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studied. Information about many of these pathogens is absent in the existing scientific literature accessible in Ukraine —
both veterinary and medical. This applies, in particular, to a causative agent of viral zoonoses the Borna disease virus or
Bornavirus. For this purpose, an analysis of the literature concerning the role of the Bornavirus in the pathology of
animals and humans was conducted. It is well known that a large number of pathogens of animal infections (zoonoses),
including viral, pose a potential threat to human health. Among these potential threats is the Borna disease virus
belonging to the family of Bornaviridae, order Mononegavirales. This order includes representatives of deadly human
diseases like rabies (family Rhabdoviridae), Ebola virus (family Filoviridae) and Nipah virus (family Paramyxoviridae).
Borna virus disease affects mainly mammals, but can infect birds and even reptiles (Aspid bornavirus). It is established
that Bornaviruses have a wide range of natural hosts (horses, sheeps, cats, bats and various birds), including domestic
animals, which poses a potential threat to human health. This is evidenced by numerous, although contradictory,
research into the role of the Borna disease virus in human pathologies such as schizophrenia, depression, prolonged
fatigue syndrome, multiple sclerosis and others. Analysis of the literature clearly shows the important role of the Borna
disease virus in a variety of mental and behavioural changes in animals, both wild and domestic. However, the large
amount of contradictory data and studies cannot yet provide a clear picture of the role of this virus in human pathology.
On the one hand, there are clear data of the presence of RNA of the Bourna disease virus and antibodies to it in patients
with psychoneurotic changes. On the other, there is no clear understanding of the infectivity of the virus in humans and
its transmission from animals to humans and from person to person. These questions require further research and
comprehensive study, particularly on the territory of Ukraine.

Keywords: zoonoses; infectious diseases; Bornaviruses; diseases of humans and animals

Bipyc xBopo6u bopHa Ta iioro 3HaueHHs
B MIATOJIOTil TBAPHH i JIIOMHHA

A. O. MixeeB

byrosuncokuil deporcasnui meouunuil yrisepcumem, Yepuisyi, Yepaina

IpoBeneHO aHa3 JITEPAaTYpHUX DKEPEd, sIKi CTOCYIOThCS poii Bipycy BopHa y martororiil TBapuH i moauHH. Benmmka KUIbKiCTb 30yIHUKIB
TBAapUHHHX 1H(]EKIiH (300HO31B), 30KpeMa, BipyCHHX, CTAHOBUTH OTEHILIHHY 3arpo3y 310poB’ 1o ouHu. Cepet TAKUX MOTeHIIHHUX 3arpo3 — Bipyc
xBopobu BopHa, 1110 Hanexuts 10 poxuay Bornaviridae, mopsiiky Mononegavirales. o 11b0ro nopsiiky BXOJSTb MPEICTABHUKH TAKHX CMEPTEIBHIX
JUISL JTIOJIMHU 3aXBOPIOBaHb sIK cka3 (poauna Rhabdoviridae), Bipyc Ebona (pomuna Filoviridae), Bipyc Hinax (poauna Paramyxoviridae). Bipyc
xBopoOu bopHa Bpakae IepeBaXkHO CCaBIIiB, IPOTE MOXKE BPKATH IITAXiB 1 HABITH IUIa3yHiB (00pHABIpyc acminoBux). bopHaBipycu MaroTs Bemmke
KOJIO TIPUPOJIHMX TOCHOZApiB (KOHI, BIBL, KOTS4i, K&KaHH, TPHU3YHH, KOMAXOIHI, pi3HOMAaHITHI NITaXM), y TOMYy YHUCIIi Cepes JIOMAIIHIX TBApHH,
ypaXkaroThb MEPEeBaXHO HEPBOBY CHCTEMYy 3 PO3BHTKOM OE3CHMIITOMHOrO HOCiHicTBa a00 MeHiHroeHueasiTiB, eHIe(aliTiB, MOBEIIHKOBUMH
po3nazaMu TOmo. A Iie MOXKE SIBJIATH HOTEHLIHHY 3arpo3y 3I0pOB’IO JIFOAMHAU. IIpo Iie CBimyaTh YMCICHHI, X04Ya i CYNepewInBi, JOCITIUKSHHSI
CTOCOBHO poi Bipycy XxBopoOu bopHa y Takux IaToNOrisSX JIIOMMHY SK MH30(pEHis, JeNpecis, CUHIPOM TPHBAJIOl BTOMY, PO3CITHHIA CKIIEpPO3 TOLIO.
[poananizyBaBuIM BeJMKY KUIBKICT JITEPaTypHHUX JDKEpPEN, MOXKHA MIATBEPAUTH CYTTEBY pojb Bipycy XBopoOu BopHa y marosorii jomuHu ta
TBapyH, MpOTe B YKpaiHi NMUTAaHHS CTOCOBHO HOro MONIMPEHHs, LMPKYISLii Ta NMaTOreHHOCTi MPAKTHYHO HE PO3IVISAEThCS. TOMY BaXKIHBI
TIOJIAJIBIIT JIOCIIKEHHS TIOLIMPEHOCTI LIHOTO BIPYCY Cepell IMKHX i JIOMAILHIX TBAPHUH, YCTAHOBJICHHS HOro 3HAYCHHS Y NATONOT T JIFOAMHH.

Kniouosi cnosa: 6opHaBipycH; 300HO3M; IH(QEKIIHHI 3aXBOPIOBAHHSL; [TATOJIOT IS JIIOAUHH
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Beryn

IHdekuiiiHi 3aXBOprOBaHHS, SKi BUKIUKAIOTh YHUCJICHHI MaTo-
reHHi MikpoopraHi3mu (6akrepil, Bipycu, HainpocrTimi abo rpubmu),
3[aTHI TepeaBaTics BiJl XBOPUX ab0 HOCIIB 10 300POBHX JIOACH
yd TBapWH. Bemuky rpymy Takux iH(EKHIHHHX 3aXBOPIOBAHb
CKJIaTArOTh 30yTHUKH TBapHHHUX iH(eKiii — 3000031 (Gorohov et
al.,, 2012). YV memurmHi Ta BeTepuHApii 300HO3H, Y TOMY YHCIHI
BIpYCHOI MPUPOIN, TPAJUIIHHO HANICKATH 10 1HDEKITii, 110 pUTa-
maHHi Tinekn TBapuHam (Sidorchuk, 2014). Cepen Hux Benmka
rpyna TPaHCKOPIOHHUX E€MEp/DKEHTHHX iH(EKil, 10 € JOCHTh
eK30THYHHAM Ui YKpaiHu: BipycH jmxomaHku 3aximHoro Hiny,
aTuroBoi nmHeBMoHii, nrammuoro (Hs) ta cBunsdoro (H,) rpumy,
xBopodu bopHaa, E6oma, MapOypr, Jlacca, Himax ta inmi (Bisjuk,
2014). Opnak Oarato 3 HUX MAlOTh 3JATHICTH 10 MIDKBHIOBOL
riepeiadi BijI IITaxiB JI0 CCABIIIB 1 HABIAKH, T4, HAPEIITI, BiJl TBAPHH
abo mraxiB 710 JIrouHK, ToOTO 300aHTpornoHo3u (Grynevych and
Markovych, 2012; Markovych and Grynevych, 2013; Christou,
2011; Wang and Crameri, 2014). 30okpeMa, 1ie TAKOX HPEICTaBHHU-
KU pi3HOMaHITHHX pouH BipyciB — Poxviridae, Flaviviridae, Filovi-
ridae, Reoviridae, Bornaviridae, Picobirnaviridae. OctanHiMu poka-
MH CITHCOK TaKHMX 3aXBOPIOBAHB CYTTEBO POSLIMPHUBCS, a CIIANaxH,
110 paHillle MaJd JIOKAIBHUK XapaKkTep, NepepoCcTaroTh B emiieMil
(Grynevych et al., 2012). [Tpranna 115010 — pO3IMIMPEHHS TEPUTOPIT
MPOXKUBAHHS JTFOJIMHY, YpOaHi3allis, HAsSBHICTh OCTATHHO BEITMKOL
KUIBKOCTI CHHAaHTPOITHUX TBAPHH, NTaXiB i KoMax (TALOKH, JIETIOUl
MHILI, TOMyOH, TapraHu), sKi € IPUPOJHIMH JHKEpPENaMH Ta pe3ep-
Byapamu Takux iHgekuii (Stegnij et al., 2014; Rosenberg, 2015).
CrporHo3yBaTH e€NiieMito, CIpUUMHEHY 30y JHIKaMH BipYCHHX 300~
HO3IB cepe]l JTroeH, CKiIaaHo, a yacto HeMoxxmiBo (Dacheux et al.,
2014; Makarov, 2011; Hasnatinov and Danchinova, 2011). Amxe He
BC1 30yJHIKH 300HO3HUX iH(EKIIH — «KJIaCH4HI» 300HO3H, Oarato
3 HUX 3/[aTHI aalTyBaTHCs JO HOBHX IOCIIOZAPIB, Y TOMY YHCII JIIO-
JmHU. OCOOJIMBO 1€ CTOCYETHCS THX MATOTEHIB, SIKi MAIOTh [IMPOKE
KOJIO TBapUHHUX TOCHOMAPIB 1 JOCHUTh TpUBAIMil iHKyOaliifHH
nepiox (Temmam et al., 2014).

[TutanHs 300HO3IB, 30KpeMa, BIpYyCHHX, Ta IX 3HA4YCHHS B
MaTOJOTii JIFOJUHH aKTyalbHe Ta MOTpedye BCeOIYHOTO BUBYEHHSI.
AKe OCTaHHIMH POKaMH LIe CTAJI0 CEPHO3HOI0 MPOOIEMOI0 0XO-
POHH 3II0pOB’sI, OCKUIBKM Omm3pko 60-80% HOBHX BipyCHHX
iH(eKii ToAMHN MArOTh caMe TBapuHHE ToxomkeHHs (Wang and
Crameri, 2014). 3okpemMa, Il CTOCYETbCsS YKpaiHH, OCKIIBKH
[UTaHHS [OLIMPEHOCT], MOy LIHHOIO PiBHS Ta 3arpo3U JKUTTIO
Ta 3/0pOB’f0 JIFOJWHU CTOCOBHO 300HO3IB, OCOOJMBO BipyCHHX,
BUBYCHE HEJOCTAaTHHO. YacTo y JOCTYmHiil JiTeparypi MiCTUTBCS
JOCUTH MaJI0 BIIOMOCTEH HPO TPUPOIHI pe3epByapH 30yIHUKIB
300HO3HHX 1H(EKIIH Ta iX emigeMioJorito, a MOBHOMIHHA iH(Op-
Mallisl Tpo JIesKi 3 TakuX 30yIHUKIB B3araji BiJICYTHS B HasBHIi
HayKoBil Jiteparypi Ykpainn — six BerepunapHiii (Fotin et al.,
2010), Tak i GiomoriuHiid Ta MeaUYHIA. 30KpeMa, IIe CTOCYEThCS
Takux 30yIHMKIB BIpyCHHX 300HO3IB SIK BipycH XxBopoOu bopHa,
abo OopnaBipycu. BogHo4ac y cBiTi 1ie MUTaHHS O0OrOBOPIOETHCS
JOCUTH [ABHO i 3 Pi3HMX TOYOK 30py — BiJ 3HAuCHHs BIpyCiB, Y
TOMy 4YMCi OOpHAaBIpYCiB, B €BOJIOLIl IO PO3BUTKY IMCHXIYHHX
poznanis y moauHA. MeTa IBOTo OISy JITepaTypH — 3 sCyBaTH
3HaueHHs Bipycy XBopoOM BopHa B 3aXBOPIOBaHHSX TBapHH 1
JIFO/IMHH, 30KpeMa, B YKpaiHi.

3aranbHi Bitomocti npo poauny Bornaviridae

Bipyc xBopoou bopna, 6opHasipyc (Bornavirus, Borna disease
virus (BDV)) — tunosuii npeacraBauk poxunu bopraipycu (Bor-
naviridae), oo HaJIeXHUTH 10 Topsaky Mononegavirales (Kalinina,
2014). Bipionn BipyciB MaroTh chepruuy (GopMy, po3MipoM 10
130 M nmiamMeTpoM, CHIpaNTBHOTO THITy CHUMeTpii. Sk reHeTwdHMit
Marepian Bipyc MICTUTh opHocmipaibHy JiHiHy PHK, Hecermen-
TOBaHy, 3 HETATUBHOIO TIOJSIPHICTIO. [ ¢HOM Ma€e MeBHY MO/iOHICTh
JI0 TEHOMY IHILIOTO MPeICTaBHUKA HOPSAKY — poauHu Pabnosipycu
(Rabdoviridae). TpanckpurList Ta perUtikaiiis 60pHaBipyciB BifOy-

BA€THCSI BUHATKOBO B SIIPi 3apaKEHOI KIITHHH, IO BiJpi3HIE HOTO
Bix OuteiocTi iHmmx PHK-BMicHHX BIpyCiB Ta CBITYMTH MpPO J0-
CHTb JaBHE TOXOKEHHs. Y TpOLieci perutikarii Bipyc BMOHTOBYE
JHK xomii cBoro renomy B JIHK kitiTuHM rocrofapsi, sKi i dac
MITOTHYHOTO TIOZUTY TepeNaloThest AOUipHIM KiitThHam (Matsu-
moto et al., 2012). Ie, moxmBoO, cripusie GOPMYBaHHIO TTOBLTEHO
nporpecyrodoi abo xponiuHoi iHdexnii. [TpornkaroTs GopHaBipyCcH
y KIITHHY Xa3siiHa IUIIXOM PELENTOPHO ONOCEPEAKOBAHOIO €HII0-
LIUTO3Y, a 3AIMIIAIOTH IHPIKOBaHY KIIITHHY IIUISIXOM OpyHBKYBaHHS
yepe3 [{[IM y cycinHO KIiTHHY. 31aTHI TOIIHPIOBATUCS MO MiX-
KITHHHUX 3B’s3kaXx. YacTo mpH IbOMY BIpYCH HE IIPOSIBISIOTH
LUTOIATHYHOTO e(eKTy Ta He MOPYIIYIOTh HOPMAILHOTO (YHKIIO-
HyBaHHS KJIITHH.

AHTUTCHHI BJIACTHBOCTI OOpHABIPYCIB HPEICTABICHI AEKiIb-
KoMa JerepMiHanTamu (Oinkamm), siki koxytorsest B PHK. Ile pos-
YMHHUH QHTUTeH (S-aHTUTeH), SIKUI MICTUTB OUIKY HyKJIeonpoTein N
(p40), dochonporein P (p24), mMemOpanuuii riikonporein M
(gp18), memOpanumii rikonporein G (gp94), nonmimepasy L (p190)
ta X nporein (pl10), GyHKLIT sKOro 11e He 3’5ICOBaHi, cepel SKUX
Haii0iIblIle 3HAUCHHS y [[IarHOCTHI]l 3aXBOPIOBAHb, CIIPUYMHEHUX
Oopnasipycamu, MatoTh p40 Ta p24 (de la Torre, 1994; Ikuta et al.,
2002; Bode and Ludwig, 2003). B oprani3mi TBapuH i, MOXJIHBO,
JIOAVHN I JETepPMIHAHTH BHUKIMKAIOTH BUIIOBIOHY IMYyHHY
BI/IIIOBI/b, @ AHTHUTLIA 1O OOpHABIPYCIB 3aJleXaTh Bif BUIY ypa-
JKEHOT'0 OpraHi3My Ta HPOSIBILIIOTH EPEXPECHY PEaKTUBHICTb.

BbopHaBipycH TOCHTB CTiliKi y 30BHIIIHBOMY cepenoBui. Bo-
HU 3/aTHI 3aIULIATUCS IHQEKUiHHAMU 32 HU3BKHX TEMIIepaTyp
YIPOZIOBXK POKY, OJIM3bKO THIKHS 32 KIMHATHOI TEMIIepaTypH, CTiil-
Ki 10 BUCYIIYBaHHA, ajie YyTIMBI OO YIbTpagioNeTy Ta HU3BKHX
3naueHb pH (Planz et al., 1999).

VYV nabopaTOpHHX YMOBaX BJA€ThCSl KYJIBTUBYBATH BIpyC y
KyJbTypax KIITHH eMOPIOHAJIEHOTO ITOXOPKEHHS (TKaHHHA HUPOK
ab6o ITHC em0pioHa JiroquHy, TiliaibHi KITHHA KPOJIs), @ TAKOXK
Vero, MDCK, rioma mypiB.

3rigHo 3 MDKHApOIHOMIO Kiacudikariero, 3a ganuMu MikHa-
pomHoro komirery 3 TakcoHomil BipyciB (ICTV), no poaunu Bop-
HaBipycu (Bornaviridae) Hane)uTs ouH piji, B SIKOMY 7 OCHOBHUX
BUJIiB OOPHABIPYCIB:

— Elapid 1 bornavirus (3miiHuii OopHaBipyc, Bipyc ypakae
npezncraBHUKIB poyuHK Actinosi (Elapidae);

— Mammalian 1 bornavirus (TUIOBHII NPEACTaBHUK, ypaxkae
npencraBaukiB kinacy Ccapmi (Mammalia), ocHOBHHIT 30ymHHK
xBopobu bopHa);

— Passeriform 1 bornavirus (nrTammHuii OOpHaBipyc, ypaxae
pi3HKX npezcTaBHUKIB psimy ['opobuenonioHi (Passeriformes);

— Passeriform 2 bornavirus (nTammauii OOpHaBIpYC, ypakae
pi3HuX npencraBHUKIB psxy ['opobuenonioni (Passeriformes);

— Psittaciform 1 bornavirus (nrammHuil G0pHABipyC, ypaxkae
pi3HuX nperncraBHUKIB psiay [lamyromoxniGHi (Psittaciformes);

— Psittaciform 2 bornavirus (nrammHuii 60pHaBipyC, ypakae
pizHuX npescTaBHUKIB psiy [amyrononi6Hi (Psittaciformes);

— Waterbird 1 bornavirus (nrammnuii GopHaBipyc, ypaxae pi3Hi
BHM BozoruiaBHux rraxiB) (Kuhn et al., 2015; Afonso et al., 2016).

BioJoriuni ocoduBocti 6opHaBipyciB

Bipyc xBopobu bopna — cnemmdiunmii Bipyc, i3 BHCOKOIO
TPOITHICTIO 10 HEPBOBOI CUCTEMH, SIKHil IEPEBAXKHO BPAXKae TBAPUH
(30on03Ha iHdekisn) (Kinnunen et al., 2013). [IpupoaximMu rocno-
JapsiMi OOpHAaBIPyCIB BB)KAIOTHCSI KOHI Ta BIBII, y SKHX 1Ii BIpyCcH
BUK/IMKAIOTh 4iTKI HEBPOJIOTIYHI ypakeHHS — eHIedaliTH,
eHIe(aTOMIETITH, 10 YacTO 3aKiHUYIOThCS 3ardOeiuIi0 TBapUH
(Richt et al., 1997; Ludwig and Bode, 2000; Tizard et al., 2016).
Oxkpim KoHeill 1 OBelb Bipyc 34aTHHH iH(IKyBaTH JOCHTH IMPOKHIL
CIICKTp IHIIMX TEIUIOKPOBHUX TBAPUH, MA€ CIELUGIYHUN LMK
perutikaiiii, MO CHPUYMHSIE MOPYIICHHS CUTHAIBHHX LUIXIB Y
ITHC i3 BUHUKHEHHSM HEBPOIIATii, ypaXKeHHsM JTiMOIYHOT cucTeMn
(Bonnaud et al., 2015; Liu et al., 2015; Lennartz et al., 2016).
3ajie)HO Bif BiKy Ta BHIy rocroiaps, iHOAI CTaTi Ta dacy 3apa-
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JKCHHS, 8 TAKOXK OCOOJTMBOCTEH IMyHHOT CHCTEMH BipycHa XBOpoOa
Bopna moxe nepebiraty sik 6escumnromuo (Lundgren et al., 1993;
Richt and Rott, 2001), Tak i COPUYMHATH LIMPOKHIl CHIEKTP
noBeziHkoBuX posnafiB (Stacheli et al., 2000; de la Torre, 2002;
Hornig et al., 2003).

I3 Toro uacy, sik 6yso BcraHOBiIeHO, 0 BXb BHKINKaE 3aXBO-
proBanns [THC y Garatbox BHAIB XpeOCTHHX, BiH CTaB MOJCILIIO
JUIs BUBYeHHs mnepcucteHnii BipycHoi ingexuii ITHC, ockimekn
Horo oxgnonanmroropa PHK perutikyeTbcst B sapi KIiTHH-MilIeHeH
(Feschotte, 2010; Horie et al., 2010). Bopnasipycu 31aTHI BpaxaTi
Oe3rocepeHbO HEHPOHH, aCTPOLIUTH, KIIITHHH TIIii, 3 TAKOXK OKpPIM
xiitua [THC moke OyTH BUsIBIEHHH y KIITHHAX mnepudepiiiHoi
HEPBOBOI CHCTEMH, KPOBi, BUJIOYKOBOI 3aJI031 Ta KICTKOBOTO MO3KY
(Carbone, 2001). Bin 31aTeH BMOHTOBYBAaTH CBiii TCHSTUYHMIA Ma-
Tepias y FeHOM Xa3siiHa Ta 3MiHroBaTH iioro. Ile Takox MpU3BOIHUTH
JI0 TSDKKHX, 9acTO CMEpPTENIbHHX, CHIEe(DaTTIB Y YyTINBAX BHUAIB
TBApUH, MOXKE BHKIIMKATH CTifKe 3aXBOPIOBAHHS HEBPOJIOTIYHOTO
XapakTepy, MOB’s3aHe 3 PI3HUMU MOBEAIHKOBIMH 3MiHaMH, a Ta-
kox perunitd Ta cuinoty (Tizard et al., 2016; Wensman et al.,
2016). Xoua MiDKBHIOBa Iepeiada IBOrO BipyCy OCTATOYHO HE
JOBEZIeHa, CJiJl MaTh Ha yBa3i, IO BiH MOXKe OyTH i 300aHTpOIIO-
Ho3oM (Bode and Ludwig, 2003; Brnic et al., 2011).

SIK OCHOBHI MOXUIHBI IIUISIXH Hepeziadi Bipycy OUTBIIICTD aBTO-
PpiB BKazye TOBITPSHO-KpAIICIbHUN, KOHTAKTHUH, OCOOIMBO Yepe3
PI3HOMAHITHI YIIKOKEHHS IIKIPHUX ITOKPUBIB, Pi3HI BHIICHHS
(bexanii Ta ceua TBapWH, ATIMEHTAPHUH, @ TAKOXK BEPTHKAIBHUI)
(Carbone, 2001; Okamoto et al., 2003; Kerski et al., 2012). He
JIOBEJICHOIO 3AITUIIAETHCS MOXJIMBICTB HpsMOi mepesadi OopHa-
BipYCIB BiJl TBApHH [0 JIFOJWHH HPH JOTIISAI], TOTIOBAHHI, BUPOIILY-
BaHHI Ha (pepMax 4M yTpUMyBaHHI BIOMA.

ExoJtorisi Ta nomupenssi 6opHasipycis

OCKiNBKY TIPHPOAHI rocrozapi OOpHaBIpYCiB — KOHI Ta BiBII,
reorpadiune momMpeHHs XBOpoOu BopHa TpuBamuii 4ac Oyno
HEBiZIOMUM a00 MpHB’SI3aHMM [0 apealliB MOLIMPSHHS caMe LHX
tBapun (Hatalski et al., 1997). Sk npuponna indekuis ueil Bipyc
3apeectpoBanuii y LleHtpansHiit €spori, [liBHiuHIH AMeprry, A3ii
(SInoHis, I3painp). Take reorpadidHe 0OMeXEHHS, MOXKIUBO, OYII0
HACITJIKOM BiJICyTHOCTI HaJIIHOTO METOJy Ta TECT-CHCTEM JJIS T10-
CTaHOBKH JIlarHo3y iHQeKIi abo BiAMOBH po3rmiiaTé Bipyc bopHa
SIK MOYKITMBHIT 30y THUK iH(eKil TBaprH a00 HABITH JIOMHHU.

BopHouac HenaBHI YMCIICHHI MOBIIOMIICHHS HPO MOXIUBICTH
0C€3CHMIITOMHOIO MPHUPOJHOTO HOCICTBA y TBAapHUH CBiI4aTh, 10
BIpyC, MOYKIIMBO, HaBiTh HA0AraTo IIMPILE MOMIMPEHHH, HK BBaXKa-
nocs. Bipyc xBopobu bopra (BXB) posmoBcromkeHnii Mo BCbOMY
CBITI, BpaXKa€ TMEPEBXHO IWKMAX 1 JOMAIIHIX TBAPUH — KPOJIB,
KOHeH, OBellb, C00aK, JIMCHIb, €HOTIB 1 HaBiTh cTpayciB (Kinnunen et
al., 2013; Lutz et al., 2015; Kuhn et al., 2015; Bourg et al., 2016).

VYV nIpuposHMX YMOBaxX 3aXBOPIOBAaHHSI BCTAHOBJICHE TAKOXK Y
BeJIMKOl poraroi xymobu Ta kirmok (Caplazi et al., 1994; Lundgren et
al., 1995; Lutz et al., 2015). B ocranHiXx crocrepiraeTbcsi sSBHUILLE
CIIOHTAHHOTO HETHIHHOro eHiedantoMieniTy, MOPYIICHHS XOIu
(«xuTka XBOpOOay»), 3MiHM y TIOBEMIHI, BTpaTa HIOXY. [Ipu mpomy
PHBHK 3apa3UTHCS B KOTIB y CUTBCBKiH MiCLIEBOCTI HA0araTo BUILHIA,
HDK y Micekiil. Lle, O4eBHIHO, MOB’S32HO 3 BEJIMKOK KLIBKICTIO
PI3HOMAHITHHX ApiOHMX rpusyHiB. KpiM TOrO, aBTOpH SIK MOMXIIMBHIA
(bakTop mommpeHHs Ta nepenadi OOpHaBIPYCIB y JAaHOMY BHIIAIIKy
PO3IVISIAFOTH KIIIIIIB, 5K Apa3UTYIOTh HA 3EMJICPUIKAX Ta THIIMX
xomaxoinaux. OcHosi nposisn BXB y Bemukoi poraroi xymobu —
Bakkuil mporpecyrounii posnax LIHC i3 BusiBieHHsM Bipycy B
HEHpPOHaX TOJIOBHOIO MO3KY TBAapHH Ta BHCOKHM THUTPOM AHTHTIN Y
chpoBarmi KpoBi. SIK BKa3ylOTh cami aBTopH, Ii¢ OyB BHIIaIOK
nipuposHoro indixysanns tBapuH (Caplazi et al., 1994).

B ekcrnepnMeHTaIEHNX YMOBAX JI0 BIpyCy TaKOX 9yTJIHBI Oarato
pi3HMX TBapMH: Bi NTaxiB J0 IpU3yHIB Ta npumaris (Stitz et al.,
1980; Dittrich et al., 1989; Berg et al., 2001). Cepen MOXIMBHX
NPEICTAaBHUKIB UKMX MTaxiB sK MPUPOIHHUI pe3epByap aBTOPU
BKa3yIOTh JIMKUX KadyoK abo KpwxkHIB (Anas platyrhynchos) i ranok
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(Corvus monedula). Y maGopaTopHUX IIypiB 32 YMOB CKCIICPUMCH-
TaJBHOTO 3apakeHHsI BipycoM XBopoOu bopHa crioctepirany icrotHe
3HWKEHHST 3aTHOCTI 10 HaBYaHHS Yy JIAOIPUHTI, YHUKATH Oib, 3MiHY
MOBEIIHKH. 32 BHYTPILIHFOMO3KOBOTO iH(}iKyBaHHs B 1aOOpaTOpHUX
YMOBaxX MaKakK-pe3yciB CYCIIEH3I€I0 MO3KY KpOJIiB, sika MicTiiIa 6op-
HaBIpyC, Y TBAPUH CIOCTEPIrajii O3HAKH €HUEPATOMIETITY Ta PETH-
Homariro. Lle minTBep/pKyBanocs 3a JOMOMOIOK IMYHOETICKTPO-
(ope3y 3 BUSBICHHSAM BipycCHEIM(DIUHNX AHTHTII y CHpPOBATIi
KpOBI Ta CIIMHHOMO3KOBIH Pi/IMHI MiIIOCIITHNX TBapyH. Y NPHPOL
pi3Hi nTaxu (ropoOLyi, MaIyTy, Yaiky, roTyOH, BOJOIUIABHI ITaXu) —
HPUPOJIHI pe3epByapH, BOHH CaMi MOXYTb XBODITH NTALIMHUMHA
Bumamu  OopuasipyciB  (Passeriform, Psittaciform i Waterbird
bornavirus) i3 pozsutkoM eHredanomiemrty (Stacheli et al., 2010).
Kpim ypaxennas LIHC (mimdormrapamii eHimedanmit) y mnraxis,
30KpemMa, 3 psay [lamyromomiOHi, MOXKe CIIOCTepiraTucs ypasKeHHS
LTYHKOBO-KHIIIKOBOIO TPAKTY, MOPYIICHHS TPABJICHHS, 1, SIK HACIIi-
JIOK, BHCH@KCHHs, BTpara aleTWTy Ta Bark, 4acro 3 JICTAJIbHUM
3aBEpLICHHSIM. A YacTO HE3aKOHHA TOPTIBJIS PI3HUMH BUIAMH LIHX
NTaxiB CIPUYMHIOE HEKOHTPOJIbOBaHE MOLIMpeHHs iHeKuil cepen
IHIIMX BUAIB, y ToMy uncii nomamnboi nuii (Berg et al., 2001).
Cepen  mpencraBHHKIB — psgy llamyromomiOHi  BCTaHOBJIECHO
MOXKIIMBICTD BEPTUKAIBHOI Tepeadi OOpHaBIpYCiB BiJ 3apakeHHX
OarpkiB 0 moromctBa (Kerski et al., 2012). Lle minTBepmkeHo
BusiBiieHHssM PHK mranmboro GopHaBipycy B TOJIOBHOMY MO3KY,
CHPOBATLI KPOBI Ta Iip’i sIK y OaTHKiB, TaK i IOTOMCTBA.

HemonaHi 1OCITIDKEHHST TAaKOXK TOKA3alM 3MIATHICTh BIpyCy
bopHa LMpKyIIIOBATH Cepel MPEICTABHHUKIB PYKOKPHIIMX Ta KOMaxo-
imHMX — KakaHiB Ta OiouepeBux Oino3ybok (Dacheux et al., 2014;
Diirrwald, 2014). Ockinbkn KakaHH — OPUPOAHUIA pe3epByap Oara-
TBOX BIpyCHHX iH(EKIiH, BOHH dYacTo mepeOyBaroTh y TICHOMY
KOHTAKTI 3 JIOAMHOIO. JIOCIi/DKEHHS TOITYJISAIiE KOMaxoiqHHUX KaKa-
HiB y ®paHmii Mokazago HasgBHICTH Yy iX Oprai3Mi NpeiCTaBHHKIB
GaraThoX pOAVH BipyciB, y ToMy uncii OopHaBipyciB. ToMmy mocmin-
HHUKH 3pO0HIIH BUCHOBOK PO 3HAYHY POJIb LIMX TBAPUH Y MOUIMPEHHI
300HO3HHMX BipycHHX iH(ekwii. BoaHo4ac, Ginouepesi 6ino3yOku
BUSIBWINCST OJIHMAM i3 TOTCHILIHHHMX pe3epByapiB OOpHaBIpyCiB B
enzemMiunmx perionax LentpamsHoi €Bpornu (I1Iseiitapis, Himewdn-
Ha). Y BifiOpaHuX Iy JOCITIDKEHHS TBAPUH 13 BUCOKOIO BIpOTiIHI-
CTIO TATBepmKeHO HasiBHICTE BXB 1 #ioro GaratopidHy IUPKYIISILIIO
cepen X TBapuH. POOUTHCS BUCHOBOK IIPO BKJIMBY POJIb JAHOTO
BHJLy TBapHH SIK IIPHPOTHOTO roCTioziapst Bipycy xBopobu BopHa.

Taxox 4yTiHBi 10 OOpHABIPYCIB IPH3YHH, 30KpEMa, MHILI, SIKi
3apaXkaroThCsl UM BIPYCOM 1, MOXKIIMBO, TIEPE/IAr0Th 1H(EKIIIO SK
oxHe omHOMY, Tak i cmaakoBo (Okamoto et al., 2003). Ocranxe
JIOBEJICHO EKCIIEPUMEHTAIBHO 33 BHYTPIIHBOOYEPEBHHHOIO 3apa-
JKEHHSI BariTHIX MHILIEH ITaMoM Bipycy xBopoOu bopHa. docmig-
HHUKJ BCTaHOBWIIM, IO XpoHiyHa iH(pekmis BXb Moxe iHIyKyBaTH
BEPTHKAIIGHY Nepezady Bipycy IIiJ{ 9ac BariTHOCTI.

BusiBiieHHs1 0opHaBipyciB y 0iosioriunomy martepiasi

CyuacHa Hayka Ma€ y CBOEMY apceHasli pi3Hi METOIH Ta CIIO-
co0u JUTsl BUSIBJICHHS Pi3HHX MATOTEHIB Y JIOCITKYBaHOMY MaTepi-
anmi. OcoOMMBO 1€ CTOCYETHCA BipyCiB, amke IS X BUSIBICHHS Ta
imenTH(iKamii TOTpiOHO BUTpadaTH Habararo OLTBIIE Yacy Ta pe-
CypciB, HDK ISl iHINMX IaToOreHiB (OakTtepiid, rpubiB, HaifrpocTi-
mmx tomio). Kpim Toro, TyT HeoOXiHa BHCOKA TOYHICTH Ta MiHI-
MyM 4acy. AJKe paHHS JiarHOCTHKA CIIPUSIE [IBHAKOMY BCTAQHOB-
JICHHIO eTioJoriyHoOro (haktopa Ta J03BOJISIE CBOEYACHO BIKHTH
npodiIakTHyHi 3aX0Au. Y BUMAIKy AOCITIIKEHHs 30yIHHUKIB 300-
HO3HHX iH(EKIii, 0COOIMBO THX, L0 MAIOTh IPUXOBAHMIT TIepeOir,
BUHUKAIOTH TIEBHI TPYIHOLI y minOopi MaTepialy Ta aJeKBaTHHX
METOiB JIa0OpaTOpHOi IiarHOCTHKH. 3a OLIBIIOCTI BipyCHHX iH-
(hekwiii OCHOBHa yBara BiJIBOAWTBCS EKCIIPEC-METOAAM JiarHOC-
THKH, CEPOJIOTIYHIM 1 MOJIEKYJISIPHO-010JIOTIYHIM METOIaM.

I3 MeTorO0 BUsBIICHHS OOpPHABIPYCIB IS JOCHI/KSHHS Haifuac-
Tinre 6epyTh 3pasku kposi TBapuH (Dacheux et al., 2014; Diirrwald,
2014; Lutz et al., 2015; Kuhn et al., 2015) abo mroguHu
(Amsterdam et al., 1985; Takahashi et al., 1997; Patti et al., 2008;
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Flower et al., 2008; Barrantes et al., 2012; Zhang et al., 2014; Liu et
al., 2015; Mazaheri-Tehrani et al., 2014; Zaliunaite et al., 2016).
Takox IOCTiHKYBaHUM MaTepiajioM MOXKe OyTH CIHHHOMO3KOBA
pimuaa (Rott et al., 1991; de la Torre et al., 1996; Zhang et al.,
2014), Oionratn romoBHoro Mo3ky (Kinnunen et al, 2013;
Hoffmann et al., 2015; Lutz et al., 2015) six TBapuH, Tax i JIOAWHU.
Kpim 1poro, Bi TBapHH MOXKHA OpaTHl iHIIMI MaTepial — mip’s Ta
st miraxie (Dittrich et al., 1989; Berg et al., 2001; Staeheli et al.,
2010; Kerski et al., 2012), GionTaTh BHJIOYKOBOI 3aJI03H Ta
kictkoBoro Mo3ky (Carbone, 2001; Bode and Ludwig, 2003),
BUIIOPOXKHEHHsI Ta cedy komaxoinuux kaxauiB (Dacheux et al.,
2014), rpusysis (Lutz et al., 2015), a Tako) Ma3Ku 3 POTOTJIOTKH,
OpraHy 3aruOIMX TBAPUH Ta IHIIHI MaTepia.

OCHOBHI METOAM JOCTIHKEHHS MaTepiaiy Bill TBapHH i3 METOIO
BUSIBIICHHS BJIaCHE OOPHABIPYCIB MOXYTb OyTH: €ITeKTPOHHOMIKPO-
ckomivami (Richt et al., 1997; Ludwig, Bode, 2000; Kinnunen et
al., 2013; Kuhn et al., 2015) i3 BUsIBICHHSM BipyCHHX BKJIIOYCHb y
3apaXeHUX KITHHAX ronoBHOro Mo3ky (de la Torre et al., 1996;
Ikuta et al., 2002; Staeheli et al., 2010; Matsumoto et al., 2012;
Hoffmann et al., 2015), ricronoriuauii abo iMyHOTiICTONOTMYHUIA
(de la Torre et al., 1996; Richt et al., 1997; Diirrwald et al., 2014;
Bourg et al., 2016; Wensman et al., 2016) uu Bipycoioriyamii i3
3apaKCHHAM YYTIMBHX JIiHIH KIiTHH, Takux sk Vero, MDCK,
HEepBOBAa Ta HUPKOBA TKaHMHA eMOpiOHA JIFOJWHH, eMOpiOHAIbHI
ITialbHI KIITHHA KPOJTHKa, riioMa nypis (Lundgren et al., 1995;
Ludwig and Bode, 2000; Carbone, 2001; Bode and Ludwig, 2003;
Kinnunen et al., 2013). THimit BaXX MBI METO TSt BCTAHOBJICHHS
OopHaBipyciB y Marepiani — Bu3HaueHHs HasBHOcTi ix PHK i3
ukopuctanasiM [1JIP (de la Torre et al., 1996; Takahashi et al.,
1997; Iwahashi et al., 1997; Planz et al., 1999; Carbone, 2001;
Nakamura et al., 2000; Brnic et al., 2011; Barrantes et al., 2012;
Kinnunen et al., 2013; Dacheux et al., 2014; Bonnaud et al., 2015;
Hoffmann et al., 2015; Liu et al., 2015).

Jist ceposIoTiYHOl JIarHOCTHKM 3 METOIO BHSBJIEHHS CIIEIH-
¢iyHuX aHTUTIT OO0 GOpHABIPYCIB YK 1X aHTHUICHIB y CHpOBATL
KpOBI SIK y TBapHH, TaK 1 JIOIMHM HaifyacTiiie BUKOPUCTOBYIOTh
IDA (Amsterdam et al., 1985; Rott et al., 1985, 2001; Waltrip et al.,
1995; Bode et al., 1996; Carbone, 2001; Homig et al., 2012),
imyaoOnoturr (Iwahashi et al., 1997; Carbone, 2001), BectepH-
onot (Waltrip et al., 1995; Flower et al., 2008; Zhang et al., 2014),
BU3HAYCHHSI KOHIICHTPAIIT IIUPKY/TIOI0YMX IMyHHHUX KOMILICKCIB /10
BXb (Bode and Ludwig, 2003; Donfrancesco et al., 2008; Patti et
al., 2008; Scholbach and Bode, 2008; Mazaheri-Tehrani et al.,
2014; Liu et al., 2015; Zaliunaite et al., 2016), PEMA (ELISA)
(Carbone, 2001; Zhang et al., 2014), pamgioimyHHMI aHaIi3
(Matsunaga et al., 2008).

3HaveHHs GopHaBipyciB y naToJiorii J0auHI

Turannst npo iHgekuiitHicTs Bipycy BopHa 1u1st TBapyH He 3a-
numae CyMHiBiB. JIOro 31aTHICT BHKIMKATH HEBPONOTiuHI Ta
MOBEIIHKOBI PO3Jaal y CBIHCHKMX TBapHH (KOHi, BIBIl) TaKoX
NoKa3aHa JUIsl HIIMX BUIB XpeOSTHHX TBAPUH, Y TOMY YHCJIi J1a00-
paropuux (marroxu, mui) (Ikuta et al., 2002). Uncnenni gocmia-
JKEHHSI 3 BUBUCHHS HOT0 LUPKYJIALIT cepes AUKHX 1 TOMAIHIX TBa-
PHH, BIUIMB Ha OBEJIIHKOBI PEaKIIii, MOPYIIEHHS 3 00Ky CeHCOPHHX
CHCTEM, 3MiHy MOBEIIHKH Ta iHIIE 3’SIBIIOTHCS YU HE IOPOKY
(Kinnunen et al., 2013; Bonnaud et al., 2015; Kuhn et al., 2015;
Lennartz et al., 2016).

KpimM TOro, octaHHIMH pOKamu 3’SIBISIFOTBHCS BIIOMOCTI PO
HasIBHICT camoro Bipycy BopHa uM aHTHTII JO HBOrO y KpOBi
JTIFOZIEH, SIKI CTPaKIAI0Th MOPYILEHHAMH IICHXIKU (IIM30¢peHis, 0i-
TIOJISIPHI PO3NIaH, TPUBOXKHI PO3NA/IH, CHHIPOM XPOHIYHOI BTOMH,
po3cisiHmit cKiIepo3, GiMHMI aMioTpO(IIHHI CKIIepo3, HEIOYMKYBa-
TicTh, Ti0ONMacToMa 1 HaBiTh Aenpecis). Cepoioriyai Ta Mole-
KyJISIPHO-CITIZIEMIOJIOTIUHI J0CTiKeHHS Tokasanu, mo BXB Moxe
iH(}iKyBaTH JFONCH, BHKIMKAIOYM BKa3aHI HEHPONCHXIYHI TOPY-
mrensst. [lepiui gaHi Opo HAsBHICT AHTUTLT y CHPOBATLI KPOBi 10
Bipycy bopHa B srozeit onmcawi e y 1985-1999 pp.

JlocnipkeHH s 3pa3KiB CHpOBAaTKU KpOBi 265 mMalieHTiB i3 Jie-
npecieto Ta 105 3710pOBHX BOJIOHTEPIB BUSBIUIO BipycocrerugidHi
antutina 10 BXB e y xBopux (12 mamieHTiB) i y jKOAHOTO
3moposoro mifgoctigaoro (Amsterdam et al., 1985). Aururina ta-
KOXX BHSBISUIM 32 JIOMIOMOTOI0 METONy HEmpsAMOoi iMyHOQITyo-
pecueHIii B CHpOBATII KPOBI ICHXIaTpHYHUX NarieHTiB (16 3
979 00CTeXEHHUX), IO CTAIO MOIMITOBXOM JUTSI TIOJANBIIHX JTOCII/-
sxeHb porb BXB y maromorii momuan (Rott et al., 1985). 3rogom
QHAJIOTIYHI aHTHTINA BUSIBJICH] B CUPOBATLi KpoBi 4—7% MNalieHTiB
i3 TICHXIYHUMH PO3JIaJaMH IiJ 4ac CKPHHIHIOBOrO OOCTEKECHHS
nonan 5 000 xBopux y Himewunni, CIIIA Tta Snownii (Rott et al.,
1991). Kpim Toro, HaBHiCTh OOpHaBIpyCy y LMX MAalli€HTiB
JOCTIJHUKH MIATBEPIUIA IUIIXOM I1HOKYJIALIi CIMHHOMO3KOBOL
PIOMHE XBOPHX Y KyJBTYPY KIITHH KPOJISL

Buxopucranns nHenpsmoi iMyHodiTyopecIeHIlii Ta BecTepH-
0JI0TY JJO3BOJIMIIO BCTAHOBUTH HASIBHICTH CIIEM(IYHIX aHTUTLI 10
6inkiB BXb y xBopux Ha mmsodpeniro B CIIA (Waltrip et al.,
1995). ocnimkennst crocyBanocss 90 maifieHTiB i KOHTPOIBHOI
rpymy, mo ckiaganacs 3 20 3mopoBux nobpoBosbiiB. Y 13 3
90 xBopux (14,4%) ninTBEpHKEHO HAABHICTH AHTUTLNI 10 GOpHaBi-
Ppycy, 4Oro He CHOCTEpiraiay B KOHTpOIi. ['icTonaronoriyxi 3MiHHU i
Yac ayTOICii MO3KY MAIlEHTIB i3 MCUXIYHAMHU PO3JIAJaMH, BTPATOO
TaM’Ti Ta JIENPeCi€lo KOpeNroBay 3 HasBHICTIO aHTHTeHIB Ta PHK
OOpHaBIpyCY B YOTHPHOX i3 IT'SITH MALIEHTIB, IO MiATBEPIKEHO
IMyHOIIMTOXIMIYHO Ta 3a jorioMororo [1JIP (de la Torre et al., 1996).

Indexuiiinnii OopHaBipyC BHAUICHHI TaKoX BiJ| TALi€HTIB
MCUXIaTPUYHKX KIIHIK Y MOHOHYKJICAPHHX KIITHHAX mepudepud-
Hol kpoBi (Bode et al., 1996). [ocmigHukaM Banocs He JIHIe
TOKA3aTH HASBHICTD Y 33 MCHXIYHO XBOPUX MAL€HTIB AHTHTLI J0
BXb, a i BuOUMTH Ta imeHTH(IKYBaTH BipyC, 3apa3UTH HHAM
eKCIIepHMEHTAIBHUX TBapuH. ['eHeTHuHi Ta OIlOJOTiYHI BIIACTH-
BOCTI BKa3aHOro OOpHABIpYCy CXOXi 3 TBAPUHHHUMH, IPOTE MAIOTh
TMICBHI YHIKAIbHI BJIACTHBOCTI B KOKHOMY JIOCIIDKCHOMY BHIIAJIKY.
[HIIVIME TOCTTIIDKEHHSIME TTOKa3aHO HASIBHICTH QHTUTIT Y CUPOBATI
KpoBi, 1m0 pearyioTh 3i creuudpiunumu antureHamu BXB, y
MALEHTIB 13 HepBOBO-TicKXiuHMME po3nanamu (Richt et al., 1997).
ITpote aBTOopu muiyTh, 110 He BusiBw Hi PHK Gopnasipycy, Hi
1OTr0 aHTUTEHIB y IMX TMAILI€HTIB, a caMe 3aXBOPIOBAHHS, HA IXHIO
IYMKY, CIIPUYHHEHE OIOCePEAKOBAaHO0 T-IiM(poImTamMu iMyHHOIO
BITIOBIJUTIO.

CyTTeBe CKPHHIHTOBE JIOCIIIDKEHHS cepei 67 TAIEHTIB 3 MIU-
30(peHiero B SINoOHIT IOKa3a10 HASIBHICTH aHTHUTLI 10 OOpHaBIpyCy
y 45% obctexxenux (Iwahashi et al.,, 1997). Xoda gocniaHUKH HE
BCTAHOBW/IM €MiIeMIOJIOrit0 30yAHMKA Yy JaHUX XBOPHX, BOHH
MPHITYCKAIOTh BiACYTHICTh BHYTPILIHBOIIKAPHSHOTO 3apayKeHHsI, a
TaKOX BIACYTHICTB 3B’S3Ky MDK BIpycOM 1 BiKOM MAIi€HTIB, MpO-
LeIyp HepesMBaHH KPOBI YM OCOOJIMBOCTAMH JIiKyBaHHA. OKpiM
TOro, BHsiBJIEHO 3a joriomororo I1JIP Bipycny PHK Goprasipycy Ta
WOr0 aHTHTCHH IUIIXOM IMYHOTICTOXIMIYHOTO JOCTIPKCHHS B
MO3KOBiif TKaHHHI, SKy OTpUMaId B pe3yJbTari ayTomcii Bix
MICUXIYHO XBOPHX TAIEHTIB 13 MIM30(PECHIEI0 Ta 3MOPOBHUX JIFOMICH
nocmeptHo (Nakamura et al., 2000). V momasnbIioMy TOCITiJHUKA
3apasuiii TOMOI€HaTOM MO3KOBOi TKAHMHM IAIi€HTIB IMIIAHOK 1
IIypiB OUIIXOM BHYTPIITHHOMO3KOBOI iH’€Kmil, a Takox iH(}iKy-
BaJTM KyJIBTYpY KIITHH Vero s HONajbIIoi ineHTudikamii Bipycy.
JlocnimHuKaM yaasocst BITBOPHTH IH(EKIIIO Ta MiATBEPUTH TiHoTe3y
crocoBHO porti BXbB y po3BHTKy NCHXIYHIX 3aXBOPIOBAHD JIOJUHH.

[HIi gocrmikerHs, mpoBe/eHi B SIMOHIT, CTOCYBAITHCS BUBYCH-
HsI 3pa3KiB CHPOBATKU KpoBi 304 marieHTiB ICHXIaTPUIHUX KIIHIK
3 pi3HEMH po3iazamu Ta 378 3pa3skiB Bil 3MO0pPOBHX IOHODIB Ha
HpeAMeT BHSBICHHS B HUX crenudiuaux iMmyHoro0yminis IgM ta
IgG mo BXb 3a nonomororo paxioiMmyHHoro aHamizy (Matsunaga et
al., 2008). Crretmiuni antutina (IgG) no BXb, BusBieHi B 000X
Tpynax JOCITiIKeHHsI, OyJI HIDKYE CepelHBOrO PIiBHSA Ta JIOCTO-
BIPHO HE BIJIPI3HSUINCS MDK 00010, a 0chb BMIcT IgM He 3MeHmTy-
BaBCcs TpuBami 4ac. OCTaHHE aBTOPH HOSICHIOIOTH MOKIJIMBOIO
3aTPUMKOIO IMYHHOT BiZIIOBi/li IO OOpHaBipyCy Ta, MOXJIMBO, LIUP-
IIMM HOLIMPEHHSIM OCTaHHBOTO CEpEeJl HACENICHHs, HiXk nependaya-
Jocst paiiie. Y OpariBHUKIB (epM i3 po3BeAeHHsT KOHel y MicTi
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Cammopo  (Smowmist) Bincorok BusiBienHs PHK BXB cyrreBo
BUIIWIA, HDK MO IHIIMX perioHax KpaiHW Ta BIJHOCHO 3J0POBHX
nonopiB kposi (Takahashi et al., 1997). Buspienus indekuii B
JIEOJICH TIPU [OMY TICHO KOPEIIOE 3 aHAOTIYHOIO CHUTYAI€o Y
XBOPHMX TBapuH, TOMY JOCIIIHHKH TPHITyCKAIOTh MOXJIUBICTH
nepenadi OOpHaBIpyCy TOPHU30HTAIBHO Bil iH(iKOBaHMX KOHEH 10
JIFOIMHY TIiJT 9aC TICHUX KOHTAKTIiB.

JlocTaTHEO 00’€MHI eKCIepHMEHTANBHI JTOCIIIKEHHS, TPOBe-
neHi B Himeuunsi cTocoBHO posti OOpHaBIpyCiB y MATONOTIT JTIOAM-
HM TOKa3ay, II0 YacTo IiJ 4Yac BUSBJICHHS B KIITHHaX KpOBI
(rpaHyJIOLMTH) MALIEHTIB i3 ICUXIYHUMH po3afgamMu (ILH30(ppeHis
ta penpecis) PHK Bipycy He CynpoBOKYETCS TYMOPAIBHOIO Ta
KIITHHHOKO iMyHHOIO Bigmosimmo (Planz et al., 1999). [Ipu upomy
JOCTIHUKKA HE BiIKUIOAIOTH MeBHOro 3HaueHHs BXDB y po3BUTKy
TICUXIYHHX 3aXBOPIOBAHb JIFOJWHY, TIPOTE IPUITYCKAIOTh, III0 HAsB-
HICTB BipyCy B OpraHi3Mi TaKHX JIIOJIEH MOXe CYIPOBODKYBATUCS
CYTTEBUM IMYHOJICTIDECUBHHM €()EKTOM 1 3arajlbHUM 3HIDKESHHSIM
iMyHOpeakTHBHOCT. Ha qyMKy aBTOpIB ZOCIIDKEHHS, BUSBICHHS
HUMH OOpHaBIpyCy B KITHHAX mepu(eprvHoi KPOBi MOXKe Mosic-
HHUTH TPY/AHOLII MOMEPEAHIX JOCTIIKEHb 13 BUSBICHHS iH(EKIIii-
Horo BXDb B opraHi3Mi XBOpHX TBapHH i MAL€HTIB 13 ICHXIYHAMHI
pozmazaMu, a moAiOHOCTI MOCTIIOBHOCTEH BHALICHUX BIPYCIB Bif
TBAapHH 1 JFOJEH MOXYTh CBITYHUTH PO CIUIBHICTH 1X 1 HEOOXi-
HICTh MOJAJIBIINX JOCIIIKEHb.

OmvH i3 MOXKJIMBHX LIULIXIB Iepenadi 6aratboxX BIPYCHHX iH-
(ekuiit — TpaHcMicuBHHN. TOMy TOCIIDKCHHS, SIKI CTOCYOTBHCS
HasIBHOCTI Bipycy xBopoOu Bopna y KpoBi XBopHX i 3I0pOBHX
JFOJEH, POBOWIIN HEOTHOPa30BO. OIHE 3 TAKUX MACOBHX JOCIHiJI-
JKeHb, TPOBEICHE B ABCTpalii, CTOCYBaJOCS BHUBUCHHS 3pa3KiB
KpOBI HE JMIIEe TMCUXIYHO XBOpHX mHamieHTiB (290 mpob Bix
TIAIIEHTIB 13 Jenpecielo), a 1 370poBux HoHOPIB (219 mpob) Ta
214 Baritoux xiHok (Flower et al., 2008). B 11 mcuxiatpraanx
nanieHTiB 3a gormomororo IDA, Bectepu-6ioTy, PI® minreepmkeHo
HasBHICTh BIPYCHHMX aHTHMICHIB y cupoBarui KpoBi. BomHouac
cepel BariTHUX MiATBEPDKEHO JIKIIIC TPY MO3UTUBHI Pe3yJIbTaTH Ta
JIBa TIO3UTHBHI pe3yJIbTaTH y 310poBuX JOHOpiB. Okpemo obcte-
JKEHO TPYITy MAL€HTIB, sIKi MaJn 6aratopa3oBi MPOLEAYPH Hepei-
BaHHA KpoBi: 31 168 3paskiB y 21 BHIaKy MiATBEPLKCHO HAasB-
Hicth anTHTreHiB BXB. Ha mymKky mocniiHukiB, 6aratopasose mepe-
JIMBaHHS KPOBI Moke OyTH OJHUM i3 (haKTOpiB MOMKJIMBOTO 3apa-
JKeHHsT OopHaBipycamy. ToMy BOHM IPOIIOHYIOTH IPOBOIHUTH
peTernbHile 00CTeXKeHHs JOHOPCHKOT KPOBI.

[HIIIE BaKITMBE MUTAHHS CTOCOBHO €IifieMioNorii GopHaBipyciB
cepe JIFoziel — NOIMPEHICTh cepell AUTAYOrO HACEICHHS, abKe 1ie
BXJIMBO 3 OISy TOTO, LIO JHTH YacTO KOHTAKTYIOTh i3 PI3HUMH
TBapUHAMHU (IOMAIIHIMHA YH CBIHCHKUMH), TOCUTH 9acTO MOXKYTb
3apakatrcs 300H03HUMH iH(ekismMu (Scholbach and Bode, 2008).
I3 mpuBomy IBOrO YMCIEHHI MOCIIKEHHS OiT€H MpOBENH pi3Hi
rpymu gocnigaukiB B Iramii (Donfrancesco et al., 2008; Patti et al.,
2008; Scholbach and Bode, 2008). BuueHo 3pa3ku KpOBi MOHAT
2000 nitei i3 pi3HUX perioHiB Itamii, sk 370poBHX, Tak i 3
MCUXIYHUMHU po3nafamu (OimossipHi posnamy, aempecis). Y cupo-
BaTIi KPOBiI BHBYQJIM Taki Mapkepu iH(eKUil sK UKoYl
IMyHHI KOMIUIEKCH Ta aHTHTLIa O OCHOBHHX OiNIKiB OOpHaBipycCiB
(N (p40) 1 P (p24)) 13 BuKOpHCTaHHAM iIMyHO()EPMEHTHOTO aHAJII3Y.
OtpuMaHi pi3HUMH TpynaMH JOCIIJHUKIB pe3yJbTaTH CBiIYaTh,
o Maibke y MOJIOBHHU OOCTEKEHHX 3/0pOBHX TIALIEHTIB HASIBHI B
cupoBartili kpoBi Mapkepu BXb. BojHovac He BHUSBICHO iCTOTHOL
PI3HHMII aHAJIOTIYHUX MOKA3HUKIB MDK IICHXIYHO XBOPHMH J{ITHMH
Ta 370POBUMH. X04a aBTOPH HE MPOBOJIATH YiTKHX Mapaneseil Mix
OopHaBipycamH, MCUXIYHUMH PO3NALaMH Yy JiTeil, a TaKoX 0poc-
JIMX, TIPOTE BOHH TPOTIOHYIOTH ITPOBOAWTH MOAAIIBII JOCTIHKESHHS
3 METOI0 3’ICYBaHHS poii OOPHABIPYCIB y PO3BHUTKY MCHXIYHHX
3aXBOPIOBAHb y AUTSIOMY BiLli.

Takox 1po MOXKJIMBY poib Bipycy bopHa y po3BHTKy mcuxo-
HEBPOTHYHHX I1ATOJIOTIH Y JIIOMHHY MUIIYTh JOCTITHAKK B OCTaHH1
poku. Y mepion 2011-2013 pp. i3 cumnToMamu eHredaiity Ho-
MEpJIO TPOE CeleKIioHepiB Oinok. Bka3ani TBApUHM TaKOXK Maiu
eHIeaTiTH 3 aHAIOTYHUMH KITIHIYHIMH O3HAKaMH Ta 3arvHyJId B
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JIOCUTh KOPOTKHH Tepiof (2—4 Micsmi) micisi MOSBH KITiHIYHHX
CHMIITOMIB. 3aCTOCYBaHHS METar€HOMHOTO IiJIXOy JIOCHIJDKSHHS
3 BUKOPHCTaHHSIM MoJtiMepasHoi saniorosoi peakuii (ITIP) mano
3MOT'y BHSIBUTH HasIBHICTB paHillle HEBIIOMOTO OOpHaBIpyCy y 3pas-
KaX TOJIOBHOTO MO3KY BiJl IIMX TPhOX TAIli€HTIB, SIKUH BiIOBiIaB
AHAIOTTYHOMY BIpYCy BiI JOCTIIKyBaHHMX TBapuH i3 Maibke 80%
inentiunicTio (Hoffmann et al., 2015). Oqxaumu 3 MOXKIMBHX IIUIS-
XiB TIepenaui BipyCy Bif TBapHWH 10 JIOAWHH aBTOPH BKa3ylOTh
YKYCH Ta MOJPSIHMHK Bi OUTOK. [HIN JOCHiHKEHHS, POBEICHI B
JeKiTbKOX mpoBiHLisx Kuraro cepeqy XBOpUX Ha pi3Hi IICMXOHEBPO-
THYHI PO3JIa/M Ta 3[0POBHX MALHEHTIB i3 BusiBieHHs 3pa3kiB PHK
Bipycy xBopobu bopHa B nepebOpanphiit piguni (1 481 mpoba) ta
niepucepiiiniit kposi (1 679 mpo6) (Zhang et al., 2014), mokazamu ii
HasBHICTH y 3HAYHOI KUTBKOCTI MAIIEHTIB i3 BIpyCHUM eHIedati-
ToM (6,7%), mmmoppeniero (9,9%) 1 HABITH CHHAPOMOM XPOHIYHOL
romu (12,7%). Y GaraTbox OOCTE)KCHHX TAIIEHTIB BUSBICHO aH-
tutina 10 BXB npy Takux 3aXBOPIOBAHHSX SIK PO3CISTHUM CKIEpO3
(25,0%) Ta xBopoOa Ilapkincona (22,7%). lle mocmimKeHHs
JIOBOJIMTh HAsBHICTH Bipycy xBopoOu bBopHa cepen HaceneHHs
JeKinbKoX MpoBiHMiil Kuraro Ta nokasye 3HaueHHsI IbOTO Bipycy y
MarToyorii MoAuHN (TpH mH30(peHii, PO3CITHOMY CKIEepo3i Ta
HaBiTh XBopoOi [lapkiHcoHa).

I'pyna nocnigaukis i3 Kurato Takox BusiBriia HasiBHiCTE BXbB
y TIAII€HTIB i3 BaXKKOIO JICTIPECIEI0 Ta NCUXOHEBPOTHIHUMH PO3-
nagamu (Liu et al., 2015). [IpoBeseHe HUIMU CKPHHIHTOBE JOCTiI-
JKEHHsI CTOCYBAJIOCS] BU3HAYCHHS HasIBHOCTI CepeIHBOMOJIEKYILIP-
HUX LMPKYJTIO0UKMX iMyHHHX KoMmiuiekciB, PHK Bipycy Ta cnerwu-
(iyHEX aHTHTIN Y cupoBaTiii KpoBi 3 1 529 mpo6. I3 Hux 534 npodu
BifiOpaHO y XBOpUX Ha JICTIPECHBHI cTaHu, 615 mpod B3sTO Bifg
MEIMYHOTO MEpPCOHATY, SKHil KOHTAaKTYBaB i3 MMU XBOPHMH, Ta
380 mpob — Bix mpaxTH4HO 370poBUX BooHTepiB. PiBens LIIK y
TIAIIEHTIB BIPOTIHO MEPEBUIyBaB aHAJIOTIYHUI PIBEHb y 370pO-
BuX mozei (18,2% nporu 11,1%), a y MeauuHOro nepcoHany nei
BIJICOTOK cKiaziaB ax 21,8%. AHanoriuHa TeHICHIIsI CriocTepirana-
csi Takok crocoBHO BusBienHs antutin i PHK Bipycy. Taka
noumpenicte BXb cepen MeuyHMX MPAI[iBHAKIB MOXKE CBiTIUTH
Npo LMPKYJSILII0 Bipycy cepel CHiBPOOITHHKIB MCHXIaTPUUHUX
KIMHIK 0e3 pO3BUTKYy B HHX CHMIITOMIB 3aXBOPIOBaHHSA, a
noxiOHicte PHK Bipycy y marlieHTiB 1 MeANpaIiiBHUKIB MOXKe
CBITYMTH TIPO BUCOKUH PH3HK NPOGECIHHOro 3apaxkeHHs y Iponeci
TPHBAJIOTO CILIKYBaHHSL.

Bipyc xBopoou bopHa cripuurHIoe iMyHOIIaTOJIO4HI ypaXKeH-
Hs [IEHTPaITbHOT HepBoBOi cucteMu (T-KIITHHHO-OIIOCEpEIKOBaHa
LUTOTOKCHYHICTb, HaJMIpHE BHIUICHHS LMTOKIHIB y MiKpOLIii,
«CITyTaMiHOBHUH IITOPMY i3 HAIUTUIIIKOBUM BUIIUICHHSM [JTyTamary.
Yci i mpotecH MpU3BOIATH 0 3aruOeni HEHpOHIB Ta KIINTHH I y
OaraTrOX BHAIB TBapuH. [IpoTe BUSBWTH aHTHTIIA O HBOTO Y
JIOAVHYN BKpail BaXXKo (aHTHUTLIA BHSBITIOTHCS Jmme B 0,5%
HaceneHHs1). Lle Moxe OyTH 3yMOBIICHO HU3BEKHM PiBHEM BipyceMmil
y MCUXIYHO XBOPUX MAIIEHTIB 1 310pOBHX Jiroziei. OCKUIBKH HasiBHI
JIaHi CBIYaTh MO acoljaliio 3 Mi€o BIPyCHOIO iH(EKIEr Takux
3aXBOPIOBAHb SIK OIMOJSIPHI po3nagy Ta mm3odpeHis, npoBeaeHe
CKPHHIHIOBE JOCTiKeHHs1 76 3paskiB Bin soneit: 51 maumieHt i3
OinmossipHAM po3nazioM i 25 3mopoBux noOpoBosLiB (Barrantes et
al., 2012). ¥V pmeB’sTHM DaIli€HTIB 13 po3NagaMHu pe3yJIbTaTH
TIO3UTHBHI JUTS pi3HMX OUIKIB Bipycy xBopobu bopra (p24 i p40), y
3JIOPOBUX JOHOPIB — HETaTHUBHI. BUSBIIEHO BHCOKMIA BMICT aHAJIO-
riyHUX OUIKIB cepen OOCTEXKEHHX JOMaIlHIX TBapuH (KOHi), Y
3B’S3KY 3 UMM ABTOPH POOJISATH BUCHOBOK IIPO 3HAYHY MOKIIMBICTH
3B’513Ky 3aXBOPIOBaHb Y JIIOIMHHU Ta BipycOM XBopobu BopHa.

[HIIEe TOCITiPKEHHS CTOCOBHO MOIIMPEHOCTI iH(eKIii, cripuyn-
HEHOI BipycoM XxBopoOu BopHa B mromuHu, mpoBeneHe Ha bimsp-
komy Cxomi (IpaH) i1 crpsmMoBaHe HA BUSIBICHHS CIICIU(DIYHIX
AHTUTLJI, TUPKYITIOIOYNX IMyHHIX KOMIUIEKCIB 1 aHTUTEHIB BipyCy B
CHpOBATIi KPOBI MAII€HTIB i3 TOCTPHMH NCHXIaTPHYHUMHU pO3JIa-
JIAMH Ta 37I0POBHX OCI0 13 BHKOPHUCTaHHSM IMyHO(GEPMEHTHOTO
anaiizy (Mazaheri-Tehrani et al., 2014). BusueHo 314 3paskiB (Biz
114 neuxiaTpuuHux narienTis, 69 noHopis kposi Ta 131 310poBoi
moanan). CepeAHbOMOJIEKYILIPHI LIMPKYJIFOI0U] iIMyHH] KOMIUIEKCH
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BUSBIICHO Y TpeTuHi (29,5%) iHTakTHUX 3pa3kiB: 27,5% 310poBHX
nmoniedd 1 33,3% MoHOpiB. Y TICUXIYHO XBOPHX KOHIICHTPAILisI aHAJIO-
TiYHUX LUPKYJIIOIOYMX IMyHHHX KOMIUIEKCIB BuIa (40,4%), TicHO
KOpeJioBajia 3 KIHIYHUMHM CHMITOMaMH OIiMOJSIPHUX PO3JIALiB.
VY xiHOK 000X Tpym Lel IMOKAa3HMK TAaKOX BipOTITHO BHILHH.
Ha gymMKy mocnmimHuUKIB, e MOXKE CBITYMTH MPO BHUCOKY MOIIHpPE-
HiCTB cyOKITIHIYHMX iH(eKniit xBopobu Bopra y moaunu B IpaHi, a
MOJANIBII JIOCII/DKCHHS TIOBUHHI BPaXxOBYBaTH PH3HK PO3BHUTKY
XBOPOOU Y 37I0POBHUX HOCIiB, 0OCOOJIMBO iHOYOT CTaTi.

CKpHHIHIOBE JIOCHIDKEHHS HasIBHOCTI aHTHTeHIB OOpHaBipyciB
Ta ILUPKYJIOYUX IMyHHHX KOMIUICKCIB y MAI[i€HTIB MCUXiaTpHd-
HHX KJTHIK 1 3J0pOBUX JJOHOPIB KpPOBi IpoBenieHe B JIUTBI 3 MeTOIO
MATBEpHKEHHS YH cripocTyBaHHs poii BXB y po3BuUTKY mcuxiu-
HUX po3nafiB (Zaliunaite et al., 2016). Kpos y3sTo y 106 mamieHTiB
13 TOCTPHM IICUXO030M, sIKi IIepeOyBali Ha CTAIiOHAPHOMY JIIKyBaH-
Hi, Ta 98 TPaKTUIHO 370POBUX JOHOPIB KpoBi. OTprMaHi pe3yib-
TaTH TOKa3aly, W0 LUPKy/IIorodi iMyHHI Komiuiekcn no BXb
YacTille BUSBIIIOTECS Y XBOpHX (39,6%), HIX Yy 3M0pOBHX JIOfEH
(22,4%), a BMiCT aHTHI€HHUX MapKepiB B 000X rpymnax MNpakTUYHO
HE Bipi3HsABCs. BimoBinHO, poOMTHCS BHCHOBOK PO XPOHIYHY
BXb-iH(exnito y NCHXiyHO XBOPHX MAILI€HTIB, IO MiATBEPIXKYE,
Ha TyMKy aBTODiB, ONIEPEIHI JOCIIHKESHHS CTOCOBHO PoJii OOpHa-
BIPYCIB Y PO3BUTKY IICHXIYHUX PO3JIaLiB y JIOAUHIL

OTxe, IPaKTIYHO OUTBIIICT aBTOPIB IMHUIIYTH PO BHUSBICHHS
SIK QHTUTLI 10 LIBOTO BIpYCy Yy CHpOBATLi KpoBi, Tak i Horo PHK i
AQHTUTEHIB y JOCHIDKYBaHMX Marepiajax BiJ MamieHTiB (KpoB,
CIIMHHOMO3KOBA PifinHa, 6i0NTaTH MO3KY), [0 MAlOTh IEBHI MCH-
XivHi 3pyLIeHHS — IHM30(QPEHilo, NEpeciio, CHHIPOM TPHUBAIOL
BTOMH, PO3CISIHHI CKJIEPO3 TOIIO. Xoua iH(eKniifHiCTh Bipycy XBO-
pobu bopHa /115t TI0AWHY 1I1e YiTKO He 3’5ICOBaHa, OTMCAH] BUTIAIKI
[OKa3yl0Th MOXJIMBICTh HOTO MOTPAIUISHHS B OPraHi3M JIFOAMHA
(MO>XKJIMBO, Bijl IOMAIIHIX 9M JIWMKHAX TBAapHH) Ta BIUIMB Ha 1i IICH-
XI14HE 3710pOB’SI.

OpHe 3 TOCUTh YHCIICHHHX JOCIIDKEHb, CIIPSIMOBAHMX Ha 3’s-
CyBaHHsI 3B’SI3Ky MDK NCHXIYHMMHU 3aXBOpIOBaHHAMH (1m3odpe-
His, aeKTHBHI PO37aau) Ta BipycoM XBopoOu BopHa mpoBeneHi B
Typeuunni Karakose et al. (2011). O6crexeno 207 mnarienTis
Pi3HOTO BiKYy Ta CTaTi i3 3aIMIIKOBOIO mI30dpeHieto, 137 npakTid-
HO 3/I0pPOBUX TMAII€HTIB TPYMU TMOpPIBHAHHSA Ha HasBHICTH PHK
Bipycy xBopobu bopna y neprpepnuHiii KpoBi 3 BUKOPHCTAHHIM
IUTP i cnermdiunnx anrutin (IgG) no anturenis BXbB (p24 i p40)
3a goromororo PEMA. Beranosneno cytreBy pizaumio (P < 0,001)
MK 000Ma rpyrnaMu OOCTEKEHHX 10 KUTBKOCTI aHTHTLI y CHPOBAT-
11i KpOBi, IPOTE HE BCTAHOBJICHO YiTKKX BiaMiHHOCTEH BMicTy PHK
Bipycy. Tako MOBIIOMIIIETHCS TPO BiACYTHICTH YIiTKOTO 3B’SI3KY
MDK PO3BHTKOM MIM30(pEHii Ta MOJEKYISIPHUX METOMIB IOCTij-
JKEHHSI 3 BHKOPHCTaHHAM PErpeciifHOro aHajizy, TOMy HpOIOHY-
€ThCSI TIPOBEICHHS MOAAVIBIINX JIOCTI/DKeHb, SIK KIHIYHUX, TaK 1
EKCTICPHMEHTAIIBHIIX, U BCTAHOBIICHHS POJIi OOpHABIpPYCIB Y pO3-
BUTKY MIM30(peHil.

Hocninuuipka rpyna 3 Inctutyty PobGepra Koxa (Beprnin)
MPOBOJMNIA TOCII/DKEHHSI MOXJIMBOrO BIUIMBY Bipycy bopha Ha
OpraHi3M JIIOAMHH Cepell MELIKAHIB, SKi YTPUMYIOTh BIOMa I0-
MAaIHIX TBapuH (KOTiB), 3aiiMaloThCs (epmepcTBOM abo MOIo-
BanmsaM (Lutz et al., 2015). Cepen Oaratpox BHIIB JOMAIIHIX Ta
CBiliCBKUX TBapHH BHsIBIICHO HasiBHICTE ik PHK Bipycy, Tak i aHTH-
TII IO HBOTO y CHpOBATI KpOBi (KOHI, BIBIi, CTPAyCH, KOTH Ta
cobaku). 30KpeMa, y JOMAIIHIX KOTIiB CIIOCTEPIrarThCs UiTKi
KJIHIYHI O3HAKH 3aXBOPIOBaHH!, sike BHKINKae BXb — HerniitHuit
MEHiHroeHIehaliT, ypakeHHs HIOXOBUX HEpBIB, XHTKa XO[a,
aTakcis, 3MiHa MOBeMiHKK. IIpoTe y BIacHMKIB IMX Ta IHIIMX
TBAapUH HABITH MICJI TPUBAJIOTO Ta TICHOTO KOHTAKTy HE BUSBICHO
HE JIMIIE >KOIHUX O3HAK 3aXBOPIOBAHHS, a 1 HASBHOCTI BipyCHOL
PHK un anTutin no BXbB. BignosigHo aBTopy poOiIsTh BHCHOBOK
NP0 BIZICYTHICTH CYTTEBOrO 3Ha4YeHHs Bipycy xBopobu bopHa B
PO3BUTKY NCUXIYHUX 3aXBOPIOBAHb JIIOIHH.

Bemuke ckpuninrose mocmimpkenns nposencHe B CIIA Ha
MpeMET acowiarlii MCUXiYHUX 3aXBOPIOBAHD 3 AHTUTLIAMH JI0 Bipy-
cy xBopobu bopna (Hornig et al., 2012; Horning, 2016): nocmimumm

396 3pa3kiB CHpOBATKM KPOBI XBOPHMX HA Pi3Hi ICHXIUHI pO3Iaan
(mm3ogpeHist, GimonspHi posnamy, aenpecis) Bikom 20—75 pokiB i
MPAKTUYHO 3[0POBHUX Jozied. Bei mocmimkeni 3pa3ku KpoBi mari-
€HTIB 1 3/I0pPOBHX JIFOJET peTesbHO BigiOpaHO 3 ypaxyBaHHSIM BIKY,
cTari, mepiofy 3axBOproBaHHS Ta oOcTexkeHo Ha PHK Bipycy 3a
nornomororo [JIP 1 crermiyHuX aHTHTLI 32 JOTIOMOTOO iMyHO-
(depmentHoro anamizy. OTpuMaHi pe3ysbTaTH, Ha TyMKy aBTODIB,
HEPEKOHJIMBO JIOBOIATH BiJICYTHICTB TaKOl 3aJIeXKHOCTI MK HasIBHI-
CTIO QHTUTLI Y CHpPOBATLi KPOBi N0 Bipycy BopHa Ta mncuxiuHmx
posnaziB. [IpoTe MOCTITHUKKM HE BIIKUIAIOTH MOMIIHBOCTI HAsIB-
Hocti BipycHoi PHK um aHTHTIn 10 Bipycy y CHMHHOMO3KOBIM
PiZMHI JeSIKUX MALI€HTIB i3 ICHXOHEBPOJIOTIYHIMH PO3JIa/IaMH, 110
TOTpeOy€ MOTAIBIIHX TOCIIHKECHb.

HemonaBHO oTprMaHi pe3ynbTaTé pisHHX HAYKOBHX JIOCIIiJI-
JKEHB, SIKi TTOKa3yIOTh IIe OJ[HY BaXJIMBY OIOJIOTIUHY poib GOpHa-
BIpYCIB — IHTErpamist B FeHOM XpeOeTHHX TBapHH Y XOi €BOJIOLIT
(Belyi et al., 2010; Horie et al., 2010; Horie et al., 2013; Gilbert et
al., 2014). 1li nociimKEeHHsT CTOCYBATUCS BUBYCHHSI ITOCITiIOBHOCTI
JHK pi3uux BUIiB XpeOSTHUX TBAPHUH, Y TOMY YHCII IPUMATIB, Ha
MpeAMET HassBHOCTI B HUX €HIOTCHHUX PETPOBIPYCIB Ta iHIIKX elie-
MEHTIB, 5IKi MOTJIH OyTH «BMOHTOBAHMMID» B TEHOM y XOJIi €BOJIO-
nii. Kpim BracHe perpoBipyciB y TeHOMi 0aratbOX BHIIB TBapUH
TIPUCYTHI TAKO)X T'€HOMHM IHIIMX IIPEICTaBHUKIB POAMH BIpycCiB,
30KpeMa, TopsKy Mononegavirales (Diirrwald et al.,, 2014;
Temmam et al., 2014). Haituacrine 1ie ¢isoBipycu (30kpema, Bipyc
EGona) ta OopHaBipycu (Bipyc xBopoOu bopna). Omnumm i3
MOKJIMBHX MEXaHi3MIB peani3allii [MX SHIOTeHHHX OOpHaBipyciB
MoXke OyTH iX posb y peryisiuii QyHKIiH KiiTHHH, i HEKOHTPO-
JIHOBAHOTO PO3MHOMKEHHs (Ipomidepanii) Ta 3aruberi (armonTosi)
(He et al., 2016). Amke came OOpHaBipyCH MalOTh YHIKIBHY
3[aTHICTh IHTETpyBaTHCS Y MPOLECi CBOET peIntiKallii B TeHOM Toc-
Hojapsi, TOMy aBTOPH IIPHITyCKArOTh Hadarato LIMpIIE KOJIO IpH-
POMHMX TOCMOJApPIB IMX BIpyCiB, a iX OIOJOriYHE 3HAYCHHS
HoTpe0ye MOANBIIOr0 BUBUCHHSL.

BucHoBku

Sk moKazaB aHaNi3 JITEpPaTypHUX JAHWX, MOYKHA CTBEPIKYBa-
TH CYTTE€BY POJb OOpHABIPYCIB y PO3BUTKY PI3HHMX MNCHUXIYHHX 1
TIOBE/IIHKOBHX 3pYIIEHb y TBAapHH (K JUKUX, TaK 1 JOMAIIHiX).
Ipote Benmmka KiNBKICTh CYNEPEWIMBUX JaHHX IIE HE JA€ JiTKOI
BIJINOBIIi PO 3HAYCHHS I[HOTO BIpyCy B MATOJIOTII JFOAUHU. 3 OJI-
HOro OOKy — Iie 4iTki jaHi mpo HassHicTh PHK Bipycy xBopoOu
bopHa i aHTHTIT 10 HBOrO y XBOPHUX i3 IICHXOHEBPOTHYHHMH
HOpYLIEHHSIMH. 3 iHILIOrO — y HAyKOBiil JTepaTypi HeMae OIHO-
3HAYHOTO YSBJICHHS MPO 1HPEKIIHHICTh IIHOTO BIpyCy IS JTIOANHU.

BincyTHi naHi Ipo MOKIMBICTE MepeAadi BipycCy Bijl TBApHH 10
JIOAVHY, @ TAKOXK BT JIFOJWHU JI0 JIFoauHU. Lle muranns notpebye
TOZAJIBIINX JIOCTIIKEeHb, 30KpeMa, Ha Tepuropii Ykpainn. Kpim
1IBOTO, TOJABIINX JIOCHIHKCHb MOTPeOy€e MUTAHHS 3HAUCHHS TIPE]l-
CTaBHHUKIB mopsiaky Mononegavirales y (yHKIIOHyBaHHI TeHOMY
XpeOeTHUX TBAPUH 1 JIFOANHH, iX MOXKIIMBE 3HAYCHHS B €BOJIIOLIII.
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filtration. The development of Guerin’s carcinoma and administration of cisplatin in the blood and urine of rats led to a
decrease in diuresis per minute by 20-60%, creatinine clearance by 50-70% and reduction in the relative water
reabsorption in the renal tubules to 26% compared with the control. The administration of cisplatin led to a threefold
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led to the development of hypokalemia, hyponatremia and hypochloridemia, which are major and early signs of acute
renal failure. The introduction of cisplatin led to damage to the kidneys and partly normalized these indicators, as
evidenced by biochemical and morphological studies. Our study shows that there is a pressing need for use of drugs
which protect the kidneys when cisplatin is administered.
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BioximiuHuii cky1aa cedi HypiB B yMOBax po3BUTKY kKapuuHomu I'epena
TA BBEeJeHHS UCIJIATHHY

A. H. Haymenxko, M. B. I'opina, C. O. babiit

Jninponemposcuvkuii nayionanonuti ynieepcumem imeni Onecs I onuapa, [ninpo, Yxpaina

Hupxu gyTimsi 1o Aii He Juiie eK30reHHUX XiMIYHHX CIIONYK, a 1 JI0 /1ii peYOBHH €HIOTCHHOTO MOXODKEHHSI, 10 YTBOPIOIOTHCS 32 3MIHM epediry
HOPMAJIbHUX METa0OMIYHMX MPOIECIB 1 MOSBH Pi3HUX Marojyiorid. PO3BHTOK MyXJIMHA Mae 3HA4HWI BIUIMB Ha TOMEOCTa3 y LIJIOMY OpraHi3mi.
JlocHipKeH s CTaHy HHPOK 3a IyXJIMHHOIO POCTY Ta YBEACHHS LMCIUIATHHY — BOKIIMBE TUTAHHS MEMIMHK Ta 0ioximil. BuBueHo (yHKIiOHATBHMI
CTaH HUPOK, ENEKTPOIITHYHII CKIIAJ KPOBI Ta cedi, EKCKPELI0 OKPEMIIX EJIEKTPOJITIB Ta OCMOJIPHICTH IUIa3MH KPOBi B MOJIENI ITyXJIHHHOTO POCTY y
LIypiB M Yac yBeIEeHHs LKCIUIaTHHY. Po3Butok kapimHomu ['epena T8 Ta yBeneHHs LMCIUIATHHY 3YMOBJIIOBIM IOIIKODKEHHS HHUPOK LIypIB.
e cripyunHIOBaIIO 30UIBILICHHS BiZIHOCHOI Bar HUPOK, MPOTEIHYPI0, 3MIHK aKTUBHOCTI Y-IITyTaMiITpaHc(epasy Ta JaKTaT/IeriAporeHa3H B TOMOreHari
HHPOK 1 cedi, 3HIDKCHHS BiTHOCHOI peabcopOuii Ta kIyOoukoBoi ¢imbTpanii. Y pe3ynbraTi po3BHTKY KapLHOME ['epeHa Ta yBeICHHS LUCIUIATHHY B
KpOBI Ta cedi IIypiB BigOyBazocs 3HIDKSHHS XBIIMHHOTO Aiype3y Ha 20-60%, kiipeHcy kpeatuHiHy — Ha 50—70%, 3HIDKEHHS BiTHOCHOI peaGcopOLil
BOJIM B HUPKOBUX KaHAIBLSX — JI0 26% TOPIBHIHO 3 KOHTPOJIEM. YBEICHHS LMCIUIATUHY BUKJIMKAIO 30UIbIICHHS KOHIIGHTpALl 3araJbHOro Oimka
BTpHYi, aNbOYMiHy — y/IBidi Ta 30UIBIICHHS KUTBKOCTI INIFOKO3H B cedi IypiB ycemepo. ITif yac ypaskeHb i 3aXBOPIOBaHb HUPOK (y TOMY YHCII HiJ 9ac
PO3BUTKY IyXJIMH Pi3HHX THUINB) y IIypiB CIOCTEpIraid 3HIDKCHHSA XBIIMHHOTO Jiypesy, KIpeHCy KpeaTHHiHy, peaOcopOil BOAM B HHUPKOBHX
KaHAJIBIIX, 10 CBIIUMIIO MO 3HAYHI MOPYIIEHHsS KOHIEHTpAliiHO Ta (inbTpariitHoi GyHKuii HUpoK. [TyXJIMHHUH PICT CHPUYMHIOBAB PO3BUTOK
TiHOKAJTEMI], TIMOHATPIEMIT Ta TiMOXJIOpeMii, sIK OJHI€T 3 TOJIOBHHX 1 paHHIX 03HAK TOCTPOi HUPKOBOI HEZOCTATHOCTI. Y BE/ICHHSI LIMCIUIATHHY BUKIIMKAJIO
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YpaxKeHHs] HUPOK 1 HOpMaJli3yBajIo 1l TMOKa3HMKH, 11O MiATBEPUKYBaIOCs OIOXIMIYHUMM Ta MOP(OIOrTYHUME JIOCTIKEHHAMH. BUsIBIIEHO HaraibHy
HEOoOXiTHICTb 3aCTOCYBaHHS Y NOJAIBIIOMY He()POIPOTEKTOPHIIX IIPENapaTiB 1T 9ac yBEICHHS [UCIUIATHHY.

Knrouosi cnosa: xapupHoma ['epeHa; enekTpositi; 610XiMidHI MapKepH; rocTpa HUPKOBA HEIOCTATHICTh

Beryn

Huska QakTopiB 3yMOBIIOE€ 0COONMUBY CXMIBHICTH HUPKOBHX
KaHAJIBIIIB Ta IHTEPCTHIIO IO MOIIKOIKEHHS TOKCHHaMH. X04a Ha
HHMpPKH TpHIazae MeHme 1% wmacu Tina, y CepeiHbOMY BOHU
OTPUMYIOTH TpHOII3HO 20% KPOBI 3 XBIJIMHHOTO 00’ €My CepIid Ta
90% abo OinblIIe 3 [IHOTO BEIBMHU 3HAYHOIO HUPKOBOT'O KPOBOTOKY
NpUIaiae Ha KOPKOBY PEYOBHHY HHUPOK. TOMY BIUIMB TOKCHHIB, 1110
LMPKYJIIOIOTh Y KPOBI, HA KaHANBLIl Ta IHTEPCTHLIIH KOPKOBOI PEUOBH-
HH HUPOK HA0arato CHJIBHILIMK Y KUTbKICHOMY BiITHOILICHHI, HDK Ha
OinpricTs inmmx TkaarH (Han, 2008; Bazaev, 2013; Moskvina, 2013).

OpmHMMH 3 HAWYyTIIMBIIMX OPraHiB MIOJNO BIUIMBY HE JIMIIE
eK30I'€HHHMX XIMIYHHX CIIOJNYK, @ TaKO)XK PEUYOBHH EHIOTCHHOIO
IOXO/PKCHHS, 1110 BHHUKAKOTH I1iJ{ Yac 3MiHH HOPMAJIbHUX MeTabo-
JYHUX TIPOLECIB 1 PO3BUTKY pI3HUX MATOJOriH, Oe3yMOBHO
BUSIBISTIOTECSL HUPKH. Y pa3i KaHIepOreHe3y I0sBa IyXJIMHU Mae
3HAYHHWIA BIUTHB HA TOMEOCTa3 y IioMy opraHi3mi. [Tin wac 3acrto-
CyBaHHs MPOTUITYXJIMHHUX MPENapaTiB 3MIHIOEThCS (YHKIIOHY-
BaHHS HUPOK. 3a BBEICHHS LMUCIUIATHHY MOMJIMBI IOPYILIEHHS
(yHKUIT HEPOK, 30BHIIIHIMU MPOSBaMH SKHX OyIyTh HyI0Ta, OIIto-
BaHHsI, BTPaTa aleTuTy, 3allaMOPOYCHHS, IIyM y ByXaX, 3HIKCHHS
CIyXY, aHa(iIaKTHIHi (aneprivHi) peaxuii, JeHKorneHis, TpoMOoLH-
torreHist, aneMis (Fink, 2000). YpaxeHHS HHPOK 1 CEYOBHBIIHOI
CHCTEMH IIiJ] YaC 3aCTOCYBaHHS LUCIUIATUHY CIPHYUHIOE IIOPY-
LIICHHS MIPOLIECIB CEYOYTBOPEHHS: PIIKO CIIOCTEPIraloThes Taki 03-
HAaKH SIK IU3YPisl, FeMaTypisl, 3aTPHUMaHHsI CCYOBHUITYCKAHHsI, HUPKO-
Ba HE/IOCTATHICTB, OMNirypis, iHTepcTuLianbhuuii Hepur (Mandic,
2003; Martins, 2008; Loh, 2009; Nosov, 2012).

JiarHocTHKa 3aXBOPIOBaHb HUPOK 0a3yeThes HA aHAMI3l cedi,
TOMy IO MiJ{ Yac ypaKeHHS HUPOK 1 33 HAsSBHOCTI 3allaJbHAX
TIpOIIECiB BOHA 3MIHIOE CBOI XapaKTEPHUCTHKH. 3aCTOCYBaHHS IUTO-
CTaTHKIB BUKJIMKAE TIOPYIICHHS NPOLECIB (DYHKIIOHYBaHHSI HUPOK
(Kapoor, 2001; Darmon, 2006; Kelland, 2007). JlocmimkeHHs
CTaHy HUPOK 32 YMOB ITyXJIFHHOTO POCTY Ta yBEICHHS LICIUIATHHY —
BaX/IMBE IUTaHHA MEJUUMHM Ta Oioximil. BuBYEGHHS BIUIMBY
MPOTHIYXJINHHUX JIKiB Ha O10XIMi4HI MapkepH (yHKIIOHAIBHOTO
CTaHy HUPOK JI03BOJIUTE PO3POOUTH e(PEKTHUBHI CXEMHU JIIKYBaHHS, &
TaKkoX OyJie KOPUCHHUM TiJ| 9ac JOCIIIKEHHs Ol0XiMIYHUX e(eKTiB
HOBHX CIIOJYK i3 IPOTHUITYXJIMHHOIO JI€I0.

Ile nocnimkeHHs] BUKOHAHE YIS 3°ICYBaHHS 3MiH 0i0XiMIHOTO
CKJIaIy KpoBi Ta cedi, (QYHKIIOHAILHOIO CTaHy HHUPOK 32 YMOB
MyXJIMHHOTO ~ POCTY Ta BBEJCHHA PO3UMHY  LHCIUIATUHY
(cis-PtCly(NH3),, abo 1mc-niaminoauxioporuiatuau (11)).

Marepias i MeToau A0C/IiTKEHD

ExcrniepumenTn npoBoim Ha mypax JiHii Wistar Baroto 100—
150 T, sIKMM TIEPELICILTFOBAITH MiIIKIPHO Y JIiBY 3aJIHIO JIaly Kap-
mmaomy I'epena (Tg) (20% cycnensito kiiTHH y ¢izionoriyHOMy
posunHi). llItam Ki1iTHH oTprMaHO 3 [HCTHTYTY eKcIepHMEHTaIb-
HOI Tatosorii, oHKosorii Ta pamiobionorii im. P. €. Kaseupkoro
HAH VYxkpainu. BukoprcraHo KpoB i cedy HIypiB i3 KapLIHHOMOIO
I'epena. TBapuH mOULTMIIM Ha JOCTIAHI TPymu 1Mo 7—8 HIypiB y
KoXHill: rpynma | — iHTakTHI TBapmum, Tpyma Il — TBapuHHM 3
kapruHoMoro I'epena Tg, rpyna III — tBapunu 3 kapruHoMoro I'e-
pena Tg, SIKUM OTHOPa30BO BBOAWIM PO3YMH LUCIUIATHHY. SIK 1T0-
CJIiHI MapKkepy BUKOPHUCTAHO KOHIIEHTPALI0 KPEeaTHHIHy B KPOBi
Ta ceyi, a TAKOX 3arajbHOro OillKa, Kalilo, HATPil0 Ta XJIOpY Yy
kpoBi. Cedy nOCniTHUX TBapHH 30Mpali BpaHLi, HATIIE, 33 YMOB
IHIyKOBAaHOTO [Jiype3y 3 BHKOPHCTaHHAM 1% BOIHOro HaBaHTa-
JKEHHSI BIIIOBITHO 10 METOAMKH, OIcaHoi bepxinuM ta IBaHOBUM
y 1972 poui (Berkhin, 1972).

ITicns nexamiranii TBapuH BUAALUIM HUpKH. OpraHy IpOMH-
BaJIM BiJI 3AIHIIIKIB KPOBI OXOJIOUKEHHUM (Di3i0JIOTIYHIM PO3YHHOM,
BHCYIIYBaJIM Ha IanepoBoMy (iIbTpi, 3BaKyBaIH, ORHY HHUPKY

nonpioHioBany HOXxHIsIMU. CTakaH rOMOreHizatopa 3 TKaHUHOIO
PpO3MillyBas Ha OaHro 3 J16010M. ['oTyBami 10% romorenar Ha 0,3 M
caxaposi 3 0,001 M EJTA. IloxmpiOHroBamM TKaHWHY MULIXOM
Oararopa3zoBoro oOepTaHHS MECTUKA y PYYHOMY TOMOTEHi3aTopi
Jaynca ynponosx 1 xB. OTpuMaHHii TOMOTeHAT IIEHTPU(YTyBaIH
15 xB 3a 600 g (3000 06./xB). st aHaNi3y BUKOPHCTOBYBAJIN
HaJI0CaJIOBY PiJIUHY.

