ISSN 2310-4155 print
ISSN 2312-7295 online

BICHUK

JIHIIIpOIIETPOBCHKOI'O VHIBEDPCUTETY.
BioJiorig, MmeaguIiHa
Visnyk of Dnipropetrovsk University.
Biology, medicine

2015. 6(2)



BicHuk J[IHinponeTpoBchKoro yHiBepcuteTy. biomnoris, MemmpHa
KypHa my0rtiKye perieH30BaHi HAyKOBI CTATTi Ta OIS 3 PI3HOMAHITHUX MUTAHb Gioyorii
Ta MEJMIMHY, Y TOMY YMCITI 3 aHatoMii, Gioximii, Gioindopmariky, Giodisuku, KIiTHHHOT
Giosiorii, reHeTHKY, IMYHOJIOTII, MiKpoGioorii, MoJIeKyIsipHOI Giosorii, Hefipororii, hapma-
KOJIOT T, ICHXOIIOTii Ta TOKCHKOJIOTTI.

PEJIAKLIIIHA KOJIETTSI
Tos10Ba penaxuiiinoi koJerii:

Tpog. O.€. ITaxomos, Kaderpa 30010111 Ta eKOJIOrii, J[HINPONeTPOBCHKHIA HAIIOHATHHHI
yHiBepeuret im. Orecs ['oHuapa, Yipaina.

3acTyNMHUKH r0JIOBH PeaKIiiiHOl KoJterii:

Tpog. [oc.A. Max/Taxnan, kadenpa hapMaKomorii, IHCTUTYT MEIMLIMHY, YHIBEPCHTET
Tyneitn, Hosuii Opnean, CILIA;

JI-p I. Menameo, Binpinenns neiipodizionorii, Memanmii uentp im. M. Copoku,
Herescbkuii yniBepentet im. ben-I'ypiona, Beep-11leBa, I3pair;

Ipogh. C.I'. Hiporcuroscokuii, kaenpa Gionorii, Yrisepeuter JlyHna, IIBertis;

Yutenm penaxuiiiHol kouterii:

IIpogh. B. bapabaw, xahenpa Mikpobionorii, ArpapHuii yHiBepcuter Kpakosa, IToblia;
Ipogp. ILIT. bauuncokuii, kadyerpa KIHIYHOI Ta 1aO0PATOPHOI IarHOCTHKH,
JlHinpornerpoBebKuii HattioHanbHuiT yHiBepeuTeT iM. Ornecst I'ondapa, Yipaita;

JI-p 3. beoo, HaykoBo-10CTiTH I IHCTHTYT CUTHCHKOTO TOCMOAPCTBA YTOPCHKOT akazieMil
HayK, YTOpIIHHA;

Tpog. A1.C. Bepesuypiutl, kaderpa Xipyprii Nel, J[HINporneTpoBchKa Jiep)kaBHa MEIAHA
aKazeMisi, YkpaiHa;

Jloy. B.B. bpuzaoupenko (cexpeTap peiaKiiiiiHol Komnerii), kadeapa 30071011 Ta eKOori,
JTHINpOIIeTPOBCHKMIT HAIlOHANBHIH yHiBepenTeT iM. Onecst I'onuapa, YkpaiHa;

JI-p M. Boixo, Bizii aHecTe3io0m0rii, MeudHuii akynsrer, HereBchkuii yHiBepeuteT

im. ber-T'ypiona, beep-111eBa, I3pains;

IIpogh. A.1. Binnixos, kadempa MikpoOiosorii, Bipycosorii Ta GioTexHoIori,
JIHINpOIeTPOBCHKMIT HALOHANBHIH yHiBepenTeT iM. Onecst I'ondapa, YkpaiHa;

Joy. B.A. Tacco, xadeapa 300510rii Ta exornorii, JHINporneTpoBChKuil HAlOHATLHUN
yaiBepenteT iM. Onecst I'oruapa, YkpaiHa;

Ipogh. AJ1. Troorom, kadenpa aepMaToBEHEpOJIOTii, JHINPONeTpoBChKa JIep)kaBHa
ME/IMYHA aKazieMist, YKpaiHa;

Tpogp. T.M. Epowkina, kadenpa KIiHIMHOT Ta 7a00PaTOPHOI ArHOCTHKH,
JTHINpOeTpOBCHKHIT HAIlOHANBHIH yHiBepenTeT iM. Onecst I'onuapa, YkpaiHa;

J-p C. Kosuybka, IHCTTYT MOJIEKYIIIpHOI iH(eKToIOrii, yHiBepcuTeT Bropridypra,
Himeuunna;

Tpogh. I M. Kpemenuyywkuii, kadenpa MikpoOIoIorii, Bipycosorii, iMyHOmorii i
ertijiemiosiorii, J[HInporeTpoBchKa JiepykaBHa MeIIHa aKajieMisi, YKpaiHa;

Tpog. @.I. Kynikosa, BiIIICHHs pEHTTeHiarHOCTHKH, JIHIPOneTpoBchKa odiacHa
KIiHiYHa JikapHs iM. 1. I. MeunnkoBa, Ykpaina;

H-p IT. Kywx, Binzin 6ioTexHOMOT i HABKOHIIHBOTO CepeIOBHIIA, LISHTP 0XOpoHH
HABKOJIMIIHBOTO cepeioBria iM. ['enbmrobiia, Jleiimwr, HiveuunHa;

Tpogp. O.A. Jluxonam, kadesipa TOBAPO3HABCTBA Ta MUTHOI KCIIEPTH3H, Y HIBEPCHTET MHT-
HOI cripaBy Ta (piHaHCIB, YkpaiHa;

Tpog. O.€. Jlockymos, Kadenpa TpaBMaTosIorii Ta oproneii, J[HinporneTpoBchka AepykaBHa
Me/IMYHA aKazieMist, YKpaiHa;

Tpogh. B.C. Heoseeywiuii, kadempa 6iodizuku Ta Gioximii, J{HinponeTpoBebkuii
HaLlOHATbHMI YHiBepeuTeT iM. Onecst ['ondapa, Ykpaina;

Tpogh. O.B. Cesepuroscvra, xadenpa |iionorii TFMHN Ta TBAPHH, [HINPONETPOBCHKHI
HauioHaTpHUH yHiBepeuTeT iM. Onecs ['oHuapa, Yipaina;

IIpog. B.I1. Cemenuenko, anen-kop. HAH binopyci, maboparopis riapo6ionori,

THIIO «HIIL] HAH Binopyci no Giopecypcam», Peciry6uika Binopyce;

Tpogp. C.M. Tumuyk, BiZUIIIeHHS JIOP-OHKOJIOTT, JIHINPONETPOBChKa 00NacHa KIiHIYHA
nikapast im. 1. I. MeunnkoBa, YkpaiHa;

IIpogh. I".O. Ywarosa, xadenpa Gioizuku Ta Gioximii, JHIMPONETpOBCHKMI HALIOHATBHHIH
yuiBepeurer iM. Orecsi [oryapa, YipaiHa;

Tpog. [oic. Dedax, Cximuuii LIEHTp JAOCIIIUKEHb 3ePHOBHX 1 OJIHHUX KyJIBTYD,

ArpapHe Ta arpapHo-xapyoBe yrpasiinas Kanam (AAFC), Kanana;

Tpogp. I1B. Yayneay, Neprxasuuii ynisepeuter JhxekcoHa, Konemk HaykH, ilkeHepil

Ta TexHoIorii, LIeHTp caniTapHOro craHy HaBKOMMIIHBOTO cepenouia, CLIA.

Tpogh. T.M. Llleguenko, kadeapa KIHIYHOI Ta JJAGOPATOPHOI IArHOCTHKH,
JIHIPOIIeTPOBCHKHIT HAIlOHANBHIH yHiBepenTeT iM. Onecst I'onuapa, YkpaiHa.

Indopmanist npo nyduikauito: Bicnux [Jninponemposcekoeo yrisepcumeny. bionoeis, meou-
yuna (ISSN 2310-4155 (print), ISSN 2312-7295 (online)). Bu Moxere AisHatiCs BapTicTh
TIEPETUIATH Ha XKYPHAI, 3BEPHYBILNCH 10 CEKpETapst pefaKuiiiHoi konerii B.B. bpueaoupen-
ka 3a anmpecoro brigad@uafm Ta o3mafiomurich 3 iHpOpMaiiel0 Ha - caifti
www.medicine.dp.ua. 3anporiryemo 10 CriiBpoOITHUIITBA.

JIpyKyeThest 3a PillieHHSIM BICHOT pa/i J{HINPONeTPOBCHKOr0 HAIIOHATBHOTO YHIBEPCHTETY
im. Orecst I'oHuapa 3riHo 3 raHoM Bugaxb Ha 2015 pik

Visnyk of Dnipropetrovsk University. Biology, medicine

Aims and scope. Visnyk of Dnipropetrovsk University. Biology, medicine publishes refe-
reed original research articles and reviews on various aspects of biology and medicine:
anatomy, health sciences, biochemistry, bioinformatics, biophysics, cell biology, genetics,
immunology, microbiology, molecular biology, neuroscience, pharmacology, physiology
and toxicology.

EDITORIAL BOARD

Editor-in-Chief:

Prof.,, DSc, O.Y. Pakhomov, Department of Zoology and Ecology, Oles Honchar Dni-
propetrovsk National University, Ukraine.

Deputy Editors:

Prof. J A. McLachlan, Department of Pharmacology, School of Medicine,

Tulane University, New Orleans, USA;

Dr. I. Melamed, MD, Department of Neurosurgery, Soroka Medical Center,

Ben-Gurion University of the Negev, Beersheba, Israel;

Prof,, PhD, S.G. Pierzynowski, Department of Biology, Lund University, Lund, Sweden;
Editorial Board:

Prof. P.P. Bachynsky, MD, Department of Clinical and Laboratory Diagnostics,

Oles Honchar Dnipropetrovsk National University, Ukraine;

Prof., Dr hab., W. Barabasz, Department of Microbiology, Agricultural University of
Krakow, Poland;

D.Sc., Z. Bedo, Agricultural Research Institute of the Hungarian Academy of Sciences,
Hungary;

Prof. Y.S. Bereznytsky, MD, Department of Surgery Nel, Dnipropetrovsk State Medical
Academy, Ukraine;

Dr. M. Boyko, PhD, Department of Anesthesiology, Faculty of Health Sciences, Ben-
Gurion University of the Negev, Beersheba, Israel;

As.Prof., Ph.D., V.V. Brygadyrenko (Secretary), Department of Zoology and Ecology,

Oles Honchar Dnipropetrovsk National University, Ukraine;

Prof. A.D. Diudiun, MD, Department of Dermatovenerology, Dnipropetrovsk State Medi-
cal Academy, Ukraine;

Prof,, Dr., G. Fedak, Eastern Cereal and Oilseed Research Centre (ECORC),

Agriculture and Agri-Food Canada (AAFC), Canada;

As.Prof., Ph.D., V.Y. Gasso, Department of Zoology and Ecology,

Oles Honchar Dnipropetrovsk National University, Ukraine;

Dr., S. Kozytska, Institut fuer Molekulare Infektionsbiologie, Universitaet Wuerzburg,
Deutschland;

Prof. G.M. Kremenchutsky, MD, Department of Microbiology, Virology,

Immunology and Epidemiology, Dnipropetrovsk State Medical Academy, Ukraine;

Prof.,, DSc, F.I Kulikova, MD, Department of X-ray diagnostics,

Mechnikov Dnipropetrovsk Regional Clinical Hospital, Ukraine;

Dr., P. Kuschk, Department of Environmental Biotechnology,

Helmholtz Centre for Environmental Research — UFZ, Leipzig, Germany;

Prof. O.Y. Loskutov, MD, Department of Traumatology and Orthopaedics,

Dnipropetrovsk State Medical Academy, Ukraine;

Prof, DSc, O.A. Lykholat, Department of Goods Knowledge and Custom Expertise,
University of Custom Business and Finance, Ukraine;

Prof,, DSc, V.S. Nedzvetsky, Department of Biophysics and Biochemistry,

Oles Honchar Dnipropetrovsk National University, Ukraine;

Prof.,, DSc, V.P. Semenchenko, Laboratory of Hydrobiology,

SSIU “SIC NAS Belarus on Bioresources”, Republic of Belarus;

Prof,, DSc, O.V. Severynovska, Department of Human and Animals Physiology,

Oles Honchar Dnipropetrovsk National University, Ukraine;

Prof.,, DSc, T.M. Shevchenko, Department of Clinical and Laboratory Diagnostics,

Oles Honchar Dnipropetrovsk National University, Ukraine;

Sec.D., P.B. Tchounwou, NIH-RCMI Center for Environmental Health,

College of Science, Engineering & Technology, Jackson State University, Jackson, USA;
Prof. S.M. Tymchuk, MD, Department of ENT-Oncology,

Mechnikov Dnipropetrovsk Regional Clinical Hospital, Ukraine;

Prof.,, DSc, G.O. Ushakova, Department of Biophysics and Biochemistry,

Oles Honchar Dnipropetrovsk National University, Ukraine;

Prof.,, DSc, A.I Vinnikov, Department of Microbiology, Virology and Biotechnology,

Oles Honchar Dnipropetrovsk National University, Ukraine;

Prof. TM. Yeroshkina, MD, Department of Clinical and Laboratory Diagnostics,

Oles Honchar Dnipropetrovsk National University, Ukraine.

Publication information: Visnyk of Dnipropetrovsk University. Biology, medicine (ISSN
2310-4155 (print), ISSN 2312-7295 (online)). Subscription prices are available upon
request from the Publisher or from the journal’s website (www.medicine.dp.ua). Subscrip-
tions are accepted on a prepaid basis only and are entered on a calendar year basis. Issues
are sent by standard mail (surface within Europe, air delivery outside Europe). Priority rates
are available upon request. Claims for missing issues should be made within six months of
the date of dispatch.

Approved by the Scientific Council of Oles Honchar Dnipropetrovsk National University,
Ukraine

Visn. Dnipropetr. Univ. Ser. Biol. Med. 2015. 6(2)



BicHuk JIHINponeTpoBCHKOTo YHiBEpCUTETY. biooris, MeauIHa
Visnik Dnipropetrovs’kogo universitetu. Seria Biologia, medicina
Visnyk of Dnipropetrovsk University. Biology, medicine
Visn. Dnipropetr. Univ. Ser. Biol. Med. 2015. 6(2), 87-92.
doi:10.15421/021516

ISSN 2310-4155 print
ISSN 2312-7295 online

www.medicine.dp.ua

YK 576.895.132+616.995.1

I'eabMinTOdayHa OBenb i Ki3
J{HinponeTpoBcbKOi 00J1acTi

0.0. Boiiko

HinponempogcobKuil 0eparcagHull aepapHo-eKOHOMIYHUL YHisepcumem, [Hinponemposcok, Ykpaina

Ha Tepuropii J{ninponerpoBcbkoi obiacti y apiOHoi poraroi XynoOu (oBewpb i Ki3) 3apeecTpoBaHO TenbMiHTIB kiaciB Nematoda
Rudolphi, 1808, Trematoda Rudolphi, 1808 ta Cestoda Rudolphi, 1808. BusiBneni HemaToau Hanexatsb g0 miapsiaiB Strongylata Railliet et
Henry, 1913, Rhabditata Chitwood, 1933, Trichurata Skrjabin, 1915. Cepen tpemarox inentudikyBamm npeactaBHukiB miapsay Fasciolata
(Skrjabin et Schulz, 1935). Lectonu npexacrasneni miapsaom Anoplocephalata (Skrjabin, 1933). Cepen nmapa3utiB OBelb 1 Ki3 BUSHAUYECHO
Hemarof miapsiay Strongylata: Muellerius sp., Protostrongylus sp., Haemonchus contortus Rundolphi 1802, Nematodirus sp. Cepen rempmi-
HTiB miApsay Rhabditata inenrudixosano Strongyloides papillosus Wedl, 1856, Trichurata — Trichuris sp., Fasciolata — Fasciola hepatica
Linnaeus, 1758 ta Dicrocelium lanceatum Stiles et Hassall, 1896, Anoplocephalata — Moniezia expansa (Rudolphi, 1810) Ta M. benedeni
(Moniez, 1879). JlomiHye cepen TenbMIHTIB KOIUTHUX Hematona H. contortus. HaiiMeHIry yacTKy B yrpyHOBaHHI CKJIaalOTh TPEMATOAN
F. hepatica Ta nemaronu Trichuris sp. HaliBuii iHnekcH Gi0JIOTYHOTO Pi3HOMAHITTS APa3UTOLIEHO3Y BiIMIUEHI y KOIPOCKOIIIYHOMY Ma-
Tepiai, BigiOpaHOMy BiJ] KOIMTHHX, SIKi CII0)KUBAIH MTACOBHILHY POCIIMHHICTD i3 TPABHSI [0 BEPECCHb: 3aPEECTPOBAHO JECSTh BU/IB TelbMi-
HTIB i3 TphoX KinaciB — Muellerius sp., Protostrongylus sp., H. contortus, Nematodirus sp., S. papillosus, Trichuris sp., F. hepatica,
D. lanceatum, M. expansa ta M. benedeni. Y TBapuH, KX HE BUIIACAIOTh YIPOIOBK POKY, BUSHAUCHO TPH BUAU HeMaTox: S. papillosus,
H. contortus Ta Nematodirus sp.

Knouogi cnosa: iHBa3ii ApiOHNX KONMUTHUX; TeIbMIHTH IITYHKOBO-KHUIIIKOBOTO TPAKTY; HEMATOAN AUXAIBHHX [UIIXIB

Helmintofauna of sheep and goats
in Dnipropetrovsk region

A.A. Boyko
Dnipropetrovsk State Agrarian-Economic University, Dnipropetrovsk, Ukraine

Worms of classes Nematoda Rudolphi, 1808, Trematoda Rudolphi, 1808 and Cestoda Rudolphi, 1808 were registered in small
ruminants (sheep and goats) in Dnipropetrovsk region. Identified nematodes belong to Strongylata Railliet et Henry, 1913, Rhabditata
Chitwood, 1933 and Trichurata Skrjabin, 1915. Among the trematodes, representatives of Fasciolata (Skrjabin et Schulz, 1935) were
identified. Cestodes were represented by Anoplocephalata (Skrjabin, 1933). Among the specific types of nematodes, representatives of the
Strongylata suborder were found: Muellerius sp., Protostrongylus sp., Haemonchus contortus Rundolphi, 1802, Nematodirus sp. Among the
helminths Rhabditata we identified Strongyloides papillosus Wedl, 1856, Trichurata — Trichuris sp., Fasciolata — Fasciola hepatica
Linnaeus, 1758 and Dicrocelium lanceatum Stiles et Hassall, 1896, Anoplocephalata — Moniezia expansa (Rudolphi, 1810) and M. benedeni
(Moniez, 1879). The dominant species among worms in ungulates was defined as nematode H. contortus. The smallest share in the group
was taken by trematode species F. hepatica and nematodes Trichuris sp. The highest biodiversity indices are recorded in samples of material
selected from ungulates consuming pasture herbage from May to September (ten species of worms belonging to three classes: Muellerius sp.,
Protostrongylus sp., H. contortus, Nematodirus sp., S. papillosus, Trichuris sp., F. hepatica, D. lanceatum, M. expansa, M. benedeni were
registered). In animals not pastured throughout the year three types of worms of the class Nematoda: S. papillosus, H. contortus and
Nematodirus sp. were defined.

Keywords: invasion of small ungulates; worms digestive tract; nematodes airways
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Beryn

HaiinompeHinmMe 3aXBOPIOBaHHSMH KOITMTHHUX Yy CBITI
(Khan et al., 2010; Borji et al, 2011; Lyons et al.,, 2011;
Stancheva et al., 2011; Idika et al., 2012; Idris et al., 2012), y
TOMy uMcli i Ha Tepuropii Ykpaitu (Kuzmina, 2004, 2011,
2012; Kuzmina et al, 2005, 2011; Boyko et al., 2009;
Kharchenko et al., 2009; Dovgjj et al., 2011) € rexpminTO3H,
30KkpemMa crTpoHrisitosn. Ha Tepuropii crenooro IlpwmHin-
POB’SL HaifJacTillie PEECTPYIOTh TMPEICTABHUKIB TiAPSIB
Ascaridata (Ascaris suum (Goeze, 1782), Trichurata (Trichuris
suis  (Rudolphi, 1803)), Strongylata (Oesophagostomum
dentatum (Schrank, 1788), Metastrongylus elongatus (Dujardin,
1845), Dictyocaulus sp., Muellerius sp., Cystocaulus sp.,
Protostrongylus  sp., Globocephalus sp., Bunostomum sp.,
Haemonchus sp.), Rhabditata (Strongyloides ransomi (Scwartz
et al, 1930), S papillosus Wedl, 1856) Tta Fasciolata
(Dicrocelium lanceatum Stiles et Hassall, 1896). Bonu cripyun-
HSTIOTb 3HIDKEHHSI TIPOJTKTUBHOCT] Ta ITOKA3HHUKIB SKOCTI Ipo-
nykii (Bojko, 2010, 2012). Huni y ciisebkiii MicneBocTi y
TIEpIIY Yepry PO3BOIITH KOIIMTHHUX, 30KpeMa BEJTUKY Ta APIOHY
porary XynoOy Ta cBuHeil. JlrompHa aKTHBHO IIPOBOIHTH
JKYBaITBHO-NPOMITAKTHYHI 3aXO/H, IHTPOAYKYE PizHI TOPOIN
TBapHH, HE BPAaXOBYIOYM BHIOBOTO CKIIAIy TeIbMIHTO(AYHH.
ToMy cTBOpEeHHS TEpHTOPIATBHMX TeIbMIHTO-(PayHICTUIHIX
KOMITEKCIB 3JIKUTH HE JIMIIIE BiJl IPHPOIHIX, a i Bill aHTPO-
noreHHuX (paktopis (Pelgunov and Maklakova, 2014).

Y niTHii nepioa apiOHIi porartiii Xyn00i, 30kpema BiBISIM
i Ko3aM, y (pepMepchKUX roCHoIapcTBax 3rofI0BYIOTh Maco-
BunHy pocnvHHICTS (Terent'eva, 2014). Y dayHi rensMiHTIB
KYyWHUX y IIe 4ac peecTpyloTb MapasuTiB, )KUTTEBHH LUK
SIKUX BiIOyBaeThCsl 32 y4acTi MPOMDKHHX Xa3siB (IOIIOBHX
YepBiB, HA3CMHHUX Ta TPICHOBOJHHX MOJIOCKIB), a TaKOXK
JIMIMHKOBI CTAJIi SKUX 3[aTHI IO aKTUBHOI MIrparlii y TpyHTi
Ta Ha crednax pociud (Bojko, 2008; Shendrik et al., 2010).
BuBUYEHHS IIHOrO MUTAaHHA OCOONMBO BAXIIMBE IS TOCIIO-
JAapCTB, JIe YTPUMYIOTh JKyWHHX i3 BHTYJIOM y TACOBHIITHHN
TIePio/1, KOJIM WMOBIPHICT 3apa)KCHHS 30LTBIIYETHCS 33 paxy-
HOK HasIBHOCTI POCIIMHHOCTI Ta TIPOMDKHHX Xa3siiB 30yIHHKIB
inBasii. ToMy Mera cTaTTi — BH3HAYMTHA TEIBMIHTO(AYHY
JpiOHUX KOMNWTHMX, 30KpeMa OBelpb 1 Ki3, Ha TepUTOpil
JHinporneTpoBcbKoi 061acTi.

Marepiai i MeToau 10CTiTKEHD

Marepian 11 TOCTiIDKEHHS — €KCKPEMEHTH APiOHIX KO-
muTHEX (93 3araneHi mpodu), 30Kpema, ApiOHOI poraToi XyIo-
6u (BiBmi mopix Mepunonanmuadt, biro ny Meiin, T'omy0o-
mopuuit Jleitep, Hdoprnep, Knandopecr, Cydonk, Tekcens;
ko3u mopin bima Himerpka, Aubmiiiceka, AHITIOHYOiHCEKa,
Bypceka), 3ibpani 3 TpaBHA 1O BepeceHb 2015 poky Ha
Teputopii JHinporieTpoBcbkoro paiony (cemwue ITiro-
ponse). J{ist miaTBepDKSHHS QiarHO3y Ha Te/IbMIHTO3H 3aCTO-
COBYB&JIM METOAW TPIKUTTEBOI AIarHOCTUKH — 3arajibHO-
TIPUAHATI Y IapasuToNorii METOAM KOIPOOBOCKOINYHHX 1
KOIPOJIAPBOCKOIIYHUX JOCIIKEHb. [T reTbMiHTOOBOCKOITIT
KopHCTyBaimHch MetomoM (umotarii 3a .0. KorenpHrkoBiM
Ta B.M. XpeHOBUM i ceMMeHTarlii — MOCTIOBHIX TIPOMH-
BaHb. J{J1 reIbMiHTOIapBOCKOIIIT — METOJIOM KYJIbTHBYBaHHSI
nurHOK Ta Baiina (Sekretaryuk et al., 2005).

Pe3yabTaTi Ta iX 00roBopeHHs

B ekckpeMeHTax KONMTHHUX BHSBICHO SIS HEMATOI,
TpemaTon 1 1ecTox. 3a MOPQOJIOTIYHUMH O3HAKAMU Cepell
OpeNCTaBHUKIB  Kiacy Nematoda  BH3HAUCHO SIS
Nematodirus sp. (Strongylata Railliet et Henry, 1913) ta
IHIIMX CTPOHTUIAT IIUIYHKOBO-KHMIIKOBOTO TpakTy (cipi,
OBaJIbHI, CEpeJHOTO PO3Mipy, HE3piIi, 3 KyJIbKaMH Apo0-
JIeHHs BeepeuHi, puc. 1). Sliisg HemaromipyciB y 2,5 pasa
OUTPIN 3a IHIIMX CTPOHTLIAT, MAlOTh JHIIEC § KyJIbOK
IpoOiHHA, TOMy iX Jerko audepeHmitoBatd. OJHOYACHO
imeaTudikoBano st Trichuris sp. (Trichurata Skrjabin,
1915) — xopu4HEBi, CEPEeAHBOTO PO3MIPY, JTUMOHOMIOIIOHOT
(opmu. [HTEHCHBHICTE ypaXXeHHSI TBApHH HEMATOIHUPYCaMHU
Ta TPUXYpPICaMH HE MEePEBUIILyBalla B CEpeAHbOMY 6,7 SHLs/T
eKckpeMeHTiB.  [Ioka3sHMKM MO0  EKCTCHCHUBHOCTI
HEMAaTOJMPO3HOI Ta TPUXYPO3HOI iHBa3il craHoBuiM 7,4%
Ta 3,7% BIAMOBITHO.

[HTEeHCHBHICTH CTPOHTIIATO3HOI 1HBa3IT KOJIMBANACh Y Me-
xkax 20-3 880 senp/r exckpeMeHTiB. OCKUTBKH SIS
CTPOHTUTAT (OKpiM HEMaTOIHPYCiB) MOP(OIOTIYHO OJJHAKOBI,
BHI IMX HEMATOJ BHM3HAYAIM 3a IHBA3IMHOIO CTAIIErO
rempmidTa. [lin 9ac KyJIbTHBYBaHHSA JIMYWHOK CTPOHTLIAT
ycraHoBneHo Haemonchus contortus Rundolphi, 1802, mio
Ma€ KHUIICYHHUK 13 16 KITHH TPUKYTHOI ()OPMH, PO3TAILIOBA-
HUX y JIBa PS/IM, OCTaHHI KJITHHH BepeTeHomnoaiOHoi dopmu
Ta po3MillleHI Ha ofHOMY piBHI (puc. 2). EKCTeHCHBHICTH
TEMOHXO3HOI iHBa3ii cranoBuna 44,4%. 11i OKa3HHUKK 3HAYHO
BIIPI3HSUIMCS. BiZl EKCTEHCHBHOCTI 1HILIOI CTPOHTLIATO3HOI
iHBa3il, 30KpeMa HEMAaTOJMpPO3HOI, PIBEHb YPAXKCHHS SIKOO
OyB YIIICCTEPO HIDKYKM.

Cepen Tpematon ineHTH(iKOBaHO sttt Fasciola
hepatica Linnaeus, 1758 ta Dicrocelium lanceatum Stiles et
Hassall, 1896 (Fasciolata (Skrjabin et Schulz, 1935)). O6uz-
Ba BUIY — 010TETIBMIHTH, PO3BUBAIOTHCA 32 YIACTIO TIPOMIXK-
HUX Xa3siB — YepeBOHOTMX MOJIFOCKIB. St paction gocra-
THBO BEJHKi, OBAJIbHI, SICKPABO-KOBTI, HE3PLIL — 3 KyJIbKaMU
JpobiieHHst BcepeauHi. Ha BiaMiHy Bif HUX SIS TUKpPOLIC-
JiyMiB HEBEJIMKI 32 pO3MIpOM 1 3piJii: BCEPEIHHI MiCTUTHCS
copmoBaHa JMuMHKA (Mipaluiiil), 3a0apBiieHl y TEeMHO-
KOpH4HEBHH KoJtip (puc. 3). [Ioka3HUKH OITBHOCTI SIENb UX
TPEeMaTo/l HE ICPCBUIIYBATA B CepemHbOMY 53,3 sidrs/r
eKckpeMeHTiB. Ilpy  mpoMy g  AMKPOLENiyMiB
peecTpyBay YBOCBMEPO YacCTillle, HiK (DacIlion, MiTbHICTh
SIKMX CTaHOBWJIA B CEPETHBOMY 06,7 SHI/T €KCKPEMEHTIB.
ExcTeHCHBHICTE (acIiobo3HOI Ta TUKPOIETiO3HOI iHBa3iH
niepeOyBasia Ha OJJHAaKOBOMY piBHi — 3,7%.

Knac Cestoda npencrasnenwii mapsiom Anoplocephalata
(Skrjabin, 1933). V pesysbrari KOIMPOOBOCKOMYHUX JOCII/I-
JKeHb BU3HA4YCHO stidiist Moniezia expansa (Rudolphi, 1810) ta
M. benedeni (Moniez, 1879). STig 1yx reJIbMIHTIB CEpeTHb-
Oro po3Mipy, CIporo Koabopy, 3piti. Kpissk ix 000J0HKH BH-
HO OHKocepy i3 rpymonoaiOHuM amaparoM. Mk co0oro
BOHHU YITKO DI3HSTHECS 32 (OPMOIO. Y MEpIIOro BUIY STHIL
TPUKYTHI, a JPYTOro — YOTUpPH- a0 11’ sITuKyTHI (puc. 4). 1o-
Ka3HUKH IHTCHCHBHOCTI MOHI€3103HOI iHBa3ii KOIMBAIICH Y
Mexkax 180-350 sems/r exckpementiB. [lpm 1mpoMy sttt
M. benedeni 3ycTpidaimich y cepeaHbOMY 3 IHTEHCHBHICTIO
206,7, a M. expansa — He mnepesuinyBam 100 ex3./r
eKCKpeMeHTIB. EKCTeHCHBHICT MOHi€3103HOI iHBa3ii CTaHO-
Bwia 11,1%. TToka3HHKH €KCTEHCHBHOCTI YPa)KeHHSI TBAPUH
M. benedeni na 7,4% B, Hixk M. expansa.
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Puc. 1. Sliiust HemaToa APiOHUX KOMUTHUX:
a — Nematodirus sp., 6 — H. contortus Rundolphi, 1802; nosxwuHa Bifpi3ka Bifnosigae 10 Mmkm

Puc. 3. Sliius D. lanceatum Stiles et Hassall, 1896
JIOBXKMHA Bijipi3Ka Bianosigae 10 MkM

Puc. 2. JIluuunka H. contortus Rundolphi, 1802:
JIOBXKKHA Bijipi3ka Bianosifae 10 MkM

Puc. 4. Sliius anomounedaaaT APiOHUX KONUTHUX:
a— M. expansa (Rudolphi, 1810), 6 — M. benedeni (Moniez, 1879); noexwuHa Binpiska Binnosigae 10 Mkm
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JIapBOCKOIIYHAM METOJIOM B €KCKPEMEHTaX KOIMTHHX
IICHTU(IKOBAaHO JIMYMHOK HEMATo/l [MXaJbHHX LUIXIB
(Muellerius sp. Ta Protostrongylus sp.), a TAKOX IUTYHKOBO-
KHUIIIKOBOTO TpakTy (Strongyloides papillosus Wedl, 1856).
JIMuKMHKY JIeTCHEBUX HEMATOM APiOHI 32 PO3MIpOM, MArOTh
KUIIEYHVK Y BUIVIIl 3epHHUCTOI MacH (puc. 5). Mk coboro
BIZIPI3HAIOTHECSI XBOCTOBHMH KiHIIIMH. Y JIHYHHOK MEOJIC-
piyciB Ha XBOCTOBOMY KIHIII € MAaJIONOMITHUM IIMIIVK,
MIPOTOCTPOHTLITIOCIB — Ma€ (hOPMY TTOTTYM ST CBIUKH.

Puc. 5. JIMuMHKA CTPOHTLIAT IUXAJIBHHUX HLISAXIB:
JIOBXKMHA Bijipi3Ka Biamnosigae 10 Mkm

Y CTPOHTLIOIIECIB KUIIICYHHK TIPEICTABICHUI ABOMA TSI
KaMH JIPIOHUX KIITHH. 1X po3Mip pisHuii 3aexHO Bif cTajii
po3BuTKY (puc. 6). JiarHOCTHYHOIO 03HAKOK pabarTONOoIio-
HHX JIMIMHOK IIMX HEMATo]] € CTPaBOXiJI i3 IBOMa Oy0ycamm.
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Puc. 6. luunnku S. papillosus Wedl, 1856:
JIOBXKMHA Bijipi3Ka Bianosigae 10 MkM

[HTEeHCHBHICTH TIPOTOCTPOHTLTINO3HUX 1HBa3il (Mroje-
pio3y Ta MPOTOCTPOHTLILO3Y) HE TEPEBUIyBaIa B CEPEIHb-
oMy 33,3, crpoHrinoinosnoi — mocsranma 850 JIMYMHOK/T

eKcKkpeMeHTIB. [10ka3HUKM eKCTEeHCHMBHOCTI LIUX 1HBA31i Tex
3HAYHO PI3HUIIMCH: IIPOTOCTPOHTLIIN03HNX — 8,3%, CTpOHTi-
no0ino3n0i — 91,7% (y 11 pasis Oinblie).

JloMmiHaHye cepel TeNbMIHTIB KOMUTHUX HEMATOM ITij-
piany Strongylata Railliet et Henry, 1913 H. contortus
Rundolphi, 1802. HaiimeHrrry 4acTKy B yrpyrnoBaHHI CKiaa-
10Th TpeMaromu F. hepatica Linnaeus, 1758 Ta Hemaromu —
Trichuris sp., IUIBHICTh SIKMX HE TIepeBUIIye 6,7 sus/T
eKCKpeMeHTIB (puc. 7).
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Puc. 7. BugoBmii ckyiajx yrpynoBaHb HeMaToJl OBellb
i ki3 /IninponeTpoBchbKol 00.1acTi: Bich abciyce — yacTka
B yrpynoBarHi (%), Bick opauHaT — BUIH; 1 — M. expansa
(Rudolphi, 1810), 2 — M. benedeni (Moniez, 1879), 3 — F. he-
patica Linnaeus, 1758, 4 — D. lanceatum Stiles et Hassall,
1896, 5 — Nematodirus sp., 6 — Trichuris sp., T — Proto-
strongylus sp., 8 — Muellerius sp., 9 — S. papillosus Wedl,
1856, 10 — H. contortus Rundolphi, 1802

Haiiuiui iHIeKkcH O10JIONYHOTO PI3HOMAHITTS BIIMI4€HO
y BHOIpKax KOIPOCKOIMIYHOrO Marepiany, BifiOpaHOro Bij
KOITUTHUX, SIKI PEryJIIpHO Y Mepio]] i3 TPaBHs 10 BepeCceHb
CMIOXXHBAIOTh TMACOBHUIIHY POCIHHHICTE. Y [HX TBApUH
3apeECTPOBAHO JICCATH BUJIB TENBMIHTIB: F. hepatica
Linnaeus, 1758, D. lanceatum Stiles et Hassall, 1896, M.
expansa (Rudolphi, 1810), M. benedeni (Moniez, 1879),
Muellerius  sp., Protostrongylus sp., Nematodirus sp.,
Trichuris sp., S. papillosus Wedl, 1856, H. contortus
Rundolphi, 1802. Inmekcn pi3HOMaHITTS TeIbMIHTIB,
11IeHTH(IKOBaHNX B €KCKPEMEHTAX XYyWHHX, SIKHX yTPHMY-
Btk 0€3 BUT'YITy, yIBi4i HIKYL. Y IIMX KOMUTHHUX BHUSIBJICHO
nmire Tpu Buaum Hemarox: S. papillosus Wedl, 1856, H.
contortus Rundolphi, 1802 ta Nematodirus sp. (puc. 8).

3a pesyneraramu MoniTopunry (Kharchenko et al., 2009)
PI3HOMaHITTSl TeNbMIHTIB JpiOHMX KonuTHUX (Capreolus
capreolus L.) iHmmx oOnmacreli Yxpainn (BiHHHULBKOI,
JKuromupcekoi,  KuiBcpkoi,  PiBHeHCBKOI,  CyMCBKOI,
TepHorminbcbKoi, XMenpHULBKOI, Yepkackkoi, YepHiriBchkoi),
y TenbMiHTO(GAyHI 3apeecTpoBaHO TakoX Dictyocaulus
viviparous  (Bloch, 1782), Bunostomum  phlebotomum
(Railliet, 1900), Chabertia ovina (Fabricius, 1788),
Trichostrongylus axei (Cobbold, 1879), Marshallagia
marshalli (Ransom, 1907), O. venulosus (Rudolphi, 1809),
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Paramphistomum sp., Taenia hidatigena (Pallas, 1766). I1po-
Te Ha Teputopil JHinmponeTpoBchkoi obnacti y dayHi Hema-
Tox miapsity Strongylata Railliet et Henry, 1913 npibHux ko-
MMUTHUX BCTaHOBIICHO Muellerius sp. ta Protostrongylus sp.,
uecron M. benedeni (Moniez, 1879) ta tpemaron F. hepatica
Linnaeus, 1758 1 D. lanceatum Stiles et Hassall, 1896.

00 03 06 09 12 15 18 21 24 27

Iupexc Ulennona B Inpexc Ilinoy

Puc. 8. Ingexcn pisHOMAHITTS reJIbMIiHTIB
npidHuX KonuTHUX J{HinponeTpoBchKoi 001acTi:
1 — i3 BUMacaHHsM, 2 — 32 YMOB YTPUMAaHHS Y TIPUMIIIICHHIX

BucHoBku

Ha Tepuropii JIHinpormeTpoBcbkoi obnacti y ApiOHOL
poratoi xymobm (oBempb i1 Ki3) 3apeectpoBano 10 BumiB
TEeJBMIHTIB: 6 BUAIB HEMATON, 2 — TPEMAaTox Ta 2 — LECTO.
Cepes1 Bu3HaueHHX rejbpMiHTIB kinacy Nematoda y mociin-
KYBaHMX JKYWHHX imeHTH(]ikOBaHO 4 BHAM TapasuTiB
[UTYHKOBO-KHIIIKOBOTO Tpakty (Nematodirus sp., H. contor-
tus Rundolphi, 1802, Trichuris sp., S. papillosus Wedl, 1856)
Ta 2 — muxanbHuX nuwixiB (Muellerius sp., Protostrongylus
sp.). Tpematomu nipencrasieHi F. hepatica Linnaeus, 1758 i
D. lanceatum Stiles et Hassall, 1896. Cepen renbMiHTIB Kita-
cy Cestoda Busnaueno M. expansa (Rudolphi, 1810) Tta
M. benedeni (Moniez, 1879).

JlomiHye cepen reIbMIiHTIB KONUTHUX HemaTona H. con-
tortus Rundolphi, 1802. HaiimeHmry wacTky B yrpynoBaHHI
cxmanaote F. hepatica Linnaeus, 1758 Ta Trichuris sp.
HaifBumi iHgexcH GioOTidHOTO Pi3HOMAHITTA BIAMIYEHO Y
BHOIpKax KOIPOCKOITIYHOTO MaTtepiany KOIHMTHHUX, SIKi CIO-
JKMBAJIM TACOBHUILIHY POCIHMHHICTh 13 TpaBHs IO BEPECEHb
(3apeectpoBano 10 BHIIB TeJIBMIHTIB 13 3 KJ1aciB).
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AKTHBHICTh PaJiOHYKJIIAIB i peasizanis ¢pyHKuii IMyHHOI cUCTEeMHU
Yy MELIKAHLIB pagianiifHo 3a0py/IHEeHUX TePUTOPIi

B.JI. Cokonenko, C.B. CoxoneHko
Yepracvkutl HayionaneHutl yHigepcumem imeni boeoana Xwenonuyvkoeo, Yepracu, Yrpaina

BuByaiu poitb cTynens paiauiiiHoro 3a0pyHeHHs TepuTopil y peartizanii ¢pyHKUiH iMyHHOT CHCTEMH 3a BiICYTHOCTI Ta HasBHOCTI J10-
JATKOBHX MOTEHIIIHHMX IMyHOENpPEeCaHTiB. 3a BIICYTHOCTI IICHXOEMOLIHHOIO HaBAaHTA)KCHHS Y MELIKAHIIIB TEPUTOPil, 3a0pyaHEHNX pa-
JIOHYKJTZIaMH, CIIOCTEPIratoThCsl MO3UTUBHI KOPEISTUBHI 3B’SI3KM MK aKTHBHICTIO PaJiOHYKJIiIiB Ta KOHLCHTPALIEI0 KOPTU30ITy, PIBHEM
HelTpodinis, BMicToM IgG Ta I[gM y cupoBatmi KpoBi; HETaTHBHI KOPEJISTUBHI 3B SI3KU 3 a0COTIOTHOIO Ta BITHOCHOO KUTBKICTIO (DYHKIIIO-
HabHO 3pimux T-miM¢omuTis i3 ¢penotunom CD3+, abCOMOTHOO Ta BiJHOCHOIO KITBKICTIO X XenmepHoi cyonomysrimii CD4+, aGcomrot-
HOIO Ta BIJJHOCHOIO KUIBKICTIO IIPUPOJTHUX KiyepiB 13 ¢eHoTHIIOM CD16+, iMyHOperynstopaiM innekcom CD4+/CD8+. PiBeHs kopTH30ITy
JIEMOHCTPY€ KOPEJSITHBHI 3B’SI3KU IMOAIOHOT0 HANpsMy 3 TAKUMH K MOKa3HUKaMU IMyHHOI CHCTEMH, ajie 3HaueHHS KOoe]illieHTa KOpeIsIii
HIDKYE. 32 YMOB CTPECOBOT'O BILIHBY, 3yMOBJICHOTO TICHXOSMOLIIITHIM HaBaHT)KSHHSIM I1iJ1 Yac eK3aMeHawiiHoi cecii, B 00CTe)KEeHNX T0CTO-
BIPHO 3pOCTa€ piBeHb KOPTH30IY. Jl0aTKOBUI KOPOTKOYACHHI CTpecC, HOETHAHHH i3 XPOHIYHUM BIUTMBOM MaJIMX JI03 pajiallii, IIOCHIIIoE
3aJIOKHICT IMyHOCYTIpecii, 3yMOBIICHOI pajialiiiHiM 3a0pyIHESHHSIM MiCLIEBOCTI, Ta BUKIIHKA€E 300i poOOTH KOMIICHCATOPHUX MEXaHi3MiB.

Kmouosi cnosa: paniauiitne 3a0pyAHEHHS; CTPEC; KOPTH30JT; IMyHOCYIIPECis

Radionuclide activity and the immune system functioning
in residents of radiation contaminated areas

V.L. Sokolenko, S.V. Sokolenko
Bohdan Khmelnytsky Chercasy State University, Chercasy, Ukraine

The objective of this research is to assess the relation of radioactive contamination degree to immune system functioning, in the absence
or presence of additional potential immunosuppressants. To achieve the objective, during the period of 1995-2015 we examined 250 people,
students of Cherkasy State University, who lived in the areas of enhanced radiation monitoring before. Also we evaluated the additional
impact of the emotional stress caused by examinations on examined students. Indicators of cellular immunity were determined by
immunophenotyping and dyeing using Romanowsky-Giemsa method. The level of immunoglobulins in blood serum was determined by
radial immunodiffusion (Mancini method). The level of cortisol in blood serum was determined by immunoenzyme method. We have found
that in absence of the emotional stress among residents of the areas contaminated with radionuclides, cortisol level remained at the upper
limit of homeostatic norm. There is an average positive correlation between the activity of radionuclides in the territories of residence and the
level of cortisol. There are marked average positive correlations between the activity of radionuclides and the level of neutrophils, and low
positive correlations with the levels of IgG and IgM in blood serum. Average negative correlations between the activity of radionuclides and
the following parameters are also observed: absolute and relative number of functionally mature T-lymphocytes with phenotype CD3+,
absolute and relative number of their helper subpopulation CD4+, absolute and relative number of natural killer cells with phenotype
CD16+; and strong negative correlations with immunoregulatory index CD4+/CD8+. Cortisol level shows the similar correlation with the
same parameters, but correlation coefficient is lower. Under conditions of additional stress, caused by emotional load during the examina-
tions, cortisol level significantly increases. This enhanced previously discovered correlations and revealed new ones: average negative
correlations between radionuclide activity / cortisol level and expression of pan-T cell marker CDS, medium positive correlations with
absolute and relative number of suppressor T-lymphocytes with phenotype CD8+, correlation with the level of serum IgG changes from
positive to negative. Additional short-term stress factor combined with chronic influence of low doses of radiation increases the dependence
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of immunosuppression, caused by radiation contamination of the areas where examined students live, and causes failures in the work of
compensatory mechanisms, particularly at the level of serum immunoglobulin products.

Keywords: radiation contamination; stress; cortisol; immunosuppression

Beryn

lonizyroue BHUIIPOMiHEHHS — (DaKTOp, 3MATHHI BILUTHBATH
Ha Bci piBHI opraHi3amii >kuBoro. HaBiTe 3a HU3BKHX 03
MOXJIMBHI TIPOSIB CTOXAaCTHYHMX e(eKTiB, 30Kpema, Y
BifITaJIeHN{ TIepiof Ticisl Oe3MOCepeIHBOro paiamiifHoro
ypakeHHs. ABapist Ha YopHoOmmbscbkiiit AEC crpuannmia
3a0py/[HCHHS ~ PaJiOAKTHBHUMH  130TOMAaMH  3HAYHHX
Teputopii Ykpainu. [Ipy npomy JierkoneTki pamioHyKIiau
HIJHSUTKCS. HA 3HAYHY BHUCOTY Ta C(OPMYBAIIM y MiBHIYHO-
3aXiTHOMY HalpsIMKy BiJl eMileHTpy KaracTpodu 3a0pyHe-
Hy 30HYy NpoTspKHICTIO Oym3bko 1 200 kM. [omoBHEM dak-
TOPOM pafialiifHOro ypakeHHs B IIEpIIMH Iepioj Iicis
aBapii cramu i3otormu 'L TIpOTAroM HACTYIHHX POKIiB OC-
HOBHE JI030BE HAaBaHTA)KCHHs Ha MEIIKAHLIB TEPUTOPIH IO~
CHJICHOTO  pAaJiOSKOJOTiYHOTO  KOHTPONIO  YHHIIIH
noBroxuByHi i3otormu 'Cs ta *Sr (Hoshi, 2000).

ITics aBapii Ha YopHOOmTECEKi AEC MuHYIO Bxe 29
POKiB, TOOTO IPAKTHYHO 3aBEPIIYETHCS MEPio] HAITIBPO3MALY
37Cs, aKTHBHICTH SIKOrO BBAXKAETHCS BAKIMBEM (DAKTOPOM
OI[IHKK PAiallifHOr0 3a0pyIHEHHS IPYHTIB 1, BIATOBIIIHO,
BU3HAYCHHS TEPUTOPIH MOCHICHOTO PaiOeKOIOTiYHOTO KOH-
tpomo (Godekmerdan, 2004). SIk HACHTINOK, TICBHI TEPUTOPIi
UYepkacbkoi oOmacTi Bke BTpaTWIM CTaTyC pajialiifHo 3a-
OpyIHEHHMX, a X HAaCeJeHHS — CTaTyC MOTEPIILINX BHACIIIOK
aapii Ha YAEC. Ilpore crarmcTka MEIMYHUX 3aKIAIIB
o0nmacTi CBITIMTH TIPO HE3AIOBUIBHMI CTAaH 370pOB’S Ta
TEHAGHII0O JO 3POCTAHHS BIICOTKA OHKOJIOTIYHOI Ta
THPEOITHOI ATOJOTIH y MEIIKAHIIB TePUTOPIH, 3a0pyIHSHIX
pamionyxitigamu. [1pu poMy ci BpaxoByBaTH Te, IO HABITh
y MEXax OJTHOTO paiiOHy MOXKHA BUIUTHTH HACEJICHI ITYHKTH 3
JIOCHTh BHCOKOIO DI3HHICIO IPYHTOBOI aKTHBHOCTI paio-
HYKJIi/IiB, 3a0py/IHEHHS paJioHyKJIiIaMHi TIEBHUX TIPOJIYKTIB
xapuayBannst (Hoshi, 2000; Morita, 2005; McMahon, 2014).

loHi3ytoue BHUIPOMIHIOBAaHHS — BH3HAHMM IMyHOJENpe-
CaHT, Jlisl SIKOTO peai3yeThcsl Ha PiBHI TEHETHYHOTO arapary
Ta GIOJNOTTYHIX MeMOpaH IMyHOKOMITCTCHTHHX KIITHH, a Ta-
KoK unHHUTH crpecouil BB (Telnov, 2002). Haitaytmm-
BIIOFO N0 nmii pamiamii Ta cTpecopiB iHIIOI TpHUpoIU
BB@KAEThCS T-KINTHHHA JlaHKa IMYHITETYy, HpoTe poboTta
IMyHHOI CHCTEMH € IHTErpaTHUBHOIO, OyIb-sIKi IMCHyHKIIT
OJIHIE€] JIAHKK MOXKYTh BIIOMTHCS Ha CHUCTEMiI B MIOMY
(Manuck, 1991; Sajjadieh, 2009).

[TeBHI KOHTUHI'€HTH HACEJIEHHS 3a3HAIOTh BILIUBY OJTHO-
YacHO IEKUIbKOX MOTEHLIMHUX IMyHOJENPECAHTIB, IO MO-
K€ BUKJIMKAaTH e(QEKTH IOTCHIIOBAHHS, aJUTHUBHOCTI YM
CHHEpri3My. SIBHILE AMCTpeCy CTBOPIOE KPUTHYHI YMOBHU
POOOTH FOMEOCTAaTHYHHUX CHUCTEM OpraHi3My, y TOMY YHCIi
IMyHHOI, NpH3HAYEeHOI MiATPUMYBaTH AHTHUICHHHI rOMeo-
cra3. BaymBHM KpHUTEpiEM CTPECOBHX PEAKIii € piBeHb
Koptu3oiy y cuposatii kposi (Khaitov, 2001; Shirinsky,
2001). BeaxaroTp, mo TpuBajie rnepeOyBaHHSI Y CTPECOBUX
yMOBax (30KpeMa, XpPOHIYHMIA BIUIMB MaluX J03 paiamii,
NPOXKUBAHHS Ha TEPUTOPISX, 3a0pyAHEHUX PaliOHYKITiIaMH)
3YMOBJIIOE TICBHY aJarTailiro 10 aii (akropa, mpoTe a0aaT-
KOBHI CTpecOp MOXKE BUSBUTH aJaNTalliiiHi MOXKIIMBOCTI Ta
MOTEHLIHHKI pecypc IMyHHOI cHUcTeMH Uit (pyHKIIIOHY-

BaHHA 3a HecnpmsaTmBux ymoB (Drannik, 1999; Khaitov,
2001; Sajjadich, 2009). ¥ OLIBIIOCTI TOCTiTKEHh HE BPaXo-
BaHO (haKTOp BapIaTHMBHOCTI pajiallifHOrO 3a0pyaHEHHS
Tepuropii. [le 3yMOBIIIO aKTyanpHICTh HAIIMX JOCIIHKEHB 1
BU3HAYWIO METY.

Merta cTaTTi — OIIHUTH 3B’S30K CTYINEHS PaialliifHOTO
3a0pyIHCHHS TEPUTOPIT 3 MOKA3HUKAMK IMYHHOI CHCTEMH 3a
YMOB BIJICYTHOCTi 200 HassBHOCTI TOJATKOBHX TOTCHIIIHIX
IMyHOZICTIPECaHTIB.

Marepiaa i MeToau q0CTiTKEHD

Iporsirom 1995-2015 pokiB obcrexxeno 250 ocid —
crynentisB UHY, ski npuixaiy Ha HaBYaHHS 3 TEPUTOPIH
TTOCHIICHOTO pajioekonorigaoro kotpomo (IV pamiariitaa
30Ha, IITBHICTH 3a0pyaHEHHS IPyHTIB i30Tomamu °'Cs —
1-5 Ki/km?). Bik o6ctexennx — 18-24 pokwu, BCi BOHM Ha
yac 0OCTeXEHHS HE MajJH TOCTPHX 3axBoproBaHb. Cepen
Hux 105 ocib "omosivoi Ta 145 — xxiHo4oi crati (oOcTexe-
HUX Y (QONIKYISIPHY CTaJ(il0 MEHCTPYaIbHOrO LHUKITY). Mix
TMOKa3HMKaMH OCi0 Pi3HHX CTaTel He CIOCTEepiranocs CTaTh-
CTHUYHO BIpOTiJIHOI Pi3HUIII, TOMY Y TIOJAJIbIIOMY 1X pO3IIIsi-
Jladn SIK enuHy CyKymHicTb. KpoB 3abupamu BpaHii, 10
BXMBaHHS Dki. B oOcrexxeHnx BigOmpamu 10 Mir BeHO3HOT
kpoBi. [l yacTuHM aHami3iB (OIliHKa JeHKormTapHoi (op-
MyJH Ta PIiBHS JICHKOIWTIB) BHKOPHUCTOBYBAIH KAIUISPHY
kpoB. OOctexxeHHs Ta 3a00pH  KpPOBI  TPOBOIMIA
KBami(hikoBaHI MEIUYHI TIPAIliBHUKK Ha 0a3i caHATOpiro-
npodinaxropiro «Enem» npu UepkacbkoMy HaIliOHAIEHOMY
yHiBepcuTeTi Ta OioxiMigHOi Jaboparopii MiCBbKOi JiKapHi
Ne 1 m.Yepxacu.

AHaii3 TOKa3HHKIB IMYHHOI CHCTEMH TIPOBOIMIIN JIO
(KOHTpOINBbHI 3HAaUEHHsT) eK3aMeHalliiHoi cecii Ta Ha JpyTuid
JIeHb TICJIsI OCTaHHBOTO ICTIUTY (Il OLIHKK BIUIMBY
TICUXOEMOIIIHHOTO  HaBaHTaXXEHHs). 3arajbHy KUIbKICTH
JIEHKOLMTIB iipaxoByBaiy B Kamepi [ 'opsieBa, iimMpormTiB —
Ha OCHOBI KpOB’siHOro Maska ((apOyBaHHs OGapBHUKOM Po-
MaHOBCBKOTO — ['iM3a). Excripecito MOBEepXHEBUX aHTUTCHIB
mimpormTaMd TIepUpEpPUIHOi  KPOBI BH3HAYANM  IMYHO-
(IIyOpECCHTHUM METOAOM i3 BHKOPHCTaHHSAM MOHOKJIO-
HaJIbHUX aHTUTLI 10 IOBEPXHEBUX MapKepiB KIITHH iIMyHHOT
cuctemu LT1 (mia ominHroBaHHA excnpecii maH-T-KITiTHH-
Horo Mapkepa CDS5), LT3 (mns ouinku excrpecii nan-T-
wiituaHOro mapkepa CD3), LT4 (win omiHku excrpecii
T-xnitnHHOTO Mapkepa xennepHoi aktuHocti CD4), LTS8
(s oniHIOBaHHS ekcrpecii T-KITHHHOTO Mapkepa edeKTop-
Hoi/cynpecopHoi aktuBHOcTi CDS), LNK16 (mis oriHku
eKcrpecii Mapkepa MpUpoIHOi KilepHoi akTiBHOCTI CD16)
ta F(ab), — ¢parmentie oBeunmx antutin g0 IgG wmwmmi,
mivernx FITC («CopbGent», Pocis). PieHs imyHOrMOOY-
JHIB y CHpPOBATIi KPOBI BH3HAYAIH METOJOM paiajbHOI
iMyHOAM(Y3ii 3a MaH4iHi 3 BHKOPHUCTaHHSM MOHOCIIE-
mudigamx cupoBatok mporu IgG(H), IgM(H), IgA(H).
Bmict KkopTHM30dTy |y cCHpOBAarili KpOBI  BH3HAYAIN
iIMyHO()EPMEHTHIM METOJIOM i3 BHKOPUCTaHHSIM HaOOpy
«BIO-RAD» (Pocist). [lani mipo cTaH pamiamiiiHoro 3adpy;-
HEHHs TEpUTOpili OoTpuMam B oOOJacHId caHiTapHO-
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eMiAeMIOJIOTIYHIN CTaHIil Ta pEriOHANBHIA IeprKaBHII
nabopaTopii BeTeprHHAPHOT MEAUIHHL

JIis OLIHKHK B3a€MO3AJICKHOCTI MMOKA3HHUKIB BHU3HAYAIH
koeditient kopersuii [Tipcona.

Pe3yabTaTn Ta ix 06roBopeHHs

3a BiOCYTHOCTI IICMXOEMOLIHHOTO HABAaHTAKEHHS Y
MEIIKaHIIiB TEPUTOPIH, 3a0pyTHEHUX PaliOHyKIIiIaMH, BMIiCT
KOPTH30Jly IiepeOyBaB HAa BEPXHIA MEXi TOMEOCTaTHYHOI
HOpMH (637 + 6,0 Mmorw/i). CriocTepiraeThest CepeHii To-
3UTUBHUNA KOPEISTUBHUN 3B’S30K MK aKTHBHICTIO paJio-
HYKJIIIB, BII3HAYEHOIO [T MICIIS TIPOKUBAHHSA OOCTEKEHIX

3TIHO 13 3aTaTbHOIO3UMETPHYHOIO TIACTIOPTH3AIIIET0, Ta 3HA-
YEeHHSM BMICTy KOpTH30Iy y cupoBarmi Kposi. Cepemi
TO3UTUBHI KOPENATHBHI 3B’S3KM BiIMIYEHI TaKOX MDK
AKTHBHICTIO PaliOHYKIIIIB Ta piBHEM HelrpodiniB (3a adbco-
JIFOTHKM 1 BIZIHOCHUM YHCJIOM), HU3bKI TIO3UTHBHI — 13 pIBHEM
IgG 1a IgM y cupoBarii kpoBi. CepenHi HETaTUBHI KOpes-
TUBHI 3B’S3KM BiJIMIYCHI MK aKTUBHICTIO PaJiOHYKIIIIB Ta
TaKUMH TIOKA3HMKaMH: aOCOJIIOTHMM 1 BIJHOCHHM YHCIIOM
¢dyaKuioransHO 3pimx T-nmiMgormTi 13 ¢peHotuiom CD3+,
a0COJFOTHUM 1 BITHOCHUM YHCIIOM iX XeIMepHOi CyOroIry-
i CD4+, aOCONMFOTHHM 1 BITHOCHUM YHCIIOM TIPHPOTHAX
KinepiB i3 peHoturiom CD16+; CHTBHII HETaTUBHUIH 3B’ SI30K —
3 iMyHOperyssiTopHuM iHgekcoM CD4+/CD8+ (Tabm.).

Tabauys
Kopeasiuia Mix pagianiiinum 3a0pyAHeHHAM, NPOAYKIIEI0 KOPTH30JIy Ta NOKA3HUKAMHU iMyHHOI CHCTeMH
B 00CTeKEeHHX i3 TePUTOPiii MOCHIEHOT0 Pa/lioeKOIOTiYHOr0 KOHTPOIIo (n = 250)
Heiitpo-
NXanaKreni Koprusor, i, % CD3+, % | CD5+, % | CD4+, % | CD8+, % | CD16+,% | CD4+/ | IgG, IgM,
pakTep MMOJIB/JT <1 09’ /HO x10%/n x10%/n x10%/m x10%/n x10°/m CD8+ | mr/Mi MI/MII
AKTHBHICTb PaTiOHyKIIi]TiB, " 0481* -0,521* | 0,112 | -0,572* | 0,122 —-0,532* « % "
Ki/kn?, 110 cpecy 0,521 0,513* -0,502* | 0,098 | -0,531* | 0,111 —0491* 0,792 0252 0,209
Kopruzon, « 0,415%* -0450* | -0,101 | —0,504* | 0,131 —0443* " " "
MMOJIB/IL, IO CTPECy 1,000 0,445* -0403* | -0,109 | -0491* | 0,101 —0414* 0,604 0,201 0215
AKTHBHICTb PaJiOHYKITI/IiB, « 0,571* —0,556* | —0452* | —0,684* | 0432* | —0,621* « %
Ki/ind, crpec 0342 0537* | —0561* | —0404% | —0,662* | 0444* | —0,689* —0810%) 0451 | 0,121
Koprusor, « 0,510%* -0,601* | —0,500* | —0,713* | 0404* | -0,611* « «
MMOJIB/J1, CTPEC 1,000 0,513* —0,611* | —0520* | —0,704* | 0422* | —0,645* —0852% | 0433 0,112

IMpumitkn: * — nocToBipHicTh KoeditieHta kopemsuii, P < 0,05; s nomysswiii i cyOnomyJisiiit KIiTHH iIMyHHOT CHCTEMH BKa3aHO
Koe(imieHTH KOpeTsii 3 BIAHOCHOO KUIBKICTIO (BEpXHii MOKAa3HHUK) 1 aDCOTIOTHOO KIIBKICTIO (HMKHIM MTOKA3HUK).

[o3uTHBHA KOpEAIlsS aKTUBHOCTI PaliOHYKIIIIIB HA 3a-
OpyHeHiit TepuTopii Ta BMICTY HeHTpoduIiB y nepudepny-
Hilf KpOBI € JIOTIYHOIO, OCKLIBKH MOIIMOP(HOsIEpHI JIeHKO-
LMTH BBKAIOTHCS BAXKIMBUM 1HAMKATOPOM CTPECOBOT peaK-
mii. HeratmBHa Kopersmis xemmepHUX T-miMGpOIWMTIB Ta
TIPUPOJHUX KINIEpiB Ja€ MiICTaBH POOHUTH BHCHOBOK IIPO
TieBHi 3001 B €peKTHBHOCTI POOOTH MPOTHBIPYCHOTO Ta IPO-
TUMYXJIMHHOTO iMyHiTeTy. Crpasai, T-nimdorwmru 3 deno-
oM CD4+ CTUMyIIOIOTH 3alyCK YHCICHHHX IMYyHHHX
nponecis, a aimdouutn 3 ¢enorunom CD16+ BinirpaioTh
BKIIMBY POJIb y PO3Mi3HABAaHHI Ta 3HUILECHHI MaJirHi3oBa-
nux kiitud (Drannik, 1999; Yarilin, 1999). Orpumani aani
Y3TOJDKYIOTBCS 3 JT@HMMH JHTEpaTypy IIOAO ITiABHIIEHOL
YyTJIMBOCTI JI0 BIUTMBY i0HI3YyIOYOTO BUIPOMIHIOBaHHS cCame
xemrepHuX T-mimdormrie (Kinet, 2007).

