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I'eabMinTOdayHa OBenb i Ki3
J{HinponeTpoBCcbKOI 001acTi

0.0. Boiiko

Hinponempogcobkuil 0eparcagrull aspapHo-eKOHoMIYHUL YHisepcumem, [Hinponemposcok, Ykpaina

Ha Tepuropii J{ninponerpoBcbkoi obiacti y apiOHoi poratoi XynoOu (oBempb i Ki3) 3apeecTpoBaHO TenbMiHTIB KiaciB Nematoda
Rudolphi, 1808, Trematoda Rudolphi, 1808 ta Cestoda Rudolphi, 1808. BusiBneni Hemaroau Haiexatsb g0 miapsiaiB Strongylata Railliet et
Henry, 1913, Rhabditata Chitwood, 1933, Trichurata Skrjabin, 1915. Cepexn tpemarox inentudikyBamm npeactaBHuKiB miapsiay Fasciolata
(Skrjabin et Schulz, 1935). Lectomu npeacrasneni miapsgom Anoplocephalata (Skrjabin, 1933). Cepen nmapa3utiB oBelp 1 Ki3 BUSHAYECHO
Hemarof miapsiay Strongylata: Muellerius sp., Protostrongylus sp., Haemonchus contortus Rundolphi 1802, Nematodirus sp. Cepen rembsmi-
HTiB miapsay Rhabditata inentudixoBano 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. HaiiMeHIy yacTKy B yrpyHOBaHHI CKJIaalOTh TPEMATOAN
F. hepatica Ta nemaromu Trichuris sp. HaliBuini iHnekcH Gi0JIOTYHOTO Pi3HOMAHITTS Apa3UTOLIEHO3Y BiIMIUEHI y KOIPOCKOIIIYHOMY Ma-
Tepiai, BigiOpaHOMY BiJ] KOIIMTHUX, SIKi CII0)KUBAIIH MTACOBHILIHY 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 BUIACAIOTh YIPOIOBK POKY, BUSHAUCHO TPH BUAU HeMaTox: S. papillosus,
H. contortus Ta Nematodirus sp.

Kmouogi 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

HaiinommpeHinmMy 3aXBOPIOBaHHSAME 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 ctpoHrisitosn. Ha Tepuropii crenosoro IlpwmHin-
POB’SL HaifJacTillle pPEeECTPYIOTh MPEICTABHUKIB IiAPSIB
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-
HSIIOTb 3HIDKEHHSI TIPOJTKTUBHOCTI Ta ITOKA3HHUKIB SKOCTI TIpo-
nykuii (Bojko, 2010, 2012). Huni y ciisebkiii MicneBocTi y
TIepIITy Yepry pPO3BOIATH KOIMUTHHX, 30KPEMa BEJIHKY Ta IPiOHY
poraty xymoOy Ta cBuHed. JIrogmHa aKTMBHO TIPOBOIWTH
JKYBaIBHO-NPOMITAKTHYHI 3aXO/H, IHTPOMYKYE PizHI TOPOIN
TBapHH, HE BPAaXOBYIOYM BHIOBOTO CKIIAIy TeIbMIHTO(AYHH.
ToMy CTBOpPEHHS TEpPUTOPIATBPHUX TeIbMIHTO-(PayHICTHIHHX
KOMIUIEKCIB 3aJICKUTh HE JIMIIIE Bill MPUPOIHIX, a 1 Bill aHTpO-
noreHHuX (paktopis (Pelgunov and Maklakova, 2014).

V nitHi# niepiof APiOHI poratiit Xya00i, 30KpeMa BIBIISIM
i Ko3aMm, y (epMepChKUX rocrogapcTBax 3rofIoBYIOTh Maco-
BuniHy pocivHHICTE (Terent'eva, 2014). Y dayHi renbMiHTIB
KYyWHUX y IIe 4ac peecTpyroTb NapasuTiB, KUTTEBHH LUK
SIKUX BiIOyBaeThCsl 32 ydacTi MPOMDKHMX Xa3siB (IOIIOBHX
YepBiB, HA3EMHHUX Ta TPICHOBOJHHX MOJIOCKIB), a TaKOX
JIMYMHKOBI CTafii SKUX 3/IaTHI IO aKTUBHOI MIrpallii y TpyHTi
Ta Ha crednax pociuH (Bojko, 2008; Shendrik et al., 2010).
ByBUEHHS 1IHOr0 IUTaHHA OCOOJMBO BaXKIMBE IS TOCIO-
JapCTB, JIe YIPUMYIOTh KyWHUX i3 BHTYJIOM y TTACOBHIITHUN
nepiof1, KOJIM MMOBIPHICTh 3apayKeHHSI 30UIBLIYETHCS 32 Paxy-
HOK HasiBHOCTI POCJIMHHOCTI Ta MPOMDKHUX Xa3siiB 30y/IHUKIB
inBazii. ToMy Mera crarTi — BH3HAUMTH TelbMiHTO(AyHY
JpiOHMX KONWTHHX, 30KpeMa OBeLb 1 Ki3, Ha TEpHUTOpil
JHinporneTpoBcbkoi 061acTi.

Marepiai i MeToau 10CTiIKEHD

Marepiarn o1 TOCTIIKEHHS — €KCKPEMEHTH APiOHIX KO-
mtHEX (93 3araneHi podn), 30KpeMa, APiOHOI poraToi XyIo-
6u (BiBmi mopix Mepunonanmmadt, bito my MeitH, T'omy6o-
mopauii Jleitep, Hdoprnep, Knandopecr, Cydoink, Tekcens;
ko3u mopin bina Himerpka, Aunbilicbka, AHIIOHYOiHCBKa,
Bypcebka), 3i0pani 3 TpaBHs mo Bepecerb 2015 poky Ha
tepuropii J{Hinponerposcbkoro paiiony (cemmme Iliaro-
ponse). J{ist miaTBepIDKSHHS QiarHO3y Ha TeJIbMIHTO3H 3aCTO-
COBYB&IM METOIM TPWKHUTTEBOI IATHOCTHKH — 3araibHO-
TIPUAHATI Y TapasuToNorii METOAM KOIPOOBOCKOIIYHHX 1
KOIPOJIAPBOCKOINIYHUX JOCIIKEHb. s reTbMiHTOOBOCKOITIT
KopHCcTyBayHCch MetonoM (utotarii 3a I.0O. KorenpHukoBIM
Ta B.M. XpeHOBUM i ceuMeHTarii — MOCTiZOBHIX IPOMH-
BaHb. J1J1s1 rebMIHTOIAPBOCKOITIT — METOZOM KYJIbTHBYBAHHSI
nanuuHOK Ta Baiina (Sekretaryuk et al., 2005).

PesyabTaTn Ta ix 00roBopeHHst

B exckpeMeHTax KONMTHUX BHSBICHO SIS HEMATOI,
TpemaToj 1 1ecTox. 3a MOPQOJIOTIYHUMH O3HAKAMU Cepell
OpeNCTaBHUKIB — Kiacy Nematoda  BU3HAUEHO — SHILST
Nematodirus sp. (Strongylata Railliet et Henry, 1913) ta
IHIOIMX CTPOHTUIAT IIUIYHKOBO-KHMIIKOBOTO Tpakty (cipi,
OBaJIbHI, CEpeIHROTO PO3MIpy, HE3pii, 3 KyJIbKaMH ApoO0-
JeHHs BcepenuHi, puc. 1). S HemaromipyciB y 2,5 pasa
OUTPII 3a IHIIMX CTPOHTLIAT, MAlOTh JHIIE § KyJIhOK
IpoOiHHA, TOMy iX Jerko audepeHmitoBatd. OgHOYACHO
imeatudikopano st Trichuris sp. (Trichurata Skrjabin,
1915) — xopu4HEBi, CEPEAHBOTO PO3MIPY, JTUMOHOMIOIIOHOT
(opmu. [HTEHCHBHICTh Ypa)KeHHsI TBAPUH HEMATOAUPYCAMU
Ta TPUXYpPICaMH HE MEePEBHIILyBalla B CEPeAHbOMY 6,7 SHLS/T
eKckpeMeHTiB.  [IOKa3HMKM MO0  EKCTEHCHUBHOCTI
HEMAaTOIMPO3HOI Ta TPUXYPO3HOI iHBa3il cranoBuiM 7,4%
ta 3,7% BIAMOBITHO.

[HTeHCHBHICTH CTPOHTIIATO3HOI 1HBA3Ii KOJIMBAIACh Y Me-
xkax 20-3 880 senp/r exckpeMeHTiB. OCKUTBKH  STAIIS
CTPOHTUIAT (OKpiM HEMaTOIHPYCiB) MOP(OIOTIYHO OJJHAKOBI,
BHI IMX HEMATOJ BHM3HAYAIM 3a IHBA3IMHOIO CTAII€rO
renmpMidTa. [lin 9ac KynbTHBYBaHHSA JIMYWHOK CTPOHTLIAT
ycraHoBnieHo Haemonchus contortus Rundolphi, 1802, mio
Ma€ KHUIIEYHHUK 13 16 KITHH TPUKYTHOI (hOPMH, PO3TAILIOBA-
HHX Y JIBa PsiIM, OCTaHHI KIITHHHA BEPETEHOIO/IOHOT (hopMu
Ta po3MillieHi Ha oxHOMy piBHI (puc. 2). ExcreHCHBHICTH
TeMOHXO3HOI iHBa3ii cranoBuna 44,4%. 11i HOKa3HUKK 3HAYHO
BIIPI3HSAUTUCS BiJl SKCTEHCHUBHOCTI 1HIIIOI CTPOHTLISTO3HOT
iHBa3ii, 30KpeMa HEMATOIMPO3HOI, PIBEHb YPKECHHS SKOIO
OyB YILIECTEPO HIDKYKM.

Cepen Tpematon ineHTu(ikoBaHO sttt Fasciola
hepatica Linnaeus, 1758 ta Dicrocelium lanceatum Stiles et
Hassall, 1896 (Fasciolata (Skrjabin et Schulz, 1935)). O6uz-
Ba BUJIU — O10TeNIbMIHTH, PO3BUBAIOTHCS 32 YUACTIO TIPOMIK-
HUX Xa3siiB — YePEBOHOTMX MOJIFOCKIB. St aciion gocra-
THBO BEJIMKI, OBaJIbHI, SICKPABO-)KOBTI, HE3PLII — 3 KYJIbKaMH
JpobiieHHs BcepeauHi. Ha BiMiHy Bifl HUX SALIS JTUKpOLIC-
JIlyMiB HEBEIIMKI 32 PO3MIPOM 1 3pijii: BCEPEAMHI MICTHTBCS
copMoBaHa JIMYMHKA (Mipaluii), 3a0apBieH] y TEeMHO-
KopHuHeBHH KoJtip (puc. 3). [Ioka3HUKM OITBHOCTI €l IUX
TPEeMaTo/l HE ICPCBUIIYBATA B CepemHbOMY 53,3 sidrs/r
eKckpeMeHTiB. Ilpum  mpoMy Ao AMKPOLENiyMiB
peecTpyBay YBOCBMEpO YacTillle, HiK (DacIion, MiTbHICTh
SIKHX CTaHOBWJIA B CEpeTHBOMY 0,7 SHIS/T €KCKPEMEHTIB.
ExcTeHCHBHICTE (acIioNbo3HOI Ta TUKPOIETiO3HOI iHBa3il
niepeOyBasia Ha OJJHaKOBOMY piBHi — 3,7%.

Krac Cestoda npencraBnennii mapsaom Anoplocephalata
(Skrjabin, 1933). V pe3ysbrari KOIMPOOBOCKOMYHUX JOCII/I-
JKeHb BH3HA4YEHO sttt Moniezia expansa (Rudolphi, 1810) ta
M. benedeni (Moniez, 1879). SIii1s 1yx reJbMIHTIB CepeTHb-
Oro po3Mipy, CIporo Koabopy, 3piti. Kpissk ix 000J0HKH BHjI-
HO OHKocepy i3 rpymonoaioHuM amaparoM. Mk co0oro
BOHHU YITKO DI3HSTHCS 32 (OPMOIO. Y MEPIIOro BUIY SIS
TPUKYTHI, a JPYTOTro — YOTUPH- a0 11’ SITAKyTHI (puc. 4). 1o-
Ka3HUKW IHTEHCHBHOCTI MOHI€3103HOI iHBa3ii KONMBAIICH Y
Mexkax 180-350 sems/r exckpementiB. [Ipm 1mpoMy sttt
M. benedeni 3ycTpidaimich y CepeaHbOMY 3 IHTEHCHBHICTIO
206,7, a M. expansa — wne mnepesuinyBam 100 ex3./r
eKCKpeMeHTIB. EKCTEeHCHBHICTh MOHI€3103HO1 1HBa3ii CTaHO-
Bwia 11,1%. IToka3HHKH €KCTEHCHBHOCTI Ypa)KeHHSI TBAPUH
M. benedeni va 7,4% suiii, HiK M. expansa.
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Puc. 1. Sliiust HemaToa APiOHUX KOMUTHUX:
a — Nematodirus sp., 6 — H. contortus Rundolphi, 1802; noexwuHa Bifpi3ka Bifnosigae 10 Mkm

Puc. 3. Sliius D. lanceatum Stiles et Hassall, 1896
JIOBXKHHA Bifipi3ka Bifnoigae 10 Mkm

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

e

Puc. 4. Sliius anomionedaaaT 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
IIeHTU(IKOBAaHO JIMYMHOK HEMATO/l MXaJbHUX LUISXIB
(Muellerius sp. Ta Protostrongylus sp.), a TaKOX IUTYHKOBO-
KHIIIKOBOTO TpakTy (Strongyloides papillosus Wedl, 1856).
JIMuMHKY JIereHeBUX HEMATOA APiOHI 32 PO3MIpOM, MArOTh
KUILIEYHNUK Y BUIVIIL 3epHUCTOI MacH (puc. 5). Mk co6oro
BIZIpI3HSAIOTECS. XBOCTOBHUMH KiHIIAMH. Y IJIMYHHOK MIOJIC-
piyciB Ha XBOCTOBOMY KiHII € MAaJIOIIOMITHHI IIMINK,
MIPOTOCTPOHTLTFOCIB — Ma€ (popMy TOITyM’sT CBIYKH.

Puc. 5. IMunMHKA CTPOHTLIAT IUXAJIHHUX HLIAXIB:
JIOBXKMHA Bijipi3Ka Bianosigae 10 MkM

Y CTPOHTLIOIECIB KUIIIEYHHK TIPEACTABICHUI ABOMA TSl
KaMH JIPIOHUX KIITHH. X po3mip pisHuii 3amexHo Bin crafii
po3BuTKy (prc. 6). JiarHOCTHYHOIO 03HAKOK pabauTOnomIio-
HIPIX JINTYMHOK IIMX HEMATO]T € CTPABOXIJI i3 IBOMA OyITBOycaMIL

~

a 1
P
Py o
'w’"‘
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Puc. 6. JIuunnku S. papillosus Wedl, 1856:
JIOBXKMHA Bijipi3Ka Bianosigae 10 MkM

[HTEeHCHBHICTD TIPOTOCTPOHTLTINO3HUX 1HBa3il (Mroie-
Ppio3y Ta MPOTOCTPOHTLIE03Y) HE TIEPEBHUIYBala B CEPEIHB-
oMy 33,3, cTpoHTimoino3Hoi — mocsrama 850 JNUYMHOK/T

eKcKkpeMeHTIB. [10ka3HUKK eKCTEeHCHMBHOCTI LIMX 1HBa31i Tex
3HAYHO PI3HWIMCH: IIPOTOCTPOHTLIIA03HUX — 8,3%, CTpOHTi-
n0ino3u0i — 91,7% (y 11 pasis Oinblie).

JlomiHaHye cepel TelbMIHTIB KOMUTHUX HEMATO ITij-
psany Strongylata Railliet et Henry, 1913 H. contortus
Rundolphi, 1802. HaiimeHniry 4acTKy B yrpyrnoBaHHi CKia/a-
10Th TpeMaromu F. hepatica Linnaeus, 1758 Ta Hemaromm —
Trichuris sp., IUIBHICTb SIKMX HE TepeBUIIye 6,7 sHus/T
eKCKpeMeHTIB (puc. 7).
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Puc. 7. BugoBuii ckyiax yrpynoBaHb HeMaToJl OBellb
i ki3 JIHinponeTpoBchKoi 00J1acTi: Bich abciuce — yacTka
B yrpymnoBarHi (%), Bich opauHat — BuIM; 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., 7 — Proto-
strongylus sp., 8 — Muellerius sp., 9 — S. papillosus Wedl,
1856, 10 — H. contortus Rundolphi, 1802

HaiiBuiui iHzekcH O10JIONYHOTO PI3HOMAHITTS BIIMI4EHO
y BHOIpKax KOIPOCKOIMIYHOTO MaTepiajy, BiJiOpaHoOro Bij
KOITUTHUX, SIKI PEryJIsIpHO Y TMepioJ] i3 TPaBHs 10 BEPECEHb
CMIOXXHBAIOTh MMACOBHUIIHY POCIHHHICT. Y LHMX TBapUH
3apPEECTPOBAHO JIECATH BUJIB TEIBMIHTIB: 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. Innmekcum pi3HOMAHITTS —TEIBMIHTIB,
iIeHTH(]IKOBaHUX B EKCKPEMEHTaX JKYHHHUX, SIKHX YTPHMY-
BaslK 0€3 BUT'YITy, yIBi4i HKYL. Y IIMX KOMUTHHUX BHUSIBJICHO
nmire Tpu Buaum Hemarox: S. papillosus Wedl, 1856, H.
contortus Rundolphi, 1802 ta Nematodirus sp. (puc. 8).

3a pesynsraramu MoniTopuary (Kharchenko et al., 2009)
PI3HOMaHITTSl TeNbMIHTIB JpiOHMX KonuTHUX (Capreolus
capreolus L.) iHmmx oOnmacreli Yxpainm (BiHHHULBKOI,
JKuromupcekoi,  KuiBcpkoi,  PiBHeHCBKOI,  CyMCBKOI,
TepHorminbcbKoi, XMenpHULBKOI, Yepkackkoi, YepHiriBchKoi),
y TenbMiHTO(AyHI 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 JHinponeTpoBchkoi obnacti y dayHi Hema-
Tox miapsity Strongylata Railliet et Henry, 1913 npiOoHux ko-
NUTHUX BCTaHOBICHO Muellerius sp. Ta Protostrongylus sp.,
uecron M. benedeni (Moniez, 1879) Ta tpemaron F. hepatica
Linnaeus, 1758 i D. lanceatum Stiles et Hassall, 1896.

00 03 06 09 12 15 18 21 24 27

Iapexc lenHona B Inpexc Ilinoy

Puc. 8. Ingexcn pisHOMAHITTS reJIbMIiHTIB
NpidHUX KOoNUTHUX J{HinponeTpoBchKoOi 001acTi:
1 — i3 BUNacaHHsM, 2 — 32 YMOB YTPUMAaHHS Y TIPUMIILIEHHSX

BucHoBku

Ha Tepuropii JlHinpormeTpoBcbkoi obnacti y ApiOHOL
poratoi XymoOm (oBempb i1 Ki3) 3apeectpoBano 10 BumiB
reJIbMIHTIB: 6 BUIIB HEMATO., 2 — TPEMAaTOI Ta 2 — LECTOI.
Cepen Bu3HaueHHX rejbpMiHTIB kinacy Nematoda y mociin-
KYBaHMX OJKYHHHX ineHTH(iKOBaHO 4 BHAM Mapa3uTIB
ILTYHKOBO-KHUIIIKOBOTO Tpakty (Nematodirus sp., H. contor-
tus Rundolphi, 1802, Trichuris sp., S. papillosus Wedl, 1856)
Ta 2 — muxanbHUX nuixiB (Muellerius sp., Protostrongylus
sp.). Tpematomu npezacTasieHi F. hepatica Linnaeus, 1758 i
D. lanceatum Stiles et Hassall, 1896. Cepen renbMiHTIB Kita-
cy Cestoda BusHaueHo M. expansa (Rudolphi, 1810) Ta
M. benedeni (Moniez, 1879).

JomiHye cepen reIbMIiHTIB KONUTHUX HemaTona H. con-
tortus Rundolphi, 1802. HalimeHmry 4acTky B yrpynoBaHHI
ckianarots F. hepatica Linnaeus, 1758 Tta Trichuris sp.
HaiiBuii iHgexcu OGlOJIONYHOTO PI3HOMAHITTS BiMIYEHO Y
BHOIpKaxX KOIMPOCKOITIYHOIO Marepiany KOIHMTHHUX, SIKi CIO-
JKMBAJIM TIACOBUILHY POCIHMHHICTH 13 TpaBHs IO BEPECEHb
(3apeectpoBano 10 BHIIB IeJIbMIHTIB 13 3 KJ1aciB).
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AKTHBHICTh PaJiOHYKJIIAIB i peasizanisa ¢gyHKuii IMyHHOI cUCTEeMHU
Yy MEeIIKAHLIB pagianiifHo 3a0py/IHeHUX TePUTOPIi

B.JI. Cokonenko, C.B. CokoneHko
Yepracvkutl HayionansHutl yHigepcumem imeni boeoana Xwenonuyvkoeo, Yepracu, Yxpaina

BuByainu poib cTynens paiauiiiHoro 3a0pyHeHHs TepuTopil y peastizanii (pyHKUiH iIMyHHOT CHCTEMH 32 BiICYTHOCTI Ta HasBHOCTI 10-
JATKOBHX MOTEHI[IHHUX IMYyHO/ENPECaHTIB. 3a BiICYTHOCTI IICHMXOEMOLIHHOIO HaBAaHTA)KCHHS y MEILIKAHI[B TEPUTOPIiii, 3a0pyaHEHNX pa-
JIOHYKJIZIAMH, CIIOCTEPIratoThCsl MO3UTHUBHI KOPEISTUBHI 3B’SI3KM MK aKTHUBHICTIO Pa[iOHYKJIiiB Ta KOHLIEHTPALIEI0 KOPTU30ITy, PIBHEM
HelTpodini, BMicToM IgG Ta IgM y cupoBartii KpoBi; HETATHBHI KOPEJISTUBHI 3B SI3KU 3 a0COIIOTHOIO Ta BITHOCHOO KUTBKICTIO (DYHKIIIO-
HanbHO 3pimux T-nmiM¢onuTis i3 ¢penotunom CD3+, abCOMOTHOO Ta BiJHOCHOIO KINBKICTIO X xenmepHoi cyonomysrimii CD4+, aGcomrot-
HOIO Ta BIJJHOCHOIO KUIBKICTIO IIPUPOJTHUX KinepiB i3 ¢eHotrnioM CD16+, imyHOoperynstopanM innekcom CD4+/CD8+. PiBeHs kopTH30Iy
JIEMOHCTPY€ KOPEJSTHBHI 3B’SI3KU MOAIOHOTO HANpsMy 3 TAKUMH K MOKa3HUKAaMHU IMyHHOI CHCTEMH, ajie 3HAueHHs KOoe]ilieHTa KOpeIsIii
HIDKYE. 32 YMOB CTPECOBOT'O BILIHBY, 3yMOBJICHOTI'O TICHXOSMOLIIIIHIM HaBaHTKSHHSIM I1iJ1 Yac eK3aMeHaliiHoi cecil, B 00CTeXEeHNX 0CTO-
BIPHO 3pocTae piBeHb KOpTH30iy. Jl0JaTKOBHI KOPOTKOYACHUH CTpeC, ITOEJHAHMIT 13 XPOHIYHUM BIUIMBOM MaJUX JI03 paJialil, TOCUIIIOE
3aJIOKHICT IMyHOCYTIpecii, 3yMOBIICHOI pajiaiiiiHiM 3a0pyIHESHHM MICLIEBOCTI, Ta BUKIIHKA€E 300i poOOTH KOMIICHCAaTOPHUX 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 BHUIPOMiHEHHS — (DaKTOp, 3MATHHUI BILUTHBATH
Ha Bci piBHI opraHi3amii >kuBoro. HaBiTe 3a HU3BKHX 03
MOXJIMBHI IIPOSIB  CTOXAaCTHYHMX e(eKTiB, 30Kpema, Y
BiZTQJICHHI TEPIOA TMIC/Is OE3MOCePEIHBOr0 pamialifiHOro
ypaxenHs. ABapisi Ha YopHoOmibebkiii AEC cripuunnmina
3a0py/[HCHHS. ~ PaJiOAKTHBHUMH  i30TONaMH  3HAYHUX
Teputopiii Ykpainu. [Ipy npomy JierkoneTki pamioHyKIiau
HIJHSUTKCS. HA 3HAUHY BHUCOTY Ta C(OPMYBAIIM y MiBHIYHO-
3aXiTHOMY HalpsIMKy BiJl eMileHTpy KaracTpodu 3a0pyHe-
Hy 30HY IpoTspkHICTIO Oym3bko 1 200 kM. [omoBHEM ak-
TOPOM pafialiifHOro ypakeHHsS B IIEpIIMH Iepion ITicis
aBapii cramu i3otormn 'L TIpoTAroM HACTYIMHHX POKIiB OC-
HOBHE JI030BE€ HABAHTA)KCHHS HA MEIIKAHIIB TEPUTOPIN I10-
CHJICHOTO  PaJiOCKOJIOTIYHOTO  KOHTPOIIIO  YHHWIIU
noBroxuByHi i3otorm 'Cs ta *Sr (Hoshi, 2000).

ITics aBapii mHa YopHOOmIECEKI AEC MuHYIO BXe 29
POKIB, TOOTO MPAKTUYHO 3aBEPLIYETHCS NEPIO HABPO3IaLy
37Cs, aKTMBHICTH SIKOrO BBAXKAETHCS BAKIMBEM (DAKTOPOM
OI[IHKK PaiallifHOro 3a0pyIHEHHS IPYHTIB 1, BIATOBIIIHO,
BU3HAYCHHS TEPUTOPIH MOCHICHOTO PaiOeKOIOTiYHOTO KOH-
tpomo (Godekmerdan, 2004). SIk HACHTINOK, TIEBHI TEPUTOPIi
Uepkacbkoi oOmacTi Bke BTpaTWIM CTaTyC pajialiifHo 3a-
OpyIHEHHX, a X HaCeJeHHS — CTaTyC MOTEPIILTNX BHACIIIOK
aapii Ha YAEC. Ilpore crarmcTka MeIMYHUX 3aKIadiB
00NacTi CBIMYMTH TIPO HE3AMOBUIBHMI CTaH 370pOB’SI Ta
TEHJICHINIIO J0 3pOCTaHHSA BIACOTKA OHKOJIOTIYHOI —Ta
THPEOITHOI ATOJIOTIH y MEIIKAHIIIB TePUTOPii, 3a0pyIHEHIX
pamionyktigamu. I1pu oMy c1iz BpaxoByBaTH Te, IO HABITH
y MeXax OJTHOTO paiOHy MOXKHA BUIUTHTH HACEJICHI ITYHKTH 3
JIOCHTh BHCOKOIO DI3HHLEI0 IPYHTOBOI aKTHBHOCTI pajio-
HYKJIi/1iB, 3a0py/IHEHHS paJiOHyKJIilaMHi TIEBHUX TIPOJIYKTIB
xapuayBannst (Hoshi, 2000; Morita, 2005; McMahon, 2014).

loHi3ytoue BHIPOMIHIOBAaHHS — BH3HAHMK IMyHOJENpe-
CaHT, JIisl SIKOTO pealli3yeThcsl Ha PiBHI TEHETHYHOTO arapary
Ta GIOJNOTTYHIX MeMOpaH IMyHOKOMITETCHTHHUX KIITHH, a Ta-
KoK unHUTH crpecoBuil BB (Telnov, 2002). Haitaytmm-
BIIOFO 1O nii pamiamii Ta cTpecopiB IHIIOI MPUPOAN
BB@KAEThCA T-KITHHHA JIaHKa IMyHITETYy, IpoTe podoTa
IMyHHOI CHCTEMH € IHTerpaTUBHOK, Oymb-siki mucdyHKIi
OJIHIET JIAHKM MOXKYTh BIIOMTHCS Ha CHUCTEMiI B IJIOMY
(Manuck, 1991; Sajjadieh, 2009).

[TeBHI KOHTUHI'€HTH HACEJIEHHS 3a3HAIOTh BIUIMBY OJIHO-
YacHO IEKUIbKOX NMOTEHLIMHUX IMyHOJENPECaHTIB, IO MO-
K€ BUKJIMKAaTH e(QEeKTH IOTCHIIOBAHHS, aJUTHUBHOCTI YM
CHHEpri3My. SIBHIE AMCTpeCy CTBOPIOE KPUTHYHI YMOBH
poOOTH TOMEOCTATUYHHUX CHCTEM OPTraHi3My, y TOMY YHCII
IMyHHO1, TIpM3HAYEHOI MiATPUMYBATH AHTHTEHHUI TOMeEO-
cra3. BamBHM KpHUTEpiEM CTPECOBHX pEaKIii € piBeHb
koptuzony y cupoatii kposi (Khaitov, 2001; Shirinsky,
2001). BeaxaroTp, mo TpuBajie rnepeOyBaHHS y CTPECOBUX
yMOBax (30KpeMa, XpOHIYHHMI BIUIMB MallMX 03 paiariii,
NPO’KUBAHHS Ha TEPUTOPISX, 3a0pyIHEHHUX PaliOHYKITiAaMu)
3YMOBIIIOE TIEBHY aJarmTailito 10 il (akropa, mpote noaat-
KOBHIA CTPECOp MOXKE BHUSBHTH aaNTalliliiHi MOXJIMBOCTI Ta
MOTEHLIMHKUI pecypc IMyHHOI cHUCTeMM Uil (PyHKIIOHY-

BaHHA 32 HecnprmaTimBux ymoB (Drannik, 1999; Khaitov,
2001; Sajjadieh, 2009). ¥V 6inpImocTi HoCHimKEeHb HE BPaxo-
BaHO (DaKTOp BapIaTMBHOCTI pafiallifHOro 3a0pyJHEHHS
Teputopii. Lle 3yMOBHJIO aKTyalbHICTh HAIIKX JOCIIDKEHb 1
BU3HAYMIIO METY.

Merta cTaTTi — OIIIHUTH 3B’S30K CTYINEHS PaiallifHOTO
3a0pyIHCHHS TEPUTOPIT 3 MOKAa3HUKAMK IMYHHOI CHCTEMH 3a
YMOB BIJICYTHOCTi 200 HAasiBHOCTI JTOJATKOBHX IOTEHIIIHIX
IMyHOZICTIPECaHTIB.

Marepiai i MeToau 10CTiIKEHD

[porsrom 1995-2015 pokiB obcrexxeno 250 ocid —
crynentis UHY, ski npuixaiy Ha HaBYaHHS 3 TEPUTOPIN
TIOCHJICHOTO pajioekonorigaoro koHtpomo (IV pamiamiitaa
30Ha, IITbHICTH 3a0pyaHEHHS IPYHTIB i30Tomamu °'Cs —
1-5 Ki/km?). Bik o6cTexennx — 18-24 pokw, BCi BOHM Ha
yac OOCTEXEHHS HE Malli TOCTPUX 3axBopioBaHb. Cepen
Hux 105 ocib "onosivoi Ta 145 — xxiHo4oi cTati (oOcTexe-
HUX Y (QONIKYJSIPHY CTaJ(il0 MEHCTPYaIbHOrO LHUKIY). Mix
MOKa3HUKaMH Oci0 Pi3HMX cTarell He CIIOCTEepiranocs CTaTu-
CTUYHO BIPOTiZHOT PI3HULII, TOMY Y TIOJAIBIIOMY IX pO3IJIsi-
Jamm sIK €IUHY CyKymnHicTe. KpoB 3a0upanmy Bpasii, 10
BXHBaHHA DKi. B oOcrexxeHnx BimOumpamu 10 Mur BeHO3HOT
kpoBi. [l yacTuHM aHami3iB (OIliHKa JeHKormTapHoi (op-
MYJIH Ta PiBHS JICHKOIUTIB) BHKOPHUCTOBYBAJIH KAIUTSPHY
kpoB. OOctexxeHHs Ta 3a00pu  KpPOBI  TPOBOIMIA
KBami(ikoBaHI MEIUYHI TIPAIliBHUKK HA 0a3i caHATOpIiro-
npodinakropito «Exem» npu YepkacbkoMy HalliOHAJIEHOMY
yHiBepcuTeTi Ta OloxiMiuHOi jabopaTopii MichKol JKapHi
Ne 1 m.Yepkacu.

AHaJti3 TIOKa3HUKIB IMYHHOI CHCTEMH IIPOBOJMIIM JIO
(KOHTpOJIbHI 3HAaUeHHsI) eK3aMeHalliiHoi cecii Ta Ha JpyTui
JIeHb TICJIsl OCTaHHBOTO ICTIMTY (Il OLIHKK BIUIMBY
TICHXOEMOIIIHHOTO  HaBaHTaXXEHHs). 3arajbHy KUIbKICTH
JIEHKOLMTIB TMiipaxoByBaiy B kamepi ['opsieBa, iimpormTi —
Ha OCHOBI KpOB’SIHOTO Maska ((apOyBaHHs O6apBHUKOM Po-
MaHOBCBKOTO — ['iM3a). Excripecito moBepXHEBUX aHTHUTCHIB
nmiMdormTaMy  TlepudeprudHoi KpOBI BH3HAYANH IMyHO-
(hITyOpecIeHTHIM METOJOM i3 BHKOPHCTaHHSIM MOHOKIIO-
HaJIBHUX aHTUTLIT A0 MOBEPXHEBUX MapKepiB KIITHH iIMyHHOT
cucremu LTI (mis oriHtoBaHHs eKkcrpecii maH-T-KITiTHH-
Horo Mapkepa CDS5), LT3 (mns owinku excrpecii nan-T-
wiituaHOro Mmapkepa CD3), LT4 (win omiHku excrpecii
T-knitnHHOTO Mapkepa xennepHoi akrtuHocti CD4), LTS8
(s oniHIOBaHHS ekcrpecii T-KITHHHOTO Mapkepa edeKTop-
Hoi/cynpecopHoi aktuBHOcTi CDS), LNK16 (mis omiHku
eKcrpecii Mapkepa NpUpoHOi KilepHoi akTuBHOCTI CD16)
ta F(ab), — ¢parmentiBe oBeunmx antutin g0 IgG wmwmmi,
mivernx FITC («CopbGent», Pocis). PieHs imyHOrMOOY-
JHIB y CHpOBATIli KPOBi BHU3HAYAIN METOAOM paialbHOI
iMyHOAM(y3ii 3a MaH4iHi 3 BHKOPHUCTaHHSM MOHOCIIE-
uudiuanx cupoBarok mnpotu IgG(H), IgM(H), IgA(H).
BMmict KkopTHM30dTy |y cCHpOBAariii KpOBI  BH3HAYAIH
IMyHO(EPMEHTHIUM METOJIOM i3 BHKOPUCTaHHSIM HaOopy
«BIO-RAD» (Pocist). lani npo craH papiaiuiifHoro 3adpy-
HEHHsl TEpUTOpili oTpumam B oOJacHId caHiTapHO-
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eMiAeMIOJIOTIYHIN CTaHIil Ta pEriOHATBHIA IepiKaBHIN
J1ab0paTopii BeTepHHAPHOT MEUIMHH.

JIis OLIHKHK B3a€MO3AJICKHOCTI MMOKA3HHUKIB BHU3HAYAIH
koedinient kopesuii [Tipcona.

Pe3yabTaTn Ta ix 06roBopeHHs

3a BIOCYTHOCTI TICMXOEMOLIHHOTO HABAaHTAKEHHS Y
MEIIKaHIIB TEPUTOPIH, 3a0pyIHEHNX PaiOHyKIiIaMH, BMIiCT
KOpPTH30Ily IiepeOyBaB HAa BEPXHIA MEXi TOMEOCTaTHYHOI
HOpMH (637 + 6,0 MMmoiw/i). CriocTepiraeTbesi cepeHiin To-
3UTUBHUNA KOPEISTUBHUN 3B’S30K MDK aKTHBHICTIO paJio-
HYKJIiTiB, BiI3BHAYEHOIO [UIS MICIIS TIPOKUBAHHS OOCTEKEHIX

3TIHO 13 3aTaATbHOIO3MMETPUYHOIO TIACTIOPTH3AIIIETO, T 3HA-
YEeHHSAM BMICTy KOpTH30Iy y cupoBarmi Kposi. Cepermi
TO3UTUBHI KOPEJISATUBHI 3B’SI3KM  BIIMIYEHI TAaKOX MDK
AKTHBHICTIO PaliOHyKIIIB Ta piBHEM Heifrpodinis (3a abco-
JIFOTHHM 1 BITHOCHUM YHCJIOM), HU3bKI TO3UTHBHI — 13 pIBHEM
IgG ta IgM y cupoBatui kpoBi. CepenHi HEraTUBHI KOpens-
THBHI 3B’SI3KH BiZIMIYCHI MiXK aKTHBHICTIO PaIiOHYKIIIIB Ta
TaKAMU TIOKA3HUKAMH: a0COMIOTHUM 1 BiJHOCHUM YHCIIOM
¢yaxuioransHO 3pimx T-nmimMgormTi 13 dpeHotuiom CD3+,
aOCONFOTHUM 1 BITHOCHUM YHCIIOM iX XeImepHoi CyOroIry-
msaii CD4+, aGCcoMIOTHIM 1 BITHOCHUM YHCIIOM TIPHPOHIX
KitepiB i3 perorurnom CD16+; CHIbHHI HETATUBHHH 3B S130K —
3 iMyHOperysTopauM iHekcom CD4+/CD8+ (Tabm.).

Tabauys
Kopeasiuia Mix pagianiiinum 3a0pyIHeHHAM, NPOAYKILI€I0 KOPTH30JIy Ta NOKA3HUKAMHU iMyYHHOI CCTeMH
B 00CTeKEHHX i3 TePUTOPiii MOCHIEHOT0 Pa/li0eKOIOTiYHOr0 KOHTPOUIIo (n = 250)
Xa " Kopruzon, g‘;?ﬁp‘g CD3+, % | CD5+, % | CD4+, % | CD8+,% | CD16+,% | CD4+/ | 1gG, IgM,
pakTep MMOJIB/JT <1 09’ /HU x10°/n x10%/n x10%/m x10%/n x10%/n CD8+ | MM MI/MII
AKTHBHICTb PaTiOHyKITiJTiB, " 0481* -0,521* | 0,112 | -0,572* | 0,122 -0,532* " « "
Ki/in, 110 cpecy 0,521 0,513* | -0,502* | —0,098 | —0,531* | 0,111 -0491* 07921 0252 0209
Koprison, « 0415*% | -0450* | -0,101 | —-0,504* | 0,131 —-0443* " " "
MMOJIB/TI, IO CTPECY 1,000 0445* | -0403* | -0,109 | -0491* | 0,101 -0414* ~0.604%1 0201 0215
AKTHBHICTB PaTiOHYKITI/TiB, « 0,571* | —0,556* | —0452* | —0,684* | 0432* | —0,621* « %
Ki/knd, crpec 0842 0537* | —0561* | —0404* | —0,662* | 0444* | —0,689* -0810%) 0451 | 0,121
Kopruzon, « 0,510% | —0,601* | —0,500* | —0,713* | 0404* | —0,611* « «
MMOJTB/II, CTpeC 1,000 0,513* | -0,611* | —0,520* | —0,704* | 0422* | —0,645* 08527 0433 | 0112

IMpumitkn: * — qocToBipHicTh KoeditieHta Kopemsuii, P < 0,05; s nonyssiwiii i cyOnomyJisiiiil KIiTHH iIMyHHOT CHCTEMH BKa3aHO
Koe(imieHTH KOPeTsii 3 BITHOCHOO KUIBKICTIO (BEPXHil MOKAa3HHUK) 1 aDCOTIOTHOO KIBKICTIO (HWKHIM MMOKAa3HHUK).

[No3uTrBHA KOpeALlis akTHBHOCTI PaIiOHYKIIIIB Ha 3a-
OpytHeHiit TepuTopii Ta BMicTy HelTpoduiB y nepudepuy-
Hil KpOBI € JIOTIYHOIO, OCKIIBKH MONIMOPQHOsIEpHI JIeHKO-
LIMTH BBAKAIOTHCS BAXIUBUAM IHAUKATOPOM CTPECOBOT peak-
mii. HerartmBHa Kopemsmis xemmepHuX T-miM@poOImTIB Ta
MIPUPOJHUX KiNIepiB Ja€ MINCTaBH POOHWTH BHCHOBOK PO
neBHi 3001 B epeKTUBHOCTI pOOOTH MPOTHBIPYCHOTO Ta MPO-
THIYXJIMHHOTO iMyHiTery. CrpaBni, T-nimbormTu 3 ¢deHo-
oM CD4+ CcTUMYIIOIOTH 3aIlyCK YHMCJIEHHHX IMYHHHX
nporieci, a nimpouuru 3 denorunom CD16+ BigirparoTs
BOKIIMBY POJIb y PO3IMi3HABAaHHI Ta 3HUILECHHI MaJirHi30Ba-
Hux KTl (Drannik, 1999; Yarilin, 1999). Otpumani nasi
Y3TOJDKYIOTBCS 3 JTAHMMH JHTEpaTypy IIOAO ITiABUIIEHOT
YyTJIMBOCTI JI0 BIUTMBY i0HI3YIOUOTO BUIIPOMIHIOBaHHS came
xenrepHuX T-mimdormris (Kinet, 2007).

BincyTHiCTh KOPEIAIIHHOT 3aI€KHOCTI 3 aKTHBHICTIO
pamioHykiiniB excrpecii antureny CDS8, sxwit € oqHuAM i3
TOJIOBHUX MapKepiB e(heKTOPHOI Ta CYIPECOPHOI aKTHBHOCTI
T-nmimbonuTie, 3yMOBJIeHa, O4YEBHUAHO, TUM, IO KIITHHH 3
(denotumom CD8+ BBaKArOTHCS BiTHOCHO KOPTH30JIPE3HC-
TEHTHUMH Ta HAWCTIMKIIIMMK O BIUIMBY 1OHI3yIOUOTO BH-
npomiHroBanHs (Finlay, 2011; Hommel, 2007).

BwmicT kopTH30ITy 32 BiICYTHOCTI I0AaTKOBUX CTPECOBUX
YUHHUKIB IEMOHCTPYE CEpeiHiil MO3UTHUBHIA KOPEISTHBHUI
3B’30K 13 BIZTHOCHOIO Ta a0COJIOTHOIO KIUJIBKICTIO HEUTpOi-
JIiB, HU3bKUH MO3UTUBHUHN 3B’130K 13 piBHeM IgG ta IgM y
CHPOBATIL KpPOBi, CEepeIHili HETaTHBHUH KOPEISTUBHUI
3B’S130K 13 BITHOCHOIO Ta aOCONIOTHOO KUTBKICTIO (DYHKITiO-
HanbHO 3pimux T-miMdorwTis i3 perotumom CD3+, BimHOC-
HOIO Ta abCOJFOTHOI KUIBKICTIO XenmmepHux T-mimdonutis
i3 ¢erotriom CD4+, BiTHOCHOIO Ta aOCOJFOTHOIO KiIBbKiC-

TIO TIPUPOIHKX KiJepiB i3 ¢eHoTnniom CD16+, a Takox cu-
JIBHUT HEraTUBHUH 3B’5130K 3 IMYHOPETYIATOPHUM 1HASKCOM
CD4+/CD8+ (Tabur.).

BigmoBigHo, MiXkK BMICTOM KOPTH30IIy Ta OLIHIOBAHUMH
MMOKa3HUKAaMH IMYHHOI CHCTEMH CIIOCTEpITafoThCS KOpEelsi-
THUBHI 3B’SI3KM TOTO K HAIpPsMY, IO 1 MK aKTHBHICTIO pa-
JUOHYKIIZIIB, alle 3HAYeHHs KOe(illieHTa KOPENsLii HIKYi
(tabn.). TakuM 4MHOM, 32 YMOB BIJCYTHOCTI JOJAaTKOBHX
CTPECOBHUX BIUIMBIB CIIOCTEPIra€ThCs IIEBHA amanTallist 10
nocTiiHoi momipHOi rineprnpoaykuii Koptuzony. Ilpore,
OCKLJIbKH 3a Maiike 20 pOKiB CIIOCTEPEKEHb BIIMIUCHO TEH-
JICHIIIIO /10 TIEBHOTO 3POCTaHHS 3a3HAYEHUX KOE(illeHTIB
KOpeJIsiLlii, MOXKHa 3pOOMTH BUCHOBOK IIPO TTOCHJICHHS 3a1e-
JKHOCTI IMOKa3HMKIB KJIITHHHOI JIAHKH BiJ JO30BOr0 HaBaH-
Ta)KeHHsI (SIK HACINIAKY BHIIOI M HIDKYIOI aKTHBHOCTI Pamio-
HYKJIIB Ha TIEBHiH TEpHUTOpii) Ta 3yMOBICHOI HUM Tilep-
TIPOIYKIL KOPTHKOCTEPOI/iB.

BusiiieHi 3aKOHOMIPHOCTI TIOKa3yI0Th, 10 IMyHOCYTIpe-
Cist KIITHHHOI JIAHKH, SIKa 3aJIEXKHUTH BiJ| I030BOr0 HABaHTA-
XKEHHS, IO NIEBHOI MipH KOMIIEHCYEThCSI 3pOCTAHHAM KOHIIe-
HTpalil CUpOBATKOBHX iMyHONI0OyIiHIB. Edexr y3romky-
€ThCS 3 J@HUMHU JIITEPaTypH MPO BHUILY Yy TJIMBICTh JIO CTpe-
COBMX BIUIMBIB y3arayi Ta pajJiallifHOro YMHHUKA 30Kpema
came T-writmHHOT Nanku iMyHHOI cuctemu (Titov, 1995;
Godekmerdan, 2004; Sajjadieh, 2009; Weng, 2010; Jahns,
2011; Balogh, 2013).

3a YMOB JI0JIaTKOBOTO CTPECOBOIO BILIHBY, 3yMOBJICHOIO
TICUXOEMOLIIMHAM HaBaHTAXEHHAM Il Yac eK3aMeHar[iiHOL
cecii, B 00CTe)KEHNX JOCTOBIPHO 3POCTAE BMICT KOPTH3OILY Y
cupoBarii kposi (893 = 8,1 mmons/n). [pu 1pomy criocre-
PIratoThCs KOPENSITUBHI 3aJIeKHOCTI, MOJIIOHI 10 BIIMIYEHHX Y
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MDKCECIHHHIA Tepiof1, TIPOTeE, € TEBHI 0COOIMBOCTI. 30KpeMa,
MDK pIBHEM KOPTH30JIy Ta aKTHBHICTIO paiOHyKIiIIB
CIIOCTEPITra€ThCsl  CIWIBHUA — MO3UTHUBHHUN  KOPEIISIIHHMI
3B’s130K. [IOCHITIOETBCSI CTYIIHD KOPEJLIIHOT 3aeXHOCTI
MDK pajiaiiHiM 3a0py[HEHHSM 1 BMICTOM KOPTH30IYy, 3
OIHOTO OOKY, Ta IMyHOCYIpECI€I0 Ha PiBHI NOKA3HHKIB Xell-
niepHuX T-1iM(OMTIB, IMyHOPETYJIITOPHOTO IHIEKCY, NpH-
POMHMX KUICPHHUX KIITHH — 3 1HIIOTO. 3’SBJISETHCS CEpeIHIN
HETaTUBHUA KOPEJLIIHHUNA 3B’S30K MDK  aKTHBHICTIO
pamioHyKminiB (a TakoXK KOHIICHTPAIIEI0 KOPTU30IY) Ta
ekcrpeciero mas-T-kriTnaHOrO Mapkepa CDS, cepemsiii mo-
3UTUBHUH — 3 aOCOJIFOTHUM Ta BiJHOCHHM YHCIIOM CYTIPECOp-
wux T-mimdomurie i3 ¢enorrmom CD8+, 3MiHIOETBCH 3
NIO3UTUBHOI HA HETaTHBHY KOpEILIiiHA 3aJIeXKHICTb i3 PIBHEM
cupoBatkoBoro IgG (Tabu.).