KoHueHTparito 3arajgpHoro 0inka BH3HAYaId 3a JIOIIOMOTOO
JarHOCTHYHUX HaOOpiB peakTuBiB BHpoOHHITBa «Pimicit-/iar-
HocTukay (Ykpaina, J{ninpo). Meron nossrae y peakiii OinkiB i3
TMPOraIoIOBUM YEPBOHMM / MOJIIOAaTOM 3 YTBOpEHHsIM 3abapBiie-
HOTO KOMIUIEKCY. [HTeHCHBHICTE 3a0apBICHHS peaKIifHOrO PO3yH-
Hy TIPOTIOpIIiiiHa KOHIEHTpaIlii OUIKIB B aHATI30BAHOMY PO3YMHI
(Berkhin, 1972). Kpearunin BU3Ha9amy 3a JOIOMOIOIO AiarHOC-
THYHHMX HabOpiB peakTBiB BUpoOHMITBA «PiniciT-/liarHoCTHKa.
Merton mojisrae y peakiii MiKpUHOBOI KHCIOTH 3 KPCATHHIHOM 1
YTBOPEHHI B JIy’)KHOMY CEPE/IOBHILI MPOIYKTY JKOBTOTO-4E€pBOHOTO
Kompopy (moximHe 2,4,6-TpU-HITPOLHMKIOreKcaieHy). [HTeHCHB-
HICTh 3a0apBJICHHs JOCITIAHOTO PO3YHHY MPOMOPLiiiHa KOHIICH-
Tpamii KpeaTuHiHy y mpo0i. Y cHpoBaTIi KpOBi KpeaTHHIH JOCIiJ-
JKEHO TIICIS JCTIPOTEIHYBAaHHS PO3UMHOM TPUXJIOPOITOBOI KHCIIO-
TH, y cedi — micis posseneHns (Berkhin, 1972).

KoHuenTpaniro rroko3u BU3HAYAIH TIFOKO300KCHIa3HUM Me-
TOJIOM 3a JIOTIOMOTO0 JIarHOCTUYHOTO HabOpy peakThUBIB BUPOO-
nuirea «dinicit-Jliarnoctukay (Ykpaina, J{uinpo). [puaiumn me-
TONy TNOJNSAraB Y B3JaTHOCTI IVIIOKO3M OKHMCHIOBATHCh KHCHEM
THOBITPS JI0 IVIIOKOHOBOI KHMCJIOTH Ta IEPEKHCYy BOIHIO, IO 3a
MIPUCYTHOCTI TIEPOKCHIA3H pearyBaB i3 GpeHonoM i 4-amiHo(eHa30-
HOM 3 YTBOPEHHSM XiHOHIMiHY Y4epBOHO-(i0JIETOBOTO 3a0apBIIiCH-
Hl, 110 BU3HA4asochk poromerprdHo (Berkhin, 1972).

IBnnxicTs KiTy604KOBOI (iMbTpamii 3a KIIPEHCOM EHIOTCH-
Horo kpeatusidy (CCr) Bu3Hauanm 3a npoooro Pedepra — Tapeesa.
Konrentpariito HeopraniuHoro (ochopy BH3HAYAH 32 JOTIOMO-
rOI0 JIarHOCTHYHOrO Habopy peakTuBiB BHpOOHMITBA «DificiT-
MHiarnoctuka». Mertox mossirae y peaxuii Heoprauigux ¢ocharis
i3 MOJIOICHOBOIO KHCJOTOI0 Ta YTBOPCHHI B CHIIBHOKHCIIOMY
cepemoBHI GochoMoITiOIeHOBOT KUCIIOTH, IO BiTHOBITIOBAJIAcs 32
npucytHocti 3amiza (II) y momiOneHoBy cuub. IHTEHCHBHICTH
3a0apBlICHHSI JIOCTIAHOTO PO3YMHY MPOMNOpIiifHa KOHIEHTparlii
HeopraniyHoro ¢ocdopy y nmpobi (Berkhin, 1972).

KoHrieHTparito XJI0puIiB BU3HAYATH (HOTOMETPUUHUAM METO-
JIOM 3 JIOTIOMOTOIO JIarHOCTHYHOrO HabOpy PEaKTUBIB BUPOOHHII-
tBa «®Dimicit-ZliarHocTrka». Metos 0a3yerbesi Ha 3aTHOCTI XJIO-
PHO-I0HIB Y CHIIBHOKUCIIOMY CEPEIOBHIII BUBUIGHATH 3 POIOHITY
pryti (II) ioH pomoniTy, mo pearyBaB 3 iomamu 3am3a (III) 3
YTBOPEHHSIM 3a0apBJICHOTO NMPOAYKTY. IHTeHCHBHICTE 3a0apBiIeHHS
YTBOPEHOTO POJ@HiTy 3ajli3a HpOIOpIHiifHa KOHIEHTpaIli iOHIB
xJopuay y npo6i (Berkhin, 1972).

KoHueHTparito kajiio BH3HAYaIM TYpOiIUMETpPUYHIM METO-
oM Oe3 JenpoTeiHizaiii 3a JOMOMOIO TiarHOCTHYHOTO Habopy
peaktuBiB BupoOHuITBa «®Dimicit-/liarHocTikay. Mertox 6asy-
€ThCsI HA B3aeMOil 10HIB TeTpadeHinboparta y Iy)XKHOMY cepeno-
BUILI 3 YTBOPEHHSIM CTaOUIBHOI cycrieH3ii. MyTHICTb CycIieH3ii, Ky
BUMIPIOBAJIA 32 JOBXWHU XBWII 578 HM, MpomopiiiiiHa KOHIICH-
Tpalii i0HiB KaJIiio y nociiaoMy 3pasky (Berkhin, 1972).

Pe3ynbraTi OnparpoByBaI CTAaTHCTUYHO, BHKOPHCTOBYHOYU
onHodasuui mucnepciianii  aHanis  (ANOVA). Biporizanmu
BBOKAIM BIIMIHHOCTI MiX 3paskamu 3a P < 0,05. ¥V Tabmuirsix
HaBezleHo X + SD.

Pe3yabTaTH T2 iX 00roBOpeHHs1
3a po3ButKy myxymHH (rpyna Tg) BCTaHOBIEHE 301NBIICHHS

XBUJIMHHOTO Jiiype3y B 1,6 pa3a, OPIBHSHO 3 KOHTPOJIBHOIO IPy-
noro (tabu. 1). YBeNeHHS LUCIUIATHHY 3HIKYBAIO XBHIMHHHIX
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niype3 B 1,8 pasa mopiBHSIHO 3 KoHTpoieM. ToOTo y mIypiB-IyX-
JIMHOHOCITB 32 BBEJCHHS PO3YMHY IMCIUIATHHY BIIMIYCHO OJNITy-
Pito, 110 CBIYMIIO MPO O3HAKKM TOKCHUYHOI [Iii IIbOTO MPOTUITYXJIHH-
HOTO Mpenapary, okasatoi y jiteparypHomy orisizi (Kelland, 2007).

3a pO3BUTKY MyXJMHHA Ta BBEICHHS LHCIUIATHHY BigMidaid
301IBIICHHS KOHIICHTpAIlii KpeaTuHiHy B KpoBi B 2,6 Ta 1,4 pa3sa
BI/IIIOBITHO, TIOPIBHSTHO 3 KOHTPOJIEM (Tabir. 1).

Taxi 3MiHM AEMOHCTPYBAIM HAKOIMYEHHS B OpraHi3Mi a30T-
YMICHUX MeTaOOJITIB YHACHIIOK 1X MOCWIEHOI HpOIyKuil Ta
TIOPYILIEHHSI IIpoLieciB (BibTpaLii B HUPKaXx.

BiAmoBinHO /10 3pOCTaHHs BMICTY KPeaTHHIHy B KPOBI ITyXJIHH-
HHH PICT 1 BBEACHHS LHUCIUIATHHY BUKIMKAIN 30UIBIICHHS LBOTO
MOKa3HMKa B ceyi. BcraHoBneHe 30UTBIICHHS KpeaTHHIHY B
1,3 paza B rpymi Tg+cPt MOpiBHAHO 3 KOHTPOJIEM.

Jins Br3HadeHHs QUIBTpamiiHOl 3aTHOCTI HUPOK BPaxoBYBa-
T CHIBBIJHOIICHHSI KOHIIEHTpAIii KpeaTHHIHy B KpOBi Ta cedi,
PO3paxoByBaIM KIIpeHC KpeaTuHiHy. [lin 4ac BH3HAYCHHS KOH-
LeHTpaLlii KpeaTHHiHy Ta KIipeHCY KpeaTuHiHy B Ipyi Ty BCTAHOB.
JneHo 1i 3MeHIIeHHs Ha 10% MOpiBHAHO 3 KOHTPOJIeM. 3a BBEICHHS
LIMCIUIATHHY 3HAYCHHS KIIPEHCY KpeaTHHIHY 3MEHIIIIOoch B 1,6 pasa
MOPIBHSHO 3 KOHTpoJeM. TakuM YMHOM, IMyXJIMHHHUHA PICT Ta BBe-
JICHHS IUCIUIATHHY 3/aTHI MOpYIIyBaTd (uIbTpamiiiHy (yHKIIO
HHUpPOK. 32 yMOB PO3BUTKY IyXJIMHU piBEHb 3arajbHOro OuIKa Ta
ansOyMmiHy B cedi 30utbmyBaBcst B 1,3 Ta 1,7 pasa BimmoBimHO,
MOPIBHSHO 3 KOHTpoJieM (Talit. 2).

Taoauns 1
Bioximiuni MapkepH (yHKIIOHABHOIO CTaHy HUPOK
y 1IypiB i3 myxJyiHoO (n = 8)

3a po3BuTKy myxiuHU akThBHICTH JIJII' y cedi 3MeHIIIach
YIIBiYi MOPIBHSIHO 3 KOHTPOJieM (Tal. 3).

Tabaunsa 3
Axrusaicts JIJIT i I'TIT y 1gypiB i3 KapLHHOMOIO,
YyTIMBOIO A0 Aii IUCIUaTuny (n = §)

I"pynu TBapun JIIC x10°, MO/n I'TIT, MO/n
Kontpois 20,4+7,79 0,90+0,612
Ts 10,2 £4,22# 331£0,521#
Tt cPt]sln 27,2 +3,68# 8,91 £0,231#

Tpumimka: * — P < 0,05 nopisusiro 3 TgHcPt]sln; # — P < 0,05 nopiBHsHO
3 KOHTPOJIEM.

3a BBeleHHsS LUCIUIATHHY akTuBHiCTH JIJII' 30imblumnack B
1,3 paza mopiBHSHO 3 KOHTpoJdeM. Takuii (hakT BKazye Ha JIOKAIi-
30BaHE YIIKODKEHHS IHCTAIBHOTO BiAiTy HedpoHy meradosniTa-
MH L[bOTO [IUTOCTATHKA.

Mapxkep 1iTiCHOCTI POKCUMAIBEHOTO Biginy Hedpory — I'TTL.
VY rpymi Ty ii akTuBHICTH y ceui 30imbunmace B 3,7 pasa, a 3a
BBEJICHHS IMCIUIATUHY aktuBHICTH ['TTI 36iibmmmacs B 9,9 pasa
MOPIBHSHO 3 KOHTPOJIEM, LI0 BKa3y€ Ha JECTPYKIIiIO KaHAJIBIIEBOIO
CMITeNi0 B IIbOMY Bititi He)poHy. 3a PO3BUTKY IyXJIMHH BilOY-
JIOCh 3POCTAHHS BMICTY TIO3UTHUBHO 3aps/DKEHHX EJIEKTPOJITIB
(xaTioHIB) y cupoBarii KpoBi. KonneHrpamis kamito B rpymi Tg
30uBIIMIach B 1,7 pasa MOPIBHIHO 3 KOHTpOJeM (Taou. 4).

Tab6auus 4
BwmicT KaTioHIB y KpOBI IypIB 13 MyXJIMHOIO Y IyPIB,
Yy TIMBOKO JI0 Il nucruiatiHy (n = 8)

I'pymu KpeaTuHiH, MKMOJIB/TT KitipeHc kpeaTyHiHy,
TBApHUH KpOB ceda MKJ1/xB Ha 100 T
Kontpoins 2373+16,9 5,61+1,04 0,816+ 0,465
Ts 6235+355%  4,62+0,71 0,712+0,341
Tgt[cPt]sln 1659+25,5 744+ 1,14* 0,544+0,311*

I'pymu tBapun  Kauiii, vons/n  Hartpiii, MMons/1  XJIOpUId, MMOJIB/J
Kontpons 535+£0,211 196,8£9,38 107,1 £71,40
Ts 9,33 + 1,460# 150,1 +39,30 155,9+8,54
Tgt[cPt]sln 12,10+ 0,731# 312+ 625# 153,6 4,02

Tpumimxa: # — P < 0,05 nopiBHsiHO 3 KoHTposeM; * — P < 0,05 nopiBHsHO
3 T+ cPt]sIn.

Tadmmus 2
BioxiMiuHi MapKepy HUPKOBOTO YIIKODKEHHS
y IypiB i3 KAPIIHOMOIO, Uy TJIMBOIO 0 Jii IHCIUIaTHHy (1 = §)

I'pymm tBapuH  Binok, Mkr/mn  AsteOymiH, Mmoiib/1 [F0K03a, MMOJIB/TT
Kowutpoins 0,232+0,012 0,231+0,012 0,741+0,511
T8 0,392+0,024 0,391 £0,051# 0,142 +0,031#
T8HcPt]sln 0,642 +0,121# 0,464 +0,091# 5,831+£0,514#

Tpumimxa: * — P < 0,05 nopiBusiao 3 Ts+[cPt]sln; # — P < 0,05 nopiBHsHO
3 KOHTPOJIEM.

3a BBeZICHHS [IUCIUIATHHY ITypaM-IIyXJITHOHOCISIM BCTaHOBJIE-
HO, IO KOHIIGHTpAIlisl 3araJbHOr0 Ollka B cedi 30UIBIIIUIACE B
2,8 paza, a anpOymMiny — B 2,0 pa3a HOpiBHSIHO 3 KOHTpoJieM. Taki
3MIHH MOXKYTb OyTH BUKJIMKaHi SIK TOPYIICHHSIM O1IKOBOTO 00MiHy
B OpraHi3mi 3a Ail NaToJOTiYHUX (aKTOpIB, TaK i BHACIINOK HO-
LIKO/DKEHHsT HEe(POHIB, IO BHKIMKAE (iIbTPalifo 3 KPOBOTOKY
OUIKIB BHCOKOI MOJICKYJISIDHOI MacH Ta 3YMOBIIIOE TMOPYIICHHS
peabeopOrii 3 TepBHHHOT cei.

Li maHi ciBBiGHOCATBCS 3 Pe3yJbTaTaMU JOCIIKEHHS PiBHS
TJIFOKO3H B cedi. [1i1 yac BU3HaYCHHS KOHIIGHTpAIIil TITFOKO3H B cedi
BCTaHOBJIEHO, mO B rpymi Tg il KOHIEHTpamis 3MEHIIIach y
5,3 pasa nopiBHsHO 3 KoHTpoJsieM. Lle Morno OyTn HacmiKoM po3-
BUTKY TilOITTIKEMIYHOTO CTaHy y JOCIIIHHMX LIypiB, BUKIMKAHOTO
IHTEHCHBHUM ITyXJIHHHUM POCTOM.

3a BBe/ICHHS LUCIUIATHHY KOHLICHTPALLis [JIFOKO3H B cedi 3011b-
mmnack B 7,8 pasza mopiBHAHO 3 KOHTposieM. [ TTIoKo3ypist BUCTYIIae
XapaKTEepHOI0 O3HAKOI HHUCIIaTHHOBOI Hedpomatii (Huphreys,
2005). Taxi 3MiHH, BipOTiHO, BUKJIMKAHI YIIIKO/PKEHHSIM HUPKOBUX
KaHAJIbL{IB TOKCHYHUMHU METa0OJIITAMHU LICILIATHHY, 10 HOPYILIY€E
nporecH peadcopOLii HU3bKOMOJIEKYJSIPHHX CITOTYK.

Omxe, MyXJIMHHMI PICT Ta IUCIUIATHH MAIOTh BUPAXKEHNH Hed-
poTokcnuHUA eeKT, SIKUiA TPOSIBISETHCS Y HOPYLICHHI HPOLECIB
KaHaJIbLIEBOI peabcopOiii Ta Kiry604KoBOI (inbTpartii.
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Tpumimxa: * — P < 0,05 nopiusiHo 3 TgtHcPt]sln; # — P < 0,05 nopiBusiHO
3 KOHTPOJIEM.

3a yMOB YBE/ICHHS IIUCIUIATHHY KOHIICHTPALisI KaJIito 301IbIIHI-
Jach y 2,2 pasa MOPIBHSHO 3 KOHTPOJIEM, IO MOXe OyTH Hacmij-
KOM 3MEHUICHHS eKCKpPELil [Oro eNEeKTPONIITy Yepe3 MOPYIIeHHS
peabcopOrii enekTpoiTiB y KaHanblsX. Y rpymi Tg croctepiramu
3HKeHHs Ha 30% BMICTy HaTpilo B CHpOBATLi, TOAI SIK 3a BBE-
JICHHS IMCIUIATHHY HOTO KOHIIEHTpAlis 3HIKyBajach B 6,3 pasa
TIOPIiBHSHO 3 KOHTPOJIBHUMH 3HAYEHHSAMH. 3MCHILICHHS KOHLICHTPa-
1ii HaTpiro Ha (OHI 3HIKEHHS IBUJIKOCTI CEI0yTBOPEHHS Y IIYDIB,
SIKMM YBOJIWITH LIUCIIATHAH, MOXE CBIYUTH IIPO 3aTPUMAaHHS BOIH
B OpraHi3Mi, TillepBOTIEMIIO SK XapaKTepHy O3HAKy IMCIUIATHHOBOL
iHTOKCHKAILi. 32 PO3BUTKY MyXJMHH Ta BBEICHHS LHCILUIATHHY
30LIBLIYBaIMCST KOHIIGHTpALil XJIOpuaiB y cupoBatii B 1,4 pasa
MOPIBHSHO 3 KOHTPOJIEM, IO MOXKe OyTH HACIIAKOM MeTaboJrid-
HOTO alM/03y, a TAKOXK 3aTpuMaHHs ionie H' i xmopusis B opra-
Hi3Mi JIOCTITHUX TBapHH.

[Tin yac BH3HAYEHHS KOHLICHTPAIIIT KaJil0 B ce4i BCTAHOBJICHO,
o B rpymi Tg Horo KOHIEHTparis 3MeHIuIack B 1,9 pasa mopis-
HSIHO 3 KOHTpoJieM (Talit. 5).

Taoaumsa 5
Enextponitidnuii cknaz cedi y Uypi i3 KapLUHOMOIO,
Yy TIIMBOIO /IO [ii LucIuiaTuhy (n = 8)

I'pymm tBapus  Kamiif, Mvons/n  Harpild, Mvons/n  XITOpHIH, MMOJIB/T
Kontpons 5,51+0,501 0,412 +0,052 535,7+41.8

Ts 2,92 +0,724# 0,102+0,011# 53,6+ 1,5#
Tgt[cPt]sln 35,20+ 9,230# 0,082 +0,012# 4554+5,1

Tpumimxa: # — P < 0,05 nopiBHsHO 3 KoHTponeM; * — P < 0,05 nopiBHIHO
3 Tgt{cPt]sIn.

3a BBEICHHS LUCIUIATHHY KOHILEHTPALIis Kaliio B cedi 30i1b-
muiaack y 6,4 pasa MopiBHSIHO 3 KOHTPOJIEM, IO BKa3ye Ha BUpa-
JKEeHY TilepKaNIiypiro SK HACIIOK AECTPYKTHBHUX 3MiH Y HE(POHI.

OyHKITIOHATBHI 3MIHH HAPOK 33 PO3BHUTKY ITyXJIMHU CYIPOBOI-
JKyBAJIMCh TIOPYIIEHHSIM €JIEKTPOJIITHOTO CKJIaAy KpOBI Ta cedi.
IlyxJmHHEMI piCT CIIPHYMHIOBAB PO3BUTOK TiMOKAi€Mil, TiMOHAT-
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piemi Ta rimoxopeMii, 10 BUCTYIIANO OJHIEIO 3 TOJIOBHUX 1 paHHIX
03HaK roctpoi HUPKOBOi HemoctarHocTi. OcoONMBY yBary ciin
3BEpHYTH Ha BTPaTy i0HIB HAaTPIilO B KPOBI, 110 3a3BUYaii CylpoBOI-
XKYEThCS 3MEHILCHHSIM 00’€My MO3AKIITUHHOI PiIMHH Ta IUIa3MH,
3MEHIICHHSM apTepialbHOTO THCKY Ta KIyOO4KOBOi (pimprpartii,
HAaBiTh 32 JOCTaTHBOTO HAJXODKEHHSI PiIVHH PO3BUBAETHCS JCTi/I-
paramist. L[i pe3yabTaTé CHiBBIIHOCATECS 3 HABEACHHMH JAHUMHU
JIOCIT/KEHHSI XBIUTMHHOTO Jlype3y Ta KIIPeHCY KpeaTHHIHY.

3a nediluTy HATPIFO 3HIKYETHCS OCMOTHYHHN THUCK Y KIIITH-
Hax, MOCHJIIOEThCS PO3Majl KITHHHUX OLUIKiB, 30UTBIIYETHCS 3a-
JIMIIKOBMH a30T. 3a BBEACHHS LMCIUIATHHY 3MIHM Majd IHIIWHA
XapakTep: BiIMidYanach TilepKajieMis, TilOHATpieMis Ta Timep-
XJIOpeMisl, IO MOYKE CBITYUTHU PO PO3BUTOK allUI03y Ta CEpPHO3Hi
TIOIIKO/DKEHHS KITITHH OpraHizMy (HOpMAaJIbHHX 1 3MOSIKICHHX).

IcToTHy 3aranbHy TOKCHYHICTB i HEPOTOKCHUHICT Hperapa-
TIB IUCIUIATHHY MiATBEPUKEHO Ta JOBEIEHO B MOJEIBHUX EKCIIe-
PHMMEHTaX i3 3aCTOCYBAaHHSM KJIITHH KapUuHOMH [ 'epeHa, 4y TiamBoi
1o nikyBanHsa nucruiatiHoM (Mandic, 2003). Crioctepiranu rene-
pamizoBaHi mHOpyLIeHHS (YHKI[IOHYBaHHsS SIK HHPOK, TaK 1
OpraHi3my IIypiB y LiJIOMY, III0 MOIJIO CTAHOBHTH CYTTEBY 3arpo3y
xwutTio TBapuH (Kapoor, 2001).

MopenbHa cucTeMa oIiOHOTO POy BUSIBUIIACS TIOMITHO 3pyd-
HIIIMM IHCTPYMEHTOM JUISl JIOCHIDKEHHS BIUIMBY Pi3HHX areHTiB i3
MOTCHL{HOKO MPOTHITYXJIMHHOK aKTHBHICTIO Ha FOMEOCTa3 JKHBHX
opraHi3miB, 30kpema IypiB (Hartinger, 2009). Taki ekcriepiMeH-
TaJbHI MiZXO/M JIOIUIBHO 3aCTOCOBYBATH IIiJl Yac BHUBYCHHs Oi0Xi-
MIYHHX MeXaHi3MiB il MalOyTHIX aHTHKAHIIEPOTCHHUX JIKAPCHKHUX
3aco0iB Ha crazii ix po3pobienns (Kelland, 2007; Dougan, 2008).

HedporokcraHicTs TPOTUITYXJIMHHKX TpenapaTiB Oe33amneped-
HO CTaHOBHTH BYKIIMBY HPOOJIEMY ITifl 9ac Teparii TAKUX 3aXBOPIO-
Baub (Benoit, 2005). 11 mOMOMaHHS TaKUX CKJIAQJHOCTEH B OHKO-
JIOTIYHIN MPaKTHIII TOTPIOHO 3BaXKATH Ha OLIHKY MPOLeciB (QyHKITO-
HyBaHHS HHMPOK ITJ Yac JIKYBaHHs LHCIUIATHHOM Ta IHIIMMH
noxibuumu Jtikapeekumu 3acobamu (Heffeter, 2011). Tocriiiamii
MOHITOPUHI TOMEOCTa3y KPOBi Ta HUPOK Ma€ OyTH MPOTOKOIBHIM
€TaroM B aHTHKAaHIIEPOTeHHIN Teparii. Y BiImoBigb Ha BCTaHOB-
JICHI MOIIKO/DKEHHS. POOOTH HHUPOK CJiZ 00OB’S3KOBO 3aCTOCOBY-
BaTH HE(PPOMPOTEKTOPHI JKapchki 3acodu. [laHe mocimimkeHHs
JIOTIOMarae 3po3yMiTH Ol0XiMiuHI MeXaHi3MH MeTaloIIi3My JKap-
cokux npenapatiB (Heffeter, 2011) i 3aramom KCeHOOIOTHYHMX
CIIOJYK y TIpOIiecax 0OMiHy PEYOBHH KUBHUX iCTOT.

BucHoBkn

3a YMOB PO3BUTKY IMyXJIMHU Ta iH €KIiil IUCIUIATHHY IIypaM-
MyXJIMHOHOCISIM CHOCTEpiraji 3HIKEHHS XBUJIMHHOTO JIiype3y Ha
20-60%, xmipeHcy kpearuHiHy — Ha 50-70% Ta BimHOCHOI pead-
copOmii Boay B HUPKOBHUX KaHAIBISX — Ha 26% IOPIBHSIHO 3 KOH-
TposieM. Taxi 3MiHM CBIYIJIM NIPO HOPYLICHHS KOHIEHTpAI[iiHOL
Ta BUBIAHOI (YHKIIIH HUPOK, 1110 BKa3yBaJo HA MOYATOK PO3BUTKY
TOCTPOi HUPKOBOI HEIOCTaTHOCTI. SIK HACIiNOK, Yy IUX IIypiB BU-
3HAYAIM TIMEePKATiEMiI0, TIMOHATPIEMIIO Ta TIMOXJIOPEMIIO, IO
CBIZYMJIO TIPO PO3BHUTOK alMI03y Ta LUTOMI3Y. 3a TAaKUX YMOB Bil-
OyBaJIOCS 3MEHIIIEHHS 00’ €My IIMPKYIIOI0YO] IUIa3MH Ta 301TbIIICH-
HSl KOHLICHTpAIIii 3arajJbHOro OiTka B KPOBI 3 OIHOYACHWUM ITOCH-
JICHUM HOT0 BUBEJICHHSIM i3 CEUeIO.

OrpuMaHi pe3yJbTaTH MiTBEPIMIIH, 10 PO3BUTOK KapLIUHOMH
I'epena Tg Ta BBEJECHHS [UCIUIATHHY 3YMOBIIIOBAIIH ITOIIKO/DKEHHS
HHPOK IIypiB, 2 TAKOX BUKJIMKAJIU 3MiHH OI0XIMIYHHX ITOKa3HHKIB,
ENEeKTPONITUYHOrO CKJIaay KpoBi uiypiB. Taki maHi 6e3nocepeHbo
BKa3ylOTh Ha HE()POTOKCHYHICTh IMCIUIATHHY, IO OOOB’S3KOBO
HEoOXiHO BpaxOBYBaTW i Yac MPOBEACHHS TEpPaNCBTHIHUX
3aXOJIiB 13 3ATy4EHHSIM JIaHOTO TIpErnapary.
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Introduction

Koloskova, O. K., Bilous, T. M., Dikal, M. V., Lomakina, U. V., Kopchuk, T. G., & Lobanova, T. O. (2017).
Reactions of eosinophilic granulocytes in the sputum and peripheral blood of children suffering from bronchial
asthma with signs of eosinophilic and non-eosinophilic inflammation of the bronchi. Regulatory Mechanisms in
Biosystems, 8(1), 15-18. doi: 10.15421/021703

The aim of research was to improve the management of bronchial asthma in children by examining the peculiarities
and diagnostic value of reaction markers of eosinophil granulocytes in the sputum and peripheral blood of patients with
signs of eosinophil and non-eosinophil phenotypes of this disease. A cohort of 118 school-age children suffering from
BA was examined during a period free from attacks. Group I (the main group ) included 61 schoolchildren with signs of
eosinophil phenotype (EP) of asthma detected by the character of bronchial inflammation with eosinophil granulocytes
present in the sputum at a level of >3%, group II (the comparison group) included 57 patients with a lower number of
eosinophils in the sputum (non-eosinophil phenotype (NP) of BA). The average index of the relative content of
eosinophils in the peripheral blood among the representatives of group I was 5.82 + 0.63%, and in children with the
signs of NPBA — 6.02 £ 0.74% (P > 0.05), and average indices in the groups of absolute eosinophil number in the blood
were 0.37 + 0.04 and 0.41 + 0.05 respectively (P > 0.05). The negative reserve of NBT eosinophils in the sputum as a
test to verify EPBA showed the following diagnostic values: specificity — 83.3%, predicted value of a positive result —
95.6%. IL-5 content in the blood serum of children with EPBA was 5.99 + 1.74 ng/ml, in patients of group II — only
1.99 £ 0.49 ng/ml (P < 0.05). Eosinophil cationic protein (ECP) in the sputum of patients of group I reached 2.72 +
0.35 ng/ml, and in the comparison group — only 1.74 £ 0.34 ng/ml (P < 0.05), when the content of ECP in sputum was
>1.0 ng/ml the risk of EPBA showed a statistically significant increase: OR = 4.13, RR = 2.02, and AR — 0.34.
The efficacy of the standardized basic anti-inflammatory therapy in patients of clinical group I was higher as compared
to the children with the signs of NPBA, which was illustrated by the reduced risk of inadequate control of the disease:
the index of absolute risk decrease was 31.7%, relative risk — 57.1% with necessary minimal number of patients — 1.75.

Keywords: NBT-test; airway inflammation; eosinophil cationic protein; asthma

as a pathogenic syndrome of asthma was examined at the very
beginning of the XX century. However, the role of these cells in

Nowadays bronchial asthma in children is considered as a
disease characterized by chronic inflammation of the bronchi, in the
development of which various cells and cellular elements play a
certain role (Global Strategy for Asthma Management and
Prevention, 2016). In case of antigenic stimulation, primary effector
cells (epithelial cells of the respiratory tract, mast cells,
macrophages) bound with IgE are considered to release mediators
of inflammation resulting in the development of an inflammatory
reaction both of an immediate and late type. The main mediators
evaluating acute phase of inflammation are interleukins, tumor-o
necrosis factor, interferon-y, activating a range of immunological
reactions and promoting the release of histamine, leukotrienes,
eosinophil hemotaxis factors, neutrophils and other mediators of
inflammation into the peripheral circulation (Chatila et al., 2008).
Acidophilic leukocytes described more than 120 years ago by Paul
Ehrlich and named as “eosinophils” were and still remain a matter
of high scientific interest in different branches of medicine. Since
that time asthma and helminthiasis and acute anaphylaxis have
been associated with them and eosinophilia of the peripheral blood

occurrence of epithelial injury and other phenomena of late phase
allergic inflammation was defined only during the last decade of the
last century (Beasley et al., 1989). Eosinophils constitute from 1%
to 4% of the total number of leukocytes (120-350 cells/mm?). They
are of a specific granularity approximately 200 granules per cell.
The granules contain alkaline proteins, the majority of them being
large principal protein, eosinophil cationic protein, eosinophil
peroxidase, and eosinophil neurotoxin (Motojima et al., 1989).
Proinflammatory properties have been found in eosinophils due to
those substances which are characterized by cytotoxicity and aid
stimulation of mast cells and basophils degranulation, and therefore
detection of the content of cationic proteins and peroxidase can be
indicative of the degree of activation of the major proinflammatory
cells of an allergic inflammation, and indirectly — of severity of this
inflammatory process. At the same time, eosinophils are mainly
tissue cells and this fact complicates the study of their functional
peculiarities (Novitskiy et al., 2006).

In literary sources the bulk of attention has been paid to the
detection of cytotoxic substances of eosinophil granulocytes in the
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peripheral blood and their relation to the severity of disorders in the
general condition of patients suffering from allergic processes
(Litvinova et al., 2006). Considering the leading role of eosinophils
in allergic inflammation which occurs with bronchial asthma
(Pavord, 2013), the study of the diagnostic and prognostic value of
various indices of eosinophil granulocyte activity remains a high
priority task for allergology (Jacobsen et al., 2014). At the same
time, the highest informational value undoubtedly attaches to the
above mentioned markers of acidophilic leukocytes activity located
directly in the “shock” organ of bronchial asthma — in the
respiratory tract. Literary data concerning the use of changes of
eosinophil metabolic activity to improve the control of bronchial
asthma (BA) in children are sparse and contradictory. Some of
these sources contain sufficient diagnostic value of the given
inflammatometric markers (Madison, 2000), while other resear-
chers are convinced that the use of indices of eosinophil leukocyte
activity in the blood alone is a test with insufficient information
value to confirm the presence of BA in children (Kato et al., 2006).
However, an increased number of eosinophils in the peripheral
blood and respiratory tract, increased content of cationic proteins in
the blood serum and shock-organs of patients with allergic patho-
logy are considered by a number of authors as markers of unfavou-
rable prognosis of bronchial-obstructive conditions in children (Jens
etal., 2015).

This article aims at improving the management of bronchial
asthma in children by examining the peculiarities and diagnostic
value of reaction markers of eosinophil granulocytes in the sputum
and peripheral blood of patients with signs of eosinophil and non-
eosinophil phenotypes of the disease.

Materials and methods

A cohort of 118 school-age children suffering from BA was
examined during a period free from attacks at the Pulmo-Allergo-
logical Department, Regional Children’s Municipal Hospital,
Chernivtsi, adhering to the principles of bioethics by means of the
simple random sample method. Two clinical groups were formed
based on the results of cytomorphological examination of sputum.
Group I (main) included 61 schoolchildren (77.1% among them
were boys) with the signs of the eosinophil phenotype (EP) of
asthma detected by the character of bronchial inflammation when
eosinophil granulocytes were present in the sputum at a level of
>3%. Group I (comparison) included 57 patients (52.6% boys,
P <0.05) with a lower number of eosinophils in the sputum, and
due to this fact the non-eosinophil variant of bronchial inflam-
matory response was detected in those children, and thus — non-
eosinophil phenotype (NP) of BA. The value of relative content of
eosinophils in the sputum of group I of patients was 13.3 + 1.8%,
and in group II — 1.94 + 0.48% (P < 0.001), which was indicative
of the correct formation of the comparison groups.

The average age of the representatives of groups I and II was
11.9 + 0.42 and 11.04 + 0.39 years respectively (P > 0.05). Differen-
ces between the groups in the age of first onset of BA were not found;
thus in group I asthma made its first onset at the age of 2.2 + 0.11, and
in the comparison group this index was 2.1 £ 0.12 (P > 0.05).

In group I an intermittent course of eosinophil phenotype of
bronchial asthma (EPBA) was registered in 2 cases (3.3%), mild
persistence — in 10 children (16.4%), and in group II (the compa-
rison group) — in 5 patients (8.8%) and only in 6 patients (10.5%,
P>0.05) respectively. The atopic form prevailed among the
representatives of group II (59.6% against 40.0%, P < 0.05), and the
mixed form was found in patients with EPBA (60.0% against
40.4%, P < 0.05). The groups were compared by the main clinical
signs, and certain evident differences between the groups did not
affect the results obtained but only emphasized the phenotype
heterogeneity of the disease and the presence of different phenotype
variants in sick children.

The control of the disease was evaluated by means of a
questionnaire containing clinical-spirometrical findings according

to which a value of 10 and lower reflected a controlled course of
BA, 11-16 a partially controlled course of the disease, higher than
17 indicated an uncontrolled variant of BA (Boulet et al., 2002).
Quantitative and qualitative cytological content of the sediment was
detected in sputum of patients, the results were considered to be a
group-forming sign: when >3% eosinophil granulocytes were found
in the sputum the patients were included into group I, patients with
a lower number were placed in clinical group II ( the comparison
group). At the same time, the fluid fraction above the sediment
obtained after sputum was centrifuged and the content in this of
human eosinophil cationic protein (ECP) was detected by means of
ELISA-method according to the technique worked out by the
producer and using reagents Aviscera Bioscience, Inc. (USA). ECP
reflected cytotoxic activity of sputum eosinophils, and its average
content in the cohort of all the patients was 2.28 + 2.2 ng/ml (from 0
to maximum value — 9.2 ng/ml).

The markers of oxygen-dependent metabolism of eosinophil
granulocytes in the blood and sputum were studied using the data of
the spontaneous and stimulated NBT-test (B. H. Park’s method in
modification of Klimov et al. (1988), nitroblue tetrazolium test).
The reserve of microbicidal ability of these cells was calculated as
the difference between the results of the spontaneous and the
stimulated NBT-test. Phagocytic function of acidophilic leukocytes
in the peripheral blood and sputum was detected by means of
E. F. Chernushenko’s method.

Interleukin-5 (IL-5) content, which is directly connected with
eosinophil functions, was examined in the blood serum by means of
the solid-phase immune-enzymatic method using the reagents “IFA-
Best” (RF) according to the recommendations of the producer.

The results obtained were analyzed by means of the computer
package Statistica 6.0 (StatSoft Inc., USA) using parametric and
non-parametric methods of calculation and by means of clinical-
epidemiological analysis.

Results and discussion

The study demonstrated that in the cohort of the examined
patients the eosinophil phenotype of bronchial asthma (EPBA) was
found 1.5 times more frequently among the boys, while the non-
eosinophil phenotype of bronchial asthma (NPBA) was detected
more frequently among the girls. Therefore, the male gender was
associated with an increased risk of EPBA: odds ratio (OR) index
was 7.3 (95% CI: 1.69-8.23), relative risk (RR) — 1.63 (95% CI:
1.02-2.59), attributive risk (AR) — 0.3. Post-test probability (PP+)
of presence of eosinophil variant of bronchitis among boys
increased by 16.6%, and among girls (PP—) decreased by 15.1%.

Persistence of BA of moderate severity occurred in every
second (50.9%) representative of clinical group II, and among the
patients with EPBA it was in 1.5 times less (P = 0.05). By contrast,
the severe course prevailed significantly among the patients of the
clinical group I. The indices of asthma control during initial exami-
nation did not differ among the patients with alternative phenotypes
of BA, and on completion of the 3rd month of the basic therapy
they appeared to be significantly worse among patients with NPBA.
Thus, the average score by clinical-instrumental scale to evaluate
asthma before the course of treatment in group I was 18.16 = 1.03,
and in group II — 18.17 + 1.28 (P > 0.05). At the same time an
uncontrolled course of the disease was registered in 55.4% of the
patients in the survey with signs of EPBA, and in group II — in
52.8% cases (P > 0.05).

There was a tendency to the reduction of the absolute and
relative number of eosinophils in the peripheral blood of patients in
clinical group I. This may well indicate migration of those effector
cells into the “target organ”. The average index of relative content
of eosinophils in the peripheral blood among the representatives of
group I was 5.82 + 0.63%, and in children with the signs of NPBA —
6.02 + 0.74% (P > 0.05), and average indices in both groups of
absolute eosinophil number (AEN) in the blood were 0.37 + 0.04
and 0.41 + 0.05 respectively (P > 0.05). Considering AEN index
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>(.5 as a paraclinical marker of blood eosinophilia, it was found
that in group I it was registered in 27.9% of the patients, and in
group II ( the comparison ) — in 35.1% (P > 0.05). Therefore, the
index of AEN > (.5 was associated with an inceased risk of NPBA:
OR = 14 (95% CI: 0.69-3.05), RR = 1.2 (95% CI: 0.69-2.02),
AR =0.08. At the same time, post-test probability (PP+) of
presence of the non-eosinophil variant of bronchitis increased only
by 5.7%, and with lower values of AEN (PP-) it decreased only by
2.6%. Statistically valuable differences in the indices of oxygen-
dependence microbicidal capacity of eosinophils in the peripheral
blood and sputum of children with alternative phenotypes of BA
were not found (Table 1). Table 1 presents the results of the NBT-
test of eosinophil granulocytes (%) in the blood and sputum in
groups | and II of patients. Thus, the lowest reserve of oxygen-
dependent microbicidal capacity of eosinophils in sputum was

Table 1

found in patients with EPBA signs, which was indicative of their
leading role in allergic inflammation of the respiratory tract. Negative
values of the reserve of NBT-test indices of eosinophils in sputum
(as the difference between stimulated and spontaneous results) increa-
sed the risk (OR) of EPBA presence by 6.1 times (95% CI: 0.65—
57.15), at the same time RR was 1.2 (95% CI: 0.20-7.47), and AR —
0.17. The negative reserve of NBT eosinophils in sputum as the test
to verify EPBA showed the following diagnostic values:
specificity — 83.3% (95% CI: 35.9-99.9), predicted value of a
positive result — 95.6% (95% CI: 78.1-99.9), spread — 86.9% (95%
CI: 73.7-95.1), accuracy — 58.7% (95% CI: 43.2-73.0).

The indices of phagocytic function of eosinophil granulocytes
in the peripheral blood and sputum in patients with alternative
phenotypes of BA also emphasized the role of these effector cells in
allergic inflammation of the respiratory tract (Table 2).

Markers of oxygen-dependent metabolism of eosinophils in the blood and sputum in children with eosinophil phenotype of bronchial asthma

Indices

NBT spontaneous, %o

NBT stimulated, %

blood sputum blood sputum
Eosinophil phenotype of bronchial asthma 17.6+2.13 15.6+4.58 18.8+0.97 15.7+3.86
Non-eosinophil phenotype of bronchial asthma 17.3+1.26 202+6.25 192+1.34 22.0+6.94
P >0.05 >0.05 >0.05 >0.05

Table 2

Indices of phagocytic function of eosinophils in the blood and sputum in children from the clinical groups of comparison

Phagocytic activity, %

Phagocytic number, standard units

Indices

blood sputum blood sputum
Eosinophil phenotype of bronchial asthma 68.7+6.36 62.1+2.34 3.24+0.29 3.02+0.53
Non-eosinophil phenotype of bronchial asthma 73.6+6.03 26.7+2.54 452+053 0.40+0.05
P >0.05 <0.05 >0.05 <0.05

The presence of statistically important differences in the
markers of phagocytic function of eosinophils in the sputum of
children correlated with preliminary suggestions concerning active
involvement of these cells into the inflammatory process of the
bronchi, which was emphasized by an increased content of IL-5 in
the blood serum in the representatives of clinical group I. Thus, IL-5
content in the blood serum of children with EPBA was 5.99 =
1.74 ng/ml, in patients of group II it was only 1.99 + 0.49 ng/ml
(P < 0.05). When the index of IL-5 in the blood was more than
2.0 ng/ml the risk of EPBA increased: OR = 2.5 (95% CI: 0.49-
12.64), RR = 1.4 (95% CI: 0.61-3.34), and AR — 0.2. The indices
of diagnostic value of this paraclinical test in verification of EPBA
appeared to be rather modest: sensitivity — 62.5% (95% CI: 35.4—
84.8), specificity — 60.0% (95% CI: 26.2-87.8), predicted value of a
positive result — 71.4% (95% CI: 41.9-91.6), spread — 61.5% (95%
CI: 40.6-79.8), accuracy — 61.5% (95% CI: 40.6-79.8). When IL-5
in the blood serum was >2.0 ng/ml post-test probability of EPBA
increased by 11.0%, and in case of a negative result of the test it
was 11.5% lower.

Eosinophil cationic protein (ECP), detected in the sputum fluid
above the sediment as a marker of intensified degranulation of cells
in the bronchi proved the presence of mainly eosinophil-mediated
inflammation of the respiratory tract of patients with EPBA. Thus,
the average content of this cytotoxic mediator in sputum of patients
of group I reached 2.72 + 0.35 ng/ml, and in the comparison
group — only 1.74 £ 0.34 ng/ml (P < 0.05). When the content of
ECP in sputum was >1.0 ng/ml the risk of eosinophil inflammation
of the respiratory tract increased significantly: OR = 4.1 (95% CI:
1.5-11.2), RR = 2.0 (95% CI: 1.4-3.0), and AR— 0.34. This
paraclinical index as a marker of EPBA possessed the following
diagnostic value: sensitivity — 78.6% (95% CI: 63.2-89.7),
specificity — 52.9% (95% CI: 35.1-70.2), spread — 55.3% (95% CI:
43.4-66.7), accuracy — 67.1% (95% CI: 55.4-77.5). With the above
mentioned ECP content in the sputum post-test probability of
EPAB presence increased by 12.5%, and in case of a negative result
of the test it decreased by 21.2%.

In our opinion, these results facilitate the verification of EPBA
as they make it possible to differentiate the choice of medicines for

the basic treatment of BA. On completion of the course of anti-
inflammatory therapy the average score in the questionnaire
containing clinical-spirometrical findings in groups I and II was
12.22 + 1.34 and 14.71 + 1.38 (P > 0.05) respectively, although a
controlled course was found in 55.6% of patients with the eosinophil
variant and only in 23.8% of the children with NPBA (P < 0.05).
Therefore, the efficacy of the standardized (Order of the Ministry of
Public Health of Ukraine Ne 868, 2013) basic anti-inflammatory
therapy in patients of clinical group I was higher in comparison to
the children with the signs of NPBA, which was illustrated by the
reduced risk of inadequate control of the disease: the index of
absolute risk decrease (ARD) was 31.8%, relative risk (RR) —
57.1% with necessary minimal number of patients (NMNP) — 1.75.
We have shown that application of markers of inflammatory
response of the body such as eosinophils in the blood and sputum,
indices NBT-test blood granulocytes, intracellular and extracellular
content of cationic proteins in patients with asthma is highly
sensitive to the nature of inflammation in the airways, which
coincides with the literature (Wilson et al., 2000; Shirai et al., 2006;
Broide, 2008; Johansson et al., 2008). For instance, we found that a
severe course had a high probability of prevailing in patients with
the eosinophilic phenotype of asthma compared to patients with
neutrophilic inflammation of the airways. However, the literature
mentions the severe course of bronchial asthma as being due to the
presence of neutrophil inflammation of the bronchi (Gibson et al.,
1999; Mann et al., 2006), although data on the nature of the
relationship inflammation of the bronchi to the severity of the
disease remain controversial (Li et al., 2003; Kikuchi et al., 2005).
In particular, according to the literature, an elevated relative content
of eosinophilic granulocytes in sputum of patients with eosinophil-
mediated type of disease is considered a marker of efficacy of anti-
inflammatory therapy, which was confirmed in our study, given the
increase in the number of patients with a controlled disease course
after a course of basic anti-inflammatory therapy. The effectiveness
of standardized basic anti-inflammatory therapy in patients with the
eosinophilic phenotype of asthma was significantly higher compa-
red with children who showed signs of the neutrophil phenotype,
emphasizing the idea that the increase in the number of neutrophils
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in the airways was registered in late phase allergic reactions in
patients with so-called "fateful" and "nocturnal asthma", as well as
severe forms of asthma (Wenzel, 2003; Kamath et al., 2005; Haldar
etal., 2007).

Conclusions

The chances of developing eosinophil phenotype of asthma are
greater in the following cases: with males (7.3 times), negative
reserve of NBT-test of eosinophils in the sputum (6.1 times), IL-5
content in the blood serum over 2.0 ng/ml (by 2.5 times) and
eosinophil cationic protein content in the sputum over 1.0 ng/ml (by
4.1 times). The highest specificity in verifying eosinophil inflam-
mation of the bronchi occurred with the negative reserve of the
NBT-test of eosinophils in the sputum (83.3%), and the highest
sensitivity in its detection — the content of ECP over 1.0 ng/ml
(78.6%). Consideration of the character of a local inflammatory
process in the bronchi enhances the efficacy of the basic therapy of
bronchial asthma by 57.1% with its eosinophil phenotype less than
in every second patient.
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vasodilation (reduction of increment value of brachial artery diameter during the test with decompression, reduction of
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1) reduced reaction of the brachial artery for decompression + normal response in the test with nitroglycerine (29.7%)
and 2) paradoxical vasoconstriction in response to decompression + reduced reaction on taking nitroglycerine (22.4%).
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3MiHu apTepiii 32 rinepTOHIYHOI XBOPOOH Ta eKCTPACHCTOJIIL

H. B. [linux, O. B. JIucyneus
Binnuyvkuil nayionanvrui meouunuii yrisepcumem imeni M. 1. ITupocosa, Binnuys, Yxpaina

Oo6crerxxeno 120 marieHTiB i3 rinepToHiYHO0 XBopoOoto 11 craxii Ta yacroro ekcrpacucromieto (unHHui Hakaz MO3 Bix 03.07.2006 p. Ne 436)
BikoM Biz 27 1o 81 poky. I'pymy koHTposto ckiano 30 XBopux i3 rinepToHidHOK xBopoboro 11 crazii 6e3 Oyab-SKuX MOpPYIIEHb CEPLEBOr0 PUTMY
BikoM Big 40 10 74 pokiB. 3rifHO 3 TOMIYHAM BapiaHTOM EKCTPACHCTOMNII, Mepuly KIiHiYHy rpymy ckiamd 54 (45,0%) nauieHtd 3 4actoro
CYIPaBEHTPHKYJSIPHOIO eKcTpacucToieto, apyry — 40 (33,3%) XBOpHX i3 4aCTOIO IIUTYHOUKOBOIO EKCTPACHCTOIEIO 1 TpeTio — 26 (21,7%) XBopux i3
CYNPaBEHTPHKYJISIPHOIO Ta IIUTYHOUKOBOIO €KCTPACUCTONIEI0. BCiM XBOPUM NPOBOAMIN 3arajibHOKIIIHIYHE OOCTEKEHHsI, eneKkTpokapiorpadiuxe
JOCTI/DKeHHsT y 12 3arajpHONPUHAHATUX BIIBEACHHSX, J000BE MOHITOPYBaHHS apTepiajIbHOTO THCKY, XONTEPIBCBKE MOHITOpYBaHHS
enexTpokapaiorpadii, exokapiorpadiuse JOCIiHKEHHs, COHOeX0rpadito, ONiHIOBaHHS CyIMHOPYX0BOI (yHKLIT rredoBoi aprepil. IllnyHoukoBa Ta
KOMOIHOBaHa €KCTPACUCTOIIiS Yy XBOPHUX i3 TillepToHIYHOI0 XBopoOoro Il craxii, Ha BinMiHy Bif XBopHx 6e3 apUTMiii i3 4acToi CynpaBeHTPHKYIIPHOT
eKCTPACHCTOIi, ACOLHIOEThCS 3 OUIbLI TSDKKOK CYIMHHOI AMCQYHKIUEIO, TSHKKAMH TOPYIIEHHSAMH EHIOTENi3ae)KHOl Ba3oamiarTaii Ta
3MEHILICHHSM 3arajbHOTO Ba30/MJIATYBAIBHOTO MOTEHIliATy, 3pOCTAHHSIM YacTOTH BUIIAJIKIB 13 HUCOLIAIIEI0 B XapaKTepi €HIOTENiH3aIeKHOI Ta
SH/IOTeNiHe3aIeKHOT peaKlii IIe40Boi apTepil.

Kniouosi cnosa: ceplieBo-CyIMHHA CHCTEMA; TINEPTEH31s; ApUTMIl; eKCTPACHCTOIS

Beryn BcecBiTHbOI OpraHizarii OXOpOHH 310pOB’sl, apTepialibHa rilepTeH-
315 IOPIYHO MPU3BOIAUTH 0 CMepTi moHax 17 miH ocif. I, mporHo-
IIutaHHs BUBYEHHS JIAHOK TMATOTE€HE3y apTepiaibHOI Timep- ctuuHo, 10 2030 poky 1eit mokazHuk csrae 24 MiH ocid. CtaHoM

TeH31i Ta HOpYIIeHb CePLIEBOrO PUTMY 3AJIUIIAIOTHCS aKTyaIBHIMH Ha 2016 pik B Ykpaini 12 M= 0ci0 MaloTh apTepiayibHy TinepTeH-
MIPOTSITOM OCTaHHBOTO JECATUPITds. AJDKe, BIANOBIIHO 1O JaHHUX 3i0, 10 cKkIanae 46,8% cepen XBOpoO ceprieBO-CyJUHHOI CHCTEMA
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nopocioro HaceneHHs. A 81% XBopux Ha aprepianbHy TrinepreH-
310 MalOTh HEKOHTPOJIbOBaHUi mepelir rimepronii (Lutaj, 2016).
B Ykpaini cranzapTH30BaHHil MOKa3HUK IOLIMPEHOCTI apTepiaib-
HOl rinepreHsii y Micbkiii momymsuii craHoButh 29,6% sK Y
YOJIOBIKIB, TaK 1 y KIHOK. Y CUIbCBKif MOIMyJISMii MOIMINPEHICTh
apTepianbHOi rineprensii Buma — 36,3% (cepex qonosikiB — 37,9%,
cepexn xiHOK — 35,1%). Ilix gac aHayizy CTPyKTypH apTepiaibHOl
rinepTeHsii 3a piBHEM apTepiayIbHOTO TUCKY y MOJIOBUHM XBOPHX
BUSIBJICHO apTepiaibHy MilepTEH3II0 TIEPIIOro CTYIICHSI, Y KOKHOTO
TPEThOr0 XBOPOro — apTepiayibHy rineprensito Il crynews, y
KOXHOTO I1’siToro — aprepianbhy rineprensito 111 crynens. Cepen
oci0 13 HiZABHIIECHHM apTepiaIbHAM THCKOM 3HAIOTh PO HASBHICTH
aprepianbHOi rineprensii 67,8% cinbcbkux Ta 80,8% MiCBKUX JKH-
teniB. CucteMaTH4HO JiKyroThes 38,3% sxureniB cin 1 48,8% micb-
KX MEIIKaHIIB. EQeKTHBHICTh JKyBaHHS CKJIAJa€, BIIIOBIIHO,
8,1% Ta 18,7% (Klinichna nastanova arterialna hipertenziia onov-
lena ta adaptovana zasnovana na dokazach, 2012 [Clinical setting
the arterial hypertension is renewed and the adapted is based on
proofs]). HasiBHicT apTepianbHOI TinepTeHsii miABHILYE PU3HK 3a-
rajbHOI CMEpPTHOCTI B 4,5 pa3a B 4ONOBIKiB Ta y/Biui y xiHOK. Ha-
SIBHICTD apTepialibHOI TiNepTeH3ii He e 30UTbIIy€e PH3UK 3arajib-
HOI CMEpTi, a 1 CKOPOYy€ CEPEAHIO TPUBATICT XKUTTS y YOJIOBIKIB
Ha 9 pokiB Ta y xiHOK Ha 7 pokiB (Nakaz MOZ Ukrainy. Pro za-
tverdzhennja ta vprovadzhennja medyko-tekhnologichnykh doku-
mentiv zi standartyzaciji medychnoji dopomogy pry arterialnij gi-
pertenziji. 24.05.2012. Ne 384).

I[Tatorenes aprepianbHOI TiMEPTOHIl 3alyyae MexXaHi3MH B3ae-
MOBIZTHOCHH HEHPOCHIOKPUHHOI, [yMOPAIBHOI peryiusiiii, 06’ emiB
CEepIICBOTO BUKHY Ta LUPKYJIFOI0YO1 KPOBI, EPHPEPUIHOTO OTIOPY
cymu (Hajkosseing et al., 2015; Pancholy et al., 2015; Budoff,
2016). IlopymnreHHs1 CepLEeBOr0 PUTMY SIK IIPEIUKTOP YCKIIaJHEHb
apTepianbHOl TinepToHii Ta imemii Miokapia aKTyalbHi JUISL BUB-
YeHHs Ha CydacHoMy erari po3BUTKy kappuionorii (Coronel et al.,
2012; Raragueuzian, 2013; Gula et al., 2014). KoncepBaruBHa
Teparisi apTepiajbHOi TiNMepTeHsil, MOEAHAHOI 3 MOPYLICHHIMU
CEpLIEBOr0 PHTMY, HPOBOIMUTBCS NOPSA 3 ONEPATUBHUM JIKyBaH-
wsim (Crotti, 2011; Piccini et al., 2012). HaykoBui BHOKpEMITIOIOTh
POIB IHTUMHU-Melia CyIMH B MATOTeHE31 CepLEBO-CyJUHHNX 3aXBO-
proBasb (Rasputina, 2012). 3MiHE iHTEMH-Me/Tia KAPOTHUIHUX apTe-
Piif pO3MIBIAIOTECS SIK MapKep KapIliOBaCKyJSIPHOTO PU3HKY CEpLEBO-
cymuHHHX ycknaaHeHs (Michiel et al., 2014). [loBeneHo acorriariito
MiXK TOBIIMHOO iHTIMU-MEJIia COHHUX apTepii i MiIBUINCHHIM ap-
TEPiILHOrO THCKY Yy JIFOJICH TOXWJIOTO BiKY Ta AITEH, BiAMOBIIHO
(Staboulis, 2012; Oishi et al., 2013). I3 mi€i mo3wuitii, Hame T0CITIA-
JKEHHSI MOMTHOJTIOE BUBYEHHST MOP(GODYHKIIIOHATBHIX 3MiH CEpLIEBO-
CYAMHHOI CHCTEMH 32 TiEpPTOHIYHOI XBOPOOHM Ta EKCTPacHCTOMIl
(Didyk, 2009; Didyk, 2010) ta mMae 3B’SI30K i3 BHBUCHHSM JAHOL
npodiiemu y cBiti (Chen et al., 2015). Merta Haroro GOCIiPKSHHS —
BUSIBUTH BIJIMIHHOCTI 3MiH iHTUMH-Me/Iia CYIMHHOI CTIHKH y XBO-
PHX SIK i3 THEePTOHIYHOIO XBOPOOOIO, TaK i 3 TINEPTOHIYHOIO XBOPO-
0010, IOETHAHOIO 3 EKCTPACHCTOJIIEFO.

Marepiau i MeToau gocTiKeHb

VY nmocmimkeHHas BKIOUTH 120 TAIi€eHTIB 13 TIMEPTOHIYHOIO
xBopo0Ooto I crafii Ta 4acTOr EKCTPACHCTOMNIE BIKOM Bif 27 10
81 poxy. Cepen Hux — 42 (35,0%) wonosiku i 78 (65,0%) xiHKH,
CIIBBITHOLICHHS YOJIOBIKiB 110 >kiHOK — 1 : 1,9. KoHTponsHy rpymy
citanu 30 oci6 i3 rineproHiyHOI0 XxBopoboto II crazii 6e3 Oyp-
SIKMX TOPYILIEHb cepleBoro putMy Bikom 40-74 poki. Cepen HUX
13 (43,3%) vonogikiB i 17 (56,7%) *&iHOK, CHiBBiHOIIECHHS HY0JI0-
BIKiB /10 iHOK — 1 : 1,3. Yci mamieHTH IpOXOAWIH CTalliOHapHE
JKyBaHHS y BIIUIUJICHHI JEHHOTO CTalliOHApy KapIiOJOTid4HOTO
npodimo Mickkoi KiiHigHOT sikapHi Ne 1 Binawumi. [Toxazanusvm
JI0 BKJTIOUECHHS XBOPHX Y JOCIIDKEHHS OyJM TilepTOHIYHA XBOPO-
6a Il cTazii 3a pexoMeHmamissMi YKpalHCbKOI acomiamii Kapiio-
noriB (2008) Ta umaHOrO Hakazy MO3 VYkpainu Big 03.07.2006
Ne 436, BepudikoBana 3a JaHUMH XOJITEPIBCHKOrO MOHITOPYBAHHS
enexTpokapiorpadii yacta eKCTPaCUCTOMIs 3 CUMITOMHUM Iiepe-

6irom, sika, 3riJiHO i3 Cy4aCHUMH PEKOMEHALisIMI €BPOIEHCHKOT0
TOBapHCTBA KapJiojoriB, MOTpeOye IMOCTIHHOI aHTHAPUTMIYHOL
Tepartii, BiZICYTHICTh MPOTHITOKa3aHb 10 MpHiioMy OeTaanpeHobo-
KaTopiB i cotanony Ta iHpopMaliiiiHa 3roa XBOPOro B3ITH y4acTh
Y AOCIHiKEHHI.

IIporumnokasaHHsIMH 0 BKJIIOYEHHS B JOCHIDKEHHS OyId
rinepToniuHa xBopoda I abo III craxiii, ceprieBa HemoCTaTHICTH
1la—1I6 craniit 3a M. JI. Ctpaxecka — B. X. Bacunenko i [II-IV
¢yskuioHansHui Kinac 32 NYHA Ta HasBHicTh ExoKI™-03HaK cu-
croniynoi uchyHkuii Miokapaa JILI (OB < 45%), 6e3cumnTomMHa
eKCTPACHCTONISI Ta EKCTPACHCTONisA, sIKa, 3ifHO 13 Cy4acHUMH
pexomeHzaisMu  €BpONEeHChKOro TOBAPUCTBA KApAIONOTiB, HE
noTpedye MOCTiHOT AHTHAPUTMIYHOI Teparlii, HasBHICTh TapOKCH3-
MAJIBHOI Ta TOCTiiHOT Gopmu QidpmIALii mepencepib, TapoOKCH3-
MIPHUX TaxiKapaif Ta CHHAPOMY HpENEeK3UTAlliil IIUTyHOYKIB,
TSDKKI 3aXBOPIOBAHHS JIMXAJIBHOI CHCTEMH Ta ILIYHKOBO-KHIIIKO-
BOTO TPAKTY, 3aXBOPIOBAHHS IIMTONOIOHOT 3aJ103H, LyKPOBHIl Jtia-
0erT 1 3MOsIKICHI YTBOPEHHSI, 3TIOBKHBAHHS AJTKOTOJIEM 1 HSHPOTICHXIY-
Hi pO3JIajiH, HeOaXKaHHsI XBOPOTo OpaTH y4acTh y JOCIiKSHHI.

VYciM XBOpUM OCHOBHOrO KIiHiHOro MacuBy (n = 120) sk
CTAPTOBUIl aHTHAPUTMIYHUN Hpenapar MpU3HAYCHO OeTaaapeHo-
Omoxatop Giconposnon y 1o3i 10 Mr Ha 100y. Y pasi HeOCTaTHBOTO
AHTUTINEPTEH3UBHOTO eekTy Oiconporony, sSKHil OLIHIOBAIN Ha
minboBid no3i mporsarom 10-12 ni6, NOKAaTKOBO IpH3HAYATIH
IHrI0ITOp aHTIOTEH3UH MEPETBOPIOBATHLHOTO (PEPMEHTY CHAJATIPHIT
y 1o3i 2040 mr Ha 100y. 32 HEZOCTaTHROT AHTHTIIEPTCH3UBHOT T4
AHTUAPUTMIYHOI e(heKTUBHOCTI Teparii 3 ABOX MperapariB T0/at-
KOBO mpu3Hadanu S(-) amymomumiH y no3i 2,5-5,0 mr Ha m00y.
AHTHApUTMIYHUK e(pEeKT BBaKAIM TO3UTHBHUM Y pPa3i MOBHOTO
3HUKHEHHS a00 3MEHIIEeHHS TO0OBOI KUTBKOCTI €KCTPACHCTON Ye-
pe3 1 micsis Oibire HbK Ha 50%. Y pasi HEraTUBHOTO aHTHAPHT-
MIYHOTO epeKTy OiCOonpoIIoNy MpH3HAYATM COTANON y 1031 160—
320 mr Ha 100y. 3a MO3UTHBHOTO aHTHAPUTMIYHOTO e(eKTy MpH-
3Ha4eHe JIIKyBaHHS POJIOBKYBAIN NPOTITOM 6 MiCSIIB.

VYciM XBOpUM TPOBOJMIIM KOMILUIEKCHE KIiHIKO-IHCTPYMEH-
TabHE 00CTEXEHHS, SIKE BKJIFOYAIIO 3arajbHOKIIHIYHE OOCTEXEHHS
XBOpPOTro, eNeKTpokapaiorpadiute mocmipkeHnst y 12 3arambHo-
NPUAHATHX BiIBEACHHSX, HOOOBE MOHITOPYBaHHS apTepiajbHOTO
THCKY, XOJNTEPIBCbKE MOHITOPYBaHHS eNeKTpokapiorpadii, exo-
Kapaiorpagidne nocmivkeHas y M-, B- i JI-pexumax, coHoexo-
rpadio, OIiHKy CyAMHOpYX0Boi (yHKIi miedoBoi aprepii. EHno-
TeliaabHy TUC(YHKI[IO CyJMHHOTO TOHYCY BHBYAJIM, ITPOBOTYN
npoOy 3 kommpeciero wiedoBoi aprepii 3a D. Celemajer, ne
MICISIOKITIO31HHE 3POCTAHHsI iaMeTpa CyJUHU Mae 301IbIIyBaTUCh
Ha 10% mnopiBHAHO 3 BuXinHUM. CTaTHCTHUHY OOpOOKY pe3ylib-
TaTiB JOCTIPKEHHS MPOBOIMIM 32 JTONOMOIOK0 METO/IB Bapialiiii-
HOI CTaTUCTHKH 3 BUKOPUCTaHHsAM mporpaM Statistica 6.0 (StatSoft
Inc., USA).

PesyabTaTn

CepenHsi TOBIIMHA IHTUMH-MEZia K y Tpynax IOCIiHKSHHS,
TaKk i B KOHTPOJbHiil rpymi komuBamach Bix 0,90 no 1,10 cm i
CYTTEBO HE TEpPEBUIyBala BU3HAUYCHUH IS TOMYJIALi] HOPMATHB
(<0,9 cM). AHamizyr0un TOKa3HUKH CYAMHOPYXOBOi (DyHKIII rmre-
YOBOI apTepii, BUSABISAETHCS, 10 Y MAIIE€HTIB i3 TIEePTOHITHOIO XBO-
oGO0 Ta YacTOK CYNPaBEHTPHKYJSIPHOI CKCTPACHUCTOJIEIO IMO-
PIBHSHO i3 XBOPMMH 3 TiNEPTOHIYHOIO XBOpOOOIO 0e3 apuTMii
peecTpyBai 3MEHILCHHS BEJIMYMHH [[iaMeTpa IUICYOBOI apTepil
(mokasuuk dITA, P = 0,040).

VY XBOpHX i3 TIIIEPTOHIYHOIO XBOPOOOIO Ta YACTOIO IIUTYHOYKO-
BOIO EKCTPACHCTOMIEI0 Ta XBOPHUX 13 TIMEPTOHIYHOIO XBOPOOOIO Ta
KOMOIHOBAaHOIO €KCTPACHCTOIIIEI0, IOPIBHSIHO 3 XBOPUMH Ha Timep-
TOHIYHY XBOpOOy 03 apuTMil, I1i 3MiHK OyJIH OLIBII BUpaXKEHUMIL
B 1mx rpymax peectpyBaid JOCTOBIPHE 3MCHIICHHS aMeTpa
rieyoBoi aprepii (mokasuuk dI1A, P < 0,002), npupocty miamerpa
ie4oBoi aprepii Ha mpooi 3 rekommpeciero (P < 0,024) Ta amruii-
Ty/U AWaTauil iedoBol apTepii Ha mpodax i3 JeKOMIpeciero Ta
Hitporminepurom (P < 0,040). IToxiGHi 3MiHK 3apeecTpoBaHi Imif
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Yac MOPIBHSHHS IOKA3HUKIB y IPYII MAL[€EHTIB i3 TINEPTOHIYHOIO
XBOpOOOIO Ta KOMOIHOBAaHOIO €KCTPACHCTOIIEI0 Ta XBOPHX 13 CyII-
PaBEHTPUKYJISIPHOIO €KCTPACHCTOIIIEI0 — BU3HAYAIN CYTTEBE 3MECH-
LIeHHs [iamerpa IuredoBoi aprepii (mokasuuk dIIA, P = 0,037),
MPUPOCTY JiaMeTpa IUICYOBOi apTepii Ha Mpodi 3 JEKOMIIPECIEI0
(P=0,009) Ta amrmiTyu aunaTanii MIEYOBOI apTepii HA MPOBOKa-
niftanx npobax (P = 0,046). V marieHTiB i3 TilepTOHIYHOI0 XBOPO-
0010 Ta IUTYHOYKOBOK) €KCTPACHCTOIIERO TIOPIBHSHO 3 TAIlIEHTAMH 13
CYIPaBEHTPHKYJIIPHOIO €KCTPACUCTOJIIEL0, CIIOCTEPIrai CYTTEBE 3MCH-
IIEHHs] NIPUPOCTY JiameTpa IUiedoBoi aprepii Ha mpobi 3 JeKoM-
npeciero (P = 0,046). Y rpyni XBOpHX i3 TilepTOHIYHOI XBOPOOOIO
Ta KOMOIHOBAHOIO EKCTPACHCTOJIEI0 MOPIBHAHO 3 yciMa iHIIMMH
TpyTIaMH, PeECTPyBaJIU CyTTEBE 30UIBIIECHHS iHACKCY PE3UCTEHTHOCTI
(moxazauk RI, P < 0,05) ta innexcy mymbcarti (mokasuauk PL, P <
0,034). Ile cBimuMTHL IPO CYTTEBE 3POCTAHHS PHUTLIHOCTI Ta IIOTIp-
IICHHS eTACTUYHUX BJIACTHBOCTEH BEJIMKHX CYAMH Y TAL€HTIB i3
TiMEPTOHIYHOIO XBOPOOOIO Ta KOMOIHOBAHOIO EKCTPACHCTOJTIELO.

ITin yac mpoBeeHHSI IPOBOKAIIHHUX MPOO CIIOCTEPIraiy, 10 y
rpynax HalieHTIB i3 TilepTOHIYHOI0 XBOpoOoro 0e3 apuTMmil i 3
YacTOI0 CYNpPAaBEHTPUKYJIAPHOIO SKCTPACUCTOIIEI0 BU3HAYAIN OJI-
HAKOBHil PO3MOIN Pi3HUX peakiiii miedoBoi aprepii Ha mpoldy 3
nexommpeciero. Y 33,3% 125,9% BumaznkiB peecTpyBai HOpMAallb-
HY, ¥ 53,3% 1 61,1% BumaakiB — 3HIKeHy peaxuiro, y 13,41 13,0% —
TIapaJIoKcaIbHy Ba30KOHCTPHKIIiO. XapakTep peakil IedoBoi ap-
Tepil Ha Mpobi 3 AEKOMIIPECI€I0 B PI3HUX IPyIax XBOPUX NPHHIH-
HOBO BiIPI3HABCS BiJl TAKOTO y IPynax XBOPUX Ha TilEPTOHIUHY
XBOpOOy Ta riNepTOHIYHY XBOPOOY 3 YacTOIO IUTYHOYKOBOIO €KC-
TPaCHCTOJIEI0 Ta KOMOIHOBAHOIO EKCTpAacHCTONi€0. Y IHX ma-
ILI€HTIB BU3HAYAIK CYTTEBE 3MCHILICHHS YaCTOTH PEECTpaLiii HOp-
ManbHOI peakuii (7,5% 1 3,8% mpotu 33,3% 1 25,9%, BinmosigHo,
P < 0,041) Ta 3pocranHs mapafoKcaabHOI Ba30KOHCTPHKIIi (35,0%
1 34,7% npotu 13,4% i 13,0%, Bignosigso, P < 0,041) 3a npakTuy-
HO OJTHAKOBOI YaCTOTH peecTpallii 3HIKEHOI Basoquaraii (57,5%
161,5% npotu 53,5% 1 61,1%, BinmosiaHo) (puc.).
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Puc. Xapaxrep peakuii miedoBoi aprepii Ha mpoOu 3 TEKOMIPECIEI0 B Pi3HHUX IPyIaX XBOPHX

AHaNi3yI0ul OTPUMaHI Pe3yJIbTaTH PEaKIlii IIedoBoi aprepil
Ha 1po0i 3 HITPONIIEPHHOM, 6AUMMO MPAKTUYHO OHAKOBHIT PO3-
IO pi3HMX THMiB peakuiit (P > 0,05) oOcTexeHux rpyn XBOpHX.
VY 6inbiocti Bunaakis (60,0-73,1% XBopuX) BU3HAYCHO 3HIKEHHS
NIPUPOCTY JiaMeTpa IUIeYoBoi apTepii Ha mpobi 3 HITPOIITILEPUHOM
<20% BuxinHoi Benu4uuH, B 33,3-19,2% peecTpyBasii HOpMaIbHY
PeaxIito MPUPOCTy JiaMeTpa IIIeYOBOi apTepii Ha mpobi 3 HITPOIIi-
nepuaoM >=20% BuxigHoi BermmumHK Ta B 5,0-7,7% — mapagok-
caJlbHa Ba30KOHCTPHKIIIA Y BiAIOBIZb HA IPUHOM HITPOTJIILICPHHY .

Pe3ynbTaTyl HAIlloro JAOCHIDKESHHS IPOJIGMOHCTPYBAIIX BiJICYT-
HICTb 3B’5I3Ky MK IMOPYIICHHSIMH CHIOTENIHHE3aIeKHO Ba30aH-
JaTanil IwIedoBoi apTepii Ta BapiaHTOM EKCTPACHUCTOINIl XBOPHUX Ha
rinepToHiyHy xBopoOy II craxii. ucomiamito xapaktepy eHIo-
Tenii3aaeKHOl Ta eHIOTeNiHHe3aIeKHOI peaKLii iedoBol apTepil
CIIOCTEpirajay MPaKTHYHO B MOJIOBUHH MALIEHTIB i3 TiEPTOHIYHOIO
XBOpOOOIO 0e3 apUTMili 1 XBOpPUX 13 YAacCTOK CYHPaBEHTPHUKYILIP-
Horo ekctpacucroiero (40,0% i 50,0% BinoBinHo). Y mariieHTiB i3
YaCTOIO IUTyHOYKOBOIO Ta KOMOIHOBAHOIO €KCTPACUCTOIIEI0 Oi0-
Hi 3MIHM BH3Ha4eHi y OuibimocTi Bumaikis (72,5% i 84,6% siamo-
BIJIHO), 110 CYTTE€BO MEPEBUILMIIO YACTOTY peecTpauii y momepen-
Hix rpynax (P < 0,029). Yacra nuryHOuKoBa Ta KOMOIHOBaHa €KCT-
pacucToNiss y XBOPUX Ha TiMEPTOHIYHY XBOPOOY ACOLHIOETHCS i3
CYTTEBUM 3POCTaHHSIM YaCTOTH BHIIAJIKIB 13 IUCOLUAIIEI0 B XapaK-
Tepi eHIOTeNH3aIeKHOI Ta eHIOTeNiHe3aIeKHOT peaKii miedo-
BOI apTepii.

O0roBopenHst

TIpoTsirom ocTaHHIX POKIB MEIWYHA CILUILHOTA HEOJHOPa30BO
MOpyYIIyBaJla TIUTaHHA POJ CHIOTENI0 B PO3BUTKY CEpLEBO-CY-
JIMHHOI TaTOJIOri, OCKUIBKK €HIOTENii B OpraHi3Mi JIOAWHH M-
TPHMYE TOMEOCTA3 Yepe3 PETyIISALII0 TOHYCY CyIUH (TIPOLIECH Ba30-
KOHCTPUKIII Ta Ba3oIwiIaTalii), OyJIOBH CTIHKMA cyauH (TIpoLecH
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iHri6inii Ta cuHTE3y (akTopiB (GiOpHHOMIZY Ta arperamii TpoM-
OoIMTIB), MICIIEBOrO 3amajeHHs (BUPOOJIEHHS IpO- Ta IPOTH3a-
naTbHUX (axtopiB). JuchyHKIis eHIoTeNnito — e Juchananc Mk
HPOIYKLIEI0 Ba30IATALIHHUX, AHTIONPOTEKTOPHUX, aHTHIIPOJIi-
(epartuBHUX (hakTOPiB (IIPOCTALMKIIIHY, TKAaHHHHOTO aKTUBATOpa
wiasmidHoreny, C-ThIly HaTpiypeTHYHOro HENTHAY, CHIOTEeialb-
HOTO TilepHosspu3yBaabHOro (akTopa) Ta Ba3OKOHCTPHKTHUBHHX,
TpoMOOTHYHHX, TIpoftipepaTHBHUX (HaKTOpiB (CHAOTEMIHY, CyIep-
OKCHJ-aHIOHa, TPOMOOKCaHy-2, iHri0iTOpa TKAHMHHOTO aKTUBAaTOpa
IUIa3MiHOTeHy). Pe3ynbraTn aHaizy CTpyKTypHOTO peMOJIETIOBaH-
HSI COHHHX apTepiil 1 cyamHOpyXxoBoi (DYHKIi IuredoBoi aprepil
BIJIOOpaKaITK XapaKTep 3MiH JiaMeTpa MpaBoi MICUOBOl apTepii Ha
mpo0i 3 PEAKTUBHOIO TIMEPEMI€I0 Ta HITPOTNIIIIEPUHOM CBIIUHIH
PO BiJICYTHICTh MPUHLMIIOBUX BiIMIHHOCTEH ITOKaQ3HUKOM TOBILH-
HHU IHTHMa-MeJlia COHHHX apTepiii B 0OCTEKEHUX IPyIax XBOPHX.
BumipsiHa ToBmMHA iHTHMH-Menia y mamieHTiB Bim 0,90 1o
1,10 cM He mepeBHIyBana BHU3HAYCHHH UIS IOMYJIALil HOPMATHB
(<0,9 cm). Lle MOSICHIOETECS BKITFOYCHHSM Y JTOCIIDKEHHS XBOPUX 13
HEYCKJIJIHCHNUM TIepeOiroM TilepTOHIYHOT XBOpOOH. X0oua BiTOMHIt
HUHI (haKT — HAsBHICTH TICHOTO KOPEJILIHHOIO 3B’513Ky MK TOBLIHM-
HOIO IHTHMH-MeEJTia Ta YaCTOTOIO Pi3HUX CEPLICBO-CYIMHHHX YCKIIa -
Henb (Dhananjay et al., 2014). LluM n0sICHIOETBCS 3pOCTaHHS TOBLIIH-
HU IHTUMH-Me[lia B TALEHTIB 3 YCKIIaTHSHUM NepeOiroM rirnepToHid-
HOI XxBopoOu — mamienTiB i3 11l cragiero xBopoOwu, SKKX 3a 3aIuIaHo-
BaHHMM JM3aiHOM JIOCITIKEHHS MU HE BKJTIOUIJIN B PO3POOKY.
Pe3ynbraTyt HaIIOro aHANI3y CBIMYATh IPO BIICYTHICTH CYyTTEBUX
3MIH XapaKTepy PEMOJICTIOBAHHS COHHUX apTepiil i MPUHIIMITOBL
HOPYIIEHHS CYIMHOPYXOBOI (DyHKIIiT IUIe4oBOi apTepii y XBOpHX Ha
TiIepPTOHIYHY XBOPOOy 03 MOpyYIIEHb CEpLIeBOr0 PHUTMY (KOHTPOIIb-
Ha Tpyma) i 4YacTOI0 CYNpPaBEHTPUKYJIPHOIO EKCTPACHCTONIEI0
(I xiHivHA TpyIa) Ta MALIEHTIB i3 YaCTOIO HLTYHOYKOBOIO €KCTpa-
cucromiero (I kiiHIYHA rpymna) Ta KOMOIHOBAHOIO EKCTPACHCTOIE0
(III kriHiYHA TpyTIa), WO XapaKTEePU3yBAIOCH O3HAKAMH ITiIBUILICHOT
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PpHriIHOCTI TWIeYOBOT apTepii (CyTTeBE 3MEHILCHHS llaMeTpa IUIeqo-
BOI apTepii 3a BIICYTHOCTI 3MiH il BiIHOCHOI TOBIIMHH), THKYAMH
MOPYLICHHSIMU SHIOTETi3aIeKHOI Ba3oArIaTaLlil (3MEHIIICHHST PHU-
pocty mdiamerpa IUIedoBOI apTepil Ha mpobi 3 JSKOMIIPEciero) Ta
3araJbHOTO BA30JMIATYBAIBHOTO TIOTECHIIATY (3MEHIICHHS aMIUTi-
TY/IU IAIATallii IIe90Boi apTepii Ha MPOBOKAIIfHIX Mpodax).

OrpuMaHi Jiai CBiT4aTh, 0 YacTa HUTyHOYKOBA EKCTPACHCTO-
7 Ta KOMOIHOBAaHa EKCTPAcHCTONISl 3a TiMEePTOHIYHOI XBOpoOH
II crazii acOUIFOETBCS 3 THKYMMH MOPYLICHHAMH CyIUHOPYXOBOI
¢yukuii aprepiit (Didyc, 2016). HasiBHiCT yacToi IUTyHOYKOBOT Ta
KOMOIHOBaHOI €KCTPACHCTOMI] y XBOPUX HA THEPTOHIYHY XBOPOOY
11 crapii acoL{OETHCS 3 TSHKYUMU MOPYILCHHSIME SHIOTEIiH3aIexK-
HOI Ba3o[MIaTamii, IO XapaKTepU3YEThCs 3MEHIICHHSIM YacTOTH
peectparii HopManpHOi peakmii Ta 30UTHIICHHSIM MapagoKCaTbHOT
BA30KOHCTPHKII] IUIEYOoBOi apTepii Ha Hpodi 3 JIEKOMIIPECIETO.
Hami pe3ynsTaTi CHIBCTaBISIIOTBCS 3 JTITEpaTypHUMH JAHUMH IIOJI0
pOJIi IHTHMHU-MeJlia eHIOTeNTaNbHOI IUCOLALl B aTOreHe3i CepLieBO-
cymuHHEX 3axBoproBanb (Michiel et al., 2014). 3anumiaerscs Bia-
KPUTUM TTHTAHHS BIIMIHHOCTI B SHAOTeiaNbHIi AUChYHKIIT y mari-
€HTIB i3 TinepToHiuHOI XBopoboro II crazii, rinepToHiYHO XBOPO-
ooto 11 cragii Ta CynpaBeHTPHUKYIIPHOIO EKCTPACHCTOIEIO Ta HasIB-
HICTIO TPOTHOCTUYHO HECTIPUATIMBOI MOEIHAHOI HAILTYHOUYKOBOL
Ta IIUTYHOUYKOBOI €KCTPACHUCTOJII y IALIE€HTIB 13 TIMEPTOHIYHOIO XBO-
poooro 11 craii.

BucnoBkn

V xBopux i3 rineproHidHo0 xBopoboro Il crazii yacra mury-
HOYKOBA Ta MO€JHAHA (HAAILTYHOYKOBA Ta IITyHOYKOBA) EKCTpPa-
CHCTOJIiS KOPENIOE 3 BAXKYOIO CYIMHHOIO TUCHYHKINEO, IO MO~
rae, Io-Tieplle, y 3pOCTaHHI PHUTIHOCTI apTepii (3MEHIICHHI HOo-
Ka3HUKa BHXIJHOTO AiaMeTpa IUIEYOBOI apTepii), Io-Jpyre — Bax-
YoMy IpOsIBi MOPYIIEHb eHAOTENIH3aIeKHOI BasoauiaTanil. BoHo
XapaKTepH3yEThCsl 3MEHIIECHHSIM TTOKa3HHKA BEIMYMHU HPHPOCTY
JiamMeTpa IUIedoBoi apTepii Ha mpobi 3 JAEKOMIIPEciero, 3MeHILIeH-
HSIM YacTOTH peecTpalil HOpMabHOI peakilii Ta 30LIbIICHHIM
YacTOTH MapaJOKCATbHOI Ba30KOHCTPHUKLIT IUIeYOBOi aprepil Ha
npo0y 3 IEKOMIIPECi€r0, 3MEHIICHHSIM 3aralbHOr0 Ba3OAMIIATY-
BaJIPHOTO TMOTEHIIiATy, 3pOCTAHHAM YacTOTH BHIIAJKIB 13 AMCOLa-
Li€I0 XapakTepy SHIOTEeNNH3aNexHOI Ta eHAOTEeNlIHHe3aIeXkKHOI pe-
aKuii 1wie4oBoi aprepii. Bumiesranani 3minu peectpysaiu B 60,0%
00CTe)KEHNX TAli€HTIB, IPY [[bOMY HaiYacTIIMMH iX BapiaHTaMU
OyJn, To-Tepiie, 3HKEHa peaKLlis IIEY0BO] apTepii Ha IeKOMIIpe-
Cil0 Ta HOpMaJbHA BiMOBIAb Ha MPOOY 3 HITPOITLIEPUHOM, SIKY
peectpyBam y 29,7% BumajkiB Ta, HO-Apyre, MapagoKcalbHa Ba-
30KOHCTPUKIIIS y BiAMOBIb HAa IEKOMIIPECIIO Ta 3HIKEHA PEaKIIist
Ha IPUHOM HITPOIIIIEpHHY, SIKy peecTpyBaimu y 22,4% BHNa/KiB.

PesynbTaTé HaIIOro JOCIIKEHHS IPOJEMOHCTPYBAIH BIICYT-
HICTh HPEIUKTOPIB [UIS BUKJIIOYCHHS CIUIBHUX MAaTOrCHETUYHHX
MEXaHi3MIB PO3BUTKY CYAMHHOI AUCQYHKLII Ta NaTOr€HETHIHOIO
ApUTMOTCHE3y y XBOPHX 13 TilepTOHIUHOW XBopoboro. Lleit daxr
notpedye MOAABIIOr0 AOCIKEHHS SIK i3 MHOIVISAAY MaTOreHesy
rinepTOHIYHOT XBOPOOH, TaK i 3 MOIVISIAY MATOreHEe3y EKCTPACHUCTO-
I y PO3BUTKY apUTMOJIOTI.
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The article highlights the role of desynchronosis and certain genetic factors in the development of obesity. Some
pathogenetic links of obesity and the influence of melatonin on them are analyzed. Desynchronosis is one of the causes
of obesity as a result of dysregulatory changes in the chronoperiodic system — between suprachiasmatic nuclei of the
hypothalamus and secretory activity of the pineal gland. In obesity there are some changes in circadian patterns of
important physiological parameters. These include acrophases of blood pressure; rhythm of hormone secretion,
including insulin; electrolytes; sleep-wake cycle displaced for a period of a day, which is a deviation from the normal
course. Phase discrepancies of established circadian oscillations of physiological processes arise. Preconditions of fat
metabolism imbalance, particularly visfatin, apelin and vaspin — components of atherosclerotic lesions, gradually
emerge. There is abundant evidence for close relationships between metabolism and circadian mechanisms. It is proved,
that there is a strong direct impact of endogenous circadian rthythms on the metabolic pathways that do not depend on
food intake or sleep. A potential low molecular weight of biomarkers of human circadian phases has been identified.
A number of key metabolic enzymes in tissues such as the liver, adipose tissue or the pancreas are chronodependent.
Desynchronosis phenomena caused by genetic or environmental factors can lead to serious metabolic disorders,
including obesity, insulin resistance and metabolic syndrome. Genesis of pineal removal-induced insulin resistance and
reduced glucose tolerance in cells is related to the consequences of melatonin absence, which leads to abnormalities in
insulin signaling pathways and reduced GLUT4 gene expression and protein content. Insulin-sensitive tissues (white
and brown adipose tissue, skeletal and heart muscles) after pineal removal are characterized by a significant reduction
of GLUT4 mRNA and the content of microsomal and membrane proteins, which are compensated during treatment by
melatonin. Functional synergy exists between melatonin and insulin. Melatonin is able through the membrane receptors
MT1 to cause rapid tyrosine phosphorylation, activate tyrosine kinase of beta subunits of insulin receptors and mobilize
several intracellular stages of insulin-signaling pathway transduction. Thus, the protective effect of melatonin in cases of
disturbance to the carbohydrate metabolism is manifested in the formation of circadian periodicity by modulating the
expression of time genes.

Keywords: melatonin circadian mechanisms; gene; epiphysis

O:XUpiHHSA: POJIb JeCHHXPOHO3Y TA FTeHeTHYHNX YNHHHUKIB
y MeXaHi3Max foro po3BUTKY

M. O. Puzanuyx*, B. I1. [Timax**

*ByKosuncbkull depoicagHuil MeouuHuil ynisepcumem, Yepnisyi, Yxpaina
**Hayionanoha akademis nedazociunux Hayk, Kuis, Yxpaina

BHCBITIICHO PONB JIECHHXPOHO3Y Ta ICHETWYHUX UYMHHHKIB Y PO3BHTKY OXHpIiHHA. [IpoaHami3oBaHO OKpeMi IATOrGHETHYHI JIAHKH PO3BHTKY

OXHUPIHHS Ta BIUIMB HA HUX MEJIATOHiHY. J|eCHHXPOHO3 — O/iHA 3 NPUYMH OXKHPIHHS, SIK HACIINOK JM3PEryITOPHHUX 3PYLLIEHb Y XPOHONEPIOINYHii
CHCTEMI — MDXK CyIpaxia3MaTHIHUMH SIPaMH TiNoTajaMyca Ta CeKPETOPHOI aKTHBHICTIO HIMIIKOMOAIOHOT 3a51031. IcHye 0arato JoKasiB TOro, 10 MK
MeTa0oIi3MOM 1 IIUpKaliaHHUM MEXaHi3MOM ICHYIOTb TIiCHI B3a€MO3B’sI3KH. JIOBEACHO CIUIbHUIN IPSIMUI BIUIMB CHIOTCHHHX LMPKaIiaHHAX PUTMIB Ha
MeTa0oMIYHI NULSIXH, SIKi He 3aIeKaTh Hi Bil pUitoMy Dki, Hi B cHY. [neHTH(IKOBaHO MOTEHIiHI HU3bKOMOJIEKYIISIpHI OloMapKepy LMpKaiaHHuX (a3
moarHU. Huska kirodoBHX (pepMeHTIB MeTaboli3My B TAKMX TKaHMHAX SIK MEYiHKa, )KMpoBa ab0 TKAHWHA MiIILTYHKOBOI 3aJI03H — XPOHO3AJICHKHI.
SBuIIa IECHHXPOHO3Y, CIPHYMHEHI FCHETHYHAMH YK 30BHIIIHIMH YHHHHKAMH, MOXKYTh CIIPHYMHHUTH CEPHO3HI METAaOOMIuHI MOPYIICHHS: OKHPIHHS,
PE3UCTEHTHICTB JI0 1HCYJIiHY Ta MeTaboMiuHMi CHHAPOM. [ eHe3uc MiHeaIeKToMi€e-HTyKOBaHOT PE3UCTEHTHOCTI 10 1HCYJTiHY Ta 3HIDKSHHS TONEPAaHTHOCTI
JI0 TJIIOKO3M B KIIITUHAX TOB’SI3aHMI 13 HACIIIKAMY BiZICyTHOCT] MEJIATOHIHY, 110 BUKJIMKAE PO3BUTOK MOPYILIEHb IHCYJIIHOBOTO CUTHAIBHOTO LIUBIXY Ta
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3HwKeHHs excrpecii reHiB GLUT4 Ta Bmicty Outka. IHcymiH-qyTmmBi TkaHuHM (Oi1a Ta Oypa >KMpOBI TKaHMHH, CKEJIETHI Ta CepLEeBi M’SI3H) IpH
ITiHEANEKTOMIT XapaKTepu3yroThes cyTTeBinmM 3HrkeHEIM MPHK GLUT4, BMicTOM MikpocOManbHIX 1 MeMOpaHHIX OUIKIB, IKi KOMIICHCYIOTCS T
Yyac MPOBECHHs Teparii MenatoHiHOM. IcHye (DYHKIIOHATBHHMI CHHEPri3M MDK MEJTAaTOHIHOM Ta iHCYmiHOM. MenaToHiH 31aTHHiA Yepe3 MeMOpaHHi
peuenropu MT1 BUKIMKATH HIBHIKE THPO3HH-(POCHOPIITIOBAHHS Ta aKTHBYBATH TUPO3UHKIHA3Y OeTa-CyOOIMHHIII peLienTopa iHCYIiHy Ta MOOLTI3aliio
JIeKITbKOX BHYTPIIIHBOKIITHHHUX €TalliB TPAHCIYKLi iHCY/IH-CUTHAJIBHOTO 1IUISAXY. 3aXUCHA [Iisl MEJIATOHIHY Y pa3i IOpPYLIEHHs ByIJIEBOIHOIO OOMIHY
BISIBILIETBCA Y (hOPMYBaHHI IUPKAiaHHOTO MEPioM3MYy IIUIIXOM MOy ekcpecii 9acOBUX IeHB.