BincyTHiCTh KOPEIAIIHHOI 3aIeKHOCTI 3 aKTHBHICTIO
pamionykiiniB excrpecii antureny CDS, sixwit € omHEM i3
TOJIOBHUX MapKepiB e()eKTOPHOI Ta CYIPECOPHOT aKTHBHOCTI
T-nimdonuTiB, 3yMOBJIEHa, OUYEBHIHO, THUM, IO KIITHHU 3
¢eroturom CD8+ BBa)KarOThCSA BITHOCHO KOPTH30JIPE3HC-
TEHTHHMH Ta HAWCTIMKIIIMMK N0 BIUIMBY 1OHI3yIOUOTO BH-
npomiHroBanHs (Finlay, 2011; Hommel, 2007).

BwmicT KopTH30ITy 32 BIICYTHOCTI IOAATKOBUX CTPECOBUX
YUHHUKIB JIEMOHCTPYE CepeHiil O3UTHBHH KOPEISITHBHUM
3B’30K 13 BIZTHOCHOIO Ta a0COJIOTHOIO KIJIBKICTIO HEUTpOi-
JIiB, HU3bKUH MMO3UTUBHUHN 3B’30K 13 piBHeM IgG ta IgM y
CHPOBATIL KpPOBi, CEpeIHiii HETaTHBHUH KOPEISTUBHUI
3B’S130K 13 BITHOCHOIO Ta aOCOIOTHOO KUTBKICTIO (DYHKITIO-
HaibHO 3pimmx T-miM¢orwrie i3 peHoTrmom CD3+, BimHOC-
HOIO Ta a0CONIOTHOIO KUIBKICTIO XenmnepHux T-miMQoruTis
i3 ¢penoruriom CD4+, BiTHOCHOIO Ta aOCONIOTHOIO KiJIbKiC-

TIO IPUPOJHUX KinepiB i3 penornnom CD16+, a Takox cu-
JIGHUI HETaTHBHUH 3B’5130K 3 IMyHOPETYJIITOPHIM 1HIEKCOM
CD4+/CD8+ (Tabur.).

BigmoBigHo, MiXk BMICTOM KOPTH30IIy Ta OLIHIOBAHUMH
TOKAa3HUKaMH IMYHHOI CHCTEMH CIIOCTEPIraroThCs KOpeJs-
THUBHI 3B’sI3KM TOTO K HAIpPsMY, IO 1 MK aKTHBHICTIO pa-
TIOHYKIIIB, aje 3HaueHHs KoedilieHTa KOpensmii HIDKYi
(tabm.). TakuMm YHHOM, 32 YMOB BIJICYTHOCTI JOHATKOBHX
CTPECOBHUX BIUIMBIB CIIOCTEPIraeThCA IIEBHA aganTaIls a0
nocTiiHoi momipHOi rineprnpoaykuii koptuzony. Ilpore,
OCKLUIbKH 3a Maibke 20 pOKIB CIIOCTEpEKEHb BIIMIYEHO TEH-
JICHIIIIO JI0 TIEBHOTO 3POCTaHHS 3a3HAYEHUX KOC]ili€HTIB
KOpeJIsiLlii, MOKHa 3pOOMTH BUCHOBOK IIPO TTOCHJICHHS 3a1e-
JKHOCTI IMOKa3HMKIB KJIITHHHOI JIAHKH BiJ JO30BOrO HaBaH-
Ta)KEHHS (K HACTIZKY BHUIIOI YM HIDKYOI aKTUBHOCTI pajio-
HYKJIJIB Ha TIEBHIH TEpHUTOpii) Ta 3yMOBJICHOI HUM Tilep-
TIPOYKILi KOPTHKOCTEPOIIB.

BusBrieHi 3aKOHOMIpHOCTI TTOKa3yIOTh, IO IMyHOCYTIpe-
Clsl KJIITUHHOI JIAHKH, KA 3aJIE)KUTh BiJ 0O30BOrO HaBaHTa-
XKEHHS, IO TIEBHOI MipH KOMIIEHCYEThCSI 3pOCTAHHAM KOHIIe-
HTpallii CHpOBAaTKOBHX iMyHOr;100yiiHiB. Edexr y3romky-
€ThCS 3 JJAHUMHU JIITEPaTypH MPO BHUIIYY Yy TJIMBICTh JIO CTpe-
COBHX BIUIMBIB y3araii Ta pajialliiHOro YMHHHKA 30KpemMa
came T-kmituHHOI jaHku imyHHOI cuctemu (Titov, 1995;
Godekmerdan, 2004; Sajjadieh, 2009; Weng, 2010; Jahns,
2011; Balogh, 2013).

3a yMOB JIOZIATKOBOTO CTPECOBOIO BILTHBY, 3yMOBJICHOIO
TICUXOEMOLIIMHAM HaBaHTAXEHHAM IIiJ] 4ac eK3aMeHar[iiHOL
cecii, B 00CTeKEHNX JOCTOBIPHO 3POCTA€ BMICT KOPTHU30ILY Y
cupoBarii kposi (893 + 8,1 mmons/n). [pu pomy crocre-
PIraroThCs KOPEIATHBHI 3aJIEKHOCTI, TTOIOHI 10 BiIMIYCHHX Y
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MDKCECIHHHIA 1epiof1, TPOTe, € TEeBHI 0COOIMBOCTI. 30KpeMa,
MDK pIiBHEM KOPTH30Iy Ta aKTHUBHICTIO paXiOHYKIIiB
CIIOCTEPITra€ThCS  CWIBHUMA  MO3WUTHUBHHUN  KOPCIISIIIHHMI
3B’s130K. [IOCHITIOETBCSI CTYIIHD KOPEJSLIHOT 3aNeXHOCTI
MDK pajialiiHiM 3a0py[HEHHSIM 1 BMICTOM KOPTH30Iy, 3
OHOTO OOKY, Ta IMyHOCYIpPECI€l0 Ha PiBHI NMOKA3HHKIB Xel-
niepHuX T-miM(OIUTIB, IMyHOPETYJISITOPHOTO IHIEKCY, NPH-
POMHMX KUICPHUX KIITHH — 3 1HIIOTO. 3’SBJISETHCS CepPeIHIN
HETaTUBHUA KOPCILIIHHUNA 3B’S30K MDK  aKTHBHICTIO
pamioHyKIiniB (a TakoXK KOHIICHTPAIIEI0 KOPTU30IY) Ta
eKcrpeciero mas-T-kniTnHHOrO0 Mapkepa CDS, cepemHiii mo-
3UTUBHUNA — 3 aOCOJIFOTHUM Ta BiJHOCHHM YHCJIOM CYTIPECOp-
mnx T-mimdomurie 13 denorrmom CDS8+, 3miHIOETBCS 3
TIO3UTUBHOI Ha HETaTUBHY KOpEJIALIiiHA 3aIeXKHICTb 13 pIBHEM
cupoBatkoBoro IgG (Tabu.).

TakuM 4KMHOM, JOAATKOBHMI KOPOTKOYACHUM CTPECOBUI
YMHHUK, TIOETHAHUH 13 XPOHIYHUM BIUTMBOM MAIUX JI03 PaJli-
aiii, NOCWIIIOE 3AISKHICTH IMyHOCYIpecii, 3yMOBIIEHOT
paniarifiHIM 3a0pyTHEHHSIM MICLIEBOCTI IPOXKMBAHHS 00CTe-
JKEHHX, 1 BUKJIMKAE 3001 y KOMITCHCAaTOPHIX MEXaHI3MaXx, 30K-
peMa, Ha piBHI TIPOJYKIIil CHPOBATKOBUX IMyHOTIIOOYITiHIB.

Bupakena imyHocympecis B 00CTeKEHHX 13 HACEICHHX
MyHKTiB, IO MajHM BHWIIi /JO30Bi HaBaHTaXEHHS, Oyna
TTi/ICTAaBOIO [UIS HaJaHHS peKOMEH/amii JaHOMY KOHTHHICH-
Ty IIO/I0 TIOJAJIBIINX 00CTEXEHb Y caHaTopii-npodinakropii
NPU YHIBEPCHTETI, a MICHIs OIVIILY JIKApiB CaHATOPIIO (I
OKpeMHux o0ci0) — B 0O0JacCHHX CHIOKPHHOJIOTIUHIA Ta
OHKOJIOT14HIH JiKapHsX.

BucnoBku

B oOcrexennx, siki 3a3HANM XPOHIYHOTO BIUIMBY MAJIMX
03  pamiamil, BaOXIMBAM (aKTOPOM, IO BH3HAYAE
BUPaXEHICTh IMyHOCYTIpecii, MO)KHa BBaXKaTH AaKTHBHICTH
PaTiOHYKIIINIB HA TEPUTOPii MPOKUBAHHS Ta 3yMOBICHY iX
J€TO TIMepIpoayKIIiI0 KOPTUKOCTepoiniB. JlogaTkoBe cTpeco-
BE HABaHTAXCHHS, 30KpEMa, EMOIIHHOI MPUPOAH, TIOCHIIOE
3JISKHICTh IMyHOCYTIPECii Bif CTyHeHA pafiariifHoro 3a-
OpyIHEHHS Ta 3/1aTHE BHKIIMKAaTH 3001 y poOOTi KOMIIEHCa-
TOPHUX MeXaHi3MiB. He3Bakaroun Ha 3HWKECHHS MPOTSAIOM
19952015 pp. MO30BOrO0 HABAHTAKCHHS HA MEIIKAHIIIB
TEPUTOPIN MOCUIICHOTO PaJiOCKOJIONTYHOTO KOHTPOJIIO, BOHHU €
TpylaMH PU3MKY PO3BUTKY MOpYIIEHb CTaHy 3[0pOB’s, 30K-
peMa, Ha piBHI poOOTH IMyHHOI Ta €HIOKPUHHOI CHCTEM, i
TOTPEeOYIOTh PETYISIPHIX MEANIHUX OTJISIIIB.
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Oco0smBocTi ppakuiiHOrO CKIaTy TKAHMHHOI BOAN
B YMOBAaX 3arajibHoi rineprepMii B eKCllepUMeHTI

O.B. Ky3nemnoBa
Hayionanenui meouunui yrisepcumem imeri O.0. Bocomonvys, Kuis, Yxpaina

OwiHeHO BIUMB 3arajbHOI TineprepMii Ha MbDK(paKIiHHMI PO3MO/T BOIM Y TKAHWHI TOJIOBHOTO MO3KY, Iepelicepb CepLisd Ta HUPOK
urypiB merogom H+-SIMP-penakcomerpii. HarpiBanss miypis y TepMokamepi 3a Temreparypu +43...+45 °C npotsirom 60 XBUIMH CIIPHYIH-
HUJIO Y TBApHUH TilepTepMito, AeriapaTario, ankano3 i rinepHatpiemito. [IIBUaKnii pO3BUTOK TilepHATPIEMIT CIIPUSE PI3KOMY MiABUILCHHIO
OCMOJISUTBHOCTI TUIA3MH, IO CTBOPIOE TPaJi€HT MK BHYTPIIIHBO- Ta TO3AKIITHHHOIO PIIMHOIO TKAHWH OPTaHi3My Ta BUKIMKAE y TKAHHHAX
Mepepo3IOALT BOAN MiX (ppakmisMu, po Mo CBiquuTh quHamika SIMP-penakcaniifHiX MOKa3HUKIB TKAHMHHOI BOAW. 3a yMOB TinepTepMii
(paKIifiHui CKJIa/l TKAaHIMHHOI BOAY Hepeicepb cepii IIypiB He 3MiHUBCA (dac no3noBxkHboi (T) 1 monepeunoi (T,) perakcanii gocToBip-
HO HE BiJpi3HSABCS BiJ IIOKa3HUKIB IHTAKTHOI TKAHWHN). 3a BIUIUBY TillepTepMii y TOJIOBHOMY MO3KY (opMye€eThest (ppaKiist KprCTaTi30BaHOl
BoM (TTofoBXeHHs T Ta BKopoueHHs T, IMOKa3HUKIB perakcanii), 1o 3arodirae BTpaTi BOIM KITHHAMU. Y TKaHHHI HUPOK 3a Tineprepmii
30LTBIIY€eThCS (ppaKList BUIGHOT BOAY Ta YacTKa BHYTPIIIHBOKIITHHHOL pinnHK (piske nojowxkeHHs T i T, nokasHuUKiB pernaxcarii). Y Kip-
KOBIif PEYOBMHI HUPOK BHUSBIICHO MOTOBIUCHHS TigpaTamiiHoi (pakiii mo3akmiTuHHOI Boau (momomkeHHs T mokasHuka penakcarii, T,
JIOCTOBIPHO HE BiPi3HSBCS MOPIBHSIHO 3 IHTAKTHOKO TKAHWHOIO) 3aBISIKM 30UIBLICHHIO BMICTY i0HIB HATpil0 Y TKaHWHI. SIKICHHI CIeKTp
3MiH TKAHUHHOI BOJIM 32 YMOB TillepTepMii CpsIMOBaHHI Ha 3HVKEHHS 00’ €My PiIMHH, 10 BUBOAUTECS 3 OPTraHi3My.

Knrouosi cnosa: SIMP-penakcomerpist; yac mo3noBxHboi (T)) penakcartii; yac monepeunoi (T,) penakcarii; BHy TpiIIHHOKITITHHHA BOJA;
TI03aKJIITHHHA BOJIA; TEIIOBUH CTpec

Peculiarities of tissue water fractional composition
in case of experimental whole-body hyperthermia

0.V. Kuznetsova
Bogomolets National Medical University, Kyiv, Ukraine

The present study, using proton nuclear magnetic resonance relaxation (NMR) method, was undertaken to compare the water fractional
composition in nature tissues (group 1) with those damaged by experimental whole-body hyperthermia (group 2). We measured longitudinal
or “spin-lattice” (T) and transverse or “spin-spin” (T,) relaxation times of protons of tissues (brain, the atria of the heart, the kidneys and the
renal cortex) from adult Wistar rats. The differences in Ty, T, and percentage of the intra- and extracellular water between group 1 and 2
were studied to help understand how the water moves in tissues at hyperthermia. The results of this study and the literature data allow to
make conclusions about tissue water fractional composition in case of experimental whole-body hyperthermia: (1) fractional composition of
water and the distribution of intra- and extracellular fluid in the tissue of the atria of the heart did not change (T, and T, relaxation times
remained unchanged); (2) the crystalline water fraction increased in brain (longer T, relaxation rate and shorter T, relaxation rate). This is
obstructing the exchange of protons between free and bound water in brain. Thus, loss of water by brain cells is prevented. The distribution
between intra- and extracellular fluid in brain remained unchanged; (3) fraction of free water increased in renal tissue (simultaneous longer
T, and T, relaxation rates) by reducing the volume of extracellular fluid; (4) thick hydration layer of water (longer T, relaxation rate, T,
remained unchanged) was formed in the extracellular fluid of renal cortex. This water layer is formed around the sodium ions which
concentration is increased in renal cortex tissue of rats from group 2. As a result, the amount of fluid secreted by kidneys is reduced, i.e. there
is a retention of water in the body. The relevance of our research for the understanding of high temperatures’ adaptation mechanisms is
discussed in this paper.
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heat stress
Beryn

Bopna — oHa 3 HAMBXKIMBIMIHMX XIMIYHUX CIIONYK Y KH-
BUX opraHiamMax. Bim ii BMiCTy B oprasi3mi 3aiexarb
IIBUAKICTh O10XIMIYHUX peaKIii, TPaHCIIOPTYBaHHS PEdo-
BHH, TIOKa3HUKH T'OMEOCTa3y, 3aTHICTh IPOTHCTOSTH CTpe-
coBuM (akropam. Brpara opranizmom Ommuseko 10-20%
BOAM HeOe3nevHa JUlsl JKUTTS Ta MOXKE CIPUYMHHMTH 3aru-
6enb. JlocmiKeHHsS CTPYKTYPHHX OCOOIMBOCTEH BHYTpi-
IIHBOKJITHHHOI Ta TMO3aKJMITHHHOI BOJAM B  JKUBHX
OpraHi3Max BHSIBUJIH, II0 BOJa y TKAHWHAX iCHY€E y BHUIJISI
JIBOX (ppaKIiif: BUTAHOI Ta 3B’ 13aH01 (Aksyonov, 1987).

@pakiiisi BUTGHOT BOAM XapaKTePH3YEThCS BHCOKOIO PyX-
JIMBICTIO, il IPUCYTHICTH iHTEHCH(IKYe (i3ioNoriuni mporecu
(Despa, 2005; Cameron and Fullerton, 2014). V xmiTrHax
BUJIbHA BOJIA € PO3UYMHHUKOM a00 CepeIOBHINIEM TS Tepediry
(bepMEHTATHBHUX PEAKIH 1 TPaHCIOPTYBaHHS PEYOBHH. Mo-
JIEKYJI BUTHHOI BOJM mepeOyBaroTh Ha BiffalieHiil BifcTaHi
BiJl TIOBEpXHI PO3YMHEHHX PEYOBUH 1 B3AEMOJIIOTH TUIBKH
MK co0Oor0. SIKIIO BijlbHa BOJA 3aTPUMYETHCS B OpraHi3Mi,
BOHa 30MpaeThCs i/ MIKIPOIO Ta YTBOpPIOe HaOpsiku. [lpu i
BTpaTi 3MEHIIYETHCS 00 €M TIIa3MH KPOBi, KPOBOIOCTAYaHHS
TKaHWH 1, BIIMOBIHO, TPAHCIIOPTYBAHHS JI0 HUX ITOXHUBHUX
PCUOBHH i KHCHIO, III0 BIUTHBAE Ha POOOTY CKEJIETHIX M’ SI3iB,
CepLICBO-CYIMHHOI CHCTEMH Ta MO3KY.

Jpyra, MeHII pyxJnBa, (pakxiis 3B’s3aHOI BOIM PO3Ta-
IoBaHa OJFDKYE O MOBEpPXHI GIOMOJNEKYH 1 3HAXOIAUTHCS Y
rigpooOHMX KaHAaX 1 MOPOXKHMHAX pi3HOI (QOpMH, 10
ICHYIOTh ycepeauHi OiomoniMepiB i MmeMOpaH. Bona mirmo
NPWJISTAE JI0 TIOBEPXHI YaCTOK MaTepiaiy, T'yCTHHA il 3HaYHO
HiepeBHILye 3BUYaiiHy TycTuny Boau (Davidson et al., 2013).
@paxiiist 38’s13aHOT BOAM HEOOXiAHA JUIsl cTadimi3anii cTpyK-
TypH Ta (QyHKIIOHAITBHOI 1HTErpamuii BHY TPIIIHBOKIITHHHHUX
MakKpoMOJIeKyII i tudy3ii pedoBrH yepe3 MmemOpany (Zhou et
al., 2004; Fullerton and Cameron, 2007). 3B’s3aHa Boma
TIOALTAETECS HAa [TBA PI3HOBHAM: MIITHO 3B’S3aHA 31 CTPYKTY-
paMu MakpOMOJIEKYJ, HANpHKIAN, OUIKIB (KpHCTali30BaHA
BOJa), 1 TiApaTaliiiHa Bojia, Ika BXOAUTH J0 CKJIaTy TiapaTHUX
00OJIOHOK OPTaHIYHIX MOJEKYJI, SIK OiormomiMepiB (Hacamiie-
pen OUIKIB), TaK 1 HI3PKOMOJIEKYJIPHUX PEYOBHH. MINHICTH
3B’s13yBaHHS MOJIEKY)I BOJM 3 OlomoyiiMepamMy Mae BeJIHKe
3Ha4YeHHs i1 (OpMyBaHHSA Ta craOumi3amil 1X HATUBHOI
CTPYKTYpHU Ta (pyHKIIIOHAJIHbHOI aKTHBHOCTI Y KMBUX CHCTE-
Max. 3a HU3BKOTO CTYTICHS Ti/ipaTallii TOBEPXHEBHX TOJSIPHUX
TPYI MK MOJIEKYJIaMH BHHHKAIOTh JIOJJATKOBI KOHTAKTH, SIKi
3HIDKYIOTh KOH(OpMaLliiiHy pyXJMBICTH I7100ya OUIKIB, IO
CIIPUYHMHIOE BTPaTy ()epMEHTATUBHOI akTUBHOCTI (Zhang and
Cremer, 2006). Tomy ywacte Bogu Yy (opmyBanHi
OIOCTPYKTYp 3YMOBJIOE, 3 OIHOTO OOKY, BHHHUKHCHHSI
cTaluTi3yBabHIX TiApopoOHNX B3a€EMOiH, a 3 IHIIOrO —
CTBOpPEHHSI KOH()OPMAIIIHHOT PYXJIMBOCTI MOJIEKYIL.

CIIiBBIJHOIIICHHS BUIBHOI Ta 3B’s3aHOi BOIU Y TKaHWHI
Mae i1 Hel Benuke (isionoriude 3HaueHHs. lIBHaKicTh
OKPEMUX peakiiiii Ta IHTeHCUBHICTD (hi310JIOTTYHHIX MPOIIECIB
y IJIOMy 3ajJeXaTh Bil BMICTY BUIbHOI BOAM y TKaHHHI
(Sulyok, 2006). CrilikicTh 10 HECHPUSTIMBHX 30BHIIITHIX
BIUIMBIB, HAaBIAaK{, MaE€ TMpsAMYy KOPEJLI[iI0 3 yMICTOM
3B’s3aHOI BOMM. MK pi3HIMEH (pakmisMA BOIH ICHYE
IVHAMIYHA piBHOBara Ta MOJXJIMBICTh iX B3a€MHHUX

nepexomiB. Hampukomax, BMICT TifparamiiiHOi BOOM MOXe
30UITBITYBAaTHCS 32 PaxXyHOK BUTHHOI Ta KPUCTAJIYHOI BOAW
(Hortelano et al., 2001).

OcraHHIMI pOKaMH y HayKOBIH JiTeparypi Hie akTHBHA
JWCKYCisI TIpO MEXaHi3MH Jii JIOKaJdbHOI Ta 3araibHol
rineprepMii Ha OpraHi3M JIIOAWHY, 1i BIUIMB Ha HaTOTCHE3
pizaux 3axBoptoBanb (Falk and Issels, 2001; Litvitsky,
2010). Hwumi rimeprepmisi YCIIIIHO 3aCTOCOBYETHCS Y
kiiHikax CIHA, xpain €Bponm Ta A3ii Ui JiKyBaHHS
pi3Hux 3axBoproBanb (Bull et al.,, 2008; Kok et al., 2015).
KiiHi9HOMY 3aCTOCYBaHHIO 3arajibHOI TirepTepMii Mae Te-
penyBati 1i EKCIIEPUMEHTAJIbHE MOJEIIOBAaHHSA 3 METOIO
MOBHILIOTO Ta JETABHINION0 BUBYEHHS MAaTOTCHETUYHHX
aCIIeKTiB BIUIMBY BHCOKOI 30BHIIIHBOI TeMIlepaTypd Ha
KIIITHHU, TKAHAHH, OPTaHU Ta OPTaHi3M y IJIOMY.

CrabinpHICTh peryJsmii BCIiX JKUTTEBHX (YHKIIH rapaH-
TYETBCSl 3ATHICTIO OpraHi3My JI0 YTPUMaHHS TeMIIeparypH
TiJa y By3bKHX Mexkax. by/ip-sika 3MiHa y cTaHi TEIIo0OMiHy
HETaifHO BHKJIMKAE TEpPeOYIOBY Y TCTEPOreHHIN (YHKINO-
HaIBHIA CHCTEMI — amapaTi TepMOpPEryJiiLii, XapaKTepHOO
PHCOIO SIKOTO € BiJICYTHICTh CHELIaIbHUX OPTaHiB i BUKOPH-
CTaHHS PI3HUX OpraHiB i (QyHKIIH. 3MiHA TETUIOBOTO PEXKUMY
y OIK MIBHINCHHS 3araJlbHOI TEMIIEPaTypH Tila BUKIIHKA€E
3Ha4YHI 3MIHM Ha BCIiX PIBHAX OaraTOKIITHHHOTO OpTaHi3MYy:
MOJICKYIIIPHOMY, KIIITHHHOMY Ta TKaHHHHOMY (Kozlov, 1990;
Sreenivasa et al., 2003; Efremov et al., 2006; Dayanc et al.,
2008; Peer et al., 2010). Boma Bimirpae BaJIMBY pOJb Y
TITpUMaHHI TIOCTIMHOI TeMITepaTypH Tijla OpraHizMy. 3 M-
BHIIICHHSIM TEMIIEpaTypy BOHA IHTEHCHBHO BUIIAPOBYETHCS Y
BUIVLSIOI TOTY, IO 3amo0irae IeperpiBaHHIO OpraHi3My
(Chvyrev et al., 2000). BHyTpIITHROKIIITHHHAI 00’€M € BaX-
JIMBUM IHTETPaIbHUAM TOKa3HUKOM KJITHHHOTO T'OMEOCTasy.
3MiHM BHYTPIIIHBOKJITHHHOTO O0’€MY IHIIUIOIOTH 3aITyCcK
MEXaHI3MIB Peryiriii MeTaboNiYHHX TMPOIECiB y KIITHHI
(Ling and Tucser, 1988). T'omeocrarmdHi MexaHi3MH opra-
Hi3BMYy JOCHTh €(eKTMBHO pEryaroloTh OOMIH BOOM Ta
€NIEKTPOJIITIB, MATPUMYIOUH B Mekax (izionoriuHoi HOpMHU
OCMOTHYHMH THCK TIIO3aKJITHHHOI, a dYepe3 Hel 1
BHYTPIITHBOKITITUHHOI P1AMHH.

Benmukuii iHTEpeC CTAHOBIATH IOCTIDKCHHS TPOIICCIB
TPaHCIOPTY BOAM Ta IOHIB 4epe3 OIoJoridHi MeMOpaHw,
3’sICyBaHHsl IHOMBIIYaJbHUX XapaKTEePUCTUK rigpararii
opraHiB 3a ymoB rineprepmii. L{i muTaHHS MalOTH mepmo-
psiHE 3HA4YEHHS I8 PO3KPUTTS OlOXIMIYHMX MeEXaHI3MIB
ajarnrarii 0i0JOTIYHUX CHCTEM JIO 3MIHU TeMIepaTypH Has-
KOJIMIIHBOTO CEPENOBHUINA, PHYMH 1X 3ardOeli 3a BHCOKOI
TEMITepPaTypH.

Mera crarTi — OXapaKTeph3yBaTH 3MiHH (PpaKIiiftHOTO
CKJIaJy BOAW TKAQHUH T'OJIOBHOTO MO3KY, IT€pEACepAs Ta HHU-
POK HIypiB 3a BIUIMBY BUCOKOI Temmepatypu (+43...+45 °C)
npotsroM 60 XBUIKH.

Marepian i MeToau q0CTiTKEHD

JlocnipkeHHsI IPOBOIMIIA HAa CTATEBO3PLIMX OUTMX IIry-
pax-camipix JjiHil Bictap macoro 200-250 r. Horsin 3a TBa-
puHamu 3xilicHIoBaM 3riqHo 3 JlupextmBamu €Bponeii-
cpkoro corozy 2019/10/63 €C npo 3axucT XpeOESTHHX TBAapHH,
10 BUKOPHCTOBYFOTHCS JUISI €KCTIEPUMEHTANIBHUX Ta 1HIIMX
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HayKOBHX IIiJIeH, 1 BiamoBimHO 10 3akoHy Ykpainu Ne3447-IV
«[Ipo 3axmCT TBapHH BiJ JKOPCTOKOTO MOBOKEHH:». TBaprH
YTPUMYBJIM B YMOBaX BiBapito Ha 3BHYaiHOMY 30alaHCOBa-
HOMY pallioHi Ta BUIbHOMY JIOCTYTIi /IO BOJIH.

MeTooM BHIAIKOBOI BHOIPKK TBApHH TOIUIAIN Ha B
rpymu 1o 10 ocoOuH y koxHiit: | rpyna — iHTaKTHI TBapHHU,
SIKI CITyTryBai KOHTposteM, 11 — mociizHi, SIKMX HarpiBaay B
TepMOKaMepi 3 TeMIIepaTyporo moBiTps +43...+45 °C, BigHOC-
HOIO BOJIOTICTIO TOBITPs 75—85%, KOHIIEHTPALIEI0 KHCHIO B
mexax 20,0-20,5% npotsrom 60 xBummH. [lo 1 micis mepe-
TPiBY TBapHH 3BRKYBAIM Ta BUMIPIOBAIN y HHUX PEKTAIbHY
Temmeparypy. Ilicis 3aKkiHYeHHS TEIJIOBOTO BIUIMBY TBapHH
JEKaITyBaJH i JITKUM eipHIM HApKO30M i3 HAaCTYIIHOIO
eKCTUPIIALIEI0 JOCTIPKYBaHUX OpraHiB (TOJOBHHI MO3OK,
cepiie Ta HUpKK). KpoB TBapuH 30upany y ABI MpoOipKH: i3
renapuHoM (111 BUMiptoBaHHs pH 1utasmu kpoBi) Ta Oe3 aH-
THKOAryJSIHTY (JUIsl BU3HAUESHHS KOHLICHTpALlii 10HIB HaTpilo y
cuposarni kpoBi). [IpoOipkn 3 KpoB’10 HEeHTpUDYTYBAIH 3a
+4 °C npotsrom 10 xB (3 000 00./xB). pH KpoBi BUMiproBas
Ha 1mdpoBoMy aHamizatopi pH i rasiB xposi OP-215 (Yrop-
myHa). BMicT 10HIB HATPiIO BI3HAYAIN METOIOM TOIYM SIHOI
¢oromerpii (Kolb and Kamyshnikov, 1982).

@pakmii TKaHMHHOT BOAW BU3HAYAIM METOIIOM SIEpHO-
MarHitHo-pe3oHaHcHOI (SIMP)-penakcomerpii, skuii Mmae
BHCOKY YyTJIMBICTH A0 BHYTPIITHHOMOJEKYISIPHUX PYyXiB i
JIa€ MOXJIMBICTH OLIHWUTH CTPYKTYpY BOAM Y KIITHHI
(MacFall et al., 1987; Tregnaghi, 1991). Koxna i3 ¢pakuiii
TKaHUHHOT ~BOOM  XapakTepusyerbcsi pisHumu  SIMP-
TIOKa3HUKaMH1: 4acoM IIO3JI0BKHBOI, a00 «CIIH-TPaTKOBOD)
(Ty) 1 nomepeunoi, abo «cmin-cniHoBoi» (T,) penakcarii
nipotoHiB. IligroroBky npo0 s IMP-penakcomerpii BUKO-
HyBaJM sIK ormcano y poborax Bell (1989) i Krik (1990).
JocmimkyBaHi TKaHHHH 3BaKyBAITH, TIOMIMIAIN y CKIITHY
mpoOipky miamerpom 10 MM 1 mporpiBamu y TepmoOaHi
«Haake» (Himewumna) mo +40 °C mporsrom 10 xB.
YV TKaHWHI TOJIOBHOTO MO3KY, Iiepeacepas, HUPOK 1 KipKOBOT
PEYOBHHHU HUPOK IIYPIB aHANI3yBaJM Yac MO3I0BXHbOI, 00
«cmin-rparkoBoi» (T)) i nonepe4Hol, abo «CHiH-CIIIHOBOD)
(T,) SAIMP-penaxcauii npoToHiB Ha penakcomeTpi Minispec
PC 120 (Bruker Optik GmbH, Himeuyunna) 3 poboyoro yac-
totoro 25 MI'm. T noka3HUK penakcariii Bu3Ha4am 3a 40
TOYKaMH METOJIOM IHBEPCii-BiTHOBJIEHHS], B SIKOMY CIIOYATKy
3amaetses 180° iMmynsc, a gepe3 neBHui yac — 90° iMmyIise,
0 39UTYETHCA. T) TIOKa3HUK BUMIPIOBAIH 32 25 TOYKAMH,
BHUKOPHCTOBYIOYH KJIACHYHY TOCTIZOBHICTE iMITymbeiB Kapa —
[apcenmma — Menpbyma — I'imma, B OCHOBi SIKOi JISKHUTH
OTPOMIHEHHS 3pa3Kka 30HIYBAJIHHUMHU iMITyiabcamu 90°-1-
180° ta peectpamisi cmiHOBOrO BiMTyHHS. Yac MOBTOpEHHS
00paHo 0JJHAKOBUM B 000X BuMipax (3 c).

Maremarnudy 00poOKy orpumaHux 3Hadenb T i T,
TNIOKa3HUKIB ITPOBEJICHO aBTOMATHYHO 3 BUKOPHCTaHHSM IPO-
rpamHoro mnakera Experiment Supervisor (Bruker Optik
GmbH, Himeuunna). 3a HasBHOCTI JJBOKOMIIOHEHTHHX KpH-
BUX TIOKA3HWKH Yacy pellaKcamii po3kiajamm Ha OieKcro-
HEHTH Ta 3a TokasHukaMu Ta i Tb pospaxoByBamm yacTkw
BHYTpIiHBO- (Pa) Ta mozaxmitraHOi (Pb) Bomm 3a dopmyroro:

Pa=[Ta/(Ta+ Tb)]*100%,
Pb =100% — Pa, %,
ne T — gac pemakcarii (Mc), Pa — gacTka BHYTpIiIIHBO-
kiniTuHHOT Boau (%), Pb — yactka nozaxstituaHol Bonu (%0).

CratuctiyHy 0OpOOKY eKCIEpUMEHTAIbHUX IaHuX BU-

KOHYBAJIM 3 BUKOPUCTAHHSIM JIILIEH31HHOTO MaKeTa MPHKIIa]I-

HUX TIPOTpaM CTaTHCTUYHOTO aHawi3y Statistica 6.0 (StatSoft
Inc., CIHIA). PospaxoByBamm cepeaHe apupMeTHIHE
BapiauiiiHoro psmxy (M) 1 mommiky (m). JocToBipHICTH
BIZIMIHHOCTEH MiX IOCNIJHOIO Ta KOHTPOJBHOK IPyIaMu
OLIiHIOBATH 3a t-kputepieM CthrojieHTa. BimMiHHOCTI BBa-
any goctoBipHrMH 3a P < 0,05.

Pe3yabTaTi Ta ix 00roBopeHHs

[epeOyBaHHs TBapHH y TepMOKaMmepi 3a TeMIlepaTypH
+43...+45 °C mpoTsirom 60 XBAIMH BUKJIHKAIO 3pOCTaHHA 1X
pexranmsHOi Temmeparypu Ha 3,1 + 0,25 °C: 36,5 £ 0,2 °C i
39,6 + 0,3 °C mo i micnst HarpiBaHHS BimmoBimHo. Ilicms
TIeperpiBaHHs y IypiB 3MEHIIMIach Bara Ha 4,5 = 0,6 T (2%
Macu Tina). Li mani cBiguate mpo JeTigpararito opraHismy
JociiaHux TBapuH. OOMiraTHa BTpaTta BOJM 3yMOBJICHA IO-
TpebamMy TPOIECIB  TEPMOPETYJIsilii, sKi 3a0e3NeUyroTh
JKUTTEASUTBHICTh OPraHi3My B YMOBaX TEIUIOBOTO CTPECY.
YTBOpEHHsI NOTy BiI0OyBA€THCS 32 PaXyHOK IO3AKITITHHHOI,
BHYTPIIIHBOCY/IMHHOI PiIMHH, a TaKO)X HE3HAYHOIO MipOIo
3a paxyHOK Bogu eputpormTiB (Chvyrev, 2000). AxTuBaris
TIOTOBUINIEHHS Ta JAWXAHHS y JOCIITHUX TBAPUH CHPHYU-
HIWIO 3¢yB pH ma3mu kposi: 7,66 £ 0,03 y gociigHux TBa-
PpHH mopiBHSHO 3 7,42 + 0,02 y inTakTHHX TBapHH (P < 0,05).
3miHa pH KpoBi BHKIHMKaHA SIK MMOCHJICHHUM BHUIUICHHSIM 3
opranismy CO,, TaK i HaKOIIMYEHHSM B OPraHi3Mi TBapHH
JMYKHUX CHOJYK TPH 3aTPUMaHHI HATpifo. Y CHpOBATIi
KpOBI LIypiB 13 TiMepTepMI€r0 KOHLEHTPALlisl 10HIB HaTpilO
3pocnay 1,2 paza: 161,7 + 5,5 mmoss/n nopiasiHO 3 136,0 £
2,0 mMonw/n y inTakTHUX TBapuH (P < 0,05). IIBunkuii pos-
BUTOK TiNepHATpieMii CHPUYMHIOE pi3Ke ITiIBUILCHHS
OCMOJIIPHOCTI TIJTa3MH KPOBI HIypiB, [0 CTBOPIOE OCMOTHY-
HUH TpajieHT MDK BHYTPIIIHBO- Ta IO3AKJIITHHHOIO
plIMHAMH TKaHWH OpraHi3My Ta 3yMOBIIOE Timpararlito abo
JICTiIpaTaIlito KIITHH.

Ha ocHOBI anamizy 1uHamMikd TmOKa3HUKIB SIMP-
peraKcariii IpOTOHIB BOJIM TKaHMH TOJIOBHOTO MO3KY, Tepe-
Jcepnsi, HUPOK i KipKOBOI PEYOBMHM HHPOK IHTAKTHUX 1
JIOCITITHUX 1IIYpIB, MU OXapaKTepH3yBaJv 3MiHH (ppakiiiiHOro
CKJIaly BOJM OpTaHiB, IO 3aisHI Y MeXaHi3Max peryJisiii
BOJIHO-COJILOBOT'O OaJIaHCy OpraHi3My B YMOBaX BHCOKOI TEM-
TiepaTypy HaBKOJIMIIHBOTO CEPEIOBHIIA.

BuwmiptoBanns wacy mosgosxksboi (T;) Ta momepedHoi
(T,) penakcariii IPOTOHIB TKAHMHHOI BOJM T'OJIOBHOTO MO3-
Ky, Tepencepib, HHUPOK 1 KIPKOBOI PEUOBHHH HHPOK
IHTAaKTHUX TBapHH IOKa3aJlo, 10, KOJKHA JOCHIDKEHA TKa-
HHUHA XapaKTepU3YEThCs IHIWMBILyaJbHIM 3HAYCHHSAM dYacy
MOB3IOBKHBOI penakcartii nmporoHis (puc. 1). Ilpu mpomy Ty
KipKOBOi pedoBHHM HUPOK < T} HUpoK < T| romoBHOTO MO3-
ky < T, mepencepap. 3a yacoM IIONEPEYHOI perakcamii
JIOCIIZKyBaHi TKaHWUHH BIIpi3HsUTHCS HecyTTeBO: T, mepe-
ncepnb = T, kipkoBoi pedoBuHu Hupok = T, Hupok < T,
TOJIOBHOTO MO3KY (pHc. 2). B ycix MOCTiIKEHUX TKaHHHAX
niepeBakana (paxuist BHyTpilHboKIiTHHHOI (Pa) Boau (puc.
3). OTpuMaHHi pe3yJIbTaTH BiIOBIIAIOTH IAaHUM JITEPaTypH
(MacFall, 1987).

YV MexaHi3Mi aianTarii opraHi3My 0 BUCOKHX TeMIIepa-
TYp BENMKE 3HAYCHHA Ma€ KOPUTYBaIbHA (YHKIIS
LEHTpaTbHOI HepBOBOi cucTeMu. OcoOMMBO UYYyTIMBI 110
JeTigpararii 9u HaIMipHOI TifpaTamii KITHHHA TOJOBHOTO
MO3Ky. BTpaTta TKaHWHHOI piIMHN CHPHYMHIOE 3MOPIITyBaH-

Visn. Dnipropetr. Univ. Ser. Biol. Med. 2015. 6(2) 99



HSl TKaHUHU LIEHTPAJIbHOI HEPBOBOI CUCTEMM, BUKIMKAIOUU
KpOBOTEYI BHACIIIOK PO3PUBY CYIIHH, 110 3’ €AHYIOTH TBEPAY
MO3KOBY OOOJIOHKY Ta TOBEPXHIO TOJIOBHOTO MO3KY
(Kozlov, 1990). V TkaHuHI TOJOBHOTO MO3KY LIypiB i3
rifnepTepMi€l0 BCTAHOBJICHO TOJIOBKEHHS Yacy MO3I0BXKHBOT
(Ty) Ta BropouyeHHs dacy mnomnepeuHoi (T,) penakcarii
MIPOTOHIB BoaM TKaHWHU (puc. 1, 2). Taka aunamika T; 1 T,
TIOKa3HUKIB XapaKTepHa JUIsl KpUCTAII30BaHOI (pakiii Boau
(Ling, 2003). ®dopmyBanHs ¢pakiii 3B’s3aHOi BOIM
CBIMYMTh TPO HASBHICTh BEJHMKOI KUIBKOCTI  MIiCIb
3B’ s13yBanHs: ioHizoBaHux (-COO-, -NH;") i nonsprux rpyn

(-OH, -COOH, -COH, =C=0, -NH,, -CONH,, -SH, =NH),
IO BXOAATH N0 ckiaxy Giomosekyn (Garsia-Martin et al.,
2001). 3a mpuCyTHOCTI OUIKIB Ta IHIMX MOJEKYJ, SKi
3B’SI3YIOTh  BOMY, CYTTEBO 3MCHIIYEThCA  KOCQIIIEHT
camou(ysii, MO YCKIAAHIOE OOMIH MPOTOHAMH MiX
BUIBHOIO Ta KPHCTAJli30BaHOIO BOAOI. THM camuM
TaIbMY€ThCS BTPaTa BOAW KIIITHUHAMHU TOJOBHOTO MO3KY 3a
YMOB rineprepMii. Y HIypiB i3 rinepTepMi€ro po3moziT Mix
BHyTpilHB0- (Pa) Ta mozakmiTraHOIO (PB) pimmHOIO royos-
HOTO MO3Ky HE 3MIiHHBCS TIOpIBHSHO 3 iHTAaKTHUMH TBapH-
Hamu (puc. 3).
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O igTaxTHi TBapuHKH B IOCITiAHI TBAPUHU

Puc. 1. Hac no3goB:xHboi (T,) penaxcauii npoToHiB BOAU TKAHUH LIYPiB B yMOBaX 3arajibHoI rineprepmii:
1 — ronoBHHIT MO30K, 2 — niepeacepas, 3 — HUPKH, 4 — KipKoBa PEYOBHHA HUPOK;
* - P <0,05, ¥* — P < 0,025 nopiBHSHO 3 iIHTAKTHUMH TBapHHAMH, n = 10
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Puc. 2. Yac nonepeunoi (T,) perakcauii npoToHiB BoAM TKAHWH LIyPiB B yMOBAaX 3arajbHoI rineprepmii:
1 — rosoBHMI MO30K, 2 — Tiepeacepst, 3 — HUPKH, 4 — KIPKOBa pEUOBHHA HUPOK;
* — P < 0,05 nopiBHSHO 3 IHTaKTHUMH TBapHHaM, n = 10

Peaxuiro oprani3My Ha BIUIMB BHCOKHX TEMIIEpATyp HaB-
KOJIMILIHBOTO CEepe/IoBHIIa Oarato B YOMy BU3HAYa€ CTaH cep-
LIeBO-CyMHHOI ~ cucteMu. KpoB, sKka Hagxomute Yy
niepud)eprUYHi CY/IMHHU Ha TTOBEPXHI TLNIA, Bi/IA€ YACTUHY TETIl-
Jla, TIO YTBOPIOETBCSA Y PE3YJBTAaTi OKUCHUX TMPOLECIB Y
xiithHI. [TopymeHHs ceprieBo-CyITMHHOI CUCTEMH B YMOBax
3arajfbHOI TinepTepMii opraHisMy BiIOyBarOTHCSI BHACIIIOK
BIUIMBY TilepTepMil Ha LEHTpaTbHY HEPBOBY CHCTEMYy abo
Yyepe3 3MiHH Y CaMOMy cepli. Y JOCHiHNX TBapHH HE BCTa-
HOBJIeHO jocToBipHuX 3MiH T 1 T, mokasHukiB penakcarii
MPOTOHIB TKAHMHHOI BOAM IEpeICepAb IMOPIBHSIHO 3

IHTaKTHUMHU TBapuHamu (puc. 1, 2). JlaHi jiteparypu cBin-
Yarh, 1[0 BMICT BOJM Y TKAHHHAX CEpIIs 3a Jiii BUCOKHX TEM-
TiepaTyp HaBKOJIMIITHBOTO CEPENIOBUILA MalKe HE 3MiHIOEThCS
(Chvyrev, 2000). KpoB 3rymiyerhest, MOPYITyeThCS KPOBOOOIT,
1110 3yMOBJIIOE TTOAAJIBIIIE 3DOCTAHHS TEMITEPATYPH TiJla.

OnnHa 3 JIMITYBaIBHUX JIAHOK Y CHCTEMi peryJisiii
TErI000MiHy — CTaH BOHO-COJILOBOI PIBHOBar OpraHizmy, y
YoMy OCOOJIMBO Ba)XJIMBA POJIb HAICKHUTH EKCKPETOPHIi
(yHKLIT HUPOK. Y HUPKOBIH TKAaHHHI LIypiB i3 TiepTepMIer0
BCTAHOBJICHO CYTT€BE TIOJOBKEHHS dacy mo3aorxHeoi (1)) Ta
noriepeuHoi (T,) penakcauii mportoHiB Bomu (puc. 1, 2)
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MOpIBHSHO 3 IHTAKTHOIO TKaHWHOIO. Taka MHaMika
nokasHukiB  SIMP-penakcaiii npoTOHIB  CBiTYMTH  TIPO
MiIBUIICHHST PYXJTUBOCTI MOJICKYJT TKAHWHHOI BOJIH, TIPHCKO-
PEHHSI TIPOTOHHOTO OOMIHY MDK KPHCTJiYHOIO Ta BLUIBHOIO
(paKIisiMK TKAaHMHHOT BOJIM, 3MEHIIEHHS TiPOBAHOIO IIapy
(Kuchel et al, 1994). 3pocranHs y HHpKax INIypiB i3
rineprepMiero Gpaxiii BUTbHOT BOJIH BiI0YBA€ThCS 38 PaXyHOK
3MCHIIICHHS YacTKU To3akmtuaHOI (Pb) Bomu (puc. 3). Ilo-
PYLIEHHS TimpaTamii KITHH HHPOK 3yMOBJICHE 3MiHAMHU
KOHIIETpaIlii y TU1a3Mi KPOBi PO3UMHHUX PEYOBHH, 30KpEMa,
ioniB Hatpiro (Titze, 2008).

Xapaxrep 3MiH TTOKa3HHKIB peJlaKcallii TKAaHMHHOT BOJH
KIPKOBOI PEYOBHHU HHUPOK JOCITIHUX TBAPUH OYyB IHIIINM,
HDK HUPKOBOT TKaHUHH. Y KIPKOBI/ pEUYOBHHI HUPOK ILYPIB 13
TiMepTepMi€ero BUSBIICHE 3pYILIECHHS TUIBKU Yacy MO3J0BXKHBOL
(T,) penakcariii MPOTOHIB TKAHMHHOI BOJH, KM 30LIBILMBCS

TMIOPIBHSHO 3 1HTAKTHOIO TKaHKUHOO (puc. 1). Yac monepedyHoi
(T,) penakcatiii IPOTOHIB TKAHMHHOT BOJIM KiPKOBOT PEHOBHHU
HHUPOK IIypiB i3 rineprepmicto OyB TakuM, SIK Y IHTAKTHHX
TBapuH (puc. 2). Take MoeaHaHHS MOKA3HUKIB CBIUMUTH IPO
TIOBUTBHUH TPOTOHHMIT OOMIH MDK 3B’SI32HOI0 Ta BUIBHOO
¢dpakiisMi  BOZIM, 3MEHIICHHA CTPYKTypH3alii BOIM
(Cameron et al., 1984). TIpote He 3a paXyHOK TiJPOBAHOIO
mapy, o (popMyeThCS HABKOJIO i0HIB HATPIIO, KOHIICHTPALIiS
SKUX 3pociia y KIPKOBI pEYOBMHM HUPOK IIypiB i3
rimeprepmiero: 1333 + 336 i 1454 + 2,84 wmmomnbp/n
BIIMOBIIHO B iHTaKTHUX i Jociigaux TBapud (P < 0,05). Ilo-
TY)KHUH 111ap BOJM Y YaCTHHI NO3aKIIITHHHOI piMHu (pHC. 3)
TKaHWHU KIPKOBOI PEYOBMHM HHPOK JOCHIIHHX HIypiB
TMIEPEIIKO/PKAE HATXODKESHHIO BOMM Y KITHHY. 3MEHINCHHS
YaCTKH BUIBHOI BOAM y KIITHHI BEAe 10 3HIDKCHHS il
AKTUBHOCTI Ta 00’ €MY PiJIMHH, 1110 BUIUBIETHCS HUPKAMU.
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Puc. 3. CniBBinHomeHHs1 BHYTPilIHbLO- (Pa) Ta no3akitnaHoi (Pb) Boau TkaHMH HIYpiB B yMOBaX 3arajibHol
rineprepmii: 1 — ronoBHuil MO30K, iHTaKTHI TBapUHH, 2 — TOJIOBHUM MO30K, HOCIiAHI TBAPUHY, 3 — HEepeAcep s, IHTAKTHI
TBapHUHH, 4 — HepecepAs, JOCTiAHI TBAPUHH, 5 — HUPKH, IHTaKTHI TBApUHU, 6 — HUPKH, JOCIIJHI TBAPHHH,

7 — KipKOBa pe4OBHHA HUPOK, IHTAKTHI TBAPUHH, 8 — KIDKOBA PEYOBHUHA HUPOK, TOCIIHI TBAPUHH;

* P < 0,05 nopiBHSAHO 3 IHTAKTHIMH TBapuHAMH, n = 10

Ha ocHOBi BUINEBHKIIaJEHOTO MaTepialy € MiJCTaBH
CTBEP/DKYBATH, 1110 3a Jil 3arajbHOI rinepTepMii Ha OpraHiam
MOJKITHBI /IBa IIUISIXYA PO3BUTKY MOJAIBIINX 3MiH: HO-TIepLLIe,
MIJIBUIICHHS TEMIIEpaTypH pI3HUX OpraHiB 1 TKaHWH 1
Oe3mocepenHiii BIUIMB TEMIEPAaTypHOr0 YHMHHMKA Ha iX
CTPYKTYpY Ta OOMIH PEYOBHH y HHX, IO-JPYTE, AKTUBALIis
MEXaHI3MIB aJianTamii J0 BUCOKHX TEMIIEPaTyp i3 HACTyI-
HUM BIUTMBOM Ha OpraHi3M 3pyIieHb, L0 BiOYyJIHCS
BHACIIJIOK ~ perymsiiii  Temmeparypu Tina. [lopambin
JIOCII/DKEHHSI HACIIJKIB BIUIMBY TIIeperpiBy Ha CTaH
OpraHi3My TBapuH 1 JIOIWHA JIO3BOJSATH  PO3KPHTH
3aKOHOMIPHOCTI PO3BUTKY MAaTOJIOTIYHUX IIPOLECIB, IO BHU-
HMKAIOTh IIiJl BIUIMBOM €K30T€HHOI TillepTepMil, Ta po3IIH-
pUTH TEOpeTUYHWH Oasuc I PO3POOJICHHS 3aco0iB
Mpo(iJIaKTHKH PO3BUTKY TETUIOBOTO CTPECY.

BucHoBku

lneprepMmist y TBapuMH CHPUYMHIIA PI3HOCIPSIMOBaHI
3MiHH TIOKa3HUKIB "Yacy mo3noBxkHboi (T;) Ta momepeuHoi

(T,) penakcariii IPOTOHIB TKAHMHHOI BOJM T'OJIOBHOTO MO3-
Ky, Ilepezicepib, HUPOK 1 KIPKOBOT peYOBHHH HHUPOK OPTaHiB.

T, 1 T, moka3HUKHM perakcallii MpOTOHIB TKAHUHHOI BOJN
riepencepab JOCITHAX TBAPUH OCTOBIPHO HE BIIPI3HSITUCH
BiJl TOKa3HHUKIB iHTAKTHHX TBAPHH.

3a BIMBY TileprepMmii B TOJOBHOMY MO3KY MIypiB
(hOpMYy€TBCST MIITHO 3B’S13aHa 3 MAaKPOMOJIEKYJIIPHIMHU CTPYK-
Typamu (ppaKiiisi KpUCTAITIYHOT BOJHM, IO YCKIIAIHIOE OOMIH
MPOTOHAMHU MK BUTHHOIO Ta KPUCTAIIYHOIO BOJIOKO Y KIITHHAX,
THAM CaMHM BiZIBOJUTECS BTpaTa BOIM F'OJIOBHAM MO3KOM.

VY 1rypiB i3 TIIEPTEPMIEIO CIIOCTEPIraeThesi MK(pPaKIIi-
HMH TIepepO3MOo/Ii BOAM HUPKOBOI TKAHWHH, IO CYHPOBO/I-
KYEThCS 3MIHOK (PiIbTparliitHO-peabcopOIiiHOT 31aTHOCTI
HHPOK.

IMoasika

Most nomsxa mnpodecopy Ipuni  OmnekcannpoBHi
KomapeBueBiii 3a omoMory y MpOBEINEHHI EKCIIepHMEH-
TaJBHOTO €TAITy JIOCIIKCHb.
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Protective/detoxicative function of metallothionein
in the rat brain and blood induced by controlled cadmium doses

H.N. Shiyntum, G.A. Ushakova

Oles Honchar Dnipropetrovsk National University, Dnipropetrovsk, Ukraine

Cadmium classified as a major carcinogen is considered a poisonous and unwanted heavy metal to a lot of tissues in many organisms.
Of many publications already available, the general consensus is that the cadmium attenuating element is metallothionein (MT) through its
interchangeable mechanism with Zn triggered by the presence of Cd, providing binding sites for Cd ions. MT was first discovered in the
kidney cortex of the horse; it represents a low molecular weight protein, rich in cysteine residues which effectively bind with metals.
Its functions consist in detoxification of heavy metals like mercury, arsenic, cadmium, homeostasis of essential metals including copper and
zinc, anti-oxidation against reactive oxygen species, protection against DNA damage, oxidative stress, cell survival, angiogenesis, apoptosis,
and increase of proliferation. In this work, we sought to highlight the protective function of MT in the brain and serum of rats by means of
detoxification under induced effects of controlled Cd doses. We have done this by exposing Wistar rats to Cd at different doses in drinking
water at different time intervals. In two independent experiments, 58 rats were subjected to 0.1 or 1.0 ug Cd**/kg of body weight for 15 or
36 days under different conditions. The obtained data indicates the different functioning systems for the brain and the blood for MT
metabolism under Cd effect. Our results indicate significant loss of metallothionein level in the brain and important increases in the amount
of MT in serum proving that even minimal ingestion of toxic Cd is enough to trigger the release of MT protein in blood.

Keywords: protein; brain; blood; metallothionein; cadmium

3anuTHbIE/1€TOKCUKAIIMOHHbIE PYHKIIMM METAJUIOTHOHEMHOB
B MO3re U KPOBH KPbIC IIPH eCTBUM KAaIMUsI B KOHTPOJIUPOBAHHOM /103€

O.H. WwuitaTy™m, [.A. Ymakosa
JInenponemposckuii Hayuonanvhvli yHusepcumem umenu Onecs Ionuapa, [{nenponempoeck, Ykpauna

CormnacHo cOBpeMEHHOH KiTacCH(UKAINK KaHIIEPOTeHOB Ka[MHUH CUMTACTCS] OJHUM U3 CaMBIX SIOBUTBHIX M HEXKENATENIbHBIX THKEIBIX
METAJUIOB TSI MHOTHX TKaHEeH OOJBIIMHCTBA OpraHM3MOB. Jloka3aHa JMANpPYIONas poilb METANIOTHOHENHOB KaK 3alUTHBIX OEJIKOB B IIIa-
HE MHTUOMPOBaHMS NEHCTBHS KagMUs 33 CUET YHHKAJIFHOTO MEXAHM3Ma KOHKYPEHTHOTO CBSI3BIBAHMS HOHOB IIMHKA (Zn) B pe3yJIbTaTe Ha-
mmraus woHoB Cd 3a cueT penunpoKHOro cBsi3bIBaHMs HOHOB. MT ObUI BHepBble 0OHApYXKEH B MOUYKAX JIOMIAAN U OXapaKTepH30BaH Kak
HHU3KOMOJICKYJIIPHBIN OEOK, 00OrallleHHBIH OCTaTKaMH LIUCTENHA, KOTOPbIe 3()(EKTUBHO CBS3BIBAIOTCS C MeTaulaMu. [ JiaBHas QyHKIHs
JIAHHBIX OEJIKOB pacCMaTpUBACTCs B IUIAHE JICTOKCUKAIIUH TSDKEJIBIX METAJUIOB, TAKMX KaK PTYTh, MBIIBLSK U KaJMUi, a TaoKe MOJIepKa-
HUsI TOMEOCTa3a BHYTPHKJIETOYHBIX METAJLIOB, BKIIFOYask ME/lb 1 LIMHK. MeTaNIOTHOHEHHBI TAK)KE BBIIOJIHAIOT 3aIMTHbIC (QYHKLMH B TUIaHe
00€3BpeKHBaHMS PEAKTUBHBIX (JOPM KHCIOPO/a, 3amuThl oT noBpexaeHus JJHK, okucnurensHoro crtpecca, akTHBHO IIPUHIMas y4acTHE B
MEXaHH3MaX PeTyJISIMHI BKUBAHMS KIETKH, aHTHOTEHE3a, aroNTo3a 1 Mpoivdepalyi KiIeTok. B 31oii paboTe MbI CTpeMIINCh MOAIEPK-
HYTb 3alIATHYIO (PYHKIMIO METAUIOTHOHEHHOB B MO3T'€ M KPOBH KPBIC IIPH WHIYIUPOBAHHN KOHTPONMHpPYeMbIX 1103 Cd. DKCIepiMeHT npo-
BeJIeH Ha KpbIcax JWHMM BucTap, KOTOpBIe MOMydaay CTPoro KoHTpoiupyemyio ao3y Cd ¢ mutheBoit Bogoi B Tedenue 15 u 36 mHeil
B xoze 1ByX HE3aBUCHMBIX AKCIEPUMEHTOB 58 KpbIC MOJBEPrallch UHTOKCUKANUK KaamueM B f1ose 0,1 wm 1,0 Mkr Cd**/xr Maccr! Tena
KaKZIbIH JIeHb B TeueHue 36 cyTok. [lomydeHHbIe pe3ynbTaThl YKa3bIBAIOT Ha CHENU(IIHOCTD NMPOAYKINH METAUIOTHOHEHHOB B MO3Te 1
KPOBH HICCIIEyeMbIX JKHBOTHBIX B 3aBUCUMOCTH OT 110361 Cd u BpeMeHH akkyMyspinun. OTMedeHa 0COOSHHOCTh PEryJIILMK MPOIYKINH
METAJUIOTHOHENHOB B MO3T€ M KPOBH B XOJI€ XPOHUUYECKOW aKKyMyJLIIMK KaaMmus. [lonydeHHble NaHHBIE CBHAETEIBCTBYIOT O TOM, YTO
Jiayke MUHMMaiibHast fo3a 0,1 MKI/KT Tena OJuH pa3 B JeHb B TEYCHHE 15 CYTOK IPUBOMMUT K CTUMYJLiLMU npoaykuun MT B KpoBH, npu
3TOM OTMedaeTcs ucrorienue myiaa MT B mo3re, HaunHas ¢ 15-ro aus akkyMymsauu. B cimydae Gosbliieii XpoHH3aIMy HAKOTUICHHS KaaMUs
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Ha6n}oz(aeTc91 11§ 0oJIbIlICE CHIKEHHE YPOBHA MaTaJULIOTUOHEUHOB B MO3I€. Xotst paHee ObLIa MoKa3aHa HUHAYKOUA CUHTE3a JTaHHBIX oei-

KOB KaK HepBI/I‘{HLIﬁ OTBE€T HA UHTOKCUKAIIUIO B MO3T€.
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Introduction

Cd is one of the most toxic heavy metals and its toxicity
has been widely investigated and reported. This metal is a
serious environmental and occupational contaminant and
may cause a severe hazard to the health of man and animals
(Wang et al., 2014; Kar et al., 2015). Most of the harmful
effects of heavy metals on human health are mediated
through oxidative stress (Kar et al., 2015). Cadmium has
been shown to increase lipid peroxidation and decrease anti-
oxidant reserve of cells, cadmium ions activate lipid peroxi-
dation causing increased loss of antioxidant capacity in re-
sponse to formation of free radicals. It is important that cad-
mium salts are classified as “thiol poisons” which block the
sulthydryl group of proteins including enzymes-antioxidants,
inhibiting their antioxidant effects (Wang et al., 2014). In
addition, Cd exposure also results in pathological conditions
in liver, testis, brain, and nervous system, kidney, spleen, and
bone marrow; cadmium exposure may lead to apoptosis in
testes of rat, mouse liver, and human T-cells and also appears
to inhibit microtubule sliding in bovine sperm axoneme
(Wang et al., 2014).

Metallothioneins have been found to exist in numerous
organisms ranging from mammals to eukaryotes and some
prokaryotes (Babula et al., 2014; Vasak, 2005). The human
body expresses at least ten known very closely related MT
proteins. The production of MT is zinc and selenium is de-
pendent on dietary minerals as well as histidine and cysteine
present in the body. They are largely synthesized in the liver
and kidney in humans but are found at a number of other
sites. The presence of cysteine in metallothionein is neces-
sary for its functioning and Cd can be bound to these proteins
for up to a month (Higashimoto et al., 2009). MTs are classi-
fied based on the similarities of their structures. All mam-
malian MTs are placed in Class I. The amino acids se-
quences of MTs of mammalian origin contain approximately
61 amino acids of similar composition. They all contain
20 cysteine residues that remain unchanged along the poly-
peptide sequence. These cysteines participate in the coordi-
nation of 7 mol of Cd or Zn per mol of MT, explaining why
they feature high affinity for Cd (10*%) and Zn (10**). MTs
are involved in the homeostatic regulation of metals which
provides a reservoir of metals for other metalloproteins or
metallo- enzymes, in heavy metal detoxification, in protec-
tion of tissues against various forms of oxidative injuries and
transferring of essential metals (Coyle et al., 2002; Baird et
al., 2006). Qu and Waalkes (2013) demonstrated that MT-
competent cells activate MT in response to Cd, while MT-
deficient cells adapt to Cd primarily by turning on oxidant
response systems.

Like the brain, blood is absolutely vital for any mam-
mal’s system and since it flows through every major vein
associated with every organ of the body, its purity is a prior-
ity as any infection is destined to affect the rest of the body.
There are numerous manuscripts proving MT functioning in
different organs and other parts of the body (Kar et al., 2015;
Nair et al., 2013, Yang and Shu, 2015, Braga et al., 2015,

Shiyntum and Ushakova, 2015) and in blood serum related
to Cd (Kowalska et al., 2015) also suggesting it detoxifies
the plasma. An increase in serum MT has also been regis-
tered with human serum under poisoning by other heavy
metals (Petrlova et al., 2005).

We strived in this work to show the protective function
of MT induced by the presence of controlled doses of Cd in
the brain and blood of rats.

