’S30K MDK PIBHEM CIPYaHOTO JKHB-
JICHHS Ta BIVIMBOM PETAp/IaHTIB Ha TTOKa3HUKU BPOXKAO IILIEHHULY SpOT
(Hussain, 2007). [Tpu mpoMy iH(popMAaIis D00 HAMPSIMKY 3MiH Mae
3HAUCHHA V11 (POPMYBaHHS BHCOKOS()CKTUBHMX CHCTEM JKUBJICHHS
TIOCIBIB.

OO6poOka pOCIHH peTapIaHTaMH Ta AMIHOKHCIIOTAMH BIUTHBAJIA HA
3MiHHM BMICTy HEOpraHiYHHX eJeMeHTiB. Meniksar xyopun + eredoH
(Teprmain, 1,5 m/ra) okpemo ¥ y xommosuiiii 3 Meradorom, 1,5 j/ra
Mi/IBUIIIYBaB HAKOIMYCHHS KO JIMCTKAMH IIICHHUL[ O3UMOI COpPTY
ITomonsiHKa HOPIBHSHO 3 KOHTPOJIeM. Y JTUCTKaX O3MMO] MIICHHULIi COp-
Ty CMyTIIsIHKA 30UTBIIEHHS KAJTiFO BiIOYBaIOCs JIUILIE 32 yMOBH 00p0O0-
Kd CyMIIIIIFO TPOreKcaJiony 3 MemikBaT xyopunoM (Memakce Tor,
1,0 /ra) i xommmiekcom amiHokucnor (Meradon, 1,5 mw/ra) (Tabmn. 6).
3pocTaHHs BMICTy Kallifo, HMOBIPHO, MOXe OyTW 3yMOBJICHE I€I0
AMIHOKHCIIOT, SIKi BXOJISTh JI0 CKiay Meradoiy Ta CTHMYITFOFOTh Me-
TaOOJTiYHI MPOLIECH Ta 3aCBOCHHS TIOKMBHUX PEYOBHH POCIHHOIO. [1pn
IIEOMY BIpOTi/IHa IHTCHCH(IKALIisl TIPOIICCIB MONTMHAHHS Ta TPAHCIIOP-
1y K, sixuii 6epe yuactsb y GiocHHTE31 LIEI0NI03 1 TeMILIeIEONO3, CIPUsE
MOTOBLICHHIO KIITHHHUX CTIHOK COMIOMHHH 3/IaKOBHIX, MiIBUIIIYFOUH iX
crifikicts 10 Bmranas (Morgun et al., 2010, 2015). Ilyn xamito y
JIMCTKAaX POCIMH copTy [lomomnsHka Ha KOHTPOIBHOMY BapiaHTi OyB
JICIIIO BHILIM 32 BMICT €JICMEHTA B JIUCTKaX POCIHH copTy CMyTJIHKa,
0 30ira€ThCst 3 BIZOMOIO BHIIOK MOCYXOCTIHKICTIO TMIICHHUIN COPTY
Tonmonsirka (Morgun et al., 2010, 2015).

TeHneHLIist 3HKEHHSI yITy KaJIifo 3a JIii perapjaHTiB MOYKe MaTi
HEraTMBHUM BIUIMB B YMOBax IIOCYyXH Ta BUCOKMX Temmeparyp. IIpu
[[FOMY COPTOBI BiIMiHHOCTI HAKOIMYEHHSI OCHOBHOTO HEOPraHiYHOro
OCMOTHYHOTO YMHHHKA Y KIITHHAX, UMOBIPHO, MOYKYTh OyTH BHKOPHC-
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TaHi MMl Yac PO3pOOJICHHS EKCIPEC-aHATI3IB BUCOKOMPOTYKTHBHUX
coptiB mueHuIi o3uMmoi Ha miro moximaux L{['J] 3a mil mocyxu Ta
BHCOKHX TeMIiepatyp. Y IOIepe/iHi POKM B YMOBAaX BUPOOHMIITBA Y
CXiIHHX perioHax YKpaiH{ B yMOBaxX IOCYXH NPOTSTOM TeHepaTHBHO-
TO TIEPiO/ly PO3BHUTKY MILEHHII CHIOCTEPIrai YIIKOLKEHHS POCIHH 32
BHECEHHSI TIpeTiapaTiB KIacy CTpoOLUTypuHIB. Po3riisn MexaHi3MiB Tpo-
SIBY YIIKOIDKEHb ChOKyCOBaHFI Ha JIehilMTi KaJlifo y HaI3eMHHUX dac-
THHAX POCIIHH, HABITh 32 BUCOKHX PIBHIB BMICTY €/IeMEHTa B IPyHTaX.
BukopuctanHs 610CTHMYJIISITOPIB, HACAMITEPE Ti/IPOJTi3aTiB aMIHOKUC-
JIOT, MOXKE CIIPUYMHUTH 3POCTaHHSI TyJTy K0 B HAZ3EMHUX OpraHax
pociuH mpotsiroM Beretari (Saa et al., 2015). TTlincymoByroun BiacHi
Ta JIiTepaTypHi aHi, MOXXHA CTBEp/DKYBATH, 110 I103aKOPESHEBE 3aCTO-
CYBaHHS aMiHOKHICJIOT — TIEPCIICKTHBHHIA €lIEMEHT TEXHOJIOT i M03aK0-
PEHEBOTO KUBJICHHS 3¢PHOBHX KYJIBTYP, OCOOIMBO 32 Je(iliTy BOJIO-
Y TIPOTSTOM BETeTaLHOTO MEPioTy.

Tabauus 6

MarHiii XapaKTepu3yeThesi BACOKOIO PYXOMICTIO Ta 3IaTHICTIO 1O
peyTmizarii. Bin BxomuTs 10 ckiany xiopodity, 6epe ydacTs y Byr-
JICBOJIHEBOMY OOMiHi Ta BIUIMBA€ HA aKTHBHICTb OKHCHO-BiHOBHHX
nporieciB; karaiisye cuute3 AT® 1 neoOximHuit wist GiockHTe3y Oinka
(Marschner, 1995; Marschner, 2012). IlinBuineHHS HAKOIMYCHHS
MarHiro JMCTKaMH POCIIMH TIIICHHMII CIIOCTEpirany B 000X COPTIB 3a
00poOKH CyMINIIIO MeMiKBaT xy1opuy 3 ereoHoM (Tepnan 1,5 w/ra)
Ta CyMIIIIIIFO TIPOreKcagiony 3 memikear xjopuaoM (Memake Tor,
1,0 /ra). BMicT MarHit0 B JIUCTKAX IIICHUIIl BUCOKOIHTEHCUBHOIO
copty CMyTJISIHKa KOHTPOJILHOTO BapiaHTa BUIIMH, HiK y copTy [Tozo-
JSTHKA. 3pOCTaHHs BMICTY MarHiro 3a fii petapaanTis kiiacy L] moxe
OyTH eNeMEeHTOM peakilil I00 MiABUILCHHS BMICTy xjopodiny B
JIMCTKAX 1 BpOXKaHHOCTI MOCIBIB, 110 TIOKAa3aHO i y MOMepeaHiX myoi-
Karisix (Morgun et al., 2010, 2015; Virych et al., 2012).

B perapaantiB Tepnan i Menake Ton i Meragoiy Ha HakOIMYEHHST MAKPOEJIEMEHTIB Y PAOPLIEBHX JIMCTKAX POCIIHH

TIIeHni 03uMoi (I/xr, M £ m, n=12)

. CMyrisiHKa TlomomstHka
Bapiasmi Mg K Ca Mg K Ca
Kontposs 2,35+0,12 24,54+1,23 0,87 +0,04 1,64+0,08 25,19+1,26 0,78 £0,04
Tepran, 1,5 n/ra 2,53+0,13 22,59+1,13 0,73+0,03 229+0,11* 26,24+1,31 0,80+ 0,04
Menaxkc Tom, 1,0 w/ra 3,12+0,16* 19,32 +0,96* 0,94 +0,05* 2,85+0,14* 21,13 + 1,06* 0,94 +0,05*
Meraco, 1,5 w/ra 2,35+0,12 24,88 + 1,04 0,85+0,04 2,20+0,11* 29,89 + 1,49* 0,70+ 0,03
Tepnau, 1,5 /ra + Meradon, 1,5 n/ra 2,37+0,10 22,61 +£1,13 0,66 +0,03* 2,51+£0,12% 26,92 +1,35 0,76 £0,04
Menake, 1,0 s/ra + Meradon Tom, 1,5 ji/ra 2,95+0,10* 27,75+ 1,39* 0,60 +0,03* 2,74 +0,12* 2529+ 1,26 0,66 +0,03*

BMicT Kasnbliio B JIMCTKAX MIIEHHII 000X COPTIB JEMIO ITiBHIILY-
BaBcs 3a 00poOku mpemnapatoM Menake Tom. Y copry [lomomsmka
BMICT KaJIBLIIIO ICTIIO 30UTBIIY€ETHCS e 1 y BapiaHTi 13 3aCTOCYBaHHAM
Teprairy. MikpoeneMeHTH — HEBiJl' €MHa YaCTHHA YKUBJICHHS POCIIHH,
0e3 SIKMX HEMOJIMBHI PO3BHTOK POCIHH i (POPMYBaHHS BPOXKAIO.
BoHu HeoOXiTHI 151 KUTTEMISUTBHOCTI POCITHH, X HE MOXKHA 3aMiHUTH
HISIKUMH HIIAMA pedoBrHaMH. KiTbKiCTh MIKpOEIEMEHTIB, HEOOXi-
HUX JUTs POCIIVH, BiZTHOCHO HEBEIIHKA, OPIBHSHO 3 KUTBKICTIO HEOOXi/T-
HUX UISl HIX MaKpOEJIEMEHTIB. AJie HaBiTh HEBEMKHIl Je(ilMT 11X
PEUYOBHH MOYKE BUKJIMKATH 3aXBOPIOBAHHSI, HEMOXJIMBICTh 3aCBOEHHS
OCHOBHHX MIKPOEJICMEHTIB >KHBIICHHS Ta HABITH 3arHOEIb POCIHH.

O6pobka Memiksat xyopunoM 3 eredorom (Tepran) miBriyBana
BMICT MapraHIIo Ta Mijii y MParopLeBHX JIACTKAX POCIMH O3UMOI IIIIIe-
wutli copty [TomonsiHka Ha 13,0% i144,0% BiAOBIAHO, TOJI SIK IPOTEK-
canion Ca 3 Memniksar xyiopyzoM (Meznakc Torn) cripysiB HAKOITIYEHHIO

Taoauns 7

Maprasuo Ta uuHKy Ha 14,0% i 18,0% Oinblie, NOpiBHSHO 3 KOHTPO-
neM (tabn. 7). Kommoswist Tepnan + Meradorn cripusiiia 3pOcTaHHIO
BMicTy Mn Ha 16,9%, Toni sik mpHKY — Ha 12,8%. Lleit copt mmuenuy
Kpallle HaKOIIMIyBaB Y TIPAIOPIEBUX JIICTKAaX 1 MiIb Maibke B ycix
BapiaHTax, 3a BUHATKOM BapiaHTa 3 Menaxc Tom + Meragon. ¥V copry
CMyTIIsHKa 3011y BaBCs JIMIIEC BMICT LIMHKY B YCIX BapiaHTax 00poo-
KH, 32 BUHSITKOM (5K 1 B copty IlopomnsiHka) noenanss Menake Tor +
Meradon. Yci Bapianti 00poOKu pocivH rienuiti copry CMyTIIsHKa
CIPUYUHIIIN 3HIDKCHHS BMICTY MapraHIlio B 1i icTkax. PazoM i3 1w,
3a3HAYMMO TAKOK 3HIDKEHHS BMICTY 3a1i3a B 000X COPTIB IIIICHHMIIL.

'V 3epHi copry CMyTJISIHKA BMICT KaJlifO JEIIO 3pOcTaB Y BapiaHTi 3
00poOKOI0 CYMIIIITIO MertKBaT xyopuny 3 ereoHoM (Tepranom) Ha
3,8%, Tomi sk y copty Ilomormsiaka 3a Taxoi % 00poOKku BiH OyB Ha 46,8%
BHILMM, HDK Y KOHTpoIi (Tadn. 8). Yci iHimn BapiaHTi 0OpOOKH POCITHH
CIPYSUTH 3HAYHOMY HAKOITIYEHHIO B 3¢PHI SIK KAJTIIO, TaK i MarHiro.

B perapaantis Tepnan i Menake Ton i Meragoiny Ha HakOmMYeHHST MiKPOSJIEMEHTIB Y MPANOPLICBUX JIHCTKAX POCITHH

MeHui 03uMoi (Mr/kr, M = m, n= 12)

. CMyrIisiHKa TlomomnsiHka
Baplari Mn Fe Cu Zn Mn Fe Cu Zn
Kontpons 159+8 150+ 8 43+0,2 11,6 0,6 103£5 94+5 3,7+0,2 11,9+0,6
Tepman, 1,5 n/ra 105+ 5* 114+ 6* 35+£02%  13,5+0,8 149 + 8* 76 +4* 54+03*  109+0,5
Menaxce Tor, 1,0 w/ra 122+ 6* 113+ 6* 32+02%  13,9+08 118 £ 6% 72+ 4* 43+03*% 14,0+0,7*
Meracom, 1,5 wra 127+ 6* 114+ 6* 49+02*% 14,7+0,7* 101+4 79 £ 4* 49+0,2 16,0 +0,8*
Tepnai, 1,5 w/ra+ Meragon Tor, 1,5 i/ra 116 +6* 95+ 5% 44+0,2 14,0+ 0,6* 142 + 6* 75+4* 40+0,2 153+0,5*%
Mepnaxc Tor, 1,0 sra + Meragon, 1,5 w/ra 95 + 5* 89 +4* 45+02 14,4 +0,6* 121 £ 5% 63 +3* 3,1£0,1 15,8+£0,5*
Tabauus 8
Brms perapaantiB Tepman i Mengake Tom i Meradoiny Ha HakonMYeHHST MAaKpOEIEMEHTIB Y 3epHi MIIeHUII 03uMoi (T/kr, M + m, n = 15)
. CMyrisHKa INononsxka
Bapiai Mg K Ca Mg K Ca
Konrpois 0,95+ 0,05 4,10+0,20 0,03 +£0,002 0,60+ 0,03 2,78+0,14 0,02 +0,001
Tepman, 1,5 n/ra 0,89+ 0,04 426+0,21 0,04 +0,002 0,92 +0,05* 4,08 +0,20* 0,04 +0,002
Menaxc Tom, 1,0 wra 091+0,04 4,01+0,20 0,04 +0,002 0,95 +0,05* 3,88 +0,19* 0,04 +0,002
Meracom, 1,5 wra 0,92+ 0,05 429+021 0,04 + 0,002 0,93 +£0,05* 3,75+0,19* 0,03 +0,002
Tepnan, 1,5 n/ra + Meradou, 1,5 w/ra 0,96 +0,05 3,92+0,20 0,03 +£0,002 0,83 +£0,04* 3,76 £0,19* 0,03 +0,002
Menakc To, 1,0 w/ra + Merador, 1,5 i/ra 0,93 +£0,05 3.92+0,20 0,03 +0,001 0,88 +0,04* 3,51+0,18* 0,02 +0,001

Bwmicr kaibLito y 3epHi copty [lononsHka J0CHTh BUCOKUH y BCIX
BapiaHTax 0OPOOKK POCIHH, TOAI K Yy 3epHi copTy CMyIIIHKA BiH
30UTBLITYBABCsT 32 00POOKH MertiKBat xJtopuioM 3 eredoroM (Tepna) i
nporekcamion Ca 3 Menikear xyopunoM (Menmake Tor). HeobxigHO
3a3HAYMTH, 110 3ePHO MIIICHHIII copTy CMYTIIHKA B KOHTPOJIGHOMY Ba-

Regul. Mech. Biosyst., 8(3)

piaHTi MICTWJIO 3HAYHO BHILMI ITyJI MaKpo- Ta MIKPOEJIEMEHTIB, HDK
3epro copty Ilonmomsaka. JloctatHs KimbkicTs Mn — HeoOXiHa ymMoBa
HOPMaIBHOTO (hi3i0JIOrYHOr0 PO3BUTKY POCIIMH i OTPHUMAHHS BHCOKHX
BpOXKaiB. YMICT y 3€pHI MapraHIIto, SIK OJHOTO 3 HeOOXIIHHX UIS JIFO-
JIHI MIKPOEJIEMEHTIB, — Ba)TUBHI TTOKA3HHK SIKOCTI 3epHa. Hakorm-
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YeHHs1 Mn POCIIMHOKO 3yMOBJICHE HE TiTbKH (DaKTopamu, sIKi BIUTABA-
10T Ha HOTO KUIBKICTB 1 IOCTYIHICTb U1 POCIIMH Y TPYHTI, a 1 edek-
THBHICTIO MOIVIMHAHHS MiKpoeneMeHTa pociHoto (Marschner, 1995).
O6pobka perymsropamu pocty (Tepran, Menake Torr) Bukmvkana
TI/IBUIIICHHS BMICTy Maprasio Ha 3,0-5,4% y copry CmyriHKa i Ha
54,9-60,4% —y copty IlonomstHka HOPIBHSHO 3 KOHTposeM. BMicT -

Ky B 3€PHI 3pOCTaB y BCiX BapiaHTax 0OpOOKH POCIHH, B 000X COPTIB
TIIICHHIT, aie OuIblie BUpakeHHit — Ha copti [lomomnsnka (Tabm. 9).
KomGinaryist Air0unx pedoBHH mporekcamion Ca 3 MeIiKBaT XJI0puIoM
(Menakc Torr) 3yMOBITIOBaA MABULLICHHS MaibKe Y/IBidi BMICTY Mizi B
3epHI 03UMOI MIIEHNL, MPOTe [ie HE MEPEBHIIO TPAHUYHO JOIy-
cruMi Mexxi 1poro eneMenta (3a DSTU 3768-2010 10 mr/xr).

Tabauus 9
Brms perapnantiB Tepnan i Menake Tom i Meradoiy Ha HakonMYeHHS! MiKpOEIEMEHTIB Y 3epHi MIIeHHUI 03uMoi (MI/kT, M £ m, n = 15)
. CMyriisiHKa INononsxka
Bapiasmi Mn Fe Cu Zn Mn Fe Cu Zn

KoHTpors 369+19 377+19 18+01  136+0,7 243+12 21,111 14+0,1 85+04
Tepman, 1,5 n/ra 381+19 294+15 1,7+0,1 184+09* 37,7+19* 33,1+1,7* 21+£0,1* 146+0,7*
Menaxkc Tom, 1,0 wra 389+19 325+1,6 28+02*% 142+0,7 390+£2,0* 360+18*% 23+0,1* 12,6+0,6*
Merador, 1,5 wra 455£23*% 348+17  20+0,1  194+10% 415+21* 36118 21+0,1* 148+07*
Tepran, 1,5 n/ra+ Merado, 1,5 w/ra 432+1,7% 343+1,7 2,1+0,1*  189+0,7% 353+1,8* 31,1+16* 19+0,1* 13,1+0,7*
Menaxke Tom, 1,0 wra+ Meradon, 1,5 /ra 46,1 £1,8* 327+1,6 2,6+£0,1* 163+08* 337+1,7% 333+1,7% 20+0,1* 122+0,6*

Omxe, 3acTocyBannst Meradorty Ta perysitopiB pocTy Ha ILeHH-
1 03uMiit copty [ToorsiHKa O3UTHBHO BIUTHBAIO HA HAKOTTHYCHHS SIK
KaJTilo, MarHiro Ta KablIilo, TaK i MApraHilio, 3aiisa, Mifli Ta MHKY B
3epHi. TakiuM 4mHOM, O3UMa M’siKa TIeHuIs copty [lomomnsHka, ska
HAJIGKUTH JI0 CEPEIHBOCTEOIOBOTO, IHTCHCHBHOTO THITY, OUTBII HyT-
JIMBO pearyBajia Ha 0OpoOKy aMiHOKHCIIOTaMH Ta PeTapJaHTaMH IIiji-
BHIIEHHSIM BMICTY €JIEMEHTIB Y 3ePHi, HDK KOPOTKOCTEOIOBHIA BUCOKO-
iHTeHCHBHUH copT CMmyTistHKa. HeoOXiHO 3a3Ha4uTH, 110 3¢pHO IiTe-
HHII BUCOKONPOIYKTHBHOTO copTy CMyIVIIHKA Ha KOHTPOJI MICTHIIO
3HAYHO BHUIIMI ITyJI MaKpo- Ta MIKPOEJIEMEHTIB, HDK 3€pHO CEpPEeIHbO-
pocnoro copry [lononsHxka.

BucHoBku

B ymoBax nosipoBHX Ta BUPOOHHYOTO JOCIIIB BEreTariiHIX ce-
30HiB 20152016 pp. Ha 1OCiBaX BUCOKONPOYKTHBHUX COPTIB IMIICHH-
i o3umoi perapaant Menake Tor, 1,0 n/ra (porekcaion Ca + merti-
KBaT XJIOpK) BsIBUBCA edekTBHimM, Hbx Tepna, 1,5 i/ra (Mermik-
Bart xyiopun + eredon). [To3akopenese 3actocyBannst Meradorty cripu-
SUTO TI/IBUILICHHIO BPOYKAHOCTI MIISHHLT 03UMOi copTiB CMyTJIHKA Ta
[ononsHka Ta 3HWKYBAJIO BiX €MHY M0 PETapAAHTIB HA POCIMHH
TIICHAUI] Y BETeTAIHAX CE30HAX, SIKI XapaKTepHU3yBaICS HECTAYCIO
BOJIOTH. 3 pe3yJbTaTaMy BH3HAYCHHS BMICTY HEOPraHIYHHX CJICMCH-
TIB METOJIOM Mac-CIIEKTPOMETpIi y 3pa3kax POCIIMH IILIEHHI 03UMOL
copriB CmyrisiHKa Ta IloyonsiHKa 1oKa3aHo, 0 B yMOBaX BHPOLILY-
BaHHsI IMILEHHII HA Jierkux rpyHrax [losicest cydacHi KOMIO3HUILHHI
perapiaHTH BIUIMBAlOTh HAa EJIEMEHTHWH CKJIAJ POCIMH IPOTAIOM
BeTeTallil, a TAKOXK 3MIiHIOFOTh BMIiCT HEOPIaHIYHHX €JIEMEHTIB Y 3epHi.

OzuMa M’siKa TIIEHUIE cepeHpopocioro copry IlomonsHka iH-
TEHCHBHOTO THITy Yy TJIMBIIIIE pearyBajia Ha 00poOKy aMiHOKUCIIOTaMK
Ta perapIaHTaMy, HDK KOPOTKOCTEOJIOBHI BUCOKOIHTEHCHBHHI COPT
CwmynisHka. [Ipy boMy CTIOCTepiraid IMJBUIICHHS BMICTY €JICMEHTIB
JKUBJICHHS B 3¢pHI 03uMoil mmieHui copty [lonomsnka. Bapro 3a3na-
YUTH, 110 3ePHO MIIeHnMi copTy CMYIISIHKa HAa KOHTPOJIEHOMY Bapi-
QHTI MICTHJIO BHILIMH ITyJT MAKPO- Ta MiKPOEJIEMEHTIB, HiK 38PHO COpTY
Ionomnsxxka.

OO6poOKka pociHH MIIeHHIH 03uMoi copty IlomomsHka MermikBar
xytopuaoM i ereoroM (Tepma, 1,5 11/ra) MO3UTHBHO BIUTHMBANIA HA Ha-
KOIIMYEHHS SIK KaJIiF0, MarHifo Ta KaJIbIII0, TAK 1 MapraHIjo, 3aji3a,
Mijii Ta IMHKY B 3epHi. Kommosumist perapaHTiB 3 yMiCTOM HOXiTHOTO
LI’ (Menake Tor) Takox CYTTEBO BIUIMBaJIA HA 3MiHH BMICTY HEOp-
TaHIYHKX CJICMEHTIB y POCIMHAX 1 Y 3¢pHi. 3a3HAUMMO CYTTEBE 3pOC-
TaHHs BMICTy MarHilo B JIUCTKax i y 3epHi 3a Aii npenapary Menakce
Tor. 3pocTaHHs BMICTY Martito y HpariopLeBHX JIMCTKAX 30iranocs 3
TIOKA3aHHM paHillle 3pOCTAHHAM BMICTY XJIOPO(LTY.

TIporsrom mocmimkens y Beretamiitaux cesoHax 2015-2016 pokis
TIEPIOJYHI TIOCYXH OyTi HAHOUTBII 3HATYIIM a0lOTHYHIM CTPECOM,
0 0OMEKYBAIU PICT 1 MPOAYKTUBHICTH MOCiBiB MieHr. [To3akope-
HEBE 3aCTOCYBAHHSI KOMITO3HLiH aMiHOKVCJIOT OJJHOYACHO 3 peTap/iaH-
TaMM MOXKE 3HIDKyBaTH iHriOyBaneHy aito PPP Ha QopmyBaHHS
BPOKAI0 B YMOBax IIOCYXH Ta BIUIMBAE HA 30EPEXCHHS CKIamy
HEOpraHiYHKX EEMEHTIB POTSATOM BEreTallii Ta y 3epHi.
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Taki BiIMIHHOCTI y peakuii COpTiB ITIICHALI 03UMO] Ha /10 CyJac-
HUX PETapJIaHTIB MaOTh 3HAYCHHS I YTOYHEHHS CHUCTEM KHBJICHHS
TOCIBIB KyJIGTypH B IHTCHCHBHUX TEXHOJIOTISIX BUPOIILYBaHHs, 30Kpe-
Ma, B YMOBaxX MOCYXW Ta BHUCOKHX TEMIIEpaTyp. 3MEHIICHHS IyJiB
PSly HEOPraHIYHHX EIEMEHTIB Y POCIIMHAX 32 [ii PeTapIaHTiB, HAIPH-
K11, 37113, MMOBIPHO TIOB’s3aHE 3 OOMEKCHHAMH HAIXODKCHHS IIHX
eJIeMeHTIB 13 OiHMX IpyHTIB T10MTiCEKOT 30HH Ta TTIOBUHHO KOMIICHCO-
BYBATHCS [03aKOPEHEBUM ITiDKUBJICHHSIM. Y CTAaHOBJIEHI OCOOJIMBOCTL
MPOSIBY AKTUBHOCTI PETYJIITOPIB POCTY POCIUH CBIMYATH MPO TICHUIA
3B’S130K MK CUTHAJIBHUMH CHCTEMaMH POCIIHH Ta 3MiHAMH 10HOMY .

Buecennst peraprantis Menaxe Tor, 1,0 s1/ra (mporekcamion Ca +
MemnikBar xyiopun) Ta Tepnany, 1,5 i/ra (Memiksat xopuz + ereon) —
3ar0pyKa BUCOKHX BPOXKaiB Ha MOCIBAX BHCOKOMPOIYKTUBHHUX KOPOT-
koctebinoBoro copry CMyIIsHKa Ta cepeHpopociioro IToyomsHka, a
3aCTOCYBAHHS PETAPIAHTIB y KOMIIOZHILSX 13 TOOPUBAMH 3 YMICTOM
amiHokucrnotr (Merador).
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Porcine epidemic diarrhea virus (PEDV) has been circulating in Ukraine since 2014 and induces an especially
dangerous viral infection with a lethal diarrheal syndrome in newborn piglets, with the initial appearance at the focus of
infection. The number of infected cases and lethality among diseased piglets of 1-5 days of age can reach 100%, which
together with the forced anti-epizootic measures brings significant economic losses. PED can spread to all pigs, but the
emergent quality of infectious pathology appears in newborn piglets. No effective and biologically safe means of
specific antiviral prophylaxis, which substantially halts the epizootic process is registered, and etiopathogenetic therapy
is not developed, therefore PED is an emergent infection which is difficult to control. Over time there appear stationary
foci of infection, where evolutionary changes in relationships in the host-parasite system take place fairly rapidly, since
pigs are prolific and fast maturing animals able to replace each generation up to three times each year. This leads to a
significant variability in interpopulation relationships and the induction of biodiversity in the molecular mechanisms of
adaptation and processing of the viral genome. Clinically, genetic modifications of local variants of PEDV —
populations are manifested in the form of changes in epizootic peculiarities in the course of infectious pathology in
different age groups of animals. Modifications of PEDV may be accompanied by a slight weakening of the intensity of
the infectious process, a decrease in mortality and a decrease in the severity of the pathogenesis of diarrheal syndrome.
At the same time, the age range of severe abdominal lesions expands from newborn piglets to fattening animals of older
age groups of 28, 32, 70 days. Using a set of measures to combat the PED, including “reverse feeding” recycled
infected biomaterial from convalescent pigs, eradication of the pathogen from the environment of the host
macroorganisms through a total disinfection regime and strict compliance with veterinary and sanitary rules of animal
husbandry provide temporary positive results, but in theory this approach is incorrect, since contamination of animals
leads to the dispersal of the virus and the formation of endemic foci of infection. The persistence of the virus in
convalescent organisms is not fixed, the external inanimate environment can only be a mechanical factor in
transmission of the pathogen preserving the viability of PEDV over time. Stabilization of the epizootic foci of infection
is possible due to three factors: a) dissemination of the virus in “reverse feeding”; b) preservation of the virus in the
external environment as a result of poor-quality disinfection; ¢) occurrence of a non-immune element among the
convalescent young gilts, who as a result of juvenile insufficiency of the immune system have a low titer accumulation
of colostral antibodies to the virus received in the biomaterial through reverse feeding. Due to the lack of “lactogenic
immunity”, neonatal pigs as biological indicators for the presence of PEDV in the environment begin reproducing the
virus in the enterocytes and develop a typical diarrheal syndrome PED.
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Bupyc snmnemuueckoit quapen ceuneii (Porcine epidemic diarrhea virus, PEDV) uupkynupyer B Ykpaute ¢ 2014 roxa u HHIyLHpyeT 0co00

OIACHBI BUPYCHBINH 300HO3 — dnuaeMuuecKyro quapero ceuter (3/C) ¢ neTanbHbIM THapeiHbIM CHHAPOMOM Y HOBOPOXKASHHBIX MOPOCST, MPH
MIEpPBUYHOM BO3HUKHOBEHHH ouara HHGekimu. KomaecTBo HHQHUIMPOBAHHBIX U JIETAJILHOCTB CPEe/IU 3a00JIEBIIMX MOPOCAT 1—-5-1HEBHOrO BO3pacTa
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Moxker gocturatb 100%, 4TO B COBOKYIHOCTH C BBIHY)KICHHBIMH IIPOTHBOAIM300THYCCKMMH MEPONPHUATHSIMU TPUHOCHT 3HAYUTEIIBHBIC
9KoHOMHYecKHe YOBITKH. DJIC MOXET pacnpoCTpaHsAThCS Ha BCE IOrOJOBbE CBUHEH, HO AMEPIKCHTHBIC KauecTBa MH()CKIMOHHAS MaTOJOrUs
MPOSIBIISIET HAa HOBOPOXKICHHBIX MOPOCSTaX. D(PPEKTUBHBIX W OHOOE30MACHBIX CPENCTB CrenU()HYECKO aHTHBHPYCHOW MPOGHIAKTHKH,
KapJIMHAJILHO OOPBIBAIOIIMX PIHU300THYECKUH MpoLiece, HE 3aperuCTPUPOBAHO, A ATHONATOTEHETHYECKas Tepanus He paspaborana, nosromy D/1C
SIBISIETCSL TPYAHO KOHTPOIMPYEMOH SMepUKeHTHOH uHpekuued. C TeueHHeM BpEeMEHH BO3HHKAIOT CTAllMOHApHbIE ovard HH(EKIWH, Tie
JIOCTaTOYHO OBICTPO MPOUCXOMAT HBONIOLHOHHBIC W3MEHEHUS B3aHMOOTHOLICHHH B CHCTEME «IIapa3HT — XO3SMH», TAK KaK CBHHBH SIBIISIOTCS
MHOT'OIUIOZIHBIMU M CKOPOCIIENIBIMH )KUBOTHBIMH M CMEHA TIOKOJICHUH Y HUX OCYILECTBIISICTCS JI0 TPEX pa3 3a rojl. ITO NPUBOIUT K CYLIECTBEHHOM
BapuadeIbHOCTH MEXKITOMYIISIIIMOHHBIX B3aMMOOTHOIICHUN W HHAYKIUHA OHOPa3HOOOpastsi MOJICKYJISIPHBIX MEXaHU3MOB a/[alITAlM{ U MPOLIECCUHTA
BUPYCHOTO reHoma. KIIMHHMYeCKH IeHeTHYecKue MOIU(UKALNK JIOKaIbHBIX BapuaHToB PEDV-momynsuwmil mposBISIOTCS B BHAC M3MEHEHHMI
3MU300THYECKUX OCOOCHHOCTEH TeueHuUsI MHGEKIIMOHHOM MAaTOJIOTHH Y Pa3IMYHBIX BO3PACTHBIX TPYII KUBOTHBIX. Moaudukaimu PEDV moryt
COIPOBOXKIATHCS HE3HAUUTENBHBIM OCIa0JIEHHEM HANPSHKEHHOCTH MH(EKLMOHHOTO TIPOLIECCa, YMEHBIICHHEM CMEPTHOCTH U CHIDKEHHEM TSDKECTH
raToreHesa JUapeiHoro cHHApoMa. B TO jke Bpemsi, BO3PACTHOH IMAla3oH TSOKENIbIX aOJOMHHAIBHBIX MMOPAXKCHHH PACIIMPSETCS C TPYIIIbI
HOBOPOXKICHHBIX MOPOCST Ha OTKOPMOYHBIX KUBOTHBIX CTAapILIMX BO3pacTHbIX rpym 28, 32, 70 cyTok. Mcnonbp30BaHne NauIMaTHBHOTO KOMILIEKCa
Mep 60probI ¢ DJIC, BKITFOUYAIOIIETO «00paTHOE CKAPMITMBAHUE TIepepab0TaHHOTO MH(HIMPOBAHHOTO OHOMAaTepraia OT MepeOOIeBIHX TOPOCHT,
SpaJMKaLKi0 BO30YAUTENs W3 BHEIIHEW Cpeibl OOMTAHWsI MAaKpOOpPraHW3Ma C MOMOIIBIO JKECTKOW TOTalbHOW Ae3MH(EKIHH M CTPOXKAMIIero
COOJTFOJICHHSI BETEPUHAPHO-CAHUTAPHBIX TPABUJI BEJICHHS YKUBOTHOBOJICTBA JACT BPEMEHHBIC MOJIOXKHTEIBHBIC PE3YJIbTAThl, HO TEOPETHYCCKH
SIBJISICTCS. HEKOPPEKTHBIM, TaK KaK Iepe3apakeHHe >KMBOTHBIX NMPHMBOAMT K PACCEMBAHHMIO BHpYca M (HOPMHPOBAHHIO SHAEMHYECKOrO Ouara
nHoekunn. [lepcucTeHuus BUpyca B PEKOHBAIECLIEHTHOM OpraHM3Me He 3a(MKCHPOBaHA, BHELIHSAS «HEXHBAsH» Cpefa MOXET ObIThb TOJIBKO
MEXaHHYeCKUM (HaKTOpOM TMepenadn Bo30yauTenss MH(PEKIHMH B TEUCHHE BPEMEHH COXpaHeHHs jku3HecrniocoOHoctd PEDV. Crabunmsaims
SMU300THYECKOT0 Oyara MHQEKIMKI HanboJee YacTo MPOMCXOUT B PE3yJIbTaTe COUETAHUS TPeX (haKTOPOB: @) paCCEUBAHHs BUPYCa IPH «0OpaTHOM
CKapMJIMBaHHW»;, 0) COXpaHEHWs BHpyca BO BHEILHEH Cpefie B pe3yJbTaTe HEKAueCTBEHHOW e3MH()CKIMU, B) BO3HUKHOBEHHS IMPOCTIONKH HE
HUMMYHHOTO MOJIOJHSIKA OT PEMOHTHBIX CBHHOK, Y KOTOPBIX BCJEJCTBUE IOBEHAJIBHOW HEIOCTATOYHOCTH (DYHKLMOHAILHOH aKTUBHOCTH MMMYHHOMN
cHcTeMbl, (HOPMUPYETCSl HAKOIUICHHE KOJOCTPAIbHBIX aHTUTEN B HU3KHX THTpaX HA BHUDPYCHBIM aHTHICH B OHOMarepuaie INpu «00paTHOM
CKapMJIMBaHHUM». BCIe/ICTBUE OTCYTCTBUS WM HU3KOM HANPSHKCHHOCTH IAKTOTCHHOTO MMMYHHTETa», HeOHATAIIBHBIC MOPOCATA, KaK OHOMHIUKATOP

naymaust PEDV B okpyskarortieit cpefie, HaurHAIOT penpoIyIMpOBaTh BUPYC B SHTEPOLIMTAX U PA3BUBASTCS THITHMYHBINA quapeiinbiii cuaapom 3J1C.

Knroueevie crosa: nuapeiinsiii cunipom; 9/1C; PEDV; renom-skBuBanient; PCR-RT; ELISA

BBenenue

Omunemideckast quapest ceunei (3J1C) — aMepmKeHTHOE BBICOKO-
KOHTArno3HOE BUPYCHOE 300HO3HOE 3a00JIeBaHKE CBUHEH BCEX BO3pac-
TOB C pa3BHUTHEM juapeiiHoro cuxiapoma. Bo3bymurens — Porcine
epidemic diarrhea virus (PEDV), gender — Alphacoronavirus, family —
Coronaviridae. BuprioHs!I croxHble, mieoMopgHbIe, Yaie chepudec-
Ko (hopMbI 95-130 HM, COCTOSIT U3 HyKIJICOKAIICH/IA CIIPATIGHON CHM-
merpun 1 JITIO (yvmonpotennHast 000JI0UKa S. CyHepKarch . Merl-
J10c s. envelope), Ha TOBEPXHOCTH KOTOPOH NMEIOTCS paualibHbIe Oy-
JIABOBHIHBIC MEIUIOMEPBI, JUIMHOK 18-23 HM, GopMupyroIme «Coi-
HeuHyro Kopony» (Li et al., 2012; Diel et al., 2016).

Haubonee yacto ymorpebmsiemsle curoHuMbl st PEDV — un-
(exurm: srpeMudeckas auapest nopocst — DI smm3ooTidecKast
muapest cuHelt — D/1C; TI'C-mogoGHoe 3aboneBanne; Womiting and
wasting disease in piglets (arr.); Erbrechen und Kummern bein Saug-
ferkel (mem.) (Li et al., 2012; Carvajal et al., 2015; Diel et al., 2016).

OJIC BniepBble 3apeructpupoBaid B Anrmu B 1971 r., 3atem B
Benbrun B 1978 1., re wzommpoBau pedepertHbiii mramm CV 777.
C1980 mo 1990 rr. 3/IC mmpoko pachpocTpanmwiack B Espore.
C 1995 no 2011 rr. 3/IC nponukna B Snownwro, Kopero, Kuraii u Tau-
nang. M3 Kurast ceBepokuraiickue mramvel PEDV nonamu B CLLA,
YTO TIOCTABWJIO Ha TPaHb 3KOHOMHMYECKOH KaTacTpo(bl CBUHOBOIUEC-
Kyt orpacik crpadbl. B 2005 r. OJ1C BeisiBiena B Poccuy, B 2014 1. —
B Ykpamne. I'mobamsHoe pacnpoctpanenne PEDV mponormkaercs.
VYenmst MOB 1 HalMOHATBHBIX CITy)KO BETEPUHAPHON MEIHLIMHEI 110
nokanm3aiki U kortpono Haj DJIC manoaddexrupubt (Song et al.,
2005; Martelli et al., 2008; Puranaveja et al., 2009; Strizhakova, 2013;
Gerber et al.,, 2014; Wang et al.,, 2014; Vlasova et al., 2014; Dastjerdi
etal., 2015).

PEDV-un(ekuyst y HeMMYHHBIX HOBOPOXKICHHBIX TTOPOCST TPO-
TEKaeT 1O KJIACCHIECKOMY THITy SIMHM300THYECKOro Iporiecca ¢ 6e3ac-
TadeTHOH nepenadeii BO30YIUTES U JICTATBHBIME a0 IOMHHATTEHBIMI
SIBIICHVSIMY, BKJTFOYAIOIIMMI M3HYPHTENBHYIO BOSTHUCTYIO JHApeIo,
JICTU/IPaTALIO Y UCTOLICHHUE, YTIOPHYIO PBOTY, TSDKEIYIO HHTOKCHKA-
LMFO, MH(EKIMOHHO-JUICPrYeCKHe TIPOLIECCHI, TOHUUECKUE CYI0po-
4, DyOoKyro nenpeccuto ¢ ucxonoM B cmepts (Kim and Chae, 2003;
Martelli et al., 2008; Carvajal et al., 2015; Dastjerdi et al., 2015; Goede
etal, 2015; Diel et al., 2016; Masiuk et al., 2017).

3a00meBaeMOCTh ¥ JICTATFHOCTh Y HOBOPOXKICHHBIX TOPOCST 110
5-aHeBHOro Bo3pacta MoryT gocrurats 100%, oqHaKo ¢ yBeIueHueM
Bo3pacta 0 14-15 mHeid, neranbHOCTH cHIbKaetest 1o 3—5%. ['nbens
cBuHei B pesynbrare PEDV-nHdekuim Bo3moxkHa B J11000M BO3pacte,
OJIHAKO Y YKMBOTHBIX Ha OTKOPME JICTAJILHBINA MCXOJ] UMEET CIIOpaJIv-

YecKH XapakTep M He TNPEICTABISIET SKOHOMHYECKOH Yrpo3bl JUIS
xozsiictBa (Martelli et al., 2008; Strizhakova, 2013; Carvajal et al.,
2014; Dastjerdi et al., 2015; Bjustrom-Kraft et al., 2016).