Knrouosi cnoea: MenatoHiH; UMpKaiaHHUIA PUTM; TeHH; emii3

BB nopyumeHs HUPKAJiaHHOIO PUTMY
HA PO3BUTOK O:KUPiHHA

TommpeHicTe MOpYIIEHs CHY HHHI Y JIFOACHKIM MOMyJSLii
csirae 80-95%. Illopiuno HecTady cHy BigdyBaroTsb Bix 1/3 mo 1/2
HaceneHHs, a B 10-15% mozeil Ge3COHHS — KIHIYHO 3HAYyIa
npodiiema, sika pi3KO 3HIDKYE SIKICTh XKUTTSA. OKHPIHHS MexXye 3
nannemiero XXI cTomiTTs, CTaHOBUTH CEPHO3HY MEMKO-COLIANIBHY
npobiemy. Lle ocHOBHA IpuuMHa iHBaTAM3aMIl Ta CMEPTHOCTI ce-
pex ocib cepeHBOro Ta JITHBOTO BiKy B ycboMy cBiTi (Hotamisligil
et al., 1993; Knutson and Van Cauter, 2008). Cepen npu4uH MOX-
Ha BUAUTUTH YHMHHUKH K 3aTaJIbHOTO XapakTepy (E€KOJIOTivHi), TaKk
1 IHAMBiAyanbHI (TEHETHYHI) 0COOMMBOCTI. OXHUPIHHIO CIIPHUSE TO-
PYLICHHS PeKUMY XapuyBaHHs, HaMIpHE BXKMBaHHS XKi, 110 TTOpY-
IIye €HepreTHYHy pPIiBHOBAry, HEKOHTPOJIBOBAHE 30aradeHHs iki
JKHPaMH Ta BYIJICBOIaMH, 301 THCHHsI OLTKaMH, BiTaMiHAMH, MAKpO-
Ta MIKpOEJIEMEHTAMH CIIPUYHHSE TUCOAIAHC XapUIOBOTO PaIlioHy, a
TaKOXX HE3JOPOBHH CIIOCIO KUTTS JIIOAMHM, HenocTaTHs (i3udHa
aKTHBHICTb, cTpec Tomio (Hasler et al., 2004).

Ile HenoBHWI mepeniK YWHHUKIB, SIKi 3YMOBIIOIOTH HH3KY
0i10XiMIYHHUX Ta (i310IOTTYHUX MPOLIECIB B OPraHi3Mi, 30KpemMa, 3a-
MIIIEHHS BYIJICBOJHOTO OOMIHY >KHPOBHM, 3POCTAHHS MacH Tila
BHACTIZIOK MiABHUINCHHS PIBHS JIIONPOTEiNiB HU3BKOI TI'yCTHHH,
TiNepCTUMYJIS B-KITITHH IIIUTYHKOBOI 3aJI03H, ITiJABHIICHHS
CeKpellii IHCYJTiHY, PO3POCTAHHS KUPOBOT TKAHUHH 31 30UTBIICHHAM
00’eMy BiCLIEpaJIGHOTO JKHPY Ha JKHBOTI Ta y BEPXHill IOJIOBHHI
tyny6a (Van Cauter and Knutson, 2008).

BinHocHO HeaBHO 3°ICOBAHO, IO OfIHA 3 IPHYNH OXKHPIHHSI —
JIECHHXPOHO3, SIK HACIIJOK AM3PEryJATOPHUX 3PYIIEHb Y XPOHO-
MIEPIOIMYHIN CHCTEMI — MXK CyTpaxia3MaTUIHUMH SIPaMH TiloTa-
JIaMyca Ta CeKpPeTOPHOIO aKTUBHICTIO MIMIIKONOAi0HOT 3am03u (Ra-
poport et al., 2013).

VYIpomoBX OCTaHHBOT'O JECSTHIITTS IPOBEICHO BEIUKY Kilb-
KICTh JIOCIT/DKCHb II0JI0 3aICKHOCTI OXKUPIHHS BiJT IIUPKAIIaHHOTO
pUTMY, SIKi BUSIBIJIM YiTKy 3aKOHOMIpPHICTb: HaBiTh HEBEJIHKI 32
TPUBAJICTIO TIEpioaX AEMpUBalil CHy CIPHYUHSIOTH ITiBUILICHHS
BICLIEpATEHOTO OXKUPIHHS, BHACIIOK 3HWKEHHS «IUIACTUYHOCTI»
MeTa0OJIIYHMX TPOIECIB 1 PO3BUTKY PE3WCTEHTHOCTI 10 1HCYIIHY
(Knutson et al., 2007; Syromjatnikova et al., 2010).

IpoBenennst xopemsmiiiHoro amamisy (Lundina et al., 2014)
BUSIBIJIO TIPSIMY 3aJISXKHICTB TSDKKOCTI NMOPYIIEHHS LUPKaJ[iaHHOTO
pUTMY BiJ iHZIEKCY MacH Tina B Jiteit 3 oxupinssam (r = 0,63, P =
0,003): TOOTO, UMM OiNBLIMI IHIEKC Macu Tila y AUTHHH, THM
OLITBLI BUPaXKEH] TOPYLICHHS LIUPKaJiaHHOro puT™My. [latonorivxi
THITN LUPKATIaHHOTO PUTMY JOCTOBIPHO YAacCTillle TPAILULUIHCS B
Jiteit 3 oxxupinmsM (66% npotu 14%, P < 0,05).

IenTpanbanii Boaii puTMy IMPKaIiaHHOI CHCTEMH — IIEPBHH-
He JpKeperto iHdopManii po pUTMIYHICTS tst (i3i0I0riqHIX Tpo-
LIECiB, PO3TAIIOBAHMH y cynpaxiasMarinyHux siapax (CXS1) rimora-
namyca. CBITJIOBHII CHTHAJI CHHXPOHI3Y€E BOJIS PUTMY i3 30BHII-
HIM LHKJIOM «CBITJIO — TeMpsBa» 4epe3 MPsSMHU peTHHOTrInoTaNa-
MidHHi TpakT Bif citkiBku 10 CXS. OctaHHI TaKOX OTPUMYIOTh
OIIOCEPEIKOBAHO HECBITIIOBY iH(opMamito, HampuKiIag, i3 smep
mBa. CxaHi HelpoHaNbHI IULIXK 3 €aHyoTh CXS1 3 mmmkoro-
IIIOHOKO 3aJ103010, B SAKiil 3IHCHIOETHCS CHHTE3 METIATOHIHY BiIIIO-
BIJIHO JIO IMPKaJiaHHUX KOJMBAaHb OCBITIICHOCTI NOBKULLL LleH-
TpaibHi MenaTtoHiHoBi penenrropu (MT1 Ta MT2) po3ramoBaHi rre-
peBaxkHo B CXJ1, B SIKMX MEJIaTOHIH Ji€ 32 MPUHLKIIOM 3BOPOTHOTO
HEraTUBHOTO 3B’SI3KY.

Hocmimkennsmu (Nishida, 2005; Peschke, 2008; Antunes et al.,
2010) mokazaHo, 1110 YBEICHHS BUTSDKKH 3 IIHIIKOMOIiOHOT 321031

BHKJIMKAJIO PO3BUTOK TiMOINTIKeMil, HiZIBUIICHHS TOIEPAHTHOCTI 10
TJIFOKO3H, a TaKOX JI0 CTUMYJIALI MTIKOreHe3y y TediHIi Ta M’si3ax
y BiMOBIb Ha iH’€KIIi0 rroko3u. HaBrnaku, miHeaIeKToMist Cripu-
YHHSIE 3MEHIICHHS TOJIEPAHTHOCTI [0 TIFOKO3M Ta TaIbMYy€ IIliKore-
HE3 Y MeYiHi Ta M’ 13ax. MeTa0otiuHi mopymeHHs, BUKITUKaHI BiJl-
CYTHICTIO MEJIATOHIHY Y TiHEAICKTOMOBAHHX TBAPHH, OXapaKTepH-
30BaHi SK Jia0eTOTeHHHI CHHIPOM, SKHH BKJIIOYA€ ITOPYIICHHS
TOJIEPAHTHOCTI JI0 TJIFOKO3M Ta PE3UCTEHTHICTh HNepudepuaHoi
(meviHka, KMpOBa TKAHWHA Ta CKEJETHI M’SI3M) Ta LEHTPAIBHOL
naHoK (rinoranamyc) no incyniny (Reiter et al., 1980; Balagopal et
al., 2007; Laposky et al., 2008). Taka ki1iHika MOXKe HiBEITIOBATUCS
YBEICHHIM MeJIaToHiHy abo oOMexeHHsM romysaHHs (Hairston et
al., 2010), ane He 3anATTS (izryHOIO KyneTyporo (Brondel et al.,
2010). PesucrenTHiCTh 10 iHCYIiHY, HOPYLICHHS TOJIEPAHTHOCTI JI0
TJIFOKO3H, a TAKOXK JIesIKI 3MIHM IHIIMX METaOOJIYHUX IapaMeTpiB
MOJKHa BHSIBUTH 32 (i3iosoriyanx abo maTo¢isionorivyHux CTaHis,
TOB’SI3aHKX 31 3HIKCHHSM PIiBHS MEJIATOHIHY Y KPOBI, HATPUKIIA/,
crapiHus, fiaber, mo3MiHHa po0OTa Ta BHUCOKHI PIiBEHb OCBITIIC-
Hocti BHO4i (Everson, 2004; Picchi et al., 2006; Broussard et al.,
2010). AnexBaTHa Teparisi MEIATOHIHOM MOJETIIYe OUTBLIICTD 3a-
3HAYCHUX MATOJNOTIYHMX METabONIYHIX 3MiH. AHAJIOTIYHHI MeTa-
OOJTIYHMI CHHIPOM CIIOCTEpIracThesl y TBapHH i3 Giokamoro MT1-
penerrropis (Mulder et al., 2009).

IcHye GaraTo JoKasiB TOro, IO MiK METa0OJNI3MOM 1 IHpKa-
JaHHAM MEXaHi3MOM ICHYIOThb TIiCHI B3a€MO3B’si3kH. CHUIBHUN
NpsIMHIL BIUTUB SHIOTCHHUX [MPKaliaHHUX PUTMIB Ha MeTaboIivHi
IIIIXH, SIKI He 3aJIeath Hi Bil puioMy ki, Hi Bin cay (Dallmann
etal., 2012). InenrudikoBaHO MOTEHMLIHHI HU3bKOMOJIEKYJIAPHI 6i0-
MapKepy LUpKafiaHHuX (a3 moauHu. Huska xirodoBux (epMeH-
TiB METa0OMI3My Y TaKMX TKaHHHAX SIK ME4iHKa, )KAPOBa a0 TKa-
HHMHA MiAIDTYHKOBOI 3a103u — XpoHo3anexHi (Knutson et al.,
2008). SIBmma IeCHHXpOHO3Y, CIIPHYNHEH] TeHeTUIHIMH a00 30B-
HIIIHIMHA YHHUKAMH, MOXXYTb CIIPHYMHHUTH CEpio3Hi MeTaboivHi
HOPYLIEHHS: OXHUPIHHS, PE3UCTEHTHICTh O IHCYJIHY Ta MeTabo-
miyauit cuaapom (Laposky et al., 2008; Kovac et al., 2009; Bass
and Takahashi, 2010).

IIpoBigHa ponb y maToreHesi CiMEHHHX Ta OUIBIIOCTI COpa-
IIMYHUX BUIAAKIB OXKUPIHHS HAJICKUTD CIAJKOBUM YMHHHKAM, SIKi
BH3HAYAIOTh TCHETHYHY CXWJIBHICTB JI0 3aXBOPIOBaHHs. I eHeTHYHA
CXIJIBHICTB JJO META0OJIYHIX BiIXWICHB, 0 CIPHINHSIOTH OXKH-
PIHHS, PO3IILIIAETHCS SIK MOIM(IKOBaHHIT YNHHKK pr3KKy. CKia-
HICTh TCHETUYHOTO aHAJi3y TAKOr0 FeTePOreHHOr0, Oarato(hakTop-
HOTO 3aXBOPIOBAHHS SIK OKHPIHHSI IOJIATa€ y BENHUKifl KiTbKOCTI
NOTCHIIHNX TeHiB-KaHIUAATIB, 31aTHUX OpaTh y4acTb y (opmy-
BaHHI T€HHOI MEPEKi CIaIKOBOI CXIIIBHOCTI 10 OKUPIHHA. Y4YacTb
TOTIMOP(i3MiB T'eHIB, CXUIBHIX 10 (POPMYBAHHS PU3HKY 3aXBOPIO-
BaHHS Ta HOTo KIIHIYHHUX MPOSBIB, MepedyBae Ha IIOYATKOBHX CTa-
JiSIX BUBYCHHS. 3aJIMIIAETHCS HEPO3B’S3aHUM ITHTAHHS KOPEIISLT
MDK TIOPYIICHHSIM JIITJHOrO OOMIiHY Ta HAsIBHICTIO MONIMOPGHUX
HOLIKO/PKYBAJIGHUX AJIENIB Y I'€HaX, MPOAYKTH SIKHX 3aJTy4aroThCst
1o merabomnizmy Jimigis i nimonporeiniB (Klimov and Nikulcheva,
1999; Baranov et al., 2000).

I3 kixmsg XX CcTOMITTA B yChOMY CBITi YHCIIO OCI0 3 OKHUPIHHAM
Outpie Hix noxsoinocs (International Obesity Task Force, 2010).
Ile Moxxe OyTu 3yMOBIEHO SIK 30BHIIIHIMM YMHHHMKaMH (Hepa-
BIUIBHUAM CHOCOOOM JKHTTS, y TOMY YHCII He30aJIaHCOBAaHUM Xap-
YyBaHHSM), TaK i TCHCTHYHUMH MOPYLICHHSAMH. UNHHUKH PH3HKY
CepeloBHIIa, MOB’s3aHi 31 3MIHOIO XapakTepy XapuyBaHHs Ta (i-
3UYHOIO AKTUBHICTIO, MOXYTh Peai3yBaTHCs TUIBKH HA TJI TeHe-
tiaHuX ynHHKKIB (McCarthy, 2010).
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I'eneTn4Ha cKJ1210Ba B PO3BHTKY 0KMPiHHSA

[TiaTBEep/HKEHO POJIb TEHETHYHOI CXUIBHOCTI PO3BUTKY OXKH-
pinsst. IMOBIpHICTh Ha/JIMIIIKOBOI MAcH Tijia 32 HASBHOCTI OXHUPiH-
Hs y 6aTbKiB cTaHOBUTE 70-80%, X04a B 3araibHiil MOMyJIsmii nei
MoKa3HUK — Omm3bko 30%. Bimkpuro Garato reHiB KaHAWIATIB:
TeHH, 1110 KOJYIOTb YTBOpeHH: [33- 1 f2-aqpeHopenenTopis, TeH Ji-
MOMPOTEiHIINa3H, TeHH perentopa 3,4 THIy METaHOLUTOCTHMY-
nmoBaibHOro ropmony (MC3-R, MC4-R), agouti, PRARy, FTO,
UCP2, fat-ren Tomio. Huni susnaueno 6mmseko 1 000 reuis, acorti-
HOBaHMX 3 OXKHUPIHHSIM. Yci BOHH BKa3aHi B MDKHapojHiii 6asi
naunx Human Genome Epidemiologi Network (HuGeNet). € dop-
MH OKHPiHHS, 3yMOBIICHI edeKToM eauHoro reHa. OgHak HEoO-
XiZIHO 3a3HAYMTH, IO HA X 9acTKy HpHIagae He Outbire 5% Bix
yCIX BHIAJKIB OXKHUPIHHA. Y OUIBIIOCTI TEHW JIMIIE 3YMOBIIOIOTH
CXHJIBHICTb JI0 HA/IMIPHOTO HAKOITMYCHHS KUPOBOI TKAHUHHM 38 Jil
PI3HMX 30BHIIIHIX YMHHHKIB HAaBKOJHMIIHBOTO cepenoBumia. [Ipu-
YHMHU HAJUIMIIKOBOI MacH Tijla MOJISTaloTh MEpI 3a BCe B 0COOIH-
BOCTSIX CTHJIIO )KMTTS Ta Xap4OBOi MOBE/IIHKH, a TAKOX Y HEJIOCTaT-
Hil 1oAeHHi# ¢iznuHii aktrBHOCTI (Borodina, 2016).

Ilix gac obcTesxeHHA AiTeH 1 AOPOCINX Y PI3HUX MOIMYJISLISIX
BusiBieHO MoHax 100 TeHeTHYHMX MOJTIMOPQI3MIB, OB’ I3aHUX 3
oxupinasM (Carlos et al., 2013). BusiBieno acomiariito mosimop-
¢dizmy 159939609 rena FTO 3i 30UIbIICHHAM iHIEKCY Macu Tila
(IMT), BincyTHICTIO Bi4yTTS HACHUEHHS DKEIO Ta ITiJBUIICHHIM
pysuKy po3BuTKy oxkupinns (Mitchell et al., 2010). HaiiGinbin Bu-
BUCHHH y LIJIOMY Psifli €THIYHHUX TPYI Ha JaHHil yac momiMophHuUi
mapkep rera KCNJ11 rs5219, B sikoMy BinOyBa€eThbcs 3aMiHa LUTO-
3MHY Ha THUMiH y MO3MLii 67, sfKa BeAe A0 3aMiHM TIyTaMiHOBOL
KUCTIOTH y TIO3UIii 23 aMiHOKHCIOTHOI MOCTIJOBHOCTI Oilka Ha
nizuH (Qiu et al., 2014). ITokazana acomiamist OO HOIMOphi3My
3 PU3HKOM PO3BUTKY IykpoBoro xiadery (LI) II Ty B eBpormeii-
LB, B IHJOEBPOINEHCHKIN €THIYHIN TPy, B aMEepHUKaHIIB €BpOIIei-
CBKOTO TOXOJDKCHHS, AMOHIIB Ta kutaiiis (Cejkova et al., 2007).
VcranosneHo 3B’s30k momimMopdismy rs5219 KCNJ11 rena 3
pusuikoM possutky LT II Tumy y xutesniB apaOCbKux Aepxas, a y
xurteniB Snowii Ta IliBaenHol Kopel — Takox 3B’5130K i3 pH3HKOM
po3BuTKY aprepiansHoi rineprensii (Koo et al., 2007; Sakamoto et
al., 2007). Y TypenpKiif OMyJIALii BUSBICHO CTATUCTHYHO 3HAYY-
it 3875130k anens T 31 3HWKEHHAM piBHS cekpeii iHcymiHy (Go-
nen et al., 2012).

BaxJuBY poiib Y pEryJsiiii BeJNYNHE MacH KHUPOBOT TKAHHHU
Bimirpae Takoxx monimopdism rena B3-ampeHoperientopis (ADRB3).
Myratist B kononi 64 rena ADRB3 3ymosittoe 3amidy Tpuntodany
Ha apritin (Trp64Arg) y Oinky perentopa i acowuifoeThest 3
HAJUTHIIKOBOIO Baroto. Pe3ynbTaTd NOCHiIMKEHb 13 BKIFOYEHHAM
11 Thc. mozme# cBimuath mpo Te, MmO MyTamis Trp64Arg reHa
ADRB3 mommpeHa B JEKUIBKOX €THIYHHX TIpyTax, IIOB’s3aHa 3
BiCI[EpaJIbHAM OXXUPIHHSIM, PE3UCTEHTHICTIO JIO IHCYJIHY Ta paH-
HiM po3ButkoM [1J] II Tumy (De Luis et al., 2007).

3HavHa KUTBKICTh JOCIIPKEHB MPUCBSYCHA TeHaM, ITOB’SI3aHUM
3 CHEProBHTpaTaMH, a CcamMe THUM, IO KOAYIOTh MIiTOXOH/piaibHi
po3’ennyBanbHi Oinku (UCP) Ta sIBASIOTH COOOI0 POIMHY MEM-
OpaHHMX OLIKIB, HOCIiB aHIOHIB, PO3TAIIOBAHMX HA BHYTPILIHIN
MeMOpaHti MitoxoHpii (Dalgaard, 2011). Haii6inbine BUB4eHO mO-
niMopdizm 1s659366 rena, sikuii po3’exmye 6inok 2 (UCP2) — kimo-
YOBOTIO PEryJisiTopa CHepreTH4Horo GanaHcy. BiH HasBHUIA Ha BHY-
TpIIHIA MeMOpaHi MITOXOHJPIH, OIOCEPEIKOBYE BUXIJ] MPOTOHIB
4yepe3 BHYTPIIIHIO MeMOpaHy LUIIXOM pO3’€IHAHHS OKHCHEHHS
AT®, Takum 4uHOM, 3MeHInyeTbest cunTe3 AT®D y miToxoHpi-
anpHOMY IuxanbHoMY JaHiory. Edexrom UCP2 moxxe Oytu mpu-
THIYCHHS CTUMYJILOBAHOI TITFOKO3010 CEKPELIii IHCYJTiHY.

Meraanaini3 noniMopdizsmy rs659366 rena UCP2, i3 3araib-
HOIO KUIBKICTIO 00cTexenux 7390 (koHTposbHa rpyna) i 9890 (ma-
LI€HTH 3 O)KUPIHHAM), [TOKA3aB CTATUCTHYHO 3HAUYIIY acoLialliio 3
OXKHPIHHAM Y BHXIJUIB 3 €BPOIHM, HA BIIMIHY BiJl BUXIAIIB 3 A3ii,
Jie 3B’513Ky 3 O)KMpiHHSIM He BusBiieHo (Qian et al., 2013).

TlaroreHe3 OXUPIiHHS MOB’SI3aHUI 13 HOPYLICHHAMH OOMIHHHX
TPOILIECIB, SIKi MOXYTh BUKIIMKATH 1HCY/TIHOPE3UCTEHTHICTD, TIOPY-
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IIEHOI TOJNEPAaHTHOCTI N0 Tmoko3n Ta po3utky LT II Tumy.
Cekpeltito iHCYJiHY B-KIiTHHAME ITiIIUTYHKOBOT 31031 PETYITIOE
AT®-3anexHuii KarieBuii KaHa 3a JONOMOrOIO BIUIUBY Ha MeTa-
©0J1i3M IIFOKO3H Ha PiBHI MeMOpaH KIITHH.

Posib MeJ1aTOHIHY Y BYIJIEBOJIHOMY T KHPOBOMY 00MiHAaX

TIpn oxupiHHI BHHHUKAIOTH NEBHI 3MiHU IUPKaIiaHHOI CTPYK-
TYpH BOKJIMBHX (i3i0JOTUYHMX ITOKa3HUKIB. AKpo(asu apTepiaiib-
HOTO THCKY, PUTMIB CEKpeLii TOPMOHIB, 30KpeMa iHCYIiHy, eJeK-
TPOJIITIB, UKLy «COH — 0a/IbOPICThY» 3MIIIAIOTHCS Ha MEpioj 100,
He BIIACTHBHI HOpManbHOMY niepebiry (Hayes et al., 2011). Bunu-
KaloTh (pa30Bi HEY3rO/DKEHHS yCTAICHUX [UPKATiaHHUX KOJMBAaHb
¢izionoriuanx mpoueciB. [TocTymoBo (GOpMYIOTECS TEpEIyMOBH
JucOanaHcy OOMiHYy XKHpIB, 30KpeMa, Bic(aTHHy, areiiHy, Bac-
[IMHY — KOMIIOHEHTIB aTepOCKICPOTHYHUX MomKomkeHb (Hairston
etal., 2010; Kessler et al., 2010; Rosa et al., 2010).

INepBuHHa JlaHKa Je3afanTaliifHUX 3pyIIeHb TOPKAETHCS Ie-
YiHKM Ta HiALUTYHKOBOI 3aJ1031. Y TKaHWHI MEYiHKNA BHACIIIOK aK-
THBHOTO aMITOLUTAPHOrO JIHIONI3y 30LIbIIYEThCS PIBEHb XOJeC-
TepHHY Ta TPUIIIILEPHIIB, & BMICT BUIbHHUX YKUPHUX KHCIIOT ITi/IBH-
mryetbest y 20-30 pasziB moHan Hopmy. Ilin gac Gnmokagw iHCYdi-
HOBUX PELENTOPIB BUHUKAE IHCYJIIHOPE3UCTEHTHICTB, ITOIIHONIIO-
€TBCS TIOPYIIEHHS! TPAHCIIOPTY IJIIOKO3H B TEMATOLMUTaX, 3pOCTae
HaZMipHE 3aCBOEHHSI MOHOBYTJICBOY I'JIaICHHKOM SI30BUMH KIIITH-
Hamu Ta agunonutamu (Biggi et al., 2008; Rios-Lugo et al., 2010;
Rosa et al., 2010).

CTpenTo30TONMHOBHIT iabeT CYIPOBOMKYEThCS TilepriiiKeMi-
€10, 3HIDKCHHSIM TOJICPAHTHOCTI JI0 BYIJICBOAHOIO HABAHTAKCHHS,
TaJbMyBaHHSIM aKTUBHOCTI TITIOKOKIHA3H Ta TIIFOK030-6-ocdatae-
TiIpOreHasy y TKaHUHI NEYiHKH Ta IHTEHCHBHOCTI aHTUOKCHIAHT-
Horo cratycy. Ilonepense yBeneHHsS MeNaToHiHy (5 MI/KT, yHpo-
noBxk 15 ni6) 3amobirae 3a3HauenuM 3minam (Akmali et al., 2010).
Ha anTuniabermuHoMy eQekTi MeNnaTOHIHy —HaroJouIyloTh
S. Nishida (2005), E. Pesche (2008), I. Bahr et al. (2011).

V urypiB ninii Goto-Kakizaki 3i crpento3oronrHoBuM aiabe-
TOM CIIOCTepirajacs TinepiHCyIiHeMis Ta TilepIimieMis], 3HKeH-
HS KOHIIEHTpAIii TIOKaroHy i aKTHBHOCTI THPO3WHKIHA3HM pelieTI-
TOpa iHCYMiHy. Y Wil CUTYyaIlii TAKOX YCTaHOBIICHO YiTKWUH aHTH-
niabernunuii eekt menaroniny (Nishida, 2005; Janke et al., 2000,
Bahr et al., 2011). B emicizekToMOBaHMX IIypiB CIOCTEPIraeThCs
3HIDKSHHSI LIUTBHOCTI ocTpiBLiB JlaHrepranca ta pyHHYBaHHS iX
kritnHEEX enemeHTiB (Picinato et al., 2008, Kasradze et al., 2010).
JonasaHHsi MenaToHiHy B iHKyOalliiiHe cepeJoBHIIe IeNaToLHTIB,
OTPHMaHHUX BiJ MHIICH i3 Aiaberom, 30LIbLIyBaIO B HUX CHHTE3
TIIIKOTeHy, IPHYOMY Ieii e()eKT yCyBaBCsl aHTarOHICTOM MEJaTOHi-
Hy Jry3uanoioM (Shieh et al., 2009). LlikaBo, 1110 MeIaTOHIH MOJeT-
LIyBAaB MHPWKUBJICHHS TpaHCIUIAaHTata ocTpiBuiB JlaHrepranca B
mured i3 giaberom (Lin et al., 2009). PesynbsraTy Mok HedwcneH-
HHX JIOCHIJDKEHb Ha JIIO/SIX Y TIPUHIINII 30iratoThCs 3 eKCIIepHMeH-
TaJIPHUMH JIAaHUMH Ta HiATBEp/UKYIOTh 3aXHCHI aHTHIia0eTHU4HI
BJIACTUBOCTI MEJIATOHIHY.

Huskoro npame O. b. Apymanssa u coast. (2011, 2012) gitko
OOTPYHTOBAaHO MOXJIMBICTh yYacTi IIUIIKOMOMIOHOT 3a7I03H, il
TOPMOHY MEJIATOHIHY B PETyJIALii €HEPreTHYHOro METadomi3My.
MenaToHiH ITIOMITHO IPUTHIYYBaB CEKPELio IHCYIMiHY B-KIITHHAMI
T TIDTYHKOBOT 3aJ103U i1 Vitro, TIOCHITFOBAB €KCIIPECIFO Ta CEKPEIIIFO
rimrokarony o-kimitnHamu (Guzik et al., 2006, Donga et al., 2010).
V urypiB, SIKMM 3roJIOByBaiH 1Ky, 30araucHy sKHUpaMH, ITiIBHIILyBa-
Jacsk KOHLICHTpALLsi B KPOBI IHCYJIiHY, TJIIOKO3U, TPHUIJLEPHAIIB i
agunoHekTuHy. OJHOYAcHe JO07aBaHHS [0 NMUTHOI BOIM MEJATo-
HiHy (25 MKr/™MI yripogosx 11 TIKHIB) HOpMaTi3yBajo 3a3HayeHi
3pymenss (Peschke et al., 2008; Scheer et al., 2009).

BusIBIICHO /IBa THIM PELICNITOPIB ISl 3B’ I3YBaHHS MEJIATOHIHY
B wmtuHi — MT1 (rem MTNRIA) i MT2 penenropu (ren
MTNR1B) Ha nna3maTnysiii MeMOpaHi, Ta peenTopy Ha siepHil
memOpani (NR1F1 i NR1F2 a6o ROR / RZR). Lli x peuernropu
BUSIBIICHI TaKOXK Ha [-KIITMHAX MANLTYHKOBOI 3ano3u (Mulder et
al., 2009). Penerrropu (MT1 i MT2) Takox po3mi3HAIOTH iHCYJTIH.
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3B’s3yBanHs MenaToHiHy 3 MT1-penenropamu iHiLifoe aBa
curHatbHi nusixy. CTUMYJISISE TIEPIIOro HUISIXY BHKIIMKAE ITiIBH-
LIeHHs akTUBHOCTI (hocharuamtiHozuton-3-kinasu (PI3K), dpocdo-
mmasu A2 i C, AKT/PKB- i ERKI1/2-kina3u, Gimka STAT3
(Picinato et al., 2008), cTUMyITFOBaHHS JPYTOTO NUBIXY CIPUYHHIOE
MPUTHIYCHHS afieHinar- 1 ryadumarimuiknasu (Ha et al, 2006;
Molchanov, 2012). Yepe3 ne xinbkicts TAM® i ul M® y xrituni
nounHae 3MeHmyBarucs (Ha et al.,, 2006). O6uaBa nuwsixu 3aryc-
KaroThCsl OIHOYACHO, TIPOTE 332 KOPOTKOI CTUMYIISLIT, 0COOIMBO B
PAHKOBI TO/IMHH, aKTHBHILIMI TIEPIIHH [IUISX, & 38 TPHBAJIO] CTUMY-
JIAI1L1T, 0COOJIMBO Y BeuipHi TOAMHH a00 3a BEJIMKOI 103U €K30I€HHO-
T'O MENIaTOHIHY, aKTUBY€EThCs Apyruii nuwix (Bespjatyh et al., 2009).
Yepes MT2-penentopr 30iHCHIOETBCA LUPKaAiaHHa KOPEKIIis ce-
Kpelii iHCyIiHy B-KIiTHHAMH Ta TIIFOKAaroHy o-kimitaHamu (Pesch-
ke, 2008). 3a TpuBaioi Ail MeNaToHIHY Ha KIITHHH iHCYJTiHOMH B
B-KJTiTHHAX aKTHBYIOTBCS CHHTE3 i excrepHaiizamiss MT2-penen-
TOPIB, BHACIIZIOK YOTO 3MEHIIYEThCS KUIBKICTh 1HCYJIHY, IO CEK-
PETYEThCS, OCKUIBKH I1i PEIENITOPH OB’ sA3aHi BUHATKOBO 3 aJICHi-
narimknasauM 1iixoM (Picinato et al., 2008; Mulder et al., 2009;
Molchanov, 2012).

MenaroHiH 3MaTHHI TPOTHCTOSTH BUCHAKEHHIO P-KIITHH Ha
paHHIX eTamax PO3BUTKY METa0OIIYHOrO CHHIPOMY, MPOTHIIE Ti-
TiepceKpellii iHCyIiHy, 3HIKye Horo mo GazainsHOro pisms. Lle o3-
Hayae, 10 BUKOPYCTaHHS MEJIATOHIHY MOXKE 30€perTH IOBHOLIHHY
aKTHBHICTh [(-KJIITHH Y MAlli€HTa MICIs1 MacOBOIO ITOIIKOKEHHS
TOKCHYHMMHM areHTamu. Ha BimMiHy Bin yciX iHIIMX TOPMOHIB JUIs
MEJIaTOHIHy He BHSBJICHO HEraTMBHOTO 3BOPOTHOIO 3B’SI3KY, BiH I10-
3UTHBHO JIi€ SIK Ha KITHHH emi(i3a, Tak i Ha iHIN KITHHH opra-
Hi3My. OCHOBHHI PETYIATOP HOTrO CEKpeLii — XapakTep OCBITIACHO-
cri. TakuM YMHOM, 3aXHCHA Jisi MENIATOHIHY 3a TOPYIICHHS BYyIJIe-
BOJIHOTO OOMIHY BHSIBIIIETECSL Y (hOPMyBaHHI IIMPKAJ[IaHHOTO TIepio-
JI3My IUIIXOM MOJTyJIALIT eKcripecii gacoBux renis (Szosland, 2010).

VYV HopMmi iHCysiHO3aNe)kHa akTuBaUis (HOcHOIHO3UTOIEHOIO
[UISIXY CYNPOBOKYETHCSI CTUMYJISILIIEI0 POCTY CyJIHH, 30UTIICH-
HSIM 4rcia GyHKIIOHYIOUHMX KaMisIpiB, iIHTEHCU]IKALIE0 KPOBOTO-
Ky Ta TpaHciokariero Tpancnopraoro 6iika ['JIFOT-4, o 3ymoB-
JII0E IIBHJIKE 3axoIuieHHs rmoko3u (Borodina et al., 2016). Ipu
MC abo iHCYNIHOPE3NCTEHTHOCTI HEH CHUTHANBHMHA HUIAX OJo-
Ky€eTbes. [HImMiA nUIsIX 1HCYIJIIHO3AIKHOI aKTHBALLl ITOB’ I3aHUH 13
3arryckoM ro3akmiTiHHNX kiHa3 ERK1/MAPK i ERK2/MAPK, siki
aKTHUBYIOTh IPO3ANalbHUl MPOLEC, 10 BHKIMKAE 3POCTAaHHS Ta
npoJiepalliro TIaJeHPKOM SI30BUX KINTHH. MAP-KiHa3HUI TUTSIX
BHACIIIJIOK CeKpelil eHJOTeNiHy-1 CIPHYNHIOE 3BYXKEHHS CYJMH.
Cam eHzoTeniH-1 4yTaMBUN JO MOTTIMHAHHS TJIIOKO3M TKAHUHOIO
CKEJICTHOI MYCKYJaTypu Ta iHAYKY€ PE3HUCTCHTHICTh 0 TJIFOKO3H
nepu)eprUIHAX TKaHKH. 3a TINepiHCYIiHEeMil pO3BHBAIOTHCS aTepO-
CKJICPOTHYHI YIIKO/PKEHHSI BHACTIAOK TinepeTuMyJisiii (ocdoino-
3UTOJBHOT'O LIJISIXY.

IlepeOir sk KITHIYHOTO, TaK i EKCIIEPUMEHTAILHOrO JiabeTy
CYIPOBOIKYETHCS 3ATy4EHHSM y HaTOJIOTIYHMI IPOLEeC reHeTHd-
HOI KoMnoHeHTH. Ha B-KimiTHHaX MiAInTyHKOBOT 321031 MHMILEH i3
HokayToM resa MP1 mopyiiryerbest MeTabouti3M [IFOKO3H Ta IiBH-
IIYETHCS PE3UCTEHTHICTD 10 iHCYIiHY, 0 piBHOiHHO L[JT IT THmy
B moaunu (Jia et al., 2007). Ilpu 1ipoMy 3pocTae CHHTE3 MENaTOHi-
Hy B IIHMIIKOMOAIOHIN 3a7031 Ta iHAYKYIOThCs YacoBi reHu Perl i
Bmall (Hotamisligil et al., 1993).

T'ene3nc mineanekToMie-iHAYKOBaHOI PE3HCTEHTHOCTI 10 1HCY-
JIiHY Ta 3HIKEHHS TOJICPAHTHOCTI JI0 TIIIOKO3M B KIIITHHAX OB’ s13a-
Hi 3 HACJIIKaAMH BiJICYTHOCTI MEJIATOHIHY, 1[0 BHUKIUKAE PO3BUTOK
MOPYLICHb B HCYJIIHOBOMY CHTHAJIBHOMY LUIAXY Ta 3HWKCHHS
excrpecii reniB GLUT4 i Bmicty Oinka. [HCYmiH-4yT/IMBI TKAHUHI
(6ima Ta Oypa HpPOBi TKaHWHH, CKEJIETHI Ta CEPLEBUH M 5I3H) 3a
MHEATEKTOMI] XapaKTepU3YIOThCS CyTTeBINM 3HIDKeHHIM MPHK
GLUT4, BMiCTOM MIKpOCOMAJIBHHX 1 MEMOPaHHHX OUIKIB, SIKi KOM-
TIEHCYIOTBCS T1iJ] Jac mpoBeneHHs Tepanii MenaToHiHoM (Hotami-
sligil et al., 1993; Erikstrup et al., 2006; McCarthy, 2010). IcHye
(YHKIIOHAIBHHIT CHHEPri3M MiXK MENaTOHIHOM Ta iHCyJiHOM. Me-
JIATOHIH 37aTHUI yepe3 MemOpanHi peuentopu MT1 Buximkatu
LIBUJIKE TUPO3UH-(HOCHOPIUTIOBAHHS i aKTUBYBAaTH TUPO3HHKIHA3Y

0eTa-CcyOOIMHHMIT perienTopa iHCYIIiHy Ta MOOLTI3aIii0 JCKiTbKOX
BHYTPINIHBOKJIITHHHUX €TalliB TPaHCIyKIi iHCYJiH-CHTHAJIBHOrO
uwixy (pochopumoBanss tuposudy IRS-1, IRS-1/PI(3)-kinase i
IRS-1/SHP-2 acoumiari, a Takox cepuH, MAP-kinasu ta STAT3
(dochopmmosanns) (Yang et al., 2005; Graham et al., 2000).

SRBP-4 — 6i110K i3 poyHH JIOKAIHY, KW 3B’5I3y€ Ta TpaH-
CIIOPTYE PETUHOJ y CHPOBATI KPOBi, OECIIOCEPETHBO TTOB’ I3aHUIA
i3 BICHEPATBHIM OXXHUPIHHAM 1 PE3UCTCHTHICTIO [0 IHCYJiHY.
SRBP-4 cekperyeThes, B OCHOBHOMY, Y TICUIHI[ Ta aJHUIOIMTaX
(Aeberli et al., 2007; Wolf, 2007). VY neuiHii ueii OUIOK, 3B’ I3aHUI
i3 TPAaHCTHPETHHOM, KOHLIGHTPALis SIKOrO 3MEHIIYEThCS 32 TOCTPOl
iHgekii Ta cTpecy. Y ociizax Ha MUIIAX Moka3aHo, o SRBP-4,
SIKAA BHUBUIBHUBCS 3 aIWIOLUTIB, BUKIMKAE PE3UCTCHTHICTH IO
IHCYJiHY B IeviHmi Ta ckeneTHux M’sizax (Wolf, 2007).

JoBeneno (Graham et al., 2006) acomiamito mixx SRBP-4 i
OXUPIHHAM, 30KpeMa, BicrepaisHoro trmy (Yang et al., 2005), a
TAKOXK PE3UCTEHTHICTH JI0 IHCYJiHy Ta PO3BHTOK miabery Tumy II
(Janke et al., 2006; Takashima et al., 2006). Y nmopocnux sImoHIIIB i3
HOPYLIEHHSM TOJIEPAHTHOCTI 10 TJIIOKO3H, KoHLeHTparis SRBP-4
HE KOpeoBalia 3 iHISKCOM MacH TiNla, ajie KOpesioBana 3 IijIBH-
IIEHNMH KOHIIeHTpauismMu Tpuriinepuai (Knutson et al., 2007,
Srivastava and Krishna, 2010). Omxe, kornenTpamis SRBP-4 ticHi-
II1e OB sI3aHa 3 AHOMAJIBHIMH PIBHSIMH JIITJIIB IIPH O>KUPIHHI, a He
TUIBKY O>KHPIHHSIM SIK HO30JI0T 9HIM 3axBoproBaHHsaM (Erikstrup et
al., 2006). IHIMME JOCTIAHMKAMH JTOBEICHO 3B’30K MiXK KOHIICH-
Tpamiero SRBP-4 Ta mommpeHicTio OXUPIHHA Ta METabOIIYHOTO
CHHJIPOMY, HE3aJISXKHO Bill KOHLICHTpAL(i CHPOBAaTKOBOI'O PETHHOIY
(Zheng et al., 1999; Yang et al., 2005).

JlenpuBanisi CHy Ta 0)KUPiHHS

JKupoBa TKaHHHA CHHTE3y€ PCUOBHHH, IO BILUIMBAIOTH HA BYT-
JICBOJIHHI OOMiH, 30KpeMa aJTUIOKIHH, aJAIIOHCKTHH, JICTITHH, a1~
TICUH, Bic(haTHH, amneiH, BacIiH. BoHM BOJIOAIOTh YyTIMBICTIO JI0
IHCYJTiHY, MalOTh aHTHATEPOCKIICPOTHYHHH 1 POTH3aNaNbHU# ede-
ki (Arita et al., 1999; Ouchi et al., 1999). LIi peuoBunu HecyTh
iH(opMaILIifo Bi )KUPOBOI TKAHUHHU A0 IHCYTIHOYYT/IMBUX TKAHHH
TIPO 3artac MOKUBHUX PEUOBHH B OPraHi3Mi.

Binbiicte TOPMOHIB, IO PETYIIOIOTH AIETUT, TAKOXK MAalOTh
LMPKA/iaHHUH PUTM CEKpeLii, IOB’SI3aHMil i3 LHMKIOM «COH —
HecraHHs». JlenTHH «iHGOpPMye» KIITHHH OpraHi3My IIpO CTaH
JKMPOBOTO OOMiHy Ta Macy Tia. BrummBaroun Ha rinoranamyc, BiH
NPUTHIYY€E aneTuT. Y (i3ioNoriyHUX KOHLIEHTPALSX JISNTHUH Tallb-
MyE€ CeKpeLio iHCYJIiHy, 8 y BEIMKUX KOHLICHTpALIIX — TPOMO03 Ta
IHCYJIIHOPE3HCTEHTHICTh. BUKOPUCTaHHS JICNTHHY 3MEHILYe Macy
tima (Palou-Oliver et al., 2006), mOCTiifHO mMiABHIIEHUII PiBEHb
JICNITHHY Ta PE3UCTHHY B KPOBI MOXKE PHU3BECTH JI0 PO3BUTKY Kap-
niomiomnarii (Bobbert et al., 2012).

AIIMTIOHEKTHH 3MEHIy€e OKHUCHIOBAJIBHUIN CTpEC, 3aralicHHs,
TPOMOOYTBOPCHHSI, aJ¢ 1HILIIOE iHCYJIIHOPE3UCTEHTHICTh 1 TMO-
mkomkenns cyauH (Lee et al., 2011). 3HmkeHHs piBHS aIUIIOHEK-
THHY B KPOBi BISIBJICHO B JIFOACH 3 OXXUPIHHSAM U y MALi€HTIB i3
cumrromamu LT 1T tumy (Hotta et al.,, 2000). Baxarots, mio
AIUMIOHEKTHH MPOTHIIE PO3BUTKY MeTaboiniuroro cuaapomy (MC)
(Cui et al., 2011). OgeBuaHO, WO BichaTHH, aneliH, BacHiH KUPO-
BOI TKaHWHH BiAIrParOTh HPOBIOHY POJb B aTEPOCKICPOTHYHHX
HOIKO/DKEHHIX Ipu oxkupindi (Palios et al., 2012).

JlenTiH 1 rpeiH MarOTh MPOTHWICKHHI BIUIMB HA LEHTPU
TOJIOZly T4 HACHUCHHS B TINOTaIaMyCi, Yepe3 B3aEMO/IiI0 3 HEUpo-
HeNTHAAMH, 110 KOHTPOJIIOIOTh CIIOKUBaHHs DKi (Hedporentun Y,
aryTunoxiOHuii  OLTOK, MeNaHOKOPTHH TomlIo), Binmosigarouw,
TAaKUM YMHOM, 33 PETYJISLII0 MacH Tija, JICNTHH BILIMBAE HA 3allack
JKHpY B OpTaHi3Mi uepe3 HEHTPaIbHI MEXaHi3MH, HOTo PiBHI 30116~
LTyIOTECS Ticns DKi Ta B HIYHHME Yac, IO 3YMOBIIIOE 3HIDKCHHS
arretuty. I'peniH mpoxyKyeTscsi, B OCHOBHOMY, P/D1-kimitnHamu
CITH30BOI OOOJIOHKHM (DYHIANBHOTO BiAJUTy INUTYHKA, CTHMYITFOE
arneTHT 1 IMPKYJII0€ B HeakTUBHIH ¢opmi, crae OGiojorivHo
aKTHBHUM Yy BiIIOBigb Ha rojoayBanHs. [1ix yac cHy BinOyBaeThCst
MiIBULICHHS 3arajIbHOrO IPEJTiHy 31 3MEHILCHHSM CITiBBiJHOILICHHS
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3aralbHUi / aKTUBHUI IPEJIiH TOPIBHSHO 3 HECMAHHSIM. 3a BUMY-
LIICHOTO 3MIIEHHsI J0OOBOTO PUTMY B JIOPOCIHX CIIOCTEPIraeThest
3HIDKCHHST KOHIIGHTPALIT JISHTHHY, TTiIBUILEHHS TOCTIPAHAIATBHOT
riikeMii, iHCYINiHY, CEpPeJHBOrO apTepialbHOrO THCKY Ta 3MiHa
PHUTMY CeKpeLii KOPTHU30ITy 3 BUILMMH IKaMH TIepe]] CHOM 1 MiCIIst
mpoOymxenns (Scheer et al., 2009).

JItomy, SIKi IPaIOIOTh 3a 3MIHHUM IpadikoM, MalOTh BHIIY 3a-
XBOPIOBAHICTh Ha I[yKPOBHH JiabeT, OXKUPIHHS Ta CepLEeBO-CYIHH-
Hy natonorito (Bass and Takahashi, 2010). Takox noka3aHuit
3B’S130K MK 3MiHOIO ekcrpecii clock-reHiB i 1ykpoBuM aiabeTom
(Woon et al., 2007), oXHpiHHSIM 1 MeTabOIIYHMM CHHIPOMOM
(Scott et al., 2008), xoya MaTOreHETHYHI MEXaHI3MH, IO JICKATH B
OCHOBI LIMX aCOLIAIii, 10 KIHI[S HE BUBYCHI.

YV Garatpox KpaiHax CBITy Jeiajii TOCTPILIO cTae mpodieMa
HOPYLIEHDb CHY, SIKa Y4aCTO CYIPOBOKYETHCS POCTOM 3aXBOPIOBa-
HocTi Ha oxupiHHs. [Iporpec y comiaabHO-eKOHOMIYHOMY PO3BHT-
Ky, T0sIBa IITYYHOTO OCBITJICHHS Ha [0YATKy MHHYJIOIO CTOJITTSI,
3arajbHa KOMIT I0Tepu3allisi, Teje0adeHHs Ta iHIIi eJIeKTPOHHI 3a-
cobu MacoBoi iH(OpMalil BUKIMKAIM 3MiHH CIOCOOY IJKUTTS
JIFO/IEH 1 CKOPOYCHHS TPUBAJIOCTI CHY.

Y mpoMHCIIOBO PO3BUHEHUX KpaiHaX YIPOIOBK OCTaHHIX JIECSTH-
JITh cepeHili yac cHy 3MeHImBes. ko B 1960 pomi ioro mo6osa
TPHBAJICTH y CepeHBOMY OyJ1a BiCiM—IeB’sITh TouH, TO B 1995 pomi
BOHA CKOPOTHIIAcst 10 ceMu rofuH. HuHi Maibke TpeTHHa 10pOCIoro
HACEJICHHS TUIAHETH CIIHTh MEHINEC MIeCTH roauH Ha noOy. Emime-
MIOJIOTTYHUMH JIOCITI[PKCHHSIME TTOKA3aHO, 110 3HIKEHHS TPUBAIOCTI
CHY CNPHYHHSIE ITIBUILCHHS iHIEKCY MAacH Tija, i B KIHLIEBOMY pe-
3ynbTati BuKiHKae oxupints (Hasler et al., 2004). PoGora B HiuHi
3MIHH YacTO CYMPOBOKYEThCS MOPYILIEHHSIM HOPMaJIEHOTO JOOOBO-
TO peKUMY CHY Ta 3HIDKSHHsIM Horo sikocti (Boivin et al., 2007), 1 €
ONHUM i3 YMHHHKIB po3BUTKY Oxupines, LIJI II Ty ta meraGo-
nigaoro cuazpomy (Karlsson et al., 2001; Szosland, 2010).

TMpuunHHMI 3B 530K MK OPYIICHHSIM CHY Ta METaOOIYHUMHE
3pYLICHHSMH JIOBEEHO HHU3KOI0 JIA0OPaTOPHUX JOCIIPKEHb
(Knutson et al., 2008; Van Cauter and Knutson, 2008). V pasi
3MEHILEHHSI TPUBAJIOCTI CHY CIIOCTEPIraeThCsl MiABUILICHUH areTHT,
3pOCTAlOTh PIBHI JINTHUHY Ta TPENliHYy B KPOBI Ta 3HIKYETHCS
TOJIEPAHTHICTH 10 TVIFOKO3H, II0 TEX CHPHSAE PO3BUTKY OXKUPIHHSI
(Knutson and Knutson, 2008). LlikaBo 3a3HaunTH, IO PiBHI y KPOBi
aJINIIOKIHOBUX TOPMOHIB KOPENIOIOTH i3 TpuBaiicTio cHy (Miihl-
bauer et al., 2009) Ta CIPUYMHSIOTH HAKOIHMYCHHS OLIOTO KHpY
(Barclay et al., 2012). Omxe, BTpata CHy ab0 moraHa Horo siKicTh
MOXXYTh BUKJIMKAaTH JUCIIMIIEMiI0 Ta MiJBUIICHE HAKOIMYCHHS
JKUpy B depeBHiit mopokuuHi mmozeit (Karlsson et al., 2001; Salgado-
Delgado et al., 2010; Dallman et al., 2012).

Y mepion 3 1960 mo 2000 pik cepeHs TPUBATICTH HIYHOTO CHY
ckopotmnacs Ha 1,5-2,0 romuan (Hiestand et al., 2006). 3a qannvu
3apyObKHUX [pKepelt, 35% IOpOCIoro HAaceNeHHs CIUIATh MEHIIE
CceMH TroJuH Ha 100y, a OJJHAa YeTBepTa YacTHHA JOPOCIOro Ta
BENMKA YaCTUHA JiTeH 1 MiATTKIB Mae npobiiemu 3i cHom. Ha cy-
YaCHOMY €Talli He iCHy€ JKOTHOr0 00’ €KTHBHOIO METOJY JUTSl BU3HA-
YeHHs TPUBAJIOCTI CHY, IOCTaTHBOTO sl Jopociux. [Ipore TpuBa-
JICTh CHY, B CEPEIHBOMY, 7,5 TOIMHU Ha 100y BBAKAETHCS OITH-
MAJIBHOIO I IOPOCIIOTO, 32 BiICYyTHOCTI COHJIMBOCTI B ICHHHH Yac
(Grandner et al., 2010; Centers for Disease Control and Prevention,
2011). 3a maHNMH MeTaaHaNi3y BUBYEHHS TPUBAJIOCTI CHY, MOXKHA
JifiTH BHCHOBKY NPO MiJABHMILCHUH PU3HUK PO3BUTKY OXHPIHHS B
oci0 i3 HEJIOCTaTHBOIO TPUBAIICTIO CHY SIK Cepel IOPOCIHX, TaK i
cepen naiteil. CKOpOYECHHS TPUBAJIOCTI CHY Ha OJHY TOJMHY acOLli-
fioBare 3i 36inbmeHHAM iHmekcy Mack Tina (IMT) Ha 0,35 kr/m®
(Cappuccio et al., 2008).

3a gannmu gocmimkenas the Whitehall 1T Study, icayroTs moc-
TOBIpHI acoriamnii Mi>k KOPOTKOI TPHBAJICTIO CHY (5 TOx), iHIEK-
COM MAcCH TiJIa, OKPYXKHICTIO TaJlii, @ TAKOX IMiIBUIIEHAM PH3UKOM
po3BuTKy oxxupinHs (St-Onge et al., 2011). [TinTBepmkeHo TinoTe-
3y PO T€, 10 CKOPOYEHHS! CHY CIIPHYMHIOE 30UTBIIEHHS Macy Tija
3 rmHOM yacy (Hasler et al., 2004; Gunderson et al., 2008).

OCKiTbKH OUTBILICT €MiAeMiONOTIYHUX JOCIIDKeHb MiATBep-
JAITH HAsIBHICTH acomiaiiif MK CKOPOYEHHSM TPHBAJOCTi CHY Ta
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HaJIMipHOIO Macolo TiJia, Hapa3i TPUBAE IHTCHCUBHE BUBYCHHS KO-
PETAIIHNX 3B SI3KiB MiXK CHOM 1 OKUPIHHSAM. Yce OLTbIIe HAKOIH-
Yy€eThCs JAHMX, SIKi MATBEPIKYIOTh T€, [0 CKOPOYEHHS Ta IOTip-
IIaHHS SIKOCTi CHY MOXKYTb BUKJIMKATH MOPYIIEHHS MeTabomi3My, B
TOMY YHCJIi )KUPOBOTO OOMiHY.

SlckpaBi mpUKIAIM TOEAHAHHS €HIOKPUHHO-OOMIHHHX, MOTH-
BaI[IHHUX TIOPYLICHb 1 HOPYIIEHb CHY — CHH/IPOM HIYHOTO BiTIyTTs
TOJIOJTY, a TAaKOXK Ce30HHI adeKTHBHI po3naan. XapuoBa IOBE/iHKa
B MAIIIEHTIB i3 CHHAPOMOM HIYHOIO BITYYTTs FOJIOY MPEACTaBICHA
nepeinaHHsIM i3 HOPYLIEHHSIM J000BOr0 PUTMY NPUHOMY TXi, IO B
KIJHIIIl TPOSIBILSIETHCS TPia0I0 CUMIITOMIB: PAaHKOBA aHOPEKCist, Be-
4ipHst a0 HiuHa OysiMisi Ta rimepcoMHis (MigBUILIEHA JEHHA COH-
JIMBICTB, 30UIBIIEHHAS TPUBAJIOCTI HIYHOTO CHY 32 BiICYyTHOCTI «OCBi-
JKaro4oro» eekTy cHy). BiquyTTs HaCHUIEHHS MPH bOMY CHHIIPO-
Mi BUHHKAE JIy’KE MOBLIBHO, IIPU LIbOMY XBOPi HE MOXYTb 3aCHYTH,
He 3’IBIIM BEJIMKOI KINBKOCTI DKi, a (i3MdHAa aKTHBHICT Yy INX
MALEHTIB MiHIMAJIbHA YIPOJIOBXK YChOro JaHs. [lopyieHHs cHy Ta
Xapy4oBOI MOBEAIHKH MOXKYTh CIIOCTEpIraTHCs B MeXaX CE30HHHX
aextuBHNX po3naniB (CAP), rooBHuMIA KITIHIYHAA CHMITTOM SIKHX —
JICTIPECisl, KA BHHUKAE BHHATKOBO B «TEMHY» IIOPY POKY, IO
MOETHYEThCS 3 OyITIMI€IO Ta TIMEPCOMHI€EI0. Y CBITIMIA TIEPiOf POKY
B manieHTiB i3 CAP He BUSBIAEThCS HISKHX MOPYIIEHb, KPIM OXKH-
pinas (Voznesenskaja, 2009).

JlenpuBanist CHy — NOpYIIEHHs a00 MOBHA BiZICYTHICTH 33JJ0BO-
JIeHHs NOTpeOH yBi CcHI. lle MOXKe BUHUKHYTH SIK pe3ysbTaT po3-
JajiB CHY, YCBIZIOMJIEHOrO BHOOpY ab0 HMPHUMYCOBO, HAIPHKIIAI B
excriepuMeHTi. [TokazaHo 3HKEHHS HiYHOT Ta i ABUILEHHS ICHHOT
KOHLICHTpALLi IPpesliHy B JOCIIPKEHHSX 3 OOMEKECHHSIM 4acy CHY y
30pPOBHUX JOOPOBOJBIIIB, IO CIIPHSIE MiJBUILICHHIO alleTHTY, Tilep-
(harii, 30UTBIIYIOYM PHU3UK PO3BHUTKY OXHUPIHHSA B MaiOyTHHOMY
(Spiegel et al., 2004). Lli gani y3ropKyroThcs 3 gociipkeHHsM Ta-
heri et al. (2004), siki BUSBIIIN 3HWKEHHS KOHLEHTPALIii JICITHHY,
IiJIBULICHHS IPEJIiHY B MAL[EHTIB i3 HEIOCTaTHIM CHOM.

3Havyllry pojib y MITPUMaHHI CHEPreTHYHOrO OaiaHCy Bii-
TParoTh TUPEOIHI TOPMOHH, SIKi Hi/IBULIYIOTh TEMIIEparypy Tila Ta
PiBEHb OCHOBHOTO OOMiHY, MOCHIIFOIOTH JIIIONI3 i TAIBMYIOTH JIIO-
rene3. Takox MOBIIOMITSIETHCS, 1110 BTPaTa CHy BIUIMBA€E Ha (YHKILIO
rinotaiamo-rinogizapao-tupeoinHoi oci. ['octpa nempuBamist cHY
moB’s3aHa 3 migsuineHHsM TTI, a takox piBHem 3B’s3aHoro Tj i
3B’s3aH0r0 T, y BewipHi roguan (Gary et al.,, 1996). Kessler et al.
(2010) moka3ainm, o YacTKOBE OOMEKEHHS 4acy cHy (110 5,5 TojuH
yrpoaoBx 14 1i0) y 3M0pOBUX MAIlEHTIB CEPEAHBOIO BIKY CYIPO-
BOJDKYBJIOCS TIOMIPHHM, ajle¢ CTATUCTUYHO 3HAUYLIMM 3HIDKCHHIM
pisast TTT i Binbroro T, y xiHOK y pankosi rogunu. Li pesyapratu
JI03BOJISIFOTh MPUITYCTUTH HASBHICTD 3B’SI3KIB MiXK METaOOiYHUMH Ta
TICUXIYHAMH 3MIHAMH B TIALIIEHTIB i3 MOPYILIECHHAMH CHY 3 THPEOid-
HOIO (DYHKIII€IO, [0 BUMAraroTh MOIAJIBIIOTO BUBYCHHSI.

Hm3ka mpams npoJeMOHCTpyBaja 3B’S30K MDK TOCTPOIO
BTPATOI0 CHY Ta MOPYIIEHHSM IMITyJIbCHOI Ta HIYHOi CeKperii
COMATOTPOITHOI'O TOPMOHY, 1[0 BBAXKAETHCS BAXKIIMBUM JIITOJIITHY-
HuM unHHEEKOM (Weibel et al., 1997).

ExcriepumeHTH, B SIKMX BHBYCHO BIUIMB TPHBAJIOCTI CHY Ha €Hep-
reTndHuit 00MiH, HeurceHHi. Jonge et al. (2012) OLiHIOOYM OCHOBHHIA
00MiH, YCTAHOBIJIH, III0 CKOPOUYCHHS Yacy CHY Ta HU3bKa ioro edek-
THBHICTh aCOLIHOBaHi 3 MiIBUILICHHSAM BUTpPATH SHEPTIi, BUTEHOTO KOpP-
TH30ITy Ta JohaMiHy B cedi, & HI3bKa e()eKTUBHICTb CHY — 3 TTiJBHIICH-
HSIM JUXaTbHOro Koedimienta. TakiM YMHOM, BUCOKHHA JIHXATBHHI
KOe(ILIEHT — YNHHYK, SIKMI CHIPUYMHIOE HAKOTTHYEHHS KHPOBOI MacH.

3MiHN PEeKUMY XapuyBaHHS y MOEJHAHHI 3 M3PUTMIEIO 1000-
BOTO NPUHOMY DKi IIepeBa)katoTh y MAL€HTIB 3 OXKUPIHHAIM. 38 YMOB
JIECHHXPOHO3Y BHUHHKAIOTh PO3JIAJH, SKi CIPUYUHSIOTH PO3BHTOK
MeTaboniuroro cuHapomy (Rapoport et al., 2013).

BucHoBok

JlecHHXpOHO3 — OJIHA 3 IPUYMH OXKUPIHHS, HACIIZIOK JU3pEry-
JIATOPHHUX 3pYLIEHb y XPOHOINEPIOAMYHIH CHCTeMiI — MDK Cympa-
Xia3MaTHYHAMU SIIPaMH TilOTajamMmyca Ta CEKPETOPHOIO aKTHBHi-
CTIO LIMIIKONO/IOHOT 3aJI03H.
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Damage to tissue, inflammation and disruption of normal functioning of organs are often accompanied by pain. In pain
perceptions, the kinin-kallikrein system with bradykinin as mediator is very important. Regulatory activity of the kinin-
kallikrein system permits the control of inflammation, pain, vascular tone and other functions. A new group of substances
that may used for this purpose are 3-substituted 1,4-benzdiazepinones. We analyzed the effect of 3-arylamino-1,2-dihydro-
3H-1,4-benzodiazepine-2-ones derivatives on the normalized maximal rate of bradykinin-induced smooth muscle
contraction of the stomach in the presence of calcium channel blockers verapamil (1 pM) and gadolinium (300 puM).
The levels of bradykinin and 3-arylamino-1,2-dihydro-3H-1,4-benzodiazepine-2-ones in the incubation solution were 10°° M.
Data processing on the dynamics of contraction was performed according to the method of T. Burdyha and S. Kosterin.
Statistically significant changes were found for MX-1828. This compound reduced the maximal normalized rate of
bradykinin-induced smooth muscle contraction in the presence of Gd*” and verapamil by 19.3% and 32.0%, respectively.
Also, MX-1828 demonstrated effects similar to those of the competitive inhibitor bradykinin B,-receptor — des-Arg9-
bradykinin-acetate, which is possible evidence of its interaction with the receptor or signal transduction pathways.
MX-1828 additionally reduced the maximum normalized rate of relaxation by 6.2% in the presence of Gd*'. This effect
was demonstrated for MX-1906 in the presence of verapamil with additional reduction of the maximal normalized rate of
relaxation, which was 26.4%. The results suggest the presence of inhibitory interaction between MX-1828 and kinin-
kallikrein system receptors or signal transduction pathways. The effects which were found for MX-1906 require further
studies to clarify the mechanisms of influence on bradykinin-induced smooth muscle contraction.

Keywords: 3-substituted 1,4-benzodiazepines; bradykinin; kinin-kallikrein system; maximal normalized rate

Bnuius 3-apuinamino-1,2-murinpo-3H-1,4-0en3aiazenin-2-oHiB
Ha OpaJuKiHIH-IHIYKOBaHe CKOPOYEeHHS IIaJleHbKUX M’ A3iB

I1. A. Bipua*, O. B. Hlenrox*, T. A. Kabanosa*™*, O. I. XamimoBa**,
B. C. Maprtunrok®, B. 1. I1aBmoBcbkuii™*, C. A. Armponari**

*Kuiscokutl Hayionanvruil yHisepcumem imeni Tapaca Ileeuenxa, Kuis, Yxpaina
**@izuxo-ximiunuu incmumym imeni O. B. Bocamcvkoeo HAH Ykpainu, Odeca, Yrpaina

Oco0nmuBocTi 0i0I0TiUHOT [ii MOXiqHUX OeH3/ia3eniHOHIB BU3HAYAIOTHCS X XIMIYHOIO CTPYKTYPOIO Ta B3aEMOJIEIO 3 OI0XIMIYHUMH MIILICHSMH.

IIpoananizoBano BIUMB 3-apunamino-1,2-nurinpo-3H-1,4-0eH3niazenin-2-0HiB Ha 3MiHM MAaKCHMAlIbHOI HOPMOBAHOI LIBHIIKOCTI OpaMKiHiH-
IH/lyKOBaHOTO CKOPOYCHHS IIaICHBKUX M’5I31B 3a IPUCYTHOCTI 10HIB Fa/I0NiHIIO Ta Beparamiy. CTaTUCTHYHO JOCTOBIPHI 3MiHH BUSIBICHO Iyist MX-
1828, sika 371aTHA NOJATKOBO iHTIOYBaTH GpaIMKIHiH-iHIyKOBaHe CKOpoueHHs 3a mpucytHocti Gd*™ ma 19,3% Ta ma 32,0% 3a mpHCYTHOCTI
Beparnaminy, a TaKok JEMOHCTPye e(eKTH, NOmiOHi 10 THX, IO BUSIBISE KOHKYPEHTHHiA iHiriGirop Ba-peuerropis Gpaukininy — des-Arg’-
bradykinin-acetate, mo cBimuMTH MO il B3a€MOJIi 3 peLenTopoM ab0 NUIIXaMH TPAHCAYKLIl CHrHaTy. MakcHMajibHO HOpPMOBaHA ILIBHJIKICTH
po3ciaGiIeHH st IOMATKOBO 3HIDKYEThCS Ha 6,2% mpu moxaBanmi MX-1828 3a npucyrtocti Gd*'. Takox 3a npucyTHOCTI Beparaminy Takuii edext
xapaxTteprui 111 MX-1906 i cxnanae 26,4%. OtpumaHi faHi J03BOJIIOTH BICYHYTHU TIPHITYIIEHHS IIpo B3aeMoxito MX-1828 3 Br-penerrropamu
KiHIH-KaJTiIKpeTHOBOT CHCTEMH 3a MeXaHi3MoM iHriOyBaHHs. JlomatkoBux mociimpkeHp notpedye croinyka MX-1906, o BusiBise Takuid edekt 3a
MPHUCYTHOCTI B IHKyOALifHOMY pO34HHI Beparamiry.

Kniouosi cnosa: 3-3aminiesi 1,4-6en3nasenin-2-oHu; OpaauKiHiH; KiHIH-KaTiKpeHOBa CHCTEeMa; MaKCUMAaJIbHa HOPMOBAHA ILBU/IKICTh
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Beryn

Binb — cxiaHe GaraToBUMIpHE CEHCOPHO-TPELICTITHBHE SIBUILE.
BimayTTst 000 BUHMKAE B PE3YJIbTaTi MOPYIISHHS LUTICHOCTI Op-
raHi3My a0o HOro HOpMaJIbHOTO (D)YHKLIIOHYBaHHS 32 [Iii 30BHIIIHIX
yn BHYTpIOHIX (hakTopiB. OcoOIMBOI yBark 3aciyroBye XpOHid-
HHI OB, IO CTBOPIOE OCcOONNBY Hilly (hiHaHcoBHX BHUTpaT. Hapa-
31 PO3PI3HAIOTH J[BA THITH XPOHIYHOTO OOJFO: HOIMIICIITHBHHH 1
HeliporiatiyHui. [Ti nepmmuM HOHATTSAM pPO3YMIIOTh OlTb, SIKUIH
BHHHKA€ y BiMOBilb HA MOUIKO/UKCHHS HEPBOBOI TKAHHHH, L0
HOB’S3aHO 3 AKTUBALI€I0 HOIMLENTOPIB HOPMaJIbHO (YHKLIiO-
Hy[040i comaToceHcopHoi cuctemu (Baron et al., 2010). Humni ic-
Hy€ JeKiJIbKa MEXaHi3MiB HEHPOMIaTHYHOTO OOJIF0, 110 OMUCYIOTHCS
mognensimu benera — Kci (Bennett — Xie), [1lina Ta Yanra (Sheen
and Chung), Kima Ta Yanra (Kim and Chung) i 3emsuepa (Seltzer)
(Kerstman et al., 2013). 3a MOMKO/HKEHHST HEPBOBUX BOJIOKOH BH-
HHKa€ CIIOHTaHHA eJISKTPOHHA 30YIUIMBICTH 1 HAIUyTJIMBICTb, IO
TIPOSIBIISIETECSL 3MIHOIO €KCHpecii MeniaTopiB, HEHPOMOAYIISTOPIB,
(akTopiB pocTy, peLenTopiB i HEWPOAKTUBHUX MOJICKYJ TIEPBUH-
HUX adepeHTHHX HelpoHiB. Taka mepudepuuHa ceHcHOLTI3ALs
MOCHITIOE HOLWIICTIIIIIO, 10 BUKIMKAE OONBOBY TiEePYyTIIHBICTD, Y
TOMY YHCIi 10 BAHUKHEHHS CIIOHTAHHOTO OOJIIO Ta Tilepaabre3uB-
HOTO Mi/IBUIIECHHS TeMIeparypy. Kpim Toro, mpoyKitist Ta BUBUIb-
HEHHS 3alaIBHUX MEJIaTopiB 1 Ipo3anajlbHUX IUTOKIHIB MOXeE
BUKIMKaTH GonboBy rinepuymmisicts (Watkins and Maier, 2002;
Ludwig and Baron, 2004; Gierthmuhlen et al., 2014).

3a5e)HO Bifl TUITy GOIBOBOrO BIIYYTTS 3aCTOCOBYIOTh aHECTe-
THKH 3arajibHOi abo MmicueBoi ail. HailiMoBipHiln kaHmupaté Ha
POJB MilIeHe# [UI aHeCTETHKIB 3aralbHOI [ii — JIiraHa-KepoBaHi
ioHHI KaHamd. B 1imomy BinOyBaerbcs OnokyBaHHS abo TOpY-
LICHHS PELCNTOP-JIraHIHUX B3aEMOAIH TaKMX KaHAliB SK
GABAA. Takox Uit IeSKUX PEYOBHH, HAIIPUKIIAJ KETaMiHy, Xa-
paktepre GnoxyBanuss NMDA penenropis (N-merii-d-acnaprar,
THH TiTyTamatHux perenropis) (Pleuvry, 2008; Garcia et al., 2010).

MicueBi aHeCTEeTHKH oYain BUKOpUcToByBatH moHaza 100 po-
KiB ToMy. IX B3aemois 3 HATPiCBMMHU KaHANAMH BUKIIKAE GarkaHii
edexr. IIpore BoHM 37aTHI MOAM(IKYBATH AKTUBHICTH KAT€BHX 1
KaNbIIi€BUX KaHAJIB, a TAKOK Mepedir BHY TPIITHFOKITITHHHHX IIPO-
neciB (Scholz, 2002). 3actocyBaHHS BUCOKHX 7103 MICIIEBHX aHEC-
TETHKIB MOXKE CHPHYMHHUTH CyJOMH. KpiM TOro OiIbIIiCTh Takmx
PEYOBHH BIUIMBA€ Ha TOHYC CY/IMH, IO CIPHSE PO3BUTKY TilIOTOHII
(Becker and Reed, 2006).

KiniH-KamkpeiHoBa cHTeMa MOKE BUCTYIIATH OJTHIERO 3 JIAHOK 00-
JIbOBOI YyTJIMBOCTI, & TAKOXX BHKOHYBATH B OpraHi3Mi HH3KY IHIIIMX
(yHKILIIA: peryJiiLis THCKY KPOBI, y4acTh Y 3aNalbHKX MPOLIecax, cep-
LIEBO-CYTMHHOMY TOMEOCTa3i, 3HEOOMOBATLHIX BIAIOBIIIX, OONMBOBII
riepeadi, KITHHHINA Tpodtidepartii, BUBUTPHEHHI [MTOKIHIB, MPOCTa-
LHKJTIHY, okcrnty a30Ty (NO), peryssiii (pyHKIii raeHpKUX M SBIB Cy-
JIVH, TILTyHKOBO-KHIITKOBOTO TpakTy Tomo (Pesquero and Bader, 1998).

Jist KiHIHIB y TKQHHHAX 1 KPOBOHOCHHX CY/MHAX JKOPCTKO KOH-
TPOJIOETHCS 3aBIISIKH MIPOLIECaM iX yTBOPEHHS Ta Jerpasanil. Y ras-
Mi ¢akrop 3ropraunst kpoBi XII (pakrop XaremanHa) akTUBY€TbCS
HETaTHBHO 3apsLKCHUMH MOBEPXHAMU 3 yTBOpeHHAM (opmu Xlla,
sIKa, y CBOIO Uepry, 3/1aTHa PO3IIETLUTIOBATH MPEKATIKPETHOBI MOXi-
Hi B aKTHBHI Kayikpeinu. OcTaHHi, 3aBASKH T1APOTITHIHIH aKTHB-
HOCTI, BUBUIGHSIOTH i3 BUCOKOMOJIEKYJIIPHIX KiHIHOTCHIB OpajnKi-
HiH (BK), mo Hagxomuts y kpoB’sHe pycino. KiithHHA Bignoins
Ha JiI0 IIbOT0 MENTHY ONOCEPEIKOBYEThCSI AKTHBALIEIO OpanKi-
HIHOBHUX peIenTOpiB MBOX miaTumie — By Ta B,, 1m0 Hanexars 10
POIMHM PEeLenTOopiB, CpsbKeHHX i3 G-OiIKamu, Ta Omocepe/KOBY-
10Tb cBOIO fito yepe3 Gq Ounku. [Ticns BupanenHs C-KiHIEBOro 3a-
TIMIIKY apriHiHy KiHiHa3amu BK mepetBoproeTsest Ha des-Arg9-BK —
IHIMI BUCOKOAKTHBHMI mrentua. BK BHCOKOCTIOpiTHEH I 10 KOH-
CTUTYTUBHHX KiHiHOBHX perenTopiB B, (B,R), y Toit 4ac six des-
Arg9-BK — no innyxTiBHEX KiHiHOBHX perenTopiB B; (B|R) (Al-
bert-Weibenberger et al., 2013). Lle, y cBoro 4epry, CympoBOIKY-
€TBCSl CHHTE30M BTOPUHHHX TMOCEPEAHHUKIB — iHO3uTOMN-1,4,5-TpH-
(ocdary Ta giarmnriinepory. B,-perientopy — KOHCTHTYTHBHI, a 1X
EKCIPECisi TKAHMHHOCTICM(DIYHO MOCHIIFOETHCS 3alIIbBHUMH LIUTO-
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KiHaMH, 30KpeMa, iHTepIIeHKiHOM-1 1 hakTopamu HEKpPO3y MyXJIUH
o Ta . Bj-penentopy eKcrpecyloThCsi B yMOBaX PO3BUTKY TPaBMHU
Ta 3anajeHHs. Y IaJeHbKUX M 33X AMXaJIbHHUX IUIAXIB, [LTYHKO-
BO-KHIIKOBOTO TPaKTy Ta MioMeTpilo akTuBalis perentopis BK
cripuumHse ckopoueHHs. Ha npoTtuBary oMy, epeBakHOI0 peak-
LI€I0 TIIAICHBKUX M $131B CyIMH Ha arutikyBaHHS BK € po3crabnen-
HSI, BHACJIZOK YOTO MiJBUIIY€THCS MPOHUKHICTh CyJUHHOI CTIHKH
Ta PO3BUBAETHCS HAOPSIK HABKOJIMILHIX TKAHUH; SIK HACIIIOK, CIIO-
crepiraetsest (ocorinaza A,-0rnocepeKoBaHe BUBLIBHEHHS TIPO-
crarianuHiB i neiikotpienis (Higashida et al., 1986). SIx npaswuo,
Taki KITTHHHI BiTOBini Ha mifo BK orocepeaxopari Ca’'-3aex v
MeXaHi3MaMH BHY TPIIIHBOKITITHHHOTO CUTHAJIIHTY.

3a OCTaHHE AECATWIITTS PO3POOICHO HU3KY BUCOKOA(IHHHX
B-aHTaroHicTiB 3 (yHKLUIOHAIBHOIO aKTHBHICTIO in vivo. Cepen
mux Bapro BigmituTH FR 173675 (Fujisawa Pharmaceutical) —
OJIFH 13 HEPIINX MEPOPAITBHO JOCTYITHUX, HAHOMOJISIPHUX BHCOKO-
CeNeKTHBHUX 1HTIOITOpiB B,-perenTopiB soxuHu. AKTHUBHHI 1
cenektuBHUN B, anTaronict LF 16-0687 (Fournier), skuii Mo)xHa
BUKOPHUCTOBYBATH SK BOJIOPO3YMHHY AMME3MJIATHY COJb UL Ila-
pEHTEpaIbHOro YBEICHHSI Ta BOJIOE€ BUCOKOIO adiHHICTIO 10 Opa-
IIMKIHIHOBHX B,-perenTopiB JIFOIMHM, IIypiB Ta MOPCHKOI CBUHKH.
Bapro BinmitaTH HemonasHO cTBopeHuit anTaronict MEN 16132
(Menarini Richerche), sxuit mae kondopmariiiHo oOMexeHy
CTPYKTYpy 4-amiHO-4-KapOOKCHTETparigpomipaHy Ta 3apsDKeHy
N-3-TpHUMETHII-OpPHITHHOBY YaCTHHY, KW TPUBAJIO Ta MOBHICTIO
iHriOyBaB iHiLifOBaHMI OpajUKiHIHOM OpPOHXOCIIa3M i Ha3albHE
3amajeHHs 3a MICLIEBOrO 3aCTOCYBAHHS. 3a OCTaHHI POKH IIi/IBH-
IIUBCS iHTepec 10 iHribiTopiB B-peuenTopiB, cepen sIkux HaBi-
nomimi SSR 240612 (Sanofi-Synthelado Recherche), LF 22-0542
(Fournier), NVP SAA 164 (Novartis). YacTo st cHHTE3y MENTH-
JIOMIMETHKIB BUKOPHCTOBYIOTh 1,4-0€H3U1ia3UITIHOBE S/IpO, 371aTHE
IMITyBaTH [-BUTWH, IO Ma€ BKIMBE 3HAYEHHS I 010JOriYHO
akTHBHUX (opM mentuxiB. el xiac peyoBHH BOJIOJiE BUCOKOIO
OiofocTynHICTIO Ta J00pe mNepeHOCUThes marieHTamu. CTpyk-
TYPHHUI €JIeMEHT [-BUrHHY, BCTAHOBJICHUH Il OI0aKTUBHOI KOH-
¢dopmauii HOE 140, craB OCHOBOIO st [U3aiiHy HEMENTHIHUX
B,-anraronicriB, 1o MawTh Oen3miaseniHoBuii kapkac (Dziadu-
lewicz et al., 1999). Ha ocHOBI 1IUX TOCIIPKEHb CHHTE30BAHO aHTA-
roHicT B-penenrropis mmoauan (Andronati et al., 2009).

Hayxoswuit xonextu ®izuko-ximiynoro incruryty HAH Vk-
paiau im. O. B. Borarcpkoro 3anporoHyBaB HOBHIA KJIac IIEpCIIeK-
TUBHHX CIIOJTYK HA OCHOBI 3-3aMillieHuX 1,4-O¢H3/Iia3eriHiIB, sSKi Je-
MOHCTPYIOTh AHAJIBreTH4HMI edekT i, #iMoBipHO, iHriOyroTh BK
perenitopy. ExcriepuMeHTanbHi JaHi JEMOHCTPYIOTh 3/1aTHICTD Jie-
SIKMX HOXIAHMX OCH3/ia3eHiHiB MPOSBIATH YiTKy aHTHUriNepasbre-
3MBHY aKTUBHICTh BiTHOCHO 3aIJJIbHOTO Ta HEBPOIIATHYHOTO 0OJIFO
B MOJICIISIX Ha TBapHHax. /lesKi moxiqHi OeH3Iia3erniHiB MOXKYTh BH-
KIIMKaTH TTIMOOKY aHajbresito y TBapuH (Andronati et al., 2009).
Tlonansia cenekis NEpCHEeKTUBHUX CIOYK MOTpeOy€e BCeOIYHOTO
OIIIHIOBAHHS TX 010JI0TIYHOI AKTHBHOCTI Ta PETENBLHOTO IOCIIKCH-
HsI MOJICKYJIIPHUX TA CHCTEMHHX MEXaHi3MiB Jii.

Buxozsun 3 BHILEHABEEHOTO, CIiJl 3a3HAYMTH, IO MOJEIb
Opa/IMKiHIH-1HIyKOBAHOTO CKOPOYCHHS TNIaJCHBKUX M’SI3iB IILTYH-
Ky TpocTa Ta iHpOpMaTHBHA I 3’CyBaHHS MEXaHI3MIB BILUTUBY
3-3amineHnx 1,4-0eH3/ia3eMiHOHIB Ha peLEITOPHMUIA anapaT KiHiH-
KaytikpeiHoBoi cucremu. IlpucyTHICTB iHTIOITOPIB PI3HUX JIAHOK
TpPaHCAYKI] CHUTHANY BiJ KOHCTHTYTHBHO IPHCYTHIX B,-perento-
PiB JI03BOJIUTH KpaIlle 3pO3yMiTH OCOOIMBOCTI B3aEMOIIT 0OpaHKX
CIONYK 13 MillieHsiMu X 1il. ToMy MeTa bOro J0CHiHKEHHS — 3’5
CyBaTH MeXaHi3MH BIUTUBY 3-apriamino-1,2-murinpo-3H-1,4-6em3-
Jia3erniH-2-OHiB Ha OpaAMKiHIH-IHIYKOBaHE CKOPOYCHHS IIIaICHb-
KHX M’$131B 32 TIPUCYTHOCTI 1HT10ITOPIB KAJIBLIEBIX KAHAIIB — Bepa-
maminy ta Gd*'.

Marepiaa Ta METOAM JOCTi/IZKEHb

CKOpOTJIMBY aKTHBHICTb INIaJICHBKUX M SI3iB JJOCIIIIDKEHO B i30-
MeTpuuHOMy pexumi. [t poro camuiB wrypiB Macoro 240-260 r
JCKAITYBaJlM, BUIy4Yald LUTYHOK i momimanu B po3unt KpeGca.
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VYeci MaHinmyIsiLii 3 TBApUHAMHM TIPOBOIUIM 3riTHO 3 MKHApOHOIO
KOHBEHIIi€l0 po0OTH 3 TBapMHaMM Ta 3akoHOM Ykpainum «IIpo
3aXMCT TBAPHH BiJI AKOPCTOKOTO TOBODKEHHs. CMYXKKH PO3MIpOM
1,5-2,0 x 10 MM Bupi3anu 3 aHTPaIBHOT YaCTHHHU LUTyHKA, BUIAIS-
JIM CEPO3HY Ta CIIM30BY OOOJIOHKH, PO3MILIyBalIK B poOoUiil kamepi
3 IPOTOYHMM po3unHOM Kpebcea (1,5 Mir/XB), TepMOCTaTOBaHii 3a
37 °C. Ilpenapar nepeOyBas 11 TacCHBHAM HatsiroM cuioro 10 MH
Ta iHKyOyBamy 1 rox 1o HOSIBH CHIOHTaHHOI aKTHBHOCTI 200 CTanx
MEXAHOKIHETHYHHX T1apaMeTpiB CKOPOYECHHS Y BiAIOBIIb Ha CTH-
MYJBILIIO TiNepKaieBUM pO3YMHOM. Peectpaliito cHrHaiiB mpoBo-
JIAITH 33 JIOTIOMOT'O0 MozyJist 30opy manux m-DAQI12 (Holit Data
Systems Ltd., Ykpaina) Ta nporpamuoro 3ade3nedents Power Graph
Professional 3.3. YV nociimkeHHSX BUKOPUCTOBYBaIX po3drH Kpe-
6ca (MM): 120,4 NaCl, 5,9 KCl, 15,5 NaHCO;, 1,2 NaH;PO,, 1,2
MgCl,, 2,5 CaCly, 11,5 rmroko3a, pH poszunHy cranoBus 7.,4. I'i-
TepKatieBHit posurH (konmerTparis K 80 MM) roTysam mmsxom
130TOHIYHOT 3aMiHM y BHXiIHOMY po3unHi Kpedca HeoOxinHoT yac-
e Na' Ha exBiMONIAPHY KilTbKiCTb ioHiB Katito. Po6ouy KoHIIeH-
Tpauito GpaguKiHiHy B iHKyGamiitHoMy posumni (107° M) omepiy-
BaJIM [IUISIXOM BHECEHHsI aJiKBOTH MAaTOYHOTO PO3YMHY B iHKyOa-
wiifHy kamepy. 1 10AaTKOBOTO OIHIOBaHHS O10JIOTIYHMX edek-
TiB 3-apunamino-1,2-murinpo-3H-1,4-0eH3aiazemnin-2-0HiB BUKOPH-
CTOByBAlM CIIEKTp KOHUEHTpamiii Gpamukininy 10'°-10° M ta
KOHKypeHTHHH iHri6iTop B,R des-Arg9-bradykinin-acetate B koH-
LeHTpaIii 109 M.

Ben3niaseniny nonepeHb0 PO3UNHSIIA B IUMETHIICYITB(OKCH-
1i (IMCO) ta BHocwin B po3unt KpeGca (ocTaTodHO BMICT Opra-
HIYHOTO PO3YMHHUKA CKIaaaB 1% 3arajgbHOro o0’eMy pO3UMHY).
Jit0 1oCchmimKyBaHUX PEUOBHH BHUBYAIM 332 OIHAKOBHM IIPOTOKO-
JIOM EKCTIEPHMEHTY, CIIOTyKH BHOCWIM B po3dnH KpebGca 3a 30 xB
JI0 peecTpanii MexaHiYHOI aKTHBHOCTI mpemnapatiB. KiHresa koH-
LEHTpAIlisl NOXiMHUX 3-3amirieHux 1,4-0eH3/1ia3eniHoHIB B iHKY0a-
uiiiHoMy cepenoBuii ckiaana 10° M. Ilepermik BHKOPHCTAHHX
PEYOBHH Ta iX XiMi4YHy CTPYKTYpY HaBeAeHO B Tadmui 1.

Bianosinuuii O1oKkaTtop MpPHUCYTHII B OMHUBAIBHOMY DPO3YHHI
Kpe6ea. Komuentpauis Gd** cranomuma 300 MxM, Bepanaminy —
1 MkM. Sk KOHTpOIJBHI 3pa3KH BHKOPHUCTOBYBAIM CMYXKKH TIJia-
JIEHBKAX M’S3iB IIUTyHKA MIypiB, IO 1HKYOAWifHOTO cepemoBHIa
SIKMX JIOJABAIU alikBOTy auMeruicynbhokcuay (AMCO), ska He
niepeBuiIyBana 1% 3aramsHoro o6’emy. Lle moB’s3ano 3 THM, IO
roxiyHi 3-3aminrenux 1,4-0eH3iaseniHoHiB Tiipodo0Hi, ane 1o0pe
pozunsstoteest 'y JIMCO. Tomy 1y ageKBaTHOTO IOPIBHSHHS
edekTiB moximHuX 3-3aMimeHux 1,4-OcH3/ia3emiHOHIB IO KOH-
TPOJIbHUX 3pa3KiB TaKoX MJOJaBAIM CKBIBAICHTHY KUIBKICTh
JMCO. IToBTOpHICTH JOCTITY AECATHPA30Ba.

BuBueHHS MEXaHOKIHETHKH MPOIECY CKOPOYEHHS M’S30BHX
MpernapariB 3OIHCHIOBAIM BIiAMOBITHO 10 Metoxy Burdyga and
Kosterin (1991). IlepeBara gaHoro aHalti3y — HE3aJICKHICTh BiJl aM-
IUIITYM CKOPOTJIMBHX BimmoBiiei. Lle 1ae MOXKIMBICTE KOPEKTHO
MOPIBHIOBATH [aHi, OJICpKaHi HA M’S30BHX Mperaparax Pi3HOro
posmipy. Edexr 3-3amirienux 1,4-0eH3miaserniH-2-0HiB  OLIHIOBATN
LUBIXOM BUPaXyBaHHS PI3HHLI MDK KOHTPOJIBHHUMH OpaIyKiHIH-iHIy-
KOBAaHMMH CKOPOYCHHSIMH Ta 3 PUCYTHOCTI BiIOBIIHNAX PEIOBHH.

CratucTuuHy OOpOOKY pe3yibTaTiB 3OIHCHIOBAIM 3arajibHoO-
MPUHHATAME METOAAMHU BapialiifHOI CTATHCTUKH 3a IOHOMOTOIO
nakeTiB mporpam Statistica 8.0 ta Origin Lab 8.0. Orpumani pe-
3yJIBTATH IIEPEBIPsUTN HAa HOPMAIBHICTB po3noity TectoM Hlamipo —
Binka. SIkmio qaHi He BiANOBIZAIM 3aKOHY HOPMAIBHOIO PO3IO-
ZIUTy, IOPIiBHSIHHS HE3aJIOKHNX BHOIPOK 3/iHCHIOBAIIN 33 KPUTEPiEM
Kpackena — Yorica. 3a HOpMaJIbHOTO PO3MO/ILTY, MOPIBHIHHSI Pi3-
HHL MXK KOHTPOJIbBHMMY Ta JOCIITHAMH BHMipaMH MPOBO/IHIIH 32
noniomororo ANOVA (ILledde-tect) mmst He3aneKHUX BUOIPOK.
PiBenn 3Hauymocti cranoBus P < 0,05.

PesyabTaTn
VY 1mpoMy JOCHIKEHHI TPOAHATI30BAHO BIUIUB 3-apHiIaMiHO-

1,2-nuriapo-3H-1,4-6en3niasenin-2-oHiB Ha OpaJUKiHIH-iHIYKO-
BAHE CKOPOYCHHS IVIAJCHBKHX M’S3iB Y [iana3oHi KOHIEHTpALiit

aronicta 107'°-107° M. $Ik 3pa3ok MOpiBHAHHS BUKOPHUCTAIH KOH-
KypeHTHHIT iHribiTop BoR des-Arg9-bradykinin-acetate. I'onoBHOrO
KIHETHYHOI0 XapaKTePUCTUKOI0 CKOPOYCHHSI, 3TiHO i3 3aCTOCOBA-
HHUM METOZIOM OOpaxXyHKy CTaja MakCHMajJlbHa HOPMOBAaHA IIBH[-
Kicts (Vn). 3a koHuenTpaii BK 10 M BinyBaeTbes cTaTHCTHYHO
JIOCTOBIpHE 3pOCTaHHs AaHOro mokasHuka Ha 20,5%. IloxiGmmit
edexr xapakrepHuit s crionykn MX-1828. 3a HU3BKUX KOHIIEH-
Tpamiii 6pamukininy 107'%, 10°° M BinGysaerses inriGysanms Vn na
20,7% Ta 8,6% BiTHOCHO KOHTPOJBHHX CKOPOYCHB. 3a 10° M BK
3apeeECTPOBAHO 3BOPOTHUIT edekT — 3pocTanHs Ha 10,7%. LIi 3miau
noxi6Hi 1o aii des-Arg9-bradykinin-acetate, 1110 cBig4aTh Ipo MOXK-
JIMBI B3a€MOJIl PEYOBHHHU 3 PELICITOPHAM arapaToM KiHiH-Kati-
KpeiHOBOI cucTeMH a00 IULIXaMH TPaHCAYKIi (puc. 1).

Taommms 1

XiMiuHa CTpyKTypa
3-apunamino-1,2-murinpo-3H-1,4-6en3niasemnin-2-0HiB
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[HIIi cronyky TEeMOHCTPYIOTh e(eKTH iHriOyBaHHS, SIKi MPAK-
THUYHO HE 3aJIe)KaTh BiJ KOHIeHTpawil Opagukinidy. Tax, MX-1785
3[aTHA 3HIDKYBaTH Vn OpaJuKiHiH-1HAYKOBAaHOTO CKOPOUYCHHS Ha
10-13% 151 mianma3oHy KOHLICHTpALIiil aroHicTa 1072107 M. JTu-
e 3a 10° M BK CTaTHCTHYHO JOCTOBIPHOI PI3HHII HE BHSBICHO
(puc. 1). s MX-1906 Ta MX-1626 crioctepiraerbCsi XapakTepHe
3HIDKEHHsT Vn cKopodeHHs Ha 28-22% y Jiamna3oHi KOHICHTpAIliit
6pamukininy 10°—10° M. 3a 107'° M BK craticTiasO 10CTOBipHY
pizHuI0 He BusiBieHO Mg MX-1906. MX-1664 3umkye Vn Ha
25% 3a immyknii cxopouenns 10°-10° M BK. Jlemo Mermmit
eext 12-14% xapaxreprnit mms xonnentpaii 107°-10° M BK
(puc. 2). Orxe, cepen cnekrpa 3-apwiamino-1,2-murinpo-3H-1,4-
OeHzmiasemniH-2-OHIB BapTO BHAUMTH crodyky MX-1828, sxa
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JEMOHCTpY€e e(heKTH, MOMiOHI 10 KOHKYPEHTHOro iHiriditopa B,-
pelenTopiB OpajvKiHiHy, 10 € MOMIMBAM CBITYEHHsM 1i i Ha
petentop abo Ha Horo LUTSIXY TPAHCAYKLi CUTHATY.
MexaHOKiHETHYHI NapaMeTpH CKOPOTIMBOI AKTHBHOCTI
rIageHbKUX M si3iB 3a npucyTHocti Gd™'. TIpomecy ckopoUeHHs
TTIaJICHBKUX M’SI31B 3aITyCKAIOTHCS 3pOCTAI0YNM PIBHEM LUTO30J1b-
HOTO KaJIBIIiIO, SIKHH, 3B’3YIOUUCH 31 CHEIU(ITHAMY IPOTEiHAMH,
[HIyKye MPONEeCH B3aeMOIii akTHHY 3 MiO3HHOM. 3pocTaHHS 3a0e3-
TIEYyEThCSI JTran/- i MOTeHLiaI-KePOBaHUMH KaJIbLIIEBUMH KaHasa-
MH MeMOpaHH Ta CapKOIUIa3MaTHYHOTrO peTukyaymy. Lleit ctpym
MOJKHA PEryJIIOBaTH, BAKOPHCTOBYIOUH CEJIEKTHBHI Ta HECEIEKTHB-

Hi iHTi0ITOpH. 1151 IHOTO BUKOPUCTOBYIOTH iHIII, CXOXKI 33 BIIACTH-
BOCTSIMH 10HH, SIKI MOXKYTb B3a€EMOJIISITH i3 CEJIEKTUBHUM (iTBTPOM
KaHaTy a00 Horo ajJoCTepM4YHNUM LIEHTPOM, 3MIiHIOIOUH THM CaMHM
Horo mporyckHy 3matHicTh. TakuME MOXYTb OyTH pigKicHO3e-
MENbHI METaH, 10 SKUX HAJIeKUTh rafofiHiid. [IpucyTHicT ioHIB
BOr0 MeTaly B pPO3UMHI 3a0e3nedye 3MEHIICHHS KallbIiEBOTO
CTpyMy 4depe3 MeMOpaHy Ta 3MiHy MEXaHOKIHETHYHUX XapaKTepuc-
THK OpaJuKiHIH-HIyKOBaHOTO IJIaJ€HEKOM S30BOTO CKOPOUYEHHSL.
Takum 4MHOM, MaKCUMaJbHa HOPMOBaHa MIBHAKICTH (Vn) Gpanu-
KiHiH-{H[yKOBAHOTO CKOpOUeHHs 3a npucyTHocti Gd*' 3HmKYeThCS
Ha 23,1%, 1110 06paHo K KOHTPOJIbHE 3HAYEHHs (pHC. 3).