TakuM YMHOM, JOJATKOBUI KOPOTKOYACHHH CTPECOBHUIA
YMHHUK, TIOETHAHHH 13 XPOHIYHUM BIUTMBOM MAJIUX JI03 PaJli-
aiii, TNOCWIIIOE 3AISXKHICTH IMyHOCYIIpecii, 3yMOBIIEHOT
paniariiiiHIM 3a0pyTHEHHSIM MICLIEBOCTI IPO>KMBAHHS 00CTe-
JKEHHX, 1 BUKJIMKAE 3001 y KOMITCHCAaTOPHIX MEXaHi3MaXx, 30K-
peMa, Ha piBHI IIPOIYKIIii CHPOBATKOBUX IMyHOTIIOOYJIiHIB.

Bupakena imyHocytpecis B 00CTe)KEHHX 13 HACEIECHHX
MYHKTIB, [0 MaJIK BHII 030Bi HABAHTAXEHHs, Oyla
ITiICTAaBOIO [UIS HaJaHHA PeKOMEH/alii JaHOMY KOHTHHICH-
TY ILI0/I0 HOJAJIBIIMX 00CTEXKEHDb Y caHaTopii-npodinakropii
NPU YHIBEPCHTETI, & MICHIs OIVIILY JIKApiB CaHATOPIIO (It
OKpeMHux o0ci0) — B 0O0JacCHHX CHIOKPHHOJIOTIUHIA Ta
OHKOJIOT14HIH JIiKapHsIX.

BucnoBku

B oOcrexennx, siKi 3a3HANMM XPOHIYHOTO BIUIMBY MAJIMX
03  pamiaimil, BOXKIMBAM (aKTOPOM, MO BH3HAYAE
BUPXKEHICTh IMyHOCYTIpecii, MO)KHa BBaKaTH AaKTHBHICTH
PaNiOHYKIIINIB HA TEpUTOpii MPOKUBAHHS Ta 3yMOBIEHY iX
JUEIO TIMEePIPOIYKIIiI0 KOpTUKOcTepoiniB. Jlonarkose crpeco-
BE HABAaHTKEHHS, 30KpEeMa, EMOIIMHOI MPHUPOIH, TIOCHITIOE
3aNIKHICTh IMYHOCYTIpecii Bifl CTyNeHs paiialiiHoro 3a-
OpyIHEHHS Ta 3/1aTHE BHUKIIMKAaTH 3001 y poOOTi KOMIIEHCa-
TOPHUX MeXaHi3MiB. He3Bakaioun Ha 3HWKEHHS MPOTSAIOM
19952015 pp. [MO30BOr0 HABAHTAKCHHS HA MEIIKAHIIIB
TEPUTOPIH MOCHIICHOTO PaIiOEKOIONTYHOTO KOHTPOIIIO, BOHHU €
TpyNaMM PU3MKY PO3BUTKY MOpYIIEHb CTaHy 3[0pOB’S, 30K-
pema, Ha piBHI POOOTH IMYHHOI Ta €HIOKPUHHOI CHCTEM, i
TOTPEOYIOTh PETYISIPHIX MEINIHIX OTJISIIIB.
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Oco0smBocTi ppakuiiHOrO CKIaxy TKAHMHHOI BOAN
B YMOBAaX 3arajibHoi rineprepMii B eKCliepUMeHTI

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

OwiHEeHO BIUIMB 3arajbHOI TineprepMii Ha MbDK(pPaKIIHHMI PO3MO/UT BOJM Y TKAHWHI TOJIOBHOTO MO3KY, Iepelicepib CepLisd Ta HUPOK
urypiB merogom H+-SIMP-penakcomerpii. HarpiBanss uiypiB y TepMokamepi 3a Temmeparypu +43...+45 °C npotsirom 60 XBUIMH CIIPHYH-
HIJIO Y TBapUH TilepTepMilo, JeriapaTariito, ankasos i rinepHarpiemito. [IIBuaxuii po3BUTOK rinepHATPieMil CIIPUsE PI3KOMY IiABHILCHHIO
OCMOJISUTBHOCTI IIA3MH, IO CTBOPIOE TPalieHT MK BHYTPILIHBO- Ta TTO3AKIITHHHOIO PIMHOIO TKAHWH OPTaHi3My Ta BUKIMKAE y TKAHHHAX
Mepepo3IOALT BOAU MK (ppakmisMu, Tpo o CBiaqunuTh quHamika SIMP-penakcaniifHiX MOKa3HUKIB TKAHMHHOI BOAW. 3a yMOB TinepTepmii
(paKIiiiHuIl CKJIa/ TKAaHUMHHOI BOAY Hepeicepb cepii IIypiB He 3MiHUBCA (dac no3noBxkuboi (T) 1 monepeunoi (T,) penakcanii gocToBip-
HO HE BiJpi3HSABCS BiJl TOKa3HHKIB IHTAKTHOI TKAHWHN). 3a BIUIUBY TillepTepMii y TOJIOBHOMY MO3KY (opMy€eThest (ppaKiist KpECTani30BaHOl
BozM (TioztoBkeHHst T Ta BKopoueHHs T, MOKa3HUKIB perakcartii), o 3arnodirae BTpaTi BOAM KIITHHAMY. Y TKaHWHI HAPOK 3a rineprepmil
30UIBIIY€EThCS (PpaKList BUIGHOT BOAY Ta YacTKa BHYTPIIIHBOKIITHHHOL pinnHK (piske nopowxkeHHs T i T, nokasHukiB pernaxcarii). Y Kip-
KOBIif PEYOBMHI HUPOK BHUSBIICHO MOTOBIIECHHS TigpaTamiiiHoi (pakiii mo3akmiTuHHOI Boau (momomkeHHs T mokasHuka penaxcari, T,
JOCTOBIPHO HE BiPI3HSBCS MOPIBHSIHO 3 IHTAKTHOKO TKAHWHOIO) 3aBISIKM 30UIBLICHHIO BMICTY iOHIB HATpil0 Y TKaHWHI. SIKICHHI CIeKTp
3MiH TKAHUHHOI BOJIM 32 YMOB TillepTepMii CpsIMOBaHHI Ha 3HIDKEHHS 00’ €My PiIMHH, 10 BUBOAUTHCS 3 OPTraHi3My.

Knrouosi cnosa: SIMP-penakcomerpist; yac mo3nosxHboi (T) penakcariii; yac monepeunoi (T,) penakcarii; BHy TpiIIHHOKITITHHHA BOJA;
TI03aKJIITHHHA BOJIA; TEIUIOBUH 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 — ona 3 HAMBAKIMBINIMX XIMIYHUX CIIONYK Y KH-
BUX opraHiamMax. Bim il BMiCTy B oprasi3mi 3aiexarhb
LIBUJIKICTh OIOXIMIYHHMX peakiiiif, TPaHCIIOPTYBAHHS pPEYO-
BHH, TIOKa3HUKH T'OMEOCTa3y, 3aTHICTh IPOTHCTOSTH CTpe-
coBuM (akropam. Brpara opranizmom Ommuzeko 10-20%
BOJIHU He6e3nelma UL KUTTA Ta MOXKE CHPUYMHUTH 3arv-
Oenb. JlocnmiKeHHs CTPYKTYPHHX OCOOJMBOCTEH BHYTPI-
LIHBOKJIITHHHOI ~Ta MO3aKIITHHHOI BOIM B  JKHBHX
OpraHiaMax BHSIBUJIH, II0 BOJa y TKAHWHAX iCHY€E y BHUIJIAL
JIBOX (ppaKIiif: BUTbHOI Ta 3B’ s13aHO1 (Aksyonov, 1987).

®pakiist BUTPHOI BOIIM XapaKTEPH3YEThCS BHCOKOKO PyX-
JIMBICTIO, 1l IPUCYTHICTH iHTEeHCH(DIKYE (i3ioNoriuni mporecu
(Despa, 2005; Cameron and Fullerton, 2014). V xiituHax
BUJIbHA BOJIA € PO3YMHHUKOM a00 CEepeIOBHILIEM Ui repediry
(bepMeHTaTHBHUX PEeaKLii 1 TpaHCIOPTYBaHHs pedoBUH. Mo-
JIEKYJIM BUIBHOT BOIM IepeOyBaroTh Ha BiJaJICHIH BiJCTaHi
BiJ| TIOBEPXHI PO3YMHEHUX PEUYOBHH 1 B3AEMOJIIOTH TUIBKU
MDK co0Oor0. SIKIO BilbHa BOZA 3aTPUMYETHCS B OpraHi3Mi,
BOHa 30MPaeTHCsS i/ MIKIPOIO Ta yTBOpIoe HaOpsiku. [lpu il
BTpaTi 3MEHIIYETHCS 00’ €M TUIA3MH KPOBi, KPOBOIIOCTAYaHHSI
TKaHWH 1, BIIIOBIIHO, TPAHCIIOPTYBAHHS JI0 HHUX MOXKUBHUX
PEUOBHH i KHCHIO, III0 BIUTBAE Ha POOOTY CKENIETHUX M SI3iB,
CepLIEBO-CYAMHHOI CHCTEMH Ta MO3KY.

Jpyra, MeHII pyxinBa, (paxiis 3B’s3aHOI BOIM PO3Ta-
LI0BaHa OJIMKYE JI0 MOBEPXHI OIOMOJIEKYJT 1 3HAXOIUTHCS Y
rigpooOHMX KaHalax 1 MOPOKHHHAX Pi3HOT (OpMH, M0
ICHYIOTh ycepeauHi OiomnosiMepiB 1 memOpaH. BoHa MmirHO
HPWISTAE JI0 MOBEPXHI YaCTOK MaTepiaiy, I'yCTHHA il 3HaYHO
nepeBHILye 3BHU4aiiHy ryctuny Boau (Davidson et al., 2013).
Opakiis 38’13aH0T BOAM HEOOXiTHA JUTs CTaOLIi3alli CTPYK-
TypH Ta (QyHKIIOHATBHOT 1HTErpamuii BHY TPIIIHEOKII THHHHUX
MaKpoMOJIeKyJI i tudy3ii pedoBrH yepe3 MmemOpany (Zhou et
al., 2004; Fullerton and Cameron, 2007). 3B’s3aHa Boma
TIOALTAETECS HA [IBA PI3HOBHAM: MIIHO 3B’S3aHA 31 CTPYKTY-
paMi MakpOMOJIEKYJI, HANpHKIAA, OUIKIB (KpHCTali30BaHA
BOJIa), 1 TijIpaTaliiiia Bo/ia, sIka BXOIHTb IO CKIIa Ty TiIpaTHIX
000JIOHOK OpraHiYHHX MOJIEKYII, SIK OlomoniMepiB (Hacamrie-
pen OUIKIB), Tak 1 HU3bKOMOJICKYIISIPHUX PeYOBUH. MILIHICTh
3B’s13yBaHHS MOJIEKYJI BOJM 3 OlomoyiiMepamMy Mae BeJIHKe
3Ha4YeHHs i1 (OpMyBaHHsA Ta craOumi3amii 1X HATUBHOI
CTPYKTYpH Ta (pyHKIIOHAIBHOI aKTHBHOCTI Y JKHBHX CHCTE-
Max. 3a HU3bKOrO CTYIICHSI Tiiparallil MOBEPXHEBHX MOJSAPHHIX
TPYIl MK MOJIEKYJIaMi BUHHKAIOTH JJOJATKOBI KOHTAKTH, SIKi
3HIDKYIOTh KOH(OpMaLiiiHy pyXJMBICTH I7100ya OUIKIB, IO
CIIPUYHMHIOE BTPaTy ()epMEeHTaTUBHOI akTUBHOCTI (Zhang and
Cremer, 2006). Tomy ydacte Boau Yy (opMyBaHHI
OIOCTPYKTYp 3YMOBJIOE, 3 OIJHOTO OOKY, BHHHUKHEHHSI
CTa0LT3yBAIbHUX TiAPOQOOHUX B3AEMOIIN, a 3 IHIIOIO —
CTBOPEHHSI KOH(POPMAIIHHOT PYXJIMBOCTI MOJIEKY.I.

CIIiBBIJHOIIICHHS BUIBHOI Ta 3B’53aHOI BOIU Y TKaHWHI
Mae Juii Hel Benuke (isionoriude 3HaueHHs. lIBuakicTh
OKPEMHX peakliiii Ta IHTeHCUBHICTD (hi310JIOTTYHIX MPOIIECIB
y LUJIOMY 3ajJeXaTh Bil BMICTY BUIBHOI BOAM y TKaHMHI
(Sulyok, 2006). CrifikicTh 10 HECHPUSTIMBHX 30BHIIIHIX
BIUIMBIB, HABIAKH, MAa€ MPSIMY KOPEILILII0 3 YMiCTOM
3B’S3aHOI BOmM. MbK pi3HIMEH (pakmisMAd BOXH ICHYE
IVHAMIYHA piBHOBara Ta MOMJIMBICTh iX B3a€MHHX

nepexoxiB. Hampukomax, BMICT TigparamiiiHOi BOOM MOXKe
30UTBITYBAaTHCS 32 PaxXyHOK BUTHHOI Ta KPUCTAJIYHOI BOAW
(Hortelano et al., 2001).

OcraHHIMH POKaMH Y HAayKOBIif JiiTepaTypi ijie akTHBHA
JIMCKYCIsl TPO MexaHi3MH [iii JIOKaJIbHOI Ta 3arajbHOl
rineprepMii Ha OpraHi3M JIIOAWHY, 1{ BIUIMB Ha IaTOTEHE3
pizaux 3axBoptoBanb (Falk and Issels, 2001; Litvitsky,
2010). Hwuni rineprepmisi YCIHIIIHO 3aCTOCOBYETHCS Y
kiiHikax CIHA, xpain €Bponm Ta A3ii Ui JiKyBaHHS
pi3Hux 3axBoproBanb (Bull et al., 2008; Kok et al., 2015).
KiiHidHOMY 3aCTOCYBaHHIO 3arajibHOI TirepTepmii Mae Ie-
penyBatd ii eKCHEpUMEHTAIbHE MOJEIIOBAHHA 3 METONO
MOBHILIOrO Ta JETAIBHINION0 BUBYEHHS IATOTCHETUYHHX
aCTIeKTIB BIUIMBY BHCOKOi 30BHILIHBOI TeMIleparypud Ha
KJIITHHH, TKAHWHHU, OPTaHU Ta OPraHi3M y [iJIoMY.

CraOlipHiCTh peryisil BCIX SKUTTEBUX (DYHKIIH rapaH-
TYETbCSl 30ATHICTIO OPraHi3My JI0 YTPUMaHHS TEeMIIEparypH
TiJIa y By3bKHX Mexkax. by/ip-sika 3MiHa y cTaHi TeII000MiHy
HEraifHO BHKJIMKAE TepeOyIOBY Y TCTEPOreHHiNH (YHKINO-
HaIBHIA CHCTeMi — amapaTi TepMOpEryJiilii, XapaKTepHOO
PHCOIO SIKOTO € BiJICYTHICTh CHELIaIbHUX OPraHiB i BUKOPH-
CTaHHS Pi3HHUX OpraHiB i (QyHKIIH. 3MiHA TETIOBOTO PEXKUMY
y OIK IIBHINCHHS 3araJlbHOI TEMIIEPaTypH Tila BUKIIMKA€E
3HAaYHI 3MIHM Ha BCIiX PIBHAX OaraTOKIITHHHOTO OpPTaHi3MY:
MOJIEKYIIIPHOMY, KIIITHHHOMY Ta TKaHHHHOMY (Kozlov, 1990;
Sreenivasa et al., 2003; Efremov et al., 2006; Dayanc et al.,
2008; Peer et al., 2010). Bona Bimirpac BaxIHMBY pojb y
MATPUMAaHHI TIOCTIHHOT TeMIiepaTypy Tila opraHiamy. 3 mij-
BHUILICHHAM TEMIIEPATYpU BOHA iHTeHCI/IBHO BUIIApPOBYETHCA Y
BUIJLII TOTY, IO 3amo0irae IeperpiBaHHIO  OpraHizmMy
(Chvyrev et al., 2000). BHyTpilIHBOKITITHHHIH 00’€M € BaK-
JIMBUM IHTETPaIbHUM TOKa3HUKOM KJITHHHOTO T'OMEOCTasy.
3MiHM BHYTPIIIHBOKJITHHHOTO O0’€MY iHILUIOIOTH 3aITyCcK
MEXaHI3MIB Peryirii MeTaboNiYHHX TMPOIeCiB y KIITHHI
(Ling and Tucser, 1988). T'omeocrarmdHi MexaHi3MH opra-
Hi3My JOCHTh €(eKTHBHO pEryaiolOTh OOMIH BOOM Ta
€JIEKTPOJITIB, MATPUMYIOUM B MeXax (i3loNoridHol HOpMH
OCMOTHYHMA THCK TIO3aKJIITHHHOI, a depe3 Hel i
BHYTPILIHBOKITITHHHOI PIIHH.

Benukuii iHTEpec CTaHOBJISATH MOCHIDKEHHS MPOLECIB
TPAHCIOPTY BOAM Ta IOHIB 4epe3 OloJoriuHi MeMOpaHw,
3’sICyBaHHsl IHOMBIIYaJbHUX XapaKTEePHCTUK —rigparamii
opraHiB 3a ymoB rineprepmii. L{i nmuTaHHS MalOTH mepmo-
psiHE 3HA4YEHHS I8 PO3KPUTTS OlOXIMIYHMX MeEXaHI3MIB
ajarnrarii 0i0JOTIYHUX CHCTEM JIO 3MIHH TeMIepaTypu Has-
KOITMIITHBOTO CEPEeIOBHUINA, MPUYNH X 3aruOeri 3a BHCOKOI
TEMIIEPATypH.

Mera crarTi — OXapaKTepu3yBaTH 3MiHH (PPaKIiifHOTO
CKJIaly BOAY TKaHMH TOJIOBHOTO MO3KY, Iepelcepas Ta HU-
POK IIypiB 3a BIUIMBY BHCOKOI Temrieparypu (+43...+45 °C)
npoTsiroM 60 XBUIUH.

Marepiau i MeToau q0CTiTKEHD

JlociimkeHHsT IPOBOJIWIM HAa CTATEBO3PUIMX OUTMX IIry-
pax-camipix JiHii Bictap macoro 200-250 r. dormsn 3a TBa-
puHamu 3xilicHroBaM 3riqHO 3 [lppextnBamm  €Bporneii-
cbkoro coro3y 2019/10/63 €C npo 3axucT XpeOETHUX TBApHH,
10 BUKOPHCTOBYFOTBCS JUISI €KCIICPUMEHTAIBHHUX Ta IHIINX
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HayKOBHX IiJIeH, 1 BimmoBiaHO 1o 3akoHy Ykpaiau Ne3447-IV
«[Ipo 3axuCT TBAPHH BiJl YKOPCTOKOTO TIOBOKEHHsD. TBapuH
YTPUMYBJIM B YMOBAX BiBapito Ha 3BHYaiHOMY 30aJlaHCOBa-
HOMY DallioHi Ta BUIbHOMY JOCTYTIi JI0 BOJIH.

MeToIoM BHUIIAJIKOBOI BHOIPKK TBApHH MOUTAIN HA B
rpym 1o 10 ocoOuH y koxHiit: | rpyna — iHTaKTHI TBapHHH,
SIKI CITyryBaimi KoHTposteM, I — jmocizHi, SIKMX HarpiBaay B
TepMOKaMepi 3 TeMIeparyporo moBiTps +43...+45 °C, BigHOC-
HOIO BOJIOTICTIO MOBITPs 75—85%, KOHIIEHTPALIEI0 KHCHIO B
Mmexax 20,0-20,5% npotsarom 60 xBummH. [lo 1 micis mepe-
TPiBy TBapHH 3BA)KyBAIM Ta BHMIPIOBAIN Y HHUX PEKTAJIbHY
Temmeparypy. Ilicis 3aKkiHYeHHS TEIJIOBOTO BIUIMBY TBapHH
JEKaIiTyBaJH i JIETKUM e(ipHIM HApKO30M i3 HAaCTYIIHOIO
eKCTUPIALIEI0 JOCIIPKYBaHUX OpraHiB (TOJIOBHHMII MO3OK,
cepie Ta HUpKK). KpoB TBapuH 30upany y ABI MpoOipKH: i3
renapuHoM (111 BUMiptoBaHHs pH 1utasmu kpoBi) Ta 6e3 aH-
THKOAryJISIHTY (JU1sl BU3HAYEHHSI KOHIIEHTPALlii i0HIB HATpPil0 y
cupoBartii kpoBi). I1poGipku 3 KpoB’10 LEHTpHGYryBaH 3a
+4 °C npotsirom 10 xB (3 000 00./xB). pH KpoBi BUMiproBaIH
Ha 1m¢poBoMy anarizaTopi pH i rasiB xpoi OP-215 (Yrop-
rHa). BMICT 10HIB HATPil0 BI3HAYAIN METOIOM TOIyM SIHOI
¢otomerpii (Kolb and Kamyshnikov, 1982).

®paxirii TKAaHUHHOT BOAM BU3HAYAIM METOJOM SIICPHO-
MarHiTHO-pe3oHaHCHOT (SIMP)-penakcomerpii, sSkuii Mae
BHCOKY YyTJIMBICTH IO BHYTPIITHHOMOJEKYJSIPHUX PYyXiB 1
JIa€ MOXJIMBICTH OLIHWUTH CTPYKTYpY BOAM Y KIITHHI
(MacFall et al., 1987; Tregnaghi, 1991). Koxna i3 ¢pakuiii
TKAaHMHHOI ~BOJM  Xapakrepusyerbcsi pisHumMu  SIMP-
TIOKa3HUKaM1: 4acoM IIO3JIOBXKHBOI, ab0 «CIIH-IPaTKOBOD)
(Ty) 1 nomepeunoi, abo «cmin-cninoBoi» (T,) penakcarii
nipotoHiB. IlinroroBky npo0 s IMP-penakcomerpii BUKO-
HyBaJM sIK ormicano y poborax Bell (1989) i Krik (1990).
JocnimkyBaHi TKaHHHH 3BaKyBAITH, TIOMIMIATN y CKIITHY
npobipky miamerpomM 10 MM 1 mporpiBanu y TepmoOaHi
«Haake» (Himeuunna) mo +40 °C mpotsrom 10 xB.
Y TKaHMHI TOJIOBHOTO MO3KY, Tepe/icepisl, HUPOK 1 KIpKOBOT
PEUYOBHMHU HUPOK IIIypiB aHaJi3yBallM Yac MO3/I0BXKHBOT, 200
«cmin-rparkoBoi» (T)) i nonepeuHol, abo «CHiH-CIIIHOBOD)
(T,) SIMP-penaxcauii npoToHiB Ha penakcomeTpi Minispec
PC 120 (Bruker Optik GmbH, HimeuunHa) 3 pobo4oro dac-
totoro 25 MI'm. T moka3HuK penakcariii Bu3Ha4am 3a 40
TOYKaMH METOJIOM IHBEPCii-BiTHOBJIEHHS], B SIKOMY CIIOYATKy
3amaetees 180° iMmynec, a gepe3 neBHui ac — 90° iMmyIibe,
0 39UTYETHCS. T) TIOKa3HUK BUMIPIOBAIH 32 25 TOYKAMH,
BHUKOPHCTOBYIOUH KJIACHYHY TIOCTIZIOBHICTE iMITymbeiB Kapa —
Iapcenna — Mensbyma — ['inma, B OCHOBI SIKOi JISKHUTH
OTIPOMIHEHHSI 3pa3Ka 30HAYBAJIBHHMH iMITyinbcamMu 90°-1-
180° ta peectpamisi cmiHOBOro BiMITyHHS. Yac MOBTOpEHHS
00paHo OZIHAKOBMM B 000X BuMipax (3 c).

Maremarnudy 00poOKy orpumanux 3Hadenb T 1 T,
HOKa3Hl/IKiB MPOBCACHO aBTOMAaTUYHO 3 BUKOPHUCTAHHAM IIPO-
rpamHoro mnakera Experiment Supervisor (Bruker Optik
GmbH, Himeuunna). 3a HasBHOCTI JJBOKOMIIOHEHTHHX KpH-
BUX TIOKA3HWMKH Yacy peNlaKcamii po3KIafaii Ha OieKcro-
HEeHTW Ta 3a TokasHukamu Ta i Tb po3paxoByBamm dacTku
BHYTpIIHBO- (Pa) Ta mozaxmitiaHOT (Pb) Bomm 3a hopmyroro:

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

CratuctiyHy 0OpOOKY eKCHEpPUMEHTAIbHUX IaHuX BH-

KOHYB&JIM 3 BUKOPUCTAHHSIM JIILIEH31HHOTO MaKeTa MPHKIIa/I-

HUX TIPOTpaM CTaTHCTUYHOTO aHawi3y Statistica 6.0 (StatSoft
Inc., CIHIA). PospaxoByBamm cepeaHe apupMeTHIHE
Bapiauiiinoro psxy (M) 1 nmommiky (m). JocToBipHICTH
BIJIMIHHOCTEH MiX JOCHIJHOIO Ta KOHTPOJBHOK IPYyIaMu
owiHIOBAIK 3a t-kputepieM CrhrojieHTa. BimMiHHOCTI BBa-
*any goctoBipHrMH 3a P < 0,05.

Pe3yabTaTi Ta ix 00roBopeHHs

[lepeOyBaHHs TBapuH y TepMOKaMmepi 3a TeMIlepaTypH
+43...+45 °C mpoTsirom 60 XBIIMH BUKIHKAIO 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
nieperpiBanHs y 1IypiB 3MeHIiIach Bara Ha 4,5 £ 0,6 r (2%
MacH Tina). L{i naxi cBigyaTh Npo JeripaTailiio opraHizmy
JociigHux TBapuH. OOJiraTHa BTpaTta BOJM 3yMOBJIEHA IO-
TpebamMy TPOIIECIB  TEPMOPETYJIsilii, sKi 3a0e3NeUyroTh
JKUTTEAISUTBHICTh OPraHi3My B YMOBaX TEIUIOBOTO CTPECY.
YTBOpEHHsI NOTy BiIOYBA€THCS 32 PaXyHOK HO3aKIITHHHOI,
BHYTPIIIHBOCY/IMHHOI PiIMHY, a TaKOXX HE3HAYHOIO MipOro
3a paxyHoK Bogu eputpormtiB (Chvyrev, 2000). AxTuBaris
MOTOBHAUICHHS Ta JMXaHHS Y JOCIIHUX TBApUH CIPUYH-
HUIo 3cyB pH mma3mu kposi: 7,66 + 0,03 y nocmigaux TBa-
puH opiBHSHO 3 7,42 + 0,02 y inTakTHHX TBapHH (P < 0,05).
3mina pH KpoBi BHKIHMKaHA SIK TIOCUICHWUM BUIUICHHSIM 3
opratismy CO,, TaK i HaKOITMYEHHSIM B OPraHi3Mi TBapHH
JMYXKHUX CIHOJYK TpH 3aTPUMaHHI HaTpifo. Y CHpOBATIi
KpOBI LIypiB 13 TiMepTepMi€r0 KOHLEHTpALlisl 10HIB HaTpit0
3pocnay 1,2 paza: 161,7 + 5,5 mMoss/n nopiBasiHO 3 136,0 £
2,0 mMouw/n y inTakTHUX TBapuH (P < 0,05). IIBunkuii po3-
BUTOK TilepHATpieMii CHPUYMHIOE pi3Ke ITiBHUILEHHS
OCMOJIIPHOCTI TIJTa3MH KpOBI HIypiB, [0 CTBOPIOE OCMOTHY-
HUH TpajieHT MDK BHYTPIIIHBO- Ta IO3AKIITHHHOIO
plIMHAMH TKaHWH OpraHi3My Ta 3yMOBIIOE Timparariito abo
JICTipaTaIlito KIITHH.

Ha ocHoBi aHamidy pauHamikd mokasHukiB —SIMP-
penaxcanii MpOTOHIB BOAM TKAHMH TOJIOBHOTO MO3KY, Iepe-
JCEpIsi, HUPOK 1 KIPKOBOI PEYOBMHM HHMPOK IHTAKTHHX 1
JIOCITITHUX 1IypiB, MM OXapaKTepH3yBaji 3MiHH (pakLiiHOro
CKJIaZly BOJM OpTaHiB, IO 33isHi Y MeXaHi3Max peryJisiii
BOJIHO-COJILOBOT'O OaJIaHCy OpraHi3My B YMOBaX BHCOKOI TEM-
TiepaTypH HaBKOJIMIITHBOTO CEPEIOBHIIA.

BuwmiptoBannst wacy mo3nosxksboi (T;) Ta momepedHoi
(T,) penakcariii IPOTOHIB TKAHMHHOI BOJM T'OJIOBHOTO MO3-
Ky, Tepencepib, HHAPOK 1 KIPKOBOI pPEUOBHHHM HHPOK
IHTAKTHUX TBApHH TOKa3aJ]o, [0, KOKHA JOCTIKEHa TKa-
HHMHA XapaKTePH3YEThCs IHAMBIIAYaJbHUM 3HAYCHHAM 4Yacy
TIOB3/IOBXHBOI pernakcaltii npotoHis (puc. 1). IIpu upomy T
KipKoBO1 pedoBUHN HUPOK < T HUpoK < T| roJoBHOTO MO3-
ky < T, mepencepap. 3a YacoM IIONEPEYHOi perakcamii
JIOCIIZKyBaHI TKaHWUHH BiIpi3HsuHCs HecyTTeBO: T, mepe-
ncepnb = T, kipkoBoi pedoBuHu Hupok = T, Hupok < T,
TOJIOBHOTO MO3KY (pHcC. 2). B ycix MOCTIIKEHUX TKaHHHAX
niepeBakana (paxuist BHyTpilHboKIiTHHHOI (Pa) Boau (puc.
3). OTpuMaHHi pe3yJIbTaTH BiIIIOBIIAIOTH JaHUM JITEpaTypy
(MacFall, 1987).

YV MexaHi3Mi ajanTamii opraHi3My 0 BUCOKHX TeMIIepa-
Typ BENHMKE 3HAUCHHS Ma€ KOPHIYBaJbHA (DYHKIIiS
LEHTpaIbHOI HEepBOBOi cucTeMu. OcoOMMBO UYYTIMBI 10
Jerigpararii 9d HaaMIpHOI TimpaTarii KIITHHH TOJOBHOIO
MO3Ky. BTpara TKaHMHHOT PiIMHU CIIPUYMHIOE 3MOPIIlyBaH-
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HSl TKaHUHU LIEHTPAJIbHOI HEPBOBOI CUCTEMHM, BUKIMKAIOUU
KPOBOTEYI BHACIIIOK PO3PUBY CYIIHH, 110 3’ €AHYIOTH TBEPAY
MO3KOBY OOOJIOHKY Ta TOBEPXHIO TOJIOBHOTO MO3KY
(Kozlov, 1990). V TkaHuHI TOJOBHOrO MO3KY LIypiB i3
TrifnepTepMi€l0 BCTAHOBJICHO TIOJIOBKEHHS Yacy MO3A0BKHBOT
(Ty) Ta BropouyeHHs uacy mnomnepeuHoi (T,) penakcarii
TIPOTOHIB BoM TKaHWHU (puc. 1, 2). Taka aunamika T; 1 T,
TIOKa3HUKIB XapaKTepHa JUlsl KpUCTAIi30BaHO1 (pakwii Boau
(Ling, 2003). ®opmyBamHsS (pakiii 3B’S3aHOI BOIU
CBITYMTP TPO HAABHICTHP BENHKOI KUIBKOCTI  MiCIh
3B s13yBanHs: ioHizoBaHux (-COO-, -NH;") i nonsprux rpyn

(-OH, -COOH, -COH, =C=0, -NH,, -CONH,, -SH, =NH),
IO BXOAATH N0 ckiaxy Oiomosekyn (Garsia-Martin et al.,
2001). 3a mpucyTHOCTI OUIKIB Ta IHIIMX MOJEKYJ, SKi
3B’SI3YIOTh  BOMY, CYTTEBO 3MCHIIYEThCA  KOCQIIIEHT
camou(ysii, MO YCKIAAHIOE OOMIH MPOTOHAMH MIiX
BUIBHOIO Ta KPHCTAJIi30BaHOIO BOAOI. THM camuM
TaIbMY€ThCS BTpaTa BOAW KIIITMUHAMHU TOJIOBHOTO MO3KY 3a
YMOB rineprepMii. Y HIypiB i3 rineprepMi€ro po3moiia Mix
BHYTpimHBO- (Pa) Ta mozakmitTrHEOO (PB) pigMHOIO TONOB-
HOTO MO3Ky HE 3MIHHBCS TIOpIBHSHO 3 iHTaKTHUMH TBapH-
Hamu (puc. 3).
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O igTaxTHi TBapuHKH B I0CITiAHI TBAPUHU

Puc. 1. Hac no3go:xuboi (T,) penaxcauii npoToHiB BOAU TKAHUH LIYPiB B yMOBaX 3arajibHoI rineprepmii:
1 — ronoBHUI MO30K, 2 — nepencepas, 3 — HUPKH, 4 — KIpKOBa pPeUOBHHA HUPOK;
*—P<0,05, ** — P < 0,025 nopiBHSHO 3 IHTAKTHUMH TBapUHaMH, n = 10
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Puc. 2. Yac nonepeunoi (T,) perakcauii npoToHiB BoAM TKAHWH LIyPiB B YMOBAaX 3arajbHoI rineprepmii:
1 — ronoBHUIA MO30K, 2 — niepenceps, 3 — HUpKH, 4 — KipKoBa pe4OBHHA HUPOK;
* — P < 0,05 nopiBHSIHO 3 IHTaKTHUMU TBapuHaM, n = 10

Peaxuiro opraHi3My Ha BIUIMB BHCOKHX TEMIIEpATyp HaB-
KOJIMILIHBOTO CEePeIoBHIIa Oarato B YOMy BU3HAYa€ CTaH cep-
LIeBO-CyUHHOI ~ cucteMd. KpoB, sKka Hagxomute Yy
niepudepruHi CyJIMHU Ha TIOBEPXHI Tija, BIUIA€ YaCTHUHY Tell-
Jla, TI0 YTBOPIOETBCS Y PE3YJBTAaTi OKUCHUX TMPOLECIB Y
xiituHL. [TopymeHHst cepLieBo-CyIMHHOI CUCTEMH B YMOBax
3araJibHOI TilepTepMii OpraHi3My BiIOyBarOThCS BHACIIIOK
BIUTMBY TillepTepMii Ha MEHTPAIbHY HEPBOBY CHUCTEMY abo
Yyepe3 3MiHH Y CaMOMy cepli. Y JOCHiHMX TBapHH HE BCTa-
HOBJIeHO joctoBipHuX 3MiH T 1 T, mokasHuWKIB penakcaril
NPOTOHIB TKAHMHHOI BOJAM IEpeICepAb IMOPIBHSIHO 3

iHTaKTHUMHU TBapuHamu (puc. 1, 2). Jlaui Jjiiteparypu cBin-
YaTh, 1[0 BMICT BOJM Y TKAHHHAX CEPIs 3a [iii BUCOKHX TEM-
TIepaTyp HaBKOJIMIITHBOTO CEPENIOBHILA MAlKe HE 3MIHIOEThCSI
(Chvyrev, 2000). KpoB 3ryIiyeTsces, HOPYIIYETECS. KPOBOOOIT,
1110 3yMOBIIIOE NOJIANIBIIIE 3POCTAHHS TEMIIEPaTypy Tila.

Onmna 3 JMITYBaIBHUX JIAHOK Y CHCTEMi peryJisiii
TEIUIOOOMIHY — CTaH BOAHO-COJILOBOI PIBHOBArd OPraHizMy, y
YoMy OCOOJIMBO Ba)KJIMBA POJIb HAICKHUTH EKCKPETOPHIii
(yHKLIT HUPOK. Y HUPKOBIH TKAHHHI LIypiB i3 TiepTEpMIEr0
BCTAHOBJICHO CYTT€BE TIOJOBKEHHS Yacy mo3aorxHboi (1) Ta
noriepeuHoi (T,) penakcauii mportoHiB Boau (puc. 1, 2)
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MOpIBHSHO 3 IHTAKTHOIO TKaHWHOIO. Taka UHaMika
nokasHukiB  SIMP-penakcaiii npoTOHIB  CBiTYMTH  TIPO
TTJBUIIIEHHS PYXJIMBOCTI MOJIEKYJT TKAHMHHOI BOJIH, IPHUCKO-
PEHHSI TIPOTOHHOTO OOMIHY MDK KPHCTJi4HOIO Ta BLIBHOIO
(paKIissMi TKAHHHHOT BOJAM, 3MEHIIEHHS T1POBAHOTO IIapy
(Kuchel et al., 1994). 3pocranHs y HHpKax UIypiB i3
rineprepMiero (pakiii BUTbHOI B BiZI0YBA€ThCS 38 PaXyHOK
3MCHIIICHHS YacTKu To3akmTuaHOI (Pb) Bomu (puc. 3). Ilo-
PYIICHHA Tifpatamii KITHH HHPOK 3YMOBJICHE 3MiHAMU
KOHIIETpaIlii y IUIa3Mi KpPOBi PO3UMHHUX PEYOBHH, 30KpEMa,
ioniB Hatpiro (Titze, 2008).

Xapaxrep 3MiH TOKa3HHKIB peJiakcailii TKAaHMHHOT BOJN
KIPKOBOT PEYOBHHM HUPOK JOCITIIHUX TBAPUH OYyB IHIIIMM,
HDK HUPKOBOI TKaHWHU. Y KIPKOBIH PEUOBHMHI HUPOK ILypIB i3
rifnepTepMi€ero BUSIBICHE 3PYLICHHS TUIBKH 4acy MO3/I0BKHBOT
(T,) penakcariii MPOTOHIB TKAHMHHOT BOJIH, KM 30LIBIIMBCS

TOPIBHSHO 3 1IHTAKTHOIO TKaHUHOM (puc. 1). Yac monepeyHol
(T,) penakcatiii IPOTOHIB TKAHMHHOT BOJIM KipKOBOT pEHOBHHU
HHUPOK IIypiB i3 rineprepmicto OyB TakuM, SIK Y IHTAKTHHX
TBapuH (puc. 2). Take MoeaHaHHS MOKA3HUKIB CBIIUMTH IPO
TOBUTBHUH TPOTOHHMI OOMIH MDK 3B’SI32HOIO Ta BUIBHOO
¢dpakiissMi  BOZIM, 3MEHIIGHHA CTPYKTypH3alii BoIM
(Cameron et al., 1984). Ilpore He 3a paxyHOK TiJpOBAHOTO
mapy, mo (popMyeThCS HABKOJIO 10HIB HATPIIO, KOHIIGHTPALIis
SKAX 3pocia Yy KIPKOBIA pPEYOBMHM HHPOK IIypiB i3
rimeprepmiero: 1333 + 336 i 1454 + 2,84 wmmomnb/n
BIMOBITHO B iHTaKTHHX i Jociigaux tBapud (P < 0,05). Ilo-
TY>KHUI 11ap BOM Y YaCTHHI MO3AKIIITHHHOI piauHu (puc. 3)
TKaHWHM KIPKOBOI PEYOBMHM HHUPOK JIOCHIJHHX UIypiB
TIEPEILKO/PKAE HAJIXO/PKEHHIO BOJM Y KIITHHY. 3MEHIICHHS
YacTKM BUIbHOI BOJAM y KIITHHI Bele [0 3HWKEHHS 11
AKTHBHOCTI Ta 00’ €My PIIMHH, 1110 BUALIIETHCS HUPKAMU.
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Puc. 3. CniBBinHomeHnHs BHYTpiliHbo- (Pa) Ta no3axuiruauoi (Pb) Boau TkaHuH IIypiB B yMOBaXx 3arajibHoi
rineprepmii: 1 — ronoBHuil MO30K, iHTaKTHI TBapUHH, 2 — TOJIOBHUM MO30K, HOCIIiAHI TBAPUHY, 3 — HEpeAcep s, IHTAKTHI
TBapUHH, 4 — HepecepAs, JOCTiAHI TBAPUHN, 5 — HUPKH, IHTaKTHI TBApUHU, 6 — HUPKH, JOCIIJHI TBAPHHH,

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

* P < 0,05 nopiBHAHO 3 IHTAKTHUMU TBapuHamu, n = 10

Ha ocHOBi BUIIEBHKJIaJEHOTO MaTepialy € MiJCTaBH
CTBEP/DKYBATH, 1110 3a Jii 3arajbHOI rinepTepmii Ha OpraHiaMm
MOJKITHBI ZBa IIUISIXA PO3BUTKY MOJAIBIINX 3MiH: HO-TIEpILIe,
IJIBUIICHHS TEMIIEpaTypH pI3HUX OpraHiB 1 TKaHWH 1
OesnocepenHil BIUIMB TEMIIEPATypHOTO UYMHHWKA Ha iX
CTPYKTYpY Ta OOMiH PEUOBHH y HHX, MO-IpyTe, aKTUBALIis
MEXaHI3MIB aJanTamii J0 BUCOKHX TEMIIEpaTyp i3 HACTyI-
HUM BIUIMBOM Ha OpraHi3M 3pyIieHb, L0 BiAOYJIHCS
BHACIIIOK ~ perymsiiii  Temmeparypu Tina. [lopambmn
JOCII/DKEHHSI HACIIJKIB BIUIMBY IIeperpiBy Ha CTaH
OpraHiaMy TBapWH 1 JIIOAMHU JIO3BOJSITH  PO3KPUTH
3aKOHOMIPHOCTI PO3BUTKY MAaTOJIOTIYHUX ITPOLECIB, IO BHU-
HHKAOTh I1i/l BIUIABOM €K30TCHHOI TilepTepMil, Ta po3Iin-
pUTH TeopeTWYHWHA Oasuc A PO3POOJICHHS 3aco0iB
NpO(iIAKTHKH PO3BUTKY TEIUIOBOTO CTPECY.

BucHoBku

lNmeprepmist y TBapWH CHOPHYHMHIIA Pi3HOCIPSIMOBaHI
3MiHH TIOKa3HUKIB 4Yacy mo3noBxHboi (T;) Ta momepednoi

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

T, 1 T, moka3HUKHM pernakcarlii MPOTOHIB TKAHUHHOI BOJN
Tiepecepb JOCIITHAX TBAPHH JOCTOBIPHO HE BiJPI3HSUINCH
BiJl IOKa3HHUKIB iHTAKTHHUX TBapHH.

3a BIUIMBY TineprepMmii B TOJOBHOMY MO3KY IIypiB
(hopMyeThCST MIITHO 3B’s13aHa 3 MaKPOMOJIEKYIAPHAMHI CTPYK-
Typamu (ppaKiiisi KpUCTAIIYHOT BOJHM, IO YCKIIAIHIOE OOMIH
MPOTOHAMHU MDK BUIBHOIO Ta KPUCTAIIIMHOIO BOJIOIO Y KITITHHAX,
THM CaMHM BiZIBOJIUTHCS BTPaTa BOJY TOJIOBHAM MO3KOM.

VY 1iypiB i3 TiEPTEPMIEIO CIIOCTEPIraeThesi MK(pPaKIIN-
HHUH NEepepo3no/Iiyl BOAW HUPKOBOI TKAHWHH, IO CYHPOBO/I-
KYEThCS 3MIHOK (PUIBTpaIlliiiHO-peadCcopOIiiHOT 3MaTHOCTI
HHPOK.