OJ1C npuzHana MOb 1 PAO oxHUM 13 IATH OCHOBHBIX BHPO30B
Hapsiny ¢ AUC, KUC, PPCC u 1pKoBHPO30M, PEICTABIIIOIIMX Hav-
OONBIIYI0 SKOHOMHYECKYIO OMAcHOCTh i cBHHOBOICTa. PEDV —
obomoueunsiit ogHorernounsii PHK-upyc (ouPHK), momsepykeHHBIi
YacThIM MyTalrsiM (Kak 1 Bce olPHK BHpYCBI), 9TO TIPUBOIHT K pery-
JIMBUPOBAHHUIO AMApEHOrO CHHAPOMA M CTAOMIIM3AIMH JITH300THYEC-
KOTO oyara MHQEKIIHMH, C SHIEMUYECKOl (OpMOii IpoTeKaHus HHPEK-
IIMOHHOT'O MPOLIECCa, 8 HEOPAMHAPHO BBICOKAs! KOHTATHO3HOCTh BO30Y-
JUTENS ¥ er0 UCKIIFOUMTENIbHAS TIaTOreHHOCTh VISl HOBOPOMKJICHHBIX
HOPOCST MPUBOAKT K TIobai3aliy HHbeKImoHHoH narororuu (Mar-
telli et al., 2008; Strizhakova, 2013; Gerber et al., 2014; Goede et al.,
2015; Diel et al., 2016).

OMepIDKEHTHOCTh BO30YMTENSI 1 0CO00 KPYIHBINA SKOHOMHYEC-
Kuii ymep0, NPUHUHAEMBIA TPYIHO YIIpaBisieMoi HH(EKIHeH, no0y-
TV MICCTIeIOBATeNIel K MHTCHCUBHOMY H3YHYCHHIO BUPYCA, TIOITOMY
MOJIeKyJIIpHO-Oronornyeckue  xapakrepuctuki PEDV  nocrarouno
xoporio m3y4etsl. ['enom PEDV cocrour u3 kpymHoii (~ 28 kb) ozro-
nernouHoi cmbicioBoii PHK, xotopast comeput 7 OTKpPBITBIX paMOK
cuntsBanms (ORF1a, ORF1b u ORF2-6). ORF 1a u 1b nerepmunmpy-
FOT KPYTHBIE TIOJMITPOTENHEI (ppla 1 pplb), KOTOpBIe pacIerIFoTCs
TIpoTea3aMH, KOAMPOBAHHEIMU BHUPYCOM, Ha 16 HECTPYKTypHBIX Oell-
koB (nspl — nspl6), GepylMU y4acTie B OCHOBHBIX MEXaHHM3Max
TpaHcKkpunmy U perumkaiuy BupycHoid PHK. ORFs2-6 xomupyror
YeTBIPE CTPYKTYPHBIX OCJIKA, BKIIOYAONINX S-DIHKONpoTenH (Spike),
uHTerpabHbIi E-Oenok obomnouku (envelope), MemOparHbiii M-6estok
1 N-OenoK HyKJIeOKaIlCHIa, a TaloKe BCroMoraresbHbii Oenok ORF3.
10T 6enok (HOpMHIpPYET HOHHBIE KAHAIBI B MEMOPaHaX HHPULIMPOBAH-
HBIX KJIETOK KHIIICYHHKA, UTO SBIISICTCS] OTHUM U3 MEXaHH3MOB PeryJisi-
MM TIPOAYKIMH BHpyca. B xoze ananrarym 1 pasMHOXEHNS BUpyca B
KK ren ORF3 mytupyer u 310 siBlIeHHE JIMHEHHO KOppEIUpYyeT C aTTe-
Hyanweil BUpyca K OpraHn3My HOBOPOXKIEHHBIX ropocsT (Jung et al.,
2015; Gerbera and Opriessniga, 2015; Poonsuk et al., 2016; Diel et al.,
2016).

Cpemut cTpykTypHBIX OenkoB S-rmkonporenH (150-220 kD) wr-
paeT BaXXKHYIO POib B aicOpOLIMM BUPHOHOB HA SHTEPOLMTAX KHIIICY-
HUKa, CBS3BIBAHMH BHpPYCa C KJICTOUHBIME PELICNITOpaMy, B CILIABIIC-
HUHM KJIETOYHBIX MEMOpaH H Ierioca BUpyca, 1 KpOME TOro SIBIISIETCS
OCHOBHOH MUIIICHBIO JUII BHpycHeHTpamiyronmx axnturen (BHA).
Bero cocrae unentnumposansl 4 BHA-smmroma. st PEDV
BBISIBIICHA CBSI3b MEXTy OCIKOM S, ananrarieil kK pasMaoxeHno B KK
Y BUPYJICHTHOCTBIO. ['eH S-0elTka 4acTo noaBepraercst SMuieMIONIOTH-
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YECKUM HCCIIEIOBAHMS, BKIIFOYAIOIMM (DUIIOTCHETHYECKNI aHaIu3 U
PSL MOJIEKYJIPHBIX M CEPOJIOTMYECKHX JMArHOCTUYECKUX aHAIM30B
(Chang et al., 2002; Annamalai et al., 2015; Clement et al., 2016;
Poonsuk et al., 2016).

Benku M 1 N 1HpoKo HCTIONB3YIOTCS € LENBI0 Pa3pabOTKU MOJte-
KyJSIPHBIX W CEPOJIOTHYECKUX HarHocTH4ecknx TectoB Mt D/IC.
Bemnox M (20-30 kD) ydactByer B nporiecce cOOpKH BUPHOHOB, HHJTY-
mupyer cunTe3 BHA, criocoOHBIX HEHTpaIM30BaTh BUPYC B IPHACYT-
CTBUM KOMIUIeMeHTa U a-untepdepona. bemok N (57-58 kD) — me-
JIOYHOM (POCHOMPOTEHH, ACCOIMHPOBAHHBIN C BHUPYCHBIM T'€HOMOM,
yJacTByeT B HHIYKLMH KJIETOUHO-OMOCPEIOBAHHOTO HMMMYHHTETA.
Hermixonmusupoannslii 6esok E JITIO coBMecTHO ¢ S-TmKompoTen-
HOM HTPaeT BOKHYIO POJIb Ha IEOFOTHBIX 3Talax PernpoayKIUH BUpPyCca
(Knuchel et al., 1992; Li et al., 2007; Diel et al., 2016).

PazpaboTka TeXHOIOTHH KyJIETHBHPOBAHIS BUPYCa B J1ab0paTop-
HBIX YCJOBUSX SIBISIETCS! NPHHIMINAIGHO BXHBIM BOIPOCOM JUIS
JuddepeHI Ay OTACIBHBIX YCTONUMBBIX [ITAMMOB, KOTOPBIE CIIOH-
TaHHO 00pasyloTcs B X01e MyTauuii Bupyca. IlepBbie pesysbrarsl ye-
nerHoM nporgepatt PEDV mionydeHsl METOIoM mepopasibHOM
HHOKYJISIIAY HOBOPOXKIEHHBIM TOPOCSTaM T'OMOTeHaTa TOHKOTO KH-
IIEYHIKa OT OOJBHBIX JKMBOTHBIX. BIIoCIeIcTBIM yIaochk afanTipo-
Batb BUpyc k KK Vero B npucyTcTBim 9K30reHHOro TpurcuHa. Paz-
MHOYEHHE BUpyca corpoBoxaaiock L{[13, KoTopblii BeIpaskaics B Ba-
KyOJTM3aliH KIETOK U ()OPMHUPOBAHHH CHHIIMTHSL. AIANTHPOBAHHBINA K
KK Vero Bupyc MoxHO nojyiepsxusars B HIAX KK kak cBuHOrO, Tk
1 HECBUHOTO MPOUCXOKIEHMS. [10CTynaloT cooOIEeHHs O KyJIbTHBH-
posanuu B KK ytiHbIX (hribGpobnacToB, 00pabOTaHHBIX aMUHOTICIITH-
Jla3amy, a Take o crocodHocty mramma MK permnmpoBatsest B
HelipoHaX HOBOPOXKICHHBIX MBIIIEH, MOCNe HHTPALEpeOpabHOTO 3a-
paxeHust ¢ sBIeHWSIMHA HelpoBHupyreHTHOCTH (Kweon et al., 1994;
Quist-Rybachuk et al., 2015; Mahesh, 2015).

Tocne dexansHO-opansHO# neperaun PEDV pernponymmpyetcs B
SHTEPOLITAX TOHKOTO KUIICYHUKA M PUBOIUT K PA3BUTHIO KaTapasib-
HO-TeMOpPPariM4eckoro BOCIaNSHHs C MOCIS/ Ty OLIM HEKPO3OM JIIUTe-
TSt kuieyHuka. [locne nakyOarmonHoro nepuona ot 12-24 yacos 1o
3—6 CyTOK pa3BHMBAIOTCS KIMHIYECKUE TIPH3HAKY 3a00TIeBaHIs, XapaK-
Tepasle 1t D/IC 1 BRIIOYAOIIIE BOITHUCTYIO H3HYPUTENIBHYIO 1Ha-
Pero, YIOPHYIO PBOTY, HHTOKCHKALIMIO, 00E3BOKMBAHNE, UCTOIICHHE,
TSDKENISHIITYIO JIETIPECCHIO M BBICOKYIO JICTATIBHOCTH y HOBOPOXKICH-
HBIX HOpOCAT. B OnmaronpusTHBIX ciydasx 3aboreBaHie MpOJIoIDKa-
ercst 5-10 mHel ¥ 3aBepIaeTcsi BHI3IOPOBICHUEM C TTIOCTUH(EKIMOH-
HOM acTeHUel U CHIDKEHUEM NpoxykTuBHOCTU. Boinenenue PEDV ¢
(examsiMu HaOTIoaeTCst Ha poTshkeHnH 630 cyTok. 3aTeM Bblzee-
HHE TPEKPaIaeTcsl U PEeKOHBATIECLIEHThI OCBOOOXKIAIOTCS OT BHpYca
(Knuchel et al., 1992; Jung et al., 2015; Diel et al., 2016; Tun et al.,
2016).

Bcee mrammer 3/IC, BbIIeneHHBIE B pa3MYHBIX CTPAHAX MHPA,
TIPAKTUIECK HICHTUYHEI 110 aHTHTEHHOH CTPYKTYpe U MPE/ICTABIIIOT
coboii oH cepotrn BUpyca. CpaBHEHHE HYKIICOTHIHBIX TIOCIICI0Ba-
TenpHOCTe! reHoB N U S, a Takke aMUHOKHCIIOTHBIX [OCIIEI0BaTeNb-
HOCTeH UX MPOJYKTOB y IpoToTurnHoro mramma CV 777, kopelickoro
Chinju 99 ¥ HECKONBKHX SIHM300THYECKHX H30JISITOB KOPEHCKOro U
SATIOHCKOT'O TPOUCXOXKIEHHST OOHAPYKUJIO BBICOKYIO (710 96,7%) romo-
noruro (Kim and Chae, 2003; Li et al., 2012; Wang et al., 2014; Zhang
etal., 2015).

Oco0y10 OIacHOCTb NPEZICTABIISICT MY TAMOHHBINA TTOTEHIAT BH-
pycHoii onyssiy PEDV, B cBsizu ¢ popMupoBaHIeM SHIEMIIECKUX
04aroB MH(EKIMOHHOH MATOJIOTMH 1 PELIMIMBIPOBAHUEM JTHAPEHHOTO
cunzpoma ¢ uHTepBaioM 4-12 MecsieB. OtcyTeTBrE 3((HEKTUBHBIX,
KapAMHATBHO OOPBIBAIOLIMX SMU300THYECKYIO IIEMb MEPOTpPHSTHIA
crietprueckoil MPOoGUIAKTUKE TPH JTIOOBIX TeHETHYECKHX BapHaH-
Tax BO3OYAWMTENS CHOCOOCTBYET HMHTEHCUBHOMY PacHpPOCTPaHCHHIO
BHPO3a B XO3AHCTBAX, JENAst SIM300THUECKYIO CUTYALUIO TPYAHO YII-
paBisteMoli ¢ Hed(GEKTHBHBIMU MepaMi OOpEOBI M TPO(IITAKTHKH.
CyIecTBYIOIHE METOABI CO3JAHMS JIAKTOTEHHOTO IMMYHHTETA C T10-
MOLIBIO «OOPaTHOrO CKApMITUBAHYISD, COIIIACHO BETEPHHAPHOMY 3aKO-
HOJIATEIIECTBY YKPAMHBI, SIBISIIOTCS apXaH4HBIMH M TEOPETHUECKH
TOZIPHIBAIOT OCHOBBI OM00E30MACHOCTH M OCHOBOIIONATAIOLIUE TIPOTH-
BOSIM300TOJIOTHYECKHIE TIPUHIMITBI OOpEObI ¢ MHpekimell. PeatsHoe

HPOTPECCHBHOE PACIPOCTPAHEHHUE [aHHOW MH(EKIMH IOKa3bIBacT
KpaifHIOI0 HEOOXOIMMOCTh IPHMEHEHMS! NAUTHATHBHBIX METOJIOB
60prob1 ¢ PEDV, KOTOpBIE MOT'YT BKIIFOYATh B C0sI KOMIIOHEHTHI CTpa-
TErun «0OpPaTHOrO CKApMITHBAHHSDY M BETEPUHAPHO-CAHUTAPHbIC MEPbI
TI0 3paJMKaLiK BUpyca BO BHelIHeH cpezie. CyIecTBYIOMINE BAKIIMH-
HBIE IPenapaThl B YCIOBUAX [IMPOKOI0 SCIIEPUMEHTATBHOIO IPUMEHe-
HUSL SIBIBTIOTCS. MaOd(EeKTUBHBIMH, a MHOT/A OKa3bIBAIOT HETATHB-
HOE BIIVSTHUE, He 00eCTieurBas HaJIeKHBI IPOTEKTHBHEI MMMyHUTET
KaK y HOBOPOXKIEHHBIX IOPOCST, TaK M Y IPOMBIIUICHHOIO CTaJa
(Arriba et al., 2002; Stevenson et al., 2013; Strizhakova, 2013; Goede
and Morrison, 2016; Langel et al., 2016; Tun et al., 2016; Srijangwad
etal, 2017).

Llenb cTaThy — OXapaKTePH30BaTh KIMHHKO-3IH300TOJIOTHYCCKHE
0COOEHHOCTH MapeHHOT0 CHHApOMa, HHAyIMpoBanHoro PEDV, mpo-
BECTH MOHMTOPUHT dHzemudeckoro teueHus DJIC Ha npumepe Kpyn-
HOTO COBPEMEHHOTO CBUHOKOMIUTEKCA M OXapaKTEPU30BaTh STHOATO-
TeHe3 3a00JIeBaHMsl Y )KUBOTHBIX Pa3HBIX BO3PACTHBIX IPYHII P CTa-
OWITM3ALIMH SMTM300TUYIECKOr0 OYara HHPEKIIHH.

Marepuaji 4 MeToAbI HCC/IET0BAHMIT

OKCIEpUMEHTATRHOE HICCIIEIOBaHIe OroMareprana OT OOJNBHBIX
JKUBOTHBIX TIpoBeieHo B HILI 6roGe30macHOCTH M 9KOIOTHYECKOro
xoHTpomst pecypcoB AIIK Inenponerposckoro I'ADY. Beissnenue,
unentrdukays u gudpdeperimaiyst PEDV B Gnomarepuane (kurey-
HUK, BHYTPEHHIE OpraHbl, ()eKaIIH) U ero KOJIMYECTBEHHAs XapaKTe-
puctuka ocymecteiens! MerofgoM PCR-RT ¢ momornisto Tect-cucte-
Mel «Bio-T kit®RPEDV all — TGEV» («Biosellal», ®paniis) Ha am-
mmdurrarope CFX 96 Real-Time System ¢upmer Bio Rad (CLLIA).

Cepomarsoctuky 3/1C npoeomm metomoMm ELISA ¢ ncnons3o-
BaHMEM WMMYHO(GEPMEHTHOro —aHammsaropa-poromerpa ELx800
(«BioTek», CIIIA) u Tecr-cucremsl «ID Screen PEDV  Indirecty
(«ID.vet», Opanis). CorliacHO peKOMEH/IAIUSM TPOM3BOIUTEIISL, Chl-
BOPOTKH CUMTAIOTCS TIOJIOXKUTEILHBIMU (COEpIKaIMU CHIeLH(Idec-
KHe MMMYHOITIOOYJMHBI K aHTHreHam Bupyca B tutpe 1 : 200), 1o
3/1C npu 3navennn S/P oOpasta Beie 0,4 En.

CocTaB MUKpOOHOHTOB COZIEP)KMMOTO KHILIEYHHKA IOPOCAT HC-
CJIEIOBAIIM C TIOMOILIBIO CTAHIAPTHBIX MUKPOOHOIOTMUECKUX METOIHK
(Gerhardt et al., 1984). [1aToreHHOCTh H30JIMPOBAHHBIX JMM300THYCC-
KX KyJIBTYp MHAKPOOPraHH3MOB OIpeessi B OHonpobe Ha rabopa-
TOPHBIX JKMBOTHBIX.

CraructryecKyto 00paboTKy HOMYYEHHBIX Pe3yJIbTaTOB HPOBOIH-
JIM ¢ TIoMoIIIbko maketa Statistica 6.0 (StatSoft Inc., USA). Jlyst cpaBhe-
HUS Pe3yJIBTAaTOB HCTIONB30BAIM KpuTepuii CThbIOZICHTA U €10 Herapa-
METPHUECKUI aHaNor — KpUTepuid YIIKOKCOHa. BriOopouHble mapa-
METpBI, YKa3aHHBIC B TEKCTE, MMEIOT CIIIyIOIHe O003HAYCHIS: X —
BBIOOpOUHOE cperHee, SE — cranmaptHast onmbka cpeHero. Pazmiams
CUNTAIY CTATUCTUYECKU A0cToBepHbIMU IpH P < 0,05.

PesysbTaTsl

MOHHTOPHHIOBBIE HCCIIEIOBAHNS OCOOCHHOCTEH 3H300THYECKOTO
teueHnst DJIC npu crabmwmmsaimy HHPEKIMOHHOTO oYara IpOBOAIIIN
B OHOM W3 CBHHOKOMIUIEKCOB 3arllOpOKCKOH OOJNACTH B TCUCHHE
2015-2017 ronoB. B xo3siicTBE Ha BEICOKOM YPOBHE HOAIEPKUBATIACH
BETEpPUHAPHO-CAaHUTApHasl KyJbTypa BEICHUS CBHHOBOJCTBA, CTAH-
JIApTHBIE MepbI OHOOE30IIaCHOCTH COOMIONAINCH TOJDKHBIM 00pa3oM B
COOTBETCTBHH C TPeOOBAHMSIMU BETEPHUHAPHOIO 3aKOHOAATEIBCTBA U
SMM300TUYECKOH cuTyaryy. JKMBOTHBIE ObUTH HAJIGKHO 3ALHIIECHBI OT
HPOHUKHOBEHHS! BHEIIHEH MH(EKIIMH ¥ HAXOMIIUCH N0 IOCTOSIHHBIM
KOHTPOJIEM CITY>KObI BETEpPHUHAPHON MEIMIMHBL. XO03SHCTBO OLICHHBA-
JI0Ch KaK OJarorolyqHOe OTHOCHTENBHO OCTPBIX M XPOHUYECKUX HH-
(hexumit. B 3umue-Becennnii nepuon 2015 r. (dheBpans — MapT) Ha CBH-
HOKOIUIEKCE, T7ie MPOBOIIIA KIIMHIKO-3IH300TOIOTUYECKUI MOHHUTO-
PUHT BeTepHHAPHAs CITy>k0a MPEJIPUSTHS, BELIBICHO, UTO y CBUHEH
TMOSIBATACH MH(EKIIMOHHAS MATONOTHS C AUAPCHHBIM CHHIPOMOM. 3a-
OoJieBaHNE BO3HHKIIO BHE3AITHO C MACCOBBIM OXBATOM IIOTOJIOBBSI, pa-
Hee 1107100Hast HH(EKLIMOHHAs AaToNOrus He BeTpedasach. Hanbomee
YA3BUMBIMH JUT MHGEKIMH OKAa3aTiCh HOBOPOXICHHBIE IMOPOCHTA,
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KOTOpBIE NMOrHOaIN YrKe Ha TIePBbIif — BTOPOH JIeHB YKH3HH, 3a00J1eBae-
MOCTb U JICTAILHOCTh Y HUX Joxomw 1o 100%. B kauectBe ocHOB-
HBIX CHMITTOMATHYECKUX Mpr3HakoB PEDV-uHbeximn 3aperucTpipo-
BaHbl BOMSHUCTAs JMapes M PBOTA, a TakoKe ObICTpas MOrOJIOBHAs
rr0eh HOBOPOXKICHHBIX MOpOCAT 10 1-5-mHeBHOro Bospacta. [lpm
3TOM CMEPTHOCTH cper 6—10-1HeBHBIX TIopocsT coctaBita 50-60%,
a cperm 10-15-mmeBnbx — 30%. ITanex cpemu Gomee B3pOCIBIX CBU-
Hell coctaBui1 OKoJI0 3-4% Npu OTHOCUTENBHO JIETKOM TEUYEHHUH JIia-
peiiHoro cunapoMa.

Pe3ynbraThl MOHUTOPHHTA TIOPAKEHHOH IPYTIIBI )KUBOTHBIX TTOKa-
3aTH, 9TO JMapesi JOCTAaTOYHO IIMPOKO MPOSIBIUIACK y CBUHEH Bcex
BO3PACTOB, HO SPKHE KIMHUYECKUE TIPOSIBIICHUS B TSHKENON (hopMe OT-
MEYTUCh TOJIBKO Y OTAENBHBIX 0co0ei. [Ipr aToM rubemnu cpeau cBu-
Hell CTapIyX BO3PACTHBIX TPy He 3adukcrupoBaHo. CHMITTOMOKOM-
IUIEKC KUIIEYHOTO PAacCTPOMCTBA BKIIFOYAT OBICTPO IPOXOMISIIYIO BO-
JSTHHCTYIO TUApero ¥ PBOTY 03 TSDKEIBIX IMaTO(PU3HOIOTMIECKIX Op-
TAHW3MEHHBIX OTKJIOHEHHH OT (PM3HOJIOTMYECKOH HOPMBI, TeMIiepa-
TypHasl peaKLys OTCYTCTBOBAIA, HE3HAYMTEIILHO CHU3WICS AIIETHT, O
YeM CBHJICTENIBCTBOBAIO YMEHBILICHHE 00beMa IOTPEOIIsIeMOro KopMa,
00BbeMBI TOTPEONEHNsT KOpMa HE3HAYMTENbHO YMEHBIIIINCH, MOBe-
JICHYECKUE PEAKIHH He M3MEHIINCE, PU3HAKH ICPECCHH HE BBISIBIIC-
HblL. Yepes 5—7 cyTok nociie NOSIBIIEHHS MIEPBBIX CITy4aeB OTHOCUTENb-
HO JIETKOT0 KIIMHUYECKOTO TeUEHHs! IapeiHOro CHHApOMa COCTOSIHUE
JKUBOTHBIX CTapIINX BO3PACTHBIX TPYIIT HOPMAIM30BAJIOCH, PACCTPOH-
crBo JKKT He mpencTaBisuio OnacHOCTU ULl SKM3HU U IIPOJYKTHB-
HOCTH JKMBOTHBIX, BOCCTAHOBJICHHE HapyIICHHBIX (DH3HOIOIYECKHX
(yHKLWMIH IPOVCXOIMIIO CAMOIIPOM3BOJIBHO.

B 10 ke Bpems1, auapeiHblii CHHAPOM Y HOBOPOXKIEHHBIX TIOPOCST
TIPOTEKa CBEPXOCTPO, COMPOBOXKAANICS JACTBIMH BOASHHCTO-CIIA3UC-
TBIMU Je(heKaIsIMI 3eJICHOBATO-XKENTOrO IIBETA, IPOTPECCHPYIOMISH
JIETHIpaTaIriell ¥ UCTOICHIEM, MyYHTEIIHHOH PBOTOM 1 a0IOMUHAITH-
HBIMU OOJISIMY, PEAKAMH TOHHYECKUMH CYIOPOTaMH, MHTOKCHKALIICH,
O0LIMM YTHETEHHEM IIPH TTOJTHOM COXPAaHEHWH CO3HAHUS M TaKTHJIb-
Hol dyBcTBHTENBHOCTH (pHc. 1). Temmneparypa Haxomaiach B rpere-
JIaX HOPMBI, Iepe]] CMEPTBIO CHIDKATIACh.

Puc. 1. Tpyms! HOBOPOXKAEHHBIX TIOPOCST, MaBmx oT DJIC

TIpy naToI0roaHaTOMUYECKOM OCMOTpE TPYIIbI ObUIM B COCTOSI-
HUM KaxeKCHW W Jerufparaiyy. Koyka MCTOHYEHHas, CMOpILCHHAs,
HeaJaCTUYHas, OJe/IHAs C YKEITOBATHIM OTTCHKOM, C KOHTYPHPYOLIIH-
MM KOCTHBIMH OOpa30BaHMSIMU OT MOPZbBI [0 CENAIMIIHBIX OyrpoB,
1v1a3a 3anaBiuye. [IpH3HaKOB KOHBFOHKTUBHTA U PUHUTA HE BBISBIICHO.
Ha xoxxe y mopocst oOHapy)XHBaId OTpaHWYEHHBIE HPHITYXJIOCTH
(hHoNIETOBO-0arpoBOro IBeTa C HKEICOOPA3HBIM MOIKOXKHBIM OTCKOM
MH(EKIHOHHO-aIIIePTHYECKOM MPUPOJIBL

Takim 06pa3oM, OIHO# U3 OCHOBHBIX MPHUYKH JIETATBHOIO UCXOZA
MHQPEKIHH SBISETC MeTabOIMYecKoe HCTOIICHHE OpraHu3Ma IMopo-
cst. IH(EeKIMOHHBIA areHT — BBICOKOIATOTeHHBI M OOJMTaTHO Jie-
TAJIBHBIH 15l HOBOPOXKIICHHBIX JKUBOTHBIX, HH/YLIUPYET KPUTHICCKHC
HapyIIeHNs1, He COBMECTHMBIE C JKI3HBIO HIopocsIT. [laTonoroanaromu-
YeCKUe MCCIISJOBAHKS TTOPOCST C JISTAIBHBIM UCXOZIOM IOKa3aId Ha-
JIMYMe TPH3HAKoB MH(pEKIMoHHOro naroreHesa (puc. 2). Kposp He
CBEPHYBILAACS, CBETJIAs, KPOBOMIMSAHMN HA KOXKE M B TOIKOXKHOM

KiieT4aTke HeT. [1aTorHoMOHMYHBIE M3MEHEHNs] JIOKATH30BaHbl B TOH-
KO KHIIIKE B BHJIE UPE3BbIYAIHO MHTEHCUBHOIO KaTapalbHO-TEMOppa-
TUYECKOTO BOCTIAJIEHHSI C IECKBaMALUE! SITUTENTHST X HICTOHUEHHUEM KH-
LIEYHOM CTEHKU. Y TIOPOCSIT, NaBIIMX OT AUAPEX B S-IHEBHOM BO3pac-
Te, KaTapaIbHO-TeMOPParideckoe BOCTIAICHIE OOHAPYKEHO TAKOKE 1 B
TOJICTON KHILIKE. B Kelly/ike He yCTaHOBUIIM NATOJIOTMYECKUX M3MEHE-
HUH CITM3UCTON OOOJIOUKY, HAIIOIHEHNE JKEITy/IKa CIIM3UCTBIM COIep-
JKAMBIM HE OTIIHYAIOCh OT HOPMEL PerrioHapHbIe IMM(OY3/IbI OTCHHBI
U TUIIEPEMUPOBaHbL. B Ipyrux BHYyTpeHHUX OpraHax MaToJIOTHYECKHX
HapyllIeH!i1 He 00HapyXeHO. B yacTHOCTH, ceneseHKa He yBe/MUeHa,
APKO-KPACHOTO I1IBETA; MeYeHb HE YBENIMYEHa, C HE3HAUUTEIbHBIMU Ce-
POBaTBIMM YYaCTKaMH OEJTKOBO-JIMITHIHON JCTPO(UH; TIOYKH U JIeT-
KHe COOTBETCTBOBATIM HOpMeE. B Tkanm ceparia oOHapy KeHbI yIacTKH
JIETeHEPATHBHOTO MEPEPOKICHIS. BO BHYTPEHHIX MOIOCTSIX HE3HAUH-
TENBHOE KOJIMYECTBO TPAHCCY/IaTa.

Puc. 2. [TaronoroanatoMudeckrie H3MEHEHHS BHYTPEHHHIX OPTaHOB
MOPOCEHKA 5-THEBHOTO Bo3pacTa, nastero ot 3/1C

Mumnkampro Bo30yurenst npoogwm B HULL JITADY B co-
MECTHOM I'OMOTeHaTe U3 JIBYX OMOMAaTepHaoB 00pa3LioB TOHKOH KHIII-
KM TKaHeW IOpOCST, MAaBIIMX OT JMapeHHOT0 CHHAPOMa Ha BTOpHIC
cyTkH xm3HH, ¢ omoipio PCR-RT. B npobax TOHKOro KHIIeYHHKa
nopocsiT uaeHTHpHImpoBan PEDV B komuectse 7,0 X 107 reHOM-3k-
BUBAJICHTOB (T. 3.) B OTHOM IPaMMe, YTO SBILIETCS IOCTATOYHBIM OCHO-
BAHMEM Uil YCTAHOBJCHMS IO3MTMBHOTO pe3yJbTata HH(eKmn
PEDV.

C meipio OmpenieNieHrsl IMHUPOTHl PACTIPOCTPAHCHUS MH(PEKIIHH
CpeM BOCIIPUMMYMBBIX KHBOTHBIX TPOBEICHA PETPOCIICKTHBHAS Ce-
pounmukaims IgG x Al kanicuna PEDV B ELISA. [lnst nmposenenus
CEpONOTHYECKUX MCCIIEN0BaHN 0TOMpany o6pasLibl kpou y 10% xu-
BOTHBIX W3 CBMHAPHUKA, B KOTOPOM 3a()MKCHPOBAHO KIMHHYECKOE
TiposiBIIeHHE 3a00meBanus (n = 80) METOIOM PaHIOMI3UPOBAHHON BBI-
GopkH. Pe3ynbraThl CepoIOrMuecKoro NCCaeOBaHuUsl NTOKa3aId Hall-
Yhe TMarHOCTHYECKUX TUTPOB Y 42% 00pastioB B pazseneHun 1 : 200,
YTO NOATBEPAUIIO IPEABAPUTEIBHbII KOMILIEKCHBIN auarHo3 Ha D/1C.
B 76% mnpo6 ¢examuii ot 3THX ke KUBOTHBIX MetozioM PCR-RT
nnenTnduimposasa PHK PEDV B komnertparym 1,86 x 107+ 0,14 x
10° 1. 5./r GHONOrMEECKOro MaTepHaa.

JUist M3y4eHus CoCTaBa BUIOBOTO COCTaBA MUKPOOPIaHU3MOB KH-
HIeyHOH TpyOKH 0TOOpamu Oromarepuan (MOpaXKeHHBI KUIIICYHHUK 1
(examrm) y 13 masmmx ot D/IC nopocsT 3—8-CyTo4HOro Bo3pacTa i
TIPOBEJM OAKTEPHOJIOTMYECKOE UCCIIEOBAHNE OOLICTIPHHATHIMA METO-
JIaMH OLICHKH BHJIOBOTO COCTABa MHKPOOPTaHU3MOB, HACEIISIOIIMX ITH-
IIeBapHUTENBHBIA TpakT (Tadi. 1). [Ipn GakrepronorimdeckoM oocieno-
BAHMH OOIICTIPHHATBHIMU METOJAMH COZICPYKUMOTO KHILICUHHKA U (e-
Kauit y nopocsit, nasmmx ot DJIC, He ObLTH H30IMPOBaHbI (BU3HOIIO-
TUYECKH TIOJIE3HbIe MUKPOOHOHTBI: a9POKOKKH (Aerococcus viridans),
nakrobakrepun 1 Orudumobdaxrepun. B comepyKnMoM KHILIEUHHKA HE
BBIBIICHBI TUICCHEBBIC TPHOBI M JIpoioku. Kumeunas Mukpoduiopa
TIPE/ICTABIICHA CTAHIAPTHON TPaH3UTOPHON MHUKPO(IIOPOH, TomaBIeit
B TNMIIEBAPUTEIIBHBINA TPAKT MOPOCST U3 OKPYXKAIOMIEH CPelIbl, Tper-
MYIIECTBEHHO OHA COCTOSUIA U3 THIJIOCTHBIX MUKPOOPTaHM3MOB C BBI-
COKOW (hepMEHTATHBHOW aKTMBHOCTHIO. VI30/mpoBaHb! Oakrepun ce-
MmeiictBa Enterobacteriaceae, Bacillaceae, Coccaceae. Kysstypsl mpo-
KapuoT 00JIaiall THITMYHBIMK U1 BUJA MOP(GOTHHKTOPHAIBHBIMH,
KYJIBTYPaJIbHBIME U OMOXMMUYECKMMU CBOMCTBaMU. BBICOKOI IiKko-
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JIMTUYECKON aKTMBHOCTBIO XapaKTepHU30BAIHCh KylbTypsl C. perfiin-
gens, CUIIbHO BBIPOKCHHBIM NPOTEOIMTUYECKMM HOTCHIIMATIOM 00J1a-
T KyJIBTYpbl QHTPakOMAHBIX Oawwwwi, E. coli u P. vulgaris. Tlpu
HCCIIeI0BAaHUY [TATOTCHHBIX CBOMCTB MICHTH(HIIMPOBAHHBIX KYJIBTYD
MPOKAPUOT Ha OEJBIX MBIIAX TrHOe MH(UIMPOBAHHBIX KUBOTHBIX
HE OTMEYaIH B TEUCHHE IIATH CyTOK HaOmoneHus. [Ipu roceBe Kyib-
Typ Ha 5% xpostHOH MITA remomms He oOHapy»KeH, YTO SIBIIIETCS
TIOKa3aTesIeM araToreHHOCTY KUIIEYHOH MUKPO(IIOPBL.

Tadmmua 1
BuoBoii cocTaB MUKPOOHOIICHO3a KHITICYHHKA ITIOPOCT,
nasumx ot IJIC (n=13)

Howmep Guomarepuana

Hasamme  —————3—72—5"6"7 g 0 10 11l 12 13
Aerococcus
viridans - - - - - - - - - - - - =
Lactobacillus i
Bifidobacterium - - - - - — — — — — — - -
Escherichiacoli + + + + + + + + + + + + +
Proteus vulgaris + + + + + + + + + + + + +
Clostridium .
perfringens
Bacillus cereus - - -+ 4+ + + -+ + 4+ o+
Bacillus subtilis - - - + - + - — + + + + +
Bacillus mycoides + - + + + - — + + — + + -
Bacillus ' w4 4 ey
megaterium
Enterococcus + + + + - + - 4+ - 4+ + + -
Staphylococcus + + - — + — 4+ + + — — + -
Tpumeuanue: “+” — HaMUme, “—’ — OTCYTCTBUE OAKTEPHHL.

Pesynbrarel komiuiekcHoro juarno3a DJIC-O3UTHBHBIX 00pas-
LIOB Cpe/li paHee OJIaroroIy4HOro MOroJoBbs CBUHEH MPUHATHI B Ka-
YeCTBE OCHOBHOTO apryMeHTa B BbIOOPE PEILCHHS O CaHALMK XO3sH-
CTBa OT 3aPETUCTPHPOBAHHOTO BUPYCa METOZIOM «OOPATHOIO CKAPMITH-
BaHMSD) M OPAIKALMH BO30YIUTENS U3 SKOCHCTEMBI OOMTAHHUS CBUHEH
0e3 IMPUMEHEHHS BAKIIMH.

Ha niepsom srarie ¢ nomoutsto PCR-RT onpenenmm koHueHTpa-
LIMIO BUpYca B OHomarepuaie il «o0paTHOro cKapmimBaHwsy. Vc-
CJIE/IOBAHHIO TOJICXKAIIM TKAHU TOHKOT'O KUIIeUHUKA 12 2—3-7HEeBHbIX
niopocst, naBumx ot D/IC. Pe3yisraTel MONEKYIISIPHO-TEHETHYECKOTO
aHaM3a MOKA3aIM CIeyIolme 3HaueHus coaepkanus PEDV B Ton-
Koii kumike naBumx ot 3/1C HOBOPOXKIIEHHBIX OpOcsT (T 3./T, prc. 3):
1,69 x 10%; 4,55 x 10°; 5,29 x 10% 8,30 x 10%; 1,01 x 10°% 1,42 x 10°;
2,60 x 10% 4,79 x 10% 4,70 x 107; 9,67 x 107; 9,79 x 10; 1,01 x 10%.

100000000
10000000
1000000

100000

I'eHOM->KBHBAJICHTBI

10000
1 2 3 4 5 6 7 8 9 10 11 12

OO6pa3iibl TKaHEeW TOHKOW KUILKH

Puc. 3. Kornentparms reHoM-3kBuBasieHToB PEDV B 00pasmax
TOHKOM KHIIKY NTaBImX 0T D/C HOBOPOXKIEHHBIX IOPOCST

Bupycras Harpy3ka B MOPaKEHHBIX TKAaHSIX KOJIEOJIETCS B IIIAPO-
KUX Tpefienax, oT 5 1o 8 Ig BUpHOHOB B rpaMMe OHoMaTepyaia, py
oM muanason X = SE=4,11 x 10°+£342 x 10° . o./r.

ITpouenypy «00OpaTHOrO CKapMIIMBAHHSDY TIPOBOIHIIH C UCTIONB30-
BaHHEM OMOMaTepuasa OT MaBLIMX HOBOPOXKACHHBIX MOpocsT. 'omo-
TeHaT OroMaTeprana KUIIEYHO! TPYOKH B COCTOSIHUM KaTapajlbHO-Te-
MOPPArM¥ecKoro BOCTIAICHHST M3TOTABIMBATE HA M3MEJIbUUTENIE TKA-
Heit PT-2. 13 noy4yeHHoro romorenara ex tempere roToBHIN BOIHYIO
CYCIIEH3HIO C COIepKaHreM Bo30yuTerns B Ipezenax 6 lg BUpHoHOB B
rpamMme KoHeyHoro npoykra. C 1ienbio popmupoBanst 3h(HeKTHBHO-

'O KOJIOCTPAJIbHOIO MIMMYHHUTETa Y HOBOPOXKJICHHBIX ITOPOCST BCEX CY-
HIOPOCHBIX CBHHOMATOK He ITO3]IHEE IBYX HEJIeNb JI0 ONopoca HHPUIM-
pOBaIIU per 0s NOATOTOBIIEHHBIM TOMOTEHATOM B BUJIE BOJHOMH CyCIIEH-
31U, COZIePrKalIiel M3BECTHYIO KOHLIEHTPALIMIO SIH300THYECKOTO BapH-
anta PEDV. OmHOBpeMEHHO ¢ MEPONPHATHSMI, HAMPABICHHBIMI Ha
CO3JIaHIE KOJUIEKTHBHOTO NMMYHHTETA Y KMBOTHBIX, C LIEJIBIO CHIDKE-
HMS YPOBHS IIPECCHHIa M IpeRynpexaeHus pacrpocrpaHenuss PEDV
Ha CBUHOBOJYECKOM MPE/IPUSTHI, COITIACHO PEKOMEHJIAISIM BeTe-
PUHAPHOTO 3aKOHOJATENBCTBA YKPAHHbL, IPOBEICHA MPEIEIBHO TILA-
TeJIbHAs MEXaHHYECKas OUMCTKA XKMBOTHOBOIUYECKHX IOMEILICHHN U
CTpOXKaifiiast ToTalbHas AE3HMH(EKIWs, ¢ TEPMUHAIBHBIM KOHTPOJIEM
Ka4yecTBa ME3MH(EKUMM M TIOATBEP)KACHHEM (haKTa dSpairKaliH
PEDV wu3 oxpyxaromeii cpenpl ¢ momorsto PCR-RT. Bo3oymurens
BBISBJICH TOJIGKO HA OZIHOM M3 S7IEMEHTOB BHYTPEHHETO 000Dy AOBAHII —
B CMBIBAX C IUIACTUKOBOTO I10J1a 6€3 CTOKA [T MOUH.

Bce naBmme or D/IC kuBOTHBIC OBUTH YTIJIM3UPOBAHBI KaK ¥IC-
TOYHUK MHGpeKIWH. [ MOATBep)KIeHHsI WM ONPOBEPKEHHsT (haKTa
nepcucreHiy PEDV B opraHu3Me >KUBOTHBIX-PEKOHBAIECLIEHTOB
meronoM PCR-RT mpoBeneHo uccrnenoBanme 68 o0pasoB (exanmii
OT 1epeOOIeBLIMX CBUHEH Pa3/IMUHbIX BO3PACTHBIX IPYII, HAYUHAS OT
TIOPOCAT Ha TIOZICOCE IO CYMOPOCHBIX CBUHOMATOK M PEMOHTHOTO
MonoaHsKa. Pesynbrarel uccienoBanus nokasam orcyrcrsue PEDV
B obpasuax. Kpome sroro, 14 HanMeHee NPOIYKTUBHBIX JKHBOTHBIX-
PPEKOHBAJIECIICHTOB, OTHECCHHBIX K CAHUTAPHOMY OpaKy, OTOOpaHHBIX
U3 BCEX TEXHOJIOTMYECKHX IPYIII COACPKAHNS TECTHPOBATH C ITOMO-
mpto PCR-RT na Haimune PEDV B cim3ucToli 0005104Ke KHIIEYHNKA,
PErMOHAPHBIX JIUM(OY3IIOB, MEYCHH, CENE3eHKH M KOCTHOIO MO3Ia.
HuB omHom m3 wuccnemyeMbIx OOBEKTOB BHPYC HE OOHApy’KEH.
TpenmpunsATBie SHEPTrHYHBIE MePhI OE3BAKIIHHOTO 3MMI300THIECKOTO
BO3/ICHCTBUS Ha ()YHKIIMOHHPOBAHIE SIM300THYECKON LIS TIPHBEITI
K TOMy, 9T Jiapeinsii cuaapoM PEDV-stronorim GbuT KIIMHIYECKH
KyIHPOBaH.