[ ] Des-Argg-Br-Ac
I MX-1785
+ [ MX-1828

25 — : :
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-8 -7 -6

IgC,

Puc. 1. Bonus 3-3amimenux 1,4-06en3aia3enin-2-0HiB Ha MAaKCUMaJIbHY HOPMOBAHY IIBHIIKICTE ckopodeHHs (Vn)
IJIaIeHBKUX M s131B IUTyHKa mypiB (M £ m, n = 10): * — P < 0,05

[ ] Des—Argg-Br-Ac
I MX-1906
I MX-1664
I MX-1626

*

T
-10 -9

IgC,

Puc. 2. Brumus 3-3amintenux 1,4-6en3miasenin-2-0HiB Ha MaKCUMaIbHY HOPMOBaHY IIBHAKICTb cKopodyeHHs (Vn)
[JIa/IeHbKUX M s13iB 1utyHKa urypis (M £ m, n = 10): * — P < 0,05

IMpucythicts y posuuni cnoayk MX-1785, MX-1906, MX-
1664 Ta MX-1626 He 3MiHIOBaJIa LIl MOKAa3HHK 32 JAHUX YMOB.
Jnst MX-1828 xapakTepHe JOCTOBIpHE 3HIDKEHHSI VN MIOPIBHSHO 3
KOHTPOJILHIMH 3Ha4eHHsIMU Ha 19,3% (puc. 3).

Vn poscrmabmenns 3a mpucyrrocti Gd*' 3pocrae na 7,1%, mo
BUOpAHO SIK KOHTPOJIbHE 3Ha4YeHHs. [lonaBaHHs 10 po3unHy MX-
1664 cnpuse 3pocranHio Vn Ha 35,8%, MX-1626 — 8,9%. Hona-
BanHss MX-1906 3abe3nedye 3HIDKESHHS LIBOTO MOKA3HUKA BiJHOC-
HO KOHTPOIO Ha 37%, a 3a incyrHocti Gd** — ma 29,9% (puc. 3).

Regul. Mech. Biosyst., 8(1)

PesynbTaToM Takoro eekTy MOXKYTh CIIy>KHTH HAsBHI 1OaTKOBI
MilleHi BBy cnonykd. s pedoBuan MX-1828 Takox xapak-
TEepHE HE3HAYHE 3HIDKCHHS MOKA3HHKAa MaKCHMAJIbHOI HOPMOBAHOT
MBHAKOCTI po3ciabienHs Ha 6,2%. CTaTHCTUYHO JOCTOBIpHI 3Mi-
HU BiacyTHi 111 MX-1785 (puc. 4).

MexaHOKiHETHYHI IapaMeTpH CKOPOT/IMBOI AKTHBHOCTI
rIaJeHbKIX M’SI3iB 32 mMpuCyTHOCTI Bepanaminy. Bepamamin —
KinacH4Huil 610katop T- Ta L-TumiB KajbLi€BUX KaHAMIB, SIKi 3aiTy-
YeHi B CHTHAJIBHUX LUIIXaX IHIIialii CKOPOUCHHS IVIaICHBKUX M sI-
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3iB, y ToMy umc/I GpauKiniH-iHTyKOBaHOrO. Moro mpucyTHicTs B
iHKyOaniiHOMy po34uHi B KOHIEHTparii | MKM 3HIKye MakcH-
MaJlbHy HOPMOBAHY LIBHIKICTb CKopoueHHs Ha 49,3%, To6To Maii-
ke BIBidi. 3a mpucyTHoCTi 3-3amirienux 1,4-OeH3aiasemniH-2-0HiB
MX-1785, MX-1664, MX-1626 Vn He mIIacTbCs CTAaTHCTHYHO
JOCTOBIpHUM 3MiHaM (pHc. 5).

CTaTHUCTUYHO JOCTOBIPHI BIAMIHHOCTI VN CKOpPOYCHHS BHSB-
neno st MX-1828, o craHoBisite 32% Bin OpaauKiHIH-1HIYKO-
BaHMX CKOPOYEHb 3a IPUCYTHOCTI Bepanamity, a Takox MX-1906
3 TIOKa3HUKOM JI0JJATKOBOTO iHriOyBanHs 26,4% (puc. 5).
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Puc. 4. Brums 3-3amimienux 1,4-0¢H3mia3emin-2-0HiB
Ha MaKCHMaJIbHy HOPMOBaHY IBU/IKICTh PO3CITAa0IeHHS
3a npucytHocti Gd** (300 MkM): no3Haven s auB. puc. 3

MaxkcnmarbHa HOPMOBaHA IIBHKICTH PO3CIIA0JIeHHS 3a MpH-
CyTHOCTI Bepamamity 3poctae Ha 19,5% (puc. 6). IIpucytHicts B
iHKyOawiiHoMy po3umHi 3-3amimeHnx 1,4-OeH3niasenin-2-oHiB 3a-
Oesriedye HiBEJFOBaHHS TaKOi PI3HHII Ta BiAMOBIAHICTH Mapamerpa
3HAYCHHSM OpaMKiHIH-1HIYKOBAaHOTO CKOPOYEHHS 3a BiJICYTHOCTL
iHribitopis. [IppyoMy MOBHA BiICYTHICTH €(eKTy XapaKTepHa IS
MX-1828, MX-1906, MX-1664 ta MX-1626. 3HmKeHHS TIBHI-
xocti Ha 11,6% MOPIBHAHO 3 KOHTPOJIGHUMH 3HAYCHHSIMHU Xapak-
TepHe st MX-1785 (puc. 6).

O0roBopeHHst

TIpuponHi pedyoBHHM NEIKUX POCIUH MICIA HE3HAYHOT XiMiTHOT
MoauQiKalii CTpyKTYpH CTalOTh MEPCIICKTHBHUMH MOAU(iKaTopa-

MM aKTHBHOCTI KiHIH-KQTIKPETHOBOI CHCTEMH, 10 JIOBEICHO CKCIIe-
PUMEHTAITHHO Ha CKOPOTIIHBIM 3MaTHOCTI IuTyHKa Mutnieit (Alves et al.,
2015). Po3BuTOK CydacHOi OpraHiuHOi XiMii 03BOJISIE CHHTE3yBaTH
AHTAaroOHICTH HENENTHIHOI IPUPO/IH, SIKi MOTEHIIHHO MOXYTh BUKO-
PHCTOBYBATH SIK OJIOKAaTOPH aKTHBHOCTI KiHiH-KaJiKpEeiHOBOI CHCTe-
mu kummedrrka (Kam et al., 2005). Bukopucranns 6okaropis By-pe-
LENTOPIB JI03BOJISIE 3MEHIIUTH MEPUCTAIBTUKY KHILICYHHKA, Y TOU
yac sIK 1HTIOyBaHHs B-perienTopiB criprsie 3HIDKCHHIO 3allajleHHS.
AxTHBalist 000X peLeropiB cpuuMHsie po3BuTok aiapel (Stadnicki,
2011). ToxibHi qoCTiPKEHHS POBEACHO ISl BUBUCHHS poii By Ta
B, KiHIHOBUX perLenTopiB y po3BUTKy KomiTiB (Marcon et al., 2013).
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Puc. 6. Brums 3-3amimienux 1,4-0cH3miasenin-2-0HiB
Ha MaKCHMaJIbHy HOPMOBaHY IIBUIKICTh PO3CIa0IeHHS
3a MPUCYTHOCTI Bepanaminy (1 MkM): mo3Ha4YeHHs AUB. pHC. 3

IMoxigui OeH3ia3emiHiB BHKOPHCTOBYIOTH SIK  OJIOKaTOpPH
GABAA penenropiB. 3B’s13yBaHHS BiIOYBA€THCSI B aJIOCTEPUIHO-
My LISHTpi peLenTopa, TOMy B3aEMOJisi MoXke OyTH SIK iHTiOyBasib-
Ha, TaK i aKTUBYBaJIbHA. PEUOBHHH J]aHOTO KJIaCy BUKOPUCTOBYIOTh
SIK 3HeOOJTFOBAJIbHI areHTH 3a HEHPOIaTUYHOTO OOJIIO, ITiABUIIIEHOT
6051p0BOT 4y TIIMBOCTI, Goir0 y M’s13ax Toto (Bartusch et al., 1996;
Hugel et al., 2003; Chou and Huffiman, 2007; Howard et al., 2014).
Tomryk mireneit Ail MOXiAHUX JAHOTO KiIacy — BaXKJIMBE 3aBJaHHS,
10 I03BOJISIE PO3YMITH MEXaHi3MH, SIKi JIeXKaTh B OCHOBI OTpUMa-
HUX edekTiB. [TonepenHpo, B3aeMOIst TOCTIDKYBaHNX PEIOBHH i3
KiHIH-KaJTIKPETHOBOIO CHCTEMOIO TMPOJICMOHCTPOBAHO JIOCITIKCH-
Hamu Andronati et al. (2009) mix 4ac BUBUSHHS 1X aHAIBICTUYHUX
BJIACTUBOCTEH. BiAMOBIIHO 10 MOMepeHiX JOCIIiKEeHb 0e3 BHUKO-
puCTaHHsI iHTiOITOPIB BUABJICHO, 110 criotyka MX-1828 31aTtHa Bu-
KIHMKaTu edekTh, cxoxi 1o des-Arg9-bradykinin-acetate. Mu Bucy-
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HYJIM TIPUITYIICHHS MPO MOXJIMBI Ti B3a€MOMii 3 pElENTOPHUM
arapaToM KiHiH-KaJliKpelHOBOi cucTeMu, y ToMy 4ucii 3 B,-peren-
TopaMH. Buxozsuu 31 CTpyKTYpH pedoBHH Ta iX riapooOGHOCTI,
BOHH 3/IaTHi He JmIe BOYIOBYBaTUCh y MeMOpaHy, a i IPOHUKATH
BCEPEAMHY KIITHHH. ToMy, KpiM MpsMoi B3a€EMOZIT 3 pelenTopoM,
MOXJIMBO, ICHYIOTh MEXaHi3MHU X BIUIMBY Ha LUIAXW TPAaHCAYKILi
CHTHAJTY, 110 BUSIBIISETHCS B €()EKTaX, SIKi MU 3apCECTPYBAIN.

Buxoprcranns iHTi0ITOpIB Pi3HOTO THITY 1O3BOJISIE BUKIIOYUTH
OKpeMi JIAHKH TPAHCIAYKLii CHTHaIy BiJ OpagvKiHiIHOBUX pELeNTOo-
PiB Ta BUSIBUTH MOXUIMBHI CHHEPri3M YK aHTaroHisM ix uii 3 3-3a-
Mintenumu 1,4-6en3aiasenin-2-onamu. [t IbOro BUKOPHUCTOBYBa-
M Beparamin Ta iomu ragomimito (Gd™). PinkicHosemernsHi MeTam
3[aTHI 3MIHIOBAaTH KaJIbLI€BY MPOBIOHICTH MEMOPaHH 3a paxyHOK
B3a€EMOII] 13 CENIEKTUBHUM (PLIBTPOM KaHaJIiB, 3MEHIITYIOUH, TAKAM
upHOM, inTparemomspauii motik Ca?” (Malasics et al,, 2010), a
Bepanamiyl — KJIaCHYHUH GJIOKaTop MOTCHIIaN-aKTHBOBAHNX Kajlb-
nieBux kanamiB L- ta T-tumis (Bergson et al., 2011).

MaxkcumarnbHa HOPMOBaHa IIBHAKICTH PO3CIA0ICHHsT BKazye
Ha TPUBAJIICTh MiATPUMAHHS BUCOKOTO PIBHS LUTOILIA3MaTHYHOTO
KaJIbLi[0, 1[0 BH3HAYAETHCS 4aCOM B3a€EMOIii aroHiCTa 3 perenTo-
POoM, epeKTUBHOCTI POOOTH JIAHITIOTa TPAHCAYKIIil, KABIIEBUX Ka-
HaJIB 1 IOoMII, pOOOTH CKOPOTIIMBOTO amapary Ta CIPsHKEHUX CHC-
teM. Otpumani pesynbTaty (puc. | Ta 2) BKa3ylOTh Ha 3HWKCHHS
MaKCHMAJIGHOI IIBUJIKOCTI CKOpPOYEHHsS UL croiayk MX-1785,
MX-1906, MX-1664, MX-1626 3a BUKOPHCTAHOTO JTiaria30Hy KOH-
nentpaii 107°-10° M. Teopersuno BCi PedOBMHM BHCTYHAIOTH
MEPCHIEKTUBHIMHU  OJIOKaTOpaMH OpaivKiHIH-HIyKOBAaHOIO CKOpO-
YeHHS [VIaJICHBKUX M 513iB. AJie 3aCTOCYBaHHsI iHTi0ITOPIB 103BOJIHIIO
inenTudixyBarn pedoBuHy MX-1828, mo momepenHbo BimiOpaHa
3aBIAKH e(eKTaM, MOMIOHIM 10 BimoMoro Omokaropa B,-penernTo-
piB. MoyKHa IPHITYCTHTH, IO BOHA BOJIOJIE OLTBIINM adiHITETOM 10
pelenTopiB MOPIiBHAHO 3 IHIIMME a00 B3a€EMOJIE 3 MOYATKOBUMH
JIaHKaMH{ TPaHCAYKL{i CUTHAILY, TOMY, Ha ()OHI BUKOPHCTaHNX Kallb-
LieBUX GJIOKaTOpiB, 3a0e3redye JOAATKOBI 3MiHM MaKCHMAIBHOI HOp-
MOBAHOI LIIBUIKOCTI CKOPOUCHHS Ta PO3CIA0ICHHS TTIaICHBKHX M SI3iB.

Bukopucranss iHTiOITOpIB KaJbLi€BHX KaHATIB 03BOJIIJIO
iIeHTH(IKYBaTH PEYOBUHH, 31aTHI BIUIMBATH HA JIAHKU TPAHCIYK-
i curaany OpaJNKiHIHOBHX PELENTOPiB, 3a0€3Meuyoun JOIaTKO-
BE 3HIDKCHHS YH 301TBIICHHS MEXaHOKIHETHYHHX MapaMeTpiB CKO-
POYCHHS IVIaIeHbKKX M’s13iB. OTpUMaHi JiaHi J03BOJISIIOTH BUCYHY-
TH TIPUITYIIEHHS TIpo B3aeMozito MX-1828 i3 kiHiH-KaJlikpeiHOBOIO
CHCTEMOIO 32 MEXaHi3MOM iHriOyBaHHs. Pa3oM i3 THM J0#aTKOBHX
JOCTI/PKeHb 1oTpeOye cromyka MX-1906, mio BUSBISE Takuit
eeKT 3a IPUCYTHOCTI B iHKYyOaL[iiHOMY pO34HHI Bepanaminy.

BucHoBku

Cepen criekTpa AOCTimKyBaHUX 3-apruiaMino-1,2-murinpo-3H-
1,4-6en3piazernin-2-oHiB BapTo BHAUMMTH crionyky MX-1828, sixa
JEMOHCTpYe e(eKTH, MoAiOHi 10 e(eKTiB KOHKYPEHTHOro iHiri0i-
Topa B,-perienropie Opamukininy — des-Arg9-bradykinin-acetate,
110 CBITYUTH PO 1 B3aEMOZIT 3 perenTopoM abo HUBIXaMy TPaHC-
nykuii curHany. L{st pedoBrHa 31aTHA JOOATKOBO 3HMKYBAaTH Mak-
CHUMaJIbHy HOPMOBaHY IIBHIKICTb CKOPOYEHHS 3a MPUCYTHOCTI iH-
ribiTOpiB KaNblli€BUX KaHAJIB BeparaMily Ta iOHIB TaJIONIHII0 Ha
32,0% Ta 19,3%, BignosixHo. Takox 3a MPHUCYTHOCTI Bepanamiry
Takuii eekT xapakrepHuit mut MX-1906 (ckmamae 26,4%), mo
notpebye JOIATKOBHX IOCIIDKEHb Y 3°sCyBaHHI MillleHel BIUIMBY
CIIOJTyKH Ha OpaJIMKiHIH-IHyKOBaHE CKOPOYCHHSL.

Hocnimpkennst npoBeneHi 3a miarpumkn JlepxaBHoro (oHIy
(yHIaMEeHTAIBHIX OCTIpKeHb 3a noroBopamu ®64/19-2015 Ta
D64/40-2016.
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One of the most common nematodes of pigs globally is Strongyloides ransomi Schwartz and Alicata 1930.
It usually causes aggravation of physiological indicators of its hosts and damage to their immune system. Also it is a
good modelling object for the evaluation of the antiparasitic activity of new antihelminthic drugs. We conducted
laboratory experiments to assess the effect of flavouring additives with flower odour (benzaldehyde, citral, D-limonene
and B-ionone) upon the viability of S. ransomi larvae. The mortality rate was calculated for 24 hours exposure at four
concentrations of each substance (10, 1, 0.1 u 0.01 g/l) with eight replications. The lowest LDs, values were obtained
for citral (97 mg/l) and benzaldehyde (142 mg/l). These substances are recommended for further evaluation of their
antihelminthic effect in experiments using laboratory animals. Unlike other substances, the effect of B-ionone and
D-limonene even at a concentration of 10 g/l after 24 hours caused the death of <50% of S. ransomi larvae. The study of
flavouring additives with flowery odour, which are permitted to be used in food for humans and also to be used in

Gagarin Ave., 72,
Dnipro, 49010, Ukraine
Tel.: +38-050-93-90-788
E-mail: brigad@ua.fm

Introduction

Helminthiasis causes significant economic damage to animal hus-
bandry (Faye et al., 2003; Veneziano et al., 2004; Charlier et al., 2007;
Cringoli, 2008; Yamov and Antropov, 2008; Ponomar et al., 2014a, b;
Boyko et al., 2016). Pig farming is one of the most common sources of
meat products. Among the parasites of pigs, the most common are
nematodes, including strongyloidiasis agents (Knecht et al, 2011;
Eysker et al, 2011; Samsonovich, 2012a; Maslova et al., 2015).
Parasitisation by Strongyloides ransomi (Schwartz and Alicata, 1930)
causes loss of concentration of albuminous and albumin fractions in the
blood of piglets, loss of erythrocytes, hemoglobin, albumin, phagocytic
and lysozyme activity and immune reaction (Samsonovich, 20125).

Therefore determining the viability of helminths is significant
for controlling their population, both in the host, and in the environ-
ment. Nowadays, synthetic antiparasitic drugs (Ponomar et al.,
2013) are used and experiments of identifying the antihelminthic
properties of plants are being conducted (Rahmann and Seip, 2006;
Burke et al., 2009; Lu et al., 2010).

To fight pathogenic organisms, microbiologists and virusolo-
gists are researching the effect of flavouring agents in food produc-
tion (Chiang et al., 2005; Sato et al., 2006; Somolinos et al., 2008;
Si et al., 2009; Belletti et al., 2010). Because pigs consume food not
only of vegetable origin, but also of animal origin, their diet can
include synthetic flavouring agents from the diet of humans.
Therefore the objective of this research is to define the effect of
flavouring agents upon the level of viability of S. ransomi larvae
(Rhabditida, Strongyloididae).

cosmetics, is a promising field for research aimed at the development of new antiparasitic drugs.

Keywords: nematodes; antiparasitic activity; flavouring agents; benzaldehyde; citral; D-limonene; f-ionone

Materials and methods

The faeces of pigs were studied to find S. ransomi larvae using
the Baermann test (Zajac et al., 2011). The material was collected in
the summer period in Dnipropetrovsk district, and then transferred
to the laboratory in plastic containers at a temperature of 22-24 °C.
S. ransomi culture is represented by larval stages of freely moving
and parasitic forms (Van Wyk and Mayhew, 2013).

Larvae of first and second stage (freely moving) have a rhabdite-
like oesophagus with two bulbuses. Their intestinal cells are not
distinguishable. The parasitic form (third stage) is distinguished by a
filariform oesophagus with no extensions; the intestine does not have
cells which can be clearly distinguished through an optical micro-
scope (Fig. 1).

After cultivation, the liquid with the larvae was put in test tubes
(10 ml) by 4 ml and was centrifuged for four minutes at 1500 revo-
lutions a minute. 1 ml of sediments with larvae was evenly weighed
and put in 0.1 ml portions in plastic containers with a capacity of
1.5 ml. After that, 1 ml of the substance under research was added
to the larval culture (2040 ind.), which then was kept for 24 hours
at a temperature of 22-24 °C. Four concentrations (10, 1, 0.1 u
0.01 g/l) of each of the flavouring agents were used in the
experiments (Table 1), with eight replications.

Results

The flavouring agents citral, benzaldehyde exhibited the stron-
gest effect on the viability of S. ramsomi larvae (Table 2).
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Table 1

Properties and usage of flavouring agents* which were used for establishing the viability level of S. ransomi larvae

Name Chemical Structural . Usage
of the substance formula  formula Properties Content in food industry in medicine
cores of kemels of bitter
H colourless liquid with almond, apricot kernels, stones

Benzaldehyde CsHsCHO

D-limonene Tt
(1-methyl-4-
isopropenylcyclohexene  CjHis
-1)
HyC Ha
CH;
Citral CHO
(3,7- dimethyl -2,6-
octadienal) CoHicO
Hy CH;
0
Beta-ionone ((3E)-4- e
(2,6,6-trimethylcyclohex  Ci3Hy0
-1-enyl)but-3-en-2-one) B

of peaches, cherries, black

ah'(;l(:)(;lu; gf(b;}tter e cherries and other stone fruits,
ins app leaves of bird cherry tree, pulp
PP of oyster mushroom
(Pleurotus ostreatus)
colourless liquid with many essential oils,
odour of citrus including citrus
viscous coloutless or essential oil of lemon grass
bright-yellow fluid (citronella), oil of cubeb, lemon
with odzur of lemon essential oil, eucalyptus and
some other essential oils
l;.lajv:go dourt some essential oils

as food additive  no data concerning usage

as food additive  no data concerning usage

antiseptics

as food additive .
used to relieve

anti-inflammatory agent,

intracranial hypertension

as food additive  no data concerning usage

Note: * — Official Journal of the European Union, L 354/46 (2008), Sun (2007), Smirnov (2008).

Fig. 1. S. ransomi larvae: a — noninvasional stage, b — filariform oesophagus,
¢ — caudal end, d — outlet from the cuticle: length of black bar — 50 um
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Table 2

LDsg (x = SD) for S. ransomi larvae in laboratory experiment
HasBanue Berecrsa LDsg, Mr/i

Benzaldehyde 142+ 64

D-limonene -

Citral 97+36

Beta-ionone —

Note: «» — the experiment did not achieve death of 50% larvae (needed
concentration of more than 10 g/1).

D-limonene and beta-ionone at the studied concentrations (less than
10 g/m) did not affect the viability of S. ransomi larvae signifycantly,
which shows that they are not useful as nematocidal medicines. The
maximum effect upon the nematodes at LDy (Fig. 2a, c) was shown by
benzaldehyde at 685 mg/l. In this case, the larvae of the 100%
nematodes studied perished in benzaldehyde solutions with a
concentration of 1 and 10 g/l. Thus, this substance can be used for
further development of veterinary drugs with anthelmintic effect.

Discussion

Nowadays research is being conducted on the extent of effect
of flavouring agents on the viability of agents of infection. Chiang
et al. (2005) discovered the antiviral function of a broad spectrum of
apigenin, linalool and ursolic acid. These substances are extracted
from basil, which is familiar in Chinese medicine as a medicinal
plant. The antimicrobial function of these compounds such as
linalool and citral is well attested. They are capable of inhibiting the
growth of pathogenic microorganisms (Sato et al., 2006; Somolinos
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et al., 2008; Si et al., 2009; Belletti et al., 2010). Research on the
effect of citral on infectious agents also supports the findings from
our experiments on the viability of S. ransomi larvae. The effect of
benzaldehyde and beta-ionone has been insufficiently studied.

For pest control in agriculture a number of authors have
suggested using the food flavouring agent cinnamic aldehyde and
also acaricidal substances (Knoblauch and Fry, 2011; Na et al.,
2011; Shen et al., 2012; Belkind et al., 2013). According to Shen et
al. (2012), after using this flavouring agent for 24 hours, LDs, for
Psoroptes was 107 mg/ml. Na et al. (2011) used it against
Dermatophagoides of birds: LDs, after 24 hours was 0.54 mg/ml.
This substance was also tested by Cheng et al. (2009) against
mosquito larvae: during 24 hours LDs, was 40.8 mg/ml (LDgy =
81.7 mg/ml) and 46.5 mg/ml (LCyy = 83.3 mg/ml) for cinnamic
aldehyde and cinnamic acetate, respectively. According to Lee et al.
(2008), cinnamic aldehyde, benzaldehyde, linalool, limonene, alpha-
Terpineol and other flavouring agents have insecticidal properties
against Sitophilus oryzae (Linnaeus, 1763) (Coleoptera, Curculioni-
dae): LDs at 48 hours exposure was 0.004-0.200 mg/cm?.

As a fungicidal substance it is advised to use E,jo (Codex
Alimentarius), or benzoic asid, which is also included in other food
additives, such as E,;; — Sodium Benzoate, E,;, — Potassium Ben-
zoate, E,j3 — Calcium dibenzoate (Beerse et al., 2001; Amborabe
et al., 2002; Joshi et al., 2008).

Methylparabene is used against fungi, and also as an antiseptic
(Shapiro et al., 2002; Posey et al., 2005; Kromidas et al., 2006;
Rebbeck et al., 2006; Ishiwatari et al., 2007; Gopalakrishnan et al.,
2012). This substance is also included as a preservative in an
insecticide aimed at controlling agricultural pests (Bell, 1990).
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Fig. 2. The effect of benzaldehyde (@), D-limonene (b), citral (c) and beta-ionone () on the viability of S. ransomi larvae: along the axes of
abscissa — variant of experiment (mg/1), along the axes of ordinate — viability of S. ransomi larvae during 24 hours of laboratory experiment
(%); n= 8 for each variant of experiment
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The flavouring agent benzaldehyde also shows insecticidal pro-
perties. The negative effect of benzaldehyde upon Galleria mello-
nella (Linnaeus, 1758) has been demonstrated. Therefore it is
recommended for use in developing new agricultural insecticidal
preparations (Ullah et al., 2015). The effect of beta-ionone upon
living organisms has received insufficient study. Indeed, the effect
of entire groups of flavouring agents upon living organisms requires
further studyin general.

Conclusions

We researched the effect of flavouring agents such as benzal-
dehyde, citral, D-limonene and beta-ionone upon the viability of
S. ransomi, parasitic larvae on pigs. We determined the minimum
values of LDs, for benzaldehyde and citral. Experimentally, a death
rate of 50% of the tested larvae was not achieved using D-limonene
and beta-ionone. Food additives with a pleasant flower odour,
which are permitted to be used for food, and which are used as
cosmetics, are important for evaluating potential new antihelminthic
medical and veterinary preparations.
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Introduction

Gutyj, B., Khariv, I, Binkevych, V., Binkevych, O., Levkivska, N., Levkivskyj, D., & Vavrysevich, Y. (2017).
Research on acute and chronic toxity of the experimental drug Amprolinsyl. Regulatory Mechanisms in Biosystems,
8(1), 41-45. doi: 10.15421/021708

The drug Amprolinsyl is a is a mixture of hydrochloric amprolium (12.5 g) and milled fruits of the milk thistle (up
to 100 g), designed to prevent and treat protozoonoses in birds, especially when mixed associative invasions occur.
The fruits of the milk thistle contain the natural vitamins (A, C, E, B) and the minerals (copper, iron, cobalt) and other
factors that significantly expand and enhance the pharmacological effect of the drug Amprolinsyl. We found that when
the drug Amprolinsyl was administered intra gastrically to white rats at a dose of 5000 mg/kg and higher clinical signs
of toxicity occurred after 4-5 hours. Damage to motor activity and tremors of individual muscles of these animals was
observed. The rats died after 14 days. A direct relationship was found between the drug at a specific dosage and the
death of rats. After intra gastric administration of the drug Amprolinsyl to white rats clinical signs of toxicity appeared
after 5-6 hours at a dose of 4000 mg/kg body weight. These animals attempted to gather in groups and to hide in the
bedding. The death of the mice occured in 1-3 days. Thus, LDsy drug of Amprolinsyl following intra gastric
administration to white rats was 5,917 and for white mice 5,167 mg/kg. After studying the cumulative properties of
Amprolinsyl, it was found that the total drug administered in average doses was 831 mg/kg, and the cumulative rate —
8.31. Long-term daily intragastric administration of Amprolinsyl over 24 days affected the functional state of the liver
and kidneys. The magnitude of weight ratios of lungs, heart and spleen during the research period was the same as in
the control group of rats. Significant changes were found only after analyzing the leukocyte profile. A reduction was
observed in the number of neutrophils to 54.7% and an increase in the number of lymphocytes to 9.2%. Following
prolonged daily administration of increasing doses Amprolinsyl causes a slight degradation of the membranes of
hepatocytes, which indicates increased activity of aminotransferases.When investigating the chronic toxicity of
Amprolinsyl it was found that at doses of 1/50 LDso, and 1/100 LDs the drug had no effect on the results of functional
tests, due to the normal functioning of the liver tissue and the lack of negative impact on animals in the 3rd and 4th
groups. Administration of the the drug at doses of 1/20, 1/50 and 1/100 LDs, over 30 days did not significantly affect
the functional state of the internal organs of the experimental animals. When investigating the morphological blood
parameters of the rats following oral administration of Amprolinsyl at different doses a downward trend in the
haemoglobin and colour index value and a likely reduction in the number of white blood cells, compared to the control
group was observed in all experimental groups. According to the values of haematological and biochemical parameters,
it was established that in spite of the low toxicityof Amprolinsyl at doses of 1/20 and 1/50 LDs the drug had an effect
on lipid metabolism, as was shown following the increase of glycerol.

Keywords: pharmacology; accumulation; toxicity; amprolium; milk thistle; rats; mice; turkeys

vitamin K is present, which acts as a haemocoagulant and generates
vitamin A, which activates the regeneration of the epithelium of the

In our previous studies (Khariv, 2010) we found that in treating
coccidiosis and histomoniasis in turkeys Brovitacoccid with total
use of milk thistle fruits showed a high level of therapeutic
efficiency. Brovitacoccid is a 12.5% premix containing: 12.5 g of
hydrochloric amprolium, vitamin A — 1 million IU, Vitamin K —
200 mg, corn flour up to 100 g. Amprolium is an anticoccidiosis
preparation of benzimidazole (Gibbon et al., 2016). In the bodies of
Eimeria amprolium blocks the metabolism of glucose-6-phosphate
dehydrogenase, which leads to disorders in the carbohydrate
metabolism and death of the parasites (Joyner, 1970; McDougald
and Galloway, 1973; Chapman, 1982; McDougald and Seibert,
1998; Nweze and Obiwulu, 2009). In the small intestine where
Eimeria parasites are located, epithelial cells of the mucosa are
destroyed. This leads to catarrhal inflammation, Eimeria toxins
delay blood clotting, so in the complex preparation Brovitakcoccid

mucous membranes. Several experimental studies have found that
the protozoan infestations suppress the immune system, resulting in
the development of secondary immunodeficiency in animals and
birds. In these animals, protozoan infestation was complicated with
viral and bacterial microflora (McLoughlin, 1970; Chapman, 1976;
Platzer et al., 2005; Rosadio et al., 2010; Bangoura et al., 2014;
Chapman and Jeffers, 2014). In our studies of healthy turkeys it was
found that Brovitacoccid even at a therapeutic dose (2 g/kg feed)
suppressed the immune system of birds. Given the above
immunosuppressive effect of Brovitacoccid, we have developed a
method of treatment for turkeys using Brovitacoccid together with
the fruits of the milk thistle — 2 g/kg feed of both drugs over 5 days.
The high therapeutic efficiency of milk thistle fruit is engendered by
the flavinoid group “silymarin” (Khariv and Gutyj, 2016; Khariv et
al., 2016; Martyshuk et al., 2016). This blocks excessive lipid
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peroxidation and protects cell membranes from aggressive forms of
oxygen. All this ensures the strong hepatoprotective and antioxidant
actionof the drug.

Another essential component of milk thistle fruit is the wide
range and high level of its vitamins. In particular, vitamin C (ascor-
bic acid) activates the synthesis of antibodies — immunoglobulin
classes IgA and IgM. Vitamin C enhances the activity component,
enhances immune function and increases the nonspecific interferon
parts of the immune defense of the body against bacterial infections
(Gutyj et al., 2016; Lavryshyn et al., 2016; Smolynets et al., 2016).
Vitamin K, which is part of the thistle, ensures stable blood clotting,
and provides the minerals copper, iron and cobalt which are invol-
ved in erythropoiesis. Vitamins A and E provide quick regeneration
of the intestinal epithelium affected by Eimeria (Khariv, 2010).

As a result of detailed study of the pharmacodynamics of
Brovitacoccid and fruits of milk thistle in the treatment of birds
affected with Eimeria and histomonads, we have developed the
drug Amprolinsyl. This product contains amprolium — an anti-
Eimeria agent and silymarin — an antioxidant, hepatoprotective and
immunostimulation agent. Amprolinsyl is intended for the preven-
tion and treatment of protozoonoses in birds, especially mixed
associative invasions. For prevention , it should be administered at
1 g/kg of feed, for therapeutic use at 2 g/kg of feed. Like Brovita-
coccid, Amprolinsyl contains hydrochloric amprolium with antipro-
tozoan action. Instead of synthetic vitamins A and C, the drug
Amprolinisyl contains ground fruits of the milk thistle containing
natural vitamins (A, C, E, B) and minerals (copper, iron, cobalt
etc.), which greatly expand and enhance its pharmacological effect.
In accordance with the guidelines of the pre-clinical study of drugs,
every new drug must be examined for the following indicators:
determination of the toxicity of the Amprolinsyl bioassay to
infusoria; establishment of the toxicity of Amprolinsyl in laboratory
animals after a single administration (acute toxicity); exploration of
the cumulative properties of the drug on white rats; investigation of
the toxicity of Amprolinsyl in laboratory animals after long-term
administration (chronic toxicity) in order to study the efficiency of
Amprolinsyl. The study was conducted in accordance with the
recommendations “Toxicological control of new means of protec-
ting animals” and “Preclinical studies of veterinary medicines”.

The aim of research was:

1) to determine the toxicity of Amprolinsyl with laboratory
animals after a single administration (‘“‘acute toxicity”);

2) to investigate the cumulative properties of the drug with
white rats;

3) to establish the toxicity of Amprolinsyl with laboratory ani-
mals when it was administered over a long period (chronic toxicity).

Materials and methods

Setting the acute toxicity of the drug. Experiments to study
the acute toxicity of Amprolinsyl were performed on 30 white rats,
2-3-months of age, weighing 170-190 g and 30 white mice, 2-3-
months of age, weighing 19-22 g. The drug was injected once into
the empty stomachs of the test animals using a metal probe.
The experiment was conducted on 5 groups of animals, each con-
sisting of 6 animals. The drug was administered to laboratory ani-
mals in the following doses: white rats 4,000, 5,000, 6,000, 7,000,
8,000 mg/kg active ingredient (a. i.) and white mice — 3,000, 4,000,
5,000, 6,000, 7,000 mg/kg (a. i.). The studies of acute toxicity of
Amprolinsyl for young turkeys were performed on birds 25 days
old, weighing 1,000-1,200 g. The drug was administered into the
goiter of the research turkeys at doses of 5, 25 and 50 g/kg of body
weight of birds. The high dose was administered in small install-
ments at intervals of 2-3 hours. Following administration of the
drug, monitoring observation of the laboratory animals and poultry
lasted for 14 days. On the first day of the experiment the animals
were under constant surveillance. Then we took into account the
following indicators: general condition, appearance, behaviour of
the animals, intensity and nature of the mobile activity, presence of

convulsions, coordination, response to external stimuli (tactile,
sound, light), the condition of the hair, visible mucous membranes,
reaction to the food, rhythm, respiratory rate, time of occurrence
and nature of intoxication, its severity, course, the death or recovery
of the animals. During the experiment attention was paid to the loss
of laboratory animals and, depending on the action of the drug at
particular dosages the average dose (LDsp) of the dosage form was
calculated by the method of G. Koerber.

LDs, was calculated using the formula:

LD50 = LDIOO = *E(Z d)/m,
where DLy — the dose that killed all the animals, ¥ — the symbol of
sum, z — half the total number of animals that died from the effects of
the researched drug in the following two doses, d — difference of two
subsequent doses, m — the number of animals in the group at each dose.

The study of cumulative properties. Properties on the drug
accumulation were studied with 12 white rats weighing 140150 g.
The rats were divided into two groups: control and experimental.
To determine the degree of accumulation of the drug we used
method of K. S. Lima et al. (1961). The drug was injected into the
experimental animals, daily on an empty stomach, once intragastri-
cally using a metal probe for laboratory rats. The drug was adminis-
tered in large doses every day in small portions at intervals of 2 to
4 hours between doses. The experiment lasted for 24 days. Ampro-
linsyl was administered to rats at doses ranging from 0.1 LDs, the
dose being increased by 1.5 times every 4 days. At the end of the
experiment the dose of Amprolinsyl was 0.50-0.75 LDs,. During the
experiment the general condition and death rate of rats was assessed.
Depending on the dose, the cumulative rate was calculated according
to the formula proposed by Kahan and Stankevych (1964):

Keum=LDsyn/LDs 1,

where K, is cumulation coefficient, DLsy n and DLs, 1 — mortal
middle dose for multiple and single injection, respectively. To iden-
tify the impact of the drug in the above dosage on the body at the
end of the experiment, at the end of the next day after the final ad-
ministration of Amprolinsyl the animals from each group were
weighed and then decapitated under conditions of mild ether
anesthesia and their blood samples were taken for haematological
and biochemical studies. After dissection of the animals’, the inter-
nal organs were extracted and weighed, and the ratios of weight
compared to the control group were calculated.

Study of toxicity Amprolinsyl in chronic experiment. In the
study of chronic toxicity we were guided by the results obtained in
the course of acute toxicity. The drug was administered daily by
intramuscular injection. During the experiment we monitored the
clinical condition and behaviour of the animals.

Chronic toxicity was studied with 40 white rats weighing 90—
110 g. They were formed into 4 groups of 10 rats equal in number
and weight. The first (I) group was the control animals’ group.
They were injected with isotonic sodium chloride solution. Animals
from other three groups were administered Amprolinsyl at the
following doses: Group II — 1/20 LDsq, Group III — 1/50 LDs, and
Group IV — 1/100 LDsp. In the chronic experiment Amprolinsyl
was administered to rats for 30 days.

On 31st day from the start of administration, the detoxification
of liver function was measured for 5 rats from each group using
hexenal tests (Rozin, 1964). For this, the laboratory animals were
injected intraperitoneally with 1% solution of hexenal at a dose of
45 mg/kg. Then we recorded the average sleep time from the mo-
ment when the animal took the side position.

At the same time, the other 5 rats were subjected to the M. L. Ry-
lova swimming test. For this experiment, a glass aquarium was
used. The column of water in the tank was 50 cm. Water temperatu-
re — 12-13 °C. The experimental animals were weighted with
objects (metal batch) — 5% of body weight. Before the experiment,
the rats were weighed and the abovementioned weight load was
attached to their tails. Then both experimental and control animals
of about the same weight were placed into the tank. We then made
a constant observation of the animals swimming. The indicator of
efficiency was how long the animals could survive in the water.
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The animals swam until they sank to the bottom without resurfa-
cing. On the next day, the laboratory animals were decapitated
under light ether anesthesia, and haematological and biochemical
investigations made using the commonly recognized methods and
their body mass as compared to the control group established.

Mathematical processing of the research results was statistically
worked out using the software package Statistica 6.0. The average
values of the data were considered statistically significant at P <
0.05 (ANOVA).

Results

Setting the acute toxicity of the drug. We found that intra-
gastric administration of the drug Amprolinsyl to white rats, at a
dose of 5,000 mg/kg and higher caused onset of clinical signs of
intoxication after 4-5 hours, which was marked by poor coordina-
tion of movements and tremor of individual muscles. The death of
the animals took place within 1-4 days. The number of dead ani-
mals was in direct proportion to the dose of the drug. The research
data and calculations LDs, drug are presented in Table 1.

Table 1

Averege lethal dose of Amprolinsyl for white rats
following intra gastric administration

after calculation by G. Kerber method

Drug, mg/kg 4000 5000 6000 7000 8000
survivors 6 4 3 1 0
dead 0 2 3 5 6
Z 1.0 2.5 35 55
d 1000 1000 1000 1000
zd 1000 2500 3500 5500

DLs = 8000 — [(1000 + 2500 + 3500 + 5500) : 6] = 5916,7 mg/ke.

So, LDs, of the drug Amprolinsyl for intra gastric administration of
white rats is 5,917 mg/kg. After intragastric introduction to white mice,
it was found that the drug Amprolinsyl at a dose of 4,000 mg/kg and
higher brought clinical signs of toxicity after 5—6 hours, and was
marked by poor coordination of movements and tremor individual
muscles. The animals stayed together in a group and tried to hide in
the bedding. The deaths of the mice occurred over 1-3 days in direct
proportion to the particular dosage of the drug (Table 2).

Table 2
Average lethal dose of Amprolinsyl for white mice following
intra gastric administration after calculation by G. Kerber method

Drug, mg/kg 3000 4000 5000 6000 7000
survivors 6 5 3 2 0
dead 0 1 3 4 6
Z 0.5 2.0 3.5 50
d 1000 1000 1000 1000
zd 500 2000 3500 5000

LDso = 7000 — [(500 + 2000 + 3500 + 5000) : 6] = 5166,7 mg/kg.

So, LDy drug of Amprolinsyl after intragastric administration
to white mice is 5,167 mg/kg. Introduction of drug to turkeys in
doses of 5, 25 and 50 g/kg body weight did not cause the death of
the birds during the period of the experiment. After administration
of the drug at a dose of 50 g/kg the turkeys experienced a sharp
depression, refusal to feed and lost their response to stimuli. On the
following day, the state of birds is greatly improved, and by the 3—
4th day changes in the clinical condition of the experimental ani-
mals compared with the control group were not registered. LDs, for
internal intragastric introduction to laboratory animals of Amprolin-
syl (white mice and rats) is 5,000 mg/kg.

The study of cumulative properties. Study was conducted on
the properties of cumulative doses of Amprolinsyl following the
death of the experimental animals. The total introduction of the
drug in high doses was 831.25 mg/kg and the maximum accumula-
tion was under 8.31, indicating mild to cumulative properties of the
drug. We set reduction coefficients of liver weight to 5.0% and right

kidney by 5.2% after long-term oral administration of Amprolinsyl
to rats in increasing doses (Table 3).

The magnitude of weight ratios of lungs, heart and spleen for
the research period was the same as in the control group of rats.
Thus, prolonged daily intragastric administration of Amprolinsyl
over 24 days affected the functional state of the liver and kidneys.
After study of the morphological parameters of rats’ blood after oral
administration of Amprolinsyl in increasing doses, we established
that the main parameters of the blood of the research group were the
same as in the rats in the control group (Table 4).

Significant changes were found only after analyzing the leuko-
cyte profile. We found a probable decrease, as compared with the
control group, in the number of neutrophils by 54.7% and increase
by 9.2% in the number of lymphocytes. It was established that long-
term administration of the drug at increasing doses significantly in-
fluenced some biochemical parameters of the experimental animals
(Table 5). Thus, ALT activity significantly increased compared to
rats in the control group to 14.6%, and alkaline phosphatase — decrea-
sed by 39.9%. We found a significant increase in serum compared
with the control group, the level of glycerol to 46.1% of total lipids —
by 27.9% and total cholesterol — by 21.6%, which points to increased
lipid metabolism in the body of the experimental rats. Thus, Ampro-
linsyl, when provided over a long period (24 days) in daily admini.
stration of increasing doses causes a slight degradation of the mem-
branes of hepatocytes, which indicates increased activity of the intra-
cellular enzyme ALT.

Table 3
Factors of internal organ mass of white rats in studying
the cumulative properties of Amprolinsyl (M +m, n=12)

Internal organs Control After the 24" day
Lungs 8.9+0.50 8.1+0.87
Liver 41.5+£2.15 39.4+1.00
Right kidney 3.8+0.17 3.6+0.08
Left kidney 3.6+£022 34+0.11
Heart 3.7+0.17 3.62+0.11
Spleen 5.5+0.70 50+024
Table 4

The morphological parameters of blood of white rats
at the 24 th day of the experiment studying the cumulative
properties of Amprolinsyl (M = m, n=12)

. Group
Indices control the 24" day
Hemoglobin, g/l 116.8£629  117.5+£3.68
Red blood cells, T/L 7.7+£0.70 8.56+0.78
Hematocrit, % 36.7+0.01 40.0+1.29
Colour indicator 0.47+0.04 042+0.03
The average content of hemoglobin, pg 31.8+1.15 29.7+£0.37
The average volume of red blood cells, mkm® 49.8+4.56 40.0+1.29
‘White blood cells, D/L 10.0+1.19 11.8+3.52
Eosinophils, % 0.01+0.001 0.01+0.001
Neutrophils, % 15.0+1.83 6.8 +0.80*
Lymphocytes, % 83.5+£1.66 91.2 + 1,46*
Monocytes, %o 1.8+0.37 2.5+0.86

Table 5

Biochemical parameters of blood of white rats at the end
of the experiment to determine the cumulative properties
of Amprolinsyl (M + m, n= 12)

. Animals’ group

Indices control The 24" day
Total protein, g/l 8.40+0.25 7.40+0.39
ALT, mkkat/l 0.41+0.04 047+0.01*
AST, mkkat/l 0.66+0.04 0.70+0.03
LF, mkkat/l 1.48+0.07 0.89 +0.06*
Glycerol, mmol/L 1.02+0.11 1.49+0.12*
Lipids general, g/l 2.19+0.15 2.80+0.14*
Cholesterol general, mmol/L 5.65+0.58 6.87 £ 0.45*
Cholesterol free, mmol/L 2.12+0.13 2.09+0.11
Glucose, mg/l 497+0.12 5.52+0.52
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Study of toxicity of Amprolinsyl in chronic experiment.
After conducting experiments to study the chronic toxicity the death
of rats was not registered. On the 30th day of the experiment, after
the introduction of the drug in doses 1/20, 1/50 and 1/100 LDs,
probable variation of the mass of internal organs compared with the
control group was not shown (Table 6).

A statistically significant (P < 0.05) increase in the average
sleep time and decrease in the average swimming time (P < 0.05)
was found in two groups of animals. These changes indicate dama-
ge to detoxification of liver function in the context of overall de-
pressing effect on the body caused by long-term administration of
the drug at a dose 1/20 LDsy. The drug doses 1/50 and 1/100 LDs,
had no effect on the results of functional tests, due to the normal
functioning of the liver tissue and the lack of negative impact on
animals of the 3rd and 4th groups. On the 30th day of the expe-
riment, after the introduction of the drug at doses 1/20, 1/50 and
1/100 LDs, probable variation of the mass of internal organs com-
pared with the control group was not shown (Table 7).

Thus, the drug Amprolinsyl after administration at doses 1/20,
1/50 and 1/100 LDs, over 30 days did not significantly affect the
functional state of the internal organs of the experimental animals.
After researching morphological blood parameters in rats after oral
administration of Amprolinsyl at different doses, we established a

downward trend in hemoglobin and colour index value and a likely
reduction in the number of white blood cells, compared with the
control group, in all experimental groups (Table 8).

Table 6
Results of functional tests (M + m, n = 20)

Animal’s Drug Hexenal test, average Swimming test, average
group in a dose sleeping time, min swimming time, min
1 control 28.8+1.66 128+1.51
2 1/20 LDs 358+ 1.67* 9.1+1.37*
3 1/50 LDs 31.1+0.66 113+1.89
4 1/100 LD 5 29.9+1.89 13.0+1.59

So, after the introduction of Amprolinsyl at a dose of 1/20 LDs,
the leukocyte count decreased by 35.1%, and at doses 1/50 LDs,
and 1/100 LDsy by 34.7% and 39.3% respectively. In the fourth
group after using Amprolinsyl at a dose 1/100 LDs, we found a
likely increase in the number of red blood cells, and tendency to
increase in the average content of hemoglobin, resulting in colour
index value which was significantly lower compared with the con-
trol group, by 19.2%. An analysis of the leukocyte profile showed a
probable 3—6 fold increase in the number of eosinophils in all
experimental groups compared with the control group.

Table 7
Factors mass of internal organs of white rats on the 30th day of the study of chronic toxicity of Amprolinsyl (M + m, n = 6)
. Animal group
Intemal bodies control 1/20 LDy, 1/50 LDy, 1/100 LDy,
Lungs 8.8+£0.54 8.5+0.54 7.7+0.63 7.7+0.22
Liver 415+2.14 415+2.16 43.5+2.02 40.2+0.78
Right kidney 38+0.17 3.6+0.16 3.7+0.08 34+0.05
Left kidney 3.6+022 3.7+0.18 3.6+0.88 33+0.87
Heart 37+0.17 3.9+0.26 3.7+0.16 3.6+0.19
Spleen 5.5+0.70 5.8+0.39 6.7+0.22 48+0.19
Table 8
The morphological parameters of white rats’ blood on the 15th day of the experiment studying the chronic toxicity of Amprolinsyl (M + m, n=24)
. Animal group
Indicess control 120 LDy, 1/50 LDy, 1/100 LDy,
Hemoglobin, g/l 116.8+6.29 104.2+7.98 108.3+8.47 1143+6.89
Red blood cells, T/L 7.7+£0.70 7.5+0.49 8.0+0.6 9.2+0.94*
Hematocrit, % 37.7+1.28 322+193 33.0+1.78 33.3+1.65
Colour indicator 0.47+0.04 0.41+0.01 0.42+0.05 0.38 +0.04*
The average content of hemoglobin, pg 31.8+1.15 323+1.63 33.5+£2.99 38.9+3.53
The average volume of red blood cells, mkm® 49.8+4.56 43.6+2.32 41.7+£243 374+443
White blood cells, D/L 10.01£1.19 6.50+1.12* 6.54 +0.68* 6.08 + 1.12*
Eosinophils, % 0.2+0.01 0.66 = 0.06* 0.67+0.03* 0.33+0.03*
Neutrophils, % 15.0+1.83 11.83+£1.97 12.8£3.02 11.75+£2.39
Lymphocytes, % 83.0+ 1.66 855424 84.6+2.82 86.0+2.7
Monocytes, % 1.8+0.37 24+037 1.67+0.67 20+0.71
Table 9
Biochemical parameters of white rats’ blood on the 30 th day of the experiment studying the chronic toxicity of Amprolinsyl (M = m, n=24)
. Animal group
Indices control 120 LDy, 1/50 LDy, 1/100 LDy,
Total protein, g/l 84+0.25 8.8+0,78 9.0+0,29 9.7+047*
ALT, mkkat/l 0.41+£0.04 0.35+£0.03 0.42+£0.02 0.43+0.03
AST, mkkat/l 0.66 £ 0.04 0.74+£0.02 0.76 £0.02 0.80+£0.12
LF, mkkat/l 1.48+0.07 1.47+0.05 1.52+0.03 1.60+£0.16
Glycerol, mmol/L 1.0£0.11 1.6+0.33 1.1+0.08 14+0.10
Lipids general, g/l 2.19+0.15 3.35+0.26%* 2.7+0.15% 2.6+0.13
Cholesterol general, mmol/L 5.65+0.58 5.11+0.58 523+0.26 5.54+042
Cholesterol free, mmol/L 212+0.13 2.02+0.07 1.95+0.07 2.12+0.06
Glucose, mg/l 4.97+0.12 4.83+0.14 4.854+0.28 429+0.19*

After administration of Amprolinsyl at doses of 1/20 and 1/50
LDsy the rats’ serum level was quite high, glycerol — by 52.9% and
23.3% higher than in the control group of rats. Significant changes
of total and free cholesterol in the blood serum of the experimental
animals was registered (Table 9). Rats which were administered the
drug at a dose 1/100 LDs, had total protein level that increased by
15.5% while glucose was significantly lower by 13.7% compared to

the rats in the control group. So, after studying the action of Ampro-
linsyl at toxic doses in a chronic experiment, the values of haemato-
logical and biochemical parameters revealed that, despite the low
toxicity, Amprolinsyl at doses of 1/20 and 1/50 LDs, affects lipid
metabolism indicating an increase in glycerol. Amprolinsyl at doses
higher than therapeutic, affects the hematopoietic function (redu-
cing the number of white blood cells in all experimental groups).
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Discussion

Considering the pathogenesis of Eimeria and Histomnas invasi-
on, the treatment of poultry should be causal and pathogenetic.
For etiotropic treatment it is necessary to free the body of the bird
from parasites. Among the wide range of anti-Eimeria drugs avai-
lable today, the most effective is Brovitacoccid of domestic produc-
tion (McLoughlin, 1970; Chapman, 1976; Khariv, 2010; Rosadio et
al., 2010; Gibbons et al., 2016). During the second phase of treat-
ment it is necessary to use medicines that activate the hematopoietic
function of bone marrow, restore liver function, stabilize the state of
the cell membranes of hepatocytes and enhance cellular, humoral
and nonspecific parts of the immune system. In the range of immu-
nostimulatory and hepatoprotective drugs a prominent position is
occupied by herbs which are used for treating a variety of diseases
caused by the weakening of endogenous antioxidant defence, se-
condary immunodeficiency and related disorders in homeostasis
(Gutyj et al., 2016; Martyshuk et al., 2016; Smolynets et al., 2016).
Based on reports in the literature and our own researches on healthy
turkeys and those affected by Eimeria and Histomonas invasion, we
found that among the most effective hepatoprotectors the fruits of
milk thistle merit special attention. They contain flavonoids — sili-
cristin, silidianin, silibilin, united under the title “Silymarin” (Kha-
riv, 2010; Gutyj et al., 2016). Flavonoids act hepatoprotectively,
stabilize the state of cell membranes and activate proteinsynthesis
liver function. It should be noted that in the fruit of milk thistle there
is a wide range of vitamins (A, E, K, C, B), macro (K, Ca, Mg),
micronutrients (Cu, Co, Fe, J, Si), and essential and inessential
amino acids involved in metabolism and erythropoiesis, stimulating
the formation of antibodies and raising immune health (Khariv et
al., 2016; Martyshuk et al., 2016).

Conclusions

This study of the acute toxicity of the antiprotozoan drug Ampro-
linsyl, which has been recently developed in Ukraine, using laboratory
animals concerns a drug of low toxicity (the 4th grade of toxicity State
ST 12.1.007-76). Long-term daily intragastric administration of Ampro-
linsyl during 24 days affects the functional state of the liver and kidneys.
We studied of morphological parameters of the blood of rats by oral
administration of Amprolinsyl in increasing doses, and established that
the main parameters of blood in the research group were the same as in
the control group of rats, significant changes were found only after ana-
lyzing the leukocyte profile. We established that there was a probable
decrease as compared with the control group, in the number of neu-
trophils by 54.7% and increase by 9.2% in the number of lymphocytes.
Amprolinsyl, under long-term (24 days) daily administration of increa-
sing doses causes a slight degradation of the membranes of hepatocytes,
which indicates increased activity of the intracellular enzyme ALT.

Amprolinsyl at doses 1/50 and 1/100 LDs, had no effect on the
results of functional tests, due to the normal functioning of the liver
tissue and the lack of negative impact on animals in the 3rd and 4th
groups. Amprolinsyl after administration at doses 1/20, 1/50 and
1/100 LDsj over 30 days did not significantly affect the functional
state of the internal organs of the experimental animals.

The study of the morphological parameters of rats’ blood follo-
wing oral administration of Amprolinsyl at different doses establi-
shed a downward trend in hemoglobin values and the colour indica-
tor and a probable reduction in the number of white blood cells in
all experimental groups compared with the control group.

According to hematological and biochemical parameters we
revealled that, despite the low toxicity of Amprolinsyl at doses of
1/20 and 1/50 LDs, the drug affects lipid metabolism, which indi-
cates increase in glycerol.
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Exploring the mechanisms of vegetative regulation in children and adolescents of different somatotypes has a
prognostic value in regard to the character of adaptive reactions of the organism, as it facilitates the identification of the
risk factors of pathological processes and states of vegetative systems, which may cause chronic illness in adulthood.
The author defines the pathogenic specifics of development of vegetative dysfunction in adolescents in relation to their
morphological status. Cardiointervalography and anthropometric, mathematical and statistical methods of research were
used. Based on the results of cardiointervalography, the structure of initial vegetative tonus was established, which was
characterized by prevalence of eutonia (38.4 + 4.9%). The specific weight with background eutonia of adolescent boys
and girls tended to be higher among the representatives of the thoracic and muscular somatotypes, compared to
adolescents of the alimentive and osseous somatotypes (P <0.001-0.05). The established specifics indicate that thoracic

and muscular somatotypes ensure optimal adaptation of organisms to the environment. Sympathicotonia was measured
among the majority of boys of extreme constitutional variants (alimentive and osseous somatotypes) (36.3% and 30.0%
respectively), which demonstrates the activation of adaptive mechanisms in the abovementioned category of examined
adolescents, while among girls this phenomenon was evident among the representatives of the osseous and thoracic
somatotypes (38.5% and 30.8% respectively). We found that the majority of examined adolescents (53.4%) had a
normal vegetative reactivity. Gender differences in the structure of vegetative reactivity of adolescents could well be
explained by the higher number of girls of asympaticotonic type (19.2%) compared to boys (7.3%, P < 0.05).
Furthermore, we found that hypersympathicotonic and asympathicotonic types of vegetative reactivity were
characteristic of the majority of representatives of the alimentive and osseous somatotypes irrespective of the gender,
which indicates activation of functioning of the cardiovascular system, decreased adaptive capacity of the organism
among the examined group. The research shows that the group at risk of developing functional deviations in vegetative
systems is formed by the representatives of the alimentive and osseous somatotypes.

Keywords: cardiointervalography; neuroendocrine imbalance; initial vegetative tonus; vegetative reactivity; somatotype

ITaToreneTu4Hi 0co00TUBOCTI (POPMYBAHHS BereTaTUBHUX JUCHYHKIIH
y NJIITKIB 3aJ1€5KHO Bil iX MOP(O0JIOTiYHOr0 CTATYyCY

O. O. Cxuba

Cymcwruil deporcagruti neoazoziynui yuisepcumem imeri A. C. Makapenka, Cymu, Ykpaina

BusHayeHo maroreHerwuHi 0OcoOIMBOCTI (JOPMYBAHHSI BEreTaTHMBHMX JUCQYHKIIH y MiUNTKIB 3aleKHO Bifl X MOP(OJIOrYHOrO CTaTycy.
3a pesysbTaTaMu KapioiHTepBaorpadii BU3HAUEHO CTPYKTYPY BUXIIHOTO BEIE€TATHBHOIO TOHYCY, SIKa XapaKTepu3yBajach nepesaroto eiftoHii (38,4%).
BcTaHOB/ICHO 3aJICKHICTh BHXITHOTO BEIETATHBHOIO TOHYCY HIUNITKIB BiX iX Mopdonoriysoro crarycy (= 26,7, P < 0,01). ITutoma Bara oci6 i3
(hOHOBOIO EHTOHI€TO, SIK Cepell XJIOMIB, Ta i cepesl JiBYar, Oyna BiPOTiJIHO BHILOK CEPel MPEICTABHHUKIB TOPAKAIBHOIO Ta M’SI30BOIO COMATOTHIIIB,
TOPIBHSHO 3 IMiUTITKAMK aCTEHOINHOrO Ta AMrecTHBHOro comarotumis, (P < 0,001-0,05). CUMIATHKOTOHIIO BU3HAYEHO cepel OLIBLIOCTI XJIOMIIB
KpaifHiX KOHCTUTYLUHHMX BapiaHTIB (ZMIECTHBHMI Ta acTeHoinHui comartotumn) (36,3% Tta 30,0% ocid BiMMOBIAHO), IO CBIAYMTH PO HANPYHKEHHS
aJaNTaliifHIX MeXaHi3MIB y BH3HAYCHOTO KOHTHHICHTY OcCi0, TOmi SK y IpyIl AiBYaT — cepeil NPENCTABHUKIB ACTEHOINHOrO Ta TOPAKAIBHOIO
comarorumiB (38,5% Ta 30,8% oci6 BimmoBinHO). [lepeBaskHa OLIBIIICTS OOCTEXKEHNX MUNTKIB (53,4%) Mae HOpMaJbHY BErCTaTUBHY PEAKTUBHICTb.
CrateBi BIIMIHHOCTI CTPYKTYpH BET€TATUBHOI PEAKTHBHOCTI ITIUIITKIB MOJSTAIMA Y BIPOTITHO BHINIM YacTIli AIBYAT 3 ACHMIIATUKOTOHIYHHM THIIOM
(19,2%), nopiersiHo 3 xyompiMu (7,3%, P < 0,05). I'nepcuMITaTHKOTOHIYHIIT Ta aCHMITATHKOTOHIYHUIA TN BEreTaTUBHOI PEAKTUBHOCTI PUTAMAHHI
TMePEeBaKHIN OUIBILIOCTI MPE/ICTABHUKIB JMICCTHBHOTO Ta ACTEHOITHOTO COMATOTHINB HE3AISKHO Bi CTaTi. BU3HaueHO rpyIy MiIBHINEHOrO PHU3UKY
PO3BUTKY (pyHKIIOHAIBHHIX BIIXMIIEHB 13 00KY BEreTaTUBHUX CHCTEM, SIKY ()OPMYIOTb PEICTABHUKH AUTECTHBHOIO Ta ACTEHOITHOrO COMATOTHIIIB.

Kouogi cnosa: xapaiointepsanorpadis; HelipoeHIOKpUHHHIIT qrcOanaHc; BereTaTHBHII TOHYC; BEreTaTHBHA PEAKTHBHICTh; COMATOTHIT
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Beryn

IToka3HuK e(eKTHBHOCTI JAepXKaBHOI MOMITHKU y chepi 0Xopo-
HHU 3/I0pOB’Sl — cOLliajbHe ONaromnoyyysi Ta CTaH 3/10pOB’sl Hace-
JIeHH: KpaiHy. HuHi ofHa 3 HAHTOCTPIIIX MEIMKO-COLIATbHIX TIPO-
OmeM B YKpaiHi — CTaH 3I0pOB’sl JiTel Ta Mi/UTITKIB, HAIyTIH-
BIIINX JI0 HECTIPHUSATIMBOTO BIUIMBY Pi3HUX YAHHHKIB 30BHIIIHBOTO
cepenoBuIa. Y BUpIIMIEHH] IpoOIeMy 30epeskeH s Ta 3MIiITHEHHS
37I0pPOB’SI IUTSIYOT0 HACEJICHHS O/IHA i3 POBITHUX POJICH HAICKUTH
npoGiIakTUIl K CKIIAJOBil CHCTEMH OXOpOHH 310poB’st (Serdjuk
et al., 2016). utstunii opranism Mae MiIBULICHAH PU3UK PO3BUTKY
BIIXHJICHB Y CTaHi 310pOB’S Yepe3 HasBHICTb KPUTUYHUX MEPiofIiB
POCTy Ta pO3BHTKY, 0COONHMBOCTEH OOMIHY PEHOBHH, HEIOCKOHA-
JIOCTI aJaNTallifHIX MEXaHi3MiB, HEIOPO3BUHEHOCTI IMYHHOI Ta
HIIMX CHCTEM, II0 MOXE CHPUYMHHTHA 3HIKCHHS aKTUBHOCTI
PEryJIITOPHUX MEXaHi3MIB uyepe3 X IepeHalpyKeHHs Ta BHCHa-
JKESHHsI BHACTIIOK PO3BUTKY martolyioriynux craHi (Majdannyk et al.,
2014; Reeva, 2015).

Bererarusna nepBosa cuctema (BHC) — peryssatopna nanka y
niporieci GopMyBaHHS alaNTaiiHAX i KOMIIEHCATOPHHUX 3MiH B Op-
raHi3Mi y pe3ynbTati GopMyBaHHs nmatonorivaux craiB (Petkovié
and Cojbasi¢, 2012; Chernyavskikh et al., 2015). TIpruomy mpak-
THYHO HEMa€ TAaKMX MATOJOTIYHUX CTaHiB, PO3BUTOK SIKMX He OyB
Ou NOB’si3aHMI i3 pO3JaJaMi BEreTaTHBHOI HEPBOBOI CHCTEMH
(Messina et al., 2013; Brandao et al., 2014; Majdannyk et al., 2014;
Bartczaket al., 2016; Huang et al., 2016; Regitz-Zagrosek and
Kararigas, 2017). BereratuBHa aucdyHKIIis, SK PaBIIO, PO3BHBa-
€ThCsI HA TV (PEHOTUMIYHMX 03HaK (yHKIiOHabHOrO cTany BHC
(BaroToniuHa a00 CHMIATHUKOTOHIYHA 1i cmpsmoBaHicTh) (Vejn,
2003; Esler, 2010; Thayer et al., 2010; Nalyotov, 2014; Campos,
2015). OcobiBe 3HaueHHS B TeHE3i (yHKIIOHATFHUX BIIXIJICHb
JISUTBHOCTI Pi3HHUX OpraHiB Ta CHCTEM, 30KpeMa CepLEeBO-CYIMHHOI,
CH/IOKPHHHOI, TpaBHOI Ta iHIINX, HaJXeXHUTh aucdyHkuismM BHC i
HEWPOCHIOKPHHHOMY JUCOATAHCY, IO CIOCTEPIraeThCsl B IMiUTIT-
xoBoMy Biui (Grosu, 2014; Nobrega et al., 2014; Marongiu and
Crisafulli, 2015; Sladek et al., 2015). Came B 1pOMy Billi BHHH-
KaroTh TMEPeIyMOBU Ui PO3BHUTKY (YHKIIOHAJIGHMX PO3JIAIiB i3
OOKY BEreTaTHBHUX CHUCTEM, SIKi MOXKYTb CTaTH MPHYMHOIO PO3BUT-
Ky XpOHIYHHX 3aXBOpPIOBaHb y gopociomy Bini (Kraus et al., 2013;
Ubrich et al., 2016).

AmHani3 OCTaHHIX JOCITIKEHB 1 MyOiikaiiii Bka3ye Ha Te, 10
KO)KHOMY 3 KOHCTHTYLIHHUX THIIIB BIAcCTUBI crienudiuHi ocoOm-
BOCTI (DYHKIIOHYBaHHSI HEPBOBOI, I'YMOPAJIBHOI, CEPIIEBO-CYIMHHOT
Ta imynHoi cuctem (Miculic, 2008; Kazakova et al., 2009; Koenig,
et al., 2014; Schoen, 2016). Tomy BHBYEHHS NaTOr€HETUYHUX
MexaHi3MiB BUHMKHEHH: qucdynknii BHC y migmitkiB pisHEX co-
MaTOTHIIIB MAa€ MPOTHOCTUYHE 3HAYEHHS Mepediry aganTamiifHux
peaxiiiii opraHi3My, IO JO3BOJIHUTH BUSBIIITH JIOHO30JIOTIUHI CTAHH
Ta 3[{HCHIOBaTH PaHHIO MPO(ITAKTHKY COMAaTHYHUX 3aXBOPIOBaHb,
110 3yMOBITIOE aKTyalbHICTh Jociimkenns (Denefil, 2013; Messina
et al,, 2013). Mera 1pOro IOCTIPKCHHS — BU3HAYUTH IATOrC-
HETHUYHI OCOOJMBOCTI (POPMYBaHHS BEreTaATUBHHUX MUCQYHKIINH y
ITUTITKIB 3aJIEKHO Bifl IX MOP(OJIOTIMHOTrO CTaTyCy.

Marepias i MeToau A0C/IiTKEeHD

V nocnimpkenni 6pam ydacts 99 aireit 15-16 pokis (58 xuormiis
Ta 41 niBunHA), SKi HABYAIOTHCS B IHHOBALIMHUX HABYQIBHHX 3aK/Ia-
nax (riMHasisax) M. Cymu. TIporpama ToCHiKeHHS BKITFOYAIa aHTPO-
MIOMETPUYHE OOCTEXEHHS, 10 MPOBOJMIN 33 3arajbHOBU3HAHUMU
MeToAuKaMH. BusHavamm totanbHi po3mipu Tina: moxuHy (IT),
macy (MT), oxpyxHictb rpynsoi kiitku (OI'K). OuiHroBaHHS coma-
TOTHITY 37ikcHIOBaM 3a cxeMoro LlItehko — OcTpoBecpKOro 3 BUII-
JICHHSIM YOTHPHOX KOHCTUTYLIHHWX BapiaHTIB: aCTCHOINHMH, Topa-
KalbHHI, M’s130BHH Ta aurectiBaUi (Shtefko and Ostrovskyj, 1929).

Jlnst owinroBaHHs (yHKUioHaBHOrO crany BHC nocnimxyBam
BapiabenbHiCTh ceprieBoro putMy (BCP) 3 BUKOpUCTaHHSIM arnapaTHo-
nporpamuoro komiutekey «KapmioCrexrpy (AT CornBeidr) BiroBigHo
1o Bumor Mixknapomsoro cradnapty (Task Force of the European
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Society of Cardiology and the North American Society of Pacing and
Electrophysiology, 1996) mmst kopotkux 3armciB. [IpoBomimm aHaii3
nBox Kareropiii BCP: gacosuii (Time — Domain Results) Ta yacrorHuit
(Frequency — Domain Results). ¥ 4acoBoMy acreKTi OL[HIOBAIM ITO-
ka3HUKH NN — psin HopMambHUX R-R iHTEpBaiiB i3 BHUKIIIOUCHHSIM
excrpacucror; SDNN — cranmaprae BimxwneHHs NN iHTepBaiB;
RMSSD — kBanpaTHHiT KOPIHB i3 CEpPEAHBOTO 3HAYECHHST KBA/IPaTIB Pi3-
HHIIb BEJIMYMH TOCIiOBHUX iHTepBaiB R-R; pNN50 — BifcoTok kap-
JHOIHTEPBAIB, 1110 BIIPI3HAIOTHCA Bifl CyCiHIX OUTbIIe HDK Ha 50 Mc,
BiJI 3araJIbHOI KUTBKOCTI KapioiHTepBati; [H — iHyieke Hanpy KeHHs.

V 4acTOTHIM JUISAHII BU3HAYaIM aGCONIFOTHI 3HAYCHHS IIOKa3-
nukiB TF (Total Frequency) — 3aranpHOI HOTY)KHOCTI CIIEKTpa;
HF (High Frequency) — moTy>KHOCTI BUCOKOYAaCTOTHUX KOJHBAaHb
CIIEKTpa, sIKa XapaKTepHu3ye AuXajabHHuii KoMroHeHT BCP, moB’s-
3aHUH 13 mapacummaraHuM peryroBanasM; LF (Low Frequency) —
MOTY>KHOCTI HHM3bKOYACTOTHUX KOJIMBAHb CIIEKTpA, SKHil BigoOpa-
JKa€ aKTUBHICTH MiJIKIPKOBOTO Ba30MOTOPHOTO LIEHTPY Ta MOB’si3a-
HUH 13 cUMIIaTHYHOKO JlaHkoro peryisnil; VLF (Very Low Frequ-
ency) — HOTY)KHOCTI HaJHU3bKOYACTOTHHX KOJIMBAHb CICKTpA, SKUH
BiToOpakae aKTUBHICTh HAJCETMEHTApPHHMX BII/UIIB ABTOHOMHOI
HEPBOBOI CHCTEMH Ta HEHPOI'yMOpaIbHUIM KOMIIOHEHT PETYIIOBaH-
w1, LF/HF — xoedirtient, sxuii BinoOpakae GamaHC BEreTaTHBHHUX
BIUMBIB. KOMIT'IOTepHHUii aHasIi3 BKIIFOYAB BH3HAYCHHS BHXIIHOTO
BEreTaTUBHOIO TOHYCY: IepeBara TOHYCY IapacHMIIaTHYHOTO
(BaroToHist) 4M CHMIATHYHOro (cuMmmnaTukoToHis) Bimminy BHC,
GasaHc (eifToHis).

Peectpaiiito kapaioiHTepBaorpaMy HPOBOAWIM B TOPU30H-
TaJbHOMY MOJIOXKEHHI (JIe)Kauyd Ha CIHHI), Y CTaHi BiIHOCHOTO
CIIOKOIO Y TIEPILIii TOJOBUHI THA MPOTATOM 5 XBIIMH. Bu3HaueHHA
peaktuBHOCTI BHC 3nilicHIOBaNM 3a TOIOMOTOIO aKTHBHOI OpTO-
crarmaHoi pobu (Vejn, 2003; Fedorowski and Melander, 2013).
ITicns mpoBeneHHs (HOHOBOTO 3aIiCy KapioiHTEpBaIOrpaMu 00-
CTeXKEHMH 0e3 Pi3KHX PyXiB HAO0YBAaB BEPTHKAILHOTO ITOJIOXKCHHSI, B
SIKOMY TIPOBOJIMBCSI TOBTOPHHMI 3aITHC Kap/[i0iHTEPBAJIOT PAMH.

OwiHKy BEereTaTHBHOI PEAKTUBHOCTI BU3HAYAIM 32 BiIHOLICH-
Hsm [H, (ingexc Hanpy»xenHs B optoctasi) no IH; (ingekc Hampy-
JKEHHsI Y CTaHi BiJHOCHOTO CIIOKOIO) 3 BUAUICHHSIM HOPMAJBHOTO,
TiePCUMITATHKOTOHIYHOTO Ta aCUMIIATHKOTOHIYHOro TrmiB (Maj-
dannyk et al., 2014).

Cratuctnuny 0OpoOKy OTPHMAHUX J@HHX 3[IMCHIOBAJIM 3a
Joromororo nporpamu Statistica 8.0 (StatSoft Inc., USA) 3 Busna-
YeHHSM CepetHboro apudmernusoro (M) Ta Horo crasaapTHOL
noxuOkH (m). JIst IPOLEHTIB cTaHAApTHY MOXUOKY (M) po3paxo-

BYBaJIM 32 (pOPMYIIOLO:
AL =)

n
JIns HOMIHAIBPHUX 3MIHHUX PO3PaxOBYBAaIM B3a€MO3B’SI30K 3a

Tab/UIAME CIPSUKEHOCTI Ta KpuTepieMm - Ilipcona. Binmimmocti
MDK BHOIpPKaMH y BHITQIKax HOPIBHSAHHSA 1X CEpe/IHIX 3HaueHb, PO3-
MOJICHUX 32 HOPMAJIBHUM 3aKOHOM, OLIHIOBAJIM 32 MapaMeTpHy-
HuMm Kputepiem Crpiozienta (t). BigminxocTi Mik BuOipKamu
BBaKaiu BiporigHumu 3a P < 0,05.

JlochmimKeHHsT BIKOHAHE 3a IUIAHOM HayKOBO-JOCIIJHULIBKOT
pobotu kadenpy MenuKo-0i0IOTiTHNX OCHOB ()i3UUHOI KyJIBTYypH
CyMCBKOTO JIepyKaBHOTO HeJarorigHoro yHisepcurery iMeHi A. C. Ma-
KapeHKa 3a TeMoro «Di3iooro-ririeHidHuNA CympoBiz 310poB’130e-
PEXYBAIBHOI [iSUIBHOCTI 3aKiafiB ocBiTH», No nepkaBHOI pee-
crpauii 0113U004662.

m=

Pe3yabTaTn

Y CTpyKTypi BHXiZHOTO BEreTATHBHOTO TOHYCY MepeBakayia
(onoBa elitonis (38,4 + 4,9%), sika 3a0e31etdye ONTUMATBHY aJar-
TaIliro Opraxi3my J1o (akTopiB 30BHIIIHEOTO cepeoBuina. Berera-
THBHUH OayaHc, BUSBIGHUH y OLIbIIOCTI 0ci0, HMOBIPHO MOB’si3a-
HH 13 3aBepIUCHHSIM ajanTaniiHux nepeOynoB i GpopMyBaHHIM
ONTHMAJIBHOI PEeryJIsLii Ha BU3HAYCHOMY €TaIli OHTOreHE3Y.

Yacrka 0cib i3 BarotoHiero cranosmia 32,3 + 4,7% o00CTe/KeHNX,
TIPUHYOMY Ceper JiBUaT BoHa Biporimuo Bumma (38,2 + 7,6%) mopis-
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HstHO 13 xytommivu (19,4 £ 5,2%, P < 0,05). BarychHo-xoniHepriqna
CIIPSIMOBAHICTh BEreTATHBHOI PErysuilii BiqoBinae Mopgosoriunii
3piIocTi opraui3My Ta 3abe3redye cTaliTi3aliio peryJiLii cepLeBoro
PUTMY 32 PaXyHOK YIOCKOHAJIICHHsI MeXaHi3MiB camoperyJisiiii. Bere-
TaTuBHUH TOHYC 29,3 + 4,6% MiAMTKIB XapaKTepH3y€eThCsI CHMITA-
THKOTOHI€FO Ta BiZICYTHICTIO BIpOTiTHUX BiIMIHHOCTEH MK 0OCTeXe-
HHUMH 0co0aMH J0JI0BIYOi Ta )KIHOYO] CTaTi.

VCTaHOBNEHO 3aICKHICTh BHXIJHOIO BErETaTHBHOTO TOHYCY
miiiTkiB Bix ix Mopgomnoriunoro crarycy (xF = 26,7, P < 0,01).
AHai3 CTPYKTypH BHXIJHOTO BEreTATHBHOTO TOHYCY XJIOIIB 3a-
JIOKHO BiJl X COMAaTOTHIIONONTYHUX OCOOIMBOCTE BUSIBHB BipOTi/-
Hy nepeBary (OHOBOI eifToHil cepen oci6 TopaxambHoro (40,0 +
6,4%) ta M’s3oBoro (30,0 = 6,0%) coMaroTHIiB, MOPIBHIHO 3
npencraBHuKamu acreHoinaoro (10,0 + 3,9%, P < 0,001-0,01) Ta
murectusHOro (20,0 + 5,3%, P < 0,05) comarorumis (puc. 1).
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Puc. 1. CtpykTypa BUXiZHOrO BET€TATHBHOTO TOHYCY XJIOMILB (%)
3aJIe)KHO BiJ] coMaToTHIry (n = 58)

Uactka oci6 i3 BAaroTOHI€IO BIPOTIMHO BHINA CEpENl XJIOMIB
ACTCHOITHOTO, TOPAKAIBHOTO Ta M’5130BOro coMarotuiis (40,9 + 6,5%,
36,4+ 6,3% 12 25,0 £ 5,7% 0ci0 BiIOBITHO), OPIBHSIHO 3 iUTITKAMH
JurecTuBHOro comatotuy (9,1 +2,8%, P <0,001-0,05).

BereraruBHuii 1ucOanaHC, M0 HPOSBISIETHCS CUMIIATUKOTOHI-
€0, TIPUTAMAaHHMK OUTBIIOCTI MiUTITKIB KpalHIX KOHCTHTYL{HHHHMX
BapiaHTIB (IUTECTUBHUI Ta acTeHOimHUI comarotur) (36,2 + 6,3%
ta 30,0 £ 6,0% oci6 BiAMOBIAHO), IO CBITUATH MPO HAIMPY>KESHHS
aJanTaifHIX MeXaHi3MIB y BU3HAUYEHOTO KOHTUHTEHTY OciO.

VY rpymi AiBYaT CTPYKTypa BUXIJHOTO BETETaTHBHOTO TOHYCY
noxtibHa MoKa3HWKaM Oci0 YOJIOBIYOi CTaTi, OCKUIBKU XapaKTepH-
3y€ThCsl BIPOTIHOK MEPEBAro0 CHUTOHIT cepell MPECTABHUKIB
TopakaibHoro (50,0 + 7,8%) Ta m’s30Boro (38,9 + 7,6%) comaro-
THITB, HOPIBHSHO 3 TpeacTaBHUKamMu acteHoinuoro (11,1 + 4,9%,
P <0,001-0,01) ta murectusHoro (0%) comarotumis (puc. 2). Bu-
3Ha4YeHi OCOOJMBOCTI CBiIYaTh MPO Te, IO TOPAaKAJIbHHM 1 M’s30-
BUI COMATOTHIN 3a0€3MeUyI0Th ONTHMAIBHY afalTaliio OpraHiz-
My 10 (aKTOpiB HABKOJIMIITHEOTO CEPEIOBHUIIIA.

BaroToHiuHMiT BUXIIHUI BEreTaTUBHUI TOHYC CIIOCTEpIraeTh-
csl 'y OUIBIIOCTI JiBYaT M’S30BOrO Ta TOPAKAJIBHOIO COMATOTHIIIB
(50,0 £ 7,8% Ta 30,0 £ 7,2% 0OCTEKEHHX BiAIMOBIIHO), TOMI K
CHMIATHKOTOHIYHUI — Y J{BYaT acTCHOIAHOrO Ta TOPAKaJIbHOTO
comarotuniB (38,5 = 7,6% Tta 30,8 £ 7,2% oci0 BIANOBIAHO).
Buspnennii mucbananc cTaHy peryJsITOPHHX CHCTEM OCi0 JKIHOWOi
cTari Moxke OyTH IOB’SI3aHUH i3 HEPIBHOMIPHICTIO JJO3piBaHHS pe-
TyJISTOPHUX MEXaHI3MIiB HA JAHOMY €Talli OHTOTCHE3Y.

[HTerpaUIbHMIA TOKA3HUK, 10 BiOOpaXkae CTYIiHb IICHTpaTiza-
Lii ynpaBiiHHS CepLEeBUM PUTMOM, — iHaeKc HampyxeHocti (IH).
B oprocratnuHoMy nosoxeHHi i cepen xyonwis (+156,8 +20,0%),
i cepen aiBuar (+146,2 + 24,1%) BinOyBaernest 30inbiuenns [H, —
3aKOHOMIPHA PEaKIIisl, KA CBIIYUTH MPO AKTUBALIiO IIEHTPAIBHOTO
KOHTYPY BETeTaTHBHOI PEeTyIIAMLiL.

Amnaniz npupocry IH cepen xyiomniB 3aexHo Bim iX comaro-
THIOJIOTIYHUX OCOOJIMBOCTEH CBIIUMTH MPO BIpPOTiAHO BHII 3HA-
yenHs IH cepen mnpencTaBHHMKIB JWIECTHBHOIO COMATOTHILY
(+218,8 + 66,1%), MOPIBHSIHO 3 XJIOMIIMUA M SI30BOTO COMATOTHITY
(+91,5 £ 19,4%, P < 0,05) (puc. 3).

Ha ¢oni 3aransroi Teraenmii 10 30utbmenns [H y Bianoiae
Ha OpPTOCTa3 cepel MiBYaT JUIECTHBHOIO COMATOTHITY BiiMideHe
Hai0bIIe 3HaYeHHs foro npupocty (+239,0 = 100,5%) (puc. 3).

3a pe3yabTaTaMy OLIHIOBAHHS BEreTAaTUBHOI PEAaKTUBHOCTI BCTa-
HOBJICHO TIepeBary HOPMAaJIGHOI BET€TaTHBHOI peakTHBHOCTI (534 +
5,0%), omHak 9acTka OcCi0 i3 TiMepCHMIIATUKOTOHIYHOIO PEaKTUB-
HicTIO Oyna Bucokoro (35,6 + 4,8% oOcTexeHnX), o BKasye Ha
TiJIBUIICHHS BHECKY CHMITAaTOA/[PEHAJIOBUX BIUTUBIB Y BIIIIOBLIb HA
OpTOCTa3 1 CBIIYUTH NPO HANPYXKEHHS aJalTaliiiHIX MOXKJIMBOC-
Tei opranizmy mmipriTKiB. CTaTeBi BiZIMIHHOCTI CTPYKTYpH BereTa-
THBHOI PEAKTHBHOCTI Mi/UNTKIB MOJSrajd y BIPOTiIHO BHILIK
yacrtii AiByar 3 acummnarukotoHieo (19,2 £ 6,3%) nopiBHsHO 3
xnonmsamu (7,3 + 3,4% P < 0,05), a rinepcHMIaTUKOTOHIYHA peak-
TUBHICTh XapaKTepH3yBalach TEHICHIIEIO O TMEpeBaru y TPyIi
XJIOMIIB. AHAII3 TOKa3HHUKIB BEreTaTHBHOT PEAKTHBHOCTI JI03BOJINB
BU3HAUUTH X 3aJCKHICTH BiJl OCOONMBOCTEH MOpP(OIOTIYHOTO
cratycy mmuTkis (= 34,2, P < 0,001). Hopmanbha BereTaTusHa
PCAKTUBHICTh MPHUTAMAaHHA OUTBIIOCTI MPEJCTABHUKIB YOJIOBIYOL
crari Topakansroro (31,8 £ 6,1%) ta m’s30Boro (36,4 £ 6,3%)
comaroturiB (puc. 4). YV nepeBa)xHOl OLIBIIOCTI XJIOMIB BU3HAYC-
HUX COMATOTHIIB Y CTPYKTYpl BHXiIHOTO BEr€TaTUBHOTO TOHYCY
niepeBakana eironis (40,0 £ 6,4% ta 30,0 + 6,0% BiANOBIAHO).
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Puc. 2. CTpyKTypa BUXiJIHOTrO BEreTaTHBHOIO TOHyCY AiB4art (%)
3aJISKHO Bif iX comaTtoTumy (n = 41)
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% ACTEHOITHII TOp AKATBHIIT JIHTECTHBHHET

Exnomi  MAiBYaTa
Puc. 3. [pupict 3Ha4YeHB iHACKCY HanpyxeHHs (%0)
y TiUTITKIB Pi3HUX COMATOTHIIB Y BiNOBIb Ha opTocTas (n = 99)

ACHMIAaTUKOTOHIYHA PEAKTHBHICTh CIIOCTEPIraach TiJIbKH ce-
peZ Mi/UTITKIB aCTeHOIIHOTO Ta UTeCTUBHOrO coMaroTuriB (66,7 +
6,2% Ta 33,3 + 6,2% 0ci0 BiIMOBIAHO), IO CBIUHUTH PO HE3aI0-
BUTbHY a/IalTAIlif0 BHACTIZAOK 3HIDKEHHS 3aXHCHO-TIPHCTOCYBAJIb-
HHX MEXaHI3MIB iX opraHizMy. Bereratusnuii qucbanasc, mo npo-
SIBIISIBCSL TiIIEPCUMITATHKOTOHIYHOK PEaKTUBHICTIO, BU3HAYEHO Ce-
pex IepeBaXHOi OUTBIIOCTI NMPEJICTaBHUKIB KPAIHIX KOHCTHTYIIH-
HHUX THITIB (IMTCCTUBHUIA Ta acTCHOIMHWI comarotumu) (43,8 +
6,5% Ta 31,3 £ 9,1% 0ci0) Ha (oHI BHCOKOI BUXITHOI aKTHBHOCTI
cumrarrasoro Bty BHC, 1o Bkasye npo HampyxeHHs: QyHK-
L[IOHYBaHHS CEpLEBO-CYAMHHOT CUCTEMH, 3HIKEHHS a/laNTaliifHuX
MO>KIMBOCTEH OpraHi3My y BU3HAUCHOTO KOHTHHTEHTY 0ci0. Ycra-
HOBJICHI OCOOMBOCTI MOJKYTh CIyTYBAaTH IPOTHOCTUYHAM MapKe-
POM PO3BHTKY BEreTaTUBHUX IUCGYHKIIH Ta MaTONOrii cepLeBo-
cyauHHOI cucteMu. CTpyKTypa BereTaTHBHOI PEaKTUBHOCTI Y Ty
IiB4aT moxiOHa O CTPYKTypu TIpynH oci6 dYoioBiuoi craTi:
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HOpMaJIbHa BEreTAaTHBHA PEAKTHBHICTh NpPHTAMAHHA IEPEBAKHIN
OLTBIIOCTI 0Ci6 M’SI30BOTO Ta TOpaKaJIbHOrO coMaToTHiB (41,2 +
7,7% Ta 35,3 £ 7,5% oci6 BiAmoBigHO), TOmi SK YacTKa IiBYar
aCTCHOIZHOTO Ta JUIECTUBHOTO COMATOTHINB BIpOTIZHO HIDKYA
(P <0,05, puc. 5).

ACHMITATHKO TOHIUHA HOpManbHa l'il'IE'l) CHMITATHKO TOHIYHA

BacteHoigmini D TopakanbHii  BIn A30BHH  EHrec THBHIT

Puc. 4. Crpykrypa BereTaTUBHOI peakTHBHOCTI XJIOMIiB (%)
3aJIOXKHO BiJ X comarorumy (n = 58)

ACHMITATHKOTOHIYTHA

HOpManbHa rinep CHMITATHKO TOHI THA

EacTeHOIOHIIT DTopakanbHi EM'A30BIET O AHTeCTHBHMI

Puc. 5. Ctpykrypa BereTaTuBHOI peakTHBHOCTI AiBYat (%)
3aJIeXKHO BiJ IX comarorumy (n = 41)

30UIBIICHHS CUMIIATOAIPCHATIOBOTO BIUIUBY Ta HAIPY)KCHHS
Pe3epBHUX MOXKIMBOCTEH OpraHi3My IiBUaT CIIOCTEpirajiu cepe
6ubiocTi oci6 aurectuBHoro comarorumy (40,0 = 7,7%). Acum-
MaTUKOTOHIYHA BETETaTHBHA PEAKTHBHICTH BHUSBICHA cepen Oiib-
IIOCTI MPEACTaBHUKIB acTeHoigHoro comaroruiy (40,0 + 7,7% nis-
4aT), 0 BKa3ye Ha HECTIHKICTh Ta 3HIDKEHHS y HUX afanTamiifHuX
MOJKJIMBOCTE# OpraHizmy.

Obrosopenns

BisHaueHo mepeBary eHTOHII Ta HOPMAJbHOI BEreTaTHBHOL
PCaKTHBHOCTI cepel] OOCTeXEHMX MiMITKIB Ha (DOHI 3MEHIIEHHS
YacTKH OcCi0 13 CHMITATUKOTOHIYHAM BHXIJHUM BETCTATHBHHUM TO-
HyCOM 1 TiepCHMIIaTHKOTOHIYHOIO PEaKTUBHICTIO, IO BiJUI3epKa-
JIFO€ BIKOBI 3aKOHOMIPHOCTI iX OHTOT€HETHYHOro po3BUTKY (Majdan-
nyk et al., 2014; Nobrega et al., 2014; Sladek et al., 2015; Angelovski
et al., 2016). Y GUIBIIOCTI MPAKTHYHO 3I0POBUX IMUTITKIB M’ I30BOr0O
Ta TOPAKAILHOIO COMATOTHINB CIIOCTEPIra€eThes ONTHMAJIbHA B3ae-
Mopist mapacumnariunoi ta cumiatudHoi BHC. Menm cripusit-
JIMBMIMH B TUIAHI BEreTaTUBHOI PeryJilil BUSBISIOTHCS IiUTITKH 3
JTECTUBHAM COMATOTHUIIOM, CEpel MEPEeBaKHOI OUIBIIOCTI SIKHX
BU3HAYa€ThCs Aenpecis mapacummaraHoro Bty BHC (Kazakova
et al., 2009; Koenig et al., 2014).

BereraruBHuii  icOanaHc, L0 IIPOSBISBCS TilEPCHMIIATH-
KOTOHIYHHM i aCHMIIATHKOTOHIYHUM THIIAMH BETETATUBHOI PCAKTHB-
HOCTI, TIPUTAMaHHKI OLIBIIOCTI MPEJCTABHUKIB (SIK XJIOMIIB, TaK i
JiBYAT) IUTECTHBHOIO Ta ACTEHOITHOrO COMATOTHIIIB, 5IKi (JOPMYIOTH
rpyIy MiIBUIICHOTO PH3HUKY PO3BUTKY (DYHKI[IOHAIBHHX BiIXMICHb
i3 Ooky BereratuBHHX crcteM (Kazakova et al., 2009; Fedorowski
and Melander, 2013; Marongiu and Crisafulli, 2015).