Ilonsika

Most mnomsxka mnpodecopy Ipuni  OmnekcannpoBHi
KomapeBueBiif 3a 1omoMory y TpOBEICHHI EKCIIepHMEH-
TaJIEHOTO €TAITy JIOCIIKSHb.
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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/1eTOKCUKAIIMOHHbIE PYHKIIMM METAIOTHOHEMHOB
B MO3re U KPOBH KPbIC IIPH AeCTBUM KaIMUsI B KOHTPOJIUPOBAHHOM /103€

O.H. WuitaTyMm, [.A. Ymakosa

JInenponemposckuii Hayuonanvhviid yHusepcumem umenu Onecs Ionuapa, [{nenponemposck, Ykpauna

CormnacHo cOBpeMEHHOH KiTacCU(pUKANK KaHIIEPOTEHOB Ka[MUH CUMTACTCS] OJHUM U3 CaAMBIX SIOBUTBHIX M HEXKENATEIbHBIX THKEIBIX
METAJUIOB I MHOTHX TKaHEeH OOJBIIMHCTBA OPraHM3MOB. JloKka3aHa IMANpPYIONIast POk METALIOTHOHENHOB KaK 3alUTHBIX OEIKOB B IITa-
He NHrUOMPOBaHMS NECTBHS KaaMHUs 3a CUET YHHKAJIFHOTO MEXaHM3Ma KOHKYPEHTHOTO CBSI3BIBAHMS HOHOB IIMHKA (Zn) B pe3yJIbTaTe Ha-
ymaust noHoB Cd 3a cueT penunpoKHOro cBs3bIBaHMs MOHOB. MT OBUI BHepBble 0OHApYXKEH B MOUYKAX JIOIIAAN U OXapaKTepH30BaH Kak
HHU3KOMOJICKYJISIPHBIN OElIOK, 00OTallleHHBIH OCTaTKaMH LUCTENHA, KOTOPbIe Y()(EKTUBHO CBSI3BIBAIOTCS C MeTallaMu. [ JiaBHas QyHKIHS
JIAaHHBIX OEJIKOB pacCMaTpUBACTCs B IUIAHE JICTOKCUKAIIUH TSDKEJIBIX METAJUIOB, TAKMX KaK PTYTh, MBIIBSK U KaJMUi, a TAKoKe MOJIepkKa-
HUsI TOMEOCTa3a BHYTPHKJIETOYHBIX METAJLIOB, BKIIOYask MeJlb U LIMHK. MeTaNIOTHOHEHHBI TAK)KE BBIIOJIHAIOT 3aIMTHbIC QYHKLUH B TIaHe
00€e3BpEKHBaHMS PEAKTUBHBIX (POPM KHCIOPO/a, 3amuThl oT noBpexaeHus JJHK, okucnurensHoro crtpecca, akTHBHO IIPUHIMAs y4acTHE B
MEXaHU3MaX PETyJISIMH BKUBAHMS KIETKHU, aHTHOTEHE3a, arlonTo3a 1 Mpoivdepalyi KiIeTok. B 31oii paboTe MbI CTpeMIINCh MOAIEPK-
HYTb 3alIATHYIO (DYHKIIMIO METAUIOTHOHEHHOB B MO3T€ M KPOBH KPBIC ITPH WHIYLHUPOBAHUN KOHTPOMHpPYeMbIX 103 Cd. DKCrIepiMeHT npo-
BeJICH Ha KpbIcax JWHUM BucTap, KOTOpbIe MOMydaay CTporo KoHTpoiupyeMyio ao3y Cd ¢ muteeBoit Bogoi B Tedenue 15 u 36 mHeil
B xoze 1ByX HE3aBUCHMBIX HKCIEPUMEHTOB 58 KpbIC MOJBEPraliCh MHTOKCUKANUK KaamueM B gose 0,1 wm 1,0 Mkr Cd**/xr Macce! Tena
KaKZIbIH JIeHb B TeueHue 36 cyTok. [lomydeHHbIe pe3ynbTaThl YKa3bIBAIOT Ha CHENU(DHIHOCTD MPOAYKINHM METAUIOTHOHCHHOB B MO3Te U
KPOBH HICCIIEyEeMbIX JKHBOTHBIX B 3aBUCUMOCTH OT 110361 Cd u BpeMeHH akkyMyspinun. OTMedeHa 0COOSHHOCTh PEryJBILMK MPOIYKINH
METAJUIOTHOHENHOB B MO3I€ M KPOBH B XOJI€ XPOHUYECKOW aKKyMyJIIUK Kaamus. [lonydeHHble NaHHbIE CBHAETEIBCTBYIOT O TOM, YTO
Jiake MUHMMaibHast fo3a 0,1 MKI/KT Tena OJMH pa3 B JJeHb B TEUYCHHE 15 CYTOK IPUBOAUT K CTUMYJLiLMU npoaykuud MT B KpoBH, npu
3TOM OTMedaeTcs ucrorenue myiaa MT B mosre, HaunHas ¢ 15-ro aHs akkyMyssami. B cimydae Gosbliieii XpoHH3aIMy HAKOTUICHHUS KaaMUs
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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 pg/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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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=6

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 |

MT, % compared with contro

50

Control 0.1 ug Cd TpgCd

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 ug 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 ug Cdon 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’s13aHi popmMu
ciaJIOBHX KMCJIOT Y IJIa3Mi KPOBi XBOpHX
HA XPOHIYHMI JTiM(OoJIeHKO03

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

HocnimkeHo piBeHb BiutbHEX 1 3B’s13aHuX (opm cianoBux kuciot (CK) mpu xponiunomy mimgoneiikosi (XJIJT) Ta Ha pisHuX eTamax
OTPUMaHHS XiMIOTEpAIeBTHYHOIO JiKYBaHHs. BU3HAYCHHsI ClallOBUX KHCJIOT Y muia3Mi Kposi xBopux Ha XJUJI nmpoBoauiy 10 JiKyBaHHS, y
nepiry 100y Ta depe3 Ba Micslli Micis YBeICHHS XiMiOTepaIleBTHYHMX TPENapariB 3a KOMOIHOBAHIMH cXeMaMH. [ pyTior0 KOHTPOJIIO BU-
CTyTIaJI TeMaTOJIOTTIHO 310poBi oHOpU. BisHauenHs piBaa CK npoBoxum TiodapOiTypoBUM METOIIOM, i3 BUKOPUCTAHHSM TPHXJIOPOLITO-
BOi KUCJIOTH IS PO3IOALTY 3aralbHUX ClaJIOBHX KUCJIOT Ha BUIBHI, IPOTETH3B sI3aHi Ta ONIro3B’si3aHi. BUABICHO 3HaYHE TTiABUIICHHS KOH-
nenrpanii ButbHUX CK BinHOCHO HOpMH: 43,2% BiTHOCHO 3arabHOI iX KUTBKOCTI y mia3Mi. PiBens 3B’s3aHnx CK OyB 3HIKEHHM BiTHOCHO
IPYIH FeMaToJIOriYHO 30POBUX JIOHOPIB, NPH LIFOMY BUSIBICHO 301JIbLICHHS OJIr03B’s3aHUX i 3MeHMIeHHs npoteinss’szannx CK. ITpose-
JICHHSI XIMIOTEPareBTHYHOTO JIIKYBaHHS TO-PI3HOMY BIUIMBAE Ha BilbHI Ta 3B’s3ani Gopmu CK. ¥V mepiny 100y jikyBaHHs 3adikcoBaHe
30utbIeHHs KoHueHTpauii ButbHUX CK Ha ¢oHi 3HmwKeHHs 3araibHoro piBHa CK, 3HmkeHHs npoteinss’szanux CK i BiiCyTHICTh BIUIMBY Ha
oniro3s’si3ani CK. Uepes 1Ba MiCsILIi ITiCIIsl MPOBEACHHS XiMIOTEPAIIEBTHYHOTO JIIKyBaHHS JAOCIiKYBaHi MOKa3HUKH MOBEPHYITUCS 10 3Ha-
YeHb, OJIM3bKHX JI0 TAKHX, sIKi OyJIM y MALi€HTIB 10 MOYaTKy JiKyBaHHs. OTprMaHi JaHi MOXKYTb CITY)KHTH JIOIATKOBUM KPUTEPieM e(eKTH-
BHOCTI IPOBEZICHOTO XiMIOTEPANIeBTUYHOTO JiKyBaHHSL.

Kmouoei crosa: THIKOKOH 10TaTy; MOMIXIMIOTEpaneBTUYHE JIIKyBaHHS;, N-aleTHTHepaMiHOBa KHCIIOTa; HelipaMiHinasa; ciamirpaHcdepasa

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 moBepxHi KOXXHOI KJITHHH XMBOTO OpraHi3My Mic-
THUTBCS IIap TVIIKaHiB, HOTO IIIKOKAIKC, SIKMH 3a0e3neuye i
3B’A30K 13 HABKOJMIIHIM cepeioBuiieM. B eykapioTiB rii-
KOKAJTIKC CKJIaJIA€ThCsl 3 TJIIKOKOH OTaTiB: TJTIKOMPOTETHIB,
TITKOJIMIIIB, IPOTEOTITIKAHIB, OUIBIIICTh BYTJICBOTHUX KOM-
MTOHEHTIB SIKUX MICTSITh KiHIeBi cianoBi kucnotu (CK), ski B
OCHOBHOMY TpezcTaBiieHi N-aleTHiIHeHpaMiHOBOIO KHCIIO-
Toto (NeuAc) (Schnaar et al., 2014). CianoBi kucnotu y
CKJIAJIi TJiKaHIB BIUIMBAIOTh HA TPOIECH ajresii, po3mi3Ha-
BaHHS PEYOBHH, BU3HAYAIOTH TPUBAIICTD HUPKYILIIL ¥ Kpo-
Bi JESKHX TOPMOHIB Ta OinKiB, OepyTh ydacTb y TOPMOH-
peuenropHiii B3aemoii (Varki and Gagneux, 2012).

XpoHiyHuii JiMpONIEHKo3 sBIIsIE COOOI0 HEOIUIACTHYHE
3aXBOPIOBAHHSI, SIKE XapaKTEPH3y€EThCs 3MIHOIO PiBHS aude-
peHLitoBaHHs JIIM(OLMTIB 1 3pocTaHHsIM iX Kiibkocti. [lo-
PYILLEHHS MPOLIECY J03piBaHHs OUTHX KJIITUH KPOBI CyTTEBO
BIUIMBA€E Ha IX IMyHOJIOTI4YHI BJIACTUBOCTI. 3a Pi3HUX BapiaH-
TiB IMyHHHX ITaTOJIOTIH Y TIEpIIy Yepry 3MiHIOIOThCS CTPYK-
TYpHO-MEXaHiYHI  BJIACTHBOCTI MeMOpaH  JiM(OLUTIB
(Gomik and Lauc, 2008; Sladkova and Skorkina, 2013).
CTpyKTypH BYTJIEBOJHOTO KOMITOHEHTA TIIIKOIPOTEiHIB Ta
TIIKOJIITIIB, SIKI MICTSTh ClaJIoBI KMCJIOTH, ICTOTHO 3MIHIO-
FOTBCS 3a HemyacTUYHOI TpaHcdopmarii. Haifgactime mo-
PYILIEHHS TIIIKO3MJIIOBAHHSI BUHHMKAE BHACIIZOK 3MiHU (ep-
MEHTATHBHOI aKTMBHOCTI HEeHpaMiHiia3 i cianiitpancdepas,
110 3YMOBJIIOE BIAIICIUICHHSI 3aJIUIIKIB ClaJIOBUX KUCIOT Bifl
ryikornpoteiniB. Lli mpoueck MOXyTh CHPUYMHUTH 10 30i-
JIBLICHHS] KOHLEHTpALlii BUIPHUX CIAJIOBUX KHCIOT y KpOBI
(Bose et al., 2013; Gruszewska et al., 2014).

AHaiz JiTepaTypHUX IaHUX CBIOUUTH IIPO T€, IO 3a-
ranpHui piBeHh CK y mma3Mi KpoBi MigBHIIYETHCS TPU
0araTeOX 3aXBOPIOBAHHAX, HAMPUKIAL, 3amadbHUX abo
onkosoriunux (Nigam at al., 2006). Ane mano Bigomocreit
PO PO3MOIIT PI3HUX (OPM ClaJOBHX KHCJIOT. 3araibHi
claJioBi KHMCJIOTH B OpPraHi3Mi IpeaCcTaBieHi qBomMa Gopma-
MH: BUIBHUMHM Ta 3B’S3aHMMH. 3B’S3aHI, y CBOIO 4epry,
MOJIUISFOTHCS. Ha ClaJIoBl KUCJIOTH, 3B’s13aHi 3 Oiikamu (cia-
JIOTJTIKOMIPOTETHHM) Ta 3 oJliroMepamMH (cianoosirocaxapuiy,
clanorientiy, cianoriikornentuay). KoHmeHTpamis Bilb-
HHUX ClaJlOBHX KHCIJIOT y Iuia3Mi kpoBi He3HauHa (Varki,
2008; Ozkan et al., 2014).

[IpotumyxmiHHI 3ac00M — IIpenapaTH, sIKi 3aCTOCOBYIOTh
IUTSL JTIKyBaHHS 37I0SIKICHUX TTyXJIMH. Jlikapcbka Tepartist He
3aMIHIOE OTEPATHBHI Ta TPOMEHEBI METOAM JIKyBaHHA, a
JIOTIOBHIOE X 1 JIMIIE 32 AESKHX MyXJIMHHHUX 3aXBOPIOBAaHb
MOXKe OyTH BHKOpHCTaHA SIK OCHOBHHH a00 €IMHUI MeTon
mikyBanHs. Cepe  LMX 3aXBOPIOBaHb —  XPOHIYHHI
nmimdonerikos (Delgado et al., 2009; Geisler et al., 2011).
Huni HalimommpeHini KOMOIHOBaHI CXeMH JIKyBaHHS
JIEWKO3IB, sKi BKJIIOYAIOTh PI3HI TPyNH Mpernaparis:
KOPTHKOCTEpPOifM (IPEAHI30JI0H), aJKUTyBaJIbHI IMpernapary
(mnknodocdamin), mpermapati Ha  OCHOBI  ANKaJIOiiB
OapBiHKa (OHKOBIH, BiHKPHCTHH), AHTPAIWKIIHA (JOKCH-
pyOitiH), ananoru mypuHiB ((urymapabin) (Allan, 2006;
Fijas' and Frenkel, 2011).

3Bakarouu Ha BUIIEBUKIIAZEHE, META JAHOI CTATTi — BU-
3HAYUTH PO3MOAUT Pi3HUX (POPM CIaJIOBHX KHCJIOT y XBOPHX
Ha XpOHIYHMI JiM(oNelKo3 3a BIUIMBY XiMiOTepares-
THUYHOTO JIIKYBaHHSL.

Marepian i MeToaH J0CTiIZKEHD

OO’eKT MOCTIIKEHHS — CHPOBAaTKA KPOBI XBOPHMX Ha
XpOHIYHMI JiM(pONEHKo3 Ha PpI3HUX erarnax JiKyBaHHS.
KiiniuHe 00CTe)KSHHSI MAIIEHTIB MPOBOIFIIM 3TiHO 31 CTaH-
JlapTaMHM MEJUYHOI JIONIOMOTH B YMOBax CIIELiali30BaHOTO
CTaIliOHapy — IeMATOJIOTTYHOTO BIJIICHHS KOMYHAJIBHOTO
3aknany «Micbka OaratonpodinbpHa KiliHiYHa JikapHs Ne 4
M. /{HinporerpoBchk. Bei marieHTH gaBany michMoBY 3romy
Ha y4acTb B OOCTEKEHHI.

3ae)XHO Bif[ eTaIry TPOBEICHHS MOJIiXiMioTepartii XBopi
CKJIQIANM TPU AOCHiHI Tpymu. Jlo mepioi BXommm XBopi
JI0 TIPOBEICHHSA KypCy JIKyBaHHS, APYTy CKJIQNAH XBOpi y
niepiry 10Oy IpOBEIeHHs XiMiOTeparii, TpeTs rpyma — 4epe3
JIBA MICAIl ICNIA  TMPOBEACHHS CTaHAAPTHOIO KypCY
noJixiMiorepartii. KonTponeny Tpymy CKJIa/IaTTi
reMaToJIOriuHO 370poBi JOHOpH BikoM 50-60 pokiB.
Buninenss pisHuX (OpM CilaJIOBHX KHCIOT 3AIHCHIOBAIH 3a
JoroMoroto  TpuxijoouroBoi kucioru (TXVY). Ilim wac
HarpiBaHHs TJIKONPOTEIHIB IUIa3MH 13 TPHXJIOOITOBOIO KH-
CJIOTOIO0 BiJl HMX BIIIIEIUIIOIOTHCS CIAjOBl KHCIIOTH, SIKI
TIIPOI3YIOTH 13 BIAIICINICHHSIM BUTHHOI CialoOBOi Ta OLITOBOT
KUCTOT. JIJisl BU3HAUCHHS CIAJIOBUX KHCIIOT BUKOPUCTOBYBA-
JIM KOJBOPOBY pEaKiilo 3 Tio0apOiTypoOBOIO KHCIOTOHO
(Karpishhenko, 2013).

Jo 0,5 M cupoBaTKM KpOBi AOAaBaM PIBHUI 00’€M
oxonopkenoi 9% TXY. [lna BumaneHHs OUIKiB  Ta
ClaJIONPOTETHIB CyMIlll TIEpeMilllyBajId Ta LEHTPUYTYBaIN
10 xB 3a 3 000 06./xB. Y mepiiy npoOipKy /Uisl BUSHAYCHHS
ButbHHX ciamoBux kucior (BCK) Bimompam 0,3 M
HAIIOCAJOBOI pigWHM Ta 30epira Uil  MOAATBIIOrO
JOCHDKEHHS y Boxi 3 JbogoM. Jlisi  BH3HaueHHS
oniro3s’s3arux cianoux kucaot (O3CK) y apyry npobipky
moMimam (0,2 M cymepHaTaHTa 1 TigpoONi3yBald Ha
KHIUISTYi BosIHIM OaHi (7—8 XB), MICII 4OTO OXOJIOMKYBAIN
no 1020 °C. lo orpumaHOro ocamy, SKHi HOTEPEIHBO
nBivl BigvuBamm 1 M xonoguoro TXY, nogamu 2 v TXYVY.
OTpuMaHy CyMIIII TiIPOJII3yBaIX HAa KUIT sI4iil BOMSHIN OaHi
(7-8 xB), oxonmomumu mo 18-24 °C rta ueHTpudyrysaim
(3000 00./xB, 5-6 xB). 0,2 MJI OTPUMAHOTO CyNEpHATAHTA
MEPEeHOCHWIIM  JI0 TPeThOl MpOOIPKM I8  BHU3HAYCHHS
poTein3B’s3anuX cianoBux kuciotT ([13CK).

B yci nocmimkeni npobu noxasanu mo 0,3 MII peakTHBY,
1o Mictuth 25 MM HoaHOI KucnoTH, po3urnHeHoi B 0,125 H
cipuasiit kucrnoti. OTpumaHy cymim 3amumanm Ha 18-24 °C
Ha 18-20 xB, micis yoro BHOCHIN y 1po0ipku 1o 0,5 mi 2%
apceHaty HaTpito, po3drHeHoro B 0,5 H COJSHIH KHCIIOTI.
Bwict mpobipok peTensHO mepeMilTyBaiy Ta JOAaBaId 2 Ml
tiobapbityposoi kucioru (0,1 M), pH sixoi noBommm 1o 9,0
HacH4eHUM rigpokcunom Hartpito (1,25 M). Otpumani
CyMillli HarpiBaJIM Ha KUIT MU BOASHIN OaHi mpoTsiromM 7—
8 xB, oxonomxysaiu, pH nosoammm 1o 4,8-5,0 riapokcuaom
Hartpiro. JJyIst BUIaeHHs! XpOMOT'eHiIB, SIKi HE XapaKTepHi 11
ClaJIOBHX KHUCIIOT, IO TIPO0O J0MaBaiy mo 4 My H-OyTaHOIY.
[icns mepemimryBanns Ta neHTpudyrysansas (3 000 00./xB,
5-6 xB) map OyraHomy i3 cymimi Bupamsum. [lotiM y
poOipku goxaay mo 2 kparwti 10,5 M cipuaHoi kucioTu
Ta 3HOBY eKcTparyBaiu xpomoreH. Bmict BCK (I mpobipka),
O3CK (I mpo6ipka), ta II3CK (III mpobipka) BH3HAYATH
CIIeKTPO()OTOMETPUYHUM METOAOM 32 JIOBKHMHH XBHIII
549 uM 1 BUpaxkas B MMOJIB/J1. 3a pizHuneto Bmicty CK y
nepuuiit i Apyrii npodipkax 3Haxo M Kitbkicte O3CK.
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PesyabTaTn Ta ix 00roBopeHHst

Y rpymi TreMarosioridvHO 30pPOBHX JIOHOPIB PiBEHb
ClaJIOBUX KHUCIIOT, SIKI BUIBHO LIMPKYJIIOIOTH Y IUIa3Mi KpOBI
ckiae 0,08 + 0,0058 mmonb/n (tabnm.). Otpumani JaHi
HiATBEPIDKYIOThCsE JiTeparypaumu okepenamu (Uslu et al.,
2003). Y rpyni XBOpUX Ha XpOHIYHMH JiiM]oreiko3 10 mpo-
BEJICHHS  XIMIOTEpPANleBTUYHOIO JIIKYBaHHS —CIIOCTEpIraif
nocroBipae (P < 0,05) 30utsmenns pisast BCK, skuii 3Ha9HO
TiepeBHITyBaB HOpMy i ckimaB 1,27 = 0,074 mMons/m1. Y miepiry
100y TIpPOBEIEHHS CTAHTAPTHOTO KypCy TMONiXiMioTeparii Ha

(GOHI 3HIKEHHS 3araJlbHOrO pIiBHS CIQIOBUX  KHCJIOT
BimOynocst Ha 24,2% mninguiienHs Bmicty BCK BigHOCHO
XBOpHX JI0 JIiKyBaHHs. Uepe3 1Ba MicsAIll MICIs MPOXODKCHHS
XiMiOTepaneBTUYHOrO JiKyBaHHs piBenb BCK noBepHyBcs 10
3Ha4eHb, OTPUMAHHX HA MI0YATKY JIIKYBaHHSI.

PiBeHb BUIBHUX CIAJIOBHX KHCIIOT y TPYII F€éMaTOJIOTIYHO
3[I0POBHUX JOHOPIB CKJIaB 3,1% BiTHOCHO 3arajbHOI KUTBKOC-
Ti 1X y 1u1a3mi KpoBi (puc.). Y rpymi XBOPHUX JI0 IPOBEICHHS
ximiorepaneBTraHOro JiKyBaHHs BibHI CK ckmamm 43,2%.
VY nepury noOy mei moxasHuk 3pic 10 60%, a depes nBa
MICSIIi TTiCHA JIIKyBaHHS 3HI3UBCA 110 44,1%.

Tabnuys

Konuenrpauis piznux ¢opm ciaJloBUX KHCJI0T y CHPOBATLI KPOBi 310POBUX BOJIOHTEPIB
i xBopHX Ha XpoHiuyHuii JiMdoeiiko3

Tpynia 10cibKyBasmx KonueHTpanisi ciaJJoBUX KUCIOT, MMOJIB/JI
BinbHI 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 JsikyBasHs, n = 30 1,58 £ 0,085 0,60 + 0,052 0,41 +0,030
XJUT yepes 2 micsimi miciist JiikyBaHHS, n = 30 1,29 +£0,110 0,70 £ 0,050 0,82 + 0,060

Ipumitka: * — focToBipHa Pi3HUIL MOPIBHIHO 3 KOHTPOJIBHOIO Ipynolo 3a P < 0,05.
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Puc. CniBBigHoIIEeHHs PiBHS BiIbHNX i 3B’ s13aHUX ()OPM ciaIOBHX KHCJIOT y IJIa3Mi KPOBi XBOPUX HA XPOHIYHU
Jimdodieiiko3: [ rpyna — 10 moyatky XiMioTepaneBTUIHOTO JIiKyBaHHs, 1] rpyna — nepina 1006a mpoBeieHHs XiMioTepartii,
III rpyna — uepe3 aBa Micsari miciis noiximioreparii

Ipu pizaux Bumax nefikemii (Patel et al., 1991) piBeHs
BCK minBuityersesi, 1 el MOKa3HMX pa3oM 3 IHIIMMH
OiI0XIMIYHUMH MapKepaMl MOKe OyTH BUKOPHCTAHWH ISt
Ju(epeHLIIOBaHHS Pi3HUX BUIIB JICHKO3iB. Y MONEPeHbO-
MY JOCJII/DKEHI MU BH3HAUWIIM aKTUBHICTh HEeHpaMiHima3u —
(dbepMeHTy, SKMH BIIIICTUIIOE 3aJIMIIKHA CIAJIOBUX KHCIIOT.
VY wiif rpyni XBopux il aKTUBHICTB 3pOCTalla BiTHOCHO HOp-
MU, YAM MOXKHA TaKOXK TOSICHUTH MifBuIeHni pisenb BCK
y mma3Mi (Maslak et al, 2013). Takox HamM IOKa3aHO
30impmenns excrpecii NEUL 3a epurpemii (Maslak et al.,
2014). 3a maHUMH HIONX aBTOPIB, JOCTIIKEHHS, IPOBEICHI
Ha KIITHHHIN JiHi{ JTiMpomu JansToHa, TOKA3aH, IO MiCIIs
yBeZieHHs 1IMKIIo(ochaminy Ta HUCIUIATHHY J10 )KUBUIBHOTO
cepenoBHila BinOyBaeTbesi 3HWKeHHs KoHueHTparii CK.
IcHye nymka, 110 BHACIHIOK BTpaTH KIITHHAMH CiaJIOBHX
KUCJIOT 3HMKYETHCS HETAaTUBHUM MMOBEPXHEBUH 3apsii, IO
MOXE€ CIPUYMHUTH AedopMaliii KITHH 1 MiABUINCHHS X
gy TmBocTi 10 (aromurosy (Nicol and Prasad, 2002). Mox-
muBo, mimsumenHs BCK e moka3HMKOM e(eKTHBHOCTI
ximioTeparii.

30UIbIIeHHS PiBHS BUIBHUX CIAJIOBUX KHCJIOT MOXe OyTH
3ymoBiieHe 30utbmeHEsM ekcrpecii NEU1, mo mokazaHo

HaMU T[] 9ac JOCIIHKEHb MIeIompoltiepaTHBHOTO 3aXBO-
proBanust eputpemii (Maslak et al., 2014).

TakoX yCTaHOBJIEHO 30UIBIICHHS KITBKOCTI ClaJIOBUX
KHUCJIOT, sIKi 3B’S3yIOTh OJliroMepd B 2,6 pasa uacTilie B
I rpyni nopiBHSIHO 3 HOpMOIO. Y mepury 100y JIIKyBaHHS Ta
yepe3 [Ba MICALI MiCHs HOro MpPOXOPKEHHS 3HAYHUX
BIIMIHHOCTEH 3a JTAHUM TOKa3HUKOM He BHABWIIOCH. [1lomo
BMICTy CIaJIOBUX KHCIIOT, 3B’I3aHUX 13 OLIKaMH, BHSBIICHE
3MEHIIICHHS X KOHIIEHTpaIlii Ha 73,6% MOPIBHIHO 3 TPYIIOK0
TeMaToJIOTiYHO 370poBUX NoHOpiB. [lim dWac mpoBemeHHS
ToJTiXiMioTepamii BiZOyIOCs 3HMKEHHS IIbOTO TIOKa3HUKA Ha
56,2% BIITHOCHO TPyNHM XBOPHX IO JIiKyBaHHS Ta Ha 75,1%
BiJIHOCHO HOpMH. Uepe3s Ba MiCAII ITiCIs JIIKYBaHHS PiBEHb
[I3CK maitxe OBepHYBCS 10 3Ha4YE€Hb, OTPUMAHHUX Ha TI0-
YaTKYy JIIKYBaHHSI.

BinbHi onirocaxapuay — IpOAYKTH KIIITUHHOTO MeTabo-
JIi3My TJIIKOKOH torariB, Oy/0Ba SIKUX aHaJIOri4Ha BYTJIEBO/I-
Hii yYacTHHI TiiKOmojiMepiB. Bimomo, M0 KOHIICHTpaIlist
BUIBHMX OJIITOCaXxapu/iB y IUla3Mi KpOBI XBOpHX Ha
cyOneiikeMiuHHi Mieno3 (oxHa 3 (GOpM XPOHIYHHX Mi€Jo-
npoITiepaTUBHUX 3aXBOPIOBAHb) 3HAUHO BHIIA, HIXK Y 3110-
POBHUX OHOpIB, YMM MOKHA TTOSICHHUTH ITiIBUIICHUI PiBEHB
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ojiro3e’szanux cianoBux kucior (Pis'meneckaja and
Batters, 2013). CiasioBi KHCIOTH, SK NPaBUIO, 3aiiMarOTh
TepMiHAJIbHE TOJIOXKEHHS Yy CKJIaji IVIIKOKOH IOraTiB, Ha-
JIAl0uM MOJIEKYJII HEraTMBHOro 3apsity. bynb-sika 3miHa
TIIKOIPOTEiHIB BUKJIMKAE 3MIHU CIAJIOBUX KUCIIOT | HABIIAKU
(Shantaram et al., 2009; Colucci et al., 2015). Ilpn
XPOHIYHOMY JIM(OJIEHKO3] MMOKa3aHe 3HIDKEHHS Y IUIa3Mi
KpOBI KOHILEHTpalii iMyHornoOymniHiB G, M, A, ski 3a
XIMIYHOIO TIPHPOAOI0 € CiaJlbOBaHMMH TJIFOKONPOTEIHAMU
(Colovic et al., 2001; Al-Dabagh and Al-Maya, 2011). Tax,
IgG Hamexxute 100 N-TNiKaHIB KOMIDIEKCHOTO THITy Ta
ckiazmae 75% iMyHOroOYIiHIB I1a3mMu kpoBi (Vidarsson et
al., 2014). IgA Ha cBoiii nioBepxHi mictuth O- Ta N-caiitn
[JIIKO3WIIOBAaHHS Ta cTaHoBUTH 10-20% iMyHOrIIOOYJTiHIB
ria3mu kposi (Takahashi, 2014). IgM — BUCOKOIIIIKO3MIIBO-
BaHuil OUIOK, KA Mae 5 cairis N-IVIIKO3UIIOBAHHS KOM-
IUIEKCHOTO Ta oJliromano3Horo tumis (Shade and Anthony,
2013). Bimomo, mo pi3Hi BHOM XIMIOTEPareBTHYHOTO
JIKyBaHHS 3HIDKYIOTh PiBeHb IMyHOTI00YIIiHIB (Zugmaier et
al., 2014). Omxe, 3aranbHUI piBEHb CIiaJOBHX KHCIOT
IIBUIIYETBCSA TIPU XPOHIYHOMY JiM(OIEHKO3i, o MOoXe
OyTH TIOB’SI3aHUM 13 TIOCHJICHUM OiOCHHTE30M 1 BUXOJOM Y
KPOB OUIKIB TOCTPOi (hasu, sKi MICTATH CiaJIOBI KMCIIOTH.

BucHoBku

Ipu xponiunomy nimdorieiiko3i y cupoBarii KpoBi
piBEHb BUIBHUX CIaJIOBHX KHCJIOT ckjiaB 43,2% BIIHOCHO
3arajibHOT KIILKOCTI 1X Y 11a3mi KpoBi.

Y nmepury 100y TPOBENCHHS XIMIOTEPArieBTUYHOIO
JiKyBaHHS Ha (DOHI 3HIDKEHHS 3araJlbHOTO PIBHS ClaJIOBHX
KHUCJIOT CHIOCTEPIraeThCs MiABUIIEHHS KOHIIEHTpaLii BITbHUX
claloBHX KUCIOT Ha 24,2% BiTHOCHO XBOpHX, SIKI HE OTpH-
MYBaJ! JTiIKyBaHHSI.

PiBeHBb oIiroMep3B’s3aHMX CIAJIOBHX KUCIIOT 3POCTAE y
2,6 pa3za MOPIBHSHO 3 HOPMOK 1 HE3HAYHO 3MIHIOBAaBCS Ha
PI3HHX eTarnax JIKyBaHHSI.

KonrenTpartist cialoBUX KHCIIOT, 3B’S3aHUX 13 OlTKamMH,
Ha 73,4% HWK4Ya MOPIBHAHO 3 TPYIOK KOHTpoo. Ilicist
OTPUMaHHS MOJIIXIMIOTEPareBTHYHOTO JIKYBaHHS y TEpILy
00y CIIOCTEpIraeThCsl 3HKEHHS IOTO IIOKa3HHMKA Ha
56,2% BITHOCHO TPYIIH XBOPHX JIO JIIKyBaHHSL.

Uepes naBa Micsmi Iiicnst JKyBaHHS piBEHb YCIX
JIOCITI/KEHNX TIOKAa3HHKIB ITOBEPHYBCS 10 3Ha4YeHb, OTPUMA-
HHX Ha [T0YaTKY JIIKyBaHHS.
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Hanouactunku Cg ysiepeHy nonepemxkaTb peakTHBHMI 11103
y CIiTKiBLI cTapuX IIYpPiB NpH rinepriikemii

LB. HpHmenal, OrI. HpOKyI_HCHKOBaz, B.C. Henzpeubknit'

1 . o . o . . . . .
Hinponempogcwruii Hayionansruil yrisepcumem imeri Onecs I onuapa, JJninponemposcuok, Ykpaina
2 . . o . . . . .
JIninponemposcbKull 0eparcasHull azpapHo-eKOHoMIYHUL YHisepcumem, J{Hinponemposcok, Yrpaina

PeaxTuBanist NiaIbHUX KIITHH, IO 1HIYKY€ThCS METaOONIIYHAM PO3J1aJIOM YTHIIi3aLii IIIFOKO3U Ta PO3BUTKOM OKHCHOIO CTPECY B CITKi-
BIIi TIPY I[yKPOBOMY [ia0eTi, € LeHTpaJbHUM (haKkTopoM IaTtoreHesy niabernunoi pernHonatii. Hanouactunku ¢ysepeny Cegy Ta Okpemi
HOTro BOJIOPO3YMHHI MOXiHI XapaKTePU3YOThCS MOTYKHUMHI aHTHOKCHIAHTHUMH BIIACTHBOCTSIMM Ta HEHPOIIPOTEKTOPHOIO AI€I0 Y BUNAJKY
3HA4YHOI KUTBKOCTI MATOJIOTIH Ta HECHPUATIMBUX BIUIMBIB. YTepiie IOCITIDKEHO BIUIMB HH3bKHMX 103 rigpatoBanoro Cgy ¢ynepeny
(CsoHyFn) Ha excrpecito Ta MOMNENTUIHAN CKIaj ritiansHoro ¢idprspHoro xucinoro mnpoteiny (I'®@KII) y citkiBui mrypis mpu giaberi,
iHayKoBaHOMY ctpenro3otorHoM (CT3). I3 3acTocyBaHHSAM MeTOAy iMyHOOIOTHHTY THokazaHo 3pocTaHHs ekcnpecii ['OKII y citkiBmi
IIypiB i3 JiabeToM MOpIiBHIHO 3 KOHTposeM y 1,93 pa3a, 1o CBITYNUTB IIPO CYTTEBY PEAKTUBALIIIO ITiaTbHUX KIITHH PETHUHH IIPH Tilleprilike-
mii. [Tigpumenns ' OKII-iMmyHOpeakTHBHOCTI, acoLiiOBaHe 3 PO3BUTKOM PEaKTHBHOI'O aCTPOIIIIO3y y CITKIBII J[iabeTHYHUX ITypiB, MiATBE-
PIDKEHO IMYHOTICTOXIMIUHO Ha (hiKCOBaHHUX 3pizax CiTkiBku. CriokuBaHHS AiabetraHiME 1typamu po3unny CgHyFn (90 HM) 3 nutHOMO
BOJIOIO NpoTsiroM 12 TrokHIB BUKIMKaNO 3HmwKeHHs BMicTy ['OKII y 1,51 pa3a mopiBHIHO 3 MM NMOKa3HUKOM Y TPyIIi Aia0CTHYHHUX TBAPHH.
CeoHyFn crpusis nocrosipomy (y 1,58 pasa) 3HIKEHHIO BMICTY IIIKO3WJIBOBAHOIO I'eMOIJIOOiHy B cHpoBaTii Kposi mrypiB 3 CT3-
niaberom. Hanouactuaku CqHyFn He 3MiHIOBanu piBeHb iHCYIIiHY Ta TIIFOKO3W Y KPOBi AiabeTnuHuUX urypiB. OTprMaHi pe3yabTaTd CBil-
YaTh PO Te, IO IPOTEKTOPHA Misl TiApaToBaHOrO (yepeHy NpH iadeTU4Hii peTHHOMATI] 3pUTNX TBAPUH Peati3yeThesl Yepe3 MPUTHIYCHHS
HuM HagMipHOT aktuBamii ['OKII-no3uTHBHYX KITHH CITKIBKH.

Knouosi crosa: mykpoBuii niabet; niabeTHUHA PETUHONATIST; acTpOIIIio3; rnansHuil (ibpripaunii kucimit npotein (I'OKII); rigpato-
Banuit Cgy Qyreper

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
2Dnipr0petrovsk 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¢oHyFn 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

HiabetmaHoto pernHonaTiero (IP) BBa)KarOTh KOMILIEK-
CHE MIKpPOIIPKYISITOPHE 3aXBOPIOBAHHS CITKIBKH, IO 1HITY-
KY€EThCS TIMEPIIIKeMIEI0 K 3a IHCYJIH-3aIEKHOr0, TaK i
IHCYJIIH-HE3aJIeKHOTO THITB Aiabery. XapakrepHa puca ma-
ToreHezy JIP — po3BuTOK HelpoaereHepaTHBHHX 3MiH. Pe-
THHaJbHA HeHpojereHepallisi BUSBISETbCS JIO TOTO, K MO-
KyTh OyTH BH3HAUEHI MIKPOLUMPKYJISATOPHI MOPYIICHHS
(Rungger-Brandle et al., 2000). MonekyssipHi MexaHi3Mu
HeWpoereHepaTHBHUX 3MiH Y CITKIBLI KPUTHYHI JUIsL Tepartii
y panHii nepiox JIP.

JP BiTHOCATH 10 HAMIOMIMPEHININX YCKIATHEHD IIyKPO-
BOrO miabety. 3a orinkamu BcecBiTHROI opranizaii 0Xopo-
U 310poB’ss (BOO3), y 2025 pomi KUTBKiCTh XBOpPHX Ha
niaber moxe carayta 380 mimsitoniB (Tarr et al., 2013).
JiabeTndHi MOPYIIEHHS y CITKIBII MOXYTh OyTH pe3yibTa-
TOM aKTHBaIlii 3arajJbHOMOIIMPEHNX THIIB KIITHHHOL
BIZINTOBI/I: ATIONTO3Y, 3alAIHAX MPOIIECIB 1 OKHCHOTO CTpe-
cy. OKHCHHI CTpeC BIUIMBAE HA IIMPOKE KOJIO OI0XIMIYHHMX
TPOIIECIB, PEryJiillii METaOOMYHNX NULIXIB Ta KIITHHHHX
¢yHkuii. OnHiero 3 TonoBHUX puc JIP € po3BUTOK OKHUCHOTO
CTpecy Ta MOB’SI3aHMX 13 HUM MeTa00JIIYHNX MTOPYIICHb.

[miasbHi KTITMHE 3a0€3Me4yl0Th CTPYKTypHY Ta MeTa-
OONiYHY MATPUMKY HEHpPOHIB Ta KPOBOHOCHHX CYIWH CITKiB-
KU OKka. HeipomereHepaTiBHi MpoIecH aKTUBYIOTECS Oe3mo-
CepemHpO ICI TIOYaTKy PO3BUTKY miabery. OIHAaK acTpor-
TH Ta KITUHA Miomiepa CITKIBKM BHSBIIATh PEAKTHBHICTH
nMie yepes jiekiibka Micsii (Rungger-Brandle et al., 2000).
Bucokuit piBeHp aepoOHOro Meraoii3My B HEPBOBHX
KJIITHHAX 3yMOBJIIOE aKTUBI3ALLIIO MPOLIECIB reHepaltii BUIbHUX
paauKai, 30kpeMa, NpH Tinepriiikemii. HelipoHn uytimsi 1o
YUIKOKYBJIGHOI JTil BUTGHUX PajIMKAIIB 3aBISIKH BUCOKOMY
BMICTY IOJIIHEHACHYEHNX KUPHUX KHCIIOT 1 BITHOCHO CIa0Kiit
aHTHOKCUIAHTHIN cucreMi. [laroyoriydi 3MIHH CITKIBKH 3a
JIP nocTaTHBO peTenbHO IOCTIIKEH] B MIKPOBACKY IATOPHHUX 1
HelipoHanbHuX marepHax (Liu et al., 2012). V Toit xe gac,
poms TmiampHMX KimitHH [IP, maTtoreHes HeWpoHAIBHO-
THAIBHUX Ta TIIABHO-CYIMHHUAX B3a€MOIINA 3aTHIIAIOTHCS
HE 3pO3yMUIAMH.

Haii0uibii BU3HAHMIA Mapkep cTaHy [l — rimiaabHui di-
Opwsipanii kucimid npotein (I'OKII). Knitunna Binnoins
Ha JII0 PI3HUX 32 MPUPOJIOI0 YMHHUKIB CYNPOBOKYETHCS
HagMipHOtO ekcrpecieto 'OKII, mposidepariieto Ta rimep-
Tpodiero actpormtiB. lleil ¢eHomMeH oTpuMaB Ha3BYy
«acrtpormio3y. 'OKII-no3uTHBHI KJIITHHN BHKOHYIOTH IIH-
Ppoke Koo (hYHKIIIH, sIKi 320€3MeUyIOTh 3aXUCT HEHMPOHIB BiJ
HEWPOTOKCHYHOTO BIUIMBY BUIBHUX PAJUKAIIB. ACTPOLUTH
MArOTh TIOTYXKHIIIy aHTHOKCHIAHTHY CHPOMOXKHICTB, HIXK
Heiiporu (Dringen et al., 2005). BpaxoByroun BCi 111 (akTH,
camMe acTpOLMTH PO3MVINAIOTh SK TOJOBHI HPOTEKTOPH
HEWPOHIB BiJ| yIIIKOLKYBAIBHOI i OKCHAATUBHOTO CTPECY.

BpaxoBytoun To#t ¢akt, mo /[P — romoBHa mpmumHa
BTpaTH 30py Cepex JIFoAeH 3puIoro BiKy, MOIIYK 3aco0iB,
CIIPpAMOBAHUX Ha KOpeK]_IiIO 1bOro YCKIIAJIHCHHS, — aKTyaJlb-
HE MeIuKo-colianbHe 3aBnanHs. 11IMpoko mocimimKyroThes
e]eKTn CHOJNyK, IO MaroTh AHTHOKCHIAHTHI BJIACTHBOCTI.

HemomaBHo mOKa3aHO HEHPONPOTEKTOPHY e(EeKTUBHICTH
rigparoBanoi ¢opmu ¢yrepery Cq (CooHyFn) B oxpemmx
BiZIiIaX MO3KY Ta 30epeeHHS TeCTUKYILIPHOI (QYHKIII y
miabetmynnx tBapud (Etem et al., 2014). He3paxkaroun Ha
YHCIICHH] TOCHIKEHHA HEUPOIIPOTEKTOPHUX eeKTiB Pyiie-
peny Cgp, HOTO MOTEHIIHHE 3aCTOCYBAHHS I KOPEKIil
MOIIKO/DKEHb  CITKIBKH, I1HAYKOBAHHX TiMEPIIIIKEMI€rO,
3aMIIacThesi He BHBYeHMM. Came TOMY KOMIUIEKCHHIA
aHaJ3 MOJISKYJSIPHUX Ta KIITUHHHX HOPYILEHb CITKIBKH
npu JIP BakIMBHI JUIL PO3KPUTTSI MEXaHI3MIB PO3BUTKY
TIaTOJIOTii Ta pO3POOJIEHHS HEHPOIIPOTEKTOPHUX 3aC00iB.

Mera crarti — Bu3HauMTH edektu rigpatoBanoro Cg
¢ynepeny Ha craH ['OKII-NO3WTHMBHUX KINTHH CITKIBKH
Jopociux ImypiB Ta Oioximiuai mokasHukm mpu CT3-
iHIyKOBaHOMY HialeTi y IIypiB.

Marepian i MeTOAH J0CTiIZKEHD

JocnimkeHHs mpoBe/IeHo Ha Irypax JiiHil Bictap (camii,
10-11 wmicsimiB), otpumanux i3 BiBapito JJHY imeni Omecst
lonuapa. TBapyH yTpuMyBajaM B yMOBAaX IOCTIHHOI TeMIle-
parypu (22 + 2 °C) ta TpuBasiocti cimioBoro aus (12/12-
ronvHHMA 1mKI). [IpoToKomM IOCHiPKeHb pPO3IVISHYTI Ta
3aTBEP/DKEHI MICIIEBUM KOMITETOM 13 MTUTaHb €THYHOTO I10-
BO/DKCHHSI 3 TBapuHaMu JIHIPOIETPOBCHKOI JiepKaBHOL
Menu4gHOi akanemii. PaHmomi3oBaHI TBapWHH TIOXiICHI Ha
yotupu TpymH (n = 5): 1 — koHTponpHa rpymna (K) (inTakTHI
TBApHHH), 2 — «HOPMAIIBHUID KOHTPOIb (TBAPHUHH, SIKi OT-
prmyBanu po3unH CeHyFn 13 mutHOIO BOz1010), 3 — 1IIypH i3
CT3-npiabetom (CT3/), 4 — miaGeTnHi TBapUHH, SIKi OTPH-
myBam po3unH CgHyFn i3 mutHOIO Bomoto (CT3+Cy).
TBapuHaM TpeThOi Ta YETBEPTOL IPYyIl OAHOPA30BO BBOIIN
intpaneputoneanbio CT3 (Sigma, St. Louis, MO, USA) y
no3i 50 mr/kr s iHaykiii giadery. Teapunu apyroi ta
yerBepToi TIpymu oTpuMyBaid po3zunH 60 Hr/Mir Cg
(~90 HM) y nuTHIH BoAi MPOTSroM 12 THXKHIB.

Jlis mociipKeHHs BIAOMpPAIK IIypiB i3 KOHIICHTPAILIEO
TIIFOKO3W B KpoBi He MeHIre 20 MM/m. 3a 12 TmxkHIB i3 Mo-
MEHTY iHIYKI{ qiabeTy mrypy BCiX rpym OyiH AeKariToBaHi
mg gieTwieipHAM HApKO30M. Y CHPOBATI BH3HAYAIN
KOHIIeHTpawio riokosy, iHcyniny (Rat Insulin Kit, Linco
Research, St Charles, MO, USA) iMyHOSH3UMHHM aHAITI30M
(ELISA, EIx-800, BioTek Instruments, Winooski, VT) ta
BMiCT [JTIKO3MIHOBAHOTO reMOrJI00IHy (HbAlc)
(Alfabiotech, Milano, Italy).

I3 TKaHWHM CITKIBKM OTPUMYBAIH IPOTETHOBI EKCTPaKTH
Ta (ikcoBaHi 3pasku JuIl  iMyHorictoximii. ['omoreHar
citkiBku (10%, Bara/o0’em) roryBamu y 50 MM Ttpuc-0ydepi
(pH 7,8), stxmit nomatkoBo Mictus 0,5% monermcynbdary Na
(DSN), 0,15 M NaCl, 2,5 MM eTuneHIiaMiHTeTpaoITOBO1
kucnotd (EDTA) Ta cymim iHribiTopiB npoteinas. ['omorena-
TH neHTpudyrysam 3a 16 000 g mpotsirom 30 xB 3a TeMmepa-
Typu 4 °C. BmicT 3aranpHOrO0 npoteidy y npo6ax BU3HAYaIN
meromgom Bradford (1976). Bmicr T'®OKII i ckmam ioro
HOJINENTHIHNX (DparMeHTIB BU3HAYAIM METOZOM IMyHOOIIO-
THHTY 332 METOJMKOIO, onrcaHoro pasime (Nedzvetsky et al.,
2012). IMyHOTICTOXIMIYHE BH3HAYCHHS aCTPOIIiO3y IPOBO-
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i Ha (DIKCOBAaHMX 3pi3ax CITKIBKM 3 BHUKOPHCTAHHIM
aaTuTit opotu ['OKIT (1/200, Santa Cruz). Buximauii po3uns
Cy i3 KoHIeHTpariero 8,88 x 10 M (Andrievsky et al., 2009)
BUKOPUCTOBYBAIM i1 pobodoro possereHHss 90 ©HM
(~60 ar/mi). CrartuctiyHy 00pOoOKy JaHHX BUKOHYBAJM 13 3a-
CTOCYBaHHSIM METOIiB MaTeMaTUYHOI CTATUCTUKH JUTSl MAIHX
BHOIpOK 13 3acTocyBaHHsM makera Statistica® for Windows
6.0 (StatSoft Inc.). Bimnocuuii Bmict T'®KII Binobpaxkanu y
BUNIiAI M + m, BipOTiIHICTE MDKTPYIOBOI PIi3HHII OINHFO-
BaJTH 3a JI0NIOMOroro t-kputepiro Cteronenta (P < 0,05) micis
TIePEBIPKH HOPMATHGHOCTI PO3MOALTY Ta PI3HHMIN MK TeHe-
PATBHAMH JUCTICPCISIMIL.

PesyabTaTn Ta ix 00roBopeHHst

Pe3ynbTaTii BU3HAYEHHST KOHIICHTPAITIT TITFOKO3U Y CHPO-
BaTIli KpoBi 1rypi a0 iHaykii CT3-miabery Ta 3a 12 TrkHIB
NOKa3aJIi 3Ha4YHI BIMIHHOCTI BiJHOCHO KOHTPOJIBHOI IPyIH
Ta Tpynu HopMaibHOro KoHTpomo (Cg). Otpumani naHi
CBiYaTh TPO PO3BHUTOK CTiiiKkoi rinepriikemii (puc. 1).
JlocToBipHOI pi3HULI 32 BMICTOM TJIIOKO3H Y TPyIax TBApUH
CT3/1 ta CT3+C¢ He BusBneno. CroxwuBanHsa CeHyFn
HE BIDIMBAJIO Ha MeTaOoJiYHe TTOPYIICHHS YTHIIi3allii TIIro-
ko3u y CT3-niabeTHIHMX Iy piB.

18

Konuenrpauist incysiny y kposi CT3/ ta CT3+Cq
rpym AiabeTHYHUX TBApHH 3pLIOro BiKy Oyria HHK4a 32 KOH-
TponbHy Tpymy y 1,54 ta 1,41 pasa Biznosiguo (P > 0,05).
OtpuMaHuii pe3ynbTar MOXKe BiJOOpa)kaTH TEHJICHIII0 4Ya-
CTKOBOTO BiJJHOBJICHHS -KJIITHH OCTPOBKiB JlaHrepranca 3a
nii CeoHyFn.

Bu3HaHuM NMOKa3HUKOM MOPYIISHHS LUBIXIB YTHi3awii
TJIFOKO3M € BMICT TJIIKO3MIJIbOBAaHOT'O TeMOINIO0iHy. Y KpoBi
mrypiB CT3/I-rpymu BMICT TIIKO3WIEOBAHOTO T€MOTIIO0IHY
OyB JOCTOBIpPHO BHIIIMM 3a TaKUi ITOKA3HUK y KOHTPOJBHIHN
rpymi (P < 0,05) (tabmn.). CnoxuBanas CeHyFn 3 matHOIO
Bojoro (CT3[+Cqy Ipyria) BUKIHKAIO 3HIKEHHS BMICTY
[JIKO3WIBLOBaHOTO remMoriiodiny y 1,58 pasa (P < 0,05), mo
CBIIUUTH MPO MOro 3MAaTHICTH YAaCTKOBO MOIEPEPKATH
MEeTa0OoIYHII PO3JIaj YTUITI3aLlii IIFOKO3H.