OnHaKo HecTaOMIIBHOE SMM300THYECKOE OJIAroNoyune CoXpaHsi-
JIOCh OTHOCHTEJIBHO HEZOMIO (B TeUeHHEe 6 MeCSLIEB), JI0 TOrO MOMEH-
Ta, TIOKa B OCHOBHOE CTa[I0 HE BBEIIM OCEMEHEHHBIX PEMOHTHBIX CBH-
HOK. B 4 rHe3nax n3 64 BO3HMKIA TUIIMYHASA KJIMHMYECKAs KapTUHA
OJ1C, ¢ mocnenyronmM pacrpocTpaHeHHeM HH(EKIMK Ha APYTHX BOC-
TIPUIMYKBBIX KUBOTHBIX. Berpika D/IC cpemy HOBOPOXKICHHBIX I0-
POCST TPOZIOIDKAIAch B TeUEHHE BYX HeZelb. Bee 3aboneprme sxu-
BOTHBIE YOHTHI U YTHIIM3UPOBAHBL, OHoMaTepyai (KUIICTHIK) HCTIONb-
30BaH JIs «OOpaTHOTrO CKapMIMBaHISD. [IpoBesieHa TIaresbHast To-
TaybHas Ae3MHPEKIWS ¢ TePMUHATBHBIM TTOITBEP)K/ICHIEM KauecTBa
canatmu B PCR-RT. Benencteie npearpHHsITBIX MPOTHBOU300TH-
YecKHX MeponprsaTHii HHpeKIoHHbI nporecc D/IC MMKBHANPOBAH
Y CBUHOKOMILIEKC O37I0pOBIICH.

OdcyxaeHue

T'enetnueckue MoaMGbUKALIK SMI300THYECKOTO BUPYCa MPHU CTa-
OWIM3ALMY SIM300THYECKOTO OoYara MHGEKIMH HHIYLMPYIOT MIMpPO-
KYI0 BapHaOe/IbHOCTb KJIMHHKO-3IIM300THYECKOTO TeYeHUs HHpeK-
LIMOHHOTO MpolLecca Ha Pa3sHOBO3PACTHOM IOIOJIOBBE, a TAKOKE obecte-
YUBAIOT BO3MOXKHOCTb CYIPECCHH HMYHHO-OHOJIOTMYECKOI pe3Hc-
TEHTHOCTH MaKpOOPraHH3Ma. BhICTpast cMeHa TypoB OHOpoca i MHOTO-
IUIOIHOCTh CBMHOMATOK CO3/IAIOT IUIOTHYIO M BOCIPHMMYHBYIO OHO-
JIOTMYECKYIO Cpefly Ul IIacCaKMpOBaHMA M CeNeKUMH Hambolee
TPAHCMICCHBHBIX ¥ aKTHBHO PEIIPOYIIMPYFOIMXCS TeHETHIECKHX Ba-
PHUAHTOB BO30YAMTENIs, CIIOCOOHBIX KOJIOHM3UPOBATh SKOJIOTHYECKYHO
HULIY OOWTAHMS (SHTEPOLMTHI KMIIIEYHNKA CBUHEH) C pasBUTHEM Jie-
TAJILHOIO CBEPXOCTPOIO AMAPEHHOTO CHHIPOMA Y HOBOPOXKIICHHBIX
TIOPOCAT, YTO COBIAZACT C SKCIEPUMEHTAIBHBIMU JAHHBIMH, OITyOJIH-
xoBanHbIMH Hou et al. (2007), Yu et al. (2008), Di-qiu et al. (2012),
Koh et al. (2015), Ouyang et al. (2015), Srijangwad et al. (2017).

W3 mamaex Arriba et al. (2002), Annamalai et al. (2015) u Jung
etal. (2015) cnemyer, 9TO BO3pAcTHBIE IPOIECCH B MAKPOOPTraHM3Me
CHOCOOCTBYIOT HOBBILICHUIO MIMMYHOOHOJIOTMYECKOH PE3UCTEHTHOCTH
1 00€CIICUHMBAOT YCTONYHBOCTB K PA3BUTHIO OCTPOIO MH(EKLIIMOHHOTO
TpOLIECCa, YTO NPUBOJUT K 3HAUNTEIBHOMY CHIKEHHIO CMEPTHOCTH 1
0c1alJIeHHIO TSDKECTH TeUeHHs AuapeiiHoro cuaapoma. Ha ocHoanum
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COOCTBEHHBIX HCCIICJIOBAHHII M aHAIN3A JIATEPaTypHBIX NCTOYHHKOB
MBI YCTaHOBWJIY, YTO HIEPCHUCTECHIMN BHPYCa HEe MPOUCXOIUT, MAKpO-
OpPTaHM3M TIOJTHOCTBIO OCBOOOMKIAETCS OT MPUCYTCTBHSI Uy XKEPOITHON
TeHeTUYECKOH MH(pOPMAIMK B MPOCTPAHCTBE, KOHTPOIMPYEMOM CO0-
CTBEeHHOHM MMMYHHO# crctemoi (Lin et al., 2015; Langel et al., 2016; Li
etal., 2016; Tun et al., 2016). [lepexxuBanue BUpyca BO3MOYKHO TOJIBKO
Ha 00BEKTaxX BHEIIHEH HeXUBOH MPUPOABI C TIOCTISAYIOIIM HHPUIH-
POBAaHIEM BOCTIPHMMYHBBIX OPTaHM3MOB M BO30OHOBJICHHEM IMKIIA
PENpOIYKIHMH B BUJIE PELIMBUPOBAHHUS SHIIEMHYECKOTO Iporiecca B
CTaOMIIM3UPOBAHHOM OYare BUPYCHOM MH(EKLHH.

Pa6oter Annamalai et al. (2015), Poonsuk et al. (2016) u Clement
et al. (2016) moxa3pIBAOT, YTO B JAHHOW MapagirMe XKU3HEHHOTO LIHK-
na PEDV Hamnbornee ciiabbiM 3BeHOM TpH OE3BAKLIMHAIBHOM CIIOC00e
pa3spbiBa JII300THYECKON LEMH SIBISFOTCS PEMOHTHBIC CBHHKH, TaK
KaK IOBEHIUIBHBIH, (DM3MOIOrHYeCcKH He3peNIblii OPTraH3M B YCIIOBHSIX
HEITOJTHOIEHHOTO KOPMJICHHS He MOJKET TapaHTUPOBAHHO CHHTE3HPO-
BaThb HEOOXOAMMOE KOJIMYECTBO KOJOCTPAIBHBIX Ig, W, TeM cambIM,
CO3/1aTh NOJIHOLICHHBIA U HANPsDKCHHBIH JIAKTONeHHBI UMMYHUTET y
HOBOPOXKIEHHBIX NMOPOCSAT. [IoTOMCTBO OT TaKHX >KMBOTHBIX MPE/ICTaB-
JISIET TPYTITy TIOBBIILIEHHOTO PHCKA ¥ MOXKET CTaTh JIEOIOTHBIM 3BEHOM
amootreckoit rierm DJIC (Gerber et al., 2014; Lin et al., 2015; Go-
ede and Morrison, 2016; Langel et al., 2016; Srijangwad et al., 2017).

VYunreiBast, uto PEDV sBisieTcst HCKITFOUMTETEHO KOHTArHO3HEIM,
BBICOKONATOTCHHBIM 1 OOJINTATHO JICTATBHEIM MH(EKIOHHBIM areH-
TOM JUIs1 HeMMYHHBIX HOBOPOXKIICHHBIX TIOPOCSIT, Y KOTOPBIX TIPH TIep-
puyHOH Benbiike DJIC cpeu OIarornoinyyHOro morojioBbs HHIYIN-
PYeT CBEPXOCTPOE SMEPDKEHTHOE TEUEHHE MApeHHOT0 CHHAPOMA TI0
KJIACCHYECKOMY THITy 3MH300THYECKOro mHpouecca ¢ OesscradeTHoi
Tiepeiadel BO30yAUTeIs, 3a0071eBaeMOCTBIO M CMEpTHOCTEIO 10 100%
nH}IIMpoBaHHBIX MopocsT, Martelli et al. (2008), Carvajal et al. (2015)
u Diel et al. (2015) cunTaror BayKHEHIIMM HaNpaBJIeHHEM JIATTHEHIIIX
OMOJIOTMIECKUX HCCIIEOBAHMIT MOHHTOPHHI SIHM300TOJIOTMYECKOrO
nporiecca mpu DJIC. [Tpu 310M HEOOXOIUMO COCPEIOTOUHTD YCHITHS
Ha YIyOJNEHHOM W3yYeHHH MOJICKYJISIPHOW OHMONIOrMH BO30YIUTEIS,
KOPPEJISLIMOHHBIX CBsI3eH MeXTy NeHeTHUECKMMH XapaKTepHCTUKAMU
3MU300THYECKUX M30J51T0B PEDV 1 KIIMHMKO-31M300TONIOrMYECKMMU
0COOEHHOCTAMH  MH(EKIIMOHHOIO Ipoliecca BUPYCa Ha Pa3iIMUHbIX
BO3PACTHBIX IPYTIIAX IOPOCST HPH IPOCTPAHCTBEHHO-BPEMEHHOU CTa-
OWM3aLyK ovara MHQEKIMH ¢ YIITyOJIeHHeM B MOJICKYIISIPHYIO SITH-
300TOJIOTHIO MEXKIIOMYJIIMOHHOrO B3aumozeictuss PEDV u opra-
HI3Ma HOBOPOXKIEHHBIX Tiopocst (Kweon et al., 1994; Arriba et al.,
2002; Suo et al., 2012; Lin et al., 2015; Zhang et al., 2015).

Song et al. (2008), Stevenson et al. (2013) u Diel et al. (2016)
CUHTAIOT, YTO MPAKTUKA BEACHHUS CBMHOBOJICTBA HY>KIAeTCs B d(deK-
THMBHBIX M OCHOBAHHBIX Ha OMOJIOrMY MH()EKIMOHHOTO areHTa CHeli-
(reckux cpencrBax mpodakTuky. [Ipu paspaboTke TaKUX CpecTB
OHH PEKOMEH/IYIOT HCIIOJIB30BATh PATHIHBIE OOJErIeHHbIE BapHaliy
stamping-aut, HaNPaBJICHHBIC HA SPAJMKALIIO BO3OYIHUTEIS H CO3/Ia-
HHE JIOCTYIIHBIMH CIIOCOOaMI MMMYHHOTO (DOHA, TIPEIISITCTBYIOIIETO
PETIPOAYKIMK BUPYCa, ¥, TEM CaMbIM, OOPBIBAFOILEIO JITH300THYEC-
KYIO LieTTb. DTO YTBEpXKICHHE COBIAIACT C HAIIMMH BBIBOJIAMU M PEKO-
MeHzasMe 1o 6opsoe ¢ DIC.

N3yuenne monekyssipHoi snmzooronorun PEDV, uHmynmpyro-
IIero KIIACCHYeCcKHil THIT MH(EKIIMOHHOTO Tporiecca 0e3 acTadeTHoi
Tiepesiaur Bo30yUTeNsI Ha BOCIIPUAMYMBOM TOTOJIOBEE — HOBOPOK-
JICHHBIX TIOPOCSTAX, KOTOphIC SIBIFOTCS OwomHmukatopom PEDYV,
TIPEICTABIIIET YHUKATIBHYIO BO3MOXKHOCTb IIPOCIICUTH TIPOLIECC B3aH-
MOJICHCTBUS JIBYX aHTArOHHCTUYECKUX TOMYJBILMA MHKPO- X MaKpo-
OpPraHU3MOB, BBIICHHTH OOLIEOMOIOrHYECKHe 3aKOHOMEPHOCTH COCY-
IIECTBOBAHMSI TIOMYJISLIMET MUKPOOPraHU3MOB M MO3BOHOUHBIX (Arriba
etal.,, 2002; Lin et al., 2015; Clement et al., 2016; Li et al., 2016).

TapagurMasHON SMH300TONIOTHYECKOH OCOOCHHOCTHEO 3THOMA-
Toreneza JJIC sBisieTcs y3Kkuii BpeMEeHHOH Uara3oH JETATBHOTO To-
PaKEHVSI TyBCTBHTENIBHBIX KJICTOK-MUIICHEH KHIIEYHNKA HENMMYHHBIX
JKUBOTHBIX C JIMMIHALMEH BUpyca TOCHe PEHPOAYKIUH, TO €CTh KO-
POTKHIA YKM3HEHHBIN MK MPEOBbIBAHKS BUPYCa B MAKPOOPTaHH3ME C
TOCIICYIOMICH MOJTHON AMUMHHALEH BO30YIUTEISL. ITO CBOIIUT CTpa-
Teruo 60pe0bI ¢ DJIC K co3MaHMI0 HEBOCHPUUMYHMBOIO MaKpOOpra-
HU3MEHHOTO (hoHa (TOMYJIALMOHHBIA UMMYHUTET) VI BUPYCa U €ro

SpajvKalMi BO BHemlmHel TexHomorudeckoi cpee (Clement et al.,
2016; Langel et al., 2016; Li et al., 2016; Srijangwad et al., 2017).

B 3axsmouenre He0OXOIMMO TTOIUEPKHYTh, YTO HA COBPEMEHHOM
JTamne 3BOMOLMOHHOro passutusi PEDV, Guororideckuii MeXBUIO-
BOH JIeTaJIbHBINA QHTArOHM3M MEXy BUPYCOM M HEMMYHHBIMH HOBO-
POKIIEHHBIMU TTOPOCATaMU HE TipeoioneH, nomyssiiust PEDV u opra-
HH3M HOBOPOXKJICHHBIX TIOPOCSIT OMOJIOTMYECK, KaK HECHHICHHBIE Te-
HETHYECKHE CHCTEMBI, HECOBMECTHMBI U B €JUHOM OHOTOIIE COCYIIle-
CTBOBATb HE MOTYT.

BrIBoabl

Iepcucrenmss PEDV B opraHmsMe peKOHBAIECLICHTHBIX YKUBOT-
HBIX He 3a(DMKCHPOBAHA, MAKPOOPTaHM3M IIOCTIE MepeOOoNeBaHuUs MOM-
HOCTBIO OCBOOOKIaeTcst oT Bo30ymurerst. dopMupoBaHue CTaOmiIb-
HOTO SHJIEMHYECKOT0 04ara MH(EKIIII BO3MOXKHO 3a CUET COXPAHCHUS
BHpYCa Ha TEXHOJIOTMYECKUX OOBEKTaxX BHELTHEH Cpebl M HHULMPO-
BAHMS1 HEUMYHHBIX SKMBOTHBIX, TIPE)KJIE BCETO HOBOPOYKICHHBIX.

HoBopo>xieHHBIE TOPOCSATA, MOTy4EHHbIE OT PEMOHTHBIX CBUHOK,
TPEJICTABIIIIOT MOBBIIEHHYIO TPYIITy PHCKA, TAK KaK IOBSHUJIBHbBIE
JKUBOTHBIE C HI3KHM YPOBHEM MMMYHHOH PE3HCTEHTHOCTH MU He-
YIOBJIETBOPUTENTEHOM KOPMIICHHH TIOCIIE «OOPAaTHOTO CKapMIIMBAHISD)
MOTyT (hOpPMHPOBATH JIAKTOTEHHBIH UMMYHHTET HEJOCTATOYHOM Ha-
TIPSDKEHHOCTH, ¥ HEMMYHHBIE HOBOPOXKZICHHBIE TIOPOCSTa, Kak OHOMH-
JMKaTop Hayuus Bo BHelHel cpene PEDV, craHoBsiTest 1e00THBIM
3BeHOM 3rm30o0TH4eckor 1erm DJIC.

Ipu crabwmkaimn sm3ooTdeckoro odara 3/1C Bo BpemeHH u
HPOCTPAHCTBE TIPOMCXOMUT YBEIHYCHNE MHHIIMPOBAHIS B Pe3yJIbTaTe
PaCIIMpPEeHNsT BO3PACTHOTO JHMAIa30Ha TIOPKEHHS Ha Oonee cTapiime
BO3pacTHbIE Tpymmbl (28—70 CyTOK), PH 3TOM HE3HAYHTEIBHO CHH-
JKaeTcsl TSDKECTh TaToreHe3a U YMEHBIIAeTCsl CMEPTHOCTB. 13 aMepr-
JKEHTHOTO Ka4ecTBA ITaTOTeHe3 HE BBIXOUT, YTO CBHETEIBCTBYET O
HA4yaJJbHOM OJTalle aJanTali M cnaboi aTTeHyald IOMYJIIIN
PEDV k sKkocucteme opraHu3Ma ropocst.
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Introduction

Sobolev, A., Gutyj, B., Grynevych, N., Bilkevych, V., & Mashkin, Y. (2017). Enrichment of meat products with
selenium by its introduction to mixed feed compounds for birds. Regulatory Mechanisms in Biosystems, 8(3), 417—422.
doi: 10.15421/021764

Selenium is a biologically active microelement, contained in a number of hormones and enzymes. In a bird or
animal organism selenium performs the following functions: strengthens the immune system, stimulates formation of
antibodies, macrophages and interferons. Also, it is a powerful antioxidant agent. It stimulates processes of metabolism
in the organism, protects the organism against toxic manifestations of cadmium, lead, thalium and silver; stimulates
reproductive function, decreases acute development of inflammatory processes; stabilizes functioning of the nervous
system; normalizes functioning of the endocrine system. Furthermore, it stimulates synthesis of hemoglobin, takes part
in secretion of erythrocutes, neutralizes toxins, prevents and stops development of malignant tumors. It also has a
positive effect on the cardiovascular system of an animal organism: prevents myocardosis and decreases the risk of
development of cardiovascular diseases. Deficiency of selenium in the organism causes (depending upon the extent of
deficiency) either physiological changes within the regulatory norm, significant disorders of the metabolism, or specific
diseases. Around 75 different diseases and symptoms of pain are related to selenium deficiency. In most countries, the
level of selenium consumption remains low (2040 pg/day). There are several ways of improving of the selenium
consumption of a population: consumption of selenium as a medication or dietary supplement, producing selenium-
enriched bread, growing greens and vegetables rich in selenium, producing selenium-enriched beverages, products of
animal origin, which would be rich in selenium. In the scientific-agricultural sphere studies have been made on the
influence of adding different doses (0.2—0.6 mg/kg) of selenium in mixed feeds and peculiarities of its depositing and
distribution in the muscle tissues of young growth of different species of poultry. It has been found that feeding broiler
chickens, baby geese and ducklings with mixed feeds containing selenium in studied doses contributed to a reliable
increase in concentration of this microelement in the chest muscles respectively by 21.7-106.7%, 35.1-40.0% and
23.2-66.0% and the leg muscles — by 13.0-85.7%, 57.4-61.7% and 20.5-79.4%. The meat of these types of birds is
safe for human consumption from the perspective of food hygiene, for its selenium content is not higher than the TLV
of this microelement for meat products (1.0 mg/kg). Consuming selenium-enriched meat of chickens, baby geese and
ducklings within recommended physiological norms (115 g of meat products/day) satisfies the daily need of an adult for
this microelement (70 pg) y 12.0-23.5%, 29.1-30.6% and 11.3-21.5% respectively. Taking this into account,
selenium-enriched bird meat can be considered a dietary foodstuff suitable for biocorrectional function in humans.
The viability of enriching bird meat products with selenium by adding selenium-containing premixes to fodder was
proven experimentally. It was proven that adding optimum doses of selenium to mixed feeds for young birds bred for
meat has a positive effect on the quality of meat, particularly on its biological value.

Keywords: dose; mixed feed; bird meat; accumulation; human

conjunctions of selenium. Later studies (in 1885) proved that plants are
able to absorb selenium, dissolved for them in water. Futher research

The history of the discovery of selenium goes way back to past
centuries. According to available information, selenium is considered
to be have been discovered around 1300 by alchemist Amold of
Villanova (who lived from about 1235-1310), who studied medicine
at the Sorbonne in Paris, and later became a doctor of P. V. Clemens.
In the book Rosarium Philosophorum, he describes a red-brown sedi-
ment which was left in the furnace after sulfur had been evaporated.
It has been suggested that this was an allotropic modification of sele-
nium of a red colour. Unfortunately, the discovery of selenium was
forgotten for next 500 years (Baxter, 2005).

The biological role of selenium was first mentioned in the literature
in 1842, after the discovery that Bacillus ferreus was able to recover

proved the impact of selenium on oxidation processes of cell metabo-
lism (Gromova and Gogoleva, 2007). The role of selenium in the diet of
animals began to be understood in 1931, after the discovery that the
cause to a number of endemic diseases of cattle, swine and poultry in
the territory of the Great Plains of America was consumption of plants
and seeds with an excessive content of selenium. The manifestations of
poisoning by selenium were: loss of weight, hair loss, impacts on articu-
lations, bones, hooves and skin, loss of sight (animals stumbled), para-
lysis, which caused death from exhaustion.

Similar symptoms were described in 1856 in a case with horses.
But they were not mentioned in relation to selenium toxicosis
(Schrauzer et al., 2009). Later, areas with excessive content of selenium
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in plants and the soil and cases of selenium toxicosis in animals were
found in Canada, Ireland, Columbia, Australia, England, countries of
the Commonwealth of Independent States and other countries.

Until 1958, selenium was considered only as a toxic microelement.
And only in 1958 did K. Schwarz and C. Foltz from the National
Institute of Health (USA) prove the vital need for selenium by de-
monstrating through a series of classic experiments that this particular
microelement prevents the development of necrotic degeneration of
the liver of rats. This initiated usage of selenium compounds in treat-
ment of alimentary hepatitis of swine, exudative diathesis, encephato-
macia of poultry and other diseases (Rocha et al., 2017).

In 1974, the Food and Drug Administration of the USA (FDA)
aproved adding selenium to the diet of animals and poultry in the
form of sodium selenite in doses of 0.1 mg/kg. Then, 5 years later the
FDA reconsidered the maximum permissible level of selenium in
mixed feeds, and raised it up to 0.3 mg/kg. Later, due to the studies by
a number of authors, this level was raised further up to 0.5-1.0 mg/kg,
depending on the country (Arnér, 2012).

Over the following years both Ukrainian and foreign researchers
conducted significant amount of work on further study of the biolo-
gical role and mechanism of selenium in organisms.

Selenium is one of the most efficient antioxidants. The antioxi-
dant properties of selenium affect the ways of activating glutathione
peroxidase, one of the key enzymes of the system of glutathione func-
tioning. Deficiency of this metal in the organism causes dysfunctions
in forming the active form of glutathione peroxidase, which in its turn
is followed by significant disorders in functioning of the entire gluta-
thione system (Kumara and Priyadarsinib, 2014; Prashanth et al.,
2015; Hariv and Gutyj, 2016; Khariv et al., 2016; Martyshuk et al.,
2016; Reich et al., 2016; Gutyj et al., 2017).

At first, the discovery of biological properties of selenium justifi-
ed its usage for preventing and treating a number of diseases, connec-
ted with selenium deficiency, and later — its usage for stimulating
growth and development of young birds, and also for improving egg
yield, preservation of poultry, improving incubatory characteristics of
eggs and a number of other productive qualities.

Many studies have shown that grain fodders which are used for
feeding different species and age groups of poultry are deficient in
selenium (Papazjan et al., 2008; Surai et al., 2008; Sobolev and Po-
voznikov, 2016; Sobolev et al., 2017). Nowadays, providing poultry
with selenium can be achieved only by adding nonorganic or organic
forms of this microelement to mixed feeds (the commonest way is
adding selenium to mixed feed through mineral premix). In the future,
it is unlikely, that changing the type of plant nutrients will increase the
content of the microelement in the main components of mixed feeds
to such level which would fully meet the requirements of highly pro-
ductive poultry for selenium.

Around 75 different diseases and pain symptoms are related to
selenium deficiency (Rayman, 2012). Selenium deficiency is conside-
red as a possible etiological factor for 14 cardiovascular discases,
including congestive cardiomyopathy (Keshan disease), atherosclerosis,
ishemic heart disease, myocardial infraction, hypertension, and others
(Benstoem et al., 2015). Some scholars consider Kashin-Beck disease to
be related to selenium deficiency in soils, plants and food products. This
severe osteo-articular human disease (which mostly strikes children) is
common in the south-east regions of Chita Oblast in Russia, North
Korea, North-East China (Yao et al., 2011).

An inverse relationship has been found between the incidence of
cancer among people and the content of selenium in food products,
organism and environment. In regions with low content of selenium, the
risk of malignant neoplasm in the lungs, stomach, colon, rectum, pan-
creas, mammary glands, prostatitis is heightened (Zachara et al., 2005;
Roman et al., 2014; Cai et al., 2016). Pathogenesis of cataract and fibro-
cystic disease of the pancreas is related to deficiency of a number of ele-
ments, including selenium (Kumar et al., 2014). Also, deficiency of se-
lenium is a cause of chronic hepatitis and rhematoid arthritis (Olesinska
and Tuszkiewicz-Misztal, 2005; Khan et al., 2012; Rauf et al., 2012).

Provision of selenium to an organism is considered significant for
prevention of neuorodegeneration (Alzheimer’s disease, Parkinson’s

disease) (Loef et al., 2011; Pillai et al., 2014). People with selenium
deficiency have dysfunctions in the reproductive system, infertility,
impotence, and decline of life expectancy due to premature aging
(Oguntibeju et al., 2009; Stoffaneller and Morse, 2015).

Nowadays it is already proven that sudden infant death syndrome
is caused by deficiency of selenium and vitamin E (Reid, 2007).

Analysis of the population’s actual consumption of selenium with
crop and livestock products shows insignificant (or even low) level of
the organism’s provision with this microelement.

Average human consumption of selenium fluctuates significant-
ly: from 10 pg in selenium-deficient regions to 1400 pg in regions
with selenoses. Many countries are characterized by mild or low indi-
cators of selenium consumption, and the indicator has been found to
be high (to 200 pg/day and higher) only in Canada, Venezuela, the
Philippines, Thailand and Japan (Mishanin, 2008). In most countries,
the level of selenium consumption with food products remains low
(ng/day): New Guinea — 20; Nepal — 23; India — 27; Egypt — 29;
Belgium, Serbia, Slovenia — 30; Turkey — 32; England, Spain, Slova-
kia — 35; Sweden, France, Portugal — 38; Germany, Italy —43; Austria —
48. Researchers have obseved an annual decrease in consumption of
Seelenium (Surai, 2006).

The daily norm of selenium recomended by experts of FAO/WHO
is 50-200 pg and is considered sufficient and safe. The minimum
human requirement for selenium, according to some studies, is
14 pg/day for women and 19 pg/day for men (Yang et al., 1987), and
40 pg/day, according to other studies (Whanger, 1998). The upper
apropriate (safe) level of selenium consumption is 400 pg/day. Glo-
bally, the maximum acceptable dose of daily selenium is 800 pg
(Fairweather-Tait et al., 2011; Huang et al., 2013).

A number of countries have developed reccomended norms of
selenium consumption, such are (pg/day): Great Britain — 75 (men)
and 60 (women), Australia — 85 (men) and 70 (women) (Tinggi,
2003); northern countries — 3060 (adults); Germany, Austria, Swit-
zerland — 70 (men) and 60 (women) (Kipp et al., 2015); Spain — 70
(men) and 55 (women) (Adame et al., 2012); Canada — 50 (adults)
(Rayman, 2000); USA — 55 (adults) (Levander, 1999); Russia — 63
(adults) (Tutel’jan, 2009); Belarus — 70 (adults) (Zajcev et al., 2005);
Ukraine — 70 (adults) (Normy, 1999); Finland — 120 (adults) (Alfthan
et al., 2005). Extrapolation of the abovementioned numbers taking
into account the body weight of infants and teenagers allows one to
calculate their physiological requirement for selenium.

There are several ways of improving the selenium-consuption status
of the population: consumption of selenium as medications or dietary
supplements, producing selenium-enriched bread (mostly from imported
grains), cultivating greens and vegetables rich in selenium (dill, radish,
garlic, etc.), selenium-enrichement of beverages, producing livestock
products enriched with selenium (Gorelikova, 2008). The most safe and
efficient way of providing the organism with the necessary amount of
selenium is through products of livestock and poultry, through compul-
sory addition to fodder of premixes containing highly efficient biologi-
cally acceptable forms of selenium. This would provide a relatively high
content of the microelement in meat and dietary products (eggs and
milk) and would prevent cases of toxicosis among the population due to
the buffer effect of animal tissues. At the same time, such approach
would improve the productive qualities of agricultural animals and
poultry.

The aim of our research was to study the peculiarities of deposi-
ting and distribution of selenium in the muscle tissues of the young of
different species of poultry, in relation to its level in the mixed feeds.
Also, as the main source for selenium in the human organism is food
products, we were interested in whether increasing its concentration
in the meat of chickens, goslings and ducklings fed with mixed feeds
containing additions of the microelement is safe from the perspective
of food hygiene.

Materials and methods

The study was conducted on broiler chickens of COBB 500 cross,
goslings of the Gorki breed and ducklings of the Ukrainian white
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breed (Ukrainian White (UW) line 7), grown for meat. For three
scientific-agricultural experiments, we formed three groups of daily
young according to principle of analogues with consideration of body
weight, origin and physiological condition (moveability, condition of
funiculus and feathering). The first scientific-agricultural experiment
was conducted on broiler chickens (duration — 42 days), the second —on
goslings grown for meat (duration — 75 days), the third — on ducklings
grown for meat (duration — 56 days). The duration of every experiment
corresponded to a period of growing the species of poultry for meat.

In all scientific-agricultural experiments, the diet of the tested
poultry consisted of dry complete mixed feeds, balanced in main
nutrient and biologically active components according to the current
norms. According to the schemes of experiments, different amounts
of selenium were additionaly added to mixed feeds of the poultry
from experimental groups (Table 1).

Table 1
The schemes of scientific-agricultural experiments

Group The number of birds Addition of selenium
in the group, individuals to the mixed feed, mg/kg
I scientific-agricultural experiment
1 control 100 Main diet (mixed feed) - MD
2 experimental 100 MD+0.2
3 experimental 100 MD +0.3
4 experimental 100 MD+04
11 scientific-agricultural experiment
1 control 80 Main diet (mixed feed) — MD
2 experimental 80 MD+0.4
3 experimental 80 MD +0.5
4 experimental 80 MD +0.6
11T scientific-agricultural experiment
1 control 100 Main diet (mixed feed) - MD
2 experimental 100 MD +0.2
3 experimental 100 MD +0.4
4 experimental 100 MD +0.6

Note: selenium was added to the mixed feed for poultry in mineral premixes; as
a source of selenium, sodium selenite of “Ch” classification (TC 6-09-17-209-
88 registered in identifier of chemical substances (CAS) by the number 10102-
18-8), with coefficient of conversion of element into oxide equals 2.19.

The young poultry of all species were reared on deep litter with
free access to fodder and water, in compliance with technological
parameters of stocking density, microclimate and illumination accor-
ding to current norms. After scientific-agricultural experiments, we
chose 4 individuals (2 females and 2 males) of birds from each group,
and executed control slaughter according to the generally accepted met-
hod. During anatomical analysis and deboning of meat, we collected
average samples of chest and leg muscles for chemical analysis.

The content of selenium in meat was defined through atomic ab-
sorption method using AAS “Saturn-3 P17 [Carypn-3 I11] with air-ace-
tylene flame and provisional humid mineralization of samples. Relative
biological meat value was calculated using the micromethod with test-

organism of Tetrahymena pyriformis ciliate, biological strain WH14.
Mathematical analysis of the study results was conducted in Statistica 6.0
(StatSoft Inc., USA). Differences between average values were
considered statistically significant at P < 0.05 (ANOVA).

Results and discussion

The data obtained allowed to conclude that increase in the level
of selenium in mixed feeds for the young poultry of different species
causes increase in selenium concentration in their muscle tissues.
Analysis of samples of broiler chickens” muscle tissues showed that
selenium concentration in chest muscles of the young from the se-
cond experimental group, compared to the control, was significantly
higher by 21.7%, from the third group — by 70.0% and from fourth —
by 106.7% and in absolute values, it equaled 7.3 pg % (P < 0.05),
10.2 (P <0.01) and 12.4 pg % (P < 0.001) of fresh tissues (Table 2).

Clearly manifested difference among the broiler chickens from
experimental groups was observed also for concentration of selenium
in leg muscles. This indicator for the young of the control group equaled
7.7 ug %. At the same time, among the birds of the same age from the
second experimental group the indicator was higher by 13.0% (P <
0.01), from the third group — by 57.1 (P < 0.001) and the fourth — by
85.7% (P < 0.001). We should also mention the fact that depositing of
selenium in the chest muscles of broiler chickens was manifested less
clearly than in the leg muscles, which is possibly related to functional
peculiarities of these two groups of muscle tissues.

Concentrations of selenium in muscle tissues of goslings was quite
different (Table 3). Among the birds from the control group, concentra-
tion of selenium was higher in the chest muscles (11.5 against 13.1 pg %).
Feeding goslings of the experimental groups while they were reared on
mixed feeds enriched with different doses of selenium contributed to
better accumulation of the microelement in the muscle tissues. Leg
muscles of the young from the experimental groups (except the fourth
group) contained more selenium than chest muscles. Leg muscles of
goslings from the second experimental group contained the concentration
of the microelement which was reliably higher (P < 0.001) by 57.4%,
from the third group — by 60.0 and from the fourth — by 61.7% com-
pared to the corresponding indicator of the control group (11.5 pg %).

Compared to the control group, the difference in concentration in
chest muscles was higher among birds from the experimental groups
(2-4) and was only 35.1%, 38.9% and 42.0% respectively, though
this had a high probability (P <0.001).

It should also be mentioned that the concentration of selenium in
chest and leg muscles of goslings from the fourth experimental group,
where selenium was added to the mixed feed in amount of 0.6 mg/kg,
was the same and equaled 18.6 ug %. Analysis of the character of the
microelemnt deposits allows us to state that increase in the level of
selenium in mixed feeds for goslings slows the increase in its
concentration in the muscles. The obtained results indicate that the birds’
ability to accumulate selenium in the organs and tissues is limited.

Table 2
Concentration of selenium in muscle tissues of broiler chickens (ug %, x + SD, n =4)
Group
Giroup of muscles 1 control 2 experimental 3 experimental 4 experimental
Chest muscles 6.0+0.34 7.3+£023* 10.2+£0.71%* 12.4+0.70%**
Leg muscles 7.7£0.17 8.7+0.13** 12.1 £0.32%%* 14.3 £0.43%**

Note: in this and next tables significant difference between the control and the experimental groups: * —P < 0.05, ** — P <0.01, *** — P < 0.001.

The results of the analysis of duck meat showed that selenium
was found in all studied samples. The meat of ducklings which were
fed with mixed feed with addition of selenium contained a larger
concentration of the microelement (Table 4). The concentration of
selenium in chest and leg muscles of ducklings from the control
group was only 5.6 and 7.3 pg % respectively.

The level of selenium in muscles of ducklings from the
experimental groups was related to its concentration in the mixed feeds.
It was higher in chest muscles of ducklings from the second
experimental group by 23.2% (P < 0.05), from the third — by 60.7% (P
< 0.01) and from the fourth — by 66.0% (P < 0.01) than among birds of

control group. The concentration of selenium in leg muscles of the
young from the second experimental group increased to 8.8 ug %, from
the third — to 12.8 and from the fourth —to 13.1 pg %. The difference in
relation to the control group was 20.5%, 75.3% (P < 0.001) and 79.4%
(P < 0.001) respectively. It should also be mentioned that ducklings
grown for meat from the control and experimental groups were different
from broiler chickens and goslings grown for meat in their relatively
lower cumulative capacities, which is probably related to species,
genetic and physiological factors.

Growing young poultry for meat is related to significant expenses
for basic means of production, inputs and labour resources, which pay
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off only if the final product meets technological requirements. Therefore
the ultimate indicator of efficiency of poultry meat production is the
quality of the goods, its ability to satisfy clients. Analysis of data from
the available literature showed that researchers who studied the impact
of selenium on bird organisms, have covered the aspect of meat quality
insignificantly. Researchers were first of all studying the quantative
indicators (live weight and preservation of birds, conversion of fodder,
morphological compound of carcass, etc.), and only then analyzing the
qualitative compound of meat (content of water, protein, fat and mineral
substances). The impact of selenium additives to mixed feeds on the
biological meat value of different species of poultry, its physical and
chemical and organoleptic properties has remained almost unresear-
ched. It is known, that chemical compound of meat does not fully deter-
mine the biological value of product, but has a certain importance in
evaluating its quality. The real value of a product depends on the extent
of its absorption by and safety for the human organism.

Nowadays, more complex evaluation of quality of poultry meat in
scientific stydies uses biological express methods. Among the criteria
recommended for evaluation of meat quality, the most objective is the
indicator of the biological value, which determines the level of a pro-
duct’s accordance to optimum needs of humans and which guarantees
safety in compliance with physiological norms. Toxic-biological eva-
luation of meat products uses one of the most promising test objects —
Tetrahymena pyriformis. The intensity of ciliates’ breeding in meat
samples indicates its biological value, and number of dead ciliates and
altered forms of ciliates indicate the toxicity of samples.

The criteria of relative biological meat value is the number (expres-
sed in percents) of ciliates grown over three days in experimental samp-
les compared to number of ciliates grown in control samples. Conside-
ring the significance of this issue, we also studied the impact of adding
different doses of selenium to mixed feeds on biological value of
muscle tissues of broiler chickens, goslings and ducklings, grown for

Table 3

meat. Data provided in Table 5 shows that adding different doses of
selenium to mixed feeds generally had a positive, although mixed,
effect on the biological meat value of broiler chickens.

The relative biological value of chest muscles of broiler chickens
from the experimental groups increased by 3.9-5.4% compared to the
control group. It should be mentioned that of all selenium doses, the
biggest impact on biological value of chest muscles of the young was
achieved with the dose of 0.2 mg/kg. With addition of selenium in
doses of 0.3 and 0.4 mg/kg to mixed feeds, a tendency of gradual
decrease in the indicator of relative biological value of chest muscles
was observed.

A tendency of increase in relative biological value of hip muscles
was observed only among the young from the third and the fourth
experimental groups — by 2.8 and 1.7% respectively; at the same time
among birds from the second experimental group it was lower by 1.0%
compared to the control. Study of muscular tissue samples of goslings
showed that the young from experimental groups mainly had slightly
better indicators of meat quality. Despite the absence of reliable
differences between groups, values of the biological value of chest and
leg muscles of birds from experimental groups in a certain way
indicates the impact of adding selenium (Table 6). The number of
grown ciliates in the samples of chest muscles of goslings from the
experimental groups was higher compared to the control samples: in the
second group — by 4.0%, in the third — by 3.0% and in the fourth — by
2.9%. The difference between the groups according to the similar
indicator of leg muscles was lower — respectively 3.4%, 2.8% and 2.1%
(higher in the experimental groups). The data provided in able 7 shows
that feeding goslings with complete mixed feeds enriched with selenium
in a dose of 0.2 mg/kg, resulted in indicators practically similar to the
control group. The difference between the control and the second
experimental group in the number of grown ciliates in samples of chest
and leg muscles was 1.2% and 1.0% relatively.

Concentration of selenium in muscle tissues of goslings reared for meat (ug %, x £ SD, n=4)

Group

Group of muscles

1 control 2 experimental 3 experimental 4 experimental
Chest muscles 13.1+0.29 17.7 £ 0.58*** 182+ 0.66*** 18.6 £ 0.39%**
Leg muscles 11.5+0.31 18.1 0.7 %** 184+ 1.12%%* 18.6 £ 0.36%**
Table 4
Concentration of selenium in muscle tissues of ducklings grown for meat (ug %, x + SD, n=4)
Group

Group of muscles 1 control 2 experimental 3 experimental 4 experimental
Chest muscles 56+0.19 6.9+0.38*% 9.0+ 0.54** 9.3 +£0.54**
Leg muscles 73+0.36 8.8+1.77 12.8+£0.18%** 13.1 0.3 %
Table 5
Biological value meat of broiler chickens (x + SD, n = 4)

Indicator - Group - -
1 control 2 experimental 3 experimental 4 experimental
Chest muscles
Number of grown ciliates, individuals/ml 6.41+0.274 x 10* 6.76+0.109 x 10* 6.71+0.153 x 10* 6.66+0.108 x 10*
Relative biological value, % 100.0 105.4 104.7 103.9
Leg muscles
Number of grown ciliates, individuals/ml 8.69+0.266 x 10* 8.60+£0.330 x 10* 8.93 £0.086 x 10* 8.84+0.117 % 10*
Relative biological value, % 100.0 99.0 102.8 101.7
Table 6
Biological value of meat of goslings (x £ SD,n=4)
. Group
Indicator 1 control 2 experimental 3 experimental 4 experimental
Chest muscles
Number of grown ciliates, individuals/ml 6.23+0.352 x 10* 6.48+0.169 x 10° 6.42+0.341 x 10* 6.41+0.196 x 10*
Relative biological value, % 100.0 104.0 103.0 1029
Leg muscles

Number of grown ciliates, individuals/ml 8.08+0.229 x 10* 836+0.144 x 10" 83140206 x 10* 8.25+0.220 x 10*
Relative biological value, % 100.0 103.4 102.8 102.1
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Table 7
Biological value of meat of ducklings, (x £ SD, n=4)

. Group
Indicator - - -
1 control 2 experimental 3 experimental 4 experimental
Chest muscles
Number of grown ciliates, individuals/ml 5.79+0.083 x 10* 5.86+0.143 x 10* 6.14£0.075 x 10* 6.11£0.095 x 10*
Relative biological value, % 100.0 101.2 106.0 105.5
Leg muscles
Number of grown ciliates, individuals/ml 7.72+0.095 x 10* 7.73+0.124 x 10* 8.01£0.073 x 10* 7.94+0.101 x 10*
Relative biological value, % 100.0 100.1 103.7 102.8

Note: see Table 2.

After higher doses of selenium in mixed feeds (0.4 and 0.6 mg/kg),
the intensity of breeding of ciliates was higher in the meat of the
young from the experimental groups compared to the control, though
the difference was significantly higher. The indicator for the samples
of chest muscles of ducklings from the control group was 5.79 x 10* in-
dividuals/ml, whereas for the poultry from the third and the fourth
experimental groups, the indicator was significantly higher (P < 0.05)
by 6.0% and 5.5% respectively. Relative biological value of leg
muscles of ducklings from the third and the fourth experimental
groups was higher by 3.7 (P < 0.05) and 2.8% respectively compared
to the control. We should also mention the fact that in all studied
samples of meat of broiler chickens, ducklings and goslings we found
no dead or altered ciliates after 24 hours of incubation, which indi-
cates non-toxicity of the samples, therefore safety for human.

