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dokasnbHa ilmeMisi-penepdy3ist rOJIOBHOTO MO3KY
BHMKJIMKAE 3HUKEHHSI CTIMKOCTI /10 KUCJIOTHOTO IeMOJIi3y
EPUTPOIMTIB BEHO3HOI KPOBI,

siKe 3am00IiracTbCs AI€I0 eKANCTEPOHY

A.B. Koutopy6a, P.P. Hlapinos, b.C.Kon’sik, B.®. Carau
Incmumym ¢hizionocii im. O.0.bocomonvyss HAH Yxpainu, Kuis; e-mail: toliko49@ukr.net

Jlocniounu cmitikicms 00 KUCTOMHO20 2eMONI3y epumpoyumis 8i0mikaouoi 8i0 20106H020 MO3KY KPOSi 6
ounamiyi goxanvnoi iwemii (na 15, 30, 45 i 60-1i xeununi) ma 6 panniti (5x8) i gidoadenuii (24200) nepioo
penepghysii'y dopocaux wypis, axi 3 npoginaxmuyrnoro memoro npomsizom 18 0io ompumyeanu per os no 1
Me/ke exoucmepony y euensidi cCmanoapmu3o6ano2o excmpaxmy pociunu Serratula corvonata. Ilposedenuti
AHANI3 KIHEMUYHUX KPUBUX KUCTOMHO20 2eMONI3Y NOKA3a6 3HayHe (matidxce y 60 paszis, 6i0 1,45 00 85,85 %
Ha 60-11 xeununi iuemii' i 5-ul xeununi penepdysii 6i0n08IOH0) 3pOCMANHIL YACMKU ePUMPOYUMIE 3 HUZLKOKO
CMIKICMI0 00 KUCTOMHO20 2eMONI3Y Y KOHMPOIbHUX WYPI6, AKI He OmpUMY6anu exoucmepon. B epumpo-
Yumax meapum, NPOMeKMmMoBaHUxX eKOUCTEPOHOM, MAKUX 3HAYHUX 3MIH He 8I00Y8AN0Cs, WO CEIOUUMDb NPO
3HAYHe NIOBUWEHHSL CIILIKOCMI epumpoyumie 00 KUCI0MHO20 2eMOII3Y 3d 11020 NPOPIIAKMUYHO20 86€0eH-
Hs1. Cymmeee 3Hudicen sl ni08uLeHUx, 0CoOIUBO 6 PaHHIll nepiod penep)ysii, nyinié OIEHOBUX KOH 102amis
i netixompieny C, 6Ka3ye HA MONCIUBULL AHMUPAOUKATLHUL MEXAHIZM NPOMEKMOPHOL Jii eKoucmepory.
Kniouosi cnosa: ghoxanvha iwemis-penepysis 201061020 MO3KY, epUMPOYUMU 8EHO3HOT KPOBI 20106HO20
MO3KY; KUCTOMHUTL 2eMOTI3; Wypul; eKOUCIEpPOH.

BCTYII MiHHO{ POHUKHOCTI, a, THM CaMHM, 1 iHIIiaTop
amnomnTo3y. B MITOXOHAPISAX cepls JOPOCIUX
IIypiB MOKa3aHO iHT10yBaHHS €KIUCTEPOHOM
oKkcuJaTUBHOTO [ 1] i HiTpO3aTUBHOTO [2] cTpecy
3a (oxanpHOI imemii-penepdy3ii TOIOBHOTO
MO3KY 1 32 €KCIMEePUMEHTAIbHOTO YKPOBOTO
niabety 1-ro tumy [3,4], a TakoX MPUTHIYEHHS
KaJbI[il- 1 paJuKaIiHIyKOBAHOTO BiJKPUBAHHS
MTOPH Y MITOXOHZIPIsAX CePIls CTapux mypiB [5].

MeTtoro 1iei poboTu Oyna0 MOCIIiKEHHS
CTIHKOCTI 10 KUCIIOTHOTO T€MOJIi3y €PUTPOLUTIB
BEHO3HOI KPOBi TOJIOBHOTO MO3KY 3a HOTO (o-
KaJapHOI imeMii-penepdy3ii i MOXKIUBY TPOTEK-
IIFO I[LOTO MPOIECY EKIUCTEPOHOM.

Hemonmasnao [1,2] Mu mokasanu, 1o 3a mepe-
OpokapaiadbHOTO CHUHIPOMY, BUKIUKAHOTO
eKCIIEpUMEHTATbHOI0 (POKATHHOIO ITIIeMi€r0-pe-
nepdy3iero roJOBHOTO MO3KY, 3HAYHA YaCTHHA
(40 %) TBapWH TMHYJIH BHACHiIOK PO3BUTKY B
MITOXOHJIPISIX CepIs K OKCUJATUBHOTO, TaK i
HITpO3aTUBHOIO cTpecy. [IpuunHoo okcuaa-
THBHOTO CTpECy € 3HaYHE MiJBUIIEHHS reHepa-
uii cynepokcuay, a HiTpO3aTUBHOTO — IOsIBa B
KJIITHHAX HaUIMIIKOBOrO okcuay a3ory (NO)
BHACJIJOK aKTHBaIii #oro iHAymuOEIbHOTO
de novo 1 peyTuinizamniiHoro cuHre3y abo,
IOAATKOBO, TII€ 1 32 PaXyHOK JCKOMITO3HIIii Hi-
TPO30TiOJiB. 32 HASBHOCTI MiABUIICHUX PiBHIB
reHepanii cynepokcuny abo NO yTBOPIOETHCH
TOKCHYHUH IEPOKCUHITPHUT, IOTYKHUM OKMCHUK  EKCIEepMMEHTH NPOBOAMIM Ha TPhOX IpymHax
1 BimkpuBad MiToxoHApianbeHOi mopu (MII) nepe- mypiB (mo 10 y xoxHii) minii Bictap macoto

METO/JHUKA
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doxkanpHa imemis-penepdysis TOJIOBHOIO MO3KY BHKIIMKA€ 3HUKCHHS CTIHKOCTI JI0 KMCIIOTHOTO TEMOJTi3y epUTPOLIUTIB BEHO3HOI KPOBI

280-320 r, 3rimHO 3 BUMOTamMu €BpoOIeichKol
KOHBEHIII 13 3axucTy XpebeTux TBapuH (Ctpa-
cOypr,1986). [lepmy rpymy ckiiagaid iHTaKTHI
TBApUHHU, Y SKUX BU3HAYaJIM JIULIEC BUXIAHI
MMOKa3HUKH KUCIIOTHOTO TeMoii3y (0-Ba Touka
o moyvarky imemii). Jlo apyroi KOHTpoOJIbHOT
IPyNU BXOIWJIM TBApUHU, SIKHM MOJIETIOBAIIN
¢doxanbHy imemito-penepgysito roJ0BHOTO MO3-
Ky OKIJTI031€10 cepeiHh0oT MO3KoBoi apTepii [1]./0o
TPEThOI IPYNH BXOAWIN IYPH, Ki OTPUMYBaAIH
eKIUCTEPOH MPOTATOM 18 i mo 1Mr/KT 32 100y
3 TUTHOKO BOJIOIO Y BUIJISI/II CTAHAAPTU30BAHOTO
eKkcTpakty pocnuHu Serratula coronata (mpemna-
par «biocron» BupoOHUNITBA [HCTUTYTY OioXiMii
im. O.B.[Tannanina HAH Ykpainun), micis 4oro
imM MonemoBan poKaIbHy imeMiro-penepdysiro
TOJIOBHOTO MO3KY Y TBapuH Ipyroi i TPeThOi
rpyI i3 SpEMHOT BEHU B AMHAMII i1iemii (dyepe3
15,30, 451 60 xB), a Takox 4yepe3 5 xB 1 24 rox
penepodysii Bigoupanu mo 0,1 Ma BixTikaw4doi
BiZl TOJIOBHOIO MO3KY KPOBI ISl BU3HAUYCHHS
myniB gieHoBux koH’torartiB (JK) i medkorpi-
eny C, (LTC,) [1] Ta npoBeieHHsI KHCIOTHOTO
remMouizy[6,7]. KucnorHuil reMmouti3 epuTponuTiB
3MiliCHIOBAU 32 MeTooM TepckoBa i I'iTTenb-
30Ha, IKUH HaMU HEJAaBHO JAETAJIbHO ONUCAHUN
[7]. BmicT 3aranbHoro 0ijka y KpoBi BU3HaYaIN
3a metoqoM Jloypi [8]. OTpumani pesynpraru
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00pOOJISLIIM METOIaMU BapialliiiHOT CTaTUCTHKH
3 Bukopuctanuam nporpam Excell (MS Office
XP), SDUDENT (MS Excell) ta Origin 6.0
(«Microcall Inc.», CILA).

PE3YJbTATHU TA IX OGTOBOPEHHSI

Otpumani pesynsratu (puc.l,2) cBimuaTe mpo
3pPOCTaHHS CTIMKOCTI JO KHCIOTHOTO I'eMOJIi3y
(3MeHIIeHHsT TPOHUKHOCTI JJIs POTOHIB TLIa3-
MaTH4YHOi MeMOpaHU epUTPOIUTIB) BiATIKA-
10901 BiJi TOJJOBHOTO MO3KY BEHO3HOI KpOBi B
nepioj inmemii i, HaBIaku, iICTOTHE 11 3HUIKEHHS
(30ibIIIEHHSI TPOHUKHOCTI ISl TPOTOHIB) Y
paHHii mepiox penepdy3ii TOJTOBHOTO MO3KY.
Exnucrepon iHriOyBaB HaIMipHY CTiHKICTH 70
KHCJIOTHOTO I'eMOJIi3y B mepioJ imewmii i, Ha-
BIIAKHW, 3HAYHO 30iNbLIyBaB i B paHHIN nepiox
peniepdysii. Ciig BigmiTuTH, M0 Ha 60-1 XBU-
JIWHI imeMii y epuTpOoIUTIiB BEHO3HOT KPOBi i3
rOJOBHOTO MO3KY KOHTPOJIBHOI I'pylH TBAapuH
npyroi rpynu B 4,6 pa3za 3pocTajia TpUBaJIiCTh
KHCJIOTHOTO remotizy (muB. puc.l,a) i Ha
70 % — inTerpanbHuil iHAeKkc (auB. puc.l,0),
SIKUH KUTBKICHO OIIHIOE CTIHKICTh 70 TE€MOIIi3y
Bciei momynsiii eputponntiB kpoBi [7]. V epu-
TPOIMTIB TBAPUH TPETHOI TPYIIHU, Ki OTPUMYBa-
JIA €KIUCTEPOH, TPUBAJICTh KUCIOTHOTO T€MOJTi-
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Puc.1. 3MiHM TPUBAJIOCTI KMCIOTHOTO TeMOJIi3y () i IHTEerpajbHOro iHAEKCY CTIHKOCTI epUTPOLHUTIB (0) BEHO3HOI KPOBI i3 ro-
JIOBHOTO MO3KY 3a #oro (¢okanpHoi imemii-pernepdysii y kontpoui (1) i 3a npoTekTtopHOi aii exauctepony (2).
* P<0,05 pi3uHuus BiporinHa BigHOCHO 3Ha4YeHHs 10 imemii (0 xB); ** P<0,05 pi3Huis BiporiaHa BiTHOCHO 3HAYCHHS Y KOHT-

POJIBHHX IIypiB

4
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Puc. 2. 3miHM 9acTKH CTIHKUX () 1 HECTIMKHX (0) 10 KHCIOTHOTO TEMOII3y EPUTPOIUTIB BEHO3HOI KPOBI 13 TOJIOBHOTO MO3KY
IIypiB 3a oro GpokanbHoi imemii-penepdysii y konTpodi (1) 1 3a mpoTekTopHOI il ekaucTepony (2).
* P<0,05 pi3HuLs BiporiJHa BiTHOCHO 3Ha4eHHs y iHTakTHUX TBapuH (0 XB); ** P<0,05 pi3HHILA BipOTifHA BiTHOCHO 3HAYCHHS

y KOHTPOJIBHUX IIIYPiB

3y 3pocTana nuire y 2,5 pa3a (auB. puc.l,a), a
1HJICKC CTIMKOCTI B TIepio/] ileMii He 3MIHIOBABCS
(muB. puc.1,6). Ha 5-if xBununi penepdysii ui
MOKa3HUKH B KOHTPOJIBbHIN IPpyIi TBAPUH 3HUXKY-
Banuch y 4-5 pasiB, TOAl K Yy NPOTEKTOBAHUX
eKJAMCTEPOHOM BOHH OyNH BipOTiHO BUIUMH
BiJl KOHTPOJILHUX 3HaUeHb. Yke depes 24 rox
perniepdy3ii TpUBaIicTh KUCIOTHOTO T'eMOIi3y
EepPUTPOLHUTIB B 000X rpynax TBapuH 3piBHsIIACS
i Oyna B JIeKiJIbKa pa3iB BUIOI BiJl BUXITHUX
(mo imemii) 3HAYCHB.

Ha pwuc.2 moka3aHo 3MiHH YacTKHW HECTiH-
KUX (TeMOJi3yI0ThCSd MEHII HiX 3a 2,5 XB) i
CTIMKHUX (TeMOMI3yIOThCs 01BN HiXK 32 7,5 XB)
JI0 KHCJIOTHOTO T'eMOJTi3y epUTPOLIMTIB y 3arajib-
Hil iX KinbkocTi B auHamini (0-60 xB) imemii
i pernepdysii (5 xB i 24 r0ox) KOHTPOIBHHX 1
MPOTEKTOBAHUX EKIUCTEPOHOM LIYpPiB. Y KOHTP-
OJIbHUX TBAPHH BiICOTOK HECTIHKHUX 10 TEMOJTI3Y
EPUTPOLUTIB BEHO3HOT KPOBI BipOT1AHO HE 3Mi-
HIOBABCS Yy iIEMiYHUI ITepio, TOAl K B Iepion
peniepdysii BiH 3poctaB. OcoOIUBO 3HAYHUM
Oyio migBUIEHHS Ha 5-i XBUIWHI pernepdysii
(maiixke y 60 pasis, Big 1,4 % nHa 60-i XBUIHHI
imemii mo 85,8 %). Y TBapuH, [0 OTPUMYBAITH
eKJIUCTEePOH, YacTKa HECTIMKUX JO remMoizy
EPUTPOLHUTIB Oylla HIKYOIO BiJ] KOHTPOJIbHHUX

ISSN 0201-8489 ®ision. scypnu., 2015, T. 61, Ne 5

3Ha4eHb Ha BCHOMY MOCIIDKEHOMY IHTEpBaJi
imewmii-penepdy3ii i 3pocTana Ha 5-i XB pe-
nepdysii nmumre y 8 pasis (Bix 0,3 % Ha kiHenb
imewmii 1o 2,3 %, nuB. puc. 2,0). Y npomixKy Bij
30-1 1o 60-1 xBHIMHMY 1meMii 4acTKa CTIMKUX 0
KHCJIOTHOTO TeMOJII3Yy epUTPOIUTIB 3pocTaa K
Yy KOHTPOJIBHHX, TaK 1 Y TPOTEKTOBAHUX CK/IH-
CTEepOHOM HIypiB. Lle#i mokazHUK y TpOTEKTOBa-
HUX TBapuUH OyB HMKYUM KOHTPOJIBHOTO PiBHS
Ha BCIX JOCHI/DKEHUX IHTEpBaJax iMIEeMi4HOTO
nepiony. Tak, Ha 60-i XBUIIMHI YacTKa CTIHKUX
710 TEMOJTI3Y EpUTPOLHTIB y KOHTPOJIHHUX TBa-
puH ctanoBmia 87,6 %, mo y 6 pasiB Oinbiie
BiJl BUXIJTHOTO 3HAYEHHS, TOJI 5K Yy JOCIIIHUX
IypiB, O NpoQiTakTUYHO OTPUMYBAIHU EKIH-
cTepoH, BoHa Oyna Bchoro 23,1 %, mo Maiixke
y 4 pa3u MeHIIe Biff KOHTPOJIBHOTO 3HAYEHHS.
Kpim Toro, axmio Ha 5-it xBunuHI penepdysii y
EPUTPOIMTAX KOHTPOJIBHHUX TBAPUH CIIOCTEPIira-
nocs 3Ha4He (Big 87,6 10 0 %) 3HMKEHHS YaCTKU
CTIHKUX 10 KHCJIOTHOTO T'e€MOJi3y KIITHH, TO
3a Ail eKAUCTEPOHY BOHA 3HMUKYBaJIach 3HAYHO
MEHIIIOI Mipoto («Bchoro» y 4 paswu, Bix 23,1
1o 5,5 %).

Takum unHOM, TIpeacTaBieHi Ha puc.l i 2
pe3yJabTaTH MOKa3ywTh, 110 3a ileMii-penep-
¢y3ii TOJIOBHOTO MO3KY Y €pUTPOLIUTAX BiATIKA-



DokanpHa imemis-penepdys3is FOJTOBHOTO MO3KY BHKJIMKA€ 3HIKEHHS CTIHKOCTI JI0 KHCIIOTHOTO TEMOJTi3y epPHTPOLHUTIB BEHO3HOT KPOBi

10401 BiJi HOTO BEHO3HOI KPOBi Bi0yBarOThCS
PELHIPOKHI 3MiHU TPOHUKHOCTI MJIa3MaTHYHOL
MeMOpaHHU JJIsl IPOTOHIB — 3HAYHE MTPOTPECyIOUe
3HWKEHHS B TIepioj imeMii i, HaBIaKku, iCTOTHE
3pOCTaHHs B paHHI# mepiox pernepdy3ii. Papma-
KOJIOT'1YHE MPEKOHIUIIFOBaHHS IPOTIroM 18 110
3a JOTIOMOTOI0 €KJIMCTEPOHY, 110 € TPHPOIHUM
aHAJIOrOM KaJlbI[ili- 1 amoNTO3pPETyIIIY0ro0
TOPMOHY KaJIbI[ITPHOIY, 3a1100irae KUCJIOTHOMY
TeMOJII3y epUTPOINTIB 3a EKCIIePUMEHTAIBHOI
(dhokanpHOT imeMii-penepdy3ii TOTOBHOTO MO3KY.

Panimre Mu mokaszanu, 1o eKJIUCTepOH, 3aB-
JISIKW 1HT10yBaHHIO OKCUJJATUBHOTO 1, 0COOIUBO,
HiTpozatuBHOro crtpecy [1-4], ax i Ca®*, ta
paaukan3anexxHoro BinkpusanHs MII, yHe-
MO>KJIMBITIOBAB 1HIIIFOBaHHS IMPOTPAMHU HEKPO3Y
KapaioMiomuTiB y ctapux mypiB [5]. CTifikicTh
E€pUTPOIHUTIB 0 KUCITOTHOTO TeMOJi3y (OAHIEI0
i3 GOpM HEKPOTHYHOI CMEPTi IIMX KJIITHH)
3aJIeKHUTh BiJl IPOHUKHOCTI iX MJIa3MaTUYHOT
MeMOpaHHW AJs MPOTOHIB, IO BH3HAYAETHCS
crpspkeHHM (coupling) um HecnpspkeHHM (un-
coupling) cranom Ca’*-AT®a3u mia3MaTu4HOT
MeMOpaHu IUX KJITHH, siKa 3J1HCHIOE OOMIH
onnoro H' (,,exomuts” B epurpount) na Ca>"
(,BHX0IUTH” 13 epuTpouura) [9—-15]. MoxHa
MPUITYCTUTH, [0 B YMOBaX 3POCTAHHS BMICTY
JIe30KCUTEMOTTIO0IHY B @pUTPOIUTAX BiATIKAIO-
901 BiJl TOJIOBHOTO MO3KY BEHO3HOI KpOBi 3a H10TO
ineMii MOCUITIOETHCST peyTHIII3allifHII CHUHTE3
NO BigHOBJICHHSIM HiTpuUT-aHioHa [16,17],
10 1 3YMOBJIIO€ MiJBUIIEHHS 1X CTIHKOCTI J0
KUCJIOTHOTO TeMOJIi3y BHACIIJOK HECIIPSKEHHS
Ca’"-AT®asu i inribysatucs ,,sxony” H' B epu-
TpouuTH (IUB. puc.l).

Hapasi Mu moka3zanu 3Ha4HE 3pOCTaHHS
MPOHHUKHOCTI IJIa3MaTHYHOT MeMOpaHu epu-
tpouutiB st H™ B panniit mepiox penepdysii
TOJIOBHOTO MO3KY 1 iHT10yBaHHS I[bOTO IPOIIECY
exauctepoHoMm (auB. puc.1,2). YV panHiii mepiof
peniepdy3ii, KoM MOTYKHUK peyTUIi3aiHHNN
cunTe3 NO BiHOBJICHHSIM HITPUT-aHIOHA JIE30K-
CUTEeMOTIIO0IHOM PI3KO 3HUIKYETHCSI BHACIIIOK
IpeBaIOBaHHs OKCH-(GopMu remoriobiny, Ca’t-
AT®da3za Moke MepexoIUuTH y CIpsDKeHy hopmy
BHACJIIJOK 40ro 3pocrae Bxia H™ B epurpornuru

6

1 CKOpPOYYETHCS TPUBANICTh X KHUCIOTHOTO Te-
MOJIi3y, Ha 1110 BKa3ye€ sIK 3HUKCHHS iHTerpaJib-
HOTO iHJIeKCY CTIHKOCTI (nuB. puc.1,0) i, ocobmu-
BO, YaCTKHU HECTIHKHUX /IO KHCIOTHOTO Te€MOIIi3y
EPUTPOIUTIB BEHO3HOT KPOBI, Ki T€MOIII3YIOTh-
Csl MEHIIIE HiX 3a 2,5 XB (1uB. puc.2,0). AHTHUTE-
MOJIITHYHA JTisl SKJIUCTEPOHY B IIUX YMOBaX MOXKE
3YMOBIIIOBATHUCS SIK BIUIMBOM Ha cuHTe3 NO B
EpPUTPOILNTAX, HA II[0 BKA3YIOTh HAIIl MOMEepeHi
mpartti [3—5], Tak i iHIUX YUHHUKIB, 1[0 PETYIO-
FOTh KaJbIIIH-TIPOTOHHNN OOMIH B €pUTPOITUTAX.
MexaHi3MOM Takoi peryJsilii Moxe OyTH OKHCHA
moauikanis ginmigHoro orouenns Ca®'-AT-
@da3u B mnazMaTU4yHid MeMOpaHi BHACIiZOK
iHTeHcudikamii BiTbHOPAIUKAIBHOTO MPOLECY
nepexkucHoro okucHeHHs mimigis ([1OJI). I3
puc. 3 BuaHo, mo BMicT JIK, sfKki € MapkepoM
interncuBHocTi [10OJI, y BeHO3HI# KpOBi 3pocTae
3 pi3HOIO IHTCHCUBHICTIO SIK B IMIEMIYHUMN, TaK
i B penep¢y3iiiHuii, 0coONMBO HOro paHHil
repioJ, 1 3HAYHO MPUTHIYYETHCS JII€I0 SKIUCTE-
pony. Takoxx He BUKJIIOYEHA PETYIATOPHA POIh
y npoueci tpancnopry H' B epurporntu LTC,,
SIKUW B HUX HE JIUIIC IHTEHCUBHO CHHTE3Y€EThCS,
ane 1 mae cneuudiunuii peuentop CysLT1 Ha
mia3MaTuyHid memOpani [18]. Mu moka3zanu
(nuB. puc.4) 3HaUHE 3pOCTAaHHS Y KPOBi ApeMHOL
BeHu BMicTy LTC, ik IpOTAroM ychoro imemiy-
HOTO TIepiony, Tak i B paHHIA Ta BigmajdeHHI

Hr/Mr - Ginka
20 .
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16 {»
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12 . -
10 -
8 ooe
6 ks ¥ ind .
N
s | E
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0 15x8 30xB 15xB 30xB/ 5xB 24 rog
iwemis penepdysis

Puc.3. 3MiHU BMICTY 1i€EHOBUX KOH IOTaTiB y BEHO3HiH KPOBi
i3 TOJIOBHOTO MO3KY 3a Horo (okaibHoi imemii-penepdysii y
koHTpodi (1) i 3a mpoTekTopHOT Aii exaucTepony (2).

* P<0,05 pi3HuULs BiporifiHa BiJHOCHO 3HAYCHHS y IHTAKTHHUX
tBapuH (0 xB); ** P<0,05 pi3uunus BiporiziHa BiTHOCHO 3Ha-
YEHHS Y KOHTPOJIBHUX IIyPiB
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peniepdy3itinuii nepion. Exnuctepon iHrioyBas
HOTO MiABUIICHHS Y BEHO3HIH KPOBi TOJIOBHOTO
MO3Ky 3a Horo imewmii-penepdysii, THM caMuM
30epiraroun HEOOXIMHUM M CUHTE3y LTC,
nrytaTioH. OCcTaHHIM Ma€ BEIWKE 3HAYCHHS TS
3aXMCTy OPTaHiB Bijl MOIIKOJKEHHS 3a iIemii-
penepdysii [19], B T.4., peryiio0un cCupsHKeHHs
KOHCTUTYTUBHMX NO-cHHTa3.

OTxe, MPOBEJEH] JOCITIKEHHS TTOKa3aJIH
3HaYHEe MiABUIICHHS MPOHUKHOCTI JJIS TPO-
TOHIB IJTa3MaTHIHOT MEMOpPaHH EPUTPOIIUTIB 13
SIpPeMHOI BEHH B paHHil nepiox (5xB) penepdysii
TOJIOBHOTO MO3KY micist 60 XB imemii, Ta 3HauHe
iHTi0yBaHHSI bOTO MPOIECY EKJUCTEPOHOM.
Taka npoTeKTOpHA MO0 EPUTPOIUTIB Jisl SKIH-
CTEpOHY MaJa 3a HaCHiJ0K, K MOKa3aHO HAMHU
panimre [1,2], 100% BmKUBaHHS TBapWH MiCIA
24 ron penepdy3ii TOTOBHOTO MO3KY (B HEIIPO-
TEKTOBaHOMY KOHTPOJIi BHxkHIIO nunie 60% TBa-
pHUH), a TaKOXX 3HaYHI MO3UTHUBHI 3MiHH BiZHOC-
HOTO BMICTY €PUTPOIUTIB i3 Pi3HOIO CTIHKICTIO
JI0 KHCJIOTHOTO Temodni3y. [IpoTrekTopHa mist ex-
IUCTEPOHY MOKE 3yMOBITIOBATUCS iHT10yBaHHIM
CaZ™-ATda3u, gKxa 3HAXOAUTHCS i KOHTpOJIEM
npoteinkinaszu C [10]. Takum 4uHOM, aKTHBHI
($opMHU KHCHIO 1 a30Ty, KOTPi MOXKYTb peryio-
BaTH K CTaH OKMCHEHHS TiOJOBUX TPYI, TakK i
JITIAHOTO OTOYCHHS B IJIa3MaTHYHIN MeMOpaHi
Ca’"-AT®as3u ta nporeinkinaszu C [ 14], mopunHi

nMonb/Mmr - Binka
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0 15x8 30xe 15xB 30xB/ 5xB 24 rog
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Puc. 4. 3mian BMicTy nentunoneiikorpueHy C4 y BeHO3HIN
KpOBI 13 TOJIOBHOTO MO3KY 3a HOr0 (poKasbHOT ieMii-perep-
(y3ii y korTpoui (1) 1 3a mpoTekTopHOi 1ii eKaucTepony (2).
* P<0,05 pi3HuLA BiporigHa BiTHOCHO 3HAUYCHHS Y IHTAaKTHHX
tBapuH (0 xB); ** P<0,05 pisHuLs BiporizHa BiTHOCHO 3Ha-
YEHHS y KOHTPOJIbHUX IIYDiB
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3aiiMaTH BaXJIMBE MicIle B iepapXii perymisiTopis
KUCJIOTHOI PE3UCTEHTHOCTI EPUTPOIUTIB.
3aralbHUNA BMICT KallbI[it0 B €PUTPOIHU-
Tax Bapire Mix 5 1 15HMONB/MI KIITHH 1
e HU3BbKUUA PIBEHH YaCTKOBO 3YMOBJICHHH
BiJICYyTHicTIO B 1ux kiiTuHax Ca?'-BMicHHX
opraHes — MITOXOHJIPi¥, CHAOIIA3MATHIHOTO
petukynayma i sapa [20]. OcHoBHa yacTuHa
1MT030516H0r0 Ca’’ 3HaXOAUThCA Y 3B’ A3aHOMY
CTaHi, a HU3bKHUI BMicT ioHi3oBaHOoro Ca?*
(6mm3pko 0,2 MKMOJB/IT) MOXYTH 3pOCTaTH y
3-7 pasiB 3a (i310J0TIYHUX YMOB BHACIiJI0K
MiJBUIICHHS 3a3BUYall HU3bKOT MPOHUKHOCTI
IIa3MaTu4Hoi MeMOpanu i aktuBHocTi Ca®'-
nomnu - (Ca®*, Mg?")-ctumynbosanoi AT®asu
[20]. 3a maro(i3ionoTiYHUX yMOB came 3HaYHe
M ABUIICHHS] KOHIIEHTpaIlii BiTbHOTO 10HI30Ba-
noro Ca®' B UTO3011i KJIITHH, B T.4. i €pUTPO-
IUTIB, CIYKUTh TPUTEPOM 0araTtbox MPOIECIB,
[0 MOMIKOXKYIOTh KJIITHHU 1 HaBiTh MOXYTh
BHKJIMKATH iX 3arubeins. BiqHOCHO epUTpOIUTIB
OCTaHHs OyBae HEKPOTHUYHOIO (32 JOTIOMOTOIO
PI3HOTO POaY TeMoJIi3iB) 200 amoNMTHYHOIO (32
JIOTIOMOTO}0 €PHUIITO3Y). Y BCIX KIIITHHAX, B T.4.
1 B EpPUTPOLHUTAX, 1 AONTHUYHA, 1 HEKPOTUYHA
nporpaMu 3aru0eni iHILiIOEThCS MiABHIIE-
HUMHU KoHueHTpauismMu Ca’" B numrosoni. Lle
MiATBEPIKY€E BUKIIOUHY POJb B iX peasizarii
BHUINEBKA3aHOTO MeXaHi3My npoHukHeHHss H™ B
1MTO30J1b epuTpouuTiB yepes Ca’'- H' o6Min,
akuii 3ailicHoeTses Ca? -ATda3010 y crpsixe-
Homy craHi. [logiOHHMIT MeXaHi3M JIi€ TaKOX B
rIageHbKuX M’si3aX cyauH [21]. YHiIKaJIbHICTH
CPUTPOIUTIB MOJIATAE B TOMY, 1110 JIJIST HUX came
Ca’" - H" o6Mmin, 3a BiACyTHOCTI KIiTHHHHX
JIETIO KAJIBI[II0, € UM HE €JUHUM 3aII001KHAM BiJI
anonTo3y/HeKpo3y crocobom. Ha Ham morsi,
3a QokanbHOI imemii-penepdysii ros1oBHOTO
MO3KYy CIIOCTEpIraeThCsi TakKa MOCIiJIOBHICTb
MPOIIECIB Y EPUTPOIUTAX HOTO BEHO3HOI KpoO-
Bi: meBHE NigBUINEHHs KoHIeHTpauii Ca’’ B
[UTO30JI1 EPUTPOLHUTIB JUIS 3am00iranHs (K
aJlaliTUBHUN TpoIlec) i1 MoJajbIIoT0 ITiJBU-
meHHs «Bkarodae» Ca’'- HY oOmin 3a gxoro
Ca’" «BMKHIAETbCA» B IJIa3My, IO HiJBUILYE
B Hill iX KOHIIEHTAI[if0, alie HEJOCTATHIO s
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IHriOyBaHHS MOJMAJBIIOTO HOT0 «BUXOIY» 13
epUTPOLHUTIB. BHACHiAOK LBOTO 13 MIa3MH MPO-
TOHU, KOHIIEHTpAIlisl SKUX, IO JaBHO BiJIOMO,
3a imemii MABUIYETHCS «3aX0ASTh» B €PUTPO-
nutu. Temep yxe, mo0 3MEHITUTH BHYTPIIIHB-
OKJIITUHHY KOHIICHTAI[i}0 MPOTOHIB (3a00irTH
3HIDKEHHIO pH B epuTponuTax), akTUBYIOTBCS
MpoLecH IX «eBakyalii» B ma3my. IcHye naBHO
BigoMuii iporiec BuaaneHust H uepes aHioHHU#H
KaHaj y BUIIAA ioHIB Oikapbonary (HCO,),
a TaKoX, K OyJI0 BCTAaHOBJIEHO 30BCIM HEIaB-
HO, 1 10HIB rigpocynbdiny (HS") [22]. Obunsa
aHIOHM IHTCHCHUBHO 1 MOCTIHHO CHUHTE3YIOThCS
B EPUTPOLUTAX, OCTaHHIH pepMeHTOM 3-Mep-
KarnromipyBarcyinbdorpancdepaszoro (3-MPST),
HassBHUM TaKOX 1 B MITOXOHPISX KIITHH Pi3HUX
OpTaHiB CEpIEBO-CYAUHHOI CHCTeMH. 3T1AHO 3
HAIIIOIO TIITOTE3010, CaMe aJalnTHBHE 3amobiran-
Hsl peajizallii MeHII MIKIJIMBOI JIsl OpraHizmMy
anoNTHYHOI 3arn0elni epuTPOLMTIB IPU3BOAUTD
IO peasizamii OiIbII HIKiITUBOT sl BCIX KIIITHH
OopraHi3My, aje JHUIIe YacTKOBO IS €PUTPO-
[IUTiB, HEKPOTUYHOI 1X 3arubeni 3a reMomisy. Pia
y TOMY, IO pyWHYBaHHS IJIa3MaTHYHOT MeMOpa-
HU EPUTPOLIUTIB 33 TEMOJI3y, B T.Y. KUCJIOTHOTO,
OPU3BOAUTH HE JIHINE 10 BUIIJICHHS B IIa3My
TOKCHUYHHUX CHOJYK (y HEepIry depry, BUIBHOTO
reMoTrI00iHy, 0 € CKaBEH)KEPOM OKCHJY a30-
Ty), aje 1 10 BUOUICHHS aaeHO3uHTpudocdary
1 ra30BUX TpaHcMiTepiB okcuay Bymieio (CO)
[23] i cipkoBoaHIO [24]. Sk naBHO Bimomo, CO
BUIUISETHCS BHACIIJOK PO3LICTIJICHHS TeMy
cTpecoBUM epMEHTOM reMoKkcuazoro. [pu 1b-
OMY YTBOPIOETHCS TAKOXK MOTYKHUI aHTHOKCH-
Ia’T OUTipyOiH, MPOTEKTOPHA POJIb SIKOTO SBHO
HegoouiHeHa [25]. OTke, MOMIpHUN KHUCIOTHHM
reMOJIi3 epUTPOLHUTIB MOKE OYTH MPOLIECOM, L0
3abe3mneuye opraHizm O0ioperyiIsiTopaMu.
BaxnuBy posb BU3BHaYEHHS CaMe KHCIIOTHO-
T0 TeMOJTI3Yy EPUTPOIMTIB HaOyBae 4epe3 MOXK-
JIUBICTH OTIOCEPEIKOBAHOI MBUAKOT (CKPiHIHTO-
BOT) OLIHKK [ii pi3HUX JIKapChKUX 3ac00iB, B
T.4. aHTUTINEPTECH3UBHUX, HA 3MIHU I[UTO30JIb-
HOTO KaJIbLil0, COPSUKCHUI/HECTIPSKEHUH CTaH
Ca?"-AT®da3u i akTUBHICTb KaJIbIiH-IIPOTOHHOTO
0o0MiHy Ta mpoteinkiHazu C B epUTPONHTAX, a
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BI/ITAK 1 B IHIIWX KJIITHHAX, 103aK EPUTPOLIUTH
JaBHO BU3HAHI YHIBEpCAJIbHUM MapKEepPOM IpO-
HHUKHOCTI TUIa3MaTUYHUX MeMOpaH s pi3HUX
10HIB.

BUCHOBKHA

1. B mepion poxkanpHOT immeMii TOJTOBHOTO MO3KY
CTIHKICTB 10 KHCIIOTHOTO TeMOJIi3y EPUTPOITUTIB
HOro BEHO3HOI KPOBI Yy KOHTPOJBHUX IIYPiB
3pocTae, TOAl SK B paHHIN mepion pernepdysii
(5 xB), HaBnaku, HajIMipHO (Maiixke B 60 pa3iB)
3HIDKYETHCS MOPIBHAHO 3 Takowo Ha 60-i XBH-
JIHI imeMii.

2.V npoTeKTOBaHUX €KJIUCTEPOHOM TBApPUH
CTIMKICTh €PUTPOIUTIB BEHO3HOI KPOBIi i3 ro-
JIOBHOTO MO3KY /IO KHCJIOTHOTO reMoJIi3y Ha 5-if
XBWJIMHI Horo penepdy3sii MOpiBHAHO i3 piBHEM
Ha 60-1 XBUIMHI imeMii 3HWKyBanacs 3HaYHO
MEHIIIOI0 Mipoto (Jumie y 8 pasiB).

3. [IpoTarom BChOTO Tepiomay imemii-pe-
nepdy3ii roJT0OBHOTO MO3Ky y WOTO BEHO3HIH
KpPOBi KOHTPOJBHUX TBAPUH MYJH SIK AI€EHOBUX
KOH’IOTaTiB, Tak i mnentuaoneikorpiena C,
Oynu 3HAYHO BUIIMMH, HIK Y MPOTEKTOBAHHUX
eKJIMCTEPOHOM LIYpiB, 110 Hependadyae MOXKJIU-
BUH aHTHpAaAUKAILHHN MEXaHi3M 3aXHCHOI mii
CKJIUCTEPOHY.

A.B. Koumropy6a, P.P. lllapunos, b.C. Konbsik,
B.®. Carau

®OKAJIBHAS UIIEMUSI-PEITIEPDY3U S
T'OJIOBHOI'O MO3T'A BbI3BIBAET
CHUKEHME CTOMKOCTH K KHCJIOTHOMY
TEMOJIN3Y SPUTPOIIMTOB EI'O
BEHO3HOM KPOBH, KOTOPOE
MPEJOTBPAIAETCSI JEMCTBUEM
SKJIUCTEPOHA

Omnpeneniy CTOMKOCTh K KUCIOTHOMY I'€MOJIH3Y SPHTPOLH-
TOB BEHO3HOH KPOBH M3 I'OJIOBHOTO MO3ra B JUHAMUKE HIIC-
Muueckoro nepuoaa (Ha 15, 30, 45 u 60-if MunyTe), a TakxKe
B panHuH (5 MUH) ¥ oTHan€HHbIH (24 1) nepuoa penepdy3un
y B3POCIIBIX KPBIC, KOTOPBIE ¢ MPOMHIAKTHUECKOH LIENIbIO B
Teuenue 18 cyT momydanau per os o 1 MI/KT SKAUCTEpOHA B
BUJIE CTaHIapTU3MPOBAHHOIO AKCTpakTa Serratula coronata.
ITpoBeneHHBIIT aHANIN3 KMHETHYECKHX KPHUBBIX KHCIOTHOTO
reMoJIn3a Iokasai 3HagyuTensHoe (moutH B 60 pas, ot 1,45 no
85,85 %, Ha 60-it MUHYyTe HIIeMHUHU U 5-i MUHYTE penepdy3un
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COOTBETCTBEHHO) YBEJIMUCHHUE JOJIM HECTOMKUX K KHCIIOTHOMY
IeMOJINM3Y 3pUTPOLUTOB. IIpeKOHINIIMOHNPOBAHUE SKAUCTE-
POHOM 3HAYUTEIBHO YBEJITUUUBAJIO CTOMKOCTh K KMCIOTHOMY
IeMOJIU3Y 3PUTPOLIUTOB BEHO3HOM KPOBH U3 FOJIOBHOTO MO3ra
B paunuii nepuox penepdy3uu 10ms1 JIaOMIBHBIX KIETOK Y
9THUX XUBOTHBIX Bo3pacTaiyia juib B 8 pa3 (ot 0,29 no 2,29
%, Ha 60-11 MUH HIIEMHUH U S5-I MUHYTe periepdy3un COOTBET-
cTBeHHO). Ha npoTsbkeHun Bcero nepuoza UIIEMHH, ¢ MaK-
CUMYMOM Ha 15-if MUHyTe, B BEHO3HOI KPOBU U3 FOJIOBHOTO
Mo3ra B 4 pa3a yBeJIMYMBAINUCh ITYJIbl IUCHOBBIX KOHBIOTATOB
(ot 2,40 10 9,48 Hr/Mr 6eKa) ¥ MEeNTHI0ICHKOTPHUCHA C, (or
1,49 10 5,98 nmouns/Mr 6enka). Emé 60sbIie mysibsl JHEHOBBIX
KOHBIOTAaTOB U JielikoTpuena C, BO3pacTaiu Ha 5-i MUHyTe
peniepdysun. [Tpu 3TOM, Kak B EpHO UILIEMHUH, TaK U B paH-
HU iepuox penepy3uu y IPOTEKTHPOBAHHBIX IKIUCTEPOHOM
JKMBOTHBIX TAKUX 3HAYMTEIIBHBIX M3MCHEHUI HEe HAOMIOAIH.
[Tocnennee mpeanosnaraeT BO3MOXKHBIM aHTUPAJUKaIbHBIN
MEXaHU3M AHTHI€MOJIMTUYECKOTrO NeHCTBHS SKIUCTEpOHA B
paHHHH repros perepdy3uu.

KitroueBele ciioBa: okanpHas HeMusi-perepgy3us roI0BHO-
I'0 MO3TI'a; SPUTPOLIUTHI BEHO3HOH KPOBH U3 TOJIOBHOTO MO3Ta;
KUCJIOTHBII FeéMOJIN3; KPBICHI; 3KIUCTEPOH.

A.V. Kotsuruba, RR Sharipov, B.S.Kopyak,
V.F. Sagach

BRAIN FOCAL ISCHEMIA-REPERFUSION
CAUSES A DECREASED RESISTANCE

OF ERYTHROCYTES FROM VENOUS
BLOOD TO ACID HEMOLYSIS, WHICH IS
PREVENTED BY ECDYSTERONE

We investigated the resistance of erythrocytes from rat brain
venous blood to acid hemolysis in the dynamics of brain
ischemic period (15, 30, 45 and 60 min), as well as in the
early (5 min) and distant (24h) period of brain reperfusion.
Brain ischemia-reperfusion was made in rats that received
ecdysterone (standartized extract of Serratula coronata) within
18 days (per os, 1 mg/kg). Analysis of the kinetic curves of
acid hemolysis showed a pronounced (60 times, from 1.45
to 85.85 % at 60 min of brain ischemia and at 5 min of brain
reperfusion, respectively) increase of unstable erythrocytes that
hemolyzed easily (<2.5 min). In the preconditioned rats, this
increase was only 8- fold. During the period of brain ischemia,
with a maximum at 15th minute, in the venous blood from
brain the diene conjugates (DK) pools increased from 2.40
to 9.48 ng/mg protein and LTC, pools increased from 1.49 to
5.98 pmol/mg protein. Even more pools of DC and LTC,, were
increased at Sth min of brain reperfusion. In animals received
ecdysterone, during ischemia and early reperfusion period,
both pools of DC and LTC, in venous blood were lower than
that in the controls. The latter implies a possible antiradical
mechanism of the protective effect of ecdysterone.

Key words: erythrocytes; brain focal ischemia-reperfusion;
venous blood from brain; acid hemolysis; rats; ecdysterone.
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Functional as well as structural reorganization of brain tissues takes place in the surrounding and re-
motes brain areas after focal ischemic lesions. In particular, reactive or regenerative processes have been
described to occur in the infarction areas and the contralateral hemisphere. Experiments were performed
on 63 rats, divided into 3 groups (each consisted of 21 animals): sham operated, short-term occlusion of
the right middle cerebral artery (MCAQO) group, and long-term MCAO group. We have studied changes in
proteasome proteolysis during transient occlusion of the middle cerebral artery using method of Koizumi
J., duration 2 and 60 min and made the comparison between changes in different types of proteasome
activity and severity of ischemic injury and showed three types of decrease in proteolytic activity (trypsin-,
chymotrypsin-like, peptidylglutamyl peptide-hydrolyzing) in the brain tissues. Chymotrypsin-like activity of
ischemic areas of the brain for short-term MCAO decreased 4.1 times compared with controls (P>0.05), for
long-term MCAQO decreased 5.8 times compared with controls (P<0.05). Trypsin-like activity of ischemic
areas of brain for short-term MCAQO decreased 7.1 times compared with controls (P>0.05), for long-term
MCAO decreased 12.5 times compared with controls (P<0.05). PGPH activity of ischemic areas for short-
term MCAO decreased 8 times compared with controls (P>0.05), for long-term MCAO decreased 2.8 times
compared with controls (P<0.05). The similar dynamics was observed also in the penumbra and the core
zone of the brain at 6 h of reperfusion, in the long run there is no significant difference between the core
and contralateral zones. Our results suggest that proteasome activity may play also a role in contralateral
cortical plasticity occurring after focal cerebral ischemia.

Key words: ischemic stroke; focal cerebral ischemia; proteasome.

INTRODUCTION

Ischemic stroke, occurring as a result of occlu-
sion of major cerebral arteries, is a devastating
disease, representing a leading cause of death
and disability worldwide [1]. Brain ischemia,
due to loss of cerebral blood flow, induces a
complex interaction of several pathological
perpetrators that eventually lead to cell death
[2]. Despite recent advances, there are major
gaps in our understanding of the pathogenesis
of cerebral ischemic injury, and therapeutic
options for stroke patients remain limited [3]. It
is so necessary to study molecular mechanisms
of this pathology, one of them is ubiquitin-
proteasome system which represents the main

cellular pathway for protein degradation [4],
contributing to important cellular processes,
including transcriptional regulation, cognition,
memory and other [5].

The accumulation of ubiquitin-containing
protein aggregates following ischemia is a rela-
tively unexplored research area that may provide
new mechanistic insights into ischemic brain
damage [6]. However, the factors leading to
deposition of these aggregates and their conse-
quences for stroke outcome are largely unknown
and, as such, require additional elucidation.

Although the proteasome is responsible for
the majority of intracellular protein degradation,
and has been demonstrated to play a pivotal role
in a diverse array of cellular activities, the role
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of the proteasome in the central nervous system
is only beginning to be elucidated [7]. The eu-
karyotic proteasome is a large multicatalytic,
multisubunit protease complex possessing at
least three distinct activities, which are associ-
ated with three different of subunits, respec-
tively: chymotrypsin-like activity (with the
B5 subunit), trypsin-like activity (with the B2
subunit), and peptidylglutamyl peptide-hydroly-
zing (PGPH) activity (with the B1 subunit) [8].

Recent studies have demonstrated that pro-
teasome inhibition occurs in numerous neuro-
degenerative conditions, and that proteasome
inhibition is sufficient to induce neuron death,
elevate intracellular levels of protein oxidation,
and increase neural vulnerability to subsequent
injury [9]. In other hand, proteasome inhibitors
are very effective for prevantion of ischemic
injury [10].

The aim of this investigation is to determine
three types of proteasome activities in zone brain
(core, penumbra, contralateral area) under short-
term and long-term carotid artery occlusion,
compare infarction volume with behavioral tests
in modelling of focal ischemic stroke.

METHODS

Adult male Wistar rats, weighing 280-320 g,
were housed in standard cages with free access
to food and water on a 12 h light/dark cycle.
All procedures performed on animals were car-
ried out in accordance with the Guide for the
Care and Use of Laboratory Animals (National
Research Council, 1996, USA) and were ap-
proved by the Animal Use and Care Committee
of Bogomoletz Institute of Physiology National
Academy of Science of Ukraine.

Sixty three rats were randomly allocated
to one of three groups: sham group, short-term
(MCAO) group, and long-term MCAO group.
The rats in the sham group (n=21) underwent
right common carotid artery and external carotid
exposure without MCAQO, were anesthetized
with calipsol (75 mg/kg) and xylazine (10 mg/
kg). In the short-term MCAO group (n=21), un-
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der the same anesthetic conditions and surgical
procedures as sham group, the MCA was oc-
cluded for 2 min. In long-term MCAO group (n=
21), under the same anesthetic conditions and
surgical procedures as sham group and short-
term MCAO group, the MCA was occluded for
60 min. In all three groups reperfusion time was
6, 24 and 72 h (n=7). Animals were tested at 6
h, 24 h and 72 h to evaluate neurologic function
[11]. At 6 h, 24 h and 72 h after reperfusion, a
subset of the rats was sacrificed, and the brains
were quickly harvested for the measurement of
infarction ratio and proteasome activity.
Rectal temperature was monitored and kept
at 37 + 0.5°C with a heating pad, and let tem-
poralis muscle temperature was kept at 37.5
+ 0.2°C with a heating lamp. Focal cerebral
ischemia was induced in rats by permanent oc-
clusion of the right middle cerebral artery, using
the suture method previously described, with
modifications [11]. Briefly, the right common
carotid artery was exposed, and the external
carotid artery was isolated and coagulated. A
4-0 silicone-coated nylon suture (Doccol Co.,
Albuquerque, NM, USA) was inserted into
the internal carotid artery through the external
carotid artery stump and gently advanced to oc-
clude the MCA. After completion of the proxi-
mal MCAO, the suture was gently withdrawn to
permit reperfusion. The external carotid stump
was ligated and the wound closed, and the rats
were maintained under temperature control until
they were returned to animal cages | h later.

Infarction Volume Measurements

The animals were sacrificed at 6, 24 or 72 h
after MCAO, after which the brains were rap-
idly removed and sectioned coronal at 2-mm
intervals. Sections were taken from the region
beginning Imm from the frontal pole and end-
ing just rostral to the corticocerebellar junction
and stained with 2% 2,3,5-triphenyltetrazolim
hydrochloride (TTC) (“Sigma”, St. Louis, MO,
USA), for 15 min at 37 °C. The infracted tis-
sue remained white, whereas normal tissue
was stained red. The lesion volume (mm3) was
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determined by multiplying the appropriate area
by the section interval thickness. To reduce
errors associated with processing of tissue for
histological analysis, the ischemic volume is
presented as the percentage of infarct volume
of the contralateral hemisphere (indirect volume
calculation). Infarct areas of all sections were
added to derive the total infarct area, which was
multiplied by the thickness of the brain sections
to determine the infarct volume. To compensate
for the effect of brain edema, the corrected per-
centage of infarction was calculated as follows:
percentage of infarction = [measured infarct
area - (ipsilateral hemisphere area — contralateral
hemisphere area)]/[(ipsilateral hemisphere area
+ contralateral hemisphere area) - (ipsilateral
hemisphere area — contralateral hemisphere
area)] [12].

MCADO in rats typically causes varying de-
grees of both somatosensory and motor impair-
ment. Thus, it is important that evaluation of
neurological function following experimental
stroke consist of a battery of tests that evaluate
the degree of sensory and motor impairment in
an accurate, reproducible manner. A multitude
of tests have been developed to evaluate these
functions. A test such as the Open field has been
proposed as test of motor function, while the
Adhesive Removal (sticky-tape) test is often
utilized as a test of somatosensory function.
These tests were performed after 6, 24, 72 h of
reperfusion at modeling ischemic brain damage.

Proteasomal activity

Brain samples (10% wt/vol) were homogenized
either in tris-HCI. The total brain homogenate
was centrifuged at 5,000 g for five min, and the
supernatants (cytosolic fractions) were used for
the determination of protease alkaline and pepti-
dase activities. The fluorogenic peptide substrate
Suc-Leu-Leu-Val-Tyr-7-amydo-4-methylcou-
marin (S6510; “Sigma-Aldrich”) was used to
measure the chymotrypsin-like activity of the
proteasome, Boc-Leu-Ser-Thr-Arg-7-amydo-
4-methylcoumarin (B4636; “Sigma-Aldrich”)
was used for the trypsin-like activity and CBZ-
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Leu-Leu-Glu-7-amydo-4-methylcoumarin
(C0483; “Sigma-Aldrich”) for the PGPH ac-
tivity [13, 14]. After a 30-min (for trypsin-like
activity) or lh (for other activities) incubation
with one of these fluorogenic peptides (at a
concentration of 6 uM), fluorescence of the
reaction products was monitored at 380 nm exci-
tation and 440 nm emission using free 7-amino-
4-methylcoumarin as a standard on a Hitachi
4000 spectrofluorometer. The reactions were
carried out in the absence or presence of selec-
tive proteasome inhibitors — clasto-lactacystin
B-lactone (2.5 uM) — to differentiate between
nonproteasome- and proteasome-mediated pep-
tide hydrolysis. The percentage of inhibition of
respective substrate hydrolysis after treatment
with a specific inhibitor was evaluated as the
proteasome activity and was expressed as nano-
moles per liter 7-amino-4-methylcoumarin per
10 cells per 1 min.

Statistical analysis

All values are presented as an arithmetic mean +
standard error. Data in all groups was tested for
normality of distribution using the one-sample
Kolmogorov-Smirnov test, and the analysis of
variance was performed using one-way ANOVA.
Results were considered statistically significant
at the P <0.05 level. The software used was MS
Excel 2007 and SPSS Statistics 17.0.

RESULTS

Infarction volume was then calculated by
summing the infarction areas over all sections
and multiplying by the slice thickness (table).
Whereas no histological damage was noted in
shamoperated rats, focal ischemia led to a brain
lesion affecting the temporoparietal cortex,
including mainly the primary somatosensory
cortex. Brain damage also affected, but to a
minor extent, a small part of the S1 forelimb
cortex, a lateral portion of the primary motor
cortex, the secondary somatosensory cortex, the
agranular insular cortex, and the ectorhinal and
auditory cortex. Furthermore, in some animals,
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Volume of ischemic brain areas (mm?) in rats at different periods of reperfusion after MCAO (M+m, n=14).

Volume of ischemic brain areas Infarct V,O lume,. mm’ Penumbra, mm? Core, mm?
(Total infarction)

short- term 5.11 £1.25 - -

6h long-term 9.18+1.43 * 7.24+1.13 1.95+0.31
short-term 5.52+1.47 - -

24h long- term 11.47 £5.41 * 5.16 £2.43 6.32+2.97
short-term 10.01 £2.34 - -

72h long-term 21.27+£2.07 * 2.77+0.27 18.50+1.80

* P <0.05.

an expansion of the lesion can be observed in
white matter, as well as shrinkage of a small por-
tion of the lateral striatum. The lesion volumes
were 5.11+1.25 mm?, 5.52+1.47, 10.01+2.34
in short-term MCAOQO group after 6, 24, 72 h
respectively (histological measurements) and
9.18+1.43,11.4745.41,21.2742.07 in long-term
MCAO group after 6, 24, 72 h respectively (table
1, P<0.05). According to the literature, on the
3rd day after MCAO the area of ischemic dam-
age has clearly delineated, with perifocal edema
zone is less expressed than on the 1st - 2nd day.

After the staining TTC there was revealed
a significant prevalence of infarction volume
areas in the long-term MCAO group with time
of reperfusion 72 h - (21.27£2.07 mm?) of the
corresponding values in the other group of
animals at the same time of reperfusion (short-
term MCAO - 10.01£2.34 mm?, P<0.05) (Fig.
1). Dimensions zone lesions in the long-term
MCAO group with time of reperfusion 24 h -
(11.474£5.41mm?3) of the corresponding values
in the other group of animals at the same time
of reperfusion (short-term MCAO - 5.52+1.47
mm?, P<0.05 ). Dimensions zone lesions in the
long-term MCAO and the short-term MCAO
were also statistically significant (9.18+1.43
mm? and 5.11+1.25, respectively, P<0.05).

We measured three types of proteolytic ac-
tivity of the proteasome (trypsin-, chymotrypsin-
like and peptidylglutamyl peptide-hydrolyzing-
like) in the brain tissues. Various activities of
the proteasome activity vary in different direc-
tions. After 6 h of reperfusion in the core zone
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all kinds of proteasomal activity are activated
comparable with the amplitude of short-term
MCAUQO, in cases not only short-term MCAO but
also with long-term MCAO, while in cases of
large spread short-term MCAO. This activation
was not statistically reliable, but for long-term
MCAQO - statistically significant (Fig. 2). Chy-
motrypsin-like activity of ischemic areas of the
brain for short-term MCAO decreased 4.1 times
compared with controls (P>0.05), for long-term
MCAO decreased 5.8 times compared with con-
trols (P<0.05). Trypsin-like activity of ischemic
areas of brain for short-term MCAO decreased
7.1 times compared with controls (P>0.05), for
long-term MCAO decreased 12.5 times com-
pared with controls (P<0.05). PGPH activity of
ischemic areas for short-term MCAO decreased
8 times compared with controls (P>0.05), for
long-term MCAO decreased 2.8 times compared
with controls (P<0.05). The similar dynamics
was observed also in the penumbra and the core
zone of the brain at 6 hour of reperfusion, in

I 1 Penumbra

Core

Contralateral
zone

Fig. 1. Histological sections of brain after TTC staining
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the long run there is no significant difference
between the core and contralateral zones. These
data are summarized in Fig. 3.
Chymotrypsin-like activity of penumbra for
short-term MCAO decreased 4.3 times compared
with controls (P>0.05), for long-term MCAOQO
decreased 11 times compared with controls
(P>0.05). This activity of contralateral zone in
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Fig. 2. Trypsin-like (a), chymotrypsin-like (b) and PGPH (c)
activities of proteasome in core area of brain after MCAO.
1 — control; 2 — short-term MCAO group at 6 h period of
reperfusion; 3 — short-term MCAO group at 24 h period of
reperfusion; 4 — short-term MCAO group at 72 h period of
reperfusion; 5 — long-term MCAO group at 6 h period of
reperfusion; 6 — long-term MCAO group at 24 h period of
reperfusion; 7 — long-term MCAO group at 72 h period of
reperfusion. N = 7. * P<0.05
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relation to damage zone for short-term MCAO
decreased 4.3 times, for long-term MCAO
decreased 3 times compared with controls
(P<0.05). Trypsin-like activity of penumbra
decreased 4.1 times compared with controls
for short-term MCAO (P>0.05), for long-term
MCADO this type of activity decreased 25 times
compared with controls (P>0.05) and decreased
4.1 times for contralateral zone in relation to
damage zone for short-term MCAO, for long-
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Fig. 3. Trypsin-like (a), chymotrypsin-like (b) and PGPH (c)
activities of proteasome in penumbra after MCAO. 1 — control;
2 — short-term MCAO group at 6 h period of reperfusion;
3 — short-term MCAO group at 24 h period of reperfusion;
4 — short-term MCAO group at 72 h period of reperfusion; 5
—long-term MCAO group at 6 h period of reperfusion; 6— long-
term MCAO group at 24 h period of reperfusion; 7 — long-term
MCAO group at 72 h period of reperfusion. N = 7. * P<0.05
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term MCAOQ it decreased 9 times compared with
controls (P<0.05). PGPH activity of penumbra
for short-term MCAO decreased 6.3 times for
short-term MCAO compared with controls
(P>0.05), for long-term MCAO it decreased 3.7
times compared with controls (P>0.05). This
activity decreased 4.5 times for contralateral
zone in relation to damage zone for short-term
MCAQO, for long-term MCAO it decreased 2.5
times compared with controls (P<0.05). This
suggests that the activation of the proteasome
is a reactive processes rather than a mechanism
of neuronal damage.

At 24 h of reperfusion there was a significant
strengthening of trypsin-like both in the core
zone and in the penumbra and this is observed
only during long-term MCAO and at short-term
MCAO such effects did not appear and also in
contralateral is not observed (Fig. 2, a).

Trypsin-like activity decreased 7.1 times for
core at 6 h of reperfusion for short-term MCAO
compared with controls (P>0.05), for long-term
MCAQO it decreased 12.5 times compared with
controls (P<0.05). This activity of penumbra
for short-term MCAO decreased 4.1 times,
for long-term MCAO it decreased 25 times
compared with controls (P<0.05). Trypsin-like
activity decreased 5.5 times for core at 24 h of
reperfusion for short-term MCAO compared
with controls (P>0.05), for long-term MCAOQO
it decreased 1.1 time compared with controls
(P<0.05). This activity decreased 4 times for
penumbra at 24h of reperfusion for short-term
MCADO, for long-term MCAO it increased 1.8
times compared with controls (P<0.05). These
processes which are related to damage and con-
firmed: “If ischemia is longer, the activation will
be stronger”. There is a clear dependence of the
effect on the duration of ischemia. Short-term
MCAO did not induce any significant changes
in trypsin-like proteasome activity neither in
core, nor penumbra regions.

In short-term MCAOQ the peak of activity was
not at 24h after reperfusion but on 72 h. At that
occurred reaction as chymotrypsin- and trypsin-
like activity and this reaction was observed
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in the core and penumbra. Chymotrypsin-like
activity decreased 4.1 times for ischemic areas
for short-term MCAO at 6 h of reperfusion
compared with controls (P>0.05), for penumbra
it decreased 4.5 times compared with controls
(P>0.05); at 24 h of reperfusion this activity
decreased 3.8 times compared with controls for
core zone (P>0.05) and for penumbra it decrease
3.2 times compared with controls (P>0.05); at 72
h of reperfusion this activity for core increased
1.1 times compared with controls (P>0.05) and
for penumbra of this period it decrease 1.2 times
compared with controls (P>0.05).

Trypsin-like activity decreased 7.1 times for
ischemic areas of brain for short-term MCAO
at 6 h of reperfusion compared with controls
(P>0.05) and it decreased 11 times compared
with controls for penumbra at this period
(P>0.05); this activity decreased 5.5 times com-
pared with controls at 24 h of reperfusion for
core zone (P>0.05) and for penumbra of this
period it decreased 1.4 times, at 72 h of reper-
fusion for core zone this activity increased 1.4
times compared with controls (P>0.05) and it
decreased 1.5 times for penumbra.

In long-term MCAO the peak of activity
was at 24 h but not at 72. In some areas there
are observed reduced activity. In case of long-
term activation occurs earlier, that is logically.

Chymotrypsin-like activity decreased 5.5
times compared with controls for ischemic ar-
eas of the brain for long-term MCAO at 6 h of
reperfusion (P<0.05), for penumbra it decreased
4.5 times compared with controls (P>0.05);
this activity for core zone decreased 1.7 times
compared with controls at 24 h of reperfusion
(P<0.05) and it decreased 1.4 times compared
with controls for penumbra (P>0.05); at 72 h of
reperfusion this activity for core zone increased
2.2 times compared with controls (P>0.05) and
for penumbra of this period it decrease 1.5 times
compared with controls (P>0.05) (Fig. 3, b).

Trypsin-like activity decreased 12.5 times
compared with controls for ischemic areas of
brain for long-term MCAO at 6 h of reperfu-
sion (P<0.05) and it decreased 25 times com-
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pared with controls for penumbra at this period
(P<0.05); at 24 h of reperfusion for core zone
this activity decreased 1.1 time compared with
controls (P>0.05) and for penumbra of this
period it increased 1.8 times, at 72 h of reper-
fusion for core zone this activity decreased 1.1
time compared with controls (P>0.05) and it
decreased 1.4 times for penumbra (P>0.05).

We should also note that pattern activation
of PGPH in core is not strongly differ and is
almost the same with all types of proteasome
activity (Fig. 2, ¢). PGPH activity decreased 6.2
times compared with controls for core zone for
short-term MCAO at 6 h of reperfusion (P>0.05)
and for long-term MCAO it decrease 2.7 times
compared with controls (P<0.05); this activity
of core zone for short-term MCAO decrease
2.3 times compared with controls at 24 h of
reperfusion (P>0.05) and for long-term MCAO
it decreased 1.9 times compared with controls
(P>0.05); this activity decreased 2.7 times
compared with controls at 72 h of reperfusion
of core zone or short-term MCAO (P>0.05) and
for long-term MCAO of this period it decreased
20 times compared with controls (P>0.05).

Chymotrypsin and trypsin-like activities
increase in contralateral area at the period of
72 h reperfusion (Fig. 4). In this case activation
was not occurred in group of Long-term MCAO
and Short-term MCAO and this activation was
not connected with damage of neurons because
this is contralateral hemisphere. Activation on
this area was not occurred at 24, but at 72 in
central zone. This reaction was reactive and
more marked for Short-term MCAOQ than for
long-term MCAO. And it distinguishes reaction
in contralateral zone between core zones.

DISCUSSION

We have studied changes in proteasome prote-
olysis during transient occlusion of the middle
cerebral artery using method of Koizumi J.,
duration 2 and 60 min and made the comparison
between changes in different types of protea-
some activity and severity of ischemic injury and
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showed three types of decrease in proteolytic
activity (trypsin-like, chymotrypsin-like, PGPH)
in the brain tissues.

We have also received data that with in-
creasing time of ischemia, the necrosis size is
increased and obtained correlation of these data
with behavioral tests that confirm the response
to stress or injury. It has been intensively stud-
ied because delayed neuronal death provides a
window of opportunity for studying ongoing
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Fig. 4. Trypsin-like (a), chymotrypsin-like (b) and PGPH (c)
activities of proteasome in contralateral area after MCAO.
1 — control; 2 — short-term MCAO group at 6 h period of
reperfusion; 3 — short-term MCAO group at 24 h period of
reperfusion; 4 — short-term MCAO group at 72 h period of
reperfusion; 5 — long-term MCAO group at 6 h period of
reperfusion; 6— long-term MCAO group at 24 h period of
reperfusion; 7 — long-term MCAO group at 72 h period of
reperfusion. N = 7. * P<0.05
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molecular processes before neuronal death after
brain ischemia [15].

Intracellular proteolysis of proteasome ac-
tivity significantly decreased in brain tissues in
modeling transient occlusion of the middle ce-
rebral artery and may have pathogenetic signifi-
cance. What is the nature - or actually pathologi-
cal adaptation is a change of proteasome activity
in brain tissues during ischemia will determine
further stages of proteasome inhibitors.

The current study demonstrates that protea-
some activity is decreased after IRI (ischemic
reperfusion injury) and may therefore contribute
to neuronal injury during IRI. For example, in-
hibition of the proteasome is sufficient to induce
neuron death [16]. In addition to directly induc-
ing neuron death, subtoxic levels of proteasome
inhibition would be expected to increase neuro-
nal viability. Proteasome activity is required for
most forms of NFkB activation [17], a transcrip-
tion factor which has been demonstrated to have
neuroprotective properties in vitro and in vivo.
Because the proteasome is responsible for the
removal of damaged and oxidized proteins [18],
impaired proteasome activity may contribute to
oxidative stress during IRI. It is interesting to
speculate that the increase in proteasome activ-
ity in the contralateral hemisphere, which did not
undergo significant increases in neuron damage
after IRI in the current study, may represent a
neuroprotective activation of proteasome activity.
Alternatively, low levels of oxidative stress have
been demonstrated to stimulate proteasome activ-
ity [18] and may account for increases in protea-
some activity within the contralateral hemisphere.

All three types of proteasome activities were
changed in the aorta, heart tissues, and blood
leucocytes in modeling of cholesterol athero-
sclerosis [14]. The chymotrypsin-, trypsin-like,
and PGPH activities of the proteasome occur
at distinctive sites within the proteasome. The
proteasome degrades substrates in a processive
fashion that is believed to be particuarly impor-
tant for preventing the accumulation of partially
degraded proteins and the partial degradation
of a substrate, which may allow for its contin-
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ued functioning. For example, by degrading a
regulatory portion, but not the active enzymatic
portion of a proteasome substrate, the activity of
that substrate could continue to aberrantly func-
tion. Alternatively, proteasome inhibition could
increase the half-life of proapoptotic proteins
within neurons, increasing the toxicity of their ac-
tivation. It is interesting to point out that pharma-
cologic inhibition of the proteasome is sufficient
to induce caspase activation, which may be due
in part to the decreased catabolism of activated
caspases (data not shown). Adjusted changes of
ubiquitin-proteasome system to sschemia in the
postischemic hippocampus, conjugated ubiquitin
(Ub) accumulates and free Ub is depleted. The
accumulation of conjugated Ub may reflect hypo-
function of downstream proteasome activity that
normally degrades ubiquitinated proteins. More-
over, direct injection of a proteasome inhibitor
into the lateral ventricles of the rat-induced DNA
fragmentation in various CNS areas, suggesting
that suppression of proteasome is able to induce
neuronal apoptosis [19].

Therefore, it is reasonable to speculate that
proteasome malfunction may in part underlie
the molecular events of the ischemia-induced
neuronal death. Decreased proteasome activity
at the ischemic core and the surrounding tis-
sues allows accumulation of oxidized proteins,
resulting in formation of protein aggregates, ER
stress, impairment of cell function, and eventu-
ally cell death. In an experimental ischemia of
rat brains, a 60% elevation of Ub conjugate
levels in the ischemic compared with the non-
ischemic animals was observed within 1 hour
of recovery. The conjugate immunoreactivity
remained at this level for 6 h but eventually
decreased to control levels by 24, h of recovery.
Increased formation of poly-Ub conjugates was
accompanied with a significant increase in the
transcription levels of poly-Ub genes [20].

It is likely that the loss of proteasome activi-
ty occurs in other age-related neurodegenerative
disorders that exhibit increased oxidative dam-
age, including Parkinson’s disease and Hunting-
ton’s disease. It will be important to determine

ISSN 0201-8489 @ision. scypu., 2015, T. 61, Ne 5



O.1. Savchuk, M.O. Orlovsky, Ie.S. Iarmoliuk, S.V. Goncharov, V.E. Dosenko, G.G. Skibo

which environmental and genetic stimuli in each
of these disorders mediate decreased proteasome
activity.

Numerous studies now clearly demonstrate
that inhibition of the proteasome is sufficient
to induce cell death in both neuronal and glial
cells. These studies have demonstrated that
proteasome inhibitors can induce several hall-
marks of apoptosis, including caspase activation,
cytochrome C release, elevated p53 expression,
chromatin fragmentation, and DNA laddering
[13, 18]. Recent studies have demonstrated that
proteasome inhibition may occur in a wide array
of neurodegenerative disorders, including isch-
emia-reperfusion injury [5], Alzheimer’s disease
[21], and Parkinson’s disease [22]. In each of
these conditions, the ability of proteasomes to
generate neuorogenic substrates from peptides
specific for individual proteasome activities
has been demonstrated. It is important to point
out that while these peptides can be extremely
useful as a determinant of proteasome activity,
they may not fully account for functional impair-
ments in proteasome activity. For example, the
ability to cleave a chymotrypsin-like substrate
may be only slightly inhibited in a particular
tissue, even though the ability of the proteasome
to degrade a specific protein may be severely
inhibited [23].

The ability of proteasome inhibition to in-
duce such a wide variety of cell death events
suggests that proteasome activity plays a critical
role in multiple aspects of neuronal homeostasis.