PesynbraTt iMmyHoricToximignoro 3abapmiienns ['OKII
Ha 3pi3ax CITKIBKH LIypiB Aia0eTHYHOI IPpynH BUSBUIIM 3HA-
YHUH TJT03 B acTpolMTax i kiiTmHax Mrojuiepa BHYTpII-
HBOTO HIapy MOPIBHSHO 3 KOHTPOJIBHOIO Ipymoio (puc. 2).
He BusgBneHo pi3HuMmi B iMyHO3a0apBieHHI 3pi3iB
KOHTPOJIBHOT TPYNH Ta TPYNH HOPMAIBHOIO KOHTPOJIO.
CyrreBe 3menmenHs piBHa [ @KII-nozutuBHOrO 3a0apB-
JICHHSI BUSIBJICHE Ha 3pi3ax CITKIBKU Jia0eTUYHMX IIypIB, 5K
cnioxuBanu CeHyFn, nopiBusito 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

CT3I1+C60

Puc. 1. BumicT riiioxo3u B cupoBatui kposi mypis: 10, 13 — Bik TBapuH (Micsiii); K — kontpons; Cgy — Ipyna HOpManbsHOTO
koutpoito; CT3/1 — niabernuna rpymna; CT3]]+Cg, — niabetruna rpymna mypis, ski otpumysain po3ur 90 HM Cy;
—P < 0,01 BitHOCHO KOHTPOJIBHOI TPYIIH, " _P<0,01 BigHocHo HOPMAaJILHOT'O KOHTPOJIIO

Tabnuys

Bara ta GioxiMiuHi noka3HuKH KpoBi mypiB Ha moyatky Ta 3a 12 TmxuiB CT3-inaykoBanoro niadery

D P e——— InTaxTHUM HopmanbHuii Miabernuni JiaGeTnyHi, sIKi OTpUMYy-
’ koHTpoIIb (K) KoHTpoIIb (Cgo) urypu (CT30) By Cgo (CT3+Cgp)
Bara teaphm, 10 micsiwiB 291+ 14,5 288+ 15,7 290+ 13,4 292+ 14,1
’ + 12 TwxaiB CT3-niaber 305+15,1 307+14,2 263+122 282+ 13,7
Trcytis, MkOL/AT 10 micsiB 46,1 +2,03 44,5+1,76 21,3 +2,02%* 22,5+ 1,55%*
’ + 12 twxuiB CT3-miaber 45,7+243 45,5+ 1,87 29,7+ 1,55%* 32,5+1,73*
I'niko3usboBaHMiz 10 micsiwiB 0,37+ 0,028 0,35+0,014 0,35+0,022 0,32+0,023
reMorio0id, Mr/r 6inka |+ 12 twsknis CT3-miaber 0,38+ 0,016 0,29+0,017 0,84+ 0,076** 0,53+0,033"

I puMiTKH: TOCTOBIPHICTb 3MiH BIIHOCHO KOHTPOIBHOL rpymi ** — P < 0,01, * — P < 0,05, Bimaocro CT3J] rpymu * — P < 0,05.

VY 3paskax CIiTKIBKM KOHTPOJIBHOI T2 HOPMaJIBGHOIO KOH-
Tpoio rpyn nrypis ['®KI Bu3nauenuii nominentua 49 klla
(puc. 3). Y citkiBui 1rypiB rpymu CT3/] BUsSBICHO iHTAKTHHI
49 x/la Ta ¥oro ¢parmentu B y mianazoni 49-40 k/la. Crio-

xuBanHs CgHyFn cyrreBo 3amobirano perpanauii ['OKII.
OcTaHHIM YacoM 3aIpONIOHOBAaHO BUKOPHCTaHHS IPOJYKTIB

00MEKEHOTO

MIPOTEOI3Y

K

J0JaTKOBOI'O

Mapkepa

actpormio3y (Sugaya-Fukasawa et al., 2010).
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JliMiTOBaHHMI MPOTEOI3 MPOMDKHHX (DITAMEHTIB MO-
KYTh 3/IHCHIOBATH JIMIIE OKpeMi ()epMEHTH, HalpUKIIa[,
KaJmainy a00 KacrasH, siKi akTUBYIOTBCS B XOJIi aCTPOIITO3y
(Dringen et al., 2005). Pe3ynbrary BKa3ylOTh Ha Te, IO
rinepriikeMist IHAyKye HaJMIpHY aKTHBAIIilO IpoTeas i Iie-
peOyZIOBH IMTOCKENIETa TAbHUX KITHH. Y TOW JKe dac,
cnoxkuBanas CgHyFn i3 mmTHOMO BOmoro mpotsrom 12
TIDKHIB 3a100irajo po3BUTKY acTPOTJIUIBHOI peakTuBarlii y
CITKIBIII pa3oM i3 TOTEPEPKEHHAM MIPOTEOITI3y MPOMIKHIX
¢imamentiB i y mypiB i3 CT3-iHoykoBaHuM nmiabeTom.
Pe3ynbTarty, oTprMaHi y Tpymax KOHTPOJIO Ta HOPMaJIbHOTO
KOHTPOJTIO, TIPAaKTUYHO HE BIiIPI3HSIMCA 32 BCiMa BH3HAUeE-
HUMU TIOKa3HHKaMH, IO CBITYWTh IIPO BIJCYTHICTH
TOKCHYHOCTI Ta Oe3meunicth croxuBanusi CgHyFn B

‘ ";""‘:‘H"‘m L#

134

CT3[+Cg

o0paHiii 7031 Ta pekrMi HAAXOPKEHHS BiIHOCHO KIITHH
CITKIBKH.

Pesynbratn BusHauenHs Bmicty ['OKII i3 3acrocyBan-
HSM JICHCUTOMETPUYHOTO aHajiizy Onororpam (puc. 4)
HOBHICTIO 30iraymcst 3 JaHMMH IMyHOricToXimii. Bwmicr
I'OKII y rpyni CT3/] urypiB OyB BummmM y 1,93 pasa 3a
kouTponbHy (P < 0,01). HatoMmicTh, CrIOKMBaHHSI PO3YHHY
CeoHyFn mrypamu i3 CT3-miabeToM 3yMOBIIIO 3MEHILICHHS
BMICTy MapKepa peakTHBHOTO T1io3y B 1,51 pasa mopiBHSIHO
3 rpynoro CT3/1 (P < 0,05), mpuaomy pisers ['OKII y rpymi
CT3+Cg CTAaTUCTUYHO HE BiOpi3HABCS Bi TAKOTO Y TPYIIi
KoHTpopHUX TBapHH. CrioxwuBanHsa CeHyFn y nutHii Boai
MPOTAToM 12 TIKHIB TaKOXK HE BUKIIMKAJIO 3MiH eKCIpecii
T'®OKIL

Puc. 2. Pe3ysibTaTu iMmyHoricToximii 3pi3iB ciTkiBku (3a0apB/ieHHs] BHYTPIillIHLOIO IIAPY KJIITHH):
K — xonTpoib, Cyy — rpyna HopmansHoro kourpoito, CT3/] — niabetnyna rpyna,
CT3/1+Cg, — miabeTruHa rpymna ugypis, ki orpumysain po3urn 90 HM Cq,

T W W e «— 49 wila

K Cs0

CT3

— 40/l

CT3+C60

Puc. 3. Pe3ysibTaTu iMyHOO10TUHTY €KCTPAKTIB PeTHHH:
K — xonTpoib, Cyy — rpyna HopmansHoro kourpoito, CT3/] — niabetnyna rpyna,
CT3/1+Cg, — miabeTruHa rpyma urypis, ki orpumysain po3urn 90 HM Cq,

2,5

*%

I'®PKB, ym. on.

HUIA BMICT
‘

BiHoc)

|

T
B Q I
0
K C60 CT131

CT3]1+C60

Puc. 4. Binnocnuii BMmicT '®KDB B excTpaKkTax peTHHH 32 JeHCHTOMETPHYHUM aHAJII30M pe3yJbTATiB iMyHOOJO0THHIY:
K — xontpons, Cgy — rpyna Hopmanbaoro kourpoito, CT3][ — niabetnuna rpynna, CT3/1+Cg) — niabetuuna rpyna mrypis,
siki otpuMyBami posunt 90 EM Cgo; ** — P < 0,01 BiHOCHO KOHTpOIsHOT rpymH, * — P < 0,05 Bizrocso CT3J] rpymu
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HuHi MonekyIsipHi Ta KINITHHHI MeXaHi3Mu po3BUTKY [P
3IMIIAIOTECS HE 3’ ICOBaHNMHU. | [eBHMIT BHECOK Y TaTOTeHE3
JP poOusaTh mopymieHHs akTHBalil NPOTEIHKIHA3, CUHTE3Y
wiitHHHEEX (akTopiB pocty (Haurigot et al., 2009), po3Butok
OKHCHOTO CTpecy Ta YTBOPEHHS KIHLEBUX HPOIYKTIB
ryiko3wnoBaHHs (Zong et al., 2011), 3ananenns (Klein et al.,
2009). I'DKII-o3uTHBHI KIITHHH 3a0€3Me9yI0Th CTPYKTYp-
Hy Ta MeraloNliyHy MiATPUMKY HEHpOHIB 1 TaHIJTIO3HMX
KIITHH CITKIBKH. [JlianbHA PEaKTHBHICTH CITKIBKH IIiIBH-
mryeTbess B Xomi po3BUTKy JIP 1 30iraerbes 3i 3HIDKEHHAM
IIBUAKOCTI KOHBEpTAamii TiyramaTy Ha riryTaMid. [limBu-
LIEHWI piBeHb [yTamary Ta HaJMIpHA eKCIpecis
KOMITOHCHTIB PEHIH-aHTIOTEH3MHOBOI CHCTEMHU BiIirparoTh
BKIIMBY POJIb Y PO3BUTKY IATOJIOTIH CITKIBKM IIpH Jialeri.
AcCTpolMTH — TOJIOBHI KIITHHH, $Ki 3a0e3MedyloTh
PELMKIIHT TIyTaMary, 3aXUIIAl0ud HEWPOHHU BiJl €KCAaHTO-
TOKCHYHOCTI. [JTaNpHUI TIIKOMI3 IIUTPHO ITOB’SI3aHHN i3
BUKUIIOM TJIyTaMaTy 3 HEHpOHIB Ta HOro MOIJIMHAHHAM
riero (Mamczur et al., 2015). T'inepriikemist BUKJIMKae MO-
PYIICHHS TIIKOJITUYHOTO PO3IICIUICHHS TJIFOKO3H B acTpo-
mutax (Ganesh et al., 2011). JlakraT — BakmuBUi MeTabOJIIT
TIIFOKO3W Ta €HEePreTHIHUH CcyOcTpat, SKUi acTPOIUTH II0-
crauaroth 10 Heriponis (Pellerin et al., 2012). Takum yuHOM,
3HIDKCHHSI YTBOPEHHS JIAKTaTy CIPHYMHIOE €HEpreTHYHHH
nedimmT y HelipoHax.

BpaxoBytoun ckiiagHy B3a€EMO3AICKHICTh CHTHAIBHUX
IUBIXIB MDK KIITHHAMHM CYAMH, DNl Ta HeipoHamu,
TIMEPITTiKEMis MOXE BHKJIMKATH TIOPYIICHHS OJHOYaCHO
yCIX IUX KITHHHUX THMIB. ['eHepallis OKHCHOTO CTpecy Y
CITKIBLI ia0€THYHMX LIypiB CYNPOBODKYETHCS 3HIKESHHIM
e(EeKTUBHOCTI TPAHCIIOPTEPIB IVIFOKO3W Ta 3POCTAHHIM
BMicty kiHneBux npoxaykri I10JI (Ulas et al., 2015). Bpa-
xoByroun HaBeneHi (paktu, came ['OKII-mo3uTrBHI KIITHHA
€ MIIIeHHIO JIsI HEHpOIPOTEKTOPHUX 3aco0iB 1 KOPEKIIii
JiabeTHYHOT PETHHOTIATII.

BusBiieHe y mpoBeeHOMY AOCTIIKEHHI TIaJIbMyBaHHSI
HaJMIPHOTO acTPOIIiO3y Y CITKIBLI Jia0eTHYHUX IIypiB
MOJXe OYTH OIOCEPEIKOBaHE aHTHOKCHIAHTHUMH BJIACTHUBO-
cramu ¢ynepeny (Nedzvetsky et al., 2012). Orpumani gani
IOJ0 TIOJIMIIEHHSI CTaHy DI y CITKIBUI TP TATOJOTil
30iraloThCs 3 pe3yJbTaTaMH IIONEepEenHiX JOCHiIKEeHb, B
SIKAX TIOKa3aH1 IIIiS-TIPOTEKTOPHI epeKTH came TripaToBaHol
(dopmu ximigaO He MoanQikoBaHOTO Cg Y TOIIOBHOMY MO3-
Ky CCaBI[iB 3a XPOHIYHOTO BIUTMBY E€THJIOBOTO CITUPTY
(Tykhomyrov et al., 2008) Ta excriepumenTansHoro CT3-
niabery (Nedzvetsky et al., 2012). ¥V xoxi mocmipkeHHs
BIIEpIIIC OTPUMAHO EKCIIEPUMEHTAITbHI T0Ka3H ¢PEKTHBHOCTI
BukopuctanHsi CgHyFn pmng 3amobiraHes HagMipHOTO
o3y y citkiBui. Busineni edexru rinparoBanoro Ce ¢y-
JIEpeHy BIJIHOCHO acTpOrJio3y peTWHONNi, Jerpajaauii
['OKII ta BMICTy TIJ1iKO3MIBOBAaHOTO IEMOIIIOOIHY CBIqYaTh
po MYJIETH(HAKTOPIATEHY [IiFO0 IMX HAaHOYAaCTHHOK. [TomiOHa
Jis TOKa3aHa Il 3aXUCTy TECTHKYJIpHOI (yHKMIT y
niabermynux mypiB (Etem et al., 2014).

Mexani3m anTupamukanpHoi gii CeoHyFn xapmuramsaO
BIZIPI3HAETBCS Bill YCIX BiJOMHX aHTHOKCHAAHTIB. DynepeH
KaTali3ye peakiii JUCMYTaIli Ta 3HEIIKO/PKEHHS BUIbHHX
PaIyKaIiB 3aBASKH YHIKAJIBHAM BIIACTHBOCTSIM BOZIHOI (hasw,
AKa OTOYy€E TMOBEPXHIO AK OKpeMux Moinekyn Cgp, Tak 1 iX
HaHokyactepiB (Andrievsky et al., 2009). Otpumani gaHi
30Iraf0ThCsl 3 Pe3ysibTaTaMM IHIIMX ABTOPIB, SKi TOKA3aId
e(EeKTUBHICTh TAaKMX aHTHOKCH/IAHTIB sk eOcerneH (Tan et al.,

2015) 1 menaronin (Jiang et al., 2012), siki BiAHOBIIOIOTH
HOpMabHe (PyHKIIOHYBaHHSI TJ1ii IPU [iabeT-1HIyKOBAHOMY
OKHCHOMY ctpeci y citkiBi. 'izparoBanuii QysepeH, Ha
BiIMIHy  BiI  OUIBIIOCTI  BIJIOMHX  aHTHOKCHIIAHTIB,
BBAKAETHCS HETOKCUYHOIO Ta 0I0CYMICHOK PEYOBHHOIO, KA
TIPOSIBJISIE BUCOKY OIOJIOTIYHY AaKTHBHICTh HAaBiTh 3a HAJl-
mmbkux 1103 (Tykhomyrov et al.,, 2008). Lli oGcraBuHM
BIJIKpUBAIOTh IIMPOKI IIEPCIIEKTHBU Ui BUKOPHCTaHHS
CeoHyFn sx OesmedHoro Ta e(eKTHBHOTO areHTa Uit
mpoUTaKTHKK Ta Teparii TakuX Hia0SeTUYHHX yCKIaIHCHb
SIK PETHHOTIATI.

BucnoBok

Hemomndixosanmii rinpatoBanuii ¢ymneper (CqHyFn)
THIOIIepe/PKAE MOPYIICHHS! LIUTOCKEIeTa Ta HaMIPHY aKTHBa-
Hito peruHoriii y mypiB npu aiaberi. CooHyFn moxe Oytn
BUKOPHUCTaHUM SIK MOJIEKYJSIDHHI 1HCTPYMEHT JUIsi BUBUEH-
HS MEXaHI3MIiB PELMIIPOKHOI Peryssiii MK eHIOoTenmieM,
MIKpOIJII€I0 Ta TAHIJTIO3HUMH KIITHHAMH CITKIBKM TPH Ti-
Tiepritikemii.
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Bnuius kopoTkoTpUBaIO] Ail apeHaJiHy 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. Yiiakoa

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

PiBeHb aipeHaniHy pi3Ko MiJBHILYETHCS Yepe3 CTPECH, BiTyTTsI HeOe3MeKH, TPUBOTH, CTPaxy, HPH TPaBMax, OIiKaxX i IOKOBUX CTaHaX.
V BHCOKHX KOHLICHTpALISIX aJpeHalTiH HOCIIIIOE KaTaboTi3M OLIKIB. 3a 0MOMOr0I0 iMyHO(pEPMEHTHOTO aHaIi3y JOCIIHKEHO PIBEHb acTpo-
uT-criendivaoro npoteiny (S-100b) Ta HefiponansHoi Monekynu kiithaHOT aaresii (HMKA) y Mo3Ky 1ypiB 3a yMOB aJpeHaliHOBOrO
BILIHBY. ¥ MO3Ky S-100b mpomyKyeThesi TOJOBHUM YHHOM acTPOIUMTAMU Ta 3aJI)KHO BiJl KOHLEHTPALli YHHUTH TPO(iuHy a0 TOKCHUIHY
IiI0 Ha HEHpOHH Ta TiianbHi KmiTHHA. CHUIIBHUIA CTpec Ta IMIEMIiYHH CTaH iHIYKYIOTh IEpEepO3NOALT Kablili-3B’A3yBabHOTO MPOTETHY
S-100b ta migsumenns ioro pisws. KinbkicHi 3miHn S-100b Ha CHOroAHI PO3MIIAAAIOTECS SIK MapKep MO3KOBOT'O IIOIIKOKEHHS (KOPTHKa-
JIBHOTO, IMIEMIYHOTO TOILIO), TOPYIICHHS OOMIHY PEYOBHH Y MO3Ky a0 3a BIUIMBY PI3HOMaHITHHX ()akTOpiB Ha opraHi3M. BurbmicTs
HMKA — tpaHcmeMOpanHi OLIKy, SIKi JIMIIE OXHHUH pa3 IepeTHHAIOTH IUIa3MaTHYHy MeMOpaHy; BHYTPIIIHBOKITITHHHI JIOMEH! MAalOTh Pi3Hi
PO3MIpH Ta, BBXKAIOTh, 1110 BOHH OEPYTh Y4acTh y 3B’s3yBaHHI i3 UTOCKENIECTOM ab0 y KIITHHHINA nepenaui curaany. OTpuMaHi JaHi B Ha-
LIOMY JIOCHI/DKSHHI He MMOKa3aayd BaroMoro eeKty aJpeHaltiHy npH yBeaeHHi mrypam (i mwkipy) y mo3i 0,45-0,60 mr Ha urypa omuH pa3
Ha 100y npotsiroM 10 1i6 111010 pO3IOAiTy aCTPOLKT- 1 HeHpOH-CcrielM(ivHNX JOCIIHKYBaHUX MPOTETHIB Ta iX KOHIEHTpaMil y Pi3HHX BiI-
IiJIaX TOJIOBHOTO MO3KY HIypiB, 10 MO OyTH MOSICHEHO KOPOTKUM YacoM ii aapeHaniHy. OnHopa3oBe 30UIBIICHHS 03K aIpeHANIiHY Ha
(hoHI XPOHIYHOTO BIUTMBY 3yMOBIIFO€ 3HIDKEHHS 3arajJbHOTO ITyJIy MEMOPaHHUX OLTKIB Y MO3KY IIypiB.
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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.
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Beryn

Jist agpeHaniny noB’si3aHa i3 BIUIMBOM Ha 0~ 1 B-aapeHo-
peuentopu Ta 6araTo y 4oMmy 30iraeThbes 3 eeKTamu mopy-
IIEHHS CHMIIATHYHAX HEPBOBUX BOJOKOH. MOro cekperis
PI3KO MiJIBUIILYEThCS 4Yepe3 CTPECH, BMUYTTs HeOe3IeKH,
TPHUBOTH, CTPaxy, TPaBM, OITKIB i IIOKOBUX CTaHIB. Y BHCO-
KHX KOHIICHTPALIISX aJpCHATIH MOCIIIFOE KaTaboi3M OLIKIB.
Jiroun yepe3 cucreMy KpoBOOOIry, aJpeHaiH BIUIMBAE
MIPaKTHYHO HA BCi (DYHKIIIi BCIX OpraHiB, y pe3ysbTaTi 4oro
MOOLTI3YIOTECS CHJIH OPraHi3My OO MPOTHIii CTPECOBHM
CHTYAIIisIM.

S-100b — kanbliii-38’A3yBajbHUN MPOTEIH HEPBOBOT
TKAaHWHY, 30aTHUH yTBOPIOBATH JHUMEpH, yIeplle BHsBIIE-
Hui Mypom (Beharier, 2012). 3a nanumu Mypa, Moiexy-
JISIpHa Bara LbOro MpoTeiHy nopiBHIOE npubim3Ho 20 k/la.
[porein S-100b po3rsparOTh K OAMH i3 BY3JIOBUX MOJIe-
KYJIPHUX KOMIIOHCHTIB CKJIAJHHX BHYTPIIIHBOKIITHHHHX
cucteM, siki 3a0e3nedyroTh (YHKI[IOHAJIbHHH TOMeocTa3
KJIITHH MO3KY LUISIXOM CIIOJy4YEHHs Ta IHTerpaii pizHHX
KabIii-3a1eKHIX MeTabomiyanx mporeciB. S-100b Gepe
y4acTh y pETYILIli TOMeocTasy K acTpPOIHUTIB, TaK i HEPBO-
Bux kiituH (Sorci et al.,, 2010). V maboparopii P. [lonato
MpOBeIeHO Po0OTH, sIKi TokazaiH, 1o S-100b 6epe y4actb y
peryssnii 6ararbox mpoueciB (Donato et al., 2009). Sk
BHYTPILIHBOKIITHHHUN peryistop S-100b Gepe ydwacts y
peryisiuii  eHepreTM4Horo Meradosi3My, TPaHCKpPHIILL,
(ochoproBanHi OUIKIB, nposidepanii KIiTHH, BIKUBaHHI,
mubepeHmianii Ta pyxmmsocti, y miarpumanni Ca®’ romeo-
CTasy, B3a€MOJIIIOYM 13 LIMPOKUM CIEKTpoM OuIkiB (ep-
MEHTaMH, cyOcTparamu (epMEHTIB, LUTOCKEICTHUMH Yac-
THHaMH, JIOTIOMDKHUMH/aJAITePHAMH OLTKaMH, TPaHCKPHII-
miftHIME (aktopamu, yOikBiTiH E3 nirasoro, ioHHIMH KaHa-
JlaMH) B OOMEXECHUX TUIaX KIITHH. SIK IMO3aKIITHHHHAN CHT-
HaipHUi enemeHT S-100b Oepe ywacts y po3mi3HaBaHHI
peLenTopiB, PELenTop A MIIKePYBaHHSA KiHIIEBUX MPOTYK-
tiB (RAGE), ik Ha IMyHHHX KJIITHMHaX Tak i Ha HEWpPOHHAaX,
acTpolMTax 1 KITHHAX MIKPOIl, CYAMHHHMX DJIaJKUX
M’S30BUX KJIITHHAX, CKEJICTHUX MiOOjacTax i Kapiiomio-
mutax. I Bce %, RAGE He Moke OyTH €TMHUM PELETOPOM,
mo axtuBye S-100b. bitok 3maTtHWi MigBMIYBaTH CUrHA-
mizanito bFGF-Fgfrl, Bzaemogitoun 3 FGFR1-38’s3aHMM
bFGF y nesikux Tumax KIITHH.

MozaxmitiaHi edextn S-100b BapilOlOTh 3aleXHO Bij
HOro JIOKaNbHOI KOHIIEHTpAIli. 3’ABISETBCS BCE OLIBIIE
JOKa3iB Toro, mo KoHmeHTpamis S-100b MicTUTBCS B
MO3aKTITHHHIN PiarHI B HOpMaJIbHUX (Pi3107I0TIIHIX yMOBaxX
1 JIOKAJIBHO MIIBHIIYETHCSA Y Pa3i TOCTPOi TPaBMU TKaHWHM,
takuMm uuHOM S-100b mepenae TpodiuHi edexTn y LeH-
TpajbHy Ta mepudepuyHy HEPBOBY CHUCTEMY, CKEJICTHY
M’SI30BY TKaHHHY, ITITPUMYIOUYH TKAHUHHUIH TOMEOCTa3.

Y mo3ky S-100b mpomyKyeThcsi TOJIOBHMM YMHOM acT-
POLIMTAaMU Ta 3aJIEXKHO BiJ KOHIEHTpaLil YMHUTH TpodiduHy
a00 TOKCHYHY Ji0 Ha HEHPOHHU Ta IJTiaJIbHI KIIITHHU.

Y MIKpOMOJSIPHUX KOHIICHTpAMisSX MO3aKIITHHHUHA S-
100b y dopmi romMo- Ta reTepoauMepy MOXKe MaTH e(peKTH
HEWPOTOKCHHY UTS HEHpPOHIB Ta TJii, iHAYKYIOUH SK amol-
T03, Tak 1 Hekpo3 kit (Hu, 1997; Lam, 2001; Bianchi,
2007). S-100b 3maTHMI IOCHITIOBATH E€KCIPECit0 iHTEpIeH-
kiny-1 (IL-1) Ta intepneiikiny-6 (IL-6) y Mikporumii Ta Heil-
pOHax, II0 MOXXE CIPUYMHIOBATH MATOJIOTIYHI 3MiHU Bia-

cruBocreil verporiB (Li, 2000; Liu, 2005). Ilpu ypakeHHi
TOJIOBHOTO MO3KY CIIOCTepiraeThcs 3poctanHst piBas S-100b
(Kochanek et al., 2008). KosnuBanus konrentparii S-100b y
MO3KY HE 3aBXKIU CYIPOBODKYIOTBCS MOMITHUM TOTipIIEeH-
HAM COMAaTHYHOTO CTaHy TBapHH, ajie OJHOYACHO MOXKYTh
BUHHKAaTH PI3HOMAaHITHI MOPYIIEHHs IHTETpaTUBHOI (yHKIIl
MO3KY, 3aJIE)KHO BiJI CTyIEHs TIepIPOAYKLIil IIOTO MPOTEiHy.

Heiiponanena monekyna xmitnaHol anresii (HMKA) Ha-
JIKUTH IO BEITMKOI HANPOAWHU IMyHOIJTIOOYITiHIB, OUTBIITCTE
TIPENICTABHUKIB SIKOi OEPYTh y4acTh B OpraHi3arlii MiXKKJTiTHH-
HHUX KOHTAaKTiB a/Ir€3WBHOTO THITY. 3a CBOEIO XiMIYHOIO IPH-
POIIOI0 HEHpOHATIbHA MOJIEKYJIa € TOMO(LIEHAM TIKOIPOTE]-
HoM. binbmricte HMKA — tpancmeMOpaHHi OUTKH, sIKi JTUIe
OJIMH pa3 NepeTHHAIOTh IUIa3MaTHYHy MeMOpaHy; BHYTpIIL-
HBOKJIITHHHI JIOMEHU MalOTh Pi3HI PO3MIPH Ta, SIK BBKAIOTB,
OepyTh y4acThb y 3B’sI3yBaHHI 13 ILIMTOCKEIECTOM abo B
KJITHHHIA niepenadi curHainy (Sheng, 2015). Omna i3 dopm
HMKA He mepernHae Iuia3MaTthidHy MeMOpaHy Ta
TIPUKPIIUTIOETBCSL 10 HEl 3a paxyHOK Ditiko3uidocdarim-
iHo3iTOIy (I'®I), sIKwit «3asKOproe» AaHy HopMy B MEMOpaHi.
Iama dpopma HMKA — cekperopHa, MoXke BKIFOYATHCS Y
nozakmiTHHAENA Matpukc. [lopymenns ¢yrakoii HMKA
3YMOBIIIOE PYITHYBaHHS HEPBOBUX BIPOCTKIB, a TAKOXK Tallb-
MYBaHHS POCTY BIiJPOCTKIB HEPBOBHX KIITHH, SIKI MPHKPIM-
JIFOKOTBCSL OJIMH JI0 OJTHOTO 3 YTBOpEHHsIM mydkiB (Sytnyk,
2001). BuBueHHs 11bOTO THITYy OLIKIB — JIOCTATHBO BaXKJIMBE
NMTAaHHS, OCKUIBKM JIO3BOJISIE BH3HAUUTH IX pOJb Y
(hopMyBaHHI HEPBOBOI CHCTEMH (OCOOJIMBO Mijl Yac CHHAI-
TOTeHe3y) Ta BUKOPHCTOBYBATH iX SK CIIELM(IUHI MapKepH
HH3KU 3aXBOPIOBaHb HEPBOBOI CHCTEMH ((OKAIBHOI imemii
Tomo). be3yMOBHO, iCHYIOTH BIAMIHHOCTI ~ PO3BUTKY
TIPOLIECiB MOMIKOPKEHHS MO3KY TPHU3YHIB Ta IPHMATIB, IIPO-
Te 0araTo CIHTHPHMX PHC JO3BOJIIOTH IIEBHOIO MIPOIO €KCT-
pArioNFOBaTH JIaHi eKCIIEPUMEHTIB Ha PO3YMIHHS KIIITHHHHX
MeXaHi3MIB imemii y BHNAAKY IHCYJABTY B JIFOIMHH
(Edelman, 2004).

OnuH 13 (akTOpiB PU3UKY 3MIHM KPOBOHAIIOBHEHHS CY-
JIVH 1 KansIpiB — KOHIICHTpALis a[jpeHaliHy B KpoBi. Tomy
METa CTaTTi — OLIHUTH KOPOTKOTPUBAJINI BIUIUB aJIpeHAIIHY
(omHOTO 13 (haKTOpIB PH3MKY PO3BHUTKY imlemii MO3Ky) Ha
3arajibHUHN Iy IIMTO30JIbHUX 1 MEMOpaHHHX OUIKIB, piBEHb
actporut-cnenugiyaoro 6inka S-100b i HelpoHaIBHOT MO-
JEeKyM KIITHHHOI aaresii y pi3HMX BIAIIAX TOJOBHOTO
MO3KY IIypiB.

Marepiai i MeToau 10CTiTKEHD

Y po6oTi BUKOPHUCTAHO MO30K 24 IOPOCIHX LIypiB JIHIT
Bicrap Baroto 150-190 r, siKMX MOJUIAIN HA YOTHPHU TPYIH
(n = 6). I rpynma — xouTponsHa, 18 TBapuHam II-IV rpyn
npotsiroM 10 1m0 yBOIWIM MiAUMIKIPHO aapeHAITIH: Iepiia
no6a — mo 0,33 mu 0,18% po3uuny, apyra — cboMa — 10
0,25 M1, BockMa — jgecara jgoba — mo 0,33 M KOXKHIH
TBapuHi. [lepury (KoHTpoNIbHY) Ta Apyry (6 TBapHH, sSKi OT-
puMyBan aapeHanid, Aap(X)) rpyny BHBEIH 3 €KCIIEpH-
MEHTY TICIS 3aBepIIeHHs iH e€Kuiii aapeHamiHy. Tperio Ta
4yeTBepTy rpymu TBapuH JikyBamu KopsituHoMm (Bopira-
TIBCBKHH XiMiKO-(hapMalleBTHYHUH 3aB0J, YKpaiHa) IpOTs-
roM 6 [1i0 3a cxeMoro: Tiepia 100a — 25 Mr Ha TBapuHy, IpyTa —
Tpets gobda — mo 17 mr, yeTBepTa — 1mocTa g006a — 1Mo 8 Mr.
[epen nexamitamiero TBapuHaM 11l rpymm yBoamm ynapay
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no3y anpeHaminy (Azp(O), 0,5 mmn 0,18% pozumHy
anpenaniny). Excrniepument mnposeneHo 3rimHo 3 «Ilomo-
JKEHHSIM TIp0 BUKOPHCTaHHS TBapuH y OiOMEIUYHHX
nocminax» (ETvka jikaps Ta mpaBa JFOIMHH: TTOJIOKCHHS
PO BUKOPHUCTaHHS TBapuH y OloMenmyHuX focigax, 2003).
HanpyikiHni eKkcriepuMeHTy TBapHH JIeKaliTyBaIH i cial-
KUM Hapko3oM (i3odurypan). [3 MoKy BuALISIIHM TpH Biainm:
KOpY BEJMKHX IIiBKYJb, TJIAMYC Ta TilIOKaMIl, sIKi y MO-
JAJIbIIOMY BUKOPHUCTOBYBAJIM Uil OTPUMAHHS LIUTO30JIbHOT
Ta MeMOpaHHOi (pakmii OiNKiB 3a JOHOMOTror0 aude-
peHiiiHOTO TIeHTpH(yTyBaHHS ToMoreHary (Fomenko et al.,
2011). Buxiguuii 0ydep mictus tpuc — 0,25 MM (pH 7,4),
erwreraiaminterpaorer (EJTO) — 1 MM, murioTpeiTon —
2 MM, deninmeruncynbponingTopun (PMCD) — 0,2 MM,
asun Harpito (NaN;) — 3 MM (Bkazani peareHTH Oyin
npundani y Sigma, CILIA). MemOpanHi OlIKH eKCTparyBaiu
3a poromoroto TputoH X-100 — 2% y BuxizHOMy Oydepi.
PiBeHp 3araipHOTrO NpoTeiHy B OTpUMaHUX (DpaKmisix BU3HA-
yaiu MetonoM Bradford (1985) 1 Bupaskanm y Mr/mir.

Bumict S-100b y Kopi BeNMMKHX MIiBKYJb, TaJaMyci Ta
TIITOKaMITi BU3HAYAIH 3TiHO 3 METOIUKOI KOHKYPEHTHOTO
TBepro(a3zHOro iMyHO(EPMEHTHOTO aHaNi3y 3 BUKOPHCTaH-
HIM MOHOCHCIM(DIYHUX TMOMIKIOHAIBHAX AHTHTLUI MPOTH
S-100b (Sigma, CIIIA) Ta BiANOBIIHOIO OYHIIEHOTO
npoteiny S-100b (Sigma, CIIA) sik cranmapty (Hro, 1998).
KinbkicHe BH3HAa4Y€HHSI HEWPOHAIBHOI MOJIEKYJIM KIIITUHHOL
anresii IPOBOMIIN TAKOXK 3TIIHO 31 CTaHAAPTHOIO METOMM-
koo IDA 3 BUKOpUCTaHHSIM BIATIOBIJHUX aHTUTLI MPOTH
HMKA (orprmMaHHMX y Hamii 1abopaTopii) Ta OYHILEHOTO
HMKA sk crangapry (Protein Lab, Konenraren, [lawis).
OtpumMani pe3ynbTaTd BUMIpIOBaIN 3a jonomoror IDA-

pinepy Anthos 2010 (DinnsHzist) 3a Z0BXKUHU XBUIT 492 HM.
Kizekicte HMKA Ta S-100b Bupakamu B MKr OLTka Ha
100 mr TkanuHEU. CTaTUCTUYHY OOpPOOKY pe3yJbTaTiB Ipo-
BEICHO 13 3acTrocyBaHHsM t-kputepito  CThrOJCHTA.
JocroBipHrMu BBaKau BigMiHHOCTI 3a P < 0,05.

Pe3yabTaTi Ta iX 00roBOpeHHsA

Pesynbrati aHaiizy B OTPUMAaHHHX (DPaKIisIX MO3KY
LIypiB MOKA3aJIH, 10 NP BBEACHHI aJpeHaliHy HiJIIKIPHO B
no3i 0,45-0,60 mr Ha TBapuHy | pa3 Ha m00y mpoTSATOM
10 mi0 BipOTiAHMX 3MIH 3aralbHOTO ITyJy ITUTO30JIBHHIX
MIPOTETHIB Y JOCTIHKYBAaHUX BiUILIAX MO3KY IIypiB HE Bif-
OyBaiioch (puc. 1). Y 11ypiB KOHTPOJILHOI TPYIH BMICT 3a-
ralbHOrO MPOTEIHY B LMTO30JbHIN (pakuill, oTpumaniii 3
KOpH BEJIMKUX TMiBKYJib, cTaHOBUB 2,82 £ 0,30 Mr/mui, Timo-
kammna — 3,09 £+ 0,61 mr/mi, Tamamyca — 4,71 + 0,62 Mr/mi.
3a yMOB OJJHOPa30BOr0 BIUIMBY aJpeHaniHy npotsroM 10 ni6
y TIMOKaMITi BCTAHOBJICHO TCHIICHIIIO JO 3MCHIICHHS PIBHS
3arajbHOIO MPOTEiHY, a y TalnaMyci BiIMIYEHO TEHJIEHIUIO 10
30UIBIIEHHS PIBHS 3arajbHOTO ITyJy [IMTO30JIBHUX MPOTEiHIB,
aJe i BIAMIHHOCTI HE JOCTOBIpHi, OCKUTBKH BMICT TIPOTEIHIB
KOJIMBABCs y MIMPOKOMY [iama3oHi. 3a BBereHH:S KopiTuHy
(aTHOKCHIAHTHOTO Tiperapaty) micist 10-1000BOro BILMBY
aIpeHalliHy B YyKa3aHiii BHIlE 031 CHOCTEpIralidi TUIbKA
TEHACHILIIO KOJMBAHHSA PIBHA 3araJlbHOrO IPOTEHY Y
JOCIIIHUX BIJUIUIaX MO3KYy B MEXKax HOpPMaJIbHOI Bapiatii
HIOPIBHSTHO $IK 13 TPYIOIO TBApHH, SIKUM YBOIWJIM aJ[pEHaIiH,
TakK i 3 KOHTPOJIbHUMU TBaApHUHAMMU.

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. PiBens 3aranbHoro npoteiny (31I) y nuro3o01bHuX ¢pakuisax, OTpUMAaHMX i3 pi3HUX BigaiiiB
T0JIOBHOT0 MO3KY LIYPiB: KOHTPOJIb — KOHTPOJIbHI TBAPHHH, SIKI OTPUMYBAIIH MIAMIKIPHO (Hi310J0TIYHUIA PO3UMH
npotsiroM 10 1i6, Anp. — oTpuMyBaK NiAMIKIPHO apeHaliH OJuH pa3 Ha 100y y 103i 0,45-0,60 mr npotarom 10 ni6;
Anp(0)+K — oTpuMyBanu miAMIKIpHO afpeHalliH Ta B ocTaHHi aHi 1ie i KopBiTuH, i3 101aBaHHAM yIapHOT J034 apeHaIliHY
Ha OCTaHHbOMY JHI eKcliepuMeHTy; Anp(x)+K — oTpumyBanu niAmKipHO afpeHalid Ta B ocTaHHi AHi e 1 KopsiTun; n =6

JocnimkeHHst 3arajbHOro Imysly MeMOpaHHHX IPOTETHIB
y MO3KY TBapHMH BHU3HAYMIO TCHACHIIIIO JUIA BCIX BIIILTIB
MO3KY. ¥ TiIOKamIli KOHTPOJIBHUX TBapHH PiBEHb MPOTETHIB
y MeMOpaHnHiii ¢paxuii cranoBuB 2,3 mr/mn (puc. 2). 3a
YMOB yBEJICHHSI aJIpeHaJIiHy OJMH pa3 Ha 100y y no3i 0,45—
0,60 mr ma TBapmHy mpotrsarom 10 nmid6 (rpyma Amp (X))
piBeHh MEMOpaHHHUX TPOTEiHIB JOCTOBIPHO HE 3MIHUBCA. Y
pa3i IomaTKOBOTO 30UTBIICHHS O3W aapeHaniHy (rocTpe
yBezieHHs) y 1031 0,9 Mr Ha TBapHHY Mepejl AeKarliTalieo Ha
T il agpeHaniny mpotsrom 10 xi6 Ta aii Kopsituny (Axp

(O) + Kop) cnioctepiraiu BiporiiHe 3MEHIIICHHS PIBHS MEM-
OpaHHMX OUIKIB y NaHIH CTPYKTYpi MO3KY MOPIBHSIHO 3 KOH-
TPOJBHOIO TPYIIOK. Y pa3i aipeHATIHOBOrO HABAHTA)KCHHS
npotsiroM 10 1i6 (6e3 30UIbIICHHS 103HM) 332 OJHOYACHOIO
BUKOPHCTAHHS TEpalleBTUYHOrO yBeneHHsS KopsiTuHy
JOCTOBIPHHX 3MiH 3aTaJIbHOTO IyJTy MEMOpaHHUX OUIKIB y
rimokamiii TIypiB He 3apeecTpoBaHO. [lomiOHY TeHAEHII0
TaKOXX IIOMIYEHO y KOPi BEIUKHUX ITIBKYJb Ta TaJIaMyc.
omo pieust S-100b npoteiny, TO y KOHTPOJIBHIN rpyrii
LIypiB y KOpi BEIMKHX MIBKYJb BMICT JIAHOTO MPOTEIHY
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cknagas 0,13 £ 0,010 mkr/100 Mr TKaHUHH, y TiOKaMIIi —
0,10 £ 0,006 mxr/100 mMr TkanuHH, y Tajgamyci — 0,11 =+
0,010 mkr/100 Mr TkanuHM (puc. 3).

VY rimokammii Ta Tajamyci 3a YBEACHHS aapeHaliHy
nigmkipHo B 1031 0,45-0,60 Mr Ha TBapuHy OIMH pa3 3a
100y mpotsiroM 10 1i6 MOMIYEHO TEHICHINIO O 3HKCHHS
piBus S-100b, BMiCT maHOro HpoTeiHy B TilMOKamImi — Ha
piBHi 0,08 + 0,02 mkr/100 Mr TkanuHH, y Tamamyci — 0,10 +
0,01 wmxr/100 Mr TtkaHWHHM, ame BigMIHOCTI Oymm He
JOCTOBIPHIMH, OCKLTBEKH BMICT S-100b mpoTeiny koimBaBcs

311, mr/nu

B MeXax HOpMaJIbHOI Bapiailii. Y MO30UKY TaKOXK 3a3HA4YEHO
TUIBKK TEHJEHIIt0 10 30uibiieHHs piBHs S-100b mpoteiny
3a yMOB yBeneHHsi aapeHaininy. Kopsitua micns 10-1060-
BOT'O BIUIMBY aJIp€HaliHy B yKa3aHIi BHIIE JI031 TaKoX He
BUKJIMKaB BIpOTiZHOTO 3HIKEHHs piBHS S-100b y kopi Be-
JIMKUX MIBKYJIb MOPIBHSHO 13 TPYNOIO TBapHH, SKUM YBOH-
JU aJpeHaliH. Y TiMoKaMmIli Ta TaaaMyci JOCITiIPKYBaHHX
TPyI TBapHH BIipOTIHUX 3MiH KoHUEeHTpawii S-100b Takox
He crocTtepirany (BimOyBanmcs xonmBaHHA B Mexkax 0,10—
0,15 Mxr/100 MT TKaHUHH).

limoxamn

KoHTp o

Axp(X)

Aap(OytKops  Aap(X)+Kope

Puc. 2. Piensb 3aranbnoro nporeiny (3II) y MemOpannux ¢pakuisix, OTpMMaHuX i3 rinokamna
BeJIMKUX NiBKYJIb MO3KY LIYpiB: Ha3BU IPYIIl TBAPUH AUB. puc. 1; n = 6; * — P < 0,05 BITHOCHO KOHTPOJIIO

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 HuT030JbHHUX (ppaKLisiX, OTPHMAHUX i3 Pi3HUX BilIlIiB roJ10BHOI0 MO3KY LIYpiB:
Ha3BU IPYMII TBAPUH AUB. puc. 1; n=06

3riiHO 3 OTPUMAHKUMU PE3YJIBTATAMH JOCIIDKEHHS MO3KY
LIypiB MOKAa3aHO, IO Jyisi KOHTPOJBHUX TBAPUH PIBEHb
HEUpPOHAILHOT MOJIKY/IM KJITHHHOI aire3ii B MeMOpaHHIN
¢paxkuii rinokamma ckinaB 62 Mkr/100 mMr Tkanunu (puc. 4).
3a BIUTHBY aJipeHAIIHY OJIMH pa3 Ha 100y y mo03i 0,45-0,60 mr
Ha TBapuHy npotsirom 10 1i6 (rpyma Anp (x)) pisers HMKA
HEJIOCTOBIPHO 3MEHIIyBaBcs 10 57 Mkr/100 Mr TKaHHHHL
Y BUNAJIKy JOMATKOBOTO 30LIBIICHHS JI03U aIpeHAITiHY (TOC-
Tpe yBemeHrs) y no3i 0,90 Mr Ha TBapuHY Tepen
nekamitamiero, ane Ha i i Kopeituay (Anp(O)+Kop)
JOCTOBIPHHX 3MiH PiBHS MeMOpaHHOI (opMU HEHPOHAIBHOL
MOJICKYJIM KJIITUHHOI ajre3ii B JaHId CTYKTypi MO3KY He
CIIOCTEpIray TOPIBHSHO 3 KOHTPOJBHOK Tpymnor. Y pasi
AIPCHATIHOBOTO HaBaHTAXeHHs mpoTsroM 10 mi0 3a omHO-
YacHOrO TEparieBTUYHOrO YyBeneHHs KopBiTMHY —piBeHb

MeMOpaHHOI HEHpOHAIBHOI MOJNEKYNIM KIITHHHOI ajresii B
rifnoKammi [ypiB OyB MiIBUILECHUII TOPIBHSHO 3 KOHTPOJIb-
HOoto rTpymnoro TBapud (77,7 + 1,5 mxr/100 Mr TKaHWHH).
[NoniOHY TEHIEHII0 TAKOXK CHOCTEPIralid Il KOPU BEJTMKUX
ITBKYJIb 1 TaJlamyca.