Researchers who studied the connection between selenium and
quality of poultry meat products explain increase in biological meat
value through positive changes in content and profiles of essential
amino acids in proteins and fatty-acid compound of lypids, on the one
hand, and through slowing of oxydation of proteins and unsaturated
fatty acids in lypids, and decomposition of formed peroxids, on the
other hand. Thus, the possibility of enriching poultry meat products
with selenium by adding selenium-containing premixes to fodders
was experimentally proven. Such approach achieves a dampening
effect for humans and eliminates the possibility of toxicoses, which
would be possible due to specific dietary preferences of particular
individuals and binge consumption of a product enriched with
micronutrient.

Considering the obtained results, we can state that meat of the
young of different poultry, which were given selenium additives of
the abovementioned doses in mixed feeds, is a good source of this
microelement for humans, where it appears in the most useful form as
protein metalorganic complexes. Consuming selenium-enriched meat
of chickens, goslings and ducklings within the recommended physio-
logical norm (115 g of meat products a day) would satisfy an adult’s
daily need in the microelement (70 pg) by 12.0-23.5%, 29.1-30.6%
and 11.3-21.5% respectively.

Therefore, our studies showed that adding optimum doses of sele-
nium to mixed feeds of the young poultry grown for meat, positively
affects the quality of the meat, particularly its biological value.

Conclusions

Feeding broiler chickens, goslings and ducklings with mixed
feeds with additions of selenium in the studied doses, which are
considered to be safe from the perspective of food hygene, increases
the concentration of this microelement in chest muscles by 21.7—
106.7%, 35.1-40.0% and 23.2—66.0% respectively and in leg muscles —
by 13.0-85.7%, 57.4-61.7% and 20.5-79.4%, which does not exceed
TLV for meat products (1.0 mg/kg).

The value of selenium deposits in muscle tissues is related to spe-
cies of poultry, group of muscles and its level in mixed feeds.

Considering the abovementioned evidence, selenium-enriched

poultry meat can be considered a dietary food product of functional
significance for humans, with biocorrectional effect.
The authors express their sincere gratitude to the staff of the Laboratory of
Analytical Chemistry and Monitoring of Toxic Substances of the Occupational
Medicine Institute of the Academy of Medical Sciences of Ukraine (Kyiv) for
technical help in chemical analysis of the poultry meat.
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The importance of biomarkers to predict recovery following total hip arthroplasty (THA) is still unclear to
clinicians. To assess the preoperative biomarkers of patients with pseudoarthrosis of the femoral neck and their
dynamics in the early postoperative period after THA, 50 patients aged 33 to 82 years old, 18 males and 32 females
diagnosed with pseudoarthrosis of the femoral neck after failed internal fixation and failed conservative management
were studied. The control group consisted of 30 healthy people aged 27 to 50 years, 13 males, 17 females. Patients’
blood was examined for biochemical markers upon admission, and then on the 7th and 14th days after surgery. Their
blood serum content of total protein, albumin, glycoproteins, sialic acids, chondroitin sulfates, haptoglobin, glucose,
cholesterol, triglycerides, ALT, AST, alkaline phosphatase, GGT, acid phosphatase, thymol index; interleukins (IL-1,
IL-4 and IL-6.) and C-reactive protein was measured. The content of glycoproteins in the blood exceeded the norm by
2.3 times, chondroitin sulfate by 4.7 times, sialic acids by 1.5 times, haptoglobin by 55.8%, fibrinogen by 19.1%,
globulin by 19,6%, alkaline phosphatase activity by 72.3%, IL-1 by 94.7 and IL-6 by 3 times, C-reactive protein by
2.6 times. After THA there was a gradual decrease in blood biochemical and immunological markers. The most
informative laboratory markers were glycoproteins, chondroitin sulfates, sialic acids, haptoglobin, activity of alkaline
phosphatase, IL-1, IL-6 and IL-4, and C-reactive protein. Subsequent research is required to validate these dynamics.

Keywords: biomarkers; interleukins; glycoproteins; sialic acids; total hip replacement

Introduction

Pseudoarthrosis of the femoral neck is a common complication
of femoral neck fracture following operative and conservative
treatment (Dargan et al., 2012). Metabolic disorders in patients after
THA may reveal themselves through changes in blood biochemical
markers, including C-reactive protein, vitamins C, E and free
radicals (Conway et al., 2015). Even the evaluation of the degree of
invasiveness of surgery such as THA could be determined from the
results of biochemical and immunological tests, especially creatine
phosphokinase (CPK) and C-reactive protein (CRP); which are
thought to be markers of muscle damage and post-operative inflam-
matory changes, respectively (Musil et al., 2008). It has been
observed that in patients undergoing THA through a muscle sparing
minimal invasive approach, activity of CPK and CRP was lower
than in patients undergoing surgery following the standard proce-
dure (Musil et al., 2008).

The use of laboratory diagnostic markers of hip pathology for
the assessment of the condition of patients prior to THA; and to
predict their recovery and functional outcome based on these mar-
kers still remains a prognostic challenge to clinicians (Yu et al.,
2015; Wasko et al., 2015; Chen et al., 2016; Szyputa et al., 2016;
Parvizi et al., 2016). So far, there is no clear list of hematological,
immunological and biochemical tests for the initial assessment of
health status of patients and monitoring the dynamics of their meta-
bolic status following THA; much less the possibility of predicting
their recovery. Some patients do well immediately post-op, and
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some take longer to fully recover. Whether the level of preoperative
laboratory markers predicts the speed of postoperative recovery is
yet to be ascertained. What could these markers and their levels
possibly be?

Our study aims to assess the preoperative markers of patients
with pseudoarthrosis of the femoral neck and their dynamics in the
early postoperative period after THA. This may give clinicians a
clue towards identifying prognostic information for recovery of
patients.

Materials and methods

This study was conducted at the Department of Joint Pathology
in conjunction with the department of Laboratory Diagnostics and
Immunology of the Sytenko Institute of Spine and Joint Pathology of
the National Academy of Medical Sciences of Ukraine. The period of
the study covers 2011-2016. The study involved 50 patients aged
33 to 82 years old, 18 males and 32 females diagnosed with pseudo-
arthrosis of the femoral neck following failed internal fixation and
failed conservative management requiring THA (Fig. 1, 2). The con-
trol group consisted of 30 healthy people aged 27 to 50 years, among
them 13 males and 17 females.

Patients were excluded from this study if they did not have
pseudoarthrosis due to prior hip fracture; were less than 20 years
old, were known diabetics, known cancer patients, had known he-
patic or renal dysfunction, and a history of hematological disorder
or hypertension.
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Fig. 1. Radiograph of a patient with pseudoarthrosis
of the femoral neck following failed internal fixation:
a — preoperative, b — postoperative radiograph after THA

The following markers were detected in the blood serum of
patients: total protein by biuret test, albumin by reaction with bro-
mocresol green, glycoproteins by the modified A. P. Stenberg and
Y. N. Dotsenko method, sialic acids by the Hess method, chondroi-
tin sulfate by the Nemeth-Csoka method modified by L. I. Slutsky,
haptoglobin by reaction with rivanol, glucose by the enzymatic
method. Total cholesterol content was determined by an enzymatic
colorimetric method, triglyceride content was measured colorimet-
rically. The activity of the enzymes alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase and gam-
ma-glutamyl transpeptidase (GGT) was determined by kinetic
methods. The activity of acid phosphatase by the Bodansky met-
hod, the thymol test was performed following the method of Popper
and Huergo. The content of fibrinogen in the blood plasma of pati-

ents was determined using ready-made sets of reagents. Contents of
interleukins (IL-1, IL-4, IL-6) and C-reactive protein in patients’
blood serum was determined by solid-phase "sandwich" method —
a variation of immunoenzyme analysis. Measurements were made
at a wavelength A = 450 nm for all cytokines. Statistical analysis
was performed using Statistica 10.0 software (Statsoft Inc., USA);
by parametric Student criterion and non-parametric Wilcoxon
criterion.

b

Fig. 2. Radiograph of a patient with pseudoarthrosis
of the femoral neck following conservative management:
a — preoperative, b — postoperative radiograph after THA

Results

In patients with pseudoarthrosis of the femoral neck, the glycol-
proteins content in the blood was increased by 2.3 times, chondro-
itin sulphates content by 4.7 times, sialic acids by 1.5 times compa-
red with the control group (Table).

Table
Biochemical and immunological markers of the serum of patients with pseudoarthrosis of the femoral neck and compared with control group
Biochemical and immulogical Control, n=30 Patients, n =50 Preceding the surgery 7 days following 14 days following
markers the surgery the surgery
M+ m, Me M+m Me, %25-%75
Glycoproteins, g/l 0.57+0.01,0.57 1.33 £0.03*** 1.33,1.14-1.44 1.04,0.96-1.16 0.79°,0.73-0.90
Chondroitin sulfates, g/l 0.07+0.01,0.07 0.33 £0.01*** 0.32,0.28-0.35 0.25°,0.22-0.28 0.12°,0.11-0.14
Sialic acids, mmol/l 2.05+0.05,1.97 3.50 £ 0.08*** 3.40,3.10-4.04 2.75°,2.29-3.04 2.25°1.80-2.69
Haptoglobin, g/l 0.77 +0.04, 0.80 1.20 £ 0.03*** 1.19,1.06-1.34 0.86°,0.80-0.94 0.74°,0.86-0.92
Glucose, mmol/l 4.93+0.10,4.85 4.70+0.07 4.80,4.30-5.10 4.74,4.28-5.10 491,4.53-5.32
Alkaline phosphatase, U/L 157.07£805,151.50  270.52+5.11%%*  278.00,251.50-290.00  228.53%201.54-247.86 196.53°,173.32-213.16
Acid phosphatase, U/L 3.90+0.16,4.00 420+0.06 4.10,4.00-4.30 4.20,3.90-4.50 4.22,3.90-4.50
GGT, UL 27.43+1.81,31.50 37.26+1.84%* 34.00,27.25-44.75 31.96,27.16-42.86 27.42,20.70-38.24
Total cholesterol, mmol/l 4.59+0.12,4.65 473+0.04 4.76,4.43-5.00 4.70,4.48-5.04 4.76,4.53-5.03
Triglyceride, mmol/l 1.12+0.05,1.12 1.26 £0.03 1.23,1.12-1.43 1.24,1.11-143 1.27,1.12-1.45
Thymol test, U. 3.10+0.32,2.75 4.69 +0.24* 5.00, 3.25-6.00 4.35,2.83-5.22 2.61°,1.96-3.35
Fibrinogen, g/l 2.33+0.10,2.40 2.74+0.08* 2.79,2.20-3.28 2.43,1.88-2.75 1.80°%, 1.59-2.06
Interleukin-1, pg/ml 6.63+0.37,6.65 12.91 £ 047*** 12.17,10.59-14.14 8.54°,7.49-9.99 742°,6.54-8.58
Interleukin-6, pg/ml 5.60+0.42,5.60 16.60 + 0.48*** 16.72,14.04-19.33 14.82,12.29-17.28 11.59%,9.15-13.33
Interleukin-4, pg/ml 7.48+0.57,8.05 13.85+0.37%** 13.45,12.15-15.66 13.40,11.90-15.19 9.52°,8.28-11.56
CRP, mg/l 4.78+0.17,4.90 12.50 £ 047*** 12.00, 10.53-14.50 8.28°,7.26-10.01 5.80°,5.08-7.00

Notes: * —P <0.05, ** —P <0.01, *** — P <0.001 compared with the control group; ¢ — significance by Wilcoxon compared with the index before surgery.

Haptoglobin content in the blood was increased by 55.8%, fib-
rinogen by 19.1%, globulins by 19.6% as compared with the con-
trol group. Alkaline phosphatase activity as a marker of bone meta-
bolism and disturbances was increased by 72.3%, activity of acid
phosphatase was not significantly changed (Table).

Activity of IL-1 and IL-6 increased by 3 times, and by 94.7%;
and C-reactive protein increased by 2.6 times as indicators of acute

inflammation alongside with increased IL-4 by 85.2% (Fig. 3). Also
in this group of patients, there were increased liver enzyme activiti-
es probably due to uncontrolled intake of non-steroidal anti-inflam-
matory drugs as evidenced by increase in GGT activity by 36.1%,
as well as the presence of moderate hypoalbuminemia in the blood
(Table). We were careful to exclude any systemic illness that could
increase serum levels of these biomarkers. After THA, there was a
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decrease in the blood level of glycoproteins only on the 14th day.
The decrease in content of chondroitin sulfate, sialic acids, hapto-
globin, and alkaline phosphatase activity was gradual and was
recorded on the 7th and 14th days of the post-operative period.

22

Thymol test, fibrinogen, IL-6 and IL-4 decreased in the blood only
on the 14th day, and IL-1 and C-reactive protein content was de-
creased gradually from the 7th to the 14th days before reaching the
level of the control group (Table and Fig. 3).

26

IL-1,pg/ml

IL-6, pg/ml

24
22
20

IL-4, pg/ml

CRP, mg/1
=

Glycoproteins, g/l

Sialic acids, mmol/l

1 2 3 4

Fig. 3. The dynamics of biochemical and immunological markers in blood of patients with pseudoarthrosis of the femoral neck
after total hip arthroplasty (Me):  — clinically healthy patients (controls), 2 — patients before surgery, 3 — 7 days post-operative,
4 — 14 days post-operative (Table)

Discussion

Biochemical markers of bone turnover consist of proteins, enzy-
mes, or molecules which are released into the circulation during
formation or resorption and are measured in serum or in urine (Mark
et al., 2015). The markers reflect enzymatic activities in the bone cells
as measured by alkaline phosphatase level. The evaluation of bioche-
mical and immunological markers is necessary considering that their
release and clearance may be affected by other systemic factors which
may complicate healing and prognosis (Singh et al., 2015). Moreover,
biomarkers enable the physician to design a personalized treatment
scheme which is individually tailored to the patient’s need. However,
widespread use of biomarkers has been limited due to the reported
discrepancies that are mainly due to unclear biological function, varia-
bility and insufficient evidence of their prognostic value (Rissanen,
2013). The changes reflected in our results indicate pronounced
inflammatory changes and subsequent attempts at healing in the

body of patients with pseudoarthrosis of femoral neck following
failed operative and conservative treatment. Typically, at the bone
nonunion site, regenerative and inflammatory processes take place,
this in the case of instability can trigger alternative changes in bone
tissue leading to subsequent destruction (Mark et al., 2015). In the
fracture zone the migration of neutrophils and macrophages occurs
with secretion of a variety of cytokines, which in turn determine
proliferation, angiogenesis and phagocytosis in the lesion (Mark
etal., 2015). These processes are accompanied by a number of sys-
temic hormonal changes that might provoke bone remodeling and
subsequent resorption, involving osteoclasts. However, it should be
noted that these morphological and biochemical changes in the
body decrease in the 2-3 weeks after fracture. This may explain the
lack of significant increase of acid phosphatase activity in patients’
serum (Reikeras et al., 2014). The subsequent attempt at healing
and formation of granulation tissue in the long-standing hip fracture
site is subjected to mechanical strain leading to a false joint and
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instability, creating significant clinical disorders and impairment of
function that require surgical treatment (Mark et al., 2015).

In patients undergoing THA due to pseudoarthrosis of the femo-
ral neck, a decrease in inflammatory and biochemical markers accor-
ding to the results of laboratory blood tests was observed (Drago et
al,, 2011; Reikeras et al., 2014). The study of biochemical and immu-
nological markers of inflammation (interleukins, C-reactive protein),
according to some authors, is essential for evaluating the degree of
surgical trauma and identifying complications, mainly postoperative
inflammation of periprosthetic tissue and periprosthetic infection
(Drago et al., 2011; Reikeras et al., 2014). A common cause of revisi-
on THA is periprosthetic osteolysis (Eastwood et al., 2015). With the
development of periprosthetic osteolysis in patients after failed THA,
an increase in histochemical indicators of periprosthetic tissue respon-
sible for the immune response to the implant implicates interleukins,
mainly IL-1, IL-6 and IL-4 (Singh et al., 2015). It is also known that
IL-6 is a marker for detecting persistent periprosthetic infection after
primary as well as after revision THA (He et al., 2013; Hoell et al., 2015).

Another study showed that IL-6 is the most accurate laboratory
marker for the diagnosis of periprosthetic infection compared with ESR,
C-reactive protein and white blood cell count. IL-6 is an excellent
screening test for the detection of patients with periprosthetic infection,
with sensitivity of almost 100% (Abou-El-Khier et al., 2013; Elgeidi
etal., 2014). There is evidence that interleukin-level control in the blood
of patients is important to evaluate their health condition and predict
their postoperative recovery.

The content of IL-1, IL-6 and IL-10 in the serum of patients after
the first day of THA was significantly higher than before the surgery
(P <0.001), reached its peak levels on day 3 and subsequently decrea-
sed. However, the content of IL-2 in the serum of patients after sur-
gery was significantly lower and gradually decreased to the level of
standard (Mei et al., 2011). Furthermore, in obese patients with THA
correlation between the level of IL-1 and IL-6 in the blood and body
mass index was found. This signifies strengthening of the inflamma-
tory response after surgery as a result of obesity complicating the
surgery (Motaghedi et al., 2014).

Our study moved a step further to research not only the positive
prognostic value of interleukins (IL-1, IL-4, IL-6) but also of other
laboratory markers like glycoproteins, sialic acids, chondroitin
sulfates, haptoglobin and fibrinogen, the dynamics of which show
significant differences in the preoperative and postoperative periods
(p <0.001) (see Table I and Fig. 3-8). Reduction of these parameters
on the 14th day after the operation, along with IL-1, IL-6 and 1L-4,
indicate a decrease in the activity of systemic inflammation in the
bodies of patients. Analyzing the dynamics of these markers may
prognosticate outcome and also predict the functional recovery of
patients following THA. This is evidenced by the improvement of the
clinical condition of patients after THA.

Conclusion

The most informative laboratory markers that could be suggested
from our findings for assessing the condition of patients with pseudo-
arthrosis of the femoral neck before and after THA are C-reactive
proteins; inflammatory cytokines IL-1, IL-6, anti-inflammatory cyto-
kine IL-4, glycoproteins, chondroitin sulfates, sialic acids, haptoglo-
bin, activity alkaline phosphatase (p < 0.005). Gradual decrease in the
biochemical markers on the 7th and 14th days after the operation
indicates improvement in the condition of patients in the early
postoperative period. Subsequent research is required to validate the
dynamics of these markers in order to prognosticate outcome.
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Introduction

Swine breeding is an important sphere of livestock farming in

Guyyyj, B., Leskiv, K., Shcherbatyy, A., Pritsak, V., Fedorovych, V., Fedorovych, O., Rusyn, V., & Kolomiiets, 1. (2017).
The influence of Metisevit on biochemical and morphological indicators of blood of piglets under nitrate loading.
Regulatory Mechanisms in Biosystems, 8(3), 427—432. doi: 10.15421/021766

The article presents the results of research on the influence of the developed complex preparation Metisevit on the
dynamics of morphological and biochemical blood indicators of piglets under nitrate loading. The research established
that sodium nitrate intoxication causes disbalance of the physiological level of hematological indicators of the tested
animals’ organisms. This was indicated by the manifestations of subclinical chronic nitrate-nitrite toxicosis: the increase
in the level of nitrates, nitrites and methemoglobin in the blood. After prolonged feeding of the piglets with sodium
nitrate at a dose of 0.3 g nitrate ion/kg, the concentration of nitrates and nitrites in the blood serum reached its maximum
on the 60th day of the experiment. Also, the number of leukocytes and erythrocytes in the blood increased, and the
activity of aspartate- and alanineaminotransferase in the blood serum increased. We rank the extent of liver intoxication
with nitrates according to intensity of aminotransferase in the blood serum of the tested piglets. The normalization of
morphological and biochemical blood indicators of piglets under nitrate-nitrite intoxication requires usage of a
preparation which contains vitamins, zeolites and antioxidants. If the fodder contains high doses of nitrates, 1.0 mg/kg
dose of Metisevit is added to the fodder for preventing subclinical nitrate-nitrite toxicosis. Metisevit contains the
following agents: phenozan acid, methionine, zeolite, selenium, vitamins E and C. The research conducted proved the
feasibility of using Metisevit for preventing chronic nitrate-nitrite toxicosis in piglets. This preparation caused a
decrease in the concentration of nitrates, nitrites and in the level of methemoglobin in the blood of piglets. Usage of
Metisevit on piglets showed normalization of the number of erythrocytes and hemoglobin in the blood on the 10th day, and
normalization of ASAT and ALAT on 30th and 90th days. The mechanism of Metisevit activity is connected with the
direct contribution of its elements to the inhibition of the processes of absorbing metabolites which cause a toxic effect on
the cell membranes of an animal’s organism. The absorbing activity of zeolite leads to decrease in concentration of agents
which can be substrates for processes of peroxidation of lipids in the alimentary canal, and also to elimination of toxic pro-
oxidant metabolites from the blood. This process occurs through osmosis and diffusion of these elements in the capillaries
of microvilli of the small intestine and through their further fixation on sorbent granules.

Keywords: toxicology; sodium nitrate; vitamins; zeolite; phenozan acid; methionine

mechanism of nitrates and their toxic effect especially relevant both
on a theoretical and practical level. Questions connected with
nitrate-nitrite toxicosis in animals and birds have been addressed in

Ukraine; it produces the bulk of food products of animal origin.
The main role in development and progressive functioning of this
sphere is swine reproduction. The method of intensive pig rearing
in the conditions of farms of different types using high-yielding
breeds and industrial technology of maintenance is significantly
different from the traditional methods of rearing. It should be noted
that in such conditions, early weaning of piglets, transferring
animals etc. are stress factors which contribute to the decrease in
neonatal adaptation of the organism of piglets, which causes
disbalance between the activity of the antioxidant system and lipid
peroxidation, reducing the animals to a stressed condition. This is
followed by stunting, increase of incidence of disease and mortality
of pigs, reproductive dysfunctions and decrease in the quality of the
meat products (Todoriuk et al., 2016; Todoriuk et al., 2017). Also, it
should be noted that environmental pollution with nitrates and their
undesirable impact on pigs’ organisms makes the study of the

numerous scientific works by Ukrainian and foreign researchers
(Douglas, 1970; Hegesh and Shiloah, 1982; Horner, 1982; Nordkvist
et al., 1984; Saito et al., 1996; Medeiros et al., 2003; Aslani and
Vojdani, 2007; Issi et al., 2008; Harvey et al., 2010; Gutyj et al., 2016;
Katabami et al.,, 2016). Much of this research has explored the
peculiarities of metabolism and physiological dysfunctions.

Medicines have been observed to be highly effective in cases of
nitrate-nitrite intoxication and this can be only achieved using complex
therapy. In particular, this is directed towards the alleviating the
consequences of incorrect application of rearing and feeding technology
and also towards increase in resistance of the organism. During the last
few years, the practice of veterinary medicine has accumulated a
significant amount of experience in using different vitamin preparations
for treating animals suffering from nitrate intoxication. The aim of this
research is to study the impact of Metisevit on biochemical and
morphological indicators of the blood of piglets under nitrate loading.
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Materials and methods

The studied objects were 10 three month old piglets of the York-
shire breed. The research was conducted in “Komarnovs’ke” Scienti-
fic-teaching Animal Rearing Centre of Lviv National University of
Veterinary Medicine and Biotechnologies named after S. Z. Gzhytskyi.
According to the method of analogue-groups, two groups were
formed: control and experimental. The piglets of the control group
were fed with NaNOs at doses of 0.3 g of nitrate ion/kg of body
weight once a day. The piglets of the experimental group were fed
with NaNO; at doses of 0.3 g of ntrate ion/kg of body weight and
Metisevit at doses of 1.0 mg/kg of body weight once a day. Metisevit
consists of the following substances: phenozan acid, methionine, zeo-
lite, selenium, vitamins E and C.

Maintenance, feeding, care and all manipulations of the animals
were conducted according to European convention for the protection
of vertebrate animals used for experimental and other scientific pur-
poses (Strasbourg, 1986) and “General ethical principles of conduc-
ting experiments on animals” agreed at The First National Congress
in Bioethics (Kyiv, 2001). The experiments were conducted in ac-
cordance with the principles of humanity set out in the directive of the
European Community.

The number of erythrocytes and leukocytes was calculated
using a hemocytometer in accordance with the recognized methods.
The level of blood hemoglobin was calculated using the cyan-
hemoglobin method with photoelectric colorimeter-M according to
V. Derviz’s and A. Vorobiev’s method. Concentration of methemo-
globin was calculated according to the method of Boyarchuk and
co-authors (Vlizlo, 2012). Using standard sets of reagents of the
firm “Simko Ltd” (Czech Republic), we measured the activity of
aspartate aminotransferase (AST; EC 2.6.1.1) and alanine amino-
transferase (ALT; EC 2.6.1.2) in the blood serum according to the
Reitman Frankel dinitrophenylhydrazine method.

The results were analyzed statistically using ANOVA. Diffe-
rences between the samples were considered statistically significant
at P <0.05. In the figures x = SD is presented.

Results

An important diagnostic indicator of the toxic effect of nitrates
and nitrites on the organism of animals is measuring the concentration
of nitrates, nitrites and methemoglobin in the blood (Robert et al.,
1999; Gutyj et al., 2016). According to data from the literature, it is
well known that nitrates are present at a low level in the blood of pigs
and that nitrites are absent.

When feeding piglets with fodder containing nitrates at a dose of
0.3 g of nitrate ion/kg of body weight, we observed an increase in the
concentration of nitrates and nitrites among the piglets throughout the
experiment (Fig. 1, 2). By the 10th day of the experiment, the concen-
tration of nitrates in the blood of piglets from the control group had
increased to 0.150 £ 0.005 mg/l, and the concentration of nitrites had
increased to 0.00713 + 0.00032 mg/l. By the 30th day of the
experiment, the concentration of nitrates and nitrites had increased
respectively by 3.01 and 7.71 times compared to blood indicators on
the 10th day of the experiment. On the 60th day of the experiment,
the concentration of nitrates and nitrites in the blood of piglets from
the control group reached its maximum, and was respectively: nitrates
0.664 = 0.0073 mg/l, nitrites 0.0281 £ 0.00023 mg/l. On the 90th day
of the experiment, we observed a decrease in the concentration of
nitrates and nitrites in the blood of animals from the control group,
where the animals received nitrate loading. This, perhaps, could be
explained by the adaptation of the organism to prolonged feeding
with sodium nitrate.

Feeding piglets with fodder containing sodium nitrate and Meti-
sevit contributed to decrease in the concentration of nitrates and nit-
rites in their blood. On the 10th day of the experiment, we observed a
decrease in the concentration of nitrates in the blood of animals from
the experimental group by 34.7% compared to the animals from the
control group. On the 30th day of the experiment, the concentration of

nitrates in the blood of piglets from the experimental group was
growing, but was lower by 52.5% compared to the animals from the
control group. Therefore, using Metisevit contributed to a decrease in
concentration of nitrates in the blood of piglets from the experimental
group. Apart from decrease in concentration of nitrates in the blood of
animals from the experimental group, a decrease in concentration of
nitrites was observed, as shown in Figure 2.
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Fig. 1. The impact of Metisevit on the concentration
of nitrates in the blood of piglets under nitrate loading:
dark column — control group, bright column — experimental
group (n=5,x+ SD); *— P <0.05, ** - P <0.01, *** - P <0.001
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Fig. 2. The impact of Metisevit on the concentration of nitrites
in the blood of piglets under nitrate loading: see Fig. 1

On the 10th day of the experiment, the concentration of nitrites
in the blood of animals from the experimental group was 0.00442 +
0.00031 mg/l, whereas the concentration of nitrites in the blood of
piglets from the control group was 0.00713 + 0.00032 mg/l. By the
30th day of the experiment, the concentration of nitrites in the blood
of animals had decreased by 49.8% in relation to the indicators of
piglets from the control group. By the 60th day of experiment, the
concentration of nitrites had insignificantly increased compared to
the previous days of the experiment; nevertheless it was lower than
the indicators of the animals from the control group. On the 90th
day of the experiment, the concentration of nitrites in the blood of
animals from the experimental group which were given Metisevit
equaled the values from the 10th day of the experiment. As is known,
one of the main indicators of nitrate-nitrite toxicosis is formation of
methemoglobin. Our experiments showed that feeding piglets with
sodium nitrate at a dose 0.3 g of nitrate ion/kg of body weight caused
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an increase in the level of methemoglobin among piglets from the
control group throughout the experiment (Fig 3). A possible increase
in the content of methemoglobin in the blood of piglets from the
control group was observed on the 30th, 60th and 90th days of the
experiment, where its level increased in 2.43, 4.71 and 4.25 relative to
the initial values. The high level of methemoglobin in the blood of
piglets during the abovementioned periods is connected with increase
of concentration of nitrates and nitrites during the same periods of the
experiments.

Laval of mathamoglobin, %
]
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Fig. 3. The impact of Metisevit on the level of methemoglobin
in the blood of piglets under nitrate loading: see Fig. 1

Using Metisevit with sodium nitrate prevented the development
of nitrate-nitrite toxicosis among piglets of the experimental group.
On the 10th day of the experiment, the level of methemoglobin in
the blood of animals which were fed with fodder containing
Metisevit was lower by 17.8% compared to animals of the control
group. On the 30th day of experiment, the level of methemoglobin
in blood of piglets from the experimental group was 3.6 + 0.039%,,
whereas among the animals from the control group, this indicator
equaled 7,8 + 0.051%. On the 60th day of the experiment, we
observed a high level of methemoglobin in the blood of animals
from the experimental group, which is related to high content of
nitrates and nitrites in the blood of piglets in this period of the
experiment. In this period, the level of methemoglobin in the blood
of animals from the experimental group was 2.60 times lower
compared to indicators of methemoglobin in the blood of animals
from the control group. On the 90th day of the experiment, the level
of methemoglobin in the blood of piglets from the experimental
group fluctuated within the values 4.3 = 0.032%.

It is known that hemoglobin is an oxygen pigment of blood,
which mainly acts as an agent which transports molecular oxygen
from the breathing organs to the tissues. As is seen from the data in
Figure 4, the level of hemoglobin in the blood of animals from the
control group grew throughout the experiment. This is related to
resistive and adaptive reactions of the organism to formation of
methemoglobin. In particular, it fluctuated within the values of 98.4
+ 1.32 g/l. to 108.8 + 1.17 g/l. The highest level of hemoglobin in
blood was observed on the 60th day of the experiment among
animals from the control group, where it increased by 10.6% even
before feeding with nitrates. Using Metisevit caused stabilization of
the level of hemoglobin in the blood of the tested piglets, which is
shown by the results of experiment presented in Figure 4.

Erythrocytes are the most numerous clusters of blood cells.
As is shown in Figure 5, feeding piglets of the control group with
sodium nitrate at a dose of 0.3 g of nitrate-ion/kg of body weight
caused increase in erythrocytes: on the 30th day of the experiment
the level of erythrocytes was higher by 6.3% compared to initial
values. The highest number of erythrocytes in the blood of piglets

from the control group was observed on the 60th day of experiment —
7.18 £ 0.12 T/1. This is explained by resistive and adaptive reactions
of the organism to a high level of methemoglobin, which is directed
to the transportation of oxygen to the tissues as a result of develop-
ment of hemic hypoxia. Feeding piglets with fodder which contains
methyphenum contributed to normalization of the number of
erythrocytes in the blood of animals from the experimental group.

The results of tests on piglets (Fig. 6) showed that feeding with
sodium nitrate caused gradual increase in the number of leukocytes
in the blood throughout the experiment: on the 10th day the level of
leukocytes had increased by 7.9%, on the 30th day — by 10.9%, on
the 60th day — by 14.9%, on the 90th day — by 9.9%.
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Fig. 4. The impact of Metisevit on the level of hemoglobin
in the blood of piglets under nitrate loading: see Fig. 1
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Fig. 5. The impact of Metisevit on the number of erythrocytes
in the blood of piglets under nitrate loading: see Fig. 1

Feeding piglets under nitrate loading with fodder which contains
Metisevit caused a decrease in the number of leukocytes in the blood
of the tested animals: on the 10th day the level of leukocytes had
decreased by 3.7%. On the 30th day the number of leukocytes in the
blood of the tested piglets was 10.7 = 0.30 G/1.

The liver function of piglets under chronic nitrate-nitrite toxicosis
was studied through measuring aminotransferase activity, in the blood
serum, in particular by measuring the activity of aspartate- and
alanine aminotransferase.

‘We observed that in piglets subject to chronic nitrate-nitrite toxi-
cosis, aminotransferase activity increased in the blood serum of
piglets from the control group. By the 10th day of the experiment,
aspartate aminotransferase activity had increased by 5.3%, and by the
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30th day — by 8.9% compared to initial values (Fig. 7). On the 60th
day of the experiment, ASAT activity in the blood serum of animals
from the control group, which were given sodium nitrate, was 0.426 +
0.012 mmol/I'h, which is 18.3% higher than initial values. ASAT
activity continued to increase: on the 90th day of experiment it
equaled 0.429 + 0.053 mmol/I°h.
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Fig. 6. The impact of Metisevit on the number of leukocytes
in the blood of piglets under nitrate loading: see Fig. 1
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Fig. 7. The impact of Metisevit on aspartate aminotrasferase activity
in the blood serum of piglets under nitrate loading: see Fig. 1

Analysis of ASAT activity in the blood serum of piglets fed with
Metisevit shows that on the 30th day of the experiment, activity of the
enzyme was lower by 7.7% and on the 60th day of experiment —
lower by 13.6% compared to the animals of the control group.

Figure 8 shows the changes in activity of alanine aminotrasferace
in blood serum of piglets under the nitrate load and Metisevit.
The ALT activity of piglets which at the time were not under nitrate
loading fluctuated within the range of 0.215-0.222 mmol/I-h. After
provision of fodder with sodium nitrate by doses of 0.3 g of nitrate
ion/kg of body weight, ALT activity in the blood serum of piglets
from control group on the 10th day of experiment increased by
29.9%, and on 30th day increased by 45.5%, on 60th day — by 51.8%,
on the 90th day — by 53.2% in relation to initial values.

Analysis of data on ALT indicators of animals from the experi-
mental and control groups found a significant decrease in activity of
the ALT enzyme among the animals from the control group
throughout the experiment. On the 10th day, the activity of ALT in
the blood serum of animals from the experimental group fluctuated
within the range of 0.223 £+ 0.011 mmol/l-h, whereas among the

animals of the control group it was 0.286 = 0.013 mmol/l-h. On the
30th day of the experiment, we observed a decrease by 27.8% in the
activity of the enzyme in the blood serum of animals from the expe-
rimental group in relation to initial values. On the 60th day of the
experiment, the activity of ALT in the blood serum of piglets from the
experimental group showed a slight increase compared to the pre-
vious period of research, though it was 28.7% lower than the values
of piglets from the control group. On the 90th day of experiment, the
activity of ALT in the blood of piglets from the experimental group
reached physiological values.
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Fig. 8. The impact of alanine aminotransferase activity
in the blood serum of piglets under nitrate loading: see Fig. 1

Therefore, increase in activity of aminotransferase — alanine- and
aspartateaminotransferase in the blood serum of piglets from the
experimental group is possibly conditioned by the fact that nitrites
cause damage to cell membranes, and as a result these enzymes along
with hepatocytes penetrate the blood. And the more significant the
structural damage to biological membranes, the higher the activity of
aminotransferas activity. Nevertheless, using the preparation Meti-
sevit (which includes methionine, fenaron and methyphenum) on pig-
lets from the experimental group under nitrate loading caused a heap-
toprotective effect, which is manifested by a decrease in amino-
transferase activity in the blood.

Discussion

Production and usage of mineral fertilizers is continuing to
increase globally. It is generally accepted that their usage improves
agricultural productivity 3—4 times. In such conditions, the key factor
of forming crop production is nitrogen, and its main source is nitrates.
A number of scholars consider that nitrates are toxic to plants, while
their further transformation in the organism of humans or animals can
have negative effects (Gutyj et al., 2016). It is scientifically proven
that an energy deficient diet, a rapid change of fodder, and incorrect
preparation of fodder cause development of substances which are
products of incomplete breakdown of nitrates, namely nitrites, which
are highly toxic.

Nitrate intoxication of animals causes death of productive young
of agricultural animals (Nordkvist et al., 1984; Issi et al., 2008; Gutyj
et al., 2016), especially pigs, after weaning, and causes significant
economic damage. Therefore, in-depth study of pathogenesis of
nitrate-nitrite toxicosis of pigs and methods of its treatment are of
great value.

Recent research has shown that nitrate-nitrite toxicosis of agricul-
tural animals is followed by disorders of many systems of the orga-
nism, and therefore studying blood is a matter of high priority for any
negative effect of foreign agents causes disorder in the morphological
content of blood (Gutyj et al., 2016; Khariv et al., 2016; Martyshuk
etal., 2016; Gutyj et al., 2017).
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Through our experiments, we demonstrated that nitrates and
nitrites have a negative impact on the functional condition of the
organism and biochemical indicators of piglets’ blood. Over a period
of feeding piglets with fodder with sodium nitrate at a dose of 0.3 g of
nitrate ion/kg, the concentration of nitrates and nitrites in the blood
serum increased, and was the highest on the 60th day of the
experiment. The high level of nitrates and nitrites in the blood serum of
piglets is related to the prolonged provision of nitrates in the fodder.
According to data from the literature, this is directly proportional to the
intake of nitrates into the organism, i.e. the greater the dose of sodium
nitrate fed to animals, the higher the content of nitrates and nitrites in the
blood serum (Douglas, 1970; Saito et al., 1996; Gutyj et al., 2016).

The nonuniform increase in the level of nitrates and nitrites in the
blood serum of piglets during the experiment could be explained by
the gradual adaptation of the organism to excessive amount of nitrates
in the fodder and activation of compensatory mechanisms of neutra-
lizing nitrates in the organism of these animals.

The increase in the level of nitrates in the blood of piglets from
the experimental group led to formation of methemoglobin, the con-
tent of which increased throughout the experiment. It is known that its
level in the blood of animals is one of the main diagnostic criteria of
nitrate-nitrite toxicosis (Horner, 1982; Robert et al., 1999). The nor-
mal content of methemoglobin in the blood of agricultural animals is
2-5% of total content of hemoglobin, because methemoglobin is
always formed during the methabolic processes (Saito et al., 1996;
Gutyj et al., 2016).

In the case of experimental chronic nitrate-nitrite toxicosis in
pigs, in our experiments we observed that the level of methemoglobin
in the blood of piglets from the control group on the 30th day of the
experiment was 7.8%, on the 60th day — 15.1% and on the 90th day —
13.3%. Such a level of methemoglobin in the blood of piglets indi-
cates the development of intoxication. Prolonged feeding of piglets
with sodium nitrate at a dose of 0.3 g nitrate ion/kg of body mass
causes development of subclinical chronic nitrate-nitrite toxicosis,
which is characterized by a high level of nitrates, nitrites and methe-
moglobin (Douglas, 1970; Gutyj et al., 2016).

Therefore, the results of our experiments concur with the conclu-
sions of other authors on the leading role of methemoglobin in the
pathogenesis of nirate-nitrite toxicosis in farm animals (Douglas,
1970; Horner, 1982; Saito et al., 1996). The extent of methemoglobin
manifestations depends upon the dose of nitrates, species and age of
the animal. In young animals the functioning of methemoglobin
reductase is insufficient and so when its activity is low the level of
methemoglobin in the blood is higher than among mature animals.

The increase in the level of methemoglobin in the blood of piglets
under the nitrate intoxication is manifested also in the level of
hemoglobin. On the basis of experimental studies, we have found that
there is a gradual rise in the level of hemoglobin, which was highest
on the 60th day of the experiment. The increase in this indicator
resulted from resistive and adaptive reactions of the organism of
piglets exposed to prolonged intake of nitrates and the formation of
methemoglobin.

According to the literature, a high level of methemoglobin in the
blood causes development of so-called tissue hypoxia (Gutyj et al.,
2016; Khariv et al., 2016; Martyshuk et al., 2016), which in its tun
provokes morphological and biochemical changes in the blood of
piglets and causes significant metabolic changes.

Our experiments proved that if piglets’ fodder contains nitrates at
a dose of 0.3 g of nitrate ion/kg of body weight, this primarily dama-
ges the morphological compound of the blood — one of the most
reactive tissues of the organism. Its cells are highly organized and
constantly operating complexes. Also they form the morphological
basis of homeostasis. Morphological analysis of the quantitative and
qualitative compound of blood provides objective data on the functio-
nal condition of the hematopoietic system of piglets (Robert et al.,
1999; Hariv and Gutyj, 2016).

The aim of our research was to study the changes of certain
indicators of the peripheral blood of piglets under chronic nitrate
toxicosis. We found that by the 30th, 60th and 90th days of the expe-

riment, nitrates had caused an increase in the level of erythrocytes, by
6.3%, 8.3% and 7.1% respectively. Such changes in the morphological
compound of the blood occurred as a result of the irritating impact of
nitrates on the mononuclear system with further release of erythrocytes
from the blood pool into the blood channel (Gutyj et al., 2016).

We consider that the increase in the level of hemoglobin in the
blood of piglets resulted from an increase in the total number of
erythrocytes. Thus, in this case an increase in the total volume of
blood occurred, which in its turn caused an increase in the level of
hemoglobin. Leukocytes in animals’ organisms perform protective,
transport and trophic functions (Khariv et al., 2016). During feeding
of piglets with fodder which contains sodium nitrate at a subtoxic
dose, the amount of leukocytes in the blood increased throughout the
experiment. Leukocytosis is certainly conditioned by development of
inflammatory processes in the gastrointestinal tract impacted by the
toxic effect of nitrates and nitrites, which leads to an increase in the
number of erythrocytes in the blood of piglets. Similar changes in the
increase in the number of leukocytes of animals of different species
under chronic nitrate-nitrite toxicosis have been noted in studies by
other authors.