0.1. CaBuyk, M.O. Opaoscbkuii, €.C. SApmoiiok,
C.B. I'onuapos, B.€. locenko, I.I. Ckuoo

AKTHUBHICTB ITIPOTEACOMU B TKAHMHAX
T'OJOBHOTI'O MO3KY IIYPIB JIHII
BICTAP ITICJA INEMIYHOI'O IHCYJIbTY

MopentoBaHHs {IIEMIYHOTO YIIKOUKEHHS TOJIOBHOTO MO3KY
CIPUYHHIOE (DYHKIIOHATBHI Ta CTPYKTYPHI 3MiHH HOTO OYZI0BH.
30kpema, Oynu OIcaHi aKTUBHI 200 pereHepaTHBHI POLIECH,
110 BigOyBasIics B 30HaX iH(PapKTy Ta KOHTpalaTepabHil MiB-
Kyii. JlocnmimpkeH s IpoBeAeHO Ha 63 mrypax, po3moaiIeHuX
Ha 3 eKcIeprMeHTalbHI rpynu (rmo 21 TBapuHI y KOXKHIH):
rpyna TBapHH 3 KOPOTKOTPHBAJIOK OKIIO3I€I0 CepeaHbOT
Mo3KoBoi aprepii (OCMA), rpyma 3 nororpusainoro OCMA
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Ta TBapHUH 3 yIaBaHOIO Omeparliero. BusHaueHo 3MiHH TPHOX
BH/IiB [IPOTEACOMHOT aKTHBHOCTI B TKAHUHAX FOJIOBHOTO MO3KY
[PU MOJICITIOBAHHI 1IIEMIYHOTO MOIIKOKSHHS 3a IOTTOMOTOF0
TPaH3UTOPHOI OKJII03ii CepeIHbOi MO3KOBOT apTepii 3a MeTo-
nukoro Koizumi J., Ta criBas., 1o tpuBaia 2 i 60 XB Ta npo-
BEJICHO ITOPIBHSHHS MK 3MiHAMHU Pi3HHX BU/IIB IPOTEACOMHOT
AKTHBHOCTI 1 CTYIIEHEM YIIKOJDKCHHS T'OJIOBHOTO MO3KY LIypiB.
Byno BusIBIEHO 3HMKEHHSI TPHOX BHIIB (TPHUIICHHO-, XiMO-
TPHUIICUHONOMIOHOT Ta NN THMIIITY TAM IS T POTA3HOT )
HPOTEOIITUYHOT aKTUBHOCTI B TKAHHUHU T'OJOBHOIO MO3KY.
XiMOTPHUIICHHOMONIOHA AKTHUBHICT 1MIEMIYHOT TIJISTHKHA MO3KY
1pu KopotkocTpokoBiiit OCMA 3uusmnacs B 4,1 pasza (P>0,05),
IpU JOBrOCTPOKOBIiH B 5,8 pa3za MOPiBHSIHO 3 KOHTPOJIEM
(P<0,05). TpuncunomoaiOHa aKTUBHICTh iIIEMIYHOI 30HU
MO3Ky npu KopotkocTpokoBii OCMA 3uusunacs B 7,1
pasa (P>0,05), npu mosroctpokosiii B 12,5 pasa nopis-
HsHO 3 koHTposieM (P<0,05). MentuaunrnyraMianenT-
rigpoja3Ha aKTUBHICTh IMIEMIYHOI IUISHKU HPU KOPOTKO-
crpokoBii OCMA 3menmmmiacs B 8 pasis (P>0,05), npu
JIOBrOCTPOKOBIH B 2,8 pa3a B MOPIBHAHHI 3 KOHTPOJEM
(P <0,05). Ionibna nuHamika crocTepiraiacsi TAKOXK B 30HI
HAMIBTIHI i ilIeMivHiH HistHKax Mo3Ky ripu 60 XB periepdys3ii.
B JIOBI'OCTPOKOBIH HEPCIEKTHBI HE BiJMIi4aeThCs iCTOTHOT
PI3HHII MK IIIEMIYHOIO IUISHKOI Ta KOHTpaJlaTepaabHOO
30HO010. OTpUMaHi pe3yabTaTH CBiT4aTh PO TE, 0 AKTUBHICTh
IPOTEACOMHU MOJKE BiJlirpaBaTH Ba)KJIMBY POJIb Y KOHTpajaTe-
pasibHIl KOPTHKAJIBHIM MIACTHYHOCTI MICISI MOJCIIOBAHHS
OCMA.

KirouoBi cioBa: imeMiyHui iHCYNbT; (oKajibHA iIIeMis;
poTeacoma.

E.N. CaBuyk, M.A. Opaosckuii, E.C. SIpmoniok,
C.B. T'onuapos, B.E. JIocenxo, I.I. Cxku6o

AKTUBHOCTB TIPOTEACOMBI B TKAHU I'O-
JIOBHOI'O MO3TI'A KPbIC IMHUU BUCTAP
MHNOCJIE MIIEMHNYECKOI'O UHCVYJIBTA

MonenupoBaHue MIIEMUYECKOTO ITOBPEXKIECHHS TOJIOBHOIO
MO3ra BbI3bIBACT (DYHKIIMOHAJIBHBIC U CTPYKTYPHBIC U3MEHE-
HHS €r0 CTpOeHMs. B yacTHOCTH, OBUIN OIMCAHbI AKTHBHBIC
WIN pereHepaTUBHBIC MPOLIECCHI, IPOUCXOUBIINE B 30HAX
uH(papKTa ¥ KOHTpalaTepalibHOM mnoiyuapun. Mccneno-
BaHUE NPOBEACHO Ha 63 Kphicax, paclpelesIeHHbIX Ha 3
9KCIEepUMEHTANIbHbIE I'PyNIbl (110 21 )KUBOTHBIX B KaX-
JIOK): rpymnrma *XUBOTHBIX C KPAaTKOBPEMEHHON OKKJIIO3UU
cpenneit mosrosoit aprepun (OCMA), rpynna >KUBOTHBIX €
nonroBpeMeHHoi OCMA 1 )KMBOTHBIE C JIO)KHOMH OTIepariien.
OnpenesneHbl U3MEHEHUSI TPeX BUIOB IIPOTEACOMHOMU
AKTUBHOCTHU B TKAHSX T'OJIOBHOT'O MO3Ta IIPU MOAEIMPOBAHUN
UILEMHYECKOTO MOBPEXkKACHUS MO3ra IIyTeM TPaH3UTOPHOU
OKKJIIO3UM CpedHEeH MO3ToBOWH apTepuu IO METOIUKE
Koizumi J., u coaBT.), KoTOpOe MIMIOCH 2 u 60 MUH U
IIPOBEJICHO CPABHEHUE MEXIY M3MEHEHHSIMH Pa3JIMYHBIX
BHUJIOB [IPOTEACOMHON aKTUBHOCTH U CTEIICHBIO IIOBPEXKICHUS
TOJIOBHOT'O MO3Tra KpbIC. BbUIO BBIABICHO CHMKEHUE TPEX
BUJOB (TPUICHHO-, XUMOTPUIICHHONONOOHOH U memn-
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TUIWITTY TAMUJINEI TUATUIPOIa3HOM) POTEOIUTUYECKON
AKTUBHOCTH B TKaHAX I'OJJOBHOI'O MO3ra. XI/IMOTpI/ll'lCI/lHO—
n011061-[a$1 AKTUBHOCTb HMIIEMUYCCKOIO ydJacTKa Mo3ra Ipu
kpatkocpounoi OCMA cuusunack B 4,1 paza (P>0,05),
IpU JAOJITOCPOYHOM B 5,8 pa3a Mo CpaBHEHHUIO C KOHTPOJIEM
(P<0,05). TpuncunononoOHass aKTUBHOCTh HIEMHUYECKON
30HBI MO3ra npu kparkocpounoit OCMA cHusmiacek B 7,1
paza (P>0,05), npu nonrocpo4ynoii B 12,5 paza 1o cpaBHEHHIO
c koHTposieM (P<0,05). [lentuamnrny raMuiInenTuArHposIas-
Hasi aKTHBHOCTb UILIEMUYECKOT0 y4acTKa P KPaTKOCPOUHOIT
OCMA ymenbmmiack B 8 pasz (P>0,05), npu gonrocpouHoit
B 2,8 pa3a o cpaBHeHHt0 ¢ KoHTposieM (P<0,05). [Tonoonas
JMHAMHUKa HAOMI0anach TakkKe B 30HE MOIYTCHH U HIIEMH-
YECKUX ydyacTKkax Mo3ra npu 60 mut penepdysun. B nonroc-
POYHOH NEPCHEKTUBE HE 0TMEYACTCS CYILECTBEHHON Pa3HHLIbI
MEX/Jy MIIEMUYECKHM y4acTKOM M KOHTpajarepaibHOM
30HOH. [lomy4yeHHble pe3yabTaThl CBUACTEIBCTBYIOT O TOM,
YTO AKTUBHOCTb IPOTCACOMbBI MOXET UI'paThb Ba)KHy}O POJIb
B KOHTpaJlaTepajbHOW KOPTUKAJIBHOHN IJIACTUYHOCTH IOCIIE
mozenupoBanust OCMA.

KitroueBble clioBa: HIIEMUYECKUIT HHCYIBT; (POKaJIbHAS UIlie-
MMSsI; IpOTeacoma.
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Influence of single nucleotide polymorphisms
of vitamin D receptor-gene on the level of osteoassociated
hormones linkage with postmenopausal osteoporosis

D.S. Ziablitsev, O.S. Larin

Ukrainian Science-Practical Centre of Endocrine Surgery, Transplantation of Endocrine Organs and
Tissues Ministry of Healthcare of Ukraine, Kyiv; e-mail: denis898@ukr.net; zsv@endosurg.com.ua

The levels of osteoassociated hormones, macroelements, interleukines, cyclic nucleotides and activity of
alkaline phosphatase were being detected in the blood plasma of 74 postmenopausal women with and
without osteoporosis (OP). Bone mineral density (BMD) and the metacarpal index were being assessed
according to the results of densitometry. The allele polymorphisms vitamin D receptor gene (VDR) Cdx2
(rs11568820) and Taql (rs731236) were being identified with the help of the polymerase chain reaction. The
major genotype CC Tagl was found in the group without OP 3.4 times more often than with OP, while the
minor genotype TT was found 3.4 times more often with the presence of OP. The presence of the genotype
CC Tagql decreased the risk of OP progress by 5.5 times, and the genotype TT Taql increased by 5.4 times.
The presence of the minor allele T was associated with the higher levels of interleukin 15, BMD and lower
testosterone blood level. The major homozygote AA Cdx2 was found in women without OP 2.9 times more
often, while the minor genotype GG — 5.4 times more often with the presence of OP. The presence of the
major homozygote decreased the risk of OP progress by more than 5.3 times, while the minor homozygote
increased the risk by 8 times. The presence of the minor allele G in the genotype was associated with the
increase of parathyroid hormone, phosphorus, magnesium, alkaline phosphatase activity in blood, BMD
and with the decrease of testosterone, progesterone and calcium blood levels.

Key words: postmenopausal osteoporosis: hormones: VDR: polymorphism Cdx2 (rs11568820): polymor-

phism Taql (rs731236).

INTRODUCTION

Postmenopausal osteoporosis (OP) — is a sys-
temic disease with a multi-factor character, that
appears in postmenopausal women as a result
of the deficit of sex hormones and first of all
the estrogen [1]. The disease is characterized
by reduction in bone mass and microarchitec-
tonic deterioration of bone tissue, which leads
to the increase in the risk of bone fractures [2].
The regulation of the bone tissue’s remodelling
implements at the local level (cytokines and
growth factors) and the system level (hormones)
[3, 4]. Parathyroid hormone (PTH) and calcito-
nin (CT) are the main regulatory hormones of
the calcium-phosphoric metabolism. The spe-
cific protein of bone matrix — osteocalcin (OC)

© D.S. Ziablitsev, O.S. Larin
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is the marker of the remodelling. The level of
calcium (Ca) in the blood stream depends on the
process of its absorption in the small intestine,
which, in turn, is regulated by the metabolites of
vitamin D with a hormonal activity — calcitriol,
which activates nuclear receptor to vitamin D
(VDR), that increases the expression of gene
in more than 30 target organs [5-7]. It is the
physiological transcription of VDR that reali-
zes in full effects of vitamin’s D metabolites
on bone’s tissue, which is characteristic for
typical genetically-determined processes [6,
8]. The initiation of transcription is carried out
by two codons in the DNA sequence of VDR.
Taql-polymorphism in the second gene’s exon
of VDR emerges as a result of the substitution
of thymine for cytosine in the first of two sites.
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Consequently, protein, shorter by three amino
acids, is synthesized (the transcription begins
with the second site of initiation, which is lo-
calized for three codons further) [8, 9]. It leads
to disturbance of Ca absorption in the small
intestine and to hypocalcemia. Polymorphism
in the site restriction Cdx2 of VDR gene leads
to reduction of bone mass density (BMD) and
increases the risk of bone fracture [10,11], also
it has influence on variations of BMD [12]. The
absence of Cdx2-polymorphism of VDR gene
has a protective role in the progress of osteo-
porosis [11-13].

Therefore, the aim of these work is to
define the connection between single nucleotide
polymorphism of VDR gene (Taql (T61968C;
rs731236) and Cdx2 (G3731A;1rs11568820) and
the risk of the development of the OP, the level of
osteoassociation hormones and the biologically
active substances in postmenopausal women.

MATERIAL AND METHODS

74 women in postmenopause were examined.
Among them 30 patients (40,5%) without OP
formed the control group of genetic research
(control). 44 women with the manifestation of
OP (59,5%) formed the group of study (cases).
Bone mineral density (BMD) and the metacarpal
index (MCI) were being assessed according to
the results of densitometry (“QDR-4500-Del-
phi-Hologic”, USA). Using the biochemical
analyzer “BS-200” (China) the activity of ALP,
Ca, phosphorus (P) and magnesium (Mg) was
examined in the blood serum (“La Chema”,
Czech Republic). The content of PTH, CT, OC
and also estradiol (E2), progesterone (PG),
testosterone (TS), cortisol (CS), insulin (IN),
triiodthyronine (T3), thyroxine (T4), cyclic
adenosine monophosphate (cAMP), interlikine
(IL) 1B and tumor necrosis factor alpha (TNFa)
(sets “VectorBest”, Russia; “Amercham pharma-
cia biotech”, Great Britain; “DRG”, USA) was
studied using the immunoassay method. Single
nucleotide polymorphisms (SNP) were detected
by the polymerase chain reaction (“OsteoGen-
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M”, Russia) by the standard method: the isola-
tion of DNA, the conduction of amplification
reaction with specific primers, enzymatic hydro-
lysis of amplification products, electrophoretic
separation with a subsequent registration of the
obtained DNA fragments transient UV-light.
After electrophoresing of fission products their
enzymatic hydrolysis was carried out. Positive
control was noted when there appeared bends of
proper sizes fitting the sizes of the amplicon’s
fragment. Statistical calculation was made with
the help of the «STATISTIKA 7.0» (StatSoft,
Inc.) program. The statistical significance of
the distinction in frequency distribution of the
genotypes occurrence between the groups was
defined by F-test. Reliability in distinction of
genotypes and alleles distribution between the
groups, as well as complience of the distribution
according to the Hardy-Weinberg equilibrium
(HWE) were estimated by analysing of linkage
tables by ? criterion. Distribution of the geno-
types in the groups with and without OP was
considered reliable providing an accordance to
HWE for the groups of control and cases.

The level of genotype association with OP
was determined according to the odds ratios
(OR), that characterizing the relative risk
(chances) for a disease development in the given
case depending on the allelic polymorphism of
the tested gene. The level of OR higher than
1 tells for the trustworthy increase in risk,
provided that it is in the confidence interval
(CI=95%). The level of OR lower than 1
tells for the trustworthy decrease in risk the
credibility of the allelic genes variants influence
on the clinical-laboratory rates was estimated
by using ANOVA/MANOVA for the F-test.
The credibility of the distinction between the
averages was estimated by the Student t-test.

RESULTS AND THEIR DISCUSSION

The results of the study (Fig. 1) have indicated
that frequencies of VDR genotypes Taql
distribution represented a significant difference
between the groups of patients in case of the
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Fig.1. Frequencies (%) distribution of the genotype polymor-
phisms Taql VDR gene. * the significance of the frequencies
distinction between the groups based on the F-test (p(F)=O,O3);
** the significance of the frequencies distinction between the
groups based on the F-test (p(F)=0,04)

homozygous genotypes occurrence. Thus major
homozygous genotype (CC) occurred in the
group without OP in 46,7% cases, and with OP
—in 13,6% (3.4 times more often, which was
significant according to the F-test). The minor
homozygous genotype, on the contrary, was
found more often involving presence of OP —
45,5%, vs 13,3% in the group without OP (3.4
times more often, which was also significant
according to the F-test). Frequencies distribution
of the heterozygous genotypes did not differ one
from another.

As it can be seen from the table 1, the de-
pendence of the VDR genotypes distribution
on the presence or absence of OP respectively

was detected (p(x2)=0,04). HWE for the group
without OP and with it for polymorphic variant
of VDR gene agreed, since, respectively:
x*=0,15; p=0,97 and ¥*>=0,18; p=0,96.

The presence of major homozygote (CC) de-
creased the risk of OP development by 5.6 times
(OR=0,18; CI=0,04-0,88), while the homozy-
gous state of the minor genotype (TT) increased
the risk by 5.4 times (OR=5,42; C1=0,98-29,92).

Therefore, it can be affirmed that the pres-
ence of the major homozygote CC Taql had a
protective role to the OP development, whereas
the presence of the minor homozygote TT, on the
contrary, was conducive to the OP development.
The risk of the OP development was decreased
by 5.5 times in the first case, and in the second
case it was increased by 5.4 times.

The obtained conclusions agreed with the
data displayed in the table 1. The minor allele
(T) presence in genotype increased the risk of
OP development nearly by 4 times (OR=3,87;
CI=1,45-10,33).

The VDR gene polymorphism Taql reliably
influenced the level of TS, IL1p in the blood
and also the BMD (table 3).

Herewith the presence of the minor genotype
TT was associated with the higher levels of IL1
and BMD. At the same time, the presence of the
minor genotype TT favoured the lower TS blood
level. It represented the biological role of these
regulatory factors in the bone tissue minerali-
zation process and agreed with the previously

Table 1. The significance of the genotype polymorphisms Taql VDR gene distribution between the groups of women
with and without OP and odds ratio in association with their genotypes

Genotypes Control Cases x | p () | OR 95 % confidence interval

CC 14 6 0,18 0,04 - 0,88
CT 12 18 6,44 0,04 1,04 0,27 - 3,96
TT 4 20 5,42 0,98 - 29,92

Table 2. The significance of the allele polymorphisms Taql VDR gene distribution between the groups (p(y2))

and odds ratio (OR)

Allele Control Cases $ | p () | OR 95 % confidence interval

C 20 15 0,26 0,10 - 0,69
7,59 0,006

T 10 29 3,87 1,45 -10,33
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Table 3. The influence of the genotype polymorphisms Taql VDR gene on clinical-laboratory rates (M=+m)

in women with OP

Genotypes
Rates F P
CC (n=20) CT (n=30) TT (n=24)

PTH; pg/ml 27,67+3,56 38,89+7,48 55,40+6,27 3,23 0,06
CT; pg/ml 8,67+1,08 8,78+1,16 8,00+0,87 0,19 0,82
OC; ng/ml 13,00+1,02 15,89+3,94 17,40+0,57 2,81 0,085
E2; pmol/l 43,33+32,54 32,89+12,68 11,90+1,75 2,10 0,15
PG; nmol/l 25,67+£10,35 26,56+3,96 22,20+3,63 0,36 0,70
TS; nmol/l 6,50+0,34 5,03+0,90 3,15+0,87 3,54 0,48
CS; nmol/l 453,00+52,94 533,00+82,67 495,00+21,88 0,62 0,54
IN; mcMhO/ml 12,67+1,78 11,33+0,90 12,20+1,29 0,26 0,77
T4; nmol/l 122,33+5,40 109,22+5,21 111,60+6,51 0,70 0,51
T3; nmol/I 1,67+0,11 2,01+0,16 2,17+0,13 2,27 0,13
cAMP; ng/ml 4,67+0,41 4,89+0,41 4,70+0,50 0,06 0,94
IL1pB; pg/ml 10,34+2,68 11,44+1,78 15,60+1,10 3,64 0,04
TNF1la; pg/ml 54,33+£3,51 57,27+0,18 54,35+1,32 2,22 0,14
ALP; U/ 139,34+15,00 146,67+6,26 123,70+9,53 0,82 0,82
Ca; mg/l 60,33+0,82 59,47+0,79 57,62+0,80 2,48 0,11
P; mg/l 382,87+9,71 406,79+9,20 419,20+8,15 2,66 0,09
Mg; mg/l 32,63+3,16 34,07+£1,09 34,67+£1,22 0,39 0,60
BMD; SD 1,39+0,18 1,5740,01 2,16+0,09 7,20 0,0047
MCI; s.u. 0,41+0,02 0,41+0,01 2,16+0,09 1,00 0,38

obtained results [9, 13]. The highest value of the
F-test (F=7,2; p=0,0047) was noted for BMD.
Polymorphism in the site of connection with
the transcription factor Cdx2 in the promoter
region of VDR gene is associated with the level
of Ca absorption in an intestine and with the re-
ceptor’s activation to vitamin D [11]. It is shown
in our study (Fig.2), that the major homozygote
(AA) was found in women without OP in 53,3 %
cases, and with OP approximately three times
less (in 18,2 % cases). In other words, genotype
(AA) in the group without OP symptoms was
found 2,9 times more often, which is statistically
significant according to F-test. The minor ho-
mozygous genotype (GG), on the contrary, was
found 5.4 times more often: with OP —in 36,4 %
cases vs 6,7 % in the group without OP, that is
also statistically significant according to F-test.
Frequencies of the distribution of heterozygous

24

genotypes did not differ one from another.

As in the preceding case (tabl. 1), the de-
pendence of genotype polymorphisms Cdx2
0,6 -

53.3% BControl  ® Cases

0,5 1

45,5%

40,0% *%

0,4 1 4 36.4%
0,31
0’2 . 18,2%

0,1 1 6,7%

0 AA ' AG ' GG

Fig. 2 Frequencies (%) of the genotype polymorphisms Cdx2
VDR gene distribution. * the statistical significance of the
frequencies distinction between the groups basing on F-test
(p(F)=0,02); ** the statistical significance of the frequencies
distinction between the groups basing on F-test (p(F)=0,04)
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VDR gene on the presence or absence of OP
(p(x*)=0,04) was revealed (table 4). HWE for

the groups with and without OP for the polymor-
phic variant of Cdx2 polymorphism (G3731A)

Table 4. The significance of the allele polymorphisms Cdx2 VDR gene distribution between the groups (p(x2)) and odds

ratio (OR)
| Genotype | Control | Cases | 1> p () | OR 95 % confident interval |
AA 16 8 0,19 0,04 - 0,86
AG 12 20 6,49 0,04 1,25 0,33 - 4,73
GG 2 16 8,00 0,88 - 72,70

was respectively (according ¥?>=0,01; p=1,04
and y?=0,08; p=1,00). The presence of the
major homozygote (AA) decreased the risk of
OP progress by 5.3 times (OR=0,19; CI=0,04-
0,86), while the homozygosis state of the minor
genotype (GG) increased the risk by more than
8 times (OR=8,00; C1=0,88-72,70).

Accordingly, the presence the major homo-
zygote genotype of the Cdx2 VDR gene (AA)
had a protective role to the OP development,
whereas the presence of the minor homozygote
(GG), on the contrary, was conducive to the OP
development. The risk of the OP development
decreased by 5.3 times in the first case, and in
the second case it increased by 8.0 times. It cor-
responded to the obtained data on the VDR gene
polymorphism (T61968C) [2].

The data, displayed in the table 5 confirmed
the identified patterns. The presence of the minor
allele (G) in the genotype increased the risk of
OP development almost by 4 times (OR=3,97;
CI=1,45-10,88).

The polymorphism Cdx2 of the VDR gene
reliably influenced the levels of PTH, PG, TS,
Ca, P, Mg, ALP activity in blood and BMD
(table 6).

According to the data of the conducted
ANOVA/MANOVA, the presence of the minor
genotype GG was associated with the increase of
PTH, P, Mg, ALP-activity in the blood and BMD.

Herewith the presence of genotype GG led to
the decrease of PG, TS and Ca blood levels. The
greatest rate for the F-test (F=13,85; p=0,00014)
was noted for the ALP-activity, which also con-
firmed the potential impact of the minor allele
(G) on the process of the OP development.

CONCLUSIONS

The major genotype CC Taql of the VDR gene
was found in the group without OP 3.4 times
more often than with OP, while the minor
genotype TT was found 3.4 times more often
with the presence of OP. The presence of the
genotype CC Taql decreased the risk of OP
progress by 5.5 times, and the genotype TT
Taql — increased by 5.4 times. The presence of
the minor allele T was associated with the higher
levels of IL13, BMD and lower TS blood level.

The major homozygote AA Cdx2 of the VDR
gene was found in women without OP 2.9 times
more often, while the minor genotype GG — 5.4
times more often with the presence of OP. The
presence of the major homozygote decreased the
risk of OP development by more than 5.3 times,
while the minor homozygote increased the risk
by 8 times. The presence of the minor allele G
in the genotype was associated with the increase
of PTH, P, Mg, ALP-activity in blood, BMD and
with the decrease of PG, TS and Ca blood levels.

Table 5 The significance of distinction the VDR gene allele distribution between the groups and the odds ratio (OR)

Alleles Control Cases r> | p () | OR 95 % confidence interval
A 22 18 0,25 0,09 - 0,69
7,55 0,006
G 8 26 3,97 1,45-10,88
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Table 6. The influence of the genotype polymorphisms Cdx2 VDR gene on clinical-laboratory rates (M+m)

in women with OP

Genotypes VDR (-3731A/G)
Rates F P
AA(m=24) | AG®=32) | GG @=18)

PTH; pg/ml 50,00+11,22 31,30+6,97 59,25+4,08 6,18 0,0095
CT; pg/ml 9,50+1,20 8,30+0,89 8,00+1,61 0,39 0,68
OC; ng/ml 14,75+1,44 15,20+1,24 18,13+0,62 2,97 0,07
E2; pmol/l 35,50+26,49 31,10+10,71 11,50+2,84 1,36 0,28
PG; nmol/l 36,75+3,42 27,10+3,38 15,00+2,31 10,99 0,0006
TS; nmol/l 6,67+0,51 4,75+0,81 2,76+0,90 5,27 0,015
CS; nmol/l 425,75+76,69 542,00+40,96 497,88+36,63 1,67 0,22
IN; mcMhO/ml 12,25+0,78 10,80+1,44 13,1342,01 1,29 0,29
T4; nmol/l 117,00+7,45 112,30+£7,08 109,38+10,62 0,27 0,77
T3; nmol/l 1,72+0,13 2,04+0,13 2,19+0,17 2,17 0,14
cAMP; ng/ml 4,00+0,47 5,00+0,44 4,88+0,62 0,98 0,39
IL1B; pg/ml 15.25+2.51 11,00+1,71 14,87+1,45 2,37 0,12
TNF1la; pg/ml 55,10+£2,34 56,49+0,94 54,57+1,89 0,74 0,50
ALP; U/l 102,50+9,89 143,80+6,39 152,13+4,48 13,85 0,00014
Ca; mg/l 60,90+0,12 59,50+0,70 56,73+0,91 8,55 0,0022
P; mg/l 382,13+8,27 405,06+10,17 427,83+8,38 6,62 0,0065
Mg; mg/l 30,75+2,21 33,68+0,85 36,42+1,38 5,44 0,013
BMD; SD 1,83+0,18 1,51+0,17 2,20+0,14 6,65 0,0064
MCI; s.u. 0,39+0,01 0,41+0,01 0,39+0,02 2,51 0,107

A. C. 3a0aines, O. C. Jlapin

BIIJIUB OJHOHYKJIEOTUJHHUX ITOJIMOP-
®I3MIB 'EHA VDR HA PIBEHb OCTEOAC-
COLIMOBAHHUX 'OPMOHIB ITPU OCT-
MEHOIIAY3HOMY OCTEOIIOPO3I

V 1miasMi KpoBi 74 KiHOK y TIOCTMEHOIAy3HOMY IEpioji 3
Ta 0e3 0CTeornopo3y BH3HAYAIM BMICT OCTEOAcONiOBaHMX
TOPMOHIB, MaKpOEJIEMEHTIB, IHTepICHKIHIB, IUKIIYHUX
HYKJICOTHIB Ta aKTUBHICTb JykHOI octarazn. Minepainb-
Hy minbHicTh KicTku (MILK) 1 MerakapnanpHui iHIEKC
OI[IHIOBAJIM 3TiHO 3 pe3yJbTaTaMH JeHCHUTOMETpii. 3a
JIOTIOMOTOI0 TMOJiMEpa3Hol JIAHIIOrOBOi peakilii BUSBISIN
aseNpHi mojiMopdizMu rena penenropa Bitaminy D (VDR)
Cdx2 (rs11568820) ta Taql (rs731236). HasiBHiCTb reHOTHITY
CC Tagql 3umxysana pusuk nporpecyBannst OIl B 5,5 pas, a
rerotuny TT Taql — minBumyBana B 5,4 pa3a. HasBHicTb Mi-
HopHoT ayeni T 6ys10 acoIiifoBaHO 3 GBI BUCOKUM BMICTOM
inTeprneiikiny 18, MILK i HIXYHM — TECTOCTEPOHY B KPOBI.
Maxopna romosurota AA Cdx2 Oysa BusiBiieHa y KiHOK 0e3
OII B 2,9 pa3a wacrimre, Tofi sik MiHopHHH TeHoTHH GG — B
5,4 pa3za gacrtime 3a HasBHOCTI OIl. MaxopHoi romo3urora
3HIWKyBasia pu3uk nporpecii OI1 G Hixk B 5,3 pasa, Toxi
sIK MIHOpHa i JBHIyBaa foro B 8 pasis. HasBHicTh MiHOp-
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Hoi aneni G B reHOTHI 0YI10 acOLifOBaHO 3 MiABUIICHHSIM Y
KpOBI BMICTY MapaTHPEOITHOTO TOPMOHY, (POchOpy, MarHiro,
aKTHBHOCTI Jyx)HOI ocdarazu, MUK Ta 3i 3HIKEHHAM
BMICTY IIPOTECTEPOHY, TECTOCTEPOHY 1 KaJbIIilO.

Kutro4oBi c110Ba: MOCTMEHONAY3HUH OCTEOIOPO3; FOPMOHH;
VDR; momimopdizm Cdx2 (rs11568820); momimopdizm Taql
(rs731236)

A. C. 3a01unes, A. C. Jlapun

BJIMAHUE OJHOHYKJIEOTUHBIX
HOJIMMOP®U3MOB 'EHA VDR HA
YPOBEHb OCTEOACCOLIMUMPOBAHHBIX
I'OPMOHOB ITPU IOCTMEHOITIAY3HOM
OCTEOIIOPO3E

B mna3zme xpoBu 74 KEHIIWH B MOCTMEHONAY3HOM TIEPUOe
¢ u 6e3 ocreomoposa (OIl) ompenensuin comepxanue
0CTE0acCCONUUPOBAHHBIX TOPMOHOB, MaKpOdJIEMEHTOB,
NHTEPIEHKNHOB, MUKINIECKUX HYKJICOTUIOB U aKTUB-
HOCTB meno4Hol (ocdarazsl. MUHEpaIbHYIO IUIOTHOCTH
xoctu (MIIK) u MeTakapnanbHBIH HHICKC OICHHBAIH IO
pe3ynbTaTam aeHcuToMeTpud. C IOMONIBIO MOIMMEPa3HOit
LETTHON PeaKknuy ONpeesUIH alIeIbHbIe TTOIUMOP(OHU3MBI
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rexa peuenropa Butamuua D (VDR) Cdx2 (rs11568820) u
Taql (rs731236). IlpucyrcrBue renoruna CC Taql cHmkana
puck passutus OII B 5,5 pasa, a renoruna TT Taql —
noBbInIana B 5,4 pasa. [Ipucyrcreue munopHoi anesn T Ob110
aCcCOLMUPOBAHO ¢ 00JIee BHICOKUMH YPOBHSIMHU HHTEPIICHKIHA
1B, MIIK u HHU3KMM ypOBHEM TECTOCTEPOHA B KPOBH.
Masxopnasi romozurora AA Cdx2 Oblia BeIsIBIICHA Y KEHIIMH
6e3 OI1 B 2,9 pasa yare, Toraa kak MUHOPHBIH reHotunn GG
— B 5,4 paza vame npu Hanunuuu OI1. MaxkopHoii romo3urora
cHmxkana puck pazpurus OIl Gonee uem B 5,3 pasa, Toraa Kak
MHHOpHas NoBblana ero B § pas. [Ipucyrcreue MuHOpHOH
aieny G B reHOTuIe ObUIO ACCOLIMUPOBAHO C ITOBBIIICHHEM
COZIePIKAHMS TAPaTUPEONTHOTO ropMoHa, hocdopa, MarHus,
AKTUBHOCTH IIeI0o4HOM Qocdarassl B kposu, MIIK u co
CHIDKCHHEM YPOBHEH B KPOBM IPOreCTEpPOHA, TECTOCTEPOHA
U KaJIbIUs.

KiroueBsle ci0Ba: mocTMEHONAay3albHBIH 0CTEONOPO3;
ropmonsl; VDR; momumopduszm Cdx2 (rs11568820); monu-
mopdusm Taql (rs731236)
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bioesekTpUYHA AKTUBHICTH IHTEPHEHPOHIB CIMHHOI'O
MO3KY CaMHUIb OiJIMX HIYyPIiB 32 YMOB €KCIIEPUMEHTAJIbHOI
MEHOIAaY3H

O.I. Poonncekuii, C.C. TkaueHKO

Jeporcasnuii 3axnao «/[ninponemposcvka meouuna axaoemiss MO3 Yrpainuy, e-mail: tkachenkoss@i.ua

Ananizysanu ocobnrusocmi napamempie 306y0au6ocmi ma amnainmyOHo-4aco8ux Xapakmepucmux KOMno-
Henmie nomenyiany dopcanvroi nosepxwi (I1JI1) cnuHH020 MO3KY CMamego8o3pinuUx camuysb OiIux wypie
6 YMOBAX eKCNepUMEeHmAaIbHOi MeHonaysu. Becmanoegneno niosuwenns nopoza 30y00icenus aghepenmuux
60710KOH CNUHH020 MO3KY Ha 102,14% ma namenmnozo nepiody na 94,12% y meapun nicis osapioekmo-
Mii. 3a ymoe cynpamaxcumanoroi cmumynsyii 00pcanibHo2o kopinys LS euseneno spocmarts amniinyou
komnonenmie N, na 10,14%, N, na 11,82%, N, na 48,28%, ma P-xeuni na 31,58% i 36inowenns mpusa-
nocmi N -komnonenma na 26,54% ¢ docaioniti epyni. IIpu cmumynayii napnumu iMmnyiCamu Ha 4acogomy
npomisxcky 6i0 2 00 3 mc cnocmepieanocs sipozcione (P<0,01) 36invuenns, a 3 6 no 30 mc — npueHivenHs
N -xomnonenma opyzozo IT[I1 y epyni meapun 3 excnepumeHmanviolo menonaysoro. Taxum uurnom, om-
PUMAaHT HamMu pe3yibmamu 0arms 3Mo2y 3pooumi UCHOBOK NPO PISHOCHPAMOBAHI 3MIHU 30Y0IUB0CHI Y
HepBOBUX CIMPYKIMYPAX 3d0Hb020 PO2Yy CHUHHO20 MO3KY 3 YMO8 HeCmaui ecimpo2enis.

Kniouogi crosa: menonaysa; nhomenyian 00pcanbHoi nogepxui CHUHHO20 MO3KY, IHMEPHEUPOH,; Wypu-camuyi.

BCTYII y M’si3ax i cyrmo0ax B moctMenomnaysi. OcHOB-
Ha Jis ecCTporeHy Ha HEHPOHM 3A1HCHIOETHCSA
Yyepe3 aKTHBAIIO SIEPHUX 0- 1 B-perenTtopis
ecrporeny (ERa/f), mo BukiInkae g0BrocTpo-
KoBi reHOMHI edekTu [7], a TakoK aKTHUBAIIIIO
UTOIIa3MAaTHYHUX MEXaHI3MiB cUrHaiizamii
noOnu3y miasmMaTuyHoi MemOpanu abo Ha i
noBepxHi [8] 1 3aificHIOETBCS Uepe3 MeMOpaHHi
kimacudHi ERs [9] Ta HOBOCTBOpeHi ERs [10].
Hocnimxenns nmokazanu, mo ERa ocobauBo
Bupaxkeni B I, Il Ta IV mmacturax cipoi pedo-
BHHH JOPCallbHOTO POTY CIIMHHOI'O MO3KY, 1 €
HaHOUIBII MOMMPEHUMH Y HUKHIX TIONEPEKOBUX

[Ipu kmimakci abo B mepenkKIiMaKkTepUIHUH
mepion )KiHKA 9acTO CKap)KaThCs Ha M SI30Bi 1
cyrio6oBi 0omi, M’s130BE HaNpyXEHHS, aKpo-
nmapecte3ii [1]. Taki cuMOTOMH MOXYTh OyTH
BUKJIMKaHI MPUCKOPEHUM PO3BUTKOM 1HBOJIIO-
THUBHUX (OPM OCTEaApPTPO3y 1 OCTEOXOHAPO3Y
B pe3yJbTaTi JereHepaTUuBHO-IUCTPODIYHUX
MPOIECIB y CIMOTYYHOTKAHHHHUX YTBOPEHHSX
(3B’A3KOBUH amapar, MiXXpeOleBi AUCKHU), a
TaKOXX PO3BUTKOM CHUCTEMHOTO OCTEOIOpO-
3y, MO MPOXOMATH OIMBII MPUCKOPEHO HA TIIi

nedinuty ectporenis [1,2]. Mae ocoOnuBe
3HAUCHHS | MOIYIIOBAJbHUM BILUTHUB >KIHOUUX
CTaTeBUX TOPMOHIB Ha IIEHTPaJIbHY HEPBOBY
CUCTEMY, 30KpeMa - HOIIMIENTUBHY Yy TIUBICTh
[3] uepe3s Air0 Ha MIyTaMaTiHIyKOBaHI CTPYMH,
inri0yBanns peuentopis TAMK i rminuny, a6o
MOIYJISALIT OMIOIAHUX PEUEeNTOPiB y 3aJHIX Po-
rax CIHHHOTO MO3Ky [4,5,6], IO TakoXX MOXKeE

BIIJINBATU HAa BUHUKHCHHS 6OJ'H:OBI/IX CI/IMHTOMiB
© O.I. Poguncekuii, C.C. TkaueHKO
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i kpmxoBux cermentax [11]. Bigomo, mo Ho-
LULENTHBHA Tepeaya MoXe OyTH MoJermeHa
omokyBaHHsAM ER0 ceeKTUBHUM aHTaroHicTOM
MeTHua-ninepuauH-nipaszoaom (MPP). Takox
MOKa3aHo, M0 B 33/IHIX pOTax CIIMHHOTO MO3KY
tBapuH ERo Oepe yuacts y Moayssiii 60J1b0BOT
Ad- 1 C-adpdepentnoi nepenaui [12]. Li nani
CTBOPIOIOTH OCHOBY ISl BUCYHEHHS T1IOTE3H,
o ecTporeH, yepes aktupaniro ERa, 6e3moce-
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pPEAHBO MOXE PEryJIoBaTH mepeaady OO0 Ha
neHTpajgbHOMY piBHi [13].

EcrtporeninnykoBaHe MOTEHIIIOBaHHS TIy-
TaMaTHUX CTpyMiB Ta iHriOyBanHs ['TAMK i
DITIIHOBHUX PEIENITOPIB MOXKE BiAirpaBaTH pojb
B aKTHMBAIlil [EHTPaJbHUX HUIIXIB OoJito [14].
OnHak € JOCHIIKEHHS, 3TiIHO 3 SKUMU aKTH-
Bauisi ERa ecTporeHomM Moke mepemKomKaTu
HOIUIIENITUBHIN Tlepe/adi uepes MUISIXU CUTHATI-
3arii 3a yuactio nporeiakinazu C. TakuM 9nHOM,
ERoa-onocepenkoBaHe HeraTuBHE PeryitoBaHHSA
HOIMIICTITUBHOI Mepeaadi, MOXKIHBO, SKOIOCH
MipOI0 ypiBHOBa)X€HE J[i€l0 €CTPOTeHy Ha iHIIi
peuentopu [12]. Tpeba 3a3HaunTH, U0 Yy HAIIIX
MOTNEPEAHIX JJOCTIPKEHHAX OYII0 MiTBEPIKEHO
HasiBHICTB IOCTOBIpHUX 3MiH y niepu]epuaHux
CTPYKTypax y IIypiB eKCIIEpUMEHTAIBHOI Tpy-
u, 30KpeMa, y HEPBOBO-M S30BOMY amapari, 3a
yMOB aedinuTy ectporeHis [15].

MeTot0 1bOro JOCHiJKEeHHS OyI0 BUBYH-
TH MapaMeTpu 30yJIMBOCTI iHTEPHEHPOHHUX
MyJIiB Ta aMIIITYIHO-4aCOBI XapaKTePUCTUKH
KOMITOHEHTIB IMOTEHITIATY JOpCaTbHOI TOBEPXHI
(ITAIT) cinHHOTO MO3KY B YMOBAaX €KCIIEPUMEH-
TaJIbHOT MEHOIAY3H Y CaMUIlb O1JTUX IIYPIB.

METOJUKA

Hocnimkenns Oynu nposeneni Ha 30 cTaTeBo3-
pinux mypax Jinii Bicrap Bikom 6—8 mic, Macoro
180-240 1, sixkux Oyso po3AiNeHO Ha 2 TPYIH.
[lepma rpyna — inTakTHI TBapuHUu (n=14), npyra
— TBapUHHU 3 €KCIEPUMEHTAJIbHOIO MEHOIIAY 3010
(n=16). MeHomay3y y CaMHIIb IIyPiB MOJIEIBIO-
BaJIM MaJIOIHBA3UBHOK OBapiOTICTEPEKTOMIEIO
yepe3 CepelMHHUN JTanapoTOMiYHUN JOCTYI
[15]. Y xoHTpOJNBHIH rpyIli BUKOHYBAJH Olepa-
THBHE BTPYYaHHS — CEPEIUHHY JIalapOTOMIIO.
OOwABI TPYITH TBAPUH YTPUMYBAIH B CTAaHIAPT-
HHX YMOBax BiBapiio (22+2°C, cBITIUNA/TEMHHM
uuka — 12/12 ron) Ha cTaHIApTHIN Ai€TI PO-
TsaroM 120 ni0, micnst 4oro ix Opanu y rocTpuit
ekcniepuMedt [16]. Ilix 3aranpHOI0 aHECTE31€0
TiomeHTanoMm HaTpito («Sigmay», CHIA, 50 mr/
KT') BUKOHYBAJIM JJAMiHEKTOMIO Ta PO3THH TBEP-
JI01 MO3KOBO1 O00JIOHKH CITMHHOTO MO3KYy. [loTim
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CIIUHHHH MO30K TIepEeTHHAIH Ha PiBHI CETMCHTIB
Th,,-L, Ta 3anuBanu BazeninoBuM macjiom. Jlus
YCYHEHHS IPOSIBIB CHIHAJIBHOTO IIOKY TBAPUHY
BuTpumyBanu 3 rog 3a 36°-37 °C [17,18].

[Ipu anmanizi mapametpiB I1JII1 cnmaEOTO
MO3KYy OYJIO 3aCTOCOBAaHO CyNpaMaKCUMAaJIbHY
cuny nogpasuHenHs (5 I1), skoi mocTaTHBO A
aKTUBaIlil BCiX HU3BKOMOPOTOBUX aepeHTIB
[17]. llomanpiie 30inbIIeHHS IHTEHCUBHOCTI
MOJPAa3HEHHsI HE BUKJIMKAJIO IiJBUIICHHS aM-
IUTITYAW LBOTO MOKA3HUKA.

Hopcanbuuii kopinens Ly ctumymoBany 3a
JIOTIOMOTOI0 OIMOISPHHUX €IEKTPOIIB MPSIMOKYT-
HUMH TOOAMHOKHUMHU IMIYJIbCaMH TPHUBATICTIO
0,3 Mc i ammuritynoro Big 1 go 5 11, a takox
MAapHUMU CTUMYJAMU 3 iHTEpBAJIOM HAHECEHHS
Bim 2 mo 1000 mc. ITAIT BinBomunu y dokyci
MaKCHMaJIbHOI aKTUBHOCTI 32 JIOIIOMOTOI0 MO-
HOTIONISIPHOTO CPiOHOTO KyJTBKOBOTO €IEKTPO/Ia.
Pedepentnuii enexkTpon po3MillyBain Ha M f-
3aX HWXKHBOI KiHIiBKU [17]. dus ctumynsmii
BUKOPUCTOBYBaJN CTaHAAPTHY eleKTpodizio-
nmoriuny amaparypy. Peectpysanu I1/I1 3a mo-
MOMOTO0 aHAJOTO-IIH(PPOBOTO MEPETBOPIOBAYA
Ta TepcoHaNbHOTO KoMmI toTepa. JocmimxyBsa-
nucs taxi mapamerpu [1JII1: mopir, xpoHnakciro,
TPUBAJIICTh JIATEHTHOT'O Mepioay, 3arajibHy
tpuBanicts II/Il, TpuBamictes Ta ammiityny
aepeHTHOTO TTiKY, N, N, N,-KOMIIOHEHTIB Ta
P-xBumi [18].

Jns 06poOKM pe3ynbTaTiB BUKOPUCTOBY-
BaJU: PO3PaxXyHOK MOKAa3HUKIB HAOYHOCTI Y
BiZICOTKaX, CEpeaHIO apU(PMETUIHY Ta TOXHOKY
cepenuboi (M+m). BiporigHicTh omiHOBa M 32
JOTIOMOTOI0 METO/I1B TapaMeTPUIHOI CTATUCTH-
ku (kputepiii t CTbrojieHTa). 3MIHU MMOKa3HUKIB
BBakanu Biporigaumu npu P<0,05 Ta P<0,01.
Bci excriepuMeHTalbHI TIpOLEAypHU OYyJIH BUKO-
HaHi BIIMOBiHO 10 €BPONEHCHKOI TUPEKTUBH
Panu cniBroBapucTs Big 24 nuctomama 1986 p.
(86/609/EEC).

PE3YJbTATHU TA IX OBTOBOPEHHSI

[Ipn mocaimkeHHI TapaMeTpiB 30yIIHUBOCTI
OyJI0 BCTaHOBIICHO, IO 33 YMOB €KCIIEPUMEH-
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TaJIbHOI MEHOMAy3W y CaAMHIIb IYPiB 3HAUCHHS
MOPOrOBOTO MOApa3HeHHsI a)epeHTHUX BOJO-
KOH JOpPCAJIbHUX KOPIHIIB 301JbIIUIIACS Ha
102,14+14,29% (P<0,01). Xponaxkcis [T npu
npoMy 3MeHmryBanacs Ha 7,1+4,37 %. Ilpore
s 3MiHa BiporigHoro He Oyia (P>0,05, puc. 1).
JlaTenTHUH nepios y TBapUH IMiCHsl 0BAPiOEKTO-
Mii 3poctaB Ha 94,12+6,06% (P<0,01, puc. 2).

IIpu anamizi komnonentiB I1J[I1 3a ymoB
cympaMaKCUMallbHOI CTHUMYJISIIT TOPCabHOTO
KOpIiHIISI CITUHHOTO MO3KY 3a yMOB HUDIIUTY
ecTporeHiB (puc. 3) OyJio BUSABICHO 301JIbIIICH-
HsI TOPIBHSIHO 3 iIHTAKTHOIO TPYIOI0 aMILTITYH
xomnonenTa N, na 10,14+2,63% (P=0,05), N,
na 11,82+2,64% (P<0,05), N, na 48,28+4,65%
(P<0,01), Ta P-xBwai ma 31,58+8,0% (P=0,05).
AMmriTyna apepeHTHOTO MiKy CYTTEBO HE
3MmiHoBasnacs. Tpupanicts kommnoneHTiB 1111
3MiHIOBanacs pisHocupsamoBano. Tak, y Nj-
KOMITOHEHTA BOHA 301IbIIuiIacs Ha 26,54+5,47%
(P<0,05); TpuBaiicTs adyepeHTHOTO iKYy 301J1b-
muacs Ha 9,38+4,29%, a N, 3MeHmuIacs Ha
11,24+3,80%, mpoTe 1i 3MiHU HE OyIH TOCTO-
Bipuumu (P>0,05). Tpusanicts koMmnonenrta N,
ta P-xBuii, sk 1 3aranpHa Tpupaiicts [TJIII,
CyTTEBHX 3MiH He 3a3HaBala (JUB. puc. 2).

Jns 3’sicyBaHHS 3MiH Jenojspu3anii mep-
BHUHHUX a()epeHTIB CIIMHHOTO MO3KYy BHACIIIOK
MPOILIECiB MPECHHANTUYHOTO TaTbMYBaHHS 3a
YMOB €KCIIEPUMEHTAIbHOT MEHOIMay3u Oyio
BUKOPUCTAHO MeTOJ mapHoi ctumyismii [17].
[Ipu 1boMy Ha YacCOBOMY HPOMIXKY Bix 2 10
3 Mc cmocrepiranocs BiporigHe 30iibIICHHS,
a3 6 no 30 Mc — npurHiyeHHs N,-KOMIIOHEHTa
npyroro IIJAI1 y rpymi TBapuH 3 MEHOIIAy3010
(P<0,01, puc. 4).

3rigHO 3 OiJbII PAaHHIMHU JOCHIKCHHSIMHU
[18], B pe3ynbrari imemii 3MiHIOBaNacs MIBUI-
KiCTh TIpOBEJICHHS B apepEHTHUX BOJOKHAX
JIOPCAbHOTO KOPIHIA 3 aHAJOTIYHUMH 3MiHa-
MU Yy NpecuHanTuuHux kommnoHeHrtax ITJIII,
[0 MPOSIBIISLIIOCH Y 30JbIICHH] JTATEHTHOCTI
apepeHTHoro miky. lle Moke MoOsiCHIOBATH
301IBIICHHS JTATEHTHOTO NEPioay Ta JIesKe Io-
JIOBXEHHS a)ePEHTHOTO MKy, BUSBJICHI HAMH B
eKCTIEpUMEHTaIbHIN TpyTi (IUB. puUC. 2).

30

[IpuunHOO TimoKcii HEPBOBUX CTOBOYPiB
MOJKe OyTH TilloecTpOoreHeMis, OCKiJIbKH BiJoMa
HasIBHICTh MPSIMHUX CyJUHHHUX €(PEKTIiB IUX TOP-
MOHIB Ta iX BIIUB Ha TEeMOAWHAMIKY B Pi3HUX
CyIUHHUX perioHax. OmHuM 3 e(PeKTiB € 3HATHE
MiJIBUIICHHS 3aBJSIKH €CTPOTEHAM YTBOPEHHS
okcuay aszory NO uepe3 301IbIICHHS BMICTY
KaJlbl[ii3aJIe’)KHOI CUHTETa3u OKCUIY a30Ty Y
KJIiTHHAaX eHjorexiro cyaud [2]. Jlo Toro x,
Maroud aKTHBHI aHTHOKCHUJAHTHI BIACTHBOCTI,
€CTPOreHH NPUTHIYYIOTh HEPEKUCHE OKUCHEHHS
JIIONPOTEIIB HU3bKOT IIIJIBHOCTI, OKHCHEHI
¢dopmu sikux iHri0y10ThE NO. Takox 11i TopMOHH,
MiJBUILEHHAM TPaHCKPHUIILII TreHiB (epMeHTIB
NPOCTAUMKIIHCUHTETAa31 1 UUKJIOOKCUTCHA-
3M, CTUMYJIOIOTh YTBOPECHHS IPOCTALMKIIHY,
SIKHA TIPUTHITY€ Ba30KOHCTPUKTOPHI peakiii
Ha GHJIOTEeJiH-1 Ta 3MEHIIy€e TPECOPHUH ePeKT
anriorensuny Il [2]. [memis HepBOBUX HUISIXIB,
BHUKJIMKaHA ralbMyBaHHSIM YH MMOBHOIO BiJCYT-
HICTIO BKa3aHHX BUIIIE €()EKTiB, PO3BUBATHMETh-
cs Ha (pOHI MiABUIIEHOT YYTIUBOCTI HEPBOBUX
CTPYKTYp MO TIMOKCii, IO TaKOXX MOXKe OyTH
3YMOBJICHO JIe(pilIUTOM €CTPOTEHIB 3 HEHpOIIpO-
TEKTOPHUMH €(eKTaMHU, 3HAUyIIUM MEXaH13MOM
AKUX € iX 3maTHicTh akTuByBaTu reH VEGF

%
250 1

200 A
150

100

50

Puc 1. Xapakrep 3MiH OCHOBHHX IapaMeTpiB HOTEHIialy
JIopcabHOT TOBEepXHi crimHHOro Mo3Ky (I — mmopora; II — xpo-
HaKcii) 32 yMOB €KCIIEPUMEHTAIbHOT MEHOTIAy3H: 1-1HTaKTHI
TBapHHM, 2-TBAPUHU 3 MeHomay3010. ** P<0,01 — BiporixHicTh
MIOPIBHSHO 3 KOHTPOJIEM
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Puc. 2. 3minN 9acoBHX XapaKTepHCTUK IoTeHniamy qopcanbioi nosepxHi (ITIIT) cimHHOr0 MO3KY Y TBApHH 3 €KCIIEPHMEHTAIBHOIO
MEHOIIay3010 (2) MOpPiBHIHO 3 iHTaKTHOIO Tpymolo (1): I — marentHuit nepiox, II — 3aransna Tpusamicts ITJII1, III — TpuBamicTs
apepentHoro miky, IV, V, VI- N, N,, N;-kommonenTis Binnosinuo, VII — P-xeuni ITI1. * P<0,05 ta ** P<0,01 — BiporiaHicTs

HOpiBHS{HO 3 KOHTPOJIEM

(cynuHHUHE eHgoTeniadbHUu (HaKTop POCTy), IO
3HAYHO IJBHUINYETHCS B YMOBax rimokcii [19].

3adikcoBaHe HaMU 301JIBIIICHHS JTATCHTHOTO
nepiogy ta mopora [IJII1 y TBapun nocnigaoi
IPYNH TaKOX MOXKHA MOSCHUTH THUM, IO Jie-
CTPYKTHBHI 3MiHHU OpraHi3auii MikpoCTpyKTypHu
aKCcOJIEMU BHACIIJIOK MOPYLIEHHS Opranizamii
MIKpOTPYOOUOK aKCOHIB, 0COOIMBO B Mi€iHi-
30BaHMX BOJIOKHAX, HETaTUBHO BIUIMBAIOTh HA
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30yAMUBICTD 1 LIBUAKICTD MPOBEACHHS IMITYJIBCY
HEpBOBUMU BOJNOKHamu [16].

Bizomo, 1o ectporeHu 3a IOIOMOIOO aK-
tuBarii ERa y mopcamsHOMYy po3i cipoi pedo-
BHHHM CIIMHHOTO MO3KY 3MCHINYIOTH 30Yy/JIHBY
rIyTaMaTepriyny rnepejady mpH MoIpasHeHHI
aepeHTHUX BOJOKOH K Ad- Tak i C-tuny [12].
Hedinut xe ecTporeHiB MoXXe MPHU3BOJAUTH
JI0 3BOPOTHOTO €(eKTy, M0 MOSCHIOE 3017b-

*k

1l \Y \

Puc. 3. 3minn ammutiTyiu agepeHTHOTO MKy Ta IOCTCHHANTHYHUX KOMIIOHEHTIB OTeHIiany nopcanbnoi mosepxHi (ITIT) crima-
HOTO MO3KY Y TBAPHH 3 €KCIICPIMEHTAIBLHOIO MEHOTIAY3010 (2) OPiBHAHO 3 iHTaKTHOO rpymoro (1): [ —adepentHoro miky; 11, 111,
IV —N,, N,, N,-komnonenTiB Binnosiano, V — P-xpuii IIIIL.  * P<0,05 Ta ** P<0,01 — BiporinHicTh MOPiBHAHO 3 KOHTPOJIEM
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IIEHHS aMIUTITY 1 KoMnoHeHTis N,-N; ITJII
CIIMHHOTO MO3KY, a/’)K€ OCTaHHI XapaKTepH3y-
I0Th aKTHUBHICTh MOCTCUHANTUYHHUX CTPYKTYD
3aJIHBOTO pora, 30Kkpema, cermentapuux (N,
N,) Ta HecermeHTapHUX iHTEpHEHPOHIB (N;)
[18]. Takox BiZOMO, IO 3aCTOCYBaHHS Ce-
nexTuBHOTro Onokaropa ERa mpusBoauth 10
301JIbIIEHHS YaCTOTH BUHUKHEHHS CIOHTaHHUX
30y/KYBaJIbHUX MMOCTCHUHANTUYHUX CTPYMIB y
HeWpoHax XeJaTUHO3HOI CyOcTaHIlil CTUHHOTO
mo3ky [12]. Ix wacosa Ta mpocTopoBa cymamis
Ha IHTepHEeHpOoHaX JOPCAIBHOTO POTY CITHHHOTO
MO3KY MOXE CIPHUATH 3pOCTAHHIO aKTHBHOCTI
BKa3aHUX HEHPOHHMX I'PYT, 10 BiToOpakaeThCs
y 3MiHI aMIUTITyau BiAnoOBiIHUX N-KOMIIOHEH-
TiB, Ta 30UIBIIEHHIO KiJTBKOCTI CErMEHTapHUX
IHTEepHEHPOHIB, SAKi BIAMOBITAIOTH HA IMOIpa3-
HEHHS aepeHTHUX BOJOKOH JOPCAIbHOTO
KOpIHIIS, PO IO CBIAYUTH 3POCTaHHS TpUBa-
nocti Ny-komnonenra [18].

Takox 3pocTaHHS aMILTITynIu N-KOMIIO-
HEHTIB MOXe OyTH TOB’s3aHe 31 3pyHICHHAM
MMOTEHITIATY 3aJIe)KHOCTI aKTHBAIlil HATPi€BUX
KaHaJiB Tak, [0 JJISl JOCSATHEHHS mopora i
reHeparii HaTPiEBOTO CTPYMYy HOPMajbHOTO
3HaYeHHs NOTPiOHI MeHIIi piBHI Aenmonspu3anii
[20]. COpUYUHUTH 1€ MOXKE 3HM)KEHHSI BMICTY
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KaJIbIIiI0 Y KPOBi Ta MUDKKJIITUHHIN piauHi, 3y-
MOBJIIeHE Jie(hiluTOM ecTporeHiB [21].

Binomo, 1mo ecTporeH MOTEHILIIOE TiIyTa-
MaTiHJIYKOBaH1 CTPyMH Yepe3 BIJIUB Ha MPOLEC
nAM®-3anexnoro ¢pochopunoBanus [4], a
ceneKkTUBHUM aHTaroHict ERa npecunantuano
noJiermye 30y/KyBallbHy CHHAIITHYHY Tiepeady
710 HEHPOHIB KeJIaTUHO3HO1 cyOcTaHwii. Y mux
yMOBaX MOCHJIIOETHCS MPECUHANTUYHE Tajlb-
MYBaHHS TIEPBUHHUX a(EePeHTIB TaIbMiBHUMH
HEWpOHAMHU >KeJlaTHHO3HOI cybctanmii [12].
Kpim toro, ectporen moxe inrioysatu TAMK i
DIinuHOBI penenitop [5,6]. Tomy 3a ymoB nedi-
LUTY €CTPOTEHY KiJIbKiCTh BKa3aHUX PELENTOPiB
B aKTUBHOMY CTaHi 301JbIIYETHCS, IO TAKOXK
MOX€E CTBOPIOBATH YMOBHU IJIsi MOITIMOJIECHHS
MPECHUHANITUYHOTO TaJIbMYyBaHHS.

[Tepeniuene BuIe MOXKE MOSICHATH BUPaXKe-
He npurnivenns N, -komnonenTa apyroro ITJIT
y AOCIiIHIN TPy IpH MOABIHHOMY MOAPA3HEH-
Hi JJOpCcabHOTO KOPiHIA 3 iHTepBasniamu 6 — 100
Mc (auB. puc. 4), 110 MOKEe BKAa3yBaTH HA aKTH-
BYBaHHSI IPECUHAIITUYHOI'O TaJIbMyBaHHS IHTEP-
HeliponiB IV nmnactunu cipoi pedoBunu [22], y
TOMY YHUCJI 3 00Ky KeJaTUHO3HOI cyOcTaHIIil,
HeHWpoHHU 5KOi 34e01NbIoro 6epyTh ydacThb y
¢dbopmyBanHi P-xBumni [18,23]. Ha kopucth 11p0-

2 3 4 5 6 7 8

9 10 20 30 50 100 200 500 1000 Mmc

Puc. 4. 3mina ammityu N, -KOMIIOHEHTa Jpyroro norexuiany jgopcanbnoi nosepxHi (ITJ11) cnuxHOro Mo3ky BimHOCHO N -
komrtoHeHTa nepioro [1/1I1 npu mogpa3HeHHi JOpcaabHOTO KOPiHIIS HOJBOCHUMH IMITYIbCaMU 3 PI3HUMH iHTEPBaJIaMH Y TBApHH
koHTpoIbHOT (1) Ta exciepuMenTasbHOI (2) rpym. * P<0,05 ta ** P<0,01 — BiporiIHicTh HOPIBHSIHO 3 KOHTPOJIEM.
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rO TOBOPUTH BIAMOBIAHICTH MPOMIKKY 3 6-1 IO
100-Ty MimiceKyHIy TPHBAaIOCTi MO3UTHUBHOTO
kommoHeHTa niepuroro [T/I1, ammurityna sixoro
y IOCHiAHIN TPy BiporigHO 301/IbIIeHa TOPiB-
HSTHO 3 IHTAaKTHUMU TBapUHAMHU (IUB. puC. 3).

1l1e oiHI€rO TPUYNHOK 3HMIKEHHS aMILTITYIH
N,-xkomnonenra japyroro IIJII € romocuHan-
THYHA JAeNpecis, MOB s3aHa 3 BUCHAXKCHHSIM
3amaciB HeMpoMeaiaTopiB y MpeCHHANTHIHUX
TEpMiHAJIAX Ta JECEHCUTU3ALI€I0 MOCTCHHAI-
TUYHUX MEeMOpaH 3a yMOB IOBTOPHOTO IIPO-
XOJDKCHHS 30y/KEHHS uepe3 Ti cami HeHpOHHI
JaHIory [24]. ATOHICTH pElenTOPiB ECTPOTCHIB
NOTEHUIIIOTh aKCOHHUM TPAHCIOPT 4Yepes
aJlbTEepPHAaTUBHUN HEIreHOMHUN CUTHAaJIbHUHU
NUISIX, IKKUH peasi3yeThCcs BHACTIIOK aKTHBAITil
ERK-3anexH0T0 BHYTPINTHHOKIITUHHOTO CHUT-
HalbHOTO Kackamy [25]. Jedinut ectporeHin
MOX€E TPU3BECTH 10 MOPYUICHHS aKCOHHOTO
TPAHCIIOPTY, 1, SIK HACIiJ10K, IIOMIOBHEHHSI MYy
MeziaTopa y NpeCHHANTUIHUX 3aKIHUCHHSX, 1110
B1100pa3uThCs HA TOCWICHHS TOMOCHHAIITUYHOT
nempecii y TBapuH JOCIITHOT TPYTIH.

TakuM YHMHOM, OTPUMaHi HaMH Pe3yJIbTaTH
JAIOTh 3MOTY 3pOOUTH BUCHOBOK PO Pi3HOCIIPSI-
MOBaHi 3MiHH y HEPBOBHX CTPYKTYpax 3aAHbOTO
pPOTY CHMHHOTO MO3KY CaMHULb LIypiB 332 yMOB
HecTadl ectporeHiB. Tak, 30yIIUBiCTh HU3b-
KOIIOPOTOBUX a(h)epEeHTHUX HEPBOBHUX BOJOKOH
3aJIHBOTO KOPIHISI y TBApUH JOCHIJHOTI rpynu
3HAYHO 3HIKYEThCA. [IpoTe aKTUBHICTB 1HTEP-
HEHPOHHOTO MYy MiJBUIIYETHCS, HACAMIEPE
BHACJIZJOK PO3TrajJbMOBYBaHHS HECEIMEHTApHUX
IHTepHEWPOHIB Ta 301IbIIIEHAS] aKTUBHOCT1 HEM-
POHIB KEJTaTHHO3HOI CyOCTaHIlii y 3aTHEOMY
poO3i, MpU OJIHOYACHOMY 3POCTaHHI MpecHHar-
TUYHOTO TaJIbMyBaHHS NIEPBUHHUX aepEeHTIB.
Opnak cymMapHUM €()EeKTOM TIOBIOCTPOKOBOI ec-
TPOTEHHOI HEAOCTATHOCTI € IePEBaKAHHS SIBUILL
30yI>K€HHSI HaJl TAJIbMYBAaHHSM Ta MOJIETIIEHHS
HEPBOBOI mepengaudi y CTPyKTypax 3agHbOTO
pOry CIMHHOI'O MO3KY, L0 MiATBEPKYE JaHi,
OTpHMaHIi in vitro mpu BUBYEHHI 0COOIUBOCTEH
AKTHUBHOCTI JKEJaTHHO3HOI cyOcTaHIii 3a yMOB
3aCTOCYBaHHS CEJIEKTHBHOIO iHT10iTOpa ecTpo-
renaux penentopis (Era).
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BHOJ3JIEKTPUYECKASA AKTUBHOCTbD
WHTEPHEHPOHOB CIUHHOTO MO3TA
CAMOK BEJIBIX KPBIC B YCJIOBHAX
3KCHEPUMEHTAJBHOMU MEHOIIAY3bI

AHanu3upoBalu 0COOEHHOCTH apaMeTPOB BO3OYAMMOCTH
U aMIUIUTYIHO-BPEMEHHBIX XapaKTePUCTHK KOMIIOHEHTOB
noreHyana gopcansnoi nmosepxuoctu (I1JIIT) cimaHOTrO
MO3Ta MOJIOBO3PEIBIX CaMOK OENBIX KPBIC B YCIOBHSIX
9KCIEPUMEHTAIbHON MEHOIAay3bl. YCTaHOBJIEHO MOBBIIIIE-
HUe mopora Bo30yxJIeHus a()epeHTHBIX BOJIOKOH 3aTHHUX
poros cnuHHOTO Mo3ra Ha 102,14% u naTeHTHOTO TepH-
ona Ha 94,12% y UBOTHBIX IOCIE OBapuoekromuu. B
YCIIOBUSIX CYTIPaMaKCUMaIbHON CTUMYJISIIAN OPCATBHOTO
Kopemka L5 BBIABIEH POCT aMIIUTYAbl N|-KOMIOHEHTOB
Ha 10,14%, N, na 11,82%, N;-kommnonenta Ha 48,28%, n
P-BonHbl Ha 31,58% u yBenuueHne NpoAOIKUTENbHOCTH
N3-xomnoHeHTa Ha 26,54% B 3KCIIEpUMEHTAIbHOMN IpyIIIIE.
[Tpu cTUMYIALUY MapHBIMH UMITYJIbCAMU Ha BPEMEHHOM
IIPOMEXYTKE OT 2 10 3 MC HaOJI0anoch JA0CTOBEPHOE
yBeJIu4eHue, a ¢ 6 10 30 Mc - yruerenue N, -KOMIOHEHTa
roporo II/II1 B rpymre >KuBOTHBIX ¢ MeHONay30i. Takum
00pa3oM, MOTy4YeHHbIE HAMH PE3yIbTaThl MO3BONSIOT
clleslaTh BBIBOJ O Pa3HOHAIPABJICHHBIX M3MCHEHHUAX B
BO30yAMMOCTH HEPBHBIX CTPYKTYP 3a/IHETO pOra CITHHHOTO
MO3ra B yCJIIOBUSIX HEJOCTaTKa 3CTPOrCHOB.

KiroueBsle ciioBa: MeHOMay3a; MOTEHIIMAN JOPCAIBLHON TO-
BEPXHOCTH CIIMHHOTO MO3Ta; HHTEPHEHPOH; KPBICHI-CAMKH.

A.G. Rodinsky, S.S. Tkachenko

BIOELECTRIC ACTIVITY OF
INTERNEURONES OF SPINAL CORD IN THE
EXPERIMENTAL MENOPAUSE IN FEMAL
RATS

We analyzed the amplitude-time characteristics of the
components of the potential dorsal surface of the spinal
cord (PDS SC) in experimental menopause. The excitation
threshold increased at 102.14% and the latent period at
94.12% in animals with experimental menopause. In the
context of supramaximal stimulation of dorsal root L5
identified N1 amplitude growth at 10.14%, N2 at 11.82%,
N3 at 48.28%, and P-wave 31.58% and to increase
component N3 26.54% in the experimental group. At
condition of paired stimulation pulses on the time interval
from 2 to 3 ms there was a significant increase, and
from 6 to 30 ms — a depression of N1-component of the
second PDS SC in the group of animals with experimental
menopause. Thus, our results suggest the presence of
changes in nerve structures of the posterior horn of the
spinal cord at conditions of estrogen deficiency.