BucHoBku

CTpyKTypa BUXIIHOTO BET€TaTUBHOTO TOHYCY OLIBIIOCTI 00-
crexeHnx ocid (38,4 £ 4,9%) xapakrepu3yBaiacsi IepeBaroko eii-
ToHii. YacTka ocib i3 (OHOBOIO CHTOHIEIO, SIK Cepe XIIOMIB, TaK 1
cepes1 AiBYaT, BIpOTiTHO BHINA Cepel PEACTABHUKIB TOPAKAIBHOTO
Ta M’sI30BOr0 COMATOTHIIIB, TIOPIBHSHO 3 IiJUTITKAMH aCTEHOIHOTO
Ta aurectuBHOrO comarotutis (P < 0,001-0,05).

VY rpymi XJIONIiB CHMIATHKOTOHIS MpUTaMaHHa OLIBIIOCTI
HIJUTITKIB  KpaiHiX KOHCTHTYLIHHWX BapiaHTIB (ZMUTECTHBHUH 1
acteHoimHui comarotumn) (36,3 £ 6,3% ta 30,0 = 6,0% ocib Bix-
MOBI/IHO), 10 CBIAYUTH MPO HANPYKSHHs aJalTalliiiHUX MeXaHi3-
MiB Y BH3HAYEHOTO KOHTHUHTEHTY OCi0, TOAl K Yy Tpymi AiBYaT —
TPeICTABHUKAM aCTCHOITHOTO Ta TOPAKaJIbHOTO coMaToTUIiB (38,5 +
7,6% Ta 30,8 + 7,2% 0ci0 BiATIOBITHO).

Cepen nepeBaXkHOI OUTBIIOCTI 00CTEKEHUX MiUTITKIB YCTAHOB-
JICHO HOpMaJIbHY BEereTaTWBHY peakTBHICTh (53,4 £ 5,0% ocib).
CrateBi BIIMIHHOCTI CTPYKTYpH BEreTaTHBHOI PEaKTHBHOCTI Mifl-
JITKIB HOJISTAIM y BipOTiZHO BUIL[N YacTii AiBYaT 3 aCHMIIATHKO-
toniuauM tanoM (19,2 £ 6,3%), nopiBrsiHo i3 xmomuimu (7,3 +
3,4%, P <0,05).

lNimepcIMIaTHKOTOHIYHUIT Ta ACHMITATUKOTOHIYHWIA THITH Be-
TeTaTHBHOI PEaKTHBHOCTI BM3HAUEHI Cepel MepeBaKHOI OLIBIIOCTI
TPEJICTABHHKIB JTUTECTUBHOIO Ta ACTEHOITHHOIO COMATOTHITIB (He3a-
JIGKHO BIJl CTATi), [0 BKAa3y€ HA 3HMKCHHS aIaNTalliiHIX MOXKIIH-
BOCTEH OpraHi3My Ii/UTiTKiB BU3HAYCHUX KOHCTHTYLIHHNX BapiaHTIB.
O11iHKa MOKa3HUKIB BEreTaTHBHOI PEryJIsLiii 3 ypaxyBaHHSIM COMATo-
THIIONIOTIYHAX OCOOIMBOCTEH! HO3BOJISIE BUUIMTH IPYITy OCI0 MMi/BU-
IIEHOTO PH3UKY PO3BUTKY MATOJIOTIYHHX CTaHIB i3 OOKY BEreTaThB-
HHX CHCTEM 1 PO3pOOUTH 3aXOIH MPOQLIAKTHKH 3aXBOPIOBAH Ta iX
PaHHBOT JIarHOCTHKH.

TTepCrieKTHBY TOAAIBIINX JOCIIKEHb — BU3HAYCHHSI [TaTOTCHe-
THYHHX OCOOJIMBOCTEH PO3BUTKY BEreTATHBHUX MUCHYHKIH y criopT-
CMEHIB 32 BIUTMBY (DaKTOPIB HABYATILHO-TPEHYBAIBHOTO TPOIIECY.
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The academic community is paying more and more attention to the question of the individual characteristics of the
brain processes which ensure the manual motor programming of movements performed not only by the leading, but also by
the subdominant hand. Researchers do not exclude the existence of the particular parameters of the human brain correlating
with manual motor activities. This study involved 136 women at the age of 19-21 years. The testees were divided into two
groups according to high and low values of the EEG modal a-frequency determined individually and in a motionless state.
We evaluated the coherence status of the EEG frequency components in the motionless state and during movements
performed by fingers of the subdominant (left) hand in response to thythmic sound signals. The testing stages involved the
sequential execution of motor tasks including clamping and unclamping performed by the fingers of the subdominant hand

(such as grasping movements) without effort. The testees also performed fingering (a manual response to each stimulus) at
in different times and not by all the fingers of the hand simultaneously, but separately, one by one, in a given sequence).
Clamping and unclamping was executed by the fingers subject to power loading the (additional load on the fingers being
10H). Execution of manual movements by means of the subdominant hand in response to the sensory signals was
accompanied by an increase in coherence in the EEG frequency components, especially in the frontal, temporal, and
parietal cortexes of the central areas. Women with a low individual a-rate of such a regularity had significantly increased
scores at the high (a3-, p-) frequencies of the EEG spectrum. At the same time, women in both groups mainly showed a
decrease in the coherence coefficients of 6-, al- and o3-activity in the frontal cortex leads in terms of the execution of the
sequential finger movements and movements under power loading. The analysis of differences proved that women with a
low IoF had relatively higher coherence of the EEG frequency components in the frontal lobes. However, relatively higher
frequency components of EEG coherence in the central, posterior temporal and parietal leads were set in women with high
IoF. Changes in cortical activity were established during different movements performed by fingers of the subdominant
hand, namely, grasping movements of common occurrence, successive movements and movements under power loading.
They differ from each other in their low specificity. Thus, the factor of motor performance of tests by means of the
subdominant hand had obviously more decisive importance in the nature of the organization of brain activity than for the
actual specifics of manual movements.

Keywords: individual o-frequency; successive movements; power load; grasping movements

KorepeHTHICTh 4ACTOTHUX KOMIIOHEHTIB eJIeKTpoeHuedaiorpaMmu
il 4Ya¢ BUKOHAHHS MAHYAJIbHUX PYXiB CYy0JJOMiHAHTHOIO PYKOIO Y KIHOK

O. B. Kopxuk, O. C. [1aBnosuy, A. I'. Mopenko

CxioHoesponeticokull HayionanbHull yHigepcumem imeni Jleci Yxpainuku, Jlyyox, Yrpaina

O6ctexxero 136 skiHOK Bikom 1921 poky, SIKMX NOAIEHO HA JBI IPYNH 3 BUCOKMMHU Ta HU3bKMMHU 3HAYEHHSMHM MOJQJIBHOI 0-4acTOTH
enektpoeHuedanorpamut (EED’), Bu3HaueHoi iHAMBIqyalnbHO y CTaHi crokor. OIHIOBaIM TMOKAa3HUKM KOTEPEHTHOCTI YaCTOTHUX KOMIIOHEHTIB
eIIeKTpOCHIe(aTIOrpaMil y CTaHi CIIOKOIO Ta IIiJ 4ac CTHCKAHHS Ta PO3THCKAHHS IAIbIIB KHCTI (32 THIIOM XalalbHUX PYyXiB) 0€3 3yCHIUIL,
MOYEProOBUX PYXiB MaIbLIB, CTUCKAHHS Ta PO3TUCKAHHS MAJIbLIB KUCTI i3 CUJIOBMM HaBaHTaXeHHSIM. OOCTe)XyBaHI BUKOHYBAIM PYXH MaJbLSIMU
KHCTI CyOIOMIHAHTHOI (J1iBOT) PYKH Yy BiJNOBIb Ha PUTMIYHI CIyXOBi CUTHaIH. BUKOHAHHS 3a3Ha4YE€HUMX MaHyaJbHHX PYXIiB y *KIiHOK 000X IpyIl
3arajioM CyIpOBODKYBAJIO 30UIbIIEHHST KOrepeHTHOCTI YacToTHHX KoMroHeHTiB EEI', 0co0iBO B 1000BHX, CKPOHEBHX, IIEHTPATLHUX 1 TIM’THHX
KOPTHKAIBHUX JiItHKaX. [opsi i3 THM, 32 yMOBH BUKOHAHHS IOYEPrOBHX PYyXiB IAJbIIB Ta PyXiB i3 CHJIOBHM HAaBAaHTaXCHHAM Yy BCIX JKIHOK
(ikcyBan 3MeHIIEeHHS KOoe(illieHTIB KOrepeHTHOCTI 0-, al- i a3-akTHBHOCTI, 371€0UIBLIOrO Y JOOOBHX BiJBEICHHSX KOPH. Y XKIHOK i3 HU3bKOMO laY
peecTpyBaIH BUIIYY KOTepeHTHICTh YacTOTHUX KommoHeHTiB EEI" y o6oBux ninsiHkax. HaToMicTh y IIEHTpaNIbHUX, 3a/IHIX CKPOHEBUX Ta TiM’SHHX
BIJIBCJICHHSX YCTaHOBJICHO IIOPIBHSHO BHINY KOTCPEHTHICTh 4YacTOTHHMX KoMioHeHTiB EEI" y sxiHok i3 Bucokoro IoY. 3MiHM KOpTHKaIBHOL
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aKTHBHOCTI, BCTAHOBJIEHI ITi] Yac BUKOHAHHS PI3HUX PYXiB NaJIbLIiB CyOJOMIHAHTHOI PyKH, SIK OT 3BUYHMX XaIlaJIbHUX PYXiB, IOYEPrOBUX PYyXiB Ta
PyXiB i3 CHJIOBUM HaBaHTaKEHHSM, K IIPABIIIO, BiI3HAYAINCS HU3BKOIO CHEIH(IUHICTIO.

Kntouosi croea: iHIMBIyanbHA 0-4aCTOTA; IOYEPrOBI PyXU; CHIIOBE HABAHTAKCHHS; XalallbHi PyXU

Beryn

BuxoprcTaHHs cydacHUX TEXHIYHHX 3ac00iB 1 TEXHOJIOTIH Mpo-
BOKY€ ITi/IBUIIEHHS BUMOT 10 (DYHKIIOHAIBHUX MOYKJIMBOCTEH CEH-
COpHOI Ta MOTOPHOI CHCTEM, JisUTBHOCTI TOJIOBHOTO MO3KY Ti€i 4n
inmoi moxuau. ToMy HaykoBa crinbHoTa (Averbeck et al., 2002;
Hikosaka et al., 2002; Ioffe, 2003; Miiller et al., 2003; Cisek, 2005;
Ruge et al., 2014) npuainsie Bce 6utbLIy yBary npo0iemi iHIuBITy-
aNbHUX 0COOJIMBOCTEH MO3KOBHX MPOLECIB, sIKi 3a0€3Me4yI0Th MO-
TOpHE MporpaMmyBaHHs MaHyansHHX pyxiB (MP). Jocninuuku He
BUKITIOYAIOTh, IO ICHYIOTH II€BHI MOKA3HHUKH POOOTH TOJIOBHOTO
MO3KY, SIKi KOPEITIOIOTh 13 MaHyaJIbHOIO MOTOPHUKOIO.

Bararo Buennx (Kaplan and Borisov, 2003; Bazanova, 2008;
Razumnikova et al., 2009; Umrjuhin et al., 2009) 3’scyBamy, 110
[HIMBITyabHa BapiaTUBHICTh aMILTITYIHO-9ACTOTHHX XapaKTepuc-
TUK o-putMy enekTpoeHnedanorpamu (EED), 30kpema mMoznanbHa
4acToTa I[bOr0 PUTMY, BiJJ3HAYAFOTHCS BUCOKOIO iHQOPMATHUBHICTIO
IUI1 BM3HAYCHHS CTaHy HEPBOBMX IIPOLECIB Ta HU3KU IICHXO-
¢izionoriuaux GyHKiit momuH. s Trozel, sAKi BiApi3HAIOTHCS
XapaKTEPUCTUKAMH O-PHTMY, XapaKTepHI BIIMiHHI MOBEIiHKOBL
CTpaTerii, MEXaHi3MH CIIPUHHATTS, iepepoOku iHpopmari (Hum-
mel et al., 2004; Kristeva et al., 2005; Bazanova, 2008). Taxi
TBEPUKCHHS IPYHTYIOThCS Ha TOMY, L0 MOJaibHy o-4actoTy EED"
BBaKatoTh (Anderson et al., 2005; Page et al., 2006; Anokhin et al.,
2006; Spergel, 2007) >KOpCTKO AETEPMIHOBAaHOIO TEHETUYHOIO 03-
HAaKOI0, OCKLIbKY BOHA BiI0Opakae BaKIIHBI BPOIKEHI 0COOIHBOC-
Ti CTPYKTYPHOI Oprasi3anii TaJamMivHuX i KOPTHKAIbHUX HEHPOHIB
(Niswender et al., 2005; Smit et al., 2006; Bellone and Nicoll, 2007;
Ng and Raveendran, 2007).

By3HaO4M BHHSTKOBY BaXIIMBICTH OTPUMAHHMX DI3HUMH
BYCHVMH PE3yIIbTATIB, BCE XK CIIi IiAKPECIHTH, 10 Taka iHpopMa-
LSl BOYEBHAb HEJOCTATHs JUIS BHYEPITHOTO PO3YMIHHS TOrO, SIK
TIOB SI3aHUH TaKWil yPOIPKEHNH acleKT (YHKIIOHYBaHHS MO3KY SIK
MozasibHa yactota o-putMy EEI i3 kepyBaHHSAM AisUIBHICTIO JHC-
TaJbHUX M sI3IB PYKH ITiJ yac BUKOHaHH: neBHnx MP. ¥V mposere-
HUX paHimre nocmimpkeHssix (Morenko et al., 2013; 2013; 2014) y
KOHTEKCTI Takoi MpoOIeMaTHKH TOKa3aHO OCOOIMBOCTI MO3KOBHX
TIpOIIeCiB, SKi JIeKaTh B OCHOBI KepyBaHHS MP Bemydoi pyku B
XKIHOK 13 pI3HMMHU BHXITHUMH Xapakrepuctukamu o-putmy EET,
30KpeMa MOJAIBHOI YacTOTOK I[OTO PUTMY. BimosimHo 10
OJICPIKAHKUX PE3yJIbTATIB OCIO i3 BUXITHOK BHUCOKOK MOJIAJBEHOK
yactotoro o-purmy EEI" Big3HauaBcst BUIIHMI piBeHb BUOIPKOBOCTI
yBard Ta JOKAIBHILI 3MIHH €JIeKTPUYHOI AKTUBHOCTI KOPH T'OJIOB-
HOT0 MO3KY y Hiepe0iry peryssiiii MaHyansHoi MOTOpUKH. 71 0cib
13 HU3BKOIO 0-4aCTOTOIO MPHTaMaHHI MEHII crienudivi Ta mude-
peHLiloBaHi TpolecH akTHBaLii Kopu. CTBOPEHHs IOBHOLIIHHOTO
YSIBJICHHS TIPO OCOOJIMBOCTI MO3KOBHX IIPOLIECIB JIIOAMHH, TIOB’sI3a-
HHX 13 MaHyaJIbHOI0 MOTOPHKOIO, Ilepedadae J0CIiPKEHHsT OCTaH-
HIX IIiJ1 9ac pyXiB NaJIbLIB HE JIMILE BeXydol, a i cyOmoMiHaHTHOT
pyku. ODXe, B peabHOMY JKHUTTI JIFOJMHA IIiJ{ 4ac MaHyaJbHOI
MOTOPUKU BHKOPHCTOBYE SIK BEAy4y, TaK i CyOIOMIHaHTHY PYKY.
ToMy Mera IBOTO IOCHIIKCHHSI — BHSIBJICHHS IOKA3HHUKIB KOre-
PEHTHOCTI eNeKTPHYHOI aKTUBHOCTI KOPH TOJIOBHOTO MO3KY ITiJT 4ac
BUKOHAHHS JKIHKAMHU 3 PI3HOI0 BHXITHOI MOJOKO aib(a-uyacTOTH
MP cy0noMiHaHTHOIO PyKOIO. 3aCTOCYBAaHHSI CHJIOBOTO HaBaHTa-
JKEHHSI Ta 3HIDKEHHSI CTCPEOTUITHOCTI 3aBJaHHS (IIiJ Jac repedu-
paHHs NAIBIIB) — GaKTOPH, AKi YCKIIATHIOKOTh SIK BUKOHAHHS, TaK i
nporpamyBanHs MP y BinmoBine Ha [0 TMEBHUX CUrHATIB. Bu-
BUCHHsI KOrepeHTHOCTi yactoTHuX kosiuBaub EEI min wac Buko-
HaHHS pisHUX MP macTp ysBICHHs 00 XapakTepHuX (yHKIio-
HaJIbHUX 00 €IHAHb KOPTHKAIBPHUX IULTHOK, O€3MOCepeaHbo Mo-
B’s3aHUX 13 mporpamyBaHHsM MP cyOmominantHOi pyku. Mera
I[OTO JIOCHIJDKEHHSI — BISIBUTH OCOOJMBOCTI KOT€pPEHTHOCTI dac-
TOTHHX KOMIIOHEHTIB €JICKTPUYHOI aKTHBHOCTI KOPH T'OJIOBHOTO
MO3KY IIiJl YaC BUKOHaHHs kiHkamMu MP cyO1oMiHaHTHOIO PYKOIO.

Marepian i MmeToau nocainKeHb

Binnosignicts etnunum crangapram. Kowmicis 3 nutans 6io-
erukn CXiITHOEBPONEHCHKOr0 HAIIOHAJIEHOTO YHIBEPCHTETY IMEHi
Jleci Ykpainku BeraHosia (riporoxor Ne 1 Bix 18.10.2012), mo Bci
00CTEXEHHS TIPOBEZIEH] BIATIOBITHO 1O OCHOBHHX OIOTHYHMX HOPM
Tenbcinchkoi meksapariii BceecBiTHROI MeMuHOI acoriiaiii 1po
eTHYHI TPUHLMIN TPOBEJCHHSI HAyKOBO-MEIMYHMX JIOCIIDKEHb 32
ydacti momunu (1964-2000), exnapartii MPUHIMITIB TOIEPaHTHOCTI
(1995), VuiBepcanpHOl nekiapanii 3 Gi0STHKM Ta MpaB JIOIMHU
(1997), Konsenuii Pagn €Bpornu 3 mpaB momuHA Ta Gi0OMEAULIITHA
(1997), nakazy MO3 VYxpaiau Big 13.02.2006 p. Ne 66. Bci obcre-
JKyBaHi laBaJli ICBMOBY 3TOJTy U1 y4acTi B eKCIIepiuMeHTi. Bokuri
HEOOXiTHI 3aX0/TH [yt 3a0e3MeUeHHST aHOHIMHOCTI OOCTE)KYBaHHX.

O0’eKT HOCTIKEHHS. Y HAIIMX JOCIIHKEHHSX B3SUIM y4acTb
136 xiHOK y Birli 19-21 pik: yci 310poBi, MAFOTh HOPMAJIBHUI CITyX
3a JAHUMH MEJMYHOTO MPOQeCciiiHO-KOHCYIBTaTUBHOIO BHCHOBKY.
Ilin yac ¢dopmyBaHHS KOHTHUHICHTY [0 yBard Opamu H Taki
(akTopy SIK BIICYTHICTh y TECTOBAaHHX YESPEITHO-MO3KOBHX TPABM B
aHaMHe31, T0OpUiA CTaH CaMOTOYYTTS Ha Yac TECTyBaHHS, POQLiIb
MaHyaJlbHOI Ta CIyXOBOi acuMerpiil. OOCTeXXEHHS JKIHOK Mpo-
BOJIUIH /T Yac JIFOTETHOBOI (ha3k MEHCTPYaIbHOTO LIUKITY, OCKLIb-
KU piBeHb 30yIMBOCTI MO3KY B XKIHOK 3aJISXHUTH BiJ] BIUIUBY CTa-
TEBUX TOPMOHIB. Y Ti3HIO (onikyisapHy a3y HepBOBa chucTeMa
OLIBII 30Y/1JIHBA, IO CIIPUYHHEHO ECTPOTCHOM, a B JIIOTCATBHY (a-
3y, HaBNaKy, 3arajbHUil piBeHb 30YIJIMBOCTI T'OJOBHOTO MO3KY
JKIHKA HAaHHIDKYNHA YIIPOJOBXK OBYJIILIHHOIO HUKITY, OCKUIBKH B
IO BCTyIIA€ TPOTECTEPOH, SKHH 3MAiHCHIOE TaJdbMIBHHH BILUIUB
(Razumnikova et al., 2009).

Vi obcrexeHHs 3AiHCHIOBAIIM B poOO0Yi AHI TIDKHS, Y TIEpIIiit
TIOJIOBUHI JTHS y JIBa TIOCIIZIOBHI €Tarmy — Mcuxo(i3ioNoriyHoro Ta
enektpoeHiedanorpadivHoro TectyBaHb. EKCIEpUMEHT MPOBOIH-
i Ha 0a3i HaBYATbHO-HAYKOBOI J1a0opaTopii BikOBOi Helipodizio-
norii kadenpu ¢izionorii moaunu Ta TBApUH CXiTHOEBPOIIEHCHKO-
O HalliOHAJIFHOTO YHiBepcuTeTy iMei Jleci YkpaiHku.

Icuxogizionoriune TecTyBaHHsi. Yac TPOBEAEHHS TAKOToO
TECTyBaHHS — JI0 AecATH XBWIMH. [Ipodine MaHyabHOT Ta ciyXo-
BOI acnMeTpii BU3HAYaIN B KOXKHOI BUIPOOYBAaHOI 3a XapaKTepoM
BIITIOBIZICH Y XOJIi ONUTYBaHHS, BUKOHAHHS MOTOPHHX 1 TMCHXO-
aKyCTHYHHUX TPo0, 32 PO3paxyHKOM KOe(]il[ieHTIB MaHyallbHOI Ta
ciyxoBoi acumeTpii (K. ) (Zhavoronkova, 2007):

K. =wx100% , )
np. 7i6.
ne Xy, — CyMa 3aBJaHb, I1iJl 4ac BUKOHAHHS SKMX JOMIHY€ IpaBa
pyka (TpaBe ByXO), Xis — CyMa 3aBJiaHb, I1iJ{ 9aC BUKOHAHHS SIKHX
JIOMiHYe€ JIiBa pyKa (J1iBe ByX0). Y IOJAJIBIIOMY OOCTEKEHHI B3sUIH
y4acTh KiHKH, KoeillieHTH MaHyalbHOI Ta CIIyXOBOi acHMeTpii
KOTPUX MaJIM TO3UTHBHE 3Ha4eHHs Ta Oyiu Buii 50%. 3aranbHa
KLUIBKICTh TakuX KiHOK cknaina 113. IIpodine acumeTpii oniHioBamM
3a 30 xBunHH 10 noyatky peecrpaii EET.

Enextpoennedanorpadiune tecryBanns. [Tig gvac EE-exc-
HEepUMEHTyY OoOCTeXyBaHi IepeOyBaly y 3BYKO- Ta CBITJIIOHENpO-
HUKHIM KIMHATI, Y TIOJIOXKCHHI HAIIBJIC)Kaul B KPIiCHi 3 MiroJIOB-
HUKOM, 13 3arumronieHuMu oynma. [lepeamuniuds ¢ikcyBain Ha M-
nokiTHukax. [lepexn moyaTkoM 3amMcCy TECTOBaHA OTpUMYyBasa
3arajipHy iHCTPYKIIIO PO XiJ] eKCIIEPUMEHTY.

Jlns xoKHOT 0OCTEKYBaHOI MPOTOKON EKCIIEPUMEHTAIBHOT
npouexypu peectpaunii EEI" BkimtouaB Taki MOCIiOBHI €TaIli: CTaH
(YHKLIOHAIBHOTO CIIOKOI0, CTHCKAaHHS Ta PO3THCKAHHS MaJIbLiB
6e3 3ycHiust (3a THIIOM XalallbHUX PYXiB, OJIMH LIHKJI CTHCKAHHS Ta
PO3THCKaHHS 32 CEKyHJy), I0YepProBi PyXH MajbLiB (HepeOupaH-
HsI), CTUCKaHHS Ta PO3THCKAHHs HAJIBLIB i3 CHJIOBUM HaBaHTaXKEH-
HsM. [lin yac mepeOupaHHs MajblsIMH MaHyaJlbHE pearyBaHHsS Ha
KOXKHHI CTHMYJ 0OCTeXyBaHi 3/iHCHIOBAIM HE OJHOYACHO BCiMa
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MaJIBISIMU KKCTI, & TI0-0JIHOMY B YeproBOCTi, BU3HAYCHIH Oe3moce-
PEIHBO TIEPE]T TECTYBAHHSIM: BKa3iBHUI — Oe3IMEHHHUN — CepeTHiN —
MI3MHHUH NajIbli. YMOBH IIbOTO €KCIEPHUMEHTY MOBIIOMIISIIN 00-
CTE)KyBaHUM Oe3rocepeHbOo reper noyarkoM npodu. Ha erari 3a-
CTOCYBaHHS CHJIOBOTO HABAaHTA)XEHHS OOCTS)KYBaHI IOIATKOBO
YTPUMYBaJIM HaMiB3irHy THMH Tatblisivu HaBaHTaxeHHs 10 H (1 xT).
OOGcTexyBaHi BUKOHYBAIIM PyX! MAIBIIMH KUCTI CyOIOMIHAHTHOT
(JT1iBOT) PYKH y BIiJTOBIZb HA PUTMIYHI CITyXOBI CUTHAJIA.

Takum 4nHOM, Y XOJIi eKCIIEPHUMEHTY CTBOPEHO Pi3Hi eKCIIepH-
MEHTaJIbHI YMOBH JUIsl BAKOHAHHS PYXiB NAJIBLIB, SIKi MaJIA BIIMiH-
He QyHKuioHabHe 3HaueHHs. [1i yac eramy CTUCKaHHS Ta PO3THC-
KaHHsI TAJIbLIB KKCTi 0e3 3yCriuist 00CTe)KyBaHi BUKOHYBAIHU 3BHY-
Hi MaHyaJIbHi Jii 32 TUIIOM XaNalbHUX pyXiB. 3a yMoBH TecTy «Ilo-
YeproBi PyXH HaNIBIIIB» BUCYBAINCS MiBUILECHI BUMOTH A0 iHIMBI-
JyalbHUX MOXKJIMBOCTEH 00CTE)KYyBaHHX PaLiiOHAIBHO PO3HOILUIITA
yBary MK CEGHCOPHHM CIPHIHHSTTAM i MOTOPHHMM pearyBaHHSM,
nepeOyIOByBaTH MOTOPHY HPOrpamy 3TiJHO 3 YeproBiCTIO BKIIFO-
YeHHsI B po0OTY PyXOBHX OJMHHMIIb M’SI3iB PI3HHX IMajbliB. 3aCTO-
CyBaHHsI CHJIOBOI'O HaBaHTa)KCHHS CTBOPIOBAJIO HEOOXIHICTh 30ce-
PEMKSHHS yBard I 4ac yTpUMaHHs Ta (ikcauil naablsgMi KUCTI
BaHTaXy, MOAOTaHHA ioro Baru. BaxmeuMm ¢axropom Oyio Te,
o yci MP obcrexxyBaHMM HEOOXiTHO BUKOHYBATH i3 JOTPUMAaH-
HSIM TEMITy IIpe/I SIBJICHHS 3ByKOBHX CUTHAJIB.

SIK pUTMIYHUI CHTHAJIBHUIN MOJPA3HUK JUIs CTUCKAHHS Ta PO3-
THCKAHHS NAJIbLIB KUCTI BAKOPHCTOBYBAIIM HU3bKOYACTOTHY (DOHO-
crumyssinio. Ilix gac GpoHOCTUMYIIALIT SIK CTUMYITM 3BYYal PHT-
MiYHI aKyCTHYHI CHTHAIIHM, IO iMiTyBamu GapabGanHuii Oiif (Ipo-
rpamue 3abesneyenns Finale 2006; yactora 2 ¢!, saranbHa Kinb-
KIiCTh cTEMYNIB y Tpobi — 80). BuOip BiZHOCHO HHM3BKOI YacTOTH
(hoHOCTHMYIIALIT 3yMOBIICHII THM, IIIO CaMe TakKa YacToTa Bi/mo-
Billa€ 4aCTOTHOMY [jialta30Hy BUKOHAHHS MaHyalbHHX PYXiB, IIO
BUBYAIOTECS. A OCTaHHIN HPHHIMUIIOBO 3yMOBJIEHHH OioMexaHid-
HUMH MOXXIIMBOCTSIMH pealtizaiiii pyXiB JUCTAIIHUX YaCTHH PYKH.
IHepuiiiHi BJIACTHBOCTI TAKHX YaCTHH PYKH BHKIIFOYAIOTH MOXIIH-
BOCTi peamisamii pyxiB i3 4acToTamH, SKi TEpeBHILYIOTH 3 C .
CIiyXOBi CUTHAJIM [O/IaBaJIM OiHAYPAIBHO 32 JOMOMOTOI0 YOTUPHOX
aKyCTUYHHX KOJIOHOK, SIKi po3MillyBain Ha Bifctani 1,2 M Bifg
o0cTexyBaHOro. TpHBaiCTh KOXKHOTO CUTHAITY cTaHOBIIIA 120 Mc,
YacTOTHWH Aiana3oH — 220-235 I'm, rydHIiCTh Ha BHXOJI KOJOHOK
He nepeBHIyBaia 55 1b Ha/l IOPOroM YyTHOCTI (BU3HAYAIH 34 J10-
nomoroto 1mymomipa DE-3301 Ne 050701882). Taka opramni3ariist
(oHoCcTIMYJIALIT 3a0e3medye KOM(POPTHE IS CIIPHITHSATTS 3By4aH-
HsI CTHMYJIIB, BIJIIOBI/Ja€ CaHiTapHUM HOpMaM. [ y4HiCTb 3BYKy 10-
JIaTKOBO PETyJIIOBAIIM iHAMBINYaIbHO [UI1 KOKHOTO 0OCTEKyBaHO-
T'0 JIO IOCSTHEHHsI KOM(OPTHOTO PiBHSI.

Mix eranamu 151 BiATIOYMHKY 00CTE)KYBAHHX 1 YHEMOKIIABIICHHS
PPO3BHTKY SIBULI] MOHOTOHII pOOMIH IIepepBy Ha | XBIUTHHY. YTIPOIOBK
IIHOTO Yacy MPOBOJWIIN IHCTPYKTaX IO X il B HACTYIHIM eKcIiepy-
MeHTaIbHIH curyarii. Lle naBano 3Mory o0cTexyBaHIM Kpalle Halalll-
TYBaTHCsI HA BUKOHAHHSI HACTYITHOTO 3aB/JJAHHSI Ta MiHIMI3yBaJlO BILIUB
nonepeHbOro erary Ha napamerpu EEI. 3amisa BuximoueHHs kpaiio-
Brx edexrtiB peectparito EEI mix yac ycix npob nounxam uepes 15 ¢
TCISE TOYaTKy AISUTGHOCTI Ta TMPHUIMHSIA 33 5 ¢ 10 1i 3aBepIIeHHSL.
EET-TecTyBaHHs 3arajioM TprBaio 15 XBUIHH.

Peectpauist Ta nepBUHHMIA aHATI3 elekTpoeHuedanorpadgiy-
HMX JaHMX. BioeneKTpuyHy aKTHBHICTH KOPH TOJOBHOIO MO3KY
BBAKAIH [TOKA3HIKOM HOT0 iH(pOpMALiHHIX TporeciB. Ii peectpamito
Ta TIEPBUHHUIA aHAJi3 3IMCHIOBAIM 3a JIOTIOMOTOK) arnapaTHO-IPO-
rpaMHHX eJeKTpoeHIedanorpadivanx Komiuiekci «Hetipokom»,
«Heiiponab» (TY V 33.1-02066769-001-2002, cBizouTso mpo aep-
xaBHy peectpatiro Ne 6038/2007 Bix 26 ciunst 2007 poky, cepTu-
(ikaT BiOMOBIOHOCTI 3ac00aM BHMIPIOBAIBHOI TEXHIKU JlepKaBHOTO
KOMITeTy YKpaiHH 3 IUTaHb TEXHIYHOTO PETYIIFOBAHHS Ta CIIOKUBYOL
nomitika Ne UA-M1/2p-3641-2001, wmmanii o 18.04.2014 p.).
BupoOHMK — HayKOBO-TEXHIYHUH LEHTP PamioeNeKTPOHHUX MeInd-
HUX TpwiaaiB i TexHosoriii «XAl-Menikay HartioHansHOro aepo-
KOCMi4HOro yHiBepcutety iMeHi M. €. XykoBcbkoro «XapKiBChKHit
aepokocMiuHuii aBiauiiiauii iHcTutyT». EEI BimBomn 3 moBepxHi
IIKIpY 3 BHKOPHCTAaHHAM CTaHIAPTHUX METOAMYHUX IPUHOMIB.
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AKTHUBHI €JEKTPOIH PO3MILIyBAIH 332 MDKHAPOJHOIO CHCTEMOIO
10/20 y neB’ATHaAIATH TOYKaxX Ha CKAJIBII; BHKOPUCTOBYBAIU
no6osi (Fpl, Fp2, F3, F4, F7, F8), uentpanshi (C3, C4), ckponesi
(T3, T4, TS, T6), TiM’sui (P3, P4), motwmuni (01, O2), caritansHi
(Fz, Cz, Pz) BinBeneHus. BinBeneHHs 3 HETApHUM 1HAEKCOM BiATIO-
BiZlaJTi JTiBii MiBKyNi, a 3 MapHUM — TpaBiil. BinseneHHs MoHO-
TOJISIPHI: SIK pe)epeHTHI BUKOPHCTOBYBAIHM BYIIHI KOHTakTH Al i
A2. JTiist HOJIIIEHHS SIKOCTI 3aIUCy BUKOPUCTOBYBAIN JOJATKOBI
pedepeTHi eNeKTpoar), SIKi BCTAHOBIIIOBAIM MDK HeEpeIHbOI000-
BHM 1 JlatepaibHoiI000BUM BinseneHHsiMu (Ref), Mk mpasum ta
JiBUM niepenHiMu Jo6oBuME BinsenenusiMu (N, nazion). J{mst mo-
mimrenoi  pexekuii EK[-curnanmy — (enextpoxapaiorpadigHoro
curHany) 3 EEI' BukopucroByBamm cucremy peectpamii EKT.
Kapmiocurnan peectpysamu B apyromy EKI BinBeneHHi.

Jlns BinctexxeHHs (PYHKIIOHATBHOTO CTaHY Ta peakiliid odcre-
JKyBaHHX Ha CTUMYJIH BUKOPHCTOBYBAJIM BMOHTOBAHY B KOMILICKCHY
CHCTEMY BiJJCOMOHITOPHHTY 3 iH()pauepBOHHM ITiCBITyBaHHsM. Pee-
crpyBami 40 ¢ intepam EED min yac KOHOI (YHKIIOHATBHOT
npobu. ITix vac nposenennst Oyp’e-peanizarii enoxa aHajizy craHo-
BuwiIa 4 ¢ i3 50% nepexpuTTsM, 4acToTa JJMCKPETH3aLlii aHaJIOroBoro
curgairy — 500 [, BXiHwMiA omip Ay CHH(A3HOTO CHTHAIY — TIOHA/T
100 MOwm. OinsTpy BHCOKHMX YacTOT YCTaHOBJIIOBAIM HA PiBHI
45 T'n, nm3pkux — 0,5 ' Hanpyra BHyTpiIHIX IIyMiB, IIpUBeacHa
0 BXoxy, He riepeBuiryBaia 0,8 MkB. Ctarna yacy mepexigHoro mpo-
1iecy cranoBmia He MeHie 0,3 ¢, koedimieHT mocaadieHHs CuH(pas-
HUX curHaTiB — He MeHmie 140 ab, omip enekTpomiB — OIM3BKO
100 xkOwm. ITix’eaHanus peectpyBasibHOI anaparypu 10 EOM (mporie-
cop Intel Core TM 2 Duo CPU, 3BykoBuii puctpiii Audio Device on
Nigh Defnittion) 3xiicaroBamu uepe3 USB/2 mopt. Mexi MOKIHBOT
BIIHOCHOI MOXHMOKH il Yac BUMIPIOBAHHS HANpyTd Ta YaCOBUX iH-
tepBaniB EEI" curnanis cranoBmwm + 5%. [l pexexuii EEI™-apre-
¢akriB BuxopucroByBam npouenypy ICA-axamizy (Independent
Component Analysis, aHai3y HE3AICKHHX KOMIIOHEHT). Y MOJab-
momy GinbTpyBam [CA-KOMITOHEHTH 3 apTe)akTHAM CHTHAJIOM i3
pesyibrytodoi EEI. ITix yac dinprparii apredaxris 3 EEI" Bupassum
He Oubiire sty apredakTHUX [CA-KOMIOHEHT. Y pasi SIKIO OKpe-
Mi criasiaxu apredakTHO aKTHBHOCTI He BIABAIOCS BiA(QLUIBTPYBATH
3a gornomororo ICA-06poOku, apredaxTHi BiIpi3ku BUAALI 3 Ha-
tiBHOI EEI y pydHOMY peskmmi.

Buxopucranns xorepentHoro ananmizy EEI nae 3mory ominuti
PIBEHb IIPOCTOPOBOI CHHXPOHI3AIli HEHPOHHUX aHCaMOMIB Pi3HHX
BIIIUIIB KOpY OfHieT ab0 MPOTHWIICKHHUX MIBKYJb I 4ac (Gopmy-
BaHHS (YHKI[IOHATBHHUX CTaHIB JIFOquHA. OOuucieHHs 1€l GyHKil
Ja€ MOXJIMBICTH CTBEPDKYBAaTH ICHYBAaHHS IIOCTIHHMX (pasoBHX
BiTHOIIICHb, CXOXKMX 200 CHHXPOHHHX MOTEHIiamiB Mk 1Boma EEI
BimBeneHHsMHU. [locTiiiHiCTs (a30BUX BigHOMIEHb, TOOTO BHCOKa
KOTEPEeHTHICTh TOTEHINANIB, BifoOpaXkae TICHMH (YHKIIOHATBHHI
3B’S130K MDK aKTUBHICTIO JOCIKYBAaHHX IUITHOK KOPH TOJIOBHOTO
MO3KY, (DyHKIIOHAJIbHY KOOpIMHALLiI0, YacoBy KoopauHairo (Lurija,
2000; Sviderskaja, 2009; Zhavoronkova, 2009). TlepBunnuii aHami3
KOTEPEHTHOCTI €JIeKTPHYHOI aKTHBHOCTI OCHOBHHMX YaCTOTHHX KOM-
nonentiB EEI" 3miiicHIOBasM 3a JI0MOMOrOK0 mporpamHoro 3abes-
neyennst «Hefipokom». IToka3HHKHM KOTepeHTHOCTI pPO3paxoBYBad
U1 BCIX BIOBEICHD 1 TECTOBUX cUTYyaliid. OIHIOBAI KOTePEHTHICTh
EEl-ocmwmmiii y MiK- 1 BHYTPIIIHBOITBKYIFOBUX TIapaxX BiBEICHD.
AHanizyBayy 3MiHH KOe(iIieHTiB KOTepeHTHOCTI, OUtbImmx 3a 0,5.

'V koxxHOrO 00CTe)KYBaHOTO B KOoskHOMY Binsenenti EEI y crani
CIIOKOIO 13 3aIUTIOLIEHHMMH OYMMa BH3HAYAIH MOJY CIEKTPaJIBHOL
norysxHocTi o-purMy EET. Ti 3nauenns ycepennroBam 3a Bcima Bizt-
BEICHHSIMH; OTPHMaHy BEJIMYMHY BBKAIH 1HIMBITYaIbHOIO O-4ac-
tororo obcrexxysanoro (Io, I'm) (Klimesch et al., 2007). B ycix
JKIHOK PO3PaxOBYBAIH CEpeIHE 3HAUCHHS TaKOro MOoKa3HUKa. [Ipwii-
HSUTM YMOBHHH PO3MONLT BHOIpKH. MiHKHM, SIKi Maid MEHIIC 3Ha-
uennst loY, HiX cepenre, yBiium 1o rpymu 3 Hu3bkoro loY. XKinky,
sIki May Outbinie 3Ha4eHHs [oY, HiK cepeHe, YBIHIUIM 10 TPy 3
Brucokoto laY. JlomatkoBo B jecsTH OOCTE)KyBaHHMX BH3HAYMIN
PiBEHb CTANOCTI BEJIMYMHM iHIMBiAyatbHOI o-yactoty EEI y crani
CIIOKOIO 32 TIOKa3HUKaMH I1'SITW peecTpaliiii y pisni aui. Mexi yac-
ToTHUX cyOmianasoniB EEIT Bu3HaUaM iHAMBIIyaJIbHO 32 METOIH-
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koro Angelakis et al. (2004), Klimesch et al. (2007). Y npaBuii Gik Bix
ToY 3 xpokom 2 Iy Bimkmamamd BEpXHIO MEXy 03-CyOmiariasoHy.
Boma BinnoBinana HrokHil Mexi B1 cMyru. 371iBa Bix mika 3 KPOKOM
y 2 I'm BusHavamu HWwKHIO Mexy 02-, y 4 I'm — al-, y 6 T'm —
0-gacToT. BiAnoBimHO O KIACHYHHX YSBICHb BU3HAYAIN BEPXHIO
Mexy B1- (25 I'm) 1 f2- (2635 ') cyOmiana3oHiB.

CratuctuyHa o6po6ka pe3yabTatiB. 1151 epeBipku Ha HOp-
MAaJIBHICTh PO3IOJLUIB YMCIOBHX JaHUX y BHOIPKax 3acTOCOBAHO
W-tect [llanipo — YinkokcoHa 3a ormoMororo mporpamu Statistica 6.0.
OCKIiJIbKY PO3MOJIIIM HALIMX JIAHUX 3BUYAHO Oy HOPMAIBHUMH,
Ppo3paxoByBaiu cepeHi 3HadeHHs (M), crannapTHi BigxuieHHs (o)
Ta BEJIMYMHH MOXHOKH cepenHporo (£ m). OOUKCICHHS 3HAUYIHX
BiaminHOcTeH (Big P < 0,05 — < 0,01) 3ailicHIOBaIN, BAKOPHUCTOBY-
F0YHM TTApaMeTpUYHI TECTH, 30KpeMa t-kpurtepiit CThrozeHTa Ui 3a-
JIeXKHHUX BHOIPOK (MK TeCTaMM) Ta HE3aJIEXKHHUX 13 PIBHIMH BHOIp-
KaMH (MK TPyTIaMH).

PesyabraTn

OuiHoBaHHs iHIUBITyaIbLHOI MOAAIbHOI YyacToTi 0-EEI-ak-
THUBHOCTI T2 BU3HAYEHHS iHIMBITyaJIbHUX MesK cy01iana3oHiB yac-
ToTHOTO cniekTpa EEI" B o6ctexyBanux. CepenHe 3HAYCHHS MO-
JIAJTGHOI 9aCTOTH (-aKTHBHOCTI y BHOipmi kiHOK — 10,25 + 0,03 I'm
BpaxoByroun 3ri1a/pkeHui Xapakrep (BiACYTHICTh BUPKEHOTO I1iKa)
ricTorpaMH 3Ha4eHb IHIMBITyaIbHOI o-yactotd (puc. 1) B 00-

CTe)XYBAHHX JKIHOK 3iMCHUIM YMOBHHI pO3IOIUT BHOIPKH 3a ce-
peIHIM 3HaYeHHSIM MOAIBHOI YacToTh o-akTBHOCTI. ChopmyBamm
IBi rpynu: 3 Bucokumu 3HaueHHamu [oY (n = 59, IoY >10,25 I'm);
13 Hu3pKkuMHE 3HadeHHsMHU [0 (n = 54, IaY < 10,25 T'm).

Tloxubka cepennporo (+ m) st 3Ha4eHb loY 3a moka3HUKaMu
' satu peectpaniii poHoBoi EEI" y pi3ni AHI BapiroBaia B 00CTEKY-
BaHux y aianasodi Big 0,003 mo 0,024. Taxi pe3ynbraTd CBiTUMIN
TIPO JIOCHTH BUCOKY CTaJiCTh BeIMIMHH [oY B 00cTeXKyBaHNX.

Korepentnicte EEI" min 4ac cTHCKaHHA Ta PO3THCKAHHA
NAJbLIB KUCTI Cy0OMIHAHTHOI PyKH 0e3 3yCHJLIA Y KiHOK i3
Pi3HOI0 iHMBITYAJBHOIO YACTOTOI0 O-PUTMY. Y KIHOK i3 BHCO-
KOIO Ta HHU3bKOIO IHAMBIAYaJbHOIO 0-4aCTOTOI0 Yy LHX YMOBax
(hixcyBasH 301IBIICHHS KOTEPEHTHOCTI BCIX YaCTOTHHX Jialla30HiB
EEI" y m060BUX, CKPOHEBHX, IIEHTPAJIGHHUX Ta TiM SHUX IUITHKAX
xopu (3 P < 0,05 —<0,01). Taka 3akOHOMIpHICTh Majia HAHOLIBIILY
3HaYyIIiCTh y 02-cyOniamnasoni (puc. 2).

Korepentnict EEI' min 4ac moueproBux pyxiB (mepedu-
PaHHs) NAJbUIB KUCTI cyOOMIHAHTHOI PYyKH Y KiHOK i3 pi3HOIO
iHIMBITYAIbHOI0 YACTOTOI0 O-PUTMY. Y SKIHOK i3 BUCOKOIO Ta HH3b-
KOO iHIVBITyaJIbHOIO 0-4acTOTOO B LIMX YMOBAX (DIKCyBAIIM 3arajioM
30UTBIICHHS KOTePEeHTHOCTI BCiX 4acToTHHX miarmazoHiB EEI" y xopi
(3P < 0,05 - < 0,01). Taka 3aKOHOMIpHICTh MaJla HAHOLTBITY 3HATY-
mictb y 02-, 03- i B-cyOniamasonax (puc. 3). Haromicts y no6oBrx
IUHKaX y cMy3i 0-, al- 1 o3-kommBaHe (MiKCYBaIM 3MCHIICHHS
3Ha4YeHb KOTePEHTHOCTI B Ipymiax oocrexxyBanux (i3 P < 0,05 —<0,01).

Im 10
5
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Bubipra obcTerkeHHE IHOK
Puc. 1. Ticrorpama 3HaueHb MOJIH 0-4aCTOTH B 0OCTE)KYBaHHX JKiHOK:
BEPTHKaJIbHI CTOBITYMKH — 1HJIUBITyaIbHI 3HaueHHsI Moy o-4acToTH EEI” B 00cTe)KyBaHUX 5KIHOK
(S} a3
Kinkn

3 BUCOKOI0 Jod

Kinku
3 HU3bKOI0 TaH

TIOPIBHSTHO 31 CIIOKOEM, TOHKA pucka — P < 0,05, ToBcra pucka — P < 0,01

Korepentnicre EEI" min 4yac CTHCKaHHA Ta PO3THCKAHHS
Na/IbIIB KUCTi Cy0OMIHAHTHOI PYKH i3 CHJIOBHM HABAHTA’KCHHAM
Yy *KiHOK i3 pi3HOI0 iHAMBITyaILHOIO YACTOTOIO U-PUTMY. Y XKIHOK i3
BHCOKOIO IH/IMBIYaIbHOIO 0-4acTOTOI0 B IMX YMOBax (iKCyBaIH
30UTBIICHHS KOTePEHTHOCTI YacTOTHHUX [iara3oHiB EEI" y mimsHkax xo-
pu (3 P <0,05 —<0,01) (puc. 4). Taka 3aKOHOMIpHICTb MaJla HAHOLTHITY
3HAYYIIICTh y 02-, 03- i B-cyOmianazonax. BomHouac, y »KiHOK i3 BHCO-
xoro IoY dixcyBam 3MeHIIEHHsT KOe(illieHTIB KorepeHTHocTi 0- i

ol-akTHBHOCTI y HeHTpaibHUX AutsHKax kopu (P <0,05), mepemycim
crpara, 03-KoJBaHb — y j1000BuX BimeneHHsX (P < 0,05). XKinok i3
Hm3bkor0 IoY BimzHayano reHepanizoBaHe 3pocTaHHs o2-, a3- i B-Ko-
repentHocti komvBanb EEI y xopi (3 P < 0,05 —<0,01) (puc. 4). Haro-
MiCTh y miamasoHi 0- i o1-aKTHBHOCTI PeecTpyBav 3MEHILCHHS 3Ha-
4enb korepeHTHOCTI (P < 0,05) B 1000BUX, IEHTPAIGHUX Ta TIM’ STHIX
nsHKax. Taki 3MiHM Maym OUTBII JIOKATBHUI XapakTep. SHIKCHHS
KOTEPEHTHOCTI TAKOXK YCTAHOBITFOBAH Y JIOOOBIH IUTHII Y 03-CMy?3i.
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Kinku
3 BUCOKOI0 [oaH

Kinku
3 HU3bKOI0 loH

I I

Puc. 3. TorokapTy 3MiH KorepeHTHOCTI yacToTHHX KomroneHTiB EET y rpynax jiHOK i3 pi3HOIO iHMBITyaIbHOIO YaCTOTOIO O-PHTMY
IiJ] Yac IOYeproBHX pyXiB (TepeOupaHHs) MabLiB KUCTI CyOJOMIHAHTHOI PyKH: TIO3HAYECHHSI JIUB. PHC. 2

o3

Kinku
3 BHCOKOI0 [ad

Kinku
3 HU3bKOI0 loH

Puc. 4. TorokapTy 3MiH KorepeHTHOCTI yacToTHHX KomroneHTiB EEI y rpymnax »iHOK i3 pi3HOIO iHIMBITyaIbHOIO YaCTOTOIO O-PHTMY
ITi/] Yac CTUCKAHHSI Ta PO3TUCKAHHSI MAJIBL{B KUCTI CyOIOMIHAHTHOI PYKH i3 CHIIOBMM HaBaHTAKCHHSM: IO3HAYCHHS JUB. pUC. 2

B2
AN

CTHCKaHHS
Ta PO3TUCKAHHS
MaJIBIIB KUCTI
6e3 3ycus

IMoueprosi
PYX¥ HaJbIB

CTHCKaHHS
Ta PO3THCKaHHS
HajbILiB KUCTL
13 CHIIOBUM
HaBaHTAKEHHIM

Puc. 5. TormokapTé MiKTPYTIOBUX BiIMIHHOCTEl KOrepeHTHOCT] 4acToTHHX KomioHeHTiB EET 1i uac BUKOHAHHS MaHyalbHUX PYXiB
Y KIHOK i3 Pi3HOO 1HAMBIYaIbHOO 0-4aCTOTOIO: TIO3HAYEHHS JIB. PHC. 2
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Mikrpynosi BigminHocTi. JKiHok i3 Hu3bKOFO oY Mg yac cTu-
CKaHHSI Ta PO3TUCKAHHS NMAIBLIB KHUCTI 0€3 3yCHUIUIsI XapaKTepr3yBa-
JIM BiZTHOCHO OLIbILI 3HaueHHs KOe(iLlieHTIiB KorepeHTHOCTI al-, 02- i
B-xomBanb y 1000BHX aistHKaxX (3 P < 0,05 — < 0,01) (puc. 5). Ha-
TOMICTh y HEHTPAIBHIX, 3a/IHIX CKPOHEBHX Ta TiM SHHUX KOPTHKAIb-
HHX JUBSTHKaX YCTAaHOBJICHO MOPIBHSHO BUILYY KOTEPEHTHICTh YaCTOT-
Hux komroHeHTiB EEI" y xiHok 13 Bucokoto IaY (3 P < 0,05 — < 0,01).
Iodeprosi pyxu maibliB Ta, OCOOIMBO, PyXH 13 CHJIIOBHM HaBaHTa-
JKEHHSIM CYTIPOBOJDKYBAIIACS TTOPIBHSIHO BHIIUMH 3HAYCHHSIMU KOTe-
PEHTHOCTI Y KOpi y *iHOK i3 Bucokor loHd (3 P < 0,05 — <0,01)
(puc. 5). B a2-cyOaiana3oHi B [iMX yMOBax BiI3Ha4yallk BiJHOCHE Iie-
peBakaHHsS KOICPEHTHOCTI KOJIMBaHb Y MNEPEAHIX KOPTHKAIBHHX
JUITHKaX Y JKiHOK i3 Hu3bkoto [oY (P < 0,05).

O0roBopeHHst

BinnosinHo 10 oziepyKaHUX pe3yIIbTaTiB yCTAHOBJICHO, 10 BH-
koHaHHSI MP, 1OB’513aHKX 31 CTHCKaHHAM i PO3CTHKAHHSM HAJIbLIB
KHUCTI 0€3 3yCHIuIsi, CYTIPOBOKYBAIOCS 30UIBLICHHSIM 3HAYCHb KOe-
¢iuienTiB korepeHTHOCTI y Kopi. 3a manumu Lurija (2000), e mo-
ke OyTr TOB’si3aHe 13 (PyHKIIOHATEHUM 00’ €IHAHHAM KOPTHKAJb-
HUX JUISHOK, 3a[iTHUX il 9ac KepyBaHHSA pyXaMH IHCTaJbHHUX
M’s131B, 13 IIOCHIICHHSIM JIOBUTHHOTO KOHTPOITIO. BifOBIHO 110 HaHIX
Zhavoronkova (2007), Taka 0cOOIUBICTE B YMOBaX BUKOHAHHS py-
XiB CyOJJOMIHAHTHOIO PYKOIO MOXKE MaTH KOMIICHCATOPHHH Xapak-
Tep 1 MOJEeTITyBaTH MOMMPEHHs 30YHKEHHSI MDK OKPEMUMH J1ISH-
KaMH KOpH. Y JKIHOK 13 HU3BKOIO iHMBIyaJIbHOIO (-4aCTOTOIO Ta-
Ka 3aKOHOMIPHICTh MaJjia OUIbLIY reHepasTi30BaHICTh i 3HAYYLIICTh Y
BUCOKuX (03-, B-) actorax crektpa EEI, mo Moxe Bka3syBaTH Ha
OBy HecHeM(IYHICTh IPOLECIB KOPTHKAIBHOI AKTHBALIII.

3a BUKOHAHHS IOYEPrOBHUX PYyXiB MAIBILIB 1 PyXiB i3 CHIOBHM
HABAHTKEHHSM TIOPSIA 13 MOIOHAME 3MiHaMH Y KIHOK 000X TpyI
(ikcyBa 3MEHIIEHHsS KOS(illieHTIB KOrepeHTHocTi 6-, oy- 1 03-
AKTHBHOCTI, 3/1e0LIBIIOrO y JIOOOBHX BiJBEICHHIX KOpH. 3a Jia-
uumu Klimesh et al. (2007), Lurija (2000), Buzsaki (2006), taki
3MiHH ¥ 0,- 1 0-cyOniana3zonax MoXyTh OyTH HACITIIKOM aKTyasiza-
il onepaTHBHOI maM’sITi M Yac yTpuUMaHHS y (OKycCi yBard iH-
(dopmarii mpo CeHCOpHI CTUMYIIH Ta 3AiHCHIOBaHI PyXH, TIOCHJICH-
HS TIPOIIECIB CENEKTHBHOI yBaru. 3MEeHIIEHHS KOT€PEHTHOCTI 03-aK-
THBHOCTI y JIOOOBI JUISHIII MOXe BIIOOpaKaTH JOIATKOBE CEIICK-
THBHE TaJbMyBaHHS MeXaHi3MiB ceHcopHoro Bxomy (loffe, 2003;
Kostandov, 2013) nig yac MOTOPHOTO IpOrpamMyBaHHs. YCTaHOB-
JIeHy 3aKOHOMIPHICTB i3 ()YHKIIOHJIBHOT TOYKH 30py MOXKHA PO3-
rsaary, Hanpukiag, sik EET-kopenst npouecy 3icraBneHHs ade-
peHTHUX iH(GOPMALIHHIX MOTOKIB MPO HOBI MapameTpu poboTH
M’SI31B i3 HU3XITHAMH BIUTMBaMH 3 OOKY (POHTATBEHOI KOPH 10O
MonepeIHboi MOTOPHOI Mporpamu. Taki HU3XiIHI TaTbMiBHI BIUTH-
BH y TIpOIieci BUKOHAHHS MaHyaIBHHUX PYXiB CyO[OMIiHAaHTHOIO py-
KOO 3arajioM 3aBaaloTb MOTOpHOMY mporpamyBantio (Ioffe,
2003), Ta, BimnoigHo 10 pe3ynbrariB Kostandov (2013), y namio-
My EKCIIEPUMCHTI MOXKYTh CBIYMTH TIPO TICBHE 3MCHIIICHHS I11ac-
THYHOCTI IIPOLIECIB MOTOPHOTO MPOrPaMyBaHHs 33 BUKOHAHHS Dy-
XiB CKJIaJIHIIIIOr0 XapakTepy Ta HeOOXiTHOCTI OTPHUMAHHS 3aJaHO-
ro TeMITy. BusiBiieHi 3MiHH KOTEPEHTHOCTI YaCTOTHUX KOMITOHCHTIB
EEI 3aragom MOXyTh OyTH OKa3HHKOM 30LTBIIEHHST KOHTPOJIO 3
00Ky J1000BUX CTPYKTYD 32 IIUX YMOB.

Bapro 3ayBaXHUTH SIK 3arajbHy TCHICHIIIO, IO 3MiHH KOPTH-
KaJIbHOI aKTMBHOCTI, BCTAHOBJICHI 32 YMOBU BHKOHAHHSI Pi3HHX PY-
XiB MajiblLiB CyOOMIHAHTHOI PYKH, SIK OT 3BUYHHX XalallbHUX PY-
XiB, MIOYEPrOBHX PYXIiB Ta PyXiB i3 CHJIOBHM HaBaHTAKCHHSIM, SIK
MPaBIJIO, Bi3HAYAIIKCS HU3bKOIO crieidivHicTio. Taky 3akoHO-
MIpHICTh MH TOSICHIOEMO TUM, IO ()aKTOp BUKOHAHHS EKCIICpH-
MEHTaJIbHUX TECTIB CyOJOMIHAHTHOIO PYKOKO, OYEBUIIHO, MaB BHPI-
IIaJIbHE 3HAYESHHS B XapaKTepi oprafizanii MO3KOBOi aKTHBHOCTI, HDK
cama criermdika MaHyansHHX pyxiB. Ha mporuBary, mix Jac BUKO-
HaHHS PyXIB NAJIBLIB BEIY4OI0 (IIPAaBOI0) PYKOIO Y XKIHOK 1 YOJIOBIKIB
Morenko et al. (2013; 2014) Morenko (2016), Morenko and Korzgyk
(2016) BimMivanu xapakTepHi 3MiHH KOPTHKaIbHOI aKTHBHOCTI 3a-
JIEKHO BiJI crienuiky opraHizarii MaHyaaIbHOI MOTOPHKH.

AHaJTi3 MDKTPYIIOBUX BiIMIHHOCTEH BKa3ye, IO XKIHOK i3 HU3b-
koro oY xapakTepu3yBain BiTHOCHO OLIbIII 3HAYCHHS KOSDIIliEHTIB
KOTEPEHTHOCTI 0j-, O~ 1 B-KoJMBaHb y J1000BUX IUTHKaX. e Moxe
CBIIUMTH TPO AKTHBHILIE 3aTydeHHs NMPePOHTANBHOI IULTHKU Y
TpoIieC MOTOPHOTO IPOTpaMyBaHHs Yy KIHOK i3 HI3pKko loY Ta
BUIIIMIA PiBEHB iX JOBUTHHOI yBaru 3a mux ymoB (Posner et al., 2006;
Sviderskaja, 2009). HatomicTs y neHTpabHUX, 3aIHIX CKPOHEBHX i
TIM’SIHUX KOPTHKAJIBHHX JUITHKAX YCTAHOBJICHO MOPIBHSHO BHIILLY
KOTepEHTHICTh 4acTOTHUX KoMnoHeHTiB EEI" y »iHOK i3 BUCOKOIO
IoY. Taxi pe3ysbTaTét MOXYTh OYTH MOB’sS3aHI 3 MEHIIMM piBHEM
KOHLICHTpaLii JOBIIbHOI yBary y kiHOK i3 Bucokoro IoY ming vac
MOTOPHOTO HPOTrpaMyBaHHS Ha TJIi MOXJIMBO AKTHBHILLIOTO BHKO-
PHCTaHHS MOTOPHHX IPOrPaM-aBTOMATH3MiB, BUIYYCHHX 31 CIiB
mam’ati. Hame mpumymieHHst y3romkyerbes 3 iHpopmariero Ka-
zennikov (2009) mpo pois MOTOPHOI KOPHM B aKTWBALil HAsBHUX
HEPBOBHUX aBTOMATH3MIB JUisi BUKOHaHHs pyxiB. [Todyeprosi pyxu
HaIbLIB Ta, OCOOJIMBO, PyXH 13 CHJIOBHM HABaHTaXXEHHSM CYIIPO-
BOJDKYBAJIUCS TIOPIBHSHO BUIIMMH 3HAUCHHSIMH KOTEPEHTHOCTI y
KOpi y *iHOK i3 Bucokoro loY. Bixmosinuo 1o pesynsraris Kiroj et
al. (2010) mopiBHsIHO HIDKYA KOrepeHTHICTh YacToT crektpa EEL y
JKIHOK 13 HH3pKOIO loY Moke OyTh 3yMoOBIeHa cralmmmu iHTe-
TPaTHBHAMH MO>KIUBOCTSIMH KOPH, TIOB’SI3aHUMH 13 B3a€MOIIEI0
HEOKOPTHKAIBHUX HPOEKIiH Pi3HIX aHATI3aTOPHUX cHCTeM. Bon-
HO4Yac, B 04- 1 op-cyOmiamasonax EEI' 3a mux ymoB Bii3Ha4aimm
BITHOCHE TepeBayKaHHs KOTEPEHTHOCTI KOJIMBAaHb Y (PpOHTATBHUX
KOPTUKAIBHUX IUITHKAX Y XKiHOK i3 HU3bKOO [aY.

OyHKIIOHATBHUI 3MICT TAKMX MDKTPYIIOBHX BiJIMIHHOCTEH 3a-
raJloM BiJloOpaskae BUKOPUCTAaHHS IOJJATKOBUX MEXaHi3MIB JUIs J10-
CSATHEHHS Pe3yJIbTaTy Ta, K HACIIJIOK, IEBHY HA/UIMILIKOBICTH MO3-
xoBux nporieciB (Kiroy and Belova, 2000) Ha /11, MOXKITHBO, c1a0-
IMX IHTErPaTHBHUX MOXIIMBOCTEH KOPH Y Tpymi 3 Hu3bKoro la4.

BucHoBkn

BukoHaHHS MaHyaJIbHHX pyXiB CyOZOMIHAHTHOIO PYKOIO Y
BIZIMOBI/b HAa CEHCOPHI CHTHAMIM B )KIHOK i3 PI3HMUMH BUXIJTHUMH Xa-
PaKTePHCTHKAMHU 0-aKTUBHOCTI 3arajioM CyMpOBODKYBAIOCS 30i1b-
IIEHHSIM KOT€PEHTHOCTI YacToTHUX KomroHeHTiB EEL", ocobimBo B
J0OOBUX, CKPOHEBUX, IEHTPAJIBHUX Ta TIM SHUX KOPTHKAJIBHHUX
nurtakax. Iopsim 13 THM, iy 9ac BUKOHAHHS IIOYEPrOBHX PYXiB
MAJIBIIB Ta PYXIB i3 CHJIOBMM HAaBaHTaXKEHHSIM Y JKIHOK 000X IpyIl
(iKCyBaM 3MEHIIEHHS KOC(II[i€HTIB KOrepeHTHOCTi 6-, oy- 1 03-
AKTUBHOCTI, 3/1¢OUIBIIONO y JIOOOBUX BIIBEACHHIX KOPU. Y KIHOK
i3 Hm3pkoro oY peecTpyBany BHMILy KOI€PEHTHICTh YaCTOTHHX
kommonenTiB EEI" y 1060BHX KOpTHKaIBHUX AlIsIHKaX. HaTomicTh
Y LEHTPATBHHUX, 33/IHIX CKPOHEBHX Ta TIM SHHX BiIBEACHHSIX yCTa-
HOBJICHO TIOPIBHSHO BHIIY KOTEPEHTHICTh YACTOTHUX KOMITOHEHTIB
EET y xiHok i3 Bucokoto IoY.

3MiHM KOPTUKAJIBHOI aKTHBHOCTI, BCTAHOBJICHI i 4ac BHKO-
HaHHs PI3HUX PYXIB HAJBLSIMH CYOIOMIHAHTHOI PYKH, SIK OT 3BHYHUX
XaraJbHHUX PyXiB, IOYEProBUX PYXIB Ta PyXiB i3 CUJIOBUM HaBaHTa-
JKEHHSIM, SIK TIPaBUIIO, Bi3HAYANHCS HU3bKOIO crietmbivnicTio. Ta-
KHM YMHOM, (DakTOp BUKOHAHHS €KCIICPUMEHTAIBHUX TECTIB Cy0-
JOMIHAHTHOIO PYKOIO, OYECBHIHO, MaB BHUpILIAIbHE 3HAYCHHSI B
XapakTepi opraHi3alii MO3KOBOI aKTHBHOCTI, TIOPIBHAHO 13 CAMOIO
crier(hiko0 MaHyaJIbHHUX PYXIiB.

Tonsiku

JocnipkeHHsT BUKOHaHE B paMKaxX HayKOBOI TeMu Giojoriu-
Horo (akymnbrery CXiZHOEBPOIEHCHKOro HaliOHAIBHOrO YHiBEp-
curery imeHi Jleci Ykpainku «Hefipodisionoriuyai MexaHi3MH Ta
CHCTEMHA OpTaHi3allisi CEHCOMOTOPHOI HisSUTBHOCTI JIFOMAMHU (BiKO-
BUH i cTaTeBUH acekT)», Ne 01110002143 (2009-2011 pp.).
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We studied the three-dimensional structure and patterns of distribution of the lingual papillae of healthy rats (the
norm) and their changes in the process of development of diabetes mellitus I type. The research was conducted on
65 laboratory rats of the Weestar line. The research investigated the mucus shell and the microcirculatory network of
the tongue. The distribution and three-dimensional structure of the papillae of the tongue were studied using a scanning
electron microscope. It was found that there are 5 morphological subspecies of filiform papillae on the dorsal surface of
body of the tongue: true filifom, flattened, thin and giant conical and brush-like. Isolated fungiform papillae are
unevenly distributed between filiform papillae. The dorso-lateral edge of the dorsal lingual surface is covered by foliate
papillae. The unique oval papilla vallate is located in the back-end of the middle line of the root of the tongue. The far
back of the root of the tongue lacks papillae, is flattened and covered by squamous formations. The distribution and
types of lingual papillae is similar in rats to other rodents. In the process of development of diabetic glossitis a reduction
in the height of different types of papillac of the tongue was observed, and an increase in the amount of keratinized
mass, which plays a role in the fixation of microflora on the surface of the mucus shell, which as a result may lead to
development of inflammatory process in the tongues of rats with experimental diabetes mellitus. The stages of
morphological and morphometric changes in the mucus shell and microcirculatory network of the tongues of rats with
diabetes mellitus were investigated, the characteristic signs of these changes were marked. On the basis of morpho-
functional changes of the tongues of rats with experimental streptozotocin induced diabetes mellitus, two stages of
development of pathomorphological changes were distinguished: 1) reactive changes (2—4th week) and 2) destructive
processes (6-8th week). At the end of the first stage there was a reduction in height of the filiform papillae and width of
mushroom-like papillae in the mucus shell of the tongue, an increase in its keratinization, a considerable reduction in the
number of cells in the deeper layers of the epithelium of the tongue and the adsorption capacity of superficial epitheliocites
diminished, a significant reduction in the diameter of path clearance of all departments of the microcirculatory network is
traced here. At the end of the secondary stage, there was a reduction in the sizes of all papillae of the back of the tongue, in
all links of the microcirculatory network there was a development of diabetic microangiopathy which is characterized: by
narrowing of the arterial and exchange links on a background expansion of capacity link. The question of influencing the
pathological process in the vessels of the microcirculatory network on the state of the mucus shell of the tongue in animals
with experimental streptozotocin induced diabetes mellitus is discussed.

Keywords: lingual papillae; diabetes mellitus; diabetic glossitis; rat

TpuBHUMipHA CTPYKTYpPa COCOYKIB A3MKA LIYPiB Y HOPMi Ta NPH €KCIIEPUMEHTAJIb-
HOMY I[yKpPOBOMY JAia0eTi (10 MeXaHi3My PO3BUTKY 1ia0eTHYHOI0 IJIOCUTY)
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BHBUEHO TPHBHMIPHY CTPYKTYpY Ta BHSBJIEHO 3aKOHOMIPHOCTI PO3IOALTY COCOUKIB SI3UKa Y IypiB y HOPMIi Ta IX 3MIiHH y IPOLIECI PO3BUTKY
ykpoBoro miadery I tumy. JlocmimkeHHS BUKOHAHI Ha 45 CTaTeBO3pLIMX OLIMX Iypax-caMipx JiHii Bicrap. JlocmimkeHo cH30By 00ONOHKY Ta
MIKPOIMPKYISITOPHE PYCIo si3uka. Po3moain Ta TpUBUMIPHY CTPYKTYPY COCOYKIB S3MKa BUBYEHO 3a JIOIOMOTOH) CKaHYBAIBHOTO EIEKTPOHHOTO
Mikpockoria. Ha nop3anbHiil MoBepxHi Tija s3MKa BIEpIIE BHUSABJICHO I1'sITh MOP(MOIOTiYHMX MiIBHAIB HUTKOMOMIOHMX COCOYKIB: CILIOLICHI,
CIIpaBXHI HUTKOIMOJIOHI, KOHYCOMOAIOHI, TiraHTChKi KOHIYHI Ta po3lieruieHi Ha BepxiBui (upitkonoiOHi). IToomuuoki rpubononibHi cocouku
HEpIBHOMIPHO PO3HOJiIeHI MDK HHUTKONOIIOHMMHU COCOYKaMH. Tilo si3uka B 3aiHil 4acTHHI GIYHOTO KpAr0 MiCTHThH JUCTKOHOMIOHI COCOYKH.
€1uHMIT OBaJIbHUI BAJIMKOIMOIOHHI COCOYOK PO3TAIIIOBYETHCSI HA MEXKI Tijla Ta KOPEHS sI3MKa. 3a/IHs YacTHHA KOPEHs s3MKa 1030aBieHa COCOUKIB,
CIUIOIIEHA Ta BKPUTA JTyCOYKOIOIOHMMH YTBOPSHHSMH. PO3IOIT 1 BU/IM COCOUKIB SI3MKa, 10 CHIOCTEPIratoThCs Y HIypiB, MOAIOHI 10 TaKWX B 1HIIIMX
Ppi3HOBUIIB TpH3yHiB. JlociimKeHo noeTanHi Mopdomnoriuni Ta MophoMETpIYHI 3MiHH CIMU30BOI 0O0JIOHKHU Ta MiKPOIMPKYJIATOPHOTO PycIIa s3HKa 33
LyKpOBOro AiabeTy, BiMIYEHO XapakTepHi o3Haku 1ux 3MiH. Ha ocHoBi mopdodyHkiionansHux 3mid si3uka 3a ECL/] BumineHo nBi crafii
PO3BUTKY B HHOMY MaToMOp(OJIOriuHMX 3MiH: 1) peakTHBHHUX 3MiH (2—4-if THXKZICHB) 1 2) NeCTPYKTUBHUX mporeciB (6—8-if TwkneHb). Y mporieci
PO3BUTKY 1ia0ETHYHOIO INIOCHTY CIIOCTEPIraeThCsi SMEHIIEHHs! BUCOTH PI3HUX BUAIB COCOUKIB SI3UKa, 30UIBLIYEThCS KUIbKICTh KEPATHHOBUX Mac, 10
Bifirpae pomb y 3aTpUMaHHI MIiKpo(JIOpH Ha MOBEPXHi CIU30BOi OOOJIOHKY i SIK HACNINOK CIIPHYMHIOE PO3BHTOK 3aIIAJbHOTO IIPOLECY B S3HIIL 32

EKCIIEPUMEHTAITBHOTO IyKPOBOTO JiabeTy.

Knrouosi cnoea: cocodky s31Ka; IyKpOBHH JiabeT; TiabeTHYHUIN TTIOCHT; 1Ly pi

Beryn

Bupuennst Mopdosorii si3uka, 0COOIMBO CTPYKTYPH CIIM30BOI
000JIOHKH 3 i COCOYKaMK Ha JOp3aiIbHill TOBEPXHi, BKa3ye Ha 3Hau-
Hy MIHJIMBICTb LIMX YTBOPEHb y Pi3HUX XpebeTHHX TBapuH (Abuman-
dour, 2014). HocmimKkeHHS MIKpOCTPYKTYPH SI3MKa HPOBENCHI, B
OCHOBHOMY, 3 BHKOPHCTaHHSM CBITJIOONTHYHOI MIKPOCKOIIi Ta
3MIMCHIOETECS, TIEPII 3 BCe, Ha JlabopaTopHux TBapuHax (Can et al.,
2016). Taxi qocmimKeHHs TIPOBEIeHI TAKOXK y AVKHUX BUJIB TPU3YHIB
(Jackowiak et al., 2014; Goodarzi and Hoseini, 2015). ¥ nHaykoBiii
JiTeparypi OMHUCAHO XapaKTepHi PUCH S3UKa TPU3YHIB — 3HAYHO BH-
JIOBXXEHE TiJI0 Ta 100pe BUpakeHa BUTHYTICTh CIIMHKH si3uka (Toprak
and Yilmaz, 2016). [lop3ayibHa MOBEPXHS CIM30BOT OOOJIOHKH SI3UKa
TIOKPHTA COCOYKAMH, TS SIKUX XapaKTepHE TIeBHE PI3HOMAHITTS, pi3-
Ha KUTBKICTB 1 CTPYKTYpa, 3aJIeKHO BiJl THITY JKUBJICHHS, TIOBSIIHKI
Ta crocoOy nepexxoByBaHHs ki (Reginato et al., 2014; Can et al,,
2016). Oxpemi aBropu (Jackowiak et al., 2014; Wolczuk, 2014) y
CBOIX JIOCIIIDKEHHSX PO3PI3HSIOTH COCOUKH, SIKi BAKOHYIOTh CyTO Me-
XaHIYHy (YHKIiIO (HUTKOTOAIOHI, KOHIUHI) Ta TPH BUIM CMAaKOBHX
COCOUKiB  (TpHOOIOAiOH], BaTMKOMOMIOH], JUCTKOMOMIOHI), SIKi
crioctepiratotsest B ycix ccasuiB (Kiline et al., 2010). HeobxinricTs
iCHYBaHHSI IIMX BHJIIB COCOUKIB MPOIMKTOBaHA THM, 10 CIM30Ba 000-
norka si3uka (COSI) ynpoIoBk KUTTA 3a3HA€ il pi3HUX MEXaHIYHHX,
TepPMIYHHUX, XIMIYHHX ()aKTOPIB Ta BIUIMBY IPOAYKTIB >KHTTEIsUTb-
HocTi Mikpooprauizmis (Westfall et al., 2015).

OcraHHI pOKH 03HAMEHOBaHI 3HAYHUM ITiIBUIIICHHSM 1HTEPECY
JI0 «HeTpaaumiiaux ¢yHkuin» emiteniro COS. Ie mos’s3ano 3 BU-
3HAHHSM HOro PoNi B PEaKIisiX MICIEBOro iMyHITeTy Ta iHilia-
mizanii Ta crabinizanil 3ananbHUX IPOLECIB, SKi MOCIAAIOTH MPOBI/-
HE MiClle y TMaToJorii NUTYHKOBO-KHIIKOBOro Tpakty (Ding et al.,
2016). EniTemonnty BOMOiIOTH 3HAYHUM €(DEKTOPHUM TMOTEHIIIa-
JIOM TiJ] Yac 3MiHCHEHHS IMyHOKOMIICTCHTHHX pEaKIlid, peamizy-
104H HOro0 y BIJIIOBIIb HA CTHMYJIIOBAJIHUI BIUIMB €K30ICHHOI Ta
ennorenHol npupoau (Gouri et al., 2013). Enitemionutu KoHCTHTY-
THBHO E€KCIIPECYIOTh, @ 32 aKTHBALIii — IOCUJIFOIOTH CEKPELilo iHTi-
OITOpIB MPOTU3ANATIBHIX MENTHIHMX MEIiaToOPiB, IMTOKIHOBHX pe-
nenropiB Tomo (Rukavina, 2016). 3aBasku oMy BoHH HaOyBa-
FOTh 3/IATHOCTI aKTUBHO B3a€EMOJISITH 3 IHAYKTOpaMH Ta e(eKropa-
MH 3amajicHHs Ta IMyHITeTy (HedTpodimamu, eozuHO(IIaMH, Ja-
Opouuramu, mMakpodaramu, T- i B-mimdponuramn). OmgHak mpo ix
MOp(OMETPHUYIHI NOKa3HUKH y HIypiB BIJOMO Majo, a BIOMOCTI
PO KUTbKICHI 3MiHM JieHikonmrapHux enemeHtiB COS 3a ekcre-
PHMMEHTAITBHOTO CTPENTO30TOIMHOBOIO IykpoBoro miadery (ECLII)
B3araii BigcyTHi. Takox 3aJMIIaeThCst HEBUBYEHOIO IpobiieMa B3a-
eMo3B’s13ky Mk mepeOynoBoro COSl Ta reMOMiKpOLMPKYJISATOP-
Horo pycna (I'MIIP) si3uka 3a ECLI/I (Rezki et al., 2016).

Mera nocmimKeHHS — BUBYUTH OCOONMBOCTI CTPYKTYPH CIIA30BOT
00OJIOHKH CIIMHKH SI3UKA IIPiB Ta i TeMOMIKPOLIMPKYJIITOPHOTO PyC-
J1a B HOpMI Ta 3aKOHOMIPHOCTEH iX 3MiH 3a IfykpoBoro niadery I Tumy.

Marepiai i MeToau J0C/IKEHD

CriocTepe)xeHHsT MPOBOJMIIKCS Ha 45 nopociux OUTHX Igypax
ninii Bictap, macoro 150-200 r. SI3uk BiAnpenapoByBajiu Bi HIXK-
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HbOT 1ienernd ta ¢ikcysamu B 10% HeltpaasHOMy hopMaltiHi, 3He-
BOJIHIOBAJIM B CEPisIX €TAHOJIY Ta alleTOHY 3pOCTA040i KOHIIEHTpa-
wii. ITicyst boro BHCYILyBal METOAOM MEPEXOLy KPUTHYHOI TOU-
Kd. 3pasku HamwmoBany ByriereM (mix kytom 90°), BiaTiHIM
amoMiHieM (g KyToM 15°) i cTBOproBasiv eeKTPOIPOBIAHHMIA HIap
cpibma (15 HM). 3pasku mepersiiaii B CKaHyBaIbHOMY €IICKTPOH-
HoMy Mikpockori JEOL-25A-T3225 (SlmoHist) 3 MPUCKOPIOBAIBHOIO
Hanpyroto 20 kB. TBapuH yTpuMyBam 3a yMOB BiBapiro 3riJfHO 3
HopMatuBHUMU JokyMeHTamu. ECLJL MozenmoBanu 3a METOJUKOIO
Abdel-Reheim et al. (2014). Teapun nocninHoi rpymu (40 rypis)
BHUBOJWIM 3 €KCHIEPHMEHTY udepe3 2, 4, 6 1 8 TWKHIB Bif MOYaTKy
mozermoBanHst ECLL i3 noTprMaHHsIM 3arajbHONPUHAHSITAX TPABIJL
Kownrpomshy rpymy (KI') cknagamm o’ iHTaKTHHX TBapHH. TKaHH-
HH s3uKa et dikcanii y 12% melTpansHOMy (hopMatiHi 3aHypro-
Banu y napadis. 3pi3u TOBIMHOK 15-20 MKM 3a0apBIIFOBANIA TeMa-
TOKCHJIIHOM 1 €O3MHOM, (yKCeNiH-IKpodykcHHOM i 3a PomaHoB-
cbkuM — ['im3a.

Po3mip, BHCOTa Ta IIUIBHICTH PO3TAlTyBaHHs COCOYKIB SI3UKA,
TOBIIMHY eMITeAIBHOrO IIapy Ta AiaMeTp CYAUH I'eMOMIKPOLUp-
kynsropHoro pycna (IMIIP) COSl BusHauanu 3a JOMOMOIOO
KOMIT F0TepHOI nporpamu Biovision 4.01.

JIn1s1 TpaHCMICIHHOT eJIeKTPOHHOI MIKPOCKOIIii MaTepiai (ikcy-
Bamu y 2,4% rmotapanberiai, godikcoByBamu B 1,0% posumHi
OsQO,, 3HCBOJHIOBAIM B Cepil CIHUPTIB 1 AlCTOHIB, MOMIIIAIHA B
cymim enokcuaaux cMon Emon-812-Apanmur. HamiBroHKi 3pizn
3a0apBIIOBAJI METHJICHOBUM CHHIM, YJIBTPAaTOHKI — KOHTpAcTyBa-
11 3a PeliHoNb/C 3a 3arajIbHONPUIHATOI0 METOIMKOO Ta Meperiis-
nami B enektponHomy Mikpockori [TEM-125K Cymcbkoro 1O
«Enextpon» (Ykpaina).

KoMm’roTepHe OnparfoBaHHs JaHHX IPOBOIWIN 32 JOIOMO-
TOI0 CTAaTUCTHYHOTO makeTa Statistica 6 (StatSoft Inc., USA). Buko-
PHCTOBYBAJIM HeNapaMeTpUdHi METOAM JOCIIDKEHHS (KpHTepii
Vinkokcona, Manna — Vitai). BubipkoBi mapamerpu, HaBeneHi
JiajTi B TaOJHIISX 1 TEKCTI, MAFOTh TaKi MO3HAYCHHS: X — BUOIPKOBE
cepenne, SE — cranmaptHa moMmumiiKa cepenHboro. CTaTHCTHUYHI
BIIMIHHOCTI BBaYK&JTK IOCTOBIPHUMH, KOJIM OTPHMAaHHUI PiBeHb Bifl-
MIHHOCTI /ISl TECTOBOI CTAaTHCTHKH OyB MeHIuM P = 0,05.

PesyabTarn

S3ux mypis Mae 1,5-2,0 cM y noxuny Ta 61m3bk0 7-10 MM B
[MpHHY B AULTHII Kopers. Ha nop3aibHili HOBEpXHi s3HKa CIIOCTe-
piranu riOoKy cepefrHHy OOpO3HY, HOBXKHHOIO 3—4 MM. VY ciu-
30Biif OOOJIOHII CITMHKH SI3UKa PO3PI3HSAIOTH YOTHPU BUIHM COCOY-
KiB: HUTKO-, JINCTKO-, FPH0O0- Ta BAITUKOIO/IOHI.

MeTonoM cKaHyBaJIbHOI €IEKTPOHHOI MIKPOCKOMII BrepILe [Ii-
(hepeHIIifioBaHO T1’ATh PI3HOBH/IB HUTKOMOMIOHIX cocoukiB. Cripas-
JKHI HUTKOTIOAIOHI COCOYKH Ha BEPXIBIIi S3UKa MAIOTh HETIPABIUIEHY
IIUTIHAPHUYHY a0 cIUIomieHy (GopMy Ta BUTHHAIOTHCS Y HANPSIMKY
1o KopeHs si3uka (puc. la). OcHoBa cocoukiB mae 20—30 MKM mim-
puny 3a Bucotu 60—75 mkM. IIlinbHICTS po3TalllyBaHHS KOJIHBA-
erbest Big 80 0 110 cocoukiB Ha | MM? IUIOI [TOBEPXHi SI3HKA.
Jpyruit pi3HOBHA — CIUIOLICHI COCOYKH, SIKi PO3TAILLIOBYIOTBHCS IO
cepeauHHil miHil Tina s3uka (puc. 16). OCHOBa TAKMX COCOUKIB Ma€e
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40-50 MKM MIMpUHY, TOAI fAK iX AOBXHHA ckiagae 90—120 Mxm.
Tx moBepxHs yacTo TOKpUTAa KepaTMHOBMMH Jycoukamu. LI[imb-
HICTh PO3TAlyBaHHS CIUIOLICHHX COCOYKIB BHINA HA Tili, HDK Ha
BepxiBui s3uKa: 290-320 Ha 1 Mm’. TTo Kpasx Tima s3HKa CriocTe-
PiraroThCs TOHIII KOHIYHI COCOYKHU (pHC. 2a), SKUX Y Wil YacTHHI
3Ha4YHO Oinple, HOK B iHIMMX Bimgimax. Lle Tperiil pisHOBHI HUT-
KOIOAIOHMX cocoukiB s3uKa. IlmprHa mux cocoukiB moommsy ix
OCHOBH CKJaziae 20 MKM, TOJI sSIK JTOBKHHA JopiBHIOE 130—140 MKM.
L {ibHICTh KOHIYHAX COCOUKIB Ha Kpasix si3uKa ckiagae 330-340 Ha
1 mv’. Ha BATMKOMOAIOHMX ITJIBUINICHHSX JIOP3aIbHOI MOBEPXHi
sI3UKA 10 00M/IBa OOKM CEpeIMHHOI JIiHil PO3TALLIOBYIOTHCS BEIHKI
KOHIUHi COCOUKH, YaCTO BiZIOMi AIK «TiraHTChKD» (pHc. 26). Ix Bepxin-
KU HampasJieHi BEPTUKAIBHO y (PPOHTATBHIH ILIOMIHHI.

Haif6inpmri KOHIYHI COCOYKM MICTSTBCS B CEpeiHId YacTHHI
TiJla s131Ka, TO/i SIK Ha HOro Kpasx BOHH IOCTYIOBO 3MEHILYFOTHCS

/20 KV x 350 o8 pm apaap3,

7

y po3mipi. OcHOBa HAWOUTBIIMX KOHIYHMX COCOYKIB CTAHOBHTH
180-200 mxMm B mmpuHi, a fopxkusa — 100-135 mxm. B okpemux
JUUITHKaX Ha JOp3aJibHIN MOBEPXHI 3a[HBOI YACTHMHH Tija s3UKa
3yCTpIYalOThCsl PO3IICIUICHI HAa BEPXiBIi HUTKOMOIOHI COCOUYKH
(puc. 3), ToMy IX IIIe MOJKHA Ha3BaTH «IIITKOMoMiOHIMI». LnprHa
OCHOBM IIMX COCOYKiB ckiaamae 40—50 MM, TOl SIK JOBKHHA —
6musbKko 60 MKM, a X IimbHiCTH posramyBamus — 120 Ha 1 Mm%,
Jpyruii BuJ1 COCOUKIB CITM30BOI OOOJIOHKY SI3MKa — TPHOOIIOAIOHI, SIKi
PIBHOMIPHO PO3IOIUISIOTECS MDK HUTKOTOAIOHMMY (prc. 4a). 1L{inb-
HiCTB TPHOONONIGHAX cOCOUKiB canae 35 na 1 M2, Kosken i3 HuX —
OKpyria cTpykTypa aiamerpoM 98-124 mxm. Ha mockiit moBepxHi
KOXKHOTO COCOYKA PO3TAILIOBAaHA €IMHA T10Pa CMAKOBOI LIMOYIIMHH.
Crizt HarOJIOCHTH, IO CMAKOBI IIOPYU MU BUSIBIISUIM TaKOX B OCHOBL
X cocoukiB (puc. 46). Poznonin rpubonomiOHMX COCOUKIB y Tl
SI3UKA HEPIBHOMIPHUHA.

L' | i
{20 kv x3sp, "

Puc. 2. CtpykTypa TOHKHX (@) 1 TIraHTCHKUX (6) KOHIYHHX COCOYKIB S3UKA IIypa B HOPMi
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/50 um

Puc. 3. TpuBuMipHa CTpYKTypa pO3IICIUICHUX
Ha BEPXIBIl HUTKOMOAIOHUX COCOYKIB S3HKA IIypa
B HOpMi (TI0OKA3aHO CTPLIKOI0)

o

Puc. 4. TpuBumipHa CTpyKTYypa rpuOOooRioHOro cocovka si3uKa
y 111ypa B HOpMi (@) i cMakoBa mopa ([oKa3aHa CTPLIKOIO)
B 110r0 OCHOBI (6): CKaHyBaJbHa €ICKTPOHHA MIKPOCKOITIsL,
30ubienss a — x300, 6 — x1200

JIuctroroniOHi cocouku (4—5) pO3TAIIOBYFOTHCS TT0 Kpasx 3ai-
HBOI YacTHHM TiNa spuka (puc. 5). IllupuHa KOXXHOrO CTaHOBHTH
300 mxm. TTo cepeuuHiii TiHii sS31UKa Ha MEXI Tilla Ta KOPEHS s3UKa
PO3TAILIOBYETECS €IMHUN BAJIMKONOIOHMI cocodok (puc. 6). Bin
Mae THAPHIHY GOpMY Ta OTOUYEHHMI BAIMKOM. IX pO3Iinse uiTka
Oe3mnepepBHa LUPKyJsipHa Oopo3Ha. Criepey Bil HBOrO po3TaIlo-
BaHI HUTKONOIOH, a TI03a/1y — CIUIOLICHMI Bi/IILT CIIM30BOi O0OJOH-
KU KOpeHs si3uKa. J{iamerp BamMKomoaiOHNX COCOYKIB KOJTMBAETHCS B
IIPOKOMY Aiana3oHi — 240-720 MxMm.

BuB4eHHS TiCTONOrYHIX 3pi3iB OKa3aJIo, MO eIiTeNii CIII30-
BOI 00OJIOHKH CIIMHKH SI3UKa Ma€ YOTHPH LIapH: Oa3aIbHUM, OCTHC-
THH, 3epHUCTHH 1 porouii. Ha ricronoriyaux npenaparax y pisHHX

Regul. Mech. Biosyst., 8(1)

HaIpsIMKax Iepepisy s3uKa BHSIBISIFOTHCS OKPEMi BHIM COCOYKIB,
noOy/IoBaHi 3a 3arajbHAM IUIAHOM: 30BHI PO3TAIllOBAaHA EITiTelli-
aNbHa BHCTIVIKA, IO JIOKUTh Ha OasasbHiii MemOpaHi. Bona mae
BUIJIsAA Oe3nepepBHOi piBHOMIpHO 3abapsreHoi Jinii. Ilix Hero
pO3TallIOBaHUI BJIACHUM CHOMYyYHOTKAaHMHHMM IIap CIM30BOL
obononku. Lleit map Bimmae 5-20 TOHIIMX CHOMYYHOTKAHUHHHX
COCOYKIB, SIKI BIAIOTHCSI B CINTENiH 1 MICTSATh 3HAYHY KLIBKICTH
KPOBOHOCHHUX CyuH. CIOy4HOTKaHHHHI COCOYKH HPOHUKAIOTH B
emiTeNniaabHui map Ha rbuHy 68,9 + 6,7 MKM. Y TOBIII CIOMY-
YHOTKaHHHHOTO COCOUKA Ta BJIACHOI IUTACTHHKH Mijl COCOYKAMH Y
MyXKill CHOMyYHIV (KaHHHI MIiCTHTBCS IIUIbHA MIKPOI€MOCYIHHHA
citka — prepeno kposonoctadands COSL. Jlani MopdomerprudHoro
nocmimpkeHas COS iHTaKTHUX TBapHH 1 B pi3HI TEPMiHH BiJ MOYaT-
ky monemoBanusi ECL/] HaBexerno B Tabmumi 1. Ha ricromoriuamx
npernaparax BiacHoi mwiacTHHKA COS IHTaKTHHX HIypiB Y KOXKHO-
My 10Ji 30py Bu3Ha4aroTses 1,3 + 0,23 TkarmHHMX 6asodinis, 0,9 +
0,15 mimdorwris, 1,1 = 0,31 makpodaris i 0,4 £ 0,18 mia3ma-
THYHHX KJIITHH (Ta0. 2).

" N
20 kw500 Sl AL San

Puc. 6. Ctpykrypa BaTMKOIOAIOHIX COCOYKIB S3HKA IIypa
B HOpPMi: CTPLJIKOIO [TOKa3aHa [0pa CMAKOBOI LIUOYITMHU

I'emomikpormpkymstopae pycino (IMLIP) COS (tabn. 3)
npezcrasneHo aprepionamu (d = 14,8 + 1,12), npekamninspamu (d =
9,6 + 0,82), kanimsipamu (d = 5,9 + 0,53), nocrkaminsgpamu (d =
11,3+ 0,81) i Benynamu (d = 17,3 + 1,25).