OtpuMani J1aHi BKa3yloTh, 10 32 YBEACHHS apeHAIIIHY
migmkipao B 1031 0,45-0,60 Mr Ha TBapMHY OJMH pa3 Ha
100y mpotsiroM 10 10 piBeHb 3arayibHOTO IyJIy HPOTEIHY
LUTO30JIFHOI Ta MeMOpaHHOI (PpaKIliif i3 JOCITIIHKYBaHIX
BiZIIUTIB TOJIOBHOTO MO3KY IIyPiB CYTTEBO HE 3MIHIOETBHCAL.
VY pazi 1oaaTKkoBOTO 30UIBIIEHHS 103U afpeHariny 1o 0,9 mr
Ha TBapuHy Inepen jekamiramiero Ha i aii Kopsituny
CIIOCTEPIracThCs 3HAYHE 3MEHILICHHS PIBHS MEMOpPaHHHMX
OUIKIB y BCIX JOCHTIPKYBaHUX BiJJIiIaX MO3KY HOPIBHSIHO 3
KOHTPOJIbHOIO Tpymoro. PiBens S-100b npoTeiny 1ocToBipHO
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HE 3MIHIOEThCS Y PI3HUX BiJUIUIAX TOJIOBHOTO MO3KY TBapUH
TIPY YBEJICHHI a/IpeHalTiHY Yy BUII[€3a3HAYEHIN JI031, [0 MOXKe
OyTH TMOSICHCHO THUIIOM IH’€KIIil Ta KOPOTKUM IIE€PioJIoM il

90 +
Timoxkanmm

HMEKA, Mxr/100 M TRAHHHH
=
[an)

anpenaniny. Pisenb HMKA HemoCTOBIpHO 3MEHIIYEThCS Y
MO3KY LIypiB, ajle TaKke 3HIKECHHS He KPUTHYHE 11 BHKO-
HaHHS (DYHKLIH Y JOCHIDKYBaHHUX BIZIIaX 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 urypis:
Ha3BH TPYIII TBApUH quB. puc. 1; n = 6; * — P < (0,05 BiIHOCHO KOHTPOITIO

Huni npoBeneHo Oararo nocmimkeHp moao S-100b sk
MapKepa IIIeMiYHOTO TOMIKODKEHHS MO3KY, IO Ma€ IIpo-
THOCTHYHE 3HAa4eHHsA. TOMY BelMKa KUIBKICTh IMyOJiKarlii
TIPUCBSYCHA OIIIHIOBaHHIO Kopersimii piBHIB S-100b i3
KJIIHIKO-HEBPOJIOTIYHMM OOCTS)KCHHSIM 1 OIIIHIOBAHHSIM 00-
cary indapkry. PiBerb S-100b y mikBOpI MiJBHIYETHCS 3a
YMOB CYJMHHUX MO3KOBHX molkomkeHp (Lamers et al.,
1995) i kopemoe i3 po3mipoM iH(pAPKTY Ta KIIHIYHUM pe-
sympratoM  (Wunderlich et al., 1999). 306uibiieHHs
KoHneHTpanii S-100b miciist rocTporo imemMidHOro iHCYIbTY
Jocsirae MakcuMyMy depes 2—3 noou (Elting et al., 2000). 3a
JaHUMHU JochmipkeHs Bottiger et al. (2001) micnis
THOKCHYHOTO YIIKOMKEHHS MO3KY Y Pe3yJbTaTi 3YNUHKH
cepis KoHIeHTparist S-100b mocsrae miky B iHTepBami 2—24
roauad. [Ipy yka3zaHux XBopoOax BinOyBaeThesl 3MiHA PiBHSA
S-100b y pasu. Ase oTpuMaHi HamHu JiaHi BKa3yloTh Ha Te,
1I0 KOPOTKOTPHMBAJIMI BIUIMB aJpEHAIIHy He IHIYKY€E
CYTTEBOI 3MiHM METa00JIi3My BKa3aHHOTO MPOTEIHY B MO3KY
UIypiB, X04a 3a JAHUMH EJICKTPOKAPIIOrpaM y JOCHIIHHX
TBapuH OYJIM 3apeeCTPOBaH] O3HAKHM PO3BUTKY iLIEMii cepris
32 YMOB BUKOPHCTAHHOT'O IIPOTOKOITY BIUTMBY apEHANIHY.

Ionepenni mocmimxenns (Tur et al., 2013) B excrnepu-
MCHTAIBHIM MOJIENi IIEeMIYHOi KapiomnaTii TOKa3aiH, IO
TpHUBaJIa IIEMisl IIPOBOKYE TiMepeKcIpecito i3odopmu Oinka
HMKA-140. Tlpurmyckaersesi, IO MaHHWAN TPOTEIH MOXKe
BUCTYIIATH  IHOYKTOPOM  a[re3MBHO-OIOCEPEIKOBAHOTO
KIITHHHOTO CHTHAIy Ha TIEBHI TOPMOHAIBHI CTUMYIIH, aje
TUIBKH 32 TPUBAJIOTO ITiIBUIIEHHS KOHIICHTpALIIT aIpeHaTIHY.

BucHoBku

3a yMOB KOpPOTKOTPHMBAJIOIO BIUIMBY aJpeHaiHy (M-
mikipHoi iH’ekuii) 0,45-0,60 Mr Ha TBapuHY OIMH pa3 Ha
100y npotsirom 10 116 He BinOyBaeThCsl CyTTEBOI 3MIHU PO3-
TIOAIUTY KaJIbLIiH-3B’sI3yBaJIbHOTO TpoTeiny S-100b y Mo3ky
LIypiB, aye IHIYKYEThCS HE3HAYHE 3MEHILECHHS KOHLIEHTpa-
1l HeHpOHAIBHOI MOJIEKYNM KJIITMHHOI ajiresii y pi3HHX
BiZIIiJIaX TOJIOBHOTO MO3KY IIypiB. 3aCTOCYBaHHS aHTHOK-

cupaHTHOro npenapary KopBituHy 3amobirae xarabosizmy
BKa3aHUX MPOTETHIB 32 XPOHIYHOI 1ii agpeHainy. Xapakrep
VBEICHHS alpeHaliHy (MOIIKipHO) Ta TPHUBAJICTh HAIIB-
JKUTTS JAHOTO TOPMOHA HE JAIOTh MIAIPYHTS UL CYyTTEBOIO
BIUIMBY Ha PIBEHb JIOCIIHHUX MPOTETHIB Y MO3KY IILypIB.
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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 o, 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 HHTHOUPOBAHHUS
U 32:KUBJICHHS JIy4€BOI'0 05K0Tra KOKU 00beMHOM ayTOTPAHCIVIAHTAIAEH
¢pudpodaacToB M KOMIO3UIMHU GUOPOOIACTOB C KEPATHHOLUTAMHA

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

Xapvroeckuti nayuonanoHolii ynugepcumem umenu B.H. Kapasuna, Xapvros, Ykpauna

TIpoBexneHo HccnenoBaHNe MEXaHH3MOB BIIMSIHUSI OOBbEMHON ayTOTpaHCIUIaHTay (puopodiacTaMu U cMechio (pHOpOOIacToOB ¢ KepaTH-
HOLIUTAMHU Ha Pa3BUTHE JIOKAJIBHOTO PEHTreHoBCcKoro oxxora Il crenenu u myueBoi sI3BBI KOXKU Y MOPCKUX CBHHOK. VcIons30BaHO riry6o-
KO€ BBEICHHE B 30HY 0O/IydeHHs 110 ee IepuMeTpy 6 103, conepamuix (150-160)x10° gpubpodactos u (130-140)x10° kepaTHHOLUTOB B
100 mxi. [TokazaHo, 4TO 3Ta ayTOTpaHCIUIAHTALMsL, POU3BOAMMAs Yepe3 1 yac, a 3aTeM Kaxaple 24 yaca mocie o0aydeHus, K 35-M cyTkam
YMEHBIIAEeT IUIOIIA b 0XKOTa 110 CPAaBHEHHUIO ¢ KOHTpOoJIeM Ha 63%. JlydeBast s13Ba BO3HUKaeT Ha 10-e cyTku nociie 0OIydeHHs U HOTHOCTBIO
3akmBaer k 25-M cytkam. [1pn Takoii ske cxeme BBesieHHs ogHUX (HHOpoOIacToB ¢ copeprkanueM (200-210)% 10° B 100 MK 373 IIOKA3aTENH
nedeHust cocTaBisioT 31%, 4 1 35 cyTOk cOOTBETCTBEHHO. B pesyinbraTe 00IydeH s B 30HE 0XKOra CHIDKAETCS YPOBEHb SKCIIPECCHU TEHOB
xosutareHa tinos | u II1, anactuna, GpuOpoHeKkTHHA, BUHKYJIMHA, IEKOPUHA, THAITYPOHAHCHHTA3 1, 2 M 3, MAaTPHKCHBIX METAJLIONpPOTEHHA3 1,
2, 3,7 u 9 v ruanyponnzassl. B 30He 0)ora CHIKEH TaKKEe YPOBEHbB SKCIIPECCHH TEHOB TpaHc(hopMHpYoIIero Gakropa pocta o, GakTopos
pocra ¢pubpobnactos 1, 2 u 8 1 MPOTUBOBOCTIATUTENBHBIX LIUTOKMHOB — HHTepIeiikiHa 10 1 Tpancdopmupytomiero pakropa pocra Bl, a

V.N. Karazin Kharkiv National University, Svobody Sq., 4, Kharkiv, 61022, Ukraine
Xapvrosckuil Hayuonanbrwlil yuusepcumem umenu B.H. Kapazuna, np. C60600bi, 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 — HHTepJieliknHalP — noBeiueH. O6a ByIa ayTOTPAHCIUIAHTALIMH BBI3BIBAIOT
TIOBBILICHHE YPOBHSI SKCIPECCHH BCEX T€HOB CTPYKTYPHBIX OHOIOIMMEpOB, I'eHOB (pHOPOHEKTHHA, BUHKYJIHHA, IeKOPHUHA, THaTypOHAHCHH-
Ta3 1, 2 1 3, a Takke MaTPUKCHBIX MeTauIonporennas 1, 2, 3, 7 u 9 ¥ ruanypoHuaa3bl. Y pOBEHb IKCIIPECCHH reHa nHTepiieiikunal f cHinka-
€TCs, YTO NMPHUBOJUT K aKTHBALMHU IPOLIECCOB PEreHEpalMK TKAHEH M 3a)KHMBJIICHHS OXXOrOBOW paHbl. AOCONIOTHbIE M3MEHEHHUs YPOBHEH
9KCIIPECCHH BCEX ITUX T€HOB OOJIBIIIE TIPH BBEACHUH B 30HY O)KOTa cMecH ayTo(huOpodiacToB ¢ ayTokepatnHonuTamu. [Iprmanaamu Gonee
BBICOKOH 3()(h)eKTHBHOCTH ayTOTPAaHCIUIAHTAIIMA CMECBhI0 (PHOPOOIACTOB C KEPATHHOLUTAMH MO CPAaBHEHHIO C ayTOTPAaHCIUIAHTAMEH Of-
HHUMH TOJIBKO (prbpobiiacTaMu SIBIISIIOTCS Kak OOJIbIIee CyMMapHOE KOJMYECTBO JKHBBIX KIIETOK, PETyJIIPHO 3aMEIIAIONINX B 30HE 0XKOra
TIOTHOIINE KIIETKH, TaK M B3aHMHAas CTUMYJLIIUS ayTo(GHOPOOIacTOB M ayTOKEPAaTHHOLUTOB K MPONM(Epaniii U CHHTEe3y OMOJIOrHYEeCKU

AKTUBHBIX BCUICCTB — LIUTOKWHOB U (IJaKTOII)OB pocTa.

Kmouesuie cnosa: mydaeBoit 0xor; JTydeBast s138a; GHOPoOIacTbl; KePaTHHOLMTHI; 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, 2006).

Radiation burns of 3rd degree of the skin of the animals'
left thigh were caused by X-ray CuKo-radiation at dose rate
of 425 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 7 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+ 197
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|58.8+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
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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+1.8 326+14 204+1.1
irradiated non-treated 05+0.17 250+15 23.1+£09" 11.6+0.8"
20| otransplantation | 12rObIasts 1.7£0.2 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 |1PEODIStS 24+0.1 292+13" 27.0+1.2° 329+2.17
P fibroblasts and keratinocytes 32+0.1" 378+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*

b Protein and its gene
ays The irradiation and treatment al-chain of ol-chain of . . . . .
after . ... elastin fibronectin vinculin decorin
ra of animals conditions collagen type I | collagen type III
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+0.30° 1.3 +0.407 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;ﬂffct;z‘;d 3552+323%| 20055117 | 110435 |  856+07"| 447+07" | 520=48"
irradiated non-treated 1.8 +0.207 0.6+0.10" 0.4+0.10" 03+001"]  0.1+0.01 02+0.017
35 fibroblasts 458+4.17 282+7.1% 277+88" 234+02° | 102+02° 125+12°
autotransplantation E:rr;’tﬂzsct;tzgd 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;?gca(fdifsgem hyaluronan synthase 1 | hyaluronan synthase 2 | hyaluronan synthase 3
irradiation HASI HAS2 HAS3
non-irradiated 589+3.2 58.6+3.2 51427
irradiated non-treated 0.3+0.017 0.3 +0.02" 0.3+0.017
20 autotransplantation | 2roPIasts 0.2+0.01" 0.19+0.01” 0.16£0.01"
P fibroblasts and keratinocytes 425+22" 40.6+23" 404+2.17"
irradiated non-treated 0.10 £+ 0.006" 0.10=0.006" 0.09 = 0.005"
35 autotransplantation 2rOPIAstS 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
ir;ilsi;i:; of animals conditions MMPI1 MMP2 MMP3 MMP7 MMP9 HYLA
non-irradiated 326+ 1.8 403+22 . | 584+3.1 405+22 206+ 1.6 39.7+2.1
irradiated non-treated 0.17+0.017 0.2+0.01" 03+001"] 02+0.01F | 0.16+0.017 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‘g?j:; ocyies 446+25" 62+25" 24+22% | 462425 | 447+255" | 46.7+25"
irradiated non-treated 0.06+0.003"| 0.07+0.003"| 0.1+0.006"| 0.07+0.0047| 0.04+0.0027 | 0.07+0.004"
35 lautomans. |DIOblasts 69+03" 77+04 94405 | 77+04" | 66+03 7.6+04"
plantation Z‘Eg"gﬁ‘j&m tes 814+46" | 738x41" | 689+37" | 73.8+4.06"| 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 (Coffey, 1995; Boilly et al., 2000; Vogel-
Hopker et al., 2000; Pehlivan, 2001; Dorr 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 +0.027 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" 452+50" 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-f1. 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 reHeTH4eCKOM (poHe OKPY:KAKIIUX TePPUTOPHIA

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

1 . o
Xapvrosckuii nayuonanvHwiil ynugepcumem umenu B.H.Kapazuna, Xapvkos, Ykpauna
2 o .~
OI'FHY «Meouxo-eenemuueckuu Hayunvii yenmpy, Mockea, Poccus
3 o
Hucmumym ooweni eenemuxu umenu H.U. Basunosa PAH, Mocxkea, Poccus

W3zydena reHeTnueckas CTpyKTypa 3akapraTckoil 1 YepHOBUIIKON MOMyJIsAmii ykpauHieB mo SNP MapkepaM HepekOMOMHHUPYIOLIEi
yact Y xpoMocoMsbl. B 3akaprarse ¢ uacroramu 6oiee 5% BCTpedaych CiIeyroue ramorpymisl Y xpomocoMsl: R1alal*(M198), 12a
(P37.2), R1alalg (M458), Elblblal (M78). B UepHoBHIIKO 001aCTH CIIEKTp MaXKOPHBIX TAILIOrPYINT ObUT HHOM: ¢ yacToTamu Goiee 5%
BCcTpeyavck raorpymnmst 12a (P37.2), Rlalal*(M198), R1alalg (M458), R1b1b2 (M269), Elblblal (M78), I1 (M253), cymmapHo coc-
TaBisig okoio 90% Y-xpoMocomuoro reHoona. UepHOBHIKAS HOIMYJISILHS OTJIMYACTCS OT THIIMYHBIX ITOMYJIALMI YKPAHHIEB BBICOKOH
yacrotoil ramtorpymns! [2a (P37.2) u monwkenHolt wacroroil rammorpymmsl Rla (M198). Takue reHernueckue OCOOSHHOCTH, MO-
BUIMMOMY, C(OOPMUPOBAITHCH 32 CUET BKIIFOUEHHs T€HETHIECKIX KOMIIOHEHTOB COCEIHUX MOJIIaBaH U pyMbIH. HecMoTps Ha kpaeBoe 1mo-
JIOXKEHHE B STHUYECKOM YKPaWHCKOM apeasie X Ha CIOKHYIO AeMOTpadiIecKyto HCTOpHIO, 00e Moy sty — YepHOBHIIKas 1 3aKapriaTcKast —
T10 MapKepaM Y XpOMOCOMBI 00pa3yIoT eHHYIO 00JIaCTh TeHETHYECKOTO CXOCTBA C OCTAIBHBIME YKPAHHCKIMH MOITYJIIIUAMH U SIBJISIOTCS
YacThIO IENBHOTO YKpauHCKOro reHodonna. Kapmars! sBisttorcst reorpadudeckiM 0apbepoM UL pacTipOCTPaHEHUs psifa Taruiorpyr
Y xpomocoMsl Ha Teppuropr Bocrounoit EBponsr. Onu orpanmdusarotr notok N1c (M178) n Rla (M198) ¢ ceBepo-BocToKa 1 pactipocT-
panenue E1b (M78), R1b (M269), J (M304) u G (M201) ¢ roro-3amnaa.

Kmiouesvie cnosa: ykpaunusl; SNP Mapkepbl; Y XpoMOCOMa; raruiorpyIibl; TeHETHYECKUE PAaCCTOSIHUS

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. Balanovsky3

'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 R1alal*(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 YKpauHbBI BKJIIOYAET PsiZi MCTOPHUYECKUX
obnacrei, Kakzasi U3 KOTOPbIX UMeeT COOCTBEHHY0, HHOT/Ia
KpaiiHe cioxHyro, uctoputo. COOTBETCTBEHHO, pasHble 00-
JaCTH XapaKTEPU3YIOTCS Pa3INYHBIMHU JAeMOTPadHIECKUMH,
MHTPAIMOHHBIMH U IIPOYMMH TIPOLIECCAMH, OKA3BIBAIOIMH
BIMSIHUE Ha TOMYJIIMOHHYIO TEHETHYECKYIO CTPYKTYpY.
TeopeTnuecku MOXKHO OXHJIATh, YTO IIEHTpPaJbHbIE U IIPU-
TpaHWYHBIC, 3aMaJHble U BOCTOYHBIC, JIECHBIE U CTEIHbBIE
PETHOHBI OyIyT MMETh U Pa3HbIE XapaKTEPUCTHKHU r'eHO(OH-
J0B. OiHaKo paHee HaMM ObUIO MOKA3aHO, UTO 110 FeHeTHYe-
ckomy mosuMopdusmMy Y XpOMOCOMBI TOMYJISIIMH KOPCH-
HBIX 3THUYCCKUX YKPAWHIIEB I'€HETUYCCKU OYCHb IOMOI'CH-
HBI Ha BceM NPOTsDKEHUH YKpaunHbl. He cymecTtByer koppe-
TSN MEX]y TeorpaueckuM pacCTOSIHHEM M CIIEKTPOM
Y-XxpoMocOMHBIX Tarutorpymi. Cpeay YKpauHCKUX TOITYJIsi-
LMH HE BBIACISIOTCS KPYIHBIE reorpadMyecKue Imoapasze-
JIEHHS, TaKNe KaK, HallpuMep, BOCTOYHBIE U 3alafHbIC YKpa-
nHE (Utevska et al., 2013a). Hao6opoT, yKparHCKHIA TeHO-
¢doHn obOpaszyer uebHYIO rpymmy, Au(depeHInpoBaHHY0
OT OCTaJIbHBIX CIIABSIHCKUX THOCOB, XOTSl M OYEHb OJIM3KYIO
K pyccKHM, Oenopycam, rossikam u cioBakam (Har'kov et al.,
2004; Utevska et al., 2015; Kushniarevich at al., 2015).

Tem He MeHee, UHTEpEC VISl OTHEIBHOTO MCCIIEIOBAHMS
TIPEICTABIISIOT KPAeBble MOIYJSIINHA YKPauHLEB, JIOKAIN30-
BaHHbIE B paiioHe YkpauHckux Kapnar — B 3akaprarse (3a-
Kaprarckass obnacts) M Ha BykoBuHe (UepHoBuikas 00-
nactp). Teppurtopusi coBpeMeHHOH UepHOBHIIKOH 007IacTH
YKpauHbI MOCIIEAHEE THICSYEIETHE BXOMIA B COCTAB IIEJIO-
IO psfa TOIUTHYECKUX 00pa3oBaHUK — JIpeBHEPYCCKOTO
rocynapcta (X—XI BB.), ['ammiko-BonbsHCKOTO KHSDKECTBA
(XTI=XTIT BB.), kHspKecTBa Mommossl (XIV-XVI BB.), Oc-
maHckoi nmmepun (¢ XVI B.), ABctpo-Benrpuu (¢ XVIII
B.), Pymbianu (H. XX B.). AHaJIOTHYHO, TEpPUTOpUs 3aKap-
MaThs TAKXKC SABJIAIACh YaCTbIO MHOI'MX I'OCYIapCTB — Bemu-
kot Mopasun (IX B.), 'anuxo-BosnbiHCKOrO KHsDKeCTBa
(XII-XIII BB.), Benrepckoro koponescrsa (¢ XIII B.), Tpan-
cubBanuy (X VI-XVIII BB.), ABctpo-Benrpuu (c XVIII B.).

Cy1ecTByeT HECKOJIBKO OCHOBAaHMH OXWATh, YTO Te-
HO(OH/I YKPaWHIICB B YKa3aHHBIX OOJIACTIX OyIeT OTIIIYEeH
OT OCHOBHOM nonyJsituu. Kpome yactoid cMEHbI TIOJIMTHKO-
aIMUHUCTPATHBHBIX TPaHUL, OOJACTH HaXOAATCS B 30HE
KOHTaKTa C COCEIHMMHM 3THOcamH. HecmoTpst Ha TO, 4TO
OCHOBHOM T'PYIITON B YKa3aHHBIX OOJACTSAX SBIIOTCS YKpa-
WHIIBI, STHUYECKHIA COCTAB B LIEJIOM TOJIBEP)KEH MPUTPaHIY-
HbIM MUTPaLMsAM M BKJIFOYAET TAK)KE BBICOKUM MPOLEHT py-

MBIH 1 BeHrpoB. Kpome Toro, ropHeie pailoHbl OOBIYHO OT-
JIMYAIOTCS 110 XapakTepy JeMorpa(uuecKuX ITIOTOKOB OT
PaBHUHHBIX TEPPUTOPHI, YaCTO UTPAIOT PONIb (PU3MUECKUX
0apbepoB, HEPEIKO CIIOCOOCTBYIOT PAa3BUTHIO M3OJALMH U
SHJIOTAMHHU.

Msl npoBenu JETaNbHOE HCCIENIOBaHUE IE€HETHUYECKOM
CTPYKTYpHI 3akaprnaTckoid M UepHOBUIIKOW MOMYIIIHAI YK-
PauHIIEB C WCIIOJIB30BAHHEM MapKEepPOB HEPEKOMOWHUPYIO-
el yactu Y XpOMOCOMBI, MO3BOJISFOIIMX IPOCIIEAKUBATD
OTIIOBCKHME JIMHUK B 3Boyoimy reHodoraa (Underhill et al.,
2001; Jobling and Tyler-Smith, 2003). DT0oT reHeTHYECKHIA
MapKep HacJieyeTcsl ChIHOM OT OTHa 0e3 PeKOMOMHAIINIA, U
BCsI UBMCHYMBOCTD IO HEMY SBJIICTCA TOJIBKO MyTaI.lHOHHOﬁ,
YTO TI03BOJISIET BOCCTAHOBHUTH (DHIIOT€HETHIECKOE JIEPEBO Y-
XPOMOCOMHBIX BapuaHToB — ramorpynn (Karafet et al.,
2008). Mapkepsl Y XpOMOCOMBI B YEThIpE pasa Ooiee dyB-
CTBUTENBHBI K CHIDKEHHUIO 3P (EKTUBHOTO pa3mMepa IMoImyIis-
LMH, YeM ayTOCOMHBIC MAapKepbl, U Yallle MPETEpPICBAIOT
TocIIeIcTBIsI reHeTdeckoro npeiida (Chiaroni et al., 2009).
[Nocneanee BO MHOTOM OIpE/ENsieT XOPOLIYIO KilacTepu3a-
LIMIO COBPEMEHHBIX MOMYJISILUN, OTIIMYAIOIIUXCS 110 HA0Opy
Y-pOmOCIOBHBIX HACTOJIBKO, YTO MOXKHO A hepeHIpo-
BaTh OTHENbHBIC 3THOCHI (Barbujani and Bertorelle, 2001;
Novelletto, 2007), ycraHaBIHBaTh BHYTPUITHAYECKYIO MO~
pasneneHHocTh (Balanovsky et al.,, 2008), mpocnexusBath
murpaiponssle 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), maponos Kaskaza (Balanovsky
et al, 2011; Yunusbayev et al., 2012), pymbIH, BEHIPOB,
MOJIZIaBaH, raray3oB M JPYTMX EBpOICHCKHX HapOIOB
(Kayser et al., 2008; Volgyi et al., 2009; Rebala et al., 2013;
Varzari et al., 2013) yxxe uccmenoBad Ha BEICOKOM YPOBHE,
YTO MO3BOJISIET /IeIaTh KAYEeCTBEHHbIE CPABHEHHSL.

MarepuaJj 1 MeTObI HCCIeOBAHUI

MarepuayioM [yt ucciaenopanus Obutn o0pasiel JJHK u3
Tpex palloHHBIX Nomysiuuil YepHoBuUIKOM 1 3akapnaTckoi
obnacreii (tabn. 1). JloHopamu Onomornueckux oOpasnoB
ObLIN HEPOJICTBEHHBIE APYT APYTY MY)KUMHBI, STHHUECKHE
YKPauHIbI, KOPEHHBIC XXWUTEIH JAaHHOIO paloHa, NPEeIKH
KOTOPBIX JI0 TPETHETO MOKOJICHHUSI TAKXKE OBUTN YKpanHIAMH
U TIPO’KUBAJIM B JJAHHOM paiioHe. YdacThe B UCCIEI0BaHUU
ObUT0 TOOPOBONBHBIM. KaXkaplii mOHOp momnucan HHPOp-
MHPOBAHHOE COTJIACHE Ha MPOBEICHUE UCCIICIOBAHMSI.
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Tabnruya 1

Jlokaau3anus UCCIe0BAHHBIX l'lOl'ly.]'lﬂlIHﬁ

Obnactb O0beM 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"

Brinenenne JIHK 13 10HOPCKO# KPOBH MPOBOIUIN METO-
JoM (heHON-XJIOpO(OPMHON SKCTPaKIMK. | eHOTHIIMpOBaHKE
obpasioB mo SNP-mapkepam (Single Nucleotide Polymor-
phism — oHOHYKIICOTHIHBINA OIMMMOPQH3M) Y -XPOMOCOMBI
nipoBoiit MetozioM [ILIP B peansrom Bpemenn (7900HT,
Applied Biosystems) ¢ Habopom TagMan 30H10B Ha 33 SNP
Mapkepa Y-xpomocomsl (Applied Biosystems): M 198, P37.2,
M458, M269, M78, M253, M178, M217, M33, M2, M35,
M201, M285, P15, P16, P18, M406, P303, M69, M170,
M223, M267, PS8, M172, M67, M92, M12, P43, M242,
M207, M173, M297, M70. Kaxgomy Mapkepy COITIaCHO
KIaccuuraimy  MexITyHapoIHOTO KOHCOpIMyMa 1o Y-
xpomocome (Y-Chromosome Concortium, 2002), cooTBeTcT-
BYET oIpe/ieNieHHas1 rariorpyrma Y xpoMocomsl. Knaccudu-
Kalys rariorpymm Y-XpoMOCOMBI U X COOTBETCTBHUE MapKe-
paM TpHBEEHbI COIVIaCHO IpaBWiIaM MexIyHaposHoro 00-
iecTBa renermdeckoi reHeanorny [SOGG (www.isogg.org).

Ilo uroram reHOTHIMPOBAHUS Al KQKIOH HOIMYJISILAN
paccuMTaHbl 4acTOThI raruorpymi Y-XpoMocoMsbl. YacTot-
HbIE pacIpeeNieHNs] TaIuIorPyIIl B MOIMYJIALUSIX OTPAKESHbI
C MIOMOIIIBIO KPYTOBBIX AuarpamMmM. CXOACTBO MOIYISIUHA 110
Ha0Opy M YacToTaM TaluIOrPyMIl HCCIIENOBaHO METOIOM
IJaBHBIX KOMIIOHEHT M METOZIOM KJIACTepPHOTO aHaIN3a C
UCIOJIb30BaHUEM IPOrpaMMHOro makera Statistica 8.0. s
COIIOCTABJICHHSI HCIIOJIb30BaHbl paHee OITyOJIMKOBaHHbIC
JIAHHBIE TI0 COCEJHUM IOMYJLILIAM YKPaHHLIEB, OEIOpyCOB,
TIOJISIKOB, CJIOBAKOB, BEHIPOB, PyMBIH, MOJIIABaH U Taray3oB
(Kayser et al., 2008; Volgyi et al., 2009; Rebala et al., 2013;
Varzari et al., 2013). [lIkanupoBaHue U Ki1acTepu3ays Bbl-
MOJIHSUTKCH 110 IAHHBIM O YacTOTax Takux ramiorpymi: Rla
(M198), I (M170), R1b (M343), E1lb (M35), J (M304) +
G (M201), N1 (M231).

Io wacToTam ramiorpynn paccuuTaHbl IIONAapHbIE TeHe-
THYecKue pacctosiHus d Mexxy nomyssinpsivu (Nei, 1972):

!

D Pu Py
d. =—In—2L

WS
a=1 a=1

IJIE Pgi — YacTOTA TaIIOrPyNIIb a B IOMYJALMH i, Py — Yac-
TOTA TAIUIOTPYIIIEI @ B TOMYJISIIUH /, [ — o0Iee 9ucio ram-
sgorpynn Y XpOMOCOMBI, MO0 KOTOPbIM HJET CpaBHEHHE.
Jlis pacueta TIEHETMUYECKHX PACCTOSHUN MCIIOIBb30BaHbL
4acToThl crexytonmx ramiorpymt: Elb (M35), G (M201),
11 (M253), 12a (P37.2), J (M304), N1c (M178), R1b (M269),
Jpyrue cyMmapHo. PacyeTr reHeTnueckux pacCTosHMI 1po-
BemeH B mporpamMme GDist (paspabotana B maboparopru
nomnyJIIMMOHHONW reHeTuku 4venoBeka DIBY  «MIHL»
PAMH). Yto0Bl paccMaTpuBaTh TOMYJAINNA YKPAWHCKUX
Kaprmar Ha o0mmem (oHe reHeTHYeCKOH N3MEHYMBOCTH Boc-
TOYHON EBpOITBI, Bce pacdeTsl MPOBEACHBI B 0ojiee MHMpo-
KOM MaciiTabe, BKIIOYAIOIIEM IPYTUe eBPONEHCKHE TOITy-
qsud. st 3TOro  KMCrosib3oBaHa HHGOpMAnus U3 0asbl
naHHbIX Y-base (paspaborana B ®I'BY «MI'HL]» PAMH).

['eneTnueckue paccTOsIHUS KCIOIBb30BAHBI VISl TOCTPOSHUS
KapT TeHEeTHYecKHX paccTosiHuii B mporpamme GeneGeo
(Koshel, 2012). KapTbl HOCTpOEHBI Ha OCHOBAHUH T'€HETHYC-
CKHMX PACCTOSIHHH, PACCUNTAHHBIX OT PENEPHBIX MOMYJISIIN
no Gonee yem 100 momyssiumii EBpomml, Ypana, Kaskasa,
Bbmxuero Bocroka.

Pe3yJ’leaTlxl H UX oﬁcymelme

CnexTp M 4acToThI ramiorpymnn Y XpoMocoMbI

CreKkTp M 9acTOTHI Tarwiorpyrnn Y XPOMOCOMEI B H3Y-
YEHHBIX MOMYIBIIHAX B LETIOM SBILFOTCS XapaKTEPHBIMHU JUTS
TeHeTHYEeCKOro JanmmadTa rora Bocrounoii EBporisl.

B nonymsnmsix 3akaprates ¢ gactoramu oT 30% 1o 14%
BCTPEYAINCH CIIEAYIOUINE YEThIPe raIuiorpynnsl Y XpoMo-
coMsbl (B mopsiake yObiBanus yactor): Rlalal*(M198), 12a
(P37.2), Rlalalg (M458), Elblblal (M78). Yacrots! ram-
norpymm 11 (M253) u R1blb2 (M269) cocrapnsiimi 0koJI0
4% xaxnas. IlepeunciaeHHble MeCTb Y-XPOMOCOMHBIX JIH-
HHMHA COCTaBJIIIOT B OOIIEH CIHOKHOCTH OKojIo 96% Bcero
reHo(OHNIa UCCICAOBAHHONM 3aKapraTcKoi momymiwm. Oc-
TaJIbHbIE TAILIOTPYIITEI BCTPEYAINCH C 4acToTol MeHee 1%.

CrieKTp Ma)KOPHBIX Taruiorpymm B YepHOBHIKOI obac-
TH OBUT HecKOJBKO MHBIM. C gacTtoTamu Gonee 5% BcTpeda-
JUCh Tamworpymmsl (B Topsinke yObBaHWSA dYacToT) [2a
(P37.2), Rlalal*(M198), Rlalalg (M458), R1blb2
(M269), Elblblal (M78), I1 (M253), cyMmMapHO cOCTaBJIsist
okosio 90% Y-xpomocomHoro reHodonma. Pazmmuns gac-
TOTHBIX paclpenesieHHii B 00enX M3y4eHHBIX IOIMyJISIHIX
UYepHoBuIIKOH 001aCTH HE OBUIM CTATHCTUYECKH 3HAYMMBI 1
B JAJIbHEWIIEM aHAJIM3UPOBAINCH B BHUIE OOBEAMHEHHOM
TIOITYJISALHH.

PaccMoTpeHBI Takoke reorpaduyecKie TEHICHIMH pac-
npeneneHus Y -XpOMOCOMHOM M3MEHUMBOCTH Ha OKpPY»Karo-
X TePPUTOPHSIX. [ 3TOr0 aHATM3MPOBAIIM paHee OIy0-
JINKOBAHHBIC JAHHBIC 1O MOMYJISIIMSAM COCEOHMX STHHYE-
CKuX rpymi. B obmem crekrpe m3meHunBocTH (puc. 1) 3a-
METHO, YTO TaIuIOrpyIibl B PaccCMaTpUBaEMOM pETHOHE
UMEIOT IIHPOTHBIE TpaaueHTsl. C ceBepa Ha IO pe3Ko Ma-
natoT gactotel Rla (M198+M458) — nanbornee npencraBu-
TenbHOU ramnorpynns! B Bocrounoii EBpone; k Hell oTHO-
carest 10 50% u mpake OOJbIIe TEHETUYSCKUX JIMHUHM Kak B
BOCTOYHOCIIABSIHCKUX, TaK W 3alaJHOCIABSHCKHUX IIOITYJIs-
musix (Kushniarevich et al., 2015), omrako roxxaee Kapmar ee
4acToThl yxke moHmwkeHsl a0 10-35% (Underhill et al.,
2010). YkpanHCKHe TOMJISIMHA 3/1€Ch MPEAICTABIIIOT IIPO-
ME)XyTOYHBII BapHaHT, IPHYEM CaMble TOHIDKCHHBIE YacTo-
oI R1la (oxomo 30%) B YkpanHe HaOIIIOAAIOTCS IMEHHO B
YepHOBHIIKOW 00IaCTH.

AHanoruuHeIi reorpaMIecKuii TpeH 1 — CHIKEHHE yac-
TOTHI C CEBepa Ha 1or — oOHapyxuBaetrcs it Nlc (M178) —
SIPKO BBIP)KEHHOW Ma)KOpHOH ramiorpyms! (1o 35-80%) B
reHooHIax (UHHO-YTOPCKUX HApOAOB, OAJITOB, CEBEPHBIX
PYCCKMX M Jpyrux HOMYJSLMHA CEeBepo-BOCTOKa EBpoIbI
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(Rootsi et al., 2007; Balanovsky et al., 2008). /lo CeBepHoro
[puyepHOMOpBSt 3Ta TamuIorpyImIa JOXOAUT YK€ C MOHHU-
>KeHHbIMU (10 4-9%) uacToTamH, OJHAKO B TOMYJISIMSAX
YKpPaWHIIEB OHA BXOJUT B ISTEPKY HAaHOOJEe YacCThIX Tarl-
norpymn (Mielnik-Sikorska et al., 2013; Utevska et al.,
2013b, 2015; Kushniarevich at al., 2015). Bmecte ¢ Tem, B

BbIOOpPKE U3 3aKapmnaTrcKoil 00JacTd He OOHApYKEHO HH
omHoro Hocurens Bapuanta N1c (M178). Tarxke 3Ta ramio-
TpyIIa NPaKTHYECKH OTCYTCTBYET CPEIM BEHIPOB U PYMBIH.
OuesunHo, Kapnarel siBrsmch 3()eKTHBHBIM MPUPOIHBIM
OapbepoM Ha myTH pacmpoctpaneHus Nlc (M178) B roro-
3aI1aJJHOM HATIPABJICHHU.
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Puc. 1. YacToTHbIE pacnpeseleHus ranorpynn Y XxpoMocoMsl B nony.Jisinusx ora Bocrounoii EBponsl

[TpoTHBOMONOXKHYFO HAIPABIEHHOCTH — MOBHIIIICHHE Yac-
TOTHI C CeBepa Ha 10T — UMEET PacIpOCTPaHEeHNEe TaIuIorpyI-
el [2a (P37.2) (Underhill et al., 2007). YacroTs! 3T0# rarmio-
IpyIIbl MakcuMaibHbl (10 60%) B HEKOTOPBIX OAITKAHCKHX
nony/sipsaX. B mpenenax paccMaTprBaeMoOro HaMH apeana
9Ta ramiorpyIina BCTPEYAETCsl C YacTOTaMH mopsaaka 25-35%
Cpeay pyMBIH, MOJIIABAaH U YKPAWHLIEB, BKIIIOYAs B TOM YHCIE
YKpauHIIEeB 3akapratckoi 1 YepHOBHIIKO# obacteit. UepHo-
BHIIKast 00JIaCTh — €IUHCTBCHHAS U3 00JIACTel YKPaUHBI, TIe
yacrota [2a mpesbimmaer yactory Rla. K roro-zamagy ot
Kapnar vame Bcrpevatorcst rarmwtorpyms! E1b (M78), R1b
(M269), J (M304) u G (M201), oTpaxast HICTOPIYECKHE CBSI-
31U ceBepo-3anagHoro Ilpuuepnomoprs u Kapnatckoro pe-
ruoHa ¢ bamkanamu n bmkarM BoctokoMm (Cruciani et al.,
2007; Myres et al., 2012; Rootsi et al., 2012).

CxoncrBo nomyasinuii 1o Y XpoMOCOMHBIM MapKepaMm

JI71st OLIEHKH TeHETUYECKOro CXOACTBA TeHO(OHIIOB pac-
CMaTpUBAaEMBbIX MOMYJISIIMKA YKpauHLUEB C TeHO(MOHIAMU
COCCIHMX DJTHHUYCCKUX TIpyHIl IMPOBEACH aHaJnu3 TIJIaBHBIX
komroHeHT (puc. 2). TlonoxeHue momyssiuid Ha rpaduke
OTpakaeT B3aMMHOE I'€HETHYECKOE CXOJICTBO HMJIM TeHETHYE-
CKYIO OTJaJ€HHOCTb. BocTouHBIE U 3amajHble criaBsHe (YK-
pauHIIBI, OeTOpyCHI, TIOJISIKH, CIIOBAaKH) Ha rpaduke oOpasy-
IOT YeTKHE dTHIUYEeCKHe oOnaka. HecrmaBsHCKre Moy simn
Kapmarckoro permiona (BEeHTpBI, MOJIIaBaHE, Taraysbl, py-
MBIHBI) 00pa3yloT COOCTBEHHYIO TPYIIHPOBKY, He mude-
PEHIIMPOBAaHHYIO Ha 3THWYECKHE KiacTepel. B 1enom crma-
BAHCKHE O0Jaka HECKOJIBKO OTHAJICHBI OT HECIIaBSHCKOTO.

VYKpanHCKHE MOy YepHOBHUIKOH W 3akapriaTcKon
obmacrtell OOJBIIE OCTANBHBIX MPUOMKEHBI K HECIABSH-
ckomy KapmatckoMy kiacrepy. AHamm3upys PHUCYHOK 2,
MOXKHO CKa3aTbh, YTO OCHOBHYIO poJib B Iu(depeHIranimn
reHO(OHIOB UrpaeT pas3jeIeHne NOIMyIALMI 10 JIMHTBUCTH-
YECKOH MPUHAUICKHOCTH — Ha CIIABSHCKHE U HECJIABSHCKHE.
Bo Bropyto ouepenp, Ha O:1M30CTH TeHO(MOHIOB CKA3bIBALT-
csl reorpadyeckoe coceacTBo. Mbl HAOJIFOIaeM COOTBETCT-
BHC T eorpa(bm/l 1 TCHECTUKU MCKIY KiIaCTE€paMn BOCTOYHBIX
W 3alaJHbIX CJAaBsiH, a TaKKe OTHOCHTEIBHYIO T'eHETHYe-
CKYIO OJJHOPOJHOCTH romyJisinuid Kaprar, HecMoTpst Ha To,
YTO OHM OTHOCATCS K COBEPIIEHHO pa3HBIM S3BIKOBBIM
TpyIIaM: BEHTPHI — K (PUHHO-YTOPCKOW SI3BIKOBOW CEMBE,
raray3sl — K TIOPKCKOM, pyMBIHBI ¥ MOJIIaBaHE — K POMaH-
CKOM IpyIIIe HHAOEBPOIIEUCKUX SI3bIKOB.

Krnactepusiii aHanmm3 Tex jke IMOMYJIMH BBIIBAN He-
CKOJIbKO MHYIO KapTHHY 110 CPAaBHEHUIO C METOZOM IJIaBHBIX
komnoHeHT (puc. 3). Ha knaccupukaimoHHOM JiepeBe
cpopMHpPOBaHBI JIBa INIABHBIX KJacTepa. B mepBbiil momaiu
BCE HecJaBsSHCKHUe nomymsaimu Kapnat, Bo BTOpoi — TOJIBKO
cnasine. OnHaKo momyrsinust YepHOBUIIKOM o0iacTn okasa-
Jlach B IpeJiesiaX NepBOro Kiactepa, oOHapykuBas adou-
JMAMI0 K PyMbIHAM M MoJiiaBaHaMm. BeposiTHO, ¢ 3TUMH
TOMYJBIsIMA  YepHOBHUIIKAsE 00IacTh COMmKAeTcs 3a cyeT
TIOBBIIIIEHHBIX YacToT rarmutorpym [2a u R1b, a take mo-
HIKeHHOH dactoTel Rla (puc. 1). CnaBsHCKUMA KiacTep, B
CBOIO Ouepesb, Pa3BETBILIETCSA HA JBa CyOKIacTepa — IIpe-
HMMYIIECTBEHHO MOJIBCKUN U YKPAHHO-0eJI0pyCCKHIA.
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Factor 1: 56,09%

Puc. 2. 'eHeTHYecKkoe CXOACTBO MOMY AU 0 raniorpynnaM Y XxpoMocoMbl, aHAIH3 I[1aBHBIX KOMIIOHEHT:
ykpauHipsl: Yipl —YepHoBunkas 0011., Ykp2 — 3akaprnarckas 001., Ykp3 — Bano-Dpankosckas 061., Ykp4 — JIbBoBckas 0011,
VYxp5 — XmenbHuikas 061., Ykp6 — Yepkacckas o6 (Kushniarevich et al., 2015); 6enopycer: benl — Bpecrckas 0611., ben2 —
Burebckas 061., ben3 — uentp, ben4 — Boctok, ben5 — Boct. [Tonecke, ben6 — 3am. [onecse (Kushniarevich et al., 2015);
nonsku: [Tonl — Kocesewe, [Ton2 — Kypmee (Rebala et al., 2012), [Ton3 — Cunesus (Battaglia et al., 2009; Underhill et al., 2010),
[Ton4 — Beinromy, ITonS — I'manbek, [Ton6 — Kpakos, [Ton7 — JIro6muH, [1on8 — Cysanku, [Ton9 — Ilenun, [Toa10 — Bporyias
(Kayser et al., 2008); cioaku: Cio — 3anaanast CioBakust (Rebala et al., 2012); monaasane: Mol — tor, Mon2 — ceBep
(Varzari et al., 2013); pymbiasl: Pym1 — Koncranna, Pym2 — ITnoemtu, Pym3 — pymbinsl Momnnosst (Varzari et al., 2013);
raraysbl: ['arl — Otynbs, ['ar2 — Konras (Varzari et al., 2013); Benr — Benrpsi (Volgyi et al., 2009)

Ward's method
Euclidean distances

TUI< Ul <
£85583
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[}

0,5 1,0
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Linkage Distance

Puc. 3. 'eHeTHueckoe cX0ACTBO MOMYJISIUI 10 ramiorpynnaM Y XpoMocoMbl, KJIACTePHbIH aHAJIN3:
CIUCOK 0003HAYCHHI CM. pHUC. 2

Ha ocHOBaHMM 4acTOT raruiorpyIin pacCUMTaHbl MAPHbBIC
TEHETHYECKUE PACCTOSIHUS MEXAy IOMYJBIIMsAMH, OTpa-
HKAIOIVMH CTENIEHb TCHETHYECKOTO CXOZCTBA MJIM T'€HETH-
YECKUX pa3IMyui Mo JaHHOM cucTteMe MapkepoB. YacTHUHO
HOJTy4eHHbIE JaHHbIE NIpUBeeHb! B Tabnuie 2. Ha ocHoBa-
HUM TIApHBIX TEHETHUECKUX DACCTOSHUM MEXTy MOIyJIs-
LMSIMU TTOCTPOEHBI KapThl, OTPaXKaroIye 00JIaCTH reHEeTHYe-
CKOT'O CXOJICTBa I 3akaprarckoi (puc. 4a) u YepHoBHII-

Kot momyrsmuii (prc. 40). KapTel mocTpoeHs! Ha GONBIIOM
MPOCTPAHCTBE, BKItouaromeM EBpomy, Ypan, Kaekaz u
AHaTONMIO — COOTBETCTBEHHO VISl CPAaBHEHUS HCIIOIb30Ba-
JICh OITyOJIMKOBAHHBIC JAHHBIC IO JIOKAIBHBIM MOITYIIALH-
AM U3 3THUX peruoHoB. Kaxmas xapra cTpouTcs i OgHON
HOIyJIALMY (PENepHOit); Ha HEW IIBETOM OTPa)KaloTCsl T'eHe-
THYCCKHUC PACCTOAHUA OT penepHof/i NnomyJisiquu 10 BCEX
OCTaJILHBIX MOMYJIAIMi. B o0mmx yeprax Takue KapThl, MO-
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CTpoeHHbIe Jyisi ByKOBHHBI M 3akaprarhsi, COBIANAIOT: YK-
pauHIbl 00EHX U3ydaeMbIX 00JacTell MPOSBISIIOT HAUOOIb-
Iee TCHETHYECKOE CXOJICTBO C OCTAJbHBIMH YKPAHHCKHMH
nonyJiusaMu (reHerrdeckoe paccrosiaue d < 0,05), a Tak-

K€ CO CIIOBAKAMHU M CIIOBEHI[AMHM. 3aKapraTbe, MO CpaBHE-
HHIO ¢ BykoBHHOH, Gosblile MOXOKE Ha FOKHOPOCCHHCKHUE
nomyJiauu, Torga Kak ByKOBI/IHa TIOKa3bIBACT HCCKOJIBKO
Gonpliee cxoncTBo ¢ MooBoid, CrioBenueid u PymbiHneid.