Materials and Methods

The experiment was carried out in two steps. In the first
step, 18 Wistar rats, aged 20-26 weeks, weighing 150-200 g
were subjected to poisoning with Cd at different dose levels
for 36 days. 18 rats were divided into 3 groups of 6 rats each:
group I was exposed to standard conditions with a standard
diet, group II rats were exposed to Cd at a dose of 0.1 ng/kg
of body weight, and 1.0 pg/kg of body weight of Cd was
administered to group 3 rats. The administration of Cd to the
experimental groups was carried out intragastrically through
a sterile stainless steel probe integrated with adjustable dis-
penser. Two doses were prepared from High-purified
CdCl,-2.5H,0 (Sigma, USA) with pure deionized water
“Malyatko” (Econiya, Ukraine) and administered daily. Con-
trol animals received the same volume of water. The animals
were weighed prior to each cadmium solution introduction.
The volume of the solution was calculated on the basis of the
dose under study. The rats were maintained under standard
conditions with natural day/night cycle receiving standard
diet. Water and food were freely available. The experiment
lasted 36 days and was performed accordingly to “Provisions
for the use of animals in biomedical experiments” (Medical
ethics and human rights: Provisions on the use of animals in
biomedical experiments, 2003). For the next experiment
40 Wistar rats were subjected to different doses of Cd under
different conditions at different time intervals as indicated
below:

1) under controlled experiment with pure water for 15 days;

2) exposed to 0.1 ug Cd*"/kg of body weight for 15 days;

3) 1.0 pg Cd**/kg of body weight for 15 days;

4) under controlled experiment with pure water for 36 days;

5)0.1 ug Cd*'/kg of body weight for 36 days;

6) 1.0 pg Cd*'/kg of body weight for 36 days;

7) 0.1 pg Cd*'/kg of body weight for 35 days + 1.0 pg
Cd*'/kg of body weight on day 36;

8) 1.0 pg Cd*'/kg of body weight for 35 days + 10.0 pg
Cd*'/kg of body weight on day 36.

At the end of the experiment, the animals were decapi-
tated under mild anesthesia (isofluran) and cerebellum, and
their hippocampus and thalamus were isolated. In order to
study MT function induced by Cd, soluble cytosolic protein
fractions of these brain parts and blood were obtained by
homogenization and differential centrifugation at 20 000 g
per 60 min. The initial buffer contained Tris 0.25 mM
(pH 7,4) ethylenediaminetetraacetate (EDTA) 1.0 mM, di-
thiothreitol 2.0 mM, phenylmethylsulfonyl fluoride (PMSF)
0.2 mM, sodium azide (NaN;) 3 mM (all indicated reagents
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from Sigma, USA). The level of MT in obtained brain ex-
tracts and blood serum was measured by competitive ELISA
using polyclonal antibody to MT (Santa Cruz, USA), and
pured MT as a standard (Sigma, USA). Blood serum was
extracted according to the standard protocol (blood incuba-
tion at room temperature for 30 min and centrifugation at
12 000 g for 10 min). Statistical analysis of the results was
performed using SPSS 10.0 for Windows, the difference was
considered significant at P < 0.05.

Results and Discussion

Expression of MTs is induced by many factors including
physical stress, chemical stress and endogenous factors. In-
duction of MTs in relation to heavy metals, important envi-
ronment pollutants, has been demonstrated in many tissues
including liver, kidney, intestine or pancreas — (Petr et al.,
2012). Due to the abundant thiol groups in their cysteine
residues, having high affinity to metal ions, MTs are thought
to play an important role not only in the homeostasis of
physiological metal ions, such as zinc, copper, and selenium,
but also in protection from the toxicity of heavy metals, such
as cadmium, mercury, lead, and arsenic (Yang and Shu,
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0,1 |
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Hippocampus

2015). In our recent publications we proved that presence of
0.1 pug of Cd*" was enough to induce the secretion of MT
(Shiyntum and Ushakova, 2015) and increase in the total
protein amount in the brain (Kovalchuk et al., 2015, Shiyn-
tum and Ushakova, 2015). In this present work, we com-
pared this inductive effect of Cd*" under different experimen-
tal doses in the brain and in blood in an attempt to demon-
strate the protective function of MT against Cd and we came
out with the results illustrated below.

In case of the brain, there is a sharp fall in the amount of
MT in both the cerebellum and the hippocampus and a less
significant decrease in the thalamus after 36 days of poisoning
(Fig. 1). Deducing from the figure above, we realized the dif-
ferences in MT presence percentages of 82.2% for 0.1 pg Cd*"
and 74.2% for 1.0 pg Cd*" from 100% control in case of the
cerebellum, 72.0% for 0.1 pg Cd*" and 58.1% for 1.0 pg Cd*
for hippocampus, and 93.4% per 0.1 ug Cd*" and 82.7% per
1.0 pg Cd** for thalamus. Although the decrease in the thala-
mus is less significant, it still proves that Cd is a strong inducer
of MT gene (Frangoise et al., 2014) as in the other two cases.
The decrease in MT is certainly due to the protective function
which entails redistribution to other organs (Yang and Shu,
2015) occurring only after 36-day period.

B Control
0.1pug Cd
B 1.0pgCd

Thalamus

Fig. 1. MT levels in the brain under Cd controlled doses introduced intragastrically for 36 days: * —P <0.05;n=06

Cadmium-—metallothionein (Cd-MT) is then released to
the circulation system; due to small size of MTs, the complex
is easily filtered through the glomerulus and reabsorbed by the
proximal tubular (PT) epithelial cells via endocytosis (Dudley
et al., 1985; Zalups and Ahmad, 2003). With major increases
in MT levels after the first few days, this result implies that the
longer the presence of Cd in the brain, the less MT we have
present in the brain. This confirms the function of MT as
heavy metal detoxifying and protective agent. Expression
analyses based on RT-PCR experiments show that, as for MT-
1 and MT-2, human MT-3 is also ubiquitously expressed
while MT-4 transcripts are present in brain, testes, esophagus
and mainly in thymus (Moleirinho et al., 2011).

The data obtained in our experiment indicates dose-
dependent effect of cadmium on the content of MT in the rat
brain. Furthermore, the specificity of this effect is determined
by the peculiarities of different parts of the brain that affect the
functional properties of the respective brain parts and the cen-
tral nervous system as a whole. According to our results, we
can see that hippocampus is more sensitive brain structure to
the cadmium intoxication compared to the cerebellum and

thalamus. Fig. 2 and 3 show different effects of varying Cd
doses on MT in blood serum. It explicitly shows the rise in
the levels of MT in serum under the administration of Cd. In
Fig. 2, there is an increase in MT levels by 131% and 128%
under 0.1 and 1.0 pg respectively, showing that the induction
of MT is easily triggered even at minimum amounts of Cd.

250 7

* *
200
150
100 |
N I
0 T T |

0.1 ug Cd 1pgCd

MT, % compared with contro

Control

Fig. 2. Cd effect on MT levels in blood serum under
0.1 and 1.0 pg administered doses compared to control
for 15 days: * — P <0.05 compared to control group; n=>5
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Two concentrations are at the same level because any
first Cd administration almost always causes the same induc-
tive effect. Fig. 3 almost mirrors Fig. 2 to perfection except
for the addition of the last two concentrations shown in the
last two bars. The spikes in these last two bars of the histo-
gram prove that instant induction of the higher dose than the
previously constant dose is capable of causing an increase in
MT secretion. In the cases where 1.0 pg Cd** and 10.0 pg

300
250 -
200 -

150 -

MT, % compared with contro

Cd*" were added to rats that were already exposed to 0.1 pg
Cd*" and 1.0 pg Cd*" respectively, increase in MT was
slightly (191.5% from 158.5%) and significantly (273.7%
from 157.6%) noted. Thus, any addition of a new dose of Cd
at any time initially induces high provision of MT which
after a while stabilizes and then begins to fall during trans-
portation to other organs.

*
100 -
0 .l

Control 0.1 pg Cd

*%
*%
* I
I ' '

1.0 pg Cd 0.lpgCd+ 1.0pgCd+
1.0 pg Cd on 10.0 pg Cd on
day 36 day 36

Fig. 3. Cd effect on MT levels in blood serum under administration of varying doses in different
conditions for 36 days: *— P < 0.05 compared to control group, ** — P <0.05 compared to 2 and 3 groups, respectively; n =5

Conclusion

The obtained data indicates the different functioning sys-
tems for the brain and the blood for MT metabolism under
Cd effect. In the brain, there is a rise in MT levels after the
first few days of induction by Cd but with the longer period
of Cd administration, there is a fall in MT levels enhanced
most probably by redistribution of the MT-Cd complex to
other organs. Meanwhile in blood there is much more pro-
duction of MT which accounts for high amounts on days 15
and 36 and even in as small a dose as 0.1 pg of cadmium.
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BinbHi Ta 38’a3aHi popmu
ciaJIOBUX KMCJIOT Y IJIa3Mi KPOBi XBOPHX
HA XPOHIYHMI JiM(OoJIeHKO03

O.B. Herponina
Hepoicasruii 3axnad «/ninponempogcvka meouuna akademis MO3 Vkpainuy, /JHinponemposcek, Ykpaina

HocimkeHo piBeHb BitbHEX 1 3B’s13aHuX (opm cianoBux kuciot (CK) npu xponiunomy mimboneiikosi (XJIJT) ta Ha pisHux eramax
OTPHUMaHHS XiMIOTEpAIIeBTHYHOrO JIiKYBaHH. BU3HAYCHHSI ClaJlOBUX KHCJIOT Y mia3Mi Kposi xBopux Ha XJIJI mpoBoauiiu 10 JTiKyBaHHS, y
nepiry go0y Ta 4epe3 [1Ba MicsIli Micisl YBeAEHHS XiMIOTepaleBTHYHMX IPEnapariB 3a KOMOIHOBAHIMH cXeMaMu. [ pyTior0 KOHTPOJIIO BU-
CTyTIaJIA TEMATOJIOTIYHO 3710pOBi JoHOpH. BruzHauenns pieast CK npoBoamm Tio0apOiTypOBUM METOIOM, i3 BUKOPHCTAHHSIM TPUXJIOPOLITO-
BOi KUCJIOTH I PO3IOALTY 3aralbHUX CiaJIOBHX KUCJIOT Ha BUTBHI, POTETH3B sI3aHi Ta ONIro3B’si3aHi. BUABICHO 3HaYHE TiIBUIICHHS KOH-
nenTpanii ButbHEX CK BigHOCHO HOpME: 43,2% BITHOCHO 3arayibHOI X KUTBKOCTI Y 1ia3Mi. PiBeHb 3B’s3annx CK OyB 3HIKCHHM BiZTHOCHO
IPYIH TeMaToJIOri9HO 30POBHUX JOHOPIB, NPH LIOMY BUSIBICHO 301JIbIICHHS OJIIr03B’13aHUX i 3MeHIIeHHs npotein3s’szannx CK. TTpose-
JICHHSI XIMIOTEPareBTHYHOTO JIIKYBaHHS TMO-PI3HOMY BIUIMBA€E Ha BilbHI Ta 3B’s3aHi Gopmu CK. ¥V mepiny 100y jikyBaHHs 3adikcoBaHe
30utbIIeHHs KoHueHTpauii ButbHUX CK Ha ¢oHi 3HmKeHHs 3araibHoro piBHa CK, 3HykenHs npoteinss’s3anux CK i BiiCyTHICTh BIUIMBY Ha
oniro3s’si3ani CK. Uepes nBa Micsiili Micist MPOBEACHHS XiMIOTEpaeBTUYHOTO JIKYBAaHHSI TOCII/DKYBaHI MOKa3HUKK TIOBEPHYIIHCS [0 3HA-
YeHb, OJM3bKHX JI0 TAKHX, sIKi OyJIM y MALi€HTIB 10 MoYaTKy JiKyBaHHs. OTprMaHi JaHi MOXKYTb CITY)KHTH JIOIATKOBUM KpUTEpieM e(heKTH-
BHOCTI IIPOBEICHOTO XiMIOTEPAaNIeBTUYHOTO JIKyBaHHSL.

Knrouoei crosa: THIKOKOH 10TaTH; MOMIXIMIOTEpaneBTUYHE JIIKyBaHHS;, N-aleTrHepaMiHOBa KHCJIOTa; HelpaMiHinasa; cianirpaHcdepasa

Free and bound forms of sialic acid in blood plasma of patients
with chronic lymphocytic leukemia

O.V. Netronina

State Institution “Dnipropetrovsk Medical Academy of the Ministry of Health of Ukraine”’, Dnipropetrovsk, Ukraine

The level of free and bound forms of sialic acids (SA) was investigated in chronic lymphocytic leukemia (CLL) and at different stages of
receiving chemotherapy. Determination of sialic acid in blood plasma of patients with CLL before treatment were carried out on the first day
and 2 months after taking chemotherapy drugs for combination schemes. Hematologically healthy donors represented the control group.
Determination of SA was conducted by thiobarbituric method using trichloroacetic acid for distribution of total sialic acids onto free, protein
bound sialic acid, and oligo bound sialic acid. Level of free sialic acid in serum in chronic lymphocytic leukemia was equal to 43.2%
compared to the total number of plasma. On the first day of chemotherapy on background of the general level of oligo bound sialic acids we
observed increase in free sialic acid by 24.2% compared to patients not receiving treatment. The level of sialic acids increased 2.6 times
compared to norm and featured no significant changes at different stages of treatment. The concentration of sialic acids bound to proteins at
73.4% was lower compared to the control group. After receiving chemotherapy on the first day there was a decline of this indicator to 56.2%
compared to groups of patients before treatment. Two months after the treatment the level of all parameters under study returned back to the
values obtained at the start of treatment. This data can serve as an additional efficiency criterion of the chemotherapy.

Keywords: glycoconjugate; polychemotherapy; N-acetylneuraminic acid; neuraminidase; sialyltransferase
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Beryn

Ha noBepxHi KOXHOT KJIITHHU KHUBOTO OpPraHi3my Mic-
THUTBCS IIap TVIIKaHiB, HOTO IIIKOKANIKC, SIKMH 3a0e3nedye i
3B’A30K 13 HABKOJIMIIHIM cepeoBHiIeM. B eykapioriB rii-
KOKAJIIKC CKJIAZAE€ThCs 3 TJIIKOKOH OraTiB: IJIIKOMPOTEIHIB,
TITKOJIMIJIIB, IPOTEOTITIKAHIB, OUIBIIICTD BYyTJICBOTHIX KOM-
TIOHEHTIB SIKMX MICTSITh KiHLeBi cianosi kuciotu (CK), sii B
OCHOBHOMY TpeficTaBlieHi N-alleTHIHeHpaMiHOBOIO KHCIIO-
Tor0 (NeuAc) (Schnaar et al., 2014). CianoBi kucmota y
CKJIaJIi TIKAHIB BIDIMBAIOTH HA IIPOLIECH a[re3il, po3immizHa-
BaHHS PEYOBHH, BU3HAYAIOTH TPUBAIICTH LIMPKYJIALII Y KpO-
Bi JESKHX TOPMOHIB Ta OinKiB, OepyTh y4acTb y TOPMOH-
peuenropHiii B3aemoii (Varki and Gagneux, 2012).

XpoHiyHuii JiM(pONeHKo3 sBIsIE COOOI0 HEOIIACTHYHE
3aXBOPIOBAHHSI, SIKE XapaKTePH3Y€EThCSI 3MIHOIO piBHS aude-
peHLitoBaHHs JIIM(MOLMTIB 1 3pocTaHHAM iX Kiibkocti. [lo-
PYILLEHHS MPOIECY J03piBaHHs OUTHX KJIITHH KPOBI CyTTEBO
BIUTMBA€E Ha IX IMyHOJIOTI4YHI BJIACTUBOCTI. 32 Pi3HUX BapiaH-
TiB IMyHHHX T1aTOJIOTIH Y TIEpIIy Yepry 3MiHIOIOThCS CTPYK-
TYpHO-MEXaHiYHI  BIACTHBOCTI MeMOpaH  JiM(OIUTIB
(Gomik and Lauc, 2008; Sladkova and Skorkina, 2013).
CTpyKTypH BYIJICBOIHOTO KOMIIOHEHTa TJIKONPOTEIHIB Ta
TIIKOJIITIIB, SIKI MICTSTH ClajIoBl KMCJIOTH, ICTOTHO 3MIiHIO-
IOThCS 3a HermacTUdHoi TpaHchopmariii. Hafgacrime mo-
PYIIEHHS TITiKO3WIIOBAHHS BHHHUKA€E BHACIIIOK 3MIiHU (ep-
MEHTATHBHOI aKTHBHOCTI HeHpaMiHifa3 i cianiitpancdepas,
110 3YMOBJIIOE Bi/IIICIUICHHS 3QJIMIIIKIB CIaJIOBHX KHCIIOT BiJ
rikornporteiniB. Lli mpoueck MOXyTh CHPUYMHUTH 10 30i-
JIBLICHHS] KOHICHTpPALli BUIPHUX CIaOBUX KHCIOT y KpOBI
(Bose et al., 2013; Gruszewska et al., 2014).

AHai3 JiTepaTypHHUX JaHUX CBIIUHUTH IIPO TE, IO 3a-
ranpauil piBeHb CK y mma3Mi KpoBi MiABHIIYETHCS TPU
0araThbOX 3aXBOPIOBAaHHSIX, HANPUKIAN, 3alaIbHUX a0o
onkonorigaux (Nigam at al., 2006). Ane mano BimomocTei
PO PO3MOIIT Pi3HUX (OPM CilaJOBHX KHCIOT. 3aranbHi
ClaJIoBi KHMCJIOTH B OpraHi3mi npejcrasieHi asoma Gopma-
MH: BUIBHUMH Ta 3B’s3aHMMU. 3B’s3aHi, y CBOIO 4Yepry,
MOJIUIAIOTHCS HA ClaJloBl KUCIIOTH, 3B s13aHi 3 Oiikamu (cia-
JIOTJTIKONIPOTETHHU) Ta 3 oJliroMepamH (CiallooJlirocaxapuiy,
claymonentuay, ciamoraikonentunn). KoHIEHTpallis Bilb-
HHUX ClaJlOBUX KHCIIOT y Iuia3Mi KpoBi He3HauHa (Varki,
2008; Ozkan et al., 2014).

[poTumyxiHHI 3acO00M — TIpenapaTH, siKi 3aCTOCOBYIOTh
U TKYBaHHA 3JIO0SKICHUX TMyxymH. Jlikapchka Tepartist He
3aMIHIOE OTIEPATHBHI Ta TPOMEHEBI METOAM JIKyBaHHS, a
JIOTIOBHIOE X 1 JIMIIE 3a AESKHX MyXJIMHHHUX 3aXBOPIOBAHb
MoOXXe OyTH BHKOpHCTaHA SIK OCHOBHHH a00 €IMHUI METOn
mikyBanHs. Cepen IMX 3aXBOPIOBaHb — XPOHIYHHH
nmimdoneiikos (Delgado et al., 2009; Geisler et al., 2011).
Huni  HaiimommpeHinn KOMOIHOBaHI CXEMH  JIKyBaHHS
JIEWKO3IB, SKI BKJIIOYAIOTh Pi3HI TPyNH Mpenaparis:
KOPTHKOCTEpOiNN (TIPEAHI30JI0H), aJKUTyBallbHI MpernapaTy
(unkinodocdamin), mpermapaTi Ha OCHOBI  ANIKaJIOiMiB
OapBiHKa (OHKOBIH, BiHKPHUCTHH), AHTPAUKIIHA (JOKCH-
pyOitiH), aHanoru mypuHiB ((rymapabin) (Allan, 2006;
Fijas' and Frenkel, 2011).

3Bakaroud Ha BHUIIEBUKIIAZEHE, META JAHOI CTAaTTi — BU-
3HAYUTH PO3IMOLT PI3HUX (OPM ClallOBHUX KHCIIOT Y XBOPHX
Ha XPOHIYHUK TiM(OIEHKO3 3a BIUIMBY XiMiOTepareB-
THUYHOT'O JIIKYBaHHSI.

Marepian i MeToaM A0CTiIKEHD

OO’exT MOCHIKEHHA — CHPOBAaTKa KPOBI XBOPHX Ha
XpOHIYHMI JiM(DONEHKo3 Ha PpI3HUX erarnax JiKyBaHHS.
KiiniuHe 00CTe)KCHHS MAIIEHTIB MPOBOIFIIM 3TiHO 31 CTaH-
JIApTaMH MEJMYHOI JIOTIOMOTH B YMOBax CIIelliali30BaHOTO
CTalioHapy — I'eMaToJIOTiYHOrO BiUIUICHHS KOMYHAJIBHOTO
3aknaay «Micbka OaratonpodisbHa KiliHigHa JikapHs Ne 4)
M. /{ninporrerpoBchk. Bei marieHTH gaBany MmichMOBY 3oy
Ha y4acTb B OOCTEKCHHI.

3aJie’kKHO Bij €Taly TPOBEASHHS MONIXIMIOTeparii XBopi
CKJIQIANN TPU AOCHiAHI Tpymd. [0 mepioi BXommm XBopi
JI0 TIPOBEJCHHA KypCy JIKyBaHHS, APYTy CKJIANAJH XBOpi y
niepiry o0y IpOBEIeHHs XiMiOTepartii, TpeTs rpyma — 4epe3
JBa MICAIl ICJIA  TMPOBEACHHSA CTaHAAPTHOIO KYpCY
nosiximiorepartii. KonTponeny Tpymy CKJIa/IaNTN
reMaToJIOriuHO  37I0poBi  JOHOpH BikoM 50-60 pokiB.
Buninensst pisHuX (OpM CilaJIOBUX KHCIOT 3AIHCHIOBAIH 3a
JoroMoroto  TpuxioonToBoi kuciotu (TXVY). Ilim wac
HarpiBaHHsI TJIKONPOTEIHIB IUIa3MH 13 TPHXJIOOLTOBOIO KH-
CJIOTOIO BiJ HHMX BIJIIEIUIIOIOTECA CIlajloOBl KHCIOTH, SIK1
TIIPOII3YOTH 13 BIAIICIUICHHSM BUTBHOT CiaJIOBOI Ta OLITOBOT
KUCIOT. J{Jst BUSHAYCHHS ClaJlOBUX KHCIJIOT BHKOPHCTOBYBA-
M KOJNBOPOBY PEakKIliio 3 Tio0apOiTypOBOIO KHCIIOTOIO
(Karpishhenko, 2013).

Jo 0,5 My cupoBaTKHM KpOBi JOIaBainy PiBHUK 00’€M
oxomomkenoi 9% TXY. Jlna BumaneHHs OUIKiB Ta
ClaJIONPOTETHIB CyMIlll TIEPEMIIlyBaId Ta LEHTPUYTYBAIN
10 xB 3a 3 000 06./xB. Y mepiiry npoOipKy ISl BUSHAYCHHS
ButbHHX ciamoBux kucior (BCK) Bigompam 0,3 M
HAJIOCAJOBOI pigWHM Ta 30epira Uil  MOAATBIIOrO
JOCH/DKEHHS Yy Boxi 3 JbogoM. Jlis  BH3HaueHHS
oniro3s’s3arux cianopux kucaot (O3CK) y apyry npobipky
moMimam (0,2 M cymepHaTaHTa 1 TigpoNi3yBalmd Ha
KHTULSTiH BOJsIHIH OaHi (7—8 XB), MICIS 9OTO OXOJIOMKYBAIN
mo 1020 °C. lo orpmmaHOro ocamy, SKHI HOMEPEIHBO
nBivl BigvuBaim 1 vt xonoguoro TXY, nogamu 2 v TXY.
OTpuMaHy CyMIIII TiIPOI3yBaIX HAa KHUIT sIYii BOJSHIN OaHi
(7-8 xB), oxonmomumu mo 18-24 °C Tta ueHTpudyrysaim
(3000 00./xB, 5-6 xB). 0,2 MJI OTPUMAHOTO CyNEpHATAHTa
MEPEHOCHWIIM  JI0 TPeThOl MpOOIPKM I  BHU3HAYCHHS
poTein3B’ s3anuX cianoBux kuciotT (I13CK).

B yci nocmimkeni npobu noxasamu mo 0,3 MII peakTHBY,
o MictuTth 25 MM HoaHOI KUCIoTH, po3urnHeHoi B 0,125 H
cipuasiit kucnoti. OTpuMaHy cymim 3anmumani Ha 18-24 °C
Ha 1820 xB, micis "oro BHOCHIHN y 1po0ipku 1o 0,5 mit 2%
apceHary Hatpiro, po3urHeHoro B 0,5 H COJNSHIA KHCIOTI.
Bwict pobipok peTensHO MepeMilTyBaIn Ta TOAaBaIH 2 MIT
Tiobapbityposoi kucnotu (0,1 M), pH sixoi noBogum 1o 9,0
HacHM4YeHUM rifpokcunom Harpiro (1,25 M). Otpumani
CyMIllli HarpiBajii Ha KUIT /MU BOASHIN OaHi mpoTsiroM 7—
8 xB, oxonomxysaiu, pH nosoammm 1o 4,8-5,0 riapokcuaom
Hartpiro. Jlyist BUTaieHHs! XpOMOT'eHIB, SIKi HE XapaKTepHi 11
ClaJIOBHX KHUCIIOT, JIO TIPOO J0MaBaiy mo 4 MiI H-OyTaHONY.
[icnst mepemimmyBanss Ta neHTpudyrysansas (3 000 00./xB,
5-6 xB) map OyraHomy i3 cymimi Bupamsum. [lotiM y
poOipku gomasaiy mo 2 kparwti 10,5 M cipuaHoi kuciuotu
Ta 3HOBY eKcTparyBaiu xpomoreH. Bmict BCK (I mpobipka),
O3CK (II mpobipka), ta II3CK (III mpobipka) BU3HAUATH
CIIEKTPO(QOTOMETPHYHUM METOJOM 32 JOBXHHH XBHJI
549 M 1 BUpaxkanu B MMOIIb/J1. 3a pisauieto Bmicty CK y
niepiii i Apyrii npobipkax 3Haxoaunu Kitbkicts O3CK.
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PesyabTaTn Ta ix 00roBopeHHs

Y rpym TreMaTosiorivHO 3[0pOBUX JIOHOPIB PiBEHb
ClaJIOBUX KHUCJIOT, SIKI BUIBHO LIMPKYJIIOIOTH Y IUIa3Mi KpOBI
ckiae 0,08 + 0,0058 mmonw/n (tabnm.). Otpumani JaHi
HiATBEPIDKYIOThCsE JliTeparypaumu okepenamu (Uslu et al.,
2003). VY rpyni XBOpUX Ha XpOHIYHMH JiiM]oieiko3 10 mpo-
BEJICHHS  XIMIOTEpaNeBTUYHOIO JIIKyBaHHS —CHOCTEpiraiu
nocroBipae (P < 0,05) 30utbmenns piast BCK, skuii 3Ha9HO
TIepeBHIIyBaB HOpMY i ckimaB 1,27 = 0,074 mMons/m1. Y miepiry
100y TIPOBEICHHS CTaHTAPTHOTO KypCy IMONiXiMioTeparii Ha

(GoHI 3HIDKEHHS 3arajbHOrO pIBHS  CIAIOBHX  KHCIOT
BinOynocst Ha 24,2% mninsuiienHs Bmicty BCK BigHOCHO
XBOpHX JI0 JIiKyBaHHs. Uepe3 1Ba MicsIll MICIs MPOXOPKCHHS
XiMiOTepaneBTUYHOrO JiKyBaHHs piBeHb BCK noBepHyBcst 10
3Ha4YeHb, OTPUMAHHX HA MIOYATKY JIIKYBaHHSI.

PiBeHb BUIBHHX CiaJIOBUX KHCIIOT y TPYII I'€MaTOJIOTIHHO
3JIOPOBHUX JIOHOPIB CKJIaB 3,1% BiTHOCHO 3arajbHOI KUTBKOC-
Ti 1X y 1u1a3mi KpoBi (puc.). Y rpyIii XBOPHUX JI0 IPOBEICHHS
ximiotepaneBTraHOrO JiKyBaHHs BinbHI CK ckmamm 43,2%.
VY mepury 100y mei mokasHuk 3pic 10 60%, a depes nBa
MICSIII TTiCIA JIIKyBaHHS 3HI3UBCA 110 44,1%.

Tabnuys

Konuenrpauis piznux ¢opm ciaJloBUX KHCJIOT y CHPOBATLi KPOBi 310pOBUX BOJIOHTEPIB
i xBOopHX Ha XpoHiyHuii JiMdoeiiko3

Tpynia 10cibKyBasix KonueHTpanisi ciaJoBUX KUCIOT, MMOJIB/JI
BineHI CK ontiro3s’si3ani CK nporein3s’s3ani CK
310poBi AOHOPHU (KOHTPOIIB), n = 30 0,08 + 0,058 0,20 +0,018 1,65+ 0,120
XJIJI o mikyBaHHs1, n = 30 1,27 £ 0,074* 0,52 +0,680* 0,95 + 0,050
XJUJI y mepmry o0y JsikyBaHHs, n = 30 1,58 £ 0,085 0,60 + 0,052 0,41 +0,030
XJUT yepe3 2 micsimi miciis JiikyBaHHS, n = 30 1,29 £0,110 0,70 + 0,050 0,82 + 0,060

IIpumitka: * — focToBipHa Pi3HUIL MOPIBHIHO 3 KOHTPOJIEHOIO Ipynoro 3a P < 0,05.
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Puc. CniBBigHoIIeHHs PiBHS BiTbHUX i 3B’ s13aHUX ()OPM CiaIOBHUX KHCJIOT y IUIa3Mi KPOBi XBOPUX HA XPOHIYHUIA
Jimdodieiiko3: [ rpymna — 10 moyatky XiMioTepaneBTHIHOTO JIiKyBaHHs, 11 rpymna — nepiia 106a mpoBeieHHs XiMioTepartii,
III rpyna — uepe3 ABa Micsli mics HoiximMioreparii

Ipu pizaux Bumax nefikemii (Patel et al., 1991) piBens
BCK migBumnyersesi, 1 e MOKa3HHUX Pa3oM 3 1HIIAMU
010XIMIYHIMH MapKepamMyd MOXKe OyTH BHUKOPHCTaHMH IS
Ju(epeHIIIOBaHHs Pi3HUX BHIIB JICHKO3iB. Y MOMEPeHbO-
MY JOCJTI/DKCHI MU BH3HAUMIIH aKTUBHICTh HeHpaMiHima3u —
(depMeHTy, SIKMH BIIUICTUTIOE 3aJIMIIKKA CIAIOBUX KHCIIOT.
VY wiif rpyni XBopuX il aKTUBHICTB 3pocCTalla BiTHOCHO HOp-
MU, YM MOXKHA TaKOXK TIOSICHUTH MifBUIeHn piBenr BCK
y mma3mi (Maslak et al, 2013). Takox HamM TOKa3aHO
30impmenns ekcrpecii NEUL 3a epurpemii (Maslak et al.,
2014). 3a maHUMH HIINX aBTOPIB, JOCTIIKEHHS, TIPOBEICHI
Ha KIITHHHIN JiHi{ JiMpomu [ansToHa, TOKA3aIH, 10 TiCIs
yBeIeHHs IMKIodochaminy Ta IUCIIIATHHY 0 KUBIIHHOTO
cepenoBHIa BinOyBaeThcs 3HIDKeHHS Konrentpamii CK.
IcHye mymKa, MmO BHACTIZOK BTPATH KIITHHAMH CiaJIOBHX
KHCJIOT 3HIKYETbCA HETAaTWBHUI IMOBEPXHEBUHM 3apsifl, LIO
MOXE CIPUYHMHUTH Ac(opMariii KITHH 1 MiABUIICHHS X
gy TmBocTi 10 (aronurosy (Nicol and Prasad, 2002). Mox-
muBo, mimsuiieHHs BCK € mnoka3HMKoM eQeKTHBHOCTI
ximioTepartii.

30LIbIICHHS PiBHS BUIBHUX CIAJIOBUX KHCIIOT MOXe OyTH
3ymoBnieHe 30utbmeHHsAM ekcrpecii NEU1, mo mokasano

HaMU TIiJ] 9ac JOCIIHKEHb MIeIompoligepaTHBHOTO 3aXBO-
proBanus eputpeMii (Maslak et al., 2014).

TakoX yCTaHOBIEHO 30LUIBIIEHHS KUJIBKOCTI CilaloBHX
KHUCJIOT, sIKi 3B’S3yIOTh OJliroMepu B 2,6 pasa dacTiiie B
I rpyni nopiBHsIHO 3 HOpMOIO. Y mepury 100y JIKyBaHHS Ta
4yepe3 JBa MicAll TICNIS HOro IPOXO/DKEHHS 3HA4YHMX
BIIMIHHOCTEH 3a JJaHUM TTOKa3HUKOM He BusiBuiock. 1llomo
BMICTY CIAJIOBHX KHCIIOT, 3B’3aHUX i3 OLJIKamu, BHSIBIICHE
3MEHIIICHHS 1X KOHIIEHTpaIlii Ha 73,6% MOPIBHSIHO 3 TPYIIOK
TeMaTOJIOTIYHO 3I0POBHX JOHOpIB. [lin yac mpoBeneHHS
ToJTiXiMioTepanii BiT0yItocs 3HKEHHS IIbOTO TIOKa3HHKA Ha
56,2% BIITHOCHO TPyNHM XBOPHX IO JIiKyBaHHS Ta Ha 75,1%
BiZTHOCHO HOpMH. Yepes JiBa MiCAII MicIIsl TiIKyBaHHS PiBEHB
[I3CK maitxe TOBepHYBCS 10 3Ha4YEeHb, OTPUMAHHUX Ha II0-
YaTKy JIKYBaHHS.

BinbHi osirocaxapumy — NpOAyKTH KIITHHHOTO MeTabo-
JI3MY TJIIKOKOH tOraTiB, Oy/10Ba SKUX aHAJIOTi4HA BYTJIEBO/I-
HIiff YacTHHI TJKOMOJiMepiB. Bimomo, 10 KOHIEHTparlis
BUIBHMX OJIITOCaXxapuiiB y IUla3Mi KpOBI XBOpHX Ha
cyOneiikeMiuHHi Mieno3 (oxHa 3 (GOpM XPOHIYHHX Mi€Jo-
npoItiepaTUBHUX 3aXBOPIOBAHb) 3HAUHO BHIIA, HIX Y 3710-
POBHUX JOHOPIB, YHM MOXKHA MOSICHUTH ITiIBUILICHUH PiBEHb
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ojiro3e’szanux cianoBux kucior (Pis'meneckaja and
Batters, 2013). CianoBi KWCIOTH, K TPaBWIO, 3aiMaroTh
TEpMiHAJIbHE TIOJIOXKEHHS Yy CKJIaji IVIIKOKOH IOraTiB, Ha-
JIAl0uM MOJIEKYJII HEraTMBHOTO 3apsity. bynb-sika 3miHa
TITKOIPOTEiHIB BUKJIMKAE 3MIHU CIAJIOBUX KHCIIOT 1 HABIAKA
(Shantaram et al., 2009; Colucci et al., 2015). Ilpn
XPOHIYHOMY JIM(OJIEHKO3] MMOKa3aHe 3HIDKEHHS Y IUIa3Mi
KpOBi KOHIEHTpalii iMyHornoOymiHiB G, M, A, ski 3a
XIMIYHOIO TIPHPOJOI0 € CiaIbOBAaHUMHU TIIOKOIPOTETHAMH
(Colovic et al., 2001; Al-Dabagh and Al-Maya, 2011). Tax,
IgG manexuts 10 N-ITKaHIB KOMIIEKCHOTO THITy Ta
ckiazmae 75% iMyHOI0OYIiHIB I1a3mMu kpoBi (Vidarsson et
al., 2014). IgA na cBoiif moBepxHi MicTuTh O- Ta N-caifitu
[JIKO3WIIOBaHHS Ta craHoBUTh 10-20% iMyHOrIIOOYIIiHIB
ra3mu kposi (Takahashi, 2014). IgM — BUCOKOTIIIKO3MITBO-
BaHuil OUIOK, KM Mac 5 cairis N-IVIIKO3UITIOBAHHS KOM-
IUIEKCHOTO Ta oJliromano3Horo tumis (Shade and Anthony,
2013). Bimomo, mio pi3Hi BHOM XIMIOTEparneBTHYHOTO
JIKyBaHHI 3HIDKYIOTh PiBeHb IMyHOTJI00YITiHIB (Zugmaier et
al., 2014). Omxke, 3aranbHUIA piBEHb CiaJOBUX KHCIOT
MIBUIIYETBCS TIPU XPOHIYHOMY JTiM(OIEHKO3], 1m0 MOoXe
OyTH TIOB’SI3aHUM i3 TIOCHJICHUM OiOCHHTE30M 1 BUXOJOM Y
KpOB OUIKIB TOCTpOi (ha3m, SAKi MICTATH CiaJIOBI KHCIIOTH.

BucHoBKH

IIpn xponiuHOMY niMQONIEHK03i Yy CHpOBATIi KpOBi
piBEHb BUIBHHUX CIaJIOBHX KHCIOT ckiaB 43,2% BiJHOCHO
3arajibHOT KUIBKOCTI 1X Y I1a3Mi KpOBI.

Y mepury 100y TPOBSACHHS XIMiOTCPAIEBTUYHOTO
JKyBaHHS Ha ()OHI 3HVIKEHHS 3arajIbHOTO PIBHS CIaJIOBHX
KHUCJIOT CHIOCTEPIraeThes MiABUIIEHHS KOHIIGHTpaLlii BITbHUX
claloBUX KUCIOT Ha 24,2% BiTHOCHO XBOPHX, SIKI HE OTpH-
MYBaJTH JTIKyBaHHSI.

PiBeHb oJmiromep3B’si3aHUX CIaJIOBHX KUCIIOT 3POCTaE y
2,6 pa3za MOPIBHSHO 3 HOPMOIO 1 HE3HAYHO 3MIHIOBaBCA Ha
PI3HUX eTamnax JiKyBaHHS.

KomnmenTparis cialoBUX KHCIIOT, 3B S3aHUX 13 OlTkamy,
Ha 73,4% HWK4Ya TIOPIBHAHO 3 TPYMOI KOHTpOito. [licist
OTPUMaHHS MOJIIXIMIOTEPareBTHYHOTO JIKYyBaHHS y TEpILy
00y CIIOCTEpIraeThCsl 3HIKCHHS IHOTO ITIOKa3HHMKA Ha
56,2% BITHOCHO TPYITH XBOPHX JI0 JIIKYBaHHSL.

Uepes paBa Micsimi Imicnst JKyBaHHS piBEHb  YCIX
JIOCII/DKEHNX TIOKAa3HHKIB ITOBEPHYBCS 10 3Ha4YeHb, OTPUMa-
HHX Ha [T0YATKY JIIKYBaHHSL.
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Hanouactunku Cg ysiepeHy nonepeaxkarTb peakTHBHMI 11103
y CITKiBII cCTapuX IIYpPiB NpH rinepriiikemii

LB. HpHmenal, O.rI. HpOKyH_IeHKOBaz, B.C. Henzpeupknit'

1 . o . o . . . . .
Hinponempogcwruii Hayionansruil yuisepcumem imeri Onecs I onuapa, Jninponemposcuok, Ykpaina
2 . . o . . . . .
J[HinponemposcbKull 0epicasHull azpapHo-eKOHOMIYHUL yHieepcumem, [{Hinponemposcok, Yxpaina

PeaxTuBanist NiaJIbHUX KIITHH, IO 1HIYKY€ThCS METaOOIIYHIM PO3JI1aJIOM YTHITi3aLlii IIFOKO3U Ta PO3BUTKOM OKHUCHOTO CTPECY B CITKi-
BIi IIPY IyKPOBOMY JialerTi, € IeHTpabHUM (hakTopoM nartoreHe3y niabernmuHoi peruHomartii. Hanouactnaku ¢ynepeny Cqy Ta OKpemi
Horo BOZIOPO3YMHHI NOXI/IHI XapaKTePU3YIOThCS IIOTYKHUMH aHTHOKCHIAHTHUMU BJIACTUBOCTAMU Ta HEHPOIPOTEKTOPHOIO JII€I0 Y BUMAAKY
3HAYHOI KUTBKOCTI MATOJOTIH Ta HECHPUATIMBUX BIUIMBIB. YTepiie IOCITIDKEHO BIUIMB HH3bKHMX 103 rigpatoBanoro Cgy ¢ynepeny
(CsoHyFn) Ha excrpecito Ta MOMNENTUIHMN CKJIaj ritiansHoro ¢idprspHoro xucioro npoteiny (I'®@KI) y citkiBui mrypis mpu miaberi,
iHayKOBaHOMY ctpenro3otorHoM (CT3). I3 3acTocyBaHHSAM MeTOAy iIMyHOOIOTHHTY ToKazaHO 3pocTaHHs ekcnpecii ['OKII y citkiBmi
IIypiB i3 JiabeToM MOpIiBHSHO 3 KOHTposeM y 1,93 paza, 1o CBIYNUTB PO CYTTEBY PEAKTUBALIIIO ITIATbHUX KIITHH PETHUHH IIPH Tilleprilike-
mii. [Tigumenns ' OKII-imyHOpeakTHBHOCTI, acoLiiOBaHe 3 PO3BUTKOM PEAKTHBHOI'O aCTPOIIIO3y y CITKIBII J{iabeTHYHUX ITypiB, MiATBE-
PIDKEHO IMYHOTICTOXIMIUHO Ha (hiKCOBaHHUX 3pizax CiTkiBkU. CriokuBaHHs AiabeTiaHiME 1typamu po3unny CgHyFn (90 HM) 3 nutHOMNO
BOJIOIO NIpoTsiroM 12 TrokHIB BUKIMKaNO 3HmKeHHs BMicTy ['OKII y 1,51 pa3a mopiBHIHO 3 MM NMOKa3HUKOM Y TPyIIi AiaOSTHYHHUX TBAPHH.
CeoHyFn crpusis noctosipromy (y 1,58 pasa) 3HIKEHHIO BMICTY IIIKO3WJIBOBAHOIO I'eMOIJIO0iHy B cHpoBaTii Kposi mrypi 3 CT3-
niaberom. Hanouactuakn CqHyFn He 3MiHIOBanu piBeHb iHCYIIiHY Ta TJIFOKO3W Y KPOBi AiabeTnyHuX 1rypiB. OTprMaHi pe3yabTaTd CBil-
YaTh IPO Te, II0 IPOTEKTOPHA Misl TiApaToBaHOrO (yaepeHy NpH iadeTUHil peTHHOMATI] 3pLINX TBAPUH Peati3yeThes Yepe3 MPUTHIYCHHS
HiM HagMipHOi aktuBamii ['OKII-no3uTHBHYX KITITHH CITKIBKH.

Kmouogi crosa: mykpoBuii niabeT; niabeTHIHAa PETUHONATIST; acTPOIIIio3; riansHuil (ibpripauii kucimit npotein (I'OKII); rigpato-
Banuit Cgy QyrepeH

Nanoparticles Cg fullerene prevent reactive gliosis
in retina of aged rats under hyperglycemia

LV. Prischepa’, O.G. Prokushenkova’, V.S. Nedzvetsky'

!Oles Honchar Dnipropetrovsk National University, Dnipropetrovsk, Ukraine
2Dnipr0petr0vsk State Agrarian-Economic University, Dnipropetrovsk, Ukraine

Reactivation of glial cells, induced by metabolic disorders of glucose utilization and development of oxidative stress in retina under
diabetes mellitus, is the key pathogenetic factor of diabetic retinopathy. Nanoparticles of Cg, fullerene and some of their water-soluble
derivates are known as one of the strongest antioxidants having neuroprotective effect in a number of pathologies and harmful influences.
In the present study, for the first time, the effects of nanostructures of hydrated Cg fullerene (CgoHyFn) on the expression and polypeptide
composition of glial fibrillary acidic protein (GFAP) in retina of rats with streptozotocin (STZ)-induced diabetes have been evaluated. Using
immunoblotting, 1.93-fold up-regulation of GFAP in diabetic rat retina as compared with control was shown, as a result of retinal glial cells
reactivation induced by hyperglycemia. Increase in GFAP-immunolabeling associated with the reactive gliosis development in retina of
diabetic rats was also confirmed by immuno-histochemical method. Consumption of CgHyFn solution (90 nM) as drinking water by
diabetic rats for 12 weeks caused 1.51-fold decrease of GFAP level compared to untreated diabetic animals. In addition, C¢HyFn caused
statistically significant lowering of glycosylated hemoglobin concentration in blood serum of STZ-diabetic rats 1.58-fold. However,
nanoparticles Cgy did not affect neither insulin nor glucose levels in blood of diabetic rats. In conclusion, results obtained indicate that
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protective action of hydrated fullerene in the initial period of diabetic retinopathy of aged animals is realized through suppression of

excessive activation of GFAP-positive retinal cells.

Key words: diabetes mellitus; diabetic retinopathy; astrogliosis; glial fibrillary acidic protein (GFAP); hydrated Cg fullerene

Beryn

HiabetnaHoro pernHonaTiero (IP) BBayKarOTh KOMILIEK-
CHE MIKpPOIMPKYISITOPHE 3aXBOPIOBAHHS CITKIBKH, IO 1HITY-
KY€TBCS TIMEPITIKEMI€I0 SIK 3a IHCYJiH-3aIeKHOTO, TaK i
IHCYTTiH-HE3aJIeKHOTO THUMIB IiabeTy. XapaKTepHa puca Ia-
toreHesy JIP — po3BuUTOK HeWpoaereHepaTHBHUX 3MiH. Pe-
THHAJIbHA HEWpOJIereHepallis BUSBISIETBCS J0 TOTO, SIK MO-
KyTb OyTH BHU3HAUYCHI MIKPOLMPKYJISATOPHI TOPYILEHHS
(Rungger-Brandle et al., 2000). MomnexyJisipHi MexaHi3MH
HeHpo/IereHepaTHBHUX 3MiH Y CITKIBII KPUTHYHI JUIsL Tepartii
y panHiii nepiox JIP.

JIP BitHOCATH /10 HAMIOMIMPEHIINX YCKIIaIHEHb IyKpO-
BOrO fmiabery. 3a ominkamu BcecBiTHBROI opraHi3amii 0xopo-
U 310poB’ss (BOO3), y 2025 pomi KUTBKiCT XBOpPHX Ha
nmiaber Moxe carayta 380 mimbitoniB (Tarr et al., 2013).
JiabeTndHi MOPYIIEHHS y CITKIBII MOXYTb OyTH pe3yibTa-
TOM aKTHBAIlii 3araJbHOMNONIINPEHUX THINB KIITHHHOI
BIZITTOBII: ATIONTO3Y, 3alAFHUX TIPOIIECIB i OKICHOTO CTpe-
cy. OKHCHHI CTpeC BIUIMBAE HA IUPOKE KOJIO OI0XIMIYHHMX
MPOILIECIB, PEryIIAIii METa0OMIUHUX NUIXIB Ta KIITHHHUX
¢ynkuii. OnHiero 3 ronoBHUX pyc JIP € po3BUTOK OKMCHOTO
CTpecy Ta MOB’SI3aHMX 13 HUM MeTa00IiYHNX MOPYIIEHb.

[mianpHi KITHHA 3a0€3MEUYIOTh CTPYKTYpHY Ta METa-
OOIIiYHY MATPUMKY HEHpPOHIB Ta KPOBOHOCHHX CYIWH CITKIB-
KU oka. HefipozereHepaTrBHi IpoLecH aKTUBYIOTBCS Oe3ro-
CepenHpO ITCI TIOYaTKy PO3BUTKY miabery. OIHaK acTporm-
TH Ta KITHHH Miomiepa CITKIBKM BHSIBIATH PEaKTHBHICTH
JHIe yepes Jiekiibka Micsiis (Rungger-Brandle et al., 2000).
Bucokuit piBeHpr aepoOHOro Meraloii3My B HEPBOBHX
KJIITUHAX 3YMOBIIFO€ aKTHBI3AIIIO MPOLIECIB TeHepallil BUIbHIX
paauKaiB, 30kpeMa, IpH Tinepriikemii. Heliponn uytiisi 1o
YIIKOKYBJIGHOI JTil BUTPHUX PajIMKAIIB 3aBISIKH BUCOKOMY
BMICTY ITOJIIHEHACHYEHHX KUPHUX KHCIIOT 1 BITHOCHO CITA0Kii
AHTUOKCHIAHTHINA cuctemi. [laronoriyni 3MiHM CITKIBKH 3a
JP nocTaTHBO peTenbHO IOCTIKEH] B MIKPOBACKY IATOPHHUX 1
HeripoHanbHuX marepHax (Liu et al., 2012). V Toit xe gac,
ponb rTimianeHux Kt /P, maroreHe3 HeipoHanbHO-
TIATBHUX Ta TIIABHO-CYIMHHUAX B3a€MOJINA 3aTHIIAIOTHCS
HE 3pO3yMUTAMH.

Haif6inpm BU3HAHMI MapKep CTaHy Tl — TaisHu (i-
opusipanii kucnmid npotein (['OKIT). Knituana Binnoiak
Ha JI0 PI3HUX 32 MPUPOJIOI0 YMHHHKIB CYMPOBOKYETHCS
HagMipHOtO ekcrpecieto 'OKII, nposidepariieto Ta rimep-
Tpodiero actpormtiB. lLleit ¢eHomMeH oTpuMaB Ha3BY
«acrpormio3y. 'OKII-no3uTrHBHI KJIITHHN BHKOHYIOTH IIH-
Ppoke Koo (hYHKIIiH, sIKi 320€3MeYyIOTh 3aXUCT HEHPOHIB BiJl
HEHPOTOKCUYHOTO BIUIUBY BITBHHX PaJUKaIiB. ACTPOLUTH
MArOTh TIOTYXKHIIly aHTHOKCHIAHTHY CHPOMOXKHICTB, HIXK
Heiiporu (Dringen et al., 2005). BpaxoByroun Bci 11 akTH,
camMe acTPOLMTH pPO3MJNAIOTH SIK TOJOBHI IPOTEKTOPH
HEWpPOHIB BiJI YIIKODKYBAIBHOT /1ii OKCHIATUBHOTO CTPECY.

BpaxoByroun Toii ¢axrt, mo [P — ronoBHa mnpudmHa
BTpaTH 30py Cepei JIFOACH 3piIoro BiKy, MOIIYK 3aco0iB,
CIIPSIMOBaHMX Ha KOPEKIIII0 IbOTO YCKIIAHEHHS, — aKTyallb-
HE MeIUKo-colianbHe 3aBnanHs. [1IMpoko mocmimKyroThes
e(eKTn CHOJNyK, IO MaloTh AHTHOKCHIAHTHI BJIACTHBOCTI.

HemonaBHo mokazaHO HEHPONPOTEKTOPHY €(QeKTUBHICTH
rigparoBanoi Qopmu dynepery Cq (CooHyFn) B oxpemmx
BiZIiIaX MO3KY Ta 30epeeHHS TeCTUKYILIPHOI (QYHKIII y
nmiabernunnx TBapuH (Etem et al., 2014). Hespaxaroun Ha
YHCIICHH] TOCHIKEHHS HEHPOIIPOTEKTOPHUX eeKTiB Pye-
pery Cgy, HOro MOTEHIIHE 3aCTOCYBAaHHS IS KOPEKIIii
MOIIKO/DKCHb  CITKIBKH, 1HAYKOBAHHX TiMEPIIIIKEMI€rO,
3aMIIacThcsl He BUBYeHMM. Came TOMY KOMIUICKCHHIA
aHaJ3 MOJISKYJSIPHUX Ta KIITHHHHX HOPYIIEHb CITKIBKH
npu JIP BakIMBHI JUIL PO3KPUTTSI MEXaHI3MIB PO3BUTKY
TIaToJIOTii Ta pO3pOOJIEHHS HEHPOIIPOTEKTOPHUX 3acO0iB.

Mera crarti — Bu3HaunTH edextu TigparoBanoro Ce
¢ynepeny Ha craH ['OKII-NO3WUTHMBHUX KINTHH CITKIBKH
Jopociix IIypiB Ta Oioximiuai mokasHukm mpu CT3-
iHIyKOBaHOMY AialeTi y IIypiB.

Marepian i MeToAN J0CTiIZKEHD

JocmimkeHHs IpoBeeHO Ha IIypax JiHil Bictap (cami,
10-11 wmicsmiB), otpumanux i3 BiBapito JTHY imeni Omecst
lonuapa. TBapyH yTpUMyBajad B yMOBaX IOCTIHHOI TeMIie-
parypu (22 + 2 °C) ta TpuBaniocti cimioBoro aus (12/12-
romvHHME 1MKI). [IpoToKONMM IOCHIKEHb PO3IVIHYTI Ta
3aTBEpDKEHI MICIIEBUM KOMITETOM i3 IUTaHb €TUYHOTO TO-
BO/DKCHHSI 3 TBapuHaMu JIHINPOIETPOBCHKOI JiepKaBHOL
MenuuHOi akanemii. PaHmomi3oBaHI TBapWHH TIOIiICHI Ha
yotupu TpymH (n = 5): 1 — koHTponbHa rpyma (K) (inTakTHI
TBApUHM), 2 — «HOPMAJIGHHID KOHTPONb (TBApHHH, SIKI OT-
prmyBaiu pozunH CeHyFn i3 mutHOIO Bozo10), 3 — mrypu i3
CT3-giaberom (CT3M), 4 — niaGeTnyHi TBapWHH, SKi OTPH-
myBanm po3unH CgHyFn i3 muraOO Bomoto (CT3I+Cqp).
TBapuHaMm TpeTbOI Ta YETBEPTOI I'PYIl OJHOPA30BO BBOAMIN
intpaneputoneanbio CT3 (Sigma, St. Louis, MO, USA) y
no3i 50 mr/kr s iHaykii giadery. Teapunu apyroi Ta
yerBepToi TIpymu oTpuMyBain po3zunH 60 Hr/Mi Cg
(~90 HM) y nuTHIH BoAi MPOTSroM 12 THXKHIB.

Jis mociipKeHHs BIIOMPAIK IIypiB i3 KOHIICHTPAIIEO
TIIFOKO3U B KpoBi He MeHIre 20 MM/m. 3a 12 TmxkHIB i3 Mo-
MEHTY iHIYKII{ Iia0eTy IIypH BCiX rpym OyiH AeKarmiToBaHi
mig gieTwiedipHAM HApKO30M. Y CHPOBATI BH3HAYAIN
KOHIIEHTpaLlifo Toko3y, iHcymiHy (Rat Insulin Kit, Linco
Research, St Charles, MO, USA) iMyHOCH3UMHIM aHAITI30M
(ELISA, EIx-800, BioTek Instruments, Winooski, VT) ta
BMICT TTIKO3HIHOBAHOTO TeMOTJIO0IHY (HbAlc)
(Alfabiotech, Milano, Italy).

I3 TKaHWHM CITKIBKM OTPUMYBAIH INPOTETHOBI EKCTPaKTH
Ta (ikcoBaHi 3pasku JuIl iMyHoricToximii. ['omoreHar
citkiBku (10%, Bara/o6’em) roryBamm y 50 MM Tpuc-0ydepi
(pH 7,8), stxuit nomatkoBo Mictu 0,5% monemmcynbdary Na
(DSN), 0,15 M NaCl, 2,5 MM eTuneHIiaMiHTeTpaoITOBO1
kucnotd (EDTA) Ta cymim iHri6iTopiB npoteinas. ['omorena-
TH HeHTpudyrysam 3a 16 000 g npotsrom 30 XB 3a Temmepa-
Typu 4 °C. BMicT 3araisHOTO MpoTeiHy y npobax BU3HAYAIN
meromom Bradford (1976). Bmict I'OKIT i ckmam #oro
HOJINENTHHNX (DPParMeHTIB BU3HAYAIM METOIOM iMyHOOIIO-
THHTY 332 METOJIMKOIO, onrcaHor pasime (Nedzvetsky et al.,
2012). IMyHOTICTOXIMIYHE BH3HAYCHHS aCTPOIIiO3y IPOBO-
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i Ha (DIKCOBAaHMX 3pi3aX CITKIBKM 3 BHUKOPHCTAHHIM
anTutin npotu I'OKII (1/200, Santa Cruz). Buxinuuit po3unn
Cy i3 KoHIeHTpariero 8,88 x 10 M (Andrievsky et al., 2009)
BUKOPUCTOBYBAIM i1 pobodoro possereHHss 90 HM
(~60 ar/mi). CrartuctiyHy 00poOKy JaHHX BUKOHYBAJM i3 3a-
CTOCYBaHHSIM METOJIIB MaTeMaTHYHOI CTATUCTUKH JUIST MAJIMX
BHOIpOK 13 3acTocyBaHHsM TakeTa Statistica® for Windows
6.0 (StatSoft Inc.). Bimnocuuii Bmict T'®KII BinoOpaxanu y
BUNIEN M + m, BipOTiIHICTH MDKTPYIIOBOI PIi3HUII OIHFO-
BaJIM 3a gonomMororo t-kpurepito Creiozenta (P < 0,05) micns
TIEPEBIPKH HOPMATHGHOCTI PO3MOALTY Ta PI3HHUIN MiX TeHe-
PATBHAMH UCTIEPCLSIMIL.

PesyabTaTn Ta ix 00roBopeHHs

PesynbraTi BH3HAYEHHS KOHICHTpAIl TIIFOKO3H Y CHPO-
BaTIi KpoBi 11ypiB A0 inaykitii CT3-mgiadery Ta 3a 12 TrxkHIB
NOKa3aJIi 3HA4YHI BIMIHHOCTI BiJJHOCHO KOHTPOJIBHOI IpyIH
Ta Tpynu HopMaibHOro KOHTpomo (Cgp). OTpumani naHi
CBilYaTh PO PO3BHUTOK CTiiiKoi rinepriikemii (puc. 1).
JlocToBipHOI pi3HUII 32 BMICTOM TJIIOKO3H Y TPyIax TBApUH
CT3/ ta CT3+C¢ He BusBneno. CroxuBanHsa CeHyFn
HE BIDIMBAJIO Ha MeTaOOJiYHEe TTOPYIICHHS YTHITI3aIii TIIFo-
ko3u y CT3-niabeTHIHUX Iy piB.

18

Konnentpamis incyminy y xposi CT3J] ta CT3+Cs
TPy IiabeTHYHMX TBApHH 3pUIOro BiKy Oyia HIDKYA 3a KOH-
TponbHy Tpymy y 1,54 ta 1,41 pasa Bianosiguo (P > 0,05).
OtpuMaHuii pe3ynbTaT MOXKe BiIOOpakaTH TEH/CHIIO 4Ya-
CTKOBOTO BiJTHOBJICHHS [-KJIITHH OCTpOBKiB JlaHTepranca 3a
nii CeoHyFn.

Bu3HaHMM NOKa3HUKOM MOPYIICHHS LUBIXIB YTHII3awii
TJIFOKO3U € BMICT TJTIKO3MIIbOBAHOT'O TeMOINIO0iHY. Y KpoBi
mrypiB CT3/l-rpymu BMICT TIIKO3WIIEOBAHOTO T€MOTJIO0IHY
OYB JOCTOBIpPHO BHIIMM 32 TaKHi ITOKA3HUK y KOHTPOIBHII
rpymi (P < 0,05) (1ab6mn.). Cnoxusansas CeHyFn 3 mutHOIO
Bojoo (CT3[+Cqy rpyma) BUKIHKAIO 3HIKEHHS BMICTY
TITKO3MIIFOBAHOTO TeMorioliny y 1,58 paza (P < 0,05), mo
CBIIUUTH MPO KOr0 3MATHICTh YaCTKOBO IMOIEPEIKATH
MeTa0OoJIYHUI PO3JIa]] yTHITI3aLl TITFOKO3H.

Pesysnprati iMmyHoricToXimMigHoro 3abapmienns ['OKII
Ha 3pi3ax CITKIBKH LIypiB Aia0eTHYHOI IPpynH BUSIBUIIM 3HA-
YHUH V103 B acTpolMTax 1 KiitTmHax Mrojuiepa BHYTpII-
HBOTO IIIAPy TOPIBHIHO 3 KOHTPOJBHOIO TPYIO0 (puc. 2).
He BusBneno pi3HMII B  iMyHO3a0apBICHHI  3pi3iB
KOHTPOJIBHOT TPYNH Ta TPYNH HOPMAIBHOIO KOHTPOJIO.
CyrreBe 3menmenHs piBHa [ @KII-nozutuBHOrO 320apB-
JICHHS BUSIBJICHE HA 3pi3ax CITKIBKU Aia0STHYHMX IIypiB, SKi
cnioxuBanu CeHyFn, nopisusito 3 rpynoro CT3/1.
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*%

14 |

12

10

BwmicT rinoko3u B kpoBi mypis, MM

10 13 10

13 10 13 10

13

K C60

CT3]1

CT3/1+C60

Puc. 1. BmicTt rimioko3u B cupoBatui kposi urypis: 10, 13 — Bik TBapuH (micsi); K — konTposnb; Cygy — rpyna HOpMaibHOTO
koutpoito; CT3/1 — niabernuna rpymna; CT3]+Cg, — niabetruna rpymna mypis, ski otpumyBain po3ur 90 HM Cg;
—P < 0,01 BitHOCHO KOHTPOJIBHOI TPyIIH, " _P<0,01 BigHocHO HOPMAaJILHOTO KOHTPOJIIO

Tabnuys

Bara ta GioxiMiuHi noka3HuKH KpoBi IypiB Ha moyatky Ta 3a 12 TmxHiB CT3-inaykoBanoro niadery

T pe—— InTaxTHUMI HopmanbsHuii Miabernuni MiaGeTHuHi, sIKi OTpUMYy-
’ koHTpoIb (K) KOHTpOIIb (Cgp) urypu (CT30) By Cgo (CT3+Cqgp)
Bara teapu, r 10 micsiwiB 291+ 14,5 288+ 15,7 290+ 13,4 292+ 14,1
’ + 12 TwxkaiB CT3-niaber 305+15,1 307+14,2 263+122 282+ 13,7
ey tis, MkOL/AT 10 micsiiB 46,1 +2,03 44,5+1,76 21,3 +2,02%* 22,5+ 1,55%*
’ + 12 tiwxuiB CT3-piaber 45,7+243 45,5+ 1,87 29,7+ 1,55%* 32,5+1,73*
I'niko3usboBaHMiz 10 micsiiB 0,37+ 0,028 0,35+0,014 0,35+0,022 0,32+0,023
reMorioOid, Mr/r 6ika |+ 12 twsknis CT3-miaber 0,38+ 0,016 0,29+0,017 0,84+ 0,076** 0,53+0,033"

IpuMiTKH: TOCTOBIPHICTb 3MiH BiIHOCHO KOHTPOIBHOL rpymu ** — P < 0,01, * — P < 0,05, Bimaocno CT3J] rpymu * — P < 0,05.