Key words: menopause; potential of dorsal surface of spinal
cord; interneuron; rat.
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T'opmMoHu TUMYCA, AHTHOKCUAAHTHI hepMeHTH
Ta HEHPOreHe3 Yy HIOXOBiH LMOYJIMHI HIypiB
NP NAPKIHCOHI3Mi: BIUIMB MEJIATOHIHY

I.®. JIadynenn, 2C.0.Tananos, 'P.I. Bacuibes, 'A.€. Poaniuenko, 'H.O. YTKo,
ILLA. Ky3bminoBa, 2b.C.Kon’sik, 10.B. ITox’suenko, 2B.®. Carau, 'I.M. Byrenko

LTV «Incmumym 2enemuunoi ma pezenepamuenoi meouyunu HAMH Yipainuy, Kuis; *Incmumym
¢izionoeii im. O.0.boecomonvys HAH Vkpainu, Kuis; e-mail: irina_labunets@ukr net

Y wypie, saxi ompumysanu nuwe Helpomoxcur 6-2i0pokcudoamin abo y KOMIIEKCE i3 MeLamoHIiHOM,
docaidoicysani 36 830K NOPYUEHb AKMUGHOCIT AHMUOKCUOAHIHUX (PepPMEHMIB 20106H020 MO3KY, eHOOKDUH-
HOI' pyHKYIT mumyca K MOMCIUBUX NAMOLEHEMUYHUX IAHOK NAPKIHCOHIZMY, 31 3MIHOI0 YUCIA HEeUPAIbHUX
cmogoyposux kaimun (HCK) y uioxositi yubynuni. Bcmanosneno, wjo y wypis i3 pyxoeor acumempicio é
anomopinosomy mecmi, wjo 8i0N0BIOAE 3HAUHUM YUIKOONCEHHAM 00PAMIHEPLIUHUX HEeUPOHI8 YOPHOI C)O-
CMaHyii, akmuHicmb CYnepoKCUOOUCMYma3suy, Kamanasu i 2rymamionpedykmasu y cmpiamymi 6 1,3—1,4
pasa, a emicmy y Kpoei mumyniny y 8 pasie menuie, Higxe y ncesdooneposarux meapur (P<0,05). Hasnaxu,
V wypie 6e3 pyxoeoi acumempii i, ION0BIOHO, YACMKOBUM YUIKOOICEHHIM HEUPOHI8 3HAUEHHs NOKA3HUKIG
maiice ne sminosanucs. Yacmka nestin®-kaimun y HIoX08itl yuOYAUKI wypie i3 6I0CYMHICMIO pyX060i
acumempii 30imvuysanacs i3 91,2 00 99,3 % i sanuwanacs maxoio nicisi Kypco8oeo 66e0eHHs MeNAmoniny
(10 me/ke, 6npodosarc 18 0i6). Kypc MenamoHiny wypam i3 yupKyismopHUMU pyxamu npu3eooums 00 3MeH-
wienHsl 6i0COMKA Nestin -Kaimum, wo CnocmepiacmuCs Ha M 3HAYHO20 3POCIMAHHA 3HUNCCHOT AKMUEHOCT
AHMUOKCUOAHMHUX hepmermis | emicmy 6 Kposi mumyniny. O62080pIOEMbC MONCIUBICIb NOCULEHHSL )
maxkux meapun ougepenyirosanns HCK nioxoeoi yubynunu ¢ neuponansHomy Hanpsamky. ObepyHmogyemvcs
nepCneKmuGHIiCMy BUKOPUCHIAHHA MENAMOHIRY AK HeUPpONPOMeKmMopHo20 3aco0y 6 mepanii NapKiHCOHI3MY.
Kiouosi cno6a: napKiHCOHi3M, AHMUOKCUOAHMHI (hepmenmu, MuMy/IiH; MeIAmoHin, HelpaibHi Cmosoyposi

KAIMUHU, HI0X08A L;u6y/1uHa.

BCTYII

XBopoba [Tapkiacona (XII) — oxHe 13 HAWO1TBIIT
PO3TOBCIO/PKEHUX MPOTPECYIOYNX HeHpoaereHe-
paTUBHUX 3aXBOPIOBaHb, IPU SIKOMY MacoBa 3a-
rubens JodpaMiHepriYHUX HEHPOHIB KOMIAKTHOL
YaCTHHH YOPHOI CYOCTaHIIii cepeIHhOTO MO3KY
MPU3BOMUTH 0 nedinury modamiHy B Heo-
CTpiaTyMi Ta pO3BUTKY XapaKTePHUX MOTOPHUX
nopymens [1, 2].

3aralbHOBH3HAHI MEXaHI3MH HEeHpoJereHe-
pauii npu XII BKJIIOYarOTh PO3BUTOK OKCHAA-
THBHOTO CTPECY, HeMpOo3arajieHHs 3 aKTHBAIlI€F0
MIKpOTJIii, YIIKOKEHHS MUTSXIB JeTpajaltii mpo-
TEIHIB, TIIyTaMaTePTiuyHy €KCAaHTOTOKCHIHICTD,
MHUC(HYHKIII0 MITOXOHIPIA TOIO, a OCHOBHUM

HUISTXOM 3aru0elli HEpBOBUX KIIITHH € aroITo3
[3, 4]. IcHye nymKka, o came OKCUIATUBHUU
CTpeC — OAWH i3 KIIOYOBUX (PAKTOPIB YIIKOI-
JKeHHS KIITHHHUX MeMOpaH, opraHen i HyKJei-
HOBHX KHUCJOT 10(aMiHEepPTIYHIX HEHPOHIB Ta 1X
HacTymnHoi 3aru6eni [5]. HaBnaku, y romoBHOMY
MO3KY Ha TJIi 3pOCTaHHS BMICTy BUIbHHUX PajiH-
KaJliB Ta aKTUBHUX (POPM KHCHIO 3MEHIIYETHCS
CUHTE3 aHTUOKCUJIAHTHUX (epMeHTIB [6].
Pa3om 3 TuM 3’sBASETHCS BCe Oinble Baro-
MHX JIOKa3iB 00 3MiH IMyYHHHX pEaKIliil Ipu
po3BuTKy XI1/mapkiHCOHI3MY, a TaKOXK 3HAYCHHS
AKTHUBOBAHUX IMyHHUX KIIITHH JJIS YIIKOJDKEHHS
nodpaMiHepTigHUX HEHPOHIB icis iHpImbTparii
romoBHOTO MO3KY [7, 8]. Tak, BcTaHOBIEHO, IO
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TopmonH THMYyCa, aHTHOKCUIaHTHI (pepMEHTH Ta Hefporenes y HIOXOBiil MOYIIHHI ITypiB PH NapKiHCOHI3Mi: BIUIMB MEJIATOHIHY

B HbOMY aesiki cyomonmymsmii T-miM¢onuTis,
HeHUTpodinu, Makpodaru, pa3oMm i3 MiKporie€lo,
CHHTE3YIOTh TaKi Mpo3amnajibHi MUTOKIHH, SK
tymopHekpotnuHuii pakrop (THD)-a, inTepde-
pou (I®H)-y, intepneiikin (IJI)-1p, xemoxinu,
a TakoX BHBUIBHSIOTH aKTHBHI OpPMHU KUCHIO
Ta a30Ty; 1, HABIaKH, OKCHJIATUBHHI CTpeC 37a-
TEH 3MIHUTH (QYHKIIOHYBaHHS KJIITHH IMYHHOI
cucteMu. Kpim Toro, mopymeHHsi iMyHHHX
peakuiil mpu HeHpoaereHepaTUBHUX 3aXBO-
pPIOBaHHIX MOKe OyTH TOB’s3aHE 3 TUC(YHK-
i€I0 [EHTPAIBLHOTO OpraHa IMyHHOI CHCTEMH
THMYyca, 10 HaMu OyJo BHSIBICHO paHille Ha
eKCIIEPUMEHTAIbHIN MOJIeNi ilemMii roJIoBHOTO
MO3Ky [9]. Sk BizoM0, came B HOMY yTBOPIO-
10ThCs cyonomymsanii T-mimponuTis i3 pisHUMH
QyHKI[iOHATPHUMH BIACTHBOCTAMH. 1X amde-
peHIIIOBaHHS, Mirpallis Ha nepudepiro i mposiB
(YHKIIOHAIBHOI aKTUBHOCTI KOHTPOIIOIOTHCS
TOPMOHAaMU THMYCa, 30KpeMa BUCOKOAKTHUBHOTO
tumyiainy [10,11]. Lleli ropMOH TakoX BILIHBAE
Ha (QYHKIIIOHYBaHHHS Makpo(ariB i BUIBIIE
mpoTHU3amaibHy Ail0 MPH Helpo3amalieHHi,
3MeHurytoun koHnenrpaiio TH®-a, JI-18, [J1-6
i migBunryoun BMicT 1JI-10 [12, 13]. Sk pe3ynb-
TaT BIUIMBY IMYHHHUX ()aKTOpiB, Y LEHTPAJIbHIH
HeppoBili cuctemi (HIHC) moxe 3MmiHHTHCS
Heilporenes [14, 15].

Bimomo mpo MOXIUBICTH HE TITBKH amarm-
THBHOI'O MOCHJICHHS HEHWpOreHe3y, aje 1 Horo
NPUTHIYCHHS B OCHOBHUX HEHPOTeHHUX JiJISTH-
Kax TOJOBHOTO MO3KY TBapuH i3 Helpone-
reHepaTUBHUMU 3axBoproBaHHAMH [16, 17].
[Ipn mapkiHCOHI3MI OZHI€IO 13 TaKUX AIISTHOK
€ HIOXOBa LMOyIMHA, B Ky IO POCTPajbHO-
My HUISIXYy MITPYIOTH HeHpallbHI CTOBOYpPOBI
xirituan (HCK) ta mporenitopHi KIITHHH 13
CyOBEHTPHUKYJISPHOI 30HH OOKOBUX IITYyHOUKIB
[18]. HroxoBy IuOyJIMHY BBaXKalOTh YHIKAJIBHIM
JokepesioM s orpuMmanHs BracHux HCK, mo
MOXYTh THPEPEHIIIOBATUCE Y 3piJTi JodaMiHep-
riYHI HEUPOHHU, ACTPOLUTH 1 OJIITOACHAPOLUTH
sK in vivo, Tax 1 in vitro [18, 19]. lle#i opran
MOB’ sI3aHUH 3 HIOXOBOIO (DYHKLI€10, HOPYIICHHS
sIKO1 MO>Ke OyTH OJTHI€IO 13 paHHIX MPEKITHIYHUX
03HaK PO3BUTKY MapKiHCOHI3MY [1].

36

Cunin 3a3HauuTH, 10 €PEKTUBHICTh perna-
PAaTUBHHUX MPOIECIB Y TOJIOBHOMY MO3KY IpH
HeHpoJereHepaTuBHUX 3aXBOPIOBAHHAX 3HAU-
HOIO MipOI0 3aJIe)KUTh BiJ BIUIHBY (aKTOpiB
MaKpOOTOUEHHs, 30KpemMa ropmoHiB [19, 20].
Cepen OCTaHHIX TOPMOH emidiza MeJIaTOHIH
NpuUrHiuye po3BUToK XI1/mapkiHCOHI3MY B €Kc-
MEepUMEHTAJbHUX 1 KIIHIYHUX yMoBax [21-23].
Bin BusBIsie mupokuii crektp OionorigHol
aKTHBHOCTI, IOKa3aHa HOro y4acTb y aHTHOK-
CHIAHTHOMY 3aXHUCTi opraHizmy [6, 24]. Tak,
el TOPMOH — OJIMH 13 HAWTTOTYKHIITHX TPSIMUX
AHTHOKCHIAHTIB, 1[0 IOTIMHAE €HOT€HH1 BUILHI
pagukanu (TiAPOKCUIBHUN pajuKal, CynepoK-
CUIHUN aHIOH-paJuKal, CUHIJICTHUH KUCCHD,
OKCHJI a30TY) i 30epirae MaKpOMOJIEKYIH KIITHH
(6inmkm, XUPH, SIACPHY Ta MITOXOHIpialbHY
JAHK) Bim okMCHOTO MOMKOMKEHHSI. Memna-
TOHIH JIi€ TaKOX SK HENPSIMUUA aHTUOKCHJIAHT,
CTUMYJIOI0YM aKTUBHICTh aHTHOKCUIAHTHUX
(hepMEeHTIB y TOJIOBHOMY MO3KY TBapHH i3 Heli-
pOJleTeHEepaTUBHUMHU 3aXBOproBaHHsAMU. Kpim
TOT0, BCTAHOBIECHO MOTO MO3UTHUBHUW BIIIINB
Ha NopylIeHui QyHKIIIOHAIBHUI CTaH TUMYCA,
Oananc perynaropuux cyononymsmii T-nimdo-
LUTIB 1 aKTUBHICTH Makpodaris [25, 26]. € nani
IIO/I0 MIiJICUJICHHS IIiJl BIJIMBOM MeEJIaTOHIHY
npouideparuHoro noreHniary HCK romosHo-
ro MO3KY Ta iX Tu(EepeHIIIIOBaHHS Y HAIPIMKY
HeipoHiB [22, 27, 28].

Mera Hamoi poOOTH — OI[IHUTH MOXJIUBHIM
3B’5130K 3MiH aKTUBHOCTI aHTHOKCUIAHTHHX
(hepMEeHTIB y TOJIOBHOMY MO3KY, (DYHKI[IOHaJb-
HOTO CTaHy OPTaHiB IMyHHOI CHCTEMH Ta BMICTy
HCK y HroxoBili muOyanHI OIypiB i3 €KCIIEPH-
MEHTaJIbHUM MapKiHCOHI3MOM, a TAKOX 32 YMOB
BBEJICHHSI MEJIATOHIHY.

METOJAUKA

Hocnigum npoBonuian Ha 36 nrypax-caMiiax
nonyisanii Bicrap Bikom Bix 3 10 4 mic Macoro
200-250 r i3 po3miigHuka BiBapito IHcTUTYTY
¢izionorii im. O.0O. boromonbuss HAH VYxpai-
Hu. Bel TBapuHM 3HAXOIUIIUCH Y CTaHIAPTHUX
yMOBax BiBapiio MpH MPUPOTHOMY CBITIOBOMY
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pexumi. [lepion qociikeHHS — KOBTEHb — Tpa-
BeHb. bioyioriuHmii Marepiai A1 T0CHiiB Opanu
y TBapwH y PaHKOBI TOAMHU 00U MiJa ehipHIM
HapKo30M. Yci poOOTH BHUKOHYBAJIU 3 AOTPHU-
MaHHAM “€BpONEHCHKOI KOHBEHIIIT 110 3aXHUCTY
XpeOCeTHUX TBAapHH, SKi BUKOPUCTOBYIOTHCS 3
€KCIIEpUMEHTAJIBHOIO Ta 1HIIO0 HAYKOBOIO Me-
TOI0”, a TAaKOXX MPHUHIHIIB OI0€TUKH Ta HOPM
Oionoriunoi 6e3nexu [29].

Mooenwsanus eceminapkinconizmy. J1yst cTBO-
PEHHSI MOJIEIi TeMINapKiHCOHI3MY BUKOPHUCTOBY-
BaJId CCJICKTUBHUM HEHPOTOKCHH 6-TiIPOKCHIO0-
¢damin (6-'OJ1A), sikuii € BAKIUBUM SHIOTCHHUM
naToreHeTHYHUM ¢aktopoM po3Butky XII, mo
YIIKOIKYy€e nodaMiHEepriuyHi HEHPOHH YOPHOI
cyOcranIii cepeHbOr0 MO3KY Ta CIPUUYHHIOE
PO3BUTOK €HIOTCHHOI'O OKCHIATHBHOIO CTpECY,
Helpo3amaneHHs 1 JUCcPYHKIIT MITOXOHAPIH
[21, 30]. V HamoMy eKCliepUMEHTI OJIHOOIYHE
MOIIKOKEHHS A0(aMiHepriYHUX HEHPOHIB BH-
KJIMKQJIA CTEPEOTAKCUYHOK 1H EKIIIEI0 Y JIiBHMA
BUCXIHUH JaTepaJibHUHM NMYYOK HEPEeIHbOIO
Mo3ky 8,0 mkr 6-'OJIA (“Sigma”, CIIA), po3-
BegeHoro y 4,0 Mk (hi310JI0TTHHOTO PO3UUHY, 3
nonaBanusM 0,1%-1 ackopOIHOBOT KHCIIOTH SIK
crabinizaropa, o raabmye okucHenHs 6-I'OL[A.
3a 30 xB 10 MIKpOiH €KIil HEHPOTOKCHHY BHY-
TPINTHBOOYEPEBUHHO BBOIMIH 4() MT/KT TaprisliHy
(“Sigma”, CIIA), skuit mpuTHIYy€e MeTaOO0IIIHI
neperBopeHHs 6-I'OJIA MOHOaMiHOOKCH/1a3010,
i 25 mr/kr nesunpaminy (“Sigma”, CIIA), mo
OJIOKY€ 3aXOIUICHHS! HEHPOTOKCUHY HOpaJgpeHep-
TiYHUMU KJIITHHAMHU. YCi BKa3aHi MaHIMymlsIil
MIPOBOIMIIH 11T HEMOYTaJI0BHM Hapko30oM (50 mr/
KT, BHYTpIITHbOOYepeBUHHO, “Sigma”, CIILA).
KouTtpounbHiil Tpymi TBapuH (TICEBIOOTIEPOBaHi
uypu) poOWid BCi BHINEBKAa3aHI MaHIMyJsIIii,
ane crepeorakcuuHo Boauiau 4,0 mxa 0,1%-1
aCKOpOIHOBOT KUCIIOTH.

Yepes THUXKIOCHD MiCIs CTEPEOTAKCUUHOT
in’exii 6-'OJJA y TBapWH 3a BUKJIHKAHOIO
PYXOBOIO aKTHBHICTIO BU3HAYAIIU CTYIIHb OJIHO-
01uyHOi nereHepanii qodgamMiHepriyHUX HEHPOHIB
yopHoi cyOcrtaHnmii [21]. Jlus uporo mypam
BHYTPILIHLOOYEPEBUHHO BBOAMIIN aroHIiCT H0-
¢daminoBux perentopi anomopdin (0,5 mr/kT,
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“Sigma”, CIIIA) i oniHOBaIu IUPKYJIATOPHI
pyxH (dncio o0epTiB 3a XBUIUHY) y OiK, KOHTpa-
JaTepajibHUI BiTHOCHO MiBKYII, B IKY BBOJUIU
HEeWPOTOKCHH. [HTEHCHBHICTB TaKUX PyXiB Oyma
IHIUKATOPOM CTYTEHs OMHOOIYHOI AereHepartii
HirpocTpiarHoi modamiHepriuHoi cuctemu. 3a
HallUMH MONepeHIMU MOP(OTOTIYHUMHU 10-
CII)KEHHSAMH, BiICYTHICTh PYXOBOi acuMeTpii
B aniomopdinoBomy Tecti (0 006/xB) Biamosinae
YIIKOIXEHHIO B cepeaHboMy Onu3bko 44 %
nodamiHepTrigyHUX HEHPOHIB, a HASBHICTH iH-
TEHCUBHUX IIUPKYISATOPHUX PYXiB Y IIOMY TECTI
(monajn 6 00/xB) 6sm3bko 97 %. [21, 31].

Beedenns menramoniny. Ilounnarouu 3 5-i
no0u micins MpOBeJIEHHS anmoMOp(iHOBOTO
TECTY, BIANIOBIAHMM TIpynaM TBapUH BBOJWIH
BHYTPIMIHL00UYEPEBUHHO MenaToHiH (“Sigma”,
CIIA) monenuo o 18.00 ynpomosx 18 nid, i3
po3paxyHnky 10 mr/kr, y 0,0001%-My po3uuHi
ackopO0iHOBOT KHCIOTH. EdeKkTuBHICTh BIIIMBY
TaKoi 103U MEJIaTOHIHY Ha Nepeoir mapKiHCOHi3-
My IOKa3aHa HaMH Ta IHIIUMHU JOCIiTHUKAMHU
pawmime [21, 23]. KoaTpons — iH’ €Kil pOo34nH-
HUKa MEJIATOHIHY 3a aHaJIOTIYHOI0 CXEMOIO.

Excnepumenmanvhi epynu wypis. Y po6oTi
OyJ¥ BUKOPHCTaHI1 TakKi TpyNH TBapuH (y KOXKHIN
IO MIiCTh 0COOWH): IHTaKTHi; TICEBIOOTIEPOBaHi;
i3 BBefieHHsIM 6-'OJIA i po3YMHHUKA MEJIaTOHi-
HY Ta anoMop¢iHOBHM TeCcTOM BiamoBigHo 0 Ta
noHa 6 00/xB); i3 BBeaeHHaM 6-1'OJ]A i mena-
TOHIHY Ta anOMOp(QiIHOBHM TECTOM BiJMOBITHO
0 Ta monam 6 06/XxB).

Memoou. AKTUBHICTh aHTHOKCHIAHTHUX (hep-
MEHTIB OIIIHIOBAJI y CyIIepHATaHTaX TOMOTEHATIB
CTpiaTyMiB JIiBOI TIBKYJIi TOJIOBHOTO MO3KY €KCIIe-
pumvenTanpaux TBapuH (10 000 g mpotsrom 20 xB)
CIIEKTPOPOTOMETPUYHUMH MeTONIaMH (CTIEKTpOodo-
tomerp «uQuant, Bio-Tek», CIIA) [32]. dus
JOCIHI/PKCHHSI aKTUBHOCTI CyIEPOKCHIINCMYTa3H
(COl) BHKOPMCTOBYBaJIHM METOM, OCHOBAaHUI Ha
3MaTHOCTI (DePMEHTY TIPUTHIUYBaTH PEaKIlio ayToo-
kucHeHHs anpenaniny (“Fluka”, Himeuuunna)
B aapenoxpom npu pH 10,2. AkrusHicte COJ]
BHpa)kajJl B yMOBHUX OJUHULIAX 13 PO3PAXYHKY
Ha 1 Mmr Oinka 3a 1 XB. AKTHBHICTBH KaTala-
34 BU3HA4YalW 3 KiHeTUKHW pyknyBanns H,O,
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(“Riedel-deHaén”, Himeuunna) i Bupaxanu B
Mikpomonsax yrunizosanoi H,O, na 1 mr Ginka
3a 1 XxB. AKTHUBHICTb INIyTaTiOHNEPOKCHAA3H
(I'IT) i rmyrarionpenykrasu (I'P) BumiproBanu
3a 3MmenmenasaM HAJIOH (“Sigma”, CIIA) y
CIOJYYCHINW TIyTaTiOHpEeAYKTa3Hiil peakmii 3
JOJIaBaHHIM Y PEaKTHBHY CyMilll BiATOBITHUX
peareHTiB i BUpakalld B HAHOMOJISIX OKHCHEHOTO
HAJI®H na 1 mr 6inka 3a 1 xB. BMmicT Oinka y
cTpiaryMi BUMiproBaiu 3a MeTosioM Jloypi.

BwMmicT TuMyniHY y cHpOBATIII KPOBi OIIli-
HIOBaju 3a meTofgoM Bach rta cmiBaBT. [33],
SAKAW OCHOBAaHWW Ha BiJHOBJICHHI YYyTIUBOCTI
CIIOHTaHHUX PO3ETKOYTBOPIOBAILHUX KIIITHH Ce-
JIC31HKM MHMILIEH 13 BUIyYEHUM TUMYCOM JI0 a30-
tionpuny (“Sigma”, CIIIA). CupoBaTky TBapuH
npormyckanu depe3 ynbTpadinstp CF-25 dhipmu
“Amicon” (CIIA) nns BuIaneHHS BHCOKOMO-
JEKYJISpHOTO iHTiOiTOpa TUMYNiHY. PesynpraTu
HABOJMUIIM y BUIIAL log, TUTPY TOPMOHY.

VY mypiB BUMIipIOBajiu Macy CeJe3iHKH Ta
MiIPaX0BYBaJIH KITBKICTh KUTTE3NATHUX SIPOB-
MICHUX KJITHH B oprasi 3a momomororw 0,2%-
ro PO3YMHY TPHUIIAHOBOTO CHHBOTO. HasBHIiCTH
HCK Bu3Havanu B KyJlbTypi HIOXOBOT IUOYJIMHH
3a iX 3JaTHICTIO YTBOpIOBaTH Helpocdepu Ta
ekcnpecyBatu Mapkep nestin [20]. Jlns mporo
HIOXOBY IIUOYJIMHY BUIIJISIN 3 TOJIOBHOTO MO3-
Ky IIypiB MiJ KOHTPOJEM CTEPEOMIKpPOCKOIIA.
Hanani, 3a BIacCHUM MPOTOKOJIOM, CYCIICH3110
KJIITHH, OTPUMaHy micis iHkyOamii Giomraty
npu 37°C 3 dpepmentramu (0,05%-1a nponasa
ta 0,05%-na konarenasa [A), uenTpudyrysanu
y IecsaTUKpaTHoOMY 00’ eMi xomogHoTo (hocdar-
Horo Oydepa (DPb; “Sigma”, CIIIA) BpogoBx
10 xB mpu 800 g ta +4°C. Ocan pecycrneHay-
Balld Ta KJIITHHUA BHOCHJIM J0 MOKPUTHUX KoJa-
resoM | Tuny wamoxk IleTpi niamerpom 35 MM
y CepeoBUIIl POCTY TAKOTO CKJIaay: OazasbHe
cepenoBuiie Neuronal Base Medium, 1%-i
pO3YMH aHTHUOIOTHKIB/aHTUMIKOTHKIB (“PAA”,
ABsctpist), 10%-Ha emOpioHanbHA Tensiya CH-
poBatka, L-rmyraminy — 2mmons/n, 20 HI/Ma
bFGF (¢dakrop pocty ¢pidpodnacTi) Ta 20 Hr/mn
EGF (enigepmansuuii paxrop pocry) (“Sigma”,
CIIOA). Ilpu gocsrHeHHI cyOKOH(MDIYEHTHOTO
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CTaHy KJIITHMHU 3Himanu tpuncunom-EJ[TA
(“Sigma”, CIHA) Ta mepeciBaiu B TOKPUTUHI
konarenoM | tumy duraxon T25. [lns ominku Ha
30aTHICTb 10 YTBOPEHHS HEHpoc(ep BUKOPUCTO-
BYBaJIH KyJIbTYpH Iepiioro nacaxy. us uporo
npu 70-80% MoHOmApi KIITUHH 3HIMAUd Ta
BHOCHJIH 10 Yamok [leTpi miameTpom 35 Mm fist
CYCNEH31MHMUX KyIbTyp y KoHueHTpauii 10 000
KIITHH/MJI Yy 2 MJI CEpEJOBHUILA POCTY TaKOTO
ckiany: OazanpHe cepenounie DMEM/F12,
2 %-1 moxxuBHO{ 0o0aBku B27 (“Gibco”, CILIA),
2 MModb/1 L-timytaminy, 20 ar/min bFGF 1 20 ar/min
EGF rta kynsruByBanu BnponoBx 14 mi6.

JInst OLiHKY BifICOTKa nestin®-KIiTHH Y KyJIb-
Typi HIOXOBOI IUOYIUHU TX iKCYBaU MPOTITOM
10 XB ipu KiMHaTHIN TeMIIeparypi J0JaBaHHSIM
100 Mkt 4%-ro po3unny napadopManbIeriay Ha
0,1 M @b 3 pH7,4. [TotiMm 1-2 pa3u BigMuBamu
&b Ta nepmeabinizyBaiau mpoTAroM 15 XB 10-
nasanasaMm 100 mxa Perm/Wash buffer 3 mogains-
IIUM BiIMUBaHHSAM THUM camuM Oydepom. Jlist
BU3HAYCHHS Nestin™-KIiTHH BUKOPHCTOBYBAJH
MHUIIa4di aHTH-Nestin MOHOKJIOHAJIbHI aHTUTLIA
(MAT), miueni ¢ikoepurpunom (“Becton
Dickinson”, CIIIA) y po3senenni 1:50, 3rigHo
3 pekoMeHAalisasMu GipMu-BupooHuKa. Kiitnau
(1,0-10%) inky6yBanu 3 MAT ynponosxk 60 xB
npu KiMHaTHIN Temmeparypi. be3mocepenuno
repen anaiizoMm moxaBanu po3unH FACSFlow
JUISL IPOTOYHOT UTOMETPI Ta aHANI3yBaJIH HA
NpOTOYHOMY HHUTO(dIOOpUMETpi-copTepi BD
FACSAria (“Becton Dickinson”, CIIIA).

Craructuuny 0oOpoOKy pe3yabTaTiB MpoBO-
nunu 3a kpurepiem t CtrrogeHTa [34].

PE3YJbTATHU TA IX OGTOBOPEHHSI

AKxmusnicmb aHMUOKCUOAHMHUX (hepmermig
cmpiamymi wypie i3 MoOeno eemMinapKiHConi3-
My ma i sminu nicis 68e0eHHs MelamoHIiHY.
B excmepuMeHTanpbHUX rpymnax TBAapUH HAMHU
JOCJIiJPKEHA aKTUBHICTh TAKUX KJIFOYOBUX (ep-
MEHTIB aHTHOKCHJIAHTHOTO 3aXHCTY OpTaHi3my,
sk CO/, karanaza, I'Tl ta I'P [32]. [Ipu upomy
AKTUBHICTh aHTHOKCHUJAAHTHUX (EPMEHTIB y
rpymnax iHTaKTHHUX 1 ICEBAOONEPOBAHUX TBAPHUH
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npakTuyHo He BiapizHsiacs (P>0,05). AktuBa-
uig CO/] € meproto IaHKOIO aHTHOKCUAAHTHOT'O
3aXMCTY; el (EepMEHT MEePEBOAUTH CYIEPOK-
CUJHUHN aHIOH-PaJAMKal B €IECKTPOHEHTpalbHY
popmy H,0,, moganbuie nepeTBOPEHHs AKOT 10
H,0 xontpomtoerscs karanaszow i I'Tl. Hamu
BCTAHOBIICGHO CYTTEBE 3MCHIICHHS aKTHBHOCTI
COJl i karana3u y cTpiaTyMi ZOCTiJHUX IIYypiB
13 HUPKYJIATOPHUMH PyXaMH BiTHOCHO IICEB100-
nepoBaHuX TBapuH (puc.l). Y TtBapmH cocTepi-
Ta€eTbCsl TAKOXK 3HAUHE 3HUKEHHS aKTUBHOCTI
I'P, sika BiAmOBia€ 3a BIAHOBIEHHS OKMCHEHOIO
rIyTaTioHy B peakiii, mo karanizye ['TI. Cuin
3a3HAYMTH, IIO CTYIMiHb 3HUKEHHS aKTHBHO-
CTi aHTHOKCUJAHTHHX ()EPMEHTIB y CTpiaryMi
IIypiB, SKUM BBOJIWIHN HelporokcuH 6-1I'0J1A,
30IraeThCs 13 BHPAXKCHICTIO YITKOIDKEHHS T0-
(daMiHepriyHUX HEHPOHIB YOPHOI CyOCTaHIII].
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IH’ek1ii MenaTOHIHY HIypaMm i3 PyXOBOIO
acuMeTpi€ero y anoMopQiHOBOMY TECTi BiTHOB-
JIIOIOTh 3HWKEHY aKTUBHICTH OiIBIIOCTI aHTH-
OKCHJIaHTHUX (DepMEHTIB 710 PiBHS ICEBOOTIE-
poBaHUX TBapuH (AuB. puc.l). CriocTepiraerbes
migcunends akruBHocTti came COJ] 1 xaranasu,
aKi GOpMYIOTh €1MHY KOOPAMHOBaHY Mapy B
CBOTH aHTHOKCUJAHTHIN mismbHOCTI [32]. Mis
MeJIaTOHIHY Ha aKTUBHICTh ITUX (DEepMEHTIB pe-
aJi3y€eTbCs Ha TCHETHYHOMY PiBHI ITIACUICHHSAM
excripecii mRNA [6]. IIpu iboMy BiH momepen-
Ky€ THAYKIIIO MPOOKCHAAHTHOTO hepMeHTa
MiTOXOHIpianbHOT iHAyMOenbHO0i NO-cuHTa3n
y KJIITHHAX 4OpHOI cyOcTaHLii i cTpiaTymMa MH-
mei i3 monenmto XII [35]. Ockinbku gucdyHK-
i MITOXOHIIPi — BakJIMBa MaTOT€HETUYHA
nmanka XII/mapkiacoHizMmy, Tpeba BIAMITHTH
MPOTEKTOPHO-NMPUTHIYYBAIBHY JiI0 MEJIaToHi-
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Puc.1 AkTHBHICTB CymnepoKcHIMCMyTa3u (a), Katanasu (0), mIyTaTioHIepoKcuaasy (B), DIyTaTioHpeayKTasu (I) y cTpiaTymi
mypiB: 1 — nceBaoonepoBaHi, 2 — 6e3 pyxoBoi acuMeTpii B anomnophiHOBOMY TECTi, 3 — i3 pyXOBOIO acuMeTpiero, 4 — 6e3 py-
XOBOI acUMeTpii Ta i3 BBEJICHHSIM MEJIaTOHIHY, 5 — i3 PyXOBOIO aCHMETPI€I0 Ta BBEJCHHIM MelaToHiHy; *P<0,05 mopiBHsHO i3

TICEBAOOIIEPOBAHMMU TBAapUHAMU
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HYy Ha mopu MiTOXOoHApi# [6]. JoBeneno, mo ix
BIAKpUBaHHS 3a YMOB [ii BITbHUX paguKaiiB
CYNPOBOIKYETHCSI BUXOIOM Y LIUTO30Jb LIUTOX-
poMmy C, sIKUii aKTHBY€ HUTOIIA3MaTHUUHI Kacna-
34, 110 NPU3BOAUTH 10 M1JCHIEHHS OCTaHHIMHU
MPOTEONI3y KIITUHHUX O1JIKIB 1 CIIPUSIE PO3BUTKY
anonTO3y KJIITHH HEPBOBOI CUCTEMH.

OTxKe, 3aBISKU LIUPOKOMY CIIEKTPY aHTH-
OKCHJAHTHHUX BJIACTUBOCTEH, MEJIATOHIH 31aTHUN
CTPUMYBATH JiereHepaliro gohamMiHepTidHIX
HEWPOHIB, SKa BUKJIMKAHA y TIypiB MEPEBAXKHO
BUTbHOPAMKAIBHUM OKHCHEHHSIM Yy pe3ylbTari
BBeneHHss 6-[OJJA. Hamu panime BuUsiBiIcHa
nofiOHa 30aTHICTh MENATOHIHY IPU HOTO BBEACH-
Hi TBapuHAM IEpe] eKCIIEPUMEHTAIbHUM MOJe-
JOBaHHAM reMinapkinconizmy [21]. [TozntuBHuit
BIUIMB TOPMOHY CaMe 32 YMOB 3MiHH aKTHBHOCTI
AHTUOKCUJAHTHUX (PEPMCHTIB Y3TOJKYEThCS 3
JIAHUMHU JIITEPATypH 1010 MOAYJIFOBAIBHOI JTiT Ha
nopyueni GpyHKuii opranizmy [6, 25, 26].

DYHKYIOHATHUL CMAH MUMYCA T Cele3IHKU Y
MBAPUH 13 MOOEILII0 2eMINAPKIHCOHIZMY Md 8NIUE
Ha Hb020 MenamoHiny. BcTaHOBIEHO, 110 €HJI0-
KpuHHa (QYHKIIS TAMYCa Yy ICEBJ0ONEPOBAHUX
HIypiB MPUTHIYYETHCS MOPIBHIHO 3 1HTAKTHUMHU
TBapUHAMH, 110 MO)KHA MIOSICHUTH PEaKLi€Io 3aJ10-
3M Ha OmlepaTuBHE BTpydaHHs (puc.2). Y gocmuia-
HUX TIypiB i3 HUPKYIATOPHUMH PyXaMHU BMICT y
KpOB1 TUMYITIHY CyTTEBO 3MEHIITYETHCS BiTHOCHO
rceBioonepoBanux TBapuH. [licns kypcy mena-
TOHIHY BMICT ropMony 3pocTtae (P<0,05) y mypis
000X JOCHIAHUX TPyH OO 3HAUYCHb 1HTAKTHHUX
TBapuH (auB. puc.2). Maca cene3iHkd y IIypiB
IHTaKTHHX, TICEBJIOOTIEPOBAHUX Ta JOCIITHUX i3
PYXOBOIO acUMeTpie€r0 cTaHOBHUTH 733,2+90,7,
564,6+66,3 i 487,1+29,9 mMr BiANOBiAHO; NpHU
ObOMY PI3HHUIS MiXK MEPHIOI 1 OCTAHHBOIO
rpynamu BiporigHa. KiiapKicTh SApOBMiCHHX
KJIITHH y cenesinni 6yna (946,4+157,4)-10°,
(680,8+158,8)-10°1(559,9+118,8)-10° Bigmosin-
HO. Y IOCTITHUX ITyPiB i3 PYXOBOIO aCHMETPIET0,
SIKi OTPUMYBAJI MEJATOHIH, Maca Cele31HKH
637,5+71,1 Mr i 4ucio B Hill AAPOBMICHUX KIIITUH
(763,6+130,8)-10° 36inbmyBanucy i HaOIMKY-
BaJHCs JI0 3HAUYCHb Y 1HTAaKTHUX TBapuH. ToOTO
MiclIsT BBEACHHS MEJaTOHIHY CIIOCTEpIiraroThCs
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MO3UTHBHI 3MiHU (QYyHKIIIOHYBaHHS TUMYyca, a
TaKoX KIITHHHOCTI CEJe31HKH, SIKy BBaXKaIOTh
IHTErpaJbHAM [TOKa3HUKOM, 1110 3HAYHOIO MipOIO
Bi/I/I3EpKAITIOE CTaH TAaKUX IPOIECIB B IMYHHIH
CUCTEeMI, K Iposridepartis, Mirpaitis Ta TudepeH-
HiroBaHHs JiMpoinHuxX KiaituH [10].

TakuM YMHOM, BCTAHOBIICHO, IO (YyHK-
HiOHAJIbHUU CTAH TUMYyCa MOTIPIUIYETHCS MPH
6-I'OJJA-iHayKOBaHOMY MOILKOMKEHHI HIrpo-
cTpiaTHOI Mo aMiHEPTiYHOT CUCTEMH; TTPH IIHO-
MY CTYIiHb IPUTHIYCHHS EHIOKPUHHOI PYyHKITIT
321031 y TBapHH 13 TeMIiNapKiHCOHI3MOM y3-
rOJKCHA 3 BUPAXKEHICTIO JIETCHEPATUBHUX 3MiH
nodamineprivHUX HEHPOHIB YOPHOI CyOCTaHIIIi.
IcnyBanHs 1BOOIYHOTO 3B’ 513Ky nedinuty goda-
MiHy TOJIOBHOT'O MO3KY i Timo(yHKIii TuMyca
TOBOIATEH Taki ¢aktu. Sk Bimomo, modamin
— OJMH 13 BaxkimBHUX Heipomexaiatopis LIHC,
SKWH BIUIMBAE HE TUIBKU HA PyXOBY aKTUBHICTbD,
ane W QyHKIiIOHYBaHHS €HIOKPUHHOI Ta IMyH-
HO1 cucteM opranizmy [36]. Ockinbku BiH He
MPOHUKAE Yepe3 reMaroeHnedanigauit 6ap’ep,
MeXaHi3M TopyIIeHb (QYHKIINA mepudepuaIHux
IMYHHHX KIIITHH [P TAPKIHCOHI3M1 OB’ SI3YIOTh
SIK 31 3MIHAMH KIJIBKICHUX B1JHOIIEHH MO3KOBOI'O
nodaminy 3 IHIIMMHU HedpoMeaiaTopaMu 13 imy-
HOCYNPECUBHUMU BJIACTUBOCTSIMH (HAIPHUKIa,
MeTeHKepaTiHOM), TaK i HOTO OIToCepeAKOBAHUM
BIUTUBOM Ha JiMGONIHUTH depe3 Neski TOpPMOHHU
rimoranamo-rinodizapHoi cucremu (30Kpema,
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Puc. 2. BmicT TUMyniHy B KpOBI LIypiB i3 MOJICIUTIO TeMimap-
KIHCOHI3MY Ta HOro 3MiHM MiCNsS BBEJCHHS MENaTOHIHY: |
— 1HTaKTHI, 2 — TICEBAOOIEPOBaHi, 3 —0e3 pyxoBoi acumeTpii
B anonop¢iHOBOMY TecTi, 4 — i3 pyXOBOIO aCHMETpi€r0, 5 —
0e3 pyxoBoi acUMeTpii Ta i3 BBEJCHHSIM MENATOHIHY, 6 — i3
PYXOBOIO acCHMETpi€l0 Ta BBeIEHHAM MenaroHiny; P<0,05
MOPIBHSHO: * 3 IHTAKTHUMHU, ** 3 IICEBIOONIEPOBAaHUMH, # 0e3
pyxoBoi acumetpii y anomopiHOBOMY TeCTi, ## i3 pyXOBOIO
ACHMETPI€EI0
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aJIpPCHOKOPTUTPOIIHUI T4 COMAaTOTPOIIHUI TOP-
MoHU TO110) [36]. [Ipu IbOMY MU HE BUKJIIOYAE-
MO MOXJIHMBOCTI peanizanii edexry BKkazaHHX
TOPMOHIB Ha iM(OIUTH Ha PIBHI CEKPETOPHOTO
KOMIIOHEHTa TUMYCa, B SIKOMY 3HaXOIAThCS pe-
uenTopu 10 ocranuix [11, 37].

VY cBo10 yepry icHye 3BOpOTHa Aisl Mpo-
OYKTiB IMyHHOT CHCTEMH Ha KOHIIEHTPAaILilo
nodaminy B LIHC [36, 38]. Tak, moka3aHo, 1o
1JI-2 y dizionoriuHiii KOHIEHTpAIil CTUMYITIOE
in Vvitro n10303aJ€XHUM CIIOCOOOM BUBIJIbHEH-
Hs1 nodaMiHy HEHpOHAMU TOJIOBHOTO MO3KY, a
TpaHchopMmyrodHit pakTop pocTy o € HeHpOTpo-
¢biuauM in vitro nas fodaMiHepTriuHUX HEUPOHIB
cepeaHboro Mo3Ky. BpaxoByrouu Oiosioriuni
BIIACTUBOCTI THUMYJiHY, MOXXHA MPUITYCTUTH i
HOro yJacTh y 3BOPOTHI# Aii pakTopiB iMyHHOT
cucremu Ha BMicT godaminy y [IHC. [Tpu upomy
Mae 3HaueHHs Oe3mocepe/iHiil BIJIUB TOPMOHY
Ha CHHTE3 Ipo3anajlbHUX LUTOKIHIB Y TOJIOB-
HOMY MO3KY TBapHH i3 €KCIEpUMEHTaIbHOIO
MOJEJUJII0 Heipo3anajeHHs 3a nonomMoror NF-
kB-3anexxnoro mexanizmy [ 12]. 3HIKEHHS BMICTY
TUMYJTIHY B KPOBI IIyPiB 13 TeMIiMapKiHCOHI3MOM
— Ba)XJIMBA MATOTEHETHYHA JIaHKa POpMyBaHHS y
niM¢oinHuX opraHax qucoanaHcy peryIsTOpHUX
T-nimdounTiB y Oik Hakonn4yeHHs T-cynpecopis,
SIK1 TIiCHs MiTparii y TOJTOBHUH MO30K 3/71aTHI Y-
HATH TIPSAMY IUTOTOKCUIHY Jif0 Ha HEWpoHU [8,
36]. Mu BBakaemo, 10 BUSBICHUA HaMH (aKT
CTIMKOI TEHAEHIT 1O 3MEHILIEHH MAaCH CEJIE31HKU
Ta yrcia B Hil sSIPOBMICHHUX KITITHH 4aCTKOBO IO~
SCHIOETBCS TOCHJICHHAM Mirpanii nepugpepuanux
T-miMQONHTIB Y TOTOBHHIA MO3OK.

AKTHBaIls eHIOKPUHHOI (QYHKITIT THMYyca TIi-
CJIsI BBEJICHHS MEJIATOHIHY MOXKE 3a0e31eqyBaTHCs
foro Ge3nocepenHiM BIUIMBOM Ha CEKPETOPHHMA
KOMITOHEHT 3a1103u [26, 37]. KpiM Toro, MenaToHiH
niaBuiLye yncno T-xennepis y aiMdoinHux opra-
HaX, JIF0YH Yepe3 PelenTopy B WX KITHHAX [22].
Sk pesynprart, y mypiB i3 TeMimapKiHCOHIZMOM
BiJTHOBJIIOIOTHCSI BHYTPIITHBOCUCTEMHI 3B’ SI3KH, 1,
HE BUKITIOUEHO, BMICT pi3HUX T-cyOmomymsiiiHui
JMMQOIHUTIB y Cee3iHII.

Yucno HCK y kynemypi Hioxo60i yubyiunu
MBApUH i3 MOOENI0 2eMiNAPKIHCOHIZMY ma 3d
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VMO8 66€0eHHsL Meaamoniny. 13 HIOX0BOT 1TUOYIU-
HU 1IypiB OyJaH OTpUMaHi KyJIbTypHd KIIITHH, SIKi
CIIPOMOXKHI 10 IIBUAKOT mpoideparii, a 3a cre-
LiaJbHUX TiN0AAre3UBHUX YMOB KyJIbTHBYBAaHHS
— JIo pocTy 3 popMyBaHHSIM Hewpocdep (puc.3).
AHani3 KyapTyp KIITHH HIOXOBOI HHOYIUHH
MEPIIOTro Maca)y METOAOM MPOTOKOBOT IIUTOME-
Tpii MOKa3aB CYTTEBE 3pOCTAHHS YaCTKH nestin'-
KIIITHH y TOCIIAHUX IIypiB 0€3 pyxoBoi acuMeTpii
MOPIBHSHO 3 IICEBIOONEPOBAHUMH TBAapUHAMH,
TOAI K y MIypiB i3 i1 HAABHICTIO MiIABUIICHHS
3HAUYCHb MMOKa3HUKA Oys10 HeicTOTHUM (puc.4).
Kypc menaroniny 30epirae miBUILIEHH BiICOTOK
nestin-kJIiTHH y 11ypiB 6e3 pyxoBoi acuMeTpii;
y LIypiB 13 HUPKYISATOPHUMHU PyXaMH YacTKa X
KIIITHH MPAKTHYHO HE BiJpi3HsIIACS Bil 3HAUYEHB Y
TICEBIOOIICPOBAHNX TBAPUH (IUB. puc.4) .
BcraHoBiieHe HamMu 3pOCTaHHS BiJICOTKA
HCK y HI0X0Bi{ TUOYNHMHI IYPiB Y3TOAKYETh-
cst 3 manumu giteparypu [18]. Pazom 3 Tum
MH CIIOCTepiraiu 3Ha4yHe 301AbLIICHHS YaCTKH
IHUX KJITHH came y TBapuH 0e3 pyXOBOi acUMeTpii
B arroMopdiHOBOMY TeCTi. XapaKTepHO, IO MEHIIT
BupaxkeHe miapuieHHs Bincorka HCK y HroxoBiit
nUOYIiHI JOCTIAHUX LIYPIB 13 HUPKYISATOPHUMH
pyxamu, Ha BIIMiHY BiJ LIypiB i3 iX BiJICyTHICTIO,

B r

Puc 3. BionorivHi B1acTHBOCTI HEpaJbHUX CTOBOYpPOBHX
KJIITHH i3 KyJIBTYpH KJIITHH HIOXOBOT IMOYJIMHH: a — IepBHHHA
KyJbTypa KJIITHH; 0 — KyJIbTypa KJIITHH MEepIIoro Nacaxy; B i
T — 3/1aTHICTH KJIITHH HIOXOBOT IIMOYJIMHU JI0 POCTY Y BUIIISIAI
Heitpocdep yepe3 72 ron i 14 1i6 KyabTHBYBaHHSI BiIOBIIHO.
®da30B0-KOHTpPACTHA MiKpockomis. MacmTaGHuH Bigpi3ok
50 MKM
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30iranocst 3 iIHTEHCUBHUM 3HM)KEHHSIM aKTUBHOCTI
AHTMOKCHJAHTHUX (DEPMEHTIB y CTpiaTyMi, a TAKOXK
BMICTy B KpOBi TUMYyITiHY. TOOTO IpH eKCIeprMEH-
TaJbHOMY TeMINIapKiHCOHI3MI aKTHBAIlisl Helpore-
He3y, 30kpeMa mocwmieHHs npomideparii HCK y
HIOXOBIH IIMOYITNHI, CIOCTEPIraeThCsl Ha TIIi BITHOC-
HO 30€peKeHOT0 CTaHy aHTUOKCHAAHTHOTO 3aXUCTY
TOJIOBHOTO MO3KY Ta ()yHKLIOHYBaHHS TUMYCA.
Mu npunycTHIH, IO 3aCTOCYBAaHHS NPH
MapKiHCOHI3MI (papMaKoIOTigHUX 3ac00iB, SKi
CIIPOMOXHI OJHOYACHO BIJIMHYTH Ha aKTHB-
HiCTh (akTOpiB IMyHHOI CHCTEMH Ta aHTH-
OKCHIAHTHOTO 3aXHUCTY, MOXXE CIPHYMHUTH 1
HeliponpoTekTopuuil edekt. Tak, 3a naHUMU
JiTepaTypH, MO3UTHUBHUHN BIUIUB MEJIATOHIHY
Ha eTanu HEHpPOreHe3y y IOJIOBHOMY MO3KY
MOB’sI3aHUN HE TIIBKU 3 KOMOIHAIlI€l0 aHTHU-
OKCUJIAHTHOTO 1 aHTHAMONTOTUYHOTO edeK-
TiB, aje ¥ MOCHJICHHSIM NpOoJi)epaTUBHOTO
notenuiany HCK rta ix audepenuiroBanus y
HEHPOHH, 3MIHOI0O aKTUBHOCTI Ta/abo BMicTy
nessKknX (PakTopiB MIKpOOTOYEHHS (30KpeMa,
BDNF, welipoTpodidyauii ¢paxkTop TOJOBHOTO
MO3KY), SIKi Ba)KJIUBI JJIsl BAKUBaHHS HEHpalib-
HUX KJIITUH Ta YTBOPEHHSI HOBUX HEHPOHIB [22,
27]. JlilicHO, HaMU BCTaHOBIICHO, M0 KYpPCOBE
BBEJICHHS MEJIATOHIHY MIATPUMYE MiIBUIICHUN
Bmict HCK y HIOXOBi#i 1IuOynuHi 10CTiTHUX
mrypiB 6e3 pyxoBoi acumetpii. Jlis MenaToHIHY
Ha HCK nporo oprana moxe peasi3yBaTHcCs
HE TiNbKH 0e3MocepeiHbO, Yepe3 PeuenTopu,
aje i ormocepenKkoBaHa aHTHU3AMAJIbHUM e(eK-
tom tumyniny B LIHC. IIpu ubomy moxaszano

%
102 4

200

nestin+

3MEHIICHHS MpOoJiepaTUBHOTO MOTEHIIiANY
HCK y roioBHOMY MO3Ky 32 YMOB 3pOCTaHHS
KOHIICHTpAIlil TAKUX MMpo3analbHUX IUTOKIHIB,
sk TH®-a, JI-1B [14].

Pazom 3 TiMm Bimcotox HCK y HIoX0Bi# nu0y-
JIMHI JIOCITHUX TBAPHH 13 PYXOBO aCUMETPIEI0
3MEHIIYBaBCs IICJIs BBEJICHHS MEJIATOHIHY [0
3HAYCHb TICEBOONEPOBAHUX TBAPUH. 3 OJHOTO
00Ky, BiJIOMO IIIOJI0 3MEHIIEHHS 4YHCJa Ta/abo
a(iHHOCTI perenTopiB A0 MEJaTOHIHY B Pi3HUX
TKaHWHAX OPTaHi3My, B TOMY YHCI y HEHPOTEH-
HHUX 30HaX rOJOBHOI'O MO3KY IIPH IIPOrpeCyBaHHI
XTI [6, 22]. 3 in110ro 00Ky, MU IPUITYCKAEMO, 1110
noaiOHmit HanpsiMok 3MiH yacTku HCK y HioxoBii
nuOyIMHI TaKWUX MIypiB IICIS BBEIACHHS Mela-
TOHIHY MOKHA TIOSICHUTH TIOCHJICHHAM iX Tude-
peHITifoBaHHS y Oik HelpoHiB. Take mpUITyIIeHHS
0azyeThcsl, mo-Tepiiie, Ha JJAHUX JIiTepaTypH MoA0
HEUPOMPOTEKTOPHUX BIACTHBOCTEH MEIATOHIHY
npu XIl/mapkinconizmi [21-23]. [lo-apyre, 3a
HalIUMH pe3yJibTaTaMu, TAKUM 3MiHaM Helpore-
He3y MOJKe CIIPUSATH aKTUBAITis MEJIAaTOHIHOM Me-
XaHI3MiB, sIK1 CIIPSIMOBaH1 Ha 3MEHILICHHS ITPOSIBIB
OKCUJIATHBHOTO CTpecy i Helpo3amajeHHs NIpH
mapkincoHi3mi. Kpim Toro, y gocimiaHuX TBapuH,
[0 OTPUMYBAJIM MEJIATOHIH, a0COMIOTHUN BMICT
nestin*-KIiTHH y KyJIbTYpi HIOXOBOT IHOYIUHH
MEHIIIE, HIX y IIypiB, SSKKM HE BBOIIIN MeJa-
TOHIH, a TakoX y ncesaooneposanux (0,96-10°,
1,26:10° i 1,3-10°, Binnosiguo). B nogansmomy
Hamu Oyzne mociimkena 3nataicts HCK HioxoBoi
UUOYIMHN O TU(EPEHIiIOBaHHS y HEHPOHAb-

102 10° 10*
PE-A

a

984
941
904
T ]
108 86
1 2 3 4 5

6

Puc. 4 denoTHIyBaHHS KyJIBTYp HIOXOBOI IIMOYJIMHHU NEPILIOTro Macaxy (&) Bix TBapHH pi3HUX Tpyl (0) Ha HasB-
HicTh nestin®- kaituH: 1 — nceBmooneposani, 2 — 6€3 pyXxoBoi aCUMETPIi B anonopdiHoBOMy TecTi, 3 — i3 pyXoBoO
acuMerpieto, 4 — 6e3 pyxoBoi acMMeTpii Ta i3 BBEJICHHSIM MEJIATOHIHY, 5 — 13 PyXOBOIO aCUMETPI€I0 Ta BBEICHHAM
MmenaroHiny; *P<0,05 HOpiBHSHO 13 NICEBIOONIEPOBAHIMMHU TBAPUHAMHU
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HOMY HalpsIMKY 3 OJJHOYACHOIO OIIIHKOIO HIOXOBOT
(YHKIIIT Ta CTPYKTYpHUX 3MiH y YOPHIi# CyOCTaH-
Iii MpU eKCIIepUMEHTATFHOMY MapKiHCOHI3MI, a
TaKOX 32 YMOB BBEJICHHS MEJIaTOHIHY.

TakuM 4HHOM, Y PE3yabTaTi JOCHIiIKEHb
BUSBIICHA Y3TO/DKEHICTH 3MiH JESIKHUX €TaIliB
HelporeHesy B HIOXOBiM LUOYIHHI 31 CTaHOM
AHTHOKCHUJAHTHOTO 3aXKMCTY FOJIOBHOTO MO3KY 1
(yHKITIOHATFHOIO aKTUBHICTIO OpPTaHiB IMYHHOT
CHUCTEMH, a TAKOXK ITOKa3aHa MOXKJIUBICTh y4acTi
MEJIaATOHIHY Yy TaKUX B3a€MOJIsX.

BuxopucTaHHS B eKCHIEPUMEHTI IIYPiB K
13 YaCTKOBHMM, TaK i 3HAYHUM YIIKOJKCHHSM
nodamiHepriyHUX HEHPOHIB HOPHOI cyOcTaHIil
a0 3MOTYy OIIHUTH 3MIiHU IOCIIKECHUX I0-
Ka3HMKIB Ha eTanax po3BUTKY MapKiHCOHI3MY,
SIK1 3HAYHOIO MIipOIO BiJIIMOBIAIOTHh MPEKIiHIY-
Hiff cTajil 3aXBOPIOBAHHS 13 PO3BUTKOM KOM-
MEHCATOPHUX TMPOIECIB y FOJOBHOMY MO3KY,
a TakoX HOTo Mmporpecii 3 MOSBOK MOTOPHHX
nmopymeHs [1]. MenatoHiH BUABUB €PEKT Y
nrypiB 000X JOCHIHUX TPYII, X04a HAIPIMOK
HOro mepeBaXkHOTO BIUIMBY Ha €TamM HEHpPO-
reHe3y MOXKE€ MaTH 0COOJHMBOCTI 3aJIe’KHO Bil
cTajii pOo3BUTKY 3aXBOPIOBaHHS. ¥ MeXaHi3Mi
HEHPOMPOTEKTOPHOTO €(HEKTY MEIATOHIHY MPH
MMapKiHCOHI3M1 Ma€ 3HAUYCHHS HOTO TMTO3UTHBHUI
BIJIMB Ha JOCJIJPKEH] MMaTOTeHETUYH] JIAaHKU
3axBoproBaHHs. OTXe, MEIATOHIH MOXXHA PO3-
TIA0aTH IK TMEePCHeKTUBHUM 3acid y cxemax
IHIMBIilyai30BaHoi Tepamnii MapKiHCOHI3MY 3
ypaxyBaHHSAM CTajlii 3aXBOPIOBAHHS Ta CXEMH
HOTO 3aCTOCYBaHHS.

N.®. JIadynen, C.A.Tananos, P.I. Bacuibes,
A.E. Ponanuenko, H.A. Y1ko, U.A. Ky3bMuHoBa,
B.C.Konbsk, E.B. ITogbsiuenko, B.®. Carau,
I'M. Byrenko

I'OPMOHBI TUMYCA, AHTUOKCHJAHT-
HBIE ®EPMEHTHI 1 HEUPOTEHE3 B
OBOHATEJBHOUN JYKOBUIE KPBIC ITPH
IMAPKMHCOHMUW3ME: BJIMSAHHUE MEJIATO-
HHUHA

V B3pOCTIBIX KPBIC, TONTYYaBIINX HEHPOTOKCHH O-THAPOKCHIO-
(haMHH caMOCTOSATENHHO UITH B COYETaHUH C MENTATOHHMHOM, HC-
CIIEIOBAJIM CBA3b HAPYIIEHUI aKTUBHOCTH aHTHOKCHIAAHTHBIX

ISSN 0201-8489 ®ision. scypnu., 2015, T. 61, Ne 5

(epMEHTOB rOJIOBHOTO MO3r'a, SHAOKPUHHON (GYHKIUK THMYCa
KaK BO3MOJKHBIX IATOI€HETHUECKHUX 3BEHbEB TAPKUHCOHU3MA,
C U3MEHEHHEM 4uclia HelpabHbIX cTBOJIOBBIX KieToK (HCK)
B 00OHSITEIILHOM JIyKOBHIIE. YCTaHOBJICHO, YTO Y KPBIC C JBUra-
TEJIbHOI acHMMeTpHeEil B aTOMOP(HHOBOM TECTE, YTO COOTBET-
CTBYET 3HAUMTEIILHBIM HOBPEKACHHUM 10haMUHEPTHYSCKIX
HEWPOHOB 4YepHOil CyOCTaHIMK, aKTUBHOCTb B CTpHUATyMe
CYIEPOKCUAIMCMYTa3bl, KaTajla3bl U NIIOTATHOHPELYKTa3bl B
1,3-1,4 pa3a, a conepxaHus B KpPOBU TUMYJIMHA B 8 pa3 HIKE,
4eM Yy JIOKHOOIEPUPOBAaHHbIX )KUBOTHBIX (P<0,05) HanpoTus,
y KpBIC C OTCYTCTBHEM JIBUTATEIIbHOM aCUMMETPUH, @ 3HAYHT,
YaCTUYHBIM [TOBPEKACHUEM HEHPOHOB, IIOKa3aTeJIU IPaKTU-
YeCKH He U3MEHINCh. [0/ nestin-Kj1eToK B 000HATEIBHOM
JIYKOBHIIE KPBIC C OTCYTCTBHEM IBHUIaTEIbHON aCUMMETPUU
yBennuuBaiack ¢ 91,2 1o 99,3% u ocraBanack Takoil nocie
KypcoBoro BBeneHHs: MenaTonuna (10 mr/kr, B Tedenue 18
cyT). Kypc menaroHunHa kpbicaM ¢ LUPKYJISATOPHBIMHU JBU-
JKEHUSMU MIPUBOIUT K YMEHBIICHHIO JOIM Nestin’-KIeTok,
4TO Habmrogaercs Ha (POHE 3HAUUTEIBHOIO YBEIMUYCHUS
CHIDKCHHON aKTMBHOCTH aHTHOKCHIAHTHBIX ()EPMEHTOB U
coziep KaHust B KPOBH TUMYITHHA. OOCYK/1aeTCst BOSMOXKHOCTh
YCUIICHHUS! y TaKUX KUBOTHBIX 1uddepentuposku HCK 060-
HATEJIbHOMN JIYKOBHUIIbI B HEHPOHAIBbHOM HarpasiaeHud. O60-
CHOBBIBAETCS IEPCHIEKTUBHOCTH IPUMEHEHUSI MEJIaTOHUHA KaK
HEeUPONPOTEKTOPHOTO CPEACTBA B TepaNuy apKUHCOHU3MA.
KitroueBble ciioBa: MapKUHCOHU3M; aHTHOKCHIIAHTHBIE (ep-
MEHTBI; TUMYJIMH; MeJa TOHWH; HeHpaJlbHble CTBOJIOBbBIC
KJICTKH; OOOHSATENIbHASI JIyKOBHLIA.

I.F.Labunets!, S.A. Talanov?, R.G. Vasilyev!,

A.E. Rodnichenko, N.A. Utko!, I.A. Kyzminoval,
B.S.Kopjak?, E.V. Podjachenko!, V.F.Sagach?,
G.M. Butenko!

THYMIC HORMONES, ANTIOXIDANT
ENZYMES AND NEUROGENESIS OF BUL-
BUS OLFACTORIUS IN RATS WITH PAR-
KINSONISM: THE EFFECT OF MELATONIN

The adult rats received both neurotoxin 6-hidroxidophamine
and neurotoxin and melatonin. It was investigated a link
between the disturbances of the brain antioxidant enzymes
activity and thymic endocrine function, as possible patho-
genic factors of parkinsonism, with changes in the number of
neural stem cells (NSC) in the bulbus olfactorius. Rats with
motor asymmetry in the apomorphine test and significant
damage of the dopaminergic neurons in the substantia nigra
have decreased levels of superoxide dismutase, catalase and
glutathione peroxidase activities in striatum (1.3-1.4 times)
and blood thymulin content (8 times) compared to control
group. On the contrary, examined indices were not changed
in rats without motor asymmetry and correspondingly partly
damaged neurons. The number of nestin*-cells in the bulbus
olfactorius of rats without motor asymmetry increased from
91.2% to 99.3% and remained unchanged after melatonin
administration course (10 mg/kg during 18 days). Melatonin
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administration resulted in the decrease in the number of
nestin®-cells along with significant elevation of the decreased
antioxidant enzymes activity and blood thymulin content in
rats with circulatory movements. Possibilities of the enhance-
ment of NSC differentiation in bulbus olfactorius into neuronal
direction in such animals has been discussed. The conclusion
about the potential use of melatonin as a neuroprotector in
parkinsonism therapy has been made.

Key words: parkinsonism; antioxidant enzymes; thymulin;
melatonin; neural stem cells;, bulbus olfactorius

!nstitute of Genetic and Regenerative Medicine of the
National Academy of Medical Sciences of Ukraine;

20.0. Bogomoletz Institute of Physiology, National Acad-
emy of Sciences of Ukraine, Kyiv
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Jlocnioocysanu moppo@yukyionanvruil cman wumonodionoi zanosu (I1[3) monooux wypie ninii’ Bicmap
nicsa 66e0eHHs eK302eHH020 MELAMOHIHY Y 6eCHAHULL | OCIHHIU nepioou. MenamoHin meapuru ompumysaiu
wooHs npomsicom 28 0i6 y 003i 5 me/ke. Y docnionux epyn usieieno 30iibueHHs cepednboi niowi none-
peuHozo nepepizy ¢onikynie na 31 % i konoioy na 30 % (nasechi), sHympiwHb020 diamempa Qonixynie,
3HUdICEHHA NAoWi ma eucomu gonikynapuoeo enimeniio na 12 % (socenu). Taxooic y meapun eiomivena
HE3HAYHA HAABHICMb Y KONOIOI pe3opOyiiHuX 8aKyoel, SHUNCEHHS (ONIKYIAPHO-KONOIOHO20 THOEKCY i
3POCMAHH IHOEKCY HAKONUYEHHSL KOL0IOY, 3MEHUEHHSL KLIbKOCTI IHmeponikyisapHux ocmpisyie. Beeoenns
MENAMOHIHY Y 8€CHAHUL NEPiO0 3HUSUNO KITbKICMb eleMeHmi6 CROLYYHOT MKAHUHU, MOOL SIK NPU OCIHHbOMY
6NAUBT, HABNAKU — ICTIOMHO 30IMbULACS WUPUHA MidicuacmKogoi (na 12 %), miscuacmoukogoi (na 17
%) i miowcchonixynapuoi (na 31 %) cnonyunoi mxkanunu 6 I1]3. Menamonin y eecusanuil nepioo npu3seie 0o
OibUWL ICIMOMHUX 3MIH 8 CMPYKMYPI 3103U NOPIGHAHO 3 OCIHHIM NepiodoM. 3a Oinbuicmio 00CIiONCYBAHUX
NOKA3HUKIG 5K Y 8eCHAHUL, MAK I 8 OCIHHIL NePioOU 8iH 3HUNHCYE PYHKYIOHATbHY AKMUBHICG | (Di3i0n02TUHY

pezenepayiio L1]3.

Knrouosi cnosa: menamouin, wumonooiona 3a103a.

BCTYII

B ocTanHi poku B3aemMo3B’s3Ky emiiza Ta
murononiouoi 3ano3u (L3) npunpinsmTe Be-
JUKY yBary, npote 0araTo NUTaHb BiJHOCHO
miei mpoOiemMu 3alUMATHCA A0 KiHIA HE
Bupimenumu [1, 2]. JliteparypHi maHi, mpu-
CBSIYEHI BOJWBY MenaToHiHY Ha ctaH I3,
JOCUTh HEOJHO3HAauYHi 1 4acTO CylepeusuBi.
VY OinpmocTi mpanb MokKa3aHo, Mo MiJIIKipHE,
BHYTPIIIHbOOYEPEBUHHE, BHYTPIIIHHLOBEHHE 1
HaBiTh BHYTPIITHHOIIITYHOYKOBE HOTO BBEICHHS
npurHivye QyHKIIOHATbHY aKTUBHICTD 3aJI03H,
3HUKY€E KOHIIEHTPAI[II0 THPEOiTHUX TOPMOHIB y
cupoBarii kposi [3—5]. [HmIi aBTOpM HAMAKOTH
MEJIaTOHIHY POJIb CTUMYIJIIOBaJbHOTO (hakTopa
Ha I3 [6]. Tak, I'eBopksH 3 cniBaBT. [7] BU-
SBUB, IO iH €KIii MemaToHiHy (mpoTsirom 10
ni6) B mo3i 0,05 Ta 0,5 MI/KT HiIBUIITYIOTH Ce-
KpEIlil0 THPEOITHNX TOPMOHIB y CTapUX IIypiB.
[Ipu uboMy 30inbIIy€ETHCS BiJHOCHA KiJIBKICTh
TUPOLMTIB 3 AUIIOITHUMU SIPaMH, 10 MOKHA
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pO3IiHIOBATH K «oMoyomkeHHy 113, Iama
rpyIia BYCHUX crioctepirana rimodynkmiro 1113 mi-
st iepeOyBaHHs KPOJTiB B YMOBAX IiJI0000BOTO
OCBITJICHHSI, SIKE TIPUTHIYYE CUHTE3 MEJATOHIHY.
A micist BBeIGHHSI €K30T€HHOI'O MEJIATOHIHY YH
MOMIILIEHHS TBApUH Ha (i310J0TTYHNUN CBITIOBHH
LUK, QyHKIIS 321031 MOBEPTAETHCS A0 HOPMH
[8]. Dzerzhynsky Ta cniBaBrt. [9] mocmiauny, 1o
MEJIaTOHIH MOKpally€ CUHTETHYHY aKTHBHICTh
1113, onocepeaAKoBYIOUH CBiil BIUIUB Yepe3 iIMyHHY
cucteMy. A rpyna BueHuxX Ha 4o 3 Siegrist [10]
HE BUSBHJIA 3MIH y KOHIIEHTpAIii THPOKCHHY B
KpOBI IMcCiIsI 6-MiCSYHOTO Horo BBeAeHHS. Taka
HEOTHO3HAYHICTh MOXKe OyTH ITOB’s3aHa 3 BUKO-
PUCTAaHHSM B €KCIEPUMEHTAX TBAPUH Pi3HOTO
Buny Ta Biky [11]. Benuke 3HaueHHs Mae 103a
Ta TPUBAJICTh BBEJICHHS MeNaToHiny [5, 9]. Lle#
TOPMOH Ma€ J100O0B1 Ta CE30HH1 KOJIMBaHHS PUTMIB
cekpeii [12, 13]. Tomy npoBeaeHHs 10CIiKEHb
y Pi3HY MOPY POKY Ta 4ac JOOU TAaKOXK MOXKE MPH-
3BOJIUTH JI0 OTPUMAaHHS IPOTHIICKHUX PE3YIBTATIB.
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Mera Haioi podoTH — JOCTIUTH Ta MOPIB-
HSTH 3MiHH MOP(PO(DYHKIIIOHATBHUX TOKa3HHUKIB
aktuBHOCTI 113 MonoquX 11ypiB miciist BBeIeHHS
MeJNlaTOHIHY B BECHSHHH Ta OCiHHIN Mepioau.