UYepes aBa TwkHI micns nodatky MozenmtoBanHs ECLY/] BuzHa-
YaeThCs JIOCUTh CTPOKATa Oy/IOBa EMiTeNiaJbHUX COCOUKIB SI3HKA.
Bucora 6inpmocti 3 Hux 3meHmryersest Ha 10,8% (P < 0,05), B
IHIIMX — HE3HAYHO 301bInyeThes (Ha 3,6%) 3a paxyHOK HaIapy-
BaHHs 3pOroBUTHX Mac (puc. 7). Y HiIoMy, TIOPIiBHSHO 3 MOKa3HHU-
kamu TBapuH KI', aGcoittoTHa BENMYKHA BCIX COCOUKIB 3MEHILYETh-
cst. TIpy 1bOMY KiIBKICTh KIITHH y Ga3aibHOMY Iapi 3MEHIIYEThCS
Ha 6,3%, B octcTOMy — Ha 8,8%), y 3epHICTOMY 1mapi —Ha 8,0% (P <
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0,05). Kinpkicts kiitia y poroBomy mapi COSl, HaBmakw, 30116~
mryerbes Ha 12,5% (tab6ot. 1). Pesynsrar nocmimkenns IMIP COS1
MOKa3ai, IO CEepelHid [iaMerp MIKPOCYOMH IIPHHOCHOI JIAHKA
3MeHIyeThest Ha 5,3%, 0oMiHHOT — Ha 8,4%, Tofi sIK IPOCBIT 00’ €M-
Hol sanku BiporigHo (P < 0,05) 36inbmryerses Ha 10,9% (Tabm. 3).
'V el TepMiH MOPIBHSHO 3 TPYTIOKO iHTaKTHYX TBapHH Ha 20,6% (P <
0,05) 30LTBLIYETBCS KUTBKICTH BIIKPUTHX apTepiono-BeHYISIPHHUX
anacToMo3iB (ABA). He3paxkaroun Ha sIBUINA TOBHOKDIB’Sl B IIeH
TEpPMiH JIOCHI/DKEHHS, KUIBKICTb KIITHH JICHKOLMTApHOrO Ppsiay
BIJIMOBIIa€ 3HAYCHHSM TPYIIH IHTAKTHUX TBApUH (Ta0IL. 2).

Yepe3s 4oTHpH TIKHI Bix odatky mozaemoBanus ECLI 30epi-
raeThCsl TeHACHLIIS 0 3MeHIIeHHs Bucotu cocoukiB COSI, cepenni
3HAYEHHS BIPOTIJHO BiAPI3HAIOTHCS Bill TOKA3HHUKIB Y KOHTPOJIBHIH

Tadmmus 1

1 TomepeHii eKcrepuMeHTaNIbHIN rpymi (Tabm. 1). Kinekicts mapis
KIITHH 6a3aIbHOTO 1Iapy MOPIBHSIHO 3 IHTAKTHAMH TBAPUHAMH 3MCH-
myerbest Ha 18,8% 1 Ha 13,3% 3 monepenHiM TepMiHOM criocTe-
pexennst (P < 0,05). B octucromy 1mapi KiIbKiCTb KIITHH 3MEHILLY-
eThest BigmoBigHO Ha 14,7% 1 6,5%, a B 3eprEcTOMY — Ha 12,0% i
4,3% (P < 0,05). Y poroBoMy mapi KUTbKICTb KIITHH 30UTBITY€THCS
BimmoBimHO Ha 43,8% 1 27,8%. Lle moOpe Kopemnroe 31 3MEHIICHHIM
kpoBorioctadansst COSI, Ha 10 BKa3yIOTh Pe3yJIGTATH JOCIIPKESHHS
MikporemocynuH (1abn. 3). Cepemnili aiaMerp IpOCBITY IeMoka-
MUIAPIB 3MEHITyeThest Ha 8,1%, a BeHy!I, HABMAKH, 30UTBIIYETHCS HA
16,2% (P < 0,05). Take He3HauHe 30LUTbIICHHS 00 €MHOI JAHKH
I'MLIP cBimunTh 1pO 3MEHILCHHS], TIOPIBHSHO 3 TIOIEPEIHIM TepMi-
HOM EKCIIEpUMEHTY, KibKocTi ABA.

MopdomeTprrdsi oka3HUKY (X + SE) ci30B01 000JI0HKY CITHHKH SI3UKa Iy piB y HOpMI Ta y Pi3Hi TepMiHH I1icist modatky MozemmosanHst ECLIL

Bucora emnitemianbHux

KinpKicTb IapiB KIITHH B emiTelii

Tepmin .
COCOYKIB, MKM 0a3aIbHUX LIVITYBATHX 3EPHUCTHX POTOBHX
KontposnsHa rpyna 562,0+40,2 1,62+ 0,48 3,41+0,63 2,52+0,26 322+0,52
2 TIDKHI 501,0+34,1 1,51+0,33 3,17+0,53 2,36+0,26 3,61 +0,43
4 TioKHi 4393 +30,9* 1,30 +£0,22%* 2,93 +027* 2,23+0,27* 4,62 +0,42%
6 TIDKHIB 333,1 £25,9%* 1,22 +0,26* 2,51+£0,23* 2,11+0.21* 4,84 +0,32*
8 TIOKHIB 226,7 +20,3** 1,21+0,23* 2,25+0,23** 2,02 +0,24* 4,71 £0,33*

Tpumimxu: * — P < 0,05 NOpIBHSHO 3 KOHTPOJIBHOIO IPYIOI0 TBApHH, ** — P < 0,05 HOpIBHSHO 3 MONepeIHiM TEPMiHOM CIIOCTEPEKEHHS; n = 45.

Taomms 2

Cxuan nefikouuti (X + SE) y cii30Biii 000JI0HII CIIMHKY S3HKA IIyPiB y HOPMi Ta Y Pi3HI TEPMIHH MicTs movYaTKy MonemoBanHs ECLL/L
Tepmin TrauuHHI 6azodim JlimcporTi Makpodaru IInasmonuTu

KontporsHa rpyna 1,31+0,23 0,91+0,15 1,11+£0,31 042+0,18

2 TIKHI 1,32+0,18 1,03+0,21 1,12+0,16 0,41+0,21

4 TioKkHI 1,62+0,14 1,25+0,19 1,44 +0,16* 0,51+0,03

6 TIDKHIB 2,24+0,16* 1,72+0,04 2,62+0,02% 1,34 +0,02*

8 TIDKHIB 1,22 +0,02* 0,64+0,01 031+0,01** 0,21 £0,01**

Tpumimxu: nuB. Taodm. 1.

Taommus 3

Mopdomerpruni nokasHukH (x + SE) enieMeHTiB reMOMIKpOIMPKYIITOPHOTO Pycita B HOPMI Ta Y Pi3Hi TepMiHH ITicirst odatKy MojeroBanast ECLIT

Cepe/Hiii iaMeTp, MKM

Tepuin aprepiona TIpEKAIiysp Karsip TIOCTKAIIJISAP BeHyJ1a
KontpossHa rpyna 14,80+ 1,12 9,64 +0,82 591+0,53 11,33+0,81 1731+1,25
2 TIKHI 14,02 +0,38* 9,11+0,63 5,46+0,38* 14,51 +0,97 19,22 + 1,44%*
4 TiokHI 13,64 +£0,76** 8,62+0,52 5,11 +0,33%* 11,35+0,31 20,17 +£1,51%*
6 TIKHIB 12,46+ 0,62 8,04 +0,48 4,93 £0,23** 11,31+0,31 14,12+ 1,14*
8 TIDKHIB 11,23+0,54 7,82+044 4,02+0,16 11,37+0,81 13,71 + 1,63**

Tpumimxu: nuB. Tadm. 1.

TIporte 3’siBasit0OTHCST MOPONOriuHi 03HAKK HAOPSIKY CIIOTYYHOT
TKaHWHHM, SKHil TIPOSIBISIETBCS JIMILE B [IMOOKHMX IIapax BIIAcHOI
mwiactuaku COSL. TIpu mpoMy B i TOBIII BHSBISETHCS MiABUIICHA
KUIBKICTD KJITHH JISHKOIUTapHOTO psmy: Ha 23,1% 30utbmryeTsest
YHCIIO TKaHMHHYX 0a3o¢inis, Ha 33,3% — nimdonuris. [IpndmisHO
OJTHAKOBOIO Mipor0 (B cepeHboMy Ha 26,1%) 301IbIIy€eThCs Killb-
KicTh Makpocaris i razmorutis (P < 0,05).

Yepes mwicTs THKHIB micist modatky mozentoBanus ECL] Bu-
COTa COCOUKIB 3MeHIIyeThes Ha 59,3% (tabim. 1). ¥V ueil TepMin
MOPIBHSHO 3 TPYIIOIO 1HTAKTHHUX TBAPHH KUTHKICTH KITITHHHUX (0a-
3aJIFHOTO, OCTHCTOrO Ta 3€PHHCTOrO) IIApiB EMiTeNiabHOI Iuiac-
tuakd COSI 3MeHInyeThes BianoBiaHo Ha 25,0%, 26,4% 1 16,0%
(P <0,05). ITpu oMy Ha 50,0% 30LTBIIy€THCS TOBIIMHA POTOBOIO
11apy, 10 HPOSIBILIETHCS] HAKOIMYEHHSIM 3HaYHUX Mac 3pOroBijIoro
CIITeNi0 Ha BEPIINHAX COCOUKIB.

V weit TepmiH cepenHiii TiaMeTp apTepiod i IpeKariyspiB 3MeH-
uryetbest Ha 16,4%, remokanisipis — Ha 16,9% (P < 0,05). Skuo
ZiaMeTp MPOCBITY BEHYJI Y MEPIL YOTUPH TIDKHI JOCITiAYy 301IbIIY-
€ThCsI, TO MOYMHAIOYH 3 ILOCTOTO THIKHS MICHIS MOYaTKy MOJIEIIO-
Banass ECLJ] Bin 3menmyerscs Ha 18,5% (tabm. 3). IIpn mpomy
npocBiT cymuH 00’emHOI Janku ['MLIP crae HepiBHOMIpHHM: B
OJTHHX JIUITHKAX OZHi€l 1 Ti€i caMoi CyIMHY IPOCBIT 3aJIMIIAETHCS
JIEIIO0 PO3IIMPEHNM, B IHIIMX — BUSBJSIETHCS 3AITyCTIHHS, HOI 10
TIOBHOT'O 3HUKHEHHS IIPOCBITY.

X 350

20 kY

Puc. 7. Binkiaau KepaTHHOBUX Mac Ha HUTKOMOTIOHNX COCOYKAX
CJIM30BOT OOOJIOHKH SI3UKA Yepe3 JIBa THIKHI
TTICJIS TOYATKY MOJICITFOBAHHS CKCIICPUMEHTAIBHOTO
CTPENTO30TOLMHOBOIO LyKPOBOTO jiadery

Yepes BicimM TwkHIB micist nodatky mozxenroBanus ECLIJL Bci
BUBUCHI MMOKa3HUKY eniTemianbHol miactuakr COS 3Ha4HO Bigpiz-
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HSIIOTBCS BiJl 3HAYCHb TPYIHN IHTAKTHHUX TBapuH (Tadi. 1). Bimbmre
HDK y/IBiUi 3MCHIIIYEThCS BUCOTA emiTemanbHuX cocoukis (P < 0,05).
Ipu 11bOMY 3HMKYETBCSI MITOTUYHA aKTHBHICTh 0a3alIbHHUX KITITHH,
ToMy Gasanbhuii map COSI, 0co0aMBo Ha BepXiBKax CIIOMYYHOTKA-
HUHHHX COCOYKIB, Pi3K0 BUTOHYCHHH. Lle minTBepmKyeThes naHu-
MH MopdomeTpraHoro anamizy (tabm. 1). Ha 35,3% 3mennryerscst
TOBIIMHA IIapy OCTHCTHX KIITHH. Y 3€pPHUCTOMY IIapi KUIBKICTH
kmitiH 3MeHnnyerbest Ha 20,0%, a KUIBKICTH KITITHH POTOBOTO
1apy, HaBIaKH, 3011bIyeTscs B 1,5 pasa (P < 0,05).

V neii TepMiH BH3HAYAIOTHCSI MOPQOJIOTiYHI O3HAKH HAOPSIKY
CHOMy4HO! TKaHUHH BiacHOi miacTUHKU COSI, 110 mposBIIsS€ThCS
3MEHIIIEHHSM ONTHYHOI IIIJIHOCTI CIIOTYyYHOTKAHUHHHUX COCOYKIB
Ha TICTOJOTIYHUX mpenaparaX. OJHAK CKaHyBaIBHOIO EIEKTPOH-
HOIO MIKpPOCKOITI€I0 BU3HAYAETHCS ICTOTHE 3MCEHILICHHS BUCOTH
emitermianbHux cocoukiB COSl, a OUIBIIICTh 13 HHUX MOBHICTIO
OKyTaHi POrOBHMH Macamu (pucC. 8), IO CBIIYUTH IPO TIIHOOKE
niopyueHHs Tpodiku COSl y nelt TepMiH TOCIIDKEHHS.

BBEBB3

Puc. 8. bynosa cocoukiB cr30B0Oi 000JIOHKH S3MKa LIypa Yyepe3
BICIM THDKHIB ITICIISI TIOYATKY MOJICIFOBAHHSI CKCIICPHMEHTAIIBHOTO
CTPENTO30TOIMHOBOTO I[yKPOBOTO JiabeTy

V neii TepMiH KUIBKICTh YCIX BHBYEHHX IMyHOKOMIIETEHTHHX
xitiTuH Biporinso (P < 0,05) 3meHuryetsest, ocoOiBo Makpodaris i
ria3MounTiB (tabi. 2). Ha Haury gymKy, Iie HOB’s13aHO 31 CKIepo-
THYHUMH 3MiHaMU CTIHKH CyIuH aprepianbHoi ganku [MLIP i 3By-
JKEHHSIM X TIPOCBITY, IO MiATBEPKYETHCS MOPHOMETPHIHIMH
MoKa3HUKamMH (auB. Tadm. 3). Y Oa3ansHOMY Ta, HalOUTBIIE, B OC-
THCTOMY IIapax MaibKe 3HUKAIOTh JIIM(OIUTH: IX KUIBKICTb CTaHO-
BUTB TUTBKH 33,3% BiJl MOYATKOBUX 3HAYCHB (TAOM. 2).

Obrosopennst

PesynbTaTil HaIOro JOCIiHKEHHS PO3KPHBAIOTH HOBI JIaHi Ipo
Tomorpadito, po3MOALT Ta TPUBUMIPHY MIKPOCKOMIYHY CTPYKTYPY
cocoukiB gop3ansHOi moBepxHi COS y mrypiB. 3aransai Mopgo-
JIOTIYHI OCOOJIMBOCTI SI3MKa IIypiB ITOKa3ylOTh 3HA4HYy MOAIOHICTH
JI0 CTPYKTYpPH sI3MKa IHIIMX NPEICTaBHUKIB KIIACYy TPU3YHIB, [0-
CIT/DKEHUX 1 ONMICaHMX y paHHix myOmikamisix (Emura et al., 1999,
2000, 2001; Iwasaki, 2002). IIpote pe3ynbTaTé HAIIOrO JOCIIj-
JKCHHSI POOJIITh MOXKIIMBUM BHIIUTATH JCAKI OCOONMBOCTI TPUBHU-
MipHOT MIKPOCKOIIYHOI CTPYKTypH COCOYKIB si3MKa IypiB. J{ist
SI3MKA IyPiB XapaKTepHi PUCH — HASBHICTb YiTKOI CEPSANHHOI 60-
PO3HH, sSKa JUTHTH S3UK HA JIBi IOJIOBUHH, 1 3HAYHE 3BY)KECHHS Tilla
sI3MKa, SIKe PO3TaIlOBaHE 3a Horo BepxiBkoro. CepequHHa OOpO3HA
Ha BEpXIiBLI s3MKa — XapakTepHa puca, OlHCaHa Y 0araThboX Ipu-
3yHIB, X0ua 1 JOBXMHA Ta MIMPUHA MAIOTh 3HAYHY BapiaOeNbHICTh
(Iwasaki, 2002; Kilinc et al., 2010). ITpu npomy Jackowiak et al.
(2005, 2014) noBigoMIIsIE TIPO BIACYTHICTH Takoi OOPO3HU B MOp-
chkux cBUHOK. [1IipuHa Tina si3uKa y TpU3yHiB 3BHYaifHO OHAaKOBa
a00 HEe3HAYHO BIiJPI3HSETHCS, IO HE MOXKHA CTBEP/KYBATH BiJTHO-
CHO IHIIMX YacTWH s3uKa. Mopdomnoris 3aaHpoi YaCTHHHU Tija
S3WKa Yy IOypiB BHU3HAYA€THCSA HASBHICTIO BHCOKOTO BAJIMKO-

Regul. Mech. Biosyst., 8(1)

MOIOHOTO MMiIBHIIICHHS], 10 XapPaKTEPHO IS iHIIMX TPU3YHIB, a
TaKOX JUISl JKYHHHX TBapHH, MaBII i simoHCHKHX Makak (Iwasaki,
2002; Emura et al., 2001, 2002; Goodarzi et al., 2015).

Pe3yspratit MIKPOCKOMIYHUX CIIOCTEPEKEHb COCOYKIB SI3UKA Yy
IIypiB TIOKa3aJIH, 10 HUTKOMOAIOHI COCOYKM HAWUMCIICHHII cepe
YCIX COCOUKIB sSI3UKA. 300paKEHHS Y CKaHyBAIBHOMY €JICKTPOHHO-
My MIKpOCKOIIi CBiI4aTh, 0 TPHBUMIpHA CTPYKTypa, METPUIHIN
pO3MoAT Ta 3MiHA IMUIBHOCTI iX pO3TAlIyBaHHS B3JIOBXK SI3HKa
JIAI0Th MOYKJIUBICTH PO3IUTMTH HUTKOMO/IOHI COCOYKH Ha OKpeMi
MopdosoriuHi maTuny. Lle mmMpoKo po3rnoBCIOPKEHI COCOUKH, SKi
MOKPUBAIOTh YCIO MOBEPXHIO SI3UKA 32 BUHATKOM HOTO KOPEHSL.
BoHu pa3oM i3 miqHe0iHHIM 3aITy4aroThCsl 10 MPOIITOBXYBAHHS ki
y TpaBUIIbHOMY (izionoriynomMy HanpsaMky (Iwasaki, 2002; Koba-
yashi et al., 2006; Masuko et al., 2007; Kulawik et al., 2015).

Miyawaki et al. (2010) i Abumandour (2014) HuTKOMOMIOHI
COCOUKH TMOJUIIOTH Ha BJIACHE HUTKOMOMIOHI Ta KOHYCOIOIOHI.
Mu Takox crioctepirany KoHycomnonioHi cocouxr Ha COSI mypiB.
Onnak Torpak et al. (2016) Bka3sye, 10 Taki COCOYKH XapaKTepHi
JUISL LIy pPiB Yy BiLli 10 OJIHOTO Micsiist. ToMy B OpOCIHX LIypiB Oinb-
IIiCTh aBTOPIB CXIIbHI PO3MVISIAATH iX SIK €JIEMEHTH PEaKTUBHOL
nepeOyIoBH, IO BHHHUKAE BHACIIIOK arpodil HUTKOMOmIOHHMX
COCOUKIB, HK AK okpemuii Tun Mikpopenbedy COS (Goodarzi et
al., 2015; Can et al., 2016). Tpeba 3BepHyTH yBary TakoXx Ha Te, IO
KOHYCOMNO/IIOHI COCOYKM HIKOJIM HE PO3TalIOBYIOThCS AU(Y3HO,
BOHM 3TPYIOBaHi, SIK MpaBio, Ha THX AutiHkax COSl, Ha sKux
3BUYAHO JIOKaJIi30BaHi HMTKONOMIOHI cocouku. Bigomo, 1o
Tororpadisi COCOUKIB s13MKa Ma€ YiTKy (QyHKI[IOHAIBHY 3aIC)KHICTh
(Reginato et al., 2014), ToMy MM CXHJIBHI BBaXKaTH, LI0 KOHYCO-
mofiOHI cocoukn — okpemuit THn cocoukiB COS B HOpMi. Tum
Ourpiue, BiacHa miactiHKa COSI 3 myXKoi crnomy4Hol TKAaHWHU Ha
Mexi 3 emitenieM (OpMye COCOUKH OJJHAKOBOI BEJIMUMHU Ta (op-
MH, HE3aJI©)KHO BiJ] HUTKOHOMIOHOTO Y KOHYCOIOAIOHOTO THITY
erniTeNiaIbHIX COCOUKIB, SIKi CriocTepiratoThest Ha noBepxui COS.

XapaxTepHa puca si3MKa IypiB — 3BHYaliHO CIUIONIEHA rpyrna
HUTKOMOMIOHIX COCOUKIB MO CepelMHHil Jinii Tina s3uka. Ix mo-
BEPXHsI YaCTKOBO BKPHTA JTyCOYKAMHU BHACIIOK MPOLIECIB KepaTH-
Hi3amil MOBepXHEBHX KJIITHH MOKPHBHOTO EMITEIII0 CIH30BOI 000-
JIOHKH SI3UKa.

Ile omHa OCOOMMBICTE — PO3MOIIN TIraHTCBKUX KOHIYHHX 1
IIIITKOIOIIOHUX COCOYKIB Ha IOBEPXHI BAIUKOMOMIOHMX TOTOB-
IIeHs Tina s3uka. Lli pe3ysbraTty noka3yroTh pisHOMAHITTSI HUTKO-
HOIMIOHMX COCOYKIB Yy 3B’SI3Ky 3 IIPOLIECOM KepaTHi3auil Ta
Y3TOIDKYIOTBCS 31 CIOCTEPEKCHHSIMH, HPOBEICHMMH Ha IHIINX
rpusynax (Doran, 1995; Emura et al., 1999, 2000; Toprak et al.,
2016). PesymbraTi AOCTIMKEHb PO TaKW PO3MOILT COCOYKIB
si3uKa ONU3BKI 0 IaHUX aBTOPIB, SIKi MPOBOJWIM iX BHBYCHHS B
inmmx TBapuH (Benetti et al., 2009; Can et al., 2016). YV mumi, ono-
CyMa, KpOoJIsl Ta MOPCHKOI CBUHKH ITOBEPXHSI BAIMKOMO/IOHHX I10-
TOBILICHB TiJIa SI3UKa BKpHUTa KOHIYHUMHU cocoukamu (Okada et al.,
2005; Kilinc et al., 2010; Kulawik et al., 2015). IpucytHicth
IIITKOMOIIOHMX COCOYKIB TAKOXX 3HANICHA Y JIETIOUHMX OLIOK, KpO-
151 Ta kota (Ojima et al., 2000; Emura et al., 2002; Nonaka et al., 2008).

Mu BBaXXaeMo, IO YTBOPEHHS MOPQOJIOriYHUX Pi3HOBUIIB
HUTKONOMIOHUX COCOYKIiB TMOB’SI3aHE 3 OCOOJIHMBOCTSIMH PO3BUTKY
SI3UKA SIK OpraHa MOYaTKOBOTO BiUILTY TPABHOTO TPAKTY, SIKUI1 TIep-
MM KOHTAKTy€ 3 PI3HUMH ()i3MKO-XIMIYHIMH TOJpPa3HUKAMH Ta
Biflirpae BaXXIUBY Poib Y (GOpMyBaHHI CIIIM(ITHIX YMOBHO-ped-
JIEKTOPHHX B3a€MO3B’SI3KIB 3 IHIIIMMH OpPraHaMH B IILJIOMY OpraHi3-
mi (Iwasaki, 2002; Toprak et al., 2016). YV 3B’A3Ky 3 UM OKPEMO
X04YEeMO 3BEpHYTH yBary Ha IPOLECH PO3BUTKY Ta AudepeHLiaryi
cocoukiB COSl y rpusyHIiB NMpOTSAroM ychOro OHTOreHe3y. Tak,
El-Bakry (2009) i Wotczuk (2014) y HOBOHapODKEHUX IIypiB BUIUISE-
FOTh TUIBKH TPU BHIW COCOUKIB s3UKA (TpubO-, HUTKO- Ta KOHYCO-
noxtiHi), sIki MaroTh crenudiudy Tomorpadito. Ilepmi xBa BuaM
JIOKAJIi3yIOThCSl TUTBKM Ha KiHUMKY SI3HKa, a TPeTii — Ha HepeHii
YyacTHHi Ti1a siuka. [Ipy npoMy came HUTKOINOIMIOHI COCOUYKM Ha
HEepIINX eTanax MOCTHATAJILHOIO OHTOTeHe3y JysKe JpiOHi i He Ma-
FOTh TUIIOBOI CTPYKTYpH. Y MOJANBIIOMY iX TpaHcgopMatiis HaOyBae
Halpi3HOMAHITHIIIMX (hOPM: BOHU 3MIHIOIOTBCS 3 HU3bKHX IIPHU3Ma-
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THYHUX 10 KOPOTKHUX, a MOTIM BUCOKUX, KOHYCOTOIOHNX M «ITyro-
MOJIOHNX», @ B OKPEMHX BHIIAJIKaX — J0 HEBU3HAYCHOI LIWIIIHAPUY-
Hol ¢opmu. Ha mamry mymky, came Taki 3MiHH y (OpMi HHTKO-
MOIOHMX COCOYKIB Ha PI3HUX eTarax OHTOreHe3y — MPUUMHA BUSB-
JICHHS Pi3HUX MOBUIIB IMX cOCOYKiB. [1omiOHi, ajie MEHII BUpakeH1
KOH(OPMAITiiHI 3MIHH CTOCYIOTBCS TaKOXK TPHOO- Ta KOHYCOIOZI0-
HHX cocouKkiB. bepyun no yBaru npari Iwasaki (2002) 1 Toprak et al.
(2016), 10 CTOCYFOTBCS JOCIIIPKEHD HEPIBHOMIPHOTO PO3BUTKY Me-
XaHO- Ta XEMOPELIENITOPHOTO arapary s31UKa, MOXKHa X eKCTparoo-
BATH HA JIaHi, OTPUMaHi HaMH SIK 3aKOHOMIpHE CITIBAPY)KHE CTaHOB-
JIHHS! PI3HUX MOP(OJIOTIYHUX YTBOPEHB, 00’ €AHAHNX CHLUTBHOIO (yH-
KLi€r0. Y IaHOMY BHIAJIKY, Iist 3a0e3MeeHHsT OTUMATIBHUX YMOB (hop-
MYBaHHS Ta [IPOCYBAHHS XapUOBOro KITyOKa Y pOTOBii OPOKHHHI.

Hamri mani mokasanm, mo y mIypiB iCHYIOTb TPU BHAM CMaKoO-
BHUX COCOYKIB, 5IKi TH()EPEHIIOIOTECS HA OCHOBI BHSIBIICHHST CMAKO-
BuX 1op. Lle uncnenni rpuOoNoiOH COCOUKH y MepeHii YacTuHi
S3MKa, J[BA BAJIMKHM 3 JIUCTKOMOMIOHMMHU COCOYKAaMHM, SIKi pO3-
TAIIOBYIOTHCSI CHMETPUYHO Ha KpasX 3a[JHbOI YaCTHHU TiJia s3MKa,
Ta OJMH BATMKOMOMIOHNH COCOYOK MOOIM3Y KOpeHs si3uKa. Takuit
THUIT CMAKOBUX COCOYKIB CIIOCTEPIraeThCsl TAKOXK y MUIIEH, JeTIo-
YOI TOJIBKM Ta MOHTOJbChKOI mimanku (Emura, 2002; Iwasaki,
2002). I'pubomoniOHi cOCOUKH Yy IIypiB PO3TAILOBAHI Ha BEPXIBIL
Ta TiNi S3UKa. AKYMyJIAList TprOOIOIiOHAX COCOUKIB Ha BEPXiBIi
SI3UKA BHSIBIIETHCS B SITOHCHKOI Makakw Ta HyTpii (Emura et al.,
2001, 2002; Goodarzi et al., 2015; Toprak, 2016). INTopiBHsIHHS
IIUTBHOCTI PO3TAIlyBaHHS I'PUOONOAIOHMX COCOYKIB Ha BEPXiBIi
s3MKa y IypiB i3 pe3ysbratamu, onepxkanumu Okada et al. (2005)
y Pi3HHX MIBUIIB MIIIAHOK, BKa3y€e Ha iX 3HAYHY CXOXKICTb. B iH-
WX TPU3YHIB PO3MOALT TPHOOMOAIOHIX COCOYKIB 3MIHFOETECS. SIK TI0-
Bigomirsiots El-Bakry (2009) 1 Goodarzi et al. (2015), y Mopcbkoi
CBHHKH Ta JICTIOYOI OUIKM TPHOOIOMIOHI COCOUYKHM JIOKAII3yIOThCS
Ha BEpXIBIIi 53HKa, a TAKOK Ha OIYHUX Kpasx Tina spuka. Lli cocou-
KA Yy TPEACTaBHUKIB POIy CIPHX IOJNIBOK PIBHOMIPHO pO3MO-
JIISFOTBCS. Ha TUTi Ta KOpEHi si3uKa. Y IIypiB, sIK i B IHIIMX TPU3Y-
HIB, TpUOOMOIOHI COCOUKH MalOTh IO OZHIN CMAKOBI Mopi Ha 1X
«aari» (Kiline et al., 2010). Txmmii B cMakoBUX COCOYKIB y
LIypiB, K i y TIOMIBOK 1 MuIIeH, IPEACTABICHHI €ANHHM BaJHKO-
MOMIOHNM COCOYKOM, PO3TAILIOBAHMM IO CEpEIWHHIN JiHii sS3MKa.
Uucno BajMKOMOAIOHMX COCOUKIB, 3HAHICHMX HA KOpEHI SI3MKa,
JIOCHUTH BapialeNbHe y pI3HMX TpH3YHIB. SIK IOBIIOMIIIETECS B
okpemux crarrsix (Emura et al., 1999; 2001), y HyTpii € 1Ba oBaBHI
BJIMKOIOAIOHI COCOYKH Ha KOPEHi S3UKa, TOM SIK Y JIETIOUOI OUTKH iX
TpU. Y MOPCHKOI CBUHKH BAIHKOIO/MIOHI COCOUKH BIJICYTHI, Ha 1X
Micwi po3ratoBaHi rpubomnozioHi cocouku (Iwasaki, 2002).

Tpertiit BI CMAKOBUX COCOYKIB SI3MKa IIypiB — JIICTKOMOAIOHI
COCOUKH, PO3TAIIOBAHI Y3I0BX JIATEPAIBHOTO Kpalo Tila S3HKA.
BoHu cknagaroTecs y BUINIAI 4—5 BaIMKIB, BITOKPEMIICHHX TITH00-
KUMH XKOJTOOKaMU. SIK pO3TalllyBaHH, TaK 1 CTPYKTypa IHX COCOUKIB
IIypiB NOMIOHI 10 TaKUX y CIPUX IOJIBOK, HyTpii Ta Mummeil. UYncno
BJIUKIB Y JESKUX PI3HOBH/IB IPHU3YHIB MOKe OyTH 1iie Outbimm. STk
noBizomssie Emura et al. (2001), y neTiouol GUIKH KOXKEH JIUCTKO-
HoAiOHMI COCOUOK CKJIAJAeThCsl OlIbLIe HiX 13 34 BaMKIB.

ITpo 3aTpumMaHHs JecKBaMallii pOroBOro miapy 3 MOBEPXHi erti-
TeJIi0 B Pi3HI TepMiHH Bi moyatky moaemoBanas ECL cBinuath
MophOMETpHYHI JaHi PO 3MEHIICHHS KIIITHH TIMOIIe po3TanioBa-
HHUX IIapiB Ta 30UIbIICHHS TOBepXHEBHX KiiThH. Lleil mporec
0COOJIBO aKTHBI3y€ThCS 3a imeMii Ta € IPOSBOM TKaHUHHOI TiIo-
kcii (O’Reilly and Long, 2008).

TlinTBepmKkeHHs 1bOTO — pe3yibTaT gociimkeHHs ['MILIP
COJl, siki BKa3ylOTh Ha 3MEHILECHHS CEPEIHBOr0 JiamMmerpa MiKpo-
CyIIMH MPHHOCHOI Ta OOMIHHOI JIAHKH, TOJi SIK TPOCBIT 00’€MHOI
nanku Biporigao (P < 0,05) 30imbLIyeThCs, YUM BHU3HAYAIOTHCS
SIBUI[A IOBHOKPIB’s. Takuii mporec MOXKIMBHI 32 YMOB BIAKPUTTSI
apTepioIo-BeHYIISIPHIX aHACTOMO3IB, KUIBKICTb SIKHX 30LIBIIY€ThCS
TIPOTIOPIIHO O TePMiHy eKCIEePHMEHTY Ta BKa3ye Ha IIiBHILeE-
HHH CKUJI apTepiajbHOi KPOBi y BEHO3HE PYyCIIO M03a KariIspamH,
1110 MOCKITIOE siBUIIA itmemii Ta rinokcii COSI.

VYcranoBneHi HaMu 3MiHH TIPOCBITY BeHO3HOI janku [ MIIP i3
PO3LIMPEHOr0 Ha 3BY)KCHHI CTaH y TePMiH 6 TIDKHIB i3 MOYATKy

mozerntoBanust ECIIJ] cynpoBOKYOThCS HEPIBHOMIPHICTIO TPO-
cBiTy cymuH 06’emHoi anku ['MIIP i3 mijsHKamu 3armyCTiHHS Ta
HOBHOT'O 3HUKHEHHs IPOCBiTy. Taxi siBUILa, HA JlyMKY OKPEMHX JI0-
cniguukiB (Uemura et al., 2009), 060B’SI3KOBO CYTIPOBOIKYIOTHCS
TMIBUIICHHSAM TPOHUKHOCTI CYyIMHHOi CTiHKH, IO TOSICHIOE Te-
MaTOTreHHE MOXOKEHHS IMyHOKOMIIETEHTHHX KIIITHH, SIKi Y TTi/IBH-
meHid KitbkocTi BusBIstOTECS B COSL. Take siBuine — crapToBmit
MEXaHi3M JUII PO3BUTKY acenTHYHOro 3anaiteHHs B COSL

JInst BCTAaHOBJICHHS XapaKTEPHCTHK, sIKi 3a0e3MeuyIoTh 3aXHC-
Hy (DYHKIiO CIIM30BOI 00OJIOHKH ITOPOXKHHUHHU POTA Y CKIIai errite-
JanbHOl IUIACTHHKH, HPUHHATO JOCIIDKYBAaTH KUTbKICTh KIITHH
Jlanreprasca, Makpodaris, TiM(OLMUTIB Ta IHIINX KIITHH JISHKOLH-
taproro psay (O’Reilly and Long, 2008). IIpo ix moxomkeHHS B
COS monuHi B miTeparypi Hemae chiibHOI aymku. OnHiI aBTOpH
BBA)XAIOTh X BHHSATKOBO BIJIACHOK TONOrpadiyHOI0 OCOOJHMBICTIO
COS (Iwasaki, 2002; Mistretta and Liu, 2006). [Hui xocimimaukm
BKa3yrOTh Ha 1X reMarorenHe noxomkeHns (Doran, 1995; Scardina
and Messina, 2006). Tpeti HOTPUMYIOThCS KOMILIEKCHOI Teopii
Mopdororiutoro 3abdesneueHss micueBoi pesuctentHocti COS
(O’Reilly and Long, 2008; Meo, 2009).

Mu BcTanoBIIH, 110 Y BiacHiK mnactuHmi COSl iHTaKTHUX OIy-
PIB cricTeMa IMyHHOTO 3aXHCTY TPECTaBIeHa MaKpoQaraMil, TKAaHHH-
HUMH OazodizaMu, TiMGOIMTAMH Ta TUIa3MATHIHAMHA KIITHHAMU.

BucHoBku

BusiBieHO 11’STh MATHUINB HUTKOMOAIOHMX COCOYKIB SI3UKa Y
IIypiB (CIIPaBXHI HATKOMOIiOHI, CILIOLIEH], KOHYCOMOIiOHi, BENH-
Ki KOHIYHI («TiraHTCBKi») Ta PO3LICIIICHI Ha BEPXIBI («IIITKOIO-
IIIOHI»), KOYKEH 3 KX Ma€ BIIACHI XapaKTEPHUCTHKH.

3a eKCIepUMEHTAIBHOTO CTPENTO30TOLMHOBOTO ITyKPOBOTO
niabeTy BHHMKAIOTH 3MIHM B YCIX CTPYKTYpHHX KOMITOHEHTaX
cIM30Boi OOOJIOHKY IOp3aJIbHOI MOBEpXHi si3KKa. Peakiis emiterni-
QIIBHOI TIACTHHKY IIPOSIBIISIETHCS 3HIDKCHHSIM TMPOITi(hepaTHBHUX
MPOLIECIB Y TIIMOOKKX Iapax ermiTeito, [MiJBUIICHHIM 3POrOBiHHS
HOBEPXHEBOT'0 LIApy Ta 3aTPUMAHHSAM 3POTrOBUIMX MAC Ha IOBEPXHI
eriTeNniaIbHIX COCOYKIB.

Y paHHI TepMiHM y BIACHii IUTACTHHIN CJM30BOi OOOIOHKH
JIOP3aILHOT TIOBEPXHI SI3UKA CIIOCTEPIraroThCs PEaKTHBHI 3MiHH, IO
TIPOSIBISTIOTECS.  30UTBIICHHSIM  KUIBKOCTI KIITHH JICHKOLIUTapHOTO
psfly Ta HaOPSKOM MDKKIIITHHHOI pedoBHHH. B MikporemocymuHax
BUSIBISIETBCS Pi3Ke 3BY>KeHHs aprepiaibHol Janku [MIIP npotsirom
YCBOTO TEPMIHY CIIOCTEpEKEeHHs. B paHHI TepMiHM JOCITiHKeHHS (10
JIBOX TIDKHIB) BiIOYBa€Thes po3IMpeHHst eMHicHoi janku [MIIP,
SIKe Y TIONANBIIOMY (Ha YETBEPTHIl — BOCHMUIA TIDKHI) 3MIHIOETBCS
3MEHIIEHHSIM 1 3aITyCTiBaHHAM NpocBiTy Oubiocti BeHya COSL.

V mi3Hi TepMiHH (IIOCTHHA — BOCBMHI THIKHI TCHSA TTOYATKY
MOJIETTIOBAHHS €KCHEPHMEHTATFHOTO CTPENTO30TOLMHOBOTO IyK-
POBOTO JiabeTy) 3MEHIIYETCS KUTBKICTh IMyHOKOMITCTCHTHHX KITi-
THH — MOP(OJIOTIYHOTrO CyOCTpaTy MOpPYLISHHs MICHEBOI pe3uc-
tentHocTi COSL.
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Introduction

Glutathione reductase (Glutathione: NADP'  oxidoreductase,
E.C.1.8.1.7; GR), a key enzyme in glutathione metabolism, is a member
of the pyridine-nucleotide disulfide oxidoreductase family of
flavoenzymes (Kondo et al., 1980). This flavin enzyme is essential for
reduction of glutathione disulfide (GSSG) to the reduced form (GSH),
necessary for protection of cells against oxidative stress as an
antioxidant (Cooper and Kristal, 1997). GSH has an important role in
the synthesis and degradation of proteins, regulation of enzymes,
formation of the deoxyribonucleotid precursors of DNA, and protection
of cells against free radicals and reactive oxygen species such as HyO,,
0O," and "OH (Gul et al., 2000; Isik et al., 2015). Decreased GSH levels
have been reported in several diseases, such as acquired immune
deficiency syndrome (AIDS) (Akerlund et al., 1997), adult respiratory
distress syndrome (Pacht et al., 1991), Parkinson’s disease (Jenner and
Olanow, 1998), and diabetes (Yoshida et al., 1995). In addition, recent
results suggest that GSH is essential for cell proliferation (Poot et al.,
1995), and plays a role in the regulation of apoptosis (Van den

Dobbelsteen et al., 1996).
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Many aquatic environmental problems have arisen in consequence of contamination of water by toxic metals and
organic pollutants in the present age of technology. Metals play vital roles in enzyme activities and other metabolic
events due to their bioaccumulative and nonbiodegradable properties among aquatic pollutants. The aim of this study
was to evaluate the inhibitory effects of some metal ions (Ag’, Cu®*, Co®", Ni*", Pb*" and Zn") on Capoeta trutta gill
and liver glutathione reductase (EC: 1.8.1.7; GR). For this purpose, initially, GR was purified from C. frutta gill and
liver. Purification procedure consisted of three steps; preparation of hemolysate, ammonium sulphate precipitation and
2°, 5’-ADP Sepharose 4B affinity chromatography. Using this procedure, C. turtta gill GR, having the specific activity
of 19.111 EU/mg proteins, was purified with a yield of 38.8% and 910.05-fold; C. frutta liver GR, having the specific
activity of 16.167 EU/mg proteins, was purified with a yield of 21.1% and 734.86-fold. The purity of the enzymes was
checked on sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and each purified enzyme
showed a single band on the gel. In addition, inhibitory effects of some metal ions (Ag+, Cu2+, C02+, Niv", Pb* and Zn2+)
on GR from gill and liver were investigated in vitro. K; constants and ICs, values for metal ions which showed
inhibition effects were determined by Lineweaver-Burk graps and plotting activity % vs. [I]. In conclusion, ICs values
for fish gill GR were 0.000625, 0.153, 0.220, 0.247 and 0.216 mM and K; constants for fish gill GR were 0.00045 +
0.00008, 0.128 + 0.036, 0.182  0.138, 0.482 + 0.219 and 0.112 £ 0.047 mM for Ag", Cu*", Co®", Ni**, Pb*" and Zn*",
respectively. ICsg values for fish liver GR were 0.000437, 0.217, 0.185, 0.355 and 0.349 mM and K; constants for fish
liver GR were 0.00025 % 0.00013, 0.532 % 0.146, 0.123 £ 0.066, 0.093 £ 0.020 and 0.151 £ 0.084 mM for Ag, Cu®",
Co™", Ni*", Pb”" and Zn™", respectively. In vitro inhibition rank order was determined as Ag™> Co” > Zn>" > Ni** > Pb**
for fish gill GR; Ag" > Cu*" > Co*" > Pb*" > Ni*" for fish liver GR. From these results, we showed that Ag” metal ion is
the most potent inhibitor of GR enzyme on gill and liver tissues.

Keywords: Capoeta trutta; glutathione reductase; liver; gill; metal toxicity

Metals are natural trace components of the aquatic environment,
but their levels have increased due to industrial, agricultural and mi-
ning activities. All metals are potentially harmful to aquatic organisms
at a certain level of exposure and absorption (Kalay and Canli, 2000).
This situation may be hazardous for living systems, especially aquatic
living systems, including specific enzymes. It is well-known that
enzymes catalyze almost all chemical reactions in the metabolisms of
living systems. These chemical substances, including pollutants, pes-
ticides, drugs and metal ions, influence metabolisms at low concen-
trations by decreasing or increasing enzyme activities (Ekinci et al.,
2007). Fish are widely used to evaluate the health of aquatic ecosys-
tems because pollutants build up in the food chain. Because of this, in
recent years numerous metal toxicity studies have been performed on
fish by many scientists worldwide (Kalyoncu et al., 2011; Yi and
Zhang, 2012; Yousafzai et al., 2012; Squadrona et al., 2013). There is
no report available on the purification of GR enzyme from the gills
and liver of C. trutta. Therefore, the aim of this study was to purify
GR enzyme, the metabolic importance of which has long been
acknowledged, from the gills and liver of C. frutta and to examine the
in vitro effects of certain metals upon enzyme activity.
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Materials and methods

Chemicals. NADPH, GSSG, protein assay reagents and chemi-
cals for electrophoresis were obtained from Sigma Aldrich Chem.
Comp. 2'5'-ADP Sepharose-4B was obtained from Pharmacia.
AgNO3, CUSO4'5H20, CO(NO3)2'6H20, NIC126H20, Pb(NOg)Q,
ZnCl, and all other chemicals used were analytical grade and
obtained from either Sigma-Aldrich or Merck.

Preparation of the hemolysate. Fish samples (n = 10; 190 +
20 g) were caught from Murat River (Bing6l, Turkey). The fish
were decapitated and their gills and livers were extracted. 8 g gill
and liver samples were washed three times with 0.9% sodium
chloride solution. Then, using a scalpel, the gill and liver samples
were cut into small pieces. These pieces were homogenized with
the aid of liquid nitrogen and suspended in a 50 mM KH,PO,
(pH 7.4) buffer that includes 1 mM PMSF, 1 mM EDTA and 1 mM
DTT. The suspension was primarily centrifuged at 13.500 rpm for
2 h, and the precipitate was thrown away. Supernatant was used in
further studies (Le Trang et al., 1983).

Enzyme assay. GR activity was measured spectrophotometri-
cally at 25 °C by the modified method of Carlberg and Mannervik
(Carlberg and Mannervik, 1975). The assay system contained 50 mM
Tris-HCI buffer pH 8.0, containing 1 mM EDTA, 1 mM GSSG and
0.1 mM NADPH. One enzyme unit was defined as the amount that
oxidizes 1 pmol NADPH per min under the assay conditions.

Ammonium sulfate fractionation and dialysis. The hemoly-
sate was subjected to precipitation with ammonium sulfate (liver:
between 30% and 70%; gill: between 20% and 70%). Enzyme
activity was determined both in the supernatant and in the precipi-
tate for each respective precipitation. The precipitate was dissolved
in phosphate buffer (50 mM, pH 7.0). The resultant solution was
clear, and contained partially purified enzyme. This solution was
dialyzed at 4 °C in 1 mM EDTA + 10 mM K-phosphate buffer
(pH 7.5) for 2 h with two changes of buffer (Akkemik et al., 2011).
Partially purified enzyme solution was kept at 4 °C.

2', 5'-ADP sepharose 4B affinity chromatography. 2 g of dry
2'5'-ADP Sepharose 4B was used for a column (1x10 cm) of 10 mL
bed volume. The gel was washed with 300 mL of distilled water to
remove foreign bodies and air, suspended in 0.1 M K-acetate + 0.1 M
K-phosphate buffer (pH 6.0), and packed in the column. After settling
of the gel, the column was equilibrated with 50 mM K-phosphate
buffer including 1 mM EDTA pH 6.0 with a peristaltic pump.
The flow rates for washing and to equilibration were adjusted
20 mL/h. The previously obtained dialyzed sample was loaded onto
the 2',5'-ADP Sepharose 4B affinity column and the column was
washed with 25 mL of 0.1 M K-acetate + 0.1 M K-phosphate, pH 6.0
and 25mL of 0.1 M K-acetate + 0.1 M K-phosphate, pH 7.85.
Washing was continued with 50 mM K-phosphate buffer including 1
mM EDTA, pH 7.5, until the final difference in the absorbance
reached 0.05 at 280 nm. The enzyme was eluted with a gradient
mixture of 0to 0.5 mM GSH + 1 mM NADPH in 50 mM K-phos-
phate, containing 1 mM EDTA (pH 7.5). Active fractions were col-
lected and dialyzed with equilibration buffer. All procedures were
performed at 4 °C (Le Trang et al., 1983).

Protein determination. Protein concentration was determined
at 595 nm according to the method of Bradford (Bradford, 1976),
using bovine serum albumin as a standard.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE). To determine the enzyme’s purity, SDS-PAGE was
performed according to Laemmli’s method (Laemmli, 1970). The acryl-
amide concentration of the stacking and separating gels was 3% and
8%, respectively, and 1% SDS was also added to the gel solution. The
gel was stained for 2 h in 0.1% Coomassie Brilliant Blue R-250
containing 50% methanol, 10% acetic acid and 40% distilled water.
Then the gel was washed with many changes of the same solvent
without dye. The cleared protein bands were photographed (Fig. 1).

In vitro effects of metal ions. In order to determine the effects
of the metal ions on fish liver and gill GR, different concentrations
of metal ions were added to the reaction medium. The enzyme
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activity was measured and an experiment in the absence of inhibitor
was used as control (100% activity). The ICs, values were obtained
from activity (%) vs. metal ion concentration plots. In order to
determine K; constants in the media with inhibitor, the substrate
(GSSG) concentrations were 0.3, 0.8, 1.4, 2.0 and 3.0 mM. Inhibitor
solutions (metal salts) were added to the reaction medium, resulting in
3 different fixed concentrations of inhibitors in 1 mL of total reaction
volume. Lineweaver—Burk graphs were drawn by using 1/V vs. 1/[S]
values and K; constant were calculated from these graphs. Regression
analysis graphs were drawn for ICs, using inhibition % values by a
statistical package (SPSS-for Windows; version 17.0) on a computer
(Student t-test; n= 3).

Results

In this study, C. trurta gill and liver GR enzyme were first isola-
ted. Purification procedure was carried out by the preparation of
hemolysate, ammonium sulfate precipitation and 2°,5°-ADP Sepha-
rose 4B affinity chromatography. As a result of the three consecutive
steps, C. trutta gill GR, having the specific activity of 19.111 EU/mg
proteins, was purified with a yield of 38.8% and 910.05-fold
(Table 1); C. trutta liver GR, having the specific activity of
16.167 EU/mg proteins, was purified with a yield of 21.07% and
734.86-fold (Table 2). Purity of the enzyme was determined by SDS-
PAGE and showed a single band on the gel (Fig. 1). Fig. 1 exhibits
the results of SDS-PAGE which was performed for determination of
the purity and molecular weight of the enzyme. Rf values were
calculated for both standard proteins and GR; Rf-=Log MW graph was
obtained according to Laemmli’s (Laemmli, 1970) procedure, and the
molecular mass of C. #rutta gill and liver GR was nearly 50 and 55 kDa.

Fig. 1. SDS-polyacrylamide gel electrophoresis of purified GR:
Lane 1: C. trutta gill GR; Lane 2: C. trutta liver GR;
Lane 3: standard proteins

In this study we investigated the in vitro effects of Ag’, Cu*",
Co*", Ni*', Pb*" and Zn*" on fish gill and liver GR activity.
As shown in Table 3, ICs, values for fish gill GR were 0.000625,
0.153, 0.220, 0.247 and 0.216 mM and K; constants for fish gill GR
were 0.00045 £ 0.00008, 0.128 + 0.036, 0.182 + 0.138, 0.482 +
0.219 and 0.112 + 0.047 mM for Ag’, Co*', Ni**, Pb*" and Zn*",
respectively (Fig. 2). As shown in Table 4, ICs, values for fish liver
GR were 0.000437, 0.217, 0.185, 0.355 and 0.349 mM and K;
constants for fish liver GR were 0.00025 + 0.00013, 0.532 + 0.146,
0.123 = 0.066, 0.093 + 0.020 and 0.151 + 0.084 mM for Ag", Co*,
Cu®", Ni*" and Pb*", respectively (Fig. 3). It is clear that Ag" is the
most potent inhibitor for C. frutta gill and liver GR enzymes.
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Table 1
Purification scheme of GR from C. trutta gill

Activity, Protein,

Total Total Total Specific  Purification

Purification step U/mL mg/mL  volume, ml activity, U protein, mg activity, U/mg  factor Yield, %
Hemolysate 0.197 9.250 27.0 5319 249.750 0.021 1.00 100.00
Ammonium sulfate precipitation (20-70%) 0.329 5.730 6.5 2.139 37.245 0.057 2.73 40.21
2°, 5’-ADP Sepharose 4B affinity chromatography 0.516 0.027 4.0 2.064 0.108 19.111 910.05 38.80
Table 2
Purification scheme of GR from C. frutta liver

. . Activity, Protein, Total Total Total Specific  Purification .

Purification step U/mltdy mgmlL  volume, ml activity, U protein, mg activri)ty7 U/mg  factor Yield, %
Hemolysate 0.317 14.250 30.5 9.669 434.630 0.022 1.00 100.00
Ammonium sulfate precipitation (30-70%) 0.423 9.730 8.5 3.595 82.705 0.043 1.95 37.18
2°, 5’-ADP Sepharose 4B affinity chromatography 0.679 0.042 3.0 2.037 0.126 16.167 734.86 21.07

Table 3
Ki and ICs values obtained from regression analysis graphs
for fish gill GR in the presence of different metal ion concentrations

Metal ions 1Csp, mM K;, mM Inhibition type
Ag" 0.000625 0.00045 £+ 0.00008 non-competitive
Co** 0.153 0.128 £0.036 competitive
Ni?* 0.220 0.182+0.138 non-competitive
Pb* 0.247 0482+0219  non-competitive
Zn* 0216 0.112+0.047 competitive
Table 4

K; and ICs, values obtained from regression analysis graphs for fish
liver GR in the presence of different metal ion concentrations

Metal ions 1Csp, mM K;, mM Inhibition type
Ag" 0.000437 0.00025+0.00013  competitive
Co™* 0217 0.532+0.146 competitive
Cu** 0.185 0.123 +£0.066 competitive
Ni?* 0.355 0.093 +0.020 competitive
Pb* 0.349 0.151+£0.084  non-competitive
Discussion

In the developing world, heavy metal pollution is a significant
environmental problem. Almost all living things are affected nega-
tively by toxic substances, including heavy metals (Raspanti et al.,
2009). In general, heavy metals produce their toxicity by forming
complexes with organic compounds. For example metal complexes
of sulfur, oxygen and nitrogen are the most common groups. If the
metals are bound to these groups, they may become inactive
enzyme forms because, metals bond with SH groups of the cysteine
residues and thus, mercaptans are formed. Enzymes are the bio-ca-
talysts in nature which regulate the rate and direction of biochemi-
cal reactions. Inhibition of enzyme activities by toxic compounds
such as metal, drugs, pesticides and gases may cause a hazardous
situation for living organisms. Therefore, the number of toxicology
studies on the effects of metals on enzyme activities have increased
in recent years (Alim et al., 2014). Fish as the most important
aquatic food source are indicator organisms for heavy metal pollu-
tion of their environment and as such they are a potential risk for
human consumption (Farkas et al., 2001).

For this reason, we investigated the effects of Ag+, Cu®*, Co>",
Ni**, Pb** and Zn®* on gill and liver GR enzyme activity of the fish
species C. trutta. GR was purified from C. trutta gill and liver by
using preparation of hemolysate, ammonium sulfate precipitation
and 2°,5’-ADP Sepharose 4B affinity chromatography. GR has
been purified from many different sources (Calberg and Mannervik,
1981; Le Trang et al., 1983; Akkemik et al., 2011; Taser and Ciftci,
2012; Yadav et al., 2013) using various purification procedures.
All reported purification procedures involve several chromatogra-
phic steps, such as, DEAE-Sephadex, Sephadex G-100, hydroxy-
apatite (Calberg and Mannervik, 1981), 2°,5°-ADP Sepharose 4B
(Madamanchi et al., 1992), Sephadex G-75, CM-Cellulose, Sepha-
cryl S-200 (Calberg et al, 1981), Reactive Red-120-Agarose,
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Sephacryl S-300 (Garcia-Alfonso et al., 1993), fast protein liquid
chromatography (FPLC)-anion Exchange and FPLC-hydrophobic
interaction chromatography (Madamanchi et al., 1992).

Figure 1 exhibits the results of SDS-PAGE which was perfor-
med for determination of the purity and molecular weight of the
enzyme. The molecular mass of C. trutta gill and liver GR was ne-
arly 50 and 55 kDa. GRs of different origins have similar molecular
masses as follows; rat liver GR is 60 kDa (Calberg and Mannervik,
1975), bovine brain GR is 55 kDa (Gutterer et al., 1999), turtle liver
GR is 55 kDa (Willmore and Storey, 2007), rainbow trout liver GR
is 53 kDa (Tekman et al., 2008), turkey liver GR is 65 kDa (Taser
and Ciftci, 2012).

Recently, many studies have been conducted on the relation-
ship between metals and toxicity. Fresh water and marine fish are
affected by metal contamination. It is reported that metal toxicity
causes irregular metallothionein protein synthesis, renal damage
and disruption of bone structure in humans and wildlife (Sato and
Kondoh, 2002; Lavery et al., 2009). Due to the fact that metals
cause leakage of phosphates, calcium, glycogen and proteins (prote-
inuria) from the kidney, renal damage can be fatal in mammals
(Lavery et al., 2009). Indeed, some metals are known to be extre-
mely toxic to mammals, fish, and other fauna and flora. For in-
stance, mercury is a toxic element which causes environmental
problems. Some metals can be found in the form of the free metal
ion such as Cd*" (Hisar et al., 2009). Due to the important above-
mentioned approaches in this subject, in the present study we
investigated the in vitro effects of Ag’, Cu*', Co>", Ni*’, Pb*" and
Zn*" on fish gill and liver GR activity. K; and ICs, parameters of
these metals were determined (Table 3 and 4).

Metals ions inhibited enzyme activity at low concentrations.
K; constants and ICs, values are the most suitable parameters for
seeing inhibitory effects. As shown in Table 3, ICs, values for fish
gill GR were 0.000625, 0.153, 0.220, 0.247 and 0.216 mM and K;
constants for fish gill GR were 0.00045 + 0.00008, 0.128 + 0.036,
0.182 £ 0.138, 0.482 + 0.219 and 0.112 + 0.047 mM for Ag", Co*,
Ni**, Pb?" and Zn®", respectively (Fig. 2). As shown in Table 4, ICs,
values for fish liver GR were 0.000437, 0.217, 0.185, 0.355 and
0.349 mM and K; constants for fish liver GR were 0.00025 +
0.00013, 0.532 £ 0.146, 0.123 + 0.066, 0.093 + 0.020 and 0.151 £
0.084 mM for Ag", Co*", Cu®", Ni*" and Pb*", respectively (Fig. 3).
It is clear that Ag" is the most potent inhibitor for C. #rutta gill and
liver GR enzymes.

Our results agree well with other reports in the literature. For
example, Alim et al. (2014) examined the effects of some metal ions
(Ag", Cu*, Pb*, Zn*', C&" and Co*") on the carbonic anhydrase
activity of Tuna gill. Their results showed that all metal ions inhibited
the enzyme and that Ag" is the most potent inhibitor of carbonic
anhydrase enzyme. In another study, Kaya et al. (2013) examined the
effects of Ag’, Ni¥", Cd** and Cu*" on the carbonic anhydrase of
gilthead sea bream liver. Their result showed that Ag" had the highest
inhibition rate. The inhibition order of the metals was Ag™ > Ni** > Cd*" >
Cu*". These results confirm our present study. Additionally, in a differ-
rent study Soyut et al. (2008) investigated the effects of Ag”, Cu?', Zn®",
Cd** and Co" on the carbonic anhydrase activity of rainbow trout brain
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in vitro. They found that in vitro inhibition rank order was determined
as Co*" > Zn*" > Cu** > Cd** >Ag". In another study, Akkemik et al.
(2012) investigated the effects of Ag’, Cu>’, Zn*", Fe*', Mg®', Ni*',
Mn?" and Hg*" on turkey liver glutathione S-transferase activity. n vitro
studies showed that the enzyme activity was inhibited by Ag", Cu®" and
Hg*". They found that in vifro inhibition rank order was determined as
Cu2+ > Hg2+ > Ag+.

Conclusion

Today, metal pollution levels are increasing in the aquatic envi-
ronment. This is a highly significant risk factor for all living orga-
nisms including fish and humans. Fish in fresh water and the sea
have been consumed by man as an important food source until now
and will continue to be consumed in the future. Fish provide one of
the most valuable food sources in terms of protein and omega-3
fatty acid for humans. In this study, we purified GR from C. trutta
gill and liver for the first time. In addition, inhibitory effects of
some metal ions (Ag", Cu*', Co®*, Ni*', Pb** and Zn*") on enzyme
activity were reported. The most effective metal ion is Ag’. Ag’
inhibits the enzyme at very low doses. GR enzyme assay may be
considered as a biomarker for the identification of pollution in
aquatic environments.
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We investigated the effect of gibberellin and the antigibberellic agent chlormequat-chloride on gas exchange and
use of reserve substances in pumpkin seedlings during germination in the light and in the dark. We established that an
artificial strengthening or growth inhibition of pumpkin seedlings in conditions of skotomorphogenesis caused an
increase in of respiration intensity. Gibberellin treatment increased the proportion of assimilation processes in carbon
dioxide gas exchange of seedlings, and growth inhibition by retardant caused an increase in respiratory costs when the
nutrition type switches in the light from heterotrophic to autotrophic. The formation by seedlings of the demand for
reserve assimilates from cotyledons was largely determined by change of activity of subapical meristems, which is
manifested in the acceleration of seed germination, enhancing of histogenesis for the actions of gibberellin and in the
weakening of these processes under the influence of retardants. Reserve substances used both oil and nitrogen-
containing compounds. The content of protein nitrogen in pumpkin cotyledons decreased more in the light than in the
dark, moreover growth inhibition by the retardant slowed down and growth increase by gibberellin accelerated this

process both in conditions of photomorphogenesis and skotomorphogenesis.

Keywords: Cucurbita pepo L.; source-sink system; retardants; hormonal regulation; seed germination

Introduction

In modern plant physiology the regulation of "source-sink"
relations is seen as the highest level in the hierarchy of processes for
the operation of a plant as a whole system. Regulation of these rela-
tions, as a system of redistribution of assimilates between organs
and tissues of plants during ontogenesis, may be carried out at all
levels of organization of a plant organism with the participation of
different regulatory mechanisms (Ljung et al., 2015; Savage et al.,
2015; Sugiura et al, 2015; Bonelli et al, 2016). The term
assimilates means the different compounds of carbon assimilated by
the plant during photosynthesis, especially transport and reserve
form of carbohydrates, which are the basis of energy and metabolic
processes and the "building material" in the growth and develop-
ment processes (Kiriziy et al., 2014). The issue of recycling and
redistribution of substances of other origin (lipids and nitrogen-
containing compounds), that are temporarily deposited in reserve
organs on germination of seeds and formation of seedling tissues
under conditions of the varying tension of "source-sink" relations
and of the effect of light and darkness to these processes have been
much less studied.

The basic law of "donor — acceptor” relations (the concept of
"source-sink") as a system of redistribution of assimilates between
organs and tissues of plants during ontogenesis has been studied
mainly in the analysis of the ratio of growth and photosynthesis
intensity where the growth acts as the main acceptor, and photosyn-
thesis as a donor of assimilates (Rogach and Rogach, 2015; Yu et
al., 2015; Kuryata et al., 2016; Rogach et al., 2016). However, the

role of interim deposition of plastic materials, features of utilization
of reserve compounds of different chemical nature in the heterotro-
phic growth period (germination), the initial stages of the photosyn-
thetic apparatus formation and switching connections in the
"source-sink" system have been insufficiently studied (Kuryata and
Kiriziy, 2008). For the study of the features of assimilate redistribu-
tion in plants, a treatment of organs by exogenous hormones is
widely applied, which allows one to simulate varying degrees of
tension in the "source-sink" system. However, the drawback of this
approach is obvious, because the treatment of a plant by any phyto-
hormone leads to changes in synthesis and metabolism of all the
others, which can cause changes in morphological and physiologi-
cal programmes. In this connection, research on such a plan should
be supplemented with a reverse approach — the treatment of plants
by inhibitors of action of a separate phytohormone followed by
comparison of the effect of action of the hormone and its inhibitors.

Light as one of the main environmental factors not only pro-
vides autotrophic nutrition but also activates the photomorphogene-
sis programme through the photoreceptor system (Kutschera and
Briggs, 2013; Wu, 2014; De Wit and Pierik, 2016; VanHook,
2016). It provides the deetiolation, the differentiation of chloro-
plasts, the formation of leaf plates and as a result — the transition to
autotrophic nutrition.

It is known that the development of plants in the light (photo-
morphogenesis) and in the dark (skotomorphogenesis) is character-
rized by differences in the rate of growth of various organs, which
means that under these conditions a different request is formed for
deposited assimilates and changes the intensity of their outflows
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from storage organs, so varying degrees of a tension of "source-
sink" system in plants are created. On the other hand, we know that
phytohormones are included into the system of photic signal trans-
duction (Hornitschek et al., 2012; Humplik et al., 2015). In parti-
cular, the action of light changes metabolism and sensitivity to
gibberellins in plants (Golovatskaya and Karnachuk, 2007; Zhang
et al., 2014). It is known that the speed of stem growth depends on
the meristematic activity of the subapical zone, which is largely
controlled by gibberellins (Minguet et al., 2014; Hedden and
Thomas, 2016).

Modern plant physiology has the means of "exclusion" of
gibberellin from this process, in particular by treatment with retar-
dants — the gibberellic antagonists that either block the synthesis of
this group of phytohormones or block the formation of the
hormone-receptor complex, which is the functioning of the synthe-
sized gibberellin (Kuryata, 2009; Sang-Kuk and Hak-Yoon, 2014).
Thus, although retardants lead to significant morphological changes
in the ontogeny of plants (Ramburan and Greenfield, 2007; Kumar
et al., 2012; Matysiak and Kaczmarek, 2013; Wang et al., 2016),
features of their impact on skoto- and photomorphogenesis in plants
remain almost unexplored. Thus, an important aspect of theoretical
study of the functioning of the system "assimilates depot — growth"
is the comparison of the effects of gibberellin and various groups of
retardants in the light and in the dark as factors that act in opposite
ways on the growth processes, and therefore on the attractive
potential of acceptor.

Changes in the nature of the "source-sink" relations during the
transition from the heterotrophic to autotrophic nutrition phase of a
plant are best studied using the cotyledon leaves of plants, because
the source (cotyledon) and sink (cotyledon leaf) are represented by
one organ and separated only in time. It should be noted that the
ratio of photosynthesis and respiration under the influence of gibbe-
rellin and retardants during germination have been insufficiently
studied. It is also known that the different types of reserve
substances act as a buffer between the photosynthesis as a "source"
of assimilates and growth of a structural substance of the vegetative,
storing and reproductive organs as a "sink" of assimilates, which
determines some independence of growth processes from the
photosynthesis, particularly during germination (Kuryata and
Kiriziy, 2008). At the same time, the effect of light and gibberellins
on the specifics of recycling of plastic substances which are
deposited in cotyledons, remains practically unexplored.

In this connection, the aim of our study was to investigate ana-
tomical and histological changes of seedlings, features of gas
exchange and use of reserve compounds in pumpkin cotyledons
during exit from dormancy in conditions of photo- and skotomor-
phogenesis influenced by gibberellin and the antigiberrelic agent
chlormequat-chloride.

Materials and methods

Pumpkin seeds of the variety Mozoliyivskyy 15 in different
variants of the experiment were soaked in solutions of preparations —
gibberellic acid (GA;, 150 mg/l) and chlormequat-chloride (0.25%
aquatic solution) during the day and then were planted in a cuvette
filled with wet sand. The control option was germinated in distilled
water. The seeds were germinated in diffused light and in the dark
at room temperature. Biological replication was fivefold.

On the 12th day of germination after straightening of the hypo-
cotyl loop, greening and disclosure of cotyledonary leaves, we de-
termined the utilization coefficient of reserve substances in seeds as
the ratio of total dry weight of hypocotyls and roots to the dry matter
weight of the whole plant. Analytical replication was fivefold.

For anatomical studies, the pumpkin seedlings were fixed in a
mixture of equal parts of ethanol, glycerine and water with addition
of 1% of formalin. The anatomical structure of the pumpkin
hypocotyls was explored in cross sections of their middle part.
The linear dimensions of the cells was measured under a micro-
scope by using the eyepiece micrometer MOV-1-15. Analytical

replication of anatomical research was twentyfold. The intensity of
carbon dioxide gas exchange in the pumpkin seedlings was measu-
red by using an infrared optical-acoustic gas analyzer HY AM-5M.
For this purpose, the cuvette with seedlings was placed in a sealed
desiccator which was purged with air at a speed of 2 l/min.
In determining the darkness respiration the desiccator was covered
with black cloth, and for measuring the intensity of photosynthesis
in seedlings which were grown in the light the desiccator was
lightened an incandescent lamp CG-2000 through a water filter.
Radiant flux density was 200 w/m?, the chamber temperature
25 °C. Analytical replication was fivefold.

The dry milled material of cotyledonary leaves and dry seeds
were extracted in the Soxhlet apparatus to determine the oil content.
The residue after extraction was analyzed for the content of total,
protein and non-protein nitrogen by the Kjeldahl method (Bala et
al., 2013). Analytical replication was fivefold.

The research results were processed statistically using the pro-
gramme Statistica 6.0 (StatSoft Inc., USA). The tables and illustra-
tions contain the arithmetic mean values and their standard errors.

Results

It is known that light controls not only the process of photo-
synthesis (the donor function), but also the morphophysiological
parameters of plants with a definite hierarchical structure of acceptors
(Franklin, 2016). Light changes the realization of plants’ development
programmes, which can be traced in changes in the speed and
duration of plants’ growth both on the level of the plant as a whole
and and on the level of their separate parts (root, epycotyl, hypocotyl,
leaf). These changes are realized through the restructuring of the
hormonal complex. Phytohormones are included in the light signal
transduction because many of the development reactions of plants
which are controlled by light also react to the action on plants by
hormones (Golovatskaya and Karnachuk, 2007). Results of genetic
analysis of mutations of gibberellins and phytochromes indicate an
interaction between these signaling systems under certain physio-
logical conditions.

Our results show that plants that grew in the dark developed on
the skotomorphogenesis model. They are characterized by longer
hypocotyls, the presence of a hypocotyl loop and the yellow colour of
the cotyledonary leaves. In the light, plants developed on the photo-
morphogenesis model: the hypocotyls were shorter, the hypocotyl
loop straightened, the cotyledonary leaves grew and acquired an
intense green colour (Figure 1).

We have previously found that the growth of pumpkin seedlings
was suppressed in the light, but the treatment of seedlings by gibbe-
rellic acid eliminated the effect caused by light. The growth inhibitory
effect of light intensified in conditions of reduction of gibberellin syn-
thesis under the action of the retardant, this indicates that gibberellins
are the active modifiers of the photoreceptor system in plants (Kurya-
ta and Kiriziy, 2008). Similar conclusions have been made by other
authors studying the interaction of light at different wavelengths and
phytohormones in the processes of skoto- and photomorphogenesis of
bean plants (Golovatskaya and Kamachuk, 2007).

An important role in forming a "request" for assimilates is played
by the processes of organ- and histogenesis because differentiation of
various tissues of the developing organ requires the different costs of
reserve metabolites. Analysis of the the anatomical structure of pump-
kin seedlings shows that in both conditions of skoto- and photomor-
phogenesis the number of fibrovascular bundles in seedlings is almost
unchanged. However, all the anatomical elements of structure diffe-
red in their larger dimensions with seedlings developed in the dark
(Table 1). This applies to linear dimensions of epidermal cells, collen-
chyma (in a cross section), the diameter and length of parenchyma
cells. Thus, in conditions of skotomorphogenesis the increasing of
growth intensity accompanied by formation of larger anatomical
elements of the primary structure and the use of gibberellin increased
plant growth in the dark and eliminated the growth inhibiting effect of
light in conditions of photomorphogenesis.
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Our results indicate the significant effect of the gibberellin and
retardant on germination and intensity of use of reserve compounds
in the pumpkin seeds’ cotyledons. Determination of the utilization
coefficient of reserve substances of seeds (the ratio of the total dry
weight of hypocotyls and root to dry weight of the whole plant) in
seedlings that grew in the light showed that at the moment of full
disclosure of cotyledonary leaves (the 12th day of germination) the
greatest value of this indicator was influenced by GA; — 22.2%, and
the action of the chlormequat-chloride decreased it to 13.9%
compared to the control, where it was 18.3%. In seedlings that grew
in the dark, use of the reserve substances proceeded more rapidly.
Thus, application of chlormequat-chloride caused a decrease in the
utilization coefficient of reserve substances in seeds compared to
the control and gibberellin. Similar results for use of the reserve
compounds of cotelydons during germination of bean seeds in the
light and in the dark have also been obtained by other authors
(Golovatskaya and Karnachuk, 2007). It is common knowledge that

Table 1

one of the most important functions of gibberellins in the stimulation of
the seed germination process in cereals is the ability to stimulate an
allocation the a-amylase from the germ to the endosperm, which leads
to splitting of starch grains. It should be noted that the features of regu-
lation by retardants and gibberellins of germination of seeds containing
as the main reserve substance not starch but other compounds (lipids,
proteins and other polysaccharides) have been poorly studied.

The results indicate that application of gibberellin and chlorme-
quat-chloride greatly influenced the character of use of the cotyle-
don’s reserve substances. Germination characterized by intensive use
of oil as the main reserve substance, and the light and used prepara-
tions influenced this process. In dry seeds the oil content was 52.7 +
0.28%. On the 12th day of germination the largest reserve of oil re-
mained in the cotyledonary leaves of the photomorphic plants under
the action of chlormequat-chloride, which is clearly correlated with
the least intense pace of seedling growth in this variant both in the
light and in the dark (Table 2).

Effect of gibberellin and retardants on the anatomical structure of pumpkin hypocotyls, variety Mozoliyivskyy 15,

in conditions of skoto- and photomorphogenesis (n = 20)

Light Dark
fndex GA, conrol  Chlermeaua GA, conwol - <Mormeduat
Length of the epidermal cells, um 173+1.2% 102+04 11.7+£0.8 19.6 + 1.6% 15704 126+ 1.1*
Width of the epidermal cells, um 116+ 1.1* 84+09 7.8+09 9.6+0.7 95+12 89+09
Diameter of the parenchyma cells, 4m 64.7+ 1.6* 545+13 455+ 1.5% 84.0+1.8* 759+2.1 584+ 1.8*%
Height of the parenchyma cells, zm 430.5+26.7* 2629+134 186.9 + 14.1* 5434+22.6 4848+214 1824+ 13.3*
Volume of the parenchyma cells, 41474741% 5946323 26584247F  30099+648% 219824497  363.8:+24.9%
thousands zmm
Length of the collenchyma cells, zm 29.7+ 1.1%* 242+12 264+09 29.0+0.8*% 259+0.8 22.1+1.0%
Width of the collenchyma cells, zm 183+0.8*% 15.0+£0.8 134+0.8 243 +0.5*% 21.3+£0.6 224+05
Number of the fibrovascular bundles 10.5£0.2 10.8+04 113+0.6 10.7+£04 9.5+05 104+0.7

Notes: the 12h day of germination; GA; — 150 mg/l; chlormequat-chloride — 0.25%; * — significant difference at P < 0.05.

Figure 1. The action of gibberellin and chlormequate-chloride on the germination of pumpkin seeds, variety Mozoliyivskyy 15,
in the light (@) and in the dark (b): 1 — GA3 (150 mg/l); 2 — control; 3 — chlormequate-chloride (0.25%); the 12h day of germination
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We have previously found that in conditions of skoto- and
photomorphogenesis there are certain changes in the HFA ratio in the
oil of cotyledonary leaves (Kutyata and Kiriziy, 2008). In particular,
in the light in all variants of the experiment the content of stearic acid
increased as compared to the oil of dry seeds 1, and in the dark such an
increase was noted only in the variant with GA3, in the control and in
the variant with retardants the content of this acid did not differ from
the oil of dry seeds. In conditions of skotomorphogenesis the content
of the unsaturated HFA (oleic and linoleic) increased especially signi-
ficantly. However, the increased growth of seedlings under the influ-
ence of gibberellin (GA;) was not accompanied by a more intensive
use of oil, its content in this variant was higher than in the control.
In our view, this indicates that under the action of phytohormones
increased growth is determined not only by fast utilization of lipids,
but also by possible intensified hydrolysis of other reserve substances
of cotyledons — the nitrogen-containing compounds.

Table 2

The oil content in germinating pumpkin seeds cotyledons, variety
Mozoliyivskyy 15, under the influence of gibberellin

and chlormequat-chloride in conditions of photo- and
skotomorphogenesis (% per weight of dry matter, n = 5)

Variant of experiment Photomorphogenesis Skotomorphogenesis
Control 88+02 76+0.1
GA; 122+0.3* 11.6+0.2%
Chlormequat-chloride 224+0.3* 15.5+04*

Notes: the 12h day of germination; GA; — 150 mg/l; chlormequat-chloride —
0.25%; * — significant difference at P < 0.05.

The integrity of a plant organism is based on interaction of the
organs and active exchange of organic and mineral substances between
them. However, the nature of income and redistribution of nitrogen-
containing compounds between plant organs with changes in the
source-sink relations during heterotrophic development in general and
under the influence of gibberellin and retardants in particular remains
largely unexplored. Since retardants are the modifiers of hormonal and
inhibitory balance in plants, here the question arises of changes in the
income and redistribution between organs of plant nitrogen compounds
under the influence of this group of preparations. In our opinion, for the
better understanding of the nature of changes in source-sink relations
under the influence of retardants, it was expedient to analyze the
dynamics of content of different forms of nitrogen and their proportion
in different stages of growth and development with an artificial change
of the acceptor activity for the actions of gibberellin and its antagonist
(Table 3). The use of cotyledonary leaves as a research model to study
the question of utilization of reserve nitrogenous compounds allows one
to analyze the translocation of only reserve forms of nitrogenous
compounds and exclude the "new" nitrogen, which comes from the root
system by mineral nutrition.

The analysis of our data indicates that under conditions of
photo- and skotomorphogenesis there was a significant outflow of
nitrogen from cotyledons to seedlings, and the content of total and
protein nitrogen in defatted material of cotyledonary leaves was
significantly different, in particular it was lower during the develop-
ment of seedlings in the light (Table 3). In our view, this indicates a
more intensive use of cotyledon protein for growth processes during
formation of seedling structures in conditions of photomorphogenesis.

Table 4

The different rates of growth processes under action of gibberellin
and retardant were accompanied by a different intensity of outflow of
nitrogen-containing compounds from the cotyledons. In particular, in
the light the least protein nitrogen remained in the variant of gibbe-
rellin, and the mostly — in the variant with the use of its antagonist
chlormequat-chloride. Upon germination in the dark for actions of the
retardant the protein nitrogen was used less intensively. In the control
variant and in the variant with application of gibberellin the intensity
of use of protein nitrogen was the same, but the decrease of total
nitrogen in cotyledons influenced by the phytohormone occurred
more intensively at the expense of the non-protein fraction.

Table 3

The content of different forms of nitrogen in germinating pumpkin
seeds cotyledons, variety Mozoliyivskyy 15, under the influence
of gibberellin and chlormequat-chloride in conditions of photo-
and skotomorphogenesis (% per weight of dry matter, n = 5)

. . Total Protein Non-protein
Variant of experiment . . .
nitrogen nitrogen nitrogen
Dry seeds 11.08 £0.02 10.40+0.01 0.68+0.01
Photomorphogenesis
Control 6.05+0.01 4.04+0.01 2.01+£0.04
GA; 5.99+0.02% 3.68+0.01* 2.31+0.03*
Chlormequat-chloride ~ 7.13 +£0.02* 4.94+0.04* 2.19+0.02*
Skotomorphogenesis
Control 6.91+0.01 4.75+0.01 2.16+0.05
GA; 6.73+0.03* 4.76 +0.01 1.97 +£0.02%*
Chlormequat-chloride ~ 7.16 £ 0.01* 5.09 £0.02* 2.07+0.01

Notes: see Table 2.

The results obtained also show that the use of gibberellin and the
antigiberrelic agent chlormequat-chloride under conditions of photo-
and skotomorphogenesis influenced significantly the gas exchange of
seedlings (Table 4). At present, respiration is seen as a powerful meta-
bolic acceptor of carbon, and the total respiratory costs may reach
60% of the carbon assimilated in photosynthesis (Kuryata, 2009).
Theratio of respiration/photosynthesis largely characterizes the
tension of source-sink relations in plants, but the scale of respiratory
costs compared with the true photosynthesis during the transition to
other levels of source-sink relations has not been completely clarified.

Under conditions of skotomorphogenesis, the control variant was
marked by the lowest intensity of dark respiration, and under the action
of gibberellin and its antagonist chlormequat-chloride the intensity of
respiration increased. In the seedlings that grew in the light, the highest
intensity of respiration was observed in the variant with chlormequat-
chloride, and the lowest — in the variant with gibberellin. Generally, in
all variants of the experiment the dark respiration intensity was lower in
seedlings which passed on the light from heterotrophic to autotrophic
nutrition than in seedlings, grown in the dark (Table 4). Thus, a
modification of regulatory relations in the source-sink system "depot of
assimilates — growth" in the early development of seedlings by using
exogenous gibberellin and retardant chlormequat-chloride leads to
changes in morphogenesis and growth rate, which affects the intensity
of reserve compounds’ use, respiration and photosynthesis during the
transition to autotrophic nutrition. In the dark and using gibberellin the
request for reserve substance increases, while in the light and with
treatment by retardants the acceptor activity of seedlings decreases.

Intensity of gas exchange of pumpkin seedling , variety Mozoliyivskyy 15,
under the influence of gibberellin (GA3, 150 mg/l) and chlormequat-chloride (0.25% solution)
under photo- and skotomorphogenesis (mg CO,/g of dry matter * h, the 12h day of germination, n = 5)

Photomorphogenesis Skotomorphogenesis
. . utilization coefficient . . . utilization coefficient . .
Variant of experiment of reserve substances re]:tir;il(t)}rll(zlf{) h(izzaregisis true ph(ztff’)sim thesis R/Pg of reserve substances relsnti?;filx?ff{)
of seeds, % P P yn g of seeds, % P
Control 18.30+0.64 1.70£0.07 0.95+0.02 2.65+0.09 0.59 359+0.85 2.03+0.08
GA; 22.20+0.35* 1.14£0.03* 0.81+£0.03* 1.95+0.06* 0.64 38.4+0.32* 3.00+0.12*
Chlormequat-chloride 13.87 £0.56* 2.57+0.08* 0.32+0.01* 2.89+0.09 0.89 229+0.18* 294 +0.10*

Note: * —ssignificant difference at P < 0.05.
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Discussion

It is known that there is a close relationship between the changes
in growth characteristics with the action of retardants and the activity
of gibberellins. In particular, under the influence of paclobutrazol,
chlormequat-chloride and dekstrel a significant decrease was noted in
the activity of free gibberellins in raspberry shoots in conditions of
growing and field experiments, while the introduction of exogenous
gibberellic acid raised significantly their activity in the tissues of the
stem (Kuryata, 2009). Our results indicate that gibberellin increased
and chlormequat-chloride decreased the linear dimensions and volu-
me of cells of the main parenchyma, but the use of preparations had
no effect on the number of fibrovascular bundles in the stem. Thus,
gibberellins and the absence of light increase growth processes, and
therefore attractive activity in seedlings at the heterotrophic nutrition
stage. The use of retardants and the effect of light in this period acts in
the opposite way — reduces the intensity of the growth process and
therefore the attractive activity of seedlings. Consequently, the forma-
tion by seedlings of "a request” for the reserve assimilates from
cotyledons is largely determined by changes in subapical meristem
activity, which is manifested in the acceleration of seed germination,
amplification of histogenesis for the action of gibberellin and weake-
ning of these processes under the influence of the retardant.

Since the growth amplified and the activity of seedlings’
meristems intensified under GA; compared with the action of
retardants, it is important to analyze the features of redistribution of
reserve substances in the acceptor zone (seedling) in the variants of
the experiment in connection with formation of a different request
for reserve metabolites. The results obtained for determining the
content of different forms of nitrogen and oil in the cotyledons
indicate that gibberellins are an important link of the unique
regulatory mechanism of mobilization of reserve substances in
germinating seeds, regardless of their chemical nature. The level of
utilization of nitrogenous compounds from cotyledons was higher
with the action of gibberellin. Previously, it was also found that the
process of pumpkin seed germination was accompanied not only by
use of typical reserve substances of oil crops — reserve oil and nitro-
gen-containing compounds, but also by a significant restructuring
of polysaccharide complex of cell walls. The pentosans of cell walls
use as a reserve substance and there is a change of conformation
and a partial increase in the molecular weight of pectins. These
processes were amplified in conditions of skotomorphogenesis as a
result of intensive growth of seedlings in the absence of autotrophic
nutrition and, consequently, a deeper utilization of the reserves of
the donor plastic substances — the cotyledons (Poprotska, 2014).

Intensity of plant respiration is closely related to the growth
processes, usually intensity of respiration is amplified with intensifi-
cation of growth. The application of retardants allows one to
explain clearly the significance of respiration components with the
artificial change of donor and acceptor (source and sink) activity
because it is possible to simulate this type of disbalance of the
donor and acceptor activity in which a request to assimilates of the
main acceptor (developing seedlings) is reduced due to inhibition its
meristem activity. It must be emphasized that depending on the
methodological approaches and the degree of research detail both
the separate plant structures (organs, tissues, cells and organelles)
and the processes (photosynthesis, respiration, storing, transporta-
tion) can act as a donor and as an acceptor. In this, the application
of "donor and acceptor” concepts to particular organs or processes
is not absolute and depends on the development phase of the sepa-
rate organ or the whole plant (Kiriziy et al., 2014).

The results obtained permit one to draw the conclusion that gib-
berellin and its antagonists have opposite effects on respiratory com-
ponents: stimulation of growth under the action of GA; is accom-
panied by increased growth respiration, and support of cell homeo-
stasis under the action of the growth inhibiting preparation chlor-
mequat-chloride provided by increase of maintenance respiration
(Kuryata, 2009). In our view, the decrease in the intensity of true
photosynthesis per unit weight of dry matter influenced by GA; com-
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pared to control can be explained by the lower proportion of the
cotyledons’ weight compared to the whole plant in this version. At the
same time, the respiratory costs (R/Pg) greatly increased in the variant
using chlormequat-chloride. We have previously been suggested that
respiration plays the role of "safety valve" by removing the excess of
assimilates in the form of CO, (Kuryata and Kiriziy, 2008). Thus the
donor function of cotyledonary leaves of photomorphic plants is
limited by the increase of respiratory costs, therefore it decreases the
proportion of assimilates that are directed to the needs of organo-
genesis. The combined use of light, gibberellin and retardants for
artificial regulation of tension of source-sink relations in plants can be
an effective methodological approach to study of the role of
phytohormones and to clarify the features of use of plant reserve
compounds in experimental researches of the germination processes.

Conclusions

In conditions of skotomorphogenesis of pumpkin seedlings an
inhibition or intensification of growth caused increase in respiration
intensity. When nutrition type in the light was switched from hete-
rotrophic to autotrophic, gibberellin treatment increased the propor-
tion of assimilation processes in carbon dioxide gas exchange of
pumpkin seedlings and growth inhibition by the retardant caused an
increase in respiratory costs. The formation of a "request" to the re-
serve assimilates from cotyledons by seedlings is largely determi-
ned by changes in activity of subapical meristems, which are mani-
fested in acceleration of seed germination, enhancement of histoge-
nesis for the actions of gibberellin and the weakening of these
processes under the influence of retardants. Both oil and nitrogen-
containing compounds were used as reserve substances. The con-
tent of protein nitrogen in pumpkin cotyledons decreased more in
the light than in the dark, and growth inhibition by the retardant
slowed down and increasing by gibberellin accelerated this process
both in conditions of photo- and skotomorphogenesis.
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The article deals with the calculation and comparison indications of the condition of the prooxidant-antioxidant system
(PAS) of strains of Basidiomycetes under periodic surface cultivation on a glucose-peptone medium. The research material
consisted of the mycelium and culture filtrate (CF) from 57 strains, 52 of them belonging to 7 species of the order
Agaricales and 5 belonging to 5 species of the order Polyporales. The intensity of the processes of lipid peroxidation
was determined by a modified spectrophotometric method for contents of active products to thiobarbituric acid. Total
antioxidant activity (AOA) of the mycological material was evaluated by intensity of inhibition from accumulated
products of lipid peroxide oxidation (LPO) in a model reaction of oxidation by Twin-80 oxygen of the air. From the
data obtained, indicators of prooxidant activity (POA), indicators of reserve of substrate peroxidation (SPO) and the
balance coefficient of the prooxidant-antioxidant system (CbPAS) were calculated. It was established that strains of

Basidiomycetes are characterized by significant predominance of prooxidant activity characteristic of PAS in the culture
filtrate in comparison with the mycelium indicator. The highest values of POA in the Culture Filtrate were observed on
the 12-th day of cultivation for the strain P-089 genus Pleurotus and strain G1-2 genus Ganoderma, and for the
mycelium on the 9-th day of cultivation for the strains P-citr, P-089, P-er and P-082 of the genus Pleurotus. There is a
direct dependence between the indicators of POA in the CF and mycelium for each strain, this dependence and level of
indication do not reflect their systematic placement. We distinguished a more significant prevalence of indicators of
reserve of substrates peroxidation of mycelium for most strains, than for such indicators with CF The highest value of
reserve SPO of mycelium was recorded for strains P-447, P-998, P-039, P-94, P-2175, P-citr, P-er, D-140 of the genus
Pleurotus and strains F-107, F-610 of the genus Flammulina. For the majority of the strains there was a clear prevalence
of the values of the balance coefficients for PAS of mycelium over those of CF. Maximum values of the balance
coefficient PAS of mycelium on the 9-th day were recorded for strains T-10 (F. fomentarius) and D-140, P-035, P-01,
P-105 (P. ostreatus) and on the 12-th day for strains Sc-10 (S. commune), P-kl, P-14 (P. ostreatus), P-er (P. eryngii) i
960 (A. cylindracea). The abovementioned strains are distinguished by the with high level of AOA in the mycelium on
certain days of cultivation and can be recommended as producers of antioxidants of fungal origin.

Keywords: prooxidant activity; antioxidant activity; mushrooms; surface cultivation; glucose-peptone medium

CTaH NPOOKCHIAHTHO-AHTHOKCHIAHTHOI CHCTEMH
AeIKUX IITAaMiB 0a3u1i0MiKOTOBHX rpuliB

O. B. ®enotos

Jloneyvruti Hayionanvhul meouunuil yHisepcumem, Kpamamopcox, Yrpaina

PobGota mnpucBsYeHAa pO3PaxyHKY Ta IOPIBHAHHIO IIOKAa3HWKIB CTaHy IIPOOKCHIAaHTHO-aHTHOKcHpaHTHOI cucremn (ITAC) mramiB
06a311i0MIKOTOBUX IpUOIB 3a iX MOBEPXHEBOro MEPIOJMYHOTO KyJbTUBYBAHHS Ha IJIIOKO30-MIENTOHHOMY CepeloBHILi. Marepian JOCiiuKeHHS —
Minenii ta KyneTypanbhuil (insrpar (K®) 57 mrramis: 52 13 HEX Hanexats 10 7 BUIIB nopsaKy Agaricales ta S — 1o 5 Bunais nopsiaky Polyporales.
IHTeHCHBHICTh TPOIIECIB JIMIIHOI MEPOKCUIALT BHU3HAYAIH MOJANU(IKOBAHMM CIEKTPO(YOTOMETPHYHAM METOIOM 3a BMicToMm mpoayktis I1OJI,
aKTHBHUX 710 Tio0apOiTypoBOi KHCIOTH. 3araibHy aHTHOKCHIAHTHY akTUBHICTH (AOA) MiKOJIOIiYHOTO Marepially OLIHIOBAIM 32 IHTCHCHBHICTIO
ranbMyBaHHs1 HakormueHHs npoxyktiB [10J1 y monenbHiit peakuii okucHenHs TBiH-80 KucHeM MOBITPs. 32 OTPUMAHUMH TAHUMH PO3PaXOBYBAIH
MoKa3HKUK npookcuaanTHoi aktuBHOCTI ([TOA), mokasHuk pesepBy cyOctpariB nepekucHoro okucHeHHs (CI1O) Ta koedilieHT piBHOBArH MPOOKCH-
IanTHO-aHTHOKCHaHTHOI cuctemy (KPITAC). [lns mramiB 6a3sumioMiKOTOBHX IpHOIB XapaKTEpHE NEpeBaKaHHS AKTHBHOCTI HMPOOKCHAAHTHOL
cxmanosoi [TAC y KynbTypansHOMY (GiIbTpaTi HOPIiBHIHO 3 UM IOKa3HHKOM Mirtenito. Halipummi 3nagenns IIOA K® Bigmivatotscs Ha 12-Ty 100y
KynbTuBYBaHHA wramy P-089 pony Pleurotus i mramy Gl-2 pony Ganoderma, a minenito — Ha 9-ty 100y Ky/pTHBYBaHHs mtamiB P-citr, P-089, P-er
Ta P-082 pony Pleurotus. 3apeecTpoBaHo TpsMy 3aJIekHICT MK mokasHuKaMu [IOA K® i Mileniro KOXKHOTO HITamy, LISl 3aJIeXKHICTh Ta PiBEHb
MOKa3HUKa HE BifOOpaXKalOTh X CHUCTEMAaTHYHOTO IMOJIOXKSHHS. BHSBICHO CYTTEBY IiepeBary MOKa3HHKIB pe3epBy CyOCTpaTiB MEpeKHCHOTO
OKHMCHEHHSI Millellito OUIbIIOCTI ITamiB Haj TakuM nokasnukom K®. HaiiBuini 3nauenns pesepy CIIO miuednito 3adikcoani 11 mwramis P-447,
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P-998, P-039, P-94, P-2175, P-citr, P-er, D-140 pony Pleurotus ta mramiB F-107, F-610 pony Flammulina. J1ns nepeBaxHoi OLIBIIOCTI IITaMiB
XapaKTepHe NepeBakaHHA 3Ha49eHb KoedimienTiB piBHoBary [TAC minenito Hax Takumu KO. Makcumanbai 3Ha49eHHS KoedimienTiB pisHoBarn [TAC
9-noboBoro mirerniro 3adikcosani mist mramiB T-10 (F. fomentarius) i D-140, P-035, P-01, P-105 (P. ostreatus) ta 12-mo6oBoro — tmramis Sc-10
(S. commune), P-xn, P-14 (P. ostreatus), P-er (P. eryngii) i 960 (A. cylindracea). Ha3Basi mraMu BUPI3HSIIOTBCS BHCOKMM piBHeM AOA Minenito Ha
BCTAHOBJICHY 100y KyJIFTUBYBAHHS Ta MOXYTb OYTH PEKOMEHIIOBAHI SIK IPOAYLICHTH aHTHOKCHIAHTIB IPUOHOTO MOXOKCHHS.