VY 3paskax CIiTKIBKM KOHTPOJIBHOI T2 HOPMaJBLHOIO KOH-
Tpoio rpyn nrypis ['OKII Bu3Hauenuii nominentua 49 k/la
(puc. 3). Y citkiBui 1rypiB rpyrmu CT3/] BUSBICHO iHTAKTHHI
49 x/la ta #toro ¢parmentn B y miarazoni 49-40 k/la. Crno-

xuBanHsi CeHyFn cyrreBo 3amobirano perpanauii ['OKII.
OcTaHHIM YacoM 3arpoNOHOBAHO BUKOPUCTAHHS MPOJIYKTIB

00MEKEHOT0

MIPOTEOII3Y

SAK

J0JaTKOBOI'O

Mapkepa

actpormio3y (Sugaya-Fukasawa et al., 2010).
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JliMiTOBaHHMI MPOTEOI3 MPOMDKHHX (DiTAMEHTIB MO-
JKyTh 3MIHCHIOBATH JIMIIE OKpeMi (epMEeHTH, HAIpHUKIA,
Kamainy a00 Kacrasw, siKi aKTUBYIOTBCS B XOJ1i aCTPOIIIio3y
(Dringen et al., 2005). Pe3ymbratii BKa3zylOTh Ha Te, IO
rinepriiikeMist iHAyKye HaJMIPHY aKTHBAIIilO TpoTeas i Te-
peOyI0BH IIMTOCKENIETa DITIAbHUX KIITHH. Y TOW JKe dac,
cioxuBanHHs CgHyFn i3 murHOIO BOmoro mporsirom 12
TIDKHIB 3a100irajo po3BUTKY acTPOTJIUIBHOI peakTuBarlii y
CITKIBIII pa3oM i3 TOTEPEPKEHHAM MPOTEOITI3y MPOMIKHIX
¢imamentiB i y mypiB i3 CT3-iHoykoBanuMm miabeTom.
Pesynbrary, oTpuMaHi y rpymnax KOHTPOJIIO Ta HOPMAJIBHOTO
KOHTPOJIIO, IPAKTUYHO HE BIAPI3HSUIHCA 3a BCiMa BH3Hade-
HAMH TIOKa3HUKaMH, IO CBiTYHTh IIPO BIJCYTHICTH
TOKCHYHOCTI Ta Oe3meuHicth croxwuBanui CgHyFn B

‘ ";""‘:‘H"‘m L#

C134

CT3/[+Cg

o0paHiii 7031 Ta pekrMi HAAXOPKEHHS BiIHOCHO KIITHH
CITKIBKH.

Pesynbratn BusHauenHs Bmicty ['OKII i3 3acrocyBan-
HSM JICHCUTOMETPUYHOTO aHajiizy Omnororpam (puc. 4)
MOBHICTIO 30iraymcst 3 JaHUMH IMyHOricToximii. Bwmicr
I'OKII y rpyni CT3/] urypis O6yB BummM y 1,93 pasa 3a
kouTposbHy (P < 0,01). HatoMmicTb, CrIO)KMBaHHSI PO3UHHY
CeoHyFn mrypamu i3 CT3-miabeToM 3yMOBIIIO 3MEHILICHHS
BMICTy MapKepa peakTHBHOTO T1io3y B 1,51 pasa nopiBHSIHO
3 rpynoro CT3/1 (P < 0,05), mpuaomy pisers ['OKII y rpymi
CT3+Cg CTAaTUCTUYHO HE BiOpi3HABCS Bi TAKOTO Y TPYIIi
KoHTpoipHUX TBapHH. CrioxwuBanHs CeHyFn y nutHii Boai
npotsaroM 12 TIKHIB TaKOK HE BHKJIMKAJIO 3MiH eKcHpecii
T'OKIIL.

Puc. 2. Pe3ysbTaTu iMmyHoricToximii 3pi3iB ciTkiBku (3a0apB/ieHHs] BHYTPIllIHLOIO IIAPY KIiTHH):
K — xonTpons, Cgy — rpyna HopMasisHOro KoHTposr, CT3/] — niabernuna rpyma,
CT3/1+Cg, — miabeTruHa rpymna urypis, ki orpumysain po3urn 90 HM Cq,

T W W e «— 49 wila

K Cs0

CT3

— 40/l

CT3+C60

Puc. 3. Pe3ysibTaTu iMyHOOI0TUHTY €KCTPAKTIB PeTHHH:
K — xonTpoib, Cyy — rpyna HopmansHoro kourpoito, CT3/] — niabetnyna rpyna,
CT31+Cgy — miabeTruHa rpymna urypis, ki orpumysain po3urn 90 HM Cq,

2,5

*%

-
(6]
L

I'®PKB, ym. on.

HUIA BMIiCT
‘

BiHoc

|

T
B Q I
0
K C60 CT131

CT3]1+C60

Puc. 4. Binnocnuii BMmicT '®KB B excTpaKkTax peTHHH 32 JeHCHTOMETPHYHUM aHAJII30M pe3yJIbTATiB iMyHOOJ0THHIY:
K — xontpons, Cgy — rpyna Hopmanbaoro kourpoito, CT3][ — niabetnuna rpynna, CT3/1+Cq) — aiabetuuna rpyna mrypis,
siki otpuMyBami posun 90 HEM Cgo; ** — P < 0,01 BizHOCHO KOHTpOIsHOT rpymH, * — P < 0,05 Bizrocso CT3J] rpymu
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HuHi MonekyIsIpHi Ta KIITHHHI MeXaHi3Mu po3BUTKY [P
3IMIIAIOTECS HE 3’ ICOBaHNMHU. | [eBHMIT BHECOK Yy TTaTOTreHe3
JP poOusaTh mopylIeHHs akTHBAlii MPOTEIHKIHA3, CUHTE3Y
kritaHHEEX (akTopiB pocty (Haurigot et al., 2009), po3BuTok
OKHCHOTO CTpecy Ta YTBOPEHHsS KiHIIEBUX HPOIYKTIB
rriko3wmoBaHHs (Zong et al., 2011), 3ananenns (Klein et al.,
2009). I'DKII-nmo3uTHBHI KIITHHHU 3a0€31e4yI0Th CTPYKTYp-
Hy Ta MeTa0OJi4YHy IITPUMKY HEHpOHIB 1 TaHTIIIO3HUX
KIITHH CIiTKiBKH. [JTiadbHa PeakTUBHICTH CITKIBKH ITiBH-
mIyeTbess B Xomi po3BUTKY JIP 1 30iraeTsest 3i 3HIKEHHAM
MIBUAKOCTI KOHBEpTAamii TiayTamary Ha riryTamid. [limBu-
OIEHNA piBeHb TJyTaMaTy Ta HaaMIpHAa eKcCIIpecis
KOMITOHEHTIB PEHiH-aHTiOTEH3MHOBOI CHCTEMH BIIrparoTh
BKIIMBY POJIb Y PO3BUTKY MATOJIOTIH CITKIBKM TIPH Jialeri.
AcCTpolMTH — TONOBHI KIITHHH, SKi 3a0e3MedyloTh
PEILUKITIHT TIyTaMaTy, 3aXUINaroul HEWPOHHU Bifl €KCaHTO-
TOKCHYHOCTI. [JTianbHUI TJIKOMI3 IMIUIBHO MOB’SI3aHMH 13
BUKHMJIOM [IJIyTamaTry 3 HEHpOHIB Ta HOro ITOTJIMHAHHSAM
riero (Mamczur et al., 2015). T'inepriikemist BUKJIMKae MO-
PYLICHHS TIIKOJNITHYHOIO PO3LICIUICHHS TIFOKO3H B acTpo-
murax (Ganesh et al., 2011). JIlakrat — BaxiuBHiA MeTaOOIIT
TJTIOKO3H Ta CHEePreTHYHHI CyOCTpaT, SIKWH acTPOLMTH I10-
cradarots 110 HetipoHis (Pellerin et al., 2012). Takum gnHOM,
3HIDKCHHSI YTBOPEHHS JIAKTaTy CIPHYMHIOE €HepreTHYHHH
nedimmT y HelipoHax.

BpaxoBytoun CkiiaHy B3a€MO3AJICKHICTh CHTHAIBHUX
UUBIXIB MDK KJIITHHAMH CYAWH, Il Ta HeiipoHamu,
TIMEPIITKEMiss MOXE BHKJIMKATH TIOPYIICHHS OHOYACHO
yCIX WX KITHHHHUX THMIB. ['€Hepallis OKHCHOTO CTpecy Y
CITKIBLI /ia0eTHYHMX LIypiB CYNPOBODKYETHCS 3HIKECHHIM
e(EeKTUBHOCTI TPaAHCIIOPTEPIB IVIFOKO3W Ta 3POCTAHHIM
BMicty kianeBux npoxaykri I10JI (Ulas et al., 2015). Bpa-
xoByroun HaBeneHi (paktu, came ['OKII-mo3uTHBHI KIITHHA
€ MIIIEHHIO U1 HEeHPOMPOTEKTOPHHUX 3aco0iB 1 KOpeKmil
Zia0eTHIHOI pEeTHHOTIATI].

BusiBneHe y mpoBeeHOMY JOCIIIKEHHI TIaJIbMyBaHHSI
HaJMIPHOTO acTPOINIiO3y Y CITKIBHI [iaOeTHYHUX IIypiB
MOJXXe OYTH OIOCEPE/IKOBaHE aHTHOKCHIAHTHUMH BIIACTHUBO-
cramu ¢ynepeny (Nedzvetsky et al., 2012). Orpumani gaui
[IOJI0 TOJIMIIEHHSI CTaHy DI y CITKIBUI TP TAaTOJOTil
30iraloThCsl 3 pe3yJbTaTaMH IONEPEaHIX JOCTiIKEHb, B
SKUX TTOKa3aH1 IJIiS-TPOTEKTOPHI e(heKTH caMe TipaToBaHol
(opmu ximigHO He MoaM(ikoBaHOTO Cgp y TOMTOBHOMY MO3-
Ky CCaBLiB 332 XPOHIYHOTO BIUIMBY CTHJIOBOTO CIUPTY
(Tykhomyrov et al., 2008) Ta excniepumenTtansHoro CT3-
niabery (Nedzvetsky et al., 2012). ¥V xoni mocmipkeHHs
BIIEpIIIC OTPUMAHO EKCTIEPUMEHTANIbHI I0Ka31 e()eKTHBHOCTI
Bukopuctanusi CgHyFn mma 3anobiramHs HagMipHOTO
o3y y citkiBui. Busineni epexru ringparoBanoro Ce ¢y-
JIEpeHy BIJIHOCHO acTpOIJIio3y peTHHONNi, Jerpajamii
['OKII ta BMICTy IJ1iKO3MIILOBAaHOTO FEMOIIIOOIHY CBIYaTh
PO MYJIETH(HAKTOPIATBHY [IIFO IMX HAaHOYaCTHHOK. [TomiOHa
Jis TOKa3aHa Il 3aXUCTy TECTHKYJsIpHOI (yHKMIT Y
niabermynux miypiB (Etem et al., 2014).

Mexani3m anTupamukanpHOi gii CeoHyFn xapmuramsaO
BIZIPI3HAETBCS Bill YCIX BIJOMHX aHTHOKCHAAHTIB. DynepeH
KaTaJi3ye peaxiii AUCMYyTAalii Ta 3HEIIKOPKEHHS BUIBHUX
PpafuKaiB 3aBISIKM YHIKAJIBHUM BIIACTUBOCTSIM BOJHOI (hasH,
AKa OTOYY€E TOBEPXHIO AK OKpeMux Moinekyn Cgp, Tak 1 iX
HaHokiactepiB (Andrievsky et al., 2009). Otpumani gaHi
30Iraf0ThCs 3 Pe3ysibTaTaMH IHIIMX ABTOPIB, SKi TOKA3aIn
e(EeKTUBHICTh TAaKMX aHTHOKCH/IAHTIB sk eoceneH (Tan et al.,

2015) i memaronin (Jiang et al., 2012), ski BiIHOBIIOIOTH
HOpMaJTbHE (PYHKITIOHYBAaHHA TITii IPH ia0eT-iHIyKOBaHOMY
OKHCHOMY cTpeci y ciTkiBii. ['izparoBanuii QysepeH, Ha
BIIMIHY  BiI  OUIBIIOCTI  BIIOMHX  aHTHOKCHIAHTIB,
BBAKAETHCSI HETOKCHYHOO Ta 0I0CYMICHOKO PEYOBHHOIO, KA
TIPOSIBIISIE BUCOKY OIOJIOTIYHY aKTHBHICTh HAaBiTh 32 HaJl-
mm3bkux 1103 (Tykhomyrov et al., 2008). Lli oGcraBuHM
BIIKpUBAIOTh IIMPOKI TIEPCIIEKTHBU Ul BUKOPHCTaHHS
CeoHyFn sx OesmedHoro Tta e(EKTHBHOTO areHTa Uit
poUTaKTHKK Ta Teparrii TakuX Hia0SeTUYHWUX yCKIaIHCHB
SIK PETHHOTIATI.

BucHoBok

HemonudikoBanuii rinparoBanuii dysepen (CgpHyFn)
HoIIepe/PKAE MOPYIICHHS! LIUTOCKEIIeTa Ta HaZIMIPHY aKTHBa-
Hito peruHoriii y mypiB npu aiaberi. CooHyFn moxe Oytn
BUKOPHCTaHUI SIK MOJIEKYJSIDHHI 1HCTPYMEHT JUIsi BUBUEH-
HS MEXaHI3MIiB PELMIIPOKHOI Peryssiii MiK eHIOTeNlieM,
MIKpOIJII€I0 Ta TAHIJTIO3HUMH KIITHHAMH CITKIBKM TIPH Ti-
TiepritiKeMmii.
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Bnuius kopoTkoTpHBaIOi Ail aApeHaJiHy Ha piBeHb nporeiniB S-100b ta HMKA
y Pi3HHMX BIAIi1aX TOJIOBHOI'0 MO3KY IIYPiB

FO.I1. KoBanbuyk, O.0. [loB6anb, A.M. Kanra, I".O. Yiakoa

Jlninponemposcokuil HayionaneHutl yHieepcumem imeni Onecs I onyapa, [{Hinponempoecok, Yxpaina

PiBeHb aipeHaniny pi3Ko MiJBHILYETHCS Yepe3 CTPECH, BiTyTTsI HeOe3MeKH, TPUBOTH, CTPaxy, IPH TPaBMax, OIiKaxX i IOKOBUX CTaHaX.
V BHCOKHX KOHLICHTpALISIX aJpeHasTiH HOCIIIIOE KaTaboTi3M OUIKIB. 3a I0MOMOI0I0 iMyHO(pEPMEHTHOTO aHaIi3y JOCIILKEHO PiBEHb acTpo-
uT-crienudivaoro npoteiny (S-100b) Ta HeliponansHoi Monekynu kimithaHOT aaresii (HMKA) y Mo3ky 1typiB 3a yMOB agpeHasliHOBOrO
BILIBY. ¥ M03Ky S-100b mpomyKyeThcsl TOJOBHAM YMHOM aCTPOLMTAMU Ta 3aJI)KHO BiJl KOHLEHTPALi YHHUTH TPO(iuHy a00 TOKCHUHY
II0 Ha HEHpOHH Ta TiianbHiI KmiTHHH. CHUIIBHUI CTpec Ta iMIEMIiYHHI CTaH iHIYKYIOTh IEpEepO3NOALT KabIili-3B’A3yBabHOTO MPOTETHY
S-100b Ta nmimumenns Horo piBHs. KinbkicHi 3MiHn S-100b Ha CHOro/HI PO3IIILIAIOTECS SIK MapKeP MO3KOBOTO HMOIIKODKEHHS (KOPTHKA-
JIBHOTO, IMIEMIYHOTO TOIIO), TIOPYIICHHS OOMIHY PEYOBHMH Y MO3KY a00 3a BIUIMBY PI3HOMaHITHHX (hakTOpiB Ha opraHi3M. BurbmiicTs
HMKA — tpancmeMOpanHi OLIKH, SIKi JIMIIE OXHHH pa3 INepeTHHAIOTH IUIa3MaTHYHy MeMOpaHy; BHYTPIIIHBOKIITHHHI JIOMEHH MAalOTh Pi3Hi
PO3MipH Ta, BBOXKAIOTh, III0 BOHK OEPYTh y4YacTh Y 3B’sI3yBaHHI 13 IATOCKENIETOM a00 y KIITHHHIHN nepenadi curaany. OTpuMaHi JaHi B Ha-
LIOMY JIOCHI/DKEHHI He [0Ka3aiyd BaroMoro edeKTty afpeHasiHy npH yBeAeHHi mypam (i mkipy) y mo3i 0,45-0,60 mr Ha urypa omuH pa3
Ha 100y npotsiroM 10 i0 1110710 po3IoiTy acTPOLHT- i HeHpOoH-crelMdivHNX JOCTIPKYBaHUX MPOTEiHIB Ta iX KOHIIGHTpALil y Pi3HHX BiI-
IiJIaX TOJIOBHOTO MO3KY IIypiB, 10 MOKe OyTH MOSICHEHO KOPOTKUM YacoM ii aapeHaniHy. OnHopa3oBe 30UIBIICHHS 03K aIpeHANIHY Ha
(hOHI XPOHIYHOT'O BIUTUBY 3yMOBIIFO€ 3HIDKECHHS 3arajbHOTO MyJIy MEMOPaHHUX OLITKIB Y MO3KY IIypiB.

Kmouoei cnosa: anpeHalin; Kopa BEJIMKHX MiBKYJIb; TiNOKaMIT; Tajlamyc; nporein S-100b; HMKA

Short-term effect of adrenalin on S-100b and N-CAM level
in the different rat brain areas

Y.P. Kovalchuk, O.0. Dovban, A.M. Kanga, G.A. Ushakova
Oles Honchar Dnipropetrovsk National University, Dnipropetrovsk, Ukraine

The level of adrenalin grows under stress conditions, sense of danger, anxiety, fear, trauma, burns and shock. In high concentrations
adrenaline increases the speed of protein catabolism. Working through the circulatory system, adrenaline affects almost all the functions of
organs, causing the body mobilization to counter stressful situations. Due to ELISA the astrocytes-specific protein (S-100b) and neural cell
adhesion molecule (N-CAM) were studied. S-100b is produced mainly by astrocytes in the brain and depending on the concentration it
causes trophic or toxic effect on the neurons and glial cells. Strong stress and ischemia induce re-distribution of calcium-binding protein
S-100b and elevation of its level. Quantitative changes of S-100b under the influence of various factors on the body which lead to the
metabolic disorder in the brain are considered today as a sign of brain damage (cortical, ischemic one, etc.). Fluctuations in the concentration
of S-100b in the brain are not always accompanied by marked deterioration of the physical condition of animals, but they can also lead to a
number of violations of integrative functions of the brain depending on over-production of this protein. Most N-CAM are transmembrane
proteins that cross the plasma membrane once; intracellular domains have different size and it is thought they are involved in binding to
cytoskeleton or cell signaling. Violation of N-CAM functions leads to disruption of nerve sprouts. Data obtained in our study showed no
serious re-distribution of S-100b and N-CAM level in the different areas of rat brain (cerebral cortex, hippocampus and thalamus) under
effect of adrenalin administered to the animals (under skin) in dosage of 0.45-0.60 mg per rat, 1 time per day during 10 days, probably
because of the type of injection and/or short time of adrenalin action. Increased dosage of adrenaline 1 hour before decapitation leads to the
decrease of level of total protein in membrane fraction extracted from brain tissue without changing the level of S-100b and N-CAM.

Keywords: adrenalin; cerebral cortex; hippocampus; thalamus; S-100b protein; N-CAM
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Beryn

Jist anpeHanidy noB’si3aHa i3 BIUTMBOM Ha 0~ 1 B-apeHo-
peuentopyu Ta 6araTo y 4oMmy 30ira€Thbes 3 eeKTamu mopy-
IIEHHS CHMIIATHYHAX HEPBOBUX BOJOKOH. MOro cekperis
PI3KO MiJIBHIILYEThCS 4Yepe3 CTPECH, BLIUYTTS HeOe3IeKH,
TPHUBOTH, CTPaxy, TPaBM, OITIKiB i IIOKOBUX CTaHIB. Y BHCO-
KNX KOHLIEHTPALISX apeHaiH MOCHIIOE KaTabomi3M OiJIKiB.
Hiroun yepe3 cucreMy KpoBOOOIry, aJpeHaiH BIUIMBAE
MIPaKTHYHO HA BCi (DYHKIIIi BCIX OpraHiB, y pe3yybTaTi 4oro
MOOLTI3YIOTECS CHJIM OpTraHi3My OO MPOTHIii CTPECOBUM
CHTYAIIisIM.

S-100b — xampmif-3B’s3yBaJbHUNA TPOTEiH HEPBOBOI
TKaHWHH, 3IaTHUH YTBOPIOBATH IMMEpH, YIEpLIe BHUsBIIC-
Huii Mypom (Beharier, 2012). 3a nanumu Mypa, Morexy-
JISIpHA Bara LbOTO MpoTeiHy nopiBHIOE npuoim3Ho 20 k/la.
[potein S-100b po3rismaroTh SIK OAWH i3 BY3JIOBHX MOJIE-
KyJSIPHUX KOMIIOHEHTIB CKJIJHUX BHYTpIIIHHOKIITHHHHX
cucteM, siKi 3a0e3nedyloTh (YHKI[IOHAJIGHHH TOMeocTa3
KJTITHH MO3KY LUISIXOM CIIOJy4YEeHHS Ta IHTerpaii pizHHX
KabIlii-3a1eKHIX MeTabomiyanx mporeciB. S-100b Gepe
y4acTh y peryJsLii roMeocTa3y sk acTPOLIMTIB, TaK i HEPBO-
Bux kiituH (Sorci et al., 2010). ¥V maboparopii P. Jonato
TIpOBeIEHO PoOOTH, sIKi oKa3aiy, mo S-100b 6epe ydacts y
perymmii Garateox mporeciB (Donato et al., 2009). Ik
BHYTPIIIHBOKIITHHHINA perymsatop S-100b Gepe ywacts y
peryisiii  eHepreTM4HOro Meradosi3My, TPaHCKpPHIILL,
(ochoprmoBanHi OUIKIB, nposidepanii KIiTHH, BIKUBaHHI,
qudepenmianii Ta pyxamBocti, y miarpumanni Ca®” romeo-
CTasy, B3a€EMOJIIIOYM i3 HIMPOKUM CIEKTpoM OuIkiB (ep-
MEHTaMH, cyOcTpartamMu (epMEHTIB, IUTOCKEICTHUMH Yac-
THHAaMH, JIOTIOMDKHUMH/aJANTePHAMH OLTKaMH, TPaHCKPHII-
miffHIME (aktopamu, yOikBiTiH E3 nira3oro, ioHHIME KaHa-
JJaMH) B OOMEKSHHX THTIaX KIITHH. SIK TO3aKITITHHHUA CHT-
HanmbHUE enemeHT S-100b Oepe ydacTe y po3mizHaBaHHI
penenTopiB, peenTop s TIIIKePYBaHHS KiHIIEBUX MPOIYK-
1iB (RAGE), 5K Ha IMyHHUX KJITHHAaX Tak i HA HEWPOHHAX,
acTpolMTax 1 KITHHAX MIKPONIl, CYAMHHHMX DJIaJKUX
M’S30BUX KJIITHHAX, CKEJICTHHX MiOOjacTax i Kapiiomio-
mutax. I Bce %, RAGE He Moke OyTH €TUHUM PELICTITOPOM,
mo axtuBye S-100b. binok 3maTHWI MiABMIYBaTH CUTHA-
mizaniro bFGF-Fgfrl, B3aemogitoun 3 FGFRI1-38’s3aHMM
bFGF y neskux Tumax KIIiTHH.

Mozaxnituaai edektn S-100b BapirolOTh 3aICKHO Bif
Horo JIOKabHOI KOHIIGHTpAIli. 3’SBISETBCS BCE OLTBIIE
JOKa3iB TOro, mo KoHmeHTpamis S-100b MicTUTBCS B
MO3aKTITHHHIN PiIHI B HOpMaJIbHUX (Di310T0TIYHAX yMOBax
1 JIOKAJIBHO TIIBHIIYETHCS Y Pasi TOCTPOi TPaBMHU TKaHWHH,
takuM 4nHOM S-100b mepenae tpodiuni epektH y IeH-
TpaJibHy Ta mepuepuuHy HEPBOBY CHCTEMY, CKEJICTHY
M’S130BY TKaHHHY, IAITPUMYIOYH TKaHUHHUI TOMEOoCTas.

Y mo3ky S-100b mpomykyeThcsi TOJIOBHMM YMHOM acT-
POLIMTAMHU Ta 3aJIEHO BiJ KOHIEHTpalil YMHUTH TpodiduHy
a00 TOKCHYHY A0 Ha HEHPOHH Ta IITiAJIbHI KIITHHU.

Y MIKpOMOJSIPHUX KOHIICHTpAMisSX MO3aKIITHHHUA S-
100b y dopmi romo- Ta reTepoauMepy MOXKe MaTh eeKTH
HEHPOTOKCHHY UTS HEHpPOHIB Ta TIii, iHAYKYIOUH SIK amlol-
TO3, Tak 1 Hekpo3 kiitiH (Hu, 1997; Lam, 2001; Bianchi,
2007). S-100b 3maTHMIT MOCKITIOBATH €KCIPECII0 iHTEepIIei-
kiny-1 (IL-1) Ta iaTepnetikiny-6 (IL-6) y Mikpormii Ta Heii-
pOHax, II0 MOXKE CIPUYMHIOBATH IMATOJIOTIYHI 3MiHU Bia-

cruocreil verponiB (Li, 2000; Liu, 2005). Ilpn ypaxkeHHi
TOJIOBHOTO MO3KY CIOCTepiraerhcs 3poctanHst piBas S-100b
(Kochanek et al., 2008). Konupanus konrentparii S-100b y
MO3KY HE 3aBXKIU CYIPOBO/DKYIOTBCS TOMITHUM TIOTipIIEeH-
HAM COMATHYHOTO CTaHy TBapHH, ajie OJHOYACHO MOXYTh
BUHHKAaTH PI3HOMaHITHI MOPYIIEHHS IHTETPaTUBHOI (QyHKIIT
MO3KY, 3aJIC)KHO BiJT CTYTICHSI TIIEPIIPOIYKIIIT ITOTO MPOTEiHY.

Heiiponansaa Monekyna xtitnaHoi anresii (HMKA) Ha-
JIKUTH JIO BEITMKOI HAPOAWHU IMyHOIJTIOOYITiHIB, OUTBIITCTE
TIPENICTABHUKIB SIKOi OEPYTh y4acTh B OpraHi3arlii MiXKKJTiTHH-
HHUX KOHTAaKTiB a/I'€3WBHOIO THITY. 32 CBOEIO XIMIYHOIO IPH-
PpomIor0 HelipoHANTbHA MOJIEKYJIa € TOMO(UTEHAM TIIKOIPOTE]-
HoM. binbmmricts HMKA — tpancmemOpanHi Oinkw, sIKi JIvIe
OJIMH pa3 MEpeTHHAIOTh IUIa3MaTH4YHy MeMOpaHy; BHYTpIlll-
HBOKJIITUHHI JIOMEHH MAOTh Pi3HI PO3MIPH Ta, SIK BBKAIOTH,
OepyTh y4acTh y 3B’SI3yBaHHI 13 IIMTOCKENECTOM abo B
KJIiTHHHIA niepenadi curHany (Sheng, 2015). Omna i3 dhopm
HMKA He mepernHae Iuia3MaTtHuHy MeMOpaHy Ta
TIPUKPIIUTIOETBCS. 10 HEl 3a paxyHOK Diiko3uidocdarimm-
iHo3iTOIy (['®I), sIKMit «3asKOprOE)» HaHy (HOopMy B MEMOpaHi.
Iama ¢opma HMKA — cekperopHa, MoXke BKIFOYATHCS Y
mozakmiTiHANA Matpukc. [lopymenns ¢yrkmin HMKA
3YMOBIIIOE PYHHYBaHHS HEPBOBUX BIIPOCTKIB, 8 TAKOXK Tallb-
MYBaHHS POCTY BIiJPOCTKIB HEPBOBHX KIITHH, SIKI MPHKPIM-
JIOOTBCSL OJIMH JI0 OJJHOTO 3 YTBOpPEHHsIM IydkiB (Sytnyk,
2001). BuBueHHs 1bOTO THITY OLIKIB — JIOCTATHBO BaXKJIMBE
NIMTAaHHS, OCKUIBKM JIO3BOJISIE BH3HAUUTH IX pOJb Y
(hopMyBaHHI HEPBOBOI CHCTEMH (OCOOJIMBO Mijl Yac CHHAI-
TOTeHE3y) Ta BUKOPUCTOBYBATH iX SIK CIIELM(IUHI MapKepH
HH3KU 3aXBOPIOBaHb HEPBOBOI CHCTEMH ((OKANBHOI imemii
Tomo). be3yMOBHO, ICHYIOTH BIIMIHHOCTI PO3BHTKY
TIPOLIECiB TIOMIKOPKSHHS MO3KY TPHU3YHIB Ta IPHMATIB, IIPO-
Te 6araTo CHUIBHUX PHC JO3BOJISIOTH ITIEBHOIO MIpOIO EKCT-
paroJroBaTH J1aHi €KCIIEPUMEHTIB Ha PO3YMIHHS KJIITHHHHX
MEXaHi3MIB imlemii y BHIAAKY IHCYJIBTY B JIFOAUHU
(Edelman, 2004).

OnuH 13 (akTopiB pU3UKY 3MIHM KPOBOHAIIOBHEHHS CY-
JIMH 1 KarsIpiB — KOHLEHTpALlisl ajpeHaiHy B KpoBi. Tomy
MeTa CTarTi — OLIHUTH KOPOTKOTPHUBAJIMIA BILIUB a/IpeHAIIHY
(omHOTO 13 (DaKTOpIB PH3MKY PO3BHUTKY imlemii MO3Ky) Ha
3arajibHUHN Iy [IMTO30JIbHUX 1 MEMOpaHHHX OIKIB, piBEHb
actporut-cnenugiyaoro 6inka S-100b i HelpoHaIbHOT MO-
JEeKyNM KIITAHHOI aaresii y pi3HMX BIAIIAX TOJOBHOTO
MO3KY HIypiB.

Marepian i MeToau 10CTiTKEHD

Y poboTi BUKOPHCTaHO MO30K 24 TOpOCIMX HIypiB JiHil
Bicrap Baroro 150-190 r, sSKuX TOIUTHIN HA YOTHUPH TPYIH
(n = 6). I rpynma — xouTpomsHa, 18 TBapuHam II-IV rpyn
npotsiroM 10 1m0 yBOIWIM MiAUIKIPHO aapeHAITIH: Iepiina
no6a — mo 0,33 mu 0,18% po3uuny, apyra — choMa — 10
0,25 M1, BockMa — jgecara jgoda — mo 0,33 M KOXKHIMH
TBapuHi. [lepury (KoHTpONIBHY) Ta Apyry (6 TBapHH, SKi OT-
pumyBain aapeHanid, Aap(X)) rpyny BHBEIH 3 €KCIIEpH-
MEHTY TICII 3aBepIICHHs iH €Kil aapeHamiHy. Tperio Ta
4yeTBepTy rpymu TBapuH JikyBamu KopsituHoMm (Bopima-
TIBCBKHMH XiMiKO-(hapMalleBTHYHUH 3aB0J, YKpaiHa) IpOTs-
roM 6 J1i0 3a cXeMoro: Tiepia 100a — 25 Mr Ha TBapuHy, IpyTa —
Tpers noba — mo 17 mr, 4eTBepTa — miocTa 100a — 1Mo 8 Mr.
Iepen nexamitamiero TBapuHaMm 111 rpymu yBommmm ynapay
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no3y anpeHaminy (Azp(O), 0,5 mmn 0,18% pozumHy
anpeHaniny). Excriepument mposeneHo 3rimHo 3 «llomo-
JKEHHSIM TIPO  BUKOPHCTaHHS TBapHH Yy OiOMeIUYHHX
nocmimax» (ETvka jikaps Ta mpaBa JFOIMHH: TOJIOKCHHS
PO BUKOPHUCTaHHS TBapuH y OloMenyHuX focmigax, 2003).
HarpukiHii eKcriepuMeHTy TBapHH JIeKaliTyBaIH i cial-
KUM Hapko3oM (i3odurypan). [3 Mo3Ky BUALISIM TP BiAinm:
KOpY BEJIMKHX ITiBKYJb, TaJAMYC Ta TilIOKaMII, sKi y TO-
JATBIIOMY BUKOPHCTOBYBAIM JJII OTPHMAHHS IUTO30JIBHOL
Ta MeMOpaHHOi (pakiii OimkiB 3a momomororwo Jwde-
peHiiiHOTO TIeHTpH(yTyBaHHS ToMoreHary (Fomenko et al.,
2011). Buxiguuii 0ydep mictus tpuc — 0,25 MM (pH 7,4),
ernneraiamiaterpaorner (EJTO) — 1 MM, muriotpeiiton —
2 MM, deninvmeruncynbponindTopun (PMCD) — 0,2 MM,
asun Harpito (NaN;) — 3 MM (Bkazani peareHTtu Oyin
npundani y Sigma, CILIA). MemOpaHHi OlIKH eKCTparyBaiu
3a poromoroto TputoH X-100 — 2% y BuxizHOMY Oydepi.
PiBeHp 3araigpHOTO MpoTEiHy B OTpUMaHUX (DpaKmisix BU3HA-
yai MetosoM Bradford (1985) 1 Bupaskanu y Mr/mir.

Bwumict S-100b y Kopi BeIMKHX MiBKYJb, TaJaMyci Ta
TiMOKaMIIl BU3HAYAJIH 3TiIHO 3 METOIANKOI KOHKYPEHTHOTO
TBepHo(a3zHOro iIMyHO(DEPMEHTHOTO aHaNi3y 3 BUKOPHCTAH-
HSIM MOHOCTICHM(IYHHUX TOJIKIOHAJIBHUX AHTUTLI IPOTH
S-100b (Sigma, CIIIA) Ta BiAINOBIIHOIO OYHIIEHOTO
npoteiny S-100b (Sigma, CIIA) sik cranmapty (Hro, 1998).
KinbkicHe BH3HA4YEHHSI HEHPOHAIBHOI MOJICKYJIM KIIITHUHHOL
anresii TPOBOMIIN TAKOXK 3TIIHO 31 CTaHAAPTHOIO METOAM-
koo IMDA 3 BUKOPHUCTaHHSM BIIMOBIIHUX AHTHTLI MPOTH
HMKA (oTprmMaHHMX y Hamii jJabopaTopii) Ta OYHILEHOTO
HMKA sk crangapry (Protein Lab, Konenraren, [lawis).
OTprMaHi pe3yJbTaTd BUMIPIOBATM 3a JOMOMOrow IDA-

pinepy Anthos 2010 (Dinnstuzist) 3a JOBXKHUHA XBUIT 492 HM.
Kinbkicte HMKA Ta S-100b Bupaxcanu B MKr Oijka Ha
100 Mr TkanuHU. CTaTUCTUYHY OOpPOOKY pe3yJbTaTiB Ipo-
BEICHO 13 3acTocyBaHHsM t-kputepito  CThrOJCHTA.
JocroBipHrMY BBaKau BigMiHHOCTI 3a P < 0,05.

Pe3yabTaTn Ta ix 00roBopeHHs

Pesynbratit anaiizy B OTPUMaHHHX (PaKIisIX MO3KY
LIypiB NMOKAa3aJIH, 10 P BBEACHHI aJpeHaIiHy Hi/JIIKIPHO B
no3i 0,45-0,60 mr Ha TBapuHy | pa3 Ha m0o0y mpoTsATOM
10 mi0 BIpOTiAHMX 3MIH 3aralbHOTO Yy ITUTO30JIBHHIX
MIPOTETHIB y JOCTIPKYBAaHUX BiIUILIAX MO3KY IIypiB HE Bif-
OyBaioch (puc. 1). Y mypiB KOHTPOJIBHOI TPYIH BMICT 3a-
TalbHOrO MPOTEIHY B LUTO30JbHIN (pakuili, oTpuMaHiii 3
KOpH BEJTUKHX MiBKYIb, cTaHOBUB 2,82 + 0,30 mr/m, rimo-
kamma — 3,09 + 0,61 mr/mi, tamamyca — 4,71 £ 0,62 mMr/mi.
3a YMOB OJJHOPa30BOrO BILIMBY aJipeHaniHy npotsiroM 10 ni6
y TIMOKaMITi BCTAHOBJICHO TCHIICHIIIIO J0 3MCHIICHHS PIBHS
3arajbHOTO MPOTEiHY, a y TalnaMyci BiJMIYEHO TEH/IEHILIO 10
30UIBIICHHS PIBHS 3arajIbHOTO ITyJTy IMTO30JIbHUX MPOTEiHIB,
aIe 11i BiIMIHHOCTI He JOCTOBIpHI, OCKUIBKM BMICT TIPOTEiHIB
KOJIMBABCsI y MIMPOKOMY [Tiama3oHi. 3a BBeAeHHS KopiTuHy
(aHTHOKCHIAHTHOTO Tiperiapaty) micist 10-mo0oBoro BILTHBY
aJpeHaniHy B yKa3aHiil BHIE 031 CIOCTEpIraid TUIbKH
TCH/ICHINII0O KOJMBAHHS PIBHA 3arajJbHOrO IPOTEIHY ¥
JOCTIAHUX BUIITaX MO3KY B MeXKax HOpPMaJbHOI Bapiarii
TIOPIBHSTHO $IK 13 TPYIOIO TBApHH, SIKUM YBOIWJIM aJ[pEHaITiH,
TaK i 3 KOHTPOJILHUMH TBAPUHAMH.

8 B KoHTp 016
7 2 B AIp.
HAap (oK
6 1 Axp(x)+K
5 -
=
2
20 I I
B 3-
2 -
1 -
Qo T T
Kopa Timoxkanmm Tamamyc

Puc. 1. PiBenn 3aranbHoro npoteiny (31I) y nuro3obHuX ¢pakuisax, OTpUMAaHMX i3 pi3HUX BigaiaiB
rOJIOBHOT'0 MO3KY HLIYPiB: KOHTPOJIb — KOHTPOJIbHI TBAPUHH, SIKI OTPUMYBAIIH MIMIKIPHO (i310I0TYHUIA PO3UMH
npotsiroM 10 ai6, Anp. — oTpuMyBaIM MiAMIKIPHO afpeHaliH OJuH pa3 Ha 100y y 1o3i 0,45-0,60 mr npotarom 10 ni6;
Anp(0)+K — oTpuMyBanu miAMKipHO apeHalTiH Ta B OcTaHHi JHi 1ie i KopBiTuH, i3 101aBaHHAM yIapHOI 1034 apeHalliHy
Ha OCTaHHbOMY JHI eKcriepuMeHTy; Anp(x)+K — oTpumyBanu niAmKipHO afgpeHalid Ta B ocTaHHi JHi e 1 KopsiTun; n =6

JocnipkeHHst 3arajbHOro Mmysly MEMOpaHHHX MPOTETHIB
y MO3KY TBapHWH BHU3HAYMIO TCHACHIIIO JUI BCIX BIUIUIIB
MO3KY. ¥ TiIOKamIli KOHTPOJILHUX TBapHH PiBeHb MPOTEiHIB
y MeMmOpanHiii ¢pakuii cranous 2,3 mr/mia (puc. 2). 3a
YMOB yBE/ICHHS a/IpeHalliHy OJIMH pa3 Ha 100y y no3i 0,45—
0,60 Mr Ha TBapuHy mpotsrom 10 mio (rpyma Amp (X))
piBEeHbP MEMOPaHHHX HPOTETHIB JOCTOBIPHO HE 3MIHMUBCS. Y
pa3i IoAaTKOBOTO 30UTBIICHHS MO3W aIpeHaniHy (rocTpe
yBeZeHHs1) y 1031 0,9 Mr Ha TBapHHY Tepes AeKariTaIli€ero Ha
i Aii agpeHaniny mporsarom 10 ni6 ta xii Kopsituay (Anp

(O) + Kop) cnioctepiraiu BiporiTHe 3MCHIIICHHS PIBHS MEM-
OpaHHUX OUIKIB y NaHii CTPYKTYpi MO3KY MOPIBHSIHO 3 KOH-
TPOJILHOIO TPYIOK. Y pasi aJpeHATIHOBOrO HABAHTA)KCHHS
npotsaroM 10 mi6 (6e3 30LIbIICHHS 103M) 332 OJHOYACHOI'O
BUKOPHCTAHHS TEpalleBTUYHOrO yBeneHHsS KopsiTuHy
JOCTOBIPHHUX 3MiH 3arallbHOTO ITyJTy MEMOpaHHMX OUIKIiB Y
rimokamii TIypiB He 3apeecTpoBaHO. [lomiOHY TeHAEHIIIIO
TaKOXX TIOMI9€HO y KOPi BEJMKHUX IIBKYJb Ta TaJaMycCi.
[oxo pieus S-100b mpoTeiHy, TO y KOHTPOIBHIH Tpymi
IIypiB Yy KOPi BENMKHX MiBKYJIb BMICT [aHOTO TIPOTEIHY
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cknagas 0,13 £ 0,010 mkr/100 Mr TKaHUHH, y TilOKaMIi —
0,10 £ 0,006 mxr/100 mMr TkanuHu, y Taisamyci — 0,11 =+
0,010 mkr/100 Mr TkanunM (puc. 3).

VY rimokammi Ta Tamamyci 3a YBEACHHS aipeHaliHy
migmkipHo B 1031 0,45-0,60 Mr Ha TBapuHy OIMH pa3 3a
100y mpotsiroM 10 1106 MOMIYEHO TEHICHITIO IO 3HMKCHHS
piBust S-100b, BMICT AaHOro NHpOTEiHY B TiMOKamImi — Ha
piei 0,08 = 0,02 Mkr/100 mMr TkaunuHY, y Tamamyci — 0,10 £
0,01 mxr/100 Mr TtkaHWHHM, ame BigMIiHOCTI Oymm He
JOCTOBIPHIMH, OCKLUTBEKH BMICT S-100b mpoTeiny koimBaBcs

311, mr/nu

B Me)Kax HOPMAJIbHOI Bapiarlii. Y MO30YKy TaKOX 3a3Ha4eHO
TITBKK TEHJEHIIIO /10 30uibiieHHs piBHs S-100b mpoteiny
3a yMOB yBeneHHs1 aapeHaniny. Kopsitua micns 10-1060-
BOTO BIUIMBY aJIpeHaliHy B yKa3aHii BHIIE 7031 TaKoX He
BHUKJIMKaB BIpOTiZHOTO 3HIKEHHs piBHS S-100b y kopi Be-
JIMKUX MIBKYJIb MOPIBHSHO 13 TPYNOIO TBapHH, SKUM YBOH-
JU aJpeHaTiH. Y TiMOKaMIli Ta TajaaMyci JOCITiPKYBaHHX
TPyl TBapHH BIpOTIHUX 3MiH KoHUEHTpalii S-100b Takox
He croctepirany (BimOyBammcs xonmBaHHA B Mexkax 0,10—
0,15 mMxr/100 Mr TKaHUHWM).

limoxamn

KoHTp o

Axp(X)

Aap(OytKops  Aap(X)+Kope

Puc. 2. Piens 3aranbnoro nporeiny (3II) y MemOpanHux ¢pakuisix, OTpMMaHMX i3 rinokamna
BeJIMKUX NiBKYJIb MO3KY LIYpPiB: Ha3BU IPYII TBAPHUH AUB. puc. 1; n = 6; * — P < 0,05 BITHOCHO KOHTPOIIIO

0,08
0,06

0,04

S-100b, Mxr/10{0 M TKAHHHH

0,02

B KoHTpo.H
B AAp(X)
= Aap(O)+Kops

AapX)+Kope

Kopa

Tinokamm

TamamMyc

Puc. 3. Pisens S-100b npoTeiny B HHUTO30JbHHX (ppaKLisiX, OTPHMAHUX i3 Pi3HUX BifIiIiB ro;J10BHOI0 MO3KY LIYpiB:
Ha3BU IPYMII TBAPUH JUB. puc. 1; n =16

3riiHO 3 OTPUMAaHUMU PE3YJIBTATAMH JOCITIDKEHHS MO3KY
LIypiB MOKa3aHo, IO Jyisi KOHTPOJBHUX TBApUH pPIBEHb
HEHPOHAILHOI MOJICKYJIM KIITHHHOI anre3ii B MeMOpaHHiiH
(pakuii rinokamma ckinaB 62 Mkr/100 Mr Tkanunu (puc. 4).
3a BIUTHBY aJipeHAIiHY OJIMH pa3 Ha 100y y 103i 0,45-0,60 mr
Ha TBapuHy npotsiroM 10 1i6 (rpyma Anp (x)) piseas HMKA
HEJIOCTOBIPHO 3MeHIyBaBcs J0 57 Mkr/100 Mr TKaHWHH.
VY BHIAJKyY JOIATKOBOTO 30UTBIICHHS JIO3U apeHATiHy (Toc-
Tpe yBemeHHA) y nmo3i 090 Mr Ha TBapuHy Tmiepen
nekamitamiero, ane Ha i i Kopeituay (Anp(O)+Kop)
JIOCTOBIPHHX 3MiH PiBHS MeMOpaHHOI (opMU HEHPOHAIBHOL
MOJIeKYJI KJITHHHOI anresii B JaHIM CTYKTypi MO3Ky He
CIIOCTEpiraiy TMOPIBHAHO 3 KOHTPOJIBHOIO TPYHOM. Y pasi
aJIpeHATIIHOBOTO HaBaHTaKeHHA mpoTsroM 10 mid 3a omHo-
YaCHOTO TEpareBTUYHOrO yBeieHHs KopBiTHHY piBeHb

MeMOpaHHOI HEHpOHAIBHOI MOJNEKYNIM KIITHHHOI ajresii B
rifoKamIi [ypiB OyB MiIBUILCHUII TOPIBHSIHO 3 KOHTPOJIb-
HOto rpymoro TBapud (77,7 = 1,5 mxr/100 Mr TKaHWHK).
[NoniOHY TEHIEHII0 TaKOXK CHOCTEPIraii Iyl KOPU BEJTHKHX
TBKYJIb 1 TaJlamyca.

OtpumMani J1aHi BKa3yroTh, 10 33 YBEACHHS aIpeHAIIIHY
migmkipao B 1031 0,45-0,60 Mr Ha TBapHHY OJMH pa3 Ha
100y mpotsiroM 10 10 piBeHb 3araJibHOTO IyJIy HPOTEIHY
IUTO30JIFHOT Ta MEeMOpaHHOI (ppaKIliif i3 JOCITIIHKYBaHMX
BIZIIUTIB TOJIOBHOTO MO3KY IIyPiB CYTTEBO HE 3MIHIOETBCAL.
VY pasi 1oJaTKoBOTO 30UIBIICHHS 1031 apeHaniny 1o 0,9 mr
Ha TBapuHy Tmiepen Aekamitaimiero Ha T mii Kopsituay
CIOCTEpIraeThCsl 3HAYHE 3MCEHIICHHS pPIiBHA MeMOpaHHHX
OUIKIB y BCIX IOCHIKYBaHHX BiIIiIax MO3KY ITOPIBHSHO 3
KOHTPOJIBHOIO Tpymoro. PiBens S-100b npoTeiny nocToBipHO
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HE 3MIHIOEThCS Y PI3HUX BiJUIUIAX TOJIOBHOTO MO3KY TBApUH
Y YBEICHHI afjpeHalliHy y BHIIe3a3HaYEHIN 1031, III0 MOXKe
OyTH TOSICHCHO THIIOM iH €Kil Ta KOPOTKUM TIEPioJIoM il

90 +
Timoxkanmm

HMEKA, Mxr/100 M TRAHHHH

anpeHaniny. Pisenp HMKA HemZoCTOBIpHO 3MEHIIYETHCS Y
MO3KY IIypiB, ajlle TaKke 3HKCHHS HEe KPUTUYHE U1 BHKO-
HaHHs (QYHKIIH Y JOCTiIKyBaHHHUX BIJUTIJIaX MO3KY.

Amp(X)

KoHTpom

Amp(O)y+Kops  Aap(X)+Kope

Puc. 4. PiBennb HeiipoHaabHoi MoJiekyan KiaiTunHoi aaresii (HMKA) y memOpanniii ¢ppaxuii 3 rimrokamna Mo3Ky 1ypis:
Ha3BH TPYII TBAPUH quB. puc. 1; n = 6; * — P < 0,05 BiIHOCHO KOHTPOITIO

Huni npoBeneHo Gararo nocmimkeHb moao S-100b sk
MapKepa IIIeMiYHOTO TOMIKODKEHHS MO3KY, IO Mae Ipo-
THOCTHYHE 3HAa4eHHsA. TOMY BeIMKa KUIBKICTh IyOJiKarlii
MIPUCBSYCHA OIIIHIOBaHHIO Kopersimii piBHiB S-100b i3
KJIIHIKO-HEBPOJIOTIYHIM OOCTE)KEHHSIM 1 OIIHIOBaHHSIM 00-
ciary iHdapkry. PiBerp S-100b y mikBOpi migBHIIyeTHCS 3a
YMOB CyJMHHUX MO3KOBHUX molkomkeHb (Lamers et al.,
1995) i kopemoe i3 po3mipoM iH(GAPKTY Ta KIIHIYHUM pe-
symeratoM  (Wunderlich et al., 1999). 306inbiieHHs
KoHIeHTpanii S-100b miciist rocTporo imemMidHOro iHCYIbTY
Jocsirae MakcuMymy uepes 2—3 noou (Elting et al., 2000). 3a
JaHUMHU  Jochipkens  Bottiger et al.  (2001) micns
THOKCHYHOTO YIIKOKCHHS MO3KY Y Pe3yJbTaTi 3yNMUHKH
cepirst koHreHTparist S-100b mocsrae miky B iHTepBaii 2—24
roaunu. [Ipu yka3zaHux xBopoOax BinOyBaeThcs 3MiHA PiBHSA
S-100b y pasu. Ase oTpuMaHi HaMH JaHi BKa3ylOTh Ha Te,
0 KOPOTKOTPHBAIMI BIUIMB aApEHANIHY HE IHIYKYyE
CYTTEBOI 3MiHM METa00JIi3My BKa3aHHOTO MPOTEIHY B MO3KY
UIypiB, X04a 3a JAQHUMH CJICKTPOKAPIOrpaM y JOCIIIHUX
TBapuH OYJIM 3apeeCTPOBaH] O3HAKHM PO3BUTKY ilIEMii cepis
32 YMOB BUKOPHCTAHHOTO IIPOTOKOJTY BILUTHBY aJpEHANIHY.

Ionepenni mocmimxenns (Tur et al., 2013) B excriepu-
MCHTAIBHIM MOJIENi IIEMIYHOi KapiomnaTii TOKa3aiH, II0
TpHBaJIa IIeMisl IPOBOKYE TiMepeKcIpecito i3odopmu Oinka
HMKA-140. Ilpuryckaerbesi, 110 AaHHUAN MPOTETH MOXKE
BUCTYIIATH  1HAYKTOPOM  aJr€3MBHO-ONOCEPEIKOBAHOTO
KIITHHHOTO CHTHAIy Ha TICBHI TOPMOHAIBHI CTHMYIIH, aje
TUTBKY 32 TPUBAJIOTO ITiABUIICHHS KOHIICHTpAIIl apCHATIHY.

BucnoBkn

3a YMOB KOpPOTKOTPHMBAJIOIO BIUIMBY aJpeHaliHy (M-
wikipHoi iH’ekuii) 0,45-0,60 Mr Ha TBapuHY OIMH pa3 Ha
100y npotsirom 10 116 He BiAOYyBa€eThCsl CYTTEBOI 3MIHU PO3-
TIOALTY KaJIbLIiH-3B’s3yBaJIbHOTO TpoTeiny S-100b y Mo3ky
LIypiB, ane iHIYKYEThCS HE3HAYHE 3MEHILECHHs KOHIIEHTpa-
1l HEHpOHAIBHOI MOJIEKYJM KJIITHMHHOI ajiresii y pi3HHX
BiZIIiJIaX TOJIOBHOTO MO3KY IMypiB. 3aCTOCYyBaHHS aHTHOK-

cupanTHoro npenapary KopBituHy 3amobirae xaradosizmy
BKa3aHUX TMPOTETHIB 32 XPOHIYHOI 1il agpeHainy. Xapakrep
YBEICHHS aJpeHaNiHy (IJIIKIpHO) Ta TPHUBAIICTH HAIIB-
JKUTTS JAHOTO TOPMOHA HE JAIOTh MIATIPYHTS JUISL CYyTTEBOIO
BIUTHBY Ha PiBEHb JIOCTIIHIX IPOTETHIB Y MO3KY IIIypiB.
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Biochemical mechanisms of skin radiation burns inhibition
and healing by the volumetric autotransplantation
of fibroblasts and of keratinocytes with fibroblasts composition

L.V. Altukhova, K.V. Kot, Y.G. Kot, K.S. Morozova, Y.E. Persky
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

Mechanisms of influence of volumetric autotransplantation of fibroblasts and of the mixture of fibroblasts and keratinocytes on the
development of the local 3rd degree X-ray burn and the radiation skin ulcer in guinea pigs were investigated. We used deep administration
into the irradiation zone on its perimeter of 6 doses, which contained (150-160)x10° fibroblasts and (130-140)x10* keratinocytes in 100 pl.
It is shown that this autotransplantation carried out 1 hour after the irradiation, and then every 24 hours, reduces the area of burn on the 35th
day, compared to the control by 63%. Radiation ulcer appears on the 10th day after irradiation and is completely healed on the 25th day.
With the same regimen of administration of only fibroblasts containing (200-210)x10° cells in 100 pl, these parameters of treatment were
equal to 31% on 4th and 35th day, respectively. It is shown that as a result of radiation in the area of burn the level of gene expression of
collagen types I and III, elastin, fibronectin, vinculin, decorin, hyaluronan synthases 1, 2, 3, matrix metalloproteinases 1, 2, 3, 7, 9 and
hyaluronidase is reduced. Besides, in the burn area the level of gene expression of transforming growth factor a, fibroblast growth factors 1,
2, 8 and anti-inflammatory cytokines — interleukin 10 and transforming growth factor-p1 — is reduced, while the level of gene expression of
proinflammatory cytokine (interleykin 1B) increases. Both types of autotransplantation cause the growth of the expression level of all the
structural genes and regulatory proteins of biopolymers and decrease in the expression level of interleukin 1B, which leads to activation of
tissue regeneration and healing of the burn wound. Reasons for the higher efficiency of autotransplantation using the mixture of fibroblasts
and keratinocytes compared to autotransplantation by fibroblasts only are both the larger total number of live cells regularly replacing dead
cells in the burn area, and mutual stimulation of auto-fibroblasts and auto-keratinocytes to proliferate and to synthesize biologically active
substances, i.e. cytokines and growth factors.

Keywords: radiation burn; radiation ulcer; fibroblasts; keratinocytes; volumetric transplantation

buoxumMuyeckue MexaHu3Mbl HHTHOMPOBAHUSA
U 32’KMBJICHHS JTy4€BOr0 0:K0ra KO:KM 00beMHO ayTOTpaHCILIaHTaueil
(pudpodacToB n kKoMno3unuu GpuopPoHIACTOB ¢ KEPATHHOUMTAMH

JL.B. Antyxosa, K.B. Kor, FO.I'. Kort, K.C. Mopo3soga, E.O. [lepckuit

Xapvroeckuti nayuonaneHulii ynugepcumem umenu B.H. Kapasuna, Xapwvros, Ykpauna

TIpoBexneHo HccnenoBaHNe MEXaHHM3MOB BIIMSIHUSI OOBbEMHON ayTOTpaHCIUIaHTaly (puopodiacTaMu U cMechio (pHOpoOIacToB ¢ KepaTH-
HOIIUTAMHU Ha Pa3BUTHE JIOKAJIBHOTO PeHTreHoBCcKoro oxxkora 11 crenenu u myueBoi s13BbI KOXKU Y MOPCKUX CBHHOK. VcIionp30BaHO riry6o-
KO BBE/ICHHE B 30HY 0OJIyHdeHHs 0 ee TIepuMeTpy 6 103, conepxkammx (150-160)x10° gpubpodactos u (130-140)x10° kepaTHHOLUTOB B
100 mxi. [TokazaHo, 4TO 3Ta ayTOTpaHCIUIAHTALM, POU3BOAMMAs depe3 1 uac, a 3aTeM Kaxple 24 yaca mocie 00aydeHus, K 35-M cyTkam
YMEHBIIAeT IUIOIIA b 0XKOTa 110 CPABHEHHIO ¢ KOHTPOoJIeM Ha 63%. JlydeBast s13Ba BO3HUKaeT Ha 10-e cyTku nocie 0OIydeHHs U HOTHOCTBIO
3akuBaer K 25-M cytkam. [1pu Takoii ske cxeme BBeieHHs ogHUX (HPHOpoOIacToB ¢ copeprkanueM (200-210)% 10° B 100 MK 373 IIOKa3aTeNH
nedeHust cocTaBisioT 31%, 4 1 35 cyTOK cOOTBETCTBEHHO. B pesyinbraTe 00IydeHns B 30HE 0XKOTra CHIDKAETCS YPOBEHb SKCIIPECCHU TEHOB
xosutareHa tinos | u I1I, anactuna, GpuOpoHeKkTHHA, BUHKYJIMHA, IEKOPUHA, THAITYPOHAHCHHTA3 1, 2 1 3, MAaTPHKCHBIX METAJLIONpPOTEeHHa3 1,
2, 3,7 u 9 v ruanyponuassl. B 30He 0)ora CHIKEH TaKKe YPOBEHB SKCIIPECCHU TEHOB TpaHchopMupyroIiero (Gakropa pocta o, GakTopos
pocta ¢pudpobnactos 1, 2 u 8 1 MPOTUBOBOCTIATUTENBHBIX IUTOKMHOB — HHTepJIeiikiHa 10 u Tpancdopmupytomiero pakropa pocra Bl, a

V.N. Karazin Kharkiv National University, Svobody Sq., 4, Kharkiv, 61022, Ukraine
Xapvrosckuil nayuonanbrwlil yuusepcumem umenu B.H. Kapazuna, np. Cé0600wi, 4, Xapvkos, 61022, Ykpauna
Tel: +38-093-973-17-73. E-mail: kot _jurij@inbox.ru

Visn. Dnipropetr. Univ. Ser. Biol. Med. 2015. 6(2) 125




YPOBEHB IKCIIPECCHUH TeHA IPOBOCHAIUTENIBHOIO IIMTOKMHA — HHTepJielikuHalP — noBeiueH. O6a ByIa ayTOTPAHCIUIAHTALMH BBI3BIBAIOT
TIOBBIIICHHE YPOBHS SKCIPECCHH BCEX T€HOB CTPYKTYPHBIX OHOIOIMMEpOB, I'eHOB (pHOPOHEKTHHA, BUHKYJIHHA, IeKOPHUHA, THaTypOHAHCHH-
ta3 1, 2 1 3, a Takke MaTPUKCHBIX MeTAILTONpoTenHas 1, 2, 3, 7 1 9 ¥ rHanypoHUIa3bl. Y pOBEHb IKCIIPECCHH reHa HHTepieiikunal  cHimka-
€TCs, YTO NMPHUBOJUT K AKTHBALMH MPOLIECCOB PEreHEpaIMy TKAHEH M 3)KMBJIICHHS OXOTOBOW paHbl. AOCONIOTHbIE M3MEHEHHUs YPOBHEH
9KCIIPECCHH BCEX ITUX TCHOB OOJIBIIE TIPH BBEACHUH B 30HY OXKOTa cMecH ayTo(huOpodiacToB ¢ ayTokepaTuHonMTamu. [Iprmanaamu Oomnee
BBICOKOH 3()(h)eKTHBHOCTH ayTOTPAHCIUIAHTAIIMA CMECHI0 (PHOPOOIACTOB C KEPATHHOLUTAMH IO CPABHEHHIO C ayTOTpPAaHCIUIAHTAIMEH Of-
HHIMH TOJIBKO (puOpobIIacTaMu SIBIISIOTCS Kak OOJIbIIee CyMMapHOE KOJMYECTBO JKHBBIX KIIETOK, PETYJISIPHO 3aMEIIAIONINX B 30HE 0XKOra
TOTHOIINE KIIETKH, TaK ¥ B3aHMHas CTUMYJLIIUS ayTo(GHOPoOIacTOB M ayTOKEPAaTHHOLUTOB K MPONM(pEepanii U CHHTE3y OMOIOrHYEeCKH

AKTUBHBIX BCUICCTB — LIMTOKWHOB U (l)aKTOpOB pocTa.

Kmouesuie cnosa: mydeBoii 0xor; TydeBast s138a; GrHOpoOIacTb; KePaTHHOLMTEL; Ay TOTPAHCIUIAHTALHS

Introduction

Currently, one the most perspective directions of the
treatment of skin radiation burns and, especially, of radiation
ulcers, is the cell therapy, in which autologous mesenchymal
stromal cells, dermal fibroblasts and keratinocytes are used
most commonly. Application of these cells to the affected
area significantly reduces the degree of inflammation and
stimulates the regeneration process in the ulcer area (Gera-
simova and Nazarenko, 2005; Tenenhaus and Rennekampff,
2007; Bushmanov, 2012; Ryan, 2012; Eldashov, 2013).
However, there is information that the use of stem cells in
therapy is associated with the risk of their transformation into
cancer cells (Herberts et al., 2011; Hatzistergos et al., 2011;
Haubner et al., 2012; Miao, 2014). At the same time, abso-
lute safety of autogenous dermal fibroblasts and keratino-
cytes is proved. Standard techniques of using of these cells
lay in their usually separate application in the form of sus-
pensions or cell layers on burn wounds with already formed
necrotic ulcers (Rennekampff, 1997; Paramonov et al., 2000;
Shapovalov et al., 2005; Benderitter, 2010). In works (Altu-
hova et al., 2013; Kot et al., 2013) it is shown that more ef-
fective therapy is not an application on wound surface of
autologous fibroblasts, but their administration into the vol-
ume of the irradiated area, which captures all the layers of
skin and subcutaneous tissues. Regular administration of the
cells, which begins immediately after irradiation, inhibits the
development of the burn and formation of the radiation ulcer.

There is a system of positive feedbacks between interact-
ing fibroblasts and keratinocytes in vivo, which is based on
production and secretion of substances that stimulate mutual
proliferation of these cells and tissue regeneration (Marion-
net and Pierrard, 2006; Varani and Perone, 2007; Werner et
al., 2007; Yim et al., 2010; Huang and Burd, 2012; Rowan et
al., 2015). Therefore, the administration of the mixture of
auto-fibroblasts and auto-keratinocytes into the irradiated
area should result in more effective healing of the burn than
the administration of fibroblasts only.

In the present study the intensity of the biological
mechanisms underlying the inhibition of development and
the burn healing when fibroblasts only and the suspension
composed of a mixture of fibroblasts and keratinocytes used
for autotransplantation was compared.

Materials and methods

Experiments have been carried out on guinea pigs weigh-
ing 350450 g. When carrying out the experiments we fol-
lowed recommendations of the standard of biomedical ethics
of the European convention “For the protection of vertebrate

animals used for experimental and other scientific purposes”
(ETS No. 170, 1998) and the Law of Ukraine “On protection
of animals against ill treatment, 2006” (Law of Ukraine
No. 3447-1V, 2000).

Radiation burns of 3rd degree of the skin of the animals'
left thigh were caused by X-ray CuKoa-radiation at dose rate
of 4.25 Gy/min for 14.1 minutes while irradiating the shaved
skin area of 1.5 cm® on the left hind paw thigh (Rennekampff
et al., 1997). On 32nd day before the irradiation the skin bi-
opsies from a right thigh of animals under ether anesthesia
were taken. Skin wounds after a biopsy were completely
healed on the 15th day. Primary cultures of fibroblasts and
keratinocytes which were sub-cultured by standard methods
for these cells (Ritti¢, 2005) and (Shaw, 1996; Takagi at al.,
2011; Groeber et al., 2012) respectively were obtained from
biopsies. Both cell types of the third passage stored in liquid
nitrogen were used in the experiment (Keller, 2000).