Tabnuya 2
T'eHeTHYeCKHE PACCTOSTHUSI MEXKTY NMOMYJISIUSIMA
g 3 . o .
< M =) — = jor] — 8
te) = \© =] = o) = <

°3 8.5 & 5 5 = = 5 2 S

= | £ | & 2 | & 2| | & |9

=N 1]
YepHoBuikas 0011 0,000 0,048 0,067 0,166* 0,101* |0,141* 0,031 0,128* | 0,134* | 0,086
3akapnarckas o6 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
CioBaki 0,086 0,053 | 0,015 0,021 0,058 |0,366%* | 0,079 | 0,196* | 0,030 | 0,000

Ipumeuanme: * — renerndeckoe 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. KapTbl reHeTHYeCKUX PacCTOSHUI 0T YkpanHueB 3akapnartckoii (A) u YepnoBuukoii (b) odaacreit
110 JAHHBIM 0 YaCTOTAX ranjaorpymnn Y-XxpoMocoMbl: perepHble IOy Iy 0003HaYeHbI 3Be3/109KaMU;
CBETJIbIE TOHA COOTBETCTBYIOT FEHETUYECKH OJIM3KUM PErHOHaM, TEMHBIE — OTAAJIEHHBIM

BriBoabI

UepHoBHLIKas ¥ 3akaprnaTcKasl MOMyJIALMK YKPaUHIIEB,
HECMOTpSI Ha KpaeBOE MOJIOKECHHE B ATHUYECKOM YKpauH-
CKOM apeajie, CJIIO)KHYIO UCTOPHIO M CYILIECTBOBaHHE B pa3-
JIMYHBIX TIOJMTUYECKMX O00pa3oBaHMsX, MO Mapkepam Y
XPOMOCOMEI 00pa3ylOT €IMHYI0 OO0JAaCTh TE€HETHYECKOTO
CXOZICTBA C OCTAIBHBIMH YKPAaWHCKMMH TOMYJUSIIMAMH 1
SIBJISIFOTCSL YaCThIO [IENBHOTO YKPAHHCKOTO TeHO(OH Ia.

YepHOBHUIIKAS OIS OTIMYACTCSA OT TUINYHBIX I10-
MyJISIUNA  YKPaUHLIEB BBICOKOM 4acTOTOM Y-XpPOMOCOMHOM
ramtorpymms! 12a (P37.2) u moHMKEHHOW 9acTOTOH raruio-
rpymnbl Rla (M198). Takue reneruueckue 0COOSHHOCTH,
HO-BUUMOMY, C(HOPMUPOBAIIMCH 32 CUET BKJIIOYEHUSI I'eHe-
THYECKHX KOMIIOHEHTOB COCETHUX MOJIZIAaBaH ¥ PYyMBIH.

Kapnater siBnsttotcst reorpaduueckiM OapbepoMm  uist
pacmpoCTpaHeHHs psAa ramiorpynn Y XpoMOCOMBI Ha Tep-
putopun Boctounoit EBporbel. OHM OrpaHUUNBAIOT MOTOK
Nlc (M178) u Rla (M198) ¢ ceBepo-BocTOKa M pacrpo-
crpanenue E1b (M78), R1b (M269), ] (M304) u G (M201) ¢
I0r0-3amnaza.
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Po3noain neiikoumtiB nepugepuyHoi KpoBi
3a ConA-no3uTHBHMMH IIIKOTONIAMM
Y XBOPHX HA XPOHIYHi JIeiiKO31

I'.C. Macnak

113 «/{ninponemposcvra meouyra axademia MO3 Vkpainuy, /[Hinponemposcek, Yrpaina

I[TpoaHasti3oBaHO PO3MOALT FPaHyJIOLKTIB Ta MOHOLUTIB MeprudepruHOi KPOBi JIFOUHH, 5K B3aEMOIIIOTH i3 JISKTHHOM KaHaBail Me4o-
BuaHOI (ConA) y rpyIi reMaTonoriyHo 310pOBHX JOHOPIB i XBOPHX HA XpOHIYHHMIA TiMoieiiko3 i epurpemito. Y nepudepuyHiii Kposi 310-
poBoi monuH piBeHs CONnA-TIO3UTUBHUX MOHOIIMTIB 1 TpaHyJIOUUTIB cTaHOBUTH 9,86 + 1,01% Ta 32,72 + 3,21%, BigmoBigHo. BimsHaueHO
3umkerns Ha 31,0 + 2,3% pisast ConA-NMO3UTUBHUX MOHOILUTIB Ta MiBUMIEHHS KilbKocTi ConA-3B’A3yBalIbHIX I'PaHYJIOLMTIB HA 60,7 +
3,8% y XBopHX Ha XPOHIUHHH JiM]oIeHKo3. AHANOTIYHMIA TTEPEPO3MOILT OO0 HOPMH BH3HAYEHO y XBOPHX HA EPUTPEMIIO: KUTBKICTh
ConA-To3UTHBHIX MOHONUTIB 3HI>KeHa B 3,3 pasa (P < 0,05), a piBeHb IpaHyJIOLMTIB, SIKi B3a€EMOJIIOTH 13 BUOPAHNM I JOCIIIKEHb
KOHIOraToM JICKTUHY, He3HayHO 3poctae. [TopiBHsuibHUI aHaii3 ConA-3B’s3yBaIbHUX CINTOINB [U1a3MaTHYHOI MEMOpPaHH MOHOLIUTIB HE
BISIBUB 3HAUHO!I PI3HULI MDK JaHUMM, OTPUMAHWMH B TPy KOHTPOJIO Ta Ipynax XBOPHX HAa XPOHIUHUU JiM(OJIEHKO3 1 epuTpemiro.
3a JI0MOMOr'oI0 TIPOTOYHOT IUTOMETPIT BU3HAYEHO 3pOCTaHHs IHTEHCHBHOCTI eKCIIoHyBaHHSI ConA-3B’s13yBaIbHUX IJIIKOTOIIB Ha OBEPXHI
rpaHyJIoLUTIB neprdepuyHoi KpoBi XBoprx Ha eputpemito B 100 pasiB, a y XBopux Ha XpoHiuHHH sniMboneiiko3 — B 3,3 pasa, mo Moxe
CITyTyBaTH IOAATKOBUM KPUTEPIeEM JTsl AN(epeHIIIFOBAHHS [IMX 3aXBOPIOBAHb.

Knrouosi cnosa: ConA; MOHOIIATH; TPaHYJIOLUTH; CPUTPEMIsS; XPOHIUHUIH TIM(POIEHKO3

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(hepaTUBHI 3aXBOPIOBAHHS 32 MOp-
(oJori€ro 3MOSKICHUX KITHH MOYKHA PO3NOALTATH Ha Mie-
JI0- Ta JTiM(OIEHKO3H, 3arajJbHOI0 OCOOJIHBICTIO SKHX € 3a-
TPUMaHHS JO3PIBaHHA KJIITHH BiIMOBITHOTO TEMOIIOCTHYHO-
'O POCTKA, 1110 3yMOBJIIOE MiJIBUILICHHS PIBHIB HEMO3PLIUX Ta
¢yHxkuionanbHO HeakTuBHUX KiitiH (Lapovets et al., 2013).
[pu xpouiynomy nimdoneiikosi (XJIJI) 3pocrae BMICT Jieid-
KOLMTIB, B OCHOBHOMY 3a paxyHOK IyXJIMHHUX B-
JiM(ONUTIB, a 3a epuTpeMii, Ky KIacu(iKylOTh K XPOHIU-
HE Mi€Jonpomi)epaTHBHE 3aXBOPIOBAHHS, 00’€MHA YacTKa
€pHUTPOLUTIB 3MIHEHOI CTPYKTYpW 3HAYHO ITiJIBHIILYETHCS
(Sanchez et al., 2013). fIx Bimomo, Tporpecist IMyXJIMHHOTO
POCTY KIIITHH KPOBi BUHHKA€ BHACTIZOK 3MiH iX TeHETUYHO-
TO amapary, o BIDIMBA€ HE TUTBKKA HAa MOPQOJIOTIdHI XapaK-
TEPUCTHKH, a 1 Ha iX (DyHKIIOHANBHY AaKTHBHICTB, SKa
OUIBIIIOI0 MIPOI0 3AJICKUTEH Bill MEMOpPAHHHX TTOBEPXHEBHX
CTPYKTYp, BaromMa 4aCTHHA SIKHX Ma€ IJIiKOIPOTEIHOBY IIpH-
pony (Héuselmann and Borsig, 2014). 3rigHo 3 nparsmu
YKpaiHChKUX yueHuX, mnpu XJIJI HaWBaXIMBIIIMMH VIS
KJIITHH KPOBI € B3aeMOii 3a y4acTio B-kiiTuHHOrO peuer-
TOpa, iHTerpuHiB, (idpoHekTrHy, anturenis CD38 ta CD31
Ta iHIMX TtikonpoteiniB (Abramenko and Kryachok, 2012).

3MiHH BYIJIEBOIHOT CKJ1a/I0BOI MEMOPaHHHX TIIIKOIPOTE-
{HIB OPYILIYIOTh HOPMaJIBHI (izionoriyHi GyHKIIT KIITHH Ta
CIIPMYMHIOIOTh METACTATHYHY Ta 1HBa3MBHY IOBEAIHKY
(Christiansen et al., 2014), ocKiTbKH 32 Y9acTIO caMe IoBep-
XHEBHUX a/Te3UBHUX MOJICKYI JICHKOIMUTIB YHACTIIOK MDX-
KIITHHHUX B3a€MOIIH MDK PAKOBUMH KIIITHHAMH Ta €HIOTE-
JIEM, JISHKOLUTAMH Ta TPOMOOLUTAMH, CIIPUYHUHSAETECS afl-
re3is, TPAHCCY/IAIlisl Ta CTBOPSHHSI METaCTAaTUYHUX YPAKCHb
(Chambers et al., 2002). OnHi€to 3 IPUYMH 3MiH ITOBEPXHE-
BUX TJIIKOTOIMIB i1 Yac 3710siKicHOT Tpancdopmartii (Stowell
et al., 2015; Glavey et al., 2015) moxxe OyTH cTpec eHmornna-
3MaTHYHOTO PETUKYJIYMY KIITHHH, SIKHA BHKJIHKAE IMOPY-
mreHHs npoueciB N- ta O-ririko3wtoBanss (Xu et al., 2010).

N-TITiKaHA KOMITIEKCHOTO THITY — CKJIaZ0Bi OLTBIIIOCTI TT0-
BEpXHEBHX TJIKOMPOTEIHIB JeiikomuTiB. Hampukian, ekcrpa-
KIITHHHI TOMEHH L-cenekTrHy, SIKWil eKCIpecyeThesl ycima
THIIAMH OUTHX KITITHH KPOBI, MAFOTh 7 MOTCHIIHHKX caiTiB N-
rmikoswoBanns (Wedepohl et al., 2010). A 3a goromororo in
VivVo eKCIIEPUMEHTIB IOKa3aHo, 110 3B’3YBaHHs L-cenexTHHy
i3 TpaHcMeMOpaHHuM TrtikonpoteiHoM I tumy (CD44) Bindy-
BAETHCSI JIUILIE 32 HASIBHOCTI Y HBOro N-TITiKaHiB KOMIUIEKCHO-
ro Tumy nesHoi crpyktypu (Merzaban et al., 2011). Omxe,
JIOCITI/DKEHHS 3MiH BYTJIEBOAHUX JETEPMIHAHT ITOBEPXHEBHX
TJIKOMNPOTEIHIB MPH TYMOPOTEHE31 JIOTIOMOXKE PO3KPUTH Me-
XaHI3MH, SKI 3a0€3MeYyrOTh 3IiHCHEHHS IBOrO IPOIIECY.
VY monepenHix nparsx MA B OCHOBHOMY KOHLICHTPYBAJIM yBa-
Ty Ha JOCHIKEHHI TTIKOCTATyCy JiIM(OIUTIB, BIUIUBY Pi3HIX
THIIB JIKYBJIbHOI Teparnil Ha 1eil MOoKa3HUK npHu JiiMdo- Ta
MienonpomnideparnBaux 3axBoproBaHmsx (Kostyuk, 2015).
He3’sicoBaHMM 3a/IMIIMIIOCH TUTAHHS ILOJO CTAaHY BYIJICBOA-
HHX JIeTEpPMiHAaHT y CKJIaJl IJIIKOKOH IOraTiB Ha MOBEpPXHi
IHIIMX KJIITHH KpoBi. X04a 3a JaHUMU, OTPUMAHUMH B HAILIH

naboparopii, TpH epuTpemii, HANpPUKIAL, BiIOyBa€ThCSA
TIEPEPO3IIOAILT JISHKOLMTIB 32 EKCIIOHYBAaHHSIM 01-KHCIIOro
rmikomnpoTeiny Ta (ibponekTrHy (Maslak, 2010), sxi, sx
BIJIOMO, MAIOTh TIIIKOTIPOTETHOBY TPHPOLY Ta BUSBILTFOTHCS
Ha TIOBEpPXHI HE TIMHKK JIM(OIWMTIB, a i TPaHYJOIHTIB, i
monormTiB (Gunnarsson et al., 2007; Astrof, 2009). Bpaxo-
BYIOYM BUIIEBHKIAICHE, METa HAIIMX IOCIILKEHb — BU3HA-
9uTH N-DJTKO3WIBOBAHICTh [TUTOILIA3MATHYHOT MEMOpaH!
MOHOLIMTIB Ta IPaHyJIOLKTIB Y XBOPHUX i3 XPOHIYHUMH JICHKO-
3aMH.

Marepiai i MeToau 10CTiIKEHb

OO0’€KT AOCIIHKEHHS — TPAHYJIOIUTHA Ta MOHOLIUTH KPOBI
XBOpHUX Ha epuTpeMiro (n = 15) Ta xpoHiuHuii imMdornelikos (n =
12) Bikom 58-66 pokiB. KoHTpompHY Tpyly CTaHOBHITH
TeMaTOoJIOTIYHO 3[I0pOBi BOJIOHTEpH (n = 15) BikoM 55-65 po-
kiB. KitiHiuHe 00CTEXEHHS MALI€HTIB TIPOBOIFUIN BiAIOBIIHO
JI0 CTaH/AapTIB MEIWYHOI JIOTIOMOTH B YMOBaX CIIeLli-
AJTi30BAHOTO CTAIllOHAPY — IeMATOJIOTIYHOTO BiJUICHHS KO-
MyHaJIbHOrO 3akiany «Mickka OararonpodinbHa KITiHIYHA
sikapHs Ne 4y M. J{HinponeTpoBchK. J{iarHo3 OHKOIOTYHMX
3aXBOPIOBaHb ~ KPOBI ~ XBOPHX  JOCII/DKYBaHOI — IPYIH
Bepu(IKOBaHO 3a 3araIbHONPUHHATAMUA KITIHIYHUMH —Ta
MOpQOJIOTTYHAMH KpUTepisiMH, 3akpiriennMu Hakazom MO3
VYipaian Big 17.09.2007 p. Ne554 «[Ipo 3arBepmKeHHS
MPOTOKOJIB HAJJAHHS MEIMYHOI JOTIOMOTH 32 CHELIATbHICTIO
«OHKOJOTisSh» 13 IomoBHeHHsMH 3rigHO 3 Hakazom MO3
VYxpaiau Bix 30.07.2010 p. Ne 645. Yci o0cTexxeHi THCEMOBO
JIAJTA 3TOJTy Ha Y4acTh y TOCIIDKEHHI.

KiitiHM BHAULUTM [UISIXOM  TIONIEPEAHBOTO  JI3UCY
€pUTPOLIMTIB 32 JOIMOMOIOK  JIKYBJIBHOTO — PO3YHHY
Optilyse C mpotsirom 30 XBHJIMH, HOJAIBIIMM TIPOMHBAH-
HsM 3a0ydepenum dizionoriuaum po3urHoM (3DP) (uen-
TpudyryBanHst 2 xBwinHHM 1pH 2 400 00./xB) Ta dikcarriero
8% mapadopMabaeriioM MpoTATOM 7 XBUIIUH.

[Ticnst BimMuBaHHSA KINTHHM pecycrieHayBam y 3OP,
JpaxoByBaIM iX KUIBKICT y Kamepi ['opseBa. JKurre-
3matHicTh KITHH (ToHam 90%) BH3HAYaIM 3a JIOIOMOTONO
TPUIITAHOBOTO CHHBOTO Ta TOTYBAIM pOOOYY KOHILICHTPAILIIO
(300 Tuc./Mn y KOXKHOMY 3pa3Ky). ExcrioHyBaHHS OiaHTEHHIX
N-rjikaHiB BU3HAYAIM METOJIOM TMPOTOYHOI ILHUTO(IYOpH-
MeTpii 3 BUKOPHCTaHHSM JICKTUHY KaHaBalllii MEYOBUIHOI —
Con A (JlektmHoTect, VYkpaiHa), KOH IOTOBaHOTO i3
¢ayopecueinizorionionarom (PDITLY). Kinbkicts MepTBHX
KJIITHH KOHTPOJIIOBAJIH 32 iX 3B’SI3yBaHHSM 13 MPOMiAii Hoau-
noM. JlaHi peectpyBaiii Ha MPOTOYHOMY MToMeTpi Beckman
Coulter EPICS. O0po0Kky pe3yibTaTiB poOIIH 3a JOOMOTO
nporpamu FC Express.

PesysbraTi aHanizyBamy 3a JONOMOIOKO IAKeTa Ipo-
rpam Statistica 6.0. JIoCTOBipHICTh BiIMiHHOCTEH y Tpymax
TIOPIiBHSAHHS BCTaHOBJIOBAIM 3 BUKOPUCTAHHSM t-KPUTEPIIO
CrplofieHTa 13  TOMNEPeqHIM  OLIHIOBAHHSAM  PO3MOJLLY
BUOIpKH (BIIIOBIIHICTh HOPMAILHOMY PO3IOILTY JIAHUX).

JocimipKeHHsT BUKOHaHI y pamMKax HayKOBO-IOCIIHHIb-
Koi poboru Kadenpu OiojoriuHoi, MeauuHOi Ta Qapma-
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neBTHYHOI XiMil JlepyxaBHOro 3axiamy «/[HimporerpoBchka
JieprkaBHA MeJMYHA akazjeMis» «EKchpecist TIIIKOKOH ForaTiB
Ta 1X MOCTTpaHCIIAMiHA MOauQIKaIls 32 YyMOB OHKOTpAH-
copmartii» (Homep nepxkaBHoi peectpauii — 0111U002788,
20112013 pp.).

Pe3yabTaTi Ta iX 00roBOpeHHsA

[lin uyac mpoBeneHHS IIEpPUIOrO eTaly JOCITiDKEHb
3’5ICOBAHO, 110 3 00pPaHUM TS TOCII/PKEHb KOH FOTaToOM JIeK-
THHY B TPYTi KOHTPOIFO B3a€MOJIISUTH SIK TPAHYJIOLHTH, TaK i
MoHormTH. [Ipudomy y mepudeprudHiii KpoBi 3I0POBOL JIFO-
JwHA piBeHh CONA-TIO3UTHBHIX MOHOIIUTIB CTAHOBHB 9,86 +
1,01% KiTBKOCTI KIITHH IBOTO THITY, a KOHIICHTpAIsI
TPaHYJIOIATIB, SIKi B3aEMOMASUIA 3 JICKTHHOM KaHaBawil
Me4oBHAHOI y 1iit rpymi, Oyna 32,7 + 3,2% (puc. 1). Ockinbku
ConA crnemmdiuno B3aemomie (Dipak, 1994) i3 kopoBumM
CTpPYKTypaMH ycix TumiB N-IITiKaHiB (BHCOKOMAHO3HHUM,
CKJIaJHUM Ta TIOpUIHMM, puC. 2), MU TpOaHATI3yBan
JiTeparypy LIOJO HAsABHOCTI Ha IIOBEPXHI MOHOILUTIB
IJIKONPOTEIHIB, SKi B OCHOBHOMY TIpEJICTaBJIEHI KJIacTepaMH
mageperniroBanast CD11c, CD14 1a CD68 (Leong et al.,
2003). CD11c¢ — TpancMeMOpaHHHMI TITIKONPOTETH, SIKHI Ma€e y
cBoeMy ckiani 10 moTeHmifHMX caifTiB N-TIIKO3HITFOBaHHS
(Hogg et al., 1996). CD14 — GPI-38’s13aHa dopma moBepxHe-
Boro Oiika, sikmii Mae moHax 20% BYTJIEBOIHOI CKIIAOBOI,
npenicTaBineHoi N-TiiKaHaMH, PO3TAIIOBAHAMH Y TTOJIOXKECHHI
Asnl8, Asnl32, Asn263 Ta Asn304 (Stelter et al., 1996).
CD68, 3a mannmu Himerpkux yueHux (Lewandrowski, 2006),
3Ha4HO O-TITIKO3WIIbOBaHM Ta Ma€ 9 MOTEHIIHUX caiiTiB N-
IJKO3WTIOBaHHs. OT)Ke, MOXKIIMBO, CaMe eKCIIOHYBaHHS LIHX
[JIKOMPOTEIHIB ~ Ha  TIOBEPXHI  MOHOLWMTIB  TOSICHIOE
3’BSI3yBaHHsI KOH I0raTy JIEKTHHY 3 iX TIOBEPXHEIO.

IIlo  cTocyeThcsi ~ TOBEPXHI  TPAHYNOIMTIB,  TO
HaWBXJIMBIIAM I iX (QYHKII] € BHCOKOTITIKO3FIIHOBAHUN
CDO66, sKmii OIMOCepPEeAKOBYE 3B’SI3yBaHHA KIITHHH 3
SHJIOTENIAIBHOI0 TKAaHHHOIO 4epe3 E-cenekTunu Ta € penen-
TopoM 10 ranektuHy 3. CD66a i3oMepHa ¢opma IBOro
DIKOMPOTEiHy Mae 21 MOTEeHIIHHME caiiT N-TJTiKO3UIFOBaHHS,
CD66b — 11, CD66¢ — 12, a CD66d — 3 N-ryikaHy, TpuaoMy
BYTJICBO/IHI T'JIKK MOXYTb OyTH Oi-, TpH- Ta TeTpa-aHTEHHHUMHU
(Stocks et al., 1996). Omxe, MOXITHBO, HASIBHICTH Ha TIOBEPXHI
JIOCIIDKYBaHUX KIIITUH II€pEpaxOBaHMX BHIIE KJacTepiB
Ju(epPEHIIIFOBAHHST BU3HAYAE iX 3[ATHICTH B3aEMOIIATH 3
OITL] mivernM kol toratom ConA (puc. 2).

JocmimkeH s pO3MOALTY MOHOIIUTIB Ta TPAHYJIOLUTIB 32
3B’SI3YBaHHAM 13 JICKTHHOM KaHAaBaJii MEYOBHIHOI MOKa3a-
JIM, M0 Y XBOPUX Ha XPOHIYHHH jiM]oIeiiko3 KUIbKICTh
ConA-no3uTuBHUX MOHOIMUTIB ocToBipHO (P < 0,05) 3HU-
xyBasack Ha 31,0 + 2,3%, a KiTbKIiCTh JICKTUH-TIO3UTUBHUX
IPaHyJIOLMTIB MiZBUIYBAIACh ITOPIBHSHO 3 KOHTPOJILHOO
rpynoto Ha 66,7 + 3,8%. AHaJIOrIYHUIA PO3MOALT OTPUMAHO
y XBOpUX Ha epHuTpeMiro: KitbKicth ConA-IO3UTHBHHX
MoHouuTiB foctoBipHO (P < 0,05) 3HxyBanacsk y 3,3 pasa, a
piBEHb TPaHYJIOLMTIB, SIKIi B3aEMOAIIOTH 3 OOpaHUM JUISL
JOCIIDKEHh KOH'IOTaTOM JIGKTHHY, HE3HAYHO 3pOCTaB
BiZTHOCHO KOHTPOJIBHUX 3Ha4eHb (prc. 1). OTxke, He3BaKaro-
YH Ha Te, IO pe3yNIbTaTH, OTPUMaHI y Tpymax Pi3HUX 3a I10-
XO/DKEHHSIM 3aXBOPIOBaHb: Mi€JIOiMHOTO Ta JiM(OiqHOTO
POCTKIB, PI3HHIII MK HUMH HE BHSIBJICHO, TOMY HACTYITHUM
erarnoM poOoTH OYJIO JOCIIZKEHHS IITBHOCTI €KCIIOHYBaH-

H1 ConA-3B’s3yBalbHHX  IJIKOTOIIB HAa  ITIOBEPXHI
TPaHyJIOIMTIB Ta MOHOIMTIB 1 MOPIBHSIHHSA OTPHUMAaHUX Ja-
HUX 13 KOHTPOJIBHOIO TPYIIOKO.

70
60

MOHOLIHTH

TPAHYIOLITIL
EKOHTPOIR epuTpeMia B XpOHIUHITT TiM(OTelKo3
Puc. 1. KinbkicTb MOHOUUTIB i rpaHy10LMTIiB KPOBIi
reMaToJIOTiYHO 310POBUX JIOHOPIB i XBOPUX HA epUTPEMil0
Ta XpoHiyHUIi JiM(oieiiko3 i3 moBepxXHEBOIO
Jokajizaniero ConA-no3uTHBHHUX IUIIKOTOMIB:
* — BipOriiHa Pi3HULIA TOPIBHIHO 3 KOHTPOJIBLHOIO
rpynoro Hopmu 3a P < 0,05

INopiBHAIBHUK aHATI3 MOHOIMTIB HE BHSBHB 3HAYHOL
PI3HMIII MDK JTaHMMH, OTPUMAHMMH B TPYIli KOHTPOJIIO 1 B
rpymnax xBopux Ha XJIJI Ta eputpemito (1aHi He HABOJATHCS).
Biarak, TmOKa3HWKM MIUIGHOCTI eKcroHyBaHHS —ConA-
3B’SBYyBAIGHIX TJIKOTOIB HAa TIOBEPXHI TPaHYJIOHUTIB
BIAPI3HAMCHE Yy  JOCHIAHMX Tpymax. Tak, BiaMivamm
TIBUIIICHHS] yTPHYi 1HTEHCHBHOCTI eKcroHyBaHHS ConA-
TIO3UTHUBHKX EINTOIIB Ha MMOBEPXHI TPaHYJIOLKTIB Y XBOPOTO
Ha XPOHIYHUH JIM(OJIEHKO3 OPIBHIHO 3 KOHTpOsieM (puc. 3).

INoka3HuK IHTEHCHBHOCTI (hIyopecleHIil KOH torariB
JICKTMHIB Ha TIOBEPXHI TPaHYJIOLUWTIB 3HAYHO BiPI3HABCS
MDK IaTOJIOTIYHOK Ta TPYIOK KoHTponto. Ha moBepxHi
IPaHyJIOLHUTIB epU(EpHUYHOi KPOBI XBOPUX Ha EPUTPEMIIO
BUSIBJICHO 3POCTaHHS IHTEHCHBHOCTI eKcroHyBaHHs ConA-
3B’SI3yBaJIBHUX TIIiKOTOMIB Maiixke y 100 pasis (puc. 4).

OTmxe, Ipu XPOHIYHUX JIEHKO3aX HA IUTOIUIA3MATHIHIH
MeMOpaHi TPaHYJIOLWTIB BH3HAYAETHCS IIABUIICHHS N-
TIKO3MIILOBAHOCTI  TPOTEiHIB, TNPUIOMY MH BUSIBIIN
PI3HHIFO MK IPYIOI0 XBOPHX Ha XPOHIUHMI JIiM(DOIIeiKo3
Ta Ha epurpemio. Ciix 3a3HaYWTH, 10 OOpaHi UL
JOCITIKEHb OHKOMPOITi)epaTHBHI 3aXBOPIOBAHHS ACOLIIFO-
IOThCSL 13 CTPYKTYPHUMHU TATOJIOTIYHHUMH 3MIiHAMH IHIIIMX
kiitHH. CTOCOBHO TpPaHyJIOIMTIB, BIiOMO, IO BOHHU
HaJIMIDHO YTBOPIOIOTBCSI TIPH €pHUTEpMIi, a y XBOpHX Ha
XJUT ix KiJgbKicTh MOXKE HE BIAPI3HATHCS BiJl HOPMH (3HU-
JKyBaTUCh a00 HE3HAYHO ITiIBUIIYBATUCE). Y JIITEpaTypi 1ie
B MHHYJIOMY CTOJITTi BHCJIOBJIEHO JIyMKY, IO JUIS JICTallb-
HOTO PO3yMIHHS TIPOIIECIB, SIKi CYIIPOBOKYIOTH TyMOpPOTE-
He3 HeoOXiJHI KOMIUIEKCHI MOCTIPKEHHsS YCIX TMOMyIIIii
KiiTHH (Zeya et al., 1979), oqHak nOCITiDKEHD i3 TOrO 4acy
TIPOBENIEHO He Oararo.

AmHami3 JiTepaTypHUX AaHWX MOKAa3ye, IO ITiIBHIICHHS
IIUTBHOCTI eKCIIOHOBAaHMX N-TJIIKaHIB Ha TIOBEPXHI TPaHy-
JIOLIUTIB MY XPOHIYHMX JIEHKO3aX MOXKEe OYTH HACIIAKOM abo
MIJBUIICHHS CTYICHS IVIIKO3WIBOBAHOCTI ACOIIMOBAaHUX 3
MeMOpaHOIO IIIIKONPOTEiHIB, a00 MOSIBU Ha MOBEPXHI HOBHX,
HE XapakTepHUX [UI1 3/0pPOBOI JIOAMHH TJIIKOIPOTEIHIB
(Héuselmann, 2014). 3a ocraHHIMM JaHUMH, Ha IOBEPXHI
TPaHYJIOIUTIB PI3HUX THUIIB MyXJIMH 3HAYHO 3pPOCTa€
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ekcrpecis CD47, sikuii € NIKOnpoTeiHoM Ta Ma€e 6 caitiB N-
[IKO3WIIOBAHHSA, OTKE, MOXIMBO, OTPUMaHe B pPOOOTI
MIJBUIICHHS IIUTBHOCTI eKCroHyBaHHA COnA-TO3UTHBHUX
IJIIKOTOIIIB € HACHIJIKOM 3pOCTaHHS KUJIbKOCTI 1IbOTO Kilactepa
JudepeHniroBanHs Ha moBepxHi 1mx kimithH (Oldenborg,
2013). 3 iHmoro OOKy, OCHOBHHMM IJIIKOIPOTEIHOM, SIKHI

BUSIBILIETHCSL HA TOBEPXHI rpaHysonutis, € CD66 Ta iioro
i3omepHi  dopmu,  SIKIi  MalOTh  pI3HMH  CTYIiHb
DIIKO3WIIOBAHHS, a IX KUIBKICTH Ta CHIBBIJHOIIECHHS Ha
MOBEPXHI TPAHYJIOIMTIB — TOKA3HUK HE TUIbKH CTYIICHS
JM(epeHIIIFOBaHHS TPaHYJIOLMTIB, & 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
|B-12 B2y SBs | 1.2 wldN Suels |e-1.2 ali, Sols
Fm > &> o> P >
a3y, Sols a3, Sars a-l3N

-6

{Man> {Mand Man
||3_:..; | B-14 ]Ijl
GlcNAcy <GlcNAGY GlcNAc
|14 | B-14 | =14
Fus . 'c.élz.NAL-:- <Glc NAE/- GlcNAS
| | |
~Asn=X=5er/ Thr— =~fsn-X=5Ser/ THr- - Asn=X-Ser/ Thr—
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Puc. 2. ByriieBoana cnenudiuHicTh IekTHHY KaHaBaJii MmeyoBuaHoi — ConA (3a Di Virgilio, 1997)

KinpkicTs BUNAAKIB N
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Puc. 3. Intencusnicth ¢uryopecuenuii ®ITL-ConA Ha noBepxHi rpaHy/10LMUTIiB reMaTOJIO0TiYHO 310POBOr0 A0HOPa
(4opHa JiHis1) Ta XBOPOro Ha XpoHiuHuUii JiMoieiiko3 (3a JaHMMH NPOTO4YHOI HUTOMeTpii Ha Beckman Coulter EPICS)
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Puc. 4. IntencuBnicts ¢uryopecuenuii ®ITL-ConA Ha nmoBepxHi rpaHyJI0LHUTIB reMaTOJIOTiYHO 310POBOr0 J0HOPA
(4opHa JiHis1) Ta XBOPOro Ha epuTpeMilo (3a JaHUMHU NPoTo4YHOI nuToMeTpii Ha Beckman Coulter EPICS)

OtpumaHi pe3ynbTaTH MOXYTh OYTH 3alIpOIOHOBaHI SIK
JIONATKOBHI KPUTEPId IS iarHOCTYBaHHS JIiM(O- Ta Mi€JIo-
nipomiepaTHBHIX 3aXBOPIOBAHB, a MOAAIIBIII JOCTIHKEHHS 3
PO3ILIMPEHHSIM TPy XBOPHX 3a CTA/IEI0 3aXBOPIOBaHHS Ta
CIIeKTpa JICKTHHIB, CIEHU(IYHIX IO PI3HUX TIKOTOIB HA
TIOBEPXHI IPaHYJIOLUTIB, JOIOMOXYTh JETAIbHIIIE OIMHUCATH
CTaH  IJIKONPOTEIHIB HA  IUIa3MaTHYHIA  MeMmOpaHi
IPaHyJIOLMTIB XPOHIYHKX JIEHKO3aX.

BucnoBku

Y nepudepnuHiii Kposi 310poBoi JroauHU piBeHs ConA-
TIO3UTHBHUX MOHOIUTIB Ta TPAHYJIOLHTIB CTaHOBUTH 9,86 +
1,01% Ta 32,72 + 3,21% KiTbKOCTI KIITHH IBOTO THUITY, Bif-
TOBiTHO. Y XBOpHX Ha XPOHIYHHH JM(OIEHKO3 KUTBKICTh
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ConA-No3UTHBHUX MOHOLMTIB TOCTOBIPHO 3HIKYETHCS Ha
31,0 = 2,3% (P < 0,05), a KUIbKICTh JICKTHH-TIO3UTHBHHUX
IPaHyJIOLMTIB MIBHILYETHCS MOPIBHIHO 3 KOHTPOJILHOIO
rpymoro Ha 66,7 + 3,8% (P < 0,05).

Y XBOpHX Ha epUTpeMir0 KUIbKICTh COnA-mo3UTHBHHX
MOHOLIMTIB 3HIKyeThest y 3,3 pasa (P < 0,05), a piBenb
TPAHYJIOLMTIB, SIKi B3aEMOIIOTH 3 OOpaHMM ULl JIOCIHIPKEHb
KOHIOraToM JIEKTHHY, HE3HaYHO 3pOCTA€ BiZTHOCHO KOHTPOJTIO.

Ha moBepxHi TpaHynoImTiB meprudepudHoi KpoBi XBO-
pUX Ha EpUTPEMII0 IHTEHCHBHICTH eKcroHyBaHHS ConA-
3B’S3YBAJIBHUX TIIKOTOMIB 3poctae y 100 pasiB, a y XBOpUX
Ha XpOHIYHUH JimMdoreiiko3 — y 3,3 pasa.
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J{unamika 0iormiBkoBoro odpoieHHs karerepiB Enterococcus faecalis

E.O. Cunerap, O.1. bpuu

Y "Incmumym enidemionoeii ma inghexyitinux xeopob imeni J1.B. I pomawescokoco HAMH Ykpainu", Kuis, Yxpaina

OxapakTepu30BaHO JUHAMIKY O10ILTIBKOBOrO pocTy Enterococcus faecalis Ha GpparMeHTax CHIIIKOHOBOTO Karetepa. JlociiKeHHs po-
BOJIMJTH 13 3aCTOCYBaHHIM OaKTEPiOIOTIUYHMX Ta CICKTPOHHOMIKPOCKOMIYHUX MeToIiB. HaBeieHO pe3ysibTaTu JOCIIHKeHHS AMHAMIKY 0i0-
IUTIBKOBOTO pocty E. faecalis Ha MOBEpXHI CHIIKOHOBOTO KaTeTepa MPOTSArOM TPhOX [i0. 3armporoHOBaHA HAMU BEpPTHKAJIbHA OpIEHTALLis
(parmeHTiB Katerepa y cycrensii OyibiOHHOT KyJIBTYPH €HTEPOKOKIB, 1a€ 3MOTY YHUKHYTH JOMIIIIOK CEAUMEHTOBAHUX OaKTepiii i 3yMoB-
JIFO€ CTIPABKHIO a/re3ir0 3 TIOJAIBIINM YTBOPEHHAM MiKPOKOJIOHIH mpoTaroM 24 roauH iHKyOarii. @opMyBaHHHS arjloMepariB CriocTepira-
1 Ha 48-My roauHy iHKyOarii. Ha Tpetio 100y inkyOamii BusiBiIeHO chopMoBaHy BUpaxkeHY OlOIUTiBKY E. faecalis Ha IOBEpXHI CHIIIKOHO-
Boro karerepa. OTprMaHi JaHi CBi4aTh, Mo OiOIUIiBKa — CIIOCO0 LIUTBHOTO OOPOIIEHHS OaKTepisiMU TOBEPXHI JOCIIIPKYBAaHOTO KaTeTepa.
BioruiskoBuit pict Gaxrepiii E. fuecalis BinGyBaeThes 3 POMIMPEHHAM IUIOL 0GPONICHHS KaTeTepis 3 51,5 Miv® 1o 1 922,8 MM mpoTsrom
24-72 ronyH iHKyOaji.

Kmouosi crosa: xarerep-acolifioBai iH(pEKUIT; CHIIIKOHOBHUH KaTteTep; 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 pum?” 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 abiOreHHI Ta
GiorenHi noBepxHi. HaBiTh y MOpChKUX rMOWHaX Oakrepii
JKUBYTb Y TIPUTAMaHHHX iM ropu3oHTax. Kinbkictbh OakTepiii
OOYHCITIOIOTh HA OMUHUINO IUTONI. Y MiKpoOioiorii e
BIIEpIIE BpaxyBaB 1. MeA. H. Banentun Xanko-Turapenko,
OOYUCITIOIOYH aJre3if0 MIKpOOIB 10 CIHM30BOi OOOJIOHKH
Jrosichkoro kumikiBHUKa (Zhalko-Tytarenko, 1981).

Y miif crarri yBeAEHO TIOHATTS TIPO TOBEPXHEBY
KOHIIGHTpAII0 — KiIbKiCTh MikpoGiB Ha 1 cM® i BHCOTY
TIPUCTIHHOTO Iapy 30yIHUKIB. PicT MikpoOiB Ha TIOBEPXHSIX,
a00 00poIeHHsT MIKpOOaMH MMOBEPXOHb BIIOME I HA3BOIO
OiomiBku. BrBueHHs GIOTUTIBOK Mae TIeBHE MPAKTUYHE, TEO-
perdHe, Oi0JIOTiYHE 3HAYCHHS, OCKUIBKM CTOCYETBCS IPO-
OrieM OOpOIIEHHSI 3aHyPEHUX TIOBEPXOHb CYJIEH, PI3HHX CHC-
TeM TpyOonpoBoiB, kaHaiizawii (Dobrohotskyy et al., 2009),
y MEIULHI — OOpOIIEHHS MIKpoOaMH TPyOUacTHX CHCTEM
KHUTTE320C3MICUCHHS], JTIATHOCTHYHUX 1 JIATAPOCKOIIYHIX
armapartiB i, 0coOJIMBO, y pasi TPUBAIMX KaTeTepH3arii
ceyoBmBiHOI cuctemu (Donlan, 2011; Jacobsen et al., 2008).

IepepaxoBaHi mpobneM MaroTh Tpu HampsiMi. OmiH —
CYTO MEIMYHHH, 1110 CTOCYETHCS TAKTHKHM JIIKyBaHHS IPH 3a-
cTocyBaHHs1 KaterepiB. [pyruii HarpsiM — GI0TEXHOJOTTYHUH,
OCKUJIBKM JIO3BOJISIE 3HAYHO 3OUIBIIMTH BHXIiJ KOPHUCHHX
NpOyKTiB MikpoOHOro cunresy (Galkin, 2013). Ix mu e
TOpKaTuMeMocs. Tpetiii HampsiM — cyTo OioJoriuHuMi, abo
MIKpOOIOJIOTYHMM, TOMY 110 OilOIUTIBKOBHII picT, ab0 0Opo-
IICHHS KaTeTepiB B OpraHi3Mi JIFOIWHH, Ma€ O0ioJIorivHi
3aKOHOMIPHOCTI TOBEPXHEBOTO POCTY Ta MOYMHAETHCS 3 TAKO-
ro mosepxHeBoro npouecy sk aaresist (Coenye and Nelis,
2010; Jacobsen et al., 2011), nami nepepocrae B yTBOPEHHS
MacuBy MIKpOOHOTO OOpOIIEHHS, SKWi, Ha HAall MOIIN, €
¢dopmyBaHHSIM THTIOBOi OiorUmiBKH. OCTaHHIMH —pOKaMHU
CIIOCTEPIracThesl 30UIBIIEHHS YaCTKU Oaktepiit Enterococcus
Sp. — TPEACTABHUKIB HOPMAJIBHOI PE3UACHTHOI Mikpodiiopu
TrosHH, TproiB poay Candida, siKi B pa3i 3HIKEHHS IMyHHIX
CHJI OPraHi3My TOTCHIIIHO 31aTHI CTaBaTy 30yJHHKAMU Ka-
TeTep-acoliiioBaHux  iHQEKIil  CEYOBMBIIHMX  LUIIXIB
(Pascual, 2002; Sernyak et al., 2005; Janovs'ka, 2009). [Ipots-
roM 0aratbOX POKIB EHTEPOKOKM HE pO3IBIIAINCH SIK
KJIIHIYHO Baromi 30yJHWKH, aje BCE dacTillle IX CTalIn
BUJIUIATH 13 KJIIHIYHOTO Matepiaixy NMpH Pi3HUX MaTOJIOTYHUX
cranax (Lysen'ki et al., 2005; Makushenko, 2002).

ButbIIiCTh €HTEPOKOKIB, SIKI BUKIMKAIOTh Maibke 5% ycix
OakrepianpHMX iH(eEKmiH ceqoBuBimanx nurixis (ICBLL), ve
MaloTh OCOOJIMBO BHpPaXX€HHX MPHUCTOCYBAIGHUX O3HAK UL
ICHYBaHHsI y CepeIOBHIIl CEUOBHMBINHOI cucTeMu. Y pasi
BHYTPIIIHBOIKAPHSHOTO 3apaXKEHHS MAIli€HTIB, OCOOIMBO 3a
HasIBHOCTI IOCTIHHOIO yperpajbHoro karerepa (Seno et al.,
2005; Mohamed et al., 2007), yacTka €HTEPOKOKIB Y PO3BHTKY
ICBUI csirae 15-20% (Polishhuk, 2009). Li mikpoopraxizmu
XapaKTePU3YIOTCS HU3BKUM PIBHEM MATOTCHHOCTI Ta TPOSIB-
JISIFOTh CBOKO aKTHBHICTh TUTHKM 32 MEBHHX YMOB: 3HIDKCHHI
TIPUPOHOI PE3UCTEHTHOCTI MaKpPOOPTaHi3My, OCOOIIMBO TIpH
TpaBMax KWIIEYHNKA a00 CEYOCTaTEBOTO TPAKTY y PE3YIIbTaTi
IHCTpyMeHTATRHNX fociimkers (Baldassarri et al., 2005),
BOHM MOXXYTb IIPOHUKATH y CTEPUIIbHI 32 HOPMAJIBHHX YMOB
TIOPOXKHHHY, OpPraHH Ta TKAHWHHU 3 HACTYITHUM 3allajIeHHSM.
Came 31aTHICTB 10 TIOYaTKOBO] a/Iresii, a MOTIM i JI0 YTBOpEH-
Hs OIOILTIBOK JIO3BOJIIE €HTEPOKOKaM JI00pe yTpHUMYBaTHCh

Ha CIM30BHX OOOJIOHKAX OPraHiB JIOJWHMU, BUKIMKAIOUH Y
IMX MICISIX 3allajieHHsl, HANpPHUKIAJ] LUCTUTH, YPETPHTH,
niesioneputy Tomo (Donlon, 2002; Mironenko, 2009). Tomy
0ioTUTIBKOYTBOpEeHHs OakTepiit E. faecalis nocnimpKyBamy Ha
MOJIeTi, HAOUTBIN HAOMMDKEHIN 10 pealbHOCTI — Oe3rocepe-
HBO Ha YPOJIOTIYHHMX KaTeTepax.

Merta cTaTTi — ONMMCaTH TUHAMIKY O1OIITiIBKOBOTO POCTY
Enterococcus faecalis Ha CHITIKOHOBUX KaTeTepax.

Marepiau i MeToau q0CTiTKEeHDb

JInst BUKOHAHHS TIOCTABJICHOI METH TIPOBeeHO 3a0ip 6io-
JIOTIYHOTO MaTepiaTy Bif TMAMIEHTIB, IKi HE OYIIH YPOJIOTiIHO
XBOPHMH, e 4epe3 KaTeTepH3allil0 MOIVIM HUMH CTaTd B
nepcrekTrBl. ToMy BHBYEHHS IWHAMIKA YTBOpEHHS Oio-
IUTIBKM TIPOBOJMJIN 3 BUKOPUCTAHHsIM 1utamy E. faecalis 49,
SIKMM BUALIEHO i3 Ce4l XBOPOIO 3 HE YPOJIOTIYHOTO BiJUIICHHST
peaHimartii Ta iHTeHcUBHOI Tepartii. [nenTudikaniro mramy 3a
GIOXIMIYHIMH BJIACTHBOCTSMHM 3[IHCHIOBAIN 3 BHKOPHCTaH-
HsIM MikpoOiosoriyHoro anainizaropa VITEK 2 System TM —
compact 15 (BupoOHmITBa BioMerieux, ®paHiliss), BUKOpPH-
CTOBYIOYHM ULl TPaMIIO3UTHBHUX Oaxrepiit kapt GP-21342.
Jnst nocimkerHst 6i01uTiBKOBOTO pocty E. faecalis dpparmen-
TH CHJIIKOHOBHX KATETEPiB y BEPTHUKAIBHOMY ITOJIOXKCHHI
3aHYpIOBAIM Y 3aBHCh E. faecalis, pUrotoBaHy B TPHIITH-
Ka30COeBOMY Oytbiioni. I'ycrumy 3aswci 1,5-10° k./v Bera-
HOBMIOBAJIM 32 JONOMOIOI0  JeHcuToMerpa Densimat
(BioMerieux, ®panuist) 1 HabOpy CTaHAAPTIB ONTHYHOI I'yc-
THHU Oaxrepianbhux 3aBuceld McFarland. Ilicns inkyOarii
3a3Ha4YEHUX BUIE (hparMeHTiB y Tepmocrari 3a +37 °C uepes
24,48 ta 72 TOAMHU KIITHHA MIKPOOPTraHi3MiB, aJIre30BaHi Ha
TIOBEPXHi JOCIIKyBaHUX KaTeTepiB, (iKCyBaan 3a METOIH-
koto Galkin (2013) y namiii mommdikarii (Sinetar et al.,
2014): dapOyBamy po34MHOM TEHIlIAH-BIOJIETY, TPUYi TIPOMH-
B JWICTHJIHOBAHOIO BOAOK Ta (iKCyBaM MPOTATOM
30 xBmwmH 96% eTWIOBUM CIIMPTOM. YCi MaHIMyJISIli BUKO-
HYBaJIY 32 KIMHATHOI TeMIIEpaTypH.