Due to the fact that nitrites have a negative effect on the liver, the
functioning condition of the liver should be studied in relation to
aspartate- and alanine- aminotransferase activity. According to data
from the literature, high activity of aminotransferases in the blood
serum of agricultural animals, in most cases, is connected with liver
failure (Hariv and Gutyj, 2016). Our research found that development
of chronic nitrate-nitrite toxicosis of piglets is followed by increase in
activity of aspartate- and alanine- aminotransferase in the blood
serum. On the 60th and 90th days of the experiment, we observed the
maximum activity of aminotransferases in the blood serum of piglets
from the experimental group. Also, it should be mentioned that the
increase in alanine aminotransferase was greater than that of aspartate
aminotransferase. This is related to the fact that ALAT under even
insignificant damage to hepatocyte membranes easily becomes
released in the blood, whereas AST is contained in the mitochondria
of hepatocytes, therefore the release of this enzyme into the blood is
more complicated, for apart from the outer membrane of the cell, it
should also penetrate through the mitochondria membrane; which can
occur in the case of activity of nitrates at high doses (Gutyj et al., 2016).

Thus, chronic nitrate-nitrite toxicosis damages the biological mem-
branes of cells, which results in release of intercellular aminotrasferases
from hepatocytes and the cardiac muscle into the blood. The deeper the
structural damage to biological membranes of cells, the higher the level
of aminotransferase in the blood (Hariv and Gutyj, 2016).

The results of our studies on change in activity of alanine- and
aspartateaminotrasferase in the blood serum of piglets under nitrate-
nitrite toxicosis concur with results of studies by other authors on cattle
and birds (Douglas, 1970; Medeiros et al., 2003; Gutyj et al., 2016).

The results we provide indicate the usefulness of Metisevit in
preventing chronic nitrate-nitrite toxicosis in pigs. The preparation is
capable of decreasing concentration of nitrates and nitrites in the
blood of piglets, and this, in its turn, leads to decrease in the level of
methemoglobin in the blood, where it had decreased to 5.8% on the
60th day of the experiment. When using Metisevit on piglets under
chronic nitrate-nitrite toxicosis, we observed normalization in the
number of erythrocytes and hemoglobin in the blood on the 10th day
of the experiment. This, perhaps, is a result of recovery of hemato-
poietic function thanks to the preparation.

The decrease in the number of leukocytes in the blood of piglets
from the experimental group is explained by the fact that Metisevit
decreases the formation of toxic substances, which contribute to deve-
lopment of inflammatory processes in the intestines and therefore
normalizes the number of leukocytes in the blood of animals. For this
reason, Metisevit includes zeolite. The adsorbing activity of zeolite
causes a decrease in the concentration of agents which can be substra-
tes for development of inflammatory processes in the intestines.

Many researchers mention that the activity of enzymes in blood
serum often changes earlier than other biochemical tests, therefore
research on the activity of aminotransferases in the blood of piglets is
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highly significant for studying the therapeutic efficiency of prepara-
tions in conditions of nitrate-nitrite toxicosis (Khariv et al., 2016;
Gutyj et al., 2017). Usage of Metisevit in the conditions of nitrate
loading decreased the activity of ASAT and ALT in the blood of
piglets from the experimental group, and on the 30th and 90th days of
the experiment it fluctuated within the norm of physiological indica-
tors. Changes in activity of aminotransferases in the blood of piglets
are explained by the preparation’s hepatoprotective action.

Conclusions

Feeding piglets with fodder containing sodium nitrate at a dose of
0.3 g nitrate ion/kg of body weight increased the concentration of
nitrates and nitrites, the level of methemoglobin and hemoglobin, the
number of erythrocytes and leukocytes in the blood and activity of
aminotransferases in the blood serum. Using methyphenum on piglets
under nitrate loading contributed to normalization of morphological
and biochemical indicators of the blood of the tested piglets. For
preventing chronic nitrate-nitrite toxicosis in pigs, we recommend
using Metisevit at a dose of 1 mg/kg of body weight.
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A study was conducted to investigate the effect of two dietary energy sources, soy bean oil, and sucrose on
regulatory mechanisms of meat preservation. Twenty one day-old Hubbard commercial broilers were randomly
allocated into two dietary treatment groups with six replicates per treatment, and four broilers per replicate. All birds
were coded for the influence of energy source: fat based diet (FD), and sugar based diet (SD). Formulated grower diets
were isonitrogenous and isocaloric. The chickens were slaughtered and then boneless, skinless ground chicken tight
meat was prepared. Both raw and cooked meats were analyzed for lipid and protein oxidation, and sensory panel
evaluation. In addition, meat from the small muscles of the raw thigh was used to evaluate other meat quality
characteristics. Proximate analyses showed no significant differences between both dietary treatments on protein, ash
and moisture percentage values. Meat samples of the group that was fed FD showed higher significant values of both
TBARS and total carbonyl at day 7 of storage time. However, samples of the second group (Fed SD) showed lower
values of both ultimate pH and water separation % using raw thigh meat. The effect of FD treatment on the meat
composition appeared clearly especially on fat percentage content. In addition, meat samples obtained from chickens
fed SD showed better significant values of the overall acceptability attribute. According to the current findings, sucrose
could be an excellent alternative to oil in dietary broilers which improved the meat preservation bio-system, and post-
mortem storage stability.

Keywords: poultry; sucrose; thigh meat; lipid oxidation; protein oxidation

Introduction

Oil is considered the richest energy source among other nutrients
(oil contains 2.25 times the energy content of carbohydrate and pro-
tein) and thus is used to increase caloric density of diets fed to broilers
(Waheed et al., 2004). In addition, oil has been reported to increase
the absorption of fat soluble vitamins, increase palatability of the feed
and thus feed intake, reduce the passage rate of digesta, which allows
higher nutrient absorption (Baiao and Lara, 2005). However, potential
hazard is associated in feeding high fat diets if handled incorrectly,
one such problem being oil rancidity (Shermer, 1990), this leads to
reduction in caloric density of broiler diets. In addition, it may pro-
duce off flavours which can reduce broiler feed intake, depress
growth, and eliminate the body reservoir of antioxidants (Shermer,
1990; Baiao and Lara, 2005; Tavarez et al., 2011). The harmful influ-
ence of oil rancidity brings direct economic losses to broiler farmers
and can negatively affect carcass quality (Alao and Balnave, 1984;
Zelenka et al., 1997; Crespo and Esteve Garcia, 2002). Therefore, the
source of dietary lipid may affect total body fat deposition, fatty acid
composition, and overall meat quality (Ellis and Mckeith, 1999;
Baiao and Lara, 2005; Fuad and El-Senousey 2014). In addition, it
can influence consumer perception, health, and indirectly their food
safety (Savell and Cross, 1988). Fatty acid profile and freshness of
meat carcass are highly affected and correlated with the fat deposition
mechanism. However, the type and degree of polyunsaturated fatty
acid is also as important as the total amount of fat deposition in meat,
which makes thigh meat more susceptible to lipid per-oxidation com-
pared to other carcass muscles (Min et al., 2008). In addition, cooked

meat is more affected by free radicals and oxidized faster than raw
meat (Gray et al., 1992; Lee et al., 2003). Thus, initial carcass lipid
and protein oxidation level can influence storage stability of chicken
meat, especially after thermal processing. Other meat quality charac-
teristics, such as colour, texture, and water holding capacity can also
be influenced by the oxidation mechanism and their free radicals
formation (Jensen et al., 1997; Du et al., 2000). A sugar (sucrose) has
been reported as a better energy source than starch and could be
replaced, partially, by fat in poultry diet (Hashim et al., 2013; Hussein
et al., 2016). Sucrose is a disaccharide that can be easily digested by
poultry (Wang, 2014) and has been reported to have a higher AMEn
than glucose (3750 vs. 3330 kcal/kg) (Leeson and Summers, 2001).
In avian species, glucose has been reported to have a sparing effect on
amino acid oxidation (Yadalam, 2005). Furthermore, excess of glu-
cose is stored as glycogen or directed for de novo lipogensis in the
liver (Hermier, 1997). In addition, glucose has a higher heat incre-
ment compared to lipid. Thus, feeding sucrose may reduce energy
delivery to broilers compared to lipid. Reducing energy level in broi-
lers have been reported to decrease total body fat deposition by
mechanisms related to decrease in the activity of enzymes linked to
hepatic lipogenisis (Tanaka et al, 1983; Fuad and El-Senousey,
2014). Furthermore, change in the dietary energy source will affect
the metabolic of muscle fiber type (type I and II), lactic acid
accumulation, and postmortem muscle pH (Aalhus et al., 2009). Lipid
in broilers accumulates mainly in the form of polyunsaturated fatty
acids (PUFA), which make it more susceptible to oxidative deterio-
ration during storage (Ahn et al., 2002; Min et al., 2008). In modem
broiler strains, Choct et al. (2013) reported that broilers contain up to
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20% fat and more than 85% of this fat has no physiological function
and thus, reducing fat component in broilers may enhance carcass sta-
bility and quality after slaughtering. The aim of current study was to
investigate the effect of replacing soy bean oil in broiler grower diet
with sucrose on regulatory mechanisms of meat preservation.

Materials and methods

1. Birds and diet formulation. Forty eight broilers were raised
for 21 days (from 21 to 42 days old) according to general commercial
husbandry practices. This experiment was reviewed and approved by
the Department of Animal Production, and all chickens were checked
and their health and welfare cleared by veterinarians. Two groups of
48 broilers were randomly assigned into two dietary treatments (each
treatment contains 6 replicates and 4 broilers per replicate). During
the experimental period, all birds were raised in floor cages and were
offered one of two dietary treatments and water ad lib by using trough
feeders and drinkers. The two dietary treatments were formulated to
be iso-calroic and iso-nitrogenous. Dietary treatments were coded for
the influence of energy source: Fat based diet (FD) and Sugar based
diet (SD). The ingredients and chemical composition of experimental
diets are shown in Table 1.

Table 1
Ingredients (%) and chemical composition (%)
of fat based diet (FD) and Sucrose based diet (SD)

Ingredients (%) FD SD

Com 50.04 63.62
Soya bean meal 27.93 16.55
“Broncon concentrate 10.50 1149
NaCl 0.19 0.19
Limestone 1.75 0.89
®Vit. and mineral premix 0.10 0.10
L-Lysine HCL (78%) 0.10 336
DL-Methioine 023 0.40
Degamed soybean oil 527 0.00
Monocalcium phosphate 041 0.01
Sucrose 0.00 3.30
“Antifungi 0.10 0.10
‘Wheat bran 3.39 0.00
“Chemical composition (%)

ME, Kcal/kg 3050 3050
Crude protein 21.00 21.00
Crude fibre 393 3.10
Ca 1.30 0.90
Non phytate phosphorus 0.46 0.35
Methioine 0.67 0.80
Lysine 1.25 425
Cyctein 0.22 0.20
Na 0.22 0.23
Cl 0.15 0.15

Note: * ~Brocon Concentrate® (Wafa, B. V., Alblasserdam, Holland); b vita-
min premix provided per kilogram of premix: Vitamin A, 700,000 IU; vitamin
Ds, 150,000 IU; vitamin E, 75 mg; vitamin B,, 100 mg; vitamin K, 175 mg;
vitamin Bs, 600 mg; manganese oxide, 4000 mg; ferrous sulphate, 9000 mg;
zinc oxide, 6000 mg; magnesum oxide, 2500 mg; potassium iodide, 70 mg;
sodium selenite, 125 mg; copper sulphate, 100 mg; cobalt sulphate, 50 mg;
dicalcium phosphate, 7000 mg; sodium chloride, 10000 mg; © — mold inhibitor
for animal feed (Kemin Industries, U.S.A); ¢ — calculated based on analyzed
values of feed ingredients (feed composition tables) from poultry NRC (1994).

2. Sample preparation. On day 42, the broilers were slaughtered
(Mu’tah University, Agriculture Collage: Department of Animal Pro-
duction-farm facilities) using standard guidelines of poultry slaughter-
ring in Jordan (Ministry of Agriculture) and under the supervision of
veterinarians. The chicken carcasses were chilled in ice water for 2h
and drained in a laboratory cold room, and the muscles (thigh meat)
were separated from the carcasses at 24h after slaughtering. Boneless
thigh muscles were cleaned, skins removed, external fats trimmed off,
vacuum packaged in oxygen impermeable bags, and stored at —18 °C
in a freezer until used for further analysis. Thigh meat was selected
for this study analysis because of its high fat content and myoglobin
pigment, and its mixture of muscle fiber (different metabolic) type.

Separated raw meat samples were stored for 7 days at 4 °C and were
used to evaluate meat quality characteristics. Different parameters
were measured to evaluate the effect of dietary energy source on
muscle fiber metabolic, fat deposition mechanisms indirectly; and on
meat preservation. For stability analysis (lipid and protein oxidation)
frozen meats were thawed in a walk-in cooler (4 °C), ground twice
through 8 and a 3 mm plates (Moulinex, Type DKA1, France),
respectively, before use. Meats of each treatment replicate (n = 6)
were ground and homogenated as a single batch, and subdivided into
50 g of ground meat patties. The prepared raw meat patties were
packaged in oxygen permeable bags (Size: 11 x 25 cm, Future for
Plastic Industry, Al-Moumtaz bags, Co. LTD, Jordan) in a cold room
at 4 °C for up to 7 days for quality analysis. In the study related
cooked-patties, the raw meat was placed in oxygen impermeable
vacuum plastic-bags (Ehsan & Tahssin Baalbaki Co, Bayader Wadi
Al-Seer, Amman, Jordan), then cooked in-bag in a 90 °C water bath
(Memmert, WNB 14; GMbH + Co. KH, D-91107 Schwabach,
Germany). Samples were moved out when the internal temperature of
the meat patties was 75 °C. After cooling, the cooked meat patties
(50 g) was placed inside new oxygen-permeable bags, stored at 4 °C,
and analyzed for lipid (TBARS) and protein oxidation at three time
intervals. Same preparation procedure was done for all sensory analy-
sis treatment samples. However, the ground chicken (raw thigh) meat
patties were stored at 4 °C up to 4 days before cooking, and for each
evaluation session.

3. Thiobarbituric acid-reactive substances (TBARS) measure-
ment. Briefly, the TBARS values in the meat samples were measured
according to the method described by Ahn et al. (1998). The TBARS
values were calculated based on malonaldehyde (MDA) stander carve
(TEP standard solution) and reported as mg of MDA per kg of meat.

4. Protein oxidation (total carbonyl). Protein oxidation was
determined by the method of Lund et al. (2008) with minor modifyca-
tions as described by Al-Hijazeen et al. (2016). In addition, carbonyl
content was recorded as nmol/mg protein using absorption coefficient
0f 22,000/M-cm as described by Levine et al. (1994).

5. Proximate analysis. Proximate analysis was determined for all
treatment samples according to the method of AOAC (2003). Moisture,
crude protein, fat and ash (%) were analyzed using thigh meat samples.
Samples of each treatment were selected randomly and the averages of
6 sub-samples (2 sample/replicate) were statistically analyzed.

6. pH of raw thigh meat. Acidity of the chicken raw meat samp-
les was measured using a pH meter (PL-600, pH/mV/Temp Meter,
Taiwan) after homogenizing the 1.0 g samples with 9 ml deionzed
distilled water (DDW) (Sebranek et al., 2001).

7. Cooking loss %. Chicken thigh meat samples (30 g) were
weighed and packaged in oxygen impermeable vacuum bags.
The meat was cooked at a constant temperature using pre-heated
water bath (Memmert, WNB 14; GMbH + Co. KH, D-91107
Schwabach, Germany) to the internal temperature of 80 °C for 90 min
for the maximum water loss expected (Murphy and Marks, 2000).
After cooking, all meat samples were cooled in a cold water bath until
the internal temperature of the samples reached 20 °C, then water
blotted or purged until the samples became dry. The cooking loss
percentage was calculated as percent weight reduction of the cooked
sample compared to the raw meat sample using the following equation:

Cooking loss % = 100x (Weight of raw meat — Weight of cooked meat)
(Weight of raw meat)

8. Water separation (Centrifuge method). Samples of 20 g (meat/
water mixture) were placed into 50 mL centrifuged tubes to measure
their separated water as described by Sebranek et al. (2001) with minor
modification. The samples were placed in tubes then centrifuged at the
speed of 10,000 rpm for 20 minutes (High Speed Centerfuige, TG16G,
Hunan Kaida, China). After centrifugation, the excess water was decan-
ted and tubes were re-weighed. Water separation percentage (expres-
sion of water holding ability) was calculated as ratio of centrifuged
water to the original sample weight. This method measures how
strongly water is bound or held by meat proteins.

9. Sensory evaluation. Trained sensory panels were used to eva-
luate the sensory characteristics of the ground chicken thigh meat.
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Sensory panels evaluated the colour, aroma, and overall acceptability
of both raw and cooked meat. Two different treatments were prepared
with the same method described in the oxidation analysis (lipid and
protein oxidation). The meat was refrigerated at 4 °C for three days
before each evaluation session. Ten trained panelists (Muta’h Univer-
sity, students and staff), participated in each session. The evaluations
were done twice after three days of storage time at 4 °C. For training,
3 one-hour sessions were held using commercial ground chicken meat
to develop descriptive terms for the desired attributes. The raw meat
was evaluated for colour (redness), visual fat, oxidative odour, and ove-
rall acceptability. On the other hand, cooked meats were evaluated for
cooked chicken odor, oxidative odour, sulfur odour, and overall
acceptability.

All attributes were measured using a line scale without numbers
(numerical value 9 units) with graduation from 0 to 9. For example,
overall acceptability; where 9 represented extremely desirable, and 0
represented extremely undesirable (9 — extremely desirable, 8 — very, 7 —
moderate, 6 — slightly, 5 — neither nor, 4 — slightly undesirable, 3 — mo-
derately undesirable, 2 — very undesirable, and 1 — extremely undesi-
rable). Similar terminology (e.g detectable or undetectable) underline
was used for the other attributes. Cooked and raw meat evaluation
sessions were done on separate days to decrease any variability.

Refrigerated (4 °C) samples were evaluated by the panelists for each
treatment. The panelist was served 1 glass vial, 20 ml volume, of each
treatment to evaluate colour and odor of raw thigh meat. All ground meat
samples were packaged in oxygen permeable bags before the eva-
luation session. The panelists were asked to evaluate the ground meat
patties (color) and open the vials to evaluate odour. The raw meat
samples of 10 g each were placed in small vials (20 mL) capped with
a septum in order to evaluate odor attributes. All sample vials were
labeled by a three digit number selected randomly. For cooked meat,
samples (4 g) at 0 day of cooking were placed in a three digit coded
20 mL sample vial and capped with a septum. Panelists were asked to
smell samples in random order and record the intensity of odor or
overall acceptability on the scale line.

10. Statistical analysis. Data were analyzed using statistical
analysis of SAS program, version 9.3 (2012). For all analysis, the
student t test at 5% level of significance was used to compare the
measured means between the two treatments. Mean values and stan-
dard deviation of the means (Mean + SD) were reported.

Results and discussion

Proximate analysis. In order to evaluate the effect of adding
different dietary energy sources on the meat preservation system, it is
important to analyze meat composition. There were no significant
differences (P > 0.05) between both treatments of their moisture,
protein, and ash percentage (Table 2). However, the moisture values
were numerically lower using FD treatment samples. This may be
due to higher (P < 0.05) value of fat in their lean meat tissues (Table 2).

negatively some eating quality characteristics (tenderness, juiciness,
odor, and flavor) and consumer acceptance (Savell and Cross, 1988;
Ellis and Mckeith, 1999).

Lipid oxidation. There were no significant differences (P > 0.05)
between TBARS values (raw and cooked thigh meat) of both FD and
SD treatment at day 0 (Table 3).

Table 3
TBARS* values (mg/kg) of ground chicken thigh meat
at different storage time (Mean + SD; n = 6)

Time FD SD P-value

Raw

Day 0 0.232+0.029 0.247 +0.047 0.5408

Day 4 0.968 = 0.069 0.289+0.028 <0.0001

Day 7 2.495+0.042 1.244+0.015 <0.0001
Cooked

Day 0 1.207+0.510 1.064 £0.143 0.5350

Day 4 3.537+0.182 1.832+0.652 0.0010

Day 7 7416+0.234 5.198 +0.869 0.0011

Table 2

Proximate analysis of raw chicken thigh meat (Mean + SD, n = 6)
Treatment Fat % Protein % Ash % Moisture %
FD 7.23£0.10 214+0.76 0.98+0.017 704+0.82
SD 6.23+£0.27 21.6+0.99 0.98 +0.017 712+1.14
P-value <0.0001 0.7993 1.0000 0.1613

Note: * — TBARS value in mg malonaldehyde/kg meat.

This was in agreement with the previous research studies conduc-
ted on ground chicken meat (Rababah et al., 2006; Chouliara et al.,
2007; Al-Hijazeen et al.,, 2016). In addition, TBARS values of raw
meat samples obtained from FD treatment were significantly (P <
0.05) higher at day 4 of storage time. Furthermore, TBARS values of
FD treatment were significantly (P < 0.05) lower using raw meat at
day 7 of storage time. This may be due to the higher fat content and
fatty acid profile in meat samples of broilers that were fed FD.
However, initiation and propagation steps (autoxidation reaction) in
lipid oxidation mechanism are highly affected by fatty acid saturation
and their profile sequences (Ahn et al., 2009). In addition, the TBARS
values using cooked meat were significantly (P < 0.05) higher for FD
treatment compared to SD treatment. Generally, the TBARS values in
cooked chicken meat were higher than raw meat, and the signifycan-
ces could be better if cooked meat was used (Min et al., 2008; Ahn
etal., 2009). This may be due to the low free iron content and high
ferric ion reducing capacity in fresh meat (Min et al., 2008). In additi-
on, the oxidative change is usually higher in cooked meat because
enzymes denatured, iron ion released to the extracellular compart-
ment, membrane bi-layers damaged, and phospholipids were oxidi-
zed faster during cooking (Gray et al., 1996). So the TBARS values
of SD treatment increased during storage time with a lower rate
compared to the FD treatment. However, farther research studies are
needed to investigate the mechanism of fatty acid deposition using
different dietary energy.

Protein oxidation. There were no significant differences (P >
0.05) of the total carbonyl (nmol/mg protein) values using both dieta-
ry treatments at day 0. However, these values of FD treatment were
significantly higher (P < 0.05) at days 4 and 7 of storage time using
both raw and cooked meat (Table 4).

Table 4

Effect of using different dietary energy sources

on protein oxidation in ground chicken meat at different storage
time (carbonyl, nmol/mg of protein; Mean + SD, n = 6)

Although both dietary treatments were formulated to be isocalric
and isonitrogenous, Glucose/sugar has a higher heat increment com-
pared to lipid after metabolism (De Groote et al., 1971). Thus, feeding
sucrose may reduce net energy delivery to the broilers compared to
lipid. Reducing energy level in broilers has the result of decreasing
total body fat deposition (Tanaka et al., 1983). Furthermore, broilers
fed SD had a lower feed intake (Data were not shown). Lower feed
intake through feed restriction has been reported to decreased energy
delivery and thus body fat accumulation (Rezaei et al., 2010; Chen
etal,, 2012; Wu et al., 2012). This significant difference in fat meat
should be the major factor which can affect meat quality and their
stability during storage time. However, low fat content may affect

Time FD SD P-value

Raw

Day 0 0.785+0.140 0.761+0.063 0.712

Day 4 1.429+0.049 0.953+0.078 <0.0001

Day 7 1.71140.463 1.168+0.061 0.0343
Cooked

Day 0 1.398+0.099 1.384+0.132 0.8424

Day 4 2.712+0.364 2.167+0.108 0.0131

Day 7 4.3344+0.304 2.629+0.252 <0.0001

This may be due to free radical formation, which accelerates
during storage time (Estevez, 2011). Sugar based diet (SD) treatment
showed a lower increasing rate during storage time of the raw meat
samples. Furthermore, total carbonyl values in cooked meat were
much higher than those of raw meat and reached up to 4 nmol/mg
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protein by the end of storage time (Table 4). Total estimated carbonyl
values were reported in the range of 1-3 nmol/mg protein for raw
meat and up to 5 nmol/mg protein for cooked meat (Estevez et al.,
2005; Sun et al., 2010; Estevez, 2011). This increasing trend of total
carbonyl formation was connected to the TBARS or MDA changing
the rate of the SD treatment. Certainly, the interaction between both
lipid and protein oxidation support this explanation (Xiong, 2000).

These results were in agreement with the findings of Al-Hijazeen
et al. (2016), where the TBARS values in both raw and cooked
ground chicken meat increased during storage. In addition, the effect
of using different levels of essential amino acids with high energy
poultry diet has been reported to affect their carcass quality (Moran
and Bilgili, 1990; Ellis and Mckeith, 1999; Aletor et al., 2000).
In addition, the suitable protein usage in all feeding systems is impor-
tant economically and nutritionally (Beski et al., 2015). Finally, these
results reflect the effect of changes in energy metabolism, nutrient
absorption, and amino acid profile due to dietary energy sources
(Krajmalnik-Brown et al., 2012).

Meat quality parameters. Water binding ability is considered
important in meat quality and its processing characteristics. However,
it will affect other eating quality characteristics such as juiciness,
texture; flavour and meat marketing benefit (Huff-Lonergan et al.,
2005; Cheng and Sun, 2008). In addition to the water binding ability,
cooking loss and ultimate pH value of thigh meat samples were
measured. Data analysis of the current study showed no significant
differences (P > 0.05) between both treatments values of cooking loss
(Table 5).

Table 5

Effect of dietary treatment on meat quality characteristics
(cooking loss, water separation), and pH value

of thigh chicken meat (Mean + SD, n = 6)

Parameter FD SD P-value
'Cook L 0.201+0.017 0.166 +0.043 0.088
WS 0.257 £ 0.020 0.211+0.024 0.016
*pH value 6.240+0.179 5.713+0.262 0.002
Note: ' — Cook L — cooking loss percentage; > — WS — water separation

percentage; * — pH — ultimate pH value at day 0.

On the other hand, ultimate pH values of meat samples from SD
treatment were significantly lower (P < 0.05) compared to FD
treatment. This effect may be due to glycogen (multi-branched
polysaccharide of glucose) stored in the muscle cells, which may
affect final pH value in the meat after slaughtering (Den Hertog-
Meischke et al., 1997). However, the effect of dietary energy sources
on early postmortem muscle metabolism (Glycolytic enzyme) had
been reported in several studies (Greenhaff et al., 1988; Li et al.,
2017). In addition, treatment samples of FD showed higher
significant values of water separation compared to the SD treatment.
Despite the lower pH value in the sample of SD, it showed better
water binding ability. The reason for this may be due to the effect of
fat composition, and the negative effect of lipid oxidation on meat
protein. Finally, water holding capacity of raw meat is complicated by
many internal and external factors (Huff-Lonergan et al., 2005), for
example, physiological, rearing conditions and factors with regard to
slaughter and farther processing (Den Hertog-Meischke et al., 1997).

Sensory analysis. Different sensory attributes were evaluated
reflecting the relationship between regulator mechanism of meat pre-
servation (pre-postmortem time) and overall meat quality. The evalu-
ation panel of the cooked samples showed no significant differences
(P > 0.05) between both treatments (FD and SD) using colour and
sulfur odour attributes. However, this significant difference could be
clearer if the meat samples were evaluated by chemical or instrument-
tal analysis. In addition, FD treatment showed higher significant (P <
0.05) scores of the oxidation odour attribute compared to SD (Table 6).

Fatty acids profile and high fat composition of FD samples in
muscle tissues may be the reason behind this variation among these
attributes (Ellis and Mckeith, 1999; Ahn et al., 2009). In addition,
changes in dietary energy source may affect gut microbes, and the

mechanism of nutrient absorption (Krajmalnik-Brown et al., 2012).
Overall, cooked meat samples from SD treatment were significantly
(P < 0.05) more acceptable compared to the FD samples (overall
acceptability). This could be explained by the differences in fatty acid
profile and their amino acid composition (Melton, 1990). These diffe-
rences usually affect odour, flavour, colour, and other meat quality
characteristics, and correlated with lipid and protein oxidation (Min
et al., 2008; Ahn et al., 2009).

Table 6
Sensory attributes® means
of ground chicken thigh meat patties (Mean + SD)

TRT* Cooked Sulfur Oxidation Over All
Colour Odour Odour Acceptability
Cooked
Fat Diet 574187 528+133 7.18+0.74 587+1.31
Sugar Diet 702+£097  560+£093  399+£0.69  7.86+0.77
P-value 0.0688 0.5400 <0.0001 0.0006
TRT* Redness Visual Oxidation Over All
Colour Fat Odour Acceptability
Raw
Fat Diet 574145  5.83+0.81 573+043  438+0.93
Sugar Diet 713+£1.02  2.87+£048  328+059  7.75+£0.87
P-value 0.0233 <0.0001 <0.0001 <0.0001

Note: * — treatments — fat diet, sugar diet; ® — sensory attributes — samples of
cooked and raw meat were evaluated at day 0 and 3 respectively (n = 10).

Raw meat samples of SD treatment showed higher significant
(P> 0.05) scores using redness attribute compared to FD treatment.
In addition it showed better cooked meat colour scores compared to
the FD treatment. Clearly, FD treatment showed higher significant
(P> 0.05) scores of visual fat attribute. This may be due to the higher
fat accumulation in the muscle tissues of broilers that were fed with
soy bean oil. Similar to the cooking evaluation, FD treatment samples
had significantly (P < 0.05) higher scores of oxidation odour using
raw meat samples. In addition, SD treatment showed higher signifi-
cant (P < 0.05) scores of the overall acceptability attribute.

Conclusion

The SD treatment showed the lowest significant (P < 0.05) lipid

and protein oxidation values compared to the other treatment. In ad-
dition, FD treatment showed higher significant water separation of
raw thigh meat samples. Results of the sensory evaluation were in
agreement with the previous chemical analysis data. It can be conclu-
ded that SD treatment could be a good replacement to the FD in term
of meat storage stability if used in a suitable level. However, more
research studies are needed to ascertain all meat quality characteris-
tics. Finally, this regulatory bio-system approach should have a pro-
mising future in poultry production and meat preservation. In additi-
on, it will enhance food safety, decrease carcinogenic and toxicolo-
gical effects of free radicals, and improve human health.
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Introduction

Gutyj, B., Grymak, Y., Drach, M., Bilyk, O., Matsjuk, O., Magrelo, N., Zmiya, M., & Katsaraba, O. (2017). The impact
of endogenous intoxication on biochemical indicators of blood of pregnant cows. Regulatory Mechanisms in
Biosystems, 8(3), 438—443. doi: 10.15421/021768

The notion “endotoxin” is conditional, for any normal metabolit has a toxic impact if it has an excessive accumulation
in an organism. Endotoxins include products of breakdown of tissue proteins, peroxides and other products of free radical
oxidation, low molecular weight toxins, toxins of microorganisms. Current knowledge on the mechanism of endotoxin
action on the organism of pregnant cows is based on the key role of the immune system: it provides animals with protection
against infections, eliminates extraneous elements of endogenous and exogenous origin. It is understood that under endogenous
intoxication, toxic metabolites suppress the activity of an organism’s immune system and decreases the resistance of an
organism to negative effects of environmental factors. Animals under endogenous intoxication had the following clinical
symptoms: swelling of mammary gland, edemas of external genitals, anemia of mucous membranes, functional disorders
of proventriculuses and intestines, and the animals were stressed. It was found that under endogenous intoxication at 8-9
months of pregnancy, the blood of highly-productive cows had a tendency of decrease in the number of erythrocytes by
21.0% and decrease in the level of hemoglobin by 24.3%, and increase in the number of leucocytes by 7.6% compared to
the value for the blood of cows with physiological pregnancy process. The development of endogenous intoxication among
pregnant cows causes disorders in protein-synthesizing function of liver, which is indicated by decrease in the level of total
protein and its fractions. We found that endogenous intoxication decreased the content of total protein in the blood by
18.4%. Over the period of study, among pregnant cows under the development of endogenous intoxication, heightened
activity of amino transferases in the blood was observed. In the ninth month of pregnancy, the activity of amino transferases
in blood serum of cows from the experimental group increased by 28.6%, and the activity of aspartate aminotransferase
increased by 20.1% respectively. Increase in the activity of amino transferases and decrease in the level of total protein and
its fractions in the blood serum is one of the first biochemical tests for the diagnosis of endotoxin manifestations and
indicates destructive processes in the liver. We found that pregnant cows under the development of endogenous intoxication
suffered disorders in detoxicating function of the liver and disorders in filtrating function of the kidneys. The developing
endogenous intoxication of pregnant cows suppressed the activity of enzymes in their glutathione system of antioxidant
protection, which is indicated by decrease in the activity of glutathione peroxidase by 27.5%, glutathione reductase by
42.9%, glucose-6-phosphate dehydrogenase by 11.2% in the blood serum. The lowest activity of enzymes of glutathione
system in the blood of highly-productive cows under endogenous intoxication was observed in their ninth month of
pregnancy, which is related to increase in activation of processes of lipid peroxidation and imbalance between the activity
of antioxidant system and intensity of lipid peroxidation. A significant increase in the content of lipid hydroperoxides by
70.9% and in concentration of malondialdehide by 54.8% was observed. Imbalance in generation of active forms of oxygen
and their metabolites, exhaustion of antioxidant system and disorders in its balance cause oxidative stress.

Keywords: toxicology; midwifery; endotoxin; enzymes; antioxidants; total protein; urine; creatinine

several important biochemical mechanisms of development of endo-
genous intoxication of animals, particularly the activation of processes

It is known that conditions of feeding and maintaining pregnant
cows significantly impact on their offspring (Sheldon et al., 2006;
Mainardes and DeVries, 2016; Fabris et al., 2017; Fedorovych, 2017).
Therefore, from the beginning of pregnancy, a cow should be provided
with the necessary amount of nutrients, which would satisfy its own
vital needs, and the needs of the fetus and lactation. Deficiency or
excessive amount of energy, biologically active agents in diets causes
disorders in the metabolism of pregnant cows (van der Drift et al., 2015;
Macmillan et al., 2017; Slivinska et al., 2017; Vieira-Neto et al., 2017).

Many publications on the development of endogenous intoxication
of different etiology among pregnant animals have given cause for con-
cem (Gutyj et al., 2016; Rodriguez et al., 2017). Researchers distinguish
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of free radical oxidation (Gutyj et al., 2016; Hariv and Gutyj, 2016;
Khariv et al., 2016; Martyshuk et al., 2016; Khariv and Gutyj, 2017).

It has been shown that in the conditions of development of endo-
genous intoxication among pregnant cows, in the ninth month, the
content of triiodthyronine and thyroxine decreases and the level of thy-
rotropic hormone of the pituitary gland increases. Therefore endoge-
nous intoxication of pregnant cows causes suppression of thyroid gland
function, which impacts on fat, protein and carbohydrate metabolism
(Hrymak and Hunchak, 2014). The development of endogenous intoxi-
cation of pregnant cows causes decrease in arterial oxygen content and
development of tissue hypoxia, which slows the processes of oxidation
and recovery of NADP, a coenzyme of more than 250 dehydrogenases
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(Andersen, 2003; Hrymak et al., 2015; Panevnyk and Suprovych,
2016). We should also mention that uterus is especially vulnerable to
hypoxia. The symptoms include decrease in macroergic compounds,
particularly acid phosphatase and adenosine triphosphate, which causes
general suppression of organisms of pregnant cows.

Veterinary medicine often focuses on studying indicators of ani-
mals’ blood, for the values can indicate the extent of intensity of me-
tabolic processes, development of intoxications, diseases, both of
infectious and non-infectious etiology. Therefore this research aims at
studying the impact of endogenous intoxication on hematological and
biochemical indicators of the blood of pregnant cows.

Materials and methods

The research was conducted in “Barkom” PLC, Yampil’ village
of Pustomytovs’ky district of Lviv oblast. The research used pregnant
cows of Ukrainian black and speckled dairy breed. All experimental
studies were conducted in compliance with bioethical requirements,
according to the Law of Ukraine “Protecting Animals from Abuse”,
28.03.2006 and “European Convention for the Protection of Verte-
brate Animals used for Experimental and other Scientific Purposes”,
13.11.1987.

The study used 20 selected cows, which were divided into two
groups, each consisting of 10 individuals: the control and experimen-
tal group. The cows of the control group were healthy and had a phy-
siological process of pregnancy. The cows of the experimental group
had typical manifestations of endogenous intoxication. In particular
the symptoms were: anemia of mucous membranes, functional disor-
ders of proventriculuses and intestines, swelling of mammary glands
and edemas of external genitals.

The blood of cows in 8th and 9th month of pregnancy was taken
from the jugular vein for biochemical analysis. The number of leuco-
cytes was calculated using a haemocytometer; the number of erythro-
cytes — using methodic of Havrylets et al.; the concentration of hemo-
globin — using the method of Pimenova et al.; the content of total
bilirubin, urea, creatinine — methods described in the handbook
“Laboratory Methods of Researchn in Biology, Stock-breeding and
Veterinary Medicine”; the level of total protein — method of Delektor-
skaya; fractional compound of proteins — method of electrophoresis in
polyacrylamide gel; the level of malondialdehyde — method of Koro-
beynikov; the content of hydroperoxides of lipids — method described
by Mironchuk; activity of amino transferases — Reitman Frankel

Table 1

method modified by Kapetanaki; activity of glutathione peroxidase
(GPx) and glutathione reductase (GR) — method of Lemeshko; acti-
vity of glucose-6-phosphate dehydrogenase (G6PD) — method of Ba-
quezetal (Vlizlo, 2012).

Mathematical analysis of the results was made in Statistica 6.0
(StatSoft Inc., USA). The differences between average values were
considered statistically significant at P < 0.05 (ANOVA).

Results

We found that under the development of endogenous intoxi-
cation, the number of erythrocytes of cows in the 8th month of
pregnancy from the experimental group decreased by 13.5%. Further
into the experiment the number of erythrocytes continued to decrease,
and in the 9th month of pregnancy it was 5.93 = 0.32 T/, respectively,
i.e. it decreased by 21.0% compared to the control (Table 1). Similar
changes were observed in the study of hemoglobin. The blood of
cows from the control group with physiological process of pregnancy
had the level of hemoglobin fluctuating within 110.0-119.1 g/l
whereas the hemoglobin content of cows with manifestations of
endogenous intoxication was significantly lower: lower by 13.6% in
the eighth month of pregnancy, and by 24.3% in the ninth month
respectively.

In the control group, we observed an insignificant increase in the
number of leukocytes among the cows in the ninth month of preg-
nancy compared to the cows in the eighth month of pregnancy.
The number of leukocytes in the blood of the animals from this group
fluctuated within 7.58-7.61 g/l. Over the progression of endogenous
intoxication, the number of leukocytes in blood of cows from the
experimental group began to increase, and in the eight month of
pregnancy it increased by 4.7%, and in the ninth month — by 7.6%.
The significant increase in the number of leukocytes in the blood of
intoxicated animals is related to progressing inflammatory processes
in the organism of pregnant cows as a result of the progression of
endogenous intoxication.

The content of total protein and its fractions in the blood of cows
from the control group was within the physiological values, whereas
its content in the blood of cows from the experimental group was
significantly decreasing already from the eight month of pregnancy
(Table 2). The level of total protein in the blood of cows from the
experimental group decreased by 12.8% in the eighth month of their
pregnancy, and by 18.5% in the ninth month.

Morphological indicators of the blood of pregnant cows with progressing endogenous intoxication (x = SE, n = 10)

Month of pregnancy Group of animals Erythrocytes T/1 Hemoglobin g/l Leukocytes G/l
3 C 7.10+0.24 110.01 £4.02 7.58+0.32
E 6.14+£0.28* 95.09 +3.18* 7.94+0.27
9 C 7.51+£0.25 119.11+4.71 7.61+0.28

E 5.93 £0.32%* 90.19 + 2.82%** 8.19+0.17*

Note: * —P <0.05; ** —P <0.01; *** -P <0.001.
Table 2

The content of total protein and its fractions in the blood of pregnant cows with progressing endogenous intoxication (x = SE, n = 10)

Protein fractions, %

0f;1>\r/£0grrl1tel:ncy o f(irl(i)rl;zls Total protein, g/l albumins globulins
alpha- beta- gamma-
3 C 79.67 +1.68 44.11+£0.31 16.55+0.21 1424 +0.18 25.06+045
E 69.44 + 1.87%** 40.61 £0.25%* 19.14£0.13%* 1636+ 0.19%* 23.85+0.40%*
9 C 78.72+1.89 43.86+0.52 16.85+0.16 15.03+0.15 2422+0.64
E 64.19 + 1.92%** 38.94 + 0.40%* 21.54£0.11%* 16.89 + 0.24** 22.59+0.38*

Note: see Table 1.

The analysis of protein fractions in the blood of cows from the
control group found that the content of albumin was 44.1% in the
eighth month of pregnancy, but its content insignificantly decreased
in the ninth month of pregnancy. A significant decrease in the level of
albumins was observed in the blood of cows from the experimental
group, which had typical clinical symptoms of endogenous intoxi-
cation. This indicator decreased by 7.9% on the eight month of their

pregnancy, and by 11.2% in the ninth month compared to the control.
The decrease in the level of albumin in blood of pregnant cows with
symptoms of endotoxicosis indicates deficiency of amino acid and
protein in the cows’ organism. Similar changes were observed in the
analysis of the content of y-globulins in the blood of cows from the
experimental group, where it decreased by 4.8% in the eighth month
of pregnancy and by 6.7% in the ninth month compared to blood
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indicators of cows with physiological process of pregnancy.
The analysis of o~ and B-globulins in the blood of cows in the eighth
month of pregnancy from the experimental group showed an increase
of 19.1% and 16.4% respectively. In the ninth month of pregnancy,
the level of o- and B-globulins in the blood of cows with manifes-
tations of endogenous intoxication was high and increased by 27.8%
and 12.4% respectively compared to the control.

We found that the activity of alanine- and aspartate aminotrans-
ferase in the blood serum of cows in the ninth month of pregnancy
from the control group slightly increased compared to the values in
the eighth month of pregnancy: the activity of alanine aminotransfe-
rases increased by 28.6%, and the activity of aspartate aminotransfe-
rase — by 20.0%. Such changes in the activity of aminotransferases in
the blood of cows with physiological process of pregnancy is related
to intensifying metabolic processes as a result of organism’s prepa-
ration for birth.