The animals were divided into 4 groups. The first one in-
cluded non-irradiated animals. The irradiated animals of the
second group were not treated. In 1 hour after the irradiation,
and then every 24 hours the third group of animals, which
were being treated, was administered by suspension contain-
ing (200-210)x10° fibroblasts in 100 ul, and the fourth
group — by a mixture of suspensions containing (150-
160)x10° fibroblasts and (130-140)x10° keratinocytes in
100 pl of sterile saline for injection. 6 subcutaneous injec-
tions were made on the perimeter of the irradiation zone at an
angle 45° to its center at a depth of 1 mm. The content of
living cells in the suspension was 80-85%. On the first day,
and then at intervals of 72 hours during 35 days prior to each
administration of autologous cells, in irradiated animals of all
the three groups the overall area of the burn and a burn ulcer
were measured by photomicrography and using the program
Image] 2x 2.1.4.7 ud2 and Imaris 7.2.3 (Imaris, 2011).
On the 20th and 35th day the irradiated animals of all the
groups were decapitated under sodium thiopental effect, and
histological preparations of skin were prepared with the area
of burn (Penn Medicine, 2012). The same preparations were
prepared with analogous sites of skin of non-irradiated ani-
mals. The number of living cells per 1 mm? of burn wound
(Histomix, 2012) and the area (%) occupied in it by total
collagen (Histomix, 2010), collagen type I (FITC-conjugated
monoclonal antibody Invitrogen) (Histomix, 2008) and gly-
cosaminoglycans (Histopathology, 2013) were microscopi-
cally measured in preparations.

The same measurements were carried out in preparations
of non-irradiated animals’ skin.

In the histological preparations of skin with a burn area
of irradiated and analogous areas of skin of intact animals the
gene expression of extracellular matrix proteins, enzymes
participating in the metabolism of collagen and glycosami-
noglycans, pro-inflammatory and anti-inflammatory inter-
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leukins, transforming growth factors and fibroblast growth
factors were measured. For this purpose the skin, enclosed in
paraffin blocks, was deparaffinized after formalin fixation,
and RNA was isolated from it with using of kits “Qiagen
RNeasy FFPE Kit” according to the original instruction of
the manufacturer (Qiagen, 2013).

RNA concentration in the extracts was determined using
the scanning UV-spectroscopy. The absorbance was meas-
ured at 260 nm in quartz micro-cuvettes Fisher Scientific of
400 pl volume with optical path length of 10 mm. RNA con-
centration in the eluates was equal to 27 pg/ml. The ratio of
the absorbance at 260 and 280 nm was 1.8—1.9, indicating
high purity of RNA in the solutions investigated. Reverse
transcription was conducted by synthesizing cDNA using the
QIAGEN OneStep RT-PCR Kit according to the original
instruction of the manufacturer (Qiagen, 2015). In our work
we used gene-specific primers and Cy3-labeled nucleotides
manufactured by Arrayit Life Technologies (USA), respec-
tively. Amplification was carried out using the thermocycler
BIO-RAD iCycler. Hybridization was performed on the
DNA microarray manufactured by Arrayit (USA) according
to the original instruction of the manufacturer (Arrayit,
2015). The individual chambers for hybridization SecureSeal
were used for washing (Invitrogen, 2015). The chips were
scanned on the confocal fluorescence scanner Affymetrix

428 using the Jaguar software. Scanning mode was as fol-
lows: slide size 25 x 75 x 1 mm, resolution 10 microns,
wavelengths of excitation and emission of fluorescence —
532 and 570 nm, respectively. The obtained fluorescence
values were expressed in fluorescence units/mg of tissue.

Determination of the content of pro-inflammatory and
anti-inflammatory interleukins in blood serum was carried
out by immunoenzyme method using reagents of ELISA kits
manufactured by DRG Diagnostics (Germany), according to
the original instruction of the manufacturer (Laboratornaja
Diagnostika, 2015).

Analysis and statistical processing of the results of ex-
periments were carried out with the software package Origin
7.5 pro using Normality Test and Two-Sample T-Test mod-
ules (n = 6). Results were expressed as M + sd, where M —
arithmetic mean, SD — standard deviation. Results with P <
0.05 were considered as reliable.

Results and Discussion

Table 1 shows the numerical values of the changes of ar-
eas of radiation burns and radiation skin ulcers in treated
animals in relation to these areas in untreated irradiated ani-
mals in two variants of autotransplantation.

Table 1

Effect of autotransplantation of fibroblasts and the mixture of fibroblasts and keratinocytes
on the dynamics of the relative change of areas of radiation skin burns and radiation ulcers in guinea pigs (%)

Studied . Twenty-four hours after the irradiation
area Terms of animals treatment I 1 7 10 15 20 5 35
fibroblasts 333+247[50.0+£3.5%] 56.8+3.17 [632+£3.5%(92.0+4.17[803£3.77(69.0+2.77|443 + 1.9
Burn  |fibroblasts and keratinocytes | 33.3 +2.07 [39.6 £2.57[50.6 £ 2.3 |58.8 + 1.6 7| 71.5+ 347|782+ 33" [37.0+£2.17| 144+ 23"
Ulcer  fibroblasts 0 41+057520+2.0%]22.6+1.77|588+287%(105+14"| 98+1.17 0
fibroblasts and keratinocytes 0 0 0 113+137[144+15 | 3.8+0.6" 0 0

Note: * — reliable (P < 0.05) relatively to irradiated untreated animals; * — reliable (P < 0.05) relatively to animals which were treated

with fibroblasts on the previous day.

As is evident, both types of autotransplantation compared
with untreated animals inhibit the development of burn and
accelerate the healing of radiation ulcer, but with different
efficiency. Thus, on the 35th day the relative area of burn
when administered by the mixture of fibroblasts with keratino-
cytes is three times less than when administered by fibroblasts
only. When fibroblasts only are administered, the radiation
ulcer appears on the 4th day, reaches maximum size on the
15th and is completely healed on the 35th day, while in case of
administration of the mixture of fibroblasts and keratinocytes it
occurs on 10th, 15th and 25th day, respectively.

Table 2 shows the histological parameters of collagen
and glycosaminoglycans content in supramolecular forma-
tions of the extracellular matrix of skin when administering
only fibroblasts and the mixture of fibroblasts and keratino-
cytes in the irradiation zone during the process of formation,
development and growth of the burn. As is seen, both the
content of total collagen and collagen type I, which is a part
of the most generated, "matured" supramolecular formations
of matrix, as well as total glycosaminoglycans, decreases
dramatically in the extracellular matrix of the irradiated non-
treated animals as compared to non-irradiated animals
throughout the observation period. Administration of auto-
fibroblasts on the 20th and 35th day after irradiation in-

creases the total content of collagen in the burn zone of irra-
diated treated animals up to 74% and 83%, compared to non-
irradiated ones. Administration of the mixture of auto-
fibroblasts and auto-keratinocytes completely normalizes the
content of collagen in the area of burn already on the 20th
day after irradiation, and on 35th day it even slightly exceeds
it, amounting 110% of the control. Similarly, both types of
autotransplantation normalize glycosaminoglycans content in
the burn zone, but to different degrees.

In the animals treated with auto-fibroblasts the content of
glycosaminoglycans in the burn on the 20th and 35th day after
irradiation is higher than that of non-irradiated ones, and is
equal to 130% and 170%, respectively. At the same time,
autotransplantation with the mixture of fibroblasts and kerati-
nocytes already on the 20th day after irradiation completely
normalizes the content of glycosaminoglycans in the burn, and
on 35th day, it is only slightly below normal. The dramatic
decrease in the content of structural biopolymers of the ex-
tracellular matrix is the result of mass death of connective tis-
sue cells in the area of X-ray burn (Paramonov, 2000; Kligun-
enko, 2005; Gerasimova, 2005; Tenenhaus and Rennekampff,
2007). Their destruction leads to the dramatic shift of the ex-
change of structural biopolymers of connective tissue matrix in
the direction of degradation. This occurs due to the decrease of

Visn. Dnipropetr. Univ. Ser. Biol. Med. 2015. 6(2)

127



biopolymer synthesis because of reduction of the living cells
number, and as a result of activation of the enzymatic cleav-
age, in particular, by acidic cathepsins which come out to the
extracellular environment during cell destruction.

Thus, in irradiated non-treated animals the number of liv-
ing cells in the wound amounts to only 17% and 10% on the
20th and 35th days, respectively, on their number on the
same area of non-irradiated animals’ skin.

Table 2

Effect of autotransplantation of fibroblasts and the mixture of fibroblasts and keratinocytes on the number of living cells,
collagen and glycosaminoglycans (GAG) content in the area of radiation skin burn of guinea pigs

S The number of The area occupied by the biopolymers
Days after The 1;rad.1at1(1)n anddt{f:atment living cells in the in the general burn area, %
irradiation O anmals concitions total area, 10%/mm?’ total collagen collagen type I GAG
non-irradiated 2.5+0.1 33.1+1.8 32614 204+ 1.1
irradiated non-treated 05+0.17 250+15 23.1+£09" 11.6+0.8"
20| otransplantation | 12rOblasts 1.7£02 27812 315+ 1.1 258+ 1.5
fibroblasts and keratinocytes 23+0.1" 324£13" 321+13 21.1+£12"
irradiated non-treated 03+0.1" 183+15" 164+15 51£06"
35 autotransolantation |1PEODIAStS 24+0.1 292+13" 27.0+1.2° 329+2.17
P fibroblasts and keratinocytes 32+0.1" 37.8+2.1° 36.9+23" 17.7+ 147

Note: * — reliable (P < 0.05) relatively to non-irradiated animals; *

fibroblasts on the corresponding day.

When fibroblasts are administered after the irradiation of
animals, their number in the burn amounts to 67% and 95%
at these terms compared to the control. Administration of the
mixture of keratinocytes and fibroblasts into the burn zone
normalizes the number of living cells in it on the 20th day,
and on the 35th day it already exceeds 26% (Table 2). Natu-
rally, these effects are primarily the consequence of increas-
ing content of living cells in the area of radiation damage as a
result of autotransplantation. Constant replacement of dying
cells by living ones shifts the cellular metabolism in the af-
fected zone toward the normalization. It is based on the in-
crease in expression of the constructional and regulatory
proteins genes, genes of the enzymes synthesizing glycosa-
minoglycans, as well as proteases and hyaluronidases genes,
specific for each of these types of biopolymers. In the af-

— reliable (P < 0.05) relatively to animals which were treated with

fected area in irradiated non-treated animals the expression
of genes of collagen type I and III and elastin, which consti-
tute the whole basis of collagen and elastin fibers in the skin
derma, decreases continuously throughout the experiment
and on the 35th day after irradiation almost vanishes.

In the similar manner, expression of genes of fibronectin,
decorin and vinculin changes (Table 3). The first glycopro-
tein binds collagen fibrils which are being formed, and regu-
lates the attaching of connective tissue cells to them (Miya-
moto, 1998), the second one is the cytoskeleton protein,
which together with the integral cell membrane protein par-
ticipates in the formation of cell contacts with extracellular
matrix, and the third protein regulates the correct assembly
of collagen fibers formed (Reed, 2002).

Table 3

Effect of autotransplantation of fibroblasts and the mixture of fibroblasts and keratinocytes on the expression of genes
of constructional and minor proteins which form the extracellular matrix in the area of radiation skin burn
of guinea pigs (rflu/mg of tissue)x10*

D Protein and its gene
ays The irradiation and treatment al-chain of al-chain of . . Lo .
after . .. elastin fibronectin vinculin decorin
rra of animals conditions collagen type I | collagen type I
diation Collal Col3al ELN FN1 VCL DCN
non-irradiated 4324+389 | 251.1+£627 | 2462+788 | 169.6+16 | 121.6+24 90.1 + 8.4
irradiated non-treated 23+020° 13+0.307 1.3 +0.40° 09+0017 03+001° | 04+0.047
20 fibroblasts 206+ 1.8 192 +48 1.1+0.30 0.7+001"]  02+001" [ 03+0.03
autotransplantation E:rr;ﬂisct;;‘;d 3552+323%| 20055117 | 1104357 | 856+07"| 447+07" | 520=48"
irradiated non-treated 1.8+ 0.207 0.6 +0.107 0.4+0.10" 03+0017]  0.1+0.01" 02+0.017
35 fibroblasts 458+4.17 282+7.1% 27.7+8.8 234+02° | 102+02° 125+12°
autotransplantation lfj;t:)rrzi)tﬂisct}s/tzrsld 5483 +49.9"| 260.8+66.5 | 1862+59.6"| 1369+12"| 71.5+12" | 832+78"

Note: see table 2.

Similarly, in the burn area in irradiated non-treated ani-
mals on the 35th day after irradiation, expression of genes of
hyaluronan synthases 1, 2 and 3, synthesizing hyaluronic
acid of small, medium, and high weight, respectively, de-
creases (Table 4).

Thus autotransplantation of only fibroblasts even on the
35th day after irradiation of animals increases the expression

of genes of matrix proteins compared to normal only in the
range of 8-13%, and expression of hyaluronan synthases
genes, on average, is 16.5%. At the same time, autotrans-
plantation with the mixture of fibroblasts and keratinocytes
already on the 20th day after irradiation of animals signifi-
cantly increases the gene expression of matrix proteins. For
both types of collagen, it is 80% and for the minor regulatory
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proteins lies in the range of 40-55% of the expression of the
corresponding genes in the intact animals. On the 35th day
after irradiation of animals the gene expression of collagen
type 1 is greater than the norm 27%, the genes of collagen

type III and decorin correspond to norm, and expression of
genes of elastin, fibronectin, and vinculin represent 76%,
80% and 42% of the expression of these genes in non-
irradiated animals.

Table 4

Effect of autotransplantation of fibroblasts and the mixture of fibroblasts and keratinocytes on the expression of genes
of hyaluronan synthases in the area of radiation skin burn of guinea pigs (rflu/mg of tissue)x10*

T Enzyme and its gene
Days after Theou;;:ﬁ;?sca(fdifsgem hyaluronan synthase 1 | hyaluronan synthase 2 | hyaluronan synthase 3
irradiation HASI HAS2 HAS3
non-irradiated 589+32 58.6+3.2 514+27
irradiated non-treated 0.3+0.017 0.3 +0.02° 0.3+0.017
20 autotransplantation | 2rOPIasts 0.2+0.01" 0.19+0.017 0.16=0.01”
P fibroblasts and keratinocytes 425+22" 4.6+23" 404+2.17"
irradiated non-treated 0.10+0.006" 0.10+0.006" 0.09 +0.005"
35 autotransplantation 2rORIAstS 9.6+0.5 95+0.5" 8.8+04"
P fibroblasts and keratinocytes 68.0+3.6" 68.1+3.7" 648+3.5"

Note: see table 2.

The change in gene expression of hyaluronan synthase in
the area of burn during autotransplantation with the mixture
of fibroblasts and keratinocytes looks similar. Thus, on the
20th day after irradiation of animals expression of these
genes makes on average 74% compared to the norm, and on
the 35th day exceeds it on average of 18%. Naturally, disor-
ders of metabolism of extracellular matrix biopolymers in the
radiation burn area are not only about the change in the ex-
pression of genes that determine production of these bio-
polymers, but also the genes of proteases and hyaluronidases,
determining their disintegration.

Matrix metalloproteinases are essential in wound healing.
By destroying the extracellular matrix and intercellular
communications, they contribute to cell migration in repara-
tion process. By interacting with cytokines, adhesion mole-
cules of immune cells and receptors for signaling molecules,
and by cleaving these molecules, they are involved in the
regulation of inflammatory processes. Metalloproteinases
regulate keratinocyte proliferation and differentiation of
other cell types involved in scars resorption (Birkedal-
Hansen, 1993; Parks, 2004). Similar role in the matrix re-
structuring during wound healing is performed by hyaluroni-
dases (Meyer, 1971).

Table 5 shows the results of the measurement of gene
expression of matrix metalloproteinases and hyaluronidase in
normal skin of control animals and in the area of skin burn of
irradiated non-treated animals and those treated with both
types of autotransplantation. As is evident, changes of gene
expression of all these enzymes in the burn zone, both on the
20th and on the 35th day after irradiation using both types of
autotransplantation are parallel to the corresponding changes
of the expression of the structural and minor biopolymers.
On the 35th day after irradiation during the autotransplanta-
tion of the mixture of fibroblasts and keratinocytes, the ex-
pression of genes MMP1, MMP2, MMP3, MMP7, MMP9
and hyaluronidase in the burn exceeds the corresponding
expression of these genes in non-irradiated animals 2.5, 1.8,
1.2, 1.8 and 2.8 times.

Under the same conditions the gene expression of collagen
type I and hyaluronan synthases exceeds the norm as well
(Tables 3 and 4), which may cause the development of scar
tissue in the healing wound. All of this indicates the existence
of positive feedback, which is coordinating changes in gene
expression of the structural biopolymers and their proteases
and hyaluronidases genes during the process of tissue therapy
with the mixture of fibroblasts and keratinocytes.

Table 5

Effect of autotransplantation of fibroblasts and the mixture of fibroblasts and keratinocytes on the expression of genes
of matrix metalloproteinases (MMP) and hyaluronidase (HYLA) in the area of radiation skin burn
of guinea pigs (rflu/mg of tissue)x10*

D f The irradiation and treatment Enzyme and its gene
irrzlsi;i:; of animals conditions MMP] MMP2 MMP3 MMP7 MMP9 HYLA
non-irradiated 326+18 403+22 . | 584=+3.1 40.5+22 296+ 1.6 397+2.1
irradiated non-treated 0.17+0.01" | 02+0.01" 03+0.01"|  02+0.01" [ 0.16+0.01" 0.2+0.01"
20 lautotrans. fiDroblasts 0.07+0003"] 0.1+0006"| 02+001"] 0.1+0.006"] 0.05+0003"| 0.1+0.005"
plantation ifg‘igfj:; ocytes 44.6+2.5" 62+2.5" 024+£22" | 462+25 | 447255 | 467+2.5"
irradiated non-treated 0.06£0.003"| 0.07+0.003"]  0.1£0.006"] 0.07=0.004"| 0.04=0.002"| 0.07+0.004"
35 lautomrans. |DIOblasts 69+03" 7.7+04 94405 | 77+04" | 66+03 7.6+04
plantation Z‘Eg"gﬁ‘j&m tes 814+4.6" | 738x41™ | 689+37" | 738+406"| 81.6+46" | 848=46"

Note: see table 2.

Our findings indicate that both types of autotransplanta-
tion result in two interacting mechanisms — this is, firstly, the

inhibition of the radiation burn development and radiation
ulcer formation, and, secondly, the intensification of the
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reparation processes. The efficiency of therapeutic properties
of auto-fibroblasts and keratinocytes mixture is higher than
the efficiency of fibroblasts only. Of course, one reason for
this is that total number of cells is approximately 1.5 times
larger in each injection of mixture. Another reason is the
production by keratinocytes of factors, which are biologi-
cally active to other types of cells. Of no less importance is
the reason of higher efficiency of the auto-fibroblasts and
keratinocytes mixture explained by their synergetic interac-
tion in the processes of morphogenesis and skin damage
reparation. The basis for this synergy is the system of posi-
tive feedbacks between these cells. Thus, both fibroblasts
and keratinocytes produce growth factors and cytokines,
which mutually stimulate each other to proliferate and syn-
thesize the biologically active compounds which are neces-
sary for interaction with other cell types (Boxman, 1993;
Blomme, 1999; Marchese, 2001; Werner, 2007, Lee et al.,
2013). All of this is well illustrated by the data in Table 6.
Gene expression of transforming growth factor a, which
is synthesized by keratinocytes, and when included in the
process of proliferation, stimulates the regeneration of tissues
and wound healing (Coftey, 1995; Boilly et al., 2000; Vogel-
Hopker et al., 2000; Pehlivan, 2001; Dérr et al.,2002; Praul
et al., 2002), and on the 20th and 35th day after irradiation in
the area of the burn is very low. Administration of auto-
fibroblasts does not alter anything. But the administration of

mixture of auto-fibroblasts and auto-keratinocytes already on
the 20th day after irradiation increases the expression of this
gene as compared with the norm by 15%, and on 35th day —
by 210%. The more demonstrative is the situation with fi-
broblast growth factors 1, 2 and 8. The first two stimulate the
growth of blood vessels, proliferation of fibroblasts and the
filling of the wound with granulation tissue during the heal-
ing process. The last one, except for participation in angio-
genesis, stimulates the expression of matrix metallopro-
teinases and degradation of the extracellular matrix, as a con-
sequence, cell migration in the wound increases (Finklestein
and Plomaritoglou, 2001). In the burn area of irradiated non-
treated animals the gene expression of fibroblast growth fac-
tors is extremely low both on the 20th and on the 35th day of
observation. Administration of auto-fibroblasts only on the
35th day just slightly increases their expression on average
by 17.5%. At the same time, the administration of the mix-
ture of auto-fibroblasts and auto-keratinocytes enhances gene
expression of fibroblast growth factors 1, 2, 8 on the 20th
day after irradiation by 61%, 80% and 76%, and on 35th day
— on average by 123%.

The essential role of fibroblasts and keratinocytes inter-
action in raising the therapeutic efficiency of their mixture
compared to the action of fibroblasts only is indicated with
the investigated biochemical parameters of inflammation
(Table 7).

Table 6

Effect of autotransplantation of fibroblasts and the mixture of fibroblasts and keratinocytes on the expression
of genes of transforming growth factor a and fibroblast growth factors in the area of radiation skin burn
of guinea pigs, (rflu/mg of tissue)x10*

Days after The irrad.jation and t.r'eatment Growth factors and their genes
rradiation of animals conditions TGFa FGF1 FGF2 FGF8
non-irradiated 40.7+3.8 79.1+73 69.0+ 6.4 547+52
irradiated non-treated 0.2 +0.02 0.4 +0.04" 0.4+0.03 0.3 +0.03"
20 auto-trans- | fibroblasts 0.10+0.017 0.30 +0.027 0.25+0.02° 0.18 +0.027
plantation | fibroblasts and keratinocytes 470+44" 486+45" 55.0+5.17 4144397
irradiated non-treated 0.07+0.017 0.13+0.017 0.13+0.017 0.10+0.017
35 auto-trans- | fibroblasts 77+0.7 115+1.07° 135+12° 9.1+0.8
plantation | fibroblasts and keratinocytes 852 +8.17 88.8+ 82" 88.0+8.1" 662 +62"
Note: see table 2.
Table 7

Effect of autotransplantation of fibroblasts and the mixture of fibroblasts and keratinocytes on the expression
of genes of pro- and anti-inflammatory cytokines in the area of radiation skin burn of guinea pigs
on the 20th day after irradiation (rflu/mg of tissue)x10*

Cytokines and their genes
The irradiation and treatment of animals conditions pro-inflammatory anti-inflammatory
IL-1B IL10 TGF Bl
non-irradiated 61.0+5.7 624+69 446+11.6
Trradiated non-treated 81.8+7.6" 403447 0.24+0.06"
Autotransplantation fibroblasts 81.1+7.6" 452450 0.18£0.04”
fibroblasts and keratinocytes 60.1+56 663+7.3" 484+12.6"

Note: see table 2.

Thus, on the 20th day after the irradiation of animals, the
gene expression of pro-inflammatory cytokine — interleukin 13 —
in the burn area increases by 34% compared to the norm, what
indicates the presence of inflammatory process in this area.

The administration of auto-fibroblasts into the burn within
20 days after irradiation of animals had no effect on this rate,
but the administration of the mixture of auto-fibroblasts and

auto-keratinocytes completely normalized it. Thus interleukin
1B — the classical inflammatory mediator — is synthesized by
keratinocytes and fibroblasts (Gabay, 2010).

These two methods of autotransplantation similarly affect
gene expression of pro-inflammatory cytokine — interleukin
10 and transforming growth factor-B1. In both cases, on the
20th day after irradiation of animals the expression of these
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genes in the burn area is reduced compared to the norm,
what indicates the presence of inflammation. Complete nor-
malization of expression occurs only after 20-day admini-
stration of the mixture of auto-fibroblasts and auto-
keratinocytes into the burn.

Conclusions

The daily 4.5-week volumetric autotransplantation of
both fibroblasts and mixture of fibroblasts and keratinocytes
into the area of local X-ray 3rd-degree skin burn in guinea
pigs which is launched in 1 hour after irradiation, signifi-
cantly inhibits the destruction of connective tissue, increases
the number of living cells, normalizes biopolymer composi-
tion of connective tissue matrix in the burn zone, inhibits the
inflammatory process, largely prevents the formation, devel-
opment and growth of the radiation burn and radiation ulcer,
and eventually leads to disappearance of the ulcer and to
almost complete healing of burn.

This is based on the impact of autotransplantation leading
to increased levels of gene expression of structural biopoly-
mers and regulatory proteins in the radiation injury zone.

Therapeutic efficiency of autotransplantation of the mix-
ture of fibroblasts and keratinocytes is significantly higher
compared to the autotransplantation of fibroblasts only.

The reasons for it are both the number of living cells regu-
larly replacing dead cells in the burn zone which is greater
than the total and mutual stimulation of auto-fibroblasts and
auto-keratinocytes to proliferate and synthesize biologically
active substances — cytokines and growth factors, which in-
duce tissue regeneration and healing of burn wound.
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Honynsuuu 3akapnarss 1 BykoBHHBI
HA reHeTH4eCcKOM (poHe OKPY:KAKIIUX TePPUTOPHIA

O.M. Vresckas', M. Uyxpsiera’, A.T. Armxoss’,
JLA. ATpaMeHTOBal, E.B. BaJ'IaHOBCKaHZ, O.I1. Bananosckuit’

1 . .
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2 o .~
OI'FHY «Meouko-eenemuueckuu Hayunvii yenmpy, Mockea, Poccus
3 o
Hucmumym ooweri eenemuru umenu H.M. Basunosa PAH, Mocxkea, Poccus

W3zydena reHeTndeckas CTpykTypa 3akapraTckoil 1 YepHOBUIIKON MOMyJIsmii ykpauHieB mo SNP MapkepaM HepekOMOMHHUPYOLIEH
yact Y xpoMocoMsl. B 3akapmarse ¢ uacroramu 6oiee 5% BCTpedanych CieyroIye ramorpymisl Y xpomocoMsl: R1alal*(M198), 12a
(P37.2), R1lalalg (M458), Elblblal (M78). B UepHoBHIIKOH 001aCTH CIIEKTp MaXKOPHBIX TAILIOrPYIT ObUT HHOM: ¢ yacToTamu Goiee 5%
BCcTpeyavck ramorpymnmst 12a (P37.2), Rlalal*(M198), R1alalg (M458), R1b1b2 (M269), Elblblal (M78), I1 (M253), cymmapHo coc-
TaBisig okojio 90% Y-xpomocomHoro reHoona. YepHOBHIKAS NOMYJISILHS OTJIMYACTCS OT THIIMYHBIX ITOMYJIALMI YKPAHHIEB BHICOKOH
yacrotoil ramtorpymns! [2a (P37.2) u nonwkenHolt wactoroil ramtorpymmsl Rla (M198). Takue renernueckue OCOOSHHOCTH, MO-
BHAMMOMY, C(HOPMHPOBAINCH 32 CUET BKJIFOYCHHS I'EHETHUECKUX KOMIIOHEHTOB COCEIIHMX MOJaBaH U pyMbIH. HecMoTpsl Ha KpaeBoe Io-
JI0)KCHHE B STHIYECKOM yYKPAMHCKOM apeasie U Ha CIOXKHYIO AeMOrpaiiecKy o HCTOPHIO, 00e MOy sy — YepHOBHIIKas 1 3aKapriaTcKast —
T10 MapKepaM Y XpOMOCOMBI 00pa3yIoT eHHYIO 00JIaCTh TeHETHYECKOTO CXOCTBA C OCTATBHBIME YKPAHHCKIMH MOITYJIIIIAMH U SIBJIIOTCS
YacThIO IEBHOTO yKpauHCKoro reHoonna. Kapmars! sBistorcst reorpaduaeckiM 0apbepoM UIS pacTipOCTPaHEHUs psia Taruiorpyr
Y xpomocoMsl Ha Teppuropr Bocrounoit EBponbsl. Onu orpanmdusarotr notok N1c (M178) n Rla (M198) ¢ ceBepo-BocToKa 1 pactipocT-
panenue E1b (M78), R1b (M269), J (M304) u G (M201) ¢ roro-3amnana.

Kmiouesvie cnosa: ykpannul; SNP Mapkepsl; Y XpoMOCOMa; raruiorpyIibl; FeHETHYECKUE PacCTOSIHUS

Populations of Transcarpathia and Bukovina
on the genetic landscape of surrounding regions

O.M. Utevska', M.I. Chukhraeva’, A.T. Agdzhoyan3, L.A. Atramentova', E.V. Balanovska®, O.P. Ballanovsky3

'V N. Karazin Kharkiv National University, Kharkiv, Ukraine
“Research Centre for Medical Genetics, Moscow, Russia
Vavilov Institute for General Genetics, Moscow, Russia

The territory of present-day Ukraine is subdivided into some regions with specific demographic and politic history. Nevertheless, the
corresponding subdivision in genetic structure is not revealed in previous investigations: populations of Ukrainians under study were
genetically homogeneous on SNP markers of Y chromosome. In the current investigation we studied the Y-chromosomal genetic structure of
Transcarpathia and Bukovina populations. Several factors exist to expect the genetic specificity of these populations. Both ones are placed in
the Carpathian foothills, at the south-western border of the Ukrainian area. During the last millennium these territories were the parts of
different states and were open for ethnically diverse migrations. It was revealed that the major Y chromosomal haplogroups in
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Transcarpathia population were Rlalal*(M198), 12a (P37.2), Rlalalg (M458), Elblblal (M78). The major haplogroups in Bukovina
population were 12a (P37.2), Rlalal*(M198), Rlalalg (M458), R1b1b2 (M269), Elblblal (M78), I1 (M253). The Bukovina population
differs from the typical Ukrainian population by higher frequency of 12a (P37.2) and lower frequency of Rlalal*(M198). Moreover, this is
the only population among ones studied in Ukraine where the most frequent haplogroup is 12a (P37.2) but not Rlalal*(M198). Such a
deviation can be caused by possible mixing with neighbouring southern groups, and Carpathian mountains were not a border for exchange in
this case. Interestingly, the haplogroup Nlc (M178) is not revealed in Transcarpathia at all, obviously due to the mountain barrier. It was
revealed by principal component analysis that Ukrainians from Transcarpathia and Bukovina despite some specific peculiarities are more
similar to other Ukrainian populations than to the surrounding ethnic groups such as Poles, Slovaks, Hungarians, Romanians, Moldavians
and Gagauzes. Ukrainians of Transcarpathia and Bukovina form the entire genetic continuum with the whole Ukraine on maps of gene
distances, confirming the homogeneity of Ukrainian parental gene pool and it’s differentiation from other groups. After performing the
analysis of Y-haplogroup spatial distribution, it is supposed that the northern ridges of Carpathian mountains are the East-European barrier
decreasing the gene flow. It decreases the spreading of haplogroups N1c (M178) and R1a (M198) southward and movement of E1b (M78),

R1b (M269), ] (M304) and G (M201) northward.

Keywords: Ukrainians; SNP markers; Y chromosome; haplogroups; Nei distances

BBenenne

Tepputopust YKpauHBI BKJIIOYAET PsZi MCTOPHUIECKUX
obnacrei, Kaykzasi U3 KOTOPbIX UMeeT COOCTBEHHYIO0, HHOT/Ia
KpaiiHe cioxHyro, ucroprto. COOTBETCTBEHHO, pasHble 00-
JIACTH XapaKTEPU3YIOTCS PasiIMIHBIMU JIeMOTpadIecKUMH,
MHTPAIMOHHBIMH U TIPOYMMH TIPOLIECCAMH, OKA3bIBAIOIIMH
BIMSIHUE Ha TIOMYJISIIMOHHYIO TEHETHYECKYIO CTPYKTYpY.
Teopernuecky MOXXHO OXHJATh, YTO IIEHTpPaJbHbIC U IIPU-
TpaHWYHBIC, 3aMaJHble U BOCTOYHBIC, JICCHBIE U CTEIHbBIC
PETHoHbI OyIyT UIMETh U Pa3HbIE XapaKTEPUCTHKU T€HO(OH-
JoB. OnHaKo paHee HamK OBUIO ITOKA3aHO, YTO M0 FeHEeTHYe-
CKOMY THOJIMMOpGH3MY Y XPOMOCOMBI MOMYJISIIMKA KOPEH-
HBIX 3THUYECKHX YKPaWHIIEB I€HETHYECKH OYEHb TOMOICH-
HBI Ha BceM NPOTsDKeHUH YKpauHbl. He cymectByer koppe-
TSI MEXTy TeorpaMueckuM pacCTOSIHHEM M CIIEKTPOM
Y-XxpoMocOMHBIX Tarutorpymn. Cpeay YKpanHCKUX TOITYJIsi-
IMH He BBIACISIOTCS KPYIHBIE reorpadyecKue Imoapaszie-
JICHWs1, TAKKE KaK, HalpuMep, BOCTOYHBIE 1 3allaJHbIC YKpa-
nHs! (Utevska et al., 2013a). Hao6opoT, yKkpanHCKHIT TeHO-
¢doHn obpaszyeT LesbHYIO rpymiy, AU(depeHInpOBaHHYO
OT OCTaJIbHBIX CIIABSIHCKUX 3THOCOB, XOTSI M OUCHb OJIH3KYIO
K pycckuM, Oenopycam, nossikam u cnoBakam (Har'kov et al.,
2004; Utevska et al., 2015; Kushniarevich at al., 2015).

Tem He MeHee, UHTEpEC /ISl OTACIBHOTO HCCIIEI0BAHUS
TIPEJICTABIIIIOT KPaeBble MOMYJISIIUN YKPauHIEB, JOKaIN30-
BaHHbIE B paiioHe YkpauHckux Kaprar — B 3akapmnatee (3a-
KapraTrckass obmacts) M Ha BykoBuHe (YepHoBuIikas 00-
nactb). Teppuropust coBpeMeHHOH UepHOBHIIKOH 007IacTH
YKpauHbI MOCTIEAHEE THICSYENETHE BXOMIIA B COCTAB 1IEIIO-
TO psiIa TOJNMTHYECKUX oOpasoBaHmii — JlpeBHEpPYCCKOTo
rocynapcra (X—XI BB.), ['ammiko-BonsHckoro KHSDKECTBA
(XTI=XTIT BB.), xHspKecTBa Mommossl (XIV-XVI BB.), Oc-
Marckoit umrepnn (¢ XVI B.), Actpo-Benrpun (¢ XVIII
B.), PymbiHnm (H. XX B.). AHaIOTHYHO, TeppUTOpUs 3aKap-
NaThsl TAKKE SBISUIACH YaCThIO MHOTHX roCy/apcTB — Benu-
kot Mopasun (IX B.), 'anuixo-BomnbiHCKOro KHsDKeCTBa
(XII-XIII BB.), Benrepckoro koponesctsa (¢ XIII B.), Tpan-
cubBanuy (X VI-XVIII BB.), ABcTpo-Benrpuu (c XVIII B.).

Cy1ecTByeT HECKOJIBKO OCHOBaHHW OXHWJATh, YTO Te-
HO(OHI YKPaWHIIEB B YKA3aHHBIX 00IacTIX OyaeT OTINYeH
OT OCHOBHOM nomyssrui. Kpome 9acToii cMEeHBI ITOINTHKO-
aJIMUHHCTPATUBHBIX TPaHUI, OONacTH HAXOIATCS B 30HE
KOHTaKTa C COCEIHMMHM 3THOcamH. HecmoTpst Ha TO, 4TO
OCHOBHOM T'PYNITON B YKa3aHHBIX O0JNACTSIX SBIIOTCS YKpa-
WHIIBI, ITHUYECKHH COCTAB B 1IEJIOM ITOJIBEP)KEH TPUTPAHNY-
HBIM MUTPALMSIM ¥ BKJIFOYAET TAK)KE BHICOKUH MPOLIEHT pY-

MBIH ¥ BeHIpoB. Kpome Toro, ropHeie paiioHsl OOBIYHO OT-
JIMYAIOTCA 110 XapakTepy JeMorpa(uyecKuX ITOTOKOB OT
PaBHHUHHBIX TEPPUTOPHI, YacTO WIPalOT POib (HH3UYECKUX
0apbepoB, HEPEIKO CIIOCOOCTBYIOT PA3BUTHIO U3OJSALMHA U
SH/IOTAMHH.

MeI npoBeNM JeTabHOE HCCIICNOBAaHUE T'eHETHYSCKOM
CTPYKTYpHI 3akaprnaTckoid M UepHOBUIIKOW MOMYIIIAN YK-
paVHIEB C HCIIOJIB30BAaHHEM MapKepoB HEPEKOMOWHUPYIO-
mel yactu Y XPOMOCOMBI, MO3BOJISIIOLIMX IPOCIEKUBATH
OTIIOBCKHUE JTMHUA B 3Bomormy reHodoraa (Underhill et al.,
2001; Jobling and Tyler-Smith, 2003). 10T reHeTHYECKHIA
MapKep HaclleyeTcsi CBIHOM OT OTa 0e3 peKOMOWHALINMN, 1
BCsI I3MEHYHBOCTD 110 HEMY SIBJISIETCS TOJIBKO MYTAI[MOHHOH,
YTO IT03BOJISIET BOCCTAHOBHUTH (DHIIOT€HETHYECKOE JIEPEBO Y -
XPOMOCOMHBIX BapuaHToB — ramorpynn (Karafet et al.,
2008). Mapkepbl Y XpoMOCOMBI B YeThIpe pasa Ooee dyB-
CTBHTEINBHBI K CHIDKCHHUIO 3(P(EKTUBHOIO pasMepa MomyJisi-
LMY, YeM ayTOCOMHBIC MapKepbl, U Yallle NpeTepIicBaoT
TOCIIeICTBUSI TeHeTHdeckoro npeiida (Chiaroni et al., 2009).
IMocnenHee BO MHOTOM OHpPEZENeT XOPOLIYI0 KiIacTepu3a-
MO COBPEMEHHBIX ITOMYJIALMH, OTIMYAIOMIUXCS 110 Habopy
Y-pOIOCIOBHBIX HACTOJBKO, YTO MOXHO Au(hepeHIrpo-
BaTh OTAeNbHBIC 3THOCH (Barbujani and Bertorelle, 2001;
Novelletto, 2007), ycraHaBIHBaTh BHYTPUITHAYCCKYIO MO~
pazneneHHocTh (Balanovsky et al.,, 2008), mpocnexusarh
murparonssle otoku (Perici¢ et al., 2005; Lappalainen et
al., 2008; Yunusbayev et al., 2012). Y-XpoMOCOMHBIi 10JIH-
Mopdmzm cnasH (Pericié et al., 2005; Wozniak et al., 2010;
Kushniarevich et al., 2015), maponoB Kaskaza (Balanovsky
et al., 2011; Yunusbayev et al., 2012), pyMbIH, BEHIPOB,
MOJIlaBaH, Taray3oB H IPYIHX €BPOIEHCKHX HapoIoB
(Kayser et al., 2008; Volgyi et al., 2009; Rebala et al., 2013;
Varzari et al., 2013) yxxe uccienoBaH Ha BEICOKOM YPOBHE,
YTO MO3BOJISIET JIENaTh KAUYeCTBEHHbIC CPAaBHEHHSI.

MarepuaJj u MeTO/IbI HCCIeJ0BAHUI

Marepuanom i uccaeaoBanus b 0opasiel JJTHK u3
Tpex palloHHBIX Homysiuuil YepHoBuUIKOM 1 3akapnaTcKon
obnacreii (tabn. 1). JloHopamu Onomornueckux oOpasnoB
ObUIN HEPOJICTBEHHBIE JAPYT APYTY MY)KUYMHBI, ITHHUECKHE
YKpauHIbl, KOPEHHBIC XWTEIH aHHOIO paioHa, TPEeIKH
KOTOPBIX ZI0 TPETHETO MOKOJICHHUS TAKXKe OBLTH YKpanHIaAMH
Y TIPOXUBAIM B JTaHHOM padOHE. Y4acTHe B MCCIIECIOBAHUI
6bu10 MOOpOBONBHEIM. Kaxmprii moHop moammcan wHOOp-
MHPOBaHHOE COTJIACHE Ha MPOBEICHUE NCCIICOBAHMSI.
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Tabnruya 1

Jlokajau3anms UCCIeI0BAHHBIX ﬂOﬂyﬂﬂHHﬁ

Obnactb O0BbeM BBIOOPKH Jlokanmzanms [Hupora Jlonrora
3akapriaTckas 50 Ykroponckui p-H, nrt CepenHe 48°32' 22°30"
UepHOBHIIKAS 50 Kunmanckwuii p-H, r. Kunvasas 48°26’ 25°45'
UepHOBHIIKAS 50 Buxayxuii p-H, r. Brokauna 48°15' 25°11"

Beinenenue JIHK 13 1oHOPCKO# KpOBH MPOBOIMIN METO-
JoM (heHON-XJIOpO(OPMHON IKCTPaKIMK. | eHOTHIIMpOBaHKE
obpasioe mo SNP-mapkepam (Single Nucleotide Polymor-
phism — OTHOHYKJICOTHIHBIA TTOMMMOP(H3M) Y -XPOMOCOMBI
nipoBoit MetozioM [ILIP B peansrom Bpemenn (7900HT,
Applied Biosystems) ¢ Habopom TagMan 30H10B Ha 33 SNP
Mapkepa Y-xpomocomsl (Applied Biosystems): M198, P37.2,
M458, M269, M78, M253, M178, M217, M33, M2, M35,
M201, M285, P15, P16, P18, M406, P303, M69, M170,
M223, M267, P58, M172, M67, M92, M12, P43, M242,
M207, M173, M297, M70. Kaxgomy Mapkepy COITIaCHO
Kaccuuiaimy  MexIyHapoIHOTO KOHCOpHIMyMa 1o Y-
xpomocome (Y-Chromosome Concortium, 2002), cooTBeTcT-
BYET oIpe/ieneHHas rariorpynmna Y xpomocomsl. Kiaccugu-
Kallyis Taryiorpym Y -XpOMOCOMbI M KX COOTBETCTBUE MapKe-
paM TpHBEJeHbI COIJIACHO IpaBWiIaM MexIyHapomHoro 00-
iecTBa renermaeckoi reaeariorny [ISOGG (www.isogg.org).

[lo uToram reHOTHIMPOBAHUS U KaXKIOW IOMYJISIUH
paccuMTaHbl YacTOTBI TaIuIOrpymm Y-XpoMOocoMbl. YacToT-
HBIE PacTIpEeNeHUs TaIUIOTPyYII B MOMYJIAIUIX OTPAKESHBI
C MOMOIIBIO KPYTOBBIX auarpamMM. CXOICTBO MO 110
Ha0Opy M YacToTaM TaIUIOTPYMI HCCIIENOBaHO METOIOM
IJIaBHBIX KOMIIOHEHT M METOZOM KJIACTepPHOro aHallh3a C
UCIIOJIb30BaHUEM MPOrpamMMHOro nakera Statistica 8.0. s
COIIOCTABJICHHSI HCIIOJIb30BaHbl paHee OITyOJIMKOBaHHbIC
JIaHHBIE TI0 COCEJHUM TOMYJLILIMAM YKPaHHIIEB, OEIOpyCOB,
TIOJISIKOB, CJIOBAKOB, BEHIPOB, PyMBIH, MOJIJIaBaH U Taray3oB
(Kayser et al., 2008; Volgyi et al., 2009; Rebala et al., 2013;
Varzari et al., 2013). [lIkanupoBanue U Ki1acTepu3aIys Bbl-
TIOJTHSUTHCH TIO TAHHBIM O 4acTOTaX TaKHX rariorpym: Rla
(M198), I (M170), R1b (M343), E1b (M35), J (M304) +
G (M201), N1 (M231).

Io yacToTam rarIorpynmn paccyuTaHbl IIONAapHbIE TeHe-
THUYeCKUe paccTosHus d Mexay nomyimmsivu (Nei, 1972):
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IJIE Pgi — YacTOTA TaIIOrPyNIibl @ B IOMYJALMH i, Py — Yac-
TOTA TAIUIOTPYIIIEI @ B TOMYJLIIHUH /, [ — o0IIee 9ucio rarm-
sorpynnn Y XpOMOCOMBI, O KOTOPBIM HJET CpaBHEHHE.
Jns pacuera TeHETHMYECKMX PACCTOSIHMH HMCHOJIb30BaHBI
4acToThl crnenytonmx ramiorpymt: Elb (M35), G (M201),
11 (M253), 12a (P37.2), J (M304), N1c (M178), R1b (M269),
Jpyrue cyMMapHoO. PacyeT reHeTnuecKux pacCTosHUI 1po-
BeneH B mporpammMe GDist (paspaborana B maGoparopun
MOMYJISIMOHHON TeHeTuku uenoBeka @DIBY  «MIHL»
PAMH). Yto0pl paccMaTpuBaTh TMOIMYJBINA YKPAWHCKUX
Kapmar Ha o0mem (oHe reHeTnaeckoil n3MeHInBoCcTH Boc-
ToyHOW EBpOmEI, Bce pacyeTsl MpOBEIEHHI B OoJiee MIMpo-
KOM MaciiTabe, BKIIOYAIOIIEM IPYTUe €BPONEHCKHE TOIy-
vy, [lns atoro mcnosb3oBaHa uH(opManus W3 0asbl
naHHbIX Y-base (paspaborana B ®I'BY «MI'HL]» PAMH).

I'eneTnueckue paccTOsIHKS MCIIOIB30BaHbI ISl TOCTPOCHUS
KapT TeHETHYeCKMX paccrosHuii B mporpamMe GeneGeo
(Koshel, 2012). KapTsl HoCTpOEHBI Ha OCHOBAHUH T'€HETHYC-
CKHX PACCTOSIHHH, PACCUNTAHHBIX OT PETIEPHBIX MOMYJISIIN
no 6onee yem 100 momynsiumii EBponml, Ypana, Kaskasa,
bmxuero Bocroka.

Pe3yJ’leaTlxl H UX oﬁcymelme

CnekTp M 4acToThI ramiorpymn Y XpoMocoMbI

CHeKTp M 9acTOTHI Tarwiorpyrm Y XPOMOCOMEI B H3Y-
YEHHBIX MOMYJBIIHAX B [ETIOM SIBIIIOTCS XapaKTEPHBIMH JUIS
TeHeTHYecKOoro JaHamadTa rora Bocrounoii EBporsr.

B momysmsimusix 3akapnates ¢ yacrotamu ot 30% 10 14%
BCTPEYAIUChH CIICAYIOLIME YEThIPE rariorpynmnsl Y XpoMo-
coMsbl (B mopsiake yobiBanus yactor): Rlalal*(M198), 12a
(P37.2), Rlalalg (M458), Elblblal (M78). Yactots! ram-
norpymm 11 (M253) u R1blb2 (M269) cocraBnsimm 0koJI0
4% xaxnas. IlepeunciaeHHble MeCTb Y-XPOMOCOMHBIX JIH-
HHMH COCTaBJIIIOT B OOIIEN CHOKHOCTH OKoJIo 96% Bcero
reHo(OHIa UCCICAOBAHHONM 3aKapraTcKoi momysiwmi. Oc-
TaJTbHBIE TATUIOTPYIITHI BCTPEYAIHCH C 9acTOTOH MeHee 1%.

CrieKTp Ma>KOPHBIX Taruiorpyrm B YepHOBHITKOI obiac-
TH 0611 HecKONIbKO MHBIM. C "actotamu Oosee 5% BcTpeda-
JUCh Tamwiorpymnsl (B TOpsiike yObBaHHMSA dYacToT) [2a
(P37.2), Rlalal*(M198), Rlalalg (M458), Rl1blb2
(M269), Elblblal (M78), I1 (M253), cyMmMapHO cOCTaBJIsis
okoso 90% Y-xpomocomuoro reHodonma. Pasmmums yac-
TOTHBIX pacrpenesieHHii B 00enX M3y4eHHBIX TMOMYJISIHIX
UYepHoBHIIKOH 001aCTH HE OBUIM CTATUCTUYECKH 3HAYMMBI U
B JAJIbHEWIEM aHaJIM3MPOBAINCH B BHUIE OOBEAWHEHHOM
TIOITYJIAIIHH.

PaccmoTpeHBI Takke reorpadrdeckie TEHICHIMH pac-
mpeeneHns Y -XpOMOCOMHON M3MEHIHBOCTH Ha OKPYKaro-
X TePPUTOPHSIX. [ 3TOr0 aHATM3MPOBAIIM paHee OIy0-
JINKOBAHHBIC JaHHBIC MO MOMYJISIMSAM COCEOHUX STHHYC-
CKHX rpymi. B oOmem crexrpe m3meHunBocTH (puc. 1) 3a-
METHO, YTO TaIuIOrpymmbl B PacCMaTpUBAEMOM pETHOHE
UMEIOT IIUPOTHBIE rpaaueHTsl. C ceBepa Ha IOr Pe3Ko Ta-
natoT gactotel Rla (M198+M458) — nanbonee npencraBu-
TenbHOHU Tarorpynmns! B Bocrounoii Eepone; k Hell oTHO-
carest 10 50% u make OOJbIIE TEHETUYCCKUX JINHUHM Kak B
BOCTOYHOCIIABSIHCKUX, TaK W 3alaJHOCIABSIHCKHX IIOITyJIsI-
musix (Kushniarevich et al., 2015), onqrako roxxaee Kapmar ee
4acTOTHl yke ToHmWwkeHsl 10 10-35% (Underhill et al.,
2010). YkpawHCKHe TOMyJISIUH 3/1eCh MPEICTABISIOT MPO-
MEKYTOYHBII BapHaHT, IPHYEM CaMble TOHIDKEHHBIE YacTo-
1eI Rla (okono 30%) B YkpanHe HaOmomaroTcss MIMEHHO B
UepHOBHIIKOM 00IacTH.

AHaIOTUYHBIN reorpadMIecKuii TPeH ] — CHUXKEHHE Jac-
TOTHI C CEBepa Ha 1or — oOHapyxuBaercs w1t Nlc (M178) —
SIPKO BBIPKCHHON Ma)KOPHOM raruiorpymiisl (1o 35-80%) B
reHooH/1axX (UHHO-YTOPCKUX HapOOB, OAJITOB, CEBEPHBIX
PYCCKMX M Jpyrux MOMYyJSIUH CeBepo-BOCTOKa EBporis
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(Rootsi et al., 2007; Balanovsky et al., 2008). 1o CeBepHoro
[puyepHOMOpBSt 3Ta TamIorpyImIa JOXOAUT YK€ C MOHHU-
JKeHHbIMU (710 4-9%) uacToTamH, OJHAKO B TOMYJISIHUSIX
YKpPaWHIICB OHA BXOJUT B ISTEPKY HAaHOOJEE YaCThIX Tafl-
qorpymn (Mielnik-Sikorska et al., 2013; Utevska et al.,
2013b, 2015; Kushniarevich at al., 2015). Bumecte ¢ Tem, B

BBIOOpPKE W3 3aKapmnarckoil 00JacTd He OOHApPYKEHO HH
onHoro Hocurenst BapuanTta Nlc (M178). Taxoke 3Ta rarmmo-
TpyIIia MPaKTHYECKH OTCYTCTBYET CPENM BEHIPOB U PYMBIH.
Ouesunno, Kapnarel siBrsmch 3()¢GEKTHBHBIM MIPUPOIHBIM
OapbepoM Ha myTH pacmpoctpaneHus Nlc (M178) B roro-
3aI1a/THOM HAIIPaBJICHHU.
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Puc. 1. YacToTHbIE pacnpesieeHHsl FamJIorpynn Y XxpoMocoMbl B nonyJisinusx ora Bocrounoii EBponsl

[TpoTHBOIIONOXKHYIO HANPaBJICHHOCTh — ITOBBIIIICHNE Yac-
TOTHI € CEBEpa HA 0T — UMEET PacIPOCTPAHEHHE TaIlIorpyTI-
el 12a (P37.2) (Underhill et al., 2007). YacToTsI 3TOM rarmio-
TPYIIBl MakcUMaJbHbI (70 60%) B HEKOTOPBIX OATKAHCKHX
nomymsinusAX. B mpeznenax paccMaTpuBaeMOro HamM apeana
3Ta TaIIorpymIa BCTPEYaeTcs C 4acToTaMu nopsiaka 25-35%
Cpeay pyMBIH, MOJIaBaH M YKPAUHIIEB, BKJIIOYAs B TOM YHCIIC
yKpauHLeB 3akaprarckoii u UepHoBuikoi obnacreil. UepHo-
BHIIKast 00JIaCTh — €AMHCTBEHHAS M3 00/acTeil YKpauHsbl, r7e
yactota [2a mpesbmmaer yactory Rla. K roro-zamagy ot
Kapnar wame Bcrpevatorcst rarmwtorpyms! E1b (M78), R1b
(M269), J (M304) 1 G (M201), oTpaxast HICTOPIYECKHIE CBSI-
3u ceBepo-3amagHoro IIpuaepromopss n Kapmarckoro pe-
rroHa ¢ bamkanamu n bmkarM Boctokom (Cruciani et al.,
2007; Myres et al., 2012; Rootsi et al., 2012).

CxoncrBo nomyasinuii 1o Y XpoMOCOMHBIM MapKepaMm

JI71s1 OIEHKN TeHETHYECKOro CXOZCTBA TeHO(OHIOB pac-
CMaTpUBaeMbIX IIOMYJSIINA YKpauHIEB C TeHO(MOHIaMH
COCEHMX 3THUYECKHMX TPYIII HPOBEACH aHAIM3 TJIABHBIX
KOMITOHEHT (puc. 2). [TonoxeHue momysiimii Ha rpaduke
OTpaXkaeT B3aMMHOE I'€HETHYECKOE CXOJICTBO HIJIM TeHETHYE-
CKYIO OTJaJeHHOCTh. BocTouHBIC U 3amajHble crnaBsHe (YK-
pauHIIBI, OeTOpPYCHI, TIONISKH, CIOBaKH) Ha rpaduke odOpasy-
10T YETKHE STHUYECKHE obOnaka. HecnaBsHckie TMOITysnmm
Kaprarckoro permona (BeHTpBI, MOJIaBaHEe, raraysbl, py-
MBIHBI) 00pa3yloT COOCTBEHHYIO TPYIIHPOBKY, He mude-
PEHIMPOBAHHYIO HAa 3THUYECKHE KiacTepbl. B menom cra-
BSIHCKHE O00JIaKa HECKOJIBKO OTAAJICHBI OT HECIABSHCKOTO.

YKpanHCKHE TOMysiur YepHOBHUIKOH W 3akapriaTcKon
obmactell OOJBIIE OCTANBHBIX MPUONIKEHBI K HECIABSH-
ckoMy Kaprarckomy kimactepy. AHaIM3HpYS PHUCYHOK 2,
MOYXHO CKa3aTh, YTO OCHOBHYIO POJb B mudeperimammm
reHO(OHI0B UrpaeT pas/ieeHne NOIyIAMI 110 JIMHTBUCTHU-
YECKOH MPHUHAISKHOCTH — Ha CIIABSHCKHE U HECIIABSHCKHE.
Bo BrOpyto ouepenp, Ha OIM30CTH TeHO(GOHIOB CKa3bIBALT-
csl reorpaduyeckoe coceacTBo. Mbl HAOJIOIaeM COOTBETCT-
BHUC T eor‘pa(bym 1 TCHECTUKH MCXKIY KIaCTE€paMUu BOCTOYHBIX
W 3alaJHbIX CJaBsH, a TaK)Ke OTHOCHTENBHYIO T'eHEeTHYe-
CKYIO OJTHOPOJHOCTB Tomyssiumii Kaprar, HecMoTpst Ha To,
YTO OHM OTHOCSATCS K COBEPHICHHO Pa3HBIM SI3BIKOBBIM
TPyNIaM: BEHIPbl — K (DHMHHO-YTOPCKOH SI3BIKOBOH CEMBbE,
raraysbl — K TIOPKCKOM, pyMBIHBI M MOJIIaBaHE — K POMaH-
CKOM IpyIIE HHAOEBPOIEUCKUX SI3bIKOB.

Krnactepusiii aHanmm3 Tex ke TMOMYJIIMK BBIIBAN He-
CKOJIbKO MHYIO KapTHHY 110 CPAaBHEHUIO C METOZIOM TJIaBHBIX
komrioHeHT (puc. 3). Ha xiaccudpukanioHHOM JepeBe
copMHpOBaHBI JIBa INIABHBIX KJacTepa. B mepBbiii momamiu
BCE HecJaBsSHCKuUE nomymsaimu Kapnat, Bo BTOpoi — TOJIBKO
cnasie. OHAKO Tommy sinyst YepHOBUIIKOI o0iacTn okasa-
Jlach B IpeJiesiaX NepBOro Kiacrepa, oOHapykuBas addu-
JIMAMI0O K PyMbIHAM M MoJiiaBaHaMm. BeposiTHO, ¢ 3TUMH
oy sIsIME  YepHOBHUIIKAsT 001acTh COMMKAeTCs 3a CUET
TIOBBIIIICHHBIX YacToT rarutorpym [2a u R1b, a taxke mo-
HIKeHHOH dactoTel Rla (puc. 1). CnaBsHCKHMIA Kiactep, B
CBOIO OUEpe/ib, PA3BETBISICTCS HA /IBA CyOKIacTepa — Ipe-
HMMYILIECTBEHHO MOITBCKUN U YKPAHHO-0eTIOPyCCKHIA.
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Factor 1: 56,09%

Puc. 2. 'eHeTHYecKkoe CX0ACTBO NOMY AU 0 ranaorpynnaM Y XxpoMocoMbl, aHAIH3 [1ABHbIX KOMIIOHEHT:
ykpauHusl: Yipl —YepHounkas o011., Ykp2 — 3akaprnarckas 001., Ykp3 — MBano-DpaHkoBckas 061., Ykp4 — JIbBoBckas 0011,
Ykp5 — XmenbHuikas 061., Ykp6 — Uepkacckas o6i. (Kushniarevich et al., 2015); 6enopycer: benl — Bpecrckast 0611., ben2 —
Butebckast 06:1., ben3 — nentp, bend — Boctok, benS — Boct. Ilonecwe, ben6 — 3arm. ITonecwse (Kushniarevich et al., 2015);
nonsku: [Tonl — Koceswe, [Ton2 — Kypmee (Rebala et al., 2012), TTon3 — Cunesus (Battaglia et al., 2009; Underhill et al., 2010),
[Ton4 — Beinrowy, IonS — I'manbek, [Ton6 — Kpakos, [Ton7 — JIro6muH, [Ton8 — Cysanku, [Ton9 — Ilenun, [Toa10 — Bporyias
(Kayser et al., 2008); cioaku: Cio — 3anaanast CioBakus (Rebala et al., 2012); monaaBane: Mol — tor, Mon2 — cesep
(Varzari et al., 2013); pymbiasl: Pym1 — Koncranna, Pym2 — ITnoemrtu, Pym3 — pymbiasl MosgoBs! (Varzari et al., 2013);
raray3bl: ['arl — Otynbs, ['ar2 — Konras (Varzari et al., 2013); Benr — Benrpsi (Volgyi et al., 2009)

Ward's method
Euclidean distances
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Linkage Distance

Puc. 3. 'eHeTH4ueckoe cX0ICTBO MOMYJISIUI 10 ramiorpynnaM Y XpoMocoMbl, KJIACTePHbIH aHAJIN3:
CIUCOK 0003HAYCHHI CM. pUC. 2

Ha ocHOBaHMM 4acTOT raruiorpyIin pacCUMTaHbl HAPHBIC
TEHETHYECKHE PACCTOSIHUA MEXAy IOMYIBIINsAMH, OTpa-
KAIOIMMH CTETIEHb TCHETHYECKOIO CXOJCTBA WM I'€HETH-
YECKUX pa3jIMuuil 10 JaHHOM cHCTEME MapKepoB. YacTH4HO
TOJTy4YeHHbIC JTaHHbIE NpHBeeHbl B Tabmuie 2. Ha ocHoBa-
HUW TapHbBIX T'CHCTUYCCKHX paCCTO)IHI/Iﬁ MEXAy IOITyJisd-
LMSIMH TIOCTPOEHBI KapThl, OTPaXKAIOIIKe 00JIaCTH TeHEeTHYe-
CKOTO CXOJICTBa JUIst 3akapratckoil (puc. 4a) u UepHoBHII-

Kot momysmuii (prc. 40). KapTel mocTpoeHs! Ha GONBIIOM
MPOCTPAHCTBE, BKItouaromieM EBpomy, Ypan, Kaekaz u
AHaTONMIO — COOTBETCTBEHHO JUISl CPAaBHEHHUS HCIIOIb30Ba-
JIACh OITyOJIMKOBAHHBIC JAHHBIC IO JIOKAIBHBIM MOITYIIAIH-
SIM U3 ATUX PEerroHoB. Kaxkmas xapTa cTpouTcs Jyisi OJHOM
TIOMyYJIAIMH (penepHoil); Ha Hell [BETOM OTpaKaloTCs I'eHe-
THUYCCKUE PACCTOAHHA OT penepHOf/'I TOMmyJIIOun 10 BCEX
OCTaJIBHBIX MOMYJSHK. B o0mmx geprax Takue KapThl, MO-
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cTpoeHHble 111 bykoBHHBEI 1 3akaprarbsi, COBNAJAIOT: YK-
pauHIBI 00eUX M3ydaeMbIX 00JIaCTel MPOSIBISIOT HAUOOb-
Iee TeHETHYECKOE CXOJICTBO C OCTAIBHBIMH YKPaUHCKHMHU
nonyJsinusamMy (rererrdeckoe paccrosiave d < 0,05), a Tak-

XK€ CO CIIOBAKaMH M CJIOBCHIIAMH. 3aKapIiaThe, MO CpaBHE-
HHUIO ¢ ByKOBHHOM, Goibllie TIOXOkKE Ha I0)KHOPOCCHHCKHE
TOIyJIAOuK, TOrga Kak ByKOBI/IHa IIOKa3bIBACT HCCKOJIBKO
Gorplee cxoncTBo ¢ MonnoBoi, CrioBeHueid 1 PyMbiHnen.