Kmouosi crosa: TIPOOKCHIaHTHA aKTI/IBHiCTL; AHTUOKCHUIaHTHa aKTI/IBHiCTL; TIOBEPXHEBE KYJIbTUBYBAHHSI; INIFOKO30-IICTITOHHE CEPEAOBUIIIC

Beryn

IIpookcunantHo-anTHOKCHAaHTHA cucTeMa (I[TAC) »xwuBoro
OpraHisMy BKJIIOYA€E JIBa B3aEMOINPOTHIICKHI IIPOLIECH: I'CHEpaLlifo
axTiBHUX (hopM kucH0 (ADK), mo iHINIFOIOTH BUTBHOpaUKAIbHE
nepekucHe okucHenHs: (BPTIO) Ta cHOBUTGHEHHS YK IPUITHHEHHS
TPOLIECY OKMCHEHHSI KOMILICKCOM PEYOBHH aHTHOKCHIIAHTHOTO 3a-
xucty (AO3) (Halliwell, 2006; Winquist, 2008; Egorova et al.,
2015). VYBara no 3minn nokasuukiB [TAC TOSICHIOETBCSI 1X BUPI-
[IATPHAM 3HAYCHHAM Yy (DyHKIIOHYBaHHI OpraHi3aMy Ha KIITHH-
HOMY Ta OpraHi3MEHOMY PIBHSX. Y YHCICHHUX JOCIIDKEHHSX, SKi
TIPOBOJIATECS B TaiTy3i BUIBHOPaAMKAIBGHOI 0i0JIorii, IMoKa3aHo, 1Mo
posButok aucbanancy ITAC CympoBOMKYEThCS MOPYLICHHSIM
¢yskuionyBanus cucteM opranismy (Droge, 2002; Fruehauf et al.,
2007). 3mintenns piBHoBaru [TAC 3yMOBITIOE 3HIKEHHS HOTO pe3uic-
TEHTHOCTI JI0 HECIPUSTIIMBHX SK30T€HHUX 1 eHIOreHHUX (aKTOpiB i
€ OJIHI€IO 13 KITIOYOBHX JIAHOK PO3BUTKY MATOrCHETUYHKX sBUL (Syr-
chin et al., 2015; Fedotov, 2016). OxucHuii cTpec, o0 CynpoBOIKY-
€ThCSl TEPEBAKAHHAM ITIPOOKCHIAHTHOTO IIPOLIECY HAj AHTHOKCH-
JIQHTHHM, XapaKTepU3Y€eThCs IOCHICHHSM HEKOHTPOJIBOBAHHX PEaK-
iid BUTbHOpaMKaIbHOTO okrcHEeHHS (BPO), y Tomy wicni nepekuc-
Horo okvcHenHs Jiniznis (ITOJI) 3 ogHOYACHMM BHCHAXKEHHSIM aHTH-
okcuzanTHOl cuctemu (AOC) (Fruehauf et al.,, 2007). Kopersis
OKHCHOI'O CTPECy Ta PO3BHTKY [ATONCHETUYHUX SBHILl MOXUIMBA 10~
CHJICHHSIM Ol0CHHTE3y BJIACHUX UM BHECCHHSM JOJATKOBHX IPO- Ta
arTrokcranTiB (Cherubini et al., 2008; Syrchin et al., 2015).

TpuBare BUKOPHUCTAHHS CHHTETHYHUX JIKAPCHKHX TPENapariB, y
TOMY YHCJIi aHTHOKCHJ/IAHTIB OOMEKEHE Yepe3 iX MOTeHIIMHY TOKCHY-
Hy nito. lle miIBHIIye aKTyaIbHICT MOIIYKY BHCOKOIPOYKTHUBHHX
TIPUPOHKX TIPOIYIICHTIB Oiomoriuno axktuBHUX pedoBrH (BAP)
(Halliwell, 2006; Pham-Huy et al., 2008; Wasser, 2011). Oxwi 3 niep-
CIIEKTUBHUX OpraHi3MiB-IipoxyLieHTiB BAP npodinakriaHo-miKyBaib-
HoI 1iii — GasuzaiomikoToBi rpubdu (Asatiani et al., 2010; Wasser, 2010,
2011; Syrchin et al., 2015). I1i opra#i3mu sIK y IPUPOIHIX YMOBaX, TaK
1 32 iX IITYy9YHOTrO BHPOIIYBAaHHS 3/1aTHI 10 CHHTE3Y Ta HAKOIMYCHHS
TOBHOLIHHOTO TpoTeiHy Ta urcieHHNK BAP. Ilpmmipom, ix criammi
CH3MMHI KOMIUIEKCH POOKCH/IAHTHO-aHTHOKCH/IAHTHOI CHCTEMH 3a1i-
sHi y GloTpaHchopMarii CKIaHUX Ta XIMIYHO CTIHKHX OiorosMepis,
1o mae mpomuciore (Chang, 2001; Winquist, 2008; Kapich, 2010) ta
exonorivyxe 3HaueHHs (Eriksson et al., 1990; Fedotov, 2007; Chayka et
al., 2014). SIx Hacig0K, IHTEHCHBHO PO3POOIISIOTHECS CIIOCOOH KYIIBTH-
ByBaHHI iCTIBHHX Ta JIKAPCKUX BUIIB 0231/ iOMIKOTOBHX Ta BHJIUICH-
Hs1 ix metadomitiB (Voloshko et al., 2011; Fedotov et al., 2012; Bisko et
al, 2016). Le momiykpyd Ta eH3WUMH, HONI(pEHOIM Ta TEpIICHH,
TOTIKETHM Ta CTEPOiNy, BITAMIHM Ta BITAMiHONMOMIOHI PEYOBMHU
tormo (Wasser, 2011; Voloshko et al,, 2011; Velygodska et al., 2016).
Ix TepanepTHuHa fiis, y TepIy Yepry, 3yMOBIEHA AHTHOKCHIAHTHOIO
AKTUBHICTIO — 3IATHICTIO 10 TIONIMHAHHA (Scavenging) BUIBHUX
pamvKaiiB, MOIYJILHI AKTHBHOCTI €H3WMIB IIUISIXOM XeJaTyBaHHS
METaiB Ta MPUTHIYCHHS MPOLIECY OKUCHEHH: JiimimiB (Asatiani et al.,
2010; Kapich, 2011; Syrchin et al., 2015). [lociimkeHHs TOKa3aIIH, 110
TpUOHI METAOOMITH, Y TOMY YMCITi aHTHOKCHUIAHTH, MArOTh BHCOKHI
piBeHb  OIOJOCTYIHOCTI, 34aTHI IIBHIKO MeTAOOM3yBaTHCS B
oprani3vi. BxuBaHHA TIpuOiB Ta IHIIMX IPORYKTIB i3 BHCOKOIO
KOHIICHTPALIIEI0 aHTHOKCH/IAHTIB 3YMOBIIIOE IOSIBY y IUIa3Mi KpOBI
0l0aKTHBHIX META0OMITIB, 10, Y CBOK 4Yepry, MIBHIIYE ii aHTH-
okcupantHy aktuBHicTh (Cherubini et al., 2008; Bitto et al., 2010;
Syrchin et al., 2015).

Mera 1pOro IOCHIPKEHHS! — BCTAHOBUTH Ta MOPIBHATH TIOKa3-
HUKIiB IPOOKCHIAHTHO-aHTHOKCHAHTHOI CHCTEMH Y IMHAMILI poc-
Ty IOTaMiB 0a3HIIOMIKOTOBHX I'puOIB 3a IX ITOBEPXHEBOIO IIepio-
JIMYHOTO KyJBTHUBYBaHHS Ha TIIFOKO30-TICHTOHHOMY CEPEIOBHILI.

Marepian i MmeToau nocainKeHb

O0’extn nocmimpkeHHst — 57 mramiB 12 BUAIB rpuOiB BimaiLy
Basidiomycota (Fedotov et al., 2012). Cepen HuX 10 TOPSAKY
Agaricales Hanexxars mramu 167, 218, 960 Agrocybe cylindracea
(DC.) Gillet., mitam Fh-08 Fistulina hepatica Schff. ex Fr., mramu
F-03, F-06, F-073, F-1, F-10, F-102, F-104, F-107, F-112, F-2,
F-202, F-204, F-vv, F-610 Flammulina velutipes (Curt.: Fr.) Sing.,
witam P-citr Pleurotus citrinopileatus Singer., urram P-er Pleurotus
eryngii (DC.: Fr.) Quél., mramu D-140, Hk-35, P-004, P-01, P-035,
P-039, P-081, P-082, P-083, P-087, P-088, P-089, P-105, P-107,
P-12x, P-191, P-192, P-203, P-206, P-208, P-209, P-210, P-6v,
P-xn, P-14, P-4k, P-91, P-94, P-998, P-447, P-2175 Pleurotus
ostreatus (Jacq.: Fr.) P. Kumm. ta muram Sc-10 Schizophyllum com-
mune Fr.: Fr.. Jlo nopsinky Polyporales Hanexars mram Dg-08 Dae-
dalea quercina Fr., urram T-10 Fomes fomentarius (L. ex Fr.) Gill,
wtaM GI-2 Ganoderma lucidum (Curt.: Fr.) P. Karst., urram [1-4k Irpex
lacteus Fr. ta mram Ls-08 Laetiporus sulphureus (Bull) Murrill
CucremMaTHiHe TIOJIOKEHHSI BB JIOCTIHKYBAHIX IITaMiB 3’ICOBAHE
3riHO i3 cyJacHIMH JiteparypauMu mxepenamu (Kirk, 2008).

I3 MeToI0 BCTAaHOBIIEHHS ITOKA3HWKIB CTaHy MPOOKCHIAHTHO-
AQHTUOKCHJIAHTHOI CUCTEMH JIOCIiZHI IITAMU KYJIBTHBYBAIH IIEpio-
JIAYHO TMOBepXHEBO 3a 27,5 £+ 0,02 °C mpotsirom 12 n1i6 y konbax
Eprnenmeepa emuictio 250 mut, mo Mmictunn 50 M1 )KHUBHIBHOIO
cepeioBUIlla. BUKOPUCTOBYBAIM CTaHIAPTHE IIIFOKO30-TIENTOHHE
cepemosumie (I'TIC, pH 6,5 + 0,2): rmroxosza — 10,0 /M, TIETOH —
3,0 r/mv’, KH,PO, — 0,6 /mv’, K,HPO, — 0,4 v/mv’, MgSO,
7H,0 — 0,5 v/mv’, CaCl, — 0,05 r/av’, ZnSO, * 7H,0 — 0,001 r/mwr’.
Iroxyrmomom (0,5 £ 0,01 /mm’) ciryrysam 10-10608i Minemiamsi
KyJbTypH mramiB Ha cycno-arapi (CA). Pexum depmenranii 3y-
MOBJICHHM €KOHOMIYHOKO Ta TEXHOJIONTYHOIO HEIOLUIBHICTIO IOB-
TOCTPOKOBOTO KyJIGTUBYBaHHS Ta TPUBAIICTIO (ha3d eKCIIOHEHIIi-
anpHoOTO pocty mrami (Wasser, 2011; Fedotov, 2012).

HocnimpkyBanu mitenii i Kynsrypansauid dinsrpar (KD), siki
TOTYBAJIM TAKAM YMHOM. [licTist 3aKiHUCHHS TepMiHy KyJIbTHBYBaH-
Hi IITaMiB MiNeNid BIIIULUH Bifg KyJIbTYpaIbHOI DITMHH 3a
temneparypu 5 + 1 °C muixoM ¢urstpyBanHs. OTpuMaHuid Mie-
T IPOMUBAIIM AUCTUIHOBAHOIO BOJIOIO, TMiJCYNIyBaIN Ha (DiIBT-
pyBaJIbHOMY TIarepi Ta TOMOIEHI3yBaId LUIIXOM PO3THPAHHS B
oxonomkerii 1o 1 + 0,5 °C dapdoposiit crymi. MinemiansHuit
romoreHaT (MI') BHKOpPHCTOBYBaIM I MNPUTOTYBaHHS BOIHOL
BUTSDKKU Ta pasoM i3 KO — mus Busnayenns mokasuukiB [TAC.
Pemutkn minenito mepeHOCHIH y BiKaniOpoBaHi OIOKCH, 3BayKyBa-
7 Ta BUCymryBamm 3a +104 + 2 °C no mocriiiHoi Macu. Jami pos-
PpaxoByBaJIM BOJIOTIiCTh 1 abcomoTHO cyxy 6iomacy (ACB) minernito
(Dudka et al., 2003; Voloshko et al., 2011; Chayka et al., 2014).

I3 MeTOI0 BCTAaHOBNEHHS PIBHS CAMOYMHHOI IHTEHCHBHOCTI (A,)
nporiecis [1OJI, mo 1,5 mut BoaHOT BUTSDKKK Minemito abo 0,5 mit
K® (xoHTpoip — mucTuiIbOBaHAa BOZAA) NOAABAIM PO3UYMHHU TPU-
xsopourosoi kuciotu (TXO) ta tiobap6ityposoi kuciotu (TBK)
O KIHIICBHX KOHLEHTpamii y peakuidHidi cymimi 0,61 Ta
0,37 MOHL/ﬂM3, BianoBigHo. CyMilll KHUITATWIM Ha BOISHINA OaHi
TPOTATOM 15 XB, TICIIs1 YOro MBHAKO 0XoiomKyBamn 1o + 20 °C.
Otpumannii po3unH neHTpudyrysamm 15 x8 3a 1 700 g. I3 metoro
BH3HAYCHHS PiBHS iHIyKOoBaHOI (A;) inTeHcuBHOCTI npouecis I10J1
JI0 BKa3aHHUX 00 €MiB BOIHOT BUTSDKKH Miniestiro a0 K® (KoHTpos —
JWCTHIEOBAHA BOAA) AofaBamy 1410~ Moms/mM’® posdmH cipuaro-
KHCITOro 3a7i3a i 191072 Moms/mv’ ackopGiHoBoi KucaoT. Cymin
ButpuMyBai 3a +40 °C Ha BomsHii Oani npotsrom 90 xB. laii Ha
criekTpooTomeTpi 3a HoBxkuHM XBrii 532 1 590 HM BUMiprOBaNH
eKCTUHKIIIIO CYIIePHATaHTIB JOCHIIHUX MPO0O MPOTH KOHTPOJIBHUX.
CamounHHy Ta iHmykoBaHy iHTeHCHBHICTH [1OJI minemito wnr KO

78 Regul. Mech. Biosyst., 8(1)



po3paxoByBaiu 3a opmysioro (Chayka et al., 2014; Fedotov, 2016):
(Essz - E s )10 VK
1,56 -10° -P
ne Esyp 1 Esqp — mokasHukm ekcTuHKII, V — 00’eM peakiidHoi
cymini (M), K — koedimient nepepaxyrxy xa ACB minesito, 10° —
daxTop posmiprocreit, 1,56 ¢ 10° — MonsipHmii KOe(illieHT eKCTHH-
kuii, P — HaBaxkka cuporo wirernito (r) ado 06’em KO (m). Kinb-
KicTh y MikonoriunoMy Marepiani npoaykriB [10JI, akTuBHUX 10

TBK (TBK-AIT) upaxkamu y amons/t ACB a6o amoms/min K.

3a OTpUMaHUMH 3HAUCHHAMH A 1 A; pO3paxOBYBaIN MOKa3HUK
npookcuanTHoi akTuBHOCTI (IIOA — xapakTepm3ye aKTHUBHICTH
MIPOOKCHJIAHTHOI CKJIAI0BOI MPOOKCH/IAHTHO-aHTHOKCHIAHTHOI CH-
CTEMH) Ta MOKa3HUK pe3epBy CyOCTpaTiB NEPEKUCHOIO OKMCHEHHS
(CIIO, sixuit Bkazye Ha MoxxuBicTs iHaykuii [TOJI 3a nii dakropis
cepenosuia) 3a popmynamu (Chayka et al., 2014; Fedotov, 2016):

mo4a = Ae cno = A=A o0 o
4 4

Ha ocrannboMy erani po3paxoByBain KoeillieHT piBHOBAaru
npookcuanTHo-anTHoKeuaanTHOI cuctemu (KPITAC) 3a dopmy-
noro (Chayka et al., 2014; Fedotov, 2016):

_ 404
PIIAC HO A M

KysTHByBaHHS IITAMIB IIPOBOAIIIH Y TPHPA30Biii HOBTOPHOCTI.
Craryuctnyuty 00poOKy eKCIIepHMMEHTAIIbHUX JaHUX POBOJIMIN 3 BH-
KOPUCTaHHSM TAKeTa IporpaM JUIsl MPOBEACHHS CTaTHCTUYHOI 00-
PpOOKH pe3ynbTaTiB Gi0TOTTYHMX EKCIICPUMEHTIB. Pi3HMINIO MK Ha-
HIMH BBaXaJTH JOCTOBIpHOIO 3a P < 0,05 (Prisedskiy, 1999).

AC(Ai) =

s

PesyabraTu

IIpooxcunanTHa akTHUBHiCTh. [TOKa3HUKM NPOOKCHIAHTHOL
aKTHUBHOCTI Minenito (puc. 1) Ta KyapTypansHoro ¢instpary (puc. 2)
JOCITIDKSHHX IITaMiB MaroTh iHMBIAyalbHi 3HAUYCHHS Ta XapaKTe-
PH3YIOTBCS TAKUMH O3HAKAMH.

TIOA minenito nepeBaXkHOI OUTBIIOCTI IITaMiB Ha 9-Ty Ta 12-Ty
no0y KynbTHUBYBaHHS NepeOyBace B Mexkax Bix 0,15 (mrram F-610, 9
JK) mo 0,51 (mram Dg-08, 12 JK). Bumsitox — mramu P-citr,
P-089, P-er ta P-082 pony Pleurotus, akTHBHICTb TIPOOKCHIAHTHOL
cxanoBoi I[TAC wminenito Ha 9-Ty 100y KyJIbTUBYBaHHS SIKHX Ma€e
HaiBuii 3Havenns 0,96 + 0,21, 0,71 +£ 0,14, 0,61 £ 0,16 ta 0,58 +
0,23, Bimnosinuo. LlikaBo BimmiTuTH B 1iit rpymi mtam P-447,
ITOA winemito sikoro Ha 12-Ty 100y mepeBHUIIy€e Lel TOKa3HUK Ha
9-ty 100y KynbTUBYBaHHS Ta nopiBHIOE 0,55 £ 0,19.

AKTUBHICTb TPOOKCHIAHTHOI ~CKJIaZOBOI IPOOKCHIAHTHO-
AQHTUOKCHJIAHTHOI CHCTEMH B KyJIbTYpaIbHOMY (DUIBTpaTi BUIIA 32
Lell MOKa3HMK y Milenii. 3a HafBHIIMMH 3HAYEeHHsMH Ha 12-Ty
o0y KyJabTHBYBaHHs BHAULIIOTBCs wmramu P-089 (0,99 + 0,17)
pory Pleurotus i GI-2 (0,97 + 0,14) pony Ganoderma. ani, B
nopsaaky 3MenmeHHs [IOA K® inyts mramu F-107, P-035, 960.
Hattroxdi 3nagenns [IOA K® 3adikcoani Ha 12-Ty 100y Kyiib-
tuByBaHH: mrtamy F-104 (0,26 + 0,19) pony Flammulina.

V3aranpHIOOUM OTPUMaHI eKCIIEpUMEHTAIIBHI JaHi, Tpeda Bif-
MITHUTH, IO JUIsI BCIX TOCII/DKCHHUX IITaMiB 0a3uaiOMIlICTIB XapakK-
TEePHE 3Ha4YHE MepeBaKaHHS aKTUBHOCTI MPOOKCHIAHTHOI CKJIAI0-
Bol [TAC y kynbTypanbHOMY (ibTpaTi MOPIBHSIHO 3 LIHM IIOKa3-
HukoM Minenito. Haiisrmmi 3navenns IIOA KO BigmidaroTses Ha
12-ty noOy kynpTuByBaHH mwWtamy P-089 poxy Pleurotus 1 mramy
Gl-2 pony Ganoderma, a Minenito — Ha 9-Ty 100y KyJIBTHBYBAaHHS
mrramiB P-citr, P-089, P-er ta P-082 poxy Pleurotus. 3apeectpoBa-
HO IpsIMY 3aJIeKHICTh MK nokaszHukamu ITOA i KO wireniro kox-
HOTO LITaMy, LIl 3QJIeKHICTh Ta PiBEHb MOKa3HHUKA HE BinoOpaka-
I0Th TX CUCTEMaTHYHOTO MOJIOKEHHS.

Pe3eps cyOcTpatiB nepexncHoro okucHeHHst. Ha HactynHomy
eTarni po3paxoByBaIM pe3epB CyOCTPaTiB MEPEKUCHOTO OKUCHEHHS
(CIIO), mo sIKMX TepeBayKHO BXOMAATH JIOHI CHOMYKH, 30KpeMa
IONiHeHACHYeH] HKHUPH] KUCIOTH. MOro piBeHb BKasye Ha MOMIIH-
BicTh iHAykii nporecy [1OJI 3a xii pisaux dakropis. 3a piBHEM
CIIO winemito (puc. 3) AOCHiHKEHI TaMHA YMOBHO MOJIUISIOTHCS
Ha Tpu rpynu. [lo nepmoi Hanexarts 1°sth wramis (P-087, P-082,
P-081, P-12k, P-192) pony Pleurotus i3 HU3bKMMHU 3HAYCHHIMA
pesepy CITO. ToOTo my1st MilleNifo IUX LITaMiB XapaKTepHa BHCO-
ka iHTeHcuBHICTh mporieciB [1OJ] i3 3amydyeHHAM OLTBIIOCTI JIO-
CTymHUX cyOcTpaTiB. J{o Opyroi rpynmu MOKHA BiTHECTH YOTHPH
mramu (F-112, F-2, F-204, F-vv) pony Flammulina Ta Tpu mramu
P-01, P-105, P-107 pomy Pleurotus i3 HOMipHUMH 3HaYEeHHSIMU
nokasHuka pesepBy CIIO. Mineniii 1UX MmITaMiB BHUPI3HAETHCS
nomipHow iHTeHcuBHIiCTIO mporeciB [1OJI y 3acTtocoBaHux
yMoOBax KynbTHBYBaHHs. [lepeBaxkHa Oinblmicts (45 1urtamiB)
CKJIaJla€ TPETIO TPYIy Ta XapaKTePU3yeThCS BUCOKUMH 3HAYCH-
HsMH TokazHuka pesepBy CIIO. s Minemiro OUX IITamiB
XapaKTepHa HU3bKa iHTeHCUBHICTH nporeciB [10J] i3 3amyueHHsIM
HE3HAYHOI KUTBKOCTI JOCTYMHHX CcyOCTpaTiB Ta, WMOBIpHO,
pucokuM BMmictoM AOQO. HaiiBumi 3HaueHHst pesepBy CIIO
Minernito 3adikcoBani y BoceMu mramiB (P-447; P-998, P-039,
P-94, P-2175, P-citr, P-er, D-140) pony Pleurotus ta nBOX
mrramiB (F-107, F-610) pony Flammulina.
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Puc. 3. IokazHUK pe3epBy CyOCTpaTiB MEPEKICHOTO OKUCHEHHS Mirienito mramiB Ha 9-Ty (9 1K) ta 12-1y (12 JIK) no0y kynsTuByBaHHS (N = 3)

Peseps cyOcrpariB nepekucaoro okucHeHHs1 KO (puc. 4) 3Ha4-
HO HIDKYMH 3a IeH mokasHWK Minemito. OTpuMaHi pe3ysbTaTd
CIIO xynsTypansHOTO (UIBTPATy MOXHA MOAUTMTH HA JBI TPYIIHL
Jlo mepioi, 31 3HaueHHsAMH TokazHuKa pesepBy CIIO mo 50%,
Hajiekath 46 mramiB. HaitHwkui nokasuuku CIIO 3adikcoBaHO
s KO mramis F-112, P-087, P-082 ta P-081. V npyry, momi-
MopdHy, rpymy MoxkeMmo BigHectd 11 mramiB i3 BHCOKMMHU
3HaYCHHAMH TOKazHHKa pesepsy CIIO (F-104, F-204, P-208,
P-206, P-2175, P-203, F-610, P-998, F-202, F-vv, Hk-35). [Tna K®
UX [ITaMiB BJACTHBA HH3bKa iHTEHCHBHICTH mporieciB [TOJI i
TIOpIBHSHO BUCOKA aHTHOKCHIAHTHA aKTUBHICTB (AOA).

[TincymoByrouM OTpHMaHi Ha IIbOMY €Tarli JaHi, 3a3Ha4lMO BH-
SIBJICHY JUTSL TICPEBAXKHOI OUTBIIOCTI IITAMIB CYyTTEBY TIEpEBary Io-
Ka3HHUKIB pe3epBy CyOCTpaTiB MEPEKMCHOTO OKMCHEHHS MILISIio
Haj TakuM TokasHukoM K®. Haiisui 3Hauenns pesepBy CIIO
Mineniro 3adikcoBani qust 8 mrami (P-447, P-998, P-039, P-94,
P-2175, P-citr, P-er, D-140) pomy Pleurotus Ta IBOX IITaMiB
(F-107, F-610) Flammulina. Ha3Bani ImTaMy NEepCIEKTHBHI JULL
3aCTOCYBAaHHS B IHJMKAIii NEBHUX 010TEXHOJIOITYHHX HPOLECIB U1
€KOJIOTYHOMY TECTYBaHHI.

KoediuieHT piBHOBarm nmpooxkcuIaHTHO-AHTHOKCHIAHTHOL
cuctemu. llelf mokasHUK BifoOpaXkae CHIBBINHONICHHS 3HAYCHb
AKTHBHOCTI aHTHOKCUJIAHTHOI Ta MPOOKCHAHTHOI CHCTeM. 3a Iie-
peBa)KaHHS OCTaHHBOI (IiJ Yac MOCHICHHS HEKOHTPOJIBOBAHMX
peaxiiii BUTbHOPaIUKAILHOrO OKKcHeHHs1) 3HaueHHs1 KPITAC wma-
I0Th TEH/ICHLIIIO O 3HIDKEHHS. Y pa3i 3pOCTaHHs aKTHBHOCTI 3a-
XUCHUX CHCTEM (Y TOMY 4YHMCII aHTMOKCHAAHTHOI) MOKa3HHUKH
KPITAC 3pocTaroThb 10 MOPIBHIHO BUCOKHX 3HAUCHb.

3icraBnenns koedimientiB piBHoBaru [TAC minenito Ta K®
JIOCHIIDKEHHX ITaMiB OazuaioMineTiB Ha 9-Ty 100y Ky/IbTHBYBaH-
Hi (pHc. 5) T03BOJISIE TIOJUUTH iX Ha TpH rpymu. J{o mepmoi Bxo-
1th 1tk mramis (F-202, F-204, P-083, P-12k, P-206) 3 onHako-
BUMH B Mekax mramy 3HaueHHsmu KPITAC winemito ta KO.
o npyroi — w’site wramiB poxny Pleurotus (P-081, P-082, P-087,
P-203, P-209) i3 Biporigno Buummu 3nadeHHsmu KPIIAC K.
Haiibineia, Tpers rpyna, 00’ eqHye 47 mramiB i3 BiporiqHO BULIH-
mu 3HaueHHsIME KPITAC 9-1060Boro minerniro. MakcuMaibHi 3Ha-
yenHst koedimienriBs piBHoBarm ITAC wMimemito B I rpymi
3adikcoBani i1 nsrta mramis: T-10 (F. fomentarius) Ta D-140,
P-035, P-01 Ta P-105 (P. ostreatus). L1i muramn BUpPI3HSAFOTHCS BU-
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cokuM piBHeM AOA Mireriro Ha 9-Ty 100y KyJIBTUBYBaHHS Ta MOXKYTh
OyTH pEKOMEHIOBAHI SIK MPO/TYLICHTH aHTHOKUCHUX PEUOBHH.
TonomxeHHst TepMiHy Ky/ibTHBYBaHHS 10 12 16 (puc. 6) min-
TBEPIDKYE BUSBICHY TSI TIEPEBOKHOI OUTBIIOCTI IITAMIB TEHCHLIIIO
0 TIepeBakKaHHA 3Ha4YeHb KoediieHTiB piBHoBard [TAC mirenito Hax
Takimu K. I3 i€l rpymy, mo cknagaerses 3 54 mramiB, TpeOa Bid-
3HauuTy 10s1Th: Sc-10 (S, commune), P-xn, P-14 (P. ostreatus), P-er
(P. eryngii) Ta 960 (A. cylindracea). Hazpani mramn BHPI3HSIOTECS
HalBULIMMU cepell 3a(iKCOBAHMX 3HAYCHHSIMU KOC(ILiEHTIB PIBHO-
Baru [TAC 12-n0o60Boro Mireniro. BoHM JOTOBHIOIOTE IpyIly IITaMiB
i3 BucokuM piBHeM AOA winernito Ha 9-Ty 100y KyJbTHBYBaHHS, a
TAKO)K MOXYTb OyTH PEKOMEHZIOBaHi SIK HMPOIYLCHTH aHTHOKHCHHX
peuoBuH. Tpeba 3ayBa)kKUTH, 1110 IPYIIH 3 OHAKOBUMH Ta IIEPEBAKAI0-

v 'y KO 3nadennsimu KPITAC Ha 12-Ty 100y KyJIBTHBYBaHHS
3MEHIITUCH 110 ofHoro mramy F-102 ta ngox F-1, F-104 (F. velu-
tipes), BIINOBIOHO. Y3arajpHIOIOYM PE3YJILTATH PO3PAXYHKIB LIHOTO
eTary JO0CIiHKEeHb, 3a3Ha4MMO, 110 YISl TIEPEBAKHOI OUTBILIOCTI IITa-
MIB XapaKTepHe repeBakanHs koedirieHTiB piBHoBaru [TAC mineniro
Haz Takumu K®. MakcnmansHi koedinientu pisaoBaru [TAC 9-no6o-
BOTO Millefifo 3adikcosai s mramiB T-10 (F. fomentarius) 1 D-140,
P-035, P-01, P-105 (P. ostreatus), 12-nodoBoro — st mramiB Sc-10
(S. commune), P-xn, P-14 (P. ostreatus), P-er (P.eryngii) i 960
(A. cylindracea). Ha3Bani mraMy BUPI3HSFOTBCS BUCOKUMH 3HAYCH-
wsivu KPTTAC i piBaem AOA MilLienito Ha BCTAHOBJIEHY 100y KyJIbTH-
BYBAaHHS Ta MOXYTb OyTWM DPEKOMEH/IOBAHI SIK TNPOIYLEHTH aHTH-
OKHCHHX PEUOBHH.
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Puc. 5. KoedinieHT piBHOBark MpOOKCHIAHTHO-aHTHOKCHIAHTHOI cucTeMH Mireniro Ta KO mrramiB Ha 9-Ty 100y KybTuBYBaHHS (1 = 3)

O0roBopeHHst

V nonepennix mocmimkennsax (Voloshko et al., 2011; Velygod-
ska et al, 2016) ycraHOBICHO OUHAMIKY 3POCTAHHS, 3arajbHOL
AHTHOKCUIIAHTHOI aKTHBHOCTI, PiBHSI CAMOYMHHOI Ta iHyKOBAaHOI
IHTEHCHBHOCTI IPOIIECIB MEPEKICHOTO OKUCHEHHS JIITIAIB 57 mTamiB
02a31TIOMIKOTOBHX TPHOIB 3a IX TIOBEPXHEBOTO MEPIOAMIHOTO KyIlb-

Regul. Mech. Biosyst., 8(1)

THBYBaHH: Ha TJIIOKO30-TenToHHOMY cepenoBuimi (Fedotov, 2016).
OrpuMaHi [aHi JIATIM B OCHOBY PO3PaxyHKY Ta IOPIBHSHHS TTOKa3-
HUKIB CTaHy [POOKCHAHTHO-aHTHOKCHIAHTHOI CHCTEMH B JIMHAMILIL
POCTY LIHX IITaMiB, JO3BOJMIN BUSBUTH MIEBHI 3aKOHOMIPHOCTI pee-
CTPOBaHHX MOKA3HUKIB 1 3’ACYBAaTH TNEPCIICKTUBH BHKOPHCTAHHS
JOCIIDKEHUX KyJBTyp. 3HaYHE MepeBakaHHSA aKTHBHOCTI TIPOOKCH-
nanTHOI ckimagoBoi [IAC y KyJbTypanbHOMY (UTBTpaTi MOPIBHAHO 3
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LM TIOKa3HMKOM Milleflifo Ha 12-Ty 100y KyJIBTHBYBAaHHS IITAMY
P-089 pony Pleurotus i mramy Gl-2 pony Ganoderma, a mirienito —
Ha 9-Ty 100y KysisruByBanHs wtamiB P-citr, P-089, P-er Ta P-082

pony Pleurotus Moxke OyTH BUKOPHCTAHE ITiJ] Yac OLIHIOBAHHS MPH-
JIATHOCTI CKJIaIy >KUBWIBHUX CEPEIOBHII, PO3POOJICHHS CIOCOOIB
JECTPYKIIT XiMIYHO CTIKHX CITONYK, MOHITOPHHI'Y JOBKIJIISL.
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Puc. 6. KoedimieHT piBHOBar# MpoOKCHIaHTHO-aHTHOKCHAAHTHOI cuctemu Mireniro i KO mramiB Ha 12-Ty 100y KyIbTHBYBaHHS

TepcriexTrBHI U1 3aCTOCYBaHHSI B iHAMKALI{ IEBHUX 010TEXHO-
JIOTIYHUX TIPOLIECIB UM EKOJIOTIYHOMY TecTyBaHHI mramu P-447,
P-998, P-039, P-94, P-2175, P-citr, P-er, D-140 pony Pleurotus ta
wramu F-107, F-610 pomy Flammulina, nns skux 3agikcoBaHi
Hal{BHIL 3HAYCHHS Pe3epBY CyOCTpPATIB IEPEKUCHOTO OKUCHEHHS Mi-
nenito. Ha GioCHHTETHYHI epCIeKTHBY BUKOPHCTAHHS [TOOJUHOKHX
wrramiB (Gl-2, P-er, P-039, F-610) Bka3ytoTh pe3ysbTaTd OKpeMHX
ckprHiHroBux nocuimkeHb (Voloshko et al, 2011; Chayka et al.,
2014; Velygodska et al., 2016).

BucnoBku

Jns mTamiB BJacTHBE NEPEBAKAHHS aKTUBHOCTI HPOOKCH-
nanTtHOl cknagoBoi IIAC y KyabTypanbHOMY (iUIbTpati MOPIBHIHO
3 LM MOKa3HUKOM Minesito. HaiiBuili 3HaYeHHsI MPOOKCHUIAHTHOL
akTuBHOCTI K® BigMmiueHO Ha 12-Ty 100y KyJIbTHBYBAHHS IITAMY
P-089 pony Pleurotus i mramy Gl-2 pony Ganoderma, a mineniro —
Ha 9-Ty no0y KynbTHByBaHHA mtamiB P-citr, P-089, P-er Ta P-082
pony Pleurotus. HasBHa mpsiMa 3aI©KHICTh MDK ITOKa3HHKaMH
[MOA K® i mineniro koxxHoro mramy. Ll 3aexHicTh Ta piBeHb
TMOKa3HUKA HEe BiI0OpayKaroTh IX CUCTEMaTHYHOTO HOJI0XKEHHS.

BusiBiieHO CyTTeBY IepeBary IOKa3HHKIB pe3epBy CyOCTpaTiB
MEePEKHCHOTO OKUCHEHHS MILENil0 OUIBIIOCTI INTaMiB HaJ TaKUM
nokazHukoM K®. Haiieumi 3HaueHHs pesepBy CIIO wminermiro 3a-
GikcoBani s mramiB P-447, P-998, P-039, P-94, P-2175, P-citr,
P-er, D-140 pony Pleurotus ta mrramis F-107, F-610 pony Flammulina.

JIns mepeBaXkHOT OLTBIIOCTI ITaMIB XapaKTepHe MepeBAKAHHS
koediuienti piBHoBaru ITAC wminerniro Hax takumu K®. Makcu-
MaJibHI 3Ha4eHHs KoedinienTiB piBHoBaru [TAC 9-no6oBoro mire-
mito 3adikcoBano it wramiB T-10 (F. fomentarius) i D-140,
P-035, P-01, P-105 (P. ostreatus), a 12-1060BOro — s mramis
Sc-10 (S. commune), P-xn1, P-14 (P. ostreatus), P-er (P. eryngii) i 960
(4. cylindracea). HazaHi mitami BHPI3HSIOTECS BHCOKHM PiBHEM
AOA wineniro Ha TieBHy 100y KyJIFTUBYBAHHS Ta MOXKYTb OyTH PEKO-
MEHIOBaHi SIK IPOJ{YIEHTH aHTHOKCHIAHTIB IPUOHOTO TTOXO/PKEHHSI.

Tonsaiku
BHCIIOBII0EMO 1IMPY TMO/SIKY HAYKOBUM CIIBPOOITHHKAM BiJl-
nity mikonorii ucruryty Gortaniku iMm. M. T'. Xomoxsoro HAH

VYkpainn 3a cmiBopaio, HamaHi marepiamun Komekmii Kymsryp
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manuHkoBux rpudiB (IBK), mo mae craryc HamionamsHOTO Han-
OaHHA YKpaiHu.
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and borderline mental disorders in patients with coxarthrosis
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Dnipropetrovsk Medical with coxarthrosis aged from 25 to 68 who were hospitalized in the Department of Endoprosthetics at Mechnikov
Academy of Health Ministry Regional Clinical Hospital in Dnipro City in the period from November 2015 to September 2016 were observed.
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E-mail: psychiatry@dma.dpua  SCale, study of the type of attitude to the disease (LOBI), Dembo-Rubinstein self-esteem scale, Leonhard-Schmieschek
questionnaire for assessment of accentuation of personality traits, the Luscher 8-colour test and the Toronto alexithymia
scale (TAS). Severity of pain syndrome was assessed using a visual analogue scale of pain (VAS). Forms of borderline
mental disorders were diagnosed in 51 patients with coxarthrosis, such as depressive disorder (F 32) — 19 (24.8%),
neurasthenia (F 48) — 12 (16.2), anxiety and phobic disorders (F 40-41) — 14 (18.1%), and personality disorders (F 60.5,
F 60.6, F 60.7) — 6 (7.6%). In 25 (33.3%) patients clinically-defined forms of mental disorders were identified. Leading
syndromes in these disorders were depression — 19 (24.8%) patients, anxiety and phobic — 15 (20.0%), asthenic — 10
(12.4%), hypochondriacal — 7 (9.5%) patients. According to the results of the correlation analysis, a close correlation
between the severity of pain syndrome and borderline mental disorders (r = 0.779) was established for patients in the
preoperative stage. The average level of pain syndrome on the VAS scale in patients with borderline mental disorders
was twice as high as in patients without these disorders (63.4 vs. 32.4 points), but it does not depend on the main
psychopathological syndrome. The average level of pain on the VAS scale in patients with borderline mental disorders
at the preoperative stage was twice as high as in patients without these disorders (63.4 vs 32.4 points), and after surgical
intervention the level decreased only by 5.9 points or 9.3%. In patients with coxarthrosis with detected borderline
mental disorders (51 people) the therapy had a complex character and was conducted both at the hospital stage for one
month, and in the outpatient stage as "maintenance" therapy for 3 months or more. Therapy of the neurotic state with
decompensation lasted on average 6 months. Treatment included psycho-educational and therapeutic arrangements
(conversations, lectures, autotraining) and psychopharmatherapy (tranquilizers, antidepressants, antipsychotics in small
and medium therapeutic doses). The conducting of simultaneous corrective measures for identified borderline mental
disorders in patients of the main groups contributed to a significant reduction in the severity of pain within the six-
month period of observation and moved them towards the level of the patients in the control group. Borderline mental
disorders that take place in patients with chronic somatic diseases, which include, in particular, coxarthrosis,
significantly amplify the severity of the condition, reduce the possibility of adaptation, and thus aggravate the course
and the outcome of the main disease.

Keywords: pain; nonpsychotic mental disorders; coxarthrosis; psychopathological disturbances

B3aeMoOBIJIMB iHTEHCHBHOCTI 00JIHOBOT0 CHHAPOMY
Ta TPAHUYHMX NCUXIYHHUX PO3JIAJIB Y XBOPUX HA KOKCAPTPO3

I. 1. Cmipina, €. C. ®enenko, C. B. Pokytos, B. €. Kazakos, A. B. llloprikoB

eporcasnutl 3axnad «/[ninponemposcoka meouuna akademisny MO3 Yrpainuu, [ninpo, Yxpaina

OLiHeHO B32€MOBILTUB G0JILOBOIO CHHAPOMY Ta FPAHUYHKX ICHXIYHUX PO3NIajiB 3aJIeKHO Bii HOro iHTEHCUBHOCTI Ta EPEHOCUMOCT] Y XBOPUX
Ha KOKCapTpo3, sIKi MOTPeOyIOTh €HJOMPOTE3yBaHHs Ta30CTErHOBOIrO cyrioda. Criocrepiram 76 XBOpHX Ha KOKCApTpo3 BIKOM 2568 pokiB, siKi
nepeOyBajy Ha CTalliOHAPHOMY JIIKYBaHHI y BiZUIUICHHI €HIONpPOTE3yBaHHs 00nacHoi KiliHiYHOT JikapHi iM. I. I. Meunukoa M. JIHinpo y nepiox i3
ymctonana 2015 o Bepecens 2016 poky. /Uit AiarHOCTUKY HCHXOIATOJIOTIYHUX PO3NAliB 1 OLiHIOBAaHHS €(hEKTHBHOCTI JIKyBAIBHUX 3aXOJIB Y
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Po0oTi 3aCTOCOBAHO TaKi METOAM: KIIiHIKO-TIcHXonarooriyauii (Meroauka SCL-90-R), mxana tpusoru Teiisopa, 10C/iHKEHHS TUITY CTaBJICHHS 110
xBopoOu (JIOBI), mxana camooninku Jlem60 — PyGinmreitn, omuryBanmsHuk Jleonrapaa — Illvintexa, 8-xomiprmii tect Jlromepa, TopoHTchka
anekcutumivHa 1mkana (TAS). Bupaxkenicts 007T50BOr0 CHHAPOMY OLIHIOBANACH 33 IOMOMOIOK) Bi3yaJlbHO-aHAIOroBOi mikamu 6omo (BALLD).
Tlix yac mocmimkeHHs y 51 XBOpOro Ha KOKCapTpo3 IIarHOCTOBAaHO Taki POPMH IPaHIMYHKX TICHXIYHMX PO3JaiB sk AenpecuBHuii posnaz (F 32) — 19
(24,8%), neBpacrenis (F 48) — 12 (16,2%), tpuBoxHi Ta ooiuni posnagu (F 40-41) — 14 (18,1%), posnamu ocobucrocri (F 60.5, F 60.6, F 60.7) — 6
(7,6%). Y 25 (33,3%) mauieHTiB KIHIYHO OKpeclIeHHMX (OpM IICHXIYHHX PO3IaJiB HE BHABICHO. IIpOBiNHI CHHAPOMH HpH IHMX pO3TaJax:
nenpecuBHui — 19 xBopux (24,8%), TpuBoxkHO-p0OIuHMH — 15 (20,0%), acreniunmit — 10 (12,4%), inoxonnpuuHuii — 7 nauienti (9,5%). 3a pe-
3yJbTaTaMy KOPEJISIIIHOTO aHalli3y BCTAHOBJICHO TICHY KOPEJILIIIO BUPAKEHOCTI OOJEOBOIO CHHIPOMY 3 HASIBHICTIO TPAHWYHUX TCUXIYHUX PO3JIaIiB
(r=0,779) na nepenonepauiiinomy erami. CepeaHii piBeHb 601B0BOr0 cuHApoMy 3a BAIII y XBOpHX i3 IpaHHYHUMY TICHXIYHIMY PO3/IafaMy BIIBidi
BUIIIWIA, HIK y TAIHEHTIB Oe3 X nopyiieHs (63,4 mpotu 32,4 Gana), ane He 3aIeXaB Bijl MPOBIIHOTO MCUXOMATOIONYHOr0 cHHApoMy. Cepe/iHiii piBeHb
iHTeHcHBHOCTI 000 3a BAILl y XBOpHX i3 BUSIBICHUMH TPAHUYHUMH TICHXIYHHMH PO3JIaJaMH Ha MepeonepatiiHoMy eTari OyB y/ABidi BULIWIA, HDK Y
ratieHTis 6e3 X nopyuens (63,4 nporu 32,4 6ana), a micist OEepaTHBHOIO BTPYYaHHs MOKa3HHK 3MEHIIMBCS Jmiie Ha 5,9 6aia, a6o 9,3%. OnqHouacHe
IPOBEICHHS KOPEKIIHIX 3aXOMiB 1010 BIABICHNX IPAHIYHIX IICHXIYHIX PO3IIAJIB y XBOPHX OCHOBHOI IPYITH JO3BOJIUIO BXXE JIO MIECTUMICSIHOTO
CTPOKY CIIOCTEPEKCHHS CYTTEBO 3MEHILIMTH BUPAXKEHICTH OOILOBOTO CHHAPOMY Ta HAOMM3WUTH 1X IO PIBHIB MAIEHTIB KOHTPOIBHOI Ipyru. [ panmdHi
IICHXIYHI MOPYIICHHS y XBOPHX i3 TPHBAIMMH COMATHYHMMH 3aXBOPIOBAHHSMI, /O SIKHMX, 30KpEMa, HAICKHUTh KOKCApPTPO3, CYTTEBO MOCHIIOITH

TSDKKICTB CTaHy, 3HIDKYIOTb alaNTalliiiHi MOKIIBOCTI, OOTSDKYIOUH IEpeOir i pe3yiibTaT OCHOBHOTO 3aXBOPIOBaHHSI.

Kntouosi croea: 6inb; TICHXI4HI PO3IaIN; KOKCAPTPO3; ICUXOMATONOTTYHI pPO3Ian

Beryn

TazocTerHoBuii Cyriiod — HaMBAXKIMBIIIHI €IEMEHT OMOPH Ta
TIepecyBaHH JIIOIMHA Y TIPOCTOPI, IO Ma€ MIMPOKi (PyHKI[IOHANBHI
MOJKJIMBOCTI, BUTIPOOOBY€E 3HAYHI CTATHYHI Ta AMHAMIYHI HaBaHTa-
JKeHHs1 Ta 3abesnedye rapMoHiiHicTh pyxiB moauau (Loskutov,
2010). JlerenepaTBHO-IUCTPOQIUHI 3aXBOPIOBAaHHS CYIIO0iB (oc-
TE0apTpo3, apTpo3, OCTEOAPTPUT) HAIEKATh 10 HAMIOIIMPEHIIHX
(bopM ypaxkeHHs1 OTIOPHO-PYXOBOTO arapary y A0POCIIOro HaCeleHHs
Oarath0X KpaiH, BKIFOYHO 3 YkpaiHoto (Loskutov, 2010; Nassonova
et al., 2011; Zagorodniy, 2011; Ackerman et al., 2017). Octeoaptpo3
TIOCiJa€ TIPOBITHY MO3HIIIO Cepest YCIX peBMAaTUYHKX 3aXBOPIOBAHb
(60-70%), a fioro KJIHIYHI CHMIITOMH criocTepiratorecst y 10-20%
nopociioro Hacenenns (Poulsen et al., 2012; Cho et al., 2015).

Haii6inbin 10Kka30BUME (HaKTOpaMU PH3HKY PO3BHTKY Ta MPO-
rpecyBaHHsI OCTE0APTPO3Y BBAXKAIOTH BiK, )KIHOWY CTATh, HAIIHUII-
KOBY Macy Tina, 00TspkeHy craakoBictb (Tukker et al., 2008; Law-
rence et al., 2008; Nassonova et al., 2011; Hardcastle et al., 2014;
Kc et al., 2015). Cepen XxBopux Ha OCTEOApPTPO3 Y MOJIOAOMY Billl
[IEPEBAXKAIOTH YOJIOBIKH, y MOXUIIOMY — XKIiHKH. 3aXBOPIOBaHHI 3a-
3BU4ail MaHidecTye B ocib BikoM ronas 40 poKiB Ta BUSBISETECS Y
30-40% oci6 BikoM 10 65 pokiB i y 50-90% — moHag 65 pokis
(Makolkin et al., 2007; Sharma and Berenbaum, 2007). Octanni
POKH XapaKTepH3YIOThCs TeH/CHLIEIO 10 3pOCTAHHS 3aXBOPIOBAHOCTI
Ha 0CTE0apTPO3 SIK y Pe3yJIbTaTi 3arajlbHOTO IIOCTAPIHHS HACENICHHS,
TaK i 32 paxXyHOK PO3BHTKY 3aXBOPIOBaHHs B 0ci6 Monoie 45 poKiB.

3HauHe MOMMPEHHS JETCHEPATUBHO-THCTPO(IYHUX 3aXBOPIO-
BaHb cepe]] JOpPOCIOro HAaCeNEeHHS Ta iX MPOTPecyounid mepedir
CIIPHYMHIOIOTH BTpary Ipale3faTHOCTI, a TaKOX [epeayacHy
[HBAJITHICTB, IO TIEPETBOPIOE MEANYHY peaOuliTamifo TaKuX XBO-
pHX Ha BaxwmBy pobnemy oxopoHu 310po’s (Loskutov, 2010).
CouiaybHa 3HaYYIICTh OCTE0APTPO3y 3yMOBJICHA TAKMMH XapaKTe-
PHUCTHKaMH 3aXBOPIOBAHHS: XPOHIYHUM MPOTPECYIOYUM Iepedi-
TOM, PELIMUBYIOYHM OOJIBOBUM CHHIPOMOM, HAPOCTAIOUMM O00Me-
JKEHHSIM pyX0Boi (YHKLIT Ta CBOOOIH MepecyBaHHs, HEOOXITHICTIO
MPOBENICHHSA TPHUBAJIOTO (HEPIAKO JOBIYHOTO) BHCOKOBAPTICHOTO
nikyBanHs (Loskutov, 2010; Nassonova et al., 2011; Mujica Mota,
2013). Ipraomy corianbHI aCHEKTH 3aXBOPIOBAHHS 3 PO3BUTKOM
LuBiTizanii, ypOaHi3aiil i TeXHIYHIM MPOTrPecoM yce OLIbIie 3poc-
TalOTh, a TPYIM PH3HUKY CEPEl HACEJCHHS 30UIBLIYIOTHCS, HOMY
CrpHsie XPOHIYHHI CTPec, MOTIPIICHH eKOJIOTil, ayTOIMyHHI peaKil,
TiMOANHAMISI TOIIO. 33 TAHUMH aMEPHKAHCHKHX JIOCITITHUKIB, OYiKy-
€TBCS, IO B HACTYIHI JIBAa JCCATHIITTS 3aXBOPIOBAHICTH HA OCTEO-
aptpo3 30uTbImTECs Outeiie HiK ymeidi (Lawrence et al, 2008).
IMpornososane 10 2020 poKy 30UIBIICHHS TPUBATIOCTI JKUTTS HAce-
JIEHHs1 3eMJIi BUCYBA€ OCTE0apTPO3 Ha YETBEPTE MICIIE Cepert IIPOBiji-
HUX MPUYHH BTPATH Mpale31aTHOCTI HaceneHHs (Zagorodniy, 2011).

Kokcaptpo3 (KA) — XpoHiYHE TpOrpecyroue 3axBOPEOBAHHS
Ta30CTErHOBOTO CYIJI00a — BU3HAHMI HaiBa)KI0t0 (POPMOIO OCTEO-
apTpo3y Ta Cepilo3HOI0 MEIMKO-COLIAIBHOI0 MPOOIIEMOIO Y 3B’ 3Ky
31 3HaYHUM MOIIMPEHHSAM XBOPOOH cepex ocid mpare3qaTHOro
BiKy, BTpaTor MpodecifHiX 1 COLiaNbHUX HABUYOK, 3HAYHOIO
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IHBJTAN3ALIEI0 XBOPHX, HEMHHYUYHM 3HIDKEHHSM SIKOCTI JKHTTS
(Loskutov, 2010; Zagorodniy, 2011). 3a qaHMMH BITYM3HSHOI Ta
3apyOixkHOI JitepaTypn, KA mocigae nepie micie cepes aHaIoriv-
HHUX 3aXBOpIOBaHb IHIMMX Beixmkux cyriodiB (Loskutov, 2010).
Ha 3axBoproBanus manoi jgoxanizanii crpaxnarots 30-50% xBoprx
octeoapTpo3oM (Zagorodniy, 2011), 3-5% ycworo HaceneHHs
(Zagorodniy, 2011; Cho et al., 2015), a iHBaNiAHICTH CTAHOBUTH
7,0-37,6% KinbkOCTI BCIX IHBaNifiB 3 YPaXKCHHSAMH OIOPHO-
pyxoBoi cuctemu (Duffy et al., 2005). B YkpaiHi cepen XBopuX, 1110
BIIEpIIE 3BEPHYJHCh 0 MEIUKO-COLUIBHOI EKCIEPTHOI KOMICii
(MCEK) nnst BCTaHOBICHHS TPYNH IHBATiZHOCTI y 3B’S3KYy 3
IIATOJIOTIER0 OIIOPHO-PYXOBOIO arapary, HauieHTd 3 KA ckiagarors
6m3bK0 35% (Chaban and Khaustova, 2010).

binp BHCTYyMae mepuiMM i OCHOBHHM CHMIITOMOM 3aXBOPIO-
BaHHsI, BXOJIUTb JI0 IarHOCTHYHKIX KPUTEPIiB OCTE0apTPpO3y OCHOB-
HHX JIOKaJTi3alliif — KKCTi, TA30CTErHOBOrO Ta KOJIIHHOIO CYIJo0iB
(Chong et al., 2013; Rahman et al., 2016). MixkHapoyHa acoriaris 3
BuBueHHA Oomo (IASP) Bi3Ha4ae HOro sIK «HETIPUEMHE CEHCOPHE
i eMoliifHe Tepe)KMBaHHA, ITOB’A3aHE 3 ICTHHHUM a00 MOTEHIIH-
HHM IOLIKO/DKCHHSM TKaHHHH a00 ONHCYBaHE y TEPMiHaX TaKOro
rotkopkeHHs» (Rebrov et al., 2011). Lle cBimuuTh, M0 BiaquyTTS
000 MOXKE BHHHMKAaTH HaBiTh 3a BIJICYTHOCTI Oyab-sIKOrO
TOLIKO/DKEHHSI, aJle OIMUCYBATHCS MALIEHTOM SIK BiIyTTSI TTOIIKO/I-
skeHHst. ToOTO Oib 3aBK/IH Cy0 EKTUBHHIA, 110 BKa3ye Ha BAKIIUBY
pOJIb TICHXIYHUX YMHHUKIB Y (POPMyBaHHI Ta MiATPUMAaHHI OOJIFO.
CamoperyJpsiist 0010 Ta HOro BIUIMB Ha OpraHism 0arato B 4omy
3aJIeKaTh B/ TOTO, SIK CaMe JIFO/IU CTIPABIIIOTHCS 3 00JIeM, aJanTy-
IOTBCS IO HBOTO Ta MiHIMI3YIOTh CTpeC, 3yMOBIICHHI 00J1eM, TOOTO
Bift 1X cTpareriil nicuxodizionoriunoi aganrarnii (Bair et al., 2008;
Munce and Stewart, 2007).

Toctpwii i XpoHiYHMIA OLTF NOTPIOHO PO3MIINATH SIK HAMaKTy-
AIBHIIIY NPo0IeMy OXOpoHH 3710poB’s.. ['ocTpuii Ginb 3BHYAKHO
BKa3ye Ha KOHKPETHY NPOOJIeMy 4 3arpo3y Uil XKUTTS, Y TOH 4yac
SIK XPOHIYHHI OLTb € B yCIX BHITAKaX MaTOJOTIYHAM CTaHOM, SIKUI
BUKJIMKAE [E3aJANTallil0 Ta 3HIDKCHHS SIKOCTI JKHTTS Talli€HTa
(Danilov et al., 2010). 3aransHoBHU3HAHI (HaKTH, IO BUPAXKEHI MICH-
XOTIATOJIOTIYHI 3MIHM Y4acTO CYIPOBOMKYIOTh XPOHIYHHIT O0JILOBHI
cuHapoM. JloBeIeHO TaKoX y4acTh IIUX 3MIH y MaToreHesi 60bo-
BOTO CHHJIPOMY Ta IX HEraTHBHHil BIUIMB Ha €EKTHUBHICTP JIKy-
BanHsg (Chaban and Khaustova, 2010; Rebrov et al., 2011). s
XPOHIYHOTO OOJII0 XapakTepHi 3MIHM CHMIATHYHOI aKTUBHOCTI U
PO3BHUTOK CTIHKHX BEr€TaTMBHHMX CHMIITOMIB, y TOMY YHCIi 3HHU-
JKCHHS alleTUTy, 3arajibHe HE3dyXKaHHs, PO3Iaid CHY, PO3Iparo-
BaHICTh, a HOTO TICHXOJIOTIYHI CKIIA/I0BI YaCTO XapaKTePHU3YIOThCS
JIETIPECi€lo, CTPaXoM Ta IHIMME a)eKTUBHIMH po3iazamu (Munce
and Stewart, 2007; Rebrov et al., 2011).

HaiirommpeHimmmMy NCHXiYHIMH PO3JIaJiaMH, 110 YacTo TOEI-
HYIOTBCSI i3 COMAaTHYHUMH XBOPOGAMH, BBJKAIOTH TPHBOI'Y Ta Jic-
npecito (Strine et al., 2008; Beltman et al., 2010; O’Connor et al.,
2015; Bokma et al., 2017). 3okpema, cepesi XBOPHX Ha OCTE0apTPo3
moxmwioro BiKy (crapme 60 pOKiB) MOMIMPEHICTh ICTPECHBHHUX
cHHIIpOMIB Iyke BHCOKa (82,4%) (Sale et al., 2008; Hawker et al.,
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2011; Matcham et al., 2014; Rodic et al., 2015). IIpu mpomy
MO>JIMBI SIK COMATOIICUXI4Hi, TaK i IICHXOCOMATH4HI B3a€MOBITHO-
CHHH MDK LIUMH 3aXBOPIOBaHHSMH. Maro4y CIIiIbHI JJAaHKH T1aTOre-
He3y Ha TVI 3HWKEHOTO iHAMBIAYyaJabHOro aganTaliiHoro 6ap’epy
JI0 BIUIMBY Pi3HOMAHITHHX NICUXOT€HHHX (PAKTOPiB, COMaTHYHE 3a-
XBOPIOBaHHS Moyke OyTH Oe3mocepeTHb00 MPUYHHOK TPHBOXKHO-
JICIPECUBHUX PO3TIaJIiB a00 MPHUCKOPIOBATH iX po3BUTOK. Tak camo
SIK 1 BUCOKUH PiBEHb TPUBOXKHOCTI Ta JICTIPECIST CYIIPOBOKYIOTHCS
BUP)XCHUMH TOPYIIEHHSIMH (QYHKLI OpraHiB Ta CHCTEM OpraHis-
My, HEraTHBHO BILTHBAOTH Ha Iepebir COMaTHYHOI XBOPOOH, HOpy-
LIYI0YH Cy0’€KTHUBHE CIPUUHSATTS XBOPUM i JUHAMIKH Ta 3HIKY-
104H epeKTHBHICTb JIiKyBallbHO-peabimiTamiiinux 3axoxis (Riediger
etal., 2010; Sharma et al., 2016).

3a JaHUMU YHCTICHHUX JOCITIIKEHb, ACTPECis MOETHYEThCS 13
xpoHiqHIM GomeM y 11-50% BumaixiB i CynpOBOKY€ETHCSI IOCH-
JIEHHSIM OOJII0, 3HIKEHHSM SIKOCTI KHTTS, ITABHUINEHHSIM iHBaIiI-
HocTi Ta BaprocTi JikyBaHHs (Munce and Stewart, 2007; Bair et al.,
2008; Calvo-Lobo et al., 2017). IIpu 1poMy sik aenpecisi, Tak i Xpo-
HIYHHIT OUTh Y JKIHOK CIIOCTEpIraroThCs YacTillle, HiXK y YOJIOBIKIB
(Bair et al., 2008; Tonelli et al., 2011). CyOxmnini4Hi nposiBu rerpe-
cil y XBOpHX i3 XpOHIYHHM 00JIeM 3yMOBIUIM BiANOBIIHY TEpMi-
HOJIOTIIO: «IPUXOBAaHA», «MACKOBAaHA», «JIAPBOBAHA», «aTHIIOBAY,
«AJIEKCUTHMIYHa» TOIIO. JIesiKi aBTOPH BBaXKAIOTh, 110 B YCiX BU-
aJIKax XPOHIYHOTO 0OJIEOBOTO CHHIPOMY Ma€e MicIie Aenpecis. Bo-
HH IPYHTYIOTECS Ha TOMy (axTi, 110 OUIb 3aBXKIU CYIPOBODKY-
€ThCsI HEraTHBHO-EMOLITHUME TIEPE)KUBAHHAMHE Ta GJIOKY€E MOMKITH-
BICTh JIFOZIMHH OfiepXKyBaTH pamictb i 3amoBosieHHs (Chaban and
Khaustova, 2010). Haiibinbii cymepedky BUKIMKae He caM (axt
CHIBICHYBaHHsI XPOHIYHOTO OOIIIO 3 NETpEci€ro, a MpUYMHHO-Ha-
CITIIKOBI BiTHOCHHM MDK HUMH. TpuBanuii Gimb oOMexye mpode-
CiliHi i 0COOUCTICHI MOXIIMBOCTI JIFOAWHY, PUMYNIY€ il BIIMOBIIS-
THCS BiJl 3BUYHHX JKHTTEBUX CTEPCOTHIIIB, IOPYLIYE ii JKUTTEBI
IUIAHH TOIIO. Y CBOKO YEPry, 3HIKCHHS SKOCTI JKHUTTs cripusie (op-
MYyBaHHIO BTOPHMHHOI jerpecii. BcraHoBieHo, 1o y marieHTiB i3
XpOHIYHMM OoJieM 1 Jerpeciero Oiib Ma€e OUIbIIy IHTCHCHBHICTD i
30epiraeThest ZOBILE MICIsI Onepalii 3 eHAONPOTe3yBaHHS ypaxKe-
Horo cyrioda. Taki XBopi JacTiliie BUKOPUCTOBYIOTh MACHBHI CTpa-
Terii momonaHHs OONI0, MalOTh HU3bKY CAMOOIUHKY Ta HIDKTY
sKicTh xuTTA (Bair et al., 2008).

JliarHocTHKa IICHXONATOJNOTIYHUX TIOPYIICHb Y MALIEHTIB i3
COMATHYHMMH 3aXBOPIOBAHHSMH, BKJIFOYHO 3 THMH, 1[0 CYIIPOBO/I-
JKYIOTBCSI XPOHIYHIM OOJIBOBMM CHHIPOMOM, y Halll yac 0a3yeThbest
Ha BUKOPHCTaHHi OiorncuxocomiansHoi Moeri. Ha Bimminy Bij Oio-
MEIMYHOI MOJEI, sika poOHUTh aKLUEHT TUIbKM Ha 3aXBOPIOBaHHI,
GiorcuxocomiansHa Mosielb (OKyCYEThCSI 1 Ha 3aXBOPIOBaHHI, 1 HA
po3nazi, Ha KOMIUICKCHiH B3aeMOIii O10TOTTIHIX, TICHXOJIOTIYHIX 1
comianpauX 3MiHAMX (Chaban and Khaustova, 2010; Rebrov et al.,
2011). bionoriyHi YMHHAKYA MOXYTb IHIIIIOBATH, ATPUMYBATH Ta
MOJIYJIOBaTH (hi3UdHI HOPYIICHHS, TOMi SIK IICHXOJIOTIUHI 3MiHHI
BIUIMBAIOTh HA OLIHKY Ta CHIPUHHATTS BHYTPIIHIX (i3ionoriqanx
03HAK, a COLIaNbHI YNHHUKK (hOPMYIOTh TIOBE/IIHKOBI peaKIlii rmarfi-
€HTIB Ha TepexuBaHHs (i3nuHUX mopyiieHb. Ha pisHuX crafisx
MPOrpecyBaHHsI 3aXBOPIOBAHHs a00 po3/iaay BiHOCHA BOKIIHMBICTH
(hi3UYHIX, TICHXOJIOTIYHMUX 1 COIIAIbHIX YWHHHUKIB MOYKE 3MiIIlyBa-
tuca. [Ipore x01eH OKpeMO B3SITUI YMHHHUK HE MOXE BBaXKaTUCS
BUHSATKOBOIO HMPHYMHOIO ITIMOOKOI OCOOMCTICHOI JeKOMITCHCAIT.
Jluie iX criyibHA JIist 3yMOBJIIOE 371aM 010JI0TIYHOI, 1HIHBITyaTbHO-
MICUXOJIOTIYHOI Ta COIAbHOI JaHOK ajanTaiyi (Bair et al., 2008),
1110 CTA€E MPHYNHOIO TICHXIYHOTO PO3JIay.

Mera [OCTiIKSHHSI — OLHKA B3a€MOBIUIUBY OOJIBOBOTO CHH-
JPOMY Ta TPaHMYHUX MCHXIYHUX PO3JIAdiB 3aJIeKHO Bif iforo iH-
TEHCHUBHOCTI Ta MEPEHOCUMOCTI Yy XBOPHX Ha KOKCApTpO3, SIKi IMO-
TpeOyIOTh SHIOMPOTE3yBaHH TA30CTETHOBOT'O CyTyio0a.

Marepian i MeToau A0C/IiTKEHD
Mu croctepiraiu 76 xBopux Ha kokcaptpo3 (KA) y i 25—

68 pokiB, siki nepeOyBaM Ha CTAlliOHAPHOMY JIIKyBaHHI y Bifi-
JICHHI SH/IONPOTE3yBaHHs 00nacHoi KiiHiuHoi JikapHi iM. 1. I. Meu-

HuKoBa M. J[Hinpo y mepion i3 symcromaga 2015 mo BepeceHb
2016 poxy. Cepen obctexenux 27 (36,2%) vososikis i 49 (63,8%)
JKIHOK, cepe/Hiii Bik — 51,3 poky (tabm. 1).

Kpurepil BKIIOUCHHS NALIEHTIB Y TOCITIDKEHHs: XBopi Ha KA
BIiKOM BiZl 18 pOKiB, SIKUM MPOBEEHO HAOMPOTE3yBaHHS Ta30CTe-
THOBOTO cyr700a, iH(pOpMOBaHa 3rojJia Ha y4acTh y NOCIIPKECHHI.
Kpurepii BUKITIOUEHHS MALIEHTIB 13 JOCHIDKEHHS: HasBHICTD IICH-
XOTUYHUX TICUXIYHUX PO3JAMIB, 3AJICKHICTh BiJl NCUXOAKTUBHIX
PEYOBHH, OHKOJIOT4HI Ta JIETeHePAaTUBHI 3aXBOPIOBAHHSL.

Vi nanient crpaxaamm Ha KA, 10 miaTBeppKeHO BiIOBIA-
HUMH MEIUYHUMH JJOKyMEHTaMH. BciM XBOpHUM BHKOHAHO oriepa-
THBHE BTPYYaHHs — €HIOIPOTE3yBaHHs Ta30CTErHOBOrO CyIo0a.

Kuniniko-ricuxonaronoriyauii MeTon 0a3yBaBcs Ha 3arajbHO-
MIPUIHATHX MiAX0aX 0 TICHXIaTPUIHOTO OOCTEKEHHS MALli€HTIB 1
BKJIFOYAB CKJIAJIOBI YACTUHU JOCIIKSHHS: ONIUTYBaHHS, 30BHIIIHII
OIJISII, CIIOCTEPEKEHHS 32 TIOBEAIHKO0, aHAJi3 00 €KTHBHUX O3HAK
po3iaziB abo 0COOIMBOCTEH MCUXIYHOTO cTaHy. Bimomocti, oTpu-
MaHi BiJl TaIli€HTa, 00 €KTUBI3YBAIUCS IHIIUMHU JaHUMH, 30KpeMa
iH(opMarLli€ero 3 MeUYHOI TOKyMEHTaLli. Y CTaHOBICHHS JiarHo3y
Ta Bepudikalis KIHIYHOI OPMH ICHXIYHOrO PO3JIaLy MPOBOAH-
JIMCH BiAMOBiTHO 10 KpHuTepiiB MKX-10.

Tadmmus 1
Jlemorpadiuna XapaKkTepUCTHKa ITAL€HTIB 13 KOKcapTpo3oM (n = 76)

KinbkicTs nanjiesris

TNokazHuku e, P.%
Crats ‘IOJ:IOBi‘Ia 27 36,2
JKIHOYA 49 63,8
10 40 9 114
41-50 18 238
Bik, poxu 51-60 30 39,1
nonaz 60 19 25,7
cepeniii, M + SE 51,3+0,9

JIns iarHOCTHKYM TICHXONATONOTIYHMX PO3NIafiB 1 OILHIOBAHHS
e()eKTHBHOCTI JIKyBAJIbHAX 3aXO[iB y JOCITIHKCHHI BHKOPHUCTAHO
CHMIITOMATUYHMH ormuryBabHEK Symptomatic Check List 90
Revised (SCL-90-R), mxany tpuBoru Teitopa, HOCIIDKEHHS THITY
craBieHus o xopoou (JIOBI), mkamy camooriinkua [lem60 —
PyOinmrrein, ormmryBansHuk Jleonrapna — IlImimexa mist oriHio-
BaHHA OCOOHCTICHOI akieHTyawil, 8-komipuuit Tect Jlromepa,
ToponTtcbky anexkcutumiuny mkaiy (TAS). BupakeHicts 601508010
CHHIPOMY OILIHIOBAJIN 32 JOIIOMOTOIO Bi3yallbHO-aHAIIOTOBOI IITKAJTH
6omo (BAILI) (0 — 6inp BiacyTHii, 100 OariB — HeCTepHHHI OLIb).
HasBHicTh 60T5OBOTO CHHAPOMY 00’€KTHBI3yBaJl COMATOBEIeTa-
THBHUMH TIPOSIBAMH, TAKAMH SIK KOJIMBAHHS apTepialIbHOTO THCKY,
HPHUCKOPEHE CePLICONTTSI, MiIBUILICHA MTITJIMBICTb.

Pe3yabTaTn

3a pe3ynbTaTaMy KIiHIKO-TICHXOIATOIOTTYHOr0 JOCIIDKESHHS
Ta kpurepismu MKX-10 y 51 (66,7%) xBoporo Ha KA nmiarnocty-
BaJIM Taki (OpMHU TpaHUYHUX TcuxivHuX posnamiB (I'TIP): mempe-
cusanid posnan (F 32) — 19 (24,8%), nepacrenis (F 48) — 12
(16,2%), TpuBoxHi Ta (obdiuni posmagu (F 40-41) — 14 (18,1%),
posnamu ocoductocti (F 60.5, F 60.6, F 60.7) — 6 (7,6). YV 25
(33,3%) namieHTIiB KIIHIYHO OKpeciieHHX (GOpM ICHXIYHUX po3Jia-
niB He BusiBWIM. [IpOBifHI CHMHIPOMH 3a LMX PO3JIaiB: Ierpe-
cuBHHI — 19 xBopux (24,8%), TpuBOXHO-(h0OIUHMH — 15 (20,0%),
acteniuanii — 10 (12,4%), imoxouapudnuit — 7 manieHTiB (9,5%).
IIpoBimHOO KITIHIYHOIO XapaKTEepPHUCTHKOI Yy xBopux Ha KA OyB
OLJ1b, BUPAXKEHICTH SIKOTO JI0 ONEPATHBHOIO BTPYYAHHS OLIHIOBAJIH
B 53,0 + 1,7 GaxniB 3a Bi3yaJbHO-aHAJOroBOK MmKaiow (BAILI).
TIpoTsirom mocimKeHHs He BUSIBJICHO CYTTeBHX 3B’ s13kiB (P > 0,05)
nokazHuka BAIII sik i3 corianbHO-IeMorpagiqyHiIME XapaKTeprc-
THKaMH (CTaTh, BIK, OCBiTa, CIMEHHMII CTaH, COLIaJIbHUI CTaTyC),
TaK 1 3 OCHOBHMMH KJIHIYHUMH Xapakrepuctukamu KA (TpuBa-
JICTB 3aXBOPIOBAHHS, XapaKTep YpaXKeHHs CyTI00a TOIIO) B IIOMY.
Jesiki BIIMIHHOCTI BifMideHi y BikoBiid rpymi 1o 40 pokiB (43,1 +
4,5 npotu 54,3 + 1,8 6ana y pemrri rpyr; P < 0,05) (puc. 1a).
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3a pe3ynabraTaMi KOPEJIIHHOTO aHali3y BCTAHOBHJIM TICHY
KOPEJISILII0 MK BUPaXKEHICTIO 00JILOBOrO CHHAPOMY Ta HasIBHICTIO
I'TIP (r = 0,779; P < 0,001) na nepenonepauiitHomy erami. Cepen-
Hill piBeHb 6ONBOBOTO cuHApOMY 3a mmkanor BAILl y xBopux i3
I'TIP ynBiui Bummii, HiX y mamieHTiB 6e3 X MopymieHs (63,4 +
1,3 mpotu 32,4 + 1,5 6ama; P < 0,001), ane BiH HE 3aIEKHUTH Bij
TIPOBIZHOTO TICHXOIATOJIOTIYHOr0 cHHApoMy. KommBanHus cepen-
HBOTO Oary Oomo cknano Bix 62,0 + 2,1 Gana 3a JEMpecUBHOTO
cuHIpomy 70 65,3 £ 2,4 Gana 3a TpUBOXKHO-(HOOIYHOTO CHHAPOMY
(P> 0,40 st Beix HOpIBHSHE MK TpynamH 3a kputepieM JlyHkana)
(puc. 16). Po3BUTOK 3aXBOPIOBAHHS MOXXE YTBOPHUTU IOPOYHE KOJIO:

HEraTHBHI eMOIlil, OB s13aHi 3 6oJieM, 30UIbIIYIOTh CTYIIHD MAMO-
BUTBHOT M’SI30BOT HANpyTH, 10, Y CBOKO Yepry, MOCHIIOE OOJIBOBI
Bi4yTTsI. Y pe3ynbraTi JOCIiKeHHS] BCTAHOBWIHM, IO OOJIBOBHIA
cuHzapoM cytreBo mocwmosaBcst (P < 0,001) 3a mixBumienol
TpuBOXXHOCTI (1 = 0,471), BUPaKEHOCTI ACTIPECHBHOI CHMITTOMATHKH
(r=0,529), acreniuamnx nposiBiB (r = 0,652), HaIBHOCTI OCOOMCTICHOT
aknenTyauii (r = 0,611), nepeBaxaHHs HeBpacTeHiuHOrO (1 = 0,473),
imoxonaprasoro (r = 0,359) i TpuBokHorO (r = 0,348) THIIB CTaB-
JICHHS! JI0 XBOPOOH, BUPKEHOCTI aJIeKCHTUMIYHOIO pajukaia (r =
0,382), 3a 3HIKEHOI CaMOOLIHKY piBHA 3710poB’s (r = —0,514) Ta
cowiansHoro ¢yHkiioHysanHs (r =-0,259; P <0,01) (puc. 2).
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Puc. 1. Cepenniii piBeHb nposiBiB 601150B0r0 cunapomy 3a BAILI 3anexHo Bif Biky (a)
Ta BUPKEHOCTI IICHXOIATOJIONTYHOT CHHAPOMATHKH (0): P — 3a kputepiem lannera (n = 76)

IlcuxomaTonoriuai CHMITOMH
JHenpecis TpuBOXKHICTH AcTeHis
r=20,529 r=0471 r=0,652
@ HasBHicTh A l Camooltinka
ocobucTicHOT
aKIeHTyarlii \ j Comianbaa )
r=0611 bonposuit = _0,259%
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r=0382 T r=-0,514
N\ J <
TpuBoxHUM Hespacteniunuit Inoxonnpuunuit
r=0348 r=0473 r=10,359
(.
Tunu pearyBaHHs Ha XBOpOOy

Puc. 2. Kopensuiiiauii B3a€M03B 130K BUPKEHOCTI 0OJILOBOTO CHHIPOMY 3 OKPEMUMH KITIHIYHIMHE Ta ICUXOJIONTYHIMH YHHHUKAMH
Y XBOPHX Ha KOKCapTpo3: r — KoedimienT kopernsnii Cipmena; * — P < 0,01, B inmmx Bunaakax — P < 0,001

Amnani3 ctpykrypu Ta reHesucy I'TIP y xBoprx Ha KA cBimunth
TIPO CKJIATHICTB B3a€EMOJIIH COMAaTHYHHX, ICHXOT'€HHNX 1 KOHCTHTY-
LIHUX 0COOIMBOCTEH XBOPHX. [3 IIbOrO MPHUBOY B KOXKHOMY KOH-
KPETHOMY BHIIaJIKy HEOOXiIHO OI[HFOBATH IHTOME 3HAYEHHS BCIX
(bakTopiB y CTPYKTypi XBOPOOH I aJeKBATHOIO 3aCTOCYBAHHSI
ricuxoapMakoIOrivHUX Ta ICHXOTEPANeBTHYHHX 3aCO0iB JIKy-
BaHHA. JI0 OCHOBHHX BHMOT /10 TICHXO(apMaKOTepaItii ICHX0coMa-
THYHUX PO3JIaJiB HAJeXKaTh: IIUPOKHH CIEKTP ICHXOTPOIHOL
aKTHBHOCTI: e()eKTHBHMI BIUIMB Ha TPHBOXKHI, JCTIPECHBHI, iITO-
XOHJIPHYHI, aCTCHIYHI Ta aJTiYHi PO3NaJIi; MiHIMaJIbHa HEraTHBHA
sl Ha coMaTH4Hi (PYHKIi; BUpaXkeHi COMaTOTPOIHI (TepaneBTHy-
HHI{ BIUIMB Ha CYIyTHIO COMaTH4Hy I1aTOJIOTII0) Ta COMaTOBEreTa-
THBHI e()eKTH; MiHIMaJbHA MOBEAIHKOBA TOKCHYHICTH (HE3HAYHa
BHPAKCHICTh a00 BIICYTHICTh CENaTUBHUX €(eKTiB — COHJIMBOCTI B
JCHHUI Yac, TOPYIICHHS yBard TOLIO). BUXOmsuM i3 MpUHIMITIB
tepamii ['TIP, siki 3acTOCOBYIOTBCS B Cy4acHiil IcuXiaTpii, KOM-
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IUIEKCHA Tepartisi HeBPOTHYHHUX PO3NajJiB Ha0yBa€ BENUKOTO 3HA-
YeHHsI TIPH CIIiBBIJHOIIECHH] O10JIOTYHIX (JIIKapCHKHX) 1 comioTepa-
HEBTUYHHX (B OCHOBHOMY IICHXOTEpaNeBTTHYHUX) MeToxiB. Tomy
JIKYBaHHS BKJIIOYAJIO TICMXOOCBITHI Ta IICHXOTEPAIIEBTHYHI 3aX0/I1
(Gecima, nekuis, ayTOTPEHIHT), a TaKOX IICHXO(hapMaKoTeparliro
(TpaHKBiITI3aTOPH, AHTHICIPECAHTH, HEUPONCHTHKH B MalHX 1
CEepEIHIX TEPaeBTHYHUX 032X ).

VYV xBopux Ha KA 3 BUSBICHUMH TPaHUYHHMH IICHXIYHUMH
posnagamu (51 ocoba) Teparist Masia KOMIUIEKCHHI XapakTep i Ipo-
BOIIUIACH SIK HA TOCTITAIBHOMY €Tali IIPOTSTOM OJJHOTO MICSIIISl, TaK
i Ha aMOyJIaTOPHOMY eTali y BHIVIII <«IIITPHUMYyBaIBHOD) Teparil
YIIPOJIOBK TPHOX MicCsIIIiB Ta Outbire. Teparisi HeBPOTHYHOTO CTaHy 3
JICKOMITCHCALIEI0 TPUBAILIIA, Y CEPEAHBOMY 6 MICSIIIB.

JluHaMiKy BHpPa)KEHOCTI KIJIHIKO-TICHXOMATONOTIYHOI CHMIITO-
Matuku y xBopux Ha KA 3 Busieiaenumu I'TIP 3a BIUMBY KOMII-
JIEKCHOI TICHXOTEPaNeBTUYHOI Ta MCHUXO(apMaKOIOTiYHOI Tepartii
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OLIHIOBAIM 32 JAHHMHM ICUXIaTPHYHOTO OOCTEKEHHS 3 BUKOPHC-
TaHHSM CTaHJaPTU30BAHOTO ONUTYBAIBHHKA CKapPT i ICUXOIATOJIO-
TYHUX CHMIITOMIB, 8 TaKO)K BUMIPIOBAHHS BHPKEHOCTI OOJIBOBO-
ro cunapomy 3a BAIII i owiHroBaHHS PiBHSI TPHBOXKHOCTI 32 0CO-
OUCTICHOIO IKAJIOKO MPOsBIB TpUBOTH Teiinopa. Y HalOIMmKIOMY
Mepioni Micisl OMepaTHBHOTO BTPYYaHHS Ta TPU3HAUCHHS CHMII-
TOMATHYHOI HCHXO(hapMaKoTeparnii OMIHIOBAHHS JMHAMIKH IIPO-
BOJIMUIM iHMBIZYaIbHO 3 KOXKHUM IALIEHTOM IPOTSIOM IEpPIINX
2—8 TWKHIB JiKyBaHHs. JIOCII/DKEHHS Y BiaICHOMY TIepiofii mpo-
BO/WIIM 4epe3 3 1 6 MiCsLiB Micys movaTky Teparil. Jljist HopiBHsH-
HsI aHAJIOTIYHI JOCTiKEHHsI IPOBOAMIN ceper xBopux Ha KA 6e3
NCHXIYHUX HOPYIIEHb (KOHTPOJIbHA Ipyma — 25 Malji€HTiB).

BpaxoByroun npoBiiHy poik 60IE0BOTO CHHAPOMY Y XBOPHX Ha
KA B ninomy i #ioro TicHuiA 38’5130k 13 HasiBHICTIO [ TIP, ipoctesxmmt
YiTKy JMHAMIKY IbOTO MOKa3HHKa, omiHeHoro 3a BAIIL, y marieHTiB
OCHOBHOI Ta KOHTpONbHOI rpymn. CepemHiii piBeHb IHTEHCHBHOCTI
6omo 3a BAIII y xBopux i3 I'TIP Ha nepenonepauiiinomy erari OyB
YIIBiYi BUIIMHI, HDK Y MAI[EHTIB O3 IUX mopyiieHsb (63,4 + 1,3 nmpotu
324 £ 1,5 6ana; P < 0,001), a micist OmepaTHBHOTO BTPYYaHHS
MOKa3HUK 3MEHIIMBCS Juie Ha 5,9 6ara, abo 9,3%. Y nopasbiomy
BiIMIY€HO BHUCOKI TEMITH PEIyKLil CepeIHHOr0 MOKa3HUKA IHTEHCHB-
HocTi 6010 B 000X Tpymax (Bix 43,5% mo 84,4%). Lle 3akoHOMipHMI
Ppe3yJbTaT NMPOBEIEHOTO OIEPATHBHOIO BTPYYAHHS 3 €HIONpPOTE3Y-
BaHHS Ta30CTETHOBOrO CyIJio0a M OpTONEeUYHMX pealbimiTariifHux
3axofiB. OHOYaCHE NPOBEACHHS KOPEKIIHHUX 3aXOAIB IIO/I0 BUSB-
nenux I'TIP y XBOpUX OCHOBHOI IpynH JO3BOJIMIIO BXKE JO ILIECTH-
MICSTYHOTO CTPOKY CIIOCTEPEKEHHsI CYTTEBO 3MEHILINTH BUPAXKEHICTh
00JILOBOTO CHHAPOMY Ta HAOJM3WTH iX /IO PIBHIB MALUEHTIB KOH-
TPOJBHOI TPyNH. 30KpeMa, Yepe3 TPH MICAL MICIs MOYaTKy Teparii
IHTCHCHBHICTh OOJIO Y TIALIIEHTIB OCHOBHOI TPYNH IICPEBUIIlyBasla
TaKy B KoHTponi B 1,7 paza (P < 0,001), uepe3 6 micsiiB — B 1,2 paza
(P>0,10), gepes pik — B 1,1 pasa (P > 0,60).

OOrosopenHst

KokcapTpo3 Mae mpoBifHi MO3UMLIT cepesl HIIHX 0CTe0apTpo-
3iB, OCKUJIbKHM Bpaka€ HaHOUIbIIMIT cyryiod y JIFOACBKOMY Tini Ta
MIPU3BOIUTH 10 Tpy0oi iHBamiIu3anii xBopux. IlamienTn 3 Kokcap-
TPO30M Uy TIMBILII IO IEPEKUBAHHS BIAIyTTS OO0, BOHU YacTillle
3BEPTAIOTHCS 33 JIONMOMOTOI0 O CIICLANCTIB, BiIBIMYIOTH JIKY-
BaJIGHI YCTAQHOBH, NIPUHMAIOTH OLIBIIE JIKAPCHKHUX 3ac00iB, 30Kpe-
Ma 3HEOONIOBATBHUX, 1 BAKKO MiJIAIOTHCS KOpeKini. [InTaHHs
posButky ['TIP y 1ix marieHTiB XBIJIIOE 0araThoX CIEINATICTIB HE
nuie B YKpaiHi, a i 3a kopoHoM. TpHBOXKHI Ta JICIPECUBHI poO3-
Najy HaifyacTillie CYNpOBOMKYIOTh I[FO0 MATOJIOTI0 Ta 3HAYHOIO
MIpOI0 BIUIMBAIOTH Ha IepeOir OCHOBHOTO 3aXBOPIOBAaHHA Ta Ha
SIKICTB JKUTTS TamieHTiB. OCTaHHI JaHI 3aKOPIOHHMX JOCTIHKEHb
TIATBEPIKYIOTh TOH (haKT, IO TPUBOTa Ta AETIPECIst MOXKYTh 3MIHIO-
BatH GOJNBEOBHMI TOpIr. Y ToIf jke Jac XpOHIYHMI OUTb caM 1o cobi
MOJKE BUKJIMKATH Y TOCHIIIOBATH 3aHEIIOKOEHHS Ta JIETIPECto, Po3-
BHBAETHCS TAK 3BAHE ITOPOYHE KOJIO, SIKE MOYKE CYTTEBO BIUTHHYTH Ha
niepebir xpoHiuHoro 3axsoproBanus (Axford et al., 2010). Busieie-
HUMH 1 IOCITi/DKEHUIT HaMU CTiiKUil B3a€MO3B’SI30K 6OJILOBOrO CHHJI-
pomy i3 HaseaicTio I'TIP minTBepmKye OTpHMaHi pe3ybTari Oara-
TBOX BITUM3HAHKX 1 3aKOPAOHHHX JOCIIIKEHb. 30KpeMa, Y IOCIi-
xerHi Gerrits et al. (2014) BuB4aM BIUIMB TPUBOTH Ta JIEMpeCii Ha
CHMIITOMH OCTe0apTpo3y. BcTaHOBIEHO IpsiMUIL BIUIUB IUX IICHXO-
TIATOJIOTIYHNX CTaHIiB Ha OONBOBHII CHHIPOM, L0 OyB IIPOBITHUM
TIPOSIBOM OCTE0apTpo3y. JIOCIIIHIKY MOBIIOMIISIIOTh, 110 BHPaXKe-
HICTh TPHBOTH Ta JENpECii B3aEMOIIOB’s3aHi 3 60JNeM B ypaKCHOMY
Cyry100i, a TaKoX i3 HOro iHTEHCUBHICTIO. A GONBOBHIT CHHIPOM, Y
CBOIO 4epry, OCUJIIOBaB NPOSIBU AEMPECUBHOI Ta TPUBOXKHOI CUMII-
TOMAaTHKU. Bee 1ie 3Ha4HO MoTipiIye SIKICTh JKUTTS MALIEHTIB Ta 1X
coliabHy akTUBHICTH (Sale et al., 2008; Gerrits et al., 2014).

TIpoBeneHe mocIiHKEHHS BHSBIUIO, IO MEPEBaYKHA OUIBIIICTH
nanieHTiB Mana 41-60 pokiB, TOOTO OyJa B HaiOLIbII Mparie3ar-
Homy Bili. Lleli ¢akT Bimirpae 3Ha4yHy pOJNb Y NMPOBENCHHI JIKY-
BaJIbHO-pealdiMiTalliiHUX 3aX0AiB, TOMY IO TPHUBAJE Ta IOPOre Ji-
KYBaHHS BIUIMBA€ Ha COLaJIbHy aKTUBHICTb LIMX XBOPHX, 3HIXKYE

TPYJOBY aKTHBHICTb, IO TiATBEP/UKY€E BHABICHHS B HHX CHMIITO-
miB ['TIP nopiBHsIHO 3 iHIIMMY BIKOBUMH Tpynamu. CXoxi pe3yJib-
TaTH OTPUMaHI TaKOXK B IHO3EMHHMX JOCHipKeHHsX. Hampuka,
Gignac et al. (2013) moBigomiisie, 110 MAIEHTH CEPEAHBOTO BiKy
(50,8 poky) 3 0CTEOapTPO30M YaCTillle CKAp KUITHCS Ha 3HIDKCHUH
HACTpii 4M BiOUyTTS TPUBOTH, Ha BIIMIHY BiJ XBOPHX ITOXHIJIOTO
BiKy (cepenHiil Bik ckiaB 67,8 poky), IO CTpaKIald Ha OCTEO-
apTpO3 aHAJIOTIYHOTO CTyMEHs TSDKKOCTL. BusBnena ocoOnmBicTh
OIMCaHa aBTOPAMH SIK EPEeBAKHE BiIUYTTS HEBJOBOJICHHS Ta 3HU-
JKEHHsI SIKOCTI JKMTTSI BHACHIJIOK TSDKKOTO 3aXBOPIOBAaHHS B 0Ci0
cepennboro Biky (Gignac et al., 2013).

He Buksmkae cymMHIBY TO# (akT, 110 Y XBOPHX 3 OCTE0apTpO-
30M, SIKi OTPeOYIOTh XipypriyHOTrO JIIKYBaHHS, YacTIlle BUSBISA-
oteest cumnromu [TIP. OGctexkeni HaMu XBOpi mepeOyBamu y
BIUIUICHHI SHIOIPOTE3yBaHHS, iM yCiM IpH3HAYEHE ONepaTHBHE
BTPYYaHHS UL 3aMiHH Ta30CTETHOBOTO CyrioOa. JoCHTh BHCOKa
YacTKa BHSIBICHHX IICHXOIATOJNOTIYHMX PO3NALB Cepel LBOro
KOHTHHICHTY XBOPHX ITiATBEP/KYE Je3aJalTUBHUN BIUIUB Xipyp-
rigHoro Brpy4anns. Kirkness et al. (2012) noBizomIsitoTh, 1110 Be-
JIMKUH ICTIPECHBHUN PO3NIa]| Ty>Ke MOIMIMPEHHUH Y HALi€HTIB, SIKHM
3aIUIaHOBAHE TOTAJIbHE CHIIONPOTE3yBaHH Cyriioba.

o crocyeTbest NiKyBaIbHO-peaOLTITAIIHNX 3aX0iB, JOBEIC-
Ha HEOOXIIHICTh KOMIUICKCHOTO Ta IHWBIAyaJIbHOTO MiIXOMy 1O
JIKYBaHHS [[bOTO KOHTHHICHTY XBOPHX 3 YpaXyBaHHSIM COMAaTHY-
HHX, NICUXOTeHHHUX i KOHCTUTYLIHHKUX ocobnmBocteil. [IpoBenene
JIOCIIJDKEHHST BUSIBUJIO JIGSIKI TPYJHOILI Ta HEJOJIKH B JIKYBaJIb-
HHX MPOTOKOJIAX, IO CTBOPIOE TEPEHOHH YISl SIKICHOTO Ta YCITiLI-
HOTO BHIyXaHHS. BaxuBuii caMe KOMIUTEKCHUI ITiAXif 10 JKy-
BaHHS i3 3aIy4eHHSIM CYMDKHUX CIICHIaJCTIB ICHUXIaTPHYHOTO
npodimo. 3aKOpAOHHI JOCTITHUKH MiATBEPHKYIOTh (HakKT, IO
JKapi 3araJlbHOCOMAaTUYHOTO TPO(LIIO YacTille 30CepekeHi BU-
HATKOBO Ha (DI3MYHUX aCTeKTaX OCTe0apTpo3y Ta He 3aBXIH Bpa-
XOBYIOTh IICHXIYHUH CTaH XBOpOro. Mo)kivBa NpuyHMHA — HEJIO-
CTaTHICTh KOMIIETSHIIH y Ll raimy3i Ta HEMOXJIMBICTB SIKICHO J0-
CJIIUTH TICUXIYHI 3MiHM IIPU cOMaTUYHOMY 3axBoproBaHHi (Turner
and Kelly, 2000).