Table 3
The activity of aminotransferases in the blood serum of pregnant
cows with progressing endogenous intoxication (x = SE, n= 10)

Month Group — apaTiun AsAT,iun DR
of pregnancy  of animals ratio
3 C 26.9+0.51 42.9+0.69 1.59+0.07
E 32.0+0.81***  504+0.71%%* 1.57+0.05
9 C 29.6+0.50 46.0+0.64 1.55+0.06
E 38.1+0.14%*%*%  552+40.57** 145+0.04

A significant increase in activity of alanine- and aspartate amino-
transferases of cows from the experimental group, which had clinical
symptoms of endogenous intoxication, was observed throughout the
experiment. In the eighth month of their pregnancy, the activity of
ALAT and ASAT in the blood serum of intoxicated cows increased
by 19.0% and 17.5% respectively. In the ninth month of pregnancy,
an increase in activity of the aminotransferases in the blood of cows
from the experimental group was observed. This was a result of toxic
impact of toxins, free radicals, active forms of oxygen on the liver
cells. A significant increase of ALAT and ASAT in the blood serum of
cows from the experimental group in the eighth and ninth months of
pregnancy indicates disorders in the functional condition of the liver.
This was proved by the decrease in De Ritis ratio (AST/ALT ratio).

In the blood of cows from the experimental group, we observed
excessive content of total bilirubin. In the eighth month of cows’
pregnancy it increased by 17.8%. In the ninth month, the content of total
bilirubin in the blood of intoxicated cows reached 6.0 + 0.14 pmol/l.

The indicator for concentration of urea in the blood of animals the
was within physiological values for the cows of the control group,
whereas in the blood of cows from the experimental group, the urea
concentration decreased by 14.9 and 31.3% in the eighth and ninth
months of pregnancy respectively, compared to the control.

Table 4
Biochemical indicators for blood of pregnant cows
with progressing endogenous intoxication (x £ SE, n=10)

Month Group of Urea, Creatinine, Total bilirubin,
of pregnancy  animals umol /1 pumol/l umol /1
3 C 4.6+0.17 102.0£3.51 444023
E 39+0.12%% 1063 +4.07 52+0.19%
9 C 47+0.17 101.4+3.03 45+0.15
E 32+0.14%* 1123 +3.02* 6.0 0.14%**

The analysis of the level of creatinine in the blood of pregnant
cows showed a significant increase in the blood of cows from the
experimental group in the ninth month of pregnancy: it increased by
10.7% compared to the control.

Analysis of the results (Table 5) revealed a decrease in the activity
of glutathione peroxidase in the blood serum of cows with typical
clinical symptoms of endogenous intoxication. On the eighth month
of pregnancy, the activity of the enzyme in the intoxicated cows
fluctuated between 20.5 = 1.02 nmol GSH/min-mg of proteins, which
was lower by 21.5% compared to the control. In the ninth month of
pregnancy, a decrease in the activity of glutathione peroxidase was

observed: it became lower by 27.5% compared to the control. The ana-
lysis of activity of glutathione reductase determined that in the blood
of cows from the control group in the ninth month of pregnancy this
enzyme was slightly higher than values in the eighth month of
pregnancy. The analysis of blood of animals from the experimental
group (cows with manifestations of endogenous intoxication) showed
a significant reliable decrease in the activity of glutathione reductase
by 25.0% and 42.9% respectively compared to the control.

Table 5
Activity of glutathione system in the organism of cows
with progressive endogenous intoxication (x = SE, n= 10)

Month  Grou Ghrlot?:i}:jl;;e Glutathione reductase, Glucose-6-phosphate
of pree o fanE pe amol > I'mytatuon-penykrasa, dehydrogenase, nmol
naril cg mals  GSH/min-m: nmol NADPH/min‘mg NADPH/ min-mg of
Y of proteins & of proteins proteins

3 C 26.1+125 32+0.13 652+201

E 20.5+1.02%* 2440.16%* 59.1+£2.62

9 C 269+1.58 35+0.07 659+242

E 19.5+1.15%* 2.040.14%** 58.5+2.58*

It is known that the activity of glutathione reductase in a cell
decreases due to accumulation of oxidant form of NADP. Catalytic acti-
vity of the enzyme is related to regeneration of NADPH, one of the
products of dehydrogenase reaction of pentose phosphate pathway.

Analysis of activity of glucose-6-phosphate dehydrogenase in the
blood of cows from the experimental group showed a significant
decrease in the activity of the enzyme in the ninth month of
pregnancy: it decreased by 11.2% compared to the control.

Therefore, we can state that the processes of lipid peroxidation
have a key role in the pathogenesis of progression of endogenous
intoxication of cows: they activate and then cause imbalance in the
complex “Antioxidant system <« lipid peroxidation”.

Table 6 shows that the concentration of malondialdehyde and
lipid peroxids, products of lipid peroxidation, in the plasma of blood
of pregnant cows fluctuated within 235.4-240.2 E x 1000/ml (LOPs),
4.0-4.2 nmol/ml (MDA). The blood indicates the general condition of
peroxidative processes in tissues, therefore the results given in Table 6
indicate that the organism of pregnant cows with progressing
endogenous intoxication is affected by the processes typical for
oxidative stress, which is manifested by increase in the products of lipid
peroxidation in the blood of tested animals.

Table 6
The level of products of lipid peroxidation in the blood of cows
with progressive endogenous intoxication (x = SE, n = 10)

Month Group Lipid peroxides, Malondialdehyde,
of pregnancy  of animals E x 1000/ml nmol/ml
3 C 2354+9.81 40+0.15

E 389.5+ 12.99%** 5.8+£0.22%**
9 C 2402 +8.16 42+0.17

E 410.5 £ 13.75%** 6.5 +0.26%**

Lipid peroxides in the blood of cows from the experimental
group increased in the eighth and ninth month of pregnancy by 65.5%
and 70.9% respectively. Concerning thiobarbituric acid active
products: their level significantly increased in the blood of cows with
clinical symptoms of endogenous intoxication by 45.0% and 54.8%
in the eighth and ninth month of pregnancy relspectively.

Discussion

It is common knowledge that many animal diseases are followed
by development of endogenous intoxication (Hrymak et al, 2015;
Gutyj etal., 2017; Shcherbatyy et al., 2017). The destructive effect of
endogenous intoxication on the organism of pregnant cows consists of
the following main processes: a stoppage of metabolic processes;
development of the so-called “lethal synthesis”, which further results in
accumulation of highly toxic agents in the interior milieu; is most
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dangerous as a form of damage to cell membranes (Katholm and
Andersen, 1992; Eades, 1993; Andersen, 2003; Hrymak et al., 2015).

The notion “endotoxin” is conditional, for any normal metabolit has
a toxic impact if it accumulates to excess in an organism (Culbertson
and Osburn, 1980; Boosman et al., 1991; Clark et al., 1991; Luzhnikov
et al., 2007). According to data from the literature , endotoxins include
products of breakdown of tissue proteins, peroxides and other products
of free radical oxidation, low molecular weight toxins, toxins of micro-
organisms (Clark et al., 1991; Luzhnikov et al., 2007, Hrymak et al.,
2015). For studying development of endogenous intoxication in
animals, hematological blood analysis is essential, for the blood per-
forms a crucial role in vital activity of an organism. The content of
blood reflects qualitative and quantitative changes in an organism
affected by various pathological processes of intoxication (Gutyj
etal, 2016).

We found that the pregnant cows with development of endogenous
intoxication were affected by suppression of the hematopoiesis function
of the bone marrow, which is identified by decrease in the number
erythrocytes and hemoglobin in blood. Disproportional decrease in the
amount of erythrocytes and hemoglobin is related to the toxic effect of
toxins on the bone marrow and suppression of erythropoiesis. Such
changes in the amount of erythrocytes and hemoglobin in the blood of
animals with developing endogenous intoxication are mentioned by
other authors (Clark et al., 1991; Andersen, 2003). Also decrease in
erythrocytes is related to the fact that they are especially sensitive to the
effect of oxidative stress, which develops together with the progression
of endogenous intoxication of animals.

Apart from calculating the values of blood indicators, which pro-
vided the basis for analyzing the condition of hematopoiesis function
of the bone marrow, we analyzed the indicators of leukocytes. Leuko-
cytes in the organism of animals are responsible for a number of
functions, particularly: protective, trophic and transport functions
(Khariv et al., 2016). With development of endogenous intoxication,
the number of leukocytes in the blood of pregnant cows increased in
the 8th and 9th months of pregnancy. Leukocytosis is related to the
progression of inflammatory processes caused by the impact of toxins
on the organism of pregnant cows.

Analysis of the functional condition of the liver is considered of
great value in clinical veterinary diagnostics and in the treatment of
various intoxications. The liver is a barrier between toxic substances
and homeostasis of animal organism. Therefore it is first to suffer the
impact of toxins (Hariv and Gutyj, 2016; Kryshtalska et al., 2017).

Changes during pregnancy to a certain extent affect the organism
and systems of mothers’ organisms, and also affect metabolic process-
ses. Progression of endogenous intoxication of pregnant cows results
in liver disorders, which causes suppression of resynthesis of glucose
and glycogen from lactic acid. In these conditions, the tissues of
animal organisms suffer acidosis and disorders of proteins and nucleic
acid, which causes development of progressive cell dystrophy.

Diagnostic tests for liver disorders are analysis of activity of ami-
notransferases, content of total protein and its fractions in blood serum.
Blood proteins are functionally connected with proteins of different
tissues and reflect the changes, which occur in the organisms of
animals with metabolic disorders caused by endogenous intoxication
(Martyshuk et al., 2016).

With development of endogenous intoxication, pregnant cows
were observed to have a decrease in the level of total protein in the
blood serum. Perhaps, the decrease in total protein is related to pro-
gression of hepatosis as a result of the negative impact of toxins.
Hepatosis suppresses resynthesis of glucose and glycogen from lactic
acid. These processes induce development of acidosis in the tissues of
an animal’s organism, which causes alterations of biochemical reac-
tion. As a result, synthesis of proteins and nucleic acids is suppressed,
resulting in progressive cell dystrophy.

Decrease in the content of albumins in the blood serum of pregnant
cows is related to the effect of toxins on the liver and to weakening of its
protein-synthesizing function. The liver synthesizes 80% of all albu-
mins. Significant decrease in the level of albumin indicates deficiency
of amino acid and proteins in the organism of pregnant cows.

Compared to the control, the cows with endogenous intoxication were
observed to have an increase in o- and f-globulins by 15.6% and
14.9% in the eighth month. Hyperglobulinemia of intoxicated animals
is related to inflammatory processes in their organism under pro-
gressive endogenous intoxication. We found that the decrease in the
level of total protein and its fractions in the blood serum is the
consequence of suppression of the protein-synthesizing function of
the liver of pregnant cows.

The study of the activity of alanine aminotransferase and aspar-
tate aminotransferase is significant for defining the general physio-
logical condition of an animal organism (Khariv et al., 2016).
The pregnant cows with progressive endogenous intoxication were
observed to have a significant increase in the activity of the above-
mentioned aminotransferases in their blood over the last months of
pregnancy. High activity of aminotransferases in blood serum of
pregnant cows was a result of their release from the cells into the
blood serum, which heighted the activity of the enzymes. This occurs
after endogenous toxin impacts on cell membranes, increasing their
penetrability.

Therefore, establishing an increase in the activity of aminotran-
sferases and decrease in the level of total protein in the blood serum is
one of the first biochemical tests for diagnosing the manifestations of
endogenous intoxication, which also indicates significant destructive
processes in the liver.

Our experiments showed a decrease in the concentration of urea in
the blood serum of cows with progressing endogenous intoxication,
which is, perhaps, related to weakening of its synthesis in the liver. Low
concentration of urea in the blood serum of cows was observed in the
ninth month of their pregnancy. Such changes indicate decrease in the
activity of metabolic processes in the cows’ organism and suppression
of protein-synthesizing function of the liver. High level of creatinine in
the blood serum of pregnant cows with progressing endogenous
intoxication is an indicator of not only the functional condition of the
liver, but also the functional condition of the kidneys.

On the basis of our experimental studies, we found that pregnant
cows with developing endogenous intoxication had intensified forma-
tion of free radicals and active forms of oxygen, which have a negative
impact on cell membranes. Most authors (Lavryshyn et al., 2015; Chala
and Rusak, 2016; Lavriv, 2016) consider intensification of formation of
free radicals to be one of the universal mechanisms of disorganizing the
structural-functional unity of an animal’s organism. Therefore, it should
be mentioned that increase in the activity of lipid peroxidation processes
in physiological conditions is considered as an adaptive reaction of an
organism to stress factors, including progression of endogenous intoxi-
cation (Hunchak et al., 2016; Martyshuk et al., 2016; Gutyj et al., 2017).

Initial activation of lipid peroxidation indicates a danger for the
organism (Lavriv, 2016). We found that the organism of pregnant
cows with progressing endogenous intoxication has intensifying lipid
peroxidation in the blood, which is indicated by increase in the con-
centration of intermediate and final products of lipid peroxidation in
the blood serum. Perhaps, such changes are related to the fact that a
significant part of the mechanism of endogenous intoxication is
intensified formation of active forms of oxygen, which later results in
imbalance between the content of oxidants and antioxidants in the
organism of pregnant cows. It is also worth mentioning significant
changes in the level of lipid peroxides compared to the changes in the
level of malondialdehyde. A less intensive, compared to the lipid
peroxides, increase in the level of malondialdehyde is related to the
fact that lipid peroxides are formed in the early stages of lipid
peroxidation, whereas malondialdehyde is formed in the late stages
(Lavryshyn et al., 2015). According to the data from the literature,
changes in the level of malondialdehyde are related to its ability to
form complexes with a number of compounds. Therefore, low
concentration of malondialdehyde does not always reflect absence of
intensified lipid peroxidation.

The results obtained coincide with the reports on intensification of
lipid peroxidation processes under pathological process of any genesis
(Chala and Rusak, 2016; Lavriv, 2016; Shcherbatyy et al., 2017). These
reports are mentioned in the literature review. Free radical reactions of
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lipid peroxidation, which occur in the lipid layer of biological mem-
branes, are significant for the mechanism of progression of endogenous
intoxication of animals. In such conditions, endotoxins cause negthe
ative effect on functional condition of regulatory systems (Boosman
etal.,, 1991; Hrymak and Hunchak, 2014; Gutyj et al., 2016).

Data from the literature (Lavryshyn et al., 2015; Martyshuk et al.,
2016) and the preliminary results of our study (Hrymak et al., 2015)
indicate that disorders in oxidative homeostasis, which is typical for
increase in the products of lipid peroxidation as a result of decrease in
the activity of the enzymatic and non-enzymatic part of antioxidant
protection, is one of the pathogenetic factors of endogenous intoxication
of pregnant cows.

The antioxidant protection system of an animal’s organism is a
powerful mechanism, which prevents development of the so-called oxi-
dative stress and exponential free radical and oxidative reactions in the
organism (Lavryshyn et al., 2015; Huberuk et al., 2017). A significant
part of the antioxidant protection is the glutathione system of antioxidant
protection. The components of this system consist of metabolite glu-
tathione and enzymes, particularly: glutathione peroxidase, glutathione
reductase and glucose-6-phosphate dehydrogenase.

The results of our studies on pregnant cows with clinical symp-
toms of endogenous intoxication showed possible changes in the
system of antioxidant protection of their organism. The results of our
studies indicate that the activity of enzymes of the glutathione system
of antioxidant protection significantly increased in the eighth and
ninth months of pregnancy. Lowered activity of enzymes-antioxy-
dants is related to accumulation of lipid peroxidation products, which
suppress the activity of enzymes.

The changes in the activity of enzymes of the glutathione system
of antioxidant protection in the blood of pregnant cows discovered in
our research show the additional aspects of toxic effect of endotoxins
and could be used as a criterion for evaluating not only the condition
of organisms, but also the efficiency of antidotal preparations for
treating endogenous intoxication.

Therefore, the research conducted provides data on the dynamics of
changes in main parameters of the glutathione system in the blood of
cows with progressive endogenous intoxication during the last months
of pregnancy, which indicate the significance of the glutathione system
for the processes of detoxication. The research found a deficiency in the
resources of the glutathione system of antioxidant protection of the
organism of cows as a result of its exhaustion in the eighth and ninth
months of pregnancy.

The study also determined that endogenous intoxication in an
animal organism causes stress to the the animal. In stressed agricultural
animals , two hormones form: adrenaline and cortisol. They contribute
to the increase in the frequency of the heart rate and breathing, and also
suppress the immune system of an organism. Stress also affects the
reproductive function, decreasing secretion of sex hormones, and later
results in cardiovascular diseases (Hrymak and Hunchak, 2014). During
the stress, the organism of animals experiences the following processes:
at the initial stage adrenaline, the hormones extracted in the adrenal
glands flow into the blood. It causes tachycardia, at the same time
increasing arterial pressure and blood sugar level, and reorganizing the
blood flow: blood flow to the brain and limbs intensifies, and blood
flow to the digestive system and skin reduces. Breathing increases and
becomes shallow, and only the top of the lungs is active. Reserves of fat
and sugar begin to be exhausted through the production of additional
energy (Hrymak et al., 2015; Hunchak et al., 2016).

Therefore, after analyzing Ukrainian and foreign literature, a con-
clusion can be made that treating endogenous intoxication of pregnant
cows requires preparations which should include antioxidants, iodine
and magnesium.

Conclusions

Development of endogenous intoxication of pregnant cows in the
eighth and ninth months of pregnancy is followed by decrease in the
number of erythrocytes in the blood and decrease in hemoglobin and
total protein. Also we observed an increase in the number of leukocytes,

and increase in the activity of alanine- and aspartateaminotransferases
compared to the animals of the control group. Progression of endoge-
nous intoxication of pregnant cows causes disorders in condition of
liver, disorders of protein-synthesis and disorders of the detoxicating
function of hepatocytes. The progression of endogenous intoxication of
pregnant cows suppresses the activity of enzymes of the glutathione
system of antioxidant protection, which was indicated by the signifi-
cantly low activity of glutathione peroxidase, glutathione reductase and
glucose-6-phosphate dehydrogenase. Significant increase in the content
of primary products of lipid peroxidation in the blood plasma of cows
with symptoms of endogenous intoxication was followed by significant
increase in the concentration of malondialdehyde. Imbalance in the
generation of active forms of oxygen and their metabolites, exhaustion
of antioxidant system and disorders in its balance cause oxidative stress.
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Introduction

Romanchuk, L. D., Fedonuk, T. P., & Khant, G. O. (2017). Radiomonitoring of plant products and soils of Polissia
during the long-term period after the disaster at the Chornobyl Nuclear Power Plant. Regulatory Mechanisms in
Biosystems, 8(3), 444—454. doi: 10.15421/021769

The article highlights the consequences of the Chernobyl disaster. Northern Polissia has been and still remains the
most polluted area. Full scale and limited economic activity is carried out on part of the contaminated territories.
The zone of radioactive contamination includes half of the territory of this region, one third of the agricultural land and
almost the same amount of the arable land. 9 districts, 734 towns and villages are located within the zone of radioactive
contamination. In the long-term period after the disaster the situation in the contaminated areas has improved and
become predictable due to natural processes of recovery and implementation of countermeasures based on results of
monitoring. However, until today regions of Ukrainian Polissia continue to produce agricultural products which do not
meet the requirements of government regulations concerning the content of radionuclides in food and appear to present
a threat to consumers. To assess the accumulation of '*’Cs in plant products, we investigated the activity of these
radionuclides in potatoes, vegetables, root crops and grains, and calculated the ratios of its transition from the ground to
the products, which he13ped evaluate the intensity and amount of accumulation of radionuclides during the completion of
the half-life period of **’Cs and evaluate the radiological situation in the northern regions of Polissia. The density of soil
contamination with "*’Cs and its specific activity in plant products grown on private plots were studied in three different
districts of Zhytomyr region: Narodychi, Korosten and Ovruch. Analysis of the density of soil pollution with the *'Cs
isotopes in the northern part of Zhytomyr region in the post-disaster period shows that even 30 years after the tragedy,
significant areas of arable land under certain conditions remain potentially dangerous on account of contaminated plant
products. The specific activity of *’Cs in plant products grown on private plots was studied in residential places where
soil contamination was detected. In particular, the list of studied crops included: potato tubers, white cabbage, fresh
tomatoes, table beets, carrots, onions, beans, oat grains, corn grains. The most critical were populated areas located in
zone I — village Vystupovychi of Ovruch district, village Loznytsia and village Khrystynivka of Narodychi district.
In these settlements an excess of DR-2006 in plant products was noted despite the fact that an excess over the maximum
permissible level of density of soil pollution was not observed. In decreasing order by the amount of CT "*’Cs, we
ranked crops as follows: beans > table beets > carrots > potato tubers > corn grains > oats grains > white cabbage >
onions > fresh tomatoes. For the population living on radioactively contaminated territories, plant products grown on
private plots have been and still remain the main source of "*’Cs radionuclides entering the body.

Keywords: radionuclides; contamination; radioactive; rural population; agriculture

The zone of radioactive contamination includes half of its territory,
one third of the agricultural land and almost the same amount of

As a result of the Chornobyl disaster, a significant amount of
territory in Belarus, Russia, Ukraine, and Western Europe, especially
Scandinavia and the Alpine region, suffered severe contamination
(Handl et al., 2003, Michel et al., 2015). The consequences of the
Chernobyl disaster have been eliminated over 30 years, however, the
process of understanding and generalization of the results of research
is still ongoing (Zablotska, 2016).

Virtually the whole territory of Ukraine was, to a greater or lesser
extent, exposed to the consequences of the Chornobyl disaster (Evan-
geliou et al., 2016, Maringer et al., 2017). The most contaminated ter-
ritory is northern Polissia, and some of its parts (first of all, the Cher-
nobyl zone) are so polluted that any economic activity and residence
are prohibited there. In a part of the contaminated territories there is
full-scale or limited economic activity. Zhytomyr region was one of
the first to feel the consequences of the accident. The most significant
radioactive traces were found in the northern districts of the region.

arable land. The contamination area of "’Cs over 37 kBg/m®
(>1.0 Cwknr®) amounts to 977.6 thousand hectares. 9 districts and
734 settlements where 386.3 thousand people lived were included
into the zone of radioactive contamination. Up to the present, quite a
large amount of research has been conducted on the study of the mig-
ration of "*’Cs into facilities of agricultural production, their accumu-
lation in plant products and the evaluation of the effective dose of
radiation for local inhabitants (Michel et al., 2005, Michel et al.,
2015). The focus is on *’Cs, which is the main dose-forming radio-
nuclide (Goulko et al., 1998; Dancause et al., 2010).

The main ecological consequence of the Chernobyl disaster is the
contamination of soil and agricultural products with biologically
meaningful long-living radionuclide "*’Cs. Analysis of experimental
data obtained from different traces after fallout of emissions from
Chernobyl NPP showed that the dynamics of radionuclide transfer
from soil to plants significantly depends on the physical and chemical
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properties of the soil, properties of radionuclides as radioisotopes of
specific chemical elements and correlations of different fallout com-
ponents on different emission tracks (Prister et al., 1992; Ivanov et al.,
1997). Soils of agricultural landscapes are one of the main objects
where radionuclides "*’Cs are concentrated. They intensively transfer
from the soil into biogenic migration along trophic chains and accu-
mulate in plant and animal products and subsequently enter the
human body (Strand et al., 1996; Michel et al., 2015).

The population living in areas which suffered from the Chorno-
byl disaster additionally receives extra doses of external and internal
exposure above natural levels. Additional external radiation is caused
by the high content of *'Cs in the soil, the decay of which increases
the amount of gamma radiation in this territory and internal radiation
is caused by "*’Cs radionuclides entering the body when plant pro-
ducts obtained in contaminated areas are consumed (Prister et al.,
1992; Jacob et al., 2009). In fact, plant products obtained from private
plots are the main source of nutrition and intake of radionuclide *'Cs
for the rural population.

To assess the contribution of plant products grown on private
land plots to the radiation dose, the specific activity of *'Cs and the
coefficients of its transition to plant products of Narodychi, Korosten
and Ovruch districts of Zhytomyr region were calculated.

It is known that according to the Resolution of the Cabinet of
Ministers of the Ukrainian SSR. On the organization of implementing
resolutions of the Verkhovna Rada of the Ukrainian SSR on the order
of introduction of the Law of Ukrainian SSR “On the legal regime of
the area contaminated by the Chernobyl disaster”” and “On status and
social protection of citizens affected by the Chernobyl disaster” of
23 July 1991 number 106, residential places of Narodychi district: the
small town Narodychi, the villages Rozsokhivske, Selets, Loznytsia
and Hrystynivka were assigned to the zone of unconditional (manda-
tory) evacuation, and the village Radcha to the zone of guaranteed
voluntary resettlement. Residential places of Korosten district, the vil-
lage Obykhody were assigned to the zone of unconditional (manda-
tory) resettlement (zone 2), the town Korosten, the villages Bekhy,
Grozyne, Voroneve and Berestovets to the zone of voluntary guaran-
teed resettlement (zone 3). Residential places of Ovruch district: the
villages Rudnia and Vystupovychi to the zone of unconditional
(mandatory) resettlement (zone 2), the town Ovruch, the villages
Slovechne, Mozhari, Lystvyn and Novi Velidnyky to the zone of
voluntary guaranteed resettlement (zone 3). According to the data of
the radiological survey conducted in 2008, in the six northern districts
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of Zhytomyr region, 259.5 thousand hectares of agricultural land out
of 3773 thousand hectares, which constitutes 68.8%, are
contaminated with '*'Cs, the contamination being distributed as
follows: Korosten — 88.7, Lugyny — 48.7, Malyn — 88.7, Narodychi —
88.7, Ovruch — 44.3, Olevsk — 73.9% (Fig. 1). The majority of the
districts of Zhytomyr region, except the six abovementioned and three
districts ~ (Novograd-Volynskyi, = Volodarsko-Volynskyi  and
Yemilchyno) where the density of contamination of the territory to 37
kBg/km® amounts to 91.7-99.5%, belong to the category of districts
with a density of pollution of agricultural land with "*’Cs to 1 Cw/km?;
the rest of the land has a radioactivity ranging from 37 to 185 kBq/m’
(0.5-8.3% of the contaminated agricultural land).

The territory of the northern districts of the region was scaled
according to '¥’Cs as follows: from 1 to 5 Cu/km’: Korosten — 44.7%,
Lugyny — 90.2%, Malyn — 19.8%, Ovruch — 84.6%, Naryodychi —
81.2%, Olevsk — 61.9% of the total area of the contaminated territory.
The percentage of the territory with a pollution density from 5 to
15 Cu/km? is as follows: Korosten — 2.9%, Lugyny — 2.4%, Malyn —
0.2%, Ovruch — 1.0%, Narodychi — 13.1%, Olevsk — 13.3% (Roman-
chuck, 2015). On such territories products "free" from radiation
cannot be obtained. This is despite the fact that 30 years have passed
since the Chernobyl disaster (Maringer et al., 2017).

Investigation of the “’Cs content in the extemal environment
showed that it amounts to 90% in the upper 20-30 cm layer. According
to Michel et al. (2005), due to the penetration of radionuclides into the
lower layers of the soil, inaccessible to the root system, as well as
fixation with soil particles on average 0.7% of '*’Cs is lost per year.

The content of *’Cs in the diet of the inhabitants of any area
depends on the degree of pollution of the components of local food
products, as well as on the ratio of imported and local products in the
diet, the structure of the diet itself, In the US, the main source of *’Cs
is milk and meat (up to 60-70% of its total consumption), in Belaru-
sian and Ukrainian Polissia these are milk (over 70% of daily intake)
and potatoes (10-27%), but not bakery products as in other regions.
This can be explained by the fact that bakery products are brought here
from clean areas, and so local factors do not affect the concentration of
B7Cs in them (Matson et al., 2000, Maringer et al., 2017).

The natural processes of radionuclide decay in the 30 years since
the disaster at the Chernobyl NPP have caused significant adjustments
to the structure of radionuclide distribution in Ukraine. During this
period the area of the territory where the contamination levels of '¥'Cs
exceeded 10 kBg/m® decreased by almost two times (Fig. 1).

m<2
m2-10

m 10-40

H 40-185
m 185-555
m>555

1986 2011 1986 2011 1986 2011

Rivne Chernigiv Exclusion zone*

Fig. 1. Area of contamination with *’Cs on the territory of Ukrainian Polissia in 1986 and 2011 (Romanchuck, 2015):
* —the area of the territory of the exclusion zone and the zone of unconditional mandatory resettlement, which is located on the territory
of Kyiv region: in the tables in the first line the area of pollution was as of May 10, 1986, and in the second as of April 26, 2011

Studies on the distribution of radionuclides in the soil profile of
all types of soils found that the main amount of radiocaesium in the
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long-term period after the disaster at the Chernobyl NPP is still
concentrated in the arable soil layer (Michel et al., 2015). That is, the
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main part of radionuclides is located in the root layer, and therefore, in
the near future, one should not hope for their rapid movement into
deeper horizons, and, consequently, for reduction of their penetration
into plant products, and then intoanimals and human organisms.

The main region of contamination by radionuclides from the
disaster at the Chernobyl NPP is located in Polissia region, which has
granulometrically light soddy podzolic soils with low humus content,
exchange bases and acidic pH. These conditions favour more intensive
migration of *’Cs into the “soil-plant” chain, which leads to its higher
accumulation in plant and livestock products (Prister et al., 1992).

Many studies and observations have shown that the intensity of
vertical migration is determined by the mechanical, physical and chemi-
cal properties of the soil, as well as the chemical nature of radionuclides
(Ivanov et al., 1997). At the same time, the migration of radioactive
substances along the profile of the soil may be the consequence both of
the mechanical transfer of the particles from precipitation or soil
particles with sorbent radionuclides, and the movement of free ions or
their complexes with organic matter as a result of diffusion, convective
transport with streams of water, formation of volatile compounds
(Romanchuck et al., 2017).

As many studies show, 85-90% of radionuclide fallouts are accu-
mulated in the upper layer of natural land or an arable layer of land,
from where they are actively involved in trophic chains through root
plant systems. Thus, in spite of sorption processes, redistribution of
radionuclides on the soil profile, they remain within the zone of
enhanced plant assimilation (Romanchuck et al., 2017).

The accumulation of radionuclides by various species and varieties
of agricultural crops is determined by the peculiarity of mineral nutria-
tion, the duration of the vegetative period, the nature of the distribution
of root systems in the soil, different productivity and other biological
characteristics. Leguminous cultures, as a rule, absorb most radionuc-
lides more intensively than cereals (Prister et al., 1992).

Grain crops, tubers, root and vegetable crops have very low
values of the transition coefficient of radionuclides from the soil.
In addition, these cultures are traditionally grown on more fertile soil
types, and more often using fertilizers. Therefore, in the long-term
period after the disaster, radiocaesium content in these plant products
did not exceed DR-2006 in almost all of the territory. However, when
the local inhabitants grow vegetables, mainly potatoes, on black earth
and soddy podzolic sandy and sandy loam soils, the specific activity
of ¥'Cs in products can reach the level of DR-2006, and sometimes
exceed it. An example is the excess over the permitted content of
137Cs in vegetables and potatoes grown on peat soils in recent years.
The density of soil contamination with "’Cs about 100 kBg/m” has a
specific activity of radiocaesium in vegetables and potatoes that
exceeds DR-2006 (Matson et al., 2000; Maringer et al., 2017).

An important factor that greatly changes the radiation situation in
contaminated areas is the immobilization of radionuclides by the soil-
harvesting complex. Moreover, the periods of half-decrease of the
coefficients of radionuclide accumulation by plants owing to this
process for '¥’Cs are much smaller than periods of half-life of radio-
nuclides, indicating more than decay, the contribution of immaobiliza-
tion processes to improving the radiation situation (Prister et al., 1992;
Handl et al., 2003).

In recent years, due to the difficult economic situation in the
country, there are cases of excess over DR-2006 content of radionuc-
lides in agricultural products produced in the public sector in radioac-
tive contaminated regions. This caused the necessity of carrying out a
total monitoring of the quality of food consumed by the population in
the northern districts of Zhytomyr region.

To assess the accumulation of "*’Cs in plant products, the activity
of these radionuclides in potatoes, vegetable crops, root crops and
grains was investigated, and coefficients of its transition from the soil
to the products were calculated, which made it possible to estimate
the intensity and volume of radionuclide accumulation at the comple-
tion of the half-life period of *’Cs and the actual assessment of the
radiation situation in the northern regions of Polissia.

Materials and methods

In the long-term period after the accident, the situation in the
contaminated territories has improved and became predictable due to
the natural processes of regeneration (physical decay of radionuclides,
their redistribution and fixation in the soil profile) and implemention
of countermeasures on the basis of monitoring. However, until today
regions of Ukrainian Polissia produce agricultural products which do
not meet the requirements of government regulations concerning the
content of radionuclides in food and appear to be a danger to consu-
mers exposure. The object of the research was the processes of migra-
tion of *'Cs in the trophic chains, which lead to contamination of
agricultural products and exposure of the population in the long-term
period after the accident.

Materials of the research were samples of soil and plant products,
selected on the plots of the residents of contaminated areas. Experi-
mental studies on determining the radiation evaluation of soils and
plant products were conducted in personal subsidiary farms of the
residents of Zhytomyr Polissia (Table).

Table
Scheme of selecting samples
of agricultural products in residential places

Density of contamination, kBq/m2

Districts >555, zone 2 185555, zone 3

small town Narodychi, villages
Narodychi Khrystynivka, Loznytsia, Selets,
Rozsokhivske

village Radcha

town Korosten, villages

Korosten village Obykhody Berestovets, Nemyrivka,
Grozyne, Voroneve, Bekhy
villages Rudnia and Villages Mozhari, Novi
Ovruch

Vystupovychi Velidnyky, Slovechne, Lystvyn

The subject of the research is the concentration of "*’Cs in food
products of vegetable origin in territories with different densities of
radioactive contamination. The selection of soil samples for determi-
ning ’Cs was conducted in accordance with state standard of
Ukraine 4287:2004 “Soil quality. Sampling” and in accordance with
“Methods of integrated radiation inspection of territories contamina-
ted as a result of the Chernobyl disaster (except for the territory of the
exclusion zone)”. Before sampling, the gamma radiation dose (gam-
ma background) in the air (expositional, absorbed or equivalent dose)
was measured at the study site.

For this purpose, a checkered dosimeter DRG-01 T was used.
Gamma shooting was conducted at a height of 1 m from the soil
surface at five points. Measurements were made at least three times in
each of the five points. The results of measurements were recorded in
the logbook. Based on the obtained results, the average gamma dose
rate was calculated. In the case when the maximum deviations did not
differ from the average value by more than 30%, the site was
considered to be homogeneously contaminated. When the maximum
deviations differed from the average gamma dose rate by more than
30%, the plot was considered to be contaminated heterogeneously.

During the conducting of radiological control in a rural settle-
ment, all its territory was taken as the surveyed area. In the natural
landscape outside the settlement, an area of about 5 hectares was
taken as the surveyed area.

Spot samples were taken with a sampler (a coring tube). To form
a combined soil sample, 5 point samples were used. All sampling was
carried out in 4 replications.

Preparation of soil samples for spectrometric studies was perfor-
med directly under laboratory conditions. The soil samples were dried
at room temperature to air-dry state and ground on a grinding machine.
After that, the soil was poured into Marinelli vessels, weighed on
scales and a sample for measurements was placed into the device.
The selection of plant products for determining '*’Cs was carried out
in accordance with the guidelines “Sampling, initial processing and
determination of *’Sr and *Cs content in food products”. In accor-
dance with the requirements of the Law of Ukraine “On protection of

446 Regul. Mech. Biosyst., 8(3)



human rights against the effect of ionizing radiation” (15/98-BP), the
content of radionuclides in food products, raw food materials and
drinking water should not exceed the approved levels in the establi-
shed order. Spot samples of plant products (com cobs, green mass,
tomatoes, beans, etc.) were collected from random plots of inhabitants
by random sampling in 510 places. The mass of the average sample
was not less than 1 kg.

Determination of "*’Cs in the soil and agricultural products was
carried out in the Laboratory of Ecological Safety of Land, Environ-
ment and Quality of Products, at the Zhytomyr branch of the state
institution “Institute for Soil Protection of Ukraine” with the help of
the spectrometric method on a universal spectrometric complex
"Gamma Plus" using a scintillation gamma spectrometer. The relative
error of specific activity of radionuclides was 10-25%. Identifying
specific activity of B1Cs in plants and soil samples over the duration
of investigations was carried out by the same methods and the same
device, thus ensuring comparability of results throughout the entire
period of the experiment.

Minimum specific activity when measuring in the geometry of a
Marinelli vessel in standard protection for 1 hour with an error of mea-
surement amounting to 25% was 3 Bg/kg. The energy range of y-radia-
tion is 0.05-3.00 MeV. As a parameter characterizing the migration of
radionuclides in the soil-plant system, we used a transition coefficient
(CT) equal to the ratio of the specific activity of the radionuclide in
samples taken from plant products (Bq/kg) to the density of soil
contamination (kBg/m?®).

The statistical processing of the material was carried out using the
Statistica 7.0 (StatSoft Inc., USA) software packages. The methods of
checking for the normality of the data distribution and the correspond-
ding methods of correlation analysis were used. The graphs show the
average data and the mean square deviation (SD).

Results

Density of soil contamination with "*’Cs in northem districts of
Zhytomyr region. The density of soil contamination with *’Cs and its
specific activity in plant products grown on private plots were studied
in three districts of Zhytomyr region: Narodychi, Korosten and
Ovruch. Investigation of density of soil contamination with *’Cs in
Narodychi district, where five out of six investigated settlements
belong to the zone of unconditional (obligatory) resettlement (small
town Narodychi, villages Rozsokhivske, Selets, Loznytsia, Khrysty-
nivka) and only one to the zone of guaranteed voluntary resettlement
(Rudnia village), showed that the content of this radionuclide in these
places is within the limits of 555 kBg/m’ (Fig. 2).

The highest value of density of soil contamination was recorded
in zone II within the villages Loznytsia — 417.2 kBg/m” and Khrysty-
nivka — 401.8 kBg/m’. The lowest indicator was noted in the village
Rozscokhivske — 158.8 kBq/m®. From the data of the figure it can be
seen that the density of soil contamination on the plots of land in the
village Radcha, which belongs to the third zone of radioactive
contamination, amounted to 169.8 kBg/m?, which in comparison with
the adjoining areas of the second zone of the Narodychi district: small
town Narodychi, villages Selets, Loznytsia and Khrystynivka, is
respectively less — by 30.7%, 69.7%, 245.7% and 236.6%. It is worth
noting that in the area adjacent to the village Rozskochivske (zone II)
the density of soil pollution was less than in the village Radcha by
11 kBg/m” or 6.5%.

Consequently, the average density of contamination of plots in
inhabited sites with "’Cs was 271.5 kBg/m” This indicates that
according to the level of soil contamination with *’Cs and the Law of
Ukraine “On the legal regime of the territory that was exposed to
radioactive contamination as a result of the Chernobyl disaster”, the
territories under human settlement should still be allocated to the zone
of unconditional (mandatory) resettlement. A similar situation also
occurred in residential sites in Ovruch district. There 2 residential sites
which are a part of the zone of unconditional (compulsory) resettle-
ment (village Rudnia and village Vystupovychi) and 5 settlements of
the guaranteed voluntary resettlement zone (town Ovruch, villages

Slovechne, Mozhari, Lystvyn and Novi Velidnyky) were selected for
investigation (Fig. 3).
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Fig. 3. Density of soil contamination with '*’Cs
in settlements in Ovruch district: see Fig. 2

Investigation of activity of radionuclides of "*’Cs on the house-
hold plots of inhabitants of Ovruch district (I zone) showed that
levels of contamination of plots of land were high. The highest value
of density of soil contamination was recorded in zone II in the village
Vystupovychi, where this indicator reached 454.0 kBg/m?, which is
173.5 kBg/m?, or 61.8% more than in the village Rudnia. In another
populated area of zone I, Rudnia village indexes of soil pollution
with '’Cs were much lower — 280.5 kBg/m”. Within zone III, the
density of soil contamination with "*’Cs was 23 times lower compa-
red with zone II. There, the density of soil contamination in all
settlements was approximately on the same level and varied from
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123.3 to 157.6 kBg/m”. The level of contamination with '*’Cs of soils
of private household plots in Ovruch district (IIl zone) was from
1233, in Mozhari village and it amounted to 157.6 kBg/m? in
Ovruch town. On average, the density of contamination with '*’Cs of
plots in residential sites was 1414 kBg/m’ This indicates that
according to the level of soil contamination with "*’Cs and the Law of
Ukraine “On the legal regime of the territory that was exposed to
radioactive contamination as a result of the Chernobyl disaster”, the
territory of human settlements still currently belongs to the zone of
guaranteed (voluntary) resettlement.

In general, in Ovruch district, the density of soil contamination
with '’Cs was on average 367.3 kBg/m’. This indicates that
according to the level of soil contamination with "*’Cs and the Law of
Ukraine “On the legal regime of the territory that was exposed to
radioactive contamination as a result of the Chernobyl disaster”, the
territory of human settlements still currently belongs to the zone of
unconditional (mandatory) resettlement; this is the territory that was
subjected to intense pollution with long-lived radionuclides, with a
density of soil contamination with isotherm caesium above the pre-
accident level, which is from 15.0 Cwkm?® and above, where the
estimated effective equivalent dose of human radiation taking into
account radionuclide migration in plants and other factors may
exceed 5,0 mSv (0.5 rem) per year above the dose it received in the
pre accident period.

There is another situation in the Korosten district. Seven residential
sites were selected for research there, six of which belong to the zone of
guaranteed voluntary resettlement (the town Korosten, the villages Gro-
zyne, Voroneve, Berestovets, Bekhy and Nemyrivka) and one to the
zone of unconditional (compulsory) resettlement (Obykhody village).