Tabnuya 2
T'eHeTHYeCKHE PACCTOSTHUSI MEXKITY MOMYJISIUSIMA
g 3 . ) g
< > <) — — jor] — 8
te) = \© =] = o) = «

s g ¢ g S 5 = = 5 2 g

=N 1]
YepHoBHIIKAsE 00 0,000 0,048 0,067 0,166* 0,101* |0,141* 0,031 0,128* | 0,134* | 0,086
3akapraTckas o0 0,048 0,000 0,022 0,077 0,120* ]0,302** | 0,078 0,194* | 0,057 0,053
YKpauHIpl 0,067 0,022 0,000 0,033 0,092 [0,352** | 0,088 0,200* | 0,015 0,015
Tonsiku 0,166* 0,077 0,033 0,000 0,143* | 0,617***| 0,171* | 0,356** | 0,016 0,021
Benrpel 0,101* | 0,120% | 0,092 |0,143* | 0,000 |0,178* | 0,035 | 0,054 | 0,160* | 0,058
PyMBIHBI 0,141* | 0,302** | 0,352** | 0,617***| 0,178* | 0,000 0,120* | 0,055 0,546***| 0,366**
MouiaBase 0,031 0,078 0,088 0,171* 0,035 |0,120* 0,000 0,062 0,168* | 0,079
Taray3bl 0,128* 0,194* | 0,200* [0,356** | 0,054 |0,055 0,062 0,000 0,327** | 0,196*
Benopycsl 0,134* 0,057 0,015 10,016 0,160* | 0,546***| 0,168* | 0,327** | 0,000 0,030
CiioBaki 0,086 0,053 | 0,015 |0,021 0,058 |0,366%* | 0,079 | 0,196* | 0,030 | 0,000

Ipumeuanme: * — renetnyeckoe paccrosuue 0,1 <d <0,3; ** - 0,3 <d <0,5; *** —d>0,5.

reHeTu4ecKne paccToaHKA

0.01 0.03 0.05 0.07 0,09 0.11

Puc. 4. KapTsl reHeTHYeCKUX PacCTOSTHUI 0T ykpanHueB 3akapnartckoii (A) u YepnoBuukoii (b) odaacreit
110 JAHHBIM 0 YaCTOTAX ranjaorpymnn Y-XxpoMocoMbl: perepHble IOy 0003HaYeHbI 3Be3109KaMU;
CBETJIbIE TOHA COOTBETCTBYIOT FT€HETUYECKH OJIM3KUM PErHOoHaM, TEMHbIE — OTAAJIEHHBIM

BriBoabI

YepHoBHILIKas ¥ 3akapraTckas TOMYJSIIUN YKPAHHIIEB,
HECMOTpSI Ha KpaeBOe MOJIOKEHHE B ATHUYECKOM YKpauH-
CKOM apeaie, CIIOXHYIO HCTOPHIO M CYILECTBOBaHHE B pa3-
JIMYHBIX TIOJMTUYECKUX O00pa3oBaHMsX, MO Mapkepam Y
XPOMOCOMBI  00pa3yloT €IUHYI0 O0JIaCTh T€HEeTHYECKOTO
CXOZICTBA C OCTAIBHBIMH YKPAaWHCKHMH TOMYJUSIIMAMHA 1
SIBJISIIOTCS YaCThIO [IENBHOTO YKPAHHCKOTO TeHO(OH A,

YepHOBHUIIKAS MOMYJISILHS OTIMIACTCS OT TUIUYHBIX IO-
MyJSIUNA  YKPAaUHLIEB BBICOKOM YacTOTOM Y-XPOMOCOMHOM
rartorpymms! 12a (P37.2) 1 moHMKEHHOW 9acTOTOM rario-
rpymnbl Rla (M198). Takue renermueckue 0COOSHHOCTH,
TO-BUJIMMOMY, C(HOPMHUPOBAIIHCH 32 CUET BKJIIOYEHHSI I'eHe-
THUYECKUX KOMIIOHEHTOB COCETHUX MOJIZIaBaH U PyMBIH.

Kapnater siBnstiotcst reorpaduueckiM OapbepoM s
pacrnpocTpaHEeHHUs! psiia TaIuIorpynm Y XpoMOCOMBI Ha Tep-
putopuu Boctounoit EBpomnsl. OHM OrpaHUUNBAIOT MOTOK
Nlc (M178) u Rla (M198) ¢ ceBepo-BocTOKa M pacrpo-
crpanenue E1b (M78), R1b (M269), ] (M304) u G (M201) ¢
I0ro0-3amnaza.

bubanorpaguyeckne cCbUIKU

Balanovsky, O., Dibirova, K., Dybo, A., Mudrak, O., Frolova, S.,
Pocheshkhova, E., Haber, M., Platt, D., Schurr, T., Haak, W.,
Kuznetsova, M., Radzhabov, M., Balaganskaya, O., Druzhin-
ina, E., Zakharova, T., Hernanz, D., Zalloua, P., Koshel, S.,
Ruhlen, M., Renfrew, C., Wells, R.S., Tyler-Smith, C., Bala-
novska, E., The Genographic Consortium., 2011. Parallel evo-

138

Visn. Dnipropetr. Univ. Ser. Biol. Med. 2015. 6(2)




lution of genes and languages in the Caucasus region. Mol.
Biol. Evol. 28(10), 2905-2920.

Balanovsky, O., Rootsi, S., Pshenichnov, A., Kivisild, T., Chur-
nosov, M., Evseeva, 1., Pocheshkhova, E., Boldyreva, M.,
Yankovsky, N., Balanovska, E., Villems, R., 2008. Two
sources of the Russian patrilineal heritage in their Eurasian
context. Am. J. Hum. Genet. 82(1), 236-250.

Barbujani, G., Bertorelle, G., 2001. Genetics and the population
history of Europe. Proc. Natl. Acad. Sci. USA 98(1), 22-25.

Battaglia, V., Fornarino, S., Al-Zahery, N., Olivieri, A., Pala,
M., Myres, N.M., King, R.J., Rootsi, S., Marjanovic, D.,
Primorac, D., Hadziselimovic, R., Vidovic, S., Drobnic, K.,
Durmishi, N., Torroni, A., Santachiara-Benerecetti, A.S.,
Underhill, P.A., Semino, O., 2009. Y-chromosomal evi-
dence of the cultural diffusion of agriculture in Southeast
Europe. Eur. J. Hum. Genet. 17(6), 820-830.

Chiaroni, J., Underhill, P., Cavalli-Sforza, L.L., 2009. Y chro-
mosome diversity, human expansion, drift, and cultural evo-
lution. Proc. Natl. Acad. Sci. 106(48), 20174-20179.

Cruciani, F., La Fratta, R., Trombetta, B., Santolamazza, P.,
Sellitto, D., Colomb, E.B., Dugoujon, J.M., Crivellaro, F.,
Benincasa, T., Pascone, R., Moral, P., Watson, E., Melegh,
B., Barbujani, G., Fuselli, S., Vona, G., Zagradisnik, B., As-
sum, G., Brdicka, R., Kozlov, A.L., Efremov, G.D., Coppa,
A., Novelletto, A., Scozzari, R., 2007. Tracing past human
male movements in northern/eastern Africa and western
Eurasia: New clues from Y-chromosomal haplogroups E-
M78 and J-M12. Mol. Biol. Evol. 24(6), 1300-1311.

Har’kov, V.N., Stepanov, V.A., Borinskaja, S.A., Kozhekbaeva,
ZM., Gusar, V.A., Grechanina, E.J., Puzyrev, V.P., Husnut-
dinova, J.K., Jankovskij, N.K., 2004. Struktura genofonda
vostochnyh ukraincev po gaplogruppam Y-hromosomy [The
gene pool structure of Eastern Ukrainians on Y chromosome
haplogroups]. Genetika 40(3), 415-421 (in Russian).

Jobling, M., Tyler-Smith, C., 2003. The human Y chromosome:
An evolutionary marker comes of age. Nat. Rev. Genet. 4,
598-612.

Karafet, T.M., Mendez, F.L., Meilerman, M.B., Underhill, P.A.,
Zegura, S.L., Hammer, M.F., 2008. New binary polymor-
phisms reshape and increase resolution of the human Y
chromosomal haplogroup tree. Genome Res. 18, 830-838.

Kayser, M., Lao, O., Anslinger, K., Augustin, C., Bargel, G.,
Edelmann, J., Elias, S., Heinrich, M., Henke, J., Henke, L.,
Hohoff, C., Illing, A., Jonkisz, A., Kuzniar, P., Lebioda, A.,
Lessig, R., Lewicki, S., Maciejewska, A., Monies, DM.,
Pawlowski, R., Poetsch, M., Schmid, D., Schmidt, U.,
Schneider, P.M., Stradmann-Bellinghausen, B., Szibor, R.,
Wegener, R., Wozniak, M., Zoledziewska, M., Roewer, L.,
Dobosz, T., Ploski, R., 2005. Significant genetic differentia-
tion between Poland and Germany follows present-day po-
litical borders, as revealed by Y-chromosome analysis. Hum
Genet. 117, 428-443.

Koshel, S., 2012. Geoinformation technologies in genegeogra-
phy. In: Mod. Geogr. Cartogr. Artic. Collect. Ed. Lure, LK.,
Kravtsova, V.1, 158-166.

Kushniarevich, A., Utevska, O., Chuhryaeva, M., Agdzhoyan,
A., Dibirova, K., Uktveryte, 1., Mols, M., Mulahasanovic,
L., Pshenichnov, A., Frolova, S., Shanko, A., Metspalu, E.,
Reidla, M., Tambets, K., Tamm, E., Koshel, S.,
Zaporozhchenko, V., Atramentova, L., Kuéinskas, V.,
Davydenko, O., Goncharova, O., Evseeva, 1., Churnosov,
M., Pocheshchova, E., Yunusbayev, B., Khusnutdinova, E.,
Marjanovi¢, D., Rudan, P., Rootsi, S., Yankovsky, N., Endi-
cott, P., Kassian, A., Dybo, A., Genographic Consortium,
Tyler-Smith, C., Balanovska, E., Metspalu, M., Kivisild, T.,
Villems, R., Balanovsky, O., 2015. Genetic heritage of the
Balto-Slavic speaking populations: A synthesis of auto-
somal, mitochondrial and Y-chromosomal data. PLoS One
10(9), ¢0135820.

Lappalainen, T., Laitinen, V., Salmela, E., Andersen, P., Hu-
oponen, K., Savontaus, M.L., Lahermo, P., 2008. Migration
waves to the Baltic sea region. Ann. Hum. Genet. 72(3),
337-348.

Mielnik-Sikorska, M., Daca, P., Wozniak, M., Malyarchuk, B.A.,
Bednarek, J., Dobosz, T., Grzybowski, T., 2013. Genetic data
from Y chromosome STR and SNP loci in Ukrainian popula-
tion. Forensic Sci. Int. Genet. 7(1), 200-203.

Myres, N.M., Rootsi, S., Lin, A.A., Jarve, M., King, R.J., Ku-
tuev, 1., Cabrera, V.M., Khusnutdinova, E.K., Pshenichnov,
A., Yunusbayev, B., Balanovsky, O., Balanovska, E., Ru-
dan, P., Baldovic, M., Herrera, R.J., Chiaroni, J., Di Cristo-
faro, J., Villems, R., Kivisild, T., Underhill, P.A., 2011.
A major Y-chromosome haplogroup R1b Holocene era
founder effect in Central and Western Europe. Eur. J. Hum.
Genet. 19(1), 95-101.

Nei, M., 1972. Genetic distance between populations. Am Nat.
106, 283-292.

Novelletto, A., 2007. Y chromosome variation in Europe: Con-
tinental and local processes in the formation of the extant
gene pool. Ann. Hum. Biol. 34(2), 139-172.

Perici¢, M., Lauc, L.B., Klari¢, .M., Rootsi, S., Janiéijevic, B.,
Rudan, 1., Terzi¢, R., Colak, 1., Kvesi¢, A., Popovié, D., Si-
jacki, A., Behluli, 1., Dordevic, D., Efremovska, L., Bajec,
D.D., Stefanovi¢, B.D., Villems, R., Rudan, P., 2005. High-
resolution phylogenetic analysis of southeastern Europe
traces major episodes of paternal gene flow among Slavic
populations. Mol. Biol. Evol. 22, 1964-1975.

Rebata, K., Martinez-Cruz, B., Tonjes, A., Kovacs, P., Stumvoll,
M., Lindner, 1., Biittner, A., Wichmann, H.E., Sivakova, D.,
Sotak, M., Quintana-Murci, L., Szczerkowska, Z., Comas,
D., Genographic Consortium. 2013. Contemporary paternal
genetic landscape of Polish and German populations: From
early medieval Slavic expansion to post-World War II reset-
tlements. Eur. J. Hum. Genet. 21, 415-422.

Rootsi, S., Myres, N.M., Lin, A.A., Jarve, M, King, R.J., Ku-
tuev, 1., Cabrera, V.M., Khusnutdinova, E.K., Varendi, K.,
Sahakyan, H., Behar, D.M., Khusainova, R., Balanovsky,
0., Balanovska, E., Rudan, P., Yepiskoposyan, L., Bah-
manimehr, A., Farjadian, S., Kushniarevich, A., Herrera,
R.J., Grugni, V., Battaglia, V., Nici, C., Crobu, F., Kara-
chanak, S., Kashani, B.H., Houshmand, M., Sanati, M.H.,
Toncheva, D., Lisa, A., Semino, O., Chiaroni, J., Cristofaro,
J.D., Villems, R., Kivisild, T., Underhill, P.A., 2012. Distin-
guishing the co-ancestries of haplogroup G Y-chromosomes
in the populations of Europe and the Caucasus. Eur. J. Hum.
Genet. 20(12), 1275-1282.

Rootsi, S., Zhivotovsky, L.A., Baldovic, M., Kayser, M., Ku-
tuev, I.A., Khusainova, R., Bermisheva, M.A., Gubina, M.,
Fedorova, S.A., Ilumie, A.M., Khusnutdinova, E.K., Vo-
evoda, M1, Osipova, L.P., Stoneking, M., Lin, A.A., Ferak,
V., Parik, J., Kivisild, T., Underhill, P.A., Villems, R., 2007.
A counter-clockwise northern route of the Y-chromosome
haplogroup N from Southeast Asia towards Europe. Eur. J.
Hum. Genet. 15(2), 204-211.

Underhill, P.A., Myres, N.M., Rootsi, S., Chow, C.T., Lin, A.A.,
Otillar, R.P., King, R., Zhivotovsky, L.A., Balanovsky, O.,
Pshenichnov, A., Ritchie, K.H., Cavalli-Sforza, L.L., Kivis-
ild, T., Villems, R., Woodward, S.R., 2007. New phyloge-
netic relationships for Y-chromosome haplogroup I: Reap-
praising its phylogeography and prehistory. In: Mellars, P.,
Boyle, K., Bar-Yosef, O., Stringer, C. (Eds). Rethinking the
human revolution. McDonald Institute for Archaeological
Research, Cambridge, UK. 33-42.

Underhill, P.A., Myres, N.M., Rootsi, S., Metspalu, M., Zhi-
votovsky, L.A., King, R.J., Lin, A.A., Chow, C.E., Semino,
0., Battaglia, V., Kutuev, 1., Jirve, M., Chaubey, G., Ayub,
Q., Mohyuddin, A., Mehdi, S.Q., Sengupta, S., Rogaev, E.L,
Khusnutdinova, E.K., Pshenichnov, A., Balanovsky, O.,

Visn. Dnipropetr. Univ. Ser. Biol. Med. 2015. 6(2) 139



Balanovska, E., Jeran, N., Augustin, D.H., Baldovic, M.,
Herrera, R.J., Thangaraj, K., Singh, V., Singh, L., Majum-
der, P., Rudan, P., Primorac, D., Villems, R., Kivisild, T.,
2010. Separating the post-Glacial coancestry of European
and Asian Y chromosomes within haplogroup Rla. Eur. J.
Hum. Genet. 18(4), 479-484.

Underhill, P.A., Passarino, G., Lin, A.A., Shen, P., Mirazon,
L.M,, Foley, R.A., Oefner, P.J., Cavalli-Sforza, L.L., 2001.
The phylogeography of Y chromosome binary haplotypes
and the origins of modern human populations. Ann. Hum.
Genet. 65, 43-62.

Utevska, O.M., Agdzhojan, A.T., Balanovska, E.V., Atramentova,
L.A., Balanovsky, O.P., 2013. Istoki formirovanija ukrain-
skogo genofonda po dannym ob Y-hromosome [The origin of
Ukrainian gene pool on Y-chromosomal data]. Visnik
Harkivs'kogo universitetu 18(1079), 87-98 (in Russian).

Utevska, O.M., Agdzhojan, A.T., Pshenichnov, A.S., Dibirova,
H.D., Chuhrjacva, M.I., Atramentova, L.A., Balanovska,
E.V., Balanovsky, O.P., 2013. Shodstvo ukrainskih populja-
cij iz razlichnyh territorial'nyh podrazdelenij po markeram
Y-hromosomy. [Similarity of Ukrainian populations from
different regions revealed by Y-chromosomal markers]. Fak-
tory Jeksperimental'noj Jevoljucii Organizmov. Logos, Kiev.
338-341 (in Russian).

Utevska, O.M., Pshenichnov, A.S., Dibirova, H.D., Rootsi, S.,
Agdzhojan, A.T., Churnosov, M.I., Balanovska, E.V., Atra-
mentova, L.A., Balanovsky, O.P., 2015. Shodstvo i
razlichija genofondov ukrainskih i russkih populjacij Slo-

bozhanshhiny po markeram Y-hromosomy [Gene pool simi-
larities and differences between Ukrainians and Russians of
Slobozhanshina on Y-chromosome data]. Citologija i Ge-
netika 49(4), 40-50 (in Russian).

Varzari, A., Kharkov, V., Simonova, K., Stepanov, V., Stephan,
W., Weiss, E.H., Nikitin, A.G., Raicu, F., 2013. Paleo-
Balkan and Slavic contributions to the genetic pool of Mol-
davians: Insights from the Y chromosome. PLoS One §(1),
e53731.

Volgyi, A., Zalan, A., Szvetnik, E., Pamjav, H., 2009. Hungar-
ian population data for 11 Y-STR and 49 Y-SNP markers.
Forensic Sci. Int. Genet. 3(2), ¢27-8.

Wozniak, M., Malyarchuk, B., Derenko, M., Vanecek, T.,
Lazur, J., Gomolcak, P., Grzybowski, T., 2010. Similarities
and distinctions in Y chromosome gene pool of Western
Slavs. Am. J. Phys. Anthropol. 142(4), 540-548.

Y-Chromosome Concortium, 2002. A nomenclature system for
the tree of human Y-chromosomal binary haplogroups. Ge-
nome Res. 12, 339-348.

Yunusbayev, B., Metspalu, M., Jarve, M., Kutuev, 1., Rootsi, S.,
Metspalu, E., Behar, D.M., Varendi, K., Sahakyan, H.,
Khusainova, R., Yepiskoposyan, L., Khusnutdinova, E.K.,
Underhill, P.A., Kivisild, T., Villems, R., 2012. The Cauca-
sus as an asymmetric semipermeable barrier to ancient hu-
man migrations. Mol. Biol. Evol. 29(1), 359-365.

Haoiiwna oo peoxoneeii 21.09.2015

140

Visn. Dnipropetr. Univ. Ser. Biol. Med. 2015. 6(2)



BicHuk JIHINponeTpoBCHKOTo YHiBEpCUTETY. biooris, MeauIHa
Visnik Dnipropetrovs’kogo universitetu. Seria Biologia, medicina
Visnyk of Dnipropetrovsk University. Biology, medicine
Visn. Dnipropetr. Univ. Ser. Biol. Med. 2015. 6(2), 141-145.
doi:10.15421/021525

ISSN 2310-4155 print
ISSN 2312-7295 online

www.medicine.dp.ua

YK 577.112.85:616.155.392-036.1

Po3noain neiikoumtiB nepugepuyHoi KpoBi
3a ConA-no3uTHBHMMH IIIKOTONIAMM
Y XBOPHX HA XPOHIYHi JIeliKO31

I'.C. Macnak
113 «/Ininponemposcvra meouyra axademia MO3 Vkpainuy, /[ninponempogcok, Yrpaina

I[Tpoanasti3oBaHO PO3MOALT FPaHyJIOLKTIB Ta MOHOLUTIB MeprudepuaHOi KPOBi JIFOIUHH, SIKi B3AEMOIIIOTH i3 JISKTHHOM KaHaBail Me4o-
BuaHOI (ConA) y rpyIi reMaToioriuHo 310pOBHX JOHOPIB i XBOPHX Ha XpOHIYHHIA TiMboeiiko3 i eputpemito. YV nepudepuyHiii Kposi 310-
poBoi monuH piBeHs CONA-TO3UTUBHUX MOHOLIUTIB 1 TPaHyJIOIUTIB cTaHOBUTH 9,86 + 1,01% Ta 32,72 + 3,21%, BigmoBigHo. Bim3HaueHO
sumkenns Ha 31,0 + 2,3% piBast ConA-MO3UTUBHUX MOHOIUTIB Ta MiBAMIEHHS KilbKocTi ConA-3B’3yBaIbHIX I'PAaHYJIOLMTIB Ha 60,7 +
3,8% y XBopHX Ha XPOHIUHHH JiM]oIeHKo3. AHATOTTYHMIA TIEPEPO3MOILT 00 HOPMH BH3HAYECHO y XBOPHX HA EPUTPEMIIO: KUTBKICTh
ConA-To3UTHBHIX MOHONUTIB 3HIDKeHa B 3,3 pasa (P < 0,05), a piBeHb IpaHyJIOIMTIB, SIKi B3a€EMOJIIOTH 13 BUOPAHMM I JOCIIIKEHb
KOHIOraToM JICKTHHY, He3Ha4yHO 3poctae. [TopiBHsuibHHI aHati3 ConA-3B’s3yBaIbHUX CINTOINB [UI1a3MaTHYHOI MEMOpPaHH MOHOLIUTIB HE
BUSIBUB 3HAYHOI Pi3HMII MDK JaHMMH, OTPHMaHHMH B TPyIi KOHTPOJIIO Ta IpyHax XBOPUX Ha XPOHIYHMH JiM]onelKko3 i epurpemiro.
3a J0MOMOTr'oI0 TIPOTOYHOT UTOMETPIT BU3HAYEHO 3pOCTaHHS IHTEHCHBHOCTI eKCIoHyBaHHSI ConA-3B’s13yBaIbHUX TJIIKOTOIIB HAa OBEPXHI
rpaHyJIoLUTIiB neprdepuyHoi KpoBi XBoprx Ha eputpemito B 100 pasiB, a y XBOpux Ha XpoHiuHHH niMboneiiko3 — B 3,3 pasa, mo Moxe
CIyTyBaTH J0aTKOBUM KpUTEpIeM ISl T(EPEHIIiFOBaHHS LIUX 3aXBOPIOBAHb.

Knrouosi cnosa: ConA; MOHOIIATH; TPaHYJIOLUTH; €PUTPEMIs; XPOHIUHHUI TIM(OICHKO3

White blood cells of peripheral blood
with ConA-positive glycotopes
in patients with chronic leukemia

G.S. Maslak

State Institution “Dnipropetrovsk Medical Academy”, Dnipropetrovsk, Ukraine

Tumor growth progression of blood cells occurs due to changes in their genetic apparatus, which affects not only the cells morphological
characteristics, but also their functional activity which to a greater extent depends on the membrane surface structures, a significant part of
which is of glycoprotein nature. Complex type N-glycans are components of surface glycoproteins in the most of leukocytes. Thus, the study
of changes in carbohydrate determinants of glycoproteins on the surface of leucocytes in tumorigenesis can help to reveal the mechanisms of
this process. The aim of our study was to investigate the monocytes and granulocytes cytoplasmic membrane N-glycosylation in patients
with chronic leukemia. The object of the study were blood cells of patients with chronic lymphocytic leukemia (n = 12) and polycythemia
vera (n = 15) aged 58-66 years. Healthy hematologic volunteers (n = 15) aged 55 to 65 years were in the control group. N-glycan exposure
on monocytes and granulocytes was investigated by flow cytometer Beckman Coulter EPICS with Canavalia ensiformis lectin — Con A
conjugated with fluorescent labels. The number of dead cells was monitored by means of binding them with propidium iodide. The result has
been analyzed with FC Express. According to our data, levels of ConA-positive monocytes and granulocytes were 9,9 + 1,0% and 32,7 +
3,2%, respectively, in peripheral blood of healthy persons. The level of ConA-positive monocytes decreased to 31,0 + 2,3% and the number
of ConA-binding granulocytes increased to 66,7 + 3,8% in patients with chronic lymphocytic leukemia compared with the norm.
The number of ConA-positive monocytes decreased 3.3 times, and the level of granulocytes interacting with Canavalia ensiformis lectin
slightly increased relative to control in polycythemia vera patients. There is significant increase in Con A-positive epitopes on granulocytes
in patients with chronic lymphocytic leukemia and polycythemia vera compared with the control group, and absence of any difference in
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Con A-positive epitopes on monocytes. 100 times increase of the number of ConA-binding glycotopes is observed on the surface of
granulocytes in peripheral blood of patients with polycythemia vera, and 3,3 times increase in patients with chronic lymphocytic leukemia,
which may serve as an additional marker for the diagnosing these diseases.

Keywords: ConA; monocytes; granulocytes; polycythemia vera; chronic lymphocytic leukemia

Beryn

XPpOHIYHI OHKOIPOITi(epaTUBHI 3aXBOPIOBAHHS 32 MOp-
(borori€ro 3MOSAKICHUX KIITHH MOYKHA PO3NOALTATH Ha Mie-
70~ Ta JiM(pOIEHKO3H, 3aralbHOI0 OCOOJHBICTIO SKUX € 3a-
TPUMaHHS JO3pPiBaHHS KIITHH BIATIOBITHOTO TEMOIIOCTHIHO-
T'O POCTKA, 1110 3yMOBIIIOE ITiIBUIIICHHS PiBHIB HEAO3PLINX Ta
¢yHkioHanbHO HeakTHBHUX KiiTHH (Lapovets et al., 2013).
IMpu xponiyHoMy nimdoneiikosi (XJIJI) 3pocrae BMiCT neid-
KOLWTIB, B OCHOBHOMY 3a paxyHOK MyXJMHHUX B-
JMQOLUTIB, a 3a epUTpeMii, Ky KIacU(iKylOTh K XPOHI-
HE Mi€JIonpomi)epaTHBHE 3aXBOPIOBAHHS, 00’€MHA YacTKa
€pHUTPOLUTIB 3MIHEHOI CTPYKTYPH 3HAYHO ITiJIBHIILYETHCS
(Sanchez et al., 2013). fIx Bimomo, Tporpecist MyXJIMHHOTO
POCTY KIIITHH KPOBi BUHUKA€ BHACTIZOK 3MiH iX TCHETUIHO-
TO amapary, o BIDIMBA€E HE TUTHKU HAa MOPQOJIOTIIHI XapaK-
TEPUCTHKH, a 1 Ha iX (yHKIIOHABHY aKTHBHICTB, sKa
OLIBIIOI0 MIPOIO 3aJISKUTH Bil MEMOpPAHHHX TTOBEPXHEBHX
CTPYKTYp, BaroMa 4aCTHHA SIKHX Ma€ IJIIKOIPOTEIHOBY IIpH-
pony (Hauselmann and Borsig, 2014). 3rigHo 3 npaisiMu
YKpaiHChKUX YyueHuX, npu XJIJI HalBaXIMBINIMMH VIS
KJIITAH KPOBI € B3aeMOJIi 3a y4acTio B-kiiTuHHOTrO perer-
TOpa, iHTerpuHiB, (idpoHexTrHy, anturenis CD38 ta CD31
Ta iHIMX rikonpoTeiniB (Abramenko and Kryachok, 2012).

3MiHU BYTJICBOJJHOI CKJIA[IOBOI MEMOPAHHUX TITIKOTIPOTE-
HIB OPYILYIOTH HOpMaNTBHI (izionoriyHi GYHKIT KIIITHH Ta
CIIPUYMHIOIOTh METACTATHYHY Ta 1HBAa3WBHY IOBEAIHKY
(Christiansen et al., 2014), ockiTbKH 32 Y9acTIO caMe IoBep-
XHEBHUX a/Te3UBHUX MOJICKYI JICHKOITUTIB YHACTIOK MDXK-
KIITHHHHUX B3a€EMOJII MK paKOBUMH KIIITHHAMH Ta €H/IOTe-
JTieM, JTEHKOIMTaMH Ta TPOMOOIINTAMH, CIIPUYHHAETHCS afl-
re3ist, TpaHCCyHallisi Ta CTBOPEHHSI METACTAaTHYHHUX YpaXKeHb
(Chambers et al., 2002). OnHi€lo 3 IPUYUH 3MiH TOBEPXHE-
BUX IJIKOTOIIIB IiJT Yac 370sKicHOT Tpancdopmarrii (Stowell
et al., 2015; Glavey et al., 2015) mMoxe OyTH cTpec eHaOILIa-
3MaTHYHOTO PETHKYJIyMYy KJITHHH, SIKMH BHKJIHNKAE IOPY-
mreHHs npoueciB N- ta O-ririkoswtoBanss (Xu et al., 2010).

N-TITiKaHA KOMITIEKCHOTO THITY — CKJIaZI0Bi OLTBIIIOCTI TT0-
BEpXHEBUX TJIKOMPOTEIHIB JeikomuTiB. Hampukian, ekcrpa-
KIITHHHI TOMEHU L-cenekTrHy, SIKWi eKCIpecyeThesl yciMa
TUMAMH OUTHX KITITHH KPOBi, MAIOTh 7 TIOTEHIIHIX caiTiB N-
riko3wmoBaHHs (Wedepohl et al., 2010). A 3a moromororo in
Vivo eKCTIepUMEHTIB TOKa3aHo, IO 3B’3yBaHHS L-ceneKTHHy
i3 TpancMeMOpaHHMM TitikornpoteiHoM | Tury (CD44) BinOy-
BAETHCSI JIUILIE 32 HASIBHOCTI Y HBOrO N-TJTiKaHiB KOMIUIEKCHO-
ro Turny mnesHoi crpyktypu (Merzaban et al., 2011). Omxe,
JIOCITI/DKEHHS 3MiH BYTJIEBOJHUX JICTEPMIHAHT TOBEPXHEBHX
IJIKOMPOTEIHIB MPH TYMOPOTEHE3 JIOTIOMOXKE PO3KPUTH Me-
XaHI3MH, SKI 3a0€3MeYyr0Th 3/IHCHEHHS IBOTO IMPOIIECY.
V monepenHix mparsgx MA B OCHOBHOMY KOHLICHTPYBAJIU yBa-
TY Ha JOCIIKEHHI TJIKOCTATyCy JIIM(OINTIB, BIUTUBY Pi3HIX
THITIB JKyBaJbHOI Tepamii Ha Ied MoKa3HWK mpH JiMdo- Ta
MienonpomnideparnBaux 3axBoproBaHmsx (Kostyuk, 2015).
He3’sicoBaHuM 3a/MIIMIIOCH TUTAHHS ILOJO CTaHY BYIJICBOA-
HUX JIETEpPMiHAaHT y CKJIJi IJIIKOKOH IOraTiB Ha MOBEpPXHi
IHIIIMX KJIITHH KpoBi. X04a 3a JaHUMU, OTPUMAHUMH B HAIIIH

naboparopii, TpW epUTpeMil, HalpHKIaJ, BiIOYBAETHCS
TIePepOo3IOAUT JICHKOIUTIB 32 EKCIIOHYBAHHSAM 0.1 -KHCIIOro
rmikonpoteiny Ta (ibpoHekTrHy (Maslak, 2010), sxi, sx
BIJIOMO, MAIOTh TIIIKOTIPOTETHOBY TPHPOLY Ta BUSBILIFOTHCS
Ha TIOBEpPXHI HE TIMHKK JM(OIWMTIB, a 1 TPaHYJOIMUTIB, i
MoHommTiB (Gunnarsson et al., 2007; Astrof, 2009). Bpaxo-
BYIOUM BUIICBHKIAICHE, META HAIIMX JOCITIUKEHb — BU3HA-
yuTi N-TJIKO3WIHLOBAHICTh IUTOILIA3MATHYHOI MeMOpaHU
MOHOIIMTIB Ta rPaHyJIOLKTIB Y XBOPHUX i3 XPOHIYHUMH JICHKO-
3aMH.

Marepian i MeToau q0CTiTKEHD

OOG’eKT NOCITIPKEHHSI — TPaHyJIOLMTH Ta MOHOILUTH KPOBI
XBOPHUX Ha epuTpeMiro (n = 15) Ta xpoHiuHuii imMdorneiikos (n =
12) Bikom 58-66 pokiB. KoHTpompHY Tpyly CTaHOBHITH
TeMAaTOJIOTIYHO 3JI0pOBi BOJIOHTEpH (n = 15) BikoM 55-65 po-
kiB. KitiHiuHe 00CTE)XCHHS TAII€HTIB TIPOBOFUIN BiOBIIHO
O CTaHAAapTiB MEOWYHOI [ONOMOTM B YMOBax CIIeli-
aJTi30BaHOTO CTAIliOHAPY — TEMATOJIOTIYHOTO BiIIIEHHS KO-
MyHaIBHOTO 3aKiamy «Miceka OaratompogiipHa KiIiHIYHA
sikapHs Ne 4» M. /IHinporneTpoBchK. J{iarHo3 OHKOIOTIUHMX
3aXBOPIOBaHb ~ KPOBI  XBOPHX  JOCIHIDKYBaHOI — IpyIH
Bepr(IKOBAHO 3a 3araTbHONPHAHATAMA KIIHIYHUMH Ta
MOpQOJIOTTYHAMH KpUTepisiMH, 3akpiriennMu Hakazom MO3
VYipaian Big 17.09.2007 p. Ne554 «[Ipo 3arBepmKeHHS
TIPOTOKOJIIB HAJIAHHS MEIMYHOI JIOTIOMOTH 33 CHELiaTbHICTIO
«OHKOJIOTisD» 13 IOHOBHEHHAMH 3rizHo 3 Hakazom MO3
Vxpaiau Bix 30.07.2010 p. Ne 645. Yci o0cTexxeHi THCEMOBO
JIAJTA 3TOJTy Ha YYacTh y TOCIIiDKECHHI.

Knitnan BHAULDIM [UIXOM  TIOTIEPETHBOTO  JT3HCY
EpUTPOLMTIB 32 JOIMOMOTOI0 JIKYBAJHHOTO  PO3YHHY
Optilyse C mpotsirom 30 XBHJIMH, HOJAIBIIMM IPOMHBAH-
HsM 3a0ydepenum dizionoriuaum po3urHoM (3DP) (uen-
TpudyryBanHst 2 xBwinHM 1pH 2 400 00./xB) Ta dikcarriero
8% mapadopMabIeriIoM MpOTATOM 7 XBUIIUH.

[Ticnst BimMUBaHHSA KINTHHM pecycrieHayBam y 3OP,
IpaxoByBaJlM iX KUIBKICT y Kamepi [opseBa. JKurre-
3matHiCTh KITHH (moHan 90%) BWU3HAYAIM 3a JOTIOMOTOIO
TPHIITAHOBOT'O CHHBOTO Ta TOTYBAIH POOOYY KOHLICHTPALIIIO
(300 THc./Mn y KOXKHOMY 3pa3Ky). ExcrioHyBaHHS OiaHTEHHIX
N-IJliKaHiB BU3HAYAIM METOJIOM TMPOTOYHOI LHUTO(IYOpH-
MeTpii 3 BUKOPUCTAHHAM JIEKTUHY KaHaBaJlli MEYOBHIHOI —
Con A (JlextmroTtect, VYkpaiHa), KOH'IOTOBAaHOTO i3
¢yopecueinizorionionarom (PDITLI). Kinbkicts MepTBHX
KJTITHH KOHTPOJIFOBAITH 32 1X 3B’SI3yBaHHSM 13 MPOITiIii Homu-
noMm. [laui peectpyBamu Ha IpoToYHOMY IutomeTpi Beckman
Coulter EPICS. O0po0OKky pe3yibTaTiB poOIIH 3a JOMOMOTO
nporpamu FC Express.

PesynbraTti anamizyBamM 3a JIOTOMOIOIO ITAKeTa IIpo-
rpam Statistica 6.0. JIoCTOBipHICTh BiIMiHHOCTEH y Tpymax
MOPIBHSHHS BCTAHOBJIIOBAIN 3 BUKOPHCTAHHAM t-KPHTEDIFO
CrprofieHTa i3 TIONEPeAHIM OILIHIOBAaHHAM  PO3MOALTY
BHOIPKH (BIIMOBIAHICTE HOPMAJIBHOMY PO3IIOZLTY JaHHX).

JocimKeHHsT BUKOHAHI Y paMKax HayKOBO-IOCIITHUITb-
Koi pobotu Kadenpu OiojoriuHoi, MequuHOi Ta (apma-
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neBTHaHOI Ximii JlepxxaBHoro 3axiamy «/[HimporerpoBchka
JepKaBHA MEIMYHA aKazeMis» «EKcrpecis TIIKOKOH IoraTiB
Ta X mocTTpaHcisiiiHa Momudikallis 32 YMOB OHKOTPaH-
copmartii» (Homep nepkaBHoi peectpauii — 0111U002788,
20112013 pp.).

Pe3yabTaTi Ta ix 00roBopeHHs

[lin wac mnpoBeneHHs IEpUIOrO €Taly JIOCHTiDKEHb
3’5ICOBAHO, 110 3 OOPaHWM JUIS TOCII/PKEHDb KOH FOraToM JIeK-
THHY B TPYIi KOHTPOITFO B3a€MOJIISUTH SIK TPAHYJIOIWTH, TaK i
MoHormtH. [Ipudomy y mepudeprdHiii KpoBi 3I0pPOBOI JIFO-
JwHA piBeHb CONA-TIO3UTHBHIX MOHOIIUTIB CTAHOBHB 9,86 +
1,01% KUTBKOCTI KIITHH IBOTO THITY, a KOHIICHTpAIsI
TPaHYJIOIWTIB, SIKI B3aEMOMALSUIA 3 JICKTHHOM KaHaBawil
MEUOBHIHOI y 1 rpymi, Oyma 32,7 + 3,2% (puc. 1). Ockibku
ConA crnemmdiuno B3aemomie (Dipak, 1994) i3 kopoBumu
CTPYKTYpaMH ycix THIiB N-TJIKaHiB (BHCOKOMAHO3HHUM,
CKJIaJHUM Ta TIOPUIHUM, pUC. 2), MH TpOaHAT3yBan
JiTeparypy MIOJO HasABHOCTI Ha IIOBEPXHI MOHOILUTIB
IJIKONPOTEIHIB, SKi B OCHOBHOMY IIpeJICTaBJIEHI KJIacTepaMH
mageperniroBanast CD11c, CD14 1a CD68 (Leong et al.,
2003). CD11c¢ — TparcMeMOpaHHMI TIIKONPOTETH, SIKAI Ma€e y
cBoeMy ckiani 10 moTeHIifHMX caifTiB N-TIIKO3HITFOBaHHS
(Hogg et al., 1996). CD14 — GPI-38’s13aHa ¢opma moBepxHe-
Boro Ouika, sikwii Mae moHax 20% BYTJICBOIHOI CKIIAIOBOI,
TpeicTaBIeHoi N-TiiKaHaMHE, PO3TAIIOBAHIMH Y TIOJIOXKEHHI
Asnl8, Asnl32, Asn263 Ta Asn304 (Stelter et al., 1996).
CD68, 3a nannmu Himenbkux yueHnx (Lewandrowski, 2006),
3Ha4HO O-TIIIKO3WIIbOBAHM Ta Ma€ 9 MOTEHIHUX caifTiB N-
DJiKO3WTIOBaHHs. OT)Ke, MOXKIIMBO, CaMe EKCITIOHYBaHHS LIHX
IJIKOMPOTEIHIB ~ HAa  TIOBEPXHI  MOHOIMTIB  TOSICHIOE
3’BSI3yBaHHsI KOH I0TaTy JIEKTHHY 3 iX TIOBEpXHEIO.

IIlo  crocyerbcss  MOBEpXHI  TPaHYJIONMTIB,  TO
HaWBXJIMBIIAM I iX (QYHKII] € BHCOKOTITIKO3FIIHOBAHUN
CDO66, sKmii OmOCepeAKOBYE 3B’S3yBaHHA KIITHHH 3
SH/IOTEITIANIBHOI0 TKAHMHOO depe3 E-cenekTuHH Ta € perer-
TopoM 10 raiektuHy 3. CD66a i3omepHa ¢opma IBOTO
DIKOMPOTEiHy Mae 21 MOTEeHIIHHME caiiT N-TJTiKO3HUIFOBaHHS,
CD66b — 11, CD66¢ — 12, a CD66d — 3 N-riikaHy, TpuaoMy
BYTJICBO/IHI T'JIKK MOXYTb OyTH Oi-, TpH- Ta TeTpa-aHTEHHUMHU
(Stocks et al., 1996). Omke, MOXITHBO, HASIBHICTH Ha TIOBEPXHI
JIOCITIDKYBaHUX KIIITUH II€pEpaxOBaHMX BHIIE KJacTepiB
Ju(epPEHIIIFOBAHHST BU3HAYA€ iX 3IATHICTh B3aEMOIIATH 3
OITL mivernM kol foratom ConA (puc. 2).

JocmimkeH s pO3MOALTY MOHOIIUTIB Ta TPAHYIIOLUTIB 32
3B’S3YBaHHSM 13 JICKTHHOM KaHAaBaJii MEYOBHIHOI MOKa3a-
JIM, M0 Y XBOPUX Ha XPOHIYHHH JiM]oeiiko3 KUIbKICTh
ConA-no3uTHBHIX MOHOLMTIB ocToBipHO (P < 0,05) 3HH-
xyBasack Ha 31,0 + 2,3%, a KiTbKIiCTh JICKTUH-TIO3UTHBHUX
IPaHyJIOLMTIB MiZBUIIYBAIACh MOPIBHSIHO 3 KOHTPOJIBHOIO
rpynoto Ha 66,7 + 3,8%. AHaJIOTIYHUIA PO3MOALT OTPUMAHO
y XBOpHX Ha epHuTpeMito: KinbKicTh COnA-IO3UTHBHHX
MoHorwTiB gocToBipHO (P < 0,05) 3HMKYBanacs y 3,3 pasa, a
piBEHb TPaHYJIOLMTIB, SIKi B3aEMOAIIOTH 3 OOpaHUM JUIS
JOCII/DKEHb KOH'IOTaTOM  JIGKTHHY, HE3HAYHO 3pOCTaB
BiZTHOCHO KOHTPOJIBHUX 3Ha4eHb (prc. 1). OTxke, He3BaKaro-
YM Ha T€, 10 PE3yNIbTaTH, OTPHMaHi y Irpymax pi3HUX 3a Mo-
XOKEHHSAM 3aXBOPIOBAaHb: Mi€IoiqHOro Ta JiMdoigHoro
POCTKIB, Pi3HHIII MK HUIMH HE BHSABJICHO, TOMY HACTYITHUM
eraroM poOoTH OyJI0 JOCIIHKEHHS IUTFHOCTI eKCIIOHYBaH-

H1 ConA-3B’s3yBalbHHX  IJIKOTOIB HAa  IIOBEPXHI
TPaHyJIOIUTIB Ta MOHOIUTIB i MOPIBHSIHHS OTPHUMAaHUX Ja-
HUX 13 KOHTPOJILHOIO TPYIIOHO.

70
60

MOHOLIHTH

TPAHYIOLITIL
EKOHTPOIR epuTpeMia B XpOHIUHITT TiM(OTelKo3
Puc. 1. KinpkicTb MOHOIHUTIB i rpaHy10LMTIB KPOBIi
reMaToJI0OTiYHO 310POBUX J0HOPIB i XBOPUX HA epUTPEMil0
Ta XpoHiyHUii JiM(oeiiko3 i3 moBepxHEeBOIO
Jgokajizaniero ConA-no3uTHBHUX IUIIKOTOMIB:
* — BiporiiHa Pi3HUILISA TOPIBHSIHO 3 KOHTPOJILHOIO
rpynoto Hopmu 3a P < 0,05

INopiBHAIBHUK aHATI3 MOHOIMTIB HE BHSBHB 3HAYHOL
PI3HMIII MDK JTaHMMH, OTPUMAHHMH B TIPYIi KOHTPOJIIO i B
rpymnax xBopux Ha XJIJI Ta epurpemito (1aHi He HABOAATHCS).
Biarak, mOKa3HWKM MIUIBHOCTI ekcroHyBaHHS —ConA-
3B’SBYyBAIGHUX TJIKOTONB HAa TIOBEPXHI TPaHYJIOIUTIB
BUIPI3HMCh Yy  JOCHIAHMX Tpymax. Tak, BiaMivamm
TITBUIIICHHS] yTPUYi iHTEHCHBHOCTI eKcroHyBaHHS ConA-
TIO3UTHBHUX EIIITOITB Ha TIOBEPXHI TPaHyJIOIMTIB Y XBOPOTO
Ha XPOHIYHHUH JTiM(OIISHKO3 MOPIBHIHO 3 KOHTpOJIeM (puc. 3).

[MToka3HUK 1HTEHCHBHOCTI (IyopecieHIlii KOH IoraTiB
JIGKTHHIB Ha IIOBEPXHI T'PaHYJIOLMTIB 3HAYHO BiJPi3HSBCS
MDK TaTOJIOTIYHOK Ta TPYINOK KoHTpomo. Ha moBepxHi
TPaHyJIOHMTIB NepU(EpPUYHOi KPOBI XBOPUX Ha EPHTPEMIIO
BUSIBJICHO 3POCTaHHS IHTEHCHBHOCTI eKcrioHyBaHHs ConA-
3B’SI3yBAJIBHUX TITiKOTOMIB Maiixke y 100 pasis (puc. 4).

Omxe, Ipu XPOHIYHHUX JIEHKO3aX HA IUTOILIA3MATHIHIH
MeMOpaHi TPaHYJIOLHTIB BH3HAYAETHCS IIABUIICHHS N-
TIKO3WIILOBAHOCTI  TPOTEiHIB, TNPUYOMYy MH  BHSIBIIA
PI3HHLIIO MK TPYIIOI0 XBOPUX Ha XPOHIUHMI nimMdoreiiko3
Ta Ha epurpemio. Cimix 3a3HaunTH, 1O OOpaHi It
JIOCITIKEHb OHKONPOTi)epaTHBHI 3aXBOPIOBAHHS aCOLIIO-
IOThCS 13 CTPYKTYPHUMH IATOJIOTIYHUMM 3MIiHAMH IHIIHX
kmitHH. CTOCOBHO TPaHYJIOIMTIB, BIJOMO, IO BOHHU
HaJMIPHO YTBOPIOIOTHCS TPH EpUTEPMii, a y XBOPHX Ha
XJT ix KiJbKicTh MOXKE HE BIAPI3HATHCS BiJl HOPMH (3HU-
JKyBaTHCh a00 HE3HAYHO MiJIBUILYBATHCB). Y JiTeparypi 1ie
B MHHYJIOMY CTOJITTi BHUCJIOBJIEHO TYMKY, IO JUIS JETallb-
HOTO PO3YMIiHHS TIPOIIECIB, SIKi CYMPOBOKYIOTH TyMOpPOTE-
He3 HEeoOXiHI KOMIUICKCHI JOCTIPKCHHS YCIX TMOMyIIIii
kiitHH (Zeya et al., 1979), ogHak qOCIiDKEHD i3 TOTO Yacy
TIPOBEACHO He Oararo.

AmHami3 JiTepaTypHUX AaHWX TOKAa3ye, IO ITiJBHIICHHS
IIUTBHOCTI eKCIIOHOBAaHMX N-TJIIKaHIB Ha TIOBEPXHI TpaHy-
JIOLIUTIB MPH XPOHIYHHUX JIeHKo3aX Moxke OyTH HaciKoM abo
MiZBUIICHHST CTYINEHs TJIKO3WILOBAHOCTI acOliffoBaHUX 3
MeMOpaHOIO TIIKOMPOTEiHIB, a00 MOSIBU Ha MOBEPXHI HOBHX,
HE XapakTepHUX [UIS 3/0pOBOI JIOAMHH TJIIKONPOTEIHIB
(Héauselmann, 2014). 3a ocraHHIMH JaHUMH, Ha IOBEPXHi
TPaHYIIOIUTIB PI3HUX THUIIB MyXJIMH 3HAYHO 3pOCTae
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ekcrpeciss CD47, sikuii € NIKONpoTeiHOM Ta Mae 6 caiTtiB N-
DIKO3WIIOBAHHS, OTKE, MOXIMBO, OTpUMaHe B pPOOOTI
MIBMIIICHHS IUTLHOCTI eKCHOHyBaHHS COnA-TO3UTHBHUX
IJTIKOTOIIIB € HACHIJIKOM 3pOCTaHHS KUJIBKOCTI 1IbOTO Kilactepa
JudepeHniroBanHs Ha moBepxHi 1mx kimithH (Oldenborg,
2013). 3 iHmoro OOKy, OCHOBHHMM IJIIKONPOTETHOM, SIKHI

BISIBIIIETRCS. HA TIOBEpXHI rpaHynormTiB, € CD66 Ta iioro
i3omepHi  QopMm, AKI  MarOTh  pi3HUA  CTYIIHB
NIIKO3WIIOBAHHS, a IX KUIBKICTH Ta CHIBBIJHOIIECHHS Ha
TIOBEPXHI TPAHYJIOIMTIB — TOKA3HUK HE TUIbKH CTYIICHS
J(EpeHIIIFOBaHHS IPaHYJIOLMTIB, & MOXKE TaKOX OyTH Map-
KEpOM CTyIeHsI MeTacTa3yBaHHsI IyxjiiH (Stocks et al., 1996).

D & D
|l!-5 or 6 |u-5 or |u-_'. orf
<D @& D & & ¢
Bie  [pia B |pa loiz  Juz a2
R B & o O O O O
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a3y, Sols a3, Sars a-l3N

-6

{Man> {Mand Man
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Puc. 2. Byriiesoana cnenugiuHicTs JekTUHY KaHaBadii MmeyoBuaHoi — ConA (3a Di Virgilio, 1997)

KinpkicTs BUNIAAKIB N
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Puc. 3. Intencusnicts ¢uryopecuenuii ®ITL-ConA Ha noBepxHi rpaHy/10LMTIiB reMaTOJIO0TiYHO 310POBOr0 A0HOPA
(4opHa J1iHis1) Ta XBOPOro Ha XpoHiuHuMii JiMdoieiiko3 (3a AaHMMH NPOTO4YHOI HUTOMeTpii Ha Beckman Coulter EPICS)
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Puc. 4. Intencusnicts ¢uryopecuenuii ®ITL-ConA Ha nmoBepxHi rpaHyI0LHUTIB reMaTOJIOTiYHO 310POBOr0 J0HOPA
(4opHa JiHis1) Ta XBOPOro Ha epuTPeMilo (32 JaHMMH NPoTo4YHOI nuToMeTpii Ha Beckman Coulter EPICS)

OtpumaHi pe3ynbTaTH MOXYTh OYTH 3alpOIOHOBaHI SIK
JIOATKOBHI KPUTEPId IS iarHOCTYBaHHS JIiM()O- Ta Mi€JIo-
npoTiepaTHBHIX 3aXBOPIOBAHB, a MOAAIIBIITI JOCTIHKESHHS 3
PO3LIMPEHHSIM TPYIl XBOPUX 32 CTA€I0 3aXBOPIOBAaHHS Ta
CIEKTpa JIEKTHHIB, CHEIM(IYHIX IO PI3HUX TIIKOTOIB HA
TIOBEPXHi TPaHYJIOIUTIB, TONOMOXYTh ICTAIBHIIIE OMHCATH
CTaH TJIKONpOTe{HIB HAa  IUIa3MaTHYHIA  MeMOpaHi
TPaHyJIOIUTIB XPOHIYHMX JIEHKO03aX.

BucHoBKH

VY nepudepnyHiii KpoBi 310poBoi JroauHU piBeHb ConA-
TIO3UTHBHUX MOHOIUTIB Ta TPAHYJIOLHTIB CTaHOBUTH 9,86 +
1,01% Ta 32,72 + 3,21% KiITbKOCTI KIITHH IBOTO THITY, Bifl-
TOBiTHO. Y XBOPHX Ha XPOHIYHHH JM(QOIEHKO3 KiTBKICTh
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ConA-No3UTHBHUX MOHOLMTIB TOCTOBIPHO 3HIDKYETHCS Ha
31,0 £ 2,3% (P < 0,05), a KUTbKICTh JIEKTHH-TIO3UTHBHUX
IPaHyJIOLMTIB MIJBHILYETHCS MOPIBHIHO 3 KOHTPOJILHOIO
rpymoro Ha 66,7 & 3,8% (P < 0,05).

Y XBOpHX Ha epUTpPeMil0 KUTbKICTh COnA-TMo3UTHBHHX
MOHOIIMTIB 3HIKyeThcst y 3,3 pasa (P < 0,05), a piBenb
TPAHYJIOLMTIB, SIKi B3aEMOIIOTH 3 OOpaHMM JUIsl JIOCIIIPKEHb
KOHIOraToM JIEKTHHY, HE3HaUYHO 3pOCTA€ BiZTHOCHO KOHTPOJTIO.

Ha moBepxHi TpaHymormTiB meprudepudHoi KpoBi XBO-
pUX Ha EpUTPEMII0 IHTEHCHBHICTH eKcroHyBaHHS ConA-
3B’S3YBAJIBHUX TIIKOTOMIB 3pocTae y 100 pasiB, a y XBOpUX
Ha XpOoHIYHUH JiMoneiiko3 —y 3,3 paza.
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Junamika 6iortiBKoBoOro o0poieHHs karerepiB Enterococcus faecalis

E.O. Cunerap, O.1. bpuu

Y "Incmumym enidemionoeii ma inghexyitinux x6opo6 imeni J1.B. I pomawescoxoco HAMH Yxpainu", Kuis, Ykpaina

OxapakTepu30BaHO JUHAMIKY Oi10ILTIBKOBOTO pocTy Enterococcus faecalis Ha GpparMeHTax CHIIIKOHOBOTO Karetepa. JlociKeHHs po-
BOJIMJIM 13 3aCTOCYBaHHSIM OAKTEPIONOTIYHHX Ta SJICKTPOHHOMIKPOCKOIIYHIX MeTo/iB. HaBeneHo pe3ynbraTy OCiKEHHS JUHAMIKU 0i0-
IUTIBKOBOTO pocty E. faecalis Ha MOBEpXHi CHITIKOHOBOTO KaTeTepa MPOTSArOM TPhOX i0. 3armporoHOBaHAa HAMU BEpPTHKAJIbHA OPIEHTALis
(bparMeHTiB Katerepa y cycreHnsii OyIbiOHHOT KyJIBTYPH €HTEPOKOKIB, Ja€ 3MOTY YHUKHYTH JOMILIIOK CEIMMEHTOBAHNX OaKTepiii i 3yMoB-
JIFO€ CTIPABKHIO a/Ire3ir0 3 TIOJAIBIINM YTBOPEHHIM MiKPOKOJIOHIH mpoTaroM 24 roauH iHKyOarii. ©opMyBaHHHS arjoMepariB CriocTepira-
1 Ha 48-My roauHy iHKyOari. Ha Tpetio 100y inkyOarii BusiBieHO copMoBaHy BupaxkeHy OlOILTiBKY E. faecalis Ha IOBEpXHI CHITIKOHO-
BoOro karerepa. OTpruMaHi JiaHi CBif4aTh, Mo OGiOIUIIBKa — CIIOCOO HIUTBHOTO OOPOIIEHHS OaKTepisMHU ITOBEPXHI JOCIIPKYBAaHOTO KaTeTepa.
BiorumiskoBuit pict 6axrepiii E. fuecalis BiaGyBaeThes 3 POIIMPEHHAM IUIOL 0GPONICHHS KaTeTepis 3 51,5 Miv® 1o 1 922,8 MM mpoTsrom
24-72 romuH iHKyOaji.

Kmouosi cnosa: xarerep-acolifioai iH(EKUIT; CHITIKOHOBUH KateTep; OakTepil; axresis

The dynamics of biofilm overgrowth of Enterococcus faecalis

E.A. Synetar, O.1. Brych
State Institution “L.V. Gromashevsky Institute of Epidemiology and Infectious Diseases of NAMS of Ukraine”, Kyiv, Ukraine

The nature of microorganisms can exist in two physiological forms that allow microbes to preserve livelihoods and continue their life
cycle. The first is the population of planktonic forms of microorganisms which live freely in the environment with the developed systems of
active and passive mobility, contributing to the rapid spread of a liquid medium. The second forms are those expressing specific mechanisms
of adhesion, and able to aggregate on biogenic and abiogenic surfaces. Even in the deep sea vast number of species of bacteria live in their
inherent horizons. Thus, the study of biofilms tube life support systems, diagnostic, laparoscopic devices during prolonged catheterization of
the urinary system is of great practical, theoretical and biological significance in medicine and biology. For almost 20% of catheter-
associated infections antibiotic therapy is uneffective, particularly through the formation of microbial biofilms on the surface of urinary
catheters. We characterized the dynamics of biofilm growth of Enterococcus faecalis on fragments of silicone catheter. The study was
conducted using bacteriological and electron microscopic techniques. Study of the dynamics of biofilm formation was performed using
E. faecalis strain 49, which is isolated from the urine of persons who are not the patients of the urological department of resuscitation and
intensive therapy. Using scanning electron microscopy we have established dynamics and phase attachment of E. faecalis bacteria and
subsequent overgrowth of silicone catheter surface. After calculations, index of adhesion on the turbulent wall amounted to 0,49 microbial
cells. That is, every other cell of the monolayer adhered on the catheter. Area of biofilm growth of E. faecalis after 24 hour incubation was
equal to 51.5 pm?’, in 48 hours it increased to 231.5 um” After 72 hours of incubation we recorded the increase in biofilm growth of
E. faecalis to 1922,8 ym®. The results were obtained on fragments of catheters, immersed in broth in vertical position. This orientation has
excluded the deposition of germs by sedimentation, i.e. by gravity. It is known that after the logarithmic phase and achieving
M-concentration for a few hours microbes start to die and their possible deposition may occur. Therefore, our results confirm the formation
of biofilm, instead of sedimentation of dead microbes. Our study shows that biofilm is “the way of overgrowth on artificial and natural
surfaces by microorganisms that are kept on them by exopolymer membranes”.

Keywords: catheter-associated infections; silicone catheter; bacteria; adhesion
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Beryn

Pi3Hi BHIM MiKpOOpraHi3MiB KOJIOHI3YIOTh abiOTe€HHI Ta
OiorenHi noBepxHi. HaBiTh y MOpChKUX rmMOWHAX Oakrepii
JKMBYTb Y TIPUTAMAHHHX iM ropu3oHTax. KinbkicTh OakTepiii
OOYHCITIOIOTh HA OMUHUINO IUIONN. Y MIKpoOioiorii e
BIIEpIIE BpaxyBaB 1. MeA. H. Banentun XKanko-Turapenko,
OOYHCITIOIOYH are3if0 MIKpOOIB 10 CIHM30BOi OOOJIOHKH
mojceKoro kumkiBHuKa (Zhalko-Tytarenko, 1981).

VYV miif crarTi yBEAGHO TOHATTA NP0 IOBEPXHEBY
KOHIIGHTpAII0 — KiIbKIiCTh MikpoGiB Ha 1 cM® i BHCOTY
TIPUCTIHHOTO Iapy 30yIHUKIB. PicT MikpoOiB Ha TIOBEPXHSIX,
a0o oOpormeHHsT MiKpoOaMi TOBEPXOHBb BiIOME I HAa3BOIO
GiorutiBky. BuBueHHs OiOIITIBOK Ma€e TeBHE MPaKTUYHE, TEO-
perryHe, Oi0JIOTIYHE 3HAYCHHSI, OCKUIBKHA CTOCYETHCS MPO-
OreM OOpOILIEHHSI 3aHYPEHMX TIOBEPXOHb CYJICH, PI3HHX CHC-
TeM TpyOorpoBoiB, kanamizarii (Dobrohotskyy et al., 2009),
Yy MEAMIMHI — OOpOIIeHHsT MIKpoOamu TpyOYacTHX CHCTEM
JKUTTE3a0€3MeYeHHs, MIarHOCTUYHUX 1 JIArmapoCKOITYHUX
armapatiB i, 0ocoONMBO, y pa3i TPHBAIMX KaTeTepu3allii
ceyoBmBiHOI cuctemu (Donlan, 2011; Jacobsen et al., 2008).

IepepaxoBani mpobneMu MaroTh Tpu HampsiMi. OmiH —
CYTO MEIMYHHH, 1110 CTOCYETHCS TAKTHKHM JIIKyBaHHS TPH 3a-
CTOCYyBaHHS KareTepiB. pyruit HapsM — 610TeXHOJIOTYHII,
OCKIJIBKM JIO3BOJISIE 3HAYHO 3OUTBIINTH BHXiJ KOPHUCHHX
NpPOyKTiB MikpoOHOro cumresy (Galkin, 2013). Ix mu e
TOpKaTuMeMocs. TpeTiii HampsiM — cyTo OioJoriuHumiA, abo
MIKpOOIOJIOTIYHHH, TOMY 10 OlOIUTIBKOBHII picT, ab0 0Opo-
IICHHS KaTeTepiB B OpraHi3Mi JIFOIWHK, Ma€ O0i0JIoridHi
3aKOHOMIPHOCTI TOBEPXHEBOT'O POCTY Ta MOYMHAETHCS 3 TAKO-
ro mosepxHeBoro npouecy sk aaresis (Coenye and Nelis,
2010; Jacobsen et al., 2011), mami mepepocTae B yTBOPECHHS
MacuBy MIKpOOHOTO OOpOIICHHS, KW, Ha Hall TOTIII, €
(opMyBaHHSIM THIOBOI OiorumiBKA. OCTaHHIMH pOKamMu
criocTepiraeThCsl 30UTBIIIEHHS YacTKu Oakrepiit Enterococcus
Sp. — TPEACTABHUKIB HOPMAIBHOI pEe3UIEHTHOI Mikpodopn
TrorwHH, TprdiB pony Candida, siKi B pa3i 3HIKEHHS IMyHHIX
CHJI OPraHi3My MOTCHINHO 3/1aTHI CTaBaTh 30yJIHMKAMHU Ka-
TeTep-acoliiioBaHuX  iHQEKIil  CEYOBHMBIIHMX  LUIIXIB
(Pascual, 2002; Sernyak et al., 2005; Janovs'ka, 2009). [IpoTs-
roM 0araTtbOX POKIB EHTEPOKOKM HE pO3INISIATUCH SIK
KJTiHIYHO BaroMi 30yJHUKH, aj¢ BCC YaCTIlle iX CTaad
BUJIUBATH 13 KJIIHIYHOTO Matepiaixy NMpH Pi3HUX MaTOJIOTYHUX
cranax (Lysen'ki et al., 2005; Makushenko, 2002).