Hocmimpkennst  GiorutiBkoBoro pocty E. faecalis Ha
HOBEPXHI JIOCII/PKYBAHOTO KaTeTepa MPOBOJMIIM 32 JIOTIOMO-
TOI0 CKaHyBJIFHOTO €JIEKTPOHHOro Mikpockora Tescan Mira
3 LMU, BupoOHuirBa Yexii. TpaauiiiiHo, JOCITIIHKYOUH TaKi
3pa3Kl METOJIaMH CKAaHyBaJIbHOI €JIEKTPOHHOI MIKpPOCKOIIiT
(CEM), mnst 3aro0iraHHs JIOKJIbHOTO HAKOIIMYEHHS 3apsiTy B
o0J1acTi, MO JOCIIIKYETHCS, TIOBEPXHS 3pa3ka ITOKPUBAIOTH
TOHKUM ImapoM (15-20 HM) CTpyMOIIPOBIITHOTO Matepiamy
(Au, Pt, C). IIpote B maHOMY €KCIIEPHUMEHTI 3aCTOCOBAHO pe-
JKUMH 3 HU3BKOIO IIPHCKOPIOBAJIFHOIO HAampyroro. Bimmosa
BiZl JOMATKOBUX €TaliB MPOOOMIATOTOBKHA  (HAIMJICHHS
CTPYMOIIPOBIZIHOT  TUTIBKKM) JI03BOJIMJIA  3allOOIITH  TOSIBI
CyTTEBHX  CHOTBOPEHb  IIOBEPXHi, fKYy  JOCIIIKEHO.
KoHrieHtpariiro 0akTepiabHUX KITHH Ha TIOBEpXHI (hpar-
MEHTY KaTeTepa 00uHCIIoBaIH 3a GopMyIoro p = 3x™, 1e k —
00’eM konreHTpaitii (Zhalko-Tytarenko, 1981).

Pe3yabTaTi Ta iX 00roBOpeHHsA

Bupinennit wram E. faecalis 49 — TwmoBui 3a
010XIMIYHIMH BIIACTHBOCTSIMH, XapaKTepPU3yBaBCs CEPEIHIM
CTYIICHEM aJITre3WBHOCTI 32 3HAYCHHSM IOKA3HHUKA iHIEKCY
aare3uBHOCTI MikpoopraHi3miB (3,5 £ 4,0). 3a pe3ynbTataMu
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JIOCIIZKEHHS YyTJIMBOCTI JI0 aHTHOIOTHKIB 13 BUKOPHCTAH-
HsiM aBromatraHoro asamizatropa VITEK 2-compact 15 ta
kapt AST-YSO!1 (BupoOnuurBa BioMerieux, ®paniiis)
BCTAHOBJICHO, IO IIITAM CTIMKHI 10 aMITILIWITIHY, JTEBOGIIOK-
caiuHy Ta rariduiokcanyHy. 3a JOMOMOIOI0 CKaHyBaJIbHOT
€JIEKTPOHHOI MIKPOCKOIIi BCTAaHOBWIM JMHAaMIKy Ta (ha3u
npukpituienHss  E.  faecalis 1 mopanpioro oOpoOIICHHS
OakTepisiMM TIOBEpXHI CHIIIKOHOBOrO Karerepa. CTymiHb
anresii E. faecalis Ha TIOBepxHi KareTepa depe3 24 TOTMHU
iHKyOarii cranoBUB 295 MM [Ipu oOuncneHHi 3a BHIIEHA-
BelICHOI0 (HOPMYJIOI0 TIOKa3HMK aiaresii y TPHCTIHHOMY
MoHomapi ckianas 0,49 mikpoOHux kitithH. ToOTO, KOXKHA
Jpyra KJIiTHHa 3 MOHOILIapy ajaredyBanach Ha karerepi. Sk
BUJIHO 3 TaOnuil 1, miomra OiorwtiBKoBOro pocry E. faecalis
Ha 24-Ty ronuHy iHKyOarii ckiagana 51,5 MKM-.

Ha pucysky 1 BuaHO OkpeMi aare3oBaHi kiithHu E. fae-
calis Ta X HaCTYITHMH JIAHIIO)KKOBUI DICT, @ TaKOX yTBO-
PEHHsI MIKPOKOJIOHIH. A/Ire30BaHMMH MH BBaXKAJIH MOOJIH-
HOKO pO3TaInoBaHi KiituHu E. faecalis, BiTOKpeMIIeHi OfHA

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. MIKPOKONIOHIi — HEBEJIWYKI yrpylOBaHHS
MIKpOOIB, pO3CisiHI Ha OBEPXHI Karerepa B TOYKAX ajre3ii,
siki M nepenyBanu (puc. 1).

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

Tonunm inKyOGarii

. IInoma GiorutiBKOBOrO
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 mromnia 6i0IITIBKOBOTO pocTy E. faecalis
36imbummack 10 231,5 MM’ InkyGamis  (parMenTis
CHIJIIKOHOBOTO KareTrepa Ha 48-My TOAWHY BUKIHKala IO
00’eiHaHHsT MIKPOKOJIOHIN KiiTHH E. faecalis y cKkym4eHHs,
«arjomepar» (puc. 2).

WD: 16.20 mm
Det: SE

MIRA3 TESCAN

NanoMedTech LLC

Puc. 1. Anresis kiaitun E. faecalis ycepenuni cujliikoHOBOIo KaTeTepa in vitro yepe3 24 roqiuHu:
CTpTKaMH BiIMIYEHO ajre3ito 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 arsiomeparis E. faecalis ycepeauHi cu1ikoHOBOro katerepa in vitro yepe3 48 ropua
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VY feskux AUIIHKAX MDK arioMeparamy 3aJIHIIaIucs
OKpeMi MIKpOKoJIoHiT KITHH E. faecalis (puc. 2). 3rigHo 3
HAIIMMH CIIOCTEPEIKECHHSAMH, arliOMEpaTH XapaKTepU3yIOTh-
cs1 moniioM KiiTuH E. faecalis 13 MIKPOKOJIOHIH, IO TIepe-
JIyIOTb M.

EeKTpOHHOMIKPOCKOITIYHA ~ KapTHHA  OOpOITyBaHHS
YiTKO Bizpi3HseTbes Bin anresii. Komu BinOyBaerscs aare-
3MBHA KOHTaMiHAIlisl TOBEPXHi, MIKPOOPraHi3MH IH(Y3HO

MIRA3 TESCAN|

NanoMedTech LLC

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

WD 15.94 mm
Det: SE

PO3KH/aHi 10 MOBEPXHi Ta HE CTUKAIOTHCS OJUH 3 OJHUM
(puc. 1). KapauHanpHOI0 03HAKOK OIOIUTIBKOYTBOPEHHS €
LIIbHE pO3TalllyBaHHS MIKPOOHMX KITHH, OCKUIBKH
BUHHKAE Yepe3 KITHHHUN MO YIIPOJOBK 48 romuH (puc. 2).
Yepez 72 roamnHu iHKyOalii mioma OiOIUIIBKOBOTO POCTY
E. faecalis 36inpmmnace 1o 1922,8 mxm”. Ha pucynky 3
3adikcoBaHe IIiJIbHE OOPOIIEHHS OBEPXHI JOCIIIDKYBAaHOTO
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. BionniBkoBuii pict E. faecalis na noBepxHi cUJIiKOHOBOI0 KaTeTepa in vitro yepe3 72 roq1uHu

HaBeneni pesynbratd OTpMMaHo Ha (hparMeHTrax
KaTeTepiB, 3aHypeHUX Yy OyJIbHOH Yy BEPTUKAILHOMY
nonoxeHHi. Taka opieHTalliss BHUKIIOYWIA OCAJDKEHHS
MIKpOOIB 3a paxyHOK CeIUMEHTallii, To0To 3a mii cuimm
TSDKIHHA. AJDKE BiZIOMO, IO TICII JIOTapupMIYHOI (a3u Ta
JNOCSTHEHHS M-KOHIIEHTpaIlii BXXe 3a JIYeHi TOXUHU
TIOYMHAETHCS BIMUPAHHS MIKPOOIB 1 MOXKIIMBE 1X OCaJKEH-
Hi. ToMy oTpuMmaHi pe3yibTaTd CBiYaTh MPO YTBOPEHHS
0iOIUTIBKH, a HE 0Cajl 3MEPTBLINX MIiKpOOiB.

3BepTaeMo yBary Ha Te, SIK pO3TAlllOBaHI KJIITHHH B
MIKpPOKOJIOHISIX, arjoMeparax i PO3BHHEHMX OIOIUTIBKax,
HaBEJCHMX Ha pUCYHKaXx 1, 2 Ta 3: MIKpOOHI KIITHHU
LIUTbHO MPWIATAIOTH OfHA JO OJHOI, IIO € HACHIIKOM iX
TOJIUTY ITiJT Yac po3MHOXKeHHs. LIs 03Haka, Ha HaIll TOTJI,
XapaKTepHa,  OCKUIBKM  JIa€  3MOTry  HependauuTH
O1OTLTIBKOYTBOPEHHST HAa TIOYaTKOBUX CTAMisX, HAMPUKIIAL,
KOIIM TUThKH TIOYMHAIOTH YTBOPIOBATHCH MiKpoKonoHii. Ta
caMa O3HAaKa Ia€ MOXIIMBICTh BIiPI3HUTH OIOILTIBKY Bif
MIKpOOHOTO 0Cajly 1HIIIOrO MOXO/KEHHSL.

B o3nauenni CDC 3amucano (Salmanov et al., 2012), 1o
«OiorutiBkd € (opMOIO  TPYNOBaHOTO  ICHYBaHHs
MIKpPOOpraHi3MiB, BKPUTHX E€K30MOJIMEPHOI O0OOJIOHKOIO,
SIKI YTBOPIOIOTHCSI SIK Ha TIPUPOAHMX, TaK 1 IITYYHHUX (HEKH-
BHUX) MOBEPXHsX». I3 1M O3HAYEHHSIM BaXKKO MOTOHUTHUCH,
TOMY IO TOAI, HANPHKJIAMA, HEHTPUQYTaT piaKoi KyIbTypH,
abo MiKpoOHHMI Ocaj Ha TMOBEpXHI MeMOpaHHOrO (iIbTpa
TEX Tpeba BBaKATU «OiOTLTIBKOIOY.

I3 HamMx AOCHiKeHb BUILIMBAE, 1110 OIOIIIIBKA € «CIIO-
coO0M OOpOIIEeHHs INTYYHHX 1 TIPUPOJHUX TMOBEPXOHBb
MIKpOOpTaHi3MaMy, SIKi YTPUMYIOTBCS Ha HHX 32 PaxyHOK
€K30I0JTiIMepHHUX 000JI0HOK». O3HaKa OOpOILEHHS — LIUIbHE
po3rairyBaHHs MIKpoOHuX KiiThH. Kpim mepeBaru 4ucro

0i0JIOTIYHOT O3HAKM («OOPOILEHHS»), MPOIIOHOBAaHE BU3HA-
YeHHS HE BHMara€ HiSKMX JOJATKOBMX O3HaK Ha 3pa30kK
TOBILMHY, TPOTSHKHOCTI, PO3MIpIB IUTBKH, HOTpebda B SKHX
HEOJMIHHO BHHHKAaE y pas3i 3acTOCYBaHHS TaKOro
3araJIbHOBIOMOTO TIOHATTS SIK «IUTIBKAY.

BucHoBkn

XapakTepHa 03HaKa OiOILTIBKOBOTO pocTy E. faecalis Ha
TOBEPXHI CHIIIKOHOBOTO KaTeTepa — 1€ IIUIbHE pO3Tallly-
BaHHsI MIKPOOHHX KIIITHH.

BioruTiBKOyTBOpEHHST Ha Karerepax 3alo4aTKOBYEThCS
anresiero E. faecalis HampukiHii mnepuoi noOu pocty y
OyJNbHOHHIA  KyJbTypl, 3  [OYaTKOM  yTBOPEHHS
MIKPOKOJIOHIH i3 KiIBKOX KJTITHH.

ArnomepaTy MIKpOOHHX KIITHH, SIK OJMH 3 eTariB ¢op-
MyBaHHs OlOIUTIBKY, BUHHUKAIOTH HA JAPYTY N00Y; BUpaKCHA
OaraTomapoBa ¢popma GOPMYETECSA Ha TPETIO 100Y.

BeprukanbHa opieHTamiss  gparMeHTiB  Katerepa |y
cycreHsii OyIIBHOHHOI KyJIbTYpHU MJa€ 3MOTY YHUKHYTH
JIOMIIIIOK CETMMEHTOBAHUX OAKTEPiii 1 3yMOBIIIOE CIIPABKHIO
aJIre3ito Ta HaCTYIHHN O10TUTIBKOBHIT PiCT.

biorutiBkoBuii pict Oakrepiii Buny E. faecalis BinOy-
BA€THCSI 3 PO3LIMPEHHSM IUIONI OOPOIYBaHHS KaTeTEepiB 3
51,5 10 1922,8 MKM> npoTIroM 24—72 rouH 1HKyOAaIIil.
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EdexTuBHICTH PI3HUX METOIIB KOPEKIILil
CTPUKTYPH MNi€JI0ypeTepaIbHOr0 CerMeHTa
3a JAHMMHM AlypeTHYHOI yJIbTpacoHorpadii

J1.3. BopoGerip

Jlvgiscokuil HayioHanbHUll MeouuHutl yHieepcumem imeni Jlanuna I anuyvkoeo, Jlvsis, Yrpaina

3arpoIriOHOBaHO METOIHMKY OLIHIOBAHHS €(hEKTUBHOCTI BiKPUTOI Ta JIAIAPOCKOIIYHOI MEJIOMIACTUKHY, & TAKOXK €HIO0YpOJIOriYHMX Ia-
JHaTUBHHUX METOAIB — Jla3epHoOl pe3eKil, OajJoHHOI Iunararii Ta eH/IOIEI0TOMIl, KA MOJsArae y BU3HAYCHHI aHATOMO-()YHKI[IOHAITBHHX
BJIACTHBOCTEH MHCKH HHPKHU Ta MI€JIOYypPEeTepaJbHOTO CEIrMEHTA 3a JOMOMOTOI0 YIBTPa3ByKOBOI JIarHOCTUKH HPH (OPCOBAHOMY Aiypesi.
BuBuanu 3MiHH IUTOIII MUCKH HUPKH, IBHAKICT MOCT(YPOCEMITIOBOTO MPUPOCTY IUIONI MUCKH HUPKH, IIBUAKICTH il IpEeHYBaHHS, 3MiHH
ZliaMeTpa IMenoypeTepaTbHOro cerMeHTy. Takuii MeTOMMYHIN TiIXia HeiHBa3uBHUM, iH(GOpMaTHBHUI 1 MPOCTHH y BUKOHAaHHI. MeToanka
JiypeTidHol yabpTpacoHorpadii mossrae y BHyTpIIIHEOBEHHOMY BBeneHHI (ypoceminy (0,5 mr/kr) uepe3 3040 XB micist BOJHOTO HaBaH-
taxkeHHs (10 Mr/kr) 1 y AuHamidHIN peecTparlii 3MiH CITIBBIJHOIIEHHS MONEPEYHOI IUIONII MUCKM Ha eTanax IPOBEACHHS (apMaKoTeCTy
4epe3 neBHui yacosuii intepsai (0, 15 Ta 40 xB). «DypocemifHUI TecT» yBaXkaroTh MO3UTUBHKUM 32 T, 10 20 XB — 4acOBHH iHTepBaJI, He-
OOXiHUI1 11 TIOBEPHEHHSI PO3MIPIB MHUCKH JI0 BUXiTHUX 3HaueHb. SIkio T, nepesuiiye 30 XB, TeCT BBXKAIOTh HETATUBHKM, IO CBITYHUTH
PO «OOCTPYKIIiFO BUXOY». BUKOpPHUCTAHHS BiZICOTKOBOTO CIiBBIJHOIICHHS MAKCHMAJILHOI OTIEPEYHOI U0 MiciIst BBEACHHs (ypoceminy
JI0 BUXIHOI mioii 10 iH €Ki aiyperuka iHGopMaTHBHillIe, HDK OL[iHIOBaHHS OOCTPYKIIT 32 OAMHUYHMMHU BEMYHMHAMU COHOTrpadidHnX
noka3HuKiB. [iypetndna ynpTpacoHorpadis B aMOyIaTOpHIX YMOBax JIa€ 3MOTY AIarHOCTYBaTH OpTaHiuHMI xapakrep oOcTpykuii. 3acTo-
CYBaHHS IIbOTO HEIHBA3UBHOTO METOMY OCOOJIMBO aKTyaJIbHE B Pi3HI TEPMiHM MICIIS OMEpaTHBHOI KOPEKIii TiapoHedpo3y, OCKUTbKH 3a0e3-
TieTye KOHTPOJIb 32 BiJHOBJICHHSIM €BaKyaTOPHOI (yHKIIT oriepoBaHOI Ta KOHTPIIaTepaIbHOI HUPOK.

Kniouogi cnosa: mienommacTika; eHA0ypoJIOTiYHI ATiaTHBHI METOIH; HMi€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 — BUXifHA TUI0-
ma Muckn; V (MMY/XB) — MIBHAKICTH MOCT(YPOCEMiTOBOro
JPCHYBaHHS MHCKH, OOUYUCITIOBATH K (S;ax—S40)/40 XB, 1e
S40 — Tutoma mucku yepes 40 XB micist yBeneHHs (ypocemi-
ay; D (mm) — Buxigauid giamerp ITYC; DD (mm) — giamerp
[TYC uepe3 15 xB micist BBeneHHs (ypoceminy; DPR (mm) —
nipupict giamerpa [TYC wepes 15 xB micnst yBeneHHS Gypo-
cemimy; DPR% — BimcoTtkoBe 30umsmenHs miamerpa ITYC.
Hiypernuna yieTpacoHOrpadis — HEiHBa3MBHUMA HEEKCIIe-
PHMEHTAIBHUI METOA JOCIIJDKEHHSL.

VYci obcrexeni ganu 3rofy Ha 0OpOOKY OTPUMAHHX pe-
3yJIbTaTIB BIANOBIIHO 10 penakiil Hakasy MO3 Ykpainu Bif
08.08.2014 p. Ne 549 Ta ycTaHOBUHMX JOKYMEHTIB 13 G10ETHKH.

I[To koXHOMY NapameTpy HPOBEACHO JETaJbHHUI aHali3,
BUKOHAHO PO3PAaxXyHKH CTaTUCTUYHHUX  XaPaKTEPUCTHK
(macriepcii,  cepeaHBOrO  3HAYEHHs,  CTAHAAPTHOTO
BimxwieHHs). [l Bi3yabHOT mo/iayi BiIXUIICHb 3aCTOCOBY-
BaIM JiHIAHI Tpadiku. [Ins BCTaHOBICHHS BiIMIHHOCTEH
MDK JTaHUMH JI0 Ta ITiCJIsL ONIEpaTHBHOTO BTPYYaHHS 3aCTO-
coByBam t-rect CrhiomeHTa (TCNIS BHUKOHAHHS TECTY
Qimepa — CHenmekepa Ha TOMOCKEHACTHYHICTH BHOIPOK).
Jnst yeix BHCHOBKIB piBeHb 3HA4ymIocTi ckiagaB 5%. s
CTATUCTUYHOIO aHAJi3y BUXIJHUX JAHUX YCIX JOCIIIDKEHb,
MaTeMaTHYHUX  PO3paxyHKiB, rpadidyHOro  MOAAHHA
BUXIJTHUX JaHUX 1 Pe3yNbTaTiB aHai3y BHKOPUCTAHO MPO-
rpamue 3abe3nedyenns SPSS17.

Beryn

OO0’€eKTHBHMM KpHTEpiEM e(EeKTHBHOTO YCYHEHHS 00-
CTPYKLI{ cedoBO/ia Micisi €HAOXIPYPriYHOTO BTPYYaHHS MO-
ke OyTH HOpMaTi3allisl yJIbTPa3BYKOBHX MOKa3HHKIB JliarHO-
CTUKH TIOPYILEHHS YPOANHAMIKH, SIKi CBiYaTh PO 3HIKEH-
Hsl BHYTpIIIHBOMHCKOBOTO THUCKY Ta BIJIHOBJICHHS ITOTOKY
ceui uepe3 mienoyperepainpauid cermeHt (ITYC). OnepaTus-
HE BiJIHOBJICHHS TPOXIJHOCTI CEYOBOJA PI3HUMHU METOJAMU
YPETePOIIENOIUIACTIKA Yy YaCTHHH TAIIEHTIB HE A€ yCy-
HEHHS TimpoHedpo3y, 30epiratoThess Taki X IOPYIICHHS
YpOAMHAMIKH, SIK i 0 omeparlii (Autorino et al., 2014; Laud-
ner et al., 2014; Zargar et al., 2015). BipLiicts nommpeHux
MeTOAIMK (EKCKpeTopHa yporpadisi, paaioi3oTonHa peorpa-
¢is, ynerpaconorpadis, nepdysiiinuii Tect Baiireiikepa)
HEMpsIMi, 1 32 HUIMH HEMOXJIMBO TOYHO BH3HAYMTH IEPIIO-
NPUYMHY TOPYIICHHS YPOIMHAMIKH, a, OT)XKe, 1 BHUSBHUTU
Haiikpammii Metoxn kopekuil (Dattani, 1996). [iypernuna
yabTpacoHorpadist — HeiHBa3sMBHMM  (yHKUIIOHATBHUH
METOJI, 1[0 J]A€ 3MOTY BHBYATH YPOJUHAMIKY B 30HI MHCKO-
BO-CEUOBIJHOTO CETMEHTA, BU3HAYATH 11 KUJIbKICHI IMOKa3HHU-
KH 3 BHCOKOIO Uy TJIMBICTIO Ta CHEIU(IYHICTIO B AIarHOCTHII
npuduH Tigporedposy (Bondarenko, 2007).

Merta IOCIIKEHHS — OIHUTH (PYHKITIOHATBHI pe3yiIbTa-
TH 1HBa3MBHOI Ta MAaJIOIHBAa3WBHMX METOHMK JIKYBaHHS
ripoHedposy, crpuurHeHoro Bajoto [1YC, 3a BuxigHumu ta
BIJI&JICHUMH Pe3yJIbTaTaMu AlypeTHYHOT yIbTpacoHOrpadii.

L. . Pe3yabTaTn Ta ix 06roBopeHHs
Martepian i MeToaH J0CTiZKEeHb

Jucnepcii BUOIpOK XBOpHX TICHST BIIKPUTHX OIEparliit
MIPaKTUYHO HE BIIPI3HSUIMCH Bif JucHiepcii BUOIPOK IMX JKe
XBOpUX JI0 OIepamiii 3a rapamerpaMy: IO MHCKH 0
HIyKOil GypoceMiTom, IO MICKH depe3 15 XB micis yBe-
JIeHHsT (hypoceMify, IBUIKICTIO MOCTQYPOCEMIIOBOTO JPEHY-
BaHHs MUCKH, BuximanM giamerpom ITYC (P > 0,10) (Tabm. 1).
Ie mMoxke CBIUMTH TIPO CTAOUIBHICTH PE3yJIbTaTIB ONEPATHB-
HOTO BTpY4YaHHS (HAmNpHKIaJ, OUThIIIa MHCKa 33 pO3Mipamu
HHUPKH JI0 orepaiii BiImoBifana OUbIIii CKOHCTPYHOBaHIH
MFCIII TICIIS OTepartii, MEHIIA — MEHIIIH; 1110 MIBHIIIC IPSHY-
BaJlach MHCKa JI0 Olepallii — TO MIBUALIE BOHA JPeHYBaIach i
micisg). OTpuMaHi  JaHi  HiATBEPIDKYIOTH  HEOOXiHICTH
(DYHKLIOHAIEHHUX Pe3epBiB POOOTH JPEHAKHOI CUCTEMU HUP-
KU, a He JIUIIe i aHaToMivHui cTaH. Bapiallis 3Ha4eHs 1ronti
MHCKA HHUpKH, sKa 3MeHImiach uwepes 40 xB micns

XBopux 3i cTpukTyporo ITYC momiieHo 3aJieKHO Bij
MIPOBEJICHOTO BHAY JKYBaHHSA: 55 BUKOHAHO BIKPUTY Ili€-
JIOTIIacTHKy 3a XaiHcom — Annepcenom (BIIIT), 46 — nana-
pockormiuny mienorwactuky (JIIIT); pesymsraTn 00CTEXKEH-
HS Ta JIiKyBaHHS 26 mamnieHTiB micis eagomienoTomii (EIIT),
17 micns 6amonnoi munaramii (B/I) Ta 13 micis masepHoro
posciuenns (JIP) 00’exHaHO B OIHY TPYIy €HAOYPOJIOTIY-
nux meroauk (EO) 13 56 oci6 st OLIbIIOT OCTOBIPHOCTI y
TIpoLeci MPOBEACHHS CTATUCTUYHOTO aHAI3Y.

Bukonytoun niyperndHy yisTpacoHOrpadiro, KOpUCTY-
BaJTCh MeToMKkaMu Rostovskaia et al. (2003) Ta Grimsby et
al. (2015). Po3paxoano Taki napamerpu: SPR (%) — Bincor-
KOBE 30IIbIIEHHS TUIONI TEePePisy MUCKH; Vo (MMY/xB) —
MIBUAKICTh MOCT(YPOCEMIIOBOrO MPUPOCTY IUIONII MHUCKU
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(bypoceMiy, TPOLEHTHOrO MPUPOCTY TO3IOBKHBOT ILIOLII
MHCKH, IIBHAKOCTI HOCT(HYpPOCEMIIOBOIO MPUPOCTY ILIOLI
mucky, miamerpa I[IYC wuepe3 15 XxB micns yBenCHHsS
dbypoceMiny TmCIS  BIIKPHTOI — IMIEJIOIUIACTHKH  CYTTEBO
BIIPI3HSIIMCS BiJl Bapialil [MX e 3HAYCHb y IUX K€ XBOPUX
1o onepanii (F-rect, P = 0,035). ILle icToTHiIIe Biapi3HLIICH
Ti 5K XBOpI JI0 Ta mmicis oneparii XaifHca — AHepceHa 3a ma-
paMeTpaMu BiTHOCHOI IIBUIKOCTI TIOCT(yPOCEMIIOBOTO JIpe-
HYBaHHS MHCKH Ta 30umsmeHnsM fiamerpa [TYC gepes 15 xB
micis yBeneHHs pypoceminy (P < 0,0001).

Tabnuys 1
IMoka3uuku aiypeTuyHoi yjabTpaconorpadii y rpymi
XBOPHX, KOTPUM BHKOHAHO BiIKPHTY Mi€JI0ILIACTHKY,
TOPiBHSIHO 3 MOKA3HUKAMU L€l 2K rpynu o onepaiii (n = 55)

IToka3zHuku Pizanus

Iy peTu4HOT F-xpurepiit F-tect CepeIHix

yabpTpacoHorpadii 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 MHCKH
yepe3 15 xB micist yBeneHHs QypoceMiny; Sy — IUIOIIA MHUCKH
yepe3 40 xB micys yBeaeHHs pypoceminy; SPR% — BincoTkose
30inpmenHs miomi nepepisy mucku; VOT (%) = V-100/V,
BiZIHOCHA LIBHJKICTh MOCT(HYPOCEMIOBOTrO APSHYBAHHS MUCKH;
DPR% — BincoTkose 30inbmienHs aiamerpa IIYC; Vo, (MM*/xB)
— MBUAKICTH TOCT(PYPOCEMITOBOrO MPHPOCTY IUIOLI MUCKH; V
(MM*/XB) — IIBHAKICTB HOCT(YPOCEMIZOBOTO IPEHYBAHHS MHC-
xu; D (Mm) — Buxigauii giamerp ITYC; DD (mMm) — niametp [TYC
yepe3 15 xB micist yBepeHHs ¢pypoceminy; DPR (mMm) — mpupict
nmiametpa [TYC uepe3 15 xB miciist yBeaeHHst Gypocemiy.

OnHakoBHI TPHUHIAI Omeparlii 3abe3nedye momiOHi pe-
3yJAbTaTH 32 AQHATOMIYHUMH [apaMeTpaMH, TaKUMH SIK
PO3MIp MHCKH Ta J[iaMeTp MieI0oypeTepabHOrO0 CerMeHTa,

140
120 H po BMNN
B yepes 3 micauj nicna BMMN
1007w ponnn
80 | B yepes 3 micayi nicna NN
B o EO
60 -

M yepes 3 micauyi nicna EO

40 -

20 -

0
S Mucku S max
MHUCKH

S 40

asie 30BCIM pI3HI pe3ysbTartd 3a (YHKI[IOHAIBHUMH Mapa-
MeTpaMm, SIKi BiZIoOpaKaroTh MOMJIMBICTD JPEHYBaHHS HUP-
ku 1mpu  QopcoBaHOMYy Jiypesi. YCHIIIHO IpoBeleHa
BIJIKpUTA MIEJIOIUIACTAKA 3yMOBIIIOE JOCTOBIpHE (pHC. 1)
3MEHILECHHs IUION[ MHCKH, IUIOLII MHCKH depe3 pi3Hi
MIPOMDKKH 4acy Tmicis yBeleHHs (ypoceMiny, BiJHOCHE
30UThIICHHS IDIOMII MHCKM Ha T IHIYKO JAiypesy,
mBUIKOCTI il JIpeHyBaHHS, 30UTBIIEHHS (HOpMaJIi3arlii)
ZiaMeTpa IMieI0ypeTepab-HOTO CETMEHTa, 30KpeMa, OLThITHiA
(xpammmit) mpocsit [TYC micns yBemenHs miypernka (P <
0,0001). Bee x, y Hammx XBOpPHX OIepallis iCTOTHO He
BIUIMHYJIA HA BIITHOCHY MIBHAKICTH MOCT(ypoceMiroBoro
npenyBanHs Muckd (P = 0,167). Xopomoro 03HaK0or0 MOKHA
BBa)KaTW HE3HAYHE BIJCOTKOBE 30UIbINeHHS iamerpa [TYC
et i1’ ekii ypoceminy, TOOTO HOBOCTBOPEHI CErMEHTH
n00pe  CHOpaB/UTUCh 13 BIIBEACHHSIM  cedi  IpHU
HABaHTA)KCHHI.

om0 ManmapocKOMivYHOT METOIUIACTUKH, TICIIS OTeparrii
aucnepcii cepenHix 3Hayens S, SPR, Vi, V, VOT, D, DD
CYTTEBO BiPI3HMINCH Bifl TAKHUX JIO OTeparlii, i3 HaJilHICTIO
F-tecty p = 0,041 (Tabm. 2). Takox mucrepcii HIOMipHO Bif-
PI3HSIINCH 32 apaMeTpamMu Sy, Ta Sy, (F-Tect, p = 0,075 Ta
0,096 BiamosinHo). 1le o3Hauae, 1110 MOAIOHO SIK 1 MPH Bij-
KPUTOMY OIEPaTHBHOMY BTPY4YaHHI, 3a[0BUIbHI KIIIHIUHI
pe3yNIbTaTH 31 3MEHIICHHS MUCKH HHMPKH Ta BiJHOBJICHHSI
nacaxy ceui yepe3 gocraruii aiamerp [TYC mics JITIII Bee
K BUKJIMKAIOTh 3HAUHY PO30DKHICT LU(POBUX MapameTpiB
i yac 00’ekTHBi3allii edexTy Bija ornepairii 3a JOIOMOTO
JiypeTndyHoi  ysbTpacoHorpadii  mpH ¢dypocemin-
iHIyKOBaHOMY Jiype3i. ToOTO onHaKoBi omeparii 3abe3re-
YyIOTb Pi3HI aHATOMO-(YHKIIOHAJIbHI 0COOJIMBOCTI HUPOK y
pidanx xBopux. [lomiOHUMu Oymm smwmre mucnepcii abco-
JIFOTHOTO Ta BiAHOCHOTO Tipupocty miamerpa [TYC gepes 15
XB IiCJIst BBEZISHHsI ypoceminy. Takuii pe3ysbTaT BiporiqHo
crabinpHimmii miciest JITT, mix micns BITIT.

JlanapockomivHa MieNONIacTUKa y BUOIPKH XBOPHUX 3y-
MOBJTIOBaJIa BIPOTiIHO 3HAYYILE 3MEHIIEHHS PO3MIpIB MHC-
KH SIK JI0, TaK 1 micis yBeneHHs GypoceMiny, IPOICHTHOIO
MIPUPOCTY TUIOII MHCKH, HMIBHIKOCTI HOCT(ypoceMiioBOro
MIPUPOCTY TUIOMI, MIBHAKOCTI 1i JIpeHyBaHHS, a TaKOX
30LIbIICHHS AiaMeTpa IMeNIoypeTepalbHOro cermeHra 3a P <
0,0001, T-3nauenHi > 7,643 (puc. 2).

SPR % DPR%

VOT

Puc. 1. [Moka3nukwu aiypern4Hoi yiasTpacoHorpagii y rpyni xsopux (M = m, n = 55), AKUM BUKOHAHO BiIKPUTY
Ni€JI0IJIACTHKY, IOPIBHSIHO 3 MOKA3HMKAMM L€l 2K IPYIM /10 onepanii: Ha3BU XapaKTEPUCTUK JUB. Ta0m. 1
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Puc. 2. [Toka3nuku aiypernqHoi yasTpaconorpadii y rpymi xsopux (M £+ m, n = 46), ikuM BUKOHAHO
JIANAPOCKOMIYHY Mi€JI0NJIACTHKY, MOPIBHSHO 3 MOKA3HUKAMH W€l % TPYyNH /10 onepaiii: Ha3BH XapaKTePUCTHK IUB. Ta0I. 1

Tabnuys 2
Ioxa3nuku AiypeTuyHoi y1bTpacoHorpadii y rpyni xso-
PHX, SKHM BHKOHAHO JIANIAPOCKONIYHY Mi€I0MJIACTUKY,
NOPIBHSAHO 3 HOKA3HUKAMU Li€i 2k rpynu 10 onepauii (n = 46)

Tabnuys 3
Ioxa3Huku AiypeTudHoi yiabTpacoHorpadii y rpyni
XBOpHX, KoTpuM BukoHano JIP, EIl, B/I, nopiBHsiHo
3 HOKA3HMKAMHU L€l 3k rpynu 10 onepauii (n = 56)

[Noxa3auku PizHnms Tloxasuuku giype- PizHuns

IiypeTHdHOl F-xpurepiit F-tecr cepenHix TUYHOL F-xpurepiit F-tecr CepeIHix
yIsTpacoHorpagii 3HAa4YCHb yIbTpacoHorpadii 3Ha4YCHb
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, MM*/XB 0,230 <0,0001 0,125 V,r, MMY/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. Tabm. 1.

Ennmockonivyni omeparii, Taki SK Ja3epHa pPe3eKIis,
EHJIOMIEI0TOMIs Ta OaJoHHA AWjaTallis, cTablIBHO 3a0e3Ie-
YyBaJIU MOIOHI pe3ybTaTh (OJHAKOBI quCIIepcii) 3a MoKas-
HUKAMU: TUIOII MHCKH, [0 3MEHIIMIACh yepe3 40 XB micist
yBeZieHHs (pypoceMisly, CTBOPEHHS JOCTATHBO MIMPOKOTO
BuxinHoro miamerpa ITYC Ta foro He3HaYHUX KOJIUBAHb
TIpY IlypETUYHOMY HaBaHTa)XeHHI (Tabu1. 3).

BingHocHO moaiOHi (CTiiiKi) pe3ysbTaTd MICHs eHI0CKO-
IIIYHOTO 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 BigmosigHO). IcTOoTHO pi3HU-
JINCh MOXJIMBICTb KOMIICHCATOPHOTO PO3LIMPEHHS MHCKH,
IIBUAKICTh IIHOTO PO3IIUPEHHS, a OCOOJNMBO ITOJIIMIICHHS
MoximBocTI apenyBanns Hupku (F-tect, P = 0,009, 0,002,
<0,0001 BimrmoBiaHO).

[po ycnimiHo npoBe/ieHe naiaTuBHE ONEPATUBHE BTPY-
YaHHs 3 JIKBIJAII] 3ByKESHHS Mi€JIOYPETEPATBHOIO CerMeHTa
CBIIYMTH 3MEHIIEHHS JI0 HOPMAaJIbHUX IapaMeTpiB ycixX
TUIOIIMH MUCKU HUPKH (SIK 10, TaK 1 MICJIsl HABAHTKEHHS), &
TaKOX  BIPOTiIHE TOJNIMIEHHS JPEHYBaHHS  MHCKH
(mapameTpiB, SIKi BIANOBITAIOTH 32 (YHKIIOHAJBHUN CTaH
aupku Ta [TYC) 3a P < 0,017 (puc. 1, 2).

IpumiTka: Ha3BU XapaKTEepUCTUK AUB. Tabmd. 1.

3aCTOCOBYIOYM MaTeMaTHYHY MOJEIb OCHOBHHX 3aKO-
HOMIpPHOCTEH PyXy PiIFH, pO3pOOIN HOBHH CIOCIO OIIHKA
JIAHKUX AIypeTUYHOI ybTpacoHoropadii, BU3HAYMIN YIIbTPa-
3BYKOBI MapameTpu craHy ypojuHamiku B aumsaii [TYC y
riesloMaHoMeTpii Ta MOP(OJIOTIYHUM JIOCITI/DKEHHSIM  OI1e-
pauiiiHoro Mmarepiany npu Tigponedposi (Bondarenko,
2007). ABrop BusBMB uyTiuBicTH 85,4%, crnermdidHicTh
79,3% Ta inpopmartuBHICTH 85,2% pO3pOOICHOTO METOMY
KUTBKICHOT OIIIHKM pe3yJbTaTiB yibrpacoHorpadii 3 dypo-
ceMi-iHTeHCH(]IKOBaHNM Jiype30M Uil 3°CYBaHHS NPHIHU-
HHU OOCTPYKIIii MPUMICKOBOTO BiILTY CEYOBOMA TIPH TiIpo-
Hedposi. OnparpoBaHi JaHI HANIMX MAIIEHTIB MiATBEPIDKY-
FOTh JIaTHOCTUYHY 3Ha4yIlicTe Y3/l y Bu3Ha4eHHI (QyHKIi-
OHaJIbHOT HEIOCTAaTHOCTI CEYOBOAa Ha JOOIepaliiiHOMy
erari (3a Jie3aanTalliero ApeHaKHOT (QYyHKIi MUCKU Ha T
(opcoBaHoro Aiype3y), 110 a€ 3MOry OOTpyHTyBaTu aude-
PeHUIIHUN MiAXia 10 BUOOPY METOY XIpypriuHoi KOpeKIji.
Burienaseneni akTu miaBOIATH 10 HEOOXITHOCTI IIMPIIIO-
TO BIPOBAKCHHA LOT'O HeiHBa31/IBHOFO MeToay i OTpu-
MaHHS IIIe JIOCTOBIPHIIINX Pe3yJIbTaTiB Ha BEJIMKIH BHOIpIH
Ta NPU3HAYEHHS BIJIOBIIHOTO JIKYBaHHS 3 YypaxyBaHHSIM
CHHPOMAFHHX Ta €TIONMATOTeHETUIHIX 0COOIMBOCTEH.
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BucHoBku

BusnaueHo e(heKTHBHICTh MaJIOIHBa3MBHUX EHIOXIPYp-
TYHAX TEXHOJOTIH (OaJOHHOT AMNATaIli, €HIOIIEIOTOMIT,
JIa3epHOl pe3eKllii), a TAKOX JIAapOCKOIIYHOI Ta BIIKPHTOT
MIEJTOMIACTUKY B KOPEKIi OOCTPYKILT IMi€JI0ypeTepaIbHOro
CErMeHTa, i3 3aCTOCYBAaHHSM MOPIBHILHOTO aHAJIi3y MOKa3-
HUKIB JiypeTndHoi yibrpacoHorpadii. [loBexeno, mo yci
OIepaTHBHI METOAMKH, MPOBE/ICHI 3a MOKa3aHHAMH, 3a0e3-
TIEYYIOTh 33I0BUTEHY aHATOMIIO Ta (DYHKIIIOHAJIbHI BIIACTH-
BOCTI JIpeHaXXHOI CUCTEMH HUPOK, Ha [0 BKa3yIOTh HOpMa-
JI3aI1ist IPOIIEHTHOTO TPUPOCTY IUIOMII MHUCKH HHUPKH, a Ta-
KOX IIBUJKOCTI MOCT(YPOCEMIOBOTO APEHYBAaHHS MHCKH
TTicIis 30UIBIICHHS IIaMeTpa MieIoypeTepaibHOroO CerMeHTa.
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3aKkoHOMIpPHOCTI BUKOpPHCTaHHS CyJb(}aT- i HiTpaT-ioHIB OakTepigaMH
Desulfomicrobium sp. CrR3 Ta Desulfovibrio desulfuricans Ya-11

JL.C. Hdopom, T.b. Iepetsitko, C.IL. I'yn3b
Jlvsiecvruil Hayionanvhuil yuieepcumem imeni leana @panxa, Jlvsis, Yrpaina

OxapakTepr30BaHO 3aKOHOMIPHOCTI BIJHOBJICHHS CyJIb(aTiB Ta HITPATIB CyJIb(aTBiIHOBIIOBAILHUMHU Oaktepissmu Desulfomicrobium
sp. CrR3 ta Desulfovibrio desulfuricans Ya-11. Y pesysnbrari BigHOBICHHs cyibdar-ioHiB y konuentpauii 10 MM Oaxrepisimu
Desulfomicrobium sp. CtR3 ta D. desulfuricans Ya-11 y cepenoBuy Harpomamkyerses 5,0-6,8 MM rigporen cyibdiny. 3a pocty Gakre-
Ppiif y cepenoBuILi 3 HITPAaT-IOHAMH HArPOMaKyBAITICS 10HH HITPHUTY SIK IIPOMDKHI Ta AMOHIFO SIK KiHIIEBI MPOAYKTH JUCHUMUIALIHHOL HIiTpa-
Tpenykuii. MakcumaibHy Oiomacy Gakrepii Desulfomicrobium sp. CrR3 (3,8 /m) ta D. desulfuricans Ya-11 (3,2 1/11) HarpoMamKyBau 3a
HAasBHOCTI HITPaT-10HIB, HOPIBHSHO i3 cynbar-ionamu. Desulfomicrobium sp. CrR3 eekTrBHINIE BUKOPHCTOBYBAIIM HITPaT-i0HH SIK aKIie-
NITOpY eJIeKTPOHiB, HIK D. desulfuricans Ya-11, Ipo IO CBiTYNTH IHTEHCHBHICTH HITpAaTpPEAyKIil Ta MakCHMajbHa Oiomaca Oaxrepiil.
3a ymoB iHKyOyBaHHs Oaktepil Desulfomicrobium sp. CtR3 ta D. desulfuricans Ya-11 BigHOBIOBaM i cysbbary, i HiTpaTu. EdQekTHBHICTD
BHKOPUCTAHHS CyJb(at- 1 HITPaT-10HIB SIK aKIENTOPIB eNeKTpoHiB OaxtepismMu Desulfomicrobium sp. CrR3 3a konuentparii 10 MM crano-
Buia 62% ta 93%, Binnosinuo. baxrepii D. desulfuricans Ya-11 BinHoBumu nutue 86% cynbdaris Ta 73% HiTpartis.

Kmouosi cnosa: cynbhatBiiHOBIIOBANbHI GakTepii; CyabhaTpeLyKuis; HiTpaTpeayKIis

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 BOJHOTO Ta TIPYHTOBOTO CEpEIOBHIIA
OKCOaHIOHAMH CyTb(QYpY Ta HITPOreHYy 3MYIIY€ ITYKAaTH CIIO-
COOM OYMINICHHS MOBKULIA Bim IMX mojroraHTtiB. Hitparw,
HITpUTH Ta Ccyinb(ary Halexarb [0  HEOE3NeYHHX
3a0pyIHIOBa4iB, OCKLJIbKH BUCOKA iX KOHIIGHTpALIisl Y IPyHTax
Ta BOJIOMMAX CIIPUYMHIOE 3HDKEHHS BMICTY KUCHIO Y TPYHTI,
NIOCHJICHHST TIPOSIBIB ITAPHUKOBOrO e(EeKTy Ta YTBOPEHHs
rigporen cyibdiny (Dzhigireji, 2004). st  oummeHHs
CTIYHMX BOJI 3aCTOCOBYIOTh NIEPEBAYKHO METO/H OI0JIONYHOTO
OYMIIEHHS, 110 TMOSICHIOETBCS HE TUIBKM OCOOJIMBOCTSIMH
CKJIaJly CTIYHHX BOJI, @ i EKOHOMIYHOIO JIOLIBHICTIO 3aCTO-
cyBaHHs OioTexHoorii. Uepes BUCOKI eKCIUTyaTalliiHi BUTpa-
TH Ta IPOOJIEMHICTh YTHJII3aIi] BITXOIIB, III0 YTBOPIOIOTHCS Y
TpoIIeci OYMIICHHS, (DI3MKO-XIMIUHI METOH HEIOILIbHI. Ix
3aCTOCOBYFOTB [IEPEBAKHO VIS IIONIEPSHBOTO OYMIICHHS T Y
CKJIaIHUX KiTiMaTtnaHuX ymoBax (Dzhigireji, 2004).

AHaepoOHE OUMILEHHsI CTIYHMX BOJ BiJ TIOJIOTAHTIB
pi3HOT TIpUpOIM 3a Y4YacTIO MIKPOOPraHi3MiB BHKOPUCTO-
ByeThcsi yke moHan 100 pokiB. IlepeBarn aHaepoOHHX
TIpoLIeciB — Iie Maia 1oTpeda y NMOKMBHUX PEYOBHHAX 3aBIIs-
KJ HarpoOMajDKEHHIO aHaepoOaMy HEBENMKoi OioMacH; 3HH-
JKEHHsI BUTPAT €JIEKTPOSHEPrii Ta, Ha BiIMIHY BiJl aepOOHHX
CHCTEM, aHAaepOOHi He Ty)kKe BUOATTIMBI O OOMEKEHHS aKIIeTT-
TOpa €JIEKTPOHIB, TOMY 3aBaHTKEHHS CHCTEM MOXeE OyTH
BUIIIM, HDK TS aepoOHUX crcteM. Cymb(haTBiTHOBIIFOBAIBHI
OakTepii pO3MIANAIOTECS SIK OJHA 3 HANIMEPCIIEKTUBHIIIAX
TPyI MIKpOOPraHi3MiB y HpoOIecax aHAepOOHOTO OYMILCHHS
BOJI BifI crioityk cynb(ypy Ta Hitporeny (Okabe et al., 2003;
Peretyatko et al., 2009).

CynbarBigHOBIIOBaIBHI OaKTepii 34aTHI BUKOPHCTOBY-
BaTH pi3HI OKCoaHioHH (Cynb(aTH, HITPATH, HITPUTH) SIK aK-
LIETITOPH SIIEKTPOHIB Y Mpolieci OKUCHeHHs: Hy Ta opraHiyHux
crionyk (Kosinska and Miskiewicz, 1999; Polanco et al., 2001;
Plugge et al,, 2011). 3natHiCTh CyIB(ATBIAHOBIFOBAITBHIX
OakTepiii BUKOPHICTOBYBAaTH HITPAaT SIK AKLENTOp EJIEKTPOHIB
OlFiCAaHa Y JeSIKWX INTaMiB, SKi HajeXarb JO PpOAIB
Desulfovibrio (Marietou et al., 2005), Desulfobacterium
(Szewzyk and Pfennig, 1987), Desulfolobus (Mohanakrishnan
et al., 2011). YMoBH KyJIbTHBYBaHHSI OaKTepiii MOXYTh BILIH-
BAaTH HA 3[IATHICTh KIIITHH J0 HiTparpemykili (Bratcova et al.,
2002). Ponp mporecy HITpaTpeayKiii y KUTTEIsLIBHOCTI
CYJb(haTBITHOBITIOBATIbHUX OaKTEpiii BUBYEHO HENOCTATHKO.
VY niTeparypi ONMCAHO Pi3HI LIUISIXK PETyJILil HITpaTpeyKii
y cynbdarsigHoBMIOBabHUX OakTepii (Tarasova et al., 2009).

Mera naHoi cTarTi — 3°CyBaTH 3aKOHOMIPHOCTI BUKOpH-
CTaHHS Cyib(aT- i HiTpar-ioHIB Oaktepismu Desulfomicro-
bium sp. CrR3 Tta D. desulfuricans Ya-11 3a pi3HHUX yMOB
KyJIbTHBYBaHHSL.