Studies on the activity of radionuclides in the soils of Korosten
distrct (zone 3) showed that soil contamination of plots with B1Cs was
high and ranged from 153.8 in the village Berestovets to 239.7 kBqg/m’
in the village Bekhy, on average it was 193.6 kBg/m”. The density of
soil pollution in the residential sites can be divided into 2 groups: 1 —
density of contamination up to 200 kBg/m? (the village Berestovets —
153.8, Grozyno — 170.2, Korosten town — 186.6 kBq/mz), which was
respectively 20.5%, 12.1% and 3.6% lower than the average in
settlements, and group 2 — the contamination density was more than
200 kBg/m® (the villages Nemyrivka — 203.4, Voroneve — 207.7,
Bekhy —239.7 kBg/m®), which is respectively 5.1%, 7.3% and 23.8%
more than the average (Fig. 4).

In general, it should be noted that the most polluted were the
settlements of Naryodychi and Ovruch districts, which belong to the
zone of unconditional (mandatory) resettlement: the villages Vystu-
povychi, Loznytsia and Khrystynivka, where the density of pollution
ranged from 454.0-401.8 kBg/m’. Within the zone of guaranteed vo-
luntary resettlement, the most polluted soils were in Korosten district,
where the density of pollution sometimes reached 239.7 kBg/m’
(village Bekhy).

Analysis of the density of soil pollution by '*'Cs isotopes in the
northern part of Zhytomyr region in the post-accident period shows
that even 30 years after the tragedy, large areas of arable land under
certain conditions are potentially dangerous because of contamination
of plant products.

Specific activity of "¥’Cs in plant products grown on the plots
of the inhabitants of the northern districts of Zhytomyr region

We studied the specific activity of '’Cs in plant products grown
on the plots of the inhabitants in the same residential sites where soil
contamination was observed. We have compiled a list of food
products that form the basis of the diets of residents of the northern
districts of Zhytomyr region. In particular, the list of crops that were
investigated included: potato tubers, white cabbage, fresh tomatoes,
table beets, carrots, onions, beans, oat grains, corn grains.

The results of the research showed that the specific activity of '¥Cs
in all plant products was lower than the permitted levels in Narodychi
district within the settlements of zone III (village Radcha) (Fig. 5).

A slightly different situation occurred in human settlements places
that belong to the second zone. In general, the specific activity of *’Cs
in plant products there dynamically varied from the minimum value of

4.1 (fresh tomatoes, village Rozskhivske) to the maximum — 82.4 Bg/kg
(beans, village Loznytsia), depending on the type of plants. In particular,
exceedance of the permissible level of specific activity of ¥'Cs was
observed in table beets in the settlements Loznytsia and Khrystynivka —
51.3 and 48.6 Bg/kg respectively, and table carrots in the settlement
Loznytsia — 45 Bg/kg, in village Khrystynivka the content of *’Cs in
carrots practically approached the limit of the permissible level of
38.7 Bg/kg, while DR is 40 Bg/kg.
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Fig. 4. Density of soil contamination with '*’Cs
in settlements in Korosten district: see Fig. 2

It was discovered that the most critical product, where the highest
specific activity of *’Cs was recorded, was beans. Excess of the
maximum permissible level of specific activity of '’Cs in beans was
fixed in 4 settlements: in village Loznytsia — 82.6 Bg/kg, which is
1.64 DR, village Khrystynivka — 77.4 Bg/kg, which is 1,54 DR,
village Selets — 61.1 Bg/kg, which is 1.22 DR and the small town
Narodychi — 54.2 Bg/kg, which is 1.1 DR — 2006.

In all other products, the specific activity of '*’Cs was low. In parti-
cular, the lowest values were recorded for onions, where, even in the
most polluted settlements (villages Loznytsia and Khrystynivka), they
varied within the range of 14.6-15.2 Bg/kg, while in other settlements
of the Narodychi district they did not even exceed the limits of 10 Bg/kg
(5.0-9.8 By/kg).

A similar situation was noted for fresh tomatoes and white cabbage.
For tomatoes, the highest index of specific activity was recorded in the
village Loznytsia — 17 Bg/kg and the village Khrystynivka —
15.8 Bg/kg, which is slightly less than half of DR-2006 (40 Bg/kg).
For cabbage it was noted in the village Khrystynivka — 21.1 Bg/kg and
the village Loznytsia — 20 Bg/kg. In other residential places, the specific
activity of '*’Cs in tomatoes and cabbage was even lower and ranged
from 4.1 to 12.7 Bg/kg and from 6.0 to 15.4 Bg/kg, respectively.

As is well known, a significant proportion of the diet of residents
of the northern raions of Zhytomyr region is potatoes. Therefore, the
data on the specific activity of “’Cs in this product was of
considerable interest. As a result of the research, no excess of DR-
2006 was recorded in any of the settlements. The maximum recorded
value of specific activity of “'Cs was noted in the village
Khrystynivka — 35.4 Bg/kg and in the village Loznytsia — 33.6 Bg/kg.
In other settlements of the Narodychi district, the specific activity of
137Cs in potato tubers was even lower and was noted at the level of
10.5-21.3 Bg/kg, which is about 1/3-1/6 of DR-2006 (60 Bg/kg).
A slight specific activity of *’Cs was observed in grain crops. In par-
ticular, oat grains and corn grains were checked. Specific activity in
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the grains of both crops was approximately the same. The highest
values recorded were recorded in the village Loznytsia — 28 Bg/kg in
corn grains and the village Khrystynivka — 26.7 Bg/kg in oat grains
and 27.3 Bg/kg in corn grains. Even lower rates were recorded in
other settlements, where the specific activity of '*’Cs in oat grains
varied from 11 to 20.2 Bg/kg and com grains — from 11.5 to
21.6 Bg/kg, which is significantly lower than DR-2006 (50 Bg/kg).
The coefficients of transition of "’Cs in the settlements of zone 3 of

Narodychi district (village Radcha) into plant products varied from
0.05 (fresh tomatoes) to 0.18 (beans). Depending on the type of
plants, the highest CT values were characteristic for beans — 0.18 and
table beets — 0.11. The lowest CT values were for onions and fresh
tomatoes — 0.05. The situation was considerably better in the Korosten
district, where, despite the rather high indicators of density of soil
contamination with "*’Cs, plant products collected from the private plots
of the inhabitants were "clean" (Fig. 6).
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As in Narodychi district, the most critical products were beans,
table beets and carrots. The highest values of specific activity of beans
were recorded in village Bekhy —46.3 Bg/kg and village Voroneve —

44.6 Bg/kg at DR-2006 — 50 Bq/kg, where previously the highest
density of soil pollution with *’Cs was noticed. In other settlements,
the specific activity of '*’Cs in beans was roughly the same and in
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zones I and 111, there it varied within 30.0-39.4 Bg/kg. In table beet,
the specific activity of "¥’Cs did not exceed the DR-2006 in general, and
it was the highest in village Bekhy — 30.5 Bg/kg, village Nemyrivka —
28.8 Bg/kg and village Voroneve — 28.1 Bg/kg, in other residential
places the specific activity of '*'Cs in beets was even lower and ranged
from 19.7 to 27 Bg/kg. A similar trend was noted for carrots, the
maximum indicators of specific activity were recorded in the same
settlements as for table beets. In general, the specific activity of *’Cs for
carrots in the district was recorded in the range from 12.8 to 25.7 Bg/kg,
which is 1/3—1/2 ofthe established DR.

As in the previous district, the “cleanest” were onions and toma-
toes. In these products, the specific activity of '“’Cs was 6-10 times
lower than the established DR. For onions there was no significant
fluctuation of values between the settlements, and in general, the indica-
tors fluctuated within 4.0-7.0 Bg/kg, for tomatoes — 3.0-7.3 Bg/kg.

A similar trend was observed for white cabbage, in particular, the
specific activity of "*’Cs in this product was 4-8 times lower than the
established DR. Significant fluctuations of indicators in the context of
settlements were also not noted and in general, the specific activity of
¥7Cs in cabbage ranged from 5.1 to 9.7 Bq/kg. The specific activity
of ’Cs in potatoes was also not significant. In general, this value
varied from 10.3 to 18.5 Bg/kg in the settlements of Korosten district,
which did not exceed a third of the established DR-2006.

A slight specific activity of '*’Cs was observed in grain crops.
Specific activity of '*’Cs in the grain of both crops was approximately
the same. The highest rates were recorded in village Bekhy —
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11.6 Bg/kg in corn and 10.2 Bg/kg in oats. Lower rates were noted in
other settlements, where the specific activity of *'Cs in oat grains
varied from 6.0 to 10.1 Bgkg and in com grains from 5.0 to
11.6 Bg/kg, which is 5-10 times lower than DR-2006 (50 Bg/kg).

If we rank the crops according to the specific activity of ’Cs, we
obtain the following ranking: beans — 32, table beets — 19.7, carrots —
12.8, potato tubers — 10.3, white cabbage — 5.7, oat grains — 6.0, corn
grains — 5.0, onions — 4.0 and fresh tomatoes — 3.0 Bg/kg.

One of the most critical was Ovruch district, in particular the village
Vystupovychi, which belongs to zone II. In this settlement, a rather high
level of soil pollution was noted — 454 kBg/m?, this settlement proved to
be the most critical out of all investigated settlements, and, accordingly,
the highest values of the specific activity of '¥’Cs were recorded in the
products grown there (Fig. 7).

The activity of '¥’Cs in general in the district varies widely enough —
from 5.0 for onions (village Rudnia, density of soil contamination is
280.5 kBg/m?) to table beets — 109.2 Bg/kg (village Vystupovychi,
density of soil contamination 454.0 kBg/m?).

As in the previous two districts, beans were the most critical pro-
duct. Excess of DR-2006 for this type of product was recorded only in
village Vystupovychi, where its specific activity reached 109 Bg/kg,
which is 2 times more than the established DR-2006, in other settle-
ments, the excess of DR was not recorded. Within zone III, the values
of specific activity of '¥’Cs in beans varied from 19.2 to 30.0 Bg/kg,
while in village Rudnia which belongs to zone II as well as village
Vystupovychi, the specific activity of *’Cs in beans was 36.3 Bg/kg.
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Fig. 7. Specific activity of "*’Cs in plant products grown on private plots of inhabitants of Ovruch district: see Fig, 5

Significant excess of DR-2006 in village Vystupovychi was also
noted for table beets and carrots, the specific activity of '*’Cs in which
was noted at 102.2 and 90.2 Bg/kg, which is 2.5 DR and 2.2 DR,
respectively. In other residential places of the Ovruch district, excess
of DR-2006 in products of table beets and carrots was not observed,
and the values of specific activity were recorded at 11.2-19.4 Bg/kg
for table beets and 9.4-17.2 Bg/kg for carrots.

Potato tubers accumulated *’Cs slightly, that is, the trend noted in
the Narodychi and Korosten districts was observed here as well.
Exceedance of DR-2006 was not observed. In general, this value in the
context of settlements of the Ovruch district ranged from 8.1 to
12.3 Bg/kg, which did not exceed one fifth of the established DR-2006.
However, the highest index of specific activity of "’Cs in potatoes,
similar to other agricultural crops, was recorded in village Vystupovychi —
40 Bg/kg. Such cultures as white cabbage, tomatoes and onions were
not polluted in this area. The highest indicators of specific activity for
these products were recorded in village Vystupovychi —29.7 Bg/kg for

white cabbage, 20.1 Bg/kg for onions and up to 19.3 Bg/kg for toma-
toes. In other settlements there were no significant variations in the
indicators. For white cabbage the value varied from 4.3 to 7.5 Bg/kg,
which is 5-9 times less than the DR-2006. For tomatoes, the variation
of the indicators was within the range of 3.0-6.3 Bg/kg, which is 6—
13 times less than the DR-2006. For onions — 4.0-6.6 Bg/kg, which is
6-10 times less than the DR-2006.

Insignificant specific activity of '*’Cs was noted in grain crops, as
in other studied areas. Specific activity of '*’Cs in the grain of both
crops was approximately the same. The highest rates were recorded in
village Vystupovychi — 29.6 Bg/kg in comn and 30.8 Bg/kg in oats.
Lower indexes were noted in other settlements, where the specific
activity of '’Cs in oat grains varied from 4.8 to 7.4 Bq/kg and in corn
grains — from 5 to 9 Bq/kg, which is 5-10 times lower than DR-2006
(50 Bg/kg). Average specific activity of "*’Cs in the private plots in
village Vystupovychi was 58.9 Bg/kg, and in village Rudnia it was
13.9 Bg/kg, which is by 45.0 Bg/kg, or by 76.4% lower.
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The activity of *’Cs in fresh tomatoes was 5.6 times lower than
that of beans, for white cabbage — 3.7 times, for potatoes — 2.7, for
carrots — 1.21 times lower than beans. It should be emphasized that
the higher the density of soil contamination, the greater the SA of
37Cs in plant products.

Consequently, according to the results of the research it is evident
that the most critical settlements were located in the second zone —
village Vystupovychi of Ovruch district and villages Loznytsia and
Khrystynivka of Narodychi district. In these settlements, the excess of
DR-2006 in plant products was observed, despite the fact that the
excess of the maximum permissible level of density of soil pollution
was not noted. Beans, table beets and carrots turned out to be the most
critical in all areas of research.

Coefficients of transition of *'Cs from the soil into plant
products in the northern districts of Zhytomyr region

Analysis of literary sources has shown that the accumulation of
¥7Cs in agricultural crops varies widely enough, depending on the con-
tent of humus, the reaction of the medium, the content of exchangeable
forms of potassium, calcium in the soil, varietal features of plants.
In previous investigations, we conducted monitoring research on agri-
cultural land and in private farms of the most radioactively contamina-
ted areas of Zhytomyr region.
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The research covered various types of plant products, which sig-
nificantly differed in the parameters of migration of Cs in the “soil —
plant” system. Also, during the experiment, we determined the transi-
tion coefficients of *’Cs in 9 types of agricultural crops. These cultures
are known to form the basis of the diet of the population of radioactively
contaminated territories, and due to the consumption of these products,
a dose of internal radiation of the population is received.

The received transition coefficients characterize the current state of
migration of *'Cs from the soil to plant products in the private plots of
inhabitants of residential places of Narodychi district. Investigating the
activity of "*’Cs in plant products has shown that their content depends
on the level of soil contamination by these radionuclides. The results of
the research make it clear that the content of '*’Cs in plant products is
directly proportional to the density of soil contamination by these
radionuclides.

The results of the research in Narodychi district showed that the
highest coefficients of transition of '*’Cs are characteristic for beans.
During the study of all settlements in this area, the transition
coefficients here approached the value of 0.2, and in the small town
Narodychi and village Selets CT of '’Cs in bean plants is even higher —
0.24 and 0.21, respectively. In other settlements, the transition coeffi-
cients were approximately the same — 0.18-0.20 (Fig. 8).
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Fig. 8. Coefficients of transition of '*’Cs from the soil into plant products in Narodychi district:
in the legend, in red are identified the areas belonging to the zone III of radioactive contamination (guaranteed voluntary resettlement),
the black zone — to zone II of radioactive contamination (unconditional (obligatory) resettlement)

Somewhat lower coefficients of transition are characteristic of
crops, table beets and carrots, in which excess of DR-2006 was
recorded in the most polluted settlements — village Loznytsia and village
Khrystynivka. For both of these cultures, the highest coefficients of
transition of '¥’Cs were also noted in the small town Narodychi — 0.13
for table beets and 0.11 for carrots. In other settlements, the coefficients
of transition were recorded at almost one level — 0.12, except for the
village Radcha, where this value was 0.11. For carrots, CT in the
context of settlements varied in the range of 0.09-0.11.

Even lower coefficients of transition are characteristic for potato
tubers. In particular, the highest CT was calculated for the village
Khrystynivka — 0.09, in other settlements it was 0.07-0.08.

Approximately in the same quantities '¥’Cs passes into the stu-
died grain crops — oat and corn grains. For both of these crops, CT
was calculated at 0.07, only in the small town Narodychi was CT
lower — 0.06. We associate this fact with a variety of soil conditions in
the area under research.

The lowest CT was recorded for white cabbage, onions and
tomatoes. For white cabbage the maximum CT was calculated at the
level of 0.06 in village Radcha, the minimum 0.04 — in the small town

Narodychi and village Rozsokhivske. For onions and tomatoes,
maximum CT was also calculated in village Radcha — 0.05 for both
cultures, the minimum — 0.03 in village Rozsokhivske.

Thus, according to the results of research, it is clear that in order
of decreasing value of CT of 137Cs, the crops are ranked as follows:
beans (0.24), table beets (0.12), carrots (0.11), potato tubers (0.08),
corn grains (0.07), oat grains (0.06), white cabbage (0.05) and onions
(0.04). From the data it is clear that *’Cs in grain crops is mostly
carried out from soil with vegetative weight of plants, namely corn
grown for grain and has a CT of 0.07. Grain crops can also be arran-
ged in a descending order: corn grain — oats grain.

Plant products grown on private plots in settlements of Korosten
district (zone II) according to GN 6.6.1.1-130-2006 “Acceptable
levels of "*"Cs in food and drinking water” meet the criteria for radia-
tion safety. The coefficients of transition of '*’Cs to plant products
differ from each other by 8.69 times.

Similarly to the data obtained in Narodychi district, the highest
coefficients of transition of '’Cs were characteristic of beans.
The range of CT values was similar to that obtained in Narodychi
district. Almost all the values of CT of "*’Cs in beans were close to
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0.20 and in village Obykhody it was even higher — 0.23. In other set-
tlements, the transition coefficients were approximately the same —
0.19-0.21 (Fig. 9).

Higher CT of ¥Cs for table beets and carrots were obtained in
Korosten district in comparison with CT of '*’Cs for similar crops in
Narodychi district. The highest CT of '*’Cs for table beets was calcu-
lated in village Berestovets — 0.15, in other settlements CT of *'Cs
was 0.13-0.14. The coefficients of transition of '*’Cs for carrots were
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at the same level for practically all settlements — 0.11-0.12, only in
village Obykhody was the CT of '*’Cs lower — 0.09.

The highest CT of "’Cs for potato tubers was recorded in the
town Korosten — 0.09. The lower coefficients were calculated for
other settlements 0.07-0.08, which again confirms the data obtained
in Narodychi district. If compared to Narodychi district, received CT
of '¥’Cs for grain crops, oat and corn grains were lower. For both of
these crops CT was calculated at the level of 0.04-0.05.
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Fig. 9. Coefficients of transition of '*’Cs from the soil into plant products in Korosten district: see Fig. 9
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Fig. 10. Coefficients of transition of '*’Cs from the soil into plant products in Ovruch district: see Fig. 8

The lowest CT of '¥’Cs was characteristic of white cabbage,
onions and tomatoes. For white cabbage, CT of *'Cs appeared to be
lower than in Narodychi district and varied in the range of 0.03-0.04.
For onions and tomatoes CT of *'Cs for both cultures varied within
the range of 0.02-0.03, which is also lower than in Narodychi distict.

According to the results of research in Ovruch district, the highest
coefficients of transition of '*’Cs were observed for beans, similar to
the data obtained in Narodychi and Korosten districts. However, CT
of "¥’Cs varied in a wider range of values than in the previous two
districts. The highest CT of ¥’Cs was recorded in village Vystupovy-
chi, where the density of soil contamination with YCs was the
highest among all selected samples — 454 kBg/n?’. CT of '¥’Cs in
bean plants calculated for other settlements of Ovruch district varied

from 0.16 to 0.19. Only in village Rudnia was CT of '¥'Cs calculated
at the level of 0.13 (Fig. 10).

The highest CT of "*’Cs in table beets and carrots was obtained
from the calculations of data obtained in village Vystupovychi. Here
they amounted to 0.23 for table beets and 0.20 for carrots. These CT
values of '’Cs were the highest among all of the studied districts.
The lowest CT of '*’Cs was obtained in village Rudnia, there CT of
137Cs for table beets and for carrots was 0.05. In other settlements of the
district, the value of CT of "*’Cs varied for beets in the range from 0.09
to 0.12, and for carrots — from 0.7 to 0.12, which practically confirms
the data obtained earlier in Narodychi and Korosten districts.

The highest CT of "’Cs in potato tubers were also obtained in
village Vystupovychi — 0.09, however, for this culture there was no
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significant difference in coefficients in comparison with other settle-
ments (CT of *’Cs = 0.07), which completely corresponds to the data
obtained in the other districts researched. The lowest CT of **’Cs in
potato tubers was obtained in village Rudnia, there it was 0.04.

Similar data for CT of '¥'Cs in grain crops were obtained in all three
districts researched. In particular, calculated CT of "*’Cs for oat and com
grains in Ovruch district varied within 0.04-0.05. The highest value was
obtained in village Vystupovychi, where CT of '*’Cs was at the level of
0.07, the lowest in village Radcha — 0.03 for both cultures.

Similarly to data obtained in other districts, 13Cs accumulated in
white cabbage, tomatoes and onions. In particular, for white cabbage
CT of *"Cs was 0.03-0.04. The highest CT of '*’Cs was received in
village Vystupovychi — 0.07. The lowest CT of '*’Cs was recorded in
village Lystvyn — 0.01. We associate this difference with the diffe-
rence in the soil conditions of these settlements. For tomatoes,
obtained CT of '*’Cs repeated the data from other districts researched.
Here, CT of '*'Cs varied slightly — 0.02-0.04. A similar trend is also
characteristic for CT of '¥’Cs in onions (0.02-0.05).

In general, the analysis of calculated CT of ¥'Cs according to the
data obtained in the three northern districts of Zhytomyr region showed
that regarding the accumulation of '*’Cs, the most critical products were
beans, table beets and carrots. The highest CT of '*’Cs was obtained in
all three districts — village Obykhody in Korosten district, village Vystu-
povychi in Ovruch district and the small town Narodychi. The average
CT of *"Cs in beans was recorded at 0.20 (Fig. 11).
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Fig. 11. Average coefficients of transition of "*’Cs from the soil
into plant products in the northern districts of Zhytomyr region:
vertical columns — average values, vertical bars —
standard deviation, n =20 for each group

For table beets, the average value of CT of '*’Cs was 0.13. Howe-
ver, the maximum value was 0.23 in village Vystupovychi of Naro-
dychi district. The average value of CT of ’Cs for carrots was
calculated at the level of 0.11. Lower CT of '’Cs was detected in the
analysis of data on the accumulation of '*’Cs in potato tubers, where
CT of "*"Cs was marked at 0.08.

Significantly lower average values of CT of '*’Cs were calculated
for oat and corn grains — 0.05, white cabbage and onions — 0.04, and
fresh tomatoes — 0.03. Thus, according to the results of the research, it
is clear that in order of decreasing value of CT of "*’Cs, the crops are
ranked as follows: beans > table beets > carrots > potato tubers > corn
grains > oat grains > white cabbage > onions > fresh tomatoes.
The results of the studies indicate that there is a direct proportional
relationship between activity of *'Cs in vegetable crops and the
density of soil contamination.

According to GN 6.6.1.1-130-2006 “Permissible levels of radio-
nuclide content of *'Cs in food and drinking water”, the activity of
¥Cs in potatoes should not exceed 60 Bg/kg, in fresh vegetables and
legume crops — 40 Bg/kg. Therefore, vegetable products grown on pri-
vate plots in Ovruch district do not all meet the criteria for radiation safety.

Discussion

The Chernobyl disaster led to the pollution of agricultural lands
with a mixture of nuclear fission products, plutonium radionuclides
and other transuranium elements. The radiation effects of the Cherno-
byl emissions are determined at present and for the long-term period
by biologically significant radionuclides.

Opver the period of the development of nuclear energy at enterprises
of the nuclear fuel cycle, more than 450 radiation accidents with various
consequences for the environment and different amounts of radionuc-
lides that entered the biosphere have occurred. The disaster at the
Chermobyl NPP was the largest of them. The most dangerous artificial
radionuclides that contaminated the environment were ', ¥’Cs and
“Sr. Among the paths of radionuclide entry into the human body, the
main one is oral. Long after the accident, long-lived radionuclides *"Cs
and *°Sr, which form the dose of internal radiation, were entering the
human body through food products.

As has been previously mentioned, the main ecological conse-
quence of the Chernobyl disaster is the pollution of soils and agricul-
tural products with long-lived, biologically significant radionuclide
137Cs. The analysis of our experimental data once again confirmed the
results of a number of studies obtained in various traces of the fallout
from the Chernobyl NPP; it showed that the dynamics of the transi-
tion of radionuclides from the soil to plants significantly depends on
the physical and chemical properties of soils, the properties of radio-
nuclides as isotopes of specific chemical elements and relations of
different components of fallout in various traces of emission (Handl
etal., 2003).

Outside the exclusion zone, the primary role in dosage formation,
as in previous years (Prister et al., 1992; Handl et al., 2003; Hinton
etal.,, 2007), belongs to B7Cs. In most areas outside the 30 km zone,
the radionuclide composition of precipitation is now presented by
137Cs, which accumulated in a condensation form. This form is prac-
tically completely soluble and the mobility of '¥’Cs is determined by
its interaction with the soil and the transformation of the forms of
connection with it. Soils are among the main objects where *'Cs
radionuclides are concentrated to this day. They migrate intensively
from the soil and accumulate in plant and animal products, and
subsequently enter the human body.

Radionuclides of caesium and strontium are rather tightly bound
to the soil. The main part of them — 90-97% is concentrated as in
previous experimental periods in the upper 20-25-centimeter layer of
meadow soils and in the arable layers of soils of all types (Prister
etal., 1992).

The most polluted residential places identified in our study were
situated in Narodychi and Ovruch districts, and belong to the zone of
unconditional (mandatory) resettlement. Within the zone of guaran-
teed voluntary resettlement, the most polluted soil was in the Koro-
sten district. That is, despite the fact that the half-life of the radonuc-
lide has practically been completed, the soils of the investigated areas
still remain contaminated.

The analysis of the calculated CT of ¥'Cs, according to the data
obtained in the three northern districts of Zhytomyr region showed that
beans, table beets and carrots were the most critical regarding the
accumulation of “'Cs. This is somewhat contradictory to the data
obtained earlier, since the CT obtained for table beet and carrot exceeds
the data obtained by previous researchers (Prister et al., 1992, Handl
etal,, 2003). The highest CT of '¥’Cs was obtained in all three districts,
these were the villages Obykhody in Korosten district, Vystupovychi in
Ovruch district and the small town Narodychi. The average CT of *’Cs
in beans was recorded at 0.20, which completely coincides with and
confirms the data obtained earlier (Strand et al., 1996, Hinton et al.,
2007). Thus, the research conducted shows that different types of plant
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products absorb and accumulate ¥'Cs with different intensities, which
can be explained by the peculiarity of their mineral nutrition. For the
population living on radioactively contaminated territories, plant
products grown on private plots have been and still remain the main
source of "*’Cs radionuclides entering the body.

Sources from the literature indicate that on the basis of long-term
research, scientists have established a linear relationship between the
content of "¥’Cs in agricultural crops and the density of soil contami-
nation and the plant species concerned when accumulating these
radionuclides. This is also confirmed by the results of our research.
Thus, the radiation situation in the contaminated areas is first of all
determined by the intensity of the inclusion of radionuclides in the
trophic chain, which depends on the type of soil and technological
and environmental conditions of production.

Under new conditions, the bulk of products, at least 90%, are pro-
duced by farmers and land owners. It is necessary to provide each one
of them with accurate information on levels of pollution and ecological
properties of soils. New landowners should take the initiative and collect
information on the density of soil contamination, products of plant and
animal origin from the state authorities and previous landowners. Such
information should be obtained and summarized annually.

Conclusions

Soils of agricultural landscapes are one of the main objects where
radionuclides of '“'Cs are concentrated. They are intensively
transferred from the soil into biogenic migration through trophic
chains and are accumulated in products of plant and animal origin and
subsequently enter the human body. Settlements within Narodychi
and Ovruch districts, which belong to the zone of unconditional
(mandatory) resettlement, turned out to be the most polluted; these are
the villages Vystupovychi, Loznytsia and Khrystynivka, where the
density of pollution varied in the range 454.0-401.8 kBg/m®> Within
the zone of guaranteed voluntary resettlement, the most polluted soil
was in Korosten district, where the density of pollution sometimes
reached 239.7 kBg/m® (village Bekhy). It was found that the most
critical product, which recorded the highest specific activity of ¥'Cs,
was beans. Excess of the maximum permissible level of specific
activity of ’Cs in beans was registered in 4 settlements, which
belong to the second zone: in the villages Loznytsia — 82.6 Bg/kg,
which is 1.64 DR, Khrystynivka — 77.4 Bg/kg, which is 1.54 DR,
Selets — 61.1 Bg/kg, which is 1.22 DR and the small town Narodychi —
54.2 Bg/kg, which is 1.1 DR —2006. The analysis of calculated CT of
137Cs according to the data obtained in the three northern districts of
Zhytomyr region showed that beans, table beets and carrots were the
most critical products regarding the accumulation of '*’Cs. The hig-
hest CT of *'Cs was obtained in all three districts — the villages
Obykhody in Korosten district, the village Vystupovychi in Ovruch
district and the small town Narodychi. The average CT of *’Cs in
beans was recorded at the level 0.20.
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The development of industry, agriculture and the transport sector is associated with the use of various energy
sources. Renewable energy sources, including biofuels, are highly promising in this respect. As shown by a number of
scientific studies, a promising source for biofuel production that would meet modern requirements may be algal
biomass. After activation of the third generation biodiesel production it was assumed that the algae would become the
most advantageous source, because it is not only able to accumulate significant amounts of lipids, but could reduce the
of agricultural land involved in biofuel production and improve air quality by sequestering CO,. However, a major
problem is presented by the cost of algae biomass cultivation and its processing compared to the production of biodiesel
from agricultural crops. In this regard, there are several directions of increasing the efficiency of biodiesel production
from algae biomass. The first direction is to increase lipid content in algae cells by means of genetic engineering.
The second direction is connected with the stimulation of increased accumulation of lipids by stressing algae. The third
direction involves the search for new, promising strains of algae that will be characterized by faster biomass
accumulation rate, higher content of TAG and the optimal proportions of accumulated saturated and unsaturated fatty
acids compared to the already known strains. Recently, a new approach in the search for biotechnologically valuable
strains of algae has been formed on the basis of predictions of capacity for sufficient accumulation of lipids by
clarifying the evolutionary relationships within the major taxonomic groups of algae. The outcome of these studies is
the rapid cost reduction of biofuel production based on algae biomass. All this emphasizes the priority of any research
aimed at both improving the process of production of biofuels from algae, and the search for new sources for biofuel
production.

Keywords: bioenergy; biodiesel; algae; algal biomass; biofuels from algae

Introduction

The development of industry, agriculture and the transport indust-
ry is inevitably connected with the use of various energy sources.
Currently, traditional resources are as follows: oil, gas and coal, as
well as alternative ones: solar radiation, wind, energy from the sea
tides and rivers, the heat of the Earth’s interior, nuclear or atomic
energy. At the same time, the reduction of mineral resources, primarily
fuel and energy, is increasingly stimulating the use of their analogues.
Nowadays countries with developed and developing economies are
considering renewable energy sources (RES) as the most promising
direction. Thus, the share of renewable energy in primary energy
consumption in the EU countries reached 12.5% as early as 2010.
According to EU Directive 2009/28, the share of renewable energy
sources should reach 20% by 2020. This strategy implies an emphasis
on overcoming the shortage of energy resources by the development
of bioenergy.

One of the important characteristics of all energy sources is their
environmental safety. Taking into account the current level of scienti-
fic achievements and the requirements of society for sustainable deve-
lopment of the economy in a manner which does not endanger the
health of the population, considerable attention is being paid to those
energy sources which are characterized by the safest production and
use (Dubrovin and Dragnev, 2006; Skoruk et al., 2011; Breuer et al.,
2012; Chen et al., 2012; Moheimani et al., 2015; Johnson et al., 2016;
Unkefer et al., 2017). One such resource is fuel of biological origin.
Obtaining energy from bio resources is one of the directions of envi-

ronmental biotechnology related to the effective use of photosynthetic
energy. It is with the help of bioenergy that it is planned, on the one
hand, to step up the transition to environmentally friendly and resource-
saving energy, and on the other, to increase the energy efficiency of
the world economy (Unkefer et al., 2017).

The use of biomass as fuel is one of the few real mechanisms to
reduce the greenhouse effect, since plant waste is neutral with respect
to the balance of carbon dioxide in the atmosphere: when it is burned,
the same amount of CO, is released, which was absorbed during the
growth of plants. Compared to fossil fuels, biomass combustion signi-
ficantly reduces CO, and CO, emissions, and significantly reduces the
amount of ash after combustion (Borowitzka and Moheimani, 2013).

One of the most important tasks of bioenergy is the search for
sources suitable to obtain fuel from. A significant number of studies
and technologies proposed are based on obtaining fuel from vegetable
sources: oilseeds, cereals and sugar crops (biofuel of the first generati-
on) (Dubrovin, 2006; Skoruk et al., 2011). Another source for produc-
tion could be fat-containing waste of agricultural production, proces-
sed by methods of pyrolysis of biomass using BTL technology
“Biomass to liquid” (biofuel of the second generation) (Skoruk et al.,
2011). As shown by a number of scientific studies, a promising
source for biofuel production that would meet modern requirements
may be algal biomass (biofuel of the third generation) (Grinyuk,
2009; Ruffing and Trahan, 2014; Piligaev et al. 2015; Newby, et al.,
2016; Unkefer et al., 2017).

Despite the fact that the production of bioethanol and biodiesel
plays an important role in the transition from a traditional economy
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based on the use of non-renewable resources to an ecologically safe
economy, the active use of biofuels in many countries of the world
could lead to a number of problems. The main deterrent effect in the
production biofuel of the first generation is the employment of vast
areas of fertile land — after all, instead of cultivation of crops on
valuable agricultural lands, these lands are used to grow raw materials
for biofuel production — rape, soybean, sugar cane, etc. (Bozhydarnyk
etal., 2014).

It is the technology of biofuel production from algae that can
solve the problems of shortage of sources and reduction in the amount
of land used for biofuel production. The efficiency of obtaining oil
suitable for biofuel production from corn is 172 liters per hectare per
year, palm oil — 5,950 liters per hectare, and from the biomass of
algae to 95,000 liters per hectare per year, provided that it is grown in
open water (Skoruk et al., 2011; Unkefer et al., 2017). Algae can
grow even in very harsh conditions: in salt lakes and deserts, where
cultivation of plants is not practiced and even impossible (Round,
1984; Ramanan et al., 2016). In addition, algae play an important role
in the accumulation of excess carbon dioxide from the air, produce a
number of useful by-products that can be used as feed additives in
fish farms and livestock farms or can be considered as promising
source of fucoxanthin (Petrushkina et al., 2017), carotenoids (Maltseva
et al., 2017). The aim of this article work is discussion of the features
and problems of using algae biomass to produce biodiesel.

Advantages of using algae biomass for biofuel production

Any biological source suitable for the production of biodiesel is
evaluated by the amount and composition of triglycerides of higher
fatty acids and free fatty acids, which are the starting materials for the
esterification reaction in the technological process and the sources of
methyl esters of fatty acids (components of the finished biodiesel).
However, the quality of the fuel produced will directly depend on the
qualitative and quantitative composition of the triglycerides. Thus, sa-
turated fatty acids increase the octane number and biodiesel resistance
to degradation, while unsaturated fatty acids reduce the pour point and
gelling temperature of the fuel at low temperatures (Talebi et al.,
2013). At the same time, the accompanying components of vegetable
oil, such as insoluble impurities, fat soluble substances and water,
impair the quality and even can adversely affect the production and
yield of biodiesel. Therefore, one of the primary tasks in the produc-
tion of biodiesel of the third generation is the search for such strains of
algae in which the composition of produced lipids would ensure
maximum economic profitability.

Compared to crops and sources from animal origin, the prospects
of using algae as a source of lipids for the production of biofuels,
human and animal nutrition are largely determined by their high pro-
ductivity and broad environmental sustainability (Chisti, 2007; Bona
etal., 2014; Fields et al., 2014). The productivity of obtaining oil from
the biomass of algae per unit of the area involved is many times more
efficient than the most popular sources for biofuel of the first genera-
tion — soybean (201 times) and palm oil (33.5 times) (Skoruk et al.,
2011). At the same time, different groups of algae can solve various
biotechnological problems. So green algae can be successfully used
for biodiesel production because of rapid growth in photoautotrophic
conditions, high content of saturated and monounsaturated fatty acids,
ability to produce a large amount of triglycerides (TAG) (Goncalves
et al., 2016). Diatom algae can serve as an industrial source of lipids
due to their good growth under culture conditions, as well as the highly
productive accumulation of chrysolaminarin, lipids (including TAG) in
conditions of nutrient deficiency (Chen et al., 2012; Hildebrand et al.,
2012; Scholz and Liebezeit, 2013). Yellow-green and eustigmatophytes
algae, for which the possibility of accumulating lipids is more than 50%
of the dry weight, have also been identified as potential biotechnological
objects (Eltgroth et al., 2005; Chen et al., 2009).

The use of various biological approaches to detect promising
strains of algae for biotech or increase their productivity continues to
grow. However, the unambiguous understanding of the differences
between algal taxa is one of the most significant steps in the selection

of commercially valuable strains, since it is the interspecific differen-
ces that will determine the needs for the composition of the culture
medium, the growth rate, the quantitative and qualitative composition
of the lipids and other cellular inclusions (Chisti, 2007). So, Fields
and Kociolek (2015), using the example of literary and their own data
on diatom algae, showed that under conditions of nutrient deficiency
in the medium, the lipid composition is a partially inherited evolutio-
nary feature and, consequently, the evolutionary-phylogenetic approach
can be used to facilitate selection of species by identifying differences
in the content of lipids inside and between phylogenetic clades. The-
refore, simultaneous use of morphological, phylogenetic, comparative
genetic, genetic engineering and biochemical methods will ensure the
greatest effectiveness of search and testing of biotechnologically
promising strains of algae for the production of biodiesel.

Despite convincing indicators in the productivity of lipid accumu-
lation by algae, work is also underway to enhance their ability to
accumulate valuable compounds, primarily by changing the intensity
of illumination or the composition of nutrient media during cultiva-
tion. It has been shown that representatives of different taxonomic
groups of algae react differently to depletion of nutrients. For example,
for the green alga Scenedesmus obliquus (Turpin) Kiitzing, nitrogen
starvation leads to an increase in the content of monounsaturated oleic
acid (18:1w9), in diatom Phaeodactylum tricornutum Bohlin it
increases the content of monounsaturated palmitoleic acid (16:1w7)
(Breuer et al., 2012). In the cells of Neochloris oleabundans S. Chan-
tanachat & Bold, nitrogen starvation increased the percentage of oleic
and palmitic (16:0) fatty acids and reduced the percentage of stearic
acid (18:0) (Sun et al., 2014). Khozin-Goldberg and Cohen (2006)
showed that the percentage of saturated fatty acids (mainly stearic
acid) in the cells of the yellow-green alga Monodus subterranea
J. B. Petersen during phosphorus starvation increased from 24.4% to
32.8%, while the percentage of polyunsaturated eicosapentaenoic acid
(20:5) decreases.

The main advantages of using algal biomass for biofuel producti-
on are given below (Berchmans and Hirata, 2008; Abou-Shanab et
al., 2011; Skoruk et al., 2011):

1) the use of algal biomass for the production of fuels does not
pose a threat to food security;

2) algae grow 20-30 times faster than terrestrial plants (some
species can double biomass several times a day);

3) 15-100 times more oil per hectare is produced than in
alternative canola, soybean, maize, jatropha or palm oil;

4) the absence of a solid cell wall and the almost complete
absence of lignin in a number of algae species makes their processing
into liquid fuels more simple and effective than the processing of
biomass from any sources of higher plants;

5) the production and use of biodiesel of the third generation does
not require a change in legislation, as is the case with ethanol;

6) algae grow in fresh, salt water or industrial wastewater, where
they can also be used for cleaning them;

7) algae can be grown industrially in bioreactors or photobioreac-
tors illuminated by an artificial light source, or in open reservoirs and
lakes on lands unfit for agriculture, including deserts;

8) photobioreactors are integrated into the technological lines of
existing industrial enterprises (thermal electric power station, petro-
chemical plants, cement plants);

9) algae reduce the emission of carbon dioxide — absorb up to
90% of CO, with the release of oxygen;

10) compared with oils obtained from soy and rapeseed, the oil
produced by algae has a higher content of saturated fatty acids (palmi-
tic, stearic, etc.), which increase the octane number of biodiesel.

Obtaining algae biomass for biodiesel production

At the present moment, various approaches have been developed
for the cultivation and production of algae biomass, which can be
used for biodiesel production. First of all, it should be taken into
account that algae biomass can be obtained with their mass growth in
open water during their blooming. Collecting such algae biomass
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helps to clear water bodies. However, the species composition of
algac biomass cannot always guarantee its high value for biodiesel
production. At the same time, it allows one to solve the problem of
removing algae sprouts during the blooming of water bodies and to
use biomass, for example, for the production of biogas. The biomass
of cyanobacteria, which grows intensively in the reservoirs of the
Dnieper, can be used in plants for the production of biogas by
methods developed by the scientists of Kremenchuk Mikhailo
Ostrogradskyi National University (Yelizarov and Yelizarov, 2011).
The heat-generating capacity of the gas obtained from algae biomass
is compatible with household gas.

An enormous amount of seaweed biomass, which is formed on
the coast of Japan, is also used to produce methane in special plants
(Titlova, 2015).

However, for the production of algae biomass with a high content
of oil and suitable for biofuel production, it is necessary to cultivate
the algae of certain types or strains characterized by the highest effici-
ency. In this case, open water bodies or special biotechnological
constructions — bioreactors (photobioreactors) are used. Cultivation of
algae in open water is the least costly and most acceptable in countries
where climatic conditions allow algae to grow throughout the year
(Titlova, 2015). An essential disadvantage of this method of obtaining
biomass is other microorganisms (microalgae, fungi, bacteria) getting
into the captive reservoir, which can change the qualitative and
quantitative indices of the biomass and interfere with the yield of oil
to produce biodiesel. Photobioreactors, which are closed systems,
allow the possibility of growing biomass of algae irrespective of cli-
matic conditions, have a high degree of protection against the occu-
rrence of unwanted organisms and allow the use of various methods
for increasing the rate of growth and productivity of algae. Such plants
are usually costly, therefore, their modern development is aimed at
both reducing the cost of biomass and expanding their functionality.
For example, on the one hand, they clear the emissions of various
productions when used in photobioreactors and, on the other hand,
they produce an additional effect on the saturation of these emissions
with carbon dioxide, their temperature indices, and so on. This makes
it expedient to place such photobioreactors near various productions,
where large amounts of carbon dioxide are formed from combustion
or, for example, fermentation carried out by yeast.