BinbIIicTe éHTEPOKOKIB, SIKi BUKIIMKAIOTh Maibke 5% ycix
OakrepianpaMX iH(EKMiH cedopuBiqaux nurixis (ICBLL), re
MaloTh OCOOJIMBO BHpPaXXCHHUX MPHUCTOCYBAIGHUX O3HAK UL
ICHYBaHHS y CEpElOBHIINl CEUOBHMBITHOI cHcTeMH. Y pasi
BHYTPIIIHBOTIKAPHIHOTO 3apaKEeHHSI MAIliEHTIB, OCOOIMBO 3a
HasIBHOCTI TMOCTIHHOTO yperpajbHoro karerepa (Seno et al.,
2005; Mohamed et al., 2007), yacTka €HTEPOKOKIB Y PO3BHTKY
ICBUI csrae 15-20% (Polishhuk, 2009). 1li mikpoopraxizmu
XapaKTepH3YIOThCSI HU3BKUM PIBHEM ITAaTOT€HHOCTI Ta MPOsiB-
JSTIOTh CBOIO aKTHBHICTh TUTBKM 33 TIEBHHX YMOB: 3HMDKEHHI
TIPUPOTHOT PE3UCTEHTHOCTI MaKpPOOPTaHi3My, OCOOIIMBO TIpH
TpaBMaXx KHIIEYHHKa a00 CEYOCTaTEeBOIO TPAKTy Y Pe3yJIbTari
HCTpyMeHTATRHNX JociimkeHb (Baldassarri et al., 2005),
BOHHM MOXKYTb NPOHHMKATH y CTEPWIbHI 32 HOPMAIBHHUX YMOB
TIOPOXKHUHY, OpPraHH Ta TKAHWHHU 3 HACTYITHUM 3allaICHHSM.
Came 31aTHICT 10 TIOYaTKOBO] a/Iresii, a MOTIM 1 10 YTBOpEH-
Hs OIOILTIBOK JIO3BOJISIE €HTEPOKOKaM JI00pe yTpHUMYBaTHCh

Ha CIM30BHX OOOJIOHKAX OPraHiB JIIOIWHHU, BUKIMKAIOUH Y
X MICIAX 3alajieHHs, HANpUKIaL LWCTHTH, YPETPUTH,
niesioneputy Tomo (Donlon, 2002; Mironenko, 2009). Tomy
0i0TUTIBKOYTBOpEeHHS OakTepiit E. faecalis nocnimpKyBamy Ha
MOJIeTi, HAOUTBIN HAOMMDKEHIN 10 pearbHOCTI — Oe3rmocepe-
HBO Ha YPOJIOTIYHUX KaTeTepax.

Merta cTaTTi — ONMCATH TUHAMIKY Oi1OIITiIBKOBOTO POCTY
Enterococcus faecalis Ha CUITIKOHOBUX KaTeTepax.

Marepian i MeToau J10CTiIKEHD

JIn1si BUKOHAHHS TIOCTABJICHOI METH TIPOBeeHO 3abip 6io-
JIOTIYHOTO MaTepiay Bif TAIIECHTIB, IKi HE OYIIN YPOJIOTiIHO
XBOPHMH, ale 4epe3 KaTeTepH3allil0 MOIIM HUMH CTaTd B
nepcrekTrBl. ToMy BHBYEHHS IWHAMIKA YTBOpEHHS Oio-
TUTIBKM TIPOBOJIMJIN 3 BUKOPUCTAHHsM Iutamy E. faecalis 49,
SIKMM BUALIEHO i3 ce4l XBOPOTO 3 HE YPOJIOTIYHOTO BiJUILICHHS
peaHimMallii Ta iHTeHCHBHOI Teparii. [neHTrdikaio mramy 3a
OIOXIMIYHUMH BJIACTHBOCTSIMH 3IHCHIOBAIN 3 BHKOPHCTaH-
HsIM MikpoOiosoriyHoro aHanizaropa VITEK 2 System TM —
compact 15 (BupoOnuirBa BioMerieux, ®paHiist), BUKOpH-
CTOBYIOUHM [UISl TPaMIIO3UTHBHUX Oaxtepiit xapt GP-21342.
Jnst nocimpkerHst 6i0IuTiBKOBOTO pocty E. faecalis dparmen-
TH CHJIIKOHOBHX KATETEPiB y BEPTHUKAIRHOMY ITOJIOXKCHHI
3aHypIOBAIIN y 3aBUCH E. faecalis, IPUTOTOBaHYy B TPHIITH-
Ka30COeBOMY Oyiibitomi. I'yctnmy 3aswci 1,5-10° kr./M Beta-
HOBMIOBAJIM 3a JONOMOIOI0  JeHcutoMerpa Densimat
(BioMerieux, ®panuist) 1 HabOpy CTaHAAPTIB ONTHYHOI Tyc-
THHU OaxtepianbHux 3aBuced McFarland. Ilicns inkyOarii
3a3HauCHUX BHIllE (parMeHTiB y Tepmoctari 3a +37 °C uepes
24, 48 ta 72 TOAMHYU KITITHHA MIKPOOPTaHi3MiB, aJIre30BaHi Ha
TIOBEPXHi JOCIIKYyBaHUX KareTepiB, (iKCyBaan 3a METOIU-
koto Galkin (2013) y Hnamiii mommdikarii (Sinetar et al.,
2014): dbapOyBam po34MHOM TeHITIAH-BIOJNETY, TPUYi IIPOMH-
BT JWCTHJIBOBAHOIO BOAOK Ta (iKCyBaM MPOTATOM
30 xBumH 96% E€THIIOBHM CIUPTOM. Y Cl MaHIIMYIsnii BUKO-
HyBaJIM 32 KIMHATHOI TeMIIepaTypH.

Hocmimxennst  6iommiBkoBoro pocry E. faecalis Ha
HOBEPXHI JIOCIIPKYBAHOTO KaTeTepa MPOBOAWIN 3a JIOIOMO-
TOI0 CKaHyBaJIGHOTO €JIEKTPOHHOTO Mikpockona Tescan Mira
3 LMU, BupoOHuirBa Yexii. TpaauiiiiiHo, JOCTIIKYOUH TaKi
3pa3Kl MeTOfIaMH CKaHyBaJbHOI €JIeKTPOHHOI MIKpPOCKOIIil
(CEM), st 3aro0iraHHs JJOKJIGHOTO HAKOIMYEHHS 3apsiTy B
00acTi, MO JOCTIIKYETCS, TIOBEPXHS 3pa3ka IOKPUBAIOTH
TOHKAM ImapoM (15-20 HM) CTpyMOIIPOBIITHOTO Marepiamy
(Au, Pt, C). IIpote B maHOMY €KCIIEPHUMEHTI 3aCTOCOBAHO pe-
UMM 3 HU3BKOIO IIPHCKOPIOBAJIFHOIO HAaIpyroro. Bimmosa
B [IOJATKOBUX eTamiB MPOOOIATOTOBKM  (HAITMJICHHS
CTPYMOTIPOBITHOI  IUTIBKM) JO3BOJIJIA 3amOOIrTH  TOsIBI
CYTTEBHX  CIIOTBOPEHb IIOBEPXHI, fAKy JOCIIDKEHO.
KoHueHTparito OakTepiaybHUX KIITHH Ha TOBEpXHI (hpar-
MEHTY KaTeTepa 00UHCIIoBAIH 3a hOPMYIION p = 3k, 1e K —
00’eM konreHTpaitii (Zhalko-Tytarenko, 1981).

Pe3yabTaTi Ta iX 00roBOpeHHsA

Bupinenunit twram E. faecalis 49 — TumoBuii 3a
010XIMIYHIMH BIIACTHBOCTSIMH, XapaKTepPU3yBaBCsl CEPEIHIM
CTYIICHEM aJre3MBHOCTI 32 3HAUCHHSIM IOKa3HUKA iHICKCY
aare3uBHOCTI MikpoopraHi3wmis (3,5 £ 4,0). 3a pe3ynbTaTaMu
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JIOCIIZKEHHS YyTJIMBOCTI JI0 aHTHOIOTHKIB i3 BUKOPHUCTAH-
HsiM aBromatuaHoro ananizatropa VITEK 2-compact 15 ta
kapt AST-YSO1 (BupoOnuirea BioMerieux, ®paniiis)
BCTAHOBJICHO, IO IIITAM CTIMKHI 10 aMITIIWIIHY, JTEBO(IIOK-
caiMHy Ta rariduiokcanyHy. 3a J0MOMOTOI0 CKaHyBaIbHOT
€JIEKTPOHHOI MIKPOCKOMIi BCTAaHOBWIM JMHAaMIKy Ta (ha3u
npukpituienHss  E.  faecalis 1 mopanpioro oOpOIICHHS
OakTepisiMM TIOBEpXHI CHIIIKOHOBOTO Karerepa. CTymiHb
anresii E. faecalis Ha moBepxHi Katerepa uepe3 24 TOOUHA
iHKyOarii cranoBuB 295 MM [Ipu obuncneHHi 3a BHIIEHA-
BE/ICHOI0 (hOPMYJIOI0 TIOKAa3HMK anresii y NPHCTIHHOMY
MoHomapi ckianas 0,49 mikpoOHux kiithH. ToOTO, KOXKHA
Jpyra KITHHa 3 MOHOIIApy ajresyBanach Ha karerepi. Sk
BUJIHO 3 Tabnuili 1, rrora GiomiBKOBOro pocty E. faecalis
Ha 24-Ty roauHy iHKyOarii ckraama 51,5 M.

Ha pucysky 1 BuaHO OKpeMi aare3oBaHi kiituHu E. fae-
calis Ta X HACTYITHMH JIAHIIO)KKOBUI DICT, a TAKOX yTBO-
PCHHsI MIKPOKOJIOHIH. AJIr€30BaHMMH MH BBaXKAJIH OOJIH-
HOKO pO3TaIlnoBaHi KiituHu E. faecalis, BiTOKpeMIIeHI OHA

SEM HV: 1.0 kV
View fleld: 30.0 pm
SEM MAG: 9.63 kx

wo:1620mm || ||| |

Det SE 5 pm

MIRA3 TESCAN|

NanoMedTech LLC

Bii omHOI. MIKPOKONOHIi — HEBEIWYKI yrpyIOBaHHS
MIKpOOIB, pO3CisiHI HA IOBEPXHI Karerepa B TOYKAX ajre3il,
siki iM nepenyBanu (puc. 1).

Tabnuys 1
Junamika 3pocranHs miomi 6ionstiskosoro pocry E.
faecalis Ha moBepXHi CHJTIKOHOBOT0 KaTeTepa

Tonunm inkyOGarii

. Ilioma 6i0IUTIBKOBOIO
CUJIIKOHOBOTO Kate- | Pucynok

pocry E. faecalis, MkM

Tepa
24 1 51,5
48 2 231,5
72 3 1922,8

SEM HV: 1.0 kV
View field: 30.0 pm
SEM MAG: 9.63 kx

Uepes 48 roaun mromia 6i0IITIBKOBOTO pocTy E. faecalis
36iumbmmmace 10 2315 MM’ IekyGamis  dparmentis
CHJIIKOHOBOTO Karerepa Ha 48-My ToIuHy BHUKIHMKalia IO
00’eHaHHsT MIKPOKOJIOHIN KiiTuH E. faecalis y ckymyeHHs,
«ariomepari» (puc. 2).

WD: 16.20 mm
Det: SE

MIRA3 TESCAN

NanoMedTech LLC

Puc. 1. Anresis kiaitun E. faecalis ycepenuni cujliikoHOBOI0 KaTeTepa in vitro uyepe3 24 roqMHu:
CTpiTKaMH BiIMIYeHO ajresito KiiTuH E. faecalis

SEM HV: 1.0 kV
View field: 30.0 pm
SEM MAG: 9.563 kx

WD: 16.40 mm
Det: SE

MIRA3 TESCAN|

NanoMedTech LLC

View fMeld: 15.0 pm
SEM MAG: 19.3 kx

SEM HV: 1.0 kV WD: 16.43 mm

Det: SE

MIRA3 TESCAN

NanoMedTech LLC

Puc. 2. YTBopenus aryiomeparis E. faecalis ycepeauHi cu1ikoHOBOro katerepa in vitro yepe3 48 ropua
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VY feskux AUIIHKAX MDK arioMeparamy 3alIHIIaliucst
OKpeMi MIKpOKoOJIOHIT KITHH E. faecalis (puc. 2). 3rigHo 3
HAIIUMH CIIOCTEPESKCHHSAMH, arlioMEpaTH XapaKTepU3yIOTh-
cs1 moxiioM KimiTuH E. faecalis 13 MIKpOKOJIOHIH, 1O TIepe-
TIyIOTb M.

EnekTpoHHOMIKpOCKOMIYHA —~ KapTHHAa  OOpOIIyBaHHS
YiTKO Bipi3HseThes Bin anaresii. Komu BinOyBaerscs aare-
3MBHA KOHTaMIHAIliS TIOBEPXHi, MIKPOOPTaHi3Mu AU(PY3HO

MIRA3 TESCAN|

NanoMedTech LLC

SEM HV: 1.0 kV
View fleld: 50.0 pm
SEM MAG: 578 kx

WD 15.94 mm
Det: SE

PO3KHIaHI 1O MOBEPXHi Ta HE CTUKAIOTHCS OIWH 3 OIHHUM
(puc. 1). KapauHanpHOI0 03HAKOK OIOIUTIBKOYTBOPEHHS €
LIIbHE pO3TalllyBaHHS MIKPOOHMX KIITHH, OCKLIBKH
BUHHKAE Yepe3 KITHHHUN MO YIPOaoBK 48 romuH (puc. 2).
Yepez 72 roamnum iHKyOalii mioma OiOIUTIBKOBOTO POCTY
E. faecalis 36inpmmnace 1o 1922,8 mxm”. Ha pucynky 3
3agikcoBaHe IIiJIbHE OOPOIIEHHS OBEPXHI JAOCIIIDKYBAaHOTO
KaTeTepa 3 HalllapyBaHHIM OaKTepii.

MIRA3 TESCAN|

Lisiatiiad

NanoMedTech LLC

WD 15.94 mm
Det: SE

SEM HV: 1.0 kV
View fleld: 80.0 pm
SEM MAG: 3.61 kx

Puc. 3. BionuiBkoBuii pict E. faecalis na noBepxHi cUJIiKOHOBOI0 KaTeTepa in vitro yepe3 72 roqiuHu

HaBeneni pesynbratd  OTpMMaHo Ha (hparMeHTrax
KaTeTepiB, 3aHypeHUX Yy OyJIbHOH Yy BEPTUKATLHOMY
nonoxeHHi. Taka opieHTallis BHUKIIOYWIA OCAJDKCHHS
MIKpOOIB 3a paxyHOK CeIUMEHTallji, To0To 3a nii cuim
TSDKIHHA. AJDKE BiZIOMO, IO TICII JIOTapu(pMIYHOI (a3u Ta
JNOCSTHEHHS M-KOHIIGHTpallii BXXe 3a JIYeHi TOIUHU
TIOYMHAETHCS BIAMUPAHHS MIKpOOIB 1 MOXJIMBE iX OCa/KEeH-
Hi. ToMy oTpuMmaHi pe3yibTaTh CBITYATh MPO YTBOPEHHS
0iOTUTIBKH, a HE 0CaJl 3MEPTBLINX MIiKpOOiB.

3BepTacMo yBary Ha Te, SIK pO3TAlllOBaHI KJIITHHH B
MIKpPOKOJIOHISIX, arjoMeparax i pO3BHHEHHX OIOIUTiBKax,
HaBEJCHMX Ha pUCYHKax 1, 2 Ta 3: MIKpOOHI KIITHHU
LIUTFHO MPWISTAIOTh OfIHA J0 OJHOI, IO € HACIiIKOM iX
MOy i Yac po3MHOXKeHHsI. LIs o3Haka, Ha HAUI MOTJIs,
XapakTepHa,  OCKUIBKM  Ja€  3MOry  mnepenbavuTH
0iOTUTIBKOYTBOPEHHS Ha TOYATKOBUX CTafisfX, HATPHKIIAL,
KOITM TUTPKH TIOYMHAIOTH YTBOPIOBATHCH MiKpoKonoHii. Ta
caMa O3HAaKa Ia€ MOXIIMBICTH BIiJPI3HUTH OIOILTIBKY Bif
MIKpOOHOTO 0Cajly 1HIIIOTO MOXO/KEHHSL.

B o3nauenni CDC 3amucano (Salmanov et al., 2012), 1o
«OiorumiBkn €  (opMOIO  TPYMOBaHOTO  ICHYBaHHS
MIKPOOPraHi3MiB, BKPHTHX €K30IOJIIMEPHOI OOOJIOHKOIO,
K1 YTBOPIOIOTBCS K HA MPUPOIHUX, TAK 1 IITYYHUX (HEKHU-
BHUX) MOBEPXHAX». I3 IIMM O3HAYEHHSIM BaXKKO MOTOJUTHUCH,
TOMY IO TOAI, HANPHKIIAMA, HEHTPUQYTraT piKoi KyJIbTypH,
abo MiKpoOHHMH OCaj Ha TOBEpXHI MeMOpaHHOro (iuIbTpa
TEX Tpeba BBaKATU «OIOTUTIBKOIOY.

I3 HamMx AOCHiKEHb BUILIMBAE, 110 OIOIIIIBKA € «CIIO-
coOOM OOpOINEHHA INTYYHHX 1 HPHPOJHUX TOBEPXOHB
MIKpOOpraHizMamH, SIKi yTPUMYIOTbCSI Ha HHMX 3a PaxyHOK
€K30TOTIMepHHIX 000JIOHOK». O3HaKa OOPOILEHHS — LIUTbHE
po3rairyBaHHs MIKpoOHMX KiiTHH. KpiM mepeBaru 4ucto

010JIOTIYHOI O3HAKM («OOPOILEHHS»), MPOIIOHOBAaHE BU3HA-
YeHHS HE BHMAra€ HiSKMX JOJATKOBHUX O3HaK Ha 3pa30kK
TOBILIMHY, TPOTSHKHOCTI, PO3MIpIB IUTBKH, HOTpebda B SKHX
HEOJIMIHHO BHHHKaE y pas3i 3acTOCYBaHHS TaKOIo
3araJbHOBIIOMOTO OHATTS SIK «IUTIBKaY.

BucHoBkn

XapakTepHa 03HaKa 010ILTIBKOBOTO pocty E. faecalis Ha
MOBEPXHI CHIIIKOHOBOTO KaTeTepa — Iie IIUIbHE pO3Tally-
BaHHsI MIKPOOHHX KIIITHH.

biomniBKoyTBOPEHH Ha KaTeTepax 3arlo4aTKOBYETHCS
anresiero E. faecalis HampukiHii mnepuioi noOu pocty y
OyJNbHOHHIA  KyJbTypl, 3  [OYaTKOM  yTBOPEHHS
MIKPOKOJIOHIH i3 KiIBKOX KJTITHH.

AromepaTy MIKpOOHHX KIITHH, SIK OJIMH 3 eTariB ¢op-
MyBaHHs OlOILUTiIBKY, BUHHUKAIOTH HA JAPYTY 00Y; BUpaKCHA
Gararormaposa (opma GopMyeThCs Ha TPETIO 100Yy.

BeprukanpHa opieHTamist  (parMeHTIB - KaTeTepa y
cycriensii OynbHOHHOI KyJNBTYpH Jia€ 3MOTY YHUKHYTH
JIOMIIIIOK CeTMMEHTOBAHNX OAKTEPiil 1 3yMOBIIIOE CIIPABIKHIO
aJIre3ito Ta HaCTYIHHHN O10TUTIBKOBHIT PiCT.

BiorutiBkoBuii pict Oakrepiii Buny E. faecalis BinOy-
BA€ETHCSI 3 PO3LIMPCHHSM IUIONI OOPOIYBaHHS KaTeTEepiB 3
51,510 1922,8 MKM> npoTIroM 24—72 rouH 1HKyOAaIIil.
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EdexTuBHICTH PI3HUX METOIIB KOPEKILil
CTPUKTYPH Hi€JI0ypeTepaIbHOr0 CerMeHTa
3a JAHMMHM JlypeTHYHOI yIbTpacoHorpadii

J1.3. BopoGerip
Jlvgiscokuil HayioHanbHull MeouuHutl yHieepcumem imeni Jlanuna I anuyvkoeo, Jlvsis, Yrpaina

3anporoHOBaHO METOIHMKY OLIHIOBAHHS e(pEKTUBHOCTI BiJKPUTOI Ta JIAMIAPOCKOMIYHO MTEJOMIACTHKY, 8 TAKOX €HIOYPOJIOriYHMX Ia-
JHaTUBHHMX METOAIB — Jla3epHol pe3eKuil, OaloHHOI qunaraili Ta eHIOIMEIOTOMIl, KA TOJsArac y BU3HAYCHHI aHATOMO-(YHKIIOHAIBHHIX
BJIACTHBOCTEH MHCKH HHUPKH Ta MI€JIOypeTepaJbHOTO CErMEHTA 3a JOMOMOTOI0 YIBTPa3ByKOBOI JIArHOCTUKH MPH (OPCOBAHOMY Aiypesi.
BuBuanu 3MiHH IITOIII MUCKH HUPKH, MBAAKICT MTOCT(YPOCEMITOBOTO MPUPOCTY TUIONI MUCKH HUPKH, IIBUIKICTH il IPCHYBaHHS, 3MiHH
ZliaMeTpa IMenoypeTepaTbHOro cerMeHTy. Takuii MeTOMMYHIN Ti/IXia HeiHBa3uBHUM, iH(GOpMaTHBHUI 1 POCTHH y BUKOHAHHI. MeToanka
JiypeTHdHoOl yabpTpacoHorpadii mossirac y BHyTpIilIHEOBEHHOMY BBeneHHI (ypoceminy (0,5 mr/kr) uepe3 3040 XB micist BOJHOTO HaBaH-
taxkeHHs (10 Mr/kr) 1 y AuHaMIidHIN peecTpallii 3MiH CITIBBIJHOIIEHHS MONEPEYHOI IUTONII MUCKM Ha eTanax IPOBEACHHS (papMaKOTeCTy
yepe3 neBHui yacosuid inTepai (0, 15 Ta 40 xB). «DypocemiHUI TecT» yBaXKaroTh MO3UTUBHKUM 32 T, 10 20 XB — 4acOBHH iHTepBaJI, He-
OOXiTHMIA JUTs TOBEPHEHHS PO3MIpPIB MHUCKH JI0 BUXiTHMX 3Ha4deHb. Skmo T, nepesuiye 30 XB, TECT BBa)KalOTh HETATUBHUM, 110 CBITYUTH
PO «OOCTPYKIIiF0 BUXOY». BHKOpUCTAHHS BiZICOTKOBOTO CHIBBIHOIICHHS MAKCHMAJIBHOI HOTIEPEYHOI IUIOLL Miciist BBeACHHs (ypoceminy
JI0 BUXIIHOI mioii 10 iH €Ki aiyperuka iHGopMaTHBHilIe, HDK OLiHIOBaHHS OOCTPYKIIT 32 OAMHUYHMMHU BEMYHMHAMU COHOTrpadidHnX
noka3HukiB. [iypetndna ynprpacoHorpadis B aMOyIaTOpHUX YMOBax Jla€ 3MOTY AIarHOCTYBaTH OpTaHiuHMI xapakrep oOcTpykuii. 3acTo-
CYBaHHS IIbOTO HEIHBA3UBHOTO METOMY OCOOJNIMBO aKTyaJIbHE B Pi3HI TEPMiHM MICIIS OMEPaTHBHOI KOPEKLil TriapoHedpo3y, OCKUTbKH 3a0e3-
TIeTye KOHTPOJIb 32 BiJHOBJICHHSM €BaKyaTOPHOI (yHKIIT orepoBaHOI Ta KOHTPIIaTepaIbHOI HUPOK.

Kniouogi cnosa: mienomiacTika; eHI0ypoJIOTidHI ATiaTHBHI METOH; Hi€JI0yPETePAITBHII CErMEHT; yIbTpacoHorpadis

Effectiveness of different correction methods of pyeloureteral segment
according to the data of diuretic ultrasonography

D.Z. Vorobets
Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

Methods of estimation of effectiveness of the open and laparoscopic pyeloplasty, as well as endo-urological palliative methods — laser
resection, balloon dilatation and endopyelotomy, which determine the anatomical and functional peculiarities of renal pelvis and pyelo-
ureteral junction with the help of ultrasound diagnostics during the forced diuresis, have been proposed. Changes of the area of renal pelvis,
the velocity of post-furosemide increase of the scope of renal pelvis, rate of its drainage, changes in the diameter of pyeloureteral junction
have been studied. This methodical approach is non-invasive, informative and simple in application. It is shown that dispersions of samples
of patients after the open surgery do not differ from the dispersions of samples of the same patients before the operation on such parameters
as areas of renal pelvis before the induction of furosemide, areas of renal pelvis after 15 minutes administration of furosemide, the rate of
drainage after furosemide, the original diameter of pyeloureteral junction. This may indicate the stability of surgery results. For example, the
larger renal pelvis by kidney size before the operation corresponded to the larger designed pelvis after the operation; renal pelvis drained
faster before the operation, features faster drainage after the operation as well. Variation in the areas of renal pelvis which decreased in
40 minutes after furosemide, percent rate of longitudinal pelvis area, rate of after-furosemide increase in pelvis area, diameter of
pyeloureteral junction in 15 minutes administration of furosemide after the open pyeloplasty was significantly different compared to the
variation in the same parameter for the same patients before the operations. More substantial difference was observed in the same patients
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before and after Anderson-Hynes surgery by parameters of relative rate of after-furosemide drainage of pelvis and increase in diameter of
pyeloureteral junction after 15 min administration of furosemide. That is, the same principle of operation provides similar results by
anatomical parameters, such as size and diameter of pyeloureteral junction, but quite different results by functional parameters which reflect
the possibility of draining of kidney in forced diuresis. Successful open pyeloplasty leads to a significant decrease in the pelvis area at
different time intervals after furosemide administration, the relative increase in the pelvis area on the background of the induction of diuresis,
rate of pelvis drainage, increase (normalization) in diameter of pyeloureteral junction, including the larger (better) gap of pyeloureteral
junction after administration of diuretic. Concerning laparoscopic pyeloplasty, the dispersion of mean values of S, SPR, Vpr, V, VOT, D,
DD after the operation was significantly different from those before the operation. This means that as in the case with open surgery,
satisfactory clinical results such as reduction in renal pelvis and restoring the passage of urine through sufficient diameter pyeloureteral
junction after laparoscopic pyeloplasty lead nevertheless to significant differences in the digital parameters during the objectification of
operation effect by means of diuretic ultrasonography using furosemide-induced diuresis. Endoscopic surgery such as laser resection,
endopyelotomy and balloon dilatation stably provides similar results (equal variances) by such parameters as pelvis area, which decreases in
40 min after furosemide administration, formation of the wide enough diameter of pyeloureteral junction and its minor fluctuations with the
diuretic load. The decrease to normal parameters of all planes of renal pelvis (both before and after loading) and significant improvement of
pelvis drainage (parameters responsible for the functional state of kidneys and pyeloureteral junction) indicate the success of palliative
surgery in elimination of the narrowing of pyeloureteral junction.

Keywords: pyeloplasty; endo-urological palliative methods; pyeloureteral junction; ultrasonography

00unCTIOBATH SIK (Siax—S)/15 XB, € Spax — IUIOIMIA MHCKH
yepe3 15 xB micis yBeneHHs: Gpypocemidy, S — BUXiHA IUI0-
ma Muckn; V (MMY/XB) — MIBHAKICTH MOCT(YPOCEMiToBoro
JPCHYBaHHSA MHCKH, OOUYUCIIOBATH K (Sax—S40)/40 XB, 1e
S40 — Tutoma mMucku yepe3 40 XB micist yBeneHHs (ypocemi-
ay; D (mm) — Buxigauid giamerp ITYC; DD (M) — giamerp
[TYC uepe3 15 xB micist BBeneHHs (ypoceminy; DPR (mm) —
nipupict giamerpa [TYC vepes 15 xB micnst yBeaeHHS Gypo-
cemimy; DPR% — BincoTtkoBe 30umsmenHs miamerpa [TYC.
Hiypernuna yieTpacoHorpadis — HEIHBAa3WBHHUI HEEKCIIe-
PHMEHTAIBHUI METO OCIIJKSHHSL.

Yci obcrexeHi fanu 3roay Ha oOpoOKy OTpHMaHHX pe-
3yJIbTaTIB BIAMOBIIHO 10 penakiil Hakazy MO3 Ykpainu Bif
08.08.2014 p. Ne 549 Ta ycTaHOBUMX TOKYMEHTIB i3 O10€THKH.

[To koXHOMY HapameTpy HPOBEACHO JETaJbHHUI aHali3,
BUKOHAaHO pO3paxyHKH CTaTHCTUYHHUX XapaKTEPUCTHK
(macriepcii,  cepeaHBOTO  3HAYEHHS,  CTAHAAPTHOTO
BimxwieHHs). [y Bi3yabHOT mo/ayi BiIXUIICHL 3aCTOCOBY-
BaM JiHIMHI Tpadiku. s BCTaHOBICHHS BiIMIHHOCTEH
MDK JTaHUMH JI0 Ta ITiCJIsL ONIEpaTUBHOTO BTPYYaHHS 3aCTO-
copyBa t-tect CrThrofeHTa (IIiCIsl BHKOHAHHS TECTY
Qimepa — CHenmekepa Ha TOMOCKEHACTHYHICTH BHOIPOK).
Jnst ycix BHCHOBKIB piBeHb 3HA4yHIocTi ckiagaB 5%. s
CTaTHCTUYHOTO aHANI3y BHUXIAHUX JAHMUX YCIX JOCTIKCHB,
MaTeMaTHYHUX  PO3paxyHKiB, rpadidHOro  mMOAAHHS
BUXIIHUX JaHWX 1 pPe3yJbTaTiB aHali3y BHKOPHCTAHO IPO-
rpamHe 3a0e3neuenHs SPSS17.

Beryn

OO0’€eKTHBHMM KpHTEpiEM e(EeKTHBHOTO YCYHEHHS 00-
CTPYKLI{ cedoBo/ia Micisl €HAOXIPYPriYHOTO BTPYYaHHS MO-
e OyTH HOpMaTi3allisl yJIbTPa3BYKOBHX MOKa3HHKIB JliarHO-
CTUKH TIOPYILLCHHS YPOAWHAMIKH, SIKi CBI/T4aTh PO 3HWKEH-
Hsl BHYTpIIIHBOMHCKOBOTO THUCKY Ta BiJIHOBJICHHS ITOTOKY
ceui yepe3 miesoyperepanbauii cermenT (ITYC). OnepaTus-
HE BITHOBJICHHSI TIPOXITHOCTI CEYOBOJA PI3HUMH METOJaMH
YPETEepOITiENOIaCTUKN Y YaCTHHH TIAIliEHTIB HE Ja€ YCy-
HEeHHS TimpoHedpo3y, 30epiratoThess Taki XK IOPYIICHHS
YpOAMHAMIKH, SK i 0 omeparlii (Autorino et al., 2014; Laud-
ner et al., 2014; Zargar et al., 2015). binpmicts nommpeHnx
MeTouK (eKcKpeTopHa yporpadisi, pamioi3oTonHa peorpa-
¢bis, ymerpacoHorpadis, nepdysiiHuii Tect Baiiteiikepa)
HEempsiMi, 1 32 HUIMA HEMOXJIMBO TOYHO BM3HAYUTH IIEPIIO-
NPUYMHY TOPYIICHHS YPOIMHAMIKH, a, OT)XKe, 1 BHSBHUTH
Haiikpammii Meron kopekuil (Dattani, 1996). [iypernuna
yabpTpacoHorpadist — HeiHBa3MBHUHM  (yHKIIOHATBHUHA
METOI, 10 JIa€ 3MOTY BHBYATH YPOAMHAMIKY B 30HI MHCKO-
BO-CEUOBIJHOTO CETMEHTA, BU3HAYATH 11 KUJIbKICHI ITOKa3HH-
KH{ 3 BHCOKOIO Uy TJIMBICTIO Ta CIEIU(DIYHICTIO B AIarHOCTHII
puduH rigporedposy (Bondarenko, 2007).

Merta IOCIIPKEHHS — OIHUTH (PYHKITIOHATBHI pe3yibTa-
TH I1HBa3WBHOI Ta MAJIOIHBAa3WBHUX METOAWK JIIKYBaHHS
rigporedposy, crprurHeHoro Bagoro [TYC, 3a Buximanmu ta
BiITAJICHIMH Pe3yJIbTaTaMH JIIyPETHIHOI yIIbTPacoHOT padii.

L. . Pe3yabTaTn Ta ix 00roBopeHHs
Marepiau i MeToau q0CTiTxKEeHDb

Jucnepcii BUOIpOK XBOpWX TMICIS BIAKPUTHX OIEparliif
MIPaKTUYHO HE BINPI3HSUIMCH Bi JucHepcii BUOIPOK IMX JKe
XBOpUX JI0 OIepaliii 3a napamerpaMy: IO MHCKH 10
HIyKOil GypoceMiTom, IO MICKH depe3 15 XB micis yBe-
JIeHHsT (hypoceMify, IBUIKICTIO MOCTQYPOCEMIZIOBOTO JPEeHY-
BaHHs MUCKH, BuximanM miamerpom [TYC (P > 0,10) (Tabm. 1).
e Morxe CBiTIMTH TIPO CTAOIIBHICTD Pe3yIIbTaTIB OIepPaTHB-
HOTO BTPy4YaHHS (HANpHKIA[, OUTbIIa MHCKa 33 pO3Mipamu
HUPKH O OIeparlii BimmoBifama OUTBIIIA CKOHCTpYHOBaHIN
MFCIII TCTIS OTIepaltii, MEHIIA — MEHIIIH; 1110 MIBHIIIIC IPCHY-
BaJlach MKCKa JIO OIepallii — TO MIBHULIE BOHA JIPeHYBaIaCh i
micnst).  Otpumani  JaHi  MIATBEPIDKYIOTh  HEOOXIIHICTH
(YHKIIOHATBHIX Pe3epBiB pOOOTH PCHAXHOI CHCTEMU HH-
KU, a He JIUIIe i aHaToMivHu cTaH. Bapiallis 3Ha4eHb ITori
MHCKA HUpKH, sKa 3MeHImach uwepes 40 xB micns

XBopux 31 cTpukTyporo ITYC momiieHO 3aJIeKHO Bij
MIPOBEJICHOTO BHAY JIKYBaHHS: 55 BHKOHAHO BIIKPUTY Ili€-
JIOTIIacTHKY 3a XaiHcom — Annepcenom (BIIIT), 46 — nana-
pockoriuny mienoractuky (JIIIT); pesymsrari oOcTexeH-
HS Ta JIiIKyBaHHS 26 mamnieHTiB micis eagomienoTomii (EIIT),
17 micns 6amonHoi mumaramii (B/I) ta 13 micns masepHOTO
posciuenns (JIP) 00’exHaHo B OmHY TPYIy €HAOYPOJIOTIY-
Hux Meromuk (EO) i3 56 ocib mist 6L1bII01 TOCTOBIPHOCTI Y
TIpoLIeCi MPOBEACHHS CTATUCTUYHOTO aHAMTI3y.

Bukonytoun niyperndHy yieTpacoHOrpadiro, KOpUCTY-
BaJTUCh MeToMKaMu Rostovskaia et al. (2003) Ta Grimsby et
al. (2015). Po3paxoano Taki nmapamerpu: SPR (%) — Bincor-
KOBE 30iMBIICHHS TUIONI TEpepisy MUCKH; Vo (MMY/xB) —
MIBUAKICTh MOCT(YPOCEMIIOBOTO MPUPOCTY IUIONII MUCKU
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(bypoceMiy, TPOLEHTHOrO MPUPOCTY TO3IOBKHBOT ILIOLII
MHCKH, IIBHAKOCTI HOCT(YpPOCEMIIOBOIO MPUPOCTY ILIOLI
muckn, miamerpa ITYC uepes 15 XB micns yBEICHHS
(dbypoceMiny TmCIsA  BIIKPHTOI — IMIEJIOMIACTHKH  CYTTEBO
BIPI3HSIMCS BijI Bapiallii 1MX e 3HAYeHb Y [UX e XBOPHX
1o onepanii (F-tect, P = 0,035). Ille icToTHime BigpizHsIIICH
Ti 5K XBOpI J0 Ta Micysl onepartii XaiHca — AHepceHa 3a rna-
paMeTpaMH BiJTHOCHOI IIBUIKOCTI TIOCT(yPOCEMIIOBOTO JIpe-
HYBaHHS MHCKH Ta 30umsmeHnsM giamerpa [TYC gepes 15 xB
micist yBeneHsst pypoceminy (P < 0,0001).

Tabnuys 1
IMoxa3uuku aiypeTuyHoi yjabTpaconorpadii y rpymi
XBOPHX, KOTPHM BHKOHAHO BiIKPHTY Hi€JIOMJIACTHKY,
TOPiBHSIHO 3 MOKA3HUKAMH L€l 2k rpynu Ao onepaiii (n = 55)

IToka3zHuku Pizaunus

Iy peTu4HOl F-xpurepiit F-tect CepeHix

yabTpacoHorpadii 3HAYCHb
S, MM 0,657 0,126 2,545
S s MM 0,707 0,207 —4,564
S40, MM 0,580 0,047 3,745
SPR, % 2,042 0,010 —6,851
Vi, MM/XB 1,787 0,035 —0,135
V, MM/XB 1,071 0,801 -0,021
VOT, % 3,181 <0,0001 2,182
D, MM 0,757 0,310 0,527
DD, mm 0,545 0,028 0,615
DPR, MM 0,193 <0,0001 0,051
DPR, % 0,422 0,002 -1,279

Mpumitka: S — BHXiTHA TUIONIA MHCKHU; S, — IUIONIA MHCKA
yepe3 15 xB micns yBeneHHs QypoceMiny; Sy — IUIOIIA MHUCKH
yepe3 40 xB micys yBeaeHHs pypoceminy; SPR% — BigcoTkose
30inpmenHs miomi nepepisy mucku; VOT (%) = V-100/V,,
BiJIHOCHA LIBHJKICTh MOCT(HYPOCEMIJOBOTrO APSHYBAHHS MUCKH;
DPR% — BincoTkose 30inbmienns aiamerpa IIYC; Vo, (MM*/xB)
— MBUAKICTH TOCT(PYPOCEMITOBOrO MPHPOCTY IUIONI MUCKH; V
(MM*/XB) — IIBHAKICTB HOCT(YPOCEMIIOBOTO IPEHYBAHHS MHC-
ku; D (Mm) — Buxigamii giamerp ITYC; DD (mm) — niamerp ITYC
yepe3 15 xB micnst yBepenHs ¢pypoceminy; DPR (mMm) — mpupict
niametpa [TYC uepe3 15 xB micns yBeaeHHs Gypoceminy.

OnHakoBHI TPHUHIAI Omeparlii 3abe3nedye MomiOHi pe-
3yJbTaTH 32 AaHATOMIYHMMH IapaMeTpaMH, TaKUMHU SK
PO3Mip MHCKH Ta JiaMeTp IMi€JIOypeTepabHOTO CerMeHTa,

140
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40 -

20 -

0
S Mucku S max
MHUCKH

S 40

ajie 30BCIM DIi3HI pe3ysibTaTd 3a (DYHKI[IOHAJBHUMH Mapa-
MeTpaMH, SIKi BiIOOPaKarOTh MOMJIMBICTD JAPEHYBaHHS HUP-
ki 1mpu  QopcoBaHOMYy Jiypesi. YCHIIIHO IpOBeJcHa
BIZIKpHTA MI€JOIUIACTHKA 3yMOBJIOE JOCTOBIpHE (puc. 1)
3MEHILCHHSI IUION[I MHCKH, IUIOIII MHCKH Yepe3 pi3Hi
MPOMDKKM Yacy IICIsl yBEACHHS (ypoceMimy, BiTHOCHE
30UThIICHHS IDIONII MHCKM Ha T IHIYKO JAiypesy,
mBUIKOCTI i JpeHyBaHHS, 30UTbIIEHHS (HOpMaJIi3arlii)
ZliaMmeTpa IMieI0ypeTepalb-HOTO CETMEHTa, 30KpeMa, OLThITHiA
(xpammit) mpocsit [TYC micns yBemeHHs miypernka (P <
0,0001). Bee x, y Hammx XBOpPHX Omepallis iCTOTHO He
BIUIMHYJIAa Ha BIiJHOCHY UIIBHAKICTD ITOCT(YpPOCEMiTOBOTO
nperyBanHs Muckd (P = 0,167). Xopomoro 03HaKO0 MOKHA
BB@KAaTH HE3HAYHE BiZICOTKOBE 30imbieHHs Aiamerpa [TYC
et i1 ekuii pypoceminy, ToOOTO HOBOCTBOPEHI CErMEHTH
n00pe  CHOpaB/sUTUCh 13 BIOBEACHHSIM  cedi P
HABaHTa)KCHHI.

om0 ManmapocKOMivYHOT METOTUIACTHKH, TICIIS OIepartii
aucnepcii cepennix 3navens S, SPR, Vi, V, VOT, D, DD
CYTTEBO BiPI3HMINCH Bifl TAKHUX JIO OTepallii, i3 HaJiHHICTIO
F-tecty p = 0,041 (Tabm. 2). Takox mucriepcii HOMipHO Bif-
PIBHSIINCH 3a apaMeTpaMH S, Ta Sy, (F-Tect, p = 0,075 Ta
0,096 BigmosinHo). Lle o3Hadae, 1110 NOMIOHO SIK 1 IPH BiJ-
KPUTOMY OIEPaTHBHOMY BTPY4YaHHI, 3a[0BUIbHI KIIIHIYHI
pe3ysbTaT 31 3MEHIICHHS MUCKH HHMPKH Ta BiJHOBJICHHS
nacaxy ceui uepe3 gocraruin aiamerp [TYC micms JITIII Bee
K BUKJIMKAIOTh 3HAUHy PO30DKHICTD HU(POBUX MapamMeTpiB
min yac 00’exTHBi3alii e)eKTy BiI Omepallii 3a JOMOMOTO0
niypetnuHoi  ynmbTpacoHorpadii  mpm  dypocemin-
iHIyKOBaHOMY Jiype3i. ToOTO onHaKoBi omepartii 3abe3re-
YyIOTh Pi3HI aHATOMO-(YHKIIOHAJIbHI 0COOJIMBOCTI HUPOK y
pidanx xBopux. [lomiOHuMu Oymwm swmre mucmepcii abco-
JIFOTHOTO Ta BiHOCHOTO Tipupocty miamerpa [TYC gepes 15
XB TicIs BBeAGHHS (pypoceMiny. Takuii pe3yibTar BiporigHo
crabutpHimmi micst JITT, aix micns BITIL

JlamapockomniyHa Mi€NONIacTHKa y BUOIPKA XBOPHX 3Y-
MOBITIOBaJIa BIPOTiIHO 3HAYYIE 3MEHIIEHHS PO3MIpIB MHC-
KM SIK JI0, TaK 1 micis yBeneHHs (QypoceMiy, IPOICHTHOIO
MPUPOCTY TUIOII MHCKH, HIBHIKOCTI TOCT(YpOCEMiIOBOTO
NIPUPOCTY TUIONI, MIBHAKOCTI 1i JpeHyBaHHS, a TaKOX
301IBIICHHS AilaMeTpa IMieNIoypeTepaIbHOro cermeHTa 3a P <
0,0001, T-3nauenHi > 7,643 (puc. 2).

SPR % VOT DPR%

Puc. 1. [Toka3nuku aiypeTn4Hoi yasTpacoHorpadii y rpymi xsopux (M = m, n = 55), 1KHM BUKOHAHO BiIKPHUTY
Ni€JI0IJIACTHKY, IOPIBHSIHO 3 MOKA3HUKAMM L€l 2K IPYNH /10 onepanii: Ha3BU XapaKTEePUCTUK IUB. Ta0m. 1
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Puc. 2. [Toka3nuku giypernuHoi yasTpaconorpadii y rpymi xsopux (M £+ m, n = 46), IkHM BUKOHAHO
JIANapoCKOMiYHY Mi€JI0MIACTHKY, MOPIBHSIHO 3 MOKA3HUKAMM II€l 5K IPYIH /10 onepaii: Ha3BH XapaKTEPUCTUK AUB. Ta0m. 1

Tabnuys 2
Ioka3Huku AiypeTu4Hoi yabTpaconorpadii y rpymni xso-
PHX, IKHM BHKOHAHO JIANAPOCKOINIYHY Mi€JI0MIACTUKY,
NOPIBHAHO 3 HOKA3HHUKAMU Wi€i 2k rpynu /10 onepaii (n = 46)

Tabnuys 3
Ioxa3nuku AiypeTuyHoi yiabTpacoHorpadii y rpyni
XBopHx, kKoTpuM BukoHano JIP, EII, B/I, nopiBusino
3 HOKA3HMKAMHU L€l 3k rpynu 10 onepauii (n = 56)

[Noxa3auku PizHums Tloxasuuku giype- PizHuns

Iy peTHdHOl F-xpurepiit F-tecr cepenHix TUYHOI F-xpurepiit F-tecr CepeIHix
yIbTpacoHorpagii 3HAa4YCHb yieTpacoHorpadii 3Ha4YEHb
S, MM 0,352 0,041 2,479 S, MM 0,631 0,091 —-1,821
Sinax, MM 0,307 0,075 —4,356 Smax, MM 0,597 0,058 3,768
S40, MM 0,354 0,096 —3,439 S40, MM 0,665 0,133 —2,786
SPR, % 0,297 <0,0001 —7,355 SPR, % 0,491 0,009 —8,030
V,r, MMY/XB 0,230 <0,0001 0,125 V,r, MM*/XB 0,436 0,002 0,130
V, MM7/xB 0,315 0,001 0,023 V, MM7/xB 0,257 <0,0001 0,025
VOT, % 1,406 0,034 2,327 VOT, % 1,704 0,051 2,710
D, MM 1,656 0,026 0,696 D, MM 1,040 0,885 0,596
DD, mm 1,029 0,003 0,756 DD, mm 0,860 0,577 0,591
DPR, MM 0,590 0,263 0,060 DPR, MM 0,939 0,817 —0,005
DPR, % 0,275 0,594 —4,756 DPR, % 0,439 0,003 7,075

IpumiTka: Ha3BU XapaKTEepUCTUK AUB. Tabmd. 1.

Ennmockonivyni omeparii, Taki SK Ja3epHa Pe3eKIis,
€H/IOINEI0TOMIS Ta OaJIOHHA AWUIaTallst, CTaOlUILHO 3a0e31e-
YyBaJIM MOAIOHI pe3ysIbTaTh (0JHAKOBI JHCIIepCil) 3a MoKas-
HUKaMH: IO MHCKH, [0 3MeHIIIack depe3 40 XB micis
yBelleHHS (ypoceMily, CTBOPEHHS NOCTAaTHBO IIMPOKOIO
BuxigHoro miamerpa ITYC Ta Horo He3HaYHHUX KOJMBAHBb
IPH IlypETHYHOMY HaBaHTa)KeHHI (Taou. 3).

BigHocHO moziOHi (CTiiKi) pe3ynbTaTh MICHs €HI0CKO-
MIIYHOTO PO3CIUEHHSI CTPUKTYPH CIIOCTEpirajin 3a po3BaHTa-
YKEHHSIM (3MEHIIEHHSIM IUTONII) MUCKH, 30KpeMa i uepes 15, a
ocobmBo 40 xB micns dypoceMinHoro HaBaHTaxeHHs (F-
tect, P = 0,091, 0,058, 0,133 BiamoBimHO). IcTOTHO pizHU-
JUCh MOYKJIMBICTH KOMIICHCATOPHOTO PO3LIMPEHHS MHCKH,
MIBHAKICTh IHOTO PO3IIUPESHHS, a OCOOJNHBO IOJIIMIIICHHS
MoxrBOCTI npenyBanHs Hupku (F-tect, P = 0,009, 0,002,
<0,0001 BiAmoBiTHO).

IIpo ycmimHO mpoBeieHe NaTiaTHBHE OTIEPaTHBHE BTPY-
YaHHs 3 JIKBIIAII1 3By)KSHHS T€JIOyPETePaTbHOIO CerMEHTa
CBIIYMTH 3MEHIIEHHS JI0 HOPMAaJIbHUX IapaMeTpiB ycixX
TUIOIIMH MUCKH HUPKH (SIK 110, TaK 1 MicJisi HABAHTAXKEHHS), a
TaKOXX  BIPOTiIHE TOJINMIICHHS JPEHYBaHHS  MUCKH
(mapamertpiB, 5K BiAIOBINAalOTh 3a (YHKLIOHAJIBHUN CTaH
aupkn ta [IYC) 3a P < 0,017 (puc. 1, 2).

IpumiTka: Ha3BU XapaKTEepUCTUK AUB. Tabmd. 1.

3aCTOCOBYIOYM MaTeMaTHYHY MOJETIb OCHOBHHX 3aKO-
HOMIpHOCTEH PyXy PiIfH, pO3pOOIIN HOBHH CIIOCIO OIIHKA
JIaHKX JIypeTUYHOI yJbTpacoHoropadii, BU3HAUMIN YIIbTPa-
3BYKOBI MapameTpH cTaHy ypoauHamiku B nurstHi ITYC y
HOpMi Ta TPH TATOJIOTi], iX BIAMOBIAHICTH TaHUM MPAMOI
riesloMaHoMeTpii Ta MOP(OJIOTIYHAM JIOCIIPKEHHSIM  OI1e-
pauiiiHoro Mmarepiany mnpu Tiaporedposi (Bondarenko,
2007). ABrop BusBHB uyTauBicTh 85,4%, creumdidHicTh
79,3% Ta iHpopMmaTHBHICTH 85,2% pO3pOOJICHOTO METOIY
KUTBKICHOT OIIIHKM pe3yJbTaTiB yibTpacoHorpadii 3 ¢ypo-
ceMi-iHTeHCH(]IKOBaHUM JIiype3oM JUlsl 3°ICYBaHHS PHYH-
HU OOCTPYKIIii MPUMICKOBOTO BiILTY CEYOBOIA TIPH TiIpo-
Hedposi. OnparboBaHi JaHI HAIAX MAIIEHTIB MiATBEPIDKY-
IOTh JIarHOCTUYHY 3HA4yIlicTh Y3/l v BU3HAUeHHI (QyHKITi-
OHAJIFHOI HEJOCTaTHOCTI CEYOBOIA Ha JOONEPAIliHOMY
erami (3a Ie3aJanTarli€ero qpeHaxHol (QyHKIi MUCKH Ha Tl
(opcoBaHoro Aiype3y), IO Ja€ 3MOTy OOTpyHTyBaTu aude-
PEHLIHUN MiAXia 10 BUOOPY METOy XIpypriuHoi KOpeKIji.
BurienaseneHi pakTy miaBOASATH 10 HEOOXITHOCTI IIUPIIIO-
T'O BIPOBaKEHHS [IbOI'O HEIHBA3MBHOTO METOAY ISl OTPH-
MaHHs 11 JIOCTOBIPHIIINX PEe3yJIbTaTiB Ha BENMKIH BUOIpIi
Ta TIPU3HAYCHHS BIIIOBIIHOTO JIIKYBaHHS 3 YpaxyBaHHSIM
CHHIPOMAJIFHUX Ta €TIONaTOreHeTUIHUX OCOOINBOCTEH.
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BucHoBku

BusnaueHO e(heKTHBHICTh MaJIOIHBa3MBHUX EHIOXIPYp-
TYHAX TEXHOJOTIH (OaJOHHOT AMNATAIli, €HIOMIEIOTOMIT,
JIa3epHOl pe3eKllii), a TAKOX JIAapOCKOIIYHOI Ta BIIKPHTOT
ITEJIOMIACTHKY B KOPEKIIil 00CTPYKIIIT Mi€I0ypeTepabHOrO
CEerMeHTA, 13 3aCTOCYBaHHM MOPIBHSUIGHOTO aHAII3Y ITOKa3-
HUKIB JiypeTnduHoi ynbTpacoHorpadii. [loBexeno, mo yci
OTepaTHBHI METO/MKH, TPOBEJICH] 3a MOKa3aHHsAMH, 3a0e3-
TICYYIOTh 33/I0BUTFHY aHATOMIIO Ta (DYHKIIIOHATBHI BIIACTH-
BOCTI JIpeHa)KHOT CUCTEMH HUPOK, Ha [I0 BKa3yIOTh HOpMa-
JI3aIist TPOIIEHTHOTO TPUPOCTY IUIOMII MUCKH HHUPKH, a Ta-
KOX IIBUJIKOCTI MOCT(YPOCEMIIOBOTO JAPEHYBAHHS MHCKH
TTicTIst 30UTBIICHHS JliaMeTpa MieIoypeTepaabHOrO CerMEHTa.
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3aKoHOMIPHOCTI BUKOPHCTaHHS CyJb(}aT- i HiTpaT-ioHIB OakTepigMH
Desulfomicrobium sp. CrR3 Ta Desulfovibrio desulfuricans Ya-11

JI.C. Hopom, T.b. Iepersitko, C.IL. 'ya3b
Jlvsiecoruil Hayionanvhuil yuieepcumem imeni leana @panxa, Jlvsis, Yrpaina

OxapakTepH30BaHO 3aKOHOMIPHOCTI BIJTHOBJICHHS CyJIb(aTiB Ta HITPATIB CyJIb(aTBIHOBMIOBAILHUMHU Oaktepissmu Desulfomicrobium
sp. CrR3 ta Desulfovibrio desulfuricans Ya-11. Y pesynbrari BigHOBICHHsS cyibdar-ioHiB y koHuenrpauii 10 MM Oaxrepisimu
Desulfomicrobium sp. CtR3 ta D. desulfuricans Ya-11 y cepenoBuiy Harpomamkyerses 5,0-6,8 MM rigporen cyisdiny. 3a pocty Gakre-
Ppiif y cepenoBuILi 3 HITPaT-IOHAMH HArPOMa/IKyBAIIHCS 10HH HITPUTY SIK IIPOMDKHI Ta AMOHIFO SIK KiHIIEBI MPOAYKTH JUCHUMUIALIHHOL HIiTpa-
Tpenykuii. MakcumanbHy Oiomacy Gakrepii Desulfomicrobium sp. CrR3 (3,8 /m) ta D. desulfuricans Ya-11 (3,2 1/11) HarpoMamKyBau 3a
HAasIBHOCTI HITpaT-10HIB, HOPIBHSHO i3 cynbar-ionamu. Desulfomicrobium sp. CtR3 eekTrBHIIIE BUKOPUCTOBYBAIM HITPaT-i0HH SIK aKIle-
NITOpY eIeKTPOHiB, HIK D. desulfiricans Ya-11, Ipo IO CBiTYMTH iHTEHCHBHICTH HITpaTpPEmyKIil Ta MakCHMajbHa Oiomaca OakTepiil.
3a ymoB iHKyOyBanHst O0aktepii Desulfomicrobium sp. CtrR3 ta D. desulfuricans Ya-11 BinHoBIrOBaNH i Cyib(aTy, 1 HiTpatu. EdexkTuBHiCTh
BUKOPHCTAHHSI CyJIb(aT- i HITPaT-ioHIB SIK aKLENTOPIB eIeKTpoHiB 6aktepismu Desulfomicrobium sp. CrR3 3a xonuenTpanii 10 MM craHo-
Br1a 62% Ta 93%, BinnosinHo. bakrepii D. desulfuricans Ya-11 BinnoBunu muie 86% cyibdaris Ta 73% Hitpatis.

Kmiouosi cnosa: cynbhatBiiHOBIIOBANBHI GakTepii; CyabhaTpenyKuis; HiTpaTpeayKLis

The patterns of utilization of sulfate and nitrate ions by bacteria
Desulfomicrobium sp. CrR3 and Desulfovibrio desulfuricans Ya-11

L.S. Dorosh, T.B. Peretyatko, S.P. Gudz
Ivan Franko National University of Lviv, Lviv, Ukraine

The aim of this work was to study the patterns of utilization of sulfate and nitrate ions by bacteria Desulfomicrobium sp. CrR3 and
Desulfovibrio desulfuricans Ya-11 under different cultivation conditions. Chromium-resistant sulfate-reducing bacteria Desulfomicrobium
sp. CtR3 and D. desulfuricans Ya-11 were used. Bacteria were grown in Posgate C medium at 30°C in 25 ml test tubes under anaerobic
conditions. To test the ability of bacteria Desulfomicrobium sp. CrR3 and D. desulfuricans Ya-11 to use various substances and ions as
electron acceptors, they were incubated in potassium phosphate buffer (10 mM, pH 7) with sulfate, nitrate and nitrite ions in concentrations
of 1, 5 and 10 mM. At various concentrations of sulfate ions (1, 5 and 10 mM), biomass of bacteria Desulfomicrobium sp. CrR3 and
D. desulfuricans Ya-11 increased with the increase of concentration of electron acceptor, the maximum biomass was equal to 3.65 and
3.05 g/l at 10 mM of sulfate ions, respectively. With the increase of concentration of nitrate ions to 5 mM the biomass increased by 70%
compared to the biomass of bacteria grown in the medium with nitrate ions at the concentration 1 mM. The maximal biomass was
determined in the presence of nitrate ions at a concentration of 10 mM — 3.78 and 3.15 g/l for bacteria Desulfomicrobium sp. CrR3 and
D. desulfuricans Ya-11, respectively. It is found, as a result of incubation of bacteria Desulfomicrobium sp. CrR3 and D. desulfuricans
Ya-11, that by introducing sulfate ions at a concentration of 5 mM bacteria Desulfomicrobium sp. CtR3 used 98%, while D. desulfiricans
Ya-11 used only 86%, and under these conditions hydrogen sulfide has been detected in the incubation mixture at the concentration of 0.8—
1.0 mM. In the presence of 10 mM of sulfate ions efficiency of electron acceptors utilization was equal to 85-95% for both strains. Bacteria
Desulfomicrobium sp. CrR3 intensively used nitrate ions, the efficiency of electron acceptor utilization at 10 mM was equal to 92.8%, while
for D. desulfuricans Ya-11 the usage percent amounted to 73% only, and nitrite ions were not observed after three days of incubation. It is
established that bacteria Desulfomicrobium sp. CrR3 and D. desulfuricans Ya-11 are capable to use sulfate and nitrate ions as electron
acceptors in the process of the disimilatory sulfate and nitratre reduction. As a result of the study of patterns of nitrate utilization by
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Desulfomicrobium sp. CrR3 and D. desulfuricans Ya-11 it is found that bacteria use nitrate as a nitrogen source for biosynthetic processes,
and as electron acceptors. Under these conditions nitrates are reduced to nitrites, and then they are turned to ammonium.

Keywords: sulfate-reducing bacteria; sulfate reduction; nitrate reduction

Beryn

3a0pyoHEHHS BOAHOTO Ta TIPYHTOBOTO CEPEIOBHIIA
OKCOaHIOHAMH CyIb(QYpy Ta HITPOreHY 3MYIIYE ITYKAaTH CIIO-
coOM OUMIIEHHS JOBKUDIA Bif IMX MHOioTaHTiB. Hitpartm,
HITpUTH Ta Ccynb(arh Halexarb [0  HEOE3NeYHHX
3a0py/JHIOBAYiB, OCKITBKH BUCOKA IX KOHIICHTPALLisl Y IpyHTaxX
Ta BOJIOMMAX CIIPUYMHIOE 3HW)KEHHS BMICTY KHCHIO Y TPYHTI,
TIOCWJICHHSI TIPOSIBIB TAPHUKOBOTO e()eKTy Ta yTBOPEHHS
rigporen cynbdiny (Dzhigireji, 2004). Jlnst  oumimeHHs
CTIYHHX BOJI 3aCTOCOBYIOTh NIEPEBAYKHO METO/HM OI0JIOTYHOTO
OYMIICHHS, 11O TOSICHIOETBCS HE TUIBKK OCOOJIMBOCTSIMH
CKJIa/ly CTIYHHX BOJI, @ i EKOHOMIYHOIO JIOLIBHICTIO 3aCTO-
cyBaHHs OloTexHomorii. Uepes BUCOKI eKCIUTyaTalliiiHi BUTpa-
TH Ta TPOOJIEMHICTh YTHIII3aIIi] BITXOIIB, IO YTBOPIOIOTHCS Y
Tporieci OYMIIeHHS, (Di3MKO-XIMIUYHI METOH HEIOIUIHHI. Ix
3aCTOCOBYIOTB [IEPEBAKHO VIS IIONIEPSHBOTO OUYMIIICHHS T Y
CKJTaIHIX KiTiMaTHaHmX yMoBax (Dzhigireji, 2004).

AnHaepoOHE OYMINEHHS CTIYHHX BOJ BiJ TONIOTAHTIB
pi3HOI NPUPOIM 3a Y4YacTIO MIKPOOPraHi3MIiB BHKOPHCTO-
ByeThcst yke moHan 100 pokiB. IlepeBarm anaepoOHHX
TIpOIIeCiB — Iie MaJia 1oTpeda y MOKMBHUX PEYOBHHAX 3aBIIs-
K{ HarpoMajpKeHHIO aHaepoOaMM HEBENMKOi OioMacH; 3HH-
JKEHHSI BUTPAT €NIEKTPOCHEPTii Ta, Ha BiIMIHY BiJl aepOOHHX
CHCTEM, aHaepOOHi He Ty)Ke BUOATTIMBI O OOMEKECHHS aKIIeTT-
TOpa ENEKTPOHIB, TOMY 3aBaHTAKCHHS CHCTEM MOXe OyTH
BUIIIM, HDK TS aepoOHUX crcteM. Cyib(haTBiTHOBITFOBAIBHI
OakTepii PO3MIMAIOTECS SK OJHA 3 HANIEPCHEKTUBHIIINX
TPyI MIKpOOpPTraHi3MiB y TpoIecax aHaepOOHOTO OYMINCHHS
BOJI BifI cniontyk cynb(ypy Ta Hitporeny (Okabe et al., 2003;
Peretyatko et al., 2009).

CynbarBiTHOBITIOBAIIBHI OaKTepii 31aTHi BUKOPHCTOBY-
BaTH Pi3HI OKCOaHIOHW (Cynb(arH, HITpaTH, HITPUTH) SK aK-
LEMITOPH SJICKTPOHIB Y MpOIIeci OKUCHEeHHs H) Ta opraHiyHIX
crionyk (Kosinska and Miskiewicz, 1999; Polanco et al., 2001;
Plugge et al, 2011). 3parnicTs cynb(aTBiIHOBIIOBAIEHUX
OakTepiii BUKOPHIICTOBYBAaTH HITPAaT SIK AKIIENITOp EJIEKTPOHIB
OIFiCAaHa Y JEeSIKWX INTaMiB, SKi HaJeXarb JO POMIB
Desulfovibrio (Marietou et al., 2005), Desulfobacterium
(Szewzyk and Pfennig, 1987), Desulfolobus (Mohanakrishnan
et al., 2011). YMoBHU Ky/nbTHBYBaHHS OaKTepiii MOXKYTh BIUTH-
BaTH Ha 3[ATHICTh KIITHH J0 HiTparpemykiri (Bratcova et al.,
2002). Ponp mpoliecy HITpaTpeQyKIil y IKUTTETSUILHOCTI
CyJb(haTBITHOBITIOBAIbHUX OaKTEpiii BUBYEHO HEIOCTATHHO.
VY niteparypi ONMCAHO Pi3HI HUISIXH PEryJIsLil HiTpaTpeRyKuil
y cynbdarsigHoBMIOBaIEHUX OakTepii (Tarasova et al., 2009).

Mera naHoi cTarTi — 3°CyBaTH 3aKOHOMIPHOCTI BUKOpH-
CTaHHA Cynb(aT- 1 HiTpaT-ioHIB OakTepismu Desulfomicro-
bium sp. CrR3 Ta D. desulfuricans Ya-11 3a pi3HHX yMOB
KyJIbTHBYBaHHS.

MarepiaJ i MeToan J0CTiTKEHD

Y poGOTi BHKOPHUCTOBYBAIM CYyIb(ATBiIHOBIIOBAIBHI
6axrepii Desulfomicrobium sp. CrR3 (Sholyak et al., 2013)
ta D. desulfuricans Ya-11 (Peretyatko et al., 2006). bakrepii
KyJbTUBYBaIX y cepenosuiii [Toctreiira C 3a Temmeparypu

30 °C y mpobipkax, 00’emomM 25 M1, 32 aHAEpOOHMX YMOB.
AmnHaepoOHI yMOBH 3a0e31euyBali KU SITIHHSAM 1 IBHIKAM
OXOJIOMKSHHSIM CepEIOBHILA KYJIBTHBYBAHHS, 1110 3yMOBITIOE
3MEHIICHHS B HHOMY PO3YMHHOTIO KHCHIO, a TaKOX IOJa-
BaHHAM acKopOiHOBOi kmcimotm 49k NapS. IIpobipku
TIOBHICTIO 3alIOBHIOBAJIM CEPEAOBHIIIEM 1 3aKPHBAI TyMO-
BuMH Kopkamu (Postgate, 1984).