METOJAUKA

HocnimkeHHs: mpoBeieHO Ha 48 mIypax-camIpix
niHii BicTap BikoM 3 Mic y BeCHSHHUM (KBITCHB) Ta
ociHHil (ucronan) nepioau. TBapuHam mocmif-
HUX TPYI TIOAHS NIEPOPATLHO BBOANIHM €K30TCH-
Huit menatoHid o 10.00 “Unipharm Inc., CILIA”
B 1031 5 mr/kr. lllypu Bcix rpyn nepeOyBaiu B
YHi(IKOBaHMX yMOBax 31 CTaHIAPTHUM pallio-
HOM Xap4dyBaHHS Ta MPUPOIHUM ITUKIIOM CBITIIO/
TeMpsiBa. TpUBANICTh EKCIIEPUMEHTY CTaHOBHWIIA
28 ni6. llypu Oynu po3aisieHi Ha YOTUPHU TPYIIH:
[ i I rpyniu — iHTaKTHI TBapUHHU Y BECHSHUH
Ta OCiHHIH mepioan BigmosinHo, Il — mypwu, ski
OTPUMYBaJIM €K30I'€HHUI MEIAaTOHIH Y BECHSIHUN
nepiox Ta IV — TBapuHM, SKi 3a3HABAIH BBEICHHS
MeJIaTOHIHY B OCiHHIN Tepioa. Poboty i3 mrypa-
MU TPOBOJUIHU 3 JOTPUMAHHAM MiXHAPOIHUX
OPUHLUIIB €BPOINEHCHKOT KOHBEHIIIT PO 3aXHUCT
XpeOeTHUX TBApHH, SIKi BUKOPUCTOBYIOTHCS IS
EKCHEePUMEHTAIbHUX Ta IHIIMX LiJIeH.
OyHKIIOHATBHY aKTUBHICTB, (i310JIOTIUHY
pereneparniio Ta ctad coay4noi Tkanuau (CT)
y napenximi II[3 omniHtoBanu 3a JOMOMOTOO
riCTONOTIYHHUX, MOPPOMETPpUYHUX 1 MOpdOII0-
TFIYHUX METOMIB JocaimkeHHs. 13 1113 BUroToB-
JISUTA TICTOJIOTIYHI IpernapaTy 3a CTaHAapTHOIO
METOAuKOIO0: (DikcyBaym B piguHi byeHa, 3HeBOI-
HIOBAJIM Y CIIHPTax 3pOCTA0Y0i KOHIICHTpAIii
(Bix 70 mo 96°) ta miokcani. OTpuMaHi 3pa3Ku
3anuBaiu B napadin. [lapadinosi 3pi3u, 3aB-
TOBLIKKA 5 — 6 MKM, BUTOTOBIISZIM HA CAHHOMY
MiKkpoToMmi, (hapOyBau remaTokcuiIiHOM bemepa
Ta eo3mHOM. [nsa Bizyamizamii exementiB CT
3aCTOCOBYBAJIM METOJIU JIBO- Ta TPUKOIBOPOBOTO
3a0aprieHHs 3a Ban-I'i3on0M Ta Macconom [ 14].
3 BUKOPHUCTaHHAM HH(PPOBOI KaMepH MiKpoIpe-
napartu gortorpadysanu Ha Mikpockomi «Nicon»
(Slmonis). MopdomeTtpito 37iliCHIOBaNN 3a JI0-
MOMOTOI0 KOMI I0TepHOT mporpamu «Image J».
Ha ricTonoriunux 3pizax 113 BumiproBanu:
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IJIOIIY MOIMIEPEYHOT0 TIepepisy dosikyia, Koaoi-
ny Ta (QONIKyISIPHOTO eMmiTeNito, 30BHIIIHIN Ta
BHYTpIlIHIH qiametp (omikymis, Bucory domiky-
JISIPHOTO EMiTeNif0, IMINPUHY MI>K4aCTKOBOT, MiXK-
9acTOYKOBOT Ta MIK(OTIKYIAPHOI CIIOTYUHOT
TKaHWHU. [ligpaxoByBalin KiIbKICTh THPOIUTIB
y (houmikyJIi, BU3HAYAIN QOTIKYISIPHO-KOJIOTTHHMA
1HJIEKC Ta 1HJIEKC HaKOMTMYeHHs Kooiny [15, 16].

Craructuuny oOpoOKy 3ailiCHIOBaIN METO-
JaMu BapialiiHOI CTaTUCTUKH 3a JOIOMOIOIO
KOMII T0TepHOi mporpamu Statistica 5.0. Biporim-
HICTh PI3HMII MK KOHTPOJIBHUMH 1 J10CII1 THUMH
rpymnaMHu OLiHIOBaH 3a KpuTepiem t CThloIeHTA.

PE3YJIBTATHU TA iX OBTOBOPEHHSI

BusiBiieHo, 110 1y pu micisi BBEJIEHHSI MEJIaTOHI-
HYy MaloTh He 3MiHeHy cTpykTypy L3 31 36epe-
KEHHSIM 11 OCHOBHHX CTPYKTYPHHX €JIEMCHTIB.
[TapenximMa 3a71031 PO3AIISETHCS HA [EHTPAJIbHY
i mepudepuuny 30Hu. 11]3 iHTAKTHUX TBAPUH Mi-
CTUTH (DONIKYITH OBAIBHOI Ta BUAOBKEHOT (hopMu
pizHoro po3Mmipy (puc. 1). [Tokazano, 1o po3mip
(boIiKyIiB JE1I0 3aMeXUTh BiJl mopu poky. Taxk,
AKIIO (OJIIKYJIM BECHOIO B CEPEIHBOMY MAaIOTh
oy 2466 MKM?2, TO BOCEHH BOHA CTAHOBUTH
2899 mkm? (Tabnuns).

Bussieno po30i>KHOCTI B OTpUMaHUX MOPGO-
METPUYHHX NoKa3HuKax ctany I3 y nocmimaux
rpymnax mypis. Tak, y TBapuH, micis JIii MEIaToHi-
HYy Y BECHSIHH Tepiof], CocTepirain Biporiane
3pOCTaHHS TUIOII TOTIEPEYHOTO Iepepizy (oIiky-
nma ta Horo kxoxoixy Ha 31 i 30 % BignmomimHO
MOPIBHIHO 3 KOHTPOJIEM. Y IIypiB, SKUM BBOIUIH
MeJIaTOHIH B OCIHHIH Tiepio, riora GoikyiiB Ta
KOJIOi Ty 3ajuianacs Ha piBHI KOHTPOJIbHUX 3HA-
4YeHb (Tabmuist). 3pocTaHHs po3MipiB (ouikyiiB
MOJKEe BKa3yBaTH Ha 3HW)KEHHS akTuBHOCTI L13.
Y MaloakTUBHOMY CTaHi 10 ii CKJIaay BXOISITH
(hoiKynH TepeBakHO BEJIMKOTO PO3Mipy BHACITI-
JIOK JICTIOHYBaHHSI TOPMOHIB Y cepe/inHi PomiKyna,
30inbIIeHHs 00’ eMy Konoimy [15].

QonikynsIipHUN emiTeNnill yTBOPEHUU TH-
pouuTaMu, SIKi CKJIaJaloTh OCHOBHY Macy ma-
peaximu 1113. ®opma THPOIUTIB 3aJIEKUTH BiJl
(byHKIiOHANBHOTO CTaHy 3ano3u. llpm HOP-
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Puc. 1. 3pi3 niBoi YacTKH MUTOMOAIOHOT 371031 IHTAKTHOI TBAPHHU (2) Ta IIypa, KUl 3a3HAaBaB BBEACHHS MENATOHIHY y BECHS-
Huii nepioz (6). 3abapsienHs 3a metooMm Ban-T'i3oHa. 30inbimenns y 200 pasis; B — MikpodoTorpadis domikyna: 1 — Tupouur;
2 — xonoix; 3 — pe3opOuiitni Bakyouni. 3abapeieHHs 3a MmetogoM Ban-TI'i3ona. 36inbenns y 400 pasiB

MOQYHKLII BOHH MaloTh KyOiuHy dopmy, npu
rinoyHKuii cTalOTh IJIACKUMH, a MPHU Tinep-
¢yHknii — HaOyBalOTh TpU3MATHYHOI QopMHU
[16]. IToka3aHo, M0 THPOIUTH KOHTPOIBHUX
rpyI HepeBaxxHo KyOiuHOI, pinme miuackoi (y
BEIUKHUX (OIIKyIax yepe3 pO3TATHEHHSI CTIHKH)
YU IpU3MaTUYHOT hopMu (IIepeBaxHO y ApiOHUX
¢donikynax). Bucora TupouuTiB y TBapuH iH-
TaKTHOI TPYIIH BECHOIO 1 BOCCHH B CEPEAHBOMY
CTAHOBHUTEL 9,8 1 9 MKM BiZIMOBigHO.

VY 1mypiB, micisi BBEICHHS MEJIATOHIHY, TH-
pouuTH Maju KyOiuHy, piamie miacky Gopmy 3
cepeaHboto Bucotoro 10,5 MkM (BecHOMO) Ta 8
MKM (Bocenn). Ilnoma ¢oxikynspHOro eniTenito
y TBapHWH JIOCIiJHOI Ipynu BECHOIO 3pocia
Ha 32 % mopiBHAHO 3 KOHTpoJieM (IOB’s3aHO
3 NPOMOPLIHHUM 301IbIICHHSAM IO CaMHX
¢omnikyimi). lypwu, ki oTpuMyBaIu MEIaTOHIH B
OCiHHI TIepiof1, MaJIu BipOTiHE 3HMKESHHS TUIOIII
¢onikynsipaoro emitenito Ha 12 % MOpiBHAHO
3 koHTpoJsieMm. B 1I[3 TBapwH nmocmigHux rpyn

BiIMiY€HO 3POCTaHHsS BHYTPIIIHBOTO AlamMeTpa
¢domnikyniB Ha 24 % (P<0,05) — micns BBeneHHS
MEJIaTOHIHY y BECHSIHMM nepiox ta Ha 3 % — micis
OCIHHBOT'O CKCTIEPUMEHTY (Ta0uIIst). 301TbIICHHS
BHYTPIIIHBOTO AiamMeTpa (QOJiKyiB, 3HUKECHHS
BHUCOTH THPOLMTIB 1 TIONI (OTIKYISIPHOTO eri-
TEJIi0 BKa3y€ Ha IPUTHIYEHHsI aKTUBHOCTI 3aJ103H.

VY npocBiTi (osiKyIiB HAKOMHUYYETHCS KO-
JOi/l, MO SBISIE COOOI0 TOMOTEHHY B’SA3KY pi-
JIMHY, SIKa MICTUTbH MEPEBAXHO TUPEOITIOOYIIiH.
3anexno Bing akruBHocti 113, xomoix OyBae
H[IJIBHUM, TTOMIpHOI H[IJIBHOCTI YW HIHUCTHUM.
Taxk, npu HopMODyHKIIT KOOI TOMIpHOT KOH-
CHUCTEHLII, B HbOMY Bi3yasli3yIOThCA iITHKH
pe3opO11ii, M0 CBIAYUTH MPO CEKpEelilo rop-
MoOHIB. [Ipu rimodyHKIii BiH cTa€ IIiJIbHUM,
0e3 SIBHO BHpPaXEHHMX PE30pOIIHHHUX 30H, IO
TOBOPUTH PO JACTIOHYBAHHS BEJIMKOI KiJIBKOCTI
ropmoHiB. [lpu rinepdyHnkuii Horo KinbKicTb
Pi3KO 3MEHUIYETHCSI, HEPIKO BiH CTA€ MIHUCTUM,
3’ABISEThCS Oarato pe3opOIiiHUX Bakyolei

MopdomeTpryHi NOKA3HUKH IUTONOAIOHOI 3271031 MicJIsl BBEIEHHsSI €K30reHHOro MesiatoHiny (M+m, n=12)

S PAT— Becna Ociub
KonTpons | Hocmin KonTpons | Hocmin

[Inoma, MKM>

domikyna 2466189 3236+143* 2899+224 2778+207

KOJIOi Ty 1122+135 1462+87* 14244195 1485+126

(G OIKYJIAPHOTO EMITENi0 1344+93 1774+107* 1475+37 1293+36*
Jiamerp domikyna, MKM

30BHINIHIN 57,4+2,56 68,1+2,62% 574+2,27 56+2,35

BHYTPIIIHIH 37,9+2,54 47,1+£2,51% 39+2,32 40,1+£2,41
Bucora Tupouutis, MKM 9,84+0,28 10,5+0,67 9+0,16 8+0,14*

*P<0,05 mopiBHSIHO 3 KOHTPOJIEM.
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[15]. [TokazaHo, 10 B iIHTAKTHUX TBAPHH KOJIOi[ Y
¢omixynax Mae piBHOMipHE poXeBe 3a0apBJICHHS,
MOMIPHOT KOHCUCTEHIII1 3 pe30pOIiHHUMU BaKyO-
nssmu. Konoin domikyiiB 1ociiHUX TPy TBAPUH
TTOMIPHOT IIUTFHOCTI, 1HOAI IIUThHUH 3 TTOOTHHO-
KUMH PE30pOIiHHUMH BaKyolsiMH. BinMiueHo
30inbiIeHHs oro ot Ha 30 % (P<0,05) — micns
BBEJICHHSI MEJIATOHIHY Y BECHSHUH Mepioj Ta Ha
4 % — npu OCIHHBOMY E€KCIIEPUMEHTI MOPIBHSHO
3 KoHTposieM. lle Bka3ye Ha AENOHYBaHHS rop-
MOHIB y cepenuHi (oiikyna, a He BHBITbHCHHS
iX y KpOBOHOCHE pyciio. B cepeniHbOMy OJUH
¢domikyn iHTaKTHUX TBapuH Mae 20 THPOLUTIB.
[Ticnst BBeAEHHSI MEJIATOHIHY Y BECHSIHUM MEpion
crocrepiranu ix 3pocranns Ha 13 %.

DomnikynsapHo-konoiganil iHAeke (OKI) un
iHAeKCc akTuBHOCTI II[3 — BigHOIIEHHS TIONI
(G OJIIKYJIPHOTO EIMITEeIir0 10 TUIoli Konoixy. DKI
y IHTaKTHUX TBapuH CTaHOBUB 1,2 BecHolo Ta 1,4
BOCEHH. Y WIypiB, SIKMX MiJAaBajd BIUIUBY Me-
JIATOHIHY Y BECHSHUH TepioJ, BiH 3aJUIIaBCs Ha
PiBHI KOHTPOJIIO, a B OCIHHIH ITepioj — BipoTiTHO
3MmeHmuBcs Ha 16 % (puc. 2). Sk nmpasuiio, GyHK-
HioHasbHa akTUBHICTH L3 mpsiMo mporopiiitHa
BiTHOCHI# Ttomi (omikynsipHoro emiteniro. OKI
3MEHIIYEThCS TPU 3HIKEHH] akTuBHOCTI 1113 Ta
MOCHJIIOETHCS IPU aKTHBALIi Oprasa.

Innexc HakonmuenHs xonoiny (IHK) — Bin-
HOIIICHHS CEPEeIHLOTO BHYTPIMTHBOTO IiaMeTpa
doikyna 10 MOABIHHOT BUCOTH THUPEOITHOTO

1,4

1,2 7

N\

1,0

7

0,8

0,6

| Il 1] v

BecHa OCiHb

a

emitenito. IHK y iHTakTHUX Tpyn TBapuH y
BECHSIHUU Ta OCiHHIN nepiogu ctanoBuB 1,93 i
2,24 BignosiaHo. licns BIuiMBY MenaToHIHY BiH
3pic Ha 16 % (P<0,05) BecHoto i 12 % BoceHm
TTOPIBHSIHO 3 KOHTpoJieM (puc. 2), 10 CBITYATH
PO 3HIKEHHS CHHTETUYHOI akTuBHOCTI 1113.
TUPOUUTH BUCTHIAIOTH HE TiIBKH CTIHKY
¢omikyna, ajge 1 MOXKYTh PO3MILLLyBaTHCS B HOTO
cepenuni (iHTpadOMIKYIIpHUNA eniTenii) 4u
JOKali3yBaTHCs 3a MexaMu QoiikymniB (iHTep-
GOMKYISIpHUNA emiTeNiit 9u 1HTepPOTIKYIIpHI
ocTpiBli). BBaxaroTk, 110 iHTEPPONIKYIIPHUT
emiTeniii MicTHTh MaJoAuQepeHiiioBani (kam-
0lanpHi) KIITHHYU 1 € JuKepenoM (opMyBaHHS
HOBUX (honikyiiB (pomikynorenes) [16]. Y mypis
TiCTIst BBEJIEHHS METIATOHIHY 5K Y BECHSIHUH, TaK i
B OCIHHIH TIEPi0u KiITBKICTh IHTEP(DOTIKYIIPHUX
OCTPIBIIB Y IMOJI 30py MiKPOCKOTIA 3HIKYEThCS,
[0 € 03HAKOI MpUTHIYeHHs pereHepaii 1113.
BusaBineno meBH1 BIAMIHHOCTI B KIJIBKOCTI
enemenTiB CT y pizny nopy poky. Tak, y mypis,
SKI OTPUMYBAaJIM MperapaT y BECHIHUM Nepioz,
CITOCTEpiraau 3MEHIIICHHS KUTBKOCTI €JIEMEHTIB
CT y 3an03i. OniHaK, SIKIIO ITUPUHA MIXKYaCTKO-
Boi CT y nocmiiHUX TBAapUH BipOTiTHO 3HU3H-
nack Ha 35 %, TO WIMpPHUHA MIKYaCTOYKOBOI Ta
MIDKQOIIKYISIPHOI — Malia JINIIe TeHICHIIII0 10
3MEHIIEHHS TOPIBHSIHO 3 KOHTpoJeM. B ociHHi#
Tepion, HaBIIAKW, — Y TBAapHUH BipoTigHO 301)Th-
nryBajiacsi UPUHA MiXKYaCTKOBOT, MIXK4acTOY-

2,5

2,3

21

1,9

17

1,5

OCiHb

BeCHa 6

Puc. 2. ®omikynsapHO-KOIOITHAHN iHAEKC (2) Ta IHAEKC HAKOMMYIEHHS KoIoiny (0) B muTonoaiOHI 3a11031 micist BBEACHHS Mella-
TOHIHY IIypaM y BeCHSAHHH Ta ociHHIH nepiogn. *P<0,05 mopiBHIHO 3 KOHTPOIEM
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koBo1, Mixkdonikynspruoi CT B I3 na 12, 17 1
31 % BiAMOBIAHO MOPIBHSIHO 3 KOHTPOJIEM (pHUC.
3). ToGTo oTpuMaHi pe3yabTaTd MOKYTh CB1I4H-

MKM

50

45

40

35

30

25

20

MKM
21

19

MKM
4,0

BecHa OCiHb
B

Puc. 3. Illupuna mixvacTkoBoi (@), MibkuacToukoBoi (0) Ta
MDKQOIIKYISIPHOT (B) CITOMYYHO! TKAaHWHM B IIMTOIOIOHIN
3aJ1031 ILypiB MICJIS BIUTMBY MEJIATOHIHY Y BECHSHHH Ta OCIH-
Hiit nepiogu. *P<0,05 nopiBHSIHO 3 KOHTPOJIEM

50

TH, 1[0 MEJIATOHIH y BECHSIHUN MEPioj 3HUKYE
KinbKicTh eaeMmenTiB CT, Tomi Sk BOCEHH, HAaBIIa-
KM, — IpU3BOAUTH 10 po3poctannd CT y II13.

Taxkum gunoM, I3 iHTaKTHUX IIypiB JiHIT
Bictap y BecHsaHUN mepioq mMae OUIBIT aKTHB-
HUI QYHKIIOHANbHUN CTaH, HIXK BOCEHH. Y
TBapuH, AKi 3a3HaBajd KypCOBOTO BBEJCHHS
MEJIATOHIHY y BECHSHHH Ta OCiHHIH mepionu,
BUSIBIICHO 301JbIIIEHHS CePeHbOI TUIOMII MoTIe-
pedHoTro Tepepi3y (GONIKYIiB i TUTONI KOJIOiTy
(BecHOI0), 3MEHIIIEHHS TUIOMII (DOJIKYISIPHOTO
emitenito (BOCEHHU), 3pOCTaHHSI BHYTPIIIHLOTO
niamerpa (odiKyJIiB 1 3HUKEHHS BUCOTH TH-
peoigHoro emitenio (Bocenu). Takox y miypis
JOCJITHUX TPYII BiIMiYeHa He3HAYHA HASSBHICTh
y Konoiai pe3opOmiiiHuX BaKyoJiel, 3HMKCHHS
OKI 1 miasumensas IHK, 3MeHIIeHHs KIJIBKOCTI
1HTEepPONIKYIIPHUX OCTPIBIIB, esieMeHTiB CT y
BECHSIHUH MepioJ 1 3poCTaHHsl iX YUCIa BOCCHH.
MenaTtoHiH y BECHSHUU Mepioa MPU3BOAUTH
10 OinblI icTOTHHUX 3MiH y cTpykTypi L3, HiX
BoceHu. OTxe, TpUBaje BBEICHHS €K30I'€HHO-
T'0 MEJIATOHIHY K V BECHSHHUH, TaK 1 B OCIHHIH
nepiojy 3HMKY€E (YHKIIIOHATbHY aKTHBHICTh
1 Qizionoriuny perenepanito 13, ane pizHotO
MipoIo.

P.B. SInko

MOP®OPYHKIIUOHAJBHOE COCTOAHUA
U TOBUIHOM )KEJE3BI
HOCJIE BBEJEHUA MEJJATOHUHA

HccnenoBamu MopdodyHKIIMOHAIEHBIE ITOKA3aTEIN COCTO-
STHHAA MUTOBUAHOM sxene3sl (LK) MomompIx KpbIC JIMHUH
Bucrap nociie BBeieHHs1 9K30r€HHOTO MEJIaTOHUHA B BECEH-
HUH ¥ OCEHHHUIT Iepro/pl. MeIaTOHMH KUBOTHBIE MOJTyYaiIH
€KEHEBHO Ha MPOTHKEHUH 28 CyT B /103€ 5 MI/KL. Y KpBIC
OIBITHBIX I'PYIIT BBISIBICHO YBEJIMUCHUE CPEIHEH ILIONIaan
TIOTIePEYHOT0 cedeHust GoumKyIoB Ha 31 % n xowtonaa Ha 30
% (BecHOI1), BHyTPEHHEr0 JuamMeTpa (poIHKyIoB, CHIKEHHE
IUIOIIA T U BEICOTHI (hOJUTHKYIISIpHOTO ArnTenus Ha 12 % (oce-
HBI0). Taroke 0TMEUeHO HE3HAYUTEIILHOE HAININE B KOJUIOHIE
Pe30pOIMOHHBIX BaKyoJIeH, CHIKEHHE (OIUTHKYIIIPHO-KOJLIO-
HJIHOTO MHJIEKCA M BO3pACTaHUE HHJIEKCA HAKOIIICHHS KOJIIO-
1/1a, yMCHBIICHNE YHCIIAa HHTEPHOIUINKYISIPHBIX OCTPOBKOB.
BBenenue MennaToHMHA B BECECHHUM NEPUOJ CHU3MIIO KOJIH-
YECTBO 3JIEMEHTOB COCAMHMTEIBHON TKaHH, TOTJA KaK IpH
OCEHHEM BIIMSIHUH, HA000POT — CYIIECTBEHHO yBEINYMIACh
mypUHa Mex101eBoit (Ha 12 %), MexonbkoBoit (Ha 17 %)
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1 MexomKyisipHoit (Ha 31 %) COenMHUTENBHOM TKaHU B
LI’K. Beenenue MenaroHnHa B BECCHHUH TIEPUOJ ITPUBEIIO K
GoJiee CyIIeCTBEHHBIM H3MEHEHHSIM B CTPYKTYPE JKeJIe3bl, [0
CPaBHEHHIO C OCEHHUM JKCIIepUMEHTOM. Takum oOpasom, 3a
OOJIBIIMHCTBOM HCCIIElyeMbIX MOKa3aTesel Kak B BECCHHUI,
TaKk ¥ B OCCHHHMIl NMEPHOJBI OH CHIDKACT (PYHKIIMOHAIBHYIO
AKTHBHOCTB M (u3nonorunyeckyio perenepanuto [HDK.
KiroueBble ci10Ba: MeJIaTOHUH; IIUTOBU/IHAS XKeJle3a.

R.V. Yanko

MORPHOFUNCTIONAL STATE OF THE
THYROID GLAND AFTER EXPOSURE TO
MELATONIN

Morphofunctional state of the thyroid gland (TG) of young
rats after exposure of exogenous melatonin in the spring
and autumn periods was investigated. Exogenous melatonin
(Unipharm Inc., USA) was administered to experimental
group of animals daily at a dose 5 mg/kg. The duration of
the experiment was 28 days. It was shown an increase of the
cross-section area of follicles by 31 % and colloid by 30 %
(in spring), reduction of the area of follicle epithelium by 12
% (in autumn), an increase in the follicle internal diameter
and a decline in the thyroid epithelium height by 12 % (in
autumn) in TG of experimental groups rats. Also it was shown
a decline of follicle-colloid index and growth of colloid ac-
cumulation index, reduction amount of interfollicular islets.
The introduction of melatonin in the spring period brought
down the amount of connecting tissue elements. Melatonin
introduction in the autumn period reduced the thickness
of connective tissue trabecules in TG. The introduction of
melatonin in the spring period resulted in more substantial
changes in the structure of TG, as compared to an autumn
experiment. Thus, melatonin administered both in the spring
and in the autumn periods reduces the functional activity and
physiological regeneration of TG.

Key words: melatonin; thyroid gland.

0.0. Bogomoletz Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv
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Brouime NO Ta MeKkecHI0/1y HA CKOPOTJIUMBICTH
0BapiaJIbHOIO 1 HEPBIKAJIBHOI0 BIIIB MATKH MUILEH
3a YMOB IMYHOOIIOCEPEIKOBAHOIO 3aMIAJbHOI0 MPOIECY

ALIL JlutBunenko, T.}FO. Bo3necencbka, P.I. SInuiii

Inemumym ¢hizionoeii im. O.0.boecomonvys HAH Yxpainu, Kuis, e-mail: alinalukl7@mail.ru

Jocniooxcysanu ckopomausicms oeapianvnozo (OB) i yepsikanvroeo (I[B) 6i00inie mamku y muuietl 3a
VMO IMYHOONOCEPEOKOBAH020 3aNaNIbHO20 NPOYECY, GUKIUKAHO20 IMYHI3aYicio OUYaYUM CUpO8AmMKOBUM
anvoyminom (BCA). Bcmarnoganeno, wo y pasi akmueayii enepeocunmesysaibHux QyHKYitl MimoxoHopitl 3a
00nOMO2010 MEKCUOOTY SMEHULYEMbCA YACHOMA CKOPOUEHb, 3pOCMAIOmMb AMNIIMYOa ma iH0eKc cKopomiu-
eéocmi 6 OB ma [[B miomempisi, a maxodc mpusanicms akmuHo20 CMaKy 6 OCmanHbomy. is mexcuoony
na mai imynisayii BCA cnpuuunioe y OB smenwenna amnaimyou 6 2,6 pasa, iHOeKkcy CKOpomaugocmi y
2,2 paza, a y [B — sukauxae ix spocmanns. Iloxasarno, wo ocobnusocmi ckopomaueocmi OB i [[B mamxku
3YMOGNeHI 3MIHaMU YHKYIOHANbHO20 CMAHY MIMOXOHODIN, a MAKoX#C N0 S3aHI 13 3ANYUEHHAM OKCUOY
asomy, Ny K020 Moxce Oymu pisHUll y 00CIIONCYBAHUX BIOOLIAX MAMKU.

Kurouosi cnosa: ckopomausicmu,; 08apianoHull i YepeikanbHull 6I00LU MamKu,; iMyHizayia ouuayum cupo-

B8AMKOBUM ANbOYMIHOM, OKCUO A30M1).

BCTYII

HuHi akTHBHO BHBUYalOTh (QYyHKIIOHAJIBHY JIH-
¢depeHmianio pi3HUX BiAJUIIB MaTKH y ccaB-
uiB. BigmiueHo (izionoriyHi BiAMIHHOCTI MiX
BEPXHIM 1 HIDKHIM cermMeHTamu matku [1 — 3].
HoBeneHo, mo y urypiB okpemi neiicMekepHi
KJIITHHH 3HaXOASATHCSA Y BEpXHBOMY, OBapiallbHO-
My (OB) — po3ramoBanoMy O5nK4e 10 S€YHUKA,
Ta HUWKHbOMY, LepBikansHOMYy (LIB) — Onmxue
IO IMUHKKH MaTk| Biggigax [2]. OcoOauBocCTi
CKOPOTJINBOCT1 BEPXHBOIO 1 HUKHBOTO CETMEH-
TiB MaTKM HEIOCTAaTHbO NOCIIIKEHi. 3riiHo 3
Cy4aCHHMHU JITepaTypHUMHU NaHUMH, IMyHOO-
MOCepeaKOBaHI 3ananbHi MPOIECH BIUTHBAIOTH
Ha (QyHKIIOHYBaHHS SI€YHUKIB, 3MiHIOIOTH CKO-
pOTIUBICTh MiOMETpist [4], TPU3BOASTH A0 IO-
pYIICHHS IMITJIAaHTAIlii Ta mepeT9acHUX MOJIOTIB
[5], 3yMOBIIOIOTH O€3ILTiAAS I HEpe3yIbTaTHBHI
crpoOu MpH 3aCTOCYBaHHI TOTOMIXKHHUX PEIMpo-
QYKTHBHUX TeXHOJOriH. CHCTEMHI BacKyliTH,
K1 HaJeXaTh J0 I'PYyNU IMYHOKOMIIJIEKCHHX
XBOPOO, MOKYTb OyTH IPUYUHOIO IepeJUaCHUX
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nostoriB (40 %) 1 HaBiTh BUKJIIMKAIOTH 3arH0CIb
marepi i woay (5—10 % Bunaakis) [6].
BBaxaerncs, mo oxcun azory (NO) pery-
J0€ CKOPOTJIMBY aKTUBHICTH MiOMETpisl depes
BIUIMB Ha KaJbLiWTPaHCIOPTYBalbHI CUCTEMHU
Ij1a3MaTU4HOi MeMOpaHH, capKoIla3MaTHU-
HOI'0 peTHKylyMa i MiToxoHApid. Bin cnpu-
YUHSE 3POCTAHHS INPOHUKHOCTI CapKoJEeMHU
s Ca?*, cTUMyNnioe MacHBHUH TPaHCIOPT
KaTioHa y MIOIUTH KPi3b AUTIAPOMIpUAUHIYT-
JIMBi1 KaHAJIX, TOCUITIOE TPAHCIIOPT MPOTOHIB 13
miouutiB Ta ctumynoe Na', K*-ATdazy [7],
3MiHIOE€ (QYHKIIOHYBAaHHS MITOXOHIPiaIbHUX
nepeHocHUKIB [8]. @apmanenTuyHui npenapar
MEKCHAO0J, Iifo4ya PEYOBUHA SIKOTO €THJIMETH-
nrigpoxcunipuaun cyknuaat (I'C), akTuBye
C€HEPTrOCUHTE3YBaJIbHI QYHKIIT MITOXOHIPiH Ta
B IOCIIAaX in Vitro 3HIKYE aKTUBHICTD 1HIYITH-
oenbHOT NO-cunTasu [9]. Kpim Toro, Mekcuoi
CTIpUSIE TOMIMIISHHIO eHI0TeTiaNbHO1 QyHKIIIT,
craburizaiii 0i0J0TTYHMX MeMOpaH, MiJBUIILYE
AKTUBHICTh aHTHOKCUAAHTHUX (hepmeHTiB [10].
Xouwa nei mpemnapar Ma€ HIMPOKE 3aCTOCYBaH-
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Hs B MEIWIMHI, IPOTE HE BCTAaHOBJIEHO HOIO
BILUIMB Ha CKOPOTJIMBICTH MioMeTpis. Bigomo,
110 aprifasa uyepe3 rajbMyBaHHS yTBOPEHHS
NO moxe BrmBatu Ha KpoBooOir [11]. Kon-
TpaKTUJIbHA aKTUBHICTH MIOMETPisS 3aJICKUTH
Bij fioro kpoBomocTadaHHsA. ToMy akTyaabHUMH
€ JOCHIJKEHHS CKOPOTIIMBOCTI PI3HUX BiJ1IiB
MiOMETpisi 32 YMOB iIMyHOKOMILJIEKCHUX PEaKIiid,
3MiHU (YHKIIOHAJIBHOTO CTaHy MITOXOHIPIH
Ta BUBUEHHS y4yacTi NO 3a TakuX eKCIepUMeH-
TAJIbHUX YMOB.

Mera Hamoi po6oTH — 3’siCyBaTH y4acThb
NO rta mitoxonpiii B ckopotiuocti OB 1 1B
MiOMETpisl 32 yMOB iMyHi3awii Muieii Onyaunm
cupoBarkoBuM asnbOyminom (BCA).

METOJHUKA

Jocniau mpoBOANIIN HA CTATEBO3PIINX CAMHUISX
mumieii niHii CBA i3 1oTpuMaHHSIM OCHOBHUX
nonoxkeHb KoneHmii Pagun €Bponu mpo 0xopo-
HY XpeOeTHHUX TBapHH, 0 BUKOPHCTOBYIOTHCS
B CKCIIEPUMEHTAX Ta B 1HIIMX HAYKOBHX IIJISIX,
Big 18.03.1986 p., HupektuBu €C Ne609 Bin
24.11.1986 p., Hakazy MO3 VYkpainu Ne66 Bin
13.02.2006 p. ta 3akony Ykpainu «IIpo 3axuct
TBapUH BiJ KOPCTOKOTO MOBOJKECHHSI» Bil
21.02.2006 Ne 3447-1V. TBapun Oyio moIiJICHO
Ha 6 rpyn. Jlo [ rpynu BBIHILIN TBAPUHU, SIKUM
BBOAWIM (Qizionoriuauii po3unH, n=8; mxo Il —
TBapuHHU, AKux iMmyHizyBaiau BCA («Sigmay,
CIA) (BBOmMIM 3pocCTarodi A03U aHTHTEHA
pa3 Ha TWXKIEHb BHYTPIIIHBOBEHHO HPOTATOM
6 Tk 3a Takoro cxemoro: 150 — 300 mr BCA/kr
Macu mutr, n=8); go I —mumri, siki oTpuMyBa-
JU BHYTPIIIHBOOYEPEBUHHY 1H €KLiI0 Mpemna-
paty mexcugon (100 Mr/kr, 3rifHO i3 CXEMOIO
imyHizamii, n=8); IV — Omokartop aprinasu Il
L-HopBanin (BHyTpilrHEOOYEepeBUHHO, 50 MT/
KT, n=4); V — MEKCHJ0J 3a yMOB iMyHi3amii
BCA (BHyTpimHbOOUepeBUHHO, 100 MI/KT, n=8);
VI — L-HopBainin 3a yMOB Jii MEKCHUIONy HpPH
imynizanii BCA (BHyTpilIHBOOUYEPEBUHHO, B
nens micisg BBeAaeHHs BCA 1 I'C, n=8).
Metonom da3Ho-TpadigHOTO aHATI3Y BU3HA-
ganu ckopoTiauBicts OB i 1IB matku. Y mekari-
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TOBAHUX I1iJI HAPKO30M TBApHUH BiIIperapoByBa-
qu OB i [IB miomeTpis i momimanu B X0JOTHUH
po3unn Kpebea (4°C, pH 7,29) takoro cknany
(mmone/m): NaCl — 120, KCI - 5,9, NaHCO,
- 15,5, NaH,PO, — 1,2, MgCl, — 1,2, CaCl, —
2,5, rmokosu — 11,5 («Sigmay, CIHA). Cmyxku
MiOMETpisl IEPEHOCHITN JI0 EKCTIEPUMEHTAJIbHOT
kamepu. PiBHOMIpHY nepdy3ito po3uuHy 31ii-
CHIOBAJIM mepucTtanbTuuHuM HacocoM HII-1M.
[3omMeTpuuHYy cHIly CKOPOUYEHb BUMipIOBaIN Me-
XaHo-eJeKTpuuHuM nepetBoproBadeM (FT 106).
BizyanbHuil KOHTPOJIb JAOCHIJIKYBAHUX MOKA3-
HUKIB IPOBOIMIIH 32 IOMIOMOT00 ocuuiorpada
C1-83. BonHowac oTpuMyBaiIu KOMI IOTEPHUN
3anuc B nporpami IRIS Waveware Bepcii 2.6.1.
ba30oBy akTUBHICTH peecTpyBaiu NPOTATOM
20-30 xB. [l7151 KITbKiCHOT XapaKTEPUCTHKH (a3-
Hux ckopoueHb OB i [IB matku mociipKyBaiu
Taki MOKa3HUKH: aMILTiTyny ckopouenb (F_ .,
MH), uactory ckopouens (UC, ¢'!), TpuBanicts
aKTUBHOTO CTaHy — 4ac MiX MaKCHMallbHOIO
akruBaniero (CV_ )1 nesakrusauiero (RV_ )
ckopoueHHs (T, ¢), IBUAKICTh CKOPOYCHHS 1
poscnabnenns (CV ., RV . mH/c), ingekc
ckoporauBocTi (IC, sx nobyroxk F_ wa CV__ /
RV ... MH) [12].

J171st cTaTUCTUYHOTO aHAaNi3y pe3yJbTaTiB BU-
kopucToByBaiu nporpamy GraphPad Prism ver-
sion 5.00 for Windows (GraphPad Software, San
Diego California USA). Pe3ynbratu nepepipsiiu
Ha HOPMaJbHICTH po3noniny 3a tectoMm Koi-
MoropoBa—CwmupHoBa. Jlani BUKOPUCTOBYBaIH
onHoGaKkTOpHUM Aucnepciitnuil ananiz ANOVA
3 TOPIBHSAHHSAM CEpPEeIHIX 3HaY€Hb MK TPyaMH
3a TectoM Hrtomena—Keiinca (Newman—Keuls
post hoc test). Pesynsrarn Bupaxanu sk M+SD
(cepeanexcrannaprHe BinxmieHHs). P<0,05
BBa)XAJIOCA CTATUCTHYHO BipOTiAHHUM.

PE3YJIBTATHU TA iX OBTOBOPEHHS

Y OB marku 3a ymoB 1ii I'C ammutityna 3pocia B
1,85 paza (P<0,05) ta IC B 2,17 paza (P<0,01), a
y IB —B 1,84 Ta 1,72 pa3za Biamosiguo (P<0,01)
ropiBHsAHO 3 KoHTposieM. Benenns ['C 8 OB Bu-
kmukano 3meHmenas YC B 1,86 pasza (P<0,001)
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1 CTAaTHCTHYHO HE BIJIMBAJIO Ha TPHUBAIICTh
aKTHBHOTO cTany. Y [[B TpuBamicTh akTHBHOTO
crany 3pociua B 1,41 paza (P<0,05), a UC 3men-
mutack B 1,31 paza mopiBHSHO 3 KOHTPOJIEHUMH
sHageHasMu (P<0,01) (pucyHOK).

3riiHO 3 JaHUMU JiTeparypu, BBeaeHHs ['C
301bIIy€E CEPEIHIO MUIONLY MITOXOHJIPIH Kap-
JIOMIOIUTIB Ta CEpenHIO NTOBKHHY CapKoMmepa
[13]. Mu npunyckaemo, 0 Yepe3 aKTHBAIIl0
€HEepPTrOCHUHTE3YBalbHOI (DYHKIIIT MiTOXOHIPIiH
I'C yuHUTH BIUTUB HA CKOPOTIUBICTH MiOMETPis
MUIIEH.

[ToxazaHo, 1m0 BBeJleHHs L-HOpBasiHy 3MeH-
uryBasio ammutityny y OB B 1,78 pasa (P<0,05),
tomi sk IC craructuudo He 3MiHubcs. Y 1B
aMILTITy1a CKOpOYeHb 3MeHmuIach B 2,41 pasa
(P<0,01), IC B 2,50 paza (P<0,01) mopiBHSHO 31
3HAYEHHSIMH y KOHTpOJi. BBenenus L-nopaaii-
Hy Biporigno He 3MinioBajo YC ta T sk y OB,
tak 1 B LB matku. Takum yuHom, L-HOpBanin
3MEHIIYBaB CKOPOTIUBICTh 000X BiJIIiIIB, POTE
3mina [C Oyma pi3HO¥0, O MOXE CBIAYUTH MPO

MH
10

pizauit myn NO B OB i LIB miomerpist. 3Minu
amrutityau ta IC OB i LIB 3a ymoB imyHizamii
mumer bBCA 1 BBeneHHS Mekcumony rta L-
HOpBaIliHy MpEeJICTaBIeHI Ha PUCYHKY.
Bcranosneno, mo 3a ymoB imyHizamii bCA
micias BBeJAeHHs Mekcunoiy y OB ammityna
3MeHImIach B 2,6 pasa, IC B 2,2 paza (P<0,01),
y IIB marku ammiityna 3pocia B 1,2 paza ta IC
B 1,3 pa3a (P<0,05) mopiBHSAHO 3 BiAMIOBiTHUMHU
3HaYCHHSIMU y iMyHi30BaHuX TBapuH. Y OB Biz-
oyBamnocs 3mermenuas UC B 2,6 paza (P<0,01),
3HadeHHs T CTaTUCTHYHO He 3MiHMmIOCh. Y 1B
BCTaHOBJEHO 3poctanus T B 2,2 paza (P<0,001)
ta 3meHmenns YC B 2,0 paza mopiBHSHO 3 Ta-
kuMH y imyHizoBanux BCA tBapun (P<0,05).
3acrocyBanns ['C cipusiio Hopmamizamii YC.
Brenenns 61okxaropa aprinasu Il 3a ymoB mii
I'C na i imynizanii mumeid BCA 3ymoBitoBaio
3HKeHHs amutitynu ta [C B 000x Bimminax
Mmiomertpis. [Ipore ui 3nauenns B OB nabamxka-
JIUCH 10 KOHTPOJIbHUX, a y LIB Oynu Bumummu i
MPUPIBHIOBAJIUCS JI0 3HAYCHb, SKi CrlocTepira-

#

-

10}

+
:
*
*%
# ++
*k
*%

As

6

-

3MiHK amMIuTiTYau (a) Ta iHgeKcy ckopoTianBocTi (6) oBapianbroro (I) i nepsikansHoro (II) BifziaiB MaTku 3a yMOB iMyHi3amil
MHIIIeit ONYadrM CHPOBATKOBUM alibOyMiHOM i BBEJICHHS MEKCH101y Ta L-HopBaiiny: 1 — KOHTpoIb; 2 — iMyHi3aLis; 3 — MeKcH-
JI0JT 32 yMOB iMyHi3awii; 4 —mexcuon i L-HopBaiin 3a ymoB iMyHizauii; * P<0,01, ** P<0,001 BigHocHO KoHTpOIIO, # P<0,01;
## P<0,001 BigHOCHO iMyHi30Banux TBapuH; + P<0,01, ++ P<0,001 BizHOCHO TBapuH, IKUM BBOJHIM MEKCH/ION IIPH iIMyHi3awil
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totbest ipu Aii ['C y inTakTHUX TBapuH. OTpH-
MaHi pe3ylbTaTh MOXYTh CBIIUUTH PO TE, IO
aprinasa Il 3a ymoB imyHizauii BCA Ta aktuBauii
€HEepProCHHTE3yBAIBHUX (YHKIIIH MITOXOHIPIH
3ajisHA B 3MiHaX CKOpoTIuBOCTi LIB MiomeTpis.
BoaHouac ckoporiuBa akTuBHICTE OB MeHIie
3anexuTh BiJi NO, NpoayKOBaHOTO 3a apriHas-
HUM HUISIXOM.

BUCHOBKHA

1.I1pu imynizanii BCA 3miHna QpyHKIiOHaIBEHOTO
CTaHy MITOXOHJIpiH 3a TOMOMOTOI0 MEKCUAOTY
HNPU3BOJAUTH O 3MiHM HapaMeTpiB CKOPOTIIHU-
BocTi MaTku: B OB — 3menmye ammutityny ta IC,
a y [IB — BUKIUKaE 1X 3pOCTaHHS.

2.bnokarop aprinasu Il L-HopBajiH 3MeH-
HIy€ apamMeTpu CKOPOTIUBOCTI B 000X BiJTiax
MiomeTpis, mpoTe He BrutuBae Ha [C y OB, mo
Moxke cBimunuTH mpo pizHui myn NO B OB i 1IB
MAaTKH.

3.3a ymoB imyHizamii BCA, sika mpu3BOIUTH
J10 IMYHOOTIOCEPEIKOBAHOT0 3aaibHOTO TPOIie-
cy, ocobnuBocTi ckopomirBocTi OB 1 1IB maTku
3yMOBJICHI 3MiHaMU (QYHKLIIOHAJIBHOTO CTaHy
MITOXOH/JIPiid, 2 TAKOX OB’ sI3aHi 3 3aTyYeHHIM
NO.

A.P. Lytvynenko, T. Yu. Voznesenska, R.I. Yanchiy

THE ROLE OF NO AND MEXIDOL IN
CONTRACTILITY OF OVARIAN AND
CERVICAL PARTS OF UTERUS UNDER
THE CONDITION OF IMMUNE-MEDIATED
INJURY IN MICE

Contractility of ovarian (OP) and cervical parts (CP) of uterus
under the condition of immune-mediated injury which was
induced by immunization with bovine serum albumin (BSA)
was investigated. It was shown that under the activation of
energy-synthesizing function of mitochondria with Mexidol
the frequency of reductions in both uterine parts decreased, the
amplitude and contractility index in the OP and CP as well as
the duration of the active state in CP increased. Mexidol under
the condition of immunization with BSA leads to the decrease
in amplitude in 2,6 time and contractility index in 2,2 time in
OP and to the increase of them in CP.

It was shown that contractility features of ovarian and
cervical parts of uterine under the condition of BSA- induced
immunization were caused by changes of mitochondria
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functional state and were associated with nitric oxide.
Key words: contractility, ovarian and cervical uterine parts,
BSA-immunization, nitric oxide.
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A.IL JIntBunenko, T.IO. Bo3HeceHckasi,
P.U. SInumii

BJIMSHUE NO U MEKCHU/JIOJIA HA COKPA-
TUMOCTb OBAPUAJIBHOI'O U HEPBU-
KAJIBHOTO OTJEJOB MATKH! MBIIIEW B
YCJI0OBUAX UMMYHOOITIOCPEJOBAHHO-
I'O BOCITAJVIMTEJIBHOT'O MTPOLECCA

Hccnenosanu coxparumocts oBapuasisHoro (OO) u nepBu-
kaspHOrO (L1O) oTAe10B MaTKy y MBILIEH B yCIOBHAX UMMYHO-
OIOCPEI0BAHHOTO BOCHAIUTEIHLHOIO POLECCa, BHI3BAHHOTO
UMMyHH3a1ueil ObIYbUM CBIBOPOTOYHBIM anbOymMuHoM (BCA).
YCTaHOBIICHO, UTO B YCIIOBUSIX aKTUBALIMU CHEPrOCUHTE3HUPY-
OIMX (DYHKINH MUTOXOHAPUIA C TOMOIIIBIO MEKCHI0JIa yMEHb-
IIAeTCsI YaCTOTA COKPAIEHHH B 000UX OTJEIaX MHOMETPHS,
BO3PACTAIOT aMILIUTY/IA U MHJIEKC COKPATUTEIILHOCTH, 8 TAKKE
MPOJIOJDKUTEIILHOCTD aKTUBHOTO cocTostHus B 11O. Mekcuaon
B ycaoBusax ummyHu3auuu bCA npusogut B OO K ymeHblIe-
HUIO aMIUIMTY/IBI B 2,6 U HHACKCA COKPATUMOCTH B 2,2 pasa,
a B L]O — BbI3bIBacT UX noBkIiicHue. [TokazaHo, 4To 0coOCH-
HocTH cokparutenbHoctd OO u 11O marku 00ycoBIEHBI
M3MEHEHHAMH (QYHKIMOHAJIBHOTO COCTOSIHHUSI MUTOXOHIPHIA,
a TaK)Ke CBS3aHBI C OKCUJIOM a30Ta, ITyJI KOTOPOTO MOXKET OBITH
pa3IMYeH B UCCIIEyeMBIX OT/Ie/IaX MaTKH.

KitroueBble ci10Ba: COKPAaTUTENBHOCTD; OBApHAIbHBIN U Lep-
BUKAJIbHBIN OTEIBI MATKH; IMMYHH3AIINs ObIYBHM CBIBOPO-
TOYHBIM aJIbLOYMHUHOM; OKCHJI a30Ta.
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Expression of aryl hydrocarbon receptor and ATG16L.1
protein in experimental oxazolone-induced colitis in rats
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We studied the expression of AhR and ATG16L1 protein in experimental oxazolone-induced colitis in rats

and anti-inflammatory action of recombinant antagonist of IL-1 receptors (ARIL-1) and simvastatin. The
immunopositive cells were determined using an indirect immunofiuorescence technique with using a mono-

clonal rat antibody. It has been established that development of colitis was accompanied by an increase of
total number of ATG16L1"-lymphocytes (by 30%, P <0.05) in lymphoid structures of the colon. However,

the amount of AhR*-lymphocytes has not changed. At the same time has increased the concentration of
ATGI16LI protein (by 4-11%, P <0.05) in immunopositive cells. Administration of simvastatin and ARIL-1

during the development of experimental pathology was accompanied by decrease of total number of AhR*

(by 24-38%, P <0.05) and ATG16L1*-lymphocytes (by 43% - 2 fold, P <0.05) in the colon.

Key words: colitis; recombinant antagonist of receptors of interleukin-1 (ARIL-1),; simvastatin, aryl hy-

drocarbon receptor; autophagy related 16-like 1 protein.

INTRODUCTION

Ulcerative colitis (UC) and Crohn’s disease
(CD) are the main clinical phenotypes of
inflammatory bowel disease (IBD). Both
forms of IBD can increase the incidence of
gastrointestinal and colon cancers, and both ones
affect individuals throughout life. Although the
etiology and pathogenesis of UC and CD has not
been fully revealed yet, it is widely accepted
that both are complex and multifactorial
[1]. The aryl hydrocarbon receptor (AhR), a
transcription factor activated by a large number
of environmental agents, modulates the activity
of immune and nonimmune cells in the gut,
and may represent an important link between
the environment and the immune perturbations
which underlie the pathogenesis of IBD. Recent
findings in diverse murine models of colitis
have helped to reveal the importance of AhR
dysfunction mechanisms in IBD pathogenesis
[2]. Although AhR seems to be a crucial co-
factor in regulation of both homeostasis and
inflammation, its role in the gut autoimmune
pathology is poorly described. Conclusion
© A.S. Zherebiatiev, A.M. Kamyshny
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from the data obtained from either the ligand-
activated AhR cell lineages or AhR null mice
clearly states the physiological importance of
this receptor in cell growth [3], cell apoptosis
[4], and endoplasmic reticulum stress (ER)
response [5]. Apoptosis and autophagy are
two evolutionarily conserved processes that
maintain homeostasis during stress. Although
the two pathways utilize fundamentally dis-
tinct machinery, apoptosis and autophagy are
highly interconnected and share many key
regulators. The crosstalk between apoptosis
and autophagy is complex, as autophagy can
function to promote cell survival or cell death
under various cellular conditions. Autophagy
is also important to engulf damaged ER in the
unfolded protein response [6]. The ATG16L1
gene is coding the protein called autophagy
related 16-like 1. This protein is part of a larger
family of proteins that are required for a process
called autophagy. Autophagy is involved in
the body’s inflammatory response and helps
the immune system to destroy some types of
harmful bacteria and viruses. The effects of
variations in the ATG16L1 gene in Crohn’s
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disease pathogenesis are unclear. Changes in
this gene may affect the autophagy process,
allowing worn-out cell parts and harmful
bacteria to persist when they would otherwise
be destroyed. These cell components and
bacteria may trigger an inappropriate immune
system response, leading to chronic intestinal
inflammation and the digestive problems which
are hallmark of CD pathogenesis. Thus, there is
arelationship between AhR, apoptosis, response
to endoplasmic reticulum stress, autophagy and
ATGI16L1 [7, 8].

Therefore the aim of this study was to
investigate the expression of AhR and ATG16L1
protein in experimental oxazolone-induced
colitis in rats and anti-inflammatory action
of recombinant antagonist of IL-1 receptors
(ARIL-1) and simvastatin.

METHODS

Animals and Tissue isolation

Eight-month-old male Wistar rats were pur-
chased from Institute of Molecular Biology
and Genetics (National Academy of Science
of Ukraine, Kyiv) and kept in a 12-h light/dark
cycle with controlled humidity (60-80%) and
temperature (22°+1°C). Food and water were
freely available. All animal experiments were
performed according to international principles
“of the European Convention for the Protection
of vertebrate animals used for experimental
and other scientific purposes” (Strasbourg,
18.03.1986) and “General ethical principles
of animal research” (Ukraine, 2001). Single
animals were fasted overnight and sacrificed
by cervical dislocation after receiving an
overdose of ether for the isolation of gut tissue.
Rats were euthanized 6 days after induction of
colitis. For macroscopic observation, the colon
was dissected from rats. The distal colon was
removed, opened longitudinally and the mucosal
damage was scored on a 0-10 scale according to
the criteria of Bobin-Dubigeon et al. [9]. After
removal of the colon, the tissue was flushed with
cold phosphate buffered saline. The colon tissue
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samples were fixed in in Bouin’s solution and
embedded in paraffin for histological analysis.
Tissues were scored semi-quantitatively from
0 to 5 (0, no changes to 5, marked transmural
inflammation with severe ulceration and loss of
intestinal glands) in a blinded fashion according
to previously described criteria [10]. For
histochemical studies, colon tissue samples were
fixed in formalin, and after paraffin embedding
5 um sections were cut and stained with a
monoclonal antibody.

Drugs

Simvastatin was obtained from Sigma-Aldrich
(St. Louis, MO) and prepared as a 4 mg/ml stock.
Briefly, 4 mg was dissolved in 100 pl of ethanol
and 150 pl of 0.1 N NaOH, incubated at 50°C
for 2 h, and then pH adjusted to 7 and volume
corrected to 1 ml. It was chemically activated
by alkaline hydrolysis before subcutaneous
injection. ARIL-1 was kindly provided by
Resbio LLC (St. Petersburg, Russia). Substance
ARIL-1 consists of 153 amino acids obtained by
genetic engineering technology. The substance
is lyophilized protein IL-1ra, which produced
by a recombinant strain E. coli BL21.
Oxazolone -induced colitis

Oxazolone (4-ethoxymethylene-2-phenyl-2-
oxazoline-5-one) was obtained from Sigma-
Aldrich (St. Louis, MO). In order to presensitize
rats, a 2 x 2 cm field of the abdominal skin
was shaved, and 200 pl of a 3% (w/v) solution
of oxazolone in 100% ethanol was applied. 7
days after presensitization intrarectal injection
was performed 0.1% oxazolone in 50% ethanol
(1.5 mg/kg of body weight) under general
anesthesia with ketamine, 4~8 cm proximal
to the anal verge of rats using a catheter (1 mm
diameter) (Sherwood, St. Louis, MO) [9]. Rats
were kept in a head-down position for 30 s and
then returned to their cages. Ethanol (40%) is
used to help haptens go through the intestinal
epithelial barrier.

Animal groups

Rats were divided into four experimental
groups: group 1 — control (rectal challenge
with 50% ethanol only); group 2 — rats with
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oxazolone-induced colitis; group 3 — rats given
simvastatin (20 mg/kg, 2 ml/kg in the mixture
of ethanol, H,O, NaOH and HCI for 5 days,
intraperitoneally); group 4 — rats given ARIL-
1 (3 mg/kg, 2 ml/kg in the phosphate buffer
solution (PBS) for 5 days, subcutanecously).
Immunohistochemical staining
Formalin-fixed, paraffin embedded colon
sections (5—7 um) placed on coated slides were
sequentially deparaffinized and rehydrated using
xylene and ethanol, washed in PBS (twice,
5 min each). After rinsing in 0.1 M PBS, the
sections were incubated overnight at 4°C with
the respective primary antibody (dilution 1:50):
Aryl hydrocarbon Receptor (H-211: sc-5579)
— a rabbit anti-mouse polyclonal antibody or
Atgl6 Antibody (C-20: sc-70133) — a goat
polyclonal IgG, (Santa Cruz Biotechnology,
INC, CA). On the second day, after washing,
sections were incubated for 1 h with a mixture
of FITC-conjugated goat anti-rabbit IgG or
rabbit anti-goat IgG (Santa Cruz Biotechnology,
INC, CA, catalog numbers sc-2012, sc-2777).
While protected from direct light exposure,
samples were washed three times in PBS and
mounted. Fluorescent images were obtained
with a fluorescence microscope PrimoStar
(ZEISS, Germany) with a computer-assisted
video system AxioCam 5c (ZEISS, Germany).
Fluorescent signal intensity was quantified using
ImagelJ software (NIH Image version 1.46).
The lamina propria of mucous layer (LAM PR)
and tela submucosa (TELA SUBM) colon were
studied.

Statitical analysis

Results were statistically treated with Student’s
t-test using STATISTICA 6.0 (StatSoft Inc. 2001,

USA) and presented as mean+SEM. Statistical
differences were considered significant if the P
value was <0.05.

RESULTS

Animals treated with oxazolone rapidly deve-
loped colitis marked by weight loss and diarrhea
peaking by day 2 after oxazolone administration
and leading to death of 40% of the rats by day 4.
Thereafter, surviving animals at days 4-7 after
oxazolone administration slowly increased their
weight and by days 10-12 the majorities of the
rats were free of diarrhea and appeared healthy.
In accordance with these observations, histologic
examination revealed loss of normal architecture,
a mixed cell inflammatory infiltrate, and areas
of epithelial erosion. Control rats treated with
50% ethanol alone did not develop wasting
disease and exhibited a healthy appearance.
Administrations of simvastatin and ARIL-
Iresulted in a significant reduction in clinical,
macroscopic and microscopic parameters of
colitis compared with the vehicle-treated group
(Table 1).

The study of serial sections of colon showed
that the development of colitis is not accom-
panied by changes of total number of AhR im-
munopositive lymphocytes (AhR™) in lymphoid
structures of colon (Fig. 1A, D).

But, the administrations of simvastatin in
experimental animals during the development
of experimental pathology was accompanied
by decrease of AhR*-cells by 38% (in LAM
PR, P <0.05) in proximal colon (Fig. 1B); by
24% (in TELA SUBM, P <0.05) in distal colon
in comparison with vehicle-treated group (Fig.

Table 1. Effect of simvastatin or ARIL-1 on clinical parameters of oxazolone-induced colitis in rats (mean = SD).

Group n Body weight (g) Macroscopy score Histology score
Control 10 130.3+14.2 1.00+0.71 1.00+0.71
Oxazolone-induced colitis 15 105.0 = 10.9* 6.60+0.55%* 14.00+1.22*
Colitis + simvastatin 15 1152+ 11.5* 3.20+0.43* 5.00£1.13*
Colitis + ARIL-1 15 117.1 £ 11.3* 3.00+0.25%* 3.00+0.42*

* P <0.05, vs. control group.
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1E). The measuring of fluorescence intensity of
AhR*-lymphocytes expressing the AhR showed
reliable decrease of this parameter in AhR"-
small lymphocytes by 10% (in TELA SUBM,
P <0.05), but the increase in ATG16L1"-lym-
phoblasts by 24% (in TELA SUBM, P <0.05)
in proximal colon.

The administrations of ARIL-1 to experi-
mental animals during the development of ex-
perimental pathology was accompanied by the
decrease of AhR*-cells by 34% (in TELA SUBM,
P <0.05) in proximal colon (Fig. 1C); by twice
(in TELA SUBM, P <0.05) in distal colon in
comparison with vehicle-treated group (Fig. 1F).

The study of serial sections of colon showed
that the development of colitis is accompanied
by changes of total number of ATG16L1 im-
munopositive lymphocytes (ATG16L1") in
lymphoid structures of colon — increase of
ATGI16L1"-cells by 30% (in TELA SUBM,
P <0.05) in proximal colon (Fig. 2A). The mea-
suring of fluorescence intensity of ATG16L1"-
lymphocytes expressing the concentration of
ATG16L1 protein in immunopositive cells
showed reliable increase of this parameter in

ATG16L1"-small lymphocytes by 8% (in TELA
SUBM, P <0.05), in ATG16L1*-medium lym-
phocytes by 4% (in TELA SUBM, P <0.05), but
the decrease in ATG16L1"-lymphoblasts by 9%
(in TELA SUBM, P <0.05) in proximal colon. In
distal colon we have found increase of this pa-
rameter in ATG16L1"-lymphoblasts by 11% (in
LAM PR, P <0.05) in comparison with control.

The administrations of simvastatin in ex-
perimental animals during the development of
experimental pathology was accompanied by
decrease of ATG16L1"-cells by twice (in LAM
PR, P <0.05) and by 44% (in TELA SUBM,
P <0.05) in proximal colon in comparison with
vehicle-treated group (Fig. 2B). The measur-
ing of fluorescence intensity of ATG16L1"-
lymphocytes showed decrease of this parameter
in ATG16L17- small lymphocytes by 16% (in
TELA SUBM, P <0.05) in proximal colon; de-
crease in ATG16L1"-small lymphocytes by 11%
(in LAM PR, P <0.05) in distal colon.

The administrations of ARIL-1 to experi-
mental animals during the development of ex-
perimental pathology was accompanied by the
decrease of ATG16L1"-cells by 43% (in LAM
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Fig. 1. The number (on 1 mm#) of AhR"-cells in proximal colon during the development of colitis (A) and after administration of
simvastatin (B) or ARIL-1 (C) to experimental animals during the development of colitis; distal colon during the development of
colitis (D) and after administration of simvastatin (E) or ARIL-1 (F) to experimental animals during the development of colitis:
I — lamina propria of mucous layer; II — tela submucosa. *P < 0.05 (paired two-group t-test, compared with control or colitis)
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PR, P <0.05) and by 44% (in TELA SUBM, P
<0.05) in proximal colon (Fig. 2C); by 39%
(in TELA SUBM, P <0.05) in distal colon in
comparison with vehicle-treated group (Fig.
2F). The measuring of fluorescence intensity
of ATG16L1"-lymphocytes showed decrease of
this parameter in ATG16L1"-small lymphocytes
by 13% (in TELA SUBM, P <0.05) in proximal
colon; decrease in ATG16L1"- lymphoblasts
by 12% (in LAM PR, P <0.05) in distal colon.

DISCUSSION

We found that the development of colitis is
not accompanied by changes of total number
of AhR" in lymphoid structures of colon, but
these results do not corroborate recent studies
Furumatsu et al. [11], because they have de-
scribed the development of colitis during DSS
administration is associated with increased the
expression levels of AhR and CYP1A1l mRNA
in the colon epithelium. In addition, oral admin-
istration of B-naphthoflavone (BNF), a non-toxic
agonist of AhR, suppressed the pathogenesis
of DSS-induced colitis. BNF also attenuated

o B ¥ ¥ &8 8 8
c B ¥ 8 &8 8 8

DSS-induced colitis. In cell culture experiments,
downregulation of AhR in human colon carci-
noma SW480 cells enhanced the inflammatory
responses evoked by lipopolysaccharide (LPS),
and furthermore, AhR activation attenuated
LPS-induced inflammatory responses, suggest-
ing that AhR expressing intestinal epithelial
cells are involved in the prevention of colitis.
Analysis of AhR in the human gut reveals
that intestinal T cells and natural killer cells
isolated from Crohn’s disease patients express
low levels of AhR and respond to AhR ligands
by downregulating inflammatory cytokines and
upregulating 1L-22 [2].

Functional ATG16L1 is crucial for the
induction of autophagy. Atg5-Atgl2 protein
conjugates interact with Atg16L1 to form a high
molecular weight protein complex essential for
the elongation of the autophagosomal mem-
brane. Caspase 3 activation in the presence of
a common risk allele leads to accelerated deg-
radation of ATG16L1, placing cellular stress,
apoptotic stimuli and impaired autophagy in
a unified pathway that predisposes to Crohn’s
disease [12].
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Fig. 2. The number (on 1 mm?) of ATG16L1" -cells in proximal colon during the development of colitis (A) and after administration
of simvastatin (B) or ARIL-1 (C) to experimental animals during the development of colitis; in distal colon during the development
of colitis (D) and after administration of simvastatin (E) or ARIL-1 (F) to experimental animals during the development of colitis:
[ — lamina propria of mucous layer; II — tela submucosa. *P < 0.05 (paired two-group t-test, compared with control or colitis)
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Saitoh et al. [13] demonstrated that At-
gl6L1-deficient chimeric mice administered 5%
DSS for 7 days exhibited a marked exacerbation
of colitis with reduced survival. Mice lacking
Atgl6L1 in haematopoietic cells are highly
susceptible to dextran sulphate sodium-induced
acute colitis, which is alleviated by injection of
anti-IL-1p and IL-18 antibodies, indicating the
importance of Atgl6L1 in the suppression of
intestinal inflammation. Atgl6L1"™ mice ex-
hibited increased susceptibility to DSS colitis,
which could be abrogated by antibiotic treatment,
or administration of anti-TNF or anti-IFNy anti-
bodies [14].

Our results about the ability of simvastatin
to affect proinflammatory signaling in the
gut are indirectly confirmed by other authors.
Simvastatin has been shown to inhibit acute as
well as chronic inflammatory responses in a
cholesterol-independent manner by interfering
with endothelial adhesion and leukocyte migra-
tion to sites of inflammation [15]. In rats with
normal blood cholesterol levels, simvastatin
was found to ameliorate immunopathology in an
acute TNBS colitis model by blocking neutrophil
accumulation in the small intestine and lower-
ing serum TNF-a level [16]. Administration of
simvastatin significantly reduced the severity
of DSS-induced murine colitis as assessed by
body weight, colon length and histology in a
dose-dependent manner [17].

Administration of recombinant IL-1Ra pre-
vents mucosal inflammation and necrosis in a
rabbit model of dextran-induced colitis [18].
Conversely, neutralization of endogenous IL-
1Ra increases the severity of intestinal inflam-
mation, indicating that endogenous IL-1Ra plays
an anti-inflammatory role. The importance of
IL-1 and IL-1Ra in the pathogenesis of IBD has
been corroborated by the association between
carriage of IL-1RN allele 2, low production of
IL-1Ra and severity of disease in UC patients
[19]. Our data demonstrate ability of ARIL-1
to influence the level of expression of pattern
recognition receptors and show therefore po-
tential in the correction of immune disorders in
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IBD. Characteristically, ARIL-1 operates as pure
antagonist by blocking communication between
the molecules of [L-1 (IL-1-a, IL-1-f) and IL-1
receptor that allows providing effective control
for the whole IL-1 system in the body.

CONCLUSION

Development of colitis was accompanied
by changes of total number of ATGI6LI1"-
lymphocytes in proximal part of the colon, but
not accompanied with the change of amount of
AhR" -lymphocytes, and change the density of
AhR and ATG16L1 in immunopositive cells.

Administration of anti-inflammatory com-
pounds simvastatin and antagonist of IL-1
receptors during the development of experimen-
tal colitis results in the decrease of total number
of AhR* and ATG16L1"-lymphocytes in the
colon and was accompanied by changes in their
density on lymphocytes.
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IKCIHPECCUA APUI-TUAPOKAPBOHOBBIX
PEIEIITOPOB U BEJIKA ATG16L1 IIPU
SKCHHEPUMEHTAJIBHOM OKCA30JIOH-
NMHAYIOUPOBAHHOM KOJIUTE Y KPbIC

HccnenoBana sKkcnpeccus: apuiI-rHIpOKapOOHOBBIX peler-
TopoB (AhR) u Gemka ATG16L1 mumdonnTamMu TOICTOrO
KHIIEYHUKA MIPH IKCIIEPUMEHTAIBFHOM KOJIUTE y KPBIC M
IIPOTHBOBOCTIAUTENBHEIH 3()(EeKT peKOMOMHAHTHOTO aHTa-
ronucra penentopoB IL-1 (APUJI-1) u cumBacraruna. Mm-
MYHOIIO3UTHBHBIE JTUM(OLIUTEI OBUTH OIPEAEIeHbl METOIOM
HETIPSIMON HMMYHO(MIIIOOPECIIEHIINH C MCIOJIB30BAaHUEM MO-
HOKJIOHAJIBHBIX aHTHTEN KPBICHL. YCTaHOBIICHO, YTO Pa3BHTHE
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KOJITA COIIPOBOXKIAJIOCH YBEIMYCHHEM OOIIEro KOJINYECTBa
ATG16L1*-nmumdoruros (ua 30%, P <0,05) B tumdonHbx
CTpYKTYpax Toictoit kumiku. OnHako xomudecTBo AhR*-
JTUMQOIMTOB HE U3MEHSIIOCh. B TO ke Bpems yBeaudmiach
koHueHTpauus 6enka ATG16L1 (na 4-11%, P <0,05) B
UMMYHOIIO3UTHBHBIX KJIETKax. BeapeHue cuMmBacTatuHa u
APIJI-1 Bo Bpemst pa3BUTHUS KCIIEPUMEHTAILHOMN MATOJIOT MU
CONPOBOXKIAETCS CHIKEHHEM KonmuecTBa AhRY (na 24-38%,
P <0,05) u ATG16L1"-numdormros (na 43% - B 2 pasa, P
<0,05) B TOJNCTOI KHIIIKE.

KiroueBble ciioBa: KOJIUT; PeKOMOMHAHTHBIH aHTarOHHCT
peuentopoB uHTepineikuna-1 (APUJI-1); cumBacTaTuy;
aApWI-THAPOKAPOOHOBBIN perenTop; OCNOK, CBA3AHHBIN C
ayTodarueii 16L1.

3anopooicckuil 20cyoapcmeentblil MeOUYUHCKULL YHUGepcument

0.C. KepeosiThe, O.M. Kamumnuii

EKCHPECIA APUJI-TTIPOKAPEOHOBHUX
PEIIEIITOPIB I BIJIKA ATG16L1 ITPU
EKCIIEPUMEHTAJIBHOMY OKCA3O0JIOH-
IHAYKOBAHOMY KOJIITI ¥ IIYPIB

JlocmimkeHa ekcrpecist apuiI-TiIpokapOOHOBHX PEIETTOPiB
(AhR) i 6inxa ATG16L1 nimdonuTaMu TOBCTOrO KUIIEYHUKA
MIPY EKCTIIEPUMEHTAIBLHOMY KOJMITi y LIypiB 1 MpOTH3amaib-
HUH eekT pekoMOiHaHTHOTO aHTaroHicra perentopis IL-1
(APUJI-1) i cumBactatuHy. IMyHOMO3UTUBHI TiM(QOUUTH
OyJIM BH3HAYCHI METOIOM HETPsMOI iMyHO(IIIOOpECIICHTIIT 3
BUKOPHCTaHHSIM MOHOKJIOHAJIbHUX aHTHTLI Iypa. BcraHos-
JICHO, III0 PO3BUTOK KOJMITY CYIPOBOKYBABCS 301TbIICHHIM
3aranbHoi Kinbkocti ATG16L1 -nimdouuris (na 30%,
P <0,05) y nim¢poingaux crpykrypax ToBcTol KHIIKH. Of-
Hak Kinbkicte AhR*-nimdonurie He 3minmnace. Boguouac
30impIIHIack KoHIeHTpaiis 6iaka ATG16L1 (Ha 4-11%,
P <0,05) B iMyHONO3UTHBHUX KIJIITHHAX. BBeneHHs cuMmBa-
craruay ¥ APIJI-1 mix 4ac po3BUTKY €KCIEpPHMEHTAIBHOT
[aTOJIOTIT CyMPOBOIKYBAIOCS 3MEHIIICHHSIM KijbKkocTi AhR™
(na 24-38%, P <0,05) i ATG16L1"-nimdormris (Ha 43% - B
2 pasu, P <0,05) B TOBCTIH KHIILI.

Kiro4oBi ciioBa: KomiT; pekoMOiHAHTHHI aHTAroOHICT peLer-
TopiB iHTepieiikiny-1 (APLJI-1); cumBacTaTHH; apmiI-riapo-
KapOOHOBHIA penenTop; 010K, MOB’sI3aHUH 3 ayTodarieio
16L1.