Hns nikyBauus I'TIP y jmociikyBaHMX HaMu TMAI€HTIB MU
3aCTOCYBAJIM TICMXOOCBITHI Ta IICHXOTePaNeBTHYHI 3axoau (Oeciza,
JIEKILis, ayTOTPEHIHT), 8 TAKOXK TICUX0(apMaKOTEPaIIito (TPaHKBLTI-
3aTOpH, AaHTHACTIPECAHTH, HEHPOJIENTHKY B MAJINX 1 CEpeHiX Tepa-
TIEeBTUYHUX J03aX). KOMIUIEKCHUI MiXi] MaB ITO3UTHBHI PE3yIlb-
TaTd BiTHOCHO 3HIKEHHS TposiBiB ['TIP i, sik HaciooK, BigMiucHe
CYTT€BE MOJIMIICHHS MEPEHOCUMOCTI OONBOBHX BIIUYTTIB y LHMX
XBOPHX, IO IIe pa3 MiATBEPKYE JOCIIDKYBaHUH B3a€MO3B’SI30K.
Sk BumHO 3 0araThOX 3aKOPIOHHUX JOCIIIKEHb, CIELiaTicTh
AKTUBHO PO3POOJISIOTH HOBI MPOrpaMy KOMIUIEKCHOTO JIKYBaHHSI.
JloBenieHO NMO3UTHBHMY BIUIMB HA 3arajlbHUN CTaH XBOPOTO TAKHX
[ICHXOTEPANeBTUYHUX METOAMK SIK Tepamis My3HKOK Ta iora
(Ottaviani et al., 2012; Middleton et al., 2013).

TakuM 4MHOM, NPOBEACHUI aHaII3 POOOTH i3 BUBYCHHS IPO-
0JeMH B3a€MOBIUIMBY IICHXIYHOI Ta (Di3MYHOI CKIAJOBOi 3a OC-
TE0apTPO3y JOBOAUTH aKTyaIbHICTh BUOPAHOI TEMATHKHU Ta OKpec-
JIO€ NUISIXM TOJAJIBIIOrO BJIOCKOHAJICHHS JIarHOCTHYHUX Ta KO-
PEKIIMHKX TIPOrpam.

BucHoBku

I'paHMYHI NCUXiYHI HOPYLIEHHS, 10 MAIOTh MICIIe Y XBOPUX 13
TPUBJIMMH COMAaTHYHHMH 3aXBOPIOBAHHAMH, N0 SIKHX, 30KpeMa,
Hanexxutb KA, CyTTEBO HOCHIIIOIOTH TSDKKICTh CTaHy, SHWXKYIOTh
aJanTaliiiHi MOXKIMBOCTI, BIUTMBAIOYM THM CaMHUM Ha Tepedir i
pe3yJIbTaT OCHOBHOTO 3aXBOPIOBAHHSI.

IlepeBaskaHHs y TAIEHTIB 13 COMATHYHIMH 3aXBOPIOBAHHIMH
HETICUXOTHYHHX (TPaHNYHUX) (HOPM ICHUXIYHHX PO3JIANIB 3HAYHO
YCKJIAITHIOE 1X PO3Mi3HABAaHHS Yepe3 HeTIOBHY Bi/IITOBITHICTE KPHTeE-
pisiIM TIarHOCTUKH PO3TOPHYTOTO IICHXIaTPHYHOTO 3aXBOPIOBAHHSL
Hocuth 4acTto B KIIHIYHIH KapTHHI 3aXBOPIOBAHHS COMAaTHYHI
CKapru Ta (hyHKLIOHAJIbHI CUMIITOMH Yy TMAL[EHTIB i3 TICHXOMATOO-
TYHUMH TTOPYIICHHSMH (JICTIPECI€I0, TPHBOTOI0) HACTINBKHU TIpeBa-
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JIFOIOTB, IO JIIKAPi-IHTEPHICTH HABITh HE NPHITYCKAlOTh HAsBHOCTI
Y XBOPOTO IICHXIYHOTO PO3JIajy.

Ilig yac npoBeneHHs KypciB MiABHILECHHS KBaymidikauil st Ji-
KapiB 3araJJlbHOCOMATHYIHOTO MPOQIN0 HEOOXITHO POOUTH aKIEHT
Ha BJIOCKOHAJICHHI HABUYOK CBOEYACHO BUSIBIISITH TPAHWYIHI NICUXid-
Hi pO3J1a/I1, BU3HAYATH iX TSDKKICTB, @ TAKOXK HATIPABIIATH TAIIEHTIB
Ha KOHCYJIBTALIIIO JIO JIIKapiB IICHXOTEPAIeBTiB Ta IICHXIiaTpiB.

BakyBa HEOOXITHICTh NPU3HAUCHHS afeKBaTHOI Teparlii BH-
SIBJICHUX TICHXIYHUX PO3JIaZiB y MeXkax poOOTH 3 IICHXIUHOIO cde-
POIO COMAaTHYHOTO XBOPOTO, IO JO3BOJIMTH 3HU3UTH PHU3HK PEL-
IMBY a00 3aroCTPEHHs HOro XpOHIYHOTO 3aXBOPIOBAHHS, & TAKOX
ICTOTHO BIUIMHE HAa 3MEHIICHHS TKKOCTI mepebiry coMaTHYHOL
XBOPOOH, 30KpeMa IHTEHCHBHOCTI OOTHOBOTO CHHAPOMY.

JU1st BUSIBJICHHSI TICHXOIATONIOTYHMX MOPYIIEHb Y COMATHYHUX
XBOPUX JOLUIFHO BUKOPUCTOBYBAaTH HE TUIBKU AIarHOCTUYHI KpH-
tepii MKX-10, a i pi3Hi ICHXOMETPHUYHI IIKaJIHM Ta ONUTYBAIb-
HUKHM Uit 00’ €KTuBI3aLii KIiHIYHOI CUMIITOMATHKH, JOCIIHDKEHHS
BUPa)XEHOCTI TPOSIBIB TPUBOI'H, JENpecii, HeBPOTHYHUX PO3JIAIB,
0COOKCTICHUX XapaKTePUCTHK MAL[€HTIB, TUITIB CTABJICHHS 10 XBO-
pobu Tomo. Ile mae MOXJMBICTH Uisl TIHOLIOI AudepeHIiiHOT
JIIarHOCTHKHU TICHXOMATOJIOTIYHHUX CTaHiB, IO MepediraroTh 3i ¢X0-
KOO KIIIHIYHOK CHUMITTOMATHKOIO, aj1€ MAlOTh BayKJIMBI BiIMIHHOC-
Ti y TICHXOJIOTIUHil KapTHHI NOPYIIeHb. 3aCTOCYBAHHS OCOOUCTIC-
HHUX OIUTYBAIBHHKIB JIO3BOJISIE HE TUIBKW BUSIBIATH CTPIYDKHBOBI
CTPYKTYpH MAli€HTa, 0 BUKOHYIOTH KIIOYOBY POJb B HOrO ICH-
XIYHIi Je3amanTaiii, a i BU3HAYATH MIIlICHI U TICHXOTEpaIieB-
TUYHOI pOOOTH.
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Introduction

Georgiyants, M. A., Korsunov, V. A., & Olkhovska, O. M. (2017). Central hemodynamic and splanchnic circulation
in children with meningococcal septic shock. Regulatory Mechanisms in Biosystems, 8(1), 91-97.
doi: 10.15421/021716

Meningococcal infection is caused by the bacterium Neisseria meningitidis (also termed meningococcus). Invasive
meningococcal disease remains a rare infectious disease not only with high mortality but also with important morbidity
and remains as a leading cause of sepsis and septic shock. The pathogenic mechanisms of microcirculatory disorders in
meningococcal septic shock have been subject to controversy. This article presents the results of a study of 11 paediatric
patients’ (4 boys and 7 girls) with meningococcal septic shock (Group I) who were hospitalized at the Regional
Children's Infectious Hospital from 2009 to 2011. The average age of the patients was 37.4 = 8.4 mo. Septic shock was
diagnosed according to International Pediatric Sepsis Consensus Conference: definitions of criteria for sepsis and organ
dysfunction in paediatrics. Heart rate, respiratory rate, systolic blood pressure, diastolic blood pressure, average blood
pressure, SpO, were monitored. The cardiac output, ejection fraction, fraction shortening, stroke volume were measured
by ultrasound in M-mode by Teichholz method. Blood circulation in the a. mesenterica, a. hepatica, a. lienalis, a. renal
sinister, v. porta, v. lienalis, v. renal sinister was determined by impulse Doppler’s wave. Acid-base and electrolytes
level in serum, nitric oxide (NO), endothelin I, creatinine, C-reactivity protein and lactate blood level were measured.
The control group consisted of 21 healthy children (9 boys and 12 girls), aged 37.5 = 5.4 mo. in average (Group II).
We used t-criteria (Student’s) and correlation with R-criteria (Spearmen) for statistical analysis. The data showed a
statistically significant lower fraction of ejection, fraction of shortening, stroke volume in Group 1. Moreover, our data
showed a statistically high level of mesenterial and portal blood flow rate and high pulse index in v. renal sinister
compared to healthy children. The blood level of NO was increased in Group I as well as in Group II. Direct
correlations were determined between the level of NO and mesenteric, hepatic arterial and venous blood flow rate.
Statistically significant inverse correlations between the level of NO and pulse resistive index in splanchnic vessels were
discovered as well as inverse correlations between the NO level and the indicator of the severity of condition on PRISM
scale (r = —0.952). At the same time, we have found no correlation between splanchnic circulation value and cardiac
output. Based on the results of this study, we consider that NO has organ protective effects in children with
meningococcal sepsis. Future research should aim to introduce new strategies of intensive care for patients with
meningococcal septic shock with early use of inotrope and NO-donor therapy in fluid restriction combination.

Keywords: meningococcal sepsis; children; nitric oxide; portal circulation

C. High mortality is not the only problem posed by meningococcal
infection — more than a third of surviving patients have one or more

Meningococcal infection (MI) was first described by Vieus-
seux, Switzerland in 1805. Meningococcus (Neisseria meningitidis)
was first identified in the cerebrospinal fluid of a patient with
meningitis by Weichselbaum in 1887. According to WHO, MI has
caused 171,000 deaths all over the world since the year 2000
(Hamborsky, 2015).

N. meningitidis leads to 500,000 cases of meningitis and septi-
cemia in the world annually. Recent foreign data indicate a 5-15%
mortality rate of meningococcal diseases (Sadarangani et al., 2015).
It remains highly distressing that MI can kill healthy people of any
age within a few hours of the onset of the first symptoms.

In 1919 W. W. Herrick pointed out, regarding meningococcal
infection, "there is no other infection that kills so quickly" and this
statement is still correct almost 100 years later. Meningococcal
disease is the leading infectious factor in the death in children in the
UK, despite the success of vaccination against meningococcus group

clinically significant physical, cognitive or functional defects.

Overall, one in ten affected children can suffer such serious
consequences as amputations and brain damage (Viner et al., 2012).
Deaths and severe disability are usually associated with the fulminant
course of meningococcal sepsis, the frequency of which is 10-20%
and the mortality up to 80-100%. The leading factor of death and
serious complications of the skin and soft tissue with MI is septic
shock (Nadel, 2016). In pathogenesis of septic shock the main role is
played by disorders of the microcirculation and tissue perfusion or
microcirculatory distress, which are based on the damage to the endo-
thelium (De Backer et al., 2013; Ince et al., 2016). Long-term persis-
tence of these disorders despite intensive therapy is one of the leading
factors in the formation of multiple organ failure syndrome and
unfavourable outputs in septic shock (De Backer et al., 2013).

It is known that two groups of mediators are involved in the
regulation of vascular tone: vasoconstrictors (catecholamines, vaso-
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pressin, angiotensin II, endothelin, leukotrienes) and vasodilators
(prostaglandins, serotonin, histamine, nitric oxide, atrial natriuretic
peptide) (Boisrame-Helms et al., 2013). There is a hypothesis that
explains the development of septic vasodilatation by an imbalance
between vasodilators and vasoconstrictors in favour of vasodilators.
However, vasodilatation affects not all vascular areas, but some
vascular pools can be in a state of spasm, leading to a redistribution
of blood flow through different parts of the microvasculature, as it
is shown in patients with severe sepsis that the number of microvas-
culature vessels with normal blood circulation (<20 pm) is signifi-
cantly lower, compared to healthy volunteers (De Backer, 2014).
Many studies have demonstrated that the slowdown of blood flow
in micro vessels persists and causes a disturbance of oxygen con-
sumption by tissues after solution resuscitation (Corréa et al., 2016).
In the experimental models of septic shock the rapid reduction in
microcirculatory blood flow was detected, the formation of vessels
with the ability to block blood circulation, increase in blood flow
heterogeneity and reduction of the density of capillaries. It is em-
phasized that these disorders can occur in the absence of intensive
hemodynamic changes and arterial hypotension (De Backer, 2014).
Due to redistribution of blood flow, microcirculatory disorders lead
to the development of multiple organ failure in septic shock
syndrome and have to be corrected immediately by intensive care
(Lupp et al., 2013). Thus, according to published data, vasodilation
and vasoconstriction simultaneously appear in septic shock and are
both responsible for damage to vital organs. However, in common-
ly adopted intensive care the major aim is to remove arterial
hypotension (predominantly vasodilation) by using sympathomime-
tic drugs, which cause more severe vasoconstriction and closing of
the vicious circle of septic shock. Nitric oxide (NO) is considered as
the main vasodilator. The lifetime of NO is about 6 sec. after which
it turns into nitrates (NO,") and nitrite (NO;). In septic shock NO
formation is stimulated by LPS and pro-inflammatory cytokines
from L-arginine due to the action of enzyme isoforms of NO-
synthase. The formation of NO may also be as a result of restora-
tion from NO, and NO;™ by nitrate reductase systems (Zhao et al.,
2015). The effect of NO on the microorganism is realized through
activation of soluble guanylate cyclase in the endothelium. Conse-
quently, synthesis of cyclic guanosine monophosphate increases,
causing the relaxation of blood vessels and as a result — hypotension
and increased capillary leakage (Zhao et al., 2015). Thus, an excess
of NO in septic shock can reduce systemic and pulmonary vascular
resistance, which in turn reduces the systemic and pulmonary blood
pressure. Its abundance is also associated with the development of
myocardial dysfunction and increased oxygen consumption. Howe-
ver, in septic shock vasodilatation and its effects are also likely to
occur due to hypoxia and activation of potassium channels, lactic
acidosis, and vasopressin deficiency.

Thus, in recent years, the alternative concept of the role of
L-arginine and NO in septic shock has been formulated. According
to this concept, as the result of the activation of the second path
using inducible nitric oxide synthase, hyperproduction of NO is
compensatory in nature due to the inhibition of NO production by
constitutive NO-synthase III type that provides a sufficient level of
NO required for maintaining adequate organ perfusion.

Thus, it has been suggested that, primarily affected by the pre-
valence of septic shock, vasoconstrictors improve organ perfusion
due to the overproduction of NO (Duran-Bedolla et al., 2014). It is
important to remember that if septic shock in adults is often accom-
panied by high cardiac output and low peripheral vascular resis-
tance (predominant occurrence of vasodilation), then septic shock
in children often has the opposite hemodynamic profile — low cardi-
ac output and elevated or normal vascular resistance.

That's why the leading symptom of septic shock in adults is
blood pressure reduction and in children — microcirculatory disor-
ders (Dellinger et al., 2013). Therefore, it is logical to assume that a
vasoconstrictor effect is dominant in children with septic shock.
This assumption is more logical regarding meningococcal septic
shock, thanks to expressive microcirculation disorders that cause

necrosis of the skin and soft tissue more frequently than in any other
diseases and the pathognomonic sign of meningococcemia-dissemi-
nated hemorrhagic rash with necrosis.

However, according to the concept of blood flow heterogeneity
in septic shock, a question arises: Is vasoconstriction present in all
vascular pools in children with meningococcal septic shock?
The greatest interest lies in the state of blood circulation in the
organs of the splanchnic zone (intestines, liver), which is the largest
vascular area and normally requires up to 25% of cardiac output
and characterizes multiple aspects of homeostasis (Prin et al., 2015).
There is an evident interest in the condition of the renal circulation,
because damage and dysfunction of the kidneys and organs of the
splanchnic zone are integral components of the multiple organ fai-
lure syndrome. Meanwhile, the data about microcirculatory changes
in these organs during septic shock remain highly controversial
(Gomez et al., 2014; Bernal, 2016). The next question concerns the
relationship between the cardiac output and the state of regional
circulation. Unfortunately, in the sources available to us, we have
found only a few papers devoted to the analysis of the central he-
modynamic in children with meningococcal septic shock and were
unable to locate even a single work on the state of the splanchnic
organs and renal blood flow. Meanwhile, there are publications on
the use of Doppler ultrasound for blood flow investigation of the
afferent and efferent renal vessels and mentioning the high efficien-
cy of this method for the prediction of acute kidney injury (Schnell
et al., 2012). Thus, there is significant difference in opinion on the
state of splanchnic and renal perfusion in cases of MI, dependence
of blood perfusion on the balance of nitric oxide and endothelin.
These aspects have not been researched in children with meningo-
coccal septic shock, which is why the current investigation was
carried out.

The purpose of the study was to assess the state of splanchnic
(top mesenteric, common hepatic, splenic artery, splenic and portal
venous) blood flow and renal blood flow in children with meningo-
coccal septic shock and make a subsequent comparison of the obtai-
ned data with the serum concentration of nitric oxide and endothelin I.
We also set the of goal of determining the relationship between the
level of nitric oxide, endothelin and serum parameters of renal and
splanchnic circulation, systemic inflammatory response and the
severity of organ failure in children with meningococcal septic shock.

Materials and methods

The study involved 11 children (4 boys and 7 girls) aged from
7 months to 9 years (34.9 + 8.5 months on average), who were hos-
pitalized in the ICU of Regional Children’s Infectious Diseases
Hospital (Kharkiv) in the years 20092011 and diagnosed with
septic shock of meningococcal etiology (Group 1). Diagnosis of
septic shock was established on the basis of criteria of the Interna-
tional Pediatric Sepsis Consensus Conference: definitions for sepsis
and organ dysfunction in pediatrics (2005). The severity was evalu-
ated on the basis of Glasgow Meningococcal Septicaemia Progno-
stic Score (GMSPS) — 9, 0.0 = 1.3 points on average; scale of septic
multiple organ failure SOFA — 10.1 + 1.2 points and PRISM GPA
scale — 20.4 + 3.2 points on average.

Monitor observation of patients included the determination of the
heart rate (HR), skin and rectal temperature gradient, electrocardio-
graphy, systolic (SBP), diastolic (DBP) and mean arterial pressure
(MBP), central venous pressure (CVP), the frequency of respiratory
movements (RR), pulse oximetry (SpO,) (monitors UM-300).

Simultaneously with intensive care measures (providing venous
access, sedation, oxygen or endotracheal intubation, blood analysis
and antibiotics therapy) all children underwent additional examina-
tion — M-mode echocardioscopy and pulsed-wave Doppler scan of
blood flow in the liver (AH), splenic (AL ) and upper mesenteric
(AM) arteries, portal (VP) and splenic (VL) veins (ultrasound scan-
ner "Ultima PA"). HR, end-diastolic (LVEDD) and end-systolic
(LVESD) size of the left ventricle was measured. According to the
formula Teichholz et al. (1976), indices of left ventricular end-sys-
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tolic (LVESV) and end-diastolic volume (LVEDV), stroke volume
(SV), stroke index (SI), ejection fraction (EF), contraction fraction
(FS) were calculated. Cardiac output (HMV), cardiac index (CO)
index and total peripheral vascular resistance (SVRI) were calcula-
ted by well-known formulae (Butterworth and Mackey, 2013). Also
the diameter of blood vessels (D) of the portal vein, hepatic artery,
splenic artery, upper mesenteric artery and splenic vein, the maxi-
mum (V) and minimum (Vy;,) blood flow speeds in these vessels
were measured. According to the well-known formulae, the average
blood flow velocity (Viyean), Pulse Code (RA), resistance index (IR),
blood flow volume Q, the ratio of blood flow to the body weight Q/m
and the indices of volumetric blood flow in the hepatic IBS AH and
upper mesenteric artery IBS AM and their relationship to the CO
(IBC/CO AH and IBC /CO AM) were calculated.

Besides, we determined the hepatic vascular index (HVI), sple-
noportal index (LPI), Doppler portal index (DPI), common hepatic
blood volume flow (CHBV), hepatic portal ratio (HPR). With all
patients the pulsed-wave Doppler scan blood flow in the left renal
artery (A, S) and (Vie, S) vein was performed and the average
flow velocity (Vimean), pulsation index (PI) and resistance index (IR)
were calculated based on the results of maximum (V) and
minimum (V ;) flow rate. Parameters of acid-base status and gases
of arterial and central venous blood were measured by analyzer
AVL — 995 and Gastat — mini. The level of hemoglobin (Hb) was
determined by the colorimetric method. The calculation of oxygen
supply DO,, oxygen consumption VO, and an index of tissue
oxygen extraction was carried out by known formulae. The level of
glucose was determined by analyzer "Exsan — G". C-reactive
protein and endothelin I was measured by immuno-enzyme analysis
(ELISA-test, USA), creatinine — by the method of Jaffe, content of
blood lactate — enzymatic method with "Olvex diagnosticum"
(Russia) by biochemical analyzer Stat Fax 1904+. The content of
NO was assessed by serum final metabolites (nitrites/nitrates) by
colorimetric method using the Griess reagent in the Central Re-
search Laboratory of Kharkov National Medical University.

The control group (Group II) was formed of 21 practically
healthy children (9 boys and 12 girls) (average age 37.5 + 5.4 mo).
The parameters of central hemodynamics indices, Doppler parame-
ters of blood circulation in the vessels of splanchnic zone, kidneys
and NO metabolites content and serum endothelin I were establi-
shed in the control group. Statistical processing of the obtained data
was carried out by means of Statistica 7.0 (StatSoft Inc., USA)
applications.

The test of normality was carried out according to the Kolmo-
gorov-Smirnov criterion. OQutput data were subordinated to a normal
distribution, so the significance of differences between groups was
determined by the t-test (Student's test) and correlations between the
parameters — using the rank correlation coefficient R (Spearman).

Results and discussion

Patients of the study Group I and the control Group II were not sig-
nificantly different in age and anthropometric parameters and therefore
can be comparable for further analysis of hemodynamic parameters and
indicators of splanchnological and renal blood flow (Table 1).

Table 1
General characteristics of Groups (Mean + SE)

Indices Groupl,n=11  GroupIll,n=21 P
Age, mo 349485 37.5+54 0.761
Height, cm 106.1+4.6 99.0+5.9 0.243
Body weight, kg 149+19 143+23 0.782
Body area, m’ 0.66+0.05 0.63 +0.06 0.603

groups A, B or C in the blood or nasal-throat) (Table 2). Indicators of
central hemodynamics in Group I were characterized by significantly
increased heart rate and reduced rates of systolic, diastolic and com-
mon arterial pressure. These changes are typical of decompensated
septic shock. Indicators of the diastolic-end and systolic- end dimen-
sions and volumes of the left ventricle in Group I and Group II did not
differ significantly, but due to the decrease of EDLVD and increase of
ESLVD, we investigated a decrease in the left ventricular systolic
function, which includes ejection and contraction fractions. Stroke
volume and left ventricular stroke indices were significantly lower in
Group I compared to Group II. However, integrated cardiac output
indices — the volume of blood and heart index were similar in both
groups. Despite reduced SV and SI, significant differences between
MHV and CO in both groups were absent due to tachycardia in
Group 1. The total peripheral vascular resistance was not significantly
different between the groups (Table 3).

Table 2
Indicators of systemic inflammatory response
and clinical signs of shock in Group I patients, n=11 (Mean + SE)

Indices Group |

HR, 1/min 163.3+£6.3

RR, 1/min 652+4.1

The number of leukocytes, 101 149+2.7

Body temperature, °C 392+03

C-reactive protein, mg/l 982+13.5

Time of filling the capillaries, s 56+04

Bad peripheral pulse, % 100.0

Table 3

Indicators of central hemodynamics in patients (Mean + SE)
Indices GroupL,n=11  GroupIl,n=21 P

SBP, mm Hg. 79.8+2.0 101.5+1.0 1.0-10”7

DBP, mm Hg. 434+3.0 573+14 0.001

MBP, mm Hg. 55.5+2.6 721+1.1 2.0-10°°

EDLVD, mm 28.9+0.02 30.4+0.07 0.540

ESLVD, mm 21.9+0.02 18.8+0.07 0.137

EDLVV, ml 355+£740 372+2.79 0.830

ESLVV, ml 18.5+4.42 11.3+1.03 0.118

SV, ml/m’ 17.0+3.11 258+1.89 0.025

SI, ml/min/m’ 2474297 43.7+225 56107

HMV, /min 2.7+044 2.6+0.16 0.775

CO, Vmin/m’ 40+042 44+022 0.394

EF, % 51.0+3.0 70.0+ 1.0 1.0-10°

FS, % 250+1.0 380+1.0 1.0-10”7

SVRYI, dinxsxcmxm> 115021329 1371.8 684 0.152

Children from Group I showed signs of systemic inflammatory
response in the form of fever, tachypnea, tachycardia, leukocytosis
(or leukopenia), increased levels of C-reactive protein (normally
less than 6 mg/1), which gave rise to the diagnosis of meningococcal
sepsis based on combination of abundant hemorrhagic rash and
results of bacteriological examination (emphasis of meningococcal
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Thus, the indicators for analysis of central hemodynamics in
children with meningococcal septic shock give reasons to recognize
a significant deterioration of left ventricular systolic function as the
leading factor of hemodynamic disorders, which in time offsets a
significant increase in the heart rate. Despite the rather high cardiac
output at normal ISVR of patients in Group II there was significant
hypotension. We can assume that the second important factor which
causes hemodynamic instability in the examined patients was the
relative angioparesis, which made it impossible to maintain normal
blood pressure. Analysis of acid-base status in patients of Group I
indicates that they suffered from decompensated metabolic acidosis
with increased anion interval. The possible reason for this was
hyperlactatemia. Moderate anemia, hypercalcemia and increased
creatinine were also observed. Usually, hypercalcemia is an atypical
phenomenon for septic shock, but in our opinion, it was caused by
the introduction of calcium to patients in prehospital emergency
care. The increased level of creatinine indicates acute kidney dama-
ge in patients of Group 1. Transport and consumption of oxygen
were characterized by the moderate decrease in oxygen delivery
with saved oxygen consumption, which is typical for the subcom-
pensated state (Table 4).

Analysis of the blood flow in arterial vessels in the splanchnic
zone shows the differences between Group I and the control Group II.
Blood flow in the hepatic artery in Group I was characterized by
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significant growth of diastolic velocity Vmin accompanied by a sig-
nificant decrease of pulsating index and resistance index compared
to Group II. These changes follow the development of angioparesis
in the hepatic artery. However, the volume flow rates of Groups I
and II were not significantly different. So angioparesis may be vie-
wed as compensatory within autoregulation of circulation in the
internal organs to promote the required volume of blood circulation
in the systemic arterial hypotension (Table 5).

In a. mesenterica of Group I we observed an almost double growth
of Vi Was observed up to 181.6 & 26.4 sm/s, statistically unreliable
tendency to increase the pulse index and resistance index with significant
increase in the blood flow volume relating to body weight Q/m to 75.3 +
11.0 ml/min/m” compared to 46.6 + 4.5 ml/min/m’ in Group II. Such
changes of mesenteric blood flow should be considered as arterial
congestion or excessive arterial blood supply, which leads to partial
compensation in the form of arterial spasm development as
autoregulation mechanisms of organ blood flow. We can exclude
postprandial increase in blood flow in a. mesenterica because of the
critical condition of children on empty stomachs who were admitted to
the intensive care.

Table 4

Indicators of acid-base, fluid and electrolyte balance,

oxygen transport and oxygen consumption in Group I patients,
n=11, (Mean + SE)

Indices Group,n=11
Hb, g/l 105.9+4.7
Pa0,, mm Hg 1244 +21.1
Sa0,,% 953+1.6
PCvO,, mm Hg 532+54
SvO,, % 76.2+4.1
PaCO,, mm Hg 30.1+1.6
pH 7.27+0.06
AB, mmol/l 155+19
BB, mmol/l 349+33
BE, mmol/l -11.6+£3.5
A gap, mmol/l 349+33
Na", mmol/l 1464+3.6
K, mmol/l 4.69+0.76
iCa™, mmol/l 143+0.34
Cl" ,mmol/l 105.8+2.4
Venous blood Lactate, mmol/l 6.51+2.17
Creatinine, mkmol/l 187.3+45.5
DO, I/min/m’ 517.9+44.0
VO,, /min/m* 124.7+325
ITEO,, % 21+4

Blood flow in a. lienalis in patients in Group I was not signifi-
cantly different in comparison with indicators of Group II (Table 5).
Blood flow in v. portae in Group I was characterized by statistically
significant increase of maximum, minimum and average linear blood
flow compared with Group II. Increase of volumetric flow only had a
statistically unreliable tendency. Indicators in the splenic vein flow
had no significant differences between the study groups (Table 6).

Thus, in our opinion, the changes in blood flow in the portal
vein should be also considered as a compensatory reaction to
increase the blood supply of the liver. Taking into account the
background of septic shock, we can consider a growing need for
oxygen because of indirect systemic inflammatory response among
the reasons for increased blood flow of the liver. In compensatory
reaction to the arterial hypotension, we can observe the activation of
Kuepfer macrophages and synthesis of acute phase proteins.

In analysis of the indices of blood flow in the hepatic artery, we
haven’t found any significant differences between Groups I and IL.
However, the blood flow volume index and its relation to body
weight in Group II in the upper mesenteric artery were significantly
higher than in Group I. The presence of significant differences
between the indicators HVI, DPI and HPR reflect the relatively
higher proportion of blood supply to the liver with the portal system
and relatively smaller one with the hepatic artery system together
with a statistically unreliable tendency to increase the overall
volume of hepatic blood flow (Table 7).

Table 5
State of blood flow in blood vessels (Mean + SE)
Indices Group,n=11  Groupll,n=21 P
AH
Vinax, COV/S 90.8+18.1 63.7+3.1 0.008
Vi, CVS 27.1+54 143+1.1 0.678
V inean, CI1V/S 48.1+9.0 28.0+3.0 0.073
PI 1.30+0.11 1.61+0.06 0.135
IR 0.69+0.03 0.78 £0.01 0.182
D,cm 0.28+0.03 0.32+0.03 0.786
Q, ml/min 2498 £47.4 291.8+44.1 0.212
Q/m, ml/min/m> 205+52 204+14 0.030
AM
Vinax, COV/S 181.6 264 1004 £4.6 0.064
Vi, CV/S 214+2.1 258+9.0 0.064
Vineans CVS 74.8+9.7 50.6+7.2 0.057
PI 2.08 £0.09 1.72+0.19 0.817
IR 0.87+£0.02 0.76 +£0.07 0.807
D,cm 0.41+0.02 0.41+0.01 0.241
Q, ml/min 1075.4+2379 698.0 +149.1 0.315
Q/m, ml/min/m’ 753+11.1 46.6+4.5 0.378
AL
Vinax, COV/S 97.2+15.1 673+£3.0 0.064
Vinin, CITV/S 262+4.0 179+13 0.064
Vineans CVS 50.1+7.5 31.2+33 0.057
PI 1.43+£0.06 1.45+0.06 0.817
IR 0.73+£0.02 0.73+£0.01 0.807
D,cm 0.31+0.02 0.34+0.01 0.241
Q, ml/min 467.0+124.1 330.6+38.7 0.315
Q/m, ml/min/m’ 34.1+£10.7 242423 0.378
Table 6
State of blood flow in the portal and splenic veins (Mean + SE)
Indices GroupL,n=11  GroupIl,n=21 P
VP
Vinax, VS 29.1+4.2 16.6+0.7 0.010
Vinin, CIV/S 145+13 11.2+0.5 0.007
Vineans CVS 170£1.5 13.0£0.6 0.007
PI 0.45+0.03 0.42+0.02 0.122
IR 0.34+0.02 0.33+£0.01 0.129
D,cm 0.56+£0.05 0.58+0.02 0.356
Q, ml/min 489.9+95.0 328.0+£32.5 0.131
Q/m, ml/min/m’ 38.0+£9.5 245+13 0.178
VL
Vinax, VS 20.6+3.2 221412 0.667
Vinin, CIVS 162+3.0 162+1.1 0.998
V inean, CIVS 17.7+£3.1 182+1.1 0.881
PI 0.31+0.07 0.34+0.04 0.672
IR 0.24+0.04 0.27+0.03 0.534
D,cm 0.56 £0.05 0.40+0.02 0.947
Q, ml/min 246.5+57.8 237.14+279 0.888
Q/m, ml/min/m’ 18.0+4.6 175+1.6 0912
Table 7

Indices of portal blood flow in the hepatic
and upper mesenteric arteries (Mean + SE)

Indices Group,n=11  GroupIl,n=21 P
IBC AH 1795.9+373.8 1202.8 +168.5 0.175
IBC AM 73243+1423.6 28604 +568.7 0.011
IBC/CI AH 478+9.0 283+5.0 0.083
IBC/CI AM 194.7+41.8 684+16.6 0.013
HVI, cm/s 16.7+£2.2 6.7+0.3 0.001
LPL % 67.6+21.2 780+74 0.667
DPI 0.35+0.03 0.50+0.05 0.012
CHBV, ml/min 739.7+136.4 563.4+412 0.220
HPR 0.56 +0.08 0.74 +0.09 0.025

No significant differences in blood flow parameters between
Groups | and II were found. Indicators of blood flow in the left
renal vein showed no differences between Groups I and I, except
that the pulse index (PI) in patients of Group I with meningococcal
septic shock was significantly higher than in Group II. Thus, in
patients with septic shock of meningococcal etiology a substantial

94 Regul. Mech. Biosyst., 8(1)



and clinically significant renal venous vasoconstriction was obser-
ved (Table 8).

Table 8
State of blood flow in the left renal artery and vein (Mean + SE)

Indices Groupl,n=11  GroupIl,n=21 P
A S
Via, CVS 55.1+£8.6 68.0+3.7 0.182
Vi, CIVS 149+28 16.8+1.3 0.539
Vimean, CIV/S 283+45 338+1.7 0.257
PI 1.46+0.16 1.52+£0.08 0.762
IR 0.72+0.04 0.75+0.02 0.546
Vien S
Vi, CIVS 19.8+3.0 172+09 0.402
Vi, CIVS 99+15 11.6+0.5 0.276
Vimean, CIVS 132+1.8 13.5+£0.6 0.880
PI 0.73+0.15 0.41+0.03 0.042
IR 0.45+0.07 0.32+0.02 0.056

diastolic flow velocity and the development of acute kidney damage
are similar to those of other researchers (Fig. 1). Correlation analysis
of indicators of renal venous flow revealed the presence of significant
connection between V;, in the renal vein and creatinine (R =—0.840,
P < 0.05). The Pulse Index of renal veins in Group II never exceeded
the mark of 0.53 (Max = 0.53, Min = 0.22) (Fig. 2). To assess the
impact of vasoactive mediators on blood flow distribution to different
vascular zones, we explored the content of total serum metabolites of
nitric oxide (NO, + NO;") and concentration of endothelin I in blood.
It was found that children in Group I had a significant increase of
nitric oxide metabolites in comparison to those in Group II. Despite a
tendency to slight increase of endothelin I concentration in Group I,
there were no significant difference between the groups (Table 9).

Table 9
Content of NO final metabolites and serum lactate (Mean + SE)

Basically, the results of our data on the specificity of venous
vasoconstriction, which is mostly characterized by a decrease in

Indices GroupLn=11 GroupIl,n=21 P
The total NO metabolites, mkmol/l 513+83 293+25 0.014
Endothelin I, pmol/l 0.70+0.35 0.24+0.01 0.264

;. Mupowsuaenmco M

L]
1

Fig. 2. Renal blood flow in healthy child

In order to determine the presence of relations between the
states of regional blood flow , we conducted a correlation analysis
of systemic inflammatory response, severity and studied vasoactive
mediators. This analysis revealed strong positive relations between
cumulative NO metabolites, speed of blood flow through the
vessels in the splanchnic zone, diameter of vessels, pulse index and
index of resistance. The direction of these connections testified the
dependence of the vascular zone on NO, which has the ability of
NO to cause vasodilation in liver and upper mesenteric artery,

splenic and portal veins. The direct relation of NO with the number
of polymorphic nuclear neutrophils and reverse assessment scale of
PRISM may indicate the increased production of NO which has a
positive impact on patients recovering from meningococcal septic
shock. Unlike NO, the endothelin correlation with indicators of
vascular tone is evidence of its vasoconstrictive effect. Besides,
endothelin had a direct relation with C-reactive protein. Based on
our obtained data, we set ourselves the question about the role of
cardiac output in influence on the performance of regional circulation.
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In order to answer this question, we conducted a correlation analysis
between the cardiac output measure and those indicators that demon-
strated a close correlation with vasoactive mediators. In none of the
cases did the SO have significant correlations with indicators of regio-
nal blood flow and systemic inflammatory response or severity of the
examined patients’ status (Table 10). We haven’t found any signifi-
cant correlation between indicators of central hemodynamics and NO,
which may probably refute the traditional view of the ability of NO to
cause myocardial depression in sepsis (Table 11).

Table 10

Correlation between cardiac output, vasoactive mediators,
indicators of organ blood flow, systemic inflammatory
response and the severity of Group I

Indices R P
Vamin AH—-CO -0.200 >0.05
Vinin AH -NO -0.710 <0.05
IRVP-CO -0.083 >0.05
IR VP-NO 0738 <0.05
PIVP-CO -0.083 >0.05
PIVP-NO -0.738 <0.05
D AM-CO 0.368 >0.05
D AM-NO 0.826 <0.05
Vimax VL—-CO 0.000 >0.05
Vimax VL-NO 0.785 <0.05
Vain VL —CO 0.000 >0.05
Viin VL -=NO 0.780 <0.05
Vinean VL—CO 0.000 >0.05
Vinean VL—NO 0.780 <0.05
PRISM -CO 0.118 >0.05
PRISM-NO -0.952 <0.05
Polymorphonuclear neutrophils — CO 0.358 >0.05
Polymorphonuclear neutrophils - NO 0.845 <0.05
IRVL-CO -0.283 >0.05
IR VL —endothelin I 0.730 <0.05
PIVL-CO -0.283 >0.05
PI VL —endothelin I 0.730 <0.05
DAL-CO 0.193 >0.05
D AL —endothelin I —0.672 <0.05
DVP-CO -0.122 >0.05
D VP — endothelin —0.666 <0.05
IRVL-CO -0.283 >0.05
IR VL —endothelin I 0.732 <0.05
PIVL-CO —-0.283 >0.05
PI VL — endothelin I 0.732 <0.05
C-reactive protein— CO —0.383 >0.05
C-reactive protein — endotelin | 0.808 <0.05
Table 11

Correlation between indicators of central hemodynamics

and NO metabolites in the Group I

Indices R P
MAP -NO 0.443 >0.05
EDLVD-NO 0.060 >0.05
ESLVD -NO 0.059 >0.05
SV-NO 0.084 >0.05
CO-NO 0.071 >0.05
EF-NO 0.132 >0.05
SVRI-NO 0.500 >0.05

Thus, our obtained data on the state of central hemodynamics
of children with meningococcal septic shock in general are similar
to the work of Have et al. (2000) — the only ultrasound research
conducted on hemodynamics in meningococcus infected children,
which also showed a significant reduction in left ventricular systolic
function and its prognostic significance in poor output. However,
our findings may create a discussion on important role of
hypovolemia in the development of septic shock in children.
Identifying the truth on this matter is extremely important, because
the current existing recommendations on the management of septic
shock (including meningococcal shock in children) give preference
to aggressive infusion therapy as the first step in treatment (Brierley
et al., 2009; Nadel, 2016). However, the results of our studies show

the negative effects of aggressive infusion in patients with systolic
heart failure! At the same time , we observe another approach to
using infusion therapy in adults with septic shock, which includes
minimization of the liquid volumes (Malbrain et al., 2014; Malbrain
et al., 2015; Chen and Kollef, 2015). In a recent published study, the
benefits of restrictive fluid therapy in comparison with standard
infusion at septic shock in adults were presented (Hjortrup et al.,
2015). The study RENAL showed that negative daily water balance
was associated with clinical improvement in these patients (Bellomo
etal., 2012).

The researched changes in the regional blood flow distribution
in the splanchnic areas in patients with meningococcal septic shock
indicate that the organs in splanchnic areas are not exposed to
ischemia. On the contrary, in terms of early septic shock we found
hyper perfusion on the basin of the upper mesenteric artery and
increase (mainly due to portal) of total hepatic blood flow, which
may well reflect increased oxygen need in the liver and intestine.
The latter could be reached through the activation of immune cells
(associated with intestine lymphoid tissue and liver Kuepfer
macrophages) and their participation in the systemic inflammatory
response. Also hemodynamic lesion of these organs may rather be
due to the hyper perfusion than ischemia. The same applies to the
kidneys. The role of direct prerenal ischemia in the development of
acute kidney damage in sepsis is becoming more doubtful. Kidney
damage and venous hypertension indicate intraorganic microcircu-
latory disorders, which were proven in the form of the pulse growth
index of the main renal veins found in our study (Zarbok et al., 2014).

The role of NO molecules in meningococcal septic shock
should be revised. The image of "sinister monster" responsible for
cardiac dysfunction and uncontrolled arterial hypotension in septic
shock should be rejected, because NO played a leading role in
maintaining microcirculation and perfusion in vital parts of the
vascular system (Duran-Bedolla et al., 2014).This is proved by the
leading foreign publications, as well as the results of correlation
analysis in our study. Unlike the current Guidelines SSC (2016), the
data we obtained can be a theoretical basis for the application of
NO donor in complex intensive therapy of hemodynamic disorders
associated with meningococcal septic shock with the aim of
improving the outcomes.

Conclusions

Meningococcal septic shock in children is characterized by
significant impairment of the central hemodynamics, which consists
in lowering blood pressure, tachycardia, and suppression of left
ventricular systolic function. The data we have obtained on the
nature of hemodynamic disorders in children suffering from menin-
gococcal septic shock should be used to substantiate a more cau-
tious approach to infusion therapy and earlier use of drugs with po-
sitive inotropic effects.

Given the significant increase of NO production, which correlates
with splanchnic circulation indicators, we can assume that hyper-
production of NO and hyperperfusion in the splanchnic zones play a
protective role against the development of organ failure, because they
are associated with a lower score on the PRISM scale.

The increased resistance index in the main renal veins in
patients with meningococcal septic shock is closely correlated with
the creatinine level, so it can be used as a non-invasive sign of acute
kidney injury. In contrast to the recommendations of the Surviving
Sepsis Campaign (2016) concerning the undesirable use of arginine
to increase the level of NO in adults with septic shock, the use of
arginine and other donors of NO in children with meningococcal
septic shock should be the subject of further research.
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Introduction

Lavryk, G., Korniychuk, O., & Tymkiv, M. (2017). Ultrastructural changes in biofilm forms of staphylococci
cultivated in a mixed culture with lactobacilli. Regulatory Mechanisms in Biosystems, 8(1), 98-103.
doi: 10.15421/021717

The capacity of opportunistic bacteria for biofilm formation plays an important role in the development of chronic
inflammatory processes, which are difficult to treat. To improve antimicrobial therapy methods, the influence of
lactobacilli on the ultrastructure of biofilm-forming clinical strains of staphylococci when co-cultured was investigated.
5 biofilm-forming clinical strains of S. aureus from the skin of acne vulgaris patients (n = 24) were isolated. Using
transmission electron microscopy (TEM) the morphological changes of S. aureus cells in the mixed culture with
standard strains of Lactobacillus plantarum 8P-A3 and clinical strains of L. fermentum (n = 4) were studied. It was
found that in 48 hours after the inoculation on the medium of samples of mixed cultures of L. plantarum 8P-A3 and
S. aureus growth of staphylococci was not revealed. Only in some cases of mixed cultures of L. fermentum and biofilm-
forming staphylococci was growth of S. aureus obtained. In electron diffraction patterns of control samples of 24-hour
staphylococcal monocultures and 48-hour lactobacilli monocultures, natural development of the population at the
cellular level was observed. Destructive changes under the influence of lactobacilli (probiotic and clinical strains) were
detected in all ultrathin sections of the cells of biofilm-forming and planktonic staphylococci. Significant destructive
changes in the cell wall of the staphylococci were observed: thickening, obtaining of irregular form, detachment of the
cytoplasmic membrane, the complete destruction of the peptidoglycan layer and the emergence of "shadow cells".
On all electron diffraction patterns fibrillar-threadlike structures of DNA could not be observed, but in some cases
mesosome-like formations were poorly contrasted. It was established that the surface S-layer of lactobacilli was
expressed on a significantly larger scale in the mixed culture with staphylococci. In mixed culture of clinical strains of
lactobacilli with biofilm form of S. aureus, staphylococcal cells could be found in a dormant state. Thanks to an
experimental model of biofilm in a mixed culture, the development of destructive changes of staphylococci under the
influence of the lactobacilli both on the morphological and at the population levels has been assessed. The results
obtained can be used in improving the schemes of complex antimicrobial therapy of pyoinflammatory processes with
the use of biological preparations, which are composed of lactobacilli, including those in the form of local application.

Keywords: biofilm; Lactobacillus; Staphylococcus aureus; transmission electron microscopy

renko, 2010). Biofilm microbiota, being in a symbiotic relationship
with the macroorganism, create a powerful biological barrier, which

Staphylococci, as ubiquitous opportunistic microorganisms, colo-
nize the skin of the mucous membranes of many human body ecosys-
tems (nasopharynx and oropharynx, gastrointestinal tract, vagina)
(Wertheim et al., 2005). The carriage of staphylococci in the human
population is over 20% (Kluytmans et al., 1997; Dall'Antonia et al.,
2005). Staphylococcus aureus biofilm formation is a serious problem
in nosocomial infections, and especially in the development of resis-
tance to the majority of existing antibiotics. It should be stated that the
ability to colonize and form biofilms on medical implants, catheters,
endotracheal tubes, leads to the emergence of serious catheter-venti-
lator-associated infectious complications, sepsis (Reid, 1999; Wein-
stein and Darouiche, 2001; Ghannoum and O'Toole, 2004; Pal et al.,
2007; Eftekhar and Mirmohamadi, 2009; Revdiwala et al., 2012, Nair
et al., 2014). Furthermore, 60-65% of infections of the respiratory
and urinary tract, osteomyelitis, endocarditis, cystic fibrosis, perio-
dontitis, sores, etc. are caused by biofilm forms of bacteria (Hall-
Stoodley and Stoodley, 2009; Wang et al., 2010). S. aureus is a major
cause of development of persistent, chronic pyoinflammatory infecti-
ons (Otto, 2008; Hall-Stoodley and Stoodley, 2009; Gostev and Sido-

prevents colonization of the epithelium by pathogenic microorga-
nisms and ensures the preservation of its own microflora in natural
human biotopes (Shyrobokov et al., 2009; He et al., 2011). It was
found that human commensal microorganisms, being a part of the
skin microbiocenoses, intestines, mucous, form complex interspecific
communities (Hall-Stoodley and Stoodley, 2009; Harriott and No-
verr, 2009). These formations are social systems characterized by
certain co-operation and functional specialization, controlled by the
QS-system (quorum sensing). Global regulation ensures the forma-
tion of biofilm, as well as increased bacterial adhesion, the beginning
of the synthesis of the factors associated with the antagonistic activity
for representatives of indigenous microflora and the manifestation of
the pathogenicity for opportunistic microflora (MacFarlane, 2008;
Bondarenko, 2011).

Lactobacilli are essential symbionts and members of various
human body ecosystems. Anti-staphylococcal activity of lactobacilli
strains is carried out by the production of nonspecific antimicrobial
metabolites, such as organic acids including lactic, acetic, propionic
and butyric, hydrogen peroxide, lysozyme and bacteriocin-like inhi-
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biting substances (BLIS), biosurfactants (glycolipids, rhamnolipids,
lipopeptides, polysaccharide-protein complexes, phospholipids, fatty
acids and neutral lipids) (Dworkin et al., 2006; Varma et al., 2010,
2011; Dobson et al., 2012).

The efficacy of probiotic preparations containing lactobacilli is
largely due to the activity of various antimicrobial agents, including
biosurfactants (Velraeds et al., 1996), which introduce a powerful
intervention into biofilm communities by changing the surface pro-
perties of bacterial cells, reduce their adhesion (Ahimou et al.,
2000) and hinder the development of biofilms and intercellular inte-
raction (Rasmussen and Givskov, 2006; Valle et al., 2006).

Consequently, the metabolites of lactobacilli are able to inhibit
biofilm formation and cause ultrastructural changes in S. aureus and
S. epidermidis cells, which leads to their death (Varma et al., 2011).

The aim of this study is to investigate the influence of lacto-
bacilli on the ultrastructure of biofilm-forming clinical strains of
staphylococci when co-cultured.

Materials and methods

For the investigation, 5 biofilm-forming clinical strains, isolated
from the skin of acne vulgaris patients (n = 24), were selected. Pri-
mary selection of the strains was carried out on the basis of changes
in their culture properties, including expressed increase in colony
viscosity. Thus the proportion of biofilm-forming forms was
20.8%. The strains of Lactobacillus fermentum (n = 4) were isola-
ted from the mucosa of the upper respiratory tract of healthy
patients. Isolation and identification of staphylococci were perfor-
med using standard nutrient medium in the laboratory of the micro-
biology department of Danylo Halytskyi Lviv National Medical
University according to the conventional techniques (Birger, 1982;
Vos et al., 2009).

Staphylococcal biofilm formation was performed at the bottom of
plastic cups (@ 50 mm) using nutrient broth ("Farmactiv", Ukraine), bio-
film of lactobacilli — using MRS-broth (de Man, Rogosa, Sharpe, India).
4 ml of broth and 10 pl of culture with turbidity 1,5 x 10° CFU/ml (cor-
responding to 5 McFarland units according to the standard) were
added to each cup, in such a way that the suspension was uniformly
distributed on the bottom of the cups. The cups with the staphylococci
inoculations were placed in an incubator for 24 hours and the plates

Table

with the lactobacilli inoculations placed in an incubator for 48 hours,
both at a temperature of 37 °C. After this exposure, the residual medi-
um was collected from the cups in order not to destroy the existing
biofilm and was washed with distilled water three times.

Similarly mixed cultures of Staphylococcus and Lactobacilli in
MRS-broth were formed within 48 hours at 37 °C. For this 4 ml of
the mentioned medium and 5 pl of lactobacilli and the staphylococ-
cal suspension with density 1,5 x 10° CFU/ml were added to the
plastic cups. As a control, a live culture of Lactobacillus plantarum
8P-A3, which is included in the composition of a probiotic prepara-
tion "Lactobacterin", which was obtained by cultivation in micro-
aerophilic conditions first in thioglycollate medium and then on
MRS-agar, was used. The standard film-forming strain of S. aureus
ATCC 25923 and not the film-forming strain of S. aureus ATCC
12228, were used to determine a benchmark.

To determine the number of viable cells both the staphylococci
and lactobacilli in mixed cultures of biofilms, inoculations of 10 ul
on the solid medium immediately after the inoculation and at 12,
24, 48 hours were produced. In the case of a high density of the
received culture it was diluted before the inoculation, which made it
possible to set the number of germinated colonies.

Preparation of samples for transmission electron microscopy
(TEM) was performed by classical methods (Weekly, 1975; Gold-
stein et al., 1984). They were viewed in the transmission electron
microscope PEM-100-01 at a voltage of 75 kV at magnifications
from x1,000 to %30,000.

Statistical analysis of experimental data was performed using
Excel for PC. The significance of the difference between the two
rates was assessed by Student's test. The difference was considered
significant at P < 0.05.

Results and discussions

Comparison of capacities for isolation from mixed cultures in a
nutrient medium and in conditions of the biofilm structure modeling
was conducted. Controlling inoculation on the solid medium imme-
diately after the inoculation in all samples of mixed cultures has
demonstrated the presence of staphylococci in an amount, close to
the inoculated dose from (4.5 + 0.02) to (4.8 £ 0.04) x 10 CFU/ml
(Table).

The dynamics of microorganisms growth after inoculation from biofilm

The number of microorganisms, CFU/ml

Bacterial strains associants inoculated

the growth after inoculation from structured biofilm

dose Oh 12h 24h 48 h

L. plantarum 8P-A3 and 10° 0* (1.1£0.09) x 10* 3x10 (0.9£0.08) x 10"
S. aureus ATCC 25923 1) @7x£002) x 10° (12£0.01) x 10° (1.35+0.09) x 10 0*

L. plantarum 8P-A3 and 10° 0* (1.3£0.08) x 10* 108 (1.0£0.1)x 10"
S. aureus ATCC 12228 1) (48x£0.02)x 10° (2.0£0.02) x 10° 75+0.56 0*

L. fermentum, N =4 10° 0* (1.5+£0.08) x 10* 1.5x10° 0.85£0.09) x 10"
S. aureus (biofilm-forming form), N =5 1:1)  (4.6x£0.02)x 10* (8.7£0.07) x 10° (1.35+0.09) x 10 (1.8£0.2) x 107
L. fermentum, N =4 10° 0* 3x10* 1.5x 10 (1.0£0.08) x 10"*
S. aureus ATCC 12228 () (45x£0.02) x 10° (12£0.04) x 10° (2.0£0.10) x 10° 0*

Note: statistically significant difference compared to control strains * — P < 0.05.

Growth of lactobacilli was absent. In isolation of cultures from
structured biofilm samples association L. plantarum 8P-A3 as with
the standard biofilm-forming strain of Staphylococcus and non-
biofilm form strain after 12 hours, the number of lactobacilli was
1.1£0.09 x 10*and 1.3 + 0.08 x 10* CFU/ml, respectively, with an
increase in the number of staphylococci to (1.2 + 0.015) and (2.0 +
0.03) x 10° CFU/ml. After 24 hours, the number of viable staphylococci
rapidly decreased to (2.3 = 0.02) and (2.0 + 0.04) x 10° CFU/ml,
and lactobacilli — increased to 10" CFU/ml.

The trend in the nature of isolation from biofilm structures of
clinical isolates L. fermentum and S. aureus association was similar
but more active isolation of both associant species was registered
after 12 hours. After 24 hours the number of isolated L. fermentum
was somewhat reduced in comparison with the activity of probiotic
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lactobacilli. Inhibition of Staphylococcus growth to (1.35 + 0.09) x 107
(biofilm form) was also observed and this inhibition was even more
pronounced with the non-biofilm forming standard strain of staphy-
lococci — 75 £ 0.56 CFU/ml. In 48 hours after the inoculation on the
medium lactobacilli, were isolated from all samples, and reached
the quantitative level 10'%. Isolation of staphylococcus was disconti-
nued, except for L. fermentum and S. aureus (biofilm form, the
number (1.8 £ 0.2) x 10%) and the growth of individual colonies of
clinical isolates of staphylococci in the modeling of biofilm was
registered (P < 0.05). Thus, clinical strains of lactobacilli adapted to the
conditions of the organism are actively reproduced in vitro, being
sufficiently effective antagonists under the conditions of biofilm. Ho-
wever, quantitatively, lactic acid lactobacilli promote more rapid death
of staphylococci in a mixed culture. The studies also show higher
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potential of preservation of the viability of biofilm form bacteria in the
bi-species biofilm. To assess the nature of the cell damage in the staphy-
lococcei in the mixed culture with the lactobacilli, the ulrastructure of
these species of bacteria was studied in biofilm modeling conditions.
In analyzing electron diffraction patterns in control samples of 24-hour

film-forming monocultures and planktonic Staphylococcus and 48-hour
lactobacilli, natural development of the population at the cellular level
was observed (Fig. 1a—). Cells were visualized at different stages of
morphogenesis: separation with forming cytoplasmic wall, at rest, as
well as with complete and partial autolysis (Fig. 15).

.

Fig. 1. Microphotography (TEM) of staphylococci and lactobacilli monocultures: (a) planktonic form of S. aureus ATCC 12228,
(b) biofilm form of S. aureus ATCC 25923 at different stages of cell development, (c) clinical strain of L. fermentum

In most cells, a characteristic ultrastructural organization was
observed: thick peptidoglycan layer, cytoplasmic membrane, nuc-
leoid located diffusely in the form of light fibrillar-threadlike DNA
structures, mesosomes (vesicular and lamellar membrane structu-
res) in the place of septum formation. With almost all ultrathin sec-
tions of lactobacilli cells, the surface S-layer is visible. Only in the
mixed culture of lactobacilli with staphylococci is it expressed on a
significantly larger scale (Fig. 2¢).

Comparing the electron diffraction patterns of 48-hour staphy-
lococcal monocultures and cultures mixed with lactobacilli in the
composition of biofilms, significant destructive changes in the ultra-
structure of staphylococcal cells were observed (Fig. 2). Destabili-
zation of the cell wall was manifested in its thickening, in the irre-
gular form acquired by the cocci, detachment of the cytoplasmic
membrane from the cell wall (Fig. 2f) and in the complete destruc-
tion of the peptidoglycan layer (Fig. 2a, e). Cell wall ruptures with
the outflow of cell content were also recorded (Fig. 2b, e), which
leads to a complete loss of colloid and corresponding protoplasmic
structures and appearance of "shadow-cells" (Fig. 2d). Due to the
high electron density of the cytoplasm in the nucleoid zone, it was
impossible to oberve characteristic pronounced fibrillar-threadlike
structures of DNA, in some electron diffraction patterns mesosome-
like formations were poorly contrasted. Such destructive changes
were detected in all the ultrathin sections of cells of biofilm-forming
and planktonic staphylococci induced by probiotic (Fig. 2g, /) as
well as clinical lactobacilli (Fig. 2a—e).

It is known that bacterial cells, growing in adverse conditions of
a natural or artificial environment, such as the depletion of nutri-
ents, oxygen, inadequate pH, etc. can be transformed into unculti-
vated (VBNC — viable but non-culturable) forms with a slow meta-
bolism, but preserving their viability. The uncultivated state is cha-
racterized by a number of molecular, structural and functional charac-
teristics of the biofilm (Lleo et al., 2007; Stewart and Franklin,
2008; Oliver, 2010; Trevors, 2011).

VBNC forms are in transient dormancy condition and are ori-
entated towards adaptation to stress and are associated with signifi-
cant dwarfism of cells, as well as the inability to grow on nutrient
media. Nevertheless, uncultivated cells that retain a certain degree
of metabolic activity can be restored in cultivated states with the
help of appropriate stimulation (Oliver, 2010; Trevors, 2011; Zandri
etal, 2012).

Our studies have shown that in the case of a combination of a
biofilm form of S. aureus and clinical strains of lactobacilli dormant

staphylococci cells are found in the field of view (Fig. 2a). Diffi-
culties in the treatment of many bacterial infections are associated
with formation of biofilm by microorganisms in the patient, which
plays an important role in clinical medicine (Chebotar et al., 2010;
Qu et al., 2010). One way to improve the effectiveness of antimic-
robial therapy of diseases caused by staphylococci, is the use of
tools that contribute to the disintegration of the biofilm to the tran-
sition of the pathogen in planktonic form. Microorganisms-antago-
nists in composition of eubiotic preparations, particularly, lacto-
bacilli may be used for this (Samot and Badet, 2013; Lee and Kim,
2014; Nair et al., 2014).

Different Lactobacillus species are part of the natural human
body biosystems and participate in the formation of multispecies
biofilms which contain two or more members within the associa-
tion. It has been proved that L. reuteri, on the basis of which a large
number of probiotics are created, can prevent reproduction of pa-
thogenic bacteria and restore the natural biofilm of the urogenital
tract in women (Whitchurch et al., 2002; Younes et al., 2012).

The bacterial cell wall and its associated proteins mediate the
interaction between the environment and the cytoplasm of micro-
bial cells. It acts as a structural barrier against the action of toxic
chemicals, protects the cell from changing environmental conditi-
ons and plays an important role in infection and pathogenicity
(Dmitriev et al., 2004). Changes in cell wall thickness take place
under the influence of various factors. In particular, its thickening
has been fixed among strains of antibiotic-resistant S. aureus in the
presence of antibiotics (Cui et al., 2000; Cui et al., 2003; Kim et al.,
2012). Increase in the thickness of the cell wall and its changes in
biochemical composition have also been obtained under the
influence of cold stress (Onyango et al., 2012). The phenomenon of
"shadow cells" with the release of cellular material outside is
described in the study of the damaging effect of silver on Pseudo-
monas aeruginosa using TEM. The results obtained are confirmed
by the scanning electron microscopy (SEM): the complete loss of
cell membranes with disintegration of intracellular material was
recorded in the processed cells (Dosunmu et al., 2015). Similar
investigations on the study of the silver ions mechanism of action
were carried out on cultures of S. aureus and Escherichia coli.
In gram-positive and gram-negative bacteria cell wall damage, the
release of cell content, complete or partial separation of the cyto-
plasmic membrane from the cell wall, and decrease in electron den-
sity in the cytoplasm were identified (Jung et al., 2008). The inter-
action between the silver and the components of bacterial membrane
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causes structural changes and damage to membranes and intracellular
metabolic activity, which may be the cause or the consequence of cell
lysis (McDonnell et al., 1999; Sondi and Salopek-Sondi, 2004; Pal et
al., 2007). Antiadhesive, antimicrobial and antibiofilm influence of
biosurfactants produced by strains of L. jensenii and L. rhamnosus,
in respect to a number of bacteria with clinical multidrug resistance
(Acinetobacter baumannii, Escherichia coli and Staphylococcus

aureus (MRSA)), which can form biofilms on wounds, medical
implants and industrial surfaces was revealed.Confirmation of TEM
has shown cell wall damage and the appearance of shadow-cells
(Sambanthamoorthy et al., 2014).

Comparing our results with those of other researchers, it may
be suggested that such reaction of the cell wall may be common to
bacterial cells under the influence of different stress factors.

o

Fig 2. Microphotography (TEM) of mixed cultures of staphylococci and lactobacilli: (a) L. fermentum and S. aureus ATCC 12228,
(b) L. fermentum — excess of S-layer, (c, d, e, f) L. fermentum and biofilm form of S. aureus (ultrastructural changes in staphylococcal cells
are marked with arrows), (g) L. plantarum 8P-A3 and biofilm-forming form of S. aureus. L. plantarum 8P-A3 and S. aureus ATCC 12228

Regul. Mech. Biosyst., 8(1)
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In one recent study (Khaleghi and Kermanshahi, 2012), the
authors showed that environmental conditions affect the protein of the
S-layer and the slpA gene expression. During the electron-microsco-
pic examination of Lactobacillus acidophilus ATCC 4356, the excess
of the S-layer was found at both ends of the bacterial cell at a tem-
perature of 45 °C. This allows one to suggest that the S-layer protein
is predominantly expressed in conditions which are not optimal for
bacterial growth. The S-layer probably acts as a protective shell in
L. acidophilus ATCC 4356. In addition, the results of some studies
indicate the involvement of lactobacilli S-layer proteins in providing
hydrophobicity, autoaggregation and adhesion of these bacteria to a
variety of surfaces (Van der Mei et al., 2003; Vadillo-Rodriguez et al.,
2004; Khaleghi and Kermanshahi, 2012; Hynénen and Palva, 2013).

In our studies, when comparing the S-layer of lactobacilli in
mono- and mixed cultures, its increase was seen only in the second
case — in the mixed culture of lactobacilli with staphylococci. These
results confirm the hypothesis that the observed changes are the in-
dicators of the reaction general to the bacteria manifested by mor-
phological modifications in the conditions of interaction with the
"unfriendly" assiociants.

Conclusions

In terms of bi-species biofilm modeling, survival of assiociants of
both species increases. The probiotic strain of lactobacilli reveals a
more pronounced antagonistic effect on the staphylococci cultures in
comparison with the activity of clinical isolates, while maintaining a
minimum viability of probiotic forms of Staphylococcus. At the po-
pulation level, the ratio of morphological types of S. aureus cells with
an increase in the amount of involutional and lysed cells changed.
Significant ultrastructural changes took place at the morphological
level of staphylococcal cells. In mixed cultures of clinical strains of
lactobacilli and biofilm-forming staphylococci, the latter moved into a
state of rest, fixed by TEM, and during inoculation they retained their
capacity for cultivation in vitro, which indicates the high competi-
tiveness of staphylococci. Thanks to an experimental model of bio-
film in a mixed culture, the present study has allowed us to establish
the nature of the antagonistic action of lactobacilli on S. aureus and to
evaluate the development of destructive changes in the dynamics.
The results obtained can be used in improving the schemes of comp-
lex antimicrobial therapy of pyoinflammatory processes with the use
of biological preparations, which are composed of lactobacilli, inclu-
ding those in the form of local application.

References

Ahimou, F., Jacques, P., & Deleu, M. (2000). Surfactin and iturin A effects on
Bacillus subtilis surface hydrophobicity. Enzyme and Microbial Technology,
27(10), 749-754.

Birger, M. L (ed.) (1982). Spravochnik po mikrobiologicheskim i virusologi-
cheskim metodam issledovanija [Handbook on microbiological and
virological research methods]. Medicine, Moscow (in Russian).

Bondarenko, V. M. (2011). Rol' uslovno-patogennyh bakterij pri hronicheskih
vospalitelnyh processah razlichnoj lokalizacii [The role of opportunistic
bacteria in chronic inflammatory processes of different localization]. Triada,
Tver (in Russian).

Cameotra, S. S., Makkar, R. S., Kaur, J., & Mehta, S. K. (2010). Synthesis of
biosurfactants and their advantages to microorganisms and mankind in
Biosurfactants. Springer, New York.

Chebotar, 1. V., Mayansky, A. N., Konchakova, E. D., Lazareva, A. V., &
Chistyakova, V. P. (2012). Antibiotikorezistentnost' biopljonochnyh bakterij
[Antimicrobial resistance of bacteria in biofilms]. Clinical Microbiology and
Antimicrobial Chemotherapy, 14(1), 51-57 (in Russian).

Cui, L., Ma, X, Sato, K., Okuma, K., Tenover, F. C., Mamizuka, E. M., Gemmell,
C. G, Kim, M. N,, Ploy, M. C,, El-Solh, N., Ferraz, V., & Hiramatsu, K.
(2003). Cell wall thickening is a common feature of vancomycin resistance in
Staphylococcus aureus. Journal of Clinical Microbiology, 41(1), 5-14.

Cui, L., Murakami, H., Kuwahara-Arai, K., Hanaki, H., & Hiramatsu, K. (2000).
Contribution of a thickened cell-wall and its glutamine non-amidated
component to the vancomycin resistance expressed by Staphylococcus
aureus Mu50. Antimicrobial Agents Chemotherape, 44(9), 2276-2285.

Dall'Antonia, M., Coen, P. G., Wilks, M., Whiley, A., & Millar, M. (2005).
Competition between methicillin-sensitive and-resistant Staphylococcus
aureus in the anterior nares. Journal of Hospital Infection, 61(1), 62—67.

Derkach, M. P., Humetsky, R. J., & Chaban, M. E. (1977). Kurs variacijnoi' statys-
tyky [A course of the variation statistics]. Vyshha Shkola, Kyiv (in Ukranian).

Dmitriev, B. A., Toukach, F. V., Holst, O., Rietschel, E. T., Ehlers, S. (2004).
Tertiary structure of Staphylococcus aureus cell wall murein. Journal of
Bacteriology, 186, 7141-7148.

Dobson, A., Cotter, P. D., Ross, R. P., & Hill, C. (2012). Bacteriocin production:
A probiotic trait? Applied and Environmental Microbiology, 78(1), 1-6.
Dosunmu, E., Chaudhari, A. A., Singh, S. R., Dennis, V. A., & Pillai, S. R.
(2015). Silver-coated carbon nanotubes downregulate the expression of
Pseudomonas aeruginosa virulence genes: A potential mechanism for their

antimicrobial effect. Journal of Clinical Microbiology, 10, 5025-5034.

Dworkin, M., Falkow, S., Rosenberg, E., Schleifer, K.-H., Stackebrandt, E. (2006).
The prokaryotes: Vol. 4: Bacteria: Firmicutes, Cyanobacteria. Springer-Verlag,
New York.

Eftekhar, F., & Mirmohamadi, Z. (2009). Evaluation of biofilm production
by Staphylococcus epidermidis isolates from nosocomial infections and
skin of healthy volunteers. International Journal of Medicine and
Medical Sciences, 1(10), 438-441.

Ghannoum, M., & O'Toole, G. A. (2004). Microbial biofilms. ASM Press,
Washington.

Goldstein, J., Newbury, D. E., Echlin, P., Joy, D. C., Fiori, C., Lifshin, E. (1984).
Pastrovaja jelektronnaja mikroskopija i rentgenovskij mikroanaliz [Scanning
electron microscopy and X-ray microanalysis]. Mir, Moscow (in Russian).

Gostev, V. V., & Sidorenko, S. V. (2010). Bakterial'nye bioplenki i infekcii [Bac-
terial biofilms and infections]. Zhurnal Infektologii, 2(3), 4-15 (in Russian).

Hall-Stoodley, L., & Stoodley, P. (2009). Evolving concepts in biofilm infections.
Cell Microbiology, 11, 1034-1043.

Harriott, M. M., & Noverr, M. C. (2009). Candida albicans and Staphylococcus
aureus form polymicrobial biofilms: Effects on antimicrobial resistance.
Antimicrobial Agents Chemotherape, 53, 3914-3922.

He, X., Hu, W., He, J., Guo, L., Lux, R., & Shi, W. (2011). Community-based
interference against integration of Pseudomonas aeruginosa into human
salivary microbial biofilm. Molecular Oral Microbiology, 26(6), 337-352.

Hynoénen, U., & Palva, A. (2013). Lactobacillus surface layer proteins: Structure,
function and applications. Applied Microbiology and Biotechnology, 97(12),
5225-5243.

Jung, W. K., Koo, H. C., Kim, K. W., Shin, S., Kim, S. H., & Park, Y. H. (2008).
Antibacterial activity and mechanism of action of the silver ion in
Staphylococcus aureus and Escherichia coli. Applied and Environmental
Microbiology, 74(7), 2171-2178.

Khaleghi, M., & Kermanshahi, R. K. (2012). Effect of environmental stresses on
S-layer production in Lactobacillus acidophilus ATCC 4356. Advances in
Applied Microbiology, 3, 209-224.

Kim, J. W., Chung, G. T., Yoo, J. S,, Lee, Y. S., & Yoo, J. L. (2012). Autolytic
activity and molecular characteristics of Staphylococcus haemolyticus strains
with induced vancomycin resistance. Journal of Medical Microbiology,
61(10), 1428-1434.

Kluytmans, J., Van Belkum, A., & Verbrugh, H. (1997). Nasal carriage of
Staphylococcus aureus: Epidemiology, underlying mechanisms, and
associated risks. Clinical Microbiology Reviews, 10(3), 505-520.

Lee, S. H.,, & Kim, Y. J. (2014). A comparative study of the effect of
probiotics on cariogenic biofilm model for preventing dental caries.
Archives of Microbiology, 196(8), 601-609.

Lleo, M., Bonato, B., Tafi, M. C., Caburlotto, G., Benedetti, D., & Canepari,
P. (2007). Adhesion to medical device materials and biofilm formation
capability of some species of enterococci in different physiological
states. FEMS Microbiology Letters, 274(2), 232-237.

Macfarlane, S. (2008). Microbial biofilm communities in the gastrointestinal
tract. Journal of Clinical Gastroenterology, 242(3), 142—-143.

McDonnell, G., & Russell, A. D. (1999). Antiseptics and disinfectants: Activity,
action, and resistance. Clinical Microbiology Reviews, 12, 147-179.

Nair, N., Biswas, R., Gotz, F., Biswas, L. (2014). Impact of Staphylococcus
aureus on pathogenesis in polymicrobial infections. Infection and Immunity,
82(6),2162-2169.

Oliver, J. D. (2010). Recent findings on the viable but nonculturable state in
pathogenic bacteria. FEMS Microbiology Reviews, 34(4), 415-425.
Olson, M. E., Ceri, H., Morck, D. W., Buret, A. G., & Read, R. R. (2002).
Biofilm bacteria: Formation and comparative susceptibility to antibiotics.

Canadian Journal of Veterinary Research, 66(2), 86-92.

Onyango, L. A, Dunstan, R. H, Gottfries, J., von Eiff, C., Roberts, T. K.
(2012). Effect of low temperature on growth and ultrastructure of
Staphylococcus spp. PLoS One, 7(1), €29031.

Otto, M. (2008). Staphylococcal biofilms. In: Bacterial biofilms. Springer,
Berlin, Heidelberg.

102 Regul. Mech. Biosyst., 8(1)


http://doi.org/10.1016/S0141-0229(00)00295-7�
http://doi.org/10.1016/S0141-0229(00)00295-7�
http://doi.org/10.1016/S0141-0229(00)00295-7�
http://doi.org/10.1007/978-1-4419-5979-9_20�
http://doi.org/10.1007/978-1-4419-5979-9_20�
http://doi.org/10.1007/978-1-4419-5979-9_20�
http://doi.org/10.1128/JCM.41.1.5-14.2003�
http://doi.org/10.1128/JCM.41.1.5-14.2003�
http://doi.org/10.1128/JCM.41.1.5-14.2003�
http://doi.org/10.1128/JCM.41.1.5-14.2003�
http://doi.org/10.1128/AAC.44.9.2276-2285.2000�
http://doi.org/10.1128/AAC.44.9.2276-2285.2000�
http://doi.org/10.1128/AAC.44.9.2276-2285.2000�
http://doi.org/10.1128/AAC.44.9.2276-2285.2000�
http://doi.org/10.1016/j.jhin.2005.01.008�
http://doi.org/10.1016/j.jhin.2005.01.008�
http://doi.org/10.1016/j.jhin.2005.01.008�
http://doi.org/10.1128/JB.186.21.7141-7148.2004�
http://doi.org/10.1128/JB.186.21.7141-7148.2004�
http://doi.org/10.1128/JB.186.21.7141-7148.2004�
http://doi.org/10.1128/AEM.05576-11�
http://doi.org/10.1128/AEM.05576-11�
http://doi.org/10.2147/IJN.S85219�
http://doi.org/10.2147/IJN.S85219�
http://doi.org/10.2147/IJN.S85219�
http://doi.org/10.2147/IJN.S85219�
http://doi.org/10.1007/0-387-30744-3�
http://doi.org/10.1007/0-387-30744-3�
http://doi.org/10.1007/0-387-30744-3�
http://doi.org/10.1111/j.1462-5822.2009.01323.x�
http://doi.org/10.1111/j.1462-5822.2009.01323.x�
http://doi.org/10.1128/AAC.00657-09�
http://doi.org/10.1128/AAC.00657-09�
http://doi.org/10.1128/AAC.00657-09�
http://doi.org/10.1111/j.2041-1014.2011.00622.x�
http://doi.org/10.1111/j.2041-1014.2011.00622.x�
http://doi.org/10.1111/j.2041-1014.2011.00622.x�
http://doi.org/10.1007/s00253-013-4962-2�
http://doi.org/10.1007/s00253-013-4962-2�
http://doi.org/10.1007/s00253-013-4962-2�
http://doi.org/10.1128/AEM.02001-07�
http://doi.org/10.1128/AEM.02001-07�
http://doi.org/10.1128/AEM.02001-07�
http://doi.org/10.1128/AEM.02001-07�
http://doi.org/10.5772/28334�
http://doi.org/10.5772/28334�
http://doi.org/10.5772/28334�
http://doi.org/10.1099/jmm.0.041046-0�
http://doi.org/10.1099/jmm.0.041046-0�
http://doi.org/10.1099/jmm.0.041046-0�
http://doi.org/10.1099/jmm.0.041046-0�
http://doi.org/10.1007/s00203-014-0998-7�
http://doi.org/10.1007/s00203-014-0998-7�
http://doi.org/10.1007/s00203-014-0998-7�
http://doi.org/10.1111/j.1574-6968.2007.00836.x�
http://doi.org/10.1111/j.1574-6968.2007.00836.x�
http://doi.org/10.1111/j.1574-6968.2007.00836.x�
http://doi.org/10.1111/j.1574-6968.2007.00836.x�
http://doi.org/10.1097/MCG.0b013e31816207df�
http://doi.org/10.1097/MCG.0b013e31816207df�
http://doi.org/10.1128/IAI.00059-14�
http://doi.org/10.1128/IAI.00059-14�
http://doi.org/10.1128/IAI.00059-14�
http://doi.org/10.1111/j.1574-6976.2009.00200.x�
http://doi.org/10.1111/j.1574-6976.2009.00200.x�
http://doi.org/10.1371/journal.pone.0029031�
http://doi.org/10.1371/journal.pone.0029031�
http://doi.org/10.1371/journal.pone.0029031�
http://doi.org/10.1007/978-3-540-75418-3_10�
http://doi.org/10.1007/978-3-540-75418-3_10�

Pal, S., Tak, Y. K., Song, J. M. (2007). Does the antibacterial activity of
silver nanoparticles depend on the shape of the nanoparticle? A study of
the gram-negative bacterium Escherichia coli. Applied and Environ-
mental Microbiology, 73(6), 1712-1720.

Pascual, A. (2002). Pathogenesis of catheter-related infections: Lessons for
new designs. Clinical Microbiology and Infection, 8, 256-264.

Qu, Y., Daley, A. J., Istivan, T. S., Garland, S. M., & Deighton, M. A. (2010).
Antibiotic susceptibility of coagulase-negative staphylococci isolated from
very low birth weight babies: Comprehensive comparisons of bacteria at
different stages of biofilm formation. Annals of Clinical Microbiology and
Antimicrobials, 9(1), 16.

Rasmussen, T. B., & Givskov, M. (2006). Quorum-sensing inhibitors as anti-
pathogenic drugs. Intemnational Journal of Medical Microbiology, 296(2),
149-161.

Reid, G. (1999). Biofilms in infectious disease and on medical devices.
International Journal of Antimicrobial Agents, 11(3), 223-226.

Revdiwala, S., Rajdev, B. M., & Mulla, S. (2012). Characterization of
bacterial etiologic agents of biofilm formation in medical devices in
critical care setup. Critical Care Research and Practice, 2012, 945805.

Sambanthamoorthy, K., Feng, X., Patel, R., Patel, S., & Paranavitana, C.
(2014). Antimicrobial and antibiofilm potential of biosurfactants
isolated from lactobacilli against multi-drug-resistant pathogens. BMC
Microbiology, 14(1), 197.

Samot, J., & Badet, C. (2013). Antibacterial activity of probiotic candidates
for oral health. Anaerobe, 19, 34-38.

Shyrobokov, V., Jankowski, D., & Dement, G. (2009). Mikrobna ekologija
ljudyny z kol'orovym atlasom [Microbial ecology of the human with
colored atlas]. Chervona Ruta, Kyiv (in Ukranian).

Sondi, I., & Salopek-Sondi, B. (2004). Silver nanoparticles as antimicrobial
agent: A case study on E. coli as a model for Gram-negative bacteria.
Journal of Colloid and Interface Science, 275(1), 177-182.

Stewart, P. S., & Franklin, M. J. (2008). Physiological heterogeneity in
biofilms. Nature Reviews Microbiology, 6(3), 199-210.

Trevors, J. T. (2011). Viable but non-culturable (VBNC) bacteria: Gene
expression in planktonic and biofilm cells. Journal of Microbiological
Methods, 86(2), 266-273.

Vadillo-Rodriguez, V., Busscher, H. J., Norde, W., De Vries, J., & Van Der Mei,
H. C. (2004). Dynamic cell surface hydrophobicity of Lactobacillus strains
with and without surface layer proteins. Journal of Bacteriology, 186(19),
6647-6650.

Valle, J., Da Re, S., Henry, N., Fontaine, T., Balestrino, D., Latour-Lambert,
P., & Ghigo, J. M. (2006). Broad-spectrum biofilm inhibition by a
secreted bacterial polysaccharide. Proceedings of the National Academy
of Sciences, 103(33), 12558-12563.

Regul. Mech. Biosyst., 8(1)

Van der Mei, H. C., Van de Belt-Gritter, B., Pouwels, P. H., Martinez, B., &
Busscher, H. J. (2003). Cell surface hydrophobicity is conveyed by S-
layer proteins — a study in recombinant lactobacilli. Colloids and
Surfaces B: Biointerfaces, 28(2), 127—134.

Varma, P., Dinesh, K. R, Menon, K. K, Biswas, R. (2010). Lactobacillus
fermentum isolated from human colonic mucosal biopsy inhibits the
growth and adhesion of enteric and foodborne pathogens. Journal of
Food Science, 75, M546-M551.

Varma, P., Nisha, N., Dinesh, K. R., Kumar, A. V., & Biswas, R. (2011). Anti-
infective properties of Lactobacillus fermentum against Staphylococcus
aureus and Pseudomonas aeruginosa. Journal of Molecular Microbiology
and Biotechnology, 20(3), 137-143.

Velraeds, M. M., Van der Mei, H. C., Reid, G., & Busscher, H. J. (1996). Phy-
sicochemical and biochemical characterization of biosurfactants released by
Lactobacillus strains. Colloids and Surfaces B: Biointerfaces, 8(1-2), 51-61.

Vos, P., Garrity, G., Jones, D., Krieg, N. R., Ludwig, W., Rainey, F. A.,
Schleifer, K.-H., & Whitman, W. (eds.) (2009). Bergey's manual of
systematic bacteriology: Vol. 3: The Firmicutes. Springer.

Wang, C.-Y., Wang, H-C., Li, J-M., Wang, J.-Y., Yang, K-C., & Ho, Y.-K.
(2010). Invasive infections of Aggregatibacter (Actinobacillus) actinomyce-
temcomitans. Journal of Microbiology, Immunology and Infection, 43(6),
491-497.

Weekly, B. S. (1975). Jelektronnaja mikroskopija dlja nachinajushhih
[Electron microscopy for beginners]. Mir, Moscow (in Russian).

Weinstein, R. A., & Darouiche, R. O. (2001). Device-associated infections:
A macroproblem that starts with microadherence. Clinical Infectious
Diseases, 33(9), 1567-1572.

Wertheim, H. F., Melles, D. C., Vos, M. C., van Leeuwen, W., van Belkum,
A., Verbrugh, H. A., & Nouwen, J. L. (2005). The role of nasal carriage
in Staphylococcus aureus infections. The Lancet Infectious Diseases,
5(12), 751-762.

Whitchurch, C. B., Tolker-Nielsen, T., Ragas, P. C., & Mattick, J. S. (2002).
Extracellular DNA required for bacterial biofilm formation. Science,
295(5559), 1487-1487.

Younes, J. A., van der Mei, H. C., van den Heuvel, E., Busscher, H. J., &
Reid, G. (2012). Adhesion forces and coaggregation between vaginal
staphylococci and lactobacilli. PloS One, 7(5), €36917.

Zandri, G., Pasquaroli, S., Vignaroli, C., Talevi, S., Manso, E., Donelli, G.,
& Biavasco, F. (2012). Detection of viable but non-culturable
staphylococci in biofilms from central venous catheters negative on
standard microbiological assays. Clinical Microbiology and Infection,
18(7), E259-E261.

103


http://doi.org/10.1128/AEM.02218-06�
http://doi.org/10.1128/AEM.02218-06�
http://doi.org/10.1128/AEM.02218-06�
http://doi.org/10.1128/AEM.02218-06�
http://doi.org/10.1046/j.1469-0691.2002.00418.x�
http://doi.org/10.1046/j.1469-0691.2002.00418.x�
http://doi.org/10.1186/1476-0711-9-16�
http://doi.org/10.1186/1476-0711-9-16�
http://doi.org/10.1186/1476-0711-9-16�
http://doi.org/10.1186/1476-0711-9-16�
http://doi.org/10.1186/1476-0711-9-16�
http://doi.org/10.1016/j.ijmm.2006.02.005�
http://doi.org/10.1016/j.ijmm.2006.02.005�
http://doi.org/10.1016/j.ijmm.2006.02.005�
http://doi.org/10.1016/S0924-8579(99)00020-5�
http://doi.org/10.1016/S0924-8579(99)00020-5�
http://doi.org/10.1155/2012/945805�
http://doi.org/10.1155/2012/945805�
http://doi.org/10.1155/2012/945805�
http://doi.org/10.1186/1471-2180-14-197�
http://doi.org/10.1186/1471-2180-14-197�
http://doi.org/10.1186/1471-2180-14-197�
http://doi.org/10.1186/1471-2180-14-197�
http://doi.org/10.1016/j.jcis.2004.02.012�
http://doi.org/10.1016/j.jcis.2004.02.012�
http://doi.org/10.1016/j.jcis.2004.02.012�
http://doi.org/10.1038/nrmicro1838�
http://doi.org/10.1038/nrmicro1838�
http://doi.org/10.1016/j.mimet.2011.04.018�
http://doi.org/10.1016/j.mimet.2011.04.018�
http://doi.org/10.1016/j.mimet.2011.04.018�
http://doi.org/10.1128/JB.186.19.6647–6650.2004�
http://doi.org/10.1128/JB.186.19.6647–6650.2004�
http://doi.org/10.1128/JB.186.19.6647–6650.2004�
http://doi.org/10.1128/JB.186.19.6647–6650.2004�
http://doi.org/10.1073/pnas.0605399103�
http://doi.org/10.1073/pnas.0605399103�
http://doi.org/10.1073/pnas.0605399103�
http://doi.org/10.1073/pnas.0605399103�
http://doi.org/10.1016/S0927-7765(02)00144-3�
http://doi.org/10.1016/S0927-7765(02)00144-3�
http://doi.org/10.1016/S0927-7765(02)00144-3�
http://doi.org/10.1016/S0927-7765(02)00144-3�
http://doi.org/10.1111/j.1750-3841.2010.01818.x�
http://doi.org/10.1111/j.1750-3841.2010.01818.x�
http://doi.org/10.1111/j.1750-3841.2010.01818.x�
http://doi.org/10.1111/j.1750-3841.2010.01818.x�
http://doi.org/10.1159/000328512�
http://doi.org/10.1159/000328512�
http://doi.org/10.1159/000328512�
http://doi.org/10.1159/000328512�
http://doi.org/10.1016/S0927-7765(96)01297-0�
http://doi.org/10.1016/S0927-7765(96)01297-0�
http://doi.org/10.1016/S0927-7765(96)01297-0�
http://doi.org/10.1007/978-0-387-68489-5�
http://doi.org/10.1007/978-0-387-68489-5�
http://doi.org/10.1007/978-0-387-68489-5�
http://doi.org/10.1016/s1684-1182(10)60076-x�
http://doi.org/10.1016/s1684-1182(10)60076-x�
http://doi.org/10.1016/s1684-1182(10)60076-x�
http://doi.org/10.1016/s1684-1182(10)60076-x�
http://doi.org/10.1086/323130�
http://doi.org/10.1086/323130�
http://doi.org/10.1086/323130�
http://doi.org/10.1016/S1473-3099(05)70295-4�
http://doi.org/10.1016/S1473-3099(05)70295-4�
http://doi.org/10.1016/S1473-3099(05)70295-4�
http://doi.org/10.1016/S1473-3099(05)70295-4�
http://doi.org/10.1126/science.295.5559.1487�
http://doi.org/10.1126/science.295.5559.1487�
http://doi.org/10.1126/science.295.5559.1487�
http://doi.org/10.1371/journal.pone.0036917�
http://doi.org/10.1371/journal.pone.0036917�
http://doi.org/10.1371/journal.pone.0036917�
http://doi.org/10.1111/j.1469-0691.2012.03893.x�
http://doi.org/10.1111/j.1469-0691.2012.03893.x�
http://doi.org/10.1111/j.1469-0691.2012.03893.x�
http://doi.org/10.1111/j.1469-0691.2012.03893.x�
http://doi.org/10.1111/j.1469-0691.2012.03893.x�

Regulatory Mechanisms
1nglslosyystems

. Regulatory Mechanisms

in BlOosystems

Table of Contents

Mikheev, A. O. Borna disease virus and its role in the pathology of animals and humans .............cc.ceceeeveerinneecennseeenne 3

Naumenko, A. N., Gorelaya, M. V., & Babiy, S. O. Biochemical composition of urine in rats with developed Guerin’s
carcinoma and adminiStration Of CISPIALIN ..........ccveveueieririririeieciriee ettt st s et sesesenesessesesesenennnes 11

Koloskova, O. K., Bilous, T. M., Dikal, M. V., Lomakina, U. V., Kopchuk, T. G., & Lobanova, T. O. Reactions of
eosinophilic granulocytes in the sputum and peripheral blood of children suffering from bronchial asthma with signs

of eosinophilic and non-eosinophilic inflammation of the BronChi ..........c.cccccceveeernrnnnnnrccccccee e 15
Didyc, N. V., & Lysunets, O. V. Changes in the arteries in the course of hypertensive disease and extrasystoles .................... 19
Ryznychuk, M. O., & Pishak, V. P. Obesity: The role of desynchronosis and genetic factors in mechanisms of its

AEVEIOPIMIEINL ...ttt ettt a e s st s et e st e b e s s s s ettt a e et aeaeaesesesesetesetes et et et eses s et eaesaenn 23

Virych, P. A., Shelyuk, O. V., Kabanova, T. A., Khalimova, O. I, Martynyuk, V. S., Pavlovsky, V. 1., & Andronati, S. A.
Effect of 3-arylamino-1,2-dihydro-3H-1,4-benzodiazepine-2-ones on the bradykinin-induced smooth muscle

COMTACLION ...vettetttteetet sttt st aeaetetebe b et ettt et ettt s et eaeaeeeeeae e e b et e b et et et eb b e e st £t e e et a e e e aeeeaebe s et e b et et et et et et e s e et acneacasaas 30
Boyko, A. A., & Brygadyrenko, V. V. Changes in the viability of Strongyloides ransomi larvae (Nematoda, Rhabditida)

under the influence of SYNthetic flAVOUIINES ........cccvvvvieueeiiieieieecieeee ettt s s se s esesesesnsens 36
Gutyj, B., Khariv, I, Binkevych, V., Binkevych, O., Levkivska, N., Levkivskyj, D., & Vavrysevich, Y. Research on acute

and chronic toxity of the experimental drug AMPrOINSYL ........c.ceeviriririeeireeee e 41
Skyba, O. Pathogenic specifics of development of vegetative dysfunction in adolescents in relation to their

MOTPROIOZICAL STALUS ......vveeeieiieieieieiiee ettt ettt et a et eseseses e e et et esese e st esesen et eseseseseasssesasensasssnsesasenersssnsasnnnns 46
Korzhyk, O. V., Pavlovych, O. S., & Morenko, A. H. Coherence of EEG frequency components during manual

movements executed by the subdominant hand in WOMEN ..........cccoiurueiiiririeee e 51

Popel’, S. L., Baskevich, O. V., Zhurakivskyi, V. M., Zhurakivska, O. Y., Melnik, 1. V., Krasnopolskiij, S. Z., &
Atamanchuk, O. V. Three-dimensional structure of the lingual papillae of healthy rats and rats with experimental

diabetes mellitus (in the context of mechanism of development of diabetic gloSSItis) .........cooerererrrrieeeinierereereeeenes 58
Kirici, M., Atamanalp, M., Kirici, M., & Beydemir, S. In vitro effects of some metal ions on glutathione reductase in the

QLIS ANA TIVET OF CAPOCLA LFULIA ...ttt s ettt et s st e b s et sa st s esesasess s esesasasssane 66
Poprotska, 1. V., & Kuryata, V. G. Features of gas exchange and use of reserve substances in pumpkin seedlings in

conditions of skoto- and photomorphogenesis under the influence of gibberellin and chlormequat-chloride .................... 71
Fedotov, O. V. Condition of the prooxidant-antioxidant system of some strains of Basidiomycetes ..............coceveevrirrrreennnns 77
Spirina, 1. D., Fedenko, E. S., Rokutov, S. V., Kazakov, V. Y., & Shornikov, A. V. Mutual influence of intensity of pain

syndrome and borderline mental disorders in patients With COXarthroSis ............ceceeiririrerieeiiniririeeeerr e 84
Georgiyants, M. A., Korsunov, V. A., & Olkhovska, O. M. Central hemodynamic and splanchnic circulation in children

with meningococcal SEPHIC SNOCK .......ouivieiiiieiee ettt a s s e e e sennnens 91
Lavryk, G., Korniychuk, O., & Tymkiv, M. Ultrastructural changes in biofilm forms of staphylococci cultivated in a

mixed culture With TaCtODACTII .......c.cueueiririeiier ettt ettt 98

104 Regul. Mech. Biosyst., 8(1)