The details of design decisions for photobioreactors are presented
in the works by Zolotaryova et al. (2008), Borowitzka and Moheimani
(2013). Various variants of flat, tubular photobioreactors have been
developed. To improve productivity, a spectral luminous stream is
achieved by fiber optic systems, GSC technologies that allow the use
of sunlight without loss, PBRs — providing a deep penetration of light
flux into a culture, growing algae on membranes with subsequent
flushing to yield crops, but at the same time minimizing water costs
and harvesting costs, etc. The system developers present promising
strategies for obtaining algae biomass which are based on a combina-
tion of open water growing algae and photobioreactors (Borowitzka
and Moheimani, 2013). Protection against possible contamination of
algae biomass in ponds is ensure by the high rate of algae formation
(several days). In the pilot project , the average annual productivity of
such combined systems reached 38 tons per hectare.

Nevertheless, the predominant global practice at the present time
in the growing of algae for commercial purposes is cultivation in open
water — about 20,000 tons per year, compared with only a few hundred
tons in closed photobioreactors. The creation of the most productive
plants for the cultivation of microalgae continues in different countri-
es, including Ukraine (Chernov and Ivko, 2010; Fedotkina-Ginczgej-
mer and Fedotkin, 2011).

Equipment for the production of algae biomass for the purpose of
obtaining biofuel is offered on the Ukrainian market, for example, by
the company Biodiesel Dnipro (c. Dnipro). The introduction of tech-
nologies of renewable biotechnoenergetics in the domestic market is
undertaken by a number of companies and enterprises, detailed infor-
mation on which can be found in the review work of Gamkalo and
Maksishko (2017). According to the data of Skoruk et al. (2011) con-
siderable success in the development of design documentation for the

production of biofuels from algac was achieved by the staff of the
Scientific and Production Corporation "Kiev Institute of Automation”.
Thus, Ukraine has sufficient potential for the development of this di-
rection of production and for market saturation by biodiesel obtained
as a result of processing of algae biomass, considering that according
to forecasts, biofuel will account for 20% of the total amount of fuel
consumption in Ukraine by 2020 (Bozhydarnyk et al., 2014). The im-
portance of research in this field was emphasized by the approval of
the Targeted Complex Programs of Scientific Research of the National
Academy of Sciences of Ukraine: "Biomass as Fuel Raw Materials"
("Biofuels") for 2007-2012, "Biological Resources and Latest Tech-
nologies of Bioenergy Cavitation" for 2013-2017 (Decision, 2010;
Tselevaya, 2012). As part of the program, a collection of microalgae
strains (16 species, 32 promising lipid-producing strains) was created,
their molecular genetic analysis was performed and the conditions of
cultivation were chosen (Decision, 2010; Blume et al., 2014, Buntov,
2017).

The main directions of increasing the efficiency
of biodiesel production from algal biomass

After activation of the third generation biodiesel production it was
assumed that the algae would become a most advantageous energy
source, because they are not only able to accumulate significant amo-
unts of lipids, but also have the potential to reduce the area of agricul-
tural land used for biofuel production, and could also improve air
quality by sequestering CO,. However, a major problem is presented
by be the cost of algae biomass cultivation and its processing compa-
red to the production of biodiesel from agricultural crops. In this
regard, there are several directions of increasing efficiency of biodiesel
production from algae biomass.

The first direction is to increase lipid content in algae cells by
means of genetic engineering and is concerned with the modification
of genes DGAT2b, DGAT2c, CeDGAT1, Wrinkled1 (wril) encoding
enzymes responsible for synthesis of triglycerides (TAG), and is
directed to stimulation of extra-expression of these genes (Xu et al.,
2008; Taylor et al., 2009; Li et al., 2012; Yoon et al., 2012). It is shown
that manipulation of the gene of DGAT can increase the lipid content
in the cell by 11-28% (Jako et al., 2001). Work is also being carried
out on the transplantation of the same plant genes into other model
objects (bacteria, yeast) with the aim of obtaining greater concentration
of TAG than in the source organism (Guo et al., 2017). Transplantati-
on of the analogue gene DGAT from green algae (CeDGATI) of
Chlorella ellipsoidea Gerneck into the yeast genome caused a 142%
increase of lipid content (Guo et al., 2017).

The second direction is connected with the stimulation of increa-
sed accumulation of lipids by stressing algae. The most common
factors used to enhance the production of lipids, are change of inten-
sity and duration of lighting, limitation of nutrient content (primarily
nitrogen and phosphorus). It was found that the yellow-green alga
Monodus subterraneus J. B. Petersen accumulates 0.1 pg/cell TAG in
the conditions of normal nutrient content, and phosphate starvation
increases the content TAG to 1.7 pg/cell, which amounts 39.3% of
total lipids content (Khozin-Goldberg and Cohen, 2006). Besides, in
phosphate-deficient conditions the total lipid content of Monodus
subterraneus increased from 1.66 pg/cell to 4.3 pg/cell (Khozin-
Goldberg and Cohen, 2006). On the other hand, the green alga
Rhopalosolen saccatus (Filarsky) Fott had the highest biomass and
lipid content when grown in standard nutrient conditions, and the
restriction of phosphorus resources did not lead to a significant
increase of either biomass or lipid content (Challagulla et al., 2015).
Phosphate starvation of the green alga Scenedesmus sp. caused an
increase of lipid content from 20% to 50% of dry weight, in contrast
to nitrogen starvation, which increased the lipid content from 25%
only to 30% of dry weight (Xin et al., 2010). It was also found that
nitrogen starvation can induce in the green alga Dunaliella parva
W. Lerche expression of a gene Wrinkledl (wril), which is an
important transcription factor of many genes involved in the regula-
tion of fatty acid biosynthesis (Shang et al., 2016).
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The main drawback of the first two directions is that all studies are
based on a narrow set of well-known strains of algae: Nannochloropsis
oceanica Suda & Miyashita (Jia et al., 2015), Chlorella ellipsoidea
(Yang et al., 2011; Guo et al., 2017), Chlamydomonas reinhardtii P. A.
But (Scranton et al., 2015), Dunaliella parva (Shang et al., 2016), and
only few works are devoted to testing new, previously non-studied
strains (Fujii et al., 2014).

The third direction involves the search for new, prospective strains
of algae that will be characterized by faster biomass accumulation
rate, higher content of TAG and the optimal proportions of accumula-
ted saturated and unsaturated fatty acids compared to the already
known strains. Lately the perspective of use of a number of strains
belonging to the genera of green algae Desmodesmus (Chodat)
S.S. An, T. Friedl & E. Hegewald, Coelastrum Nageli and Scenedes-
mus Meyen (Valdez-Ojeda et al., 2015), Cyanoprokaryota Anabaena
Bory ex Bomet & Flahault (Johnson et al., 2016), diatom Halamphora
(Cleve) Levkov (Stepanek et al., 2016), Eustigmatophyta Vischeria
Pascher (Gao et al., 2015) and Eustigmatos D. J. Hibberd (Zhang et al.,
2015) has been shown to be highly promising. The testing of new
strains showed that at different stages of growth, the algae biomass
significantly differs in content of fatty acids, e.g., in the exponential
phase, the content of linoleic acid (18:2) in Chlorella vulgaris Beye-
rinck [Beijerinck] is 9.5% of dry weight, Scenedesmus obliquus is
3.9% and in Botryococcus sp. is 13.1%; and in stationary phase, these
figures increased almost two times, up to 21.5%, 6.9% and 20.2%,
respectively (Piligaev et al., 2015).

Recently a new approach in the search for biotechnologically valu-
able strains of algae has been formed on the basis of predicting their
capacity for sufficient accumulation of lipids with the help of clarifying
the evolutionary relationships within the major taxonomic groups of
algae (Fields and Kociolek, 2015). The prospects of testing the possibi-
lity of using the strains of diatoms from the orders Thalassiosirales,
Chaetocerotales and Bacillariales (Fields and Kociolek, 2015) for bio-
diesel production have been shown. The value of this approach is
projected to increase due to the constant enlargement of of nucleotide
sequences of not only diatom, but also other groups of algae available
for analysis and the possibility of filtering out less promising strains
while avoiding expensive biochemical experiments.

In international scientific practice, research on finding new strains
for biodiesel production is very widespread, as evidenced by the
abundance of publications in such specialized scientific journals as
Algal Research, Photosynthesis Research, International Journal of
Hydrogen Energy, Journal of Applied Phycology, etc. Meanwhile,
many publications reflect only a few results, ase there are not so many
experienced research groups.

The group of C. Wu Zhang and S. Xia and colleagues (Jinan Uni-
versity, China) are exploring the peculiarities of fatty acid compositi-
on in different representatives of eustigmatophyceae algae: Vischeria
stellata (Chodat) Pascher (Gao et al., 2015), Eustigmatos cf. polyphem
(Pitschmann) D. J. Hibberd (Zhang et al., 2013), and its changes
under the stressing conditions of cultivation.

The group of T. J. Johnson, S. Halfmann, R. Zhou, and W. R. Gib-
bons (South Dakota State University, USA) are developing the mec-
hanisms for obtaining the sufficient amount of Cyanoprokaryota bio-
mass for the third generation biofuels production (Johnson et al., 2016).

K. Fujii (Yamaguchi University, Japan) is studying the diversity
of algac of Yamaguchi Prefecture with the testing of green algae
individual strains of the genera Chlorella Beyerinck [Beijerinck],
Scenedesmus, Coccomyxa Schmidle, Macrochloris Korshikov and
Oogamochlamys Proschold, B. Marin, U. W. Schldsser & Melkonian
as raw materials for biofuel production and cultivation in aquaculture
conditions (Fujii et al., 2014).

D. V. Subba Rao (Raymond G. Murphy VA Medical Center,
USA) is working on the search for biotechnologically promising strains
of algae in natural and anthropogenic ecosystems by combining bioche-
mical studies with molecular-phylogenetic ones (Subba Rao et al., 2005;
Durvasula et al., 2015). The studies are conducted with the representa-
tives of different genera of algae: Chlamydomonas Ehrenberg, Dunali-
ella Teodoresco, Scenedesmus (green) and Nitzschia Hassall (diatom).

J. E. W. Polle and P. Neofotis (The Graduate Center of the City
University of New York, USA) are working on the search for highly
productive microalgae for the production of biofuels and bioproducts
among the representatives of the green algae genera Ankistrodesmus
Corda, Acutodesmus (Hegewald) Tsarenko, Chlorella, Desmodes-
mus, Dunaliella (Moheimani et al., 2015; Slocombe et al., 2016).

In Ukraine, scientists are studying the problems of increasing the
efficiency of lipid accumulation by means of genetic engineering
methods, searching for highly effective algae strains and selecting
cultivation conditions (Zolotaryova et al., 2008; Blume et al., 2014;
Korkhovoy and Blume, 2014).

At the present stage on the commercial level, the following direc-
tions are being implemented: the Israeli company “‘Seambiotic” is
developinge technologies that allow the industrial cultivation of algae
by using carbon dioxide, which is released in emissions of power
plants. The corporation “GreenFuel Technologies” (USA) suggested
the technology Emissions-to-Biofuels that allows growth of algae by
using emissions of thermal power plants. The Japanese company “Tokyo
Gas” and “NEDO” are creating a system of algae biomass fermentati-
on by using bacteria for producing methane, which can be used in gas
engines. They have already developed mechanisms which can process
up to 1 ton of algae per day with the formation of 20 thousand cubic
meters of methane (Skoruk et al., 2011).

The outcome of the studies is the rapid cost reduction of biofuel
production based on algae biomass. If in the middle of the first decade
of the 21st century the cost of obtaining 1 ton of algac biomass was
about $4,300, by 2011 it had dropped to $1,279, and in 2016 mecha-
nisms to reduce the cost to $430/t were already being proposed
(Skoruk et al., 2011; Dutta et al., 2016). There is a significant reducti-
on in the cost of fuels — in 2011 the minimum price was about $2.32/1,
then by 2016, it had decreased to $0.96/1 (Dutta et al., 2016). All this
emphasizes the priority of any research aimed at both improving the
process of production of biofuels from algae, and the search for new
sources for biofuel production.

Conclusion

Undoubtedly, research on the possibility of using algae as sources
for the production of biodiesel fuel and improvement of specific tech-
nological features has changed significantly over the last 30 years.
If the first analysis and recommendations were based on the analysis
of morphology, physiology and biochemistry of individual strains,
modern approaches are increasingly shifting towards deep screening,
comparative genetics and genetic engineering. Taking into account
the fact that none of the existing terrestrial plants is able to compete
with algae both on the effectiveness of photosynthesis underlying the
yield, and on the oil content and the energy stored in it, then, of
course, the screening of biotechnologically promising algal strains for
biodiesel production remains urgent more than ever.

The development of algae in culture neutralizes the influence of cli-
matic and seasonal growth factors, and understanding of species specifi-
city and productivity makes it possible to obtain biomass all year round.
Leaders in this area are the Netherlands, Germany, South Africa, as well
as the USA and Australia. An active search is also being conducted by
specialists from China and Japan. Scientists are working on optimizing
the parameters of biocultivators and bioreactors for actively growing the
biomass of algae and processing sources, searching for productive
species and strains of algae. Ukraine has all the necessary scientific and
production potential for the development of algotechnoenergetics. This
is proved by the development of technological solutions to improve the
efficiency of production and the processing of microalgae biomass, as
well as the creation of collections of microalgae and their strains.

Obviously, further searches for new strains of algae that can be
used for the production of biodiesel must differ from the research on
individual single strains, but should rather concentrate on the creation
and implementation of a screening system that would consist of scien-
tifically sound and economically viable stages and would allow the
stage-by-stage testing of a large sample of strains of algae, excluding
at each stage the less promising strains.
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Introduction

Sukharenko, E. V., Samoylova, 1. V., & Nedzvetsky, V. S. (2017). Molecular mechanisms of aluminium ions
neurotoxicity in brain cells of fish from various pelagic areas. Regulatory Mechanisms in Biosystems, 8(3), 461-466.
doi: 10.15421/021771

Neurotoxic effects of aluminum chloride in higher than usual environment concentration (10 mg/L) were studied in
brains of fishes from various pelagic areas, especially in sunfish (Lepomis macrochirus Rafinesque, 1819), roach
(Rutilus rutilus Linnaeus, 1758), crucian carp (Carasius carasius Linnaeus, 1758), goby (Neogobius fluviatilis Pallas,
1811). The intensity of oxidative stress and the content of both cytoskeleton protein GFAP and cytosol Ca-binding
protein S100B were determined. The differences in oxidative stress data were observed in the liver and brain of fish
during 45 days of treatment with aluminum chloride. The data indicated that in the modeling of aluminum intoxication
in mature adult fishes the level of oxidative stress was noticeably higher in the brain than in the liver. This index was
lower by1.5-2.0 times on average in the liver cells than in the brain. The obtained data evidently demonstrate high
sensitivity to aluminum ions in neural tissue cells of fish from various pelagic areas. Chronic intoxication with
aluminum ions induced intense astrogliosis in the fish brain. Astrogliosis was determined as result of overexpression of
both cytoskeleton and cytosole markers of astrocytes — GFAP and protein S1008 (on 75-112% and 67-105%
accordingly). Moreover, it was shown that the neurotixic effect of aluminum ions is closely related to metabolism of
astroglial intermediate filaments. The results of western blotting showed a considerable increase in the content of the
lysis protein products of GFAP with a range of molecular weight from 4049 kDa. A similar metabolic disturbance was
determined for the upregulation protein S100B expression and particularly in the increase in the content of polypeptide
fragments of this protein with molecular weight 24-37 kDa. Thus, the obtained results allow one to presume that
aluminum ions activate in the fish brain intracellular proteases which have a capacity to destroy the proteins of
intermediate filaments. The data presented display the pronounced neurotoxic effect of mobile forms of aluminum on
both expression level and the metabolism of molecular markers of astrocytes GFAP and protein S1008. Aluminum ions
induce integrated changes, the more important of which are a significant increase in final LPO products, an increase in
antioxidant enzyme activity, a reactivation of glial cells in the brain. Integrated determination of the content and
polypeptide fragments of specific astrocyte proteins in fishes brains coupled with oxidative stress data may be used as
valid biomarkers of toxic pollutant effects in aquatic environments.

Keywords: aquatic organisms; oxidative stress; neurospecific proteins; glial fibrillary acidic protein; GFAP; protein S100p

have confirmed the toxicity of aluminum ions for various aquatic
species. Moreover, the US Environmental Protection Agency in

Aluminum is the most common metal in nature. The number of
minerals which consist of aluminum is more than 250, including
aluminum silicates — compounds that make up about 82% of the
earth’s crust. Being one of the most common elements in the Earth’s
crust, aluminum is found in almost all natural water resources
(Gostomski, 1990). It enters into these water areas by various ways:
with partial dissolution of clays and aluminosilicates, with atmosphe-
ric precipitation, sewage, and industrial wastes (Walton et al., 2010;
Liu et al., 2014; Aksu, 2015). Aluminum toxicity is a universal prob-
lem for all forms of organism. Since last decades of the XX century,
ecologically significant concentrations of Al are have been intensively
studied for natural water resources. The content of soluble forms of
Al increases exponentially with decrease in pH. However, the con-
centration of mobile organic forms of Al relates to concentration of
organic acids in the water solution rather than pH (Driscoll, 1985;
Sivakumar et al., 2012). At the same time, it has been hypothesized
that Al is potentially toxic to aquatic organisms. A number of studies

Regul. Mech. Biosyst., 8(3)

August 1988 published a document on ambient water quality criteria,
especially the toxicity of aluminum. Established criteria recommend
that the one-hour average concentration of aluminum should not
exceed 750 pg/l and four-day average concentration should not ex-
ceed 87 pg/l. These criteria were developed by an acute toxicity study
for 20 species of freshwater aquatic organisms. Two fish species,
namely striped bass and brook trout, were determined to be the most
sensitive to the toxic effects of aluminum among the species of North
America (Gostomski, 1990). Without doubt, the toxicity of aluminum
ions in the aquatic environment is extremely complex. Biological
effects of aluminum are determined for a number of water quality
characteristics, especially pH, content of organic carbon and hardness
(Trenfield et al., 2012; Cardwell et al., 2017).

One important factor for aluminum toxicity is mobility of A"
ions. It has been shown that in marine diatoms dissolved aluminum
has a differences in toxic effect compared with precipitated aluminum
forms. Aluminum toxicity is multifaceted. The genotoxic potential of
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aluminum ions has been demonstrated for embryonic zebrafish cells
ZF4. A few hours exposure induced double strand breaks of DNA
(Pereira et al., 2013). Modern toxicology considers the increased con-
centrations of aluminum ions to be the most dangerous among the
"hidden" adverse environmental factors. The toxic effect of aluminum
is associated with its antagonism with respect to calcium, magnesium,
zinc, copper, and its ability to accumulate in animal tissues due to
easy integration into the structure of proteins. The degree of alumi-
num accumulation in living organisms is limited by the insolubility of
some of its natural compounds in water. However, due to the fact that
insoluble aluminum compounds are solubilized in the acidic environ-
ment of the vertebrate stomach, the AI*" content in the body rises.
Higher than normal concentrations of aluminum ions in the organism
provoke the development of various pathologies, caused mainly by a
disorder of the oxidation-reduction balance of tissues (Nedzvetskii
etal., 2006; Fernandez-Davila et al., 2012). With excessive concen-
trations of aluminum in the body of aquatic organisms, the target
organs are kidneys, bones, and the central nervous system as usual.
The reactions of the nervous system to aluminum intoxication are
quite diverse. Neurotoxicity of aluminum may be accompanied by
impaired glucose metabolism, cytoskeleton changes and modulation
of signal transduction mechanisms (Singla et al., 2015). The studies
in vivo and in vitro have shown that aluminum affects the formation
of inositol phosphate. Some components of the inositol phosphate
signal system, including proteins (phosphatidylinositol-specific phos-
pholipase C, protein kinase C and G protein) are extremely sensitive
to the content of aluminum ions, which inhibit hydrolysis of phospho-
inositol, resulting in the decreased level of inositol triphosphate (IP;)
and release of Ca”" fons from intracellular membrane storages (Sun
etal., 2008). The specific toxicity of aluminum is associated with the
ability of fish to secrete mucus intensively and accumulate ions of this
metal in the gills. In this case, the effect of aluminum on the function
of the gills of fish juveniles and fry is differentiated. The highest
sensitivity was found in salmon fry; this fact may be explained by the
insufficiently high antioxidant protection activity of fish in the early
ontogenesis period (Grassie et al., 2013; Skilbrei et al., 2013). Despite
the abundance of aluminum in the aquatic environment, the effects of
aluminum intoxication on aquatic organisms have not been adequate-
ly studied. Neurotoxic effects of AI** have been studied in vivo in
terrestrial animals; however, this neurotoxicity was not displayed for
aquatic organisms in view of the vast scale of modern environmental
pollution. In addition, anthropogenic pollution of water resources with
aluminum compounds, inducing the decreased acidity of the environ-
ment, creates favorable conditions for the chronic growth of the alu-
minum content. Thus, the study of the biological effects of aluminum
ions on the population of aquatic organisms is of current concern,
primarily for industrial regions with developed electrical, aviation,
chemical, and petroleum industries. Fish, as the last link in the trophic
chain in water bodies, is a reliable and adequate indicator for the
extent of anthropogenic pressure on aquatic ecosystems. This is due
to their high sensitivity, wide distribution, and accessibility for stu-
dying the reactions of their organisms to various external affects.

Glial cell reactivity is one of the widest used biomarkers of neural
tissue disorders (Tykhomyrov et al., 2016). The upregulation of glial
fibrillary acidic protein (GFAP) expression in astrocytes is an
obligatory molecular event that accompanies cell response in neural
tissue against toxic chemicals and different damages (Nedzvetskii
etal., 2012). This phenomenon is termed astroglisis and occurs in the
brains of all kind of vertebrates. Several kinds of fish could be more
sensitive to aluminium ions toxicity. Thus, the study of astrogliosis
can elucidate common molecular mechanisms of cell reactivity and
individual characteristics of fishes from various pelagic areas.

Materials and methods

In accordance with the generally accepted research methods, sun-
fish, goby, crucian carp and roach fish specimens were taken from a
conditionally clean area. The water area of the Vorskla River was
chosen from within an existing ichthyological sanctuary, which is

practically not subject to technogenic impact. The chronic effect of
aluminum ions on the four fish species was studied over 45 days of
their treatment with 10 mg/l of aluminum chloride. The stable con-
centration of aluminum ions was maintained by replacement 35%
water containing 10 mg/l of aluminum chloride. Every group of fish
species included 20 individuals from various pelagic areas: sunfish
(Lepomis macrochirus Rafinesque, 1819), roach (Rutilus rutilus
Linnaeus, 1758), crucian carp (Carasius carasius Linnaeus, 1758),
goby (Neogobius fluviatilis Pallas, 1811). Adult fishes (3—5 years old,
n = 20) were randomly divided into similar groups (control and expe-
rimental ones). The experimental groups of fish were kept in similar
aquariums with 180 liters capacity. Control groups of all fish species
were kept in aquariums with purified tap water. Every fish individual
was phenotypically analyzed. The phenotype of fish was visually
observed and the morphological exterior and interior characteristics
were analyzed. The proportion of fish with different morphological
and physiological aberrations was calculated. In order to sample the
biological material, decapitation was applied in conformity with the
technique used for treating small animals. After decapitation, the fish
brain was homogenized (in the cold) in a 10-fold volume of 50 mM
Tris buffer pH 7.8 containing 2 mM ethylenediaminetetraacetate
(EDTA), 1 mM 2-mercaptoethanol, 0.1 mM phenylmethylsulfonyl
fluoride (PMSF) and 5 mM soybean trypsin inhibitor. The homoge-
nate was centrifuged for 50 min at 60,000 g. After centrifugation, a
fraction of the water-soluble proteins with supernatant was taken.
To extract cytoskeletal proteins, a 4-fold volume of Tris buffer pH 7.8
containing 4 M urea was added to the pellet and resuspended to
homogenate. Resuspended samples were incubated at +4 °C for
60 min for extraction of cytoskeleton proteins. After extraction of
nsoluble proteins, the samples were centrifuged for 60 min at 60,000 g
and a fraction of the water-insoluble proteins was taken. The samples
of both soluble and insoluble proteins were separated by electrophore-
sis in a gradient of a polyacrylamide gel (7-18%) with 0.1% sodium
dodecyl sulfate (Nedzvetskiy et al., 2011). The content and polypeptide
composition of glial intermediate filaments and S100B were assessed
by immunoblotting using a polyclonal monospecific antiserums anti-
GFAP (Santa Cruz Biotechnology, USA, cat. no. sc-33673, dilution
of 1 : 2000) and anti-S1008 (Thermo Scientific, USA, cat. no. PAS-
16257, dilution of 1 : 1000). The relative intensity of the colour densi-
ties of the polypeptide zones was detected by computer processing of
the scanned immunoblotting results. Quantitative GFAP analysis was
carried out by comparing the intensity of the colour of the relevant
polypeptide zones between the experimental and control samples
referred to the amount of total protein in the fractions. The content of
total protein was estimated by Lowry’s method in Miller’s modifica-
tion (Miller, 1959). The level of lipid peroxidation was measured
using a LPO-586 test kit (Oxis, Int. Inc., USA) by a method based on
the reaction of N-methyl-2-phenylindole with malonic dialdehyde and
4-hydroxyalkenes (Ohkawa, 1979). The obtained data were processed
using mathematical statistics for small number of samples. The relati-
ve content of GFAP was expressed as the mean = standard error of the
mean, a significant difference between the groups was assessed using
the Student’s t-test (P < 0.05) after testing the hypotheses of the normal
distribution and the difference between the general variances.

Results and discussion

All fish individuals were subject to complete biological analysis.
Despite the fact that the anatomical and morphological analysis of the
experimental and control groups of fish showed no abnormalities and
deviations from healthy growth, while studying the intensity of oxida-
tive stress in the liver and brain of gobies, crucian carp and roach
from the experimental groups, it was established that the content of
TBA-reactive products significantly increased. The number of TBA
active products in the liver of individuals of the experimental groups
was higher by 22-69% as compared with the groups of fish kept in
the purified tap water (Table 1).

The increase in amount of the final products of lipid peroxidation
in the liver of the mature adults under conditions of the aluminum

462 Regul. Mech. Biosyst., 8(3)



contamination was significantly lower than the increase in the similar
indicators in the brain of these individuals where the content of lipid degra-
dation significantly exceeded the control values by 41-58% (Table 2).

Table 1

Content of TBA-active products in the liver of mature

adult individuals under conditions of chronic contamination
with aluminum ions (nmol/mg material)

(j;zlz)?lss (;)iﬁ:ghiisai(:? Control group Experimental group
Sunfish 1.53+0.10 1.93£0.12%
Crucian carp 1.32+0.11 1.78 £0.13*
Goby 1.78 +£0.12 2.18+£0.14*
Roach 1.34+0.09 2.27 +£0.14**

Note: significance of the difference in comparison with the control * — P <
0.05, **—P <0.01.

Table 2

Content of TBA-active products in the brain of mature
adult individuals under conditions of chronic contamination
with aluminum ions (nmol/mg material)

Groups of fishes from

various pelagic areas Control group Experimental group
Sunfish 2.32+0.13 3.274£0.19%*
Crucian carp 1.92+0.11 2.89+0.20**
Goby 2.81+0.12 3.95+£0.18%*
Roach 1.89+0.16 2.98 +(.23%*

Note: see Table 1.

The maximum increase in the content of the LPO end products in
the brain of mature adults with chronic exposure to AP* ions was found
in the brain of the roach group (on an average 58.0% higher than the
control values), slightly lower oxidative stress indices were observed
in the brains of mature adults of experimental carp groups (51%), sun
fish (an average of 41%), and goby (an average of 41%). In the liver
of mature adults of the experimental groups of crucian carp, goby, sun
fish, the generation of oxidative stress relative to the control groups of
fish was less intense compared to the brain, respecttively an average
of 35%, 22%, and 26% (P < 0.05).

An exception was formed by individuals of the experimental group
of common roach, in which the intensity of oxidative processes in the
liver increased by an average of 69% (P < 0.01), and it was comparable
to the intensity of these processes in the brain of the experimental ani-
mals. The activity of the antioxidant system enzyme — superoxide dis-
mutase (SOD) is one of earliest responses to oxidative stress in the cells.
The increase of SOD activity was determined in all fish species treated
with aluminum ions. Exposure to aluminum ions induced the same
increase of SOD activity in the brains of all studied fish species (Fig. 1).
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Fig. 1. SOD activity in the liver of sunfish, crucian carp, goby
and roach groups treated with aluminum ions (Al) compared
to control groups of fish (C): ** —P <0.01, *** —P <(0.001

significance of differences in comparison with the control
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SOD activity in the samples of sunfish liver was found to be almost
2.0 times greater than in the control group. Therefore, the increase in
SOD activity of about 1.6 times in the samples from crucian carp
wasn’t so meaningful but this difference was still significant P < 0.01
(Fig. 2). More intensive growth of SOD activity in the liver tissue
could relate to higher level of antioxidant protection of the liver cells
compared to brain cells. The results of the research make it possible to
assert that it is the nervous tissue of fish, due to the significant content
of polyunsaturated fatty acids and high level of oxygen utilization
(about 1/5 of total consumption), that is most susceptible to oxidative
action. Therefore, oxidative damage of this type of tissue can be con-
sidered as the most probable mechanism of realization of toxic effects
of aluminum ions.
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Fig. 2. SOD activity in the brain of sunfish, crucian carp, goby
and roach groups treated with aluminum ions (Al) in compared
to control groups of fish (C): see Fig. 1

The analysis of glial fibrillary acid protein (GFAP) content in the
brain of sunfish, goby, crucian carp and roach fish individuals expo-
sed to 10 mg/l AP’ displayed a significant increase in the expression
of this astroglial marker in fish of all groups (Fig. 3).
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Fig. 3. Relative GFAP content in the brain of sunfish, crucian carp,
goby and roach groups treated with aluminum ions (Al) in

comparison with the control groups of fish (C): see Fig. 1

The treatment of all studied fish groups induced similar changes
in GFAP expression. In the experimental groups of sunfish, crucian
carp, goby and roach this was higher than the control values (P < 0.01)
by 185%, 175%, 183% and 212%, respectively. In the group of goby
and crucian carp, aluminum ions induced a more meaningful increase
in the content of GFAP compared with sunfish and roach. Such an
increase in protein expression indicates the species-specific features
of astroglial reactivation in response to the action of aluminum ions.
These differences may be caused by various trophic and mobile acti-
vities of the investigated species of fishes. The increase in the expres-
sion of the protein of intermediate glial filaments is accompanied by
the appearance of degraded polypeptide fragments of GFAP. Such
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derivatives can be identified by immunoblotting provided that their
antigenic determinants are preserved in the native state. A comparati-
ve analysis of the polypeptide fragments composition of the GFAP
showed a significant increase in the content of products of proteolytic
degradation of the 49 kDa intact subunit in all fish species groups.

The detected differences imply the induction of intensive proces-
ses of reorganization of the cytoskeleton of nervous tissue astrocytes
in the sunfishes from all the age groups by the ions of aluminum. Growth
of the expression of an astroglial marker (GFAP) under the influence

of mature fish of all studied species (sunfish, goby, crucian carp,
roach). It was established that the chronic effect of aluminum ions in-
duced a significant (P < 0.01) increase in the content of GFAP in the
brain of mature adults of the experimental groups of crucian carp, goby,
sunfish and roach in comparison with the control group on average by
75%, 83%, 85% and 112% respectively. The increase in the expression
of GFAP is accompanied by the appearance of degraded polypeptide
fragments of this protein. The most distinctive results of immunoblot-
ting observed for cytoskeleton fractions of fish brain proteins extracted

of higher than normal AI** concentrations was also detected in adults from the control and experimental groups are shown in Figure 4.
B S— — e — m— e — «— 49kDa
S — 40 kDa
C Al C Al Al G Al
sunfish crucian carp goby roach

Fig. 4. Western blot results of the cytoskeletal fractions of the brain proteins from sunfish, crucian carp, goby, roach
inhabiting water with chronic aluminum exposure (Al): C — control groups of fish

Comparative study of the water-soluble and cytoskeletal GPAP
fractions from the experimental and control groups showed that the
insoluble subunits of this protein, being the part of the cytoskeletal
structures, are subject to proteolytic degradation to a greater extent.
Thus, AI* jons induce not only the typical reactive response in astro-
cytes to metabolic disturbances, but also activate the degradation of
the cytoskeleton molecular components in the nervous tissue of all the
above-mentioned species of various age groups.

A number of cell processes, including migration of GFAP-positi-
ve cells, largely depends on the Ca®" intake into the cell. At the same
time, the regulation of Ca" intracellular concentration is carried out
by means of calcium-binding proteins universal for all cell types. One
type of such proteins is the neurospecific protein S100B, synthesized
predominantly by neuroglia cells. It was found that prolonged expo-
sure to aluminum chloride induces a significant increase in the cyto-
solic protein S100B content in the fish brain. A comparative analysis
of the immunoblotting results, which allows one to evaluate the dif-
ferrences in the content of the S100B protein in the brains of mature
adults of the sunfish and crucian carp in experimental and control
groups, suggests a significant increase in the content of polypeptides
with a molecular weight range from 24 to 37 kDa (Fig. 5).

R— - — —37kDa
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Fig. 5. Western blot results of cytosolic fractions of brain proteins
of sunfish and crucian carp treated with aluminum ions (Al):
C — control groups of fish

The content of this protein significantly increased in the fish brain
of the experimental groups, namely: the sunfish (on average 105%,
P < 0.05) and crucian carp (67% on average, P < 0.01) with respect to
similar indices concerning the fish brain of the same control group
species. The results of our study prove that intoxication with aluminum
ions causes the response of molecular transformations in astroglial
cells of the neural tissue. In the process of such changes an increase in
the synthesis of the cytoskeletal GFAP is accompanied by a signifi-
cant increase in the content of the cytosolic calcium-binding protein
S100B and its derivatives with Mr = 24-37 kDa. These findings
showing toxicity of aluminum ions for nervous tissue cells of fishes
are completely consistent with current ideas about its potential neuro-

toxicity for a wide range of organisms (Gostomski, 1990). Our study
shows that oxidative stress is closely associated with the development
of reactive astrogliosis in the nervous tissue of fish from various
pelagic zones. Aluminum ions induce the upregulation of both GFAP
and protein S100p expression and also stimulate the proliferation and
differentiation of astrocytes in the brains of various fish species.
The most intensive astroglial reactivation was detected in the brains of
mature fishes. At the same time, an increase in the content of LPO
final products in the brains of individuals from this experimental
group was lower than in other age groups. The research results
indicate the important role of astrocytes in protecting nervous tissue
during intoxication. The age-related differences in the intensity of
astrogliosis indicate that young adults have the highest level of
adaptive potential and the more pronounced ability of astrocytes to
proliferate in the brains of fishes in the first half of ontogeny.

Data on the neurotoxic effect of aluminum are very limited.
Exposure of salmon to Al in an acidic environment induced an
elevation of plasma cortisol and glucose levels, which is a sign of
physiological stress. The expression of NeuroD; transcript level was
reduced as well as neural plasticity. Together these disturbances may
impair the ability to adapt in various environments (Grassie et al.,
2013). Al-induced toxicity was evaluated with 0.1 mg/l which accords
to the maximum concentration allowed in order to protect aquatic
organisms. Despite the low dose oxidative stress characteristics were
determined such as LPO increase and moduation of SOD activity as
well as neurotoxicity — rising of dopamine and adrenaline levels
(Fernandez-Davila et al., 2012).

These results are in accord with the data obtained while using
other fish species. The treatment of carp (Cyprinus carpio) with
various aluminum doses displayed genotoxic and cytotoxic effects on
the lymphocytes. Moreover, the authors found significant increase in the
amount of DNA damage which is related to A" jons concentration and
duration of the exposure. The modification of DNA was accompanied
with a growth of oxidized DNA level as well as cell cycle disturbances
and activation of apoptosis (Garcia-Medina et al., 2011).

The results of our studies allow us to conclude that the effect of
aluminum ions on the nervous tissue of fish from various pelagic
zones induces the occurrence of oxidative stress. As a result of
oxidative disorders in the neural tissue, a cellular response is realized,
namely the reactivation of astrocytes, which is accompanied by
molecular transformations resulting in an increase in the expression of
such astrocyte-specific proteins as GFAP and S100B protein.
The increase in the synthesis of the cytoskeletal GFAP is closely asso-
ciated with a significant increase in the content of the cytosolic
calcium-binding protein S100p and its derivatives. The complex eva-
luation of astrogliosis indices (content of GFAP and S100B) and
oxidative stress under the conditions of effect of aluminum ions can
be used as valid biomarkers to assess the state of fish from various
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pelagic zones during ontogenesis. The results obtained demonstrate
significant polypeptide heterogeneity of GFAP. The most representative
spectrum of degraded polypeptide fragments is found in the brains of
fish treated with aluminum ions. Such heterogeneity is most likely to be
the consequence of the destabilization of filament structures due to
intensive rearrangement of intermediate filaments. Synthesized de novo,
soluble polypeptides of GFAP can be actively included in such cyto-
skeletal rearrangements. Balance between synthesis of new subunits of
GFAP and proteolysis of pre-existent cytoskeleton fibrils is extremely
important for essential cellular functions, especially proliferation,
migration, and regulation of cell reactivity (Tykhomyrov et al., 2016).

Earlier, it was demonstrated that the dynamic properties of inter-
mediate filaments is associated with the exchange of subunits
between pools of the soluble fraction and polymerized fibrils. Modern
ideas demonstrate another way of restructuring filaments, i.e. through
the limited proteolysis of their proteins under the influence of
damaging factors. Proteolysis of filament proteins can be caused by
an increase in the degree of their phosphorylation and an increase in
the concentration of Ca”" ions. Excessive phosphorylation of GFAP
induces the destruction of the glial filament network during mitosis
(Eng et al., 2000). With an increase in the concentration of calcium
ions in the cell, degradation of the polypeptides of GFAP in situ can
affect the Ca’’-dependent calpain II proteinase, while the native
protein is split into a series of polypeptides with a molecular weight in
the range of 28-47 kDa (Nedzvetsky et al., 1991).

The nature of the glial response depends largely on both the nature
of the damaging factors and the duration of the exposure: mechanical
damage to the central nervous system induces rapidly increasing astro-
gliosis (Suzuki et al., 2012), and processed by-products of oil and
aluminum ions cause a slower astroglial reaction (Nedzvetskii et al.,
2006; Sukharenko et al., 2017). At the same time, various factors can
cause similar astroglial reactivity. The maximum intensity of the as-
troglial response to critical damage coincides in time with the
intensive death of cells in the nervous system (Ben Haim et al., 2015).

The brain forms a huge number of afferent and efferent path-
ways, connecting the central nervous system with peripheral organs.
Nerve cells are considered to be a sensitive indicator of fish responses
to the combined effects of toxins. This is due to the fact that the brain
takes an active part in the formation of reflex reactions of fish with
changing environmental conditions. The excitation that occurs during
such reactions spreads rapidly throughout the body and can lead to
loss or deterioration of the reflexes of balance, decreased muscle tone,
deterioration of locomotor and many other physiological processes.
The state of intermediate filaments of astrocytes is one of the reliable
indicators of the plasticity of the properties of the nervous system.
Astrocytes show the highest ability to react to the influence of unfavo-
rable environmental factors, protect neurons and ensure their viability.

In many cases of neurodegenerative pathologies, biochemical
signs of oxidative stress are present simultaneously with functional
and structural disorders of proteins. Oxidative stress is one of the most
common and main inducers of structural and functional disorders in
the nervous tissue under the conditions of unfavourable factors of
physical and chemical nature as well as metabolic disorders.

The results show that research on the effect of anthropogenic
pollution substances with diverse chemical nature on the fishery value
of water bodies cannot be performed only by studying common used
oxidative stress data. Moreover, the state of the cytoskeleton of glial
cells reflects a toxic anthropogenic affect and indicates the long-term
benefits of using GFAP as a molecular marker of the toxic affect of
environmental factors. The effects of modern environmental pollutants
require complex study, which should combine the characteristics of
both biochemical and molecular biomarkers. Integrated data on the
biomarkers could be fruitful in detecting abnormal changes at the late
stages of intoxication, at the level of irreversible changes. To recognize
them earlier, it is necessary to use biochemical methods, since metabolic
processes and molecular rearrangements form the basis of adaptive
reactions of the organism.

Conclusions

The conparative analysis of results of research on the effects of
aluminum ions on astrocyte reactivity, generation of oxidative stress
in both the brain and liver of fishes from various pelagic areas permits
one to observe the similar characters of both neuro- and hepato-
toxicity of aluminum ions. Accordingly the data obtained on the
content of POL final, show that aluminum ions induce more intense
oxidative damage in neural tissue (in 1.5-2.0 times) in comparison
with liver samples of fishes.

The chronic effect of aluminum chloride (10 mg/L) induces in-
crease in expression of intermediate filament protein of astrocytes
GFAP (on 75-112%) and cytosole calcium-bind protein S1008 (by 67—
112%). The growth of the synthesis of these markers is an index of
astrocyte reactivity as a response to the neurotoxic effect of aluminum.

The neurotoxic effect of aluminum is associated with the increase
of the content of proteolytic degradation products of both GFAP and
protein S100p, which was determined in a range of molecular mass
40-49 and 24-37 kDa, respectively.

The proliferation and the migration of astrocytes are one of key
mechanisms which provide the neural system function in conditions
of stress induced by toxicants. The integrated measurement of the
indexes of astrogliosis (GFAP, S100f content) coupled with the index
of oxidative stress under the effect of aluminum ions could be used as
valid biomarker to assess the state of fishes from various pelagic areas
polluted with industrial waste.
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