3anopizbkuil deporcagrull MeOuyHull yHisepcumem

REFERENCES

1. Kaser A, Zeissig S, Blumberg RS. Inflammatory bowel
disease. Annu Rev Immunol.2010;28:573-621.

2. Monteleone I, MacDonald TT, Pallone F, Monteleone G.
The aryl hydrocarbon receptor in inflammatory bowel
disease: linking the environment to disease pathogenesis.
Curr Opin Gastroenterol. 2012 Jul;28(4):310-3.

3. Ray SS, Swanson HI. Dioxin-induced immortalization of

ISSN 0201-8489 ®ision. scypnu., 2015, T. 61, Ne 5

10.

11.

12.

13.

15.

16.

normal human keratinocytes and silencing of p53 and
p16INK4a. J Biol Chem. 2004 Jun 25;279(26):27187-93.

Marlowe JL, Fan Y, Chang X, Peng L, Knudsen ES, Xia
Y, et al. The aryl hydrocarbon receptor binds to E2F1 and
inhibits E2F1-induced apoptosis. Mol Biol Cell. 2008
Aug;19(8):3263-71.

Shimada T, Hiramatsu N, Hayakawa K, Takahashi S, Kasai
A, Tagawa Y, et al. Dual suppression of adipogenesis
by cigarette smoke through activation of the aryl
hydrocarbon receptor and induction of endoplasmic
reticulum stress. Am J Physiol Endocrinol Metab. 2009
Apr;296(4):E721-30.

Hoyer-Hansen M, Jdtteld M. Connecting endoplasmic reti-
culum stress to autophagy by unfolded protein response
and calcium. Cell Death Differ. 2007 Sep;14(9):1576-82.

Hampe J, Franke A, Rosenstiel P, Till A, Teuber M, Huse K,
etal. A genome-wide association scan of nonsynonymous
SNPs identifies a susceptibility variant for Crohn disease
in ATG16L1. Nat Genet. 2007 Feb;39(2):207-11.

Mizushima N, Kuma A, Kobayashi Y, Yamamoto A,
Matsubae M, Takao T, et al. Mouse Apgl6L, a novel
WD-repeat protein, targets to the autophagic isolation
membrane with the Apgl12-Apg5 conjugate. J Cell Sci.
2003 May 1;116(Pt 9):1679-88.

Bobin-Dubigeon C, Collin X, Grimaud N, Robert JM, Le
Baut G, Petit JY. Effects of tumour necrosis factor-alpha
synthesis inhibitors on rat trinitrobenzene sulphonic
acid-induced chronic colitis. Eur J Pharmacol. 2001 Nov
9;431(1):103-10.

Boirivant M, Fuss 1J, Chu A, Strober W. Oxazolone colitis:
A murine model of T helper cell type 2 colitis treatable
with antibodies to interleukin 4. J Exp Med. 1998 Nov
16;188(10):1929-39.

Furumatsu K, Nishiumi S, Kawano Y, Ooi M, Yoshie T,
Shiomi Y, et al. A role of the aryl hydrocarbon receptor in
attenuation of colitis. Dig Dis Sci. 2011 Sep;56(9):2532-44.

Murthy A, Li Y, Peng I, Reichelt M, Katakam AK,
Noubade R, et al. A Crohn’s disease variant in Atg1611
enhances its degradation by caspase 3. Nature. 2014 Feb
27;506(7489):456-62.

Saitoh T, Fujita N, Jang MH, Uematsu S, Yang BG, Satoh
T, et al. Loss of the autophagy protein Atg16L1 enhances
endotoxin-induced IL-1beta production. Nature. 2008
Nov 13;456(7219):264-8.

. Cadwell K, Patel KK, Maloney NS, Liu TC, Ng AC,

Storer CE, et al. Virus-plus-susceptibility gene interaction
determines Crohn’s disease gene Atg16L1 phenotypes in
intestine. Cell. 2010 Jun 25;141(7):1135-45.

Maher BM, Dhonnchu TN, Burke JP, Soo A, Wood
AE, Watson RW. Statins alter neutrophil migration by
modulating cellular Rho activity--a potential mechanism
for statins-mediated pleotropic effects? J Leukoc Biol.
2009 Jan;85(1):186-93.

Jahovic N, Gedik N, Ercan F, Sirvanci S, Yiiksel M, Sener
G, et al. Effects of statins on experimental colitis in
normocholesterolemic rats. Scand J Gastroenterol. 2006
Aug;41(8):954-62.

63



64

Expression of aryl hydrocarbon receptor and ATG16L1 protein

17. Lee JY, Kim JS, Kim JM, Kim N, Jung HC, Song IS.
Simvastatin inhibits NF-kappaB signaling in intestinal
epithelial cells and ameliorates acute murine colitis. Int
Immunopharmacol. 2007 Feb;7(2):241-8.

18. Youngman KR, Simon PL, West GA, Cominelli F,
Rachmilewitz D, Klein JS, et al. Localization of
intestinal interleukin 1 activity and protein and gene

expression to lamina propria cells. Gastroenterology.
1993 Mar;104(3):749-58.

19. Tountas NA, Casini-Raggi V, Yang H, Di Giovine FS,
Vecchi M, Kam L, et al. Functional and ethnic association
of allele 2 of the interleukin-1 receptor antagonist

gene in ulcerative colitis. Gastroenterology. 1999
Oct;117(4):806-13.

Received 08.11.2014

ISSN 0201-8489 @ision. scypu., 2015, T. 61, Ne 5



VIK:612.273+577.95+591.481.1

JII/IHaMI/IKa FJIyTaMI/IHCI/IHTeTa?oHOﬁ AKTUBHOCTH

B I'OJIOBHOM MO3ry KpbIC

B MOJIEJIM MPEHATAJbHOM T'HIIOKCUU

B.P. Xauposa, M.!. Cajapos

Hnemumym uzuonocuu um. A.1.Kapaesa HAH Aszepbationcana, baky,
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Memoro nawoi pobomu 0yn0 GUAGNEHHA 3MIH 8 AKMUBHOCTI 00HO20 3 KIIOUOBUX (pepMeHmie 0OMiny
2ymamamy — 21ymamiHCiHmemasu — 8 20108HOMY MO3KY HOMOMCMEA OLIUX Wypie, IKi nepeneciu 2inoKcilo
Ha Pi3HUX cMAaodisx NpeHamaibHo20 OHmozeHesy. Mooenb 2inokcii cmeoprosanu NOMIWEHHAM CaMuyb Wypie y
mepminu 8a2imHOCMI, 8i0NOBIOHI 3aPOOKOB020 NEPIOY, OP2aH02eHes) i NL000B020 Nepiody NPEHAMANIbHO2O
PO36UMKY, 8 bapokamepy, Kyou nooasanacs cymius 2aszig: 5% xuchro i 95% azomy 3 excnozuyiero 20 x6
woonst. Illomomemeo, ompumane 8i0 KOHMPOALHOL Ma OOCHIOHOL 2pyn, 6YIL0 BUKOPUCMAHO O] OIOXIMIY-
HUX BUBHAYEHb N0 00CSeHEeHH I 1- [ 3-micaunoeo 6iKy. BcmaHnogieHo, wo 2inoKcis, nepenecena 6a2imuumi
camuyamu 6 nepioo emMoOpioHaIbLHO2O OP2AHO2EHE3Y, GUKIUKAE 3HAYHI 3MIHU 6 AKMUSHOCMI (hepmenmy,
0COONUBO BUPAdICEHT 8 KOPI [ MO30UKY, NHOPIGHAHO 3 NPOSECMAYIUHOMW | NIIOHOW 2inokcicio. ¥V 1-micsiunux
wWypie pepmenmamueHa akmugHiCmb 3HUNCYEMbCS OLILLIOIO MIPOIO NOPIGHANO 3 mpumicaunumu. Omoice,
6NIUE CIMPeECY 8 Nepiod IHMEHCUBHUX npoyecie npounigepayii i miepayii Kiimux Gopmyemscs 6 MO3KY i
NOpYywLye enymamamuuti Memaoouim.

Knrouosi croea: enymamincunmemasa, npeHamanbHa 2in0KCis; 20N106HUL MO30K; OHMO2EHES.

BBEJAEHUE

Ha coBpemeHHOM d3Tarne pa3BuUTHS HEHpouU-
310JIOTHUH, HGﬁpOXHMHI/I U MCIUIMHBI K YHUCITY
HanboJyiee aKTyaJlbHBIX MPOOJIEM OTHOCHUTCS
npoOiaeMa yXyIaImIieHHue 3I0pOBbhsI OepeMEHHBIX
KEHITUH W KaK pe3yJbTaT — BBICOKAs CTENEHb
MepUHATAILHBIX TOTEPH U MaToyiorui [1].
Hawubonee pacrnpocTpaHeHHBIM U KIIMHHYE-
CKH 3HAYUMBIM CTpecc-()akToOpoM, KOTOPOMY
MOJKET OBITh MOABEPHKEH OPTaHMU3M B IpoIiecce
SMOPUOHATBLHOIO Pa3BUTHSI, CUATACTCS T'UIOK-
cusi. B ronoBHOM MO3Ty Kak Hanbonee BOCIPHU-
MMYHUBOM K HEJOCTAaTKy KHCIOpOAa Oprase,
MO/IBEP)KEHHOM T'MIIOKCHYECKOMY BO3/I€HCTBUIO
Ha OCHOBHBIX 3Tamax cBoero GOpMUpOBaHUS,
Hapymaercss MopodyHKIIMOHATBHAS OPTaHU3a-
1S, TPUBOJAIIAS BIOCIEACTBUY K H3MEHEHHUTO
MOBEJICHYECKIX PEaKIINi M KOTHUTHBHBIX (PYHK-
unii [2, 3]. Hepenko BbI3BaHHBIE BHYTPUYTPOO-
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HOW TUIOKCHEH MUKPOMOBPEKIECHHUS MO3Ta B
paHHEM MMOCTHATAIBHOM MEPUOJIC TPAKTUICCKHU
He aumarHoctupyiorcs. Ho B mpomnecce pocta u
pa3BUTHS OpraHu3Ma 00yCIIOBJICHHBIE BHYTPHY-
TPOOHBIM CTPECCOM IiepeOpalibHbIC HAPYILICHUS
MPOSBISAIOTCA B OOJNBIIEH CTEIEHU, U B UTOTE
MOT'YT NPHUBCECTU K UBMCHCHUIAM COHI/I&JIBHOﬁ
amarranuu [4, 5].

[IpruunHbl 00YCIIOBJICHHBIX TUMOKCHEH Iie-
peOpaTbHBIX MAaTOJIOTHH KPOIOTCS HE TOJIHKO B
W3MEHEHUH MOP(POCTPYKTYPHOU OpraHU3aIHU
MO3Ta, HO 1 OMOXUMHUYECKUX XapaKTCPHUCTHK.
[Tokazano, 94TO ClEeICTBUEM THIOKCUYECKOTO
BO3JICHCTBUS SIBISCTCS OCIA0JICHUE aHTUOKCH-
JMAHTHOH 3aIUThI, HHTEHCU(UKAITUS CBOOOIHO-
paauKaIbHBIX TPOIIECCOB M Pa3BUTHE OKCHUIA-
THBHOTO CTPECCAa, YTO B CBOIO OYEPE/b HApYIIaeT
MeTa0OoINYeCKHE TPOIECChl MO3Ta, TPUBOISIIIHE
K OTKJIOHCHUAM B MEXaHHU3MaX CHHAIITHUYC-
CKOHf mepemadym HelWpoHOB [6, 7]. Ilpu sTom
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BAXKHYI0 pOJIb UTPAET HEHPOTPAHCMUTTEPHBIN
nucOananc, NPOSIBISIONMKCS B THIIEpaKTHBA-
MM MOHOTPOMNHBIX MIYyTaMaTHBIX PELENTOpPOB
tuma NMDA u AMPA, upe3mepHoM BbIOpOCe
riayTamara ¥ IpoBOLMPYEMOM MM H30BITOYHOM
moToke Kambnus depe3 NMDA-penentopsl, a
TaKXe CTUMYJSIUUA Kacla3HOro Kackaja, T.e.
3amycKaeTcs NporpaMma KJIeTOYHOTO aromnTo3a,
IIyCKOBBIM MEXaHU3MOM KOTOPOTO SIBJISIETCS IITy-
TaMaTHas 9KCAaUTOTOKCUYHOCTH [8—10].

IToaToMy n3ydeHune MeTaboau3Ma IryTamara
W aKTUBHOCTH (DEpPMEHTOB, BOBJICUCHHBIX B €r0
CHUHTE3 W pacllelieHHue, MPEeJCTaBIsieT O0Jib-
110K MHTEpeC ¢ MO3UUUN Helipodusnosoruu u
MeauuuHel. OTHUM U3 3BEHbEB B MeTaboInye-
CKOW IIeNM MpeBpalleHus IiyTaMmara B IIyTa-
MaT-IIIyTAMHUHOBOM IHKJIE SIBJISIETCS PEaKLUs
MpeBpaIleHus TIyTamaTa B TIIyTaMHUH C JIeTOK-
cUKalueil aMMuaka, Karaau3upyemasi epMeH-
TOM TIyTaMHUHCHHTeTa30i. O0nanas BEICOKOH
YyBCTBUTEIBHOCTBIO K AEHCTBUIO OKCUJAHTOB,
(epMeHT NoAAepKUBACT HOPMAJIbHOE COJCPIKa-
HHE IIIyTaMaTa U HOHOB aMMOHHMS, PEryIupys
KJIETOYHBII KHCIIOTHO- OCHOBHO OajaHc.

Ilenbro Hamed paboOThl OBIIO BHISIBICHUE
M3MEHEHUH IITyTaMUHCUHTETa3HO! aKTUBHOCTH
B CTPYKTypax rojIOBHOTO MO3ra IOTOMCTBa Oe-
JIBIX KPBIC, IEPEHECIIETO THIIOKCUIO Ha PA3HBIX
CTaIMsX IPEHATAIBHOTO OHTOTEHEe3a.

METOJIUKA

B xagecTBe 00beKkTa MCCaemOBaHUSI B pabore
OBITM HMCTOJIL30BAHBI MOJIOBO3pEbIE Oeblie
KpBICHI-caMKH JUHUU Buctap. )KuBoTHbIe Ha
NPOTSKCHUU 3 HEJ 10 Havyalla dKCIEPUMEHTA
COJepIKaIUCh B OTACIbHBIX KJIETKaX BUBApHUS
B OOBIYHOM pEXHME C IeJbI0 HCKIIOYEHUS H
BBIBEJCHHS M3 DKCIIEPUMEHTa OOJNBHBIX U Oe-
peMeHHbIX ocobeil. [lo ncTeueHnn ykazaHHOTO
CpOKa BBIJCPKKH JJISI CIIAPUBAHUS K CaMKaMm
MOJCaXXUBaJId CaMIOB B COOTHOIIeHUH 3:1 Ha
2 cyt. IlepBbIii AeHH OCPEMEHHOCTH KOHCTA-
THPOBAJIA TIO0 BBISBICHHUIO CIIEPMATO30HI0B BO
BIIATIMIITHOM Ma3Ke HOPMaJIbHO ITUKIUPYIOIINX
camoK. Jlamee Bce JKHBOTHBIC OBLIH pPa3IeICHbI
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Ha 2 TpyNIbl: KOHTPOJIBHYIO U OMBITHYIO. OTBIT-
HYIO TPYIIy B CBOIO OYEPENb PACTIPENEISUIN Ha
3 moarpynmsl: 1-1, 2-s u 3-1 — caMKH, IOABEPr-
HYTbI€ THUIIOKCUU Ha MEpBOH (3apobllIeBbIH
MIEPUOIl BHYTPUYTPOOHOTO Pa3BHUTHS IIJIOIA);
BTOPO# (TMEpHOJ OpPTaHOTeHEe3a); U Ha TPEThEH
Henene OepeMEeHHOCTH (IUIOMHBIA MEPUOM) CO-
OTBETCTBEHHO.

Moenbs THIIOKCUH CO3/1aBaIU TIOMEIICHUEM
CaMOK KPBIC B yKa3aHHbIE CPOKH OEpEMEHHOCTH
B Oapokamepy, KyAa [10JaBajach CMECh I'a30B:
5% xucmopona u 95% a3zoTa ¢ ’KCHO3ULHEH
20 MuH exenHeBHO B TeueHue 7 cyT. KoHTp-
OJIbHBIE 0COOM TaKXe CoJepX ajauch B 0apo-
KaMepe B aHAJOTWYHBIE CPOKU OEPEMEHHOCTH,
HO IIpH CBOOOIHOM MOCTYIUJICHUH KHCJIOPOJa B
Bo3ayxe. IloroMcTBO, MOMy4eHHOE OT KOHTP-
OJIbHOM M OMBITHOW TPy, OBLIO HCHOIB30-
BaHO JJIsI OMOXMMHUUYECKHX ONpeNeIeHUuN 1o
JOCTH)KCHUH UM |- ¥ 3-MEeCsSYHOTO BO3pacTa.
[Ipu MoenupoOBaHUU HKCIIEPUMEHTA MBI PYKO-
BOJICTBOBAJIMCh IPUHIIMIIAMY I'yMaHHOTO 00pa-
LIEHUS C )KUBOTHBIMHU, U3JI0)KEHHBIMU B IUPEK-
tuBe EBpomneiickoro coodmiecTna.

[locne mexanmuTanuu Kpbic B yCIOBHUAX
TUIIOTEPMUU TOJIOBHOW MO3T ObLI H3BJICUEH U3
YepernHol KOpOOKH, pa3iesieH Ha COOTBETCTBY-
IOLUE CTPYKTYpbl U uiaeHtuduuuposan. U3 5
nepeOpanbHbIX CTPYKTYP — KOPBI, MO3XKEUKa,
TUMOTaNaMyca, CPeJHEro M MPOJ0JITOBATOTO
M03Ta — ObUI MPUTOTOBJIEH FTOMOTEHAT 10 001IIe-
OpUHATON MeToauke. Onpeaensyii akTUBHOCTD
rmytamuHcuHTeTasbl (K®:6.3.1.2) [11] B muTo-
XOHAPHUAIbHON QpaKIUH, TOITYYECHHONH METOIOM
nudhepeHIHaTbHOTO EHTPUPYTUPOBAHUA.

[TonydeHnHble pe3ylnbTaThl UCCIETOBAHUS
ObTM 00paboTaHbl ¢ MPUMEHEHUEM CTaTH-
CTUYECKOro MakeTa mporpamm «Statistica for
Windowsy, a taxxke «Microsoft Excel». IIpu-
MeHAnau t-kputepuid @umepa-CThOIEHTAa U
U-kputepuit ManHa- YUTHHU.

PE3VJIBTATBI U UX OBCYXKJIEHUE

AHanu3 MONy4YeHHBIX PE3yJIbTaTOB UCCIEA0BA-
HUS BIUSTHUS BHYTPUYTPOOHON THIIOKCHUU BBI-
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SIBUJI TEHJICHIIMIO CHIDKEHUS] aKTUBHOCTH TJTyTa-
MHHCHUHTETa3bl B TOJIOBHOM MO3Ty 1-MeCSUYHBIX
Kpbic. OIHAKO CTeNeHb CHM)KCHHS pa3iMyHa B
3aBUCUMOCTHU OT CTAJIUU NMPEHATAIBbHOIO OHTO-
reHes3a, Ha KOTOPOH )KUBOTHOE OBLIIO MOJBEPXKeE-
HO TMIIOKCUYECKOMY BO3JieiicTBUIO. Tak, y KpbiC,
MepEeHeCHINX TUITOKCHIO B IEpHO/ TPOTEeCTALUH
(3apoAbIIIEBHIi EPHO), OTMEUAETCSI CHIDKEHUE
9H3UMAaTHYECKONW aKTUBHOCTH B MHTOXOH/-
puanpHO (ppaknmu Kopel U Mo3kedka (20 u
17%), MeHee BBIpaXeHHOE CHIKEHHNE B CPETHEM
u npogonroBatoMm Mo3ry (10%) u coxpanenme
KOHTPOJILHOTO YPOBHSI B THIIOTanaMmyce (Tadin. ).

Bo3speiicTBue runokcuu B MEpUOJ OpraHo-
reHesa NpeHaTaJIbHOI'O0 Pa3BUTHUS MPHUBEIO K
0oJiee BBIPAKEHHOMY IaJCHHUIO YPOBHS IIyTa-
MHUHCHUHTETa3HONH aKTUBHOCTH B I'OJIOBHOM MO3TY
KpbIC. Y CTaHOBJIEHO, YTO B CPAaBHEHHU C KOHT-
poJieM, MPOLEHT CHI)KEHUSI aKTUBHOCTH B MHUTO-
XOHJPHUAX KOPbI U MO3KEUKa COCTABIISAET OKOJIO
40%, runortanamyca u cpensero mosra — 30%, B
MIPOAOATOBATOM MO3TY — 27%. ¥ 3THX KPBIC BBISIB-
JIEHA BBICOKAsl 4yBCTBUTEIBHOCTH KOPBI M MO3KEY-
Ka K TUTIOKCHU OTHOCUTEIIBHO JIPYTUX CTPYKTYp. B
TOJIOBHOM MO3TY KPBIC, TIOJIBEPTHYTHIX THITOKCHH
B IUIOIHOM MEPHOJI€ BHYTPUYTPOOHOTO Pa3BUTHS,
TakKe HaOJI0NAI0TCs U3MEHEHHS B aKTHBHOCTH
HCCIIelyeMOr0 3H3UMa, BbIpaKaloLluecs B ee
cHmkennn B npenenax 10-17% orHocuTenpHO
KOHTPOJBHBIX 3HAYCHHH.

B crnenyromeid cepun 3KCIEPUMEHTOB,
MPOBEJEHHONW Ha 3-MECAYHOM MOTOMCTBE, Ie-
PEKUBLIEM NPEHATaJbHYI0 TMIIOKCHIO, OBLIN

MOJYUYCHBl PE3yNbTaThl, HECKOIBKO OTIUYAIO-
myecsl OT MmokaszaTeiedl 1-MecSUYHBIX KPBICST.
VY Kkpblc, THIOKCUPOBAHHBIX B 3apOJIBIIIEBBII
MEepUo/I, COXPAHIETCS] KOHTPOJbHBIN yPOBEHB
SH3UMATHYECKOW aKTHBHOCTH B KOpe M ciabo
BBIPAKEHHOE MOBBINICHHE B OCTAIBHBIX CTPYK-
Typax mo3ra B mnpenenax 10% oTHocuTenbHO
KOHTpOJs (Tabm. 2).

BosnelicTBre THIIOKCHH HA CTAIUU OPTaHo-
reHesa BhI3BaJIO CHUIKEHUE TIOKa3aTess BO BCeX
CTPYKTypax Mo3ra: B Kope — Ha 23%, MO3KeuKe
— 27%, runotanamyce — 20%, cpemHeM H mMpo-
nmoyroBaToM Mo3ry Ha 27 u 19% coOTBETCTBEHHO
OTHOCHUTEJIBHO KOHTPOJIBHOM I'pynibl. DPdeKT
CHUXXEHHSI aKTHUBHOCTHU TIYTAMHHCHHTETA3bI
COXpaHSETCsI U Y KPBIC, MEPEHECIINX THITOKCHIO
B IIOJTHOM TIEPHO/JIe IPEHATAILHOTO OHTOTeHE3a,
OJTHAKO, B CPABHEHHH C MPEJIBIIYIINAM [IEPHOIOM,
oHO HaxoauTcs B ipeaenax 10-15% oTHoCUTEB-
HO KOHTPOJIbHBIX 3HaYCHUH.

[Tpu 06cyx)ACHUM XapaKTepa U3MCHCHUHN aK-
TUBHOCTH TTyTAMUHCUHTETA3bl B TOIOBHOM MO3-
I'y IpeHaTalbHO CTPECCUPOBAHHBIX JKHBOTHBIX
HEO0OX0IMMO OTMETHUTH cliefytoniee. B Hamem
HccleJOBAaHUM OBLIM BBIOpAaHBI TPH KpUTHYE-
CKHMX MepHroja BO3ACHCTBUS TUIIOKCUH Ha Oepe-
MEHHBIX CAMOK: MPOTECTAI[UH, OPTaHOTeHE3a U
TJIOAHBIN epro. Pe3yabTarel paboThl BBISIBUIIH
Han0oJsee BhIPAKCHHBIC N3MEHEHU ST AKTUBHOCTH
9H3MMa B FTOJIOBHOM MO3TY NPEHATAIbHO TUITOK-
CUPOBAHHBIX KPBIC, JOCTUTIIUX |-MECSIYHOTO
Bo3pacta. CieayeT OTMETUTh, YTO TOCIEACTBUS
TUIIOKCUHU B MEPUOJ OpraHoreHe3a Oojee 3Ha-

Ta0smua 1. /IluHaMuka rJyTaMHHCHHTETA3HOM AKTUBHOCTH (MKMOJIb NH3'r'1-l1'1) B MUTOXOHAPHSAX Pa3IHYHBIX
CTPYKTYP I'0JIOBHOI0 M03ra 1-MeCSYHbIX KPBIC, I0ABEPrHYTHIX THIOKCHH HA PA3JHYHBIX CTAAUAX NIPEHATAIBHOIO
oHTorenesza (M+m, n=10)

I'unokcus B NpCHATAJIbHOM OHTOI'CHE3C

CTpyKTYpBI TOJIOBHOTO

vosra KoHTpos 3apoablIeBbIN ITepuon ITnonusi
epuo opraHoreHesa Mepuos

Kopa 8,4+0,1 6,8+0,1%* 5,3+£0,1% 7,2+0,1%*
Mo3zxedok 6,5+0,1 5,4+0,1%* 4,0£0,1%* 5,4+0,1%*
T'unoranamyc 7,1£0,2 7,2+0,2 4,9+0,2%* 6,5+0,2
Cpennuii Mo3r 5,3+0,1 4,7+0,1 3,7+0,1% 4,4+0,1%*
[IpononroBaTeiii MO3T 4,4+0,2 3,9+0,2 3,2+0,2% 3,9+0,2

[Ipumeuanue. 3aeck 1 B Tads. 2 * P < 0,001; ** P < 0,01 Mo OTHOIICHUIO K KOHTPOJIIO
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Taduuua 2. /IluHaMuKa rjyTaMHHCHHTETA3HOI AaKTUBHOCTH (MKMOJIb NH_,"r‘1 u'l) B MUTOXOHAPHUSAX PA3IMUHBIX

CTPYKTYP F0J10BHOT'0 M03ra 3-MeCSIYHbIX KPbIC, IOABEPTHYTHIX THIIOKCHH

HA Pa3JUYHbIX CTAAUAX MPEHATAIBLHOI0 oHTOrene3a (M+m, n=10)

I'mnoxcus B MnpeHaTaJlbHOM OHTOI'CHE3C

CprKTyﬁZISII:ZHOBHOFO Kontpounb 3apobllieBbIid ITepuon IImoauerin
nepuon opraHoreHesa nepuon

Kopa 9,7+0,2 10,3+0,3 7,5+0,2%* 8,5+0,2
Mo3zxeuok 7,7+£0,2 8,5+£0,2 5,7+0,2%* 6,8+0,2
T'unoTamamyc 8,2+0,2 9,0+0,2 6,6+0,2%* 7,44+0,2
Cpennuii Mmo3r 6,5+0,1 7,0+0,1 4,8+0,1* 5,7+0,1
[IpononroBatsiit MO3r 5,3+£0,2 5,8+0,2 4,3+0,2%* 4,8+0,2

YUTENbHBI 110 CPABHEHUIO C MPOTECTAITMOHHOMN
U TIOJTHOM rumnokcueit. MoXHO PeinoI0KUTh,
YTO BO3/ICHCTBHUE TUITIOKCHIECKOTO CTpecca B Iie-
pHOJl MHTEHCUBHBIX MTPOIIECCOB MPONH(EpaAHH
U MUTPAIUU KIETOK (OPMUPYIOIIETOCS MO3Ta
U3MEHSIET MOP(QOCTPYKTYPHYIO OPTaHU3AIUIO U
HapymaeT OMOXMMHUYECKHE TTPOIIECCH B MO3TY,
YTO BITOCJIEACTBUY MPUBOAUT K H3MEHEHHSIM T10-
BEJICHUYECKUX peakuuid. XapaKTep NOBPEKIACHU
IIpHU OAHUX U TEX KC MATOICHHBIX BO3Z[CI>'ICTBHSIX
B 3HAYUTEIBLHOU CTENIEHHU O0YCIIOBIICH CTaIUCH
MPEeHATAIBHOTO Pa3BUTHS, YTO OCOOCHHO OT-
YETIMBO MPOSBISAETCS B TIEPUOJI OPTaHOTEHE3A.

Kak Ob1710 OTMEUEHO BBINIE, BEAYIIUM (ak-
TOPOM B MAaTOTCHE3€ HeHpoaereHepaTHBHBIX
MIPOIIECCOB B MO3TY B PE3YJIBTATE TUTIOKCUYECKUX
MOBPEXKACHUHN SBISETCS IKCAUTOTOKCUUYHOCTH
mryTamata. [ myraMuHCUHTETa3a, BBIIOIHSS POIb
CBOE0OPa3HOTO HEHPOTIPOTEKTOPA, HEUTPAITU3YET
HENPOTOKCUYHOCTh BHICOKMX KOHIIEHTPAIIUH [Ty-
TamMaTa B HOPMaJIbHBIX YCJIOBUAX IIYTEM IIPpEBpaA-
mIeHusd €ro B riyTaMHH U CBA3bIBAHWUA aMMHAKa.
Ho B ycnoBusxX rumoxcuul, KOTaa MPOUCXOMIST
CTPYKTYpHO-(QYHKIIMOHAJIPHBIC U3MEHECHHUS B
KJIETKaX W TIOBPEKJICHUE HEHPOHOB, a TaKXKe U3-
MEHEHUE IIACTUYHOCTU HEHPOHHBIX CETEH, MNIU-
aJbHBIE KJICTKH, COXPAHSSI CBOIO CIIOCOOHOCTH K
3axBaTy IIyTaMmara 3a CUeT YHEPTUH ITIUKOIH3a, HE
MOTYT IMOJTHOCTBEO HEHTPaIM30BaTh €r0 N30BITOK
13-3a CHUDKEHHOTO COJIePKAHUS Ty TaAMUHCUHTE-
Ta3bl. [losTOMY ycHiteHne SKCTIpeccuu mocienHei
B aCTPOIIUTaX CITIOCOOCTBYET 3aIIUTE HEHPOHOB OT
TOKCHYECKOT'O )Z[CI‘/'ICTBI/ISI n30BITKA rinyTtamara, 4To
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MOXHO MCIIOJIb30BaTh B JAJIbHEUIINX MOUCKAX
HOBBIX ITOJXO/IOB B JICUEHUH HEUPOIETCHEPATUB-
HBIX TPOIECCOB.

C npyroii CTOpOHBI, aKTUBAIUS TaKUX
SH3UMOB TJIyTaMaTHOTO MeTabonu3Mma, Kak
riyTaMaTlIeruiporenasa, acnapTar- 4 aja-
HUHAMUHOTpaHc(epas3a o0ecreunBaeT mepeBo/
rIyTamara B 0-KeTOTJIyTapaT — cyocTpaT and
HTK, 4T0 HOCUT KOMIIEHCATOPHO-aJalITUBHBII
XapakTep, NPENsITCTBYIOIIHNNA AadbHEHIEen
rubenu HelipoHoB [12].

Cornacuo uccienosanusam Mikheeva u
coaBT. [13], y KpbIC B MOJEJIN THIIOKCHU B
Mepuoa OpraHoTeHe3a HaOIIoAaeTCs MOBHI-
IIeHUE COAEPKAHUSI CEePOTOHUHA B CTPYK-
Typax mMo3ra. I umMeHHO Ha QoHE BBICOKOTO
ATOr0 MoKazaTeas B MO3TY 21-CyTOUHBIX KPBIC
OTMEYaINCh Hanbojee BhIPAXKEHHBIE OTKIIOHE-
HHUS B IOBEJICHUYECKUX PEAKIUAX OTHOCUTEIBHO
KOHTpOJbHOU rpynnbl. Kpome TOro, BeICOKOE
COoJlep)KaHME KaTeXOJaMHHOB B pe3yJbTaTe
cTpecca, SIBIASSACh TOKCHYHBIM, yCYTyoOuser
pa3BUTHE OKHUCIUTEIBHOTO CTpEcca, BbI3bIBAS
MOBPEXKJCHUE U/UIU TU0Eb KIETOK.

Craenyer OTMETUTh MPSIMYIO KOPPEISLUIO
MEXAYy HapyLIEHHEM MOBEICHUYECKUX PEaKLUi
U OTKJIOHCHHMSIMHU B KOTHHUTHUBHBIX (QYHKIIHAX C
M3MCHCHUSMH OMOXMMHUYECKUX XapaKTEPUCTUK
opraHu3Ma, MEpPeHecHIero NpeHaTalbHYIo
runokcuto. CiaencTBUEM SIBISIETCS M3MEHEHHUE
MOpPohYHKIINOHAIBPHOW OpPTaHU3AIUH IEHT-
pajJbHOW HEPBHOW CUCTEMBI, BhI3BIBAEMOE
HapylIeHUEM TMPOILECCOB MpoJudepanuu u
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MUTpali HEHpoOIaCTOB TEX OTIEIOB MO3Ta,
KOTOpBIC 3aKJIAJBIBAIOTCS BO BpEeMs JCHCTBUS
naToJOru4eckoro (axkropa.

PesynbraTe! Hamrel paboTHI CBUACTEIBCTBY-
0T, YTO KaXKABIH MePUOJ IPEHATAIBHOTO OHTO-
reHe3a XxapakTepu3yeTcsi OOLUMMU U CIelU-
(uYecKUMHU YepTaMu OTBETHBIX pEakIuil Ha
TUIMIOKCHYECKOe BOo3/elicTBUe. BiusiHue rumok-
CHH B 3apOJIBIIIEBBIN IEPHO BHYTPHYTPOOHOTO
Pa3BHUTHS MOXKET OBITh HE3HAUUTEIHHBIM B CBSI-
3M C OTCYTCTBHEM aJ€KBAaTHBIX ()ePMEHTHBIX
CHCTEM, YTO MOYXET MPHUBECTH K HEOOJbIIUM
OMOXMMHUYECKHM OTKJIOHEHHSIM B T'OJIOBHOM
Mo3re (HeOONBIIONH MPOUEHT NaJeHUs aKTHB-
HOCTH TJIyTAMHUHCHUHTETa3bl) MJIH K paHHEH
rubenu u pezopOuum 3aposapima. Ha OGomee
MO3IHUX CPOKaX NMPEHATalIbHOTO Pa3BUTHSI
MJI0JI MEHEE BOCIIPUUMYHB K MOBPEXKIAIOIINM
¢dakTopaMm, MOATOMY HaOIIOJaEMble HAMHU H3-
MEHEHHSI aKTUBHOCTH TJIyTaMHHCHHTETA3bl B
INPOIEHTHOM COOTHOMIICHUH TAKXKe HHXKE IO
CPaBHEHHIO C THIOKCHPOBAHHBIMU B IIEPHO]
OpraHoreHe3a >KMBOTHBIMH.

PestoMupys BBINIEH3IIOKEHHOE, MOKHO 3a-
KITIOUHTh, YTO OTBETHAS PEAKIUSI CTPYKTYP T'OJIOB-
HOTO MO3Ta Ha THTIOKCUYECKOE BO3IEHCTBHE MPO-
SIBJISIETCS. B PA3JIMYHON CTEIIEHU BBIPAKCHHOCTH
U3MEHEHUH aKTHBHOCTH HCCIEIYeMOro (hepMeH-
Ta, 9TO 00yCcIIOBIEHO MOP()OPYHKITNOHATHEHEIMA
0COOCHHOCTSIMH CTPYKTYP, INIOTHOCTHIO TITyTaMa-
TEPrUYEeCKUX HEHPOHOB, TNIACTUYHOCTHIO MO3Ta,
a TaKXKe CBA3aHO C KPUTUYCCKUMH MEePHOAaMHU
NpeHaTaJIbHOrO OHTOTCHE3a, Ha Ka)JIOM U3 KOTO-
PBIX BCE DIIEMEHTH HEPBHON CHCTEMBI IIPOXOIST
CBOM 3TAallbl MOBHIIICHHOW YyBCTBUTEILHOCTH U
BOCTIPUMMYHBOCTH K TIOBPEIKTAIONIHM (DaKTOpaM.

V.R. Khairova, MLI. Safarov

DYNAMICS OF GLUTAMINE SYNTHASE
ACTIVITY IN RAT BRAIN IN PRENATAL
HYPOXIA MODEL

Prenatal ontogenesis is a period of high sensitivity to stressful
impact, so any stressor can lead to changes of physiological,
biochemical indicators, behavioral and cognitive functions.
The most common and clinically significant stress factor,
which the embryo may be exposed during embryonic
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development, is hypoxia. In this case pathological changes in
the central nervous system depend on the duration and severity
of hypoxic exposure, individual tolerance and the stage of
prenatal development, at each of which in the brain take place
the basic histogenetic processes. By activating energetically
disadvantageous anaerobic glycolysis hypoxia leads to excess
of glutamate emission and cell apoptosis. Glutamine synthase
is a basic enzyme that regulates metabolism of glutamate,
catalyzing conversion of glutamate to glutamine with ammonia
detoxification. The aim of the presented work was to reveal
changes in the activity of one of the key enzyme of glutamate
metabolism— glutamine synthetase - in the brain of offspring of
white rats undergone to hypoxia at different stages of prenatal
ontogenesis. Hypoxia was created by placing female rats at
stages of the pregnancy, corresponding to progestation period
of organogenesis and fetal period of prenatal development,
in the hypobaric chamber with exposure to 5% oxygen and
95% nitrogen gas mixture during 30 minutes per day. The
offspring obtained from females of control and experimental
groups were used for biochemical determinations in the age
of 1 and 3month. It has been established that hypoxia exposed
to pregnant females during embryonic organogenesis causes
significant changes in enzyme activity, particularly pronounced
in the cerebral cortex and cerebellum, as compared with
progestational and fetal hypoxia. Enzyme activity decreased
in a greater degree in one-month-old rats undergone to prenatal
hypoxia, than three- month-old animals.

Thus, stress during intensive processes of proliferation and
migration of cells of the forming brain violates glutamate
metabolism of the brain.

Key words: glutamine synthetase; prenatal hypoxia; brain;
ontogenesis.

Institute of Physiology, Azerbaijan National Academy of
Science, Baku
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DYyHKIIOHYBAHHA NMPOTEIHA3 Y CJAU30BiM 000JI0HIII
CTPABOXOAY MICJIA XiMIiYHUX OIIKiB

T.B. Imyk, O.M. CaBuyk., f/I.b. Paeubka, B.B. Bepemaka, JI.I. Ocramuenko

HHI] «Incmumym 6ionoziiy Kuiscbkoco nayionanvnoeo yHieepcumemy im. Tapaca Illeguenxa,

e-mail: tanuka - 05@ukr.net

Jocnioacysanu akmuguicms npomeorimudnHux epmenmis, yuacmo memaionpomeinas (MMII) ma ix
mranunnux ineioimopis (TIMII) 3a pozeumxy nyscno2o oniky cmpagoxody 1-eo ma 2-eo cmynens. Busg-
neHo niosuwenus emicny TIMII y comocenamax cmpagoxody nicisi onikogoi mpaemu (v cepeoHbomy Ha
31-56% 3anexcno 6i0 cmynens onixy). Ilokazano 3HudiceHHs: GKMUBHOCMI CEPUHOBUX NPOMEIHA3 3a YMO8
oniky 1-eo cmynens Ha 15-my, 21-uty 006y Ha 35 ma 18% eionosiono, a 2-eo cmynens — na 54 ma 50%.
Bemanoeneno suuoicennss MMIT npu onixy 1-eo cmynens na 15-my ma 2 1-uty 000y na 30, 19% 6ionogiono,
3a YMO8 XiMiuH020 OniKy 2-20 cmynens Ha 15-my ma 21-uy 006y na — 30 i 37%. Ompumani pesyromamu
6KA3YI0Mb HA PO3GUMOK PYOYEBUX 3MIH 30 YMOG JVICHO20 ONIKY cmpagoxody. Ilooanvue docnioicenns
yuacmi MMIT ma TIMII y npoyeci 3a20€HHA paH, € NepCReKmMuUSHUM NPU CMEOPeHHI eeKmusHUx nioxooie
07151 NPOINAKMUKU YMBOPEHHS NICISIONIKOBUX pYOYI8 Cmpagoxody.

Knrouosi crosa: iyscHuil onix cmpagoxooy, Memaionpomeinaszu, MKAHUHHI iH2i0imopu Memaionpomeinas.

BCTYII

3a nanuMu BcecBiTHBOI opranizamii 0XOpoHH
300POB’S BiJ3HAYAETHCS cTablIbHE 3POCTAHHS
qrciia XIMIYHUX OMiKiB CTPaBOXOAY, 110 KOPEIIIOE
31 301IBIIEHHSAM KiJTBKOCTI MOPIBHSHO JOCTYT-
HHUX TEXHIYHHUX 1 MOOYTOBUX arpeCUBHUX PiIHH
[1]. 3rigHO 31 CTATUCTHKOIO OCHOBHOIO TPYIIOIO
pusuky € nitu Big 1 no 3 poxis [2].

Jlo paHHIX HACJiJAKIB XiIMiYHHUX OMIiKiB
CTPaBOXOAY HajexaTb HaOpsK roprasi, eK30-
TepMIYHUH MOK, KpoBOTeua, HeKpo3H [3]. [IpoTe
OCHOBHHUM pE€3YyJbTaTOM OHNIKOBUX ypPaXX€Hb €
dbopmyBaHHs pyO1iB. Po3BHTOK paHHIX pyOIle-
BHX 3MIH MOYMHAETHCS BXKE 3 3-TO THIKHS MicCIs
omnikoBoi TpaBmu [4]. Jlume B 30% Bunankis
3arO€HHS ypa)KeHHS Miciis XIMIYHOTO OMiKY Bia-
OyBaeThcs Oe3 pyOIeBUX YTBOPEHbB, BiATOBITHO,
y 70% marieHTiB GOpMYyIOThCS CTIHKI pyoi [5].
[IprunHOIO PO3BHUTKY pyOLIEBUX 3MiH CIM30BOI
HNUTYHKOBO-KHIIKOBOTO TPaKTy € TpUBaje Ta
HaJMipHE HAaKOMHWYEHHS MAaTPUKCHUX KOMIIO-
HeHTiB. Tak, ¢popmyBanua ¢i6po3y (pyOuis)
CYNPOBOIKYETHCSI HAKOIIMYCHHSM KOJIareHy Ta

MOp(}OJIOTITHUMHY 3MiHAMU TKAaHWHH, IO TIPU3-
BOJUTH J0 TIOPYIICHHS 0alaHCy MIX TIPOIecCaMu
CUHTE3y Ta Aerpajallii KOMIIOHEHTIiB eKCTpalle-
monsgpaoro marpukcy (ELIM). Hapasi Binmomo,
10 YTBOPEHHS PyOIiB CIPUYNHEHO HAAMIPHUM
CHUHTE30M KOJIareHy Ta 3MiHOIO CIiBBiJHOIIEH-
Hs1 MeTtajonpoteinas (MMII) Ta ix TKaHUHHUX
inrioitopis (TIMII) [6].

VY nuHamiii 3aro€HHs IMICISAOMIKOBUX ypa-
KEHb KIITHHAMH CEKPETYIOThCS, aKTUBYIOThHCS
Ta QyHKIIOHYIOTH pizHi MMII. 3a3HayeHi eH-
3UMH JIOKAJII3yIOThCS B IIEBHUX 30HAX paH, a iX
aKTUBAIlis TIPUIIagae Ha Pi3HI MEPioaN POIeCcy
3aroeHHs [7]. He3Baxarounm Ha BaXXJIHUBY POJIb,
sky MMII BimirpaioTe y pemMonenoBaHHI Mo-
3aKJIITUHHOTO MaTPHUKCY, AOCIIKEHb, IPUCBS-
YEeHUX BHUBYCHHIO MPOTECONITUYHOT aKTUBHOCTI
OPOTATOM MEPLINX TPHOX THXKHIB (200 paHHIX
pYOLIEBUX 3MiH) MiCISAONIKOBUX PaH CTPABOXOIY
HepocTaTHhO. HaykoBi mpaui 3 miei mpoOnemaTu-
KU, B OCHOBHOMY, 30CEPEKCHI Ha J10CJIiJKEHI
abo nepHux MMII, a6o ix iHri6iTOpPiB TOOTO, HE
3aBXKIU KOMIUICKCHI [8].
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MeToro Hamoi poGoTu Oylo BU3HAUYCHHS 3a-
raJIbHOT aKTUBHOCTI IPOTEONITHYHUX (PEPMEHTIB
ta posi MMII y 3aro€HHi miclIOMiKOBUX paH 3a
YMOB PO3BHTKY JIY’)KHOTO OTIKY CTPaBOXoxy 1-ro
Ta 2-TO CTyTICHS.

METOJIUKA

VY nmociimax BHKOPUCTOBYBaJIW O1TUX HETiHiH-
HUX CcTaTeBOHE3pinux mypiB (1-MiCIIYHUX)
Macow 90—110r (BiamoBinamTh 3-4-pidHOMY
BiKy AiTeil) 13 JOTpUMaHHIM 3arajbHUX €THY-
HUX TPUHIUINIB €KCIICPUMEHTIB Ha TBapUHAaX,
yxBanieHuXx llepmm HallioHAaTbHIM KOHT'PECOM
VYkpainu 3 6ioetuku (Bepecers 2001 p.), iHmUX
MIDXKHApOJAHUX YTOJ 1 HaliOHAJIbHOTO 3aKOHO-
JnaBcTBa B Wil rany3i. TBapuH yTpuUMyBallu
Ha CTaHJapTHOMY pallioHi BiBapilo. IM ekcre-
PUMEHTAJIbHO MOJICJIFOBATIN OMIK CTPaBOXOIY
pozannoM NaOH (10 i 20%) [9]. I'omorenatu
CTPaBOXOMY IJIS MOCIHIDKCHHS BigOWpalw Ha
1,7,15 ta 21-mry mo0y, sIKi BiAMOBINAIOTH CTAisIM
OMiKOBOT XBOPOOU. MeTo/10M BUBEICHHS TBApHH
13 mocniny Oyna uepBikaiabHa AUCIOKALIs.

Enexktpodope3 eH3MMOM NPOBOAMUIU Y
12%-My momiakpwiaMigHOMY reii , sikuil OyB
3amosriMepu30oBaHuii 3 1 Mmr/Mi skenmaruny. [Tics
enexTpodope3y noaenmicyibdar HaTpito BUAA-
JISUTA 3 TEITI0 IPOMUBAHHSM Y 2,5%-My po34nHi
tputony X-100. ITotim renp 3amumanu B 0,05
monb/n tpic-HCI-0ydepi (pH 7,4) ynpomosx
12 ron. I'enp 3abapBiroBain 3a JOMOMOTOO
Coomassi R-250 ta igenTudikyBaium 30HU
MPOTEONITHIHOI aKTUBHOCTI 3a IOJIOKCHHSIM
He3abapBieHux misim [10].

3aralbHy aKTHBHICTh MpoTeiHa3 y 3pa3kax
aHaJII3yBalld 32 BU3HAUCHHSIM Ka3eTHOMITHYHOI
aKTHBHOCTI 3 HACTYITHUMH Moudikamissmu. s
CEIIEKTUBHOTO JOCTiKeHHs akTuBHOCTI MMII
1 CepMHOBUX MPOTEiHA3 MO0 peakuiiHol cyMmimti
(xiHIeBa KoHIeHTpallis) goaaanu 0,2 MOJb/J
eruieHaiaminTerpaanerar Harpito (EJITA) a6o
0,2 monbp/a peHinMeTHICYTB(OHINT QIryopusy
(OMCD) Binmoimno [11].

Bwmict TIMII-1 ta MMII-1, MMII-2 Bus-
HadaJIl METOAOM iMYHO(MEPMEHTHOTO aHalli3y
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[12]. SIx aHTUTEeH IPU [LOMY BUKOPUCTOBYBAJIHU
comto0ini3oBaHni O1IKOBUI MaTepial TOMOTeHa-
Ty CTPaBOXOAY LIYPiB, PO3BEACHHUM 10 KOHI[ECHT-
parmii 6imka 10 MKr/mi 3a tormomMoroto 50 MoJb/1
tpic-HCIl-6ydepa (pH 7,4). HocaimxyBaHi
3pazku 00’ emoM 100 MkJ iHKYOyBasu B 96-nyH-
KOBOMY IuTaHIeTi npotsirom Houi nipu 4°C. Ilix
4yac JOCHTiAKEeHHs Oylu BUKOPUCTaHI NEPBUHHI
noJTikJIoHanbHi anTutina («Santa Cruzy, CILA),
BTOPUHHI aHTHUTIJa, KOH IOTOBAaHOHI 3 MTEPOKCH-
nazoro xpoHy («Bio-Rady», CIIIA) ta cybcTpar
o-QeHineHiaMid nepekucy BojHIO («Sigmay,
CIIA). BumiproBaHHS IPOBOAMIIN NP JOBKUHI
xBuIIi 492 HM.

Craructuuny oOpoOKy OTpUMaHUX Pe3yib-
TaTiB 3A1HCHIOBAJIH 3 BUKOPUCTAHHSIM NIPOTrpamMu
OriginLab 8.0. Ta TotalLab 2.01. 3Miau mokas-
HUKIB BBa)kastu Biporiguumu mpu P < 0,05.

PE3YJbTATHU TA IX OBTOBOPEHHS

3aro€HHs MICISAOMIKOBUX PaH € AUHAMIYHUM
MPOIECOM 1 MOTpedye OanaHCcy Mik MeXxaHi3ma-
MH CHUHTE3y Ta jaerpajailii komnoneHtis EI[M.
Moro MoXHa pO3IiIUTH HA TPH OCHOBHI €TAIIN:
3ananeHHs, GopMyBaHHS HOBOi TKAHWHH (peerri-
Taji3alis) Ta peMOICITIOBAHHS MIKXKIITHHHOTO
Marpukcy. [Iporeomitnuna aerpanamis ELIM e
OJIHMM 3 KJIFOYOBUX €TalliB 3arO€HHS OTIKOBHX
ypaxkeHb (TakuX, K Jerpajalisi MaTpUKCY,
aHTioreHes, Mirpauis KepaTHHOLUTIB 1 peMoJie-
JIOBAHHS MO3aKIITUHHOTO MaTPHUKCY) Ta 3a0e3-
MIEYyETHCS IPOTEOTITHIHUME pepmerTamu [ 13].

Hamu Oyio BU3HAYEHO 3aralibHY MPOTEOITI-
THYHY aKTHBHICTH TOMOTEHATy CTPaBOXOJy 3a
YMOB MOJICTIOBAHHSI JIY)KHOTO OITiKYy CTPaBOXO-
ay (puc. 1). Tak, na l-my 100y eKCIEpUMEHTY
MOKa3aHO IiJABUINEHHS aKTUBHOCTI MpoOTe-
OJIITHYHUX (PEPMETiB 32 YMOB PO3BHUTKY 1-TO Ta
2-to ctymneHs omniky Ha 11 ta 13% BigmoBigHoO.
[ligBUIIEHHS aKTUBHOCTI MPOTEONITHUYHHX
¢depmenTiB Ha 1-my 100y 3yMOBJIEHO MOIIKOJI-
KEHHSIM KJIITHH JYTOM 1 CIIpHUsi€ Ji3UCY HEKPO-
TU30BAaHUX TKAaHWH JJI OYHMIIEHHS OMiKOBOI
panu. OTpuMaHi pe3yiabTaTH Y3TOMKYIOTHCS 3
MaHUMH BITYU3HSHHUX 1 3aKOPIOHHUX JOCIiI-

ISSN 0201-8489 @ision. scypu., 2015, T. 61, Ne 5



T.B. Imyk, O.M. CaBuyk., S.b. Paeupka, B.B. Bepemaka, JI.I. Octanuenko

HUKiB [14,15]. 3a yMOB MO/IeJIFOBaHHSI JTy>KHOTO
omiky 1-ro crynens Ha 7-my, 15-ty ta 21-my
00y aKTUBHICTH MPOTEONITUYHHX (EPMEHTIB
3HWKyBanacs Ha 23, 14 ta 30% BigmoBinHO,
2-to ctynens — Ha 50 Ta 42% na 15-Ty Ta 21-
mry 100y BiIIMOBITHO.

Jlo ocHOBHUX MpOTeiHa3, siKi 6epyTh y4acTb
y IIpoLeci peMOIeTI0BaHHS MiCASOMIKOBUX PaH,
Hanexxarb cepuHoBi Ta MMII. Hamu Oyno Bu3-
Ha4YeHO aKTUBHICTh MPOTEONITHIHNX ()EPMEHTIB
3a HasABHOCTI 3a3HAa4eHUX 1HTIOITOPIB (pHC.2).
[Ipu po3BUTKY XiMiYHOTO OmiKy 1-ro Ta 2-ro
cTyrneHs Ha 1-ury 100y aktuBHicTh MMII minBH-
mryBasiach Ha 151 17%, na 15-ty Ta 21-mry no0y
BinOyBanock 3HMxkeHHs Ha 30, 19% 1Ha 30, 37%
BiAMOBITHO. AKTUBHICTb CEpHHOBUX MpOTETHA3
micJIsT MOIETIOBAaHHS OMiKYy cTpaBoxony l-ro
CTyIICHS MiABUITyBasacs Ha 1-mry o0y Ha 30%,
Ha 15-Ty, 21-mry 3HmkyBanacs Ha 35 Ta 18% Bin-
MOBigHO. Y pa3i OMiKy 2-T0 CTyNeHs aKTUBHICTb
nigBuiryBajiacs Ha |-y 100y na 38%, na 15-ty,
21-mry — 3umkyBanacda Ha 54 ta 50%.

Taxum 9MHOM, JTy>)KHHM OITIK CTPaBOXomy 1-ro
Ta 2-ro CTYIEHSI CyIPOBOJIKYBABCS 3HIKEHHIM
3arajibHOi MPOTEOTITUYHOI aKTUBHOCTI, B TOMY
yucii aktuBHOcTi MMII 1 ceprHOBUX mpoTeinas.
Omik 2-ro cTymeHsl xapakTepu3yBaBcsl OiJIbI
CYTTEBHUM 3MiHAMH AOCITIIKYBaHUX (DEpMEHTIB.
Crin 3a3HauNTH, [0 pemHaparmiiiai mpomecu 3a
YMOB OIKYy CTpaBOXO1y mounHatoThes 3 10-15-

%

140
120 | 1z
100{
80 |
60 |
40 {

20 1

0

i 100u, TOMYy 3HM)KEHHSI aKTHBHOCTI OCHOBHUX
MPOTEONITHYHUX (DEPMEHTIB, SIKi OepyTh yuacTb
y pemoaentoBanHi ELIM, MOXyTh MpU3BOAUTH
70 HaJAMIpHOTO PYyOIFOBaHHS OIMIKOBOI paHH
IICJIS OITIKY CTPABOXOMY 2-TO CTYIICHS.

Oyukuionysanass MMII npu HopManbHUX
Ta MATOJOTIYHUX 3arO€HHSX paH aKTUBHO J0-
caipxyerbes [16, 17]. Pazom 3 um Hegocrat-
HbO EKCIICPUMEHTAJIBHUX Ta KIIHIYHUX AaHUX
ctocoBHO poiii MMII y 3aro€eHHi micas0MiKOBHX
paH caMe CTpaBOXO.y.

Hamu Oyno Busnaueno Bmict MMII-1 Ta
MMII-2 y roMoreHari ciau30B0i 000JOHKH CTpa-
BOXOAY LIYpiB Mic/s MOAEIIOBAHHS JY>KHOTO
omiky 1-ro Ta 2-ro crynens (puc.3). Bvictr MMII-
1 3pocTaB IPOTATOM yCbOTO EKCIIEPUMEHTY, MaK-
CUMaJIbHE I IBUINICHHS CIIOCTepiragocs Ha 1-mry
no0y mpu omiky 1-ro Ta 2-ro crymneHs Ha 287 Tta
217% BiAMOBITHO MOPIBHSHO 3 KOHTPOJIbHUMH
3HaueHHsIMH. Bmict MMII-2 y romorenarax
CTPaBOXO/Y BipOTigHO minBUIIyBaBcsa. Tak, 3a
YMOB JIYXKHOTO OITIKY 1-TO CTymneHs BiH MiABUIILY-
BaBcs Ha |-y Ta 21-mry mo6y Ha 108 Ta 105%
BIJIMIOBI/THO, TIPH OTIKY 2-T0 cTyneHs —Ha 163 ta
153%. Cizi 3a3Ha4KTH, 1110 32 YMOB MOJICITFOBAHHS
JY’KHOTO OIiKYy CTPABOXONy 2-TO CTYIIEHS, BMICT
MMII-2 6yB BUIIMM HPOTSATOM BCHOTO JIOCHiN-
KCHHS, IOPIBHSHO 3 OIKOM 1-TO cTymeHs.

[Ticms TpaMu MMII-1 cuHTE3y€ETHCS Oa-
3aJIBHUMH KePaTUHOIUTAMHU JTUCTAIBHHUX JI1JIS-

S\

KOHTpPOIb 1-wa poba

- . DN
7-ma poba  15-ta goba

21-wa poba

Puc. 1. 3aransHa MpoTeoiTHYHA aKTUBHICTH TOMOTEHATY CTPABOXOLY 32 YMOB €KCIICPHMEHTAIFHOTO MOJIEIIIOBAHHS JIy>KHOTO
omiky 1-ro (1) Ta 2-ro (2) crynens. * P<0,05 BiZTHOCHO KOHTPOIIIO
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1-wa poba 7-ma goba 15-ta poba 21-wa poba

1-wa poba 7-ma goba 15-ta poba 21-wa poba

Puc. 2. AxtuBHicTh cepuHoBuX npoteinas (1) Ta meranonporeinas (II) romoreHary cTpaBoxony 3a yMOB €KCIEPHMEHTAIBHOTO

MOJIETTFOBAHHS JTY>KHOTO OMiKy 1-ro Ta 2-ro ctynens. *P<0,05 BiTHOCHO KOHTPOIIO

CUTb BUCOKOMY PIiBHI HaBiTh 32 yMOB ITOBHOTO

3aroeHHs panu [18].

HOK emifepMicy MEeKiIbKOX THUIIIB OMIKOBHUX

ypakeHb (paHOBOi iH(QEKUiiHI paHH, XpPOHIYHI

AHaniz eH3uMOTpaMH rOMOTEHATy CTpa-

BOXOJY KOHTPOJBHHUX 3Pa3KiB i TAKUX MiCI

BHpa3Ku, micisionikosi pann) [13]. Okpim Toro,
aBTOPH OMYOIIIKYBaJIX JIaHi, [0 TTOKa3aJu y4acTh

MOJCIIIOBAHHA OHiKy 2-10 CTYIICHS BHUABHUB

MMII-2 Ta MMII-3 y 3aroeHHi IicIA0MiKO-

01k0BI Qpaxiii 3 MOJEKYIIPHUMH MacaMu
75, 72, 57, 53 ta 28 k/la. binkoBa ¢dpakiis 3

MOJIEKYJISIpHOIO Macoto 72 x/la, iMOBipHO, Bij-

Bux panax [18,19]. Bapro BkaszaTu, mo BMicCT

MMII-2 3pocrtae npotsroMm 1-2-1 gobu micns

MOIIKOKCHHsI IKipU Ta 30epiraeTbcsi Ha H0-

%
450 ~

400 A

350 A

300 A

7-ma poba 15-ta goba 21-wa goba

1-wa goba

1-wa poba 7-mapgoba  15-ta poba 21-wa poba

KOHTPOnb

Puc. 3. Bmict menonporeinasu-1 (I) Ta meranonporeinasu-2 (II) y romorenari crpaBoxoay 3a yMOB €KCIIEPHMEHTAILHOTO MO-

JIeIIFOBaHHS JIY)KHOTO OMiKy 1-ro Ta 2-ro crynens. *P<0,05 BiTHOCHO KOHTPOITIO
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noBigae MMII-2. ®paxifis 3 MOJCKYIAPHOIO
Macor 57 x/la moxe BimmoBimatu MMII-3
(ctpomeni3uH-1), sika KaTami3ye gerpanalito
0araTb0X KOMIIOHEHTIB CIOJYYHOI TKaHWHHU,
BKJIIOYAIOYHN MIPOTEOTTiKaHU, KojaareH Tumis 11,
IV, IX i X1, naminin i pidponekTun. MMII-3
CCKPETYETHCS, SIK MPOPEPMEHT 1 aKTUBYETh-
Csl B IPUPOAHUX yMOBax udepe3 0OMeKeHUU
MpPOTEO0JIi3 TKAHUHHUMH 1 MIIa3MaTUYHUMH
enponentuaaszamu [18].

binkoBa dpakiris 3 MOJEKYISIPHOIO Macolo
75 x/la, moxauBo Bignosigae MMII-8 (Takox
Bigoma, sik HeHTpodinpHa Komarenasa). Llei
(depMeHT MiCTUTBCS B cieU(ivHUX TpaHylax
noniMopdHosaepHux neiikonutie (PMNs) y
BUIIISAI HEaKTUBHOTO mpodepmenty. MMII-
8 — KJIIYOBUH (EpPMEHT MOYATKOBUX CTAIliB
nponeciB pyinyBanus ELIM, ocoGauBo mnpu
MaToJIOTIYHUX 3amajibHUX Npolecax. Benedict
Ta CHiBaBT. BCTAHOBHJIHU, IO MOTO BMIiCT B
YpaXXeHHX AiNSHKAX IIKipU MiJABUIIYETHCS HA
4-ty mo0Oy paHOBOTO MpoOIeCy OiNpIe HiK y 2
pas3u nmopiBHsHO 3 MMII-1 [20], 10 mOB’s13aHO
3 ocoOumuBOCTSIMU TIpodiniB cuaTesy MMII-8.
VY mepiri roAMHU Tics MOIIKOKCHHS IIKIpH
HEUTPO]iNU MOYMHAIOTH 1HDINBTPYBATH TKa-
HUHY PaHH, [0 TPUBAE BIPOAOBXK yciel cTajil
3amaneHHs. Sk BijioMo, i KIIITHHY MPOIYKYIOTh
YHUCIICHHI IUTOKIHU Ta O1IKOBI ()aKTOPH, Y TOMY

%
180+

160
140
120+
1001 ==
80
60
40

20

0

qucni 1 neski nporeinasu, 3okpema MMII-8
[17].

BusBnena 0inkoBa ¢paxiis 3 MOJIEKyIsIp-
HOI0 Macoto 53 k/la Mmoke BigmoBigatn MMII-
10, abo cTtpomerinasi-2, ska 3MaTHA PO3IIE-
MJIIOBATU Kinbka OiJKiB, M0 OepyTh y4acTh
Y PEMOJICJIFOBaHHI Ta 3arO€HHI paH: KOJIareH
tunis 111 1 IV, xenatun, HigoreH, TaMiHiH-1,
eJIaCTUH 1 NpOTeoTNikaHu. AKTUBHUH (dep-
MEHT 3JaTeH akTuByBatu npo-MMII-1, -7,
-8 1 -9. ®pakIrisg 3 MOJIEKYISIPHOIO Macom 28
k/la fimoBipHO BigmoBigae MMII-7, onHiel
3 HallMEHIIUX NpOTeiHa3, 10 CKIAaJa€ThCA 3
MPOJOMEHY Ta KaTaldiTH4HoTo goMeny. MMII-
7 CUHTE3yETHCS B HOPMAJbHHUX 1 CTPECOBAHUX
eImiTeiaTpbHUX KIITHHAX [7].

Hapa3si BimoMo, 1o mopymieHHs Mpormecy
3arO€HHS MICISIONIKOBUX paH (pyOIlfoBaHHS) €
MPUYMHOIO HAJMIPHOTO CHHTE3Y KOJIareny, SIKHi
CIPUYMHEHUH OuCcOaTaHCOM y CIiBBiIHOIICH-
Hi MMII ta TIMII [21]. Dietmar Ta criBaBT.
nokaszanu 30iumpmenHas excrpecii TIMII-1 Ta
TIMII-2 B rinmeprpodivuHiii pyOIeBiii TKaHWHI
micast onikiB [17]. OueBuano, TIMII Takox
Ma€ BeJIMKEe 3HAUCHHS JIJIs TATOTeHEe3y PaHOBOTO
MpoLecy.

Hamu Oynmo BH3Ha4eHO BMICT iHTi0iTOpIB
MMII, TIMII-1, B romoreHarax cTpaBOXoay
IMicJs MOJENIoBaHHS 1-ro Ta 2-TO CTymeHS

L

KOHTPOI1b

‘1-u.|a noba ‘ 7-ma noba ‘ 15-Ta noba ‘ 21-wa goba

Puc. 4. BmicT TKaHNHHUX 1HTi0iTOpIB MeTanonporeinas-1 y roMoreHari CTpaBoXoy 32 yMOB €KCIIEPHMEHTAIBLHOTO MOJICITIOBAHHS
my>kHOTO omiky 1-ro (1)ta 2-ro (2) crynmens. * P<0,05 BiqHOCHO KOHTpPOIIO
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Iy)kHOTO omiKy (puc.4). Tak, MpOTATOM yChOTO
eKCIIEPUMEHTY IIeH TOKa3HHUK BipOTiJHO 3pOCTaB
NOPiBHSIHO 3 KOHTpoJieM. HaliBuile 3HaYeHHS
crioctepiranu Ha 15-ty Ta 21-my mo0y micns
MOJIEITIOBAHHS OTIKY CTPAaBOXOIY 2-TO CTyTICHS.
3naune migBuiieHHs Bmicty TIMII-1 3a ymoB
OMiKy 2-TO CTYIEHS Ta 3HUXKCHHS aKTUBHOCTI
OpOTEONiTHYHUX (epMeHTiB Ha 21-my noly
EKCIIEPUMEHTY MOXE CBIIUUTH IPO PO3BUTOK
pyOIeBHX 3MiH.

OTxe, Ty>)KHUH OITiK CyTTPOBOIKYBABCS 3HHU-
JKEHHSIM aKTUBHOCTI MPOTCONITUIHUX (HEepMEH-
TiB roMoreHary ctpaBoxofy. [lokazaHo ydactb
MMII y 3aroeHi micnsonikoBux pad. OTpumani
pe3yiabpTaT, moao migsuineHHs BMicTy TIMII
Ta 3HWKEHHA akTuBHOCcTi MMII romorenary
CTPaBOXOAYy CBig9aTh MPO PO3BHTOK PyOIIEBUX
3MiH 32 YMOB MOJICJIFOBAHHS JYKHOTO OIIiKY
2-T0 CTyMeEHs.

T.V. Ishchuk, O. M Savchuk, Ya.B. Raetska,
V.V. Vereschaka, L.I. Ostapchenko

FUNCTIONING PROTEASES IN THE
ESOPHAGUS MUCOSA AFTER CHEMICAL
BURNS

The main result of esophagus burn is the formation of scars,
that caused by excessive synthesis of collagen and changes
the balance of metalloproteinases and their tissue inhibitors.
It was studied the activity of proteolytic enzymes, participation
of MMP (metalloproteinase) and their tissue inhibitors (TIMP)
in alkali burns of the esophagus 1%t and 2" degrees. We have
shown a significant increase of TIMP level in homogenate
after alkali burns of the esophagus (an average of 31-56%
depend on of burn degree). We observed a reduced activity
of serine proteinase after 15 degree burns on 15%, 215t day 35
and 18% respectively, after burns 2" degree on 15, 21% day
54 and 50%. The decrease of activity MMP after 1% degree
burns on 15" and 21 day 30, 19%, respectively, in conditions
of chemical burns 2" degree on 15" and 21% day 30, 37%.
These data may indicate the development of scarring after
burn simulation of 2" degree. Further investigation of the
MMP and TIMP in the process of wound healing can be useful
in creating effective approaches to prevent formation of post
scarring of the esophagus.

Keywords: caustic burns of the esophagus; matrix metal-
loproteinases; tissue inhibitor of metalloproteinases.

Educational and Scientific Centre «Institute of Biology»,
Taras Shevchenko National University of Kyiv.
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OYHKIIMOHUPOBAHUE ITPOTEUHA3 B
CJU3UCTOM OBOJIOYKE MMUIIEBOJIA
IMOCJIE XUMHNYECKOI'O OKOTA

HccnenoBaian akTUBHOCTB MPOTEONMTHYCCKUX (DEPMEHTOB,
yuactue metamonporenas (MMII) u ux TKaHEBBIX WHTHU-
ouropos (TIMII) B yciaoBusSX pa3BUTHS ILEIOYHOTO OXKOT'a
numeBona 1 u 2-ii creneHu. BeIsBIeHO MOBBILIEHUE COAEPKaA-
Hust TIMII B romorenarax nuiieBozia nocie 0K0roBoi TpaBMbl
(B cpennem Ha 31-56% B 3aBHCHMOCTH OT CTETICHH OXOTa).
IToxa3aHo CHUKEHUE aKTUBHOCTH CEPHHOBBIX MPTEUHA3 TIPU
oxore 1-it crenenn Ha 15-¢, 21-e cytku Ha 35 u 18% coot-
BETCTBEHHO, a 1pu 2-if creneny - Ha 54 u 50%. YcraHOBIEHO
cHIKeHne aktuBHOcTH MMII mpu oxore 1-if crenenn Ha
15-e u 21-e cytku Ha 30, 19% COOTBETCTBEHHO, B yCIOBUAX
pa3BuTus oxora 2-if creneHu Ha 15-e u 21-e cytku Ha 30 u
37%. IlomyueHHbIe pe3ynbTaThl yKa3bIBAIOT HA Pa3BUTHE PYO-
LIOBBIX M3MEHEHNUII TTIOCIIE MOJETUPOBAHNS 0XKOTa TUIIEBO/A.
Janbuelimee uccnenosanue yuyactus MMIT u TIMII B ipo-
Liecce 3aKUBICHUS PaH, ABISIETCS IEPCIIEKTUBHBIM B CO3/IaHUN
3¢ PEKTUBHBIX MOIXOJ0B Ul NPOPHUIAKTUKHA 0Opa30BaHMs
MOCIIE0KOTOBBIX PyOIIOB MHIIIEBOAA.

KiroueBble c0Ba: IETOYHON 0XKOT MHIIEBOAA; METAIIONPO-
TeHHAa3bl; TKAHEBbIE HHTMONTOPBI METATONPOTEHHA3.