Jliist AoCHipKeH ST 3aTHOCTI BUKOPHCTOBYBATH CYJib(a-
TH Ta HITpaTH OakTepii KyJbTHBYBAJIM YIPOIOBXK 6 Ii0 y
MoaudikoBanomy cepenosuii [Tocrreiita C Takoro ckiamy
(v/n): xamiéi murigpodocdar — 0,5, Kampuiii xyopun
rekcarimpar — 0,06, marHiii xmopua rekcarimpar — 0,055,
HATpill JaKTaT — 6, APLKIKOBHUI eKCTpakT — 1, HaTpii muT-
par murinpat — 0,3, pH cepenoBuma — 7,6. Hitpar i cymsgar
BHOCIJIM IICTSI CTepHimizalii y (opMi BOTHHX PpO3UHHIB,
KNO;, NaNO, ta Na,SO, - 10H,0, BigmosigHo. [TogarkoBa
KOHIIEHTpaLlisl KIITUH ctaHoBmia 0,2 1/11.

Jnst nepeBipku 3natHocti Oakrepiit Desulfomicrobium
sp. CrR3 ta Desulfovibrio desulfuricans Ya-11 Bukopucro-
BYBATH Pi3Hi I0HU SIK aKLENITOPH EJIEKTPOHIB iX 1HKyOyBain
y Kaiii ocdarnomy 6ydepi (10 MM, pH 7) i3 cynbdaramu,
HiTpaTaMH Ta HITpUTaMH y KOHIeHTpanisx 1, 5 ta 10 MM.

biomacy Bu3Hauanmm QoToMeTprdHO Ha (HOTOEIEKTpO-
konoprmMetpi KOK-3 (340 M, KroBeTa 3 ONTHYHIM MIIIXOM
3 MMm). Bumict cynbdariB BU3HAYAIH TYpOIAMMETPUIHO TCITSA
ix ocamkeHHs Oapiit xmopumom. st crabimizamii cycneHsii
BUKOpPHUCTOBYBaNM TJiriepud (520 HM, KioBeTa 3 ONTHYHIM
uwsixom 10 mM) (Pochvy. Metod opredelenie ionov sulfata v
vodnoji vyiityazhke). KinbkicTs TifporeH cynbginy Bu3Hada-
JIM Yy KYJIBTYpasIbHii piauHi GOTOMETPUYHO 3 BUKOPUCTAHHIM
Nn-aMiHOJIMMETWIAHUTIHAUTI IpoxIopuay (665 HM, KioBeTa 3
orrruyHuM 1wsixoM 30 M) (Sugiyama, 2002). Buic HiTparis
Ta HITPHUTIB BU3HAYAM CIIEKTPO(QOTOMETPHIHO 3 BHKODH-
CTaHHSIM n-HadTreTHeHxiamMinauxuopuay (540 M, KioBeTa
3 onrtrmyHuM 1wsixoM 10 mm) (Granger et al., 1996). Kon-
LEHTPAIlI0 aMOHII0 BH3HAYAJH CHEKTPO(POTOMETPHIHO 3
BUKOPHUCTAaHHSIM (DEHOJBHOTO PEAaKTHBY, HATpiii HIiTPOHIpPY-
CHIYy Ta TINOXJIOpUTY HaTpito (640 HM, KroBeTa 3 ONTUIHAM
musxoM 10 M) (Ivanci¢ and Degobbis, 1984).

Jocminn mpoBoamiy B TPHUPa3oBiii MOBTOpHOCTI. Pe-
3yJIbTaTH HaBEIEHI SIK CepelHe 3HA4YEeHHS Ta CTaHAapTHA
noxuoky (Bailey, 1995; Isakova, 2009).

Pe3yabraTi Ta iX 00roBOpeHHst

Y pesynbTati HOCTiKEHHs 3[aTHOCTI Oaktepiit Desulfo-
microbium sp. CrR3 ta D. desulfuricans Ya-11 BinHoBmIOBaT!
cynb(haTy Ta HITPATH BCTAHOBJICHO, IIO KIHIICBIMH IPOTYKTa-
MH BiIHOBIICHHS IIMX OKCOAHIOHIB € TimporeH cymbdim Ta
aMoHil, BimmoBimHO. Y Tabmmmi | HaBemeHO pe3yJbTaTH
JIOCITDKEHb, SKi CBIMYaTh TPO 3maTHICTH Oaktepiit D. de-
sulfuricans Ya-11 Ta Desulfomicrobium sp. CrR3 poctu y
CEPEeIIOBHIIII 3 PI3HUMH aKIENTOpaMH eJIEKTPOHIB. I3 11iefo Me-
Toro Gakrepii D. desulfuricans Ya-11 ta Desulfomicrobium sp.
CrR3 Bupornysaimm y cepenosumi [loctreiita C, y sikomy
cyibar-ionn Oysm 3aMiHeHi Ha HITpar-, HITPUT-, XpOMaT-ioHH
Ta JIEMEHTHY CIPKY SIK TIOTCHIIIFHI AKIICTTTOPH €JICKTPOHIB.
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Tabnuya 1
Picr 6akrepiii y cepenoBumi
3 pi3HUMH aKLENTOPaMU eJ1eKTPOoHiB (n = 3)

Axuerrrop Biomaca, /1
STICKTPOHIB Desulfomicrobium sp. D. desulfuricans sp.
CrR3 Ya-11
SO,~ 3,14+0,12 3,05+0,03
s° 1,37+0,03 pict BixcyTHiit

CrO,~ 3,60+0.27 2,65+£0.23
NO; 3,40+ 0,07 3,15+021
NO, 1,08+ 0,05 1,05+ 0,03

3a koHueHtpauii cymbdarieB 1 MM Oiomaca KIITHH
Desulfomicrobium sp. CtR3 ta D. desulfuricans Ya-11 cra-
HoBwia 1,2 Ta 0,8 1/11, BiAMOBIHO, TO/I SIK 32 KOHIIEHTpAIl
5 MM cynbdariB — 2,7 ta 1,5 v/n (puc. 1a). EdexruBHICTD
BUKOpHCTaHHA cyibgariB 0akrepismu Desulfomicrobium sp.
CrR3 Ta D. desulfuricans Ya-11 3a BuximHoi KOHLEHTpaLii
1 MM cranoButh 96% T1a 90% (puc. 16). 3a ymoB
MIBUIIICHHST KOHIICHTpaIlii cynbgary no 10 MM Oiomaca
Oaktepiit Desulfomicrobium sp. CrR3 ta D. desulfuricans

[ Desulfomicrobium sp. CrR3
4+ |1 Desulfovibrio desulfuricans Ya-11

34 =
. 5
=
< 24
Q
<
=
2
Bl
0 } . . :
1 5 10
Konuenrpanis cynsdar-iionis, MM
a 0

EdexTrBHICT BUKOPHCTAHHS

Ya-11 3pocrana mo 3,2 ta 3,0 r/n, BinosigHo (puc. la).
MakcumansHHi TpHpicT 6ioMacH CIocTepiraiy Ha TPeTo —
4yeTBepTy 00y Ky/nbTUBYBaHHS. EQEKTHBHICTH BHKOPHU-
cTaHHs CynbdatiB Oakrepismu Desulfomicrobium sp. CrR3
ta D. desulfuricans Ya-11 3a BuxigHoi konnenrpauii 10 MM
cranoBmia 98—100% (puc. 10).

Sk yxKe 3a3Hayanoch, MAesIKi BHAM  CYIb(aTBiIHOB-
JIIOBAJIGHUX ~ OaKkTepii MOXYTh BHKOPHCTOBYBAaTH 1OHM
HiTpary sK akuenTopu enektponiB (Marietou and Griffits,
2008). 3a masBHOCTI y cepemopumi 1| MM NO; OGaxrepii
Desulfomicrobium sp. CtrR3 ta D. desulfuricans Ya-11 Ha-
rpoMapkyBami - Oiomacy 1,3 ta 1,0 1/, BimmosigHO.
30UIbIIEHHS! KOHIISHTpAIil HITPaT-i0HIB 10 S MM 3yMOBJTIOE
3pocTaHHsi Giomacu Iyisi 000X BHAIB MIKPOOPraHi3MiB NpH-
6mm3HO Ha 70% TOpIBHSHO 3 0i0OMAacor0 OaKTepiid, KyJbTHBO-
BaHMX Y CEPEIOBHILY 3 iOHAMH HITPaTiB y KoHIeHTpauii 1 MM
(puc. 2a).

EdexTrBHICTH BUKOPUCTaHHS HITPaT-i0HIB SK aKIENTOPIB
EJIEKTPOHIB JUIsl 000X MIKpPOOpraHi3MiB Oyia MPakTUYHO OfI-
HAaKOBOIO Ta cTaHoBIa Maibke 100%. Y cepemoBwmii Harpo-
MaJ[KYBaJICh i0HH aMOHilo (puc. 20).

[ | Desulfomicrobium sp. CrR3
[ | Desulfovibrio desulfuricans Ya-11
100+ e 1 I 1 417 g

%

804
60+

40 Pe

204

s
1 5 10

cynbdaTt-ioHiB, %
®
IS
Konuenrpariis rigpores cynboixy, MM

Konmnenrpanist cymsdat-ifonis, MM

Puc. 1. Picr (a), epexTUBHICTH BUKOPHCTAHHA CYJIb(aT-ioHIB Ta yTBOpeHHS riiporeH cyabdiny (6) 6akTepiamu
Desulfomicrobium sp. CrR3 (-e-) ta D. desulfuricans Ya-11 (-u-) 3a piznoi Buxizuoi konnentpauii SO,

B Desulfomicrobium sp. CrR3
[ 1Desulfovibrio desulfuricans Ya-11

- - N N
o ()] o (&)
L L L L

Biomaca, /1

e
&3}
L

o
[=}

1 5
Kormenrpariist Hitpat-iioHiB, MM
a 9]

BN Desulfomicrobium sp. CrR3
[ 1Desulfovibrio desulfuricans Ya-11

T
w

HiTpaT-1oHiB, %
N
o
:
. :
BN N
Konuenrpariisi HoHiB aMmoHir0, MM

EdeKTuBHICT BUKOPHCTAHHS

o
o

1 5
KoHnenTpauis HiTpaT-iioHis, MM

Puc. 2. Pict (@), epexTUBHICTH BUKOPHCTAHHSI HITPAT-iOHA Ta YTBOPEHHS aAMOHiI0 (0)
oaxrepisimu Desulfomicrobium sp. CrR3 (-e-) Tta D. desulfuricans Ya-11 (-m-)

YV pe3ynbTaTti OOCTIHKEHHSI 3aKOHOMIPHOCTEH BHUKOPH-
cranHs HitpatiB Desulfomicrobium sp. CrR3 ta D. desul-

furicans Ya-11 BcTaHOBWIH, 0 OaKTepii BUKOPHCTOBYIOTH
HITpaTH SIK JDKEPEeNo HITPOreHy Juisi OlOCHHTETHYHHX
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MPOIIECIB 1 K AKIENTOPH EJIEKTPOHIB. [IpoTsarom meprimx
JIBOX — YOTHPBOX Ji0 KyJIbTHBYBAHHS OakTepii MOBHICTIO BU-
KOPHUCTOBYIOTh HITpaTH 3a iX BUXiZHOI KOHUeHTpauii 1, 5 Ta
10 MM (puc. 2, 3). 3a IMX YMOB y CEPEIOBHUILI HATPOMADKY-
10ThCsl HiTpHT-0HU (1,5-2,0 MM), KOHLIEHTpALLiS SIKUX TICIIs
OJIHI€T — IBOX /110 KYJIBTHBYBAHHS 3HWKYETHCS, Y CEPEIOBHUII
3pocTae BMICT i0HIB aMoOHito (puc. 3a, 6). I3 BUKOpHCTaHHIM
HiTpaT-ioHIB OakTepissMu micinst 7 [i0  KyJIbTHBYBaHHS

—B— Giomaca
—@— HiTpaTu
—W— HiTpHUT
—P— amoniit
F10 s
=
)
L8 ‘2
5 s
B te <
< =
g =
: -« E
i =
Lo =
g
a
=)
T +0 T

01 2 3 4 5 6 7 8 9 10
Yac, noba

a

CIIOCTEPIraeThCsl YIMOBUIBHEHHS POCTY KYJIBTYpH. Y TBOPEHHIA
HITPUT, OYEBHIHO, HE BUKOPHCTOBYETHCS OAKTEPisIMHU SIK aK-
LIENTOP €JIEKTPOHIB, ITPO IO CBITUMTH KPUBA POCTY OaKTepiid.
MakcumaibHy Oiomacy Oaktepiit  Desulfomicrobium  sp.
CrR3, BupoIIIeHNX Y CEpPEIOBUII 3 HITPATaAMH, CIIOCTEPIraIn
Ha repiry — apyry 100y KyastuByBanss (3,0-3,5 r/i), Tozi sik
y CepeloBHI i3 cyibaraMu — Ha TPETIO — YETBEPTY 100y
KyJbTUBYBaHH (2,5-3,0 1/11) (prc. 3a, 6).
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Puc. 3. Buxopucranuns nirparis 6axrepisimu Desulfomicrobium sp. CrR3 (a) Ta D. desulfuricans Ya-11 (6)

VY pesynbrari iHKyOyBaHHs Oaktepiit Desulfomicrobium
sp. CtR3 ta D. desulfuricans Ya-11 yCTaHOBJIICHO, 1110 BOHU
BIJIHOBIIOIOTh cyibgatu Ta Hitpatd. Cynbdar-ioHun y
KoHIeHTpanii 1 MM mpakTHYHO TOBHICTIO  OynH
BUKopHCTaHi Oakrepismu Desulfomicrobium sp. CrR3 Ta
D. desulfuricans Ya-11 micnsa Tppox 1i0 iHKyOyBaHHS. 3a
BHECEHHS Cyib(har-ioHiB y KoHIEeHTpamii 5 MM Oakrepii
Desulfomicrobium sp. CrR3 Buxopucramu 98%, tomi sk
D. desulfuricans Ya-11 mmme 86%, 3a mux yMmoB Yy
CEepellOBHIIl  HAarpoMajpKyBaBcs —TimporeH cynbdin y

konuenTpaiii 0,8-1,0 MM. 3a nasBaocti 10 MM cysbdat-
iOHIB €()eKTUBHICTh BUKOPUCTAHHS aKLETITOPIB EJICKTPOHIB
craHoBuia 85-95%.

Baxrepii Desulfomicrobium sp. CrR3 iHTEHCHBHO BHKO-
PUCTOBYBAJI HITpaT-ioHH, ©(pEKTHUBHICTh BHKOPHCTAHHS
aKIIENTOPIB eNEKTPOHIB 3a KOHIeHTpamii 10 MM craHOBMIIa
93%, Tomi sk s D. desulfuricans Ya-11 — mmme 73%.
3a mMx yMOB HITPHT-10HH MICIS TPHOX Ai0 iHKyOyBaHHS HE
BUSIBIICHI, SIK KIHIIEBI aKIIENITOPH €IEKTPOHIB BOHU HE BHKO-
PHCTOBYBAIIHMCH (Ta0M. 2).

Tabnuys 2

E(dexTUBHICTE BUKOPHCTAHHSI Pi3HUX aKLENTOPIiB eJIeKTPOHIB cyJ1b(aTBiIHOBIIOBAJILHUMH OaKTepiaMH
Desulfomicrobium sp. CrR3 ta D. desulfuricans Ya-11 nicjist Tpbox ai0 iHkyOyBaHHst

Komrentpariis | CynbghaTil sk akIeNTOpH eISKTPOHIB HiTpatH sik aKIIenTopH eJIeKTPOHIB HitpuTH sIK aKIIEITOpH ENEKTPOHIB
aKIIENTOPiB SO7, H,S, E, NO;, NO,, | NH,, E, NO,, NH,', E,
€NeKTPOHIB, MM MM MM % MM MM MM % MM MM %
Desulfo- | 1 | 06+005 | 06002 | 947 | 002+0,02 0 |08+005| 933 | 1,1+004 0 0
microbium | 5 0,1+0,02 | 08+0,03 | 982 0,4+0,08 0 [22+032] 933 | 51+007 0 0
sp.CrR3 | 10 | 394005 | 22+0,05 | 625 0,7+0,08 0 53+0,08] 928 | 9,9+0,09 0 0
D. desulfiuri- 1 0,5+0,01 | 02+0,04 | 958 0,1+0,02 0 [05+006]| 87,2 1,1+£0,07 0 0
e 5 124021 [0.1£002 ] 865 | 11004 0 [35+002] 8LI | 49+004 0 0
10| 1,5€002 | 1,1£021 | 853 2,7+032 0 |45+0,12] 739 | 9,5+028 0 0
Ipumirka: E — eeKkTHBHICTE BUKOPHCTAHHS aKLENTOPIB €JIEKTPOHIB.
3HIKEHHS KOHIIEHTpalil cyib(harTiB Ta HITpATiB, yTBO-
€HHsI TiAporeH cyib(imay Ta aMOHIr0, BiAOBIIHO, B 1HKyOa-
P P yabiny A o Y BucHoBkn

LIHINA CyMillll CBIUHTb, 10 aHAePOOHI CyNb(haTBiHOBIIIO-
BanbHI Oaktepii Desulfomicrobium sp. CrR3 Tta D. desul-
furicans Ya-11 31aTHI BUKOPUCTOBYBaTH CyJb(darH Ta HiT-
pati SK aKIenTopy eJEeKTPOHIB Yy mporeci Oe3KHCHEBOTO
OKHCHCHHA OpI‘aHi‘-IHI/IX CIIOJTYK.

Baxrepii D. desulfuricans Ya-11 ta Desulfomicrobium sp.
CrR3 3patni BimHOBMIOBaTH SIK Cyab(aTH, Tak 1 HiTpat. [Ipo-
TE BIJIHOBJICHHSI HITPATIB IHTEHCHBHIIIIE, HIXK CyJb(atiB. Y pe-
3yJbTari cynb(ar- 1 HITpaTpenyKiil yTBOPIOETBCS TiIporeH
CyJib(is Ta aMOHIH, BIMOBIHO, SIK KIHIICBI CIIOTYKH.

I3 mixBHUIIICHHSIM KOHIICHTpAIIil HITPaT Ta CyJb(aT-ioHiB
i3 1 1o 10 MM Giomaca GakTepiii 3pocTasia.

Visn. Dnipropetr. Univ. Ser. Biol. Med. 2015. 6(2)

159




baxrepii Desulfomicrobium sp. CrR3 edexTtuBHile Bu-
KOPHCTOBYIOTh HiTpat-ionu, HiK D. desulfuricans Ya-11.
[lpore cynbdarpenykiis iHTEHCHBHilIA Yy  Oakrtepiii
D. desulfuricans Ya-11, npo 1o cBITUUTh e(hEKTUBHICTH BHU-
KOPHUCTaHHSI aKLIETITOPIB €JIEKTPOHIB 32 PI3HUX KOHIIEHTPAIIiil.

BincyTHicTh y cepenioBHILI KyJIbTHBYBaHHS aMOHIIO (SIK
KJIACMYHOTO JDKepena HITpOreHy s Cyib(haTBiJHOBIIO-
BaIbHUX OakTepiif) 1 iX picT y cepenoBuIi 3 HITPaTOM
cBimunTh Tpo Te, mo NO; MOBHICTIO 3a0e3nedye noTpedn
MIKpOOPTaHi3MiB y HITPOTEHI.

3maTHICTE Cymb(aTBiTHOBIIOBAIEHUX OaKTepiii BiJTHOB-
JIIOBATH CyNIb(paTH Ta HITpaTH pOOHTH IX MEPCICKTUBHUMU
o0’extamn y Oiopememiamii IpyHTIB i Bof, 3a0pymHEHHX
TIPOMHCIIOBHMH BiZIXOJIAMH.
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Comparison of gene expression of metallothioneins, ubiquitin and p53
in fibroblasts from lung and skin of rats of different age

Y.G. Kot, E.V. Kot, E.S. Morosova, E.E. Persky, M.A. Gritsenko, N.I. Bulankina
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

We studied gene expression of five metallothioneins (MT 1-5), ubiquitin and protein p53 and their products in fibroblasts culture of the
skin and lungs of white rats of different ages (2 weeks, 1, 3, and 24 months) and determined its (metallothionein 1-5 types, ubiquitin, p53)
product quantity. All these proteins are protective ones, but perform their functions by using different mechanisms. Metallothionein bind,
transport and excrete ions of bivalent metals, ubiquitin controls the cleavage of the defective and short-lived proteins in the proteasome,
protein p53 controls apoptosis, thus ensuring the genome stability. The similarity of age dynamics of gene expression of ubiquitin and MT of
cells of both sources has been shown — maximum at 3 months. Expression of p53 gene has a difference: both in the skin and lungs expression
increases up to 24 months. Product quantity of p53 has a minimum in the skin at 3 months and remains constant; in the lungs, this value has a
maximum at 1 month.

Keywords: culture of fibroblasts; ontogeny; metallothioneins; ubiquitin; pS3

CpaBHeHHe 3KCIIPecCHH FeHOB MeTAINIOTHOHENHOB, YOUKBUTHHA U pS3
B udpod/IacTax JJIerkux M KOKH KpbIC pa3HOT0 BO3pacra

IO.T'. Kor, E.B. Ko, E.C. Mopo3soga, E.O. Ilepckuii, M.A. I'punieako, H.W1. Bynankuna

Xapvrosckuii nayuonanvwiil ynugepcumem umenu B.H. Kapasuna, Xapvros, Ykpauna

TIpoBeneHo HccenoBaHkEe SKCIPECCHH TeHOB MATH MeTaioTHoHeHHOB (MT 1-5), yOukButHHa U 6enka pS3 B KynbType hropodnacto
KOXH W JIETKHX OEJbIX KPbIC pa3Horo Bospacta (2 Henmenw, 1, 3 u 24 Mecsia), a TAKKe OMPEASTICHO KOJIMYECTBO UX MPOAYKTOB (METAILIO-
THOHEHHOB 1-5 THIOB, yOUKBUTHHA, Oenka p53). Bee 9TH GeNkn ABJIAIOTCS 3aIUTHBIME, HO BBITIOJIHSIOT CBOU (DyHKIIMH C UCTIONB30BAHUEM
Pa3HBIX MEXaHU3MOB. MeTaJlIOTHOHEHHBI CBSI3bIBAIOT, TPAHCHIOPTUPYIOT U BBIBOJAT M3 OpraHU3Ma HOHBI JBYXBAJICHTHBIX METAJLIOB, YOUK-
BUTUH KOHTPOJIMPYET PaCIICIVICHHE B MPOTEacoMax AeEKTHBIX U KOPOTKOKHBYIIUX OCIKOB, OEMOK P53 KOHTPONHPYET MEXaHU3M aIloNTo-
3a, obecrieynBasl TAKUM 00pa3oM CTaOMIBHOCTh TeHOMA. B cBs3M ¢ 3THM 3amayeii HacTosmel paboThl OBLIO CPaBHEHHE IKCIIPECCHU yKa-
3aHHBIX T€HOB M KOJIYECTBA UX OEKOBBIX IMPOAYKTOB B (HOPOOIACTAX COSTMHUTEIHHON TKAHU KOXKH U JIETKUX IS BRIIBIICHHS POJIM Te-
HETHYEeCKHX (PaKTOPOB B X0JIe MX OHTOreHe3a. [IokazaHo CXO/ICTBO BO3PACTHOM AMHAMHKH 3KCIpecchy TeHoB MT 1 yOMKBUTHHA U3 KIIETOK
000MX MCTOYHMKOB — HATMYHE MaKCHMyMa B 3 Mecsitia. Bo3pacTHbIe H3MeHeHHsT SKCIpeccuy TeHOB Beex AT M T xapakTepH3yroTcst Kak B
KOXe, TaK U B JIETKUX IOJ{bEMOM B IIEPBOIl MOJIOBUHE OHTOreHe3a. [Iis KOXKHM XapaKTepeH YeTKHl MakCUMyM JKcrpeccud reHoB MT B
3 Mecsila, Uit JIETKMX 3TOT MakcUMyM MeHee 4eTok. K 24-My mecsiity skcrpeccust Beex reHoB MT B ¢puOpobnacTax kak KOXH, Tak U Jier-
KHX, PE3KO NajJiaeT B 2—3 pasa 0 CPaBHEHHIO ¢ MAKCUMYMOM. DKCIIPECCHs 'eHa YOMKBUTHHA, KOHTPOJIMPYIOIIETO PaCIleIIeHHe KOPOTKO-
JKUBYILMX WITH TIOBPSKICHHBIX OEJIKOB, YBENIUUMBaeTCsl B (puOpobIacTax Jerkux K 3 MecsiiaM B 1,5 pasa, a Jajee CHUKAeTcsl HIKE YPOBHS
y JBYXHEIENbHBIX )KUBOTHBIX. B KOXkKe MakCHMyM 3KCIIPECCHH JAHHOTO TeHa TAKKe MPUXOAUTCS Ha 3 MECSIA, HO CHIDKEHHE HE TaKoe Cy-
mecTBeHHoe. KonmaecTBo mpoykra yOMKBUTHHOBOTO TeHA B JIETKHX BO3PACTAET O TPEXMECSYHOTO BO3PACTa M Jajiee MPaKTHIECKH He
MeHseTcs. B xoxke HaOmroqaeTest majieHue B eproz OT ABYX HeJeNb 0 OHOTO MecsIia, MOXbeM K TPEM MecsIiaM M pe3KHi CIajl K CTapo-
cTH (TIpEMEpHO B 3 pa3a MO CPaBHEHHUIO C TPEXMECSUHBIM BO3PACTOM). DKCIIpeccust TeHa P53 MMeeT MHOW XapakTep: U B KOXe, U B JIETKUX
HOBBIIICHHE YKCIIPECCHH IPOUCXOIUT BILIOTH J10 24 MecsieB. KomraecTBo npoaykTa pS3 MUHHMAIBHO B KOKe B 3 Mecsilia U Jjajiee He 13-
MEHSIETCS; B JITKUX 3Ta BEJIMYMHA MAKCHMAJIbHA B OJIH MECSLL.
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Introduction

Fibroblasts in cell culture from lungs and skin of white
rats of different age (2 weeks, 1, 3, and 24 months) have
been studied. Numerous works in the field of developmental
biochemistry are still held mainly at the organ and tissue
level without the use of experiments with cell cultures (Mul-
ler, 2007). Meanwhile, using for such purposes the culture of
cells in a complex picture of the ontogenetic changes helps to
isolate the effect of genetic factors. Objects of research are
fibroblasts from various sources, having the same origin, but
functioning in different organs (Chang, 2002; Al Bahar,
2004; Ring, 2006), they have varying degrees of expression
of certain determined genes. Gene expression of several pro-
teins with different mechanism of action and the quantity of
their products has been investigated (metallothioneins 1—
5 types, ubiquitin, p53). All these proteins are protective
ones, but perform their function using different mechanisms.

Metallothionein bind, transport and excrete ions of biva-
lent metals (Davis, 2000; Pyhteeva, 2009; Thirumoorthy,
2011). Metallothionein expression is driven by a number of
physiological factors through several response elements in
metallothionein gene promoter. Cellular accumulation of
these proteins depends on both gene expression and protein
degradation. Both depend largely on the availability of cellu-
lar zinc derived from the dietary zinc supply. Metal-
lothioneins could act in a number of biochemical processes.
For example, they can take part in trafficking and donation of
zinc to appropriate apoproteins, including zinc finger pro-
teins. As a result, metallothioneins may affect a number of
cellular processes (gene expression, apoptosis, and prolifera-
tion). Metallothioneins have the ability to exchange other
metals with zinc in different metalloproteins, and it can ex-
plain its role in metal toxicity. Mobilization of zinc and cu-
prum from metallothioneins by oxidative stress may explain
its antioxidant function (Liuzzi, 2001).

Ubiquitin controls the cleavage of the defective and
short-lived proteins in the proteasome (Li, 2008). Selective
degradation of many short-lived proteins is carried out by the
ubiquitin system. Ubiquitin-mediated degradation of regula-
tory proteins plays important role in the control of numerous
processes, including cell cycle, signal transduction transcrip-
tion regulation, endocytosis. The ubiquitin system is impli-
cated in degradation of abnormal proteins that have defects
as a result of gene mutation or some post-translation damage
(Barder, 2006; Hoyt, 2006).

The protein p53 controls apoptosis, thus ensuring ge-
nome stability (Chumakov, 2007). Signals for metabolic
processes diverge from the optimum or for proteins structure
damage converge on p53 through its numerous connections
with various proteins (Vousden, 2007). Depending on the
damage level, the result of p53 activity is either acceleration
of DNA repair or stoppage of cell division and apoptosis
(Degterev, 2008).

In this regard, the purpose of this study was the compari-
son of the expression of these genes and their protein prod-
ucts in the connective tissue of skin and lungs to determine
the role of genetic factors in the course of their ontogenesis.

Materials and methods

The experiments were conducted in accordance with the
international instruments on bioethics (European Convention
“About protection of vertebrate animals used for experimen-
tal and other scientific purposes”, the Law of Ukraine
“On protection of animals from cruelty”). Donors of skin and
lung fibroblasts were purebred white rats of 4 age groups
(2 weeks, 1 month, 3 month and 24 month).

Cell isolation. Lungs and skin milled in DMEM medium,
containing 1% Trypsin. After 30-minute incubation at 37 °C
cells were harvested and seeded in vented culture flasks in
DMEM medium, containing 10% FBS, and culturing was
carried out.

Cell cultivation. Cells were cultured at 37°C and 95%
humidity in the presence of 5% CO, (Nuair 4500, USA).
Cell attachment and density of the cell culture was monitored
in transmitted light of the inverted microscope Carl Zeiss
Telaval. We used fibroblasts of the 3rd passage.

Analysis of gene expression was performed on Arrayit
DNA-microarray of production Arrayit (Arrayit, USA).

Total RNA was isolated from the cells with spin-column
set of RNeasy Mini Kit (Qiagen) according to the original
manufacturer's manual. cDNA synthesis by reverse tran-
scription was carried using QIAGEN OneStep RT-PCR Kit
(Qiagen, USA). We used gene-specific primers and Cy3-
labeled nucleotides manufactured by Arrayit and Life Tech-
nologies (USA), respectively. Hybridization was carried out
using individual chambers for hybridization SecureSeal (In-
vitrogen, USA), in separate wells that contribute labeled
cDNA from the cells of animals of different age.

Final amount of protein product made was determined
using microarray ELISA-kits and reagents Antibody Array
Assay Kit (KAS20, Full Moon BioSystems, Inc., USA).

The chips were scanned with the confocal fluorescence
scanner Affymetrix 428 using the Jaguar software. The ob-
tained results are expressed as fluorescence units — rFLU per
1 cell.

The results were statistically processed using the Mann —
Whitney test. Results were expressed as M =+ SD, where M —
arithmetic mean, SD — standard deviation. Results with P <
0.05 were considered reliable.

Results and discussion

One of the important mechanisms of adaptation to high
doses of heavy metals and of metals of variable valence is to
increase the gene expression of metallothioneins (MT), low
molecular weight proteins, containing in its composition high
percentage of cysteine clusters (Pykhteeva, 2009; Thiru-
moorthy, 2011). Due to this MT is capable of binding diva-
lent metals with high affinity. Now there are found more
than 10 isoforms of these proteins in different living facilities
(Davis and Causins, 2000). MT bind both essential metals
(copper, zinc, selenium, ensuring their transport to the sites
of utilization or excretion when excess flow) and metals-
toxicants (cadmium, mercury, lead, etc.). MT are found in
almost all organs of mammals. The destruction of the com-
plex of MT with metals, at least for some of the isoforms,
occurs in the lysosomes of the kidneys, and then released in
the form of ionic metals excreted in the urine.
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Age-related changes of gene expression of all five MT
are characterized by a rise in the first half of ontogeny both
in skin and lungs (Table 1). For skin characterized by the
clear maximum of MT gene expression in 3 months, for light
this maximum is less clear. For 24 months, the expression of
all MT genes in fibroblasts of skin and lungs sharply de-
creases 2—3 times compared to the maximum.

Almost all age groups have the higher level of protein-
MT in skin compared to the lungs, and sharp decline in the
amount of product is observed by 24 months (Table 2).

Changes in ontogenesis are less expressed and have the op-
posite direction to MT 1-3 or reaching the maximum at
3 months for MT 4 and 5 in lung tissue.

Gene expression of ubiquitin (Table 3) that controls the
splitting of short-lived or damaged proteins (Li, 2008), in-
creases in lung fibroblast at 3 months 1.5 times, and further it
decreases below the level in 2 week animals. In skin high
expression of this gene is also observed for 3 months, but the
decline is not so significant.

Gene expression of metallothionein in cultured fibroblasts of skin and lungs in rats of different age (rFLU per 1 ceiliﬁ;ble !
Gen (Protein) Tissue 05 month 1 month Expression 3 month 24 month
- Ak Ak S
MTLI (M) T T W Y P N R
o Ak A Ak
MTL2 (MT2) e | 320000 | aTTia0 | 90ss0 T T1io0w
H Ak A Ak
MIL3 (MT3) R S N B A S T N PSS 1 TS
MTLA (T N T W Y T T W ST
1 A% Ak sk
MTLS (M) P G T N WY N 5 0 B P
Note: * —significantly (P < 0.05) compared to the previous age; * — significantly (P < 0.05) relative to 0.5 months.
Table 2

Product quantity of metallothionein in cultured fibroblasts of skin and lungs in rats of different age (rFLU per 1 cell)

. . Product quantity
Gen (Protein) Tissue 0.5 month 1 month 3 month 24 month
skin 8224+ 168.3 605.4 + 124.2 399.5 + 82.3» 169.1 + 35.47%
MTL1 (MT1) lung 140.4 +£25.2 157.1+27.3 168.1 £29.0 228.4 +40.1"
skin 764.1 + 185.0 4994 +121.3 261.1 £63.0"*| 127.6+31.1"*
MTL2 (MT2) lung 84.3+19.2 94.4+21.0 115.0£25.2 133.3 +£29.2"
skin 777.4 £167.1 4873 £105.5M | 261.8£5527%| 128.0+27.0M*
MTL3 (MT3) lung 64.3 £6.0 72.6+7.7 106.3 £10.5™* | 114.7+11.5"
skin 774.1 +199.4 487.1 £125.7 2432+ 62.9MN* | 128.7 £33.7°*
MTL4 (MT4) lung 74.0 £ 8.1 83.4+£82 102.1 £ 10.0M* 975+ 102"
skin 841.1 £198.2 649.8 £ 153.2 325.8+77.0"*%| 170.0 £40.0"*
MTLS5 (MT53) lung 152.0+ 6.0 171.6 £ 7.6"* 209.0 &+ 9.97* 168.8 £7.7
Note: see Table 1.
Table 3

Gene expression of ubiquitin and p53 in cultured fibroblasts of skin and lungs in rats of different age (r FLU per 1 cell)

. . Gene expression
Gen (Protein) Tissue 0.5 month 1 month 3 month 24 month
UBB (ubiquitin) skin 251.1+£12.0 312.0+ 151" | 622.0+31.0"*| 4444 +22.27*
d lung 316.0 £3.1 4243 £ 5.17* 491.4 £5.0M* 218.1 £2.27%*
skin 33.0+2.0 41.4 +3.0M* 63.3 £4.5M* 159.6 + 10.17*
TP33 (p33) lung 59.1+4.1 62.1+4.0 55.4+3.1 143.0 £ 9.0"*

Note: see Table 1.

The amount of ubiquitin gene product in lungs increases
for 3 months age and then remains practically unchanged
(Table 4). In skin there is a decline in the period from 2 weeks
to 1 month, climbing to 3 months and the sharp decline to old
age (approximately 3 times compared with 3-month age).
Obviously, similarities of the dynamics of gene expression and
their products, for MT and ubiquitin, suggests that at young
age the ability of fibroblasts of skin and lungs contributes to
successful protection of connective tissue from its proteins
damage by different external influences. But with age geneti-

cally determined adaptability to damaging factors is reduced,
and this may partly explain the accumulation of damaged pro-
teins with age in several age-related pathologies.

Gene TP53, which controls genome stability and triggers
apoptosis under the action of genome damaging factors (Chu-
makov, 2007), is maximally expressed in old age both in lungs
and skin (Table 3). Quantity of the product is significantly re-
duced in skin for 3 months and remains virtually unchanged in
the second half of ontogeny (Table 4). In the lung fibroblast
protein p53 fluctuates less, its maximum is observed in 1 month.
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Table 4

Product quantity of ubiquitin and p53 in cultured fibroblasts of skin and lungs in rats of different age (r FLU per 1 cell)

. . Product quantity
Gen (Protein) Tissue 0.5 month 1 month 3 month 24 month
UBB (ubiquitin) skin 1226.6+11.4 969.1 +£9.0"* 1146.4 £10.1°* 399.1 +£3.6M*
lung 700.7 +38.3 787.4 £43.2/% 968.2 + 53.0"* 964.1 £52.1*
TPS3 (p33) skin 8222+3.1 467.1 £ 1.0M* 273.0+ 1.0M* 297.1+1.0M*
lung 186.3 £6.0 209.2 +7.2/* 161.1 £5.0M* 149.0 £ 5.0M*

Note: see Table 1.

Obviously, the mechanism of p53 action is significantly
more complicated and it does not fit the pattern similar to
that of other protective proteins investigated. The differences
between the dynamics of p53 gene and its products both in
skin and lungs also reveal more complex picture of changes
in ontogenesis, which interpretation needs further research.

Conclusions

We found similarities of the gene expression studied at
different age, typical to MT and ubiquitin both in skin and
lungs. They consist in achieving the maximum expression
within 3 months. Dynamics of p53 protein gene expression
and its accumulation in fibroblasts differs significantly in
ontogenesis from the dynamics of MT and ubiquitin. Be-
sides, essential distinctions in the gene and the protein p53 in
fibroblasts of the skin and lungs were found.
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Ingexce crumyssnii HeiiTpodinis y Jroxei,
KOTPI CIIO’KMBAIOTh M’fICO Kyp4aT-Opoiiyiepis
3a YMOB KoOpeKIlii nmepea3a0iifHOro crpecy

C.C. I'paboscekuii’, O.C. ['paGoscpka’

Ji . o . o . . . [V . . .
Jlvsigcuiutl nayionansHuil yrisepcumem eemepuraphoi meduyury ma biomexnonozii iveni C.3. Dicuybkozo, Jlvsie, Yipaina
Incmumym 6ionoeii meapun HAAH, Jlveis, Ykpaina

Hageneno nani npo 3minu iHzaekcy crumyiisiii Hedtpodiis (ICH) KpoBi 4OIOBIKIB ITCIISI CIIOKMBAHHS M’sica Kyp4aT-OpoiiiepiB, SKuM
riepes; 3a00€M JI0 KOPMY aepO30JIbHUM METOJIOM BHOCHIIH IMyHOMOJTYJIATOPH IPUPOAHOTO TIOXO/DKEHHS. AHTHCTPECOpaMHt Ta iIMyHOMOJY-
JSITOpaMy y TiepeI3abiiiHuil mepiosl Kypuar-OpoiiiepiB ciayryBaiy Oi0JIOTiYHO aKTHBHI PEUOBHHH 3 €KCTPAKTY Cene3iHKu. [ITHI mocimigHol
rpym (I rpyma) 3a n’ste 116 10 320010 BBOIIIIN aepO30IBHIAM METOAOM €KCTPaKT cenesiHku (70% crmpToBHil po3duH O10JI0TiYHO aKTHB-
HHX pedoBHUH, 00’eMoM 1,4 mit Ha Kypda). [Irumni xontpomnsHoi rpymu (II) 3a stk Ai6 10 3206010 TaKUM *Ke YMHOM JaBaiy 10 Kopmy 70%
PO3UMH €TaHOJy B aHAJOTiYHOMY 00’eMi. Y mimbHIN kpoBi JomnoBikiB BusHadamu ICH. Y kpoBi Kypuar-OpoiinepiB JOCIIIKyBaId BMIiCT
TIOJTiaMiHIB Iy TPECIVHY, CIIEPMIiHY Ta cIepMiauHy. BiporinHo Oinbmmii BMIiCT MoJiaMiHIB CIIOCTEpiray y Kyp4ar-Opoiiiepis mepuioi 1o-
CITZTHOT TPYIIH, SIKM JIOZaTKOBO J0 OCHOBHOT'O PAILliOHY BBOJWIIM €KCTPAKT CENIe3IHKH, OTPHUMAHHUH i3 3aCTOCYBaHHAM YIIbTpa3ByKy. OTpH-
MaHi pe3yJIbTaTH MOXYTb OyTH BUKOPUCTaHI y JIOCII/PKEHHSIX TIOKA3HHKIB IMyHITETY CUIBCBKOIOCIIOaPCHKHX TBAPUH 13 METOIO ITi/IBUIICH-
HsI PE3UCTEHTHOCTI OpraHi3My, KOPEKIIil Ta HiBeJIOBaHH: CTPECOBOT'O CTaHy TBapHH Iepes 3200€M i HOMIMIISHHS SKOCTI MPOAYKIIIL.

Kmouosi cnosa: npupoiHa pe3nCTeHTHICTh; KCTPAKT CeNe3iHKU; KypuaTa-Opoiiepy; mosliamMiHu; nepeasadiiiHuii crpec

Neutrophils stimulation index
in people under consumption of broiler chickens meat
at pre-slaughter stress correction

S. Grabovskyil, 0. Grabovska’

'Lviv National University of Veterinary Medicine and Biotechnologies named after S.Z. Gzhytskyj, Lviv, Ukraine
*Institute of Animal Biology of NAAS, Lviv, Ukraine

The data about changes in neutrophils stimulation index in men blood after consumption of broiler chicken meat with the natural origin
immunomodulators, introduced in feed before slaughter, is presented in this paper. Spleen extract biologically active substances were used as
immunomodulators and anti-stressors during pre-slaughter period. Biologically active substances influence on putrescin, spermine and sper-
midine content in broiler chicken blood before slaughter and on some non-specific resistance indices in people was determined after con-
sumption of broiler chicken meat. Two groups of broiler chickens at one month age were formed for the study. The spleen extract obtained
with ultrasound application (I research group) served as biologically active substances was added to the feed of broiler chickens in pre-
slaughter period (five days before slaughter). Blood polyamines such as putrescin, spermine and spermidine were determined by the method
of High-performance liquid chromatography (HPLC) on the liquid chromatograph Agilent 1200 (USA). The second experiment was con-
ducted on 10 people. We recruited 10 healthy male medical students (20 years old, on average) after the National Medical license examina-
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tion. Spleen extract polyamines as immunomodulators and anti-stressors have the most effective influence on total quantity of polyamines in
broiler chicken blood. As a result of research, it is found that acrosol introduction of spleen extract into broiler chicken feed reliably increases
total quantity of polyamines by 39% and, in particular, spermidine concentration by 34%, and spermine by 40% compared with broiler
chickens of the control group. Some non-specific body resistance indices in men blood upon consumption of broiler chicken meat varied
within the physiological norm. The neutrophils stimulation index increased in men blood (+0,82) after consumption of meat of broiler chick-
ens to which spleen extract as immunomodulator and anti-stressor was introduced before slaughter (experimental group). The neutrophils
stimulation index decreased in men blood (—2,21) after consumption of broiler chickens meat at pre-slaughter stress (control group). The
neutrophils stimulation index in men blood of experimental and control groups differed by 34,8%, but did not go beyond the physiological
norm. At the final stage of poultry feeding it is necessary to consider pre-slaughter stress and to apply biologically active substances of natu-
ral origin, such as spleen extract. The results obtained in the experiment on broiler chickens can be used in studies of non-specific resistance
indices of the farm animals for increasing the organism resistance, correction and avoiding of pre-slaughter stress and improvement of prod-

uct quality.

Keywords: natural resistance; spleen extract; broiler chickens; polyamines; pre-slaughter stress

Beryn

Exosnoriuamii cTaH HaBKOJIMIITHEOTO CEPEIOBHINA, CIIOCIO
KUTTS Ta Xap4uyBaHHS, cdepa IisUIHOCTI, HaaMipHi (i3nyHi
HaBAHTaXKCHHS — JAJIEKO HE BCi YMHHUKH, BIUIMBY SIKHX 3a-
3Ha€ IMyHHA CHCTEMa OpraHi3My JIIOAMHH HPOTSITOM CBOTO
xutTa. CTpecH pi3HOTO XapakTepy, NPHTHIYCHUH CTaH
OpTraHi3My, 3aCTOCYBaHHS JESKHX JIKAPCHKUX 3ac00iB pyii-
HYIOTh IMYHHY CHCTeMy. Y KOHTpPOJI BPOKEHOI iMyHHOI
BIINOBIZII Y BHIIUX XPEOSTHHX BaXJIMBY POJIb BiIIrparoTh
HOJIIaMiHK: CHIEPMIJIMH, CriepMiH Ta myTpectuH. [lomaminn
MOXXYTh ~CHPHSTH PO3BUTKY BINIIOBIIHOT — ajanTHBHOL
imynHoi peakuii (Reyes-Becerril et al., 2010; Minois et al.,
2011; Maslyanko et al, 2013), perymoBaru amonro3
B-xmitun ni wac menenii kiony (Nitta et al., 2001), morym-
Hatucsa T- Ta B-mimdonuramm, a B-mimdoruTn MOXyTH
IHIIIIFOFOBATH TPAHCIIOPT MO3AKIITHHHUX moiiaMidiB (De
Benedette et al., 1993).

VY mitepaTypi HEJOCTAaTHRO BHICBITJIICHI MHUTAHHA MIONO
BIUTMBY TIepea3a0iifHOro CTaHy TBapUH Ha OKPEMi ITOKa3HH-
Ku imyHiTeTy. Cltiji 3ayBaXKHTH, 110 Tiepe] 3a00€M TBapHH HE
MO>KHa BHKOPUCTOBYBATH TIpENaparH, siki O Maiu HeraTHB-
HMI BIUIMB Ha OpPraHi3M JIIOAWHH, KOTPa CIIOXKUBAE M’SICHY
npofykiito. [Ipofykilis TBapHHHMIITBA, OTPHUMAaHA Bif
CIJIbCHKOTOCTIONIAPCBKUX TBapyWH 3a CTPECOBOTO CTaHy, B
SIKOMY OpraHizM repeOyBae meper 3a00oeM, Moxe OyTH He-
NIPUJATHOIO JUIsl CHIOKWBaHHS. (Daronmro3 — TOJNOBHUMA
MeXaHi3M TIPUPOTHOI PE3UCTEHTHOCTI, a TAKOXK 000B’SI3KOBa
JMaHKa IHAYKOl Ta (opMyBaHHSA crermpiYHOI iIMyHHOI
BifmoBimi. ParoruTapHy poib BHUKOHYIOTH TOJIMOPQHO-
spepHi Jeiikouuti. He#tpodinbHi rpaHynonuTH Haiuac-
Tite (aroruTy0Th 30yIHUKIB rOCTpHX 1H(EKIiH. Y rpany-
nax (aronuTiB MICTUThCS HaOip HEEH3UMHHX KaTIOHHUX
OLNKIB, JI30IMM, MIEJIONEPOKCHIA3a, 32 PaXyHOK SKHX
BiJIOYBa€ThCSl TPUTHIYEHHS AKTUBHOCTI (arolUTOBaHHUX
Oaxrepiii Ta ix neperpasnenss (Frimel, 1987).

Amrimiiiceki  BueHi-oHkoerinemionora (Doll and Pito,
1984) minpaxyBayM TMTOMY 4YacTKy pi3HOMaHITHHX
YWHHHKIB, 10 BIUIMBAIOTh HA BUHUKHEHH: paky. LleHTpaib-
Ha PoJib Y TIPOILECi KaHIIePOTreHe3y HAJICKHTh XapuyBaHHIO:
me uYMHHWK cKiamae 35% cepen MOXIIMBHX —TPHYUH
OHKOJIOT1I. J{pyre MicIe mociiae maniHas, Ha sIKe TPUTaIae
30% Bumankis. Ha iHIIi MpUYuHN OHKOJIOTIYHIX HOBOYTBO-
PEeHB NTOBOAWTHCS 3HAYHO MEHIIHMH BiICOTOK. Jlanmeko He
CEKpeET, 10 iCHY€ 3B’30K MDK CKJIZIOM 1 XapaKTepoM Xap-
YyBaHHs JIIOJIMHU Ta BIPOTLAHICTIO PO3BHUTKY 3JIOSKICHUX
nyxsmH. biusbko 40% BHNAAKIB OHKOJIOTIYHUX 3aXBOPIO-
BaHb y d4OJNOBIKIB 1 60% y XiHOK, 3a nmanumu BOO3,

3yMOBIIeHI He30ajaHcoBaHMM  XapuyBaHHsAM (Bespalov,
2008). IIpu 11boMy, KpiM HE30aIaHCOBAaHOTO XapUyBaHHS, B
OCHOBHOMY 3BEPTA€THCS yBara Ha XiMi4Hi pe4OBHHH, (i3ny-
Hi YMHHUKH, BIpyCH Ta MIKPOOPTaHI3MH, HepalliOHAIbHE
30epiraHHs, MepepoOKy Ta MaKyBaHHS DKi, KyJdiHapHY 00-
poOKy Ta NPUTOTYBaHHS, aJie HE BPAXOBYETHCS CTPECOBHMIA
CTaH TBapuH Iiepeq 3a0oeM. HuHi 116 HemOCTaTHHO yBarm
MPUAUIEHO BIUIMBY TaKWX MPOAYKTIB XapdyBaHHS Ha
IMyHITET JIFOTIHH.

VY momepenHix AOCTIPKSHHSIX (MOACTBHUIA TOCIIT) yc-
TAHOBJICHO BIUIMB TMepen3abiiHoro craHy Ha KIITUHHHI
IMyHITET Ta piBeHb KOPTH30JIy Y IUIa3Mi KPOBI LIypiB 1 Kyp-
yaT-OpoiiniepiB. BHECEHHS Y KOPM €KCTpaKTy CeJe3iHKHU Cy-
TIPOBO/KYBAJIOCH 3HIDKCHHSIM PIBHS KOPTH30JIy Yy IUIa3mi
KPOBI SIK TIypiB, TaK Kyp4aT-OpoiiiepiB, MO MOXKE CBITINTH
PO 3MEHIIIEHHS cTpecy mepen 3a6oeM (Grabovskyi, 2014a,
2014b). YV kpoBi mIypiB, SKi MPOTATOM ITSTH Hi0 Tepen
3a00€M JOFAaTKOBO 3 KOPMOM OTPHMYBAaId EKCTPAKT
CeNe3iHKH, BIPOTiIHO MiIBHUIIMBCS (aromUTapHUNA iHAEKC i
3MEHILIIJIACH KOHIeHTpallist koptusody (Grabovskyi, 2013a).
Jnst ctuMyIroBaHHS IMYHITETY Ta 3MEHLICHHSI CTPECOBOTO
cTaHy miepe]; 3a00eM KypyaT-OpoiiiepiB MU BHKOPUCTAIN
€KCTPAKT CEJe31HKH, OTPUMaHHUH 13 3aCTOCYBaHHSM YJIbTpPa-
3ByKy (Grabovskyi, 2013b).

Mera gaHoi craTTi — OLIHUTH BIUIMB OIOJOTTYHO aKTHB-
HHUX PEUYOBHH EKCTPAKTY CENE3iHKM Ha KOHLEHTPAIIIO ITyT-
pecIHY, CIIEpMiHY, CIIEPMIIHHY B KPOBI Kyp4aT-OpoiiiepiB
B yMOBaxX THepen3alifHOrO cTpecy Ta Ha IOKa3HHUKH
HECIeIU(IYHOTO IMYHITETY Y JIoAeH, KOTpi CIIOKHBAIOTH
M’SICO IIUX KypHUar.

Marepian i MeToaH J0CTiIZKEHD

JIyisi TpOBENICHHSI TEPIIOro AOCTiAY CHOpMOBAHO IBi
IpyNHU Kypyar-OpoiiiepiB 0JHOMICSYHOTO BIKY (110 5 Kyp4aT
y KOXHii). SIk 010JOTiYHO aKTUBHI PEYOBUHU Y TNepel-
3abiiHuii mepion (3a 1m’sATh Ai0 10 3a0010) Y KOpM Kypuar-
OpoiinepiB  aepO30JbHMM METOIOM YBOJWJIN EKCTPaKT
cene3inkd (70% CIMPTOBHH PO3UMH EKCTPAKTY CeJle3iHKH,
00’emoM 1,4 M Ha ofHe Kypd4a mociigHoi rpymun). Kypdya-
TaM KOHTPOJIGHOI TPYNH aHAJIOTIYHO JONABATM 10 KOPMY
70% po3urH eTaHody B eKBiBaJleHTHOMY 00’emi. Jlocrmin
TpuBaB 1’ ATh 1i0. 3a0iif ITHIIl TPOBOIMIN Y PAHKOBI T'OMIH-
Hu. B ekcnepumeHTi DOTpEMaHO yci OioeTHYHI HOPMH
€Bporeiicpkoi KoHBeHMIT «[Ipo 3axuCcT XpeOeTHUX TBapHH,
SIKI BUKOPHCTOBYIOTBCS U1l €KCIIEPUMEHTAIIBHUX 1 HAYKO-
Bux winei» (CrpacOypr, 1986 p.), «3araibHi eTH4HI PHH-
LMK eKCIIEPHMEHTIB Ha TBapHHaxX», yxBayieHi [leprumm
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Harmionaneaum kourpecom i3 Oioerukm (Kwuis, 2001), ta
MIPUHLUNN TYMaHHOCTI, BUKJIAJICHI Y IUPEKTUBI €Bporeii-
cbkoi CrinbHoTH (Directive, 2010).

Jliis mpoBeaeHHs apyroro Aociiay migiopano 10 goso-
BikiB BikoMm 20-21 pik Ta Macoro Tima 60-65 kr, sKuX
MOAUTMIM Ha 1Bl TpynH (MO IUSTh y KOXHIN). YomoBiku
CIIOXKUBAJIN M’ICO Kypyar-OpoiinepiB Macoro Tina Bix 1,8 1o
2,0 Kr Ha 1MoYaTKy Ta y KiHIll JOCIiLy, SKUHA TPUBAB TPH JIHI.
M’sico Oys0 TYIIKOBaHE JIMIIE HA COHSAIIHUKOBIH omii. [To-
JIOBUHY M’sica KypUyaTH YOJIOBIKH CIIOKUBAJIH ITICIIS TIEPIIIO-
TO BiIOOpY KPOBi, pemTy — mpoTsroM aBox ni0. Ha HacTym-
HUHA JeHb 3paHKy (0 9 roawHi) 3HOBY Opamud KpoB Ui
aHai3y.

BwmicT nosiamMiHiB y KpOBI BU3HAYaId METOAOM PiJMHHOT
xpomarorpadii Bucokoro ticky (PXBT) (Gerbaut, 1991) na
pimuaHOMY xpomarorpadi Agilent 1200 (CLIA). ®aromwm-
TapHy aKTHUBHICTb HeHTpodiniB nepudepiiiHoi KpoBi BU3HA-
yaimu metonoM Frimel (1987). IlpuHnmn meromy 3acHoBa-
HUH Ha KUIBKICHOMY BHW3HAUCHHI 3aXOIUICHUX HEHTPO-
¢inamu rpanyn tarekcy. HCT-Tect BUKOHYBanM BiATIOBIIHO
no meroquk Frimel (1987), Lapovets and Lutsyk (2002).
Meron ©0a3yeTbcs Ha THHOIMTO31 (DarorwraMy CBITIIO-
YKOBTOTO po3umHYy HiTpocuaboro terpaszoniny (HCT), sxwmit
BIZTHOBIIOETBCS Y IMTOIUIA3MI KIITHH A0 HEPO3YNHHOTO
Jmudopmazany (y BUDISI TEMHO-CUHIX rpanyin). [Tpuximmn
MeTony: 3a yMOB ctumysiboBaHoro HCT-tecTy BUBUEHO He
TUIBKK CIMOHT@HHY 3[aTHICTh T'PaHYJIOLUTIB BIHOBJIIOBATH
HITPOCHHINA TeTpa3oiyiid, a TaKoXX MPOBOAUTH IUTYYHY
CTUMYJBALIIO KITHH OakTepiaJbHUMH €HIOTOKCHHAMH, 3HU-
MO3aHOM. Takuii TECT CBITUHUTH MPO PE3EpPBHY OAKTEPULIUI-
HY 3/IaTHICTh KJiTHH.

BiporimHicth pi3HHII MK BHOIPKOBUMH CEpEIHIMH
omiHFOBaM 3a t-kpurepiem CTBIOIEHTa, TOMEPEIHBO
OLIIHIOIOYH i BiIIOBIZHICTE HOPMAJIBHOMY PO3IIOLTY.

Pe3yabTaTi T2 iX 00roBOpeHHs

AmHanizyrous OTpUMaHi JaHi LIO0 BMICTY HOJiaMiHIB
niepes] 3a00eM y KpPOBi Kypuar-OpoiiyiepiB JOCIIHOT IPYIIH,
SIKAM JI0 KOPMY JIO/IaBaIi EKCTPAKT CEJIC31HKH, 00pOOICHHIA
YIBTPa3ByKOM, YCTAQHOBWJIM, III0 3arajibHa KUIbKICTh ITOJIi-
aMiHiB 30UIbIIMIACH TIOPIBHSAHO 3 KOHTponeM Ha 39%
(P <0,01) i, 30kpema, KOHIIEHTpaLlis criepMinuHy — Ha 34%
(P <0,05), a cnepminy — Ha 40% (P < 0,01). KonuenTparit
MyTpeciHy Oy HalMEHIINMH Y KPOBi Kyp4aT-OpoiiiepiB
SIK JIOCHIZHOI, TaK 1 KOHTPOIIBHOI TPYIT BITHOCHO IHIIHX TIO-
miamiHiB (puc. 1).

OTtpumaHi pe3yNbTaTH y3TOMKYIOTHCS 3 JaHUMH {HIIHAX
aBropiB (Brodal et al., 1999; Soda et al., 2009; Hashemi et
al., 2014; Pohlenz et al., 2014), ockiIbKH TOJATKOBE 3aCTO-
CyBaHH TI0JIiaMiHIB MOYKE BIUTUBATH Ha 1X KOHIICHTPAILO Y
TKaHWHAX Ta KPOBi 30kpeMa. Ha 0CHOBI OCITIKEHD CCABIIiB
Ta OTULI 1, 30KpeMa, Kypuar-OpoiyiepiB MOXKHA 3pOOHTH
BHCHOBOK, 1IN0 BHMKOPUCTaHHS IMYHOMOJYJISATODIB, SIKi
MICTSTh TOJNIaMiHW, 3HIDKYE€ HETaTUBHUH BIUIMB Iepel-
3a0ifHOTO CcTpecy Ta IiIBUIIYE IMYHITET TBAPHH.

[Noka3HUKK MPUPOIHOT PE3UCTEHTHOCTI y KPOBI JIFOZICH,
KOTpl CIIO)KMBANIM Kyp4YaTHHY, 3a3HAaBAIM 3MIH Y Mexax
¢izionoriuyaoi HopMH. Y KPOBi YOJOBIKIB MICIIS CIIOKUBAHHS
M’sica Kyp4aT-OpoiiiepiB, AKi mepes 3a00€M sIK aHTUCTPECcop
Ta IMYHOMOAYJATOP OTPUMYBAIA EKCTPAKT CEJE3IHKU

(mocmimaa rpynma), 3pic ICH (+0,82). ¥V domnoBikiB, siKi cro-
KHMBAI M’SICO Kyp4aT-OpoiiiiepiB, KOTPUM HE JTaBald €KCT-
pakT cene3iHKM (KOHTPOJbHA TPYINIa) B yMOBAax IMepen-
3abiitHoro crpecy, ICH 3um3uBcs (—2,21) NopiBHSHO 3 TO-
YaTKOM Jociiiy. BiporinHoi pisHMII B IHIIMX MMOKa3HUKAX
TIPUPOJTHOT PE3UCTEHTHOCTI MU HE CriocTepirainu (puc. 2).
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Puc. 2. Ingexc crumyJisimii (HeiiTpodinm), ade. uncio (r/oa)

Sk BuIHO Ha pucyHKy iHnexcu crumyisiaii HTC y kpoBi
YOJIOBIKIB JOCIITHOI Ta KOHTPOJIBHOI TPYI PI3HWINCA Ha
0,89 r/n (34,8%), x04a He BUXOAWIH 32 MexXi (i3ionoriyHoi
HOpMH. IMOBIPHO MOJiaMiHM MOXXYTh BIUIMBAaTH Ha ITOKa3-
HHMKH IMYHITETY JIIOZIeH, IO Y3rO/DKYEThCS 3 JIOCIHIJ-
eHHsiMU iHmX aBropiB (Catros-Quemener et al., 1999;
Kalac and Krausova, 2005; Kalac, 2014; Vargas et al., 2014;
Galitsopoulou et al., 2015). BiporinHoi pi3HHII Y TOKa3HU-
Kax MPUPOITHOT PE3NCTEHTHOCTI — KOHLIEHTPALIii JIEHKOIUTIB,
HEUTPODLUTIB (TMATMYKOSACPHIX, CETMEHTHOSIEPHUX ), (aro-
LUTApHOTO TIOKa3HUKA (HeHTpodimm) (marekc-tect, 30 XB),
HTC croHTaHHOTO Ta CTHMYJBOBAHOTO MU HE CIIOCTEpi-
ramd. llepcneKTMBHUMHU € JOCHIIKSHHS PE3UCTEHTHOCTI
OpraHi3My Ta, 30KpeMa (haroruTapHOrO iHAEKCY ¥
CUTBCHKOTOCTIONAPCHKUX TBAPHH 332 YMOB Iiepen3aliifHoro
CTpecy Ha TJi BUKOPHUCTaHHS IMyHOCTUMYJISITOPIB MPHPOJI-
HOI'O IMOXOI>KCHHA.
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BucHoBKH

JonaTtkoBe yBeIeHHS A0 KOpMY IMYHOCTHUMYJISITODIB
(moniaMiHIB), OTPHMMaHHUX 3 EKCTPAKTy CENE3IHKH, CYIpo-
BO/DKYBAJIOCh IMIBHIICHHSIM IX 3arajbHOi KUIBKOCTI Ta
BMICTY IyTPECLIMHY, CIIEPMiHY Ta CIIEPMIIMHY y KPOBI Kyp-
4aT-OpoiiyiepiB 32 YMOB KOpEKIii nepen3adiiiHOro crpecy,
1110, IMOBIPHO, CIIPHSIE TIOJIIIICHHIO SIKICHUX XapaKTepPHUCTHK
ix M’sca. CnioxuBaHHs M’sica IIMX KypdaT-OpoiepiB npu-
3BOMIMJIO JIO BIPOTIAHOTO IiIBUINCHHS 1HACKCY CTUMYJISLIT
HEWTpO(UTIB Yy KpOBI YONOBIKIB Ta PE3WCTEHTHOCTI IX
OpTaHizMy.
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