Marepian i MeToAH J0CTiIZKEHD

Y po0oTi BHUKOPHCTOBYBaM CyJb(aTBIIHOBIIOBAJIbHI
6akrepii Desulfomicrobium sp. CrR3 (Sholyak et al., 2013)
ta D. desulfuricans Ya-11 (Peretyatko et al., 2006). bakrepii
KyJbTUBYBaIM y cepenonuiii [Toctreiira C 3a TemmnepaTypu

30 °C y mpobipkax, 00’emoM 25 M1, 32 aHAEpPOOHMX YMOB.
AmnHaepoOHi yMOBH 3a0e31edyBaii KU SITIHHSAM 1 IBHIKAM
OXOJIOIKEHHSIM CEpEIOBHILA KyJIbTHBYBaHHS, IO 3yMOBIIIOE
3MEHIICHHS B HHOMY PO3YMHHOIO KHCHIO, a TaKOX I0Ja-
BaHHSM acKOpOiHOBOi kucimotH 4m  Na,S. [Ipobipku
TIOBHICTIO 3alIOBHIOBAJIM CEPEAOBHILIEM 1 3aKPHBAI T'yMO-
Bumu Kopkamu (Postgate, 1984).

Jliist oCTipKeHHST 3aTHOCTI BUKOPHCTOBYBATH CYJib(a-
TH Ta HITpaT OakTepii KyJbTHBYBAJIM YIPOIOBXK 6 110 y
MoaudikoBaHomy cepenosuui [Tocrreiita C Takoro ckiamgy
(r/n): xamiéi muringpodocdar — 0,5, Kampwill xyopux
rekcarigpar — 0,06, marniii xyopun rekcarigpar — 0,055,
HATpill JakTaT — 6, IPLKIKOBHUN eKCTPakT — 1, HATpii IHT-
par murinpat — 0,3, pH cepenoBuma — 7,6. Hitpar i cymbgar
BHOCIJIM IICTSI CTepmimizaiii y (opMmi BOIHHX PpO3UHHIB,
KNO;, NaNO, ta Na,SO, - 10H,0, BigmosigHo. [ToyarkoBa
KOHIICHTpaIIis KIiTHH ctaHoBuia 0,2 r/71.

Jnst nepeBipku 3natHocti Oakrepiit Desulfomicrobium
sp. CrR3 ta Desulfovibrio desulfuricans Ya-11 Buxopucro-
BYBATH PI3HI 10HU SIK aKLENITOPH EJIEKTPOHIB iX 1HKyOyBam
y Kaiii gocdarnomy 6ydepi (10 MM, pH 7) i3 cynbdaramu,
HiTpaTaMH Ta HITpUTaMH y KOHIeHTpanisx 1, 5 ta 10 MM.

biomacy BuzHauanmm ¢oToMeTpruHO Ha (HOTOEIEKTpO-
konoprmMetpi KOK-3 (340 HM, KroBeTa 3 ONTHYHIM MIIIXOM
3 MMm). Bumict cynbdariB BU3HAYaMH TYpOIAMMETPUIHO TCIISA
ix ocamkeHHs Oapiii xmopumom. s craGimizamii cycneHsii
BUKOPHUCTOBYBaNM Titiepud (520 HM, KioBeTa 3 ONTHIHIM
uusixom 10 mM) (Pochvy. Metod opredelenie ionov sulfata v
vodnoji vyiityazhke). KinbkicTs rigporen cynbginy Bu3Haua-
JIM Y KyJIBTYpasIbHii piayHi GOTOMETPUYHO 3 BUKOPUCTAHHSIM
N-aMiHOIMMETIIAHUTIHAUT Ipoxyiopuay (665 HM, KroBeTa 3
ontiyHUM 1wixoM 30 mm) (Sugiyama, 2002). Bmicr Hitpartis
Ta HITPUTIB BU3HAYAJIM CHEKTPO(OTOMETPUYHO 3 BHKOPH-
CTaHHSIM Nn-HadTHeTHIeH KiamMiHamxIopuay (540 HM, KioBeTa
3 onrrmyHUM 1wsixoM 10 mm) (Granger et al., 1996). Kon-
LEHTPAIl0 aMOHII0 BH3HAYAM CIIEKTPO(OTOMETPHUYHO 3
BUKOPHUCTAaHHSAM (DEHOJBHOTO PEaKTHBY, HATPili HITPOMpPY-
CHIY Ta TINOXJIOPUTY HaTpito (640 HM, KroBeTa 3 ONTUIHAM
uupixoM 10 mm) (Ivanci¢ and Degobbis, 1984).

Jlocmimy mpoBOAMIM B TPHPA30Bili MOBTOPHOCTI. Pe-
3yJbTaTu HaBeI[eHi AK CCpE€aHE 3HAYCHHA Ta CTaHAapTHa
noxuoky (Bailey, 1995; Isakova, 2009).

Pe3yabTaTn Ta ix 06roBopeHHs

Y pesynbrati HOCHiKEHHS 3[aTHOCTI Oaktepiii Desulfo-
microbium sp. CrR3 ta D. desulfuricans Ya-11 BinHoBmoBaT!
cyibary Ta HITpaTH BCTAHOBJIEHO, IO KiHLEBUMH MPOJYKTa-
MH BiTHOBJICHHS IMX OKCOAHIOHIB € TimporeH cymb(dim Ta
aMoHili, BimmoBimHO. Y Tabmmmi | HaBemeHO pe3yJBTaTH
JOCITIDKEHb, SKi CBIMYaTh TPO 3maTHICTH Oaktepiit D. de-
sulfuricans Ya-11 ta Desulfomicrobium sp. CrR3 pocru y
CEPEIOBHIII 3 PI3HUMH aKIIEIITOPAMH €JICKTPOHIB. I3 11ier0 Me-
Toto Oaxrepii D. desulfuricans Ya-11 ta Desulfomicrobium sp.
CrR3 BupornyBamu y cepemosumi [loctreiita C, y sikomy
cysbar-ionn Oysm 3aMiHeHi Ha HITpar-, HITPUT-, XpOMaT-ioHH
Ta JIEMEHTHY CIPKY SIK TIOTCHIIIFHI AKIICTITOPH €JICKTPOHIB.
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Tabnuysa 1
Picr 6akrepiii y cepenoBumi
3 pi3HUMH aKLENTOPaMU eJ1eKTPOoHiB (n = 3)

Axuerrrop Biomaca, /1
CeKTPOHIB Desulfomicrobium sp. D. desulfuricans sp.
CrR3 Ya-11
SO,~ 3,14+0,12 3,05+0,03
s° 137+0,03 pict BixcyTHiit

CrO;,” 3,60+0,27 2,65+0.23
NO;- 3,40+0,07 3,15+0,21
NO,” 1,08 +0,05 1,05+0,03

3a koHueHtpauii cynbdarieB 1 MM Oiomaca KIITHH
Desulfomicrobium sp. CtR3 ta D. desulfuricans Ya-11 cra-
wosuia 1,2 Ta 0,8 /11, BiAMOBIAHO, TOMI SIK 332 KOHIICHTpAIIil
5 MM cynbdariB — 2,7 ta 1,5 v/n (puc. 1a). EdexruBHicTh
BUKOpHCTaHHS cyJbgariB 0akrepismu Desulfomicrobium sp.
CrR3 Ta D. desulfuricans Ya-11 3a BuxinHoi KOHLUEHTpaLlii
1 MM cranoButh 96% T1a 90% (puc. 10). 3a ymoB
TJIBUIICHHS KOHLEHTpawii cyibgary no 10 MM Giomaca
Oakrepiit Desulfomicrobium sp. CrR3 ta D. desulfuricans

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

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

EdexTiBHICT BUKOPHCTAHHS

Ya-11 3pocrama mo 3,2 ta 3,0 v/, BimnoBigHo (puc. la).
MakcuManbHHi TPHPICT 0ioMacH CIIOCTEPIrad Ha TPETHO —
4yeTBepTy 1100y KyJIbTUBYBaHHS. EQEKTHBHICTH BHKOpU-
craHHs CysibdatiB Oakrepismu Desulfomicrobium sp. CrR3
ta D. desulfuricans Ya-11 3a BuxigHoi konnenrpauii 10 MM
cranoBmia 98—100% (puc. 10).

Sk yxKe 3a3Hayanoch, MAeSIKi BHAM  CYNb(aTBiIHOB-
JIIOBAJIGHUX ~ OaKTepii MOXKYTh BHKOPHCTOBYBAaTH 1OHH
HiTpary sK axuenTopu enekTponiB (Marietou and Griffits,
2008). 3a masBHOCTI y cepenopumi 1| MM NO; OGakrepii
Desulfomicrobium sp. CtrR3 ta D. desulfuricans Ya-11 Ha-
rpoMapkyBai  Oiomacy 1,3 ta 1,0 1/, BimmosigHO.
30UIbIIEHHSI KOHIIEHTpAIIil HITPaT-10HIB 10 5 MM 3yMOBJIIOE
3poctaHHsi OiomacH Juisi 000X BHAIB MIKPOOPraHi3MiB IpH-
6mm3HO Ha 70% TOpiBHAHO 3 6iOMAcO0 OaKTepiii, KyJIbTHBO-
BAaHMX Y CEPEOBUILIi 3 iOHAMH HITpaTiB y KOHUEeHTpawii 1 MM
(puc. 2a).

EdexTrBHICTS BUKOPUCTAHHS HITPAT-10HIB SIK aKLENTOPIB
€JIEKTPOHIB JUIsl 000X MIKpOOpraHi3miB Oylia IPaKTHYHO OJI-
HAaKOBOIO Ta cTaHoBIIa Maibke 100%. Y cepemoBwii Harpo-
MaJ[KYBAJIHCh 10HH aMOHil0 (puc. 20).

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

%

80
60

40 Pe

20

s
1 5 10

cynbdaTt-ioHiB, %
®
S
Konuenrparis rigporeH cynboixy, MM

Konmnenrpanis cymsdat-ifonis, MM

Puc. 1. Picr (a), epekTUBHICTH BUKOPHCTAHHA CYJIb(aT-ioHIB Ta yTBOpeHHs riiporeH cyabdiny (6) 6akrepiamu
Desulfomicrobium sp. CrR3 (-e-) ta D. desulfuricans Ya-11 (-u-) 3a pi3Hoi Buxizuoi konnenrpauii SO,

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

- = N N
o (&) o (&)
L L L L

Biomaca, /1

L
o
L

o
[=}

1 5
Kormenrpariist Hitpat-iioHiB, MM
a 9]

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

v %
: .
N w
KonueHrpariist HoHiB aMmoHir0, MM

HITpaT-HoHIB
S
o
i
.

EdeKTuBHICTS BUKOPHCTAHHS

o
o

1 5
Komnmenrpartist HitpaT-ioHiB, MM

Puc. 2. Pict (@), epekTUBHICTH BUKOPHCTAHHSI HITPAT-iOHA Ta YTBOPEHHS AMOHiI0 (0)
oakrepissmu Desulfomicrobium sp. CrR3 (-e-) Tta D. desulfuricans Ya-11 (-m-)

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

furicans Ya-11 BcTaHOBWIH, 0 OaKTepii BUKOPHCTOBYIOTH
HITpaTH SK JDKEPEeNo HITPOreHy Juisi OlOCHHTETHYHHX
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MPOIIECIB 1 K AKIENTOPH EJIEKTPOHIB. [IpoTsArom meprimx
JIBOX — YOTUPBOX IO Ky/IbTHBYBaHHS OakTepii MOBHICTIO BH-
KOPUCTOBYIOTh HITpaTH 3a iX BUXiZHOI KOHUeHTpauii 1, 5 Ta
10 MM (puc. 2, 3). 3a UX YMOB y CEPEIOBHILI HATPOMAKY-
10TbCst HiTpHT-10HU (1,5-2,0 MM), KOHLIEHTpALis SIKUX TiCIIs
OJTHI€T — IBOX Ji0 KyJIFTUBYBAHHSI 3HWKYEThCS, Y CCPEIOBHUIII
3pocTa€e BMICT iOHIB aMoHito (puc. 3a, 6). I3 BUKOpuCTaHHM
HiTpaT-ioHIB OakTtepissiMu micinst 7 [i0  KyJIbTHBYBaHHS

—B— Giomaca

—@— HiTpaTu

—W— HiTpHUT

—P— amoniit
H10 S
=
s
L ‘Z
5 s
B te =
< =
g =
: B
[+ =
Lo =
g
a
=)
T +0 T

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

a

CIIOCTEPIraeThCsl YIOBUILHEHHSI POCTY KYJIbTYpH. Y TBOPEHHIA
HITPHT, OYEBHIHO, HE BUKOPUCTOBYETHCS OAKTEPISIMHU SIK aK-
LENTOp ENEKTPOHIB, MO 1110 CBIYUTH KPUBA POCTY OaKTepiid.
MakcumaribHy Oiomacy Oakrepiit  Desulfomicrobium sp.
CrR3, BUpOIIICHHX Y CEPEIOBUII 3 HITpaTaMH, CIIOCTEPIrain
Ha repity — Ipyry 100y KyastuByBanss (3,0-3,5 r/i), Toi six
y cepeloBuI i3 cyibharaMu — Ha TPETIO — YETBEPTY 100y
KyJIbTUBYBaHHS (2,5-3,0 1/11) (prc. 3a, 6).
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10 0
=
S\ = 8 E
= =)
= le 23
< 2 8=
Q 2 "
5] =g
= L, E.Z
el £ 3
Ry =
S <
L2 &
o]
[P}
=
0 FO =
o 1 2 3 4 5 6 7 8 &
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Puc. 3. Buxopucranuns nirpariB 6axrepisimu Desulfomicrobium sp. CrR3 (a) Ta D. desulfuricans Ya-11 (6)

VY pesynbrari iHKyOyBaHHs Oaktepiit Desulfomicrobium
sp. CrR3 ta D. desulfuricans Ya-11 ycraHoBieHO, 110 BOHU
BIJIHOBIIOIOT cyibgatn Ta Hitpatd. Cynbdar-ioHun y
KoHIeHTpanii 1 MM mpakTHYHO TOBHICTIO  OynH
BUKOpHCTaHi Oakrepismu Desulfomicrobium sp. CrR3 Ta
D. desulfuricans Ya-11 micnsa Tppox ni0 iHKyOyBaHHS. 3a
BHECEHHs1 Cyib(aT-ioHIB y KoHUeHTpaiii 5 MM Oaxrepii
Desulfomicrobium sp. CrR3 Buxopucramu 98%, tomi sik
D. desulfuricans Ya-11 mmme 86%, 3a mUX YMOB Yy
CEepellOBHIII  HarpoMaJpKyBaBcs TinporeH cyinbdin y

kouuentpaiii 0,8-1,0 MM. 3a nasBaocti 10 MM cysbdat-
iOHIB €()eKTHUBHICTH BUKOPHUCTAHHS aKLENTOPIB EJIEKTPOHIB
craHoBuia 85-95%.

Baxrepii Desulfomicrobium sp. CrR3 iHTEHCHBHO BHKO-
PUCTOBYBAJIM HITpaT-iOHH, €(EeKTUBHICTh BHUKOPHCTAHHS
aKIeNTOpPIB eNeKTPOHIB 3a KoHIeHTpamii 10 MM craHoBMIIa
93%, Tomi sk must D. desulfuricans Ya-11 — nmume 73%.
3a IMX YMOB HITPUT-IOHH HICIIsl TPHOX 10 IHKyOyBaHHS HE
BUSBIICHI, SIK KiHIIEB] aKLIEITOPYU EEKTPOHIB BOHH HE BHKO-
PHCTOBYBAIIHMCH (Ta0IMI. 2).

Tabnuys 2

E(exTUBHICTE BUKOPUCTAHHSI Pi3HUX aKLENTOPIiB eJIeKTPOHIB cyJIb(aTBiIHOBIIOBAJILHUME OaKTepiaMH
Desulfomicrobium sp. CrR3 ta D. desulfuricans Ya-11 nicjist Tpbox ai0 iHkyOyBaHHs1

Komrentpariisi | CynbghaTi sk akIeNTOpH eNIeKTPOHIB HiTpatH siK aKIIeNITOpH eJIeKTPOHIB HiTpurH sIK aKuenTopy e1eKTpoHiB
aKIIENTOPiB SO7, H,S, E, NO;, NO,, | NH,, E, NO,, NH,', E,
eNeKTPOHIB, 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. desulfuri- 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] 81,1 | 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(haTiB Ta HITPATiB, yTBO-
€HH TiZpored cyib(diny Ta aMOHir0, BiITOBiIHO, B iHKyOa-
b P yabiny ATOBIA o BucHoBxku

LiMHINA CyMillll CBIYHTb, 10 aHaepOOHI Cyab(haTBiJHOBIIIO-
BanbHI Oakrepii Desulfomicrobium sp. CrR3 ta D. desul-
furicans Ya-11 31aTHI BUKOPUCTOBYBaTH CyJb(harH Ta HiT-
pati SK aKIeNTopu eJEeKTPOHIB Yy mpoueci Oe3KHCHEBOTO
OKHCHCHHS OpFaHi'-IHl/IX CIIOJTYK.

bakrepii D. desulfuricans Ya-11 ta Desulfomicrobium sp.
CrR3 3naTHi BiHOBIIOBATH SIK CyJb(aTy, Tak 1 Hitpatu. [Ipo-
TE BIJIHOBJICHHSI HITPATIB IHTEHCHBHILIIE, HIXK CyibdariB. Y pe-
3yJbTati cynb(ar- 1 HiTpaTpenyKuil yTBOPIOEThCS TiIporeH
CyJb(his Ta aMOHIH, BIMOBIIHO, SIK KIHIICBI CIIOTYKH.

I3 MiZBMIEHHSAM KOHLEHTpALlIT HITpar Ta cyJb(ar-ioHiB
i3 1 1o 10 MM Giomaca GakTepiii 3pocraia.
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baxrepii Desulfomicrobium sp. CrR3 edexTuBHile Bu-
KOPHCTOBYIOTh HiTpat-ionu, HiK D. desulfuricans Ya-11.
[lpore  cynbdarpenykiis iHTEHCHBHiIAa Yy  Oakrepiii
D. desulfuricans Ya-11, npo 1o cBiTUUTh e(EKTUBHICTH BHU-
KOPHUCTaHHsI aKLIEITOPIB €JIEKTPOHIB 32 PI3HUX KOHLIEHTPALIiil.

BincyTHicTh y cepenoBHILi KyJIbTHBYBaHHSI aMOHIIO (SIK
KJIACMYHOTO JDKepena HITporeHy s CyJb(haTBiJHOBIIO-
BaIbHUX OakTepiif) 1 ix picT y cepenoBuIli 3 HITPaTOM
cBimuuTh Tpo Te, mo NO; MOBHICTIO 3a0e3meuye moTpedu
MIKPOOPTaHi3MiB y HITPOTEHi.

3maTHIiCTE Cynb(aTBiqHOBIIOBAIFHUX OaKTepiii BiXHOB-
JIFOBATH Cynb(aTd Ta HITpaTH POOUTH IX MEPCIEeKTHBHUMH
00’exktamu y Oiopemeniauii IpyHTIB 1 BOA, 3a0pyIHEHHX
NPOMHCIIOBUMH BiIXOJIaMH.
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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 eHOB MeTAINIOTHOHENHOB, YOMKBUTHHA U pS3
B pudpod/I1acTax JJerkux M KOKH KpbIC pa3HOI0 BO3pacra

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

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

TIpoBeneHo HccenoBaHke FKCIPECCHH TeHOB MATH MeTaioTHoHeHHOB (MT 1-5), yOukButiHa 1 6enka pS3 B KynbType hropodnacton
KOXKH M JICTKUX OCJIbIX KPBIC pa3HOro Bo3pacta (2 Hemeny, 1, 3 u 24 Mecsna), a Takke ONPECNIiCHO KOJIUYECTBO MX MPOAYKTOB (METasLIo-
THOHEHHOB 1-5 THIOB, yOUKBUTHHA, Oenka p53). Bee 9TH GeNku ABIAIOTCS 3aIUTHBIME, HO BBITIOJIHSIOT CBOU (DYHKIMH C UCTIONB30BAHUEM
Pa3HBIX MEXaHU3MOB. MeTaJLIOTHOHEHHBI CBSI3BIBAIOT, TPAHCHIOPTUPYIOT U BBIBOJAT M3 OpraHU3Ma HOHBI JBYXBAJICHTHBIX METAJLIOB, YOUK-
BUTUH KOHTPOJIMPYET PacIICIVICHHE B MPOTeacoMax AePEKTHBIX U KOPOTKOKHBYIIUX OCIKOB, OEMOK P53 KOHTPOIHMPYET MEXaHU3M aIloNTO-
3a, obecreynBasl TAKUM 00pa3oM CTaOMIBHOCTh TeHOMA. B cBs3M ¢ 3THM 3amayeii HacTosmeld paboThl ObLIO CPaBHEHHE IKCIIPECCHU yKa-
3aHHBIX T€HOB M KOJMYECTBA MX OEIKOBBIX IPOIYKTOB B (HOPOOIACTAX COSIMHUTENFHON TKAHM KOXKH U JIETKUX IS BRIIBIICHHS POJIM Te-
HETHYEeCKHX (PAKTOPOB B X0/ MX OHTOreHe3a. [10kazaHO CXO/CTBO BO3PACTHOM AMHAMUKH KCIIpecchy TeHoB MT 1 yOMKBUTHHA U3 KIIETOK
000MX NCTOYHHUKOB — HAJIMYME MAaKCUMyMa B 3 Mecsiiia. Bo3pacTHbIe H3MEHEHNsI SKCTIPECCHH I'eHOB BeeX 1T MT xapakrepusyroTcst Kak B
KOXe, TaK U B JIETKUX IIOJBEMOM B IIEPBOI MOJIOBUHE OHTOreHe3a. Ik KoK XapaKTepeH YeTKHH MaKkCUMyM JKcrpeccud reHoB MT B
3 Mecsina, Uit JIETKMX 3TOT MakcUMyM MeHee 4eTok. K 24-My mecsiity skcrpeccust Becex reHoB MT B ¢pubpobnactax Kak KOXH, Tak U Jier-
KHX, PE3KO NajaeT B 2—3 pasa M0 CPaBHEHUIO C MAKCUMYMOM. DKCIIpeccHs reHa yOUKBUTHHA, KOHTPOJIHPYIOIIETO PacilieluieHHe KOPOTKO-
JKUBYLIMX WITH TIOBPSKICHHBIX OEJIKOB, YBENUUMBAaeTCs B (pUOpoOIacTax erkux K 3 MecsiiaM B 1,5 pasa, a ajee CHUKAeTCsl HIKE YPOBHS
y JBYXHEICIBHBIX )KUBOTHBIX. B KOXkKe MakCHMyM 3KCIIPECCHH JAHHOTO TeHa TAKKe MPUXOAUTCS Ha 3 MECsIIa, HO CHIDKEHHE HE TaKoe Cy-
mecTBeHHoe. KonmaecTBo mpoykra yOMKBUTHHOBOTO T€HA B JIETKHX BO3PACTAeT O TPEXMECSYHOTO BO3PACTa M Jajee MPaKTHIECKH He
Menstercs. B xoke HaOmoaeTcs majjeHne B eproz OT ABYX HEJeNb 0 OIHOTO MecsIia, MOIbeM K TPEM MeCsIiaM 1 pe3KHH CIaj K CTapo-
cTH (IpUMepHO B 3 pa3a Mo CpaBHEHHUIO C TPEXMECSIHBIM BO3PacToM). DKCIpeccHs F'eHa p53 NMeeT HHOH XapakTep: U B KOXKe, U B JITKHX
TIOBBIIICHHE SKCIIPECCHH MPOUCXOUT BILIOTH 10 24 MecsineB. KomrdecTBo npoaykTa pS3 MUHIUMAIBHO B KOXeE B 3 Mecsila U Janee He 13-
MEHSIETCST; B JIETKUX 3Ta BEJIMYMHA MAKCHMAJIbHA B OJIH MECSLL.

Knouesvie cnosa: Kynstypa Gpubpo0IIacToOB; OHTOI€HE3; METaIOTHOHEHHBI; YOUKBUTHH; p53
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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 Babhar,
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 pS53 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 (rfFLU per 1 ceilzble !
Gen (Protein) Tissue 05 month 1 month Expression 3 month 24 month
- Ak Ak Ak
MTLI (M) e VN P Y T T PV
o Ak Ak
MTL2 (MT2) e | 320000 | arTia0 | 90ss T T1io0w
H Ak A Ak
MIL3 (MT3) R S N B S T N PSS 1 S
MTLA (T N T W Y T B T BT T
1 A% Ak sk
MTLS (M) g T sl [ wiisr | siisy | #1530
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 (rfFLU 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+273 168.1 £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 £105.5" | 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+ 629" | 128.7 33,7 *
MTL4 (MT4) lung 74.0 £ 8.1 83.4+£82 102.1 £ 10.0M* 97.5+ 102"
skin 841.1 £198.2 649.8 £ 153.2 325.8+77.0"*%| 170.0 £40.0"*
MTLS (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 (rFLU 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 £ 1517 | 622.0+ 31.0"*| 4444 +£22.2"*
q lung 316.0£3.1 424.3 £ 5.1 491.4 £ 5.0"* 218.1 £2.27%*
skin 33.0+2.0 41.4 +£3.0M* 63.3 £ 4.5 159.6 £ 10.1"*
P33 (p33) lung 501 +4.1 621+ 4.0 554431 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 (p53) 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 £ 5.0"*

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 sroaei,
KOTPI CIOKMBAIOTh M’fICO Kyp4aT-Opoiiyiepis
3a YMOB KOpeKil mepea3adiiHoOro crpecy

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

Ji . o . o . . . e . . . .
Jlvsigcoiutl nayionansHuil yrisepcumem eemepuraphoi meduyury ma biomexnonozii iveni C.3. Dicuybkozo, Jlvsis, Yipaina
Incmumym 6ionoeii meapun HAAH, Jlveie, Ykpaina

Hageneno nani npo 3minu iHzaekcy crumyiiii Hedtpodini (ICH) KpoBi 4ONOBIKIB ITCIISI CIIOKMBAHHS Msica Kyp4aT-OpoiiiepiB, SKUM
niepez; 3a00€M JI0 KOPMY aepO30JIbHUM METOJIOM BHOCHIIH IMyHOMOJYJIATOPH IPUPOAHOTO TIOXO/DKEHHS. AHTHCTPECOpaMHt Ta iIMyHOMOJY-
JATOpaMH y Tiepen3adiiiHuil mepion KypuaT-OpoiinepiB ciryryBain Gi0JOriYHO aKTUBHI PEUOBHUHH 3 EKCTPAKTY ceNie3iHKH. [ITnii nociimHoi
rpymu (I rpyma) 3a m’sth 116 10 320010 BBOIIIIN aepPO30IEHAM METOAOM E€KCTPaKT cene3iHku (70% crupToBHil po3duH Oi00TIYHO aKTHB-
HHX pedoBHUH, 00’eMoM 1,4 mit Ha Kypda). [Iruni xontpomnsHoi rpymu (II) 3a m’ate Ai6 10 326010 TaKUM *Ke YHMHOM JAaBaiy 10 KopMy 70%
PO3UMH €TaHONy B aHAJOTiYHOMY 00’eMi. Y mimbHIN kpoBi JomnosikiB Bu3Hadamu ICH. Y kpoBi Kypuar-OpoiiiepiB JOCIIIKyBaId BMIiCT
TIOJTiaMiHIB Iy TPECIIHY, CIIEPMIiHY Ta CIepMiauHy. BiporinqHo Oinsmmii BMICT MoJiaMiHIB CTIOCTEpirany y Kyp4ar-OpoiiiepiB meproi 1o-
CITZTHOT TPYIIH, SIKM JIOZaTKOBO J0 OCHOBHOT'O PAIiOHY BBOJWIIM €KCTPAKT CEeNIe3IHKH, OTPHUMAHHUH i3 3aCTOCYBaHHSM YIbTpa3ByKy. OTpH-
MaHi pe3yJIbTaTH MOXKyTh OyTH BUKOPHCTAHI Y TOCHIUKEHHSIX MOKAa3HUKIB IMyHITETY CLTBCHKOTOCHIOIAPCHKIX TBAPHH i3 METOIO ITi/IBHILCH-
HSI PE3UCTEHTHOCTI OpraHi3My, KOPEKIIil Ta HiBeJIOBAHHS CTPECOBOT'O CTaHy TBapHH Iepes 3200€M i MOMIMIIEHHS SKOCTI MPOAYKIIIL.

Kmouogi cnosa: npupoiHa pe3nCTEHTHICTh; eKCTPAKT CeNe3iHKU; KypuaTa-Opoiiepy; mosiamMinu; 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

Exosoriuauii craH HaBKOJIMIITHBOTO CEPEIOBHINA, CIIOCIO
JKUTTS Ta XapuyBaHHS, cdepa MisUIbHOCTI, HaaMipHi (hi3ndaHi
HaBaHTaXKCHHS — JAJICKO HE BCl YMHHUKH, BIUIMBY SIKHX 3a-
3Ha€ IMyHHA CHCTEMa OpraHi3My JIFOIMHH HPOTATOM CBOTO
xutTa. CTpecH pi3HOTO XapakTepy, NPHTHIYeHWH CTaH
OpraHi3My, 3aCTOCYBaHHsI JESKHX JIIKapChKHX 3ac00iB pyid-
HYIOTh IMyHHY CHCTeMY. Y KOHTpOJI BpPOMKEHOI IMyHHOI
BIIMIOBI/I Y BHIIUX XPEOETHHX BaXJIMBY POJIb BiIIrparoTh
HOJIIaMiHK: CHIEPMIZIMH, CTIepMiH Ta myTpectuH. [lomaminu
MOXYTb CIPUSTH PO3BUTKY  BIIIOBITHOI  aJanTHBHOI
imynHoi peakuii (Reyes-Becerril et al., 2010; Minois et al.,
2011; Maslyanko et al, 2013), perymoBaru amonro3
B-xmitun nig wac menenii kiony (Nitta et al., 2001), morym-
Hatuca T- Ta B-mimdonuramm, a B-mimdomuTn MOXyTH
IHILIFOFOBaTH TPAHCIIOPT MO3AKIITHHHUX moiiaMidiB (De
Benedette et al., 1993).

VY niteparypi HEIOCTATHBO BUCBITJICHI MHUTAHHS ILOJO
BIUIMBY Ieper3abiiiHOro cTaHy TBapHH Ha OKpEMi MOKa3HHU-
Ku iMyHiTeTy. Citiji 3ayBasKHTH, 110 Tiepe] 3a00€M TBApHH HE
MO>KHa BHKOPUCTOBYBATH IIpENaparH, siki O Maiu HeraTHB-
HMI BIUIMB Ha OpPraHi3M JIIOAWHH, KOTPa CIIOXKUBAE M’SICHY
npofykiito. [Ipofykilis TBapHUHHMIITBA, OTPHUMAaHA BiJ
CIJIbCHKOTOCIIONIAPCBKUX TBApUH 33 CTPECOBOTO CTaHy, B
SIKOMY OpraHizM repeOyBae meper 3a0oeM, Moxe OyTH He-
MIPUJATHOIO JUIsl CrIOKuBaHHS. Paronmro3 — TroJIOBHUM
MeXaHi3M TPUPOTHOI PE3UCTEHTHOCTI, a TAKOXK 000B’SI3KOBa
JMaHKa 1HAOyKMii Ta ¢opMyBaHHS crenudiyHoi iMyHHOT
BimmoBimi. daromurapHy poilb BUKOHYIOTH MOJIIMOP(HO-
spepHi Jeiikouuty. HeiitpodinbHi rpaHynonuTH Haiuac-
Time (arouuTyoTh 30y JHUKIB rocTpuX iHpekwii. Y rpaHy-
nax (aronmTiB MICTUTBCS HaOip HEEH3UMHHMX KaTIOHHUX
OUIKIB, JI30LMM, MIEJIONEPOKCHAA3a, 33 PaXyHOK SIKUX
BiIOYBa€ThCS NPHUIHIYEHHS aKTHUBHOCTI (haronuToBaHMX
Gaxrepiii Ta ix neperpasnenss (Frimel, 1987).

Amrmiiiceki  BueHi-oHkoerigemionora (Doll and Pito,
1984) migpaxyBamy IMUTOMY YacTKy PpI3HOMaHITHHX
YWHHHKIB, 10 BIUIMBAIOTh HA BUHUKHEHH: paky. LleHTpaib-
Ha poJib Y TIPOLEC] KaHIEPOTeHe3y HAJCKHUTh XapuyBaHHIO:
me 4YMHHWK ckiagae 35% cepen MOXIIMBHX TPHYAH
oHkouoril. /Ipyre micuie nocijiae najiHHsI, Ha sSIKE IIPUIAIAE
30% Bunaakis. Ha iHIIi IpUYMHM OHKOJIOTIYHUX HOBOYTBO-
pEeHb JOBOJWTHLCS 3HAYHO MEHIIWKA BigCOTOK. [lanmeko He
CEKpET, 1[0 ICHY€ 3B 530K MK CKJIQJIOM 1 XapakTepoM Xap-
YyBaHHs JIIOJAWHU Ta BIPOTLAHICTIO PO3BHUTKY 3JIOSIKICHUX
nyxyvH. bimsbko 40% BHUNAAKIB OHKOJIOTIYHUX 3aXBOPIO-
BaHb y 4OJNOBIKiB 1 60% y XiHOK, 3a manumu BOO3,

3yMOBIIeHI He30ajlaHcoBaHMM  XapuyBaHHsAM (Bespalov,
2008). ITpu 11boMy, KpiM He30aTaHCOBAaHOTO Xap4yBaHHS, B
OCHOBHOMY 3BEPTA€THCS yBara Ha XiMi4Hi pe4OBHHH, (i3ny-
HIi YMHHUKY, BIpyCH Ta MIKPOOPTaHI3MH, HepallioHAIbHE
30epiraHHs, MepepoOKy Ta MaKyBaHHS DKi, KyJiHapHY 00-
POOKy Ta NPUTOTYBaHHS, aJie HE BPAXOBYETHCS CTPECOBHIA
CTaH TBapHH Iepexn 3a0oem. HuHi mie HeIOCTAaTHBO yBaru
NPUAUICHO BIUIMBY TaKMX NPOAYKTIB XapuyBaHHA Ha
IMyHITET JIFOJJHH.

VY momnepenHix JAOCTIPKCHHIX (MOICTBHHUIA JTOCIIT) yC-
TAHOBJICHO BIUIMB Iepen3adidiHOro CTaHy Ha KIITHHHUH
IMyHITET Ta piBeHb KOPTH30Jy Y IUIa3Mi KpOBI LIypiB 1 Kyp-
yaT-OpoiiniepiB. BHECEHHs Y KOPM €KCTpaKTy CeJe3iHKU Cy-
TIPOBOKYBAJIOCH 3HIDKEHHSIM PIBHS KOPTH30JIy Yy IUIa3mi
KPOBI SIK IIypiB, TaK Kyp4aT-OpoiiepiB, M0 MOXKe CBITINTH
PO 3MEHIIeHHs cTpecy mepen 3aboem (Grabovskyi, 2014a,
2014b). ¥V kpoBi mIypiB, SIKi MPOTATOM ITSITH Ti0 Tepen
3a00€M JIOHAaTKOBO 3 KOPMOM OTPHMYBaIM EKCTPaKT
CEJIC3IHKH, BIPOTIIHO IiIBHMIIMBCS (PArOMUTAPHHNA 1HACKC i
3MEHILIIACh KOHIEHTpatlisi koptu3ody (Grabovskyi, 2013a).
Jnst ctuMyIroBaHHS IMYHITETY Ta 3MEHLIEHHSI CTPECOBOTO
cTaHy repe]; 3a00eM KypyaT-OpoiiiepiB MU BHKOPUCTAIN
€KCTPAKT CEJIe31HKH, OTPUMaHHUH 13 3aCTOCYBaHHSM YJIbTPa-
3ByKy (Grabovskyi, 2013b).

Mera naHoi craTTi — OLIHUTH BIUIMB OlOJIOTTYHO aKTHB-
HHUX PEYOBHH EKCTPAKTY CEJNIE3IHKM Ha KOHLEHTPAIIO ITyT-
PpecIwHy, CIIepMiHY, CIIEpPMIIHHY B KPOBi Kyp4aT-OpoiiiepiB
B yMoOBax Tmepen3aliifHOrO cTpecy Ta Ha ITOKAa3HHUKU
HECTIeNU(IYHOTO IMYHITETy y JtoAeH, KOTpi CIIOKHUBAIOTH
M’SICO IIUX KypUar.

Marepian i MeToaH J0CTiIZKEHD

Jnst mpoBeneHHsT TepIioro Jociixy chopMoBaHO [Bi
IPYIHU Kypuar-OpoiiiepiB OJHOMICSYHOTO BIKYy (I10 5 Kypuyar
y KoXHii). SIk 0i0JOriYHO aKTUBHI PEYOBHHU Y Tepel-
3abiiiHuii miepion (3a 1Tk Ai0 10 3a0010) Y KOpM Kypuar-
OpoiinepiB  aepO30JbHMM METOIOM YBOIWJIN EKCTPaKT
cene3inkd (70% CIMPTOBHN PO3UMH EKCTPAKTY CeJIe3iHKH,
06’emoM 1,4 M Ha ofHe Kypd4a mocmigHoi rpymun). Kypdya-
TaM KOHTPOJIBHOI IPYNH aHAIOTIYHO JOJABAIM JO KOPMY
70% po3unH eTaHody B eKBiBaJleHTHOMY 00’emi. Jlocimin
TpHUBaB 11’sTh 1i0. 3201l NTULI TPOBOIMINA Y PAHKOBI TOH-
HU. B ekcrepuMeHTi AOTpUMaHo yci OloeTHdHI HOpMH
€Bponeticekoi kKoHBeHI1 «[Ipo 3axuct xpeOeTHUX TBapuH,
SIKI BUKOPHCTOBYIOTBCSI JJIsS1 €KCIIEPUMEHTAIBHUX 1 HAYKO-
Bux winei» (CrpacOypr, 1986 p.), «3aranbHi €TH4HI NPHH-
MM EKCIIEPUMEHTIB Ha TBapuHax», yxBajeHi [lepiunm
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Hamionaneaum koHrpecom i3 Oioerukm (Kwuis, 2001), ta
MPUHIMIN TYMaHHOCTI, BUKJIQJICHI y AMpEeKTHBI €Bporiei-
cbkoi CriinbHOTH (Directive, 2010).

Jlis mpoBeneHHs apyroro Aociiay migiopano 10 gomo-
BikiB BikoM 20-21 pik Ta Macoro Ttima 60-65 kr, sIKuX
MOAUTMIM Ha 1Bl TpynmH (IO IUSTh Y KOXHIH). YonoBiku
CIIOXXHBAIN M’ICO Kypyar-OpoiinepiB Macoro Tina Bix 1,8 1o
2,0 Xr Ha 1MOYaTKy Ta y KiHIi JOCIiLy, SKUHA TPUBAB TPH JIHI.
M’sico Oys0 TYIIKOBaHE JIMIIE HA COHSIIHUKOBIH omii. [To-
JIOBHHY M’sica Kyp4YaTH YOJOBIKH CHOXKUBAIH TICIS TIEpIIIO-
TO BiIOOpY KPOBi, pemTy — mpoTsroM aBox ni6. Ha HacTtym-
HUA JeHb 3paHKy (0 9 roauHi) 3HOBY Opanmy KpoB UL
aHaizy.

BwmicT nosiamiHiB y KpOBi BUSHaYaId METOAOM PiJMHHOT
xpomarorpadii Bucokoro trcky (PXBT) (Gerbaut, 1991) na
pimuaHOMY xpomarorpadi Agilent 1200 (CLIA). ®arouwm-
TapHy aKTHUBHICTb HelTpoQiiB nepudepiitHoi KpoBi BU3HA-
yaimu meronoM Frimel (1987). IlpuHumn meromy 3acHoBa-
HUH Ha KUIBKICHOMY BH3HAUEHHI 3aXOIUICHMX HEHTpO-
(imamu rparyn marekcy. HCT-TecT BUKOHYBaIH BiIOBITHO
no meroquk Frimel (1987), Lapovets and Lutsyk (2002).
Meron 0a3yeTscs Ha TMHHOLMTO31 (paromuramMu CBITIIO-
JKOBTOTO po34nHy HiTpocuHboro terpasoininy (HCT), skuii
BIJIHOBJIFOETBCSL Yy IMTOIUIA3MI KJITHH 0 HEPO3YMHHOIO
Jqudopmazany (y BUDISII TEMHO-CUHIX rpanyin). [IpuHummn
MeTony: 3a yMOB ctumysiboBaHoro HCT-tecTy BUBUEHO He
TUIBKW CIIOHT@HHY 3[aTHICTh I'PaHYJIOLUTIB BIIHOBJIIOBATH
HITPOCHHIH TeTpa3oiii, a TaKoX MPOBOAUTU IUTYYHY
CTUMYJIAIIIO KIITAH OaKTepialbHUMH CHIOTOKCUHAMH, 3H-
MoO3aHOM. Takuii TECT CBIUHUTH MPO PE3EPBHY OAKTEPULIUII-
Hy 3/IaTHICTh KJIiTHH.

BiporimHicts pi3HHII MK BHOIPKOBUMH CEepEIHIMH
ouiHOBAM 3a t-KpurepieM CTBIOJCHTa, IIOMEPETHBO
OLIHIOOYH i BIAOBIZHICTH HOPMAJIEHOMY PO3IOJILITY.

PesyabTaTi Ta ix 00roBopeHHst

AmHaizyrous OTpUMaHi JaHi MO0 BMICTY MOJIaMiHIB
niepes] 3a00eM y KpOBi Kypuar-OpoiiepiB JOCIIHOT IPyIIH,
SIKAM 10 KOPMY JIO/IaBaJIi €KCTPAKT CEJIC31HKH, 00pOOIeHII
YIBTPa3ByKOM, YCTAHOBWJIM, II0 3arajibHa KUIBKICTh ITOJIi-
aMiHiB 30UIBIIMIACH ITIOPIBHAHO 3 KOHTposeM Ha 39%
(P <0,01) i, 30kpema, KoHIIEHTpaLis criepMiTuHy — Ha 34%
(P <0,05), a cnepminy — Ha 40% (P < 0,01). KonuenTparii
MyTpeciHy Oy HalMEHIINMHA Y KPOBi Kyp4aT-OpoiiiepiB
SIK JIOCHITHOI, TaK 1 KOHTPOJIBHOI TPYIT BITHOCHO IHIIHX TIO-
miamiHiB (puc. 1).

OtpumMaHi pe3yJabTaTH y3ro[PKYIOThCS 3 JTAHUMH HIIHX
asropie (Brodal et al., 1999; Soda et al., 2009; Hashemi et
al., 2014; Pohlenz et al., 2014), OCKiIbKH T0JaTKOBE 3aCTO-
CYBaHHSI TOJIIaMiHIB MOYKE BIUTMBATH HA TX KOHIICHTPALIIIO Y
TKaHWHAX Ta KPOBi 30kpeMa. Ha OCHOBI JJOCTI/DKEHb CCaBIIiB
Ta OTULI 1, 30KpeMa, Kypuar-OpoiyiepiB MOXKHA 3pOOHTH
BHCHOBOK, IO BHMKOPUCTaHHS IMYHOMOJYJISATOPIB, SIKi
MICTSITh TOJNIaMiHM, 3HIDKY€ HETaTUBHUH BIUIMB Iepel-
3a0ilfHOTO CcTpecy Ta ITiIBUIIYE IMYHITET TBAPHH.

[Noxa3HWKN TPUPOITHOT PE3UCTEHTHOCTI y KPOBI JIFOJIEH,
KOTpi CHOKMBAM Kyp4aTHHY, 3a3HABAJIM 3MiH y MeKax
¢izionoriyaol HopMu. Y KPOBI YOJIOBIKIB MICIIS CIIOXKUBAHHS
M’sica KypuaT-OpoiisepiB, siki nepes 3a00eM K aHTUCTPECOP
Ta IMyHOMOIYJATOP OTPUMYBAIM EKCTPAKT CeJe3iHKH

(mocmigna rpymma), 3pic ICH (+0,82). V vonoBikiB, siki cro-
JKUBAII M’ICO Kyp4aT-OpoiiiepiB, KOTPUM HE JaBald €KCT-
pakT cene3iHKH (KOHTpOJbHA TpyIa) B YMOBaxX Mepes-
3abiitHoro crpecy, ICH 3um3uBcs (—2,21) HopiBHSIHO 3 TO-
YaTKOM JocCIiny. BiporiqHoi pi3HUI B iHIIMX MOKa3HHKaX
TIPUPOTHOT PE3UCTEHTHOCTI MU HE criocTepiraiu (puc. 2).
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Puc. 2. Ingekc crumyJisinii (HeiiTpodisnm), ade. uncio (r/oa)

Sk BuIHO Ha pucyHKy iHekcu crumyisinil HTC y kpoBi
YOJIOBIKIB JIOCHIZHOT Ta KOHTPOJBHOI TPy PI3HWIMCS Ha
0,89 r/n (34,8%), x04a He BUXOAWIH 32 Mexi (i3ionoriyHoi
HOpMH. IMOBIPHO MOJiaMiHM MOXXYTh BIUIMBAaTH Ha ITOKa3-
HMKM IMYHITETY JIIOZIel, IO Y3rOJDKYEThCS 3 JIOCIHiJ-
eHHsiMU iHnmx aBropiB (Catros-Quemener et al., 1999;
Kalac and Krausova, 2005; Kalac, 2014; Vargas et al., 2014;
Galitsopoulou et al., 2015). BiporiaHoi pi3HHII Y ITOKa3HU-
Kax MPHUPOAHOI PE3UCTEHTHOCTI — KOHLICHTPALLii JICHKOLMTIB,
HEUTpoDLUTIB (TMATMYKOSAECPHIX, CETMEHTHOSIEPHHX ), (aro-
LUTApHOTO TIOKa3HUKA (HeHTpodimm) (marekc-tect, 30 XB),
HTC cmoHTaHHOTO Ta CTHEMYJIHOBAHOTO MH HE CIIOCTEpi-
raqd. IIepCeKTHBHUMHU € JOCHTIIPKCHHS PE3MCTEHTHOCTI
oprafHiaMy Ta, 30Kpema (haroluTapHOrO IHAEKCY Y
CLIICHKOTOCTIONIAPCHKUX TBAapHH 32 YMOB Iepen3adiiiHoro
CTpecy Ha TJi BUKOPHUCTaHHS IMyHOCTUMYJISITOPIB MPHPOJI-
HOTO TIOXO/KCHHSL.
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BucHoBku

HonatkoBe yBeIeHHS A0 KOpMY IMYHOCTHUMYJISTODIB
(moniaMiHiB), OTPMMaHHUX 3 EKCTPAKTy CENE3IHKH, CYIpo-
BO/DKYBAJIOCHh IIABUINEHHSIM IX 3arajlbHOl KUIBKOCTI Ta
BMICTY MyTPECLIMHY, CIIEPMiHY Ta CIIEPMIJIMHY y KPOBI Kyp-
4aT-OpoiiyiepiB 32 YMOB KOpEKLii Iepen3adiiiHoro crpecy,
1110, IMOBIPHO, CIIPHSIE TOJIIIICHHIO SIKICHUX XapaKTePHUCTHK
ix M’sca. CrioxuBaHHs M’sica IIMX Kyp4aT-OpoiiepiB npu-
3BOJIIJIO JI0 BIPOTIAHOTO IiIBUINCHHS 1HACKCY CTUMYJILIT
HEWTpO(UTIB Yy KpOBI HYONOBIKIB Ta PE3WCTEHTHOCTI IX
OpraHi3My.
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