VHI] « Ancmumym ouonozuuy, Kueécko2o HayuoHaIbHO20
ynusepcumema um. Tapaca Illesuenko.
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Jlocniooceno ennus nepepusuacmoi Hopmodapuunoi einoxcii (ITHI) canoeennozo pieus Ha dimetl, wjo
NpoACUBAIOMb HA PAOIOAKMUBHO 3a0pYyOHeHuX mepumopisax. ObcmedxceHux 6y10 NOJiNeHO Ha MPU epYynu.
37 oci6 ocnosna (I epyna — meduxamenmosHe niKyeants 32i0Ho 3 npomoxoramu i ceancu ITHI ), 35 —
nopienanus (11— meoukamenmosne nikysanus), 30— konmponvra (11— 300po6i). Bcmanosnero, wo y oimetl
6-11 poxkie ocnosHoi epynu nicis komoinoganoeo nikyeanna 3 ceancamu ITHI (10-12 % xucnio 6 azomi)
6ip02iono 30inbuuno snavenuss RMSSD na 36% y ¢ponosomy 3anuci, a'y oimeil 12-17 poxie —na 27% npu
BUKOHANHI KATHOOpmocmamuunoi npoou. [Joeedeno, o cumnamo-6azanvHutl inoexc sHusugcs na 23% y
dimeti 6-11 pokie 6IOHOCHO epynu NOPI6HAHHSA. IHOEKC HANPYHCEHHS PecyIamMOPHUX CUCMEM 3HUSUBCS )
dimetl 000X epyn, Wo ceiOUUMb NPO 3MEHUEHHS YEHMPATLHO20 KOHMYPY YIPABTIHHS CEPYEBUM PUMMOM.
Kurouosi cnosa: nepepusuacma Hopmodapuuna 2inokcis, eapiabenvHicms cepyesoco pummy, KapoioiH-
mepeanocpagiuni 2inoKCuyHi Mapkepu, KIiHoOpmocmamuita npooa,; oimu 3 padioakmueHo 3a0pyOHeHUx

mepumopitl.

BCTYII

[Ipu amanrranii 1o mepepuBIaCcTOi HOPpMOOAPUU-
HOT T1MOKCiT BaXJIMBa POJIb HAJIEKHUTh CEPIIEBO-
cynuHHIil cuctemi [ 1, 2]. BereraruBHa HepBOBa
cuctema (BHC) mpu npomy 3abe3medye HamexK-
HUH KPOBOOOIT PEryNOBaHHSIM YaCTOTH ceplie-
Bux ckopouyeHb (YCC) 1 mynbcoBOTo TUCKY KPOBi
3a IOITOMOTOI0 HEHPOTYMOPAIFHUX MEXaHI3MiB.
KomnieHcaTOpHO-TIpUCTOCYBANIBHI peakiii cep-
LEBO-CYAMHHOI CHCTEMH MAIOTh iHAUBIyalbHY
3aJeXHICTh Ta 3a0€3MeuyloTh SIK CHCTEMHY
riMOKCHYHY HEHTpaji3alilo KpoBooOiry, Tak i
BHYTPIIIHbOMO3KOBHI pPEerioHaIbHHUI PO3IOALT
KpPOBI IO HAWOJIBIIT )KUTTEBO BAKJIMBUX IICHTPIB
[3, 4].

OnHUM 3 OCHOBHUX METOJiB BHBUCHHS
MEXaHi3MiB KOHTPOJIO CEpIEBO-CyIUHHOI CH-
cremu 3 6oky BHC € anani3 BapiabenbHOCTI
cepuesoro putmy (BCP) 3a nomomororo kap-
nmiointepsanorpadii (KII') [5-7]. Ominka BCP
€ Cy4acHOI0 METOJOJOTIEI0 ISl JIOCIIJKEHHS
© JLM. Jlicyxa
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PEeryasiTOPHUX CHUCTEM OpraHizmy. UuM cuiib-
HIIIWHA BIUIMB MOJApa3sHHUKA HA OpPraHi3M, TUM
BUILUK piBEHb perynsluii 6epe yyacTb y KOM-
MEeHCATOPHO-NIPUCTOCYBAIBLHUX MeXaHi3Max.
[Ipu npoMy OinmbIn BHCOKI piBHI (BereTaTHUBHI
LEHTPH KOPH TOJOBHOTO MO3KY, JiMOiKO-Timo-
TaJlaMO-PETUKYISAPHUNA KOMILJIEKC) TallbMYIOTh
OibII HU3BKI (CUMIATUYHUH 1 HapacuMIaTUYIH1
Bigainu BHC) [8—10]. Maremaruanuii anami3
BCP nae MOXXIUBICTH IIMPOKO BUKOPUCTOBYBAaTH
WOro I MiarHOCTUKH, Tepediry,BiagaleHux
HAacJiAKIB Pi3HUX 3aXBOPIOBAHb Ta €(PEKTUB-
HocTi JikyBaHHS. CTaTUCTHYHUI aHai3 IBOTO
METOAY — CyKyIHICTbh MTOCIIIOBHUX YaCOBUX 1H-
TepBaiiB R-R 3 aBTOMarnyHuM 004MCIIOBaHHAM
TpuBanocTi. Moro mokasHUKM MpH 1iABHIICHHI
CBiUaTh MPO 3pOCTAHHS BaryCHOI aKTUBHOCTI, a
3HIKEHHS — CUMIIaTH4HO1. CrieKTpaIbHI METOAH
Ha OCHOB1 YaCOBUX 1 YACTOTHHUX XapaKTEPUCTUK
MIHJIMBOCTI ceplsl JaloTh iHQOpMaIio npo ak-
THBHICTh CHMIIATUYHOTO Ta MapacHUMIIaTHYHOTO
Bigpinie BHC, gytnuBicTe OapopenenTtopis
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CylIlMH, piBEHb METa0OIIYHOTO 3a0e3MeuCHHS
oprani3my. AHaJi3 3a baeBchkuM xapakTepusye
CTYMiHb aJanTtailii CepeBo-CyIMHHOI CUCTEMH 1
OIIHIOE aJIeKBaTHICTh MPOIECiB Perysmii.

BereraruBHe 3a0e3nedeHHs IiSIIBHOCTI —
e niarpuMaHHs BigHOCHOTO piBHs BHC, sika
PEryJIIoe JIit0 OpPraHiB i CUCTEM B yMOBAaX HaBaH-
TakeHHs1. Haiibinp iHdpopMaTuBHE 1 TOCTYyIHE
BHU3HAYEHHS [[LOTO MIOKA3HHUKA 33 KIITHOOPTOIPO-
6010 (KOII) — ekcriepuMeHTaIBLHOI PEaKIli€r0
OpraHi3My IMpH MEepexo/li i3 TOPU30HTAIBLHOIO
B BepTuKanbHe monoxeHHs [11]. IIpu mpomy
aKTUBYEThCs cuMmnarnunui Bignin BHC. [{ns 3a-
OesnedyeHHs cTiifkocTi remoguHamiky mpu KOTI
Ma€ 3Ha4YCHHS B3a€MOJIisl CEpPIIEBOTO 1 CyIMHHOTO
¢dakropis [12,13].

Binomo, mo B maroreHe3i HeiH(eKmiiHNX
3aXBOPIOBaHb HNUIYHKOBO-KHIIKOBOT'O TPaKTy
(IKT): racTpuTiB, racTpolyOACHUTIB, BUpa3-
KOBOI XBOpOOMW HUIYHKa 1 JBaHaAISTHIIATOL
KHILIKHK CYTTEBY poiib Bigirpae BHC. ¥ xBopux
3 BKazaHolo marosorieto 3a nanumu KII, mepe-
Ba)Ka€ BHUXIiJIHA BaroToHis. A NMpU MPOBEJCHHI
KOIl y 6inbIocTi peecTpy€eThes rilepcuMIaTh-
KOTOHIYHA peakTUBHiCcTh. JliTH 3 mepeBaroro
NapacUMIATUYHOI JaHKH MaloTh MOPYLICHHS 3
0OKy racTpo/Iyo/IeHaJIbHOT 30HHU. L]e osCHI0ETh-
cst Qi310JOTIYHUMU 0COOIUBOCTSAMHU OYyIOBH
BHC [9, 14-15]. Hocnimkennst BCP y nitei, mo
MEMIKAIOTh Ha PaJi0aKTHBHO 3a0pyIHEHUX TEPH-
TOPISIX Y BiAgmalieHuid micist aBapii mepion i ma-
1oTb naronorito HIKT, mpakTuuHO HE BUBYCHO.
3aXBOPIOBAHICTh TAKUX JITEH XapaKTepU3y€eThCs
KOMOPOiHICTIO. PaHHS KOpEKIlis BiJXUJICHB
BHC, o nos’s3aHa i3 HaJICETMEHTAPHUMHU Ta
CerMEHTapHUMHU TOPYUICHHSMH BETETaTHBHOT
peryJsiii, MoXe 3armobiraT po3BUTKY MaTOJIOT.

VY DOCTYNMHUX HaM JIITepaTypHHUX JHKepenax
MU H€ 3HaWlaM JaHuxX mwoao BmiuBy I[THT
canoreHHoro piBHst Ha BCP y giTeit 3 matosnorieto
IIKT, mo nmorepniyin BHACHi0K YOpHOOUIIB-
cbkoi kartactpopu. Y 3B’SI3KYy 3 UM METOIO
Hamoi po6oru Oymno BuBuuTH BuausB [ITHT
canorennoro piBHs Ha BCP y nmiTeit, mo
MPOXUBAIOTh Ha Paji0aKTHBHO 3a0pyJaHEHHX
TEPUTOPISIX.
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METO/UKA

Jirteii BikoM Big 6 10 17 pokiB, MOiJIEHO HA TPH
rpynu: I (ocHoBHA) — 37 ocib, I (mopiBHSHHS) —
35, Il (3mopoBsi) — 30. V xiteit [ Ta Il rpym Oyna
narojoris KT i Born mpoxuBanu y 2, 3 ta
4-11 30H1 3a paJIiOaKTUBHUM 3a0pyaHEHHSM [16]
Ta 3HAXOJWJIKCS Ha CTal[ioHAapHOMY JIIKyBaHHI
y AY «HanionanbHOMY HayKOBOMY II€HTpI
panianiitnoi meaquuuan HAMH VYxkpaiauy.
[Tamientu | rpynu oTpuMyBanu KoMOiHOBaHE
JNiKyBaHHS (TOOTO MEIMKaMEHTO3HE 3T1AHO 3
3aTBEPKCHUMH mpoTokojdamMu MO3 Ykpainu
npu 3axBoproBanusx KT i ceancu [1IHI), a
II rpynu — MenuKaMeHTO3HE (3T1AHO 3 MPOTO-
konamu). Jlitu 11 rpynu Ha MOMEHT 0OCTeXKEeHHS
MaJli CepeaHi 3HaYEHHS MTOKa3HUKIB (i3UIHOTO 1
CTaTeBOTO PO3BUTKY, IPOTATOM 2 MiC HE XBOPIIH
Ha TOCTpPi 3aXBOPIOBAHHS Ta MPOXHUBAIH B
«UHCTHX» I0/I0 PaJ10aKTUBHOTO 3a0pyAHEHHS
perionax, i He HaJeXaJlu 10 MOCTPaKIAIUX
BHaCHiJ0K YopHOOMIBCHKOI aBapii. 3BaXkarouu
Ha Te, IO B KOXKHY TPYITY BXOIHIH 00CTEKyBaH1
BikOM BiZ 6 10 17 poKiB, MH OKpEMO aHaJi3yBaIu
MMOKA3HUKHU Y TALIEHTIB MOJIOIIOTO IKIJILHOTO
BiKy (6 — 11 pokiB) Ta cTapIIOro MKIIEHOTO BiKY
(12 = 17 pokiB).

Amnaniz BCP npoBonuian 3a J0MOMOTOO
aBToMaTtn3zoBaHoro kommiekcy «KAPIIO+»
(TOB «HBIT «METEKOJI» Hixwun). Ilpumazg
Mae JepkaBHY peectpaiito 3a Ne 1952-2003
Big 17.07.2009 Ta cepTudikaT BiANOBIAHO-
cti Ne UA 1.003.0000031-11 Bix 05.01.2011.
OuiHroBaiu cratuctTuynui anaiiz BCP: UCC,
SDNN - cranmaptHe BiaxmwieHHs (SD) Benmnanun
Big HopMmansHuX iHTepBaniB R-R (NN) — onus 3
OCHOBHHUX MOKa3HUKIB, [0 XapaKTePHU3y€e CTaH
MEXaHi3MiB peryJsuii, 3aJeKUTh BiJ] BIUIUBY Ha
CHUHYCOBH By30J CUMIATHYHOIO 1 MapacuMIia-
tuaHoro BigAinie BHC; RMSDD — xBagpat-
HUH KOPiHB i3 CepeNHLOTO KBAAPATiB BEIUIHH
MoCIigoBHUX Tap iHTepBamiB NN — mokasye
nepeBary BIUIMBY MapacHMIIATHYHOTO BiJALIY;
pNNS50 — BigcoTok mociigoBHux iHTepBatiB NN,
Pi3HMLS MK AKUMH TiepeBuirye 50 Mc, BU3Ha4Yae
repeBary BIUIUBY MapacHMIATUYHOTO BiImimy.
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VY pasi crnekTpalbHOrO aHamidy Bupdaiau: TP —
3aranpHa MOTYXKHICTh criekTpa; HF — konuBanus
BHCOKOI 4acCTOTH — BigoOpakaloTh BaryCHUi
KOHTPOJIb cepueBoro putmy; LF — xonuBaHHs
HHU3BKOI 9aCTOTH — MalTh OapopediekTopHy
MPHUPOJY, BiTOOPaXKAIOTh 3MIHU SIK CUMIIATHYHOT
TaK 1 napacumnarudHoi akTuBHOCTI; HFn i LFn -
MOTYKHICTh KOJIMBAaHb BUCOKOI 1 HU3bKOI YaCTOTH
B HOPMaIli30BaHHUX OJIMHUIAX BianoBigHo; VLF
— mye Hn3bKi konuBaHHs; LF/HF — cummnaTo-Ba-
TaTBHUH IHIEKC — XapaKTEPHU3YE CITiBBITHOIIICHHS
CUMIMATHYHUX 1 NMapacUMIaTUYHUX BIUIMBIB Ha
put™ cepus. [IpoBonunu anani3 3a baeBchkuM:
Mo — Mojaa — 3HaueHHs R-R, gKi HaiO1IbII 4acTO
3yCTpivYaroThest; Amo — aMILTITy1a MOAM — YHCIIO
KapAiOiHTepBaliB y BiICOTKaX, X — BapiaiiiHuii
po3Mmax; IBII — iHIeKc BereTaTHBHOTO HAIIPY KEH-
us, BIIP — BererarnBuuii nokasuuk purmy; [IATIP
— MOKa3HHMK aJCKBAaTHOCTI MPOIECIB PeryJsiii;
IH — ingexc Hanpy>KeHHsI PETYISITOPHUX CUCTEM,
[TAPC — moka3HUK aKTUBHOCTI PETYIATOPHHUX
cucteM. BCP mocmimkysamu 8 KOII. 3anuc KII
MIPOBOMMJIM B TEpIIiii momoBuHI AHA. CriouaTky
JTUTHHA 1iepeOyBaia y TOPU30HTAIBLHOMY ITOJIO-
skeHHi 7-10 XB (OHOBHIA 3amHC), & TOTIM TUTHHA
MOBIUJIBHO TpHiiMana BepTUKaJIbHE 1 CTOSYH ii
obcrexxyBanu (7-10 xB). 3a pesynpraramu KOII
BHBYAJIM BETETaTUBHY PEaKTHBHICTH (CITiBBiIHO-
menus [H1/IH2) ta BereTaTuBHE 3a0€3TCUCHHS
JisUTbHOCTI. BuMmiproBasin aprepialibHUi THCK Ta
MyJbC JI0 Ta MICIs JTIKyBaHHSI.

Jns niteit [ rpynu 3acTOCOBYBalid HOPMO-
O0apu4Hy ra3oBy TIIOKCUYHY CYMIIlI, IO CKJIa-
nanacst 3 12 % xwucHo0O 1 88 % azory. [THT
MPOBOIMIN 3a MOTIOMOTOI0 IHIWBiIYyaabHOTO
amapara ripcbkoro noitpst Tuny «bopeit» Bu-
POOHUIITBA HAYKOBOTO MEIUKO-1HXKEHEPHOTO
uentpy «HOPT» HAH Vkpainu, m. Kuis. Jlns
KOKHOTO TaIlieHTa Nifg0upaiu iHIUBIAyaIbHI
pexxumu nposenenns [THT [17].

OOCTeX)EeHHS TMPOBEACHO 3 MOTPUMAHHIM
HaI[iOHAJbHUX HOPM OIOCTHKH Ta IMOJIOKECHD
Ienbcincbkoi aexnapaiii (2013) 3a mUCEMOBOO
3rofi0to 0aTHKiB XBOPUX AITEH MiCIs TOKIaJHOTO
iHpOpPMYBaHHS MPO I[iJIi, TPUBATICTH Ta MPOIIE-
Iypy AOCIIIKEHHS.
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[Ipu ananizi oTpuMaHUX pe3ylbTaTiB BH-
KOPHCTOBYBaJId METOJAU CTAaTHCTHYHOI 00p00O-
KH 3 TO3HIli1 J0Ka30Boi meauuuuu [18, 19],
nporpamu «Microsoft Exsel» Ta mporpamuoro
3abe3meuenHs «SPSS Statistics (Version 17)».
Hamu 3acTtocoBaHo MeToau mapaMeTpUyHOI i
HENapaMEeTPUYHOI CTaTUCTUKU. PO3paxoByBanu
cepeHi 3HaYeHHA MOKa3HUKiB (M), iX cTangapt-
Hy moxuOKy (m). BiporinHicTe po30ixkHOCTEH
JUTsl BEOIPOK 3 HOpMalIbHAM PO3IO/IIJIOM OIliHIO-
Basu 3a kputepiem t CteiogenTa. s Bubipoxk,
10 HE 33JI0BOJIBHSIIOTH KPUTEPii HOPMAIBHOCTI,
HaMH 3aCTOCOBAaHO HemapaMeTpU4Hi KpuTepii
Binkokcona i ManHa-YiTHi Ta paHrOBUH KOpe-
nsanidauii ananiz Crnipmana. CTaTUCTHYHO 3HA-
YyIMIIMH BBa)XKAITUCS BIAMIHHOCTI Pe3ynbTaTiB
pu P<0,05, P<0,001.

PE3YJbTATHU TA IX OBTOBOPEHHSI

[Toxazuuku BCP micis mpoBeaeHoOro TiKyBaHHS
CBITYMIIN TIPO CKJIATHICTH aJaNnTalifHuX peak-
il y 00CTeKyBaHUX Ta MaJIA Pi3HOCIPSMOBaHI
3HauYeHHs. BuxigHuil BereTaTUBHUU TOHYC
(BBT) 3a nokasuukamu KII' y miteit 6-11 pokis
I rpynu (koMOiHOBaHE JTiKyBaHHS) XapaKTepH-
3yBaBCA SK elToHiZ y 35%, BaroroHis y 59%,
CUMITaTUKOTOHIs Yy 6% Ta HaOIMIKaBCS 10 TPYIH
koHTpOIt0 40% (eiiTonist), 60% (Barotowis). Y 11
rpyni (MeAMKaMEeHTO3He JIIKyBaHHs) TaKi Xapak-
tepuctuku BBT Oynu y 20, 53, 7% BignosigHo,
KpiM TOTO peecTpyBaliacs TinepCuMITaTUKOTOHIS
y20%. Y nmirteii 12-17 poxis BBT po3noainuscs
tak: y I rpymi —y 55, 30, 10, 5% , y II —y 20,
55, 15, 10%, y III —y 53, 20, 7, 20% Biamo-
BigHO. TakuM YMHOM, y MAI[IEHTIB MOJIOJIIOTO
Ta CTapUIOro MIKiIbHOTO BiKy 3cyB BBT micns
ceanciB IIHI" O6yB y Oik elToHii i BaroToHii, a
y aiTell, o0 OTPUMYBAJHU JHUIIE CTaHJAPTHE
JKyBaHHS — BaroToHii.

[MAPC xapakrepu3sye aJanTaiito OpraHizmy
70 HaBKOJHUIOIHBOTO cepefoBuma. Ha ocHoBIi
IHIMBIAYaJIBHOTO PO3MOAINY Miciasi KOMOiHO-
BaHOTO JIiKyBaHHS y AiTe#l Big 6 mo 11 pokis
OCHOBHOI Tpymu HOpMY peectpyBanu y 35%
(1-2 6anwm), momipue HampyxeHnHs 10% (3-4

ISSN 0201-8489 @ision. scypu., 2015, T. 61, Ne 5



JLM. Jlicyxa

0anu), Bupaxene — y 10% ( 5-6 GamniB), pi3ko
BupaxeHe —y 35% (7-8 6aniB). Y rpymni nopis-
usaHHsA 47, 13, 33, 7% BianoBigHo, a y Tpyti
koHTpouo 67, 10, 17, 6%. V nite#t 12-17 pokis
—70, 15, 10, 5%, y rpyni mopisasaas — 50, 20,
15,15% BiamoBiaHO, a y IpyIi KOHTpoJ0 — 90
(mopma), 5 (momipue), 5% (pi3ko BUpaxeHe).
[Ipu pi3zko BupaxkeHomy HampyxeHHi [IAPC
BUHHUKA€E HE3aJ0BiJIbHA aJalTallis OpraHizmMy
JI0 HAaBKOJIUIITHBOTO CEPEAOBHUIIA Ta MOCTYIIOBE
BHCHAXCHHS QIalTAIliHHIX pe3epBiB. Y HAIOMY
JOCJIIJUKEHHI Juist OlabIocTi aiTed 6-11 pokis
XapaKTepHOIo OyJia Ha/UIMIIKOBa aKTUBHICTh pe-
ryasaTopHux cucteM. lle moxe OyTu 3yMOBIEHO
SIK @aHATOMO-(P1310JI0TIHUMHU 0COOIUBOCTSIMU, TaK
1 ITiIBUIIIEHHSM aKTHBaIlii CUMIIATO-aAPEHAIOBO1
Ta rinodizapHO-HATHUPHUKOBO3AJIO3HOT CHCTEM.
Otxe, y 00CTe)KyBaHUX JITEH, 110 MPOKUBAIOTH
Ha paJlioaKTHBHO 3a0pyJHEHUX TEPUTOPIsX, Mi-
CIIsl IPOBEJICHOTO JIiKyBaHHs 3 ceancamu [THI
aJlanTariiiHi peakuii (10 HAaBKOJIHMIIHBOTO Cepe-
JIOBHINA HE CSATATW KOHTPOJIBHUX 3HAYEHB, 110
MOXe OyTH TTOB’S13aHO 3 XPOHIYHUM Iepedirom
saxpoproBanss LIKT, cynmyTHboIO marosorie€ro,
MCUXO0-EMOI[IMHIM HaBaHTAXKCHHSM, IPOIECOM
HaBYaHHS Ta JII€F0 HECTIPHUITIUBUX SKOJIOTTUYHUX
¢daxTopis.

[Ticnst koMOiHOBAHOTO JiKyBaHHS, 3HAYYII
3MIHH Ta MMO3UTHBHUH BIIUB 0Y10 BCTAHOBJICHO
Ha nokasHuku BCP. Pesynbratu q0cCiaipKeHHs
nokasanu, mo y aiteit y 6-11 pokiB y cnoxoi
BiporigHo 30inpmuinucs 3HadeHHss SDNN 3
123,59+29,19 no 215,59+33,07, RMSSD 3
55,29+45,16 no 85,76+11,35, npote nepuioro He
csranu (231,27+43,98), a npyroro OyiIu BUIIH-
mu (78,0745,37) Bin koHTpONIO. [HAMBIAYaTBHI
snayeHHss YCC HopMamizyBanucs y OUIBIIOCTI
oOcrexyBaHux, a pNN50% manu TeHACHIIIO
Ilo migBUIIeHHS. [le MoXe CBiTYMTH PO 3MeH-
IMIeHHS HaNpPYXEHOCTI CUMIATHYHOI JaHKH
BHC Tta migBumieHHS aKTHBHOCTI MapacyuMIia-
tuuHoi. [Ipu opTocTaTHYHOMY HaBaHTa)KEHHI
(P<0,05) 3uu3uscs RMSSD 3 31,18+6,59 no
20,29+1,31 Ta HAONHU3UBCSA A0 T'PYNH KOHTP-
omo (21,93+1,36). TeHaeHIi1O 1O i ABUIICHHS
peectpyBain SDNN ta pNN50%. Lle nae miz-
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CTaBy CTBEPJUKYBaTH MPO 3HHIKEHHS TOHYCY
napacMMIIaTUYHOI JaHKM 1 aKTUBALII0 CHMIIA-
tiuHOi. Y miteit 12-17 pokiB 0OCHOBHOI rpymu y
¢donoBomy 3amnmci (P<0,05) smenmuBcs SDNN
3 116,60+£23,42 no 66,35+5,95 ta HaOnu3MUBCSA
no 3nadenss Il rpynum (62,67+7,77). RMSSD
MaB TEHIEHIIIO 0 migBuIneHus 3 55,00+7,23 o
70,10+9,83 1 OyB Ha 9% BHILKUM BiJ KOHTPOJIIO.
Ha ¢oni xom6inoBanoro nikyBanus pNN50%
(38,75+6,47) oyB (P<0,05) 3amxenuit Ha 17%
BITHOCHO Tpynu mopiBHIHHA (46,63+5,59) i
HaOnmxeHui 10 kKoHTpodpHOI (41,13+5,77).
[Ipu opTOoCTaTUYHOMY HABaHTa)XCHH1 CTATH-
ctuuHo 30uIpmuBcT RMSSD 3 14,05+1,80 1o
19,15+1,87 (P<0,05) Ta HaOIU3UBCS 10 3HAYCHD
III rpymu (21,40+1,83). [lokazamku SDNN Tta
PNN50% Mmanu TeHIeHIIito 0 MiABUIIEHHS a00
3HWKCHHS, MPOTE HE HAOyBaJHM CTATUCTHYHOI
3HAYYNIIOCTI BITHOCHO TpynH mopiBHsHHS. Ta-
KHM YMHOM, Y JiTel CTapuIOro MIKiIbHOTO BiKy
peecTpyBanu aktupauito o6ox maHok BHC i
3MEHIIEHHS HaIPYyXEeHOCTI Kapaiopecmiparop-
HOI CUCTEMH.

RMSSD BBakaeThCsi TIOKCUYHUM MapKe-
poM (HOPMOOAapUYHOT TIMOKCUYHOT TIMOKCIT)
i mocmimxennit y nopocnux [20-22]. Horo
NUHaMiKa BioOpa)ae CTyMmiHb aKTUBHOCTI
MpOIeCiB aBTOPErymiAIlii, mo 3a0e3meyyrTh
MATPUMKY aJeKBAaTHOTO MapIialbHOTO THUCKY
KHUCHIO y TKAaHWHAX. Y JIiTepaTypi MU HE 3HANIII-
au paHux mono BuBueHHs KIT rimokcudyHuMx
MapkepiB y IiTel, 10 MPOKHUBAIOTH HA pajaio-
aKTUBHO 3a0pyAHEHUX TEPUTOPiIAX. Y HaIIOMY
JOCITIIKeHH1 3pOCTaHHS I[HOTO MOKa3HUKA ITiCIIs
BBy ITHI y miteit 000X BikoBUX Tpym (¢o-
HOBHII 3aITHC), MOXE CBIAYUTH PO 3MEHIIEHHS
BaryCHOTo KOHTPOJIIO MioKapjaa, 3HWKEHHs Ha-
BaHTa)XECHHS HA KaplIiopecHipaTOpHY CHCTEMY
Ta e(EeKTUBHICTh MPOBEIECHOI HOPMOOAPHIHOI
rimokcii canoreHHoro piBHsA. JliTH MOIOAIIOTO
BiKy Oynu O17bIT YyTIITUBUMH 1 y HUX OyIH Kpa-
IMMH TPUCTOCYBANIBbHI peakilii cepieBo-CyanH-
Hol cucremu 10 ceancis [THT.

Sk moka3aB aHaJi3 NOKAa3HHUKIB CIIEKTPalb-
HOi oTy»HOoCTi (POHOBUH 3amuc), pe3ynbrarTu
JNOCITIJKeHHS SIKMX HaBeleHo y Tabm. 1 1 2,
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BrmB nepepuBuacToi HOpMOOAPHIHOI TINOKCIi Ha BEreTaTHBHUI roMeocTas y JiTeit

Ta6auus 1. 3mina BUXiIHUX NOKa3HUKIB BapiadeIbHOCTI cepuieBoro purmy y aireii Bix 6 10 11 pokiB 3aj1e:kH0 Bijg
MPOBeIeHOro JiKyBaHHA i3 ceaHcaMH MepepuBYacToi HOMoOapu4HOI rimokcii (M+m)

OcnoBHa rpymna (n=17)

I'pyna nopiBasHHS (n=15)

IMoka3uuk Kontponbsna

rpyna (n=15)

Jo nikyBaHHS

MMicas

KOMOIHOBAHOTO . ) .
. o nikyBanusa |Ilicnst nikyBaHHA
JiKyBaHHS 3

ceancamu ITHI

AHaJli3 CIeKTPaIbHOI OTYKHOCTI

3aranpHa MOTYXHICTh

crexTpa, Mc?

KonuBauHs
BUCOKOi 4acTOTH, Mc? 291,47451,69 402,94498,21
HM3bKOT 4acTOTH , MC? 382,93+33,78 533,94+49,63"

BHUCOKO1 4aCTOTHU

B HOPMaJIi30BaHUX 41,07+5,9 35,00+4,85
OIUHUIIX, %0

HHU3bKOI YaCTOTH B

HOPMaJTi30BaHMUX 56,87+5,73 64,18+4,8

OIMHHIIX, Yo
Jly’xe HU3BKI KOJIUBAHHS
2

9323,80+2229,79 6172,12+1673,66 8812,18+2006,69"* 5521,87+1717,19 8755,60+2427,40

374,53+61,04
375,94454,91%

321,33+50,87
552,80+49,21*

248.40+31,40
538,13+53,24

43,5345,96 39,07+5,72 31,13+4,33

55,71+6,01 59,27+5,59 66,80+4,21

7 8779,20+2246,40 3118,47+1442,67 6116,18+2072,63™ 4098,33+1289,43 6530,93+1993,67

MC
Cumnaro-BaraibHHUN
. 2,22+0,40 2,77+0,42 1,74+0,34 2,35+0,20 2,57+0,31
IHIEKC, MC
AHaJi3 3a BaeBcbkum
Mona, ¢ 0,92+0,08 0,78 £0,07 0,82+0,06 0,87+0,07 0,77+0,07
Ammutityna Mmonu, % 32,06+1,94 37,40+3,36 33,89+1,97 29,27+3,13 33,98+3,92
Bapiamiitauii po3max,c 0,80+0,10 0,52+0,09" 0,84+0,15 0,52+0,09" 0,84+0,14
[Hekc BereTaTUBHOTO . .
51,97+8,33 92,72+14,21 66,82+10,00 110,39+14,84 104,75+30,74
HanpyskeHHs, %/c?
BereraruBuuii mokasHuk N .
4 1,88+0,28 3,55+0,53 2,53+0,37 3,04+0,51 3,40+0,86
pUTMY, C
ITokxa3HUK ageKBaTHOCTI . - .
] 38,16+3,48 54,88+2,90 42,2742,36 66,91+9,70 51,10+8,90
npouecis peryismii, %/c
Inaexc HanpyxeHHs X - #
32,44+5,94 70,87+11,61 36,89+6,47 85,20+11,52 79,01+28,88

eryJIITOPHIX cHCTeM, Yo/c?
pery. P! >

[Ipumitka: TyT i B Tabs. 2 — 4

*P<0,05 — pi3HUIA TOKA3HUKIB y IPYIaX BiHOCHO KOHTPOINIO 3a KpuTepieM MauHa-YiTHi;

P<0,05 — pi3HMLI TOKAa3HUKIB 10 Ta Micis JIKyBaHHS 3a KpuTepieM BinkokcoHna;

ok

3aCTOCYBaHHS KOMOIHOBaHOTO METOLY CIIPHSIIO
TaKOX MIiJBUINCHHIO ajanTaliiiHuX peakiii ta
30anaHcyBaHHIO pobotu 000x Biaminie BHC.
Pi3HUIA MK HOKa3HUKAMHU JITEH MOJOJIIIOrO
Ta CTAaplUIOTO MIKITBHOTO BIKYy 3yYMOBJEHa 5K
aHaToOMO-(i310JIOTIYHMH 0COOTUBOCTIMU 1 aTar-
TalifHUMU peakiisiMi, KOTpi BijOyBarThCsA Ha
(OHI BIJIHOCHO HE3aKIHUEHOT0 MOP(OreHe3y Y
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P<0,05 — pi3HUIISA TOKA3HUKIB ITiCJIS JIIKYBaHHS BIJIHOCHO TPYIIH MOPIBHSAHHSA 3a KpuTepieM MaHHa - YiTHI.

mpoIeci po3BUTKY, TaK 1 aKTUBAII€I0 MiIKIPKO-
BHX HEPBOBHUX IIEHTPIB, Tinodisa, rinoragamyca,
o O0epyTh y4acTh y (hOpMYBaHHI HOBOTO TOP-
MoHajbHOTO ctany. OTxe, y pireit 6-11 pokis
Biporigne minBumeHHs TP, xonmuBanp LF Ta
TeHICHIIisA 10 3MeHmeHHs innexcy LF/HF moxe
CBIIUHUTHU MPO AKTHBAIIIO MAapaCHUMIIATUYHOTO
Bianiny BHC. Ilpu upoMmy HopMaiizanito Bere-
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Ta6auns 2. 3MiHa BUXiTHHX NOKA3HHKIB BapiaGeIbHOCTI cepueBoro purMy y aireii Bix 12 10 17 pokiB 3aj1e:KHO Bijg
MPOBE/IeHOro JiKyBaHHA i3 ceaHcaMH MepepuBYacToi HOpMoGapuuHoi rimkcii (M+m)

OcHoBHa rpyna (n=20)

I'pyna nopisasHHS (n=20)

[Moka3HUK Kontponsna .
Jlo nikyBaHHs

rpyna (n=15)

IMicas

KOMOIHOBAHOTO . . .
o nikyBanua | Ilicas mikyBaHHS

JiKyBaHHS 3

ceancamu ITHI

AHaJli3 CIeKTPaIbHOI OTYKHOCTI

3aranpHa MOTYXHICTH

crekTpa, Mc?

KonuBanus
BUCOKOT 4acTOTH, Mc? 430,474+49,12
HU3bKOT 4aCTOTH, MC> 430,20+66,39 393,85+38,58

BUCOKOI 4aCTOTHU

B HOPMaJli30BaHUX OJIU- 50,87+5,28 45,75+4,82
HUIIX, %

HHU3bKOI YaCTOTHU

B HOpMali3oBaHux oau-  57,87+10,83 49,40+4,94

HULSX, %
Jly>xe HU3BKI
KOJIMBaHHs, MC?

Cumnaro-BarajibHUI

1796,87+434,43 3676,00+1282,62"

451,15+103,53

2795,00+£730,14 5891,42+1252,73" 4488,32+1024,04

361,20£61,32"
401,95+63,95

375,32+65,43
534,84+65,37

352,11 47,32
512,95+78,51

48,35+5,85™" 40,26+5,36 41,26+6,00

57,40+5,00 58,74+5,36 56,21+5,86

954,27+401,29 3110,90+1390,45" 2014,80+732,23"" 4978,79+1259,25" 3643,05+1014,41

. 1442038 1.44203 1,75£0.34 2.1940.3 2.0940.36
iHIEeKC, MC
AmnaJis 3a baeBcbKkum
Mona, ¢ 0,89+0,05 0.71 £0,06" 0,88+0,05" 0,7240,06" 0.96:0,05™
Amityza Mo, % 38.9544.50 43,8243.04 42,6144,02 39.3144.25 34424371
Bapiamifiuu# posvax,c  0,50£0,10 0.3840,06 0.54+0,09 0.7440.13 0,65+0,12
IHﬂeKC BCIreTaTUBHOT'O
173.66557.25 1552442532 1183942211  109,65£18,10  90,09+19,69
HaTpyKeHHs, %/c?
BerertatuBani
; 4,06£0.76 3.99+0.49 3.70£0.61 3.24+0,59 2.93£0.50
MOKAa3HUK PUTMY,C
HOKa?)HI/IK aﬂeKBaTHOCTi
, 46,10+5,39 56,04+5,01 50,75+4,70 50.3547,19 39.144528
npouecis peryisiuii, %/c
I
FACKE HATIPYRCHIA 100,73£30,17  130.43+38,0  55.64+10,17"°  70.20+16,09 57.23414.32

PEryJIATOpHUX cHcTeM, %o/c?

TaTUBHOTO OallaHCy CIOCTEpIrallu y mepeBax-
HOi OimbpmrocTi oOctexxyBaHux. Y miteit 12-17
POKiB CTaTUCTHYHO 3HAYYIIl 3MiHU KOJMBAaHb
HF i HFn, samxenus VLF, Tenaenitis 10 3Hu-
skennst TP ta 30inbmenns LF/HF nae nincraBy
CTBEP/KYBAaTH IPO aKTHUBAILII0 CHMIATHYHOTO
Bigminy BHC. Ilokazaux VLF € gayrreBum in-
JIMKATOPOM YIIPABIIiHHS MEeTaOOIIYHIUMU MPOIIe-
CaM¥ Ta CBITYUTH MPO €HePToAeQIIUTHUN CTaH
oprasismy. BiH oB’si3aHuii 3 ICUXOEMOIIHHUM
HAMpYXEHHSIM 1 CTAaHOM KOPH TOJIOBHOTO MO3-
Ky, BiJoOpa)kae eproTpolnHuil BIUIMB 1 CTYyIiHb
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AKTHBALi] BUIMX BETreTaTUBHUX LEHTpiB. HMoro
BiporijiHe 301JIbIIEHHS Y IITeH MOJOIIOTO BiKy
TOBOPUTH PO TEpexia 3 MeHII e(eKTHUBHOTO
PIBHS peryisinii — ryMopaibHO-MeTa00IiYHOTO
Ha OinplI epeKTUBHUI — BereTaTUBHHUU. Y Ii-
Tel cTapimoro BiKy MOro BiporigHe 3HMKCHHS
BiTHOCHO BUXIJTHOTO PiBHS MOXE CBiTYUTHU MPO
3MEHIICHH BILUTUBY HAJICETMEHTAPHUX BiJITITIB.

Iunexc LF/HF € Takox TiMOKCUYHUM Map-
KEpoM 1 MaB Pi3HOCHPSIMOBaHI 3HAYCHHS Y
HiTel pi3HUX BiKOBHX Tpyn. Y (oHOBOMY 3a-
nuci y gite#t 6-11 pokiB TeHAEHIlisI 10 HOTO
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Tab6auns 3. 3vina noka3HHKIB BapiaGeIbHOCTI cepueBoro puTMy y aireii Bix 6 10 11 pokiB micsisi BUKOHAHHS
KJIIHOOPTOCTATHYHOI TPOOH 3aJ1eKHO Bil MPOBEIEHOr0 JiKYBaHHS i3 ceaHCcaMU MepepuBYACTOI HOPMOOAPUYHOT
rinmokcii (M£m)

OCHOBHA I’

pyna (n=17) I'pyna nopiBHsHHS (n=15)

TToka3zHuk Kontponsna .
Jlo nikyBaHHs

rpyna (n=15)

Ilicnst

KOMOIHOBAHOTO . . .
Jlo nikyBaHHs [licns nikyBaHHSA

JiKyBaHHS 3

ceancamu I[THT

AHaJli3 CIeKTPaJIbHOY MOTYKHOCTI

3aranpHa MOTYXHICTh

) 2557,47+£208,12 3360,82+1193,41

CIEKTpPa, MC
KonuBanus
225,59+20,91"
599,71+46,94

291,73+16,38
597,33+40,23

BHCOKOI 4aCTOTH, Mc>

HU3bKOT 4aCTOTH, MC>

BUCOKO 4aCTOTH B HOP- 35.00+1.48 25,82+1,43"

MaJli30BaHMX OIMHHMIIIX, %0

HHU3bKOI 4aCTOTHU B HOP- 65.2041.43 73.3541.42"

MaJTi30BaHHUX OMHHMILIX, %0

Jlyxe HU3BKI

) 1675,33+£237,87 2488,76+1211,75
KOJIUBAaHHS, MC

CumMnaro-BarajabHUI

2689,59+241,26 5773,93+2053,61 5506,93+1943,20

276,64421,53****
933,24+113,60"**

216,13+17,77*
693,40+48,82

237,33+29,30
653,67+62,00

33,2942, 51" 23,53+1,50" 26,13£1,51

68,35+1,84™ 75,40+1,49" 74,67+2,00

1619,06+£308,97 4654,93+1833,94 3559,53+1717,33

. 1,97+0,13 2,98+0,21" 2,23+0,17"* 3,35+0,25" 2,91+0,23
1HIEKC, MC
Amnaumi3 3a baeBcbKkuM
Mopa, ¢ 0,59+0,02 0,594+0,03 1,08+0,53**" 0,56+0,01 0,54+0,02
Awmrnityna moau, % 42,73+£2,99 45,64+3,39 47,09+2,41 41,10+6,37 46,71+3,58
Bapiamiitamit
0,274+0,03 0,36+0,07 0,25+0,02 0,44+0,09 0,30+0,06

po3Max,cex

IHaEeKC BereTaTUBHOIO
188,39+26,38 193,95+24,87

HanpyxKeHHs, %/c?

BereratuBauii
| 6,914+0,68 7,15+0,80
MMOKa3HUK PUTMY, C
IToka3HUK aJeKBaTHOCTI
. 67,57+8,80 85,68+9,59
poIeciB peryJsiii, %/c
Inpexc HanpyKeHHs
171,66+25,64 177,6+24,7

PEryJsTOpHIX cHCTeM, %o/

217,62+26,41 143,72+21,86 272,91+94,83

8,02+0,70 5,79+0,63 7,82+1,24
88,29+6,13 72,02+5,86 86,35+9,10
202,1£27,0 128,9+19,6 195,3+43,2

3MEHILICHHS Jla€ MiJICTaBy CTBEPIKYBATH IPO
aKTUBAIIII0 TTapaCUMIIATUYHOTO BiJAiny y Bif-
MOBiJIb HA HOPMOOAPUYHY TiNOKCII0, a y AiTel
12-17 poxiB (TeHEHIIis 10 MiABUIIEHHS) - PO
aKTHBAIIII0 CUMITATHIHOTO, X04a ii CTyniHbL OYB
Hm3pkui. [Ipu Bukonanni aktuBHOT KOII y miteit
MOJIOJIIOTO BiKy peecTpyBajH BipoOTigHE 3HH-
JKEHHS [IbOTO MOKa3HWKAa BIJIHOCHO BUXIIHOTO
PiBHS 1 TpyNH NOPIBHSHHS Ta HAOIMKEHHS 10
KOHTpoIo. Lle CBIIUNTHh MPO KOPOTKOCTPOKOBI
MPUCTOCYBAJNIBLHI peakilii, mepeBaxHo 3 OOKY
CepIIEBO-CYAUHHOT CUCTEMU. Y IITEH CTapIIoro
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mkinbHOTO Biky LF/HF iHnekc MaB TeHACHIII1O
JI0 TIJBHUINCHHS BIIHOCHO BHUXIJIHOTO PiBHS Ta
rpynu nopiBHsAHHS. BpaxoBytoun, mo e map-
Kep BimoOpakae mepexiiHi Mpolecu y MUKIL
JIEOKCHUTEHAITISI- PEOKCUTEHAITIST — TEOKCUTCHAITis
(«TimoKcig-BIAHOBIEHHA-TIMOKCIS»), TO HOTO
JUHAMIiKa Yy JiTe€Hd MOJOJIIOTO BiKYy TOBOPHUTH
PO Kpallli MIPUCTOCYBAJIbHI peakuii 3 3amydeH-
HaM 000x Bigminie BHC y BinmoBige Ha HOp-
MoOapu4Hy TiNokcito caHoreHHoro piBHs. LF/
HF MmaB xopensamiiauii 3B’ 130K 31 3SMEHIICHHSIM
mapacumnatuuaoi nanku BHC Ta aktuBariero
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Ta6uns 4. 3Mina noka3HHUKIB BapiadeIbHOCTI cepueBoro purTMy y aireii Bin 12 1o 17 pokiB mic/jisi BHKOHAHHS
KJIIHOOPTOCTATHYHOT TPOOH 3aJ1eKHO Bill MPOBeIEHOr0 JiKYBAHHS i3 ceaHCcaMH NepepuBYACTOI HOPMOOAPUYHOT
rinokcii (M£m)

rpyna (n=15) Jlo nmikyBaHHS

KonrponsHa OcHoBHa rpyna (n=17) I'pyna nopiBHsiHHS (n=15)
Micas
[Toxa3Huk KOMOiHOBaHOTO Jo mixyBaHHS

. [Ticnst nikyBaHHS
JKyBaHHS 3

ceancamu [THI

AHaJI3 CIeKTPaJbHOI MOTYKHOCTI

3aranbHa 1'[02Ty)KH10TI> 3475,67+300,50
CNIEKTpa, MC

KomuBanus
227,93+15,60

BHCOKO{ 4acTOTH, MC? 163,15+8,61"

4925,05+487,78"

3805,554452,82  5552,7+1650,5°  3226,79+299,97

236,15+13,69™ 168,89+£10,71"  205,21+18,81"

HM3BKOT 4aCTOTH ,MC2 775,07+£52,78 616,10+41,20" 932,95+96,40™" 691,63+67,57 854,57+123,20
BI/ICOKOT qaCcTOTHU B
HOPMaITi30BaHNX 22,80+1,34 21,25+1,23 19,60+1,16 21.26+1,30 22.111,91
OJUHHILIX, %0
HHU3BKO1 YaCTOTH B
HOPMAaITi30BaHNX 75,80+1,31 78,20+1,35 79.40+1,16 76,16+1,86 76,58+1,95
OUHHIIIX, %o
ﬁé’z’“e HHSBKL KOMUBANHA, 5 073 60+321,12  3289,30+537,16  2652,25+500,95  3424,37+1286,76  2190,05+338,61
Cummato-paranbiii 3,48+0,21 3,8540,24 4,35+0,36 3,72+0,34 4,13+0,49
IHIEKC, MC

Amnauri3 3a BaeBcbKkuM
Moa, ¢ 0,58+0,03 0,54+0,02 0,610,03 0,56+0,02 0,56+0,02
Awmrutityna moau, % 42,95+3,21 51,59+3,30 48,30+2,76 46,61+3,13 44,55+2,01
Bapianiiinuii posmax,c 0,26+0,01 0,25+0,03 0,26+0,04 0,32£0,06 0.24+0,02

Innexc BeretaTHBHOTO

HarnpyKeHHs, %o/c? 185,12+14,56

283,16+41,15

BereratuBHuii MOKa3HUK
purmy, ¢!

[Toka3HUK ageKBATHOCTI
MpOIIeCiB peryJsiii, %o/c

6,10+0,55 10,12+1,31*

74,78+7,89 98,87+7,36"

Innexc HanpyKeHHs
PETYIATOPHHUX CHCTEM,
%/c?

177,12+14,09 280,27+45,54

229,42+23,45 238,31+33,54 217,10+£30,44

7,94+0,69 9,40+1,24" 8,48+0,86
73,99+4,80™ 99,60+6,32" 81,90+5,90™
133,78+12,08"" 208,44+40,63 203,03+34,92

CUMNATH4YHOI (CUIBHHH HETaTHBHUM 3B’ 530K
HF (R=-0,850) i mo3utuBHuit 3 LF (R=0,619)
y miteit 6-11 pokiB; y mitet 12-17 pokiB — HF
(R=-0,716) 1 LF (R=0,951) BinmnoBiaHo).
Amnaniz nokasuukis BCP 3a baeBcbhkum
(Tabn.l) y miTeli MOJIOAUIOrO IIKiIBHOTO BiKy
micyisi KOMOIHOBaHOTO JIIKyBaHHS CBiJT4UB TIPO
3MEHIIEHHS aKTHBAIlil CHMIATHUYHOTO BiImimy.
Biporigue smenmenns [H i [TIAITP nae mincraBy
CTBEPJUKYBATH MPO 3MEHIICHHS I[[CHTPaJbHOTO
KOHTYPY YNpPaBIiHHS CEPUEBUM PUTMOM. Y Iii-
TeH CTapIloro BiKy peecTpyBaiv TCHACHIIIIO 10
aKTHBAIlll CHMIIATHYHOTO BIIJILTY Ta 3MEHIICHHS
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napacumnaruynoro. Ha ¢oni xomOiHOBaHOTO
NiKyBaHHS BiporigHo 3HU3MBCS [H (nquB. T20:1.2).
[Ipu BukonanHi aktuBHO1 KOII (Tadn. 3, 4) mi-
cJIs KOMOTHOBAHOTO METOJIY JIIKyBaHHS y JiTeH
6-11 pokiB CTaTUCTUYHO 3HAUYIIE 301TBIIMBCS
BIIHOCHO rpymnu nopiBHsHHSA Mo, 1m0 Bizo6pa-
JKae TYMOpaJIbHUN KaHall peryisiuii cepueBuM
puTMOM. [HOII MOKAa3HWUKH Malll TEeHJEHIIII0
IO TABHIICHHSI, III0 TOBOPHUTH MPO aKTHUBAIIIIO
MapacuMIaTUYHOTO BIIJIY Y TIOJOKEHHI CTO-
sun. Y giteid 12-17 pokiB BiporigHe 3HMKCHHS
[TATIP i IH nae migctaBy CTBEpAXKYBaTH IpPO
3MEHILIEHHS [ICHTPAJILHOTO KOHTYPY yIIPaBIiHHS
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CEpLEBUM PUTMOM 1 3CyB y OiK CHMIAaTHYHOI
nmanku BHC. Takum ymHOM, MOXKHaA BBaXKaTH,
10 y iTel MOJOAIIOro Biky 3 maronoriero LHKT,
SIK1 TIOCTIWHO TMPOXKMBAIOTH HA PaliOaKTUBHO 3a-
OpyIHEHUX TEPUTOPIAX, IPUCTOCYBAIbHI peak-
i1 CepLEeBO-CYAMHHOT CUCTEMHU OYJIH KpaluMH
MOPIBHSHO 3 IITHMH CTapIIOTO BiKy y BiIIIOBib
Ha HOPMOOAPHUYHY TiMOKCiF0 CAHOTEHHOTO PiBHS.
IH (donosuii 3anuc) y odcrexyBanux | rpynu
MaB KOPENSIiHHUYN 3B’ 530K 31 3MEHIICHHSIM
BILTMBY ITapacUMIIaTHIHOT HEPBOBOI CHCTEMH 3a
nokazaukamMu RMSSD (R=-0,822) ta pNN50%
(R=-0,722) y nireti 6-11pokis. Te came peectpy-
Banu iy aiter 12-17 poxkis (R=-0,684, R=-0,539
BignoBigHo). [Ipu 3menmenni [H BigmiuaBcs
nmepepos3mnonin y 0ik aBTOHOMHOTO KOHTYPY
VIIPaBIIiHHS CEPIEBUM PUTMOM y IiTedl 0060x
BIKOBHMX KaTeropii (y MOJIOAIIOrO HIKIJIBHOIO
BiKy — R=0,449 i y crapmoro — R=0,517).
[naukaropom peakuii cepLeBo-CyIuHHOI CH-
cremu Ha ceancu [THI € koedimieHT criBBigHO-
menHdg [H npu oprocrarmaHOMy HaBaHTaXEHHI

HOpMarlbHa

rinepcMmMnaTUKOTOHIYHA

I
6

JI0 CTIOKOIO, TOOTO BETeTaTHBHA PEaKTHBHICTD.
Ha ¢oHi mpoBeseHOro KOMOIHOBAaHOTO JIIKY-
BaHHsI BEreTaTUBHA PEAKTUBHICTH Yy AiTel 000X
BIKOBHX KaTeropiii HabmmM3umacs 10 KOHTPOIIO
(pucynok). I'imepcMMNaTHKOTOHIYHUN BapiaHT
BEreTaTUBHOI PEaKTHBHOCTI BijoOpakae CTy-
MiHb 3aXMCHUX MEXaHI3MiB NpH OyAb-SKHX
MaTOJIOTIYHMX BIUIMBAX, a aCUMIIATHKOTOHIY-
HUH CBIYUTH NMPO BUCHAXKCHHS CUMIIATUYHOI
naHku. OTpuMaHi pe3ylbTaTH Aal0Th MMiACTaBy
CTBEpJUKYBaTH, IO Y MepeBakHOT OINBIIOCTI
miteit 3 maronoriero LHIKT, micns ceancis ITHT,
OyJlo OCTaTHE 3aIyYeHHs] CUMIIATUYHOT JIAHKH
1 HopMaJti3alisi BereTaTUBHOT PEaKTUBHOCTI.
BereraruBue 3a0e3meueHHs IISIBHOCTI €
BAXJINBUM TTOKa3HUKOM y3TOJKYBAHOCTI pery-
JNATOPHUX CUCTEM OpTaHi3My Ta 3[aTHOCTI Ha
TPUBAIy MIATPUMKY BEreTaTUBHOT pEaKTUBHOCTI
Ha TeBHOMY piBHi. Tak, y aiteit 6-11 pokiB Ha
¢oHI KOMOIHOBAaHOTO JIIKyBaHHS HOPMaJbHUN
BapiaHT peectpyBanu y 53%, HepocTaTHe 3a0e3-
nedeHHs y 6%, naaMipue —41%. Y rpymni nopis-

acMMNaTUKOTOHIYHa
1]

3MiHa BereTatuBHOI peakTHBHOCTI (%) y niteit 6-11(a) Ta 12-17 pokiB (6) y I (ocHOBHOI rpynu — kOMOiHOBaHE JIiKYBaHHS 3
CeaHcaMu IepepuBYacToi HopMoOapuuHOi rinokcii), II (MopiBHSAHHS — MEIMKaMEHTO3HE JIIKYBaHHs) TPYII ITiCIs JIIKYBaHHS Ta

IIT — xoHTpONBHOL
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HSIHHS Ha ()OHI MEJIMKaMEHTO3HOTO JIIKyBaHHS
ui 3HaueHHs Oynu y 47, 6, 47% BianosigHo, a
y rpyni koHTpomo y 67 (Hopmanbhe), y 33 %
(magMmipHre). Y niTel cTapuioro MKiILHOTO BiKY
PO3I0/i1 3Ha4€Hb BET€TaTUBHOTO 3a0€311€UCHHS
nisnmbHOCTI — Y 50, 25, 25% BignosigHo, y rpymi
nopiBHsiHHS — 50, 10, 40%, a 'y Tpyni KOHTPOIIO
3HaYeHHs Oynu sik y mited 6-11 pokiB. Takum
YUHOM, IS IiT€d MOJIOAIIOr0 WKiIBHOTO
Biky Ha (poHI KOMOIHOBAHOTO JIiKyBaHHS OyJ0
XapakTEepHUM HaaMipHE BKJIIOUEHHS CHUMIIATO-
aJpCHAJIOBOT CHCTEMH, a y JIITeH CTapIIoro BiKy
BiJIMiuau NeBHY piBHOBary mix Jjankamu BHC.

Otxe, y AiTeH, M0 MOCTIHHO MEIIKaTh
Ha paJIloaKTUBHO 3a0pYIHEHUX TEPUTOPIsAX, HA
(¢ oHI TPOBEIEHOT0 KOMOIHOBAHOTO JIIKYyBaHHS
3 ceancamu ITHI Biporimui 3MiHH mpH aHai31
cratucTHIHUX mokasHukie BCP cBigumnum mpo
3MEHILIEHHS HANPYKEHOCTI CAMIIATUYHOT JTaHKH
y niteit 6-11 poxiB i akTHBaLil0 000X JAHOK Y
nitei 12-17 pokiB. AHaii3 cneKTpajibHOl IOTY-
KHOCTI JJa€ MiJCTaBy CTBEPI)KYBaTU NPO 3HU-
KEHHsI IapacUMIIaTUYHOI JJaHKU y 000X Ipymax.
JiTH MOJIOAIMIOTO HIKUIBHOTO BiKY BHSBHIIHNCS
OLIBII Yy TIIMBUMH 10 KOMOTHOBaHOTO JIIKYBaHHSI
1 IpUCTOCYBaJIbHI peakiii cepueBO-CyAUHHOT
CUCTEMH Y HUX OyJIM KpaluMH, 1110 HiATBEPAKYE
Mmeron 3a baeBcbkuM. Takum umHOM, AITAM 3
3axBoproBa"HaM LIIKT kpimM maroreHETHYHOTO
JiKyBaHHS (3riJJHO 3 MPOTOKOJAMH), BapTO 3a-
CTOCOBYBaTH KOMOIHOBaHE JIKyBaHHS 3 CEaHCa-
mu [THI" canoreHHoro piBHs st HOpMamizamii
BEreTaTUBHOTO AMCOanaHcy.

BUCHOBKU

1. ITicnst 3acTocyBaHHsI KOMOIHOBAHOTO JTIKyBaH-
Hsa 3 ceancamu [IHI' y mepeBakHOi OinbirocTi
IiTEeH OCHOBHOI TPYITH 3CYB BUX1JTHOTO BETCTa-
THUBHOTO TOHYCY OyB y OiK €dTOHIl i BaroToHii.

2. Y nitedt BikoM Bijg 6 10 11 poxiB micis ce-
anciB [THI" (komOiHOBaHe JiKyBaHHS) BipOTigHO
301nbIMBCA KapAioiHTepBanorpadiuHuid rinok-
cuyHuii mapkep RMSSD na 36% y doHOBOMY
3amuci 1 3HU3UBCA Ha 35% mpu BHKOHaAHHI
aktuBHOi KOII. V miteir 12-17 pokiB meit
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MoKa3HUK BiporigHo 30inemuBcs npu KOII Ha
27%.

3. Y maimieHTiB MOJIOJIIOTO IMKIJIBHOTO BiKY
micisi KOMOIHOBAHOTO JIIKYBaHHS BipOTiTHO
3am3uBcs LF va 30% BimHOCHO TpyITH OPIBHSIHHS
y cmokoi. A npu BukoHaHHI akTuBHOI KOII
30UIBIIMINCS a0coroTHI mokasuuku — HF 14%,
LF ua 30% Tta BigHocHu# noka3zHuxk HFn Ha
21,5% (BinnocHo rpymnu nopiBHsHHA). [Ipu 1po-
my ingexc LF/HF 3auzuBcs va 23%, 110 CBiqIuTh
PO 3HMKCHHS aKTHBAIii MmapacuMIaTHIHOT
JIAaHKW Ta BereTaTHBHY piBHOBary. Bin MaB xope-
JIALIUHAN 3B 130K 31 3MEHIIEHHSIM akTUBalil
napacuMIaTUYHOI JAHKH y AiTeil 000X BiIKOBUX
rpyI.

4.V niteit 6-11poxiB CTAaTHCTUYHO 3HAUYIIIE
3MeHmuBCs [H BigHOCHO rpynu MOpiBHIHHS Ha
53% 1 HaOMM3HUBCS 10 KOHTPOJIBHOT'O 3HAUCHHS,
IO CBiIYUTH MPO 3HUKCHHS IEHTPalbHO-
ro KOHTYpY yINpaBIiHHS CEpPUEBHUM PUTMOM
y ¢oHoBoMmy 3amnuci, a y giteid 12-17 pokis
3au3uBcs Ha 34% npu BukoHaHHi KOII.

5. 3acTocyBaHHS KOMOIHOBAaHOTO METONY
y aiteit 3 maronoriero HIKT, siki mocTtiliHo
MEIIKAITh Ha PaJlioaKTUBHO 3a0pyJAHEHHX
TEPUTOPISX, BUABHIIOCS OiblI e()EKTUBHUM Ta
CIPUSIIO HOpMaTi3allii BereTaTHBHOT0 OaJiaHcy,
LI0 MiATBEPKEHO OTPUMAHUMHU MOKA3HUKAMHU
BCP.

JL.M. Jlucyxa

BJUSIHUE NNPEPLIBUCTOM HOPMOBAPMU-

YECKOM T'MIIOKCHUU HA BETETATUBHBIN
TOMEOCTA3 Y JIETEM C PAJITHOIKOJIOT U-
YECKU HEBJATOINPUSTHBIX PETMOHOB

HccnenoBano BAUSHUE MPEPHIBUCTON HOpMOOapuuecKon
runokcuu (ITHI') caHoreHHOro ypoBHS Ha jAeTei, mpoxHu-
BAIOMIMX HAa PaAMOaKTHBHO 3arpsI3HEHHBIX TEPPHUTOPUSX.
O06cenoBaHbl ObUTH pa3/iesieHbl Ha TPH TPYMIbL: 37 YeIoBeK
ocHoBHas (I rpynmna-mMeankaMeHTO3HOE JICYEHUE COTIIACHO
¢ mporokonamu u ceancel [THI), 35 - cpaBuenue (II- mequ-
KameHTo3Hoe Jeuenune), 30 - kontponbHas (I - 3mopoBsIe).
YcTaHOBIIEHO, UTO y fieTel 6-11 1eT 0CHOBHOM IpyIIIBI TOCTIE
KOMOMHHpOBaHHOTO JTeueHus ¢ ceancamu [THI (10-12% kuc-
JIOpoJa B a30Te) JOCTOBEPHO 3Besinumiio 3Hadenne RMSSD na
36% B oHOBOI 3amucy, a y aereit 12-17 ner - Ha 27% npu
BBIMIOJIHEHUH KJIMHOOPTOCTAaTH4eCKOM MpoObl. JlokazaHo, 4TO
CHMIIaTO-BaraibHbIH HHAEKC CHU3MICA Ha 23% y neteit 6-11
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JIET OTHOCUTEJILHO IPYIIIBI CpaBHEHUs. MHIeKe HanpsKkeHUs
PErYJSITOPHBIX CHCTEM YMEHBIIWICS y AeTell obenx rpymm,
YTO CBUJIETEIILCTBYET 00 YMEHBILICHHH LIEHTPAILHOTO KOHTYpa
YIpaBJICHUS CEPICUHBIM PUTMOM.

KittoueBsle ciioBa: pepbIBUCTAas HOPMOOAPHIECKasi THIIOKCHS;
BapHabelIbHOCTh CEpPICUHOr0 PUTMA; KapAHOWHTEPBAIOrpa-
(huuecKre ruMOKCHYECKHE MapKephl; KIIMHOOPTOCTaTHYECKast
npo0a; JeTH ¢ PagOaKTUBHO 3arpsI3HEHHBIX TEPPUTOPHUIA.

L.M.lisukha

INFLUENCE OF INTERMITTENT
NORMOBARIC HYPOXIA ON THE VEGETA-
TIVE HOMEOSTASIS IN CHILDREN FROM
RADIOECOLOGICALLY AFFECTED
REGIONS

The effect of intermittent normobaric hypoxia (INH) of sano-
genic level on children living in radioactively contaminated
territories has been investigated. Children divided into three
groups: 37 patients were included in the main group (the 1
group — medical therapy according to the protocols and INH
sessions), 35 persons — in the comparison group (the 2" group
— medical therapy), 30 persons — in the control group (the 3™
group — healthy persons). A significant increase in RMSSD
index by 36% in phone registration was established in children
aged 6-11 years of the main group after combined treatment
with INH sessions (10-12% oxygen in nitrogen), and by 27%
under the use of orthoclinostatic test in children aged 12-17
years. A decrease of the sympathovagal index by 23 % in
children aged 6-11 years was demonstrated concerning the
group of comparison. The tension index of regulatory systems
was decreased in children of both groups, that is indicative of
the decrease in the central contour of cardiac rhythm control.
Key words: intermittent normobaric hypoxia; heart rate
variability; cardiointervalographic hypoxic markers;
orthoclinostatic test; children from radioactively contaminated
territories.

0.0. Bogomoletz Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv
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IlopyuieHHS MPO- TA AHTHOKCUAAHTHOTO 0AJIaAHCY
IPH 3aCTOCYBAHHI JOKCOPYOILIMHY Ta 00 KOpPeKIid
3a 10MOMOI0K0 KYPKYMIHY B KYJIbTYPi HCOHATAJIbHUX
KapAiOMIOUUTIB IIYPIB

0.0. Jinnuk!, T.I. Jipesuunka’, 0.0. Tonuap', C.A. Yopnuii’, 0.M. Kopaanos?,
I.M. MaHbKOBCBbKA
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BCTYII

Jlocniooiceno 6niue 0OKCopyOiyuHy Ha cucmemy MmpaHCKPUnYIiuHo20 (akmopa iHOYKOBAHO2O 2INOKCIEN
(HIF), i npo- ma anmuoKkcuoanmHuuil 6aianc HeOHAMAIbHUX KAPOIOMIOYUMIE 34 YMO8 3ACMOCYBAHHS
O0KCOPYOIYUHY ma MONCIUBICIb KOpeKYil 11020 NopyueHb KVpKyMiHoM. Buseieno, wo pieenv excnpecii
MPHK HIF-10. npu suxopucmanni 0okcopyoiyuny 6 003i 0,5 mxmonv/mn cmanosus 2,9 + 0,8 ym.00., moobmo
6iH smenuysascs Ha 20 % 6ipocioHo 8i0HOCHO KoHmponto. Pieeny excnpecii eena-miweni HIF nipysam-
oezciopoeenasu kinasu-1 (PDK-1) makooc docmosipno smenwysascs y 4 pasu. Ipu inkybayii kynemypu
HEOHAMANbHUX KapOIOMIOYUmMi 3 OOKCOPYOIYUHOM KINbKICIb HCUBUX KILTMUH BIOHOCHO KOHMPOTH) 3MeH-
wiunacs na 50,4 %, a npu cymicnuii 0ii 00KkcopyOiyuny i KypKYMIHY 8i0COMOK 302UOIUX KATMUH 3MEHUUBCS
Ha 7,7 NOPIGHAHO 3 GUKOPUCTNAHHAM auwle 0okcopybiyuny. [Joxcopydiyunosa inmoxcuxayis npuzeoound
00 3HAUHO20 NIOBUWLCHHS 6 KAPOIOMIOYUMAx 8MIiCmy aKMuGHUx npooykmie miobapoimyposoi kuciomu
(THK-AII) y 3,6 paza ma nepexucy 600uio Ha 64%. Taxodic 3HUdNCY8ANACH (PePMEHMAMUBHA AKMUBHICTIb
mapeanyesoi cynepokcuooucmymasu (Mn-COL) na 32%, npu ybomy axmuenicms Kamanazu 3pocmand Hd
72% nopisnano 3 konmponem (P<0,05). Jooasanus KypKyMiHYy 00 KIIMUHHOI KYIbmypu Kapoiomioyumis
cnpuano niosuwennro akmushocmi Mn-COL na 14%, kamanasu - na 23% . Ipu yvomy emicm TBK-AI 3pic
6 1,4 pasa nopiensano 3 xonmponem, a H,0, nidsuwuscsa na 20%. Cymicne sacmocysanns 0okcopyoiyurny
i KYPKYMIHY 3HAYHO 3HUNCYBAILO PI6EHb BLILHOPAOUKANLHUX NPOYECi6 HA 8IOMIHY 6i0 eqhekmis 000asarHs
camozo dokcopyoiyuny: eiodysanoca snudicenns emicmy TBK-AIl ma H,0, (na 56,7 ma 18,4% eionosio-
HO) npu 3meHwienHti einepaxmusayii kamanasu (na 19%) ma spocmanni akmusnocmi Mn-CO/] (na 35%).
Knrouosi croea: okucuutl cmpec, kapoiomioyumu, iHOykoeanutl cinoxcieio paxmop (HIF-1a); 0okcopy6i-
YUH, KYPKYMIH.

Miomarisi, arepockiiepos, xBopoda [lapkincona
Ta iHIII HEHpoJereHepaTHBHI 3aXBOPIOBAHHS,

[MopyieHHs! OKUCHO-BITHOBHOTO CTaHy KIIITHHH
BUKJIMKAE ITiBUIICHUI piBEHb reHepaIlii TakKux
aktTuBHUX hopm kucHio (ADK), sik nepokcunu
1 BUIbHI paguKaiu, HaAMipHE YTBOPEHHS SKHX
MPU3BOJIUTH 10 PO3BUTKY OKHCHOTO CTpECy 3
HOro MOTYXXHUM IOIIKO/KYBaJIbHUM €(EeKTOM
Ha MeTa0OoJiYHI MPOIECH, CTPYKTYPHI KOMIIO-
HEHTH KJIITHH, 30KpeMa MITOXOH/IPii Ta iX reHOM
[1,2]. Y nronwHU OKUCHUU CTpPEC € MPUUUHOIO
200 BaXIIMBOIO CKJIAJIOBOIO YaCTHHOKO Iarore-
He3y 0araThOX 3aXBOPIOBaHb, a CaMe: Kapjio-

O0OCTPYKTHBHI 3aXBOPIOBaHHS JIETeHb, J1a0eT,
OKUPIiHHS, IPUCKOPEHE CTapiHHSA TOIIO. 3aB-
NSKW BUKOPHCTAHHIO CYYaCHHX MOJICKYISIp-
HO-T€HETUYHHMX TEXHOJOIIH, cTajao BiJOMO,
110 HaJ3BMYAHO BaXKJIUBY POJb y Ipolecax
BiIBHOPAIHUKAJIbHOTO OKHCHEHHS BidirparoTh
3MiHU eKcIpecii reHiB CHCTEMH TPaHCKPHUITLIiH-
HOTO (akTopa, iHayKoBaHoro rinokcietro (HIF).
OcranHill eKCIpecyeThes B yCiX BUIAX KIIITHH,
y TOMY 9HCITi KapAiOMiOIIUTaX, Ta € TPOMOTOPOM
NeCsATKIB TeHiB, 3aJiIHUX y PEryssiii KucHe-
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BOTO TOMEOCTa3y, aHTiO0TeHe3y, EPUTPOIOEC3Y,
BHDKMBaHHS Ta 3aru0eri KaiTHHU To1o [3]. Ane
JIMIIIE HEI[OAaBHO CTaJio BigoMo, 110 HIF-1 mae
BEJIMKE 3HaYeHHS 1 B perynsamii mpoaykiii AOK
Yy MITOXOHAPIAX 3aBIAKHA PI3HUM MeEXaHi3MaM:
NpsSIMAM — peryisiis 6iorenesy ta ayrtodarii
MITOXOHJpil, mepedymoBa marepHy ekcrpecii
0inkiB cyOonuHuinp nuroxpom C okcumasu, a
TaKOX OTIOCEPEJIKOBAHUM — PETYIISIIIis eKCIpecii
nipyBaraerigporenasukinasu (PDK-1), sika goc-
(dbopunroe Ta iHAKTUBYE MipyBaTAETiApOTeHA3Y
(PDH). IurioyBannst PDH 3a nomomororo PDK-
1 3menmye nqoctaBky NADH no muxansHOrO
JIAHIFOTA 1 CTIOKMBAHHS KUCHIO Y MITOXOH/IPIsX,
TaKUM YMHOM 3a0e3Neuyr4u NPOTEKTUBHUI
MeXaHi3M IpOoTH MiABUIIeHOT mpoayKiii AOK y
MITOXOHIpisX. Ha mMiATpUMKY IIBOTO MTOT0KESHHS
MOKHA BKa3aTH Takuil (akT, 1o eMOpioHa bHI
¢i6pobmacTn Mumi, B sikux BincyTHid ren HIF-
la, TuHYTH y pe3yabpTaTi HakomumueHHs ADK,
TOMY IO B HUX HEMa€ MEXaHi3MiB 1HIYKIii
PDK-1 [4].

AXTHBaIisA BUTbHOPAINKAIHHOTO OKHCHEH-
HS € OJAHHMM 13 HPOBIJHUX MATOTeHETUYHHUX
MEXaHI3MIB YIIKOJKCHHS CEpIls aHTPaI[UKJIi-
HaMU— aHTHOIOTHMKaMH, SIKi Hapasi MIMPOKO
BHUKOPHUCTOBYIOTH IIPH JIIKyBaHHI OHKOJIOTTYHUX
3aXBOPIOBAHb SIK allONTO3-ITPOMOTYI0U1 (haKTOPH.
V 3B’S13Ky 3 PO3MOBCIOKEHICTIO OHKOJIOTIIHOT
[aToJIOril HUHI 0COOJHMBO aKTyaJlbHO IMOIEpe-
JIUTH PO3BUTOK MOOIYHOT Aii IIUX MpenapariB Ha
CepLEeBO-CYJMHHY CUCTEMY.

B excnepumeHTanbHUX poOOTaX OCTAaHHIX
pOKiB [5] moBeneHO CIIPOMOXKHICTH aHTpaIH-
KJIIHOBUX aHTHO10THKIB OoKyBatu podoTy HIF
1 IPUTHIYYBATH EKCTIPECIIO 3aJIEKHHUX Bl HHOTO
reHiB. AJie e J{y’)Ke MaJio BiJJOMO PO MOJICKY-
JIIPHO-TEHETHYHI MEXaH13MU MMOPYIIEHb IPO- Ta
AHTHOKCHUJAHTHOIO 0aaHCy KapIiOMiOIHTIB 3a
YMOB 3aCTOCYBaHHS aHTPAIMKIIHOBUX aHTHO10-
THKiB, 30KpeMa JOKCOPYOilHHY.

o crocyerbcst cTparerii KOpekuii mopy-
IIEHBb MPO- T4 AaHTUOKCUIAHTHOTO OaaHCy Kap-
JIIOMIOIIMTIB, TO 332 OCTAHHIH Yac 3HAYHO 3pociia
KiJIBKICTh Mpallb, MPUCBIYSCHUX JIOCIHIIIHKEHHIO
Il KypKyMiHy — aHTHOKCHAAHTa POCIWHHOTO
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MMOXOKEHHS. BiH € )KOBTHUM HIrMEHTOM, OT-
puMaHuM 3 KopeHiB pociuau Curcuma longa.
[ToBigommstocs, MO KYpKyMiH Ma€ MPOTEK-
THBHUN e(eKT mpu MOMKOIKEHHI MioKapja Ta
nmoromarae 30epexxeHHo QyHKIH ceps [6],
BIUIMBA€ HA aKTHUBHICTH I[UTOKIHIB, EH3UMIB Ta
TpaHCKpHUMIIHHUX (aKTOpiB, acouilioBaHUX i3
3amaneHHsM [7], 37aTHUH OJIOKyBaTH aKTUBALi IO
Ta TPAHCIOKALIFO i3 IUTOILIA3MH B SIIPO STAEPHO-
ro ¢akropa kB (NF-kB) Bracmigox mepemxoz-
JKaHHS Aerpanarii oro iaridiTopa [8,9]. Kpim
TOr0, KYpKYMiH 3MEHIYE€ TOKCUYHUU BIIJIUB
JIOKCOPYOINMHY Ha TKAaHWUHU CepIis, MEYIHKU
Ta HUPKHU 32 PaxyHOK CBOIX aHTHOKCHUAAHTHUX
Biactupoctei [10].

MeToto Hamoi poOoTH OyIO HAOCHIAUTH
3miau ekcnpecii HIF Ta fioro renis-mimenei in
Vitro 1 CTaH Mpo- Ta aHTHOKCUJAHTHOTO OalaHCy
HEOHATAJbHUX KapA1OMiOIHUTIB IPH 3aCTOCYBaH-
Hi JOKCOPYOIiLMHY, a TAKOK MOXJIMBICTh KOpEK-
i1 OKKCHOTO CTPECY 3a JOIIOMOIOK0 KYPKYMiHY.

METOJIHUKA

HocnigxenHs Oynu npoBeeHI Ha KyIbTypi
130JIbOBAaHUX KapAiOMiOIHUTIB JBOJOOOBUX He-
oHaTaJIBLHUX MIypiB JiHIT Bictap. Bugimenus i
KYJIbTUBYBaHHS KapaiOMiONHUTIB 3/11HCHIOBAIN
BiAMOBIIHO 10 Moau(dikoBaHOT METOAUKHU. 3a
JIOMIOMOTO0 LEPBIKAJIBHOT JUCIOKALIl NIypiB
3HEPYXOMJIIOBAJIH, MICIsI YOTO Yepe3 MepeaHin
MO3J0BXKHIN pO3pi3 TpyaHOI KIITKH BHHAMAIH
ceple Ta BIJOKPEMJIIIOBAJIH NITYHOUKH 3 TIOAAJIb-
UM iX BIAMUBaHHAM B Oy(hepHOMY pO34YHHI, 110
mictuts HEPES - 20, KCI - 5,4, NaCl — 116,4,
rmokosa — 5,5, Na,HPO, - 0,4 ra K,HPO, - 0.4
MMOJIB/T Ta moapiOHeHHAM. DepMeHTATHB-
HE PO3MICIJICHHS NMPOBOAUIN y CEPEIOBHUIII
BU/1JICHHS, K€ HAa OCHOBI BMILE3a3HAYCHOI'O
Oydepy mictuno konarenasy Il tumy (1,75 mr)
Ta nma"kpeatus (3 mMr) Ha 5 mia po3uuny. Pecy-
CHEHYBaIH KIITHHH y CEPEeNOBULI AJS KyJb-
THBYBaHHS Takoro ckiany: Irma B moaudikarii
Hromsoexko (DMEM), 199 (cniBBigHOMICHHS
DMEM/199 - 4:1), tensiua cupoBarka - 8%,
Na,CO, — 4,2 mmons/n, HEPES - 15 mmons/n
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Ta aHTUOioTHKH (cTpenToMinud — 100 MKr/m,
reatamiui — 0,05 mr/mi, neninuiin — 100 O/
mi). [ligpaxyHOK BUIIIIEHUX KIiTUH IPOBOIUIH
3 BUKOPUCTAHHSAM CBITIOBOT MiKPOCKOITIT MicCIIs
¢dapOyBanusa 0,2%-M po3UMHOM TPHUMAHOBOTO
cunporo. KynpruByBasu npotsirom 1 n1obu npu
37°C y ra30BOMY CEpEJOBHIII, SIKE MiCTHIIO
5% CO, 1a 95% armocdeproro nositps. [Ticas
24 ron. imkyOanii B KynbTypy noxasanu 0,5
MKMOJIB/MII TOKCOPYOIIMHY TiApOXIOPULY
(“Sigma Aldrich”, CIIIA), uu gokcopyOinuma
y BKa3zaHil 7031 pa3oM 3 KypkyMiHoMm (“Sigma
Aldrich”, CIIIA) B 1031 20 MKMOJIB/MJI.

J11s1 KUTBKICHOT OIIHKY XKUTTE3AATHOCTI Kap-
JMIOMIOIUTIB, (DYHKIIOHATBHOI CIIPOMOKHOCTI
MITOXOH/JIPiii Ta BIINBY KypPKyMiHY BUKOPHUCTO-
ByBaiu MTT-tect (MTT Protocol, Wallertand
Provost Lab), korpuii 0a3yeTbcs Ha 37aTHOCTI
JKUBHX KJIITUH TIEPETBOPIOBATH OJI110-KOBTHH
BOJOPO3YMHHMNEN 3-(4,5-mumeTniria3onin-2)-5
nudeninrerpazonitiopominy (MTT) y OGmakutai
kpuctranu popmaszany (MTT-d), Hepo3zunHHI
y Boxai. KinmpkicTh yTBOpeHOTO ¢dopMazaHy
BHU3HAYAIM KOJIOPUMETPUYHUM METOIOM IicCIis
HOTO PO3UYMHEHHS B OPTaHIYHUX PO3YMHHHUKAX.
Knitunu camxanu Ha 96-nynkoBi niuanmeru (20
THC. KIIITHUH Ha JIYHKY) Ta iHKyOyBalu 3 JJOKCO-
py6immaom (“Sigma Aldrich”, CIIIA) B 1031 0,5
MKMOJIB/MJI 1 3 KypKyMiHOM B 1031 20 MKMOJIB/
ma (“Sigma Aldrich”, CIA), sikuit nonasanu,
3a TOJUHY JIO JOKCOpYOillMHA, B CEPEeIOBHUIII
DMEM+199 Bnponosx 24 rogun. Yepe3 go0y
J10 KOXKHOT JIYHKH Jj0JaBaju 1o 20 MKJI CTOKOBO-
ro po3urHy MTT (5 Mmr MTT (“Sigma Aldrigh”,
CIIA) ma 1 M docharnoro oydpepy PBS)
Ta iHKyOyBanu 4 roxa. PesymbraT OomiHIOBaIH
BHUMIpIOBaHHSIM Ha CIIEKTPOPOTOMETPI ONTUYHOT
LIITBHOCTI JTi3aTy, OTPUMAHOTO 33 JOTIOMOTOIO
JlonaBaHHs 10 KoxxkHOT iyHKH 110 200 mxin DMSO,
npu T0BXUHI XBUI 570 HM.

Jmst 610XIMIYHHX JOCIHIIKECHHb KIIITHHH 3
Yamok 3HimManu 3a gonomoroio 0,2%ro po3un-
HY HaTpi€BOi COJIi €TUIICH/IaMiHOTETPAOITOBOT
kucioru (pH 8,1), sxkuit mictup 0,15% Ttpun-
cuHy, npotrsiroM 15 xB. CTymiHb OKHCHOTO
CcTpecy KapAiOMiOIUTIB OI[iIHIOBAJIN 32 BMICTOM
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AKTHBHUX NMPOAYKTIB 2-Tio0apOiTypoBOi KHUC-
notu (TBK-AIT) [11] Ta nepekucy BogHto [12],
AHTUOKCUJIAHTHUH 3aXHCT — 32 aKTUBHICTIO
Mn-cynepoxcuaaucmyrtaszu (Mn-CO/l) [13] ta
KaTanasu. [14]

Jns oninku 3miH excnpecii MPHK HIF-1a i
PDK-1 npu 3acTocyBaHHI JOKCOPYOIIIMHY BUKO-
PUCTOBYBaJIM METOJ MOJiIMEPa3HOi JaHIIOTOBOT
peaxuii B peansHoMy uaci (I1JIP) [15]. Buagins-
au totanbHy PHK 3 KynpTypu HeoHaTalbHHX
KapIioMiONHUTIB 3 BUKOPUCTAHHIM HabOpy
,»11izol RNA Prep 100” (,,Isogen”, Pocis), axuit
MictuTh Trizol reagent (eHATYpyOUYUH areHT
rya"iauHTionnoHar i ¢genon) ta ExtraGene E
(cycnensis cymimi i0HOOOMiHHHKIB). OuUiHKY
eKcIIpecii TeHiB NMPOBOIUIN 3 BUKOPHUCTAHHIM
HamiBKiTbKICHOT 3BOPOTHOT TPAHCKPHUIIIIii, BU-
KOpHUCTOBytourn Habopu nis cunte3y kIHK i3
3BOPOTHBOIO TpaHCKpunraszow ,,RevertAid H
Minus M-MuLV RT” (,,Fermentas”, Jlutsa).
TpauckpumniiiHa cyMmim ckiaganacs 3 5 MKI
toransbHOi PHK (500 Hr — 1 MKr/mkm), 1 MKI
npaitmepiB ,,RandomHexamer” (0,5 MKT/MKIT),
20 onx. iHridiTopa pubonykieas, 20 MMOJb/1
cymimni ne3zokcupubonykieotuniB ta 200 ox.
3BOPOTHOI TpaHckpunrasu. IIJIP nposogunu
B Tepmouukiepi «AppliedBiosystems 2700»
(«PerkinElmer», CIIA) 3a imguBigyansHUMUA
nporpamMaMu JJisi KOXKHOTO reHa. /lius Bu3Ha-
YEHHS eKCIpecii TeHIB BUKOPUCTOBYBAIH METO
[TJIP y peanbHOMY 4aci Ha TepMoIukiepi “7500
FastReal-Time PCR System”. [{ns rena PDK-1
[1JIP-ammmidikauniro npoBogmin y 10 mxit SYBR
Green PCR Master Mix, 110 mictus 30 1MOab/11
koxHOTO Ipaitmepa: PDK-1 sense 5°-CAG GGT
GTG ACT GAA TAC AAG G-3°, antisense 5°-
GAG ATG CGA CTC ATG TAG AAC C-3".
06’em goBoamnu 1o 20 MKJI J1ei0HI30BaHOIO
Bojoto. [Iporpama amrnidikanii mounHamacs 3
nornepenuboi akTuBamii AmpliTaqgGold® JIHK-
nonimMepasu npoTsarom 10 xB ipu 95°C Ta ckia-
nanacs 3 50 nukiiB: aeHaryparis — 95°C (15 ¢),
NpUETHAHHS MpaliMepiB Ta enoHramis — 64°C
(1 xB). s KOHTpOIIIO crienupivHOCTI MPOBOAU-
JIA CTAAir0 AUcomianii — HOCIiJOBHE II1IBUIIECH-
Hs TeMriepatypu Bijg 64 1o 99°C i3 peecTpariieto
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3HIMKCHHSI IHTEHCHBHOCTI (piyopecieHIii KoM-
mnekciB nponannorosux JJHK 3 SYBR®Green.
Jns Bu3HaueHHs 3MiH ekcrpecii reHa HIF-1a
BUKOpucTOBYBaiau cucrtemy TagMan Gene
Expression Assay. Ekcripecito cTaHmapTH3yBaiu
BigHocHo rera GADPH (ma6ip TagMan®Assay
Reagents Rat GADPH). [TouaTkoBa neHarypartis
npu 95°C mpotsirom 20 ¢, ammutidikamis ckiaaa-
nacs 3 65 HACTYIHUX LUKJIIIB: ACHATYpaLis IpH
95°C 3 ¢, mpueaHAHHS MTpaiiMepiB Ta eIOHTAILiS
— 60°C 30 c. Ananiz oTpUMaHUX PE3YyIbTATIB
eKxcmpecii TeHiB MPOBOAUIHU 32 JTOMOMOTOIO
nporpamuoro 3ade3nedenns 7500 FastReal-time
PCR Software.

Craructuuny oOpoOKy pe3yabTariB MpoBo-
UM 3 BUKOPUCTAHHSAM €JIEKTPOHHUX TaOJIMLb
«Microsoft® Excel 2013y, a Takox mporpamu
Origin. BiporigHicTh BIIMIHHOCTEH CEpeaHIX
3HaueHb (P<0,05) BuzHauamum 3a KpUTepiem t
CrblofieHTa.

PE3YJIBTATH TA iX OBTOBOPEHHS

Panimie HamMu OyI10 MPOBEICHO JI0CIIiPKSHHS PiB-
HSI IIUTOTOKCUYHOCTI PI3HUX 103 IOKCOPYOIITUHY
(“Sigma Aldrich”, CIIIA) Ta *XUTT€30aTHICTh
KapaioMionuTiB 3a mormomoroo MTT-recty [15].
A came, ipu iHKyOamii KyJIbTypH HEOHATAIBHUX
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BigHocHa ekcnpecia MPHK

KapJiOMiOIMTIB 3 JOKCOPYOIIIMHOM B J103aX
0,1; 0,5 ta 1,0 MKMOJB/MA KIITbKICTH KHUBUX
KJITHH BiJHOCHO 710 KOHTPOJIO 3MCHIIUIACS
Ha 10,9 £ 9,99 ; 23,6 = 8,76 Ta 31,5 + 9,86 %,
BigmoBiaHO. L{e ma0 MOKIUBICTH BUOPATH JO3Y
nokcopyOinuHy 0,5 MKMOJIB/MJI SIK ONITUMAJIbHY
JUTSL TTOAQIBIITUX JOCTIKEeHb. Y 1[Il poOOTI MU
BUKOPHCTOBYBAJIHU CEPEIHIO 103y JOKCOPYOilu-
HYy — 0,5MKMOJIB/MII, SIK TaKy, IO BXKE BUKJIMKAIA
3MIiHH, XapaKTepHi JUIsl OKCHUAATUBHOTO MOII-
KOJDKEHHSI, ajie 1ie He MPU3BOIMIIA JIO CYTTEBOT
3aru0eni kapaiomionuTis [15].

BcranoBiieHo, 110 Mpu BUKOPHCTaHHI JOK-
COpyOilMHY B TakKid 1031 CyTTEBO 3MIHIOETHCS
exkcrpecis MPHK HIF-1a i PDK-1 y kynbrypi
HEOHaTAJIBHUX KapjioMmionutis (puc.l).

A cawme, piBenb ekcrpecii MPHK HIF-1a
cranoBuB 3,6 = 0,7 ym.on. y koHTpoi i 2,9 +
0,8 yM.oJl. Ipy BUKOPUCTAHHI JOKCOPYOIIMHY B
3a3HavyeHIl KOHIEHTpalii, ToOTO BiH 3MEHIIy-
BaBcsa Ha 20 % BimHOCHO KOHTpOIto (P<0,05).
Boanouac, piBens excrpecii rena-mimeni HIF
PDK-1 3MenmyBaBcs y 4 pa3u MOpPiBHIHO 3
koHTposem (P<0,05).

OTpumaHi pe3yabTaTH MiATBEPKYIOTh IO-
OJIMHOKI JITepaTypHi JMaHi IOA0 MOXIUBOCTI
nokcopyOinuny npurniuyBaru HIF, xorpwuii, B
CBOIO YepTy, 3MiHIOE piBEHBb eKcmpecii cBOTo

30 -
25 -
20 1
15

10 1

PDK-1/GADPH, ym.oga.

1

2

6

Puc.1. 3minu excpecii MPHK ¢axropa, ingykoBanoro rinokcieto-1a, (HIF-1a) (a) Ta nipyBataerinporenasukinasu-1 (PDK-1)
(6) mpu BukopucranHi 0,5 MKMOJIB/MJI TOKCOPYOIIUHY B KYJIBTYpPi HEOHATAJIbHUX KapIiOMIONUTIB MpH MOJNIMEpasHii JIaHIto-
TOBil peakIil y pealbHOMY 4aci: 1-KOHTpOIIb; 2-mmiciist iHKyOawii 3 tokcopyoinuaom *P<0,05 BiporigHi BiAMIHHOCTI IOPIBHSIHO

3 KOHTPOJIEM
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reny mimeHni PDK-1. 3’scoBaHo, 1m0 HaBiTh
3a ymoB HopMokcii HIF-1 mosxe iHakTHBYBaTn
PDK-1 i Tum camum ranpmyBaTu nuki Kpeo-
ca, 3MEHIIYIYHU YTBOpeHHs aueTui-CoAd 3
mipyBary, Ta QuxaHHsS MiTOXoHApid [16]. Lee
13 CIIBaBT. BBaXKAaIOTh, L0 JOKCOPYOIIMH Mae
3natHicTh iHTi0OyBaTH HIF-1-omocepenkoBaHi
BiAMOBiAl yepe3 ONOKyBaHHS HOTO 3B 53Ky 3
JAHK npurHideHHSIM 31aTHOCTI TeTepoaumMepa
3B’SI3yBaTUCS 3 YYTIMBUM [0 TiNOKCiI KOHCEH-
CYyCHUM €JE€MEHTOM DPEryisiTOPHUX OIISHOK
-RCGTG- [17,18].

Kpim TOr0, HEl01aBHO 3’ IBUIIUCS BIJJOMOCTI
PO MOXKIIUBICTh KypKyMiHY 1HT10yBaTH aKTHB-
Hicte HIF-1 ta, BinmoBigHO, piBeHb ekcmpecii
HOTO TeHiB-MillleHeW BHACIIIOK CTUMYISIii
nmpoTeacoMHOi aerpaznamii cyooxuuuti HIF-13
(ARNT) okwucieHHSM Ta yOIKBITHHI3aLI€O B
NyXJIMHHUX KIiTHHAX [19]. Ane nociiKeHHs
3minu excrpecii HIF Ta fioro reniB-mimeHeu
3a YMOB HOJBII{HOro Ta MOCIiZOBHOTO BIUIUBY
JIOKCOpYOIMHY Ta KypKyMiHy Ha HEMyXJIWHHI
KJIITHHY T0Ci HE MPOBOIMIIH. TakoX, € HeoO0Xi-
HICTb JIOCJIIJIKEHHS 3MiH eKCIIpecii TpaHCKPHII-
uiiinoro ¢akropa HIF ta #oro reniB-mimenei
3a YMOB MOJBII{HOr0 Ta MOCHiZOBHOTO BILIUBY
JIOKCOPYOIIMHY Ta KYpKYMiHY SIK Ha KYJIbTYpY
HEOHATAIBHUX Kap/IiOMiOIHUTIB, TaK 1 in Vivo I
3HAXO/KCHHS ¢(EeKTUBHUX METOMIB MPOTEKIIii
MiOKapjia Ha MOJICKYJISIPHO-TCHETHYHOMY PiBHI
MpY BUKOPHUCTaHHI aHTPALUKIIIHIB.

3a pesynbraramu MTT-TecTy MOKHA OI[IHUTH
IHTEHCUBHICTh OKHCHO-BIJIHOBHUX IPOILECIB y
KIIITUHAX KYJIBTYPH 1 OIIOCEPEIKOBAHO XapaKTe-
pU3YBaTH aKTUBHICTH OiomMacu. 3a OTpUMaHUMU
HAMH pe3yJibTaTaMi MOKHa 3pOOUTH BUCHOBOK
Ipo 3MiHY PiBHS HUTOTOKCHYHOCTI JOKCOPY-
OlMHY OKpeMO Ta B MOE€JHAHHI 3 KypKyMiHOM
Ha HeoHaralbHi Kapaiomionutu. [Ipu iHKyOarii
3 TOKCOpPYOIMHOM KiNbKiCTh KMBHUX KIITHH
BiITHOCHO KOHTpOJO 3MeHImuiIack Ha 50,4 %,
a 3 JIOKCOPYOIIMHOM Ta KypKYMIHOM BiJICOTOK
3aru0IMX KIITHH 3MEHIIUBCS Ha 7,7 TMOPIBHSIHO
3 BUKOPHCTAHHSIM JIUIIIE JOKCOPYOiluHy (puc.2).
Lle migTBEepanIO JiTEpaTypHi JNaHi MO0 Kapi-
OTIPOTEKTOPHUX BIIACTUBOCTEN KypKyMiHYy [9].
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3riiHo 3 HAIIUMHU J0CIIKEHHSIMH, BIJIUB
JOKCOpYOinMHY MPU3BOAUTH A0 3HAYHOTO
MiIBUIIECHHS B KapIiOMiOIMTaX BMICTy aKTHB-
HHX MPOAYKTIB Tio0apOiTypoBoi kuciotu y 3,6
pasa Ta mepexucy BOoAHIO Ha 64% Ha BiAMiHY Bif
koHTpoibHOI Tpymu (P<0,05; puc.3). Lle cBin-
YUTH PO iHTEHCUDIKAI 0 BITbHO-PATUKATIBHO-
IO OKMCHEHHS, K€ MOXKE MPU3BOJUTH 10 3MiH
y CTPYKTYpHil opraHizamii KIITHH MioKapja.

CTyniHp NEeCTPYKTHBHO-METabONIYHUX
MOPYIIeHh KapIiOMIONHTIB 3a IIUX YMOB 3aje-
XKUTH BiJ] CTaHy (EPMEHTHHUX 1 HEPEPMEHTHUX
AHTHOKCHAAHTHUX CHUCTEM, y3TOJKeHa dis
SKUX TPUMAE IiJ KOHTPOJEM SIK YTBOPECHHS,
TaK 1 iHaKTUBAIlil0 aKTUBHUX (OPM KHUCHIO.
BaxxnuBe 3Haue€HHS y IUX CHCTEMaX HaJICKUTh
dbepmentam CO/I Ta karamasi [20,21], o Ai0Th
y B3aemo3B’sa3Ky. [logaTkoBi crajii mpoiecy
BiIbHOPAIMKAIBLHOTO OKMCHEHHS KOHTPOJIO-
totbesi CO/l, sika ne3akTUBY€E CYNEpOKCHIHHM
paaukan i, BiIMOBITHO, 3MEHIIY€E 3araJibHUN
tokcnuanit epext ADK. [lepokcu BogHto, 110
YTBOPIOETHCS IPU JUCMYyTaLlii CyIepOKCUIHOTO
aHiOHa, PO3KJIaJIA€ThCA KaTana3orn. BBaxkaeTncs,
mo Mn-CO/] Biairpae HaiibiJIb1I CYTTEBY POJIb Y
AHTUPAJUKATBHOMY 3aXHCTI1, MIATPUMYIOUH 0€3-
MeYHUH PiBeHb CYNEPOKCU/I-aHIOHA, 8 AKTUBAIlis
excrpecii CO/] 3axumae KIiTHHU BiJ OKHCHOTO
cTpecy pizHoro TeHe3y [22]. Y wmamriit poboti
TpUBaJa IHKYyOAIlisl Kap{iOMiOIUTIB 3 JIOKCOPYOi-
MHOM 3HI)KYyBalla pepMEHTATHBHY aKTHBHICTb
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Puc.2. BincoTok )HBUX KIITHH Y KyJIBTypi KapAiOMiOIHUTIB 3a
nanuMu MTT-tecTy npu BUKOPHCTaHHI: 1- TOKCOpyOiluHy B
1031 0,5 MKMOJIB/MJT; 2- IPH TIOEAHAHHI JJOKCOPYOIIHHY 3 Kyp-
KyMiHOM Y 71031 20 Mrmonb/Mit. ¥P<0,05 Bipori/Hi BIIMIHHOCTI
MOPIBHSHO 3 KOHTpoJeM, **P<0,05 BiporigHi BiAMiHHOCTI
MIOPIBHSIHO 3 JII€0 JTOKCOPYOInnHY
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Puc.3. 3mina BMicTy mepekucy BOAHIO (2) Ta aKTHBHUX MPOAYKTIB Ti00apOiTypoBoi kuciotu (0) B KyIbTypi HEOHATATIBHHX
KapaiomMionuTiB mpu: 1- iHKyOamii 3 gokcopydinuHoM (0,5 MKMOIB/MIT), 2- KypkyMiHOM (20 MKMOIIB/MIT), 3- TIpH iX CyMiCHO-
My 3aCTOCYBaHHI B THX ke Jo3ax. *P<0,05 BiporizHi BiAMIHHOCTI TOPIiBHSHO 3 KOHTposeM , **P<0,05 BiporinHi BiAMiHHOCTI
MOPIBHSHO 3 €10 JOKCOPYOInHYy

Mn-CO/] na 32%, npu ubOMy aKTUBHICTb KaTa- HOro MoMipHY aHTHOKCHAAHTHY Aaito [23]. AH-
Ja3u 3pocTtana Ha 72% MOPiBHSHO 3 KOHTPOJIEM  THOKCHUIAHTHI MEXaHi3MH KYPKyMIHY MOXYTb
(puc.4). Lle Mo>kHA TTOSICHUTH KOMITEHCATOPHUM BKJIIOUATH B ce0e OMH a00 OIJIbIINe 3 HACTYITHUX
MiJBUIICHHIM aKTUBHOCTI bOro (PEPMEHTY B3a€MOJIili: HeWTpasizallis BUIbHUX paJiuKajiB
y Bianomiap Ha 30inbmenHs npoaykuii H,O,, [24], iuriOysanus uuroxpom P,., [25], 3men-
AKHUH, SIK BiAOMO, BUCTyINae CyOCTpaTOM Ui  IIEHHS JOCTYIHOCTI KHCHIO 10 OKHCHHX peakii,
aHTHNEpeKuCcCHUX (hepmenTi [20]. B3a€MOJIis 3 OKMCHUM KacKaJloM i 3armo0iraHHs

JonaBaHHS KYpKYMiHY O KIITHHHOI KYJTb- ioro Hacminkam [26], 3MEHIOIEHHS OKHCHHUX
TYpH KapIiOMiOIHTIB CIPHSIIO MiABUIICHHIO BIIACTUBOCTEH TaKWX 10HIB METAiB, K 3aJi30
aktuBHOCTi Mn-COJl Ha 14%, karana3u - Ha [27, 28]. TakuM YHMHOM, KYPKYMIH €(pEKTHBHO
23% MOPIBHSHO 3 KOHTPOJIEM, IO MiATBEPIKYE 3amo0irae MOUIKOJKCHHIO TKAaHWUH 32 PaxyHOK
JaHi IHIIUX J0CIiPKEHb PO BIACTHBOCTI ILOTO 3MEHILEHHS OKMCHOTO CTPECy Ta BiJHOBIEHHS
npenapary Sk aHTHOKcHaaHTa [9]. AHTUOKCUIAHTHOTO CTATyCy.

BukopucranHs KypKyMiHYy IOJIINIIY€e aHTHU- OnHak B HallUX E€KCIIEPUMEHTax MpH I0-
OKCHUJAHTHUU CTaTyC i, THM CaMHM, 3amodirae NaBaHHI B KyJbTYpY HEOHATAaJbHUX Kapaio-
MOMIKOJKEHHIO CepIsi B OCHOBHOMY dYepes MionutiB 20 MKMOJIB/MJI KypKyMiHy Ha 24
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Puc.4. 3miHa akTHBHOCTI MapraHueBol CynepoKkCHAncMyTas3u (a) Ta karanasu (0) y KyabTypi HEOHaTalbHUX KapIiOMiOLHUTIB
npu iHKyO6auii 3: 1- goxcopyObiunzom (0,5 mxmonb/Min), 2- KypkyMmiHoM (20 MKMOIIb/MIT), 3- IpHU X CyMiCHOMY 3aCTOCYBaHHI.
*P<0,05 BiporiaHi BigMiHHOCTI MOPIBHSHO 3 KOHTpoJeM, **P<0,05 BiporiiHi BiAMIHHOCTI MOPIBHSHO 3 JI€I0 TOKCOPYOILUHY
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roJl. IIi MPOIECH BIAOYBAJIKCS Ha TIi JESIKOTO
nigsumenns Bmicty TBK-AIl 1 H,O,, a came:
Bmict TBK-AII 3pic y 1,4 pa3a mopiBHSIHO 3
koHTponem, a H,0, miasBumuBcs Ha 20% (aIuB.
puc.3). CyMicHe 3aCTOCYBaHHS TOKCOPYOIITHHY
1 KypKYMiHY B KYJIBTYpi KapioMiOIUTIB IPH3-
BOJIMJIO JIO 3HAYHOTO 3HMIKCHHS PIBHS BUIBHO-
paauKadbHUX MPOLECIB HA BIAMIHY BiJ BITUBY
nokcopyOinuny. 3umxeHns smicty TBK-AIl
ta H,0, (na 56,7 ta 18,4%, BIANOBIAHO; 1MB.
puc.3), npu 3HWKEHHI TilTepaKTUBaIlii KaTaia3u
(1a 19%) Ta 3pocranni aktuBHOCTI Mn-CO/] (Ha
35%; nuB. puc.4) CBIAYUTH MPO TEHICHIIIIO J0
BiJTHOBJICHHS TPO—aHTHUOKCUAHTHOI piBHOBAru
KapaiomionuTiB. Takum YWHOM, JJ0JJaBaHHS Kyp-
KyMiHY JI0 KyJAbTYpH KapIiOMiOIIUTIB 32 YMOB 3a-
CTOCYBAHHS TOKCOPYOIITHHY Majio MTO3UTHBHUI
KOpPUTYyBaJbHUH BIUIMB Ha BULJIbHOPAJUKAJIbHI
MPOIECH Ta AHTHOKCUJJAHTHUM 3aXHUCT.

BUCHOBKHA

[Tokasano, mo piBeHs ekcnpecii MPHK HIF-1a
y KyJBTYpi HEOHATaJbHUX KapA1OMiOLUTIB IPH
BUKOPUCTaHHI JOKcOpyOiuuHy B 1031 0,5 MK-
MOJIb/MJT cTaHOBUB 2,9 + 0,8 yM.01., TOOTO BiH
3MmenIryBascs Ha 20 % BiTHOCHO KOHTPOIIIO - 3,6
+ 0,7 ym.ox. (P<0,05). PiBenn excmpecii reHa-
mimreni HIF PDK-1 Takox BiporigHO 3MeH-
nryBaBcsi y 4 pa3u MOPiBHSHO 3 KOHTpoOJIeM. 3a
pesynsratamu MTT-tecty npu inky0anii 3 70K-
COpYOIIIMHOM KiNTBbKICTh )KUBUX KIIITHH BiTHOCHO
KOHTpoIto 3MeHmmiIach Ha 50,4 %. A paszom 3
KYPKYMiHOM BiJICOTOK 3aruOiuX KJIITHH 3MEH-
muBcs Ha 7,7 % TOPIBHSHO 3 BUKOPUCTAHHSM
nuie Jgokcopyoinuny. JlogaBanHs JgoKcopyOi-
UUHY MPU3BOIUIO A0 3HAYHOTO MiJBHUILCHHS B
KapaioMiomUTax BMICTY aKTHBHHUX MPOIYKTiB
Ti00apOITYypoBOi KUCIOTH ¥ 3,6 pa3u Ta mepe-
KUCY BOAHIO Ha 64% TOPIBHSIHO 3 KOHTPOJIEM
(P<0,05). Takox TpuBayia iHKyOaIis KJIiTHH 3
JOKCOPYOIMHOM 3HMIKYBasla ()epMEHTATUBHY
aktuBHicTh Mn-CO/l Ha 32%, npu bOMY aKTHB-
HICTBh Karanasu 3pocrtana Ha 72%. JlonaBaHHS
KYPKYMIiHY 10 KJIITHHHOI KyJbTYpH KapIioMio-
[HTIB CUPUSIIO MiIABUIICHHIO aKTUBHOCTI Mn-
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CO/l na 14%, karanasu - Ha 23% y MOpiBHSIHHI
3 koHTpoJeM. Ilpu upomy Bmict TBK-AII 3pic
B 1,4 pa3a, a BMiCT H,0, nigsumuscs Ha 20%
(P<0,05). Cymicue 3acTocyBaHHSA JOKCOPYOi-
OUHY 1 KypKyMiHY MPHU3BOIMIO JO 3HAYHOTO
3HIDKEHHS PIBHS BUIBHO-PaIMKaIbHUX TIPOIIECiB
Ha BiAMiHY BiJ e(eKTiB 3aCTOCYBaHHS JJOKCO-
pyOinmHy per se. A came, 3HH)KYBaBCS PiBEHb
TBK-All ta H,O, (na 56,7 ta 18,4%, Binnosia-
HO), TIpW 3MEHIIEHHI TimepaKkTUBaIlii Karajgasu
(1a 19%) Ta 3pocranni aktuBHOCTI Mn-CO/] (Ha
35%). Ilpurniuenns excupecii redis HIF-1a 1
PDK-1 miagBumye poib NpOOKCHAaHTHOI JaHKH
B IPO-aHTUOKCHUJAHTHOMY CTaTyci Kapaiomio-
IATIB 32 YMOB 3aCTOCYBaHHS JOKCOPYOIIMHY.

O.A. JIunnuk, T.U. ApeBunkas, O.A. I'onuap,
C.A. Yepnsiii, A.M. Koases, U.H. ManbkoBckast

HAPYHEHHUE MMPO-AHTUOKCUIAHTHOI'O
BAJTAHCA TP UCITOJIB3OBAHHUHU JOK-
COPYBUIIMHA TA ET'O KOPPEKIIUA KYP-
KYMHUHOM B KYJIBTYPE HEOHATAJIb-
HbIX KAPAMUOMHUOILUTOB KPBIC

HccnenoBano BIusiHUE DOKCOPYOHIIMHA HA CHCTEMY TpaHC-
KPHIIMOHHOTO (haKTopa, nHIyHpoBaHHoro runokeueid, HIF,
1 NIPO-aHTHOKCUIAaHTHBIH OaJlaHC HEOHATATIBHBIX KapJHOMH-
OLIUTOB ¥ BOBMOJKHOCTH KOPPEKIIUH €TO HapyIICHUH C TOMO-
1IbI0 KypKyMHHa. BesiBneHo, uto yposens skcnpeccud MPHK
HIF-10 npu vcnonb30BaHUH TOKCOpyOuIrHa B 103¢ 0,5 MK-
MOJIB/MII cocTaBiisi 2,9 + 0,8 yein.ell., TO €CTh OH YMEHBIIIACS
Ha 20% oTHOCHTENHEHO KOHTpOA 3,6 + 0,7 ycn.ex. (P<0,05).
VYposenb skcnpeccun rera-mumienn HIF nupyBarnernapo-
reHa3ssl kuHa3bl (PDK-1) Takxke 1ocToBepHO yMeHbIIaCs B 4
paza. [Ipu nHKyOGanuu KyabTypbl HEOHATAIBHBIX KapIHOMHUO-
IIUTOB C JOKCOPYOHIIMHOM KOJIMYECTBO )KUBBIX KIETOK IO OT-
HOIIEHUIO K KOHTPOITIO yMEHbIIUI0Ch Ha 50,4%, a COBMECTHO
C KypPKyMHHOM — IIPOLIEHT HOTHUOIINX KJIETOK YMEHBILHIICS Ha
7,7 110 CpaBHEHUIO C HCTIONB30BAHNEM TOJIBKO JTOKCOPYOHITHHA.
Jlo6aBneHne HOKCOPYOHIIHA MPUBOIIIIO K 3HAYUTEIEHOMY
TIOBBIIIEHUIO B KapJHOMUOIUTAX YPOBHS aKTUBHBIX (HOpM
THOOapOuTypoBoii kuciotsl (TBK-ATI) B 3,6 pa3a u nepexucu
Bomopona Ha 64%. [IpuMeHeHne TOKCOPYOUIIMHA CHHUXKAIIO
Takke (pepMeHTaTUBHYIO akTHBHOCTH Mn-CO/] Ha 32%, pu
9TOM aKTUBHOCTB KaTasa3kl BO3pacTaia Ha 72% M0 CPaBHEHHIO
¢ koHTporeM. Jlob6aBneHue KypKyMIUHA B KIIETOIHYIO KyJIBTYpY
KapAANOMHUOIIUTOB CIIOCOOCTBOBAIIO MOBBIICHNIO AKTHBHOCTH
Mn-COJl Ha 14%, xaranassl - Ha 23%. [Ipn 3TOM ypoBeHB
TBK-AII Beipoc B 1,4 paza mo cpaBHEHHIO ¢ KOHTPOJIEM, a
yposenb H,O, mossicusics Ha 20%. CoBMeCTHOE IPUMEHEHHE
JIOKCOPYOHIIMHA U KypKyMHHA TIPHBOIMIIO K 3HAYUTEIEHOMY
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CHIDKCHHIO YPOBHSI CBOOOJHOPAIUKAIBHBIX MPOLIECCOB B
OTINYKE OT JOKCOPYOMIIMHOBOM MHTOKCHUKAIMU, & UMEHHO,
BBI3bIBAJIO CHIDKeHUe conepxkanus TBK-AIT n H,0, (na 56,7
1 18,4% cOOTBETCTBEHHO), IPU YMEHbBLICHUHU TUIICPAKTHBALIUU
karanasbl (Ha 19%) u pocte akruBHOCTH Mn-CO/] (Ha 35%).
KiroueBble ci10Ba: OKUCIUTEIbHBIN CTPeCC; KAPAUOMHUOLUTHL;
¢axrop nuayumposanusiii runokcuei (HIF-1a); noxcopyou-
LIMH; KypPKYMHH.

O. Linnik, T. Drevytska, O. Gonchar, S. Chornyy,
0. Kovalyov, I. Mankovska

DOXORUBICIN-INDUCED ALTERATIONS
IN PRO-AND ANTIOXIDANT BALANCE
AND THEIR CORRECTION BY CURCUMIN
IN THE NEONATAL RAT
CARDIOMYOCYTES CULTURE

It was studied the effect of doxorubicin on the HIF system and
the pro—antioxidant balance of neonatal cardiomyocytes as
well as the possibility of the oxidative stress correcting using
curcumin. It has been revealed that the expression of mRNA
HIF-10 using doxorubicin at a dose of 0,5 uM was 2.9 + 0.8
cu, so it decreased by 20% compared to control - 3.6 + 0.7
cu (P<0.05). The level of expression of the HIF target gene
PDK-1 also significantly decreased (4 times). During the in-
cubation with doxorubicin, the number of live cells decreased
by 50,4% relative to control. And after using doxorubicin and
curcumin together, the percentage of dead cells decreased by
7,7 compared to doxorubicin only. Doxorubicin intoxication
led to a significant increase in the secondary products of
lipid peroxidation (TBARS) in cardiomyocytes by 3.6 times
and hydrogen peroxide by 64%. Prolonged incubation with
doxorubicin reduced the enzymatic activity of Mn-SOD by
32%, while catalase activity increased by 72% compared to
control. Adding of curcumin to the cardiomyocyte cell culture
contributed to increasing of the Mn-SOD activity by 14%,
catalase —by 23%. The level of TBARS increased by 1,4 times
compared with the control, and the level of H,0, increased
by 20%. The joint use of doxorubicin and curcumin resulted
in a significant reduction of free radical oxidation unlike ef-
fect of doxorubicin per se. Specifically, there was lessening
of TBARS and H,0, (at 56.7 and 18.4% respectively), while
decreasing of the catalase hyperactivation (19%) and rising
of the Mn-SOD activity (35%).

Key words: oxidative stress, cardiomyocytes, HIF-1a, doxo-
rubicin, curcumin.

0.0. Bogomoletz Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv
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Oco0MBOCTI aanTaliiHUX peaKiil Y0J10BIKiB
32 YMOB CHJIOBMX HABAHTAXKEHb

A.A. YepHo3y0

Yopromopcokuii Oeporcasnutl yuisepcumem imeni Ilempa Mozunu, Mukonais;

e-mail: chernozub@gmail.com

Buguanu ocobnusocmi adanmayitinux peaxkyit opeanizmy 1100UHIU 8 YMOBAX CUNOBUX HABAHMAIICEHb PI3HO20
00¢s12y Ma IHMEHCUBHOCIE MA YIMKO20 PO3YMIHHSL 3AKOHOMIPHOCMEN 3MIH KOHYEHMPayii mecmocmepomny
6 cuposamyi Kposi 6 npoyeci 3auame imuecom. Bcmanosneno, uwo niosuuenns KonyeHmpayii mecmo-
cmepomy 6 cuposamyi Kpogi HempeHo8anux 10Haxie (6 mexcax 6id 1,6 0o 23,2%, P<0,05) nicas ¢izuunux
HABAHMAIICEHb NOPIGHAHO 3i CMAHOM CHOKOK — 8i00Y8A€EMbCS Y 6i0N06I0b HA CUNOBY POOOMY BUCOKOL
inmencugnocmi. Boonouac euxopucmanms 6 npoyeci mpenysanb Cuio8ux HAGAHMANCEHHS CepPeOHbOT TH-
MEHCUBHOCMI § 3 ETUKUM 0DCA2OM POOOMU CNPUAE 3HUIICEHHIO KOHYEHMPAaYii 00CNI0ICY8AHO20 20PMOHY HA
14,3% (P<0,05). IIpu yvomy 6 npoyeci mpuganozo nepiody mpenysans Cnocmepiediu cymmege 6ipocione
NIOBUUEHHS NOKAZHUKIE MAKCUMATbHOL M '830601 cunu Ha 32,5% y ocib konmpoavnoi ma 53,1% y woHaxie
docnionoi epyn. Taxum uunom, docriddceni adanmayitini 3MiHU 8 NPOYeCci MpUBANUX 3AHAMb CUTOBUM
@imnecom xapaxmepu3syiomocs 3HUICCHHAM MEMNI6 NiOBULLYeHHS NOKAZHUKIE M 30801 cuiu ma 00X8amHux
PO3MiIpie mind IOHAKIE 000X 2PV 68 NOPIGHSIHHI 3 BUXIOHUMU 3HAYEHHSIMU, SIKL O)IU BCMAHOGLEHE NIC/S NEPULOSO
MICAYS, MPEHYBAHb, BHACAIOOK 3POCMAHHS PIBHS PE3UCMEHMHOCME OPeAHIZMY 00 (DI3UUHUX HABAHMANCEHD.
O0HOUACHO BUABTEHO, WO 2OPMOHATLHA BIONOBIOb HA 20CIPe MPEHYBANHSL CIAE OLTbIUL BUPAICEHOTO 3 KOJICHUM
HACMYNHUM MicAyeM 3aHAMb CULOBUM QIMHecoM MIiNbKU 3a YMO8 GUKOPUCIANHS NIO 4AC MPEHYBATbHOO
3aHAMMS PIBUYHUX HABAHMAIICEHHS! BUCOKOT THMEHCUBHOCII NPU MATOMY 00CA31 pobomu.

Knrouoei cnoea: Konyenmpayis mecmocmepony 6 Cuposamyi Kposi, pejicumu mpeHy8aibHUX HA6AHMANICEHb,

adanmayiini peaxkyii; mpenyeaibHull npoyec; Cuiosutl (imuec.

BCTYII

lopMoHabHI 3MiHH, SIKI BAHUKAIOTh B IIPOIIECI
PYXOBOI aKTUBHOCTI i1 BININBOM TPEHYBaJIbHUX
HaBaHTaXEHb, M1AKPECIIOI0Th Ba3KJIMBY POJIb CH-
JIOKPUHHOI CHCTEMHU B METa0OIIYHUX MOTpedax
Oprasi3my, 110 BUHUKAIOTh B YMOBaX HAIIPY>KEHOT
M’A30BO1 AiSIBHOCTI pi3HOi HampasieHocTi [1,
2]. 3miHU QyHKIIOHAJIBHOT aKTUBHOCTI OKPEMHUX
SHJIOKPUHHHUX 3a103 (BiAMOBIHO — KOHIEHT-
pauii B cupoBaTLi KPOBi MPOJYKOBAHUX HUMH
TOPMOHIB) BUSBISIOTH NEBHY 3aJIXKHICTh BiJ
TPHUBAJIOCTI BUKOHAHHS BIPaBH, 00CATY Ta iH-
TEHCHUBHOCTI TPEHYBAJIbHOI POOOTH, BEIMINHU
HaBaHTaXCHHS, a TaKOX PiBHS TPEHOBAHOCTI
opraismy JroauHu [3, 4].

VY cunoBoMy TpeHYBaHHI OCHOBHa pOJib
CTEpPOIJHOTO TOPMOHY TECTOCTEPOHY IOJArae

© A.A. YepHosy0
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B IHAYKIIII CHHTE3y CKOPOUYBAJIbHHUX OLIKIB
y M’si3ax, [0 MiJJarThcs (i3UYHOMY HaBaH-
TaxkeHHI0. KpimM TOro, B mepioa iHTEHCUBHUX
3aHATH CUJIOBHMH BIIpaBaMu, BiH MOTPiOHMMH
JUTst MOO1ITI3aIi T (PYHKITIOHATBHIX MOMIIMBOCTEH
opraHismy [5].

3a3Buyail mig yac Qi3MUHUX HaBaHTAXKCHb
cekpeTopHa (YHKIis 3a703-TIPOAYLIEHTIB aHa00-
JIIYHUX TOPMOHIB MOCHITIOETHCS, 110 CYTIPOBO/I-
KY€EThCSI CTUMYJIFOBAHHSIM TMPOIIECiB eHeprosa-
Oe3neueHHs 1 Gi3MYHOT Ipale3IaTHOCTI OpraHi3-
My. BogHouac BUKOpHUCTaHHS CHIOPTCMEHAMH
(mepeBakaO MpodecCiHHUMH KYJIBTYPUCTAMH )
B IpoIleci IHTEHCUBHOTO CHJIOBOTO TPEHYBaH-
HS BEJMKOI KiTbKOCTI MOBTOPEHB NMPU HU3BKIH
MOTY>KHOCTI 4aCTO BUKJIMKAE CTIMNKE 3HUIKEHHSI
KOHIICHTpAIlii TECTOCTEPOHY B CUPOBATIi KPOBI
[6]. MoxnuBO, 10 IIi 3MiHH OB’ s3aHi 31 BTO-
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MOI0, III0 PO3BUBAETHCS 1IIE 10 PEaTbHOTO 3HH-
JKEHHSI TIpane3aaTHoCTI cnopTecMeHa [7].

BifcyTHICTh 4iTKOTO PO3YyMiHHS 3aKOHO-
MipHOCTEH 3MiH KOHIIEHTpAIlii TeCTOCTEPOHY
B CHpPOBATIII KPOBI HETPEHOBAHMUX FOHAKIB i
crienuBiky ajantaniiHuX peakiii ix opraHis-
MYy /IO CHJIOBMX HaBaHTa)XXEHb Pi3HOrO PiBHSA
IHTEHCUBHOCTI Ta 00csry poOOTH, BUKIIIOYAE Ha-
YKOBE OOTPYHTYBaHHS TPEHYBAJILHOTO IPOLECY,
0COOJIMBO B YMOBAaX 3aHATH CHIIOBUM (DiTHECOM.
OcraHHE iHIIITOE BKpall BaXJIMBY MIpoOiIemMy
o0 3’SICyBaHHS BIUTMBY 3MiH KOHIICHTpAIlii
IbOr0 TOPMOHY B KpPOBi B Ipoleci TpUBAIHX
CUJIOBHX TPEHYBaHb Ha XapaKkTep afdanTaiiHux
peaxiuiii B opraniamMi HETPEHOBaHUX IOHAKIB, a
TakoX B OTPUMaHHI iHpopMarii mpo HaaMipHI
TPEeHYBAJIbHI HABAHTAKCHHSI Ta MOYKJTUBICTh BU3-
HauyeHHs O0e3MEYHNX MEX BEIUYUHU (i3UTHHX
HAaBaHTaXXCHb.

MeTtoto Hamoi po6oTH Oya0 BU3HAYUTH
0COOJIMBOCTI 3MiH KOHIIEHTpAIIil TECTOCTEPOHY
B CUPOBATIli KPOBi HETPEHOBAaHUX IOHAKIB B YMO-
BaX cmIOBOTO (piTHECY Ta 3’sicCyBaHHS CTyIEHS
iX BIUIMBY Ha aJlanTalliiiHi 3MiHA B OpraHi3Mi.

METOJIUKA

O6crexeno 40 ronakiB BikoM Bix 20 10 21 poxy
¢$i3U9YHO 3T0POBHUX, SIKIi HE MalTh BHCOKOTO
PIBHA PE3UCTEHTHOCTI J0 CHUJIOBHX HaBaHTa-
JKeHb. Bylo cTBOpeHO IBi TpynH, KOHTPOJIBbHY
Ta JAOCITiaHY.

IOnaku BmpomoBk 3 Mic TpeHyBaHb 3
MEePIOAUYHICTIO JBA 3aHATTS HA THXICHB SIK
MOJIeJIb M’ sI30BO1 JisJIBHOCTI BAKOPUCTOBYBAIH
¢13U4HI HAaBaHTa)XKEHHsI, SIKI MEPEBaKHO CKJIa-
JAI0Th OCHOBY cHioBOro ¢itHecy. OOcTexyBaHi
KOHTPOJBHOI TPy BUKOHYBaH: 4 cepii (ceTH)
CHUJIOBUX BIIPaB i3 8 NOBTOPEHb B KOXHOMY;
IHTepBaj BIAMOYMHKY MiX CEpiIMH CTAaHOBHB
60+3,8 c; TeMn BUKOHAHHS BIPaBU CEpeIHIN
(2/3 = 3 ¢ TpuBae xoHUEHTpUYHA (a3a pyxy,
a 3 ¢ — eKCIIEHTPHUYHA); BIPaBH BUKOHYBAIHU 3
MOBHOIO aMIUTITYJ]010; Maca OOTSKeHHsI CHapsia
(mTaHTH, TaHTeNe) 3a MUX YMOB CTaHOBHUIIA
o6nm3pko 80-82% Bim MakcumanbHOI (Maca
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cHapsijaa 3 SIKUM MOYXHA BUKOHATH JIUIIC OJHE
nosropeHHs — 1 [IM). OGcrexyBaHi 10ciiIHOT
Pyl BUKOHYBAJM TPCHYBaIbHI HABAHTAXKCHHS
HacTYITHOTO XapaKkTepy: CUIIOBi BpaBu — 4 cepii
3 4 TOBTOPEHHSAMH 3 IHTEPBAJIIOM BIIIMOYNHKY 1
XB; TEMII BUKOHAHHS BIIPAaBU JYyK€ MOBIJIbHHIM
(3/6 — 3 ¢ y KOHIIEHTPUYHOMY peXuMmi, a 6 ¢ — B
EKCIICHTPUYHOMY ); BIIPAaBH BUKOHYBAJIH 3 4aCT-
KOBOI aMIuTiTy0t0 (90% Big MakcmMaibHOI);
Maca OOTsDKEHHs CHapsiga csrama 65-68% Bifg
MaKCUMalIbHOI. 3arajqbHa TPUBAJTIiCTh OKPEMOTO
TPEHYBAJIBHOI'O 3aHSTTS JUISL MPEJCTABHUKIB
KOHO{ 3 rpyn ctanoBmia 30+1,1 xB.

Bci ronaku, siki Opayiu yyacTb y AOCIiIKEeH-
HSIX, IOMEPEAHbO MPOUILIN TOBHUN MEIUYHUI
OTJIAT | KOMIUIEKCHUH TabopaTOpHUI KOHTPOIb
(9 moxa3HWKIB), 3a pe3yibTaTaMH SIKHX HE
Majld MEJUYHHUX MPOTHIIOKA3aHb JJIS y4acTi B
CKCIICPUMEHTI.

CuioBi HaBaHTaXKEHHsI OLIIHIOBAIHN 33 KOM-
MMOHEHTaMHU TPEHYBaJIbHOT POOOTH, SIKi BHKO-
PHCTOBYIOTHCS SIK iH(OPMATHUBHI MMOKa3HUKHA B
mporieci 3aHATh CHWIOBUM (iTHecoM. Jmsa miel
METH 3aCTOCOBYBAJIM METO/J] BUSHAYCHHSI 1HJIEKCY
TpeHyBaJbHOTO HaBaHTaXeHHS [8]. PeecTpyBa-
JIA TIapaMeTpu MaKCUMaJbHOI M’S30BOi CHIIH
Y4aCHUKIB y TECTOBUX BIIpaBax, PO3paxoBy-
BaJM MOKa3HUKHW HAaBAHTaXEHHS: Koe]imieHT
3oBHINTHLOTO omopy (Ra), BigHOCHY Bary o0Ts-
skeHHst (Wa), 3HaYeHHS CHUIOBOTO HaBaHTaKCHHS
(Wn), iHeKC TpEeHYBaJIbHOTO HAaBAHTAXKCHHS
(ITNA). KoHTpoab AOCTiIKYBaHUX MOKa3HUKIB
MPOBOAMIIH 4 pa3u 3 IHTEPBAJIOM B OJIMH MIiCSIIb
MPOTITOM 3-MiCAYHUX 3aHITHh CUIOBUM (iT-
HECOM. 3 aHAJIOTIYHUM IHTEpBaJOM y MpoIeci
JIOCJTIKEHHS] KOHTPOJIOBAIN TUHAMIKY TTOKa3-
HUKIB aHTponioMeTpii (00XBaTHI po3Mipu Tijia).

JlaGopaTopHi JOCIHIIKEHHS CHPOBATKH
KpPOBi BIJITHOCHO KOHIIEHTpAIlil TECTOCTEPOHY
MPOBOJUIHN 4 pa3u MPOTATOM 3 MiC TpeHYBaHb
3 iHTepBaJIOM B OAWH Micsib. KoxxHOTO paszy
[PpU HOMICIYHOMY KOHTPOJI OyJIO MPOBEACHO
no aBa 3a00pu KpoBi: 10 HaBaHTaxXeHHS (y
CTaHi CIOKOI0) 1 BiApasy micys 3aKiHYEHHS
TpeHyBalbHOTO 3aHATTSA. KOHIIEHTpaIlifo Tec-
TOCTEPOHY B CHPOBATIi KPOBi BU3HAYAIH
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METOJIOM IMyHO(EPMEHTHOT'0 aHalli3y B yMOBaxX
cepTudikoBaHOT MEAUYHOI TabopaTopii.

Marepianu mOCHiJ)KEHb IiJJaBaiu CTa-
THCTUYHIH 00pOOIIi 3 BUKOPUCTAHHSAM IMaKETy
nporpam «Statistika» B cuctemi «Microsoft
Excel-2010» bynu BukopHCcTaHi METOJIH mapa-
METPUYHOI CTATUCTUKH JJII BU3HAUCHHS CEpe/i-
HBOTO apu(PMETHYHOTO, CTAHAAPTHOT TOMUIIKH
cepenHboro. PiBeHb BipOTiIHOCTI BU3SHAYAIIH 32
JOTIOMOI'0I0 MApHOTO JABOBHOIPKOBOTO t-TECTY
IUTST CepeHiX.

PE3YJbTATHU TA IX OGTOBOPEHHS

AHami3 pe3ynpTaTiB MOKa3HHUKIB CHJIOBOTO Ha-
BaHTaXCHHS JHOCIIHKeHb (Tabm. 1) Bkasye Ha
HAsBHICTH X 3aJIE)KHOCTI BiJI CTPYKTYPH TPEHY-
BaJILHOTO 3aHSTTS Ta PEKUMY (i3MUHUX HaBaH-
TaXCHb (MOJIEJ1 TPEHYBaNbHOI AisIbHOCTI). Tak,
JUTSL KOHTPOJIIO IOCTOBIPHOCTI YMOB MPOBEACHHS
eKCIIEpUMEHTY, MoKa3HuKH Ra (BimoOpaxkae pi-
BEHb IHTEHCHBHOCTI (pi3MYHOTO HABAHTAKEHHS
3alIe)KHO BiJI CTPYKTYPH TPEHYBaHHS Ta YMOB ii
nposenenns) 1 [TNA (BigoOpaskae mopir cTomIieH-
HsI OpraHi3My CIIOPTCMEHIB y TPOIECi CHIOBUX
HaBaHTa)KEHb) — HE 3MIHIOBAJIU CBOiX 3HAYCHbD.

[IpoTsarom ychoro nepiogy 10CIHiIKEHb 3Ha-
yeHHst Wa, 1110 BigoOpakae HaiO1IbII aIeKBaT-
HUU (YHKI[IOHATHHUM MOKIIMBOCTSIM OPTaHi3My
MacH CHapsja B 3aJlaHUX XapaKTEePHUCTHKAX
CUJIOBOTO HAaBaHTa)XCEHHsS, JEMOHCTPYIOTh
MO3UTHBHY JIMHAMIKY SIK cepe]] PeJCTaBHUKIB
koHTpOoJbHOT (Big +17,83 mo +7,10%), Tak i
nociigHoi (Bix 26,92 no 9,04%) rpyn (P<0,05).
OnHaxk CTpiMKe MiJBUINCHHS 3HAYCHb I[bOTO
MOKa3HUKa 3a MEepIINi Micslb TPEHYBaHb, 3
KOXXHUM HACTYIHHM MICSIIEM 3aHSITh CHIOBUM
(diTHECOM CTae MEHII BUPAXCHUMH, L0 CBIJI-
YUTH PO MOKJIMBY aJanTalii OpraniamMy IOHaKiB
710 CHJIOBUX HAaBAaHTA)KEHb TAKOTO XapaKTepy.

Maiixke moniOHyY TEHIEHIIIO 10 3MiH OyJo
BCTAHOBJICHO MiJ] 4aC KOHTPOJI 3HA4YECHb
nmokaszHnka Wn. Bin BizoOpakae o0csr BUKOHA-
HOT pOOOTH 3a OJAMHUINIO Yacy 3 ypaxyBaHHSIM
0COONHMBOCTEH CTPYKTYpPH TPEHYBAIBHOTO
3aHSITTS 1 XapakTepy CUJIOBHX HAaBAHTaXKCHbB.
BcraHoBIeHO, 1110 Y FOHAKIB KOHTPOJIbHOI TPYyMH
BiH Ha 68,6% (P<0,05) Bumuii mopiBHSIHO
31 3HAUEHHSAMHU y 0ci0 mocaigHoi rpymu. Lls
o0CTaBMHA BKa3y€ Ha JIOCUTh ICTOTHUW BILIWB
YMOB TPEHYBaJIBbHOI AISUTBHOCTI Ha PI3HUIIO B
00cs31 BUKOHaHOI pOOOTH yYacHUKAMH JOC-

Ta6muns 1. 3HaueHHs MapaMeTPiB CHJIOBHX HABAHTAKEHb, AKi BHKOPHCTOBYBAJIM YYACHHKH JOCTIZKYBAHUX IPyHl
NPOTATrOM TPUBAJIUX 3aHATH CUJIOBUM iTHecom (M+m, n=40)

[Ticnst micsIiB TpeHYBaHb

IToxa3Huku Buxigni 3HaueHHS
MepIIoro JIPYroro TPETHOTO

Pexum HaBaHTaXEHHS, YM.OH

KOHTPOJIb 0,64+0,01 0,64+0,01 0,64+0,01 0,64+0,01

JOCITi 0,71£0,01 0,71%0,01 0,71+0,01 0,71+0,01
Bignocna Bara OOTS:KEHHS, KT

KOHTPOJIb 40,48+0,46 47,70+£0,51%* 53,80+0,49* 57,62+0,66*

JOCTI 45,02+0,34 57,14+0,51%* 66,13+0,49* 72,11£1,04*
[HAeKC TPeHYBAIBHOTO HAaBAHTAXKCHHS, YM.OI.

KOHTPOJIb 0,71+0,01 0,71+0,01 0,71+0,01 0,71+0,01

JTOCTiT 0,87+0,01 0,87+0,01 0,87+0,01 0,87+0,01
CunoBe HaBaHTAKEHHS, KI/XB

KOHTPOJb 506,01+8,66 596,25+7,27* 672,50+8,31* 720,25+6,54*

JOCITi 300,13+8,23 380,93+4,67* 440,86+5,81* 480,73+6,33*

[Ipumitka: TyT i B Tabm. 2 i 3 * P<0,05, B mopiBHAHHI 3 TOKa3HUKAMH MOMIEPETHBOTO MiCSIIA
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JiKeHb, HEe3BaXKal04u Ha Te, [0 BUXIAHUH
piBEHb PO3BUTKY MaKCHMAJIbHOT M’ SI30BOi CHIIH
MPAKTUYHO 1IGHTUYHUN Cepe]l FOHAKIB 000X TPyTI.

VY Tabn. 2 mpencraBieHO 3HAYCHHS TOKa3-
HUKIB KOHTPOJBHOTO TECTYBAaHHS PO3BUTKY
Mm’s30B0i cuim (1 TIM, Kkr), sKi BCTaHOBJICHI
npoTsiroM Tpusaioro (3 Mic) nepiogy 3aHsTh
cunoBuM (iTHecoMm. Y mpoueci TpeHyBaHb Y
I0OHaKiB 000X I'pyl CHOCTepiraiud MO3UTUBHY
IUHAMiKy MOp(QO(YHKITIOHAITPHUX MTOKa3HUKIB.
Tak, y oci® KOHTPOJBHOI 1 TOCHITHOT TPYH B
npolieci TPUBAIUX 3aHITh CUIOBUM (iTHECOM
OyJI0O BCTAHOBJICHO, 110 MOKAa3HUKH M’ S30BOT
cuau maBumuancs Ha 32,51 53,1 % BiamoBigHO
(P<0,05) mono BuxigHux 3HadeHb. [Ipu mpomy
MMO3UTHBHY TCHJCHIIIIO TiIBUIIEHHS MOopdome-
TPUYHHUX MMOKA3HUKIB YYaCHUKIB 000X HETpe-
HOBaHHX TPYI MpeacTasieHo B Tadm. 3. Tak, y
rpyImi I0OHAKIB, sIKI BAKOPUCTOBYBAJIN B MPOIIECi
TpeHYBaHb HABAHTAXKCHHS BEJIMKOI IHTCHCHUB-
HOCTI (HOCIiIHA T'pyIia), BUSBICHO IiBUILICHHS
JTOCIiJKyBaHOTO mokazHuka Ha 7,0% (P<0,05),
a cepen 0ci0 KOHTPOJIBHOI TPyMH — JHIIEC Ha
4,5% (P<0,05).

TakuM 4MHOM, aHaIi3 pe3ylbTaTiB BKa3ye
Ha Te, IO CHUJIOBI HaBaHTa)XEHHS BHCOKOI

IHTEHCHBHOCTI IpH MajJoMy ii 00cs31, BUKOpHUC-
TOBYBaHI MiJ 4Yac TPEHyBaHb IOHAKaMH JOCIi]-
HOI IpyNH, COPUSIOTH OINbII BUPAXKEHIN 3MiHI
3Ha4eHb MOP(GODYHKITIOHAIBPHUX MOKA3HUKIB Y
TTOPIBHSIHHI 3 KOHTPOJIEM.

V Tabn. 4 nmpencraBieHo pe3yabTaTH KOHT-
POJII0 KOHIIEHTpAIlii TECTOCTEpOHY B CHPOBATII
KpPOBi HETPEHOBAHUX IOHAKIB y CIOKOI (0 Ha-
BaHTAXXCHHSI) Ta MIiCJIsI TPEHYBAJIbHOTO 3aHATTS 3
BUKOPUCTAHHSM Pi3HUX PEKUMIB HABaHTAXKCHHS
B IIPOIIECi TPUBATUX 3aHATH CHIIOBUM (PITHECOM.
Cnix BIAMITHTH, IO ITiCIs CHJIOBOIO HaBaHTa-
JKEHHS CEPeIHbOI IHTEHCUBHOCTI 3 BEJIUKUM
o0csiroM TpeHyBalibHOT poOoTu (AUB. TaOII.
4), KOHIIEHTpaIlisl TECTOCTEPOHY B CHpPOBATIII
KpPOBI I0HAKIB KOHTPOJIBHOI IPYIIH IEMOHCTPYE
3amxkeHHs Ha 11,2% (P<0,05). Y cBoro uepry
CUJIOBI HABaHTa)XXCHHSI BUCOKOI iIHTEHCHBHOCTI
[P HE3HAYHOMY 11 00Cs31, [0 BAKOPUCTOBYIOTh-
csl B IpoLiec] TPEHYBAIbHOTO 3aHATTS FOHAKAMHU
JOCIIIHOT TPyIH, HE BUKIUKAIOTh TOPMOHAIIb-
HOT BiATIOBiZI KOHTPOJIHOBAHOTO MOKa3HHUKA
Ha IOMY eTami gociimkeHHs. KoHmeHTparis
TECTOCTEPOHY B CHPOBATIII KPOBI 3HMIKYETHCS B
yMOBax 301blIeHHsT 00cATy poOOTH HA MPOTH-
Bary iHTEHCHBHOCTI TPEHYBaHb, 110 € 03HAKOIO

Ta0uuns 2. /luHamMika N0Ka3HUKIB MAaKCHMAJIbHOI M’f130BOI CHJIM YYACHHKIB J0C/IiIKYBAHUX I'PYIl B yMOBax
TPHUBAJIUX 3aHATH CWJI0BUM GitHecoM (M+m, n=40)

Eranu konTposito

TpenyBaibHi Bripasu, 1

[Ticns MicsuiB TpeHyBaHb

IIM, xr Buxinni 3HaueHHs
[Tepmroro Apyroro Tpetsoro

Kum nexauun

KOHTPOJb 62,50+1,72 73,00+1,72* 85,50+2,38* 91,00+2,80*

JOCITiJT 61,00+1,91 73,50+1,85* 85,00+1,99* 94,50+2,17*
Kum HOramMu

KOHTPOJIb 116,25+4,00 145,25+5,28* 171,75+6,68* 188,25+7,19%

JOCITIT 126,00+6,33 171,00+6,59* 205,00+6,33* 224,50+6,10%*
Tsira 3a roysoBy

KOHTPOJB 65,50+1,45 72,00£1,17* 78,00+1,28* 80,75+1,32*

TOCHIT 59,75+1,56 69,00+1,56%* 77,00£1,38* 83,25+1,27*
Monotku

KOHTPOJb 27,00+0,49 30,40+0,45%* 33,80+0,54* 35,40+0,67*

JOCITiJT 26,40+0,45 30,20+0,61* 33,60+0,54* 37,00+£0,57*
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CHUHJIPOMY MEPETPEHOBAHOCTI [4].

TakuMm 4MHOM, HAa OCHOBI aHaJIi3y OTPUMAHUX
Pe3yNbTaTiB Ta ONNIALY JIiTepaTypHUX 1aHuX [2, 7,
9] MOXHA OPUILYCTUTH, O TAKUN MPOTUIECKHUI
XapakTep TOPMOHATHLHOTO BiATIOBI Al 3yMOBICHUH
BUPQKEHUM CTOMJICHHSIM, SIKE PO3BHBAJIOCS ITiJT
4ac 3aHATTS, & TAKOXK HU3BKUM PIBHEM TPEHOBa-
HOCTI I0HAKIB a00 HEJOCTATHLOIO aJalTallcro 1X
OpraHi3my 0 IbOTO BUIY CTPECY.

Ilo 3akiHYeHHI MEpPmIOTO MicsIs 3aHATH
cmioBUM (DiTHECOM 3MiHA KOHIICHTpAIlii Tec-
TOCTEpPOHY B CHpOBATII KPOBI YYAaCHHKIB TPyI
Mae pi3HOCHPSIMOBAHY TEHJICHIIII0 y BiJIMOBIIb
Ha CUJIOBI HABaHTaXXCHHS Pi3HOI0 XapakTepy.
Tak, y FoHaKiB KOHTPOJIBHOI TPy IIPU CEPEJIHIHI
(Ra=0,64 ym.on) iHTeHCHBHOCTI (hi3WIHOTO
HaBAaHTaXEHHS 1 BEIUKOMY 00cCs3i poboTHu
(Wn=596,25 KI/xB) CIIOCTEPIra€ThCsl 3HMKCHHS
KOHIICHTpAIIii TECTOCTEPOHY B CUPOBATIII KPOBI Ha

13,4% (P<0,05). Pa3zom 3 1tum y oci0 pocmigHol
Ipyny B YMOBax BHKOPHCTAHHS IiJ 4ac 3aHATH
MMOKa3HUKIB BUCOKOI IHTEHCUBHOCTI (hi3WYHOTO
HaBaHTaxxeHHs (Ra=0,71 ym.ox.) i mamoro o6cs-
ry po6otu (Wn=380,93 kr/xB) BMIiCT TOPMOHY B
KpoBi 30inbInyeThest Ha 9,9% (P<0,05) nopiBHsiHO
31 cTaHOM crokoto. [Ipu 11boMy BiporigHO 3011b-
LIYBaJUCS MOKa3HUKW MaKCHMallbHOT M’ s30BOi
CWJIH Ta 00XBaTHUX PO3MIpIB Tijla y FOHAKiB 000X
Ipy1, 10 NPaKTHYHO HEMOXKJIMBO NPH CTaHI Ie-
peHanpyTu abo mepeTpeHoBaHOCTI [4].

[Ticas npyroro Micsis CHCTEMAaTHIHUX 3aHSTh
CHJIOBUM (DiTHECOM BHSBIICHO, IO XapaKTep 1 CTy-
MiHb 3MiH BMICTY TOPMOHY B KPOBI ITiCJISI TOCTPOTO
CHJIOBOTO HAaBAaHTA)KEHHS B CEPEIHBOMY IO TPy
MPAKTUYIHO aHAJIOTIYHI pe3yabTraTaM, OTpUMaHUM
Micsaie ToMy. OHaK y FOHAKIB TOCIITHOT TPYTITH
i MOKa3HUKU JEMOHCTPYIOTh OiJIbIIl BUPaKEHY
JMHAMIKY. Y CBOIO Yepry Ha TiIi He3HAYHOTO 3HH-

Ta6auns 3. /lunamika noka3HMKIB 00XBaTHUX PO3MIpiB Tijla yYaCHHUKIB A0CTIIKYBAHUX IPYIl B YMOBAX TPHBAJIUX
3aHATH CMJI0BUM (piTHecom (M=m, n=40)

Etanu konTpoJito

O06xBatTHI po3Mipu

[Ticnst MicAIiB TpEHYBaHb

Tijga, cM BuxinHi 3HaYeHHS

ITepuioro |

Hpyroro Tpetsoro

I'pynHOT KIITKH

KOHTPOJb 101,90+1,29 103,75+1,35%* 105,15+1,41%* 105,98+1,41*

JOCITiJT 100,93+0,79 103,40+0,53* 104,93+0,45%* 106,70+0,37*
IIneua

KOHTPOJIb 32,83+0,33 33,53+0,38* 34,08+0,39* 34,48+0,40%*

JTOCTIT 33,00+0,37 34,15+0,44* 34,93+0,42* 35,65+0,42%*
Tlepeammigus

KOHTPOIb 26,20+0,18 27,00+0,20* 27,63+£0,20* 28,00+£0,22%*

TTOCTiT 25,70+0,15 26,80+0,16* 27,70£0,19% 28,60+0,24*
Ini

KOHTPOJb 36,68+0,28 37,70+0,35%* 38,35+0,34* 38,80+0,35*

JOCITi 37,25+0,20 38,30+0,17* 38,98+0,20* 39,48+0,25%
Crerna

KOHTPOJIb 52,73+0,78 53,63+0,70* 54,00+0,66* 54,40+0,62*

JTOCTIT 54,43+0,51 56,00+0,56* 57,35+0,58* 57,90+0,58*
Tominku

KOHTPOJb 35,98+0,42 36,53+0,39* 36,75+0,37* 36,83+0,37*

JOCITi 36,68+0,42 37,48+0,47%* 38,00+0,48* 38,35+0,47*
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JKEHHSI TeMITIB 3pocTaHHs MOp(odyHKIIIOHAE-
HUX [MOKa3HUKIB YYaCHUKIB 000X IpyIl 3HAYCHHS
CHJIOBOTO HABaHTAXCHHS MPOAOBXKYIOTH 30111b-
LIyBaTHCSA, aJie 3 MEHII BUPAKEHOIO IIPOIPECI€lO.

Pesymnbpratn mocimigkeHb, SKi BCTAHOBJICHI B
000X rpynax micist 3-ro Micsilsg TpeHyBaHb, Jie-
MOHCTPYIOTh aHAJIOTIYHY TSH/ICHIII 0 JINHAMIKH,
Ky CHOCTEpiranu micis 2-ro Micsius eKcrepu-
MEHTY, aJIe 3HOBY 3 OiJIbIIl BUPQXKEHOIO 3MiHOIO
KOHIIEHTpAIlii TECTOCTEPOHY B CHPOBATIIi KPOBi
FOHAKIB JOCIIAHOI TPYIH ITiCIIsI HaBaHTAXEHB
MOPIBHSHO 31 CTAHOM CITOKOIO.

B uinomy, anani3 pe3ynbTariB BKa3ye Ha Te,
110 HE3BAXKAIOUW HA 3HMKEHHA (y KOHTPOJbHIN
rpyni) abo migBuIeHHs (B JOCIiAHIN Tpyti)
KOHIIEHTpAIlii TECTOCTEpOHY B CHPOBATIII KPOBi
y BIZIMOBiAs HA CHIJIOBI HAaBaHTAXXEHHS Pi3HOTO
XapakTepy B Ipolieci TPEHYBalbHOTO 3aHATTS,
CIIOCTEPITaeThCsl CYTTEBE MMiABUIICHHS MAaKCH-
ManbHOi M’si30Boi cunu Ha 32,5% (P<0,05) y
oci6 koHTpoabHOi Ta 53,1% (P<0,05) y ronaxis
JOCIITHOT TPYII MPOTATOM 3 MiC 3aHATH CHJIOBUM
¢ditHecoM. BogHouac criocrepiraim He3HaIHY 10~
3UTHUBHY TCHJICHIIIIO ITi{BUIIICHHS 00XBaTHUX PO3-
MipiB Tijna Ha 4,6% (P<0,05) y 0ci0 KOHTpOIBHOI
rpynu ta 6,7% (P<0,05) — nocnignoi. [Ipu upomy
KOHIICHTpAIlisi TECTOCTEPOHY B CHPOBATIII KPOBI,

JOCIiPKeHa MPOTATOM YChOTO MEPioay eKcIepH-
MEHTY, JEMOHCTPY€E TEHACHLIIO A0 IMiBULICHHS
y IpencTaBHUKIB KOHTPoJbHOI rpynu Ha 10,4%
(P<0,05). Bogaovac y roHaKiB JOCHiIHOT TPYIIH
cnocTepiranu ii 3umxenas Ha 11,7% (P<0,05) B
CTaHI CIIOKOIO MPOTATOM 3 MiC 3aHSITh CHIIOBUM
¢diTHecoMm. BusiBnenuii ¢pakt, MOXKINBO, 3yMOBIIE-
HUH Pi3HUM 3HAYEHHSM 00CSTY Ta IHTEHCUBHOCTI
BHKOHAHOI TpeHyBaibHOI podoTu [1, 10, 11].
TakuM YUHOM, PEe3yNbTATH JOCIIIKECHHS
XapakTepy 1 CTYINeHs TOPMOHAIBHOI BiATTOBI I
Ha T'OCTpPE CHUIJIOBE HABAHTAXXCHHS B IMpOIECi
3-MiCSYHMX 3aHATh CUIOBUM (PITHECOM MOKa3a-
JIY, 010 BUKOPHUCTAHHS iJ] 9Yac TPeHYBaHb Maoi
KiJTbKOCTI TOBTOPEHB (4 pa3u B OKPEeMOMY CeTi)
3 Macor o0TsKeHHs cHapsana 65% sig 1 1IM
npu BUCOKiH inTeHcuBHOCTI (Ra=0,71 yMm.oxm) i
MajioMy 00csi31 poOOTH (CHIIOBE HaBaHTAXKEHHSI
KOJIUBA€eThCsl B Mexax Bij 380 mo 480 kr/xB)
— NPHU3BOJAUTH O miaBumeHHs (Bix 1,65 mo
23,1%; P<0,05) xoHueHTpauii TecCToCTEpOHy B
CHUPOBATIIl KPOBi MOPIBHAHO 31 CTAHOM CIIOKOIO
(mo maBaHTaXeHHs). Y CBOIO 4epry, BUKOPHC-
TOBYIOYH ITiJl 4aC CHJIOBUX HAaBaHTaXKEHb cepe/l-
HIO KIJIbKICTh IIOBTOPEHB (8 pa3iB y ceTi) 3 Macor
oO0TsxenHs cHapsana 82 — 85% Big 1 IIM mpu
cepenniii inTencuBHocTi (Ra=0,64 ym.oxm.) i

Ta0auus 4. Konuenrpaunisi TectocTepony (HM0JIb/J1) y CHPOBATIi KPOBi HETPEeHOBAHMX I0HAKIB 000X 10CIIJHUX TPyl
B YMOBAaX TPUBAJIOI0 Nepioay TpeHyBaHb cuJI0BUM diTHecoM (n=40).

KoHneHTpauist TecTocTepoHy .
Eranu koHTpoOsIO - Pizuuns, % P
J1o HaBaHTaXXEHb [Ticis HAaBaHTaXKEHb
Ha mowarky mocmimkeHb
KOHTPOJIb 15,98+0,42 14,19+0,26 -11,2 <0,05
JOCIIT 17,56+0,93 17,85+1,03 +1,6 >0,05
[Ticns 1-ro Micsiust TpeHyBaHb
KOHTPOJIb 16,29+0,37 14,11+0,51 -13,4 <0,05
JOCITi 16,66+0,91 18,31+0,53 +9,9 <0,05
[Micnst 2-ro MicsAus TpeHyBaHb
KOHTPOJIb 17,11+0,66 14,89+0,49 -12,97 <0,05
JOCTIT 15,97+0,71 18,79+0,78 +17,6 <0,05
[Ticnst 3-ro MicsAus TpeHyBaHb
KOHTPOJIb 17,64+0,76 15,11+0,62 -14,3 <0,05
IOCHI] 15,51+0,69 19,11+0,64 +23.2 <0,05
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BeJIMKOMY 00cs3i pobotu (Big 596 mno 720 kr/
XB) , CIOCTepiralu 3HWKEHHS KOHLEHTpawlii
JoclijkyBaHoro ropmony Ha 11,2 ta 14,3%
(P<0,05). Konnenrparmis TecTOCTEpOHY [0 i
TiCJIsI CHJIOBOTO HABAaHTA)KEHHS HE BUXOJIMAJIA 32
Mexi (i3i0I0ri9HOT HOPMHU.

PesynbTaTi HOCIHIKCHHS JUHAMIKUA BMICTY
TECTOCTEPOHY B KPOBI HETPCHOBAHHX FOHAKIB B
YMOBaX CHJIOBHX HaBaHTAXKEHb Pi3HOr0 o0cAry
Ta IHTEHCUBHOCTI CBiTYaTh MPO MIPOSIB TOCTATHHO
HE OIHOTHITHOI TOPMOHAJIBHOI BIAMOBii, BCTa-
HOBJICHOI TPOTATOM YCHOTO MEPIOIY TOCTIIKEHb.
[TigBUIEHHS BOTO MOKA3HUKA BiJI0YBAETHCS
y BIAIIOBiJb Ha CUJIOBI HaBaHTA)XXCHHS BUCO-
KOi IHTEHCHBHOCTI IIPH MalloMy 00Cs3i poOOTH.
BonHowac BUKOpUCTaHHS B MPOIECI TPUBAIUX
TpEHYBaHb CHJIOBHX HAaBAaHTAXKECHHS CEPEIHBOI
IHTEHCUBHOCTI 3 BEJIHUKHM 00CsATroM poOOTH
CIPUSIOTH 3HMKEHHIO KOHIEHTpamii Jocmi-
JKyBAHOTO TOPMOHY MicCJsi TPEHYBaJIbHOTO 3a-
HATTS MOPIBHSIHO 31 cTaHOM crokorw. [Ipu npo-
MY CHOCTepiraeThcs MPOTHUIICKHA AWHAMIKA
0a3aIpHOTO BMICTY TECTOCTEPOHY.

TakuM 4MHOM, TOCHIIKEH] agamnTamiini
3MIHU B MpOIECi TPUBAIHUX 3aHATH CUJIIOBUM
¢iTHECOM XapaKTEepU3YIOTHCS HAsABHICTIO 3HU-
JKEHHs TEMIIB HiABUINECHHS MOKA3HUKIB M’SA30-
BOi CHJIM Ta 0OXBAaTHUX PO3MIpiB TiJla IOHAKIB
000X TPYII B MO0 BUXITHUX 3HAYCHD, SIKi OyIIH
BCTAHOBJICHI MICJIS MEPILIOTO MICSIsl TPEHYBaHb,
BHACIIIIOK 3pOCTaHHS PiBHA PE3UCTEHTHOCTI
opranizmy A0 Qi3MYHHX HaBaHTaxeHb. OqHO-
YaCHO BHUSABJICHO, 1[0 TOPMOHAJbHA BiANOBIJb
Ha TOCTPi CUJIOBI HaBaHTA)XXEHHS CTa€ OINBII
BUPXEHOIO 3 KOXXHUM HACTYITHHUM MiCSAIEM
3aHSTh CHWJIOBUM (PiTHECOM TUIBKM 3a yMOBax
BUKOPHCTAHHS Ti/I Yac TPEHYBaJIbHOTO 3aHSTTS
(13MYHUX HABaHTAXCHHS BUCOKOI IHTEHCUBHOCTI
MpU MaJIoMy 00cs31 poOOTH.

A.A. YepHo3yo

OCOBEHHOCTU AJAIITAIITMOHHBIX
PEAKIIUMA MYKYUH B YCJOBUAX CHJIO-
BOI'O ®PUTHECA

I/I3y‘laJ'II/I O0COOCHHOCTH aJarTalMOHHBIX peaKHI/Iﬁ opraHusma
YCJIIOBCKA B YCJIOBUAX CUJIOBBIX HAIpy30K pasjIMiIHOTO o0bema
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U MHTCHCUBHOCTH H YCTKOI'O ITIOHUMAaHMUS SaKOHOMepHOCTeﬁ
M3MEHEHM I KOHLIEHTPALMU TECTOCTEPOHA B CHIBOPOTKE KPOBU
B IIpOIlecCe 3aHITHH CHJIOBBIM (UTHECOM. Y CTaHOBIICHO,
YTO MOBBIILICHUE KOHI[CHTPALUH TECTOCTEPOHA B CHIBOPOTKE
KPOBU HETPEHUPOBAHHBIX IOHOIIEH (B mpexnenax ot 1,6
no 23,2%; P<0,05) mocne Gpu3MYECKUX HATPy30K IO
CPaBHEHHUIO C COCTOSIHHEM IOKOsI ITPOMCXOAUT B OTBET Ha
CHUJIOBBIC HArpy3KU BBICOKOH MHTEHCHUBHOCTH. B To xe
BpEMsI HCIIOJIb30BaHKE B IIPOIECCE TPSHUPOBOK CHIIOBBIX
HArpy3Kd CpejiHell HHTEHCUBHOCTH U C OOJIBIINM 00BEMOM
paboThl — COCOOCTBYET CHIKCHUIO KOHLCHTPALUH HCCIIe-
nyemoro ropmosa Ha 14,3% (P<0,05). IIpu sTom B mpo-
1ecce JUIMTEIBHOIO NepuojJa TPEHUPOBOK, HalII01anu
CYLIECTBEHHOE IOCTOBEPHOE MOBBIIICHUE MAaKCHMaJbHOM
MblIIeYHOI cuibl Ha 32,5% y nun KoHTpoasHOH U 53,1%
— HccieaoBaTeNbCKOM Ipyni. TakuM o0pa3oM, U3yueHHbIE
aarnTaluOHHBIC UBMEHEHNS B IIPOLECCE NJIUTECIIbHBIX 3aHATHH
CHJIOBBIM (I)PITHQCOM XapakTCPU3YIOTCA HAJIMYUEM CHUKEHUEM
TEMIIOB POCTA TMOKa3aTeIei MBIIICYHON CHIIBI U OOXBATHBIX
pa3MepoB Tena IOHOIIEeH 00eHX IpyII IO CPaBHEHUIO C
HCXOAHBIMU 3HAYCHUAMU, KOTOPHIC ObLIH YCTaHOBJICHBI I1OCJIC
HIEpPBOT0 Mecslia TPEHHPOBOK, B Pe3yJIbTaTe PoOCTa YPOBHS
PE3MCTEHTHOCTH OpraHM3Ma K (U3NYECKUM Harpyskam.
O/IHOBPEMEHHO YCTaHOBJICHO, YTO TOPMOHAJILHBIH OTBET Ha
OCTpBIE CHJIOBBIE HATPY3KU CTAHOBHUTCSI 00JIee BHIPAKEHHBIM
C KaXIbIM MOCJEAYIOLUUM MECSIEeM 3aHSTHH CHUIIOBBIM
q)HTHeCOM TOJIBKO B YCJIOBUAX HCIIOJIB30BAaHUSI BO BPEMs
TPEHHPOBOYHOTO 3aHATHs (PU3NUECKUX HArPy3KH BBICOKOIL
MUHTEHCHBHOCTH IIPU MaJIoM 00beMe paboThI.

KitroueBble ci10Ba: KOHIIGHTPALHS TECTOCTEPOHA B CHIBOPOTKE
KpOBHU; pEIXKUMBI TDEHUPOBOYHLIX HAI'PY30K; aJallTalliOHHbIC
peaKLK; TPEHUPOBOUHBIH IIPOLIECC; CHIIOBOM (UTHECC.

A.A. Chernozub

FEATURES OF ADAPTIVE REACTIONS IN
HUMANS UNDER POWER FITNESS

We studied the features of adaptive reactions of human body
under conditions of power loads of different volume and
intensity. It was found that an increase in the testosteron con-
centration in blood plasma of untrained young men to 23,2%
(P<0,05) after exercise, compared with the state of rest takes
place in response to the high power loads intensity. At the
same time, medium intensity work with large amount of work-
load reduced the concentration of these hormones by 14,3%
(P<0,05). During long-time training an increase in maximum
parameters of muscle force (by 32.5% in control and 53,1% in
test group) was observed. Thus, adaptive changes in the process
of sustained power fitness are characterized by a slowdown of
muscle strength and body size in both groups compared with
baseline values, which were established after the first month
of training. At the same time it was found that the hormonal
response to acute power load becomes more pronounced with
each subsequent month of classes in fitness force only under the
conditions of use during the training sessions of high-intensity
physical exercise for a small amount of work.
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Keywords: concentration of testosterone in the blood serum;
modes of training; loads; adaptive response; the training
process; power fitness.
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IminmHOBMM penenTop:

MOJICKYJISIPHA OpPraHi3auis i maroJorii
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Tiyunosuil peyenmop € anioHCeneKMuSHUM KAHALOM, W0 3a6e3neuye weuoKy CUHANMUYHY nepeoaiy 6
YeHmpabHill Hepeositl cucmemi xpebemmuux. Pazom i3 ayemunxoniHo8um HIKOMUHOBUM, CEPOMOHIHOBUM (5-
HT,R) ma peyenmopom camma-aminomacaanoi kucnomu (LAMK ,) 6in nanesicums 00 poounu yuc-nemensHux
NeHmamepHux IOHOMPONHUX peyenmopis. B oenadi sioodpasiceno 3azanvuy kapmuny, cpopmosany
bacamopiyHuMu 00CTIONCEHHAMU, NPUCBAYEHUMU 2TIYUHOBOMY peyenmopy. Ilokazano cmpykmypy i
ocobnugocmi cyboOUHUUHOI opearnizayii peyenmopa, po3eiaHymo MOMCAUB] NPUUUHU 2inepnieKcii —
HeUPONo2iuHO20 3aX80PIOBANHS, 08 A3AH020 3 OUCPYHKYICIO 2AIYUHOBUX peyenmopis.

Knouosi cnosa: cunanmuyna nepedaua; yuc-nemenvHi peyenmopu, anionceneKmueHi Kanai; cinepniexcis.

BCTYII

['minue — HalipocTima aMiHOKHUCJIOTa O10JI0Ti4-
HUX opraHi3miB. OKpiM OCHOBHOI poii — Oy1i-
BEJbHOI «UEMTMHKH» OITKOBHX MaKpOMOJEKYII,
IIIUH BUKOHYE 11I€ OJIHY HaI3BUYAIHO BAXKIIUBY
(GYHKIIFO — € HEUpOTpaHCMITEpOM y CHHAIcax
HEPBOBOT CHCTEMU. 3aBISKH JI0CIIiIHKCHHSIM, TIPO-
BeneHUM y 60—70-X pokax MHUHYJIOTO CTOJITTS
OyJ10 10BEJICHO, 110 B HEPBOBIH cUCTEMI XpeOeT-
HUX IIBUJKA raJibMiBHA Tlepeaada 3a0e3neuyeTh-
ca gBoMa ocHoBHHMH cucteMamu: [AMK- ta
DIIHHEPTivHO0. Y MepiIild HelponepenaBademM
BHCTYyIA€ TaMMa-aMiHOMAcJsHa KUCIIO0Ta, Y IPY-
rid — rminue. lonorponni TAMK , - penenropu
3HAXO/AATHCS NMEPEBAKHO B CHHAINCAX TOJIOBHOTO
MO3KY, B TOH 4ac sIK TJIIUHOBI — B CIIMHHOMY
MO3Ky 1 CTOBOYpi MO3Ky. B mesikux minmsHKax
HEPBOBOI CUCTEMH I1i pEIENTOPH KOJIOKaJi30BaHi
[1, 2]. bimpmre Toro, TAMK i T1itiiH MOXYTH BXO-
IIATH O CKJATy ONHIE] CHHANITUYIHOI BE3UKYIU
[2]1 omHOUACHO BUALISATHCS 13 IPECUHATITUYHOTO
3akiHdeHHs [3].

®izionoriuni QyHKUil NIiMUHEPTiYHOT CHC-
TEeMH Jy’Ke Pi3HOMaHITHI: BiJl KOHTPOIO MOTOP-

© TI'.B. Marneesa, I1./1. Bpe:xecToBchkuit
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HOI HiANBHOCTI 1 TeHepallii puTMy 10 00poOKH
ceHcopHoi iHpopmalii. OCHOBHOK (PYHKIIIED
€ Tepenaya raJibMiBHUX IMIYJIbCIB Yy CIIUHHO-
MY MO3KY, 110 3a0e3Tedy€e MBUAKY PETyIISIIiio
MOTOpHOI AisnbHOCTI [4]. OyHKIIOHYBaHHSA
TIIITHOBUX PEIENTOPIB 3aJIe)KUTHh BiJ MiCIsI
ix joxanizauii B HepBOBiil cucTemi, cyboau-
HUYHOTO CKJIaay, peTyJisuii BTOpUHHUMH MOCe-
peaHukaMu (mpoTeinkinasu, Gocdarasu, 10HH
KaJIbIIiF0), @ TAKOX BiJl KOHIIEHTpAIlil i0HIB XJIOpY
Y BHYTPIITHBOKIITHHHOMY Ta MO3aKJTITHHHOMY
cepenoBuiax [5, 6].

B ormsai mpencraBieHi naHi, 10 BUCBIT-
JIIOIOTh CTPYKTYPY DIIIIIMHOBHUX PELENTOPIB, 1X
apXiTeKTypy i CyOOOWHWYHHN CKIIQJ, a TaKOX
MaToJIOTIYHI HACTIAKH, 3yMOBIJICHI OPYIIEHHS -
MU MOJIEKYJISIpHOT OpTaHi3amnii UuX penenTopis.

CTpyKTypa IIiHHOBOI0 penenTopa

['minuHOBHIT penenTop BXOIUTH A0 CKIIALy po-
JUHH [UAC-TICTSJIbHUX JIITaHJIKePOBAHUX 10HO-
TPOMHUX KaHaJiB, 10 SKOI TAaKOX BIAHOCSATHCS
HIKOTHHOBUH aneTuixoninosuii (HAXP), cepo-
toninoBuit (5-HT;) i TAMK,-peuentopu [7].
Jlaui mociikeHb OCTaHHIX POKIB CBiIUaTh,
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110 BOHH IIMPOKO PO3TMOBCIOKEHI cepen Oio-
JIOTIYHUX OPTraHi3MiB — BiJl OJJHOKJIITHHHHUX,
MOJIFOCKIB, KOMax 1 g0 ccaBiuiB [8, 9]. Jlirana-
KepoBaHi 10HHI KaHAJHU SBISIOTH COOOI0 TOMO- 1
reTepoMepHi ancaMOii 3 5 OIIKOBUX CyOOmH-
HUIb, 10 GOPMYIOTh IIEHTPAIBHY MOPY KaHATY
[10-12]. Bci BOHM MarOTh CITUIBHI pUCH OYJIOBH:
JOBTHH 30BHIIIHBOKIITUHHUN N-TepMiHATbHUHI
JIOMEH, 110 cKaagaeTrhbcsa 3 moHam 200 amiHO-
KHACJIOT, YOTUPH TPaHCMEMOpaHHI JOMEHH
(TM1-TM4), 3’enHaHi IETIIMH Pi3HOT JOBKIHHU
(muTomrazMaTuyHa meTiIs, mo 3’ eaaye TM3- i
TM4-nomenn HapaxoBye Maiike 100 amiHOKHC-
JOTHUX 3aJIMIIKIB), 1 KOPOTKY MO3aKJIITHHHY
C-tepMinanb. N-TepMiHAIbHUN TOMEH KOX-
HOi CyOOJIMHUIII Ma€ KOHCEPBATHUBHY MIISHKY
3 13 aMIHOKHMCIOT, OOMEXEHUX LHMCTECIHAMHU,
10 3HAXOJIUTHCS MIX JIIraH/3B SI3yBaJIbHUM 1
TpaHcMeMOpaHHUMH JIOMEHaMu O1JIKOBOi cyO-
onuHULI. 3’€IHYIOYUCH KOBAJICHTHO, IUCTEIHN
(OpMYIOTh HUC-TIETIIO, MO0 U Jajl0 Ha3By BiJ-
MOBiAHINA poawHi. XapaKTepHO 0COOIUBICTIO
TIHITHHOBOTO PEIeNTOpa € HASBHICTH TBOX IIHC-
MeTeb y 30BHIMHLOKIITHHHOMY JIOMEHI.
Po3yMiHHS MONEKYISPHOI CTPYKTYPH IIHC-
NeTeNbHUX KaHalliB 3HAYHO PO3IMUPHIOCS
3aBJSIKM BaXXJIMBUM JAaHUM, 1[0 OyIH OTpHU-
MaHi 3a ocTaHHi poku. [lo-mepmie, BiAKPUTTS
areTHIX0MiH3B’ a3yBabHOTO Oinka (AX3b)
MPICHOBOJAHOTO MoOJtcKa Lymnea satagnalis
1 OTpUMaHHS HOTO KPHUCTAIIYHOI CTPYKTYpH 3
posaineHo0 3xaTHicTIO 2,7-1071%M [16]. Xou
me O1JIOK 1 HE acCOLIMOBAHUMN 3 10HHUM Ka-
HaJIOM, BiH ABIS€ cOOOI TMEHTaMep, CXOXKHH
3a CBO€EIO OYyJOBOIO 13 30BHIMHBOKIITHHHUM
MaKpPOMOJIEKYJISIPHUM JIITaHA3B sI3yBaJIbHUM
KJIaCTEepOM, [0 yTBOpeHui N-kiHmsiMu HAXP
i rninuHOBOro peunentopis. lle mamo 3mory
BUKOPHUCTATH cTPYyKTYpy AX3b ais romosnoriu-
HOTO MOJIEJTIOBAHHS PEIENTOPHUX IIEHTPIB BCi€l
ponvHM UHC-TeTeabHUX KaHamniB. llo-mpyre,
BCTAHOBIICHHSI CTPYKTYPH alleTUIXOJIIHOBOTO
kaHany Torpedo 3 po3inbHO 31aTHICTIO 410"
10 [12] 1OMOMOTIIO YTOUHHTH TOIOJOTIO LHC-
MeTeJIbHUX KaHaJiB i BCTAHOBUTH JIOKAIi3aIlif0
3HAYHOI KUTBKOCTI iX CTPYKTYPHHUX KOMIIOHEHTIB.
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[To-Tpere, BU3HAYEHHS 3 BHCOKHM PO31ICHHIM
(1,94-107'%), kpucraniunoi cTpyKTYpH 30BH-
IMIHBOKJIITUHHOTO JOMEHY ol-cybonuauii
HAXP mumri, 38’ 513aHOTO 3 0.-OyHTapOTOKCHHOM
[17], Bimkpumo metani MOJEKyJIsIpHOI opra-
Hizanii miei ginsaku AXP. I, mo-uerBepre,
OTPUMaHHSI KPUCTANIYHOT CTPYKTYPHU JIBOX
MPOKapiOTHUX KaHaJiB, U0 € TOMOJOTIYHUMH
i3 muc-meTeNbHUMHU penentopamu. Kanan
ELIC (Binm anra. pentameric ligand-gated ion
channel), 3 G6axrtepii Erwinia chrysanthemi,
OyJI0 KPUCTaJi30BaHO B 3aKpPUTOMY CTaHi, IO
Jalio 3MOTY 3°sICyBaTH WOTO CTPYKTYpPY IpH
posainenni 3,3-1071% [18]. Kpucraniuna
cTpykrypa kanaiy GLIC, Buninenoro 3 6akrepii
Gleobacter violaceus, byna BU3Ha4eHa y BiIKpH-
TOMy cTaHi 3 po3ainennsam 2,9-1071% [19]. Tpu-
MYIIEHHSI [0/I0 MOJIEKYIISIPHUX 0COOJIIMBOCTEH
KOH(pOpMaliifHUX 3MiH, KOTPi IPHU3BOIATH 0
BIIKpUBAHHS I0HHUX TOp, 0a3yI0ThCS Ha MOPiB-
HSTHHI IIUX IBOX KaHaJiB. 3yNHHUMOCS JEUI0 J10-
KJIaTHIIIE Ha TX apXiTeKTYpHO-(YHKIIOHATBHIH
opranizarii.

Kinenp N-TepMiHAIBLHOTO AOMEHY KOXK-
HOi cyOonmHuLi siBIsge co00K0 o-cHipanib, 3a
aKoto Hae cepis 3 10 B-ckiaagyacTux CTPyKTyp
(B-nuctiB). Bouu ¢opmyrors aABi rinpodo0-
Hi 30HHU, IO YTBOPIOIOTH CAaWT 3B’sA3yBaHHS
aronicra. KoHncepBaTuBHa muc-meTas, sKa
BXOJHUTh IO CKJIaJy LILOTO JOMEHY, a TaKOX
NeTs, o 3B’a3ye B-nuctu 2 i 3, BUTHHA-
I0TbCsl B OiK TpaHCcMeMOpaHHUX JOMEHIB i,
WMOBIpHO, BiJIIOBiIalOTh 3a mepenady iHpoOp-
Marii BiJ mirasa3B’s3yBaJbHOTO CAWTy /0
KaHAJIAKTUBYIOYHX BOPIT, IO MICTITHCS B TOPi
[16, 20, 21]. Y dhopmyBaHHi Jirana3s’a3yBaib-
HOT'0 CalTy OepyTh Y4acTh LICHTPAIbHI JUISTHKH
N-TepMmiHaJbHUX JIOMEHIB JJBOX CYCiAHIX Cy0o0-
IUHUIB, a came A-C «rosioBHO» (200 «+») cy-
6omunuti i D-F netni «xommiaementapHoi» (a0
«—») cyoonmaumi [22]. Lli meTii € TiHKEPpHUMHI
OiJISHKAMM, 10 HOEJHYIOTh P-CKiaaadacTi
CTPYKTYpH Mix c000t0. B MOMEHT 3B’sI3yBaHHs
aroHicra 3 peuUenToOpoOM aMiHOTpyma Jiranmy
B3aemojie i3 3anmumkom (eHinananiny 159
B-netni (tpunrodan 149 y sunanky HAXP) 3a
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MeXaHi3MOM KaTioH-7 B3aemonii [23]. Lle npu-
3BOJAUTH A0 (pikcyBaHHs aroHicTa B Micui HOro
3B’s3yBaHHS, IIEPEMIIICHHS ITUC-TIeTII 1 MeTII,
mo 3’eaHye B-ckiamyacti cTpykTypu 11 2 B
HaIpsIMKY TpaHCMEMOpaHHUX MOMEHIB i A0 iX
B3aemo/1ii 3 TM2-TM3 ninkepom [16, 24]. Take
MepEeMIIICHHSI 3/IaTHE BUKJIMKATH KOH(POpMaIliii-
Hi 3MiHU IHIIHX JJOMEHIB pelenTopa, 30Kpema
TM2, kotpuii hopmye i0HHY TIODY.

Yotupu TpaHCMEeMOpaHHI TOMEHH Cy00aH-
HUIb TIIIAHOBOTO PEIENTOpa MpeacTaBIeHI
0- CIipaJsgMH, IO MPOHMU3YIOTh OIMIMIAHY
MeMmOpany. [I’saTh cyOOAMHUIb, 3 SIKHX CKJa-
JAETHCS PELENITOP, 30PIEHTOBAaH] TAKUM YHHOM,
1o iXx TM2-10MeHU YTBOPIOIOTH 10HCEIEKTHBHY
mopy, a TM1-, TM3- i TM4-nomenH ii 0TO4yIOThH
1 B3a€MOAIIOTh 3 JiNiJaMU LUTOIIA3MAaTHYHOT
MeMOpan#u [24]. Y nentpi koxxaoro TM2-mgome-
HY 0 CIIipasib MePETUHAETHCS, TAKUM YHHOM Pi3Hi
JISIHKY KaHaly MaroTh pi3HY IIHUPUHY. B 30HI
MeperuHy po3MilleHi JBa riipohoOHI KilbIs,
yTBOpeHi 9’-neiinuaamu i 13’ -Baxinamu, KOTpi,
HMOBiIpHO, POPMYIOTH TOJIOBHI KaHAIBHI BOPOTa
[24]. 3rigHo 3 Moxe/I0 YHBIHA, BIIKPUBAHHS
10HHOTO KaHaJly 3alyCKaeThCs MOBOPOTOM
TM2- 1oMeHIB Ta ITOJAJIbIIOK AeCTa0lIi3a1icIo
ripohoOHUX B3a€EMO/Iii B KAHAIIBHUX BOPOTaX.
L[st monmens Oa3zyeThest Ha aHami3i 300pakeHb
HAX-penenropa eJIeKTpUIHOT0 OpraHa MopcCh-
koro ckara Torpedo, OTpUMaHHX 3 JIOIIOMOTOIO
ENIEKTPOHHOT0 MIKPOCKOMa, 3 PO3AITEHHIM
4-10°'% [11, 12]. Cnuparouuch Ha pe3yJbTaTH
aHaJi3y KPUCTAIIYHOI CTPYKTYPH MPOKAPIOTHUX
1OHHUX KaHaliB (aHATOTIYHUX ITHC-TICTCIEHUM
kaHamam eykapiot) GLIC [17] i1 ELIC [18, 25]
OyJIO 3alPOMOHOBAHO 1HINY MOJAEIb, 3TiHO
3 SKOI MiJ 4ac akTuBamii pementopa, TM2
— TM3-neTns 3Mimy€eTbCs HA30BHI 1 TATHE
3a coboro TM2-nmomen. lle nmpu3BoaAUTH 110
Y3TOJKeHOTo mepeMimeHHs qoMeHiB TM2 i
TM3 i cynpoBOIKYETHCS 3MIHOIO 1X HaXUITY
Ta 30UTBIICHHSIM JiaMeTpa MOpHU 3 2-1019 o
12:10-'% [20]. IIpu nbOMy 3aNMLIKM KHCHIO
HU)KHBOTO Kinbls rayramatie TM2-momeny
3’SIBJISIIOTHCSI BCEPEAMHI KaHaly, AMHAMIYHO
(dbopmyroun Horo KaTioHHy BHOIpKOBiCTh. OHAK
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151 MOZICJIb 3ACHOBaHAa Ha MOPIBHSIHHI CTPYKTYPH
piznux kanani: ELIC — B 3akputomy, GLIC —
y BIIKPUTOMY CTaHaX i MOTPeOYy€e MOAAITBIIIOTO
YyTO4YHEHHs. binbm neranbHO apXiTekTypa
1 MONEKYJIApHI MOJENi BiIKPUBAHHS IHC-
MEeTEeJIFHUX KaHaIiB MPEACTABJICHI B OTILAax

[21, 22, 26].

Cy0oauunui riIinnHOBOTO penenTopa

binok raimmHOBOTO perenTopa yrmepiie Oyio
010XIMIYHO OUHIIICHO 31 CMUHHOTO MO3KY IIypa,
3 BUKOPHUCTaHHSIM adiHHOi Xpomarorpadii ta
BHCOKOBHOIPKOBOT0 aHTAaroHicTa TJIIIHHOBOIO
peuenrtopa — ctpuxuiny [27]. Byno BusiBieHo
TpH O1JIKM 3 MOJICKYJISIpHOIO Macoro 49, 58 ta 93
k/la, 3 sskux mepri 1Ba OyJ0 iIeHTH(IKOBAHO K
ol Ta B-cyOomuHMII, TOMOJIOTIYHI BiAIOBITHUM
CyOOJAMHUIISIM 1HIIUX MPEACTABHUKIB POJAUHU
HHUC-TIETEIbHUX perenTopiB. B moganbmux
eKCIIepUMEHTaX MPOJEMOHCTPOBAHO, 10 010K,
MOJIEKYJIIpHA Maca sKOro CTaHoBUTH 93 k/la,
crienmu(pigHO 3B’SA3y€ETHCS 3 B-CyOOAMHUIICIO i
TyOyJIiHOM, BiZirpatodn, TAKUM YUHOM, TOJIOBHY
poJib y KiIacTepu3allii MIIHHOBUX PELENTOPIB
[28]. Bin orpumaB Ha3By redepuH.

3 MO3Ky CCaBIliB BHAIJICHO 1 KJIOHOBAHO
YOTUPH MIATHIU 0-CYOOTUHUII TIIIHHOBOTO
penenitopa (al, a2, a3, a4), korpi Ha 90 % ro-
MOJIOTiuHI MiX coboro [29], 1 B-cybommuuiio,
1o mae 47 % romostorii i3 al [30]. AnanoriuHuit
Ha0lp cyOOAMHMIL XapaKTepHUH AJisi HEPBOBOI
cuctemu pubku 3e0pu Danio rerio [31-33]. Cy-
OOMHUII TITIIIMHOBOTO pElenTOpa OyJI0 BUSIBICHO
B yCiX Bifiyiax ii IEeHTpaIbHOT HEPBOBOT CHCTEMH
(ITHC), 1 iX po3moieHHs 3arajloM CX0XEe 3 THM,
10 OyJI0 OTpUMaHe Ha ccaBIix [34].

al-, 02-, a3-CybonuHulli, Ha BIAMIHY BiJ
-cyOoanHmLIl, MOKYTh GOpPMYBaTH (PyHKIIIOHAIb-
Hi SIK TOMOMEpHI, TakK i rerepoMepHi (B KOMOi-
Hatii 3 B-cyboamHumero) penentopu [35,
36]. BaxnauBoio BIacTHBICTIO B-CyO0OmMHUIII
€ HasgBHICTh y HHUTOIIA3MaTHYHOMY JOMEHI
JUISTHKW 3B sI3yBaHHA 3 TeepHHOM — ajar-
TOPHHUM O1IKOM, TOJOBHE 3aBIAHHS SIKOTO —
3a0e3Me4YeHHs MOCTCUHANITUYHOT KJacTepu3atii
TTIMUHOBUX perientopisB [37-39].
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BracTuBOCTI TOMOMEPHUX 1 TETEpPOMEPHUX
pelenTopiB ACIIO BiPi3HIOTLCA. BcTaHOBIICHO,
0 MPOBIJHICTh TOMOMEPHHUX PEIENTOPiB
npu6au3HO B 2 pasu Oinpme (80—100 nC), Hix
rerepomepaux (40-50 mC) [35]. 'omomepHi
penenTopy BUCOKOUYTIUBI 10 OJIOKYBaIBHOT dii
MiKPOTOKCHHY (edekTuBHA m03a 10 MKMOIIB/IT),
a YYTJIHUBICTh T€TEPOMEPHUX o/f-peuenTopis
no uporo 6iokaropa B 100-500 pasziB meH-
ma [40, 41]. Lle 3yMOBI€HO BiAMIHHOCTSIMH
B aMiIHOKHCJIOTHOMY CKJaAi JOMEHIB, IIO
dbopMyIOTh 10HOTIPOBIHUH KaHa [42, 43].

3a 10TIOMOT 010 METOTY in Situ Tiopuan3amnii
OyJio Mmoka3zaHo, MO AJII KOXKHOI cyOOanHHI
xapakTepHe crenudiyHe Micie Jokaizaiii B
CMUHHOMY MO3KY, CTOBOYpi MO3KY i eBHHX
30HaX roioBHOTO MO3KY [44]. Y IIHC mopocaux
ccaBiiB nepeaxae ol-cybonununs. PiBeHp
ii excnpecii HOcTaTHHO BUCOKHH Yy siapax
cTOBOypa MO3Ky, CIHHHOMY MO3KY, TalaMyci
i rinoranamyci. [lepeBakHa cuHaNTU4YHA JIO-
kamizamist ol cBimuuTh Mpo (GopMyBaHHS TeTe-
poMepHHX 0/B-perenTopiB, OCKIIbKHA caMme
B-cyOomuHUIST BIAMOBiJa€ 3a CUHANTHYHE
«3asgKOpPEHHs» TIIIUHOBUX perentopis [37, 45,
46].

VY nepiox eMOpPiOHANBHOTO PO3BUTKY 02 —
HaWOLITBI MOMTUpPeHa CyOOIHHHUIIS TITIITUHOBOTO
penentopa B ITHC [44, 47]. Bucoka 9yTIuBicTh
0ip1IOCTI eMOpPIOHANBHUX O2-TIIMUHOBUX
peuenTopiB 10 MiKpoTOKCUHY [48, 49] i BUcoKa
npoBigHicTh [50] cBimyaTh Mpo iX MEpeBaXHY
roMoMepHicTb. OJHaK Yepe3 TpU TUXKHI Micis
HapOHKEHHS PiBeHb eKcmpecii a2-cy0oanHuIi
pi3KO 3HHKYEThCS, a il Jlokami3aiis HaOyBae
CHHAINITUYHOTO XapakTepy. B mopocinomy opra-
Hi3Mi O1JIBIIICTh TIIIUHOBHUX PEIETITOPIB Chop-
MoBaHi al-cyboaununsmMu, o2 Oyia BUsBIICHA
nuime B ciTkiBui [S1], siApi HIOXOBOTO aHai-
3aTopa Ta JESKUX 30HAX IOJOBHOTO MO3KY
[44]. BapTo BimMiTHTH, IO TEH pelenTop He
€ KPUTHYHO HEOOXIAHHUM JUISI HOPMaIbHOTO
¢ynkuionyBanns [THC, ockinbku HOKayT reHa
02-CyOONMHHUII THIIMHOBOT'O pelenTopa He
3MIHIO€ MMOBEAIHKOBUX peakiit penoruny [52].

Hns a3- 1 al-cybonuHAIL XapaKkTepHa
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nojaiOHa JQuHaMiKa piBHIB eKcmpecii, mpoTe
3a KiJIbKiCHMM MOKa3HUKOM ol-peuentopu
3HAYHO IMMEPeBa)XarTh HaJ 03-TIIMUHOBHUMH
peuenTopamu [46]. Jlokamizanis a3-cyooauHu-
i Oyna migTBepKeHa B Kinbkox 30Hax [IHC,
OJlHaK HaAMOIJNbII AETaJIbHO i1 HMOIMIUPEHHS
OyJio BUBYEHO B CiTKiBI [53] 1 HOmUIEN-
TuBHHUX Hedponax | i Il mapiB 3agHiX poriB
CIIMHHOTO MO3KY (KOJoKali3aiis 3 reyepuHOM
TOBOPHUTH NMPO CHHATITUYHE PO3TAITYBaHHA) [54].
Cy6onuHums 04-TIIIHOBOTO PEIenTOpa MOKH
110 Majio BUBYeHA. byna nokasana ii yiokasiza-
isl B CIUHHOMY MO3KY, JOPCajJbHUX TaHTIisIX,
CUMMATUYHUX TaHTIIsAX KypyaT [55] 1 ciTkiBui
oKa muIen [56].

3a ymoBU Koekcmpecii a- i B-cybonu-
HUNb GOPMYIOTHCS TETEpOMEpHI TIIMUHOBI
peuentopu. CTexioMeTpisi TaKOro penenTopa
JIOBTO 3aluIaiacs CIipHOIO i HUHI 0CTaTOYHO
He BU3HaveHa. [[eBHuil yac 3araibHONPUHUHATOIO
Oyna xomOinanig 3a:2B [57]. binsw nizHimMu
JOCTIiDKEHHSIMH, 3 BUKOPUCTAHHSAM MYTaHTHUX
1 pagioaKTHBHO MIYE€HUX O- 1 B- cyOOnMHUIID,
OyJo mokaszaHo, 10 moeaHaHHs 20.:33 € Oinbn
iMoBipHUM [58]. Ha fioro KOpuCTh TaK0X CBIiJI-
4aTh JOCIIIN, BUKOHAHI i3 3aCTOCYBaHHSM CKaHY-
F0Y01 aTOMHO-CHJIOBOI MiKPOCKOIIii, B IKUX 0YJI0
MpoaHali30BaHO YHCIO CrenuiuHuX aHTUTIIN,
KOTpi 3B’s3aMCs 3 TJIIIHHOBUM PEIEITOPOM
[59]. OnHak B iHIIi# parlii, 6a30BaHiil Ha METO/I1
CTYMIHYACTOr0 (POTO3HEOAPBIICHHS MOOMHOKUX
MOJIEKYJI, OTPUMAHO i ATBEPI>KCHHS MTOETHAHHS
3a:2B [60].

Sk yxe BimMmiuanocs paHimie, OJHI€0 13
KJIIOYOBHUX BIACTUBOCTEH P-cyOommuumi € ii
3/IaTHICTH 3B’SI3yBaTHCS 3 OLIKOM TeepHHOM,
KOTpHUH BiamoBijgae 3a GopMyBaHHS KIacTepiB
rainuHoBux Ta aesikux [AMK-peunentopis y
CHHaNTUYHUX MeMOpaHax [61]. Lle — me oxHe
MiITBEPHKEHHS TOTO, [0 CHHATITHYHI TJIIIIMHOBI
peuenTopu € retepomepamu. Okpim ToTO, B-Cy0-
oJlMHHMIIs, a TouHIme 7T TM2-cerMeHT, BUCTyIIa€e
JEeTEePMiHAHTOM CTIHKOCTI JO MiIKPOTOKCHHY
[40, 43].

TakuM 4YMHOM, BCTAaHOBJICHO iCHYBaHHS 5
CyOOMHUIIB TIIIUHOBOTO PEIIETITOPa: YOTHPHOX
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o i oxHiel B, Mo MOXYTh (GOpPMYyBaTH SIK To-
MOMEpHi, TaK i reTepoMepHi penentopu. Take
PI3HOMaHITTS CyOOJAMHHUYHOTO CKIaNy Jae
3MOTY TJIILIHHOBUM peLenTopaM OpaTH y4acTb y
MTUPOKOMY CIIEKTPI POIIECiB, IO BiIOYBAIOTHCS
B HEpBOBIiH cucteMi xpebeTHHX. OCKIIBKH
pPi3HI MIATUNHU PEUENTOPiIB BiAPI3HAIOTHCA
¢$131070TIYHUMH XapaKTEPUCTHUKAMHU, MAaIOTh
BiIMIHHOCTI B JIOKaJi3alii, a piBHi iX ekcrpecii
3MIHIOIOTHCSI HE3aJIeKHO OAHUH BiJ OJHOTO Y
TIPOTIECi PO3BUTKY, BOHH MOXYTh 3a0€31eTyBaTH
BUCOKOC(QEKTHBHE (YHKIIIOHYBAaHHS CIHEIU-
¢iuHOT cHCTEeMH KOHTPOJII0O HEHPOHHHUX MEPEK
opraHismy.

linepniexcis
VYnepme rinepriekciro onucaB y 1878 p.
aMmepukaHcbkuil HeBpouior lxxopax bepn,
CIIOCTEpIralyu maimieHTa 31 CIiIbHOTH (paH-
KO-KaHaJCbKHUX JICHHUKIB. BiH Ha3BaB #oro
«ctpubarounm ¢pannyszom» (“jumping french-
men”)[62]. [Toganbmri JOCTiKEHHS TTOKa3alH,
10 TINEPIUICKCIsT — CTIAAKOBE 3aXBOPIOBAHHS, SIKE
(EHOTHIIOBO MPOSIBISIETHCS Yy BHUIJISAI CHIBHO
nepebinblIeHoi peaknii Ha HEOUiKyBaHi aKyc-
THYHI 1 TaKTWIBHI cTUMyJU [63]. TligBumenus
TOHYCY M’5131B, 1110 IIPU IIBOMY CIIOCTEPIraeThes,
MO’Ke TPU3BECTH 0 HEKOHTPOIHOBAHOTO MMa/IiH-
Hs 1 Hamany 3anyxu. KiracuuHwit Hamanm rimep-
IJIEKCIT CYIPOBOJAXKYETHCS 3aKMYyPIHOBAHHIM
OYel, MiIHIMaHHSIM BUTHYTHUX PYK HaJ TOJIOBOIO
Ta 3rUHAHHIM Wi, TyJlyOa, JiKTiB, CTErOH 1
koxin. Ilig wac Hamagy XxBOpi mepeOyBarmTh
y MOBHIH CBiTOMOCTi, IO a€ 3MOTY YiTKO
BiZpI3HSITH TIIEPINICKCito Ta emijerncio [64].
[Ipu4uHM UHOTO PIAKICHOTO CIAJIKOBOTO
3aXBOpIOBaHHs Oynau HeBigoMmi go 1993 p.,
TOAl BHepIie OyJI0 BCTAaHOBJIEHO MyTallito ol-
CcyO0OAMHUIII TIIIIUHOBOTO PeIenTopa, sika oyia
XapaKTepPHOIO JUIs MAIi€HTIB 13 BUIIEOTTHCAaHUMHU
cumntomamu [65]. HuHi moBemeHo, 1o rimep-
[JICKCis BUHUKA€E BHACJIIIOK MyTallill HE JIMIIE
GLRAI (xoya ypa)xeHHsS caMe IIbOTO IeHa
HallyacTille cTae MPUYMHOIO XBOpOOH), ane i
GLRB [66, 67] Ta SLC6AS5, 110 KOIY€ NpeCUHAI-
THYHUH TPAaHCTIOPTEP TIIIIHHY JPYTOro TUITY [68,
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69]. Oxpim TOTO, OYJIO BUSBIICHO, 110 MYyTallii
redepuHy Ta KoiibicTuHy, O1JIKiB, 1m0 3a0e3me-
YyIOTh KJIIACTEPU3AIlII0 MIIIITUHOBHUX PEIENTOPIB
y MIOCTCHHATIICI, TAKOXK MOXKYTb OYTH IPHUYHHOIO
rimepmekcii [70, 71].

MyTanii al-cy0oauHuIl MOKXHA MOIUIATH
Ha Kinbka rpyn. Jlo mepuroi BiAHOCATHCS
missense-MyTalii, B pe3yjibTaTi SKUX 3aMiHa
OJTHOTO HYKJICOTHAY MPU3BOIUTH J0 3aMiHH
aMIHOKHCIIOTH; 10 JAPYroi Ipynu HaxexaTh
nonsense-MyTalii, KOJM 3aMiHa HYKJICOTHIY
CIIPUYNHIOE OJOKYyBaHHSA CUHTE3y Oinka; 110
Tpethoi — deletion — BUMamiHHS 3HAYHUX JJIS-
HOK HYKJICOTHIHOT TOCJiTOBHOCTI. MyTalii Mo-
KYTh MaTH K pelleCUBHUH (O1IbIIICTD 13 HUX),
TaK i IOMiHaHTHHAW THII YCTIaIKyBaHHS. 3aJI€KHO
BiJ IOTO, BOHU (POPMYIOTH KiJbKa TPyH 3
JIOCHTB YITKO OKPECICHUMH XapaKTePUCTUKAMH
1 JAaI0Th MOXKJIMBICTH MepeadadaTu HACHiJIKU
KOHKPETHOI MyTauii.

Missense-MyTailii rIiIHHOBOTO pelenTopa
MalTh SIK ayTOCOMHUH JOMIHAaHTHHH, TaK i
perecuBHUM XapakTep. BimbIIicTh JOCTIIKEHB
MiATBEPIKYIOTh BHCOKY CKOHIIEHTPOBAHICTH
nporo tTuny myranii y TM2 al-cybonuaumi
— IpPH OBOMY KiJBKiCTh €KCHPECOBAHUX Ha
MOBEPXHI KIITUHU TIINUHOBUX PELENTOPIB
HE 3MEHIIYETHCS, OJHAK CIHOCTEPIraeThcH
MOpPYIICHHS iX poOOTH — HECTaOUTLHICTh 3aK-
PUTOTO CTaHy KaHaly, 3HWKEHHsS 4yTJIHUBOCTI
no rainuHy. Nonsense-myTanii Ta genenii
GOopMyIOTH TPYNy ayTOCOMHHX PELeCUBHUX
MyTalil i CIPUYNHIOIOTH 3HWKECHHS KUIBKOCTI
TITIIAHOBUX PEIENTOPiB HA MOBEPXHI KIITHHH,
OJTHAK BapTO MiAKPECIUTH, IO HOPMaIbHUI
JOMIHAHTHUH aJieNib 3JaTHUH YaCTKOBO II€
KOMIIGHCYBAaTH, OKPIM TOTO, I[el THUIl MyTalii
HE Ma€ MepPeBaKHOT0 MicIs JoKari3arii [72].

PosrisgHeMo 01abll JEeTAIbHO MEXaHI3MHU,
3a SKkUMH MyTanii ol-cyOonMHUIII MOXYTh
CIIPUYMNHIOBATH MOPYIIECHHS TIIIHHEPTIdHOL
nepenaui. Hacammnepen 11e ClioHTaHHA aKTUB-
HICTB TJIIIIMHOBUX PELIETITOPIB, 1110 € HACIIIKOM
ayTOCOMHO JOMIHAaHTHHUX missense-MyTamin
(Y128C[73],Q226E, V280M, R414H [74]). 3a-
MiHa amiHokucioTu Q Ha E y moxyci 226, po3mi-
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meHoMy Ha BepxiBili TM1-10MeHy NpU3BOIUTH
IO MiJICUJICHHS €JICKTPOCTATUYHOI B3aeMOMil
i3 R271, na BepxiBui TM2-nomeHny cycigHboi
cyOoauHUII 1, K HACIHIIOK, 301IbIIEHHS TPO-
CBITY 3aKpHUTOTO cTaHy KaHamy [75]. Myraris
V280M, 1o po3mimyerbest y TM2-TM3-netni,
MNPU3BOJUTH JIO MiJBUINCHHS YYTJIUBOCTI J0
TIIIUHY Ta CIIOHTAHHOT aKTHBAaIllii KaHamy,
IMOBIpHO, BHACHiJIOK KOH(OpMaALiHHUX 3MiH
TM-n0MeHiB, SKi YMOXKIIHBIIOIOTE BiJadeHHS
TM2 Bix ieHTpY KaHAITY 1 301IBIIIEHHS MPOCBITY
KaHaJTy HEaKTHBOBAHOTO perenrtopa [75]. 3a-
MiHu Y 128C, 1m0 BXOAHUTH JIO CKJIAJY OJIHOTO
3 B-nMHUCTKIB 30BHIIIHBOTO noMeHY, i R414H
(TM4-10MeH) CIpHUYMHIOWTH Hecrnenudiuni
CTPYKTYpHI 3MiHU. BOHUM BiAmoBimamTh 3a
CIIOHTaHHY aKTHBHICTH TIIITHHOBOTO pEIenTopa
[66], sika TPU3BOAKUTH IO TOIO, 110 10HU XJIOPY,
MOCTIHHO HaAXOJAYH JI0 KJIITUHH, 3MIIIYIOTh
CBifl piBHOBaXXHUU MoTeHUial y Oik Oinpmr
MO3UTUBHUX 3HA4YEHb, & OTXKE, 3HUKYETHCA
aMIUTITy]a CTPyMY Ta €peKTHBHICTh TaTbMiBHOI
rainuHepridaoi mepenadi. HactynmHuil kxpok
PO3BHUTKY IATOJIOT] y IIbOMY pa3i — hopMyBaHHS
XpOHIUYHOT Jemonsipu3aiii Ta MiABUNICHHS
YaCTOTHU IreHepallii MoTeHIialiB dii.

Jo MexaHi3MmiB (OpMyBaHHS Trilepruiek-
CHYHOTO (PEHOTHITY TaKOXK BiJHOCATHCS IMOPY-
MEeHHS BIIKPUBAHHS KaHANy TJIIMHHOBOTO
pementopa. R271Q ta R271L, po3ramoBa-
Hi Ha 30BHIMIHBOKIITHHHOMY KiHni TM2-
JOMEHY, € HalUOIIbII YacTUMH Ta HAHOLIbII
BUBYCHUMH TINEPIIIEKCUIHUMHU MYTaIlisIMU.
BoHu yciaikoByIOTBCS ayTOCOMHO JIOMiHAHTHO
[65, 77-79]. L1i MmyTaItii He 3MIHIOIOTH KiJTbKiCTh
TIIIUHOBUX PEENTOPIB HAa TTOBEPXHI KIITHHU,
OJIHaK CHJILHO BIUJIMBAIOTh Ha iX YyTJIUBICTH
IO TJIIIUHY Ta NPOBigHICTH KaHamiB [81, 82,
90]. BiporinHo, 3HM)XEHHS MPOBiHOCTI Ka-
HaJiB TOB’s3aHE 31 3HUKHEHHSM MO3UTHBHO
3apsOKEHOT0 3alHINKy, Ipu 3aMmidi R271 Ha
Q, uu L, a oTKe, MOPYIICHHSAM 3JJaTHOCTI IIOPH
HAKOIMMYyBaTH HEraTUBHO 3apsiKeH] 10HU XJI0-
py [72, 83]. Okpim TOTO, BaXKIIMBE 3HAYCHHS M€
nokamnizamis R271 — mopsyg i3 TM2-TM3-net-
JIet0, SiIKa BiAIrpae KI0U0BY POJIb y BIIKPUBAaHHI
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KaHay, 3a0e3leuyoun nepeaaBaHHsl CHTHATY
Bil calTy 3B’sA3yBaHHS TIILMHY N0 CaWTy,
Bi/IMIOBiTaIbHOTO 32 Oe310CepeIHE BiAKPUBAHHS
kaHaty. iMoBipHO, iHmi MyTaii, nokamizosani
B 1iit metai (K276E/Q ta Y279C/S), niroTh 3a
TakuM caMuM MexaHizmoM [81, 84, 85]. [leBny
POJIb y IOPYIIICHHI BiIKPUBAHHS TIIIIIHHOBOTO Ka-
HaJy MOXYTb BigirpaBatu taki myTtanii: Q266H
[86], T2651, S267N [66, 87], V260M [88].

[IpumBuAIIeHHS MeCEHCUTH3AIIT TIIiIHN-
HOBUX PELENTOPIB TAKOX MOXE BILUIMBATH Ha
dbopMyBaHHS TINEPIVIEKCUIHOTO (EHOTHTTY.
[Tokazano, mo mytanis P250T (y TM1-TM2-
netni) [89] cupuunHioe HECTAOUIBHICTD BiJ-
KPUTOTO CTaHy KaHaly i, IK HaCIiAOK, IBUAKY
neceHcuTH3amio penentopa [90]. MyTamis
P230S (TM1-gomeH), OKpiM TMPHUCKOPEHHS
J€CeHCUTH3Alli1, TPU3BOJUTH J0 3HIKCHHSI aM-
IUTITYIM CTPYMY Ta Yy TIUBOCTI 10 TmiuHy [73].

Sk yxe 3a3Havanocs BUILE, CAHANTHYHI
o1 -rnirHOBI petienTopu (OPMYIOTh TETEPOMEpH 13
-cybonunmMIIETO, 110 320e3Meuye X KITacTepru3aliiro
Ta MeMOpaHHe «3askoproBaHHs». Lle nano 3mory
MPUITYCTUTH, IO MyTaIii f-cyOOIUHMIII MOXKYTh
OyTH TEBHOIO MipOI0 MPUYETHUMH JI0 PO3BUTKY
rinepmiekcii. 3apeecTpoBaHO OAHY ayTOCOMHY
nominanTtHy mytanilo Y470C [66] ta 3HauHy
KiJTBKICTh ayTOCOMHUX PEIECHUBHHUX MYTallii.
binpmricts 3 HUX (Hampukiaang E24X, R50X,
M177R, G229D) po3miiiieHi y 30BHIIIHBO KJIITHH-
HOMY fioMeHi GLRB, oiHak TpaHCMeMOpaHHi JloMe-
Hu (S321F) Ta TM2-TM3-nietist (W310C, R450X)
TaKOXK MOXYTh MICTUTH TNEPIUIEKCUYHI MyTaIlil.
l'ooBHMMH HacHiAKaMu 3raflaHuX aMiHOKHCIIOT-
HUX 3aMiH y 3-CyOOIMHUIII € TIOPYIIICHHSI MEMOpaH-
HOT eKcrpecii reTepoMepHHX TIIIMHOBHUX pelier-
TOpiB a00 3HIKEHHS YyTIMBOCTI peuenTopa J1o0
aronicra [66, 67]. Takox Oyo BusiBiieHO oJHY de
novo-myTauito L285R, sika NpoBOKye CLIOHTaHHY
AKTHBHICTh KaHAJTY TP eKCTIPecii i3 HOpMalbHUMH
o1 -cyOOTMHUIIIMY TIIIITHOBOTO perenTopa [66].
Lei#t aMiHOKHCIOTHHI 3aJIMIIIOK PO3TAIIOBYETHCS
B no3utii 9° TM2-nomeny [12] i siBisie o000
KOHCEpBAaTUBHUH TigpodoOHUI JeHINH, 3aMiHa
SIKOTO TMOPYIIYE CTAa0iIbHICTh 3aKPUTOTO CTaHy
KaHay.
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Tpetsi, HaliOinbmI MOMHKpPEHa MPUYUHA
rinmepruiekcii — myranii Na*/Cl—-3anexnoro
tpancnoprepa raiuuny (GlyT2), xorpuit 3a-
Oe3meuye HAaKONMYEHHs HellpoTpaHcMiTepa
B MPECUHANTUYHOMY 3akKiHYeHHi. Myramii
TpaHCIOPTEpa 3arajoM YHEMOXJIUBIIOWTh
e(eKTUBHY THIIUHEPTIUHY NIepeiady BHACHIIO0K
3HIUJKCHHSI KOHIIEHTpauii HeiipoMeaiaTopa y
npecuHanTUYHOMY 3aKiHueHHi. OKpiM TOrO,
Oyno 3adikcoBaHO MyTalii, M0 MarTh OLTBII
cnenudidHUE MexaHI3M peanizamii. 3amiHa
Y 337X cupuunnioe pospizanas GlyT2 y micmi
MmeBHOT aMiHOKHUCIOTHOI MOCHiZOBHOCTI 1,
BI/IMOBIAHO, TIOBHY BiJICYTHICTh (DYHKI1OHAJb-
HUX TPAaHCIOPTEPIiB y MPECUHANTHYHIH MeMO-
pani [91]. [Jns 6inkiB i3 3aminamu E248K Tta
S5131 xapakTepHe HOpMaJdbHE MeMOpaHHE
BOY/JIOBYBaHHS, OJJHAaK 3MEHIICHHS CIIOpPiHE-
HOCTI J1o rninuHy Ta Na® BignoBigHO; MyTallis
A257T 3HMXKY€E CIIOPIAHEHICTD 5K OO TIIIUHY,
tak 1 1o Na'; Y656H Tta G657A BILIMBAIOTH
Ha KaTiOH-T B3a€EMOJil BCepeauHi OinKoBOi
MOJICKYJIH, 3MiHIOI0YH i1 KoHpopMaIriro [92].

TakuM 4WHOM, TinmepIuieKcis sBisge co00ro
JIOCUTB PiJIKICHE HEHPOJIOTIYHE 3aXBOPIOBAHHS,
BUKJIMKaHE MyTallisSIMU ['€HiB, 1110 KOAYIOTb O1TKH
rainuHepriyHoi cucrtemu: ol-ta B-cyOboquHuIL
TIIIUHOBOTO PELENTOpa, MPECUHANTUYHOTO
TpaHCHOpTepa INIINKMHY Ta MOCTCUHANTHYHUX
«3asgKOPIOIOYHMX» MPOTEiHIB redepuHy Ta Ko-
nidicruny. Huni HaliOinem edexTUBHUHN 3a-
ci® Tepamnii rinmepmniekcii — KJIOHO3emam, M0
3a0e3neuye noreHmianiro 'AMK-penenTopis.
Axrusizanis AMKepriunoi cuctemu rainpbmy-
BaHHSI KOMIICHCY€E MOPYIICHHS POOOTH TJIi-
NUHEePrigHoi, OJHAK HE MOJXE MOBHICTIO ii
3aMiHUTH. JJOCIiKCHHSI TeHETUKH T1IepIUIeKCii
CIPSIMOBaHI Ha po3poOKy OinblI crienu(iaHUX
Ta eeKTUBHHUX 3ac00iB JiKyBaHHS IOTO
3aXBOPIOBaHHS.

BUCHOBKHA

['minmHOBM penenTop, M0 BiTHOCUTHCS A0 PO-
JIHHY [TAC-TIETETLHUX 10HOTPOITHUX PEIIETITOPIB,
€ KJIFOYOBUM €JIEMEHTOM CHCTEMH 1HT101TOPHOTO
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KOHTPOJIIO MOTOPHUX HEHPOHIB, 10 3a0e31edye
BUKOHAHHS CKJIaJHHUX 1 TOYHHUX PYXIiB.

I'minuHOBI perenTopu MawTh JOCUTH Pi3-
HOMaHITHUH CyOONMHUYHUN CKJIaJ, IO Ja€
iM 3MoOTy OpaTh y9acTh y ITUPOKOMY CIIEKTPi
¢izionoriyaux npouecis. al- ta B-CyOoauHuiri
TIIIITHOBOTO pelenTopa BiirpaloTh NPOBiAHY
poiib y GOpMyBaHHI CHCTEMH HIBUIKOTO FaJIbMY -
BaHHSI.

lNimeprtekciss — HeWposOTiuHE 3aXBOPIO-
BAaHHA, IO XapaKTePHU3YETHCS MOPYLIICHHIM
poOOTH THINUHEPTIYHOT CUCTEMH 1 MPOSB-
JNSETHCS y BUTIAAI HEKOHTPOJIbOBAHHUX PYy-
XiB y BiANOBiAb Ha HEOYiIKyBaHi CTUMYJH.
Binpuicts 3apikcoBaHUX BUITAJIKIB rinepruiekcii
CTIPUYUHEH]1 aMiHOKUCIOTHUMH 3aMiHaMH, abo
MOBHHUM BHITAIHHAM MEBHUX ITOCIITOBHOCTEN
y al-, B-cyboaunuusx peuenropa uu Na*/Cl-
-3aJIe)KHOMY BE3HMKYJSIPHOMY TpaHCHOpTepi
IIIOUHY, U0 YHEMOXKIHUBIIOIOTH e(h)eKTUBHE
(yHKIIOHYBaHHS IUX O1JIKIB.

I'. B. Maneesa, II. /I. Bpe:xxecroBckuii

IIMIIUHOBBINA PEIENITOP: MOJIEKYJISP-
HAS OPTAHU3BALIAA U ITATOJOI'UA

I'MUIMHOBBINA PELENTOp SBISETCS aHUOH-CEICKTHBHBIM
KaHaJIoM, 00eCreYrBaOIIMM OBICTPYI0 CHHANTHYECKYIO
nepesauy B LEHTPAJIbHOW HEPBHOM CHCTEME MO3BOHOYHBIX.
BMecTe ¢ aleTHIXOJMHOBBIM HHUKOTHHOBBIM, TaMMa-
amunOoMacisHeM (AMK , ) u cepoTormHOBEM (5-HT;R), o
HPUHAUISKUT K CEMEHCTBY IMC-TIETEIBHbBIX MEHTAMEPHBIX
MOHOTPOIIHBIX PeLenTopoB. B 0630pe oToOparkena odiuas kap-
THHa, C)OPMHUPOBAHHASI MHOTOJIETHUMH HCCIIEIOBAHHUSMH, 110~
CBSIILICHHBIMU IIMIIMHOBOMY perienitopy. [TokaszaHa CTpyKTypa
U 0COOCHHOCTH CYOBEIMHUYHON OpraHM3aliK PEeLenTopa,
PacCMOTPEHBI BO3MOIKHBIC NMPUYUHBI THIEPIICKCUU —
HepoJIornuecKoro 3a001eBaHus, CBI3aHHOTO C AUCHYHKIHUEH
[JIMILMHOBOTO PELENTOopa.

KiroueBble ClIOBa: CHHANITHYECKAs IIepe/1aya; LHC-IeTEIbHBIC
PELIENTOPbI; aHMOH-CEJIEKTUBHBIC KaHAIIbI;, TUIICPIICKCHUSL.

Maleeva G., Bregestovski P.

GLYCINE RECEPTOR: MOLECULAR ORGA-
NIZATION AND PATHOLOGY

Glycine receptor is the anion-selective channel, providing fast
synaptic transmission in the central nervous system of verte-
brates. Together with the nicotinic acetylcholine, GABA and
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serotonin (5-HT;R) receptors, it belongs to the superfamily
of pentameric cys-loop receptors. In this review we briefly
describe main functions of these transmembrane proteins,
their distribution and molecular architecture. Special atten-
tion is paid to recent studies on the molecular physiology of
these receptors, as well as on presenting of molecular domains
responsible for their dysfunction.

Key words: cys-loop receptors; anion-selective channels;
hyperekplexia; inhibitory synaptic transmission.

Brain Dynamic Institute, Aix-Marseille University,
Marseille, France;
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